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1. KOHCHEKT JIEKIIUIA

1.1 Jlexnus Nel(2 yaca)
Tema: «MeToAbI ONITUMHU3ANUM KAK CPeICTBA NPUHATHA ONTUMAJIbHBIX PellleHHUI.
JIuneiiHoe mporpamMmmupoBanue. OCHOBHAs 3a7a4a JMHEHHOT0 MPOrpaMMHUPOBAHM D)

MeTOIIbI ONITUMM3AalIMH KaK CPEeACTBA IPHHATHA OIITHMAJbHBIX pemenm‘fl

1.1.1. Bonpocsl JieKum:
1. OcnoBHble noHATH. Kinaccuukaius 3KOHOMUKO-MaTeMaTHYECKUX METOJIOB.
2. MeTroasl MpUHATHS ONTUMAIbHBIX pemeHnil. CTpyKkTypa MOJEu.

1.1.2. KpaTkoe coaep:xkaHue BOINPOCOB:

1. OcHoBHbIe noHsATHSA. Kiaccupukauusi IKOHOMUKO-MATEMATHYECKMX METOHA0B.

HckyccTBO TpUHATUS HAWIY4YIIMX PEIICHUM, OCHOBAaHHOE Ha OMbITE€ M HHTYUIUU,
SIBJISICTCSI CYIITHOCTBIO JIF000H c(hephl 4eToBEeYECKON eATeIbHOCTH. YeI0BEK XOPOIIIO WU TIII0X0
pelaeT Bce BOZHHMKAIOIIME TIepel HUM 3adauu. JIuilo, mpuHUMaloliee pelieHue, J0KHO BCeraa
BBHIOMpPATh QJIBTEPHATUBY C MaKCHUMAJIbHO OXHUIAEMOW TIOJIE3HOCTHIO. PanmoHamm3upoBath
IpoIecC MPUHATHSA PEHIEHUH — 3TO Ielb OOLIel Teopuu NPUHATHS PEIIeHUH, KOTopas Kak
CaMOCTOSITeNIbHAS JUCIUIUTHHA chopMupoBaiack B Hadane 60-x romoB XX Beka. Cam mporecc
MPHUHSITHS PEIICHUN MOKET OBITh HCHOPMAIIM30BaHHBIM U (DOPMAaTU30BAHHBIM.

Onmumuzayusi — 3TO UEJCHANPABICHHAS AEATEIbHOCTD, 3aKJII0YAIONMIASICA B MOJYYECHUU
HaWJIy4dlIuX PE3yJbTaTOB MPU COOTBETCTBYIOIIUX YCJIOBUSX. ONTHUMU3ALMS PEIICHUS — 3TO
mpoiiecc nepedopa MHOXKECTBA (DAaKTOPOB, BIUSIOMIMX Ha pe3yabTar. ONTUMAIBHOE PEIICHUE —
3TO BBIOpaHHOE MO KAaKOMY-JMOO KPUTEPUIO ONTHMHU3ALWU Hambosiee 3((EeKTUBHOE M3 BCeX
aJbTEPHATUBHBIX BAPUAHTOB pelieHHe. B maTeMaTtnke ONTUMHU3AIMs CBSI3aHA C HAXOXKICHHUEM
ontuMmyma (T.e. MakKCHMyMa WJIM MHUHUMyMa) HEKOTOopod (yHKIMU. B maHHOM KOHTEKCTe
Memoowl onmumuzayuu OyaeM paccMaTpuBaTh KaK CPEJICTBA MPUHSITHS ONTHUMATBHBIX PEIICHHM.
OHU BXOJST B COCTaB S3KOHOMUKO-MATEMaTHYCCKUX METOIOB.

B cocraBe H»KOHOMHMKO-MaTeMaTHYECKUX METOAOB MOXHO BBIJICIUTh CIIEIYIOIIHE
paszaensl:

1) oxonomuueckas  kubepmemuxa  (CHCTEMHBIH  aHaJIM3  DKOHOMHKH,  TEOPHS
HYKOHOMUYECKON MH(DOPMALIMK U TEOPHS YIPABISIOMIUX CHCTEM);

2) mamemamuueckas cmamucmuxa (BHIOOPOYHBIM METOJ, IUCIEPCHOHHBIN aHau3,
KOPPEJILIMOHHBIN aHAIU3, PETPECCHOHHBIM aHAIW3, MHOTOMEPHBIA CTATUCTUYECKUN AaHAIIN3,
(baKTOpHBIN aHAJINU3, TEOPHUS UHIEKCOB U JIP.);

3) mamemamuueckas 3KOHOMUs W U3ydarollasi T€ K€ BOMPOCH C KOJUYECTBEHHOM
CTOPOHBI 9KOHOMempus (TEOPUs IKOHOMHUYECKOTO POCTa, TEOPUs TPOU3BOACTBEHHBIX (DYHKIIHIHA,
MEXOTpacleBble OallaHChl, HAIMOHANBHBIE CYETa, aHallu3 COpoca ©  MOTPeOJICHHUS,
pPErHOHANIBHBIN U TPOCTPAHCTBEHHBIN aHAIN3, TJIO0AIBHOE MOACIIUPOBAHUE U JP.);

4) memoovl npuHamMuUs ONMUMATbHBIX PEUEHUl, 8 MOM YUC/le UCCIe008aHUue onepayuil 8
IKOHOMUKE;

5) memoodvl u Oucyuniuusl, cneyuguyHvle OMOEIbHO KAK OA YEHMPAIU308aAHHO
NIAHUPYEMOU DIKOHOMUKU, MAK U OJisl PbIHOYHOU (KOHKYPEeHMHOU) SKOHOMUKYU (ONITUMAIIbHOE
IUTAHUPOBAHKUE, TEOPHsl ONTUMAIBLHOTO IIEHOOOpa30BaHUS, MOJETU MOHOIIONHUU, MOICIH
WHIUKATHBHOTO IUIAHUPOBAHUS, MOJEIM Teopur (UpMBI U T.A.). MHOTHE W3 METOOB,
pa3paboTaHHBIX AJIS IEHTPATU30BAHHO TIAHUPYEMOM 3KOHOMHUKHU, MOTYT OKa3aThCs MOJIE3HBIMU
Y MIPYU SKOHOMUKO-MATEMaTHUYE€CKOM MOAECIMPOBAHUH B YCIOBHUSX PHIHOYHOM SKOHOMUKH;

6) MemoObl IKCNepUMEHMAIbHO20 U3VYEHU IKOHOMUUECKUX sA6leHuti (MaTeMaTH4YeCKue
METOJIbl aHaJIM3a M IUIAHUPOBAHUS HKOHOMHYECKHUX HKCIEPUMEHTOB, METOAbl MAaIIUHHOMN
MMUTALIUH (MMUTALIMOHHOE MOJIETTUPOBAHUE), IET0OBBIE UTPHI, METOIbI IKCIIEPTHBIX OLEHOK).



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

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

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

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

II. Cucrema orpanuueHui.

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

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

JInneitHoe nporpamvMupoBanne. OCHOBHAs 321a4a JIMHEHHOI0 POrPaMMHPOBAHNS

1.1.1. Bonpocsl JieKuunu:

1. Knaccudukarust METO10B TUHEHHOTO TPOTrPaMMHUPOBAHUSI.

2. OcHOBHas 3a7aya JIMHEHHOTO MPOrpaMMHUPOBAHUS U €€ MOEb B pa3IMyHbIX (hopmax
3aMKUCH.

3. I'papuueckuii MeTo]] pemieHus 3a1a4u JMHEHHOTO IPOTrPAMMHUPOBAHHSL.

1.1.2. KpaTkoe coaep:kaHue BONPOCOB:

1. Knaccupukanusi MeT010B JTHHEHHOT0 NPOrPaMMHPOBAHMS.

C 4ucto MareMaTH4eCKOW TOYKHM 3pEHUs 3aJauyd JMHEWMHOTrO MNpOorpaMMHpPOBaHUS
MHTEPECHBI TEM, YTO 3/1€Ch HENPUMEHUMBI METOJbl HAaXOXKIEHHSI 3KCTPEMYMOB C IOMOIIBIO
MIPOU3BOAHOM.

Ilon aunetinvim npocpammuposanuem TOHUMAETCS JMHEWHOE IUIAHUPOBAHME, T.€.
MOJYy4YE€HHE ONTUMAIIBHOTO TUIaHA-PEIIEHU B 3a/la4ax ¢ JMHEUHOU CTPYKTYpOH.

3aoauamu nunetino2o npocpammuposanus Ha3bIBAIOTCS 33/1a4H, B KOTOPBIX JIMHEHHBI KaK
neneBast yHKIMS, TaK U OTPAaHUYEHUS B BUJI€ PABEHCTB U HEPABEHCTB U JIsl KOTOPBIX METO/IbI
MaTEMAaTUYECKOT 0 aHAJIN3a OKa3bIBAIOTCS HENPUTOAHbIMU. JIMHEMHOE IpOrpaMMHUpPOBaHUE
npecTanisieT co0oil Hanboliee 4acTo UCTONb3yEeMbIil METO ONTUMHU3ALNH.

MeTo bl IMHENHOTO TPOrpaMMUPOBaHUs OAPA3AEIAIOTCS Ha TPYIIIbL:

1) Tpynma CUMIUIEKCHBIX METOJIOB (TOUYHBIC);

2) rpymnmna pacupeenuTeIbHbIX METO0B (TOYHbIE U MPUOIKEHHBIE).

Tounsle — wMeToAapl Tmepebopa BapuUAaHTOB pEUICHHsS 3aJaud B WTOTE Jalollue
ONTUMAJIbHBINA BapuaHT. MICIIOIb3yIOTCSA IPU MAILIMHHOM PELLEHUH 3a4a4.

[TpuOnuxEHHBIE — TO3BOJIAIOT MOJYYUTHh TOJIBKO OJIMH U3 JOMYCTHUMBIX BapUaHTOB
pemieHus 3ajaud. Mcnonb3yroTcst A TOJy4YEHUsT IIEPBOrO  BapuaHTa B TOYHBIX
pacnpenenuTeabHbIX METOAAX WIH JUISl PyYHOTO PEIICHUS 3a/IauH.



Kaxnas rpymma MeTogoB UMeeT cBOIO 0a30BYyI0 3a7auy. [l rpyIibl CHMILUIEKC-METOI0B
OazoBoii sBisiercst «OCHOBHasg 3ajjadya JIMHEHHOTO MPOTPAMMUPOBAHUSY, [UIsI TPYIIIbI
pacnpenenuTenbHbIX METOA0B — « TpaHcriopTHas 3agadar.

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

Ilocmanosxka 3adauu.

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

Hannume xaxxaoro Buja pecypcoB U3BECTHO U 0003HaUaeTCs b;.

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

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

Paszeepnymas ¢hopma 3anucu mooenu.

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

Z=cix1teoxt. . tex,—max.

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

ayxitapxot.. . +ax,<by;

arixitanxyt.. . +axx,<by;

Am1X1FamaXot. . Xy <bp,.

III. VYcnoBue HEOTPULIATEILHOCTH 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.



1.2 Jlexknus Ne 2,Ne 3(4 gaca)
Tema: «CMMIUIEKCHBII MeTO/l pellieHUs 3a1a4M JUHEHHOT0 MPOrpaMMHUPOBAHM D)

1.2.1. Bonpocsl JieKum:

1. O6mas xapakTepuCTHKA CUMILIEKC-METO/a ¥ MOATOTOBKA MOJIEIIN K PEIICHUIO.
2. AITOpUTM CUMILJIEKC-METOAA.

3. Oco0ble c1yyan B CHMILIEKC-METO/IE.

1.2.2. KpaTkoe cojep:kaHne BONPOCOB:

1. O0mas XapakTepuCTHKA CUMILIEKC-METO1a M NMOAr0TOBKA MO/eJH K PellleHHn 0.

Bechb nyTh penienus 3a1auu CUMITIIEKC-METO0M YCIIOBHO MOXKHO pa30UTh Ha TPU ATara.

I sman.HaxoxaeHne UCXOAHOTO BapuaHTa U MCCIEIOBAHUE €r0 Ha JOMYCTUMOCTb, T.€.
MOJIy4YeHUE HAYaJIbHOT'O ONIOPHOT'O PEIICHMS.

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

Ecnu ucxonHbelii BapuaHT AOMYCTUM, TO OMOPHOE PEIICHUE HAWACHO M MEPEXOJIUM Ha
BTOpoil stan. MHade, ocymiecTBisieM mnepeOOp BapUaHTOB PEIICHUs 3adadd JI0 IMOJy4eHUs
JOIYCTUMOTO (eciii Takoe Bo3MOXxHO.Ecnu HeT, To 3a7aua penieHus: He UMeeT).

II sman.MccnenoBanys 1OIyCTUMOIO BapuaHTa Ha ONITUMAJIBHOCTb.

Onmumanvuwili 6apuanm — 5TO TaKOE 3HAYEHUE IMEPEMEHHOU X;IIpH KOTOPOM OymyT
BBITIOJTHATBCS HE TOJBKO TPEOOBAaHUS CHUCTEMBbI OTPAaHUYCHUN, HO U TpeOOBaHUS IEIEBOMN
¢byaknun. Ecnu qomycTHMBI BapHaHT OKaXKeTCS ONTUMAJIbHBIM, TO 3ajaya pellieHa, MHaye
[IEPEXOUM Ha TPETHUI STall.

Il sman.Ilepebop BapraHTOB PEIICHUS 3aa4H 10 MOJIYYCHHUS ONTUMAJIBLHOTO BapHUaHTa
(ecu Takoe BO3MOXKHO.Ecnu HeT, To 3a/1a4a HE UMEET ONTUMAIBHOTO PEIICHUS).

[TogroroBnenHass Mojaelb OCHOBHOW 3aJaud JMHEHHOTO IPOTrPaAaMMHUPOBAHHS OyAeT
BBITJISICTH CICIYIONINM 00pa3oM:

1. Z=cix1+coxot. . . +e,x,—>max.

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

Vo=-A21X1-A20X2-. . .-A2pXyTh2;

Ym==Am1X1-0m2X2-. . -'amnxn+bm-

II1. %120, x>0, ..., x,=>0.

W3 sToro Buaa JaHHBIE 3aHOCATCS B TAOMUYHYIO (POPMY AJIS OCYIIECTBICHUS PEIICHUSI.

2. AITOPUTM CHMILIEKC-MeTo/a.

I>man: nomy4yeHne HauaIbHOTO OMIOPHOTO PEILIEHHUS.

HHH TOrOo, YTOOBI MOJIYYUTh HCXO,Z[HBIﬁ BapHWaHT JOCTATOYHO 3aluCaTb MOATOTOBJIICHHYIO
MOJIeJIb B TAOIUYHOU (popme.

Tabmuma 1 — CuMriekc-Tabuia KCXOJHOTO BapraHTa

CBOOO/IHBIE TIEPEMEHHBIC
A

—~
-X1 ) -X,, CB00OOJHBIE WIEHBI

. Vi an an Ain by

2 E ¥2 as axn A2n by
N O
S o

© g Vm Aml Am2 Amn bm

Z -C1 -C) -Cy, 0




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

Wcxonnpiii BapuanT (o Tabmwuie 1):

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

Hccnenyem nosiydyeHHbIM BapUaHT HA JOMYCTUMOCTb.

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

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

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

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

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

b b b

HaunmeHbliee nog0XKUTEIbHOE U3 CUMIUIEKCHBIX OTHOIICHUH YKa)XeT Ha CTOJOCL.

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

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

Il sman: uccnenoBanme 1OMyCTUMOTO BapuaHTa HA ONTHUMAJIbHOCTbD.

Teopema 06 onmumanbrHocmu. B Tabnuue OyAeT HAXOAWUTHCS ONTHUMAJbHBIA BapuaHT,
ecnu cpear Kod(PUIIMEHTOB CTPOKH Z HE OyAeT OTpHIATeNbHBIX NMPU Z—>max W He Oynuer
MOJIOKHUTEIBHBIX TPUZ—>Mmin (3JIEMEHT Ha MepeceueHre CToI01a CBOOOAHBIX YWIEHOB U CTPOKH Z
[pY aHaJIM3€ BO BHUMAHUE HE IPUHUMAECTCH).

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

[Ipenmonoxum, 4To Halll JOMYCTUMbIN BapUaHT HE ONTUMAJIEH.

III oman: HaxoxaeHUE ONITUMAIBLHOIO BapUaHTA.

[TonbITaemMcst TOIYYUTh ONTHUMATBHBIA 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:



- pa3pemiaroIuii cTonlel: cpean MOJIOKHUTENbHBIX KO03()(PULHUEHTOB CTPOKU Z BBIOpATh
HauOOoJBIINY (HAITPUMED, IMTYCTh ITO C1);

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

b b by

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

BLIGI/IpaH OIIMCAaHHBIM CHOCO60M paSpeH_Ia}OH_H/If/i QJICMCHT, ACJIaCM IIaru a0 MmoJIy4CHUsA

ONTUMAJILHOTO BapuaHTa (€CJIM TAaKOE BO3MOKHO).

3. Oco0ble ciiyyan B CUMILIEKC-MeTO/e.

1. Hepa3spewumocms modenu (cucmema HepaseHCcms He umeem peulenus).
2.Heoepanuuennocms QyHKyuoHnana ((hyHKyus e umeem s3KCmpemailbHo20 3HA4eHus).
3. AnomepHamueHblll ONMUMYM.

4. Cnyuaii 861p0d#cOeHHOCu.

5. Cmewannasn cucmema oepanudeHull.

1.3 Jleknus Ne 4 (2 yaca)
Tema: «lle/104MCI€HHOCTD B JINHEHHOM NMPOrpaMMupoBaHnu. /[BoiicTBeHHOCTH B
JINHEHHOM NMPOrPaMMHPOBAHUN»

Ile104MCICEHHOCTD B JINHEHHOM NPOrPAMMHUPOBAHUH

1.3.1. Bonpocsl JieKuunu:

1. ITocTaHOBKau MOJIEITb IIEIIOYMCICHHOHN 3a/1a4H.

2. Pemenue 1eI04MCIIEHHBIX 3a/1a4 JUHEHHOTO IPOrpaMMUPOBAHHUS.

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

1.3.2. KpaTkoe coaep:xkaHue BONPOCOB:

1. ITocTaHoBKA M MOJeJb EJTOYHCJICHHOH 3aJaYH.

[Tycth HEKOTOpOE MPEANPUATHE WMMEET 7 BHJIOB IPOU3BOJCTBEHHBIX PECYPCOB.
[TopsinkoBeIii HOMEp pecypcoB — i, T.e. i=1,2,...,m. Hanuune Kaxaoro BHUAQ PECypcoB
U3BECTHO M 00Oo3Havaercs b;. [Ipeanonoxxum, 9410 MPEeANnpHUATHE MOXKET MPOU3BOAUTH 7 BUIOB
nponykuuu. [TopsakoBeiii HOMEp TPOAyKIMU — j, T.e. j =1, 2, ..., n. Heo0xonumo onpenenuTsb
KaKoe KOJMYECTBO €IUHUI] IPOAYKLUHU KaKA0T0 BUAA HAJIO IPOU3BOIUTS (X)), YUTOOBI MOIY4UTh
MaKCUMyM 3TOW MPOAYKIIMM B CTOMMOCTHOM BBIP@XEHWHU, €CIM HW3BECTHO, YTO 3aTpaThl Ha
IPOU3BOJICTBO €AMHUIBI NPOAYKLMHU KaKAOTO BHUAA pecypca paBHBl @; €IMHHI,, a LEeHa
peanuszauuu — c;. EquHMIBI TPOoU3BOAMMON NPOJYKIUH JOJKHBI IPUHUMATh LIENIble 3HAUEHHUS.
Torma Mmozens 3aaun OYIET BBITIISAACTH CISAYIOIUM 00pa3oM:

I) Z=cix;+cpxp + ... + cpxp,—>max.

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

axixy +anxs + ... + ayx, < by,

am1X1 + Am2X2 +... 1t AmnXn < bm-

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

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

WNuorpa 3anaun 1en04MCIEHHOr0 NPOrpaMMUpPOBAaHUsS pelatoT npubdanxeHHo. CHavana,
OTOpPOCHMB  YCIIOBHME  LIEJIOYHCIEHHOCTH,  peIlalT  33Jadyy  METOAOM  JIMHEHHOro
[pOrpaMMHUpPOBAaHU, a 3aT€EM B IOJIYYEHHOM OITHMAJIbLHOM PELICHUH OKPYIVIAIOT IEPEMEHHBIE



J10 1enbIX yucen. Takoil mprueM MOXKHO MCIIOJIb30BaTh, €CJIM 3HAYEHUS IIEPEMEHHBIX JOCTATOYHO
BEJIMKM M IOTPELIHOCTbIO OKPYIJIEHUS MOXHO IpeHeOpeub. Ecim 3HaueHus HepeMEeHHbIX
HEBEJIMKHU, TO OKPYIVIEHHE MOXKET NPUBECTH K 3HAUUTEIBHOMY PACXOXACHUIO C ONTHMAaIbHBIM
pemenueM. IlosTomy pa3paboTaHbl crelUalbHble METOABI pELICHUs LEeJOYMCICHHBIX 3ajad,
Cpeau KOTOpPhIX MOXXHO BBIJEIUTH JBa HANpaBICHHUs: METOJbl OTCEUEHHUs (OTCEKArOIIMX
IUIOCKOCTEH) 1 KOMOMHATOPHBIE METOIBI.

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

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

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

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

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

K 3amagam menoYucIeHHOTO POTPaMMHUPOBAHUS TAKKE OTHOCSTCS:

- 3a0aya ONMUMATILHO20 PACKPOS MAMepuanog: Ha MpeANnpUsITHN TPOU3BOAUTCS PaCKpOn
HECKOJIbKUX PA3IMYHBIX MAPTUH MATEPUAIOB B 33JaHHBIX KOJMYECTBAX CIUHUI] OAMHAKOBOTO
pa3Mepa B Kax10il napruu. M3 MmaTepuanaoB Bcex mapTuil TpedyeTcsi U3rOTOBUTh MaKCUMAalbHOE
YHUCII0 KOMIUIEKTOB, B KQXJbI M3 KOTOPBIX BXOJHUT HECKOJBKO PAa3IMYHBIX BUIOB JIETaJCH B
3aJJaHHOM KOJIMYECTBE, €CJIM U3BECTHO, YTO KKIYI0 €AMHMIY MaTepHalia MOXHO PacKpOHUTh Ha
JIeTaH OTPENIEICHHBIM KOJMYECTBOM PA3IMYHBIX CIIOCOOOB ISl MOMYYCHHs AETalield pa3HOTro
BU/JIA;

- 3a0a4a o HaznayeHusx. C ee IOMOIIBI0O MOYXHO IOJYyYUTh OTBET Ha BOIPOCH! THUIIA: KaK
pacrpenenuTh pabodyux Mo cTaHKam, 4YTOObI 0011ast BEIpaOoTKa Oblila HAMOOIBIICH UM 3aTPaThl
Ha 3apa0OTHYIO IJIaTy HAaWMEHBIIMMH, KaK HAWIydIdM o0pa3oM paclpeneiuTh SKUMaKH
CaMOJIETOB; KaK Ha3HAYMTh JIIOJACH Ha pa3luyHble IODKHOCTH M T.A. MaTreMaTH4ecKu Takue
3aJa4d OTHOCATCS K TPAHCHOPTHBIM 3aJadyaM, C TOH OCOOCHHOCTBIO, YTO B HHUX OOBEMEI
HAJIMYHBIX M TPEOYIOUIUXCS PECYpPCOB [UIsl BBIMIOJIHEHUS KaXKIOW pabOThl PaBHBI E€IMHHUILIC
(aj=b;=1), a Bce nepeMeHHbIE X;; TMOO PaBHBI €IMHHIIE, €CIIN i-bIi PAOOTHUK HA3HAYEH HA j-yIO
paboty, 100 paBHBI HYNIO B JAPYrux ciay4asx. VcxoaHele JaHHBIE 3a7aud O Ha3HAUCHUSX
TPYNIUPYIOTCS B TaONHIIE, KOTOpask Ha3bIBACTCS MATPHUIICH OIICHOK, a Pe3yJIbTaThl — B MaTPHIIC
HazHayeHuil. [Ipu perennn 3a1a4u 0 Ha3HAYCHUSIX UCIOJB3YIOT AJITOPUTMBI U METO/IbI PEILICHUS
TPAHCIIOPTHBIX 33]1aY;

- 3a0aua o kommusosdxicepe. OHa OTHOCHUTCA K 3a/adyaM MPEAbIAYLIETO BUAA U MOXKET
ObITb CPOPMYNIHpPOBAHA CIEAYIOIMIMM O00pa3oM: HMMEETCS # TOPOJ0B, HPOHYMEPOBAHHBIX
yucnamu oT 1 1o n. KommuBosikep, Bbie3kasi U3 ropoza 1, JomkeH MoObIBaTh B KaXKA0M ropojie
POBHO OJMH Pa3 ¥ BEPHYTHCSA B MCXOJHBIH IYHKT IIPU 3TOM M3BECTHBI PACCTOSHMS C;j MEXKIY
ropoaamu (i = 1,n, j = 1,n, i #). Tpebyercs HallTH caMblii KOPOTKUN MapIIpyT.



J{BOMICTBEHHOCTD B JIHHEHHOM NPOrPaAMMHUPOBAHUH

1.3.1. Bonpocsl JieKuunu:

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

2. MeTo/ibl pelieHus.

3. TeopeMbl TeOpUU TBOMCTBEHHOCTH U €€ IKOHOMUUYECKOE COJIEpKAHUE.

1.3.2. KpaTkoe coaep:xkaHue BONPOCOB:

1. ITocTaHoBKA M MOJeJb IBOMCTBEHHOM 3a1a4M.

[Ipeanonoxum, 4YTO HEKOTOPOE NPEANPUATHE PEIIUI0 HE TPaTUTh PECypchl Ha
W3TrOTOBJIEHHE MPOJYKIMH, a POJATh 3TH pecypchl. Torja BO3HUKAET BOMNPOC: M0 KAKOH LeHe
nponaBath pecypcol? llena momkHa ycTpamBaTh Kak IpoJaBlia, Tak U mokymarens. MHtepec
MOKYTIAIOIIEH CTOPOHBI 3aKII0YAETCS B TOM, YTOOBI 3aIUIATUTD 32 PECYPCHl KAK MOXXHO MEHbIIIE,
a MHTEpEeC MPOJIA0Ie CTOPOHBI — B TOM, YTOOBI MOJTYYUTH 32 PECYPChl HE MEHBIIE TOTO, YTO
OHa MoJty4nsa Obl 3a peann30BaHHbBIN TOTOBBIN TOBap.

Torpa, B Tak Ha3pIBAEMOU 0golicmeenHoU Mooenu, 1eneBas (pyHKuMs OyAeT ONmUChIBaTh
MHTEpPEC TOKYMaroueil CTOPOHBI, CHUCTEMAa OrPAaHMYEHUM — HWHTEpeC MpoJarolen
CTOPOHBI(HEOOXOIMMO OLIEHUTHh PECYpPChI, KOTOPbIE MONILIM OBl HAa M3TOTOBJICHUE €IMHHIIBI
OPOAYKUMH U CTOMMOCTb 3THX PECYPCOB OrpaHUYMUTh LIEHOW pEealnu30BAaHHON €JIMHUIIbI
npoaykuun). TpeTse ycinoBue (HEOTPULIATEBHOCTh MIEPEMEHHBIX BEJIMYUH) OYI€T BBIMOIHATHCA
B CHUJIy TOTO, YTO ILI€Ha €IUHUIIBI pecypca HE MOXKET ObITh OTpHIaTeNIbHOW. BBeas B kauecTBe
LEHbl eAUHUIBI pecypca Benuuuny u>0(i=1,2, ..., m), ee ele Ha3BIBAIOT OYEHKOU pecypca
(unn ABOWMCTBEHHOM OLIEHKOI ), TOTyYUM CIIEIYIOIIYIO MOJIENb:

I) F= b1u1 + b2u2 + ...+ bmum—) min.

1) ayuy + axius + ... + apunc,

appuy +apuy + ...+ apu=cy,

ainly + Aplis +...F amnumzcn'

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

2. MeToabl penieHus.

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

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

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

Kpome 3Toro Bapuanta BO3MOXHBI CIEIYIOIIME B3aUMOMCKIIIOYAIOIINE CIIy4au:B OJIHOM
U3 Iapbl JBOMCTBEHHBIX 33]a4 JOIYCTMMOE MHOXECTBO HE IIyCTO, a IiejeBas QyHKIUS Ha ITOM
MHOXECTBE HE OTpaHHMYeHa, TO Yy APYroil 3ajgauu u3 3TOH mapsl OyJeT MycToe IOMyCTUMOE
MHO’KECTBO (T.€. €CIM B OJJHOM 3a7jaue (QyHKIMOHAI HE OTPaHUYEH, TO 3aJa4a el ABONCTBEHHAs
HE MMEeT PEelIeHHUs1);00e U3 paccMaTpUBaeMbIX 3a/lad MMEIOT MYyCThle JOMYyCTUMBbIE MHOXKECTBA
(T.€. 00€ HE UMEIOT pelleHus).

C 5KOHOMMYECKOH CTOPOHBI PEUICHHE NPSMON 3a7a4u AaeT ONTUMAJIBHBIN IJIaH BBITYCKa
OPOAYKIMM, a pELICHHE BOMCTBEHHOM 3aJaud — ONTHUMAJbHYI0 CHCTEMY YCJIOBHBIX (WX
0B0UCMBEHHBLX) OYeHOK TIPUMEHSIEMBIX PECYPCOB.



1.4 Jlexuus Ne 5, Ne6 (4 yaca)
Tema: «MeToabl pelieHust 3a/1a4 JMHEHHOT0 NPOrpaMMHUPOBAHUS TPAHCIIOPTHOTO THIIA)

1.4.1. Bonpocsl JieKIum:

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

3 [IpubnumxeHHblE pacpeeIUTEIbHbIE METOIBI.

1.4.2. KpaTkoe cojep:kaHue BONPOCOB:

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

[IycTh uMeeM m MyHKTOB, B KOTOPBIX HAaXOJUTCS M3BECTHOE KOJUYECTBO OAHOPOIHBIX
rpy30B (rmocraBiiuku). IlopsakoBslii HOMep nocTaBllMKa 0003Hayaercs i, TO ecTh i=1,2,...,m.
Hanuuue rpy3oB y nocraBmuka b;. Vimeercs n MyHKTOB MCIBITHIBAIOIIUX MOTPEOHOCTh B ITHX
rpy3ax (norpeoureneit). [lopsinkoBbiii Homep norpedurens j=1,2,...,n. IlorpeOHOCTH B Tpy3ax
Ka)XJO0ro norpedutenss a;. l3BecTHa «ueHa» IEPEBO3KM EAMHUILIBI Ipy3a OT KakKIOro
IIOCTaBUIMKA K KaXK1A0My IoTpeduTento (c;;). HeodXoquMo cocTaBuTh IIIaH IIEPEBO3KU IPY30B OT
MOCTABIIMKOB K MOTPEOHUTENI0, T.€. ONPEAENUTh: Kakoe KOJWYECTBO TIpy3a HEOO0XOIMMO
IIEPEBE3TH OT KaXKJOTO IIOCTABIIMKA K KaXXJAOMY HOTPEOMTENIO (X;), MPUYEM 3HAYEHHUS X
JOJIKHBI OTBEUYATh CIEAYIOIIUM TPEOOBAHUSIM:

- o0mIre 3aTpaThl Ha EPEBO3KY I'PY30B JOJKHBI OBITh MUHUMAJIbHBIMU,

- BCE TPY3bl OT MOCTABIINKOB JOJKHBI ObITH BHIBE3CHBI;

- MOTPeOHOCTH MOTpedUTeNel B rpy3ax JOJKHBI ObITh YIOBIECTBOPEHBI.

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

Z=cnxartenXint. . tepXinteaxartenxnt.  teaXont. . FCmXmtCmXmat . . A CppXimp—>min.

II. Cucrema orpaHuuYeHMH ONUCBHIBAET BTOPOE M TpPETbe TPeOOBaHMSA OIS X; U3
MOCTAaHOBKH 3a/1a4H.

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

xitxit.. x= by,

Xa1txoot. . X0~ ba,

X1t Xt X = bm;

2 rpynma: YCJIOBHE YAOBJIETBOPEHHS MOTpeOuTens (CyMMa Tpy30B NPUBE3EHHBIX
HOTPEOUTENIO JODKHA OBITH pPaBHA €r0 NOTPEOHOCTH):

Xyttt =ay,

Xiptxoot. . . Axpn=as,

xm1+xm2+~ . -+xmn= ay.

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

Cmpyxkmypnas ¢hopma 3anucu mooenu mpaHcnopmHou 3a0adu.

B cnieunanu3upoBaHHoi TuTEpaTYype MOJIENHU JAIOTCA B CTPYKTYpHOU (hopme.

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

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

i=1

OLL x;20 (= 1,2,....m,j = 1,2,...,n).



2. AITOPUTM pelIeHUs 3a1a4H.

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

Pemenue TpancnopTHOM 3a7aun pa3dbuBaeTcs Ha JiBa dTana:

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

2) NOCTPOEHHE IMOCIEN0BATENbHbBIX UTEPALUi (I1aroB), yay4lIatOIIUX OMOPHBIE IJIAHBI
(KaXkabIi HOBBIN IJIaH HE JOJDKEH yBEJIMYMBaTh CyMMapHbIe 3aTpaThl Ipu Z—>Mmin U yMEHbIIATh
npu Z—max). JlocTuraercst nocpecTBOM METOAA MOTEHIHAIOB.

3 IlpudaukeHHbIE pacnpeaeJuTe/JIbHbIe MEeTOIbI.

K HpI/I6JII/DKCHHBIM pacinpeaciuTCIbHbIM MCTOAAM MOXKHO OTHCCTH MCTOJ HaAWJIYYIIHX
HeH U MeTo] ammpokcumanuu. I[IpuOnmkeHHBIMM OHM HA3bIBAIOTCS BCJIEJACTBHE TOTO, YTO
IOJIyUeHHOE MpH IOMOLIM 3TUX METOJOB paclpeleieHue rIpy3a B Taliuie He Tpedyer
JOTIOTHUTENIbHOW TPOBEPKH Ha ONTUMAlIbHOCTh, TaK Kak JUOO cpa3y OKa3bIBaeTcs
OIITUMAJIbHBIM, 1100 MaKCHUMAaIbHO K HEMY HpI/I6JII/I)KCHO.

1.5 Jlexknust Ne 7 (2 yaca)
Tema: «baj1aHCOBBIE MOAEIH)

1.5.1. Bonpocsl JieKuuu:

1. Cxema MexxoTpacieBoro 6anaHca NpoM3BOJICTBA U pacCIpeesIeH sl TPOIYKTa.

2. Koa¢puuneHTs! NpsMBIX U MOJHBIX MaTEPUATIBHBIX 3aTpaT.

3. MexorpacieBble 0alaHCOBbIE MOJIENIH B aHAJIN3€ SKOHOMUUYECKHX TOKa3aTeseH.

1.5.2. KpaTkoe coaep:xaHue BONPOCOB:
1. Cxema MexoTpac/ieBoro 0ajaHca nNpou3BOACTBA U pacnpeaejeHus NPOAYKTa.
[IpunuunuaneHas cxemMa MEXKOTpPaclieBOro OanaHca MPOM3BOJCTBA U PaCIpEACIICHUs

COBOKYITHOI'O O6H_[CCTB€HHOFO MNpOoAYKTa B CTOUMOCTHOM BBIPAXXCHHUH IIPCACTABIICHA B Ta6J'II/IH€.

Tabnuna — [puHMnuanpHas cxema MexxorpacieBoro 6ananca (MOB)

[IpousBonsmue [ToTpebanstomue oTpaciu Koneunsriit Banosoit
oTpaciu 1 2 3 n IPOAYKT MPOJYKT
1 X11 X12 X13 Xin Yy X
2 X21 X22 X3 X2n Y, Xo
3 X31 X32 X33 X3n Y; X3
n Xnl Xn2 Xn3 Xnn Yn Xn
AMopTu3anus ci 2 C3 Cn
Omnara Tpyaa Vi Vo V3 Vi n n
YUCTBINA JOXOX my my ms my, X, = X j
Banosoit X1 X2 X3 )(n 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 mamepuanvHoix 3ampama;nokasvléaiom, KaKoe KOJIHYECTBO
NPONYKIIUK i-H OTpaciii HeoOX0oauMo (€ClIM YYUThIBaTh TOJBKO TpSMbIC 3aTpaThl) s
MPOU3BOACTBA €IUHULBI IPOIYKLINH j-H OTPaCIIH.
Koagduyuenmor nonnvix mamepuanvuvix 3ampambnokasviearon, Kakoe KOIUYECTBO
OPOIYKLUUU - OTPaciu HYXKHO MPOU3BECTH, YTOOBI C YYETOM MIPSIMBIX U KOCBEHHBIX 3aTpar
3TOW MPOAYKIUH MOTYUUTh €JUHUIY KOHEYHOW MPOTYKIUH 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 KOHEYHOE NOTpediaeHue (NepBblii U BTOPOH KBaJApPaHThI CXEMbl MEXOTPACIEBOIO
Oananca). OTnenbHON CTPOKOM JaeTcsl paclpezesieHue 3aTpaTr >KUBOIO TpyJa B IPOU3BOJCTBE
BCEX BUJOB IIPOIYKIUH; IPEIIOJIAraeTcs, YTO TPYAOBbIE 3aTPaThl BEIPAXKEHBI B €IMHULIAX TPYyJa
OJINHAKOBOH CTENEHU CII0KHOCTH.

1.6 Jlexnus Ne 8(2 yaca)
Tema: «DyHKIINM 0JIE3HOCTH M CIIpoca. 3ajayda noTpedUTeIbCKOro BbIOopa.
YpaBHenne Cayukoro. IIpousBoacrBeHHbie QyHKIIMID)

DYHKIUM M0JIe3HOCTH U CIIPoca. 3a1auya moTpeduTeIbCKOro BbIOopa. YpaBHeHue
Cayukoro.

1.6.1. Bonpocsl JieKuunu:

1. OcHOBHBIE TOHATHS.

2. @yHKIUS TOJIE3HOCTU U €€ CBOMCTBA.

3. 3amava noTpeduTenbCKoro Beibopa. yHkuuu cropoca.

4. D¢ dexTsl komneHcanuu. YpasHenue Ciyrkoro. OLeHKa 3J1aCTUYHOCTH CIpoca.

1.6.2. KpaTkoe coaep:kaHne BONPOCOB:

1. OcHOBHBIE TOHSATHSI.

Ha pbIHOK moKymaTesst TONKaT NoTpeOHOCTH. [ToTpeOHOCTH MOPOXKAAIOT CIIPOC. AHanu3
cnpoca u nompebOnenus — 5mo 0061aACmb IKOHOMUKO-MAMEMAMUYECKUX UCCAe008aHUL, Yelb
KOMOPbIX — HAYYHOe NpedsudeHue MAamepuaibHblx nompedonocmeti nooetl U NOUCK
ONMUMATLHBIX nymell ux y0osiemeopenusi. Pa3pabaThIBarOT TAKKE MOJIETH, KOTOPHIE CBSI3bIBAIOT
crpoc u motpedsieHne ¢ mpou3BoacTBOM. COBOKYITHOCTh TaKMX MOjelel oOpasyer cucmemy
Mooenel nPOSHOZUPOBAHUSL IKOHOMUKU.



C xaTeropusiMM Cpoc U NOTpedJIeHNE MEPEKIMKAETCS YaCTO BCTPEUAIOLIAsCsl KaTeropus
— nonesnocms. CyauTh 00 YIOBIETBOPEHHUHU MOTpeOHOCTEH 4WIEHOB OO0IIEeCTBa MOXXHO IO
0OLIECTBEHHOH MOJIE3HOCTHU JaHHbIX Onar. Eciau non obwecmeennoii nonesHocmsio NOHUMAETCS
OOBEKTUBHBII pe3yJabTaT MPOU3BOJCTBEHHON NEATENHHOCTH KaK KPUTEPUS ONTUMAIbHOCTH, TO
CcYOveKmueHas noie3Hocmsy — 3TO OLIEHKa 0Jiar, pecypcoB, pe3yjbTaToB ¢ MO3ULMHA OTAEIBHOIO
noTpeduTens, 3T0 ero 0J1arocoCTOsHUE, YOBIETBOPEHHUE €ro NOTPEOHOCTEH.

2. @yHKIHS M0JIe3HOCTH U ee CBOMCTBA.

VYaoBneTBopeHue HHIMBUIAyyMa IPUMEHSETCS KakK Mepa IpEeINouTeHHus, Kak Mepa
COTIOCTABJICHUS MEXKY 3aTpaTaMu M YCHJIUSAMU C OJHOM CTOPOHBI M pe3ysibTaTaMU — C IPYTOM.
[Tone3HocTs MPUHATO BBIpAXKaTh B BUAEC (DYHKIUH, IS KOTOPOH apryMEHTaMH SIBISIFOTCS
3aTparthl, yCUIus, ajlbTepHATUBHBIC OTPeOIeHHS Osar U T.1. DTa QYHKIMS MOJydnsia Ha3BaHUe
¢pynkuuunosesnocru. IlonesHocts Onar — 3TO mHepeMeHHas BEIWMYMHA, OHA M3MEHSETCS ¢
U3MEHEHHEM ypOBHEH noTpelieHus 3Tux ounar.

B o0uieit popme QpyHKIMM MOJIE3HOCTH MOKET ObITh IIPEJCTABIIEHA B BUJIE:

u=u (xl,x2 yeees X, )y

T€ X1,X2,..., Xn — GAKTOPBI, BIUSIOLINE HA MTOJIE3HOCTH U.

Ceoticmea ¢hynKyuu nonre3Hocmu.

1. Bo3pacranue norpebieHuss OHOTO MPOAYKTA MPHU MOCTOSHHOM MOTPEOJICHUH IPYroro
IPOAYKTA BEET K POCTY NOTPEOUTEIBCKOM OLIEHKH, T.€.

eciu 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,) ou(x,,x,)

/
=u, >0,

=u, >0-
ox, 0ox,

ITepBble yacTHBIE IMPOM3BOJHBIE HA3BIBAIOTCS NpeOebHbIMU NONE3HOCMAMUNDOOYKIMOS:
/
u| — mpenenbHAs IMOJIE3HOCTb MEPBOTO MPOAYKTA, U, — MPENENbHas IOJNE3HOCTh BTOPOTO
npoaykra. Jlis npeaenbHbIX MONE3HOCTEN UCIIONb3YeTCA TakKe cuMBoauka M,, M, .

2. IlpenenpHas NOJE3HOCTb KaXJIOTO NPOAYKTa YMEHBIIAETCS, €CIU OOBEM €ro
notpebieHus: pacTeT (3TO CBOMCTBO MpeAEIbHOM NOJIE3HOCTH HAa3bIBACTCS 3aKOHOM YOBbIBaroOIIEeH
peIebHON I0JE3HOCTH).

2
0’u ou /
2 =ufy <05 72:u£2<0'
ox, Ox,

3. [IpeaenbHast MOJNIE3HOCTh KAKIOTO MPOAYKTA YBEIUYMBACTCS, €CIH PACTET KOJIUYECTBO
JPYToro Mnpojaykra. B 3ToM ciiydae mpoayKT, KOJIMYECTBO KOTOPOTO (PMKCHPOBAHO, OKA3bIBACTCS
OTHOCHUTEJIbHO JeUIUTHBIM. [103TOMY JAONOJIHHUTENbHAS €r0 SAMHUIIA TPUOOpEeTaeT OOJIBIIYIO
IIECHHOCTh M MOXET ObITh moTpebsieHa Oonee 3pdexTuBHO. JlaHHOE CBOMCTBO CIpaBeJIMBO HE
IUIS BCcex OJiar.

2 2
ou / ou p
=Up = =uy >0
Ox,0x, Ox,0x,

3. 3agauya noTpedUTENBCKOr0 Boi0opa. ®yHKIHMM cIIpoca.

3agaua nMoTpeOUTENbCKOro BhIOOpA (3aaua 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.
IL px, + px, < 1.
ILx, >0, x,>0.



I'ne p1 v p» — pIHOYHBIE LICHBI HA NIEPBBIM U BTOPOM TOBAP COOTBETCTBEHHO, / — 10XO[
MOKYTIaTes.

4. ¢ dexTbl KoMneHcanuu. YpapHenne Cayukoro. OueHka 3JJaCTHYHOCTH cpoca.
Ecnu npu pocte 1ieHbl Ha OJUH TOBAap NPU CHIKEHUU €ro CIpoca, pacTeT CIpOC Ha
Jpyroil ToBap, TO 3TH TOBApHI 3aumosamensemvie. HaobopoT, ecnu crnpoc Ha Apyroid ToBap
TaK)Ke MajaeT, TO OHU g3aumoldononnsemvle. OJHAKO, peallbHas B3aUMO3aMEHSEMOCTb MOXKET
UCKa)XaTbCsl OOLIMM CHID)KEHHEM O0JIarOCOCTOSHUS NPU pOCTE LIEHbl Ha OJWH M3 TOBApOB.
[lepBrlii TOBap MOKET 3aMEHATh BTOPOH B MOTPEOJIEHHM, HO CIIPOC Ha HETO MOKET HE PacTH,
IIOCKOJIBKY IIPOCTO CHUBMICS JOXOA. J[isl CHATHSA ITOr0 MCKaKEHUS HCIOJIB3YIOT IOHATHE
KOMNEHCUPOBAHHO20 USMEHEHUSl YeHbl, TO €CThb TAKOT0, KOTOPOE CONPOBOXKIAETCS YBEIMUYECHUEM
J10X0J1a MOTpeOuTes, MO3BOJIAIONUM €My MOJAEPKUBATH IPEKHUNA YPOBEHB OJarocOCTOSHUSL.
B koopaunaTtHolt opme ypaBHeHue Ciyukoro (coryiacHo 45= ac B?))HPI/IMCT BHJL:
o fou] o],
op, | op, or |7
Y MOXKET pacCMaTpUBAThCA KaK MPU Pa3HbIX, TaK U IPU COBNAAAIOIINX I U j.
dnacmuyHocms chpoca no yeHe TOKA3bIBAECT CTENEHb W3MEHEHHUs CIIpOca B OTBET HA
M3MEHEHHUE 1ICHbl Ha TOBAp U paBHa:

comp

ox, X,

— 1 . 1
o, p;
3J1acmulmocmb cnpoca no ()O.XOdy ITIOKa3bIBACT CTCIICHbL U3MCHCHUA CHpoca B OTBECT Ha
M3MEHEHHUE J0XOJI0B IOTpeOuTENel U paBHa:

€

— [Iad .
e, = 2 i=1,n.

ol

BelnmonnseTcss paBeHCTBO:
n
Zeﬁ +e, =0, i=1,n.
Jj=1
To ecTb cyMMa BCceX 3JaCTUYHOCTEN CIIpoca 10 LEHE U JOXOAY J0HKHA PaBHATHCS HYIIIO.
IIpousBoacTBeHHbIe PyHKIMHN

1.6.1. Bonpocsl Jieknum:

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

3. IIpousBoacrteennas pynkuust Kob66a-/lyrmnaca.

4. luHamMuyuecKasi IpOU3BOJCTBEHHAs (PYHKIHS.

1.6.2. KpaTkoe coaep:xkaHue BONPOCOB:

1. OcHoBHbIe OHATHUSA. CBOIiCTBA MPOU3BOACTBEHHbIX QYHKIUIA.

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

B o0weit popme npon3BoACcTBEHHASI PYHKLIHS MOXKET OBITh IIPEJCTaBIEHA B BUJE:

y=f(x, x5 x,),
IZI€ X|,X2,..., X, — 3HAUCHUs 00BEMOB 3aTPAauNBAEMbIX WUJIM UCIOJIb3yEMBIX PECYPCOB; ) — 00BEM
BBIITYCKaeMOM MPOAYKLIHH.
ITpon3BosacTBeHHbIE (GYHKIMH HPUMEHSIOTCS Ul aHadM3a BIMSHUSA PA3JIMYHbBIX
coueTaHuil (akTOpoB Ha OOBEM BBIIYCKAa B ONpPEJEICHHBI MOMEHT BpEeMEHH (cmamuueckuil
eéapuanm) W JJI1 aHalu3a, a TaKXKe MPOrHO3UPOBAHMS COOTHOLIEHHS 00BEMOB (aKTOPOB MU



o0bema BBINYCKAa, B pa3Hble MOMEHTbl BpeMeHU (Junamuueckuii eapuanm). Taxxke
IIPOM3BOJICTBEHHbIE (DYHKIMHM UCIOJB3YIOTCA Ha PA3IMYHBIX YPOBHSIX S3KOHOMHUKHU — OT Qupmbl
(mpenmpuATHS) 0 HApOAHOTO XO3SAHCTBA B LEJIOM (aepecuposanHasTpOU3BOJICTBEHHAS
(GyHKLUS, B KOTOPOH BBIIYCKOM CIIY>KUT I10Ka3aTellb COBOKYIHOIO OOIIECTBEHHOI'O MPOJYKTa
W HAIMOHAJIBHOTO I0X0/1a | T.I1.).

Ceoticmea npouzs00CmeeHHbiX PYHKYULL

CpoiicTBa NPOU3BOACTBEHHBIX (PYHKLUMH paccMOTpUM Ha HpuUMepe (QYHKIMHM JBYX
nepeMeHHbIX y = f(X;,x,), KoTopas uMeeT 001acTb onpeneneHus x, >0 u x, > 0:

1) mpou3BOACTBO HEBO3MOXHO TMPU OTCYTCTBUHM XOTs OBl OJHOTO pecypca, T.€.

f0,x,)=f(x,0)=0;
2) mpu yBEIMYEHHH 3aTPaT MPOHM3BOACTBEHHBIX PECYPCOB BBIMYCK MPOAYKIIUK PacTeT
x(1) > x(0) = f(x(1)) > (fx(0)); ecnu Pynkuus aupdpepeHINPOBaHa, TO MOXKHO 3aIHCaTh

x>0 = I >0 (i =1,2), WM IIepBast YaCTHAs IPOU3BOIHAS Ff(x)} MIOJIOKUTEIbHA;
i i

3) mo Mepe yBENMYEHMs] KOJIMYECTBA OJHOTO pecypca IpU MOCTOSHHBIX KOJIMYECTBAX
Opyrux npeaensHas A3(G(EKTHBHOCTh HCIOJNB30BaHMS JTOrO pecypca HE BO3pacTaer.

Maremaruuecku 3TO0 TpeOoBaHME s ABaXIbl JUP(EPEHIUPYEMBIX IPOU3BOACTBEHHBIX

(GYHKUUH BBINISAUT TaK: T gx) <0-

Hanpumep, 3T0 o03HauaeT, uyTO pOCT BOOPYKEHHOCTH CpPEACTBAMU IPOMU3BOJCTBA
IPUBOJUT K POCTY BBIYCKA MIPOAYKIMH, HO TEMII POCTa BBIYCKA MPOJYKIIMU BCE BpeMs MajaeT
(3aKoH yObIBaro1el 3pHEKTUBHOCTH);

4) npou3BOJICTBEHHas (YHKIMS XapaKTepus3yeTcs OINpeNeNeHHOW oTnaded  or
pacimmpenusi MacutTaboB mpousBoAcTBa. OTAaua OT PACIIMPEHUs MacIITabOB NPOU3BOJACTBA
XapaKTepU3yeT IPOU3BOACTBEHHYIO (DYHKIUIO C TOUKHU 3PEHUS U3MEHEHMSI BBIITYCKA MPOAYKLUU
[IpY MPONOPLHUOHATBHOM U3MEHEHUH 3aTpaT PecypcoB, KOTOPOE MAaTEMAaTUUYECKU BbIpakaeTcs B
YMHOXEHUH BCEX KOMIIOHEHT BEKTOpA X Ha MOJOKUTENIbHBIN cKajsp ¢g. IIpuHATO rOBOPUTH, UTO
cKayspHasi QyHKIUS sIBISETCS OHOPOIHON (DYyHKIIMEH CTENEHH p, €CIU 1Jis JII000ro BEKTOpa X U

TH000T0 cKaJsipa ¢ OHa yAOBIeTBOpseT yciaoBuio f(1x) =g’ f(x).

2. DJIaCTMYHOCTH BBIIIYCKA.
OTHolIeHUE NpPEAeIbHON INPOU3BOAMTENBHOCTH M, i-r0 pecypca K €ro cpenHei

IPOU3BOJUTENBHOCTH A; HAa3bIBAECTCS 91ACMUYHOCIbIO 8bINYCKA TIO i-MY pecypcy (1o ¢akTopy
npousBoacTBa). CUMBOJIHKA!
_M, _ x, o)

= =
4, f(x) ox,
CyMMa E1 +E2 = Ex HA3bIBACTCA O1ACMUYHOCMBIO np0u380()cmea.E‘, IIOKa3bIBaCT, Ha

,(i=12).

CKOJIBKO IIPOLICHTOB YBEJIIMYUTCS BBIITYCK, €CIIM 3aTpaTrhl i-r0 pecypca yBEIHWYaTcs Ha OIUH
MPOLICHT MPU HEM3MEHHBIX 00BEMax APYroro pecypca.

3. lIponsBoacrBenHas pynkuus Kododa-/lyriaaca.

Jl5is MOIETUPOBaHUS OT/IENIBHOIO PETUOHA UITM CTPAHBI B LIEJIOM (T.€. Ui pelleHus 3a1au
Ha  MakpOSKOHOMHMYECKOM,  MHKPOIKOHOMHYECKOM  YpOBHE)  4YacTO  HCHOJIb3YIOT
MPOU3BOJCTBEHHYIO (DYHKIIMIO BHA:

Y =agx'xy,

rae ap, ai, a, — NapaMmeTpsl MPOU3BOACTBEHHONH (PYHKUMU. DTO TMOJOKUTEIbHBIE MOCTOSHHBIC
4Kclla, IPUYEM 4YacTo a; U dz TaKOBbI, YTO a;+ax=1. [IponsBoacTBeHHas QyHKIUSA JaHHOTO BUAA
Ha3bIBACTCS npouzgoocmeennoll Gyuxkyuer Kobba-/[yenaca 1o MMEHUW JBYX aMEPUKAHCKHX
HPKOHOMHUCTOB, NPEAJIOKUBIINX €€ UCII0Ib30BaTh B 1929 rony.

4. JlunaMu4yeckasi Npou3BOACTBeHHAs PyHKIUS.



[TpounsBoacTBeHHas QYHKIUS Ha3bIBACTCA OUHAMUYECKOU, ECIIH:

1) Bpems ¢ purypupyer B KauecTBE CAaMOCTOSITEILHON MEPEeMEHHON BETUYHHBI (KaK Obl
CaMOCTOSITENILHOTO (paKTOpa IPOU3BOJICTBA), BIUSIIOLIET0 HA 00BEM BBIITYCKaeMOM NMPOLYKLIUH;

2) mapaMeTpbl MNPOM3BOACTBEHHON GYHKIIMM U €€ XapaKTepUCTUKa f 3aBUCAT OT
BPEMCHHU [.

PaccmoTpum mpumep AMHAMHYECKON MPOM3BOACTBEHHON (YHKIMHU: MPU TMOCTPOCHHUH
MPOU3BOJACTBEHHON (yHKIMU HayuHo-TexHudeckuil mporpecc (HTII) moxxer ObITh yuTeH ¢

t
nomoIbio BBeaeHns muoxutens TI1 e | roe napametp p (p>0) xapakTepu3yeT TeMI IPUPOCTa
non BiussaueM HTII:

y(t) =e” f(x,(t),x,t),raet=0,1,..., T

1.7 Jdexknust Ne 9 (2 yaca)

Tema: «CucreMHOe MOIeJIMPOBAHNE KAK OCHOBA ONTUMAJIBHOIO IVIAHUPOBAHUS B
COBOKYIHOCTH 3a/1a4 yIpaBJjieHHs MPOU3BOACTBOM. JIMHAMUYecKOe POrpaMMHUPOBAHUE.
CeTeBoe NVIAaHMPOBAHHE U YIIPABJIeHHE. JJIeMEHThI TEOPUHU UTP B 3271a4aX MOJAEJIMPOBAHUS
IKOHOMMYECKUX MpoueccoB. MoaeMpoBaHie CHCTEM MAaCCOBOI0 00CTyKHBAHU S

JluHaMH4ecKoe MporpaMMIpPOBaHHe

1.7.1. Bonpocsl JieKIum:

1. OcHOBHBIE NOHSTHSI JUHAMUYECKOI'O IPOrPaMMUPOBAHHUS.

2. O0mas mocTaHOBKA 3a/1a41 JUHAMHUYECKOTO MPOTPaMMUPOBAHUS.

3. 'eomeTpuyeckas MHTEPIPETALNA 3a1a4l TUHAMUYECKOTI0 IPOrPaMMUPOBAHHUS.

1.7.2. KpaTkoe cojep:kaHne BONPOCOB:

1. OcHOBHBIC OHATHS JMHAMHYECKOI0 NPOrPAMMHPOBAHMS.

B 3agauax AMHAMHUYECKOro MPOTrpaMMHMPOBAHHS SKOHOMHUYECKUH IMPOLIECC 3aBHUCHUT OT
BpeMeHHU (OT HECKOJIbKUX MEPUOOB (ITAMOB) BPEMEHH ), TOITOMY HAXOIUTCS PsAJl ONTUMAIbHBIX
peuieHuii (mocneaoBaTeNbHO Ul KaXJIOro 3Tara), 00ecrneyrBaoIMX ONTHMAIbHOE pa3BUTHE
BCEro Ipolecca B LEJIOM. 3aJayd JWHAMUYECKOrO0 INPOrpaMMHUPOBAHUS HA3bIBAIOTCS
MHO209MANHLIMY UITA MHO20UA2O0BbLMUL.

Junamuueckoe npocpammuposanue TPEACTABIAET COOOM MaTeMaTHYECKHUM anmnapar,
MO3BOJIAIOIIMNA OCYHIECTBIATH ONTUMANbHOE IUIAHUPOBAHHE MHOTOLIATOBBIX YIPaBIsSEMBIX
IIPOLIECCOB U IIPOLIECCOB, 3aBUCSILUX OT BPEMEHHU.

DKOHOMHYECKHI MPOLECC HA3bIBACTCS YNpasisieMbiM, €CIA MOKHO BIUSATH HA XOJ €ro
pa3BUTHUSA. Ynpaenenuem Ha3bIBAETCSl COBOKYITHOCTb PELIECHUH, MPUHUMAEMBbIX Ha Ka)KJIOM 3Tarle
JUIsL BIIMSIHUSA Ha XOJ IMpolecca. B sKOHOMHYECKHX Mpoleccax yIpaBieHHE 3aKIlvaeTcs B
pacnpeneNeHud U IepepaclpeiesieHud CpeAcTB Ha KakaoM Jtane. Hampumep, Bblyck
OPOAYKIHMH JIIOOBIM MPENNpHUsITHEM — YIOpPaBISEMbIl MpoLecc, TaK Kak OH OMpeaessercs
M3MEHEHHEM cocTaBa 000pyAOBaHUSA, 00BEMOM MOCTABOK ChIPbsI, BEIUYMHON (PMHAHCUPOBAHUS
u T.1. COBOKYIMHOCTh pelleHui, IPUHUMAEMBbIX B Hayalie KakJJ0oro roja njiaHupyeMoro rnepruoja
10 00eCleYeHHUI0 NPEANPUATHS ChIPbEM, 3aMEHE 000pY0BaHMsI, pa3MepaM (pUHAHCUPOBAHUS U
T.J., IBJSIETCS YIPaBICHUEM.

JUis OOJibIIMHCTBA 3a7ad JAMHAMUYECKOTO IMPOTPaMMHUPOBAHMS KJIACCUUYECKHE METO]IbI
aHaJIM3a WIM BapUAllMOHHOTO HCYHCIEHUs OKa3biBaloTca HeddexTuBHbIMU. [[nHAMUueckoe
IPOrpaMMUPOBAHUE, UCIOJIB3Ysl MOATANHOE IUIAHUPOBAHME, MO3BOJSET HE TOJIBKO YINPOCTUTH
pelieHre 3aJady, HO M pEHHUTh T€ U3 HHUX, K KOTOPHIM HeNb3s HPUMEHHUTHh METOJIbI
MaTEMaTUYECKOT0 aHAIN3a.

2. O0masi NOCTAHOBKA 321a4M JHHAMHYECKOI0 NPOrpaMMHUPOBAHHS.



ITycts HekoTOpas usnueckas ynpasisemas cucTtema S HaXOJUTCS B MEPBOHAYaIbHOM

coctogHuu Spoe S, (rme S, — oOmacTe HavalnbHbIX cocTosHUM). C TedeHHeM BpPEMEHHU ee

COCTOSIHME MEHSAETCA M CHCTEMa IPHUXOAMUT B KOHEYHOE cocTosHue Spe S, (rae §, — obmacTs

KOHEUYHBIX cocTosiHMI). C mponeccoM H3MEHEHHUS COCTOSHUS CHCTEMBbl CBS3aH HEKOTOPBIN
YHCIIeHHBIH KpuTepuil W. HeoOXoauMO Tak OpPraHM30BaTh MPOLECC, YTOOBI KPUTEPUN AOCTHUT
ONTUMAJIBHOTO 3HAYEHUS.

O603Ha4YUM MHO>KECTBO BO3MOXKHBIX yrpaBieHui uepe3 U. Toraa 3ajjaua COCTOUT B TOM,
yTOOBI M3 MHOXXECTBAa BO3MOXHBIX yrpaBieHudd U HaiiTm Takoe ympasieHue U*, xoTopoe

II03BOJIUT TIEPEBECTH CHCTEMY S M3 HAYAIBHOTO COCTOSHUS Sp€ S, B KOHEUHOE Si€ S, Tak, 4To
kputepuii W(U) npuHUMaeT ONTUMalIbHOE 3HaueHue W*,

3. 'eoMeTpuueckass MHTepNpeTanus 321244 JHHAMHYECKOI0 IPOrPaMMHUPOBAHUS.

CocrosHue (u3nueckoil cucTeMbl S MOXKHO OIMCaTh YHCJIOBBIMH IapaMeTpaMu,
HalpuMep pacxo0OM TOPIOYEro U CKOPOCThIO, KOJIMYECTBOM BIIOXKEHHBIX CpPEACTB M T. 1.
HazoBeM 3TH mapaMmeTpbl KoopOuHamamu cucmemvl, TOTAA COCTOSHUE CUCTEMbI MOKHO
n300pa3uTh TOUYKOH S, a Hepexo U3 OJHOI0 COCTOSAHUSA S; B Apyroe S; — TpaeKTOpueH TOUKH S.
VYupasnenue U o3HayaeT BHIOOP ONPEEIEHHON TPaeKTOPUU MEpPEMEILEHUs TOUKU S U3 S; B Sy,
T.€. YCTQHOBJICHHE ONPEAEICHHOIO 3aKOHA JBM)KEHUS TOUYKU S. COBOKYMHOCTb COCTOSIHUIi, B
KOTOPBIE MOKET IEPEXOJUTh CHUCTEMA HAa3bIBACTCAOOIACHbIO B03MOJICHbIX cOcmosiHuu. B
3aBUCUMOCTH OT 4HCIa IapaMeTpoOB, XapaKTEpU3YIOIIUX COCTOSHUE CHCTEMBI, 00JacTh
BO3MOXHBIX COCTOSIHUM CHCTEMBI MOXKET OBITh Pa3IMUHOM.

ITycth, HampuMmep, COCTOSHHE CHUCTEMBbI S XapaKTepU3yeTcsl OJAHHUM IapamMeTpoMm, —
koopauHator x. CliieoBaTenbHO, O00JACTbI0 BO3MOJMKHBIX COCTOSSHUM CHCTEMBl SBISETCS
COBOKYNHOCTb 3HAa4€HUH X, a YINpaBJIE€HHUEM — 3aKOH JBMXXKCHMsS TOUYKM S M3 HA4daJlbHOTO

coctosaHus So€ S, B KOHEUHOE Sy€ S, 10 0ocuOxX UIH €€ YaCTH.

Eciu cocrosnue cucrembl S XapakTepusyeTcss OBYMsI HapaMmeTrpamu (X; U Xz), TO
00J1aCThI0 BO3MOXKHBIX COCTOSIHUM CHCTEMBI CIYXKUT IUJIOCKOCTh X;0X, WU €€ YacTh, a

ylpaBjieHUue U300pa3uTcs JMHHUEH Ha IUIOCKOCTH, 10 KOTOPO# Touka S nepemeniaercs u3 Soe S,

BSkegk

B obuem ciydae, Korja coCTOsIHUE CUCTEMbI ONUChIBaeTCs n napamerpamu x(i =1, 2, ...,
n), 00JIaCTbI0O BO3MOXHBIX COCTOSIHUH CIIY>)KMT #n-MEPHO€ IIPOCTPAaHCTBO, a YIIpaBJIEHUE

n300pakaercs nepeMeIeHueM TOUKH S U3 KaKOi-To HadyalabHOH 00s1acTH S, B KOHEUHYI0 S, IO

HEKOTOPOH «TPacKTOPUU» 3TOTO MPOCTPAHCTBA.
Takum oOpa3om, 3aj1aye TUHAMUYECKOTO MPOrPaMMHUPOBAHUS MOXKHO JaTh CJIEIYIOIIYIO
eeomempuyeckylo unmepnpemayuto. W3 Bcex TpaekTopui, MNpUHAIIEKAIMX o0JacTu

BO3MOXHBIX COCTOSIHUI CHCTEMBl U coeluHsomUX obnactu S,u S,, HEOOXOaUMO BbIOpaTh
TaKyl0, Ha KOTOPOH KpUTepuil /¥ mpuHUMAaET ONTUMAJIbHOE 3HAYCHHUE.

CeTeBoe NIJIAHUPOBAHME U YIIPaBJICHUE

1.7.1. Bonpocsl JieKum:

1. OcoGeHHOCTH ¥ OCHOBHBIE 3TAIbl CETEBOTO MJIAHUPOBAHUS U YIIPABICHUS.
2. OCHOBHBIE MTOHATHS U OIIPENIETICHUS.

3. Bpemennsbie mapamMeTpsl COOBITHI, pabOT U TyTEH.

4. OnTuMHu3anus CETEBLIX MOIEIIEH.

1.7.2. KpaTkoe cojep:kaHue BONPOCOB:

1. Oco0eHHOCTH M OCHOBHBIE 3TANbI CETEBOr0 NVIAHUPOBAHUSA M YIIPaBJICHUS.



Cemesoe [Inanuposanue u Ynpaenenue — 3TO KOMIUIEKC IpaUUYECKHX M PaCUETHBIX
METO/I0B, OpPraHM3allMOHHBIX MEPONPHUATHH, 00ECHeuMBaIOUIMX MOJEIUPOBaHME, aHAIM3 HU
JUHAMHYECKYIO [IEPECTPOMKY IJIaHa BBIIIOJIHEHUS CIOXKHBIX IPOEKTOB U pa3pabOTOK, HApUMED,
TaKUX KaK: CTPOUTENBCTBO M PEKOHCTPYKLMS KaKUX-THMOO OOBEKTOB; BBIIOJIHEHHWE HAy4HO-
UCCJIEIOBATEIbCKUX U KOHCTPYKTOPCKMX pabOT; MHOArOTOBKAa IPOMU3BOJACTBA K BBIIYCKY
IOPOAYKIMH; MEPEBOOPYKEHUE AapMHMM; DPa3BEPThIBAHUE CUCTEMbl MEIULIMHCKUX WM
npOoUIAKTUIECKUX MEPOIPUSITHH.

XapakmepHotl 0ocobeHHocmbl0 TaKUX MPOEKTOB SBJIAETCS TO, YTO OHU COCTOAT M3 psija
OTJIENbHBIX, 3JIEMEHTapHbIX padom. OHU 00YCIIaBIMBAIOT APYr Apyra TakK, YTO BBIIIOJIHEHUE
HEKOTOpPBIX paboT He MOXKET ObIThb HAuaTO paHbIE, YEM 3aBEpIIEHbl HEKOTOpbIE ApYIHeE.
Hanpumep, yknaaka ¢gyHgameHTa HE MOKET ObITh HayaTa paHblie, 4yeM OyIyT AOCTaBJICHbBI
HEoOXOAMMBbIE MaTepuajbl; 3TH MaTepHalbl HE MOTYT ObITh JIOCTABJIEHbI paHblle, YyeM OyayT
IIOCTPOEHBI TOABE3AHbIE IyTH; JIO0OW 3Tal CTPOUTENbCTBA HE MOXET OBITh Hayar 0Oe3
COCTaBJIEHUS] COOTBETCTBYIOIIEH TEXHUYECKOM TOKYMEHTAILUH U T.JI.

Cemesoe Ilnanupoeanue u Ynpaenenue exarouaem mpu OCHOGHbIX 3MANA:CTPYKTYPHOE
IUITaHUPOBaHME;KAJICHIapHOE [UIAHUPOBAHKE;0lIepaTUBHOE YIIPABJICHUE.

Cmpykmypnoe nianupoéanue Ha4MHAaeTCs C pa30MEHUs IPOEKTa Ha  YETKO
OIpeJIeNIEHHbIE ONepaluy, I KOTOPhIX ONpEIeNsieTcs MPOAOJIKUTEIbHOCTb. 3aTEM CTPOMUTCA
CeTeBOM TIpauK, KOTOPbIM MpEACTaBIsSET B3aUMOCBSI3M pabOT MpoeKTa. IJTO MO3BOJISET
JIeTaJbHO aHAJIU3UPOBATh BCE pabOThl U BHOCUTH YJIYYIIEHHsS B CTPYKTYpy IPOEKTa euie 10
Hayaja ero peajln3alui.

Kanenoapnoe nnanupoeanue npeaycMaTpuBaeT INOCTPOCHHME KaleHIAapHOro TIpaduka,
ONpPEAEISAIONIEr0O MOMEHThl Hadajla M OKOHYAHUS KaxJod paboThl M Jpyrue BpEMEHHbIE
XapaKTEepUCTUKU CEeTeBOro rpaduxa. OTO NO3BOJSET, B YAaCTHOCTH, BBISABIATH KPUTHUYECKHUE
ornepanuy, KOTOPbIM HEOOXOIUMMO YAENATh 0co00€ BHUMAHHUE, YTOObI 3aKOHYMUTH MPOEKT B
JTUPEKTUBHBIA Cpok. Bo BpeMs KajeHJapHOro IJIAHUPOBAHUS OHPEAEISIOTCS BpPEMEHHBIE
XapaKTEpUCTHUKU BCEX pabOT ¢ IEJbl0 IPOBEIACHUS B AAJNbHEHIIEM onmumuzayuu CETEBOU
MO/JIeNIN, KOTOpasi MO3BOJIUT YJIy4IIUTh 3 GEKTUBHOCTh UCIOIb30BAHUS KaKOTro-1100 pecypca.

B xozne onepamuenozo ynpaenenus UCIIONb3YIOTCS CETEBOM U KaJleHAAPHBIN rpaduku 1uis
COCTaBJICHUS IIEPUOUYECKUX OTUYETOB O XOJI€ BBIIOJHEHHUs ITpoekTa. [Ipu 3ToM cereBas Moaelb
MOJKET I0/IBEPraThCsl ONEPATUBHON KOPPEKTUPOBKE, BCIEICTBUE YEro OYyIEeT pa3padaTbiBaThCs
HOBBIH KaJIeHIapHBbIH [J1aH OCTaJIbHOM 4aCTH MPOEKTA.

2. OCHOBHbIE IOHATHSA U ONIPeAeIeHUS.

OCHOBHBIMU TIOHSTHSIMH CETEBBIX MOJENEH SBISAIOTCS TOHATHS «COObIMuUsAy W
«pabomuly.

Paboma — 310 HEKOTOpHIM MpoIeCC, MPUBOASAMIMN K JOCTHXKCHHIO OIPEACIIEHHOTO
pe3ynbrara, TpeOyIoIui 3arpaT KakUX-THOO pPecypcoB W HMEIOLUN MPOTSKEHHOCTh BO
BpPEMEHU.

Cobvbimue — 3T0 MOMEHT BPEMEHHM, KOTJa 3aBepIIaloTcs OJHU pabOoThl U HAYMHAIOTCS
npyrue. Hanpumep, pyHaameHT 3aauT OETOHOM, KOMIUIEKTYIOIINE TOCTABIICHBI, OTYEThI CAAHBI
u T.7. CoObITHENPECTABISAET COO0N pe3ynbTaT MPOBEACHHBIX PaboT U, B OTIUYME OT paboT, He
MMeEeT MPOTSHKEHHOCTH BO BPEMEHHU.

3. BpemenHble napaMeTpsbl COOBITHIA, padOT M MyTei.
K BpemeHHBIM napamempam cobvimuii OTHOCSITCS:
o Tp(i) — paHHUHN CPOK HACTYIUICHHS COOBITHA 1. DTO BpeMs, KOTOpOEe HEOOXOAUMO st

BBIINIOJIHEHUS BCEX padoT, MPEIECTBYIOIIMX JAHHOMY COOBITHIO i. OHO paBHO HauMOOJbIIEH U3
IPOJOJKUTEIBHOCTH IyTeH, MPEAIIEeCTBYIOUINX JaHHOMY COOBITHIO.

e 7(i)—mo3mHUil CPOK HACTYIUICHHS COOBITHS i. DTO Takoe BpeMsl HACTYILICHUS
COOBITHUSI i, TPEBBILIEHHE KOTOPOrO BBI30BET AHAJIOTMYHYIO 3aJE€pXKKY HACTYIJICHUS
3aBeplIaroiero coositus cetu. [lo3nnuil cpok HacTymiaeHus J0060ro COOBITHS 1 paBEeH Pa3HOCTU



MEXAY MPOJIOJDKUTENBHOCTRI0O KPUTHUECKOTO IMYyTH M HauOOJbIIEH W3 MPOAOHKUTEIBHOCTEN
myTeH, CIeYIONUX 33 COOBITHEM i.

® R() — PE3€PB BPEMEHU HACTYIUICHUS COOBITUSA i. DTO TAKOW MPOMEXYTOK BPEMEHH, Ha
KOTOPBI MOKET OBITh OTCPOYECHO HACTYIUICHUE COOBITHS I 6€3 HapyIIeHHs] CPOKOB 3aBEPILCHUS
npoekTa B 1eiaoM. HauanpHble W KOHEYHBIE COOBITHUS KPUTHUECKHMX pPa0OT HMMEIOT HYJIEBbBIE
pe3epBbl COOBITHIA.

K HanbGonee Ba)XHBIM BPEMEHHBIM napamempam pabom OTHOCSTCS:

° TpH(i, J) - paHHUU CPOK Hayaa paboThl;
® T,,(i,]) - mo3anumii cpox Hauana paboTHI;

4. OnTuMH3alHUA CETEeBBIX MO/eJIeN.

Memoouxka onmumuzayuu 3a2py3Ku cemesvlx Mooenel no Kpumepuio "Munumym
ucnonnumerneu”.

[Tpu onTuMH3aMK KCTIONB30BAHUS pecypca padoUeii CHITBI Yallle BCero CETeBbIe PaOOTHI
CTpEMSATCS OpPraHU30BaTh TAKMM 00pa3oM, UTOOBI:

® KOJIMYECTBO OJTHOBPEMEHHO 3aHSATHIX UCTIOTHUTENEH ObLIO MUHIMAIILHBIM;

® BBIPOBHATH MOTPEOHOCTH B JIIOJCKHX Pecypcax Ha MPOTSKEHHH CPOKa BBIOJHEHUS
IPOEKTA.

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

[enbto onTumMu3anuu no kpureputo "Bpems - 3aTpaTsl” SBIsSETCS COKpAIIEeHHE BPEMEHH
BBITIOJTHCHMS TIPOEKTA B IIEIIOM. DTa ONTUMHU3ANUS UMEET CMBICI TOJIKO B TOM cliydae, Korja
BpeMsl BBITIOJIHEHUSI pabOT MOKET ObITh YMEHBILIEHO 3a CYET MOJKIIOUEHUS JOMOJHUTEIbHBIX
PECYPCOB, UTO MPUBOIUT K IMOBHIIICHUIO 3aTPAT HA BBITIOJHEHUE PadoOT.

9J1eMeHThI TCOPHUH MIP B 3aJaYax MOACJIUPOBAHUA IKOHOMUICCKHUX IMPOILECCOB

1.7.1. Bonpocsl JieKUMuU:

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

3.CBoiicTBa peuIeHU MaTPUYHBIX UTP.

1.7.2. KpaTkoe coaep:xkaHue BONPOCOB:

1. OcHOBHBIE MOJIOKEHHUSI TEOPUHU UTP.

B nocneanue rojpl 3Hau€HUE TEOPUM UTP CYLIECTBEHHO BO3POCIO BO MHOTHX 00JacTsIX
9KOHOMHYECKUX M COLMAJIbHBIX HayK. B 3KOHOMMKE OHa MPUMEHHMMA HE TOJIBKO Ul pellIeHHs
o0LIEX034MCTBEHHBIX 3a7a4, HO W JUIsl aHajgu3a CTPAaTerHyecKuX IMpoOJIeM NpeanpUsITH,
pa3paboTOK OpraHU3allMOHHBIX CTPYKTYpP U CUCTEM CTUMYJIHPOBAHUS.

Urpbl oxBaThIBalOT, KaK IPaBUJIO, HECKOJIBKO IMEPHUOIOB, B TEUEHHUE KOTOPBIX UIPOKH
OPEANpPUHUMAIOT  TIOC/IEOBaTEe/IbHbIE WJIM OJHOBPEMEHHbIE JEHCTBHs. OTH JeicTBUA
0003Ha4ar0TCsl TEPMUHOM “X0x”. JIeficTBUS MOTYT OBITh CBSI3aHbI C LIEHAMU, 00bEMaMU MTPOJAXK,
3aTpaTaMHM Ha Hay4HbIE HCCIIEOBaHMUS W pa3paboTku u T.1. Ilepuonsl, B TeueHHE KOTOPBIX
UTPOKU JIENAal0T CBOM XO/1bl, HA3bIBAIOTCS dTalaMu Urpbl. BeIOpaHHbIE HA Ka)KJJOM 3Talle XO/bl B
KOHEYHOM CYETEe ONpPENENAoT “IUIaTe:Ku (BBIUTPBIII MM YOBITOK) KaKJOTO0 MIPOKa, KOTOpbIE
MOTYT BBIP@XXaTbCsl B MaTEpUAIBHBIX IIEHHOCTAX MM JieHbrax (IpeuMyIIeCTBEHHO
JUCKOHTHPOBaHHAas! PUObLID).

E1me o1HUM OCHOBHBIM HNOHATHEM JaHHOW TEOPHUM SIBIISETCS cTpaTerus urpoka. [lox nei
IOHMMAIOTCSI BO3MOJKHBIE JIEHCTBUS, MTO3BOJISIIOIINE UTPOKY HA KaXKIAOM 3Tale UIphbl BhIOMPATH



U3 ONpEAENIEHHOTO KOJUYEeCTBAa aJbTEPHATUBHBIX BAapUAHTOB TaKOM XOJ, KOTOPBIU
MPEACTABISIETC €My “JIydllMM OTBETOM~ Ha JEHUCTBUSA JAPYrMX HUIPOKOB. OTHOCUTEILHO
KOHILICTILINK CTPATETUU CIEAYET 3aMETUTh, YTO UTPOK OIPEACIISICT CBOU ACHCTBUS HE TOJIBKO JJIs
3TarnoB, KOTOPHIX (PaKTUUECKH JTOCTHUIJIa KOHKPETHAs Urpa, HO U Ui BCEX CUTYyallui, BKIIIOYas U
T€, KOTOPbIE MOTYT M HE BO3HUKHYTb B X0/I€ IAaHHON UTPHI.

2. Knaccuduxkanus urp.

Knaccupukanuio urp MOXHO TNPOBOAMTH: IO KOJIMYECTBY MIPOKOB, KOJHUYECTBY
CTpaTeruil, XxapakTepy B3aMMOJECHCTBHS UI'POKOB, XapaKTEPy BbIUIPHILIA, KOJIMUYECTBY XOMOB,
COCTOSIHUIO UH(POPMALIUU U T.J.

B 3aBucHMOCTH OT KOJIMYECTBA UTPOKOB PA3IMYAIOT UTPHl ABYX U 1 UIpokoB. [lepBrie
U3 HuX Haumbonee usyudeHsl. Urpsl Tpéx u 0Oojiee HIpOKOB MEHEE HCCIIEIOBaHbl H3-3a
BO3ZHUKAIOIIMX MPUHLUIUAIBHBIX TPYIHOCTEH M TEXHUYECKMX BO3MOXKHOCTEH IOJIy4yeHUs
penieHusi. YeM 0oJIbIlIe UTPOKOB - TEM OOJIBIIIE TPOOIIEM.

ITo xonnyecTBy cTpaTeruii Urpsl JensITCs Ha KOHEUHbIE U OeckoHeuHble. Eciin B urpe Bce
UT'POKU UMEIOT KOHEYHOE YHCII0 BO3MOXKHBIX CTPATETUi, TO OHA Ha3bIBacTCsA KoHeyHou. Ecin xe
X0Td Obl OJMH W3 UI'POKOB UMEET OECKOHEYHOE KOJUYECTBO BO3MOXHBIX CTPAaTErwil, urpa
HA3bIBACTCS HECKOHEUHOI.

ITo xapakTepy B3aMMOJEUCTBUS UTPHI ACIATCS HA:

1) beckoanuyuonnvle: UTPOKU HE UMEIOT IpaBa BCTYIATh B COIVIALLIEHUs, 00pa30BbIBATh
KOQJIULINN;

2) koanuyuonHwvle (KOONEPATUBHBIE) — UTPOKU MOT'YT BCTYNAaTh B KOAIULIUU.

B koonepaTuBHBIX Urpax KOAJIUIMH OIPEEICHbI 3apaHee.

Ilo xapakrepy BBIUIDBIIIEH WIPbl JEIATCA HA: UIPBl C  HYIEB0U  CYMMOU
(«aHTarOHUCTUYECKUE», OOIIMHM KaluTal BCEX UIPOKOB HE MEHSETCA, a IMepepaclpeneisieTcs
MEXy UTPOKAMU; CyMMa BBIUTPBILIEH BCEX UTPOKOB PaBHA HYIIO) U UTPbI C HEH)1€60U CYMMOU.

Ilo Buay QyHKUMHA BBIMTpBIIA WIPbl JAEISATCS HA: MaTpU4yHble, OMMAaTpPUYHBIE,
HENpepbIBHbIE, BHIMYKIIbIE, cenapabenbHble, TUIIA Ty el 1 Jp.

Mampuunas urpa — 3T0 KOHEYHAsi Urpa JBYX UIPOKOB C HYJIEBOM CyMMOH, B KOTOPOU
3a7aéTCsl BBIMIPBHIN Mrpoka 1 B BHAE MaTpULbl (CTPOKAa MAaTPULbI COOTBETCTBYET HOMEpPY
IPUMEHSIEMOM CTpaTeruu Urpoka 1, crosnber; — HoMepy NPUMEHSEMON CTpaTeruu Urpoka 2; Ha
IIepeceyeHrH CTPOKHU U CTOJIOLA MAaTPHUIbl HAXOAUTCS BBIUIPHILI UTPOKa 1, COOTBETCTBYIOIIUN
IPUMEHSIEMBIM CTpaTerusam)./ st MaTpUUYHBIX UTP TOKA3aHO, YTO J00as U3 HUX UMEET pelleHHe
U OHO MOXET OBbIThb JIETKO Hai/leHo myTéM CBEAEHUS UIpbl K 3ajadye JIMHEHHOIo
IPOrpaMMHUPOBAHUS.

bumampuunas uezpa— 310 KOHEUHAas1 UTPa ABYX UTPOKOB C HEHYJIEBOM CYMMOM, B KOTOPOU
BBIMTPBILIN KaX/10I0 UIPOKA 33Jal0TCs MAaTPULIAMU OTAEIBHO JUIsl COOTBETCTBYIOILETO UTPOKaA (B
KaX/10 MaTpuIe CTPOKa COOTBETCTBYET CTpaTEerMy Urpoka 1, cronabder — cTpaTeruu Urpoka 2, Ha
NePECEYEHUH CTPOKH U CTOJIOLA B MEPBOI MaTpHIlE HAXOJUTCSI BHIMTPBILI UrpoKa 1, BO BTOpOi
MaTpulle — BBIMIPHIN Hrpoka 2).J{ias OuMaTpuUUHBIX HUIp Takxke paszpaboTaHa Teopus
ONTUMAJIBHOTO MOBEIEHUS HIPOKOB, OJHAKO pEIIaTh TAKHE HUIPhl CIOXKHEE, YeM OOBIYHBIC
MaTpHUYHBIE.

Henpepuvignoti cuutaercs urpa, B KOTOPOW (DYHKLMS BBIMIPHIIEH KaXJ0ro UIpoKa
ABJIIETCS. HENPEPBIBHON B 3aBUCUMOCTH OT CTpaTeruil. JlokasaHo, 4TO UIPbl 3TOTO KJIacca UMEIOT
pelleHus1, OJHAKO He pa3pab0oTaHO NPAKTUUYECKU IPUEMIIEMBIX METOJIOB UX HaXO0XKJICHUSI.

Ecnu QyHKIMS BBIMIPBILIEH SABJISETCS BBITYKIIOHN, TO Takas Urpa Ha3bIBACTCS 6bINYKIOU.
Jlia Hux pa3paOoTaHbl NPUEMIIEMbIE METOJbl PELIEHMSI, COCTOSIIIME B OTHICKAHUU YUCTOU
ONTUMAJILHOW cTpaTteruu (ONpeAenéHHOro 4Yucia) JUIsl OJHOTO MIpoKa M BEpOSITHOCTEH
HpI/IMeHeHI/ISI YUCTBIX OIITHUMAaJIbHbIX CTpaTel"I/Iﬁ ApYyroro urpoka. Taxas 3aJada pemacTcsa CpaBHUTEIBHO JICTKO.

3.CBoijicTBa pelieHuil MATPUYHBIX UIP.



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

[lepBblii TpHeM COCTOMT B YMEHBIIEHUU PA3MEPHOCTH WIPBI 3a CUET OMpPEIEICHUS
JOMHHHPYIOIIUX CTPOK W CTOJIOIOB B IUIATEXKHOW Mmarpuile. JIOMUHUPYIONIUM CTOJIOIIOM
(cTpokoif) Ha3bIBaeTcsi CTOJOEN, B KOTOPOM BCE BBIUIPHIIIM HE MEHbIE BBIUTPHIIICH B
HEKOTOPOM JPYTOM CTOJIOLE.

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

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

Ceoticmeo 3. llycts G = (X, Y,4) — koHeuHast antaronuctuyeckas urpa, G'= (X \x,Y,4) —
nonpirpa urpel G, a x~ uucras crparerus urpoka 1 B urpe G, JOMHHHpyeMas HEKOTOPOMU
cTpaterueil X, CeKkTp KoTopoil He coxepxuT x’ Torma Besikoe pemenue (x°, 1°, v) urpsl G’
SIBJIIETCSL pemieHueM urpsl G.

Ceoticmeo 4. Ilyctb G = (X,Y,A) — kOHeuHast aHTaroHUcTU4eckas urpa, G’ = (X, Yy 4) —
noxeirpa urpel G, a y~ uucras crpareruss urpoka 2 B urpe G, JOMHHHMpyeMas HEKOTOPOH
CTpaTerueii y, CHeKTp KoTopoil He coxepxutT y’Torma Bcskoe pemienue urpbl G “Bisercs
pewenuem G.

Cesoticmeo 5. Ecnu st 4uCTON cTpaTeruy x “Urpoka | BBHIIOJHEHB! YCIOBUS CBOWCTBA 3,
a 171l YUCTOM cTpaTeruu y "Urpoka 2 BBIIIOJIHEHBI YCIOBUS CBOIMCTBA 4, TO BCAKOE PELICHUE UTPBI
G’ = (X X/Yly'A) ssnsercs pemennem urpel G = (X Y,4). (MHBIMH cliOBaMH, pelieHUE
MOIMATPHIIBI UTPHI SBISIETCS PEIICHHEM MAaTPHIIBI JAHHON UTPHI).

Csoiicmeo 6. Tpoiika (x°, y°, v) sBusercs pemenueM urpsl G = (X,Y,A4) Toraa u TOJILKO
torga, korma (x°, )°, kv +a) sBugerca pemenuem wurpbl G(X,Y,kA+a), rmea— moGoe
BeleCTBEHHOE uucio, k> 0. (AppuHHOE Mpeodpa3oBaHNUe HE BIMSAET HA PE3YJIbTaT UCTUHHOIO
pelIeHNs MaTPUYHOM UTPHI)

Cesoticmeéo 7. Jna Toro, droOBI X0 = (X ee0X{ X)) OBLIA  ONMUMANLHOU

cMewannolicmpamezuell. MATPUYHOM UIPbl C MaTpuleiid M LIEHOM Urphl U, HEOOXOOUMO HU

m —_—
JIOCTAaTOYHO BBITOJHEHUE CIEYIONUX HEPABECHCTB Z a;x;zv (j=1Ln).

=1
MogaeanpoBaHue CHCTEM MAaCCOBOT0 00CIY:KMBAHUS

1.7.1. Bonpocsl JieKUuU:

1. OcHOBHBIE D3JEMEHTHI W 3aJaud, pellaeMble B paMKaX TEOPUH MacCOBOTO
00CIy)KMUBaHUS.

2. Knaccudukanus cucteM MaccoBOro 00CITyKUBaHUS.

3. OcHOBHBIE CBOWMCTBA IPOCTEHIIEN CUCTEMBI MACCOBOI'O O0CTYKUBAHUS.

4. PacyeT OCHOBHBIX XapaKTEPUCTHUK.

1.7.2. KpaTkoe coaep:xkaHue BONPOCOB:

1. OcHoBHBIC 3JIeMEHTBI W 3aJa4yM, pellaeMble B PaMKaX TEOPHH MACCOBOIO
00C.Ty:KNBAHMS.

MHorue >KOHOMHMYECKHE 3aJlaudl CBA3AHbl C CcUCMEMAMU MACCOB8020 OOCIYICUBAHUS
(CMO), 1.e. TAKUMH CHCTEMaMH, B KOTOPBIX, C OJHOI CTOPOHBI, BOZHUKAIOT MacCOBBIE 3aIIPOCHI



(TpeboBaHus) Ha BBHINOJIHEHHE KAKUX-TMOO YCIyr, C IpYrod — MPOUCXOIUT YAOBIETBOPEHUE
3THUX 3alpOCOB.

CMO Bxiroyaer B ce0si CIEAYIONIME SJIEMEHTBI: UCHMOYHUK MpebO8aAHUl, BX0OAUJUL
nomok mpebosanuil, ouepedsb, 00CHYIHCUBAIOWUE YCMPOUCMEA (KAHAIbL 0OCIYIHCUBAHU),
8bIX00AWUN NOMOK mpebosanuii. MeToaMu TEOpPUH MacCOBOr0 OOCIYKMBaHUS MOTYT OBITh
pelIeHbl MHOTHE 3a/aydl MCCIEJ0BAaHUS MPOLECCOB, MPOUCXOASAIIMX B 3KOHOMHKE. Tak, B
OpraHM3alMy TOPrOBJIM 3TU METOJbl IO3BOJIAIOT ONPEICIUTh ONTUMAIbHOE KOJIUYECTBO
TOPTrOBBIX TOYEK TAHHOTO MPOQHIIL, YUCIECHHOCTh IPOAABIIOB, YACTOTY 3aB0O3a TOBAPOB U JApPYyrue
apaMmeTpsbl.

OCHOBHBIM MPU3HAKOM CHCTEM MAacCOBOTO OOCITYXKMBAHUS SBISETCS HAIUYNE HEKOTOPOH
obcnyorcugaroujeli cucmemsl, KOTopasi IpeJHa3HaueHa JUIsl OCYILECTBICHUs AEHCTBUN COTJIaCHO
TpeOOBaHUSAM IOCTYMAIOIUX B CUCTEMY 3ds680K. 3asBKHU IOCTYNAIOT B CHCTEMY CIy4ailHbIM
oOpazom. Ilockonbky oOcayXuBaroliasi CHCTEMa, KakK IpaBUJIO, HMEET OIPaHUYEHHYIO
IPOMYCKHYI0O CHOCOOHOCTH, @ 3asBKM IOCTYHAIOT HEPEryJISpHO, TO MEPUOAMYECKH CO3/1aeTCs
ouepelib 3as8BOK B 0XKHMJIaHUU 0OCIIy>)KMBAaHMsI, @ HHOTJa 00CITyKUBAIOIasi CUCTEMA NPOCTanBaET
B OKUJAHHUU 3aiBOK. M TO U Apyroe B SKOHOMUYECKUX CHCTEMax BJEUeT HEMPOU3BOAUTEIbHBIC
U3IepKKU (MOTEpH), MOITOMY NPH NPOESKTUPOBAHUM CHCTEM MAacCOBOTO OOCTYKUBaHUS
BO3HMKAET 3aJlaya HaxOXKICHHS PAlUOHAIBHOW MPOIMYCKHOW CIIOCOOHOCTH CHUCTEMBI, IpU
KOTOPOM JAOCTUIaeTCsl MPUEMIIEMbIII KOMIIPOMUCC MEXY U3JIEpKKaMH OT IIPOCTOS B OXKUAAHUU
BBITMIOJTHEHUS 3asBKH M MPOCTOSI CUCTEMBI OT HEIOTpy3KU. BriepBbie 3a1auu Takoro Tumna Obuin
pemwensl B pabotax A. K. Dpnanra B Hauyane Ipouuioro Beka M Jeriau B ocHOBY ‘“Teopun
MaccoOBOT0 00CTYKUBaHUS ', KOTOpasi YCHEIIHO pa3BUBACTCS B HACTOSILIEE BPEMSI.

Taxum 00pazom, cuctemMa MacCoOBOI'O OOCIIY)KMBaHUSI COCTOUT U3 CIEIYIOIHUX OCHOBHBIX
aJeMeHTOB: 1) 6noka obcaysxcusanus, 2) nomoka 3as160k U 3) ouepedu B OXHUIAHHUH
00cIy)KMBaHUS.

2. Knaccudukanusi cucrteM MaccoBoro 00CJIy;KMBaHusl.

CucteMbl MaccoBOro OOCIYXHBaHHS MOTYT ObIThb KJIacCU(QUIMPOBAHBI 1O psAy
IPU3HAKOB.

1. B 3aBUCMMOCTH OT yCJIOBUI OKUAAHUS Hayalla 00CITyKUBaHUS Pa3JIndatoT:

* CMO ¢ nomepsamu (oTKazammn),

* Opounapnocms TOTOKA O3HAYaeT IMPAKTHYECKYI0 HEBO3MOXXKHOCTb OJIHOBPEMEHHOTO
HOCTYIUIEHUs IBYX M Oojee TpeboBanuil. Hanpumep, 1ocTarouHo Manoi siBisieTcs BEpPOSTHOCTD
TOTO, 4YTO M3 TPYHIbl CTAHKOB, OOCIIYKHMBaeMbIX OpHUIrazioil pEeMOHTHHMKOB, OJHOBPEMEHHO
BBIMIYT U3 CTPOsI cpa3y HECKOJIbKO CTAHKOB.

CmayuonapHvim HA3bIBAETCS MOTOK, AJII KOTOPOrO MAaTeMaTUYeCKOE OKHMIAaHUE YHCIIa
TpeOOBaHUl, OCTYNAIOIINX B CUCTEMY B €IMHMIY BpeMeHHU (0003HAUUM A), HE MEHSETCS BO
BpeMeHU. TakuM 00pa3oM, BEpOATHOCTb MOCTYIUICHHUSI B CUCTEMY OIPEJCIIEHHOIO KOJIMYECTBa
TpeOOBaHUIl B TEUEHME 3aJlaHHOTO NMPOMEKYTKAa BpPEMEHU At 3aBUCUT OT €ro BEJIMYMHBI U HE
3aBHCHUT OT HayaJla €ro 0TCYeTa Ha OCU BPEMEHH.

Omcymcmeue nociedeiicmsusi O3HAYaeT, 4YTO YUCIO TpeOOBaHMM, INOCTYNMBIIUX B
CHCTEMY /10 MOMEHTa/, HE OIpelelseT TOro, CKOJIbKO TPeOOBaHUIl MOCTYNUT B CUCTEMY 3a
IIPOMEKYTOK BPEMEHHU OT? 10 ¢ + At.

Baxmnas xapakrepuctuka CMO — BpeMms o0cinyxuBaHus TpeboBaHuil B cucreme. Bpems
o0ciyXUBaHUSI OJHOro TpeOOBaHMS ABIAETCSA, KaK IPaBUJIO, CIIy4alHOH BEIWYMHOM W,
ClIeZIOBAaTEeNIbHO,  MOXXET  OBITh ~ ONUCAaHO  3aKOHOM  pacnpezeneHus.  HaumbGonbiiee
pacnpocTpaHEHHE B TEOPUUM M, OCOOEHHO, B MPAKTUYECKUX MPHIOKEHUAX MOIYUHII
9KCHOHEHYUANbHBIU 3aKOH pacnpedenenus spemenu oocaycusanus. CMO ¢ oorcudanuem.

2. Ilo uncny kananoB obcnyxkuBanus CMO pensarcs Ha:

*00HOKAHANIbHbIE;

*MHO20KAHAIbHbIE.

3. Ilo mecty HaxoxeHHs ncTouHuKa TpedoBanuit CMO nenstcs Ha:



*PA30MKHYMble, KOT1a HCTOUYHUK TpeOOBaHUS HAXOJIUTCS BHE CUCTEMBI;

*3AMKHYMble, KOT1a UICTOYHUK HaXOJUTCS B CAMOM CHCTEME.

3. OcHOBHBIE CBOMCTBA NPOCTeiIeH CHCTEMbI MacCOBOI0 00C/Iy;KMBaHUS.

Opounapnocms TIOTOKAa O3HA4aeT MPAKTHUECKYIH0 HEBO3MOXXHOCTh OJIHOBPEMEHHOIO
HOCTYIUIEHUs IBYX M Oosee TpeboBanuil. Hanpumep, 1ocTrarouHo Manoi siBisieTcs BEPOSTHOCTD
TOTO, 4TO M3 TPYHIbl CTAHKOB, OOCIIYKMBAaeMbIX OpHUrazioil pEMOHTHHMKOB, OJHOBPEMEHHO
BBIMIYT U3 CTPOsI Cpa3y HECKOJIbKO CTAHKOB.

CmayuonapHvim HA3bIBAETCS MOTOK, AJII KOTOPOrO MAaTeMaTUYECKOE OKHMIAaHUE YHCIIa
TpeOOBaHUl, IOCTYNAIOIINX B CUCTEMY B €IMHMIY BpeMeHHU (0003HAUUM A), HE MEHSETCS BO
BpeMeHU. TakuM 00pa3oM, BEpOATHOCTb MOCTYIUICHHUSI B CUCTEMY OIPEJECIIEHHOIO KOJIMYECTBa
TpeOOBaHUIl B TEUEHME 3alaHHOTO NMPOMEKYTKAa BPEMEHU At 3aBUCUT OT €ro BEJIUYMHBI U HE
3aBMCHUT OT HayaJla €ro 0TCYeTa Ha OCU BPEMEHH.

Omcymcmeue nocnedeiicmeus O3HA4aeT, YTO YUCIO TpeOOBaHUM, NOCTYNUBLIMX B
CHUCTEMY /10 MOMEHTa/, HE OIpelesieT TOro, CKOJIbKO TPeOOBaHWIl MOCTYNUT B CUCTEMY 3a
IIPOMEKYTOK BPEMEHHU OT? 10 ¢ + At.

Baxmnas xapakrepuctuka CMO- Bpems oOcity’kxuBaHusl TpeOoBaHUM B cucreme. Bpems
o0cCiyXUBaHUSI OJHOro TpeOOBaHUS ABIAETCSA, KaK IPaBUIIO, CIIy4allHOH BEIWYMHOM H,
CJIeZIOBAaTEeNIbHO,  MOXXET  OBITh ~ ONUCAaHO  3aKOHOM  pacnpezeneHus.  HaumbGonbiiee
pacnpocTpaHEHHE B TEOPUUM M, OCOOEHHO, B MPAKTUYECKUX MPHIOKEHUAX MOIYUHII
9KCHNOHEHYUANbHBIU 3AKOH pAChpeOeenus 8peMeHU 00CTYIHCUBAHUSL.

4. PacyeT OCHOBHBIX XapaKTePUCTUK
1. BeposITHOCTB TOrO, UTO BCE 0OCIYKHUBAIOIINE KaHAJIbl CBOOOIHBI:
-1

n—1 ak an

—_— J’_ e —
k! nl(l-a/n)
2. BeposTHOCTB TOTO, YTO 3aHSATO POBHOK OOCIY)KMBAIOIIUX KAaHAJIOB MPU YCIOBUHU, YTO

oOuiee uyMcno TpeOOBaHUI, HAXOASAIIMXCS Ha OOCIY)XMBAaHMM, HE NPEBOCXOJUT 4YHUCIIA

OGCJ'IY)KI/IBaIOHH/IX alaparTos:
k

P, :%PO, npu /< k<n.

0=

3. BeposiTHOCTB TOr0, UTO B CUCTEME HAXOAUTCAK TpeOOBAaHUH B ciy4yae, KOTJa UX YUCIIO

0ouplIIe YKciIa OGCJ'IY)KI/IBaIOH_H/IX KaHaJIOB:
k

o
f)k :ﬁpo, HpI/Ikin
nn

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

k
(04

n!l(l1-a/n)
5. CpenHee Bpemsi OXHJaHUA TpeOOBaHHMEM Hayajla OOCIy)XMBaHMSI B CHCTEME
(ko3 huEeHT MpoCcTOos oOYepen):

f B; (al/n<l).

P
E=—"—; (a/n<])
Hn—a)
6. Cpenuss 1JIMHA OYEpeIu:
OlP n+l
E, n 4 P (aln<l)

n(l—a/n) nln(l-a/n)’
7. CpenHee 4uci0 CBOOOIHBIX OT 00CITYKUBAaHUS KaHAJIOB:

n—k
E, =Z r akPo
k=0 .

8. Koaddumuent npocrost KaHAJIOB:




9. CpC)IHCC YHCJIO 3aHATBIX 06CJ'Iy>KI/IBaHI/IeM KaHaJIOB:
E,=n-FE,

10. KoadpunueHt 3arpy3ku KaHaioB:

Berlieonucanuble XapakTEpUCTUKU YAOOHO MCIONb30BaTh Ipu npoektupoanuu CMO.
[Tocne npoBeeHHBIX BBIYMCICHUN JaHHBIC MO Pa3IMYHBIM MOJIyYCHHBIM BapHaHTaM CBOJST B
Tabnubl. OKOHYATEIbHOE PEIIEHNUE O BHIOOPE AHUCLUIUIMHBI OYEPEIU, KOJINYECTBE KaHAJIOB MX
IPOMYCKHOW CHOCOOHOCTH HpPHUHUMAETCsA JULOM NpuHuMarouuMm pemenue (JIIIP) u moxer
3aBUCETb OT MHOXECTBA, B TOM YUCJIE U CYyOBEKTUBHBIX (PaKTOPOB.

2. METOANYECKHUE YKA3AHMUA 110 BBIIIOJIHEHUTIO
JIABOPATOPHBIX PABOT



2.1 JlaGoparopHas padora NeJIP-1, JIP-2, JIP-3, JIP-4, JIP-5 (10 yacos).
Tema: «CUMIIEKCHBII MeTO/ pelieHUs 3212491 JMHEHHOr0 NPOrpaMMHPOBAHUSD)

2.1.1 Heab padorbl: M3yuuTh pa3ivyHbIe MOAXOJbI K PEHICHHWIO OCHOBHOM 3amauu
JUHEHHOTO MPOTrPaMMHUPOBAHHUS.

2.1.2 3agauu padoTsI:

1. U3yunTtsb rpaduyeckuil METOA peleHus 3a4a4 JIMHEHHOro MporpaMMHUpPOBaHHUS.

2. 3y4uTh CUMIIJIEKCHBIM METO/ pellIeHuUs 3a1a4 JMHEHHOIO0 IPOrpaMMHUpPOBaHUS.

3. Pa3o0park 0coOble cilyyan B CUMILUIEKCHOM METO/IE.

4. HayuuTbCsl pelIEeHUIO 3aJa4 JIMHEHHOro nporpamMMmupoBanus B MSExcel. Pa3oOpats
9KOHOMMYECKYI0 MHTEPIIPETALMIO PE3YJIBTaTOB PELICHHS 3a1a4.

5. KonTponbHas pabora.

2.1.3 Ilepevyenn npudOpoOB, MAaTEPHAJIOB, HCIIOJIb3YeMbIX B JIA00paTOPHON padore:
1. Kanbkynstop

2. Komnsrotep

3. Jlocka

2.1.4 Onucanue (xox) padorTpl:

1. U3yuuTh rpaduyeckuii MeTo pelieHUs 3a1a4 JUHEHHOr0 NPOrpaMMHpPOBAHUS.

3agaua 1
Haiitu MakcumanbHOE 3HAUCHUE JIMHEHHONU (PYHKITUU:
z =50x; +40x,
[IPU OTPAHUYECHUAX
2x1+ 5%, <20
8x1 + 5%, <40
5x; + 6%, <30

X1 Z O;Xz Z O

Pewenue

[TocTpoum MHOTOYrojsbHHMK pemieHuil (puc.l), nuas 3Toro B cucreMe koopauHaT x;0x;Ha
IUIOCKOCTH M300pa3uM rpaHUYHbIE PSMBIE:

2)61 + 5)62 =20 (11)

8x1 + 5x, =40 (L)

5)C1 + 6)62 =30 (13)
X1 = O;XZ =0

OTH npsiMble PEKOMEHYETCsl CTPOUTH 110 ABYM TOYKAM IIEPECEUEHUsI C OCSIMU KOOpHMHAT.
Hanpumep, nis /) Takumu Toukamu 0ynyT Touku A(0;4) u E£(10;0).

B3sB kakyroo-HHOyIb TOUKy (yZoOHEEe BCEro B3sITh HAyalo KOOPAMHAT), YCTaHABIMBAEM,
KaKyl0 MOJIYIUIOCKOCTh OIpenessieT KakJ0e M3 HEepaBEHCTB, COOTBETCTBYIOIIEE ypaBHEHUSIM
IPaHUYHBIX TPAMBIX (3TH TMOJYIJIOCKOCTH Ha puc.l mokasaHbl CTpEIKaMH, LITPUXOBKOH
BbIIENIsieTCsl oOmiasi 4acTh (TMepecedeHne) yKa3aHHBIX MONYIUIOCKOCTeH). MHOroyroisHUKOM
peLIeHUN WU 001acmblo OONYCMUMbIX peuileHuti JAaHHOW 3ajjaud SIBISIETCS OTpaHUYEHHBIN
naTuyroabHuK OABCD.

Hanee cTpouM OJHY W3 JMHMM YpOBHS L€l€BOH (QYHKUMM KakK HpPSIMYIO JIMHUIO,
COOTBETCTBYIOIYIO ypaBHeHHIO Z=const. B Hamieil 3ajade MOXXKHO TOCTpoUTh npsimyro 50x; +
40x; = 200 (/3). Yepe3 ToukyQ HpOBOAMM HPSIMYI0, MApaUIENbHYIO /4, €1 COOTBETCTBYET
ypaBHeHue Z=0 unu 50x; + 40x; = 0. Takum 0Opa3om, onpeessieM HalpaBJICHUE IBUKEHUS 110
JUHUSAM YPOBHS LI€JIEBOM (PYHKIIMM, COOTBETCTBYIOIIEE €€ HAaUObICTpENlIEMy BO3pacTaHUIO (Ha



puc.l 3TO HampaBiIeHHE OTMEUEHO CTPEIKOM Ha mpsiMoM /4). OcylecTBiss NepeMelleHne
npsAMOi /4 mapamienbHo caMmoil cebe B BBIOpaHHOM HampaBlIeHUH, MOJIydaeM, 4yTo (GyHKuus Z
IPUHUMAET MAKCUMAaJIbHOE 3HAUEHUE Ha MHOIOYTOJIbHUKE pelieHud B Touke C.OTOT BBIBOJ
CllelyeT U3 meopembvl: eciu ORMUMAIbHOE peuieHue 3a0auu Cyujecmeyem, mo OHO
oocmuzaemcs, no KpaiiHei mepe, ¢ 00HOI U3 6ePUIUH 001aCMU OONYCIUMBIX PeUleHUl.

A

Pucynok 1 — MHOTrOyrojabHUK pelieHuit
Touka CnexuT Ha MepeceyeHur NPSIMbIX [ U /3 U, CIEAOBATENbHO, ISl ONpPEIEICHUs ee
KOOPJIMHAT HY>KHO PEIINTh CUCTEMY YPABHEHUM:
8)(31 + 5)62 =40
{ Sx1 + 6x, =30
IToncraBuM HaliieHHbIE 3HAUE€HUA X1 U X2 B QyHKIMI0 Z (50 - 90/23 + 40 - 40/23).
OTBeT: ONTUMAJILHOE PEIIEHUE 3a1auUZyax = 6100/23 pu x; = 90/23; x, = 40/23.
3agava 2
Haiitn MakcumMaabHOE 3HAYCHUE JIMHEHHOW (DYHKITUU:
Z= lel + 3)62
IIPU OTPaHUYEHUSX
2x1 +3x, <33
x1+6x,>14
Sx1—4x,>2
X1 —2x <6
3amaua 3
Haiitn MuHMMaIbHOE 3HAUYCHUE TUHEHHON (YHKIIUH:
Z= lel + 3)62
IIPU OTPaHUYEHUSX
2x1 +3x, <33
x1+6x,>14
Sx1—4x,>2
X1 —2x <6

3agaua 4

Haiitu MunnmanbHO€ 3HaUCHUE TUHEHHON (YHKIIUH:
Z= 2)61 + X2



[IpY OIPAHUYECHUAX

—2x1t3x, <9

X1+ 2x,>8

X1 +x < 8

x120,x>0

3amaua 5

Haiitn MuHMMaIbHOE 3HAUYCHUE TUHEHHON ()YHKIIUH:

Z= 4)C1 — 3)62

IIpY OIPAHUYECHUAX

X1 +2x<6

2x1+4x,> 8

2x1—x2>2

x120,x>0

3amaua 6

Haiitn MakcumMaabHOE 3HAYCHUE JIMHEHHOW (DYHKITUU:

Z= —2x1 — 4)62

[IpY OIPAHUYECHUAX

3x1 —2x, <6

Sx; +4x,>20

X1 > 0

x>0

3amaua 7

Haiitn MakcumMaabHOE 3HAYCHUE JIMHEHHOW (DYHKITUU:

z= X1 + X2

IIpH OTPaHHCHHSX

2x1tx,>2

x1+3x,>3

x1—xp>-1 >

3x1 —x 56

X1 + X2 < 5

x120;x,>0 J

Pewenue

B 3aBucuMocTH OT BHJa 00JAaCTH AOMYCTUMBIX PEUICHUH U OTHOCHUTENIBHOTO MOJIOKEHUS
JIMHUM YPOBHS BO3MOXKEH CIIEIYIOIIMN Ciydail, TOKa3aHHbIN Ha puC.2.

[ToctpoM MHOTOYroJIbHUK penieHuil (puc.2), uis 3TOro B cucreMe KoopauHat x;0x;Ha
MJIOCKOCTH U300pa3uM rpaHUYHBIC MPSMBIE:

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 3aladu
SIBJIIETCS. OTPAHUUEHHBINA NATUYTOJIbHUK ABDEF.

Jlanee cTpouM OAHY W3 JHHHA YypOBHS 1eleBOW (QYHKIMHM KaK NPSIMYIO JIMHUIO,
COOTBETCTBYIOLIYIO YPABHEHUIO Z= const.
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Pucynok 2 — Beinykiiblii MHOTOIpaHHUK pelIeHui

B 3aBucuMocTu OT BHJa 00JaCTH AOMYCTUMBIX PEUICHHH U OTHOCHUTEIBHOTO MOJIOKEHHUS
JIMHUM YPOBHS BO3MOXKEH CJIEIYIOIIMN Ciydail, TOKa3aHHbIN Ha puUC.2.

Ha puc. 2 makcumym gocturaetcst B IByX BeplinHaxA U B, a ciefoBareinbHO, U B 000U
Touke 4B. IIpon3onuio 370 NOTOMY, 4TO JIMHUS YPOBHA (PYHKUMM Z mapajielbHa CTOpOHE AB
MHOTOYTOJIbHUKA 00JaCTH OMYCTUMBIX peuieHuil. bynem B monoOHBIX ciaydasiX rOBOPHUTH, YTO
3a/1a4a UMEET albMepHAMUGHbLU ONMUMYM.

CrnenoBaTenbHO, JUIsl ONPENEIECHUS KOOPJAMHAT HYXHO PEIIMTh CUCTEMY YpPaBHEHHM
COCTaBJICHHYIO U3 YPaBHEHUM MPSAMBIX, epeceKaronuxcs B Touked (x; —x; =—1 (53), x1 +x; =5
(/s)), mu60 B Touke B (3x; —x2 =6 (I4), x1 + x2 =5 (I5)):

{Xl —x=-1 (13)
x1+x2=5 (ls)

OTBeT: oNTUMaJbHOE pElIeHHE 3aJayd JOCTUraercs B JII0OOH Touke mpsMoill AB,
HarpuMmep B ToukeAd: x| = 2; x, = 3. [loacTasiss 3Ha4CHUS X| U X7 B TMHEHHYIO QyHKIHO (2 + 3),
MOIYYAEM Zmax = 3.

Utak, eciu obracms Oonycmumvlx peuwleHuli ecmb  BbINYKAbIU  MHO20Y20lbHUK
(orpanuydenHast 00JACTh), MO MAKCUMYM U MUHUMYM JTUHEUHOU QYHKYuu ZOOCmuearomcs no
KpatiHeti mepe 8 00HOU U3 BEPULUH IMO20 MHO20Y20IbHUKA.

3agaua 8

Haiitu MakcumanbHOE 3HAYCHHUE JIMHEHHONU (DYHKITUU:
Z= X1 —X2

[IpY OIPAHUYECHUAX

—2x1+3x, <9

X1 —x =<2

x1tx <8

x120,x>0

3agaua 9

Haiitu MunnmanbpHO€ 3HaUCHUE TUHEHHON (QYHKIINH:
Z=2x 1— ZXZ

[IPY OIPAHUYEHUSAX

3x1 4x <12

X1 t2x, >4

X1 —Xx2>3

3x1+3x, <18

3agaua 10

Haiitu MunnmanbpHO€ 3HaU€HUE TUHEHHON (YHKIIUH:
Z=-3x 1— ZXZ

[IPU OTPAHUYEHUAX



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

Pewenue.
[TocTpouM MHOTOYroJibHMK pemieHuil (puc.3), s 3Toro B cucreMe koopauHaT xj0x;Ha

IIJIOCKOCTH I/I306pa3I/IM I'paHUYHBIC ITPSAMBIC:
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 pelIeHui

[Tycts Temepb 00MacTh JOMYCTHUMBIX PEUICHHHM MpeAcTaBiseT cOO00M HEOrpaHUYECHHYIO
¢urypy (puc. 3). B aroit obnactu QyHkuMst Z HOCTHUraeT MakCUMyMa B Touke B u He umeer
MUHUMYMA (Zpin—> — ©).

3amaua 11

Haiitn MakcuMaabHOE 3HAYCHUE JIMHEHHOW (DYHKITUU:

Z=x1+2x

MIPU OTPAaHUYCHHSIX

—2x1+3x,<9

X1—2x <2

x1=>0

X2 > 0

3agaua 12

Haiitn MuHMManbHOE 3HaUeHUE JIMHEHHON (PyHKINHU:

Z=-2x1+3x;

MIPU OTPAaHUYCHHSIX

3x1—2x,>—-6

4)C1 — X2 > 8

X1 —2x <8

3x1tx>9

x120;x>0

3amaua 13

Haiitn MakcumMaabHOE 3HAYCHUE JIMHEHHOW (DYHKITUU:

Z=—-2x1+3x>

IIPU OTPaHUYECHUSX



31— 2x,>—-6
dx)1 —x,> 8
X1—2X2§8
3x1+tx2>29
x120;x>0

3apaua 14

Haiitu MakcumMaabHOE 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 storo B cucreme koopauHat x0x, Ha

IIJIOCKOCTH I/I306pa3I/IM FpaHI/I‘-IHBIe Hp;IMBIe:
—2x1+3x=9 ()

X1 —2)(32 =2 (lz)
x1+x2=8(l3)
X1=O,XZ=O

B nannom ciyuae (puc.4) He CyIIECTBYET HH OJJHOM TOUKH. OTHOBPEMEHHO
npuHaIIeKalel BceM 06sactaM. To ecTh He CYIIECTBYET €AMHOM 00JIaCTH TOMYCTUMBIX
3HAUYCHUMH.

Pucynok 3 — Beinykiiblii MHOTOIpaHHUK pelIeHui s

TakuMm o0pa3om, MOCTpOCHHE 11eTeBON (HYHKIIMU HE UMEET CMbICIa. 3a/iaya pelIeHus He
UMeeT.

3amaua 15

Haiitn MakcumMaabHOE 3HAYCHUE JIMHEHHOW (DYHKITUU:
Z=5x 1 + X2

[IpY OIPAHUYECHUAX

2x1 + 3x, >33

x1+6x,<14

Sx1—4x, <2

X1 —2x <6

3amaua 16

Haiitn MuHMMaIbHOE 3HAYCHUE TUHEHHON (YHKIIUH:
Z=—x 1 + X2

MPY OIPAHUYEHUAX



2x1tx, >4
X1 +3x<6
2x1>12

dx; +x, <4

OTtBeTnl

No27Z =129, x; = 12, x, = 3; Ne3Z =26, x1 =2, x, = 2; NedZ = 37/7, x; = 6/7, x, = 25/7;
NeSZ =2, x1 =2, xp =2; Ne6Z = — 124/11, x; = 32/11, x, = 15/11; Ne8Z= 2 (anbTepHATUBHBIH
ontumMyM); Ne9Z = 6 (anbrepHaTUBHBIH onTUMyM);NellZ= + co; Nel2Z = — oo0; Nel3Z = + oo;
NelS Her ontumansHoro peuienusi; Nel6 Het ontumManbHOro peieHusl.

2. U3yuynTh CUMILJIEKCHBI MeTO/I pellleHusl 32/1a4 JJMHEHHOr0 NPOrpaMMupPOBaHUS.

3agaua 1

L Lenesas pyHkuus:

Z=30x; +35x, + 136x3 —» max
II.  Cucrema orpaHuyYeHUI:
1,01x; + 1,01xy + 9,45x3 < 136
0,18x; +0,19x, <21,4

3,25x3 <16,25

x1 =100

III. VYcioBue HEOTPULIATETBHOCTH:
X1, X2, X3 > 0

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

3anuiieM MaTeMaTHYECKYI0 MOJIENb B TAOIUYHOM Popme:

Tabmauma 1
T . . CBoOoaHbIe
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

st Toro, 4YToOBI BECTH MapaUICIbHO TMPOBEPKY BBIYUCICHUH HEO0OXOIUMO

noyiy4eHHyto tabnuny 1 1o6aButh cronber ). (Tadi. 2)
Bri6epem paszpemarommii 3JeMeHT:

Tabauua2 |
v

CBoOoHBIE
i 2 3 YJICHBI 2
V= 1,01 1,01 9,45 136 146,46
m= 0,18 0,19 0 21,4 21,59




V3= 0 0 3,25 16,25 19,5
—>  n= Cl D 0 0 100 99
7= -30 35 -136 0 —-171
CnenaeM nepByro UTEpaLio
Tabnuna 3 l
Cgobo
—» N = 1,01 1,01 @453 35 38,02 46,47
= 0,18 0,19 0 3,4 3,77 3,77
V3= 0 0 3,25 16,25 16,25 19,5
xX1= -1 0 0 100 99 99
Z= -30 35 -136 3000 2935 2799
[Tony4eH nomycTUMBI, HE BBIPOXKAEHHBIN, HO HE ONITUMAJIbHBIA BapUaHT.
CrnenaeM BTOPYIO UTEpPALIUIO
Ta6nuua 4 |
- —xvz - CBoOo1HBIE 5 5,
YJICHBI
X3 = 0,11 0,11 0,11 3,7 3,92 4,03
— = 0,18 019D 0 3,4 4,58 3,77
V3= 0,35 0,35 —0,34 4,21 3,52 3,17
xX1= -1 0 0 100 99 99
Z= —-15,46 -20,46 14,39 3503,7 3502,63 | 3482,17
ITonmy4yeH nOMyCTUMBIM, HE BBIPOKICHHBIN, HO HE ONITUMAJIbHBIN BapUAHT.
CraenaeM TpeThbIO UTEPALIHIO
Tabnuua 5
CBo0o
E& 2 Ed qnelfzme 2 22
X3 = 0,01 0,58 0,11 1,73 1,27
Xy = 0,95 5,26 0 17,89 24,1
V3= —0,02 1,84 0,34 10,47 11,96
xX1= -1 0 0 100 99
Z= 3,92 107,68 14,39 3869,83 3995,82
[Tony4yeH nOMYCTUMBII BapUaHT, SIBISIOMNNCA ONTUMAIbHBIM.
Z=13869,83
{xl =100 (y1=0
x,=17,89 12=0
3= 1,73 3 ys = 10,47
\y4 - O

PaccmoTpenHas HamMu 3ajaya B MCXOJHOM BHJE Oblia chOpMyIHpOBaHa CIETYIOIIUM
0o0pa3oM: NpoAyKLHENH FOPOICKOI0 MOJIOYHOT'O 3aBOJia SIBJISIOTCS MOJIOKO, kepup 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 COCTaBISIOT
0,18 u 0,19 mamuuo-4. Ha pacdacoBke 1 T cMeTaHbI 3aHSTHI CIICIIMAILHBIE ABTOMATHI B TCUECHUE
3,25 u. Bcero ans npousBoACTBa LEIBHOMOJIOYHOW MPOAYKLHUHU 3aBOJ MOXKET HCIOJIb30BaTh



136000 kr mosioka. OCHOBHOE 000PYIOBaHHE MOXKET OBITh 3aHATO B TeueHue 21,4 mamuHo-4, a
aBTOMATHI 110 pacgacoBKe cMeTaHbl - B TeueHue 16,25 u. [Ipubeiib oT peanusanuu 1 T Monoka,
keupa m cmeraHsl cooTBeTcTBeHHO paBHa 30, 22 u 136 py0. 3aBoj JOKEH €KEAHEBHO
npousBoAUThH HEe MeHee 100 T Mosoka.

CocraBbTe MaTeMaTHYECKYI0 MOJENb 3aJauH, IO3BOJISIONIYIO OINPEAEIUTh O0BEMBI
BBIITYCKa MOJIOYHOH MPOAYKLNH, TTO3BOJISIONIUE OTYYUTh HAUOOIBIUTYIO PUOBLID.

B pesynbrare molydeHHOTO pEHICHUS MOXHO CJENaTh BBIBOJ, YTO MaKCHUMallbHas
npuOBLIL BO3MOXKHA B pazmepe 3869,83 py6. OntumanbHblii 00beM BbIycka Mosioka — 100 T,
keupa — 17,89 T, cmetansl — 1,73 1.

Jlanee paccMOTpUM 3aJaui Ui 3aKPETICHUS] HaBbIKa PEIIEHUs CUMIUIEKCHBIM METOIOM.

3amgaua 2.

L LeneBas QpyHKIMs:

Z=2x1+ 8xy—5x3+ 15x4 —» max
IL CucreMa orpaHUYEHUN:

3x1—x3tx3+10x4 <25

X1 +2x+x3+5x4<10

2x1 + 10)(32 + 2)(33 — 5X4 <26

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

3agaua 3.

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

X1 —Xptx3+tx4<2
—X]1—Xptx3+tx4>2
X|—Xp—X3+tx4>2

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

3amaua 4.

L LeneBas GpyHKIUS:

Z=50x; +40x, —» max

IL CucreMa orpaHUYEHUI:

2x1 +5x, <20

8x1 + 5x, <40

Sx1+ 6x, <30

III. YcioBre HEOTPULIATENBHOCTH
X1, x>0

3agaua 5.

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

IL. Cucrema orpaHUYeHU:

X1 +x2+x3<10

ZX1 — Xy > 6

X1 +2x,+3x3>12

I1I. VYcnoBrue HEOTPHUIIATEIBHOCTH

X1, X2, x3 >0
HIPUJIOKEHUE Pewenue cucmem nunelHvlx ypasHenuu memooom MIKHU
(6cnomocamenvbHulll Aneopumm)
Memoo nocnedosamenvubix UCKIIOYEHUl, WX KaK €ro Has3blBalOT TaKXKe, Menoo
Kopoana — ITaycca mupencraBnseT co0OM COBOKYNMHOCTh YJOOHBIX BBIUYHCIUTEIbHBIX
QITOPUTMOB,  TMOCTPOEHHBIX  HA  IOCJEAOBATEIbHOM  NPUMEHEHHUH  SKBUBAJIECHTHBIX



npeoOpa3oBaHUM CUCTEMBI YpaBHEHUNU. DTOT K€ METOJI C HEKOTOPHIMU JOTIOJTHEHUSIMU JICKHUT B

OCHOBC CUMIIJICKCHOI'O MCTO/J{a pCIICHUS 3aaa4 JIMHEHHOTO IMporpaMMHupOBaHUs.

CymiecTByIOT 00BIKHOBEHHBIE KopAaaHoBbl HckIoueHus (OXKW) u monuduuupoBaHHbie

KopJaHoBbl uckimrodeHus:  (MOXKU).
YKOPIAAHOBBIX UCKITFOUSHUH.

[Iycth nana cucreMa JTMHEWHBIX YPABHEHUN:

anxi + aixn +...F A1sXg +...F aA1pXy = b1
axxy + anx; +...F ayxs +...F axyx, = by

amiX1 t amxy oo+ ApeXs +oo 7 QpXy = bm
YcioBHBIE 0003HAYEHUS:

[ — MOPSIAKOBBIA HOMEp ypaBHeHus, i = 1, 2,..., m;
J — IIOPSIAKOBBIN HOMEp NMepeMEHHOM X, j =1, 2,..., n.

bynem paccmarpuBaTh MeETON MOAM(DUIIMPOBAHHBIX

BBGI[GM AONOJHUTCIbHBIC NCPEMCHHBIC )10 KB.)KI[Oﬁ CTPOKEC, NCPCHECA BJIECMCHTBHI U3

JIEBOI 4acTH B IIpaByro € IMPOTHUBOIIOJJIOKHBIM 3HaKOM.HOJ’Iy‘II/IM CUCTCMY:

y1= an(=x1) + aa(=x2) +... 4+ ar(— xg) +... 4+ a(—x,) + by R
V2= oo1(—x1) T aa(—x2) +...F (= x5) +...F (= x,) + b2

Vi = (= x1) T o= x2) ...+ Ops(— X5) T (= x) + by s
Vm = Cu1(—X1) + Oa(— X2) +.. .t Os(— X5) +...F Qn(— X)) + by .

Pemars cucremy Oynem B TabauuHol Gopme.
Cucremy (2) 3anummem B Tabauny MXXU cnenyromero Buaa (tadmwuia I11).

Taomuua I11 — Ucxonuas tadmuna

—X1 —X7 ... —X . —Xp CBoOogubie
YJICHBI
Y1 (0301 Ay Qs A1n by
)2 21 D22 .- Qg .- 2n by
Yk Qg1 %) = Olis .- Olgn by
N~
Ym Ol QL2 cee Qs cee Olmn bm

2

YToOBl pemIUTh CHCTEMY HEOOXOIMMO XM };IIOMEHATH MECTaMu o anroputmy MOKU.
BeiOupas pasperaronye 3JeMeHThI, Oy1eM IPOBOJUTh pacuyeThl B KaXA0H clieaytomieil Tadiauie

(Tabnuua I12).

Tabnuna [12 — Ilpeobpa3oBannas Tabnuia

—X1 —X —Vi —Xp CBoOoaHbIE
YJICHBI
i B B2 —oy Bin Bi
Oy
»2 Ba1 B2 —a,, Bon Ba
(x’ks




aks aks (x’ks akv aks
Yn Bml BmZ —Gms an Bm
O

[Tepexon ot ogHOM TabaUIEl K Apyroi — mar MXXH.

B mnepBoil Tabmune k-as crpoka OyAeT Ha3bIBaTbCs pa3pellarolieid CTPOKOH, S-bli
cTonbenr HaspIBaeTcsl pazpemaronuM  cronbroM. Koaddummenr, KoTopblii CTOUT Ha
MEPECCUCHUH O — paspemaromuii 3nemeHT. IlepeMennbie U3 jeBoro crondua — Oa3UCHBIE.
[TepemenHbIe, OKa3aBIIMecs B BEpXHEH CTpOKe TaOIUIbl HA3bIBAIOTCS CBOOOHBIMHU.

CpaBHuBas NEpPBYIO U BTOPYIO TaOJULbI CHOPMYIUPYEM MPaBUIIO Nepexoia (aJropurm
MXN):

1) 3amonHuTh CcBOOOAHBIE W Oa3uWCHBIE TEPEMEHHBIE B HOBOW TaOiHIlE: TOMEHSTh
MecTaMH 0a3uCHYI0 M CBOOOJHYIO TNEPEMEHHBIE, OKa3aBIIMECS B pa3peIIaloluX CTPOKEe U
CTOJIOIIE;

2) 3aMoJHUTH KIIETKY, COOTBETCTBYIOIIYIO Pa3pellalolieMy 3JIEMEHTY, B3STh BEIUYUHY
00paTHYIO pa3peliariemMy dJIEeMEHTY;

3) 3alMONHUTH CTPOKY, COOTBETCTBYIOIIYIO pa3pellaroneii; MOoJeNuTh 3JIEeMEHTHI
paspelarmeld CTPOKH Ha pa3pellarolni AIEMEHT;

4) 3amoMHUTH CTOJIOEL, COOTBETCTBYIOIIMN pa3pelaronieMy: IOJEIUTh 3JIEMEHTHI
paspermiaroniero cToyda Ha pa3peniarouuil JIEMEHT ¢ MPOTUBOIOI0KHBIM 3HAKOM;

5) ocrtaBiIuecs KIETKU TaOIHIIbI 3aMl0JIHAIOTCA M0 BBIBECHHOU hopmyiie:

0L, Ol — Ol Oy

B” — S ;
ij o,

S

rze k— HoMep paspelarouiei CTpoky;
S — HOMEp pa3pelIarollero cronona;

i — HOMEp 3aIl0JIHAEMOM CTPOKH;

J— HOMEp 3aIoJHAEMOro CToJI0Na;

B = Qs Oty = Oy
11 )

Olyg

OO,y — OOy

B, =

[Tonp3oBatbest 1 pacyeTa K03 GUIIMEHTOB BBIBEJCHHON GopMyIiol He yao0HO, Oyaem
€€ TPAKTOBATh KaK «IIPAaBUIIO 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) TPOTHUBOIIOJIOKHYIO € BEPIIMHY CTAaBUM B KJIETKE, COOTBETCTBYIOMIEH HCKOMOMY
JJIEMEHTY;

5) nmaroHanb, COSAMHSIONIAs [BE BEPIIMHBI HA3bIBACTCS TIABHOM;

6) IBe Apyrve BepILUHBI B3ATh B TAKUX KJIETKaX, YTOObI MOTYYHIICS TPSIMOYTOJIbHHUK.

IIpasuno npamoyzonvHuka

OT mnpou3BeneHUS DJIIEMEHTOB, CTOSIIMX B BEpIIMHAX [0 TJAaBHOW JUAroHaiu
OpSMOYTOJIBHUKA, OTHSATh NPOHM3BEACHUE DIEMEHTOB, CTOSIIUX HA BTOPOW JHATOHAIH H
pa3aenuTh Ha pa3pelIaroInii SJ1eMEHT.

a ks



Jliig TOoro, 4To0Bl PEUINTh CUCTEMY JMHEMHBIX YpaBHEHUH, Hano aenars marn MKW no
TOTO, TIOKa BCE MEPEMEHHbIE y;HEe MepeyT u3 6a3uca B cBOOOIHBIE NEPEMEHHbBIE Ha MECTO X;.
[TepemeniaTe MOXXHO B T1000H MOCIEAOBATEIBHOCTH.

N3 xaxpoi Tabmuuel MXXUM MOXHO BbIMHCaTh pEIIEHHE CUCTEMbI, JUISL 3TOTO HAJ0
IOMHMTb, YTO CBOOOAHBIE NEPEMEHHBbIE BCErJa NPUPABHUBAIOTCA K HYINIO, TOrna Oa3ucHbIE
OyAyT paBHBI COOTBETCTBYIOLMM CBOOOIHBIM WJIEHAM.

3ameuanus:

1) pa3peraronuii 3JIeMEHT HE MOXKET ObITh PABEH HYJIIO;

2) uenecooOpa3HO, €CIM BO3MOXKHO, BBIOMpPATh pa3pelIaloiUid 3JIEMEHT paBHBIM
€MHMUILIE, TaK KaK [P 3TOM YIPOLIAIOTCS BBIYMCICHUA. ECIM %Ke 9TO OKaKeTCsl HEBO3MOXKHBIM,
TO ]ISl YMEHBUIEHUs MOIPEUIHOCTEN IIPU OKPYIVIEHUH 11€1eco00pa3HO BBIOMPATh €ro OOJIbIINM
110 a0COJIFOTHON BEIMUYHHE.

PaccmoTrpum pemeHne cucrteM JIUMHEHHBIX ypaBHeHUM metonoM MOKM Ha kOHKpeTHOM
npuMepe.

3agaua 1

Pemuts cucremy:

X1t 2x—x3=15

3x1 5% +4x3=7

2x1—Xx2 +2x3=1

Pewenue:

BBenem IONOJHUTENBHYI0 NEPEMEHHYIO ; IO KaXKJIOU CTPOKE, IEPEHECS DJIEMEHThI U3
JIEBOW YacTH B IIPAaBYIO C IPOTHUBOIOJIOKHBIM 3HAKOM:

Y1=-X —2xy+x3+5

Va=-3x1—5x;—4x3+7

y3=-2x1+x;—2x3+ 1

3anuiieM NoJay4eHHY1o cuctemy B Tabnuiy MKU:

Tabnuma 1.1
—X1 —X —X3 CBoOoHBIE
YJICHBI
Vi @) 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 anroputm MXXU npoBenem cneayroiue 1elCTBUS.

1) [Tomensiem MecTamMu )| U X|

2) BmecTo pa3pemiaroiero .1eMeHTa ¢ 3auueM eMmy oopartssiil 1/0,=1/1=1

3) DnemeHThbl pa3peliaoleld CTPOKU MOWIEHHO pa3/eliuM Ha pa3pellaroluil 3JIEMEHT,
T.€.: 2/01=2; —1/011=1; 5/041=5

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

5) OcranbHble 3J1€MEHTHI IPE0OPa3yIOTCs C UCIONIb30BAHUEM MPaBUiIa MPSIMOYTOJbHUKA,

T.€.:

1-5-3.2 1-(=1)=2-2
Bzzzfz_l Baz=%=—5

1-4-3.(-1 1-2-2-(-1
Bo = 1( ):7 B33: 1( ):4

C17-3.5 1-1-2-5
Bas = 1 =8 Bss = 1 =-9
Tabmuua 1.2
-y —X2 —X3 CBo0OoaHbBIE

YJICHBI




X1 1 2 -1 5

y2 -3 D 7 -8

Vs -2 =3 4 -9

B kadecTBe pa3zpemaroniero 3eMenTa Beioepem axn=—I1.

Hcnonssyem anropurm MOKH.

1. ITomensiem MecTaMu ), U X,

2. BmecTro pa3pemaromero 53JE€MEHTa 0p; 3amuiieM eMmy oOpartHblid 1/op, = 1/(-1)

3. DIeMeHTHl pa3pemiailell CTPOKU MOWICHHO pa3leliuM Ha pa3pemialoniuil dJIEeMEHT,
T.e.: —3/(=1)=3; 7/(-1)=7; -8/(-1)=8

4. DneMeHThl pa3pelIaIIero CTojada MOWICHHO pa3AeiiuM Ha (—o0p;), T.e.. 2/1=2; —
5/1=-5

5. OcTasbHBIEC 3JIEMEHTHI MPEOOPA3YIOTCS C HCIIOIB30BAHUEM MPABUIIA TIPSIMOYTOJIBLHUKA,

T.C..
Pi = Lh-2 (9 ==5 Ps = 2D =) (3) =13
-1 -1
C1(—]) — 4-(-D—-(=5)-7
Bis = L 1)1 2 7=13 By = - =-31
(=1 =2 . (— -9-(-1)=(-5)-(-8
Bl4:5(1)]2(8):_11 B, = ()_i)( ) 3
Tabanma 1.3
1 =2 —X3 CBoOoHBIE
YJICHBI
X1 -5 2 13 -11
X2 3 -1 -7 8
V3 13 -5 (ﬁ) 31

~~—~

B kauecTBe paspemaroiero 3JIeMeHTa MOKHO B3ATh TOJBKO (33 (T.K. OCTAIOCh IIOMEHSITh
MECTaMHU TOJIbKO X3 U ¥3). T.K. Bce cBOOOAHBIC U O0a3UCHBIC MTEPEMEHHBIC IOMEHSJIUCh MECTaMU,
TOT OTBETOM OYyIyT SIBJSITHCS YMCIA, CTOSIIUE B CTOJIOLE CBOOOIHBIX YJICHOB.

DTO SBIAETCA CIEACTBUEM TOTO, YTO MEPEMEHHBIE y BBOJIMUIUCH KaK Pa3HOCTb MEXIY
MpaBOM M JICBOM YaCTSAMHU KaXKJOTO M3 YPaBHEHUU CUCTEMBI, T.€. y1=),=)3=0. [loaTomy, ecu Ha
MOCJICTHEM ATare BOCCTAHOBUTH CUCTEMY, HCXOS U3 MOTYYUBIIEHCS TaOIHIIBI, TO OyIeM UMETh:

11 11 1 11
x =0y (=y)+og, (=y,)+og; (=) + b

X, = aélll(_yl)+ (1212] (—y2)+a§131(—y3)+b2m
x; =05 (=y)+ aglzl (—y2)+a§131(—y3)+b3m

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

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

HOBTOMy BBIYMC/IMM TOJBKO OJICMCHTBI, CTOAIIUC B CTOHGHC CBO60)IHI>IX YJICHOB,

MpeBapPUTENILHO BHITIOJIHUB MYHKTHI 1-4 anroputma. B pe3ynbrare noayyum tabiuily:
Tabnurma 1.4

1 =2 -3 CBoOOIHBIE




YJIEHBI
X 14/31 -3/31 13/31 2
X -82/31 4/31 -7/31 1
X3 13/(-31) =5/(-31) 1/(=31) -1
Takum obpazom, x1=2, Xo=1, x3=—1
[ToxaxkeM, 4TO BBIOMpas 3a pazpeniaroniue 3JIEMEHTHl JAPYTHe YUCIIA, MOJIYYUM TOT KE
OTBET.
Tabmuma 1.1'
—X1 —X2 —X3 CBoOoHBIE
YJICHBI
1 1 @ -1 5
2 3 5 4 7
V3 2 -1 2 1
Tabmuma 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
Tabmuna 1.3'
-3 -1 —X3 CBo0OoaHbIE
YJIEHBI
X -1/5 2/5 -8/10 18/10
b2 -1/5 -13/5 31/5 -31/5
X1 2/5 1/5 3/5 7/5
Tabmuma 1.4'
-3 -1 -2 CBoOogHbIE
YJICHBI
X -7/31 2/31 4/31 1
X3 -1/31 -13/31 5/31 -1
X1 13/31 14/31 -3/31 2

W3 npuBeIeHHBIX BBIYMCIEHUI BUIHO, YTO MEHATH X; C Y;MOXHO B JIOOOM NOPAIKE, HO
Jydllle BBIOpATh 3a paszperiaoimuii aneMent 1 win (—1) ¢ nensto ynpouieHus Beluucienuid. Ecin
pellleHne IPUBOIUTCS B JECATUYHBIX APOOSX C OKPYIJIEHHEM O COTBIX J10JIEH, TO MOJB3YIOTCS
3ameuyaHusMu 1 U 2, a ecinu B OOBIKHOBEHHBIX JIpO0SiX, TO 3a pa3pelIaroliMii MOKHO IPUHATH
11000€ YMCII0 U3 BO3MOYKHO JJOITYCTUMBbIX.

3adanue:peminTe CaMOCTOSTENBHO CJIEAYIOIIME CUCTEMBI U IPOBEPHTE OTBETHI JIFOOBIM
U3BECTHBIM Bam criocoOom.

3agava 2



X1 X +2x3 =1
{le —Xxy+2x3=-4
Adx) +x0 +4x3=-2
3anava 3
X1 + X2 — 3X3 =4
2x1tx+tx3=5
3x; +4x —x3=-1
aCCMOTpUM 0COOEHHOCTH B PCUICHUN

CHUCTEM JIMHEWHBIX ypaBHCHHH Ha NpHUMepax
3agqaya 4 u 7.

X1+ 2x, —4x3 =-1

2X1 +XZ—5)C3 =-1

X1 —Xp—X3=—2
Pewenue:

V) =-—x] —2x+4x;— 1

y2=—2X1—XQ+SX3—1
3 =-x]+xy+tx3—2

Tabmuua 4.1
—X1 —X7 —X3 CB0OOHBIE YTIEHEI
1 (D) 2 —4 -1
»2 7z 1 -5 -1
3 1 -1 -1 -2
Tabnuna 4.2
V1 —X3 —X3 CB00OOIHBIE YIEHBI
X1 1 2 -4 -1
V2 -2 -3 (3) 1
3 -1 -3 3 -1
Tabnuna 4.3
V1 —X - CB00OOIHBIE YJIEHBI
X1 -5/3 -2 4/3 1/3
X3 -2/3 -1 1/3 1/3
)3 1 0 -1 -2

3a paspemnarmuii 3IEMEHT MOKHO BBIOpATh TOJIBKO AJIEMEHT, CTOSIIUN Ha IepeceueHUN
V3 ¥ X2, HO OH paBeH 0. [TonmpoOyeM BOCCTaHOBUTH CUCTEMY IO MOCEAHEH TabmuIe:

X1 = 5/3 Y1 + 2)62 —4/3 » +1/3

x3=23y1+x—-1/3y,+1/3

3= T 0+, -2

PaccMoTpum nocnenHee ypaBHEHHE:

Tx. y1=y,=y3=0,10 0 =-2.

DTO JOKHOE paBeHCTBO. Eciin B cUCTeMe uMeeTcst XOTsl Obl OJJHO HEBEPHOE PAaBEHCTBO,
TO CHUCTEMa pelleHud He uMmeeT. [IpoaHanM3upoBaB MOCICIHION TAOJHILY, TOIYUIUM APABUILO:
€CJIM pa3peliaroIuil 3JIEMEHT paBeH HYJIIO (IIPU 3TOM JAPYTroi BHIOpATh HENb3s, T.K. BCE 3aMCHBI
YK€ TIPOU3BENICHBI), 2 CBOOOIHBIN YJICH B 3TOW CTPOKE OTIMYEH OT HYJS, TO CUCTEMA PEIICHUN
HE UMeEET.

3aM€TI/IM, 4TO HCXOJ pCHICHUA CHUCTCMbI HC 3aBUCUT OT IMOCJICAOBATCIBHOCTHU BBI60pa
paspfirarouiero 3JICMCHTA Ha KaK/IOM 9TaIlc.

OtBeT: cucTeMa peleHuil He UMEeT.



X1+ X+ xs = 1
3X1 + 4XZ + SX3 =2
4x1 + 5x2 + 6x3 =4

3anava 6
X1+XZ+X3=6
2x1+t3x +4x3=2
3X1 +4XZ+5)C3=4

X1+ 2x, —4x3 =1

2X1 +x2 — SX3 =-1

X|— X2 —X3=-2

Pewenue:

B pesysibTaTe pemeHus moiayuyuM TadJuiLy.

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 = —1/3y1 + 2x2 + 4/3y3 -3

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

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

PaccMoTpuM BTOpOE ypaBHEHUE U IIPU YCIOBUH, UTO y; = yp = y3 = 0 momyuum: 0 = 0, T.€.
HCTUHHOE PaBEHCTBO, @ 3TO 3HAYUT, YTO CUCTEMA yPAaBHEHUM JIMHEHHO 3aBUCUMa. T.€. COOEPKUT
OecuucIeHHOe MHOKECTBO PEILlIeHUH, 3aBUCAIIUX OT rmapameTpa. B nanHom ciydyae mapameTpom
Oyner SBIATBCA X (MPU JAPYrodl IMOCHEIOBATEIBHOCTH BBHIOOpA pa3pelIalomINX 3JIEMEHTOB
napaMeTpoM MOKET CTaTh UJTH X|, W X3).

TakuMm oOpa3om, MONYYUM n1pasuno: €Cl paspelialolIMil 3JEMEHT paBeH HYJII U
CBOOOJHBIN YIIeH B 3TOH CTpOKE TakKe paBeH HYJII0, TO CHCTeMa HMMeEeT OecuucIeHHOe
MHO’KECTBO PEIIEHUH, 3aBUCALIEE OT CTOJIBKUX [1apaMETPOB, CKOJIBKO X-0B HE Mepeluo B Oa3uc.

Torpa ob1ee perieHre CUCTEMbI BBITISAUT CIEAYIOIIMM 00pa3oM:

X1 = 2x2 -3

X3 = X2 — 1

OtBet: cuctema UMeeT OECUMCICHHOE MHOXKECTBO PEIICHUM 3aBUCIINX OT X3! X| = 2X7 —
3, X2, X3 = Xp — 1.

3anava 8

X1+ 2x2 +x3 —6x4 =—
X1 t+xy+x3—4x4=0
X1+X3—2X4=3

X1 +tx,+x3=3
X1+2XZ+3X3=2
2x1+t3x +4x3=5



3aMeTUM, YTO MpH MOJYYEHUH EAMHCTBEHHOI'O pELICHMs, BO3MOXXHA IIPOBEpPKA IyTEM
IIOJICTAHOBKM HAlIEHHBIX 3HAYEHUH B MCXOJHYIO CHUCTEMY U IPOBEPKHM HCTHHHOCTU. B
Cllydae OTCYTCTBHUSI PEUIEHMM MWIM OeCcUMCIEHHOTO MHOXECTBAa, OpPraHMU3alMsl IPOBEPKU
3aTpynHeHa. [loaTomy mpuBeneM NpaBuilo, KOTOPOE MO3BOJISIET OCYIIECTBISATh KOHTPOJIb 3a
pacueToM Tabnun MXXU:

Ilpasuno:
1. B Tabnuie 1 6epercs 1OMOJHUTEIBHBIN CTOJIOEI, 0003HaYaeMbIH Xj. DTOT CTOJIOEI]
3aIOTHSICTCS MOCIe BEIOOpa pa3pemaroniero dJIeMeHTa.

B X, 3aHOCATCS 4Mcna, MpencTaBIsAoLIe cO00ll CyMMy 3JI€EMEHTOB Kax/10il CTpOKH
0e3 31eMeHTOB paspelatoniero crondua. [Ipu 3Tom K BelMUYMHE, MOJYyYEHHOR B CTpPOKE, I'lie
CTOUT pa3pelIaloluil ieMeHT, npubasisercs 1 (BHE 3aBUCMMOCTH OT 3HAUY€HHUS CaMoOro
pa3pemiaroniero JEeMeHTa).

[TosscHeHnus MMpOBEACM JIA IEPBOIro IMpHUMEPa p€IracMoOro BTOpbIM CII0CO00OM.

Tabmuma 1.1"
—X1 —X —X3 CBoOogHbIe >
YJIEHBI
Vi 1 (2 -1 5 6 =1+(-1)+5+1
I 3 5 4 7 14 | =3+4+7
V3 2 -1 2 1 5 =2+2+1

2. Bo Bcex mnocnenyromux Ttabnuuax MOKW Oepercst nBa crosnbua cymm X; u 2.
OnemMeHThbl X npeaplayliell Tabauipl Kak Obl IPOEKTUPYIOTCSA B CTOJOEI] X, HOBOM TaOJIMIIbI B
BUJIE YMCEJl, ITOJIyUEHHBIX B pe3yibTaTe BbluuciaeHuil no anroputmy MKW (nmpu 3TO0M HOBBIH
cToJIOEI] X MOKa OCTAETCsl CBOOOHBIM).

Tabmauua 1.2"
—X1 1 —X3 CBoOoniHbIE > P
YJICHBI
X2 1/2 1/2 —1/2 572 3
2 1/2 =572 13/2 —11/2 -1
V3 52 1/2 372 7/2 8

Tabmuma MKW Oynmer paccuMTaHa BepHO, €CIM CYMMbl Bcex 0€3 HMCKIIOUYEHUs
3JIEMEHTOB IO KaXKJIOW CTPOKE TaOJUIbl OYIyT paBHBI COOTBETCTBYIOIIEMY JJIEMEHTY CTOJIOIA
2. Te.:

1/2+1/2-1/2+5/2 =3 ucr.
1/2-5/2+13/2 -11/2 =-1 ucr.
5/2+1/2+3/2+7/2 =8 ucr.

DTO 3HAUYUT, 4TO mepexo oT Tadymmbl 1.1" k Tabnuie 1.2" ocymectsien BepHo. Jlanee
3HAYEHHS, CTOSIIME B CTOJIOLE X, HAM HE ITOHAJ00TCS.
3. [loBTOpsieTcs mocnenoBaTeIbHOCTD IEHCTBUM, HAYMHAS C MyHKTA 1.

Tabauma 1.2

—X1 V1 —X3 CBobOoHbBIC 2 z
YJICHBI




X2 1/2 1/2 -1/2 5/2 5/2 33—t =1/2-1/2+5/2
» 1/2 -5/2 1372 -11/2 -3/2 =t =-5/2+13/2-11/2
vy, S| 12 3/2 772 13/2 8= =1/2+3/2+7/2+1
Tabmauua 1.3"
- . - CBoOoiHBIC 5, s
YJIEHBI 2
X ~1/5 2/5 ~8/10 18/10 2 ory | =-1/5+2/5+18/10
5 15 | —13/5 31/5 _31/5 9 —145" | =—1/5+13/5-31/5+1
x| 2/5 1/5 35 /5 2 375 = 2/5+1/5+7/5
Tabmuua 1.4"
—V3 - - CBoOonguble 2 p)
YJIEHBI
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 oOpa3omM, Mbl AejaeM MPOBEPKY IO XOJYy pPELIEHUS NpPUMEpa, YTO MO3BOJSAET

BOBpPCMA 3aMCTHUTDH OIHI/I6Ky " YCTPAHUTD €C.

Hcnonb3oBanue X; u X, TakkKe JaeT YBEPEHHOCTb B OTBETE IIPU OECUMCIEHHOM

MHO>KECTBE peUICHUI WU MPU OTCYTCTBHH PEIICHUI BooOIIe.

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

3anava 10

SX1 + 3x2 — SX3 =-3
6x1 —6xy +4x3=2
5x1—xp +4dx3=2

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

2Xy — 33+ 2x4 =3

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

2X1 +XxX= 1

OTBeThI

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

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

3. Pa3o0paTh ocoOble cjiyyan B CUMILIEKCHOM MeTo/le.
3amaua 6

L. LeneBas GpyHKIMS:

Z=2x1t3x; —» max



IIL. Cucrema orpaHU4YeHUH:
X1 Tx2+x3=5
X1 + X2 + X4 = 9

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

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

Pewenue:

[lepexoauM OT cUCTEMBI HEPABEHCTB K CUCTEME YPAaBHEHUI:

YIT=—X1—X2—X3 +5

M=—X]—X2—X4+9

y=—x1—x5+4

Va=—X]—2X)— X6+ 8

3anuiieM MaTeMaTUYecKylo Mojelb B TaOnuuHou ¢opme. Paspemaroniuii smemMeHT
BbIOMpaeTcs MPOU3BOJIbHO, HO B 0a3KC JOJIKEH MEPEUTH y;, KOTOPBIA HEOOXOAMMO BEIYEPKHYTh.

Tabnumna 6
—X1 —X7 —X3 —X4 —X5 —X6 CBoOogubie 21
YJIEHBI
Vi (M) 1 1 0 0 0 5 8
y2 ~ 1 0 1 0 0 9 11
V3 1 0 0 0 1 0 4 5
V4 1 2 0 0 0 1 8 11
V4 -2 -3 0 0 0 0 0 -3
CrenaeM nepByIO UTEpAIUIO
Tabnuma 7
-1 —X2 —X3 —X4 —X5 —X6 CBoOoHBIE > Ay
YJIEHBI
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 H | M| - 0 0 1 3 4 3
Z D ~ 2 0 0 0 10 12 13
CrenaeM BTOPYIO UTEPALIHIO
Tabmuua 8
—Vh — X3 — X4 — X5 — Xg CBoOoaubIE 21 b
YJICHBI
X1 -1 2 0 0 -1 2 3 2
V) 0 -1 [ (M| o 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 UTEPAIUIO
Tabauua 9
— X3 - — X5 — Xg CBoOogubie 2 )
YJIEHBI

X 2 0 0 -1 2 3




X4 —1 1 0 0 4 4
V3 2 0 1 1 2 2
X2 —1 0 0 1 3 3
Z 1 0 0 1 13 15

HOJ‘Iy‘lCH ,Z[OHYCTI/IMHﬁ BapuaHT, SIBISIIOIIUICS ONTUMAaJIbHbBIM.

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 PaCCMOTPUM 3aaaqdu AJiA 3aKPCIUICHHA HaBblKa PCHICHHA CHUMIIIICKCHBIM MCTOJO0M
CMCIIaHHBIX CUCTEM OFpaHI/I‘-IeHI/If/'I.

3amaua 7

L LeneBas GpyHKIUS:

Z=290x; +200x, +270x3 + 210x4 —» max

IL CucreMa orpaHUYEHU:

X1 + X3 = 30

Xy +x4 =236

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

1/2x3 + 1/4x4 <12

I1I. VYcnoBrue HEOTPHUIIATEIBHOCTH

X1, X2, X3, x4 >0

3anava 7 B UICXOAHOM Buje Obl1a copMyaupoBaHa CIEeIyIOMNUM 00pa3oMm:

JIBopen, KynabTypbl 3aka3ajl JAByM arenbe NomuTh 30 MyXKCKMX U 36 IKEHCKUX
KOHLEPTHBIX KocTioMa. [Ipon3BOAUTENBHOCTD NIEPBOTO aTEJbE 110 MOIINBY MYKCKHX M )KEHCKHX
KOCTIOMOB COCTaBJISIET COOTBETCTBEHHO 3 ¥ 4,5 WIT./A€Hb, a BTOPOrO aTenbe - 2 U 4 UIT./IeHb.
®oHj paboyero BpeMeHU NEpBON MacTepcKoil cocTaBisieT 15 aHel, a BTopoi mMacTepckou - 12
nuei. Llensr mepBoro arenbe 3a 1 KEHCKMH U MYKCKOM KocTioM coctaBiseT 200 u 290 pyo.
HITYKA, [IEHbl BTOPOT'O aTEJIbE COCTABIISIIOT cOOTBETCTBEHHO 210 1 270 pyo.

CocraBbTe MaTeMaTHYECKYI0 MOJENIb 3aJauyM, [O3BOJISIIOLIYIO JABOPLY KYJIbTYpbI
ONTUMAJIBHO PaCHpEEIUTh 3aKa3 MEX]y aTelbe, C LeIbl0 MUHUMU3UPOBATh 3aTPaThl HA MOLIUB
KOCTIOMOB.

3agaua 8
L HeneBas Qpynkius:
Z=2x1+4x3 —» min

IL CucreMa orpaHUYEHU:
2)61 +XQ+4X3 +Xx42> 5
X1 +3x3+tx4=2

X2 — 4)C4 =5
X1 +2x+tx3+x4>6
I1I. VYcnoBrue HEOTPUIIATEIBHOCTH

X1, X2, X3, X4 > 0
PaccmoTrpum nmoapo6HO perieHue 3a1ay, UMEIOMKUX Cydaid BIPOKIEHHOCTH Ha IPUMEpe
3agayu 9.

3agaua 9
L HeneBas Qpynkius:



Z=—x1 + 10x; + 4x3 max —»
IL CucreMa orpaHUYEHU:
x1 tx3<1

{le +x+x3<2
2x1 > X T X3

III. YcioBre HEOTPULIATENBHOCTH
X1, X2, X3 > 0

Pewenue:

[lepexoauM OT CUCTEMBI HEPABEHCTB K CUCTEME YPaBHEHUM:

yi=—x—x3+1

W==2X1—Xp—x3+2

V3= 2)61 — X2 — X3

3anuiieM MaTeMaTH4ecKyr Mojeidb B TabmuuHoi (opme. BribepeM paszpemraroriuii
3JIEMEHT.

Tabnuna 10
—X1 —X —X3 CBoOOIHEBIE >
YJICHBI
Vi 1 0 1 1 3
» 2 1 1 2 5
V3 -2 | (1) 1 0 0
Z 1 0 | 4 0 -3

Bapuanr pgomycrumsbii. Mccienyem naHHbIM BapuaHT Ha BBIPOXKACHHOCTb. B naHHOMN
CHUMILJIEKC-TA0IUIE HAXOIUTCSA BBIPOKIACHHBIM BapHaHT, TaK KakK CPeAu CBOOOAHBIX YICHOB
(xpoMe cTpoku Z), OsBUIICS HOJIb. BeiOMpaeM paspelaroninii 3JeMeHT.

CrnenaeM nepByro UTEpaLUIO

Tabanma 11
- X -3 — X3 CBoOoHBIE 2 >b
YJICHBI

Vi 1 0 1 1 2 3
Vs (A | -1 0 2 2 3
X ~ 1 1 0 2 0
Z -19 10 6 0 16 B

CnenaeM BTOPYIO UTEPALIUIO

Tabmuia 12

- -3 —X3 CBoOoaHbIE 2 3
YJICHBI

Vi -1/4 1/4 1 1/2 3/2
X1 1/4 -1/4 0 1/2 1/2
X 1/2 1/2 1 1 3
Z 19/4 | 21/4 6 19/2 51/2

[Tonyden nOMyCTUMBII BapUAHT, SIBJSIOLIUNACA ONTHMAIbHBIM.

Z=19/2

x1=1/2 y=1/2

Xy = 1 = 0

X3 = 0 V3= 0

Jlanee paccMOTpUM 3aJja4l UMEIOIIUX CITy4Yaid BBIPOKIECHHOCTH.

3agaua 10

L IleneBast pyHKuMS:

Z="5x1 +10xy + 3x3 + 4x4 —» max

IIL. Cucrema orpaHUYeHU:



2x1+ 2%, +2,5x3 + x4 <75
0,561 +x+02x3+0,1x4 <10
2)61 + 3)62 > 3X3 + 4X4

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

3agaua 11

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

X1 +x2+2x3+x4<15

X1t x+x3+x4<20

Adx1 +4dxy > 2x3 + 3x4

I1I. VYcnoBrue HEOTPHUIIATEIBHOCTH

X1, X2, X3, x4 >0

Paccmorpum moapoOHO pelieHue 3aad, UMEIOIUX Clydaid Hepa3pemuMOCTH MOJEIH
(cucTema HEpaBEHCTB HE UMEET PEIICHMS ) Ha MpuMepe 3a1adu 12.

3agaua 12

L HeneBas Qpynkius:

Z=x11t0.2x; +x3 —» min

IL. Cucrema orpaHU4YeHH:

0,Ix; +0,2x, <2

— X1 — 2x2 > 5

2% +3x3< 1

I1I. VYcnoBrue HEOTPHUIIATEIBHOCTH

X1, X2, x3 >0

Pewenue:

[lepexoauM OT CUCTEMBI HEPABEHCTB K CUCTEME YPaBHEHUI:

y1=-0,1x; —0,2x, +2

==X —2x—-5

V3 =—2)C1 — 3X3 +1

3anuiieM MaTeMaTH4ecKylo Mojenb B TabiuyHoi dopme. BribepeM paspemarommii
AJIEMEHT:

Tabnmma 13
—X1 —X7 —X3 CBoOoaHbIE 2
YJIEHBI
Vi 0,1 0,2 0 2
» 1 2 0 -5
V3 2 0 3 1
Z -1 -0,2 -1 0

Hccnenyem mONy4YeHHbIM BapuaHT Ha JIOMycTUMOCTh. B Tabnuue HaxoauTbes
HEJONYCTUMbII BapuaHT pELICHMs 3a/ladyd, [OTOMY YTO CPEIu CBOOOJHBIX WIEHOB HMMEETCs
oTpuLaTeNbHbl 37eMeHT. [Ipu BbIOOpe paspeliaromero 3j1eMeHTa MHOoJy4yaeTcs, 4YTO Cpeau
CUMIUIEKCHBIX OTHOIIEHUN HET HAUMEHBIIEro MOJoXuTelbHOoro. CienoBaTesbHO, B JaHHOU
3aJjaue HEBO3MOXKHO HAalUTH NOIyCTUMBIN BapuaHT. C 5KOHOMHUYECKOM TOUYKHU 3pEHUS 3TO 3HAYMT,
YTO OIPAaHUYEHMS] MOJEIM SBISAIOTCS B3aUMOMCKIIIOYAIOIIMMU, IPOTUBOPEUAILUMHU JIPYT IPYTY
TpeboBaHUAMMU. 3a/1aua HE UMEET PELICHHUS.

Jlanee paccMOTpUM 3aJaud MMEIOIIMX CilIydall Hepa3pemMMOCTH MojAenu (cucreMa
HEPaBEHCTB HE UMEET PEIICHUs).

3agaua 13
L HeneBas Gpynkius:



Z=12x1 + 14x, + 10x3 + 8x4 —» min
IL CucreMa orpaHUYEHU:

2)61 + 3)62 + 4)C3 + 5X4 < -10

X1t 3x+0,5x3<5

X1 —2X2—3)C4§3

III. YcioBre HEOTPULIATENBHOCTH

X1, X2, X3, X4 > 0

3amaua 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 1moznpoOHO pemieHue 3aAad, HMMEOLMX clydaidl HEOrpaHMYEHHOCTH
¢dyHk1MoHana (QyHKLKS HE UMEET SIKCTPEMAJILHOTO 3HAYEHU) Ha MpuMepe 3a1a4u 15.

3amaua 15

L LeneBas QpyHKIMs:

Z= —2)(?1 — X3 —> min

IL CucreMa orpaHUYEHUI:

— X1 —X2—X3 < 5

3x;+x,—4x3<2

6x; —8x3<8

III. YcioBre HEOTPULIATENBHOCTH

X1, X2, X3 > 0

Pewenue:

IIepexoauM OT CUCTEMBI HEPABEHCTB K CUCTEME YPABHEHUN:

Mi=xptxtx3+S

y2=3X1 —xyt4x3+2

Y3 = —6x, + 8x3 + 8

3anuiieM MaTeMaTH4ecKyl0 MoOJeiab B TabinuyHOW ¢opme. BribepeM paspemaromuii
JJIEMEHT:

Tabauma 14 L

—X1 —X> —X3 CBoOoIHBIE 2
YJIEHBI
V1 -1 -1 -1 5
W -3 1 —4 2
73 0 6 -8 8
V4 2 0 1 0

Uccnenyem monydeHHBIH BapuaHT Ha JONYCTUMOCTb. B  Tabnmuie HaxoAUThCs
JIONYCTUMBI BapUaHT pELIeHUs 3a/lauyd, IOTOMY 4YTO CpeIu CBOOOJHBIX UJIEHOB HET
OTPULATENBHBIX JIEMEHTOB.

Hccnenyem 1osydyeHHbI BapuaHT Ha ONTUMAalbHOCTb. B Tabnuue HaxoauTbes
HEONTHUMAJbHBIH BapHaHT, TaK KaK KO3(PPHUIMEHTHl CTPOKM Z NOJOXKUTENbHbIE (Z—>min)
(371eMeHT Ha nepeceueHue cToja0La CBOOOAHBIX YJICHOB M CTPOKU Z NPH aHAJIM3€ BO BHUMaHHE
He npuHuMaeTcs). Beibupaem pasperiaromuii 31eMeHT.

ITpu BbIOOpe paspelmaromero 3JIeMEHTa MOoJy4aeTcs, YTO CpeIud CHMIUIEKCHBIX
OTHOLIEHMH HET HaMMEHbLIEro MoJyiokuTenapHoro. CrenoBaTelbHO B JAaHHOW 3ajaue



HEBO3MOXXHO HAWTH ONTUMAIbHBIA BapuaHT. C SKOHOMHYECKOH TOYKH 3PEHHS PEeYb O HJee
HEOrPaHMYEHHOCTH KaKOro-IM00 BUIa pecypca. 3ajaua He UMEET ONTUMAIIbHOTO PELICHHUS.

Jlamee paccMOTpUM 3aJa4yd  HMMCIOIIMX CIy4ail HEOTrpaHWYEeHHOCTH (PYHKIHOHAIA
(byHKIMS HE UMEET SKCTPEMAIBHOTO 3HAYCHUS ).

3anaua 16
L HeneBas Qpynkus:
Z =5x1 +3x; + 6x3 — » max
IL. Cucrema orpaHUYeHU:
2x1 +x +3x3>25
{xl + X2 < 20
X2 —x3<10
III. VYcnoBue HEOTPULATEIBHOCTH

X1, X2, X320

3agaua 17

L HeneBas Qpynkius:
Z=8x1 +x,+ 10x3 — » max
IL. Cucrema orpaHUYeHU:

2x1+2xy —4x3< 15
3X1 +)C2§20
6x,—11x3<7

I1I. VYcnoBrue HEOTPHUIIATEIBHOCTH
x1, X2, x32 0

OTBeTHI
NQZZ=36,X1=0,XQ=3,X3=O,X4=0,8,)/1=20,y2=0,y3=0;NQ3Z=2 X1=O,XZ=O,

5 17
X3=0,x4=2,91=0,7= 0,3 = 0; Ned Z=265 —,x1=3 2L ;=1 "=, =311 5, =0,y,=
23 23 23 23

O;NQSZz 12,)61=3,XQ=O,X3=3,y1=4,y2=0,y3=0;N97Z= 16260 X1_30 XZ_O X3=O,
xX4=36,y1=0,2=0,y3=5,4=3; N8 Z2=0,x,=0,x,=13,x3=0,x4 =2,y =10, 1, =0, y3 =
0,y4=22; Nel0 Z= 127,27, x1 = 18,18, x, =0, x3 =0, x4 = 9,09, y; = 29,55, », =0, y3 =0; Nell Z
= 57,86, x; = 3,21, x, = 3,21, x3 = 0, xa = 8,57, y1 = 0, y» = 5, y3 = 0; Nel3peueHusiHer;
Neldpemenusaner; Nel6pemenusiner; Nel7pemieHusiHer.

4. Hayuutbcs pemieHMI0 3aJa4 JHHeiiHOro mnporpammuposanus B MSExcel.
Pa3zo0paTh 3KOHOMHYECKYI0 HHTEPIPeTAlMI0 Pe3yJIbTATOB pPelleHns 3a1a4.
Yro6s! pemuTh 3a7a4y, Hcnob3ys TadbauuHbiil pegakTop MSExcel HeoOxoaumo:

— Ortkpeith TaOaMuHBIN penakTop (ITyck —»lIporpammer —p MSExcel);

— 3amnuiueM 4uCIOBYIO MOJENb 3a/laun Ha pabounii nuct (pucyHok 1.1). J{nst sToro
HE0O0X0AUMO BBIOpaTh siUEHKHM 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 GopMys BCeria HAUMHAETCS CO 3HAKA «=).

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

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



4 Microsoft Excel - Knural
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Pucynox 1.1 — 3anuchk yncinoBoit Mojenu Ha padoueM iaucte MSExcel

— Ilocne xak uymcrnoBas MoOJenb 3amKcaHa, HEOOXOAMMO YCTAaHOBHUTH Kypcop B
aueiiky Al (B Hell pacmomnoskeHa meneBas ¢yHkuusi). Boibupaem Bkiaaky «CepBuc» —
«Ilouck peureHus. ..», Ipu 3TOM OTKPOETCS JUAIOr0BOE€ OKHO (yHKIMH «llouck perenus».

— B oTkpsiBIIEMcs OKHE HEOOXOAUMO YCTaHOBUTH IEJIEBYIO SUEHKY, @ TOCKOJBKY Y
Bac Kypcop cTosi1 Ha siueiike Al, TO 3HaueHHEe LIeNeBON syeiku OyneT mpaBHIIbHBIM. B
IPOTUBHOM CJy4ya€ YCTaHOBUTE B PYUHYIO ajpec LEeJeBOM sAuyeiiku (B JaHHOM Ciydae
nporpaMMa HCIONb3yeT abCONIOTHBIE ajpeca T.e. sueiika Al mmeer aOCONIOTHBINA ajpec
$AS1) (pucynok 1.2).

— VYcraHoBuTe  Mapkep B IOJIOKEHUE,  COOTBETCTBYIOILHE
ONTUMAJIBHOCTH: MAaKCUMAJIbHOMY WJIM MUHUMAJIbHOMY 3HAUYEHHUIO.

— B okme «M3MeHsA gYEeMKM» HYKHO yKasaTb ajpeca sA4eeK COOTBETCTBYIOLIUE
nepeMeHHbIM. Jljis 3TOro Heobxoanumo BbACNUTh Auana3zoH sueiku ¢ Cl mo C2 (pucyHok
1.2).

KPUTEPHUIO

Mouck pewenun 2] x|
¥CTAHOBMTE WENEEYHD AYEHKY $a%1 % BEINOAHHTE I
PEEHOH! (% MaKkcuMansHOMy sHaueHio  { sHaueHHio! |D

3aKpEITE |
€ HMMHAMANEHOMY SHAYEHHHD
MzMEHAA AHERkK;
|$C$1:$C$2 3] MpeanonowmTe |
d AofaEnTE |
HzMEHHMTE |
BoccTaHOBMTE |
j ¥AanMTE
Cnpagka |

Pucynok 1.2 — PaGora B quanoroBom okue «llouck pemenus»

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

NofaeneHHe orpaHHYeHHs

CChINKa Ha A4eriy:

QI paHHYEHHE:

[sE51

=] Jz00

=]

= [«
OK I

Pucynok 1.3 — JluanoroBoe okHO «/loGaBiieHue OrpaHUUCHUSD)

— AKTHBHUpYEM KJIaBUIIY «I00ABHTH» M aHAIOTUYHO BBOJAWM BTOPOE OTPaHUYCHHUE.
3areM BBOAMM YCJIOBHE HeopuuareiabHocTH. st 3Toro B okHe «CchUika Ha siueiky»
yKa3blBacM JHMAINa30oH sueek, B KOTOpbIX Haxoxsarcs mnepemenHbie ($C$1:$3C$2). IMocne
nobGasiieHus Bcex orpanndeHuil Beioupaem «OK». IIporpamMma Bo3Bpalaercs B 1MaJIOrOBOE
okHO «[louck pemenus». BBog uncinoBoit Mojenu 3akoHueH (pucyHOK 1.4).

OTMEHS | AofaEnTE | Cnpaeka |




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

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

("" MHHHMANEHOMY SHAYEHHHD

~MzHEHAA AUekicH:

|$C$1 ik %] Npeancnosge |
HOrpaHHHeHHA; NapameTpe! I

S = e |
$CH1CE2 =10 MSHMEHHTE |
;I ¥aanmTe |

EBOCCTaHOEMTE |
Cnpaeka |

Pucynok 1.4 — 3aBepiieHue BBO1a YMCIOBOM MOJIEIN B AMAJIOTOBOM OKHE
«ITouck pemenus»

— Broibupaem komanay «Beimonanuts». Ha skpane nosButcs okHO «Pe3ynbTarhbl
noucka peuieHus» (pucynok 1.5). Eciau mozaens cocraBineHa nmpaBUiibHO U UMEET pElICHUE, B
OTKpBIBIIEMCS OKHE Oyzner coobiienue: «Pemenue HaiineHo. Bece orpanuueHust 1 ycnoBus
ONTUMAJIBHOCTHU BBINONHEHb». B okHe «Tum oryera» BbiOepuTe «Pe3ynbTarb» U HaXMHUTE
«OK».

PesynbTarsl noMcka peweHus 2| x|

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

¥ CoXpaHmTE HalfaeHHDE peweHHe

Mpeaens
¢ BOCCTAHOBHTH HEXOAHBIE SHAHEHHA LI

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

Pucynok 1.5 — OkHo «Pe3ybTarhl MOMCKA PEIICHUSI
Pesynbrar pemenus 3amgaun npeactaBieH B «OTdere 1o pesyiabraram» (pUcyHOK 1.6).

Pemenne 3aa4u OKOHYCHO.

@ daiin  Mpaeka Eua Bcraska opwat  Cepewc  JaHHele  OkHo  Crpaeka
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Al A A Microsoft Excel 10.0 OtveT no pesyneTatam
B D e
1 |Microsoft Excel 10.0 OTyeT no pesynstatau

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

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

MamMeHABME e AYERKY
Aveika Hus Hcxopuoe zHavenwe Pesynbrar

FCH1 0 75
FCH2 0 75
OrpaHu4eHuna
Aveika Husn 3Hauenune ®opuyna Cratyc Painuua
5651 300 $B%1<=300 ceAzaHHOE ]
5652 150 $B$2<=150 cEAZaHHOE ]
HCH1 75 §CH1==0  He cEAzaH. 78
HCH2 75 §CP2>=0  He ceAzaH. 78

[

Pucynok 1.6 — Otuer no pesyiabTaTam

— Pemenue 3anaun OKOHYEHO, pe3yIbTaThl MOXKHO pacleyaTarTh.
IIpumeyanue
Eciu nouck He MOXKET HAWTH ONTHMAaJIbHOE PELICHHE, B JUAJIOIOBOM OKHEe Pe3yjbTaThl
NMOUCKA PelIeHus BBIBOJIUTCS OJIHO U3 CIAEAYIOUIUX COOOIIEHUH.
ITourck He MOKeT yIy4IIMTh TeKyllee pemenue. Bece orpaHnYeHs BBIOJIHEHBI.



B npouecce noucka pemieHus Heab3sd HAWTHU TaKOM HAOOp 3HAYEHMH BIIMSAIOIIUX SYEEK,
KOTOpBI ObuT OBl Jydlie Tekyuiero peuienus. [IpubnusutensHoe peuieHue HaiieHo, HO MO0
JaJIbHEHIIEE YTOYHEHUE HEBO3MOYKHO, JMOO IOrPElIHOCTb, 3aJaHHas B JAMAJIOTOBOM OKHE
ITapameTpbl MOMCKA pelIeHUs CIMIIKOM BbICOKA. MI3MEHHTE MOrpelHOCTh Ha MEHBIIEE YUCIIO
Y 3aIlyCTUTE NPOLEAYPY IOMCKA PEIICHUs CHOBA.

ITouck ocTaHoOBJIeH (MCTEKJIO 32JaHHOE HA MONCK BpeMsi).

Bpems, ornyuieHHoe — Ha  pellleHME  3aJayd, ~ UCYEpIaHO, HO  JOCTUYb
yIOBJIETBOPUTENBHOTO pEUICHUS HE yAanoch. UTOOBI MpH ClEAYIONEM 3alycKe MpOoueayphl
HOMCKa pelieHus HE HOBTOPSITh BBITIOJTHEHHbIE BBIUNCJICHMS, YCTaHOBUTE
nepexioyaTeabCoXpaHuTh HaliieHHoe pemeHue nii COXpaHUTh CIeHaAPHid.

ITouck ocTaHOBJIEH (JOCTUTHYTO MaKCHMAJIbLHOE YHCJIO UTEPAIHil).

[Ipou3BeneHO pa3pelIEeHHOE YHUCIO HUTepalui, HO JOCTHYb YIOBIETBOPUTEIBHOTO
pellieHusT HE YJIaloCh. YBEIWYEHME YMCIa WTEpalMi MOMXKET I0MOYb, OJHAKO CJIEIYET
paccMOTpeTh pe3yabTaThl, YTOObI MOHATH MPUYMHBI OCTAHOBKH. UTOOBI MpH CIEAYIOIIEM
3alyCcKe MpOLEAypbl TOUCKA PEIICHUs] HE MOBTOPATH BBIIIOJIHEHHBIE BBIUMCIICHUS, YCTAHOBUTE
nepekiaouaTelbCoXpaHuTh HaWJIeHHOE peleHHe WiIM HaxMmuTe KHONKYy CoxpaHUTh
CLleHApHIA.

3HaYeHN 1eJIeBOH AYeii Ky He CXOASATCS.

3HaueHue LIENEBOM SUEHKH HEOTPaHWYEHHO YBEJIMUYMBACTCS (WJIM YMEHBILAETCS), JAXKe €CIIH
BCE OrpaHHYCHUsI COOMIOEHbl. BO3MOXHO clienyeT B 3aaye CHATh OJHO OTPaHUYCHUE WM Cpa3y
HECKOJIbKO. V3yunTe nporecc pacxoKIeHUs! pellieHNs], IPOBEPHTE OTPAaHUYEHUS U 3allyCTUTE 3a/1a4y
CHOBA.

Ionck He MOKeT HAWTH MOAXOAALIEr0 PelIeHHs.

B mpornecce moucka pemieHusi Helb3s clelaTh WTEPalnio, KOTopas YAOBIETBOpsiia Obl
BCEM OIpPaHUYEHHUSM IpU 3aJaHHON TOYHOCTH. BeposTHO, orpaHudeHus HPOTUBOPEUUBHI.
Hccnenyiite TUCT Ha MpeaMeT BO3MOXKHBIX OHIMOOK B ¢opMyliax OorpaHMYEHUIl Wiu B BbIOOpe
OTpaHUYECHUU.

IHonck ocTaHOBJICH IO TPEOOBAHHUIO N10JIL30BATEJIS.

Haxarta xnonmka Crtom B AuanoroBoM okHe Tekyllee COCTOsIHHE NMOMCKA pelieHHus
1I0CJIE MPEPBIBAHMS TIOMCKA PEIICHUS B IPOLIECCE BBIITOJIHEHUS UTEPALIUH.

YcaoBus A5 TUHEHON MOIeIM He YA0BJIETBOPAIOTCH.

YcranosneH ¢uaxxok JIuHeliHasi MogesIb, OJJHAKO UTOTOBBII MepecueT MOPOKIAeT TaKKe
3HAu€HUs, KOTOpPbIE HE COIJIAcylTCi C JIMHEHMHONM MOJAENbI0. DTO O3HAYAEeT, 4TO pEIIEHUE
HEACWCTBUTEIBHO AN JaHHBIX (opmyn naucrta. UToObl MHpPOBEpPUTH JIMHEHHOCTH 3aJayd,
yCTaHOBUTE (JIaKOK ABTOMATHYeCKOe MacIITA0MpPOBAHMEe U IIOBTOPHO 3alyCTUTE 3aj4auy.
Ecnu 310 coobuienune onarh MOsBUTCS Ha d9KpaHe, CHUMUTE Giakok JImHeliHasi MoesIb 1 CHOBa
3aIlyCTHUTE 3a/1ady.

IIpu noucke pemieHUsi 0OHAPYKEHO OIIMOOYHOE 3HAYEHME B 1eJIeBOH sA4Yeiike WU B
siyeiiKke OrpaHuYeHu .

IIpu nepecuere 3Ha4YeHWIl s4yeek OOHapykeHa omMOka B OAHOW Qopmyne WIH B
HECKOJBKMX cpady. Hailinure neneByr0 S4e€iKy WM SYEHKY OIPAaHHYEHUs, ITOPOKIAIOLIHE
omunOKy, U H3MeHUTe HX (OpPMyJbl TaK, YTOOBl OHM BO3Bpallad MOIXOJSIIEEe YHCIOBOE
3HauEHUE.

Habpano neBepHoe umsi wiu ¢opmyna B okHe/[00aBUTH OrpaHu4YeHUe WM B OKHE
HN3menuts orpanmvenue, 0o B noje OrpaHudeHue ObUIO 33JaHO LIE€J0€ WIM JABOUYHOE
orpanuueHue. YrtoObl OrpaHUYUTH 3HAYCHHS SUYEHKHM MHOKECTBOM IIENIBIX UHCEIBBIOEpUTE
oIepaTop LeJIOro OrpaHUUYEHUs B CIIMCKE YCIOBHBIX OonepaTopoB. YTOOB! yCTaHOBUTDH IBOMYHOE
OrpaHHYEHUE, BBIOEpUTE ONepaTop sl ABOUYHOI0 OTPAHUYCHHUS.

Humepnpemayus pesynomamos 3adayu

[TomyuenHble 3Ha4YeHHs B S4elKax, coiepxamux (GopMmynbl LeneBol (GYHKIUU WU
OrpaHMYEHUM, ABIAIOTCA PE3YJIbTaTOM pacyeTa LEeJIeBOW (YHKIUMUM M COOTBETCTBYIOIIMX
OTpaHUYECHUM.



Pesynbrar, momydeHHslii B sueiike Al o3HadaeT MpuObLIb, TOMYYEHHYIO OT TMPOWU3BOJICTBA
HPOYKLIMH.

Sueiiku C1, C2 yka3pIBalOT HaM Ha KOJIMUYECTBO IIPOU3BEACHHON NPOAYKLIUU.

B sueiike Bl 3anmcano 1-oe orpanmdenue, xapakrepusymoluee pacxol cbipbs C; Ha
IIPOU3BOJCTBO BCEX BUAOB Npoaykuuu. Ilpu aTom nomyumiicsa pesynaptaTr paBHblid 300, pazHuna
paBHa 0, 4TO yKa3bpIBaeT Ha IOJHBIA PACXOJ CHIPBS JAHHOTO BUAA.

B sueiixe B2 3anucaHo BTOpoe orpaHuuyeHHE, XapakTepusymwolee pacxon celppsi C, Ha
npousBoicTBo npoaykuuu II; u Il,. Pesynerar pasen 150, pasHuna paBHa 0, 4YTO MOJTHOCTBIO
COOTBETCTBYET 3aJaHHOMY OIPaHUYEHHUIO (T.€. chipbe Cr U3PacX0J0BAHO IOJHOCTHIO).

3nauenue sueek Cl, C2 npesbimaror 0, T.€. YCIOBHE HEOTPUUATEIBHOCTH MEPEMEHHBIX
BBIIIOJTHEHO.

Omeem

MaxkcuManbHas IpuObLIbL BO3MOXKHA B pa3mepe 375 equHMuII.

O06bem Beinycka npoaykuuu: 1 — 75 mryk, [T, — 75 mryk.

Coipbe C1 nuC2 u3pacxo0BaHO MOJIHOCTHIO, YCIOBUE HEOTPULIATENbHOCTH BHIIIOJIHEHO.

5. KonTpoJsbHasi padora.
(Bapuantsl 3ananuii npeacrasiaensl B @OC aucHUIUINHBIL)

2.2 JIaGopatopHas padora Ne JIP-6 (2 yaca).
Tema: «llesi0unciieHHOE MPOrPAMMHPOBAHUE)

2.2.1 eas padorbl: WM3yunTh MeTOABI pEIICHHUS 3a7ad  LEIOYUCICHHOTO
IPOrpaMMHUPOBAHUS.

2.2.2 3apayu padoThI:
1. Pa3o0path MocTaHOBKY M MOJIEIb 33/1a4H.
2. HayunThCs pelIeHHIONCIOYMCICHHBIX 3a/1a4.

2.2.3 IlepeyeHb NpuOOPOB, MATEPHUAJIOB, HCIIOJIb3YeMbIX B J1a00paTOPHON padoTe:
1. Kanskynsarop

2. Kommnbrotep

3. Jlocka

2.2.4 Onucanue (xox) padoTsbl:

1. Pa3o0paTh NOCTAHOBKY M MO/eJIb 3a/1a4H.

Llenouucnennoe npocpamMmuposanue - 3TO Pa3HOBUIHOCTH JIMHEMHOTO
MpOrpaMMUPOBAHUs, MOAPA3yMEBAIOIIAsl, YTO HMCKOMBIC 3HAYEHUS JIOJDKHBI OBITH IIEJIBIMU
YHCJIaMU.

[TocTaHOBKA ETOYMCIECHHOMN 3aa4M 3BYUYHT TAKXKeE, KaK U MOCTAHOBKA OCHOBHOM 3aJa4u
JMHEHHOro NPOrpaMMHUpPOBaHUs U JOOABISAETCS TOJIbKO OJHO YCIOBUE — LIETOYUCIEHHOCTBX;.

[Iycte HEKOTOpOE TMpEaNpUsATHE HMEET 7 BHJIOB NIPOU3BOJICTBEHHBIX PECYPCOB.
[TopsinkoBeiii HOMEp pecypcoB — i, T.e. i=1,2,...,m. Hamuuue kaxaoro BUIa PECypCOB
U3BECTHO M 0003Hauaercs b;. IIpeanonoxum, 4To NpeanpUsTHE MOXKET MPOU3BOAUTH M BUJIIOB
nponykuuu. [lopsakoBeiii HOMEp TPOAyKIMU — j, T.e. j =1, 2, ..., n. HeoO6xonumo onpenennuTsb
KaKo€ KOJIMYECTBO €JMHUI] IIPOJYKIUHU KaKJJ0r0 BUIA HAJ0 NPOU3BOANTH (X;), 4YTOOBI NOTYYHThH
MaKCUMYM 3TOM MPOAYKIMU B CTOMMOCTHOM BBIPaXEHUH, €CJIM H3BECTHO, YTO 3aTpaThl Ha
NPOM3BOJCTBO €IMHMIBLI IPOAYKIMH KaXIOro BUAA pecypca paBHBl @; €IWHMI, a IeHa
peanusanuy — ¢;. EQMHMLBI TPOU3BOAMMOM NPOIYKIHHU JOJKHBEI IPUHUMATh 11€JIbIe 3HAYECHUS.
Torna monens 3a1auu Oy€T BBITISAACTh CIEAYIOIIUM 00pa3oMm:



I) Z=cx;+cpxp + ... + cpxp,—>max.
I) anx; +apx+ ... +ax,<by,
ayixy + axpxy + ... + ayx,<by,
amiX1 T amxy + ..ot QX <by,.
II) x; > 0 u x;/— nensle, j =1, 2, ..., n.
MeToapl  pemieHHMs  3aga4  JIMHEHHOTO
[EJIOYMCICHHOCTH PEIICHUSI.

MPOrpaMMHUPOBAHUA  HE  TapaHTHPYIOT

2. HayuyuThbcsl pelieHHIO HeJIOYMCIeHHBIX 3a1a4.
[TpenmnonoxumM, 4YTO Ha KaKOM-TO LIare Mbl MHOJYYMJIM TaOJUIy C ONTUMAJIbHBIM
BapHaHTOM pelleHUs 3a1a4u (Tabuuna 1).

Tabmuna 1 — OnTuManpHBI BapuaHT JJs UCXOJHOM 3amgaun 0e3 OrpaHuyeHus o
LIETOYUCIIEHHOCTH
=X Vi =Xy, CB0OOHBIE YJIEHBI
X2 at’ a' ai, by’
) az’ a' azn by’
Ym aml, aAm2 amn’ m,
Z ¢’ ' ¢ Q b0, ¢20.

[TpeanonokuM, 4YTo B MOTYYEHHOM ONTUMAJIbHOM BapUaHTE CPEIH INEPEMEHHBIX X; €CThb
npobHoe 3HadueHue. CocTaBUM JOTMOJHUTEIBHOE OTPAHUYEHUE IO IEIOYUCICHHOCTH JTOU
TIEPEMEHHOM.

OO6o3HayuM yepes [3; LeNoe YuCIilo, He MPEBOCXOAAIME KOIPOHUUNEHTE U CBOOOIHBIN
4JIEH B CTPOKE, B KOTOPOH HAXOAUTCS NEPEMEHHAs X; C APOOHBIM 3HAUEHHUEM.

Jns xaxporo kodgduuueHta U cBOOOJHOIO 4IE€HAa COCTABMM DPAa3HOCTh O = a; — Py
(ecim camo a;; nenoe, 1o B = a; u o; =0).

OueBuaHO, 4TO BCE 3HaYeHUA 0, > 0.

BosbmeM o;; B kauecTBe K03 (GHULHUEHTOB HOBOT'O JONOIHUTEIBHOTO OrPaHUUYECHHUS:

o1X1 + oy .. Oy = 0

3anuiiem 3TO JTOMOJHUTEIbHOE OrpaHUYCHHE B BUJE PABEHCTBA BBES JAOMOIHUTEIBHYIO
nepeMeHHyto s; > 0:

S; = 0j1X1 T Opxy + ...+ X, — o

Jlanee cocraBisieTcs pacUIMpeHHasi CUMILIEKC-Ta0uIla, T.€. B TaOIHIly ¢ ONTUMAJIbHBIM
BapHAHTOM BBOJIUTCS JONOJHUTENbHAs CTPOKA, B KOTOPOW 3amuChIBAaeTCs IOMOJHUTEIHHOE
orpannyeHue (Tabmauna 2), mociie Yero BEIYUCICHHS TPOJOJIKAIOTCS.

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

X1 V1 =Xy CB0OOHBIE YTIEHEI
’ 1 ! ’
X2 an ap an by
»2 a’ ax' axy' by’




Ym aml am? Amn bm’
Si — 0y —0p — Qip -
Z cl’ e’ ' 0

Hanee

3aJ/lada pemacTcAa

CHUMIIIICKC-MCTOA0OM

HO U3 NOCTAHOBKH 3a/1a4d 3TO CJIOKHO YBUACTH 3apaHCC.

3agaua 1

L [leneBas pyHKIMSA:

Z=4)C1+5)C2+X3

—» max

II. Cucrema orpaHM4YeHUN:

3x1+2x2§ 10
x; +4x, <11
3)(31 +3XQ +x3< 13

III. VYcioBue HEOTPULIATETBHOCTH:

X1, X2, x3 >0
X1, X2, X3 — LIEJBIE
Pewenue:

HCpCXO)II/IM OT CUCTCMbI HCPABCHCTB K CUCTCMC ypaBHeHHﬁ:

i =-3x;—2x, + 10
m=—x1—4x,+11
y3=—3X1 —3xy—x3+13

3anuieM MaTeMaTU4YecKyro MOJIENb B TaOIUYHOU hopme:

C

Tabmuna 1 l
—X1 —X7 —X3 CBoOoaHbIE
YJICHBI

Vi 3 2 0 10
V) 1 (Y] o 11
3 3 1 13
Z —4 -5 -1 0

BapuaHT nonyctumslii, HO He ONITUMaJIbHBINA. BeiOepeM pasperaromuii 3J1eMeHT.

CnenaeM nepByro UTEpaLUIo

Tabnuua 21

X . o CB0OOIHBIC
YJICHBI

Vi els) —-1/2 0 9/2
X it 1/4 0 11/4

HOJYy4eHUEM JIONyCTUMOTO
ONTUMAJIBLHOTO BapuaHTa. B ciayuae He06X0AMMOCTH B TaOIMILY BBOASTCA €LIE OIPAHUYECHHUS.
3ameuanue: npu paboTe C JMHEHHBIMU LIEJIOYUCIEHHBIMM 3aJadaMM ONTHUMM3ALUU
HEoO0X0AMMO HUMETh BBUAY: 1) ycJIOBHE LEIOYMCICHHOCTH pPACHpPOCTPAHSETCs TOJIBKO Ha
OCHOBHBIE IIEPEMEHHBIE Xj, a IOIOJHUTEIbHbIE IEPEMEHHbIE (OCTATOK PECYPCOB) U LeleBast
(GyHKIMS (BBIXOJ NPOAYKLIUH B CTOUMOCTHOM BBIPaXXEHHH) HE 00513aTEIbHO JODKHBI IPUHUMATh
LeNble 3HA4YEeHMs]; 2) YCIOBHE LIEJOUYMCIEHHOCTH MOXET TOJbKO «yXYALIUTb» PE3YJbTaT
peleHus 3a1a4y; 3) CylecTByeT psaj 3a/1a4, KOTopble 0e3 JONMOJHUTEIbHBIX OTPaHUYCHUHN cpasy
SBJISIFOTCS 1IEJIOYMCICHHBIMU UJIM BOBCE HE MOT'YT OBITh PEIIEHBI C YCIOBHEM LIEIOUYNCIEHHOCTH,




V3 9/4 -3/4 1 19/4
Z -11/4 5/4 -1 55/4
CruenaeM BTOPYIO UTEPAIUIO l
Tabnumna 3
. - . CBoOogHbIe
YJIEHBI
X1 2/5 -1/5 0 9/5
X2 -1/10 3/10 0 23/10
V3 —9/10 -3/10 (M) 7/10
Z 11/10 7/10 ~ 187/10
Crenaem TpETbIO UTEPAIUIO l
Tabmuia 4
CBoOoiHBIC
Ed 2 3 YJIEHBI
X1 0,4 -0,2 0 1,8
X -0,1 0,3 0 2,3
X3 -0,9 -0,3 1 0,7
Z 0,2 0,4 1 19,4

[Tonyden nOMyCTUMBII BapUAHT, SIBJSIOLIUNACA ONTHMAIbHBIM.

[TepBbIid OITUMAaNBHBIN BAPUAHT:

Z=194
X1 = 1,8
X2 :2,3
X3 = 0,7

1=0
»=0
y3=0

BapuaHT onTUManbHbIN, HO HE [IETOYUCICHHBIM.

CocTaBUM JIOMOJIHUTENbHBIE OTPAHUYECHHS 0 LIETOYUCICHHOCTHUX 3.
Taxk uncno, He npessimatomiee (—0,9) u mpu 3TomM Hanboee 6JIU3KOE K HEMY U K TOMY K€

uenoe — 310 (—1). ITosromy:
a3 =-0,9—-(-1)=0,1
Jlanee anamoruyHo:
oz =—0,3 — (—1) = 0,7

(X33=1—1=0

O03ce. = 0’7 -0= 0:7

Taxum 06pa30M, MBI TOJIYYWJINA JOIMOJIHUTCIIbHBIC OTrPAHUYCHU A

0,1y, + 0,7y, + 0y3 > 0,7

Toectbs; = 0,1y, + 0,7y, + 0y3 — 0,7
JloGaBuM B TabauIly 4 JOMOJHUTEIBHOE OTPAHUYCHHE §3 U MOJydnM Tadmuity 5. Jlanee

peuiaeM CUMIIJICKC METOIOM.

Tab6ymma 5
CBoOoansie
Ed 2 3 YJICHBI
X 0,4 -0,2 0 1,8
X2 —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.
Tab6ymma 5
- s - CBoOoansie
YJICHBI




X1 3/7 772 0 2
X —1/7 3/7 0 2
X3 6/7 37 1 1
Vs 1/7 ~10/7 0 1
Z 1/7 4/7 1 19

[Tocne npeodpa3oBaHus MOJIy4aeM ONTUMAIIbHBIN 1EI0YNCICHHBIN BapUaHT.
Bropoii onTuManbHbIN BapUaHT:

Z=19

X1:2 y1:0
)C2=2 y2=l
X3:1 y3:0

Z[EUICC paccMOTpuM 3aavuur JJIA 3aKPCIUICHUA HaBblKa PCHICHUA CUMIIJICKCHBIM MCTOAOM
C YUCTOM LCIOYHUCIICHHOCTHU.

3agaua 2

L Heneast pyHkius:

Z=x1+2x, —» max

II.  Cucrema orpaHuyYeHUI:
{le +x, <7

x1+t3x <7

III. VYcioBue HEOTPULIATETBHOCTH:

X1, X2 > 0

X1, X2 — LIeJIbIE

3agaua 3

L Heneast pyHkius:
Z=2x1+x2+x3 —» max

II.  Cucrema orpaHuYeHUI:

X1 +2x+2x3=16

X1 + X2 < 7

3x; +2x3>18

III.  YcnoBue HEOTPULIATEIIBHOCTH:
X1, X2, x3 >0

X1, X2, X3 — LICJIBIC

3agaua 4

L Heneast pyHkius:

Z=110x; +90x, —» max

II.  Cucrema orpaHuUyYEHUI:

3x; +4x, <10

2x1tx, <8

<5

III.  YcnoBue HEOTPULIATEIBHOCTH:
x1, x>0

X1, X2 — OECIIBIC

3amaua 5

L [leneBas pyHKIMA:

Z=x1+2x+3x3 —» max

II. Cucrema orpaHM4YeHUN:
{6x1 +4x, + 3x3 <25



5x1+3x +2x3< 15

III. VYcioBue HEOTPULIATETBHOCTH:
X1, X2, X3 = 0

X1, X2, X3 — LIEJIbIE

3agaua 6

L Heneast pyHkius:

Z=Xx1—X, —% max

II.  Cucrema orpaHUYEHUI:
—2x+x3=1

X1 + 3)62 + X4 = 3

II. VYcioBue HEOTPULIATETBHOCTH:
X1, X2, X3, X4 > 0
X1, X2, X3, X4 — LICJIBIC

OT1BeThI

N2 1-wiii: Z=21/4, x1 = 7/4, x, = 7/4; 2-o1i: Z= 2, x1 = 1, xp = 2; Ne3 1-w1ii: Z= 18,5, x| =
7, % =0x3=4,5;2-0i1: Z= 17, x1 =6, x, = 1,x3 = 4; Ned 1-pIii: Z—1100/3 x1=10/3, x, = 0; 2-oii:
Z=330,x1 =3, x,=0; Ne5 1-p1ii: Z= 22,5, x1=0,x,=0x3=7,5;2-0i1: Z=21,x, =0, x,=0,x3 =
7; Ne6 1-p1ii: Z= 22,5, x1 =0, x, = 0,x3 = 7,5; 2-0¥i: 1IeJIOYNCIICHHOCTH HET.

2.3 JIabopatopHas padora Ne JIP-7 (2 yaca).
Tema: «/|BOMCTBEHHOCTH B JIMHEHHOM NMPOrPAMMHPOBAHUI

2.3.1 Hear padorbi: M3yunTh METOABI PEHICHUSIBONCTBEHHBIX 3aJau JIMHEHHOTO
IPOrpaMMHUPOBAHUS.

2.3.2 3apayu padoThI:
1. Pa300parh MOCTaHOBKY U MOJEJb ABOWCTBEHHOMH 3aaauu. [loHsATHE NBONCTBEHHOCTH.
2. HayunTbcs pelIeHUIOJBOMCTBEHHBIX 3a/1a4.

2.3.3 Ilepeyenb npudOpPOB, MATEPHUAJTOB, HCIIOJIb3YeMbIX B J1a00paTOPHON padoTe:
1. Kanskynsarop

2. Kommnbrotep

3. Jlocka

2.3.4 Onucanue (xox) padoTsbl:

1. Pa3zo0patb 1OCTAHOBKY H Mojedb /JBOHCTBeHHOH 3agauu. IlonsTme
IBOMCTBEHHOCTH.

Aneopumm cocmagnenus 080UCMBEHHOU 3A0aUU.

1) Tun skcTpeMyma 1eneBoi QyHKINN MEHSIETCS;

2) KaXIOMY OIpaHMYEHHMIO HMCXOJHOW 3aJaud CTAaBUTCS B COOTBETCTBHE IEPEMEHHas
JIBOMCTBEHHOM 3aJ]1a4H;

3) cBOOOAHBIE WIEHBl UCXOAHOM 3a/jaul CTAaHOBATCS KO3(PPUIIMEHTaMU NTPH IEPEMEHHBIX
B 11eJIEBOM ()YHKIIMM JIBOWCTBEHHOM 3a/1a4H;

4) xaxelii cTonber Ko3(pPUIMEHTOB B CUCTEME OTpaHUYCHUN (OPMHUPYET OTpaHUYCHUE
JBOMCTBEHHOM 3aJjau, IPU STOM TUI HEPABEHCTBA MEHAETCS; KOAPPUIIUEHTHI IPU MEPEMEHHBIX
B 11€JI€BOM (QPYHKIIMU MCXOJHOM 3a7aul CTAHOBSTCS CBOOOJHBIMU UJIEHAMU B COOTBETCTBYIOIIMX
HEpaBEHCTBAX JBONCTBEHHOM 3a/1au.

PaccMOTpUM KOHKPETHBIN IPUMED IMOCTPOCHHUSI IBOMCTBEHHOM MOJEIIHN:



nucxoaHas 3ajgayda: I[BOIZCTBCHHaSI 3ajJgayda:

) Z = 6x;+ 4x,—>max. I) F=8u; + 6u,—>min.

1)2x;+4x, <8, D) 2u; + 2uy > 6,
2x1+x < 6. du; +up, > 4.

[x; >0, x, > 0. 1) u; >0, up > 0.

Cnenyer OTMETUTB, YTO:

- MaTeMaTH4eCKHUEe MOJENIH Maphbl IBOMCTBEHHBIX 3a/1a4 MOTYT ObITh CHUMMETPUYHBIMU U
HECUMMETPUYHbIMU. B HECHMMMETpPUYHBIX JBOWCTBEHHBIX 3a/layaXx CHUCTeMa OTrpaHUYCHHI
MCXOJHOM 3aJlauu 3a/1a€TCS B BHJIE PABEHCTB, a JBOWCTBEHHOW — B BHUJIE HEPABEHCTB, IPUYEM B
MOCJICTHEW MMePEMEHHBIE MOTYT OBITh M OTPUIIATEIBHBIMU. B CHMMETpHUUYHBIX 3aja4ax CHCTEMa
OTPaHUYECHUIN KaK UCXOOHOM, TaK U JIBOMCTBEHHOM 3aJa4M 3a1a€TCS HEPABEHCTBAMHM, IPUYEM HA
JIBOMCTBEHHBIC TIEPEMEHHBIEC HAJaraeTcsl yCJIOBUE HEOTPULIATEILHOCTH. Yallle paccMaTpuBaroTCs
CHUMMETPUYHBIE B3aUMOJBONMCTBEHHbIC 3a1a4H;

- KaXxaas U3 3a/1a4 JBOMCTBEHHOH Napbl (POPMaIBHO SBIISICTCS CAMOCTOATEIILHOMN 3a1a4ueit
JUHEHHOTO MPOTrPaMMHUPOBAHUS M MOKET PEIIATHCS HE3aBUCUMO OT Apyrou. OaHako,
MCIOJb30BaHUE CUMILJIEKCHOTO METO/1a pELISHUs] OJTHOM U3 IBOMCTBEHHBIX 3a/1a4 JIBOMCTBEHHOU
napbl aBTOMAaTUYECKH MPUBOIUT K PEIICHUIO Apyroii 3aaaun. HarnsinueiM 060cHOBaHHEM
JTAHHOTO TTOJIOKEHUSI MOXKET CIYKUTh BO3MOKHOCTh MCIIOJIb30BAaHUS JBOMCTBEHHON CUMILIEKC-
TaOJIHIIBI 11 OTBICKAHMSI HCKOMBIX 3HAUYEHUM LIENEBbIX (PYHKIUH.

2. HayuyuThbcsl pelieHHIO ABOMCTBEHHBIX 3a/1a4.

3agaua 1

JUist mpsAMOM 3a1a4u TOCTPOMTE ABOMCTBEHHYIO €1, U HAUAUTE ONTHUMAJIBHBIE PEIICHUS
ITHUX 3a]a4.

L Heneast pyHkius:

Z=4x; +2x, + 3x3 —  » min

II.  Cucrema orpaHuYeHUI:

Adx1 +3xy—x3>4

Sx1+x+2x3>6

III. YcioBue HEOTPULIATETBHOCTH:

X1, X2, X3 > 0

Pewenue
JIBOoWICTBEHHAs 3a7adya UMEET BUI:
L Heneast pyHkius:
F=4u +6u; —— max;
II.  Cucrema orpaHUYEHUI:
dy; +S5u, <4
B3up+tu <2
—u +2uy <3
II. YcnoBue HEOTPULIATEIBHOCTH:
uy, up > 0.

HepeXO,Z[I/IM OT CUCTCMBI HEPABCHCTB K CUCTEME ypaBHeHHﬁi
V1 =—4u1 —5u2+4

Vo=-3u;—uy+2

V3 =Uu— 2142 +3

Pemas ee Ha OCHOBE COCTaBJIEHUS CUMILIECKC-TA0JINI] HMEEM:

Tabnuna ll Tabmuma 2



i | » Z i X1 VA
Cobox- CBo0Oon-
—u | —uy HbIE —u | =N
HBIE YJIECHBI
YJIEHBI
X1 V1 4 5 4 » us 4/5 1/5 4/5
X2 V2 3 1 2 X2 V2 11/5 -1/5 6/5
X3 V3 -1 2 3 X3 V3 -13/5 -2/5 7/5
Coobor- | 4| g 0 CBO0OA- | | s | g5 | 245
HBIE YICHBI HbIE YJIEHBI

[TonydeH HOMYCTUMBII BapUAHT, SIBISIOUIUNACA ONTUMAIbHBIM JJIS1 IBOMCTBEHHOM
3aJIa4u:
F (u)=24/5

Ll1:0 V1:0
Il2=4/5 V2=6/5
V3="1/5

Ha ocHoBaHuM COOTBETCTBUS MEXKIY MEPEMEHHBIMU 3aMHUIIEM ONTUMAIBHOE PEIICHUE
HCXOIHOM 3aJa4H:

7 (x) = 24/5
X1:6/5 y1:4/5
{)on {y2=0
X3:0

3amemum, umo 015 peutenusi UCXOOHOU 3A0a4U CUMNIIEKC-MemMOOOM nompeb08anocs Ovl
BLINOIHUMDb He MeHee 08yX umepayuil. Pewenue dice 080ticmeeHHO 3a0a4u HAlOEHO 3d OOHY
umepayuro.

[Tpu penieHUn ABOMCTBEHHBIX 3a/1a4 MOTYT BCTPETUTHCS CICAYIONINE CITydau:

a) 00e 3a/1auM pa3pelrMbl;

0) o0JylacT TOMYCTUMBIX pelIeHU 00€eHX 3a/1a4 MyCThIE;

B) OJIHA 33/1a4a UMEET HEOTPAaHNYCHHYIO 00JIACTh JOMYCTHMBIX PEIICHUN, BTOpas —
YCTYIO.

3agaua 2
Jlist npsAMOM 3a1a4u TOCTPOMTE ABOMCTBEHHYIO €1, U HAUAUTE ONTHUMAJIBHBIE PEIIEHUS
ITHUX 3a]a4.
L Heneast pyHkius:
Z = 6x; +4x, — » max
II.  Cucrema orpaHuyYeHUI:
x1 +4x; <8
{gxl +x,<6

III. YcioBue HEOTPULIATETBHOCTH:

X1, %2 >0
Pewenue
JIBoiicTBEeHHas 3a71a4a UMEET BU/I:
L [leneBas pyHKIMA:
F=8u;+6u, —» min
II. Cucrema orpaHM4YeHUN:
2u1 +2u, > 6
J£4ul tu, >4
III. YcnoBue HEOTPULIATEIBHOCTH:
uy, up > 0.

I'paduueckoe perieHne HCXOAHOM 3a7jaun IPUBEIEHO Ha pUC.], a IBOMCTBEHHOMN — Ha
puc.2. MakcumanbHOe 3HaueHue QyHKIUKM Z = 56/3 UCXOIHOM 3a7]a4M IOCTUTACTCS B TOUKE X =




(8/3;2/3), T.e. mpu x; =8/3 u x,=2/3. MunumanpHoe 3HaueHue GyHKuuu F=56/3 n1BOMCTBEHHOI
3amaum gocruraercs B Touke U = (1/3;8/3), T.e. nmpu u1=1/3 u u,=8/3.

A Puc.1

]
A

X1

\
F min\
\

I{a.nee PacCMOTPUM 3aJlavi JJId 3aKPCIJICHUA HaBbIKa IMOCTPOCHUA )IBOﬁCTBCHHI)IX UM H
peUICHUA UX CUMIIJICKCHBIM U Fpa(queCKHM METOJ0M.

3amaua 3



JUist npsAMOM 3a1a4u MOCTPOMTE ABOMCTBEHHYIO €1, U HAUAUTE ONTUMAJIBHBIE PEIICHUS
9THX 3a4a4 rpaduuecKuM METOOM.

L Heneast pyHkius:

Z=6x;+3x, —» min

II.  Cucrema orpaHuyYeHUI:

3x1—x,>3

“2x1 +x, <2

III. YcioBue HEOTPULIATETBHOCTH:

X, x>0

3amaua 4
Jnsa mpsiMoii 3a1au TOCTPOUTE ABOMCTBEHHYIO €1, U HAWJIUTE ONTUMAJIbHBIE PEIIEHUS
3THUX 3a]a4 JOBIM CIIOCOOOM.
L [leneBas pyHKIUA:
Z=6x1t2x; —p» max
II. Cucrema orpaHM4YeHUN:
—x1+3x, <3
{xl —3x,<-6
III.  YcnoBue HEOTPULIATEIIBHOCTH:
X1, x>0

3agaua 5

JList mpsAMOM 3a1a4u TOCTPOMTE ABOMCTBEHHYIO €1, U HAUAUTE ONTHUMAJIBHBIE PEIICHUS
9THUX 3a/1a4 JI0OBIM CIIOCOOOM.

L Heneast pyHkius:

Z=4x, +2x, —» max

II.  Cucrema orpaHuMyYeHUI:

X1 +x<6

X1 < 3

2x1 +x,<10

III.  YcnoBue HEOTPULIATEIIBHOCTH:

X1, x>0

3agaua 6

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

L Heneast pyHkius:

Z=5x1—8, —» min

II.  Cucrema orpaHMYEHUI:

2x1+tx <5

x1—x3>1

x1+3x, <10

III.  YcnoBue HEOTPULIATEIIBHOCTH:

x1, x>0

3agaua 7

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

L Heneast pyHkius:

Z=5x;+6x, —» max

II.  Cucrema orpaHuyYeHUI:

Sx1+9x, <45



3x1 +3x2 <19

2x1 +x, <10

III. YcnoBue HEOTPULIATEIBHOCTH:
x1, x>0

OTBeThI

Ne3 nerpemenusi; Ned nerpemenust; NeS Z. =18, x1=3,x=3,y1=0,1, =0, y3 = 1;
Fmin: 18, u = 2, us :2, Uus = 0, V1 = 0, Vz = 0; Ne6 me=2,x1 :2,X2 :Z,yl = O,yz = 0,y3 = 5;
Fmax= 2, uy = 1, Uy = 7, us = 0, Vl = 0, Vz = 0; N97ZmaX= 35,X1 = 3,)(32 = 10/3,)/1 = 0,y2 = 0,y3 =
2/3; Fmin = 35, u = 1/4, Uy = 5/4, Uus = 0, V1 = 0, Vz =0.

2.4 JlaGopaTropHas padora Ne JIP-8, JIP-9, JIP-10, JIP-11 (8 uacos).
Tema: «MeToabl pelieHUs 32124 JJUHEHHOT0 MPOrPAMMHUPOBAHUS TPAHCIIOPTHOTO TUIIA)

2.4.1 Heanb padotbl: M3yunTh MeTOABI pellIEHUA3a]au JIMHEHHOTO MPOrpaMMHUPOBAHHUS
TPAHCIIOPTHOI'O THIA

2.4.2 3agauu padoThI:

1. ITucemenHsbI# ompoc.

2. 3yuuTh NOCTAaHOBKY M MOJIE/Ib TPAHCIIOPTHOM 3aJjauu.

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

4. HayunTbcs pelueHUIOTpaHCIIOPTHBIX 3a1au B MSExcel.

5. Pa300parh 3KOHOMHUYECKYIO HHTEPIPETALMIO PE3YIbTATOB PEILICHHs 3a/1ay.
6. KonTponbHas pabora

2.4.3 Ilepeyenn npuOOpPoOB, MATEPHAJIOB, HCIIOJIb3YeMbIX B J1Aa00paTOpPHON padore:
1. Kanbkynstop

2. Komnerotep

3. Jlocka

2.4.4 Onucanue (xox) padorTpl:

1. [IncbMeHHBII OnpocC.

Konrpons mnpoBoguTcs B NHCEMEHHOM BHUAEC B (opMe KOJUIOKBUYyMa. B Bapmante
IPEyCMOTPEHO [IBa BOIPOCA, KOTOPbIE I'PYNIHUPYIOTCS B CIyYailHOM IOpSAKE W3 MEepeuHs
KOHTPOJIbHBIX BOIIPOCOB MYHKTOB 6./.1.1. n 6.1.2.1. PI1]1.

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

3. HayuuTbcs pemiaTb TPAHCIOPTHYIO 3224y METOA0M IOTEHIIHAJIOB.
Meroa NOTEeHIHANIOB PELICHUs TPAHCIIOPTHON 3a/1a4 JIMHEHHOTO IIPOrPAMMUPOBAHMUS C
HaXO0XJIEHNEM OIIOPHOro Iu1aHa Meto oM CeBepo-3anagHoro yria.

3agaua 1
CocTaBuTh IJIaH NEPEBO3KU KapTogens u3 3 COBXO30B 3 Mara3MHaMm Tak, 4YTOOBI
CyMMa pacCTOSHUN Ha NepeBo3Ky Oblna MUHMManbHOH. Hamumume kaprtodens (B TOHHaX),



HOTPEOHOCTh Mara3uHOB U PAacCTOSIHUE OT COBXO3a J0 MarasuHa (B KMJIOMETpax) NPUBEIACHbI

B TaOnure 1.
Tabauma 1
Marasun
CoBx03 1 > 3 3amacel
1 2 8 7 300
2 6 9 3 360
3 > 2 ! 180
840
[MoTpebnoctu 210 450 310 970

Hano: b; — Hanuuue rpy3a y i-ro nocrasmuka (i= 1, 2, 3)
a; — NOTPEeOHOCTS j-ro norpedburend (j= 1, 2, 3, 4)
B03MOXKHOCTH MOCTaBIIMKOB:

3
> b, = 840
i=1

Bo3moskHOocTH ToTpeduTenei:
3

Za}. =970

3 3 3 3
Ya, 22 | 24-2h | - 130
j j J=1 i=1

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

X11 X12 X13
X= | x2 X2 X23

X31 X32 X33

X41 X42 X4

X;; — KOJINYECTBO IPy3a, IEPEBO3UMOr0 OT i-I'0 MOCTABIIHKA K j-MYy IOTPEOUTENIO.

4 3
Z= E Ecl.jxl.j —>min

i=l j=1

4 3
DX, =4, (=1,2,3) 2% =b=1,2,3,4)
i=1 =
VcioBue BbIBO3A:
X11 +X12 +X13 =300
X21 + X202 + x23 = 360
x31 +x3 +x33 =180
Xa1 X0+ x43 =130
VcnoBue yIoBIETBOPEHUS TIOTPEOHOCTEM:
X1+ x21 +x31 T x41 =210
X12 T X22 T x32 + x40 = 450
X13 +x23 T x33 T x43 = 310
Z =2x11 +8x12 + Tx13 + 6x21 + Ox20 + 3x23 + S5x31 + 2x32 + 1x33 + 10x14 + 10x;5 + 10x54 — min
[Tonydaem ucxonHblii Bapuant MetogoM CeBepo-3anaqHoro yria.
Tabmauma 2

CoBx03 Marasun 3amacel




1 2 3
2 8 7
1 300
210 90
6 - 9 + 3
2 P PR 360
350 : 0
5 2 11
3 | I 180
ats 1180
L2l
10 + 10 - 10
4dp 130
a=06 130
970
[TorpeOHOCTH 210 450 310
970

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

HccnenoBanne Ha BBIPOXKICHHOCTh. BapuaHT OyJeT HEBBIPOXKICHHBIM, €CITH YHCIIO
3aIOJIHCHHBIX KJIETOK /N paBHO CyMME IMOCTABIIMKOB M MOTPEOUTENCH 32 BHIUETOM CAUHUIIBI: N
=m+n-—1.

N=5
nt+m—1=3+3-1=6,
T.e. N<m + n — 1 — BapuaHT BBIPOXKJICHHBIH, CIIEOBATEIBHO, €ro HEOOXOJUMO

MOTOJIHUTh, TPOCTAaBUB B  HEIOCTAIONIEM YHCIE KIETOK HOJb. [lOCKOIBKY ATHUM
JOTIOTHUTEIBHBIM KJIETKaM OyayT OTBeYaTh HYJEBBIE MEPEeBO3KH, TO OOMMi OanaHc u
CyMMapHasi CTOMMOCTh TI€PEBO30K ILJIaHA MpPH ATOM He Hu3MeHHTCS. OpHaKo TPOBOIUTH
MOTIOJTHCHHE TIJIaHa, BEIOMpAsi KIETKUA MPOU3BOJIBHO, HENb3s. HeoOX0aMMO yuUTHIBATh YCIOBUE
ALMKJIMYHOCTH.
[TocTaBuM HOMB B KIETKY (2,3).
Hccnenyem Ha ONTUMAIBHOCTB, JJIS ATOTO:
1) CocTaBum cucteMy ypaBHEHHI OTHOCHTEIHHO MOTCHIIMAIOB IS 3aII0THECHHBIX
KJIETOK TaOJIMIBI: YCIIOBHE: Vi—U;=Cj.
st kinetku (1,1) vi—uy=c1 =2
utst kiaeTku (1,2) vo —up =c¢jp =8
TUIST KITETKHY (2,2) Vo —Up =20 =9
TSt KIeTku (2,3) v3 —up = cp3 =3
11t Kietkd (3,3) vi—uz=c33=1
utst KieTku (4,3) v3 — ug = c43 = 10
Kak npaBuno u; = 0, Torna nosyyaem:

vi=2 u =—1
V2=8 u3=l
V3:2 u4=—8.

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

11t kietku (1,3) V3—up=ci3

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

2-(-1)<6 BEPHO
11t kietku (3,1) Vi — U3 < 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-(-8)<10 BEPHO
111 KITeTKu (4,2) Vo —uUg < Cap

8—(-8)<10 HEBEPHO oq =6

[Monyuaem: a3, = 35; a4 = 6.

CylIecTBYIOT IJIOXUE KJIETKH, CIIE0BaTeIbHO, BAPUAHT MPEJICTaBICHHbIN B Tabnume 1
HE ONTUMalbHBIA. [l yayulleHus IjaHa TIEpeBO30K B TaOMUIE CTPOMUTCS LIUKI
nepepacnpezeneHust 00beKToB nepeBo3ok. Lukn npencrapiser co6oi 3aMKHYTYIO JIOMaHYIO
JUHUIO, KOTOpas HayMHAeTCs B TOM CBOOOJHOW KIIETKE, II€ YCIOBHE ONTHUMAJIBHOCTU
HapylaeTrcs HaubOosiee CWiIbHO. B paccMmarpuBaeMoM INpHMepe TakoM KIETKOW sBIseTcs
Kietka (4,2), rue o HaubombIee (o4 = 6).

[Ipy nocTpoeHuM IUKIa MOXHO IPOXOAMTh KaK dYepe3 3aHsTble, TaKk M 4Yepe3
CBOOOHBIE KJIETKU TAOJMUIbl, HO IOBOPOTHI MOXHO JI€aTh TOJIBKO B 3aHATBHIX KJIETKaX IOJ
npsAMbIM yriioM. [locTpouM mo yka3aHHBIM IpaBuUiaM LMKJI B Tabnuue 2. JIaHHBIM IMKI
MOKA3bIBAET, YTO JUIS YIYUIIEHHUs IJIaHA IIEPEBO30K, T.€. JUIsl YMEHBLIEHUsI 00I1eH CTOMMOCTH
IIEPEeBO30K, HEOOXOIUMO HM3MEHMTh O0BEM IE€pPEeBO30K B TeX KJIETKaX, I/le HaxoIsaTcs
BEpPILUHBI (YIJbl HIOBOPOTA) IIUKJIA.

[Topsinok u3MeHeHHst O0BEMOB IEPEBO30K B BEpIIMHAX I[MKJIA ONPEAEsIeTcs
cienylomuM obpa3oM. B BepliMHax LMKIIA pacCTaBISIIOTCS 3HAKU «+» U «—», IpUYEM B
Hauajle [IMKJIa CTAaBUTCS 3HAK «1+», B CIEAYIOIIEH «—», B ClIeaylollei 3a Hell BepliuHe «+» U
T.1. To ecTp, momydaeM uepeOBaHUE 3HAKOB «+» M «—». HampaBieHue ABMKEHUS IPH
paccTaHOBKE 3HAKOB OT CBOOOIHOM KJIETKH 0€3pa3IMyHO, TaK KaK KOJUYECTBO BEPIIUH LIUKIIA
SABIISICTCS YETHOM BeNMMYMHOM. Hannume 3HaKka «+» B BepIIMHE [IUKJIA TOKA3bIBAET, YTO 00BEM
IIEPEeBO30K HEOOXOJMMO YBEIUYUTh. YBEIMYEHHE M YMEHbLICHHE OOBEMOB IEPEBO30K B
BEpILMHAX LMKJIA MPOU3BOJUTCSA HA OJMHAKOBYIO BEIMUYMHY, KOTOpas BBIOMpAETCS paBHOMN
HalMEHbIIEMY U3 00bEMOB IIEPEBO30K B TEX KJIETKAX, 1€ B BEPLIMHE LUK/ CTOUT 3HAK «—».

B wurore mnomyyaem HOBbIM BapuaHT B Tabmuue 3. Crenyromue Iiaru IOHUCKa
ONTUMAJILHOTO BapUaHTa COBEPILAIOTCS 110 aHAJIOIMH BbIILIEU3I0KEHHOTO.

Tabaunma 3
Marazun
CoBxo03 3amnacel
1 2 3
2 8 7
1 300
210 90
6 - 9 + 3
2 N D 360
250 : 130
5 e S RN
3 180
o=35 180
10 10 10
4 130
130
970
[TorpeOHOCTH 210 450 310
970
Zpaer =2210+8:90+9-230 +3-130 + 1-180 =420 + 720 + 2070 +390 + 180 = 3780

Uccnenosanue Ha BBIpOKIAEHHOCTB.N =6n+m—1=3+3 - 1=6,
T.e. N =m + n— | — BapuaHT HEBBIPOKICHHBIN.
Uccnenyem Ha oNTUMaNbHOCTb, JIS 3TOTO:



1) CocraBuMm cucTeMy ypaBHEHUH OTHOCHTEIHHO MOTEHIMATIOB JUIS 3allOJTHEHHBIX
KJIETOK TaOJIMIBI: YCIIOBHE: Vi—U;=Cj.

st kietku (1,1) vi—uy=c1 =2

utst KiaeTku (1,2) vo —up =c¢jp =8

TUIST KITETKH (2,2) Vo —p =20 =9

TSt KIeTKU (2,3) v3 —up = cp3 =3

11t Kietkd (3,3) vi—uz=c33=1

TSt KIeTKU (4,2) vo — ug = c42 = 10

Kak npaBuno u; = 0, Torna nosyyaem:

vi=2 u =—1
V2=8 u3=l
V3:2 u4=—2.

2) C noMonibr0 HalIEHHBIX IOTEHIMAJI0B IPOBEPHM BBIITOJHEHUE HEPABEHCTBA V; — U,
< ¢ 1J11 CBOOOJIHBIX KJIETOK U BBIYUCIIUM

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

st kietku (1,3) V3i—up=ci3

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

2-(-1)<6 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
115 Kitetku (4,1) Vi —ug < caq

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

8—(-2)<10 BEPHO

[Tonyuaem: o3, = 5.

Cyl1ecTBYIOT IUIOXHE KJIETKH, CIeI0BaTeNIbHO, BAPUAHT IPEICTaBICHHbIN B Ta0nuie 1
HE ONTUMANbHBIA. Jl7s yiIydlieHus IUlaHa TIEPEeBO30K B TaONUIE CTPOUTCS ITUKII
nepepacnpezenenns 00beKToB epeBo3ok. L{uki nmpeacTasiser HaYMHAEeTCs B TOM CBOOOIHOM
KJIETKe, TJe yCIOBHE ONTHMAIBHOCTH Hapyliaercs: Hauboisiee ciibHO. B paccmaTpuBaeMoMm
pUMepe TaKOH KJIETKOM sABJsieTcs KieTka (3,2), rae o Hanboubiee (a3, = 5).

B wurtore mnonydaem HOBBIM BapuaHT B Tabuuue 4. Crnenyroomiue IIard IMOUCKA
ONTUMAJIBFHOTO BApUAHTa COBEPILIAIOTCS MO aHAJIOTHH BBILICH3I0KEHHOTO.

Tabauia 4
Marazun
CoBx03 1 > 3 3amacel
2 8 7
I 210 90 300
6 9 3
2 50 310 360
5 2 1
3 130 180
10 10 10
4 130 130
Totpe6HocTH 210 450 310 o0 970
Zpaxr =2210+8-90+9-50 +3-310 + 2-130 =420 + 720 + 450 +910 + 360 = 2860

HccnenoBanue Ha BBIPOXKJICHHOCTD.

N=6,n+m-1=3+3-1=6,




T.e. N =m + n— | — BapuaHT HEBBIPOKICHHBIN.
Hccnenyem Ha oNTUMAIBHOCTB, JJIS ATOTO:
1) CocTaBum cucteMy ypaBHEHHI OTHOCHTEIHHO MOTCHIIMAIOB IS 3aII0THCHHBIX
KJIETOK TaOJIMIBI: YCIIOBHE: Vi—U;=Cj.

st kietku (1,1) vi—uy=c1 =2

utst kieTku (1,2) vo —up =c¢jp =8

TUIST KITETKH (2,2) Vo —p =20 =9

TSt KIeTKU (2,3) v3 —up = cp3 =3

1015t KIeTku (3,2) vo —uz =c3p =2

TSt KIeTKU (4,2) vo — ug = c4p = 10

Kak npaBuno u; = 0, Torna nosyyaem:

vi=2 u =—1
V2=8 u3=6
V3:7 u4=—2.

2) C noMoIbI0 HaliICHHBIX TIOTEHIIMAJIOB IIPOBEPUM BBINIOJIHEHHE HEPABEHCTBA V) — U
< ¢ 1J11 CBOOOJIHBIX KJIETOK U BBIYUCIIUM
o=| (v —u)—cy|
JUTSL TEX U3 HUX, JUISI KOTOPBIX 3TO HEPABEHCTBO HEBBITTOTHSIETCSI.

11t kietku (1,3) V3—up=ci3

7-0<7 BEPHO
11 KiteTku (2,1) Vi — Uy < 0o

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

2-6<5 BEPHO
11t Kietku (3,3) V3 — U3 = €33

7-6<1 BEPHO
115 Kitetku (4,1) Vi —ug < Caq

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

7-(-2)<10 BEPHO
Bapuant ontumaseH.
OTBeT: Zmin = 2860

210 90 0
A= 0 50 31
0 180 O

B pesynbpTaTe MolydeHHOTO pEelIeHUs] MOKHO CIENaTh BBIBOJ, YTO MUHUMAaJIbHAs CyMMa
paccTosiHuM Ha nepeBo3Ky Oyner paBHa 2860 kM, ecnu 1-bIil coBX03 nepeBe3eT 1-my u 2-my
Mara3uHam cooTBeTcTBeHHO 210 T m 90 1 kaprodens, 2-oi coBxo3 2-My U 3-My Mara3uHam
nepese3eT coorBercTBeHHO 50 T u 310 T kaprodens, a 3-uit coBxo3 2-my marasuHy — 180 T
kaprodens. [Ipudem u3 2-my maraszuny Hepomnoctasar 130 T kaprodens.

Jlanee paccMOTpUM 3aJjauu Ui 3aKpETJICHUs] HaBbIKA PELLIEHUS TPAHCIIOPTHBIX 3ajau.

3agaua 2

Halitn onTuManpHOE pemeHue 3a1a4u:

by =100 a; =140 3 5 2
b2 =150 ar = 170 4 7 8
b3 =130 as =230 C= 6 3 2
by =200 8 9 3
bs =180 4 2 8
PemmTeHa max.

3agaua 3

Haiitn onTuManpHOE pemeHue 3a1a4u:
by =1500 a; =800 13 12 15 16



b, =1000 a, =1200 Cc=
b3 =2000 az = 1400

ag = 1100
PemutpHamin.
3agaua 4
Hailitn onTuManpHOE pemeHue 3a1aqu:
bl =6 ay = 4
b2 =8 ar = 6 C=
b3 =10 az = 8

ag = 8
PemutpHamin.
3agaua 5
Haiitn onTuManpHOE pemeHue 3a1a4u:
bl =200 ay = 150
b, =180 a, =130 Cc=
b3 =190 az = 150

ag = 140
PemuthrHa max.
3agaua 6
Haiitn onTuManpHOE pemeHue 3a1a4u:
bl =500 ay = 150
b, =300 a; =350
b; =100 az =200

ag = 100

as =100
PemmTeHamin.
3amaua 7

Haiitu ontumansHOE PCUICHUC 3a1a1Nn:

bl =150 ay = 200

b, =250 a, =100 C=
b3 =50 as = 250

bs=100

PemmTeHamin.

3amaua 8

Haiitu ontumansHOE PCUICHUC 3a1a4n:

bl =130 ay = 130
bz =55 ay = 75 C=
b3 =80 as = 65
b4 =65 ag = 60
b5 =135 as = 75
ae = 60

PemmTs Ha min.
OTBeTHI

0 0 0

0 0 150
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Ne2A = 110 0 0 Z=4270
30 170 0

0 0 80
300 1200 0 0
Ne3 A = 0 0 0 1000 7= 58600
500 0 1400 100
(0 0 6 0
Ned A = 2 6 0 0 7=178
2 0 0 8
G
(70 130 0 0
NS A = 0 0 150 30 7=4500
80 0 0 110
(50 250 0 100 100
N6 A = 0 100 200 0 0 7=2300
100 0 0 0 0
g
150 0 0
N7 A = 50 0 200 7=13100
0 0 50
(L0 100 0
0 50 0 0 20 60
0 0 55 0 0 0
Ne8 A = 55 25 0 0 0 0 7= 1495
0 0 10 0 55 0
75 0 0 60 0 0

4. HayuuTthcsl pelieHHI0O TPaHCHOPTHBIX 3aaa4 B MSExcel.

Jlnda pewenus nanHou 3agauu B Excel HeoOxoaumo:

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

2)moa 3amuch OTpaHUYEHUN — suelku crosidna B (KonudecTBO siUeek COBIANAET ¢
KoJm4yecTBOM orpannueHuii): B1, B2, B3, B4, BS, B6;

3) mox 3amuch UCKOMBIX MEPEMEHHBIX OoTBeCTH siueiku cronbuoB C, D, E (kxomnuectBo
noTpeduTeneil coBmnagaer ¢ KOJIUYECTBOM CTONOIIOB,

KOJIMYECTBO MOCTABIIUKOB — C KOJIMYECTBOM CTPOK).

IIpumeuanue: UCKOMbIE IEPEMEHHBIE X;; OyyT HAXOAUTHCA B CIETYIONIHUX AYEHKaX:

(X11—> Cl1 X12 —™ D1 X13— El

X1 —>C2 x3p—>D2 x3—E2

X31— C3 X31 — D2 X33 — E3)

[Topsinok BhIMONHEHUS PaOOTHI:

1. Bectu B siueiiky Al ¢popmyny neneBoit pyHnkuuu (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
I_‘I_IHJ_”'_X.'?ES;'*‘@_]' //|q' o -E')l\HL-&l# '@a
ol |0 K LUIES S = s S B L= S |
PAHT v X A S1ECIHTDI+23 E1+9° C2 0 D2+ E2+ 24 C3+21°D3+32°E
A | B | ¢ [ D[ E]F |6 | HI[ I [ J]
1 (A5 CIAT D423 E 19 C219 D2+ 8 E 2424 C 3+ 21° D3+ 32°E3
2
3 -
4]

Pucynox 3.1 — Beop nieneBoit pynkiuu B Excel

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

Dain Mpaska 8o Borasxa  dopwar  Cepemc  [Jawdbie  Owdo  Cripasa

BN RERETE NN A VP RN AL AR R TR IN Y | ()
| |0 X E IS = =)oy
PAHT v ¥ £ =C14D14E1

A B | ¢ D |
0[=C1+D1+E]

Pucynox 3.2 — BBog orpannyenuii B Excel

0) Beectu B siueliky B2 neByro yacTh 2-ro OrpaHM4CHHUS:
= C2+D2+E2

B) BBecTu B siuciiky B3 sieByro 4acth 3-ro orpaHuuYeHUs
= C3+D3+E3

r) Beectu B siuelixy B4 neByto yacte 4-ro orpaHudeHUS
= C1+C2+C3

n) Beectu B siueiiky BS neByro yacTe 5-ro orpaHudYeHUS
=DI1+D2+D3

e) Beectu B siueiiky B6 neByro yacth 6-ro orpaHUYCHUS:
= EI+E2+E3

E Microsoft Excel - Kumra

@_] Dain [paeka Bum  Boraeka  Oopuat  Cepemc  OadHeie  Owno Cripaexa
_] _Igt__."r_:|?§1|n“lﬁ_l' z"|"J' "|»_.',_-Z":,
i Ju Gk & u s = =@y g
PAHI v X J £ =C1+C2+C3
A BE ¢ | 0 | e | F | & |oH
0 0
) 4
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Pucynox 3.3 — BBog orpannyenuii B Excel

3. Ha manenu nnctpymeHTOB BeIOpaTh omiuio "Cepsuc", a B Heil Bkiaaky "[louck
pemenus”

Ilpumeuanue

Eciu "Ilouck pemenus"

OTCYTCTBYET, HY)KHO BBINOJIHUTH KomaHay "Cepsuc'—
"Hanctpoiiku". B okne nuanora "HancTpolku" HY)KHO yCTaHOBHUTH (DJIAXKOK HAIPOTHB CTPOKHU
"TTouck pemienus’".

4. B oxkne nuanora "l[louck pemenus" B mosie BBoja "YCTaHOBUTH IIEJEBYIO STUEHKY"
HY’)KHO BBECTH CChUIKY Ha sueiiky Al. HeoOxomumo BbIOpaTh crmoco0 aapecanuu sS4eek B



abcooTHOM cucteMe koopauHat (T.e. ykaszaTh He Al, a $A$1). Takke HYKHO MOCTyHatrh ¢
JIPYTHUMHU TIEPEMEHHBIMU.

5. B oxne guanora "Ilouck pemieHus" HYKHO yCTaHOBUTb IEPEKIIOYaTENb (PUCYHOK
3.4).

Mokuck peweHma

VCTaHOBUTE LENSEYHD AHeiky: SAS1 BeinonH1TE

SaKpeiTe

HIsMEHSA AHERRET

MNpeanonoxre
Or paHIHEHMA L DapamMeTpbl
ODobasnTe

K3MEHWTE
BoccTaHoOBMTh

Yaanito
Crnpaska

Pucynok 3.4 — PaGora B quanoroBom okue «llouck pemeHus»

6. B nosie BBoja "M3meHsis ssiuelku" HYKHO yKa3aTh CChUIKM Ha SYEHKH, COAEpIKAIlNe
UCKOMBIC TIepeMeHHbIe, T.e. nuana3oH sueek $C$1 : $E$3 (pucynok 3.5).

Mownck peweHHa
YCTaHOBMTE LIENEEYD AYEHKY: SAS1
PaBHoiA: MEKCUMANBHOMY SHAHEHIIO sHaueHuro: |0

U J >
(3) MMHMMEMEHOMY SHAYEHID
scstses3
OrparvEF
I ¥aanuTe
-

Pucynok 3.5 — Ilone BBoJa siueek, 0003HaYaAIOIMIMX UCKOMBIE IEPEMEHHBIE

7. B none BBozxa "OrpanuueHus" npu HakaTUM KHONKU "JloGaBUTH" MOSABISAETCS OKHO
nuaiiora "Jlo6aButh orpannyeHus”. B mone Beoga "Cceblika Ha stueiiky" Boautcs $B$1. B mose
BBoAa "Orpanuuenue" BBoautca = u yucio 900. Ilpu nomouwm xkHonku "JloGaBUTE" TakuM ke
00pa3oM BBOJISATCS BCe OocTajbHbIe orpannueHus (srueriku $B$2:$B$6) (pucynok 3.6).

~ =

JobBaenenmne orpaHMUeHMA

CCBIMKE Ha AYefiKky: OrpaHUdYeHnE:

¢B%1 - 'i:v: 500 %
[ (8,4 ] [ OTMEHE ] [,ﬂ,nﬁasmbl

Pucynok 3.6 — Jluanorosoe okHo «/lo0aBineHue orpaHu4eHus»

8. Jlns BBOAAa oOrpaHMuYEHUN Ha HEOTPULIATEIBHOCTh HCKOMBIX IEPEMEHHBIX B OKHE
nuaiora "J[o6aBuTh orpannueHus" B moJie BBoja "CchulKa Ha SYCHKY" HY)KHO BBECTH CCBUIKY HA
syeiiky $C$1, a B mone BBoja "OrpanuueHus" HyxHO BBecTd >= u umcio 0. [Ipu momormmn
kHonku "J[06aBUTH" TakuMm ke 0O0pa3oM BBOSTCS YCJIOBUS HEOTPULATEIBHOCTH OCTABIIMXCS
UCKOMBIX TepeMeHHbIX. JIn0o Boiaensercs auamnazon siueek $C$1: SES3 u 3anaercst >= u uncno
0. ITocne BBoAa mocneaHero orpanudeHust HaAMuUTe «OK».

Ilpumeuanue

Ecnmu B 3amade umeercs yClIOBUE LEJIOYUCIEHHOCTH HCKOMBIX MEPEMEHHBIX, TO B
IuajgoroBoM okHe «JloOaBneHue orpanuveHuii» B moisie BBoga "Ccblika Ha sSUEHKY" HYXHO



BBECTH CChUIKY Ha stueiiky $C$1, a B mosie BBo/ia 3HaKa OrpaHUYCHUsS HY)KHO BBECTH «1iei». [Ipu
noMomy KHonku "J[o06aBUTR" TakuM ke o00pa3oM BBOIATCA YCIOBHS LEJIOYMCICHHOCTH
OCTaBIIHMXCSI HICKOMBIX TIepeMeHHbIX. JIn0o Boinensercs auana3on sueek $C$1: $ES3 u 3amaercs
«uen». [ocne BBoga nocneanero orpanndeHust Haxmure «OK».

9. Ilocne HaxaTtus kHonku "BrimonHute" Excel paccunThiBaeT pe3ysbTaT U OTKPHIBAET
okHO auanora "Pe3synbrarsl moucka pemenus". B aTom nuanore B okHe "Tum oTdera" HYXHO
BbIOpaTh "Pesynbrarel" u Haxars Ok. [lepen nucrom, rae 3anucaHa NOCTaHOBKA 3ajaydu, Oyner

BcTaBiieH et "OTyer mo pesyiabTaTtaM 1", a Ha 3KkpaHe OyAeT BbAaH pe3yjbTaT pElIeHUs
3a1auu (pucyHok 3.7).
@ Microsoft Excel - Kuural

lzl] ®aiin  Mpaska Bua  Bcraeka Qopmat  Cepeuc  [dadHole  OwkHo  Cnpaska
PN EEHR SISV %A P8 F 4P 00% o ©
: aria O -0 - XK £ U|E 5 % o g8 ) 5 O- A
B7 * b3
A | B | ¢ [ b | E [ F | 6 | H [ 1 | J |
32000 900 650 250 0

300 50 0 750

550 0 550 0

700

800

750

—1

Pucynok 3.7 — Pe3ynpTaThl pelieHus 3agaun

5. Pa3o0paTh 3KOHOMHYECKYI0 HHTEPIPETAIHIO Pe3y1bTATOB PeLIeHHs 3a1a4.
Hnmepnpemayus pe3ynbmamos 3a0avu

[lonyuyenHble 3HaueHUs B dAueilkax, coaepKallux QopMyiabl LEneBOW (QYHKUMH U
OTpaHUYEHUH, SBJSIOTCA PE3yJlbTaTOM pacueTa LelleBOM (QYHKIMH M COOTBETCTBYIOLIUX
OTpPaHUYECHUU.

PesynbTat, nonydeHHslii B siueiike Al, o3Hadaer oOu1yro cyMMy o0beMa rpy30nepeBO30K
B TKM.

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

3naueHus syeek B juanazone $C$1: $E$3 mnokaspiBator kommuectBo rpy3a (B T),
[IEPEeBE3EHHOI0 OT COOTBETCTBYIOIIEIO IOCTABUIMKA, COOTBETCTBYIOIIEMY IOTPEOUTEINIO.
3HaueHusl JAAHHOIO JAMana3oHa npeBblaoT 0, ClIEeIOBATEIbHO YCIOBHUE HEOTPHULATEIbHOCTU
MICKOMBIX TIEPEMEHHBIX BBIIIOJIHEHO.

Omeem. OnruMajbHble IEPEBO3KU TIPY30B IPEAYCMATPUBAIOT IEPEBO3KY OT 1-ro
nocTaBiuka 1-my norpedurento 650 T, ot 1-ro mocrapmuka 2-my norpeduremnto — 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 TIEPEBO30K
coctaBuT 32000 T kM.

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

2.5 JIaGopatopHas padora Ne JIP-12, JIP-13 (4 yaca).
Tema: «bajlaHcoBBIe MOAEIN

2.5.1 Hean padotbl: M3yunts MeTo1bl perieHns10a1aHCoOBbIX MOIETEH

2.5.2 3agauu padoThI:

1. P3306paTL SKOHOMUYECKHMU CMBICII ITOKa3aTele 1 MaTeMaTHYECKUX BaBHCHMOCTCﬁ,
MMPUMCHACMBIX ITPU COCTABJIICHUU CXCMbI OajaHca.



2. Pa3zo6pats pemenue 6anancoBbix mozeneit B MSExcel.
3. HayuuThcs 1aBaTh SKOHOMHUYECKYIO HHTEPIIPETALIUIO PE3YIbTaTOB PEIICHUS 3a/1a4.

2.5.3 Ilepeyenb NpuOOpPOB, MATEPHUAJTOB, HCIIOJIb3YeMbIX B J1a00paTOPHOi padoTe:
1. Kanskynsarop

2. Kommnbrotep

3. Jlocka

2.5.4 Onucanue (xox) padoTsbl:

1. Pa3o0pars JKOHOMHYECKHII CMBICJI TMOKa3aTeJdell W MaTeMATH4eCKHX
3aBHMCHMOCTEi, IPUMeHsIeMbIX IIPH COCTABJICHHH CXeMBbI 0asaHca.

3agaua 1
3aKOHYMTE COCTABJICHUE CXEMbI OTYETHOTO OajlaHCca MO0 UMEIOIIUMCS JTAaHHBIM.
[IpousBonsmue [MoTpebnsromnine Koneunsriit Banosoit
oTpaciau oTpaciu HNPOAYKT V; NpPOaYKT X;
1 2
1 20 30
2 60 10
Y cn0BHO uncCTasd NPOAYKLMA Z; 70
Banooii npoykr X; 100
Pewenue

1) ecmn i = j, ToX;=X/= ecim i =j = 1, ToX;=X; = 100.
2) X=D)x+Y =x, =X, -V, —x,, x, =100 -30-20 = 50.
=

n 2
3) ‘Xj:inj—i_Zj =X, =ZX,~2 +Z,, X, =50+10+70=130,
=l

i=1

2
Z, =X~ Xy, Z =100 (20 + 60) = 20.

i=l

n 2
4 X, =Dx+Y=Y, =X, X, ¥, =130 - (60 +10) = 60.
Jj=l

J=1

[IpousBonsmue [MoTpebnsromnire Koneunsrit Banosoit
oTpaciu oTpaciu MPOAYKT V; MpPOAYKT X;
1 2
1 20 50 30 100
2 60 10 60 130
VY Ci10BHO YncTas NPOAYKLHUS 20 70
Z;
Banosoi npoayktX; 100 130
3agaua 2

3aKOHYNTE COCTABICHHE CXEMBI OTUETHOI'O OanaHca 1o UMCIOIIUMCA JAaHHBIM.




[IpousBopsinne [ToTpebnstomme Kouneunrsrit Banosoi
OTpaciu OTpaciu MPOAYKT MPOJIYKT
1 2
1 176 370
2 222 457
YcnmoBHO uncTas 74 245
MPOTYKIIUS
Banosoii npoaykr
3agaua 3
3aKOHYHTE COCTABJIICHHUE CXEMbI OTUCTHOI'O OalaHca 0 UMCIOIIMMCS JaHHBIM.
[IpousBopsinne [ToTpebnstomme Kouneunrsrii Banosoi
OTpaciu OTpaciu MPOAYKT MPOAYKT
1 2
1 100
2 55 450
YcaoBHO uncTas 215 185
MPOJTYKIUS
BasioBoiil mpoykT 300
3amaua 4
3aKOHYNTE COCTABJICHHE CXEMBI OTUETHOI'O OalaHca M0 UMEIOIIMMCS JaHHBIM.
IIpousBoasniue [Totpebnsaromue KoneuHnsrit Banosoit
oTpaciu OTpaciu MPOAYKT MPOAYKT
1 2 3
1 15 33 50
2 28 27 233 315
3 15 17 121
YcaoBHO uncTas 230 76
MPOJTYKIUS
BasioBoii mpoaykt 172
3agaua 5

3aKOHYHTE COCTABJICHHUE CXEMbBI OTUETHOI'O OaaHca 1o HMCIOIMMCA JaHHBIM.

[IpousBopsinne [ToTpebastomume oTpaciu Kouneunrsrii Banosoi
oTpaciu 1 2 3 MIPOSYKT IIPOSYKT
1 712
2 103 57 1100
3 200 78 35 675 988
YcaoBHO YKnCTas 645 853 700
MPOAYKIUS
BasioBoil mponykt 1015

2. PazoOparsb pemienue 6anancoBbix moaeseit B MSExcel.

3agaua 6

Hcnonp3ys naHHble OanaHca, ONpeaenuTe 00beMbl IPOU3BOJCTBA BaJOBOM MPOIYKIUH,
K03(ppULIMEHTHI NPSAMBIX U MNOJIHBIX MaTepHAIbHBIX 3aTpar.

[IpousBonsmue [ToTpebasromue oTpaciu Koneunsriit
oTpaciu 1 2 MPOAYKT
1 90 100 60
2 50 110 40
Pewenue

1) ompenernsemM 00bEMBI MPOU3BOJICTBA BAJIOBOM NpoayKiuu (X;) mo popmyie:



n
X=>x+Y, i=l..n
j=

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

_ Ty P P
aij —7, 1 —1,...,1’1, ] —1, R (3

J
a11=90:250=0,36; a;p=100:200=0,5;
a21=50 . 250=0,2; ary = 110 : 200=0,55.
3) Paccunraem mMaTpuily OJHBIX MaTepUaIbHBIX 3aTpaT Mo GopMyIie:
B=(E-A4)"
a) Haitnem marpunyk — A4

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

0) paccunuTaeMm ONpeaeIUTENb MaTPULIbI
OmpenenureneM KBaJpaTHOM MaTpuIbl 2-TO IMOpsAKAa A Ha3bIBaeTCSd YHUCIO dj|-dx-

a, ap
ay a4y

A(E — A4) = 0,64-0,45 - (-0,5)-(-0,2) = 0,288 - 0,1 = 0,188.

B) BMECTO KaKIOI'O 3JEMEHTa MATPHUIIBI [MOCTABMM €r0 an2edpaudeckoe OONONHEeHUE:

045 027,
[0,5 0,64}

Aneebpauueckum dononnenuem HEKOTOPOTO DIEMEHTA ONPEICTUTENS Ha3bIBACTCS MUHOD
9TOr0 3JeMeHTa, YMHOXeHHBIH Ha (-1)°, rme s — cymMma HOMEPOB CTPOKM M CTOJIONA, Ha
HIepeCceYEeHUH KOTOPBIX PACIiO0kKEH 3TOT 3JIEMEHT.

Munopom HEKOTOPOTO dIIEMEHTA ONIPEAETUTEINS Ha3bIBAETCS ONPEAEIIUTEND, OTyYaeMblii
U3 JaHHOTO OIPEICIUTENs BbIYCPKUBAHMEM CTPOKH W CTOJOIA, Ha IEPECCUYCHHH KOTOPBIX
PacIojI0kKeH 3TOT HJIEMEHT;

I') IOJIy4EHHYIO0 MATPHILy TPAHCIIOHHPYEM

{0,45 0.5 }

0,2 0,64
) KQKIBIA 2JIEMEHT TIOJTydCHHOM MATPHIIbI JCJTUM Ha OTPEAEIIUTENb HCXOAHOW MAaTPHIIBI
Y [10Jy4aeM MaTpPUIly OOpaTHYIO JaHHOM:
2,39 2,66
1,06 3,40} '
B kauecTBe MPOBEPKH 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 CIELMATN3UPOBAHHbBIX
nporpaMM WiIM 0ojiee IIMPOKO PACIPOCTPAaHEHHBIX HHCTPYMEHTOB, Takux kak Excel.
PaccmoTpum pemenue 3toro npumepa B cpene Excel. Ilpu atom OynyT Mcrnonb30BaHbl Takue
¢yukuun kak MOBP (pacuet o6patHoit MaTpuiubl) 1 MYMHOX (ymHOXeHUE MaTpuL).

Pewenue
3aHocHM HCXOJHBIC NaHHbIe Ha pabounii muct Excel (pucynok 1).

aip-an . Onpenenurens o0o3Havaercs A(A) uinu

B=(E—A)‘1={



B3 Microsoft Excel - Gananc

(] oafn Opaeka EBua  BeTaska  Mopwar  Cepeuc  JadHble  OkHo  Cripaska

HIRR=A" NS I NN A W SR A AR BRI 5
: arial Cyr 10 o K & U|E = = 5|5 e g0 50|
01 hd A
A [ 8 [ c P ] E [ F | 6 |
o0 100 ED| !
50 110 40

Pucynok 1 — Mcxonuble nanHbIe
1) onpenensieM 0O0beMbl POU3BOACTBA BAJOBOW Mponaykuuu (X;) mo dopmyse:

n
Xl.:le.j+Yi, i=1,..,n.
j=1

Jisg 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

RN W = N WA oW WECRE RS A R AN
{ Arial Cyr »10 5K & U|= = =595 e o 58 55|
D2 - A& =CYNM(AZC2)
A | B | ¢ [ D E | F | &
o0 100 £0 250
20 110 40 20l

o en] o]~

Pucynok 2 — Pacuer X;

2) BbIYMCIUM KO3(DQUIHEHTBI NPSAMBIX 3aTpar (a;) 1o popmyie

X..
__ Y . -
a;=—, i=L..,nj=1...n

J

st atoro B siueitku A3 u B3 mepenocum 3HayeHust X;, paccumtanHbie B cToibie D

(MoxHO HaOpaTh C KJIaBHATypbl, MOKHO HCIOJIb30BaTh ¢yHkIMI0 «lIpaBka — crnenuanbHas
BCTaBKa... — BCTaBUTb 3HAUYCHHUS, TPAHCIIOHUPOBATDHY, ).

B sueiiky E1 3anmceiBaem ¢opmyny: =A1/AS$3, konupyem 31y hopmMyny B nuana3oHe
E1:F2. Pesynbrarom Oyner sABIAThCS MaTpula Kod3hPuuueHToB NpsaMbix4 (pUCyHOK 3).

E1 Microsoft Excel - Knural

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

PN EEH R OS]V § RS- T -
: Arial Cyr -0 oK & U|=E ==y 005 s
E1 - Fe =A1/AS3
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 KOAQHUIMEHTOB NPSIMBIX 3aTPaT
3) PaccunrtaeM mMaTpuIly MOJTHBIX MaTepPHANBHBIX 3aTpat Mo Gopmyse:
B=(E-A4)"
a) Haiinem marpuny (E — A) (pucyHok 4), B nuamna3one A6:B7 3anuiiemM eauHUYHYIO
Matpuly u B nuamnasone C6:D7 marpunty A. B sueiiky E6 3anumem dopmyny: =Al1-Cl,
Konupyem 3Ty Gopmyny B nuanazone E6:F7, pesynbraTtom aBnsercs matpuua (£ — A4).



[E3 Microsoft Excel - Knural

El] dain  Mpaeka Bua Becraska  dopuat  Cepewc  flanHHele  OkHo  Cnpaeka

RN RERENT= WYk A - R WEENR AR RR RN TR

: pirial Cyr -0 - KK U= = | B9 o oo 0 4%
E6 - f =AB-CB
AT E T E E F G|
1| 90 100 0 250 035 05
2 | 50 110 40 200 02 055
3| 250 200
4|
5|
6| 1 o] 03 o5[_oBa 05
71 o[ 1] 02 05
8
g |

Pucynox 6.4 — Pacuet matpubl (E — A)

0) Haitnem matpuily ooparnyio (E — A), nns sroro Ha nucte Excel Beiaenum auamna3zon
G6:H7. lanum komanay «BcraBka — DyHKIHS...». B oTkpbiBIIeMcs okHe «Mactep ¢ yHKIIH»
HeoOxoauMo BbIOpaTh kareroputo «MaTtemaTuueckue», 3 maremaruueckux — MOBP (pucyHox
5).

MacTe p dhyHkumi - war 1 uz 2

Mamck dyHRLpb:

| BESAMTE KPATKOE DNMCaHME ABRCTENA, KOTOPOE HyMHD
| BEINONHMTE, M HaXMATE KHOoMEY "HafTi"

Hafitr

KaTeropHm! | MateMaTHHeckHe v |

BeibepHTe diyHICLHIO:
lticer Al
|MOMPEA |
| Py |
| HEHET =
| OKPEBEPX
| OKPBHIN3
LOKPYT |
MOBP{Maccue)
E036PAlLaET 0BPATHYH MATPHLY (MATPHLA XPaHHTCA B MACCHBE),

Chpasica 1o 370l dvrw
Pucynok 5 — OxnHo «Mactep pyHKIUI»
Haxwmure OK. Otkpoetcst okHO « ApryMeHThl pyHKIny. Heo0xoaumo 3a1aTh MaccuB B
KoTopoM Haxonutcs marpuna (E — A). Beogum maccu E6:F7  (pucynox 6).
)

Apryme HTbl hyHKLHH
MOER

Maceve [E5:77] = {0,64;-0,5:-0,20,4¢

= 42,3936170212766;2,65'
BozEpalasT 0BpaTHYHO MATPHUY (MATPHLA XPEHHTCA B MACCHES),

MaccuB YMCNOEDH MACCHE C PAEHEIM KONMMUSCTEOM CTROK M CTONGBUOE, nbo
AHENAZ0H MK MACCHE,

CNpacica 0o 3ToA diyHIKILHA SHaveHHe! 2, 393617021

Pucynok 6 — BBoa naHHBIX, IpU pacueTe 00paTHON MaTpHIIbI
JUis otoOpakeHus pesyiapTaTa B Buie Mmartpuubl, Haxmute Shift+Ctrl+Enter (eciu
Haxath OK, To B siueitke G6 Oyzner oxHo yucio). MaccuB G6:H7 Oyzaer comepkarh UCKOMYIO
matpuiyB=(E — A)" (pucysox 7).

=1 Microsoft Excel - Knural

@_] tarin  [paeka Bua Boraeka  dopdat  Cepemc JadHeie  OkHo Cnpaeka

NS E 2SR T %GB F 0@ T -4 A [ o

: fvial Cyr S0~ K K YIS =E= 8y oS EEIR b
€5 - # (=MOEP(EE:F7)}
A EE T T E F c | H ] | |

1 a0 100 &0 280 036 05

2| 50 110 40 200 02 055

3| 280 200

4|
5
B | [ 036 05 054 -0 5] 2393617 | 2559574
|7 | o[ 1] 0.2 055 02 048] 106383 3404255

B
=R
10|

11

Pucynoxk 7 — Pe3ynbrar pacuera oOpaTHON MaTPHILBI



B kauecTBe nmpoBepKM MOXKHO paccuMTarbh marpuny X. Marpuna X paccuuTeIBacTcs o
dopmyrne X = BY. Beenem B aumanazon 16:17 matpuny V. Beigenum nuamazon J6:J7, BeiOepem
koMaHny «BcraBka — ®ynkuus...». B oTkpeiBmiemcs okne «Mactep (yHkiuit» BeiOepeM
kareropuro «Maremarndeckue» u u3 Hux MYMHOX (pucyHnox 8).

MacTe p hyHrupH - war 1 uz 2

Oomck thyHIKLMN:

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

KaTeropma: |MaTeMaTM‘~IeCKMB L I

BribeprTe diyHKWHIO:

TPAAYCH A
SHAK 3
KOPEHE

MOBP =|
MOI‘IPEE ‘
|HEYET b

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

Cnpaska no 3ToH dyHkimm OTMEHA

Pucynok 8 — OxnHo «Mactep pyHKIUN»
Haxmure OK. Ortkpoercs okHO «ApryMeHTol (yHkiun». HeoOxomumo ykaszaTh
MAaCCHUBBI, B KOTOPBIX HaXOJATCS MEPEMHOXKAaeMble MAaTPUILbI (OPSAIOK BBOJA MAaCCHBOB UMEET
3HAYCHHE), B HaleM npumepe 3To maccuBbl G6:H7 u 16:17 (pucynox 9).

AprymeHibl hyHKIHH Fz|
T MHIC
Maccusl iGﬁ:H? .| = {2,393617021 2766,
Maccue2 | 16:17] | = {60400
= {250:200}

BOZEPALLAET NPOMZEEAEHHE MATRHIL (MATPHLLE! XPAHATCA B MACCHEAX),

MaccuB2 NepEbIA M3 NEPEMEHO¥AEMELX MACCHEOS, KOTOPEIA AOM¥EH HMETE TO Xe
9MCNo CTONGWOE, 4TO W BTOPOH.

CNpakka no 3ToA dyHELAK SHAHEHHE: 250 [ QK ] [ OTHEHA ]

Pucynok 9 — BBoa naHHBIX, IpU IEPEMHOKEHUH MaTpPHUIL
[Tocne okonuanus BBojga naHHbIX HaxkmuTe Shift+Ctrl+Enter. Maccus J6:J7 Oyner

coJiepKaTh UCKOMYIO MaTpuly X (pucyHok 10).
B3 Microsoft Excel - Kuural

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

INEEHRSSRITEI SRR S0 0 8 sl A WS -l
: arid Cyr 0 - K & U |E = =FE| Oy o0 5l 00 EEH - &vé'!

I3 - A {=MYMHOH(GE:H7,16:17))

A | e | ¢ | p | E [ F [ & | H | 1 | g | k |

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 — Pe3ynbTat pacuera Mmatpuiibl X
3amaua 7
Hcnonbe3ys naHHble OanaHca, onmpeaenuTe o0beMbl IPOU3BOICTBA BaJOBOM MPOIYKIUH,
KO2(PUITMEHTHI PSAMBIX U MOJHBIX MATEPUAIBHBIX 3aTparT.

[IpousBonsmue [ToTpebasromue oTpaciu Koneunsrit
oTpaciu 1 2 MPOIYKT
1 10 17 23
2 20 15 35




3amaua 8
Hcnonw3ys nmanHple OanaHca, OMpeneauTe 00beMbl MPOU3BOJICTBA BAaJOBOW MPOIYKIINH,
KO3 (UIIMEHTH! OPSIMBIX U OJHBIX MaTepUaAIbHbBIX 3aTparT.

[IpousBonsmue [ToTpebastomue oTpaciu Koneunsrit
oTpaciu 1 2 MPOAYKT
1 70 45 25
2 25 30 40
3agaua 9

Hcnonp3ys ko3(puuuEeHTh! NpSIMbIX MaTEpUaJIbHBIX 3aTpPaT U OOBEMbI KOHEUHOTO
IPOAYKTA M0 OTPACISIM PacCUUTATh KOA(PPHUIHUEHTH! NOJHBIX MaTEpUAIBHBIX 3aTpaT U 00bEMbI
IIPOU3BOJCTBA BaJIOBOU MPOAYKIIMH.

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

3agaua 10
Hcnonb3yst kK0ahHULEHTs! MPsIMBbIX MaTepUaIbHBIX 3aTpaT U 00BEMbI KOHEYHOIO MPOIYKTa IO
OTpacisIM paccuuTarh KO3((HUIMEHTHI OIHBIX MaTepHATIbHBIX 3aTpaT M 0ObEMbI IIPOM3BOJICTBA BAJIOBOM

MIPOITYKLIMH.
036 0,15 70
A= s v=|_ |
(0,40 0,25J (soj

3agaua 11
Ha OCHOBaHHMHM JOaHHBIX, HpI/IBeILGHHBIX B HI/I)KGCJIGI[}IIOH_[I/IX Ta6JII/II_IaX, paCC‘II/ITaTB
K02 PUITUEHTHI MIPSMBIX U IMOJTHBIX MaTEPHAIBHBIX 3aTparT.

a)
[TpouszBoasiue [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 Koneunsrit
OTpaciiu 1 2 3 MIPOAYKT
1 40 18 25 71
2 16 9 25 36
3 40 45 50 115
B)
[TpouszBoasue [ToTpebastomue oTpaciu Koneunsrit
oTpaciau 1 2 3 MIPOSYKT
1 18 36 25 61
2 45 90 25 20
3 36 36 50 30
3amaua 12

JaHbl K03(PGUIUEHTHI TPSIMBIX MaTEPHAIBHBIX 3aTPaT U 00BEMbI KOHEYHOU MPOTYKIIMH B
MEXOTPACIEBOM OallaHCe JIJIsl TPEX OTpacieH.
02 02 0]l 50
A=04 03 02|’ v=|40]
02 02 04 30



Tpebyercs paccuntarh K03()PUIMEHTHI MOJIHBIX MAaTEPUAIBHBIX 3aTpaT U HATH 00BEMBI
BAJIOBOM MPOJYKIIUU OTPACIIEH.

3amaua 13

Jlanbl KO3 GUIMEHTH IPSAMBIX MaTepUaIbHBIX 3aTPAT U 00bEMbl KOHEUHOM MPOIYKIIUH 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 NPOAYKIUU OTPACIEH.

3amaua 14
Ha ocHoBe maHHBIX 3amaun 12 BOCCTAaHOBHUTE CXEMY MEXKOTPACICBOTO MaTEepUAIBHOTO
OayaHca.

3amaua 15
Ha ocHoBe maHHBIX 3amaun 13 BOCCTAaHOBHTE CXEMY MEXKOTPACICBOTO MaTepUATBLHOTO
OasaHca.

3amaua 16
MexoTpacneBoii OajlaHC MPOU3BOJICTBA U pacHpele/ieHUs TPOAYKIIMH TMPEACTaBICH B
Ta0JIHIIE.

[IpousBoasuiue [ToTpebnsromueoTpaciu Koneunas Banosas
OTpaciu 1 2 3 NPOAYKLHS MPOAYKIIHS

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
VYci0BHO uncrTas
MPOJTYKIUS 155,0 153,1 291,9
Banosas
MPOJTYKIIUS 775,3 510,1 729.6

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

=460, L3 = 875 B HEKOTOPBIX €IAMHUIIAX U3MEPEHUs TPYLOBBIX 3aTpar. Tpebdyercs onpeaeauThb
KO3 (PULIMEHTHI IPSIMON U MOJTHON TPYLOEMKOCTH.

Pewenue
1) HaxoauM K03 HULIUEHTHI IPSIMON TPYAOEMKOCTH
L; 1160 460 875
t,=—ot=—=15% t,=—-=09 f=—1=12
X, T 153 27 510,1 ' 77296

J
2) paccuMTbIBaeM MaTpully K03(pPHUIMEHTOB NOJHBIX MaTEPHAJIbHBIX 3aTpaT
2,041 0,612 1,020
B=[0816 2,245 0,408
0,867 0,510 1,684
3) HaxoauM K03 (PUIUEHTHI IOJTHOU TPYAOEMKOCTH
2,041 0,612 1,020
T'=tB =>T=(50912)- 0816 2,245 0,408 |=(4.84;3,55,3,92).
0,867 0,510 1,684
1,5-2,041+0,9-0,816 +1,2-0,867 = 4,84;
Pacuem snemenmos mampuyvt T :15.0,612 +0,9-2,245+1,2-0,510 = 3,55;
1,5-1,020+0,9-0,408 +1,2-1,684 = 3,92.

B=(E-A)'=




3amaua 17

ITo naHHBIM MeKOTpaciaeBoro 6ajnaHca, MPeJCTaBIEHHOI0 B TaOIUIlEe U 3aTpaTaM KHUBOTO
tpyna L, = 80, L, =45, L; = 90, onpenenantsb K03)GUIHEHTHI NPSIMOM U OJHON TPYJOEMKOCTH.

IIpousBoasmue [ToTpebugromue orpaciu Koneunas Banosas
OTpaciiu 1 2 3 NPOAYKIHUS MIPOAYKIHUS
1 18 7 5 21 51
2 6 8 2 20 36
3 3 15 14 23 55
3amaua 18
[To maHHBIM MEXOTpacaeBOro O6anaHca, MPEACTaBICHHOTO B Ta0JIUIIE U 3aTpaTaM >KMBOTO
tpyna L, = 300, L, = 290, L; = 450, onpenenutbs Ko3()PUUHUEHTH NPSAMON M MOJHOU
TPYJIOEMKOCTH.
[TpouszBoasue [ToTpebastomue oTpaciu Koneunas Banosas
oTpaciau 1 2 3 IIPOTYKLIHS IIPOYKLIHS
1 90 56 64 240 450
2 45 85 210 310 650
3 83 98 101 518 800
3agaua 19

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

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

KO3 (ULMEHTH! IPSIMON U MOJTHON (POHTOEMKOCTH.

@53 = 1010, onpenenuts

[TpouszBoasiue [ToTpebastomue oTpaciu Koneunas Banosas
OTpaciu 1 2 3 MPOJTYKITUS NPOIYKIUS
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
KO2(PUITMEHTHI IPSIMON U TTOJTHON (DOHTOEMKOCTH.
IIpousBoasmue [ToTpebugromue orpaciu Koneunas Baiosas
oTpaciau 1 2 3 IIPOLYKLIHS IIPOLYKLIHS
1 5 6 37 57
2 4 7 1 23 35
3 11 8 6 45 70
3agaua 21
ITo naHHBIM cxeMbl MeXOTpacieBoro 0ananca u 3arpat Tpyna L= 1160, L,=460, L;=
875 cocTaBUTh CXEMY MEXOTpaclieBOro OanaHca TpyJa.
[IpousBonsimue [ToTpebstomue oTpaciu Koneunas Banosas
oTpaciu 1 2 3 NPOAYKIIUS MPOYKIUS
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
VYcioBHO yncras
MPOAYKIUS 155,0 153,1 291,9
Banosas
MPOAYKIUS 775,3 510,1 729,6




Pewenue

1) HaxoauM K03 PUIHMEHTHI IPAMOM TPYAOEMKOCTU

L

. =

_J

TX

J

=1

1

_1160_1 _
7753

_ 460
510,1

2

875

75 3

7296

2) YMHOXas INepBYyI0, BTOPYIO U TPETbIO CTPOKM MEPBOrO U BTOPOIO KBAJpPaHTOB
MEXXOTpPACIEBOr0 MaTepHalbHOrO OanaHca, Ha COOTBETCTBYIOLIME KO3(DPUIMEHTH MpsIMOH
TPYAOEMKOCTH, IIOJIy4aeM CXEMY MEXOTpaciaeBoro daisaHnca Tpy/a (B TpyLOBbIX U3MEPHUTENAX)

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

y

[. = Xt

[,,=200-1,5=300,

I, =232,6-1,5=3489, [, =51,0-1,5=76,5, [, = 291,8-1,5 = 437,7

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

I, =232,6-1,2=2791, I, =51,0-12=61,2, I, =1459-12=175],
1, =300-12=360.

MesxoTpacneBoii 6anaHc 3aTpat Tpyaa

Otpacib MexoTpacieBble 3aTpaThl 3arparsl TpyAa Ha | 3aTpaThl TPyAa B
OBELIECTBICHHOTO TpyAa KOHEUYHYIO oTpacisIx
1 > 3 IPOIYKIHIO
1 348,9 76,5 437,7 300,0 1163,0
2 139,6 229,5 0,0 90,0 459,1
3 279,1 61,2 175,1 360,0 875,5

He3nauntenbHbie pacxoxkaACHUs MCKAY AaHHBIMU TaGJII/ILIBI U HCXOJHbBIMHU JaHHBIMU

BbI3BAHBI ITOT'PCITHOCTAMU OKPYIJICHUSA ITPH BBIYUCIICHUH.

3agaua 22

ITo naHHBIM cCX€MbI MEXOTpaciaeBoro d6ananca u 3arpat Tpyaa Ly = 2950, L, = 3100, L3
= 1500 cocTaBUTh CXEMY MEXOTpacjeBoro dajaHca Tpyaa.

[IpousBonsmue [ToTpebnsitomue oTpaciu Koneunas Banosas
oTpaciu 1 2 3 NPOAYKIIUS MPOYKIIUS
1 830 715 390 1980 3915
2 650 817 235 1200 2902
3 350 185 148 737 1420
3agaua 23
ITo naHHBIM cXeMbl MeKOTpacieBoro 6ananca u 3arpar tpyna L, =100, L,=102, Ly =
163 cocTaBUTH CXeMy MEXOTpaclieBOro OajaHca TpyJa.
[IpousBonsimue [ToTpebansitomue oTpaciu Koneunas Banosas
oTpaciu 1 2 3 MPOAYKIUS POAYKIUS
1 15 22 12 31 80
2 17 13 23 15 68
3 35 15 10 37 97




3anaua 24

[Io nmaHHBIM  CcXeMBl  MEXOTpacieBoro ©OajaHca ¥  CTOMMOCTH  OCHOBHBIX
MPOU3BOJCTBEHHBIX (HOHIOB Kaxaou u3 orpacieit &= 1053, @, = 1200, @3 = 3090, cocTaBuTh
CXEeMY MEXKOTpacjaeBoro 0ajxaHca Mporu3BOJICTBEHHBIX (DOHJIOB.

[IpouszBoasuiue [Totpebnsromue orpaciu Koneunas Basnosas
oTpaciu 1 2 3 IPOYKLUS IIPOLYKLIHS
1 250 345 127 682 1404
2 101 485 320 809 1715
3 713 305 513 1044 2575
3agaua 25
[Ilo naHHBIM  CcXeMBI  MEXOTpacieBOro OamaHca W CTOMMOCTH  OCHOBHBIX
MPOU3BOJICTBEHHBIX (DOHIOB Kaxaou u3 orpacieit @ = 809, @, = 673, @3 = 1005, cocTaBUTh
CXEMY MEXOTpacaeBoro OajsaHca Nporu3BOJICTBEHHBIX (DOHJIOB.
[IpousBonsimue [ToTpebnsitomue oTpaciu Koneunas BanoBas
oTpaciu 1 2 3 MPOAYKIUSA MIPOAYKIHUS
1 310 218 415 790 1733
2 98 170 53 315 636
3 436 275 119 710 1540
3agaua 26

Ha ocHOBaHMM cXeMBI OTYETHOTO OallaHCa U CTOMMOCTH OCHOBHBIX TPOHM3BOJACTBEHHBIX
dbonaoB otueTHOro nepuona ;= 40, @, = 12, @3 = 38 omnpenenuTe, CKOIBKO MOTpeOyeTCs
KalUTaJIbHBIX BIOKEHUH JJI IPOU3BOJICTBA KOHEUHOTO IPOAYKTa B pasmepe Y =45, ¥, =36, 13
=15.

[IpousBonsmue [ToTpebansromue 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, onpenenaute CKOJIbKO NMOTpeOyeTcsl NpUBIIEYb TPYAOBBIX 3aTpaT AJs
MPOU3BOACTBA KOHEYHOTO MpoAyKTa B pazmepe Y =200, ¥, =250, Y3 =190.

[IpousBopsinne [ToTpebastomue oTpaciu Koneunsrit
oTpaciau 1 2 3 IPOIYKT
1 155 230 175 185
2 250 180 137 215
3 50 168 80 150
OTBeTbI

N92X11 = 74, X = 36, Y1= 120, y2= 199.

Ne3x;; =30, xp2 =165, V=170, ¥V, = 230.

N94X1= 288, y1 = 190, X2 = 27, X33 = 19, Zz= 238.
NeSxy1=67, x12=112, x13= 118, x3 =135, ¥V,= 805.

NeTX = 50, X, =70, 4 — (0,200 0,243} _ (1,479 0,457]'

0,400 0,214 0,752 1505
2,626 182

NeBX,= 140, X, = 95, 4 (0500 0474) " (2,626 18207
0172 0316 0,660 1,920



N9 5 _ (1989
1,022 2,097

1,452} X1~ 64,462, X, ~ 56,075.

Nel0 5 _ (1’786 0»357J,X1z 142,857, X ~ 142,857.

0,952 1,524

0,200 0,231 0,381 1,464 0829 0,883
Nella) 100 0346 0,190}3{0,301 1,838 0,573}
0,100 0,231 0,190 0,267 0,626 1,507

0,260 0,222 0,100 1,515 0,525 0,255

0) ,_ 0,104 0,105 0,100} B=[0249 1292 0193
0260 0,523 0,200 0,655 1,015 1,459

B) 0,129 0,200 0,164
A=]0321 0500 0,64 | B=|1426 3,004

1,250 2,057

0,257 0,200 0,329

1,677 0,925 0,636

1,067

1,083 |-

Nel2 ;;j; gg;z g;‘:g} Xi~ 123,451, X, ~ 169,912, X; ~ 147,788,
0,973 0,885 2,124
1,833 1,000 8,333
.N'913B _0528 1500 0,694 , X172 96,667, X> ~ 50,556, X3~ 37,222.
0,361 0,500 1,528
Neld
[TIpouszBoasue [ToTpebastomue oTpaciu A X;
oTpaciu 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
[TpouszBoasue [ToTpebastomue oTpaciu A X;
oTpaciu 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

Nel7t,= 1,57, = 1,25, t= 1,64, T= (3,391; 3,890; 2,803).
Nel8, = 0,67, t,= 0,45, 1= 0,56, T= (1,166; 0,805; 0,989).
Nel9f,= 1,67, o=1,52, 1= 1,98, F=(4,283;2,854; 4,183).
Ne20f,=1,46, 5=1,66, =1,07, F=(2,088; 3,040; 1,863).

Ne22
Otpacib MexoTtpacneBbie 3arpatsl Tpyzaa Ha 3arpatsl Tpyzaa B
3aTpaThl Tpya KOHEUYHYIO IIPOAYKIUIO oTpacisix
1 2 3
1 622,50 536,25 292,50 1485,00 2936,25
2 695,50 874,19 251,45 1284,00 3105,14
3 371,00 196,10 156,88 781,22 1505,20




Ne23

Otpacib MexoTpacineBbie 3arpatsl Tpyaa Ha 3arpatsl Tpyzaa B
3aTparbl Tpyaa KOHEYHYIO TPOAYKIIHIO oTpaciax
1 2 3
1 18,75 27,50 15,00 38,75 100
2 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
MIPOU3BOJICTBEHHBIX (JOH/IOB MIPOU3BOJICTBEHHBIX MIPOU3BOJICTBEHHBIX
1 5 3 (OH/I0B HA KOHEUHYIO ¢donnoB
MPOTYKITHIO
1 187,50 258,75 95,25 511,50 1053,00
2 70,70 339,5 224,00 566,30 1200,50
3 855,60 366,00 615,60 1252,8 3090,00
Ne25
Otpacib CTOMMOCTH MEXOTPACIEBbIX Croumocts Croumocth
IIPOU3BOJCTBEHHBIX (POHIIOB IIPOU3BOJICTBEHHBIX IIPOU3BOJCTBEHHBIX
1 > 3 (hOHIOB HA KOHEYHYIO dboHI0B
IIPOIYKIIHIO
1 145,70 102,46 195,05 371,30 815,51
2 103,88 180,20 56,18 333,90 674,16
3 283,40 178,75 77,35 461,50 1001,00

Ne26 &,= 53,560, @, = 14,115, @3=28,324.
Ne27L,=334,204, L,= 238,706, L3;=67,090.

3. Hayuntbcsi 1aBaTh 3KOHOMHYECKYH) HMHTEPHPETANMIO Pe3yJbTATOB pelleHUus
3agad.

banancoBeie MOJenu, Kak CTaTUYECKUE, TaK M AUHAMHYECKUE, IIMPOKO MPUMEHSIOTCS
MPU SKOHOMHKO-MAaTEMaTUYECKOM MOJEIMPOBAHUHA SKOHOMHUYECKMX CHCTEM M IpoueccoB. B
OCHOBE CO3JaHMsA D3TUX MOJeNeH JIEKUT Oanrancosvlll Memoo, T.€. METON B3aHMHOIO
COTOCTABIICHUSI HMEIOIINXCS MaTEepUAIbHBIX, TPYIOBBIX U (PUHAHCOBBIX PECYPCOB U
NOTpeOHOCTEH B HUX.

MexotpaciaeBoit 0ananc (MOB, merox «3aTpaThl-BBIIIYCK») — 3TO 3SKOHOMHKO-
MaTeMaTuyeckas OajaHCoBash MOJIEb, XapaKTePU3YIOIas MEXOTPACIeBhIe MPOU3BOJICTBECHHBIC
B3aMMOCBSI3M B 3KOHOMHUKE CTpaHbl. XapaKTEpPU3YeT CBSI3M MEXKY BBIITYCKOM MNPOAYKIHU B
OJHOM OTpaciau M 3aTpaTamu, pPacXOJOBAaHHEM IMPOAYKLUHH BCEX YYACTBYIOIIMX OTpaciei,
HEOOXOAMMBIX I OOecleueHuss ATOro BBIMYCKAa. MeEXOTpaciaeBoil OajaHC COCTaBIsETCS B
JEHE)KHOH M HaTypaibHOU (popmMax.

MexoTpacneBoil OajaHC TPENCTaBICH B BUJIE CHUCTEMbI JIMHEHHBIX ypaBHeHUU. [loj
banancosol Moodenbio TIOHUMAIOT CUCTEMY YPaBHEHUN, KOTOPBIEC YAOBIETBOPSIOT TPEOOBAHUSIM
COOTBETCTBUS HAJIMUHUSI pECypca U €ro MCIojib30oBaHMs. MOXXHO Takke yKa3aThb TaKue MpUMephI
0aJIaHCOBOT'O COOTBETCTBHUS, KaK COOTBETCTBUE HAIMYUS pabouell CUJIbI U KOJUYECTBA paboUmX
MECT, TUIATEKECIIOCOOHOT0 CIpoca HACEJIICHHS U TIPEIJIOKESHHS TOBAPOB U yCIyT | T.1. [Ipu aToM
COOTBETCTBUE MOHHUMAETCS JTUOO KaK PaBEHCTBO, JMOO MEHEEe JKECTKO — KaK JOCTaTOYHOCTh
PeCypcoB ISl IOKPBITUS MMOTPEOHOCTH U, CJIEIOBATEILHO, HATMYUE HEKOTOPOTO pe3epBa.

Bakneiiiine Buabl Oa1aHCOBBIX MOJEIICH:

- yYacTHbIE MarepuajbHbIC, TPYIAOBbIE W (UHAHCOBBIC OAJIAHCHl IJIsI HAPOIHOTO
XO03SIICTBA U OTJIEIBbHBIX OTPACIIEH;



- MEXOTpaclieBble OanaHCHI;

- MaTpUYHBIETEXTPOMUHIUIAHBI IPEANPUATUH U PUpM.

OcHOBY MH(OPMALMOHHOIO OOecrieueHHsl OalaHCOBBIX MOZEIEH B 3KOHOMUKE COCTaBIISET
marpulia Kod((HUIMEHTOB 3aTpaT PECYpCOB MO KOHKPETHBIM HAMPABICHUSM HX HCIIOIb30BaHUSL.
Hampumep, B Mozenmum MexoTpaciaeBoro OajlaHca TakKyl0 poJib MIpaeT TaK Ha3blBacMas
MeXHON0UYeCKas Mampuya — TabJIIa MEXOTPACIIEBOr0 OajaHca, CocTaBlieHHas! U3 KO3 UImeHToB
(HOpMaTHBOB) MPAMBIX 3aTpar Ha MPOU3BOACTBO €UHULIBI MPOIYKIMH B HATYpaJIbHOM BBIPAKEHUM.
[To MHOTMM MpUYMHAM HCXOJHBIE AHHBIC PEATBHBIX XO3SHCTBEHHBIX OOBEKTOB HE MOTYT OBITH
UCIIOJIb30BaHbl B OAJAHCOBBIX MOJIEJISIX HEMOCPEICTBEHHO, ITO3TOMY HMOATOTOBKA MH(OpMALMK JUIs
BBOJA B MOJENb SIBISIETCS BEChbMa CEpbe3HOM mpobieMol. Tak, Mpu MOCTPOSHUH MOAETH
MEKOTPACIEBOro OanaHca MCHOJIb3YETCs CHEU(UIECKOe TMOHITUE YUCTOM (MM TEXHOJIOTHYECKOH )
OTpaciH, T.€. YCIOBHOW OTPaciii, 00bEANHSIONIEH BCe MPOU3BOICTBO TAHHOTO MPOAYKTa HE3aBUCHMO
OT BE€JIOMCTBEHHOM (AJIMHHUCTPATUBHOMN) MMOJYMHEHHOCTU U (POPM COOCTBEHHOCTH MPENNPUATHI U
¢upm. Ilepexom OT XO3AHCTBEHHBIX OTpacieil K YHUCTBIM OTpacisiM TpeOyeT CHeluaabHOro
peoOpa3oBaHusl peAIbHbIX JaHHBIX XO3IHCTBEHHBIX 00BEKTOB, HAIPUMED, arpErMpOBaHUs OTpaciel,
UCKJIFOUEHHS BHYTPUOTpAcIeBOro 000poTa U JIp.

2.6 JIabopatopHas padora Ne JIP-14, NeJIP-15(4 4aca).
Tema: « DYHKIMY [M0JIE3HOCTH M CIIPoca. 3aja4a NoTpPedUTEIbCKOr0 BbIOOpA.
YpaBuenue Cirynkoro»

2.6.1 Hean paGorbl: M3yuuTh oO0mMe MmoHATHS (QYHKIMU TOJE3HOCTH M CIpoca,
HAYYUTHCS pelIaTh 3a/1auy MOTPEOUTENILCKOTO BEIOOpaN BECTH pacueT psijia moka3arenei

2.6.2 3agauu padoThI:

1. Pa3zo0Oparp o0mue noHATHs (PYHKIIUU TOJIE3HOCTH U 33/1a4 OTPEOUTEIBCKOTO BEIOOPA.
2. HayunTbcs pelieHuo 3a1auu NoTpedUTeNbCKOro BeIOOpa.

3. U3menenue 1ied. MIsMenenue noxoma.

4. DpdexTsl koMneHcanuu. YpasHenue Ciaynkoro.

5. IluceMeHHBII Ompoc.

2.6.3 Ilepeyenb NpuOOpPOB, MATEPHUAJTOB, HCIIOJIbL3YEeMbIX B J1a00pPaTOPHON padoTe:
1. Kanskynsarop

2. Kommnbrotep

3. Jlocka

2.6.4 Onucanue (xox) padoTsbl:

1. PazoOparp o0mme nmoHATHSI QYHKIUM IOJE3HOCTH M 3a1a4 NOTPeOMTEIbLCKOIO
BbIOOpA.
(Onopa Ha KOHCIEKTHI JICKIIH)

2. HayuuThbcsl pelieHHI0 3a1a4 NOTPe0UTeIbCKOro BoIOOpa.
3agaua 1
JUig GyHKIMU TOJE3HOCTH U = X1°X2 IOCTPOUTH HECKOJIBKO KPUBBIX O€3pa3inyusl.
Pewenue
[To ompeneneHuto KpuBOM Oe3paznuuusi u = const, TOrAa U3 33JaHHOTO YPAaBHEHHS
(GYHKIIMHM TOJNE3HOCTH U = X|'Xp, HEOOXOJUMO BBIPA3UTh OJIHY IMEPEMEHHYIO 4epe3 APYTYIo.
u

Jomyctum, BeIpa3suM x uepe3 x; : X, = — . JlaHHOE ypaBHEHHUE BBIpAXAET OOIIMI BUJl JIMHUH
X
1



6e3paznuuusi. [lockonbKy B 3a7ade HE yKa3aHO, KAaKOMY YPOBHIO JOJKHBI COOTBETCTBOBATH
JUHUM Oe3pa3nuyusi, ypoBeHb Oe3paznuuusi BbIOMpaeM MPOW3BOJBHO, HampuMmep u = 4, Tornaa

4
YpPaBHEHUE JIMHUM Oe3pa3indus MMeeT BUJ x, = — .BpIOMpaeM npon3BoIbHO HECKOJIBKO TOYEK.

X
A
X
05112 4 8
4loaoes 8 |4]2]1]05
2f-eed
-
1 2 4 \?_

Pucynok 2 — Iloctpoenue nuHum 6e3pa3indus
AHaJOrM4HO CTPOSTCS IMHUY Oe3pa3indust 1I000ro ypoBHS MOJIE3HOCTH.
3agaya 2

JUig GyHKIUU TOJE3HOCTH U = 4/ XX, TMOCTPONTE HECKOIBKO KPUBBIX O€3pazinyuusl.

3agaua 3

2,
JUig GyHKIMY TOJE3HOCTH U = xIA xz% IOCTPONUTE HECKOJIBKO KPUBBIX O€3pa3inyusl.

3agaua 4

i

Jlns ynxiuu nonessoctd U = X{*X5% 1mocTpoiiTe HECKOIBKO KPUBBIX Ge3pa3IHHs.

3amaua 5

V25

Bune; 0) mpeaenbHble mosnesHoctd B Toukax (1,1), (1,2), (2,1); B) mpoBepurhb yObIBaHUE
IpeeIbHBIX MOJIE3HOCTEH.
Pewenue

JUia GyHKUIUU TOJE3HOCTH U = X| HalTU: a) IpeleNbHbIE I0JIE3HOCTH B 00ILEM

Ou(x,
a)Mlzul/:M’ M, =ul = u(x, x2)'

Ox, ox,

%
b / _ P /
M, = 1—(1 ) Mz—uz (x{?x ) ;
- ’ 2x1/ 3xé

0) B Touke (1,1)

A Y iz %

X 1 1 x 1 1

Mlz;y:—yZE:O,S,Mz: ly: y:§:0933;
2x/2 2.1 3x3 317

2
B Touke (1,2)

Kk 5

X 2 x/? 172
M= o2 063, M= = oo,
Lo 217 B ToCRIE W T R

1 2



B Touke (2,1)

%o K4 RV
X 1 X
M = 2 = :O,3S,M2:—2: > 20,47;
Lo 200 3% 345
8214 // 82” /
B) —5=1u, <0, —5 =uy, <0,
ox,’ ox,
V2RV |
| X

ul = ((x2x), ). =

T 3,
2x1/ 4x14
X
13
- ny <0 - IpelienbHast MoJIe3HOCTh 1-ro ToBapa yObIBaeT;

4x/?

5% %

X2 2x]?

uly = (7)), =

2 2

3x/ o 9x% ,

Vel
_2x? < 0- IpeaebHast MOJIe3HOCTh 2-T0 TOBapa yObIBaeT.
9x2/
3agaua 6
Jia ¢pyHKIMU nojae3HocTu U = 4/ X;X, HaWTH NpeAeabHbIe MOJE3HOCTH B 00IIEM BUAE

u B Toukax (1,1), (1,2), (2,1). IIpoBeprTe yObIBaHME NMPEAEIHHBIX MOJIE3HOCTEMH.
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

JUis pyHKUMY MTOJIE3HOCTH u = x/ x/ HalTH NpeJesibHbIE MOJE3HOCTH B 00ILEM BUJIE U B
toukax (1,1), (1,2), (2,1). IIlpoBeprTe yObIBaHUE MPEACIBHBIX OJIE3HOCTEH.

3agaua 9

Pemmuth 3amaduy noTpeOMTENbCKOro BbIOOpa, e€ciu  (yHKLIMS TOJE3HOCTH 3aJaHa
dbopMysIoii © = Xx1°X,, IEHBI HA TOBapbl COOTBETCTBEHHO paBHbI p| = 4, pr = 6, noxoxn I = 40.

Pewenue

dopmanbHO 3a/1a4a NOTPEOUTENBCKOrO BEIOOpA UMEET BHL:

u (x1, x2) = XX — max,
npu yeaosusax pyx, + p,x, <1 ,x, 20, x,=20.

JUist peleHust 3TOM 3aJadu BO3MOKHO IPUMEHEHHME Mmerona Jlarpawika, B pe3yibTaTe

IIOJIyYUM CUCTEMY JIBYX YPAaBHEHMH C ABYMs HEU3BECTHBIMU X U X

/
ué D u :(xl.xZ)xl =X Uy :(xl"xz)xQ =X.
DX+ pyx, =1
[ToacTaBiseM B CUCTEMY 3HAYEHHUS POU3BOIHBIX.
— 1
L_P — 'xz.]jz:'xl.pl’:> x1p1+x1pl_17 N x1:2p’
P l
non px +pyx, =1 DXy +pyXy = 1. __
P+ X, =1 X2_2p2.
I ~
x, = —— — (GyHKuus cupoca Ha 1-blif ToBap,

2p,



1

— (yHKIMS cripoca Ha 2-blif TOBap.

x =
? 2p,
HOHCTaBI/IB 3Ha4YCHUS IICH U 10X044a, HAXOJUM 3HAUYCHHUA X1 U X).
I 40
R S Y S N LA <
2p, 24 2p, 2-6
3amaua 10

Pemuts 3ajavy HOTp€6I/IT€J'H>CKOFO BI:I60pa, cClin (bYHKHI/IH IIOJIC3HOCTHU 3aJaHa

dopmynoil u =./x,x, , ICHBI HA TOBApPbl COOTBETCTBEHHO paBHbl p1=4, pr= 1, noxoxn I = 40.

3agaua 11
Pemuth 3amaduy noTpeOMTENbCKOro BbIOOpa, e€ciu  (yHKLIMS TOJE3HOCTH 3aJaHa

3 1
bopmymnoit u = xlezA , LIEHbI Ha TOBapbl COOTBETCTBEHHO paBHbl p1= 10, p, =5, noxoxn I = 60.
N306pasute rpaduyeckyu perieHue 3a1aumn.

3agaua 12
Pemmuth 3amaduy noTpeOMTENbCKOro BbIOOpa, e€ciu  (yHKLIMS TOJE3HOCTH 3aJaHa

2,
bopmynoit u = xl%xzé , IEHbI Ha TOBAapbl COOTBETCTBEHHO paBHbl p1= 10, p, =35, noxoxn I = 60.
N306pasute rpaduyecku perieHue 3a1aumn.

OTBeTHI
2 2
Ne2 VpaBHeHue TUHUU Oe3pa3inuus x, = L;—.N93 VpaBHeHUE TMHUY O€3pa3auuus X, = uTA
1 X;
u’ xy )cy2
Ned Vpapuenue nunnu Oespazinnuus x, = — . Ne6 M| = =2 M, = —; npu (1,1) M= 0,5,
X 2xy 2x/
1
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% 2x/ x%
Uy =——— NTM, = 2/ M, = Iy ; mpu (1,1), My = 0,66, M, = 0,5; npu (1,2) M; = 0,94,
4x24 3x{3 2x22
2x% x%
M, = 035 mpn (21) My = 053, My = 079 u\=-""2-, up=—"1.
9x14 4)@?
%
3x4* x/4
Ne8 M, _—i’Mz =——; opu (1,1), M, = 0,75, M, = 0,25; npu (1,2) M; = 0,89, M, = 0,15;
4xA 4xA
1 2
3x%‘ 3x%
nipu (2,1) M= 0,69, My = 0,42; u); = — 27 , Uy =— IV . Nel0x; = 5, x;=20. Nell x; = 4,5,
16x]* 16x5*
282,6 .
X2 = 3; ypaBHEHUE JTMHUU O€3paszauums X, = ——, YpaBHeHHUE OO KETHOM TUHUH X=12 - 2x;.

1

Nel2x,= 2,57, x, = 6,86; ypaBHEeHHE JUHUM Oe3pa3nuuus Xx, = ypaBHEHUE OFOKETHOM

/

JIMHUAU X = 12-2X;.



3. Pa3zo0paTh 3aBUCMMOCTH M3MeHEHHS IIeH U M3MEeHeHHs 10X0/1a.
(Onopa Ha KOHCIIEKTHI JICKIIHH )

4. HayyuThcsl BeCTH pacyeT KOMIIEHCAIMOHHOTO 3((eKTa HA OCHOBe YPABHEHUA
Cayukoro.

3apava 1
@yHKIUA clpoca Ha TOBAp X| 3aJaHa q)opMynoﬁz—. Kak m3menurcs cnpoc Ha 1-i
1
TOBap MPHU U3MEHEHHUH LIEHBI (p]) U HATUYUU KOMIICHCAIH?
Pewenue
JlanHas 3aaya peaercs npu nomoiuu ypasHeHus: Ciiyikoro, T.€. U3 ypaBHEHUs
ﬂz ox; _[%}C/_ HaI>'II[CM|:ax,':| .
6pj ap/ comp 6] ap J comp
B namewm cnyvae i =1, j= 1.
0X, ox 0X,
Torﬂa %: % — % xlj -1 :—l—+- -1 xl
op, op, comp ol op; comp op
/
o (1) 1 o (1) _ 1L
o \2p), 2m or \2p ), 2p
ox, / 1 1 1 1 21 1 1

7t ’ = ot o g
2p; 2p, 2p 4p;  4p; 4p;

——t—X
P oy 2P0 2D

3agaua 2
. 21 .
@®yHKuMs cnpoca Ha ToBap x; 3ajnaHa (opmynoil — . Kak u3MeHutcs crnpoc Ha 1-it
b
TOBap MPH U3MEHEHHUH LIEHBI (p]) U HATUYUU KOMIICHCAIH?
3agaua 3
21 1
OyHKIUsa crnpoca Ha 1-blii TOBap 3amaHa QopMynon _3]? , Ha 2-0ii TOBap —3 ,
| P>

HEO00XOUMO paccuuTaTh:

a) Kak M3MEHHTCS CIIpOC Ha 1-bIif TOBap NMpH HM3MEHEHWW IIEHBI Ha |-BIii TOBap W
COXpPaHEHHH MPEKHETO YPOBHS OJIarOCOCTOSHUS;

0) KaKk WM3MEHHMTCS CIpPOC Ha 1-bIif TOBap NpM W3MEHEHHHM LEHBI Ha 2-0H TOBap W
COXpPaHEHHH IIPEKHETO YPOBHS OJIAarOCOCTOSHUS;

B) KaK H3MEHHTCS CIIPOC Ha 2-0if TOBap IpHM HM3MEHEHUH IIEHBl Ha |-BIi TOBap H
COXpPaHEHHH MIPEKHETO YPOBHS OJIAarOCOCTOSHUS;

r) Kak W3MEHUTCS CIPOC Ha 2-OH TOBAap NPU H3MEHEHUHM IIEHBl Ha 2-0i TOBap H
COXpPaHEHHH MPEKHETO YPOBHA 0JIarOCOCTOSHUSI.

3amaua 4
PaccunTaeM 5JaCTUYHOCTH CIPOCA MO LEHAM U JJACTUYHOCTH CIPOCA MO JOXOLY st
1
¢yukimu cripoca X = 2
P

Pewenue



10
eu:i_ﬁ: 1 : 1 _ 1 1 1

; — —— =
opp p \2p), 2pi-pi 2p; 2p
ox, x 1 1 1
e, =—=—= : =0: =0
o, P, 2p, » 2p, - p, 2pp,
ox, X, 1 1 1 1
el[ = — = . = . =
ol I 2p,), 2p-1 2p; 2p,
Zeij +e,=¢,+e,+te, =-1+0+1=0
J
3agaua 5
PaccurraeM 371aCTHYHOCTH CIIPOCa IO [EHAM M DJIACTHYHOCTH CIIPOCA MO JOXOIY ISt
3/
byHKIMHU cripoca X1 = .
7p,
3agaua 6
PaccurraeM 371aCTHYHOCTH CIIPOCa IO [EHAM M DJIACTHYHOCTH CIIPOCA IO JOXOILY ISt
41
GbyHKIMH cripoca X1 = .
7p,

3agaua 7
%\ )5

OyHkIUs noje3HocTH 3amaHa Gopmymoir U = X{~X57 | PaccuMraeM 3JIaCTHYHOCTH
Crpoca IO IIEHaM M JIaCTHYHOCTB CIpOca MO A0X0AY Ut (PYHKIIHMH CIIpoca Ha MEPBBIA TOBap.

Pexomenoayuu k pewenuro

1. Heobxoaumo HailTu (yHKLHMIO cripoca Ha 1-blif TOBap. DTO MOMKHO CHeNaTh PELIUB
3a/1auy MOTPEOUTEIbCKOTO BbIOOpa (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 /1M BO3JIEHCTBUE HA NOTPEOUTEIBCKUI CIIPOC yBEJINYEHHE 10X0a BK pa3 U
cokpaienue B K pa3 Bcex 1ieH? Caenaiite BbIBOBI 11 pacCMaTPUBAEMON MOJIEIH.

AU =Xx1° X2

6) u=x"2 5,23

OTBeTnI

N(_)2|:%j| —_ 212 . No3 a)[%} =_2_]2; 6) {ﬁ} _ A . B) [‘)ﬁ} __ 2 : T)
p, comp 9p; opy comp 9p; o, comp 9p\p, p, comp 9p\p,

sz} =— 212. NeSe,, =—1, e,=0, e,=1. Nbe,=-1, ¢,=0, ¢, =1
apz comp 9p2

217 _ _ .
Ne7 x, =3 e, =-1,¢e, =0, ¢, =1.Ne8 a) na; 6) na.

P




5. IIncbMeHHbli onIpoc

KouTtponp mnpoBoauTcs B NUCBMEHHOM BHAE B (opMe KOJJIOKBUyMa. B Bapuanrte
MPEAYCMOTPEHO JIBa BOMPOCA, KOTOPBIE TPYNIUPYIOTCS B CIY4YailHOM MOPSJIKE U3 TNEpeuHs
KOHTPOJIbHBIX BOIPOCOB NMYHKTOB 6./.3.1. u 6.1.4.1. PTIJI.

2.7 JIaGopatopHasn padora Ne JIP-16(2 gaca).
Tema: «IIpou3BoacTBeHHBbIE (PYHKIMH)

2.7.1 Hean pa6orbl: M3yunth 00IIME TOHATHUS NPOU3BOJCTBEHHBIX (QYHKIUNA U
HAyYUTHCSI BECTU pacueT psija noxkaszarenen

2.7.2 3agauu padoTsI:

1. Pa300paTh OCHOBHBIE ITOHSTHSI U CBOMCTBA.

2. HayuuTbcs BeCcTHM pacyeT OJJIACTUYHOCTH BBITYCKA U  pemiarh 3aJadu ¢
npou3BoACTBeHHON dyHKnuen Kobba-Jlyrmaca.

2.7.3 Ilepedyenn npudOpoOB, MATEPHAJIOB, HCIIOJIb3YyeMbIX B J1Aa00paTOPHON padore:

1. Kanpkynstop
2. locka

2.7.4 Onucanue (xox) padoTsbl:

1. Pa3zoOpaTh OCHOBHBbIE IOHATHS U CBOMCTBA.
(Onopa Ha KOHCIIEKTHI JICKIIHH )

2. HayunTbes BecTHM pacyeT 3JACTHYHOCTH BBINYCKa W pellaTh 33Ja4d €
npousBoacTBeHHON pynkumei Ko6oa-/Ayraaca.

3amaua 1
1

IIpousBojacTBeHHass (QYHKLUS HMEET BUI V= 5-x%, rne y — 00BeM BBIIIYCKaeMOM
IPOAYKIMH, X — BEJIMYMHA 3aTpayuBaeMoro pecypca. OnpenenuTs B 00IIEM BHJE CPEAHION U
IpEeIeNbHYI0 IPOM3BOAUTENIBHOCT PECypca, paccuuTaTh 3JaCTUYHOCTh Bhlycka. Haiitu
3HauUEHUE CpelHEN U NpeAebHON NPOU3BOJUTENBHOCTH pecypea 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 M _af(x):(5*x1/2)1_5*lx(571) 5

x  x Jxo Y o T2 2\/;;

p_M, _ 5 5 _s*x 1
T4 2x Vx 2dxrs 2
5 5 5 5 5 5 1
=1A _—:———_5 M = = :2,5,E =—,
e x A1 T2y 21 211 T2
5 5 s 5 5 5 |
4A __:_:__25 Mx: = — :1,25 E =—-
HpHx X \/Z 2 5 2& 2\/2 22 > X 2>
5 5 5 5 5

5 1
:16Ax:_____:1925’Mx: = = 20’625’Ex:—'
i x 16 4 20x 216 24 2



3agaua 2
1

[IpousBoncTBeHHas (YHKIMSA HMMeeT BHA Y =3-X>, Tme y — 00BEeM BBITYCKAaeMOil
IOPOAYKIMH, X — BEIMYMHA 3aTpadyuBaeMoro pecypca. Omnpenenuts B 001IEM BUAE CPEIHIO U
IpE/CNbHYI0 TPOU3BOAUTENBHOCTE pecypca, pPacCYMTaTh »JJIACTUYHOCTh BbIMyCKa. HaiTu
3HauUEHUE CpeJHEHN U IpelleIbHON POU3BOAUTENBHOCTH pecypea B TOUKax x = 8; x = 27; x = 64.
PaccunTaTh B 3TUX TOYKAX JIACTUYHOCTH BBITYCKA.

3agaua 3

Iponssoxncreennas Gpynkuus numeer uy YV = 0,9L +1,8K | rne L — zarpars Tpyna, K —
3aTparhl Kanurtaia (3aTpaThl OCHOBHBIX MPOU3BOJACTBEHHBIX (OHIOB). OnpenenuTs CPeaHIOn U
IpeeIbHYI0 IPOU3BOUTENLHOCTh PECYPCOB, PACCUUTATh AJIACTUYHOCTH BBIMTYCKA IO pecypcam
Y 3JIACTUYHOCTb MPOU3BOJICTBA NMpH (GUKCUPOBAHHBIX 3HauUeHusx Ly =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

Cpenusis U mpenenbHas MPOU3BOAUTEIHHOCTh PECYPCOB, 3JACTUYHOCTH BBIYCKA IO
pecypcam M 31acTUYHOCTh MPOU3BOJCTBA MPU (UKCHPOBAHHBIX 3HAYCHHUSIX PACCUMTHIBACTCA IO
dopmynaM (cM. pelieHue 3agauu 1).

[To ompeneneHuio H30KBaHTBLY = ¢ = CONSt=> W3 YPaBHEHHs IPOU3BOJICTBEHHOM
¢yakun Y =0,9L+1,8K HeoOX0AMMO BBIPA3UTh OJHY MEPEMEHHYIO dYepe3 JIpyrywo (T.K. y =

const). Jlomyctum, Bbipasum L gepe3K: L = O_y9 -2K.

JlaHHOE ypaBHEHHE BbIpa)kaeT OOIIMM BUJI N30KBAHTHI.

N3okBanTa ypoBHs y = 2,7 wumeer Buig L = 3 — 2K. Ecnu B naHHOE ypaBHEHHE
MPOU3BOJIBHO MOJICTaBUTh 3HAUYECHUSIK, TO MOKHO MOCTPOUTH JUHHUIO, KOTOpasi OyleT SIBISATHCS
M30KBaHTON ypoBHsA mpousBoacTtBa y = 2,7. Ilpu ypoBHe mpousBoacTBa y = 6,3, ypaBHEHUE
M30KBAHTEI uMeeT Bug L = 7 — 2K.

IIpu y =9, nuzokBanta — L = 10 — 2K.

3agaua 4
1 3

ITponsBosacTBeHHAs (YHKLUS MMeeT BUA ) = L*K* e L - 3arpaTsl Tpyna, K —
3aTpaThl KanuTaaa (3aTpaThl OCHOBHBIX ITPOM3BOACTBEHHBIX (HOHI0B). OnpenenuTs CpeaHow U
IpeleNbHYI0 IPOM3BOAUTEIBLHOCTD PECYPCOB, IPU (PUKCUPOBAHHBIX 3HAUeHUAX L = 2; K| = 32;
L, = 40,5; K, = 0,5. Paccuurarh 31aCTHYHOCTb BBIIYCKAa MO pecypcamM U 3JIaCTUYHOCTD
npou3BoacTBa I1ocTpOUTh M30KBAaHTHI TPU (PUKCUPOBAHHOM BbIITyCKE ) = 2; )y = 3.

3amaua 5
LI
[IpousBoncTeeHnas Qynkims umeer Buy V= L*K? | rne L — 3arpatel Tpyma, K —
3aTpaThl Kanurtaia (3aTpaThl OCHOBHBIX MPOU3BOJACTBEHHBIX (OHIOB). ONpenenuTs CPeaHIOn U
IpeleNbHYI0 MPOU3BOAUTEILHOCTD PECYPCOB, IPU (UKCUPOBAHHBIX 3HAUCHUAX L, = 27; K| = 9;
L, = 64; K, = 16. PaccunrtaTh 53JaCTUYHOCTb BBIIIyCKa IO pPeECypcaM MU 3JIACTUYHOCTh
npou3BoACTBa. [IoCTPOUTH M30KBAHTHI IPHU (PUKCHPOBAHHOM BhIycke y = 1; y=2;y =3.

3agaua 6

ITpousBoncTBenHas pynkuus ectb pyHkuus Ko60a-Llyrnaca. YToObl yBeIUUYUTh BBIIYCK
npoaykuuu Ha 3%, HaJl0 YBeTU4YUTh (GOHJBI Ha 6% WIIM YUCIEHHOCTh pabouux Ha 9%. Cpenuss
MPOU3BOAUTENBHOCTh OJHOTO pabOTHUKA 3a mecsan 1 muH. py6., a Bcero padorHukos 1000.



OcHoBHble (QoHapl oueHuBanuch Ha 10 mupa. py0. Kakoil Bua umeeT NpoU3BOJICTBEHHAs
(GyHKLUsA, UeMy paBHa cpeaHss GoHmo0TAAYA.

Pewenue

®ynkuus Kob6a-/lyrnaca umeer Bux y = a,K “L* . TpeOyerca HaliTu mapamerpsl

ypaBHEHUS Ao, a1, A U Ag.
DnacTUYHOCTh BBINYCKA MO iI-My pecypcy (E;) NOKa3bIBAaeT, Ha CKOJIBKO IPOLIEHTOB
YBEJIMYUTCS BBIIYCK, €CIM 3aTpaTbl i-r0 pecypca YBelIM4YaTcs Ha OAMH IPOLEHT IpH

1

HEM3MEHHBIX 00beMax apyroro pecypea, £y =3% :6% = 5

M ay ay ya, \/ a, a,—
Ly = A]f MKZG_K:(%K]L Vi = aL®a K™,
a R‘“lLaz ~ ) (ay-1) ya,
AK = l = - = = aOK(al I)L 2 ’EK = —aOalK L = al R T.C.
K K a, KL
1 K4
Eg=a,=— 4, =2 =20 2 _ g g
2 K K
1
AHaJIOrM4HO onpenensieM d, = g
Cpenusis MPOU3BOJAUTEIBHOCTD OJIHOTO paboTHHKA

Y
A4, ZZZIOOO 000= Y =1000000*L, 1.k L =1000 Y =1000 000*1000 =10, ITo

YCIIOBHIO 3a1a9u K =10", TIOJICTaBJIAEM 3HAYECHHUS B dopmyy

1 1
10° = a, *(10° o *(10° F = a, =1000.
11
[TpousBoacTeenHas GpyHkuus Oyner umets Bunx Y =1000* K23, Cpennsist hoHmOOTIa9A

9
K :1: 1010 =0l
K 10
3amaua 7

[TpousBoacTBenHas pyHkus ecth GyHkus Koo6a-/lyriaca. UToObl yBEIMUUTH BBIMYCK
npoaykuuu Ha 1%, Hano yBenuuuTh (GoHABI Ha 3% WM YMciIeHHOCTh pabdounx Ha 3%. OnuH
pabOTHHUK 3a MecsI[ MPOU3BOAUT Tpoaykiuu Ha 10 muH. pyO., a Bcero padorHukoB 1000.
OcHoBHble (oHAB!I oOLleHMBanuCh Ha 1 mupza. pyO. Kakol Bua uMeeT NpOU3BOJICTBEHHAs
¢byHKIMS, yeMy paBHA cpefHss GOHI00TaaYA.

3agaua 8

ITpousBoncTBenHas pynkuus ectb pyHkuus Ko60a-Jlyrnaca. YToObl yBeIUUYUTh BBIIYCK
nponykuuu Ha 2%, Hamo yBeauduTh (PoHIBI Ha 5% Wi 4uCIeHHOCTh padounx Ha 5%. OauH
pabOTHHK 3a MecALl TPOU3BOIUT NIPOAYKIMH Ha 1 MIIH. pyO0., a Bcero paboTHUKOB 32. OCHOBHBIE
¢donasl oneHnBanuch Ha 10 mupa. py6. Kakoil Bux uMeeT nmpou3BOACTBEHHAs (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 Mecsl MPOM3BOAUT Mpoaykuuu Ha 10 MiuH. py6., a Bcero paboOTHHKOB 625.
OcHoBHble (QoHabpl oueHuBanuch Ha 100 muH. py6. Kakoif Bua mMeeT Nnpou3BOACTBEHHAs
(GyHKLUsA, UeMy paBHa cpeaHss GoHI00TAAYA.



3agaua 10
[Ipoussoacreennas Qynxuus umeer sug Y = 0,9L + 1,8K | paccumrars mpenenbuyro
HOpPMY 3aMEHbI TPy/a KanuTaioM (Rg;) U IPeNesbHYI0 HOPMY 3aMEHbI KalluTana TpyaoM (Rgr).
Pewenue:
%y :
or _ (09L+18K). 09
¥ (09L+18K)x L8
oK
%y ,
ok (09L+18K)x 18
R, = = =

¥ (09L+18K), 09
oL

=05

3agauya 11
L
N — J3K?
pOU3BOJCTBEHHAs (PyHKLHUS UMeeT Bua YV , PacCUMUTaTh MPENEIbHYI0 HOPMY
3aMEHbI Tpya KanuTaioM (Rpx) ¥ peAebHyI0 HOPMY 3aMEHbI KanuTaia TpyaoM (Rkz).

3agaua 12
1 3

[IpousBoncTeennas ¢ynkuus umeer Buy ¥ = L*K* | paccuntats npenensayo HOpMy
3aMeHbI TpyJa KanuTaaoM (Rix) U MpeneabHyl0 HOpMY 3aMeHbI KanuTana TpyaoM (Rxz).

3agaua 13
1 1

[IpousBoacTeeHHas GpyHkims umeeT Bux y = L?K? | paccuurarh MpeneNbHYI0 HOPMY
3aMEHBbI TPy/la KalluTanoM (R, x) ¥ IpeJesbHYI0 HOPMY 3aMEHbI KaluTana TpyaoM (Rgr).

3amaua 14
1 2

[IpousBonacTBeHHass (QYHKIUS UMEET BUI ) = L’K?, paccuuTaTh MpeAeabHyI0 HOpMY
3aMEeHbI TpyJa KanuTanoM (Rkz) U IpeebHyI0 HOPMY 3aMeHbI KanuTana TpyaoM (Rxz).

OTBeThI
3

No2 Ax = T,MX:L,Ex=l;npnx=8Ax=E,Mx=l;npnx=27 Ax=l,Mx=l;
A & 3 4 4 3 9

3 1 K L
npu x = 64 4, =—, M, = —. N34, =09+18—, 4, =18+09—, M, =09, M, =18;

16 16 L K
= L , E, = 2K ,E=1; mpu L = 3; K = 3,5; ELzlz0,467; E,=0,7;

L+2K 2K + L 15

E=%z1,167;HpHL=4;K=3; E, =§=0,4; EK=%=O,75; E=115;mpu L=5; K=2,5;

3 1



3 1

1K\ 3( L\ 1 3
ML:Z[ZJ ,MK:Z[EJ smpu L =2; K=32; A, =8, A4, :E,ML=32,MK :§;an/IL=
40,5, K = 0,5, 4 —L Ax =3, M —L M —2' E —l' E, = E =1; ypaBHeHus

9y [ L 277 K s L 1087 K 49 L 49 K 5 > ¥Yp
1
K> I K?
W30KBAaHTIpHYy = 2 L=l—63, mpu y = 3 L=%. NQSALZ—E, AKZ—l, MLZ—E,
L3 K? 303
1

L’ 1 1 1
My=—-,upu L =27, K=9 ALZE,AKZI, ML:§, MKzz;an/IL=64,K=l6

2K?

A —l Ax=1, M —i M —l'E —l'E —l'E—é' aBHCHUS M30KBAHT: TpH y = 1
L 49 K 5 L 125 K 23 L 39 K 23 69YP - opu y
1 8 o1
L=—-, npu y = 2 L=—71p, npu y = 3. Ne7y=10°-1°-K3; A, =10.
. %
22 r ot
Ne8 y =800-L°-K°; A, =0,0032.Ne9 y =125000- L* - K2 ; 4, = 62,5.
2K 3L K 3L K L
NQIIRLKZE’RKLZQ' ‘N‘QIZRLK:?’_L’RKL:?' N913RLKZZ,RKL:E.

K 2L
N914RLK = Z ’RKL = ?

2.8 JlaGoparopHasi padora Ne JIP-17(2 yaca).
Tema: «®@yHkuuu moJiesHoctu. Pynkuuu crnpoca. IiponssoacreeHHbie PYHKIUN»

2.8.1 Leab padoThI: 3aKpenuTh HABBIKK pelIeHUs 3a1ad 1o teme «IIpous3BoacTBeHHBIE
¢yHkun. @yHKIUY 10Je3HOCTH. DYHKIMU CIIPOCay

2.8.2 3agauu padoTsI:
1. KontponbHas paboTa.

2.8.3 Ilepeyenb NpuOOpPOB, MATEPHUAJTIOB, HCIIOJIb3YeMbIX B J1a00paTOPHOI padoTe:
1. Kanskynsarop

2.8.4 Onucanue (xox) padoTsbl:
1. Kourpoannas padora.(Bapuantsl 3ananuii npeacrasieHbl B @OC AUCIUTIIINHBI)

Pazpaboran(m): J.A. AHpueHKo




