NMPUNOXEHUE A
®OH/, OLEHOYHbIX MATEPUANIOB A1 NPOMEXYTOYHOM ATTECTALUMU
no ANCUUNNUHE «UccnepoBaHme onepauuii U metoabl ONTUMMU3ALUNYD

1. Ilepeuensv oyenounvix cpeocme 0a KOMnemeHyuil, hopmupyemoix 6 pe3yiomame 0C60€HUS
OUCUUNTIUHDL

Kon koHTpo1HpYyeMOii KoMIIeTeH N Cnocod OueHO4YHOE CPEICTBO
p py OLICHUBAHUA P
OMK-1: CnocobeH npuMeHATH
ecTeCcTBeHHOHayuyHble U obWenHKeHepHble KomnnekT
3HaHMA, MeTOoAbl MaTeMaTMyeCKoro aHanusa JK3aMeH KOHTpONUpyowWmx
W MOAENUPOBaHUA, TeOopeTUYecKoro M MaTepuanos Ans
3KCNepuMeHTanbHOro UCCneAoBaHus B 3K3aMeHa
npofeCcCUOHANbHON AeATENbHOCTH
ONMK-6: CnocobeH aHanu3upoBaTb U
KomnnekT
pa3pabaTbiBaTb OpraHW3auMOHHO-
KOHTPONUPYHLMX
TeXHU4YeCKue M SKOHOMUUYECKME NpoLecch C JK3aMmeH
MaTepuanos Ans
NnpUMEHeHMeM MeTOAO0B CUCTEMHOro aHanus3a SK3aMeHa
M MaTeMaTU4YeCcKoro MoAenupoBaHUs

2. Onucanue nokxazameneu u Kpumepuee OUeHUBAHUA Komnemelmuﬁ, onucanue uiKai
OoUeéHuUueanHus

OueHuBaeMble KoMneTeHUMM npeacTaBneHsl B pasgene «[llepeueHb  nnaHUpyeMbix
pe3ynbTaTtoB o6yyeHus nNo AMCUMNNAMHE, COOTHECEHHbIX C WHAMKATOpPaMU JAOCTUKEHUA
KoMneTeHuun» paboueii nporpammbl aucuunnuHel  «lccnepoBaHue onepauuii M MeTOAbI
ONTUMU3ALUUY .

pu oueHMBaHMM CHOPMMPOBAHHOCTU KoMmneTeHuun no Aucuunnube «lccneposanune
onepauuin m MetoApl onTUMU3lauuu» ucnonb3lyetcs 100-6annbHas wkana.

Kpurepnii Ounenka no 100- Ounenka no
0aJIJIbHOM IIKAJIe | TPAAUIMOHHON HIKAJIe
CTyAeHT ocBoMn M3yuvaeMblii MaTepuan 75-100 Omauyno

(OCHOBHOW WM JAONONHUTENbHbIA) ,
CUCTEMHO U TPaMOTHO M3naraeTt ero,
oCywecTBnseT MofiHoe M npaBUibHOe
BbiNONIHEHME 3aJlaHUA B COOTBETCTBUMU C
WHAMKATOPaMU AOCTUXEHMS
KoMneTeHuuii, cnocobeH oTBeTUTb Ha
AOMNONHUTENbHbIE BOMPOCHI.

CTyAeHT 0oCBOMN M3yuvaeMblii MaTepuan, 50-74 Xopowo
ocywecTBnseT BbHMNOMHEHWE 3ajaHui B
COOTBETCTBUM C MHAUKATOPAMM
AOCTUXEHUA KOMNeTeHuun ¢
HenpuUHUUNUANbHbIMM oWKUEKaMK.

CTYAEHT AEMOHCTpPUpYeT OCBOEHHUEe 25-49 Yooenemeopumenvrno
TONbKO OCHOBHOrO MaTepuana, npu
BbIMONHEHNMM 3ajaHUN B COOTBETCTBUM C
WHAMKATOPaMKU JAOCTWUKEHMS KOMMeTeHUMi
JonycKaeT oTjenbHble ownbKU, He




cnocobeH cucTematTusuposaTtb MaTepuan
U AenaTtb BbIBOAbI.

CTyAeHT He 0CBOMN OCHOBHOE <25 Heyoosremsopumenvro
coaepxaHue usyvyaemoro matepuana,
3d/laHUA B COOTBETCTBUU C
WHAMKATOpPaMU AOCTUXKEHMS KOMMeTeHUMi
He BbINOMHEHbI UNKU BbINONHEHb HEBEPHO.

3. Tunogvle KOHMPOIbHbBIE 3A0AHUA UTU UHbIE MAMEPUATbl, HEOOX00UMble 011 OUEHKU YPOGHA
00CMUMCEHUSA KOMREMEeHYUIL 8 COOMEENCMEUU ¢ UHOUKAMOPAMU

1.MHOuKamopel no ducyunnauHe "UccnedosaHue onepayuli u memodsl onmumusayuu”

KomneteHuuma NHANKaATOP AOCTUNKEHUA KOMNETEHL MK
ONMK-1 CnocobeH npuMeHATb ecTecTBeHHOHayuHble u | OMK-1.1 [pumeHseT MaTemMaTMuecKuii annapar,
obwenHKeHepHble 3HaHWS, MeTOoAbl MaTeMaTU4yeckoro | MeToApl MaTeMmaTUyeckoro aHanu3a "
aHanu3a M MoJenupoBaHWsl, TeopeTU4YeCKOro U | MOAENUPOBaHMA ANs pelleHUs 3ajad
3KCnepuMeHTanbHoro uccneaoBaHus B | OMK-1.2 [lpumeHsieT ecTecTBEHHOHayuHble W/uUnK
npoeCCMOHaNbHOV AEeATEeNIbHOCTU oblenHKeHepHble 3HaHMA ANs pelleHUs 3ajau

ONK-6 CnocobeH aHanu3uposaTb U pa3pabatviBaTh | OK-6.1 lpumeHseT mMaTeMaTUyeckue Mmozenu npu
OpraHuM3auMoHHO-TeXHUYEeCKHe U  DKOHOMUYeCKUe | peleHuu 3ajau

npoueccsl C MPUMEHEHWEM MeTOAO0B CUCTEMHOro
aHanu3a U MaTeMaTU4yeckoro MoAenupoBaHUs




Numnkaropsl mo aucuuruimae «McecnemoBanue onepaunii 1 MCTO/Ibl

OIITUMHU3AILIUH >
Koa Cojep:kanue KOMIeTeHIHH
Komnere “HJIHKBTO])I:[ JOCTHIKEHHH KOMIIeTeHIHH
HIIIH
OINK-1. | Cnoco6en npumeHaTs OIIK-1.1. [TpuMeHsAeT MaTeMaTHYCCKHII anmapar,
€CTecTBeHHOHay Hble 1 METO/Ibl MaTEMaTHIE€CKOI0 aHaJIn3a H MOJEITHPOBAHUA

WHX¥eH Hbl HaHWA
OBLENHXEHEPHIE 3HAHNA, JUISL pellienys 3a1au
MeTo bl MaTemMaTyeckoro

aHanM3a v MOAEAMPOBAHIS, OIIK-1.2. [IpuMeHsieT ecTeCTBEHHOHAYYHbIE H/1JHU
TeopeTnueckoro u 00LLIEMHKEHEPHbIE 3HAHUS [ PELICHUA 3a1a4
SKCNEPUMEHTANBHOTO
MmccnegoBaHWA B
npogeccnoHanbHo
AeATeNbHOCTH

OIIK-6 | CnocobeH anannsuposats v OIIK-6.1. [TpuMensier MaTeMaTHYECKHE MOJEIH ITPH
pa3pabaTtbiBaTb pelieHuy 3a1a4d

OpraHM3aumMoHHO-
TeXHUUECKUe 1
IKOHOMWMYECKME NPOUECChl C
npuMeHeHuemM MeToA0B
CHCTEMHOIO aHannza n
MaTeMaTuyeckoro
MOAeNnpoBaHa

[IpumMepsl 3a1aHuii 1719 TPOBEPKU CPOPMUPOBAHHOCTH
KOMIIETCHIUU M0 MHAUKATOPaM AUCUUILINHBI

OIIK-1.1. IIpumensier MaTeMaTHYECKHH annapar, MeTOoAbI
MATEeMATHYEeCKOr0 AHAJH3a U MOJeIMPOBAHUS /IJIl pellieHus 32124

Hexoouele dannbie:

KomMmepueckoe mnpennpusrHe TOpryeT OAHOPOIHBIM TOBapoM, KOTOPBIH 3aKynaer y
noctaBumka. Ilena sakynku — 500 pyOneit (3a enunHuIly TOBapa), lieda peanuzanuu — 600 pydieii.
Cpennecytounslii cipoc coctaBisieT 40 eaunuil. B rogy 250 paboumux aHel, TO ecTb rOA0BOH
crpoc paed 10000. 3arpaTel Ha JOCTABKY IAPTHH TOBapa OT IOCTaBIMKa cocTtaBipior 6000
py0eit (He3aBUCHUMO OT pa3Mepa A0CTaBsIeMoi naptun). U3aepikku XxpaHeHUs eAUHUIIBI TOBApa
B TeueHHe rojia coctanisior 200 pyoei.

3adaua:

[TocTponTe MaTEMaTHYECKYH) MOJIEIb W ONPEACIUTh C €€ MOMOLIBK ONTHMAJIbHYIO
HAPTHIO 3aKYIIKK TOBapa y 10CTaBLIHKA.

Pewenue:

1. OnpenensieM ynpasisieMble IEpEMEHHBIC 3aa4M: X — pasMep NapTHH TOCTaBKH ToBapa

(enuHHI] TOBAPA) ;

2. OnpenensieM nokaszaTelsb 3P PeKTHBHOCTH Y :
OcHoBHBIM TI0Ka3aTeneM 3 HEKTUBHOCTH [JIs1 KOMMEPYECKONW OpPraHU3alluy SIBISETCS
«[IpnOBLIBEY, TpeacTaBisAiomas coO0i pasHuy Mexkay «Beipyukoit ot peanuzanun» u



«3arpatamu» 3a orpeelieHHbId nepuo. B kauecTBe nepuoia BosbMeM «roj». B nanHoi 3ajgaue
BBIPYYKA 3a TOJI SBJISCTCA KOHCTAHTOM, MOITOMY B KauecTBe rmokaszatesis d(dektuBHOCTH Y
MOKHO B3sITh «CyMMapHble roJloBble 3aTPaThl HA IOCTABKY M XpaHneHue Tosapa». [leinb
3a/1auM — MUHUMHU3A1{s BEIOPAaHHOTO ToKa3aTens 3G (PpeKTHBHOCTH.

3. OnpenensieM MOCTOSIHHBIE TTApaAMETPBI

B nanHOl 3a1a4e MOCTOSHHBIMU NapaMeTpaMu sBstoTes «['onoBoit 00beM nIpoaan
(paBeH rojloBOMY CHpPOCY Ha MPOAYKIIHIO), «3aTpaThl HA JIOCTABKY NAapTHU ToBapa», «M3nepxkn
XpaHEHUs ¢JIMHUIIEI TORApa B TEUCHHE TOAa»

4. CTpOI/IM MAaTEMATHYECKYIHO MOJENE MPOIECCa, TO €CTh YCTAHABIMBAEM 3aBHCHMOCTH
Mex /1y mokasateneM 3ppekTHBHOCTH Y, YIpaBiIsieMoii epeMeHHoi X U OCTOAHHBIMU
napaMeTpaMu:
Y = (10000/ x)*6000 + (x/2)*200 -> min
0<X<10000
B nocrpoennoii monem (10000/ X)*6000 — rosorsie 3atpaThl Ha 10CTaBKY TOBApa ;
(x/2)*200 — rojioBble U3AEPHKKH XpaHEHHUS TOBApA.

5. HaxonuMm onTuMansHBIA pa3Mep MapTHHA MOCTABKH
Ananu3 ¢pynkuu Y(X) nmokaseiBaer, 4To B 00/1aCTH JOMYCTUMBIX 3HaueHHi X oHa
SBIIETCS HenpepbuIBHON quddepeHunpyemoit pynkumnei. M3 Kkypca BeICIIed MaTeMaTHKH
U3BECTHO, YTO HEOOXOIMMBIM YCIIOBHEM IKCTpeMyMa TaKOH (pYHKIHH SBISETCA PABCH CTBO
HYJIIO €€ IepBOH IMPOU3BOJIHON. B pe3yibTare 1ojydyaemM ypaBHeHHE:
-10000*6000/ X2+ 100 =0

Pemias ypapHeHHe moy4aeM OMTHMANILHOE 3HAYCHHUE X=\/600000 = 774,6

CymMmapHbie TO/I0BbIE U3AEPKKHU (3HaUYeHHE mokaszaTens dhdexktuBHOCTH Y) TIPH ITOM
cocrasst (10000/ 774,6)*6000 + (774,6/2)*200 = 154920 pyodaeii

AHanu3upys ycIoBHS 3a1aul U MPUHUMAsi BO BHUMaHHUE TOT (PaKT, 4TO CyTOUYHBIH CIIpoC
paseH 40 exrHUIIAM, JAaHHOE PEIIEHHE MOKET ObITh CKOPPEKTHPOBAHO 0 BEIUYHHBI, KPaTHON
40. B aTom ciydae oHO cocTaBUT 760, TO €CTh CIeIyeT 3aBO3UTh TOBAP B TEUEHHUE I'Oa C
uHTEepBaJioM B 19 pabounx nuei B kommyectse 760 enuani. CyMMapHBIE TOJIOBBIC W3/ICPKKH
ripu 31oM coctasat (10000/ 760)*6000 + (760/2)*200 = 154947 py6.aeii.

Co0TBeTCTBEHHO T010Basi NPHOBLIBL cocTaBuT: (600-500)*10000 — 154947 = 845053
pyo.

OIIK-1.1. Ilpumensier MaTeMaTHYECKHH anmapar, MeTOAbI
MaTeMaTH4Y€eCKOr0 aHAJIH3a U MOJIeJINPOBAHUA 1JIsl pellleHHs 32124

Hexoonwvie oannvie:

L1 cTpouTenbCTBa CaloBbIX JOMUKOB noApsauuky Tpedyercs 300 OpyckoB 3a/1aHHOIO
ceueHHs NJMHOI no 2,5 meTpa u 350 OpyckoB Takoro e cedeHus no 1,5 metpa. Ha cknane
JiepeBooOpabdaThIBarOLIEero 3aB0jia UMEKTCs OpyCcKkH TpedyeMoro cedeHus JJIMHOM 110 6 u 4
metpa. llena 6-merpoBoro 6pycka — 150 pybneit, 4-merpoBoro -90 pydueii. [lena ognoro
pacruiia 6pycka — 10 pyosieid.

3aoaua:
CKOIIBKO M KaKHX OPYCKOB ClIelyeT KYIUTh H KaK UX PacIUIHTh, YTOOBI 00IIHME 3aTPaThl
Ha MOKYIKY U pacnui OpycKoB ObLIA MUHUMAJIbHBIMU?



1.0npesiensieM MHOXKECTBO YIpaBiseMbIX mepemernbix 3amaan X (X1, X2,...,Xn):

B nannoii 3anade ynpaBisgeMbIMU NTepeMeHHBIMH SBJISIOTCA BApDHAaHThI paciiuia
HCXOIHBIX OpPYyCKOB AIHMHOM 6 U 4 MeTpa Ha Tpebyemsble Opycku o 2,5 n 1,5 metpa.

BapuaHTsl pacriuia 6-mMeTpoBoro Opyca Ha Tpedyemsbie Opycku: 1) 2,5+2,5 (2 pacniuna)

2) 2,5+1,5+1,5 (tpu pacnmna) 3)1,5+1,5+1,5+1,5 (3 pacnuna);

BapuanTel pacninna 4-merposoro 6pyca Ha Tpebyembie Opycku: 1) 2,5 (oqun pacrimn)
2)1,5+1,5 (1Ba pacniuna)

O60o3raunM: X1 — KOJIMUECTBO 6-METPOBBIX OPYCKOB, paCHICHHBIX IEPBBIM CIIOCO0OM,
X2- komm4ecTBO 6-MeTpOBBIX OPYCKOB, paCHUJIEHHBIX BTOPBIM criocoboM, X3 - KOIH4ecTBO 6-
METPOBBIX OPYCKOB, PACHUIICHHBIX TPETbUM C10co00M, X4 - KOIMUeCTBO 4-METPOBBIX OPYCKOB,
PACIHIIEHHBIX ITePBBIM C1OCOOOM, X5 - KOITMYECTBO 4-METPOBBIX OPYCKOB, pacIHIIeHHBIX
BTOpbIM criocobom. X1, X2, X3, X4, X5 — ynpaBmsieMbie IEPEMEHHBIC 381241

2. Onpenensem nokazarens dhpekTuBHoCcTH Y:
W3 ycnoBuii 3anauu cineayer, 4ro nokasarenem 3(p(OEeKTHBHOCTH SIBJIAIOTCS CyMMapHBIC
3aTpaThl Ha IMOKYIKY OpPYCKOB C ydeToM 3aTpar Ha ux pacruii. Torna nenesas GyHkuus Y umeer

caenyroumii Bua: Y= 170*X1+180*X2+180*X3+100*X4+110*X5 —> min

3. CTpouM MaTeMaTHYeCKy0 MOJIeNb Tpoliecca 3aKylKH | Paciuia OpycKoB:
Y=170%X1+180%*X2+180%X3+100*X4+110*X5 —> min
2¥X1+1%X2+1*X4 > 300 1)
2*X2+4*X3+2%X5 > 350 2)
Orpannuenue (1) o6ecneunBaer npuobperenue He meHee 300 Opyckor mo 2,5
Merpa, a orpanudeHue (2) — ne menee 350 6pyckon no 1,5 meTpa.

4. HaxoauM ONTHMaNbHOE PEIICHHE 3a/1a4H

AHaNM3UPYs TOCTPOSHHYIO MATEMATHYECKYIO MO/I€JIb BUJIMM, YTO OHA SIBJISETCS
MOJIENBIO LETOYHCICHHOTO JIMHEHHOTO MPOrpaMMUpOBaHus. [l perieHnsa UCToNb3yeM
OmnnaiiH-kanpkysstop math.semestr.ru, meron ['omopu 1ist peterust 3a1a4
LEITOYHCICHHOTO JINHEHHOT O TIPOrPaMMHPOBAH U,

[Tonyuaem pemenne: X1=150, X2=0, X3=87, X4=0, X5=1, T0 ecTh HY)XHO
KYIHTh BCero 237 mTyK 6-MeTpOBBIX OPYCKOB, U3 KOTOPHIX 150 mITYK pacmuInTh
nepBeiM criocodom (2,5+2,5) u 87 tpetsum criocodom (1,5+1,5+1,5+1,5), a taxxke
KYIUTh OJIMH 4-MeTPOBbIit OPYCOK, pacnuiuB ero BTopbiM criocobom (1,5+1,5).

CyMMapHbIe 3aTpaThl Ha MOKYIKY U paciui coctaBat 41 270 pyd.eii.

OIIK-1.2. I[IpuMeHsieT ecTeCTBEHHOHAYYHbIE W/ WK 00IIeHHKeHEePHbIE
3HAHHUSA JJIS perieHust 3a1a4

Hexoouble Oauuble:

Tpebyercs H3rOTOBUTH OTKPBITYIO (TO €CTh 0€3 KPBIIIKH ) IUIHH IPUYECKYI0 O0UKY
3alaHHOro 00beMa V U3 OJJHOPOJHOIO MaTepuala ¢ OJIMHAKOBOH TOJIUHON AHHIIA H O OKOBOH
[OBEPXHOCTH.

3aoaua:
Haiitn cooTHOmenne Mexay paauycom R u Beicoroit H 6oukn Takoe, mpu KoTopom Oouka
Oyzer UMeTh HAUMEHBLIYIO MACCY.



1.¥Ynpapnsemble mepeMeHHbIe 3a1a4uH: R — paanyc ocHoBanus 6ouku; H -BeicoTa 60uKH.

2.0npenensieM mokazareisb 3O GEKTHBHOCTH,

W3 ycnoeus 3amaun crneayer, 4to nmokaszaTteneM 3 GeKTHBHOCTH sBIISeTCA Macca DOYKH
(npu 3agaHHOM ee 0OBeMe, paBHOM V).

U3 xypca ¢u3ukm H3BeCTHO, YTO Macca NPEAMETa, H3rOTOBIEHHOTO U3 OJHOPOTHOTO
MaTepuaia, paBHa NPON3BEIEHUIO JIOTHOCTH JIAaHHOTO MaTepuaja Ha 00BbEM MpPeaMeTa.
[InoTHOCTL MaTepuana MoxeT usmepatses B KI'/m?, k[/am?, v/ em® u 1.1 Hanpumep, ecru
Gouka M3rOTOBIICHA 3 JKene3a, To ee Macca Oyzer pasua 7,9 x['/am? x O, rae O — 06bem
matepuana 6ouku, usmepenHsiii B am>. [TockoIbKy B HallleM cilydae TONIIMHA MaTepuana, u3
KOTOPOTO H3TOTOBRJICHO JIHUIIE U OOKORAsi MOBEPXHOCTL DOUKH, O/TMHAKORA, 00BEM MaTepHarna,
M3PACXO0JI0BAHHOTO HA U3TOTOBJIEHNE OOYKH, PAREH TTOTHON TTOBEPXHOCTH OOYKH YMHOXK €HHOM
Ha KOHCTAaHTY (TONIMHYy MaTepuana). Takum 00pa3om, B Ka4eCTBE NoKas3aTens 3 eKTHBHOCTH
Y MOKHO B3ATh MOJHYO THIOMA/TE TOREPXHOCTH 60UKH: Y = Soey + Seok.non., TAE Soen — TITOMA/TH
OCHOBAHUSA, Sgox.nos.~ MIIOMIAE DOKOBOIW MTOBEPXHOCTH.

3. Omnpenenenue MOCTOSIHHBIX MapaMeTpoB 3anaud. B HameM ciydae 310 00beM 6ouku V.

4.IlocTpoeHre MAaTEMAaTHYECCKON MOJICIIH;
Y = 7R%2+ 2xRH = min (1)
nRZH=V (2)

4. HaxokJIeHH e ONTHMAJIEHOT O peIlIeHHS

BrIpasum o/IHY M3 ynpaBlseMBIX TEPEMEHHBIX Yepe3 JIPYTyi0, HCIONb3Yys OrpaHHUCHHE
(2): H = V/aR? u noxcTaBuM Beipaxenue 11 H B Gpyukuuio nemm (1):

Y =nR?+ 2aRV/aR?= aR?+2V/R

Anam3 ynkuuu Y(R) mokaspiBaeT, 4To B 00J1aCTH JOMYCTUMBIX 3HaYeHHi R oHa
SIBJISIETCSL HenpepwiBHOM auddepenuupyemoil pyHkuueit. U3 kypca Boicieil MaTeMaTHKH
M3BECTHO, YTO HEOOXOAHMBIM YCJIIOBUEM IKCTPEMYMA TAKOH (DYHKIUH SABIISICTCS PABEHCTBO

HYJIIO ee IepBOii IPOH3BOAHON. B pesynbrare mosydaem ypaBHeHue:
2aR - 2V/ R?= 0, otkyna nomydaem R3= V/a ,R?=V/R =

Coorsercteenno H= V/ tR? = V/( n(V/ R 7)) = R.

Takum 006pa3zoM, MUHUMAJILHASI Macca HWJIHHIAPHYECKOH 00UYKH Oy/1eT npu
coorHomennu R u H 1/1, To ecth npu R = H.

OIIK-1.2. [Ipumensier ecTeCTBEHHOHAYYHbIE W/ WJIU 00LE UHIKeHEPHbIE
3HAHUSA JJIS1 PelieHus 3a1a4

Hexoonvie oannvie:

B pernoHe vmeeTca TpU NpeAnpuUaATUA, 3arpasHaowme atmocdepy Bbibpocamu BpeaHbIX
BewecTs. Ha naaHMpyemblii rog Ha Kaxgom u3 npeanpuatuii chopmmpoBaH BIogKeT, KOTopbIN
MOXeT bbITb HanpaB/ieH Ha yNy4lleHUe IKONOrMYecKo 0bCTaHOBKU, TaKKe chopMUpoBaH
pPervoHanbHblM GOHA, M3 KOTOPOTO MOTYT LOTUPOBATLCA IKONOTMYECKME NPOrpa MMbl
npeanpUATAA.



3adaua:

Ucnonb3aya 3HaHKUA, NONYYEHHbIE NPU U3YYEHUU eCcTeCTBEHHO-HAYYHbIX AUCLLUNAMH
«be3onacHoOCTb XKM3HeaeaTeNnbHOCTU» U « MaTemaTMKa», pa3paboraTb maTemaTHUYecKyro
mozenb GOpMMPOBaHWMA PErMOHA/IbHOM 3KONOTMYECKOM Nporpammbl Ha NaAaHMpyembli rog,
CYUTaA, 4TO 3KoNOrMyeckne BroaxKeTbl NPeanPUATUIA COCTaBAADT cooTeeTcTBeHHo C1, C2, C3
TbiC. py6., perMoHaibHble A40TaLMKM Ha SKONOrMYECcKMe Nporpammel (Ha BCe TpM NpeanpuATuS)
paBHbI S TbiC. pybnei.

1.AHaNM3 UCXOOHBLIX OAHHBLIX.

M3 Kypca bBX[ W3BECTHO, 4YTO  cogep)aHWe BPeaHbIX BEWecTB B aTtmocdepe
ONpeaennerca X KOHUEHTPAWMEN, Bbiparkaemoin 8 mr/m3.

MaKcMManbHaA KOHUEHTpauuA BpeaHblX BeLLecTB, HEe OKasblBalowaa BAWMAHMA Ha
340pOBbE YeNI0BEKa, HAa3blBAETCA NpeAebHO A40oNYyCTUMOIM KoHueHTpaumen (NAK).

Kaxpomy BpeaHOMY BellecTBy NPMCBOEH Kiacc onacHocTu, ot 1 Ao 4 (1 — ypesBblyaliHo
onacHble; 2 — BbICOKOONACHbIe; 3 — ymMmepeHHOo onacHble; 4 — ManoonacHble).

0603HaumMm B1,B;, ..., B, - BpeaHble BEWecTsa, No KOTOpPbIM B OTYETHOM rogy YPOBEHb
CPEAHECYTOYHOM KOHLLEHTPaLMK NpeBbiwan yposeHb ux MK, cOoTBETCTBEHHO daKTUYecKui
YPOBEHb KOHLLEHTPauumM No 3TUM BeLLeCTBam B 0T4eTHOM rogy 0603HauMm Kak Ri, Ry,..., Rp,
npegenbHo AOMYCTHMbIE YPOBHM KOHLEHTPALMM AAHHbIX Bel,ecTB B aTmocdepe obo3Haunm Kak MAK;,
NAK,,.. NAK., npu atom gna nwboroi: R >TMAK;

MycTb NpeanpUATUAMKW COBMECTHO C PerMoHa/IbHbIMK CTPYKTYpamMu, OTBEYAOLWMMHU 33
3Kos1I0rM4Yeckyto 6esonacHoCTb, pa3paboTaHO M BO3MOMXHbLIX MEPONPUATUIA MO YMEHbLUEHWIO BbIOPOCOB
BpPEAHbIX BEWecTB B aTMocdepy. Mo Kaxkaomy j-omy MePONPUATUIO ONpeaeneHbl:

Zk,j— 3aTpaTbl Ha peann3aumMio MeponpuaTHA j no npegnpuatuio k. Ecim npegnpuatue k He
3a4eCTBOBaHO B meponpuaTuu j, Zk,j=0

AR;j— CHWKEHWe cpeaHeCcyTOHYHOM KOHLEeHTPaL MM BELLLECTBA | B pe3ynbTaTe peanvsaumm
MEPOMNPUATHA |.

2. MocTpoeHWe maTeMaTUYECKOW MOAENN

Mpun NOCTPOEHUM MaTeMaTUYECKo Mmogenu bygem o603HauaTb MHAEKCOM i HOMEp BpeaHoro
gewectsa (i=1,2,..,n); MHAEKCOM | — HOMEp MePONPUATUA NO CHUMKEHUIO BbIBPOCOB BpPeAHbIX BELLECTs B
atmocoepy (j=1,2,..,m); uHaekcom k —Homep npeanpuatus (k =1,2,3).

Ynpasnsemble nepemeHHble MOAENN:

X. =

J

], €ecnin MeponpuATME | BKAKOYAeTCA B ro40BOM NaaH

. . 2,...,m
0, ec/IM MEeponpPUATIE j HE BKNIOYAETCA B rOA0BOM NaaH presm)

Dk — cymma cpepncTe permoHanbHoro 6oaxeTa, Bolgensemas npegnpusatiio k (k=1,2,3)
JNononHuTtenbHo obo3Haunm: Ki — Knacc onacHoCTM BpeaHOro BeLecTsa i.

MaremaTuyeckasa mogenb:

5(1/Ki) > XjARi; = max (1)
i j
Y(Ri - Y (Xj ARij)/ IIJIKi <1 (2)

1 J

YZkj <Ck+Dk , k=123 3)
i



SDk<S (4)
k

3. AHa/M3 NOCTPOEHHOH MOMIEIH

[Tonyunau JMHEHHYIO0, YACTHYHO IEJTOUMCIIEHHYIO MOJIeJIb, KOTOpast MOXKeT ObITh
pelIeHa CTaHIAPTHEIMA METOIaMHU (HarpuMep, ¢ UCITOJIB30BaHHEeM MeToaa ['oMopn).

Oynkuust nesm (1) odecneynBacT MaKCUMH3ALMI0 CYMMapHOIr0 YMCHbILICHHU A
KOHIICHTPAI[MH BPEIHbIX BEIIECTB € Y4E€TOM BecoBbIX Ko3(hdunnenToB. Bemecrsa kiiacca
ormacHocTH | (0c000 OmacHbIe) HMEKOT BecoBOH k03(duiuneHT 1, kmacca omacHOCTH 2 — BECOBO
ko3 (ppurment 'z , knacca onacHocTH 3- BecoBoi koa(pduimenT 1/3 u knacca onacHoctH 4 — Ya.

Orpannuenue (2) odecrneunBaeT u3BecTHOE U3 Kypca bXK/]] ycnoBue:

Tlpu o0noepemernom npucymcmeuu 6 6030yxe HeCKOIbKUX 8PEOHBIX 6eUeC, O0INCHO

cobmo0amscs cedyiowee Hepagencmeo:

R/ITIK: +  RAIAK>+ ... + RJAIAK, < 1 ,20e Ri, Ry,..., Ry - axmuueckue
Konyenmpayuu epednvix eeujecme, 1K, K>  IIJIK, coomeemcmeyloujiie npeoeibHo
donycmumble KOHYEHMpayuu, yCmMarHoGIeHHble 01 UX U30NUPOEAHHO20 NPUCYMCIIBUA.

Orpanuuenue (3) yduTbiBaeT OrPaHUUYCHHOCTbh PECYPCOB, KOTOPOE MOKET HCIOJIB30BATh
JUTSL TIPOBEJICHUS SKOJIOTHYECKUX MEPOTIPUATHIT KaKI0€ U3 TIPEIMPUSITHI PETHOHA.

Orpannuenue (4) y4UThIBAE€T OrPAHUYEHHOCTh PErMOHAIBHOIO OI0/KeTa.

Craenyet OrOBOPUTHCA, YTO OrpaHuYcHUE (2) MOKET OKa3aThCsl HEBBITTOJIHUMBIM, TO €CTh
COBOKYITHOro OI0/DKeTa Ha JKOJOrHYecKHe MEponpHATHA OyAeT He0CTaTO4HO, YTOOBI YCIIOBHE
(2) BhInoaHAIOCHE. B 3TOM ciiydae MOKHO MOCHENOBATENBHO C BIOPAHHBIM 11IATOM YBEJIHYHBATD
3HaYEHHUE MMPaBOif YacTH orpaHuueHus (2), npodys KaXaAbli pa3 MoJyYUTh ONITUMAJIbHOE pelIeHHe
1o mozaenu (1)-(4), 1o Tex nop, nNoka orpaHu4eHue (2) He OyIET BbIIOJIHATHCH.

[TycTh BBITOITHEHHE OTpaHUYCHHUSA (2) MPOU3O0MIIO MPH 3HAYCHUH MPaBOH YacTH, paBHOM
(1+d). Torma Bemmumna (d*100) mokasbpIBaeT Ha CKOJILKO IPOICHTOB B IICJIOM B TEYEHHE
IUIAHUPYEMOro rofa OyaeT TPEeBBIIeHA CPEIHECYTOYHAsi HOpPMa KOHIIEHTPAIMH OMACHBIX
BEILIECTB B BO3JyXe JJAHHOI'O HACEICHHOT O TYHKTa.

OIIK-6.1. IIpumensier MaTeMaTHYeCcKUe MOJE/IH NPU pellieHUH 32124

Hexoounwle dannble:

[lex BBIMyCKAET TPH BUIA M3/ICIHI, IPHYEM CYTOYHAsI IPOrpaMMa BeITycKa coctasiseT 90
enuHuL n3aemus 1, 70 — uznenus 2, 60 — uznenns 3. [Ipou3BoaCTBEHHBIE BO3MOKHOCTH 11€Xa
XApPaKTEPU3YIOTCA CJIEAYIOIIMMH JIaHHBIMHU: CYTO4YHbIH GoHa padoTsl 06opynoBaHud — 780
YacoB, CYTOYHBIM pacxof cbipesd — 850 T, CYTOUHBIH pacxoj 3MeKTpo3Heprud -790 kBr-u.
Hopmbp! 3aTpaT mpon3BOACTBEHHBIX PECYPCOB Ha CAMHMILY H3JCJMi IIPUBEICHBI B TabJIMIIe

Pecypcni Hopwmbi 3atpaT Ha eIMHUILY U3ACTHS

Usn. 1 U312 ' U313
O0opynoBaHue (4ac) 2 3 4
Chipbe (T) 1 4 5
BOnexTposneprus (KBt-u) 3 4 2

OnroBas riena usgenus 1 pasna 8 y.c., uzaenus 2 — 7 y.e., u3znenus 3 — 6 y.e.

3aoaua:
CocTaBuTh MAaTEMaTHUECKYI0 MOJICIb ISl (JOPMHPOBaHHS IJIaHa TPOM3BOACTBA,
obecrieynBaroIero MakCUManbHbIH JIOX0/ OT peaiu3aliii H3/1eJUi, BRIMYIIIEHHBIX CBEPX
CYTOUHOR IpOrpaMMBbI BBIIYCKA W3ICIIHI.

1. OnpenensieM yrpaBiisieMble TepeMEHHbIE MOJCIIH:



X1- cBepXIUTaHOBBIH CYTOYHBIH BbiycK u3aenus 1, X2 - cBepXIUIAHOBbIA CYTOYHBIH BBIMYCK
usnennsi 2, X3 - CBEPXIUTAHOBBIN CYTOUYHBIN BBIMTYCK H3/EITHS 3.

2. Onpenensem nokazatesb dPpGekTHBHOCTH Y. O4EBHAHO, YTO MO YCIOBHAM 3a1a4u Y —
CYTOYHBIH JIOXOJ OT CBEPXIUIAHOBOT'O BBINYCKa H3/IEIHiA, KOTOPHIH HE0OX0IHMO
MaKCHMU3UPOBATD.

3. IlocrosiHHBIE TIEpEMEHHbIE 33/1a4H: HOPMBI PACX0/1a PECYPCOB Ha €HHHILY HU3/IeJMH,
CYTOYHEIE JIMMHTHI PECYPCOR, OMTORBIE IIEHBI H3/I€TUH, CYTOYHAS MPOrpaMMa BHIITyCKa 10
Kax/10MYy H3/EHIO0.

4. TlocTpoeHne MaTeMaTHYECKON MO/IeIHA.
4.1. Bnauane onpeaenuM pacxo pecypcoB Ha IJIAHOBBIN BBITYCK U3ACIHM:
Pacxon obopynosanus: 2*90+3*70+4*60 = 630 (uacos). OcraTok (oHaa 0dopya0BaHMs
rocJie BhIMOMHEHUs cyTouHoro miana 780-630 =150 yacos
Pacxon ceipest: 1¥904+4*70+5%60 = 670 (T). OcTaTOK CHIPBS MOCITE BEIMOTHEHHS
cyToyHoro riaaHa 850-670 =180 vacos
Pacxon snexrposuepruu: 3*90+4*70+2%60 = 670 (kBT.4). OCTATOK INECKTPOIHEPTHH
T10CJIe BBITTOMHEHUsI cyTouHoro riuanda 790-670 =130 yacos
4.2. MaremaTtu4decKkasi MOJI1eJb:

8*X1 + 7*¥X2 + 6*X3 — max

2*X1+3%X2+4*X3 <150 (orpaHHuY€HHE MO UCIOJb30BAHUIO 00OPYI0BAHHS)
1#X1+4%*X2+5%X3 <180 (orpanuveHue Mo UCMOJIb30BAHUIO CHIPhA)
3*X1+4*X2+2*X3 <130 (orpaHudeHue MO UCMOIL30BAHUIO FIEKTPOIHEPTHH )

B wurore cdopmupoBaHa JMHEWHHAas MOjeJIb, KOTOopas MOKeT ObITh peleHa ¢

HCITOJIB30BaAHUEM CHUMIIIICKC-MECTO/IA.

OIIK-6.1. [IpuMensier MaTeMaTHYeCcKHe MOJeJIH NIPU PellleH MM 3a/1a4

Hcxoouvie oannvie:

depmep UMeeT BOZMOXKHOCTh BLIPAIIMBAThL JBE KYJIbTYpbl: A U b. YpoxkaliHOCTh KYJILTYD, H
COOTBETCTBEHHO 10X0/1 (MPpUOBLIL) (pepMepa 3aBUCHT OT MOTOIHBIX YCIOBUI, KOTOPBIX MOXKET
ObITh TpH: |-3acylIMBOE JIETO, 2-HOPMaJIbHOE JIETO, 3 - oK JIMBOE jeTo. B tabiuile ykazaHa
npuObLIL (MIH. py0.), KOTOPYIO MOMKET MOJYYHTh hepMep, B 3aBUCUMOCTH OT TOT'O, YTO OH
Oyzer BhIpalliuBaTh U Kakas Oyaet norosa. Harpumep, eciii Bce CBOM 110CEBHbIE IJIOLIA/IH OH
3aCeeT KYIbTYPOH «Ay, a JTeTO OKAXKETCS «HOPMAaJIBHBIMY, €r0 MPUOLUTL COCTABUT 5 MIH. pyo.

Crpareruu dbepmepa CocrosiHus MPUPOJIBI

3acyuumiBoe siero | HopmanbHoe neTo Joxanusoe nero
BeipammBate KyneTypy A 8 5 3
BripanmBate kynstypy b 2 3 6




3adava

Kakue MmaremMatuyeckue MOJEIH U KaK MOZKHO HCII0JIb30BaTh JUJIS II0Jy4E€HHUs OTBETA HA BOIIPOC:
«B kakoill nponopuuu cielyeT BeIpallliBaTh KyJbTYPbl U KaKOBa IIPH YTOM OyJeT
rapaHTupoBaHHas npudbUTL hepmepa?»

1. AHa/IU3 UCXOIHBIX JAHHBIX 3aJa4u.

B sToli 3agaue Mb1 uMeeM aeno ¢ «Mrpamu ¢ mpupoaoit». [lpuBeaennas Beime tabnmmna
SABIIACTCA MIATEKHOIM MaTPULIEH «MTPHI (hepMepa ¢ TTPUP OA0H».

V ¢epmepa aBe yucThIX cTpateruu: 1)«BpipamiBaTe Ha Beell Tuiom@In KyiabTypy A» u
2) «BeipanmBaTh Ha BCei MIOIIAAN KYJIbTYpy «b».

[Tokazarenem sdexTuBHOCTH B naHHOM 3aaaqe spisiercs «[apanTupoBaHHas npuObLIbLY
(depmepa, TO ecTh Takas MPUObLTH, MEHbIIIE KOTOPOil OH He MOJIYYHT HH NPH KaKUX YCIOBHSX.

O4eBHAHO, 4YTO CPEIM «UHCTBIX CTPATETHAX» ONTHUMAJIBHOH, C TOYKH 3pEHHUsA
rapaHTUPOBAHHOIO BBIMTpLILLIA, sBIseTca crparerus «A». [Ipumenss sty crpareruio ¢gepmep
rapaHTupyet cede mpuObUIh B pa3mepe 3 MiH. pybaei. (ITpu ucmonb3oBaHuM cTpaTeruu b oH
rapaHTHpoBa Obl MPUOBLIE TONBKO B 2 MITH. pyOsicii.

OaHako, U3 TEOPUH UI'P U3BECTHO, YTO MAKCUMMU3ALUS FApaHTUPOBAHHOIO BLIMIPhILIA B

obmem cJydac JO0CTHraeTcs IpH NpuUMEHCHUH CMCIIaHHBIX CTpaTeFHﬁ.

2. Tlocrpoenue mareMaTH4YeCKOW MoOAENM JUisl HAXOKICHUS MaKCHMAaJbHOTO
rapaHTHPOBAHHOIO BBIMTPLINIA.

H3BecTHO, UTO MOJIETH HAXOXK/ICHUS] ONTUMATBHON CMEIIAHHON CTPATErHH HTPOKA MOKET
ObITH CBEJIEHA K MOIEIH JTMHEHHOr0 POrpaMMHPOBAHUSI.

O0o3HayeHus ynpaBiadeMbIX nepeMeHHEIX: P1 — BeposSTHOCTH MCIOIB30BAHUSA MTPOKOM
crpateruu 1 (B HaIIEM cliydyae — 3Ta J10Jisi IOCEBHbIX MIO0Iaziel, 3aceBaeMbIX KyIbTypoi A);

P2 - BeposITHOCTH HCIONIB30BAHKMS UI'POKOM CTpaTeruu 2 (B HAIlleM cllydyae — 3Ta J0Js
MIOCEBHBIX MJIOINAJICH, 3aCEBAEMBIX KyIbTypol b).

[Tokaszarens r>pdexTruBHOCTH: V —rapaHTUPOBAHHBIH BIMTPHII UTPOKA (rapaHTHPOBaHHAs
npuObLIb (hepmepa).

MaremaTn4eckas MOJICIb:

V — max

8*P1+2*P2 -V >0 (1)

5*P1+3*P2 -V =0 (2)

3*P1+6*P2 -V =0 3)

P1+P2=1 4)

B urore noxy4dunm mMHEHHYI0 MoJieNb ¢ 3 Hen3BecTHbIMM (P1,P2,V) 1 4 orpanndeHnsMu.



Pemme 3Ty Moaenbp ¢ NMOMOIIBIO CHMITICEKC-METOAAa B cepBHce «math.semestr.ru»
rnoy4aem onrumaiabHoe pewenue: P1=0,6 ; P2=0,4; V =4,2

Takum obpazom 60 NPOIECHTOB MMOCEBHBIX NJIOLIAIEH ClelyeT 3acedTh KyJbTypoi A, a 40
MPOTEHTOB — KynbTypoi b. Tlpu 3TOM, HE3aBHCHMO OT TOTOHBIX YCIOBHH, TapaHTHPOBAHHAS
npubsUib Gepmepa Oyier He Huxke 4,2 muH. pyOneit (Ha 1,2 muH. py6GJeit Oolibiie, yeM npu

MCIOJIb30BAHMH YNCTBIX CTpaTEerHii).

4. ®aiin u/unu bT3 c NOAHLIM KOMMNAEKMOM OUEHOYHbIX MaMepuanoe npunazaemcs.
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