[loKyMeHT NoAnucaH NpoCToil 3NeKTPOHHOM NOANMUCHI0
NHbopmaums o Bnagenbue:

®WNO: Amutpues Hukonaii Hukonaesny . . .
[lomxHoCTS: PexTop MHUHUCTEPCTBO CEJBbCKOI'O XO35IMCTBA POCCUUCKOU ®EJIEPAIINN

lara nopmicanms: 04.06.2024 07:22PKYTCKHUHM TOCYJIAPCTBEHHBIN ATPAPHBIII YHUBEPCUTET
YHMKANbHbI NPOrPaMMHBIA KNHOY: uMmeHu A.A. EXXEBCKOI'O
f7¢6227919e4cdbfb4d7b6829918553b37cafbd

WHCTUTYT SKOHOMUKH, YIPABIICHHUS U PUKIIATHON HH(DOPMATUKH
Kadenpa nadopmaTuku 1 MaTeMaTndecKOro MOJACITUPOBAHUS

NBanbo .M., IletpoBa C.A.

YuebHOE mocoOue
10 MaTeMaTHYECKOMY MOJCIMPOBAHUIO, YNCIICHHBIM METO1aM
1 KOMIUIEKCaM MpOorpamMM JIsl aCIMPAHTOB CIICIIUATLHOCTH
1.2.2 MaremaTudyeckoe MOJEIUPOBaHNE, YUCICHHBIE METOAbI U KOMIUICKCHI
porpaMm

Mononexubiii, 2022



VJIK 681.3

[leyaTaeTcs o penieHno HaydHO-MeToinyeckoro cosera Mpkyrckoro I'AY
[TpoToxomn Ne8 ot 25 mapta 2022

NBanpo .M. VYyebHOe mnocobme TO MaTeMaTHYECKOMY MOJACIUPOBAHUIO,
YHUCIIEHHBIM METOJAaM M KOMILUIEKCaM MPOTpaMM JJisi aCHUPAHTOB CHEIHATIbHOCTH
1.2.2. Maremarndeckoe MOJACIUPOBAHUE, YHMCIEHHBIE METOABI U KOMIUIEKCHI
nporpamm //S1.M. HBanvo, C.A. IletpoBa. — Monoaexusiii: U3n-sBo Upkyrckuii
'AY, 2022. - 164 c.

Pentensenrt:
1.T.H., mpodeccop FO.M. KpakoBckuii,

1.T.H., mpodeccop O.B. Penenkuii

B yuebHoM mnocobuun ONpeJeNeHbl OO0IIMe MPUHIUIBI MOCTPOCHUS
MaTeMaTHUeCKUX Mojelell W wux kinaccudukamms. Paccmorpensl 3amauun
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IpPOrpaMMHUpPOBaHMsI, HeJIHWHEWHble Mozaend. (Ocoboe BHUMAHUE YEIEHO
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| MATEMATHYECKOE MOJIEJIMPOBAHUE

1 OBIIUE ITPUHIHUIIBI IOCTPOEHUA MATEMATHYECKHUX
MOJAEJIEN U UX KITACCUDUKAIUA

CounanbHO-3KOHOMHYECKAsi CHUCTEeMa — JTO CIJIOXKHAasg BEpPOSTHOCTHAS
TUHAMUYECKass CHCTeMa, OXBAaTHIBAIONIAs TIPOIECCHl TPOU3BOJICTBA, OOMEHA,
pacnpeneneHus: ¥ NOTpeOIeHUs] MaTEPUANIbHBIX U PYrUX Onar.

C cucTeMoil TECHO CBA3aHO MOHSATUE «MOJIEIbY.

Mopnenb — 310 00pa3 peaibHOr0 00bEKTa B MATEPUATILHON UM HI€AIbHON
dbopme, oTpaxkalollMii  CYIIECTBEHHBbIE CBOWCTBA MOJECIUPYEMOTO OOBEKTa U
3aMENIAIOIINM €T0 B XO/I€ UCCIIEI0BaHUS U YIIPABICHUS.

MopgenupoBanue - METOJ HCCIEIOBAHUS SIBICHUM M  MPOLECCOB,
OCHOBAaHHBIN Ha 3aMEHE KOHKPETHOI0 0OBEKTa UCCIIENOBAHUS APYTUM, MOJOOHBIM
emMy.

K OCHOBHBIM UepTaM MOJIETIUPOBAHUS OTHOCSTCS:

BBIJICTICHUE 3a/1a4H;

OTpEeICJICHUE CYIIECTBEHHBIX OCOOEHHOCTEN 00BEKTA;
ujieanu3alus CUCTEMBI,

MOJMEHA JEeHCTBUTEILHOCTH 00pa3IoM;

OIIEHKA a/ICKBaTHOCTH W TOYHOCTH MOJIEIIH;
MOJy4YEHNE HOBBIX 3HAHUMU.

C MozensaMu CBS3aHO TMOHATHE «CTPyKTypay. CTpyKTypa NpeACTaBiseT
co0O0# OIpe/eieHHbIE B3aMMOCBS3U JJIEMEHTOB CHUCTEMBI, €€ CTpoeHue. UTo
KacaeTcs CTPYKTYpPbl CHCTEMBI, TO 3TO YCTONYMBas MPOCTPAHCTBEHHO-BPEMEHHAs
YIOPSIIOUYEHHOCTD 3JIEMEHTOB U CBA3EH MEXK]ly HUMH.

[ToMuMO CTPYKTYyphI CHCTEMa BBINMOJIHSIET HEKOTOphie PyHKIu. DyHKIM
CUCTEMBI C TOYKH 3pEHUSI KHOEPHETUKH TIPEACTaBIIeT Co0oil crmocob
npeoOpa3oBaHus BXOJHOW HHGopManuu B BbiXoaHyr. C QyHKIHMEH CBS3aHO
COCTOSIHUE CUCTEMBI KaK MHOKECTBO €€ CYIIECTBEHHBIX CBOMCTB B OIpECICHHBII
MOMEHT BPEMEHHU.

MatemMaTH4eCKyt0 OCHOBY MOJCIMPOBAHUSI COCTABIISIET CUCTEMHBIN aHau3
KaK COBOKYITHOCTb METOO0JIOTHYECKUX CPEACTB JJisi MOATOTOBKM U 0OOCHOBaHUS
pelIeHn 10 CIOXKHBIM TpobsiemaM. [Ipu peanuzanuu METOI0JIOTHU CUCTEMHOTO
aHajgu3a HEOOXOIUMO PYKOBOJICTBOBATHCS OMNPEICICHHBIMU MPUHITUTIAMU: 1IETIH,
BHEIIHETO JOMOJIHEHHS, JEKOMIIO3UIIMU U 1elNoCTHOCTH. [IpuHmmnm — 3To
OCHOBAHHUE, U3 KOTOPOro HAJ0 UCXOAUTh U KOTOPHIM HYKHO PYKOBOJICTBOBAThCSA B
JEATEIIbHOCTH JIJIs1 TOCTUKEHUS LIEJIH.

Ipunyun yenu mpennosiaraeT OOBEAMHEHUE DKOHOMHUYECKHUX OOBEKTOB H
Pa3pO3HEHHBIX JEUCTBUM JIIOAEH 10 WX HCHOJB30BAHUKD B  E€AUHYIO
LEJICHANPABJICHHYIO AEATEIbHOCTh UM B S)KOHOMUYECKYIO OINEPAIIHIO.

B cooTrBercTBUM € npunyunom Oexomno3uyuu TPOLECC HCCIECI0BAHUS
CUTyallUM MOXET OBbITh pacwieHeH Ha TpPU B3aUMOCBSI3aHHBIX YPOBHS:
KOHIETITyaJIbHBIH, onepalroHaIbHbIN u JeTaNbHBIN (BepTUKaIbHAs
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nekomno3unusi). HekoTopelil niporiecc wiu onepayusi (COBOKYIMHOCTh JEHCTBHIA,
OOBEMHEHHBIX OOIIMM 3aMBICIIOM U HaNpaBJICHHBIX Ha JOCTHXKEHUE LIEJIN)
dbukcupyeTcss Ha omepaluoHaIbHOM ypoBHe. KoOHIENTyanbHBII  ypOBEHb
dbopmupyeTcs 111 BCKPBITUS 1I€JIeH OTepaliuu.

OObeMHEHNE JJIEMEHTOB ONEpaluu SIBISIETCS OTPAKEHUEM HPUHYUNA
yerocmuocmu, CJleIOBaHUE KOTOPOMY TpeOyeT BBIICICHUS HSMEPIKEHTHbIX
CBOMCTB oOIEpaluid. OMEpP/KEHTHOCTh IMPOSBISETCS B TOM, YTO  CBOWCTBA
Omepaui He BBICTYNIAIOT IPOCTOM CYMMOU OTAEIBHBIX 2JIEMEHTOB OIEPALIUH.

B npunyune enewnux Oononmenuti BBISBIAETCS CHCTEMa MPOBOAMMBIX
oreparuii, MacmTad HCcClIeayeMOl OMepalry C OMpeaesieHHEeM MeCTa B JTOM
CUCTEME, NOJUYMHEHHOCTh U B3aUMOCBSA3H C IPYTUMH ONIEPALIMSIMHU.

Boiaenstot cienyromue 3Tanbl MOASIUPOBAHNUSA:

— MIOCTAaHOBKA SKOHOMHUYECKOI MPOOJIEMBI U €€ aHAJIU3;
- IOCTPOEHUE MATEMATUYECKON MOJIEIH;

- MaTeMaTUYECKUI aHAJIN3 MOJENH;

- MOATOTOBKA MCXOIHON MH(POPMALINH;

— YHUCJICHHOE PEIICHHUE;

- aHaJn3 pe3yJIbTaTOB U UX PUMEHEHUE.

bonpmioe 3HaueHwe Il ONMCAHUS  PEATbHOM  CUTyallMM  MMEET
MOJICTUPOBAHUE PA3TUYHBIX €ro acnekToB. CorinacHo OgHON U3 Kiaccudukarui
MoJeNel! OHM MOApa3aeNaoTCs CIeLYIOMUM 00Pa3oM:

— 10 arperupoBaHUIO:
a) MHUKpPOSKOHOMHYECKHUE,
0) MaKpOIKOHOMUYECKUE;
— [0 XapaKTePy B3aUMOCBSI3U MEXKIY EPEMEHHBIMU:
a) JIMHEUHBIE,
0) HEIUHEWHBIC,
- [0 XapaKkTepy U3MEHEHUS TEPEMEHHBIX:
a) JUCKpETHBIE,
0) HenpepbIBHEBIE;
- M0 HAJIMYUIO UH(POPMAITUU O TIEPEMEHHBIX
a) JIETEpPMUHUPOBAHHEIE,
0) cToxacTHYEeCKHeE,
B) HWHTEPBAIbHBIC,
- 10 BJIMSIHUIO HA TIPOU3BOJICTBEHHBIE MPOLECCHI SKCTPEMATIbHBIX

MIPUPOIHBIX SIBJICHUM;

- C yueToM (akTopa BpeMEeHHU:
a) CTaTUYECKHe,
0) IUHAMHYECKHE.

13KkoHOMUKO-MaTeMaTHUECKHE METOIBI M TIPUKIIAAHBIE MOJENH : yued. mocodue 11 By3oB / B.
B. ®enocees [u np.] ; mox pen. B. B. ®engoceea. — M. : KOHUTH, 1999. — 391 c.



bospmroe 3HaueHWE HMMEIOT MOJEIW, YYHUTHIBAIOIIAE PHUCKU IOJYy4EHUS
pe3yibTaTOB B Pa3IMYHBIX cpepax IKOHOMUYECKON NESITeIbHOCTH uesoBeka. [lo
OZIHOM M3 KiIaccU(PUKALMI Pa3IMYal0T YUCTBIE M CIEKYJIATHBHEIE pucku’. IlepBoie
U3 HUX BKJIIOYAIOT B ce0s MPUPOJHBIC, TPAHCIOPTHBIC, HMYIIECTBEHHbIE,
TOProBbl€ U TMPOU3BOACTBEHHBIE PUCKU. CHEKYISTUBHBIE PHUCKA MOTYT OBITh
BbI3BaHbl M3MEHEHUSAMH KOHBIOHKTYPBI PbIHKA, WHBECTHUIIMI, KypCOB BAaJIOT U
Ipyrumu GakTopamu.

Ocoboe MecTO MMEET HUCCIEIOBAHMS PUCKOB B CEJIBCKOM X03diicTBe. B
pabote? IIPUBEICHA KJIaCCU(pUKAIUSI MoZenen MaTeMaTUYECKOTrO
IIPOTPaMMUPOBAHUS, YYHMTHIBAIOWIASl NPUPOAHBIE M TEXHOTCHHBIE PHUCKU IIPU
IIPOU3BOJICTBE  CEJIbCKOXO3SMCTBEHHOM MPOAYKUMHA. Mexay TeM ITOMHUMO
ylepOOB, HAHOCHMBIX CEJIbCKOMY XO3fHCTBY, HE0OXOAMMO paccMaTpuBaTh
YCIOBHSI TPOSIBJIEHUS PHCKOB IIPU 3aroTOBKE JUKOPACTYIIEH IPOLYKIUMS, dTO
uMeeT Oonbllloe 3HAuYeHHWe Juid  OOJIBIIMX TEPPUTOPUN CO 3HAUYUTEIHHOU
JIECUCTOCTBIO.

Cpenn  MHOXKeCTBa  MOJENEH  ONPENEIECHHOE  MECTO  3aHUMAKOT
KOMITBIOTEPHBIE MOJeaU. KOMIBIOTEpHOE MOJIEIUMPOBAHME — 3TO  IPOLECC
UCCIIEJOBaHMSI 0OBEKTA C IOMOIIbIO €70 KOMITBIOTEPHOM MOAEIH.

NMuTtanmoHHOE MOJEIMPOBAHUE — OTO PA3HOBUIAHOCTH AaHAJIOTOBOIO
MOJICJIMPOBAHUS, pEAIU3yeMOro C IOMOIIbI0 Habopa MaTeMaTUYECKUX
WHCTPYMEHTAIBHBIX CPEACTB, CIELUAIbHBIX HWMUTHPYIOIIAX KOMIIBIOTEPHBIX
IIPOTpaMM M TEXHOJOTHM IPOrPAMMHUPOBAHUS, TO3BOJISIOMINAX ITPOU3BECTH
1IEJICHANIPABJICHHOE MCCIIEN0BAHNE CTPYKTYPhI M (PYHKIIMIH peanbHOro oobekTa’,

B uMUTanMOHHOM MOJEIMPOBAHMM IIMPOKO HMCHOJIB3yeTCs MeToJ MoHTe-
Kapmo. D10 yHHMBepcCanbHBII METOJ MHOTOKPATHOTO ITOBTOPEHHSI OJHOTHITHBIX
WCIIBITAHUN JUISI pELIEHNs Pa3JIMYHOTO Kiacca 3a1ad. CXOIHBIM NOHATHEM METOJa
Momnre-Kapiio siBisieTcst MeTOl CTaTUCTUYECKUX UCTIBITAHUM.

bosbiroe 3HayeHue i pelIeHus pas3yIMYHbIX MTPAKTUYECKUX 3a7a4 UMEIOT
METOAbl MATEMaTUYECKOI0 MOJEIUPOBAHMS, KOTOPBIE SBIAIOTCA OCHOBHBIMU
Memooamu ucciedo8anusi onepayuil, TO3BOJIIOIMMU NOIy4YaTh KOJUYECTBEHHbIE
OCHOBaHUA JUIsl TPUHATUSA  PEIICHUH, CBA3aHHBIX C OpraHu3anued |
OCYILIECTBIICHUEM OIIEPaUU.

MareMaTu4eckyro  OCHOBY VCCIIEIOBAHMS  ONEpauvid  COCTABJISIOT
MaTEeMaTUYECKU aHaJIu3, TEOpUs BEPOSITHOCTEN U CTAaTUCTUKHU, TMHEHHas airedpa

U pyTHe.

NManos A.A. Knaccudukauus puckos /A.A. Jlanos //Bectnuk TT'Y. I'yMaHWTapHBIE HayKH.
Oxonomuka. — 2008. — Beim. 10 (66). — C. 350 — 354.

’MBanbo .M. ONTHMH3AIMOHHBIE MOJEIH arpapHOro MPOM3BOJCTBA B PEIICHUH 3324 OLEHKH
MPUPOJHBIX U TEXHOTEHHBIX prckoB. Monorpadus /S1.M. Usanvo, C.A. IlerpoBa. — UpkyTck:
W3n-Bo Upkyrckoro I'AY, 2015.-180 c.

3pysuna T.C. OnTuMuM3amus B3aUMOAEHCTBHS YJaCTHUKOB KJIAcTepa MO TONYYeHHIO MHIIEBOH
nukopactymeil npogykuuu B peruone /T.C. Bysuna, SI.M. HBanso, C.A. IlerpoBa // JlecHoit
BecTHHK. Forestry Bulletin. - 2020. - T. 24. - Ne 4. - C. 138-149.

“Kapnos 0. MmMuTanuonHOe MOJIETMpOBaHUe cUCTeM. BBenenne B Moaenupopanue ¢ AnyLogic
/0. Kapno. — CI16: BXB-IletepOypr, 2009. — 400 c.
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MHuorue uccnenoBaTenu 0OpalialoT BHUMaHHE Ha TJIOOATBHBIA KPHU3UC
pasnmuuHbIX cdepax oOmecTBa, B TOM 4YHUCIE M B HayKe, yKa3biBas Ha
MEXIUCITUTUIMHAPHOCTh HOBBIX TexHojorui XXI B. OHM crOCOOHBI Ha OCHOBE
3HAHUM O YeJOBEKE NPEOCTaBIATh KOHKPETHBIE MPOTHO3bI H  METOJIbI
MPOECKTUPOBAHUS C MCHOJIB30BAHHEM (POPMAIIM30BAHHBIX MoJieNed U TpeOyroT
I[EJIOCTHOTO OMHCaHusl 00BEKTa, €ro B3aMMOCBs3el ¢ Ouochepoii, TexHochepoH,
CO CLICHAPUSIMU TEXHOJOTUYECKOTO Pa3BUTHSI.

OpnHuM 13 Hanbosee YCNEMHbIX MEXIUCIUILUIMHAPHBIX MOAX0A0B SBISETCS
TEOpUs CaMOOPTaHM3aluKM Wi cubepretukal. Ilo ybGexaeHusM psga aBTOPOB
CHHEepreTHKa BKJIIOYaeT B ce0sS TpeaMeTHble 3HAHHUS, MaTeMaTHYeCKOe
MOJEIUpOBaHUE U GUITOCODUN.

CuHepreTnka paccMaTpPUBAET HEIWHEWHBIE M HEYCTOMYUBBIE CHCTEMBI.
HenuHelHOCTh O3HAYaeT MOJy4YEHUE HOBOIO KayecTBa B pe3yibTaTe IEUCTBUS
HECKOJIbKMX  (akTopoB (CIEACTBHE HE SBISETCS MEXaHUYECKOM CyMMOM
OTJENIbHBIX MpHUunH). HeycToNYMBOCTh 03HAUAaET NMEPEX0]l U3y4aeMOro 00ObEeKTa B
HOBOE COCTOSHHE NPH HAJIMYUU MaJBIX OTKIOHEHHMH B cucteMeK OCHOBHBIM
MPUHILINAIIAM CUHEPIE€TUKHU OTHOCATCS:

- TOMEOCTAaTUYHOCTb;

- HEPAPXUYHOCTH;

- HCJIMHEHHOCTD;

- HE3aMKHYTOCTb;

- HEYCTOWYNBOCTb;

- TMHAMUYECKasi HEPAPXUUHOCTh (AMEPKEHTHOCTB );

- Ha0JII01aEMOCTD;

- HEOOPATUMOCTh BOJIFOIIMOHHBIX MPOLECCOB;

- OudypKanMOHHBIN XapaKTep YBOIIOLNH;

- IMHAMU3M CTPYKTYpPbI CAMOPA3BUBAOLINXCS CUCTEM;

- PEXKHUMBI C 000CTPEHHUEM;

- HOBOE€ IMIOHUMaHue Oy IyIIero;

- IPUHIIUI TOYUHECHUS;

- (pyHmaMeHTaIbHas POJIb CIIy4ailHOCTEH;

- 3aKOHBI TEMIIOPUTMA MPOLECCOB CAMOOPTIaHU3ALINH.

CorylacHO NpPUHLKIY TOMEOCTATUYHOCTH OTKPBITasl CHCTEMA COXpPaHSET
MOCTOSIHCTBO CBOEr0 BHYTPEHHETO COCTOSHUS MOCPEICTBOM CKOOPAMHUPOBAHHBIX
peakiMii, HalpaBJIEHHBIX HA MOAJEP )KaHUE TMHAMUYECKOTO PAaBHOBECHSI.

HepapXuyHOCTh MpEACTaBIsE€T COOOM CTPYKTYpHBIE YPOBHU MAaTEpHH,
KOTOpbIE 00pa30BaHbl U3 OINPEJAEICHHOI0O MHOXXECTBA OOBEKTOB KaKOIro-imdo
KJlacCa U  XapaKTepU3YyIOTCS OCOOBIM  THUIIOM  B3aUMOJICUCTBHUS  MEXIY
COCTABJISIFOUIMMH MX 3JI€MEHTaMHU.

1qepHaBCKm”4 H.C. Cunepretuka u wuH(popmarus. JuHamudeckas Teopusi UHGOpMaLUU
/I.C. Yepnasckwuii. [Ipenuc. u mocnecn. I'.I'. Manmunenkoro. U3n 5-e. — M. JIEHAH/I, 2017. —
304 c.



HenunelHOCTh XapakTEepU3yeT HapylICeHWE NPUHIUNA CYNEepPHO3ULUU —
pe3ynbTaT CyMMBI BO3ICHCTBUI Ha CHCTEMY HE PAaBEH CyMME pPE3yJIbTaTOB 3THX
BO3JICUCTBHUI.

He3zaMKHYTOCTh (OTKpPBITOCTB) -  3TO HEBO3MOXKHOCTb IPEHEOPEKEHUs
B3aUMOJIEHCTBUEM CUCTEMBI CO CBOMM OKPY>KCHUEM.

HeycToWYnBOCTh 0O3HA4aeT, 4TO COCTOSHHUE, TPACKTOPUU HEYCTONYMBBI,
€CJIM MAJIbIE OTKJIOHEHUS OT HUX CO BPEMEHEM YBEIMYUBAIOTCSL.

OMepIKEHTHOCTh — 0000IIeHNe MPHUHINIA TOJYMHEHHS] Ha TMPOIECCHI
CTaHOBJICHHUS.

HabGmonaemocts mpencTaBisieT co0oil MOHMMaHHE OTPAaHMYEHHOCTH U
OTHOCUTEIBHOCTH MPEACTABICHUI O CUCTEME U KOHEYHOM 3KCIIEPHUMEHTE.

HeoOpatuMoCTh  3BOJIOUMOHHBIX  MPOIECCOB  MPEAINOaaraer,  4To
HEOOpaTUMOCTh MOXET BO3HUKHYTh JIMIIb B CHUCTEMAax, IOBEJIEHHUE KOTOPBIX
IIOIYMHSAETCS 3aKOHAM CIIy4alHOCTH.

budypkanmoHHblii  XapakTep HBOJIIOLIMHU NPEANOJaraeT yepeaoBaHue
IIEPUOJIOB OTHOCHUTEIIEHO MOHOTOHHOTO CaMOJBWXEHHUS B PEKUME ATTPAKLHMH U
30H Oudypkanuum - KaTacTpoPHUUECKOro, CKayKOOOpa3HOro H3MEHEHHs XoJa
UCTOPUYECKOr0O IIpoLecca.

JluHaMuKa CTPYKTYphl CaMOpa3BUBAIOIIMXCS CUCTEM O3HAYaeT, 4YTO
CTPYKTypa CHCTEMBI SIBISETCSA NTUHAMUYHON KaTEeropuel, HyKAasch B PEryJIIpHOU
KOPPEKTUPOBKE U MTEPECTPOMKE.

Pexxumbl ¢ 00OCTpeHHMEM, WM CBEPXOBICTPOPA3BUBAIOILIMECS KPHU3UCHI
MPEANnosaraloT HeIMHEWHbIE TTOJIOKUTENIbHbIE 0OPaTHBIE CBSI3U.

HoBoe moHumanue Oynymiero cBsi3aHo ¢ 30HaAMH OM(ypKaluu, K KOTOPbIM
NPUMBIKAET BUPTYaJbHOE MPOCTPAHCTBO aJIbTEPHATUBHBIX BETBEW SBOJIOLNHU,
Oynayiee kKak Obl peAHadyepTaHo. Apyrumu cioBamMu, noj OyAyIIuM MOHUMAETCS
BbIOOD aJIbTEpPHATUBHBIX BAPUAHTOB.

[IpyHIMIT NOJYMHEHUS PACCMATPUBAIOT KaK NEPEXOJ CUCTEMBI K 3BOJIIOLIAN
0 HOBOM CLIEHApHOM TPAEKTOpUU, YTO CTENEHb €€ CBOOOJbl CTaHOBUTCS
MUHHMAJIBHOM M OCHOBHYIO POJIb B €€ CAMOBBIIBUKEHUN B COOTBETCTBUU C ITUM
CLIEHApHEM HA4YMHAIOT UIPaTh UMEHHO TE€ MapaMeTpbl, KOTOPBIE ONPENEISIIOT 3TH
OCTaBIIHMECS CTETIEHU CBOOOIBI.

OyHaamMeHTalbHas PoJib ClydyallHOCTEH O3HAYaeT, 4To B 30He Oudypkaiuu
cucTeMa  TepsAeT  YCTOMYMBOCTh,  Malible  (PIyKTyaluu  HEJIMHEWHBIX
MOJIOKUTENBHBIX CBSI3€M MOTYT MPUOOpETaTh pellarolllee 3HaueHHe.

3aKOHBI TEMIIOPUTMA TMPOIECCOB CAMOOPTraHU3AIMM  OCHOBAaHbI  Ha
noKasarejie BHyTPEHHEH CBSI3U Pa3IMYHBIX AJIEMEHTOB CUCTEMbI — OTHOCUTEbHAS
CKOPOCTh TMpOIECCOB auccunanuu. llpu 3ToM xaoc Ha MHUKPOYPOBHE MOXKET
MPUBOJUTH K OPraHU30BAHHOCTH Ha MaKpOYpOBHE.

Koumponwnwie eonpocwt u 3a0anus
1. JTaitTe onpenesieHre MOHSATUAM «CUCTEMa» U «KomIuieke». Kakue cxoncTsa
U pa3inyuus MEXIy HUMU?
2. Yto Takoe MOJENIb U MOAEIUpOBaHUE?
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3. KakoBbI OCHOBHBIE€ CBOMCTBA COLUAIBHO-3KOHOMUYECKON CUCTEMBI?

4. IlpuBenure Kiaccu(PUKaIUIO MOJEIICH.

5. MogennpoBaHue ¢ y4eTOM PUCKOB.

6. Kakoe MecTo 3aHMMaeT MOHATHE «aHAJIOTHUS» B MOJICTUPOBAHUU?

7. YTo Takoe UMUTAIIMOHHOE MOJICIIUPOBAHUE U UMUTAIIMOHHAS] MOJIEIb??

8. Uto u3yvaeT IMCUUILIMHA UCCIIeIOBAHUE OTIEpaIIHii?

9. MeTonbl MaTEMaTHYECKOTO MOJICIMPOBAHMUSI.

10. CBs13b CUCTEMHOTO aHAIM3a U MAaTEMaTHUYECKOTO MOICTUPOBAHUSI.

11. OcHOBHBIE TPUHIUIIBI CHCTEMHOI'O aHAJIU3A.

12. [lpu3naku kiaccupUKaUU MATEMAaTUYECKUX MOJIEIIEH.

13. Cunepreruka.

14. OcHOBHBIE TPUHIUIIBI CHHEPTETHKHU.

15. 'oMeocTaTUYHOCTh U UEPAPXUYHOCTH CAMOOPTAaHU3YIOIIECICS CUCTEMBI.

16. HenmuHEWHOCTh 1 HE3aMKHYTOCTh CAMOOPTaHU3YIOMIEHCS CUCTEMBI.

17. HeycToWYnuBOCTh U JAMHAMUYECKAS HEPAPXUYHOCTH (IMEPIKEHTHOCTH)
CaMOOPTaHMU3YIOLIECICS CUCTEMBI.

18. HabGmomaeMocts HEOOpPaTUMOCTh  DBOJIIOIIMOHHBIX  MPOIIECCOB
CaMOOPTaHMU3YIOLIECICS CUCTEMBI.

19. budypkanMoHHBI XapakTep O3BOJIOIUU U JUHAMHU3M CTPYKTYPHI
CaMOPa3BUBAIOIINXCS CUCTEM.

20. Pexmmpl c obocTpeHueM U HOBO€ T[IOHUMaHUE OYJIyIIero
CaMOOPTraHU3YIOIIEHCS CUCTEMBI.

21. TlpuHtun noquuHeHus, GyHIaMeHTaNbHAs POJIb CIIYYalHOCTEH U 3aKOHBI
TEMIIOPUTMA MPOLECCOB CAMOOPTaHU3ALUH.
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2 METOJbI IOCTPOEHUSI MATEMATHYECKHX MOJEJIEN IJIs1
PEIIEHUA HAYYHBIX 3ATIAY MEKAUCHUITJINMHAPHOI'O
XAPAKTEPA

2.1 /IMHEMHOE MPOT'PAMMMPOBAHUE

B MaremarmyeckoM NpOrpaMMHUPOBAaHMM KakK pasjaeie MPUKIATHON
MaTeMaTUKU PaCCMATPUBAIOTCS AKCTpEeMallbHbIE 3aa4l U METO/Ibl X perieHust. C
IIOMOIIBI0 TOCTPOCHUSI W PEIICHHS TaKuX 3aJa4d BO3MOYHO YIIYUIICHUE
yOpaBJIEHUSI U OpPraHU3alUd MPOU3BOJCTBEHHBIX MPOIECCOB. DKCTPEMAJIbHbBIC
3a/1aud MPEJCTABISAIOT COOOM 3a7auM YCIOBHON ONTHUMU3AIUHU, B KOTOPHIE BXOIST
OTPaHUYCHUS U 1IeJIEBbIE (QYHKIIUH.

3ajgaun ONTUMAIBHOTO WJIM MAaTEMATHYECKOIO MPOrPAMMUPOBAHUS IIUPOKO
WCIOJIB3YIOTCA  JUIl  IUIAHUPOBAHUS  OTpACIIe  CEJIbCKOTO  XO35MCTBA,
PaLMOHAJIBHOTO MCIIOJIb30BAHMUS [IOCEBHBIX IUIOMIAIEN, MOAEIUPOBAHUS KOPMOBBIX
PAalMOHOB, ONTUMH3ALMI MEXKXO03AHCTBEHHOM Koonepauuy 1 T.1.

B nwuteparype wucmnonb3yercs KiaccuPuKanus 3alad  MaTeMaTHYEeCKOTO
[IPOIPAMMHUPOBAHUsI [0 THUIAM I[IEPEMEHHBIX, HUX CBS34M, YY€Ty BpPEMEHH,
CBOMCTBaM HMH(OpPMAIIUU, KOJUYECTBY KPUTEPUEB ONTUMAIBLHOCTH, MPOSBICHUIO
AKCTPEMAJIBHBIX SIBIICHUH.

B  3agawax  MareMaTM4yeckoro - MNpOrpaMMHUPOBAaHMSI  BCTPEYAIOTCS
JUCKPETHBIE W HEMPEPBIBHBIC IEPEMEHHbIC. B 4YacTHOCTH, B IEJIOYMCIEHHBIX
3a7a4yax HEW3BECTHBICE MOTYT IIPUHUMATh TOJIbKO LEJIbIE€ 3HAYCHUS, a IMpHU
ONTUMHU3AIMN TOCEBHBIX IUIOMIAJIEH TIEPEMEHHbIE COOTBETCTBYIOT JIFOOBIM
HEOTpULIATENbHBIM BeMUYMHAM. [Ipy 3TOM B OrpaHWYEHHSIX WA LEJIEBBIX
GYHKIUSIX CBSI3U MEXKIY TEPEMEHHBIMU UMEIOT JTUHEHHBIN WU HETMHEHHBINA BU/I.

Ecnu nmepeMeHHble 3a1auv ONTUMAJIBHOTO MPOrPaMMHUPOBAHUS 3aBUCAT OT
BPEMEHH, TO UX OTHOCAT K JUHAMUYECKUM B OTJIMYME OT CTATUYECKHUX 3a]ad, e
dbakTop BpeMEHHU HE IPUMEHSIETCS.

[TockonpKy  HEW3BECTHBIE  MOTYT  IPUHUMATh  CIy4YallHbIE  WJIU
JETEPMUHUPOBAHHBIE  3HAYEHUs, TO PAaCCMAaTPUBAIOT  OMpPEICIICHHbIE U
CTOXACTUYECKHE 3aJa4M MAaTEMATUYECKOTO MPOrpaMMUpOBaHus. B psae ciydaes,
KOTI'JIa HEW3BECTHBI 3aKOHBI PACIpEICICHUsI BEPOSTHOCTEN CIIy4YalHBIX BEJIWYHUH,
TOBOPAT O 3a/layaX MaTeMaTHUYE€CKOro MPOrpaMMHUPOBAHMSI C HEOIPEIECIICHHBIMU
napaMeTpaMH.

Bo MHoOrmx ciydasx OpUXOAUTCS HAXOAUTh KOMIIPOMHCCHBIE PELICHHUS,
€CIM B 3aJauy BXOJSAT YYACTHUKHA C Pa3IMYHBIMU LEeIAMU. B 3TOM ciyyae
BO3HUKAIOT MHOTOKPUTEPUAIIBHBIC 33]IaUH.

Matematuueckue u muQpPOBbIE TEXHONOITMH ONTUMM3AIUH TIPOU3BOACTBA MPOIOBOILCTBEHHOI
npoaykiuu. Monorpaduss /1. M. Hsampo. [u ap.]; mox penmaknumeit SI.M. HBanbo. —
Mononexnsiii: U3n-so Upkyrckuii 'AY, 2021. - 219 c.
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U, makoHer, Mpou3BOACTBEHHBIC MPOIIECCH B CEIBCKOM XO3SHCTBE CBSI3aHBI
C BHemHUMH ¢akTopamu. [lpum ydere sKCTpeMalbHBIX MPUPOIHBIX SBICHUH,
HABOJAHCHUH, 3acyX, paHHEr0 CHera, 3aMOPO3KOB M JIp., NPUYHHSIOIINX
3HAUMUTEIBHBIM  yIIEpO  CEIIbCKOXO3SMCTBECHHBIM  MPEANPUITHIM, HHTEPEC
BBI3BIBAIOT 3aJa4¥ MAaTEMaTHYECKOTO MPOrPAMMHPOBAHHS C YUCTOM IMPHUPOTHBIX
COOBITHH.

Crnenyer OTMETHTh, YTO MHOTHE TEPPUTOPHS CTPaHBI OTHOCSTCS K 30HAM
PUCKOBAHHOTO 3eMJICCIIHS, T/I€ 9aCTO HAOIIOJAI0TCS AKCTPEMATbHBIC TIPUPOTHBIC
SBJICHHSI, TPUHOCAIIME 3HAYUTEIbHBIC  YIIEPObl  CETbCKOXO3HCTBECHHBIM
TOBapOMpou3BoaUTENsIM. [loaTOMy MoOenn MPOW3BOACTBEHHBIX IPOIIECCOB
JOJDKHBI YIUTBHIBATh BIMSHUE HA CEIBCKOE XO3SIMCTBO CTUXUIHBIX SBIICHUN.

2.1.1 3agaum TUHEHHOTO NPOrpaMMIPOBAHUS

B o0wmieM BuAe 3ajaua JIMHEHHOTO IPOrPAMMHPOBAHHUS 3aMMCHIBACTCS
CIIEIYIOIUM 00pa3oM?:

f =>"c,x; > max(min), (2.1)
jed
>ax; <b, iel, (2.2)
jed
X;20,jed, (2.3)
rne  f - neneBas QyHKUUA MM KpUTepui dPQEKTHBHOCTH 3aia4u, X; -

TNepeMeHHas, a;, b;, ¢; - 3aJJaHHbIE TIOCTOSHHBIE BETUYMHE, |, | — NHIEKCHI.

ij?

3agauy (2.1) — (2.3) Ha3bIBalOT CTaHJAPTHOM 3agayedl JIMHEHHOTO
nporpaMMupoBanus. COBOKYHMHOCTb ducell X=(X1, X2,...,Xn) , YJOBJIECTBOPSIOIINX
ycnoBusim (2.1)— (2.3), mpeacTaBiser co0oil JAOMYCTUMOE PELICHWE WM IUIaH.

[Tnan X™ =(X,%,...,X,), IPA KOTOPOM KpPUTEpUi onTUMaIbHOCTH (2.1) mpuHUMaeT

AKCTPEMAIbHOE 3HAYEHUE, MPHUHATO HA3bIBaTh ONTUMAJbHBIM. OYEBHUIIHO, UTO,
ecnu 1eneBas Qyukiusa (2.1) crpemutcs k Makcumymy, torga f(X)< f(X7), B
NPOTUBHOM Cjydae, Korjga IiejeBas (QyHKUOMS JIOCTUTaeT MUHUMyMa, -
f(X)> f(X).

C nomompl0 3a7ayd  JIMHEWHOrO MPOTPaMMHUPOBAHUS  ONPEIEIAeTCs
CTPYKTypa OTpaciiel CeIbCKOXO3SIMCTBEHHOTO MPOU3BOACTBA MPEANPUSITHS,
CKOTOBOJICTBA M PACTEHUEBOJICTB, a TaKke€ WX coueTaHus. [Ipu 3ToOM JIuHEWHbIE
MOJIEIN MOTYT UCIIOJIb30BaThCS HA PA3HBIX YPOBHSX arperupoBaHUs.

! Axynma M.JI. Marematuueckoe IporpaMMHpOBaHUE B IpUMeEpax M 3ajadax. Yueb. mocobue. —
2-¢ u3 ., uctp. M mon. — M.: Beicmm. Ilxk., 1993. — 336 c.
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Kpome Toro, Ha OCHOBE 3a/a4 JIMHEWHOTO MPOrPaMMHUPOBAHUS OLIEHUBAETCS
KOPMOIIPOU3BOJICTBO M paclpe/iefieHue IOCEBHBIX IUIONMIAJIed Ha pa3InyHOM
YPOBHE HEpapPXHH, OT MPEANPUITHS IO MYHULIUIIAILHOTO 00pa30BaHMs U PETHOHA,
U CTpykTypa crtajga. Jlis TeppuTopuil ¢ BBICOKOW JIECHCTOCTBIO AaKTyaJlbHO
pelieHus 3a7a4 ONTUMM3AIMU COYETAHUSl MPOU3BOJICTBA arpapHoOi MPOIYKIUU U
3arOTOBKH JUKOPOCOB.,

JItobast craHgapTHas 3ajadya JIMHEHMHOTO MPOrpaMMHUPOBAHUS MOXKET OBIThH
npUBEJeHAa K KaHOHMYECKOMY BHIy. B 3TomM ciydae HepaBeHCTBa (2.2)
peoOpasyroTcsi B paBEHCTBA BBOJOM JOIMOJIHUTENBHBIX IEPeMEHHbIX. Eciu cBs3b
JIEBOM W MpaBoil yacteil ycnoBusi (2.2) omnpenensiercs CUMBOJIOM «<», TOT/a B
JIEBYI0 4YacTh JO0OABISIOT HEOTPULIATENbHYIO NepeMeHHyr. [Ipu apyrom Buue
HEPABEHCTBA «2)» M3 JICBOW YaCTH BBIYUTAIOT JOMOJHUTEIBHYIO HEOTPHUIIATEIBHYIO
nepeMeHHyo. Takum o0pa3oM, orpanndenue (2.2) npeodpasyercs B paBeHCTBO:

Za..x. =ph iel. (24)

iX; =0
jed

Kpome mnpeoOpa3oBaHus CTaHIApTHOW 3aadyd K KAHOHHMYECKOMY BHIY
BO3HHKAIOT 33/1a4M 3aMEHbl MUHUMHU3ALUH 1I€JIeBON (PYHKINU €€ MaKCUMH3aIHen
1 Ha000poT. J{J1s1 3TOro UCHOB3YIOT PaBEHCTBO fmax=-Tmin 1kt frin=-frmax.

[Ipu  paccMOTpeHMH 3amayd C  JOByMS  IEPEMEHHBIMH  MOXKHO
copMyIHpOBaThH reOMETPUICCKUIN CMBICIT 3a7a9n JMHEHHOTO
IPOTPaMMHPOBAHUSI.

Kaxmoe orpanmyeHue 3amadu JUHEWHOTO mporpammupoBanus (3.1)-(3.3)
NPEJCTABISACT COOOW IMOJIYIUIOCKOCTh C TPAHUYHBIMH TPSIMBIMH. OTH TPSMbIC
pa3iessaoT IUIOCKOCTh Ha JIBE 4YacTH. [IpU HEpaBEHCTBE «2» pPacCMaTpPUBAIOT
BEPXHIOIO TIOJYIUIOCKOCTD, B IIPOTUBHOM CITy4ae — JUISl YCIOBUS «<», HEPABEHCTBO
XapaKTepU3yeT HUKHIOKO MOTYTIOCKOCTb.

COBOKYITHOCTh ~ COBMECTHBIX ~ OTpaHMYeHHU  (HOPMHUPYET  BBIMYKIIOE
MHOXeCTBO. lIpu 3TOM BBIMyKJIOE€ MHOXECTBO MOMKET OBITh 3aMKHYTHIM H
pa3oMKHYTBIM. KpoMe TOro, BCTpedaroTcs Ciiydau, KOTJa CUCTeMa OrpaHHYCHHA
HecoBMecTHA. Torma OTCYTCTBYeT 00J1acTh JOMYCTUMBIX pelleHud (TUiaH).
BhInykii0e MHOXECTBO HA3bIBAIOT MHOTOYTOJIBHUKOM WM MHOTOTPaHHHUKOM
peleHus.

B MHOrorpanHuke penieHuil HaXOQUTCsl TOUKa, B KOTOPOM 1iesieBast Gy HKIIHS
JOCTUTaeT KCTpeMyMa. JTa TOUYKa CYIIECTBYET TOI/Ia, KOTa 1eneBas (pyHKIUSI He
OrpaHWYEHA CBEPXy W MHOTOTPAHHUK pEHICHUH He MmycT (OrpaHHYCHUS
COBMECTHBI).

JInst HaXOXICHUSI ONTHUMAJIBHOTO TUIAaHA WM TOYKH, B KOTOPOH IiejeBas
(YHKIUS JOCTUTHET 3KCTpeMyMa, cTposT Bektop C=(Cy, Cy,...,C;...,Cn)-

Monenu knactepoB 3aroToBku, IepepaGoOTKU M peau3alliy MUIIEBOH JAUKOpacTyIeit
nponykuuu B Upkyrckoit obmactu: monorpadus / .M. UBanpo [u np.]; mox pemakiueid S1.M.
NBanwo. — Upkyrck: M3n-Bo Upkyrckuit AV, 2019. - 132 c.
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[IpsiMyt0, NEpPNEHIUKYISIPHYO K 3TOMY BEKTOpy (3amaya ¢ JByMs
NEPEMEHHBIMU ), IEPEBUTAIOT BAOJIb HETO YE€PE3 MHOTOTPAHHUK PELICHUN, HaXOAs
TOUYKY, B KOTOPOH IiesieBast (QyHKLUS JOCTUTAET IKCTPEMyMa WM yCTaHABIMBAIOT
HEOTPAaHUYEHHOCTh KPUTEPUS ONTUMAIBHOCTA Ha MHOXKECTBE IUIAHOB.

OnTuManpHOE PELICHHE 3aJa4M JIMHEHHOrO0 IPOrpaMMHUPOBAHHUS, €CIIM OHO
CYILLECTBYET, JOCTUIaeTCs B BEPLUIMHAX MHOTOIPaHHMKA. J[pyrMMu cioBamu, IIpH
HAXO0XKJIEHUU ONTHUMAJIBHOIO PEUICHUS] MHTEPEC BBI3BIBAIOT HE BHYTPEHHUE TOUYKU
MHOT'OTPAaHHHKA, & €r0 BEPIIHHBI.

IIpn npuBeneHnHn CTaHAAPTHOM 3a4a4M JUHEWHOIO IPOTPAaMMHMPOBAHUSA K
KaHOHMYECKOMY BHJY YBEIUYHMBACTCS UYMCIO MEPEMEHHBIX Jid M30aBIEHUS OT
HEPABEHCTB. B 3TOM cHTyanny 4acTh NEPEMEHHBIX N-M NMPUPABHUBAIOT K HYIIO U
pelmaroT M ypaBHEHMH C M  YHCIOM HEU3BECTHBIX. [Tepemennsie,
IPUPABHUBAEMBbIE K HYJIO, Ha3bIBAIOT CBOOOJHBIMU WM HEOA3UCHBIMH, a
ocTajbHble — Oa3ucHbIMU. [lomyueHHBIE TakMM OOpa30M pEIICHUS SIBIISIOTCS
O0asucHbiMU. Ecnu jxe pemieHus AONyCTUMBIE, TO HX Ha3bIBAIOT Oa3MCHBIMU
JONyCTUMBIMU pelleHussMu. Ha oCHOBE NpUBEACHHBIX OIPENEICHUN MOKHO
COCTaBUTh TAOJMIly U HAWTU Oa3MCHBIE JOMYCTUMbIE PEIICHUs, U3 KOTOPBIX 3aTEM
BbIOpaTh ONTUMAIBHOE PELICHHUE.

Ilpumep 2.1. Gupma 3aHUMaeTCs IPOU3BOJICTBOM JBYX BHUJIOB IMOJIOK. JaHO
100 M3 TOCOK ISl H3TOTOBIEHHMS MOJIOK ABYX 00pa3noB A u B. [l M3roToBIeHus
1 monku obpasua A tpebyercs 1 M3 m0coK, a M MPOU3BOACTBA MOJOK BTOPOTO
oopasua B — 2 m® marepumana. J[ns M3rOTOBIEHUS €IMHHUILI MEPBOTO 00pasLa
MOJIOK MCHOJIb3yeTcd 2 4 MallMHHOro BpeMeHu. OJlHa MojKka BTOPOro oodpasua
npousBoAuTCs 3a 3 4. OOmiee KOJWYECTBO BPEMEHM [JIsi M3TOTOBJIEHUS TOJIOK
orpannyeHo 180 4. CorjnacHo JOTOBOPEHHOCTH C TMOTpeOUTENs MU (pupme
HE0OXOIMMO M3TOTOBJIATH HEe MeHee 20 u3nenuit mepBoro oobpasma. CTOMMOCTH
OJTHOM MOoJIKK 00pa3ua A cocTaBiisieT 5 TEHEXKHbIX €UHUIL, a OJTHOTO U3/ens BUaa
B — 8 n.e. [loctpouts neneByro (yHKUIUIO M OTpaHUYEHUs 3aJaud JIMHEHHOTO
IPOrpaMMHUPOBAHUS IIPU YCIIOBUU MOJTYUYEHHUS] MAaKCUMAJIBHOTO 10X0/a.

Pewenue

O0603HaYMM YHCIIO MOJOK A TIEPEMEHHOM X1, @ KOJIMUECTBO M3AeHuil B — Xo.
O4eBUIHO, YTO CTOMMOCTH NEPBOM MPOAYKIIMH paBHA OX1, a BTOpoH — 8Xp,
MOCKOJIbKY 5 W 8 TpPEeACTaBiISIIOT COOOM CTOMMOCTh OJIHOW TIOJIKM Pa3HbIX
oOpasuoB. Toraa meneBas GyHKIUSA IPUMET BU

f(X)=5x1+8x,—max.

OFpaHI/I‘IeHI/Ie o 3arparaMm MaTCprajloB Ha HM3IOTOBJIICHUC IIOJIOK
OIpCACIIACTCA TAK

1x,4+2%:<100 [17],
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rae 1X; — 3aTparhl MaTepuana Ha M3TOTOBIIEHUE MOJOK MepBoro odpasua, a 2X; —
00bEM JTOCOK TSI IPOU3BOJICTBA MOJIOK BTOPOTO 00pasiia.

VYcioBre He MPEBBINICHUS 3aIaHHOT0 MAIIMHHOTO BPEMEHH 3aIllMCBhIBACTCS
CIEIYIOIIM 00pa3om

2X1+3X2<180 [u],

Izl 2X1 — 3aTpaThl BpEMEHU Ha IMPOU3BOACTBO MOJIOK EPBOTo 00pasma, a 3Xp —
KOJIMYECTBO YaCOB Ha U3rOTOBJICHUE IOJIOK B.

OrpanuueHue, CBI3aHHOE ¢ HEOOXOIMMOCTBIO POU3BOICTBA HE MeHee 20
noJIok oOpasna A, uMeeT BUJ

X1220.

Kpome ToOro, nmomkHO COOMIONATBHCS — YCIOBHE  HEOTPUIATEIHLHOCTH
MepEeMEHHBIX WM X220.

Takum oOpazom, 3amaya BKJIIOYAET B ceOs 2 MepeMeHHbIe, COCTOUT U3 4
OTPaHUYCHUN U 11eJIEBON (QYHKIINHU, KOTOPYIO MAaKCUMU3ZUPYIOT.

Ilpumep 2.2. Haiith mMakcuMyM W MUHUMYM OQYHKOUH f =X +X, OpH

YCJIIOBHUSIX
2%, +4x, <16,

—4X +2X, <8,
X, +3X, =9,
X X, 2 0.

Pewenue
[TocTpouM MHOTOYTOJIBHHMK pelIeHUi. /{151 3TOro B HEpaBEeHCTBAaX CUCTEMBI
OTPAaHWYEHHUN U YCIIOBUSX HEOTPULATEIBHOCTH INEPEMEHHBIX 3HAKH HEPABEHCTB
3aMEHVM HA 3HAKU TOYHBIX PABEHCTB:

2%, +4x, =16,
—4X, +2X, =8,
X, +3X, =9,
X =0,
X, =0.

ITocTpouB noy4YeHHbIE MPSMbIE, HAWIEM COOTBETCTBYIOLIME MTOIYIUIOCKOCTH
ux nepeceyeHue (pucyHok 2.1).

N3 pucynka 2.1 cimenyer, 4TO MHOTOYTOJIbHUKOM PEIICHUN 3aJa4d SIBISACTCS
TpeyroabHuk ABC. KoopinHaTel TOYEK 3TOr0 TPEYTOJbHUKA YAOBIETBOPSIOT
YCJIOBUIO HEOTPULIATEIIBHOCTH M HEPABEHCTBAM CHUCTEMBI OTPAHUYCHHI 3aJayu.
CnenoBaTenbHO, 3a7aya OyneT pelieHa, eclid cpeau Toudek TpeyrojbHuka ABC
HaWTU Takue, B KOTOPHIX (PYHKIMS TMPUHUMAET MAaKCUMalIbHOE U MUHHUMAJILHOE
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3HadeHus. [[ns HAXOXKAEHUS ATHUX TOYEK MOCTPOUM MpsiMyto  (d4ucio 4 B3STO
IIPOM3BOJILHO).

Z, |
91
8
7
b
J
144
il 3'
2
JI]Z

/ég-; 0

_i-—
ks

Pucynok 2.1 - I'paduyeckasi uHTepnpeTanus pelieHus 3a1a4u JUHEITHOT0
NporpaMMHpoBaHus’

Koopnunater Bekrop C = (1,1) moaydeHbl Kak 4YacTHBIE MPOU3BOIHBIC
1eJIeBOM (PYHKITUU:

x
24
X
oX,

[lepeaBuras n1aHHyIO NPSAMYIO MApaLIEIBLHO caMO ceOe B HAIIPABJICHHUH
BekTopa C, onpeaesisieM, 4To ee rmociaeaHel o01ieid TOYKoW ¢ MHOTOYTOJIbHUKOM
petenuii siBnsietcs Touka C. CieoBarenbHo, B 3TOH Touke GyHkiws f mpuHuMaet
MakcumanbHoe 3HaueHue. Tak kak C — Touka nepeceuenus npsameix | u 11, To ee
KOOPJIMHATHI YJOBJIETBOPSIOT YPABHEHUSM 3TUX MPAMBbIX:

2%, +4x, =16,
X +3X, =9.

PemmB 3Ty cucreMy ypaBHEHHH, MOMYyYUM X =6, X, =1. Takum oOpazom,
MaKCUMallbHOE 3HaueHue Gpynkuu f =7.

Jlnisi HaXOXKIEeHWsT MHUHHMAJIbHOTO 3HAYCHHUsS LENeBOH (YHKIHMH 3a1add
nepefBUraeM TpsSMYH X +X,=4 B  HalpaBlICHUH, MPOTHBOIOJIOKHOM

HamnpasyieHuto Bektopa C = (1,1). B »aTom ciyuyae mocieaHed TOYKOW SBIISIETCS
TOYKa A.

! Axynma M.JI. Marematuueckoe IporpaMMHpOBaHUE B IPUMeEpax M 3ajadax. Yueb. mocobue. —
2-¢ u3 ., uctp. 1 mon. — M.: Beicm. Ilk., 1993. — 336 c.
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Jlnist onpeneneHrs: KOOPAWHAT pelllaeM CHCTEMY ypaBHEHHA, OTKyaa X, =0,
X; = 3 y fmin=3

Ilpumep 2.3. llpuBectu 3agady JHMHEHHOrO MPOTPAMMHUPOBAHUS K
OCHOBHOM (KaHOHHUYECKOH) opMme:

f=x1+2X,—max,
X1+Xz <6,
3x1+10x, <26,
X1+11x, <20,
X1, X2 >0.

OnpenenuTs KOJUYECTBO OA3UCHBIX JIOMYCTUMBIX PEIICHUW U HaUTH

ONTHMMAaJIbHBIN ILIAH.
Pewenue

[IpuBenenune 3amaud  JuHEWHOro  mporpammupoBanus  (3JIII)
KaHOHUYECKOMY  BHAY  OCYIIECTBIIETCS  BBEICHUEM B  JIEBYKO  4acCTb
COOTBETCTBYIOIIETO0 OrPAaHUYCHUS JOTIOJHUTEIBHON MEPEMEHHOM CO 3HAKOM «-» B
CJIy4ae OTPAHUYEHUS TUIIA «>» U 3HAKOM «1» B CIy4ae OTPAHUYECHHUS TUIA «X).

Takum 0Opa3om, JaHHas 3a/1aya IPUMET BU:

F=Xx1+ 2Xo— max,
X1+ Xo + X3 =6,
3X1+10x, + X4 = 26,
X1+11x, + X5 = 20,

X1, X2 > 0.

PemmmTh 3amady MOXHO MyTEM IIOCIIENOBATEIBHOTO MPUPABHUBAHHUS YaCTH
nepeMeHHbIX N-M k 0. [TockonbKy unciio epeMeHHbIX N=5, a YKUCII0 OTPaHUYCHHUIA,
WCKIIIOYasi TOCJIEAHEE YCJIOoBHEe, M=3, TOoraa K HYJII TPUPABHUBAIOTCS JIBE
NepEMEHHbBIC, KOTOpBIE IO OMpeeICHUI0 Ha3bIBalOTCs HeOa3ucHbIMU. OcTaibHbIE
paccunThIBAEMbIC HEM3BECTHBIE — Oa3UCHBIE.

1) Iycts % =0,X, =0, torma moacrasnss 5Tu 3Ha4€HHUs B COOTBETCTBYIOIIEE

YpaBHEHHE, TTOTYUYUM
040+ X, =6,X, =6,

0+0+x, =26,x, =26,
0+0+x =20, = 20,
f=0+0=0.

2) Ilyctb x1=0, X3=0, Torma
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0+x,+0=6,X, =6,
0+10-6+x, =26,Xx, =26-60,x, =-34,
0+11-6+ X, =20, X, =20—-66, X, = —46.

HOCKOHBK}’ IMOJIYYCHHBIC IICPCMCHHBIC IIPUHUMAIOT OTPHUIATCIIBHBIC
3HA4YCHHUA, 3aJa4da HC UMCCT JOIIYCTHUMOI'O 0a3uCHOTO peuICHU:.

AHanoru4Ho IIyTeM Hepe6opa HeOa3HCHBIX MMCPCMCHHBIX HAXOIATCA 3HAYCHUA
OCTAaJIbHBIX HCU3BCCTHELIX. HOHY‘ICHHBIG PE3YIbTAaThl 3dHCCCHEI B Ta6J'II/IHy 2.1.

Tabmuma 2.1 — Peruenus 3aga4u JUHEHHOI0
NMPOrpaMMHPOBAHUS HA BBIMYKJIOM MHOKECTBE

X1 X2 X3 X4 Xs F
1 0 0 6 26 20 0
2 0 6 0 -34 -46 -
3 0 2.6 3.4 0 -8,6 -
4 0 1,8 4,2 8 0 3,6
5 6 0 0 8 14 6
6 8,7 0 -2,7 0 11,3 -
7 20 0 -14 -34 0 -
8 49 1,1 0 0 3 7,1
9 4,6 14 0 -1,8 0 -
10 | 3,7 15 0,8 0 0 6,7

Takum o0pa3zom, ©3 TaOJUIBI BHUJHO, YTO KOJMYECTBO JOIMYCTHUMBIX
pelIeHuil B JaHHOMU 3a/1aue paBHO O.
OnTuManabHBIM OyIEeT SBISAThCA perieHue X, =4,9,X, =11, npu KOTOpoMm

nesneBast QyHKIMs 1ocTUraer makcumyma - f . =71,

2.1.2 Cummjekc-MeTo/] penieHus 3aa41 JUHEIHOr0 NPOrpaMMHIpPOBaAHHUSA

3agaya JIMHEHHOrO TMPOrPAaMMHPOBAHHUS 3aKIIOYACTCS B  HAXOXICHUHU
ONTUMAJLHOTO pEIICHUs W3 JOMyCTUMOM obOnactu. B mpeapiayiiem pasjene
MIPUBEIECHBI JIBA METOJIa PEIICHUs 3aJayu JIMHEWHOTO mporpaMMmupoBanus. OauH
U3 HUX Tpauyeckuif, a BTOPOW - OCHOBAH Ha MOMCKE Oa3UCHBIX JOMYCTUMBIX
pemennii. O6a MeTona UMEIOT orpannyeHus. ['papudeckuii MeTo ] MPUMEHUM JIJIst
YyuCclia HEM3BECTHBIX, HE mpeBbiaromux N<3. Uto kacaeTcsa BTOPOro MeTo.a, TO
€ro paluoOHAIBHO HCIOJIB30BaTh MPU HEOOIBIIIOM YHCIIE TMEePEMEHHBIX, XOTS
BO3MOYKHOCTEH Y 3TOr0 MeTO/1a O0JIbIIE, YEM Y MIPEABITYIIETO.

[Ilupokoe  pacnpocTpaHeHHWe I pElIeHUus  3aJa4  JIMHEUHOTO
MIPOTrPAMMUPOBAHMS HAIlEe] CUMILIEKC-METO, pa3paboranubiii JIk. Jlanmurom.
DTOT METO/I O3BOJIAET pellaTh 3a7a4u B 3 3Tana:

18



1) onpexneneHre UCXOAHOTO PEIICHHS U IOCTPOCHUE CUMILIEKC-TA0IHUIIBL;

2) TOJyYCHHUE WU ONPEICIICHUE JJOyCTUMOTO PEIICHHMS;

3) ompeneneHue ONTUMAJIBHOTO PEHICHHS IyTeM I0CJIEeI0BATEIBHOTO

YIIYYIIEHUS] HCXOJHOTO BapHaHTa 3a OMPEAECIEHHOE YUCIIO ONIEPALU.

CumIekc-MeTol TPUMEHUM IIPU  CIEAYIOLUIUX YCJIOBHUSX: JIOKaJIbHBIN
HKCTPEMYM HE OTIUYAETCS OT INI0OAIBHOI0; MHOXKECTBO PEIICHUN MPECTaBISET
co0Ol BBIMYKJIBIH MHOTOTPAHHUK; IieieBass (QYHKIMS JOCTUTAeT SKCTPEMyMa B
BEpPUIMHE MHOTOIPAHHMKA; YIJIOBBIM TOYKAM MHOTOIPAHHHMKA OTBEYAET OMOPHBII
IUIaH 33Ja4H.

[Ipy uCHOJB30BaHUM CHUMIUIEKC-METO/Ia B Hayajle CTaHJIapTHas 3aj1ada
JMHEHHOT0 MNPOrpaMMHUPOBAaHUS MPUBOAMUTCS K KAHOHUYECKOMY BHIY. 3aTeM
CTPOUTCS CUMIUIEKC-Tabnua. [lepBoHa4anbHO MOKET OBITh MOJYYEHO Oa3uCHOE
JOMYCTUMOE pellleHne. BMecTe ¢ TeM He MCKIIOYEHA CUTyalusi HEOIyCTUMOTO
pemienusa. Torma mnepexoAsT K NpeoOpa30BaHUIO MCXOMHOM TaOMUUbl IS
nojlyuyeHus: 0Oa3ucHoro jomyctumoro pemieHusd. I[lpu mepexoge OT 0OJIHOTO
OIIOPHOTO IIJaHA K JPyroMy OCYILIECTBISETCS IPOBEPKA  JOCTHIKECHHS
ONTUMAJILHOCTU  1eneBod  ¢yHkuue. Ilpu  mpoBepke  ONTUMAIBLHOCTH
UCITOJIB3YIOTCS CJIEIYIOLNE TEOPEMBI.

IlepBas U3 HUX IJIACHUT, YTO €CJIM JJII HEKOTOPOTO BEKTOPA, HE BXOALIETO B
0a3uc, BBIIOJIHAETCS YCIOBUE

A =z, (2.5)
J ] J

m QE—
rae z; = Zc i3, J=1n, TO MOXHO ITOJyYUTh HOBBI OIOPHBIN IUIAH, JJIsI KOTOPOTO
i=1

3HaUECHUE  1eJIeBOM  (PYHKUMM  YBEIMYUTCS  (MakCUMHU3alMs  KpUTEPHS
ontuMalibHOCTH). IIpy 3TOM paccMaTpuBaroTCs J1Ba Ciiydas:

- €Cclli BCE KOOpAMHATBl BEKTOpa, MOJJIeKallero BBOAY B 0asmuc,
HEOTPHULATEIIBHBI, TO 3a7a4a HE UMEET PELICHNS,

- €ClM MMeeTcs XOTs Obl OJjHa MOJIOKHUTENbHAs KOOpAMHATAa y BEKTOpa,
BBOJMMOIO B 6a3UC, TO MOXHO IMOJIyYUTh HOBBIN OTOPHBIH IJIaH.

Ilo BTOpON TEOpeMe, €Ciau [ BCEX BEKTOPOB BBINOJIHAECTCS YCIOBUE
A; =2;—¢; 20, TO MOJY4YEHHBIN IIaH ABJISACTCSA ONTUMAIbHBIM.

[Ipu mpeoOpa3zoBaHUU CUMILICKC-TA0IHI] BBOMSITCS CICAYIOIINE TOHSTHS:
pa3pelaroil 3JIeMEHT, pa3pellalnas CTpoOKa U CTOJIOEL M JPYrHe 3JIEMEHTHI.
Pazpemaromuii  57€MEHT  HAxXOIUTCA B  CTOJOIE C  OTPUIIATEILHBIMU
koddpunmentamu Cj. OH onpenensercs Kak MUHUMaJIbHOE COOTHOILIEHUE MPaBbIX
gacTell orpaHuueHui Dj ¥ KO3(hQOUIMEHTOB MPH IMEPEMEHHBIX JICBBIX YaCTeH
YCIIOBHH @i

a, = min b (2.6)
a;

ITocne onpeneneHns pa3pellarOIIETO 3JIEMEHTA BBINOJHAKOTCA CIEAYIONINE

OTepaliHy 10 3aT0JTHEHUIO HOBOM CHUMILIEKC TAOJIUIIBI.
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OcymecTBrisieTcss 3aMeHa  CBOOOJHOW  TepeMeHHOW  Oa3ucHOM  Ha
NIEPECEUCHUH Pa3peIaloIero CToa01a U CTPOKH.

Sdeiika pazpeliaromero >JeMEHTa 3arojHAETCS YHUCIOM, OOpaTHBIM
paspenaroineMy J1eMEeHTY:

oy = 35" (2.7)

DJIeMEHThI pa3peliarolieil CTpOKH a8g, W CToi0la 8., B HOBOM Talmulie
BBIYHCIITFOTCS TIO (JOPMYJIaMm:

a, —2m (2.8)

a, = (2.9)

Iie A, M 8y — NPEABIAYINIME 3HAYCHHUS DSJICMEHTOB pa3peliaromeld CTPOKH U
cToJIoI1a.
OcTanbHbIC 3JIEMEHTBI 8,k PACCUMTHIBAIOTCS TI0 BRIPAKCHHIO

A = S — Ganinc ' (2'10)
8

IJI€ ok — OCTAIBHBIC AJIEMEHTHI MPEABIAYIICH TaOMUIBI, Ack U Axck — DIEMEHTBI
paspemaroneii CTpoku H CToidIa, K — HHAEKC OCTaIbHBIX JJIEMEHTOB U3
MHOKecTBa K.

B pesynbpTare ompeneneHHOro yucia MTEparuil TOCTUTAeTCsS ONTUMAIbHOE
pelieHre 3a1a49H.

Ilpumep 2.4. Ilycte TpeOyercs mpousBecTd 2 Buaa mpoaykiuun A u B.
CyMMapHO€ KOJIMYECTBO CHIPbS HAa MIPOU3BOJCTBO MPOAYKIMHU He npeBbimaeT 100
KI. 3aTpaThl HA U3TOTOBJICHUE €AMHMIIBI TPOYKIHUUA A COCTaBIAOT 1 KT, a 3aTpaThl
Ha eAeHMIly. npoaykuuu B — 2 kxr ceippda. Ha wusrortoBinenue mnpomykuuu A
TpedyeTcst 2 4 BpeMeHu, a uzaenuit B — 3 4. MakcumanbHOE KOJMYECTBO BPEMEHU
Ha MPOU3BOJCTBO MPOJYKIIMU B TeueHHe Henenu He npesbimaet 180 u. [Ipuuem
KOJIM4ecTBO 1-# mpoaykmuu JomkHO ObITh He MeHee 20. CebecToMMOCTh
npoaykKiuu A cocTaBiseT 5 JEHEXKHbIX eauHul], a B — 8. Pemwmts 3agauy
CUMILIEKC-METOOM.

Pewenue

CuMIUIeKC-METO ] TO3BOJISIET peliaTh 3a7a4M B 3 dTana:

B mnawame ompenensercs HMCXOMHOE PEIICHUS M CTPOUTCS HMCXOIHAS
cuMIUIeKc-Ta0mma. [Ipy  MoaydeHWH HEIOMyCTHMOTO PeIICHUS HaXOJIUTCS
JONMYCTUMBIN TUTaH. 3aT€M METOJOM TMOCIEIYIOMUX MPUOIKEHUH MO IpaBHiia
npeoOpa3oBaHUs CUMILIEKC-TAOIUIIBI ONIPEACIISIIOT ONTUMAILHOTO PeIlICHHE.

B or1oli 3amade X; — KOJIMYECTBO MPOAYKIMH A, a X2 — KOJHUYECTBO
npoaykiuu B.
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[eneBast pyHKIMS U OTpaHUYEHUSI UMEIOT BU:

F=5x1+8 x2 —>max,
x1+2 x2<100,
2 x1+3 x2<180,
x12>20,
x22>0.

[IpuBeneM HEpaBEeHCTBA U 1ENEBYIO QYHKINIO K KAHOHUYECKOMY BUAY:

F=5x,+8 Xy,
X1+2 Xo+ X3 =100,
2 X1+3 Xo+ X4 =180,
X1- X5:20

X220.

B Ka4ycCTBC 0a3nCHBIX MMEPEMCHHBIX IMpUMEM JOITIOJIHUTCIBHBIC

NEPEMEHHBIE — X3, X4, X5, @ JIPyrM€ HEU3BECTHbIE (HEOA3UCHbBIE NEPEMEHHBIE),
PUPABHUBAEM K HYIIIO,

[IpeoOpa3yem ypaBHEHHS] OTHOCUTENBHO Oa3UCHBIX IEPEMEHHBIX, T.€.

X3=100 — (X142 X)
X2=180 — (2 X1+3 X2)
X5=-20 — (-Xl)
F=0- (-5 X1 - 8 X2)

CocTaBUM UCXOJIHYIO CUMILIEKC-Ta0IuUILy (Tabnwmia 2.2).

Hcxongnoe pemenue 3amaun: X1=0; X,=0; x3=100; x,=180; x5=-20.
Pemenue HemomycTumMo, T.K. CpeJAW 3HAaYEHUW NEPEMEHHBIX OJIHO Xs
ABAAETCA oTpunareabHsiM. ClenoBaTenbHO, HEOOXOAUMO HANTH TOMYCTUMOE
pemienue. Jlnsg pacdera mapaMeTpoB CIEAYIOIIEH TaOMUIBl  OMpenemseTcs
pa3pelaronmi JIEMEHT.

Pazpemaromuii = 37€MEHT  HAXOAWUTCSA [0  NIPaBWIY  ONPEACIICHUs
MHUHHAMAJILHOTO COOTHOIICHUS MEXIY CBOOOHBIM YICHOM M KO3(PGHUIIMEHTOM TIPH
CBOOOJIHBIX MEpeMEHHbIX. Pasperraromuii anement ap=-20 / -1=20

Tab6muna 2.2 — UexoaHas CUMILIEKC-TA0 M1

paspellaoLmnin ctonbeu

Ba3I/ICHI)I€ NEPEMECHHBIC CBO60,HHI)I€ YJICHBI CBOGOI{IHHe TMCPEMECHHBIC
X1' X2
X3 100 1 2
Xa 180 2 3
————————— Xs -20 -1 0
f 0 -5 -8
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Ha ocHOBaHMM »neMeHTa ap BBIACHSETCS paspelmammas CcTrpoka Hu
pazpemarontuii  cronoern. Takum o0pa3om, Tabiuia JeauTcs Ha 3 BUla
2JIEMEHTOB:

— JIaHHBIC pa3penIarolIero cTooa;
— JIJaHHBIC pa3pelIaoNIEh CTPOKH;
— OCTaJIbHbBIC JITAHHBIE.

Kaxmoe cumriekcHoe mmpeoOpa3oBaHre CUCTEMbI CBOJUTCS K MEPEXOAy OT
OJIHOM CUMILJIEKCHOM TaOuuIlel K apyroi. Ilepen 3amoinHeHnEeM HOBOM CHMILIEKC-
TaOJUIIBI OCYIIECTBIISIETCS 3aMeHa  Oa3MCHOM IepeMEHHOM Xs HeOa3uCHOM
HEU3BECTHOM X1 Ha TMEPECCYCHUH pa3pelalliero crojdia ¥ CTpokh. Takum
oOpa3oMm, TIepeMEHHas X; CTAaHOBUTCA Oa3UCHOM, a Xs — CBOOOJHON WU
HeOa3HMCHOM HEM3BECTHOM.

[Tepexoa KO BTOpOW CUMILIEKCHOM TaOJIMIIE BBITIOIHSAETCS COTJIACHO
cieayromeMy nmpasuiam (2.6)-(2.10):

- STYEHKA MOCIEIYIOIIEr0 PA3pEIIAOIIEro IEMEHTA

ap=1/-1=-1;
- 3JIEMEHTBI Pa3pEIIAONICH CTPOKHU:
a=-20/-1=20 u a.,=0/-1=0;
- DJIEMEHTBI Pa3peIIaAIIEro CToI01a:
au=-(1/-1)=1, a,,=-(2/-1)=2 u a,,=-(-5/-1)=-5;

- OCTAJIBbHBIC JJICMCHTHI CHMHJ’ICKC-Ta6HI/II_[bII

1.(-20
aonzloo—M:BO,
2-(—20)
a, =180—-———==140,
a, _O_M:mo’
a _2_—1x0:2,
-1
a, _3_2><O:3’
-1
i =_8_w=_8
-1

Ha ocHoBe Brruncnenuit chopMrpoBaHa HOBasi CUMILIEKC-Ta0IuIIa.

Urak, monyueno nomyctumoe pemeHue, X1=20; X2=0; x3=0; x4=80;
Xs=140. Bmecte ¢ Tem noayueHnoe pemenue npu f=100 He saBnsercs
ONTHMAJLHBIM, MOCKOJBKY BO3MOXHO YyBEJIHWYCHHE IEJIEeBONH (YHKIUH
BBUJIY OTPUIATEIIbHOCTH CBOOOJHBIX IEpEMEHHBIX B cTpoke f.
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Tabmuna 2.3 — CuMnJiekc-Tadauia nepBoii uTepanun

Basucueie CBobonHbIE CBoOoHbIE
IIePEeMEHHBIC YJIEHBI IIepeMEHHBIC
X5 X2
X3 80 1 2
X4 140 2 3
X1 20 -1 0
f 100 -5 -8

HOBTOMY Ha OCHOBC IIpaBHJI HpCO6p&30BaHI/I}I SJICMCHTOB CUMIIJICKC-
Ta6JII/II_II)I HaxoauTcCs CJICAYIoIIasa BEPIINHA MHOTOI'PaAaHHUKA WUJIW JOITyCTUMOC

pelieHue.
Pa3pemarommii  3J1eMEHT HaXOJUTCA B CTOJNOLE C OTPULATEIbHBIMU

ko3 uieHTaMu TpU TMEpPEMEHHBIX LeneBoi (QyHkuuu. B ganHOM ciydae
pasperiaronmM  3JIEMEHTOM SBJsieTCs uucio 2 (Tabmuma 2.3), BBIIEICHHOE
MOJTY>KUPHBIM HIPU(TOM.

CormacHo mpaBwiaM  NpeoOpa3oBaHMs  pa3peIIAIOLIEro
paspemaoneil CTPOKH, pa3pelIaroniero CToja0Ia U OCTAJIbHBIX 3JIEMEHTOB

MOJTy4YeHbI TaOIuIe! 2.4 u 2.5.

3JIEMCHTA,

Ta6muma 2.4 —CumnJiekc-Tadauna BTOPOoii uTepannu

basucunie CBo0OoHbBIE CBoOoaHbIe
MepeMEeHHbIE YJIEHBI nepeMeHHbIe
X5 X3
X2 40 0,5 0,5
X4 20 0,5 -1,5
X1 20 -1 0
f 120 -1 4

Tabnuna 2.5 —Cumiiekc-Tad/Ma TpeTbeil uTepanun

Bbasucunie CBo0OoaHbBIE CBoOogHbIe
MepeMEHHBIE YJIEHBI TIepEeMEHHBIE
X4 X4
X2 20 -1 2
X5 40 2 -3
X1 60 2 -3
f 460 2 1

OntumanbHOE pelIeHUe JOCTUTHYTO B Clydae, KOT/ia MepeMEHHbIE TPUMYT
cieayromue 3HadeHus: X1=60; Xp=20; x3=40; X4=0; x5=0. IIpu sTom
fmax=460 JgcHEXHBIX eaMHUIl. MaKCUMyM TpUOBLIM JIOCTHraeTcs IpHU
npou3sBojicTBe 60 u3aenuii A u 20 - npoaykuuu B.
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2.1.3 JIBoiicTBeHHAas 3aa4a JIMHEITHOT0 MPOrPAMMHUPOBAHHUS

Kaxnoli wcxomHo#W 3amave JMHEHHOro mporpamMvupoBanus (2.1)—(2.3)
CTaBUTCS B COOTBCTCTBUE ABOMCTBCHHAS 3a/1a4a:

g(Y):Zbiyi — min(max) , (2.11)
Zagyi >c;, jed (2.12)
50, el (2.13)

[Ipu nmocTpoeHur BOMCTBEHHOW 3aJa4d BBOJSATCS HOBBIE NEPEMEHHBIE Vi,
KOTOpPBIE HA3bIBAIOTCS JBOWCTBEHHBIMH WM OOBEKTUBHO OOYCIIOBICHHBIMHU
OILICHKaMH.

Ecnu neneBast pyHKIUs UCXOTHOM 3aaud MaKCUMHU3UPYIOT, TO KPUTEPHA
ONTUMAJILHOCTU  JIBOMCTBEHHOM 3aJaud  JOJDKEH JOCTUraTh MUHUMYyMA.
HepaBenctBa Buma «<» 3agaun (2.1)-(2.3) 3aMCHAIOT CHMBOJIOM &2
JIBOMCTBEHHOM 3a/1a4u.

Ncxonnas matpuma Kod(PQPUIMEHTOB NPH HEM3BECTHBIX B JICBBIX YaCTAX

OrpaHUYEeHHUI MCXOJIHOM 3aaaun A npeoOpa3yroT B TPAHCIIOHUPOBAHHYIO MATPUILY
AT:

&, 8, 8y,

A| B B o B | (2.14)
B -
all a‘21 aml

AT: a12 a22 a'm2 ) (215)
A a e a

Hucino mepeMeHHBIX B JIBOMCTBEHHOW 3aadye€ COOTBETCTBYET KOJIMYECTBY
OTrpaHUYEeHUN MCXOJHOM 3aJlayu, a YUCJIO OorpaHuyeHuit (2.12) paBHO KOJIUYECTBY
HEU3BECTHBIX UCXOHOM 3anaun. KoaduumentaMu npu HEU3BECTHBIX B LIEJIEBOM
(GbyHKUIMU TBOWCTBEHHOMW 3a7aui SIBJSIOTCA MPaBble YACTU OTPAHUUYEHUN UCXOTHON
3amaun. [IpaBbie e yacTu YCIOBUM JABONMCTBEHHOM 3a/laud MPEICTABISIOT COOOM
KO3 PUIIMEHTHI TPU HEM3BECTHBIX 11€J1IEBOM (DYHKIIMHM UCXOIHOM 3a]1auH.

KaxnoMmy orpaHnueHHiO OJHOW 3aJladyd COOTBETCTBYET OJIHA INEpEMEHHAas
apyrov 3amaun. I[Ipm >TOM HOMEp MNEPEMEHHOM COBIAAAET C HOMEPOM
orpaHnyeHus. HepaBeHCTBy, XapaKTEPU3yeMOMY CHMBOJIOM «<», COOTBETCTBYET
IIEpEMEHHAs, CBSA3aHHAsg C YCIOBHEM HEOTPULATENBHOCTH. JlJIsI paBEeHCTB B
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OTPAaHWYCHMSIX MCXOJHOM 3a1a4d IEPEMEHHAs JBOWCTBEHHOW 3aJa4M MOXKET
MIPUHUAMATh KaK MOJIOKUTEIIbHbIC, TAK U OTPULIATEIIbHBIE 3HAYCHUS.

[lappl  NBOWMCTBEHHBIX 3a/lad  MOTYT OBITb CUMMETPUYHBIMU U
HECUMMETPUYHBIMU. B  cHMMETpUYHBIX 3aJayaX CHUCTEMbl OrPAHUYECHUUN
MPeACTaBIAIOT coO0M HepaBeHCTBa. KpoMe TOro, Ha IBOMCTBEHHbBIE MEPEMEHHBIC
HaJjaraercs YCJIOBUE HEOTPULIATENIBHOCTH. B  HECMMMETpHUYHBIX 3ajadax
OTPaHUYECHHUSI MCXOJHOW 3a/1aud UMEIOT BHJI PABEHCTB, a4 YCJIOBHUS JABONCTBEHHOM
3a7a4u 3aJar0TCsl HEpaBeHCTBaMU. [Ipu 3TOM mepemMeHHbIe IBOMCTBEHHOW 33]1a4u
MOT'YT IPUHUMATh MOJIOKUTEIIbHBIE U OTPULIATEIIbHBIC 3HAUCHUSI.

Mexny pemenusmMu ucxouon (2.1)-(2.3) u aBolicTBeHHOM 3amaum (2.11)-
(2.13) umerotT Mecto 3aBucHUMOCTH. OHA U3 JIEMM TJIacHUT, eCil X — HEKOTOPBIH
IJIaH UCXOJHOM 3ajaud, a Y — MPOM3BOJIbHBIN IUIAH JBOWCTBEHHOW 3aJaydd, TO
cupase o HepaBeHCTBO f(X)<g(Y). [Ipu 3TOM B MCXOHOM 3a1a4ue ONpeaesaeTCs
MaKCUMyM I1ieJieBOM (YHKIUU, a B JIBOWCTBEHHOW — MHUHUMAaJIbHOE 3HAUYCHUE
kputepus ontuManbHoctd. Cormacho Bropoi nmemme npu f(X)=g(Y" ) X" u Y~
ABJISIIOTCS] ONTUMAJIbHBIMU IJIAHAMH UCXOJIHOW U IBOMCTBEHHOM 3a/1a4.

Kpome npuBeneHHBIX JEMM CIIpaBEIUBEI AB€ TeopeMbl. [0 nepBoii U3 HUX,
€CJIM OJHA U3 3aJ]a4 UMEET ONTUMAJbHBIN IJIaH, TO U APYras UMEET ONTUMAaIbHBINI
IJIaH, a 3HAYEHMs 1LENEeBbIX (PYHKIUN TpU ONTUMAJBHBIX IUTAHAX HCXOJHON H
JIBOMCTBEHHOM 3a7auu paBHBL. [Ipudem, ecnu neneBas GyHKIMS OAHOW U3 TMaphbl
JIBOMCTBEHHBIX 33/1a4 HE OTpaHUYEHA CBEPXY, TO Apyras 3aJadya He UMEET IIJIaHOB.

Bropas Teopema riacut, uto miaHsl X u Y  SBISIOTCS ONTUMAJbHBIMH
TOT/Ia U TOJILKO TOrJa, KOTIa JJIs JIFOOBIX j =1,n BHINOJIHAETCS PABEHCTBO

[iaijy:—cl)x? =0. (2.16)
i=1

[lepemeHHbIe Y;i TPEACTABISIOT COOOW OILICHKH BJIMSIHUS TIPaBbIX YacTen
OTFPaHWYCHUN WCXOMHOM 3aja4u D Ha oNTUMAaBHBIN TJIaH JTBOMCTBEHHOM 3a1a4H.
[Ipu 5KOHOMUYECKON MHTEPHPETALMUA JBOMCTBCHHON 3a]a4y 3TU OLEHKH JTOJLKHBI
OBITh TAKUMH, 4YTOOBI OOIasi OIEHKA CBIPHS, MCIOJB3yEeMOTO Ha IMPOU3BOJICTBO
CMHMIIBI TPOTYKIIUK KaXKJI0OTO BHJIA, ObIJIa HE MEHBIIIE IICHBI SIUHUIIBI POTYKIIHH
JAHHOTO BUAA Cj. 31eCh CleayeT MMETh B BUAY Mapy JABOWCTBEHHBIX 3aJad, B
KOTOpOH T1ieneBass (PyHKIMS WCXOAHOW 3a7a4d OIpPEACISIeTCS Ha MaKCUMyM, a
KPUTEPUN ONTUMAJIbHOCTH JBOMCTBEHHOM 3a/1a4M JOCTUTaeT MUHUMYMa.

Ilpumep 2.5. JIng 3a1a4u, cocrosineld B MakcuMu3anuu GyHakuun f=4x;+X;-
4X3 TIpH YCIOBUSIX
2X, — X, + 4%, <12
X, +3X, —2X, =13
2%, +5X%, —6%, <11

Xy Xy, X3 20

chOpMyIMpPOBATH IBOMCTBEHHYIO 3a/1a4y.
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Pewenue
B nauane npeobpazyem maTpuily Ko3pGUIIMEHTOB MPH HEM3BECTHBIX JICBON
JaCTH OTPAHUYCHHI UCXOTHOM 3a/1auH:

2 -1 4 2 1 2
A=1 3 -2|,A"=-1 3 5|.
2 5 -6 4 -2 -6

Torma orpan4eHus ABOMCTBEHHOM 3a1a4y IPUMYT BUJT
2y, +Yy,+2y, =24
-y, +3y, +5y, >1
4y, -2y, -6y, >4

Y, Y; 20
Hcnonp3yss npaBble 4YacTM OrpaHUYEHUN HCXOAHOW 3aJa4d HETPYIHO
ompenenuTh 1eneByto ¢yakmuio  g(Y)=12y;+13y,+11y;, KoTopas JIOJDKHA
JOCTUTHYTh MUHUMYyMa.

2.1.4 PemieHue 3aJa4M JIUHEHHOT 0 MPOrPAMMHUPOBAHNS € UCI0JIb30BaAHHEM
nporpamMmmHoro npoaykra MS Excel

[locTaHOBKY ¥ pelIeHHE 3ajladyd JUHEWHOrO0 MPOrpaMMHUPOBAHUS C
nomoibio MS Excel paccmoTpuM Ha ciemyroieM mpumepe.

XO035UCTBO CHEUHAIM3UPYETCS B TOJIEBOJICTBE Ha IMPOU3BOJACTBE 3€pHA,
oBoiei u kaprodens. Cenbckoxo3aicTBEHHOE npeanpustue pacnonaraetr 3200 ra
MamHu, TpyIoBbIMU pecypcamu - 7000 dem.-gHE W MUHEpaJbHBIMU
ynoopenusimu - 15000 1m.a.B. TpeOyercss HaTH Takoe COYETAaHHE ITOCEBHBIX
TI0IIAeH, KOTOpoe oOecrieursio Obl OMyYeHHEe MAaKCUMyMa TIPUOBLITH.

Crnenyer yuecTb, UTO

— TUIOIAJb MOCEBA OBOIIEH M KapTodess He N0 KHA MpeBbIaTh 25% o011eit
TUTOIIAM TAIHHU;
— XO3SIICTBOM 3aKJIIOUEH JJOTOBOP Ha MPoJIaxy 3epHa B 00beme 65000 11.

s pa3paboOTKu  SKOHOMHUKO-MAaTEMaTHYECKOM MOJenu HeoOxoauma

NIOJIrOTOBKA BXOHOM HH(popMaruu (Tadmwia 2.6).

Tabnuna 2.6— JlanHble A5 NOCTPOEHUS MO/IeJIH pa3MelleHusl 0CeBOB

CenbCKOXO0351CTBEHHBIE KYIbTYPBI
[Tokazarenu

3epHOBBIE oBolM | KapTodennb
YporxxaltHOCTB, 11/Ta 26 200 180
[lena peamuzaruu 1 11 mpoaykiuu, pyo./1t. 980 2500 2000
CToMMOCTh TOBApHOM NpoayKuuu ¢ 1 ra, pyo. 25480 500000 360000
3arpatsl Ha 1 ra: MJIC, ThIC. pYO. 2,7 12,7 3,1
TpyZa, Yell.-THEH. 1,5 4,5 1,5
MUHEPATBHBIX YIOOPESHHIA, I1.11.B. 2 15 2,3
[Tpu6sLIE C 1 Ta, pyod. 2,89 7,93 3,63
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3a HEM3BECTHBIE IPUMEM IUIOLIAIH ITOCEBA CEIBCKOXO03MCTBEHHBIX KYJIbTYP
10 BUAAM:

X1 - 36pHOBBIX KYJIBTYP;

X2 — OBOILIY;

X3 — KapTo(deb.

Jl1s TOCTpOEHMSI 5)KOHOMUKO-MATEMAaTHIECKON MOJIENN 3aJa4l HEOOX0IUMO
y4ecTb BCE YCJIOBHMs. B TaHHOM ciydae, IO 3TUM YCIOBHSAM MOKHO COCTaBUTH
IIATh OTPaHUYECHUN.

CymMa 1miomanei moceBa CeNbCKOXO3SMCTBEHHBIX KYJIbTYp HE JOJDKHA
IPEBBIIIATH IUIOMAAN, uMetoleiics B xo3siicTe (3200 ra). Koad punmnentamu npu
HEU3BECTHBIX B 3TOM OIPAaHWYEHUU XapaKTEpHU3YIOT pacxoi NamHu Ha 1 ra
KOKIOW CEINbCKOXO3AMCTBEHHOW KyJbTYypbl. B 1TaHHOM ciydae TEXHUKO-
HKOHOMHUYECKHE KOAIP(QUIIMEHTHI 0 HEM3BECTHBIM OYIyT paBHATbCS equHule. B
IPaBOM YaCTHU 3allMChIBAeTCs 001as IUIOMIA/lb NaIIHU

X, + X, + X; < 3200.

1. CymMma miomiaiedd moceBa oBOIICH U KapTodesst He TODKHA MPEBBIIIATh
TUIOIIAN, KOTOpask MOXKET ObITh oTBeneHa st »Tou nenu (3200x0,25=800 ra).
Kosdbdummentamu npu HEU3BECTHBIX B OSTOM OrPAHHMYCHUM XapaKTEPU3YIOT
pacxo/ MairHu, OTBEJICHHOMN MOJ] TOCEBBI OoBoIel u kapTodens Ha 1 ra. B nanaom
clly4ae TeXHUKO-dKOHOMUYECKHE KOAI(DPUITUEHTHI 110 HEM3BECTHBIM X2 M X3 OyayT
PaBHATBLCS CIAMHHIIC, a 10 3¢PHOBBIM KYJIbTypaMm (X3) - HyJl0. B mpaBoi wactu
3aMUChIBACTCS MaKCUMajbHas IUIONIAb TMAIllHU, KOTOpas MOXET ObITh OTBEJEHA
MO/ TOCEBBI OBOIIEH U KapTodes

X, + X3 <800.

2. TpeTbe M UYETBEPTOE OTPAHUYCHHUS TApPAHTHUPYIOT, YTO HCIOIH30BAHHUE
TPYJOBBIX PECYPCOB M MHUHEPAIBHBIX YAOOPEHUN HE MPEBBICUT UX HAIMYUE B
x034icTBe. Jpyrumu ciioBamu, cyMMa MPOU3BEACHUN HOPM 3aTpat pecypcoB Ha 1
ra Ha IUIOIIAgy IOCEBA COOTBETCTBYIOLIUX CEJIBCKOXO3SIMCTBEHHBIX KYJBTYp HE
JIOJKHA TIPEBBIIATE 00BEMOB PECYpPCOB, UMEIOIIUXCS B CEIbCKOXO3SHCTBEHHOM
npennpustud. Koapdunuenramu npu HEU3BECTHBIX B 3TUX OTPAaHUYEHUSAX OyayT
ABJIATBCSL HOPMBI pacxojla PEeCypcoB (B TPETbEM OIPAHUYEHUH — TPYIOBBIX
pECYpCOB, B YETBEPTOM — MHUHEPAJIbHBIX ya0oOpeHHil) Ha 1 ra muomaau mocesa
CEJIbCKOXO3SIICTBEHHBIX KYyJbTyp. B JaHHOM ciydae TEXHUKO-PKOHOMHYECKUE
ko3 puIeHTsl B3AThl U3 Tabnuibl 1. B mpaBoil yacTu 3amuchiBaeTcs HaJIU4YUe
ATUX PECYPCOB B XO3SMCTBE:

1,5%, + 4,5x, +1,5x, < 7000,
2%, +15x, + 2,3%x; <15000.

3. [IaToe orpaHuueHHE TapaHTUPYET MPOU3BOJCTBO 3aIUIAHUPOBAHHOTO
o0bema 3epHa. B kauectBe K03(h(PULMEHTOB NpU MEPEMEHHBIX BBICTYNAET BBIXOA
3epHa ¢ | ra niuomany nocesa CeabCKOX03IMCTBEHHBIX KyabTyp. [Ipu HEM3BeCcTHOM
X1 9TO YPOKaWHOCTh 3€pHOBBIX (Tabmuma 2.6). [Ipu mepemMeHHBIX X2 UM X3 ITOT
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K03 UIIMEHT paBeH HyIN0. B mpaBoil yacTH 3amucChbIBaeTCs IUJIaH MPOU3BOJICTBA
3epHa

26x, > 65000.

B pesynbTaTe moiayudeHa cucTeMa MATH JUHEHHBIX HEPABEHCTB C TpeMs
HEU3BECTHBIMHU. Tpebyercs HaWTH Takue HEOTpUIATEIbHBIE 3HAYCHHUS ITHX
HEU3BEeCTHBIX X1>=0; x,>=0; x3>=0, KoTOpbIC OBl YAOBIECTBOPSIN JAHHOU CUCTEME
HEpPaBEHCTB U OOECHeYMBaIM TMOJIYyYEHHE MaKCUMyMa MpUOBUIA OT OTPaCiH
pPacCTEHUEBOACTBA B LIEJIOM:

f =2,89% +7,93x%, + 3,53, — max.

B kaudectBe KO3(Q(UUIMEHTOB NpPHU HEU3BECTHBIX B LENEBOM (PYHKIIUU
BBICTYNIaeT  NpuObBUIb, TOJydyaemas ¢ 1 Tra  IUIOMIaAd  IOCEBa
CEJIbCKOXO3SIICTBEHHBIX KYJIBTYp. DTH KO3(P(ULIHUEHTHI pACCUUTAHbl HA OCHOBAHUH
JTAaHHBIX TaOIUIE! 2.6.

[TockonmbKy nHaHHas 3amava pemraercs ¢ nomompro MS Excel, to u
HNOJrOTOBKY BCEl BXOAHOW uWHGOpMalUuu i IHOCTPOCHHUS SKOHOMMKO-
MaTeMaTUYeCKOM  MOJAENM  LEJecOo00pa3HO  OCYHIECTBIATH  Takke  C
UCIOJIb30BAaHUEM 3TOr0 TaOJIMYHOTO IMpoueccopa. IJTO oO0Jerdaer He TOJBKO
pacdeTbl TEXHUKO-3KOHOMUYECKUX KOA((PUIIMEHTOB U APYTUX JAHHBIX, HO U JAET
B JajbHEHIIeM BO3MOXKHOCTb ABTOMATUYECKOTO OOHOBJIEHMsS WH(pOpMalUU B
HKOHOMHMKO-MATEMaTHYECKON MOJEIH.

Best paspaboTtannas uHpOpManus CBOIUTCA B PA3BEPHYTYHD SKOHOMHKO-
MaTeMaTHYECKYIO MOJIEIb M 3aHOCUTCS B pabouuii et MS Excel (puc. 2.2).

B cronbust A («Ney), B («Orpannuenus»), C («Egununel nusmepenus») u H
(«Tumn orpaHvyYeHUI») BBOJAATCS COOTBETCTBYIOIIME JaHHBIE HEMOCPEICTBEHHO B
mMonenb (pucyHok 2.2). OHM HE HUCHONB3YIOTCS B pacdeTrax U CIyKar s
MH()OPMATUBHOCTH U OOJIErYyeHusl MOHUMaHus coaepxkanus moaenu. B cronber |
(«Pazmep orpanmveHwil») BBOIATCS CCBUIKM Ha SYCHKH, COJAEpIKaIIUe
COOTBETCTBYIOILIYIO Ha3BaHHUIO CTOJIONA MH(GOPMALMIO (3HAUEHHUS MPaBbIX YacTel
IIOCTPOEHHBIX PaHEE HEPABEHCTB).

JUis 3Ha4yeHW NEepeMEHHBIX X1, X, X3 OBUIM OCTaBJIEHBI MYyCThIE
sueiiku - coorBerctBeHHO D11, EI11, F11. HM3navaneHO mycThIE SYEHKH
nporpamma MS EXxcel BocmpuHUMaeT Kak sSYCHKH, 3HAYEHHE KOTOPBIX PAaBHO
Hymo. Cronbeny G, Ha3BaHHbIN «@opMmyJiay, NMpeaHA3HAYEH AJIA ONpeneNeHUs
CYMMBI ITPOM3BEICHNI 3HAUEHUH MCKOMBIX HEeM3BeCTHBIX (stueiiku D11, E11, F11)
U TEXHUKO-DKOHOMHYECKHX  KOI(PPUIMEHTOB MO  COOTBETCTBYIOIIUM
orpaHu4eHusiM (cTpoku 5-9) u neneoi GyHkuuu (crpoka 10).
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Q3 - fe

=

1
12

— KOJIMYECTBO HCIONB3YyEeMBIX pecypcoB (sueiika G5 — olmieil tutommanu
noceBoB; G6 — mamHM, KOTOpas MOET OBbITh HCIOJb30BaHA IIOJl IOCEBbI

TabnuyHanA 3anKck YWCNOBOA MOLENKW 330a4K ONTHMWIAUAN CTRYKETYREl NOCEBHEIX I'Il'IDLLI,E,.'J,Ef-i

= - B E I
s | = = : = |z
= X X i3 e: =) F 3
1 IInomwant NoCEEOE ra 1 1 1 0,00 == 3200
TInowane TeXHIHECKIX
2 EYIETYD ra 1 1 0,00 <= 800
3 3aTpartel TpYOA - THH 1.3 45 1.5 0,00 <= 7000
4 Mim yoobpemia IIOE. 2 15 23 0.00 o= 15000
5 |BanoBoe NpOMIEOOCTED 3€pHA| I 26 0.00 = 65000
TTpubEIE pyo. 2.89 793 3,53 0,00 Max
PesyIETaTe peleHnd 2anaun

Pucynok 2.2 — Tabiu4Has 3anUCh 321241 ONITUMHU3AIUH

CTPYKTYPHI NNOCEBHBIX mJjiomaaen

Taxum 06pazom, B ctosndue G onpenensercs:

TeXHUYECKUX KynbTyp; G7 — TpymoBeix pecypcoB; G8 — wmuHEepanbHBIX
ynoOpeHuit);
— KOJIMYECTBO MPOU3BEICHHOTO 3epHa (siueiika G9);
—BeynurHa npuobLH (stueiika G10).
G5 A F | =CYMMMNPOM3B(D5:F5;5D0511:5F511)
A B C D E G H

—_

"
12

TabnwyHan 3anuck YWCNOBOA MOJENW 33434 ONTHMH3AUNK CTRY

/Pel NOCEBHLLIXK I'IJ'IDLLtE,.'J,EH

g o = g g =5 =

5 2 2 - 2 =

g | 2 g 5 2 = 2 &

'_x___; X X2 X3 é :E E E—

1 IInomwant: NoCeEoE ra 1 1 1 0,00 <= 3200
TInolwane TeXHTeckIin

2 EVIETYD ra 1 1 0,00 <= 800

3 3arpaTH TpYVOa Y- THH 1.5 45 1.5 0.00 <= 7000

4 Nim yoobperma U.I.E. 2 15 23 0,00 <= 15000

5 |Banogoe NpoH2EOOCTEOC 2€pHA| 0 26 0,00 == 65000

TTpubrum pvh 2.89 7.93 3.53 0.00 Max
PezymeTatu pemieHna 3agaun

Pucynok 2.3 — @parMeHT Ta0JHYHOM 3aMCH 1JIsI 321a44 ONTHUMU3ALMM CTPYKTYPbI

NOCEeBHLIX IJIOIIANEH
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Ha pucynke 2.3 mokasaHo, kak B siueiike G5 peanm3yercs 3amuch CyMMBI
MPOU3BEJCHUIN 3HAYCHUH MepeMEHHBIX (IUIOIIaiel ToceBa C.-X. KyJIbTyp - sSTUeHKU
D11, E11, F11) nHa coorBercTBytomue kodddunuentsr (sueriku D5, E5, F5) ¢
nomotneio Gpynknuu MS Excel « CYMMITPOU3By». Tak kak npu HalMCaHUU
JaHHOW (POpMYJIBI MCIIOJIB30BaHbl a0COJIOTHBIC apecanuu Ha sdeiiku oT D11 mo
F11, ata ¢popmysna MoxeT OBITH CKOITUpOBaHa B aApyrue sueiiku ot G6 go G10.

Takum o0Opazom, MOCTPOECH OMOPHBIN MIaH (puc. 2.3) U MOIYyYEeHO TEPBOE
JOMyCTUMOE pelIeHre. 3HAYCHHUSI HEU3BECTHBIX X1, X2, X3 PaBHbI HYJIO (SUCHKH
D11, E11, F11 - nmycthie siueiikn), staeiiku ctonomna G «Cymma mpou3BeeHU 110
BCEM OrpaHUYCHUSIM (CTpokaM 5-9) u ueneBoit ctpoke (cTpoka 10) Takke UMEIOT
HYJICBbIC 3HAYCHHSI.

DKOHOMHUYECKAasi HWHTEpIIpeTalusi TMEpPBOTO OMOPHOTO IIJlaHAa 3BYYHUT
CJIEAYIONIMM 00pa3oM: B XO35UCTBE UMEIOTCSI PECYPChI, PACCUUTAHBI BCE TEXHUKO-
PKOHOMHYECKHE KOA(DOUIIMEHTH, HO TMpOIlecC IMPOM3BOJCTBA €II€ HE Hayar;
pecypchl HE UCTIOIB30BANIUCH, U, COOTBETCTBEHHO, TPUOBLIH HET.

Jns onTUMU3alMU UMEIOIIETOCA IUJIaHAa BOCIOJIb3YEMCSI HHCTPYMEHTOM
Iouck peumeHus, KOTOPbIM HaxoAUTCa B MEHIO «/laHHbIe». Eciu HeT Takou
KOMaHJbl B MeHIO JlaHHble, HeoOxoqumo B MeHio Daiin — Ilapamerpsni -
Hancrpoiika nocraButh ramouyky HanpotuB «Ilomck pewmenusp». Ilocie storo
JTaHHAsI IPOLIe/lypa CTaHET JOCTYITHOW B MEHIO «/laHHBIe.

[Tocrne BbIOOpA JAaHHON KOMAHIbI MOSBUTCS HAJIOTOBOE OKHO (pHc. 2.4).

MapaMeTpsl NOMCKA PEWEHWA x
ONTHMHEHMPOEATE UWENEEYHY dyHKLHKD! R
Ao @ MakoHyM ) MEHEMYM ) 3HaHEHHA:
MzMEHAA AYEHKH NEpEMEHHE!
$DF11:$FE11 R
4
E B COOTEETCTEMM C OFPaHHHEHHAMK:
$0$11:3F$11 >=10 | |
oBaEMTE
1GE5:4G48 <= 41654146 e
$G5$9 == $I49
| MzmerHTE |
B | ¥AanHTE |
E | COpoOCHTE |
] | JarpysHTE,/COXPaHMTE |
B V] CaenaTe nepeMeHHble BES OFPAHHYEHHE HEOTPHLATENEHBIMA
- EcifepHTe n . |z|
METOA DEWEHA! OMEK PEWEHMA MHHERHEIX 38,884 CHMMNSKC-METO80mM | MapameTpe! |
N MeToa peweHHa
h ANA rnaskkx HENHHERHER: 33434 HCNONESYHTE NOMCK PEWEHHMA HENMHENHE!X 33834 MeTaaom O,
ANA AHHEAHER: 33434 - NOMCK PEWEHHA NHHERHEIX 33434 CHMANSKC-METOACH, & ANA HEMNAAKHE
_ 33434 - SE0NFLHOHHEIR NOMCK PELIEHHA,
[rompmmne ] [ oo

Pucynok 2.4 — JlnanoroBoe okHo HaacTpoiikn «Ilonck pemenus» B MS Excel

[lockonbKy B KayecTBE KpUTEpUs ONTUMHU3ALMM HaMH  BbIOpaHa
MakCUMHU3alMs NpUObUIM, B TMOJ€ «YCTAHOBHUTH IeJIeBYI0  SAYEHKY
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(onTUMHU3MpPOBATL LEJIEeBYI0 (PYHKUMIO)» BBEIUTE CCBUIKY Ha S4YEUKY,
cozepikainyo Gopmyiay pacdera npuObUA. B Hamem citydae 3to siueiika $G$10.
UTtoObl MaKCHUMM3UpPOBATh 3HAYCHUE KOHEYHOW SYEHKH TMyTeM H3MEHEHUs
3HAYCHUN BIMSIONIUX SYEEK (BIUSIOMIMMHU, B JAHHOM CIIy4ae 3TO U U3MEHSEMbIC
AYEUKHU, SBISIIOTCS SYEHMKH, KOTOpPBIE NMPEAHA3HAYEHBI [JI1 XPaHEHUsS 3HAYCHUU
UCKOMBIX  HEW3BECTHBIX), IMEpeKItoyaTelb  YCTAaHOBUTE B  IOJIOKEHUE
MaKCHMAJIbHOMY 3HAYEHUIO.

B none «U3MeHsisT A4YEeHMKH IePeMEHHBIX» BBEAUTE CCBUIKM Ha
U3MCHSEMBIC SUYCHKU, pa3lessis WX 3alsaThIMH; JH00, eClIu SYCHKH HaXOMSATCS
PAIOM, YKa3blBas MEPBYIO W MOCHEOHIO SYEHKY, pa3feisisd HX JIBOETOYMEM
(PD$11:3F$11).

B nosie «B co00TBEeTCTBHM ¢ OrPaHMYEHUSIMHU» BBEAUTE BCE OTPAHUYCHUS,
HaKJIa/JbIBa€MbIe Ha MOUCK pelieHus. J{obaBieHrne orpaHUuYEHHs] paCCMOTPUM Ha
npuMepe 100aBICHHS IEPBOTO OIPaHUYEHUS IO OOIIEH MIIOIIa iU MaTHH.

B pasgene «B coOTBeTCTBMM € OrpAaHUYEHMSMH» JUAJIONOBOIO OKHA
«Ilouck pemenusn» Haxmure KHONKy JlodaBurh. IlosBUTCS crhenyromee
JIMAJIOroBOe OKHO (puc. 2.5)

[Tojpeo:

DIpaHHYEH

ISl

L]

Popmyna
Tui orpan
Pasnaep w1

—
=]
[=]
=]
o
Il
]
(]
=
o]

—| Cobinka Ha AYelikK OrpaHHYEHHE:

m S | =[] |-tus £

1w (s ] [ o ]
117 "1

Pucynok 2.5 — ®@parmeHT pemieHus 3a1a4M JMHEHHOro NpOorpaMMHPOBaHHs B HA/ICTPOJiKe
MS Excel «ITouck pemeHus»

B none Ccebliika Ha si4eMKY BBEAUTE a/IpeC SYEHKHU, HA 3HAYEHUE KOTOPOU
HAKJIaIbIBAIOTCSA OrpaHudeHus. B Hamem ciydae, 310 sueiika $G$5, rame
HaxoJuTcs (hopmyJsia pacuera UCIOJIb3yeMOM MalllHU B TEKYILIEM IUIaHe.

Bri6epute U3 pacKpbIBaIOIIETOCs CIMCKA YCIOBHBIN onepaTtop <=, KOTOPbIA
JIOJKEH PacIioaraTbCs MKy CChUIKOM M OTPAHUYEHHEM.

B none OrpaHuyeHre BBEINUTE CCBUIKY Ha SYEUKY, B KOTOPOW HAXOIUTCS
3Ha4YeHHE HaJU4Us IUIOUIa1 TOCEBOB B XO35HCTBE, TMOO CChIJIKA HA 3TO 3HAUCHUE.
B Hamem ciyuae, 910 sueiika $1$5

B pesynbrare n1uanoroBoe OKHO IPUMET BHJI KaK Ha pPUCYHKE 2.5

UtoObl MPUHATH OTPAaHUYEHHE M MPUCTYNUTh K BBOJAY HOBOI'O, HAKMHUTE
KHONKY JloGaBUTB. AHAJOTMYHO BBOAATCS M JIpyrHe OrpaHudeHus. YToObl
BEpPHYThCS B Auanoropoe okHo Ilonck pemenusi, Haxmure kHonky OK.

Ilocne BBINOIHEHUS BBILICIIEPEUYUCICHHBIX MHCTPYKLUN JUAJIOrOBOE OKHO

IMouck pemennst OyaeT UMETh clieayromui Bu (puc. 2.4).
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Jns u3MeHeHus W yNaleHHs OIpaHuYeHuM B cnucke OrpaHuveHus
nuanoroBoro okHa Ilouck pemeHMsi yKaXuTe OrpaHUYEHUE, KOTOpoe Tpedyercs
U3MEHUTh WIH yJIainuTh. Beioepure komanny M3MeHUTb U BHECUTE M3MEHEHUS
100 HAXMUTE KHONIKY Y AAJIUTh.

[TocraBbTe Quiakok JIuHeiiHasi Mojedab B JuaiioroBoM okHe Ilapamerpbl
IMoucka pemenusi wiu BeiOepute Meto penieHus «Ilouck pemenns JuHeRHbIX
3aga4y  CHUMILIEKC-MeToaoM». @Dnaxok «Cpenars  mepeMeHHble — 0e3
OrpaHMYEHUH  HEOTPUUATEJbHBIMH»  TIO3BOJIUT  COOJIIOCTH  YCIIOBHE
HEOTPULIATEJILHOCTH TMEPEMEHHBIX (MpU PELIEHWM HAalleld 3aJayd — IOCTAaBUTH
o0s3aTenbHO). OCTaIbHBIC TIapaMeTPbl MOKHO OCTaBHTh 0€3 HW3MEHEHWH, JI0O
YCTaHOBUTh HYXKHBIE MJisi Bac TMapameTpbl, MPH HEOOXOAUMOCTH HCIHOIB3YS
CIIPaBKYy.

JIiis 3amycka 3aJladyd Ha pelicHHe HaXMHUTE KHONKY BuimoanuTsh (HaiiTh
peuieHye) U BBIITOJIHUTE OJHO U3 CIECTYIOUIUX JECHCTBHMN:

—4TOOBI COXPAHUTh HaWJIEHHOE PEIICHUE Ha JINCTE, BEIOEPUTE B TUAIOTOBOM
okHe Pe3ysbTarhl moucka pemeHus BapuanT COXpaHUTh HalIeHHOE pelieHune
(puc. 2.6);

— 4YTOOBl BOCCTAaHOBUTH HCXOJHBIC JIaHHBIC, BBIOEpUTE  BapHUAHT
BoccTraHOBUTH UCXOAHbIEC 3HAYCHUS.

Pe3ynbTaThbl NOMCKA pEWEHHA x i

p

WgeHo. Bee orp W yCNOBHA
ONTHMEMBHOCTH BbIMOAHEHBI. Om4ets

PesynbTaTel

EiC0xpaHiTE HaAEHHOE DELEHHS | YCTOHYHBOCTD
Mpegenws
O EUEETGHUBHTD HCXOAHBIE SHIHEHMA
[ BepryToca B guancrosoe okHO NapaMeTpoB [ omeetsico
OK O1mena COXpaHHTB CLEHAPHA....
P i, Bee orp HYy on

Ecan ucnoassyeto mogyae ONT, To HAWLEHO RO KPaAHEA MEDE AOKAABHO
on p Ecam ual YETC MOAYAB MOHCKE PELWEHHIT AMHE AHBIX 33/ 34
CHMAAEKC-METOR0M, TO HAHA EHO on

Pucynok 2.6 — Pe3yJbTaThl NOMCKA pellieHUs] 32/1a41 JTHHEIHHOT 0
NpOrpaMMHPOBaHMA

Jl1st Toro yToOBI MpepBaTh MOUCK pelIeHUs], HaxxMuTe KinaBuiry ESC.

Jluct Microsoft Excel OyaeTr mepecuntad ¢ y4eTOM HalJICHHBIX 3HAUYCHUI
BIUSIOIINX SYeeK. B pe3ynbrare pelieHust i COXpaHEHUsl Pe3yJIbTaTOB MOMCKa Ha
JUCTE MOJICITh TIPUMET ClIeAytomui Bu (puc. 2.7).

B siueitkax D11-F11 nonydeHsl 3HaUEHUS HCKOMBIX HEM3BECTHBIX (ILIOIIAAH
MoCceBa paBHBI: 3¢pHOBBIX - 2500 ra, caxapHoi CBEKJIbI - 661 ra, mojICoJHEUHUKA —
39 ra), B suetikax G5-G8 ompeneneHbl 00bEMbI UCTIOJIB3YEMBIX PECypcoB (00Iei
wiomwaan namHu — 3200 ra; Iom@gM MamHW, KOTOpas MOXKET ObITh
UCIOJIb30BaHa MO/ MOCEBbl TeXHUYeCKuX KynpTyp — 700 ra; tpyaoBbix — 6781,9
Yell.-IHel; MuHepaiabHbIX yaoopenuir — 15000 1.1.8.), B siueiike G9 ycTaHoBIEHO
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KOJIMYECTBO TMpou3BeAeHHOTo 3epHa (65000 1m.). Ilpm Bcex 3TUX 3HAYEHUSX
BeJIMYKHA IpuObLIH gocturaeT 12602,77 Thic. py0. (suetika G10).

G10 - F | =CYMMMPOW3B(D10:F10;5D511:5F511)

A B c D E F G H

1 TabnnuHas 3anuck YNCNOBOA MOJENK 33a4N ONTUMU3ALMK CTPYKTYPEl NOCEBHEIX N0 aaei
2 = =
] E . = =
E Z e = z £
3 = 3 O 3 = = -
d &) L1 % X3 =Y =
501 TLnomane NoceRos Ta 1 1 1 3200.00 <=

TInomans TEXHIHECKIX
2 KWIETYP ra 1 1 700,00 <= 500

73 3atpatH TpVOA - THH 15 4.5 L5 6781.89 <= 7000
4 Min yrodpess 1L.IE. 2 15 23 15000,00 <= 15000

9 | 5 |BanoBoe Npou3BONCTBO 3epHa| I 26 65000,00 = 65000
10 ITpubrme pyo. 289 7,93 3,53 1260277 Max

11| Pe3ysTaTE pellcH 2a0aun 2500,00 660,63 3937

Pucynok 2.7 — Tabnu4Has 3anuch pelieHHOM 3a1a4u JIMHEIHHOr 0
NMPOrpaMMHUPOBAHUSA

B cmywae ecnm B pesymnprare moucka HE OBLIO HAiIEHO peIlIeHue,
yIIOBJICTBOPSIIONIEE 3aJaHHBIM YCJIOBHSM, B JHAJIOTOBOM OKHE Pe3yabTaThl
NMOMCKA peleHns MOSBUTCS COOTBETCTBYIOIIEE coolIieHue (puc. 2.8).

L PesynbTaTbl NOWCKA PELIEHWA x [

B x0fle NOMCKa He YAaN0Ck HaATH AoNycTHMOTO

peweHna. Omyetnl

JAonycTHMO CTh
® CoxpaHMTE HafAeHHDE pelleHHe [paHALB AoNyYCTHMOCTH

9 O BOCCTAHOBHTE HCXOAHBIE SHEHEHHA
1

[ eepnyToca 6 guancroeoe okHo NapameTpoB O omuertw co

|

OTmeHa COXpPEHHTB CUEHAPHI....

B xoAe NOHCKa He YIaN10Ck HAHTH JONYCTHMOTS pelUeHHA.

B X0AE NOMKA PEIUEHH HE YAAETM HaiTH TOYKY, AA9 KOTOROR
EBINOAHA KT BLE OTDAHME EHIE.

Pucynok 2.8 — OxHo BbIBO/Ia pe3y.IbTaTOB NMoncka pemennsi B MS Excel

Onnoit 13 HanboJiee YacTO BCTPEUYAIOIINXCS MPUYMH HEBO3MOKHOCTH HAWTH
ONTUMAJIBHOE PEIICHUE SIBJISIETCS TaKas CUTyalus, KOTJa B Pe3yJbTaTe PELICHUS
3a7]a4d BBISICHSIETCS, YTO HMEIOTCS OrPAaHUYEHHSI, KOTOPHIE HE BBIMOJIHSIIOTCS.
CoxpaHuB HaWJACHHOE peIICHUE Ha JUCTE, TPEeOyeTcs MOCTPOYHO CPABHUTH
NMoJIydeHHbIe 3HaueHuss cronbmnoB «Cymma mpomsBeneHuit» u  «O0bem
OTPAHUYEHUI» W MPOBEPUTH, YIAOBIECTBOPSAET JIA OTHOLICHUE MEXAY HHUMU
OTpaHUYCHUIO, CTosleMy B cToyione «Tum orpannueHuit». Haiias, Takum
00pa3oM, HEBBINOJHAEMbIC OTPAHMYCHHUS HEOOXOJAMMO HAUTH W JIMKBUIUPOBATH
MIPUYUHBI, oOycClaBIMBAIOIIUE  HEBO3MOXXHOCTh  COOJIIOZICHUS  JIAaHHOTO
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KOHKPETHOTO YCJIOBUS (3TO MOXET OBbITh, HANPUMEP, CIUIIKOM OOJBIIHE HWIIH,
HAa000POT, OUeHb MAJICHbKHUE 3aIlJIAHUPOBAHHBIE 00bEMbI OTPAHUYECHHUM U T.I1.).

Bapuanmul 3a0anui

1. X034HCTBO MPOU3BOAUT 2 BUAA HNPOAYKIHMHM. 3a E€IUHHIY IPOU3BOACTBA
KyJIbTYpbl A OHO IoOJydaeT HpuObUlb S5.10.€, a KyiabTypsl B — 4 n.e. Ilnomane moceBoB
coctapisieT 100 ra. OrpanuyeHue TpPyAOBBIX pecypcoB cooTBercTByeT 110. yen.-guei. s
00pabOTKM EOUHMIBI TUIOMIANM KYJIbTyphl A HE0OXoaumo 2.. 4en.-IHeH, a KyJabTypbl B -
...l..uen.- gueii. Kpome TOro, Hy>kHO NOCTaBUTh Ha PBIHOK HEe MeHee 30. T. MPOAYKUUHU
KyIeTypsl B mpu ypokaiinoctu 2 1/ra. Tpebyercs pa3aenuTs mIomaab TaKuM 00pa3oM, YTOObI
HOJYYUTh MaKCUMAJIbHYIO IPUOBLIb.

2. X034iCTBO MPOM3BOAMT 2 BHJAA NPOAYKLUMU. 33 E€IUHHUIYY IPOU3BOJICTBA
KyJbTYpbl A OHO moiydaeT npubbuib 3..1.€, a KyabTypel B — 2 ne. Ilnomanp moceBoB
coctraisier 50. ra. OrpaHuueHHUE TPYJIOBBIX PECYpCOB COOTBETCTBYET 168.. uen.-guei. s
00pabOTKM €JUHMIBI IUIOLWaau KyJIbTypbl A HeoOXomumo 4.. yen.-iHel, a KyabTypbl B -
...3..yein.- qHeil. Kpome Toro, He06X0AMMO MOCTaBUTh HA PHIHOK HE MeHee ...20. T. MPOIyKIUU
KyJIbTypsl B npu yposxkaitHoctu 2 T/ra. TpeOGyercst pa3aenuTs IIOmaab TakKUM 00pa3oM, YTOObI
MOJYYUTh MaKCUMAaJIbHYIO IPUOBLIb.

3. X0341CTBO MPOU3BOAMT 2 BHUAA MPOAYKIMH. 3@ E€IUHMILY IPOU3BOJACTBA
KyJIbTYypsl A OHO TOXy4aeT npuObUlh 2..1.€, a KynbTypel B — 3 m.e. Ilmomanp moceBoB
cocraBisier 25. ra. OrpaHnyeHue TPYHOBBIX pecypcoB coorBercTByeT 105.. wen.-guen. s
00pabOTKM E€IWHUIBI TUIOUIATU KYJIbTYpbl A HeoOXxomumo 3.. 4ell.-AHed, a KyapTypel B -
4..4en.- nHeil. Kpome Toro, HeoOXOAMMO HOCTaBUTh HAa PBIHOK HE MeHee 25. T. MPOAyKLIUU
KyJIbTypbl A mpu ypoxaiiHoctu 2,5...1/ra. TpeOyercs pa3ienauTh IUIOHIAb TaKUM 00pazom,
4TOOBI MOJYYUTh MAKCUMAIIbHYIO TPUOBLIb.

4. X034iCTBO MPOM3BOAMT 2 BHJAa NPOAYKLIHMH. 3a €AMHMILY IIPOU3BOJCTBA
KyJIbTYypsl A OHO MOJyd4aeT NpuObUIb...3..a.e, a KyinbTypel B — 5 n.e. Ilnomans moceBoB
coctaBisieT ...60. ra. OrpaHuyueHne TPYIOBBIX PECYPCOB COOTBETCTBYET ...150.. uen.-nuei. s
00pabOTKM €IUHMIBI TUIOLAAN KYJIbTyphl A HEOOXOIUMO ...2.. 4el.-JHeH, a KyJabTypsl B -
...3..yen.-nHer. Kpome Toro, He06X0AMMO MOCTaBUTh Ha PbIHOK He MeHee 30 T. MPOIyKIUH
KYJIBTYpBl A NpH yposkaitHOCTH 2...1/ra. TpebyeTcs pa3aenuThb MI0as TAKUM 00pa3oM, YTOObI
MOJIyYUTh MaKCUMAJIbHYIO TPUOBLIb.

S. X034iCTBO MPOM3BOAMT 2 BHJA NPOAYKIHMH. 3a EAWHMIY IPOM3BOICTBA
KyJIbTYpbl A OHO moJjlydyaeT HmpuObUIb 5.....0.€, a KyapTypel B — 2 n.e. Ilmomans noceBoB
cocraBnser 90. ra. OrpaHndeHue TpPyIOBBIX pecypcoB cooTBercTByeT 210. uyen.-mHe. s
00pabOTKM €IUHMIIBI TUIOMIAA KYJIBTYPhl A HEOOXOIUMO ...3.. Yem.-JAHEH, a KyJbTypsl B -
...2..yen.-gaer. Kpome Toro, He06X0JMMO MOCTaBUTH Ha PHIHOK HE MeHee 40.... T. MPOayKIUN
KYJIbTYpbl A npu ypoxkailHocTH 2...1/Ta. Tpebyercs pa3aenuTh MIoma s TAKUM 00pa3oM, YTOObI
HOJYYUTh MaKCUMAJIbHYIO IPUOBLIb.

6. XO35MCTBO TPOU3BOAMT 2 BHJIA MPOAYKIMH. 33 EIUHUIY IPOU3BOJICTBA
KyJbTYpbl A OHO TOJIydaeT NpuObUIb 4.....0.€, a KyabTypbel B — 3 n.e. Ilnomans moceBoB
coctapiisteT 50.... ra. OrpaHM4YeHue TPYAOBBIX PECypcoB cOOTBeTCTBYET 135. wen.-mHen. s
00pabOTKM EOUHMIBI IUIOLa[M KYJIbTyphl A HeoOxomumo 3.. yen.-nHeH, a KyabTypbl B -
...2..yen.- nHed. Kpome TOro HeoOX0IMMO MOCTaBUTh HAa PHIHOK HE MeHee 35 T. MpOIyKIUH
KyneTypsl B mpu ypoxkaiiHoctu ...2 1/ra. TpeOyeTcs pa3ienuTh IUIOMAAb TaKUM 00pa3oM,
YTOOBI OJIYIUTh MAKCUMAIbHYIO TTPUOBLITb.

1. X034iCTBO MPOM3BOAMT 2 BHJAA HNPOAYKIMH. 33 E€OUHMIYY IIPOM3BOACTBA
KyJIbTypbl A OHO mojydaeT mpuObuIb ...3..1.€, a KynbTypel B — 7 m.e. [lnomans moceBoB
cocraBiseT 75. ra. OrpaHnyeHue TPYAOBBIX pecypcoB coorBercTByeT 180.. wen.-guei. s
00pabOTKH €TUHUIIBI TUTOIIAAN KYJIBTYpPhl A HE0OX0aUMO 2.. Yell.-aHeH, a KylnbTypsl B - 5..4er.-
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nHei. Kpome Toro Heo6X0IMMO MOCTaBUTh HA PHIHOK HE MeHee ...40. T. IPOAYKIMH KyIbTYpbl
A mipu ypoxaitHoctu 21/ra. Tpebyercs pa3fgenuTs IUIOUaab TaKUM 00pa3oM, 4TOObI MOTYyYUTh
MaKCUMAaJIbHYIO TPUOBLIb.

8. X0341CcTBO MPOU3BOAMT 2 BUAA MPOTYKIIUH 33 €AMHUILY IPOU3BOACTBA KYJIbTYPHI
A OHO mony4aet mpuObUIb ...4..1.€, a KyabTypsl B — 3 m.e. [lmomans moceBoB cocTaBisier 65.
ra. OrpaHnyeHue TPYJAOBBIX PECYPCOB COOTBETCTBYET 165.. uen.-auei. J{ns 06paboTKu e qMHUIIBI
IJIOMIAU KYJIbTYpbl A HEOOX0auMO ...3.. 4en.-AHeH, a KynbTypsl B - ...2.yen.-queit. Kpome
TOTr0, HEOOXOAMMO TOCTaBUTh Ha pPbIHOK He MeHee 30. T. mpoAyKuUMH KyiabTypsl B mpu
ypoxkaiiHoctu 1,5...1/ra. TpebOyercst pa3aenuth IUIOHMIAAb TaKuM 00pa3oM, YTOOBI MOIYYUTH
MaKCHUMaJIbHYIO MPUObLIb.

9. X0341CTBO IPOU3BOAMT 2 BUAA MPOIYKIUH 32 €AMHUILY IPOM3BOACTBA KYJIBTYpPbI
A oHO mory4aeT npuOsUTs 3.71.€, a KyiabTypbl B — 5 m.e. [lmomanp moceBoB cocrapiser 50 ra.
OrpanudeHne TPYIOBBIX pecypcoB cooTBeTcTByeT 180 den.-mueit. s oOpabOTKH eaUHUITBI
IUIOMIAIM KyIbTypbl A HeoOXxoaumo 3.. 4yen.-IHeH, a KynbTypsl B - 4..uen.- nueit. Kpome toro,
HYXXHO TIOCTaBUTh Ha PIHOK HE MEeHee 45. T. MPOAYKIUH KyJIbTYPhI A MpH yposkaitHOCTH 2 T/Ta.
TpeGyercs pa3AenuTh MIOMAIL TAKUM 00pa30M, 4TOOBI MOTYYUTh MAKCUMAIIbHYIO TPUOBLIT.

10. XO03SMCTBO TPOM3BOAUT 2 BHUAA MNPOAYKIUU. 3a EIUHUILY IPOU3BOJICTBA
KYJIbTYpbl A OHO ToOJydaeT mpuObUIb S5.10.€, a KynbTypel B — 6 n.e. Ilmomans moceBoB
coctaBisieT 35 ra. OrpaHuueHHe TPYIOBBIX PECYpCOB coOTBeTCTBYeT 135 wem.-mHeit. s
00pabOTKU €MHUIIBI TUIOMIAIU KYJIbTYPbl A HE00X0UMO 3.. Yel.-JHei, a KyabTypsl B - 5..uen.-
nHeil. Kpome Toro, Hy)KHO IOCTaBUTh Ha PhIHOK HE MeHee 42. T. IpOAYKLUMU KYJIbTYypbl A Ipu
ypoxkaiiHocTH 2 T/ra. TpeOyercs pa3ienuTh IUIOMIAb TakKUM 00pa3oM, 4YTOOBI MOIYYUTH
MaKCHMaJbHYIO IPUObLIb.

11.  XossiicTBO NpoM3BOAMT 2 BHUJA MNPOAYKIUHU. 3a EIUHUILy IPOU3BOJICTBA
KyJIbTYpbl A OHO moJiydaeT HpuObulb S5.10.€, a KyiabTypsl B — 3 n.e. Ilnomane moceBoB
cocraBiseT 55 ra. OrpaHuyeHHE TPYAOBBIX PECypcoB COOTBETCTByeT 132. wen.-gHeit. s
00paboOTKN €MHUIIBI TUIOMIAIN KYJIbTYpbl A HE00X0UMO 3.. yeln.-aHei, a KyabTypsl B - 2..uen.-
nHeil. Kpome Toro, Hy)KHO NOCTaBUTh Ha pPbIHOK HE MeHee 30. T. NpOayKUMHU KyJabTypsl B npu
ypoxaitHocT 2 T/ra. TpeOyercs pa3nenuTh IJIOMAAb TakuM OOpa3oM, YTOOBI MOJTYYUTH
MaKCHUMaJIbHYIO MPUOBLIb.

12. Xo3siicTBO TPOM3BOMUT 2 BUAA TPONYKIHMHA. 3a EAWHUIYy TPOU3BOICTBA
KyJbTYypbl A OHO MoOJIyyaeT NpuoObulb 4.71.€, a KyueTypsl B — 7 n.e. Ilmomane moceBoB
coctaBisier 40 ra. OrpaHudeHHe TPYIOBBIX PECYpcoB COOTBETCTBYeT 132. wen.-mueit. s
00pabOTKM €IUHMIBI IUIOLIaaM KYJIbTyphl A HeoOXomumo 3.. yen.-iHei, a KyabTypbl B -
...4..yen.- nueil. Kpome TOro, Hy)KHO TNOCTaBUTh Ha PBIHOK HE MeHee 36. T. MPOIYKIUHU
KyJIbTYpbl A Tipu ypoxkaiiHoctu 2 T/ra. TpeOyercs pa3aenuTs IIomaib TakuM 00pa3oM, YTOObI
MOJIYyYUTh MaKCUMAJIbHYIO TPUObLIb.

13. XoszsiicTBO mpou3BOAMT 2 BUAA NPOAYKIMHU. 3a E€AUHUIY HPOU3BOJCTBA
KyJIbTYpbl A OHO ToOJy4yaeT mpuOblIb 2 4.6, a KyabTypel B — 4 n.e. Ilmomans moceBoB
cocraBnseT 38 ra. OrpaHudeHHe TPYIOBBIX pecypcoB cooTBeTcTByeT 90. uen.-muein. s
00pabOTKH €TMHUIIBI TIIOMIAN KYIbTYPhl A HEOOXOAUMO 2. Yell.-IHeH, a KyIbTypsl A - 3..4el.-
nHeil. Kpome Toro, Hy>)kKHO IIOCTaBUTh Ha PBIHOK HE MeHee 60 T. IpOAYKIMH KYyIbTypbl A Npu
ypoxaitHocTH 2 T/ra. TpeOyercs pa3faenuTh IJIOMAAbL TaKAUM OOpa3oM, 4YTOOBI TOJTYyYUTH
MaKCHUMaJIbHYIO MPUOBLTH.

14. XO034iCTBO TPOU3BOAUT 2 BHUAA NPOAYKIMU. 3a E€IUHHILY TPOU3BOJCTBA
KyJIbTYypbl A OHO MoJiyyaeT mpuoObulb 6.1.€, a KyaeTypsl B — 3 n.e. Ilmomane moceBoB
coctaBisieT 50 ra. OrpaHuyeHHE TPYAOBBIX PECYPCOB COOTBETCTBYET 132. wenm.-gHen. s
00pabOTKM €AMHUIIBI TUIOINAAN KYIbTYphl A HEOOX0AUMO 4.. yell.-IHeH, a KynbTypsl B - 2..4ei.-
nueil. Kpome Toro, Hy>)kHO MOCTaBUTh Ha PHIHOK HE MeHee 40. T. MpoayKIUU KyIbTypbl B npu
ypoxaitHocTn 2 T/ra. TpeOyeTcss pa3nenuTh IUIOMAAb TaKUM 00pa3oM, YTOOBI MOIYYHTH
MaKCUMaJIbHYIO TPUOBLITb.
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15.  XozsiictBO nNpou3BOoAMT 2 BHJA MNPOAYKLUMHU. 3a E€IUHUILy IPOM3BOJICTBA
KyJIbTypbl A OHO TOJIy4aeT HpuObLIbL S5.4.€, a KynbTypel B — 7 m.e. Ilmomaaes moceBoB
coctraBisier 40 ra. OrpaHudeHue TPYIOBBIX PECYpPCOB COOTBETCTBYeT 156. uen.-mueit. s
00paboOTKM €IUHUIBl IUIOMAAN KYJIbTypbl A HeoO0Xoaumo 3.. 4yen.-IHed, a KyJabTypsl B -
...4..uen.- nHeil. Kpome TOro, Hy)KHO IOCTaBUThb Ha PBIHOK He MeHee 46. T. NPOIYKUUHU
KYJIbTYpbl A TIpu ypokaiiHOCTH 2 T/ra. Tpebyercs pa3aenuTh IIIomaas TaKUM 00pa3oM, YTOObI
MOJYYUTh MAaKCUMATBHYIO TPHOBLI.

16. XO034MCTBO TPOU3BOAUT 2 BHUAA NPOAYKIMU. 3a E€IUHMILY TPOU3BOJCTBA
KyJIbTypsl A OHO Toiy4yaeT mpuObUlb 3 .a.€, a KyiabTypel B — 5 m.e. Ilnomanp moceBoB
coctaBisieT 52 ra. OrpaHuyeHUe TPYIOBBIX PECYpCOB COOTBETCTBYET 126. uen.-gHen. st
00pabOTKM €MHULBI IJIOMIAIN KYIbTYphl A HE00X0AUMO 2. Yes.-JHeH, a KyIbTypsl A - 3..4e.-
nHel. Kpome Toro, Hy>)kKHO TOCTaBUTh Ha PHIHOK HE MEHee 35 T. MPOJAYKIMUHU KYJIbTYpbl A Mpu
ypoxkaiiHocTH 2 T/Ta. TpeOyercs pa3nenuTh IUIOMIA[b TAaKUM OOpa3oM, 4YTOOBI IOJYYUTh
MaKCHUMaJIbHYIO IPUOBLIb.

2.2 CIIEINUAJIBHBIE 3AJTAYU MATEMATHYECKOI'O
ITPOTPAMMMPOBAHUA

B pamkax 3amad JWHEHHOTO MPOTPAMMHUPOBAHHWS BBIICISIOT 3aadH,
OTIINYAIONTUECS HEKOTOPBIMH OCOOCHHOCTSIMHU. Tak, B psAe CIydacB MPUXOIUTCS
pemarh 3aJadd, KOTJa TIEPeMEHHBIE MOTYT TMPUHAMATH TOJIBKO IIEJIbIC
HEOTpHULIaTeIbHbIC 3HaUeHUs. Takue 3aaun Ha3bIBAIOT 33a/1a4yaMU 11EJI0YMCICHHOTO
nporpammupoBanus. X  0COOEGHHOCTh  3aKJIIOYaeTcsi B  TOHUCKE  TaKUX
IEJIOYUCIICHHBIX HEU3BECTHBIX, 3HAYEHHUS KOTOPBIX IO3BOJSIIM OBl TOJIYYaTh
PKCTpeMyM 1eneBodt  ¢GyHkiuu. Ilpobmema mnpu pemieHHMH TakoW 3ajaadu
3aKJIF0YAETCSl B TOM, YTO MPU CTaHJAPTHBIX METO/aX MOMCKA ONTUMAJIBHOTO TJIaHa
C OKpYIVICHHEM TIOJyYCHHBIX 3HAYECHUHW MOKHO TMOJYYUTh HEMPaBUIIbHBIN
pe3ynbrar. B 3TOM cCiydae NPUMEHSIOTCS  Jpyrue TMOAXOABI Il ONMUCAHUS
JTUCKPETHBIX BEJTNYMH.

K crmenuansHbIM 3a1adaM JIMHEWHOTO TPOTPAaMMHPOBAHUS OTHOCAT 3a7ady
napamMeTpuYecKoro MNporpaMMHpPOBaHUsA, B KOTOpOMl KOA(h(UIMEHTHl MpHU
MEPEMEHHBIX 11EJICBOM ()YHKIIMH, TTPABbIE YaCTH OTPAHNYCHUNA U MHOKUTEIH BO3JIC
HEU3BECTHBIX JIEBBIX YACTEW YCJIOBUM 3aBUCAT OT HEKOTOPOrO Mapamerpa Wi
napamMeTpoB. B KadecTBE TAaKOBBIX WCHOJB3YIOT BpEMs, MPEIIICCTBYIOIIHC
3HAUEHUSA TIOCIEIOBATEIPHOCTE M HEKOTOphbIe (aKTOphl, BIHUAIONINE Ha
NepeUnCIeHHBIC XapaKTEPUCTUKHU. B 3aaue napamMeTpUIeCcKoro
NpPOrpaMMHUPOBAHMSI B OTJIIMYKME OT  OOBIYHOM  3a7a4ud  JIMHEHHOTO
MPOrpaMMUPOBaHUS KOI(PGUIIMEHTH MPU HEU3BECTHBIX M CBOOOJHBIC YIJICHBI
(mpaBble YaCTH OTPAaHUYEHUN) HE SBISIIOTCA TMOCTOSHHBIMU BEJIMYMHAMHU.
CrnenoBaTenbHO, B 9TOM CIIy4ae UMEET MECTO MHOXKECTBO ONTHUMAJbHBIX IJIAHOB,
KOTOPOE 3aBHCHT OT MapaMeTPOB.

B otrmenpHyro Tpynmy 3amad  BBUICHAIOT 3a1add  APOOHO-TUHEHHOTO
nporpamMmupoBanus. B ueneByro (yHKUHMIO 3TOM 3a7aud BXOIST B KadecTBe
YUCJIUTENSE W 3HAMEHATelNs JBa BbIpakeHHs. [Ipy HECIOXHBIX omepanusx d5Ta
3aJlaya MOKET OBITh MpeoOpazoBaHa K 3ajaue JMHEHHOTO TPOrpaMMHUPOBAHMSL.
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2.2. 1 TpancnopTHas 3aja4ya

Cpenu crenMalibHBIX 3a]ay JIMHEHHOTrO MNpOrpaMMUPOBAHMS BBIIEIACTCS
TpaHcnopTHas 3aaa4da. OcTaHOBUMCS TTOIpoOHEE HAa (POPMYITUPOBKE ATOU 3a4aUH.

B TpaHcnopTHO# 3a7a4ue pacCMaTpUBAIOTCS MyHKTHI OTOpaBieHust Ai, Ay,...,
An u HasHauenus B, Bo,..., Bn. 3agaua cocTouTr B HaXO0XKJIEHUH OITUMAIBLHOIO
IUIaHA MIEPEBO3KU T'py3a Xij U3 IyHKTOB OTIIPABJICHUS B MMyHKThl Ha3HaueHUs. Eciu
Tapud TEPEeBO3KM EAMHULIBI TIpy3a OOO03HAYUTh Cijj W LeneBas (QyHKUuA
MpeACTaBIsIeT CO00M MHUHHUMAIBHYIO CTOMMOCTH I€PEBO3KH, TO TpPaHCIOPTHAs
3a71a4ya 3alMChIBACTCS B CIACIYIOIEM BUJIE:

=3 e, (2.17)
x4 (i=Lm), (2.18)
% =by (i=1n), (2.19)
X, 20, (2.20)

aj — 00bEeMbI TOBapa B MyHKTaX OTHpaBICHUs; bj — MOTpeOHOCTH B Tpy3e B IyHKTAX
Ha3HAYCHUSI.

Heotpunatensnoe pemenne ypaBHenwii (2,18) u (2,19), ompenenenHoe
MaTpunei X=(Xij)), SBIsgeTCsS IUIaHOM TpaHCNOPTHOM 3amaun. Ilmam X =(x;)

(i=1,m, j=1n), npu koropoM QyHKIMs (2,17) OCTHraeT MUHAMYyMa, Ha3bIBAETCS
ONTHMAJILHBIM TJIAHOM.
Ecnu 06beM Ipy3a I0CTaBIIMKOB COOTBETCTBYET €0 MOTPEOHOCTH, T.€.

Ya =, (2.21)

TO 3ajJaya CYMTACTCS 3aKphITOW. B mpoTHBHOM citydae, eciu paBeHCTBO (2,21)
IpeACTaBIIsIeT cOO0KW HEPaBEHCTBO, TPAHCIOPTHAS 3a7ava Ha3bIBA€TCS OTKPBITOM.
[Ipu npeobiamaHuu J€BOM YaCcTU HaJ MPABOM BBOJAMUTCS JOTOJHUTEIIBHBIM MYHKT
HazHadeHus N+1. [lorpeOHOCTH, B ATOM ciyyae Jyisi JOMOJHUTEIBHOTO MYHKTa

m n
paBHa » a — > b, c TapudoM nepeBo3KU, paBHBIM Hymro. Ecim ke mMeer mecto
i=1 j=1

neduiut rpy3a (mpaBasi yacTh paBeHCTBa (2,21) mpeobiiagaeT Ha JIeBOM), TOTa

n m
BBOJIAT JIOTIOJTHUTENBHBIN MyHKT MocTaBKK M+1 ¢ 3amacom rpy3a » b, —> a . Kak
i=1 i=1

U B TIPEABIAYIIEM cydae Tapud IpUpaBHUBAIOT K HYIIIO.

[Ipn pemeHnH TPAHCHOPTHOW 334a4M MOXHO HCIIOIb30BaTh CHUMILIEKC-
meroa. Bmecre ¢ Tem oH He Bcerma sBisercs 3ddextuBHbIM. [lorTOMy
NPUMEHSIIOTCSL IPYTU€ METOJIbl, YYMTHIBAIOIIME OCOOCHHOCTH TPAHCIIOPTHBIX
3a1ad.
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PaccMoTpuM MeTOA MOTEHUMATIOB, KOTOPBIM COCTOMT U3 HECKOJBKHUX
3TanoB. B Hayane cocTaBisieTCs ONOPHBIN IIJIaH NepeBO30K. Ha aToM 3Tamne MoKHO
WCITOJIB30BAaTh CIEAYIOIINE METO/IbI: HAMMEHBIINX CTOMMOCTEN, CEBEPO-3aI1aTHOTO
yrama u annpokcumanuu QPorens. Ha BTOpoM 3Tame NpUMEHMMBI METOMBI
NOTEHUUAIOB U Ju(pepeHMaIbHbIX PEHT. 3JeCh OCYILECTBISAETCS IPOBEpKa
ONTHUMAJIBHOCTH OIEPHOro IUIaHa. EciyM ONOpHBIM IIaH HE ONTHUMAJIEH, TO
BBITNIOJIHAETCSI KOPPEKTHpPOBKa IulaHa (TpeTuil stam). Mrepanuu BTOpOro u
TPETHETO ATANOB 3aBEPIIAKOTCS IPH MNOJYYEHUH ONTUMAIBHOTO PEHICHUSI.

B yue6HOM mocoOuu paccMOTpPEHO OMpeAesieHuE ONTUMAIBHOTO IJIaHa Ha
npumepe. Ilpu 3TOM HCHOAB30BaHBl METOJbl HAWMEHBIIMX CTOMMOCTEH H
noTeHUHANIOB. 1IpenioxkeHHbIe METOABI TPUMEHEHBI JUISl 3aKPBITOM TPAHCIIOPTHON
3aJlayy, KOTJla CyMMbI [TOCTaBJISIEMbIX U MOTPEOIsIEMBbIX TOBApOB paBHbI. Ciemyer
NOJYEPKHYTh, YTO YMCIO Oa3MCHBIX A4YeeK paBHO M+N-1, rme M, N — yucio
norpedbureneil u mnoctaBmMKOB. [lockoybKy 3amaya SIBISETCS 3aKpBITOM, TO
KOJIMYECTBO OTJIMYHBIX OT HYJII HEU3BECTHBIX (0Oa3uCHBbIE IEpEeMEHHbIE) Ha
€MHMIY MEHBIIIE CyMMBI M+N.

Ilpumep 2.6. Ha nByx nomsx A; u A, cobpan yposxkait kaprodens 1800 u
2400 T. TlomydyeHHyIO0 TIPOIYKIIMIO HEOOXOUMO MMOCTAaBUTh B TpH ckiana By, By u
Bs. B nepBom u3 Hux mosxet xpanuthes 1200 T kapTodens, Bo BTopom — 2000 T u
B TpeTheM — 1000 T. MI3BecTHA CTOMMOCTH MEPEBO3KH, IPUBEACHHAS B Tabmuie 28.
Tpebyercs chopMynupoBaTh TPAHCIIOPTHYIO 3a71a4y, B KOTOPO 1ieneBast yHKIUs
XapakTepu3yeT MUHUMAJIbHBIC 3aTPaThl HA IEPEBO3KY MPOTYKIIUH.

Tabmuna 2.7 — Tapudg nepeBo3ku kapTodeJis, a.e./T

ITons Cknaapl 3amnacel
B1 B> Bs
A1 11 9 12 1800
A 10 13 14 2400
[TorpebHOCTH 1200 2000 1000 4200

[eneBas pynkmus ¢ yaetom TaprudoB MpUMET BUT
f=11X11+9X12+ 12X13+10X21+13X00+14X03—min.

OrpanuyeHuss 1O TMEpPEeBO3KE MNPOAYKIMM M3 TOJEH B XpaHWIUIIA
3aIUCHIBAIOTCS TaK:

X11+X12+X13=1800 [m],
X21+X22+X23=2400 [m].

yCJ'IOBI/Iﬂ, CBA3AHHBIC C BOBMOKXHOCTAMM XPaHWUJINI KUMCHOT BU:

X11+X21=1200 [m],
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X12+Xo1=2000 [m],
X13+X23=1000 [m]

38,,[[3‘{8, ABJIACTCA SaKpBITOﬁ, ITOCKOJIbKY 00BEMBI KapTO(i)eJIH COOTBCTCTBYIOT
CMKOCTAM XpaHWJINUII.

Ilpumep 2.7. B tabnuiie 2.7 npuBeIeHb UCXOIHBIC JJAHHBIC TPAHCIIOPTHOMN
3amaun. OnpeneauTh ONTUMATBHBIN TUIaH.

Ha mnepBom »stame onpexpensiercss oOnopHbld 1uiadH. Jiis HanMeHbIIEH
croumoct (9 m.e.), KOTOpas HaxOIWUTCA HAa TEPECEUYCHUU TEPBOM CTPOKH H
BTOPOTO CTOJIOIA, MPHUCBAMBAEM MAaKCHMAaJIbHOE 3HAYCHHE IEPEMEHHOW  Xio,
paBHoe 1800 (Tabmauia 2.8).

Ta6muma 2.8 — OnpenesieHue OMOPHOIo MJIAHA

[TocraBmuku, T [ToTpeburemnu, T
1200 2000 1000
1800 11 9 12
1800
2400 10 13 14
1200/ 200 1000

ITockonbKky BO BTOpOM cTOJIOLIE CyMMa JoJiKHA cooTBercTBoBath 2000,
onpezaensieM 3HaueHne X3 =200. Cremyromas HaMMEHbIIAasi CTOUMOCTh paBHa 10,
no3roMy Xi2 = 1200, 4TO COOTBETCTBYET CYMMApHOMY 3HAYEHUIO TEPBOTO
notpedutens. [l Toro 4toObl BO BTOpPOMl CTpoke cymMma paBHsuiach 2400,
MEPEMEHHOM Xp3 TpucBoeHO 3HaueHue 1000.

B pe3ynbrate cymmapHbIe 3aTpaThl COCTaBAT

f(X) =Cpp X Xy, +Cpy X Koy +Cpp X Xy +Copg X Xpg =
9x1800+10x1200+13x200+14x1000 = 48000 n.c.

Ha BTOpOM 3Tame mpoBepsieTcss ONTUMAIbHOCTh IMOTYYEHHOTO TuTaHa. Jlis
ATOTO BBOJISATCS MEPEMEHHBIE Ui U 14 , COOTBETCTBYIOIIME CTPOKaM M CTOJOIaM
(Tabmuma 2.9). OTu nepemMeHHbIe XapaKTepU3yIOT MOTSHITUAN WA IIEHBI TOBAPOB B
COOTBETCTBYIOIIUX MYHKTaX TOCTAaBIIUKOB © moTpebuteneit. I[loTeHmmas
omnpeaensitoTes mo Gopmyse

vi= Ui + Cjj.

[Ipu 5TOM OAHO U3 HEM3BECTHBIX, HAPUMED, U1 MOKET OBITH paBHO 0.
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Tabnuia 2.9 — Haxo:xkneHue NOTEHIIHAIOB MOCTABIIMKOB U MOTpeduTeei

[TocTaBmuku, T [ToTpeburenu, T Ui
1200 2000 1000
1800 11 9 12 0
1800
2400 10 13 14 -4
1200 | 200 1000
v 6 9 10

B Ttabmume 2.9 mpuBeneHsl 3HaueHHUS Ui U V4, TOJYyYEHHBIE HAa OCHOBE
0a3uCHBIX TMIEPEMEHHBIX. B Hadaje 3Ha4YeHHWE TMOTCHIMAJa CTOMT MPHUPABHATH K ()
(uy = 0). Torma cormacHo popmysie MOTEHITHAIOB 12 = 9. [1o TOMY e BBIpaKCHHIO
HETPYJIHO HaTh Up=9 — 13 = -4.

3Has 7TO 3HaueHwue, nmoiaydaem vi = 10—-4 =6 u 3=14 — 4 =10.

JIJ1s1 OTIEHKH ONITUMAJTLHOCTH TUTaHA UCTIONB3yeTCs hopMyria

di; = +¢;;)—V;.

DTO BBIpAKEHUE TO3BOJSIET OMNPENCIUTh MATpUIly, pa3Mep KOTOpOou
COOTBETCTBYET YHUCIY CTPOK M CTOJIOLOB MCXOAHOM Tabmuibl mxn. Wcxons w3
3TOM POPMYJIbI, MAaTPHUILIA OLEHOK ONTHUMAJIBHOTO IJIJaHA UMEET BUJ]

50 2
""lo oo

[TockonpKy BCE OLIEHKM HEOTPULIATEIIbHBI, TO MOJYYEHHBIA IJIaH HE MOXKET
ObITh yimyumieH. CreaoBaTelbHO, OMPENCICHO ONTUMAIbHOE pelieHue. TpeTHit
9Tam, CBSA3aHHBIN C yIydllIEeHUEM TJIaHa HEe TTOHA00UIICS.

Ilpumep 2.8. Ilycts 3aan onopHsIi miian (Tabmauna 2.10). Tpedyercs
MOJIYYHUTh ONITUMAJIEHOE PEIlIeHUE, UCTIOJIb3YsI METOI TTOTCHITHAIA.
Hcnonb3yst ¢GopMyily OLEHKH ONTUMAJIbHOCTH IUTaHa (i, moxydum
CIICYIOIIYIO MaTPHUILy
50 2

"lo o -2
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LeneBast pyHKIMS IPU 3TOM
f (X) =9x800+12x1000+10x1200 +13x1200 = 46800

[IpuBeneHHBI TIIaH HE SBIACTCA ONTHMAJIBHBIM  BBUAY  HAIAYHS
OTPHIATEIFHOTO d3JeMEHTa B MaTpuile. [locTpouM KOHTYp mepepacipenecHHs
3HaYEHUM Xjj B BUJE IITpUXOoBoM (Tabmuua 2.11). Hauanom koHTypa sBisieTcs
sYeiika ¢ HAaMMEHBIIUM MOTEHIHAIOM. [Ipy 3TOM MOTeHIMAaNaM, pacroiIaraeMbIM
10 TUarOHaJIH, TIPUCBAUBACTCS CUMBOJ + WJIH - .

Ta6muma 2.10 — OnopHbIii NJIaH TPAHCIOPTHOI 3a1a4U

[locTaBmmky, T [loTpeburenu, T
1200 2000 1000
1800 11 9 12
800 1000
2400 10 13 14
1200 1200

Tabnuma 2.11 — TpancnopTHasi 3a/1a4a ¢ NOTEHIMAJIAMHU MOTPedUTE el 1

NNOoCTAaBIIIUKOB
[TocTaBimuykwy, [ToTpeburemnu, T Ui
T 1200 2000 1000
1800 11 o+ 12- 0

2400 10

1200

Y 6

[lepepacnpeneneHne OCyIEeCTBISECTCS ¢ OTPUIATENbHBIX B MOJOKUTEIbHBIE
aueriku. Torga 3HaueHne X13=1000 mepeHeceM B COCEIHIOIO KIIETKY, YBEIUYUB
BesuuHy X12 10 1800. B aTOM ciyuae x13=0. UTo kacaercst 3HaueHus x22=1200, To
OHO pacIpeeeHo Tak: X22 =200 u x23=1000 (Tabmura 2.12).

Martpuiia OLeHOK MMOTYYEHHOTO TUIaHa MPUMET BH/]L

5 0 2
d, = .
"o 0 0
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Tabmuma 2.12 - Utepauus nojiyuyeHusi HOBOro MjiaHa

ITocTaBmiuku, T [ToTpeburenu, T Uj
1200 2000 1000
1800 11 9 12 0
00
2400 10 13 14 -4
1200 200 1000
Y 6 9 10

HOCKOHBK}’ OTpHUIOATCIIBHBIC OJICMCHTDBI B MaTpune OTCYTCTBYIOT,
OIIpCACICHO OIITUMAJIBHOC pPCUICHUC!

f () = 9x1800 +10x1200+13x 200 +14x1000 = 44800 ..

Takum oOpazom, mepBasi uUTepalys IMO3BOJIMIA TMOJYUYUTh ONTHUMATbHBIN
pe3yJbTaT.

Bapuanrtsl 3a1aHuil

1. Ha nByx nmomnsix A; u Az cobpan ypoxkail kapropens 1400 u 2000 T.
[TonyueHHYI0 MPOAYKIHIO HEOOXOAMMO MOCTaBUTH B Tpu ckiaaa Bi, B, u Bs. B
nepBOM M3 HUX MOXKeT Xpanutbcs 1200 T kaprodens, Bo BropoMm — 1300 T u B
tpetbeM — 900 1. M3BecTHa CTOMMOCTH TEPEBO3KH, MPHUBEIACHHAs B TaOIUIIE.
TpeOyetcst chopmynupoBaTh TPAHCTIOPTHYIO 33/1auy, B KOTOPOH 1ieneBast (PyHKITUsS
XapakTepru3yeT MUHUMAJIbHBIEC 3aTPaThl HA IEPEBO3KY MPOTYKIIHUH.

Tapud nepesosku xkaprodens, a.e./T

IMons Cxiangpl 3amacel
B1 B2 Bs
A1 10 9 12 1400
A 11 13 14 2000
[TorpebHOCTH 1200 1300 900 3400

2. Ha nByx momsix A1 u A, cobpan ypoxait kaprodens 2200 u 2000 T.
[TonyueHHYIO NPOAYKIIMIO HEOOXOAMMO TMOCTaBUThH B TpHU ckiaaa Bi, B, u Bs. B
nepBOM M3 HUX MOXeT XpaHutbes 1200 T kaprodens, Bo BTopom — 1600 T u B
TpetbeM — 1400 1. M3BecTHa CTOMMOCTH MEPEBO3KH, MPUBEACHHAS B TaOJUIIE.
TpeOyetcst chopmynupoBaTh TPAHCHOPTHYIO 3a/1auy, B KOTOPOH 1ieneBas PyHKIUs
XapaKTepru3yeT MUHUMAJIbHBIE 3aTPaThl HA MIEPEBO3KY MPOAYKLUU.

42




Tapu¢ nepesos3ku kaprodens, a.e./T

Tlonsa CxJiaanl 3amacel
B; B> Bs
A1 12 9 12 2200
Az 10 15 14 2000
ITorpeOHOCTH 1200 1600 1400 4200

3. Ha nByx momsix Al u A2 coGpan ypoxkaii kaprtodens 1800 u 2000 T.
[TonyueHHYIO TMPOIYKIIMI0O HEOOXOIUMO MOCTaBUTh B TpH ckiiana Bl, B2 u B3. B
nepBoM M3 HUX MoxeT XpanuThes 1000 T xaptodens, Bo Bropom — 1600 T u B
tpetbeM — 1200 T. V3BecTHa CTOMMOCTH IMEPEBO3KH, MPHUBEJCHHAs B TaOJIHUIIE.
TpeOyetcst chopmynupoBaTh TPAHCHIOPTHYIO 33/1auy, B KOTOPOH 1ieneBast (PyHKITUs
XapaKTepu3yeT MUHUMAJIbHbBIE 3aTPaThl HA IEPEBO3KY MPOIYKIIUH.

Tapud nepeBo3ku kaprodes, 1.e./T

Ilonsa Cknazpl 3amnacel
B1 B2 Bs
A1 11 9 14 1800
A 10 13 12 2000
[TorpebHOCTH 1000 1600 1200 3800

4, Ha nByx monsax Ai u Az coOpan ypoxait kapropens 1900 u 2100 T.
[TonyueHHYI0 NPOAYKIIMIO HEOOXOAMMO MOCTaBUThH B TpHU ckiaaa Bi, B, u Bs. B
nepBoM M3 HUX MoxkeT XxpaHutbes 1100 T kaprodens, Bo Bropom — 1600 T u B
tpetbeM — 1300 1. M3BecTHa CTOMMOCTH MEPEBO3KH, MPUBEACHHAS B TaOJUIIE.
Tpebyercs chopMynupoBaTh TPAHCIIOPTHYIO 3a71a4y, B KOTOPO 1ieneBast QyHKIUs
XapaKTEpU3yeT MUHUMAJIbHBIE 3aTPAThl HA MIEPEBO3KY IMPOIYKIIMH.

Tapu¢ nepeso3ku kaprodens, a.e./T

ITons Cknanpl 3anacel
B1 B> Bs
A1 12 9 13 1900
A 10 13 11 2100
[TorpeGHOCTH 1100 1600 1300 4000

d. Ha nByx momsix A1 u A, cobpan ypoxait kaprodens 2500 u 2100 T.
[TosmryueHHyI0 TPOAYKIMIO HEOOXOIMMO MOCTaBUTh B Tpu ckianga Bi, B, u Bs. B
nepBOM M3 HUX MOXKeT Xpanutbes 1500 T kaprodens, Bo Bropom — 1700 T u B
tpetheM — 1400 T. V3BecTHa CTOMMOCTH TMEPEBO3KH, MPUBEJCHHAs B TaOJIHUIIE.
Tpebyercs chopMynupoBaTh TPAHCIIOPTHYIO 3a71a4y, B KOTOPOM 1ieeBast hyHKIUs
XapaKTepu3yeT MUHUMAaJIbHbIE 3aTPaThl HAa MEPEBO3KY MPOYKIIHUH.
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Tapu¢ nepesos3ku kaprodens, a.e./T

Tlonsa CxJiaanl 3amacel
B; B> Bs
A1 13 10 15 2500
Az 11 14 12 2100
ITorpeOHOCTH 1500 1700 1400 4600

6. Ha nByx mossix A; u Az cobpan ypoxait kaptodens 2400 u 2200 T.

[TonyueHHYIO NMPOAYKIIMIO HEOOXOAMMO TOCTaBUTh B TpHU ckiaaa Bi, B, u Bs. B
MEepBOM M3 HUX MOXeT XpaHuThcs 1500 T kapTodens, Bo BropoM — 1800 T u B
tpetbeM — 1300 1. M3BecTHa CTOMMOCTH MEPEBO3KH, MpPHUBEJCHHAs B TaOIHIIE.
Tpebyercs chopMynupoBaTh TPAHCIIOPTHYIO 3a7a4y, B KOTOPOM 11eeBast (hyHKITUs
XapakTepu3yeT MUHUMAJIbHBIC 3aTPaThl HA IEPEBO3KY MPOTYKIIUH.

Tapud nepeBo3ku kaprodes, 1.e./T

[Tons Cxrasnt 3amnacel
B1 B2 Bs
A1 14 11 15 2400
A 12 14 12 2200
[TorpeGHOCTH 1500 1800 1300 4600

7. Ha nByx monsax Ai u Az coOpan ypoxait kaprodens 2600 u 2200 T.
[TonyueHHYIO NPOAYKIIMIO HEOOXOAMMO MOCTaBUThH B TpHU ckiaaa Bi, B, u Bs. B
nepBOM M3 HUX MOkeT XxpaHutbes 1400 T kaprodens, Bo BTopom — 1900 T u B
TpetbeM — 1500 1. M3BecTHa CTOMMOCTH MEPEBO3KH, MPUBEACHHAS B TaOJUIIE.
TpeOyetcst chopmynupoBaTh TPAHCTIOPTHYIO 3a/1auy, B KOTOPOH 1ieneBast (PyHKITUs
XapaKTEpU3yeT MUHUMAJIbHBIE 3aTPAThl HAa IEPEBO3KY IMPOMYKIIMH.

Tapu¢ nepesozku kaprodens, a.e./T

ITons Cknazpl 3anacel
B1 B> Bs
A1 13 11 15 2600
A 12 14 10 2200
[TorpebHOCTH 1400 1900 1500 4800

8. Ha nByx momsax A; u A, cobpan yposxkait kaprodpens 1500 u 2000 .
[TosmryuyeHHy10 TPOAYKIMIO HEOOXOIMMO MOCTaBUTh B Tpu ckianga Bi, B, u Bs. B
nepBOM M3 HUX MOXKeT xpaHuthcs 1200 T kaprodens, Bo Bropom — 1300 T u B
tpetbeM — 1000 1. M3BecTHa CTOMMOCTH NMEPEBO3KH, MPUBEACHHAs B TaOJUIIE.
TpeOyetcst chopmynupoBaTh TPAHCHOPTHYIO 33/1auy, B KOTOPOH 1ieneBas PyHKIUs
XapaKTepu3yeT MUHUMAJIbHBIE 3aTPaThl HA MIEPEBO3KY MPOAYKLUU.
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Tapu¢ nepeso3ku kaprodens, a.e./T

IMons Cknaapl 3amnacel
B: B> Bs
A1 13 12 15 1500
Az 11 14 10 2000
[TotpebHOCTH 1200 1300 1000 3500

Q. Ha nByx momsix A1 u A, cobpan ypoxait kaprodens 1900 m 2100 T.

[Tomy4eHHYIO TTPOMYKIIMIO HEOOXOAMMO TOCTaBUThH B Tpu ckiana Bi, B, u Bs. B
nepBoM U3 HUX MOXxeT xpaHutbes 1300 T xaptodens, Bo BTopom — 1200 T u B
tpetbeM — 1500 1. M3BecTHa CTOMMOCTH NMEPEBO3KH, MPUBEACHHAS B TaOJUIIE.
Tpebyercs chopmynrpoBaTh TPaHCIOPTHYIO 3ajady, B KOTOPOU LieieBast QyHKIUS
XapakTepu3yeT MUHUMAJIbHBIE 3aTPAThl HA IIEPEBO3KY IPOAYKIUU.

Tapud nepeBo3ku kaprodes, 1.e./T

ITons Cxiaanl 3amacel
B: B, Bs
A1 12 13 14 1900
Az 11 15 10 2100
IMotpebHOCTH 1300 1200 1500 4000

10. Ha nByx mossix A1 u Az cobpan ypoxait kaprodens 1600 u 2000 T.
[TonydeHHYIO MPOAYKIIMIO HEOOXOAMMO TOCTAaBUTh B TpHU ckiaaa Bi, B, u Bs. B
nepBoM M3 HUX MoxkeT XxpaHutbes 1000 T kaprodens, Bo BTopom — 1200 T u B
TpetbeM — 1400 1. M3BecTHa CTOMMOCTH MEPEBO3KH, MPUBEJCHHAS B TaOJHUIIE.
Tpebyercs chopMynupoBaTh TPAHCIIOPTHYIO 3a71a4y, B KOTOPO 1ieneBast yHKIUs
XapaKkTepru3yeT MUHUMAJIBHBIE 3aTPaThl HA IEPEBO3KY MPOMYKIWH.

Tapud nepeBo3ku kaprodes, 1.e./T

Tlonsa Cxuamsl 3amacel
B1 B> Bs
A1 13 12 14 1600
Az 10 15 11 2000
[TorpebHOCTH 1000 1200 1400 3600

11. Ha naByx nmomnsix A; u Az cobpan ypoxkait kaprodens 2600 u 2100 T.
[TonyueHHYIO NPOAYKIIMIO HEOOXOAMMO TOCTaBUThH B TpHU ckiaaa Bi, B, u Bs. B
nepBOM M3 HUX MOXeT XpaHutbes 1800 T kaprodens, Bo BTopom — 1700 T u B
tpetheM — 1200 T. V3BecTHa CTOMMOCTH MEPEBO3KH, MPHUBEICHHAS B TaOJIHIIE.
Tpebyercs chopmynrpoBaTh TPAHCIOPTHYIO 3a7a4y, B KOTOPOU LeeBas QyHKIUSI
XapaKTEPU3yeT MUHUMAJIbHBIE 3aTPAThl HA IEPEBO3KY MPOIYKLIHMH.
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Tapu¢ nepesos3ku kaprodens, a.e./T

Tlonsa CxJiaanl 3amacel
B; B> Bs
A1 13 13 14 2600
Az 11 15 12 2100
ITorpeOHOCTH 1800 1700 1200 4700

12. Ha nByx nmoasx Aj u Az coopan ypoxkait kaprodens 1800 u 2100 T.
[TonyueHHYIO NMPOAYKIIMIO HEOOXOJAMMO TOCTAaBUTh B TpHU ckiaaa Bi, B, u Bs. B
NepBOM M3 HUX MOXxeT Xpanutbes 1300 T xaptodens, Bo BropoMm — 1200 T u B
tpetbeM — 1400 T. V3BecTHa CTOMMOCTH IMEPEBO3KH, MPHUBEJCHHAs B TaOJIHUIIE.
TpeOyetcst chopmynupoBaTh TPAHCHIOPTHYIO 33/1auy, B KOTOPOH 1ieneBast (PyHKITUs
XapaKTepU3yeT MUHUMAJIbHBIE 3aTPaThl HA MIEPEBO3KY MPOAYKIHUU.

Tapud nepeBo3ku kaprodes, 1.e./T

ITons Cxiagsl 3amnacel
B1 B2 Bs
A1 13 11 15 1800
Az 12 14 12 2100
[TorpeGHOCTH 1300 1200 1400 3900

13. Ha nByx momsax Ai u A, cobpan ypoxait kaprodens 2000 u 2500 T.
[TonyueHHYIO NPOAYKIIMIO HEOOXOAMMO MOCTaBUThH B TpHU ckiaaa Bi, B, u Bs. B
nepBoM M3 HUX MoOkeT XxpaHutbes 1400 T kaprodens, Bo Bropom — 1200 T u B
tpetbeM — 1900 1. M3BecTHa CTOMMOCTH MEPEBO3KH, MPUBEACHHAS B TaOJUIIE.
Tpebyercs chopMyaupoBaTh TPAHCIIOPTHYIO 3a71a4y, B KOTOPO 1ieneBast QyHKIUs
XapaKTepU3yeT MUHUMAJIbHBIE 3aTPAThl HA MIEPEBO3KY MPOAYKIIHH.

Tapu¢ nepesos3ku kaprodens, a.e./T

Tlonsa Cxiamsl 3amacel
B1 B> Bs
A1 13 11 12 2000
Az 10 14 15 2500
[TorpebHOCTH 1400 1200 1900 4500

14. Ha aByx nonsix Ai u A cobpan ypoxait kaptodenss 1400 u 1700 T.
[TosmryuyeHHyI0 TPOAYKIMIO HEOOXOIMMO MOCTaBUTh B Tpu ckianga Bi, B, u Bs. B
nepBOM M3 HUX MOKeT XpaHutbes 1400 T kaprodens, Bo BTopom — 1200 T u B
tpetbeM — 1900 1. M3BecTHa CTOMMOCTH MEPEBO3KH, MPHUBEJEHHAs B TabJHIIE.
Tpebyercs chopmynrpoBaTh TPAaHCIOPTHYIO 3ajady, B KOTOPOH LieneBas QyHKIUSA
XapaKTepHU3yeT MUHUMAJIbHBIE 3aTPaThl HA IEPEBO3KY ITPOIYKLHUH.
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Tapu¢ nepesos3ku kaprodens, a.e./T

Tlonsa CxJiaanl 3amacel
B; B> Bs
A1 12 10 12 1400
Az 9 13 14 1700
ITorpeOHOCTH 1000 1200 900 3100

15. Ha naByx nmonsx Aj; u Az cobpan ypoxkait kaprodens 1800 u 1700 T.

[TonyueHHYIO NMPOAYKIIMIO HEOOXOJAMMO TOCTAaBUTh B TpHU ckiaaa Bi, B, u Bs. B
MepBOM M3 HMX MOXeT XpaHuThcs 1200 T kapTodens, Bo BTopoM — 1300 T u B
tpetbeM — 1000 1. M3BecTHa CTOMMOCTH MEPEBO3KH, MPUBEACHHAs B TaOJUIIC.
Tpebyercs chopMynupoBaTh TPAHCIIOPTHYIO 3a7a4y, B KOTOPOM 1eeBast (hyHKITUs
XapaKTEepU3yeT MUHUMAJIbHBIC 3aTPAThl HA IEPEBO3KY MPOIYKIIUU.

Tapud nepeBo3ku kaprodes, 1.e./T

Ilons Cxitagml 3amacel
B1 B2 Bs
A1 12 9 12 1800
A 10 13 14 1700
[TorpeGHOCTH 1200 1300 1000 3500

16. Ha nByx momsax A1 u A, cobpan ypoxkai kaptodens

1900 1 1800 T.

[TonyueHHYI0 NPOAYKIIMIO HEOOXOAMMO MOCTaBUThH B TpHU ckiaaa Bi, B, u Bs. B
nepBoM M3 HUX MoxkeT xpaHuthes 1100 T kaprodens, Bo BTopom — 1200 T u B
TpetbeM — 1400 1. M3BecTHa CTOMMOCTH MEPEBO3KH, MPUBEACHHAS B TaOJUIIE.
Tpebyercs chopMynupoBaTh TPAHCIIOPTHYIO 3a71a4y, B KOTOPO 1ieneBast QyHKIUs
XapakTepu3yeT MUHUMAJIbHBIEC 3aTPaThl HA IEPEBO3KY MPOTYKIIHH.

Tapu¢ nepeso3ku kaprodens, a.e./T

ITons Cknanpl 3anacel
B1 B> Bs
A1 14 9 11 1900
A 10 13 14 1800
[TorpeGHOCTH 1100 1200 1400 3700

2.2.2 IlapameTpuyeckas 3a1a4a

OTnenbHBIM KJIACCOM 3a7ad JIMHEHHOTO MPOTPaMMHUPOBAHUS  SIBIISTFOTCS
napamempuueckue 3a0auu, B KOTOPBIX WCXOJIHBIC JaHHBIC 3aBUCSAT OT
HEKOTOPOTO MapaMeTpa WM IapaMeTpOB.
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B wnaydHo#il u y4ueOHOU nmTEepaType MHOTOKPATHO BCTPEUAIOTCS Pa3feibl,
MOCBSIICHHBIE MTAPAMETPUUECKOMY MPOTPaMMHUPOBAHUIO. JlaHHOE HampaBJIEHUE B
JUHEWHOM MPOrPaMMHUPOBAHUM JIOCTATOYHO HU3YYEHO C TEOPETUYECKOW TOYKH
3pEeHUS, HO MTPAKTUYECKOE X TPUMEHEHUE HE UMEET IIMPOKOTO PACIIPOCTPAHEHUS.
[Ipu sTOM B CEJIbCKOM XO34WCTBE MOJIENM 33Ja4 I[apaMETPUUECKOTO
MIPOrPaMMUPOBAHUS ITOYTH HE UCITOIb3YIOTCS.

Ha npakTuke BBIIEISIOT CIAEAYIONIME BUIBI TAPAMETPUUECKOM 3a1auu:

1) 3agava, B KOTOpoW KO3G(GUIMEHTHI IeIeBOH (YHKIUU JIMHEHHO
3aBHUCAT OT napameTpa 1

f=>c(t),, (2.22)
IIPH YCIIOBUAX "
> ayx; =b,iel, (2.23)
a X, 20, jel, (2.24)
rie f — mememas ¢ymkims, x, — mepemeHHas, t - mapamerp, ¢;, &;, b—

KO3 PUITEHTHL;
2) or mapamerpa ! nHMHEHHO 3aBUCAT CBOOOJHBIC YJICHBI CHCTEMBI
OTpaHUYECHUN

F=Ycx, (2.25)
jed
IIpH YCJIOBUAX
>ax; =bt), iel, (2.26)
jed
x; 20, jel; (2.27)

3) or mapamerpa 1 nuueiino 3aBucaT ko3P uUIMEHTH LIeneBOM QyHKIUM
Y CBOOOJIHBIE YJIEHBI CUCTEMbI OTPAHUYECHUN

f=Y et (2.28)

IIPH YCIOBUAX -
2.aX =b(t), iel, (2.29)
- X, 20, jed. (2.30)

O6oOmenreM  3TUX  3ajad4  SBISETCS  3ajaya  HapamMeTpPU4YECcCKOro
MPOTrpaMMHUPOBAHUs, B KOTOPOH OT MapaMeTpa t JUHEHHO 3aBUCAT KOA(PDUIIMEHTHI
MPU HEU3BECTHBIX B IIEJIEBOM (PYyHKIMH, KOIPGUIIMEHTH NMPU HEU3BECTHHIX B
CHUCTEME YpaBHEHUW M CBOOOJHBIE WICHBI CHUCTEMbI ypaBHEHUM. [ Kaxmoro
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3HauYeHUs TapaMeTrpa { M3 HEKOTOPOro MNPOMEXKYTKA €ro W3MEHeHus |a, ]
TpeOyeTcsi HAUTH MaKCUMaIbHOE 3HaUeHHE (PYHKITUU:

f :ch(t)xj : (2.31)
Zaij (t);j =b,(t), iel, (2.32)

X, 20, jed. (2.33)

BwmecTte ¢ TeM BO3MOKHO MCIOJIb30BaHUE MHOTOIIApaMETPUUECKUX 3a]a4, B
KOTOPBIX KOA((PHUIMEHTHI IPU HEU3BECTHBIX B LENEBON (DYHKIMH, KOAPDUIIMEHTHI
OpU HEU3BECTHBIX B CHCTEME YpPAaBHEHUH M CBOOOJHBIE UJIEHBl CHCTEMBI
YPaBHECHUU JIMHEWMHO 3aBUCAT OT HECKOJIbKUX MTapAMETPOB:

dieilttyty )X, el (2.34)
jed
> ay (.t bt )X bttt t), iel, ecE, (2.35)
jed
X, 20, jed, (2.36)

rae napamerp {, u3MeHseTcs B IPOMEKYTKE [a,,f3,].

B 3a0auax napamempuueckoz2o npozpammuposatus KodQOHIUEHTH P
IIEPEMEHHBIX B OTIPAaHHYEHUSAX U LEIEBOM (YHKIMH 3aBUCAT OT HEKOTOPOTO
nmapaMeTpa WM IIapaMeTpoB. B KayecTBe TAKOBBIX HCHONIB3YEeTCA BpeMs,
NpeaNIECTBYIONIECE 3HAUEHHE M Apyrue (pakTOpbl, BIMAIOIIME HA XapaKTEPUCTHKU
Mo e,

Ilpumep 2.9. VI3BecTHO, UTO IIeHA €AMHUILIBI TPOAYKIIMH MOKET U3MEHSThCS
it u3aenust A ot 2 o 12 py0., a nns uzgenust B - ot 13 1o 3 pyO., npuyem 31U
U3MEHEHUS ONPEACIIAI0TCA COOTHOIIEHUSIMU €, =2+t,¢, =13—t, e 0<t<//.

Jns KaXZoro M3 BO3MOXHBIX 3HAYEHUM LEHbl EAMHMIBI TPOIYKLIUU
KOKJOTO M3 BHUJOB HAWTH Takol IJaH MX MPOU3BOJACTBA, MPU KOTOPOM 0OIIast
CTOMMOCTb MPOIYKLIHUHU SABJISIETCSI MAaKCUMAJIbHOM.

Pewenue
[Ipenmnosioxkum, 4TO OPEANPUATUE U3TOTOBUT X, €IMHULl TPOAYKINU A U X,

eauHull npoaykuuu B. Toraa maTreMarnyeckas MOCTAHOBKA 3aJayd COCTOUT B
ONpENENeHNH ISl KaXJOoro 3HadeHHs mHapamerpa t(0<t<10).MaKCUMaJIbHOIO

3HaueHUs PyHKITIU
f =(2+t)x +(13-t)x,

'BapcykoBa M.H. OnNTHMH3aIMOHHBIE MOJENM ILIAHUPOBAHUSA IIPOM3BOJACTBA CTAOMIBHEIX
cenbckoxo3siicTBeHHbIx npennpusatuii /M.H. Bapcykosa, SI.M. HBanvo. — Upkyrck: U3n-Bo
HUpI'CXA, 2011. —. -160 c.

’PasputHe MojelNell IUTaHMPOBaHMS IOMy4eHMs IIPOJOBONLCTBEHHONW mpoxykiuu / M.H.
bapcykoBa, H.B. benauk, A.}O. bemskosa, T.C. bysuna, E.B. Bamykeuu, .M. HMBanbo
//MnpopMaliMOHHBIE M MaTEMAaTUYECKHE TEXHOJIOTUH B HayKe U ynpasienuu, 2018. — Ne3 (11). -
C. 96-107.
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IIPU yCIIOBUSIX

4x +X, <16

2X, +2X, <22

6%, +3x, <36
X, X, = 0.

UroObl HaliTM pemieHue 3aJayd, CTPOMM MHOTOYTOJBHUK pEIICHUH,
OIpeIeNIeMBbIii CHCTEMO JMHEHHBIX HEpaBEHCTB u yCIIOBHEM
HEOTPUIIATEIILHOCTH IMEPEMEHHBIX (PHUCYHOK 2.9).

4z, + 1z, =4k
22, +212,=22
21, +13%,=26

Pucynok 2.9 — I'paduueckas uHTepIpeTanys pemeHus 3a1adn napaMeTpruiecKkoro
IPOrpaMMHUPOBAHHUS"

[Tocne storo, monaras, uro t = 0, ctpoum npsamyto 2x +13x, =26 (yucio 26

B35TO MPOU3BOJILHO) U BekTOp C = (2, 13). IlepenBuras mocTpoEeHHYIO IPSIMYIO B
HampaBieHun Bektopa C, ompenensieM, 4TO MOCIEIHENH oOIeld TOYKOM ee C
MHOTOYTOIbHUKOM petienuit O4ABCD sBnsiercs Touka 4 (0, 11). CnenoBaTenbHo,
3a/1aya, MoJiydeHHas U3 UCXoHOoM 3agauu npu t = 0, uMeeT onTUMaIbHBIN TJ1aH
X, =(0,11). DTO O3HAYAET, YTO €CIIH LICHA CAUHUIIBI NPOAYKIMU A paBHa 2 + 0 =2

py0., a 1eHa eauHUIBl Npoaykiuu B cocraBaser 13 - 0 = 13 py0O., TO
ONTUMAJbHBIM TIJIJAHOM TIPOM3BOACTBA SIBISACTCS IUUIAH, COTJIACHO KOTOPOMY
npousBoautcs 11 uznenuii B u HEe MPOU3BOIATCS U3AETUS A.

IIpu Takom MJaHEe  TPOU3BOJACTBA  MPOAYKIMU €€  CTOMMOCTH
MaKcuMaJibHa " paBHa f_ =143,

Axymnu W.JI. Maremarudyeckoe nmporpaMMUpOBaHKe B IpUMepax U 3aaadax. Y4ed. mocodue. —
2-e 3., uctp. u jom. — M.: Beicur. mk., 1993. — 336 c.
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[Monoxum TEnephb t=2 u MOCTPOUM IPSIMYTO
(2+2) %, +(183-2)x, =4x, +11x, =44 (4ucio 44 B34TO NPOM3BOJIBHO) U BekTop Ci =

(4, 11). B pesynbrate, 3a1a4a, MoaydeHHas U3 UCXOMHOW 3amaum mpu t = 2, umeer
ONTHMAaJbHBIM MnaH X, =(0,11). DT0 o03Ha4aeT, YTO €clAU LEeHa EIMHMUIIBI

npoayKiuu A paBHa 2 + 2 = 4 py0., a [ieHa eAMHUIBI TPOIYKIIMU B coctaBisieT 13
- 2 =11 pyO., To OpeanpusITHIO TakKe HauboJee 1eJIeco00pa3Ho MPOU3BOAUTE 11
e/l. MPOAYKIHUH BUJA B 1 COBCEM HE MPOU3BOAUTH MPOIAYKIIUIO BUAA A.

[Ipu TakoM 1IaHe MPOU3BOJICTBA MPOAYKIIUHU €€ 001asi CTOUMOCTD SIBISICTCA
MaKCUMAJIBHOU U cocTaBisieT f . =121

Kak BumHO u3 pucynka 2.9, naHHbIH IUIaH MPOU3BOJCTBA MPOIYKIMH OyaeT
OCTaBaThCsi ONTHUMAJIBHBIM JJII  BCAKOrO 3HadeHus I, TMoka mpsmas
(2+t)x +(13—-t)x, =hHe cTaHeT mapaUIeNbHOM NPAMOH  2x +2x,=22. OTO

npousoiiner Torma, korma (2+t)/2=(13-t)/2, T. e. npu t =5,5. Ilpu sToM
3HaueHUU t KOOpAMHATHI JIIOOOM TOYKH OTpe3ka AB JaloT ONTUMAaJbHBIM MUIaH
3a/1auH.

Takum o06pa3oM, 1Jist Besikoro 0<t<55 3ajaya UMeeT ONTUMAIBHBIN TIaH
X, =(0,11), opu  KOTOPOM  3HA4YeHHE  IeNeBOM  (YHKIUU  eCTh
fo=(2+1)0+(13-t)11=14311t ,

Ecmu t25,5, wnHampumep, 6, To momyunM npsamyro  (2+6)x;+(13-
6)X,=8x1+7X,=56. [IpaBas yacTh paBeHCTBa B3sTa MIPOU3BOJLHO. BekTop 1eneBoii
¢byHkimn umeet koopauHatel Cy(8, 7). Ilepeasuras npsAamMyro B HarpaBICHUH 3TOTO
BEKTOpA IOJyYMM ONTUMAJILHOE peleHue 3anaur B Touke B(1, 10) mm X'(1, 10).
B sToM ciydae meneBas (QYHKIUS JOCTUTHET MakcUMyMma fnax=8-1+7-10=78.
HeTpynuo mokasarts, uro npuseneHHas Touka X (1, 10) sBisieTca onTHMANbHEIM
mIaHoM Ha oTpe3ke J,5<t<8. Torma ueneBas GyHKIHS TNPUMET BH]
fmax=(2+1)-1+(13-t)-10=132-9t. JIns nepuoma BpemeHnu 8 <t</() onTUMaiabHBIM
miaHoM sBiserca X (2, 8), a ueneBas (QYHKLIUS COOTBETCTBYET frmax=108-6t
(Axynuu, 1993).

Bapuanmut 3a0anuii
3aoaua 1. llpeanpustie W3roTaBIMBAECT X, €IWHUL MPOAYKUMH A H X,

€IUHULl TPOAYKIMM B. Maremarnyeckass NOCTAaHOBKAa 3aJa4yd COCTOUT B
OMpeeICHUH 11 KaKI0ro 3HaueHus mapamerpa (0<t<14) MaKCHMAaJIbHOTO
3HaueHUs PyHKITIU

f =@Q+t)x,+1A5-1)x,
IIPUA YCIIOBUAX

4%, + X, <16

X, + X, <11
2%, + X, <12
X, X, 20
1. Pemaercs 3amava npu 0<t<2.
2. Pemaercs 3amava mpu 3<t <4.
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3. Pemaercs 3amava mpu 5<t <6.
4, Pemaetcs 3agava npu 7 <t <8.
5. Permraercs 3amaua npu 9 <t <10.
6. Pemraercs 3amaua npu 11<t<12.
7. Pemraercs 3amaya npu 13<t <14.

3aoaua 2. llpennpustve M3roTaBIMBAECT X, E€AWUHULl MPOAYKUUH A U X,

€OUMHHL] NOpoayKuuu B. Maremarndeckas NOCTaHOBKA 3aJadyd COCTOMT B
OTpENENCHUH JUIsl KaXKJIOro 3HaudeHusi mapamerpa (0<t<10) MaKCUMaJbHOTO
3HaueHUs PYHKIIMU
f =2+t)x,+11-t)x,
MIPU YCIIOBUSX
4%, + X, <16
X, + X, <11
2%, + X, <12
X, X, 20
8. Pemraercs 3amavua mpu 0<t<2.
9. Pemaercs 3amaua nmpu 3<t <4.
10. Pemaercs 3agaya npu 5<t <6.
11. Pemaercs 3agava npu 7 <t <8,
12. Pemaercs 3agava npu 9 <t <10.

2.2.3 3agava ApoOHO-JIMHEITHOr0 MPOrPaMMHUPOBAHMS

B 3amaye napoOHO-TMHENHOrO MPOrpaMMHpPOBaHUS IiefieBas (YHKIHS
ABJISICTCS HEJIMHEMHOW U COCTOUT U3 YMCIIUTEIS U 3HAMEHATES:

n
Ao+, 0;X
_ =1
f= : , (2.37)
So+ D SX
-1
I Xj- KOJMYECTBO peaqn3yeMOi MPOMYKIUH j-T0 BHAA, (j — MPHOBUIE OT
peanu3aiuu CIUHUIBI TPOAYKIMK j-TO BHAA, Sj — CEOECTOMMOCTD €IMHHIIBI
NPOAYKIUH |-TO BUJIA.
OrpaHryeHHs OIUCHIBAIOTCS JINHEHHBEIMY PAaBEHCTBAMMU:
n
D ayx; =b, i=1Lm,
=1 (2.38)

X >0,
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rze ajj, bj— mocTostHHBIE KO3 PUIIHEHTHI.
OrpaHudeHus ONUCHIBAIOTCS JTUHEHHBIMH PAaBEHCTBAMMU:

n
]:
CBenem 3agady JApOOHO-TMHEHHOrO MPOrpaMMHUPOBaHUS K  3ajaue
JMHENHHOTO MPOrPAMMHUPOBAHMS.
J171s1 TOrO BBOJATCSI HOBBIE TIEPEMEHHBIEC
B 1
Yo=—% (2.40)
So+ D S;X;
B sToMm ciydae ueneBas (byHKJﬁln;I CTaHOBUTCS JINHEMHOU
n
f ZQOy0+Zijj- (2.41)
j=1
[Ipu 3TOM OrpaHUYEHUsS] NPUMYT BU:
D> a;y;—by,=0,i=1m, ((2.42)
i=1
(2.43)

Yo(So + D s;%;) =1.
=

[IpuBeneM mpumep 3aaaun ApOOHO-TUHEHHOTO TPOrPAMMHUPOBAHHUS.

Ilpumep 2.10. TpebyeTrcss MaKCUMU3ZHPOBAThH LIETEBYIO (PYHKIIHIO BUIA
_ 24X
1+ X, +2X,
ITpu 3TOM OrpaHHueHMs 3aUCHIBAIOTCA CIEAYIOLIMM 00pa3oM:
X, —2X, + X3 = 2,
2%, + X, + X, =6,
X;20,]=12,34.

Pemenne. Beenem o003HaueHe

1
yo_1+x1+2x2’

Yo >0, Y1 =X Y01 Y2 =X Y0r Y3 =X3Y0 Y4 =X Yo

I/ICXOI[HEUI 3aa4a HpI/IMeT BU/:
f= ZY1 - Y
Y1 _2y2 +Y; = 2y0’
2y1 +Y,tY,= 6y0’
Yo+VY,+2Y,531Yy,>0.



Pe3ynbraToM pemeHus CucTeMsl TPEX YPABHEHUN C TPEMSI HEU3BECTHBIMU
OyAyT clleyIolue 3HaYeHMsI IEPEMEHHBIX

Yo =1/3,y,=2/3,y,=y,=0,y,=2/3
wi X =Y, /Y, =2,%=Y,1Y,=0,%=Y,/Y,=0,x, =Y,/ Yy, =2.

HpI/I OTOM MAKCHUMAJIbHOC 3HAYCHHC HGJ’IGBOﬁ q)YHKHI/II/I COOTBCTCTBYCT
fmax=41/3.

3apanus Kk pasgeny
Haiitn ONTUMAaJIbHOE pelienue 3aja4yu JIPpOOHO-ITMHEMHOTO
IPOrPaMMHUPOBAHUSL.

1. f= 2% +3% —min ,
X, + X,

2X, +8x, < 26,

X, + X, =4,

12x, +3x, < 39.

X1, X2=0.

2. f= 3% = 2%, — max ,

X, + 2X,

2X, +4x, <16,

—4x, +2X, <8,

X, +3X, = 9.

X1, X2=>0.

f o —5X, +4Xx,
— 2%, —3X,
2%, —4x, <12,
— X, +2X, <8,
X, + X, >210.
X1, X2=>0.

— min

5, +3X,
=
X, +3X,

2%, +3x, 212,
— X, +6x, <18,
X —3X, < 3.
X1, X2=0.

4, f max ,
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_Ax +3X%,

5, f=—"""2 5 max,

X, + 2X,
2%, +3X, 29,
— X, +6x, <18,
X, —3X, <3.
X1, X2=0.

f o — 4, +3X,

9_ f :M_)
X, + 2X,
X, +3X, 212,
— X, +4x, <16,
X, —3X, < 3.
X1, X2=>0.

—3X, +2X
—2Xx11—3x2 ”
3x, —4x, <12,

— X +2X, <6,

X, + X, >8.

X1, X2>0.

10. f =

6. f= — min ,
— 2%, —3X,
2%, —3X, <12,
— X, +2X%, <8,
X, + X, >210.
X1, X2=0.
7. f =23 3%, — max ,
2%, +3X,
2%, +3X, 215,
— X, +4x, <16,
X, —3X, <3.
X1, X2=>0.
8., f-2T3% :
2%, +4X,
2%, +3X, 212,
— X, +3X, <15,
X, —3X, < 3.
X1, X2=>0.

max ,

min ,
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— 4% +2X,
—3% 5%,
2x, —3x, <12,
— 2%, + 3%, <6,
X, + X, = 8.
X1, X2=0.

11. f = — min,,

12 fzm_)max,
X, + 2X,

2%, +4x, 212,
— 2%, +5x, <15,
X, —3X, < 3.

X1, X2=0.

13 f:M_)max,
2x, +3X,

2%, +5x, 215,
- % +3%, <9,
X, —3X, < 3.
X1, X2=>0.

—3X, + 2X,
-3%-5%,
X, —3X%, <9,

— 2%, +3X, <6,
X +X, >8.

X1, X2=>0.

14. f =

15. f :M_)max,
X, +2X,

X, +4x, 212,
— 2%, +3X, <6,
X, —3X, <3.
X1, X2>0.

= +2%

16. f =
_3&_5&

— min,

— min,
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2%, —3X, <9,

— 2%, +3X, <12,
X + X, >10.

X1, X2>0.

17. f :Memax,
2%, +3X,

X, —3X, <12,
— X +3X, <12,
X, + X, >18.
X1, X2=>0.

KontpoabHble 3agaHusi 1m0 3aJayaM JIMHEHOT0 NPOrpaMMHPOBAHHUA M

CIenmUaJIbHBIM 331a4aM JJUHEHHOI 0 NnporpaMMHupoOBaHuA

1. HaiiTu MHUHHUMAaIbHOE W MaKCHUMaJIbHOE 3HAYCHMs IIeJIeBOU (DYHKIIUU
f=x1+2X, nst orpaHUYCHHIA:
X, — X, < 4,
X, <5,
3%, —2X, > -1,
X, —0.5%, <6,
X1 X, = 0.

2. [lo wcxomHoil 3agade JHMHEWHOTO TPOTPAMMHUPOBAHHUS  MOCTPOHTH

JIBOVICTBEHHYIO 3a7]adyy U HAWTU €€ ONTUMAaNIbHBIN 1uiaH. McxonHas 3amada

MMEET BUM:
f =x, +1.5x, = max,
X, + X, <6,

X, +2X, <8,
X, <5,
X;, X, 20

3. [lo wucxomHoWt 3amade JUHEHHOTO MPOTPAMMHUPOBAHUS  MOCTPOUTH

JIBOMCTBEHHYIO 3a/1a4y U HAWUTHU €€ ONTUMAaJbHbIM 1uiaH. McxomHasa 3amada

WMEET BUT:
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f =0.5%x, + X, —2 —> min,
-X, +1>0,
~0.5%, +2>0,
0.5x, +x, =1=0,
X, X, 20
4. HailTu onTuManbHOE pelieHue 3aJ1a4M JIMHEHHOTO MTPOrpaMMHUPOBAHHUS:
f =X, +X; —10 > min,
X, +2X, + X, =10,
X, +2X, = Xs =2,
2X, + X, + X, =10,
X, + X, =4
X, X, 20
5. [lo wucxomHOM 3agauye JMHEWHOTO NIPOrpaMMHUPOBAHUS  MOCTPOMTH
JIBOMCTBEHHYIO 3aJ[a4yy U HAWTU €€ ONTUMAaJIbHBIN Iu1aH. VcxonHasa 3amgava
MMEET BUL:
f =3x, +8x, > max,
X, +4X, <6
X, +2X, <4
X, <3,
X, X, 20
6. UeThlpe mpeanpusaTHs AN MPOW3BOJACTBA MPOIYKIIMU HCHOIB3YIOT TPH
BUJIA ChIpbs. [loTpeOHOCTH B ChIpbE KaXA0ro NpeanpusaTus cocTanisaor120,
60, 180 u 110 ex. Ceippe cOCpEeNOTOUCHO B TpeX CKiIaaax ¢ 3amacamu 160,
140 u 170 equnut. Tapudsl nepeBo3kH MPUBEICHBI B TAOIUIIE

Cxnael [Ipennpustus 3amacel
B1 B2 | Bs B4

A1 7 8 1 2 160

Az 4 6 9 8 140

A3 9 2 4 6 170

ITorpebroctn | 120 |60 | 180 | 110 | 470

TpeOyeTcst onpeaeanTh ONTUMAIBHBIN TUTaH MTEPEBO30K CHIPhHSI.

7. Ha Ttpex ckmamax 0a3wl cocpemoroded rpy3 90, 70 u 140 emunwmi. ['py3
HE0OXOMMO TIEPEBE3TH B UeThIpe MarazuHa B koaudectBe 110, 50, 60 u 80
enuauIl. Tapudbl IepeBO3KU MPUBEIACHBI B TAOTUIIE

Cxnangpl MarasuHebl 3amacel
Bl Bz Bg B4

A1 2 3 4 3 90

Az 5 3 1 2 70

A3 3 2 4 2 140

ITorpebnoctn | 110 | 50 | 60 80 300
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TpeOyeTcst onpeneauTh ONTUMANBHBIN TUIaH MEPEBO30K ChIPbSI.

TpeMSI NpCANPUATUAMU IIPOU3BOAATCA TPHU BUAA IIPOAYKIHNHU B KOJIMYCCTBC

50, 30 u 20 exuHUIL U YETHIpEX MOTpedbuTeneit ¢ morpedHoctsmu: 30, 30,
25 u 15 equnun. Tapudsl nepeBO3KU MPUBEICHBI B TAOIHUIIE

[Mpenmpustus | [Torpedurenu 3anacel
B1 B2 | Bs B4

A1 1 2 4 2 50

A 2 3 1 5 30

A3 3 2 4 3 20

[Torpe6noctn | 30 30 |25 15 100

Tp€6yeTC5I OIIPCACIINTD ONTHUMAJIbHBIN ILJIaH IICPCBO30K ChIPbA.

Tpems npeanpuATAAMHA NPOU3BOAATCA TPU BHAA NMPOAYKIUHU B KOJIUYECTBE

180, 300 u 50 equuull g 08TU noTpeduTeneit ¢ norpedHoctsamu: 110, 90,
120, 80 u 130 equnun. Tapudsl nepeBo3KH NpPUBEIECHBI B TabIMLE

[Mpenmpusitust | [TorpeGurenu 3anacsl
B1 B, | Bs B4 Bs

AL 7 12 |4 6 5 180

A 1 8 6 S) 4 300

A3 6 13 | 8 7 3 50

[Torpe6noctn | 110 |90 | 120 | 80 130 530

Tpebyetcs onpeneanuTb ONTUMATBHBIN TIaH NEPEBO30K ChIPHS.

10. Haiitu OIITUMAJIbHBINA

IPOrpaMMHUPOBAHMUSL:

f =(4x, +3%,) /(X +3X,) = max,

2%, +3X, 212,
— X, +6X, <16,
X —3X, <3,
X, X, 0.

11. Haiitn OINTUMAJIbHBIN

MpOrpaMMHUPOBAHHUS:
f =(3x, —1.5x,) /(X, + 2X,) — max,

2X, +3X%, <15,
—3X, +2X, <7,
X +3X, =2,
X, X, = 0.

12. Haiitu OIITUMAJIbHBINA

IPOrpaMMHUPOBAHMUSL:

IIJ1aH

IJ1aH

IIJ1aH
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f = (—4x, +3x,)/(—2x%, —3X,) —> max,
2%, —3X, <12,
— X +2X, <9,
X +X, 211,
Xyy X, 2 0.
13. Haiitu ONTUMAJILHBIHI [UIaH 3a1a4u JTpOOHO-JIMHEHHOTO

IIPOrPaMMUPOBAHUSL:
f = (X, +2x,) /(X +X,) = min,
X, +4x, <12,
X, + X, 25,
6X, + X, <20,
X, X, 0.
14 HaiiTu onTUMalIbHBIN TUTaH 337241 [MapaMeTPUIECKOro MpOrpaMMHUPOBAHUS:
f =2x, +(2+4t)x, > max,
X + X, <12,
X, — X, <10,
—X +X, <5,
Xyy Xy 20,
t[0,10].
15.HaiiTu onTuMaIbHbIN TJ1aH 33/1a4d MapaMeTPUUECKOTO MPOrPpaMMUPOBAHUS:
f =(@+1t)x, + X, &> max,
3X, + X, <14,
X, + X, <10,
2X, + X, <12,
X, X, =0,
t[0,5].
16.HaiiTi onTMaNbHBIN TIIaH 3a7a4M MapaMeTPUIECKOTO TTPOrPaMMHUPOBAHMS:
f=@Q+t)x +(7-t)X, > max,
3X, + X, <15,
X, + X, <10,
2X, + X, <12,
X, X, =0,
t[0,5].
17. Halitu ONTUMAaJIbHBIN IJIaH 3a7a4u MapaMeTPUIECKOTO

IPOrPaMMHUPOBAHHS:
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f =(2+t)x, +(6—-1t)x, > max,
3X, +2X, <18,

X + X, <8,

X, =2,

X, X, 20,

t[0,4].

2.3 HEJJMHEMHOE NPOI'PAMMUWPOBAHUE

B o6mem Buae 3amaya HEJIMHEHHOTO NPOTPaMMHUPOBAHUS COCTOUT B
ONpeIeSICHUH MaKCUMaIbHOTO (MUHUMAJIBLHOTO0) 3Ha4eHUsT (DYHKIIUU

f (X0 X0 X,) (2.44)
IIPU YCIIOBHH, YTO €€ TICPEMEHHBIC YIOBICTBOPSIOT COOTHOIICHUSIM

9 (X, Xp,..., X, ) <y (|:1_k)

9 (X, %0, X, ) =D, (i :k+1,m),
rae f u gi— HekoTophIe M3BECTHBIC (PYHKIMH N TICPEMEHHBIX, a D — 3a1aHHbIC
qrcoa.
[Tporecc HAXOXKICHUS PEIICHUS 3a1a9l HEIMHEHHOTO MPOrPaMMHPOBAHUS C
UCTIOIb30BAHUEM €€ TCOMETPUYECKON WHTEPIPETAMY BKIIIOYACT CIICAYIONIHE
STarbl.

(2.45)

1. Haxonst 0651acTh 1OMYCTUMBIX PEIICHUN 3a/1auHu.
2. Crpost runepnoBepxHoctb f(x,X,,...,X,)=h.
3. OnpenensitoT TUMEPIOBEPXHOCTh HAMBBICHIETO (HAWHU3IIETO)

YPOBHS  WJIM  yCTaHABJIMBAIOT  HEPA3pPEIIMMOCTh  3aJayd  H3-3a
HeorpanndeHHoct  ¢yHkmmu  (f)  cBepxy (CHHM3y) Ha  MHOMKECTBE
JOMYCTUMBIX PEIICHUH.

4, Haxomst TOouky 0071acTH JOMYCTUMBIX pEIIEHUH, uepes

KOTOPYIO MPOXOAUT THUIEPHOBEPXHOCTh HAMBBICHIETO (HAMHU3UIIETO)

YPOBHSI, U ONIPECIISAIOT B Het 3HaueHue ¢pynkuuu (f).

Ecmu orpanwvenus (2.45) mnpencraBisioT coO0W TONBKO ypaBHEHUS,
NepEeMEHHbIC HE 0053aTeIbHO TOJOXKHUTEIbHBI W (yHkimu (2.44) u (2.45)
ABJISIFOTCSL HEMIPEPHIBHBIMU BMECTE CO CBOMMH YaCTHBIMU IPOU3BOJHBIMH, TOT]A
JUISL pEICHUs 3a1a4M PUMEHSIOT METO MHOXUTeNnel Jlarpanxa.

Nnes metona Jlarpanka coctouT B cieayromieM. JlomycTuMm, HEOOX0AUMO
HaWTU TaKWe 3HAYCHUS] TIEPEMEHHBIX X, X,,...,X , KOTOPbIC JOCTABIISIM MAaKCUMyM

(MuHUMYM) teneBoil pyHkumu f(x,X,,...,x,) IPU yCIOBHH BBINOIHEHHUS CHCTEMBI
OTpaHHYCHHH g, (X, X,,..., X, ) =D, (izl,_n).

Jlnst perieHust 3a1a4u BBOASAT Tak HazbiBaeMmyro pyHkiuio Jlarpanxka
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F O X Xy s s ) = 0% Ko ) D20, (K0 Ko X,) (2.46)

i=1
rac ﬂ“i - KOHCTAHTBI, Ha3bIBACMBIC HCOIIPCACIICHHBIMHW MHOKUTCIISIMU J'IarpaHX(a.

3aTeM HaXOMAAT YaCTHBIE NpousBoAnbIe OF (f,g;,4)/ox; u oF(f,g;,4)/oATHe

i=1L,m, j=1n, OpUPABHUBAIOT UX K HYJIO U PEIIAIOT CUCTEMY YPABHECHHM

aF(f,gi,ﬂ,,)zo’jzl,—n;

% (2.47)
Mzg_zo |=m

oA b n

[Toce 3TOr0 HMCCIEnylOT TOYKHM, IIOJYYEHHBIE B PE3YyJbTaTe pPEIICHUS
CUCTEMBl Ha MAaKCUMYM (MHUHHUMYM), MOCKOJIBKY YCJIOBUS CHUCTEMBI SIBISIOTCS
HEO0OXOMMBIMH, HO HEIOCTATOUYHBIMU YCIOBUSAMH SKCTPEMYMaA.

Ilpumep 2.11. HaliTn MakcuManbHOE 3HaY€HHE (PYHKIIUU
f =x, — x> +6X,
P YCIOBUSIX
2% +3X, <24
X, +2X, <15
3X, +2%, <24
X, <4,

X, X, = 0.
Pewenue

Tak kak 1eneBas (DyHKIUS HEIUHEWHas, TO 3a7adya  SBJISIETCS 3aJade
HEJIMHEHHOr0 MPOrpaMMHUPOBAHUS.

B mpumepe 2.11 061acThiO JOMYCTHUMBIX PEUICHUM TaHHOM 3a7auu SBIISETCS
MHOTOyronsHUK OABC (pucynok 2.10). CnemoBarenbHO, Ui HAXOXKICHUS €€
pELIECHHs] HY)KHO ONPENENIUTh TaKyl0 TOUYKY MHOroyrojgbHuka OABC, B KOTOpOW
¢ynkuus f mpuHEMaeT MakcumanbHOe 3HaueHHe. [locTpouM JHHHIO YpOBHS
f =x, —x’ +6x =h tae h - HekoTOpas MOCTOSIHHAS, ¥ UCCIIEYEeM €€ MMOBEICHHUE TIPH
paznuunbiX 3HaueHusx N. [Ipu kaxmaom 3HaueHuu h mosxydaem napaboiy, KOTopas
TEM BbIIIEe oTAaaeHa oT ocu OX; yem Oosbiire 3HaueHue h (pucynok 2.10). 3Hauur,
bynkuuss F npuHMMaeT MakCUMalbHOE 3HA4€HHE B TOYKE KAacaHWs OJHOW W3
napaboJ ¢ rpanuiieii MuHoroyroyibHuka OABC. B nanHoMm ciydae 310 Touka D, B
KOTOpOH JinHUS ypoBHsS f =x,—x+6x =13 Kacaercs CTOPOHBI AB
MHoroyroinbHuka  OABC. KoopauHaTtsl ToOukd D MOXHO HalWTH U3 CHUCTEMBI
YpaBHEHUH

X, — X, +6x, =13,
X, =4.
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Pemas oty cucremy, nomydnm x =3; x, =4.. Utak, fna=13 npu X™ =(3,4).

32,428y = 2%

i

il |}

NI 10 1B W 16z

=

Pucynok 2.10 — I'padudeckast uHTEpIpeTaIis petieHns 3a1a4i HETUHEHHOTO
IIPOTPaMMUPOBAHUS

B 3amade Touka MakCMMalbHOTO 3HAYEHUS 1IEJICBOM (PYHKIIUU HE SBIISCTCS
BEPIIMHOW MHOTOYTrojbHUKa perieHuit. [loaromy nporeaypa nepedopa BepiluH,
KOTOpasi MCIOJIb30BAIACh MPU PEUICHUHU 3a7ad JUHEHHOTOo MpOorpaMMHUpOBaHUS,
HEMpUMEHUMA JJI PEIICHUs TaHHOW 3a/1auu.

Ilpumep 2.12. Halitu MakcuMaibHOE 3HAYCHHE (PYHKITUU

f =3x +4x,
IIPH YCIOBUSIX
X, +X; <25
{xlx2 >4
X, X, = 0.
Pewenue

Oo6mactp pemienuit 3amaun 2.12 uzobpakena Ha pucynke 2.11. IToctpoensr
JIBE JINHUU YPOBHS, MPEACTABIISIONTNE CO00N Tpsimbie. M3 puCyHKa BHIHO, UTO
MaKCUMaJbHOE 3HA4YCHHWE IieieBas (PYHKIUS 3aJaud NMPUHUMAeT B TOouke E, B
KOTOPOU TIpsiMasi KACaeTCsi OKPYKHOCTU X +X> =25.

Jlnst  ompenesieHUsT KOOPAMHAT TOYKM FE BOCHOJIB3YEMCSI PaBEHCTBOM
YIJIOBBIX KOA(PQHUIIMEHTOB MpsMOi 3x, +4X, =h, rae h - HekoTopas MmocTosHHAsA U

KAacaTeJIbHON K OKPYKHOCTH B TOUKE £.
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Zr, +-’rxz=25
/
1 I ——

£

N

i,

AL ARNE?
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Pucynoxk 2.11 — I'paduueckoe perieHue 3aga4u HETMHEHHOTO
IPOrpaMMHUPOBAHMS

PaccmaTtpuBast X; , Kak HESBHYIO (YHKIUIO, NEPEMEHHON X1 , MOWIEHHO

muddepeHpyem ypaBHEHHE OKPYKHOCTH X + X, = 25, IOTY4IUM
2% +2%%X, =0 mwm X, =—% /X,.

[IpupaBHHBas HaliJJleHHOE BhIpakeHue uuciay K = -3/4, momydaem OfHO U3
YpPaBHEHUM [JI1 ONpEACICHHUS KOoopAuHAT TO4Yku £FE. B kadecTtBe BTOpOro
ypaBHEHUSI BO3bMEM YpaBHEHUE OKPYKHOCTU. Takum oOpazoM, AJid onpenesieHus
KOOPJIMHAT TOYKHU £ UMEEeM CUCTEMY

4x, +3%, =0
{xf +x2=25"
OTKyHa X, =3, X, =4, fnax=32+42=25,

Ilpumep 2.13. Tlo muiaHy TPOW3BOACTBA MPOIYKIIMH TPEATPHUITHIO
HEO0O0XO0MMO M3rOoTOBUTH 180 uzmenuil. DTH U3JEIUs MOTYT OBITh M3TOTOBJICHBI
JIBYMsl TEXHOJOrnyeckumu crnocodbamu. Ilpum mnpousBonctBe X; wuznenuit |
CIIOCOOOM 3aTpathbl paBHBI 4X + X’ py0., a MPU U3rOTOBICHUH Xz u3Aenuii |l croco-

OOM OHH COCTaBJISAIOT 8X, +X. py0. OnpenenanTh, CKOJbKO H3ACTHA KaKIbIM U3

CHOCO00B CIEAYyeT M3rOTOBUTh, TaK YTOOBI OOLIME 3aTpaThl HA IPOU3BOJCTBO
MPOIYKIHU ObUTA MUHUMAJIbHBIMU.

Pewenue
JlaHHyr0 3amauyy MOXHO pPEIIUTh, HCHOJIB3Yd €€ TI'E€OMETPUYECKYIO
VHTEPHPETALNIO U IPUMEHSISI METOI MHOXKUTEIEeH Jlarpanixka.
Marematuyeckass  MOCTAaHOBKAa  3aJadyd  COCTOMT B  ONPEAEIEHUHU
MUHUMAJIBHOTO 3HaYEHUS (PYHKITIU
f=4x +X°+8x, +X
IIPU YCIOBUSX
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X, + X, =180,
X, X, = 0.

CHagana  HaiileM pelIeHue 3aJadyd, HCIOJb3ys €€ TeOMETPUYECKYIO
uHTeppeTanuio. OO0JacThI0 JTOMYCTUMBIX pEIICHUN UCXOIHOMN 3a/1a4uu
SABJISIETCA  OTPE30K MpsiMOil AB (pucyHok 2.12), a TMHUSMU YPOBHS - OKPYKHOCTH
C IeHTpoM B Touke E (-2, -4).

Iz )

%

L

b
L+ 2,=180

/) B = = 5\_:§

Pucynox 2.12 — K 3agaue onpenenenus skctpemyma GyHKuu Metogom Jlarpanxka

[TpoBonss w3 TOoukM E OKPYKXHOCTH pasHBIX paIHyCcoOB, BUINM, 4YTO
MUHHMAaJIbHOE 3HaUeHUE 1eieBas GpyHKus npuHuMaeT B Touke D. UToObr HaliT
KOOPJWHATBI ATOHW TOYKH, BOCIOJIB3YEMCS TEM, YTO YIJIOBOH KOX(PQHIMEHT K
OKPY)KHOCTH  4x +X +8x,+x.=C B Touke D coBmamaer ¢ yIJIOBBIM

koadurmeHTom npsamMon  x, + X, =180 u, cienoBaTeabHO, paBeH -1. PaccmarpuBas

X2 Kak HEIBHYIO (YHKIMIO OT X1 U JudPepeHuupyss ypaBHEHUE OKPYXKHOCTH,
uMeeM

4+2% +8X, +2%,%, =0mmX, =—(2+%)/(4+X,).

[IpupaBHMBas NOJy4YEHHOE BBIpAXKEHHWE 4YHUCIy -1, MOJlydaeM OJHO U3
ypaBHeHUN [ omnpeneneHuss koopauHat Touku D. Ilpucoemunsis x Hemy
ypaBHEHUE NPSIMOiA, Ha KOTOPOH JISKUT Touka D, momyuum cucremy

X=X = 2
X, +X, =180’
x, =91, X, =89. DTO O3HAYaeT, YTO €CNU Mpennpusrue u3roroput 91 m3menwue |

TEXHOJIOTHYeCKUM crnocodom u 89 wmsznenuit Il cmocoboM, To oOuiue 3aTpaThl
OyIyT MUHMUMAaJIbHBIMU U cocTaBsT 17278 pyo.

Pemnm Teneps 3amauy, ucnosb3ys Metod MHOxkuUTelen Jlarpanxka. Haitgem
MuHHManbHOe 3HaueHue (ynkiuu (f) mpu ycmosum, T.e. 6e3 yuera TpeOoBaHHSA
HEOTPHUIATENIbHOCTH NIEpeMeHHbIX. J[J1s 3Toro cocraBuM (yHkiuio Jlarpanxka

F (X%, A)=4% +X +8%, +X; + 1(180— X, —X, ),
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BBIYMCJIMM €€ YaCTHBIC IIPOMU3BOJHBIC I10 X1, X2, AN IIPHUPABHACM UX HYJIIO:

ﬁ:4+2x1—ﬂ.:0,
24

E=8+2X2—1=0,
0X,

oF
—=180-x,—x, =0.
Y X =X

IlepeHocs B mpaBble YacTH IIEPBBIX ABYX YPaBHEHUN AU IPUPABHUBAS UX

JIEBBIC YaCTH, MOITyYUM
442X =8+2X, mm X, — X, =2.

Pemasg mocienHee ypaBHEHHE COBMECTHO C YpaBHEHHEM X, +X, =180,
HaxXomuM x, =91, X, =89, T.e. MONyYWIH KOOPAUHATHI TOUKU D, ymoBieTBopstomieii
YCIIOBHUSIM HEOTPHULIATEIBHOCTH. JTa TOYKA SBISIETCS IOAO3PUTEIBHOM Ha
KCcTpeMyM. Mcrnone3ys BTOpbIE YacTHBIE NPOU3BOAHBIE, MOXKHO I10KAa3aTh, 4TO B
touke D dynkims f umeer ycroBHbII MHHUMYM. JTOT pe3yibTaT U ObLT MOITyYeH
BBIIIIC.

3aganud o pasaeny

1.Hairtn rpaduuecku MHUHUMAaJIbHOE 3HAYCHUS byHKIMH
9(x, —5)? +4(x, —6)° TIpA YCIOBUIX
3X, +2X%, =212,
X, — X, <6,
X, <4,
X, X, = 0.
2.Haiitu Tpaduueckn MakcuManbHOC 3HadeHHs QyHkumu f =X;X; mpu
YCIOBUSIX
6x, +4x, 212,
2%, +3X, < 24,
-3, +4x, <12,
X, X, 2 0.
3. Haiitn rpadudeckn makcumanbHoe 3HaueHUs: Gpynknun f =4X;+3X; npu
YCIOBUSIX
X, — 2%, + X5 —2x, —34 <0,
X, =1,
X, >1.
4. Haiitn rpaduyeckn MakcUMaidbHOe 3HaueHHs ¢GyHkumu f =XiX; mpu
YCIIOBUSAX
X7 + 2%, + X5 —2x, —14>0,
2%, + X, <10,
X, X, = 0.
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5. Haiitn rpadudueckn mMakcumanbHoe 3HadeHus: Gpynknun f =3X;+4X; npu
YCIIOBUSX

X, +2x%, < 25,
X X, <4,
Xy, X, 20,

6. HaiiT rpaguueckn MakcumanbHoe 3HadeHust QyHKimu f =(X1-4)%+(X,-3)?
IPH YCIIOBUSAX

2X, +3X, =6,

3x, —2x, <18,
— X, +2X, <8,
X, X, 2 0.

7. Haiiti rpaguuecku MakcuMajibHoe 3HaueHust Qpynkuun T =(X1-3)%+(X-4)?
IpU YCIOBUAX

3X, +2X, 27,
10x, —x, <8,
—-18x, +4x, <12,
Xy, Xy 2 0.

8. Haiitn rpaduueckn MakcuManbHoe 3HaueHHMss QyHKmu f =X;2+X,? mpu
YCIIOBHUSIX

X X, <4,
X, + X, 295,
X, <7,

X, <6,

Xy, Xy 2 0.

9. Haiitu rpaduyeckn MakcuManbHOe 3HaueHUs QyHkuuu f =2X;+X; npu
YCIIOBUSIX

X; +X; <16,
X, X, = 0.
10. Haiitu rpadudeckn MakcumanbHoe 3HaueHus QyHkuu f =(X1-2)%+(X; -
3)? npH ycIoBHAX
X, +2X, <12,
X +X, <9,
X, X, = 0.
11.Haittn rpaduuecku MUHHUMAaJIbHOE 3HA4YECHUS byHKUIMAN
9(x, —5)* +4(x, —6)*IPH YCIIOBUAX
3x, +2,5%, =215,
X, — X, <6,
X, <5,
X, X, = 0.
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12.Haiitn rpaduyeckn MakcuMmalibHOE 3HauyeHUst QyHkuuu f =X1Xo mpum
YCIOBUSIX
3X, +2X, > 6
2%, +3X, < 21,
—3x, +4x, <12,
1, %, 2 0.

13. Haiitu rpadudeckn MakcuMmaiabHoe 3HaueHUS pyukuun T =5x;+4X, npu
YCIOBUSX

X, — 2%, + X2 —2x, —34 <0,
X, =1,
X, >1.
14. Haiitn rpaduuecks MakcuMaibHOe 3HaueHHs (GyHkuuu f =X;Xp; mpu
YCIIOBHSX
X. + 2% + X2 —2X, —15>0,
2% + X, <9,
X, X, = 0.

15. Hatitu rpadudeckn MakcuMmaiabHoe 3HaueHUS pyHkmun f =3X;+5X, npu
YCIOBUSX

X7 +2x, <25,
X, X, <4,
Xy, X, 0.
16. Haiitu rpaduueckn MakcumaibHoe 3HadeHust GyHkuuu f =(X;-3)%+(Xo-
4)? Iy yCIIOBUSX
3%, +2X, =9,
10x, — X, <6,
—16x, +4x, <12,
X, X, = 0.
17. Haiitu rpaduyeckn MakcuManbHoe 3HadeHust GpyHkuuu f =X;%+X,? npu
YCIOBHSX
XX, <3,
X + X, =9,
X <7,
X, £5,5,
X, X, = 0.

3aianue Mo UCNoJbL30BaHus MeToAa Jlarpanxa

1. Haiitu yciaoBHBIM SkcTpeMyM QYHKIHH f =X + X> + X, TIPU YCITOBUSAX
X, + X, + X3 =4,

2%, —3X, =12.

2. Haiiti ycnoBHbIi akcTpeMyM pyHKIUU f =X X,X, TIPU YCIOBHSIX
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2%, X, + X, X3 =12,

2%, — X, =8.

3. Haiiti ycnoBHbIH skcTpeMyM QyHKIUU f =X X, + X,X, IPU YCIOBHSIX

X, + X, =4,

X, +X; =4.

4, Haiitu ycnoBHBIN 3KcTpeMyM QyHKIUH f =3X7 + 2X, + 2X5 + 4X,X, TIpH
YCIOBUSX

X7 +2x5 =19,

X, +2X,X; =11

S. Haiiti ycnoBHbIi akcTpemyM pyHKIUU f =X X,X, TIPU YCIOBHSIX

X, + X, + X3 =5,

X X, + X, X5 + X X5 =8.

6.  Haiitu makcumanbHoe 3HaueHMe GyHKIMK f =X X7X; TIPU YCIOBUH

X, + X, + X3 =18.

7. Haiitu MuHumanbHOoe 3HaueHue (QyHKUUU f =XxX, + X,X; TpHU

YCIIOBUSAX

X, — X, =2,

X, +2X; =4.
8.  Haiitu skcTpemanbHoe 3HaueHue QyHKIMH f =X + X7 TPU YCIOBUAX
X; + X, =5.

9. Haiitu ycinoBHBIH SkcTpeMyM QyHKIHH f =X + X5 + X, TIPU YCIOBUSAX
X, + X, + X3 =4,

3X, —4x, =12.

10. HaiiTu yclioBHBIN 3KCTpeMyM PYHKITUU f =X, X,X, TIPU YCTOBUAX
2%, X, + X,X; =10,

2%, — X, =6.

11. Haiitu yciioBHBIN 3KCTpeMyM QPYHKIUU f =X, X, + X,X, IPU YCIOBUAX
X, + X, =9,

X, + X5 =05.

12. Haitti ycioBHBIN dKCTpeMyM (QYHKIUU f =1.5x7 + X, + X2 + 2X,X, [PH

YCIIOBUSAX

x7 +2x; =18,

X, +2X,X; =11.

13. Haiitu yciioBHbIN 3KCTpeMyM QPYHKIUU f = X;X,X, TIPH YCITOBUSAX

X, + X, + X3 =6,

X Xy + X, X5 + X, X5 =9.

14.  Haiitn makcumanbHoe 3HaueHne GyHkuun f =x xJx; IpH ycnoBuu

X, + X, +X; =16.

69



15. Haiftu wmuHMManpHOEe 3HadeHHEe GYHKIUH f =XX, + X,X; TpH

YCIIOBUAX
X, — X, =3,
X, +2X; =5.
16. Haiitu sxcTpeManbHOe 3HaYeHHE QYHKIHUU f = X. + X5 TPHU YCIIOBUSIX
X, + X, =6.
17.  Haiitu skcTpeManbHOE 3HaYeHHE QYHKIHUU f =X} + 2X. TP yCIOBHIX
X, + X, =8.

2.4 3AJAYN MATEMATHYECKOI'O IPOT'PAMMUPOBAHUA B
YCJIOBUAX HEONTPEJAEJEHHOCTHU

2.4.1 3agava ¢ HHTepPBAJIbHBIMH OLIEHKAMH

BOoAbIMIMHCTBO  peaibHBbIX  3a/ad, CBS3aHHBIX C  MOJEIMPOBAHUEM
CEJIbCKOXO3SIICTBEHHOTO MPOU3BOJCTBA OINUCHIBAETCA MHOKECTBOM MapaMeTpOB,
MHOTHE U3 KOTOPBIX SIBJISIETCS HEONPEIEIECHHBIMU.

BBIIENSIOT HECKOJBKO Pa3IMYHBIX BHJIOB HEOIPENEICHHOCTEH, 4acTh W3
KOTOPBIX CBSI3aHA C HEJOCTAaTOYHOCTBIO 3HAHUM O MPUPOAHBIX SBICHUAX H
poLeccax:

- HEOIIPENEJIEHHOCTH, CBSI3aHHBIE C HEJOCTATOYHBIMU 3HAHUSIMU O MPUPOJE
(HampuMmep, HEU3BECTEH TOYHBI 00BbEM TMOJE3HBIX MCKOMAEMbIX B
KOHKPETHOM MECTOPOXKICHHH );

- HEONpPEeNeIEHHOCTH NPHUPOAHBIX SIBICHUH, TAKUX, KaK MOroja, BIUSIONIAs
Ha ypO’KalHOCTb, HA 3aTPaThl U JIp.;

- HEONpPENENEHHOCTH  KIMMAaTHYECKMX  YCIOBUM,  BIMSIONMX  Ha
YPOKaNHOCTb, HA 3aTpaThl U Jp.;

- HEONpPENIEJIEHHOCTH, CBSI3AHHBIE C OCYLIECTBICHUEM JACHCTBYIOIIMX U
MPOEKTUPYEMBIX TEXHOJIOTUYECKHUX MTPOLIECCOB.

HcTounuky HeompeAeneHHOW HH(OpMalMd MOXXHO pa3AeIuTh Ha JIBE
KaTEeropuu: HEJAOCTATOYHO MOJHOE 3HaHUE MPEIMETHOM 00JIaCTH U HEIOCTATOUHAs
uHpOpMaIus 0 KOHKPETHOW CUTYallUu.

Oco0OeHHO pacnpoCTpaHEHHBIMU SIBISIIOTCS  CUTYyallMd, KOTrJa BBIOOD
PELIEHUS OCYILIECTBIISIETCS B YCIOBHSX PUCKOB: CYIIECTBYET HEONPEAEICHHOCTD B
BHJIE MHO>XECTBA YAaCTHBIX HCXOJOB PE3yJbTAaTa IMPUHATHS PELICHUS, NPUYEM
BEPOSITHOCTU TOSIBJICHUSI 3TUX HUCXOJOB JUOO OIpeAenseMbl TeM WM HHBIM
cr1oco0oM, JIMOO HEM3BECTHBI UM HE HUMEIOT CMBICTIA.

Ecim  HuKakux TPEONoJIOKEHHHM O CTOXACTUYECKOM  YCTOWYMBOCTH
MapaMeTPOB HE CYIIECTBYET, TO TOBOPST O HECTOXACTUUECKON HEOMPEAETIECHHOCTH.
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Korna Henp3s comocTaBUTh BEPOSITHOCTH PE3yAbTAaTOB MPU BBHIOOpPE TOTO HIIU
MHOTO pEILIEHUs,, XOTS BO3MOXHBIH HaOOp pe3ysbTaTOB W3BECTEH, JUIA
ONTHMM3ALMN  IPOU3BOACTBA  IPOAYKUHH  HA  CEIIBCKOXO3AMCTBEHHOM
IPEANPUATAA MOXHO HCIIOJIb30BAaTh MOJEIM C MHTEPBAJIBHBIMU IapaMeTpamMu B
1eneBOM QYHKIIMU U OTPaHUUYCHUSIX:

f=>¢x —>max, (2.48)
iaijxjg(z)ai (i=1m), (2.49)
X; 20, (j=1n ), (2.50)

rac Cj, aij, u bi ABJOTCA KOMIIAKTHBIMU HMHTCPBAJIAMMH. I[pyrI/IMI/I CJIOBaMu,

¢ =lc,c;] & =[aa;] b=lp.b]rae g ¢ 5 g,

b,, b, - BepxHHE U HIKHUEC

TPaHUIbl COOTBETCTBYIOIIUX UHTEPBAJIOB.

Crnenyer OTMETUTh, UTO B MOJICJISIX CJIOKHBIX CHUCTEM JIJISI PELICHUS 3a7ad C
WHTEPBAJIBHBIMU U BEPOSITHOCTHBIMHU MapaMeTpaMUd MOXKHO HCIOJIb30BaTh METOJ]
CTATUCTUYECKUX MCIBITAHUMN, TTO3BOJISIIONININ CIIy4ailHBIM 00pa3oM MOJIETUPOBATH
HEONpPEACICHHbIE  BEJIMYMHBI W [MAPAMETPbl, MOJYMHEHHBIE  3aKOHAM
pacmpenieieHdss ~ BEpOATHOCTEW.  BO3MOXKHOCTP  MCHONB30BaHUA  METOJA
oOycCJIOBlieHa aJIeKBaTHBIM OTOOpPaKEHWEM HMHTAIIMOHHBIX 3HAYEHUN peabHbIM
nauHbeIM. [Ipu 5TOM Ha TIpenBapUTEIHLHOM dTare HEOOXOIUMO OIEHUTh BEPXHUE U
HIDKHUE OLICHKU TapaMeTPOB, OMPEACIUTh 3aKOHBI PaCIpeAeICHUsI, KOTOPhIM OHU
noguuHs0TCs. C MOMOIIBI0 METOJ0B HMMHTAIMOHHOTO MOJICTUPOBAHUS MOKHO
OIICHUTh YCTOWYMBOCTH PE3YJIbTATOB B 3aBUCUMOCTH OT PA3JIUYHON CTETCHU
BO3MYIIICHUH, BIUAIONIUX HA PACCMATPUBAEMYIO CUCTEMY.

Ilpumep 2.14. PaccMoTpuM 3a7a4y ONTHUMU3AIMHA TPOU3BOACTBA arpapHOii
MPOAYKIIMM Ha IIPUMEpPE CEIbCKOXO35MCTBEHHOTO mpeanpusatus HMpKyTckoro
paitora OOO «Akagemus».

3anMiieM  YOpOLIEHHYKD MOJENb ONTHMH3AUUU  PACTECHHUEBOIUYECKON
npoaykuuu. Llenpro 3amaun ABISIETCA MaKCUMM3ALNS 10X0A:

18960x,; + 15457x, + 18328x5 + 1280x, + 1620x5 = max,

r7ie X, — [NOCEBHas IO/l MIIEHUIIbI, Ta; X, — MOCEBHA IUIONIA/Ib OBCA, I'a; X3 —
NIOCEBHAs IUIOLIAAb SUMEHS, ra; X, — IUIOIAAb OJHOJETHUX TpaB Ha CHJIOC, Ia;
X5 — IUIOAJAb OJHOJIETHUX TpaB Ha 3€J€Hbld KOpM, ra. B BelpaxeHuun
KO3 PUIMEHT nmpu X; (CTOMMOCTHh peanu3alyy MIIEHUIbI ¢ OJHOTO Tra) Oyner
U3MEHSTHCS B 3aIaHHOM MHTEPBAJIE.

Jlanee 0003HaUMM OTpaHUYECHUS 3a]]aUH.

B xozsiictBe nmeercs 2000 ra moceBHBIX ILJIONIAJIEH, PTO 0003HAYaeTCI B
IpaBoM 4YacTH OrPaHUYEHHs CO 3HAKOM HempeBbllieHus, koddduument 1,1
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O3Ha4aeT JONONHHUTENbHYIO Ha 10% IuIomans 3€pHOBBIX i BBIPALMBAHUS
ceMsH. Takoe orpaHuYeHUe 3aIUIIETCs TaK:

1,13, + 1,1x, + 1,1x5 + x, + x5 < 2000.

I[anee 3alMMmIeM YCJIOBHUC HCIIPCBBIMNICHUA 3aTpaT Ha TOPrHOYC-CMA30YHBIC
MaTCpUaJIbI:

1600x, + 1600x, + 1600x; + 1000x, + 300xs < 2600000
Y OIrpaHUYCHME 3aTpaT Ha OIIaTy TpyAa
450x, + 450x, + 450x5 + 410x, + 160x< < 800000.

3aTeM 0003HaYUM MUHHUMAaJIbHbIE 00BEMBI IIPOU3BOJICTBA
PacCTEHUEBOAYECKOW TMPOMYKIIMH, KOTOPHIE OTPaXEHBI B TPABBIX YaCTSIX
ypaBHEHUH, KOA()(PHUITMEHTHI MPHU COOTBETCTBYIOIINX MEPEMEHHBIX B JIEBBIX YaCTIX
0003HaYal0T YpOKANHOCTb KYJIbTYPBHI:

- mreruisl 15,8x; = 6030;

- oBca 15,9x, = 4000;

- samens 15,8x; = 8000;

- ogHoJeTHUX TpaB Ha cuioc 80x, = 3500;

- OJTHOJIETHUX TpaB Ha 3eneHblid kopM 90xs = 20000.

Ha puc. 2.13 npuBenena matpunia kodhQUIIMEHTOB 3a/1a4il U €€ pelIeHue
npu nomonu HaacTtpouku «llouck pemenus» B TabmuuHoMm mpormeccope MS
Excel. Anroputm wmcmosib3oBaHus HHCTpyMeHTa «IIOMCK pemieHus» MPUBEACH B
pasnene 2.4 1aHHOTO Y4e0HOTO IMOCOoOusI.

Ha puc. 2.13 B siueitke 112 mpuBeneHo 3HaueHue 1eneBON (YHKIIMH, a B
nuama3zone D15:H15 - onTumanbHBI TUTaH TPOM3BOJICTBA, IMPEACTABIISIONIINAN
coOoOl CTPYKTYpy MOCEBHBIX TIuIomaneid. MimmrocTpanuss OTpaKeHHS YCIOBHI
3a/1lauu B OKHE HaACTpoiiku «Ilouck pemenus» mpuBeaeHbl Ha puc. 2.14.

Pucynok 2.13 - MaTtpuna ko3¢ (uuueHToB 321241 U ee pelleHue
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112 - Je | =CYMMMPOM3B(D12:H12;D15:H15)
A B C D E F G H I 1 K
OzeonstER
- TMTmesena, Awmzre, Omscmerze 2 TpaEEl Ha
Pacmmbpossa nepeMeEROT 2 Oeze, ra - TpaEmEl
i CHREE TR opmra
2 LS Ly N3 Na Xs PesyneTat pacyeTa SHaYeHme
2 epemenaas |4, H3M, 3HaH
3 n/n |Hassasme orpammsenma ra ra ra ra ra N0 OrPaHHYEH MK OIPaHHUUEHKA
4 | 1 |THocesmas momame ra 1.1 1.1 11 1 1 1978 = 2000
5 2 |3arpars ma [CM ovh. 1600 1600 1600 1000 300 2 800 000 = 2 600 000
§ | 3 |3azpars ss ooy oy P76, 4350 430 430 410 160 753683 < 300 000
7 | 4 |OpmonsTHHE TPIEH Ha CHIOC o U 0 0 30 0 3500f = 3 500
. 5 OmsoneTeue Tpasst 12 senewui u 0 0 0 0 90 20000 = 20 000
8 EOpM
9 & |Tmeswna o 158 0 0 0 0 12610 = 6 030
10| 7 |Opec o 0 159 0 0 0 40000 = 4 000
11 | 8 |Huum=ee o 0 0 158 0 0 2 000 = 3 000
12 |Lenseax dyerurs (goxom) pvi 18960| 16457 18328 1280 1620 28 967 751p. — fiit g
13
14 L1 Xz *3 L) X3
15 798 252 506 44 222
16
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ONTHMHEHMPOEATE LENEEYHD iy HILMHDE

i

Ao (%) Makcmyr O Murarym () 3HaYSHHA:

VIZMEHAA AUEmkK NepeMEHHE:

$O615:4HE15 T

B COOTEETCTEMH C OFPaHHHEHHAMH!

$1$11 == $K$11 [
$144 <= $kf4

$I$10 >= $k$10

$149 == K49 l WMsMEHHTE ]
$156 <= K6

$147 == K7

$145 <= K45 l
$145 == SRS

AoBaEHTE ]

¥AanMTE ]

COpOCHTE ]

l 3arpy3HTE/COXPaHHTE ]

CAENATE NEepEMEHHEIS Bes DFDaHH‘-{BHHﬁ HEOTPHUATENEHEIMA

BrifepuTe "
- w
WETOA pellieHuA; || 1OMEK PELIEHHA NHHERHEL: 53454 CHHNNEKE-HETOAH MapameTpel

MeToa peweHHa

ANA raakHs HEMMHERHE 38484 HCNONEZYHTE NOMCK PELUEHWA HENMHERHE!: 38484 MaToaoM O,
ANA MMHERHENX 33484 - NOHCK PEWEHHA MMHERHEIX 33884 CHMINEKC-METOLOM, 3 ANA HEMNAAKH
33484 - 3E0NFILMOHHEIR NOMCK PELEHHA,

[ HafTH peweHMe l l 3akpeITE l

Pucynoxk 2.14 - YcaoBusi 3an1aum B okHe Haacrpoiiku MS Execel «ITouck pemenus»

Kak yxe OTME4YeHO BBIIIE PE3YJbTATOM PEIIECHUS 3aJa4d  SIBIIAETCS
MakcuMyM goxojaa. KoadduimeHTsl B 1eneBoi PyHKIMH 0003HAYAIOT JI0XOJ OT
peanu3auuyd NPOAYKUMU C €AUHUIBI IUIONAAM C YYEeTOM OHONPOAYKTHUBHOCTU
KyJIbTypbl. [Ipy 3TOM B COBPEMEHHON CHUCTEME PBIHOYHBIX OTHOLICHWH 3HAKOMa
CUTYalllsl HECOOTBETCTBUS LIEH OKUJAHUSAM, OHU MOTYT MU3MEHSTHCS B OOJBIIYIO
WIM MEHBIIYI0 CTOPOHY MO pa3HbIM mnpuuuHam. IlosTomy pasymHOo Oyner
MPEANOJIOKUTh, UTO JI0XOJ] B LI€JIEBOM (PYHKIIUU MOKET U3MEHSITHCS B HEKOTOPOM
UHTEpBAaJeE.

PaccMoTpuM mon00HYIO CHUTyalMi0 Ha NpUMEpPE H3MEHYMBOCTH OJIHOTO
kodddumrenTa B 1eneBoil GyHKIMHU TPU TIEPEMEHHON X;, KOTOPBIA B MCXOAHOU
3a/laue Oo3HAYaeT peanam3anuio nmeHuIpl mo mneHe 1200 py6. 3a nentHep. Apyrue
KO3 PUIIMEHTHl NMpPUMEM HEU3MEHHBIMH, YTOOBI HE YCIOXHATH pPeaJu3aluio
peuieHusl.

[Ipeanonoxum, OCHOBBIBAACHh HA JAHHBIX MPEIbIAYIINX JIET, YTO CTOMMOCTD
peanuzauuu 3epHOBbIX u3MeHsietcss or 900 mo 1200 py6. 3a mentHep. Ha
dbopMHpOBaHUE WEHBI BIMSIET MHOXECTBO (DAKTOPOB, KOTOPbIE 3a4acTyr0 He
MOJAJIAI0TCSl  TOYHOMY MpOrHo3upoBanuio. [loaTomy mnpumeMm, 4To IleHa Ha
NIIEHUIYy u3MeHsieTcss B 3amanHoM wuHTepBase (900-1200 py6. 3a 1eHTHep)
ciydaitHeiM oOpasom. Haiinem pemenue 3amaum mns 10 cMoaenmpoBaHHBIX
CUTyallUi W3MEHEHUs 3aKyNOYHBIX IIeH Ha nmeHuny. CiydailHoe W3MEHEHHE
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CTOMMOCTH pealli3allii B 3aJlanHoM mHTepBasie B MS Excel moxHO peann3oBaTh
npu nomoutu byakuuu CHAVYUYMEK/]Y (nusicn_epanuya, 6epxH_epanuya), 4TO
MOXHO YBHJETh B CTpoKe popmMy:1 Ha puc. 2.15.

y = N
B34 hd Je ECHF‘-IMEH{,EI,F{IE,E*EIDD;15,8*12[#0})

B C D E F G H
17172
18680
17384
17610
14516
16570
16558
15745
145834
16744
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43

AA
Pucynok 2.15 — MoaeanpoBaHue cjay4ailHbIM 00pa3oM CTOMMOCTH 3aKyNOYHO# IleHbI Ha

NnueHuny ¢ oAHoro ra npu nomoumu pyaxunu CJ1YUYMEK/]Y (nusxcn_zpanuya,
6EpXH_zpanuya)

[T=T - I - (RN, [ S T O
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Ha puc. 2.15 B nuanazone B34:B43 mnpuBegeHsl cMojenupoOBaHHBIC
CIIy4ailHbIM 00pa3oM KOI(PGUIIUEHTHI I1eJIeBOM (PYHKIIMU TPU TEPEMEHHOU X .
Jlanee, momydyeHHBIE B pe3yidbTaTe MOJCIMPOBAHMS 3HAYCHHUSA, MOOYECPETHO
NoJICTaBJsOTCS B stueiiky D12 Ha kaxkgom mrare (puc. 2.16). C y4eToM Kaxaoro
U3 HUX OMPEACNSAIOTCS ONTHUMANbHBIE TUIAHBI C COOTBETCTBYIOIIMM 3HAUYCHUEM
ueneBol  Qgynkuuu. Ilpm  3ToM  3HaueHue KodpUUKEHTa B KpPUTEpUU
ONITUMATBHOCTH M COOTBETCTBYIOIINE €My PE3yJIbTaThl PEIICHUS 3a/1a4l (3HAYCHUE

neneBod (YHKIMU W TUJIaH TPOU3BOJCTBA) OyaeM (UKCHpPOBATH B JMamna3oHe
B17:128 (puc 2.16).
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Ilac 2
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ra ra IEMEHELL
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3 | nfn |Haeanze orpanmwensn ra ra ra ra ra no OrpaHHYeHHI OTPaHUHEHHA
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7 | 4 |OpxonsTHHE: TPIEH Ha CHIOT o 0 0 0 30 0 3Z00| = 3500
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16
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20 18680 2 798 252 506 44 222 28 744 285p. LI
21 17384 3 382 252 923 44 222 28 103 086p.
22 17610 4 382 252 923 44 222 28 188 338p.
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Pucynox 2.16 — Pe3yabTaThl pellieHusi 3a1a44 PH YCJIOBHH
MEHSIIOIIeics eHbl Peain3aluu MIIeHUIbI
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B  pesymbrare  EeCATHKPATHOTO  peIIEHWsS 3a7aud B YCIOBHSIX
U3MCHSIOIICHCS I1IeHbl Ha TIICHHUIYy, MOXHO 3aKJIIYUTh, YTO JOXOJ
cenbekoxosstiictBeHHoro npeanpuatus OO0 «AkafeMus» MOXKET U3MEHSTHCS B
npeaenax 27 008 527-28 744 286 py0., a moceBHas IJIONIAAb MIIICHUIIBI BAPbUPYET
B auama3one 382-798 ra (ctpoku 23 u 20 Ha puc. 2.16).

3ama4yu ¢ MHTEPBAJIbHBIMY IApaMeTPAMU

1. XO03MCTBO MPOM3BOAMT 2 BHJAA IMPOAYKUMHU. 33 EIUHHUILY
IIPOU3BOJICTBA KYJBTYpbl A OHO moJiydaeT npuObuib 4,5-5,5.1.€, a KyJbTypsl B —
4 n.e. Ilmomane noceBoB coctaBiseT 90 ra. OrpaHnyeHue TPYIAOBBIX PECYPCOB
cooTBeTcTBYeT 120. uen.-mueit. J{ns oOpabOTKU €IUHUIIBI TUIOMAAN KyJIbTyphl A
HeoOxoaumo 1,5-2,5. ywen.-aHel, a KynbTyphl B - ...1..4en.- nueir. Kpome Ttoro,
HY>KHO IIOCTaBUTb Ha pPbIHOK He MeHee 30. T. mpoayKUMH KyJbTypbl B mnpum
ypoxxaitHocTH 1,5-2 1/ra. TpeOyeTcst pa3aenuTh IIomaap TakuM o0pa3oM, YTOObI
HOJIyYUTh MaKCUMaJIbHYIO IPUOBLIb.

2. XO03SICTBO ~ NPOM3BOAMT 2 BUJAA NPOAYKUMH. 32  CIWHHUIY
IPOU3BOJCTBA KYJIbTYPbl A OHO MOJy4yaeT NpUObLIb 3..1.€, a KylbTypsl B — 1-2
n.e. Ilnomane moceBoB cocrasisier 50. ra. OrpaHnuyeHue TPYIAOBBIX PECYpPCOB
cootBercTBYeT 180.. uen.-nuen. g 06pabOTKM €AMHUIBI IO KyJIbTYpPhl A
HeoOxoaumo 4.. 4Yen.-AHeH, a KynbTypel B - ...2-3..yen.- mueit. Kpome Toro,
HEO0OXOIMMO MOCTAaBUTh HA PIHOK HE MeHee ...40. T. NpoAyKIuu KylabTypsl B mipu
ypoxaitHoctu 1,5-2,5 T1/ra. TpeOyercs pasznenuTh IUIOMIAAb TaKuM oOpaszom,
YTOOBI MOTYUYUTh MAKCUMATILHYIO PUOBLIH.

3. XO034iCTBO  MPOWU3BOJUT 2 BUJAA MNPOAYKIUU. 34 ECOUHHILY
MIPOM3BOJICTBA KYJIBTYpbl A OHO TosTydaeT mpuObLb 1,5-2..1.€, a KynpTypsl B — 3
n.e. Ilnomans noceBoB cocrasiser 35. ra. OrpaHHYeHHE TPYIAOBBIX PECYpPCOB
cootBercTBYeT 120.. yen.-nuen. s 06pabOTKM eAMHUIIBI IO KyJIbTYpPhl A
HeoOxomuMo 3.. uen.-IHeW, a KyiabTypel B — 4-5.uen.- gneit. Kpome Toro,
HEOOXOJMMO MOCTaBUTh HA PHIHOK He MeHee 50. T. MPOAYKIUHN KYJIbTYyphl A Npu
ypoxaitHoctu 2-2,5...1/ra. Tpebyercs pa3nenuTh IUIOMAAb TaKUM 00pa3oM,
YTOOBI MOJTYYUTh MAKCUMAIbHYIO IPUOBLIH.

4, XO035UCTBO  MPOM3BOAMT 2 BHUJA TMPOAYKIMU. 332  EIUHHUILY
MPOU3BOJICTBA KYJIBTYpPhI A OHO TOJIy4aeT mpuObLIb...2,5-3,5..1.e, a KyIbTypsl B
— 5 pm.e. Ilnomane moceBoB cocraBisieT ...70. ra. OrpaHudyeHue TPYIOBBIX
pecypcoB COOTBETCTBYET ...180.. uen.-qHeit. s oOpabOTKK €AMHUIILI TLIOIIAAN
KyJIbTYphl A HeoOXxoaumo ...1,5-2.. den.-nHel, a KyabTypsl B - ...3..4en.-nHen.
Kpome Toro, HeoOXoAMMO IMOCTaBUTh Ha PHIHOK He MeHee 60. T. MPOIYKIUU
KyJIbTypsl A mpu ypoxkaiiHoctu 1,4-2...1/ra. TpeOyeTcs pazaenuth IUIOMIATL
TaKUM 00pa3oM, 4TOObI OJIYYUTh MAKCUMAIIbHYIO TPUOBLIIb.

5. XO035UCTBO  MPOM3BOAMT 2 BHUJA TMPOAYKIMU. 332  EIUHHUILY
MPOM3BOJCTBA KYJIBTYpbl A OHO MOJy4aeT IpuObUIb 4-5.....1.€, a KylIbTypsl B —
2 n.e. IMnomans nmoceBoB coctaisier 90. ra. OrpaHudyeHUe TPYJIOBBIX PECYPCOB
cooTBeTcTBYeT 210. uen.-nuei. J{ns oOpabOTKU €IUHUIBI IIOMAAN KyJIbTyphl A
HE00X0aMMO ...3.. Yen.-gHeH, a KyasTyphl B - ...1,5-2,5..uen.-nueii. Kpome toro,
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HEOOXOMMO MOCTaBUTh Ha PIHOK HEe MeHee 40. ... T. MpOAYKUUHU KyIbTypbl B npu
ypoxaitHoctn 1,6-2,4...1/ra. TpeOyercs pas3nenuTh IUIONAAL TakKKUM 00pazom,
YTOOBI MOJTYYUTh MAKCUMAJIbHYIO PUOBLIH.

6. XO035MCTBO MPOM3BOAMT 2 BHUJIA TMPOAYKUMU. 33 ECIUHHUILY
MPOU3BOJICTBA KYJIBTYpPhl A OHO MoJiydaeT npuobLIb 3,5-4,5..11.€, a KyJabTyphl B —
3 n.e. [momaae nmoceBoB coctasiseT 80.... ra. OrpaHuyYeHrEe TPYJOBBIX PECYPCOB
cootBeTcTBYeT 210. yen.-nuen. s oOpabOTKM €UHUIBI TUIOIIAAN KYJIbTYphl A
HeoOxomumo 3-4.. dYenm.-mgHeH, a KyabTypsl B - ...2..wen.- aneit. Kpome Ttoro
HEOOXOJMMO MOCTaBUTh Ha PHIHOK He MeHee 50. T. MPOIyKIUU KyJIbTypbl B mpu
ypoxaiHocTH ...2-2,6 T/ra. TpeOyeTcss pa3genuTh IUIONIAAb TAKUM 00pa3oM,
YTOOBI MOTYYUTh MAKCUMAIBHYIO PUOBLTH.

1. XO34iCTBO  MPOWU3BOJUT 2 BUJAA MNPOAYKIUU. 34 ECOUHHILY
MPOM3BOJICTBA KYJIBTYpPhl A OHO MOJTydaeT NpUObLIb ...3..1.€, a KyIbTypsl B — 6-
7 n.e. Ilnomanp noceBoB cocrarisieT 40. ra. OrpaHuueHre TPYAOBBIX PECYpPCOB
cootBeTcTBYeT 120.. yen.-nuen. g 06pabOTKK €AMHUIBI IO KyJIbTYpPhl A
HeoOxomumo 2-3.. 4en.-mHEeW, a KyabTypel A- S.uen.- aneil. Kpome Toro
HEOO0XOMMO MOCTAaBUTh HAa PIHOK HE MeHee ...30. T. IpoayKUuu KyJIbTypbl B ipu
ypoxxaitHocTH 1,5-2 1/ra. TpeOyeTcst pa3aenuTh IIomaap TakuM o0pa3oM, YTOObI
MOJIYYUTh MAaKCUMAJIbHYIO TPUOBLIT.

8. XO03SICTBO  MPOM3BOAUT 2 BUAAa NPOAYKUMM 334  EIUHHILY
MPOM3BOJCTBA KYJIbTYPHI A OHO MOJydaeT NpHUObLIb ...4..1.€, a KynbTypsl B — 2-3
n.e. Ilnomans noceBoB cocrasiser 60. ra. OrpaHndeHHE TPYIOBBIX PECYPCOB
cootBercTBYeT 150.. yen.-nuen. g 0OpabOTKM €AMHUIBI IIOMAIU KyJIbTYphl A
HEeoOXoauMo ...3-3,5.. den.-aHel, a KyapTypsl B - ...2..4en.-nueit. Kpome toro,
HEO0OXOJMMO MOCTAaBUTh HAa PbIHOK HE MeHee 30. T. MpoAyKUHMH KyJIbTypbl B mpu
ypoxaitHoctu 1,5-2...1/ra. TpeOyercs pa3nenuTh IUIOMAAL TaKUM 0O0pa3om,
YTOOBI MOJTYYUTh MAKCUMAIbHYIO PUOBLITH.

Q. XO035UCTBO  MNPOU3BOAUT 2 BUAA NPOAYKIMU 33  €IUHHUILY
MIPOU3BOJICTBA KYJIBTYPHI A OHO MOJy4yaeT npuObUlh 3.1.€, a KyJabTypsl B — 4,5-
5,5 n.e. [Inomans nmoceBoB coctaBiusieT 75 ra. OrpaHndyeHue TPYIOBBIX PECYPCOB
cootBeTrcTBYeT 180 wen.-muei. s 0OpabOTKU eAMHUIIBI TUIOMAAN KYJIbTyphl A
HE0O0X0auMO 2.. uen.-gHei, a KyabTypsl B — 3-4..4en.- nuei. Kpome Toro, Hy>XxHO
IIOCTaBUTh HA PbIHOK HEe MeHee 40. T. MPOAYKIMHU KyJIbTYphl A MPU yPOKAHHOCTH
1,6-2,2 T/ra. Tpebyercs pa3nenuTh IUIOMIAAb TaKUM OOpa3oM, 4TOOBI MOJTYYUTH
MaKCUMAaJIbHYIO MPUOBLIIb.

10. Xo34iicTBO MOPOM3BOAMT 2 BHAA NPOAYKUMU. 3a EIUHUILY
MPOU3BOJICTBA KYJIBTYpPhl A OHO Mody4yaeT NpuObulb 4-5.11.€, a KyJbTypsl B — 6
n.e. Ilnomans moceBoB cocrabisger 35 ra. OrpaHuueHHE TPYAOBBIX PECYpPCOB
cootBeTcTBYeT 120 uen.-guei. Jist 0OpabOTKU €AUMHUIIBI TUIOAIU KYJIbTYphl A
HeoOXoauMo 3.. uen.-aHei, a KyabTypsl B — 4-5..4en.- nueii. Kpome Toro, HyxHO
IIOCTaBUTh HA PbIHOK HEe MeHee 30. T. MPOAYKIMHU KyJIbTYphl A MPU yPOKAHHOCTH
1,5-2 t/ra. TpeOyercs pa3nenuTh IUIONIAAb TaKUM OO0pa3oM, YTOOBI MOIYYUTh
MaKCHUMaJbHYIO MPUOBLIb.

77



11. Xo34ilcTBO MNPOU3ZBOAUT 2 BUAA NOPOAYKUHMH. 3a €IUHUILY
MPOU3BOJICTBA KYJIbTYpbl A OHO MOJy4YaeT NMpuObLUIb 5.71.€, a KyabTypsl B — 2,5-3
n.e. Ilnomans moceBoB cocrabisgier 45 ra. OrpaHudeHHE TPYAOBBIX PECYpPCOB
cootBeTrcTBYeT 150. yen.-nuen. s oOpabOTKM €UHUIBI TUIOIIAAN KYJIbTYphl A
HeoOxoauMo 4.. del.-aHel, a KynbTypsl B — 2-3..yen.- aueil. Kpome toro, Hy>kHO
MOCTaBUTh Ha PIHOK HEe MeHee 40. T. MPOAYKIMU KyJIbTypbl B npu ypoxxaitHoCTH
2-2,5 T/ra. Tpebyercs pa3ienuTh IUIOMIAJb TaKUM 00pa3oM, YTOOBI MOJYYHUTh
MaKCUMaJIbHYIO PUOBLIb.

12.  Xo034iCTBO TPOW3BOAWT 2 BHAA TPOAYKIUH. 3a CIUHUILY
MPOU3BOJCTBA KYJIbTYphl A OHO MOJy4aeT MpuObLIb 4-5.1.€, a KynbTypbl B — 7
n.e. Inomane moceBoB cocraBisier 40 ra. OrpaHUYeHHE TPYAOBBIX PECYpPCOB
cootBercTBYeT 120. yen.-nuen. [{ns oOpabOTKM €UHULBI TUIONIAAN KYJIbTYphl A
HEeoOXoauMo 2-3.. 4Yen.-IHeW, a KyaeTypsl B - ...4.4en.- nueil. Kpome Toro,
HY’KHO IIOCTaBUTb Ha PBIHOK He MeHee 30. T. MpOAYKIMM KYyJbTYpsl A IpHU
ypoxxaitHocTH 1,5-2 1/ra. TpeOyeTcst pa3aenuth IIomaap TakuM o0pa3zoM, YTOObI
HOJIyYUTh MaKCUMaJIbHYIO IPUOBbLIb.

13. XozsiictBO mpou3BOAMT 2 BUAA NPOAYKUMHU. 3a  EIUHUILY
IPOU3BOJCTBA KYJIbTYpbl A OHO MoJtyyaeT npuObuib 1,5-2,5 .1.e, a KynabTypsl B —
4 n.e. Ilmomane noceBoB cocrtasiseT 50 ra. OrpaHnyeHue TPYIAOBBIX PECYpPCOB
cootBeTcTBYeT 90. yen.-gHel. [l oOpabOTKK eAMHUIIBI IUIOMAId KyIbTYyphl A
HeoOxoaumo 1-2. yen.-gHel, a KyabTypsl B - 3..4en.- nueil. KpoMe Toro, Hy:kHO
IIOCTAaBUTh HAa PbIHOK HE MeHee 30 T. MpOAYKUMH KyJIbTypsl B npu ypoxkaiHOCTH
1,7-2,4 t/ra. Tpebyercs pa3neiuTh IUIOWIAAb TaKUM OOpa3oM, 4TOOBI MOJTYYUTh
MaKCUMaJIbHYIO MPUOBLIIb.

14, Xo34iiCTBO MOPOM3BOAMT 2 BHAA NOPOAYKUMU. 3a EOUHULLY
MIPOM3BOJICTBA KYJIBTYPHI A OHO TOJIydaeT MpuObUIb 4.1.€, a KynbTypsl B — 2,5-3
n.e. ITnomane moceBoB cocrasisier 45 ra. OrpaHUYeHHE TPYAOBBIX PECYPCOB
cootBeTrcTBYeT 150. uen.-muet. st oOpabOTKM €UHUILI TUIOIIAAN KYJIbTYpPhl A
HeoOxoaumo 4,5.. yen.-aHeH, a KynbTypel B —3..uen.- nueii. Kpome Toro, Hy>kHO
IIOCTaBUTh HA PbIHOK HEe MeHee 40. T. MpoayKUHH KyJIbTYpsl B npu ypoxaiiHOCTH
1,5-2,5 1/ra. TpebyeTrcs pa3nenuTh IJIOMAAL TaKUM 00pa3oM, YTOOBI MOJYYUTH
MaKCHUMaJIbHYIO IPUObLIb.

15. Xo34iicTBO MNPOU3ZBOAUT 2 BUJA NOPOAYKUHMH. 3a EIUHUILY
MPOU3BOJICTBA KYJBTYPHl A OHO TOdy4YaeT npudsLIb 4,5-5,5 n.e, a KyJabTyphl B —
7 n.e. Inomane moceBoB coctaBisieT 40 ra. OrpaHndyeHue TPYHOBBIX PECYPCOB
cootBercTBYeT 120. yen.-nuen. s oOpabOTKM €UHUIBI TUIOIIAAN KYJIbTYphl A
HEOOXOoauMO 2.. yen.-AHeH, a KynbTypel B - ...3-4.4en.- nueit. Kpome Toro,
HY>)KHO TIOCTaBUTh Ha PBIHOK He MeHee 30. T. MpOAYKUHMH KyJIbTYpbl A mpu
ypoxaitHoctu 1,5-2 1/ra. Tpebyercs pa3aeiauTh oMb TaKUM 00pa3oM, YTOObI
MOJIyYUTh MaKCUMaJIbHYIO TPUOBLIb.

16. Xo34iiCTBO TPOM3BOAUT 2 BHAA TNPOAYKIUMU. 3a EIUHUILY
MPOM3BOJCTBA KYJIbTYpbl A OHO moirydaeT npuObuib 2,0-2,5 .a.e, a KyabTypsl B —
4 n.e. Ilmomane noceBoB coctasiseT 50 ra. OrpaHnyeHue TPYAOBBIX PECYPCOB
cooTBeTcTBYeT 90. uen.-mueil. /s oOpaboTKu eTuHUIIBI TUIOMIAAN KYJIbTyphl A
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HeoOxoaumo 1-2. yen.-nHeH, a KynbTypbl B — 3,5..4en.- queit. Kpome Toro, HyxHO
IIOCTaBUTh Ha PBIHOK HEe MeHee 30 T. MpoayKUUH KyJbTypsl B mpu ypoxaitHocTH
1,8-2,5 T1/ra. Tpebyercs pa3nenuTh IUIOMIAIb TaKUM OOpa3oM, 4YTOOBI MOJTYYUTH
MaKCHUMaJbHYIO IPUOBLI.

17. Xo3zsiicTBO Npou3BOAMT 2 BUAA MNPOAYKUMHU. 33  EIUHUILY
IPOM3BOJCTBA KYJIBTYpbl A OHO moJiyyaeT npuObuib 2,0-3 .1.e, a KyapTypsl B —4
n.e. Ilmomane nmoceBoB cocraBisieT 50 ra. OrpaHuueHue TPYAOBBIX PECYPCOB
cootBercTBYeT 90. yen.-gHed. s oOpabOTKM eAUMHUIBI IUIOMAId KyIbTyphl A
HeoOxoaumo 1-2. yen.-nHeH, a KynbTypbl B — 3,5..4en.- queit. Kpome Toro, HyxHO
IIOCTAaBUTh HA PbIHOK HE MeHee 30 T. MpOAYKUMH KyJIbTypsl B mpu ypoxanHOoCTH
1,7-2,4 1/ra. TpeOyerca pa3aenuTh IMJIOMAAb TaAKUM OO0pa3oM, YTOOBI MOIYYHUTH
MaKCUMAaJIbHYIO MPUOBLIb.

2.4.2 3agaua co caydyalHbIMH OlleHKAMU

Croxactuueckasi (BEpOSTHOCTHAs) HEOIPEACICHHOCTh BO3HHKAET, KOrja
HEU3BECTHBIC (PAKTOPHI CTATUCTUYECKH YCTOMYMBHI M TIPEACTABISIOT COOOM
CJIy4aWlHbIE BEJIMYUHBI, JJI1 KOTOPBIX M3BECTHBI WJIM OIPEICIIEHBl 3aKOHbI
pacrpenesneHus U uX napaMmeTphl.

[TomoGOHas CUTyaLus OIIMCHIBACTCS 3ajauen CTOXAaCTHYECKOI'O
MPOrPaAaMMHPOBAHUS KOTOPasi UMEET BUJL:

F()=M| > cx; | > min(max) (2.51)
jed
j=1

rae f(X) - meneBas QpyHKIMSA, YHOBIETBOPSIOUIMI CHCTEME OTPAHWYCHUH, Xj —
UCKOMas TiepeMeHHas, ¢ — KodddunumenTsl ueneBord ¢ynkumm, & , b —
napameTpbl OTPAaHUYEHUH, 0 — 3aJlaHHas BEPOATHOCTD BBIITOJIHEHUS CUCTEMBI, P —
BEPOSITHOCTH BBIMOTHEHUS KaXKJOT0 3aJaHHOTO OTPAHUYEHHUS .

JUiss  TUIaHMpOBaHWSA — MPOU3BOJCTBA  MPOAYKIIUHU MOXET  OBITh
chopMmyupoBaHa Jpyras 3ajgada, Korga Ko3hGUIIMEHTH OTPaHUYCHUM, 11EJIEBOM
(GyHKIIMH ¥ paBbIX YacTeil YCIOBHiA Cj , @i, ¥ b mpencraistor coboii ciydaiiHbie
BEJIMYMHBI, CBSI3aHHBIEC C BEPOATHOCTHIO MPEBbILICHUS P:

f :Zn_:cjpxj —> max_ (2.53)
iaifx <) (=1m), (2.50)
X; 20 (j=1n) (2.55)
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Tak kak NpCACTABJICHHAA 3a/iavda SABJIACTCA CJ'IO)KHOﬁ, BO3MOXXHBIM MCTOJ0M
€C PCHICHUA ABJIICTCA IICPCXOA K ACTCPMHUHHUPOBAHHOMY 3KBUBAJICHTY. B ocnoBe
9TOIr0 IICpexoda JICKUT HCIIOJIIB30BAHHUC 3adKOHA pPacCIIpCACIICHUA cnyqaﬁﬂoﬁ
BeJIMYMHBL. B IMIPAKTHUKC HanOoJIee 4acTo HCITIOJIB3YIOTCA CEMEHCTBO HOPMAJIbHBIX
3dKOHOB pacCIpCaACJICHUA U TaMMa-paCIIpCaACIICHUC.

Ilpumep 2.15. PaccMOTpUM pellieHHE YNPOIICHHON 3aJadyd ONTHMU3AIUU

IPOM3BOJCTBA AarpapHoil MPOAYKUIMU CO CIOy4yallHBIMH TapaMeTpamu Jjs
00O «Axagemus». Ilpm »3TOM yclioBHA 3aJaud NPUMEM aAHAJOTMYHBIMH
npumepy 5.1 3a HCKIIOUEHHEM 1eneBOM  (YHKIUH, KOIPQPUIUMEHTH TMpU
HEU3BECTHBIX B KOTOpPOi Tenepb HE Oyaem U3MEHSATD:
12840x; + 15457x, + 18328x3 + 1280x, + 1620x5 - max,
U ypOKaHOCTH TIIEHMIIBI B OrPaHUYEHUSX, KOTOpas OyAeT 3aBUCETh OT
BeposTHOCcTH: YT x; = 6030 (3mech y¥ — ypoxkaliHOCTH MIIEHUIBI, 3aBUCAIIAs OT
BEPOSTHOCTH P).

Jlnst Toro uTOOK! ONpenenuTh napaMerp ¥y~ B yClIoBHH 3a1auM HCHOIB3yeM

MHOTOJICTHUHM psii HAOMIOACHUN ypokaiiHOCTH miieHuilbl B pkyTckoM paiioHe
(puc. 2.17).

D2 - Je | =HOPMPACN{C2;5554;5G517;1)
A B C D E F G
. MogyneHbl A BepoATHOCTE NOABAEHKA
lom, YPOMKAMHOCTL MLIGHMUbI B ro3GpuLMeHT, | cobbITMA NO HopMaNBHOMY
WpryTckom p-oHe, u/ra _

1 x/ % JaKOHY pacnpeneneHms
2 1996 17,5 1,11 0,722 CmonBeyl
3 1997 13 0,82 0,134
a4 1998 13,2 0,83 0,151 CpegHee 1,007
5 1995 12,8 0,81 0,118 CraHpapTHanA owmbka 0,041
6 2000 15,3 0,97 0,405 MeamaHa 1,068
7 2001 10,7 0,68 0,0241 Moga 1,112
8 2002 11,8 0,75 0,0592 CTaHnapTHOE OTHIOHEH M 0,169
9 2003 15,2 0,96 0,390 Jucnepcua esiGoprm 0,028
10 2004 18,7 1,18 0,851 JKCuece -0,939
11 2005 17,8 1,12 0,758 ACMMMETDUYHOCTE -0,590
12 2006 17,5 1,11 0,722 WHTepsan 0,547
13 2007 17,6 1,11 0,734 MHHKMMY M 0,680
14 2008 19,3 1,22 0,897 Marcumym 1,227
15 2009 16,8 1,06 0,627 Cymma 17,112
16 2010 18 1,14 0,781 Cuer 17
17 2011 15,6 0,99 0,449 HoaddMUMEHT BAPWALIMK 0,17
18 2012 18,4 1,16 0,823
19

CpeaHe-

apug-

METH- 15,8

yeckoe

20 \pana

Pucynok 2.17 — OnpeaesieHue BepOSITHOCTH NMOSIBJIeHUSI COOBITHS 110 HOPMAJIbHOMY 3aKOHY
pacnpeejeHUs1 BEPOSITHOCTEH /1J1s1 3HAYEeHUI MHOT0JIETHEr0 PSi/ia YPOKAHHOCTH
nueHnusl B UpKyTckom paiioHne
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CHayasna omnpenenuM cpenHeapupMeTHIecKoe 3HaueHue psifaa HaOII0IeHU .
C »oroit uensto B siyeiike B20 BBemena dopmyna «=CP3HAY(B2:B18)»
(ucnonp3oBana BctpoeHHas QyHkiuss MS Excel CP3HAY(uucnol; [uucnol];...)).
[Tocne 3Toro Aig ypoKaHOCTH MILIEHUIIBI PACCYUTAEM MOAYIBHBIM KOI(PPUIIUEHT,
KOTOPBIN ONpEeNeNsieTCss KaK OTHOIICHHE KaXKJIO0Tr0 3HAYCHUs YPOXKAMHOCTU K
cpenHeapu(MeTUueCKOMY 3HAUEHUIO MHOTOJIETHETO PsAJa, C 3TOM IENbIO B SYEHKY
C2 BBenmena dopmyna «=B2/§B$20», koTopas 3arem ckommpoBaHa B IUANa30H
sueexk C3:C18. OOparuTe BHUMaHHE, YTO 3HAK «$» CIYyXHT Ui CO3MAHUS
a0COJIIOTHOM CCBUIKHM Ha SIMEUKY B (hopmysie (MHBIMUA CIOBAMHU MPU KOMUPOBAHUH
WM TIPOTATUBAHUN (DOPMYJIBI TAHHBIN apTyMEHT HE CMEIIAeTCs ).

3areM s psia ypoXKailHOCTH MIIEHMIIBI, PACIOJIOKEHHOTO B JIMANa3oHe
sueek B2:B18 HalimeM cTaTHCTHYECKHE TapaMeTphl, UCIOJIB3YysI HHCTPYMEHT MS
Excel «OmnucartenbHasi CTaTUCTUKA», PACHOJIOKEHHONO Ha BKJIaAKe «JlaHHBIEY,
NaHeJdb HWHCTPYMEHTOB «AHaIM3», KHONKAa «AHamu3 naHHBIX» (puc. 2.18).
PesynbTaT BEIBEIEH B AuanasoH sueek F2:G16.

AaHHble PeueHIMpoOBaHWE Bug PaspaboTymik PaGodasa rpynna
YeHKA %J« ‘ﬁ ]? = % g_‘g =4 Npoeepka gaHHex * S Tpynnuposate * "z
AlA == -
E=E [ KoHconuaauma “@ PasrpynnupoeaTte ~ ]
Hl CopTUpoBka | PuneTp TekcTno ¥AanuTe 7 oF .
A \"_'/" AonNonHUTENBHD | cropuam AYEANKATI [EP AHanMs uTo ecan” 7 iu MpoMexyTONHBIA WTOr
CopTHpOEEa W GrneTp PaBoTa ¢ gaHHEeIMMK CTpyKTYRa a AHaNW3
A
E F G H p Q b

AHanwM3 JaHHBIX

WMHETPYMEHTEI aHaNK3a

004
O AHODEKTOPHEIR AMCNEPCHOHHEIR aHaNKE A

ﬂ,B’y'XdJaKTDDHbIﬁ .\'J.HEI'IBDEHDHHbIﬁ aHanKs C NOBTOPEHHAMH DTHMEHA

By haK TOPHEIR AMCNEPCHOHHEIA aHANKE BE3 NOBTOPEHMA =

KoppenAuma

KCNOHEHLHANEHOE CrNaHHESHHE
AEyERIG0pOYHEIR F-TECT ANA AMCNEDCMK
AHanunz Pypee
MHETOrpaMHS v

1

OnucatenbHaA CTATHCTHHA E| El

BxoAHEE AaHHEE

i — | ok ]
BixoAHOR HHTEREEN: $CE24C518
I pyNMHPOEaHKE: (%) no cTonGuam
O

[ ] MeTkH B nepeoli cTpoke

MapaMeTpbl BbIE04a

(%) BEIX0AHOH HHTEpEAN: $F§z 55
() HoBbiA pafioumid oveT:

() Homan pafiodas KHHCS

[] ¥poBeHs HaaexHoCTH: i

[ K-E1i HammeHswWMiT:

[ K-ifi HamBonswmi:

Pucynok 2.18 — Onpenenenne cTaTUCTHYECKUX MAPAMETPOB PAIa MOAYJIbHBIX
K03 PUUHEHTOB ypoxkailHOCTH MeHuubl B UpkyTckom paiione
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JomnonuuTenbHo B stuerike G17 paccuntaeM K03 (GUIIMEHT BapHallMK TyTEM
JIeJIeHUs] CTaHJApTHOTO OTKJIOHEHHUs Ha cpejlHee 3HaueHue psana (B sueiiky G17
BBesieHa popmyna «=G8/G4y).

3arem B sueiiky D2 BBenem dhopmyny «=HOPMPACII(C2;$G$4;$GS$17;1)»,
KOTOpasi TO3BOJISIET  ONPENEIUTh BEPOSTHOCTh TMOSBICHUS COOBITHS 1O
HOpPMaJIbLHOMY 3aKOHY paclpelesieHus, U cKomupyeM ee B nuanazoH D3: D18
(puc. 2.17).  3aecp  ucnoib3oBaHa  BcTpoeHHas — ¢yHkmus — MS Excel
«HOPMPACII(x,cpennee,cTaHIapTHOE OTKII)».

Kak MO0XHO BMIETh MUHHUMAJIBHOE 3HAYECHHE YpPOXKAWHOCTH B MpKyTcKoM
paiione 3a paccmartpuBaembiii mepuox (1996-2012 rr.) cocraBuno 10,7 m/ra B
2001 r. (puc.2.17). CormacHO ONpENEICHUIO BEPOATHOCTH OHA ISl JAHHOTO
coobiTust coctabisieT 0,0241 (sueiika D7). DTo U ABISETCA COCTABISIONIUM
YCIIOBUS 3a]1a4H.

Teneps pemuM 3aady ONTUMHU3ALMN TPOU3BOJICTBA arpapHOM MPOIYKIIUU C
MHUHHMAJIBHON YPOXKaWHOCTBIO MIIeHUIbI (puc. 2.19 u 2.20).

Daiin TnaHan Bcraska PasMeTka CTpaHMUp  Copmyanl  faHHbie PeweHsupoEaHue Buj  PaspaboTumk  PaBouan rpynna a @ o x
o .. - an
2 T A = : Py
Sa- = i
Bcrafmb X & 4 fbd b 000 | JEo 30 [Mapame TpbI NOMCHA pe we HHA @
Bydep obMeHa Wpnudpt Yuano
12 - A0 ONTHHHEHDOBATE WENEByH: ByHKLHKD !
A ] c o E F [ H | J K
Aa: @ Maccyn O My () 3nauenma:
TMmemms, S
oo
1 V13MEHAR AU NEpEMEHHEI:
2 | ne - x1 x2 3 ET) x5 |Pesymmsrpaciers| T Susmnne SOBISEHSIS
3 | nf = = = = = no arpanmienma orpaniren
4|1 = 11 11 Ll 1 1 9] 2 2 000)
- . = B COOTEETCTEHH C OrPaHHHEHHANH:
5| 2 e 1600] 1600  1600] 1000 300 of < 2 600 000
6| 3 %, 450) 250 450 410 15| o £ 300 000 4148 = kg
7| 4 u 9 0 9| Al v o > 3500 gig = ig? -
»=
s & n 10,7 ] o] o) 0 o = 6 030) gﬁ;:};i;m
1[s . n q o 159 7] o o = 8 000 F1f4 <= $cha
12 Uenzsan gywrmes (zowem) . 12840] 164 18328 1280 [ Y max]
;
14 [ [ =2 [ x | x4 | =5 |
o I S — F—
17 CAENaTE NEpEMEHHbIE BE3 OrPaHHHEHHA HEOTPHLATENEHBIMA
18 Be/fiepuTe = - 3
= e N e P ——
20
21 MeToa peweHia
= N9 PRAAKH HENMHERHED: 5834 MCNONE3YIATE NOMCK PEWEHMA HENMHERHES: 33484 MeToAom O,
= ANA MMHEAHEIX 38484 - NOHCK PEWEHAA TMHEAHEIX 38084 CHMANBKC-METOA0M, § ANA HEMNALKHX
24 3343 - IB0MHIUHOHHEIR NOHCK PELUEHHA,
25
%
27
28 HaiTH pewenqe 1 [ JakpeITe
23
30

Pucynok 2.19 — Penienne 3a1a4u ONTUMHU3ANMU MPOU3BOCTBA arpPapHoOil MPOAYKIMHA CO
cJly4YailHbIMHU NIapaMeTpamMu

B pesynbrare pemieHus 3amayd ONTHUMHU3AIMHA TPOW3BOJCTBA arpapHOM
MPOIYKIIMA CO CIyYaHBIMU IMapaMeTpaMu Mbl TMOJTy4YaeM IIaH MPOW3BOCTBA
(stueiikn D15:H15), cornacHo KOTOpOMY MOCEBHAs IIIOMIA/b MIIIEHUIA COCTABISET
564 ra, oBca — 252ra, ssumeHs — 741, omHoneTHUX TpaB Ha cwioc — 44 ra,
OJIHOJIETHUX TpaB Ha 3eJieHbl kKopM — 222 ra. IlonyyeHHOe 3HaYe€HHE LEIEBOM
byukiuu 5 370 589 py6. coorBeTcTBYeT BepositHocTu 0,0241.
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112 hd Je | =CYMMNPOW3B(D12:H12;D15:H15)

A B C D E F G H I 1 K
Ooronstri
. - TTmresrmra, Aanzwe, Opsronereue = TPAEH HA
Pacmmdposra nepeMeHEOH 2 Oezc, ra 2 TpammEa
1 crmoe, ra EOPM. Ta
2| Ne Tepanm=snan Ea. usm. x1 X2 X3 x4 x5 PesynbTaT Fuan 3HaueHHe
3 | n/n |Hamasus orpasusssus ra ra ra ra ra pac4eTa no OTPaHHYEHH
4 1 |Mocseras momans ra 11 11 11 1 1 14978 = 2000
5 2 |3arpare wa TCM pyvo. 1600 1600 1600 1000 300 2600000 < 2 600 000
B 3 |3arpaTs Ha ommary TpyEa o 430 430 430 410 160 753888 = 800 000
7 4 |Ogmonerems TpaEum ma cemoc I 0 0 0 a0 0 35000 = 3 500
. 5 CIIHOMSTHHS TORER HE EMSHEIR 1 0 0 0 0 a0 20000 > 20000
8 EOPM
9 6 |Mmesmna o 10,7 0 0 0 0 §030] = 6 030
10| 7 |Oszc I 0 138 0 0 0 4000f = 4000
11| B |Aumess o 0 0 15,8 0 0 M7 = 8 000
12 |Uensas drvesmea (zoxom) Pyl 12340| 16457 18328 1230 1620 25 370 588p. — max
13
14 il w2 %3 14 ¥5
15 564 252 741 44 222

16

Pucynok 2.20 — Pe3yibTaThl pelieHHs 32124 ONTHMH3ALMU POM3BOICTBA arpapHoi
NPOAYKLMH CO CJYYAiHBIMH NapaMeTPaMu

Takum oOpaszoM, 3HaueHue I1eeBOM (YHKIUS W ONTUMAJIBHBIN IUIaH B
3a/lau€ MaTEMAaTHYECKOrO MPOrpaMMHUPOBAHMS CO CIyYallHBIMU  OLEHKaMU
CBSI3aHbI C BEPOSTHOCTBIO.

KoHTpoJbHbIE 3a1aHUA

1. XO034iCTBO  MPOWU3BOJUT 2 BUJAA MNPOAYKIUU. 34 ECOUHHILY
MIPOU3BOJCTBA KYJIBTYpPbl A OHO Mosy4yaeT NpuObUIb 5.1.€, a KyJabTyphl B —4 n.e.
[Imomane mnoceBoB coctaBisier 90 ra. OrpaHuyeHuHe TPYIOBBIX PECYPCOB
cootBercTBYeT 120. yen.-nuel. [{ns oOpabOTKM €qUHULBI TUIOUIAAN KYJIbTYphl A
HEO0OXO0MMO 2 uen.-AHeH, a KyabTypel B - ...1..4en.- nueit. Kpome Toro, Hy>kHO
IIOCTaBUTh Ha PBIHOK HE MeHee 30. T. MpOAYKIMH KYJbTypbl B Ipu ypokaiiHOCTH,
NOJUYUHSIONICHCS HOpMalbHOMY 3aKOHY € HapaMmerpamu: cpenHee — 1,7 T/ra,
kodhumment Bapuanuu — 0,15. TpeOyeTcs pa3aenuTh MmiIomaab TAaKUM 00pa3zom,
YTOOBI MOJYYNUTh MAKCUMAIbHYIO TPUOBLIb.

2. X035 UCTBO MPOM3BOAMT 2 BUJA MPOAYKIMU. 33 EIUHUILY
IPOM3BOJCTBA KYJIbTYPHl A OHO MOJy4yaeT MpuObLIb 3..4.€, a KyIbTypsl B — 2
n.e. [lnomans nmoceBoB cocramisier 50. ra. OrpaHuyueHre TPYIOBBIX PECYpPCOB
cootBercTBYeT 180.. yen.-nuen. st 0O6pabOTKU €IUHUIIBI MO KYJIbTYphl A
HeoOxoaumo 4.. dYen.-IHeM, a KyJapTypel B - ...2.4en.- nHeil. Kpome Toro,
HE0OXOMMO MOCTAaBUTh HA PHIHOK HE MeHee ...40. T. NpoaAyKIHH KyJIbTypsl B nipu
YPOKaNHOCTU, TOAYUHSAIOLIECHCSA HOPMAJIbHOMY 3aKOHY C ITapamMeTpaMu: CpeHee —
1,4 1/ra, koadpdurment Bapuanuu — 0,18.. Tpebyercsa pazaenauTs MWIOMIAAb TAKUM
00pa3oM, 4TOOBI MOYYUTh MAKCUMAJIBHYIO TPUOBLITH.

3. XO03SICTBO ~ MPOMU3BOAMT 2 BUJAA NPOAYKUMH. 32  €IUHHUILY
IPOU3BOJCTBA KYJIbTYpPhl A OHO MOy4aeT NpUObLIb 2..11.€, a KyJabTypsl B —3 1.e.
[Inomane mnoceBoB cocraBimsier 35. ra. OrpaHu4eHHE TPYIAOBBIX PECYPCOB
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cootBeTcTBYeT 120.. yen.-nuei. s o6paboTKM eTUHUIBI IO KyJIbTyphl A
HeoOXoauMo 3.. dYen.-IHeW, a KyaeTypel B —5.49en.- nueit. Kpome Toro,
HE0OXOJMMO MOCTaBUTh HAa PHIHOK He MeHee 50. T. MPOAYKIUU KYJIbTYphl A mpu
YpOXKAWHOCTH, TTOIUUHSIONICHCS TaMMa-pacTIpeIeTICHUIO ¢ TapaMeTpaMu: CpeIHEe
— 1,5 1/ra, xoapdunuent Bapuanuu — 0,30. TpebyeTcs pa3aenuTh MIOMIAIb TAKUM
00pa3om, 4TOOBI MOJYUYUTh MAKCUMAJIbHYIO MPUOBLIb.

4, XO03IICTBO ~ MPOM3BOAUT 2 BHUAA NPOAYKIMU. 32  €IUHHUILY
IPOU3BOJCTBA KYJBTYpPbl A OHO MOJIy4aeT NpHObLIb...3,5..1.€, a KyiabTypel B —5
n.e. [lnomane noceBoB cocrtapisieT ...70. ra. OrpaHuYeHUE TPYIOBBIX PECYPCOB
COOTBETCTBYET ...180.. yen.-auei. s oOpabOTKK €AMHUIIBI TUIOIMIATN KYJIbTYPHI
A HeoOxomuMmo ...1,5.. yen.-aHeH, a KynbTyphl B - ...3..yen.-guei. Kpome toro,
HEOOXOJMMO MOCTAaBUTh HA PBIHOK He MeHee 50. T. NpOayKUUU KyJIbTypbl A mpH
YPOKaWHOCTH, MOJUMHSIONICHCA TaMMa-PacIpeIeICHUIO ¢ TapaMeTpaMu: CPEIHEE
— 1,4 1/ra, koapurnuent Bapuanuu — 0,28.. TpeGyeTcs pa3aenuTh MI0Ma b TAKUM
00pa3oM, 4TOOBI MOTYYUTh MAKCUMAJIBHYIO TPUOBLITH.

5. XO03SICTBO ~ NPOM3BOAMT 2 BUJAA NPOAYKUMH. 32  CIWHHUIY
IPOU3BOJCTBA KYJIBTYPBl A OHO IMOJIy4aeT NpUObLIb 4.....1.€, a KyIbTypsl B — 2
n.e. [lnomans nmoceBoB cocraBisier 90. ra. OrpaHuueHHE TPYIOBBIX PECYpPCOB
cootBeTcTBYET 210. yen.-nmuen. [Ins oOpabOTKU €TUHUIBI TUTOMIAAN KYJIbTYyphl A
HE0oOXoauMo ...3.. yen.-gHed, a KyneTypbl B - ...1,5 den.-nueit. Kpome Ttoro,
HEO0OXOIMMO MOCTAaBUTh HA PIHOK HE MeHee 40.... T. NpoayKUMH KyJIbTypsl B mipu
YPOKalHOCTH, OIUMHSIOIIENCS] HOPMAJIIbHOMY 3aKOHY C IapamMeTpaMu: CpEIHEE —
1,5 1/ra, xoapdumment Bapuanuu — 0,20. TpeOyercs pa3aenuTs IMJIOMAIb TAKUM
00pa3oM, 4TOOBI MOIYYUTh MAKCUMAJIBHYIO IPUOBLITb.

6. XO034iCTBO  MPOWU3BOJUT 2 BUJAA MNPOAYKIUU. 34 EOUHHILY
MIPOM3BOJCTBA KYJIBTYPHl A OHO MOdyd4aeT nmpuobuib 4,5..1.€, a KynbTypsl B — 3
n.e. I[nomane noceBoB cocrasisieT 80.... ra. OrpaHHYEHNE TPYAOBBIX PECYPCOB
cootBercTBYeT 210. uen.-muen. st o6pabOTKM €UHUIIBI TUTOIIAAN KYJIbTYpPhl A
HE0OX0oauMO 3.. 4el.-gHel, a Kyinbrypel B - ...2.4em.- ngHeir. Kpome Toro
HEOOXOJMMO MOCTaBUTh HAa PHIHOK He MeHee 50. T. MpoIyKUuHU KyJIbTypbl B mpu
YPOXKaNHOCTH MOJUYMHSAIOIIENCS HOPMAIBHOMY 3aKOHY C ITapaMeTpaMu: CpeHee —
1,9 1/ra, xoaddumment Bapuaruu — 0,13. Tpebyercs pa3aenuTh IIIOMIAlb TAKUM
00pa3oM, YTOObI NOJYYUTh MAKCUMAIBHYIO TPUOBLIB.

1. XO034iCTBO  MPOWU3BOJUT 2 BUJAA MNPOAYKIUU. 34 EIUHHILY
MPOU3BOJCTBA KYJbTYpbl A OHO MOJydyaeT mpuObUIb ...3..1.€, a KyJIbTypel B — 6
n.e. Ilnomane noceBoB cocrasiser 40. ra. OrpaHuYeHHE TPYIAOBBIX PECYpPCOB
cootBercTBYeT 120.. yen.-nuen. g 06pabOTKM €AMHUIBI IIOIMAIU KyJIbTYphl A
HeoOXoauMo 3.. d4eN.-THeW, a KyJabTypbl A- 5.4en.- nHeil. Kpome Toro
HE0OXOJAMMO MOCTAaBUTh HA PIHOK HE MeHee ...30. T. MpoAyKIHUH KyJbTypsl B pu
YPOXKAUHOCTH, OTUUHSIOIIEHCS TaMMa-PACIIPEAEICHUIO C TapAMETPAMHU: CPEIHEE
— 1,3 1/ra, koapduruent Bapuaruu — 0,25.. TpeGyeTcs pa3aenuTh MI0mab TaKUM
00pa3oM, YTOOBI OTYYUTh MAKCUMAIBHYIO TPUOBLITH.

8. XO03SMICTBO ~ MPOM3BOAMT 2 BUAAa NOPOAYKUMU 33  €IUHULY
MPOU3BOJCTBA KYJIbTYpbl A OHO MOJy4aeT NpUObLIb ...4..1.€, a KyJabTypsl B — 2
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n.e. Ilnomane noceBoB cocrasisier 60. ra. OrpaHuyeHue TPYIAOBBIX PECYPCOB
cootBeTcTBYET 150.. yen.-nue. st 0O6pabOTKU €TUHUIIBI TUIOIMIAANA KYJIbTYphl A
HE0OXOoauMO ...3,5.. 4yen.-aHeH, a KynbTypel B - ...2.4en.-gueir. Kpome Toro,
HE0OXOMMO MOCTAaBUTh HA PhIHOK HE MeHee 30. T. MpoAyKIMH KyJIbTypbl B mpu
YPOKalHOCTH MOJUYUHSIOLIEHCS TaMMa-paclpefesICHUI0 C IapaMeTpaMu: CpeIHEe
— 1,5 1/ra, koappunment Bapuanuu — 0,24.. TpebyeTcs pa3aeauTh II0MIAAb TAKUM
00pa3om, 4TOOBI MOJYUYUTh MAKCUMAJIbHYIO MPUOBLIb.

9. XO03MCTBO NPOU3BOAUT 2 BUAA NPOAYKIMM 32 EAUHHUILY
IIPOU3BOJCTBA KYJBTYpPbl A OHO MOJIydaeT npudbLib 3.1.€, a KyJabTypbl B —5 n.e.
[Inomaas mnoceBoB cocTaBisier 75 ra. OrpaHudyeHue TPYJAOBBIX PECYpPCOB
cootBeTcTBYeT 180 uen.-mueit. g oOpaOOTKU €TUHUIIBI TUIOMAIN KYJIbTYpPhl A
HEOOXO0UMO 2.. Yell.-HeH, a KyJbTypbl B — 3..4en.- nueil. Kpome Toro, Hy:XHO
ITIOCTAaBUTh HA PBIHOK HEe MeHee 40. T. NPOAYKIHH KyJIbTYpPbl A NPHU YPOKANHOCTH,
NOTYMHSIONIEHCS JTOTHOPMAJIbHOMY 3aKOHY € mapameTrpamu: cpeaHee — 1,3 T/ra,
ko3¢ punueHt Bapuauuu — 0,32.. Tpebyercs pazaenuTh MWIOMAAb TAKUM 00pa3oM,
4YTOOBI OJYYUTh MAKCUMAJIbHYIO TPUOBLIB.

10. XoszsiictBO npou3BOAMT 2 BUAA NPOAYKUUHU. 3a  EIUHUILY
IPOU3BOJCTBA KYJbTYphl A OHO MOJy4aeT NpuObLIb 4.51.€, a KyIbTypbl B — 6 1.e.
[Inomane mnoceBoB coctaBiaseT 35 ra. OrpaHudeHHE TPYIOBBIX PECYPCOB
cootBeTcTBYeT 120 yein.-guel. s oOpaOOTKU eAMHUIIBI TUIOMAAN KYJIbTYyphl A
HEO0O0XO0UMO 3.. Yell.-HeH, a KyJbTypbl B — 5..4en.- nueil. Kpome Toro, Hy:XHO
ITOCTABUTh HA PHIHOK HEe MeHee 30. T. IpOAYyKIMH KyJIbTypbl A IPH YPOKAHHOCTH,
MOAYMHSIONICICS JIOTHOPMAJIBLHOMY 3aKOHY C mapamerpamu: cpeaHee — 1,6 T/ra,
kodpdunment Bapuanuu — 0,28. TpeOyeTcs pa3nenuTh WIONaab TAKUM 00pa3oM,
YTOOBI MOTYUYUTh MAKCUMATIBHYIO PUOBLTH.

11. Xo34iicTBO MOpPOM3BOAMT 2 BUAA MPOAYKUHUHU. 3a €IUHHULY
IPOM3BOJCTBA KYJNbTYpbl A OHO MOy4aeT NpuoObUIb S.1.€, a KyJabTypsl B —2 1.e.
[Inomane mnoceBoB coctaBisieT 45 ra. OrpaHudeHHE TPYIOBBIX PECYPCOB
cootBeTcTBYeT 150. uen.-muet. st oOpabOTKM €UHUIBI TUTOIIAAN KYJIbTYpPhl A
HeoOxoaumo 4.. Yen.-aHeH, a KyabTypbl B — 2.4en.- nueii. Kpome Toro, Hy»XHO
IIOCTaBUTh Ha PBIHOK HEe MeHee 40. T. MpoyKIHH KyJbTypbl B ipu yposkaiiHOCTH,
NOTUUHSIONICNCS raMMa-paclipe/iefieHHIo ¢ mapaMeTpamu: cpeanee — 1,2 T/ra,
koadurment Bapuaruu — 0,35.. Tpebyercs pa3AenuTh MIONIAAb TAKUM 00pa3oM,
YTOOBI TOJTYYUTh MAKCUMAJIbHYIO TPUOBLIb.

12.  Xo34iicTBO MOpPOM3BOAUT 2 BHAA NOPOAYKUMU. 3a EOUHUILY
MPOU3BOJICTBA KYJBTYpPhl A OHO MOJIydaeT npudblib 4.7.€, a KyJabTypel B — 7 n.e.
[Imomane mnoceBoB coctaBisier 40 ra. OrpaHuyeHUe TPYIOBBIX PECYPCOB
cootBercTBYeT 120. yen.-nuen. [ns oOpabOTKM €qUHUIBI TUIOIIAAN KYJIbTYphl A
HEe0O0XouMO 3.. yen.-JIHeH, a KyasTypsl B - ...4..4en.- queii. KpoMe TOT0, HY’>)KHO
IIOCTaBUTh Ha PbIHOK He MeHee 30. T. NpOAYKIMHU KyJIbTYpbl A IPH YPOKaliHOCTH,
MOTUMHSIONICHCS JTOrHOPMAJIIbHOMY 3aKOHY C MapameTpamu: cpensee — 1,4 T/ra,
koddumment Bapuaruu — 0,25.. Tpebyercs pa3aenuTh MWIONaab TAKUM 00pa3oM,
YTOOBI MOJYYNUTh MAKCUMAIbHYIO NPHOBLIb.
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13. Xo3zsiicTBO MpoM3BOAMT 2 BUAA NPOAYKUMHU. 33  EIUHUILY
MPOU3BOJICTBA KYJIbTYpbl A OHO TOJIydaeT MpUObLIbL 2,5 .1.€, a KyJabTypel B — 4
n.e. Imomane moceBoB cocraBisier 50 ra. OrpaHM4yeHUE TPYAOBBIX PECYpPCOB
cootBeTcTBYeT 90. yen.-gHei. s 0OpabOTKU eAMHUIIBI U0 KyIbTYyphl A
HE0OX0AUMO 2. yen.-IHeH, a KyiabTypel B - 3..uen.- gueit. Kpome Toro, Hy>xHO
MIOCTAaBUTh HA PHIHOK He MeHee 30 T. MpoAyKIMHU KyJIbTypbl B mpu ypoxalHOCTH,
MOJIYMHSAIONICHCS TOTHOPMAJIbHOMY 3aKOHY ¢ NapameTrpamu: cpeaHee — 1,3 1/ra,
koddumuent Bapuaruu — 0,31.. Tpebyercs pa3aenuTh MWIOMAAh TAKUM 00pa3oM,
YTOOBI MOTYUYUTh MAKCUMAIBHYIO PUOBLIH.

14. Xo34iiCTBO MNPOU3ZBOAUT 2 BHUJA MNPOAYKUHH. 3a €AUHUILY
IIPOU3BOJICTBA KYJBTYpPhl A OHO MOJIydaeT npudbLIb 4.1.€, a KyJabTypel B —2 n.e.
[Imomane mnoceBoB coctaBisier 45 ra. OrpaHuyeHHe TPYIOBBIX PECYPCOB
cootBercTBYeT 150. yen.-nue. [{ns oOpabOTKM €qUHULBI TUIOUIAAN KYJIbTYphl A
HeoOxoaumo 4.. 4ein.-gHel, a KyabTypbl B — 2.4en.- nueii. Kpome Toro, Hy»xHO
MIOCTAaBUTh HA PBIHOK HEe MeHee 40. T. MpOoAyKIUU KyJbTyphl B npu ypoxkaitHOCTH,
MOIUMHSAIONICHCS TaMMa-paclpeielieHUI0 ¢ mapaMmeTpamu: cpennee — 1,35 1/ra,
koadumment Bapuarnuu — 0,30.. Tpebyercs pa3aenuTh MIOHIaAb TAKUM 00pa3oM,
YTOOBI MOJTYYUTh MAKCUMAIbHYIO PUOBLIH.

15. Xo34iicTBO MPOM3BOJAUT 2 BHAA TNPOAYKIUU. 3a EIUHUILY
MPOU3BOJICTBA KYJBTYpPHI A OHO TOJIy4aeT nmpuOblIb 4.7.€, a KyJIbTypsl B — 6 1.e.
[Imomane mnoceBoB coctaBisier 40 ra. OrpaHuyeHHe TPYIOBBIX PECYPCOB
cootBercTBYeT 120. yen.-nuen. [ns oOpaOOTKM €qUHULBI TUIOUIAAN KYJIbTYphl A
HeoOXoauMo 3.. yen.-IHeH, a KyasTypsl B - ...4. 4en.- queii. KpoMe TOT0, HY>KHO
ITIOCTAaBUTh HA PBIHOK HEe MeHee 30. T. NPOAYKIHH KYyJIbTYpPbl A NMPHU YPOKANHOCTH,
MOAYMHSIONICICS JOTHOPMAJIbHOMY 3aKOHY C mapamerpamu: cpennee — 1,45 1/ra,
kodpdunment Bapuaruu — 0,25.. TpedyeTcs pa3aeauTh IJIOMIAlb TAKUM 00pa3oM,
YTOOBI MOJTYYUTh MAKCUMAIbHYIO PUOBLITH.

16. Xo34iiCTBO MNPOU3ZBOAWT 2 BHUJA MNPOAYKIHMH. 3a CIUHHILY
MPOU3BOJICTBA KYJIBTYpPhl A OHO TOJydaeT nmpuobUIb 2,5 .1.€, a KynsTypbl B — 4,5
n.e. ITnomane moceBoB cocrasisier 50 ra. OrpaHuYeHHE TPYAOBBIX PECYPCOB
cootBeTcTBYeT 90. wen.-guei. [ oOpaboTKU eAMHUITBI IUIOMAId KyIbTyphl A
HE0OX0MMMO 2. yen.-IHeH, a KyiabTypel B - 3..uen.- gueit. Kpome Toro, Hy>xHO
MOCTAaBUTh HA PHIHOK HEe MeHee 30 T. MpOoAYKIMHU KyJIbTYypbl B ipu ypokailHOCTH,
MOAYMHSIONICICS JTJOTHOPMAJILHOMY 3aKOHY C Tapamerpamu: cpennee — 1,35 1/ra,
kodpdunmrent Bapuaruu — 0,29.. TpebyeTcs pa3aeauTh IJIOMIAlb TAKUM 00pa3oM,
YTOOBI TOJTYYUTh MAKCUMAJIbHYIO TPUOBLIb.

17.  Xo03siCTBO MPOM3BOAUT 2 BHJA MPOAYKIIUU. 3a CIUHUILY MMPOU3BOJICTBA
KyJbTYpbl A OHO moJily4aeT mpuObUIb 2 .a.e, a KyiabTypbl B — 4,5 n.e. Ilnomanp
noceBoB coctaBisieT 40 ra. OrpaHuyeHue TPYJAOBBIX PECYpPCOB cOOTBETCTBYET 90.
yen.-aHei. J{ns oO6paOboTKM eIMHMIIBI TUIOMAAN KYJIbTYphl A HEOOXOAUMO 2. Yell.-
IHeH, a KynbTypbl B - 3..4en.- nueil. Kpome TOro, Hy’>KHO NMOCTaBUTh Ha PHIHOK HE
Menee 30 T. OpOAYKIMH KyJbTypbl B mnpu ypoxkalHOCTH, IOJUUHSIOIIEHCS
JIOTHOPMAJILHOMY 3aKOHy C TlapameTpamu: cpeaHee — 1,4 T/ra, K0dPUIIUEHT
Bapuaruu — 0,33.. TpebyeTcs pa3nenuTh IUIOMAlb TAKUM 00pa3oM, YTOOBI TIOJYIUTh
MaKCUMaJTbHYIO TPUOBLITE.
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2.5 3AJIAYM MHOTOKPUTEPHUAJIBHOI ONITUMMU3AIIAUA

B MHOrokpuTepHalibHbIX 3aJja4aX UCIIOIB3YETCS HE OfHAa 1ieneBast (PyHKITus,
a HUX MHOXeCTBO. IIprMepoM MHOTOKpUTEPHAIBHON 3aJaull MOXKET ObITh
KOMILJIEKCHOE HCIOJIb30BAaHUE BOJIHBIX pecypcoB BOJOXPaHWINIIA.
Bononons3oBarenssMu M BOJONOTPEOUTENIIMM B OTOM CIIydae MOTYT OBITh
HHEPreTrKa, MPOMBIIUICHHbBIE OOBEKTHI, CEIbCKOXO3SMCTBEHHbIE OpTraHMU3aIUH,
pBIOHOE XO3SIIICTBO, PEYHON TPAHCIIOPT, BOJOCHAOKEHUE, peKpealust U apyrue. Y
KaXXJIOr0 YYaCTHHKA BOJIOXO3MMCTBEHHOIO KOMILIEKCA CBOSI L€db. B HEKOTOPBIX
CIy4yasiX KpPUTEPUU ONTUMAJIBHOCTH MPOTHBOpEYAT APYr Apyry. B wyacTHOCTH,
3a/laud PHIOHOTO XO35IWCTBAa B TEPUOJ HEpecTa HE COBNAJAIOT C 3ajadyaMu
TUJPOIHEPTETUKH.

3agaya MHOTOKPUTEPUAIBHOM ONITUMU3AIMN UMEET CIASAYIONTUN BUT

f(X) =((£.(X), £,(X),..., f,(X)) > max, (2.56)
XeG. (2.57)

rae fi(X) — wactHbIil kpuTepHii, X — nonyctumoe perienue B oonactu G.

JI1s penieHnss MHOTOKPUTEPUAITBHBIX 3a/1a4 MPUMEHSIOT Pa3JINYHBIC METOTbI
JOCTHDKEHUSI KOMIIPOMHCCA: JIMHEHHAsh CBEPTKA KPUTEPUEB, IMOCIICIOBATEILHBIC
YCTYNKH, BBUICJICHUS OCHOBHOTO KPHUTEPHs, IMOJYyYCHHE KOMIIPOMHCCHOTO
peleHus Ui ABYX PAaBHO3HAYHBIX KPUTEPHEB U JP.

MeTox TMHEHHOM CBEPTKH KPUTEpHEB

[To meTOony TIMHENHOW CBEPTKHU
FJ(X):;Ci f; (X, (2.58)

rae Fj(X) — apdexruBHOCTS HEKOTOpOTO |-TO BapmanTa pemenus; fi;(X) — onenka
3G (GEKTUBHOCTH |-TO BapHaHTa  OTHOCHUTEIbHO -0 1enm; C; — OlEHKH
3HaYUMOCTH IIEJIH.

OnTuMaabHBIM CUWTAETCS BapUAHT, MPU KOTOPOM (YHKIIHS Fi(X)
OpUHUMaeT MakcuyanbHoe 3HaueHue. [lapamerp Ci ompenesistoT 3KCHepTHBIM
nyrem. Tpuyem  2,Ci =1

Onpezle.nemll_le ob0siacTu 3¢pPpexTuBHBIX pemeHuii (odsactu Ilapero)

OcHOBHas uaest MeToAa 3aKJII0YaeTcs B TOM, YTOOBI  HMCKIIOYUTL M3
pPacCMOTpPEHHsI T€ BAPUAHTHI PEIICHUS] MHOTOKPUTEPUATBHOWU 3a7auM, KOTOPHIC
3aBeoMO TUIOXW. [lnst aTOoro ompepenstor ob6macte 00macth 3PPEKTUBHBIX
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pemienunit  wnu obnacte Ilapero (pammius uTaTbIHCKOTO HcciaeaoBarens, B.
[Tapero mpeayIoKuBIIEro ATOT MeTo 1 B 1904 T.)

Pemenune X* Ha3biBaeTcd onTuManbHbiM 10 [lapeto (maperto-
ONTUMAJIbHBIM), €CIIM HE CYLIECTBYET TAaKOTO BO3MOKHOTO perieHuss X s
KOTOPOTO HWMEET MEeCTO HEpaBeHCTBO f(x)> f(x*). Bce mapeTo-onTUMaibHBIC
penieHus oopa3yroT MHOkeCTBO [lapero.

[Mpunuun IlapeTto He BBIAENSS E€AMHCTBEHHOTO pELICHUS, OOJerdyaer
npoueaypy BbiOOpa 3(PPEKTUBHOrO pelieHUs, TaK KaKk 3TO MHOXXECTBO Jierdye
0003pUMO M JIerde TMOJJACTCS aHalIu3y, YeM BCE€ MHOXKECTBa BO3MOKHBIX
pemieHuii. OKOHYATEIbHBINM BBHIOOP pEIIEHUS OCYIIECTBISETCS Ha OCHOBAHUH
He(OopMaJIbHBIX METO/IOB.

Merox moJiy4eHMsI KOMIIPOMMCCHOIO pelleHusl ISl JBYX Pa3HbIX
KpHUTepueB

JI1st KaXa0ro U3 KpUTEPHUEB ONPEAEISIIOT €ro onTUMaibHoe pemenue. [Ipu
3TOM BBOJMTCS JIONIOJHUTEIBHOE YCIOBHE

OO0 = H)| _| £ (X) = £,(X)|
O A (2.59)

rne  fi(X) u f2(X) — mepas u BrOpas ueneBbie Qynkuuu, f1*(X) u f,*(X) —
ONTUMAaJbHbIC 3HAUCHUS 1[eJIEBbIX (DYHKIIUH.

OnTuManbHBIM ABJISICTCS. TAKOM BapUaHT PEIIEHUS MHOTOKPUTEPUATBHOU
3a7la4d, B KOTOPOM OTHOCHUTEJIbHBIE OTKJIOHCHHUS Ka)KJIOTO0 KPHUTEPHUSI OT CBOETO
ONTUMAJIBHOTO 3HAYCHUS PABHOBEJIUKH, UJIU BBITIOJIHSIETCS YKA3aHHOE PAaBEHCTBO

MeTtoa nmocJie10BaTeJbHbIX YCTYIIOK

PaccmoTpuMm  MeTon mociemoBaTeNbHBIX  YCTYNOK. B »ToM  merogue
SKCIEPTHBIM ITyTEM PaHXKUPYIOT Leau. CHavana onpeaenseTcs: peleHue CorjlacHoO
HauOosiee BakHOMY Kputeputo. Ilociie 3Toro 3HaueHHe ITOrO KpUTEPUs
YMEHBIIAETCSI HA OCHOBE 33JJaHHOT0 3HA4YCHUs YCTynkH. Jlanee pemraercsa 3amada
ONTUMM3ALMUA C YYETOM BTOPOIO IO PAHXKHUPY KPUTEPUS C YYETOM BTOPOU
yctynku. [lpomenypsl MOBTOPSIIOTCA O TeX TMOp, MOKa HE OyneT MOJydeHo
MAaKCHUMaJIbHOE€ 3HAUYEHUE MOCIEAHEr0 KPUTEPUS MPU YCIOBUHM, UYTO 3HAYECHUE
KQXIOTO0 W3  MNPEAIIECTBYIOIIMX  YaCTHBIX KPUTEPUEB  OTIIMYAETCA  OT
COOTBETCTBYIOIIETO YCJIOBHOIO MaKCHUMyMa He Oojiee 4YeM Ha BEJIMYHUHY
JIOMyCTUMOM YCTYIIKHM MO JaHHOM 1eneBoi (yHkiuu. HalineHHoe Ha mocieaHeM
ATare PEUICHUE SABJISIETCS ONTUMAIbHBIM.

PaccmoTpum  MeTon moclieqoBaTENbHBIX YCTYNOK. B 3TOM  Metone
AKCIIEPTHBIM IIYTEM PaHKUPYIOT Lenu. CHavyaia onpeaesaeTcs peleHrue CorjiacHoO
HaubOonee BaxkHOMY Kputepuio. I[locme »TOro 3HadYeHHWE JTOTO KPHUTEPHUS
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YMEHBIIAETCS HA OCHOBE 33JJaHHOI0 3HA4YCHUs YCTYyNKH. Jlanee pemraercsa 3amada
ONTUMM3AIMUA C YYETOM BTOPOTO IO PAHXKUPY KPUTEPUA C YUYETOM BTOpPOH
yctynku. Ilporeaypbl MOBTOPSIOTCA 1O TeX IOp, MOKa He OyAeT IOJIy4eHO
MaKCHUMaJIbHOE€ 3HAYE€HWE MOCJIEAHEr0 KPUTEPUSl MPU YCIOBUHU, UYTO 3HAYCHUE
KQXIOTO M3  MPEAIIECTBYIOIIMX  YaCTHBIX  KPUTEPUEB  OTIMYAETCA  OT
COOTBETCTBYIOIIIETO YCJIOBHOIO MakKCMMyMa He O0ojiee 4YeM Ha BeIUYHHY
JIONyCTUMOM YCTYIIKHM IO JaHHOM 1ieneBoi (yHkiuu. HalimeHHoe Ha mocieaHeM
JTare PEeIeHUE SIBJIAETCS ONTUMAJIbHBIM.
Ilpumep 2.16. 3anava qByXKpUTEPUATHEHONW ONTUMH3AINHA UMEET BU:
f, ==X +2x, — max
f, = 2% + X, = max
X, +X,<6
1<x,<3
1<x,<4

Pemute 3amady METOAOM IIOCIENOBATEIBHBIX YCTYIIOK, €CIM 3aJaHa
YCTYIIKA [0 IEPBOMY KPUTCPHIO: O =2.

Pewenue

Tak kak xK03(GGUIMEHTHl MPU OJHUX M TEX K€ MEPEMEHHBIX B YACTHBIX
KPUTEPHUSX UMEIOT pa3Hble 3HAKH, TO B 3aIaHHON OOJIACTH JTOMYCTUMBIX PEIICHUI
HEBO3MOKHO OJIHOBPEMEHHO YIIYYIIMTh BCE YAaCTHBIC KPUTEPUU, T.€. B JTAHHOM
ciydae o0Onactb kKommpomuccoB (oOmacte [lapero) coBmagaer ¢ 007acThiO
JOITYCTUMBIX PELICHUMU.

MakcumuzupyeM QyHkiuo fi B 00macTH JOMYCTHMBIX pEIICHUH, T.€.
pELINM OTHOKPHUTEPHATIBHYIO 3a/1a4y IrpaduuecKuM METoI0M (prcyHOK 2.21).

X2

D

Pucynox 2.21- K 3aaue MHOTOKpUTEpUATHLHON ONTUMU3AITUN
Maxkcumym ¢GyHKIMU fi TpU yCIOBHSX 3aJadd JIOCTHTACTCS B TOYKE C

koopauHatamu (1;4), Tak 4TO B JTaHHOM CJIy4ae
x =1,x,=4, maxf=1"=7.
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[Mepexogum k wmakcummsanuu (yHkiun f, mpu ycnoBusx 3amaum o
JONOJHUTEIIFLHOM OTPAHWYEHHUH, ITO3BOJISIONIEM YYeCTh, YTO IO KpuTepHuro fi
Henbp3sl ycTynatb Oonee deM Ha 0=2. Tak kak f; - 2=5, To momonHUTENBHOE
orpaHuyeHue OysneT UMETh BUJL:

— X +2X, =5.

Hogyto 3amauy Takke periaem rpaduuecku (pucyHok 2.22).

X2
4
_____ I""'><
3,5 | )
3 Q A.
| : |
25 - | |
| |
27 | |
s | | |
' | : |
14 ---- I 1
05 -+
0 T T T —t | X2

0 05 1 15 2 25

Pucynok 2.22 — Pemenue 3a1auu MHOTOKPUTEPUAIBHON ONITUMU3ALIAN

[Tonyyaem, uto MakcuMyM (GyHKIIUH T, IPH YCIOBHUAX TOCTUTACTCS B TOUKE
A gactu Q1 ,0061actu Q, Tak 4TO

X =2,32; ;7 =3,70; maxf,=f, =8,34.

Takum 00pa3oM, ONTUMAJIBHOE PEIICHUE JIBYXKPUTECPUAIILHOW 3aa4uu
JOoCTUraeTcs npu X =232, x,"=370. [Ipy 3TOM 3HAUYE€HUS YACTHBIX KPUTEPHUEB

COCTABJIAIOT.
f =5, f,=834.

BapuanTsl 3a1aHus

Ucnonb3ys npumep 2.16 pemmTh 3agadyy  MHOTOKpPUTEpPUATbHOU
ONTUMM3AIMN JJISI PA3IMYHBIX 3HAUYEHUW YCTYNMOK TpadUuecku M C TMOMOIIBIO
MIPUKJIAJHON MPOrPaMMBI.

1.6=1,5 11.5=1,6
2.6=1,7 12 5=2.3

3.6=2,1 13. 6=2.6
4.8=22 14. .6=2.8
5.6=1,8 15. =29
6. 5=2,4 16. 5=3,1
7.6=2.5 17. 6=1,4
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8.0=1,9 18.6=3,2
9.86=2,7 19.6=3,4
10. 6=3,0 20. 6=1,3.

2.6 3AJJAYY JTUHAMHNYECKOI'O TIPOI'PAMMMUPOBAHUA

3amady o0 3aBUCUMOCTH 3aTpaT Ha COJEP>KaHUE U PEMOHT 000pyA0BaHUs IPU
pa3IMYHOM BpPEMEHM MOYKHO paccMaTpuBaTh, Kak 3a7adyy JUHAMUYECKOTO
IPOrpaMMHUPOBAHUSA, B KOTOPOH B KAU€CTBE CUCTEMBI S BBICTYNAET 000PYIOBAHHE.
CocTosiHUSL ~ 3TOM  CHUCTEMBI  ONpENestoTcs  (PAKTUYECKUM  BpPEMEHEM
UCIIOJIb30BaHUsl  000pyZoBaHHs (€ro BO3pacTOM) 7, T.6. ONMCHIBAIOTCA
€IMHCTBEHHBIM IMAPaMETPOM 7.

B kadecTBe ymnpaBieHUN BBICTYNAlOT PEIICHHs] O 3aMEHE M COXpaHEHUH
o0opyZ0oBaHus, MPUHUMAEMble B Haudaje Kaxjaoro roaa. O0o3HauuM uepe3 Up
pelIeHre O COXpaHEHUH O0OpyJIOBaHHUS, a uepe3 U - pelieHHe O 3aMeHe
oOopynoBanusi. Torma 3agadya COCTOMT B HaXOXIACHUM TaKOW CTpaTeruu
yIpaBICHUS, OMPEICIAEMON PEHICHUAMH, MPUHUMAEMBIMU K Hadaldy Kaxioro
roja, MpU KOTOPOW oOOImIas MPUObUTH TMPEANPHUSATHS 3a ISTHICTKY SBISACTCS
MaKCUMaIIbHOM.

Takum oOpazom, chopMyIMpOBaHA MCXOAHAS 3ajada B TEPMHUHAX 3adauu
OUHAMUYECKO20 npozpammupoeanus. IDTa 3agada o0JaJaeT CBOWCTBaAMU
aJIUTUBHOCTA M OTCYTCTBUSL TnociieneicTBud. CreqoBaTeNbHO, €€ pelleHue
MOXHO HaWTH C TOMOIIBI0 aJTrOpUTMa peHIeHUs 3aJadyd JIUHAMHYECKOTO
IPOrpaMMHUPOBAHMS, peau3yeMOoro B JiBa 3Tana. Ha mepBom srtarme rnpu ABUKEHUU
OT Hayaja 5-To rojila K Havaixy 1-To roga A Kaxaoro JOMYCTUMOTO COCTOSIHHS
0o0OpyZIOBaHUSl HaileM YCIOBHOE OINTHUMAJbHOE YIpaBiieHHE (pellieHue), a Ha
BTOPOM JTame MpH JBIKEHWHM OT Havala 1-ro roja K Hadaimy 5-To rojaa wu3s
YCIIOBHBIX ONTHUMAJIBHBIX PEIICHUN NJIsi KaKJIOro rojia COCTaBUM ONTHUMAJIbHBIN
TJ1aH 3aMEHbI 000pYAOBaHUS.

B ocHoBe MeTo/la TMHAaMHYECKOTO0 MPOrpaMMHUPOBAHUS TOJIOKEH MPUHIUI
ONTUMAJIbHOCTU beimaHna, 3aKiIovarouuiicss B CleayomeM: He3aBUCUMO OT TOTO,
KakuM 00pa3oM cHcTeMa OKa3ajlaCh B KOHKPETHOM COCTOSIHUH, MOCIEIYIOLIUe
miaru JOJKHBI COCTABJISITH ONTUMAJBHYIO CTPAaTErHio, KOTOpas MpUBS3aHA K
UCXOJTHOMY COCTOSIHUIO.

Ilpumep 2.17. B onpenenceHHbIi MOMEHT BpPEMEHM Ha NPEANPUITHH
YCTaHOBJIEHO HOBOE OO0OpyJIOBaHHE. 3aBUCHUMOCTb MPOU3BOAMTEIHLHOCTH 3TOTO
o0OpyZI0OBaHUSI OT BPEMEHHM €ro UCIOJb30BaHUS TPEANPUSTHEM, a TaKKe
3aBUCUMOCTh 3aTpaT Ha COJIEpKaHHE U PEMOHT OOOPYIOBaHUS MPU PA3ITUIHOM
BPEMEHU €0 MCIIOIh30BaHUS MTPUBEICHBI B Ta0mIe 2.13.

3Hasi, 4TO 3aTpaThl, CBSI3aHHBIE C MPHOOPETEHHWEM U YCTAHOBKOM HOBOTO
00OpyIOBaHUS, MIEHTUYHOTO C YCTAHOBJIEHHBIM, cOCTaBiAlOT 40 Thic. pyo., a
3aMEHsIEMOE OOOpYAOBAHHME CIHCHIBAETCS, COCTABUTh TaKOW IIJIaH 3aMEHbI
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o0opyZ0oBaHUs B T€UEHUE 5 JIET, TPU KOTOPOM 00II1asi MPUOBLTH 33 JaHHBIA MEPUO.T
BPEMEHH MaKCHMAJIbHA.
Tabnuua 2.13— 3aBUCUMOCTD 3aTpaT Ha COJIEp)KaHUE U PEMOHT
00OpyIOBaHUs TIPU PA3TMYHOM BPEMEHU €T0 MCIIOIb30BAHMS

Bpewmsi, B TeueHHE KOTOPOTO
HCIIOJIb3YETCS 000pyI0BaHUE
(;ter)

O| 1] 2] 3] 4 5
["onoBoii Beiyck npoaykuuu R(7) B CTOMMOCTHOM 80 | 75 | 65 | 60 | 60 | 55
BBIPAXXCHHH, THIC.pYO.
Exxeronublie 3atparsl Z(7), CBA3aHHBIE C COIEPKAHUEM U 20 | 25 | 30 | 35 | 45 | 55
PEMOHTOM 000pPYIOBaHUSI, THIC.pYO.

Pewenue
Tak kak MPEANOJIOKHIM, YTO K Hadany K-eo roma (kzl,_S) MOKET

IIPUHUMATBCSA TOJBKO OJHO W3 JBYX PCELICHUW - 3aMEHSTh WA HE 3aMEHSTH
000pyTOBaHUE, TO MPUOBLIL MPEANPUATHS 3a K - i TOJ] COCTaBUT

F (T(k>,uk ) = R(T(k))_z (T(k)) mpu U,

(2.60)
R(z'(k) = 0)—Z (r(k) = 0)—Cn npu U,

rae %) - Bo3pacT obopygoBaHus K Haualy K-co roga (k =1,_5); U - yIpaBJeHHE,

peanusyeMoe K Hadany K-co roja; C, - CTOUMOCTh HOBOTO 000PY/I0BaHHUS.
Takum 00pa3om, B JaHHOM ciiy4dae ypaBHeHUE beiniMana umeer B

) _ 7 () (1)
F (7", u, ) = max R()=2 () Rl (2.61)
©R(eM =0)-z (" =0)-C,+F,, (< =1).

Hcnonp3ys Teneps ypaBHenue (2.60), mpuctymaem K HaXOXKJIECHUIO PEIICHUS
UCXOJHOM 3amayu. OTO peuieHWe HAaYyMHAeM C OMNpPEACNICHHUs  YCIOBHO
ONTUMAJILHOTO YIpaBJIeHUsl (perieHus) s mnocienHero (5-ro) rojaa, mo3ToMy
HaXO0JUM MHOKECTBO JOMYCTHUMBIX COCTOSSHUN OO0OpYJO0BaHUs K Hadaldy JaHHOTO

roga. Tak Kak B HadaJbHBIA MOMEHT MMEETCS HOBOE 00ODPYIOBAHHE (z'(l) =0) , TO

BO3pacT 000pyIOBaHUsI K Hayajay 5-TO roja MOXKET COCTaBiiATh 1, 2, 3 u 4 roja.
[ToaTOMY DOMyCTUMBIE COCTOSIHUSI CUCTEMBI HA JAHHBIN MEPUOJ BPEMEHH TAKOBBI:
O =179 =229 =37 =4. Jlna xakagoro m3 >THX COCTOSHMI HalaeM YCIOBHO

ONTMMAJIBLHOE PpEHNIEHUE U COOTBETCTBYIOICE 3HAUYCHUE (YHKIHH Fs(r(s)).
Ucnons3ys ypasHeHue (2.61) ¥ COOTHOIIEHHUE Fe(r(k“):o) (Tak  Kak
paccMaTpUBaeTCs MOCIEHUI IO/l PACYETHOTO MIEPUO/A), OYYaeM
R(r(5))—z(r(5))

| (2.62)

F (r(s)) = max
R(r(s) =0)—z (r@ =o)—c

n
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I[ozcrapiss Teneps B Gopmyiy (6.1) BMecto 7° ero 3Hauenue, pasHoe 1, u
YYUTHIBAS JlaHHbIE Tabmuma 6.1 , Haxoaum

R =1)-2(" 1) 75-25
= MmaxX
R( =0)-z (¥ =0)-c, {80—20—40

CJ'ICI[OBaTeJ'IBHO, YCIIOBHO OIITUMAJIBHOC PCIICHUC B JAHHOM CJIydac €CThb U, .

[IpoBenem aHamOTWYHBIE BHIYMCICHUS JUISl IPYTUX JOMYCTUMBIX COCTOSIHUIMA
000OpyZ0BaHUs K Havaly 5-To roja:

65-30
R, (25 ) = max {80—20—40} =35,u° =u,;

65-35
FS(Tés)):maX{ }:25,u°:u1;

Fs(r(5)):max }=50,u° =u,.

80-20-40
65-45
F (z® )= max =20,u’ =u,.
5( ¢ ) 80—20-40 ?
[ToyueHHBIC pe3yabTaThl BHIYUCICHUN MMPUBEACHBI B Tabmie 2.14,
PaccmoTpum Temeph BO3MOXKHBIE COCTOSIHUSI OOOPYJIOBaHMS K Hadainy 4-To
roga. OdYeBHAHO, JAOMYCTUMBIMH COCTOSHHAMH siBIstoTcs 7. =179 =2;79 =3
JImst  KaXaoro W3 HHUX OINpeAeisieM YCIOBHO ONTHMAIbHOE pEIICHHE U
COOTBETCTBYIOIIIEE 3HAUCHHE PYHKIUU F, (7(4)). Jl1s1 5TOTO MCIIOIB3YEeM YpaBHEHHUE
(2.61) n nannble Tabnuua 2.14.
Tabnuna 2.14 - Pe3ynbrathl BEIYUCICHUN

Bospact o6opynoBanus naverus Gymxin F (r(s)) VY ¢10BHO ONTUMAIIBHOE
) (ner) ° pemenue U
ThIC. pY0.
1 50 u,
2 35 u,
3 25 U,
4 20 u,

Tak, B yacTHOCTH, 17151 7.”) =1 HOJTy4UM

R(c“ =1)-z (" =1)+F, («® =2 _
E (71(4)): max (T ) (T )"‘ S(T ) _ max{75 25+35 }=85,u° _u,
R(T(4) =0)—Z(T(4) =0)_Cn +F, (Z'(5) =1) 80-20-40+50
AHaJIOrMYHO HaXOIUM
“ 6530+ 25 .
F(5”) =m0 a0_ 40450/ = T0U =t
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R

60-35+20
)=max ~ 70,
80-20-40+50

0 _
u’ =u,.

[TomyuenHbIe pe3yabTaThl BHIYUCICHUM 3amucbiBaeM B Tabmuia 2.15.

Tabmuma 2.15 - Pe3yapTarhl BEIYUCICHUN

Bospact obopynoBanus 3nauenus bynxmu F (7(4)) VYCII0BHO ONTHMAJIbHOE
) pemenue u°
7™ (ner) TBIC.pYO.
1 85 u,
2 70 u,
3 70 u,

OnpenenuM Temepb YCIOBHO ONTUMAJIbHOE PEIICHHE IS KaKJIO0TO W3
JIOTTYCTUMBIX COCTOSIHUM 00OpyAOBaHMs K Hadaly 3-ro roja. O4eBUIHO, TAKUMU
COCTOSIHMAMH sABIsAIOTCA 7.0 =1;70) =2.. B cooTBercTBuu C ypaBHeHHeM (2.61)

HaXO0JIUM

F, () = max

F, () = max

Wcnonb3ys naHHble IEPBOM U TpETheH TaONIUIl IpUMEpPa, MoTydaeM

o 75-25+70 :
F, (z?) = max =120,u° =u,;
80-20-40+85

o 65-30+70 :
R, (¥) = max =105,u° = u,.
80-20-40+85

W3 nocieqHero BeIpaXXeHUsl BUAHO, YTO €CJIM K Hadajay 3-ro roja BO3pacT
00OpyIOBaHUSI COCTaBISET 2 rojia, TO HE3aBUCUMO OT TOro, OyAeT JU MPUHATO
pelieHue U, WM U,, BeJIMYMHA NPHUOBUIM OKaXXETCs OJHOM W TOM ke. ITo

03HAYaeT, YTO B KAYECTBE YCJIOBHO ONTHUMAJIBHOTO PEIICHUS] MOXKHO B3ATh JI000E,
Hanpumep, u,. [lonydeHHble 3HaUeHUS A1 FS(T(B)) Y COOTBETCTBYIOIINE YCIOBHO

ONTUMAaJIbHBIE PEIICHUS 3aITMChIBaeM B TaOHILy 2.16.
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Tabnuna 2.16- Pe3ynpTaThl BEIUKMCICHUN

Bo3zpact o6opynoBanust 3nauenns Gpynxmn F ( 7(3)) VY cn0BHO ONTUMANIBHOE
¥ (ner) : pewenue U°
THIC. pYyO.
1 120 u,
2 105 u,

HakoHel, paccMOTpUM JOMYCTUMBIE COCTOSIHUSL OOOpPYAOBAaHMS K Hayaly 2-
ro roga. O4eBUAHO, HA JaHHBII MOMEHT BPEMEHHU BO3pPacT 00OpPYI0BAaHUS MOMKET
OBITh PaBEH TOJBKO JIMIIL OAHOMY roay. Ilo3Tromy npeacTouT cpaBHUTH JIMIIb JBA
BO3MOXXHBIX PELIECHUS: COXPAaHUTh OOOpPYIOBAaHUE WM IPOU3BECTH 3aMEHY.
AHanu3 Takoro cpaBHEHUS XapaKTepu3yercs JaHHBIMU Ta0auibl 2.17.

CorysacHO yCIOBHIO B HA4YaJbHbIH MOMEHT YCTAHOBJEHO HOBOE

000pyIOBaHUE (rl(l) :0). [TosTOMy MpOGIEMBI BHIOOPA MEXKIY COXPAHCHHEM U

3aMeHOW O00OpYJOBaHUS HE CYIIECTBYET: OOOpYJIOBaHUE CIEAYET COXPaHUTh.
CrnenoBaresibHO, YCJIOBHO ONTHUMAJIBHBIM pPEIICHUEM SBISETCA U,, a 3HAYCHHUE

GyHKIMH F (rl(l)) =215.

Tabnuna 2.17 - Pe3ynbTaTsl BEIUMCICHUN

Bo3spact o6opynoBanus 3navenns pyuxuun F, (7(2)) ’ VYcinoBHO OHTI/IM%HI)HOG
perenue U
) (et) THIC.pYO.
1 155 u,

Takum oOpa3oM, MakcUMajbHas NPUOBUIL MPEINPHUSATUS MOXKET OBbITh
paBHON 215 Thic. py0. OHa COOTBETCTBYET ONTHMAJIbHOMY IIJIaHY 3aMEHBI
000py10BaHUs, KOTOPBIA IMOIYy4aeTcs HAa OCHOBE AAHHBIX TAOJIMII B PE3yJbTaTe
peanu3anuMyu  BTOPOIO JTala BBIYUCIMTEIBHOIO IIPOLECCA, COCTOSINETO B
IIPOXO0’KJIEHNH BCEX PACCMOTPEHHBIX IAroB ¢ Hayaia 1-ro 10 Hayana 5-ro roja.

g 1-ro rona perieHre equHCTBEHHO - CIIEyeT COXPaHUTh 000pyAOBaHUE.
Otcroa, Bo3pacT 000py10oBaHUs K Hayally 2-To rojia paBeH ogHoMy roay. Toraa B
COOTBETCTBUH C JAHHBIMH IMOCJIETHEN TaOJIULbl, ONTUMAJIbHBIM PEIICHUEM IS 2-
ro rojaa SIBJSETCS pelIeHHE O COXpaHEHUH 00opyroBaHMs. Peanusanusi Takoro
pellieHus TPUBOJUT K TOMY, YTO BO3pacT 0OOpyIoBaHHs K Haudaidy 3-To roja
CTaHOBUTCSI paBHBIM JIByM rojam. [Ipu Takom Bo3pacte 000pyaoBaHuEe B 3-M TOAY
cienyer 3aMeHHTh. [lociie 3aMeHbl 000pyI0BaHus €ro BO3pacT K Hayally 4-ro rojaa
cocTaBUT ofuH roi. Kak BHIHO M3 TpeTheil TaOMUIBI, MPU TAKOM BO3pacTe
000py10BaHUs €ro MEHATh He caenyeT. [loaToMy Bo3pact 000opyioBaHus K Hadally
5-TO rojia COCTaBUT JIBa IroJia, T.€. MEHATh 000PYAOBAHNE HELEIECOOOPA3HO.

3ajanne K pasjaeniy
Pemnts 3a1a4y TMHAMUYECKOTO TPOTPAMMUPOBAHUS COTJIACHO MPEIOKEHHOMY
BApUAHTY.
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I YUCJIEHHBIE METO/IbI

1 MOJIEJIMPOBAHUE CJOYYAHUHBIX UUCEJI U ETO
HPUMEHEHHUE

PaBHOMEpHO pacnpeneneHHbIe MOCIEA0BATENbHOCTH CIyYallHBIX 4YUCEd B
untepBasie [0, 1] MOXHO MOJYYUTH C MOMOIIBIO T€HEpPATOpPA CIYyYalHBIX YHCEl,
CHeUaIbHbIX TAOJMIl 1 METOI0M MOJIEIMPOBAHUS NICEBIOCITYYAHBIX YHCEIL.

B kauecTBe reHepaToOpOB CIIy4YailHBIX YMCE MOXHO MCIOJIb30BaTh PYJIETKY,
YPHY € JECAThIO IIUppaMu U ApyTHUE.

B Tabnuie cimydaiiHbIX yucend HUQPBI 3aal0Tcd ciaydailHbiM oOpa3om. [lpu
TOM Ha3Havaercs rpymnmna uudp, ogaromaps KOTOPOMl MOCIEAOBATEIBHO WIH IO
JIpyromy mpaBuity GopMUpPYIOT uncia B mpenenax uareppaina [0, 1].

[IceBnocnyyaiiHple unciaa MOAEIUPYIOT ¢ nomouplo (opmynsl. [Ipu 3tom
IOJIYYEHHOE YUCJIO UMUTHPYET CIy4aliHOE YHCIIO.

[lepBbIil anropuT™M ISl MOJYYEHUS TICEBJOCIYyYalHBIX YHUCEN, Ha3BaHHBIN
METOJOM cepeauHbl KBaapartoB, npemnoxun Jx. Heiiman. K coxanenuro,
ITOpUTM ce0s1 HE OMpaBall, MOCKOIbKY B MOJCIUPYEMBIX MOCIEAOBATEIIBHOCTIX
npeo0Ia aroT Malble YHCIIa.

[Tpu MoeIMpOBaHUH CTyYaHBIX YUCET MOKHO MCIIOJIb30BaTh POPMYITy

riv1=ri-D(ri) mod 1. (1.1)

B sr1oii popmyne BTOpoil MHOMKUTEIb NPEICTABIACT COOOW ILIEJI0€ YHCIO B
BHUJIC HAOOpa CUMBOJIOB Tocie Hyis. 3Hak Mod 1 o3Havaer oneparuio U3BICYCHUS
13 pe3yJibTaTa ApoOHOM YacTH.

Ilpumep 1.1. 3anaBas ucxonnoe uucio i=0,003043508, cmomenmupyem 25
ClIy4ailHeIX uucen, ucnonb3ys Gopmyny (1.1). B rtabmume 1.1 i wu rig
IPEJCTaBISIIOT COOON MpeIecTBYIOIIEE U MPEeoOpa30BaHHOE YnCIa.

Tabnuma 1.1 — Pe3ynpTaThl MOIETUPOBAHUS CIIyYallHBIX YHCeN MO (GopmyIie

(1.1)

li li+1 li li+1 li li+1
0,003043508 0,294094606 0,667282617 0,05761613 0,92121261] 0,256013632
0,294094606 0,751350082 0,05761613 0,83805837, 0,256013632] 0,967801403
0,751350082 0,640823923 0,83805837 0,151181072| 0,967801403] 0,614093527
0,640823923 0,035493188 0,151181072 0,653006801| 0,614093527] 0,014628157
0,035493188 0,636645847 0,653006801 0,265076838| 0,014628157| 0,297779052
0,636645847 0,452110752 0,265076838 0,027402843| 0,297779052] 0,361171044
0,452110752 0,249296818 0,027402843 0,58235924| 0,361171044| 0,331968654
0,249296818 0,342930192 0,58235924|  0,456295758
0,342930192 0,667282617 0,456295758 0,92121261
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Ilpumep 1.2. Tpebyercs BHIMUCIUTH YuCIO 7 MeTogoM Monte-Kapmo. Jlms
3TOTO HCIIOJIb3YETCSl €AMHUYHBIA KBajJpaT C BIHCAHHONW dYacThio Kkpyra. [lpwu
BBITIOJTHCHUH YCIIOBUS

Ecnu(@™2+b"2<=1;1;0) (1.2)
OIpeeNIIeTCsl CymMMa eIuHUIlL. B 3ToM ycioBuu & M b — CTOPOHBI €IUHHYHOTO
KBaJIpaTa, COOTBETCTBYIOIINUE CIy4yalHbIM uuciiaM. Eciu yciaoBue BBIMOJHSETCS,
TO MOJy4YaeM €JUHULy (IIEpBOE YUCIIO IOCJE YCJIOBHS), B MPOTUBHOM CIIydyae —
HOJIb. JleJleHne Ha 4eTBEPTYI0 4acTh CMOJEIMPOBAHHBIX PE3YJbTAaTOB (HOIb WIIU
OJIMH) TIO3BOJISIET MPHUOIMKEHHO ONpeAenuTs 3HaueHue zx. OueBHUIHO, UYTO
TOYHOCTb BBIYMCIICHHS YUCIIA T 3aBUCUT OT YUCJa 3KCIEPUMEHTOB.

[IpuBenen IIpUMEp pelIeHWs 3ajauud npu  ucnonb3oBanuu 100
CMOJICITMPOBAHHBIX CIyJalHBIX yrcea a u b. B mpumepe (Tabnwuma 2.2) cirydaiHbIe
yrciaa B cTojOmax a m b cmomenupoBanel ¢ momormipio ynkimun - Excel
=CJIYUC(). JobGaBUM K 3TOMY, 4YTO CIy4ailHble 4YHCJIa MOXXHO OBLIO OBl
CMOJIENTUPOBaTh U ¢ momoIbio ¢popmyinsl (1.1). 3nauenus 0 unu 1 onpeneneHs! B
tabsuie 2.2 coraacHo ycinopuio (1.2).

Ta6mumna 1.2 — Onpeaenenue yncia © Mmeto oM Monte-Kapio

Ecou(a"2+b"2 Ecou(a"2+b"2
a b <=1;1;0) a b <=1;1;0)
0,415250192| 0,383464524 1 0,738152102 0,60312565 1
0,216414072| 0,613932897 1 0,508336405 0,583160263 1
0,646305006| 0,572795742 1 0,428273093 0,281369539 1
0,638306499 0,019451325 1 0,541572643 0,996251082 0
0,242788668 0,638837209 1 0,393202628 0,854341063 1
0,231554907| 0,312071672 1 0,694911069 0,93293851 0
0,067222358| 0,402103651 1 0,600428805 0,022617477 1
0,271287797| 0,528783139 1 0,337567333 0,460105099 1
0,390538762 0,692507496 1 0,903507349 0,55700592 0
0,327445896( 0,057472757 1 0,566469328 0,506596484 1
0,651274768| 0,380822619 1 0,495399912 0,53386284 1
0,270273047| 0,562925578 1 0,278277815 0,17774769 1
0,703425801 0,556122229 1 0,87138937 | 0,126333177 1
0,88773537| 0,660394318 0 0,929461753 0,455198422 0
0,943922361 0,472834659 0 0,71502659 | 0,487468642 1
0,920515763| 0,596636629 0 0,640862824, 0,125119532 1
0,779660126| 0,253422689 1 0,010247538 0,852398022 1
0,075557866| 0,265133703 1 0,612305257| 0,661252998 1
0,089428624| 0,489842119 1 0,377022556| 0,949854005 0
0,950772801| 0,751002072 0 0,727507964, 0,067044497 1
0,802678816| 0,319983322 1 0,65533415| 0,248012068 1
0,767536139| 0,183747647 1 0,937843306| 0,770434274 0
0,796968016| 0,2342156 1 0,646335209 0,869417875 0
0,442735645 0,318095751 1 0,764281504, 0,219978102 1
0,22970177 | 0,112409259 1 0,616271476 0,613488181 1
0,182662581| 0,140536551 1 0,27875749 | 0,888640745 1
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0,420796107| 0,849889278 1 0,552080632 0,195210348 1
0,973926331] 0,141828147 1 0,372151429 0,11050934 1
0,105558671] 0,903033888 1 0,523553676| 0,031974597 1
0,907140197| 0,235200483 1 0,23384336 | 0,786964571 1
0,115267852| 0,25690352 1 0,990378107| 0,714720591 0
0,26080118| 0,539720409 1 0,482248954, 0,378300723 1
0,805460031] 0,634289312 0 0,502726511) 0,488394787 1
0,566657272| 0,352392925 1 0,736529976| 0,67221922 1
0,062240444| 0,474730031 1 0,076284211 0,398560268 1
0,534962906| 0,082031127 1 0,471718893 0,962573235 0
0,839021367| 0,240174292 1 0,643070209 0,803852817 0
0,963047033] 0,296241154 0 0,849843152 0,520919579 1
0,595695841 0,540185287 1 0,16251622| 0,126688109 1
0,371030719] 0,104021967 1 0,28312165| 0,749048696 1
0,811066452 0,694950698 0 0,618570927| 0,196404358 1
0,322127603] 0,82651516 1 0,098522106/ 0,796931725 1
0,416713406| 0,753685248 1 0,877799658 0,081763699 1
0,154148267| 0,101461332 1 0,212612169 0,27544275 1
0,663067242| 0,194708598 1 0,334569865 0,02197332 1
0,444470612| 0,35720638 1 0,01130512| 0,238915153 1
0,335182495/ 0,03860608 1 0,597044525 0,785610547 1
0,361638385 0,861907201 1 0,692513853 0,389877394 1
0,001946319 0,326123353 1 0,197212307| 0,033396471 1
0,068774647| 0,647135852 1 100 100 3,32
0,732526615 0,355210959 1

Ilpumep 1.3. CmoaenupoBath 24 ciydaitaeix yucia ot 0 go 10.

[TockonbKy cimydaiiHble Ynciia HaXoAsaTcs B npeaenax 1>r>0, To ymMHOXEeHHE
3T0 ynciaa Ha 10 ¢ okpyriieHHeM B OOJBIIYIO CTOPOHY IMO3BOJISIET OMPEICIISITh
aro6or Habop umcen or 0 mo 10. B Excel sro peamusyercs ¢ MOMOIIBIO
CJIETYIOIIETO BHIPAKCHUS
=OKPBBEPX(CJIHHUC()*10;1).

B tabnuie 1.3 npuBeneH HabOp uucen, MOTYYEHHBIN 110 3TOMY BBIPAXKEHUIO,
BKJIIOUAIONIEMY B ce0s 1B€ (PYHKIIUH.

(1.3)

Ta6nuna 1.3 — CmonenvupoBaHHbIE ClTydaitHBIM oOpa3om unciia oT 0 1o 1

Cayyaiinble yncnia

0 1 6 4 1 3
2 9 10 2 6 7
9 10 1 1 3 1
7 7 3 8 1 5

Ilpumep 1.4. CmoaenupoBaTh CiiydyaiiHbIM 00pa3oM uucia ot 3,2 n1o 4,6.
Jiist pelieHus 3ToM 3a1a4d HEOOXOUMMO K Ha4allbHOMY 3HAY€HUIO MHTEpBaia
NpuOABUTH MPOMU3BEICHUE CIIYyYallHOTO 4ucia W Pa3sHOCTH MEXAY KOHEUYHBIM U
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HayaJbHbIM 3HAYCHUSIMU 33JJaHHOTO MHTepBasa. [Ipu 3TOM crleayeTr y4yuThIBaTh,
YTO IOJIydaeMble 4YKcla JTOJDKHBI ObiTh KpaTHbiMu 0,2. B EXxcel momoOmbIii
aJTOPUTM MOYKHO PEaJIn30BaTh C MOMOIIBIO BEIPAKCHUS

=OKPYIJIT(CI9UC()*1,4+3,2,0,2). (1.4)
[IpuBeneHHass QyHKUMSI OKPYIJICHUS MO3BOJISIET OINPENEIATh YKMCIA KpaTHBIE
0,2 (3HaueHwe mnocie TOYKH ¢ 3ansgTod). B Tabmuue 1.4 npusenensr 10

CMOJEIUPOBAHHBIX uncel oT 3,2 10 4,6.

Tabnuna 1.4 — CMmoaenupoBaHHbIE CydaiiHblie yncia ot 3,2 10 4,6

18 12 ’0 16 ’8 ’2 ’2 ’0 ’4 ’6

Cywecmeyiom Opyeue eapuanmoel peuwieHus 3aoauu. B uacmuocmu, npu
omcymemeuu (yHKyuu, onpeoensowjeil Kpamuvle 3A0AHHOMY 3HAYEHUIO YUCIA,
MOJICHO C NOMOWBIO YCI08Usl Haxooumo. [lonvimatimecv pewiums 3a0ayy opyaum
cnocobom.

Bapuanmut 3a0au

1. Cmonenupoath 100 cydaeB OpocaHus IIECTUTPAHHOTO KyOHUKa.

2. CMozenupoBaTh UTPY IBYX UTPOKOB, OPOCAIOTNX IIECTUTPAHHBIN KyOUK.
3. CMemaiite cirydaitHbIM 00pa30M TOCIIeI0BATEIbHOCTE yncel oT 1 10 32.
4. CMoJenupyuTe psii YETHBIX YKCcen 10 88.

5. CmonenupyiTe psii He4eTHBIX urcel 10 99.

6. IlostyunTtsh ciydaitHble KOHCTaHTHI OT 1,2 10 4,8 ¢ marom 0,2.

7. llonyunts nrana3oH yuces, u3MeHsommxcs ot 8 go 13.

2 MOJEJUPOBAHUME CJIYYAHWHBIX BEJIUUUH IO
BEPOATHOCTHBIM 3AKOHAM PACHPEJAEJIEHUSA

[Ipy mOCTpOEHUM CTOXAaCTUYECKUX MOJEJEH BO3HUKAET 3a7ada ONpEICIICHMS
BEPOSITHOCTH TOSIBJIEHUS CIy4YallHOM BEIMYMHBI WJIM OLEHKH BEPOATHOCTH €€
npeBbillieHus. Hampumep, NpakTHYeCKOe 3HAYEHHE HUMEIOT PACUeThl YacTOThI
HEYpOXKANHBIX JIET, BEPOATHOCTH TMPOSBICHUS KaTACTPO(PUUECKUX HABOAHEHUI
WIM TOBTOPSEMOCTH OJAronpusiTHbIX YCJIOBHM JIJIi SKOHOMHYECKOTO pOCTa
NPEANPUATHS.

[TogoOHBIe 3aa4n PEMIAIOTCS IO HECKOJIBKUM JTaram.

CHayasia CTpOSIT TUCTOTPaMMY (KYMYJISITUBHYIO KPUBYIO). 3aTEM BBIUUCIISIOT
€€  CTAaTUCTUYECKHE  MapameTpbl, 3aJal0T MHOXECTBO  CTATUCTUYECKUX
pacmpezieieHuil, U3 KOTOPBIX MO KPUTEPUIO COTIAcHsl OTOMPAIOT ONTHUMAJbHBIN
BapHUaHT.
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4 m/n, p(x) )

/ —i-1
—-2

. %

Pucynox 2.1 - I'ucrorpamma (1) 1 KpuBasi INIOTHOCTH BEPOSITHOCTEM
pacnpeneneHus (2)

I'mcrorpamma mipeacraBisger coOOl CBs3b CIAyYaliHOM BEJIWYHMHBI X U €€
OTHOCUTEIILHOW YacTOoThl Wi dactoctd M/n (pucyHok 2.1). Ilapamerp m
XapaKTEepU3yeT YUCIO 3HAYCHHM X, MOMAaBIIMX B 3aJaHHbIE MHTEpBalbl, a N —
JUTMHY PSAJIa CIIyYalHbIX BEJIUYUH.

Kk
I'paduk, yBA3bIBAIOMNIA HAKOIIEHHYIO YaCTOTY » M/N 1 3HAYEHHMS X, Ha3BaH
i=1

KyMYJSITUBHOM KpuBoi (pucyHok 2.2). Xapakrepuctuka k ompegenser
KOJINYECTBO MHTEPBAJIOB HA OTPE3KE pa3Maxa — Pa3HOCTU MAKCUMAJIBHOTO H
MUHUMAJIBHOTO 3HAYCHUH CIydallHOW BENMYUHBI (Xmax - Xmin). [ HCTOrpaMMma u
KYMYJISITUBHAsI KPUBasi CBSI3aHbI MEXKAY COOOM, MOCKOJIbKY HAKOIUICHHAs 4acToTa
paBHa MOCJIEI0BATEIbHON CyMME OTHOCUTEIBHBIX YACTOT.

4 Emin, F(x) N

e

/ =

. /

Pucynok 2.2 - KymynsatuHas kpuBas (1) u QyHKuus
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pacrpeeneHus BeposTHoCTeH (2)

ITocTpouB THCTOrpaMMy M KyMYJSITUBHYIO KPUBYIO, U3 MHOXECTBA 3aKOHOB
pacpeneneHus BEPOSITHOCTEN BBIOMPAIOT ONTHUMAJIbHBIN BapHUaHT,
IIPEIBAPUTEIIBHO OINPEJECIUB CTAaTUCTUYECKUE IapaMeTpbl psija CIy4anlHbIX
BEJINYMH.

OnHOMEpHBIN 3aKOH pacCIpeAeIICHNs BEPOSTHOCTEN ONMCHIBAECT 3aBUCHMOCTD
IUTOTHOCTH BEPOSATHOCTEH pactipenenenus P(X) wim dyHkuun pacupeneneHus F(X)
OT CIIy4dalHOM BeJIMYMHBI X. B 1epBOoM cilyyae BEpOSATHOCTHBIM 3aKOH
MIPEACTABISIET COOON TUIOTHOCTH BEPOSTHOCTEH pacmpenenieHus (pucyHok 2.1), a
BO BTOPOM — (DYHKIHMIO pacmpeieieHus BeposiTHocTer (pucyHok 2.2). B xauectBe
CIIy4YallHOW BEJIMYMHBI MOYKHO HCIIOJIb30BaTh YPOXKAWHOCTb, CTOMMOCTH BaJOBOM
IPOIYKLNH, TOTOAHBIE (DAKTOPHI U IPYTUE XapaKTEPUCTHKHU.

QOyHKIMA  pacOpenesieHuss  CBsg3aHa € INIOTHOCTBIO  BEPOSTHOCTEMN
pacrpeeneHus BEIpaKeHUEM

F() = [ p(xdx. (2.1)

[MomeiaTerpanbHas ¢yHknus P(X) cBsi3aHa ¢ OTHOCHUTEIBHOW 4acTOTOH M/n
KaKk OTHOIIEHHWE YHUCJa MOMAJaHWM CIly4alHOW BEJIWYMHBI M B 3aJaHHBIC
MHTEPBAJbl K YUCITY SKCIIEPUMEHTOB N:

m
p(x) ~ e (2.2)

dopmymna (2.2) npeacraBiseT coO00H CTATHCTHUECKYIO BEPOSATHOCTh, KOTOpas
NPUOJINKAETCS K TEOPETUUECKOW BEPOSITHOCTH MPHU OOJBIIOM KOJIMYECTBE ONBITOB.

Crartuctuueckue pacnpeleleHusi HUMET pasinyHyio ¢opmy. IlnotHoctu
BEPOATHOCTEW pacmpesiesieHusi ObIBaIOT OAHOMOAAIbHBIMU (OITHOBEPIIMHHBIMU) U
MHOTOMOJAJIbHBIMU (MHOTOBEpUIMHHBIMU). KpoMe Toro, pa3inuyaroT JTUCKpPETHbIE
Y HENPEPBIBHBIE 3aKOHBI PACIIPEAEIIEHNs BEPOSTHOCTEN. B 3aBHCcHMMOCTH OT uncia
[IapaMeTpOB, 3aKOHBl  PACIpPEACIICHHUS  BEPOSITHOCTEW  MOAPA3LAEISIIOT  Ha
OJIHOIIAPAMETPUYECKHE,  JIBYXIIAPAMETPUYECKHME U  MHOIONapaMeTpPUYECKHE.
OOBIYHO B KaYeCTBE CTATUCTUUYECKUX MapaMeTPOB MPUMEHSIOTCS XapaKTEPUCTUKH
LIEHTpa paclpeaeIeHHs, MEPhl paccestHUs U acUMMeETpUn. OCTalbHBIE TapaMETPHI,
KOTOpbIE BXOJAT B BEPOATHOCTHBIE PACIpPEACIICHUs, KaK MPABUIIO, OMPEACIIAIOTCS
4yepes3 MePEeYUCIEHHbBIE CTATUCTHUKHY.

Haunbonee yacTto McHoib3yeMoOM XapaKTEepUCTHKOW ILIEHTpa pachpeneieHus
ABJISIETCS CpeIHEE aprU(PMETUUECKOE 3HAUEHUE Psijia:

N
> %
i=1

n H

X = (2.3)

rze Xj— 3HaueHue pAaja, N — JJIMHa psija.
B kawecTtBe mapamerpa paccesHUSI IIMPOKO TPUMEHSETCS CpeliHee
KBaJpaTUYECKOE OTKJIIOHEHHUE WJIU CTAH/IAPT:
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n

3 (% - x)?

i=1
0= 2.4
n _1 ' ( ' )
ACHMMeTpI/IqHOCTI) pacupeacsiCHuA OICHUBACTCA C IIOMOIIBIO KOS(I)@)HHHGHT&
ACUMMCTPHH:

n
> (% -x)°n
¢, == 2.5
T (n-)(n-25° (2.5)

B dopmynax (2.4) u (2.5) ydTeHO CBOMCTBO CMEIICHHOCTH KOPOTKOTO psijia
(n<30), 3akrovaronieecs B 3aHWKCHUN 3HAUYCHUH o U Cs,

[Io nDoMy4eHHBIM  CTATUCTHYECKUM  IMapaMeTpaM  CTPOAT  3aKOHBI
pacnpenenenusa BeposatHocTer. B kaure H.Xactunrc n JIx.ITukok «CrnpaBoyHuK
M0 CTATUCTUYECKUM pacIpeieiiCHUsIM» MPUBEACHO 24 BEPOSTHOCTHBIX 3aKOHA C
OCHOBHBIMH CBOVMCTBAMM.

[IpumepoM  omgHOMapaMETPUUYECKOrO  CTATUCTUYECKOTO  pacHpeaesICHUs
SBJISIETCS DKCIIOHEHIIMANIbHAST KPUBAsl C INIOTHOCTHIO BEPOSTHOCTH

1 _X
p(x,b) =€ > (2.6)

rae b — cpennee apudmMeTnueckoe 3HaYCHHE psAAa. 31ech OopauHaThl P(X) 3aBHCST
OT OJTHOTO TIapametpa b.

K nByxmapamerpuueckiuM (DyHKIHSIM OTHOCSTCS HOPMAJIbHBIH 3aKOH (KpHUBast
["aycca), Oera-pacmpenenenue, JIOTUCTHYECKOE pacmpeneieHue u ap. llpusexem
paclpoCTpaHEHHYI0 B TNPAKTUYCCKUX MPUWIOKCHHUSIX (HOPMYITy HOPMAIBHOTO
BEPOSITHOCTHOTO PaCpeeTICHHS:

_ 1 _(X_X)Z
p(X,X,0) = —=¢e 27
o2 ! (2.7)
rie X- cpelHee 3HAUEHHE psAAa CIydaiHBIX 4Yucel X, a o — CpeaHee

KBaIpaTUYECKOE OTKIOHEHHUE.

[TonynsipHOCTBIO Cpe/li HEMPEPHIBHBIX BEPOSTHOCTHBIX (DYHKIIUH, 3aBUCUMBIX
OT TpeX  CTaTUCTUYECKUX  T[apaMeTpoOB,  TOJB3YIOTCS  OMHOMHUAILHOE
pacnpenenenue (kpuBas I[lupcona Il Tuma), morapupmuyuecku-HOpMaIbLHOE U
ramMmMma-pacrpenenenue. Ilpu 3ToM TpeTbe CTaTUCTUYECKOE paclpeeieHue
ABJISIETCA YaCTHBIM ciydaeMm nepBoro. B ornuume ot 3akona ['aycca ramma-

pacipcaciaCHuc ABJLACTCA aCHMMCTPUYIHBIM. Ero CbOpMYJ'Ia HUMCECT BU/
c-1 X

X - 1
p(X,b,C) = B e’ b[,—(c), (2.8)
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</ oV —
rne C= (X o ) ; b=0"/X; I'(c) — ramma-QpyHKIys, onpeaensemMas ¢ MOMOLIBIO

o0
a-1-t
HHTCTpaJIa It € dt . I[JIH 663p33MepHI)IX BCIIMYUH pPsada CTATUCTUKHU C H b
0

BBIYUCIIIIOTCS IO (hopmynam: c¢=1/c? u b=c?. B moabIHTErpaibHOM BBIPAXKCHUN

IICPCMCHHAasA t  wuckimrouaercs HOHCT&HOBKOﬁ MpcacsioB  UHTCTPUPOBAHUA.
KOB(l)(bHHI/IeHT Bapualuu Cy BBIYHUCIIACTCA IO COOTHOIIICHUIO

C, ==. (2.9)

C yBeIMYEHHEM UHCIIA [APAMETPOB CTATUCTUYECKOE pPaCHpEACICHUE
yCcnoxHseTca. [Ipu 3TOM ymeHbIIaeTcsi TOYHOCTh OINPENEIICHUsS] €r0 KOOPJAWHAT
BBUJYy Da3JIMYHOM TOYHOCTHM MEpP LEHTpa, paccesHusa U acumMmerpun pspa. C
HamOOJbIIEH TMOrPEIIHOCThI0 BBIUMCIAETCA ULEHTP pachpeieieHus, a cC
HauMeHbIIeH — KO3 PuuueHT acuMMeTpuu. [IorpemHoCTH CTATUCTHK 3aBUCST OT
JUIMHBL psiia, CTaHAApTa W 3aKoHa pacnpenenceHus. Yem OoJibllle KOIHMYECTBO
CIIy4yalHbIX 3HAYEHUNW M MEHBIIE MeEpa paccesHus, TEM TOYHEE OLCHKA
CTaTUCTUYECKOTO MapaMeTpa, T.€. HHKE ero ommnoka.

[Tocne pacdeTa CTATUCTHK, BBIYMCICHHUS WX MOTPELIHOCTEH U IMOCTPOCHUS
MHOKECTBA 3aKOHOB paclpeie]ICHUs] U3 HUX BBIOUPAETCS ONTHUMAJIbHBIA BapUAHT.
CoOoTBETCTBME AaHATUTUYECKOTO 3aKOHA PACIPEACIICHUS] SMIIMPUYECKUM JaHHBIM
OIIPEIENISETCS, B YaCTHOCTH, C MIOMOIIBIO KPUTEPHEB cornacus: x>, Koamoroposa u
nw?.

Muorue 3amayu, HE pellaeMble TEOPETHUYECKH, MOTYT OBITh peIIeHbBI
YUCJIEHHBIMHA METOJaMHU. biiarogapsi cTpeMUTENIBHOMY MPOrPECCY KOMITBIOTEPHBIX
TEXHOJIOTUW, BBIYMCIEHUE TPYAOEMKHX ONEpalMid  OTrPaHUYEHO  TOJBKO
TEXHUYECKUMHU BO3MOXKHOCTSIMUA U MIPOTPAMMHBIMU CPEJICTBAMM.

[TpobGnema neduiuta nHGOPMAIIUU U YACTUYHOTO CHSITHUSI HEONIPEAEIECHHOCTH
BCETJla aKTyalbHa. METOJ CTAaTUCTUYECKOTO MOJEIIMPOBAHUS WU CTATUCTUYECKHUX
VCIIBITAHUM TTO3BOJIIET HAXOAUTH PEIICHUS B YCIOBUAX HENOCTATOYHOCTH JTAHHBIX
Ui ux OTCYTCTBUSA. [Ipy 3TOM BO3MOXKHO MOJEIUPOBAHUS KPAMHUX CUTYyallUH,
YTO HMeeT oco0oe 3HayeHHe NPU MCCICAOBAHUU KPU3HCHBIX SIBICHUM B
KOHOMHKE U APYTUX cPepax ueIoBEeYECKON NeITEIbHOCTH.

B mocobGum paccmarpuBaroTcs  3aladyd MOJCIMPOBAHWE HE3aBUCHMOW U
CBSI3HOM BBIOOPOK.

2.1 MeTtoabl pacueTa CTATUCTHK

B mpenpinymieM paznene OTMEUEHO, YTO CTAaTHCTUYECKHUE MapaMeTphl psiaa
WJIU CTATUCTHUKU JIETUMBI HA TPU TPYIIIbI: MEPHI IEHTPA, PACCEIHUS U ACUMMETPUU
pacnpenenenus. [IpuBeaeHsl CTATUCTUKH X, G, Cy, Cs U 0. OTMEUYeHO, 4TO MHOTHE
napaMeTpbl CTAaTUCTUYECKUX PACOPEACIICHUN ONpEeNeNsitoTCd IO CpeIHEeMY
apru(pMETHYECKOMY 3HAUCHUIO Psijia, CTAaHAApTy U KOG OUIIMEHTY aCUMMETPUH.
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CTaTUCTHKM  BEPOSTHOCTHBIX  paclpeneieHuii, B TOM  YHCIE U
NIEPEUUCIICHHBIE, PACCUUTHIBAIOTCS Pa3NUYHBIMU MeToaamu. K HUM OTHOCSTCS
METOJI MOMEHTOB, METOJI KBAaHTWUJIEH M METOJ MaKCUMaJIbHOTO MPaBAONOA00US.
Kaxx1p1i1 13 METO/10B UMEET CBOM OCOOEHHOCTH.

Meron kBaHTHIIeH (OpAMHAT 3aJJaHHOM BEPOSITHOCTH MPEBBIIIIEHUS) HanboJsee
npoctoit st mpuMeHenusi. OH OCHOBaH Ha TOM, YTO CTaTUCTUYECKUE MapaMETPhI
CBS3aHbl CO 3HAUCHUSIMH KBAaHTUJICH, COOTBETCTBYIOIIMX 33JJaHHOMY YPOBHIO
BepossiTHOCTU TipeBblieHUus (AnekceeB, 1960). C ycpeaHEHHON >MIUPUYECKON
UHTETPAIIbHON KPUBOW pacIlpeiesieHUs] CHUMAIOTCS OpPJIUWHATBl BEPOATHOCTHIO
npeBbiiieHus 5, 50 wm 95%. 3areM 1O 3TUM 3HAYEHUSM BBIUYUCISAIOTCS
CTAaTUCTUYECKUE TMapaMeTpbl: MEphl IIEHTpPa, pacCesHUus U aCUMMETPHH
pacrpezeneHusl.

B otnuume oT MeToga KBaHTHIIEH METOJ MaKCHMAaJIbHOTO IMPaBIOMOA00MS
cioxHee. OgHako oH 00naaeT HauOOoJIbIIEH TOYHOCTRIO pacueTa cTaTucTuk. [lpu
UCIIOJIb30BAaHUU METOJ]la MAaKCHMAJILHOTO TMPAaBAONOA00MS BBOAUTCS TOHATHE
bynkuun npaspononoduss (Jleun, 1968), koTopas mpenctaBiseTr coOoi
IPOU3BENICHNE IUIOTHOCTEH BEPOSATHOCTEH paclpenesieHus,, 3aBUCUMBIX OT
MCKOMBIX CTAaTUCTUYECKHUX MapaMeTPOB:

L0 X X ) = PO BBy PGB ) o PO B0), (2,10

rme Xi — psAd CIydallHBIX BEJNWYMH KOJWYECTBOM N, 8 — MHOXecTBO K
CTAaTUCTHUYECKUX MMapaMeTpPOB. 3ajada CBOJAMTCS K MOUCKY TaKUX CTATUCTHYCCKUX
napamMeTpoB @, MNpPU KOTOPBIX (YHKIUA MPaBAONOA00NS TPUHUMACT
MakcUMalbHOE  3HadyeHwe. Jlpyrumwu CIIOBaMH, HaXOASTCS  YacTHbBIC
muddepeHnnansl M0 HMCKOMBIM CTAaTUCTHYECKMM TapameTrpam. s ymoOcTBa
pemieHus 3aaadd (yHKIHMIO MPaBIONONI00US MPEeABAPUTENBHO JIOrapu(PMUpYIOT.
Torga cucreMa ypaBHEHUHN MO HAXOXKIEHUIO CTATUCTUYECKHUX MapaMeTPOB UMEET
BT

olog L olog L olog L Olog L
— =0, ——=0, ——=0,.., ——=0_ (21

oa, oa, oa, oa,

KonuuecTBo peiiaemMbix ypaBHEHHH 3aBUCHT OT 3aKOHA pacHpeacsieHUs
BEposATHOCTEW. B mpocreiimem  ciiydyae WISl OJHOIIAPAMETPUUYECKOTO
pacnpeneneHus pemnraercst ogHo ypaBHenue. Crucrema ypaBHenwi (3.11) o6obmaer
MHOTOITapaMeTPUIECKHI BEPOSTHOCTHBIN 3aKOH, I/Ieé HEOOXOIMMO ONpeaenuTh K
(GbopMyIT O BEIYMCIICHUIO CTATUCTHK.

B obmeMm citydae oiHM M T€ K€ CTAaTHCTHYECKHUE MapaMeTphl paclpeeICHHH,
MOJTyYEHHbIC PA3HBIMU METOIaMHU, PA3TUYHBI.

Hawunbonee pacnpocTpaHeHHBIM CITIOCOOOM OIICHKHM CTATUCTUK SIBISETCS METOJ
MOMEHTOB. [103TOMY 3TOT METOA UCMOJIb30BAH MPU HAXOXKIECHUHM CTATUCTUYECKUX
napameTpoB BHIOOPOK.

104



2.2 MeToa MOMEHTOB

[Ipu onucaHny CTATUCTUYECKUX PANIOB, KaK IMPABUIIO, UCIIOJIB3YIOTCS MOHATHUS
Ha4yaJbHOTO W LIEHTPAJIBHOIO MOMEHTOB, HA KOTOPBIX OCHOBAaH METOJl pacyeTa
CTaTUCTUYECKUX MapaMeTPOB.

HavanbHbpli MOMEHT MmOpsSJKa S CIy4alHOM IHUCKPETHOW COBOKYITHOCTH Xi
MPeACTaBUM B BUIE GOPMYIIbI

1 n
m, = ;ins , (2.12)
i=1

r7e N — 4KUCIIO 3HAYEHUH psiia, S — MOPSAAKOBBIA HOMEP MOMEHTA, TPUHUMAIOIINN
3HaueHust 0, 1, 2, u 1.0. He uCKIIOYEHBI Cilydyau TPUCBOCHHS MapameTpy S
oTpuuarenabHbix ynceln (I'puneBuy u ap., 1972).

Ecnu s=0, Torna HyneBoi HauaabHBIM MOMEHT paBeH 1. [lepBblit HavanbHBIN
MOMEHT COOTBETCTBYET BBIPAXKEHHUIO OIPEAEICHUS CPEAHET0 apU(PMETHUECKOTrO
psana (2.3), T.e.

m, =X, (2.13)

dopmysia LEHTPATBHOTO MOMEHTA NOPSANKA S OTJIIMYAETCS OT BBIPAKECHUS

(2.12) BBOJOM B CyMMy IICHTpa pacmpeelieHHs,, KOTOPbIM OOBIYHO SIBIISETCS
CpeIHEE 3HAYEHUE COBOKYITHOCTH:

18, -
1, :EZ(Xi -X)° (2.14)

[lenTpanbHbId HYJIEBOM MOMEHT o paBeH 1, a pi=0. IlogctaBuB BMeECTO S
nopsiok 2, mnoiyduMm GOpMyldy JOUCIEPCUU WM KBajapara CpEeaHero
KBaJIpaTHUECKOTO OTKIOHEeHUs (2.4). Jlpyrumu cioBamu, CTaHAApPT CBS3aH CO
BTOPBIM LIEHTPAJIBHBIM MOMEHTOM COOTHOILIEHHEM

O =+H, . (2.15)
Hetpyano noka3zats, uTo Ko3h(dULIMEHT acuMMeTpHH (2.5) BBIYUCIIETCS KaK
(GyHKUHS TPETHETO U BTOPOTO LIEHTPAIbHBIX MOMEHTOB

c — Hs  Hj
s 3 3/2 . (216)
o £
Onpe):[eneHHyfo pOJIb IpHW OIHNCAHHUHU CJIOXHOTO 3aKOHa pacHupcaciICHUA
BepOﬂTHOCTeﬁ urpacr 9KCILIECC, OIICHUBAIOIINN OCTPOBCPINNHHOCTD

pacrpeneaeHus:

g="4_3=_12 -3, (2.17)

C yBenuueHUEeM MOPsIKAa MOMEHTOB S TOYHOCTh OLIEHKH CTaTUCTUYECKOTO
napameTpa YMEHBIIAETCS. [ToaTomy napamerp, XapaKTePU3yIOUTUI
OCTPOBEPIIMHHOCTh IUIOTHOCTU BEPOSITHOCTEW pacIpesielieHus, B MOCIeIyOIUX
pazzienax He UCIOJIb3YETCsl.
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Ctporo rosopsi, popmyisl (2.14) u (2.16) sSBASIOTCS MPUOIMIKEHHBIMHU TPU
OLICHKE IMapaMeTPOB OIPAaHUYEHHBIX pPAJOB. OTO CBS3aHO C HAJIWYUEM
OTPHULATEILHOM CMEUIEHHOCTU CTaTUCTUK KOPOTKOTO psAja MO OTHOLIEHUIO K
napaMeTpam reHepajbHONW COBOKYITHOCTH.

['eHepanbHas COBOKYMHOCTh IPEJCTABISIET COOON BCE BO3MOXHbBIE 3HAUEHUS
ciydaiiHOM BenumuuHbl. CilydaiiHas BbIOOpKa COAEPKHUT B ceO€ JIMIIbL HEKOTOPOE
MHOKECTBO 3HAUEHUH CIy4allHOW BEJIMYMHBI, SBJIAACH YacTblO TI'€HEPaIbHOM
COBOKymHOCTU. Hampumep, 3Hau€HUsT pocTa BCEX JIIOJEH HA IJIAHETE COCTAaBIISIIOT
reHepaIbHYI0 COBOKYITHOCTbD, & POCT CTYACHTOB IPYIIIHI SIBISETCS BHIOOPKOIA.

[TpuBenennbie (HOpMyNbl U UX ONUCAHUE CIPABEAJIUBBI Ji BBIOOPKH WU
OTPaHUYEHHOTO psifa JaHHbIX. [IpakTuyecku Bcerga MPUXOTUTCS padoTaTh C
BbIOOpKOM. [Ipu 3TOM 3a7a4a COCTOUT B ONPENEICHUN CTATHCTUK OTPAaHUYEHHOTO
psaa HanbOosee OJU3KUX MapaMeTpaM FreHepadbHON COBOKYITHOCTH.

ITo TpeOoBaHUAM, PENBABISAEMBIM K OLICHKAM CTaTUCTHUECKUX MapaMETPOB,
NOCJIEAHUE JOJDKHBI ObITh COCTOATEIbHBIMU, HECMEILIEHHBIMU U 3((EKTUBHBIMH.

[lepBoe CcBOMCTBO mpeAnojaraeT COBMHAJEHUE CTAaTHUCTUK TIE€HEpabHOM
COBOKYITHOCTHU U BBIOOPKH IPU HEOTPAaHUUEHHOM BO3PACTAHUU JIAHHBIX.

CraTucTiueckue napaMerpbl OrpaHUYEHHBIX PsSI0B OOBIUHO 3aHMKEHBI WU
OTPHUIATENILHO CMEIEHbl IO OTHOIICHUIO K XapaKTEpPUCTUKAM TIE€HEpabHOU
coBokynHoctu. [loaToMy Qopmyssl pacdera Mep paccesHUs U aCUMMETPUH,
BKJTIOUAIOITUE B ce0sl HauaJbHbIE U LIEHTPAIbHBIE MOMEHTHI PA3IMYHBIX MOPSIKOB,
KOPPEKTUPYIOTCS BBOJOM JOTIOTHUTEIBHBIX CIIAaraéMbIX U MHOKUTEICH.

U, nakoner, 6osiee 3pPeKTUBHON CUMTAETCS Ta OLICHKA, AUCTepCcHs (KBaapaT
CTaHJapTa) KOTOPOH HE MPEBOCXOJUT HEKOTOPOTO TEOPETUYECKOTO MUHUMYyMa. B
YaCTHOCTH, OIICHKH CTaTHUCTHMK C MEHBIIMMU CPEAHUMH KBaJpaTHUECKUMU
NOTPENIHOCTAMH cUMTatOTCs Ooiiee 3PpekTuBHbIMH. OOBEKTUBHO HAMOOJbLIEH
TOYHOCTBbIO 00JaJal0T CTATUCTHUUECKHUE MapaMeTphbl, IOJYYEHHbIE METOJOM
MakCUMajbHOro mpasaonogodOus. Tem He MeHee, BO MHOTHUX MPHUKIATHBIX
nporpaMmax, MpUMEHSIFOT MOMEHTHbBIE OLIEHKH.

2.3 IlorpeniHOCTH CTATUCTHK

HaxoxieHus cTaTUCTUYECKUX MapaMeTpOB BBIOOPKHU SIBISIETCS JIMILD YaCThIO
peleHust 3aJaud  ONTUMAJIbHOTO BBIOOpAa CTATUCTUYECKOTO paCIpeiesICHuUs.
YuuthiBasi OrpaHMYEHHOCTh HWH(OpManuu, HEoOXoauMa OIEHKa TOYHOCTU
BBIYMCIICHUS] CTAaTUCTUYECKUX NapameTpoB. JlJis 3TOro MCHOJb3yeTcs CpeaHss
KBaJIpaTUYECKas OTPEIIHOCTh CTATUCTUKH, KOTOPast 3aBUCUT OT 00beMa BHIOOPKH
WIM JUIMHBL psifa, CTaHjgapra wid KodpQuiueHTa BapuHalMd U 3aKOHa
pacnpeeseHusl.

Anrmapat onpeaesieHrs MOrPEeNIHOCTEN CTaTUCTUYECKUX MapaMeTPOB XOPOLIO
paspaboTaH 115 3akoHa ['aycca u raMmma-pacrpeaenenus. B MeHbInei cTeneHu 3To
KacaeTcsl HempepbIBHOTO OMHOMHUANIBHOTO pacnpeneienus uian [Tupcona 1l tuna.
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Cpennsis  KBaApaTU4eCKas TMOTPEITHOCTh CPEAHETO  apu(PMETHIECKOTO
3HA4YEHUS BEIOOPKU I HOPMAJIBHOTO 3aKOHA PaCIpeIeIICHHS paCCIYUTHIBACTCS T10
bopmyie

O

o :::ﬁj, (2.18)

rae N — JyirHa Wik 00beM BBIOOPKH, a ¢ - CTAaHAAPT psia.

I[Ipu ngocratouHo OonbIuX oOBeMax BBIOOPOK BbIpaxkeHue (3.18)
CTHPaBEUIMBO ISl CTATUCTUYCCKUX PACIpPESICHUN, OTKJIOHSIONINXCS OT 3aKOHa
l"aycca.

[IpuMeHUTETPHO K HOPMAJIbHOMY pacmpenencHuio GopMysbl  pacdera
CpPEIHUX KBaJpPAaTUYECKUX TOTPEIIHOCTEH CcTaHmapta o u  Ko3dduimenrta
BapHuaIuy Cy Kak Mep pacCessHUsI IMEIOT BU]T

O¢, = E (2.19)

“ = Ton (2.20)

HamomnauM, 4To Mo colepaHuio mapameTpsl Cy U ¢ UAECHTUYHBI. OTinuyue
3aKJII0YAETCsl TOJIBKO B TOM, YTO KOI(DPUIIMEHT BapuallMU SIBIACTCS BEIMYUHON
6e3pazmepHoii. [loaToMy OH Gosiee y100€H MPU CPaBHEHUHM CTATUCTUK BBIOOPOK
(bU3NYECKHU pa3HBIX CIYYaHBIX BETUYHH.

dopMyna pacdera CpelHel KBaJpaTUYECKON MOrpemHOCTH Koddduimenrta
BapHaIliy [T raMMa-pacipeesieHUs OTiIndaeTcs oT BeipakeHust (2.20):

C
o, == J1+¢? . 2.21
o (2.21)

[IpuBenem omaHy wu3 QopMyn pacuera MOTpeHIHOCTH KO3 GUIIMECHTA
ACUMMETPHUH MPUMEHUTEIILHO K TaMMa-PaclpeIeTICHUIO

a%:/§a+q). (2.22)

B 3aBepmieHun kpaTkoro o030pa (GopMya ONpeAesieHUs MOTPEIIHOCTEN
CTaTUCTUK OTMETUM, YTO TPUMEHSIOTCS, MO KpalHed Mepe, JBa MeToja UuX
MOCTPOEHUS: TEOPETHUYECKHMM M CTAaTUCTHUYECKOrO0 MOJECIMPOBAaHUSA. 3/ECh
NPUBE/ICHBI TOJBKO OCHOBHBIC BbIpaxkeHus. Dopmyier (2.18)-(2.22) no3BossitoT
OLIEHUBATh a0COJIIOTHBIE CPEAHME KBaJgpaTHyeckue norpemHoctu. [ns pacuera
OTHOCUTEJIBHBIX 3HAYEHUN UCIIOJIb3YIOTCSI COOTHOIICHUS

6,
E = 7x.100% (2.23)
X
GC
E, =% .100%, (2.24)
Vv CV
E, = GC .100% . (2.25)

S
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CﬂenyeT IIOMHHTB, YTO H3JIOKCHHASA TCOPUA NMPUMCHACTCA IJIA BBI60pOK C
HC3aBUCHUMBIMU APy’ OT [Jpyra 3HAYCHUAMH. I[JIH CBA3aHHBIX YHCCII psada
IMPUMCHAIOTCA NHBIC MOACIIN OLICHOK CTATUCTHUK U UX HOFpGHIHOCTCﬁ.

Takum O6p8,30M, B 3a4a4y OTOro pasacia BXOAUT OIPCACICHUC
IHoCJICA0BATCIILHOCTH I[CI?ICTBHfI B HpI/IKJIaI[HOI\/JI ImporpamMme Excel mo Beruncienuto
CTaTUCTUYCCKHUX IIapaMCTPOB BI>I60pKI/I H HX HOFpCHIHOCTGﬁ Ha OCHOBC
HN3JI0KCHHBIX MCTOAO0B.

2.4. Mope1upoBaHue He3aBHCUMOIl BBIOOPKHU

JUiss HE3aBHCHMOTO psja IMOCJIEAYIOIIME 3HA4YeHHsT HE CBS3aHbl C
MPEAIECTBYIOIUMHU. YNCIOBON MEPOU CBS3M YICHOB PSAAA SIBISIOTCS OPIHHATHI
aBTOKOPPEIIUMOHHON (yHKIMU. B mpocTeiiiiem ciydae paccMaTpUBAETCS TOJIBKO
nepBbli KOAPPUIMEHT aBTOKOppesiiMoHHOW (yHKuuu R; . Ecnu ero 3naduenue
ONMM3KO K HYJIO, TOTJ@ BBIOOpPKA WM SMIUPUYECKUN Psi JAHHBIX CUUTAETCS
HE3aBUCUMBIM.

[Ipyu MopenupoBaHuUM TakoW BBIOOPKM HEOOXOJUMO 3aJaTh 3aKOH
pacnpenesieHus U 3HaTh €r0 CTATUCTUYECKUE IapaMeTphI.

Pemenne 3amaum BbeIONHAETCS B JABa d3Tana. CHayala TIE€HEPUPYIOTCA
Clly4ailHple 4YHMCJIa, KOTOpbIE TMPUPABHUBAIOTCA K OpJAMHAaTaM (QYyHKIMH
pacnpeneneHuss F WM MIIOTHOCTH BEPOSITHOCTEW pacmpeaesieHus P. 3aTeM 1o
ATUM JAHHBIM U CTaTUCTUYECKUM MapaMeTpaM 3aJaHHOTO BEPOSITHOCTHOIO 3aKOHA
ONPENENSIOTCA 3HAaUeHHs] BBIOOpPKU. [[pyrumu cioBamu, HEM3BECTHAsI BEJIMYMHA X
HaxoauTcs U3 popmyisl (2.3).

['padruecku 3TO O3HAYAET, YTO MO JAHHBIM CMOJEIUPOBAHHBIX 3HaUeHUM F ¢
rpaduka 3a1aHHON (PYHKUIMM pacripefereHus (pPUCYHOK 2.2) CHUMAIOT BEJIUYHHBI
X, GOpMHUPYST UMUTAITUOHHBIN PSIJI.

B kauecTBe apryMeHTOB X MOXHO HCIOJIb30BaTh O€3pa3MepHbIe BETUUYHMHBI B
BH/JIE COOTHOILICHHMSI
X
X
riae X- cpeaHee 3HaueHuwe psana. U3 gopmynsr (3.26) cieayer, 4To cpeaHee
3Hayenue kodduuuenta k pasHo 1.

B cnydae wucnons3oBaHus — Oe3pasmepHoro  mapamerpa K - 3amada
MOJICJTUPOBAHUS HE3aBUCUMON BBIOOPKH CBOJUTCS K ONPENIEICHUIO €r0 3HAaUCHUH.
[Tocne 3TOro BeUHCISAETCA ClydaliHas BEJIMYMHA X KaK IPOU3BeACHHUE K - X.

CMOnenpoBaHHbBI P MOKET HMMETh OTPOMHOE KOJIMYECTBO 3HAYCHHU,
UCUHCIISIEMOE JIECATKAMM UM COTHSAMHM ThICAY4 M Oojee, uYTO TMO3BOJIAET B
3HAYUTEJLHON CTENEHU YBEJIMYHUTh BAPUAHTHI MOSABJICHUS CIyYallHOW BEJIUMYWHBI,
UX COYETaHUH MO CPAaBHEHUIO C pEaTbHBIMU JIAHHBIMHU.

Ilpumep 2.1. Ilycte TpeOyeTcss CMOJEIMPOBATh HE3aBUCUMYIO BBIOOPKY
o0beMoM 50 3HayeHW#, HCMOIB3YyS HOPMAJbHBIM 3aKOH pacrpeiesieHUs
BEpOSITHOCTEH ¢ mapameTrpamu X =151/ra u ¢, =0,23, MOJYYEHHBIMU 1O JTAHHBIM

Kk = =2, (2.26)

00 ypO>KalfHOCTH 3€PHOBBIX 3@ MHOTOJIETHUN IEPUO.
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I[JIH CpaBHCHHA OIPCACIIMM TaKOC KC KOJIMYICCTBO CJ'Iy‘-IElﬁHLIX BCINYHH,
NOAYMUHSIOIMUXCS raMMa-pacopeaCIICHHUIO C IPUBCACHHBIMHA CTAaTUCTHKAMU X U C,

. B Tabnute 2.1 npuBeeHb! pe3yabTaThl MOJCTUPOBAHHUSL.

Tabnuma 2.1 — BeiOopku ciaydailHBIX BEIUYHH, CMOIETUPOBAHHBIE METOIOM
CTaTHUCTUYECKUX HUCIIBITAHUHN IO 3a/IaHHBIM 3aKOHAM pacrpeeneHus npu X=15y/2a

u ¢,=0,50
Hopmanbhblii 3aKk0H I'amma-pacnpenenenue
F k F k F k F k
0,293199| 0,728 | 0,848166| 1,514 | 0,197341| 0,571 | 0,395064| 0,797
0,723242| 1,296 | 0,044786| 0,151 | 0,769358| 1,315 | 0,137726| 0,493
0,17582 | 0,534 | 0,050217| 0,179 | 0,076015| 0,395 | 0,823059| 1,433
0,93972 | 1,776 | 0,391471| 0,862 | 0,758382| 1,293 | 0,473673| 0,887
0,197166| 0,574 | 0,849734| 1,518 | 0,282792| 0,671 | 0,152644| 0,513
0,582489| 1,104 | 0,451531| 0,939 | 0,515928| 0,937 | 0,327297| 0,722
0,840437| 1,498 | 0,698257| 1,260 | 0,139003| 0,495 | 0,597227| 1,040
0,138506| 0,456 | 0,790327| 1,404 | 0,359453| 0,757 | 0,577782| 1,015
0,47491 | 0,969 | 0,017315| -0,056 | 0,397206| 0,800 | 0,60367 | 1,049
0,303055| 0,742 | 0,257111| 0,674 | 0,169134| 0,535 | 0,851883| 1,509
0,513029| 1,016 | 0,295782| 0,732 | 0,272479| 0,660 | 0,54991 | 0,979
0,670718| 1,221 | 0,089782| 0,329 | 0,225646| 0,605 | 0,873048| 1,573
0,331696| 0,782 | 0,959582| 1,873 | 0,285463| 0,674 | 0,416673| 0,822
0,798051| 1,417 | 0,26339 0,684 | 0,73893 | 1,257 | 0,359246| 0,757
0,86576 | 1,553 | 0,963838| 1,899 | 0,245017| 0,628 | 0,364498| 0,763
0,844995| 1,508 | 0,067037| 0,251 | 0,525916| 0,949 | 0,948923| 1,930
0,911289| 1,674 | 0,577235| 1,097 | 0,230203| 0,611 | 0,581249| 1,019
0,97866 | 2,013 | 0,2344 0,638 0,03563 | 0,305 | 0,661697| 1,131
0,629159| 1,165 | 0,257745| 0,675 | 0,136416| 0,491 | 0,734896| 1,250
0,178317| 0,539 | 0,524822| 1,031 | 0,956327| 1,989 | 0,628841| 1,083
0,465075| 0,956 | 0,488564| 0,986 | 0,294265| 0,684 | 0,054864| 0,353
0,71102 | 1,278 | 0,398616| 0,872 | 0,190282| 0,562 | 0,034946| 0,303
0,134108| 0,446 | 0,017774| -0,051 | 0,972911| 2,163 | 0,412038| 0,816
0,286615| 0,718 | 0,770514| 1,370 | 0,167285| 0,533 | 0,831956| 1,455
0,062075| 0,231 | 0,432625| 0,915 | 0,119151| 0,466 | 0,850933| 1,506

ANTOPUTM pelieHus: 3aJja4il COCTOUT B PealM3allii CICTYIONINX OTepaIluid.
Uucma B cronbmax, o0003HA4YeHHBIX cuUMBOJIOM F (3HayeHus (PyHKIUU
pacnpeneneHus), MoayYeHbl IMyTeM MOJCIUPOBAHUS CIYYalHBIX YHUCEN. 37eCh
ucnojbs3oBana ¢yakiusas =CJIYMC() Tabmmunoro mporeccopa Excel. 3atem mo
nanueiM k=1 u ¢,=0,50 u3 uHTerpana dopmyns (2.7) onpesaeneHsl 3HaueHus K
(cromoupr 2 u 4). B Excel sra omepanusi peanu3oBaHa ¢ MOMOINBIO (YHKIIUU
=HOPMOAFBP(seposmnocmsb,; cpedHee, cmanoapmuoe_omki). B 4acTHOCTH, IEpBOE
3HaueHWe  aOciucchl  (QYHKIMM  paclpefesieHus K MoJydeHo — Kak
=HOPMOAbP(0,293199;1;0,50). OcranbHble 3HAYCHHS CIy4YailHOW BEIMYHHBI
OTIPE/IETICHBI TIO0 aHAJIOTHH.
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Cnenyer MMeTh B BHUIY, YTO TMPHU BBITIOJHEHUH TOCIEAYIONUX OIEpaIuu,
YCTaHOBJICHHBIC MEPBOHAYAIBHO CIyJailHbIE YMCIIa aBTOMATHYECKH M3MEHSIOTCA.
UYToOBI ATOTO HE MPOMCXOAUIIO, TOCTaTOUYHO B OKHE «llapaMeTpsD» (MyHKT MEHO
«CepBHC») YCTaHOBUTH TMEPEKITIOYATENh «BPYYHYIO», BBIKIIOYHB  OIIIHIO
«aBTomMaTudeckm». [Ipu 3TOM aKTUBU3MPOBAaH BKIAABI «Bbraucienue». B atom
cllydae U3MEHEHHE CIIy9aliHbIX YHCEeN MPOUCXOAUT PpU HakaTuu kiaBumm FO.

Jlns mepexona OT MoOAyJbHOro KoddduiueHnta K, k 3HaYCHHAM psaa X,
ucnois3dyercst opmyrna (2.26). Jpyrumu cioBamu, Kaxjaoe 3HadeHue K,
HEOOXOMMMO YMHOXHUTh Ha 15m/ra. Hampumep, mnepBoe 3HadeHUE pPaBHO
0,728+15=10,9 wra.

[Ipu MomenupoBaHWM CIyYalHBIX BEIWYWH, TOTYUHSIONMIUXCS TaMMa-
pacnpeznenenuto (ctonbupl 6 u 8) ucmonb3oBaH uHTErpan Gopmyns (2.8). Ilo
naHHeIM 00 F  (cnywaitnoe umcno), k=1 u ¢,=0,50 onpenensiorcs 3HaueHus K.
OnguuM U3 cnoco0oB ompezeneHuss adbcuuce (GYHKIUUA paclpeesieHusl SBISIETCS
UCITOJIb30BaHUE byHKIMH TaOJIMYHOTO nporueccopa Excel
=I'AMMAOAFP (6epossmuocmy;;1/c2;c2). B dYacTHOCTH, TiepBOE 3HAUYCHUE

cnyyaiiHo BenuwuuHbl 0,571 B Tabmmme 2.1 momydeHo 1o Qopmyse
=I'AMMAOBP(0,197341,1/0,50"2,0,50™2). Jlost BBIYMCJICHUS 3HAYCHUU
YPOXKAMHOCTH HEOOXOIUMO KaXI0€ 3HaueHHE K YMHOXHTh Ha CPEIHIOIO
yposkaiftHoCTh 1511/Ta.

Kax npaBmiio, cMoienMpoBaHHbIE BEIOOPKH OTIUYAIOTCS OT MCXOIHBIX OoJiee
3HAYNTEIHLHBIM HHTEPBAIOM WJIH PA3HOCTHIO MKy HAUOOJBIITMM U HAUMEHBITTUM
3HaueHUsAMH. Kpome TOro, MOJEIMPOBAHHE CIIYYalHBIX BEIUYHH IIO3BOJISET
YBEIUYUTHh MH(POPMAIIUIO 00 00BEKTE UCCIETOBAHUS.

He cnemyer aymaTth, 4TO MOJEIUpyeMbIE PSAIAbI 00sS3aTEIBLHO CBS3aHBI C
peaTbHBIMU BBIOOpKaMH u ux CTaTUCTHYCCKUMH napaMeTpamMH.
[TocnenoBarenbHOCTh ACHCTBUN mNpU pacyeTe Tabmuibl 2.1 TMOKa3bIBaET, YTO
3aKOHBI pacIpeeeHUs BEPOSITHOCTEH MOTYT OBITh Pa3HBIMH, KaK M 3a/1aBaeMbIe
CTATUCTUYCCKHE MapaMeTphl: cpeaHee, Kod(PGUIMEHT BapHallud, aCUMMETPHUSI U
ap. OOpamaer Ha ce0d BHHMAaHME M HEJOCTAaTOK HOPMAJBHOTO 3aKOHA
pacmpeiesieHrs, TPEANOJararoniero HalWudue KaK IMOJOKHUTEIbHBIX, TaK U
OTPHUIIATEIBHBIX CTYYaHHBIX BETMYNH.

Hampumep, 11 paccMaTpuBaeMOM CUTYaIlil UMEET CMBICIT MOJICTUPOBAHHE
BbIOOpOK Tipu €,=0,45, 0,50 u 0,55, yT0OBI BCECTOPOHHE OIEHUTh U3MEHYUBOCTH
YPOXKaHHOCTH 3€PHOBBIX KYJIBTY].

Bo3zBpatasics k mpuMepy Onpeac/iuM 3Ha4YeHUs CTAaTHCTHYECKUX TTapaMeTpOB
k u c, Ha ocHoBe Qopmyn (2.3) u (2.4). B pesynabTaTe BHIYMCICHUH JUIS
HopMasbHOro 3akoHa k=0,959 u ¢,=0,537, a a1d ramma-pacnpesneieHus - Kk
=0,911 u ¢,=0,484. OueBugHa pa3HHUIIA MEXIAY HUCXOAHBIMU U TOJYYECHHBIMHU
JTAHHBIMH.

[Ipu yBenwueHMHM dYWcCIa HSKCIEPUMEHTOB pe3yibTaThl yiydinatorcs. OHH
OJIM>KE K MCXOTHBIM 3HAYCHHUSIM.

MopenvpoBaHue 3HAYUTEIBHBIX MO JJIUHE PAIOB METOJIOM CTaTHCTHYECKHUX
WCIIBITAHUN CIOCOOCTBYET PEIICHWI0 MHOXECTBA 3a7ad. B 4acTHOCTH, MOXKHO
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OIIPEIENIATh CTAHIAPTHBIC MOTPEUTHOCTH CTATUCTUYECKHX MapaMeTpPOB, KOTOPHIE
I CIOKHBIX 3aKOHOB — PACIpEICNICHUs] BEPOSTHOCTEH TPYIHO OICHUTH
TEOPETHYECKH.

PaccmoTpuM npumep perieHust ToA00HOM 3a1a4H.

Hpumep 2.2. OnpenenuTs cTaHAaPTHBIE IIOIPEMIHOCTH CPEJHErO 3HAYEHUs K
MOJYJIbHBIX KO3(puuuentoB (o) m koddduuuenta Bapuauuu Cy. (o, ). Ilpn

3TOM MCIIONb30BaTh JaHHBIE Hpeawlymero npumepa k=1 u €,=0,50. Pemuts
3a7a4y IS HOPMAJbHOTO 3aKOHA PACHPENECICHHS BEPOATHOCTEW, Moaenupys 21
BBIOOPKY, Kaxkaas u3 kKoTtopbix N=100. CpaBHUTH pe3yAbTATHl C TEOPETHUECKUMU
dbopmynamu.

J7ist momyyeHus pe3yibTaTa HE00X0JUMO BBIMOJIHUTH CJEYIOUTUE OTepallvu.

Bo-niepBbIX, M0 aHAJIOTMM € MPEABIAYUIMM IPUMEPOM CMOEIHUPOBATH C
UCIOJIb30BaHuEM pacnpeneneHus ['aycca 21 Beidopky o 100 3HaueHui.

Bo-BTOpBIX, TONY4YUTH CpeAHHE 3HA4YeHHs W KOI(P(UIMEHTH BapUallud
CMOJICIMPOBAHHBIX BBIOOPOK.

B-tpertbux, Ha OCHOBE (hOPMYJIBI CTAHIAPTHOTO OTKJIOHEHHs (2.6)
BBIUHCIIUTH OTHOCUTENIBHBIE TIOTPEITHOCTH CPEIHET0 U Kod(dpulieHTa Bapualuu.

B-ueTtBepThIX, paccuuTaTh aOCOJIOTHBIC TOTPEIIHOCTH CTAaTHCTUYECKHUX
napamMeTpoB K ¥ C, COrIacHO BeIpaxkeHuaM (2.23) u (2.24).

B-miAThIX, CpaBHUTH TMOJIy4CHHBIE PE3ydbTaThl C  TEOPETUUYECCKUMHU
3HAYCHUSMU, PACCYUTAHHBIMU TI0 opmyram (2.18) u (2.20).

[lo aHamormm ¢ MPEeABAYIIMM MPUMEPOM CMOCIUPOBAHBI CITydaiHBbIC
BenuuuHbI 21 BeIOOpKH AnmmHO# 100.

Cornacuo dopmynam (2.3) u (2.4) Halifensl 21 3HaUeHUE CPEAHUX U TAKOE KE
KOJINYECTBO KO3 UIIMEHTOB Bapranuu (Tadmauia 2.2).

Tabnuna 2.2 — Cpennue 3Ha4eHHS U KOYPPUITMEHTHI BapUAIIH
CMOJICTUPOBAHHBIX BEIOOPOK

CpenHee 3HaYCHHE 1,038/0,964/0,996/1,071/1,055|0,984/0,988/0,964(0,964(0,941/0,987

Koaddunuent Bapuanuu0,525(0,495(0,437|0,562/0,522|0,555|0,559/0,491/0,467|0,543/0,473

CpenHee 3HaYCHHE 0,975(0,902/0,981/0,949/1,067/0,977|0,971/0,983/0,981/0,936

Koadpumment Bapuarnuu(0,479(0,503(0,515(0,479(0,512(0,447|0,530/0,473/0,453(0,523

Ha TtperheM 1mare ompeaeicHbl CpEIHHEC 3HAUCHUS CPEAHMX M|
K02 GUIIMEHTOB BapHualuy MO JaHHBIM TaOJUIbI 6: ke =0,991, ¢, =0,502. 3aTem
MOJIydeHbl CTaHJAPTHBIC OTKIOHCHHS PSJIOB CpeAHMX M KOd(D(PHIIMEHTOB
Bapuauuu cornacho (6): o, = 0,0489, o, =0,0367. O1n 3Ha4€HUs COOTBETCTBYIOT

OTHOCHUTEJIbHBIM MOTPEUTHOCTSIM CTATUCTUYECKUX MTapaMeTpoB k U Cy .
AOCOIOTHBIE  TOTPEIIHOCTH  PACCUMTHIBAIOTCS  KaK  COOTHOIICHUS

OTHOCHUTECIBbHBIX HOFpCIHHOCTCﬁ K 3HAYCHUAM CTATUCTHYCCKHUX IIapaMCTPOB:
_ 0,0489 _ 0,0367
i .100% = 4,93% , E, -100% = 7,31%.
© 0,991 v 0502
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[Ipu nmune psapa nN=100 TeopeTHueckue 3HAYEHHUS MOTPEIIHOCTEH st
HOPMAaJILHOTO 3aKOHA paclpeleieHus, paccuuTanHeie mo ¢opmynam (2.18) u
(2.20), cootreerctByror o= 005 um o, =0,0353. Torma aGcomoTHBIE

TOTPEIIHOCTH PAaBHBL E, = % -100% =5% E, = %-100% =7,07%.

Takum 00pa3zoM, pacxoKICHUSI MEXIAY TEOPETUUYECKUMHU TOTPEIIHOCTIMU U
pe3yibTaTaMu MOJCIUPOBaHUs Il cpenHero 3HaueHus coctaBuwiud 0,07%, a
ko3 dunmenta Bapuanuu — 0,24%.

[Ipu BBIOOpE 3akoHa pacHpeiesiCHUs: BEPOSITHOCTEH BO3HUKAET 3ajauya,
CBSI3aHHAsI C KOJIMYECTBEHHOW OLIEHKOW COOTBETCTBUSI MEXKIY AHATUTHYECKOU
GyHKIUHA pacTupeneieHus] SMIUPUYECKUM JaHHBIM. J[Isl 3TOTO HCHONB3YIOT
pa3lInuHbIE KPUTEPUU COTJIACHSI.

Ilo Kpumepuro cocnacus OIICHUBACTCS BEPOATHOCTh COOTBETCTBHS
AHAJTUTUYECKOTO 3aKOHA PacHpeAesiCHUs AMIUPUUYECKUM JaHHbIM. OOBIYHO
BHIOMpAeTCs  HEKOTOopas  BEJIMYMHA,  XapaKTEepU3YIIlas  PacXOoXJICHUE
AMIIUPUYECKON U AaHATUTUYECKON BEPOSATHOCTHBIX KPUBBIX NPHU 33JJaHHOM YPOBHE
3HaunMocTu (CBemHukoB A.A. u n1p., 1970). Ecnu 3HaueHre Mepbl pacXoxKIeHUs
X, TOJYyYEHHOE MO HCXOJHBIM JaHHBIM, OOJBIIE HEKOTOPOTO TEOPETHUYECKOTO
3HAYEHUSI X,, TO THUIIOTE€3a O COOTBETCTBUM AHAJIUTHUYECKOIO 3aKOHA
pacrpeieNieHds: BEpOSTHOCTEN SMIIMPUYECKON KPUBOU HE MpuHUMaeTca. [Ipu X,>X
pacXoKJICHUE CUUTACTCS HE 3HAYMMBIM, M OIBITHBIE JIAHHBIE HE MPOTHBOpPEYAT
MPENOJIOKEHUIO O PUHATOM 3aKOHE PacpeIeICHUS.

B kadectBe KpuUTEpHUEB COIJIACHS HCIOJIB3YIOTCS MEpPbl PACXOXKJICHUS
K.ITupcona umu y?, Konmmoroposa, nw? u ap. PaccMOTpuM IEpBEIE 1Ba KPUTEPHUS U
MPUMEHHUM UX JJIsl OIIEHKH COOTBETCTBUS AMITUPUUYECKUX JaHHBIX 3aKoHY ["aycca u
raMmMa-pacrpe/ieseHUIO.

Kpurepuii y; no wundopmaruu 00 aHaIUTHYECKOM paclpeleleHud |

AMITUPUYECKUM JJAHHBIM BBIUUCISAETCS IO PopmyIie

s 2
2 (mi - npi)
o= , (2.27)
i—1 np;
rae¢ S — 4Yucio HHTCPBAJIOB, Ha KOTOPOC pPa3ACJICHO paCCTOAHHUEC MCKAY
3KCTp€MaJ'IBHBIMI/I 3HAUCHUSIMU p;{)la, n — O6’B€M BBI60pKI/I, M; — KOJHUYECTBO

3HAYCHHUH psija, Momajaroliee B I—bIid MHTEpPBaAj, Pi — BEPOATHOCTH IMOIAIaHHUs
CIIy4alHOM BEJMYUHBI U1 AHAJIUTUYECKOTO 3aKOHA PacpeaeiICHUS.

Ecnu o06beM BBIOOpPKHM HEOTpaHWYEHHO Bo3pacTaeT (N—o0), TO ciydaiiHas
BEJIMYMHA CTPEMHTCS K 3aKOHY paclpeleleHus y2, KOTOPBIM 3aBHCHT OT 4YHMCIIA
creneHei cBoOoasl I=Nn-r-1. B npuBecHHOM BBIpaXEHUH I' MPEACTaBIIET COOOM
YHUCJIO MapaMeTPOB BEPOSITHOCTHOTO pactpenesneHus. [1o ypoBHIO 3HAUUMOCTH ¢ U
3HaueHnto | Haxomutes opauHata y.2. Ee cpaBHeHHe c BEeNMYMHON y. MO3BOJIAET

OLCHUTh PACXOXJCHHE MEXKAY AaHAUINTHYECKOH M JMIMPUYECKOH KPHUBBIMH
pacrpeeneHusl.

Kputepuii K.Ilupcona npumenum 11t 00JIBIINX BEIOOPOK, 00beMoM Oosee 50
3HaueHud. [lpm STOM OH Jaer Xopomiue pe3ysibTaThl MPH PABHOMEPHOM
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pacnpenesieHud TOYEK B HHTEPBAIAX, KOJIMYECTBO KOTOPBIX COOTBETCTBYET
YCIIOBUIO M; > 5.

B orimume oT KpuTepus y? Kputepuii cornmacus Koamoroposa OCHOBaH Ha
OTPENETICHUN MAaKCUMAJIbHOTO PAacXOXACHHUS MEXAy »HMIupudecko F, u
aHanuTuueckou F GyHKIMsIMU pacnpeneneHus:

D, = max

F,—F. (2.28)
Ecim n—oo, TO pacnpenenenue mapamerpa A= Da\/ﬁ HE 3aBUCHUT OT BHJA

3aKOHA PACHPENEIICHUS CIy4alHOM BEIWYMHBI U CTPEMHUTCA K BEPOSATHOCTHOMY
pacnpenenenuto KomMoropoa. Takum o0Opa3oM, BBIYHCIUB 3HadyeHHWE A TIO
OTBITHBIM JAHHBIM, BBIMIOJIHAETCS €r0 CpPaBHEHHE C KPUTHUECKON BEIMUMHOU A,
(Tabnuia 2.3), rae o — ypoBeHb 3HauuMocTu. [Ipu 4,> 4 npuHuMaeTcs runoresa o
COOTBETCTBUH aHATUTHUECKOTO 3aKOHA PacIpeieJICHHs SMIIMPUUECKUM JaHHBIM.

Tabnuua 2.3 - Kputuueckue 3HaueHus Aq i pacnpenenenus Kommoroposa

o 0,5 04 0,3 0,2 0,1
Aa 0,828 0,895 0,974 1,073 | 1,224
o 0,05 0,02 0,01 0,001

Aa 1,358 1,52 1,627 1,95

Kpurepuii Konmoroposa, Kak M KpPUTEPUIl y°, NPUMEHHM Ul OOIBLIAX
BBIOOpOK (N >4() -50). IlpudemM OH HCMONB3YETCS TOTJA, KOT/Ia M3BECTCH 3aKOH
pacripeneneHuss U ero napamerpsl. K coxxalleHuto, NMpu pPelIeHur MPAKTUYECKUX
3a/lay MPUXOJUTCS CTATKUBATHCS C CUTYalMsIMU HEBBITIOJHEHUS TOTO YCJIOBUSI.
[TosTOMYy BO3MOKHBI CIIy4au MOJYYEHUS JIOKHOTO PE3yJIbTaTa, €CIH M0 KPUTEPHUIO
COTJIacHsl AHAIIMTHYECKUW 3aKOH PACHpPENENICHHs] COOTBETCTBYET 3MIUPUUYECKUM
JaHHbIM. J[00aBUM K 3TOMY, UTO MEPEUUCICHHBIC MEPhl PACXOXKICHUS HE BCETIa
MPUMEHHUMBI B XBOCTOBBIX YACTSAX BBIOOPKH, TJI€ PACIIOIO0KEHBI SKCTPEMYMBI.

JIns ycTpaHeHHsl HEJOCTaTKOB KPUTEPUEB MOKHO BOCIIOJIb30BaThCS METOJ0M
MOJICIUPOBAHUSl CIIy4alHbIX BEJIWYWH MO 3aJaHHBIM 3aKOHAM pacrpeieicHus
BEPOSTHOCTEHW, YTO TMO3BOJISIET YBEIMYMBATH JJIMHY BBIOOPDOK U TEM CaMbIM
yIIy4IIaTh BEPOSITHOCTHBIC MOJICTTH YKOHOMHUYECKHX TTPOIIECCOB.

Ipumep 2.3. Ilo ramma-pacnpesenennio ¢ napamerpamu k=1 n  €,=0,50
CMOJICIUPOBATh Psij 3HAUCHUM ciiydaiiHOU BennunHbl 1iuHoi N=100. Onpenenuthb
COOTBETCTBHE IMOJIYYEHHOTO Psifa 3aJaHHOMY raMMa-pacipeiesieHUI0, UCIOIb3Ys
kputepuu cornacus K.ITupcona u Koamoroposa.

[IpuBeneM mOCIEMOBATENHHOCTD OMEPAIMiA, CIHOCOOCTBYIOIIUX PEIICHUIO
3a/1auu.

B navane onpenensrorest 100 3HaueHuit ciyyaitHoi BeMuuHbI (Tabiuna 2.4).
B HewerHnix ctonbuax (K) cMmoaenupoBaHbl MOAYJIbHBIE KOI(D(UIIUCHTHI,
COOTBETCTBYIOIIUE TaMMa-paclpe/iefieHu0, a B  YETHBIX (kp) — wmx
OTCOPTHUPOBAHHbIE 3HAYEHUA B TOpsAlKe Bo3pacTaHus. [lpu nosydeHuu
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MOJYJBHBIX KOA()()UIMEHTOB HCHOIb30BaHA (YHKIUS TAaOIUYHOTO MpOLEeccopa
Excel

=I'AMMAOFP(CIIHHUC(); 1/c,"2;¢,/2)

w = AMMAOBP(CJI9UC();1/0,5°2,;0,5"2).

Tabnuna 2.4 — 3HaueHus cay4ailHOW BEJTMYMHBI, CMOJICTUPOBAHHBIC C
MMOMOIIBbIO TaMMa-pactpeaenenus mpu k=1 u ¢,=0,50

k ko k ko k ko k ko
1,329 | 0,144 | 0961 | 0,669 | 1,750 | 1,007 | 1,159 | 1,279
0,500 | 0,219 | 1,804 | 0,672 | 0,148 | 1,008 | 1,018 | 1,347
0,277 | 0,243 | 1,256 | 0,675 | 0,166 | 1,030 | 1,212 | 1,352
1,110 | 0,263 | 0474 | 0,686 | 0420 | 1,039 | 0817 | 1,358
0,769 | 0,306 | 1572 | 0,714 | 1222 | 1,042 | 0,607 | 1,378
2,284 | 0,350 | 1,036 | 0,724 | 1182 | 1,046 | 1,458 | 1,395
1,485 | 0361 | 1,413 | 0,736 | 0,799 | 1,054 | 1,245 | 1,411
0948 | 0,364 | 0,779 | 0,761 | 0,921 | 1,057 | 0572 | 1,413
0,374 | 0,399 | 1,002 | 0,779 | 1,249 | 1,059 | 0,370 | 1,459
1,102 | 0434 | 0962 | 0,790 | 1,372 | 1,093 | 1,384 | 1,466
0,765 | 0,467 | 0,778 | 0,804 | 0,226 | 1,094 | 1,275 | 1,469
1,975 | 0,469 | 1,288 | 0,809 | 1,406 | 1,110 | 0,07 | 1,539
1,415 | 0,469 | 0407 | 0815 | 1,816 | 1,112 | 0632 | 1,563
1,204 | 0471 | 0,381 | 0,820 | 1,028 | 1,136 | 0,834 | 1571
0,899 | 0,487 | 2,071 | 0,825 | 0,839 | 1,137 | 0,754 | 1,587
0,500 | 0,541 | 0,607 | 0,874 | 1,734 | 1,152 | 0,728 | 1,588
0911 | 0547 | 0,830 | 0,878 | 1,397 | 1,168 | 0,764 | 1,589
1,083 | 0548 | 0517 | 0,890 | 0,958 | 1,174 | 1592 | 1,649
0,906 | 0,549 | 1,464 | 0,902 | 1,341 | 1,181 | 0,960 | 1,657
0,908 | 0,551 | 0,560 | 0,930 | 1,138 | 1,186 | 00957 | 1,753
0,955 | 0,567 | 1,637 | 0,936 | 0,834 | 1,189 | 0,818 | 2,172
1,250 | 0575 | 2,527 | 0952 | 0595 | 1213 | 1,122 | 2,217
0,947 | 0,619 | 0,807 | 0,957 | 0542 | 1,225 | 1,309 | 2,960
1,497 | 0,658 | 1,083 | 0,980 | 2,054 | 1,246 | 1,127 | 2,985
1,226 | 0,659 | 0,498 | 0984 | 1,774 | 1,276 | 1,185 | 4,205

Ha Bropom oaTame omnpeneneHsl 4acTOThl KyMYJISITUBHOM KpuBoH. I[lo
AKCTPEMaIbHBIM 3HAYEHUSM CMOJICTMPOBAHHOTO psija HaijeHa pa3HocTh 4,205-
0,144=4,061. ITo dopmyine s=5lgn=5lg100=10 ompenesacHO YKUCIO HHTEPBAJIOB
MOJYYCHHOW BBIOOPKM M JJIMHA WHTepBajda kak dactHoe 4,061/10=0,4061.
[TocnenoBarenbHOE CYMMHPOBAHHME JUIMHBI WHTEpPBala K MHHUMAIbHOMY
3HAYEHUI0 W JIPYTUM  TIOJy4aeMbIM  MOAYJIBHBIM  KOX(p(UIIMEHTAM 10
MaKCHMaJbHOTO 3HAYEHUS TO3BOJWIO OMPENeTIUTh aOCIHMCCH SMITUPHYECKON
byHKIMU pacnpesencHus (epBbIi cToaoer Tabmuibt 2.5).

Bo BTOpoM cT0s01l€ HaiiJIeHO KOJIMYECTBO TOYEK, MOMABIIMX B 3a/JaHHbBIC
uHTepBaibl. B pabote /st onpeneneHus: 3TUX 3HAYEHUN MCIOJIb30BaHA (DYHKITUS
Excel =4ACTOTA(panscuposannuiii psio,unmepsanst). Ilpu pacuere cymMMapHO
YacTOThI UJIM OPAMHAT SMIIUPUUYECKON PYHKIMU pacrpeaenenus (TpeTuil cronder
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Tabnuipl 3.5) KaKa0€ 3HAYCHUE YaCTOThI Pa3/IeJICHO Ha JTTMHY CMOSITMPOBAHHOTO
psana 100. ITocne aToro ompeneneHa mocienoBarelbHas CymMMma OT MEPBOro 0
nocienHero 3HadeHus. OueBHIHO, YTO OKOHYATEIbHOE YHCIO JOJIKHO
cooTBeTcTBOBaTH 1. Takum 00pazoM, mosrydeHsl OpAUuHATHI F,.

Tabnuua 2.5 — Pe3ynbTaTsl OIIEHKA COOTBETCTBUSI CMOJICIIMPOBAHHOTO psiJia
3aKOHY pacIIpe/ieIeHUs BEPOATHOCTEH ¢ MOMOIIBIO KpUTEpUEB x> 1 Komvoroposa

R = o

GSN < = =
3 5 = T S
4 - o
= Eo‘écvs EEE = . B = c
< < = = = H s g O OF =
B c|8¢8 S:5¢ |E525|5E &5 |04
5 e85 ==54d S & =8| =S| & o
= o | S & S E a Q 9 s o5 J i =
e & = g C S ~ o <

~ » 2 B T = = =S

= :-‘U II:% = o é

> o o <

2y Q.

0,549896| 19| 0,19 0,1806 0,18057 | 18,06/ 0,05| 0,0094
0,95601| 28| 0,47 0,5314 0,35086 | 35,09] 1,43| 0,0614
1,362124) 32| 0,79 0,7924 0,26097 | 26,10 1,33| 0,0024
1,768238 16| 0,95 0,9220 0,12956 | 12,96/ 0,71| 0,0280
2,174352 1| 0,96 0,9737 0,05179 | 5,18| 3,37| 0,0137

2,580466 1 | 0,97 0,9918 0,01809 | 1,81 0,36| 0,0218
2,98658| 2| 0,99 0,9976 0,00577 | 0,58] 3,51| 0,0076
3,392694] 0| 0,99 0,9993 0,00172 | 0,17 0,17| 0,0093
3,798807| 0| 0,99 0,9998 0,00049 | 0,05| 0,05| 0,0098
4,204921] 1 1 1 0,0002 0,02] 53,49 0,0000

Hroro | 100 1 1 1 100 | 64,48 0,0614

Crnenyromast onepaiusi COCTOMT B OLEHKE OpJMHAT TaMma-(QyHKUUU
pacnipenenenus F. B yeTBepToM cTOJIOIE TTO TaHHBIM YaCTOTHI (MEPBBINA CTOIOEI)
COTJIACHO WHTErpany BbIpakeHus (2.8) HalfeHbl 3HaueHUA Tramma-pyHkuuu. B
npuMepe ucnosibzoBaHa ¢ynkuus = AMMAPACII(16;1/0,5°2;0,5°2;1). 3nas
opAuHaThl (DYHKIHMH pacnpeeseHus: HETPYAHO BBIYHMCIUTh 3HAYEHUs IUIOTHOCTH
BEpOSITHOCTEHW pacrpeneneHust (MATblid cToNOel TaOnuipl 2.5) Kak pa3HOCThb
NOCIEAYIOUMX U MPeIbIIyIIUX 3HaUeHUl yeTBepToro croioua. [lpu sTtom nepsbie
3HAYEHUs] OpJMHAT TUIOTHOCTH BEPOSITHOCTEH pacrpeneneHus] U PyHKIUU PaBHBI
npyr apyry. Ilpu nmepexone oT OTHOCHUTENBHOM YacTOTHI K YKMCIIaM MOMAJaHUNA B
3aJJaHHble MHTEPBaJBI NP; HEOOXOAMMO 3HAYEHHs MATON Tpadbl YMHOXKHUTH Ha
n=100 (mecroii cronberr).

HaxoHel, Ul BHIYKMCIEHHS KPUTEPUS x> ONPEIEIEHbl 3HAYEHNUS, BXOIAINE B
CymMMy  BoeIpaxeHus (2.27). Pe3ynbrarhl = BBIYMCICHMA  TPHUBEACHBI B
npeanocieaHeM crtoiione. TakuM 00pa3oMm, cymMma 3HA4€HUH CEIbMOro CTOJIOIA
COOTBETCTBYET SMITMPHUYECKOMY 3HAUCHUIO KpuTepus y-=64,48.

Jlnst ypoBHs 3HaumMocTH 0=5% u 4mcia creneHei cBoboabr 1=100-2-1=97
HETPY/IHO B MaTeMaTHYECKHX TabIMIIaX HAaliTH TeopeTudecKkoe 3Hauenune y, =121.
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HOCKOJIBKy )(5 > ){i , TO IMPUHUMACTCA THUIIOTE3a O COOTBCTCTBHU

TEOPETUUECKOW KPUBOW pPACTHpEeICHUSI CMOJCITUPOBAHHBIM AMIIUPUICCKAM
naHHeIM. Ha ocHOBe 3TOro mpuMepa MOKHO PE3IOMHUPOBATH, YTO JJIMHA BHIOOPKHU
n=100 BHonHE mpHeMIIEMa IIPH UCTIONIB30BAHUM KPUTEPHS ).

Uro kacaercs kputepus Koimoropoma, To M OH TOATBEP)KIAET BHIBOA O
COOTBETCTBUM TraMMa-paclpeie/iCHUusT CMOJCIUPOBAaHHBIM 3HAYCHHUSIM psga. B
MOCJICTHEM CTOJIOIE HAMJACHBI aOCOMIOTHBI Pa3HOCTH OMITUPUICCKUX H
TEOPETUYECKUX 3HaueHUuH GyHKIuU pacnpenencHus |F,-F|, momydennbie 1o
JAHHBIM TPEThEro M YETBEPTOro CTOJIONOB Tabimiel 2.5. HauGosnbiiee
pacxoxaenue cocraBwio 0,0614. Orcroma, A= Ds\/ﬁ =0,0614-4/100= 0,614.
Cormacuo tabmmie 2.3 3nadenue A,—1,358. CiiegqoBaTeabHO, KaK OBLIIO OTMEUCHO,
CMOJICTTUPOBAHHBIN PSIJl COOTBETCTBYET TCOPETUICCKON (QYHKITUN pPaCcTIpeICICHUS.

BusyaibHO CpaBHUTH COOTBETCTBUE IMITUPHUCCKUX U TEOPETHUSCKUX JAHHBIX
MOJKHO T10 PUCYHKY 2.3.

F, F,

| || | | - - — O3Mmnupuyeckas

dyHKUMA
| | | L] L | | B[ amma-yHKUnS

UHTepBansbl, k

Pucynok 2.3 — DOmnupudeckasi u TeopeTnyeckas (pyHKIIUU raMmma-
pacnpenenenus pu k=1 u ¢,=0,50.

OueBHAHO, UYTO 3HAYEHUS KPUTEPUEB COIJIACHS  U3MEHSIIOTCS  TIPH
MOJICIMPOBAHUU PSJOB CIyYalHBIX BEIMYMH C OONBIIMMHU uIHHAMH. OOBIYHO
YBEIMYECHHE BBIOOPOK TPHUBOJUT K YMEHBIICHUIO PACXOXKIACHUS MEKIY
OMIUPUYECKUMHU JTaHHBIMU H TEOPETUYECKON (PyHKIMEH pacrpeneneHus
BEPOSITHOCTEN.

2.5 MoaeaupoBaHue CBSI3HOM BbIOOPKH
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MopaenupoBanue psiga, B KOTOPOM TMOCJIEAYIOIIME 3HAYECHUS! CBSI3aHbI C
OPEeAbIAYIIMMA JTaHHBIMU, HECKOJIBKO CJIOKHEE MO CPAaBHEHHUIO C MOJy4YEeHHUEM
HE3aBUCUMOI BBIOOPKHU. JJII OLEHKH CBSI3HOCTU YJICHOB BBIOOPKH MPUMEHSIOT
aBTOKOPPEISIIUOHHYIO (PYHKITUIO.

2.5.1 ABTOKOppeasimuoHHasi QyHKIUsI

Ctporo TOBOpSI, METOABI OIICHKA CTAaTUCTUYCCKUX TMApaMeTpoOB M WX
MOTPENTHOCTEH, TPHUBEACHHBIE B MPEABIAYIIUX pa3Aeiiax CHpaBeAIUBBI IS
BBEIOOPKH C HE3aBUCUMBIMH 3HaueHUsMH. OJTHAKO B PEATBHBIX CUTYAIHSIX MOXKET
OKa3aThCsl, YTO YCIOBHE HE3aBHCHMOCTH MEXKy YICHAMHU Psijia He BBITIOHSIETCS. B
YaCTHOCTH, JIOTHYECKH TPYAHO TIPEICTAaBUTh, YTOOBI €XKETOTHBIC TOXOIBI
X0351CTBA, COCTABIISIFOIINE MHOTOJICTHUN psii, OB HECBsA3aHHBIMH. OYEBUIHO,
YTO JUIsl YCTOMYMBO pabOTAIOIIETO XO3SMCTBA JOXO/bI, TIOJyYeHHbIE, IO KpailHe
MEpe, B COCEIHHME TOJIbl, 3aBUCUMBI. JIpyrumMu clioBaMH, 3IKOHOMHYECKHUI
MOKa3aTelib IMOCJIEAYIONEr0 rojla MOXET OKa3aTbCs 3aBUCHUMBIM OT 3HAYCHUS
MPEAbIIYIIEro roja.

JIist  CBSI3aHHBIX JTaHHBIX  pa3pabOTaHbl JAPYyrHe METOJbl  00pabOTKU
uHpopmaIuu.

[Ipu BBISIBICHUM 3aBUCUMOCTH MEXIy 3HAQUYCHUSIMH BBIOOPDKH WU
OTPOBEP)KCHUHM  3TOM  THUIOTE3bl  MOXHO  BOCIOJB30BATHCS  AHAIM30M
aBTOKOPPEAITMOHHON (pyHKITHH. [[7151 ee BeIUMCIeHUS TpUMeEHsIeTcs hopmyia

i(xi _;(i) ) (Xi+‘[ _>_(i+f)
R, == , (2.29)

00, (n—7-1)

rae N — 00beM BBIOOPKH; 7 - MOPSIOK CABUTa, M3MeHstommiics or 0 qo m (7 =0, 1,
2,..., M); Xi — 3HAYCHHS PAJIA OT X1 JO Xn.;; Xi U 0j— CPEIIHEE 3HAUCHUE U CTAHIapT
JUTSL 4acTU BBIOOPKHU OT 1 10 n—7; X, - 3HAYEHUS pAla OT X, JO X,; X U O, -

CpellHee 3HaU€HHUE U CTaHJApT JJIs1 BBIOOPKU pa3MepoMm OT 1+ 7 10 N.

OpauHaThl aBTOKOPPENSIIMOHHONW (yHKUMU u3MeHstoTcs oT —1 go 1. Ilpu
caure t =0ko3¢duimeHt aBTokoppessiuu Ro=1. OObIYHO CBSI3b CcUMTAETCS
3HAYMMOW, ecinu R >0,3.

[Tomumo pacuera OpAMHAT ABTOKOPPEISLUMOHHONM (YHKIUH, HEOOXOIUMO
ONPENENINTh UX CpeOHUE KBAAPATHUYECKHME IMOTPEIIHOCTU. [l HOpMaIbHOIO
3aKOHA paCHpeleNIeHUss U COBOKYIMHOCTEH, MOMUYUHSIOUIMXCSA OJM3KUM K HEMY
CTaTUCTUYECKUM  pachpelesieHusM, (¢opMmyla  CpeaHell  KBaJpaTHUeCKOH
MOTPEUTHOCTH OPJIMHATHI ABTOKOPPEISAIIMOHHON (QDYHKIIMK HMEET BU/T

o - 1-RZ (2.30)
R- Jn—z—1" .

Yem nnuHHEE BbIOOpKaA U Omike K 1 Ko (HULIMEHT aBTOKOPPEISILIUHU, TEM €ro
TOYHOCTH BbIe. C yBeNTMYEHUEM MapaMeTpa CABHra 7 3HaYeHHE MOTPELIHOCTH
BO3pacTtaer. Jlpyrumu cioBamu, 0ojiee TOYHO OMPEAEISAIOTCS OpauHaThl R, mpu
MasbIx 3HadeHusx 7. ClieoBaTeNbHO, JOCTOBEPHOCTh MEpBOro Kod3dduimeHta
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aBTOKOppeNsAuu HauOonbiias. 3ameTuM, uto Gopmyna (2.30) cmpaBennuBa ams
HE3HAYUTENBHBIX 10 MOJAYJIK OpAMHAT AaBTOKOPPEISLUUOHHON  (yHKUHMH,
KoJieomromuxcs Bokpyr 0,3.

Hanuuue BHYTpUpSAIHBIX CBSI3eH YBEIMYMBAECT 3HAYEHUS KOX(P(PUIUEHTOB
BapHallil U aCUMMETPHUH, ONPEAENAeMbIX IO (opMyJiaM CIPABEIJIUBBIM IS
BBIOOPOK C HE3aBUCUMBIMU 4jieHaMH. B TpaaulMOHHBIE BBIPAKEHUS CPEAHUX
KBaJIpaTUUECKUX IMOTPEIIHOCTEH BBOASTCSA MOIPAaBKH, YUUTHIBAIOLIUE OpPIUHATHI
aBTOKOPPEISAIUOHHON (QYHKITHH.

OnpeneneHrss HECMEIICHHBIX CTATHCTHYECKMX IApaMETPOB C  yYETOM
3HAYCHUUN ko3 punreHToB aBTOKOPPEJISIIIUU MPEJCTABISAIOT coboit
CaMOCTOATENbHBIN pa3/iesl MaTeMaThdeckod craTucTtukd. [losTomy mnpuBenem
JUIIb TPUMEpP MPUOJIMKEHHON (GOpMyIIbl MepecyeTa CMEMIEHHOT0 Ko3(ppuuueHTa
Bapuallid B HECMEUIEHHYIO BEJIMYHMHY C YYETOM IE€PBOIO 3HAYEHHUS OpPIUHATHI
aBTOKOPPESIUOHHON (PYHKIINH:

~

C, = S

S 2R 1-R'Y): (231)
n(n-1)(1-R) 1-R,

rae C, - KO3 PHUIMEHT BapHUalluyi, pacCUUTaHHbIH 1Mo Gopmyrnam (2.4) u (2.9); Ry —

3HaYCHUE KOPPEISAINH MEXIYy CMEKHBIMH WICHAMU psifa; N— JinHa BeIOOpku. U3
dopmyiel (2.31) cnenyer, 4to ¢, >C,.
[Ipu HaNMMYMU 3HAYUMBIX MEPBBIX KOIDPHUIIMEHTOB aBTOKOPPEISIIUU MHOU
BUJ UMEIOT (OPMYJbl CTaHAAPTHBIX IOTPEIIHOCTEH CpeqHUX 3HaueHUH U
KO3 (PHUIIMEHTOB aBTOKOPPEIISIIHH.
BoipakeHue 1711 BBIYMCIIEHUS! TOTPEUIHOCTH CPEAHEro 3HAU€HUs! CBSY3HOTO
psiZia MOXKHO 3amucaTh B CIEAYIOUIEH pegakiuu
O'; _ CV :|.+R1 . (232)
Jn V1-R,

Bonee cnoxxHOe BrIpakeHUE peasioxeHo ['.A. AleKkceeBbIM

o= S . (2.33)
n

1o 2Rq_ 1-R
1-R ~ n(-R)

[IpuBenem ¢Gopmysabl Uisi  BBIYMCICHUS CTaHAAPTHBIX MOTPEHIHOCTEN
kod(dduienToB Bapuanuu. Yacto npu ONpEACTICHHMH 3TOW XapaKTEepPUCTHUKU
UCIIOJIb3YETCS BBIPAXKECHUE

2 2
o, = C, : n(1+c?) .1+3R10v. (2.34)
' n+4c; 2 1+R;

[IpuBenem erie oJIHO BhIpaxkeHue, monydeHHoe I'.A. AnekceeBbIM

118



2 2
axzch G, g% G (2.35)
nl-R)A+R,) 2nA-R)A+R) n

[IpuBenenusie  Gopmynbl  CHOpaBeJIMBBI  JUIsl  HOPMAJIbHOIO  3aKOHA
pacnpezenenus. M3 HUX clielyeT, OTHOCUTEIbHBIE TOTPEUTHOCTH CTATUCTUYECKIX
apaMeTpoOB CBSI3HOTO psfa 3aBUCAT OT KodpdUIMEHTa BapuallUuy, JJIHHbI
BBIOODKHM U mepBoro koddduuuenta apTrokoppemsiuuu. llpu 3ToM BiIusSHUE
MOCJIEIHETO MapaMeTpa Ha MOTPEIIHOCTH JJOBOJIBHO CYIIECTBEHHBI.

BoimonmHuM  pacyeT OpAMHAT  aBTOKOPPENSIMOHHON (QYHKIMH M UX
MOTPEIIHOCTe il psiia BajgoBoro cbopa 3epHOBBIX 3a 1965-2000rr. u
UCIOJIb3yEMOT0 MPU pacuyeTe CTATUCTUK B MPEIBIIYIIEM pa3iele.

Ilpumep 2.4. B tabnune 2.6 mpuBeleH psiji BaJOBOTO cOOpa 3€pHOBBIX B
Upkyrckoit obmactu 3a mnepuoy 1965-2000 rr. HeoO6xoaumMo BBIYHMCIWTH
KOO PUIIMEHTHl aBTOKOPPENALMUA TPU  PA3IUYHBIX CIBUTaX M TOCTPOUTH
aBTOKOppENsUUMOHHYI0  ¢QyHkiuto. Kpome TOro, tpebyercs OIpeneauTh
kodduiMeHT  BapuanuMd  psjga € y4eToM  IepBoro  koadduimeHta
aBTOKOPPEJISALIUY.

CornacHo cBoiicTBY ko3 duimenTa aBrokoppemsauuu npu casure =0 R.=1
(Tabmuna 2.6).

I[To dopmyne (3.29) HETPYyIHO BBIUUCIUTH OCTAIbHBIE KOA(DPUIIUECHTHI
aBTOKOppensiuuu.  Jnsg  3TOro  MOXHO  BOCIHOJB30BaThbCAd  (PyHKIMEH
Koppen(maccusl;maccus2) tabnuunoro mporeccopa Excel. B Tabmune 2.6
3HA4YEHHS B TPEThEM CTOJIOIE MOyYeHbl HA OCHOBAaHUH JAHHBIX BTOPOTO CTONOIIA.
[Tpu >TOM mepBOe 3HAUYEHUE YAAJIEHO, a OCTalbHbIE WIEHBI psiia CABUHYTHI Ha
OJHY s4eiky BBepX. [l0 NaHHBIM BTOPOTO U TPETHEro CTONOLA, HCKIIIOYas
3HaueHue 1965 r., cormacHo ¢yHkiuu  Koppen(maccusl ;maccus?) 1onydeH
nepBbIi KO3PGUIIMEHT aBTOKOppesauu 1pu =1, paBHsiii 0,434.

Bropoit koadduienT aBTOKOPpESAIUU TMOTy4aeM C TOMOIIbI0 (YHKIIUU
Koppen(maccusl ;maccus?). MaccuB TpeThero croibdma GopMupyercs ImyTemM
C/IBUTa €ro 3HaY€HUI Ha OJHY SYEHKYy BBEpX IPU HEM3MEHHOM BTOPOM CTOJIOIE.
Jlns1 paBeHCTBa yKCiia YJIEHOB MaCCUBOB UCKJIFOYaeM aaHHbie 1965 u 1966 rr.

B Ttabmuue 2.6 mnpuBeneHbl pPe3ysbTaThl BBIYUCICHUN KO3(P(ULIMEHTOB
aBTOKOppemsiuuu (ctonadusl 4 u 5). B nocneaneit rpade onpeaeneHsl cTaHAapTHHIE
NOTPENIHOCTA KO3 (PUIIMEHTOB aBTOKOPPESIIIUM, BBIYUCICHHBIX MO (opmysie
(2.30).

[To naHHBIM 71 R, MOCTPOEHA aBTOKOPPEIAIMOHHAS yHKIUS (PUCYHOK 2.4).

CrnenyeT OTMETHTb, YTO C YBEJIMUYEHHUEM CJIBUTa YMEHBIIAETCS TOYHOCTH

BBIYHCIICHUS KO3 UIIUEHTa aBTOKoppensuu. [lodToMy  peKOMEHIyeTcs

paccUuThIBaTh OPJMHATHl ABTOKOPPENSILIMOHHON (PYHKIMU COIJIACHO YCJIOBUIO
<(2/3)n.

Tabnuna 2.6 - Pacuer opiHAT aBTOKOPPEISIITMOHHON (DYHKITUN
BaJIOBOT'O COOpa 3€pHOBBIX
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3epHOBEIE,

Tombl TBIC. T T R, Og,
2000 529 753,2 0 1 0
1999 753,2 741,9 1 0,434 0,139
1998 741,9 740,5 2 0,502 0,130
1997 740,5 706,2 3 0,643 0,103
1996 706,2 873,7 4 0,276 0,166
1995 873,7 | 1072,3 5 0,454 0,145
1994 | 1072,3 | 746,9 6 0,326 0,166
1993 746,9 | 1199,1 7 0,239 0,178
1992 | 1199,1 | 1037 8 0,143 0,188
1991 1037 744,8 9 -0,023 0,196
1990 744,8 1470 10 0,168 0,194
1989 1470 1264 11 0,102 0,202
1988 1264 | 1150,6 12 -0,067 0,208
1987 | 1150,6 | 1358 13 0,069 0,212
1986 1358 | 1298,4 14 0,208 0,209
1985 | 1298,4 | 1213,3 15 -0,183 0,216
1984 | 1213,3 | 1299,4 16 0,381 0,196
1983 | 1299,4 | 1326,6 17 0,308 0,213
1982 | 1326,6 | 1195,3 18 0,073 0,241
1981 | 1195,3 | 1062,4 19 0,441 0,201
1980 | 1062,4 | 762,4 20 0,124 0,254
1979 762,4 | 1469,6 21 0,340 0,236
1978 | 1469,6 | 1173,7 22 0,013 0,277
1977 | 1173,7 | 1199,1 23 0,050 0,288
1976 | 1199,1 | 14429 24 0,281 0,278
1975 | 14429 | 1046,1 25 -0,349 0,278
1974 | 1046,1 | 1281,2 26 0,312 0,301
1973 | 1281,2 | 1372,8 27 -0,054 0,353
1972 | 1372,8 | 1234 28 -0,216 0,360
1971 1234 | 14834 29 0,211 0,390
1970 | 1483,4 | 1126,2 30 -0,614 0,278
1969 | 1126,2 | 1342,3 31 0,830 0,155
1968 | 1342,3 | 1213 32 -0,653 0,331
1967 1213 | 1309,1 33 0,999 0,00049
1966 | 1309,1 | 1301,5

C, ¢ yueToM
1965 1301,5 aBTokoppensiiuu | 0,240
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BeruucnuB mepBoe 3HAUYCHHE ABTOKOPPEIAIMOHHOW (QYHKIIUUA, HETPYHHO,
OIpECIINTh HECMEIICHHYIO OlLIeHKY Kod(dduimenTa Bapuaiuu mo Gopmyie (2.31).
B pesynbraTe ydyera mepBoil OpAWHATHI aBTOKOPPEISAIMOHHON (HYHKIIUU 3HAUCHHE
kodpdurmenTa Bapuanuu yBenuuutcs Ha 0,01, TOCKOIBKY CMEIICHHAs OIICHKA,

paccuntanHas mo ¢gopmyiaam (2.4) u (2.9) 6\, = 0,23, a HECMEIIICHHAs BeJIMYMHA

€y=0,24 (tabnuua 2.6). 31ech NPUBEACHBI OKPYTJICHHbBIC TaHHBIC.

Psn BamoBoro cOopa 3epHOBBIX 00J1aAa€T BHYTPUPSIHON CBS3aHHOCTHIO.
[lepBriii  kod(pduuuent aBrokoppensuun paBeH 0,434, a ero cpenuss
KBaJpatuyeckas norpemHocts - 0,139. B Takom citydae 3Hauenue Ri HeoOxoammo
YUUTHIBaTh MIPU BBIYUCICHUN CTATUCTHUECKUX MapaMeTpoB BBIOOPKH Cy U Cs. Kak
mokazan pacder kodddurmenta Bapuaruu 1o Qopmyne (2.31), HecMmemeHHAs
OlLICHKAa HEe HI)KE CMEILEeHHOW BeqnuyuHbl. [IprueM uem Oosible Mepa paccessHUs
BbIOOPKH (Cy), TEM Pa3HOCTb MEXKAY HUMH OLIyTHMEE.

2.5.2 MojaeanpoBaHue BLIOOPKH ¢ aBTOKOPpeJisuuei

OnuH U3 crnoco0OB ONpeAeNiCHUs] 3HAUEHUM CBSI3HOTO psijia 3aKI0YacTcs B
MCIIOJIb30BaHUU (DOPMYJIBI

Kia , =1+ R, (k; —1) (2.36)

"V

wm K, =1+R (k 1)+ (k. -1)y1-R” (2.37)
rae Eiﬂw - YCJIOBHO€ MaTeMaTH4ecKoe OxujaHue, Ri — mepBbiil k03 duumreHt

aBTOKOppeysauy, Ki u Kix1 — mpeamecTByronmii U mocieayrommi 0e3pa3MepHbIe
KO PUIHEHTHI, Kr — KOXPDUIIMEHT, COOTBETCTBYIONIUI OpAMHATE WHTETPATBHOM
¢yHKUMHK (CiTy4ailHOE YUCIO).

[TocnenoBaTeabHOCTh ONEPALMI MO MOTYYEHUIO MOAYIBHBIX KOA(P(UIIMEHTOB
CJIeIyIOLIasl.

Ha nepBom sTane renepupyror ciydaiinble yucna F.  Ilo HuMm Ha ocHoBe
3aKOHA pacIpe/ielieHus BEpPOSITHOCTEM W €ro  CTaTUCTHUYECKHX MapamMeTpoB
OTpeneNsaoT KodppuiueHTs! K.

3ajaBasch MEPBBIM 3HAUYCHUEM K; M Ha3HAaYeHHOW opauHATON R; mo dopmyre
(2.37) paccunThIBaeTCs MOCICAYIONIHMIA KOIPPHUIIHEHT Ki1.

[lepeuncnennple omnepanuyd MOBTOPSIOTCA MHOTOKpaTHO. Kaxkmoe HOBoe
3HadYeHue Ki+1 Ha CIACIYIONIEM IIare CTaHOBHUTCS mpenbiaynmm Ki. @opmyna (2.37)
COpaBe/yIMiBa TMpU HCHOJIb30BAaHUM HOPMAJIBHOTO 3aKOHA  pacHpeesIeHus
BeposiTHOCTe. OHa MOXeT ObITh MpeoOpa3oBaHa K OoJiee CIOXKHBIM 3aKOHAM
pacnpeiesieHus BEpOSITHOCTEH.

[IpuBenem npumep MOACIUPOBAHUS CBSI3HOM BHIOOPKHU.

Ilpumep 2.5. Jlan 3akoH pacrpeneneHds B BHJAC BEPOSITHOCTHOM KPHUBOM
I'aycca ¢ mapamerpamu k=1 u ¢,=0,5. Hauansnoe 3nadenue ki=0,47. Ilepsblii
ko3¢ ¢umeHT aBrokoppersiuuu Ry coorBerctByeT 0,40. CMOnennpoBaTh BHIOOPKY
co 100 cimyyalinpiMu BenmnuuHamu. CpaBHUTH MOJYYEHHbIE 3HaueHUsI Cy U Ry Ha
OCHOBE CMOJIEIMPOBAHHOTO Psi/Ia C UCXOIHBIMU 3HAUYEHUSAMH.



B Tabnune 2.7 npuBeaeHsbl pe3yabTaThl MOJASIUPOBAHUS CBS3HOM BHIOOPKH.

3HaueHus] CBSI3HOM BBIOOPKM mMoOdydeHbl 1o ¢opmyne (2.37). B mnepom
CTOJIOIIE 3a/laH0 TIEpBOE 3HA4YeHUE MoayibHOro kosddunmenta. B rpadax
«IIceBgocimydaiiHple YUCTa» TPUBEACHBI CIIy4ailHble YHCIA, MOJIYYEHHBIE C
nomoibto pynkiuu =C/IAYUC().

Tabnuua 2.7 — Pe3ynbTaThl MOJICIUPOBAHUS CBSI3HOW BBIOOPKH C MCIIOJIB30BAHUEM
HOPMAJILHOTO 3aKoHa pactpenenenus npu k =1, ¢,=0,5 u R1=0,40

(] O O
) o) o)
>§ = >§ = >§ R
< s 2 u?é‘:"cs s 2 wﬁgm ccgw?ég
g ol & < T g ool & S = g ool =& < T
SRS B ZR Bl 2B E S R S >E|E S gk =
ol @ | o s | RO @« Bl o8 E|l ROl © | ©o' & =
o = F SR F SO =EF S8 = oFF SRS
S F|l >~ Bl A 5 Bl o F >~ Rl A S Bl O F > Bl oA S B
S R QO 5 Q= R Q10O F Q= R Q20 54
(0] o (0]
(@] (@] (@]

ki | = = =

0,47 0,137|0,452| 0,655 |0,165|0,513| 0,425

0,080/0,297| 0,144 |0,864|1,549| 1,365 |0,001|-0,553| -0,653
0,448/0,935| 0,598 |0,583|1,105| 1,242 |0,523/1,029| 0,365
0,686/1,243| 1,061 |0,591|1,115| 1,202 |0,135/0,449| 0,241
0,44310,928| 0,959 |0,802|1,425| 1,470 |0,724/1,297| 0,969
0,879]1,584| 1,519 |0,173/0,528| 0,756 |0,697|1,258| 1,224
0,023]0,005| 0,296 |0,521|1,026| 0,926 |0,901/1,645| 1,681
0,114/0,398| 0,166 |0,407/0,882| 0,862 |0,348/0,804| 1,093
0,217/0,609| 0,308 |0,133|0,444| 0,436 |0,474/0,967| 1,007
0,123/0,419| 0,191 |0,783|1,392| 1,133 |0,023|-0,001| 0,086
0,149/0,479| 0,199 |0,876|1,577| 1,582 |0,957/1,856| 1,419
0,596/1,121| 0,791 |0,439/0,923| 1,163 |0,882/1,594| 1,712
0,483/0,978| 0,896 |0,007|-0,230| -0,062 |0,846/1,509| 1,751
0,625/1,159| 1,105 |0,473|0,966| 0,544 |0,046/0,158| 0,529
0,155/0,492| 0,576 |0,646/1,187| 0,989 |0,774|1,376| 1,156
0,446/0,932| 0,769 |0,631/1,168| 1,149 |0,220/0,614| 0,709
0,356/0,815| 0,738 |0,299/0,737| 0,818 |0,100/0,358| 0,296
0,423/0,903| 0,806 |0,537|1,046| 0,970 |0,783/1,390| 1,076
0,527]1,034| 0,954 |0,216/0,607| 0,628 |0,577/1,097| 1,120
0,803|1,425| 1,371 |0,190/0,561| 0,449 |0,390/0,861| 0,920
0,757|1,348| 1,467 |0,243|0,652| 0,461 |0,903/1,649| 1,563
0,565|1,081| 1,262 |0,416/0,894| 0,687 |0,614/1,145| 1,358
0,743|1,326| 1,403 |0,890|1,613| 1,437 |0,427/0,908| 1,059
0,436/0,919| 1,087 |0,560/1,075| 1,244 10,296/0,733| 0,778
0,099/0,355| 0,444 |0,720|1,291| 1,364 |0,077/0,286| 0,257
0,072/0,271| 0,109 |0,313/0,756| 0,922 |0,103|0,368| 0,124
0,340/0,793| 0,454 |0,698/1,260| 1,207 |0,962|1,889| 1,464
0,112|0,393| 0,225 |0,014|-0,100| 0,075 |0,633|1,170| 1,342
0,410/0,886| 0,586 |0,733|1,311| 0,915 |0,482|0,977| 1,116
0,838|1,493| 1,286 |0,190/0,561| 0,564 |0,926|1,723| 1,709
0,891|1,615| 1,678 |0,260/0,678| 0,531 |0,286|0,718| 1,025
0,459/0,948| 1,224 |0,733|1,310| 1,097 |0,782|1,390| 1,368
0,757|1,348| 1,408 |0,121/0,415| 0,503 |0,140/0,460| 0,652
0,692|1,251] 1,394 |0,396/0,868| 0,680
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[lo mnomydeHHBIM Ciy4alHBIM duciaaM F  ompenmeneHbl  MOIYJbHBIC
K03 PHUIIMEHTBI, COOTBETCTBYIOIIMEC HOPMAJIBHOMY 3aKOHY pacrhpeneneHus, K.
(rpadbr «CityvaitHasi BETUUHHAY).

W, HakoHell, BBIUUCIuB Ke 1 ucnodb3ys Gpopmyiy (2.37) B cronbdmax «Csi3Hast
CilydaiiHasi BeTMYMHAY ONpe/IeNICHbI clIab0 KOppenupyeMble 3HAUCHUS psijia IITMHOM
n=100.

[To IaHHBIM MOJIYYEHHOTO PsJia PACCUMTAHBI CTATHCTUYECKHUE MAPAMETPHL: Kk
=0,96, ¢,=0,50 u R;=0,40. Jlpyrumu cjoBaMH, 3a HCKIIOUYECHHUEM CPEIHETO
MOAYJIBHOTO KOd(ppHUIMEeHTa OCTaNbHBIC CTATHCTUYECKHE MapameTpbl ONMM3KH K
HCXOJTHBIM 3HAYCHUSIM.

Cnegyer uMeTh B BHJly, YTO CBSI3HbIE BBIOOPKM U HE3aBHCHUMBIC PSbI
OJINHAKOBOTO O0OBEMa HMEIOT pa3Hyl0 HHPOpMATUBHOCTH. [lepBble U3 HHX
o0nagaroT  MeEHbIleW HMHQPOpMalUel, YTO BBI3BAHO BIUSHUEM BHYTPUPSIHBIX
CBS3EH.

Kpome monenupoBaHusi CBSI3HBIX BBIOOPOK BBI3BIBAET MHTEPEC OINpPECTICHUS
MOTPEIIHOCTEN CTATUCTUYECKUX mapaMmeTpoB. lIpexne dyem mnpuBeneM mnpumep
BBIYKCIICHUS TMOTPEITHOCTEH CTAaTUCTUYECKHX IMapaMEeTPOB OIEHUM COOTBETCTBHUE
CMOJICTMPOBAaHHBIX ~ BBIOOPOK  TEOPETHYECKOMY  3aKOHY  pacHpeesieHHUs
BEPOSATHOCTEM.

Ilpumep 2.6. Cmogenmupoats 11 Bei6opok mo 100 3HaueHu# Mo HOpMaTbHOMY
3aKOHy pacrpeneneHust ¢ mapamerpamu k=1, ¢,=0,50 u R;=0,40 u oueHnTH
CTENEHb COOTBETCTBHS TOJYYEHHBIX JaHHBIX TEOPETUYECKUM OpJIUHATAM,
MCIIOb3ys KpUTEPHH coracus x> u Konmoroposa.

Hcnonb3ys anroputM npeapiayuero npuMepa moaenupyem 1100 moaynbHbIX
KOA((DUIIMEHTOB, COOTBETCTBYIOIIMX HOPMAJIBHOMY 3aKOHY pAaclpeleieHus] ¢
nmapamerpamu k =1, ¢,=0,50 u R;=0,40. D1u 3HaueHus paszgencHsl Ha 11 BEIGOPOK
oobemMom n=100. Ha pucynkax 2.5 u 2.6 TmOKa3aHbl TUCTOTPAMMBI H
KYMYJISITUBHBIE KPUBBIE MO pe3yabTaraM moaenupoBanus psaaa ¢ 1100 3Hauenusimu
1 BbIOOpKHU co 100 unenamu.

100m/n, cymma(100m/n)

100 ]

70 H— H— — H— H— 1

60 H— 1 1 1 1 ]

50 1] 1] 1t 1t 1 10T 1 1] B m/n
O Cymm(m/n)

40 H— 1 1 = ] Y

30 — e

20 T
) 111 IMININIn
. — ﬂﬂ il Sl Nl AT

-0,62 -0,38 -0,13 0,11 0,35 0,60 0,84 1,08 1,33 1,57 1,81 2,06 2,30 2,54 2,79

VHTepBank!

Pucynok 2.5 - I'mcrorpamma u oruBa CMOJEIMPOBAHHOTO Psijia HOPMATBHOTO
3akoHa pacnpeaenenus mpu k=1, Cv=0,5, r=0,4 u N=1100
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100m/n, cymma(100m/n)
100 ]

90 —

80 —

70 —

60 —

50 —

j- m/n
40 O Cymm(m/n)

20 —

\ ﬂ |
o | |

0,15 0,44 0,73 1,02 1,31 1,60 1,89 2,18 2,47 2,77

uHTepBanb!

Pucynok 2.6 - 'uctorpamMmma u oruBa CMOJIEIHMPOBAHHOMN CBS3HOU BHIOOPKH
HOPMaJILHOTO 3aKoHa pacnpenenenus npu k=1, Cv=0,5, r=0,4 u n=100

CpaBHuBasi pUCYHKH 2.5 U 2.6 HETPYAHO 3aMETUTh, UTO YeM OO0JIbIlle BHIOOPKA,
TeM OJMXKe ee TUCTOrpaMMa U KyMYJIATHBHAs KpHUBas K TEOPETHUYECKOMY
pacnpezeneHuto. ['ucrorpamMma, MOCTPOEHHAs MO JAaHHBIM CMOJIEIMPOBAHHOIO
psga n=1100, my4me otoOpaxkaeT HOPMaJbHBIA 3aKOH paCIpeleiIeHHs, YeM
THECTOTpaMMa, TIOJTy4YeHHAsI 10 BRIOOPKE MEHBIICH JITTHHBI.

B Ttabmmuax 2.8 u 2.9 mpuBemeHBI pacyeThl KPUTEPUEB COTIACHS Y° H
Konamoroposa no cmoaenupoBanHbsiM BeiOopkam 1100 u 100.

Ta6muua 2.8 — Onpenenenue kpurepues coracus x> 1 Konmoroposa no
JTAHHBIM cMoJiennpoBaHHON BEIOOpKH N=1100 cormacHo HOpMaTbHOMY 3aKOHY
pacnpenenenus ¢ napamerpamu k =1, ¢,=0,50 u R1=0,40

@OyHKIUS HOPMAITEHOTO
Wutepsansl | m | 100m/n | 100m/n | 3akon pacmpesenenus | np  [(m-np)*/np F-Fm

-0,618 2 0,182 0,182 0,00093 1,02 0,938 0,000889
-0,375 4 0,364 0,545 0,00409 3,48 0,077 0,00136
-0,132 8 0,727 1,273 0,0147 11,73 1,188 0,00203
0,112 35 | 3,182 4,455 0,0437 31,90 0,300 0,00078
0,355 62 | 5,636 10,091 0,107 69,95 0,904 0,00645
0,598 122 | 11,091 | 21,182 0,2198 123,70/ 0,0235 0,00800
0,841 186 | 16,909 | 38,091 0,3802 176,43 0,518 0,000690
1,085 199 | 18,091 | 56,182 0,5647 202,96 0,077 0,00291
1,328 192 | 17,455 | 73,636 0,7359 188,32| 0,9380 0,000424
1,571 140 | 12,727 | 86,363 0,8640 140,93| 0,0062 0,000428
1,815 83 | 7,545 93,909 0,9414 85,07 0,0504 0,00231
2,058 44 4 97,909 0,9790 41,41 0,1614 0

2,301 17 | 1,545 99,455 0,9938 16,26 0,033 0,000712
2,545 4 0,364 99,818 0,9985 5,147 0,255 0,000330
2,789 2 0,182 100 0,9997 131 0,3580 0,000292
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Tabmuna 2.9 — Onpenenenne Kputepues cornacus x> 1 Koamoroposa no
JaHHBIM CMOJIeIMpoBaHHON BEIOOpKH N=100 corracHO HOpMaJIbHOMY 3aKOHY
pacnpenenenus ¢ mapamerpamu k =1, ¢,=0,50 u R1=0,40

OyHKIMSA
HOPMAJIBHOI'O
WurepBan| m 100m/n | Z100(m/n) pBaKOHa np (m-np)?np | /F.,-FI
pacnpeieeH st
0,148088 3 3 3 0,060699 6,069 1,552638583(0,030699
0,438903 16 16 19 0,153822 9,312 4,802771447/0,036178
0,729718 18 18 37 0,311564 15,77 0,314078302/0,058436
1,020533 19 19 56 0,51489 20,33 0,087341204| 0,04511
1,311348 18 18 74 0,714333 19,94| 0,189536258|0,025667
1,602163 14 14 88 0,863207 14,88 0,052897476|0,016793
1,892978 7 7 95 0,947769 8,456/ 0,25076435/0,002231
2,183793 3 3 98 0,984315 3,654 0,11725418/0,004315
2,474609 1 1 99 0,996331 1,202| 0,033816616|0,006331
2,765424 1 1 100 0,999336 0,300, 1,628341098/0,000664

B mepBeix cTonbiax tabmul onpeaesneHbl MHTEpBajibl TUcTOrpaMM. B rpade
100m/n mpuBeneHbl OTHOCUTEIbHBIC YacTOThl B %. HaKoIJICHHBIE YacTOTBHI Kak
MOCJIEI0BATEIbHBIE CYMMbBl OTHOCHUTEIIBHBIX YaCTOT PAaCCUUTAHbl B UYETBEPTOM
cronbre. OpauHaThl PYHKIIMM HOPMAJIBHOTO 3aKOHA PACIpe/IeNICeHUs PaCCUUTAHbI
B IISITOM cTOJ1011€. B rpade Np onpesaeneHo npousBeeHre IITUHBI psiia U Pa3HOCTH
MOCJICYIONIETO M TPEAIISCTBYIONMIET0 3HAaYeHWW (QYHKIMU pacrpeaeneHus. B
IpeanocaeHEM CTONOLE HalieHbl claraeMele kputepus — x°. W, HakoHern,
Pa3HOCTH SMIUPUYECKUX U TEOPETUUECKUX OpAWHAT (YHKIUU paclpenesICHUs
MIPUBEICHBI B MOCIeHEH rpade.

Takum 00pa3oM, 3HAYEHHs KPUTEPUEB %> KaK CyMMbI IPEANOCTIEIHHUX
cronbmoB coctaBuan 5,83 u 9,03, yro MeHbIIe TaOIMYHBIX 3HaueHnd 21,02 u
14,07. CormacHo KpuTepusiM B O0OMX CJIyyasix THIOTE3a O COOTBETCTBUU
CMOJICTTUPOBAHHBIX CIyYalHBIX BEJIWYMH HOPMAJIBHOMY 3aKOHY pacrpeieicHus
BEPOSATHOCTEH moATBepkAcHA. BMecte ¢ Tem coriacue BeIOOpKH aimuHOM N=1100
BBIIIE, YEM CMOJEIUPOBAHHOTO PSiJia C MEHBIIIUM YHCIIOM 3HAYEHUH.

[Ipu ucnonp3zoBanun Kputepus KoamMoroposa omnpeaeneHbl MaKCUMAaJIbHbIC
PACXOXKICHUSI MEXKIYy SMIUPUYECKUMU U TEOPETUYECKUMHU oOpJauHatamu. Jlis
BBIOOpKK aimuHOKM N=1100 onu cocraBuiam 0,00800, a mis psga ¢ KOJIMYECTBOM
sHauenuit 100 — 0,0584. YMHOXKHMB 3TH uMclIa Ha /N HOJYYAM SMITMPHUECKHE
kputepuu A, paBubie 0,265 u 0,584. OTu 3HaUYECHUS YCTYMAOT TaOIMYHOMY YUCITY
1,358 (tabmuma 2.3), COOTBETCTBYIOIIEMY VPOBHIO 3HAYUMOCTH  0=5%.
CnenoBatenbHo, 1o Kputeputo KoamoropoBa mnpuHHMAaeTcss THUIOTE3a O
COOTBETCTBUH MOJYUYEHHBIX JAHHBIX HOPMAJIbHOMY 3aKOHY pacIpeeieHHUs.

[Iponomkas TeMy MOJEIMPOBAHUS CBSI3HBIX BBIOOPOK C HCIOIb30BAHUEM
HOPMAJILHOTO 3aKOHA pacmpenesieHus, oOpaTUM BHHMAaHHME Ha HEOOXOAMMOCTb
onpeaeneHus] MOTPEIIHOCTeH CTATUCTUYECKHUX MapaMeTPOB MOJIETUPYEMBIX PSAJIOB
C IPUMEHEHUEM METOJIa CTATUCTUUECKUX HCTIBITAHUU.
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Ilpumep 2.7. ]Jlan 3akoH pacmpenesieHus B BUIE BEPOATHOCTHOW KpPUBOU
laycca ¢ mapamerpamu k=1 u ¢,=0,5. Hauansnoe 3nauenme Ki=1,12. IlepBbii
koahduirenT aprokoppesnsauuu cootserctByeT 0,40. CmoaenupoBath 11 BeIOOpOK
co 100 crmyuaiinpiMu BennuruHaMu. CpaBHUTH MOJIyYEHHBIE TTyTEM MOJCIUPOBAHUS
kod(durmenter ¢y, 1 R1 ¢ McxomHbiMu 3HadeHUsMHA. OTpeNenuTh CTaHIApPTHBIC
IOTPENIHOCTU TIapaMeTpoB k, C, M Ri, HMCHOIB3ys METOJ CTATHCTHYECKUX
WCTIBITAHUM, CPABHUB UX C TEOPETUUECKUMU 3HAUYCHUSIMU.

[To aHayioruu ¢ NpeapIIyIIUM IPUMEPOM cMoieupoBano 11 BeidGopok mo 100
3HAYEHMH C IPUMEHEHHEM HOPMAJIBLHOIO 3aKOHA PACIPENENICHHUs C TapaMeTpaMu k
=1, ¢~=0,5 u R1=0,40.

3ateM A KaxJAOW TMOJYYEHHOM BBIOOPKM pacCUMTaHbl CTAaTUCTUYECKHE
napaMeTphl k, C, 1 Ry, KoTopble npuBeneHsl B Tadauue 2.10.

Tabnuna 2.10 — Cratuctudeckue napameTpsl 11 cMOIETUPOBAHHBIX CBSI3HBIX
BbIOOpOK JynHOM 100 1 UX cTaHAAPTHBIE MOTPEIIHOCTH

Ne m.m. k p Cv R1

1 0,953 0,548 0,576 0,383

2 0,938 0,536 0,571 0,333

3 1,105 0,489 0,443 0,350

4 0,969 0,461 0,476 0,240

5 1,043 0,539 0,517 0,473

6 1,038 0,431 0,416 0,179

7 0,993 0,553 0,557 0,497

8 0,902 0,573 0,635 0,408

9 1,006 0,519 0,516 0,460

10 1,115 0,492 0,441 0,403

11 0,943 0,535 0,568 0,325

Cpennee 1,000 0,516 0,520 0,368
CrannaptHas

MOTPEITHOCTD 0,069 0,043 0,069 0,069
OTHOCHUTENLHAS

MOTPEITHOCTb, % 6,89 8,33 13,29 18,71

OTU mapamMeTpsl OnpeneseHbl METOJIOM MOMEHTOB TI0 opmynam (2.3), (2.4),
(2.9) u (2.29). Ilo monyueHHbiM psgam (2-12 CTPOKH) pacCUUTaHbI CPEIHUE
3HAYCHUS, WX CTAHJIAPTHBIC OTKIOHEHUS (CTAaHAAPTHHIE TMOTPENTHOCTH) U
OTHOCHTEJIbHBIC TMOTPENIHOCTH. B 3TOM ciydae wuCmob30BaHbl (Gopmynsl (2.3),
(2.4), (2.23) u (2.24).

CoryniacHO TOJIy4eHHBIM JIaHHBIM CpEIHHE MOJYJIbHbIE KOA(DPUIIUEHTHI
CMOJICIMPOBAHHBIX PANOB COBIAIM C 3aJaHHBIMU 3HAYCHUAMHU k =1. PacxoxmeHue
MEXAY MOJEJIbHBIM U TEOPETUYECKUM 3HAYEHUSMU KO3(PPUIIUEHTOB Cy COCTABUIIO
0,02. Ipyrumu clIOBaMH, CMOJEIMPOBAHHOE 3HAYEHHE IapamMeTpa paccesHus
OKa3aJIoCh BBIIIE, YeM 3aJlaHHOE B 3ajade. HamOombiiee oTimune HaOMIOMaeTCS
MEXIy OMIHUPUYECKUM W  TEOPETUYECKUM 3HAYCHHSIMHU  Koddduimenrta
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aBTokoppessiuuu, Ha ypoBHe 0,03. Ilpm 3TOM MOIEnpHOE 3HAYEHHE OKAa3al0Ch
MEHBIIIE 33JJAHHOTO.

OOpatuM BHHMaHHME Ha OTHOCHUTENbHBIE MOTPEUIHOCTH, HauOOJbIIEEe U3
KOTOpPBIX HMeeT KO3(POUIMEHT aBTOKOPPENSIMU, a HaWMEHbIIee — CpeaHee
3HaueHue. /[l cpaBHEHMsI TOJNIYYEHHBIX MOTPEHIHOCTEH C TEOPETUYECKUMHU
3HAQYCHUSMHM UCIOJIb30BaHbl (opmynsl (2.36) u (2.37). B mnepBom ciydae
OTHOCUTEJIbHASl TOTPEIIHOCTh CPENHEro 3HaueHus cocraBuwia 7,64%, a  Bo
BTOpOM — 7,60%, 9TO HECKOJIPKO BBIIIE 3HAYCHUM, MPUBEICHHBIX B Tabmuie 2.8.
Urto kacaeTcsi OTHOCUTENBHBIX MOTPENTHOCTENH KOA()(PHUITMEHTOB BapHaINK, TO OHH
paBubl 9,2 u 11,3%. DTH pe3ynbTarhl Jydllle TOTO, KOTOPBIN MOJy4YEeH B TaOIHUIlE
2.10. Y, HakoHeI, TeOpeTHUYECKOe 3HaYeHHE aOCOMIOTHOM MOTPEUTHOCTH MEPBOTO
ko3ddunrenta aBrokoppessiuu 1o (2.30) coctaBuwio 0,084. PaznenuB 3TOT
pesynmpbrar Ha R;=0,40 wm ymHOXkuB Ha 100%, ™OJYyYMM OTHOCUTEIHHYIO
norpemHocTsb 23,46%, kotopas nmoutu Ha 5% MpeBbIIIAECT 3HAYCHUE, IPUBEICHHOE
B TaOnure 2.10.

PestoMupysi mofydeHHbIE pPE3yJbTaTbl, MOXHO OTMETUThb, YTO METOJ
CTaTUCTUYECKUX  HCMBITAHUKW HUMEET OOoJIbIlIOE 3HAYEHUE TPU  OIICHKE
CTaTUCTHUYECKUX TapaMeTpoOB H HUX IMOTPEUIHOCTE M TOCTPOCHUH 3aKOHOB
pacripeesieHus: B YCIOBUIX HEJJOCTATOYHOCTH JJAHHBIX.

2.6 AJropurMbl HMHUTALMOHHOIO MOJEJUPOBAHNUS PeIKHX
COOBITHI

B pabote aBTopamu MmoHOTpaduu MpeasiokKEHbI ABa aJrOpUTMa ONpeIeTICHUs
YaCTOTHI TIOSIBJICHUS PEIKOTO COOBITUS C NMPUMEHEHHEM METOJIa CTATUCTUYECKUX
ucneiTannii (pucynku 2.7 u 2.8). Cremyer OTMETUTh, YTO OTH aJITOPUTMBI
NPUMEHHUMBI ISl PEOKHUX SIBIICHHM, SBISIIOIIMXCA ClaydalHbIMH. [Ipu 3TOM C© HX
IIOMOIIBKD OLICHUBACTCS PACCESIHUE 3HAYEHUM CIIyYalWHOM BEJIWYMHBI U UX
BEPOSTHOCTEH.

Ob6a anropuTMa OCHOBAaHBI Ha WCIOJB30BAHUM HEKOTOPOTO 3aKOHA
pacnpeneneHus  BEpOATHOCTEW, Kak  npaBwio, Ilupconma Il Tuma,
TpexmapaMeTpUYeCKOro CTEINEHHOr0 TaMMa-pacrpesesieHus, JJorapupmMuyecKku
HOPMaJILHOTO U ramma-pacrnpeaeneHus. [Ipu 3ToM u3BecTHA MPOAOJIKUTEIBHOCTD
Nepuoja  HEMPEBBIICHUS  PEIKOr0  COOBITHS C  Y4ETOM  HUCTOPHUUYECKHUX
ceuyerenbetB (N).

C nmoMol1IbI0 NICEBIOCTYYaAHBIX YHCE MHOTOKPATHO MOJEIUPYIOT BEIOOPKU
3HaYEHUI NpUPOIHOro siBieHus Yij. V3 HUX BbIOMparoT HauOOJIbLINE BEIMYUHBI U
COOTBETCTBYIOIINE UM OPAUHATHI YHKIIUU PACTIPEICTICHUS.

MonenupoBanne M uwucia BeIOOPOK mauHOM N TIO3BOMSIET MOMYyYUTH M
HanOOJIBIITUX 3HAYCHUN PEIIKOTO SIBIICHUS, MO KOTOPBIM CTPOAT (PYHKITUIO MEXKIY
3HAYEHUSIMU MMapaMeTpa U COOTBETCTBYIOIIUMHU UM BEpOATHOCTSIMU. 110 1aHHBIM O
(akTHUEeCKOM PEIKOM SIBIICHUHM COTJIACHO TIOJYYCHHOW CBSI3M HaWOOJBIINX
3HAYEHUN OMPEAESAIOT PACUETHYIO0 BEPOATHOCTh MPEBBIIIECHUS U €€ MOTPEIIHOCTh
JUIS 33/IaHHBIX YPOBHEN 3HAYUMOCTH.
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C Hauano >

h J

3akoH pacnpejencHus BepositHocter (3PB), N, m
v
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]
¥

max
DopmupoBaHUe psa v; H COOTBETCTBYIOLINX HM p);

¥

max .
[TocTpoenue 3aBHCUMOCTH YV, =[i(p;*)

¥

% )

PI/ICYHOK 2.7 — AJ'Il"OpI/ITM onpeacacHust BCPOHTHOCTeﬁ MMOSABJICHUS PEAKOIo siBJICHUSA B
pe3yjbTaTe MHOIOKPATHOI'0 MOACIUPOBAHUA HAKO0O0JIbIINX
3HAYEHUH PAa0B 3a I/ICTOpI/I‘leCKl/Iﬁ nepuon

B oriauune oT mepBoro aaroputrMa BO BTOPOM MHOTOKPAaTHO MOJIEJIHMPYETCS
PAI A0 MOSIBJICHUS 3HAUYECHMSI, KOTOPOE HE MEHbIIIE (PaKTUUECKOr0 PEKOTO SBICHHUS
(pucynox 2.8). [Ipu 3TOM OlLIEHHMBAETCsI BTOPOE 3HAYEHUE Psiia AJi UHTEPHOISAUNN
BEPOSITHOCTHU 1O (PaKTUYECKOMY MAaKCUMY MaKCUMYyMY.

OKCIIEpUMEHTBl MOBTOPSAKOTCA M pa3. B pe3ynbraTre omnpenensercs
BEPOSITHOCTD MPEBBIIICHUS, XapaKTEPU3YIOLIEr0 PEAKOE SIBJICHUE, U €€ paccesHuE.

Pa3paboTanHbple aJrOpUTMbl MPUMEHEHbl ISl OLIEHKHM HauOOJIBIINX
THJIPOJIOTUYECKMX  COOBITUM €  y4eTOM HCTOPUKO-apXMBHBIX JAHHBIX C
ucnons3oBanueM pacrnpenenenus [Iupcona lll tuna. Ilpu sTOoM cratnctuueckue
napaMeTpbl OMpeleieHbl C IMOMOIIBI0 METOJa MOMEHTOB M MPUOIHKEHHO
MaKCUMaJbHOTO mpaBaonoaoousi. B Tabmume 2.11 mpuBeseHB OCHOBHBIC
pe3yNbTaThl CTATUCTHUECKON OO0paOOTKM 3HAUYEHUU DPSIIOB MaKCMMAJIbHOTO CTOKA
JIOKIEBBIX TABOAKOB IIMHONH N (Q - cpelHee 3HAYEHME T'MAPOIOTHYECKOTO

pana, M%/c; ortHomeHue kod(pdumuenrta acummerpurm Cs um  Bapuamum Cy;
MaKCUMaJIbHOE 3HAYCHUE MHOTOJIETHETO Psia QM) ¢ y4eTOM HCTOPUKO-apXUBHBIX

nanabix  (N). Kpome Toro, paccuuTaHbl MapaMeTpbl SMmupuueckoit (P,) u
AQHAIUTUYECKOW BEPOSITHOCTEH TMOSBIEHUS COOBITHS B BHIE paclpeaciieHus
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[Tupcona Il Tuna (p;‘fM) [IpuBeneHbl UHTEPBANBI YACTOTHI MOSBICHUS PEIAKOTO
sBieHUsA. CTaTUCTUYECKUE MTapaMeTphbl HalIEHbI METOJOM MOMEHTOB.

( Hauano )

: ¥
MdakTHueckoe V" ™", sakoH pacnpesnenedus BeposTHOCTEN
(3PB), N, m
¥
e . ™~
_ ] 1..:3:, 1 D
o 1 N ™~
< i L;.F'ﬁ., 1 D

MojieiHpORaHHE ClyUalHBIX Yncen p; 1 y; 1o 3PB u
yenoBHEo y" " M2 <)y prsmectos
k.

Ouenka BTOPOI0 MAKCHMAIBEHOTO {MHHHMELTI]:HOI‘D} o

miax? forinl)

PaH;KHPY 3HAUCHHA pAja )
L

Onpejienenne BEPOATHOCTEH HENPEBBILICHUS PEAKOIO

L mar (min} mxd fmrinll , hakTugcroe

SIBJICHHA P; 110 V; H ) Ha OCHOBAHHH Y,

]
¥

DopmMuposanue pajaa p; (j=0, j=j+1)

J
¥

OneHka F; 110 YpOBHAM 3HaA'THMOCTH o) H oz

( Konerg )

Pucynok 2.8 — AsiropuT™ onpeiesieHUsi BEPOSTHOCTH MOSBJIEHHS PeIKOTO SIBJICHUST HA
OCHOBE MO/ACJMPOBAHUS NEPHOI0B NPEBHIIICHUSA (PAKTHYECKOT0 PEAKOro sIBJICHUS

CrnemyeT OTMETUTh, YTO B OTJIMYUE OT METOJa MOMEHTOB (MM) ¢ mOMOIIBIO
OLICHKH KOd(p(UIlMEHTa acCHMMMETPHUH C YYE€TOM TMEpPBOTO OTPUIIATEIHHOTO
HAYaJlbHOTO MOMEHTa U Kod(dduimeHnta Bapuamud MOXKHO  YCTPAaHUTH
OTpUIIATEILHYI0 CMEIEHHOCTh MmapameTrpa (tabmuma 2.11). Kpome Toro,
OTNpE/ENICHO OTHOIIEHHWE aCUMMETpUHU K KO3(h(UUMEHTY BapHalMd METOIOM
['puHeBMYa, YTO yaydlIaeT ero TOYHOCTb.
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Tabnuna 2.11 — CraTucTH4ecKHe apaMeTpbl psiIoB MAKCHMAJIBHOI0 CTOKA J0KIEeBbIX
NABO/IKOB € Y4€TOM HCTOPHUKO-aPXHBHBIX CBH/IETEJIHCTB H BEPOSITHOCTH IPOSIBJICHHSA
HAHO0O0JIBIINX IHAPOJIOTHYECKUX COOBITHI 1JIs1 peK AHrapckoro d6acceiina

F, - max wm | Paccesnue Cs/Cy o

Pexa (mynkr) KM? N e | G GG Qmax | P Pn pMM | T'puneBnuy A.T.

Upkyt 0,00224-

(FipxyTex) 14800| 134 |1360/0,45| 4,3 | 4800 [0,00741|0,00224 0.00440 4,3

Kuroit 0,00305-

(Kurroi) 8420 | 142|910 |0,50| 5,1 | 3610 {0,00699 |0,00306 0,00454 7,0

benast 0,00474-

(Mumeresia) 16400| 142 |1360/0,60| 4,9 | 6060 [0,00699 |0,00474 0.00597 7,0
0,00192-

Us (Tymyn) |14500( 142|980 |0,53| 5,5 | 4400 {0,00699|0,00192 0.0267 -
0,00306-

Vna (Ykap) [17200|1411870/0,56| 2,4 | 5900 [0,00704 |0,00694 -
0,00955

buproca 0,00475-

(BrprocHHCK 31800100 {1640(0,48| 2,2 | 4720 |0,00990|0,00475 0.00937 31

[loMuMO OIIEHKH BEPOATHOCTEH PEAKUX THAPOJIOTMUECKUX COOBITHIA
HEO0OXOJAMMO ONpPENETUTh UX paccesaHue. /st 3Toro Ucnonb30BaH MPEAJIOKEHHBINA
QJITOPUTM MOJECIUPOBAHMSI Bapualluy HAMOOJIBIINX MaKCUMAJIbHBIX PacX0J0B BOJIbI
M UX BEPOSATHOCTEH ¢ Mcmosib3oBaHrueM Metona Monte-Kapio (pucynok 2.8). Cythb
aNropuTMa 3aKJIr04YaeTcsl B MOJAEIUPOBAHUM C MTOMOILBIO IICEBAOCTYYalHbBIX YUCEI

BBIOOPOK 3HAYEHMH MaKCHMalbHOTO CTOKA Ha OCHOBE YCHOBHA (Qmax; = Qmax),

r1€ Qmay; - 3HAYCHHUE Psifia, COOTBETCTBYIOIICE 3aJaHHOMY 3aKOHY Paclpe/IeIICHHSL.
N3  mopenupyeMbix  BBIOOPOK — BBIJECISIOT  JBa  HAWOOJBIIMX  3HAYCHUS

Q;"n‘tggglj, ngggzj U COOTBETCTBYIOUIME UM Pij U P2j MO 33JaHHOMY 3aKOHY

pacnpenenenus. 11o 3TuM TaHHBIM pacCUUTHIBAIOTCS BEPOSITHOCTH Pj haKTHUECKOTrO
3HAYCHMSI mat. llpuBencHHBIE  HMHTEPBAJIbI  PAaCCeSHUS  BEPOSATHOCTEH
COOTBETCTBYIOT YpoBHAM 3Haunmoctu 0,1 u 0,9. IIpu 3TOM uncino MoaenupyemMbIx
BBEIOOPOK M cooTBeTCTBOBAIO epruoay N.

B 30He Manoil BEepOSTHOCTH HAWIy4lllee COOTBETCTBUE HAUOOJBIINX
MaKCHMAJIBHBIX PAacXOJ0B BOJIbI 32 UCTOPUYECKOE MPOIILIOE MOJTYUYEHO MO 3aKOHY
pacnpenenenuss Ilupcona lll Tuna, cratucThuueckue mapaMmMeTpbl KOTOPOTO
ONpeIeNICHbl METOJJOM MOMEHTOB.

NHuTtepBanbl BepossTHOCTEH HAMOOJIBIIMX PACXOI0B BOABI C YYETOM HCTOPUKO-
ApXMBHBIX CBUJICTEJILCTB MMEIOT MEHbBIIIEE 3HAYCHUE, YeM IPU MCIOJIb30BAHUU
pszia 3a IEPUOJT UHCTPYMEHTAJIBHBIX HAOIIOICHUM.

B pabGore mnokazano, yto HaumbOoJsiee OJaronpusTHBIM Isi (HOPMUPOBAHUS
JIO’KJIEBBIX TMAaBOJKOB B OacceliHe AHrapbl Obl1 1952 1., B KOTOpOM HaOr0IICS
HauOOJBIINN MaKCUMAJIbHBIN pacxo/ BOJIbI 3a nepuol He MeHee 142 rona Ha peke
benoit  (MumieneBka).  OueHeHbl  BEPOSTHOCTHM  BBICOKMX  IABOJIKOB,
HaOMIOAABIINXCS Ha pekax OacceitHa AHTapbl B TOJbI PEIKUX THAPOJIOTHYECCKUX
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cooprtuit: 1960 (p. buproca), 1971 (p. Upkyt), 1984 (p. Us), 1996 (p. Yna),
2001 (p. Kuroit).

Jlist omnpeneneHus BEpPOSATHOCTH THUAPOJIOTHYECKON CUTyallid Ha OCHOBHBIX
OpUTOKaX  AHrapbl  pPacCUMTHIBAIIMCh  YAaCTHBIE  BEPOSITHOCTH  BBICOKOTO
MaKCHUMaJIbHOTO CTOKa JOKJEBbIX MaBOJKOB, MMEBIIUX MECTO B TOJbl PEIKHX
TUAPOJIOTHYECKUX COOBITUH ¢ ucnosib3oBaHueM pactpeaenenus [Tupcona Il tuna.
CratucTuyueckue MapaMeTpbl ONPENSIsUIUCh METOAOM MOMEHTOB C YYE€TOM
HUCTOPUYECKUX CBUACTENIHCTB. COINIACHO BEPOSITHOCTH COBMEIICHHUSI YaCTHBIX
3HAYCHUHA TIPEBBINICHUS PEAKUX MaKCHUMaJIbHBIX PACXOJOB BOABI HAWMEHBIIICE
3HaY€HUE OKa3aJloCh JJIi THAPOJOTHYECKOM CHUTyalluM Ha  BOJOTOKax
paccMmatpuBaeMoro Bojocbopa B 1952 r. (p=0,378), a Haubomblee — s
naBoJIKOB, chopmupoBasmmxcs B 1996 r. (p = 0,999).

Takum 00pa3oMm, MO MOJYYEHHBIM CyMMapHBIM BEPOSTHOCTSIM WM JaHHBIM
MHJCKCOB CYMMAapHBIX pacxoJIoB BOJbI corjlacHo, 1952 r. Obul Haunbonee
OylaronpuATHBIM 711 (POPMHUPOBAHUS BBHICOKMX MAKCHUMAJbHBIX PAacXOJIOB BOJIBI B
JICTHUW TIEPUO/I.

CoryiiacHo METOJWKE TMPUBEACHBI PACUYEThl CTAHAAPTHBIX MOTPEITHOCTEN
KBaHTHJICH (MOIYJIbHBIX KOA(P(PHUIIMEHTOB MaKCHUMAJIbHBIX PAacX0J0B BOJbI K ¢
YU4ETOM HMCTOPUYECKHMX CBHETENLCTB) a1 mnepsoro (4720 m%/c) um Broporo
(3490 M%/c) HaMOOMBIIKMX IO BEIMYMHE MAKCHMAIIBHBIX PACXO0B BOJIBI Qmax; 1O
pacnpenenenuto Ilupcona III Ttuma nns p. buptoca (buprocuHck), KOTOpbie
coctabuwiu 10,5 wu 6,1%. CrangapTHas ommOKa TMEPBOTO IO BEJIMYUHE
MaKCHMaJIEHOTO pacxona Boasl coctasiseT 490 m%/c, a Broporo — 290 m*/c. Tlpu
ATOM TIOJyY€HBI BEPOATHOCTH ITHUX COOBITUH C OMPEICICHUEM CTAaTUCTHUECKUX
[IapaMeTPOB METOJIOM MOMEHTOB, KOTOpbIe cOOTBETCTBYIOT 0,00485 m 0,0275 nis
MIEPBOTO ¥ BTOPOTO O BEJIMUMHE MTABOJOYHOTO PACX0/1a BOJIBI.

Kpome Toro, ommbOka HaMOOJBIIET0 MAaKCHMAJIBHOTO pacxoja BOIBI
JOKJIEBBIX TABOJKOB ONpENeJieHA C HCMOJIb30BAaHUEM TIEPBOTO  aJITOPUTMA
(pucyHoxk 2.2), corjlacCHO KOTOPOMY CTaHJApTHOE OTKJIOHEHHE HaMOOJBIIETO
MaKCHUMAaJIbHOTO pacxofa BOAbI Ui pasnuyHbix M (25-1000) komeOiercss B
npenenax 640-730 m%/c (13,6-15,5%).

[To mpensioskeHHbIM anropuT™MaM (pUCYHKH 2.7 U 2.8) OCyIIECTBIEHA OLIEHKA
TPEX HAWOOJIBIINX TIO BEJIMYMHE JOXKICBBIX IMABOJIKOB, C(HOPMHUPOBABIIHMXCS Ha
p. Upkyt (Upkytck) (Tabmuipst 2.12 u 2.13). B xauecTBe BEPOATHOCTHOTO 3aKOHA
ucrnonb3oBaHo pacnpenenenue Ilupcona Il Tuma. Ilpu sTOoM crarucTUYecKue
napaMeTpsl psifia OTpeaesieHbl METOJIOM MOMEHTOB.

Ha ocHOBe TONyYeHHBIX pE3yNbTaTOB IO TIEPBOMY aJTrOPUTMYy C
YMCHBIIICHUEM 3HAYCHHS COOBITHS B PAH)XKHPOBAHHOM Py YMCHBIIIACTCS
paccestHHe €ero BEpOsITHOCTU p cornacHo koddduuuentam Bapuanuu C,. Ilpu
MOJICIUPOBAHUY TI0 BTOPOMY QJITOPUTMY HAOIOMAETCS CHIDKeHHE KO3 dUIIMEeHTa
BapHallii W HHTEpBajla PAacCEesIHUS p OTHOCUTENBHO (PaKTUUECKOTO 3HAYEHUS C
YMEHBIIICHUEM paHra COOBITHS. ACHUMMETPHUYHOCTH PSJIOB BEPOSITHOCTEH TIPH
MOJICIIUPOBAHUU TIO TEPBOMY M BTOPOMY aJITOPUTMY OTJIHYaeTcs Oojee ueM B
1,5 pa3za.
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Tabnuua 2.12 — Onenka pacnpeaeaeHuil BeposATHOCTel 1J1s1 TPeX HAu0O0JIbIIUX PacXoi0B
BOJIbI 10:KI€BbIX NaBOAKOB Ha p. UpkyT (UpKyTCK)

ngé% ’ p p op Cv Cs/Cy Po,0s Poos | Pasmax p

IIepBb1it anroput™

4800 0,00222 0,00773 |0,000564| 0,85 1,84 | 0,000830 | 0,0208 | 0,0389

3300 0,0181 0,0142 | 0,0102 | 0,72 1,58 0,00211 | 0,0370 | 0,0474

2780 0,0378 0,0237 | 0,0149 | 0,63 1,79 0,00682 | 0,0546 | 0,0739

Bropoii anroput™

4800 0,00222 0,00300 [0,000150| 0,58 3,79 0,00197 | 0,00746 | 0,00778

3300 0,0181 0,0182 |0,000887| 0,049 - 0,0178 | 0,0199 | 0,00494

2780 0,0378 0,0382 | 0,00132 | 0,034 - 0,0375 | 0,0409 | 0,0102

B Ttabmume 2.13 mnpuBeneHsl CTaHAApTHBIE OMIMOKKA MaKCHMAaJbHBIX
Pacxo/IoB BOJIbI, KOTOPBIE KoJieOmtoTcst OT 15 10 20% oTHOCUTENBHO (PAKTUUECKUX
Qmax- Koadbdumuentsr Bapmanuu He npeBbimaroT 0,18. [Ipu 3TOM MOXKHO
CPaBHUTBH CTEIICHb YMEHBIIECHMS PACCESIHUS Ul PACHpENeNICHU MaKCUMaJIbHBIX
Pacxo10B BOJBI.

Tabnuua 2.13 — Onenka pacnpeeaeHHil TpexX HAaNGOIbIINX MAKCUMAJIBHBIX PACX0/10B
A0KeBBbIX MaBoAKOB Ha p. UpkyT (MpKYTCK) 10 HepBOMY AJTOPUTMY

Fon | Omae | Qmae | 2 | oy | cycy | N | Qo e | TN
1971 | 4800 | 4178 | 74p | 048 | 49 | 3200 | 5212 3706
2001 | 3300 | 3667 | ggp | 018 | 67 | 2788 | 4778 3631
1917 | 2780 | 3221 | 449 | 014 | 45 | 2546 | 4050 2449

[IpennoxeHHsle B pas3ziene alrOpUTMbl MOTYT OBITh HCHOJIB30BaHbI IS
pa3nMYHbIX (QYHKOHHA pacrpenencHus. [IpuueM 4uCIO MOAETUPYEMBIX BBIOOPOK
MOXKHO HW3MEHATH JJs HaxOXICHHs yCTOWYMBOrO pemieHus. B mepBom
NpUOTMKEHUU YHCII0 BEIOOPOK MOKET COOTBETCTBOBATH HCTOPUUECKOMY MEPHOIY
HETPeBBIICHUsT 3Ha4deHusl peakoro sieneHus N. B momonHeHune k 3TOMy MeETOX
Momnre-Kapio mo3BONsSeT OIEHMBATh TOYHOCTh BEPOSTHOCTH TPEBBINICHUS
PEIKOro MPUPOTHOTO COOBITHSI.

Pa3zpaboTanHbie anropuTMbl IPUMEHUMBI TSI CIyYailHBIX U CIIa0OCBSI3HBIX
BbIOOpOK. [Ipu 3TOM 17151 moOciaenHUX HEOOXOAMMO YUYUTHIBATh BIMSHUE MEPBOTO
ko3 uIMEeHTa aBTOKOPPENSALMH Ha CTAaTUCTHYECKHE MapaMeTpbl (DyHKUUU
pacnpezenenus. [IpuBeneHHbIe anrOPUTMBI TPUMEHUMBI JII1 MHOTOJIETHUX PSAOB
MaKCHUMaJbHBIX PAaCXOJI0B BOJbl BECEHHETO IOJOBOIbS, TOXKIEBbIX MABOAKOB U
HauOOJBIINX CYTOYHBIX OCAKOB.
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11l KOMIIVIEKCBI IPOI'PAMM

1 ITPOI'PAMMHBIE KOMIVIEKCHI PEIHNIEHWS 3AJTAY
ITPOU3BOJACTBA IMTPOU3BOACTBEHHOMU ITPOAYKINU

1.1 3apaum NnporpaMMHBIX KOMILIEKCOB

Jns peuieHus 3anay YNpaBJICHUS arpapHbIM ITPOU3BOJICTBOM OYEBHIHA
HEOOXOJIUMOCTh MPUMEHEHUS COBPEMEHHBIX METOJI0B SKOHOMMKO-
MaTeMaTUYECKOT0 MOJCIUPOBAHUSI U MPOrPAMMHO-AIIAPATHBIX CPEACTB HUX
peanuzanuu. s npuHSATHS J1000r0 yHpaBIECHYECKOrO PEIICHUS B YCJIOBHUSX
HEOIPEEICHHOCTH U PUCKa HEOOXOJUMO MOCTOSIHHO JEpKaTh MOJ KOHTPOJIEM
pa3iMuHbIe  ACHEKThl  (PUHAHCOBO-XO3AUCTBEHHOW  JIEATEIBHOCTH, OYIb-TO:
TOPTOBJI, MPOU3BOACTBO WJIM TMPEACTABICHUS Kakux-ubo ycuyr. IlosTomy
COBPEMEHHBIM MOJAXOJA K YIPABICHUIO MPEANOIaracT BIIOXKEHUE CpPEICTB B
uH(GOpPMAIIMOHHbIE  TeXHOJIOTMH.  Peanmm3anmst  pa3paboOTaHHBIX  METOJIOB
MaTeMaTUYECKOr0 MOJEIUPOBAHUSA B BHUJI€ MPOTPAMMHBIX KOMILUIEKCOB SBISIETCA
MOIIIHBIM CPEJICTBOM BBIPAOOTKH CTpaTerMM M TAKTHUKU PA3BUTHSA arpapHOTO
NPEeAnpusTis, OOOCHOBAaHUS  YIPABICHYECKUX  PEIICHUH,  OCYIIECTBICHHUS
KOHTpPOJII HAJ WX BBIIOJHEHUEM, OLEHKU PE3yJbTaTOB JEATEIbHOCTH
CEJIbCKOXO3SIUCTBEHHBIX TPENNPUSATUH M €ro mojapaszjieneHuii. MHorooOpaszue
METOJIOB  DYKOHOMHUKO-MATEMaTUYECKOTO  MOJICTUPOBAHUS  MOApPa3yMeBacT
MHOTroo0Opasue IporpaMMHBIX CPEACTB UX pEeATU3alIUH.

B 3agavax ynpaBieHus arpapHbIM MPOU3BOJICTBOM MOKHO BBIJICJIUTH JIBa
BUJ1a S)KOHOMUKO-MaTeMaTUYECKUX MOJICTICH:

1. Mopaenu nporxosa.

2. OnTruMHU3aLIMOHHBIE MOJIEIH.

B mHactosiimee Bpemsi CymIeCTBYyeT OOJBINOE KOJIMYECTBO METOJOB
MIPOTHO3WPOBAHUS, HO YaIlleé BCETO MPH HMCCIEIOBAHUAX IMPOIIECCOB M OOBEKTOB,
MMEIOLIUX MPEIbICTOPUIO, HAMPUMEDP CEIbCKOXO3SIMICTBEHHBIE IOKAa3aTelH,
UCTIONB3YIOTCS  (hakTorpaduyeckue MeTOAbl (IPKCTPAOJIAINS, WHTEPIOJISIIHS,
TPEHJ-aHaJIU3). OTU METOJbl MO3BOJSIIOT OMNPEACNSITh CTPYKTYPY BPEMEHHBIX
PAIIOB, OLICHUBATH CTATUCTUYECKHUE MMAPAMETPbI, BBISIBIATH 3aKOHBI PacIpeIeICHUS
BEPOSTHOCTEH, BBIJCIATH TPEH/IbI, ONPEETSATh CBI3U MEXK]y XapaKTePUCTUKAMU U
T.1. JIOCTOMHCTBOM 3THX METOJIOB SIBISETCS TO, YTO OHU JOCTATOYHO IIOJHO
mpopadOTaHbl B TEOPETUUYECKOM IUIaHE U UMEET Haubosiee MOIIHOE MPOrpaMMHOE
obecrieyeHue, B KOTOPOE BXOIAT TaKHE€ W3BECTHBIC CICIUATU3UPOBAHHBIC
npuKiIagHeie nporpammel, kak PASW (SPSS Statistics), Statgraphics, Stadia, SAS
U TIaKeThl 00IIero Ha3HaueHus1, Takue kak Excel.

OnTuMuU3alMOHHbIE MOJENIH, B KOTOPBIX HCHOJb3yeTcs IiesieBas (QyHKIMS,
HallUTM [IAPOKOE MPUMEHEHHE MPHU PEUICHUM 3aJady MOJCIUPOBAHUS CTPYKTYPHI
CEJILCKOXO3SIMCTBEHHOT0 MPOM3BOJICTBA. Peanuzanust Mopeneil mporpaMMHBIMU
CpeICcTBaMH 3aBUCHUT OT XapaKTEPUCTUK HAOOpPOB JaHHBIX B Mojaelnsx. Habopsl
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JaHHBIX, BXOOAIIUEC B OIITUMHU3AIIUOHHBIC MOoacIn u ABJIAOIIIUECA
CEJIbCKOXO03SIMCTBEHHBIMHU MOKA3aTEISIMU MOKHO Pa3aCiINTb Ha TPH I'PYIIIILL.

K mepBoil rpynme OTHOCATCA HapaMeTpbl, MHOTOJIETHUE PSJbl KOTOPBIX
IMOJYUHAIOTCA 3adKOHaAM PpacCIIpCACICHHA BepOSITHOCTeﬁ. K HuM oTHOCSTCS:
YPOKaMHOCTH 3€pPHOBBIX, OBOIIEH M KapTOodess, KOPMOBBIX KYJIbTYp MPAKTHYECKH
BO BCCX IIPCANPUATHUAX.

I[JISI ITOH I'pynibl mIapaMCeTpoB IMPUMCHHUMBI 3aJa4l CTOXACTHYCCKOI'O
IMporpaMMupPOBaHMs. MOI[GJII/I CO CTOXAaCTHUYCCKMMHU IIapaMCTpaMu MOKHO
HUCII0Jb30BAaTh JJIA PpCLICHUA 3aaad, CBS3aHHBIX C OHTHMHSaHHeﬁ
CEJIBCKOXO03IUCTBEHHOTO Mpon3BoACTBA € Y4YCTOM IIPOABJICHUA OSKCTPCMAJIbHBIX
IMPpUPOIHBIX SIBJICHUH AJI1 palliOHAJIIBHOI'O MCIIOJIb30BAHHUA 3€MCIIbHBIX PECYPCOB C
LIEJIbIO OLIEHKH MOTEHIIHAa MPOJIOBOJILCTBEHHON MPOLYKIIUH.

Bo BTOpyr rpyniy BXOAAT IAapaMeTpPbl C HEONPEAEIECHHOCTBIO, JIA
KOTOPBIX 3aKOHBI PaCIIPCACIICHUA BGpOSITHOCTGfI Heus3BeCcTHbl. B »sToM clIy4dac
MOI'yT OBITh 3aldHbl MHTCPBAJIBHBIC OLCHKH IIAPpAMCTPOB - BCPXHUC M HHKHHUC
3HA4YCHUA.

TpCTBH I'pyIiiia CEJIbCKOXO3SIMCTBEHHBIX ITOKa3aTejiel XApPaKTCPHU3YCTCA
BBICOKOM CTENEHBIO OIIPpCACIICHHOCTH. ):[J'ISI OTUX IOKa3aTejieku XApaKTCPHLBI
SHAYUMBIC TPCHIAbI HIIKM HX HpCHG6p€)KHTeJII>HO MaJIOC pPaCCCAHBC OTHOCHUTCIIBHO
ycpellHeHHOfI BCJIMYKUHBI, 3aBUCHUMOCTDb MCKIY IMTapaMCTpaMHU. B paac CiiydacB IJIsd
CTaOWJIBHO Pa3BUBAIOIIMUXCA NPEINPUATHN HAOMIONAIOTCS 3HAUYUMbIE TPEHIbI U
HMCIKOT MCCTO XOpPOIIMEC 3aBUCHUMOCTH MCKAY pPa3IMYHBIMHA IIPOHU3BOJCTBCHHO-
DKOHOMHYECKUMH IOKa3zaTelasIiMu. B »Tom CiIydya€ MOXHO HCIIOJIB30BaTh 3aJdady
mapaMEeTpUiICCKOro mporpaMMupOBaHudg WINW AUHAMHWYCCKHUEC MOACIIN. OquHI[HO,
qTo HOI[O6HBI€ MOJCIIN B HauMEHBIIIEN CTEIICHU IMOABCPIKCHBI  BJIMAHUIO
CIy4ailHbIX (haKTOPOB.

Ha ocHoBanuu BBIACIICHHBIX I'PYIIII XaPAKTCPHUCTHUK MOXHO CACIIATh BBIBO/,
4qTo I/IH(I)OpMa]_II/IH A1 MOACIIHUPOBAHUA IIPOU3BOACTBA CEJILCKOXO03SIMCTBEHHOM
IPOAYKIIMK 00JagacT pa3IMYHOM CTEMEHbI0 ompeaeaeHHocTH. [loatomy s
pcain3annuu B IMpOrpaMMHBIX KOMIIJICKCAx OIITUMHU3ALIMOHHBIX MOI[GJIGﬁ
HCO6XOI[I/IMO HCIIO0JIb30BATh MCTO/IbI, YHHUTBIBAOIIUEC BCC PACCMOTPCHHBIC Ha60pBI
JAHHBIX.

[Iporpammuas peanuzaiiuss ONTHUMHU3ANMOHHBIX MOJENCH B OOJBIIUHCTBE
CJIy4aeB CBOJAMTCS K 3aJa4yaM JIMHEWHOIO IPOrPaMMUPOBAHUs U, TaK K€ Kak U I
MPOTHO3HBIX MOJICNICH, JOCTaTOYHO IIOJHO TMpopaboTaHa W peaJn30BaHa B
CIICHUAIN3UPOBAHHBIX IIaKke€Tax ¢" IIaKeTax O6IHCI‘O HA3HAYCHUA. KpOMe
BBIICYIIOMSHYTBIX IIAKCTOB HCIOJB3YIOTCA COBPEMCHHBIC IIAKCTbI, TAKHC KakK
SYSTAT TableCurve 2D v5.01, SYSTAT TableCurve 3D v4.0, DataFit 9.0, LabFit
v.7.2.43, MVR Composer.

HpOI‘paMMHHe KOMIUICKCBI PCHICHUA 3aJad IMPOU3BOACTBA PCAIUIYIOT
IMOCTABJICHHYIO B HHMX 3aJa4y IMPOTrHO3UPOBAHHA WM OINTHUMH3AIHNU ITOCPCIACTBOM
IMPCAJIOKCHHBIX MOI[eJIeI\/'I C pPa3HbBIMHU Ha60paMI/I JaHHBIX MW IPCACTABICHUCM
PE3YJIbTATOB MOACIIMPOBAHUA. HOC—)TOMy, B O6HIGM ClIyda€ B TaKMX KOMINIICKCAX
peanu3yroTCs CIIeAYONIUE 3a/1aUH:

o dbopmupoBaHre HAOOPOB JAHHBIX;
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o XpaHeHue HabOpOB TAHHBIX;

o peanu3anys MaTeMaTUYeCKUX Mojieliel TpeIMETHON 00J1acTH;

o aHau3 pe3yJIbTaTOB MO/JICJIMPOBAHUS u dbopmupoBaHue
pexomenpanmi s JINP;

o CO3/IaHKE APYKECTBEHHOTO MOJIb30BATEILCKOTO HHTEp(eiica.

CTpykTypHas cxema TaKuX IMPOTPAMMHBIX KOMILJIEKCOB IPEJCTaBIE€HA Ha
pucynke 1.1

B OonpmivHCTBE cioyyaeB MpOrpaMMHBIE KOMIUIEKCHl pEHICHMs 3ajad
CEJIbCKOXO035ICTBEHHOTO POU3BOJICTBA peanusyorcs B BUJIE
CHELMAIM3UPOBAHHBIX MHPOpPMAIMOHHBIX cucteM. OOblyHO B Takux MC
pean3yI0TCs OCHOBHBIC 3a/1ayH, MPEIBIBISIEMbIE K MPOrPaMMHBIM KOMILIEKCaM
YIpaBIEHUS CETBCKOXO3AMCTBEHHBIM MTPOM3BOJCTBOM, HO B TO K€ BpeMsi, Kaxxaas
W3 HUX MPEAHa3HAuCHa IS PEIICHHs TOCTaTOYHO CIePUUECKOH 3a1auu.

B 3aBucuMocTH OT npenMeTHOM 001acTi HH()OPMAIIMOHHBIE CUCTEMBI MOTYT
OUYEHb CHJIBHO pa3NUYaThbCs MO CBOUM (YHKIUSAM, apXUTEKType, peaan3aliu.
OnHaKo MOXKHO BBIJICIUTD PSi/i CBOMCTB, KOTOPBIE SIBISIFOTCS] OOIIUMU.

Bo-niepBpix, uH(MOpMalMOHHBIE CHUCTEMBI TpeJHA3HAYECHBI s coopa,
XpaHeHus: U o0paboTku uHpopmanuu. IlosToMy B oCHOBE 1000 M3 HUX JIEKUT
cpelia XpaHeHHs U JOCTYTa K JaHHBIM.

WHTepdenc nonb3oBartens

OpMUpPOBaHNe
Ha6opos XpaHunuue

[aHHbIX AaHHBIX MopenuposaHue AHanns n

pekoMeHaaLum

Mporpammuas
peanusauus PekomeHnpauum
Mozaenen

44

[MporpaMmHbIn MHTEpPdENC

Pucynok 1.1 - CtpykTypHas cxema nporpaMMHOT0 KOMILIEKCa

Bo-BTOpBIX, MH(pOpPMAIIMOHHBIE CHCTEMbl OPHUEHTUPYIOTCSI HA KOHEYHOTO
II0JIb30BATEIs], HE 00JIaJatoIero BbICOKON KBamu(uKanue B 001acT IPUMEHEHUE
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BBIYUCIUTENbHON TEXHUKH. [109TOMY KIMEHTCKHE MPUI0KEHUST HHPOPMAIIMOHHOM
CUCTEMBl JIOJDKHBI 00JIagaTh MpPOCTBIM, YIAOOHBIM, JIETKO OCBauBacMbIM
uHTep(dericoM, KOTOPBIH MPEAOCTaBISET KOHEYHOMY IIOJIB30BaTENI0  BCE
HEOOXOAUMBIE 1)1 pabOThl (PYHKIIMU, HO B TO XK€ BPEMsI HE Ja€T €EMY BO3MOXHOCTh
BBINOJIHATH KaKue-JIN0O JUIIHUE AEUCTBHUSL.

B-Tperbux, nMH(OpPMALIMOHHBIE CUCTEMBI JIOJDKHBI 00Ja/laTh JOCTATOYHBIM
HaObopoM 1mpoueayp U (QYHKUMH peanu3alud METOJOB MaTeMaTHYeCKOIo
MozaenupoBanus. C HMX MNOMONIBIO pEIIAKOTCS Kak 3a7a4yd  IpOrHo3a M
ONTUMU3ALMHN, TaK W BBIJAYU YIPABJICHYECKUX PELICHHWM JIMIAM MPUHAMAIOIINM

perieHus.

B cBs3u ¢ 3THUM, MOXXHO BBIIEIUTH TPH Kjacca MPOTPAMMHBIX CPEACTB,
HCITOJTh3yEMBIX B UH(OPMAITMOHHBIX cUcTeMax YIIPaBJICHUS
CETBCKOXO3SUCTBEHHBIM TIPOU3BOICTBOM:

1. Cucrembl ympaBieHus 0a3aMM JIaHHBIX, pelIalollve 3aaadd cOopa,
00paboTKM U XpaHeHUs1 HH(OPMAITUH.

2.  IlporpaMMHbIE KOMIUIEKCHI M OT/AEJIbHBIC MPOTPAMMBbI, PEAIU3YIOIINE
METOJIbl MAaTEMATUYECKOTO MOJICTIUPOBAHUSI.

3.  S3plku W cpencTBa NIPOrpPaMMHUPOBAHMS, PEATU3YIONMIUE 3aJaud

CO3AaHuA IIOJIB30BATCIIBCKOI'O MW IIPOIrpaMMHOIO I/IHTep(i)ef/'Ica n CO3JaHuA
ImporpamMm, pCaJiM3yromux OTACIAbHBIC MCTOAbI MAaTCMATHYCCKOI'O MOACIIMPOBAHUA.

1.2 TIporpaMMHBbIe KOMILIEKCHI peaju3alui NPUKJIAAHBIX 32124

1.2.1 TIporpaMmMHbIii KoMILIeKC «PernoHaIbHbII arponpoMbIiiIeHHbII
KJIacTep»

O¢dPexTUBHOCTh  B3aUMOJEHUCTBUSL  YYaCTHUKOB  arpONpPOMBIIIIIEHHOTO
KJIacTepa 3aBUCUT OT OIEPAaTUBHOTO aHAJINW3a YKOHOMUYECKOM CUTyalluu U BbIOOpa
ONTHMAJIBHOIO BapuaHTa M3 MHOXKECTBA ajbTepHATHB. PerieHue mogoOHBIX 3a7a4
BO3MOYHO C UCIIOJIb30BAaHUEM METOJ0B MAaTEMaTUYECKOr0 MOJEIUPOBAHHSL.

B pamkax BBIIEIEHHBIX arpoNpOMBIIIJIEHHBIX KJIACTEPOB PETMOHA CO3/IaHbI
MOJIETH, YYUTHIBAIOIINE OCOOEHHOCTU TEPPUTOPHUI, HA KOTOPBIX MPOUCXOIUT UX
HesTeNbHOCTh.  Mogenu  ONTUMHU3AIMK  B3aUMOJICHCTBHUS YYaCTHUKOB
arpoNpOMBIIIICHHBIX KJIACTEPOB OMHCHIBAIOT MIPOU3BOICTBO
CEJIbCKOXO3SIMCTBEHHOW IPOAYKLIUMU, OCYILECTBIAEMOE TpeMs KaTEeropusiMu
OpEeaIpUATUN, TepepabOTKy M peau3alyio C YYETOM pacIoiaraéMbIX PECYpCOB.
[ToMmuMo 3TOro, cO3JaHHBIE MOJIETM YYHUTHIBAIOT MPUPOJHBIE YCIOBUS H
CHELMAIN3ALMI0 MYHULUNAIBHBIX pPaillOHOB, MOLIHOCTH IepepadaThIBAIOLINX
MPEANPUATHNA, LIECHOBYIO NOJIUTUKY, IMPOU3BOJCTBEHHBIE U TPYIOBBIE PECYPCHI U
T.I1.

Kpome omucanusi mpous3BojaCTBa, IMepepabOTKM U cObITa MNPOAYKLHHU, B
MOJIETT BKJIIOUEHBI OTPAHUYEHHS] MO O00beMaM KalWTaJIOBJIOKEHUN W Pa3BUTHUIO
UHQPACTPYKTYphl,  yYUTHIBAIOIIME  ydacTUe  JAPYrUX  OpraHu3auudidi B
arpONpPOMBIIIEHHOM KJIaCTEpE.
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Takum o00pa3oM, MOAENU ONTHUMM3AIMH B3aHUMOICHCTBHUS yYaCTHUKOB
KJIacTepa SIBJSIIOTCA CJIOKHBIMH, MHOTOOJIOYHBIMU, MHOTOIEIEBBIMHU, BKIIOYAIOT
00JbIIOE KOJMYECTBO IEPEMEHHbIX M orpaHuueHuid. Kpome toro, mpouecc
COo3aHusi  Mojened  SABISeTCSs  TPYAOEMKUM,  TpeOyroumMm  OOJIbIION
OpeIBapUTENbHON PadOTHl MO MOATOTOBKE HH(POpPMAIMHM, K KOTOPOU OTHOCATCS
CIIPAaBOYHO-HOPMATUBHBIE  MaTEpUaibl, 3HAYEHUS  MHOTOJETHHUX  PSJIOB
AKOHOMUYECKUX U MPOU3BOJICTBEHHBIX MMApaMeTPOB, reorpaduyecKkue KOOpUHATHI
0OBEKTOB.

YuutbiBas  CIOXHOCTh  MPOBOJUMBIX  HCCIEAOBAHUW,  pa3paboTaHO
porpaMMHOE O00eCreueHrne ONTUMHU3AIUN B3aUMOJICHCTBHUS MEXKAY y4aCTHUKAMU
arpompoOMBIIINIEHHBIX ~ KJIAcTEPOB, TMO3BOJsAOmMee  (GOpMYyIUpOBaTh  3a7adu
MaTeMaTU4YECKOTO  IMPOTPAMMHUPOBAHUSA,  ONHCHIBAIOIIME  B3aUMOJCHCTBHE
YYaCTHUKOB KJIACTEPOB U pEIIaTh UX.

IIporpaMMHBIN KOMIUIEKC «PerMoHanbHbIA arpONpPOMBIIUIEHHBIA KIIACTEP»
(puc. 1.2) mnpemHazHaueH IS YNPABICHYECKOrO MEpCOHANAa MPEANPUATHNA U
MYHUIIUTIATBHBIX pailoHOB MpkyTckoil 00nacT M permoHa, KOTOPBIE COTJIACHO
MHOKECTBY BapUMaHTOB PEIICHUS 33Ja4 MAaTeMaTUYECKOTO MPOTPaMMHUPOBAHUS C
Y4E€TOM pe3ylbTaTOB KJIACTEPU3AIlMU, BHIOMPAIOT HAWIYYIIYIO CTPATErHiO IO
OIpEICIEHHOMY KPUTEPHUIO ONTUMaIbHOCTU. OCHOBHOM (PyHKLIMENH MPOrpaMMHOIO
KOMILIEKCA SIBJIAETCS MOJEIUPOBAHUE B3aUMOJICHCTBUSI TOBAPOIIPOU3BOUTEIEH HA
OCHOBE  MPUMEHEHHsS  METONOB  MAaTeMaTU4YECKOro  IMPOrpaMMHUPOBAHUS,
KJIaCTE€pU3aLNH, TEOPUU BEPOSITHOCTEU U MATEMAaTUUECKON CTAaTUCTHUKH.

Kommnieke peanuzoBan B cpene VBA, koTopas mO3BOISET CO31aBaTh
BBITIOJTHSIEMBbIE MOAYJH OlepanuoHHoi cucteMbl Windows, He TpeOyromue
JOTIOJTHUTENBHBIX OWMONMMOTEK; OOecTIeunBacT BO3MOXKHOCTh pPadOTHI ¢ Oa3zaMu
JAHHBIX PAa3JIMYHBIX THUIIOB M OBICTPYIO BHU3YyallbHYIO pa3paboOTKy uHTepderica
IOJIB30BATEIIS.
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Pucynok 1.2 - OxkHO nporpaMMHOro KomIuiekca «PeruonanbHbIN
arpoONpPOMBIIUIEHHBII KJIacTep»
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Jlst pkyTckoil 00J1acTH BBIIENIEHO 7 KIAcTEpOB, B TOM YHUCJE 3€PHOBHIC,
MSICHBIE U MOJIOYHBIE, JUISl KaXJOTO M3 KOTOPBIX IMOCTPOEHBI U pPEan30BaHbI
mozaenu. Pa3paborana W  3amonHeHa 0a3a  JaHHBIX ~ CBEACHUSIMU O
MIPOU3BOICTBEHHOM ACATEIBHOCTH MYHUIIMITAJIBHBIX pailoHOB MpKyTCcKoii 001acTH.
[IporpaMMHBIN KOMIUIEKC MOXET MCIIOJIB30BATHCS U1 MOJCIUPOBAHUS KIIACTEPOB
B PA3JIMYHBIX PETUOHAX CTPAHBI.

[IporpamMMHBII KOMITJIEKC pa30UT Ha JBa MOJYJIS: BBIJCICHHUE KIACTEPOB U
ONTUMU3ALMs B3aMMOJICUCTBUS YYACTHUKOB B IOJYYCHHBIX Kiacrepax. [lepsriii
MOJIyJIb BBITIOJHSET cleayionie GpyHkuuu: 3anpoc uHbopMauu u3 0a3bl JaHHBIX
JUISL BBIACJIEHUS arpoNPOMBIIUIEHHBIX KIIACTEPOB; KOHTPOJIb BBOJA JAHHBIX;
3aJlaHue KpUTEpHs W BBIOOp METOAa KIACTEpU3AIMH; OMPEICIICHHE KIacTepOB
(pucynok 1.3).
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Pucynok 1.3 - Moaynb BbIIEICHUS KIACTEPOB

Bropoit Momynp pemiaer  3agayd  ONTHUMHU3AUMM  B3aUMOJACHCTBUSA
MPOU3BOACTBEHHBIX XO3SMCTB PA3JIMYHBIX KAaTeTOpUil H TepepadaThIBAIONINX
OpEeanpUsTA, € JETEPMUHUPOBAHHBIMU, WHTEPBAIBHBIMH W  CIIyYalHBIMU
napamMeTpamH.

1.2.2 TIlporpamMmmHblii KoMILIEKC «3acyxa»

Pa3paboTtanublii crienuanu3upoBaHHBIA MPOrPaMMHBIN KOMILIEKC «3acyxa
IIPEANOIIAraeT peuieHue CICAYINX 3a1a4:

o OLICHMBAaTh CTAaTUCTUYECKUE IApaMETPhl MHOTOJIETHUX  PSAJOB
YPOKANHOCTH CEIIbCKOXO3AMCTBEHHBIX KYJIbTYP;
o ONPENENIATh 3aBUCUMOCTH MEXAY XapaKTepUCTHUKAMH 3acyX H

MPUPOJIHBIMU (paKTOpPaAMU,
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o OLICHMBAaTh OYEHb CHJIbHBIE 3aCyXH (KaTacTpO(PUUECKHE 3acCyXH) C
MOMOILbIO  AJITOPUTMOB ~ WMMHUTALIMOHHOTO  MOJICTUPOBAHMS  HAa  OCHOBE
IPOCTPAHCTBEHHO-BPEMEHHBIX JAHHBIX O 3aCYIUIUBBIX SBICHUSIX,

o pemiarhb pazIuyHbIC BapUAHTHI 3aj1a4y MaTEeMaTU4YeCKOro
MPOrpaMMUPOBAHUSI C YYE€TOM OJHOTO MM HECKOJBKUX SKCTPEMAIBHBIX
IIPUPOJIHBIX SBJICHUM.

Takum  00pa3oMm, MPOrpaMMHBIA  KOMIUIEKC TO3BOJSET  OLIEHUBATh
CTaTUCTUYECKUE MapaMeTpbl MHOTOJETHUX PSJIOB YpPOXKAHOCTH, BBIIEIATH
3aCyILIUBbIE TOJbl HAa OCHOBAaHMM KpPUTEpHs TEpexoja 3HAUCHHUS B COOBITHE,
MOJIEIUPOBaTh 3aCyXy C TIOMOIIBIO BEpPOSTHOCTHBIX, HMHTAIIMOHHBIX U
MHOTO(AKTOPHBIX ~ MOJENICH, ONpeNessITh PpPa3IUYHbIe CTOPOHBI  BIUSHUS
OPUPOJIHBIX CTUXUH Ha arpornpoOMBIIUIEHHOE HPOU3BOACTBO, ONTUMHU3UPOBATH
IPOU3BOJICTBEHHBIE MPOLECCHl ¢ YYETOM OJHOIO WJIM HECKOJIbKHMX IPHUPOIHBIX
COOBITHH.

OyHKIMOHAIbHAS MOJENb KOMIUIEKCA mpenacTaBieHa Ha pucyHke 1.4. Ha
HEW IIO0Ka3aHO, YTO BXOJHBIMU JAHHBIMHU SBJISIOTCS: CHUCTEMAaTU3WPOBAaHHBIE
JAHHBIE MHOTOJIETHUX PS/IOB YPOKaWHOCTH 3E€PHOBBIX MO MYHHUIIMIAIbHBIM
oOpazoBanusiMm  HMpkyrckoii  oOjacth  3a  IEpUOA 1982-2009  rr.,
TUAPOMETEOPOJIOTMYECKUE  JIaHHBIE, KOTOpbIE BKIIOYAIOT HWH(OpMAIUIO O
MECSIYHBIX OCaJIKaxX 3a BETE€TAlMOHHBIA MEPUOM, CPEAHEU MECSYHOM TeMIepaType,
qyucie aAHel 0e3/107KAeBOT0 Meproa 3a MpoMexXKyTok Bpemeru 1977-2008 rr.

USED AT [AUTHOR: BawykesudEB. DATE: 03.09.2010 .WORKING READER DATE [COMTEXT:
PROJECT: MpomamtHeIA KoMIneke REY. 14.09.2010 DRAFT TOP
RECOMWENDED
MOTES: 1 234567845810 PLBLICATION

MeTope! 1
MO0 K
OLEHKE A NTOEHTME!
FHEYUEHMA W
CoBbITHR

BiepoaTHOCTHEIE M

MHO NONETHHE pagE! MHOTODEKTORHEIE MOAENM
YROHARHOCTH W3MEHUMBOCTM 38CYX
SEPHOBEIX

MO EMpO BEHME 380YX
M ONTHMMIELAA 8TPERHOM
NPOMZEOACTES C YUETOM

ONTHMANEHEIR NIEH NPOM3EDLCT BA
CENBCKDE0EARCT BEHHOR MEI0LYELKA G

MHOTOMEPHAT PACTRERENEHHA 53{3HHOI BEPOATHOCTER NPEEEIIEHIA
MEMPOAHEL COBBITHIA

» NPHPOSHEL: COGEITHRA -

Magpo-
METEORONDMHECKME
AaHHbIE

MK "3acyxa" Mone30EaTENE KanneoTep

MODE: TITLE: WofenMpoOEaHHE 33CYH W ONTHMKZAUMA arpapHoro NUMBER:
A0 NPOMZE0ACTEA C Y4ETOM MHOMOMEPHOTO PAchpegeneHia

M0 O HEL cofemui

Pucynok 1.4 - ®yHkuuoHanbHas MOJENb KOMILIEKca «3acyxa
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BbIXOAHBIMU JTaHHBIMHU SIBJISIFOTCSI: BEPOATHOCTHBIE M MHOTO(AKTOpPHBIE
MOJENN W3MEHYMBOCTH 3aCyX M ONTUMAJbHBIA  IUIaH IIPOU3BOJICTBA
CEJIbCKOXO3SIMCTBEHHOW MPOAYKUWHU C 3aJaHHOW BEPOATHOCTBHIO IPEBBIICHUS
IPUPOAHBIX COOBITHIA.

VYrpasinsioliee BO3JCHCTBHE OKa3bIBAIOT: METOABl U MOAXOIbI K OILIEHKE
3HAUYEHUH W COOBITHH, anropuTMbl. MexaHu3MaMu JJid BBIIOJHEHHS Mpoliecca
SABJISIFOTCS TIOJIB30BATEIb, KOMIIBIOTEP U MPOrPAMMHBINA KOMILIEKC «3acyXay.

OcHoBHas PyHKIHS IEKOMITO3UpOBaHa Ha 6 moadyHKIMi: «BBOI HCXOTHBIX
naHHbeIX», «llocTpoeHne TrpaduKOB XPOHOJIOTMYECKUX IOCIEI0BATEIbHOCTEM
YPOKaMHOCTH 3€PHOBBIX», «Pacyer CTaTUCTUYECKUX IapaMeTPOB U IMOCTPOCHUE
3aKOHOB pacrnpe/ieNieHus] BeposiTHOCTeln», «Co3nanue MHOTO(aKTOPHBIX MOJIETIEH,
«/IMATaLIMOHHOE MOJENMPOBAHME OYEHb CWIBHBIX 3acyx» Hu «Co3naHue
ONITUMU3AIMOHHBIX MoJienei» (pucyHok 1.5) .

[lpu 3arpy3ke mporpaMMHOro KoMmIuiekca «3acyxa» (pucyHok 1.6.)
NOSIBJIACTCS. TMAJIONOBOE OKHO, B KOTOPOM IIEPEYUCIIEHBl BCE MYHULUIIAIBHBIC
oOpazoBanust Hpkyrckoil o6nactu. C NOMOIIBIO 3JEKTPOHHOW KapThl U
KOCMOCHHMMKOB JE€MOHCTPUPYIOTCS TEPPUTOPUU HUIIU 30HBI, U1 KOTOPBIX pElIaeTCs
3a1a4a.

USED AT |AUTHOR: Bawykeswkd EB. DATE 05.10.20M0 .WORKING READER DATE [COMTERT:
PRCUJECT: MpomanhiHeIi Konrness REV: 13102010 DRAFT
RECOMMENDED [ |
MOTES: 1 2345678910 PLUBLICATICN &0
MeTogkl 1
NORXORE! ANropMTME!
MHOrORETHWE - ROVERES
EL Mromarmo | cotommi
: 2 W coGBITHA
YROKEMHOCTHY L L :‘_\ Mpaguki -
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——— | HONOAHEX i
AaHHEy 2

—_—

Tgpo-
METEOROND MHECKHE
EHHEIE

Pacuet ¥
CTATHCTHUREKHY, 2
N3PaMETPOE W NOCTRORKKE f Coxpanne B
3ENOHOE MHOOHENTOPHE -
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EpoATHOCTER

BepoaTHOCTHEIE W
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1 JACYX

HMKTaLMOHHDE
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S | | cnTHMMEELMOHHED D
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NTHMANEHEIR MNEH
NPOM3BOLCTER
CEMBCKOX03 ARCT BEHHON
MPOAYKLMM © 335aHHOIA
BEPOATHOCTED
MPEE bl WEHMA

T MEMPOAHEL COBETMR
T MNonesoesTens KomnbioTep T MK "3acya"
MODE: TITLE: MoAENMPOBAHHE 2ACYH W ONTUMU3ALMA arpapHOrD MUMBER:
Al NPOMEEQACTES C YMETOM MHOTOME[HON PacnpelensHua
OnunnnHey cofiTui

Pucynok 1.5 - Jlekommnosuiiust ocHoBHOM (pyHkinu 1K «3acyxa»

[Ipu BbIAENEHUU TOrO WM WHOTO paliOHa Ha HKpaHe OTOOpa)kaeTcsl psin
YPOXAaHHOCTH CEJIbCKOXO3SIMCTBEHHBIX KyJabTyp 3a 1989-2009 rr. um ero
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CTaTUCTUUYECKUE IapaMeTpbl: cpeiHee 3HaueHue (X)), Ko3(p(UUUEeHT Bapualuu
(Cv), xosp¢umment acummerpun (Cs), otHomenue (Cs/C,), MHHHUMAaNBHOE,
MaKCUMaJIbHO€ U KPUTHYECKOE 3HaueHHe (Xx) YypOKallHOCTHU Ha OCHOBAHHHU
PEIJI0KEHHOTO KPUTEPHSI, ONIPENIETISIOTCS CTaHJaPTHBIEC OIIUOKN MEPEUnCIECHHBIX
CTATUCTUYECKUX MapamMeTpoB. BMecte ¢ TeM mporpaMMHBIN KOMIUJIEKC MO3BOJISIET
OCYUIECTBJISATh ABTOKOPPEISAIMOHHBIA aHAIM3 JJIsi OLICHKHM 3HAYUMOCTH IEPBOTO
koaddunrenta aptokoppensiuu (r1). Ilpu SToM OllEHMBAIOTCA CTaHIAPTHBIC
omnOku kodduimenTo aBTokoppensiuu. [lpu ri> 0,70 monbp3oBaTenb MOXKET
MOJIyYNUTh aBTOPETPECCHOHHOE ypaBHEHHE, KOTOPOE IMO3BOJUT MPOTHO3UPOBATH
YpOXalHOCTh 3€pHOBBIX. Ecnu psig mpeactaBisieT coOOW ClydallHyIO BBIOOPKY
(0<r;<0,3), Torga Ha OCHOBAaHMM KpHUTepHeB corynacus x> um Konmoroposa-
CMUpHOBa OIICHMBACTCS 3aKOH pACHpPEICNICHUsS BEPOSTHOCTEH: HOPMAIbHBIM,
JorapuMUUECKd HOPMaJIbHBIA U TaMMa-pacrpeieeHue.

FEEPE

Pucynox 1.6 - Uatepdeiic I1K «3acyxa»

[Tomumo »sTOrO mTporpamMmMHOE OOECTeueHHE TO3BOJIICT HCXOTHBIC
MHOTOJIESTHUE PSABl YPOKANHOCTH 3€PHOBBIX OTOOpakaTh B BHJAE TPadUKOB HX
JTMHAMHKY 32 UCCIIEAYEMBIN MEPUO/I TI0 3aJaHHOMY paioHYy.

[IpuMeHeHre TPOTPaMMHOTO KOMIUIEKCA JaeT BO3MOXKHOCTh OIICHHWBAThH
3aCyIIIMBbIE COOBITUST M WX 3HaueHWs. Ha OCHOBaHMM METOAMKH OIEHKU
M3MEHYMBOCTH 3aCyXH KaK MPUPOTHOTO COOBITHUS JJISi HEOJHOPOJHBIX MPUPOIHO-
KIMMaTHYECKUX TEPPUTOPUN M3 MHOTOJIETHETO psJia 3HAUCHUN 3€PHOBBIX KYJIbTYP
bopMHUpYIOTCS PSAOBI COOBITUI W TOABI, B KOTOPOM OHHU HaOmomamuch. [lo
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BBIJICJICHHBIM TOJIaM  OMPEIEISIIOTCS HauOoJiee CYIIECTBEHHBIE TPUPOIHBIC
(dakTophl, OKa3bIBAIOIICEC BIMSIHHEC HAa 3acyXy. BmecTe ¢ TeM NpUMCEHEHUE
MHOTO()AaKTOPHBIX MOJICIICH M aJlfTOPUTMa HMHTAIIMOHHOTO MOJCIIUPOBAHUS OIICHKH
OYCHb CHJIBHBIX 3aCyX M OINPEACIIAIONUX UX (DAKTOPOB IMO3BOJIICT MOJCIHPOBATH
ypOKaHOCTH 3€PHOBBIX KYJIBTY].

OTanyuTeIbHONM  OCOOCHHOCTBIO M JIOCTOMHCTBOM  pa3pabOTaHHOIO
IIPOrPaMMHOTO KOMITIEKCA SBJISCTCS BO3MOXKHOCTD €r0 IMPUMEHCHHMSI TIPH PEIICHUN
3alad  MaTeMaTHYEeCKOTO MPOTPAaMMHUPOBAHUS JIsi TUIAHUPOBAHUS arpapHOTO
MIPOU3BOJICTBA B YCIOBHUSAX IMPOSIBICHUS OJHOTO WJIM HECKOIBKUX IKCTPEMaIbHBIX
MPUPOJHBIX SBJICHWW. 3HAYEHUS M TMapaMeTPhl, HCIIOJBb3yeMble B 3ajadax
ONTHMH3AIINN, BBIYUCISIOTCS C MPUMEHEHHEM METOOB, alTOPUTMOB U METOIMK
BHYTPH IIPOTPAaMMHOTO KOMIIIEKCA, a 3aTeM IKCIIOPTUPYIOTCS B MpuioxkeHne MS
Excel. B nmomomHeHMe K 3TOMY pealM30BaHbl AJTOPUTMBI HUMHUTAIIHOHHOTO
MOJICTUPOBAHUS  OYEHb CHJIBHBIX 3aCyX C  y4ETOM n 0e3 yuera
ABTOKOPPEJISAIIMOHHBIX CBS3EH.

Takum  00pa3oM, TIPOrpaMMHBIM  KOMILJIEKC II03BOJIIET  OILICHUBATH
CTaTUCTUYECKHE TlapaMeTpPbl MHOTOJETHUX PSJIOB YPOXKAMHOCTH, BBIICIATH
3aCyIIJIMBBIC TOJAbI HAa OCHOBAHMHM KpUTEpHUs TEpexoja 3HA4YCHUsS B COOBITHE,
MOJCIMPOBATh 3aCyXy C IIOMOIIBIO BEPOSTHOCTHBIX, HWMHTAIMOHHBIX U
MHOTO(AKTOPHBIX ~ MOJICJICH, OIpeNesaTh pa3IM4Hble CTOPOHBI  BIIMSHUS
MPUPOJHBIX CTUXHH HA arpoNpOMBINIJICHHOES IPOU3BOJCTBO, ONTHMHU3UPOBATH
MPOM3BOACTBEHHBIC TPOIECCHl ¢ YYETOM OJHOTO WM HECKOJIBKHUX ITPHUPOIHBIX
COOBITHH.

1.2.3 UndopmannoHHas cucTeMa MOAeTHPOBAHUS MPUPOIHBIX COOBITHI

NudopmarmonHnas cucrema npeiHa3HaueHa I MPEIOCTaBICHUS MTOJTHOW |
CUCTEMATU3UPOBAHHON MHGOPMAIIMH 110 PA3TMYHBIM aCIIEKTaM SKCTPEMAaJIbHbIX

NPUPOAHBIX SIBJICHUM C OJHOBPEMEHHBIM pPACKPHITHEM (TIOSICHEHUEM)
METOJHMKHN BEIOOPA PUEMIIEMBIX CIICHAPUEB PA3BUTHSI.

OcHOBHBIE (PYHKITUU TPOSKTHPYEMOUN CUCTEMBI:

o pacyeT BEpOSTHOCTH TMOSBICHUS COOBITHIA,

° MIPOTHO3UPOBAHUE TEHCHIIUNA MOSIBICHUS COOBITHIA;

o IIPEIOCTABIICHUE uHopManu JUTA MOJICJIUPOBAHUS
MIPOU3BOJCTBEHHBIX MTPOLECCOB C YYETOM IKCTPEMAIBHBIX IPUPOIHBIX SIBJICHUM;

° BOCCTAHOBJIEHUE JAHHBIX 32 NPEABIAYIIME IEPUOIBI U AP.

[Tpu POEKTUPOBAHUU CUCTEMBI HCIIOJIb30BAJICs CTPYKTYPHO-
OpUEHTHUPOBaHHBIM  monaxon. Pa3paGotanHas  uH@OpMaAlMOHHAs  CUCTEMa
BBIMOJHAET (YHKIUM PEKOHCTPYKLHH, MOJEIUPOBAHUS U IPOTHO3ZUPOBAHUS
XapaKTEPUCTHK SKCTPEMAIIbHBIX PUPOIHBIX siBIeHUN. OHa BKIIIOYaeT B ce0s Oasy
JAHHBIX C UCTOPUKO-aPXUBHBIMHU CBEICHUSMHU U MOJYJIM OLICHKH, BOCCTAHOBJICHHMSI
Y TIPOrHO3UPOBAHMS KOMIUIEKCA DKCTPEMANIBHBIX XaPAKTEPUCTHUK.

OCHOBOHM CHCTEMBI SIBISIETCSI THAPOMETEOPOJIOTHYECKas pemsIMoHHas 0a3a
JAHHBIX C JIOMOJHUTEIBHBIMHU 3JIEMEHTAMHU I0JIb30BaTEIBCKOTO cepBuca. Crucrema
MpeCTaBIsieT COOOM pa3BUTHIN HHCTPYMEHTAPUN KOJIWYECTBEHHOTO aHaIM3a
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JAHHBIX KaK JUIsi  CIENUAJUCTOB B  OOJACTH  THUAPOMETEOPOJIOTUH |
IPOMBIIIEHHOCTH, TaK W JUIsl IIMPOKOTO KpyTra IMOJb30BaTeied, UCIOJIb3YIOIMIMNX
NPUKJIAJHON CTAaTUCTUYECKUN aHAIU3 B JEATEIBHOCTH, CBSI3aHHOM C MPUPOIHBIMU
SBJICHUSIMHU.

NudopmarnmonHas cucreMa MOJEIUPOBAHUS MPUPOIHBIX COOBITUNA COCTOUT
U3 CIEAYIOMIUX MOJICUCTEM:

. MOJ1yJIb OLICHKH COOBITUI 3KCTPEMaIbHBIX IPUPOAHBIX SIBJICHUH;
o MOAYJIb IPOrHO3UPOBAHUS IKCTPEMATBHBIX IPUPOIHBIX SIBJICHUM;
o MOAYJb BOCCTAHOBJICHHS JAHHBIX U OOpaOOTKH HCTOPUYECKHX

CBUCTEIHCTB TI0 IPUPOIHBIM SIBJICHUSIM.

Moynb OLIEHKH COOBITUI 3KCTpEMajbHBIX MPUPOAHBIX SIBJICHUN MO3BOJISET
OTIpEEIUTh 3aKOHOMEPHOCTH U3MEHYMBOCTU MHOTOJIETHUX PSII0OB XapaKTEPUCTHUK.

Ha »310i1 ocHOBe mnoOmOMpArOTCS aJeKBAaTHbIE CTATUCTHUECKUE MOJIEIH.
Monyns  TPOTHO3MPOBAHMSI  SKCTPEMAIBHBIX  XapaKTEPUCTUK  CBSI3aH  C
MPEIIIECTBYIONUM MOMIYJEM, TMOCKOIbKY TMpeICKa3aHue CBS3aHO C BBHIOpaHHOU
MOJIETIbIO,  YUWTHIBAIOMIEH  OCOOCHHOCTH  pacCMaTpPUBAeMBIX  BPEMEHHBIX
nocneaoBareabHoCTel. EcTecTBEHHO, UTO crcTeMa COMEPKUT TOIXObI, METOBI U

paHee YCTaHOBJICHHBIE 3aKOHOMEPHOCTH, CIOCOOCTBYIOIIUE TOJIYYCHUIO
TEeHACHIMA 00 M3MEHYMBOCTH KOMILJIEKCA SKCTPEMATbHBIX XapakTepucTuk. [lpu
STOM HCHOJIB3YETCSI HECKOJIBKO MOJX0A0B K PEIICHUIO OJHOM 3a7auu, YTO UMEET

00J1bI1I0€ 3HAUE€HUE B YCIOBUSIX HEONPEAEIECHHOCTH UH(POPMAIUH.

Moayns  pEeKOHCTPYKIMM  JaHHBIX  OCHOBAaH HAa  HCIOJb30BaHUU
pa3pabOTaHHOTO CHpPaBOYHMKA 00 HCTOPUKO-apXUBHBIX CBUAETEIbCTBAX, YTO
CIIOCOOCTBYET paciUupeHuto HHPOpMAIMK 00 OKCTPEMaJbHBIX  MPUPOTHBIX
ABJICHUSAX  Kak BO BPEMEHHM, TaK MU B MpocTpaHCTBE. Moaynb MO3BOJISET
BOCCTaHABIMBATh (DAKTbl, COOBITHS M 3HAYEHUS MCTOPUYECKOTO TMPOILIOTO
KITUMaTa.

OyHKIMOHANIBHAS MOJAETh MHPOPMAIIMOHHOW CHUCTEMBI MpPEICTaBICHA Ha
pucynke 1.7. OcHoBHoi (pyHKUMENH paccmarpuBaemoit UC siBnsiercsa «O0OpaboTka
nHpOpMaIUU 00 SKCTPEMaTbHBIX MPUPOIHBIX SBICHUIX.

Bugel Moaxoawl, Metoabi 1

NpUpoOHBbIX MeToObLl W nogxokl

ABNEeHHI anropuTMEl K OLleHKe

EOCCTAHOEMEHUSA TR
Mogxogw|n

MuoroneTuue page! MeToab! ObpaboTauHble
3IKCTPEMANbHBIX NPOrHOHPOBAHNSA, MCTOPUYECKHE
3HaYeHWIi NPUPOAHLIX . CBugeTenncTBa
XapakTepPHCTHK 3

¥

. BoccTaHOBNEeHHbIE
% NaHHBIe

O6paboTKa uHpopmauumn o6
Wcropuyeckne
CEMReTenLCTEA 06 3KCTpeManbHbIX NPUPOOHBLIX

IKCTPEMANEHEIX ABNEeHWUAX
NPUPOIHEIX AENEHHAX

2 porHoz XapakTepUCTHK
i 3KCTPeManbHbIX ABNEHUA

Janpawveaeman

3anpoc 0 WHihopmauus

KomnnekcHoe
onpedeneHye

0 MZMEHYMEOCTH
Komnetote UC "MpnpogHeie | onkzoearens -
P CTUXHKH" coBBITHA

Pucynok 1.7 - ®yHKiMoHanbHas MOJEIb HHPOPMALIMOHHON CUCTEMBI
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Vmpasnstomeit  uHpopmanueit B NC  aBnstorcs «Buabsl OpUpOAHBIX
aBiaeHUu», «lloaxompl, METONBI W AJITOPUTMBI BOCCTAHOBIIECHUS», «lloaxomnsl,
METO/Ibl OLIEHKU COOBITUI U «I[10AX0ABI M METOJIBI MPOTHO3UPOBAHUSI.

MexaHnu3Mbl, MOAACPKUBAIOIINE BHIITOJTHEHUE OIEpalnii, IPEACTABICHbBI B
Bune «Kowmmbrotepa» u «llonp3oBarens». B kadecTBe MCXomHOW HMHpOpManuu
uMeroTcs  «MHOTOJETHHE  PSAAbl  OKCTPEMAIbHBIX  3HAYEHUH  IPHUPOTHBIX
XapakTepucTuK», «lcTopuueckue CBUIETENbCTBA 00 IKCTPEMATbHBIX MPHUPOIHBIX
ABIEHUAX» U «3anpocy. Berxoganas undopmarus - «O6paboTaHHBIE HCTOPUUYECKUE
CBUJETENBCTBA», «BoccraHoBmeHHble paHHbIE», «IIpOrHO3  XapakTepUCTHUK
AKCTpEMAJIbHBIX SIBICHUIY, «3anpamuBaemas uHpopmanus» u «KomruiekcHoe
OTpeICICHHE U3MEHUUBOCTU COOBITUIN.

B pazpaboranHoil uH(OOpPMALMOHHOW cHCTEME 00paboOTKe MOAAAIOTCS
MHOTOJIETHUE PSAAbl SKCTPEMAJIBHBIX 3HAYECHUM IPUPOIHBIX XapaKTEPUCTUK U
UCTOPUYECKHE CBUJETENIBCTBA OO0 DSKCTPEMAaJbHBIX SBJICHUSAX. OTOT MpoILEce
OCHOBBIBAETCS HA PA3JIMYHBIX AJITOPUTMAX U METOJIaX OLIEHKH, BOCCTAHOBIICHUS U

IIPOTHO3UPOBAHUS M OCYLIECTBJISIETCA IIOJIB30BATEIEM [0 CPEACTBAM
KoMmIbioTepa. B pe3ynpTare MOXHO Mody4aTb OOpaOOTaHHBIE HCTOPHUUYECKUE
CBUJICTEIBCTBA, BOCCTAHOBJICHHBIE JIAHHBIE [0 JKCTPEMAJbHBIM SIBIICHUAM U
IIPOTHO3BI XapaKTEPUCTHK.

[locne pexoMno3uuuum OCHOBHOM (yHKUMHM (pUCYHOK 8.8) MOJy4YEHBI
cinenytome noa@yHkuuu: «CucreMarusalys HCTOPUYECKUX CBUIETEIBCTBY,
«AHanu3 KoJguuyecTBeHHON wuHpopmanuu» U «OIlleHKa, BOCCTAHOBIICHHE U
MIPOTHO3».

Wcropuyeckne Buabl npHpogHeEIX Moaxonel, Metoaw u|Moaxoas: u
CEWOETENbLCTEA 00 ABNEHHIA METONLI W nogxoaw |MeToasl
IKCTPeManbHLIX anropuTMb| K oueHke |MPOTHO3MPOBAHMA
NPUPOAHLIX ABNEHUAX { BOCCTAHOEICEHME T

CucremarMzauma -
i DbpabotaHHble
— ®»  WCTOPMYECKMX : HCTI:} HyecKue

- CBMOSTENLCTE ’

Janpoc | CBMgeTenkLCTEA
ObpabofaHHLIe
AHanusz _ E pauunid BoccTaHoBneHHbIE
Konn4yecTeeHHOoOHW OaHHble
L& i ¥ ¥
WHpopMaumm » - -
2 lporHos xapakTepucTHK
l R R OHEHKa, :I:;Z-IT:::I;HI:HI:IX
»| BOCCTAaHOBNEHME [ -
MHoroneTHue pagel M NporHos + Komnnekchoe
3KCTpEMAanbLHBIX : Onpenenexne
3HAYEHWI NPHUPOAHLI : H3MEHYHBOCTH CODBITHIA
XapaKTepHCTHK I E
’—J‘ i JanpawMeaeman
Monkzoeatens
uHdopmauma
I
NC "MNpupogHeie Kemneiotep
CTUXHH"

Pucynok 1.8 - Jlekommno3uiiusi OCHOBHON (yHKITHH

Jliis peanu3anuu 6a3bl JaHHBIX ObLTa BRIOpaHA apXUTEKTypa KIMEHT-CEpBEp.
B kadecTBe cepBepa BBICTYHAaeT peENSIMOHHAS CHCTEMa yMpaBleHUs Oazamu
nannbix Firebird. ITockonmeky CYBJ] Firebird moxker ObITh yCTaHOBJIEHA Kak Ha
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BbIJICTICHHBIA CcepBEp, TaKk W Ha pabodyl0 CTaHILMIO, OHAa OblJa yCTaHOBJICHA
HETMOCPEJICTBEHHO Ha pabouei cranuuu. [lpu peanusanuu 6a3bpl JTaHHBIX ObLIA
pazpaboTaHa (GyHKIMS DKCIOpPTa JIaHHBIX B pa3iuuHble npuioxeHus (Microsoft
Excel, Word, Statistica u T.1.). ns skcnopra naHHeix B Microsoft Excel
npumeneHa texnosiorusi COM. Excel npegocraBisieT BO3MOXHOCTH MPOBEICHUS
Pa3IMYHBIX CTATUCTUYECKUX PACUETOB, Tpaduueckue HUHCTPYMEHTBI U S3BIK
nporpammupoBanusi MakpocoB VBA. Takum o00pa3zom, BO3MOXHOCTbH HIKCIOPTa
naHHeIX B Microsoft  Excel cymectBeHHO — pacmupsieT  BO3MOXHOCTH
pEATM30BAHHOM CUCTEMBL.

B kadectBe kimMeHTa  pa3pabOTaHO  MPOTPaMMHOE  MPHIOKECHHE
(mabOpManmonHas cuctema «lIpupoaHble CTUXUNY) C pecypcaMu U3 0a3bl JTaHHBIX
yepe3 SQL-3anpockl k CYBJIl. Uadopmanus, nonyuennas ot CYBJI, ucnons3yercs
Ui OTOOpaKeHHUsl Pe3yJabTaTOB MOJb30BaTeNto. Jlyid peanu3anuy MPUIOKCHHS -
KJIMEHTA, MPEAOCTABISIONIETO MOJIb30BaTeNt0 HHTEp(Ec aJisi JoCcTyma K JaHHBIM,
Oblla MCIHOJIb30BaHa HMHTETPUPOBAHHAs cpela pa3padOTKH  MPOrPaMMHOIO
obecnieuenus Borland Delphi 7. KinuenTckas 4acTh COCTOUT U3 CPEICTB 3arpy3Ku,
BBITPY3KM M MOHUTOpUHra O0a3bl JaHHBIX M MPOTPAMMHBIX HHCTPYMEHTOB
00pabOTKM U aHaNIM3a JIaHHBIX, peaTn30BaHHbIX B cpezie Delphi.

Jns yno6Horo fgoctyna K GyHkiusM cuctembl uHTepdeiic C (pucynok 1.9)
COCTOMT U3 CIAEAYIOLIETO MEHIO.

S (=1/E3
®arin MNpaeka Cepeuc OueHka PekoHCTpykuua [porHos pas Cnpaeka
i CNpaBoyYHAKH CBMAETENECTE
CNpaBoyHrK NYHKTOE HabrASHHI
CrpaBoYHHK KPHTEPHEE
o CEX
1D HaseaHue MpumeyaHue ~

7 3 palio
40 3uma-3ynymaii

8 SUMUHCKMIA paiioH

44 Wpkyr-CMoneHw1Ha

37 Wpkyrek

9 WpKyTcKuMi parioH ‘ e
10 KazaumHcko-NleHckui p

12 KaraHrckuii pation
13 Kauyrckuii parion
14 ‘KupeHcmﬁ paiioH
36 Kuroii

39 Kyaa-lpaHoBlwuHa
15 KyiryHckuit paiioH

16 HuskHEWMAMMCK I palioH

= | x| 2

Pucynox 1.9 - UaTepdeiic nHGOPpMAITMOHHON CUCTEMBI

«®Daitm» — OTKpbITHE 0a3bl JAHHBIX, MIeYaTh TaOJIHI], BHIXO U3 POTPaMMBbI.
«IIpaBka» - KomMpoBaHueE, BEIPE3AHNUE, YAAIEHUE, IIOUCK TAHHBIX.
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«CepBHC» - IKCIOPT/UMIIOPT AaHHBIX B apyrue cucrembl (MS Excel, MS
Word, Statistica, [Tanopama u zp.).

«O1eHKa» - BbIIEICHUE COOBITUHM, paclpeneseHUe COOBITUH MO LMKIaM
COJIHEYHOIN aKTUBHOCTH, BEPOSITHOCTh PACIIPENEICHUSI COOBITUN U OLIEHKAa MOTOKA
COOBITHH.

«PexoHCTpYKIMs» - BOCCTAHOBJIEHHME JIaHHBIX 00 3KCTpeMalbHbIX
IPUPOJIHBIX COOBITHSX.

«IIporHo3» - MPOrHO3UPOBAHKUE IKCTPEMATBHBIX MPUPOTHBIX SIBICHUM.

«CrpaBOYHHUKUY - CIIPABOYHUKU: UCTOPHUUECKUX CBHUJIETEIHCTB O SBICHUSX,
MIyHKTOB HAOJIOICHUN U KPUTEPHUEB.

«CripaBKa» - MEHIO CIIPaBKH.

Hns sddexTuBHOrO MpoCMOTpa W PEJaKTUPOBaHUS TaOMUI[ oOecredeH
OBICTpPBIA JOCTYHn K TabauuaM, a Takke YyAOOHOE TMEpPEKIIOUEHUE MEXIY
tabmuuamu. Jloctyn k Tabinuam 0a3bl JaHHBIX OPIaHHU30BAaH C HCIIOJIB30BAHUEM
BKJIaAoK. Kaxngas Bkiagka CONEPKUT JaHHbIE MO KOHKPETHOMY MPUPOAHOMY
SBJICHUIO.

[TpakTuecku Bce HaOOpPbl JAHHBIX JOCTYIHBI JJIi PEJAKTUPOBAHUS.
[lepeiiTn K peNakKTUPOBAHUIO MOXHO 4YEpEe3 MEHIO, HA)KaB COOTBETCTBYIOIIYIO
KHOTIKY, WM CIIEJIaB IBOMHOMN IIETYOK MBIIIBIO HA HY>KHOH 3aIIiCH.

1.2.4 TIporpaMMHBIH KOMIJIEKC ONTUMHU3ALMU HCIOJIH30BAHNS 3eMeIbHbIX
pecypcoB

[IporpaMMHBIM KOMIUIEKC, II03BOJISIET II0Jy4YaTh pPAa3jW4YHbIE BAPHUAHTHI
ONTUMHU3ALMU HCIIOJIb30BaHUSA 3EMEIIBHBIX PECYPCOB Ul OLICHKH IIPOU3BOJACTBA
PacTEHUEBOAYECKON M )KMBOTHOBOAYECKOW MPOIYKIHUH B pernoHe. OH OCHOBaH Ha
METOJIMKE  OMNpEeNeNeHUs  BXOAHOM  WHPOpMALUKU  JUISI  MOJECIUPOBAHUS
ONTUMAJILHOTO WCIIOJIb30BaHUs 3€MEJIbHBIX pecypcoB peruoHa,
MOAUGUIIMPOBAaHHBIX  (GopMysax ompeneneHus TpeOyeMoll Iiomand s
o0OecrieyeHHs 4YeloBeKa MPOJAOBOJILCTBEHHOM MpoAyKuIMeH, pa3paOOTaHHBIX
NPUKIIAIHBIX 33]1a4aX MAaTEMATHYECKOTO MPOrPAMMUPOBAHUS.

[IporpaMMHBIII KOMIUIEKC pellaeT 3aJayd yCIOBHOH U 0e3yCclOBHOMN
ONTHUMM3ALIMU WCIIOJIb30BAHUSA 3eMEb JIJIsi 00eCleueHusl YeIoBeKa COOCTBEHHBIMU
IPOJYKTAMU B 3aBUCUMOCTH OT IMAPAMETPOB CENBCKOXO3AMCTBEHHOIO MPOLIECCa.

OcHOBHOM  (yHKUMEH paccMaTpuBaeMOro MPOTPaMMHOIO KOMILIEKCa
apisierca  «MoaenupoBaHue — MCIOJIB30BAHUSA — 3E€MEJBHBIX  PECYpCOB» 11O
pa3paboTaHHON METOJIMKE OMpPEIEICHNUs BXOAHON HH(POPMAIlMU HA OCHOBE JaHHbBIX
O HOpMax MWUTaHHUA U MOTEHIHAJE arpoNpOMBIIUIEHHOTO KOMILUIEKCa (PHUCYHOK
1.10).
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Pucynok 1.10 - ®yHK1IMOHAIBHAS MOJIETh TPOrPAMMHOTO KOMIUIEKCA

VYmpasnstomeld uHopmaimein B TPOrpaMMHOM  KOMIUIEKCE  SIBIISFOTCS
«Ilogxonpl pemenus 3amaum», «Mertonpl pemeHus 3agadn», «CHpaBOYHO-
HOpMaTHBHbIE JaHHbIe». [IpUMEHSIOTCS MOAXOIbl YCIOBHOW M 0€3yCcIOBHOU
ONTUMHU3ALMN HUCIIOIb30BAHUSA 3E€MENBHBIX pecypcoB. KpoMe 3Toro, mpuBoasarcs
METOJbl TEOPHUM BEPOSATHOCTH, CTATHCTUKM M METOAbl HMMHUTALIMOHHOTO
MOJEIUPOBaHUsA. MexaHnu3Mbl, MOAAECPKUBAIOIINE  BBINOJHEHHE  OIEpaLni,
npencrasiieHsl B Buje «Komnerorepa» u «llomp3oBarens». B kadectBe ncxomaHou
nH(popmManuu UCcnoib3yrTcs «/laHHble 00 YpOKallHOCTH CEIbCKOXO35HCTBEHHBIX
KYJIbTYp» H  «3ampoc». YPOXKAWUHOCTH  CEJIbCKOXO3SIMCTBEHHBIX  KYJIBTYpP
NPEICTaBIAIOT CO0OM MHOTOJETHUE JIaHHBIE O PAa3IMYHBIX BUJAX KYJIbTYyp Ha
pasHbIX TeppuTopusix oOnactd. HopmaTuBHBIE JaHHBIE — 3TO CIIpaBOYHAs
uHopmalMss 1O HOpMaM TUTaHUS, O palMOHE KOPMJICHHUS IKUBOTHBIX,
K03 (uUIMEeHTe BBIXOJa MPOIYKIMU C OJIHOM TOJIOBBI, CTPYKType cTazaa. 3ampoc
nmojapasyMmeBaeT oOMeH uHdopmarueln oT Apyrux HHGOPMAIMOHHBIX CHCTEM.
Pesynbratrom (QyHKIMOHANBHON Mozaenu  siBhsieTcss «OnTUMallbHbIE IUIOLIAAN
3eMEJBHBIX PECYpPCOB». [pyrumu ciioBamu, ¢ MOMOIIBI NPOrpaMMHO KOMILIEKCA
MO>KHO ITOJTy4YaTh ONITUMAJIbHBIE TUIOLIA/IN.

[IporpaMMHBIII KOMIUIEKC COCTOMT W3 JBYX 4YacTei: 0a3bl JaHHBIX U
pPacyeTHOrO0 MOJTYJISI.

baza naHHBIX COAEPKUT CIPABOUYHYIO HMH(OpPMAIMIO O HOpPMAaxX MHUTAHMS,
panuoHe KOPMJIEHHUS! JKMBOTHBIX, KOA((UIMEHTe, OMNpelesstolieM OTHOLICHUE
BAJIOBOI'O IPOM3BOJCTBA K BBIXOAY TOBAapHOW MNpOAYKUMU. B Hee BKIIOUYEHBI
JaHHbIE 00 HCIOJIB30BAHUM TOM WJIM MHOW TEPPUTOPUATBHOWU €JUHUIIBI: PErHOH,
arpoKJIMMaTh4ecKasl 30Ha, MyHHUIIMIIaJbHOEe 00pa30oBaHue, CEIbCKOXO03IHCTBEHHBIN
KJIACTEP, XO3AUCTBO.
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baza manubIX BKIIOYaeT B ceOst BKIanbim «CTaTHCTHUKA», KOTOPas XPaHUT
JaHHbIE 00 MCXOAHBIX PSAAAX YPOXKANHOCTU 3€PHOBBIX, KapTodens, OBOLIEH U
KOPMOBBIX KYJIbTYp JUISl PA3JIMYHBIX TEPPUTOPUNA PErMOHA 32 MHOTOJIETHUM NIEPHOLT
1990-2009 rr. B 6a3y naHHBIX BBEJICHBI UCXOJHBIC PSJIbI YPOKAHHOCTH 3€PHOBBIX
KyJbTyp (mmeHuna, osec, poxkb) mo Mpkyrckoir obinactu. Kpome 3epHOBBIX
KyJIBTYp CIO/Ia BKJIIOYEHa MH(pOpMalus MO KapTO(eslto M OBOLIHBIM KYyJIbTypam
(MOpKOBB, KamycTa, CBeKJIa 1 apyrue). YTo kacaercs KOPMOBBIX KyJIbTyp, TO B 0a3y
JAHHBIX BBEJCHBI CBEJICHUSA 00 YpO>KailHOCTH MHOIOJIETHUX TPaB Ha CEHO, CUJIOC,
CeHaXX, KOpHeIU10/1bl. B pomonnenue k aToMmy 6a3za JaHHBIX COJAEPKUT CBEJCHHS 00
YPOKAMHOCTHU CEJIbCKOXO3AUCTBEHHBIX KYJIBTYD Pa3JIM4YHBIX KaTETOPUM XO3SMCTB:
CEJIbCKOXO3SIICTBEHHBIE OpPTaHU3ALMK, KPECThIHCKHE ((pepMEpCKUE) U JUYHbIE
MMOJACOOHBIE XO3SIMCTBA.

C nomompro Bknaasima «VM3MEHUYMBOCTH YpPOKAaUHOCTH», BO3MOKHO
KOPPEKTUPOBATh U MOMOJHATH 0a3y JaHHBIX. [IOMUMO permoHanbHBIX CBEACHUMN
0a3a JaHHBIX 3alojHEeHa MH(popMalueld 00 ypoKallHOCTH 3€pHOBBIX, KapToQes,
OBOIEH M KOPMOBBIM KyJbTypaMm JUIsl pPa3HbIX KaTerOpPHl XO3SMCTB IO
MYHUIUIIATbHBIM oOpa3oBaHUsIM, arpoOKJIMMaTUYECKAM 30HaM U
CEJIbCKOXO3SCTBEHHBIM KilacTepaM. ba3a nannbix coctasisieT 12 MO ¥ HOCTOSIHHO
HOTONHAETCA HH(pOpMaLel U3 OTYETOB XO3SIICTB.

baza mannbix Database Desktop co3mgana ¢ ucnonb3oBaHuEM MPOTrpaMMHOMN
cpenbl Delphi 7. Opno u3 rnaBHbIX npeumyiiectB Delphi coctout B TOM, 4TO
NaHHas cpena nopaep:kuBaeT TexHosnoruto RAD. Cpemnu npyrux npemMmyniecTs
Delphi M0OxkHO BbIIETUTH O0BEKTHO-OPUEHTUPOBAHHBIN S3bIK TPOrPAMMUPOBAHMS
Object Pascal u 6ubmmoreky kommnoneHtoB VCL. VCL npenocrapisieT 00ibIIoe
KOJIMYECTBO TOTOBBIX K MCHOJB30BAHUIO KOMIIOHEHTOB JUIsl PEIIEHUS BCEX
MOCTaBJICHHBIX 3a/Ja4, HampuMep, TaKUuX Kak peanusanus uHTepderica
noJib30BatTeNsi, pabora ¢ 0a3aMu JaHHBIX, B3aUMOJCHCTBUE C OIEpalMOHHON
CUCTEMOH, peuieHue 3a7ad, CBA3aHHBIX C CETEBBIM  B3aMMOJEHCTBHEM
KOMITIOHEHTOB mpuioxkenuss u T.J. [IpemocraBmsembie Delphi cpencrsa
o0OecrevnBaroT CO3/1aHNE U BEJCHHE JIOKATbHBIX U KIHMEHT-CEPBEPHBIX 0a3 JaHHBIX,
a TakXke pa3padOTKy MPUIIOKEHHUH Il pabOThl MPAKTUYECKU C JIFOOBIMU Oa3zaMu
JAHHBIX.

Wurepdeiic mporpammHoro komriekca (pucyHok 1.11) comepkut  Tpu
MYHKTa MEHIO (3a]1a4, HACTPONKHU, BBIXO).

[lepBblil U3 HUX «3agaum» BKIIIOYAET B ce€0s MyHKTHI PEIICHUs YCIOBHOU U
0e3yCIIOBHOM ONTUMU3ALMK UCIOJb30BaHUS 3eMellb: «3ajada ¢ HeoNpeAeIeHHbIMU
napameTpammu», «3ajada C BEPOATHOCTHBIMU TapaMmeTrpamm», «3ajada ¢
JETEpPMUHUPOBAHHBIMU  MapaMeTpaMm», «3ajada CcO  B3aMMO3aBUCSIIUMHU
napameTpaMm» 1 «3ajgada MaTeMaTU4eCKOro MporpaMMUPOBAHUSD.

Bropoit nynkr «HacTtpoiiku» comep uT B cebe KOMaHbl, MO3BOJIAIOIINE
3aMoNHATh 0a3y AAHHBIX, JOMOJHATH HOBBIMHU 3alHMCSIMH U YAAIATH HEHYXHYIO
uH(pOpPMAaIHIO.
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Pucynoxk 1.11 — OxHO nporpaMMHOT0 KOMILJIEKCa

B tpeTpeM nmyHKTE «BBIXOA» MOXKHO BBIMTH U3 IPOTPaMMBI.

B nporpaMMHOM KOMIUIEKCE peaan30BaHbl CIEAYIOLINE METOABl 00paboTKU
uHpopmanuu. Bo-mepBhIX, C TOMOILIBIO METOJa MOMEHTOB OLICHUBAIOTCS
CTaTUCTUYECKUE napameTpbl MHOTOJIETHUX pAIOB YPOXKAUHOCTH
CEJIbCKOXO3SIMCTBEHHBIX ~ KYJIBTYp: cpeaHee 3HaueHue (X)), KOIPPUIMEHT
Bapuanuu (C,), kodpdunment acummerpuu (Cs), orromenue (Cy/C,). Kpome storo,
ONpENENSIOTCd  CTaHJIApPTHbIE  OUIMOKM  TMEPEYMCIECHHBIX  CTaTHUCTUYECKHX
apamMeTpoB.

Bo-BTOpBIX, COrJacHO aBTOKOPPEISLMOHHOMY aHAJIW3Yy OLIEHUBAETCS
3HaYUMOCTh KO3((UIIMEHTOB aBTOKOPPEISLUUU U, MpPEeXIe BCEro, IMEpBOro
3HaueHus - Ri. [Ipu 3TOM BBIYHCIAIOTCS CTaHAAPTHBIE OMIMOKK KOA((PHUIIMEHTOB
aBTOoKOppessiuuu. [lpu BeiIcokoM K03 ulieHTe aBTOKOPPEISALUH, TPEBHILIAIOIIEM
3HauyeHue 0,70, mosb30BaTENb MOXKET MOJYYUTh ABTOPETPECCUOHHOE YpPAaBHEHME
IIPU IPOTHO3UPOBAHUH HCIIOIb30BAHUS 3€MEIBHBIX PECYPCOB.

B-TpeTbux, HMCXOQHBIE PSABI MapaMEeTpoOB MOJBeprarorcsa oOpaboTke AJis
OLICHKM HaJu4Msl B HUX 3HAUYUMBIX TEHACHUMH wid TpeHAoB. lIporpamMmHbIii
KOMILJIEKC IO3BOJIIET CTPOUTH KAK JIMHEWHBbIC, TaK U HEJIUHENWHbIE TpeHabl. [Ipu
HaJU4YMKM 3HAYUMBIX TPEHAOB MPEIIOJIAraeTcs ONpeNesieHue MPOTHOCTUYECKUX
3HauYeHu. {151 mporHo3upoBaHus ypoKalHOCTU J00aBlieHa (PYHKIMS MO pacyeTy
ypaBHEHHMSI TPEH/IA, TOCTpoeHMs rpaduka u TuHUK TpeHaa (puc. 1.11).

B-ueTBepThIX, € TOMOIIBIO KOPPEISIIIMOHHO-PETPECCUOHHOTO  aHaIN3a
MOHO BBIBECTH 3aBUCUMOCTH MEKIY PA3HbIMH KYJIbTYpaMH, YTO HCHOJb3YyeTCs
IIPU MOJIETTMPOBAHMH ILIOIIAIN 3€MEJIBHBIX PECYPCOB.

B-nteIxX, 111 HEOPOAOKUTENBHBIX PSAJAOB CENbCKOXO035UCTBEHHBIX KYIbTYP
IIPOrpamMMoil IPEeTyCMOTPEHO ONPEIEIEHUE BEPXHUX U HUKHUX OLIEHOK. Eciu npu
3TOM YPOKAWMHOCTU CEIbCKOXO3SMCTBEHHBIX KYJBTYP SBISIOTCS HE3aBHCHUMBIMH
MEPEMEHHBIMHU, TOIZAa 3a/lada COCTOMT B HAXOXIACHUM MHUHUMAJIBHOIO H
MaKCHUMaJbHOTO 3HAYEHUH IUIOMAAN 3E€MENIbHbIX PECYpCcOB g OOecredeHHs
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OJTHOTO JKUTENsI COOCTBEHHBIMU MPOAYKTaMU NMUTAHMS Ha 3a/laHHBIX MHTEpBajax
HE3aBUCUMBIX apTyMEHTOB.

[TporpaMMHBIM KOMIUIEKC MO3BOJSIET BBIOpAaTh MOJIENb ONPEICIICHUS
IUIOIIA M 3€MENbHBIX PECYpPCOB Il OOECHEYEHHUsT HaceleHUs NPOAYyKTaMu
IUTAaHUS B 3aBUCUMOCTH OT TEPPUTOPUM U CTATUCTUYECKHX CBOWCTB MCXOJHBIX
psanoB. Kpome 3T0r0, B IpOrpaMMHOM KOMIUIEKCE PEAIN30BaHbl YETHIPE aIrOpUTMa
MMUTALMOHHOTO MOJIEIUPOBAHMSI OIIPEACIICHHUS IIOIIAN 3€MEJIBHBIX PECYPCOB.

Kpome TOro, mnporpaMMHbIA KOMILUIEKC pemaer 3aJayd  yCIOBHOU
ONTUMU3ALMA UCIIOIb30BAHUS 3€MEJIBHBIX peCypcoB. I Oy4YeHus pe3yabTaToB
C IOMOWLIBIO 33Ja4 MaTeMAaTHYECKOIO IPOrpaMMHUpPOBAaHUS HCIOJb3yeTCs Oasza
JAHHBIX, pa3paboTaHHas JJi PEelIeHMs 3a7a4 0e3yCIOBHOW ONTUMU3ALMH. Mexay
TEM NPOrPaMMHBIA KOMILJIEKC OCHOBaH Ha OOpalleHUMM K IOUCKY pPEIICHW B
npuinoxenusx Excel nmns peammsanmum  pemieHus 3agadd M0 ONMTHMHU3AIUH
UCIIOJIb30BaHUS IIOIIANEN CENbCKOXO3AMCTBEHHBIX YTOAUM.

1.2.5 NUndopManuoHHas cucTEMA NPOTHO3UPOBAHUS CPOKOB
TEXHOJIOTHYECKHUX ONepanui

NudpopmanimonHasi cucremMa MHpeJHa3HAue€Ha JJisi COCTaBJICHHUS IPOrHO30B
JaT TEXHOJOTMYECKUX ONEpAlMii HAa OCHOBE MHOTOJIETHMX KJIMMAaTHYECKUX
JAHHBIX W (PaKTUYECKUX CBeJeHUsXx o mnoroje. Ero mpeamerHod o0071acThbIO
ABJISIETCSI IPOTHO3UPOBAHUE CPOKOB arpOTEXHOJIOTMUECKHX OMNepaluii Ha OCHOBE
KOPPEJALIMOHHO-PErPECCHOHHOTO aHAJIN3a.

Peanuzaumnss WC ocHOBbIBaeTcd Ha CHEUAIbHOM HH(POPMALMOHHOM
o0OecrieyeHnr, TMPEACTaBICHHOM B BHAE 0a3bl JaHHBIX C  BKJIIOYEHUEM
arpoMeTeopOIOTMYECKUX CBEICHUI 3a MHOTOJIETHUNW NTEpUoJ M (PAKTUYECKHX

CYTOYHBIX JAHHBIX O TIOTO/IE;, aJTOPUTMUYECKOM OOECMEeYEeHUH — KOMILIEKCE
QITOPUTMOB TPOTHO3UPOBAHUSI CPOKOB arpoOTEXHOJIOTMYECKHX ONepauuid Ha
OCHOBE (DAKTOPHBIX MOJEJe M MaTeMaTH4YeCKOM OOECIeYeHHH — METOJOB
KOPPEISLMOHHO-PETPECCUOHHOTO aHanu3a, BEPOSATHOCTHOTO aHanusa,

MMUTAIIMOHHOTO MOJEIMPOBAHUS U APYTHUX.

OcHoBHOW (yHKIHEH WHOOPMAIMOHHONW CHUCTEMBI SBISICTCS  (DYHKITUS
«IIporHo3upoBaHnE CPOKOB  TEXHOJOTMYECKHUX  OMNEpaluid  BO3JEIbIBAHUS
CEIIbCKOXO3SUCTBEHHBIX KYIbTYp» (puc. 1.12).

Peanuzamust  anropuTMOB  ONpEAENCHUS  PEKOMEHIYEMBIX  CPOKOB
TEXHOJIOTHUECKUX OMNEepaluii M0 XapaKTepUCTHUKaM Teria W YBIQKHCHHUS B
MHPOPMAITMOHHON CHCTEME OCYIIECTBIIICTCS COBMECTHO C 0a30i JaHHBIX,
COJZIepIKallel arpoMeTeopoIOTHUECKre CBENICHUSI HeOOXOIUMBIC ISl peau3alun
ATUX AIrOpPUTMOB. JlJist 3TOrO CrpoeKTUpoBaHa 0a3a JaHHBIX, KOTOPAsl COAEPIKUT
arpoKJIMMAaTUYECKUE XapaKTEPUCTUKHU, BIUSIONINE HAa BO3/CIIBIBAHUE KYJIBTYP.

B 06a3e maHHBIX TOMHMO OCHOBHBIX CBEJIECHUN O MPEANPUATHH, TEXHUKE,
nepcoHane, TEXHOJOTHMH BO3ZCNbIBAHUS KyJIbTyp H JAPYTUX  CBEACHHIA,
YUUTBHIBAIOTCS arpoKJIMMaTU4YecKue (PaKTOphl, BIMSIONIME HA BO3ZCIIbIBAHHUE

KYJIBTYD.
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MeToap!
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ArpoKknumMaTideckne
ETTT MporHosupoBaHne CPOKOB
TeXHOMOrMYECKUX onepaumii
B0O3AenbIBaHUA
CBefeHuA o CenbCKOXO3ANTCBEHHBIX KYNbTYp
KynbType

PekomeHayeMble
natel
TEXHOMOrMYECKUX
onepaumi

lNporpamMmHBINA | TexHW4eckoe Mons3osaTtens
KOMMMEKC obecneysHre

Pucynok 1.12 — ®yHkiinoHanbHas MoJielb HHHOPMAIIMOHHON CUCTEMBI

Jns uHpopMaImoHHON cucTeMbl OblJla COCTaBJICHA MOJIENIb JaHHBIX Ha
nornyeckoM ypoBHe (puc. 1.13). Monens AaHHBIX COCTOUT W3 12 cymIHOCTEM.
OCHOBHBIE CYIIHOCTH 3TO: «XO03UCTBO», «KynbpTypa», «ArpokinmMarudeckas
xapakrepuctuka»y u «Onepanus». CymmHOCTh «XO035SUCTBO» COAEPKUT OCHOBHBIE
CBEJICHUS O CEJIbCKOXO3AWCTBEHHOM mnpeanpusatuu. C HeW HENnoCpeACTBEHHO
cBs3anbl  cymHocTH  «llome» wm  «BosgeneiBanue  kyneryp». llepeuens
CEJIbCKOXO3SIMCTBEHHBIX KYJIBTYD, BO3EJIBIBAKOLIANCS B XO35IMCTBE
«Bo3nenbiBanue  KyJIbTyp» U «ATpOKIMMATHYECKass  XapaKTEPUCTUKA»
COOTBETCTBEHHO.

Jns peanm3anuu 6a3pl JaHHBIX Kcnoiab3oBaHa CYBJ] Microsoft SQL Server
2005 Express Edition, o0Omanaromas BBICOKOW  MPOU3BOAUTEIBHOCTHIO,
HAJIEKHOCTHIO 1 KOMMEPYECKON HE3aBUCUMOCTBIO.

Marematudeckoe obecnedenue WMC mnpencrtaBieHo B BHAE METOJIOB
aBTOKOPPEJSALMOHHOIO  aHaJlu3a, PpErpecCMOHHOIO0  aHalm3a M METoJa
CTaTUCTUUYECKUX HCHbITaHUNU. C TMOMOIIBI H3THUX METOJIOB OCYIIECTBISETCS
MOJICIUPOBaHUE CPOKOB BBIMOJHEHUs Oomnepanuii U (PakTOpOB BIMUSIONIMX HA HUX.
MeTobl perpecCHOHHOTO aHaIu3a MO3BOJIIOT MOJYYUTh YPABHEHUS 3aBUCUMOCTH
CPOKOB BO3JICJIBIBAHUS CEITbCKOXO3SUCTBEHHBIX KYJIbTYP OT (PAKTOPOB, BIUSIOIIUX
Ha 3TU cpoku. MHMcmonb3yss METOAbl CTaTUCTUYECKUX MCHBITAHUH MOXKHO
ONpPENENIUTh 3aKOHbl PACHpPEACICHUsA, KOTOPhIM MOJYMUHSIOTCS MapaMeTphl
TEXHOJIOTUYECKUX ONEpalMi, 1 CMOJEIUPOBATh UX I NAIBHEUIIEN OLEHKU HX
BapHaIUU.
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Pucynox 1.13 — Jlornyeckuii ypoBenb Mojienu fanHbix C mporao3upoBaHus
CPOKOB arpOTEXHOJIOTMYECKUX OIEpaLni

Ha

OCHOBC

pa3paboTaHHOU

0asbl

JIAaHHBIX,

AJITOPUTMHUYICCKOTO

MaTeMaTUYECKOro oOecrneueHus MCTOJUKHU OIIPCACIICHUSA CPOKOB BO3ACJIBIBAHHA

CEIIbCKOXO3AUCTBEHHBIX

MIPOTHO3UPOBAHUS
(YHKIMOHUPOBAHUS KOTOPOU MpuBeneHa Ha pucyHke 1.14.

KYJBTYD,
CPOKOB

cO31aHa
TCXHOJIOTHYCCKHUX

uH(pOpMaIMOHHAS
omnepanmii,

cxeMa

u

cucreMma

Jlnst co3naHus MOJb30BATENBCKOIO MHTEpQeica MPOEKTUPYEMON CHUCTEMBbI
UCII0JIb30Bajach cpeaa pazpadorku Borland Delphi 7.

['maBHOE OKHO MH(OPMAIIMOHHON CUCTEMBI COCTOMT U3 CIICIYIONINX MEHIO:
«@anm»; «Kynbryps»; «lIpeanoceBHbie onepamuny»; «lloceBHble omnepaunmny;
«Y6opounbie oneparmny»; «baza ganHbIx»; «CrpaBka» (pucyHok 1.15).

Mento «@aiim» colepKUT OCHOBHbIE MYHKTHI: «OTKpPbITHY, «COXpPaHUTH» U
«BbIxoa», mpenHa3sHaYCHHBIC JUISI OTKPBITHS W COXpaHEHUs 0a3 JaHHBIX U IS
BBIX0/1a U3 CUCTEMBL.

Mento «KynbTypel» TO3BOJISIET BBIOpaTh THI KYJbTYp JIA JajdbHEHIen
paboTHI B CUCTEME.
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Pucynok 1.14 — Cxema ¢pyHKIITMOHUPOBAHUS MTPOTPAMMHOTO KOMILIEKCa
IIPOTHO3UPOBAHUS CPOKOB IOCEBA

Mento «IIpenmoceBHbie onepanun», «IloceBHbIC onepanum» U «Y O00pOUHbIC
oIeparm» CoJepKaT WHCTPYMEHTHI ISl pacdyera W BEPOSTHOCTHOW OICHKH
PEKOMEHIyEMBIX JIaT Hadaja ONeparui.

Mento «ba3a naHHBIX» MTpeIHA3HAYCHA JUTS PEIaKTHPOBAHMS TEKYIIEeH Oa3bl
JTAHHBIX U COJICPIKUT IMYHKTHI COOTBETCTBYIOIINE OCHOBHBIM €€ CYIITHOCTSIM.

MeHro cripaBka coaep kut pasaeinsl: «[lomomey u «O mporpammey.

4 MOACAHPOBAHME TEXHONONHHECKHX ONePatmi

PaceT onTmamsed ANT
BODORTHICTHAR DUt 2AT

PHcyHOK 1 15 — UnTtepdeiic mHPOPMAIIMOHHON CUCTEMBI IPOTHO3ZUPOBAHUS CPOKOB
TEXHOJIOIMYECKUX OTeparui
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Pucynox 1.16 — [Ipumep kapTbl IPOCTPAHCTBEHHOT'O paclpe/ieiIeHus AaT MoceBa
3€pHOBBIX KYJbTYp MO MYHMIUIIATBLHBIM palioHaM co3/iaHHblii B Maplnfo

Pa3pabortannas MC nmepenaeT cnpOrHO3MPOBAaHHBIE JAThl TEXHOJIOTUYECKUX
oneparuii B ACY «XozsiictBo» (pucyHok 1.14). TlomyueHHbIe 1aThl UCTIOJIB3YIOTCSA
JUTSL COCTaBJICHUSI TEXHOJIOTHYECKUX KapT. Kpome Toro, mony4yeHHsle AaThl Hayaia
MOCEBOB MPUMEHSTHCS JJIsl COCTABIEHUS KapT MPOCTPAHCTBEHHOI'O paClpeAesICHUs
atux nar. s storo wucnonsizyercss [ MC-cucrema Maplnfo (pucynok 1.16). [pu
ATOM BO3MO>KHBI JIBa BApUaHTA pACHPEICIICHH AaT: IO MyHUIIUITAJIbHBIM paiilOHaM,
KOI'/Ia 10 KaKOMY paiiOHy MCIOJIb3YETCs OJIHA J1aTa U 0 y4acTKaM, MOJy4eHHbIM
B X0J1€ MHTEPIOJISAIUNA TOYCUHBIX JAHHBIX MO MyHKTaM HaOJ0ICHUN.

1.2.6 TlporpaMMHBIii KOMILIEKC MOJAeJIHUPOBAHUS BJIUSHUSA
NPUPOAHBIX M TEXHOTEHHBIX COOBITHI HA VIAHUPOBAHUE

ABTOpamMu pazpabotraHa WH()OPMAITMOHHO-TIPOTHOCTUYECKAsI CHUCTEMa
[TUTICAP, conepxarasi 6a3y JaHHBIX KIMMATHYECKUX BPEMEHHBIX PSIOB Pa3HOM
MEPUOANYHOCTH, KOMIIOHEHTBI CTAaTUCTUYECKOTO AaHAJIN3a JAaHHBIX, METOIBI
nporHozupoBanusi. B pabGore npennokeHa HWHPOpMAlMOHHAsg  CHCTEMa
«IIpuponneie ctuxuun 1.0» nus ynpaBiaeHus OpeanpusITUIMA HAPOJHOTO X031 CTBA
peruoHa B YCIOBHUSX MNPOSABICHUS OKCTPEMAIbHBIX MPUPOAHBIX SBICHUI
PA3JIMYHOTO MPOUCXOXKICHUS.

Mexay TeM B IPUBEICHHBIX CHCTEMAax HE PacCMaTpPUBAIOTCS TEXHOTEHHBIE
COOBITHSI, COBMEILEHUE TEXHOTCHHBIX M MNPHUPOAHBIX COOBITUN, H3MEHUYUBOCTH
PEOKUX SABJICHUM C YYETOM pacCesiHUus BEPOATHOCTHBIX NApaMETpPOB  JUIS
IUIAHUPOBAHMS TNPOU3BOJACTBA CEJIBCKOXO3SMCTBEHHOM NPOAYKIMU B KpauHe
HEOJaroNMpHUATHBIX IPUPOAHO-KIMMATHYECKUX YCIOBUSAX.
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[Tootomy B pabore mpemiaraercs  MIPOOIEMHO-OPHUEHTHUPOBAHHBIN
MPOTPAMMHBIN KOMILJIEKC 50 PELLICHUIO 3aj1a4 MaTEMaTHUYECKOTO
MPOrPAMMUPOBAHUS Uil ONTUMHU3ALUM TIPOU3BOACTBA arpapHoil MNPOIYKIUU C
OIICHKON CTPaxOBBbIX BO3MEIICHUU B YCJIOBHUSX IMPOSIBICHUA PEAKUX IMPUPOTHBIX
SIBJICHUM, TIOCJICACTBUUA T€XHOT€HHBIX BO3JAEHUCTBUN U COBMEIIEHUN MPUPOIHBIX U
TEXHOTCHHBIX COOBITHH, cXema (QPYHKIIMOHUPOBAHHMS KOTOPOTO TIOKa3aHa Ha
pucynke 1.17.
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Pucynok 1.17 — Cxema ¢pyHKIIMOHMPOBAHUSA TPOTPAMMHOI0 KOMILIEKCAa MOeJUPOBAHUS
BJIMSAIHUS NIPHPOIHBIX H TEXHOTCHHBIX COOBITHII HA IIJIAHUPOBAHUE

[IporpaMMHBIil KOMITJIEKC COCTOUT U3 0a3bl IaHHBIX, KOTOpasi MOMOJIHIETCS
CBEJCHUSIMH O TEXHOTE€HHBIX M MPHUPOJIHBIX COOBITHUSAX, METEOPOJOTUYECKUMHU U
TUAPOJIOTMYECKUMU JAHHBIMU U IIPOU3BOICTBEHHO-3KOHOMHUYECKUMHU
MoKa3aTeasIMH,  MaTeMaTHYeCKOro M alrOpPUTMUYECKOro  obecreyeHwus,
uHTep(deiica. VcTouHukamMu JaHHBIX SBISIOTCS MUHHUCTEPCTBO IMPHUPOJHBIX
pecypcoB u 3kojorun (MIIPu3), nenTp arpoXxumMudeckon Ciry:k0bl, MUHHCTEPCTBO
cenbckoro xo3dancrea (MCX), UpkyTckoe ynpaBiaeHUE M0 TUAPOMETEOPOJIOTHU U
MOHUTOpUHTY  okpyxkawmeid cpeasl (Mpkyrckoe YI'MC), npeanpusatus
arponpomsinuieHHOro kommiekca (AIIK) pernona.
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Peanuzamusts  uHTepdeiica mOporpaMMHOIO  KOMIUIEKCA M METO/OB
MaTEMaTUYECKON CTATUCTUKHU OCYIIECTBISUIACh MPU MOMOIIM HHTETPUPOBAHHOU
cpenpl paspadotku DelphiXE3. baza nannsix peanmzoBana B CYBJ] Microsoft SQL
Server 2005 ExpressEdition. AnroputmMuyeckoe obecreueHre npeacTaBisieT coooi
pa3pabOTaHHbIEC AITOPUTMbI MOJICTTUPOBAHUS PEIKUX COOBITUHN, NX COBMEUICHUN U
pelieHusl 3aJady  MaTeMaTH4YeCKOTO MPOrpPaMMHUPOBAHUSI C  HCIOJIb30BAHUEM
UMUTAIMOHHOTO MojenupoBanus. [l peanuzanuu Mojenedl IIaHUPOBaHUS
MIPOM3BOJICTBA MPOAOBOJIBCTBEHHOMN MPOAYKIIUY TPUMEHEH MPOTPAMMHBIN TPOAYKT
LP Solve 5.5. Pe3ynbraTel cTaTUCTHUECKON OOpaOOTKH NAHHBIX, PEHICHUN 3aad
MaTEMaTHYECKOr0 MPOTPAaMMHUPOBAHUS M CBEICHUS M3 0a3bl JaHHBIX MOXHO
COXpaHsATh B BHUJIe Tabuu1l B npusoxxennu MS Excel.

Ha pucynke 1.18 mnpuBeaena ¢GyHKIMOHAIbHAS MOJEIb MPOOIEMHO-
OPHEHTHPOBAHHOTO MPOTPAMMHOTO KOMILUICKCa, BbITIoHeHHass B HoTanuu |IDEFO.
B kadectBe BXOJHBIX JaHHBIX  IPOrPAaMMHOrO KOMIUIEKCA HCHOJIb30BaHbI
OPUPOJIHBIE, TEXHOTCHHbIE W IPOU3BOJCTBEHHO-3KOHOMHYECKHE IapaMETPHI.
Pe3synbratrom moaenupoBaHMs ABISETCA: 1) MPOCTPaHCTBEHHO-BPEMEHHAsl OlLIEHKa
PENKUX MPHUPOAHBIX COOBITMI M TEXHOTEHHBIX MOCJIEICTBUN; 2) OLEHKa cepui
coOBITUH; 3) oONTUMallbHblE IUIaHBl IPOU3BOJCTBA CEIBCKOXO3AHCTBEHHOU
OPOAYKIIMM B YCJIOBHSX TMpPOSIBICHUS MPUPOAHBIX COOBITUM, TEXHOTEHHBIX
HOCJIEACTBUNA U UX COBMEIIECHUS.

MetomeI,
AT OPHIMEL
ITpocTpaHCTBEHHO-BpeMeHHAT OIIEHKA
PeIKILX TIPIPOJTHELX I TeXHOTEHHELY
 COORITII

TIpupopaHELe 0
TeXHOTEHHEIE IIapaMeT]PEL

Mopemipopanie POIM3BOACTBA
arpapHoit MPOYKINML ¢ YUETOM

OmueHKa cepiil cOORITIOT

¥

IIpoIsBoACTBEHHO-
SKOHOMITUeCKIIe TTapaMeTpEl

MMPHPOTHEIX H TEXHOTEHHBIX

_ . DITIIMATEHELE TUTAHBI MMpPOM3BOICTRA
COOBITIII

TPOIOBOTECTBEHHOIT POIYKINI B
/CTOBILLY, IPIPOHELY I

¥

EXHOTE€HHEIX PHCKOR

[IporpammHoe obecnedeHne ONTHME3ANNH
mapaMeTpoB arpapHOro MPOH3BOICTRA B
Kommerotep| Ilomb30Batems | yemopmsm: mposeHns NpHpoIHBL H
TeXHOTEHHBIX COOBITHIT

Pucynok 1.18 — @yHknuoHaIbHAsi MO/ieJIb POrPAMMHOI0 KOMILIEKCAa MOAeTHPOBAHMSA
BJIMSIHUS NIPUPOJAHBIX U TEXHOTCHHBIX COOBITHI HA IVIAHNPOBAHUE

Ha pucynke 1.19 mnokazana aexomMno3unus (GyHKIIMOHAJIBLHOW MOJENIU
MPOrPaMMHOT0 KOMIUIEKCA MOJETMPOBAHUS BIUSHUS MPUPOIHBIX U TEXHOTEHHBIX
COOBITHH Ha TJIAHMPOBAHKE TIPOU3BOJICTBA.
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[IporpamMmMHoOe oOecnedueHne CTPYKTYPHO MOApa3neiseTcss Ha ABa Oyoka.
IlepBplii W3  HHMX  TOCBSIIEH  CTaTUCTMYECKOH  00OpabOTKE  JaHHBIX:
1) ctoxacTrueckas OIIEHKa PEIAKHX TPUPOIHBIX SBICHUN C ydeToM M 0Oe3 yuera
UCTOPUYECKUX CBHUJETEIBCTB C  MCIOJIb30BAHUEM METOJOB MOMEHTOB U
OpUOIMKEHHO MaKCUMaJbHOIO MPABAONOAOOMS; 2) CTaTUCTUYECKas OLEHKa
IIOTOKOB COOBITHIA; 3) OLIEHKA CBS3EW MEXKIY YUCIOM COOBITUH U SKCTPEMAIbHBIMU
3HaYEHUSIMU B paMKax MOJEJIMPYEMBIX 3M0X; 4) ONUCaHUE TEHIACHIMH N3MEHEHUS
COOBITUA W WX CEepud C TMOMOUIBI0 PAa3IMYHBIX MaTeMaTHUYeCKHX (YyHKIUH;
5) ompenenenue 3aBUCUMOCTEU pEeAKUX COOBITUI oT (bakTopoB;
6) mpocTpaHCTBEHHO-BpEMEHHAsT OIleHKa coObITHA. [Ipym ATOM ISl peanm3armu
ATUX PYHKIUH OPOrpaMMHOTO KOMIUIEKCA UCIIOJIb30BaHbl PA3HbBIE TOIXO/IbI.

Btopoit Onox mnporpaMMHOro oOechedeHusi TMO3BOJSET pellaTh 3aJauu
MaTeMaTU4YeCKOro MporpaMMUPOBAHUs Kak OOIIKe, TaK U YacTHbIe. J{s perieHus
3a7ad  C MHTEPBAJBHBIMH MW  CIy4allHBIMM IIapaMe€TpaMU  MCIOJIb30BaHBI
pa3paOoTaHHbIE AJITOPUTMBI TOJTYYEHHs] ONTUMAJIbHBIX IUIAHOB IPOU3BOICTBA
CENBCKOXO3SIMCTBEHHON MPOAYKIMHU C HCIOJIB30BAaHUEM METOJA CTATHCTHYECKHUX
UCIIBITAHUM.

(DYHKIMOHUPOBAHUE CHUCTEMBI OCYILIECTBIIETCSI HAa OCHOBE METOJOB
UMUTALMOHHOTO MOJIEJIMPOBAHUs, TEOPUU BEPOSATHOCTEM M MaTEMaTHYECKON
CTaTUCTUKA M MAaTeMaTHUYeCKOro IpOrpaMMHUPOBAHUS C  HCIIOJIB30BAaHUEM
pa3pabOTaHHBIX MOJIEJEH NPOCTPAHCTBEHHO-BPEMEHHOM OLIEHKH MPUPOJHBIX U
TEXHOTE€HHBIX CcoObITHI. [lpm sTOM [ peanu3auuud MOJENEH MPEeIIOKEHBI
AIrOPUTMBl OLIEHKH BEPOSITHOCTEW TOSIBICHHUS PEAKOro COOBITUS B YCIIOBHSX
HEONpPEIETIEHHOCTH U ONTHUMU3ALUN napameTpoB MPOU3BOACTBA
CEJIbCKOXO3SIUCTBEHHON ~ MPOAYKUMM €  NPUMEHEHHWEM  HMMHTALMOHHOTO
MOJEJIUPOBAHUS JUIsl 33]]a4 C MHTEPBAJIbHBIMU U CIIy4ailHBIMH OLleHKamMu. B 0CHOBY
NPEAJIOKEHHBIX ~ AJITOPUTMOB  TOJIOKEHO JIBa BapuaHTta: l) ¢ yderoM
MOJICJIMPOBAHUS PEIAKOTO COOBITUS B Npelenax Iepuojia €ro IMOBTOPSIEMOCTH;
2) COTJIaCHO YCJIOBUIO IMPEBBINICHUS 33JJaHHOTO (PAKTUYECKOTO 3HAYCHHS PEIKOTO
apineHus. bnaromaps pa3paOoTaHHBIM aJIrOpUTMaM OIICHUBAETCS HE TOJBKO
MOBTOPSIEMOCTh COOBITHS, HO U paccessHUE BEPOATHOCTH U 3HadueHus. [Ipuuem npu
peuieHnn  cpOpMyIHPOBAaHHBIX 3aJad MaTeMaTHYeCKOro MPOrpaMMHUPOBAHMS
HCIIOJIb30BAaH CHMILUIEKC-METO/I, MOCKOJBbKY IPEAJIOKEHHBIE MOJEIN CBENECHBI K
JIMHENHOMY BUY.

baza pannpix peaymzoBana B CYBJ[ Microsoft SQL  Server 2005
ExpressEdition. OHa CcOCTOMT M3 CYIIHOCTEW, OIpPEACNICHHbIX B MSATh TPYIII,
BKJIIOUAIONIMX B Cce0S TOPUPOAHBIC, TEXHOTEHHbIE U  IPOU3BOACTBEHHO-
HKOHOMHYECKHUE aHHbIe (pucyHok 1.20).

[Tonp30BaTeneM KOMIUIEKCA MOXKET ObITh SKOHOMHUCT arpOIpOMBIIITIEHHOTO
MOPENNPUITHSI, CIEUUATUCT TUAPOMETEOPOJIOTHUECKON CIYX ObI, MpPEICTaBUTENb
CTPaxOBOW KOMITAHUM, OLICHUBAIOIIUN PUCKH.

158



Y1

MeTogkl,
ANMopHThIE

OnpefgenaHie
CTATHETHYRCKHI

CTATHCTHHECKME NApSMaTB

NapameTpoE paga
MHOMG NETHHX
HabnkgeHHA

¥

BrigeneHre cofuTHE W .
PEAKOrD AENEHWA HE L

MHOMeTHEr pAga
N gEHKH

-

¥

Pan cofeiTmia, pegroe
AE NEHWE

Hak

_,_,_*«_«_«ﬁ

)

¥

1r

Cepki coSETHR B paznMqHEE
ANOXK K KX OUEHES

L
X Suanuz cepud [
- coBRITHI ::

¥

NPoMzEOACTES © WUSTOM
NPMPOAHEN COBHTHE K

TEXHOMEHHEX NOCASACT EHM [

O3MEWEHIMA

1
.
1
1
1
0 1
: |
" 1 !
At | T
I : o~ ¥ - DUgHES PEAKOND ABNEHMA (COSEITMA) 1M Cepui
1 l MpoCTPEHCT ESHH- EPEMEHHOH |, 5 g
! ! A 2HANH2 PeAKMX AR NSHHI CcoBEITHI B NPPCTPSHCTES N
1 (CaBETHA) 7 N .
3 T | . o
MaMpopAHEIE 1 : i * ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o N
1 e =
TEXHOEHHBIE ! , | Moafiop sakoka | P PEA
”aps_‘j"'ETp:" : I R : P pacnpegansHaa ana i [=1EE SHIE =
: ' : + [ peakard A AeHAA 1 [ T o
1 | coBETHIE ¥
1 ' 1 BLIAE NeHHe pegrux 1.
: ! : O EMEW SHHK : QUeHES pegkan
' ; I ! —PPpnpoansi cofbTai kb COEMEWEHNA COBBITHEA
. l : i . ~ TEXHAMEHHEX : -
T ] 0 | - NocReaCT EHA 3
1 1 ]
L ~ X e
MpoK3EORET B EHHD ! | ! ! ¥
AKOHOMMHECKME ' I | ' - )
1 1 u] ~,
napameTgaksl 1 i 1 X el ELTHRAR 3 L2 PHUpORHEIE,
—'{ : : L : | > CeNbCKOX0ZANCGT E2HHOM ExHO MEHHBIE
]
I ' '
1 '
! I
1
! 1
! I

KomneoTep,
NonEs0ESTENE

Pucynok 1.19 — Jlekomno3unusi pyHKIMOHAIBbHOI MO/IeJ 1 NPOrpaMMHOI0 KOMILIEKCA MOIeTHPOBAHUS BJIUAHUS
NPHPOJHBIX U TEXHOTeHHBIX COOBITHH Ha IVIAHNPOBaHUE



PALE napaMeTnoe

r|D_F'H,.EI,I:uI NapameTpoe
D" Knaccudimkatop pek (FK)
ID' KnaccudmkaTop HaceneHHel

Fnaccuiimkatop pek

D Knaccudimkatop pek

HazeaHue peku
Hata coznanua

ID_Knaccudmkatop pagoe (FK) o

log
JHa4eHMe napameTpa

knaccuibkaTop pRLOE
D" Knaccudmkatop panoe

Hazeanue pana

Hata coznaHua
CoznaEWMA NONES0EATENE
Mapkep yganenua

Co30aBWWA NONE3OEATEN
Mapkep yaaneHua
HaMEHMEWWA NONE30EATENE

FNaccHBMEATOR HACENEHHEIX NYHKTOE HaTa u3MeHeHHA

ID' Knaccudmkatop HaceneHHEN: NyHKTOE

HazeaHue

Hata coznaHda

C0303BLWMA NONBIOEATEN
Mapkep yoaneHua
HN3MEHHELLMIA NONB30BATENE
Hata MogHDHKaLHM

L

HETDPHHEEKHE CEMNRTENRCTER

f|D_|'{.I'IaI3I3HE|J|r1KaTDp HACeNeHHEN: MyHKTaE (F
ID_knaccudmearop pek (FK)
ID_knaccudmeatop pagoe (FK)

s ID_WMcTopuyeckie cEMETENLCTES

MzMEHMEWKA NONE20EATENE
Data MameHeHuA

-

k]

Mog

Pucynok 1.20 — Moaeab 0a3bl JaHHBIX IPOrPAMMHOI0 KOMILIEKCAa MOJIeJHPOBAHUS
BJIMSIHUSA MPUPOAHBIX U TEXHOT€HHBIX COOBITHI HA MJIAHNPOBAaHHE

HNHuTtepdeiic mporpaMMHOr0 KOMILJIEKCAa COCTOUT W3 TMATH IYHKTOB MEHIO:
«Anammsy, «Onrumuzamus», «Vcxomnesle  maHHBICY», «HMmopTupoBaHHUEe)

«Knaccudukatopsn».

9

C nmoMOIIbI0 NYyHKTa MEHI0 «AHAN3» OCYHIECTBIAECTCS CTAaTUCTHYECKas
o0paboTKa JaHHBIX C WCIOJB30BAaHWE METOJ]a MOMEHTOB U TPHUOIMIKEHHO
MaKCUMaJIbHOTO TPABAONOJ00MS C ydyeToM W 0e3 ydeTa HCTOPUKO-apPXHUBHBIX
CBUJICTENILCTB (pUCYyHOK 1.21), BbIFeNeHUE U3 psijia MHOTOJETHUX HAOIIOICHUIM
PEIKOro SIBIEHUS U COOBITHH, MPOCTPAHCTBEHHO-BPEMEHHAs OIIEHKA COOBITHH,
OIIEHKA CEepUil COOBITHI B Pa3JIUYHBIC SIOXU C MOCTPOSHUEM PErpeCCUOHHBIX
3aBUCUMOCTEH, MOI00p 3aKOHA pacHpeae/ICHUs] CIIy4alHOW BEJIMYWHBI, BBIICIICHHUE
PEIKOro COBMEIIEHUS COOBITUH.



& CratncTina

Brifiop napareTpoE

Pag HarceneHHBIR MyHIET Peka
MakcHManeHsIe packoabl BOARl BECEHHME T % | [T paHOBWMHA W | |Kwvaa v
WHET HCTOPHHECKHY CEHAETENLCTE MeTo4 JUEHKH =
ErIBpaHo 71 sHaYEHMHA
o1l
{*3} HeT
{mnmn
{:} 3 foa MNokazaTk

l::}'CTEIT. C OTPKL,. HaY. MOMEHTOM

[apareTp SHAYEHHE

CpejHes 82,8309559154593
CTaHAAQTHOE OTKNOHEHHE 45, 4484907546029
Me araHa 70,5

Moaa 115

CTaHLapTHaA owkika 5,39374352201557
Arcnepcna 2065,56531187123
Mk CHMyM 202

PkHEMY M 13,7

LR e

CueT 71

KoaddHUHEHT E3pHaLHK (Cv) 0,5486824581 938915
ACHMMETPMA METOAOM MOMEHTOE [C5) 0,921734260229274
MepEtiH KohdHUKMEHT A6 TOKOPENALKHH 0,2050681 18406228
KopBHULHEHT BAPHALMK, C YHETOM SETOKDPENALHH 0,550694 006435451
MorpeWHoCTE KosddHUKEHTS SETOKOPPENALMKH 0,115323274849333
KpHTEpHA fMkcoHa 0,0637 280934678704

KpHTEpHA CMMpHOEA-Tpatbca no MakcHayyl TabnMaHeER) - 5,15333333333333
KpuTepHi CrrpHoBa-Mpatica no muHumymy{Ta0naHer)  2,01066666666667
KpHTEpHHA CrHpHOBa-Tpatbca no MakcHuyMylpacieTHoe)  2,62206757517228
KpHTEpHA CHMpHOEA-Tpatica o MMHUMyYMyY DacHETHOR) 1,52108430373937

Pucynok 1.21 — OxHo BbI0Opa JaHHBIX M pacyeTa CTATUCTHYECKUX NapaMeTPOB
JJISi MHOTOJIETHEIr0 THAPOJIOTHYEeCKOro psiia HA0 M0 1eH Uil

CornacHo  myHKTY  MeHIO  «OnTumuzaius»  pemaroTcs — 3ajadu
MaTEMaTHYECKOr0 MNPOrpaMMHUpPOBAaHUs MJI TOJYy4YEHHUS ONTHUMAbHBIX IIJIAHOB
MIPOU3BOACTBA MPOJOBOJBCTBEHHOW MPOIYKLIHH C YYETOM BIIMSHHS MPUPOJIHBIX
COOBITUH W TEXHOT€HHBIX IMOCJEICTBUH, MO OIIEHKaM MapaMeTpoB, MOJyUYEHHBIX C
MIOMOIIIBI0 MEHIO « AHaIN3Y» (pUCYHOK 1.22).
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Dain  Beixog
Lenesan diyHkuna CrpaHH4eHHa
PazMepHOCTE 384344 HOMMUECTEO PEWEHHA
El 30
MNoMck peweHHa
334343 C MHTEpBANEHEIMA NapaMETRaMI
(:) MakCHMyM
@ FHHHMY M
Lienegas dyHKLMA

%1 2 %3 #4 #5 3] 7 s =0

2500 2500 2500/3500 2300 =2} 500 ] 2500 1340

< >

HaTH pELEHHE 3 CHATE PE3YETATEI
PesyMETAT | Mpadmk
PeweHHe
%3 * #1 2 %3 4 %5 i) S
FHAHEHHE P
2502 . 354,706 250 363,636 43,75 222,222 63,851
536 . 502,5 200 380,952 43,75 222,222 50
2562 . 376,875 210,526 380,952 43,75 222,222 63,5839
2644 . 402 250 380,952 43,75 222,222 50
3426 . 335 210,526 421,053 S5 7S 227872 65,141 %
£ >

Pucynok 1.22 — OxHo BbIOOpa napaMeTpoB, BHECEHHS JaHHBIX B MO/ieJIb U
BBIBO/Ia Pe3y/JIbTATOB pellieHHs 32/1a4u ONpe/ieJieHHs ONTUMATbHBIX NJIAHOB
NPON3BOCTBA NPOAOBOJIBCTBEHHOI MPOAYKIUH € YUYE€TOM 3aCyXH

C momompo TyHKTa MeHIO «lIcXOomHbIe JaHHBIC» OCYIIECTBIISCTCS
JIOTIOJTHEHUE, OOHOBJICHHE W yJaJeHUE CBEACHUN B 0as3e JaHHBIX; MPOCMOTP,
3arpys3ka ux I Ipou3BeeHus pacuetoB (pucyHok 1.23).

[Tyakt menio «lmmopTupoBaHue» TO3BOSET TEpPEeMeENIaTh aHHBIE U3
(dopmanu3zoBaHHbIX Tabaui npuitokeHust MS Excel B 6a3y gaHHBIX mocpencTBOM
MOJIH30BATEIHCKOTO HHTEPQEiica MPOrpaMMHOTO KOMILICKCA.

Jlnst mepedHst CymrHOCTed 0a3bl JaHHBIX HCIOIB3YEeTCS MYyHKT MEHIO
«Knaccudukatopbi».

JIst Mcnosib30BaHUsS MPOTPAMMHOTO KOMILIEKCa HEOOXOIUM KOMIIBIOTEp C
yKa3aHHBIM TMPOTPAMMHBIM OOCCIICYCHHEM. B KkadecTBe 3amuThl HH(POPMAIHH
UCTIONB3YIOTCS TapoJid NI JOCTyla ToJib3oBarens. ba3za maHHBIX MOXKeT
NEPUOMYECKU JTOTIONHATHCS BPYUYHYIO WJIM aBTOMATH3UPOBAHO C OQPHUIIMATBHBIX
CaliTOB THIPOMETEOPOIOTUIECKON CITY)KObI 1 MUHUCTEPCTBA CETLCKOTO XO35HCTBA
peruoHa.
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Aanny  Onmmsamsaums  Vicxoamese 2anneie  Minnopraposanme  Kaaccn@nratopal
4
O x5 F oo o). e S
Hasemse 1
|Arpororneieckan 3acyes YpoxamocTs, wira = X
I Manciedanamie PICKORbl BORN BECEHISN NONOBORIA, M3/C d b 4
I Maxcieaarmapie PACOab! BOAN 10XRLEBK NABAKOS, M3/C d x
| MExCUMaHbIe CYToasss OCAAKH TENNOro nepuona, T d X
| ManCHMMIMITIe CUTOMMEA OCAAKMH TENNOMD NERHORA. MM “J x
MiessasanbHes CYTORRIS OCAIKM TENNOro Napuona, *C u x

AFDOHOMNEONIR JOCYXA, YDORAMCTY, U | ¥

VCxoarese Aronse

Paa Hacene et NyreT
A POHOMNMECKAR SACYXA. YDOXSHOCTD, Wira VioxyTocan ofnacrs
ATDOMOMAECKAR 3ACYXD. YDONAMOCTY, Wira VoxyTokas ofnacte
ATDOMOMIAIEINAR JOCYXD. YPONNMOCTY, Wira VoxyToxas ofnacTe
ArPOrOMSIECKAR 3ACYXD. YPOwamOCTY, wira VipxyToxas obnacTe
AL POHOMPISOAR SACYXE. YDOXMHOCTS, Wis Vpxyrocas obnacre
ATDOHOMIMECKAR JACYXA. YDOXEHOCTY, Wira Voxyrocas obnacrs
ATPOMOMASEOR JOCYXD. YPOWN#OCTY, Wira VipxyToas ofnacTe
ArPOMOMITEOAR 33CYXA. YPOXaeOCTD, Wirs VpxyToxas obnacte
AL POHOIIIEONAR SACYXE. YDOXSHOCTD, Wira Vioxyroxas obnacrs
ATDOMOMASECKAR 3ACYXD. YDOREMOCTD, Wira VpxyToxan oSnacTe
ATPOMOMASEOAR JACYXD. YPONN®OCTY, Wia Vo yTodas obnacTe
ArPOHOMSIECKAR 3BCYXS. YPORaIOCTY, Wi VipxyToxas obnacTe
AL POMOMPIEOKAR SACYXE. YDORAROCTS, s Voxyroxas ofnacrs
ATDOMOMANEOAN JACYXD. YDOXEMOCTS, Wira VoxyTocan ofnacrs
ATPOHOMASEOMR JACYXD. YPORNTOCTY, Wira VoxyTodas ofnacTe
ATPOMOMISIEOKAR 33CYXD. YPOXaOCTY, wWira VipxyToxas cbnacte
AL POMOMIIECKAR SACYXA. YDOMAHOCTD, Wirs Vioyroxas ofnacrs
ATDOMOMASECKAR JACYXA. YDORSHOCTS, Wra VoxyTocan obnacrs
ATDORMOMASEOMR JACYXD. YDOWNROCTY, Wira ViowyTodas ofnacTe
ArPOMOMFISOMEA 30CYXD. YPOXamOcTy, wWira VipxyToxas 08nacTe

Pucynok 1.23 — OkHa cogep:KuMoro 6a3bl JaHHbIX NapaMeTPOB MHOT0JIETHUX
Ha0/1101eHHUIT ¥ BbIOOPA JAHHBIX /ISl BHINOJHEHHS PACYETOB

HexoTophblie pe3yabTarhl paboThl MPOrPaMMHOI0 KOMILIEKCa MOJICIIUPOBAHUS
BIIUSIHUSL TPUPOAHBIX COOBITUM W TEXHOTCHHBIX TMOCIEACTBUI Ha arpapHoe
MIPOU3BOJICTBO MpUBEEHBI B Ta0uIe 1.1.

PesynbTaToM TmepBoOi 3alauyd MaTEMaTUYECKOTO MPOTPAMMUPOBAHUS CO
CIIyJallHBIMHM TapaMeTpamMH SIBJISIETCS 3aBUCUMOCTh yIepda W CTPaxOBBIX
BO3MEIIICHU OT BEPOATHOCTH COOBITHS, XapaKTEPHU3IYIOIIETOCS pacCesHUEeM
MaKCHMAJIbHOTO pacxoja BOJbl U COOTBETCTBYIOIIEH eMy BeposiTHOCTU. [IpuBenen
JMAIla30H BEPOSATHOCTEN DKCTPEMAJIBHOM T'MIAPOJOrMYECKOM BenuuuHbL. [Ipu 3TOM
MCKOMBIE TIEpEeMEHHBIC 3a/1auu KoJeomoTcs Ha 97-98%.

Bo BrOpoil 3amaue NOKAa3aHO BJIUSHHE HA ONTUMAJIbHBIE PELICHUS
3arpA3HUTENICH, YMEHBIIAIOIIMX BBIXOJA MNPOAYKUMHA W IUIOIAAM ITOCEBOB.
Pe3ynbraTomM ABNSIOTCS BEpXHUE, HI)KHUE W MEIAUAHHBIE OLEHKU LEJIEBOU
(yHKIMH B 3aBUCMMOCTH OT Pa3HOTO COYETAHUSI MHTEPBAIbHBIX OLIEHOK, KOTOPbIE
MPOSIBIIAIOTCA HEMpeAcKa3yemo. B mpumepe mokas3aHo, 4TO MPEANPUATHE MOXKET
noTepsATh B ayuiieMm ciydae 0,837 miuH. py0., a B xyamem — 4,387 miH. py0. [Ipu
3TOM MaKCHUMAJIbHBIE CTPAXOBbIE BO3MEIICHUSI COCTABAT 2,415, a MUHUMAJIbHBIE —
0,652 miH. py6. KonebaHust ICKOMBIX ITepeMEHHBIX JOCTUTAIOT 83%.
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Tabmuna 1.1 - Pe3yJbTaThl MOIJIHMPOBAHNS MAPAMETPOB arPapHOro MPOU3BOACTBA C ONpe/iejieHHeM MPUPOTHBIX H TEXHOTE€HHBIX PUCKOB H
CTPaxoBbIX BO3MeILleHHH /IJISl cOUeTaHusl 0TpacJieil B yCJOBUSIX HeoNpeaeJeHHOCTH ¢ TOMOUIbI0 P00/1eMHO-0PUEHTHPOBAHHOT 0

MPOrpaMMHOI0 KOMILIEKCA
CpaBHeHue
[Ipu3Hak (THIT) Bimsiaue coOwITHS Ha AnTOopuUT™M OOBeKT PacderHbIe cTpaxoBBle | ONTHMAILHBIX
Bun coObiTus YuiepOsl, MiTH. pyo.
HEOTpeAEeIEHHOCTH MIPOM3BOICTBO pelIeHnsT | WCCIIEIOBaHUS BO3MEIIEHUS, MITH. PYO. TJIAHOB
Monaenu, %
N 000 _ _
. Penxuit 3aroriieHue D =-112,37p+ 11,34, | ¥ =-141,05p + 11,8,
Ciy4aliinbie . N . «Tanuukay, 2 5
HAPAMETDLL JOXKIEBOM CEJIbCKOXO03SICTBEHHBIX IepBoIit Taiimerckut R* =0,95 R* =0,99 97-98
pavetp MABOIOK yromuit  ation p [0,00989; 0,0678] p [0,00989;0,0678]
I3meHeHne cebecTONMOCTH
MpO-AyKUUH, YPOKAUHOCTH 000 max _ 4397 max _ 9 415
o mm 4 max - )
VHTepBanbHbie TexHOreHHOe | CeIbCKOXO035HCTBEHHBIX i «TUaJIHHKa»,U pmin _ 0,837 min _ (163 77-83
HapaMeTpbI coObITHE KYJBTYP, Taitmerckuit pmed — 3 940 ymed — 0652
CEJIbCKOXO3SIICTBEHHBIX paiioH min = - max ’
yroaui
Penkoe
Cnyu4aiiHbie 02224:}11111{3;26 3atoienme «Ta(J)ISIgca» b=-119,320+ 18,84 V'=-16510+ 2642
y CEIIbCKOX 035 CTBEHHBIX [lepBbrit N 2 R? = 0,65 R?=10,75 0-89
napaMeTpbl MTOJIOBOJIBS . Taitmerckuit
JIOKIEBOTO yroAut paiion 7 [0,0138;0,0891] {[0,0138;0,0891]
MaBOJIKa
N3meHenune ypoxxaiiHOCTH
CEIIbCKOXO035IMCTBEHHBIX 000
3acyxa u KYJIBTYp, JeTpajiarust Diiyy = 8,436 ymax — 14,375
HuteppaibHsie TEXHOT'€HHOE | CEIbCKOXO3HCTBEHHBIX - «AKaﬂeMHHV»’ D' = 0,499 ymin = 0,052 53-90
rapaMeTpbl 6 o WpxyTtckmii ey med _ g 7e
COOBITHUEC YTroJauu, U3MCHCHUEC paiion Dyt =5,110 Ymes = 8,753
cebecTonMoCTH
MTPOU3BOAMMOM MPOTYKITUH




Tperpss 3amaua oToOpakaeT CHUTYaIMIO BIUSHUA PEIKOTO COBMEILICHHS
TUIPOJIOTHYECKUX COOBITHI Ha MOTEPH CEIbCKOXO03SHUCTBEHHOM Mpoaykuuu. Kak B
NepBOM 3a7ade pe3yibTaTOM pEIICHUS SBJSETCS 3aBUCUMOCThH yilepOa u
pacyeTHBIX CTPaxXOBBIX BO3MEILEHUNA OT BEPOSTHOCTH COBMEUICHUSI COOBITUNA IS
pacyeTHOro WHTEpBaJla BEPOATHOCTEH. 31eCh MAaKCUMaJbHOE PACXOXKIICHUE
MCKOMBIX 3HAYEHUN COOTBETCTBYET 89%.

YerBepTrass MOJeNb TMOCBAIIEHA OIPEACICHUIO VYIIEpOOB OT 3acyXu H
3arpsi3HEHHsI MOYBBI. Pe3ynbTaToM MOJIETUPOBAHUS SBIISIIOTCS BEPXHHE U HUKHUE
oreHku ymiepooB (8,436 u 0,499 muH. py0.) U cTpaxoBbix Bo3menieHui (14,375 u
0,052 mmH. py0.) ipu KoJIe0aHUM MCKOMBIX 3HAYCHHH Mojieu B mpeaenax 53-90%.

[IToMuMO mEpEeUnCIEHHBIX BAPUAHTOB PEIICHWHA 3aJad MaTeMaTHYECKOIro
IPOrPaMMHUPOBAHMS B YCIIOBUSX HEONPENEIEHHOCTH MNPOrPAMMHBIA KOMILIEKC
MO3BOJISIET PEAIU30BbIBATh U JIPYTME MOJIENH, CBSI3AHHBIE C HMHBIMU DPEIKUMHU
MPUPOJHBIMU SIBIICHUSIMU, JPYTUM COBMELICHHUEM MPUPOJHBIX M TEXHOTEHHBIX
aBieHud. KpoMe TOro, MO>KHO peaau30BbIBaTh 33/1a4d, B KOTOPBIX MCIOJIb3YIOTCS
KaK UHTEPBAJIbHBIC, TAK U CIyYalHbIEC TAPAMETPBI.

Takum 00pazoM, OCOOEHHOCTBIO MPOTPAMMHOIO OOECIIEUEHMsS SIBISETCS
BO3MOXKHOCTh KOMIUIEKCHOM OOpaOOTKM COOBITHH, OIIEHKH PEIKUX 3HAYCHMH,
cepuil COOBITHM, MX CBA3€H, ONpENeeHUE PEIKOr0 COBMEIICHUS NMPUPOAHBIX U
TE€XHOT'€HHbIX cOObITUH. Kpome Toro, nosyueHHble pa3pabOTKU B 3aBUCUMOCTU OT
OCOOEHHOCTEW NapaMeTpoB MO3BOJIIOT MOJEIHPOBATH PA3JIMYHBIE CHUTYALMH
IIPOU3BOJICTBA CEJIbCKOXO3SIICTBEHHON MPOAYKIMU B yCIOBUAX HEOIAronpUsITHON
BHEIIHEH Cpenbl Ha OCHOBE TMPEMJIOKEHHBIX  MOJIEJEeH,  allfOPUTMOB,
MH()OPMAIMOHHOTO M MPOTrPaMMHOr0 OOECIEeUEHUs C ONPEAEICHUEM CyMM
CTPaxOBbIX BO3MEILICHUH.
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3AK/IIOYEHUE

Pa3Butre WHGOPMAIIMOHHBIX TEXHOJOTUA M KOMIBIOTEPHON TEXHUKHU
MO3BOJISIOT N0 HOBOMY B3IJISHYTh Ha BO3MOKHOCTH MCIOJIb30BAHHUS METOJI0B
MaTEeMaTUYeCKOro MPOTrpaMMHUPOBAHUS JIJIi TIOCTPOCHUS M PEHICHUS CIOXKHBIX
3a/lad  ONTUMU3AIMM TPOU3BOJACTBA CEIbCKOXO3AMCTBEHHOM MPOAYKIMU B
YCIIOBUSIX HEONpPEeIeICHHON HHPOPMAIIUU.

3HaunTeNbHAS BapHalusd KINMAaTHYECKUX IapaMeTpoB, HEOTHOPOIHOCTH
nH(OpPMAITUH, CIOKHOCTh MPOU3BOACTBEHHBIX IPOIIECCOB W HMX B3aWMOCBS3EH,
BIUSHUAC DKCTPEMAIBHBIX TMPUPOIHBIX SBICHUH HAa pPa3IHYHBIE CTOPOHBI
CENIbCKOXO3SIIICTBEHHON JAESITENbHOCTH OPUEHTHPYIOT Ha CO3JaHUE MOJENeH C
BEPOSTHOCTHBIMA W WHTEPBAJIBHBIMH TMapaMeTpaMHd W WX CoueTaHueM. B 3tmx
CIyJasX 3ada4d HWMEIOT MHOXKECTBO ONTHMAIBHBIX PEIICHUH, U3 KOTOPBIX
HE0OX0MMMO  BbIOpaTh Haubosiee MpUEMJIEMbIEe IS YIOpaBiICHUS WU
TUTAaHUPOBAHMUS.

[ToaToMy yueOHOE mocoOue BKIIIOYAET B ce€0sl TPU YaCTH: MAaTEMATUYECKOE
MOJICIMPOBAHUE, YUCIICHHBIE METOJIbI U KOMIUIEKCHI MporpamM. B mepBoi dactu
paccMaTpuBalOTCS 3aJa4d MATEMAaTUYECKOTO MPOrPaMMHPOBAHUS: JIMHEHHBIE,
HEJMHEHHbBIE, CTIelUaIbHbIe, C UHTEPBAJIBLHBIMU U BEPOSTHOCTHBIMU ITapaMeTpaMu.

JUist  mosiydeHHs  pe3ysbTaToB TPU  MOJEIUPOBAHUM  HCIIOJIb30BAHBI
YUCJICHHBIC METOJIBI perieHus 3a7a4. [IpuBeeHbI pa3HbIe aJTOPUTMBI C IMUPOKUAM
WCITOJIb30BAaHUEM METO/Ia CTATUCTUYCCKUX MUCTIBITAHHM.

B Tperbeil wactu coOpanbl pa3paboTaHHble Ha Kadeape MHPOPMATHKU U
MaTEMaTHYeCKOT0 MOJCIUPOBAHUS TPOTPAMMHBIC KOMILIEKCHI, PEIIAOIINe
pas3TuYHbBIC 3a7a9M TIPOU3BOJICTBA CENBCKOXO3IUCTBEHHOW TPOIYKITUU B YCIOBUAX
MIPUPOIHBIX U TEXHOTCHHBIX PUCKOB C MCIIOJIb30BAHUEM SKCTPEMAJIbHBIX 3a1a4

Takum o0pa3oM, OCHOBHOE€ BHHMMaHHWE B YyYEOHOM II0COOMHU YJIEIICHO
BOIIPOCAM MaTEeMaTHUYE€CKOTO MOJICTUPOBAHUS, YUCICHHBIM METO/1aM, CBSI3aHHBIM C
pelieHreM  3a7a4 = MaTeMaTHYecKoro  MpPOTPpaMMHUPOBAHUSI B YCIIOBUAX
HEOMPECICHHOCTH, pa3pabOTKe aJrOPUTMOB UM KOHIENIUHA  TOCTPOCHUS
MPOTrPaMMHBIX KOMIIJIEKCOB C ornpeeIeHuEM MaTeMaTU4eCKOro,
QITOPUTMHYECKOTO, HMH(POPMAIMOHHOTO W  IPOrPAMMHOTO  OOECIEeUeHU .
Pa3paboTka mporpaMMHOTO KOMILJIEKCAa TO3BOJISIET OmNpeneiuTh 3(h(PeKTHBHBIC
CBSI3M MEXTy TICPEUNCIICHHBIM 00ECIICYCHUEM.

[ToaroroBnenHoe y4eOHOE TMMOCOOME OCHOBAHO Ha OMBITE MOATOTOBKHU
MPUKJIAIHBIX HAayYHO-HCCIEAOBATEIIbCKUX PabOT MPUMEHHUTEIHLHO K CEITBLCKOMY
XO35UCTBY M JPYTrUM HApOAHO-XO3SHWCTBEHHBIM oOTpacisaM. KoHeuHo, 3TO He
O3HAYaeT, 4YTO pabOTy HENb3s HCIIOIH30BaTh acClpaHTaM APYTHX HaIpaBJICHUH,
HaIpuUMep, arpOHOMHUU U arpOMHKCHEPHH.
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