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1. KOHCHEKT JEKIUA

1.1 Jleknus Nel (2 gaca)
Tema: « Mogesim M1 IKOHOMHKO-MATEMATHYECKOE MOIeJTUPOBAHN €

1.1.1 Bonpochl jieKIIUM:

1. [TpuaIMN aHanoruu B MoaenupoBanuu. OOIIee MOHATHE MOJICIIH.

2. DKOHOMHKO-MaTEMaTHIECKHE MOJICITH.

3. Dtansl MogenupoBanus. JInHeliHAs YKOHOMUKO-MaTEMaTUYECKast MOJIEb.

1.1.2 Kpatkoe coaep:xaHne BOIIPOCOB

1. IlIpyHUOMN aHAJIOTMH B Mojie/iMpoBaHun. O01ee NOHATHE MO/IEJH.

TepMmuH MOJEIb MPOUCXOAUT OT JIATHHCKOTO ciaoBa modulus — obGpaserr, HopMa, Mepa.
[TonsiTe MojAenM OCHOBAaHO Ha MPUHIUIE aHajgoruu. PaccMarpuBas CBOWCTBA pa3IMYHBIX
O00BEKTOB, SBJICHHH, TNPOLECCOB, MOXHO OOHApYXWUTh, YTO HEKOTOPbIE W3 HHUX HMMEIOT
OTIpe/IeIEHHOE CXOJICTBO, M0A00Me. DTO CXOACTBO MPOSBISETCS JUOO BO BHEIIHUX (popMmax,
00 B CTPYKTYpE, TMO0 B U3MEHEHUU XapaKTepa MOBEACHHUS IPHU OJUHAKOBBIX BO3JCHCTBHUSAX.

C ToukM 3peHHUs YOpaBICHHUS XO3AWCTBEHHBIMH IpOILIECCAMU HAMOONbIINNA HHTEpeC
IPEJICTABIISIIOT MOJIENIN, OCHOBAHHBIE HA CXOJICTBE MOBEJCHUS CUCTEM, TOI00MM UX peakUMil Ha
U3MEHeHue Bo3/eiicTBus. Mojens B Haubosee o01IeM onpeAeNieHud - 3TO HEKOTOPBIN aHayor
TOH CHCTEMBI, KOTOpOfI Mbl JOJIKHBI YIPaBJIATb, OCHOBBIBAACHh HA 3HAHUAX HU3 HCCICIOBAHUSA
naHHoro aHanora. OpUTHHAJIOM CIYKUT pealbHBbIH OOBEKT HUCCIEOBAaHHUS — TO WJIM HHOE
SBJICHUE, IPOLIECC NMPOM3BOACTBA U T.J. Mojenb OTOOpa)kaeT Te CBOICTBa HCCIEeIyeMOMn
CUCTEMBI, KOTOpbIE MPEACTABISAIOT UHTEPEC, MPEX]E BCErO ¢ TOUKH 3PEHHS YIPaBICHUECKUX
BO3/ICIICTBUI Ha Hee, T.€. MOJEJIb CILYKUT CPEICTBOM MO3HAHUSI OPUTHMHAIIA.

Jlnis pelieHus: MpakTHYECKUX 3a]]a4 HeJ0CTaTOuHO nmojoous. Heo6xoauma BO3MOXKHOCTh
SKCIICPUMCHTUPOBATL HAa MOJCIIH. 910 AOCTUTACTCA HNPCKAC BCCro YMNPOICHHUEM CHUCTEMEI,
OTpaHUYEHUEM HCCIIEAYEMBIX CBOMCTB.

BocnpousBenenne HEKOTOPOro OrpaHMYEHHOTO MHOYKECTBA CYILECTBEHHBIX CBOWCTB
MOBE/ICHUS CUCTEMbI HA3bIBAIOT UMHUTAIIHEH.

PaznuuaroT psan crnoco00B UMHUTAIIUN:

aHAJIOTOBBIM — 3aMeHa HocuTenel 0a30BBIX CBOWCTB peaTbHONM CHUCTEMbI APYTUMH
(1)I/I3I/I‘~I€CKI/IMI/I HOCHUTCIIIMU,

aHAJIMTUYECKU — 3aMeHa MaTepuaJbHbIX HOCHUTeNeld 0a30BbIX XapaKTEPUCTHK
HCCIIETyeMOI cUCTEMbI a0CTPAKTHBIMU MaTEMATUYECKUMHU COOTHOILLIEHUSIMU;

MallMHHBIA - IIOCTPOGHUE YHUCIIEHHBIX MOJEJIEH TOBEJEHUS CHCTEM Ha OCHOBE
AJITOPUTMOB;

CUTYallUOHHBIN - IyTeM 0TOOpa)KeHHsI CBOWCTB, IEIOBBIX UIP.

B 3aBucumoctH ot crioco6a 0ToOpakeHus CBOMCTB UCCIEYEMON CUCTEMBI Yepe3 Te WIH
UHBbIE HOCHTEIM BCE MHOXECTBO MOJENEH MOXXHO MOJpa3JesuTh Ha JiB€ OOJBIIME TPYIIIbI:
MaTepuaibHble (pusznyeckue ) u abcrpaktHeie. [1o cBoelt mpupone ¢puznyeckue MoJaeNIu MOTYT
ObITh MEXAaHWYECKHMH, 3JIEKTPUUECKUMH, THUIPABIMYECKUMH, M T.a1. Dusznyeckue Mojenu
CTPOSITCS Ha MPUHIUIAX MPSIMOI aHAJIOTUH, KOTJa OPUTHHAI U MOJIETh MOTYT OTINYAThCS JIHUILb
MaciTabamMu, WM KOCBEHHOM, KOTJa MEHSIOTCSI HOCUTEIH 0a30BbIX CBOWCTB.

MonenrpoBaHue — €CTh HayYHBI METO/I HCCIIEI0OBAaHUS CUCTEM, pACCMATPHUBAEMBIX Kak
OpPUTHHAJIBI, HAa UX aHalorax-mMojensix. Llenb MojaenupoBaHus sIBIsSETCS YIiyOJlIeHne 3HaHUH JUTs
pacrnpocTpaHEHHs TUX 3HAHUM Ha CUCTEMY-OpUTHHAJ IIPU YIIPABICHUH €€ IOBEICHUEM.

Ilo cBoell cymHOCTHM Hay4yHbIE NOHSATHS "MoJens" U "MoaenupoBaHue" MPENCTaBISAIOT
co00i1 KaTeropry NO3HaHMSI CUCTEMHBIX CBOMCTB UCCIIEYEMbIX OOBEKTOB.

Mmutanuss TOBEJEHHUS HUCCIEAYEeMBIX CUCTEM ecThb Haubosnee oOmas ¢opma
MOJIETTUPOBAHUSI.



HpI/IHI_[I/IH aHaJIOTUHU COCTOUT HMCHHO B HOJIY'-IGHI/II/I BBIBOOB, Cy)KI[GHI/Iﬁ 06
YIOPaBIIEMON CHUCTEME Ha OCHOBE HCCIICIOBAaHUSA IOBEACHUA JIPYTOM CHCTEMBI, CXOJIHOW B
HEKOTOPOM OTHOIIIEHUH C OPUTHUHATIOM

dopManu30BaHHOE  MPEACTABJICHHE  3aKOHOMEPHOCTECH  TOBEACHUS  PEAbHBIX
3KOHOMHYCCKUX CUCTEM B BHIC a6CTpaKTHbIX MAaTEMAaTUYCCKUX AHAJIOTOB — CHCTCMBI
YpaBHEHU W HEPABEHCTB — MOJYYMIIO HA3BAHKE MATEMATHYECKOTO MOICTUPOBAHUSI.

2. IKOHOMHUKO-MATeMaTHYeCKHEe MOIEJIH.

[Ipu pa3paboTke 3KOHOMUKO-MAaTEMAaTUYECKUX MOJIENIE MPUHUMAIOT BO BHHMaHHE
HanOoJiee 3HAYMMBIC, CYIICCTBEHHBIC XapaKTEPHCTHKH YIPABISIEMBIX CHCTEM, a JeTald
BTOPOCTEIIEHHOIO XapaKTepa OMyCKatOTCsl.

Mopenb T103BOJISIET WMHUTHPOBATh TOBEJCHHE CHUCTEMBl B IIMPOKOM JHAria3oHe
U3MEHSIOMUXC  ycnoBuid. OTmamaer HEOOXOAMMOCTh B JOPOTOCTOSAIIMX HATypPalbHBIX
JKcrepuMeHTax. [Ipu HccieoBaHUM OYEHb CIIOKHBIX CHCTEM C OOJIBIION JUTUTEIHbHOCTHIO
HpOTeKaIOH_[I/IX B HHUX HpOHGCCOB MOI[eJII/IpOBaHI/Ie CJ'Iy)KI/IT CIANHCTBCHHBIM CpeI[CTBOM
000CHOBaHHUS YIPABICHYECKUX peEIIeHUH Ha repcrnekTuBy. OCHOBHOM 3 (EKT MOACIMPOBAHUS
3aKJTFOYAETCS UMEHHO B HAyYHO OOOCHOBAHHOM NPHHSATHU YIPABICHUCCKUX PEHICHUH — B
BbIOOpE HAMITY4IIero (ONTUMAIbHOTO) BApUAHTA PA3BUTHS CUCTEMBI.

Mopenb Bceraa mnpoie opuruHana. MccnegoBarennb CTPEMUTHCS BOCIIPOU3BECTH MPEKIE
BCETO TE€ CBOMCTBA CHCTEMBI, KOTOPBIE BaXKHBI I PEIICHUS CTOSIIUX Iepe]l HUM 3ajaad.
CTGHGHI) IIOCTOBepHOCTI/I BBIBOJIOB HpI/I 3TOM 3aBHCHUT OT ACTAJIU3AIIN I/ICXOLIHOI\/JI I/IH(i)OpMaIII/II/I
O CBOWCTBaxX CHCTEMbI, TTTyOMHBI MPOPAOOTKH U HM3YYEHHOCTH 3aKOHOMEPHOCTEW MOBEICHHUS
9TON CHCTEMEI.

3KOHOMMKO'Mam€MamulleCKa}l Moae]lb - __9mo KOHUECHMPUPOBAHHOE  6blpaiceHue
CYWECMBEHHbIX  83AUMOCEA3CH U 3AKOHOMEDPHOCME  Npouecca  (OYHKUUOHUPOBAHUSL
BKOHOMu’{eCKOIZ cucmemsl 6 MameMamuquKozZ d)ODMe

B 1utaHoBO-3KOHOMHYECKOH paboTe HCIOJIB3YIOTCS Pa3HOOOpA3HBIC THUITBI MOJICIICH,
pasIuyaronecs IeJeBbIM Ha3HAUYCHHEM, XapakTepoM 3ajad, CTENEHBbID OXBaTa SBJICHHM,
MAaTEeMAaTHUYCCKUM annapaTOM n T.1. CYIIICCTByeT MHO>XKCECTBO JSKOHOMHUKO-MATCMATHUYCCKHUX
Moenel. BosHrukaeT HE0OXOAMMOCTh B MX KJIACCHU(PUKAIIMH.

JleTepMuHUCTHYECKHE CroxacTudeckue

— —>
0ajIaHCOBBIE OITUMU3AI[UOHHEIE
JIMHEWHBIE HEJIWHEHHbBIE
Bce UMCHOIIIHUECA SKOHOMHUKO-MAaTCMAaTHUYCCKHUC MOACIN JCIIATCA Ha

JNETEPMHHUACTHYECKUE U CTOXACTHIECKHE.

K nerepMUHUCTHYECKMM OTHOCATCSI MOJENH, B KOTOPBIX pe3yJbTaT IOJHOCTBIO WU
OJTHO3HAYHO OTIpe/essieTcss HaOOpOM HE3aBHUCHMBIX TEPEMEHHBIX. DTH MOJIENN CTPOSTCS Ha
OCHOBE IpaBWJI JIMHEHHOM anredpsl U MPEACTaBIAIOT COOOW CHUCTEMY YpaBHEHM, COBMECTHO
pemaemMbIX IS TOJTYYCHUST PE3YIIbTaTOB.

JIeTepMUHUCTUYECKHE MOJIENH MOJPA3AEIAIOTCd HAa MOJAETH OallaHCOBBIE M MOJIENHU
ONTUMU3AIMOHHBIE. balaHCOBBIE MOJAENH, Kak MpPaBHJIO, XapaKTEPU3YIOTCSI CHCTEMOM
0anmaHcoBBIX Ta0JIMIl, KOTOpbIE OOBIYHO MMEIOT (hopMy IIaxmaTHOro OanaHca M MOTYT OBITh
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3alMcaHbl B BUAE KBAApaTHBIX MaTpull. ONTUMH3AaUUOHHBIE MOJEIN OTJIMYAIOTCS OT
0aaHCOBBIX TEM, YTO LENbI0 UX IOCTPOEHUS SBISIETCS HE CTOJNBKO ONHMCAHUE CTPYKTYpPbI
HKOHOMHYECKOW CUCTEMBI, CKOJIbKO MAaTeMaTHUYECKOE OMMCAHUE YCIOBHHA (DYHKIIMOHHUPOBAHUS.

OnTuMu3alMoOHHbIE MOJIENHU ObIBAIOT JIMHEHHBIE U HEJIMHEHHBIE.

CroxacTuyeckre MOJEIN ONUCHIBAIOT CIy4YaliHble IIPOLECCHI, OJUUHSIONINECS 3aKOHAM
TEOPUM BEPOATHOCTH. B 3THX MoJensx HCXOAHblE [aHHblE, MO0 HCKOMBIH pe3yibTara
BBIPQ)KAIOTCSl HE OIpPEJCIICHHBIMU BEIMYMHAMH, a B BUJIE€ HEKOTOPOH CTaTHYECKOH (YHKIUHU
pacnpenesieHuss 3THX BeIWYMH. [3ydaemplii IpoLecc YCIOBHO pPAacCMarpuBacTCs —Kak
JETEPMUHUCTUYECKHI, HO B MOJENb BXOJAT 3JIEMEHTbl OLIEHKH BEPOSATHOCTH IOJIyUYEHHBIX
pE3yJIbTaTOB.

3. OTansl MoaeMpoBanns. JInHeilHA IKOHOMUKO-MaTeMAaTHYeCKas MO/e/Ib.

MareMaTHueckoe MOJIEIMPOBaHUE MMEET /iBa CYLIECTBEHHBIX NpeuMyllecTBa: 1) maer
OBICTPBIA OTBET Ha TIOCTaBJIEHHBIH BONPOC, HAa YTO B peaJbHOW OOCTAaHOBKE MOTYT
noTpedoBaTbCsl MHOTAA JaXe ToJbl; 2) MPEeloCTaBIseT BO3MOXKHOCTb  LIMPOKOIO
HKCIIEPUMEHTUPOBAHMS, OCYHIECTBUTH KOTOPOE HA peabHOM OOBEKTE 3a4acTyi MpPOCTO
HEBO3MOJKHO.

CopepxarenpHasi IOCTaHOBKA  3aJa4d  4acTO  OKa3bIBaeTCsl  ME€PEHACHIICHHOU
CBE/ICHUSIMH, KOTOpBIE COBEPILIEHHO M3JUIIHU A ee mociuenyroueid Gopmanuzanuu. YToObl
MOJICIIMPOBaHNE OBLIO YCIEUIHBIM, HAJ0 YYUTHIBaTh TJIABHBIC CBOWCTBA MOJEIUPYEMOTO
00BbeKTa, MpeHeOperarb €ro BTOPOCTENEHHBIMM CBOWCTBAMM M YMETh OTIEIUTh UX APYr OT
Apyra.

dopman30BaTh OCTAHOBKY 3aJa4H, T.€. IEPEBECTH €€ Ha S3bIK MATEMAaTUKH, IIPUYEM C
KOHEYHBIM KOJIMYECTBOM HEM3BECTHBIX M BO3MOXKHBIX orpanuyeHuil. Ilpum stom HeobOXxoaumo
IIPOBECTU PaA3IMYME MEXAY TEMH BEIMYMHAMH, 3HAYECHUSMH KOTOPBIX MOXHO BapbUpPOBAaTh U
BBIONPATh C LEJBIO JOCTHKEHHS HAWIYYIIEro pe3ynbTata (YApaeisieMbiMu nepemMeHHbMuU),
BEJIMYMHAMU, KOTOpbIEe (PMKCUPOBAHbBI MM ONPEACISAIOTCS BHEIIHUMU GakTopaMu. OJTHU U Te ke
BEJIMYMHBI, B 3aBUCUMOCTH OT BBIOPAHHBIX IpaHUL] ONTHUMU3UPYEMOM CHUCTEMBI U YPOBHS
JeTajau3ally ee OMMCaHusl, MOTYT OKa3aTbcs JIMO0 yNpaBiiieMbIMU IIEPEMEHHBIMHU, JINOO HET.

OnpeneneHre TeX 3HAUEHUM YIPaBISIEMbIX IEPEMEHHBIX, KOTOPHIM COOTBETCTBYET
Hawty4mas (onmumanbHas) CATYalusl, ¥ IPEICTaBIseT COOOM 3a1auy ONTUMH3ALHH.

Monenb 3KOHOMUYECKOH 3a7]aui ONTUMM3AIMH COCTOUT U3 3-X yacTeil:

|. eneBass GpyHkuus (KpUTepUil ONTUMAIBHOCTH). 37€Ch OMMCHIBAECTCS KOHEUHAs IIelb,
npecieayemasi Mpu pelleHuu 3anadd. B kadecTBe TakoW 1enM MOXET ObITh WJIM MaKCUMyM
NOJYy4YeHHUs1 KaKUX-TTM00 MmoKa3aTeneil uiau MUHUMYM 3aTpar.

I. Cucrema orpannyeHui.

OrpanuyeHuss ObIBalOT OCHOBHbIE U JONMOJHHUTEIbHbIE. OCHOBHBIE, KaK MpPaBUIIO,
OMMCHIBAIOT PACX0J] OCHOBHBIX IPOM3BOACTBEHHBIX PECYpCOB (I3TO KOHCEpPBAaTHUBHAs YacTh
mojnenu). B Mozmenu oHM 00s3aT€IbHO HPUCYTCTBYIOT. JlONMOJHHUTENIbHBIE — MOTYT HUMETh
pa3IUYHBIA XapakTep, SABIAIOTCS M3MEHSEMOW 4YacTbl0 MOJEIM M OTPaXaloT OCOOEHHOCTH
MOJIEJIMPOBAHUS 3aauu.

[1l. YcnoBue HEOTpULIATETLHOCTH NIEPEMEHHBIX BEJIMYMH. A TaK)Ke TPaHUYHbIE YCIOBHUS,
KOTOpbIE TOKA3bIBAIOT, B KaKUX Mpe/ienax MOIYyT OBbITh 3HAYEHUS HCKOMBIX TEPEMEHHBIX B
ONTUMAJILHOM PEIIECHUU.

Pemenue 3agaun, ynOBJIETBOPSIONIEE BCEM OIPAHUYEHUSM WU TPAHUYHBIM YCIIOBHSAM,
Ha3bIBaeTCs donycmumuim. Ecaum mMareMaTHueckass MOJENb 3aJadd ONTHMM3ALUU COCTaBJIEHA
OpaBWIbHO, TO 3ajaya OyJdeT WUMETh UENbIi psJl JOMYCTUMBIX pemieHuil. YToObl M3 Bcex
BO3MOXKHBIX PEIIEHUI BBIOPATh TOJIBKO OJHO, HEOOXOAUMO JOTOBOPUTHCS, MO KAKOMY NPU3HAKY
MBI 3TO Oynem nenaThb. To ecTh pedb WAET O KPUTEPUU ONTHUMAIBHOCTH, KOTOPBIM BHIOMpaeT
YyeJloBeK, MpUHUMaroluil penieHne. Takum oO6pazoM, ONTHUMaIbHOE pEIIEHHEe — 3TO PEILIeHUE,
HaWTyylllee U3 JOMYCTUMBIX C TOUKU 3pEHUs BEIOPaHHOTO MPU3HAKA.

Opnako, cieayeT UMETh B BHJY, UYTO pELICHHE HE BCEX ONTHMHU3ALMOHHBIX MpobdiieM
CBOJIUTCS K IOCTPOCHHMIO MaTEMaTHYECKUX MOJAEIEH M COOTBETCTBYIOLIMM BBIYHUCICHHUSIM. JTO
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CBSI3aHO C TEM, YTO MOTYT MOSBHUTHCS OOCTOSATENBCTBA, SBISIOMIMECS CYIIECTBEHHBIMHU IS
pemeHns mpooOJIeMbl, HO, TEM HE MEHee, He MO Ialolecs MaTeMaTHIecKo (hopManu3anuu H,
CJIEZIOBATENIbHO, HE YUUTHIBAEMbIC B MaTeMaTHuecKo Mozenu. OHUM U3 TaKUX 0OCTOSATENbCTB
SIBIISIETCS YeTIOBEYECKHH (DakTop.

bazoBas Mozenb BKIIOYACT CIEAYIONIUE 3JIEMEHTHI: HCXOJIHBIC 3HAUCHHS PECYpPCOB;
NIEPEMCHHBIC BEJIIMYHMHBI, 3HAYCHUWE  KOTOPBIX JIOJDKHBI OINPENCIAThCS B pe3yibTare
MOJICIIUPOBAHMS;, TEXHUKO-3KOHOMHUYECKHE KOA(PPHUIUEHTH U HOPMATHBBI, HEOOXOIUMBIE IS
0TOOpaKeHMsI 3aKOHOMEPHBIX B3aMMOCBSI3€H PECypCOB C BBIXOJHBIMHU MOKA3aTEISIMH; YCIOBUS
(orpaHuyeHHs), ONUCHIBAIOIINE XapaKTep M JIOTHMKY B3aWMOCBS3€H B MOJENH; KpUTEpUi
ONTUMAIILHOCTH, OTIPEACIISIFOIINN Ka4eCTBO ()YHKIIMOHUPOBAHUS UCCIICyeMOM CUCTEMBI.

PazpaboTka >KOHOMHMKO-MAaTEMaTHYECKOW MOJEIH OCYIIECTBISETCS IIOATAllHO B
OTIpEICIICHHOM TTOCIIEeIOBATEIBHOCTH.

1. TlocranoBka 3aj1auu ¥ 0OOCHOBAHUE KPUTEPHS ONTUMAITBHOCTH.

2. OmnpeneneHue NEpevHs MEPEMEHHBIX U OTPaHHYCHHIA.

3. Coop wumHpOpMamu u pa3paboTKa TEXHUKO-DKOHOMUYECKHX KOX(P(PHUIMEHTOB U
KOHCTaHT.
[TocTpoeHne Moaeny 1 ee MaTeMaTuyecKast 3aruch.
KonupoBanue nepenecenre nHGoOpMaIiu Ha MalIMHHBIC HOCUTEIH, PEIICHUE 3a/1a4H
Ha KOMITBIOTEPE.
6. AHaiu3 pe3ysbTaTOB PEIICHHsI, KOPPEKTHPOBKA MOJICIH, TOBTOPHOE PEIICHUE 3a1a4H

Ha KOMIIBIOTEPE MO CKOPPEKTUPOBAHHON MOJICIIH.

7. DKOHOMMYECKUU aHAJIM3 Pa3INYHbIX BAPHAHTOB M BHIOOD MPOEKTA IJIaHa.
B KOHKpETHBIX YCIIOBHSIX B 3aBUCHMOCTH OT XapakTepa 3aJadyd IOCIeA0BaTeIbHOCTh
3TANoOB MOJACTHUPOBAHUS MOXKET H3MEHSTHCA.

o~

1.2 Jlekuus Ne2 (2 yaca)
Tema: «IIpuemMbl MOaETUPOBAHMSD)

1.2.1 BonpochI jJ1eKIUM:

1. MonenupoBanue 00beMOB pecypcoB, padboT, TPOIYKIIUU

2. MoaenupoBaHHe yCIOBUHN C TOMOIIBIO TEPEMEHHBIX U K03 (PUIeHToB
3. MonenupoBaHye ¢ U3MEHAIOMUMUCSA KOApPUIIUEeHTaMH

4. ITpuembl COKpalleHHs! YUCIOBON MOAEIH

1.2.2. KpaTtkoe coaep:kaHue BOIpPOCOB

1. MoaeaupoBanne 00beMOB pecypcoB, padoT, NPOAYKIIUH

[Tprembl MOJIEMPOBAHUS — 3TO CIIOCOOBI OTPAXKEHUN B MOJIENIN YCIOBUH, 3aBUCUMOCTEN
MOJIEIUPYEMOI CUCTEMBI.

[Ipu pemeHnn NMpakTUYECKUX 3a/1a4 BO3HUKAET MHOXKECTBO CHTyanui. MHorooOpasue
COCTOSIHUM  MOJENTUPYEMBIX cHCTeM TpeOyeT 3HaHHMs IIMPOKOr0 apceHaja IPHEMOB
MoienrpoBaHus. HakonneHnne HeoOX0AMMOTo pa3HOOOpa3us MPUEMOB U MOJIY4YEHHE HABBIKOB
YMEJIOTO WX TPUMEHEHHUs MPHUXOIAT MO Mepe NPHOOPETeHHs OmbiTa PabOThl MO PELICHUIO
ONTUMM3ALMOHHBIX 3adad. B nexkuum paccMoTpeHbl HamOojee pacnpoCTpaHEHHBbIE MPHUEMBbI
MOJICITUPOBAHHUSL.

MonennpoBanue 00bEMOB PECYPCOB, padOT, NPOAYKIIHH.

3anucy ocpanuyenull ¢ He UsSMEHAWUMUCA 00beMamu pecypcos, padbont, npou3E0oUMOouU

nPOOYKyuu




[TepBoe m Hambomnee oOIee OrpaHUYCHHE AJs JTIOOOTO arpapHOro MPOU3BOACTBA ITO
YCIIOBHE, YTO IO/ TIOCEBBI BBIPANIMBAEMBIX KYJIbTYp MOXXHO OTBECTH MAIlHU He OoJiee 4eM

nMeeTcs. OTo YCJIOBHUEC 3aIIMChIBACTCA TaAK: x]_ + xz +...+ xn S 480 ,

rae X1y X9y X -muomany moceBa OTAENBHEIX CEIBLCKOXO3SMCTBEHHBIX KyIbTYp, 480 —
TJIOMIA/Ih TIAITHU, KOTOPYIO MOKHO 3aHSTh T0]T TIOCEBBI.

HYCTB, x2 - I1omaab O3MMbIX, B 3TOM Iroay 1moJ O3MMbI€ MOXXHO OTBECTHU HE 6onee 100

ra. B Mozienu 9T0 MOXHO OTpasuTh Kak X7 <100 .

CMBICJI TIpUE€Ma COCTOMT B TOM, YTO CBOOOJHBIN YJICH HEpPaBEHCTBA (PUKCUPOBAHHOE
YUCJIO — €ro BEJIMYMHA B TPOIECCE PEIICHHS 3aJadyd HE HW3MEHSACTCA. ODTHM IPHEMOM
MOJIB3YIOTCS TIPU MOJICTTUPOBAHUU MCIIOJIb30BAaHUSI TPOU3BOACTBEHHBIX PECYPCOB, OTPAKEHUU B
MOJICNI OOBEMOB BBIMOJHAEMBIX PAOOT, KOJIMYECTBA TMOCTABISIEMOM MPOAYKIIMU, U BO BCEX
JIPYTHX CIIy4dasx, KOTJa MOAeIupyemMasi BeTnurnHa (UKCHPOBaHA.
3anuch OrpaHUYEHUN C UBMEHAKUIUMHUCSI 06'bEMaMU

Ha mnpakTuke BcTpedaroTcsi ciiydad, KOTJIa B MOJEIH IMPOU3BOICTBEHHBIX PECYpPCOB,
BBITMIOJHSAEMBIX Pa0OT UM KOJIMYECTBO MPOIYKIIMH HEOOXOAUMO OTPa3uTh HE (UKCUPOBAHHBIM
YHUCJIOM, a MPEyCMOTPETh BO3MOKHOCTh UX U3MEHEHUS B OINIPEACIICHHBIX Mpeaenax. Hanpumep:
3aHATH IO IMOCEBBI 3epHOBBIX KynbTyp He MeHee 200 ra, Ho He Oonee 300; mpousBecTu He
meree 5000 T xaprodens, HO He O6onee 700 T. 3amucaTh 3TH yCIOBUS OJHOM CTPOKOM, OJHUM
JUHEHHBIM HEPaBEHCTBOM HEINb3s, 3/€Chb MOXKHO TPUMEHSATh TPUEM JBYCTOPOHHHX
OrpaHWYEHUN. 3amuch TaKUX YCIOBUM OCYIIECTBISIETCS B BHUIE [JBYX OrpaHUYCHUH C
KCIIOJIb30BAHUEM COOTHOIIEHUS Tuma ">" u "<".

B Hamem npumMepe MOKHO 3anucarh:

x, =200 x, =500
I10 1TO0CEBaM 3E€PHOBBIX: 10 TIPOU3BOJICTBY KapTodes

x, <300 x, <700

B tex cimyuasix, koraa 00beM IpOU3BOJCTBEHHBIX PECYPCOB, pa0OT UM MPOAYKLIUU YACTUIHO
HE U3BECTEH U JIOJKEH OBbITh HalJIEH, B MIPOLIECCEe PEUICHMS 3a1a4i IPUMEHSIOT [IPUEM -

BBEJICHHE BCIIOMOTATEIbHOM MEPEMEHHOM.

HomyctuMm, ¢epMep BbIpalIMBaeT MIICHUIy M KapTodeldb Ha IUIOMAgH X, X,Tra
COOTBETCTBEHHO. OrpaHMYeHHe [0 3aTpaTaM TpylJa B MOJEIH BBIPAKEHO COOTHOLICHHEM
30x; +400x, <6000, rre 30x; - 3arpaTsl Tpyaa B 4YeIOBEKO-yacax Ha BO3JEIIbIBAHHE
nmennnsl; 400x, - Ha Bo3xenbiBaHuK Kaptodeins, 6000 — 3amac TpyJga WICHOB XO3SHCTBA B
yesioBeKo-yacax. HeoOXoaumMo B Mojenu OTpa3suTh NPHUBICYEHHE CE30HHBIX PaOOTHHKOB Ha
BpeMs yOOpKH KapTodeist, IprudeM 00BbeM HPHBIEKAEMbIX TPYIOBBIX PECYpCOB HAXOAWTCS B
nporecce perieHus 3a/1a4u. 9710 yclIoBHE MO>KHO 3ammcaThb TaK:
30x; +400x, <6000 + x,, rme x,- BcroMorareibHas IE€peMeHHas, 00O3HaJaroIIas
00BeM JIOTIOJHUTENIFHO TIPHBIEKAeMBIX TPYIOBBIX PECYPCOB BBIPRKCHHAs B YEIIOBEKO-Yacax.
Ecnu npeo6paszoBath 310 BeipaxeHue momydnm: 30x; + 400x, —x,; < 6000 .

2. MoaeaupoBaHue YCJIOBHIi ¢ TOMOUILIO MepeMeHHBIX U KO3 PpuueHTon

MojennpoBanue ycIoBHI ¢ TOMONIbIO NEPEMEHHBIX M KOG QUITHEHTOB.
3anuce oepanuyenuli ¢ NOMOWBIO OMPAIHCEHHOU NEPEMEHHO.

I[J'ISI MOZACIIMPOBAHUA PACUCTHBIX BCIWYHUH, KOTOPBIC HE ABJIAKOTCA OCHOBHBIMU
NEPEMECHHBIMU, HO H€06XOJII/IMI)I AJI1 HaXOXJACHUSA OCHOBHBLIX IEPEMEHHBIX, B MOJCIbL BBOJAT
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BCIIOMOT'aTCJIbHBIC TCPEMCHHBIC, KOTOPBIC 00BIYHO OTpaxaroT 06H_[€e KOJIMYCCTBO W MOJYUYUIA
Ha3BaHUEC — OTPaKCHHBIX IEPEMCHHBIX.

ITycte B coctas craga KPC B x034iicTBE BXOAAT: X, - IOTOJIOBbE KOPOB, X, - IOTOJIOBbE
HETEJEeH, X5 - IOrojJOBbE TENOK, X, - IOroJ0Bbe OBIUKOB cTapuie ogHoro roja. ITo ycnosuto
3a/1a4¥ HEOOXOMMO BBIIOJIHUTE YCIIOBHUE, UYTO yJICNbHBIA BEC KOPOB B CTAJC MOXKET KOJIEOAThCS
B oT 40 no 50% oOmero moroyioBbs crana. JlaHHoe TpeOOBaHHWE MOKHO BBIPA3HTh TaK:
X, + X, + X3 +Xx, = Xg
x; = 0,4x, ,

x; < 0,5x,

rme X - o0lee IMOrojioBbe CTaja KpymHoro poratoro ckora. Ilocne mpeoGpaszoBaHus
X, +x, +x3+x, —x5 =0

BBIpaXeHus npumer Bua:) x; —0,4x, =0
x; —0,5x;, <0

3anuch OrpaHUYEHUN C MOMOIIbIO KO3)PHUIIMEHTOB MPOMOPIUOHATBHOCTH

B Momenum wuacTto mOpUXOAMTCA OTpakaTb COOTHOIIEHUS MEXIY OTAEIbHBIMU
MEPEMEHHBIMU M HUX TpYIINaMH. DTO HEOOXOAUMO MJisi MOJICIUPOBAHUS SKOHOMUYECKHX,
arpOTeXHUYECKHUX, 300TEXHUUECKUX, OMOIOTUYECKUX U APYTUX 0OCOOCHHOCTEN MPOU3BOICTRA.

Hamnpumep B mMoaenu He0OOXOAMMO y4€CTh, YTO B MPEANPHUATANA BO3MOKHO BO3/IEIBIBATH

CEJIbCKOXO035MCTBEHHBIE KYJIbTYPHI 1O JIBYM cXxeMmaM ceBOo0OOpoTOB. COOTHOILIEHHE MOCEBHBIX
IUIOIIAACH O STUMHU CEBOOOOpPOTaMH PaBHO 1:2. DTO yCIOBHO MOKET OBITH c(hOPMYIMPOBAHO

X 1
B BHJE PaBEHCTBA: —- = E , Tle X, - IJIoIIa/lb IEpBOro ceBOOOOPOTa, X, - IUIOIIAb BTOPOTO
Xy
ceBoobopota. Eciin mpeoOpa3oBaTh TO MIMeEM PaBEHCTBO 2X; = X, WK 2x; —X, =0,

OTUM TPUEMOM NONB3YIOTCS MPHU MOACIUPOBAHUU CTPYKTYpPbhI MOCEBHBIX IJIOLIACH,
CTPYKTYpPBHI CTaJla U pallMOHOB KOPMJICHHUS >KMBOTHBIX, OajlaHCca KOPMOB, MHUHEPAIbHBIX W
OpraHUYECKUX YIAOOpEHUN.

3. MopeanpoBaHue ¢ H3MEHSIOIUMHUCH KO3 (pPpuuuenrammu

3anuce yCIOBHH € M3MEHSIONMMHCA K0d(pPHUIIMEeHTaMH, YUCIIOBBIE 3HAYEHHUS KOTOPBIX
pu pa3paboTKe MOJIEIH HEU3BECTHBI.
OOBIYHO B ONITUMU3AIIMOHHBIX MOJIENISAX MPEAIONIAraeTCs, 4YT0 3HAYCHHE TEXHUKO-
HKOHOMHUECKUX KO3(P(PUIIMEHTOB BCEria N3BECTHO U MX YMCIIOBBIE 3HAUEHUS HA TPOTSHKEHUN
peleHns 3a/1a4u He U3MeHsA0Tca. OTHaKO BCTPEYArOTCs CIydau, KOTAa )KeIaTebHO, YTOOBI
TE€XHUKO-3KOHOMHUYECKHE KO3()(DUIIMEHTHI paCCUMTHIBAIUCH B ITPOLIECCE PELICHHUS 3a]auHl C
Y4ETOM KOMITIeKca (DaKTOPOB, OTPAKEHHBIX B MOJIENH. J[JIst TOTO MOIB3YyIOTCS CIIeIUAIbHBIMA
preMaMM MOJICIMPOBAHUS, TO3BOJISIOINIMMHU OTPaXaTh YCIOBHS B MOJIENIU B TaKOH opme,
KOTOpas AaeT BO3MOKHOCTh PACCUNTATh 3HAUYCHHUS TEXHHUKO-IKOHOMHYECKUX KOAPPHUIIMEHTOB
[0 XOAY pelleHus 3a1a4n. PacueT BeieTcss MeTojaMM CPEHETO B3BEIIEHHOTO WIIN
CYMMHPOBAHHUS U BBIYUTAHUS KOA(POULIMEHTOB.
Memod cpedHezo 838eweHH020 KoO3ghduyueHma

CyTb mpreMa MOXXHO PacCMOTpPETh Ha MPUMeEpE, KOTIa B MOJIEITh BBOJIUTCS OTHA U Ta XKe
0Tpacib, HO C JIByMsl YPOBHSIMH YpO>KallHOCTH U, COOTBETCTBEHHO, JBYMs YpOBHSIMHM 3arpat. B
ITOM cllydyae HMCTUHHOE 3HAUCHHE YPOKAHHOCTH HAXOIHMTCS TOCJIE PEIIeHHs 3aa4d MyTeM
OTIpEJIeTICHNs] CpeTHEB3BEIICHHOW BemuuuHbl. IlycTh X; M X, - mJomaap moceBa O3MMOM

MIIEHUIBI IPU Pa3HbIX YPOBHSX MPOU3BOJACTBEHHBIX 3aTpaT U YPOKAWHOCTH, JomycTtuM 18 u 25
Il C ra COOTBETCTBEHHO. [0 KaxaoW W3 MEPEMEHHBIX B OrPAHUYCHUSAX 3alMCBIBAKOTCS
COOTBETCTBYIOIIKE KO3 ULIMEHTHI POU3BOICTBEHHBIX 3aTpaT Mpu yposkaHocTH 18 u 25 11 C
ra. [Ipu pemienuu 3aga4u BO3MOKHBI TPU BapyaHTa pe3yIbTaTOB:
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x, >0, X, =0 - ypoxaiiHocTs OyzmeT paBHa 18 11 C ra.
x, =0, X, >0 -ypoxaiiHocTs OyzmeT paBHa 25 11 C ra.
x>0, X,>0 - ypokallHOCTb CIIEAyIOT OIpEACNIATh KaK CPEAHEB3BELICHHYIO

BenmunHy. Jlomyctum B pemenun x; =100, X, =250, ypoxkaifHOCT B 3TOM ciydae Oyner

* *
Capa 18 +25%, _18*100+25%250 .

X, + X, 100 + 250

Memoo cymmuposanus koaghguyuenmos.
MonenupoBaHie SKOHOMHUECKUX YCIOBUMN € MOCIEAYIOIIMM PACu€TOM UCTUHHBIX 3HAYCHHM

KOB(l)(bI/II_[I/IeHTOB 10 METOAY UX CYMMHPOBAHHA OCYIICCTBIIACTCA C IIOMOIIBIO BBCACHUA

BCIIOMOTaTeILHOM HepeMeHHOﬁ H BCIIOMOTI'aTCJIbHOT'O OI'paHUYCHHS.

M3BectHO, yTo ms mosydeHuss ynoss B 20 11 Ha (QypakHYIO KOPOBY JOJDKHO OBITH
3arpadeHo 30 1 KOpMOBBIX exuHul. IIpy ckapMiMBaHMM KOpoBaM IO 38 I K. eA. YIOH
noBbIcsATCs 10 35 1. Bbixox kopMoB ¢ 1 ra KOpMOBOH InIomaam cocraBiser 17 I K. e
Heo6xoanmo paccuuTaTh Kakoi ypOBEHb KOPMIICHHS IPUHSATH ONTHMAJIBHBIM.

O0o3HaunM 4epe3 X, - IMOroJOBbE KOPOB, 4YEpe3 X, - IUIOHIAAb II0J KOPMOBBIMH
KynbTypamu. Toraa KOpMOBOiH OajaHc, NpH MHUHHMMAJIbHOM YPOBHE YIOS W MOTPEOICHHU
KOPMOB MOXXHO BbIpa3uth kak: 30x; <17x,, rae 30x, - 3T0o morpednenne kopmoB, a 17x, - 310
IPOHU3BOJCTBO KOPMOB.

BBeneM [ONOJNHUTENBHYIO HEPEMEHHYI0 X5, KOTOpas BbIpaXaeT HOTPEeOHOCTH B
KOpMax, pacXOJyeMbIX CBEpPX MHHUMAIILHOIO ypoBHs. Toraa 6anaHc KOpMOB OyaeT UMETh BUII:
30x, +x, <17x, wim 30x, —17x,+x, <0. TlepemeHHas Xx;I0/DKHA OBITh OrpaHHYCHA,

IIOCKOJIBKY MaKCHUMaJIbHbI PAacXoJl KOPMOB Ha OJHY TOJIOBY cocTaBiseT 38 I K.eA. pa3HuULa
COOTBETCTBEHHO § 1II K. €7I. 5TO MO>KHO 3aIucaTh TaK:

X, <(38-30)x;, wm 8x,—x,>20. Xx,- BenuuuHA onpepensemMas, TaK KaKk MOKET

OKa3aTbCA I_ICJ'IeCOO6pa3HBIM BKJIFOYCHUEC B pPALlMOH JOIOJIHUTCIIBHBIX KOPMOB. B pe3yibTaTe
peHicHusd 9TON 3agaud ObLIH INOJYYCHBI CJICAYIOIIUC 3HAYCHHUA IICPEMCHHBIX: X; = 20-

HIOr0JI0BBE KOpOB, X, =40ra — Iuromaas 1Mo KOPMOBBIMH KynbTypamu, X, =80m. k. em. —

80
JIOTIOJTHUTENbHBIE KopMa. Pacxos1 KopMOB Ha 0AHY rojioBy coctaBut 30+ 20 =341 K. ex.

Jlo pemieHus 3ajaud ObUIO BHMJHO, YTO B MOJEIHM IpeIyCMaTpUBAEeTCSd BO3MOXHOE
3HaueHue 3toro ko3dduuuenta or 30 no 38. [lo pemeHuro 3agaun pacxo] KOPMOB Ha OJAHY
KOpOBY HEOOXOIMMO IUIaHUPOBaTh 34 II K. €. DTa BeJIMYMHA ONpeAeInaCh CYMMUPOBaHUEM
MUHUMaJIbHOTO YpoBHS 30 11 K. €. U 4 11 K. €/I., UTO TPEACTaBIIeT CO00I MPEBBIIIEHUE CBEPX
MUHHMAaJIbHO-HEOOXOJIMOTO YPOBHSI.

[Iprem BblyUTaHUSA KO3PPUIIMEHTOB

ITpuem, oOpaTHbBIl MeTONy MX CyMMHpoOBaHHsA. Ero MOXXKHO HCIIONB30BaTh, HalpUMED,
IpA MOJICTMPOBAHUHU CIIydaeB, KOTJa KalmuTalbHBIE BJIOXEHHS B Ty WIM HHYIO OTpacib
NPUBOJAAT K CHIDKEHHIO HOPM 3aTpaT PEeCypcoB, TO €CTh 3HaU€HHE TEXHHKO-3KOHOMHYECKUX
K03 PHUIIMEHTOB B KOHEUHOM ciydae yMeHbInaeTcs. PopMaibHO IPUMEHEHHE STOTO METOJIa He
npezcTaBisier TpyaHocted. Ho gaxkTuueckn oH mpUMeHseTcst KpailHe peKo M3-3a HeJI0CTaTKa
uHpopMmanuu. Ha mpakTHKe TPYyIHO TIOJYYUTH JIOCTOBEpHBIC JaHHBIE O TIOBBIIICHUU
IPOU3BOUTENBHOCTH TpyJa, NpPU BHEAPEHHUH TOr0 WJIM MHOTO KOMIUIEKCAa MalluH |
MEXaHU3MOB, BCE METOJIbI TAaKUX CPAaBHEHHWU MPEAYCMATPHBAIOT PABEHCTBO MPOYHX YCIOBHUH, a
Ha MPaKTHKe TAaKOTO PaBeHCTBA OYTH He ObIBaeT.
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4. IlpueMbl COKpalleHUs1 Pa3MepPOB YHCJI0BOH MOIEJIH.

[Ipu peanuszaumu Mopenel C OOJBIIUM KOJIMYECTBOM MEPEMEHHBIX M OTPaHUYCHUI
MHOTJAa BO3HUKAIOT TPYJHOCTH H3-32 OIPAaHMYEHHBIX BO3MOXXHOCTEH IIPOrpaMMbl HIIU
HEeOoCTaTOYHON eMKocTH mamatu DOBM. IloaTomMy BO3HHMKAaeT MOTPEOHOCTh B COKpAIICHUHU
pazMepa 4YHCIOBOM MoZeIU. B 3THX wLensiX MOXHO HCIOJIB30BaTh IPUEM arperupoBaHUs
oTpaciedl U BUIOB JEATEIBHOCTH WIM BBEICHUE OIPAHMYECHMM 4Yepe3 €JUHUYHBIM BEKTOP H
JIpYyrue IpPHEMBI.

Ilpuem aepecuposanusi 3aKIOYAETCS B KA4YECTBEHHOM YKPYIHEHHMM IIOKa3aTellew,
OTpa)KAIOIIKX IIEPEMEHHBIE, YTO NPUBOJUT K COKPAIICHUIO KOJIMYECTBA IIEPEMEHHBIX B MOJCIIH,
a ee pa3Mmep Kak Obl cxkumaercs. Hampumep, CKOTOBOACTBO MOXKHO BBECTH B MOJETbh HE B
paspese nonoso3pacTHbix rpynn KPC, a TpeMs nmepeMeHHBIMH — OCHOBHOE CTaJ0, MOJOIHSK,
CKOT Ha OTKOPME, WJIM Ja)Xe OJHOW MEPEMEHHOW — MOr0JIOBbE CTPYKTYPHBIX KOpOB. st 3TOrO
IIOKa3aTels BCE IOT0JIOBbE CKOTA MEPEBOAAT B KOPOB, 3aTPAThl U BBIXOJ HMPOLYKIMH AEIAT Ha
MIOTOJIOBbE KOPOB M MONY4YalOT KO3()(UIIMEHTHI 3aTpaT U BbIXOJA MPOAYKIMH Ha CTPYKTYPHYIO
TOJIOBY.

Ilpuem ocpanuuenuii uepes eOUHUYHbBIN 6eKMOP COCTOUT B TOM, YTO B MOJIENb BBOJUTCS
€AMHUYHBIA BEKTOP C OTPaHUYEHUEM, FaPaHTUPYIOIUM, YTO B ONITUMAJIBHOM IUIAHE 3TOT BEKTOP
Oyner mnpucyTcTBOBaTh. [lepeMeHHbIE 10 3TOMY BEKTOPY MOTYT O3HayaTh 00BEM
IIPOM3BOJCTBEHHOIO pecypca, BbIXOA mpoaykuuu U T.0. Hanpumep, Moxpenupyercs
UCIIOJIb30BaHUE 3eMJIM B Xo3siicTBe. [lacTOuila, ecTecTBEHHBIE CEHOKOCHI, KYJbTYpPHBIE
nacTOMIa B MOJEIM MOMKHO IPEICTaBUTh TpPeMs OTAEIbHBIMH IE€PEMEHHBIMU. HO €ClU
UCXOIWUTh M3  IPEANOCBUIKH, YTO IUIONIAAb KAXKJIOTO BHUAA YrOAMM H3BECTHA M JOJDKHA
UCIIOJIb30BaThCs MOJIHOCTBIO, MOXKHO M30€XaTh 3TUX OrpaHMYEHMH, IMOACYMTAB IO BCEM BHJIAM
yroauil oOIIMe 3aTpaThl, BHIXOJ KOPMOB M OTPa3UB HX 4YEPE3 BEKTOP IO COOTBETCTBYIOILUM
OTrpaHUYEHUSAM MOJIEIH.

Ilpuem nosmannozo pewienus 3a0aqu.

CyTb 3TanHoOro pereHusi COCTOUT B TOM, YTO Ha MEPBOM 3Talle NOJIy4yaroT UH(opMaIuo,
KOTOPAst SIBJISETCSA BXOJHON HAa BTOPOM JTalle U T.J.

Hanpumep, npu cocTaBlleHMM IUIAaHA-IIPOTHO3a Pa3BUTHUs arpapHOro INPOU3BOJACTBA B
palioHe Ha IEPBOM JdTalle MOKHO ONTUMHU3UPOBATH NTaPAMETPhl TUIIMYHBIX XO35MCTB, HA BTOPOM
— YUCJIO XO3SAUCTB Ka)KA0Tr0 MPOU3BOJCTBEHHOI'O TUIIA, UX pa3MelleHHe — 00beMbl TPOU3BOICTBA
MIPOTYKLIHH.

1.3 Jlekuus Ne3 (2 yaca)
Tema: «MoaeanpoBanue KOPMOBOI0 PALHOHA

1.3.1 Bonpocs! Jiekuum:

1. ITocTanoBka 3agaun

2. CTpyKTypHas MOJEINb

3. Ucxonnas nadopMaIus s YUCIOBOU MOJICIIH.

1.3.2 KpaTkoe coaep:kaHue BOIPOCOB

1. IToctanoBKka 3a1a4u.

s ycnemHoro pasBUTHS >KMBOTHOBOJCTBA BaXKHOE 3HAYCHHE MMEET OpraHHU3alus
KOpMOBO# 0a3bl. B cebecTonMOCTH MPOIYKIIMK )KUBOTHOBOJACTBA 3aTpaThl HA KOpMa 3aHUMAIOT
HanOonpIMi ynensHbId Bec (0601ee50%). IloaToMy OJHMM M3 OCHOBHBIX MyTeH CHM)KEHUS
ce0ecTOMMOCTH TPOAYKIMH >KUBOTHOBOJCTBA SIBJISIETCS YAEUIEBICHHE PAIlMOHOB KOPMJICHUS
IIPU BBICOKOW UX IUTATEIbHOU LICHHOCTHU.
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JKuBOTHBIE MOJDKHBI TIOJy4YaTh TOJNHOIICHHBIE pAlMOHBI, COATAaHCHPOBAHHBIE TIO
COJICPKAHMI0 KOPMOBBIX EIWHUI], TEPEBAPUMOrO MPOTEHUHA, KAPOTHHA W JIPYTHUX SJIEMEHTOB.
KopmoBbIe parinoHbl JOKHBI HE TOJIBKO MOJHOCTBIO YAOBIETBOPATH MOTPEOHOCTH KUBOTHBIX B
MUTATENBHBIX BEIIECTBAX, HO U OBITh HANOOJIEE ICIICBBIMH, TO €CTh ONITUMAIILHBIMHU.

Hedb  334a4dl  MOXKHO  BBIPa3UTh  CIEAYIOIIMM O0pa3oM: W3 HUMEIUXci B
CEIIbCKOXO3SHUCTBEHHOM TPEIIPUATHN KOPMOB COCTaBUTh TaKOW PAIMOH KOPMIICHHSI, KOTOPBIH
MOJIHOCTRIO OTBEYANl OBl TPEOOBAHMSIM JKUBOTHBIX IO COJCPKAHUIO B HEM MUTATEIbHBIX
BEIIECTB, COOTHOIICHHUIO OTJEIBHBIX BUIOB W TPYII KOPMOB M OJHOBPEMEHHO OBLI CaMbIM
JEIIeBBIM I XO03sicTBa. KpuTepueM ONTHUMAIBHOCTH  Yalle BCETO CIYXHT IOKa3aTellb
MHUHHMYM CTOMMOCTH (C€0ECTOMMOCTH) PaIOHA.

OCHOBHBIMU TICPEMEHHBIMH B JKOHOMHKO-MAaTEMATHUECKON 3aJauu SBISIOTCS KOpMA,
UMCIOIMECS] B XO3AWCTBE, a TaKXKE KOpMa, KOPMOBBIE M MHUHEpaJbHbIC JTOOAaBKH, KOTOPHIE
XO03SUCTBO MOXKET mpuodpectr. EnuHHUIIA M3MEpPEHHs] dTUX MEPEMEHHBIX SIBISIOTCS BECOBBIC
€JIMHUIIBI — KT, Il B 3aBUCIMOCTH OT NIEPUOJIa, Ha KOTOPBI COCTABIISCTCS, - CYTKH, TOJI.

B 9KOHOMHKO-KOHOMHYECKOH 3ajade, KpPOME OCHOBHBIX, MOTYT OBITh TaKXke
BCIIOMOTaTelbHbIE _TlepeMeHHble. OHHM 4Yalle BCEr0 BBIPAKAIOT CYMMapHOE KOJIHYECTBO
KOPMOBBIX €IMHHII WJIM TIEPEBAPUMOr0 MPOTeHHA B panuone. C MOMOIIBI0 ITHX MEPEMEHHBIX
3aIlTUCBIBAIOT YCIIOBHS 110 CTPYKTYpE parroHa (yaeIbHOMY BECY OT/ACIbHBIX TPYII KOPMOB).

OCHOBHBIE OTPaHUYCHUS HEOOXOIUMBI JIJIsl 3aIMCH YCIOBHH MO OaJlaHCy MUTATEIbHBIX
BEIICCTB. TEXHUKO-IKOHOMHUYECKUE KOIPPHUIMEHTHI B 3TUX OrPaHUYCHHSIX O0003HAYAIOT
COJICp’)KaHWE COOTBETCTBYIOIIMX  IMUTATCIBHBIX BEIISCTB B eIUHUIE Kopma. KoHCTaHTHI
(0OBeMBI OTpaHUYCHUI) MOKA3bIBAIOT KOJIMYECTBO IMHUTATEIBHBIX BEHIECTB, KOTOPOE IOJIKHO
COJePKATHCS B paIlOHE.

C mnOMOIIBIO [IONOJHHUTEIbHBIX OTPAHWYCHUN B 3ajaue 3alKCHIBAIOT YCIIOBHS I10
COOTHOIIEHUIO OTJENBHBIX TPYII KOPMOB B pAIliOHE W OTICIBHBIX BHJIOB KOPMOB BHYTPHU
TPYIIIL

C TmOMOIIBIO BCIIOMOTATEIbHBIX OTPAaHUYCHHUN 3aMUCHIBAIOT YCJIOBHSI MO CyMMapHOMY
KOJIMYECTBY KOPMOBBIX €IMHUI] W [EPEBAPHUMOI0 IMPOTEHHA. TEeXHUKO-3KOHOMUYECCKHE
KOX((UIIMEHTHI TI0 OCHOBHBIM IIEPEMEHHBIM (TaK ke, KaKk U B OCHOBHBIX OTPAHHYCHUSX )
OTPKAIOT COACPIKAHUE TMHUTATEIILHBIX BEIISCTB B CIUHHIIC KOPMa WA KOPMOBBIX JI00ABOK, IO
BCIIOMOTaTEIILHBIM ITepeMeHHBIM MUHYC 1. KOHCTaHTaM# B 3TUX OTpaHUYCHUSX SIBIISIFOTCS HYJIH.

2. CTpyKTypHasi MOfie/Ib

BBenem o0o3HaueHu.

] — MHIEKC TIEPEMEHHOIA;

J — MHO’KECTBO, BKITFOUAIOIIee HOMEpPa IIEPEMEHHBIX 10 BHIaM KOPMOB B PAllMOHE;

xj - KOJIMYCCTBO KOpMa j'FO BHUJ4, BXOAAIICTO B pallUOH;
Vij - COACpIKaHnC I-ro DJIeMEHTa TUTAHMS B CIANHUIIC j'FO KOpMa,

bi - IOMYCTUMOE KOJIMYECTBO I-r0 MUTATESIHLHOTO BEIIECTBA B PAIlOHE;
| — MHJIEKC OTPaHUYCHHS;
C; - croumocTh (ce6ecTOMMOCTD) €IMHHUIIbI KOPMA J-TO BUJIA.

[ens 3amaun - cocTaBUTH HanboJIee EMIEBbIN PAIIMOH JIsl TAHHOTO BUIAa CKOTa, TO €CTh
MUHUMU3HUPOBATH LIETEBYIO (DYHKIIHIO:

Z ¢;X; — min

jed

HepBaH rpyrma Ol"paHI/ILICHI/Iﬁ IIOKAa3bIBACTEC, qToO paHI/IOH JOJIXKCH co,uepxcaTL
IINTATCIIBbHBIX BECIICCTB HC MCHEEC I[OHYCTI/IMOFO KOJIN4YECTBA.
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2vixzb (el

jed

rac I]_ - MHOXKCCTBO, BKJIOYAKOIICEC HOMEpaA OFpaHI/I‘ICHI/Iﬁ mo COACPIKAaHUIO

MUTATEIbHBIX BEIECTB.
Bropas rpymnmna orpanndeHuii o0ecneunBaeT coAepkKaHHe CYyXOro BEIIECTBa B palllioHE
He 0oJiee J0MyCTUMOTO KOJIMYeCTBa!

dvx;<b  (iel,)

jed

I2 - MHOXECTBO, BKIIIOHAKOIIECEC HOMEpPaA Ol"paHI/I‘leHI/Iﬁ o COACPKAHUID CYXOIo

BEILIECTBA B PALIMOHE.
Tperess rpynma orpaHudeHHI OOCCIICYMBACT YJCIBbHBIA BEC OTICIBHBIX OTACIBHBIX
TPy KOPMOB B 300TEXHUYEKU JIOIYCTUMBIX IIpeaeax:

jeH
H- MHOXECTBO, BKIIIOYAOIICC HOMEpA IICPCMCHHLIX 110 BUIaM KOPMOB 0)1HOI>1 TPYIIIIbI;

bi 51 bi - MMHUMaJIbHOE€ M MAKCHUMAJIBHOE JOIYCTUMOE KOJHMYECTBO KOPMOB JAHHOU
TPYIIIBI B PALIMOHE;

I3' MHOJKCCTBO, BKIIIOYAIOIICC HOMCpPaA OFpaHI/I‘leHI/Iﬁ o COACPIKAHUIO OTACIbHBIX

TPYIII KOPMOB B pallMoHeE.
UerBeprast rTpymnma OrpaHMYEHUM OOECIeYMBaET OMNPEACNICHHBIN  YICIbHBIA BEC
OT/IEJIbHBIX BUJ0B KOPMOB BHYTPH COOTBETCTBYIOIIMX IPYIIT KOPMOB:

2X-w 2 x (fely),

jeH jeH

IN IV

raue Wij - k03¢ PUIHEHT TPONOPIIUOHATIEHOCTH;

I 4 - MHOXCECTBO, BKIIIOYAIOIICC HOMCEPA OFpaHI/I‘IGHI/Iﬁ M0 YACJIbHOMY BECY OTACIIbHBIX

BHJIOB KOPMOB BHYTPH I'PYIIIL.
[Iaras rpynmna orpaHM4E€HUN — HEOTPULIATEIBLHOCTD IIEPEMEHHBIX BEJTUYMH:

X; 20, (jel).

3. Ucxoanas nndopmanms 1jisi YMCJI0BOI MoesIH.

JUia  cocTaBiaeHMs HSKOHOMMKO-MaTEMaTHYECKOM MOJEIN ONTUMAJIBHOIO palyoHa
KOPMJIEHUS CKOTa (ITUIIbI) HEOOXOAUMBI CIIEAYIONINE TaHHbIE:

1. Buag unu monoBo3pacTHas Ipymnia ckoTa (NMTUIBI), Ui KOTOPOH pacCUUTHIBAETCS
paIyoH (KOpMOBasi CMECh); dKUBOM BeC OJTHOM T'OJIOBBI; JIaHUPyeMasi MPOTYKTUBHOCTD.

2. Tpebyemoe conepkaHHE MUTATENbHBIX BEIIECTB B pALMOHE, WM MOTPEOHOCTh
’KMBOTHOTO B 3aBHCHUMOCTH OT €ro MpOJYKTUBHOCTH, >KHUBOTO Beca, (PU3NOJIOTUYECKOTO
COCTOSIHUS (9T HOPMAaTHBHBIE JaHHbIE OEpyT U3 CIIPABOUYHUKOB).

3. IlpenenbHble HOPMBI CKApMIIMBAHMS OTIEIBHBIX BHUJOB W TPYII KOPMOB JaHHOMY
BUAY CKOTa (NITHIBI) WIM JOMYCTHUMBIE 300TEXHHUYECKHE HOPMBI MOTPEOJIEHUS KOPMOB (3TH
JTaHHbIE TaKXke OepyT U3 CIPaBOYHOM JINTEPATYPHI).
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4. Buapl KOPMOB M KOPMOBBIX J100aBOK, W3 KOTOPBIX MOTYT OBITH COCTaBIICHBI
KOPMOBBIE PAIMOHBI (CMECH).

5. ConepaHue NMHUTATEIBHBIX BELIECTB B €IMHUIIE KOPMa HIM KOPMOBOW JTOOAaBKH IO
BCEM YUYHUTHIBAEMBIM B 33ja4€ BHAAaM HHUTATEIbHBIX BEIIECTB (3TH JaHHbIE OepyT Ha OCHOBE
aHaTM3a KOPMOB, TMPOBEACHHUI0O B arpoxXoMMiIabopaTOpHH, WIM W3 CIPABOYHBIX TaOIHIl TIO
IUTaTEILHOCTH KOPMOB).

6. CtouMocTsh (cebecTOMMOCTh) BECOBOW €IMHUIIBI KOpMa U J0OABOK.

1.4 Jlexnus Ne4 (2 yaca)
Tema: «MoaeaupoBaHue MPOU3BOACTBA KOPMOB)»

1.4.1 Bonpocsl JieKuum:
1. ITocTanoBka 3agauu

2. CtpyKTypHasi MOZEIb
3. Ucxomuas uapopMarus

1.4.2 KpaTkoe cojep:kaHue BONPOCOB

1. ITocTanoBka 3aga4u

Coznanue mpovHON KOPMOBOM 0a3bl — BakHeilas mpoOiema XxoszsiicTBa. OgHUM U3
OCHOBHBIX IyT€l ee  peleHus SABIAETCS  BHEIPEHHE  ONTUMAIbHON  CTPYKTYpPHI
KOPMOIIPOU3BOJCTBA. Pa3paboTka HSKOHOMUKO-MAaTEeMaTHMYECKOH MOJAENU MpeaycMaTpuBaeT
pacyeT 1Iomaaei KOPMOBBIX KYJIBTYp C Y4eTOM TpeOOoBaHMI C€BOOOOPOTa, SKOHOMUUYECKHUX U
TEXHOJIOTHYECKHX YCIOBHM U 3ajiay, CTOSAUINX MEepe]] X035 CTBOM.

Kpurepuem onTUMaJbHOCTH JaHHOM 3ajaud SBJISETCS MHUHHUMYM IIOCEBHOM IJIOLIAAU
KOPMOBBIX KynbTyp. Kpome TOro, MOryT HCIONB30BaTbCS KPUTEPUHM MHUHHUMHU3ALMU Ma-
TEPUATIbHO-/ICHEXKHBIX WM TPYJOBBIX 3aTpaT Ha KOPMOIIPOU3BOICTBO.

Bo3mooichbl pasnuunvle nocmanosky 3a0a4u 8 3a8UCUMOCU O NPeObABIAeMblX K Hell
mpebosanull. B uacmnocmu, donycmuma nocmanoska 3a0ayu npu 3a0aHHbIX PAYUOHAX U C UX
onmumuzayueli 8 npoyecce ee peuleHusl.

YcTaHOBUM MepedeHb HEM3BECTHBIX IOKa3aTejeil IulaHa KOpPMOIIPOM3BOJICTBA, KOTOPHIE
JIOJDKHBI OBITH OIIPE/IENICHBI B IPOLIECCE PELICHUS 3a1auu.

CoCTaBHBIMU JJIEMEHTAaMH KOPMOBOW 0a3bl, KaK W3BECTHO, SBJSIFOTCSA: 1) MPOHM3BOACTBO
KOPMOB Ha MaIlHe, 2) IPOU3BOJICTBO KOPMOB HAa €CTECTBEHHBIX YrO/bsiX, 3) MOKYIHbIE KOpMa, 4)
OTXOJbI TOBAPHBIX OTPACIEH.

B cooTBeTCTBUM C 3THM B IPOLIECCE PEILIEHUS 3a/1a4 U CIEAYET ONPEAEITUTh COCTAB U A0
KaKJO0W U3 NEPEYUCIICHHBIX IPYII KOPMOB.

Jlanee HEOOXOAMMO BBISICHUTh, KaKH€ YCJIOBHUS BIIMSIOT HAa COCTaB KOPMOBOW 0a3bl, Kakue
TpeOOBaHUS, B3aUMOCBSI3M HEOOXOIMMO MPENIyCMOTPETh B MOJENH, YTOOBI IUIaH SIBJISUICS
ONTUMAJIBHBIM C MaTEMAaTHYECKON M ¢ SKOHOMHYECKON TOUYKM 3peHMs. Bee ycioBus, KoTopble
JIOJKHBI OBITh YYTEHBI NpPU pa3pabOTKe SKOHOMUKO-MAaTEMaTHYECKOM MOJENN ONTHMHU3ALNU
IUIaHA  KOPMOIIPOM3BOJICTBA, MOXKHO  pa3OUTh Ha TpU TPYNIBL  300TEXHUYECKHE,
arpoTeXHUYECKHE U SKOHOMUYECKHE.

3oomexnuueckue ycnogus BKIOYAIOT TPEOOBAHUS:

cOaMaHCUPOBAHHOCTH KOPMJIEHUS JKMBOTHBIX 10 B&KHEWUIIMM DJEMEHTaM IUTaHUs
(KOPMOBBIM €IMHUIIAM, TIEpEBAPUMOMY NIPOTEUHY U IP.);

pa3HOOOpa3usi KOPMOB, TO €CTh TOA0Opa TaKWX PAIMOHOB, KOTOPHIE OTBEUYAIOT
OMOJIOTMYECKUM MOTPEOHOCTSIM KUBOTHBIX;

PaBHOMEPHOCTH MOCTYIICHHUS 3€JIEHBIX KOPMOB B JIETHUN NIEPUOJ.

Aepomexnuueckue ycnoeus TpeOylOT ydyeTa OCOOEHHOCTEH BBIpAIIUBAHHUS KOPMOBBIX
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KYJBTYp, UX TpeOOBaHUHN K MPEAIICCTBEHHUKAM H T. [I.
OKkonomuueckue ycnosus NpeycMaTpUBaIOT y4eT 00beMa HaTMYHBIX PECYPCOB, BBIIEIEHHBIX
Ha KOPMOIIPOU3BOJICTBO, BOZMOXKHOCTEH MOKYIKH KOPMOB, ITPOU3BOJCTBEHHOI'O HAIPaBICHUS U
NEPCIEKTHB Pa3BUTH X035 CTBA.
2. CTpyKTypHasi Mojies1b

Ilepemennsble 3a1aun. B mporiecce penienus 1aHHOM 3a/1a4n ONPEACIISIOTCS:

1. IToceBHbIe MIOMIAAN BO3/IETIBIBAEMBIX B X035HCTBE KOPMOBBIX KYIBTYp (Ta).

2. [Tnomany ecCTeCTBEHHBIX KOPMOBBIX YTOIHI 110 BUAAM (Ta).

3. KonnuecTBO MOKYIMHBIX KOPMOB M MUHEPAJIBHBIX JI00aBOK 110 BUIaM (1I1).

O6o03HauuM HOMEpa IMEPEMEHHBIX, BXOIALIUX B IEPBYIO IPYIMIy, YE€PE3 MHOKECTBO Aj;
COOTBETCTBEHHO HOMEpa MEPEMEHHBIX, BXOSIINX BO BTOPYIO M TPEThIO Ipymmbl, — Ay U As.
MHO0k€eCTBO, BKJIFOUAIOIIEE HOMEpa BCEX NMEPEMEHHBIX 3aauu, 0003HAYNM A.

Kputepuit onTuMu3alini ©MeeT CAEYIOMUN BUT:

jeA ’
rac CJ - KOB(l)(bI/IIII/ICHT, xapaKTepmonmHﬁ 3aTpaThl MalllHU, MaTCPpHUAJIbHO-ACHCIKHBIX CPCIACTB

WJIM TpyJda B paCdCTC HAa CAUMHHUIY U3MCPCHUS ICPECMCHHBIX.

Orpannyenuss 3agayu. Cucrema OrpaHMYEHUN DSKOHOMMKO-MAaTeMaTH4E€CKOW MOJENN
ONTUMU3AIMHU IlJIaHa KOPMOITPOU3BOJACTBA NPCACTABIACT BBIPAXKCHHBIC B MAaTECMAaTUICCKOM BUC
300TEXHUYECKHE, arPOTEXHUYECKHE U YKOHOMUYECKUE YCIIOBHS.

Baxneiimeld 3agadell  KOpMOIPOM3BOJICTBA SBIsETCS obOecreyeHue MoTpedHocTeln
KUBOTHBIX OCHOBHBIMM 3JI€MEHTaMM MUTaHHs. DTO TpeOoBaHHE BBOJUM B MOJEIb B BUJE
CJIEIYIOILETO HEPABEHCTBA!

Y VX, 2Q(iely),
jeA
rae | — MHAEKC dJIEMEHTa MUTaHus (KOPMOBBIE €ANHHUIIBI, IEPEBAPUMBII IPOTEHH U T. [1.);
] — MHJIEKC TIEPEMEHHOIA;
Vij — colepkaHHWe i-r0 BHJA JJIEMEHTAa IHUTaHUS B |j-M BHJAE KOpMa B pacyere Ha
MPUHATYIO €ANHUILY U3MEPEHUS;
Xj — 00beM HPOU3BOJICTBA J-TO BHJA KOPMa;
Qi — ob1mas moTpeOHOCTh KUBOTHOBOCTBA B I-M DJIEMEHTE TTUTAHUS;

l1 — MHOXecTBO, BKIIIOYaroOIllee HOMEpa OrpaHWYeHHUN Mo OajllaHCaM OCHOBHBIX
AIIEMEHTOB MUTAHUS
B cootBercTBMM C OHOJOrMYeCKMMM TpeOOBaHMSIMU CKOTa M NTHULBI KOPMOBOH OanaHC
JOJIKEH OBbITh HE TOJBKO MOJIHOLEHHBIM M0 MUTATENbHOCTH, HO M Pa3HOOOPa3HbIM IO COCTaBY
KOpMOB. OJTo TpebOBaHME OTpakaeTcs B OajlaHcax  OTHENbHBIX TIpyHNI  KOPMOB
(KOHLIEHTpUPOBaHHbIE, TPyObIE, COUHBIE, 3€JIEHBIE U JIP.).
Anrebpanyeckoe BbIpak€HUE COOTBETCTBYIOIUX OTPaHUUYCHUN UMEET CIIeAYIOIINNA BU:

X >D(iel)
Y vix; 2D, (iel,),
jeA
rae D; — o61mast moTpeOHOCTh )KHBOTHOBOJICTBA B I-i TpyIilie KOPMOB;
I, — MHOXECTBO, BKJIIOUYAIOIIee HOMepa OrpaHUYeHUH 1Mo GajlaHCaM OTAEIbHBIX
rpymnn KOPMOB.
OrpanuueHus 3TOH TPYMNIbI, KaKk MPaBUJIO, BBOAAT B MOJEIb B KOPMOBBIX €IuHuUIAX. B
OTJIMYUE OT OCTAJIBHBIX TPYNI OrpaHUYEHHE [0 3€JIEHBIM KOpMaM JKElaTelnbHO Jaup-
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(I)epeHHI/IpOBaTB 10 McEcsialIam HaCTGI/IH_[HOFO nepuoaa, 4YTO TMO3BOJUT OTBICKATH IIJIAH,
rapaHTHPYIONIHIA PABHOMEPHOE TIOCTYIUICHUE 3€JIEHOW MacChl B COOTBETCTBUU C MTOTPEOHOCTHIO:

Zvijtxj > PR (iely),

jeA
rae t — mHAEKC MecsIa MacTOUIIHOTO MEPUO/Ia;
Pi; — o0mrast moTpeOHOCTH B 3€JICHBIX KopMax B {-if mepuoa, KopMm. ef.;
Viji — COIEpKaHWE IUTATEJIBHBIX BEIIECTB B 3€JICHOM KOpME j-ii KYJIBTYpBI,

UCIIONIb3YyeMOU B -1 mepuon;
I3 — MHOKECTBO, BKJIIOUAIOIIee HOMEpa OrpaHHMUYEHHH 110 3eJICHOMY KOHBEHepy.
OnTtumanbHass CTPYKTypa KOPMONPOM3BOACTBA  JIOJDKHA  ONPEAEHATHCA C  Y4ETOM
arpoTeXHUYECKUX U OHOJIOTUYECKUX OCOOEHHOCTEH OTIENIBbHBIX KOPMOBBIX KYJIbTYp, HX
TpeOOBaHUI K IpEeIUIECTBEHHMKAM U TEXHOJOTMHU IPOU3BOJCTBA. B3auMOCBS3b OTHENIBHBIX
KYJIBTYP WMJIM UX TPYIII BBIPAYKAETCS CIEAYIOIUM HEPABEHCTBOM:

2. 0iX; — 2 aix] <0 € 1),

JeA jeA
rze Xj', Xj" — IUIOMIAJM KOPMOBBIX KYJBTYp, CBSI3aHHBIX MEXIY COOOH TEXHOJIOTHYECKOU
o 3aBUCHMOCTBIO;
0, 0 — K03 duIMeHTs! B3aUMOCBSI3H KYIbTYD;
I, — MHOXeECTBO, BKIIOYAIOIIee HOMEpa OrPaHWYEHUH 10 arpOTEeXHUYECKUM

0COOEHHOCTSIM KOPMOBBIX KYJIBTYP.
Ecnu ogHUM U3 37€MEHTOB KOPMOBOM 0a3bl SBISIOTCS MOKYIHBIE KOpMa, UX 00bEM JI0JIKEH
OBITh OTPaHWYEH B COOTBETCTBHUH C IUTAHOM TNPUOOpETEHHs] XO3SHWCTBOM (B HaType WIH
CTOMMOCTHOM BBIPaKE€HHUH):

X; SBj’(je%),

rae Bi—MmakcuManbHbIi 00beM MOKYITKH j-T0 BHAA KOpMa.

BaxHbIIl HICTOYHUK TIOJIy4EHHUS] KOPMOB — €CTECTBEHHBIE U YIYYIIEHHBIE KOPMOBBIE YTOJbS.
OpnnHako, y4uThIBasi, YTO IUIOLIAJM ITHX YroJWi OTpaHMYEHBl, B MOJIEIb HEOOXOAUMO BBECTH
COOTBETCTBYIOLINE HEPABEHCTBA.

Mognenb MOKeT OBITh JIOTMOJHEHA TPYNION OrpaHWYEHHM MO HAaJUYMI0O M UCIOJIb30BAHUIO
IPOM3BOJICTBEHHBIX PECYPCOB, BBIEIEHHBIX HA KOPMOIIPOU3BOACTBO (TpyJa TEXHUKH CPE/ICTB U
7p.).

3. Ucxonnasi uHopmanusi.

s pa3zpaboTKu 3KOHOMHUKO-MAaTeMaTU4eCKOW MOJENTU MO ONTHMHU3ALKUUA KOPMOIPOU3BOI-
CTBa HEOOXOAUMO UMETh CIETYIONIYI0 HH(OPMAIIHIO:

1. IlepeyeHb KOPMOBBIX KYJIbTYp, BO3/IEIBIBAEMbIX B X035HUCTBE, UX YPO’KaHHOCTb;

2. IloronoBbe CKOTa M MTHUIBI, HAYYHO OOOCHOBAHHBIE HOPMBI KOPMJIEHHUS 1O OCHOBHBIM
3JIEMEHTaM MUTAHUSI U TPYTIaM KOPMOB;

3. [lepedens 1 00bEM KOPMOB, PHOOPETAEMBIX CO CTOPOHBL;

4. KonmdecTBO MOOOYHON MPOAYKIIMH U OTXOJI0OB, KOTOPOE MOXKET OBITh MCIIOIH30BaHO Ha
KOPM C ITIOCEBOB TOBApHBIX CEIbCKOXO03HCTBEHHBIX KYJIBTYP;

5. HopmatuBHbIe 1aHHBIE: coJepKaHNE MUTATENbHBIX BEIECTB B 1 11 OCHOBHOW U MOOOYHOMN
MPOAYKIIMH, HOPMBI IMOTEPh KOPMOB IpH YOOpKe, XpaHEHHH, INepepadoTke M MepeBO3Kax,
CTOMMOCTb €TUHHIIBI TOKYITa€MbIX KOPMOB U JIp.;

6. Ilomaap NamHu ¥ €CTECTBEHHBIX KOPMOBBIX YTOJIUH 1O BUIAM;
7. JomycTuMmble B COOTBETCTBUHM C HSKOHOMMYECKHMH YCIOBUSMU XO3SHCTBA OOBEMBI
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MIPOU3BOJICTBA OTIEIBHBIX KOPMOB, HOPMBI MOTPEOJICHUS U BBIXOJ 3€JCHBIX KOPMOB B TacT-
OUIIIHBIN TTEPUOJT TTO MECSIIAM.

1.5 Jlekuus Ne5 (2 yaca)
Tema: «MoaeupoBaHue MPOU3BOJACTBEHHOI CTPYKTYPbI arpapHOro MpeanpusiTHs

1.5.1 Bonpocs! Jiekuum:

1. OcoGeHHOCTH TOCTAHOBKH M (hOpMaTU3aIiH 3aa4H.

2. CTpyKTypHasi MOJEIIb.

3. CxeMa 4uCIIOBOM MOJIETIM U €€ OCHOBHBIE OrpaHUYCHHUS.

1.5.2 Kpartkoe coaep:kaHue BOPOCOB

1. OcoO0eHHOCTH MOCTAHOBKM U (DOPMAIU3ALMH 32/1a49H

DKOHOMHMKO-MaTeMaTH4eCcKass MOJENIb ONTUMHU3AIMU TPOU3BOJACTBEHHOM CTPYKTYphI —
OJIHA U3 OCHOBHBIX B CUCTEME MOJIeJIeH ONTHUMAIBHOTO IJIAHUPOBAHUS CEIIBCKOXO3SHCTBEHHOTO
MIPOU3BO/ICTBA.

OnTuManpHas CHEeNHATU3asad M COYETaHUE OTpacieii B  CEIbCKOXO3SHCTBEHHBIX
OPEANPUITHIX TIPEANONIaraeT TaKUe KOJUYECTBEHHBIE COOTHOIICHUS MEXIY OTAEIbHBIMU
OTpacyIIMH, KOTOPBIE MO3BOJISIIOT 3P(GEKTUBHO HCIOIB30BATh 3EMIIIO, TPYI M TEXHUKY, TO €CTh
MOJIYYUTh MAaKCUMyM TPOJYKIIMU TMPU JAHHBIX pecypcax W O0eCrneyuTh MUHUMYM 3aTpaT Ha
eAMHHUILY POAYKIIUU.

B xagecTBe KpuTEpHUs ONTUMAIBHOCTH YaIlle IPYTUX BBICTYIMAET YUCTHIM IOXO/I.
dopmanuszyeM 3agauy. BBenem ycinoBHbIE 0003HAUCHUS:
Nunexcanus:
- j—nomep otpaciu B xo3siictee (j = 1...n);
- J — MHOXECTBO, 3JIEMEHTHI KOTOPOTO HOMEpPA OTpaCIIEH;
- J1 - MHOXECTBO, 2JIEMEHTBI KOTOPOTO HOMEpPA OTpaciiell B paCTEHUEBOICTBE;
- Jz - MHOXKECTBO, PJIEMEHTHI KOTOPOTO HOMEpPa OTpaciiel B d)KUBOTHOBOJICTBE;
- | — HOMep OTpaHHYCHHUS;
- |1 — MHOXECTBO, dJEMEHThI KOTOPOTrO — HOMEpa OrPAHUYEHHH 110 WCIOJIb30BAHUIO
CEIIbCKOXO3MCTBEHHBIX YT OJUN;
- |, — MHOXECTBO, 2JIEMEHTBI KOTOPOT'O — HOMEpa OTPAHUUYEHUH 110 UCIIOJIH30BAHUIO TPYIOBBIX
pEeCypcoB;
- |3 — MHOXeECTBO, JIEMEHTBI KOTOPOTO HOMEPA OTPAHUYCHUN 1O OMPEACTICHUIO ONITUMAIIBHBIX
00BEMOB MPOU3BOICTBEHHBIX 3aTpPaT;
- l4 — MHOXECTBO, 5JIEMEHTHI KOTOPOTO — HOMEpa OTPaHWYEHUH 10 OPraHHYECKUM
y100peHusM;
- |s — MHOXECTBO, PJIEMEHTBI KOTOPOTO — HOMEPA OTPAHUYCHUM 110 KOPMOBBIM PECYpCaM;
- lg — MHOXECTBO, 3JEMEHTHl KOTOPOTO — HOMEpa OrpPaHUYEHUIl TO TapaHTUPOBAHHBIM
00beMaM MPOU3BO/JICTBA;
- |z — MHOXECTBO, DOJIEMEHTHl KOTOpPOTO — HOMEpa OrpaHHYEHUH, YUUTHIBAOIINX
arpoOMOJIOTHYECKHE 0COOCHHOCTH MPON3BOICTBA.
HUzsecmnvie senuyunol:

aij — KOd(GQUIMEHTHI 3aTpaT i-co BUAA PECypcoB Ha EJUHUIYy M3MEPEHHS II0 |-TOMY BHUIY
JeATEIbHOCTH;
Vij — ko3 ¢uIMeHTs BBIXOAA NPOAYKIMM I-20 BHAA B pacdyeTe Ha EIUHUIY [-TO BHIA
JIeATEIbHOCTH;

Bj — 00beMbI TPOU3BOJICTBEHHOTO pecypca I-ro BUja;
Vij = Qjj dj o KOPMOBBIM KyJIbTypam, T1e
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Qij — coaepkaHue i-co BH/Ia TUTATEIbHOIO BEILECTBA B C/IMHULIC J-T0 KOpMa;

dj — tommst IPOAYKIMY | KyJIbTYphI HCIIONb3yeMast Ha KOpMa;
Qi — rapaHTHPOBAHHBIN 00BEM MTPOU3BOJICTBA I-20 BU1a IPOAYKIIHH;
Cj — IeHeXHOE BBIPAKEHHE TOBAPHOW IPOAYKIMH, IOTy4aeMOW B pacueTe Ha EAUHHMILY
U3MEPEHUS J-TO BHUJIA JACATEIBHOCTH;
¢i — [IeHa pean3alyy IPOIYKIIMU Ha 0COOBIX YCIIOBUSX MIOCTABKH;
w iis w/ ij — KOX(D(QUIMEHTHl CBSI3KH, JUIi OTPaXKEHHs arpoOMOJIOrMYEcKHX OCOOEHHOCTEH
IPOU3BO/ICTBA.

Hanpumep: pasmewenue nocesos no npeouecmeeHHuKam.

[lepeMeHHbBIC BETHYHMHBIL:

Xj — HCKOMOE 3HAaYCHHE Pa3MEPOB OTPACiIeil i HHTCHCHBHOCTH | BUJA JCATEIBHOCTH;
X.

- ICKOMOC 3HAYCHHUEC NPOU3BOACTBCHHLIX 3aTpar.

2. CTpyKTypHasi MoJeJIb
Tpebyercs HaiiTu:

n
=1
(roe i mpu X, mpuUHAIICKHT |3)

Ilpu ycrosusix:
1. Hcnonb3oBaHUE CEIbCKOXO3SIMCTBEHHBIX YTOAMM.

Zaijxj <B, coelel, 0)
jed;

Yenosus smoeo suda caparmupyront, 4mo 3emMejlbHblX pecypcos nompe6yemc;z He bonbule
uem ux umeemcH. aii- pasHo ], ecjiu 7Xi usmepiaemcia 6 zca, uiu O6DamHOMV nokaszamenro
VDOOfCCZIZHOC’mu, ecniu Xj UsmMepiaenmcs 8 Y.

OOBIYHO OT'paHUYCHUSA JTOH TPYIIIBI YYUTBIBAKOT HECKOJIBKO yCHOBI/Iﬁ — HCIIOJIb30BAHHUC
MamHy PpasiindHoro Ka4eCcrBa, CCHOKOCOB U HaCT6I/IHI pa3JIPI‘-IHOI>i IMPOAYKTUBHOCTH, OPOITACMBbIX
" HEOPOIIACMBIX 3C€MCJIb.

2. Hcmonp3oBaHuEe TPYIAOBBIX PECYPCOB

©)

OT0 ycioBUE OOBIYHO MPEJCTABISAETCS HECKOJBKMMU OrpaHHMYEHHSAMHU IO Haubosee
HaNpPsDKEHHBIM ITeproJaM padoT U B 1I€JIOM Ha BECh IEPUO.

WNHorna BO3HMKAeT HEOOXOAMMOCTb B ONpPEAETICHUU Ie1ecO00pa3sHOCTH NMPHUBICYECHUS B
OTJIe/IbHBIE TEPHOJbl JIOMOJHUTENbHBIX TPYAOBBIX pecypcoB. Toraa BBOAMTCS IepeMEHHas,
MCKOMOE 3HAUEHHE KOTOPOM — KOJIMYECTBO IPUBJIEKAEMBIX PECYpPCOB TpyAa B OTIEIbHBIE
HEePUOBIL.

3. IIpousBoacTBEeHHBIE 3aTpaThI:

n
Zaijxjﬁei ede lel,
i1

n
Zaijxj =X, 2o0e lel, 4
J=1

o

n
Y ayx; —X; =
WJIU TIOCTIe TIpeoOpa3oBaHus: 1177 ) I
J=1
C DOMOIMIbIO 3THUX OTPAHHYEHUH MOXKHO OINPEACTUTh ONTHUMAIBHYIO CTPYKTYpy U
00bEeMBI TIPOM3BOJICTBEHHBIX 3aTpaT BceX BUIOB. OmHAKO B 1eNeBOM (YHKIIUM TPEACTABICHBI
TOJILKO CyMMapHbI€ JCHEKHO-MaTepHAIbHBIE 3aTPATHI.
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4. Vicnonp30BaHUE OPraHUYECKUX yIOOpEHUI:

Zaijxj SZVijxj eoelel, )
JeJ; jedy

JleBass yacTh OTrpaHMYCHHI IPEICTABISAET COOOM PacXoj] OPraHMYECKUX YHOOpeHHi B
pPacTEeHHEBOAUECKUX OTpacisiX, a IpaBas — OOBEM €ro BHIXOJa B OTPACISIX YKUBOTHOBOJCTBA.
OrpaHuyeHus 3TOrO BHUAA TaAPAHTUPYIOT, YTO OPraHUWYECKUX YAOOpeHHil mnoTrpedyercs
pacTeHHEBOACTBY HE Ooublie, YeM OyAeT X MOJIYYEeHO B dKHBOTHOBOJCTBE.

Yayx - Yvyx, <0
1ocJie nmpeoOpa3oBaHMS: "1 7]
Jel; j€d,

5. IIpou3BoACTBO U UCNOIB30BAaHUE KOPMOB.
OOBIYHO OTpaHUYEHHUS 110 ITUM YCIOBUSIM (OPMUPYIOT ONTUMAIBHBIN KOPMOBOI1 OanaHC
JUTSL KaXKJI0TO BUA )KMBOTHBIX M NTHUIBL. MOEIb 3TOT0 Ipoliecca paccMaTPUBACTCS B OT/ACIbHON
JICKIUH.
Yacto B Mojenb NpeayCMaTpUBAlOT TOJBKO OaJaHCHUPOBAHUE IO OTAEIbHBIM BHUAAM
MUTATENbHBIX BEIIECTB.

Zaijxj < Zvijxj +6  20e lel;

: , (6)
J€ds J€d;

rje Bj — Hamnmume KOpMOB B XO3SIHCTBE.

B neBoit yacTu nokasas pacxoj KOPMOB B )KUBOTHOBO/ICTBE.

B npaBoii yacTu orpaHuYeHUs MpeACTaBiIeH 00beM IMPOU3BOJICTBA KOPMOB M MX HAJIMYHUE B
XO3SHCTBE.

HpOI/ISBOI[CTBO KOPMOB MOKHO IIOKa3aTb U boinee neranbHO. Ecimu BMecTo Vij 3a1mcaTrb Uux

d.x.
3Ha4yeHus (j dj, T0 Z q'l J771 — o0bem mpousBOACTBa KOPMOB B MMUTATEIHHOM BEIIECTBE,
Jed;
HanpuMep, MPOU3BOJICTBO OeKa.
B menom ycnoBue mnpeaycMaTpuBaeT, YTO >KMBOTHOBOJCTBY MOTpeOyeTcsi KOPMOB He
Oobiie, yeM OyeT MPOU3BECHO PACTEHUEBOACTBOM IUIFOC HATMYHBINA 00bEM KOPMOB.

Zai-x- —Zvi-x- +6, <0
[Mocne npeoGpasoBaHus: 17 1"

JEJZ JE\]I

6. ['apanTHpOBaHHBIC 00BEMBI MIPOU3BOICTBA. O6beMsI MIPOU3BOJICTBA
CEIBCKOX035MCTBEHHON MPOAYKIIMH, 00€CTIEUNBAIOIINE BHITTOJIHEHHE JOTOBOPHBIX 00513aTEILCTB
U BHYTPUXO3SHUCTBEHHYIO TOTPEOHOCTh, MHUHHMAIBHO JOMYCTUMBIH YpOBEHb KOHIICHTpAIIUU

n
[IOTOJIOBBS CKOTA U IITUIBI I/IT.I[.ZVijxj 2 Q; 20e lelg (7)
j=1
B mpaBoil wacTu mMOKa3aH TrapaHTUPOBAHHBIM O0BEM MPOU3BOJCTBA NPOAYKIHHU U
peanu3anus TPOAYKIIMU CEIBCKOTO XO03siiicTBa. B JeBOil 4YacTh — MPOM3BOJCTBO ITOM
MPOYKLIHH.

7. YcnoBusi 1O COOTHOIIEHWIO pPa3MEpPOB TPOM3BOJACTBA IO OTICIBHBIM BHIAM
JESTENIbHOCTH. 3aIiCh YCIOBHIA 1O arpoOHOIOTUYECKUM 0COOCHHOCTSIM IIPOU3BOICTBA, YCIOBUS
CceBOOOOPOTOB, pa3MeNIeHNE KYJIbTYp MO MPEIIIECTBEHHUKAM, 3€JICHBIM KOHBEWEp, MOBTOPHbBIC
MOCEBBI U T.II.

Z:Wij/xj < ZWU”xJ- coel e l, (8)

jed jed
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8. YcnoBus HEOTPHUIATEIIBHOCTH TTEPEMEHHBIX
3nech

YCIIOBHUH.

Hanpuwmep,

IMPUBCACHBI

OCHOBHBIC

THIIBI

XijZO;

X, >0

OTpaHUYCHUHN

MOJIOYHOT'O XO035HCTBA TPEOYIOT pa3HOil HHPPACTPYKTYPHI.

3. Cxema 4HCJI0BOM MO/IeJIH M €¢ OCHOBHbIE OTPAHHYEHUS
CxeMa YHUCIIOBOM MOJEIN

3aa4n

9)

ONTUMHU3ALUN
MPOU3BOACTBEHHOM CTPYKTYpbl. IIpH pelieHur KOHKPETHBIX 33Ja4 BCE OHM BKIJIIOYAKOTCS B
MoOJieJIb, OJHAKO, KPOME 3TOTO TpeOdyeTcss B MOJEIH OTPa3uTh U CHeUU(PUKY MPEANPULTHUS, €TO
MIPOU3BOJICTBEHHOE HAIPABIICHUE, CTPATETUIO BEACHUS XO3SHUCTBA, OCOOCHHOCTH MECTHBIX

MOJCJIb 3CpHOBOIO XO3sMCTBA H MOZICIIb CIICHUAIU3UPOBAHHOI'O

C

Howmep OrpaHnuueHus ITepemennbie Tun Cs.
OTpaHMY. X X X, |orpanmie | unen
J EJl j EJZ HHI bI
I Hcnonp3oBaHue celbxo3 a < Bi
1 YT OJIH U
I, Hcnonp3oBaHue TPYIOBBIX 2 a < B;
pecypcoB ” )
I3 [TpousBoacTBEHHBIE = 0
-ajj -ajj +1
3aTparkl
l4 Hcnonws3oBanue a Ve < 0
OpraHMYEeCKHUX Y00peHHuii I ”
Is [TpousBoaCcTBO U Vi 2 > 0
HCIIOIb30BaHIE KOPMOB ' ”
ls ["apanTHpOoBaHHBIE O0BEMBI > Qi
IPOM3BOJICTBA Vij Vij = Qi
< Qi
I; VY ¢i10BUA 110 COOTHOILLIEHUTO W W/
pazsMepoB ” I
[leneBast pyHKLIUS C C C 1 — max

B uncioBoit Mogenu 3a1auu ONTUMHU3ALMHI TPOU3BOACTBEHHON CTPYKTYPHI NPEAIPUATHS

OOBIYHO MPEACTABISIIOTCA CIEAYIOIINE OTPAHNYEHUS:
0ajlaHC IallHU;
HCII0JIb30BAaHUE CEHOKOCOB;
HCIIOJIL30BaHME MACTOMILI;
GanaHc Tpynaa BCero;
OaylaHC Tpy/ia B HAMPSHKEHHBINA TIEPHO]T CETBCKOX035MCTBEHHBIX padoT;
0anmaHc KOPMOBBIX €MHHUI] M IEPEBAPHMOTr0 MPOTENHA B KOPMaxX CTOMIOBOTO NMEPUO/A;
OaslaHC KOPMOBBIX €IMHHUIL U TIEPEBAPUMOrO MIPOTENHA B KOPMax JIETHETO NMEPHO/IA;
OanaHC KOHIIEHTPUPOBAHHBIX KOPMOB;

Oaianc rpyObIX KOPMOB;
0. nonoJHUTENbHBIE OTPAHUYEHHUS TI0 COOTHOIIEHHIO B IPpyOBIX KOpMax CeHa U COJIOMBI;
11. 6aaHc KOPMOB IpYyMIIbl KOPHETJIOOB;

BOooo~NoOR~WDNE

12. 6anaHc CHUIIOCHBIX KOPMOB;

13. 6anaHc 3eJIeHBIX KOPMOB;

14. orpannyenus OanaHcHpyOUIe MOTPEOHOCTh B 3€JEHBIX KOpMax IO MepHoAaM (JIeKabl,
MECSIIBI);

15. 6anaHc opraHu4ecKUX yI0OpeHMIA;
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16. orpannueHus Mo cnenuanuzanud. VX MOXKHO 3aJaTh B BUAE TapaHTHUPOBAHHBIX O0OHEMOB
MPOU3BOJCTBA OTHENbHBIX BHAOB MPOIYKIUH, MPEIYCMOTPEB HEOOXOAWMBbIE WU
MUHHMAaJIbHbIE YPOBHHU KOHIICHTPALIMHU ITPOU3BOICTBA;

17. rpynna orpaHu4eHH KOTOPHIMH 3alMCBIBAIOTCS arpOTEXHUYECKHE TPEOOBaHUS;

HaIpUMep: TIOCEB O3MMBIX KYIbTYpP HE JOJDKEH TMpEeBHINATh Iuiomaau mnapa wma 11-16%

ceB000OOpOTa;

- IUIOLIAJb 3€PHOBBIX HE JI0JKHA MpeBbiaTh 70% naHIIHM.

1.6 Jlexmus Ne6 (2 gaca)
Tema: «MoaeupoBaHue UCIOJIb30BAHUS CPEACTB MeXaHU3AIUI

1.6.1 BonpochI ekium:

1. ITocTanoBka U Gpopmanmu3anus 3ajgau.

2.DKOHOMHKO- MaTEMaTUIECKHE MOJICITH.

3. UcxomHas uapopMaust 1 0cOOEHHOCTH MOCTPOSHHS YMCIOBOM MOJICTH 33Ja4H.

1.6.2 KparTkoe coaep:kaHue BOIPOCOB

1. IloctanoBka u popmaan3zanus 3agaum.

Jnst 3TOM ayAMTOpUM s IyMar0 H3JIMIIHE TOBOPUTH O POJIM TEXHUKH B DPA3BUTHU
CEJBCKOT0 XO035KCTBAa. JMOXa TPAKTOpa W aBTOMOOWIIA eie He 3akoHumiack. Cyanba miiaHoB
pa3BUTUSL , KAK M SKOHOMHUYECKHME IIOKa3aTesd MPOU3BOJACTBA BO MHOI'OM IPEICTABIISIOTCS
COCTaBOM M COCTOSIHUEM HCIIOJIb30BAHUS TEXHUKH.

JIro6oMy XO3SIICTBY Ha MPAKTUKE MPUXOIUTCS ONPEIENATh NOTPEOHOCTh B TEXHUKE. JTa
3a/1a4ya peuaeTcs Kax/abIM X035ICTBOM, HE3aBUCUMO OT TOTO XOPOIIO MM IJIOXO OHO paboTaer.
[IpyueM nOTPeOHOCTH B TEXHHUKE ONpENENsIeTcs Kak Ha TEeKyIIUd Mepuoja, Tak MU Ha
NEPCIIEKTUBY.

Onpenesnenue MOTPeOHOCTH B TeXHUKE COCTOUT B BhIOOpe Takoro coctaBa MTII u
TaKOro IUIaHA €ro MCIOJIb30BaHMs, TP KOTOPOM OOECIeUnBAETCs BBINOJIHEHNUE BCEX 3a/laHHBIX
00BbeMOB paboT B MOJIOKEHHBIE CPOKH ¢ MUHUMAJIBHBIMU OOIIMMU 3aTpaTaMHu.

31ech BbIIENSETCS TPH MOMEHTA!

- NOTPeOHOCTh X035ICTBA B TEXHUKE IS BBIMOJIHEHU 3a/laHHOr0 00beMa paboT;
- TpeOOBaHUE BBINOJIHEHUS PabOT B CPOK;
- TpeOOBaHMUE BHIMOJHEHUS paboT ¢ MiN 3aTpaTtamy.

Herpyano y0Genutcs, 4TO HWrHOpHUpOBaHME JIIOOOTO W3 Tpex TpeOoBaHWM, Kak U
abCcoOTU3aIM JTI000T0 U3 HUX, MOKET NMPUBECTU K aOCYpIHBIM pe3yiIbTaTaM.

Hampumep. Bcro namiHio g1000ro X03s5HCTBAa MOXKHO BCIlaxaTh OHUM TPAKTOPOM.

B yca0BHAX KOHKPETHOI0 XO3fICTBA BCTPEYAIOTCS TPH BAPMAHTA [MOCTAHOBKU
3a7aun onTuMu3anuu coctasa MTII.

1. 3apgaua onpenenenusi ontumanbHoro cocraBa MTII mpu ycinoBum, 4TO B XO3sHCTBE
MOJIHOCTBhIO OTCYTCTBYIOT MAIlIMHBI, TO €CTh 3aJjaya KOMILIEKTOBAHUS IapKa, Wiu Haubosee
11e51eco00pa3HOro ero MpuoopeTeHusl.

Takast mocTaHOBKa BO3HUKAET y BCEX BHOBb OOPa30BaHHBIX XO3SIMCTB.

2. 3agaua omnpeneneHus ontumanbHoro cocraBa MTII mpu ycinoBuu, 4TO HEKOTOPBIH
napK MallMH B XO3SIIICTBE Y€ UMEETCs , TO €CTh 337aya JOYKOMILJIEKTOBAHUS HMEIOIErocs
napka.

OTO caMblii paclpOCTPAHEHHBI BapUaHT 3aJa4yd, TAK KAK W TEXHUKA MOCTOSIHHO
COBEpILEHCTBYETCS , NMPOU3BOJCTBO TOXKE HE CTOUT Ha Mecre. Ilapk crapeer M (pu3HuUeCKU
OTCITY>KUBIINE MAIIUHBI TPEOYeT 3aMEHbI HOBBIMHU.
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3. 3amaua ompeneneHus IUIaHA HAWIYYIIEro MCIOJIb30BAHUS MMEIOLIETOCS B XO3siCTBE
napka MaIluH, IPU yCJIOBUH, YTO XO3HCTBO HE UMEET BO3MOKHOCTH 3aKyNaTh HOBbIE MAlINHBI.
OTCcnyXHUBIINE CPOK MAITHHBI MO>KHO CITUCBHIBATb.

[Tpu kaxxymeicss HCKyCCTBEHHOCTH MOCTAHOBKU 3aJjaua BCE JK€ BCTPEYAETCS HE TaK YK
penko. He Bcerna MMEIOTCS BO3MOXHOCTH KYNUTh HYXHBIE MAIIMHBI - WIM HYXHBIX MAallUH
HET, UJIU KYIUTh HE 3a 4TO.

C SKOHOMHMYECKOW TOYKM 3peHHs HanbOosiee 0OOCHOBAHHBIM KPUTEPHEM ONTUMH3AINU
CcoCcTaBa MAalIMHHO-TPAKTOPHOIO TMapka SBISETCS MHUHHMYM TPUBEICHHBIX 3aTpaT Ha
IPOM3BOJICTBO JIaHHBIX paOOT. MPUBEACHHBIC 3aTPAThl MPEJICTABISAIOT COO0M CyMMY TEKYIIMX
3aTpar Ha cojepkanue u dkcruryaTanuio MTII u ero 6amaHcoBol CTOMMOCTH, YMHOKEHHOH Ha
HOPMATUBHBIA K03 PuimeHT >PQPEeKTUBHOCTH, KOTOPBIA MpencTaBiseT cOo00H BeTMYUHY
00paTHYIO CPOKY OKYITaeMOCTH.

WHoraa B KauecTBe KPUTEPUS ONITUMATIBHOCTH MCIIOJIB3YIOT MIOKa3aTelb - MIN MallluH;
- MiN pacxo roprYero;
- - MiN 3KCIUTyaTal[MOHHBIX PAaCcX0/I0B;
PaccmoTpum Kaxayro U3 Tpex Ha3BaHHBIX 3ajad.

2. JKOHOMHKO-MaTeMaTHYecKHe MO/IeJIH.

Mogaenps onTuMaibHOrO KoMmIuiektroBanuss MTII

[Tpenmonoxum, 4To MapK KOMIUIEKTYETCS 3aHOBO M3 BO3MOXKHBIX MAapOK TPaKTOPOB H
CEIIbCKOXO35MCTBEHHBIX MAIIMH.

Ilycts:

M- KOJIMYECTBO MapOK TPAKTOPOB U CEIIbCKOXO3SMCTBECHHBIX MAITUH M3 KOTOPBIX Oymer
koMIuiekToBatbest MTII.

Hamomaro, 94To MeXIyHApOJHAs CUCTEMa MAlIWH JUIsi KOMIUICKCHOM  MEXaHW3aluu
CEJIBCKOTO U JIECHOTO X03siicTBa B cTpaHax COB Bxitouaer 1035 Ha3BaHMi MalllMH. a C y4€TOM
BCeX Moau(UKaIMii - 2446 Ha3BaHUIA.

"IIpaBna" 15 centsa6ps 1986 rona.

Howmepa mapok marmH 0603Haunm depes I. 3nauwur i-(1,2,3,...1...m)

N- KOJHMYECTBO BCEX CEJIbCKOXO3SHUCTBEHHBIX PA0OT BBHIMOIHIEMbBIX B JAHHOM XO035HCTBE
C TIOMOTIIBIO CETCKOXO3SMCTBEHHBIX MAIIIMH U TPAKTOPOB.

J- HOMep MeXaHU3UPOBAHHOMN PabOTHI;

t - Homepa, T - KOMMYECTBO paCUYETHBIX MEPUOIOB, HA KOTOPHIE CIIEIYEeT pa3OUTh BECh
CPOK, OTBEJICHHBIN Ha BHITIOJHEHHE BCET0 KOMILIEKCa padoT;

Pit- 00beM paboThI | 3a iepuo t;

K - HOMepa, a K- KoTH4ecTBO BCeX BO3MOXKHBIX arperaToB B X03sIHCTBE;

ak- MPOU3BOAMTEIBHOCTD arperata K Ha paborte | 3a mepuon t;

XK - KOJMYECTBO arperatoB ¢ HomMepoM K, TpeOyrommxcst 11l BHIIOTHEHHS paboOThHI | 3a
nepuon t;

Xj - KOJIMYECTBO MAIIIMH MapKH | KOTOPOE HEOOXOUMO KYITHTh;

bij - KomM4ecTBO MAIMH MapKd | BXOAAIIMX B arperar K BBIIOIHSAIONINX,
BBITTOJTHSFOIIMX padoTy j;

B - HOpMaTUBHBINA KOAPOUIMEHT KaUTAIbHBIX BIOKEHUI;

Ci - OajaHcoBasl CTOMMOCTB MAIlTUH MapKH i ;

Pi - CTOMMOCTb COJICPKAHUS MAIlIiH MapKH | |

Ckjt - IPSIMBIE 3aTPaThl Ha OJMH arperar K, BBITOTHAIOMNX paboTy | ;

3anuieM CTpyKTYpPHYIO MOJEIIb.

T n K m

Tpebyercs vaiitu min C= > Y ¥ Coit it T = (,BCI + pi)xi —>min (1)
i—1jotk=1 % g

IIpu ycnoBusx:
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1. YCHOBHe rapaHTHUpPYIOIee BBIMOJIHEHUE BCETO 33JaHHOr0 00bemMa padorT.

z ath kit Pjt, roe J=1..nt=1.T (2)

2. YCHOBI/Ie, YTO Ka&KABIH JaHHBIA MOMEHT MOTPeOyeTCs MalldH MapKe | s
BBITIIOJTHEHUS pa60T nepuo/ia He OoJbIIe, YeM UX OyAeT KyIJICHO.

)y Z b X x, roei=1..mt=1...T (3)

kjit —
jeJ k=1

Ji- MHOXKECTBO, KOTOpOMY NpHHAIEkKAT PabOThI, BBIIOJIHAEMBIE 3a TIEpUOL .
3. YcinoBue HEOTPULIATENBHOCTH IEPEMEHHBIX.

><i >0 ijtzo (4)

Mopaeinb ONTUMaIbHOTO JOYKOMILJIEKTOBAHMS MAIlIMHHO-TPAKTOPHOIO MapkKa.

[IpenmonokuM, YTO XO3SAMCTBO HMMEET HEKOTOPBIM IIapK MalluH, pacroaract
BO3MOXXHOCTBIO TPHOOpPETaTh HOBBIE MALIMHBI. TPeOyeTcss HAaWTH, CKOJbKO M KaKUX MAalluH
TpeOyeTcst KyHUTb, 4YTOOBl BBIIOJHUTH BeCh 00beM pabOT B TOJOXKEHHBIE CPOKH C
HaVMEHBIIMMHU 3aTpaTamHu.

BBenem nononHuTenbHbIE 0003HAYEHUS:

Yi - KOJIMYECTBO MAIIMH MapKH I, KOTOPOE CJICAYET CIHCaTh;

di - KOJIMYECTBO MAIIIMH MapKH i, KOTOPOE UMEETCS B XO3SIHCTBE;

p'i - OCTaTOYHAsE CTOMMOCTh OJIHOM MAIlIMHBI MApKH | IPU CHATHHU €€ ¢ OalaHca.

Mozenp JODKHA MPEayCMaTpUBaTh BO3MOKHOCTH CIMCAHHMS OTCIY)KHBIIHUX CPOK
MAILIKH.

Hcronp3yst IpUHSTHIE 0003HAYEHHS, 3AIUIIEM CTPYKTYPHYIO MOJIENb:

HaI7ITI/I min q)yHKuI/m'

m .
C= Z Z cht kt+z,8(c +Pp)X - X ppy; —>min (1)
i=1lj=1k=1 i = i=1

IIpu ycnoBusx:
1. anonHeHI/m 3a/IaHHOT0 00beMa MEXaHU3UPOBAHHBIX PaOOT.

kélakjt kit Pjt, roe J=1..nt=1...T 2

2. YcnoBue, 4TO B KaXAbI MEPUOA MOTPeOyeTCs MAllMH MapKd | He OoJiblle 4em
UMeeTCsl B X03$[I\/'ICTB€ IUTIoC Oy/IeT KYIUIEHO, MUHYC OY/IeT CIIUCAHO.

> z b i Nt _di+xi Yo roei=1..m,t=1...T (3)
jeJlk 1 K
3. YciioBue HEOTPULATEIBHOCTH IEPEMEHHBIX.

X;20, ijt_O y; 0. (4)

Mozens ONITHMAIIFHOTO HCITONIBE30BaHus MTTI

Hanowmuro nocranoBky 3a1ayu.

XO034iCTBO  pacrojaraeT JOCTaTOYHBIM NAapKOM MallMH W HE  pacroJjiaraer
BO3MOXXHOCTBIO TMOKYIaTh HOBBIC MAIMHBI. 3aqada 3akKI0YaeTcss B TOM, YTOOBI OMpEAEITUTh
TaKOW TUIaH MCTOJB30BAHUS WMEIOIIETOCS TMapKa, MPU KOTOPOM O0ECIeYMBAETCS BBHIMOJHEHUE
BCEro 3aJaHHOTO KOMIUIEKca paboT B  YCTaHOBIEHHBIE CpPOKM C MHUHHUMAaJIbHBIMU
AKCIUTYaTallMOHHBIMH 3aTpaTaMHu.
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agrwdE

Mogenb 10JKHA PeycMaTpyuBaTh BO3MOKHOCTh CIIMCAHUS CTApPbIX MAILIKH.

CtpyKTypHas MOJEIb 3a7a9i ONTUMH3AIU ucronb3oBanus MTII (mHorma e€ Ha3pIBatOT
3a/1auel pacrpeseieHusT UMEIOIENHCs TEeXHHUKH, MOoJpa3yMeBas pachpe/iesieHHue TEXHUKU II0
BHJIaM pa60T) .MOXET 6BITI> MIPE/ICTaBJICHA TaK:

m .

C= z z zc > p.y. — min 1)

kjt k'[ PR
i=1lj=1k =1 =1

[Ipu ycnoBuu:

1. YCHOBI/Ie BBITIOJTHEHUS 00beMa paboT:

% ath kit Pjt’ rae J=1..nt=1...T (2)
2. _z z biijkjt sdi “Yi roei=1..mt=1.T (3)
jeJlkzl

YciioBue , 4TO KOJIMYECTBO MAIIMH BBIMOJHSIOMIMX PadOTy B JII0OOW mepuoja He Oyaer
HPEBBIIATH UMEIOIINXCS B XO3SIMCTBE MAILIMH C YYETOM UX CIACAHMUSL.
3. YcnoBue HeOTpUIATETbHOCTH IIEPEMEHHBIX

ijtZO, yl >0. (4)

IIpy BHHMMATEIBHOM pAacCMOTPEHMM HE TPYAHO 3aMETHUT, YTO BCE TPU MOJCIH
ONHOTHUIIHBI, M YTO IIepBasi M TPETbid SABILAIOTCA YACTHBIMH  CIy4YasMH  3aJadu
JIOYKOMIUIEKTOBaHUS IapKa.

3. Ucxoanasi nndopmManuss M 0COOEHHOCTH MOCTPOEHUS YN CIOBOMH MO/IEJIH.

s pemenus 3agaun ontuMuzaiun cocraBa MTII tpedyercs creayromias nHbOpMaIus:
00beM MEXaHU3UPOBAHHBIX PAOOT MO OTAEIbHBIM TEXHOJIOIMYECKUM OINEPALIUSM;
arpOTEXHUYECKUE CPOKH MPOBEACHUS MEXaHU3UPOBAHHBIX PadoT;

LIEHBI Ha TapaTopa, aBTOMOOWIIN, CEIbCKOX03SHCTBEHHbBIE MAIIINHBI;
HOPMBI BbIpAOOTKM Ha MEXaHU3UPOBAHHBIE PAOOTHI;
HpsSMBbIE HKCIUTyaTal[MOHHBIE 3aTPaThl 10 BUAAM pabOT U crioco0aM MX BBITOTHEHHUS.

3anava ontumu3anuu coctaBa MTII umeet psg ocobeHHOCTEIH:

1. Nannyoo 3amauyy cleayeT COCTaBIATH TOJBKO IMOCJIE ONTHMM3AIMU OTPACIEBON CTPYKTYPHI
MpEANPUITHS.

2. OnpeesiFoIMM MOMEHTOM 3aJ1a9H SBIISIOTCS CPOKH MTPOBEICHUST MEXaHU3HUPOBAHHBIX PadoT.
3HAuuT, 3aJa4y MOXKHO COCTaBIIATH TOJBKO TOTAA, KOTJa OTpaboTaHa MEpCIeKTHBHAS
TEXHOJIOTHS JIUISl K&KJIOM KYJIbTYPhI, YUUTHIBAIOIIAsl HOBBIE TUIIBI TPAKTOPOB M MAIIIHH.

3. Pa3mep 3amaun 3aBUCHUT OT CPOKOB BBITIOJIHEHUS padOT U YKCIIa PACUETHBIX MEPHOIOB.

Tak, ecnu 3a pacueTHBI MEpPUOJ MPHUHATH OJMH JCHb, TO 3aJada OyJeT Ha CTOJIBKO
TPOMO3JKOM, 4TO ee OyIeT TPYAHO, a TO HEBO3MOXKHO peaTn30BaTh JaKe HAa CAMbIX MOIIHBIX
OBM.

[ToaTomMy mpu mpakTUYecKkoil pa3paboTKe CTpeMsTcs K BbIOOpY Ooniee MITUTENBHBIX
MEPUOJIOB M COKpAIICHHIO WX Yucia . OOBIYHO B MPAKTHUECKUX 3a7a4aX CTPEMSTCS BBIICTUTH
MIEPUOLBI:

- BECECHHETO I10CEBA;

- YX0/la 32 paCTEHUSIMH;

- yOopKu;

- mocieybopoyHasi 00paboTKa MoYB.

23



WNHuorga 3a nepuoja NpUHUMAIOT MATUAHEBKY, HO 3aJady PELIAOT [0 HaNpsHKEHHBIM MEpHOoJam
roja.

4. CymiecTByeT MHOTO Pa3HOBUIHOCTEH Monaenu ontumusanuu cocraBa MTII, Ho Bce oHu
OJIHOTHUIIHBI, OTJIMYAIOTCS B OCHOBHOM KPHUTEPUSIMU ONTHUMHU3ALUMU U OCOOCHHOCTSIMU
(bopMHpOBaHUS OTJCIBHBIX YCIOBHIA.

5. UucnoBass MOJelb 3aaud MMeeT OOJbIIoN pa3Mep, HO Malylo IUIOTHOCTh. [IpakTtuyecku
IVIOTHOCTh Bceraa menblie 10%. Mopenb conepKUT OONbLIONW  yAENbHBIH BEC MOCTOSHHOMN
uH(pOpMalnu AJis 30HbI, palloHAa.

6. 3a1a4a OTHOCUTCS K KJIACCY LIEJIOYUCIIEHHBIX, IIOCKOJIbKY TPAKTOPBI U CEIbCKOX031CTBEHHBIE
MalIMHBl HeNb3d JpoOuTh. EcTh crnenuanbHble METOABI pPEIICHUS TaKUX 3aJad, MOXKHO
HOCTYIUTH MPOCTO - TPOOHBIE PE3YIBTATHI PEUICHUS OKPYIIIUTH A0 IEJIBIX YHCE.

1.7 Jlexums Ne7 (2 yaca)
Tema: «MoaesnpoBaHue MOCEBOB U UCNOJIb30BAHNS Y100peHNID)

1.7.1 Bonpocsl JieKIum:

1. MonenupoBanue pa3MeNIeHUs TIOCEBOB M0 YYaCTKaM 3eMJIH PA3IMYHOTO TUIOJOPOANSI.
2. MonenupoBaHue ceBOOOOPOTOB.

3. MonenupoBaHue UCTIONIB30BaHUSI MUHEPATBHBIX YA0OpEHUH

1.7.2 KpaTkoe coaep:kaHue BONPOCOB

1. MopenupoBanue pa3MelleHHsI TNOCEBOB MO0 Y4YacTKaM 3eMJIH Pa3JIHYHOr0
NJI010PO/IHSL.

3adaua onmumuzayuu cmpyKmypbl nocesHbix MI0uiade MOoJiCem pAccMampusamscs u
KAK_COCMAsHAs 4achb NIAHUPOSAHUS NPOU3BOOCEA NPEONPUAMUS, 20€e OHA MOOeaUpyemcs 60
83AUMOCBA3U ¢ JHCUBOMHOBOOCHBOM U _KAK _camocmosimenvhas  3adaua. Paspabomka
CaMOCMOAMENbHOU 304U ONMUMUZAUUY __ CIMPYKMYPbl _NOCEBHbIX ___ Naowadell _umeen
NPAKMUYECKUL _CMbIC, KO20d PACCMAmMpUBAenmcsl 3a0ayd pasmeuenus noceso8 Nno y4acmkam
3eMIU_PA3IUYHO2O NA000POOUS, DASMEWEeHUe 3ePHOBLIX KVIbMYD 6 3ePHOBOM _ce800boponie,
KOPMOBbIX KVIbIYD 8 KOPMOBOM Ce80000ponie u.o.

PaccMoTpuM OT/ieNIbHBIC TOCTAHOBKH 3a/1a4d Pa3MEIICHUS U CTPYKTYPHI TIOCEBOB.

JIns onpenenieHus ONTUMAIBHOTO Pa3MEIIeHHsT TTOCEBOB IO OTJCIBHBIM YYaCTKaM 3EMITH
Pa3IMYHOTO TUIOJOPO/US MOXKET OBITh MPUMEHEH PACIpEIeTUTEIbHBIA METO/I. 3a1a4y MOXHO
pa3paboTaTh Ha OCHOBE TPAHCIIOPTHOM 3I1/1a4H.

CoopmymupoBaTh  3agady  MOXHO  Tak:  TpeOyercs  pa3MecTUTh  IIOCEBBI
CEJIbCKOX03SHCTBEHHBIX KYJIBTYP MO y4aCTKaM 3eMJIM TaK, YTOOBI MOCEBHBIC TUIOMIAAN IO BCEM
KyJbTYpaM PaBHSJIMChH TUIAHOBBIM 00BbEMaM, BCE MAIIHU JIOJDKHBI OBITh 3aHSTHI MOJ] TOCEB MPH
3TOM CTOMMOCTH BaJIOBOI MPOIYKIMHU ObLIa OBl MAKCHMAITbHOI.

B kauecTBe KpuTepHs ONTHMAILHOCTH B 3TOH 3aayd MOXHO MHPUHITH MaKCUMyM
CTOMMOCTH BaJIOBOW TPOIYKIIH CEITLCKOTO XO3SIHCTBA, YUCTHIN JOXOI, TPUOBLI.

Beenem yciioBHBIE 0003HAUCHHS:

M — YUCII0 YYaCTKOB 3€MJIN;

| — HOMEp YY4aCTKOB 3€MIIH;

N — YKCIIO KyJIbTYD;

] —HOMepa KyJbTyp;

Si - IUIOMIAb I-TO y4acTKa;

S.

j -TUTOIa b OTBEJCHHAS MO |-10 KYJIBTYPY;
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Cjj - cronMocTb j-if IPOAYKIMH ¢ OIHOTO TeKTapa i-ro;

Xij - IOk I0CEBA - KyIbTyphl Ha 1i-TOM ydacTke.

CrpykTypHast MOJEb 3a]1a4H:

m n

C =) > CjX; — max
i—1 j-1

IPU YCIOBHUSAX:

1. IlepBoe ycioBHe obOecneunmBaeT, YTO IUIOMIAAb IMOCEBAa BCEX KYIBTYp Ha KaXIOM
ydyacTke OyJeT paBHa €ro IIOLaIu.

n
zxij = Si ,raei=1...m.
j=1

2. Bropoe yciioBu€ rapaHTUPYET, YTO MOJI KaXAYI0 KyJIbTypy OyJeT OTBe/IeHa TIaHOBast
TUIOIA/Ib.

m
inj = Sj,r[[ejZI...n.
i=1

3. Tperbe ycnoBue obecreunBaeT PaBEeHCTBO MMEIOIIEHCS 3€MJIM U IUIOIAAHM IOCEBOB
BCEX CEJIbCKOXO35MCTBEHHBIX KYJIBTYD.

m n
2.8=2.5;
i—1 j=1
1. VYciaosue HCOTPpUIATCIbHOCTH IICPCMCHHBIX !
x; 20

Yucnosas mooens cocmasisiemcs._no muny mpaHCl’IODI’I’lHOZZ 361061’{1/1, mo __ecmb
3ANOJIRAEMCA NJAAMENCHAA mampuua, no CmpokKam pasmeumaromcs y4dacmkKu, a no Cm0]l6udﬂ/l
KyJjllbmypbl. 3adaua_umeem npakmuquKmZ CMbICIT peulerus auttb moeda, K020d dmxmuqecxu
UmernicAa y4acmkKu pa3iuv4Hozo I’l]lO()ODO()u}Z.

2. MopenupoBaHue ceBOOOOPOTOB.

YTounuM monsiTue ceBoodopoTa. [log ceBooOOPOTOM MOHMMAIOT IUIOMIAAL 3€MIIH C
000CHOBAaHHBIM U€pEIOBaHUEM KYJIbTYp BO BDEMEHU U IIPOCTPAHCTBE.

Crout 3afaya: OmpeaeNnuTh oAb CeBOOOOPOTOB X034HCTBA, KOTOpas obecrednBalia
OBl pa3MelIeHHe TUIAHOBBIX IMOCEBHBIX ILJIOMIAJEH HAa CEBOOOOPOTHOM TUIOMIATM W TO3BOJISLIIA
MOJYYUTh MaKCUMATbHBINA Y9KOHOMUYECKHH d(PPeKT.

3a KpUTepuil ONTHUMAJIBLHOCTH MOYHO NMPUHATH MAaKCUMyM HpPHOBUIN, YUCTOTO JI0XO0/a,
BaJIOBOT'O JI0X0/1a, CTOMMOCTH BaJIOBOM MPOAYKILIHH.

dopmanuzanus 3aaauH.

N — KOJMYECTBO CeBOO60p0TOB Pa3jInuUHbIX BUOOB, BBCACHUC KOTOPHLIX BO3MOKHO B
JaHHBIX YCJIIOBUAX,

] — HOMepa ceBOOOOPOTOB;
| — HOMepa KyJbTyp;
M — KOJIMYECTBO KYIbTYD;

X j - mIomaae J-ro ceBooOOpPOTa B reKTapax;

C - IpU6HLTH, YUCTHIN MM BATOBOH J0XOJI, CTOMMOCTh BATOBOH MPOYKIIHH C OJHOTO
reKTapa B J-TOM CEBOOOOpOTE;
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IB ij - moist moceBoB |-if KyIbTYpBI B J-TOM C€BOOOOPOTE;

Si - o0m1as 3aJjaHHasl IIOIAAb ocesa |-i KynbTypsl;

S — mwiIoIAak NamHu B X034HCTBE.
CTpyKTypHast MOJIEIb:

n
C= chxj s max
=1

IIPU yCIIOBUSX:
1. mepBoe ycnoBue o0ecreyrBaeT MOCeB MIAHOBOM IJIOMIAIH 110 KKIOH KyIbType

n
Z'Bijxj = Si ,rae i=1...m
j=1

2.Bropoe ycnoBue mperycMaTpuBaeT, 4TO Ui BBOAMMBIX CEBOOOOPOTOB MOTpedyeTcs
IUIOINAAM MAIIHU He OOJIbIIe, YEM €€ UMEETCs B X034HUCTBE.

n
Zx [ <S
=1
3. YciaoBue HCOTPpHATCIIbHOCTHU IICPEMCHHBIX
x; 20,

3. MoaenupoBaHue HCIOJIb30BAHNSI MUHEPAJIBHBIX y100peHui

[Iyctb B XO3siCTBE HMMEETCSI HEKOTOPOE KOJMYECTBO MMHEPAIbHBIX yI0OpEHHI,
TpeOyeTcst HallTH TakoW IUIAaH MX HCIHOJb30BAaHUSA, KOTOPBIH oOecreunBan Obl MaKCUMAJIbHYIO
npuOaBKy ypoxkas.

Ilo cytu peub UIET O pacupeneIcHU MEXKAY KyJIbTYPaMHU.

dopmanuzyem 3anavy:

dij - HOpMa BHECEHMs JCHCTBYIOIIETO BEIIECTBA I-r0 BUAA IS TIOJIYYCHHUS CIUHHUIIBI

npuOaBKU ypoKas J-if KyJIbTYpBI;
6K - KOJTMYECTBO YAOOpEeHHUii K- o BUa (B HaType), uMeroleecs B xo3siictee (k=1...K);
qik - coziepKaHme i-ro JeHCTBYIOIIETro BEIeCTBa B SIUHUIIC K-TO YI0OpCHUS;

cj -LICHA CAMHUIIBI J-i TPOIYKIIUH;

X

MHUHEpaJIbHBIX Y100pEeHUH;

j - KONMYeCTBO TOJYYCHHOH NpHOAaBKM J-ii NPOAYKIMH 3a CYET BHECEHMS

QJ - MaKCHUMAaJIbHO-BO3MOKHBIH 00beM HpI/I6aBKI/I j'Oﬁ NINpOAYKIIMU 3a CUCT BHCCCHUMA

MHHEPAIBHBIX YI0OPEHHI — PU TAaHHOM TUIOIIAIH [TOCeBa |-i KYJIbTYpBHI.
Lenesas GpyHKIMS.

n
C = chxj — max
j=1

Tax makcumuzupyercs npudaBka ypoxasi B I€HEKHOM BbIPAKECHUH:
IIpu ycmoBusx:
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1. Pacxon aelicTByroIIero BemiecTsa 11-ro BUaa JUIsl MOJyUYCHHs BCEH MPUOABKHU ypoKast
10 j-# KyJIbType HE JOJDKHBI MPEBBIIATh HATWYHS ICHCTBYIONIETO BEIIECTBA I-T0 BUIa B K-TOM
yn00peHuun

n K
Zaij Xj < Zqikgk
j=1 k=1

[To cyTtu orpaHuyeHus] JaHHOTO BUA CBOJAAT OajaHC MO JACHCTBYIOLIEMY BEIIECTBY. DTO
Mpek/e Bcero 0anmanc azora, kanus, pocdopa u T.11.
2. HuxHM 1 BepXHUH Mpeebl U3BMEHEHUs IEPEMEHHOM

Oéxjs

D¢ dexkTuBHOCT yNOOpEHUI 3aBHUCUT HE TOJBKO OT KYJIBTYPBI, MOJ KOTOPYIO OHO
BHOCHUTCSI, HO T ¥ OT XapakTepa yJIoOpsSeMOro ydacTtka, TO €CTh OT HAJIM4us JICHCTBYIOLIECTO
BEILIECTBA B ITOYKE.

JlokaszaHa 3aBUCHMOCTb MTPUOABKU ypoxkas OT crioco0a BHECEHUS YAOOPEHUIA.

PaccMoTpuM Mozienb ¢ 3TUMH OTpaHUYCHUSMH.

[Tyctb p — HOMepa, a P — KoJM4ecTBO CriocoO0B BHECEHUS] MUHEPAIIbHBIX YIOOPCHUH.

r - Homepa, a R — KONMYECTBO y4YacTKOB 3€MJIM, OTJIMYAIOMIUXCS IO COJCPIKaHHIO
IUTATEIbHBIX 3JICMEHTOB B MOYBE.

Mopgenb umeer BI/II[Z

C = ZZZcx — max

j=1 r=1 p=1
[Ipu yCJ'IOBI/II/IZ
P
ZZZ a;Xj < qu
j=1 r=1 p=1

O Xer Q jrp

Hepr):[Ho 3aMEeTHTh, YTO BBEJAECHUE OrPAaHUYEHUH IO Yy4eTy CIocoOOB BHECEHMS
MUHEPATBHBIX YAOOpEHUH, XapakTepa ya1o0pseMoro ydacTka He YCIOXHWIN Mojenb. J[Ba Tuna
OTPaHUYEHUIN OCTAUCh, BO3POCIO JIMIIb YHCIO MHAEKCOB. EcTecTBeHHO, moTpebyeTrcst HOBas
BXOJIHasi HH(pOpMalKsi, HO 3aMETHO BO3pacTaeT M BbIXOAHAsl MH(popMalus, Oyaya MOTydeHbI
HOBble, Oojiee IICHHbIE CBEJEHMA. 3JecCb B KauecTBe IpUMepa II0Ka3aHO, Kak Y4ecTb
JIOTIOTHUTENIbHBIE YCIIOBUS B MoJenu. [1o TakoMy e IPUHIKITY MOYKHO YYECTh CPOKU BHECEHUS
MHUHEpaJIbHBIX Y100pEHUH.

1.8 Jleknus Ne8 (2 yaca)

Tema: « DyHKIHH M0JIE3HOCTID

1.8.1 Bonpocsl Jieknum:

1. Onpenenennie GyHKITUN MTOJE3HOCTH U €€ CBOMCTRA.

2. Pemenue 3a1aun NOoTpeOUTENHCKOTO BBIOOpA.

1.8.2 Kparkoe coaep:kaHne BOIPOCOB

1. Onpenesnenue pyHKIMHU NMOJIE3HOCTH H ee CBOICTBA.

[ToTrpeOutens pacmosiaraeT A0X0A0M |, KOTOpBIM OH TMOJHOCTHIO TpaTUT Ha

HpI/IO6pCTCHI/Ie Omnar. HCHLI OJ1ar cuMTarTCs 3aJJaHHBIMHM. Y YUTBIBAs CTPYKTYpPY LECH, 1O0XOJ U
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COOCTBEHHBIE TPEANOYTEHUs, MOTPEOUTENs MPHOOpPETaeT OIpeaeieHHOE KOJIUYECTBO Ojar u
MaTeMaTHYeCKasi MOJENb TAaKOro €ro IOBEACHUS HAa3bIBACTCSI MOJEIBIO TOTPEOUTETHCKOTO
BbIOOpa. PaccMoTpum mopmens ¢ nBymst Buaamu Omar. Takas mozmens ymoOHa IMpekae BCEro
BO3MOXHOCTBIO TpauuecKod WHTEPIPETAIMU, COXpaHss MPU 3TOM BCE NMPHHIUIHAILHBIC
CBOIiCTBa 001 MO/IEH.

Paccmorpum norpeburenbckue Habopbl ux AByx Onar. [lorpedbutenbckuii Habop - 3TO
BEKTOp (X1,X2), KOOpAWHATa Xi KOTOPOTO paBHAa KOJHMYECTBY E€AMHHUI[ IepBoro Oiara, a
KOOpJMHATa Xp paBHA KOJMWYECTBY CIWHUII BTOporo Omara. Bpibop morpedutens
XapakTepu3yeTcss  OTHOLICHHEM MPEANOYTEHHS, CYThb KOTOPOTO COCTOMT B TOM, 4YTO
NOTPEOUTENh TPO KaXKIbple JBa Ha0Opa MOXET CKaszaTh, 4To, MO0 OAMH W3 HHX Oolee
JKEJIaTeNIeH, YeM IPYTrou, JIN0O0 MOTPEeOUTENs HE BUIUT MEXTy HUMU PA3HUIIBL.

Ha wMHOXecTBe moTpeOMTENbCKMX HAOOPOB (X1,X2) ompencineHa (GyHKIUS U(X1,X2),
3HaUEHUE KOTOPOM Ha TMOTPEOUTENbCKOM Habope (X1,X2) pPaBHO TOTPEOUTEIBCKOW OICHKE
WHIMBUIYyMa JIJIsl 3TOro Habopa. DTa HyHKIHs Ha3bIBaeTCs PYHKIUEH MMOJIE3HOCTH.

CpoiicTBa (yHKITHH ITOJIE3HOCTH:

1) Bospacranue norpebieHus: OAHOTO MPOAYKTA MPH MOCTOSHHOM MOTPEOICHUN

APYroro TPOIYKTa BEAET K POCTY IOTPEOUTENHbCKON OICHKH. T.€. €CIH

X+ Ax > X, To U(X + A%, X,) > U(X;,X,).
eciu X, +Ax, > X,, To U(X;, X, +Ax,) > U(X,X,).

OX, OX,

HepBI)Ie YaCTHBIC MPOM3BOAHBIC HA3BIBAIOTCA MPCACIbHBIMU IMOJC3HOCTAMU IPOAYKTOB!:

u, >0

U, -TIpeJieNIbHas T0JIE€3HOCTh MEPBOr0O MPOAYKTa, U, - MpelenbHas MOJIE3HOCTh BTOPOro
npoaykra. JIJist pefebHbIX MOIE3HOCTEH HCIOb3yeTcsl Takxke cuMBomka M U(X, X,),
Mu(%,%,)

2) [IpenenpHas MOJIE3HOCTh KAXKJIOTO MPOIYKTa YMCHBIIACTCS, €CIIM 00BEM €ro

noTpeOiieHuss pacTeT (3TO CBOMCTBO IPEAEIbHOIN IMOJIE3HOCTH HA3bIBACTCS
3aKOHOM YOBIBAIOIIEH TIPEIEeTbHOMN TOJIE3HOCTH).

2
2 ou "
8_[.] =U. <0 —=u,, <0
2 11 , 2 22 :
%, X,
3) [MpenenbHast TMONE3HOCTh KAKIAOTO MPOJYKTAa YBEIUYHUBACTCS, €CIH PACTET

KOJIMYECTBO JPYroro MpojaykTra. B 3TomM ciydae NpOayKT, KOJIMYECTBO
KOTOPOTro (PUKCUPOBAHO, OKA3BIBAETCS OTHOCUTENHHO NeUuUTHBIM. [loaToMy
JIONIOJTHUTENbHAS €ro €AMHUIAa MpUoOpeTaeT OOJIbIIYI0 IIEHHOCTh U MOYKET
ObITh NOTpebIIeHa Oosee AP pekTuBHO. J[aHHOE CBOMCTBO CIIpaBeIIMBO HE IS
Bcex Ouar.

0 . 04

I ul2 -
X, 0x, OX,0x,

=u,, >0

Jlunus, coenwHsIONMAs MOTpPeOUTENbCKHE HAOOPHI (X1,X2), UMEIONMINE OAWH M TOT XKe
YPOBEHBb YAOBIETBOPEHUSI MOTpeOHOCTEH WHIMBUAYYMAa, HA3bIBACTCS JUHUEN Oe3paznuuus.
Jlunusa Ge3paznmuuus €CTh HE YTO MHOE, KAaK JIMHHUS YPOBHS IOJE3HOCTH, MHOXKECTBO JIMHUUN
Oe3pa3nuuusi Ha3bIBACTCSI KapToi JIMHUN Oe3paznuuusi. JInHuu Oe3pa3nuyusi He KacaloTcs U He
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nepecekatoTcs. Yem "ceBepo-BocTouHee" pacroiiokeHa JUHHS Oe3pasziuuusi, TeM OoJbIeMy
YPOBHIO YZOBJIETBOPEHHS MOTPEOHOCTH OHA COOTBETCTBYET.

X2 A
\
1
\
\
\
C
\\
2 A B
X1 >
2
dx, AX, AX, .
Benuunna —= ~ —=. JlpoOb - —= MNPUHATO Ha3bIBaThb HOPMOW 3aMEHBI IEPBOTO
A% |
dx, .
IPOAYKTa BTOPBIM Ha MOTPEOUTEIBCKOM Habope (X1,X2), @ MPOU3BOAHYKD - —= - MPEJEeIbHOM

1
HOPMOW 3aMEHBI IIEPBOI0 MTPOIYKTA BTOPBIM.

2. Pemienue 3a1a4m noTpedUTEILCKOI0 BHIOOPA.

3agaua NOTpeOUTEILCKOrO BhIOOpa (3a7aya palMoOHAIBHOTO MOBEACHUS NOTPEOUTENS Ha
pPBIHKE) 3aKII04aeTcsi B BBIOOPE TaKOro NOTPEOMTENbCKOrO Habopa (X1,X2), KOTOPBIH
MaKCUMM3HUPYET ero (QyHKIHIO IMOJIE3HOCTH MPH 3alaHHOM OI0JKETHOM OTPaHUYEHUH.

UroObl NOHATH, KaKk  OIO/DKET OrpaHMuYMBaeT BBIOOp  MOTpPEOUTENs, PacCMOTPUM
CUTYallMIO, KOTJIa JKEHIIMHA pacroiaraeT (PMKCHPOBAaHHBIM J10X0/0M |, KOTOpbI MOXKeT ObITh
MOTpPAvyeH Ha JIBa BHUJA TOBAPOB — MPOAYKTHI MUTAHUS U OACKIY. X1 — KOJIUYECTBO IPOAYKTOB
NUTAHUSA, X — KOJIMYECTBO MPEAMETOB OACKIBI, P; U P, - PHIHOYHBIE IIEHBI TOBAPOB, TOTAA

ple' CyMMa JACHCT, 3aTpa4YCHHBIX Ha IMATAHUC, 4 p2X2 - Ha OACKAY. Bce coueraHms X3 U Xo,

IPU KOTOPBIX CyMMa 3aTpaT MEHbIIE WM paBHA JOXOJIy OyIyT COOTBETCTBOBAThH OIO/IKETHOMY
orpanndeHuto. Eciu npennonoxkuTh, 4TO pacxoibl paBHbI OIOKETY, TO JIOJKHO BBIMOIHATHCS

PaBCHCTBO p1X1+ pZXZ =1 , MHAa4¢ ToBOpPA, KOM6I/IH3.I_II/II/I MNPpOAYKTOB U OJACKIbI, KOTOPBLIC

MOJKET MPHOOPEeCTH IKEHIIMHA OYyIyT JeXKaTh Ha MPSMOM, KOTOpas Ha3bIBaeTCs OIOIKETHOM
JIMHUEN.

X2




v

10 20 — =40 X1

Homyctum, noxon keHIuHBL. coctaBisieT 400 py0., neHa npoaykToB nutanus 10 pyoO.
3a eIMHUILY, a 1leHa oaexabl 20 py0. 3a eIuHUIly, TOTJa Ha 3Ty CyMMY OHa MorJia Ol KynuThb 10
eAWHMI] TPOAYKTOB muTaHus u 15 emmaun omexabl (10*10+15%20=400) umu 20 emuHUI
nponyktoB mutanus u 10 emunamn oxexasr (20*10+10*%20=400) . Ecnu ona pemmia Bech
OIO/KET MOTPATUTh TOJBKO HA OJHMH BHJ MPOIYKTOB, TO caMoe OOJbIlee, YTO OHA CMOTIJIA ObI
KynuTh - 370 40 equnun npoayktoB nutanus (400/10=40) wim 20 equHUALL OACHKIBI.

bromxeTHOE OrpaHHUYEHHE O3HAYAET, YTO JCHEKHBIC PacXojbl HAa MPOIYKTHI HE MOTYT
IpPEeBBINIATh JEHEKHOTO J0X0na, T.e. PX + P,X, < |, rme p, u P, - ppIHOYHBIC LEHBI OTHOM
€UHUIBI TIEPBOTO U BTOPOTrO MPOJAYKTOB, a | - A0X04 MHAMBUIYyyMa, KOTOPBIM OH TOTOB
NOTPATUTh HAa IPUOOPETEHUE MIEPBOTO U BTOPOT'O MPOIYKTOB.

dopmalibHO 3a7a9a TOTPEOUTEITHCKOTO BRIOOpA IMEET BH/I;
u(X;, X,) — max
pu ycnoBusix pPX + p,X, <1,
X 20, x,20

B mpuBeneHHOIl MOCTaHOBKE 3a7ada MOTPEOMTENBCKOTO BbIOOpa SBISETCS 3aaadeit
HEJIMHEHHOro MpOorpaMMHUPOBAHHUS.

HaGop (X1,X2), MakCUMHU3UPYIOMUH (YHKIUIO IIOJIC3HOCTH, JOJDKEH oOpalars
O0JPKETHOE OIpaHUYEHUE B PABEHCTBO, T.e. PX + P,X, = | . I'paduueckn 310 03HA4aeT, 4To

pelIeHrne 3aJa4d MOTPEOUTEIHLCKOTO BhIOOpA JOKHO JIeXaTh HA OFODKETHOW MpsMOi. MbI
Takke OyJeM CcuuTaTh, YTO YCJIOBHE HEOTPUIATEIBHOCTH B ONTUMAIbHOW TOuUKe Oyner
BBITIOJIHATHCSI aBTOMATUYECKH.

Wtak, 3amady moTpeOUTENhCKOTO BhIOOpa MOXKHO 3aMEHUTh 3aJadyell Ha YCIOBHBIN
HKCTPEMYM (IKCTPEMYM — 3TO MUHMUMAJIBHOE U MaKCUMAIbHOE 3HAUCHHE (PYHKITUN).

u(X;, X,) = max

OpH YCIOBHAX Py X + PpX, =1,
AJIsL pelleHUs] 3TOM 3aJaudl BO3MOXKHO IIpUMEHEeHHe Merona Jlarpamxka, B pesyabraTe
HOJTyYHM CHUCTEMY JIBYX YPaBHEHHH C IBYMsI HEM3BECTHBIMH X1H X2

b _p
U2 p2
PX, + P X, = I

[ToxcraBuB pemieHue (Xi,X2), B JIEBYIO 4YacTh paBEHCTBA

U (x,x,) P
————=~ = —= TIOJlyYuM, 4YTO B TOYKE (X1,X2), JIOKAJHLHOTO PHIHOYHOTO PABHOBECHS
U, (x,,x,) P,
OTHOINICHHE TIPEIeTbHBIX MMOJIE3HOCTEH paBHO OTHOIIEHUIO PHIHOYHBIX IIEH HA 3TH MPOYKTHI.
I'eoMeTpryeckn pemieHHe MOKHO HMHTEPIPETHPOBATh KaK TOYKY KacaHWs JIMHUU

6e3paznuuus QyHKIUHU MOJIE3HOCTU u (Xl, Xg) ¢ Oro/pKeTHOU mpsiMoit P, X, + P,X, =1 .
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X

KoopauHaTel X1 W Xp pelICHUS 3aJadd IMOTPEOUTENHCKOTO BbIOOpa €CTh (PYHKIUHU
napameTposB p1, p2 1 I

X, =x,(py, Py 1),

X, = X,(py, Py 1)

MOJyYeHHbIC (YHKIIMKA Ha3bIBAIOTCS (DYHKIUSAMH CIIPOCA Ha MEPBBIA U BTOPO# MPOIYKT.
BaxxHbIM CBOWCTBOM q)yHKHI/Iﬁ CIpoca sABJIACTCA HMX OIJHOPOAHOCTDL OTHOCUTCJIBbHO L€H U
J0X0/a, T.C. 3HaYCHHe (DYHKIMI CIIpoca WMHBAPHAHTHBI 110 OTHOIICHUIO K MPOMOPIHOHAIBHBIM
HU3MCHCHUSM LICH U J0XO01a.

x,(apy,ap,,ad) = x,(p1, Py, 1),

x,(opy ap, ) = x,(py, pyy 1)

Jutst 1r00oro yucia o>0. DTo 03HA4aeT, UTO €CIU BCE IEHBI U JI0XO0Jl U3MEHATCS B OJTHO
U TOXE YHCIO pa3, BEJIMYMHA CIpoca Ha MPOAYKT (MEPBBIM WM BTOPOH — OE€3pazIuyHO)
OCTaHEeTCSl HEM3MEHHOM.

1.9 Jlekuus Ne9 (2 yaca)
Tema: «DyHKIHH CIPOCA»

1.9.1 Bonpocel JieKnuu:
1. U3menenue nen. MIsMeHeHne qoxona.
2. DpdexTrl koMneHcanuu. YpasHeHue Ciykoro

1.9.2 Kparkoe cojep:xaHue BOIPOCOB

1. U3menenne nen. U3menenne noxona.

PaccmoTpuM TO, Kak MeHSETCS MOTPEOJICHHE TOBAPOB IO BIUSHUEM H3MEHEHUS IICH.
Bepuemcs k 3aadue pacCMOTPEHHON B MPEIBIAYIIEH JEKIIUU PO MPOIYKTHI MUTAHUS U OJCIKIY.
Hamomuto, uT0o epBOHaUaabHas II€HA TPOYKTOB MTUTaHUsA (X1) cocTaBisuia 10 py0. 3a equHUILY,
1eHa oaexabl (x2) — 20 py6. 3a emunwuiy, [loxon Obut paBern 400 py6. Pemienuwe 3amaum
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NOTPEOUTETHCKOTO BBIOOPA HaXOAUTCs B TOUKe A. 31ech notpedurens npuodperaet 20 eauHuUIL
npoaykToB muTanus (x1=20) u 10 equauI oaexk b1 (x,=10)

KpuBas "TieHa-oTpebneHune"

v

20 — =40 80 X1

Py
[Ipennonoxum, 4To 1€Ha Ha MPOIYKTHI MUTaHMs Bo3pocia u cocraBwia 20 pyo. Torna
I 400

U3MEHWICS W Yyroj HakJIOHa OIUKETHOW JIMHUU (— =

p, 20

JIOCTUTAaeT MAaKCHMAaJbHOH IIOJIE3HOCTH B TOYKEe B, KOTOpas pacrojiokeHa Ha KpPUBOU
Oe3paznuuus 2. TaK Kak IIeHAa MPOAYKTOB MHUTAHWS IMOJHSIIACH , TIOKYyIMATEIbHASI CIIOCOOHOCTH
noTpeduTens AOCTUTaeMas MOJE3HOCTh CHM3WIKCH). Tak B Touke B mokymarens BeiOupaet 10
€IMHUI] POAYKTOB NTUTaHusa W 13 equuun ogexasl. UTo mpon30oiIeT Korjaa 1eHa Ha MPOAYKThI
NUTaHUS CHU3HUTCA 110 5 pyOneit? Yron HakiioHa OIO/PKETHON JMHHUM OMSATh W3MEHHUTCA  (

I—:@=80) u morpedutens BbIOepeT TOYKYy C COOTBETCTBYIOILIYIO 0o0Jiee BBICOKOMY

oo
ypoBHIO ToNe3HOCTH (30 eAUHULl TPOAYKTOB MUTAHUS U 15 eUHUIL OEKIDI).

JluHMs, COCNMHSIONMIA MaKCHMAaJIbHO-TIOJIC3HbIE HAOOpBI TPOAYKTOB TIPH KAKIOM
W3MEHEHUH IIeHbI Ha3bIBAETCSl KpUBOH "IIeHa-TIOTpeOIeHue".

Wtak, mpu CHUKEHUU LIEHBI Ha MPOJOBOJLCTBHE JOCTUTaeMas TOJIE3HOCTh PacTeT U
NOTpeOUTENs MOKYMaeT OOJbIIe MPOAYKTOB NMUTaHUs. [loTpebieHne oAkl P 3TOM MOKET
KaK pacTH TaK U MaaaTh.

KpuBas cmnpoca (pynkuus cmpoca 3amgaerca Kak — (QYHKIMS — TapaMeTpoB
x(py, Py 1), x,(pp P,y 1)) 06TamaeT MBYyMs BaXXHBIMU CBOMCTBAMH:

1) YpoBeHb MONE3HOCTH MEHSETCA 1O Mepe HAIlero IBKKEHHUS BJIOJIb KpUBOW. UeM
HIDKE 1[eHa TOBapa, TEM BBIIIEC YPOBEHH MOJE3HOCTH.

2) B kaxmoil Touke Ha KpPHUBOW CIpoca MOTPeOUTENh MAKCUMHU3UPYET MOJE3HOCTD,
OTBeYas yCJIOBHUIO, UTO TMpeAesibHAasi HOpMa 3aMeIeHUsI OACKIbl TPOJYKTaMU MHUTAHHUS paBHA

=20). IloTpeburens Temnepn

COOTHOILLIEHUIO LIEH MPOAYKTOB MUTAHUS U OJEXKJbI u—l = & JpyruMu cioBamu, B KaKJIOM
U, 2
TOYKE KpPHUBOH CHpoca MOXHO ONPEAETUTh CKOJBKO T'OTOB 3aIlUIaTUTh HOTPEOUTENh 32
JOTIOTHUTEIBHYIO €JUHUILY TOTO UM UHOTO IPOAYKTA.
Mpbl paccMOTpenu HpHUMEp HM3MEHEHHUS NOTPEeOHTEIbCKOrO BBHIOOpAa MPH  H3MEHEHUHU
LIeHbl Ha OJWH W3 MpOAYyKTOB. PaccMoTpuM, Kak BIMSET H3MEHEHHE J0XoJa Ha

NOTPEOUTENBCKUI BHIOOD.
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A KpuBas "noxoa-notpedienue"”

v

20 — =40 60 80 X1

Ilyctb  mepBoHauanmpHO  AOXON  moTpebutenss  paBHsuics 400 py6., Torma
MaKCUMU3HPYIOUIUN MOJE3HOCTh MOTPEONTENbCKUI HaOOp Haxonutcs B Touke A (20 eguHui
npoaykToB nutaHus ¥ 10 exuHun ogexasl). Joxon morpedutens m3menwics u cocraBui 800
py6. Torna Oro/KeTHAS JIMHUS CMECTUIIACh BIPABO MapauieNIbHO MEPBOHAYATBEHON OFOIKETHON
nuHuA. ONTUMAIIBHEIA BEIOOP OTpEOHTENS TEeIeph HaXOQUTCs B Touke B, rae oH mpuoOperaet
30 eauHUI TPOIYKTOB MUTAHUS U 21 eIUHUILY OAECKIBL. €CIH A0X0] noTpedurens cocraBut 600
pyo0., TOo ero BbIOOp mepemecTuTcs B Touky C.

MOoOXHO TPONOIDKUTH TepeOupaTh BapUAaHThI M3MEHEHHsI JI0OXO/Ja U COOTBETCTBEHHO
cupoca Ha TOBaphel. Bce BO3MOXHBIE pemieHus OyayT HaxXOJUTCsl Ha KpUBOW "MOXOn-
notpebnenue". Kpuas "moxoa-morpeOnenue" nBIKETCS Ha 'ceBepO-BOCTOK'", TOTOMY 4YTO
noTpeOeHNe KaK MPOJAOBOILCTBUS TaK U OJICKIbl YBEIMUYUBACTCS C POCTOM JI0XO/1a.

***Ecnu kpuBas "moxoA-moTpediieHne" UMeeT MOJIOKUTENbHBIN YrI0BOH KOA(POUIIUEHT
(c pocTom moxoda pacTeT MOTPEOJICHHE), TO TaKOW TOBAp HA3bIBAETCS HOPMAJbHBIM. B psJie
Clly4yaeB copoc magaer no Mepe pocra jpgoxona. Takue TOBapbl HAa3bIBAIOTCA
"HU3KOKaUYe€CTBEHHBIMHU "

2. DddexTn KoMneHcanuu. YpasHenue Ciayukoro.

IlepexpecTHble (YHKIMM CHpoca OT LEH XapaKTepU3yIOT TaKue CBOMCTBA TOBapa, Kak
B3alMO3aMEHSEMOCTh U B3auMOJONONHsAeMOcTh. Ecnu mpu pocTte 1ieHbl Ha OJUH TOBap NpuU
CHI)KEHHMH €r0 CIpoca, pacTeT CIPOC Ha APYrod ToBap, TO 3TH TOBApblI B3aUMO3aMEHSEMBIE.
HaobopoT, ecnu cipoc Ha apyroil ToBap TakXke IMajaeT, TO OHU B3aUMOJIOTIOTHSEMBI. 3aMETUM,
YTO peasibHasi B3aUMO3aMEHSEMOCTh MOXET MCKaXaTbCsl OOIIMM CHIKEHHE OJIaroCOCTOSHUS
IIPU POCTE LIEHBI Ha OJMH U3 TOBapoB. [lepBrlil TOBap MOXKET 3aMEHATh BTOPOH B MOTpeOIIeHUH,
HO CIIPOC Ha HETO0 MOXXET HE PACTH, MOCKOJIBbKY MPOCTO CHHU3WICA JNOXOH. s CHATHUS 3TOro
HCKQXEHHUSI UCIOJB3YIOT TOHSATHE KOMIEHCHPOBAHHOTO M3MEHEHHUS LIEHBbI, TO €CTh TaKoro,
KOTOpPOE  CONPOBOXJAETCSI  YBEJIMYEHHUEM JI0XO/Ja TMOTPEOUTENs, IMO3BOJSIONIMM €My
NOJJIEPKUBATh MPENKHUH ypOBEHBb OJaroCOCTOSHUS.
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X2

v

I
** * Xl

P P

IMycTh 1ena nepsoro 6iara noseicwiack ¢ P1 g0 P1 , Torma Gromxernas muuus |
M3MCHHUT CBOE HoJIoKeHue, u mepeiiner B |,. Touka A numHm Gespasmuums 1, kacaromascs
OropKeTHOro orpanudenus |, Oyner 3ameHeHa HOBOM TOYKOM onTHMyMa B, rie HoBas IMHMS

Oespasznnums 2 Kacaercs HOBOHM OokerHod ymHuMM |,. Eciu MBI XOTHM KOMIICHCHPOBAThH
MOTPEOUTEIIO TTOTEPIO OJIATOCOCTOSIHUS, TO YBEIMYUM €TI0 JOXOJI TaK, YTOOBI HOBasi OFOKETHAS
npsimast |,,(mapamtensras |,) kocHymacek B Hekotopoii Touke C mpexHeit tuaun 6e3pasmnaust 1.

Hanpasnennsiii otpe3ok AC moka3eiBaeT "¢ ekt 3aMeHbl" MpU  POCTE LEHBI, TO €CTh
U3MEHEHHE CTPYKTYpBI CIIpoca MpHU YCIOBUU MOJAEP)KaHUS MPEKHEr0 YPOBHs 0J1aroCOCTOSIHHUS.
Hampasnennbiit  otpezok  CB  orpaxkaer "apdexkr goxoma", TO €CTb H3MEHEHHE
HOTPEOUTENBCKOTO CIpoca MPU COXPAaHEHWH COOTHOUIEHUs IIeH OJar W W3MEHEHMM YPOBHS
noxona. OOmui pe3yapTaT pocTa LEHbl  (MPU OTCYTCTBMM KOMIIEHCAIlMU) BBIpaXkaeTcs
HaIpaBJIEHHBIM OTpe3KoM AB.

OfHMM M3 OCHOBHBIX B TEOPUU NOTPEOUTEIHCKOTO BbIOOpa SABISETCS YypaBHEHUE
Caynkoro, omybnukoBaHHOoe poccuiickuM marematukoM E.E.Caynkum B 1915 romy. OTto
ypaBHEHHE T[I0O3BOJSIET yBsi3aTh JedcTBUe d¢pdexkta 3amMeHl U 3¢dexkra poxoma ¢
PE3YJIBTUPYIOLIUM U3MEHEHUEM clipoca. Y paBHeHHE CIylKOro UMEET CIEAYIOUINI BU:

ox; | ox ox, «
op; | op, o |
j j
rac nepBoe cjiraracMoc B npaBoﬁ YaCTU OIIMChIBACT ,HCP’ICTBI/IC B(I)CI)CKTB. 3aMCHBLI, BTOPOC
— netictBue 3(ddekra A0X0a, ClIeBa 3alMCaHO pPE3YJIbTUPYIOIIee BO3JCHCTBHE Ha CIIPOC,
CKIIaAbIBAOIICCCA U3 UBMCHCHUS CTPYKTYPBI CIIpOCa U O6IJ.I€FO €ro USMCHCHUS MPU U3MCHCHUHN
YPOBHSI peaTbHOTO JJ0XO0/1a.

comp
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OX;

JUid 1IeHHBIX (HOpMalbHBIX 7) TOBApOB BEIMYMHA ol >0 , T.€. CIIpOC pacTeT Ipu
OX, OX,

pocte noxona. B aroMm ciydae, cormacHo ypaBHeHHIO CIyLKOro, op < op . ecnu
j j

comp

CIIPOC pacTeT, TO OH pacTeT OOoJbIIe NPH HAIMYUH KOMIICHCAIIMH, €CIM OH IMajgaeT, TO B
MEHBIIICH CTCIICHH.

VpaBHenue CiylKOro MOXKET paccMaTpuBaTbCid KakK MpPH pa3HbIX, TaK W MpHU
COBIAJIAIOIIUX | H .

PaccmoTpumM Temepsr Oomee MOAPOOHO AITACTUYHOCTH (DYHKIIMHU CIIpoca. DIACTUYHOCTH CIpoca
0% . X oX; X

Lk IR
10 1IEHE PaBHA eij - P . , DJIACTUYHOCTB CIIPOCa 10 TOXOAY €l = .
p, P, ol

0

Breimonnsercs PaBCHCTBO Z 1 il , TO €CThb CyMMa BCEX 3JIACTUYHOCTCHU CIIPOCa I10

]
LIEHE U JOXOAY J0JKHA paBHATHCSA 0.

1.10 Jexuus Ne10,11 (3 yaca)
Tema: «IIpousBoacTBeHHbIe PYHKIUN»

1.10.1 Bonpochl JIeKIUHK:

1. OcHOBHBIE OHATHUSA

2. ®opMaibHbBIE CBOMCTBA IPOM3BOICTBEHHBIX (PYHKINI

3. IlpenenbHble U CpeHUE 3HAUEHUS TPOU3BOACTBEHHON (QYHKIIUU

1.10.2 KpaTkoe coaepkanue BOIPOCOB

1. OcHOBHBIE IOHATHS

[Tpon3BoaCTBEHHBIMU (PYHKLIHSMU Ha3bIBalOT COOTHOIIEHHWE MEXKIY HCIOJIb3yEeMbIMU
IIPOU3BOJCTBEHHBIMU PECYPCAMU U BBIIIYCKAEMOM MPOLYKIUEN.

[IpousBojcTBeHHBIE (YHKIMU TpeJHA3HAYEHbl Il  MOJEJIMPOBAHMS  Ipoliecca
IPOM3BOJICTBA HEKOTOPOH XO3AHCTBEHHOM €IMHUIIBI: OTIENbHOM (UPMBI, OTpaciu WU Bcei
HSKOHOMUKH rOCYJapCTBa B LEIOM.

C noMo1bI0 MPOU3BOJACTBEHHBIX (DYHKIUI pEIIaroT 3a/1a4M:

OLICHKH OT/JAa4U PECYPCOB B IPOU3BOJCTBEHHOM ITIPOIIECCE;

IIPOTHO3UPOBAHNE YKOHOMUYECKOTO POCTA;

pa3pabOTKy BapHAHTOB IJIaHA PAa3BUTHS MPOU3BO/ICTBA;

ONTUMM3AIMK (DYHKIIMOHUPOBAHUS XO3SWCTBEHHON €IMHHIIBI MPU YCIOBUHU 33JaHHOTO
KPUTEpUS U OTPAaHUYEHHI 1O pECypcaMm.

IIpousBoscTBEeHHAs (QYHKIUS OJHOW mepeMeHHOW. Bo3bMeM MNpOU3BOJICTBEHHYIO

— az
¢ynkuuio F B Bune F (X) = A, X"° | rie X- BeIMUMHA 3aTPAuMBAEMOro pecypca (Hampumep,
pabodero Bpemenu), F(X) —oObeM BhITyckaeMON NPOAYKIMH (HApUMEp, YUCIO TOTOBBIX
XOJIOMJIBHUKOB). Benuuumubl a3 U 8 — mapaMerpbl MPOU3BOJCTBEHHOW (YHKIUHU (BEKTOp
apaMeTpoB €CTh JBYMEPHbII BeKTOp (a1, a2 )). 34€ch a1 U 8z — MOJIOKUTENIbHBIEC YMCIa U YUCII0
a; <=1. JlanHasg ¢yHKIus sBisercs (QyHKUMEH OAHOW mepeMeHHOM X. B cBs3u ¢ stum
IPOM3BOJICTBEHHAs] (DYHKIIMS HA3bIBAE€TCS OJHOpECYpcHOM wim ofgHodakTtopHOU. Ee obmacth
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OTpeNieNIeHUs] - MHOXKECTBO HEOTPUIATEIbHBIX ACHCTBUTENBHBIX umcen T.e. x>=0. ['padux

o — a
IPOU3BOJCTBEHHON QyHKIMU V = a1X BBITJISIUT CIAEAYIOLIUM 00pa3oM.

f(x +1) |~
f (%)

f (X, +1)

f(%)

N

0 X, X, +1 x x+1 X

Ha rpaduke BUIHO, 9TO ¢ POCTOM BETMYMHBI 3aTPAYMBAEMOT0 pecypca X 00bEeM BBIITyCKa
y PacTer, OJHAKO NPH ITOM Kaxias IONMOJHHUTENbHAs eIUHHIA pecypca JaeT BCE MEHbIIE
npupocT o0beMa y BBITycKaeMou mpoaykiun. OTMedeHHOE 00CTOSTENbCTBO (POCT 00beMa y U
YMEHBIICHHE TPHPOCTa 00bEMa Yy C POCTOM BEIMYMHBI X) OTpakaeT (yHIaMEHTAIbHOE
MIOJIOKEHHE JKOHOMHUYECKOH TeopuH (XOpOIIo TOATBEp)KIAaeMOe MPAKTHKOH), Ha3bIBAEMOE

_ a
3aKOHOM YyObIBaromeh sddexruBnoctu. IIpousBoacreennas Gyukuus )V = X gpmstercs

TUITMYHBIM ONPCACTABUTCIIEM HIUPOKOI'0 Kiacca OI[HO(l)aKTOpHI)IX MMPONU3BOACTBCHHBIX q)YHKHI/II\/JI
HpOI/I3BOI[CTBeHHa$I (I)YHKLII/I}I HECKOJIBKUX NIEPEMCEHHBIX - 3TO q)YHKI_II/ISI , HE3aBHCHUMBIC

NEPEMCHHBIC x]_ 17" xn KOTOpOfI MNPUHHUMAIOT 3HAYCHUA 00BEMOB 3aTpavyrMBaCMbIX HJIN

HCIIOJIb3YEMBIX PECYPCOB (UMCIIO IEPEMEHHBIX N PaBHO YKCIY PECYpPCOB), a 3HaUe€HUE (PyHKIHUU
UMEET CMBICII BeJIMYMH 00BEMOB BBIITyCKa:

y = f(x,a).

[ToguepkHem eme pas, 4To B JaHHOW (opMylsie BEIMYMHA Yy — CKajspHasi, X U a —

BEKTOPHBIE BEIMYMHBI T.€. X = (.X,'l 1ty xn) (o7 BEKTOPOM MOHUMAETCS YHOPSAA0YEHHBIN
HaOop yucen). B cBs3u ¢ 3TUM TPOM3BOICTBEHHYIO (DYHKIIMIO Ha3bIBalOT MHOTOPECYPCHOM HITU
MHOTO(akTopHOi. [To sKoHOMHUYecKOMY cmbicny  X; = 0,...,x, > 0, ciemoBarenbHo, 007IaCTHIO

ompeneseHuss MHOTO(GAKTOPHOM TMPOU3BOJICTBEHHOW (DYHKITUH f (.X) = (-x]_!"'i xn)

ABJISIETCSI MHOXECTBO  N-MEPHBIX BEKTOPOB X, BCE KOOPJIMHATHI Xyyeeny Xy KOTOPBIX
HEOTpULIATENIbHbIE 4ncha. [ OTAENBHOrO NPEANPHUATHS, BBITYCKAIOMIET0 OJHOPOIHBIN

36



IPOAYKT, MPOU3BOACTBEHHAS (DYHKIHS f (.X) = (xl,..., .Xn) MOXET CBSA3BIBaTh 00BEM

BBIMTYCKa (B HATYPaJbHOM HJIM CTOMMOCTHOM BBIP&KEHHH) C 3aTparaMu pabovero BPEMEHU IO
pa3IMYHBIM BHUJAM TPYIOBOW JIEATEILHOCTH, PA3JIMYHBIX BHJIOB CBHIPbS, KOMIUICKTYIOIIIX
W3JIeNMiA, DJHEPTUH, OCHOBHOTO KamuTana. [IpousBojacTBEeHHBIC (QYHKIIMH TaKOTO THUIA
XapaKTEPU3YIOT JEHCTBYIOIIYIO TEXHOJIOTHIO MTPEIIIPHUSTHSL.

[Ipu mocTpoeHHH MPOU3BOJCTBEHHOW (PYHKIMH JJIs PETHOHA WJIM CTPAHBI B IIEJIOM B
KaueCcTBE BEIMYMHBI T'OJIOBOTO BBIMycKa Y (HAa MaKpOypoBHE 0003HAUYarOT OOJBINONW OYKBOW)
qare 6epyT COBOKYIMHBIN MPOAYKT PETHOHA WIIA CTPAHBI, HCUUCIISIEMBIN OOBIYHO B HEM3MEHHBIX,

a He B TEKYIIMX LIEHaX, B Ka4eCTBE PECypcOB paccMaTpuBaloT ocHoBHOHM Kamutan (X (= K)-
00BeM HCHONB3yeMOrO B TEYEHHWE TOJa OCHOBHOIO Kamurtana) >KuBoit Tpya (x,(=L)-

KOJIMYECTBO €AMHUI] 3aTPAYMBACMOT0 B TEYCHUH I'0Jla KHBOTO TPYZa), HCUHCIISIeMble OOBIYHO B
CTOUMOCTHOM  BbIpakeHHH. CTposT  1BYX(AKTOPHYIO  MPOU3BOACTBEHHYIO  (DYHKIUIO
f(x)=(x,,x,) wm Y ="F(K/L). Or 1ByxdakTOpHbIX NPOU3BOACTBEHHBIX (YHKIHiT
nepexonar K Tpex(dakTopHbIM. B KkadecTBe TpeThero (hakropa HHOT/AA BBOJIAT OOBEMBI
UCTIOJIB3YEMBIX MPUPOJIHBIX pecypcoB. Kpome Toro, eciiu mpou3BOACTBEHHAS (PYHKIIUS CTPOUTCS
10 JaHHBIM BPEMEHHBIX PSJIOB, TO B KadecTBe 0coOoro (akTopa pocra MpOU3BOACTBA MOXKET
OBITh BKJIFOUEH TEXHUYECKHUI TIPOTpecc.
[TpousBoactBenHass QyHkuus 1y = (x,;,x,) Ha3bIBAeTCAd CMAmMU4eckou €cllu ee

nmapaMeTpbl W ee XapakTepucTuka f He 3aBHCAT OT BpeMeHH I, XOTs 0OBEMBbI PECYpCOB U
00BeMBI BBIITYCKAa MOTYT 3aBUCETh OT BPEMEHU 1, T.e. MOTYT MMEThb NPEACTABICHUE B BHJIE

spevenmex  pazos: X1 (0), X, (D)., x,(T) ; x,(0), x, (@D),..., x,(T);
»(0), y@),..., »(T);

y(t) = f(Xl(t),xz (t)) 3mece t — womep roma, t=0,1,...,T. t=0 — 06a3oBbIi TOX
BPEMEHHOI'0 IPOMEXKYTKA, OXBaThIBatomuii roael 1,2,...,T.

Ipumep Jlns MOoAeIMpPOBaHUS OTIAEIBHOIO PErMOHA WM CTPaHbl B LEJIOM (T.€. AJIS pelIeHUs
3aJa4  Ha MAaKpOIKOHOMHYECKOM, MHKPOIKOHOMHYECKOM YpPOBHE) YacTO HCHOJIB3YIOT

— a; .4y
MPOU3BOJICTBEHHYIO (DYHKIIMIO BHJIA y T aO’xl ’x2 , TIe 610 ,al, az- rapaMeTphl

TIPOU3BOICTBEHHON (BYHKIIHH. DTO MOTOKUTENbHBIE TOCTOsIHAbIE uncia (dacto 4 u @y TakoBsl,

gro 4 ta4, = 1). IIpousBosacTBeHHass  (QYHKIMS  JQHHOIO  BUJAA  HA3bIBAeTCs

npousBoJcTBeHHas ¢yHkius Kob60Oa-Jlyrmaca mo mMeHu ABYX aMEpUKAHCKHUX SKOHOMHCTOB,
MPEIOKUBIITNX €€ UCToyib30BaTh B 1929 rony. [IpousBoactBennas ynkius Ko66a-Jlyrmaca
AKTUBHO TPHUMEHSETCS I PEIICHUsS Pa3HOOOPa3HBIX TEOPETHUECKUX M MPUKIATHBIX 3a7ad

Omaromapst CBOCH CTPYKTYpHOH mpocrare. B maHHoit momenmu X = K paBHO 00BEMY
HCIIOJIb3YEMOTO OCHOBHOTO KamuTaja (00beMYy HCIIOJIBb3yEMbIX OCHOBHBIX (DOHJIOB — B

OTEYECTBEHHON TEPMHHOJIOTUH), Xy = L - 3aTpaTaMm JKUBOTO TPyJa, TOT/ia IPOU3BOJCTBEHHAS
dbynakuus Ko66a-/lyrinaca mpuobperaet BHI YaCTO UCIIOIB3YEMBIN B JINTEPATYPE:

a | a _ _ a a1l
Yy =AQqg K L™ 4w ecru somonmsiercs pasenctBo (q + a, = 1 , TO Y =bK ' L

['paduxoM nBYX(pakTOPHOH MPOU3BOACTBEHHON (QYHKUIUU OYAET SBIATHCS IMOBEPXHOCTh B
TPEXMEPHOM IIPOCTPAHCTRBE.

v
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1)

2)

B k. S

IIpy BBIOJHEHUH pPABEHCTBA a, + a, =1 moznens KoOba-/lyrmaca MOXHO 3amucaTh
HEKOJIBKO B UHOM BU/IC:

i = aoKalLaZ = aoKal = aOKal = aO 5 : 1 a K "
L L Ll—a2 Lal L ,T.€ L - “%o L
Y K

I[pO6I/I —=1Z u = k Ha3bIBAKOTCA COOTBCTCTBCHHO ITPOU3BOAHUTCIBHOCTBIO Tpyda U

L L

— &
KallMTAJIOBOOPYKEHHOCTBIO TpyZAa. Vcnonb3ys HOBBIE CHMBOJIBI, MOJIYyYUM L= aok , T.6 U3
IBYX(aKTOPHOK npou3BoacTBeHHON (yHKimn Ko6ba-Jlyrnaca momyuum  GopmaibHO
0HO(AKTOPHYIO MPOM3BOJICTBEHHYIO QyHKIHUIO Ko66a-/yrnaca. B cs3u ¢ Tem, uto 0 < @, <1,

U3 IocieHeN (opMysbl CIEAYeT, YTO MPOU3BOAUTENBHOCTh TpyAa Z pacTeT MEIJIEHHEE €ro
KaUTAI0BOOPY)KEHHOCTH. (OJHAKO 3TOT BBIBOJ CIpaBEUIMB JUIsl Cily4yash CTaTUYECKOM
npou3BoJcTBeHHOW (yHKmu Kob60a-/lyrmaca B paMkax CyHIECTBYIOIICH TEXHOJOTHH U

pecypcoB. OTmeTuM, 4YTO JpoOb _R. Ha3bIBAETCSl MPOU3BOAUTEIBHOCTBIO KalWTajga WU
KaluTajaooTAadel, oOpaTHble  Apodu _Y u ? Ha3bIBAIOTCS  COOTBETCTBEHHO

KalUTaJI0EMKOCTBIO U TPYJIOEMKOCTbIO BBIITYCKa.
[TpousBocTBeHHAs (DYHKIMS HA3bIBAETCS] TUHAMUYECKOM, €CITH:
BpeMs | Qurypupyer B KadeCTBE CaMOCTOSITEIBHOM TMEPEeMEHHOW BEIUYMHBI (Kak Obl
CaMOCTOSITENILHOTO (haKTOpa MPOU3BOCTBA), BIMIIOIIEr0 Ha 00BEM BBIITYCKAaeMOM MPOIYKIINH;
napaMeTpbl MPOM3BOACTBEHHON (YHKIIMH U €€ XapakTepucTtukaF 3aBucsar ot BpemeHHu T.

ITpu noctpoenun npousBoacTBeHHOM (yHkuuu HTII mMoxer ObITh yuTeH ¢ HMOMOIIBIO

t
BBeneHms Maoxurens HTIT €' e napametp p(p>0) xapakTepu3yeT TeMI MPHUPOCTA O]
Binusauem HTIL:

y(t) = e f (% (t), %,t) re (t=01...T).

Ora nmpocTelnii npumMep TMHAMUYECKON MPOU3BOJCTBEHHOW (PYHKIIMM; OHA BKIIIOYAET
HEUTpasbHBIN, TO €CTh HE MAaTePUAIM30BAHHBIN B OJTHOM M3 (aKTOPOB, TEXHUUECKUH Tporpecc.
B 6onee cioxHBIX ciydaesx TEXHHUYECKUN IMPOrpecc MOKET BO3JEHCTBOBATH HEMOCPEACTBEHHO
Ha MPOM3BOJMTEILHOCTh Tpyda WM Kamutana (kanutanmootmauy): Y (t) = f(A(t)- L(t), K(t))
wim Y (t) = f(A(t)-K(t),L(t)). O Ha3bIBaeTCs, COOTBETCTBEHHO, TPYA0COEPETAIONIMM HIIH
kanuTanocoeperatonm HTTI

IIpumep Ha ocHoBanum nanHbix no sxkoHoMuke CCCP (AMHAMHUKHM HallOHAJIbHOIO
JI0X0J1a, YMCICHHOCTU 3aHATHIX B MaTepHabHOM IPOM3BOJCTBE U 00BbeMe OCHOBHBIX (POHIIOB),
onmyonukoBaHHbIX 3a 1960-1985 rr., Makpo3KOHOMHYECKOW MPOM3BOACTBEHHON (DyHKUINU
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Ko66a-/lyrnaca 6e3 yuera HTII u ¢ yuerom HTIL. be3 yuera HTII ¢yHkums ummeer BuI

Y = 1’022 K0,5382L0,4618’ ¢ yueron HTII Y = 1,03860,0294' K 0’9749L0’2399'

Beigenenne CymecTBeHHBIX BHAOB pecypcoB ((akTOpOB IPOU3BOJCTBA) M BHIOOP
aHATUTHYECKOU (OpMBI (PYHKIIMHU HA3BIBACTCA crienuuKanuei.

[IpeoOpa3oBanue peanbHBIX M OKCIEPTHHIX JaHHBIX B MOJENBHYIO HH(OpMAIHIO,
T.e.pacyeT YMCIICHHBIX 3HAUCHHWH MapaMeTpoB Ha 0a3e CTaTUCTUYECKUX MAHHBIX C IMOMOIIBIO
PErpeCCHOHHOTO M KOPPEIALMOHHOTO aHAJIN3a, Ha3bIBAIOT MTapaMeTpU3aIien.

[TpoBepka NCTUHHOCTH (aJIeKBAaTHOCTH) (PYHKIIMU HA3BIBAIOT €€ BepU(UKAIIUCH,

2. ®opmasbHbIe CBOMCTBA MPOU3BOACTBEHHBIX QyHKIUIA

[TpousBoacTBeHHAsT (QYyHKIHS f(Xy Xg) uMeromas obxactb ompeneneHus X =0,

X, 20 mmeer cienyromue cBOMCTBA.
1. TIpou3BOACTBO HEBO3MOXKHO IpPU OTCYTCTBHM XOTs Obl OJHOTO pecypca, T.€.

£(0,%,) = f(%,0)=0

2. Tlpu yBenu4eHWH 3aTpar MPOM3BOACTBEHHBIX PECYPCOB BBIMYCK MPOMYKIIUH PACTET.
x(D)x@) >x(0) f(x@) > (x(0)), ecnmu byukums auddepeHHpoBaHa, TO MOKHO 3aMUCATH

o) ..
x>0 = F >0 (I =1, 2)’ X= (le Xz) WA TIepBasg  dYacTHas  IIPOM3BOJHAS
i

of (x)

axi IIOJIOXKUTCIIbHA.

3. Ilo Mepe yBenu4eHHs KOJIMYECTBA OJHOTO pecypca MpPU MOCTOSHHBIX KOJIMYECTBaX
Ipyrux  npeaenbHas AS(QQEKTHBHOCTh HCIOIL30BAHUS ITOTO pecypca HE BO3pacTaer.
Marematuueckn 3T0 TpeOoBaHMe JUIsl ABaXAbl  AuddepeHuupyeMbIX HPOU3BOJICTBEHHBIX

G I Y

(GYHKUMN BBIMIAIUT Tax. ox lox 1™ B Hamem mnpuMmepe pacCMOTPEHHOM paHEE 3TO
i i

03HAYaeT, 4TO POCT BOOPY)KEHHOCTH CPEICTBAMHU TPOM3BOJICTBA MPHUBOAUT K POCTY BBITyCKa
OPOAYKIMH, HO TEMIl pOCTa BBINYCKa MPOJIYKIMM BCE BpeMsl MajaeT (3aKoH YyObIBarolei
3¢ (HEKTUBHOCTH).

4. [IpousBoacTBeHHAass (QYHKIUS XapaKTepU3yeTcsl OINpeNesieHHOW oTnadel ot
pacmpeHuss MacmrTaboB Tmpom3BoAcTBa. OTHada OT pacIIMpeHUs: MacHITabOB MPOHM3BOJCTBA
XapakTepu3yeT MPOU3BOACTBEHHYIO (DYHKIHUIO ¢ TOUKU 3PEHUS] U3MEHEHHUs BBIYCKA MPOAYKLIUU
IIPY TIPOTIOPIIMOHATBEHOM W3MEHEHHH 3aTpaT PECypcoB, KOTOPOE MAaTEMAaTHYECKH BBIPAKACTCS B
YMHOXXEHUHM BCEX KOMIIOHEHT BEKTOpa X Ha MOJOXUTENbHbIM ckanmsip t. IIpuHATO roBOpuUTH,
YTO CcKayisgipHass (YyHKIUS SBISETCS OAHOPOAHOW (yHKUMEH creneHu O (nenbTa), ecinu A

T000T0 BEKTOpa X U JI000TO CKajisipa t oHa YJOBJIETBOPSET YCIOBHIO f (D() = t5 f (X)
MatemaThyecKkd 4YeTBEpTOE MPEANON0KEHHE COCTOMT B TpeOOBaHMM OIHOPOJHOCTU
npou3BOJACTBeHHOW (yHkumuu. Eciu 6 >1, TO TOBOPSAT, YTO MPOU3BOJACTBEHHAs (YHKIUS
XapaKTepu3yeTcsl BO3pacTarolleil oTgadell OT pacHIMpeHuss MacIuTadoB MPOM3BOACTBA; €CIU
0 =1 - mocTtosHHOM otnaveil (Haubosiee YyacTO BCTpeHaroIIMiics ciydail), a mpu o <1 -
yObIBaroIIeil oTaauei.
[Tpumep
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— @ az
Bosemem mpomsBoacTBeHHyto pynkmmio )V — g X1 X5 | g +a, =1. s

HCC BBIIIOJIHAKTCA BCC LIeTI:Ipe CBOﬁCTBa.
l.opu x, =0 )V = aooalxgz =0 pu X2:0 y = aoxfloaz =0
2. ApX,tx5% < ag(x; +1)“ X352 um

Apx,tx5? < agxyt (x, +1)*2

HepBaH YaCTHaA MPOU3BOJHAA ITOJIOKUTCIIbHA.

oy

a a,;—1
=X X" 2 0
0%,
2 a a,—2
3. ) u = aoxz 2a1(a1 _1)X1 <0 Bropast yacTHasi mpou3BOIHAS HE TIOJOKUTEIbHA T.K.
a,20, 0<q <1

4. ao(txl)al (txz)a2 = (aox1alxza2).

Ecim paccMoTpeTh JTMHEHHYIO TPOU3BOJCTBCHHYIO (DYHKIIHIO y :a0+a1'x1 + azxz JJIsd

Hee cBoiicTBa 1 1 4 He BBIIOJIHIIOTCS.
3. [IpenesibHbIe W cpeaHHE 3HAYEHHUS MPOU3BOJACTBEHHOH (PYHKIIHN

B03MOXHOCTD B3aMMHOIO 3aMELICHHS PECYPCOB O3HA4YaeT, 4YTO OJHO U TO XK€
KOJINYECTBO MPOAYKTa y MOXKET OBITh NPOU3BENCHO MPH Pa3IMYHBIX COYETAHHSIX PECypCOB.
COBOKYITHOCTh TaKUX COYETAHHWA pECYpPCOB, NPU KOTOPBIX MOMKET OBITh TPOHU3BENEHO
OIPEEIIEHHOE KOJIMYECTBO INPOIYKIUH (|, HA3bIBACTCS N30KBAHTOM.

Pasnuunsie Haboper (V;,V,) u (W,W,) 3aTpauyMBacMbIX PECYpCOB, MPUHAIICKAIIIE
onHol u Toit e wuzoksante | (r.e. q= f(v,v,)=f(W,W,)), nator onun u ToT *e 0b6BEM

BBIITYCKa (.

A

v

W, Vv, X1

CBolicTBa N30KBAHT:
N30KkBaHTHI HE MEPECEKAIOTCS IPYT C IPYTOM.
M3oxBanTa Iq pa30dMBaeT MPOCTPAHCTBA PECYPCOB HA JBA MHOXKECTBA, B OJHOM U3 KOTOPBIX

0, <{, B apyrom ( >(, nNpuuyeM TIpaHHIa MEXAY OTHMH MHOXECTBAMHU NPOXOAUT II0

N30KBAHTE Iq .
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3.

4.

BonpiieMy BBITyCKY TPOAYKIMK COOTBETCTBYET HW30KBaHTa, OoJyiee yaaleHHas OT Hadvala
KOOpAWHAT.
W30KBHTHI HE UMEIOT OOIIUX TOYEK C OCSIMU KOOpJIMHAT.

Cpenneli mpou3BOAUTENBHOCTHIO |-TO pecypca ((hakTopa MpoU3BOACTBA) UIH CPEIHUM
BBITYCKOM 10 I-My pecypcy (¢akTopy NIpOHM3BOJACTBA) HA3bIBAIOT OTHOILICHUE 3HAYCHHS
byHkuu k BenuuuHe |-ro pecypca. CumBoIMKa:

A=t e (1212 wm F0=fux)
X;
B ciyuae nByxdakrtopHoii nmpousBojcTBeHHOU (yHKIMKH Kob606a-Jlyrmaca anst cpeaHux

Y Y

HpOI/I3BOHI/ITeHBHOCT6ﬁ U ~, OCHOBHOI'O Kamnurtajaa H Tpylda OBUIM HCIIOJIb30BAHBI

K L
COOTBETCTBEHHO TEPMHHBI KAaMUTAIOOT/Ia4a ¥ POM3BOIUTEIBHOCTD TPY/IA.
[IpenenbHol  (Map)KUHAIBHOW)  MPOM3BOIUTEIBHOCTRIO I-r0  pecypca  ((dakropa
IPOM3BOJCTBA) MM IPEACIbHBIM BBIIYCKOM IO i-My pecypcy ((hakropy NpOU3BOICTBA)
Ha3bIBAIOT TIEPBYI0 YaCTHYIO IPOM3BOHYIO ¢yaxkun - f(X) = f(x,%,). CumBomnuka

LW

i dx HpenenLHaﬁ IMPOU3BOJUTCIIbHOCTD IIOKAa3bIBACT, Ha  CKOJIbKO CANHUIL
i

YBCINYNUBACTCA 00BeM BBIITYCKA Yy, €CJIN 00BeM 3aTpar Xi i-ro pecypca BbIPACTACT HA OAHY

CIMHUILY TIPYU HEU3MEHHBIX 00beMax JPYyroro 3aTpaunBacMoro pecypca.
Haiinem cpemnnue (A, A,) u npexensusie (M., M,)3Hauenue s nmpou3BOACTBEHHON

byHKIIUN K066a-I[er1aca.
f(x)

fix ):aoxlal‘lxzaz_ A =—=ax"x,”"

A =)

()f ( ) _ g-1 ()f ( )
, My = = 3,8, X _alAl M,= =a,A
ox, ox, !
M M
—L=g<l =M <4 u —“Et=a,<1 = M,<4, T.e.  TpeAeibHas
1 2
IPOM3BOMTENBLHOCTD i-T0 pecypca He GOJIbIIe CPeaHell MPOU3BOIAUTENLHOCTH 3TOTO pecypea.
DTO MOJOKEHHE OOBIYHO BBITIONHAETCS M ISl IPYTUX TIPOM3BOICTBEHHBIX (YHKIIUM.

OTHoOIIEHHE MpPEAeNbHOI MPOU3BOMUTENBHOCTH M, i-ro pecypca K ero cpemHei

MPOU3BOAUTEIBHOCTH A, HA3bIBAETCS AJIACTHYHOCTBIO BBIyCKa M0 I-My pecypey (1o daktopy

npou3BocTBa). CUMBOJIMKA!

E=Mi_ X IO g9

"TA (X ox,

CYMMa El + E2 = Ex Ha3bIBACTCA 3JIACTUYHOCTHIO IPOU3BOCTBA.

E, moka3pIBaeT, Ha CKOJIBKO MTPOILIEHTOB YBEIUYUTCS BBITYCK, €CIIH 3aTPaThl i-TO pecypca

YBEJIMYATCS Ha OJIMH MPOLIEHT MpU HEM3MEHHBIX 00bEMax JPYyroro pecypca..
Paccuntaem pans npousBoacTBeHHOM (yHkimu Ko66a-Jlyriaca 3macTHYHOCTh KaXKIO0Tro

pecypca u anmacTuaHOCTh BhiTycka (E, | E,, E,).
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Nmeem: E, =a, E,=a,, E,=E+E,=0a +q,

[penenbHOM HOpMOW 3aMeHbI (3amenieHus) I-ro pecypca (pakropa MpOM3BOACTBA) J-M
Ha3bIBAETCsI BHIPAXKEHUE!

dx;, = .
R; :_d_Xi (1,j=12)

[IPU TIOCTOSIHHOM Y. | — HOMEp 3aMEHSAEMOT0 Pecypca, j - HOMEp 3aMEelIaoIIero pecypea

Nniin
g (X)
R — dx i a_xi
T dx, 9f (X
ox i
Jliis nByx(haKTOPHOM MPOU3BOACTBEHHON (DYHKIIMH CIIPaBEIJIMBO PABEHCTBO:
R, :%%, T.e. TpUIENbHAs HOPMa 3aMEHbl IEPBOIO pecypca BTOPHIM pPaBHA
2 M

OTHOILIEHUIO 3JTACTUYHOCTEH BBITYCKA IO MEPBOMY M BTOPOMY pecypcam, YMHOXXEHHOMY Ha
OTHOLIEHUE 00beMa BTOPOTo pecypca K 00beMy IIepBOro pecypcea.

a a
JUis 1pou3BoACTBeHHON (ynkumu Ko66a-Ilyrmaca V = dgXq X572 samumem
IpEICIbHYI0 HOPMY 3aMEHBI IIEPBOrO pecypca BTOPbIM R, ¥ HpeneibHYr0 HOPMY 3aMeHBI
BTOPOTO pecypca mepBbiM R, .

R :{0f(x)}/{af(x)} _ A axt _aX R, = &%

a a,-1 -
X X, Xy X, a X 4 X
1.11 Jlexmusa Nel12,13 (3 yaca)
Tema: «3aauu ONITUMHU3ANAN TIPOU3BOJICTBAY

1.11.1 Bonipocs! Jiekuuu:

1. OcHOBHBIC TOHSATHS.

2. MakcuMu3anust IpUOBUTA B CITydae JOJITOBPEMEHHOTO TPOMEKYTKA.
3. MakcuMu3zanus IpuObLIN B CiIy4ae KPaTKOBPEMEHHOTO TPOMEKYTKA

1.11.2 Kparkoe conep:xxaHue BOIPOCOB

1. OcHOBHBIE IOHATHS
Jloxonom (BbIpy4KO#) (UpMBI B OTMpENEICHHOM MEPHOJIe HA3bIBACTCS MPOU3BEIACHUE
o0miero oobema BeilmyckaeMoi (pupMoi TPOAYKIIMM Ha PHIHOYHYIO 1IEHY STOW MPOTYKIIUU

R=p,y, tne R — noxon ¢Gup™mbl, p,- LeHa MPOAYKIHH, Y — 00BEM BBITYCKAEMOM
dupnoii mpoxyxumi (Y = f(X,X,)).

W3nepxkamu  (uUpMBI Ha3BIBAIOT  OOIIWE BBILJIATHI B OMPEACICHHOM BPEMEHHOM
[epruoJie 3a BCE BHIBI 3arpar C= DXt PrX,, tne x; u X, - 00beMBI HCIIOIB3yeMBIX

bupmoii pecypcoB ((pakTopoB MpOM3BOACTBA), p;U p, - PHIHOYHBIE IIEHBI Ha 3TH PECYPChHI
((axTopsl MPOU3BOACTBA).

[TpuObuIbIO GUPMBI HA3BIBAIOT Pa3HOCTh MEXKAY MOJyYeHHBIM GUpMOi foxonoM R u ee
U3JIep)KKaMH ITPOU3BOJICTBA
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PR =R~-C mm PR(X,X%,) = P, f (X, %) —(PX + PX,).

B teopum ¢upmBl NPUHATO CUMTATh, YTO €cia (GupMa (YHKIHMOHHPYET B YCIOBHAX
YUCTOH (COBEpIICHHON) KOHKYPEHIIUHU, Ha PHIHOYHbIC LIEHBI Py, p; U P, . OHA BIMUATH HE MOXKET.
@upma cornmamaercs ¢ neHamu. OCHOBHas nenb (UPMBI 3aKIIIOYaeTCd B MaKCHMH3ALUH
npuObUTM IyTEeM pAIlHOHAIBHOTO PACHPEAEIECHHsI HUCIONIb3yeMBbIX  pecypcoB. DopManbHO
3aj71a4a MAaKCUMHU3AIK TPUOBUIN B OIIPEETICHHOM BPEMEHHOM Iepuoje umeer Bua: PR — max.
Takas IIOCTAaHOBKA 3314l MAaKCHMH3alUH NPUOBUIM 3aBHCHT OT TOTO, KAaKOH BPEeMEHHOI
NPOMEXYTOK (JIOJTOBPEMEHHBIH MM KPAaTKOBPEMEHHBIN) MPEALIECTBYET IEPHONLY, B KOTOPOM
¢upMa MaKCUMHU3UPYET CBOIO MPHOBLIH.

B ciygae noiaroBpeMeHHOTro NMpoMeEXyTKa (upMa MOKET CBOOOTHO BBIOMpATh JIIOO0OM
BEKTOp 3arpaT X = (X,,X,) U3 OPOCTPAHCTBA 3aTPaT, MOITOMY 3a/1a4a MAKCHMH3AIMU TPHOBLIH
B CIIy4ae IOJTOBPEMEHHOTO IIPOMEKYTKA HMEET CIICTYIOIIHIA BUI:

Po f (X0, %) = (PiX + P2X;) = PR(x;, X;) — max

npu ycioBuu, 4to x; =0, x,>20 (x; m x, - 0o0beMBl HCHONB3YeMBIX (GHPMOMH
pecypcoB).

B Cllydyae KpPaTKOCPOYHOTO IPOMEXKYTKa (HupMa JODKHA YYUTHIBATH HEH30€KHBIC

JMMHTHI Ha 00BEMBI UCTIOIB3YEMBIX €10 PECypCOB, KOTOPBIE ()OPMAITBHO MOTYT OBITh 3aIMCaHbI
B BHJIC HEJIMHEHHOI'O0 HEPABEHCTBA

9(x,%;) <b
(orpannuenuii Buma g(X,X,) <b wmoer ObITh Heckoiabko). CrenoBaTeibHO 3ajada
MakKCuMui3anun HpI/I6BIJII/I JJISL KpaTKOCPpOYHOI'O MMPOMECIKYTKa HUMCCT BUJ 3a1adyu

MaTeMaTU4YeCKOro MporpaMMUPOBAHUS:
Po f (XI’ Xz) _(p1X1 + pzxz) = PR(XI’ Xz) — max
pH ycinoBuu, 9to g(X,X,) <b
x 20, x,20.
Jluuus ypoBHS (DYHKIMH H3JEPKEK NMpousBoicTBa L = PyX; + P, X, HaswBaeTCs

uzokocmou. B cBA3M ¢ Tem, 4TO 1O 3KOHOMHMUYEecKoMy cMbicay x; =0, x, >0 m3okocra ecTh

OTPE30K HpHMOﬁ , MONaarorii B HCOTpI/ILIaTeJ'ILHHﬁ OPTAaHT IJIOCKOCTH Oxlxz .

»

4 4, AL

OTpe30oK pacmonokKeHHBIH "CeBEpPO-BOCTOUHEE" COOTBETCTBYET OOJBIIUM H3AECPKKAM
MIPOM3BOJICTBA.

Ecmm s orpeska A4 B m3nepxkn mpowsBoacTBa paBHEI (), TO €ro aHAIUTHYECKOE

npexcrasienue umeer sug C; = p1X; + poX,, %20 x,20.
2. Makcumu3anus NpudbLIN B CJIydae J10JIr0BPeMEeHHOr0 NpoMesKyTKa.
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B cBsi3u ¢ Tewm, uro, kak npasuio, f(x,0) = f(0,x,) =0, 5KOHOMHYECKH OCMBICICHHBIM
ABISIETCS cheayromme yreepxaeane x; >0, X, >0. Ilostomy B ciydae HOJITOBPEMEHHOTO
IPOMEXKYTKA 3aJa4ya MaKCMMH3alMU [PUOBUIM COOOW OOBIYHYIO — 3ajJady Ha T[II0OAIbHbIN
abcomoTHbIi MakcumyM 1ipu X, >0, X, > 0. M3 MareMaTHueckoro aHaiks3a M3BECTHO, YTO
TOYKH JIOKQJIBHOTO abCONIOTHOrO MakCHMyMa CIEAyeT MCKaTh TOJNBKO cpemd Touek (x,X,),
KOTOpBIE YIOBJIETBOPSIIOT CHUCTEME YPAaBHEHUI:

aPR(Xl’Xz) =0. Wi a(pof()(1’)(2)_(plxl+ pzxz) =0 P 8f(X1,X2) -p =0
ox, ’ ox, ’ °ox v

OPR(x;, X,) _o. O(Po f (X, %) = (PXy + PoXy) -0. 2 af—(Xl,Xz) -p,=0.
OX, ox, ° OX, 2

o (X, %) _
Po ox, p
of (%, %) _

= P,-
oX,

1

0

Ecnu BeIMONHSIETCS yCIOBHE, YTO BTOpPbBIE YacTHbIE MPOM3BOJHBIE MeHblne 0, TO
rpadukom dyrkmuu Y = f(X,X,) B TpEXMEpHOM MPOCTPAHCTBE €CTh MOBEPXHOCTb, BHITYKIIAs

BBepx. CnenoBarensho, rpaduk mpubbumm PR(X,X,) = Py T (X, X,) —(PX, + P,X,) , momydaemoii

myreM BblumTaHus w3 rpaduka  dyskuun  p, f(X,X,) mwiockoctn Z = pPiX; + PrX,,

ABIISIONICHCS TpapUKOM H3AEPKEK MPOU3BOJCTBA, UMEET BHJ '"IIANMOYKHU'", Yy KOTOPOH €eCTh
"makymka'". "Makymika" cOOTBETCTBYET INI00QTEHOMY MaKCHMYMY IPUOBLITH.

~ o _————
~ - ~
-~———- ~

—————

U3 sToro reoMCTpHUICCKOIro (baKTa CJICOAYCT, YTO CUCTEMAa HMCECT CAUHCTBCHHOC PCHICHUC
0 .0 o
B TOYKC (Xl ,xz) , KOTOPOC MABJIACTCA TOYKOHW HCE TOJIBKO JIOKAJIBHOI'O0, HO U r100aIbHOTO

0 .0 0 .0
makcumyma mpuObud. Touka (x,x,) (Tme X;,X,- 3arpaTtsl PeCypCcoB), KOTOpas SIBISETCS
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PCHICHUCM 3aJa4 MaKCUMHU3aAIl[UU HpI/I6LIJII/I, HAa3bIBACTCA JTIOKAJIbHBIM (‘-IaCTI/I‘IHBIM) PBIHOYHBIM
paBHOBecrueM (pupMmbI (B CiIydae JOATOBPEMEHHOTO MPOMEKYTKA).

0 .0
[MoxcraBuB 3HaveHwus. (X, ,X,) B ypaBHCHHE, IOTYIUM TOXKIECTRA:

0 0 0 0
Do M =P 0 M = P,, oTKy#ga IIyTeM IIOYJICHHOI'O NEJICHHA IEPBOIO
oX, 0%,
TOXKJAECTBA HA BTOPOC MOJIy4acM:
of (%, %)
N P
o) P,
0X,

0 .0
T.e. B Touke (X ,X,) JIOKaJbHOrO PBIHOYHOTO PABHOBECHS (UPMBI OTHOILICHHE

IIPEENbHON IPOU3BOIUTEIBHOCTH IIEPBOIO pecypca K IPEeNeabHOW IPOU3BOAUTEIBHOCTH
BTOPOI'0 pecypca paBHO OTHOLLIEHUIO PBIHOYHBIX LIEH HA 3TH PECYPCBHI.

0 .0
[poBemem 4epe3 Touky (X, ,X,) M30KBaHTY M M30KOCTY, KOTOPBIC 3TY TOYKY COJIEpIKAT.

YPaBHeHI/IC HN30KBAaHTBI HMECT BUA ), = f(Xf,Xg), YpaBHCHHUEC H30KOCTBI HMCEET BUI

Co = P1X; + PyX,. TI'paduueckn pelieHde 3a4aud  MAKCUMM3alMd NpUObLIH  (eciu
PaccMOTpPETh IJIOCKOCTh) Oy/A€T BBIISIIETH TaK.

X, 4
0
X,
Kﬁ P1Xy + PrXs
0 >
0 X X,
[Tonyyena BaxxHas T'eOMETPUYECKAs XapaKTEPUCTHKA JIOKQJIbHOTO ~ PBIHOYHOTO

PAaBHOBCCHUA (1)I/IpMBI — KaCaHUC B TOYKC PaBHOBCCHUA N30KBAHTBI U U30KOCTEI.
OTMCTI/IM, qTo, IIPUCTYyIIad K pCHICHUIO 3aa4U MaKCUMH3allUn HpI/I6LIJ'II/I MBI HE€ MMCJIHN

KOHKPETHBIX M30KBAHTHI M H30KOCTHI, KOTOPhIE KAcAKOTCs JPYT APYyTa B Touke (X,,X;), TaK Kak

HEe UMeNu caMoi 3Toi Touku. Kacarouuecst 1pyr apyra M30KBaHTa M M30KOCTA MOSIBIISIFOTCS
. 0.0

0CJIe TOTO, KaK aHAIMTHYECKH Hai[IeHO JIOKAIbHOE PHIHOYHOE paBHOBeche (X;,X,) MyTeMm

pelIeHNs CUCTEMBbl YPAaBHEHUH.
JleBas ("ueTplpexdTaxkHas'") ApoOb €cTh HE YTO WHOE, KaK INpe/elbHas HOpMa 3aMEHBI

0 0

epBoro pecypca BTopsiM Rp,(x;,X,) B Touke .

CaMo paBEHCTBO BBIPAXKAET CIeAyIomee (yHIaMEHTAILHOE TOI0KEHHE TEOPHU (PUPMBL

0 0
B TOYKE JIOKAIBHOTO PHIHOYHOTO paBHOBecus (X,,X,) TpelenbHas HOpMa 3aMEHBbI IEPBOTO
pecypca BTOPhIM paBHA OTHOIIEHHIO PHIHOYHBIX LIEH HA 3TH PECYPCHL
0 0 0
[TocKONBKY X, ,X, €CTh byukmun  uen  (py, p,p,), T x) =di(Py, Py Py) s

0 _0
x3 =d,(p,, Py, P,), TO OHU Ha3BIBAIOTCS (YHKIMSAMH CHPOCa Ha pecypchl. VIX 3Hadenus X, X,
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BBIPQ)KAIOT ONTUMAJIBHHBIE BBIOOPHI 3aTpPaT PECypCcOB Kak (PYHKIUHU LEHBI KaK (YHKIMH I[CHbI
BBIIYCKa€MOH MPOAYKLIUU U LIEH HAa PECYPCHI.

[MoxcraBuB GyHKIMHU CIPOCa HA PECYPCHl B MPOM3BOACTBeHHYO QyHKIm0 Y = T (X, X,)
0
> HOJY4YMM  BBIpaXCHUC v = F(dy(Po, Py P2), 21 (P, Prs P2)) = S(Po, Puy P,),  KOTOpOE
Ha3bIBaeTCs PYHKIMEH MPeIJIOKEHUST BBITYCKa.
OyHKIMKM Ccrnpoca HA pecypchl W (QYHKIUS MPEIJIOKEHUS BBINYCKA SIBISIFOTCS
OJIHOPOJHBIMU HYJIEBOM CTETIEHU I10 BCEM CBOUM aprymMeHTam P, Py, P,, T.€.

dl(tpo’tpytpz) = dl(pO’ Puy pz),

dz(tpmtpl’tpz) = dz(po’ Prs pz) '

s(tpy, tp,,tp,) = S(Py, P1v P,) , st mE0GOTO t > 0. CBOMCTBO OJHOPOJHOCTH O3HAYALT, YTO
OJIHOBPEMEHHOE HW3MEHEHHE BCeX LEH P,, P, P, B OAHO U TOXe YHCIO pa3 t (M3MeHeHHe

0 .0
MmaciTala, HO He CTPYKTYphI LIEH)HE MEHSET X, , X, U },.

3. Makcumu3auusi npuObLIH B CJIy4yae KPATKOBPEMEHHOI0 MPOMEXKYTKA
B ciywae KpaTKOCPOUHOTO MPOMEXKYTKAa PACCMOTPUM KOHKPETHBIM TpUMep, Koraa

“ #
BTOpPOU pecypc pupMa MOXKET HCIOJIb30BaTh TOJIBLKO B 00beme, paBHoM X, > 0. Toraa 3agaua

MakCUMM3allud MNpUObUIM IpeBpallaeTcs B 3aJady MakKCHUMuU3aluu (QyHKIMM  OJHOM
IIEPEMEHHOM:

Po f (%, X0) = (X, + P,X;) = PR(X,, ;) — max,
U BMECCTO CUCTCMBbI ypaBHCHI/Iﬁ IIOSIBJISICTCS TOJIBKO OJHO ypaBHCHI/Ie
# #
OPR(X;, X5) 0 of (%, %) _ )
— VY, wm 10 1,
OX, OX,

o # # #
[TomydeHHOI ypaBHEHHE MMEET €IMHCTBEHHOE pEIIeHHE X; =X, (X 3aBHCHUT OT X, ,
CJIENIOBATENBHO B Cllydae KPaTKOCPOYHOTO MPOMEKYTKA JIOKAILHOE PHIHOYHOE PAaBHOBECHE
# # o
ectb BeKTOp (X, X;) . [eomeTprueckoe pemieHne 3aa4u OyaeT UMETh CIICIYIOLINIA BUI:

A
X,

v

0
0 X, X, X,

Ecnu 651 00beM BTOpOro pecypca He ObUT JUMUTHPOBAH, TO, JIOKAJIbHBIM PHIHOYHBIM
paBHOBecHeM Obula OBl TOYKA KacaHUs (xl0 ,xg ), B KOTOpOW TOT € O0BEM BBITYCKAEMOI
NPOAYKIMH (M30KBaHTA O[HA U Ta ’K€) MOJy4uyICs Obl C MEHBIIMMH U3EepKKaMU MTPOU3BOJICTBA.
N3oxkocra, conepxanias TOUKY (xf : Xf ) , HaxoaMTCs Oolee "ceBepo-3anannee", acaeqoBaTelIbHee
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# o H#
COOTBETCTBYET OONBIINM H3JepKKaM Mpou3BojcTBa. B Touke (x,X;) JOKaIbHOTO PHIHOYHOTO
paBHOBECHsI, COJEpIKaIllMe €€ H30KBaHTa M HM30KOCTa IepeceKaroTcs, HO He Kacaiorcs . B
paccMarpuBaeMoM ciydae x, = X! (X5, Py, P, P,), 9TO M €CThb (YHKIMS CIpOca Ha MEPBbI

#
pecypc npu (GpuKCUpOBaHHOM 00BEME X, BTOpOro pecypca. OyHKIUS NMPEUIOKEHUS UMEET BHU]

y= f(Xf(Xj, Poy B p2)1X§) .

1.12 Jlexmus Nel3 (2 gaca)
Tema: «bajlaHCOBBIii MeTO/] IPUHIMNHNAIBLHAS CX€eMA MEeKIPOAYKTOBOI0 6ajiaHcay

1.12.1 Bonpocsbl JieKuuu:
1. OcHOBHBIE OHATHUS 0aJIAHCOBOTO METOJIA
2 Cxema MeXIpOIyKTOBOTO OajlaHca

1.12.2 KpaTkoe coaepkaHue BONPOCOB

1. OcHOBHBIE IOHATHS 0AJTAHCOBOI0 METO/Aa

banancoBbie MoJienH, Kak cTaTUYeCKUe TaK U JUHAMHYECKHE, IIIUPOKO MPUMEHSIIOTCS Py
HYKOHOMHKO-MATEMaTHYECKOM MOAEITMPOBAHUN SKOHOMUYECKUX CHUCTEM M MPOIeccoB. B ocHOBe
CO3MaHUS ATHUX MOJENEH NeXKHUT OalaHCOBBIA METOJ, T.e. METOJ B3aUMHOTO COMOCTaBICHUS
UMEIOINXCS MaTePHAIIbHBIX, TPYIOBBIX U (PUHAHCOBBIX PECYPCOB U OTPEOHOCTEH B HUX.

[lon éanancosoit modenvro MOHUMAIOT CUCTEMY YPaBHEHUU, KOTOPHIE YAOBIETBOPSIOT
TpeOOBaHUSM COOTBETCTBHS HAJIMUUS pecypca M €ro MCIHoJb30BaHUsA. Kpome mpuBeneHHOTro
BbIIlIe TPeOOBaHMS COOTBETCTBHsSI MPOM3BOJACTBA KAXKIOTO MPOJIYKTa M MOTPEOHOCTH B HEM,
MOXKHO YyKa3aThb TaKHE INPUMEPHl OaJaHCOBOTO COOTBETCTBHS, KaK COOTBETCTBUE HAJUYHUS
paboueil cuibl M KOJIMYECTBa pPabOYMX MECT, IUIATEeXKECIOCOOHOTO CIpoca HACENCHUS U
NPEUIOKEHUS] TOBapOB M YCIyr ®W T.1. lIpm STOM COOTBETCTBHE IOHHMMAETCS JHMOO Kak
PaBEHCTBO, TMOO MEHEEe JKECTKO — KaK JJOCTAaTOYHOCTb PECYPCOB Uil MOKPBITUS MOTPEOHOCTH U,
CJIEIOBATENbHO, HAJTMUNE HEKOTOPOIO pe3epBa.

Baxueiinme Bupl 0anaHCOBBIX MOJIENEH:

- YacTHBIE MaTepUANIbHBIC, TPYAOBbIE M (PMHAHCOBBIE OaJaHCHI JJISI HAPOIHOTO

XO03sIMCTBA M OT/IEJIbHBIX OTpaciiei;

- MEXOTpacyeBbie 0alaHCHhI;

- MaTpUYHBIE TEXTTPOM(PHUHILIAHBI IPEATNPUATHH U pupm.

OcHoBy uWH(OpPMAIMOHHOTO oOOecrieyeHus: OaTaHCOBBIX MOJEJIe B HKOHOMHKE
COCTaBJIIET MaTpHla KOd(p(HUIMEHTOB 3aTpaT PecypcoB MO KOHKPETHBIM HAlpaBIEHUSAM HX
ucnonp3oBaHus. Hampumep, B Moaenu MexoTpaciaeBoro OajlaHca TaKyl pOJb WUIpaeT Tak
Ha3blBaeMasi MexHolo2u4ecKas mampuya — TabJIula MeX0oTpaciieBoro 6agaHca, COCTaBIEHHOAs
u3 ko3¢ (pUIHEeHTOB (HOPMATHBOB) NPSMBIX 3aTpaT Ha MPOU3BOJACTBO €IUHMIIBI MPOAYKIIMU B
HaTypaJlbHOM BbIpaXeHWW. [lo MHOTUM TpUYMHAM HCXOJHBIE JaHHBIE PEaTbHBIX
XO3SICTBEHHBIX OOBEKTOB HE MOTYT OBITh HCIOJNB30BaHBI B OaJaHCOBBIX  MOJEISX
HEMOCPEACTBEHHO, MOATOMY MOATOTOBKAa MH(OpMAIMK Jisi BBOJA B MOJEINb SBISETCS BeChbMa
cepbe3Ho mpobiemoit. Tak, mpu MOCTPOSHUU MOJIEITN MEKOTPACIEBOro OanaHca UCIOIb3YEeTCs
cneurduyeckoe MOHATHE YUCTOW (MM TEXHOJIOTMYECKOI) OTpaciu, T.e. YCIOBHOM OTpaciH,
0o0BeAMHSIONIEH BCEe MPOM3BOJCTBO JAaHHOIO MPOAYKTa HE3aBHUCHUMO  OT BEJOMCTBEHHOMN
(aAMMHUCTPATUBHOMN ) MMOAYMHEHHOCTH U (OPM cOOCTBEHHOCTH npeanpuatuii u ¢upm. [lepexon
OT XO3SHMCTBEHHBIX OTpacjeil K YUCTBIM OTpaciisiM TpeOyeT CIeNualbHOro mpeoOpa3oBaHUs
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peaJbHBIX JaHHBIX XO3AWCTBEHHBIX OOBEKTOB, HalpUMep, arperupoBaHUsl OTpaciei,
UCKJIFOUEHHs] BHYTPHOTPACIEBOTO 000pOTa U JIp.

banancoBble MOJieNM CTPOSATCS B BHJIE YHCIOBBIX MATPUIl — MPSMOYTOJIBHBIX TaOJHUIL
yuceld. B cBsI3M ¢ 3TUM OanaHCOBbIE MOJEIM OTHOCATCS K TOMY THUIy 3SKOHOMHKO-
MaTEeMaTU4YECKUX MOJEIIEH, KOTOPbIE HAa3bIBAKOTCS MATPUYHBIMU.

2. CxemMa MeKNPOAYKTOBOIO 0ajaHca

[IpuHnunuanpHas cxemMa MEXOTpacleBOro OanaHca NMPOM3BOACTBA M paclpeiesieHus
COBOKYITHOTO OOIIIECTBEHHOT'O MPOAYKTa B CTOMMOCTHOM BBIPQ)KEHUH MIPE/ICTaBIIeHa B TAOJIHIIE.

Tabmuma — [puHnunuanpHas cxema MexxorpacieBoro 6ananca (MOB)

[IpousBoasue [TorpeGnsroniye oTpacau Koneunsiit Banoson
oTpaciu 1 2 3 ... n IPOJYKT MPOIYKT
1 X11 X12 X13 . X1n Y1 X1
2 X21 X22 X23 . X2n Y> X2
3 X31 X23 X33 e X3n Ys X3
n X n1 Xn1 Xn3 e Xnn Yn Xn
C1 C2 C3 Cn
AmMopTu3anus
Onnara Tpyna V1 \) V3 Vn
YucTeI 10X0 m; m; ms my
Banosoii X1 Xs X3 ... Xn n n
- Z;‘ X, = Z; X;
i= j=

B 0oCHOBY 3TOHI CXEMBI MOJIOKEHO PA3JAEICHUE COBOKYIIHOTO IPOJAYKTAa Ha JIBE YaCTH:
IIPOMEXYTOUHBIM M KOHEYHBIH NpPOAYKT. Bce HapogHOe XO3SCTBO IIPEICTaBICHO B BUIE
COBOKYITHOCTH N oOTpacieil (MMETcs B BUAY UUCTBIE OTpAciin), IPU 3TOM KaxKias OTpacib
¢urypupyer B 6anaHce Kak MpOM3BOJAIIAS U KaK MOTPEOIAIONIas.

B MODb BBIIENSIOT YeThIpe YacTH, UMEIOLINE Pa3IM4YHOE SKOHOMHUYECKOE CO/EepIKaHUE,
OHU Ha3bIBAIOTCS Keaoparnmamu OanaHca.

Hepsr1it kBagpanT MODB — 510 maxMaTHas TabiMlla MEXOTPAclIeBbIX MaTepUaIbHBIX
cszeit. [lokazaTenu, MOMEIEHHbIE HA MEPECEUCHUAX CTPOK U CTOJIOLIOB, MPEJICTABIAIOT COO0M
BEIMYMHBI MEXOTPACIIEBBIX TOTOKOB MPOAYKIUH U B 00IIeM BHAE 0003HAYAIOTCA Xijj, TAe | 1 | —
COOTBETCTBEHHO HOMEpa OTpacjiei MNpOoU3BOIAIMX M MOTpeOsstonmx. Tak, BeIWYMHA  X32
MOHMMAETCS KaK CTOUMOCTb CPEACTB IIPOM3BOJICTBA, IPOU3BEIEHHBIX B OTPAciId ¢ HOMEPOM 3 U
NoTpeOJIEHHBIX B KayecTBE MaTepHAJbHBIX 3aTpaT B OTpaciau ¢ HomepoM 2. Takum oOpaszom,
NepBBIN KBAJIpaHT M0 opMe MpeAcTaBiseT coO00M KBaJApaTHYIO MAaTpPHILy OpsAKa N, cymMma Bcex
3JIEMEHTOB KOTOPOM PaBHAETCS T010BOMY (POHY BO3MEIIECHUS 3aTpaT CPEICTB MPOU3BOJICTBA B
MaTepuanabHOU cdepe.

Bo BTOpOM KBaJgpaHTe IIPEACTABIIEHA KOHEYHass MPOAYKIUSA BCEX OTpaciei
MaTepUaJIbHOTO IIPOU3BOJACTBA, IIPU 3TOM IOJ KOHEUYHON IOHUMAETCS MPOAYKIMS, BBIXOAAIIAs
u3 cdeppl NPOM3BOJACTBA B 00JACTh KOHEYHOI'O HCIIOJNB30BaHUS (Ha TOTpebsieHne u
HakorwieHue). B Tabmuiie 3TOT pasznen naH yKpyMHEHO B BHIE OJHOTO CTOJOIA BenmuuuH Y .
BTOPOIl KBaJpaHT XapaKTEpHU3yeT OTPACIEBYI0 MAaTEpUAIBbHYIO CTPYKTYPY HAIMOHAIBHOIO
JI0X0/1a, a B Pa3BEpHYTOM BHJE — TaKXKe paclpeesieHHe HalMOHAJIBHOTO J0XoAa Ha (OHI
HaKoIJIeHUs ¥ (poHA TOTpeOsieHUs,, CTPYKTYpy MOTpeOJeHHs U HAKOIUICHHs IO OTpacisMm
IIPOM3BOJICTBA U MOTPEOIICHUS.

Tpernii kBagpant MODB Takke XapakTepus3yeT HallMOHAIbHBINA JOXOJ, HO CO CTOPOHBI
€ro CTOMMOCTHOI'O COCTaBa KaKk CyMMY YMCTOM NMPOAYKIMU M aMOPTH3aLNN; YUCTas MPOAYKIUS
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IIOHMMAETCS TpPU STOM Kak cymMMa OIUIaThl TpyJa M YUCTOro naoxoaa orpacied. Cymma
amopTu3anuu (¢j ) ¥ 4yMCcTOM mpoaykuuu (Vj+M;) HekoTopoil |-oif oTpacau OyneM Ha3bIBaTh
YCIIOBHO YUCTOM IPOAYKLUEH 3TOM OTpaciu 1 0003Ha4aTh B JaibHeiieM Z;.

YerBepThlii KBaJAPaHT OajlaHCa HAXOJIUTCS Ha IMEPECeYEHUH CTOJIOIOB BTOPOIO
KBaJIpaHTa (KOHEYHOW MPOIYKIUHU) U CTPOK TPETHETO KBaJpaHTa (YCIOBHO YMCTON IPOAYKIINH).
OTUM ompenessieTcss CoJAep)KaHue KBaJpaHTa: OOH OTPa)kKaeT KOHEYHOE pacIlpeieieHue u
MCIIOJIb30BaHUE HAIMOHAIBHOIO J0Xo0ja. B pesynbraTe mepepacnpesesneHus NepBOHAYaIbHO
CO3IaHHOTO HAIIMOHAJIBHOTO J10X0/1a 00pa3yloTCcs KOHEUHbIE TOXO/bl HACEICHUS, MPEANpUiTUH,
rocyznapcTsa. JlaHHble UETBEPTOIrO KBaJipaHTa Ba)KHbI JJIs OTPAXKEHUS B MEXOTPACIEBON MOJEIN
OanaHca JJOXOJIOB U PAacXOJI0B HACEJICHUS, UCTOUHUKOB (PMHAHCHUPOBAHUS KAlMTaJIOBIIOKEHUH,
TEKYIIUX 3aTpaT HEMPOMU3BOJACTBEHHOW cdephl, uId aHaiau3a OOImeld CTPYKTYyphl KOHEYHBIX
JIOXOJIOB M0 rpymnmnam notpeduteneid. OOUIMIl UTOT YeTBEPTOro KBAaJpaHTa, TaK ke KaK BTOPOTO
U TPETHETO, I0JDKEH OBITh PaBEH CO3/1aHHOMY 3a I'0J] HAIMOHAIBHOMY JI0XOJY.

Taxum o0pa3om, B LIEJIOM MEXKOTPACIEBOM OanaHc B paMKaxX eIUHOM MOAETN 00beInHSET
OanmaHchl OTpacield MaTepUaIbHOTO TPOU3BOJACTBA, OalaHC COBOKYIHOIO  OOLIECTBEHHOTO
NpOAyKTa OallaHChl HAIMOHANBLHOTO J0X0/a, (UHAHCOBBIM, OalaHC JOXOJOB U PACXOJIOB
HaCEeJICHUS.

Cnenyer 0cob00 OTMETHTb, YTO XOTS BajioBas MPOAYKIMs OTpaciied He BXOAWT B
paccMOTpEHHbIE BbIIIE YEThIPE KBAapaHTa, OHA MPEJCTaBIeHa Ha MpUHIUNHaIbHON cxeme MOb
B JIByX MeCTax B BUJE CTOJOLIA, PacIOiOXKEHHOrO CIipaBa OT BTOPOrO KBaJpaHTa, U B BUIE
CTPOKHM HHYKE€ TPEThEro KBaJpaHTa. JTU CTOJOEL M CTPOKAa BaJOBOM IMPOAYKIMH 3aMBIKAIOT
cxemy MOb u urpatot Ba)xHyr0 poiib KaK JIJisl IPOBEPKU MPABHILHOCTH 3aII0THEHUS KBAJIPAHTOB
(T.e. MpoBepKU camoro OajaHca), Tak U ISl pa3padOTKH SKOHOMHUKO-MATeMaTHYEeCKON MOAENIn
MeXoTpacieBoro Oamanca. Ecnum kak moka3aHo Ha cxeMmMe, OO0O3HAUYMTh BaJlOBOM MPOAYKT
HEKOoTOopoil oTpaciu OykBoil X ¢ HMHIEKCOM, paBHbIM HOMEPY JaHHOH OTpaciu, TO MOKHO
3amycaTh JBa BAXKHEUIIMX COOTHOIICHMS, OTpakarolmux cymHocte MObBb u gBnsmoomuxcs
OCHOBOM €ro 95KOHOMHKO-MAaTeMaTU4E€CKON MOJIEIH.

Bo-nepBbIX, paccMmarpuBas cxeMy OanaHca MO CTOJIOIAM, MOKHO CJeNaTh BBIBOJ, YTO
UTOT MaTepUAIIBHBIX 3aTpat JIF000H MOTPeOIISIOME OTpacin 1 e YCIOBHO YUCTON MPOTYKIIHH
paBeH BAJIOBOM MPOAYKUMM OTOW oTpacid. JlaHHBI BBIBOJ MOXHO 3amucaTb B BHIE
COOTHOILIEHUS:

n
X;=Y%+Z; j=Ln "
i=1

HamomHuM, 4TO BEJIMYHMHA YCJIOBHO YHCTOW MPOAYKIMU Z] paBHA CyMME aMOPTHU3AIUH,
OIUIATHI TPY/AA M YUCTOTO JI0XOa J-i OTPAacIIu.

Bo-BTopriX, paccmarpuBas cxemy MODB mno crpokam st KaKIoW HpOU3BOISAIIEH
OTpaciv, MOXHO BHUJETb, YTO BajoBas MPOLYKLUS TOM WM HHOM OTpaciii paBHA CyMMeE
MaTepuaibHBIX 3aTpaT MOTPEONAIOMMUX €€ MPOAYKLHIO OTpaciell M KOHEUHOH HpOoAYyKLIHU
JTAaHHOW OTpaciu:

n
X =) % +Y; i=ln. @
j=1
(DOpMy.Ha OIIHUCHhIBACT CI/ICTCMy u3 n ypaBHCHI/II‘;I, KOTOpBIC Ha3bIBAKOTCA ypaBHeHI/IﬂMI/I
pacrpesieieHisl TPOAYKIMM OTpacieldl MaTepHalbHOrO IPOM3BOJACTBA II0 HANpPaBICHUAM
HCITIOJIB30BaHU4.
[Tpocymmupyem 1o BceM oTpacisiM ypaBHeHus (1), B pe3ynnbraTe moryqum:
n n n n
DX =X)L
-1 =1 i1 i-1
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AHanorn4Hoe CyMMUPOBAaHHUE ypaBHEHUH (2) naer:
n n n n
Y X =YK+ )Y
] [
i=1 i=1 j=1 i=1
JleBble yacTH OOOMX PaBEHCTB paBHBl, TaK KaK IMPEACTaBIAIOT OO0 Bech BaJOBOH
oOuiecTBeHHbIN NpoayKT. IlepBbie ciaaraeMple MpaBbIX YAaCTEW ITUX PABEHCTB TAK)KE PaBHBI, X

BCJIIMYMHa paBHA HWTOr'y II€PBOI0 KBaJpaHTa. CJ'ICI[OB&TCJ'IBHO, JOJI2KHO CO6J'IIOI[3T]':>CH
COOTHOIICHHUEC

n n
sz = ZYi .

j=1 i=1
.HCBaSI Y4acCcTb JAaHHOT'O ypaBHeHI/IH CCThb CYMMa TpeTBeFO KBaHpaHTa, a HpaBaSI qacCTb UTOT
BTOpOFO KBa,I[paHTa. B HESJIIOM XKE€ OTO ypaBHeHHe IIOKa3bIBA€T, 4YTO B Me)KOTpaCJ'IeBOM 6aJ1che
CO6JIIOI[3.€TC$I Ba)KHef/'II_HI/If/'I HpI/IHLII/IH CINHCTBaA MaTepI/IaJIbHOI‘O U CTOHUMOCTHOI'O cCoOCTaBa

HAIIMOHAJIILHOTO JOXO4a.
1.13 Jlexuus Nel14,15,16 (6 yaca)
Tema: «banancoBast MoaeJab»

1.13.1 Bomnpocsl JieKIuu:

1. DxoHOMHKO-MaTeMaTHYECKask MOJEIIb MEKOTPACIeBOro OanaHca

2. Koa¢dpuireHTs! mpsMBIX U MOJHBIX MaTepUaIbHBIX 3aTpaT

3. MexoTpacieBbie OallaHChl MOJICITH B aHAJIN3€ SKOHOMHUYECKUX ITOKa3aTelneit

1.13.2 KpaTkoe coJep:kaHue BONPOCOB

1. DKoHOMHKO-MaTeMaTHYeCKAas MOJEJ/Ib MEKOTPAC/JI€BOro 0aJiaHca.

OCHOBy HH(bOpMaHHOHHOFO obecreyeHus MOZCIIN MCKOTPACICBOI'O OajaHca COCTaBJISIET
TEXHOJIOTHYECKasi MaTpula, cojaep:kamas Kod()@QUIMEHThl MpsMbIX MaTepHUaJbHBIX 3aTpaT Ha
MMPONU3BOACTBO CAWHUIIBI IMPOAYKIINH. Ota MaTpuna SABJIACTCA TaKXKC OCHOBOM DKOHOMHKO-
MaTeMaTUIeCKOHN MOZACIIN MCKOTPACICBOro Oaranca. HpezmonaraeTCﬂ, 4TO JId IMPOM3BOACTBA
CAWHUIBI TPOAYKIHU B j-I71 oTpaciii Tpe6yeTc;1 OIMPCACIICHHOC KOJHUYCCTBO 3aTpar
IPOMEXYTOUHOH MPOAYKIHUH i-i OTpaciy, paBHOE @jj. OHO HE 3aBHCHUT OT 00beMa IIPOU3BOACTBA
B OTpaciiu H ABJEICTCA JOBOJIBHO CcTaOMJILHOM BEIMYMHOM BO BPCMCHU. Beanuunsl aij
Ha3bIBAKOTCA Koad)qbuqueHmaMu npAMvlX mMamepuailbHolx s3ampanm W PaCCYHHUTBIBAIOTCA
clenyrmuM oopa3om:

a.=—; 1, J=1n. (1)

Onpenenenue 1. Koapdunuenta mpsMbpIX MaTepHadbHBIX 3aTpaT IMOKa3bIBAaET, KaKoe
KOJIMYECTBO MPOAYKIMH I-i OTpaciu HEOOXOIMMO, €CIM yYYHTHIBATh TOJBKO MPSIMBIC 3aTPAThI,
JUTSL IPOM3BOJICTBA €AMHUIIBI TPOAYKIIUH |-H OTPACIIH.

C yuemom popmynwi (1) cucmemy ypasnenui 6aianca _MoNCHO Nepenucams 6 8Uoe

xi=leaijxj+Yi; i=1n. )
J:

Ecnu BBecTH B paccMOTpeHHE MAaTpUIly KOI(PPUIIMEHTOB MPSMBIX MaTepHAIbHBIX 3aTpaT
A=(ajj ), BeKTOp-CTOIOECI] BAIOBOH MPOIYKINH X ¥ BEKTOP-CTOIOEI] KOHCUHON MPOIyKINH Y:
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X n Yn
TO CUCTE€Ma ypaBHEHUH (2) B MAaTpUUHO (hOpME IPUMET BUJ
X=AX+Y. (3)

Cucrema ypaBHeHuid (2), wim B MaTpu4yHoil ¢opme (3), Ha3bIBaeTCs 3KOHOMHUKO-
MaTeMaTHYECKON MOJIENbI0 MeKOTpaciaeBoro 6ananca (Moenbio JIeoHTheBa, MOZEIBIO (3aTpaThl
— BBIITYCK»). C ITOMOIIBIO ATON MOJIEIN MOXHO BBIIOIHIATH TPU BapUAHTA PacUETOB:

e 3agaB B MOJEIM BEJIMYMHBI BAJIOBOM MPOAYKIUU Kaxaoh oTpaciu (Xi), MOXKHO

OIPEICTTUTh 00BEMbI KOHSUHOH MPOAyKIMU Kaxao# orpaciu (Yj):

Y=(E-A)X 4
e 3ajaB BeJWYMHBl KOHEYHOM mpoayKuumu Bcex otpacieit (Yi), MOXHO OIpeneauThb

BEJIMYMHBI BAJIOBOM MPOIYKIIUU KA 101 oTpaciu (Xj):

Y=(E-A"Y. (5)
e Jlna psanma otpacieil 3amaB BEJIMYMHBI BAJIOBOM MPOAYKLMH, a AN BCEX OCTAIbHBIX
oTpaciel 3amaB 00bEeMbl KOHEUHOM MPOIYKIIMH, MOKHO HAWTH BEIMYUHBI KOHEYHOMN

IPOAYKIMH MEPBBIX OTpacied U 00beMbl BAJIOBOM MPOJYKIMHU BTOPBIX, B 3TOM BapHaHTE

pacuera ynoOHee IMOJIb30BaTbcs HE MaTpuuHOMl dopmoit momenu (3), a cucremon

TMHEHHBIX ypaBHeHHH (2). B dopmynax (4) u (5) E o6o3HauaeT eAMHUYHYIO MATPHILy /-

romopsiaka, a (E — A)* o6o3xauaer Matpuny, obpatnyro matpuue (E — A). Eciu

onpeaenuTenb MaTpulbl (£ — A) He paBeH HYIIO, T.€. 3Ta MaTpHlla HEBBIPOKICHHAS, TO

oOpatHast k Hell maTpuna cymiectByeT. O003HaUMM 3Ty OOpaTHYIO MaTpuily uepe3 B,

TOTJ]a CHCTEMY YPaBHCHHI B MaTpUIHOM Gopme (5) MOKHO 3arucaTh B BUJIC

X=BY. (5

OneMenTsl MaTpulbl B Oynem 0603Hauats uepes Djj, TOraa U3 MaTpU4HOTO ypaBHEHUS (5/)

JUTs1 JTE000i i-#f 0Tpaciii MOKHO MOJTYYUTh CIIEAYIOIIEe COOTHOIICHHUE:

xlzzbijvj, i=1,n. (6)
]=

W3 cootHomenuii (6) ciemyer, 4To BajoBas HPOAYKLMS BBICTYMAeT KakK B3BELIECHHAs
CyMMa BEJINYMH KOHEYHOM MPOIYKIMH, IPUYEM BecaMu SBISIOTCS KoddduumenTs! bjj, koTopsie
MIOKa3bIBAIOT, CKOJIBKO BCETO HY)KHO MPOM3BECTH NMPOAYKIMHU I-iH OTpACIu ISl BBITyCKa B chepy
KOHEYHOT'0 MCIIOJb30BaHUS €AMHHIBI TIPOAYKIUH |-if oTpaciu. B ormmnunn ot koddduimeHTon
IPSIMBIX 3aTpPaT ajj KO3DPUIMEHTHI Djj HA3BIBAIOTCS KOADPuyuenmamu noaHbix MamepuaibHbix
3ampam ¥ BKJIIOYAeT B ce0s Kak IMpsMble, TaK U KOCBEHHbIE 3aTparbl BceX MHOpsakoB. Eciu
OpsiMble  3aTpaThl  OTPaKalOT KOJIMYECTBO CPEACTB IPOM3BOJCTBA, H3PACXOJOBAHHBIX
HEMOCPEACTBEHHO IPH M3TOTOBJIEHUH JIaHHOTO MPOAYKTa, TO KOCBEHHBIE OTHOCATCS B
NPEIIECTBYIONIMM CTaIUsM MPOU3BOJICTBA U BXOAAT B MPOU3BOJCTBO MPOIYKTa HE MPSIMO, a
yepes Jipyrue (IpoMexyTOUHbIE) CPEJCTBA TPOU3BO/ICTBA.

Omnpenenenne 2. Ko3hpumeHTs! MOIHBIX MaTepHAIBHBIX 3aTPaT Djj MOKa3bIBaeT, Kakoe
KOJMYECTBO MPOAYKIMH |- OTpacid HYKHO IPOM3BECTH, YTOOBI C YYETOM TPSIMBIX H
KOCBEHHBIX 3aTpaT TOH MPOIYKIIUH MOJYIUTh SAMHUILY KOHSUHON MPOAYKIHH j-if OTpaciiH.

KoaduuneHTs! MONHBIX MaTepUANbHBIX 3aTpaT MOYKHO MPUMEHSTh, KOT/Ia HEOOXOIMMO
ONPENIENIUTh, KaK CKaXeTCsd Ha BaJOBOM BBIIYCKE HEKOTOPOM OTpaciy IpeanojaracMoe
U3MEHEeHHEe 00bEMOB KOHEUHOM MPOYKIIMU BCEX OTpacIeit:

n
AX; =D b, AY;, )
j=1
rie AX; m AY; — usMeHeHus (NIPUPOCTHI) BEIMYMH BAJIOBOW W KOHEYHOM MNPOIYKIHU

COOTBETCTBCHHO.
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2. KoappunueHThl NPAMBIX U MOJHBIX MATEPUAJIBHBIX 3aTPAT

[lepexons K aHaIM3y MOJEIH MEXKOTPACIEBOro OallaHca, HEOOXOJUMO TPEXKIE BCETO
paccMOTpeTh OCHOBHBIE CBOMCTBA MaTpHULIbl KOA((UIIMEHTOB MPSAMBIX MaTepUAIbHBIX 3aTpaT A.
KoadduimenTsl mOpsMBIX  3aTpar MO  OMNPEACIICHUIO  SBISIOTCS  HEOTPHUIATEIHHBIMHU,
CJIeIoBaTeNIbHO, MaTpuiia A B IIEJIOM MOXET ObITh Ha3BaHa HeoTpumarelbHou: 4>0. Tak kak
MPOIIECC BOCIPOM3BOACTBA HENb3sl OBUIO OBl OCYIIECTBISATH, €CIU OBl i COOCTBEHHOTO
BOCIPOM3BOJCTBA B OTPACIH 3aTPaurBajIOCh OOJbllIee KOJIMUYECTBO MPOAYKTA, YEM CO3aBaJIOCh,
TO OYEBHJIHO, YTO JJMArOHAJIBHBIE JIEMEHTA MATPULBI A MEHbIIE eIMHULIEBL: Qjj <1.

CucremMa ypaBHEHHH MEXOTpAcClIeBOro OanaHca SIBISETCS OTPaKEHUE pealbHBIX
SKOHOMHUYECKUX TMPOIECCOB, B KOTOPHIX COACPKATEIbHBIM CMBICI MOTYT HMMETh JIMIIb
HEOTpUILATeNIbHBIE 3HAYCHUS BAJIOBBIX BBITYCKOB; TAKUM 00pa30M, BEKTOP BAJIOBOM MPOIYKIIUU
COCTOUT U3 HEOTPUIIATEIIbHBIX KOMIIOHEHTOB M HAa3bIBACTCS HEOTpUUATeIbHBIM: X>(. BcTaer
BOIPOC, TMpH KaKUX YCIOBUSAX OSKOHOMHMYECKas cHCTeMa crocobHa obecrnieunBath
MOJIOKUTENBHBIM KOHEUYHBIM BBIMYCK IO BceM oTpacisaM. OTBET HAa 3TOT BOMNPOC CBSI3aH C
MOHITUEM HPOOYKMUGHOCHIU MATPUIBI KOO (DULIMEHTOB NMPSAMBIX MaTepUalbHBIX 3aTparT.

bynem Ha3bIBaTh HEOTPULATEIBHYIO MAaTpully A NMPOAYKTHUBHOM, €CIIM CYLIECTBYET TAKON
HEOTpHULIATENIbHBIN BeKTOp X > 0, 4TO

X>AX. (8)
OueBuaHO, uTO YyciaoBue (8) O3HAYaeT CyLIECTBOBAHME IOJOXKHUTEIBHOIO BEKTOpa
KOHEYHOM npoaykuuu Y > 0 11t Moienu MexoTpaciaeBoro 6ananca (3).
[IpoGnemMa NPOMYKTUBHOCTH MATPHIBI HCCIEIOBaHA B HSKOHOMHKO-MaTeMaTHYECKOM
JAUTEpaType A0CTaTO4HO AeTanbHO. CHopMynupyeM OCHOBHBIE PE3YNIbTAThl B BUAE CIEAYIOIIETO
YTBEPXKICHHS.

Jis Toro uytoObl MaTpuua Ko3(p@UIMEHTOB NpsAMBIX MaTepUalIbHBIX 3arpar 4 Obuia
IPOAYKTHBHOM, HEOOXOAUMO U JOCTATOYHO YTOOBI BHIMOIHSIOCH YCIOBUE:
mampuya (E — A) neompuyamenvno obpamuma, m.e. cywecmeyem oOpamuas mampuya
(E—A4)">0.
bonee mpocThIM, HO TOJBKO JOCTAaTOYHBIM IPU3HAKOM IPOAYKTUBHOCTH MaTpULbl A
SBIISICTCS. OTPAHWYCHHWE Ha BEIMYMHY €€ HOPMBI, T.€. Ha BEIWYMHY HAHOOJBINEH CYyMMBI
3JIEMEHTOB MaTpuIlbl 4 B KaxaoM cToioue. Ecnn Hopma MaTpuisl 4 cTporo MeHbllle €MHUIIBI,
TO Ta MaTpPHIlA MPOTYKTUBHA; TIOBTOPUM, YTO JIAHHOE YCIIOBHE SBIISIETCS TOJBKO JJOCTATOYHBIM,
U MaTpuLa A MOXKET 0Ka3aThCsl MPOJYKTUBHOM U B clydae, KOTAa ee HopMa OoJiblie eAMHHUIIBL.
[epeiinemM k aHamM3y MaTpHIbl KOXPQPHUIMEHTOB IMOJHBIX MaTePHAIBHBIX 3aTpaT, T.C.
matpuisl B = (E — A)™. Cornacro onpesenenuio 2 u3 npeapiyiiero maparpada kodGduimest
ITOM MAaTPUIIbI TOKA3bIBAET, CKOJILKO BCETO HY)KHO MPOU3BECTH MPOIYKIIUH I-i OTPACIIH, YTOOBI
HOJIYYUTh SAUHHILY KOHSYHOM TIPOAYKIIUH |-if OTpacH.
HNanum apyroe ompeaeneHne Ko3hGUIMEHTa MOJHBIX MaTepUaIbHbIX 3aTpaT UCXOJs U3
TOTO, YTO KPOME MPSMBIX 3aTpaT CYIIECTBYIOT KOCBEHHBIE 3aTpaThl TOW WM MHOW MPOIAYKLUHU
Ipyd  TPOW3BOJCTBE TMPOAYKIMHM JaHHOW oOTpaciu. PaccMoTpuM B KauecTBe mpumepa
(dopmMHpoBaHUE 3aTPaT IEKTPOIHEPTUH HA BHITYCK CTAJIBLHOIO MPOKaTa, MPU TOM OTPaHUYUMCS
TEXHOJIOTUYECKOH IIETIOYKON «pyAa-dyryH-CTalb-IPOKaT». 3aTpaThl dSJIEKTPOIHEPTHH IIPH
MOJYYeHUU MpoKaTa M3 CTajdu OyIyT HasbIBaThbCs NMPSIMBIMH 3aTpaTaMM, T€ K€ 3aTparbl MpH
MOJYYCHUU CTalld W3 4yryHa OyayT Ha3bIBaThbCs KOCBEHHBIMH 3aTpaTaMH 1-To Topsijka, a
3aTparhbl 3JEKTPOIHEPTUH NMPHU TOITYYEHUH CTalIM U3 YyryHa OyAyT Ha3bIBaThCSl KOCBEHHBIMU
3aTpaTamMH AJIEKTPOIHEPTHH Ha BBIMYCK CTATBHOTO MpoKaTa 2-ro Mopsaka W T.JA. B cBs3u co
CKa3aHHBIM BBIIIE UMEET MECTO CIIEYIOIIee OIpeIeIICHHE.
Onpenenenne 3. KoodduureHToM MOIHBIX MaTEpUAIIbHBIX 3aTpaT Cij HA3bIBAETCS CyMMa
NpsSMBIX 3aTpaT ¥ KOCBEHHBIX 3aTpaT MPOAYKIHMHU I-i OTpaci A MPOHM3BOACTBA €IWHUIIBI
NPOIYKIUHU |-il OTpaciu uepe3 BCEe MPOMEKYTOYHBIC MPOAYKTHI HA BCEX MPEAICCTBYIOIIAX
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CTaauMsax Npou3BojacTBa. Ecim KOAp@UIMEHT KOCBEHHBIX MaTepUalibHBIX 3aTpar K-ro mopsiaka

0003Ha4UTH Yepes3 Cli(jk) , TO ©UMeeT MecTo (popmyra
— @ (2) (k)

a eciaM BBECTH B PACCMOTPEHHE MaTpully KOA(p(GUIUEHTOB MOJHBIX MaTEpHUAIbHBIX 3aTpaT
C=(Cjj) 1 MaTpuIbl KO3(p(OUINEHTOB KOCBEHHBIX MAaTEPHANBHBIX 3aTPaT Pa3IHYHBIX MOPAIKOB

k
A(k)=(ai(j )), TO TOAJIEMEHTHYIO dopMyny (9) MOXKHO 3amucarh B OoJjiee OOIIEM MATPUIHOM

BUJIC:
C=A4+AY + 49+ +49+_ . (10)
Hcxons w3 conepXareiabHOTO CMbICHa KOI((UIIMEHTOB KOCBEHHBIX 3aTpaT MOXKHO
3anucarth psiJi MAaTPUYHBIX COOTHOLIEHUM .
AV =44 =42 AP =44 = 447 = 4¥
40 = 440D —AAk AL
C UCTOJIb30BaHUEM KOTOpPbIX MaTpuyHas Gopmyina (10) Moxer ObITh mepenucana B CIeIyIOIEM
BUJIE:

C=A+AT+ AP+ + A 4 =D A~ (1)

3. MexoTpac/eBble 6a1aHChl MOJeJIH B aHAJIH3€e IKOHOMUYECKHX NOKa3aTeJieil

K d4uncny BaKHEMIIMX aHAIUMTUYECKUX BO3MOXKHOCTEH JAHHOIO METOJAa OTHOCHUTCS
olpesieieHue MPSAMBIX U MOJHBIX 3aTpaT TpyJa Ha €AMHHULY IPOAYKLUHU U pa3paboTKa Ha 3TOH
OCHOBE 0aJlaHCOBBIX INPOJIYKTOBO-TPYIOBBIX MOJIENEH, UCXOAHON MOJENBIO MPHU ITOM CIIY)KUT
OTYETHBIH MEXIPOAYKTOBBIM OajaHc B HaTYpaJbHOM BbIpaXkeHHU. B 3ToM GanaHce 1o cTpokam
IIPEJICTABICHO pACIpPENEICHUE KaXKJIO0r0 OTAEIBHOIO MPOAYKTa Ha MPOU3BOJICTBO JPYTHUX
IPOAYKTOB M KOHEYHOE MoTpedsaeHue (IepBbIii M BTOPOH KBaJPaHThI CXEMbl MEXOTPACIEBOIO
Oananca). OTnenbHON CTPOKOM JaeTcsl paclpesesieHue 3aTpaTr ’KUBOTIO TpyJa B MPOU3BOJICTBE
BCEX BUJIOB MPOAYKLIMH; IPEANOIAraeTcs, YTO TPYAOBbIE 3aTPAThl BHIPAXKEHbI B €IMHULIAX TPyda
OJINHAKOBOH CTENEHU CII0KHOCTH.

OG603Ha4YMM 3aTpaThl )KMBOTO TPYZAA B IPOM3BOJCTBE |-T0 MpOAyKTa uepe3 Lj, a oObem
IPOM3BOJCTBA JTOr0 NPOJYKTa (BaJOBOM BBINYCK), Kak M paHblue, yepes Xj. Torma mpsmele
3aTparhl TPyAa HAa EAMHHILY |-TO BUAA TPOAYKIHHU (KOIDOHUIUEHT MPSIMON TPYIOEMKOCTH)
MO’KHO 33/1aTh cieytomien Gpopmynoi:

L. S
I=Ln. &)

—+
I
N 1

BBeneM NoHATHE MONHBIX 3aTpaT TPyJa KaK CyMMBI NPSMBIX 3aTpaT JKUBOTO TpyAa U
3aTpar OBEIIECTBIEHHOIO TPYAA, IEPEHECEHHBIX HA NMPOJYKT Yepe3 U3PacXOA0BaHHBIE CPEICTBA
npou3BojicTBa. Ecin 0003HAYUT BEIMYUHY MOJHBIX 3aTpaT TPYyAa Ha eIUHHUILY TPOAYKIUH |-TO
BUla 4epe3 Tj, TO HpOM3BENEHMsA BHAA ajjlj; OTPaXKalOT 3aTpaThl OBEIIECTBICHHOIO TPY.a,
IEPEHECEHHOI0 Ha CIMHUILY J-TO MPOIYyKTa 4Yepe3 i-¢ CPEeICTBO MPOHM3BOACTBA; MPU ITOM
IpEeANnoaaraeTcsi, 4ro Kod(QQUIMEHTH MNpPSAMBIX MaTepHAIbHBIX 3aTpaT djj BBIPAKEHBI B
HATYpalbHBIX eIUHUIAX. TOoraa MoJHbIC TPYJAOBBIC 3aTPAThl HA €AMHHUILY J-TO BHIA MPOAYKIIUH
(k03 DUIIHEHT MOJTHOM TPYIOEMKOCTH) OYAyT PaBHBI

n JR—
T, =Y T, +t;; j=1Ln. @)
i=1
BBeaem B paccMOTpeHHE BEKTOP-CTPOKY KO3 GHUITHEHTOB MPsIMOi TpyaoemkocTu t = (1,
t2,..., th) ¥ BEKTOP-CTpOKY K03 uireHToB noaHoi tpynoemkoctu T= (Ty, To, ..., Ty).

Torga ¢ ucCnoib30BaHHWEM YK€ paccMaTpUBaeMOW BbIlIe MaTpULbl KO3()PUIIMEHTOB
OPSMBIX MaTepHAIbHBIX 3aTpaT A (B HATYpaJIIbHOM BBIPAKEHUM) CUCTEMY YpaBHEHUH (2) MOXKHO
nepenucaTb B MaTpUYHOM BU/IE:
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T=TA+1t. 3)
[TpousBenst oueBHIHBIE MaTpUYHbIE NPEeOOPAa30BaHUS C HCIOJIb30BAHUEM EIMHUYHOMN
MarTpulbl £
T-TA=TE-TA=T(E-A4)=t,
HOJIYYHM CJIEAYIONIee COOTHOIICHUE [T BEKTOPa KO (HUIIMEHTOB MOIHON TPYIOEMKOCTH:
T=t[E-A)™ (4)
Matpunia (E — A) Ham yxXe 3HaKoMa, 3TO Marpuna B Ko3((UIIMEHTOB MOIHBIX
MaTepHaJIbHBIX 3aTPAT, TAK YTO MOCJIEAHEE PABEHCTBO MOXHO IepenucaTh B BUJIE
T=tB (4"
O6o3HaunM 4yepe3 L BenuuuMHy COBOKYIHBIX 3aTpaT >KMBOIO TpyAa IO BCEM BHJaM
POAYKIMH, KOTOpas ¢ yueToM ¢opmyisl (1) Oyner paBHa

n n
L=2 L =2 1tX;=tX (5)
j=1 j=1
Hcnonb3ys cooTHOMIEHUS (5), MPUXOAUM K CJIEIYIONIEMY HEPABEHCTBY:
tX=TY, (6)

3nech t © T — BEKTOP-CTPOKH KOI(PPUIMEHTOB MpPSIMOl BAJIOBOW M KOHEYHOW MPOIYKIIHH
COOTBETCTBEHHO.

CootHomienue (6) mpenacraBisieT co0Oi OCHOBaHME OalaHCOBOE PABEHCTBO B TEOPUU
MexoTpacieBoro OanaHca Tpyaa. B 1aHHOM ciydyae ero KOHKPETHOE 3KOHOMMYECKOE
CoOJIep’KaHuE 3aKJIF0YaeTCsl B TOM, YTO CTOMMOCTb KOHEUHOW MPOIYKIIMH, OLIEHEHHOMN IO MOJIHBIM
3aTparaM TpyZAa, paBHA COBOKYIHBIM 3aTparaM >KUBOro Tpyaa. ComocTaisis MOTPeOUTENbCKUN
3P PEKT pa3sTUYHBIX B3aUMO3aMEHSIEMBIX MPOIYKTOB C TMOJIHBIMH TPYAOBBIMU 3aTpaTaMu Ha HX
BBIITYCK, MOYXHO CYAMTb O CpaBHUTEIbHOM 3((deKkTuBHOCTH HX Ipou3BojacTBa. C moMolls
MoKa3arened IOJHOM TpyJoeMKOoCcTH OoJsiee IOJHO M TOYHO, YE€M IPU HCIOJIb30BAHUU
CYLIECTBYIOIIUX CTOMMOCTHBIX IIOKa3aTelel, BBIABISIETCA CTPYKTypa 3arpaT Ha BBIIYCK
pPa3IUYHBIX BUJOB MPOAYKIMH W MPEXKAE BCEro COOTHOUIEHME MEX]y 3aTpaTaMH »XUBOTO U
OBEILECTBICHHOIO TPYAA.

Ha ocHoBe KOA(HUIMEHTOB MPSIMOI M MOJHOW TPYAOEMKOCTH MOTYT OBITH pa3padoTaHbI
MEXOTpacieBble M MEXIPOAYKTOBbIE OallaHChl 3aTpaT TpyAa U MCIOJIB30BaHMS TPYAOBBIX
pecypcoB. CxemaTHuecKd 3TH OallaHCBhl CTPOSITCS MO OOIIeMYy THUIy MATPUYHBIX MOJIENEH,
OJIHAKO BCE IOKa3aTelid B HUX (MEXOTpaclieBble CBSA3HM, KOHEUHBIM NMPOIYKT, YCIOBHO HCTas
IPOIYKIMS U Jp.)

Pa3BuTHe OCHOBHOM MOJIENM MEXOTpPACIEBOro OajlaHCa JIOCTUTAETCs TakXke IyTeM
BKJIFOYCHHUSI B HEE TOKazaTesel (hOHJOEMKOCTH MpOAYKIHMH. B mpocrteifmem ciydae Mojeinb
JIOTIOJTHSACTCS OTHENIBHOW CTPOKOW, B KOTOPOM yKa3aHbl B CTOMMOCTHOM BBIPaKEHHUH OOBEMBI
IIPOM3BOJICTBEHHBIX (OHIOB @}, 3aHATHIC B KaXKIOH J-if oTpaciu. Ha OCHOBaHMM 3THX JaHHBIX H
00BbEMOB BaJIOBOM MPOJYKLMU BCEX OTpaciiell ompeAenstoTcss KodQQHUIUEHTH MpsSMOi
(OHI0EMKOCTH TIPOAYKIIMH |-i OTpacIIu:

D; . —
f, = , J=1n. 7)
X i

Koadpduuuent mnpsmoit (HOHZOEMKOCTH TNOKAa3bIBaeT BEJIWYMHY IPOU3BOICTBEHHBIX
(OHI0B, HETIOCPEACTBEHHO 3aHATHIX B IPOU3BOJICTBE TAHHON OTPACIIM, B pacueTe Ha eAUHUILY €€
BAJIOBO# MPOAYKIMK. B oTiim4mu 0T 3T0r0 mokasaresns KodhGuiueHT noianoi Goumoemkoctu Fj
oTpakaer 00beM (POHJIOB, HEOOXOJUMBIX BO BCEX OTPACIAX JJISl BBITYCKA €IWHUIBI KOHEUHOU
npoxykiuu j-i orpaciu. Ecimm @jj — kodpdUIMEeHT NpsAMBIX MaTepHalbHBIX 3aTpar, TO IS
K03 dureHTa NoJHON (HOHI0EMKOCTH CHPABEIJIUBO PABEHCTBO, aHAJTOIMYHOE paBeHCTBY (2)
JU1s1 KO3 DUIMEHTA TOJTHOU TPYIOEMKOCTH

Fj:ZaijFi+fj; j=1n, @)
i=1

54



Ecnu BBeCTH B pacCMOTpPEHHE BEKTOP-CTPOKY K03 duimeHToB npsamoit porgoemkoctu f =

(f, fo,..., f) u BexTOp-cTpOKY KO3 dUIKeHTOB monHoM poumoemkoctu F= (F1, Fo, ..., F,), TO
CUCTEMY ypaBHEHUH (8) MOKHO TepenucaTh B MAaTpUIHOU (opMe:
F=FA+f, 9)

OTKY/Ia C MIOMOIIBIO MPe0O0pa30BaHMii, aHAIOTUYHBIX TPUMEHSIEMBIM BbILIE 1715 K03 puimeHToB
TPYAOEMKOCTH, MOXHO MOJIYYUTh MATPUYHOE COOTHOILLICHUE
F=1B, (10)
rae B=(E —A)'1 — MaTpuIa ko3 PHUIMEHTOB MOTHBIX MaTePHATBHBIX 3aTpart.
st Gonee Timybokoro aHanmsa Heooxoaumo auddepeHimpoBars HOHABI HA OCHOBHBIC U
000poTHBIE, a B TMpeeliax OCHOBHBIX — Ha 3/aHUfA, COOPY>KEHUS, IPOU3BOJCTBEHHOE
00opy0BaHuE, TPAHCIOPTHBIE CPEJICTBA U T.1.

1.14 Jleknus Nel7,18 (6 uaca)
Tema: «Mogean IKOHOMUYECKOTO POCTA)

1.14.1 Bonipocsl Jiekuuu:
1. OnHO(aKTOpHBIE MOJEIN SKOHOMUYECKOTO pocTa
2. MHorogakTopHast MOJIeJIb YKOHOMIYECKOTo pocTta Cosoy

1.14.2 KpaTkoe coJep:kaHue BONPOCOB

1. OnnopakTopHbIe MOJETH IKOHOMHYECKOI0 PocTa

MaxkposkoHOMHKA U3y4aeT (HYHKIIMOHHUPOBAHHE YKOHOMUYECKON CUCTEMBI KaK €IHMHOTO
LIEJIOT0, C TOYKH MaKpOIOIX0/1a.

[Tpu makponoxoae 0ObEKT (Oyab 3TO Takas CI0KHAsI CUCTEMA KaK HapOJHOE XO3SICTBO,
UM €ro COCTaBHBLIC YaCTH : IPOMBINIICHHOCTL. CECJIbBCKOC XO3$II>iCTBO, TPAHCIIOPT U T.[[.)
paccMaTpUBAIOTCS KaK €UHOE 11e]10€ U KaK Obl CHApY»KU, CO CTOPOHBI.

Maxkpo3koHOMHYECKast MOJICITb MPEICTABISACT COO0M MaTeMaTHIeCKH (POPMAIM30BAHHYIO
KOHIENINIO (DYHKIMOHUPOBAHUS HAPOJHOIO XO34WCTBAa Kak €IWHOro Iiesoro. Makpomozaenu
UCIOJB3YIOTCS  JUIA  TEOPETUYECKOro aHaiu3a HauOosiee OOIMX  3aKOHOMEpPHOCTEH
(GYHKIIMOHUPOBAHUST M Pa3BUTHS HAIIMOHATHHOW JKOHOMHUKH. BaXHBIM TMOJIeM NpUMEHEHUS
MAaKpPOSKOHOMHUYCCKHX MOI[CJ'ICfI SABJISICTCA IMPOTrHO3UPOBAHUC HapOI[HOXOSSII\/JICTBeHHI)IX
nporeccoB. [l 3TOro HCMONB3YIOT MPOM3BOACTBEHHBIE (YHKIMW, MOAETU ONTHUMH3AIUU
COOTHOUICHUS HOPM HAKOIIJICHUSA WU HOPM HOTpe6J'I€HI/I$[, OIITUMMU3AIlMM HAIlMOHAJIBHOI'O J0XO0/J4a,
BAJIOBBIX KaUTAJIOBIOXEHHUM U JIp.

OcHOBHBIE Ha3HAYEHUST MAaKPOMOJICIICH:

- aHaJM3 CTPYKTYPhl U TMHAMUKHU HAPOJHOTO XO35HCTBA;

- TPOTHO3WPOBAHUE PA3BUTUSI HAPOJHOTO XO3SMCTBA;

- HUCCJIEI0BAHHE SKOHOMUYECKHX IUKIIOB;

- NoBbIIEeHHE 3PPEKTUBHOCTH FOCYAAPCTBEHHOTO PETYINPOBAHUS SKOHOMUKH;

- (QopmMupoBaHHE OCHOBHI [UIsl pa3pabOTKU ONTHMANBHBIX IUIAHOB Pa3BUTHS

SKOHOMHNYECKHUX CUCTEM.

B Teopernueckoid 3KOHOMHMKE , MPUMEHAIONIEHM MaTeMaTUYeCKU amnmapar Juist
MOJICIUPOBAHUSA W HCCIAEAOBAHHUS COIMAIBHO-)KOHOMHUYECKUX  TIPOIECCOB U  SIBJICHUH,
pa3paboTaHbl W TPUMEHSIIOTCS JBa OCHOBHBIX MPHUHIIMIIA MOACIUPOBAHUSA: IKOHOMHYECKOTO
pocTa ¥ 3KOHOMHYECKOT'O PABHOBECHS.

[IpyHUKIT 3KOHOMHUYECKOTO PpPOCTa IMO3BOJSET MOJIECIUPOBATH JIMHAMHMKY COLIMAJIBHO-
SKOHOMHYECCKUX IMMPOLECCCOB, IPUHIHII SdKOHOMHWYECKOTI'O PaBHOBECHA — CTATHUKY.

HccnenoBanue mpobdieM SKOHOMUYECKOTO POCTa MOYKHO MPOBOJIUTE, UCTIOIB3Ys anmapar
MaTeMaTHYeCKOT0 MOJENUPOBaHUA. MoJenb 3KOHOMHUYECKOTO poOcTa — 3TO OOBIYHO
MaTeMaTHUKO-CTaTUCTUYECKasi MOJIEJb, OMKCHIBAIONIAS TEMIIBI POCTa, MPOMOPIMH, HAIIPABICHUS
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U YCIOBHS PA3BUTUS HKOHOMHKH. DTH MOJENU IO3BOJSIOT MPOBOIUTH AHAIU3 OTIECIBHBIX
3aBUCHUMOCTEH W TEHACHIMH B SKOHOMHKE, a TaKXe IPOTHO3MPOBATh W IUIAHWPOBATH €e
pasBuTHe. YacTo 0OBEKTOM HCCICIOBAHUS SIBIISIOTCS TEMIIBI PABHOBECHOTO POCTA, B KOTOPBIX
paBHOBeECHE IOHMMAETCd B CMBICIC YCTOMYMBBIX TEMIIOB pOCTa MpPU COOJIOACHUH
OTIpENIeICHHBIX MNPOMOPLUUH, OaJaHCUPYIOIIMX AKOHOMHKY cTpaHbl. K TakuMm mpomopuusm
OTHOCSIT: COOTHOILICHHE MEXIY HAKOIUICHHEM M TOTpeOJICHWEM B HAIMOHAJIBHOM J0XOJE,
MEXJy YHCICHHOCTBIO HACEJICHHS B TPYAOCIIOCOOHOM BO3pacTeé M YHCIOM  3aHATHIX B
OOIECTBEHHOM TIPOM3BOJICTBE, MEXKAY HAJIUYHBIM (OHIOM KaNHMTAIBHBIX BIIOXKCHUH WU
noTpeOHBIM 00BEMOM TMPOU3BOACTBEHHBIX (DOHIOB M T.A. K OCHOBHBIM (akTOpaMm, KOTOpbIE
OIIPEJICTISIIOT 3KOHOMHYECKMH POCT B MOJENSAX, OOBIYHO OTHOCST: KalHMTAJIOBIOXKEHUS,
IIPOM3BOJICTBEHHBIE (DOH/IBI, TPOU3BOAUTEIBHOCTD TPY/AA, YUCICHHOCTh U JJUHAMUKY HACEICHUS,
HAaYYHO-TEXHUYECKHUI MPOrpecc U HEKOTOPHIE IpYTHE.

Boiensror  omHOgaxkTOpHBIE  (OHOCEKTOPHBIE) Y MHOTO(AKTOPHBIE  MOJIENHU
HKOHOMUYECKOTO POCTa.

OnHO(MaKTOPHYIO MOJENb SKOHOMMYECKOTO pOCTa MOXKHO Ha3BaTh  MOJEJbBIO
ecrecTBeHHOro pocra. [Ipeamomaraercs, dYTO MPUPOCT MPOAYKIMH, BBIIYCKaeMOW
HYKOHOMHYECKOW CUCTEMOM, B MOCIEAYIOIIYIO €IMHUIY BPEMEHH, OOBIYHO T'0Jl, TPOTIOPLUUOHATICH
a0COJFOTHOMY 3HAYEHHIO ATOTO MOKa3aTes.

[TycTe TpUPOCT HAMOHAIBHOTO JIOXOJA 3a TOJ IMPOMOPIMOHAJICH BEIUYWHE CAMOTO
HAIMOHAIBHOTO 10X0/a Yt C IOCTOSIHHBIM KO3((GHIUEHTOM N T.€.

Yt+1 _Yt = nYt .

B stom ciydae, 3Has 3HA4YCHHWE HAIMOHAILHOTO JOXOAa B 0Oa3sMCHOM roay Yo , MOXHO
BBIYMCIUTH 3HaYeHue Y 11 JIro0oro t:

Y, =Y, +nY, =Y,(d+n),
Y, =Y, +nY, =Y,(1+n)*

Y, =Y, (L+n).

Ecmm MPUHATH, YTO POCT HAIMOHAJIBHOI'0O A0X0Ja — HCEIPEPBIBHAd W HEHIPCPLIBHO
muddepeHpyemas GyHKIUsS BpeMeHH t, TO MIPUPOCT HALIMOHAIBHOI'O 10X0/1a MOXHO BBIPa3UTh
B BUJIE€ IIPOM3BOJHOM:

dv,

— =nY,
dt |

%:ndt

IIpeoOpa3oBaB 3TO ypaBHEHHE K BUAY Y U IPOUHTETPUPOBAB €O,
t

Y, t
MOJIYYUM: InYt =nt+ InYo WA In( tYO) - nt, OTKyJia Yt :Yoen JlanHas Monenb

OTpa)kaeT POCT HAIIMOHAJIBHOTO JI0XOJIa BO BPEMEHHM, HO HE BBIABIAET (AKTOPHI pocTa M
MEXaHHU3M UX B3aUMOJACHCTBHUS.

OnHuM U3 BaXHEHIIUX (PAKTOPOB POCTa SKOHOMHKHU CUHTAIOT KallUTaJIbHBIE BIOXKEHUS,
MOCKOJIbKY UMEHHO 3TOT (PaKTOp JaeT BO3ZMOXKHOCTh CTPOUTH M Pa3BUBATH MPOU3BOJICTBEHHBIE
OpENpUATHS, IPUOOPETaTh HOBBIE CTAHKU U 000pYyI0BaHKUE, OCBaNBAaTh HOBbIE MECTOPOXKICHUS
U T.II

Ponp xanuTalbHBIX BJIOKEHMH MOXHO OTPa3sUTh C MOMOUIBIO CIEAYIOUIEH IpocTeimen
mozaenn /Ix.M.KeliHca, B KOTOpOH HEHTPAIBHOE MECTO 3aHUMAET ITOHATHE MYJIbTUILIIMKATOPA.
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Ilon MyJABTHIUIMKATOPOM IOHUMAETCSI KOJIMUYECTBEHHOE COOTHOUIEHME, BBIPAXKAIOIEE
3aBHCHUMOCTb MEXAY JHWHAMUKON KalHMTaJOBIO)KEHUNW M BBI3BIBAEMBIM €10 TEMIIOM pPOCTa
HAI[MOHAJIBHOTO JJOX0/1a.

MynpTUIUITMKATOP NpPEACTaBIsAeT co00i KOA(pUIUEHT, TOKa3bIBAIONINMN, BO CKOJIBKO pa3
BO3pacTaeT J0XOJ NpH JaHHOM pocTe uHBecTHIMd. Tak, ecamu AY ecTb NpPUPOCT
HAI[MOHAJIBHOTO N0X0/1a, a AK — mpupocT MHBECTHUIIHIA, TO BHIIIOIHSAETCS COOTHOIICHHE

AY = kAK

rae K — Koo QUIUMEeHT MyJTbTHIUTMKAIH, KT MYJIbTUILTUKATOP.

W3 pasencrta cienyet, uro K = AY/AK. C apyroii CTOpOHBI, COIIaCHO KCHHCHAHCKOMN
TEOPHH, OO 00beM HAIMOHAIBHOTO J10X0/a, BRIPAXKEHHOTO B JIAHHOM CJy4ae B IPUPOCTE,
UCIIONIB3YETCS JUISl TTOKPBITUSL pacXoJ0B Ha HenpousBojcTBeHHoe norpedienue (AC) u HOBBIE
unBecturnu (AK). 3amenss B nocneanem paBeHcTBe AK Ha paznocts (AY-AC), nonyyaem

k=AY/(AY — AC).

Pa3nenuB uucnutenb W 3HAMEHATENh HAa OJHY M Ty K€ BEIHYHMHY, MPUXOAUM K
OKOHYATEJIbHOM 3anuc (popMyIibl MyJIbTHILTUKATOPA:

k =1/(1 - AC/AY),
rne AC/AY ectp nmons mpupocta (oHIa MOTPeOICHUS B NMPHUPOCTE HAMMOHAIBHOTO TOXOJA.
KeiiHc u ero mocnemoBaTen Ha3bIBAIOT STy BEIWYHHY "NPEAECNbHON CKIOHHOCTBIO K
notrpednenuto”. IIpuHSAB oOmNpeneleHHblE YCIOBUS M W3MEPUB UHUCIEHHO 'TIPEAEIbHYIO
CKJIOHHOCTh K TOTPEOJeHHUI0", MOKHO MPOCIEIUTh MHOXKECTBEHHBIH 3(PHEKT, MTPOU3BOIUMBIN
JAHHBIM MPUPOCTOM HMHBECTHIMI Ha MPUPOCT HalMOHAJIbHOro aoxona AY. B camom nerne,
0003HAYUB «IPEICIbHYI0 CKIOHHOCTh K ToTpeduTento» AC/AY depe3 n W MOICTaBUB €€ B
3Ha4YeHHE MYJIbTUILTHKaTopa K, momydeHHoe B, Oy/ieM U METh
AY = AK/(1 - n).

B ypaBHEHUM TPUPOCT HALMOHAIBHOTO IOXOAA BBIPAXKEH Kak (DYHKIHS OT MpHpOCTa
WHBECTULIUHA.

2. MHorogaxkropHasi MojieJib 3KOHOMHI4Yeckoro pocra CoJsoy

CocrosHue 3Kk0HOMUKH B Mojienu CoJoy 3a/1aeTcsl MAThIO MepEeMEHHBIMU COCTOSTHUS: Y —
KOHEUHBIH MPOAYKT, L — HanmuuHble TpymoBbie pecypchbl, K — mpou3BoACTBeHHbIE (HOHIBL, | —
unBectui, C — pa3Mep HENPOM3BOACTBEHHOro moTpebneHus. Bce mnepemeHHbie
B3aMMOCBS3aHO U3MEHSIOTCS BO BPEMEHH, T.€. ABJIAIOTCA QYHKIMSIMHU BpeMeHH t, HO aprymeHT t
OyzeT 4acTo onycKaTbcs, XOTs U Oy/IeT MoApa3yMeBaThCs 110 YMOTYaHUIO.

Bpewmst OyneT npeanonaratbcsi HempepbIBHBIM. J1JIsi MTHOBEHHBIX TTOKazaTenen K, L MoxkHO
cunutath, 4To K, L — cooTBeTCTBEHHO (POHIBI U TPYAOBBIE PECyYpChl B MOMEHT t WM, YTOOBI
n30exaTb CE30HHBIX M3MEHEHHMM 4Mcla 3aHATBIX M BCIUIECKa (OHIOB IpPHU BBOJE HOBBIX
MouHocTed, K 1 L MOXHO cuuTaTh CpeHUMH 3HAUYEHHUSMM 3TUX BEJIMYUH 3a IO, CepeIUHOMN
kotoporo ciyxut t. J{ns Bemuunn ke Y, C, | ux 3HaueHus B MOMEHT { MOKHO cebe MpeICTaBUTh,
KaK UX 00bEMbl, HAaKOIUIEHHBIE 32 T'0Jl, CEpeIUHON KOTOPOTO CIYXHUT MOMEHT t (HO ¥ B 3TOM
Clly4ae OHHM OCTalOTCS (YHKIHUSMH BPEMEHM M MX K€ JIydllle BOCHIPUHMMATh KaK MOIIHOCTb
IPOM3BOJICTBA U MTHOBEHHBIE CKOPOCTHU MOTPEOIECHHS 1 MHBECTUPOBAHMS).

Cunraercs, 4To pecypchl (IPOM3BOACTBEHHbIE M TPYIOBBIE) MCHOJB3YIOTCA MOJIHOCTBIO.
["'onoBoO# KOHEUHBIN MPOAYKT B KaXKIbIi MOMEHT BPEMEHU SIBIsieTcs (DYHKIIUEH CPETHETOIOBBIX
(GOoHIO0B U Tpya:

Y =F (K, L).

Takum o6pazom, Y = F (K, L) — npousBoacTBeHHAs (DYHKIIHS HAPOJIHOTO XO35ICTBA.

KoHeuHbI# IpOIyKT NCHOIB3YeTCsl Ha HETPOU3BOACTBEHHOE OTPEOIeHNEe U MHBECTULIUH:

Y=C+I.

HazoBeM HOpMOI HaKOIUIEHMsSI p JOJIIO KOHEYHOIO NPOAYKTa, HCIOJIb3YEMOIO Ha
MHBECTUINH, TOTJa

I=pY,C=(1-p)Y.

B nanpHelimemM HoOpMa HaKOTUICHHsI OY/IET CYUTATHCS MOCTOSTHHOM: p = const, 0 <p < 1.
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WHuBecTuIMu UCIONB3YIOTCSI HA BOCCTAHOBIICHUE BBIOBIBIIUX (POHIOB M HA MX MPHPOCT.
Ecnu mpuHSATE, 94TO BBIOBITHE MPOUCXOAUT C TIOCTOSSHHBIM KO3 (UIIMEHTOM BBIOBITHS L, 0 <
<1 (B pacuere Ha roxa), TO

K=K({t+At)—K(t)=pYAt — uKAt,

nosromy dK/dt = pY — pK.

Ecinu cuutarh, 4YTO MNPUPOCT TPYAOBBIX PECYpCOB MPOMOPIUOHATICH HAIWYHBIMU
TPYAOBBIMHU pecypcamu, T.e. AL = VL - At, To monmyuaem nuddepeHnuanbHoe ypaBHEHUE

dL/dt = VL u, pemas ero, momyuaem L = Loe", rae Lo = L(0) — TpymoBbIe pecypchl B Hadase
HabmoeHus, npu t = 0.

Takum 06pazom, moaens Cooy 3aaeTcsi CXEMOU MM CUCTEMOW YpaBHEHHI:

C=(1-pY;
Y=F (K, L);
L = Lee";
dK/dt = pY — uK, KgO) = Ko.
I=pY
F (K, L) C=(1-pY

Oyuknus F (K, L);ymoBieTBopsieT TpeOOBaHUSAM K MPOU3BOJICTBEHHBIM (BYHKIHSIM H
cuMTacTCs JUHEHHO-oaHopoaHoM, T.e. F (AK, AL) = AF (K, L). [Toab3ysch ee 0MHOPOIHOCTHIO U
0003HAYUB CPEIHIO MPOU3BOAUTEIBHOCTL Tpyaa Y = Y/L u cpeanioo GoHI0BOOpYKEHHOCTh K
= K/L, nomy4yaem

y=Y/L=F (K, L)L =F (K/L, 1) =F (k,1),

a eciii 0003HaunM nocieanow GyHkiuo f(K), To monydaem y = f(K).

Jlanee HaiiieM MPOU3BOIHYIO OT K 110 t:

dk/dt = d(K/L)/dt = (K'L — KL')/L2 = K/ /L - K(L/L?) =

=(pY — uK)/L — KV/L = py — (u + V)k.

OKoOHUaTeIBHO!
dk/dt = pf(K) — (1 + V)k, k(0) = ko = Ko/Lo.

[ToBenenne MakporokasaTesne MOJEIM LENMKOM OINPENENITCS JAaHHBIM YPaBHEHHEM H

JIMHAMUKOM TPYIOBEIX pecypcos L = Lo,
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2. METOAUYECKHUE YKA3AHMSA 110 BBITIOJIHEHHUIO
JJABOPATOPHBIX PABOT

2.1 JIaGoparopHuas padora 1 (2 yaca)

Tema: «Mogean 1 IKOHOMHKO-MaTeMaTHYECKOe MOAeTUPOBAHUE)

2.1.1 Hea» pa6orbi: ChopMHpPOBATH HABBIKM MOJCIUPOBAHUS  SKOHOMHYECKHUX
MPOLIECCOB MPHU MTOMOIIU JUHEHHOTO TPOrPaMMHUPOBAHUS

2.1.2 3apayu padoThI:

1. DKOHOMHKO-MaTeMaTUYECKUE MOJIEIIH.

2. U3yuutp 3Tansl pa3paboTKH 3KOHOMUKO-MAaTeMaTHYECKONW MOJIEH

2.1.3 Onucanmue (xox) padoTnbi:

Jns u3ydeHus pasiaMyYHbIX 3KOHOMHYECKHMX SBJIEHUH SKOHOMMCTBI HCIOJB3YIOT HX
VIpOIIEeHHbIE (OpMalbHbIE ONMHMCAHUS, Ha3bIBa€MbIE SKOHOMHYECKUMH MojensaMu. [Ipumepamu
HYKOHOMHYECKUX MOJIENIEH SIBISIIOTCS MOJEIH IMOTPEOUTENLCKOTO BBHIOOPA, MOJCTH (UPMBL,
MOJIeJIN YIKOHOMHUYECKOTO POCTa, MOJIENI PAaBHOBECHS HA TOBApHBIX, (PAKTOPHBIX U (DUHAHCOBBIX
PBIHKaX U MHOTHUE JIpYTHE.

bonbuioe 4Yuciao SKOHOMHYECKHMX 3a/ad CBOAMTCA K JIMHEHHBIM MaTeMaTH4YeCKUM
MoziensM. TpaguIIMOHHO ONTUMHU3ALMOHHBIE JIMHEHHBIE MAaTEMAaTUYECKHUE MOJIEIN HA3bIBAIOTCS
MOJIEISIMHU JIMHEHHOTO mporpaMMupoBanus. [loa TMHEHHBIM TpOrpaMMHUPOBAHUEM TOHUMAETCS
JMHENHOE MJIaHUPOBAHUE, T.€. MOJYYEHHUE ONTUMANbHO IJIJaHA PELIEHUS B 3ajadyax, UMEIOLINX
JUHEHHYIO CTPYKTYpPY.

OcHoBHasl 3a/1a4a JIMHEHHOTO IPOrpaMMHUPOBAHUS 3BYUUT CIIEIYIOIIKUM 00pa3oMm:

[Iyctp HekoTOpoe MpennpusTHe HMeeT M BUIOB MPOU3BOACTBEHHBIX PECYpPCOB,
HOPSIIKOBBI HOMEp pecypcoB — i, T.e. I=1, 2, 3,..., m.

Hanumuue kax10ro BiIa peCypcoB U3BECTHO 1 0003Ha4aeTcs b;.

[TpenmonoxxuM, dYTO NOPEIIPUSITHE MOXKET MPOU3BOAUTH N BHUIOB MPOAYKLUH,
HOPSIIKOBBIA HOMEp MPOAYKIHHK — |, T.¢. ]=1, 2, 3,..., N,

HeobOxonnMo onpenenuth Kakoe KOJIMYECTBO €AMHMIL MPOIYKIMHM KaKJOTo BHUJA HAJO
Ipou3BOAUTH (Xj). UTOOBI MOIyYUTh MAKCUMyM 3TOH NMPOAYKIHHM B CTOUMOCTHOM BBIPa)KEHHH,
€CJIM N3BECTHO, YTO 3aTPaThl HAa IIPOU3BOJICTBO €AMHUIIEI IPOIYKIIMU KXKI0T0 BUA pecypca (aij)
€IMHUI U LIEHA Pealu3alni — Cj.

Moenb S3KOHOMUYECKOM 3314l COCTOUT U3 TPEX YaCTEM:

1. IleneBas ¢GyHKUMS (KpUTEpUil ONTUMAIBHOCTH), ONMUCHIBAIONIAs KOHEUHYIO LEIb,
IpeciaeayeMyto Npu pelIeHUH 3a/1a4H.

2. Cucrema orpaHMYeHMH, KOTOpas BKIJIIOYAE€T OCHOBHBIC M JIOTIOJIHUTEIbHbIE OIPAaHUYEHHUS.
OcCHOBHBIE  OrpaHMYEHMsI  ONMCHIBAIOT  pPAcXoJl  IPOU3BOJCTBEHHBIX  PECYpPCOB
(KOHCepBaTHBHAsE 4acTh MOJIENH), JOIMOJHHUTEIbHBIE — HMEIOT pa3lWYHbI XapakTep
(u3MeHsiemMasi 4YacTh MOJIETTH, C TIOMOIIBID KOTOPOM OTpa)karoTcsi OCOOEHHOCTH
MOJIEIUPYEeMOH 3a/1a4H).

3. YcroBue HEOTPHUIIATEIIEHOCTH IEPEMEHHBIX BEITUYHH.

Oransl pa3paboTKH SKOHOMHKO-MaTeMaTHUECKOH MOIen
[TocranoBKka 3a1au 1 00OCHOBAHUE KPUTEPUS ONTUMAIBHOCTH;
Omnpenenenne nepeyHs NEPEMEHHBIX M OIPaHUYEHUN;
Co6op uHpOpMaIIHH U pa3padOTKa TEXHUKO-DKOHOMHUECKUX KO3(P(PHUIIMEHTOB U KOHCTAHT;
ITocTpoeHne Mozieny U ee MaTEMAaTUUYECKas 3aINCh;
[Tepenecenne nadopmaly Ha MalTUHHBIE HOCUTENH, pellieHne 3a1auu Ha OBM;
AHanu3 pe3yabTaToOB PEIICHUs, KOPPEKTUPOBKA MOJIEIH, [IOBTOPHOE PELICHHUE 3aJaud Ha
OBM 110 CKOppEKTUPOBAHHON MOJIEIN;

7. DKOHOMHMYECKHUI aHANW3 Pa3IMYHbIX BAPUAHTOB U BHIOOp MPOEKTa IJIaHa.

B KOHKpeTHBIX YCIOBHSIX B 3aBUCMMOCTH OT XapakTepa 3aJayd IOCIeJ0BaTeIbHOCTD

SoukrwdE
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3TAOB MOJIEIUPOBAHUS SIKOHOMUYECKUX MTPOLIECCOB MOXKET U3MEHSTHCSL.
Ilocmanoexa 3adauu u 060cHo8aHUe KpUmMepUus ONMUMATLHOCIU

[ToctaHoBKa 3ajayM  TPEANONIATaeT YETKYI0 HSKOHOMHYECKYI0  (HOpMYyITHPOBKY,
BKJIIOUYAIOIYIO LI€Jb PELICHMs, YCTAHOBJICHMS IUIAHOBOIO IIEPHOJA, BBIICHEHHE H3BECTHBIX
napamMeTpoB OOBEKTa W TEX, KOJMYECTBEHHOE 3HAUCHHE KOTOPHIX HYXHO ONpPEIeTuThb, HX
IIPOM3BOJICTBEHHO-DKOHOMUYECKHUX CBs3eH, a Takke MHOXecTBa (DAKTOpOB U  YCIIOBHIA,
OTPAKAIOIIHUX MOACIUPYEMBIN IIPOLIECC.

[lenp pemieHus 3aJa4d  BBIPAKACTCS KOJUYECTBEHHO KOHKPETHBIM IIOKa3aTeleM,
Ha3bIBAEMbIM KPUTEPUEM ONTHUMAIbHOCTH. OH JODKEH COOTBETCTBOBATH 3KOHOMHYECKON
CYLIHOCTHU PEIIaeMOH 3a1a4H.

CymiecTByeT J0CTaTOYHO OOJBIIOE KOJIWYECTBO JIOKAIBHBIX KPUTEPUEB ONTUMH3AINH,
MCIOJIb3YEMBIX KaK B IPOMBIIIJICHHOM IIPOU3BOJCTBE, TaK U B CEIbCKOM XO35MCTBE:!

- MakCHMYM IIPOM3BOJICTBA BaAJIOBOM MPOIYKI[MH B CTOUMOCTHOM BBIPa)KEHUU;

- MakCHMMyM BaJIOBOTO J10XOJa, IIPEICTaBIISIOLIET0 Pa3HULy MEXIY BaJOBOM NPOLYKLUEH B
CTOMMOCTHOM BBIPQXKEHUH U CYMMOM MaTepUaJIbHBIX 3aTpaT Ha €€ MPOU3BOACTBO;

- MAaKCUMyM YHCTOIO JOXOJa, H3MEpSAEMOro pPAa3HULEH MEXNy CTOMMOCTBIO BaJIOBOU
IPOAYKIMH U CYMMOM M3JEPKEK IPOU3BOJICTBA;

- MakCUMyM MNpHUOBbUIM, U3MEPSIEMON pa3sHMULIEH MEXIYy CYMMOH JEHEXHbIX NOCTYIUIEHUH OT
peanu3aiuy NpoIyKIUHU U €€ TOJHONW ce0eCTOMMOCTBIO;

- MHMHHMMYM @POM3BOJCTBEHHBIX 3aTpaT Ha 3aJaHHBIM IUIAaH IPOU3BOJCTBA IPOIYKIIHH,
UCYHCIISIEMBIX TI0 (hopMyJIe:

C=S + ak,

rae S — TeKylue MpoU3BOJCTBEHHBIC 3aTpaThl; K — y/IelbHbIC KalMTAIOBIOXKCHUS; @ — HOpMaA

3¢ (EeKTUBHOCTH KalUTAIOBIIOKEHHIH;

- MaKCHUMYM TPHUBEIECHHOW MPUOBUIM, M3MEPSIeMOi pasHHIEH MEXIy BajJOBOH BBIPYYKOH 3a
pealn30BaHHYIO IPOAYKLIHIO U IPUBEICHHBIMY 3aTpaTaMH Ha €€ IPOU3BOJCTBO;

- MAaKCHUMYM JEHEKHBIX IOCTYIUIEHUH OT peaau3aluu NpoayKLUu;

- MHMHHMMYM IIPOM3BOJACTBEHHBIX 3aTpaT HA 3aJaHHBIN IJIaH TPOU3BOJICTBA IIPOAYKLIUH.

Onpeoenenue nepeus nepemeHnblx U 02PaAHUYeHUl.

OchosHvle snemenmol 6A30601 IKOHOMUKO-MAMEMAMUYECKOL MOOeNU

bazoBasg mopmenbp BritouaeT B ceOs ClEAyIOlIUME 3JIEMEHTHI: IEpPEMEHHbIE, IeJeBast
GyHKLUsA, OrpaHUuYeHHs, KOAX(PQPHUIHMEHTHl MEPEMEHHBIX B OIpPAaHHMYEHHUSIX MOJENU M LeIeBOM
(GyHKIIMHM, 00bEMHBIE [T0OKA3aTENN OIrPaHUYECHUH.

B nocraHoBke 3aauu JOJKHO OBITH YETKO OIPENENIEHO, YTO SIBISETCS HEH3BECTHBIM,
KaKhe IMEepEeMEHHbIE BEJIMYMHBI U UX YHUCIEHHBbIE 3HAYEHUS HEOOXOAMMO HalTH B Ipolecce
peLIeHus.

IlepeyeHb MEPEMEHHBIX BEIMYMH JOJDKEH OTPAXKATh XapakTep, OCHOBHOE COJIEpKaHHE
MOJEIUPYEMOTO SIKOHOMUYECKOTO IIPOLIECCA.

KonuyecTBO mepeMeHHBIX 3aBUCUT OT BBIOOpa IUIAHOBOTO TEPHOJA (IOJITOCPOUYHBIMH,
CPEeIHECPOYHBIN, TEKYyIIWi), KOTOPBIH OKa3bIBaeT CYIECTBEHHOE BIIMSHUE Ha CTEMEHb HUX
netanu3anud. Yem Oimke TEpPHOJ, HA KOTOPBIA COCTABISIETCS MOJIeNb, TEeM OoJiblie
neTanuzanus TepeMeHHbIX. [Ipu  mmaHupoBaHuM Ha Ooliee OTHAJCHHYIO TEpPCHEKTUBY
(MATUIETHUM TUIaH, TUIAaH OPTaHU3alMOHHO-XO3SMCTBEHHOTO YCTPOMCTBA HA TIEPCIIEKTHBY)
HEO0OXOUMOCTHU B CTOJb MOJPOOHOM JAeTaTn3alluu MIepeMEHHBIX HET.

Kpome TOro, KOMMYeCTBO MEPEMEHHBIX 3aBHUCHUT M OT TOTO, HACKOJBKO IMOAPOOHO B
MOJIEJTH JOJKHBI OBITh MPEICTABICHBI CISAYIOIINE TPU3HAKU: BUJI IPOIYKIIMHU; HAIIPABJICHUE €€
WCITOJI30BaHUS;, CIIOCOOBI, KaHAJIBI K CPOKU MTPOU3BOCTBA U PEATU3AINH MPOAYKITHH.

I[Io »KOHOMMYECKOW POJIM B  MOACIMPYEMOM  IIPOLIECCE BCE  IEPEMEHHBIE
KJIAaCCU(DHUITUPYIOTCSI HA OCHOBHbIE N 8CnOMO2amenvHble. Bo3MoOXHas KiacCU(pUKAIIS OCHOBHBIX
MEePEeMEHHBIX MpHBeIeHa B Tabmute 1.1.

Ta6muia 1.1 — Busbl OCHOBHBIX IEPEMEHHBIX B YKOHOMHKO-MAaTEMAaTHYECKUX MOJCIISIX
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JI1sl IPOMBIILIEHHOT0 TPOU3BOACTBA

Jlns1 ceJibCKOro xo3s1iicTBa

1. O6beMbI NPOU3BOACTBA ITPOTYKLIUU
(OBITOBOI TEXHUKHU, CTPOUTEIBHBIX H
OTJICIIOYHBIX MaTEPHAIIOB, MEOEIIH,
aBTOMOOWJICH U T.1.)

1. O6BeMBI TPOU3BOCTBA IPOAYKIHH
OTpacJeil pacTeHUEBOICTBA U
KUBOTHOBOJICTBA

2. KonmuecTBo ChIpbs, UCIIOJIB3YCMOI'O IJId
IMPOMBIIIJICHHOI'O ITPOU3BOACTBA

2. I1oroJ1oBBE CETBCKOXO3IUCTBEHHBIX
SKUBOTHBIX

3. KonnuecTBo MPOMBIIIJIEHHOTO
000pyI0BaHUS

3. IInomanm moceBa CelbCKOX03IMCTBEHHBIX
KYJBbTYp, IIOIIaaN CENIbCKOXO03IHCTBEHHBIX

YrOJIUii

4. KonuyecTBO CENLCKOX03AHCTBEHHON
TEXHUKA

5. KonnuecTBO MUHEpAIBHBIX YI00pEHUH

6. KonnmyecTtBo KOpMOB

BcnoMorarenpHble  TEpEeMEHHBIC TPUBJICKAIOT I OOJIETYCHHS MaTeMaTHYECKOU
(GOpPMYIHPOBKH  YCIOBUH, OIpENEICHUs] pPACYETHBIX BEIMYMH (0OBEMOB IPOU3BOCTBA,
nokasatenei 3 PEeKTUBHOCTH MPOU3BOICTBA U T.JI.).

[Tpu MaTemaTHyecKkoi peamu3anuu 3afad Ui IpeoOpa3oBaHusl HEPABEHCTB B PaBEHCTBA
BBOJIATCSL  JIONIOJHUTEJIBHBIC  TIEPEMCHHBIC, KOTOPbIE  HCIOJNB3YIOTCS  TPH  aHAIH3e
MPOMEXKYTOYHBIX PEIICHUHN ¥ ONTHMAILHOTO BapHUaHTA.

Eounuyvl  usmepenusi nepemennvix. JIjis  KaxJIOW TNEPEeMEHHOW yCTAHABIIMBAIOT
KOHKPETHYIO €IUHHIy M3MepeHus: (IIT., ra, I, Y4el.-4. U T.1.). I[Ipy 3TOM pyKOBOACTBYIOTCS
CJICAYIOIIMMHU TPEOOBAHUSIMH.

1. [lenecooOpa3Ho BbIOMpaATh OAMHAKOBBIE €IWHHUIIBI M3MEPEHHS 10 OAHOTUITHBIM
rpyIIaM MepeMEeHHBIX.

2. EnuHULBI M13MEpeHHs He TOJDKHBI 3aTPYIHATh aHATN3 ONTUMAIBHOTO PEUICHHS U
BBI3BIBATH JIOTIOJIHUTEIILHBIC PACUCTHI.

3. TexHHUKO-PKOHOMUYECKHEe KOA((UIMEHThl  Helenecoo0pa3Ho  MPEeACTaBIATh
CJIMIIKOM OOJIBIIMMU WM CIIMIIKOM MaJIbIMHU YHCIIAMHU.

[Tocne ycraHOBNIEHHS COCTaBa TIEPEMEHHBIX OMPEEISIOT CHCTEMY OTpaHUYEHUIH MOJICIH,
OTpaKaIOIIUX YCIOBUS peanu3anuu 3aaauu. OrpaHuyYeHus, MPeICTaBICHHbIE B BUJIE THHEHHBIX
HEPaBEHCTB M YpPaBHEHHH, OTPaKalOT OPraHU3AIMOHHO-dKOHOMHYECKHE M TEXHOJIOTUYECKHE
YCIIOBUS ¥ TPEOOBaHHUA, KOTOPBIE XapaKTEPHU3YIOT TAHHOE MTPOU3BOJICTBO.

OrpaHudeHHs 3aIMCHIBAIOTCS TpeMs TUIIAMH JIMHEHHBIX COOTHOIICHUW: MEHBIINE WIIH
paBHO (<), Oonbliie WK paBHO (>) u paBHO (=). [To cBoelt ponu B MOJeNH OHU MOIPA3ACTSIOTCS
Ha OCHOBHBIE, JIOTIOTHUTENFHBIE M BCTIOMOTaTEJIbHBIE.

OcHogubie oepanuyenuss BBIPAXKAIOT TIaBHBIE, HanOoJiee CyIeCTBEHHBIC YCIOBUS 3aJauu.
OHM HaKIJIQJABIBAIOTCS HA BCE WM OOJIBIIMHCTBO EPEMEHHBIX Mojieneld. K OCHOBHBIM OTHOCSTCS
OTPaHWYEHUS TIO WCIOJIB30BAHUIO TPOU3BOJICTBEHHBIX pPECYpcoB (ChIpbS M MaTepHaloB,
DHEPTroOpecypcoB, 00OpYyIOBaHUS, 3€MJIHM, pabodell CHIIBI, MAIIMHHO-TPAKTOPHOTO Mapka,
yoOpeHuit, KOpMOB, (PMHAHCOBBIX PECYPCOB U T. 1.).

Hononnumenvhvle  ocpaHuyeHusi HAKIAIBIBAIOTCS HA  HEOONBIIOE  KOJIUYECTBO
MEPEMEHHBIX BEJIMYUH WM OTJENbHBIC MepeMeHHble. OOBIMHO OHU (POPMYIHPYIOTCS B BHJIC
HEPABEHCTB, OTPAHUYUBAIONIUX CHU3Y U CBEPXY MOTPeOJICHHE YKMUBOTHBIMU OTIEIBHBIX TPYIIIT
KOPMOB, 00BEMBI TIPOM3BOJICTBA HEKOTOPHIX BUIOB MPOMBIIUICHHOW M CEIhCKOXO03SIHCTBEHHON
MPOIYKIIMH, YISIbHBIN BeC KYIbTYp B MOJSAX CEBOOOOPOTA, a TaKKe MCIOIH30BAHUE TPAKTOPOB
U CCIIbCKOXO3SHUCTBEHHOW TEXHHKH 1O MapkaM (TIPOMBIIUICHHOCTH — pa3JIMYHBIX BHUJIOB
o0opymoBaHus1), TUIOMIAAN TIOJ CEIhCKOXO3IWCTBEHHBIMU KylnbTypamMu u Ap. [Ipu sTomM He
CIIEZIyeT TeperpykaTth MOJIENb TOMOJHUTEIBHBIMI OTPAaHHUYEHHSIMH, TaK KaK ATO MPHUBEIET K
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CY)KEHUIO 00J1aCTH JOIMYCTHMBIX PEIICHUI.

BcnomoraTenbHble  OTpaHWYCHHsT BBOIST JUIsL  OOJIETYeHHs] pa3pabOTKH  YHCIOBOM
MOJICTH,  OOCCICYCHUS]  MPABWIBHOW  (POPMYJIMPOBKM  SKOHOMHYECKHX  TpeOOBaHUIL.
CaMOCTOSITETPHOTO AKOHOMHYECKOTO 3HaueHHUs He UMErT. C TOMOIIBI0 BCIIOMOTaTEIbHBIX
OrpaHMYCHUI MOTYT OBITh 3aIIMCaHBl YCIOBHSI MPOIIOPIIMOHATIBHON CBSA3M MEXKIY NEPEMEHHBIMH
WIN UX TPYIIIaMH.

Pa3MepHOCTh BETHMYMH KaXKIOTO OTPAHUYCHUS OMPEACISIETCSl pa3MEPHOCTBIO €ro MPaBoii
yactu. Eciim oHa, HampuMep, 03Ha4yaeT 3amac pecypcoB TpyJa B YeJIOBEKO-YacaX, TO B JICBOM
YaCTH OrpPaHWYCHHs TOKa3aTeNM 10 HKCIOJB30BAHUIO TPYIOBBIX PECYpCOB IO BCEM BHJIAM
NESITEIIbHOCTH TAaKXKe BBIPAKAIOTCS B UEIIOBEKO-Yacax.

Coop ungopmayuu u pazpabomrka mexHuKO-3KOHOMULECKUX KOIPDuyueHmos

B 3aBucumocTH OT 3a/1a4u U 00BEKTa, 10 KOTOPOMY 3Ta 3a/1a4a J0JKHA ObITh TOCTPOCHA,
HEOO0XO/IMMO OIpPEeNIUTh XapakTep U 0O0beM WH(POpPMAalWU, UCTOYHUKUA ee cOopa M METOMbI
00paboTKH.

Hcrounnkamu nHGOPMALIUK CIYKAT FOJJOBbIC OTYETHI, IIPOU3BOICTBEHHO-(DMHAHCOBBIC
NEPCICKTUBHBIE IUIAHBI, ITUIAHBI OPraHU3aIllMOHHO-XO3SHCTBEHHOTO YCTPOWCTBA, JaHHBIC
NEPBUYHOTO Y4YeTa, TEXHOJIOTMYECKUE KapThl MPOM3BOACTBA PA3JIMYHBIX BUIOB MPOIYKIHH, a
TaKXe Pa3InYHbIC HOPMATHBHBIC CITPABOYHUKH.

Llenpro mepepabOTKH UCXOAHONH WH(POPMAIUU SBISIFOTCS pa3paboTka W 0OOCHOBAHHE
CHCTEMBbI TEXHUKO-DKOHOMUYECKHX XapaKTEPUCTHK 00bEKTa WiH mpoiecca. s mo0oi Moaenu
3TH XapaKTEePHCTUKH (OPMHUPYIOTCS B BHIE TEXHHKO-?KOHOMHYECKHX KO03()(HIUEHTOB ajj,
K03 QUIIMEHTOB LeNIeBOM (QyHKIMM ¢j U KOHCTAaHT MM OOBEMHBIX IOKa3aTelIel pecypcoB MM
POJYKTOB D;.

TexXHUKO-IKOHOMHUYECKUE KOA(PPHUIIMESHTHI MPEACTABISAIOT COOOH OCHOBHYIO YacTb
BXOJIHOW MH(OpMAIMU, KOTOpasi MOCTYIaeT B MOJENb KaK B NpPeoOpa3oBaHHOM, TaK M HE
npeoOpa3oBaHHOM Buje. Ko GUIIMEHThI MOXKHO MOAPA3ACIUTh Ha TPU TPYIIIbL: YACIbHBIC
HOPMATHBBI 3aTPaT WM BBIXO/a MPOIYKIUH; KOI(DDUIIMEHTBI TPOIOPIHOHATHBHOCTH.

Yoenvnvie nopmamuewr 3ampam unu @vixooa npooyKyuu MPEICTABISIIOT OO0 TEXHUKO-
HKOHOMHUYECKYIO XapaKTEPUCTHKY BHUIOB (CIOCOOOB) neATenbHOCTH. [lo SKOHOMHUYECKOMY
COJICP)KAHHIO BBIJCISIOT KOI(DPHIIHEHTBI, XapaKTePHU3YIOLIKE 3aTPaThl i-r0 pecypca Ha eANHHILY
J-TO Buza NeATEIBHOCTH — @jj (3aTPaThl TPyAA HA €IMHUILY IPONU3BEICHHON MPOAYKIHUH, Ha | ra,
Ha TOJIOBY CKOTa U T. 1.) U K03 GHULUEHTHI BbIX0Ja — Vij (YPOKAHHOCTb CEIbCKOXO035IHCTBEHHBIX
KYJIBTYP, TPOJXYKTHBHOCTH )KMBOTHBIX, COJIEP)KAHHUE MMUTATEIFHBIX BEIIECTB B €IUHHUIIE KOpMa U
T.J.).

VYaenpHbIe KOXPOUIMEHTH 3aTpaT ¥ BBIXOJA PAaCCUMTHIBAIOT Ha OCHOBE HOPMATHUBHBIX
CIPAaBOYHUKOB, TEXHOJOTHYECKUX KapT, C HCIOJIb30BAHHEM METOJOB MaTeMaTH4eCKOMH
CTaTUCTHKH M IPYTUMH criocodamu. OT UX JTOCTOBEPHOCTH 3aBUCUT PE3YIbTAT PEIICHUS 3a1a9H.
EnuHUIB U3MEPEHUsl STUX BEIUYUH OIPEACISIOTCS OTHOLICHHEM CIMHUIIBI u3MepeHus bj, k
eluHuIe u3MepeHus Xj. Eciu, HanpuMep, orpaHu4eHHe OTpa)kaeT YCIOBUE MO HUCMOJIb30BAaHUIO
TPYJOBBIX PECYPCOB, a MIEPEMEHHBIE BBIPAXKEHBI B IITYKaX, TO BEJIMYMHBI @jj O3HAYAIOT 3aTPaThl
TPYAOBBIX PECYPCOB B UEIOBEKO-4acax Ha | mMTyKy.

Kosgppuyuenmuvr nponopyuonansnocmu (Wij) — 310 K09PPUIMEHTHI IPH NIEPEMEHHBIX B
TEX OTPAHWYCHHUSAX, KOTOPBIE IMPENyCMATPHUBAIOT OINPENEICHHBIC MPONOPIHUA (COOTHOIICHHS)
MEXX/y 3aBUCUMBIMU IT€PEMEHHBIMHU.

DKoHomuyeckoe codepacanue KoIPGuyuenmos 8 yenesol Gyukyuu (cj) ompenensercs
XapakTepoOM KPUTEpHUs ONTUMAIBbHOCTH UHMCIIOBOE 3HAYEHHE KPUTEpPHUS ONTHUMAIBHOCTH Yalle
BCEro MCUMCISETCS KaKk CymMMa NMpou3BeleHUN Kod((PUIMeHTOB 1eneBoil GyHKIMHU U 3HAYEHUI
IEPEMEHHBIX, TO €CTb ) CjX;.

Ilocmpoenue mooenu u ee mamemamuyeckas sanuco. CumMg0IUKa 0003HAYEHUU
Mojenb MOXHO OmucaThb Pa3BEPHYTO B BHJIE€ CHUCTEMbl HEPABEHCTB M YpaBHEHHI.
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OnHako TpH JOCTATOYHO OONBIIIOM 4YHCJIE TEPEeMEHHBIX M OTpaHMYEHUH Takas 3amuch
IrpOMO3/IKa, YMEHBIIIAeT 0003pUMOCTh W 3aTpyAHseT uTeHHe. /s Oojiee KOMIIAKTHOW 3aluch
UCTIONB3YIOT OOMICTIPUHATYI0 CHUCTEMY YCJIOBHBIX OO0O3HAUEHUH TIEPEMEHHBIX BEIUYHH,
TEXHHKO-9KOHOMHYECKUX KOA(P(PHUIIMEHTOB, KOHCTAHT U KOI()PHUIMEHTOB NMPH MEPEMECHHBIX B
1eNIeBOH (DYHKIIHH.

Jlis o0o3HAYeHHUs IEPEMCHHBIX BEJIMYMH HanOojee YIOTPEOUTECIIbHBIM CHMBOJIOM
SIBIISIETCSl CTPOYHAs WJIM 3arjiaBHasi JIaTUHCKas OykBa x, X. Kakmas KOHKpeTHash mepeMeHHas
BBOJIMTCS B MOJIC]Tb C COOTBETCTBYIOLIUM IOJICTPOYHBIM MHICKCOM — MOPSIKOBBIM HOMEpOM — 1,
2, 3, ..., n. OHa obo3HayaeTcs X1, X2, ..., Xj..., Xu, [JI€ 7 — IOPSJAKOBBIA HOMEp HOCIEIHEH
nepeMeHHoi CHMBOJI 7 MMOKa3bIBaeT 0OIee KOJIMYECTBO MEPEMEHHBIX B Mojehu. Mcrmomb3ys
o0IIMi WHACKC |, HEOOXOIUMO yKa3aTh, B KAKHX Mpe/eiiaX U3MEHSIOTCS HOMepa MePEMCHHBIX.
Hanpumep, BMecTO 0003HaUCHUS TIEPEMEHHBIX ¢ HOPSIKOBBIMH HOMepamu BBoauTcs X (J=1, 2,

I’l) TO €CTh j H3MeHsIeTcs oT 1 a0 n. Taxkas 3ammch IMOKAa3bIBACT, YTO B I'PYIIIIYy C HHACKCOM _]
BXOAUT n IECPEMCHHBIX. 9TO X)KE BBIPAXXCHUC MOXHO 3alucaTb C HCIIOJIb30BAHUEM CHMBOJIA

NIPMHAJUIE)KHOCTH K HEKOTOpoMy MHOxectBy (€ ). Hanpuwmep, X ( J € A). 31ech UHIEKC |

MPUHA]ICKAT MHOXECTBY A, B KOTOPOE BXOJAT MEPEMEHHBIE X1, X2, ..., X, g 0003HaueHUs
MHO>KECTBa HCIOJIb3YIOT 3arjlaBHbIE WM CTPOYHBbIE OYKBBI JJaTUHCKOTO andasuta — A4, B, D, E,
I, J, M u gp. CumBOIBI, 0003HAYAIONIME MHOXKECTBA, MOTYT UMETh YHCIIOBBIE WU OyKBEHHBIC
uHaekcel. Hampumep, A1, Ao, ..., An.

Jns  o0o3HAayeHHMs TPaBBIX YacTeld OrpaHWYEHWH (WJIM KOHCTAHT) 4Yalle BCETro
UCIIOJIB3YIOT CTPOYHYIO MIIM 3arjaBHYIO JIATHHCKYIO OykBY B, b. Kak mpaBuiio, Bce KOHCTaHThI
UMEIOT OJWH WHICKC, IOKA3bIBAIONINI MPUHAICKHOCTh K KOHKPETHOMY OTPaHHUYCHHUIO.

Hanpuwmep, by, by, ..., by, s 0603HadeHus MOPSIKOBOrO HOMEpPa OrPaHUYEHUS HUCIIOJIB3YIOT
yamnie Bcero uHaekc i. KomuuectBo orpanuyenuit obosnavaercs Oyksou m (i=l, 2, ..., m). B
obIeM BHe KOHCTAaHTa 3ammchiBaeTcs Tak: by - (i= 1, 2, .., i,... m), wm b; (1 € M ), tie M—

MHO>KECTBO, BKJIFOUAIOIIee HOMEepa YKa3aHHbIX OrpaHUYeHHUI oT 1 110 m.

TexHUKO-IKOHOMHUYECKHE KOX(PPHUIMEHTH (TUHAa YAENbHBIX 3aTpaT) 4alle BCEro
0003HAYalOTCS CTPOYHOW JIATHHCKOH OYKBOW ajj, TA€ | — HOMEp OrpaHWYEHHs, | — HOMEp
nepemenHoil. Koaddumumentsr Moryt Taxke 0003Ha4aTh HOPMY BBIIYCKA, BBIXOJA MPOIAYKIIUU
(YpO’kalfHOCTh CENbCKOXO3SIICTBEHHBIX KYJIBTYp, POU3BOJIUTENLHOCT O0OPYAOBAaHUS U T. 11.),
NPOMU3BOAUTEIBHOCTE MAIlMH M Jp. — CTpOYHas JaTuHcKas Oyksa Vj. KoahdumnmenTs
IIPONOPLUUOHAIIBHOCTH, C MOMOIIBIO KOTOPBIX 3alMCHIBAIOT COOTHOILIECHUS MEXKIY OTICIBHBIMHU
IIEpEMEHHBIMH BEJIMUMHAMU WJIM UX TPYNIIaMH, Yalle Bcero 0003HavaroTcsa cuMBosioM Wij.

B oOmem cnyuae k03(hGHULMEHTH B OTPaHUUYEHUSX 0003HAYAIOTCS COOTBETCTBEHHO aijj,
Vij, Wij.

Pa3MepHOCTh yKa3aHHBIX TEXHMKO-D)KOHOMHUYECKHX HOPMAaTHBOB 3aTpaT — BBIIIYCKa U
K093 (OUIIMEHTOB JIOJDKHA COOTBETCTBOBATh PA3MEPHOCTH, MPUHATON Jjsi I-TO OrpaHUYCHUS
koHcTaHThI (D), e7IeHHON Ha pa3MepHOCTD epeMeHHO# Xj. Harmpumep, nepeMeHHas X5 03HaqaeTr
IUTOMIA/(b TTOCEBA MHOTOJICTHUX TPaB Ha CEHO B IeKTapax, a KOHCTaHTa D7 — oO0beM KOpPMOB,
BBIPQKEHHBIN B Il KOPM. €1I., TOT/Ia Pa3MEPHOCTb KOA(PPHUIMEHTa B CEIbMOM OTPaHUYEHUU TPU
1sIToi epeMeHHoi (V7s5) OyeT BbIpaaThes B I KOPM. el Ha | ra.

Koaddumuent npu nepeMeHHBIX B 1eJIEBONM (DYHKITUU Yallle BCEr0 UMEET OJUH UHICKC,
KOTOPBIH IOKa3bIBAE€T €ro MPHUHAUICKHOCTh |-0i mepeMeHHoi. O0o3Hauaercss kKoddduimeHt
1eneBoi (pyHKUMU JaTMHCKOW cTpoyHOW OykBoiMl ¢. Hampumep, Mo mepeMeHHbIM Xa, Xs, X OH
Oynet 0003Ha4aThCsl COOTBETCTBEHHO €4, Cs, Cs, WIIM B 00IIEM ciaydae ¢j (J=4, 5, 6).

JI71s1 KOMITAKTHOM 3aMyCH YCIIOBUM MOJIETTH UCTIONB3YIOT apu(PMETHUECKHE 3HAKH «+», «-
», 3HAKW YMHOXXEHHsI U CYMMHUpOBaHMsA . Tak, Npou3BelEHHE TEXHUKO-PKOHOMHYECKOTO
k02((UIMEHTa a1 U NEPEMEHHOM X1 3alMCBIBAIOT 811°X1, @ B OOIIEM CITydae ajj'Xj; IPOU3BEICHNE
k03¢ unreHTa 1eneBoil pyHKUKUU C1 U MEPEMEHHOM X1 — C1X1, @ B 001ieM Buze cjxj. Eciu HykHO
3anycaTh CyMMbI IIPOM3Be/IeHUN KOA(p(UIUEHTOB U 3HAUEHUN NMEPEMEHHBIX, UCIOIb3YIOT 3HaK
cyMMHUpoBaHMs ). Hampumep, KOMIIaKTHYIO 3allUCh JIEBOM YacTH ycloBHA ai1Xy + apXe +
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A13'X3 + ...+ A1g"Xg MOXKHO OCYILECTBUTH TAK:

8
Zaljxj
j=1

HOII HHACKCOM CYMMHUPOBAaHUA 3allMCBIBAOT MHACKC NCPEMCHHLIX, MO KOTOPBIM HIACT
CYMMHUPOBAaHHE, a HaJ HUM — HOMED HOCHC,I[HGI;'I HepeMCHHOﬁ. Ta e 3amuch MOXET OBITh
OCYLICCTBJICHA HHAYC:

Z &;X;
JeA
ryie A1—MHOXKECTBO, BKIIOUaroliee B ce0st Homepa nepeMeHHbIx (1,2,...,8).

Ol"paHI/ILIeHI/IH I10 HUCIIOJIb30BAHUIO IPOU3BOJACTBCHHBIX PECYPCOB B KOMIIAKTHOM BHAC
3alIMCBIBAIOT CJICAYIOIUM 06pa30M:

8
dagx;<b  (i=12,..,m)
j=1

HNJIN UHA4YC.
28X <b (el
ioA
rac I — MHOXECTBO OFpaHI/IquI/H/I (HaHpI/IMep, II0 MCIIOJIB30BaHUIO prﬂOBBIX pecprOB,

000py/10BaHus, 36MENbHBIX YTOAUMN).

O0a Buaa MaTeMaTHYECKOM 3aliCH MOKa3bIBAIOT, YTO CyMMa 3arpaT I-r0 pecypca Io
BCEM IE€peMEHHBIM OT 1 10 7 (TepBas 3amuch) WIKA MO BCEM MEPEMEHHBIM, HOMEPA KOTOPBIX
BXOJAT BO MHOXKECTBO A1 (BTOpasl 3amuch), HE JOJDKHA MPEBBINIATh 33JaHHOTO 00BEMa ITOTO
pecypca bj. CnpaBa or mociemHero HepaBeHCTBa B CKOOKaX YKa3bIBAalOT, KaKUM HOMEpaM
OTpaHMYCHUI COOTBETCTBYET AaHHOE ycioBue. Kak BUAHO M3 MEpPBOM 3amKCH, TAKUX YCIOBHH B
MOJCIHN m. BTOpafl 3aIIMCh ITOKa3bhIBACT, YTO KOJIMYECTBO Ol"paHI/I‘-IeHI/Iﬁ BXOIHUT BO MHOKECTBO l.

Hapsiny ¢ maremaTHuecKol 3alUChI0 CUCTEMBI JIMHEHHBIX COOTHOIIEHUH JTOJKHBI OBITh
TEKCTOBBIE MOSICHEHUS, Pa3bsICHAIONINE COJIEpKAaHNE UHIEKCOB. PaccMOTpHM 3ammuch yCIIOBHIMA 1O
UCIIOJIb30BaHUIO MPOU3BOJICTBEHHBIX PECYPCOB U MOSICHEHUS K HEl:

D a;x; <b, (icl)

jeA

rae j — MHACKC (MM HOMep) MepeMeHHOM; A; — MHOKECTBO, BKIIIOYAIOIEe B ceOsl HOMepa dTHX
NEepEeMEHHbBIX; | — WHAEKC (HOMEp) OrpaHWYeHUs B MoOneNid; l; — MHOXECTBO, 3JeMEHTaMH
KOTOPOTO SIBJIAIOTCS HOMEPA OIPAHUYEHHUH 110 MCIIOIb30BaHUIO TPOM3BOACTBEHHBIX PECYPCOB; Xj
— MCKOMBI pa3Mep MepeMEeHHOH j-ro BUAa; Dj — KOHCTaHThI, 0003HAYAIOIINE 3aJaHHBIH 00beM
IPOM3BOJICTBEHHOTO pecypca I-TO BUAA; ajj — TEXHUKO-DKOHOMHUYECKUI KO3 QUIMCHT,
OTpaXKaIOIIN 3aJlaHHbIE YIEIbHbIC 3aTPaThl MPOM3BOACTBEHHBIX PECYPCOB I-T0 BHA B pacyeTe
Ha eJIMHUILY J-i TepEMEHHOM.
3anuch OrpaHUYEHU MO 33aJaHHOMY (TapaHTHPOBAHHOMY) OOBEMY BBIMOJTHEHUS
paboT WM NMPOU3BOJACTBA MPOAYKLHU OCYIIECTBIISETCS C HKCIIOJIb30BAHWEM BTOPOTO THIIA
OTpaHHueHUH (>):

;Uijxj > b, (iel,)
1er,

rae A, — MHOXECTBO, BKJIIOYAlONiee B ce0sS HOMepa IEePEMEHHBIX, 00eCIeunBarOIINX
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00s13aTeJIbHOE BBIMIOJHEHUE 33JaHHBIX 00BEMOB I-r0 BHIa pabOT WM J-T0 BUAA MPOAYKIUH; | —
MHOECTBO, BKJIIOUAIOIee B ceOsl HOMepa OrpaHUYCHHUH 1O TapaHTUPOBAHHBIM O0beMaM padoT
WM NIPOMYKIHHM; Vij — TEXHUKO-?DKOHOMUYECKHI KOI(P(PUIIMEHT, OTpaKaroLIUii HOpMY BBIITYCKa
(BBIXO/1a) MPOAYKIIMH i-I0 BUIa WK MTPOM3BOJUTEIILHOCTD 110 i-if paboTe B pacuere Ha CIUHHILY
J-¥i IepeMeHHO.
3anuch OrpaHHUYSHHIA IO COOTHOIIICHUSM MEXITy ITEPEMEHHBIMHU BETMUNHAME MOXKET
OBITH OCYIIECTBJICHA CIEAYIOIIUM 00pa3oM:

QUK Z DX (iely

jehAs jeby
rae A3 — MHOXKECTBO, BKJIIOHYAIONIEE HOMEpPA IIEPEMEHHBIX IO PACTEHHEBOACTBY; Dj —
MHO>XXECTBO, 2JIEMCHTaAMU KOTOPOI'0 ABJIAIOTCA HOMEpa NMEPEMEHHBIX IIO XMBOTHOBOJICTBY, |3 —
MHOXKECTBO, BKJIIOYAIOLIEEe HOMEpa OrPaHHYEHUH MO 0anaHcy KOPMOB; Vij — TEXHHKO-
3KOHOMUYCCKUEC KOS(b(i)I/IHI/IeHTBI, O3HAYAaKIIUEC BbBIXOA IIUTATCIBHBIX BCHICCTB i-FO BHUIa B
pacyere Ha EIMHMIY j- NEPEMEHHOH MO OTPAcisM PACTEHHEBOIACTBA; djj — TEXHUKO-

9KOHOMHUYECKHE KOIPUIMEHTHI, OTpaKarOIUe MOTPEOHOCTh B MUTATELHBIX BEINECTBAX I-I0
BHUJIa B pacyeTe Ha CUHUILY J-ii IEPEMEHHOM 10 OTPACIISIM )KHBOTHOBOJICTBA.

B nanHO#l MaTemaTuueckoi 3amMcu YCJIOBUN 1O KOPMOBOMY OallaHCy MOKa3aHO, UYTO
o0uIMii BBIXOJ] KOPMOB B OTpaciisiX PacTEeHHEBOJCTBA JOJKEH ObITh HE MEHEee MOTPEeOHOCTU B
HUX OTpacieil 5)kKNBOTHOBOJICTBA.

Jnsa  3anucu  yclIoBHKM 1O  COOTHOLIEHUSM MEXAY IIE€PEMEHHBIMU  HCIIOJB3YIOT
KO3 GUIIMEHTH MPONOPHHOHATBHOCTH. Hanpumep, orpanuyeHue mo yaeiabHOMY Becy 03UMOM
PKH B 00ILIeH TUIOIIAIM 3€PHOBBIX KYJIbTYp 3allMChIBAETCS TAK:

jeA

rae A1 — MHOXECTBO, BKJIIOYAKOllee B ce0s HOMepa MepeMEeHHbIX, 0003HAYaoNIMX IUIOMAAN
[I0CEBA 3€PHOBBIX KYJIbTYp; |4 — MHOXECTBO, 3JI€MEHTaMU KOTOPOIO SBIAIOTCS HOMeEpa
OrpaHMYEHUH 110 COOTHOIIECHUSAM ITOCEBHBIX IUIOIIAJIEH CEIbCKOXO03AMCTBEHHBIX KyIubTyp; Wij —
KO3 PHUIHEHTH! MTPONOPIHOHATIBHOCTH, OTPaXKaloIUe yAeIbHbI BEC OTPaHUYMBAEMBIX KYJIbTYp
B 001IEH MmIomaau KyiabTyp COOTBETCTBYIOIINX IPYIIIL.

LleneByro QyHKIMIO MOXKHO 3alMCaTh MO-PAa3HOMY:

f(x) =) c;x; > max(min)
jeA

z = ¢;X; — max(min)
jeA
rie Cj — k03 dUIKEeHT 1eneBoil QyHKINU, KOHKPETHO BBIPAKAIOIIUI KPUTEPUI ONTUMAILHOCTH
Ha eIUHUILY - IepeMeHHON
Tak, mpu MaTeMaTHYeCKON 3aluCcHU IIeJIeBOM (YHKIMH, OOecledrBaroniell MakCUMyM
BAJIOBOH MPOJYKIUH B AEHEKHOM BBIPAXKEHUH, KOXPPUIUEHT ee Cj OyIeT BbIpakaTb CTOUMOCTb
BaJIOBOI mpoxaykuuu. IIpoussenenue CjXj JacT oO0bEM BaJOBOM NPOAYKIHH B CTOMMOCTHOM

BBIDQKCHUH, a CyMMa I[POU3BEICHUI Z C;iX; Bppaxaer OOIIyI0 CTOMMOCTH BANOBOIA
jeA
IMPOAYKIHHU 1O BCEM INEPEMEHHBIM, BXOAAIIUM B MHOXKCCTBO A.
Taxum 06pa30M, pa3pa60TKy 3KOHOMHUKO-MATEMATUYCCKUX MOI[eJleﬁ PAa3JIMIHBIX
IMPONU3BOJACTBCHHBIX, XO35II>'ICTBGHHBIX, CONUAJIBHO-OKOHOMHUYCCKUX H©W APYIruxX IMIPOLECCOB
HCO6XOI[I/IMO OCYHICCTBJIATH C UCIIOJIb3OBAHHUEM HpeHHOX(CHHOﬁ BBIIIC ITOCIICA0OBATCIIBHOCTH.
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2.2 JIaboparopHas padoraNe 2 (2 yaca)

Tema: «IIpuembl MOJETUPOBAHUS

2.2.1 Heapb padoTsi: 3yunTh npueMbl MOAETHUPOBAHUS OCOOCHHOCTH UX MIPUMEHEHUS

2.2.2 3axayu padoThI:

1. [TocTpoeHue Moieny U ee MaremMarudeckas 3anuch. CHMBOIMKA 0003HAUCHUH

2. Ucnonb3oBanue TabimuHoro peaakropa Excel mis pemenus 3axad auHeHHOTO
IPOTPaMMHUPOBAHUS

2.2.3 Onucanue (xox) padoThi:

Ynpaxuenus
3amgaua 1
s nmpoussoacTa npoaykuuu tuna Iy u I npennpustue Henonab3yeT ABa BUAA ChIPbS:
C1 u C,. JlanHble 00 ycI0BHAX NPOU3BOACTBA IPUBEACHBI B TaOJIHILIE.

Pacxon cbIpbs HA eAMHULLY

Cripbe MIPOYKIINH, KI/e]] Komrsecrso
0, 0 CBIPBS, KT
Cy 1 3 300
C, 1 1 150

[TpuObLIb HA €IUHUILY

2 3 -
IPOJYKIMH, ThIC. pYO.

CocTaBuTh IUIaH MPOU3BOJICTBA MO KPUTESPHIO MAKCUMYM MTPHOBLIH.
Pewenue

1. CocraB nepeMeHHBIX
X1 — KOJIM4ecTBO (enuHun) npoaykuuu I1y;
X2 — KONM4YECTBO (eAMHUI]) mpoayKiuu I1;.

2. YwucnoBas MOJIENb
|. HeneBas ¢pynkuus. Kpurepuii onTUMaabHOCTH MOTYyYEHHE MaKCUMyMa MPUOBIIN OT
NIPOM3BOJICTBEHHOM NiesiTenbHOCTH. ClienoBaTenbHo,
Z = 2X +3X, = max
I1. OcHOBHBIE OrpaHHUYEHUS
B Tabnume mpeacraBieHbl JaHHBIE IO PACX0y OCHOBHBIX TPOU3BOJICTBEHHBIX PECYPCOB (ChIphe
C1 u Cy) Ha npousBojcTBO npoaykiuu I1; u I1p. Mcnonb3ys nanHbIe TaONUIBL, COCTABUM
OTpaHUYCHUS:
1x; + 3%, <300
1x; + 1x, < 150
I1l. YcrnoBue HEOTpULIATEIEHOCTH MEPEMEHHBIX
X1 >0
X2 >0

3. OOwmi BUJ DKOHOMHUKO-MaTEMAaTHYECKON MOIETN
I Z =% +C,X, — Max
Il. aj;iXqs +apXs<b;

Ax1X1 T axXs < b2
1. x> 0, (j=1, 2)
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4. CtpyktypHas (hopmMa 3KOHOMHUKO-MaTEMaTHIECKON MOICIIN

2
. Z=)_.C;X; = max
j=1

2
i Zaijxjﬁbi, =12
j=1

m X: 2 O, J 21,2

J

5. Pewenue 3a0auu ¢ ucnonvzosanuem mabauurozo pedaxmopa MS Excel
YroObl pemuTh 3a1a4y, UCob3ys Tabnuynblii pepakrop MS Excel Heodxoaumo:

®  Otkpsith Tabuunbli penakrop (Ilyck  [IpespamMmbl MS Excgl);

®  BanmmeMm uHCTOBYIO Mozmenk 3amadd Ha paGoumii gmer (pucynok 1.1). Jlnst storo

HEOOXOMMO BBIOpATh SUCHKH B KOTOPBIX OyIyT HaxXOJUThCS NepeMeHHble. JlomycTim
x1—C1 x—C2 (BBIOOp SUEEK MPOU3BOJICH).

B sueiike Al 3anuiem 1eneByro GyHKIUIO Z= 2)(1 + 3)(2 : Al =2*C1+3*C2
[Tpumeuanue: 3anmuch GOpMYIT BCETIa HAUMHACTCS CO 3HAKA «=).

B stueiiky B1 3anmmiem sieByto 9acTh 1-ro orpanndenus (1x; + 3xy)

B1: =C1+3*C2

B stueiiky B2 3anwuiiem yieByto 9acTh 2-ro orpanudenus (1x; + 1xy)

B2:=CI1+C2

4 Microsoft Excel - Kaural

Main  [paeka Bua BcTaeka dopMaT  Cepedc  fAadHele  OKHO  CnpaeEka
DS S[EY $£E68 v @ =48] jl2 2 adcr
Al - fe =2C1+3°C2

A e ey

|w|m|m|h|m|m =

Pucynok 1.1 — 3anucek uncnoBoir Mozenu Ha pabodem mucte MS Excel

[Tocne xak uncaoBasi MOJIENb 3aNMcaHa, HEOOXOAUMO YCTaHOBUTH Kypcop B sueiiky Al (B
Hel pacmonokeHa 1eneBas ¢yHkuus). Breioupaem Bxmaaky «CepBuc» —  «llouck
pEeLIeHHUS. . .», IPU ITOM OTKPOETCsI [uanoroBoe okHo GyHkuu «Ilouck pemeHus».

B otkpbiBIIeMcs OKHE HEOOXOIUMO YCTAaHOBHUTH LENEBYIO SUEHKY, a MOCKOJBbKY y Bac
Kypcop cTosil Ha siuelike Al, To 3HayeHHe IesieBOM sueiiku OyneT NpaBUIbHBIM. B
NPOTHUBHOM CJy4yae yCTAaHOBHUTE B PYUHYIO aJpec IeJieBoH sS4elku (B JaHHOM ciydae
IporpaMMa HCHojb3yeT aOCONIOTHBIE ajpeca T.e. sueiika Al mmeeT aOCOMIOTHBIN aapec
$AS1) (pucynok 1.2).

Vcranosute MapKEp B IOJOXCHUEC, COOTBCTCTBYIOIIHUEC KPUTCPUIO OINTUMAJIBHOCTHU!
MaKCUMaJIbHOMY UJIM MUHUMAJIbHOMY 3HAYCHHIO.
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B okne «MI3MeHsAsT sYEMKW» HYXHO YKa3aTb aJpeca s4eeK COOTBETCTBYIOILME
nepeMeHHbIM. {151 3Toro Heobxoaumo BeACIUTh Auana3oH sueiku ¢ C1 mo C2 (pucyHok

1.2).
Mouck pewenus E |
YWCTAHOEBMTE LWENEEYHD AYERAKY: okl % BEIMONHHTE I

PagHoM: % MaKCHMANEHOMY SHAYEHHHD ™ 3HauEHHD: ID
= = 3aKpEITE

o MHHMMANEHDMY ZHIYEHKHHD

A=MEHAA AYERKH!

|$C$1 g L ) Mpeancnowte |
-OrpaHHYEHMA! [apaHeTpbl |

| HoBaEHTE |
MZHMEHHTE |
lI ¥AanMTE |

BOCCTaHOEMTE |
CMpaeka |

Pucynok 1.2 — Pabora B nuanoroBom okae «Ilouck permeHus»

B oxne «OrpanuueHusi» akTUBHUPOBaTh KHONKY «J{006aBuTh». OTKpoeTcs okHO «Jl06aBUTH
orpanudeHus» (pucyHok 1.3). BBonum nepBoe orpanndenue: B okHe «CChIIKA HA STYCUKY»
YKa3bIBAIOT aJIpec SYCHKH, IJIe HaXOAMUTCS JieBas 4acTh 1-ro orpanuucHus - $B$1, 3artem
BBIOMPAIOT 3HAK orpaHudeHus « < » u 3Hauenue — 300.

JNoHagnEHHE OrpaHHYEHHA E
_ChiNka Ha AHERKyY! CrpaHHHEHHE!
fres: 53 | P | 3

OF I OTHEHS | AoBaEHTE | CNpaeka I

Pucynox 1.3 — JInanoroBoe okHO «/loOaBieHne OrpaHUYCHHS

AKTHBHpYEM KJIaBHUIIY «I100aBHTh» M AHAJOTMYHO BBOJWUM BTOPOE OTpaHUUYCHHE. 3aTeM
BBOJIUM YCJIOBHE HEOPHIIATSIBHOCTH. JIJ1s1 3TOro B oKHe «CChLITKA Ha SYEHKY» yKa3bIBaeM
JManasoH sueek, B KOTOpbIX Haxomstcs rnepemennbie ($C3$1:$CS$2). IMoce mobaieHus
Bcex orpanuueHuii BoiOupaem «OKy». Ilporpamma Bo3Bpalaercs B JHAIOTOBOE OKHO
«ITouck pemrenusi». BBo 4icioBoi Moeny 3aKOHYEH (PUCYHOK 1.4).
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Mouck pewenun 7| = |
YCTEHOEMTE WENEEYHD AYEHKY: % BEINOAHHTE I

PagHoM: % MAKCHMANEHOMY SHAYEHHHD " sHaqEHMHD: |EI
= = SaKpBITE

" MHHHMMANEHOMY SHIHEHHED
AZMEHAA AYERKH:

|$C$1 g L4 %] Mpeancnowme |
-OrpaHMUYEHMA! [apaHeTpbl |

Fe 3 st |
$CE14CE2 ==10 KZMEHHTE |

;I ¥AaMHMTE

BoccTaHoEMTE |
CMpaeka |

Pucynok 1.4 — 3aBepiieHue BBo/Ia YUCIOBOM MO/IeNH B uajnoroBoM okHe «Ilouck
perieHus»

BeiOupaem komanny «Beimonuute». Ha skpane mosBuTcs okHO «Pe3ynbTaThl MOMCKa
pewenus» (pucyHok 1.5). Ecau Mojnens cocTaBieHa NPaBHJIBHO M HMMEET pELIeHHE, B
OTKpbIBLIEMCS OKHE OyZeT coobuieHue: «Pemienue HaiiieHo. Bce orpaHnueHus U ycaoBus
ONTUMAJILHOCTH BbINONHEHbI». B okHe «Tum ortuera»  BeiOepute «Pe3ynbTarel» u
Haxmute «OK».

PESHIII:TETI:I NMNOHCK A pEelleHHA n |

PelweHre HalaeHo, Boe orpaHHHeEHHA H Y CNOEHA
ONTHMANEHOCTH ERINONHEHE]. THN oT4eTa

WCTOHYHEOCTE
Mpeaentl

% | CoxpaHMTE HARAEHHOE PELEHHE

|-
0], I OTHEHS I COxPAaHHTE CUEHAPHHA, ., | CNpagka |

r EEIIII:TEIHDBﬂTb HMCx04HBIE ZHIYEHHA

Pucynok 1.5 — OkHoO «Pe3ynpTaTsl HOUCKA PEILICHUS
Pesynbrar pemenus 3agaun npeacrapieH B «OT4eTe 1mo pe3ynbraramy» (pUCyHOK 1.6).
Pemenne 3a1aun OKOHYEHO.
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Fd Microzoft Excel - Knwral

dain  [paeka Buwg Bcraeka dopwat  Cepedc fadHele  OKHO  Cnpaeka

NEHam SRY $& o B=-4 @3 2 wao
A1 - F Microsoft Excel 10.0 OT4eT No pezyneTaTam
BT D e e
M crosoft Excel 10.0 OT4er no pezyneTatau

Paoo4wia nuct: [Knura1]lucri
Otyet cozpad: 22.03.05 20:54:36

Ueneean adedka (Makcumym)
A4eitka Hua HcxopHoe 3HaveHue Pesynbtart
FAS1 a 375

M=menaemele AveikK
A4eitka Hua HcxopHoe 3HaveHue Pesynbtart

— | e o— ] — | —] —] —

FCH a 75
FCE2 a 75
OrpaHuYeHna

Huyeika Hun JHa4YeHue Qopuyna Cratyc Pasznumua

B3 300 §B%1==300 ceAzaHHOe a
20| %B%2 150 $B%2==150 cEAsaHHOE a
21 FCH 75 5CH1==0  He ceAzaH. 75
22 FCE2 75 BCH2==0  He ceAzaH. 75
23

Pucynok 1.6 — Otyer 1o pe3ynbraram

i Pemenne 3aaa4u OKOHYCHO, PE3YyJIbTAaTbl MOKHO pacri€cyaTrarhb.

[Ipumeuanue

Ecny nouck He MOKET HAWTH ONTUMAJIBHOE PEIICHUE, B AUAIOTOBOM OKHE Pe3yibTaThl
NMOUCKA pelleHus BEIBOJUTCS OJTHO U3 CIEAYIOUIUX COOOIICHUH.

ITouck He MOXKeT yIy4IINTh TeKyLlee pemenne. Bece orpaHn4YeHus1 BHINOJIHEHBI.

B nporiecce moucka pemieHus: HeIb3s HAUTH TaKoW HaOOp 3HAYEHUU BIUSAIONINX STYEEK,
KOTOPBIN ObUT OBl Jydllle Tekyliero pemenus. [IpudausutensHoe peleHne HaiiieHo, HO Tu6o
JaNbHEWIee YTOYHEHHE HEBO3MOXKHO, JMOO NOrPElIHOCTh, 3aJaHHas B JAMAJIOTOBOM OKHE
ITapamMeTpbl NOMCKA pelIeHUs CIMIIKOM BbICOKA. VI3MEHHMTE MOrPEIIHOCTh HA MEHBIIIEE YUCIIO
U 3aIlyCTUTE MPOLEAYypY MOUCKA PEIIEHUs CHOBA.

IHonck ocTaHOBJICH (MCTEKJIO 32IaHHOE HA TIOUCK BpeMsl).

Bpemsi, ornyuieHHoe — Ha < pellleHMe  3aJayd, ~ MCYepHnaHo, HO  JIOCTHYb
yJIOBJIETBOPUTEIBHOIO PELICHUs] HE YAaaoch. UTOOBI IpU CIEAYIOIIEM 3aIllycKe MPOLEeNyphl
MOKMCKAa pEIIEHUs] HE IOBTOPSTH BBHINOJHEHHbIE BBHIYMCICHHS, YCTAaHOBUTE MEPEKII0YaTeNb
CoxpaHuth HaiiieHHOe pemieHue Ui COXpaHUTDH CLEHAPHIA.

Ilouck ocTaHOBJIEH (JOCTUTHYTO MAKCHMAJIbLHOE YMCJI0O UTEPALMA).

[Ipon3BeneHO pa3pelieHHOE YHUCIIO UTEpalui, HO JOCTHYb YJIOBJIETBOPUTEILHOTO
pelleHuss He YyJIaloch. YBENUWYEHHE YHCIa HUTEpalUid MOXKET IOMOYb, OJIHAKO CleAyeT
paccMOTpeTh pe3ylbTaThl, 4TOObI MOHATh MPUYMHBI OCTAHOBKH. YUTOOBI MpH ClleAyIOIIEM
3aIycKe MpoLeayphl OMCKA PEIIEHUs] HE MOBTOPSTH BHINOJHEHHbIE BHIYMCIICHHUS, YCTAHOBUTE
nepexioyarenb COXpaHUTH HaliiIecHHOe pelleHre Wi HaxMmute KHonky CoxpaHMTb
CLleHApHIi.
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3HaYeHNd HeJIeBOi AUeliKH He CXOASATC.

3HayeHHE LIEeJeBON sUCHKM HEOTPAHWYEHHO YBEIMYMBAETCs (WM YMEHBIIAETCs), AaxKe
€CJIM BCE OIpaHUYEHHUs cOO0IeHbl. BO3MOXKHO cieayeT B 3ajjaue CHATh OJHO OTPaHUUYEHUE WK
Cpa3y HECKOJIbKO. H3yuuTe mpouecc pacxOXACHHs pPEIIEHUs, NPOBEPHTE OIPAaHUYECHUS U
3aIlyCTUTE 3a/la4y CHOBA.

Iouck He MOKeT HAWTH MOAXOASIIET0 peleHus .

B mpouecce moucka perieHust Henb3s ClIeNaTh UTEPaALUI0, KOTOpasl yIOBJIETBOpPsIa Obl
BCEM OIPaHWYCHMSM IIPpU 3aJaHHOM TOYHOCTH. BeposATHO, OrpaHMyYeHus NPOTHUBOPECYUBBHI.
Hccnenyiite aucT Ha TpeaMET BO3MOXKHBIX OMIMOOK B (hOopMysax OrpaHWYEHUI MM B BbIOOpE
OTpaHUYECHUH.

ITouck ocTaHoBJIEH 10 TPEOOBAHUIO MOJIb30BATEIS.

Haxara xHonka Crom B nuanoroBoM oxkHe Tekyluee COCTOSHHME IOHMCKA peLICHHS
10cJie MPepbIBaHUs TOMCKA PEIIEHUS B ITPOLIECCE BBIOJIHEHUS UTEPALIUN.
YcaoBus 1J11 JTHHEHOI Mo1eJ 1M He YA0BJIETBOPAIOTC.

YcranosineH ¢uaxok JIuHeiiHas Moge/b, OTHAKO UTOTOBBIH MEepecyeT MOPOKAACT TAKHUE
3HA4YCHMs, KOTOpBIE HE COMIACYIOTCS C JIMHEHHOW MOJENbI. OTO O03HA4aeT, YTO PELICHHE
HEJCUCTBUTENBHO JJIs JaHHBIX (opmyn nucra. UToObl NpPOBEpUTH JMHEHHOCTh 3a/ayH,
ycTaHOBUTE (DIIakOK ABTOMATHYeCKOe MAacCIITa0MpPOBAHMe U IOBTOPHO 3allyCTUTE 3ajauy.
Ecnu 310 coob1ieHne onaTh MOSIBUTCS Ha dKpaHe, CHUMUTE (uiakok JImHeliHasi Moje/Ib U CHOBa
3aIlyCTHUTE 3aJady.

IIpu noucke penreHusi 00HaAPyKeHO OMINOOYHOE 3HAYEHHE B LleJIeBOH siueiike WM B sideiike
OrpaHUYCHHS.

[Ipn mepecuere 3HAYCHWM s9YeeK OOHapykeHa ommOKa B OXHOW Qopmyle WK B
HECKOJIbKUX cpa3y. Halinurte neneByro sS4elKy MM SYEHKY OIpaHUYEHHs, IOPOKIAIOLIUE
omMOKy, U HM3MEHHUTE WX (POPMYyNBI TaK, YTOOBI OHHM BO3BPALIAIU IOAXOJINEE YHCIOBOE
3HAYCHHUE.

HabOpano HeBepHoe ums wim Gopmyna B okHe [00aBHTH OrpaHMYeHHe WM B OKHE
HN3MennTs orpaHmyenue, nu60 B noje OrpaHuyveHwe ObUIO 3a/aHO 1LIE€JI0€ WM JBOMYHOE
orpaHuueHue. YToObl OrpaHUUYUTH 3HAYEHHUS SYEHKUM MHOXKECTBOM LIEJIBbIX YHCENl BbIOEpUTE
OIepaTop WeJIOro OrpaHUYCHMS B CIIMCKE YCIOBHBIX ONEpaTOpoB. YTOOB! yCTAHOBUTH JBOMYHOE
OorpaHHuYEHUE, BBIOEpUTE ONEepaTop /sl ABOUYHOI0 OTPAHUYEHUS.

Humepnpemayus pezynbmamos 3a0avu

[TomyueHHble 3HaueHWs B s4eilkax, cojepkamux GOopMysbl LelaeBod (YHKIUU WU
OTPaHUYEHUH, SBISIOTCA Ppe3yJbTaToM pacyera IeleBOd (QYHKUUMH U COOTBETCTBYIOIIMX
OTpAaHUYECHUU.

PesynbTar, mnomydyeHHelii B sueiike Al o3Hadaer mNpuObUIb, TOJYYEHHYIO OT
IIPOU3BOJICTBA MPOAYKLIHH.

Sueiiku C1, C2 yka3pIBatOT HaM Ha KOJIMYECTBO MIPOU3BENEHHON NPOTYKIUH.

B siaeiixe B1 3ammcano 1-oe orpannuenue, XxapakTepusyroliee pacxo ceipbs C; Ha
IIPOU3BOJICTBO BCEX BUAOB Ipoaykuuu. [Ipu 3tom nomyuwiics pesyasrat paBHbiii 300, pa3zHuna
paBHa 0, 4TO yKka3bpIBaeT Ha MOJHBIM PacxXo/l ChIPbs JAHHOTO BUA.

B sueiike B2 3anmcano BTopoe orpaHUYEHNE, XapaKTEpU3yIoLee pacxo cbipbs Cy Ha
npou3BoAcTBO npoaykiuu I1; u I1;. Pesynsrar pasen 150, pazauna pasHa 0, 4TO MOTHOCTHIO
COOTBETCTBYET 33/IaHHOMY OTPaHUYEHHUIO (T.€. cbipbe Cy U3PacX0A0BaHO MOITHOCTHIO).

3unauenue siueek Cl, C2 npespimarot 0, T.€. yclIOBUE HEOTPULIATEIHLHOCTH EPEMEHHBIX
BBITIOJIHEHO.

Omeem

MaxkcumanbHast puObLIb BO3MOXKHA B pazmepe 375 enuHull.
O6wbem Boiycka npoaykuuu: I1; - 75 mryk, I - 75 myk.
Coipbe C1 nC2 u3pacxo10BaHO MOJHOCTBIO, YCIIOBUE HEOTPHULIATEILHOCTH BBIIIOIHEHO.

Ilopsook opopmnenus 3aoayu
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1. CocTtaB nepeMeHHBIX
X1 — KOIM4ecTBO npoaykuuu [, equHur;
X2 — Konu4uecTBo npoaykuuu Ilp, equnu.
2. HuciaoBasg MOa€elb
I Z = 2% +3X, = max
Il. 1x; + 3%, <300
Ix1 + 11X, <150
Il X, >0
X2 >0

3. O0wmuHA BUI IKOHOMHUKO-MaTEMAaTUUECKONH MOIEIHN
. Z=c¢X +c,X, = max
Il. a11X1 + agpX2 < by

ax1X1 + axXo < b,
. x>0, (j=1, 2)

4. CtpykTypHas ¢hopMa 3KOHOMUKO-MaTeMaTUYECKON MOIENN

2
. Z=).C;X; - max
=1

2
1. Zaijxj Sbi, i=1,2
j=1

. x; =20, j=12

5. OTBeT: MakcuMaibHas MpUOBLIL BO3MOXHA B pazMepe 375 eauHuil;
0o0beM Belntycka npoaykuuu: Iy - 75 mryk, I - 75 mryk;
ceipbe C1 uC2 u3pacxoqoBaHO MOITHOCTHIO,

YCIIOBUE HEOTPUILIATEIHHOCTHU BBIIIOJIHEHO.

3amaua 2
Jlns BBITycKa YeThIpEX BHUIOB MPOAYKLIHU TpeOyrOTCs 3aTpaThl ChIPhS, pabouero
BpeMeHH U 000pyaoBaHus. icxoaHble JaHHbIE IPUBEACHBI B TaOIHIIE.

Hopwsl 3atpar pecypcos
Tun pecypca HaI;nHHHLI}Ij npl())z(y}llgmn Hamrue
1 > 3 ) pecypcos

ChIpbe 3 5 2 4 60
Pabouee Bpems 22 14 18 30 400
O6opynoBaHue 10 14 8 16 128
[Tpu6bLIb HA 30 25 8 16
CIUHUITY
IPOAYKIHH

Heo6xoauMo  ¢opMynupoBaTh 3HKOHOMHMKO-MAaTeMaTHUECKYI0 MOJENb 3aJaud  Ha
MaKCHMYyM MPUOBLIN U HAUTH ONTUMAIIbHBIH IJ1aH BBITYCKA MPOAYKILIHH,

3agaua 3
Jlns BeIMycKa ueThipex BUAOB mpoaykuuu Pi, Py, P3, P4 Ha mpeanpustuu ucnons3yroT
TPH BUJIA CBIPBS S1, Sy U S3. 00BEMBI BBIJICIICHHOTO CBHIPhS, HOPMBI pacXo/ia ChIPbs M MMPUOBLTH Ha
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CAMHUIY NPOAYKHIHWU IMPU HU3rOTOBJICHHU KaXIOI'0 BHUJA MNPOAYKIIMU HPHUBCIACHLI B T216J'II/ILI€.

TpeOyeTcst onpenenuTs TUIaH BRITYCKA MPOAYKIIUH, 00ECIeYNBAIOIINA HAMOOIBIITYIO TPUOBLIT.
CocraBuM 9KOHOMHKO-MAaTCMATHUYCCKYIO MOJCIIb 3ala4i ONITUMAJIbHOI'O UCIIO0JIb30BaAHUA

pecypcoB Ha MaKCUMyM MpHOBUTA. B KauecTBe HEM3BECTHBIX MPHUMEM BBINTYCKA MPOAYKIMU J-T'O

Buga X (J = 1,2,3,4).

Bun 3amnacsl Bun nponykuuun
CBIPbs CBIPBS Py P, P3 Py
S; 35 4 2 2 3
S, 30 1 1 2 3
S3 40 3 1 2 1
[Tpu6bLTL 14 10 14 11
3agaua 4

®dabpuKa BBITyCKAET TPU BHUJIA TKaHEH, MPUUEM CYTOYHOE TUTAHOBOE 33JIaHUE COCTABJISET
He MeHee 90 M TkaHel nepBoro Buaa, 70 M — Broporo u 60 M — Tperbero. CyTouHble pecypcehl
cnenyromue: 780 equHUI IPOU3BOACTBEHHOTO 000pyn0BaHus,850 equHuIl chipbs, 790 enquHuIy
AJIIEKTPOIHEPTUH, PACXO]I KOTOPHIX HA OJUH METP TKaHU IPEICTABIICH B Ta0IMIIA.

Pecypcl Txanu
I Il Il
O6opynoBanmne 2 3 4
CoIpbe 1 4 5
DIIEKTPOIHEPTUS 3 4 2
Llena 3a ogun meTp Tkanu Bujaa | paBua 80 nenexxueiM equHunam, |l — 70 neHexxHbpIM
enqununam, lll — 60 neHeXHBIM eTUHHUIIAM.

HCO6XOIII/IMO OIpCaACINTb, CKOJIbKO MCTPOB TKAHU KAXKIO0TO BUAA CICAYCT BBIITYCTHUTD,
YTOOBI o61ua$1 CTOUMOCTB BBIHYCKaCMOfI NpoaAyKIUH OblIa MaKCHUMAJILHOIA.

3agauya 5
Ha ocHoBanum nH(opManym, IpuBeACHHON B Ta0INIE, COCTAaBUTH IJIaH TPOM3BOJICTBA,
MaKCUMM3UPYIOIUI 00beM NPUObLIH.

3aTpaThl pecypcoB Ha €TUHUILY Harmiue
Pecypcsr MPOAYKIIMH PECYpCOB
A b
Tpyn 2 4 2000
CoIpbe 4 1 1400
O6opynoBaHue 2 1 800
[TpuObLIb HA eTUHUILY
IPOTYKITHH 40 60

2.3 JIabopaTopuas padora Ne3 (2 uaca)

Tema: «MoaenrpoBaHue KOPMOBOTO PAllMOHA)

2.3.1 Hean padorpi: «M3y4uTh 0COOEHHOCTH MOCTPOEHUSI MOIeJ T KOPMOBOI0
pPanMoHAa U ee peleHus

2.3.2 3agauu padoThI:

1. ITocTanoBka 3agaun
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2. CTpyKTypHas MOJENb
2.3.3 Onucanmue (xo1) padoTsI:
4. AHanu3 U S5KOHOMUYECKast MHTEPIPETAIHs MOTYICHHBIX PE3yIbTaTOB

HeNb  334a4d  MOXKHO  BBIPa3UTh  CIEAYIOIIMM O0pa3oM: W3 HUMEIIUXci B
CEJIbCKOXO035HCTBEHHOM MPENIPUATUN KOPMOB COCTaBUTh TaKOW pallMOH KOPMJICHMSI, KOTOPBII
MOJTHOCTBIO OTBeuYasn Obl TPeOOBAHMSAM >KMBOTHBIX 1O COACP)KAHUIO B HEM MUTATEIbHBIX
BEIIIECTB, COOTHOLICHMIO OTJAEIbHBIX BHUJOB U IPYII KOPMOB M OJHOBPEMEHHO ObUI CaMbIM
JEIIEBbIM Ui X03slcTBa. KpuTepreM ONTUMaJbHOCTH  Yalle BCETO CIYXXHUT I0Ka3aTellb
MHUHHMYM CTOUMOCTH (C€0ECTOMMOCTH) PaIOHA.

OCHOBHBIMU TIE€PEMEHHBIMU B 3KOHOMHKO-MAaTEMAaTUYECKOH 3a/aud SBISIOTCS KOpMa,
UMEoIMeCs] B XO34HCTBE, a TaKXKe KOpMa, KOPMOBbIE M MHUHEpajibHblE J100aBKH, KOTOpbIE
X03s51MCTBO MOXKeT mpuobOpectu. Exannuna m3MepeHus: 3TUX NEPEMEHHBIX SIBIISIOTCS BECOBBIC
€IMHULIBI — KT, 1l B 3aBUCIMOCTH OT IIEPUOJIa, HA KOTOPBIM COCTaBIISETCS, - CyTKH, FOJ.

B SKOHOMHMKO-3KOHOMHMYECKOH 3ajaue, KpPOME OCHOBHBIX, MOIYT OBITb TaKxe
BCIOMoOraTejbHble IepeMeHHble. OHM 4alle BCero BBIPAKAIOT CYMMapHOE KOJIMYECTBO
KOPMOBBIX €IMHHUIl WK MEPEBAPUMOro MpoTerHa B panuoHe. C MOMOIIBIO ATUX MEPEMEHHBIX
3aIlMCBIBAIOT YCJIOBUS 110 CTPYKTYpE palroHa (yJIeIbHOMY BECY OT/AEIbHbIX I'PYII KOPMOB).

OCHOBHbIE OrpaHUYEHUs HEOOXOIUMBI JJISl 3alMCH YCJIOBHH MO OajlaHCy NMUTATEIbHBIX
BEIIECTB. TEeXHUKO-IKOHOMHUYECKHE KOA(PQUUUEHTHl B 3TUX OrPAaHMYEHHUSX 0003HAYaroT
COJIEp’)KaHUE COOTBETCTBYIOIIMX  IUTATENbHBIX BEIIECTB B enuHune Kopma. KoHcTaHThI
(0ObemMBbl OrpaHUYEHUIT) MMOKA3bIBAIOT KOJIWYECTBO IMUTATENbHBIX BELIECTB, KOTOPOE JOJIKHO
COJIEpKaThCs B PALIMOHE.

C noMOIbIO [JONOJHUTEIbHBIX OrPAHWYEHUH B 3ajjaye 3alMCHIBAIOT YCIIOBHS 110
COOTHOIIEHUIO OTAEIBHBIX TPYII KOPMOB B pAallMOHE W OTACIBHBIX BHUJOB KOPMOB BHYTpPH
IpyMIL

C noMoIpio BCIIOMOTaTeNbHbIX OIPaHUYEHUH 3alUCBIBAIOT YCJIOBHSI IO CYMMapHOMY
KOJINYECTBY KOPMOBBIX €IMHHUI] U IEPEeBAPHUMOI0 IPOTEHHA. TEeXHUKO-PKOHOMUYECKHE
KOA((UIIMEHThl N0 OCHOBHBIM IEPEMEHHBIM (TaK e, KaK U B OCHOBHBIX OIPaHHYEHUSX)
OTPaKalOT COAEP)KaHUE MUTATENILHBIX BEIECTB B €IUHHIIE KOPMa WJIM KOPMOBBIX J100aBOK, 1O
BCIIOMOTATEIFHBIM TIEpEMEHHBIM MUHYC 1. KOHCTaHTaM# B 9THX OTrpaHUYEHUSX SBISTFOTCS HYIIH.

3amaua

CocTaBUTh pallioOH AJi1 MOJOYHBIX KOpoB BecoM 500 kr, ¢ cyTouHbIM ynoem 10 kr Tak,
4TOOBI CTOMMOCTH PaIliOHa ObUTa MUHUMAJIBEHOM. MICXOHbIE TaHHBIE PECTaBICHBI B TAOIMIIAX
1.2u1.3.
Tabmuna 1.2 - I[lorpeOHOCTD B MUTATENbHBIX 3JIEMEHTAX

[MuraTenpHbBIE 3arpaThl TUTATEIHLHBIX 3arpaThl TUTATEIHLHBIX
3JIEMEHTHI 3JICMEHTOB Ha 3JIEMEHTOB
IO JIJICPIKAHUE JKU3HH Ha 1Kr MOJI0OKa

KopMoBble enuHmIbl, KT 5 0,5
ITporeun, r 300 70
Kanpiuii, 20 3
®docdop, T 10 4
Kaporus, mr 150 25
Ta6muma 1.3 - [MutaTensHOCTH B c€0€CTOMMOCTh | KT KOpMa

ITokaszarenu | Konnentpup | Counple | I'pyGbie | Munepais |

74




OBaHHBIC bIC U
poYne

KopMoBbIe eTMHHIIBI, KT 1,0 0,2 0,4 -
[Iporeun, r 100 10 20 -
Kanprui, r 5 1 2 100
dDocdop, T 5 1 2 200
Kaportun, mr 2 10 5 5
CebecTonMOoCTb, pyo. 5 2 3 5

du3nonoruyeckre OrpaHuYeHus: ada COYHbIX KOPMOB B CyTKH He 6onee 30 Kr.
DKOHOMUYECKHE TPeOOBaHMS: Jaua KOHIIEHTPUPOBAHHBIX KOPMOB B pa3mepe He meree 200 1, Ha
KaX/IbIil KI' MOJIOKA CyTOYHOI'O Y051

Pewenue

Pacuer parnrona npousBoauTcs Ha 1 )KUBOTHOE, HCXO/S U3 CPEIHUX (PU3NOTIOTHUECKUX
XapaKTEePUCTHK KUBOTHBIX.

1. CocraB nepeMeHHbIX

X1 — KOJIMYECTBO KOHIIEHTPHUPOBAHHBIX KOPMOB, KT}

X2 — KOJINYECTBO COYHBIX, KT;

X3 — KOJIMYECTBO TPYOBIX, KT

X4 — KOJIMYECTBO MUHEPAIBHBIX M TPOYUX KOPMOB, KT.

2. Yuciosas MoIelb
|. LleneBas GpyHKIIUS TOJKHA BBIpAXKaTh CTOMMOCTH pannoHa. [IpuyeM CTOMMOCTb
IOJDKHA OBITH MUHUMAIBLHOM, CIIEAOBATEIHHO

Z = 5X1+2X,+3X3+5%4 —> min
I1. OcHOBHBIE OrpaHUYEHUS

IlepBblif BUJ orpaHuyeHHst OyAeT BbIpakaTh CYTOUHYIO IOTPEOHOCTb KMBOTHBIX B
KOPMOBBIX ~enuHHUIAx. KOJMYecTBO KOPMOBBIX EAHMHHUI], TIOJIy4aeMbIX >KMBOTHBIM U3
KOHIIEHTPUPOBAHHBIX KOPMOB cocTaBUT 1,0 X1, M3 COUYHBIX COOTBETCTBEHHO 0,2 X2, U3 IpyOBIX —
0,4 X3. MuHepanbHbIe KOpMa HE COJEpKaT KOPMOBBIE eAMHUIBL. Clie0BAaTEIFHO KUBOTHOE B
JIE€Hb MOXXET MOJYYHTh U3 pa3Nu4HbIX BUAOB KopMoB 1,0X; + 0,2X; + 0,4X3 KT KOPMOBBIX
€/IMHUII.

[ToTpeOGHOCTh )KUBOTHOIO B KOPMOBBIX €IMHUIIAX B cyTKU cocTaBuT 10 kr (5+0,5-10,
T.K. 5 KT TpaTuTCs Ha NozJjepkanue ku3nu, 0,5-10 kr Heo6X0UMO JUIsl TPOU3BOJCTBA MOJIOKA).
Torma orpaHuueHHe IO CONEPKAHHIO KOPMOBBIX €IWHHII B CyTOYHOM DAalMOHE >KHBOTHOTO
OyZeT UMeTh BUJ!

1,0xy + 0,2x; + 0,4x3 > 10

AHAJIOTUYHO COCTaBISieM OTpPaHUYEHHUS IO COJACPXKAHMUIO JPYTUX MUTATEIbHbBIX
BEIIIECTB:

no nmpotenny: 100Xy + 10X, + 20x3 > 1000

10 KalbIHIO: 5X1 + 1,0X> + 2X3 + 100x4 > 50

o pochopy: 5X;1 + 1,0X2 + 2x3 + 200%x4 > 50

o kapoTuHy: 2,0X; + 10X, + 5X3 + 5x4 > 400

JlonomHUTENbHBIE OTPAaHUYCHHUS

YcnoBue, 4To CyTOYHAsi HOpMa COYHBIX KOPMOB HE JIOJDKHA TTpeBbImaTh 30 Kr OyaeT
uMeTh BUA: Xz < 30.

VYcnoBue, 4To Ha KaXAbIA | KT CYyTOYHOTO YA0s TOJKHO MpuxoauTcs He MeHee 200 r
KOHIIEHTPUPOBAHHBIX KOPMOB, OyJI€T UMETh BUI: X1 > 2.

[1l. YcnoBue HeoTpULIATENbHOCTH TEPEMEHHBIX
x2>0
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x3>0
x4>0
3. OO0umii BUI DKOHOMHAKO-MaTeEMAaTHUECKOM MOJIEIIN

l.  Z=c1X1+rcoXotcaXzteaXs —> min

[1. ai1X1 + a1pXo +a1aXz > by
a21X1 + aXo + a23X3 > by
a31X1 1 azoXo + a33X3 + az4Xs > b3
a41X1 + a4Xo + A43X3 + A24X4 > Dy
as1X1 + aspXo + as3X3 + asaXq > bs

X2 < bg
X1 > by

x>0, j=2,34.

4. CrpykrypHas (hopMa SKOHOMHKO-MaTeMaTHUYECKONH MOJIEIH

4
 Z =chxj —> min
j=1

3
W DX =by, =12
j=1

OtBet
OnTtumanbHbiii  panuoH aiusa  kopoB 500 kxr wu  cyrounsld  ymot 10  kr,
KOHIIEHTpUpoBaHHbIe — 3,26 kT, counble — 30,00 kr, rpyOsie - 18,70 kr, MuHepanbHbIe -0 KT.
MunumanibHasi CTOUMOCTB parmona 132,39 pyo0.

Copep:xaHre KOPMOBBIX €IMHHII B PallMOHE MPEBBIIIAET MUHUMAIBHO JIOMYCTUMYIO
HOpMYy Ha 6,74 xr, xameuus — Ha 33,7 1, dochopa — 33,7 1, comepkaHue MpPOTEHMHA U
KapoTHHA B PAllMOHE CTPOTO COOTBETCTBYET HOPME.

KonnuecTBO COYHBIX KOPMOB B panuoHe cocTaBuiio 30 Kr, 4TO COOTBETCTBYET
MakcuManbHOU HopMe. KonndyecTBO KOHIEHTPATOB MPEBBICUIIO MUHUMAJIBHBIN YPOBEHB (2KT)
Ha 1,26 kT.

MuHepanbHble BEIIECTBA HE BOIUIM B PAalMOH >KUBOTHBIX, MOTPEOHOCTH B
MUHEpAIbHBIX BemecTBax (kampimid, ¢Gocdhop) YIOBICTBOPAETCS IPYrUMHU, OoJee
YKOHOMUYECKHU IPPEKTUBHBIMU KOPMaMHU.
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2.4 JIaGopaTopuas padora Ned,5 (4 yaca)

Tema: «MoaenupoBaHue MPONU3BOJACTBEHHON CTPYKTYPBI arpapHOTO MPEIITPHUSITH

2.4.1 Hean padorpl: M3yunTh O0OCOOCHHOCTH TIOCTPOSHHUS YHMCIOBOM MOJCIH
MIPOU3BOJICTBEHHON CTPYKTYPBI arpapHOTO MPEANPHUSATHUS

2.1.3 Onucanue (xox) padorThi:

1. OcobGeHHOCTH TTOCTAaHOBKU M (pOpMaIH3aIMU 3a0a4H.

2. CTpyKTypHas MOJI€JIb.

2.4.3 Onucanue (xo1) padoTsI:

DKOHOMHMKO-MaTeMaTH4ecKasi MOJENb ONTHMHU3ALUU MPOU3BOJCTBEHHONW CTPYKTYpPBI —
OJIHA M3 OCHOBHBIX B CUCTEME MOJICJICH ONTHUMAIBLHOTO IJIAHUPOBAHUS CETBCKOXO3SICTBEHHOTO
MIPOU3BO/JICTBA.

OnTumanbHas CHENHWATU3alds W COYETaHWE OTpaciel B CEIbCKOXO03SHCTBEHHBIX
OPENNPUATHIX MPEANoyiaraeT TaKhe KOJIWYECTBEHHbIE COOTHOLICHUS MEXIY OTIeIbHBIMU
OTpacCJISIMH, KOTOPBIE MO3BOJISIIOT 3PPEKTUBHO HCIONIB30BATh 3EMITIO, TPYJ U TEXHUKY, TO €CTh
MOJIYYUTh MAaKCHUMyM NpPOAYKIMU MPH AAHHBIX pecypcax U oOecrneyuTbh MUHHUMYM 3aTpaT Ha
SAMHHMILY TPOTYKIIUH.

B kauecTBe KpUTEpHUs ONTUMATBHOCTH Yallle IPYTUX BBHICTYMAET YUCTBIA JOXO/I.
®dopmanusyeM 3a1ady. Beenem ycioBHble 0003HAUYCHMUS:
Nuanekcanus:
- j—Homep oTpaciu B xo3siictee (j = 1...n);
- J— MHOXECTBO, 3JIEMEHTBI KOTOPOTO HOMEpPA OTPACIIEH;
- J1 - MHOXXECTBO, 3JIEMEHTBI KOTOPOTO HOMEPA OTpaciieil B paCTEHUEBOJICTBE;
- J2 - MHOXECTBO, 3JIEMEHTHI KOTOPOTO HOMEpPa OTpaciiei B )KUBOTHOBOJICTBE;
- 1 — HOMEp OrpaHUYCHHUS;
- |y — MHOXECTBO, 3JIEMEHThl KOTOPOTO — HOMEpa OrPAaHUYECHUN TI0 WCIOIH30BAHUIO
CEJIbCKOXO35MCTBEHHBIX YTOIUN;
- | — MHOXECTBO, 3JIEMEHTHI KOTOPOTO — HOMEpa OIrPaHUYECHHH 110 UCTIOIB30BAHUIO TPYIOBBIX
pecypcos;
- |3 — MHOXeCTBO, JIEMEHTHI KOTOPOT'O HOMEpa OTPAaHHUEHUH 0 OMPEIEICHUIO ONITUMATBHBIX
00BEMOB MPOM3BOJICTBEHHBIX 3aTpPar;

- |4 — MHOXecTBO, 3JEMEHThl KOTOPOrO — HOMepa OrpaHHMYEHUHl 10 OpraHuYeCKUM
y10OpEeHUsIM;

- |5 — MHOeCTBO, 3JIEeMEHTBI KOTOPOTO — HOMEpPa OIPaHUUEHHH 110 KOPMOBBIM pecypcam;

- lg — MHOXECTBO, 3JE€MEHTbl KOTOPOTO — HOMEpa OrpaHMYEHUIH IO TapaHTUPOBAHHBIM
o0BbeMaM MPOU3BO/ICTBA;

- |7 — MHOXeCTBO, D3JEMEHThl KOTOpPOr0O — HOMEpa OrpaHUYEHUM, YYUTHIBAIOIINUX

al"pO6I/IOJ'IOI‘I/ILIeCKI/Ie 0COOEHHOCTH MIpOU3BOJACTBA.
H3zeecmmuvie senuuunvl.

aij — KOO(GQUIMEHTHI 3aTpaT i-co BUAA PECYpCOB Ha EJUHHIYy M3MEPEHHs 10 j-TOMY BHUIY
JIeSITEIIbHOCTH;
Vij — kod(hduIMeHTH BBIXOAA NPOAYKLHMH i-20 BHAA B pacyeTe Ha EIUHUILY [-TO BUIA
JIeSITEIIbHOCTH;

Bj — 00beMBI TPOU3BOJICTBEHHOTO pecypca i-ro BUa;
Vij = (ij dj 10 KOPMOBBIM KyJIBETYypaM, I'7ie
Qij — colepxkKaHue 1-20 BUjia IUTATELHOTO BEIIECTBA B €IMHUIIE |-TO KOPMA,;
dj — toymst IPOAYKIMY | KyJIbTYpBI HCIIONb3yeMast Ha KOpMa;
Qi — rapaHTHpPOBaHHBII 00BEM POU3BOJICTBA i-20 BUIA IPOAYKIIHH;
C; — nmeHexHOe BBIpa)XEHHE TOBAPHOW NPOMYKIMHU, IOIy4aeMOW B pacueTe Ha EIUHUILY
U3MEPEHHUs J-TO BHJA JACATEILHOCTH;
¢i — LIeHa pean3aliy MpoIyKIIUU Ha OCOOBIX YCIOBHSIX OCTABKH;
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W/ij, W”ij — KO3((UIMEHTHl CBA3KH, Ui OTPAKEHHsS arpoOMOJIOTHYECKUX OCOOEHHOCTEH
HPOMU3BOCTBA.
Hanpumep: pazmewjenue nocegog no npeouiecneeHHUKaM.
[lepemeHHbBIE BETNYHHBIL
Xj — HCKOMOE 3HAaYCHHE Pa3MEPOB OTPACIIeil M HHTCHCHBHOCTH | BUJA JCATEIBHOCTH;
X.

- ICKOMOC 3HA4YCHHUEC NPOU3BOACTBCHHLIX 3aTpar.

2. CTpyKTypHasi MoJeJib
Tpebyercs HaiiTu:

n
j=1
(rme i mpu X, mpuUHAICKHT |3)

Llpu ycnosusx:
9. Hcnonp3oBaHUE CETBCKOXO3SIMCTBEHHBIX YOI,

Zaijxj <B, coelel, 0)
jeds

Yenosus smoeo suda caparmupyront, 4mo 3emMejlbHblX pecypcos nompe6yemc;z He bonbule

uem ux umeemcH. aiji- pasHo ], ecjiu 7Xi usmepiaemcia 6 zca, uiu O6DamHOMV nokaszamenro
VDOOfCCZIZHOC’mu, eCciiu Xj UsmMepiaemcs 8 Y.

OOBIYHO OT'paHUYCHUS JTOH TPYIIIBI YYUTBIBAKOT HECKOJIBKO yCHOBI/Iﬁ — HCIIOJIb30BAHHC
MamHy pasjiindHoro Ka4eCcrBa, CCHOKOCOB U HaCT6I/IHI pa3JIPI‘-IHOI>i IMPOAYKTUBHOCTH, OPOIIACMBbIX
H HCOpOIIAaCMbIX 3C€MCJIb.

10. Ucnonib30BaHKE TPYAOBEIX PECYPCOB

©)

OT0 ycioBUE OOBIYHO MPEJCTABISETCS HECKOJBKMMU OrpaHMYEHMSAMHU IO Haubosee
HaNpsHKEHHBIM TIeproiaM padoT U B IIEJIOM Ha BECh TIEPHO/I.

WNHorna BO3HMKAeT HEOOXOAMMOCTh B ONPEAETICHUU IeN1ecO00pa3sHOCTH NPHUBICYECHUS B
OTJENIbHBIC TIEPHOMBI JIOTIONHUTENFHBIX TPYIOBBIX pecypcoB. Torma BBOAWTCS TEpeMEHHAs,
UCKOMOE 3HAaYeHHE KOTOPOM — KOJIMYECTBO IPHUBIEKAEMBIX PECYpPCOB TpyJa B OTIEIbHBIE
MIEPUOJIBL.

11. ITpou3BOJICTBEHHBIE 3aTPATHI:

n
Zaijxjﬁei ede lel,
i1

n
Zaijxj =X, 20e lel, @
J=1

o

n
Y ayx; —X; =
WJIU TIOCTIe TIpeo0pa3oBaHus: 1177 ) I
J=1
C TnOMOMIbIO 3THUX OTPAHHYEHUN MOXKHO OINPEACTUTh ONTHUMAIBHYIO CTPYKTYpPY H
00BbEeMBI TIPOM3BOJICTBEHHBIX 3aTpaT BceX BUIOB. OMHAKO B I€JIeBOM (YHKIIUH TPEIACTABICHBI
TOJILKO CyMMapHbI€ JCHEKHO-MaTepHAIIbHBIE 3aTPaTHI.

12. Ucnosib30BaHME OPTaHUYECKUX YIOOPCHHMIA:

Zaijxj SZVijxj eoelel, )

JeJ; jedy
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JleBasg yacTb OrpaHMYCHHI IpPEICTaBIsET COOOM pPacxoj] OPraHMYECKUX YHOOpeHHH B
pPACTEHHEBOAUECKUX OTpacisiX, a IpaBas — OOBEM €ro BbIXOJA B OTPACISIX KMBOTHOBOJCTBA.
OrpanuyeHus STOTO BHUAA TAPAHTUPYIOT, YTO OPraHMYECKUX YHOOpeHHi moTpedyercs
pacTEeHHEBOACTBY HE OouIblIe, YeM OyAET X MOJIY4YEeHO B dKMBOTHOBOJCTBE.

Yax - Yy, <0
nocie mpeodpa3oBaHUs: I 7y
Je), jed,

13. IIpou3BOCTBO U KCIIOJIb30BAaHUE KOPMOB.
OOBIYHO OTpaHUYEHHS 110 ATUM YCIOBHUAM (DOPMUPYIOT ONTUMAIILHBIA KOPMOBOW OasiaHC
JUISL KaKJIOTO BUJIa )KMBOTHBIX U NTHUIBI. MOJEINb 3TOro mpouecca pacCMaTpUBAETCS B OTIEIbHON
JIEKIIH.
YacTto B MOJeNb HpeoyCMaTpUBAarOT TOJIBKO OalaHCUPOBaHME IO OTIEJIBHBIM BHJIAM
IIUTATEJbHBIX BEIIECTB.

E a;x; < E Vix;+6  2de lel;

: " 6
Jed, 1€d; ©
rae Bi — Hamune KOpMOB B XO3SICTBE.

B nieBoii yacTu nokazaH pacxoj KOpMOB B )KUBOTHOBOJICTBE.

B npaBoii yactu orpaHuueHus MpeICTaBiIeH 00bEM MPOU3BOACTBA KOPMOB M UX HAJIUYKE B

XO3AICTBE.
ITpon3BoaCTBO KOPMOB MOKHO ITOKa3aTh U Oojee AeTanbHo. Eciu BMECTO Vijj 3ammcarh ux

d.x.
sHavyenus Qjj dj, TO Z q'l 7] — 06beM MPOU3BOACTBA KOPMOB B IIUTATENLHOM BEILECTBE,
Jed;
HaIpUMep, IPOM3BOACTBO OEIKa.
B 1enom ycioBue NpemyCMaTpUBAET, YTO JKMBOTHOBOJACTBY MOTPEOYETCS KOPMOB HE
0oJIbILe, YeM OyIET IIPOU3BEAECHO PACTEHUEBOACTBOM ILIHOC HAIMYHEINA 00bEM KOPMOB.

E a.x. — E V.x: +6 <0
[Tocne mpeoOpa3zoBaHus: 171 1™
JeJ; J€J;

14. ["apanTupoBaHHblE ~ O0BEMBI  IPOU3BOJICTBA. OO6beMbl  IPOM3BOJICTBA

CeJIbCKOXO035HCTBEHHOM MPOYKLIUHU, 00ECTIeYMBAIOIINE BBIOJIHEHHE IOTOBOPHBIX 0053aTENbCTB
U BHYTPUXO3SUCTBEHHYIO MOTPEOHOCTb, MHUHMMAJIBHO JONYCTUMBIM YpOBEHb KOHIEHTpALUU

n
[TOTOJIOBBS CKOTaI/IHTI/ILIBII/IT.I[.Zvijxj > Q, 2oe lelg (7
=1
B mpaBoil wacTu mMoOKa3aH TrapaHTUPOBAHHBI O0BEM MPOU3BOJCTBA NPOAYKIHU U

peanu3auus TPOAYKLMU CEJIbCKOIO XO34icTBAa. B JIeBOM 4YacTM — NIPOU3BOJACTBO ITOM
MPOAYKIUH.
15. VYcioBus MO COOTHOILIEHUIO Pa3MEPOB IPOM3BOACTBA I10 OTIEIBHBIM BHJIAM

JeSTEIbHOCTH. 3alHiCh YCIOBUN 10 arpoOMOIOTHYECKUM OCOOEHHOCTSIM IIPOU3BOICTBA, YCIOBUS
CeBOOOOPOTOB, pa3MELICHHE KYJIbTYp MO MpEeALIECTBEHHUKAM, 3€JIeHbI KOHBeliep, TOBTOPHBIE
IIOCEBHI U T.II.
/ I .
ZWUXJ <) Wix; eoeiel; (8)

jed jed

x|
v
o

16. VYcnoBust HEOTPULIATEIBHOCTH TEPEMEHHBIX Xii=0;

(9)
3}1605 IMPUBCACHBL OCHOBHBIC THIIBI OFpaHI/I‘—IeHI/Iﬁ 3aga4un OIITUMU3aAIINN
HpOI/ISBO,Z[CTBCHHOﬁ CTPYKTYPEIL. HpI/I PCHICHUN KOHKPCTHBIX 3ada4 BCC OHHU BKIKOYAKOTCA B
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MOJIeJTh, OJHAKO, KPOME 3TOTO TpeOyeTcss B MOJETU OTPa3uTh U CHEHU(HUKY MPEATNPUSITHS, €TO
MIPOU3BOJICTBEHHOE HAIpaBJIEHUE, CTPATErni0 BEACHUS XO3AHWCTBA, OCOOCHHOCTH MECTHBIX
ycnoBuid. Hampumep, Moaenb 3€pHOBOIO XO3AWCTBA M MOJEIb CHEUUATU3UPOBAHHOTO
MOJIOYHOTO X03s1CcTBa TPeOYIOT pa3Hoil HHPPACTPYKTYPHI.

3amaua 7
OrnpenenuTh ONTUMAIILHOE COUYETaHUE OTPACiield CeTbCKOT0 X03sIMCTBA: pacTEHUEBOICTBA

¥ JKUBOTHOBOJICTBA, TakuM 0Opa3oM, 9YTOOBI TOMYYUTh MAKCHUMAJbHBIA BBIXOJ TOBapHOMN
MPOAYKIMH (B Ka4eCTBE TOBAPHOM - BBICTYMAET MPOIYKIIHS OTPACIM KXKHUBOTHOBOJCTBA). Bces
MPOJIYKLIUS OTPACIM PACTEHUEBOJICTBA UIET HA KOPM CKOTY.
[Tpon3BOCTBEHHBIE PECYPCHI:

mamasg — 8000 ra

TpyaoBbie pecypcebl — 7500 4. 1H

suepropecypcel — 1000 Tp. cmen
VYpoxkaiiHocTh 3epHOBBIX 10 1/ra (comepkaHue KOpMOBBIX emuuunl B 1 m — 1,2 11 k.em.),
YPOKAHOCTh KyKypy3bl Ha cuitoc 150 1/ra (coaepkanne KOpMoBbIX eauHuIl B 111 — 0,2 11 K.ej1.).
I'onosoit ynoii 1 kopossl 2500 kr, rogoBoit npupoct 1 cBunbu 0,9 1.
Tabmuna 1.4 - Y nenpHBIC 3aTpaThl IPOU3BOACTBEHHBIX PECYPCOB

3arpaTel TpyAa, | DHEpPreTU4ecKue Pacxon KopMOBBIX
[Tokazarenu Yell. JH. pecypcsl, Tp. enuHuI Ha 11
CMCHBI POIYKIIHH, 1] K.€JT
Ha 1 ra 3epHOBBIX 2 0,4 -
Ha 1 ra kykypy3sl 20 4,0 -
Ha 1 11 mostoka 0,1 0,01 1,2
Ha 1 i mpupocra 1,5 0,02 7,0
JKMUBOM MacChl
CBUHEH
[lena peanmzaruu 1 11 IpoayKIIUH:
3epHa — 8§ pyo.,

cuioca — 1 py0.,

MoJoka — 18 pyo0.,

npupoct cBuHer — 120 py0.

BanoBoe mnpou3BOACTBO MNPOAYKIMM  SKUBOTHOBOJCTBA  PAaBHO  IPOU3BEICHUIO
MPOJAYKTUBHOCTU JKUBOTHBIX (IPUPOCT KMBOM Macchl OT 1 TonoBbl, ynoil oT 1 KOpoOBbI) Ha
HIOT0JIOBBE.
3agauya 8

OnpenenuTs ONTUMAIBHOE COYETAHNE OTPACIIEH CEIbCKOT0 X035 CTBa: pacTEeHUEBO/ICTBA
U JKMBOTHOBOJICTBA TaK, YTOOBI TOJYYHTh MAKCHUMAaJbHBIA BBIXOJ TOBApPHOH MpOIyKIHuu (B
Ka4yecTBE TOBApHOM - BBICTYMAET NMPOIYKIHS OTpaciu KUBOTHOBOACTBA — Msico KPC u cBunei,
MOJIOKO; TIPOAYKLIMS OTpaciu pacTeHHEeBOJCTBa — 3epHO). Ha kopm uner 20% BanoBoro cbopa
3epHa U BECh CUJIOC.

[Tpon3BOACTBEHHBIE PECYPCHI:

mamas — 10000 ra,

TpyAoBsie pecypcebl — 85000 4. 1H,

sHepropecypcsl — 15000 Tp. cMeH,

nactouma — 1500 ra.
YpoxaitHocTs 3epHOBBIX 20 1/ra (comepkaHue KOpMoBbIX eamHull B 1 1 — 1,2 11 k.em.),
KyKypy3bl Ha cuioc - 150 n/ra (conepkanue kopmoBbix eaunun B 1 — 0,2 i k.en.). C 1 ra
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€CTECTBEHHBIX MAacTOMI BO3MOXKHO TMoyydyeHue 5 11 K.el. I'omoBoit ymoit 1 xoposbr 2500 kr,
MIPUPOCT KUBOU Macchl 1 KopoBbl — 2,5 11, cBUHBU — 0,9 11.

Ta6muma 1.5 - YaenbHbIe 3aTpaThl MPOU3BOICTBEHHBIX PECYPCOB

3arpaTel Tpyaa, | DHepretudeckue | Pacxom KOpMOBBIX
IToxa3arenu yesl. JH. pecypcehl, Tp. eIMHUI Ha 111
CMEHEBI MPOIYKIIHH, 1T K.€]1
Ha 1 ra 3epHOBBIX 2,1 0,4 -
Ha 1 ra xykypy3sl 20 4,0 -
Ha 1 11 mostoka 0,1 0,01 1,2
Ha 1 u mpupocra 2,0 0,01 5,0
skuBoit Mmaccel KPC
Ha 1 u mpupocra xuBoii 15 0,02 7,0
Macchl CBUHEH
Ha 1 ra ecrecTBEeHHBIX 0,8 0,01 -
IMacTOMIIT

Ilena peanuzanuu 1 11 mpoaykiuu: 3epua — 8 pyo., cunoca — 1 py0., mosioka — 16 py0., mpupocta
KPC — 120 py0., npupocra cBuHeil — 80 py0.
[Tponars rocynapctBy: 3epHa He MmeHee 2600 11, monoka He MeHee — 800 11, msica — 150 1.
3amaua 9
OnpenenuTs ONTUMAIBHOE COUYETAHNE OTPACIICH CEIIbCKOTO XO3SHUCTBA: PACTEHHEBOCTBA

¥ KMBOTHOBOJCTBA TakuM 00pa3oM, 4YTOObI MOJYYUTh MAKCHUMAJIbHBIN BBIXOJA TOBapHOM
IPOAYKIMH (B Ka4eCTBE TOBAPHOH - BBICTYMACT MPOIYKIHS OTPACIU XUBOTHOBOACTBA — MSICO
KPC u cBuHeil, MOJIOKO; MPOAYKIIUS OTPACIHA PACTEHUEBOACTBA — 3€PHO).
[TpousBoacTBeHHsble pecypcebl: namHsa — 10000 ra,

TpynoBbie pecypcsl — 85000 4. 1H,

sHepropecypcsl — 15000 Tp. cMeH,

mactoura — 1500 ra.

BosmoxHas pacnaiika ecrectBeHHbIX nactoOu 1o 400 ra.

VYpoxkaitHocTh 3epHOBBIX 20 1/ra (comepxkaHue KOpMOBBIX emuuuil B 1 11 — 1,2 1 k.em.),
KyKypy3bl Ha cuioc - 150 m/ra (comepkanue kopmoBbix eaunuil B 1 — 0,2 i1 k.en.). C 1 ra
€CTECTBEHHBIX MAcTOMIIl BO3MOXHO moiydeHue 5 1 k.ea. ['omoBoit yxoi 1 xoposbr 2500 kr,
MPUPOCT XKUBOM Macchl 1 kKopoBsl — 2,5 11, cBUHBM — 0,9 11.  ConepkaHue KOPMOBBIX €IUHUIL B
111 MoI0Ka, KOTOpOE UAET Ha KopM - 0.4 11 K.e.

Tabnuna 1.6 - Y nenpHbIe 3aTpaThl IPOU3BOACTBEHHBIX PECYPCOB

3arpaTsl DHepreTuyeckue Pacxon
[Tokazarenu TpyZa, 4Yell. pPECYpCHI, Tp. CMEHBI KOPMOBBIX
JIH. enuHUI] Ha 111
MIPOTYKIIHH, 1T
K.eJI
Ha 1 ra 3epHoBbIX 2,1 0,4 -
Ha 1 ra kykypy3sl 20 4,0 -
Ha 1 11 mosioka 0,1 0,01 1,2
Ha 1 ip npupocra 2,0 0,01 5,0
skuBoit Mmaccel KPC
Ha 1 1y mpupocra >xuBoi 15 0,02 7,0
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MaccChl CBUHEH

Ha 1 ra ecrecTBEHHBIX 0,8 0,01 -
[MacTOUIIL

Ha 1 ra ocBoenust 15 1,2 -
[MacTOUIIL

CTpyKTypa UCIOIB30BAHUS TIPOTYKIIHH:
a) 3epHa: mpojaxa rocynapctsy — 40%,
Ha KopM ckoTy — 50%,
npoyas peammzanus — 10%.
0) MoJI0Ka: posaxka rocyaapcerBy — 80%,
Ha KopM ckoTy — 10%,
npouas peanu3anus — 10%.
B) Msica: mpojaaxa rocynapctsy — 90%,
Ha BHYTpUXO03siicTBeHHBIC HYX bl — 10 %.
[TnanupoBath npoiaxy NpoAYKIHMH rocy1apcTBy He MeHee: 3epHa — 12000 1, mosoka —
1200 1, msica — 800 T.
[lena peanmzaruu rocyaapctBy | 1 mpoayKiuu : 3epHa — 8 py0., mojyioka — 18 py0.,
npupocta KPC — 180 py6., npupocra cBuneit — 120 py6.
[Ipouas uena peanuzanuu 1 11 mpoAyKIuu : 3epHa — 9 pyo., Mosoka — 19 py0., mpupocra
KPC - 190 py0., npupocta csuneit — 130 py6.

2.5 JlabopaTopHasi pa6ota 6 (2 uyaca)

Tema: «MoaenupoBaHue UCIOIb30BAHUS CPEACTB MEXAHU3ALIUN»

25.1 Heas padorbi: ChopmupoBaTh HABBIKH MOJCITUPOBAHUS  SKOHOMHYCCKHX
MPOLIECCOB MPU MOMOIIY CTAaHIAPTHON TPAHCIOPTHOU 3a/1auu

2.5.2 3agauu pa6oThI:

1. OcBouTh 3Tanbl HOCTPOCHUS MOJIEH TPAHCIIOPTHOM 3a1a4u

2. [TocTpoeHune Moy U ee MaTeMarndeckas 3anuch. CHMBOJIHKA 0003HAUYCHU I

3. Ucnonp3oBanue TabmuuHOro penakropa Excel ams pemenus 3amad TpaHCIOPTHOTO
THTIA

4. AHanu3 ¥ SKOHOMHYECKasi HHTEePIpEeTaIis OTYyYeHHBIX Pe3yIbTaToB.

2.5.3 Onucanmue (xo1) padoTsi:

Cpenu mpobiieM, a1 HCCIEAOBaHUS KOTOPBIX YCHEIIHO NPUMEHSETCS JUHEHOoe
IpOTpaMMHUPOBaHNE, BAYKHOE 3HAUCHHE UMEET TaK Ha3bIBaeMasi TPaHCTIOPTHAS 3a/1a4a.

OO0mass mocTaHOBKa JTOW 3a7auyd MPUMEHHUTETPHO K DSKOHOMHYECKOH mpobieme
DKOHOMHH W3JIEPKEK TPOU3BOACTBA (OPMYIHPYETCSl TaK: HMEETCs HECKOJIbKO ITyHKTOB
Ha3zHaueHus (mpeanpusaTuif, norpeduteneil); TpeOyercs NepeBe3TH HEKOTOPOE KOJIMYECTBO
OJIHOPOJIHOTO TOBapa M3 Pa3IUYHBIX MTyHKTOB OTIPABJICHHS B HECKOJIBKO IMMyHKTOB HA3HAYCHHUS;
KK M3 TOCTABIIMKOB MOXKET BBIIEIUTH TOJILKO ONMpPEAeIeHHOE KOJIUYECTBO €IMHUII TOBapa
U KaXIIOMY TTOTpeOHTENI0 TpeOyeTcsl TaKKe ONMPEIeICHHOE KOJIMYECTBO €IWHUI] 3TOTO TOBApa;
M3BECTHBI PACCTOSHUS WJIM CTOMMOCTH MEPEBO3KU EIMHHIIBI TOBApa OT KaXKJIOTO MOCTABIIHMKA K
KaXJIOMY MOTpeOHTeNto. 3ajada COCTOUT B TOM, YTOOBI HAWTH TaKWe MapHIPYThI IEPEBO30K, U3
BCEX BO3MOJKHBIX CBsI3€i MOCTABIIMKOB U MOTPEOUTENEH, IPU KOTOPHIX OOIIKE TPAHCIIOPTHHIE
pacxo/1pl OBUTH MUHUMAJTBHBIMHU.

TpancropTHas 3a/1a4a MOXKET OBITh pellieHa C TOMOIIBIO OJTHOTO U3 PaCHpeeIUTETbHBIX
MeTo10B. C TOMOIIBIO aNTOpUTMa TPAHCHOPTHOHM 3a/layd PEIIaroTcs MHOTHE SKOHOMHYECKHE
3a/layy, He UMEIOIINE XapaKTepa MEPeBO30K, HO YCIOBUS KOTOPBIX YKIAJIBIBAIOTCS B MOJETH
TPAHCTIOPTHOM 3a7a4u (pacrpeesieHne MOCEBHBIX TUIOMIACH, COCTaBICHUE PA3TUYHBIX CMECEH,
pa3MereHne mpearnpusITHii, pacKpoi MaTepuayoB U T.1.).

B o0mieit mocTaHOBKE TpaHCTIOPTHAS 3a/1a49a BBITJBSIIUAT CIISIYIOIIUM 00pa3oM.

82



Hmeercst N MyHKTOB OTIIPABJICHUS C 3amacamu Dj eIuHHMI] rpy3a B KaxaoM. MMeercs m
IIYHKTOB Ha3HAa4eHMs C MOTpeOHOCTSAMHU B Tpy3ax Dj . CTonMMOCTbh NepeBO3KH OJHOW €IMHUIIBI
rpy3a 10 COOTBETCTBYIOLIEMY MapLIPYTy paBHa Cjj.

JIi1st 3anucyu MOJICTTH TPAHCIIOPTHOM 33724y IPUMEM CJISTYIOIIHe 0003HAUCHHUS:

bi - Hanmnume rpy3a y i-ro nocrasmukos (=1, 2, 3, ..., m);

aj - motpebHOCTH j-ro morpedurens (j=1, 2, 3, ..., n);

Cij — CTOUMOCTb TI€PEBO3KH SHHHIIBI IPY3a OT I-TO IOCTABIIUKA K j-My HOTPEOUTEINIO.

Marpuna (Cij)m=n Ha3bIBaeTcs MaTpuied TapudoB (M3AEpKEK WIM TPAHCHOPTHBIX
pacxojioB).

[ImaHOM TpaHCIIOPTHOM 3aja4n Ha3bIBAeTCS MaTpuna X = (Xij)men, IZI€ KOKIOE YHUCIIO Xjj
0003HaYaeT KOJIMYECTBO SAUHUI] TPY3a, KOTOPOE HA0 JOCTABUTh U3 I-TO MYHKTA OTIPABJICHUS B
J-i TmyHKT Ha3HadeHus. Matpuia X HaspIBaeTCs €IIC MaTpHIed IepeBo30K. Yaime Bcero
MaTpHUIIBl TApU(POB ¥ MEPEBO30K COBMEMIAIOT B OJHY JABOWHYIO MaTpuily (Tadsmua 3.1).

Ta6mmma 3.1 — O0mmii B TPaHCIIOPTHONW MaTPHIIBI

TToCTaBIHKN [Torpeburenn 3anachl,
1 2 3 n [en.npon.]
1 Cu1 C12 C13 N Cin by
X11 X12 X13 X1n
2 Co1 Co2 Co3 N Con b2
X21 X292 X23 Xon
3 C31 C32 Ca3 N Can b3
X31 X32 X33 Xan
m Cm1 Cm2 Cm3 N Cmn b
Xm1 Xm2 Xm3 Xmn
[ToTpeOHOCTH B
ai az as an
rpyse [ea.poJ. |

Omanvl nocmpoenus mooenu mpaHcnopmHou 3a0a4u

[TpoBepka cOamaHCHPOBAHHOCTH 3a/1aUH.

Omnpenenenye NepeMeHHbIX.

[TocTpoenue cOanaHCUpOBAaHHON TPAHCIIOPTHON MaTPULIBI.
3aaHue 1eneBoil PyHKINH.

3agaHue orpaHu4YeHuH.

Pemenue 3amaun B Excel.

AHanu3 pe3ynbTaToB PEeLICHUs 3a1auu.

NoabkowhE

Hcxoonvle napamempol Mooenu mpancnopmuou 3a0aiu

a) M — KOJIMYECTBO IYHKTOB OTIPABICHUSI, N — KOJINYECTBO ITYHKTOB Ha3HAUCHHSI.

b) bi—3anmac npoxykiuu B nmynkre ornpasienus (1= 1,2, 3, ..., m);

C) aj— crpoc Ha MPOAYKIMIO B ITyHKTe Ha3Hadenus (J=1, 2, 3, ..., n);

d) cj — Tapud (CTOMMOCTb) MNEPEBO3KH EIWHMIBI MPOAYKIMH U3 i-r0 MyHKTa
OTIPABJICHUSI B j-bIil MyHKT HA3HAYCHHUSI.

Ecnun namuume rpy30B M TOTPEOHOCTH pPaBHBI MEXIy COOOH, TO 3ajada sIBISETCS

3aKpBHITOM (cOamaHCHPOBAHHOMN)
n m
IEEDN S 3.1)
j=1 i=1
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Ecnu Hanmuuue rpy30B M MOTpeOHOCTEN HE COBMAAAIOT MEXIY COOOH, 3amaya sBISETCS
OTKPBITOHN (HECOATaHCUPOBAHHOM )

%:aj i izzllbi . (3.2)

B cmyuae, xorma cymmapmuvie 3anacvl npesviuiarom CyMMapHvle NOmpeOHOCmU,
HEOOXOMM JTOTIOJIHUTEIbHBIN (DUKTUBHBIA MYHKT MOTPEOJeHUs, KOTOPhIM Oymer ¢dopMalbHO
NOTPEOIATH CYIIECTBYIOIIMI H3JIUIICK 3a11acOB, TO €CTh

m

a,=> b~ _1aj. (3.3)
j=

i=1

Ecnmu cymmapnvie nompebnocmu npegvliuiaiom cymmapuvie 3anacvl, TO HEOOXOIUM
JOTIONTHUTEIbHBIA  puUKMuUGHbI ~ TYHKT  OTHpaBieHHs, (OpPMaibHO  BOCIIOJHSIIOIIUN
CYILIECTBYIOIINN HEAOCTATOK MPOJIYKIIUHU B IIYHKTAX OTIPABJICHU:

b, = JZ:;,&,- _izﬂ:bi . (3.4)

Hckomvie napamempvi Mooenu mpancnopmuou 3a0a4u
1. Xjj— KOonMMYECTBO MPOIYKINH, IEPEBO3UMON U3 I-TO ITyHKTA OTIIPABJICHUS B j-bIi ITHKT
HasHavyeHus. Eciu mo yciaoBuio 3a1a4d BBeACH (DUKTHBHBIA MOCTABIIUK WU MOTPEOUTEND, TO
HE00XO0IMMO BBECTH (DUKTUBHBIC IIEPEMEHHBIC, KOTOPbIC 0003HAYAIOTCS
2. F(X) — Tpchnome*@ pacxopl Ha MIEpEeBO3KY BCEH mMpoayKIuu [pyo.].
i

3ajaua CBOAMTCA K TOMY, YTOOBI OTBICKATh HEOTPHLATENbHBIE 3HAYEHUS Xij , IpU
KOTOPBIX:
|. LeneBast GpyHKIUSA CTPEMUTCS K MUHUMYMY

F(x)= ZZCU Xi ™ min (3.5)

i=1l j=1
BBenenue QuUKTUBHOrO mnOTpPeOUTENST WM OTHPABUTENS] IOBJIEYET HEOOXOAMMOCTh

[z
dopmanbHOro 3amanns pukmusnvix TapudoB Cjj (peasbHO He CYIIECTBYIOLUIUX) st

(GUKTUBHBIX TepeBo30K. [lockoibKY HAac HMHTEpecyeT oOIpejeieHne Haubosiee BbITOJIHBIX
PpeanvbHblX TEPEBO30K, TO HEOOXOIUMO NPEIyCMOTPETh, YTOOBI NpPU pEHIeHUH 3afaud (IIpH
HaXO0XXJICHUH ONOPHBIX IJIAHOB) (hukmugHsie TIEPEBO3KH HE PacCMaTPUBAIUCH JI0 T€X MOp, MOKa
He OyIyT ompeleNneHbl Bce pealibHble NepeBOo3Ku. i 3Toro Hajno (UKTHUBHBIE NMEPEBO3KU
clenaTh HEBBITOJHBIMHU, TO €CThb JOPOTMMH, YTOObI MPHU TOUCKE PELICHUS 3aJaud HX
paccMaTpuBald B CaMyl0 IIOCIEAHIOI oudepeab. TakuMm o00pa3oM, BEJIWYMHA (PUKTHBHBIX
Tapu(OB JT0JKHA MIPEBBIIATh MAKCUMAJIbHBIN U3 peabHbIX TapU(OB, UCIIOJIb3YEMbIX B MOJEIIH,
TO €CTh

' > maxc; (i =1,m; j =1,_n)_ (3.6)

Il. Heobxo0umo evinonnenue cieoyiouiux 0CHOBHbIX VCA08ULL.

OT KaXKJIOTO TOCTAaBIIMKAa MOKHO BBIBECTH CTOJBKO IPy3a, CKOJIBKO Y HETO UMEETCs, TO
€CTh CyMMa HCKOMBIX IIEPEBO30K OT KaXKJIOTO ITOCTABINMKA paBHAa HAIMYUIO y HHUX Tpy3a
(ycioBus BbIBO3a BCEX IPY30B U3 MyHKTOB OTIIPABJICHHS)

le Xij = bi ; (3.7)
=
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KKIOMY MOTPEOUTENIO MOXKHO MEPEBE3TH HEOOXOAMMOE €My KOJIHMYECTBO IPy3a, TO €CTh
CyMMa HMCKOMBIX OOBEMOB TIEPEBO30K paBHA MOTPEOHOCTH MOTpeOuTENel (YCIOBHUS TOJIHOTO
YIOBJICTBOPEHUS MOTPeOHOCTEH TOTPEOHUTENCH )

m
Z Xi=a; (3.8)
i=1
”l yCJ'IOBI/IH HCOTpI/II_IaTeJ'IBHOCTI/I HepeMeHHBIX, HCKIIFOYAKIINe O6paTHBI€ IICPCBO3KU
‘v’xiij (|=1,m; J=1,n)_ (3.9)

Orpannuenus mozemu (3.7, 3.8, 3.9) moryr OBITh BBINOJHEHBI TOJBKO TIPH
cOalaHCUpOBAaHHOM 3aj1aye.

Ecnu ycnoBue 3amaun TakoBO, YTO B pe3yJibTaTe €€ PEIIeHUs] MCKOMbIE MEpEeMEHHBIE
JIOJDKHBI OYAyT UMETh IIeJIble 3HAUCHHUS, TO HEOOXOAMMO BBEACHHUE JOMOIHUTEIHHOTO YCIOBUS
LEIOYHCIICHHOCTH:

MOJIEJIMPOBAHUE 3AJJAY, HA OCHOBE CTAHJIAPTHOM TPAHCITOPTHOI
3AJJIAYN

KpoMe OCHOBHBIX YCIOBHH, B TpPaHCHOPTHBIX 3a/Ja4ax MOXKET BCTPETHTHCA Pl
JOTIONTHUTEIbHBIX,  OTPAHMYUBAIOIIUX  KOJIMYECTBEHHBIE  CBA3M  MEXKAY  OTIEIbHBIMU
NOTPEOUTENSAMH M TIOCTaBIIMKAaMHU. XapakTep dTHX OTPAaHWYCHUH M CHOCOOBI pEeIIeHUs 3aJadu
[IPYU HAJIMYWU JOMOJIHUTENIBHBIX OTPAaHHUYEHUH 3aKITI0YA0TCS B CIEAYIOLIEM.

1. ITonHOE OTCYTCTBHE CBA3HM MEXKIY IIOCTaBUIMKOM M OTpEOUTENEM, TO €cTh Xjj= 0. D10
03HAYaeT, YTO B JIAHHOM KIIETKE MaTPHIIbl MCKOMBIH O0BbEM MEpPEBO30K JOJIKEH ObITh paBeH
Hymo. OIeHKa TIEPeMEHHOHN 3aBbhIIIAeTCS Ha OOJBIIYI0 BEIWYHHY, OOBIYHO 0003HAYAEMYIO
OykBoii M, U «momajgaHue» rpy3a B 3Ty KIETKY HEXelaTelbHO, TaK Kak IiesieBas (yHKIUs
BCET/]a CTPEMUTHCSI K MUHUMYMY.

2. Hanuume wyacTHOW 3apaHee (QUKCHPOBAHHOM CBSI3M MEXAY IOCTaBIIUKAMU U
HOTPEOUTENAMH, TO €CTh Xjj = (, MCKOMBIH 00BEM MEPEBO30OK OT I-TO IIOCTABIIUKA K |-My
noTpeduTento JOHKeH ObITh cTporo paBeH (. Jlo Havanma pemeHus 3aJadyd OT
COOTBETCTBYIOIIIETO IIOCTABIIMKA W TOTPEOUTENs BBIYMTACTCS BEIMYMHA (], 3aTeM B
COOTBETCTBYIOLIYIO KJIETKY TI€peceYeHMsl IOCTaBIIMKAa M MOTpeOUTeNs 3amMChIBaeTCs
3aBbIIIEHHAs! OIleHKa M | 3aJ1aua penraercsi OOBIYHBIM METOIOM.

3. Xij > (, TO eCTh HCKOMBII 00beM MEePEeBO30K OT i-T0 MOCTABIIMKA K j-My ITOTPEOUTEITIO
JIOJDKEH OBITh HE MEHbIIE BeTMYMHbI (. J[o Hagasa pemeHusi OT COOTBETCTBYIOIIETO TIOCTABIINKA
U IOTpeOUTeINs BEIUUTAETCS BETMUMHA (], 3aTeM 3ajjaya peraeTcst OObIYHBIM IYTEM.

Mopnens TpaHCIIOPTHOM 3a7auM TMO3BOJSET pelaTh JHOble 33Jayd, B KOTOPBIX
napamMeTpsl HMMEIOT OJMHAKOBbIE €IUHMIBI HM3MepeHHus. Takue Mojaenu Ha3bIBalOTCS
OJTHOTIPOAYKTOBBIMH. K HHM MOXHO OTHECTH 3aJady ONTHMH3ALUHU HCIIOIB30BaHHUS MAIIMHHO-
TPAKTOPHOT'O MapKa B OT/EJIbHBIE arpOTEXHUYECKUE CPOKH, 3a]lady ONTUMAIBHOTO Pa3MELIeHUs
TIOCEBOB CEIHCKOXO3SICTBEHHBIX KYJIBTYP M0 YIaCTKaM C PA3IMIHBIM IUIOA0POJIUEM TI0YB U T.1I.

Ynpaxnenus
3agaua 1

Tpebyercs nepeBe3TH OHOMMEHHBIN T'Py3 U3 TPEX MYHKTOB OTIPABIICHUS B TPU ITyHKTA
Ha3zHaueHUs. Komnm4ecTBoO rpy30B, MOAIEKAIIMX OTIIPABICHUIO C KaXIOTO CKJIaja, TOTPEOHOCTH
B HHUX Ka)XJIOTO MOTPEOUTENS U PACCTOSHUS B KHJIOMETPAX OT KaKJOro MyHKTa OTIPAaBICHUS B
KKl TyHKT Ha3HAuU€HUs IpUBe/IeHbI B Tabnuue 3.2.

Tab6muma 3.2 — PaccTosiHUS TEPEBO3KH, KM

ITorpeburenu Hanuuwue rpy3os,
[TocTaBmmku 1 > 3 N
1 15 17 23 900
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2 9 19 8 800

3 24 21 32 550
[ToTrpebHOCTH B 2250
rpysax, T 700 800 750 2950

HyxHo ompenenuTh, U3 KaKoro MyHKTa OTHPABJICHHS CIEAYET YAOBIECTBOPSATH CIPOC

noTpeduTenei, 9Toobl 001as cymma o0beMa rmepeBo3oK (TKM) ObLTa MUHHUMAJIBHOM.

Pewenue:
1. [TpoBepka cOanmaHCUPOBAHHOCTHU 33]]a4H

[Ipocymmupyem Haau4uue rpy30B y OCTABIIUKOB
3

3" |, = 900+800+550=2250

i=1

[Tpocymmupyem noTpeGHOCTH MOTpEOUTENEH B rpy3ax

3
Z a;= 700+800+750=2250
j=1

3 3
>b=2>, a, CIIeNIoBaTeINbHO, 3a/1a4a COATaHCHPOBAHHAs (3AKPBITOTO THIIA).
i1 =

2. OnpeneneHue NepeMeHHbIX
O6o3HaunM d4epe3 Xjj [T|] KoamUecTBO TIpy30B, KOTOpbIE OymyT IepeBe3eHbI OT I-TO

MOCTABIIMKA J-MYy TOTPEOUTEIIO.

3. L. LeneBas QpyHKIus
Dopmanvhasn yenesas GyHKyus umeem uo:

F(X)=15x,, +17x, +23X, +
+9X,, +19%,, +8X,, +
+ 24X, + 21X,, + 32X5, — Min

II. OcHOBHBIE OrpaHUYEHUS

(X, + X,, + X;5 = 900,
X,1 + Xy, + X,5 =800,
X3, + X5, + X35 = 550,

< Xy + X, + X5, = 700,

X1, + X5, + X5, = 800,

| Xy3 + Xp3 + Xg5 = 790

III. YcioBre HEOTPUIATETBHOCTH
Vx,20 (=13 j=13)
4. Mopenb 3a1a4u B OOLIEM BUJE:
l F<X ) =0 Xy TCpXpp 05X
+Cy1Xpp 00Xy +CosXps t+

+CyyXq; + C3yX3y + CaaXeq — MIN
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(X11 + X, + X3 =Dy,

Xa1 T Koy + X33 = b,,
. Xg1 + X3, + X33 = by,
Xp1+ Xy + X3 =Q,

X1p T Xy + X3, = a5,

. vx,20 (=13 j=13)

5. Mopenb 3a1a4u B CTPYKTypHOU (hopme:

3

3
ZZZCU X ™ min |

i=l j=1
Z =13
1. = ,
3 _
e =13

|||,inj 20_1 (I =1,3; J =l,3)

6. Jlst petienust nanHo# 3amaun B EXcel HeoOxoaumo:

1) TOJ1 3aIKCh 1eJIeBOM (YHKIIUHN OTBECTH stueiky Al;

2) I0J1 3aIMCh OTPaHUUYEHUN — siueiiku crondua B (kosnyecTBO sUeeKk COBMALAET C
KoJmdyecTBOM orpannueHuii): B1, B2, B3, B4, B5, B6;

3) MOJ1 3aITUCh UCKOMBIX IMIEPEMEHHBIX 0TBeCTH sueliku ctonomos C, D, E

(KoJIMUeCcTBO MOTPEOUTENICH COBMAIaeT ¢ KOJIUYECTBOM CTOJIOIIOB,
KOJIMYECTBO IMOCTABIIUKOB — C KOJTMYECTBOM CTPOK).
*[Ipumeuanue.: NCKOMBIE TIEPEMEHHBIE Xjj OyAYT HAXOIUTHCS B CIEAYIOIINX SUYeHKaX:
(Xll —C1 X12— D1 xi3— E1
Xo1— C2  Xop— D2 Xoz3 — E2
X31 — C3 X31 — D2 X33 — E3)
Topsooxk evinonnenus pabomol.
1. Beectu B sueiiky Al ¢popmyny nenesoit pynkuuu (pucyHok 3.1):
=15*C1+17*D1+23*E1+
+ 9*C2+19*D2 + 8*E2+
+24*C3+21*D3+32*E3;
4| Microsoft Excel - Kuwra

@_] Bain Mpaska Bun Beraska Oopwar  Cepeuc  [addele Owdo  Crpaska

A" ENETIENRA KA YP Vi O AL RACRAL N 1|J-ﬂ|:|§*)ﬁ
i A0 G K & UEEE a9y g BEEE DA
P v X A SIECIHT DI E 1 T2 D248 E2+ 24 C3+ 21 D3+ 32'ES
A | B | ¢c | D] E ] F | 6 | H | I | J |

=15 CIHT*D1+23 E1+9° C2H19 D248 E 0+ 24 C3+21°D3432°E 3

.

ta
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Pucynok 3.1 — Beox nieneBoit pyukimu B Excel

2. a) Beectu B siueiiky B1 neByro wacte 1-ro orpannuenus: = C1+D1+E1 (pucyHok 3.2)

§| Microsoft Excel - Kuural

Eﬂ Dain paska Bun  Brraeka  Qopwat  Cepeac  [Jaskeie OkHo  Crpaska

oA RS I= AR A AR T SACAL EA SR X1 )
| A0 -k &K YIS S Z ]y g | E s
PAHT * X & =C1:D1+E1
A B | ¢ D | E ] F [ 6 [ H | 1 [ J |
1] 0|=C1+D1+E] oo
2
st , , 1
= C2+D2+E2
B) BBectu B siueliky B3 neByro yactb 3-ro orpaHu4eHHUs:
= C3+D3+E3
r) Beectu B sueiiky B4 neByto yacts 4-ro orpaHU4EHUSA:
= C1+C2+C3
1) Beectu B siueliky BS neByto yacTh 5-ro orpaHU4EHUs:
= D1+D2+D3
e) Beectu B stueliky B6 neByto yacth 6-ro orpaHU4eHHUs:
= E1+E2+ES3

E Microsoft Excel - Kuural

Eﬂ Daiin  Mpsewa Bun  Boraexa  dopmar  Cepenc  JanHwie  Owdo  Cripaska

RN " NEREY 2 AR NN AL EXCRA TN X 1
| o Jjx & u|=s=s=-44 | iE
PAHT » ¥ o & =C1+C2+C3
Al B | c | p | E | F | 66 | H [ 1 | J ]

1] 0 0

2 0
3 0,
4] |=c1+cz+ga

5

Pucynok 3.3 — Beoz orpannuenuii B Excel

3. Ha manenu uncTpyMeHTOB BbIOpaTh omnuuio "Cepsuc", a B Helt Bkinaaky "Tlouck
pemenus"”

Ilpumeuanue

Ecin "llouck pemeHuss" OTCYTCTBYET, HYKHO BBINOJHUTE KomaHxay "Cepsuc'—
"Hanctpoiiku". B okne nuanora "HaacTpolku" HYy)XKHO yCTaHOBUTH ()J1a’KOK HAIlpOTUB CTPOKH
"TTouck pemenus".

4. B okne nuanora "llouck pemenus" B moisie BBoJa "YCTaHOBUTH LIEJEBYIO SYEHKY"
HYXXHO BBECTH CChUIKY Ha stueiiky Al. HeoOxoaumo BBIOpaTh croco0 ajapecanuul siueek B
a0cosroTHOM cucteme koopauHat (T.e. ykazath He Al, a $A$1). Takxke HYKHO MOCTyHarh C
JPYTMMH [IEPEMEHHBIMU.

5. B oxne guanora "lIlouck pemieHus" HYXHO YCTAaHOBHUTH MepeKItoyaTeslb (PUCYHOK
3.4).

Mowmck pewenmna .ﬁ
YCTAHOEWTE LENEBYID AYERY: SA51
Pa : () MBKOMMAENEHOMY SHEHEHWID sHaveruo: | O

(%) MMHMMaNEHOMY SHEYEHWIO




Pucynok 3.4 — Pabora B nuanoroBom okHe «Ilonck pemeHus»

6. B none BBoga "M3MeHsia siuelKuU'" HYX)HO yKa3aThb CChUIKM Ha SYEMKH, COJEpIKaIlNe
HCKOMBIC MTepeMeHHbIe, T.¢. Auana3oH sucek $CS1: $ES3 (pucynok 3.5).

-

Mouck pewenns

YCTEHOBMTE LENEEYHD AUEMKY: SAS1 BeINQMHHTE

PaBHoA: MEKCMMEREHOMY SHEHYEHMHD 3HaqeHmo: |0
D = Y O = SEKPEITE

(%) MMHMMANEHOMY SHAYEHWID

W’Tnﬁcﬂhlﬂ:

SCS1:5E53

Mpegnono#nTe

OrpaHu4eHiE: [apaMeTpel

NobaenTe

II I IIa

HEMEHWUTE
BoccTaHoBUTD
YaanuTe

Crnpaeka

PI/ICYHOK 3.5 —Ilone BBOJA AYECCK, 0603Haqa101111/1x HCKOMBIC ITICPCMCHHLIC

7. B none BBoja "Orpanudenus" npu Haxatuu KHOMNKHU "J[00aBUTH" MOSBISETCS OKHO
nuasora "Jlo6aButs orpanndenus”. B mone BBoga "Ccebuika Ha sueliky" BBogutcs $BS$1. B mone
BBOoJIa "Orpannuenue" BBogutcs = u ynciao 900. IIpu momomu kHonku "J[00aBUTE" TakuM ke
00pa3oM BBOJSITCS BCce OcTalbHbIe orpanmdeHust (stuctiku $B$2:$3B$6) (prcyrok 3.6).

F o
JobaeneHme orpaHMuyeHmA
Cebinka Ha Fl_‘-IEﬁK'!.I': OrpaHu4eHHe:
$B§1 = w | |900

[ Ok ] [ OTMeHa ] [ﬂoﬁasmb] [ Cnpaska ]

Pucynok 3.6 — JluanoroBoe okHO «/{oGaBieHue orpaHuueHUSD)

8. lnga BBOJA OrpaHMYEHHIl HAa HEOTPULATEIBHOCTb MCKOMBIX IEPEMEHHBIX B OKHE
nuanora "Jlo6aButh orpannueHus” B noje BBoja "Cchlika Ha s;lueiKy" HY>KHO BBECTH CCBUIIKY Ha
siaeiiky $C$1, a B mone BBoma "OrpanmueHus" Hy)HO BBecTH >= W uucio 0. IIpu momomru
kHOnKU "Jl006aBUTH" TakuM ke 00pa3oM BBOJAATCS YCJIOBUS HEOTPULATEIBHOCTH OCTABIIHXCS
UCKOMBIX TepeMeHHBIX. JIn0o Boiensercs nuana3on saeek $C$1: SES3 u 3amaercs >= u uncno
0. ITocne BBoAa mocneaHero orpanudeHust HaxmMuTe «OKy.

Ilpumeuanue

Ecin B 3amaue uMmeercs yCIOBUE LIEJIOYHMCIEHHOCTH MCKOMBIX IEPEMEHHBIX, TO B
UAIoroBoM OKHe «JloOaBieHue orpaHnyeHui» B mosie BBojaa "CcbUlKa Ha SUEHKY" HYKHO
BBECTH CChUIKY Ha stueiiky $CS$1, a B moJie BBOJIa 3HAKa OTPaHUYCHUS HY)KHO BBECTH «11ei». [Ipu
nomomu KHONKH "J[00aBuTH" TakuMm ke 0Opa3oM BBOISATCS YCJIOBHS IIEIOYHCICHHOCTH
OCTaBIIIMXCSI KCKOMBIX TIepeMeHHBIX. JIn0o BeienseTcs nuana3on syeek $CS1: $ES3 u 3amaercs
«uemy». [Tocne BBosa mociieiHero orpannueHus HaKMuTe «OK».
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[Mocne naxatusi xHomku "BemmomHuts" EXCel paccumThiBaeT pe3ynbraT W OTKPBIBAET OKHO
nuaiora "Pe3ynpTaThl moucka pemenus’. B atom auanore B okHe "Tun otuera" HY»XKHO BBIOpaTh
"PesynbraTel" u Hakate OK. [lepen mucrom, rie 3anucaHa MoCTaHOBKA 3a7a4u, Oy/eT BCTaBIICH
auct "Otyer mo pesynbTaTam 1", a Ha 2KpaHe OyaeT BBIIAH PE3YJbTAT PEIICHHS 3aJadu
(pucynoxk 3.7).

@ Microsoft Excel - Kawmral

@_1 maiin [paeka Bug BcTaeka ®opwat Cepeuc  OaHHele  OkHo  Cnipaewa

NN REREIN= AR A R e - R A 9 = -4l Al 60 G 0 - @ Q-

: Arial Cyr -0 - | K & YU EES =B E ey o 50 a0
B7 - 3
A | B [ ¢ [ b | E | F | 6 [ H [ 1 [ J |
1 32000 900 650 250 0
2] 800 50 0 750
3] 550 0 550 0
4] 700
5| 800
6 | 750
i :.

Pucynok 3.7 — Pe3ynbTaThl pelieHus 3agadu
Humepnpemayus pezynbmamos 3a0avu

[lomyyennple 3Ha4YeHHs B sYEHKax, cojepkammx (OpMyibl HeIeBod (YHKIHH U
OTPaHUYEHUH, SBISIOTCA Ppe3yJbTaToM pacyeTra IeleBOW (YHKUUMU U COOTBETCTBYIOIIMX
OTpAaHUYECHUU.

Pesynbrat, nomyuyeHHsli B siueiike Al, o3HayaeT oOu1yr0 CyMMy 00beMa Irpy301epeBO30K
B TKM.

Sueiixu Bl, B2, B3 mnoka3blBalOT BBIIIOJIHEHUE YCIOBHMS IIOJHOTO BBIBO3a Ipy3a OT
nocrasuuka. fAueiiku B4, B5, B6 noka3pIBatoT BBIIIOJHEHHE YCIOBUS MOJTHOTO YI0BIETBOPEHUS
notpeGHOCTeH moTpeduTeNs.

3naveHus sueexk B juanazone $C$1: $E$3 mokaspiBatoT KommuecTBO rpy3a (B T),
IEPEeBE3€HHOI0 OT COOTBETCTBYIOIIErO IOCTABIIMKA, COOTBETCTBYIOIIEMY MOTPEOUTEINIO.
3HaueHusl JAHHOIO JAMarna3oHa NpeBblmaoT 0, cleaoBaTeNbHO YCIOBHE HEOTPULIATEIbHOCTH
VICKOMBIX TIEPEMEHHBIX BBIIIOJIHEHO.

Omeem

OnTumanbHbIE IEPEBO3KU TPY30B IIPELYCMATPUBAIOT IIEPEBO3KY OT 1-ro mocraBmuka 1-
My notpedureno 650 T, oT 1-ro mocTaBmuKa 2-mMy norpedutento — 250 T, OT 2-T0 MOCTaBIINKA
1-my notpeburemto — 50 T, a 3-my norpeburento — 750 T. 3-if mOCTaBIIMK OTBE3ET CBOU Ipy3
TOJIBKO 2-My moTpeduTento B koaudectBe 550 T. MuHUMaNbHBIH 00BEM TMEPEBO30K COCTABUT
32000 T kM.

Tlopsaoox ogopmnenus 3a0auu

1. I[TpoBepka c6anmaHCUPOBAHHOCTH 33]1a4H
3

> b, = 900+800+550=2250

)

2. a,= 700+800+750=2250

j=1
3 3

Z bi = Z aj , 3aJlava 3aKpbITOTI'O THUIIA

i=L j=1
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2. CocraB nepeMeHHbIX
Xijj— KOJIMYECTBO MPOAYKIHUH (T), HEPEBO3UMOMN U3 I-TO ITyHKTa OTHPABJICHHUS B J-bIi IyHKT

Ha3HAa4YCHUA

3. YucnoBas MOIENb
F(X)=15x,, +17x, +23X, +

L +9X%,, +19X,, +8X,,+
+ 24X, + 21X,, + 32X,; — Min

(X, + X,, +X,5 = 900,
X,1 + Xy, + X ,5 =800,

X3, + X35 + X35 = 550,
1. < X, + X, + X5, = 700,
X1 + X,, + X5, = 800,

| Xy3 + Xp5 + X553 = 790.

. Vx,;=0 (i =13 j =1,_3)
4. O0muii BUI 3KOHOMUKO-MaTEMATUYECKON MOIETH
. F(X ) =CypXyy 0%, +CXs F
1 CyrXpy FCppKpp +Cp5Xpst
+CyyXa; + CayXay + CaaXay — MIN

(X11+ X1, + X153 =Dy,

Xa1 T Xpp + X33 = bz’
1.3 Xg1 + X3, + X33 = Dby,
Xp1+ Xpp +X3p = &y,

Xip T Xy + X3, = a5,

. vx,20 (=13 j=13)

5. CtpykTypHas ¢popMa SKOHOMUKO-MaTEMaTHIECKON MOAEIH

l. F(X):iiCij Xi min

i=1 j=1
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. V' x; =0 (=13 j=13)

6. OtBeT: MuHUManbHBIH 00beM mepeBo3ok cocTaBUT 32000 T kM. [Ipu sTOM MaTpuIa

Ipy30IepEeBO30K Oyzer BBITJIAJICTD CJICYIOUIHM o0pazom:
650 250 O
X=/50 0 750
0 550 O

3amaua 2

CoctaBuTh MmIaH NepeBO3KU KapTodens u3 3 Xo3aicTB 4 MarazpuHaMm Tak, 4ToObl CyMMa
paccTosiHMl Ha TIepeBO3Ky OblIa MUHUMaIbHON. Hannune kaproderns, moTpeOHOCTh Mara3uHoB
U pacCTOsIHME OT XO34HCTB JI0 Mara3uHOB IpHUBEJCHBI B Tabaule 3.3.

Tabmuua 3.3 — PaccTosiHust IepeBO30K, KM

Xo3zsiicTBa 1 2Mara3ng Z 3amacel, T
1 8 6 9 2 280
2 4 5 4 5 520
3 3 4 6 4 400
ITorpebHOCTH, T 300 | 250 340 210

3amaua 3

CocraBbTe MmIaH NEepeBO30K HEPTENPOAYKTOB U3 3-X MYHKTOB OTMPABICHUS B 4 MyHKTa
Ha3HaueHus. [lnan nomkeH obecneunTh MUHUMAJIbHBIE TPAHCIOPTHBIE U3AEPKKU U MOTHOCTHIO
YIOBIIETBOPUTHL CIPOC MOTpeduTeneld Ha HEPTEMPOIYKThI. 3anac, MOTPEOHOCTH U CTOMMOCTH
nepeBo3ku 1T HedTenpoayKTOB MpUBEEHbI B Tabaule 3.4.

Tab6muma 3.4 — CTOMMOCTh IEPEBO30K, PYO.

ITyHKT ITyHKTBHI Ha3HAYECHUS Samacer, T
OTIIPaBJICHHUS 1 2 3 4
1 9 7 5 3 175
2 1 2 4 6 125
3 8 10 12 1 140
ITotpebHOCTH, T 180 110 60 40

3amaua 4

YerblpeM npeanpustusiM HeoOxonuMo cbipbe B koiuuectBe 110, 100, 80 m 40 T
COOTBETCTBEHHO. 3amachl ChIPbsl COCPENOTOUEHBI B TPEX IYHKTaX XpaHEHUs B KosmuecTse 90,
100 u 140 T coorBercTBeHHO. M3BecTHa MaTpuna C pacCTOAHMI MEXIy ITyHKTAMHM XpPaHEHUS U
npeanpustTusiMd. HyXHO COCTaBUTh IUIaH NEPEBO30K CHIPbSl TaK, YTOObI 0OWMil 00beM
MepPeBO30K (T-KM) ObLT MUHUMAJIbHBIM.
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20 40 60 100
C=|10 30 70 40
40 80 130 70

3amaua 7

Tpebyercs mepeBe3TH OAHOPOAHBIM IPy3 U3 TPEX MYHKTOB OTIIPABICHUS B TPU ITyHKTa
Ha3zHaueHus. KadecTBo rpysa, HoJuIekaluX OTIPABJIECHUIO C KaKAOr0 CKJaaa, MOTPeOHOCTH B
HEM KaX/JIO0TO MOTPeOUTENss M PACCTOSHUS TEPEBO3KH OT KaXIOTO IMYHKTAa OTIPABICHUS /O
Ka)/I0T0 IyHKTa Ha3Hau€HUs NpHUBeieHb! B Tabuue 3.8.

Tab6muma 3.8 — PaccrosiHue mepeBo30K, KM

ITocTaBmuku 1 HOTpegHTeHH 3 Hannuue, T
I 15 17 23 900
] 9 19 8 800
Il 24 21 32 550
[ToTrpeOHOCTD, T 500 700 650

HeoOxonuMo cocTaBUTh ONTHMAJbHBIA IIJIaH TEPEBO30K, TaK 4YTOOBI 00BEM
TPAHCTIIOPTHBIX paboT (T KM) ObUT MUHUMANBHBIM. [Ipu 3TOM 00s13aTeNbHA TOCTaBKA OT MEPBOTO
MOCTABIUKA IEPBOMY IMOTPEOUTENIO ycTaHOBIIeHA B KommuecTBe 300T, BTOPOW TMOCTaBIIUK

JIOJDKEH TIOCTaBUTh BTOpOMY moTpedutento He MeHee 200T, a epBbIid MOCTABIIUK TPEThEMY — HE
ooitee 400T.

3amaua 8

HeobOxonnMo cocTaBUTh ONTUMAJIBHBIN IJ1aH NMPOBE/IEHUSI BECEHHE-TIOJIEBBIX paboT, A
UMeroIleiicss TeXHUKM B Xxo3siictBe. OOBeM paboT B TeKTapax MITKOH MaxoThl,
MIPOU3BOIUTENILHOCTh UMEIOLICHCS TEXHUKH 3a Meproj (TeKTaphbl MATKOM MaxoThl), 3aTpaThl Ha
€IMHUILY paboThI peACTaBIeHbl B Tabmuie 3.9.

Tab6nuia 3.9 — 3arpatel Ha 1 Ta MITKOM MaxoTsl, pyo.

Mapxku TpakTOopoB
-
o
‘g
—
Bunsl pabot % N - g ; -
o~ ; — (] 1
| o <+ . ha =
~ & ' = O ©
= = ~ = o ~
Pannee 6opoHOBaHME 3501 55 5,7 5,8 5,9 210
IIpeanoceBHas KynbTHUBALIUS 4.8 5,0 57 6,0 1000
[ToceB SIpOBBIX 3€PHOBHIX 55 5,7 5,8 59 75
bopoHoBanue 03MMON NIIEHUITBI 51 6,5 6,4 7,0 135
[TpukaTrIBaHue M 5,4 53 5,6 40
O0beM padoT, Ta M. 11. 470 400 270 320
3arpaThl Ha MPOBEICHNE BECEHHE-TIONEBBIX Pa0OT JOKHBI ObITh MUHUMAIHHBIMHU.

OTBeThbI
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0 70 0 210 0
Ne2 X=| 0 80 340 0 100 F(x)=3900
300 100 0 0 O

0 110 60 0 5
N3 X=[125 0 0 0 O F(x)=1675
55 0 0 40 45
10 0 80 0
Ned X=| 0 100 0 O F(x)=14800
100 0 0 40
4503 981 2884 0 817
0 0 0 2800 2783
N6 X=| 0 4 o 0 0 F(x) = 330608,2
0 65 O 0 0

300 500 51 49
Ne7 X=| 1 200 599 O F (X) = 27550
199 O 0 351

0 0 0 210
335 400 232 33
O A B T W e oT
135 0 0 0
0 0 38 2

2.6 JlaGopaTtopHasi padora Ne7 (2 yaca)

Tema: «MoaenupoBaHue TOCEBOB M UCIOJIb30BAHUS YI0OPEHHIN»

2.6.1 Heanb padorbl: M3yunTh 0COOEHHOCTH MOCTPOECHUE MOJENHU 3aJaud pa3MelleHHue
MIOCEBOB I10 YYaCTKaM 3eMJIH Pa3IMIHOTO TUIOI0POIUS

2.6.2 3agauu padoThI:

1. MogenupoBanue pa3MeIIeHHUs TIOCEBOB MO yJaCTKaM 3eMJIH Pa3IMYHOTO TUIOIOPOIHSI.

2. MoaenupoBaHue ceBOOOOPOTOB.

3. MonenupoBaHHe UCIIOJIb30BAHUSI MUHEPAJIbHBIX yI0OpEHHI

2.6.3 Onucanmue (xo1) padoTsi:

1. MoaennpoBaHue pa3MelleHHs TOCEBOB IO YYacTKaAM 3eMJIM Pa3JInYHOI0
NJIOIOPOIHS.

3(10611161 onmumusauuu _ CmpyKmypsl noCeeHblxX nﬂomadeﬁ MoaHcem pacemampueamsvcia U
KAK_COCMABHAsL 4aChb NIAHUPOBAHUS. NPOU3BOOCEA NPEONPUAMUSL, 20€ OHA MOOQENUPYencs 80
B3AUMOCBA3U__C _HCUBOMHOBOOCMBOM U _KAK _CcAMOCmosimenvhas  3adaya. Paspabomka
CAMOCMOSAMENbHOU _3A0a4l  ONMUMU3AYUY  CIMPVKIMYPbL _NOCEBHbIX  NAOWAOe _umeent
NPAKMUYECKUl _CMbICI, KO20d PACCMAMPUBAemcst 3a0aid pasmeujenius nocesos no y4acmram
3eMIU_PA3IUYH020 NI000POOUS., DA3SMEUICHUE 3EPHOBbIX KVIbMYD 6 3ePHOBOM Ce80000pome,
KOPMOBBIX KVIbMYP 8 KOPMOBOM ce800Oopome u.0.

PaCCMOTpI/IM OTACJIBHBIC IMOCTAHOBKU 3aaa4U pa3sMCIICHUA U CTPYKTYPhI IIOCCBOB.

94



Jl1st onipeienieHysi ONTUMAJIbHOTO Pa3MEIICHHsT TTOCEBOB MO OTACJIbHBIM YYacTKaM 3eMIIH
Pa3IMYHOTO TUIOAOPOJUS MOKET ObITh MPUMEHEH paclpeAeNuTeNbHbII MeTo. 3a1ady MOXKHO

pa3paboTaTh Ha OCHOBE TPAHCIIOPTHOM 3M1a4H.

ChopmynupoBaTh  3amayy  MOXHO  Tak:  TpeOyeTrcs  pa3MEeCTUTh  IIOCEBbI
CEJIbCKOXO3SUCTBEHHBIX KYJIBTYp MO y4acTKaM 3eMJIHM TaK, YTOOBI TOCEBHBIC IUIOMIAAH [0 BCEM
KyJIbTYpaM PaBHSUIMCH ILUIAHOBBIM 00beMaM, BCE MAIllHU JOJDKHBI ObITh 3aHSTHI MO/ MOCEB MPU

3TOM CTOMMOCTbH BaJIOBOM MPOAYKIIUH ObljIa ObI MAKCHMAaJIbHOM.
B kauecTBe KpUTEpus ONTHMAIBHOCTH B 3TOM 3alayd MOXHO IPHUHATh MAaKCHMYM

CTOMMOCTH BaJIOBOM MPOJIYKIIMU CEIBCKOI0 X03UCTBA, YUCTHIM JI0XO, TPUOBLIb.
BBeneMm ycnoBHbIe 0003HAUEHUS:
M — 4KCIIO YYACTKOB 3EMIIH;
| — HOMEp YY4acCTKOB 3€MIIH;
N — YUCJIO KYJIBTYP;

] —HOMepa KyJIbTyp;

Si - IUIOIIA/h I-T'0 y4acTKa;

S j -TIIOIIAb OTBEICHHAS MO J-F0 KYIBTYPY;
Cij - CTOMMOCTb J-i MPOIYKIMH C OJJHOTO TeKTapa i-ro;

Xij - III0IIa/Ib II0CEBA j-if KyIbTyphl Ha 1i-TOM ydacTke.

CtpykTypHast MOJEb 3a]1a4H:

C= izn:cijxij —> max
i=1 j=1

IIPU yCIOBUSAX:
1. IlepBoe ycioBue 00eCHEUMBAET, YTO ILIOLIAAb IIOCEBA BCEX KYJIbTYp HAa KaXKAOM

yudacTke OyJeT paBHa ero IUIONIa Iu.

n
inj = Si ,raei=1...m.
j=1

2. Bropoe yciioBue rapaHTHPYET, YTO MO KXKIYIO KYJIbTypy OYJeT OTBe/IeHa TUIaHOBast
MJI0ILATb.

m
2 l,xij :Sj,rﬂejZI...n.
i=1
3. TpeTLe YCJI0BHUC 06eCHqu/IBaeT PaBCHCTBO HMeI-OH.[efICH 3€MJIM U IL1oIIaan ITOCEBOB
BCEX CEJIbCKOXO3SIMCTBEHHBIX KYIbTYD.

m n
2.8=2.5
i=1 i=1
2. Ycnosue HEOTPpUIATCIIbHOCTU IICPECMCHHbBIX
x; 20
Yucnosas _moodenb cocmasisiemcs. no muny I’}’ZDCZHCI’ZODWIHOZZ 306611{14, mo __ecmbo

3ANOJIHAEMCA NJAAMENCHAA Mmampuua, no CmpoKadm pasmewaronicia y4acmkKu, a no cm0ﬂ6uaM
Kyjlbmypbl. 3adaua umeem NPAKMUYECKULl CMbICA_PEeuleHus. TUlLb moeda, K020a d)aKWIU'-tECKM

UmernnicAa y4acmkKu pasiuv4Hozo I’l]lOOOl?Oau}Z.

2. MoaeanpoBaHue ceB000OPOTOB.
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YTounum monsitue ceBoobopoTa. [Tog ceBOOOOPOTOM MOHUMAIOT IUIOMIATL 3EMITH C
000CHOBAHHBIM YepeIOBAaHUEM KYJIbTYP BO BPEMEHH M IMPOCTPAHCTBE.

Crourt 3a7aya: ONpeaesuTh IUIOMAAb CEBOOOOPOTOB X03SHCTBA, KOTOpas obecreunBaia
OBl pa3MelICHUE TUIAHOBBIX IMOCEBHBIX ILIONIAJICH HAa CEBOOOOPOTHOHM IUIOIIAAM M IO3BOJISIIA
MOJTYYUTh MAaKCUMATbHBIA IKOHOMUYIECKUH 2P DEKT.

3a KpuTepuil ONTUMAIBHOCTH MOYKHO IMPHUHATH MAaKCUMyM HPUOBLIM, YUCTOIO J0XO0/a,
BaJIOBOI'0 JI0X0/1a, CTOMMOCTHU BaJOBOM MPOAYKLIUH.
dopmanuzanus 3agauu.

N — KOJMYECTBO CGBOO60p0TOB Pa3jIMuHbBIX BHUAOB, BBCACHUC KOTOPLIX BO3MOKHO B
JaHHBIX YCIIOBHUAX,

j — HOMEpa ceBOOOOPOTOB;
| — HOMepa KyJbTyp;
M — KOJMYECTBO KYJIBTYD;

xJ - IIomaab J-ro CCBOO60pOTa B I'CKTapax;

c j - IpUOBLIb, YUCTBIA MK BAJOBOW J0XOJ, CTOMMOCTh BaJIOBOM NMPOAYKIMU C OJHOIO
reKTapa B J-TOM CeBOOOOpOTE;

ﬂ ij - moist moceBoB |-if KyJIbTYpBI B j-TOM c€BOOOOPOTE;

Si - o011as 3ajjaHHas IIOIAAb oceBa |-i KyabTypsbl;
S — muIomaap NalHu B X03sicTBeE.
CTpyKTypHast MOJEIIb!

n
C= Zc (X; = max
j=1
MIPH yCIOBUSAX:
1. HepBOC yCHOBI/Ie O6eCHeLIHBaeT ITIOCEB HHaHOBOﬁ Ijiomanu 1mo Ka)KI[Oﬁ Ky.]'IBType

n
Z,Bin,- =Si eicl..m
=

2.BTOpOC YCJIOBHUC IIPEAYCMATPUBACT, YTO JISI BBOJAUMBIX CeB0060pOTOB HOTpe6yeTCH
IJIomaau ImaliHu HE 6OJ'IBIHG, JeM €€ UMEECTCS B XO3SICTBE.

Zn:xj <S
-1

3. YcioBre HEOTPIATEBHOCTH TIEPEMEHHBIX
x. >0

ij =Y.
3. MoaenupoBaHHe UCIOJIb30BAHNS MUHEPAJIbHBIX Y100peHuii
[Tycth B XO34HCTBE HMEETCS HEKOTOPOE KOJIMYECTBO MUHEPAIbHBIX YAOOpEHMIH,

TpeOyeTcs HalWTH TaKoW IUIaH UX MCIOJIb30BaHUS, KOTOPHIM oOecrneunBaig Obl MaKCUMAaJbHYIO
npubaBKy ypoxasi.

[To cytu peub uneT o pacrpeaeaeHu MeXAY KyJIbTypaMu.
dopmanusyem 3anady:

d;; - HOpMa BHECEHMs JEHCTBYIOILEro BEWIECTBA I-ro BMAA JUIA HOIYy4EHHUs €IUHMIIbI
npuOaBKU yposkas j-i KyJIbTypbI,
6K - KOJIMYECTBO YA0OpEeHUi K- o BUJa (B HaType), uMetoleecs B xo3sictee (k=1...K);
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C]ik - COfIeprKaHue I-ro ICHCTBYOMIETO BEIIECTBA B SAMHUIIC K-TO yIOOPEHHS;

Cj -LIEHa SIMHHUIIBI J-i TIPOYKIIUH;

Xj - KOJHMYECTBO TIIOJNyYCHHOW MNpHOABKH |- MPOAYKIIMM 33 CYET BHECCHUS

MUHEpAJIbHBIX Y10OpEeHUI;

Qj - MaKCHMaJIbHO-BO3MOXKHBIH 00BbEM MPUOABKH |-OH MPOIYKIMH 33 CUET BHECCHUS

MHHEPAIbHBIX YI0OPEHHIA — IPU TAHHOM IUIOMIAIH [TOCEBa j-il KYJIbTYPBI.
IleneBas GpyHKITHS.

C =) ¢;X; —> max
j=1
Tak makcuMuU3UpyeTcsi MpuOaBKa ypoXkasi B ICHEKHOM BBIPAKCHUU:
[Ipu ycnoBusix:
1. Pacxox aedcTByrOIEro BeliecTa 1i-ro Buaa s MOJTyYeHHs BCEH MPUOABKU yporKas
10 j-i KyJIbType HE JOJDKHBI MPEBBINIATh HATMYKS JICHCTBYIOMIETO BEIIECTBA I-r0 BHIA B K-TOM
ya00peHuu

n K
Zaij Xj < Zqikgk
j=1 k=1

[To cyTu orpaHuyeHus] JaHHOTO BUA CBOJAAT OajaHC MO JACHCTBYIOLIEMY BEIIECTBY. DTO
MPEekKIe Bcero Oanmance azora, kayms, pocdopa u T.11.
2. HuwxHMI 1 BepXHUU Mpeeabl U3BMEHEHUS IEPEMEHHOM

Oéxjs

O¢ddexTuBHOCTL yHOOpEHUN 3aBHCUT HE TOJIBKO OT KYJIBTYPBI, MOJ KOTOPYID OHO
BHOCHUTCS, HO T U OT XapakTepa yIoOpsSeMOro ydacTKa, TO €CTh OT HAJIMYHS JEHCTBYIOIIETO
BEIIIECTBA B MOYKE.

JlokazaHa 3aBUCHUMOCTb MPUOABKH YpoOKasi OT Clloco0a BHECEHUS YA0OpEHUH.

PaccMoTpuM MOz€nb € 3TUMHU OrpaHUUYCHHUSIMH.

IIyctb p — HOMepa, a P — konmyecTBO criocoO0B BHECEHUSI MUHEPAIbHBIX YAOOPEHUH.

I - HoMmepa, a R — KOIM4ecTBO y4YyacTKOB 3€MJIM, OTIMYAIOIIMXCS IO COJEPKAHMIO
MUTATENBHBIX 2JIEMEHTOB B ITOYBE.

Mopens umeer BI/II['

C = ZZZcx — max

j=1 r=1 p=1
IIpu yCJ'IOBI/II/I'

DHNIETE Zq.k

j=1 r=1 p=1
2. O < Xjrp S(gjrp

Herpyano 3amerutb, 4YTO BBEJECHHE OIrPAaHUYECHHUU IO Yy4YeTy CIOCOOOB BHECEHUS
MHUHEpaJIbHBIX YIOOpeHUH, XapakTepa ya00pseMoro yJacTka He YCIOXKHHUIN Mojenb. J[Ba Tuma
OTPaHUYEHUHN OCTAUCh, BO3POCIIO JIMIIb YKHCIO MHAEKCOB. EcTecTBeHHO, moTpebyeTrcs: HoBas
BXOJHasg HH(pOpMaIMs, HO 3aMETHO BO3pPAcTaeT U BBIXOJHAs MHQpOpMaLus, OyAaya MOTydeHbI
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HOBbIe, Oojiee IICHHbIE CBEJCHMSA. 3Jechb B KayecTBE IpuUMepa II0Ka3aHO, KaK Y4ecTh
JIONOJTHUTEIIbHBIE YCIOBUS B MoaenHd. [1o TakoMy e MPUHIMITY MOXKHO y4ECTh CPOKH BHECEHHS
MUHEPAJIbHBIX Y100pCHHIA.

3amaua 6

HeoOxonumo pa3mecTuTh coOpTa O3MMON MIIEHMIIBI [0 MPEALICCTBEHHUKAM TaKUM
00pa3oMm, 94TOOBI COOP 03UMOM PIKU OBLT MAKCHUMAITLHBIM.

CumBon M yka3plBaeT Ha OTCYTCTBHE JAaHHBIX YpPOXKAWHOCTH I-ro copra o

COOTBETCTBYIOIIEMY |—My TMPEAIISCTBEHHUKY (KJIETKH C OJTHM CHMBOJIOM  SIBJISIIOTCS
3aMpeTHHIMU ).

Tabnuma 3.7 — YpoxaltHOCTh 03UMOM PIKH, 1I/Ta

[IpenmecTBeHHUKN
m - <
® 3 o
& = £ 8 2 2 2 8 &
o © o o Q A = -
Copta o3umoit ’E &= E oz 5 = g
IIEHULIBI 3 > S = =2 = 2 §
5 g =9 == 3 & A
/m [}
= L= 0 = 9 =
=) [SY= 5 o o) o,
SR = R S
N o
Bbesocras 1 30,7 13,6 18,4 18,9 16,1 9185
Opnecckas 16 26,5 M 16,8 19,2 15,2 5583
benmonepkosckas 198 M 14,4 14,1 M 16,5 1114
Muuypunka 16,8 10,8 M M M 65
Bcero, ra 4503 2160 2884 2800 3600

2.7 JladopaTopHasi padoTa 8 (2 uyaca)
Tema: « DyHKUMH M0JIE3HOCTI

2.7.1 Heas padorbi: ChopMHUpOBATH HABBIKM MOICITUPOBAHUS  SKOHOMHYECKUX
IPOLIECCOB MPH MOMOIIX (YHKIIHUHU TOJIE3HOCTH

2.7.2 3anauu padoThI:

1. IToctpoenue Mozienu U ee MaTeMaTHueckas 3anuchb. CUMBOJIMKA 0003HaYEeHU I

2. UccrnenoBanuie CBONCTB ()YHKITUH ITOJIE3HOCTH

3. Pemenue 3aaun noTpeOUTENBCKOTO BBIOOpa

2.3.3 Onucanue (xo1) padoThbl:

Ha wmHOXecTBe mMOTpeOUTEIbCKHX HAOOPOB (x1,x2) onpesencHa GyHKIuUS U(x1,X2), 3HAUCHUE
KOTOpOW Ha moTpedutenbckoM Habope (x1,X2) paBHO MOTPEOUTENHCKONW OLEHKE WHAWBHIyyMa
TSt 9TOro Habopa. DTa PyHKIMS HA3BIBACTCS (PYHKIIUEH TTOJIE3HOCTH.

CaoiicTBa (yHKITMH MTOJIE3HOCTH:

1. Bospacranue motpebiieHUs] OAHOTO MPOJAYKTa MPH MOCTOSIHHOM MOTPEOJICHUU IPYroro

IPOAYKTa BEJET K POCTY NOTPEOUTEIHCKON OLIEHKH. T.€.

ecmn Xy + A% > X ro U(X; + A%, %,) > U(X, X,).
ecn Xy + A%, > Xy, 1o U(Xg, X, +Ax,) > U(X,X,).
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8u(x,x2):u,

Iso MOX)
oX,

>0
X, ?

(4.1)

/
HepBHe YaCTHBIC MMPOU3BOJHBIC HA3BIBAIOTCA NPCACIbHBIMUA MTOJIC3HOCTAMU IPOAYKTOB!: ul -

/
npeacibHas NOJIC3HOCTh IEPBOr0 MPOAYKTaA, u 2 - HOpcaciibHad MoJIC3HOCTb BTOPOIro MpOAYKTaA.

Jlia mpenenpHBIX MOJIE3HOCTEN UCIIOIb3YeTCs TakKe cuMBosuka M, M,.

2. [IpenenpHast MOJIE3HOCTh KaXIOTO MPOJYKTa YMEHBINACTCS, €CITH 00bEM ero moTpeOIeHus
pacteT (3TO CBOMCTBO HpeAETIbHOM MOJIE3HOCTH HAa3bIBACTCS 3aKOHOM YOBIBAIOIIECH MpeenbHOM
TIOJIC3HOCTH).

o2u 82U

// //
=u, <0
2 11 )
OX,

—oz = U <0 (4.2)
OX,
3. IlpenenbHas MOJE3HOCTh KAXKIOTO MPOMYKTAa YBEIUYMBACTCS, €CIU PACTET KOJIUYECTBO
JPyroro Mpoaykra. B aToM ciydae mpoayKT, KOJIUYECTBO KOTOPOTO (PMKCUPOBAHO, OKA3bIBACTCS
OTHOCHUTEJIBHO Je(UIUTHBIM. [103TOMY JDONOJTHHUTENBHAS €r0 eAMHUIA IPUoOpeTaeT OOJBIIYIO
[IEHHOCTh M MOXET OBITh moTpediieHa Oosee 3dexTuBHO. J[aHHOE CBOWMCTBO CIIPABEIIMBO HE
U BCcex OJiar.
—— =l =———=Uy >0 (4.3)
OX,0x, OX,0x; '

JIuHUSA, COeMUHSIONIAs TIOTPEOUTENbCKHE HA0OPHI (X1,X2), UMEIOIUE OJUH U TOT KE YPOBEHb
YIOBIIETBOPEHUS MOTPEOHOCTENM MHANBUIYYMA, Ha3bIBACTCS uHUell be3pasiudus (pucyHok 4.1).
Jluaus Oe3pasznuuusi €CTh HE YTO MHOE, KaK JIMHUS YPOBHS TOJE3HOCTH, MHOXECTBO JIMHHI
Oe3paznuuusi Ha3bIBaCTCs KapTOM JIMHUM Oe3paznuuus. Jlunuu Oe3pa3nuuusi He KacaroTcs U He
nepecekaroTcs. Yem "ceBepo-BocTouHee" pacrioyiokeHa JUHHS Oe3pas3iuuusi, TeM OOJbIIEMY
YPOBHIO Y/IOBJIETBOPEHHSI MOTPEOHOCTH OHA COOTBETCTBYET.

Xo A

~<

Pucynok 4.1 — Jlunus 6e3paznuuus
dopmManbHO 33/1a4a NOTPEOUTENHCKOTO BEIOOpA UMEET BH/L:

L U, X;) = max

Il. mpu ycrnoBusix p1X1 + p2X2 < I ,
|||.X120, X2 >0
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P, U p, — PPIHOYHBIE LIEHBI HA NIEPBBI U BTOPO TOBAP COOTBETCTBEHHO,
| — moxox mokymnaresnsi.

B npuBenenHol nocTaHOBKE 337jaua NOTPEOUTENBCKOTO BHIOOpA SIBIISIETCA 3a/1a4eid
HEJIMHEWHOTO TIPOTPaMMHUPOBAHUSI.

Ha6op (x1,x2), MaKCUMHU3UPYIOIMHUA (DYHKIIMIO TOJIE3HOCTH, TOJDKEH oOpamiarh OrKETHOE

OTpaHMYEHHE B PaBEHCTBO, T.. PX, + P,X, = | . I'paduueckn 310 o3mauaer, uro pemenue
3aJja4i MOTPEOUTEIHCKOTO BHIOOpA JTOJKHO JIeKaTh Ha OIOKEeTHOM mpsiMoi. Mbl Takxke Oynem
CUMTaTh, YTO YCJIOBHE HEOTPUIATEIHHOCTH B ONTUMAJIbHOM TOYKE OYIET  BBINOIHATHCA
ABTOMATUYECKHU.

Wrak, 3a1auy moTpeOUTEIHCKOTO BEIOOPA MOXKHO 3aMEHUTH 33/1a4eil Ha YCIOBHBINA 3KCTPEMYM
(9KCTpEeMyM — 3TO MUHMMAaJIbHOE U MaKCUMaJIbHOE 3HaYeHHe (PyHKIIUN).

1. U(X,, X,) — max
Il. mpu ycnoBuu p1X1 + p2X2 - I )

JUISL PELICHMs 3TOW 3a7a4d BO3MOXKHO NPUMEHEHHE MeTona JlarpaHika, B pe3yibTare MOJIy4YuM
CUCTEMY JIBYX YPABHEHMH C ABYMS HEU3BECTHBIMM X1 U X2
/

U _ P
/_ )
u, P,
P X, + Py X, = I

[ToncraBuB pemienue (x1,X2), B JIEBYIO 4YacTh PaBEHCTBA

ull(xl’xz) Py

/ o JIOJIYYHMM, YTO B TOYKE (X1,X2), JOKAIBHOIO PHIHOYHOIO PABHOBECHS
U, (X, X, P,

OTHOIIEHHE MTPEIEIbHbIX M0JIE3HOCTEH PABHO OTHOIIECHUIO PHIHOYHBIX LIEH Ha 3TH HPOIYKTHI.
['eOMETpUYECKH pellleHHe MOKHO MHTEPIPETUPOBATh KaK TOUKY KACAHUs IMHUU Oe3pasindus
(byHKLIK noNe3HOCTH U (X1,X2) ¢ GromkerHoit mpsimoit X + PoX, = | (pucynok 4.2).

XZA

[}
[}
\
\
\
\
\

X1

Pucynok 4.2 — I'paduueckoe penienne 3agaun moTpeOUTENHCKOro BhIOOpa

KoopuHaTEl X1 M X PEIIEHNs 3a/1aul TOTPEOUTENLCKOTO BEIOOPA eCTh (DYHKIIUK MAPAMETPOB
pr p2ul
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X1 =Xz (P1, p2, 1),
X2 = X2 (P1, P2, 1)
ToTyueHHbIe (PYHKIMH HA3hIBAIOTCS (QYHKIMSAMHU CIIPOCA HA TIEPBBIA U BTOPOH MPOJIYKT.

Ynpaxuenus
3agaua 1
Jlnist GyHKIMU TONE3HOCTH U =X1"X2 MOCTPOUTH HECKOJIBKO KPUBBIX O€3pa3inymsl.
Pewenue
ITo ompenenenuto kpuBoi Oe3zpaznmuuusi #=CONSt, Toraa U3 3aJaHHOTO ypaBHEHUS (YHKIUU
IOJIE3HOCTH U=X1'X2 , HEOOXOAMMO BBIPa3sUTh OJHY IEPEMEHHYI depe3 Apyryro. Jlomyctum,

u

Y JlanHOe ypaBHEHHE BbIpaKaeT OOUIMI BUJ JIMHUU
1

Oe3paznmuuusi. [lockonbky B 3ajjaue HE yKa3aHO, KaKOMY YPOBHIO JOJDKHBI COOTBETCTBOBATH
auHUKM Oe3paznuyus, ypoBeHb Oe3pa3iuyusi BbIOMpaeMm MpPOHU3BOJILHO, HANpuMep u=4 , Toraa
ypaBHEHUE JIMHUH Oe3pa3inuus

BBIPa3UM X, YEpe3 X1 Xy =

4
uMeer BUg X2 — .
xl X1 0,5 1124 8
BrI6MpaeM NpOM3BOJILHO HECKOJIBKO TOYEK. x| 8 [4]2]1]05
A
X
4 -t - )
1
1
1
1
|
1
2F---- T+
1 1
[} 1
1 |
) S S
T |
R
1 2 4 X,

Pucynox 4.3 — Iloctpoenue nuHUM O6€3pazuaust

AHAJOTHYHO CTPOSTCS JTMHUH Oe3pa3Indus JTF0O0r0 YPOBHS IMOJIE3HOCTH.
3agaua 2

U = [ X1 X5 HOCTPONTE HECKOJIBKO KPUBBIX O€3pa3Iuyusl.

2
i

s GyHKIIUY TOJIE3HOCTH
3amaua 3

s GyHKIIUY TONIE3HOCTH u=x
3amaua 4

HOCTpOfITC HECKOJIbKO KPHUBBIX 6e3pa3quI/I;{.

% X
— AT
s GyHKIIUY TONE3HOCTH u= xl xz
3agaua 5

HOCTpOfITC HECKOJIbKO KPHUBBIX 6e3pa3quI/I;{.
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%\ 73

Jnst pyskium nonessoctu U = X7 “ X5 Haiitu a) mpeaenbHbie TOJNE3HOCTH B 00IIEM BH/IC

0) npenenpHbIe TIoNIe3HOCTH B Toukax (1,1), (1,2), (2,1); B) mpoBepuTh yObIBaHHUE MpEaEIbHBIX
IIOJIE3HOCTEM.
Pewenue
M _u/ _6U(X1’X2) M _u/ _au(xlvxz)
a) 1 =M%~ , 2 = Y2~ :
0%, OX,

X3 %

X
M, =uj = (Xy y) y 2:“42()(1%)(2%)1(2— ly
2X/?% " 3x;3
0) B Touke (1,1)
X 1% 1 X171
M]_: }/: }/:_20,51M2_ y_ y__ 0133;
2x/2  2.12 2 3x,° 317

B Touke (1,2)

% b % b
X 2 XZ 12
M, =—2_ = =063 M, ="t = =0,21.
C o 21 T 3 327

B TOuke (2,1)

x? 1% X% 272

M= - Y o35 M, = 047,
ox/2 2.7 TP B 305 ’
2
azu p a u . // O
——=u,, <0 = Uy, <
) Ox,° N ’ a3’(22 ” '
ul = (PN, =| 2o | ==
2x{% ). 4x/2 "’
%
B Ax % < - IpeJieNibHAas MOJIE3HOCTD 1-T0 TOBapa yObIBaeT;
= (O, ), =] X =—2X15/
3x,3 Ox,3
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—le% <0

9 % - IpeJieibHAas MOJIE3HOCTh 2-T0 TOBapa yObIBaeT.
XZ
3amaua 6
s GyHKIIUY TIOJIE3HOCTH U= /XXy uaiitu IpeieIbHbBIC TIOJIE3HOCTH B 00IIIEM BUC U

B Toukax (1,1), (1,2), (2,1). [IpoBeprTe yObIBaHHE MPEACTBHBIX MTOJIE3HOCTEH.

3agaua 7
% 7

Jns gynkuuu nonesnoctu U = X1 " X5 maiitu npenensHble MONE3HOCTH B 0OLIEM BHIE U
B Toukax (1,1), (1,2), (2,1). IIlpoBepbTe yObIBaHKE MPEACTHHBIX MOJIE3HOCTEH.

3amaua 8
7

Jns pyskuum nonesnoctn U = X1 " X5 " maiiTi npeaensHbIe ONE3HOCTH B OOIIEM BHIE U

B Toukax (1,1), (1,2), (2,1). [IpoBeprTe yObIBaHME MPEAETBHBIX MOJIE3HOCTEH.
3agaya 9

Pemmntsh 3a1auy moTpeOUTENHCKOTO BBIOOPA, eciu GYHKIIHS MOJIe3HOCTH 3aaHa popmyson
U=Xx1'X2, IICHBI HA TOBapbl COOTBETCTBEHHO PaBHBI p1=4, p,=06, noxox 1=40.
Pewenue
dopmalIbHO 337a9a TOTPEOUTEITHCKOTO BBIOOpA MMEET BH/I;
u(x1,x2) =x1X2—Mmax,

IIPU YCIOBUAX plxl + p2X2 < I )
=20, X =0

Jns pelienus 3Toil 3aja4l BO3MOXKHO [TIPUMEHEHHE MeToa Jlarpanika, B pe3ynbTaTe NoJy4uM
CHUCTEMY JIByX YPaBHEHHUH C ABYMS HEM3BECTHBIMH X1 M X2
/

u_p

u/ p’ /_ / _ /_(X 'X)/ _X
2 P2 ”1—(X1‘X2)x1—xz Uy =X " Ry)y, = 4.
p1X1+p2X2=|

IloacraBnsiem B CUCTEMY 3HAUCHUA TPOU3BOJHBIX.

X, _ B _
X_:p_’ Xy P =X Py X P+ %Py =1,
! 2 = 1 = _| =
P X, + p,X, =1. P, X, + P, X, =1.
DX, + P,X, = 1. 1™ 272 2722 222
X, =—,
" o2p,
]
©2p,
I
Xy 20. " GbyHk1us cpoca Ha 1-bIif ToBap,
Py
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Xy = T (QyHKIHMS cripoca Ha 2-blii ToBap.
P

IloncTaBuB 3HAYEHHU 1LIEH U J0X0a, HAXOAUM 3HAYEHUS X1 U X!

I 4
_025’ XZZL:4_O:3,33'

X, =— =
' 2p, 2-4 2p, 2-6

3agaua 10
Pemnth 3amauy moTpeOUTENbCKOTO BBIOOPA, €ciii (DYHKIIHS TOJIC3HOCTH 3a/1aHa (hopmytoi

u= x1x 2 , IICHBI HA TOBaphl COOTBETCTBEHHO PaBHBI p1=4, po=1, moxox 1=40.

3amaua 11
PeluuTh 3a1a4y MOTPEOUTENLCKOTO BEIOOPA, €U (DYHKIIUS TTOJIE3HOCTH 3a1aHa (GOopMyJIoi
_ A
U = X; X5 | uensl Ha TOBapbl COOTBETCTBEHHO paBHbI p1=10, p2=5, noxox 1=60.
N306pasuTe rpaguyuecKku pelIeHHE 3a1a4H.

3agauya 12
Pemmts 3a7a4y moTpeOUTENBECKOTO BEIOOPA, eciu (DYHKIIMS MTOJIE3HOCTH 3a/1aHa (popMyIIon
2
— 2 3
U = X{ "X, , ueHsl Ha TOBAPbI COOTBETCTBEHHO paBHBI p1=10, p2=5, noxox 1=60. M306pa3ute

rpaduyecku pemeHue 3a1aun.

2.8 JlabopaTopHasi padota 9 (2 yaca)

Tema: «DyHKUMH CIIPOCA»

2.8.1 Heasn padorei: M3yuuts aeiictBue GpyHKIMN cripoca
2.8.2 3agauu paGoThI:

1. 3yuuts ypaBHeHHe CIIyIIKOro

2. Pacuer neiicTBHsI N3MEHEHUS [ICHBI HA W3MEHEHHE CIpoca
3. Pacuer amacTuaHOCTH cripoca

2.8.3 Onucanmue (xo1) padoTsi:

OnHUM U3 OCHOBHBIX B TEOPHUU NMOTPEOUTENHCKOTO BbIOOpa siBisieTcs ypaBHeHue CIylKoro,
onyonukoBaHHoe poccuiickum MatematukoMm E.E.Cnynkum B 1915 romy. Oto ypaBHeHue
NO3BOJISIET yBA3aTh JedcTBHE H(PdexkTa 3amMeHbl U 3Pdexra a0xona ¢ pe3ylbTUPYIOIUM
M3MEHEHHeM crpoca. YpaBHeHHe CIylKOro UMeeT CIEAYIOIUN BUA:

OX. OX. | ox “
op; | 0p, ol |’ (4.4

comp

I7Ie TepBOe cllaraéMoe B MPaBOl 4acTW OMHUCHIBaeT JeHcTBUE A(deKTa 3aMeHbl, TO €CTb,
U3MEHEHHE CIpOoca MPH YCIOBUU MOJAEP)KaHUS MPEXKHEr0 YPOBHS OJIATOCOCTOSIHUS, BTOPOE —
neiictBue 3pdexra 10X0/a, TO €CTh U3MEHEHHE MOTPEOUTENHCKOr0 CIIPOca MPY COXPaHEHUH LIEH
U W3MEHEHHHM JI0XOJa, CJieBa 3allCaHO pe3yJbTHpYIOIlee BO3JEHCTBHE Ha CHpOC,
CKJIaIbIBAIOIIEECS M3 M3MEHEHUS CTPYKTYPHI CIIpOCa | OOIIEro €ro M3MEHEHHS IPH M3MEHEHUH
YPOBHS PeaJIbHOTO J10X0/1.
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DnacTUYHOCTH CIPOCa MO LIEHE paBHA!

ij — apj ) pj (4.5)

97aCTUYHOCTh CIIpoca 110 10Xonay:

oX; X
€ =— (4.6)
ol 1 '
Bremomnasgercs PaBE€HCTBO:
Zeij +e, =0 4.7)

To ecTb cyMMa BceX 3J1aCTUYHOCTEN CIIPOCa IO IEHE U I0XO0ly J0JKHA paBHATHCS (.
3amaua 13

@OyHKIMS clipoca Ha TOBap X1 3a7aHa (popmynoi 2 p, Kak usmenurcs cripoc Ha 1-it ToBap
1

IpU U3MEHEHUU LieHbI (P1) U HAIMYUU KOMIIEHCALUU?
Pewenue

JlanHast 3a1a4ya pemraercs npy nomouy ypasHeHust Ciyikoro, T.e. U3 ypaBHEHUS

o _|ox {%}X 0x
apj apj ol ) Haiinem 8pj

comp comp

B namem cinygae i=1, j=1.

%: % —I:%:|X1 % —%+|:%:|X
= - 1

tor ap, Lopy Jgm, L O B Loy O LO
/
a (L)1 oy (L) _ 1
oy \ 2P, b 2 pl2 ’ ol 2p, | 2p,
ox, 1 I 21 1 |
An STyt kTSt ' T Ly e
0Py Jome 2P0 2P 2p;  2p, 2p,  Ap; 4p; 4Ap

3amaua 14
21

@OyHKIMS cripoca Ha TOBap X1 3a7aHa (popmynoi 3p. - Kak uzmenurcs cripoc Ha 1-it ToBap
1

IMpu U3BMCHCHUU IICHLI (pl) 1 HaJIMYUH KOMHGHC&L{I/II/I?

3amaua 15
) 2] L
OyHKIUA cripoca Ha 1-b1if TOBap 3amana Gopmynoi E , Ha 2-0if TOBap 3 D, HE00X0INMO
1 2
paccuMTarh:
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a) KaK M3MEHUTCS CIpocC Ha 1-bIil TOBap Mpu U3MEHEHUH LIEHBI HA 1-bIil TOBap U COXPAaHEHUU
IPEXKHEr0 YPOBHA 0JIarOCOCTOSHUS;

0) KaK U3MEHHUTCS CIIPOC Ha 1-bIil TOBap Mpu U3MEHEHUH LIEHBI Ha 2-0i TOBap U COXPAaHEHUH
IPEXKHEr0 YPOBHS 0JIarOCOCTOSHUSA;

B) KaK U3MEHMTCS CIIPOC Ha 2-01 TOBap IPU U3MEHEHUH LIEHBI Ha 1-blif TOBap U COXpaHEHUU
IPEXKHEr0 YPOBHS 0JIarOCOCTOSHUS;

I') KaK U3MEHUTCSI CIIPOC Ha 2-011 TOBap MpU U3MEHEHUU LIEHBI Ha 2-0M TOBAp U COXpPaHEHUU
IPEXKHEr0 YPOBHA 0JaroCOCTOSHUS.

3anaua 16

Paccunraem 3macTHYHOCTD CIIpocCa II0 €HaM U 3JIaCTHYHOCTB CIIpOCa 110 10Xoay AJId

|
gynkuuu cnpoca X1 = 5

P
Pewenue
0%, . X I I I I
e, =—+.—+= ; =———1—=-1
apl P1 2p1 P, 2p1' P1 2p1 2p1
OX; . X I I I
e,=—r.—+= ; =0:——=0
apz P, 2p1 P 2p1' P, 2p1p2
o %X (1)1 1 1
1| -, — = . = . =
a1 2p1 I 2p1'| 2p1 2p1
De;+e, =6, +e,+e, =—1+0+1=0
]
3agaua 17
PaccunTaeM 3acTUYHOCTH CIIpoca IO LEHaM U 3JIaCTUYHOCTb CIIpOca Mo JOXOTY A
31
¢ynxuuu cnpoca X1 = 5.
p,
3amaua 18
PaccunTaeM »1macTHYHOCTH CIIpoca IO [EHAM U DJIACTUYHOCTH CIIPOCca MO JOXOY IS
. 41
¢yHkuuu cripoca X1 = .
p,

3agauya 19
%
DyHKIMS TO0JIE3HOCTH 3aaaHa popmynoin U = Xg 3x 2 3 . PaccumtaeM 5macTHIHOCTH crpoca
0 [IEHaM U 3JaCTUYHOCTb CHpOCca MO AOXOAY JUIsl (PYHKIIMH CIIpoca Ha MEepBBIN TOBap.
Pexomenoayuu x pewenuio
1. Heo0xoaumo HaiiTu ¢yHKuUMIO cripoca Ha 1-blii TOBap. DTO MOXKHO CIENaTh PELINB
3a/1auy MOTPEOUTENIHCKOTO BBIOOpA (CM. pelieHue 3aaaqn 9).
2. 3nasg xak (GopMHUpyeTCcs CHpOC Ha MEPBBIM TOBap, MO UCHOIb3yeMbIM paHee (opMmyiIam
paccuuThIBAEM AIACTUYHOCTH (CM pelieHue 3afauu 16).
3amaua 20
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PaBHO3HAYHO 11 BO3/IEHCTBHE HA MOTPEOUTENHCKUIA CIIPOC YBEMUYCHHE 10X0/aa B K pa3 u
cokpaienue B K pa3 Bcex 1eH? Crenaiite BEIBOIBI 1 paCCMaTpUBAEMO MOJIEIIH.
a) u=X1 "X

6) u =¥ 1% - .23

2.9 JlabopaTopHnasi padora 10,11,12 (6 yacos)

Tema: «IIpousBoacTBeHHbIE (PYHKIITMID)
2.9.1 Heas padorbi: ChopmupoBaTh HABBIKM MOJCTUPOBAHUS  SKOHOMHYECKHX
MPOIIECCOB MPH MTOMOIIX TPOU3BOICTBEHHBIX (PYHKIIUH

2.9.2 3agauu padoThI:

1. Tlonatue mNPOU3BOACTBEHHON (YHKIMH, MOJAEIb W €€ MaTeMaTH4ecKas 3allHCh.
CumBomnuka 0003HaYCHUH.

2. Pacuer cpennel, mpeebHON MPOU3BOAUTEIHLHOCTH pecypca, SaCTHIHOCTH BBITTyCKa
0 pecypcam

3. Pacuer npenenbHOi HOPMBI 3aMEHBI PECYPCOB.

2.9.3 Onucanmue (xo1) padoTsI:

HpOI/I?;BOI[CTBeHHI)IMI/I (1)YHKIII/I$IMI/I Ha3bIBAKOT COOTHOLICHUC MCEKAY HCIIOJIb3YyECMbIMU
MMPONU3BOACTBCHHBIMU pECypCaMu U BBIHYCKaeMOﬁ HpOHYKHHCﬁ.

[IpousBoacTBeHHas (YHKIUS f (Xl; X2) vMeroIas o0aacTh onpeaeieHus X, = 0,

X, =2 0 umeer crenyromue cBoiicTBa.
1. TIpOM3BOACTBO HEBO3MOKHO NpPH OTCYTCTBHH XOTS OB OIHOTO pecypca, T.e.

£(0,%,)= f(x,0)=0.
2. Ilpu yBenm4eHnHU 3aTpaT MPOU3BOJACTBEHHBIX PECYPCOB - BBIIIYCK IPOAYKIMH PacTeT
x(1) > x(0) = f (x@) > (x(0)), ecnu pynxums nuddepernEporana, To MOKHO 3arUCaTh

x) . of (X)
x>0 = W >0(1=12), wm repBasi YaCTHas MPOU3BOTHAS a—x MOJIOKUTENbHA.
1 |

3. Ilo mepe yBenuueHHs KOJMYECTBA OAHOIO pecypca IPU MOCTOSHHBIX KOJIUYECTBAX
JIPYTUX npenenabHas 3(QQPEKTUBHOCTh HCIOJIB30BaHMSI 3TOTO pecypca HE BO3pPACTaeT.
Marematnueck 3TO TpeOoBaHME JUIs ABaXAbl  AuddepeHIupyeMbIX NPOU3BOJICTBEHHBIX

2
10 g

O '
B Hamem nmpumepe pacCMOTPEHHOM paHee 3TO 03HAYAET, YTO POCT BOOPYKEHHOCTH CPEICTBAMHU
IIPOM3BOJICTBA IPUBOJUT K POCTY BBIYCKa MPOAYKIIUH, HO TEMIT POCTa BBIITYCKa MPOIYKIUU BCE
BpeMs majiaeT (3aKoH yObIBaromieil 3pPpexTuBHOCTH).

4. [TpousBoacTBeHHass (QYHKIUS XapaKTepU3yeTcs OIpeleseHHOW oTaayeil ot
pacupenust MaciitaboB npousBoacTBa. OThaya OT paclIMpeHHs MaciuTaboB NPOU3BOICTBA
XapaKTepu3yeT MPOU3BOACTBEHHYIO (DYHKIIMIO C TOUYKHU 3PEHUSI H3MEHEHHUS BBIITYCKa MPOTYyKIIUU
IIPY IPONOPLHUOHAIIEHOM U3MEHEHHMH 3aTpaT PECYPCOB, KOTOPOE MaTEMAaTUYECKU BBIPAKaeTCsl B
YMHOXEHUHM BCEX KOMIIOHEHT BEKTOpa X Ha MOJOXKUTENbHbIN ckaisip t. [IpuHATO roBOpUTH,
4TO CKalsipHas (DYHKIMS SBISIETCS OJHOPOJHOW (YHKUMEH CTemneHu p, eciu g J1ro0oro

(GYHKUIMA BBITISAUT TaK:

BEKTOpa X M JIF0O0T0 cKajsipa t OHa YIOBJIETBOPSET YCIOBUIO f (tX) =t"f (X)
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MarteMaTH4eCKu YCTBCPTOC IMPCAIIOJIOKCHNUEC COCTOUT B TpGGOBaHI/II/I OOTHOPOAHOCTHU

NpOM3BOACTBeHHOW (yHKIMHU. Ecim p > 1, 1o TOBOPSAT, YTO MPOHM3BOJCTBEHHAS (YHKLUS
XapakTepu3yeTcss BO3pacTarolled OoTAayeil OT paciiMpeHus MaciuTaOoB NPOU3BOJCTBA; €CIIU

P = 1 - nocrosmmoit ornaueii (HamboJiee 4acTO BCTpEUAIONIUICS ciiydaid), a npu P < 1-
yOBIBarOIICH OTIAYCH.

Cpenneli mpou3BOAUTEIBHOCTRIO |-TO pecypca (hakTopa MpOM3BOACTBA) WU CPEIHUM
BBITYCKOM 10 I-My  pecypcy ((hakTopy HpOHM3BOACTBA) HA3bIBAIOT OTHOIICHHUE 3HAYCHUSI
¢dbyHKIMY K BennuuHe |-ro pecypca. CumBoOIMKa:

f(x) _
A=—me ((=12) wm £ =F(x,%) (5.1)
i

IIpenensHol  (MapKMHAIBHOM) IPOM3BOIUTEIBHOCTRIO I-r0  pecypca  ((hakropa

NPOM3BOJCTBA) WJIM TPEICIbHBIM BBIIYCKOM MO i-My pecypcy ((hakTopy NpOU3BOJCTBA)

Ha3bIBAIOT MEPBYIO dacTHylo npoussoanyto  Qynkuun  f(X) = f(X,X,), cumBonuka:

P

i o [IpenenbHass TPOM3BOIUTENBLHOCTD MOKa3bIBa€T, Ha CKOJBKO €IMHHUI]
i
YBEJIMYUBAETCS 00bEM BBIITyCKa y, €clii 00beM 3aTpar Xi I-To pecypca BbIpacTaeT Ha OIHY
€MHUILY P HEM3MEHHBIX 00bEeMax JAPYroro 3aTpayruBacMoOro pecypca.
OrHolleHWe NpeaeabHoi npousBoauteabHoct M, i-ro pecypca K ero cpenHeit

[IPOU3BOJAUTEIILHOCTH A, HA3bIBACTCS AJIACTHYHOCTBIO BBIYCKa 110 I-My pecypey (1o daxkTopy
npou3BocTBa). CUMBOJIMKA!

M % o (x)

A f(X) ox

CYMMa E1+ EZ = Ex Ha3bIBACTCA I3JIACTHUYHOCTBIO IIPOU3BOJCTBA. Ei IIOKa3bIBACT, Ha

(i=12) (5.2)

CKOJIBKO TIPOIICHTOB YBEIUYUTCS BBIMYCK, €CIM 3aTpaThl i-r0 pecypca yBeIMYaTcs Ha OHH
NPOIICHT IPU HEU3MEHHBIX 00BEMax JIPyroro pecypca.

B03MOXXHOCTh B3aUMHOTIO 3aMEIlEHUs] PECypcoB O3HAayaeT, 4TO OJAHO M TO JKe
KOJIMYECTBO TPOAYKTA y MOXET OBITh NMPOW3BENCHO INMPH PA3NUYHBIX COYETAHHIX PECYpCOB.
COBOKYIHOCTh TaKUX COYETAaHMH pEecypcoB, HPU KOTOPBIX MOXKET OBbITh MPOHM3BEAEHO
OIIpEJIETICHHOE KOJIMYECTBO MPOIYKIMH (, Ha3bIBACTCS U30KEAHMOU.

[penenbHOM HOPMOIA 3aMeHbI (3amelieHus) i-ro pecypca ((hakropa MPOU3BOJICTBA) j-M

Ha3bIBACTCA BBIPAKCHUC!
of (X)

R — — de . axi
! dx, (X)) . Gi=12 (5.3)
Ox

i
NP TIOCTOSIHHOM Y. | — HOMEp 3aMEHSIEMOT0 Pecypca, j - HOMep 3aMEelIaoIIero pecypca

Yunpaxnenus

3agaua 1
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1

—5.y2 y

Ipoussonacteennas (ynkuus umeer Bug YV —9° X" rme y — 06beM BblmyckaeMoii
NPOAYKIMH, X — BEJIMYMHA 3aTpauuBaeMoro pecypca. OnpenenuTts B 00IIEeM BHIE CPEIHION U
NpeAeNIbHYI0 TPOU3BOJUTENBLHOCTh PECYpCa, pPacCUMTaTh dJIACTUYHOCTH BbIMycka. Haiitu
3HAYEHUE CPEIHEN U MpeeTbHON MIPOU3BOIUTEIBHOCTH pecypca B Toukax X=1; x=4; x=9; x=16.
PaccunTarh B 3THX TOYKaX 3JaCTUYHOCTD BBHITYCKA.

Pewenue
f(x) 5*x'? 5 of (%) Lo 1 ¢y 5
AX = = = .M., = = (5*X =5*Zy2  —__.
K ox R NS
c_M, _ 5 .5 _5%x _1
A4 2Jx Jx  2Jx*5 2
5 5 3 5 5 5 1
LT M1 T T T 2L 21 T T 2
5 5 5 5 5 5 1
Y4 A =—F=—F==—=25 M = = = =125 E ==.
mpu x4 x J& o2 T x  244 22 Py
5 5 5 5 5 5 1
= Ax:_:—_—:1,25 M = = = 20,625 E = —
npu x=16 P 16 4 y Wy 2\/; zm 2.4 T
3agaua 2

1

[IpousBosicTBeHHass (QYHKIMA uMeeT B Y — 3-x 3, rre y — oobeM BbIIyCKaeMon
HOPOAYKIMH, X — BEJIMUYMHA 3aTpauuBaeMoro pecypca. OnpeaenuTs B 00IIEM BUAE CPEIHIOW U
NpeleNbHYI0 IPOU3BOJIUTENBHOCTh PECypca, paccUUTaTh AJIACTUYHOCTh BbIMycka. Haiitu
3HAUEHUE CPEIHEN M MpeleNbHON IPOM3BOAUTEIBHOCTH pecypca B TOUKaxX X=8; x=27; x=64.
Paccuntarh B 3TUX TOUKaxX 3JIACTUYHOCTH BBITYCKA.

3anaua 4
13
[IpousBoacTBeHHas (QyHKIUS WMeeT Bup )V = L*K*, e L —3aTpaTel Tpynaa, K-
3aTpaThl Kanuraia (3aTpaTbl OCHOBHBIX IMPOU3BOACTBEHHBIX (POHAOB). ONpenenuTs CpeIHIOn U
IpeeNbHYI0 IPOU3BOAUTENIHOCTD PECYPCOB, IPU (PUKCUPOBAHHBIX 3HaUeHUsAX L1 = 2; Ky = 32;
L, = 40,5; K, = 0,5 PaccuuraTh 37aCTHYHOCTH BBITYyCKa IO pecypcaM M DJIaCTHYHOCTH
npou3BocTBa [locTponTh H30KBAHTHI MTPU (UKCUPOBAHHOM BBITyCKe y =2; y =3,

3amaua 5
11

[IpousBojcTBeHHass (QyHKIHUS UMeeT BUA ) = L3K? , tme L —3arparel Tpyna, K-
3aTpaThl Kanurtana (3aTpaThl OCHOBHBIX MPOU3BOACTBEHHBIX (POHAOB). OmnpenenuTs CpeaHIOn U
npeebHYI0 TPOU3BOIUTEIIEHOCTh PECYPCOB, IPU (PMKCHPOBAHHBIX 3HaYeHUsIX L1 = 27; K1 = 9;
L, = 64; Ky = 16. Paccuutarh 57aCTMYHOCTH BBIyCKa IO pecypcaM W DIIACTUYHOCTH
pou3BoCTBA. [[0CTPOUTH H30KBAHTHI TpH (PUKCHpPOBAHHOM BhIycke y =1;y =2;y =3.

3amauya 6
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[TpousBoxacTBeHHas GpyHKIuUs ecth pyHKuus Kob6a-/[yrnaca. UToOb! yBeTUUUTh BBITYCK
npoaykuuu Ha 3%, Hao yBeIn4nuTh GOoHIbI Ha 6% uiu YrcieHHOCTh pabounx Ha 9%. CpenHss
MIPOU3BOUTEIILHOCTh OJHOTO paboTHHKA 3a Mecsl | MiH. pyO., a Bcero padorHukos 1000.
OcHoBHbIe ¢oHABI oneHWBaIMChL Ha 10 mupa. py6. Kakoli Bux uMeeT NpOM3BOACTBEHHAs
¢dyHKLUs, YeMy paBHA cpeiHsas (OHI00TAAYA,

Pewenue

Oyukuus  KoGb6a-yrmaca umeer Bug VY — aoKal L TpeOyercs HalTH

napaMmeTpsl ypaBHEHUS do, a1, az U Ak.
DNacTUYHOCTh BBINYCKa MO I-My pecypcy ( E;) mokaspiBaeT, Ha CKOJIBKO MPOIICHTOB
YBEJIMYMTCS BBINYCK, €CJIHM 3aTpaTthl I-ro pecypca yBEIMYarcs Ha OJWUH NPOLEHT IIpH

1
HEM3MEHHbIX 00beMax apyroro pecypca, E, =3%:6% = rh

A
ay apgazy/ az a;— Y a Kal LaZ (ay-1) | az
MKzﬁ_K:(aoK L)) = apLa, K™, AK:EZOT:aOK ot
a,a, K2 DL
E.=—"—— =g, 1e.
K aOK‘(‘h -1) Laz 1
1
Ex=a=7.
2
K*“L*
AK — P — o — aOK(alfl) L%
K K

1

AHanoru4Ho ompexnecisaeMm d, = —

CpenHssi MpOU3BOIUTEIHLHOCTH OJJHOTO PaOOTHUKA

AL:YE:10000002> Y =1000000*L, Tx L=1000 Y =1000000*1000=10°. TIo

10
YCIIOBUIO 3a/1a4u K=10", MIO/ICTABIISIEM 3HAaYeHUs B bopmymy

1 1
10° = a,* (10" *(10°f = a, =1000.
11
[MpousBonacTBenHass QyHkuuss Oyner umerb Bua Y =1000*K?2L3, Cpennsisi ¢doHmOOTIAYA

_Y _10_
A (0
3amaua 7

[IpousBoncTBenHas pyHkuusa ectb pyHkuus Koooa-Jlyrnaca. UToObl yBeNIUYUTH BBITYCK
npoaykiuu Ha 1%, Hano yBeanuuTh GoHAbl Ha 3% WM YMCIEHHOCTh pabounx Ha 3%. Oxun
pabOTHHUK 3a MeECSI] TMPOW3BOAMT MpoAyKIuu Ha 10 MiH. py0., a Bcero pabotHukoB 1000.
OcHoBHbIe (OHIBI OleHHMBaIMCh Ha | mipa. py0. Kakoit Bua uMeeT NpoOM3BOJCTBEHHAs
byHKIMS, yeMy paBHa cpeaHss GOHI00TAaYA.

3agauya 8

ITpousBoacTBeHHas GpyHkus ectb pyHKuus Kob6a-/[yrnaca. YToObl yBeNTUUUTh BBITYCK
npoaykuuu Ha 2%, Hano yBenuduTh (PoHIBI HA 5% WM YrCIeHHOCTh pabounx Ha 5%. OauH
pabOTHUK 3a MECSI] MPOU3BOIAMUT MPOAYKIIUMHN HA 1 MITH. pyO0., a Bcero paboTHUKOB 32. OCHOBHBIE
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¢donasl onennBanuck Ha 10 mupa. py6. Kakoii Bux numeer npousBOACTBEHHAs! (GYHKLUSA, YEMY
paBHa cpeaHss (OHI00TaAYA.

3agauya 9

[TpousBoacTeenHas GpyHkuus ectb pyHknust Koo6a-/lyrnaca. UToObl yBEeIUYUTH BHIMYCK
nponykuuu Ha 1%, Hamo yBenuuuTh (GoHIbl HA 2% WIM YUCIEHHOCTh padounx Ha 4%. OnuH
pabOTHUK 3a MecsI| MPOU3BOAUT Mpoayknuu Ha 10 muH. pyO., a Bcero paboTHUKOB 625.
OcHoBHble oAbl oneHuBamKCh Ha 100 muH. py6. Kakoil Bua uMeeT NpPOW3BOJICTBEHHAs
GyHKIMS, 4eMy paBHA cpeaHss GOHI00TAaYA.

3amaua 10
HpOI/ISBOI[CTBeHHaSI q)yHKI_[I/DI UMEET BUg )V = O,9L +l,8K , paccuuTaTrh NpPECACIbHYIO

HOpPMY 3aMEHBbI TpyAa KamuTaaoMm ( RLK ) ¥ mpeAeNbHyI0 HOPMY 3aMeHbl KaluTana TpyaoM (

RyL).

Pewenue:

¥ :
oL _ (09L+18K). 09 _

Y (09L+18K)x 18
oK

RLK =

L R

ok _ (09L+18K)« _ 18

¥  (09L+18K). 09
oL

RKL =

2

3agaua 11
1 1

HpOI/ISBOI[CTBeHHaSI (I)YHKLII/I}I HUMECT BU[ y = I—3 K 2 , paCCUUTaTh NPCACIbHYIO HOpMY

3aMEHbI Tpy/la KamuTaioM ( RLK ) ¥ IpeIeTTbHYI0O HOPMY 3aMEHBbI KauTaia TpyJIoM ( RKL ).

3agaua 12
1 3

[TpouzBoacTBeHHast GyHKIMS UMEET BUL V = L4K*# , paccuuTaTh NPEIeIbHYI0 HOPMY

3aMEHbI Tpy/la KamuTaioM ( RLK ) ¥ IpeIeTTbHYI0O HOPMY 3aMEHbI KaluTaia TpyJIoM ( RKL ).

3amaua 13
11

HpOI/I3BOI[CTBCHHaSI (I)yHKLII/IH HMECT BU [ y = I—2 K 2 , paCcCUUTATh MMPECACIbHYIO HOPMY

3aMEeHbI TpyJa KamuTajaoMm ( RLK ) ¥ IpeIeTIbHYI0 HOPMY 3aMEHBI KanuTasia TpyaoMm ( RKL ).

3agaua 14
1 2

[poussoacteennas (ynxuus umeer Bug V= L3K 3| paccuurars npenensayro Hopmy

3aMEHBI TpyJa KamuTaioM ( RLK ) ¥ IpeeTIbHYI0 HOPMY 3aMEHBI KaluTasa TpyJaoM ( RKL ).
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OTBeThI

3
N2 AX = —; ,MX=%, Ele;npnx=8AX: E,Mx: l;r1p1/1x=27AX:£,MX: l;
23 A 3 4 4 3 9
mpi x =64 Ay =, M= = N3 A =09+18', A =18+09=, M, =09, M, =18 :
p X 165 X 16 = ' 1 L’ 1 ’ K’ L 1Y K 1 ’
E = = , EK:Z—K, E=1;, npu L=3; K=35; EL:1z0,467; E, =07,
L+2K 2K +L 15

E:%z1,167; npu L=4; K=3; E, :§:0,4; E« :%:OJS; E =115; npu L=5; K=25;

1 3

3
1 1 K ) L \a 1(K\a
E =-=05; E ==05 E=1 N AL:(T) , AK=(—j , ML:—(—j ,

K 4\ L
1
3( L4 1 3
My =—|—| ; mpu L=2; K=32; A =8, A==, M =32, M, =—; mpu L=40,5, K=0,5,
4\ K 2 8
1 1 9 1 3
AL:E’AK:& MLZE’ M :Z; EL:Z; E :Z; E =1; ypaBHEeHUs U30KBAHT MIpH y=2
1 1 1
81 2 L3 2 L3
L=—,mpuy=3 L=—1.Ne5 A‘-:_E’ A =1 M'-:_E’ M, = E,HpI/IL:27, K=9
Le K? 3L3 2K?

1 1 1 1 1
AL=§, Ax=1, ML=§, M, =—; npu L=64, K=16 AL=Z, Ax=1, ML=E, MK:E;
1. 1. 5 1 8
E, =—; Ex =—; E=—; ypaBHenus u3okBaut: npu y=1 L=——-, npu y=2 L=—/-, mpu
3 2 6 Jok K
o1 22
y=3.Ne7 y=10°-13-K3; A, =10.  Ne8 y=800-L°-K®;4, =0,0032. N9

1 1
y =125000- L* - K?; 4, =62,5.
2K 3L K 3L K L
Nell RLK :I,RKLZR.Nglz RLK:3_L’RKL:?‘N913 RLKZT,RKL=R.
K g o 2t

Nold Ry = Ry ==

2.10 JIabopaTopHasi padota 13 (2 yacoB)

Tema: «[IpuHIMNHAIBHASA CXeMa MEKIMPOAYKTOBOI0 Ga1aHCcay

2.10.1 Hean padoThi: M3y4nTh OCHOBHBIE MPOMIOPIIUH MEKOTPACIEBOT0 OaaHCca
2.10.2 3apaum padoThI:

1. I3yunuTth OCHOBHBIE YacTH 06aIaHCOBON CXEMBI

2. [loctpoenue cxembl, MaTeMaTndeckas 3anuch. CUMBOJIMKAa 0003HaYEHHH

3. OcHOBHBIE 0aTaHCOBBIE MPOMOPIIMH

2.10.3 Onucanue (xoa) padoThI:
[MpuHIIMNIHaTBHAS CXeMa MEKOTPAcIeBOro OanaHca MPOM3BOJCTBA W PACIIPEICICHUS
COBOKYITHOTO OOIIIECTBEHHOTO MPOAYKTa B CTOMMOCTHOM BBIPQYKCHHUHU IPEICTAaBICHA B TaONIHUIIE.
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Tabnuua 6.1 — [IpuHnunuansHas cxema MexxorpacieBoro 6ananca (MOB)

[IpousBoasinue [ToTpebmstomue oTpaciu Koneunsrit Banosoit
oTpaciu 1 2 3 . n MPOJIYKT POAYKT
1 X11 X12 X13 . X1n Y1 X1
2 X21 X22 X23 e X2n Y2 Xg
3 X31 X32 X33 . X3n Y3 X3
n X n1 Xn1 Xn3 Xnn Yn Xn
C1 C2 C3 Cn
AMopTu3anus
Omnarta Tpynaa \Z1 \2) V3 Vn
YucTeIid 1OX00 m; m, ms my
Banosoii X1 X5 X3 ... Xn n n
POJYKT ;Xi ZJZ;X;

B MOBD BbIAENAIOT YeThIpe 4acTH, UMEIOLIUE PAa3IUYHOE 3KOHOMUYECKOE COJepKaHuUE,
OHM Ha3bIBAIOTCS Keaopanmamu OajaHca.

Ilepeuuii keéaopanm MODB — 370 maxmarHas TabnMLIa MEXOTPACIEBBIX MaTepUAIbHBIX
cBs3eit. [lokazarenu, MOMEIICHHBIE HA TIEPECEUCHUSX CTPOK U CTOJIOIOB, MPEACTABISIOT COOO0M
BEJIMYMHBI MEKOTPACIEBBIX ITOTOKOB IIPOIYKIMU U B 00LIEM BHjie 0003HAYAIOTCS Xij, TAC | H | —
COOTBETCTBEHHO HOMEpa OTpaciei MpOou3BOIAMIMNX U MOTpelsromux. Takum oO6pa3om, mepBbIit
KBaJpaHT o (opMe MNpeAcTaBisieT cOOON KBaJpaTHYIO MaTpully MOpska N, cymma Bcex
AIIEMEHTOB KOTOPOH PaBHAETCS TOJ0BOMY (POHIY BO3MEIICHHUS 3aTpaT CPEICTB MPOU3BOJICTBA B
MaTepHalbHOU cdepe.

Bo BTOpoM KBajpaHTE IpelICTaBI€HA KOHEYHAas MPOAYKIHUS BCEX OTpaciel
MaTepHaIbHOIO MPOU3BOJCTBA, IIPH 3TOM I10JI KOHEUHOW MOHMMAETCs MPOAYKLUS, BBIXOJAINAs
u3 cdeppl TPOM3BOJACTBA B 00JACTh KOHEYHOTO HCIIONB30BaHHUS (HAa TOTpeOsieHue u
HakorieHue). B tabauiie 3TOT pa3aen 1aH yKpYIHEHO B BUJIE OAHOTO CTOJIONA BEIUYUH Y

Tperuit xBagpant MObB Taxke xapakTepu3yeT HallMOHAJIBHBIM JOXOJ, HO CO CTOPOHBI
€ro CTOMMOCTHOTO COCTaBa KaK CyMMY YMCTOM NMPOIYKIUH U aMOPTU3ALMN; YUCTasl MPOAYKLIUS
MOHMMAETCS TMPU STOM Kak CcymMMa OIUIaThl TpyJa M 4YHCTOro jaoxoga ortpacied. Cymma
aMmopTtu3aiuu  (Cj ) ¥ 4MCTOW mpoxykiuu (Vj+M;) HEKOTOpoH j-oif oTpaciu Oynem Has3bIBaTh
YCJIOBHO YMCTOM MPOAYKIMEHR 9TOH OTpaciau U 0003Ha4YaTh B JajlpHenneM Zj.

YeTBepThlii KBaIpaHT OajaHca HAXOIUTCS Ha IEPECEYeHUH CTOJIO0I0B BTOPOro KBaipaHTa
(KOHEYHOM MPOJYKIHMH) U CTPOK TPEThEro KBaJpaHTa (YCJIOBHO YHUCTOM MPOIYKIMH). DTUM
ONpEAENsAETCS COJAEpKAHWE KBaJpaHTa: OH OTpakacT KOHEYHOE pACHpEeNeicHHe U
MCIIOJIb30BaHUE HAIMOHAIBHOIO J0Xo0na. B pesynbraTe mepepacnpeseneHus MepBOHAYAIbHO
CO3JIaHHOT'O HAIMOHAIBHOTO J0X0Ja 00pa3yloTCsl KOHEUHBIE JT0XO0/Ibl HACEIEHUs, IPEAIPUITH,
rocynapcTBa. JlaHHbIe YeTBEPTOrO KBaJIpaHTa BayKHbI IJIsl OTPAXKEHUSI B MEKOTPACIEBON MOAETU
OanmaHca JIOXOJIOB M PACXOJIOB HACEJIEHUS, UCTOUHUKOB (DMHAHCHPOBAHUS KaIllUTAJIOBIOKEHUM,
TEKYIIUX 3aTpaT HENpPOU3BOJACTBEHHON cdephl, I aHaiau3a oO0IIeld CTPYKTYpbhl KOHEUHBIX
JIOXOJIOB 1O rpynnaM notpedureneid. OOIuU HTOr YEeTBEPTOro KBAAPaHTa, TaK jK€ Kak BTOPOTO
U TPETHETO, T0JKEH ObITh paBEH CO3/IaHHOMY 3a I'0Jl HAIlMOHATBHOMY JIOXO/Y.

Taxum 00pa3oM, B 11€JI0M MeKOTpaciaeBoil OagaHc B paMKax €MHON MOJeIH 00beINHACT
OaylaHCBl OTpaciiei MaTepHAIBHOTO MPOU3BOJCTBA, OAJAHC COBOKYITHOTO  OOIIECTBEHHOTO
OpojayKTa OajlaHChl HAIMOHAIBHOTO J0XOAa, (PMHAHCOBBIM, OajaHC JIOXOJOB M Pacxoj0B
HaCeJIeHUS.
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HTor marepuanbHbBIX 3aTpaT JI00OW MOTPEONAIONIE OTpaciu M €€ YCIOBHO YUCTOH
MPOAYKIIMHA PABEH BAJIOBOM MPOIYKIIUM 3TOM OTpaciid. JlaHHBINA BBIBOJ MOKHO 3allMcaTh B BUAE
COOTHOLLIEHUS:

n
Xj=) X +Z;,  j=l..n 6.1)

i=1

HamomHuM, 4TO BEJIMYHMHA YCIOBHO YMCTOW MPOAYKIMU Z] paBHA CyMME aMOPTHU3AIUH,
OIUIAThI TPY/a M YUCTOTO JI0X0Aa J-i OTPacIIy.

BanoBasg mnponykuus TOH WM HMHOM OTPAcid pPaBHA CyMME MAaTEpUAIBHBIX 3aTpaT
HOTPEOIIAIONUX €€ MPOLYKLUIO OTpACiIed U KOHEUHOH NPOJYKIINU JaHHON OTPACIIH:

n
Xi=)x;+Y,, i=l.,n 62)
j=1
dopmMynia OMMUCHIBAET CUCTEMY U3 N ypaBHEHHH, KOTOpbIE HA3bIBAIOTCS YPABHEHUSIMU
pacrpenesieHuss NPOAYKLUUHM OTpaciaed MaTepualbHOTO IPOM3BOJACTBA IO HAIPABICHUIM
UCIIOJIb30BaHUS.
[Ipocymmupyem 1o Bcem otpaciisiM ypaBHeHus (6.1), B pe3ynbTare noayunm:

n n n n
DX =02 %+).Z
j=1 j=1 i=1 j=1

AHaNnornyHoe CyMMHpPOBaHHE ypaBHEHUH (6.2) naer:

n n n n
ZXi = szij + ZYi (6.3)
i—1 i—1 j-1 i1

HCBBIG qacTu O6OI/IX paBeHCTB paBHBI, TaK KakK HpeﬂCTaBHﬂIOT CO6OI>1 BECb BaﬂOBOﬁ

oOuiecTBeHHbIN NpoayKT. [lepBbie ciaraemple MpaBbIX YAaCTEW ITUX PABEHCTB TAK)KE PABHbBI, UX
BEIMYMHA paBHa UTOry IHepBOro kpaapaHta. CrenoBaTenbHO, JOJDKHO —COOJIOJAThCs

COOTHOLICHUC
n n
sz = ZYi (6.4)
j=1 i=1

JleBas gacTh JAaHHOT'O YpaBHCHUSA CCTh CyMMa TPETHEro KBaJpaHTa, a mnpaBas 4aCTb UTOT
BTOpPOTI'O KBaApaHTaA.

Yupaxuenus
3agaua 1
3aKOHUYUTE COCTABJICHHE CXEMbI OTYETHOTO OaslaHca M0 UMEIOIIMMCS TaHHBIM.
Ipouzsooswue Ilompeonarowue | Koneunwviti | Banosoi
ompaciu ompaciu NPOOYKmM | NpoOyKm
1 2 Vi Xi
1 20 30
2 60 10
YcnoBHO uncTas 70
npoaykuus Zj
Banosoii mpoaykT X; 100
Pewenue

1) ecim i=], TOo Xj= X| = ecmu I=]=1, To X;= X; =100.
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n
2 4 =2 % +Y, = x,=X,-Y,-x,, %, =100-30—20=50.
j=1

n
.= . . 2

3) XJ ZX'J +ZJ = X, =Y x,+Z,, X, =50+10+70=130,
i=1 i1

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

i=1

n
—_ 2
5 X =2 % +Y, = Y, =X,-Y%, , Y, =130—(60+10) = 60.

=1 i=1
Ipoussooswue Hompebnarowue | Koneunwiii | Banosoii
ompacau ompacau npooyKm npooyKm
1 2 Vi Xi
1 20 50 30 100
2 60 10 60 130
Y CIIOBHO YnCTAs 20 70
IPOAYKLUS Z;
BanoBoii mpoaykr Xj 100 130

3amaua 2

3aKOHUYHTE COCTABJICHUE CXEMBI OTYETHOIO OajiaHca Imo HUMCIOIIINMCA JaHHBIM.

IIpouzsoosawue Ilompeobnarowue | Koneunwiii | Banosoii
ompacu ompacau npooyKm | npooyKm
1 2
1 176 370
2 222 457
VYcnoBHO uncTas 74 245
TIPOTYKITHS
Basooit npoaykr

3amaua 3

3aKOHYHUTE COCTABJICHHUE CXEMBI OTYECTHOTO OaJjlaHca Io UMCIOIIINMCA JaHHBIM.

Ipoussoosawue Ilompeobnarowue | Koneunwviti | Banosoti
ompaciu ompaciu nPOOYKmM npooyKm
1 2
1 100
2 55 450
YcnoBHO uncTas 215 185
MPOTYKIIHS
BanoBoii mpoaykr 300
3amaua 4

3aKOHUYHTE COCTABJICHUE CXEMbI OTYCTHOIO OajaHca Imo UMCIOIINMCS JaHHBIM.
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Ipousgooswyue Ilompebnsaowue ompaciu Komneunwiii | Banosoti
ompaciu 1 2 3 npOOYKm | npoOyKm
1 15 33 50
2 28 27 233 315
3 15 17 121
YcnoBHO uncTas 230 76
TIPOTYKITHSI
Banoo#i npogykT 172

3amaua 5

3aKOHUYUTE COCTABIIEHUE CXEMBI OTYETHOTO OAIAHCA IO UMEIOLLIMMCS JAHHBIM.

Ipoussooswue Tlompebnsaowue ompaciu Komneunwiti | Banosoti
ompaciu 1 2 3 npOOYKm | npoOyKm
1 712
2 103 57 1100
3 200 78 35 675 988
VY CIIOBHO YnCTAas 645 853 700
POYKITUS
Banosoii mpoxykr | 1015

2.11 JIa6opaTopHas padora 14,15,16,17,18 (10 uacos)

Tema: «banaHcoBasi MoJeJIb»

2.11.1 Hean padoTthl: VccienoBaTh OCHOBHBIE CBOKMCTBA 0aJaHCOBOM MOJICTH

2.11.2 3apauu pabdoThI:

1. PacueT k03 HUIMEHTOB MPSAMBIX MaTEPHAIIbHBIX 3aTpaT

2. PacueT K03 (UIMEHTOB MOTHBIX MaTEPUAIBHBIX 3aTpaT

4. Tlpumenenue TabauuHoro pemaktopa Excel aust pacyetoB k03 HUIIMEHTOB MPSIMBIX U
MOJTHBIX MaTePUATBHBIX 3aTPaT

2.11.4 Onucanue (xoa) padoThI:
KoadduiimeHTs! TpsiMBbIX MaTepHANBHBIX 3aTpaT U KOAPGUITUEHTHI TOTHBIX
MaTepUalIbHBIX 3aTpaT

BennuuHel @jj Ha3BIBAIOTCA KOIPDuyuenmamy NPAMbIX MAMEPUATbHBIX 3ampam W
PaCCUUTHIBAIOTCS CIEAYIOIIUM 00Pa30M:

X
a=—-, i=Ll.,n,j=1..,n (6.5)
Xi
Onpeodenenue 1 Kosdpouimenrta npsMbIX MaTepHaIbHBIX 3aTpaT IOKa3bIBaeT, Kakoe
KOJIMYECTBO TMPOJYKIUH - OTpaciu HEOOXOIUMO, €CIIM YYUTHIBATH TOJBKO MPSIMbIC 3aTPaThl,
JUISL TIPOU3BOJICTBA €TMHUIIBI IPOYKIIUH |- OTpaciH.
C yuerom opmyisl (6.5) cuctemy ypaBHEHUH OagaHca MOKHO IepenucaTh B BUIE

n
j=1
cucTema ypaBHeHUH (6.6) B MaTpuyHOU hopme MpUMET BU]T
X=AX+Y (6.7)
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Cucrema ypaBHeHuit (6.6), unu B MaTpuuHoil ¢dopme (6.7), Ha3BIBaETCSI 3KOHOMMKO-
MaTeMaTHYECKONW MOJIENIbI0 MEKOTpAcIeBOTo Oananca (Mojenbio JIeoHTheBa, MOCIBIO (3aTpaThl
— BBITYCK»). C IOMOIIIBIO ATOI MO/IETH MOKHO BBITIOJIHATH TPU BapUaHTa PacueTOB:

e 3agaB B MOJEIM BEJIMYMHBI BaJOBOH MNPOAYKUMH Kaxaoi otpaciu (Xi), MOXKHO

OIIPEICTTUTh 00BbEMbI KOHEUHOH MPOAYKIMU Kaxkaoi orpaciu (Yj):

Y=(E-A)X (6.8)
e 3ajaB BEJMYMHBl KOHEYHOM mpoaykuumu Bceex orpaciaeidl (Yj), MOXHO OIpeaeauTb

BEJIMYMHBI BaJIOBOW MPOIYKIIUMH KaXI0W oTpaciu (Xj):

X=(E-A?'Y (6.9)
e Jlna psama oTpacied 3aaB BEIMYMHBI BaJIOBOM MPOAYKLIUH, a IS BCEX OCTAIBHBIX
oTpacieil 3amaB 0OBEMBI KOHEYHOH MPOAYKIMH, MOXHO HAWTH BEIMYUHBI KOHEYHOM

HPOAYKIMH NEPBBIX OTpaciiell 1 00beMbl BaIOBOM NMPOJYKIUH BTOPBIX, B 3TOM BapHUaHTE

pacuera ymoOHee IMOJIb30BaThCcsl HE MarpudHou (opmolt moxenu (6.7), a cucTeMoid

JUHEHHBIX ypaBHeHui (6.6). B dopmynax (6.8) u (6.9) E obOo3HauaeT eIuHUYHYIO

MaTpuly n-To nopsuka, a (E — A oGoznauaer Mmarpuily, oopatHyto marpune (E — A).

Ecnu onpenenurens MaTpulbl (£ — A) He paBeH HYJIO, T.€. 3Ta MaTPULIA HEBBIPOXKAECHHAs,

TO oOpaTHas K Heil MaTpuna cymectByeT. O003HaUMM 3Ty O0paTHYIO MaTpully depe3 B,

TOT/1a CUCTEMY YpaBHEHMI B MaTpuuHOU hopme (6.9) MOKHO 3anucarhb B BUJIE

X=BY. (6.9)

DneMeHThl Matpunbl B Oynem o0o3Hauath 4epe3 Djj, Torma u3 MaTpu4HOro ypaBHEHHMS

(6.9") st OGO i-1 OTPACIH MOKHO MONYYHTH CIIEIYIOIIEE COOTHOLICHNUE:

X, = Zlb"'Y" i=1n. (6.10)
=

N3 coorHomenuit (6.10) cienyer, uto BajoBas MPOAYKLHUS BBICTYNAET KaK B3BELLIEHHAs
CyMMa BEJIMYMH KOHEYHOM MPOIYKIMH, IPUYEM BecaMu SBISIOTCS KoadduumenTs! bjj, koTopsie
MOKa3bIBAIOT, CKOJIBKO BCETO HY)KHO MPOM3BECTH MPOAYKIMH I-iH OTpACIU ISl BBITyCKa B chepy
KOHEYHOT'0 MCIIOJIb30BaHUS €AMHHIBI IPOAYKIUH |-if oTpaciu. B omnunu ot koddduimeHTon
IPSIMBIX 3aTpaT ajj KO3DGUIMEHTHI Djj HA3BIBAIOTCS KOdDPuyuenmamu noaHbix MamepuaibHbix
3ampam ¥ BKJIIOYAeT B ce0s Kak INpsMble, TaK U KOCBEHHbIE 3aTpaTbl BceX MOpsIKoB. Eciu
OpsMbIE  3aTpaThl  OTPAXKAIOT KOJUYECTBO CPEICTB MPOHM3BOJCTBA, H3PACXOJIOBAHHBIX
HEMOCPEJCTBEHHO IPU H3TOTOBJIEHUHM JIaHHOTO NPOJAYKTa, TO KOCBEHHBIE OTHOCITCS B
NPEIIECTBYIONIMM CTaIUsIM MPOU3BOJICTBA U BXOJAAT B NMPOU3BOACTBO MPOAYKTA HE IMPIMO, a
yepes Jipyrue (IpoMexXyTOUHbIE) CPEACTBA IPOU3BOJICTBA.

Onpeoenenue 2 KodpHUIUEHTH MOMHBIX MaTepUATBHBIX 3aTpar Djj MOKa3bIBAIOT, Kakoe
KOJMYECTBO MPOAYKIMH I-i OTpacid HYKHO IPOM3BECTH, YTOOBI C YYETOM THPSMBIX H
KOCBEHHBIX 3aTpaT ATOH MPOIYKIUH MMOJYIUTh SMHUILY KOHEYHOU TPOYKIIUH |-if OTpaciiH.

OCHOBHBIC CBOWMCTBAa MaTpulbl KO3()DPUIMEHTOB MpsMBIX MaTepUalbHbIX 3aTpaTr A.
Koodduuumentsr mpsiMBIX  3aTpaT TIO0  ONPEACTICHHIO  SBISIIOTCS — HEOTPHUIATEIHHBIMH,
cJIeZIoBaTeNIbHO, MaTpula 4 B LI€JIOM MOXET ObITh Ha3BaHa HeoTpuuareiabHON: A>0. Tak kak
MpOIIeCC BOCIPOU3BOACTBA HENB3sT OBbUIO OBl OCYIIECTBIATH, €CIU OBl 1T COOCTBEHHOTO
BOCIIPOM3BO/ICTBA B OTPACIIM 3aTPAuYMBAIOCh OOJIblIee KOJTUYECTBO MPOIYKTa, YEM CO3/1aBaloCh,
TO OYEBHJHO, YTO AUATrOHATIbHBIE JJIEMEHTa MaTPHILbl A MEHbILE eAUHUIIBL: Ajj <1.

[Tousitue npodykmuenocmu MaTpuIsl K03()GUIMEHTOB NPSAMBIX MaTEPUANIBHBIX 3aTpart.

bynem Ha3bIBaTh HEOTPHULATEIBHYIO MAaTpULly A MPOAYKTHUBHOM, €CIIM CYIIECTBYET TAKOMN
HEOTpHUIATEeNbHBIN BEeKTOp X > 0, 4TO

X > AX. (6.11)
OueBuaHo, uto ycioBue (6.11) o3HauaeT CyIIeCTBOBaHHE IMOJIOKHUTEIHLHOTO BEKTOpA
KOHEUHOU mpoaykiuu Y > 0 11 Moeu MekoTpaciieBoro 6ananca (6.7).
s toro utoObl Marpuia Kod(pQHUIMEHTOB NPSMBIX MaTepHambHBIX 3aTpar 4 Oblia
MIPOTYKTUBHOM, HEOOXOAMMO U IOCTATOYHO YTOOBI BHITIOJIHSIIOCH YCIIOBUE:
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mampuya (E — A) neompuyamenvno obpamuma, m.e. cyuwecmayem oOpamHas mMampuya
(E—A4)">0.

Bonee mpocTelM, HO TOJIBKO JOCTATOYHBIM IPU3HAKOM IPOJYKTUBHOCTH MAaTpulibl A
ABJICTCA OIpaHHMYCHUE Ha BCIWYHMHY €€ HOPMBI, T.C. Ha BCIWYHUHY HaPI60J'IBH.Ieﬁ CYMMbI
AIIEMEHTOB MaTpUIbl A B Kaxa0M cToi01e. Ecnun Hopma MaTpuisl 4 cTpOro MeHbIle €MHHIIBI,
TO 3Ta MaTpulla NPOAYKTUBHA, IIOBTOPHUM, YTO AaHHOC YCJIIOBHE ABJIACTCA TOJBKO AOCTATOYHBIM,
U MaTpula 4 MOXKET 0Ka3aTbCsl NPOAYKTUBHOM U B Clly4yae, KOTa €e HopMa 00JIbllie €AMHUILIBL.

3amaua 6
Hcnonb3ys nanHbIe OanaHca, ONpeAeIuTe 00beMbl TPOU3BOCTBA BaJOBOM MPOAYKIIHH,
KOA((UIIMEHTHI IPSIMBIX U TIOJHBIX MaTEPUAIBHBIX 3aTparT.

Ilpouzsooawue Tlompebnsaowue ompaciu Koneunsrit
ompaciu 1 2
npoOYKm
1 90 100 60
2 50 110 40
Pewenue
1) omnpenenseM 00beMbI IPOM3BOICTBA BAJIOBOW MPOAYKIUH (Xj) 1o hopmyste:
n
Xi=Y % +Y, i=L..n
j=1

X1=90+100+60=250; X, =50+110+40=200.
2) BBIYUCIMM KO PUIMEHTHI NPSAMBIX 3aTpat (&jj )1o Gpopmyie

a, = 'l i=1..n j=1..n
J XJ ) 'l ) ) '] )
a11=90 : 250 :0,36; a1,=100 : 200 =0,5;
a=50:250=0,2; a»=110 : 200 = 0,55.
3) Paccuymraem mMaTpuily MOJHBIX MaTePHATIBHBIX 3aTpart 1Mo (Gopmyoie:
B=(E—A)*
a) Haiimem matpuiy E-A

b 1 0] [036 05] [064 -05
10 1] |02 055| |-02 045

0) paccunTaeM ONpeieIuTeNb MaTPUIIbI
OmnpenenuTeneM KBaJpaTHONW MAaTPHIBI 2-TO MOPsAKAa A Ha3bIBACTCS YHCIIO ai1- axp- ap- a1 -

a, a
11 12
Omnpenenurens obo3Havaercss A(A) win

ay, Ay

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

B) BMECTO KaXJOro B3JIEMCHTAa MaTpulbl I[MOCTaBUM €ro aﬂee5pauqe01<oe aOI’lOJZHeHI/le:
045 0,2

05 0,64

Aﬂeeépauuecmm OOI’lOJIHeHueM HEKOTOPOro 3JICMEHTA ONPCACIUTEIISA HA3bIBACTCA MUHOP OTOI'O

3JIEMEHTa, yMHOXKEHHBIH Ha (-1)°, rJe S- cyMMa HOMEPOB CTPOKHM M CTOJIONa, Ha MEepecedyeHH
KOTOPBIX PACIOJIOKEH ITOT 3JIEMEHT.
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Munopom HEKOTOPOTO 3JIEMEHTa OMPENEIUTENs] HAa3bIBAETCS OMPENEIUTENb, MOTYy4aeMbli U3
JAHHOTO OIpEAENUTENs BBIYEPKUBAHUEM CTPOKHM U CTOJONA, HA TEPEecCeYeHUH KOTOPBIX
PacCIOJIOKEH 3TOT JEMEHT.

T') MOJIYY€HHYIO MaTpPUIly TPAHCIIOHUPYEM

045 05

0,2 0,64
J1) KaXJIbId 3JEMEHT IMOJYyYE€HHOM MAaTpHULbl JIEIUM Ha ONPEISIUTENIb UCXOJHON MaTpUlbl U
MoJIy4aeM MaTpUIly OOpaTHYIO JaHHOM:

B (E—d)y 239 2.66
- 1106 340/

B xadecTBe IPOBEPKU MOKHO PACCUUTATh MATpULly 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.

BrinonHeHHbIe pacueThbl, BO3MOMXHO MPOBECTH C MCIOIB30BAHUEM CIICIMATIM3UPOBAHHBIX

nporpamMMm WM 0ojiee IIMPOKO PACHpPOCTPAHEHHBIX HMHCTPYMEHTOB, Takux Kak EXxcel.
Paccmotpum permienue atoro mpumepa B cpeae Excel. Ilpu atom OyayT MCHoOIb30BaHbI TaKUe

byukun kak MOBP (pacuet o6patHoii Mmatpuis) ¥ MYMHOX (ymMHOXEHUE MAaTPHI).
Pewenue

3aHOCHM MCXO/IHbIC JaHHbIe Ha pabouwmii muct Excel (puc. 6.1).

Microsoft Excel - Gananc

Eﬂ Parin  [paeka Bva  BoTaeka  ®opuat  Cepewc  fadHHele  OKHO  COpaeka

TAN=R" RERE NI NEN A Y TR AS AR RACRAE- N

([

i pwial Cyr - 10 - | K F U | = = | B3 5, goo 8 2%
] v f
A | B | ¢ D E | F | G |

1 90 100 B0 1

2 £ 110 400

3

4

5

B

Pucynox 6.1 — Vicxoausie nanHbIe

1) onpenensieM 00beMBbI MPOU3BOJICTBA BAJIOBOM MPOAYyKINH (Xj) mo dhopmyre:
n

X, =D % +Y,,  i=l..n
j=1

Hns storo B sueiiky D1 3anocum  dopmyny: =CYMMA(A1:Cl), B sueiiky D2:
=CYMMA(A2:C2) (puc.6.2).
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E3 Microsoft Excel - Gananc

|§_le dain  Opaeka Bua  EBocTaeka  @opuat  Cepeuc faHHele OkHo o Cnpaeka

AN REREIEE RNk SR TR A RSl

: Arial Cyr -0+ | K K U |E = =9 g o %50 08
02 - B =CYMM(AZ:C2)
A | e | ¢ | D | E | F | G

1 g0 100 B0 250

g g0 110 4D| zuu_l

4

5

B

Pucynok 6.2 — Pacuer X

2) BbIUMCIUM KO3 PUIHEHTBI NPSIMBIX 3aTpar (jj )0 popmyie

Jlia storo B siueiiku A3 u B3 mepenocum 3HaueHus Xi, paccuutaHHble B crondie D
(MO’XKHO Ha0paTh C KJIaBHATYpbl, MOKHO HCIOJIb30BaTh (QyHKIUIO «l[IpaBka— crnenuaibHas
BCTaBKa... —BCTABUTb 3HAUEHUS, TPAHCIIOHUPOBATHY, ).

B sueiiky E1 3anuceiBaem dopmyny: =A1/A$3, konupyem 3Ty GopMmyiny B Juara3oHe
E1:F2. PesynbraTom Oynet SBISATHCS MaTpuiia Kod(hGUIIMEHTOB npsMbIX A (puc. 6.3).

£ Microsoft Excel - KHural

@ Marin  [paeka Bua BrTaeka Sopmat  Cepewc  fadHHel®  OkHO  COpaeka

HERE=R" REREIR= RENE A A TN N A RRCRAE- W

: Arial Cyr -0 - | K & U |E = =60 % 00 5 40
E1 - B =AT/AS3
A | B | C | D E F | G |
1] 90 100 B0 250 03l 05
2 i 110 40 200 0z 055
3| 250 200
A4
5]
B

Pucynok 6.3 — Pacuet matpuiisl k03¢ (HUIHEHTOB MPSAMBIX 3aTpaT

3) PaccunTaem maTpuily MOJHBIX MaTepPUATIBHBIX 3aTpaT 1o hopmye:

B=(E - A)*

a) Haiinem Matpuiy (E-A), B quanasone A6:B7 3anuieM eIMHUYHYIO MaTpUIly U B JAHANa30He
C6:D7 marpuny A. B sueiiky E6 3anumem dopmyny: =A1-Cl, xomupyem 31y (opmyny B
nuamnazone E6:F7, pesynbrarom siBnsiercs marpuna (E-A).

120



£ Microsoft Excel - KHural

@ Marin  [paeka Bua BrTaeka Sopmat  Cepewc  fadHHel®  OkHO  COpaeka

HERE=R" REREIR= RENEA A TR A RACRAE-

: Arial Cyr -0 K & U |E = =0 % om0
=5 - A =AB-CE
A | B | C | D E F G|
1] 90 100 B0 250 0,36 05
2] i 110 40 200 0z 0,55
3| 250 200
4
g
5 1 0 0,36 05 | 05
7 0 1 02 055 -02] 0,45
g |
9 |

Pucynok 6.4 — Pacuet matpuist (E-A)
0) nHaiinem matpuity oopatuyio (E-A), mis storo na mucrte Excel Beinenum auamazon G6:H7.
Hanum komanny «BcraBka — @OyHkuug...». B oTkpbiBmiemcs okHe «Mactep (QyHKIMID
HEe00X0aMO BBIOpaTh KaTeroputo «Martematuyeckue», 3 Maremarudeckux — MOBP (puc.6.5).

Macte p hynruni - war 1 w3 2

Mokck: dryHELH:

EEEAHTE KPATKOE ONHCaHHE ASACTEHA, KOTOROE HY#HHOD | HakTH |
BBINONHMTE, H HAXMHTE KHOMKY "HadTi"

KaTeropma: | MaTeMaTH4eckHe W |

BribeprTe dryHELHID

A
MOTPEZ] T
MY MHOH

HEHET

OKPEBEPY

OKPEHIZ

OKPYN v

MOBP{MaccHe)
BozepallaeT oBpaTHYHY MATRMLY (MATPHLE XPaHHTCA B MACCHEE],

CNpaeka no 3ToH dyHELHMH [ Ok ] [ OITHMEHA ]

Pucynok 6.5 — Oxkao «Mactep QpyHKIu»

Haxmute OK. Otkpoercsi okHO « Aprymentsl ¢yHKmuu». HeoOxommmo 3amath MaccuB B
koTopoMm Haxoautcs marpuinia (E-A). Beogum maccus E6:F7.
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Apryme HTbl hyHKLUNHH Ps__<|
MOER

Maccue | E6:F7] (%e:| = {0,64;-0,5:-0,2;0,4¢

= {2,3036170212766: 2,65
BozEpallasT oBpaTHYHY MaTPHWY (MATEHUA XPaHHTCA B MAcCHES),

MaccvB YHCNOBOH MAcCHE C P3EHEIM KONHHECTEOM CTROK K IZTIZI.I'IELI.I:IB_I nKbo
AHaNazoH N MacCcHE,

CNpaEka No 3ToA dHELHH SHaqeHHe: 2,393617021 [ K ] [ OTHEHS

Pucynok 6.6 — BBox naHHbIX, IpU pacueTe 0OpaTHON MaTpHUIlbl
Jlnst oToOpaxkeHusi pe3yibraTta B Bujae wmarpuisl, Haxmute Shift+Ctrl+Enter (ecnu
Haxatb OK, 1o B sueiike G6 Oyzner ogHo umcno). MaccuB G6:H7 Oyner comepkatb UCKOMYIO

marpury B=(E — A)™* (puc.6.7).

£ Microsoft Excel - KHural

@ Marin  [paeka Bua BoTaeka $opmat  CepeWc  fJaHHel®  OkHO  COpaBka

N EHR S GRTE S LRS- B3 A0

: Arial Cyr - 10 - | K K YU E=E =0y o EEIH S
G5 - A& I=MOBP(EG:F7!
A | B | © | D E F G | H | | |

1] g0 100 =N 250 0,35 05
2] g0 110 A0 200 02 055
3| 250 200
4|

5

5 1 0 0,35 oA 054 DA 2393617 2 FE9574

7 0 1 02 055 02 045) 108383 34042551

B
9 |
10|

11

Pucynok 6.7 — Pe3ynbraT pacuera 00paTHOM MaTpHUIIbI

B xauecTBe mpoBEpKH MOXKHO paccuuTarh MaTpully X. Marpuna X paccUuThIBaeTCs 10
dopmyne X = BY . BBenem B nuana3os 16:17 matpuny V. Beigenum nuanazon J6:J7, Beioepem
komaHay «BcraBka — @yHkuus...». B oTkpeiBmiemcs okHe «Mactep (yHKIMID» BbIOEpeM
kareropuro «Maremarnueckue» u u3 HHIX MYMHOX (puc.6.8).
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MacTe p chynrumi - mar 1 w3 2

MoHCE Yy HILLHHKS

BeeauTe KPATEOE ONHMCaAHHE .ﬂ.EﬁETBHﬂJ KOTOpOE HY¥HO ﬂaﬁTH

ERINONHKTE, M HE%MHTE KHOMKY "HaiTi"

Fateropka: |MaTeMaTHYECkHE

BrIGEpHTE dryHILMHD !

MPaA ¥
SHAK
KOPEHE

MCOER
MOI‘IF‘E&
HEHET b

MYMHOM¥ (MACCHE 1 ;MaccHB2)
BO3EpallasT NpoMIEEAEHHE MATPHL (MATPMUE! XPAHATCA B MACCHESNX),

~

CNpaEka No 3ToA dyHKLHKH [ K ] [ CITMEHA ]

Pucynok 6.8 — OxHo «Mactep GpyHKUIHII»
Haxxmute OK. Otkpoercs oxkHO «AprymeHTsl (yHKImum». HeobOxomaumo ykas3aTh
MAacCHBBI, B KOTOPBIX HaXOJAATCS NEpeMHOXkaeMble MaTpHULbl (IOPSAAOK BBOJA MAaCCUBOB MMEET

3Ha4YeHHeE), B HameM npumepe 31o maccuBbl G6:H7 u 16:17 (puc.6.9).
)

Apryme HTbI (hyHKLHM

MY MHOM
Maccuel | Ge:H7 = {2,3936170212766;:
Maceus2 | 16:17] = {60400}
= {250:200}

BosBpallaeT NpoHIEEAEHHME MATPHL (MATPHUE! XPAHATCA B MACCHESX),

MaccWB2 NepBbIA M3 NEpEMEHONAEMEL MACCHEDES, KOTOPEIA AOMKEH HMETE TO ¥e
YHCNo cTONAUOE, YT0 M ETOROA,

[ CIE ] [ CTMEHS

CNpaEka Mo 3ToA dvHELLFK FHEHEHHE: 250

Pucynok 6.9 - BBoa naHHBIX, IPU IEPEMHOKEHUN MATPUI]

ITocne oxonuyanus BBOjma maHHBIX Hakmute Shift+Ctrl+Enter. Maccus J6:J7 Oymer

cozepxarb uckoMmyro marpuiy X (puc.10).
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E3 Microsoft Excel - Knural

@ tafin  Mpaeka Bwa  Beoraska  Sopwat  Cepeuc faHHele OkHo o COpaeka

NN RERENIE RN A AN R A R R 1 (N LY

{ Arial Cyr -0 - KK U|IEES D% om0 N FEEH O A
J5 - & (=MYMHOMI(GE: H; I6:17))
A2 | 8 | ¢ | o | E | F | &5 | H | 1 | g | kK |
| 1] 50 100 60 250 036 05
[ 2 | £ 110 40 200 0,2 055
Ex 250 200
| 4 |
5
B 1 i 0,36 05 054 -0,5| 2393617 2 BE9574 B0 280
7 i 1 02 055 0.2 045 108333 3404255 40 200
g
ER

Pucynok 6.10 — Pe3ynbraT pacuera MmaTpuibl X
3apaua 7

Hcnonb3ys naHHble OajaHca, ompeaenuTe oO0beMbl MPOM3BOJCTBA BAJOBON HMPOAYKIHH,
K03 PHUIHUEHTHI PSAMBIX U TIOJTHBIX MaTePHAIbHBIX 3aTpar.

Ipoussoosiyue Tlompebnsowue ompaciu Koneunviii
ompacau 1 2 npooyKm
1 10 17 23
2 20 15 35

3amaua 8

Ucnonb3ys nanHble OanaHca, ompezennTe oObeMbl MPOM3BOACTBA BAJIOBOM MPOAYKLHUU,
K03 PUIIMEHTHI MPSAMBIX U NOJIHBIX MaTepHaIbHBIX 3aTpar.

Ilpouzeoosawue Ilompebnsarowue ompaciu Koneunwiu
ompaciu 1 2 npooyKm
1 70 45 25
2 25 30 40

3amaua 9
Hcnonb3ys Kod3QGUIUEHTHI TPSIMBIX MaTEPUATBHBIX 3aTpaT U 00BEMbI KOHEUHOTO MPOAYKTa

M0 OTPACISAM paccUuTaTh KO (HUIIMEHTHI MOTHBIX MaTepUATbHBIX 3aTPaT U 00bEMBI
MIPOM3BOJICTBA BAJIOBOM MPOIYKITUH.
y 0,22 054 y 20
0,38 0,26 17
3amaua 10
Hcnonb3ys KOdPPUIUEHTH NPSMBIX MaTepUATbHBIX 3aTpaT U OOBEMBI KOHEYHOTO
MPOJYKTa MO OTPAciAM paccuuTaTh KOA(P(UIMEHTH! MOJHBIX MaTEpPUATIbHBIX 3aTpaT U 00BEMbI

IMPOU3BOACTBA BaJOBOH MMPOAYKIUH.
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0,36 0,15 70
A= , V=
0,40 0,25 50
3amaua 11

Ha ocHoBanuu JAaHHBIX, MPHUBCIACHHBLIX B HIKCCICAYIONNUX Ta6JII/II_[aX, paccuuTaTrb
KOB(l)(bI/II_[I/ICHTBI MMPAMBIX U ITOJIHBIX MAaTCPHUAJIbHBIX 3aTpar.

a)
Ilompebasowue Ilpouzeooswue ompaciu Koneunwuii
ompacau 1 2 3 nPOOYKmM
1 50 60 80 60
2 25 90 40 105
3 25 60 40 85
0)
Ilompebnsrowue IIpoussoosawue ompaciu Koneunwiu
ompacau 1 2 3 npooyKm
1 40 18 25 71
2 16 9 25 36
3 40 45 50 115
B)
TIlompebasiowue IIpoussoosawue ompaciu Koneunwuii
ompacau 1 2 3 npooyKm
1 18 36 25 61
2 45 90 25 20
3 36 36 50 30
3amaua 12

Jlaubl K03 GUIUEHTHI TPAMBIX MaTEPUATBHBIX 3aTPaT U 00BEMbI KOHEYHOH MPOAYKIIUHU B
MEXOTpacaeBOM OanaHce Uil TpeX OTpaciieH.

02 02 01 50
A=104 03 02|, V=40
02 0,2 04 30

TpebOyercsi paccuutaTh KO3(DPHUIIMEHTHI MOJHBIX MAaTEPUATBHBIX 3aTPaT U HAUTH 0OBHEMBI
BaJIOBOM MPOAYKIUU OTPACIEH.

3amaua 13

JlaHbl KO3 GUIMEHTH! NPSIMBIX MaTE€pUaTbHBIX 3aTPaT U 00bEMbl KOHEUHOM NMPOJYKIINU B
MEKOTpacIeBOM OanlaHce I TPeX OTpacieil.

03 04 02 40
A=(02 01 03|, V=15
01 02 02 10

Tpebyercss paccuutaTh KOIPGUIUEHTHI MOJTHBIX MAaTEPUATbHBIX 3aTPAT U HAUTU 0ObEMBI
BAJIOBOW MPOJTYKIIMHU OTPACIICH.
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3agaua 14

Ha ocHoBe maHHBIX 3a/1a4ul 12 BOCCTAHOBHUTE CXEMY MEXKOTPACIEBOTO MATEPUAIBHOTO
OastaHca.

3agaua 15

Ha ocHOBe maHHBIX 3a7a4d 13 BOCCTAHOBHUTE CXEMY MEXKOTPACIECBOIO MaTepUAIBHOIO
OaytaHca.

3amaua 16

MesxoTpacneBoi 6ajlaHC MPOU3BOJICTBA U paclpeieICHUsT POYKIIMU MIPEICTABIICH B
Ta0JIuLIE.

Ilpoussooswue
ompacu [Tompebadowue ompacau Koneunas Banosas
1 2 3 nPOOYKYUs. NnpoOyKyust
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
YcoBHO yncTas
TIPOTYKITHS 155,0 | 153,1 2919
Banosas
TIPOTYKITHS 775,3 | 510,1 729,6

3amaHbl 3aTpAThl )KUBOTO Tpynaa (TPYAOBBIE pecypchl) B Tpex orpacisx: L = 1160, L, =
460, L3 = 875 B HEKOTOpBIX €IMHUIIAX U3MEPEHHsS TPYIOBBIX 3aTpaT. Tpelyercs ompenenuThb
KOA((HUITUEHTHI IPSIMON U TIOJTHOW TPYTOEMKOCTH.

Pewenue
1) HaxoauMm KOd(PPUIUCHTHI MPSMOI TPYIOEMKOCTH
L.
S t—1160—1,5; t _ 460 ~00: t = 875 _12.

Xy, T s 275101 377206
2) paccuuThIBaeM MaTpHIly K0o3()(OHUIIMEHTOB MMOJHBIX MAaTEPUATBHBIX 3aTpatT
2041 0,612 1,020
B(E—A)" — B=|0816 2245 0,408
0867 0510 1684

3) HaxomuM KOI(PUIMEHTHI TTOTHOM TPYIOEMKOCTH

2,041 0,612 1,020
T=tB - T=(50912)-0816 2245 0,408 |=(4,84;355;392).
0,867 0,510 1,684
15-2,041+0,9-0,816+1,2-0,867 = 4,84,
Pacuem snemenmos mampuyer T: 1,5-0,612+0,9-2,245+1,2-0,510 = 3,55;
15-1,020+0,9-0,408+1,2-1,684 = 3,92.

3amaua 17
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[To maHHBIM MEXOTpaciaeBOro OamaHca, MPEACTABICHHOTO B TAOIUIE U 3aTpaTaM KUBOTO
tpyna L; = 80, Ly =45, L3 =90, onpenenuth Ko3)PUITUEHTHI MPSIMON U TTOJTHON TPYIOEMKOCTH.

Ipoussooswue
ompaciu [Tompebasowue ompacau Koneunas Banosas
1 2 3 npoOyKYusi npOOYKYUs.
1 18 7 5 21 51
2 6 8 2 20 36
3 3 15 14 23 55
3amaua 18

[To maHHBIM MEXOTpaciaeBOro OamaHca, MPEACTABICHHOTO B TAOIUIE U 3aTpaTaM KUBOTO
tpyna L; = 300, L, = 290, L3 = 450, onpenenuth KOAPHUIMEHTHI MPSAMONH W ITOTHOU

TPYAOEMKOCTH.
Ilpouseooswue
ompacu Ilompebasitouyjue ompacau Koneunas Banosas
1 2 3 npOOYKYUs npOOYKYUs
1 90 56 64 240 450
2 45 85 210 310 650
3 83 98 101 518 800
3anava 19

[To manHBIM MexOTpacieBoro OanaHca, MPEACTABICHHOTO B TaOJWIE U CTOMMOCTH
OCHOBHBIX TPOU3BOJICTBEHHBIX (OHIA0B D1

1250, @, =

KOX(HUITUEHTHI IPSIMOM U TIOTHON (DOHTIOEMKOCTH.

1700, @3 =1010, ompenenuthb

Ilpouzeooswue
ompaciu [lompebasiroujue ompacau Kowneunas Banosas
1 2 3 npOoOYKYUs npoOYKYUs
1 180 210 115 405 748
2 250 80 170 620 1120
3 112 87 35 276 510
3amaua 20

ITo ngaHHBIM MeEXOTpaciieBOro OajlaHca, MPEACTABICHHOrO0 B Ta0NHIE M CTOUMOCTH
OCHOBHBIX MPOU3BOJICTBEHHBIX (oHI0B D1 =83, O, =58, d3 =75, onpenenuts KOAPPUIUEHTHI
OpSAMOM 1 TOTHOM (POHT0EMKOCTH.

IIpoussoosawue
ompaciu Ilompebasitoujue ompacau Koneunas Banosas
1 2 3 npOOYKYUs. npOOYKYUs.
1 9 5 6 37 57
2 4 7 1 23 35
3 11 8 6 45 70
3agauya 21

127




[To maHHBIM CXeMBI MEXOTpaciieBoro 0amanca u 3atpar tpynaa L;=1160, L,=460, L3=875

COCTaBHUTh CXEMY MEKOTpPACIIEBOTO OaiaHca Tpyaa.

Ipoussooswue
ompaciu [Tompebasowue ompacau Koneunas Banosas
1 2 3 nPOOYKYUs. npoOyKYus
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 | 510 1459 300,0 729,6
VYcnoBHO yucras
POIYKIIHS 155,0 | 153,1 2919
Banosas
POIYKIIHS 775,3 | 510,1 729,6
Pewenue
1) HaxoauM KO3 HUIIUEHTHI IPSIMOU TPYIOEMKOCTH
b 1160, _ 460 875
PoX, T rTass Y P04 0 07296 0
J ’ ’ ’

2) YMHOXas TEpPBYI, BTOPYIO M TPETHIO CTPOKH IIEPBOIO M BTOPOrO KBAaIPAaHTOB
MEKOTPACIEBOT0 MaTepHaJbHOrO OajlaHCca, Ha COOTBETCTBYIOIIME KOX(PPHUIMEHTHI MPSMON
TPYJAOEMKOCTH, IOIy4aeM CXeMY MEXOTpacleBOro 06anaHca Tpyaa (B TPYIOBBIX H3MEPUTENSIX )

Iij = Xijti

|, =232,6-15=3489 1,=510-15=76,5, |, =2918-15=437,7,
l,, =200-1,5=2300,

l,, =1551-0,9=1396, l,, =2550-0,9=229,5,
l,, =100-0,9=90,

l,, =232,6-1,2=2791, |, =510-12=612, I,=1459-1,2=1751
|, =300-12 =360,

MesxoTpacieBoii 6ajaHc 3aTpar Tpyaa

,,=0,0-09=0,

Meowcompacnesvie 3ampamel | 3ampamsl mpyoa Ha | 3ampamul mpyoa
Ompacno 0geujecmeneHHo20 mpyoa KOHeUHYI0 NPOOYKYUIo| 6 OMpAacisix
1 2 3
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

HesnauntennHbIe PaCXoKACHUA MCKAY OaHHBIMH Ta6J'II/IIII>I U UCXOAHBIMHU NaHHBIMHU BBI3BAaHBI
MOTrPpCITHOCTAMHA OKPYIJICHUS IIPU BBIYHUCIICHUU.

3agaya 22
[To maHHBIM CXeMBI MeEXKOTpacieBoro Oamanca W 3artpar Tpyma L;=2950, L,=3100,
L3=1500 coctaBuTh cXeMy MEXOTpaciaeBoro daixanca Tpyna.

Ilpoussooswue

ompacau

Ilompebasitoyjue ompacau

1|

2

| 3

Koneunasa
npoOyKyust

Banosas
npoOyKyust
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1 830 715 390 1980 3915

2 650 817 235 1200 2902

3 350 185 148 737 1420
3amgaua 23

[To manHBIM cXeMBbl MEXOTpacieBoro Oamanca u 3arpar tpynaa L;=100, L,=102, L3=163

COCTaBHUTH CXEMY MEXKOTPACIICBOT'O OanaHca Tpyaa.

IIpouzsooswue
ompacnu ITompebasouue ompacau Koneunas Banosas
1 2 3 npoOyKyus npoOyKyus
1 15 22 12 31 80
2 17 13 23 15 68
3 35 15 10 37 97
3amaua 24
[Io nmaHHBIM  cXeMBl  MEXOTpaclieBoro ©OamaHca H  CTOMMOCTHU
MIPOU3BOJICTBEHHBIX (POHIIOB Kaxkoi u3 orpacien ®1=1053, ®,=1200, ®3=3090,
CXeMy MEKOTpacjiaeBoro 0ansaHca Mporu3BOJCTBEHHBIX (DOHJIOB.
IIpouzeoosuue
ompacnu [Tompebaarouue ompacau Koneunas Banoeas
1 2 3 NPOOYKYUsL NPOOYKYUsL
1 250 345 127 682 1404
2 101 485 320 809 1715
3 713 305 513 1044 2575
3agaua 25
[lo nmaHHBIM  cXeMBI  MEXOTpaclieBoro ©OamaHca H  CTOMMOCTHU
MPOU3BOJICTBEHHBIX (OHMOB Kaxaou u3 orpacieir =809, ®,=673, D3=1005,
CXeMY MEXOTpaciieBOro 6ajiaHca MpoU3BOICTBEHHBIX (DOHJIOB.
IIpoussooswue
ompaciu Tlompebnaowue ompaciu Koneunas Banosas
1 2 3 npOOYKYUs. npOOYKYUs.
1 310 218 415 790 1733
2 98 170 53 315 636
3 436 275 119 710 1540
3amaua 26

OCHOBHBIX
COCTaBUTh

OCHOBHBIX
COCTaBHUTh

Ha ocHOBaHMM cXeMBbl OTYETHOTO OajaHca MU CTOMMOCTH OCHOBHBIX IPOW3BOJCTBEHHBIX
¢donnoB otuetHoro mnepuoma @1=40, @,=12, @;=38 omnpexnenauTe, CKOJIBKO MOTpeOyeTcs

KaIATAIBHBIX BJIOKEHUH TSI TPOU3BOJICTBA KOHEYHOTO TIPOAYKTa B pasmepe Y; = 45, Y, = 36,
Y3 =15.

Ilompebnsarowue Koneunwiu
ompacau npooyKm
Ilpouszeooauue ompacau
1 2 3
1 30 45 18 20
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2 15 18 27 23
3 28 8 13 47
3amaua 27
Ha ocHoBanuu cxemMbl OTYETHOTO OajlaHca U TPYAOBBIX 3aTpaT OT4eTHOrO repuoaa L1=290,
L,=204, L3=56, ompenmenuTe CKOJIBKO TMOTpeOyeTcs MPUBICYb TPYIOBBIX 3arpaTr s

MIPOM3BOJICTBA KOHEYHOTO MpoaykTa B pazmepe Y1 = 200, Y, =250, Y3 =190

Ilompebnsarowue Koneunwiu
ompacau npooOyKm
IIpouszeooauwue ompacau
1 2 3
1 155 230 175 185
2 250 180 137 215
3 50 168 80 150
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3. METOAUYECKHUE YKA3AHUSA
O IMPOBEJEHUIO MPAKTUYECKHNX 3AHATUI

3.1 llpakruueckoe 3ansitue 1,2 (4 yaca)

Tema: «banancoBast MOJEIb»

3.1.1 3apanue 151 padoTHI:

1. IlpumeHeHne 6aTaHCOBOTO METO/IA B aHAIIM3€ YKOHOMHYECKUX TTOKa3aTenei
2. HTepripeTanus pe3yyibTaToB pelieHus

3.1.2 KpaTrkoe onucaHue mMpoBOAMMOI0 3aHATHS

OG603Ha4UM 3aTpaThl )KUBOTO TPYZA B IPOHM3BOJCTBE |-TO MPOAYKTa uepe3 Lj, a oObem
IPOU3BOACTBA 3TOr0 MPOAYKTa (BaJOBOHM BBINYCK), Kak M paHblle, yepe3 X;. Torma mpsmble
3aTparthl TpyJda Ha CIUHHILY |-TO BUAA MNPOAYKIHMH (KO3(DPHUIUEHT MPsAMON TPYIOSMKOCTH)
MO>KHO 33/1aTh CIEAYIOIICH (OPMYIION:

LJ . _—
tj =—, J =1n. (6.12)
X i
W3 nannHol hOpMyIBI CIEAYET, YTO

L, =Xt (6.13)

Ecau MCIKOTPACJICBBIC IIPAMBIC 3aTpaThbl Tpyda 0003HAYUTH uepe3 | TO OHH 6y,Z[y'T

ij 2
COOTBETCTBEHHO PAaBHBI
i = %;t, (6.14)
BBenem moHsTHE MOJHBIX 3aTpaT Tpyda KaKk CyMMBI HNPSMBIX 3aTpaT JKUBOTO TpyAa U
3aTpaT OBEIECTBICHHOTO TPY/a, IEPEHECEHHBIX Ha MPOIYKT Yepe3 U3PacX0I0BaHHbBIE CPE/ICTBA
npousBojicTBa. Eciin 0003Ha4YNTh BETMUMHY MOJIHBIX 3aTpaT TPyAa Ha SAMHUILY POIYKIUH |-TO
BUJIa uepe3 1j, TO NMPOM3BEICHUS BHUAA &jjj OTPakalOT 3aTpaThl OBELIECTBICHHOTO TpPY[a,
NEPCHECCHHOT0 Ha EJMHUILYy |-TO MPOAYKTa uepe3 i-¢ CpelCTBO TPOM3BOJACTBA; TPH ITOM
IpeAanojgaraercsi, 4ro Kod(QUIHMEHTH! MNpsSMbIX MaTepHATIbHBIX 3aTpaT djj BHIPAKEHBI B
HATypaJbHBIX eIUHHIAX. TOr/ia MOJIHbIC TPYAOBBIC 3aTPaThl HA EAWHMILY |-TO BHIA MPOIYKIIUU
(k02 duIHeHT TONHOH TPYI0EeMKOCTH) OyIyT paBHbI

n
T, :ZaijTi +t;; J=1n. (6.15)
i=1

BBenem B paccMOTpPEHHE BEKTOP-CTPOKY KOI(DGHUIUEHTOB MpsiMOi TpymoeMkocTu t = (1,
to, ..., th) ¥ BEKTOp-CTpOKY K03 puineHToB noiHo# tpynoemkoctu 1= (T, 1o, ..., T,).

Torma ¢ HCHOJB30BAHHMEM YK€ paccMaTpUBaeMoil BbIIe MaTpHIbl KO3((UIMEHTOB
NpSIMBIX MaTepHANIbHBIX 3aTpaT A (B HATypaJbHOM BBIPAXEHHM) CHUCTEMY ypaBHeHHH (6.15)
MOYKHO TIepenucaTh B MAaTPUYHOM BUJIE:

T=TA+1. (6.16)

[TpousBenst oyeBHIHBIE MaTpUYHbIE NPeoOpa30BaHUS C HCHOJIB30BAHUEM EIMHUYHOM
MaTpuibl £

T-TA=TE-TA=T(E-A4)=t,
MOJIyYUM CJIEYIOIlIee COOTHOIIEHUE /11l BEKTOpa KOA(PGUIIUEHTOB MOJIHOM TPYI0EMKOCTH:
T=t(E-A™ (6.17)

Matpuna (£ — A)'1 HaM YyXe 3Hakoma, 3To Marpuia B kosd(duIMeHTOB MONHBIX

MaTepUaIbHBIX 3aTPaT, TAK YTO MOCJIEIHEE PABEHCTBO MOXKHO IIEPENNCATh B BUAEC
T=1B (6.177)
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O6o3naurM dyepe3 L BenmuuMHY COBOKYIHBIX 3aTpaT >KMBOTO TpyAa IO BCEM BHUIAM
MPOIYKIIUH, KOTOpas ¢ yueToM Gopmysl (6.12) Oymer paBHa

n n
L=2 L =24X, =& (619
j=1 j=1
Ucnonb3ys cootHomeHus (6.18), mpuxoauM K CIeayomeMy HEpaBeHCTBY:
tX=TY, (6.19)

3neck t 1 T — BeKTOp-CTpOKU KOI(DPUIIMEHTOB MPsIMOW BAJIOBOM M KOHEYHOM MPOIYKLUU
COOTBETCTBEHHO.

Ha ocHoBe KOA(pHUIMEHTOB MPSIMOI U MOTHOW TPYIOEMKOCTH MOTYT OBITh pa3paboTaHBI
MEXOTpacjeBble M MEXIPOAYKTOBbIE OallaHChl 3aTpaT TPyAa U MCIOJIB30BaHMS TPYAOBBIX
pecypcoB. CxeMaTu4ecku 3TH OallaHChl CTPOSTCS MO 00LIeMy TUITY MATPUYHBIX MOJIEINEH.

Pa3zButue OCHOBHOM MOJENM MEXOTPACIEBOro OajlaHCa JIOCTUIAETCs Takke IyTeM
BKJIIOYCHHUSI B Hee TOKaszarened (poHI0eMKOCTH HpOoAyKIHH. B mpocteiimeM ciydae MOIenb
JIOTIOJIHSAETCA OTIEJIBHOW CTPOKOW, B KOTOPOM yKa3aHbl B CTOMMOCTHOM BBIP@)KEHUH OOBEMBI
IIPOM3BOJICTBCHHBIX (POHIOB @}, 3aHATHIC B KaXKIOH J-i oTpaciu. Ha OCHOBaHMM 3THX JaHHBIX U
00BbEMOB BaJIOBOM MPOJYKLMU BCEX OTpaciiell OomnpeAeistoTcss KodQQHUUUEHTHl MpsSMOR
(OHI0EMKOCTH TPOAYKIMH |-i OTpaCIIu:

D; J—
f, = ; 1=1n. (6.20)

CTOMMOCTh ~ TPOU3BOJCTBEHHBIX (OHIOB, 3aHATBIX B KaXIOH J-0H  oOTpaciu
COOTBETCTBEHHO paBHa:

D, =X, f, (6.21)

CTOMMOCTh TPOM3BOJCTBEHHBIX (DOHIOB J-0if OTpaciu, 3aHATHIX IPH IPOU3BOJCTBE
IPOIYKIIMH IS I-0# oTpaciu OyaeT paBHa:
&y =% T, (6.22)
Koaddunment mnpsmoit (HOHAOEMKOCTH TOKa3bIBa€T BEIUYHHY MPOU3BOJICTBEHHBIX
(OHIOB, HETIOCPEACTBEHHO 3aHATHIX B MTPOU3BOJICTBE TAHHOW OTPACIIH, B pacueTe Ha €ANHUILY €€
BAJIOBO# MPOAYKIMU. B OTJIMYMHU OT 3TOr0 mokasatesst KodhGHIUEHT NOTHOM HoHT0eMKOCTH Fj
oTpakaeT 00beM (OHIOB, HEOOXOAMMBIX BO BCEX OTPACISAX JJIS BBITYCKA CAMHHIIBI KOHEYHON
HpoAyKIMU - orpacnu. Ecimm ajj — k0d(p@UUMEHT NpsSMBIX MaTepHalbHBIX 3aTpar, TO IS
Koo dunreHTa TMOTHOH (OHTOEMKOCTH CIIPABEeIMBO PABEHCTBO, AHAJOTUYHOE DPABEHCTBY
(6.13) nst koapueHTa TOTHOM TPYAOEMKOCTH:

n R
F,=>a,F+f; j=1n, (6.23)
i=1
Ecnu BBecTH B paccMOTpeHHE BEKTOP-CTPOKY K03 duiimeHToB npsimoii GormoemMroctu f =
(f, ..., f) u BexTOp-cTpOKY KO3 dUIKeHTOB monHoM Gormoemkoctu F= (F1, Fy, ..., F,), TO
cUCTEeMy ypaBHEHHI (6.23) MOXKHO TIepenucaTh B MATPHYHON opMe:
F=FA+f, (6.24)

OTKY/Ia C TIOMOIIBIO MPeoOpa30BaHMi, aHAIOTUYHBIX TPUMEHSIEMBIM BBILIE 1715 K03 uimeHTon
TPYIOEMKOCTH, MOKHO ITOJIYYUTh MAaTPUYHOE COOTHOIIECHUE

F=1B, (6.25)
rne B=(E— A)'1 — MaTpua Ko3pUIUEHTOB MOJHBIX MaTepUalbHbIX 3aTparT.
3amaua 16

Me:xoTpacneBoii 6anaHc MPOU3BOJICTBA U paCIpEIeICHUs TPOAYKIIMH MIPEICTABIICH B
TadIuLeE.
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IIpouzsooswue
ompaciu [Tompebasouue ompacau Koneunasn Banosas
1 2 3 npOOYKYUs. npooyKyus
1 2326 | 51,0 291,8 200,0 775,3
2 155,1 | 255,0 0,0 100,0 510,1
3 2326 | 51,0 145,9 300,0 729,6
VYcnoBHO uncTas
MIPOTYKITHS 155,0 | 153,1 291,9
Banosas
MIPOTYKITHS 775,3 | 510,1 729,6

3amaHbl 3aTpaThl KUBOTO TpyAa (TPYIOBBIE pecypchl) B Tpex orpacisax: Li = 1160, L, =

460, L3 = 875 B HEKOTOpBIX E€AMHHUIAX M3MEPEHHs TPYIOBBIX 3aTpar. Tpedyercs onpeneinTh
K03()GUIMEHTHI IPSIMON ¥ TOTHOH TPYJOEMKOCTH.

Pewenue
1) maxomum K0 (HUIUEHTHI IPSIMOI TPYIOEMKOCTH
L.
tj _ . tl:ll60 15 - 460 ~0,9: - 875 _12.
Xj 775,3 510,1 729,6

2) PpacCcYMTHIBAEM MATPHUILY KO(PPHUIIMEHTOB MOJHBIX MATEPHATIBHBIX 3aTPaT

2,041 0,612 1,020
B=(E-A"' = B=|0816 2245 0,408 |,
0,867 0,510 1,684

3) HaxoauM K03 PHUIUEHTHI MTOJHOW TPYIOEMKOCTH

2,041 0612 1,020
— T=(50912)0816 2245 0,408 = (4:84;355392).
0867 0510 1,684
15-2,041+0,9-0,816+1,2-0,867 = 4,84;
15-0,612+0,9-2,245+1,2-0,510 = 3,55:
15-1,020+0,9-0,408 +1,2-1,684 = 3,92.

T=1B

Pacuem snemenmos mampuywor T :

3amaua 17

IIo manHBIM MEKOTPACICBOI'O 68.J18.HC8., MMpEACTAaBJICHHOTO B Ta6n1/1ue " 3aTpaTaM KXKUBOTO

tpyna L; = 80, L, = 45, L3 =90, onpenenuth kK03hGHUIMESHTHI IPSAMOM U TIOTHOU TPYIAOEMKOCTH.

IIpoussooswue
ompaciu Ilompebasitoyue ompacau Koneunasn Banosas
1 2 3 npoOYKYUs NPOOYKYUSL
1 18 7 5 21 51
2 6 8 2 20 36
3 3 15 14 23 55
3amaua 18

[To maHHBIM MeKOTpacaeBOro OajlaHca, MPECTABICHHOTO B TAaOJIMIIC U 3aTpaTaM >KUBOTO
tpyna L; = 300, L, = 290, L3 = 450, ompenenuTh KOIPPUIMSHTH NPSIMON ¥ ITOTHOU

TPYZAOEMKOCTH.
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IIpouseooswue
ompacnu Ilompebasirowue ompacau Koneunasa Banosas
1 2 3 npooyKyus npooyKyus
1 90 56 64 240 450
2 45 85 210 310 650
3 83 98 101 518 800
3agaya 19

[To nmaHHBIM MeXOTpaciieBOro OanaHca, MPEACTABICHHOTO B TaOIWIlE M CTOMMOCTH
OCHOBHBIX MPOM3BOJCTBEHHBIX (GoHAOB D1 = 1250, @, = 1700, ®3 =1010, ompemenuThb

KO3 PHUIIMEHTHI PSAMOU U MOJIHOW (HOHTOEMKOCTH.

IIpouseooswue
ompacu Ilompebasitowue ompacau Koneunas Banosas
1 2 3 npOOYKYUs npOOYKYUs
1 180 210 115 405 748
2 250 80 170 620 1120
3 112 87 35 276 510
3anaua 20

[To manHBIM MeExOTpacieBoro OanaHca, MPEACTABICHHOTO B TaOJWIE U CTOUMOCTH
OCHOBHBIX IPOM3BOJACTBEHHBIX (oHmA0B D1 =83, D, =58, d3 =75, onpenenuts KOIHPUITUESHTHI

NPSMOM 1 TIOTHOM (POHTOEMKOCTH.

Ilpouzeooswue
ompaciu llompebasiroyue ompacau Koneunas Banosasa
1 2 3 NPOOYKYUSL NPOOYKYUsL
1 9 5 6 37 57
2 4 7 1 23 35
3 11 8 6 45 70
3agauya 21

[To maHHBIM cXeMbl MeXOTpaciieBoro 0amanca u 3atpar Tpynaa L1=1160, L,=460, L3=875

COCTaBUTh CXEMY MEXKOTpaciaeBoro 6ananca Tpyaa.

IIpouzeooswue
ompaciu [Tompebadowue ompacau Koneunas Banosas
1 2 3 NPOOYKYUsL npOoOYKYUs

1 232,6 | 51,0 291,8 200,0 775,3
2 155,1 | 255,0 0,0 100,0 510,1
3 2326 | 51,0 145,9 300,0 729,6

VYcnoBHO uncTas

TTPOTYKITHS 155,0 | 153,1 2919

Banosas

MPOJTYKIUS 775,3 | 510,1 729,6

Pewenue

1) Haxoaum k03 PULIMEHTHI PSIMON TPYA0EMKOCTH
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- L _Me0 . 460 o 875
Xj 775,3 5101 729,6

2) YMHOXas TepByl0, BTOPYI0 M TPEThIO CTPOKH IE€PBOTO W BTOPOrO KBaJpPaHTOB
MEKOTPACIEBOr0 MaTEepHaJIbHOro OajiaHCca, Ha COOTBETCTBYIOIIME KOA(PPHUIMEHTHI MPSMO
TPYIOEMKOCTH, TIOIy4aeM CXEeMY MEXOTpaciieBoro Oananca Tpyzaa (B TPYIOBBIX U3MEPHUTEISX )

i = %;t;
|, =232,6-15=3489 1,=510-15=76,5 1,=2918-15=437,7,
|,, =200-1,5=2300,
|, —1551.09-139,6, l,, =2550-0,9=229,5
|,, =100-0,9 =90,
l,, =232,6-1,2=2791, l,,=510-12=612, | ,=1459-12=1751,
|, =300-12 = 360,

Me:xoTpacneBoii 0anaHc 3aTpat Tpyaa

,,=00-09=0,

Meorcompacnesvie 3ampamet | 3ampamsl mpyoa Ha | 3ampamul mpyoa
Ompacnb 06eUecmeIeHH020 mpyoa KOHeuHYI0 NPOOYKYUlo| 8 OmMpacisx
1 2 3
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 PaCXOKACHUA MCKAY AaHHBIMU Ta6J'II/II_IBI N UCXOAHBIMHM NJAaHHBIMH BBI3BAaHBI
MOTrpCITHOCTAMUA OKPYIJTICHUS IIPU BBIYHUCIICHUU.

3agaua 22

[To manHBIM CcXeMBI MeEXKOTpacieBoro Oamanca W 3arpar Tpyma L;=2950, L,=3100,
L3=1500 cocTtaBuTh cXeMy MeXOTpaciaeBoro daisanca Tpyna.

IIpoussoosawue
ompacnu [Tompebadowue ompacau Koneunas Banosas
1 2 3 npoOyKyus npooyKyus
1 830 715 390 1980 3915
2 650 817 235 1200 2902
3 350 185 148 737 1420
3agauya 23

[To manHBIM cXeMBbl MEXOTpacieBoro Oamanca u 3arpat tpynaa Li=100, L,=102, L3=163
COCTaBHTh CXEMY MEKOTPACICBOro Oaianca Tpya.

IIpouseooswue
ompaciu Tlompebasirowue ompacau Koneunas Banosas
1 2 3 npoOYKYUs npoOYKYUs
1 15 22 12 31 80
2 17 13 23 15 68
3 35 15 10 37 97
3agaua 24
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[lo nmaHHBIM CXEMBI  MEXOTpaclieBOro OalaHca M  CTOMMOCTH  OCHOBHBIX
MPOM3BOJICTBEHHBIX (POHIIOB Kakmoi u3 orpaciei ®1=1053, ®»=1200, ®3=3090, cocTaBUTH
CXEeMY MEXKOTpaciIeBOro 0axanca mporu3BOJCTBEHHBIX (DOHJIOB.

IIpouzeooswue
ompacnu [Tompebasouue ompacau Koneunas Banosas
1 2 3 npOOYKYUs. npOOYKYUs.
1 250 345 127 682 1404
2 101 485 320 809 1715
3 713 305 513 1044 2575
3amaua 25

[lo nmaHHBIM  cXeMBl  MEXOTpaciieBoro ©OajliaHca M  CTOMMOCTH  OCHOBHBIX
MIPOU3BOJICTBEHHBIX (OHIOB KaxkaouW u3 orpacieir @1=809, ®,=673, d3=1005, cocraBuUTh
CXEeMY MEXOTpaciaeBoro 0anxaHca Mporu3BOJICTBEHHBIX (POHJIOB.

IIpouzeoosuue
ompaciu Tlompebnstowue ompaciu Koneunas Banosaa
1 2 3 nPOOYKYUs. npPOOYKYUs.
1 310 218 415 790 1733
2 98 170 53 315 636
3 436 275 119 710 1540
3amaua 26

Ha ocHoBaHWM CXEeMBI OTYETHOTO OajaHca M CTOMMOCTH OCHOBHBIX IPOU3BOJICTBEHHBIX
donnoB otuetHoro mnepuoma @;=40, @,=12, @3=38 omnpenenute, CKOJIBKO NOTpedyeTcs
KaIATaJIbHBIX BIIOKEHUH TSI POU3BOJICTBA KOHEYHOTO MPOAYKTa B pasmepe Y; = 45, Y, = 36,
Y3 =15.

TIlompeobnarowue Koneunwiu
ompaciu npooyKm
IIpouszeooawue ompacau
1 2 3
1 30 45 18 20
2 15 18 27 23
3 28 8 13 47
3agaua 27

Ha ocHoBaHuM cxeMbl OTYETHOIO OajaHca M TPYAOBBIX 3aTpaT oTyeTHoro nepuoaa L1=290,

L,=204, L3=56, ompenenuTe CKOJBKO TMOTpeOyeTcs TMPUBJICYb TPYAOBBIX 3arpaTr s
MIPOM3BOJICTBA KOHEUHOTO MpoaykTa B pazmepe Y1 = 200, Y, =250, Y3 =190
Ilompebasaowue Koneunwiii
ompacau npooyKm
Ilpou3eooauue ompacnu
1 2 3
1 155 230 175 185
2 250 180 137 215
3 50 168 80 150
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3.1.3 Pe3yabTaThl U BHIBO/BI:

K 4gucny BakHEHIIMX aHATUTHYECKUX BO3MOXKHOCTEH 0ajaHCOBOTO METO/Ia OTHOCHTCS
ompesieNieHue MPSIMBIX U MOJHBIX 3aTpar TpyAa Ha eIUHUILYy MPOIYKIIMH U pa3paboTka Ha 3TOM
OCHOBE 0aJIaHCOBBIX IMPOIYKTOBO-TPYAOBBIX MOJENEH, UCXOTHON MOJIEIBIO MPH ITOM CIYKUT
OTYETHBIM MEXIPOAYKTOBBIM OajaHCc B HATYpajJbHOM BBIpaXEeHHUU. B 3TOM OanaHce mo cTpokam
MIPEJICTABJICHO PACHPEACIICHUE KaXJ0ro OTIAEIBHOIO0 MPOAYKTa Ha MPOU3BOJCTBO JPYTHX
MPOJYKTOB M KOHEYHOE MOTpeOsieHne (MEePBbId U BTOPON KBAJAPAHTBI CXEMbI MEKOTPACIECBOTO
Oamanca). OTACIBbHONW CTPOKOM JAeTCs paclpeiesiCHHe 3aTpaT KUBOTO TPyAa B MPOHU3BOJICTBE
BCEX BHUJIOB MPOAYKIIMH; IPEANOIATACTCS, UTO TPYAOBBIE 3aTpaThl BHIPAKEHBI B €UHULIAX TpyAa
OJIMHAKOBOM CTEIICHH CJIOKHOCTH.
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