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1. KOHCIEKT JJEKIUHA
1.1 Jexknus 1 (2 4.)
TeMa: HporpaMMa Kypca. O6H_II/IC noaxoAbl K IMOCTPOCHUIO MPOTrpaMMBbI I/ICCJ'ICI[OBaHI/If/’I. MCTOI[OJ'IOFI/IH
HUCCIICOJOBAaHUA.

1.1.1. Bornpocsl JeKuum:



1. O0meHay4YHasi 1 YACTHOHAYYHAsI METOX0JIOTHS.

2. MeToauka Hay4HOro uccjaeqoBanus. CTPyKTypa HAYYHOI'0 HCCJIeI0BAHMS.

3. O0mesiornyeckre MeToAbl HAYYHOIr0 MccJaeT0BaHusA. MeToabl SIMIIUPUIECKOT0 HCCJIe0-
BaHHUA

1.1.2 KpaTtkoe copep:kaHue BOIPOCOB:
OO0menayyHnasi 1 YaCTHOHAYYHasi METOA0JI0THS

OOuieHayyHasi METO/I0JIOTHS MIPECTABISAET COO0I COBOKYITHOCTh 3HAaHUI O MPUHIIUIAX U METO-
Jax, MPUMEHIEMBIX B JII000H HayuyHOU maucruruimHe. OHa BBICTYIIaeT CBOETO pojAa «IIPOMEKYTOYHOU
Meroponoruei» Mexnay ¢uiocopueii M (QyHIAMEHTAIBHBIMH TEOPETHKO-METOA0JIOTHYECKUMU
MOJIO)KEHUSAMU CHEeIUalbHbIX HayK. K oOIIeHaydHbIM OTHOCST TakHe MOHSATHS, KaK «CHCTEMay,
«CTPYKTYpay, «3JEMEHT», «QYHKIHUS» U T.1.

Ha ocHoBe 001IeHayYHBIX MOHATHH M KaTeropuil (OPMYITUPYIOTCS COOTBETCTBYIOIINE METOIBI
MO3HAHUS, KOTOpBbIE OO0ECIEYMBAIOT ONTUMAIBHOE B3aMMOJEHCTBUE (UITOCODUU C KOHKPETHO-
HAy4YHBIM 3HAHHEM U €r0 METOJaMH.

OOuieHayuHbIe METOBI Pa3/IeIAIoT Ha:

1) obmenornueckue, MpUMEHsIEMbIE B JIIOOOM aKTe TTO3HAHUS U HA JIIOOOM ypOBHE. DTO aHAIU3 U
CUHTE3, MHIYKIUS U AeTYKIHsl, 0000IIeHre, aHaoTHs1, abCTparupoBaHue;

2) MEeTOJIbl SMIIMPUYECKOI0 UCCIIEIOBaHM, PUMEHSIEMbIE HA IMIIMPUYECKOM YPOBHE HCCIIE0-
BaHMs (HaOIIOICHUE, SKCIIEPUMEHT, ONMCaHNe, H3MEPEHHE, CPAaBHEHHE);

3) MeTo/ABI TEOPETUYECKOTO UCCIEIOBaHMS, MPUMEHSIEMbIE Ha TEOPETUYECKOM YPOBHE HCCIIE0-
BaHUs (Waeanu3amus, GopMaln3aius, aKCHOMATHIECKHA, THIIOTETUKO-IeAYKTUBHBIN U T.11.);

4) METOJIbl CHCTEMATH3alMKA HAYYHBIX 3HAHUH (TUIIOJOTHU3AIMS, KIacCupUKAITIs).

XapakTepHble 4epThl 00IIeHAYYHbIX TOHATUI U METOIOB!

- COEIMHEHUE B UX COJEP)KAHUU 3JIEMEHTOB (PHIIOCO(MCKUX KaTeropuil M MOHATUH psiia YaCTHBIX
HayK;

- BO3MOXHOCTb (hOpMaIu3aliy U YTOUHEHUS] MaTeMaTUYECKUMU CPEICTBAMHU.

Ha ypoBHe ob1ienay4Hoi MeTo070ruu (hopMHUpyeTcs 00LeHayYHast KapTHHA MHpa.

YacTHOHaY4YHAsI METO0JIOTHS MPECTaBiIgeT o000 COBOKYMHOCTh 3HAHUN O MPHUHIMIIAX U Me-
TOJIaX, IPUMEHSIEMbIX B TOH MJIM MHOW CHelMalbHON HayyHOU aucuuiuinHe. B ee pamkax ¢opmupy-
I0TCS CIIellMajbHble Hay4yHble KapTUHbI Mupa. Kaxnmas Hayka mMmeeT cBo crneuuduueckuid Habop
METOJI0JIOTUYECKUX CPEACTB. B TO e BpeMs METOJlbl OAHMX HayK MOTYT TPaHCIMPOBATHCS B IpYrue
HaykH. BO3HUKAIOT MEXIUCIUIUIMHAPHBIE HAYYHbIE METO/IBI.

MeTtoauka Hay4HOro ucciaeqoBaHusi. CTPyKTypa HAYYHOI0 HCCJIeJOBAHUS

['maBHOe BHMMaHUE B paMKax METOJIOJIOTHH HAayKH HAIpPaBICHO Ha HAyYHOE MCCIIEIOBAHHE KaK
BUJ HACATCIBHOCTH, B KOTOPOM HAaxXOAWUT CBOC BOINUIOMICHHUC MNPHUMCHCHUC Pa3JIMYHBIX HAYYHBIX
METO/IOB.

Haquoe HUCCICAOBAHUC — ACATCIILHOCTD, HAIIPABJICHHAA HaA IOJYUCHUC HCTUHHOI'O 3HAHUA 06
00BEKTUBHOMN PEATbHOCTH.

3HaHUsl, IPUMEHSAEMbIE HA MPEIMETHO-UyYBCTBEHHOM YPOBHE HEKOTOPOI'O HAYYHOI'O MCCIIEA0Ba-
HUSI, COCTABIISIOT 0a3y ero METOMKU. B SMIHpPHUYECKOM HCCIIeIOBaHUN METO/IMKA 00ecrieunBaeT coop
U TIEPBHYHYIO OOpa0OTKY ONBITHBIX IaHHBIX, PETYIHPYET MPAKTUKY HAyYHO-HCCIEeI0BATEIbCKON
paboThl — SKCIEPHUMEHTALHO-TTPOM3BOJICTBEHHYIO JIESITEIBHOCTh. TeopeTHdecKkas padoTa TOXe
TpeOyeT CBOEH METOAMKHU. 31ech ee MPEANHCAHUS OTHOCATCSA K JEATeIbHOCTH C OOBEKTaMH, BhIpa-
KCHHBIMH B 3HaKoBoOW (opme. Hampumep, CymIeCTBYIOT METOIMKH Pa3IMYHOTO POAA BBIYUCICHHH,
pacminppoBKH TEKCTOB, MPOBEACHUS MBICICHHBIX ASKCIEPUMEHTOB M T.1. Ha coBpemeHHOM 3Tame
pa3BUTHS HAYKH KaK Ha €€ IMIIMPHUYECKOM, TaK U HA TEOPETUIECKOM YPOBHE MCKIIIOUMTEIHHO BaXKHAS



poJib TPUHAMJICKUT KOMIBIOTEPHON TeXHUKE. be3 Hee HEeMBICIUMBI COBPEMEHHBIN SKCIEPUMEHT,
MOJICJINPOBAHUE CUTYALUH, Pa3JIMYHbIE BBIYUCIUTEIbHBIE IPOLEAYPHI.

Besikast MeToanka co3gaeTcsi Ha OCHOBE 0oJiee BRICOKMX YPOBHEW 3HAHUM, HO MPEACTABISET CO-
00l COBOKYIMHOCTb Y3KOCHEIHATU3UPOBAHHBIX YCTAHOBOK, BKJIIOYAIOIIYI0 B ce0s JOCTaTOYHO
YKECTKHE OTPAaHUYEHUS — UHCTPYKIINH, IPOCKThI, CTAHAAPTHI, TEXHUYECKUE ycaoBus U T.1. Ha ypoBHe
METOJUMKH YCTaHOBKH, CYIIECTBYIOIIME HJCATbHO, B MBICIAX YeNOBEKa, KaK Obl CMBIKAIOTCSA C
MPAKTUYECKUMHE OIEpaIusIMHK, 3aBepiias oopazoBaHue Merona. bes HUX MeToJ mpelcTaBisieT co0oi
HEYTO YMO3PHUTEIBHOE M HE IOJy4aeT BBIXOJAa BO BHEIIHWM Mup. B cBOw ouepenb, NMpakTHKa
WCCJICIOBAHMSI HEBO3MOKHA 0€3 YIPABIICHUS CO CTOPOHBI UJICATBHBIX YCTAHOBOK. XOpoIliee BIaJICHNE
METOJIMKOM — ITOKa3aTelb BHICOKOTO MpodeccroHaln3Ma y4eHOTO.

Hayunoe uccnenoBanue coiepKUT B CBOEH CTPYKTYpPE sl SJIEMEHTOB.

OObeKT uccnenoBaHusi — (QparMeHT PeaJbHOCTH, Ha KOTOPBIA HalpaBjieHa IO3HaBaTelbHas
NEeSATENIbHOCTh CyOBEKTa, W KOTOPBIM CYIIECTBYeT BHE M HE3aBHCHMO OT CO3HAHHS MO3HAIOIIETO
cyOBeKTa.

OOBEKTHI UCCIEAOBAHUS MOTYT OBITh KaK MaTepPHAIbHBIMH, TaK U HEMAaTePHAILHBIMH 110 CBOSH
npupoge. FIX He3aBUCUMOCTh OT CO3HAHMS 3aKJIFOYAETCA B TOM, YTO OHM CYIIECTBYIOT BHE 3aBUCHMO-
CTH OT TOT'O U3BECTHO WJIM HEU3BECTHO O HUX YTO-IMOO JTIOSM.

[TpenmeTomM ucciieoBaHus SBISIETCA YacTh 00BEKTA, HEMOCPEICTBEHHO 3a/IeCTBOBAaHHAS B HC-
CJIEIOBaHWM; ATO TJIaBHbIC, HanbOoJee CYIIECTBEHHBbIC MPU3HAKU OOBEKTa C TOYKHU 3PEHUS TOTO WIH
WHOT'O UCCIIEI0BAHMS.

Crenuduka mpeaMeTa HAyYHOTO UCCIICIOBAHUS 3aKIII0OUAETCS B TOM, YTO BHAYaIe OH 33JacTCs B
o01INX, HEOpeIeJIeHHbIX YepTaX, MPEIBOCXUIIAETCA U MPOTHO3UPYETCS] B HE3HAYUTENIbHOM CTENEeHHU.
OKOHUaTeIbHO OH «BBIPUCOBBIBACTCS» B KOHILIE UccheaoBanus. [Ipuctynas k Hemy, y4eHbI HE MOXKET
IPEJICTaBUTh €ro B YepTEkKax U pacyeTax. UTO HYKHO «BBIPBAaTh» M3 O0OBEKTAa U CHUHTE3UPOBATH B
MPOJYKTE WCCIEAOBaHMS — 00 ATOM HCCIEAOBaTeIh HMMEET MOBEPXHOCTHOE, OJHOCTOPOHHEE, HE
ucuepnsiBaromiee 3Hanue. [loatomy Qopmoii ukcanuu mnpeaMera MCCIeIOBaHUS SABISETCS BOIPOC,
npobsieMa. [locreneHHO nMpeoOpa3ysich B MPOAYKT UCCICIOBAHMS, MPEAMET 000TaIaeTCsl M pa3BUBACT-
Cs 32 CYET HEU3BECTHBIX BHAYaAJIE IPU3HAKOB U YCJIIOBHI €r0 CyIIECTBOBAHMS.

Kaxxapiii U3 mpeIMeToB CO3/1aeT CBOUM MOHATUWHBINA ammapaT, CBOU crienu(uiecKue MeTO bl MC-
CJIeI0BaHMs, CBOM s3bIK. Llenp nccnenoBanms — uieaabHOE, MBICIEHHOE PEIBOCXUIIEHUE PE3YIIbTATA,
pagl KOTOPOTO TPEANPUHUMAIOTCS HAYYHO-TIO3HABATeNbHbIC aelcTBUA. OCOOCHHOCTH MpeaMeTa
UCCIIEIOBaHMs TPSAMO CKa3blBaloTCs Ha ero uenu. Ilocrmemnss, 3akitodas B cebe oOpa3 mpeamera
UCCJIEIOBAHMS, OTJIMYAETCS CBOWCTBEHHOM MpEIMETy HEONpPEeIeIeHHOCThI0O B Hayaje mpolecca
uccienoBanusi. OHa KOHKPETU3UPYETCS 110 Mepe MPUOIMKEHUS K KOHEYHOMY PE3yIIbTaTy.

3amaun uccienoBaHus GOPMYITUPYIOT BOMPOCH, HA KOTOPHIE MOJKEH OBITH MOJIy4eH OTBET IS
peanuzanuu 1enei uccnenoBaHus. llenn u 3amaum uccienoBaHus 00pa3ylOT B3aWMOCBS3aHHBIE
LEMOYKHU, B KOTOPBIX KaX0€ 3BEHO CIYKUT CPEJACTBOM yAEpKaHUS APYrux 3BeHbeB. KoHeuHas uenb
UCCJIEIOBaHMUsSI MOKET OBbITh Ha3BaHa €ro oOIed 3ajayeil, a 4yacTHbIE 3a/ayd, BHICTyHAlOUINE B
KAaueCTBE CPEJCTB PEHICHUSI OCHOBHOM, MOXXHO Ha3BaTh MPOMEKYTOUHBIMHU LEISMHU, WU LEISIMHU
BTOPOTO MOpPsJKA. BRIIENAIOT TaKkKe OCHOBHBIE U JIONIOJIHUTEBHBIE 33/1a4u ucciaenoBanus: OCHOBHbIE
3a/1a4il OTBEYAIOT €ro IEJIeBOM YCTaHOBKE, AOMOJHUTEIBHBIC — CTABSITCS YIS MOATOTOBKH OyTyIIUX
HCCJIEIOBAaHUM, MPOBEPKU MOOOYHBIX (BO3MOXKHO, BEChbMa aKTyaJbHBIX), HE CBA3aHHBIX C JIAaHHOM
po0JIEMOH TUTIOTE3, TSI PEIICHUsT KaKUX-TO METOIMYECKUX BOMIPOCOB H T.II.

CrniocoOs1 gocTmxenus 1enu: Eciam ocHOBHad 11efib GopMyIupyeTcsl Kak TeopeTudeckasi, To npu
pa3paboTke mporpamMMbl TTITaBHOE BHUMAHUE YACTSETCS U3yYECHUIO HAYYHOU JTUTEPATyphl IO JAHHOMY
BOIIPOCY, YETKOHW WHTEPHPETAMN WCXOIHBIX TOHATHH, TMOCTPOCHHIO THIOTETHYECKOW OOIIeH
KOHIENIINKM TpeIMeTa HCCICIOBAHUS, BBIICICHUIO HAYYHOH MPOOIEMBI M JIOTHYECKOMY aHAIH3y
pabounx runore3. MHas goruka ynpasiseT AeWCTBUSIMH HCCIIEI0BATENs, €CIM OH CTaBUT mepes co0oit
HEMOCPEJICTBEHHO TNPAaKTHUYECKyr0 Ienb. OH HauWHaeT paboTy, HMCXOIs U3 CHeMUu(pUKH JaHHOTO
00BEeKTa U YSCHEHUS MPaKTUYECKUX 33/a4, MOJIeKalINX pelieHnio. ToapKo mocie 3Toro oH odparia-
€TCsl K JINTEpaType B IOMCKaxX OTBETA HAa BOIPOC: UMEETCS JIM "TUIIOBOE" pElIeHNE BO3ZHUKIIMX 3a/1ad,
T. €. CIelMajabHas TeOpHsi, OTHOCcAIaiCS K npeametry? Eciau "TumoBoro" peiieHus: HET, najbHEHas



paboTa pa3BepThIBacTCs 1O CXEME TEOPETUUECKOTo uccienoBanus. Eciu ke Takoe perieHne nMeeTcs,
TUIIOTE3bl IPUKIAJHOTO HCCICIOBAHUSA CTPOSATCS KaK pa3iIU4HbIC BAPUAHTHI "IIPOUYTEHHs'' THUIIOBBIX
pelIeHN TPUMEHUTENBHO K KOHKPETHBIM YCIoBUSM. OueHb BaXHO HUMETh B BUIY, 4TO JH000€
HCCIICJOBAHNE, OPUECHTUPOBAHHOEC HA PELICHHE TEOPETUYECKUX 3alad, MOXHO IPOJOJDKUTH Kak
npukiaaaHoe. Ha mepBoM sTame Mbl MOJydaeM HEKOTOpOE THIIOBOE pEIIeHHE MPOOJEeMBbI, a 3aTeM
IIEPEBOJUM €TI0 B KOHKPETHBIE YCIOBUSI.

Takyke 5JIEMEHTOM CTPYKTYpbl HAy4YHOTO HCCIECJOBAaHUS BBICTYNAIOT CPEACTBA HAYYHO-
IIO3HABATEIIBHON AEATENbHOCTH. K HUM OTHOCATCS: - MaTepUHaIbHBIE CPEICTBA; - TCOPETHYECKHE
O00BEKTHI (MIeaIbHble KOHCTPYKTBI); - METOABl MCCICAOBAHHS M JAPYrHe HJICalbHbIE PETYJISTHBBI
UCCIICIOBaHMSI: HOPMBI, 00pa3Libl, UA€albl HAyYHOU JESITEIbHOCTH.

CpencTBa Hay4HOIO ITOMCKA HaXOATCS B IOCTOSIHHOM M3MEHEHUU U pa3BUTUHU. To, YTO HEKOTO-
pBI€ U3 HUX YCIIEIIHO NMPUMEHSIOTCS HA OJHOM JTalle Pa3BUTHs HAyKH, HE SIBISETCS JOCTAaTOYHBIM
rapaHTOM HX COTJIACOBAHUS C HOBBIMHU C(epaMH pealbHOCTU U MOTOMY TpPeOyIOT YCOBEpPIICHCTBOBA-
HUS WINA 3aMEHBI.

OO0ures10ruYecKre MeToIbl HAY4YHOT0 uccjiegoBaHusi. MeToabl IMIIUPHYECKOT0 HCCIeTOBAHUS.
MeToabI TEOPETHYECKOT0 UCCICOBAHUSA

AHanmu3 — pacuJeHeHHEe IEeIOCTHOTO MpeaMeTa Ha COCTABIISIONINE YacTH (IIPU3HAKH, CBOICTBA,
OTHOIICHHUSI) C IIeJIbI0 UX BCECTOPOHHETO U3YyUEHUSI.

CuHTe3 — coelMHEHUE paHee BBIICICHHBIX YacTel (CTOPOH, MPU3HAKOB, CBOMCTB, OTHOIICHHIA)
npeaMeTa B €IMHOE LIETI0e.

AOCTparupoBaHue — MBICIICHHOE OTBIICYCHUE OT psAJia MPU3HAKOB, CBOMCTB M OTHOIICHUHN U3Y-
4aeMoro oO0beKTa HpH OJHOBPEMEHHOM BBIICIEHUU [UIsI PACCMOTPEHUS TE€X U3 HHUX, KOTOpbIE
WHTEPECYIOT HCCIeNoBaTeNlsd. B pe3ynbrare MOSBISIOTCS «a0CTPaKTHBIE MPEIMETBI», KOTOPBIMH
ABIISAIOTCS KaK OTJENBbHO B3ATHIC MOHATHUS U KATETOPUHU, TaK U UX CUCTEMBI.

O060011eHNe — yCTaHOBIIEHHE OOIIMX CBOWMCTB M NMPU3HAKOB 00bekTOB. Ob0Imee — ¢punocodcekas
KaTeropusi, OTpaxkalolllas CXOAHbIE, MOBTOPSIOUIMECS MNPU3HAKU, YEepPThl, KOTOpbIE MPUHAAIEKAT
€MHUYHBIM SIBIICHUSM WA BCEM IPeIMETaM JIaHHOTO Kiacca.

PaznmuuaroT nBa Buaa oOmiero: - abcTpakTHO-o01Iee (MpocTasi OJIMHAKOBOCTh, BHEIIHEE CXOJICT-
BO, MMojo0ue psja eIWHUYHBIX MPEAMETOB); - KOHKPETHO-o0IIee (BHYTpEHHSS, IIyOWHHAas, MOBTO-
pAIOLIAsCS y TPYIIbI CXOAHBIX SIBICHUN OCHOBA — CYIIHOCTb).

B cooTBeTcTBHM € 3TUM BBILACTSIOT ABA BUIA 0000IIEHUH:

- BBIJICTICHUE JTFOOBIX MTPU3HAKOB M CBOMCTB OOBEKTOB;

- BBIICJICHUE CYIIICCTBEHHBIX MPU3HAKOB U CBOMCTB OOBEKTOB.

[To npyromy ocHOBaHHIO 00OOIICHHS pa3ACIAIOT Ha:

- HHIYKTUBHBIC (OT OTJENBHBIX (DAKTOB U COOBITHI K UX BBIPAXKECHUIO B MBICIISX );

- TJoruYecKue (OT OJTHOM MBICIIH K IPyroi, Oosee o0Iei).

MeTto/1, TPOTUBOMOJIOKHBIM 0000IICHHIO — OTpaHUYCHHE (TIepexo oT Ooiee 0OIIEro MOHATHS K
MeHee 001eMy).

WNHaykius — MeTo UcCaeIoBaHus, B KOTOPOM OOIIUI BBIBOJ CTPOUTCS HA OCHOBE YaCTHBIX IO-
CBUJIOK.

Jlenykuus — METOJ UCCIEA0BaHUS, TOCPEICTBOM KOTOPOTO M3 OOIIMX MOCHUIOK CIEAYET 3aKII0-
YeHHe YaCTHOTO XapaKTepa.

AHaorus — METO/Jl MMO3HAHUS, IPU KOTOPOM Ha OCHOBE CXOJCTBA OOBEKTOB B OJHUX MPU3HAKAX
3aKIJII0Yal0T 00 UX CXOJICTBE U B IPYIMX MPU3HAKAX.

MonenupoBanue — u3ydeHue 00BEKTa MyTeM CO3MaHUS M MCCIEAOBAHUS €0 KOMWH (MOJIEIH),
3aMelIaroIlei OpUrHHAI C ONPeIeTICHHBIX CTOPOH, HHTEPECYIOLIUX ITO3HAHUE.

MeToabl SMIMPUYECKOT0 HCCaeT0BaHus1. Ha sMIuprueckoM ypoBHE MPUMEHSIOTCS TaKHE Me-
TOJIbI, KaK HaOJI0/IeHNe, OMMCaHKEe, CPABHEHHE, U3MEPEHHE, IKCIIEPUMEHT.

HaGmoienue — 370 cucreMaTudeckoe U LeJICHANPaBICHHOE BOCTIPUATHE SIBIICHUH, B X0OJ€ KOTO-
pOro MblI MOJIy4aeM 3HaHHE O BHEIIHUX CTOPOHAX, CBOMCTBaX M OTHOLIEHUSX M3y4aeMbIX OOBEKTOB.



Habmronenue Bceryia HOCUT HE CO3eplaTeNbHbBIN, a aKTUBHBIN, IeATEIbHBINA XapakTep. OHO MOTYMHEHO
pELICHNI0O KOHKPETHOW Hay4YHOM 3a/J1a4dl U TIO3TOMY OTJIMYAETCS LeIeHANpPaBIeHHOCThIO, H30UpaTellb-
HOCTBIO M CHCTEMaTHYHOCTHIO0. OCHOBHBIE TPeOOBaHHS K HAyYHOMY HAOJIOJIEHUIO: OJHO3HAYHOCTH
3aMbIciia, HAJIMYKE CTPOTO OIMPEEICHHBIX CPEACTB (B TEXHHMUECKHX HayKax — MpUOOPOB), OOBEKTHB-
HOCTh pe3ynbTaToB. OOBEKTUBHOCTH OO0ECIEUMBAETCS BO3MOXKHOCTBIO KOHTpPOJIL IyTeM JIHOO
MOBTOPHOT'O HAOMIOACHUS, TUOO0 MPUMEHEHHSI IPYTUX METOAOB HCCIEA0BaHNUSA, B YACTHOCTHU, IKCIIEPH-
MeHTa. OOBIYHO HAOMIOACHHUE BKIFOUAETCS B KAYECTBE COCTABHOM YaCTH B MPOIEAYPY SKCIIEPUMEHTA.
BaxxupiM MOMEHTOM HaOJIOACHHS SBISETCS HHTEPIpPETalns €ro pe3ylbTaToB — pacuIngpoBKa
nokazaHuii npuOopoB u T.1. HayuHoe HaOnrofeHue BCerja OMOCPENyeTcss TEOPETHUECKUM 3HAHUEM,
MOCKOJIbKY MMEHHO IOCJIEIHEE OIpeaesieT oOBbEKT W MpeaMeT HaOoJeHus, 1ellb HAOMIoACHU U
croco0 ero peanuzauuu. B xone HaOmroneHus ucciaenoBaTelb BCETAa PyKOBOACTBYETCS ONpEIeeH-
HOU uJeel, KOHIeNIUeH nin ruroTe30i. OH HE MPOCTO PETUCTPHUPYET Jt00bIe (PaKThI, a COZHATEIHHO
OTOMpaeT Te U3 HUX, KOTOPBIE MO0 MOATBEPXKIAIOT, JIUOO0 OMpoBepraioT ero uaeu. Ilpu 3Tom oueHb
BaXHO O0TOOpaTh HamboJjee penpe3eHTaTUBHYIO Ipynmny (akToB B UX B3auUMOCBs3H. MHTeprperanus
HAOJIOIEHUS TAK)KE BCETAA OCYIIECTBIISECTCS C TIOMOIIBIO OMPEICTICHHBIX TEOPETUIECCKUX MTOJI0KCHU.

OcyiecTBieHne pa3BUThIX (opM HAOTMIOACHUS MPEANONaraeT UCIOIb30BaHNE OCOOBIX CPENCTB
— U B IIEPBYIO ouepeasb MpuOopoB, pa3paboTKa M BOILIOLICHUE KOTOPBIX TaKke TpeOyeT MpUBICUCHHS
TEOPETUUECKUX MpPEJCTaBIeHUN Hayku. B oOmiecTBeHHbIX Haykax (OpMOil HaONIONEHUs SBISETCS
orpoc; anst (OpMUPOBAHHS CPEACTB OIpoca (aHKETUPOBAHWE, MHTEPBHLIOMPOBAHUE) TaKke TpeOyer
CHEIHAIbHBIX TEOPETUUECKUX 3HAHUM.

Onucanmne — ¢uKcanus CpPeICTBAMU €CTECTBEHHOTO WJIM HCKYCCTBEHHOTO SI3bIKA PE3YJIbTaTOB
OmbITa (TaHHBIX HAOIOACHHS WIIM SKCTIICPUMEHTA) C TIOMOIIBIO ONPEACICHHBIX CUCTEM 0003HAYEHUS,
NPUHITHIX B HayKe (CXeMbl, rpaduKu, PUCYHKH, TAaONUIBI, TUarpaMMbl U T.1.). B Xome omucanus
MIPOBOAMTCS CPaBHEHHUE U U3MEPEHUE SIBICHUM.

CpaBHEHHUE — METO/I, BBISIBIISIFOIIHNIA CXOJCTBO WA Pa3Indue 0ObEKTOB (JINOO CTymeHel pa3Bu-
TUSL OJHOTO M TOTO XK€ O00BEKTa), T.e. UX TOXKIAECTBO M paznuuusi. Ho naHHBIA METOJ MMEET CMBICT
TOJIBKO B COBOKYIHOCTH OJHOPOIHBIX MPEAMETOB, oOpasyrommx kiacc. CpaBHEHUE INPEIMETOB B
KJIacCe OCYILECTBISETCSl MO TMpU3HAaKaM, CYIIECTBEHHBIM MJii JaHHOro paccMmorpenus. [Ipu stom
MpU3HAKU, CPABHUBAEMEIE 110 OJJHOMY MPU3HAKY, MOTYT OBITh HECPABHUMBI IO IPYTOMY.

H3mepeHne — MeTO/1 HCCae0BaHus, TP KOTOPOM YCTaHABIMBAETCS OTHOLICHHE OJJHOW BEITUYH-
Hbl K JpYroi, cimyxamieid STaJloHOM, cTaHgapToM. Hambonee mmpokoe NpUMEHEHHE H3MEpEHHE
HaxXOJIUT B €CTECTBEHHBIX U TEXHUYECKUX HayKaX, HO ¢ 20 — 30-x rooB XX B. OHO BXOJIUT B YIOTpeO-
JICHWE U B COILMANBHBIX MUCCIIENOBaHMAX. M3MepeHue mpeanoiaraeT Haaudue: 00beKTa, HajJl KOTOPBIM
IIPOBOAMTCS HEKOTOpas oIepalusi; CBOWCTBAa ATOr0 OOBEKTa, KOTOPOE MOAJACTCS BOCHPHUATHIO, U
BEJIMYMHA KOTOPOIO YCTaHABIMBAETCSA C MOMOIIBIO JAHHOM olepaluu; UHCTPYMEHTA, MOCPEICTBOM
KOTOpOro 3Ta omepauus npousBoautcs. OOmeil 1enpio J00bIX HU3MEPEHUI SBISETCS MOIy4YeHHE
YUCJIOBBIX JAHHBIX, MO3BOJISIOMINX CYAUTh HE CTOJIBKO O KaUeCTBE, CKOJIBKO O KOJIMYECTBE HEKOTOPHIX
cocrossHuil. Ilpym 3TOM 3HauYeHHME MOJIydaeMOMl BENWYMHBI JOHKHO OBITh HACTONBKO OJM3KUM K
WCTUHHOMY, 4YTO JUIsl JAHHOM WEIM €ro MOKHO HCIOJb30BaTh BMECTO HCTUHHOTO. B03MOXXHBI
MOTPEIIHOCTH PEe3yNbTaTOB HM3MEpEeHUN (CUCTeMaTHyecKue W ciaydaiiHele). PaznuyaroT mpsimble U
KOCBEHHbIE MpOLEeAyphl H3MepeHus. K TmocieqHuM OTHOCATCS HU3MEpEeHUs OOBEKTOB, KOTOpHIE
ynajgeHbl OT HAac WM HEMOCPEJCTBEHHO HE BOCIPUHUMAIOTCS. 3HAUCHHE HM3MEPSIEMOI BEIHUYMHBI
YCTaHaBIUBAETCA IMPU 3TOM OINOCPeNOBaHHO. KOCBEHHBIE M3MEPEHHSI OCYIIECTBUMBI TOTJa, KOTIa
M3BECTHA 00111asi 3aBUCUMOCTh MEX1Y BETMUMHAMHU, KOTOPas MO3BOJISIET BBIBECTH HCKOMBIHM pe3yibTar
U3 YK€ U3BECTHBIX BEIUYHH.

OKCHEepUMEHT — METO/1 UCCIIEI0BAaHNs, TP MOMOILM KOTOPOTO MPOUCXOAUT aKTUBHOE U LIeJIeHa-
MIPABIIEHHOE BOCIPHUSITHE OMPECIIEHHOTO 00BhEKTa B KOHTPOJIMPYEMBIX U YIPABIISEMBIX YCIOBHSIX.

OcHoBHBIE 0COOCHHOCTH 3KCIIEPUMEHTA!

1) akTHBHOE OTHOIIIEHUE K OOBEKTY BILJIOTH JIO €0 U3MEHEHUs U Mpeodpa3oBaHus;

2) MHOTOKpaTHasi BOCIIPOM3BOUMOCTD N3Y4aeMOT0 OOBEKTA MO KEJIAHUIO UCCIIEeI0BATENs;

3) BO3MOXHOCTh OOHApY)KEHUSI TAaKUX CBOWCTB SIBJICHHI, KOTOPhIE HE HAOIIOJAIOTCS B €CTECT-
BEHHBIX YCJIOBHUSIX;



4) BO3MOXXHOCTh PacCCMOTPEHUS SIBIICHUSI «B YHUCTOM BHJIE» MyTEM H3OJSIUU €ro OT BHEITHHIA
BIIMSTHUH, UJTM ITyTEM U3MEHEHHS! YCIOBUN AKCIIEPUMEHTA;

5) BO3MOKHOCTh KOHTPOJISL 32 «IOBEICHUEM» O00BEKTa M MPOBEPKH PE3ybTaTOB. MOXKHO CKa-
3aTh, YTO SKCIEPUMEHT — UACATU3UPOBAHHBIN OIIBIT.

OH naeT BO3MOXKHOCTD CIIEANTH 33 XOJIOM U3MEHEHUS SBIICHUS, aKTUBHO BO3/ICHICTBOBATh HA HE-
ro, BOCCO3/1aBaTh, €CJIA B 3TOM €CTh HEOOXOIMMOCTb, MPEK/IE YEM CPaBHUBAThH MOJyYEHHBIE PEe3yIbTa-
Thl. [109TOMY 3KCHIEpUMEHT SBISIETCS METOJIOM OOJiee CUIBHBIM U JICHCTBEHHBIM, YeM HaOII0JcHUE
WIM U3MEPEHHUE, /i€ UCCIIEelyeMOe SIBIEHUE OCTAeTCs HEM3MEHHBIM. JTO BbICIIasg Gopma sMIHpude-
CKOTO HCCIIEOBaHUS. DKCIEPUMEHT MPUMEHSETCS JTUOO Ui CO3/aHUsl CUTYallud, MO3BOJISFOIICH
uccienoBaTb 00BEKT B YUCTOM BHUJE, JIMOO Ui MPOBEPKU YXKE CYIIECTBYIOUIMX TUIIOTE3 U TEOPHil,
60 s GOpMYITUPOBKH HOBBIX THUIIOTE3 U TEOPETHUECKUX TMPEACTaBIeHUN. Beskuii skcepuMeHT
BCET/Ia HANPABISICTCS KaKOW-THOO TEOPETHUYECKOW HMIeH, KOHIICTIIINEH, THIIoTe301. J[aHHbIe IKCTIepu-
MEHTa, TaKXKe KaK W HaOJIOJICHUs, BCETJAa TCOPETHUECKH HATPYKEHBI — OT €ro IMOCTAaHOBKHU IO
MHTEPIIPETALIMU PE3YIbTATOB.

Craauu mpoBeICHUS SKCIIEPUMEHTA:

1) mnaHupoBaHUE M MOCTPOCHHME (€0 11eJIb, THII, CPEJICTBA U T.II.);

2) KOHTpOJIb;

3) uHTEepIpeTanus pe3yabTaToB.

CtpyKTypa SKCIIEpUMEHTa:

1) 0OBEKT uCClIeI0BaHMUS;

2) co3znmaHue HEOOXOAMMBIX YCIOBUI (MaTepualibHbIe (PaKTOpPBI BO3ACUCTBUS HA OOBEKT HCCIe-
JOBaHMsI, yCTpAaHEHHUE HEXKeNaTeIbHbIX BO3ACHCTBUI — IIOMEX);

3) MeToauKa IPOBEAEHUS SKCIIEPUMEHTA;

4) runore3a WM Teopus, KOTOPYIO HY>KHO TIPOBEPUTb.

Kak mpaBuio, sKCIiepuMEHTUPOBAHHUE CBS3aHO C HMCIOJIb30BaHUEM 0oJiee MPOCTHIX MpaKTHYe-
CKHX METOJIOB — HAOJIIOJCHUH, CpaBHEHUN U u3MepeHuil. [I0CKOIbKYy SKCIEPUMEHT HE MPOBOIUTCS,
KaK IpaBuiio, 6e3 HaOM0IeHUI U U3MEPEHUH, TO OH JOJIKEH OTBEYaTh UX METOJUYECCKUM TPeOOBaHMU-
M.

B 3aBucumocTH OT 3a7a4 3KCIEPUMEHTA BBIICISIOT UCCIeIoBaTeNbcKue (3a1a4a — (hopMUpoBa-
HUE HOBBIX HAYYHBIX TEOpHUH), TPOBEPOUYHBIE IKCIEPUMEHTHI (MPOBEpKa CYIIECTBYIOUINX THIIOTE3 U
TeopHil), pemraroniue (MoATBEPKACHUE OJJHON 1 ONPOBEPKEHUE IPYTrOl U3 COMEPHUYAIOIINX TEOPUIA).

B 3aBucuMoCTH OT XapakTepa 0ObEKTOB BBIIEISAIOT GU3NYECKUE, XUMUYECKHE, OMOJIOTMUYECKHE,
COILIMATILHBIC U JIP. SKCTICPUMEHTHI.

Boiensior Takke KauecTBEHHbIE SKCIEPUMEHTHI, UMEIOIIKE 1IeNbI0 YCTAHOBUThH HaJIMuWe WU
OTCYTCTBHE TPEIOIAraeMoro sSBICHUS, U U3MEPUTEIbHBIC YKCIIEPUMEHTBI, BBISBISIONINE KOJIHYECT-
BEHHYIO OIPeIeICHHOCTh HEKOTOPOTO CBOMCTBA.

Metoabl TeopeTu4eckoro ucciaenoBanns. Ha teopetnyeckom sTamne UCMOIB3YIOTCS MBICIICH-
HBI OSKCIEpUMEHT, uaeanu3anus, GopMain3anus, akcCHOMaTUYECKUH, TUIIOTETUKO-IeTyKTUBHBIH
METO/IbI, METOJI BOCXOXACHHUS OT a0CTPAKTHOTO K KOHKPETHOMY, a TaKK€ METOJbI UCTOPHUYECKOTO U
JIOTUYECKOT0 aHAJIN3a.

Wneanuzanusi — METO UCCIEAOBAHUS, COCTOSIINI B MBICICHHOM KOHCTPYHPOBAHHUH MPEICTAB-
JeHusl 00 00bEKTe MyTeM HCKIIIOUEHUS YCIOBHM, HEOOXOIUMBIX JJISl €r0 PeajbHOro CyIECTBOBAHUS.
[To cyTtu, maeanu3zaius IpeacTaBiIsieT cOO0H Pa3HOBUIHOCTH MPOIEIYphl a0CTparupoBaHus, KOHKpe-
TU3UPOBAHHOW C YYE€TOM IOTPEOHOCTEH TEOPETHYECKOTO HCCIeNOBaHMs. Pe3ynmpratamMu Takoro
KOHCTPYHPOBAHUS SBJSIOTCS WACATU3UPOBAHHBIE O0BEKTH. DopMHUpOBaHWE HICATH3AIII MOXKET
UATH Pa3HBIMU MTYTSIMU:

- MOCJIEIOBATENFHO OCYIIECTBISIEMOE MHOTOCTYIIEHBYATOE a0CTparupoBaHue (Tak, MOIydaroTCs
00BEKThl MATEMAaTUKHU — IJIOCKOCTh, IPSMasi, TOUKa U T.11.);

- BBIWICHEHHUE U (PUKCAIMS HEKOETO CBOWCTBA M3y4aeMOro OOBEKTa B OTPHIBE OT BCEX APYTHX
(uneanbHbIE OOBEKTHI ECTECTBEHHBIX HAYK).

NneanuzupoBanHbie 00BEKTHI TOPa3/I0 MPOIIE PeaTbHBIX 00HEKTOB, YTO MO3BOJIIET TPUMEHHUTH K
HUM MaTeMaTHYecKHe METObl onucanus. biaaromaps naeanuzanuu Nporecchl paccMaTpUBAIOTCS B UX



Hanbosee YUCTOM BHUJE, 0e3 clydallHbIX MPUBHECEHUU W3BHE, YTO OTKPHIBAET MYTHU K BBISIBICHUIO
3aKOHOB, MO KOTOPBIM 3TH MPOILECCHl MPOTEKAlOT. MIeanu3supoBaHHBIM MpeIMET B OTIUYHME OT
pEATbHOTO XapaKTepu3yeTcss He OECKOHEYHBIM, a BIIOJHE OMPEEICHHBIM YHCIOM CBOWCTB U MOTOMY
HCCJIEIOBATENb MOIY4aeT BO3MOKHOCTh MOJTHOTO HHTEJUIEKTYaIbHOIO KOHTPOJIS HaJ HUM. Uneanusu-
pOBaHHBIE TIPEIMETHI MOJICTUPYIOT HanOoJIee CYNIECTBEHHBIC OTHOIICHUS B PEANIbHBIX MPeIMeTax.

MopenupoBanue (METOM, TECHO CBS3aHHBIN C WICATM3AIUEH) - 3TO METOJ] MCCIIEAOBAHUS TEOpE-
TUYECKUX MOJENICH, T.€. aHAJIOTOB (CXeM, CTPYKTYp, 3HAKOBBIX CHCTEM) OIpENeICHHBIX ()parMeHTOB
NEeNCTBUTENbHOCTH, KOTOPbIE HA3bIBAIOTCS OpUrMHanaMu. MccnenoBatens, mpeodpasyst 3TH aHAIOTH U
yIpaBIsis UMH, PACUIUpsieT W YrayomisieT 3HaHUs o0 opuruHanax. MoaemupoBaHHE — 3TO METOJ
OIIOCPEIOBAaHHOTO ONEPUPOBaHUS 00BEKTOM, B X0JIe¢ KOTOPOTO UCCIIETYETCs HETTOCPECTBEHHO HE caM
UHTEpeCyIOMUi Hac 00BEKT, a HEKOTOpas MPOMEKYTOUHAs! cUCTeMa (€CTeCTBEHHAasl MIIM MCKYCCTBEH-
Hasl), KOTOpas:

- HAXOJUTCSI B HEKOTOPOM OOBEKTHBHOM COOTBETCTBHH C IMO3HABAEMBIM OOBEKTOM (MOJETH —
3TO, MPEXAE BCEro, TO, C YeM CPAaBHUBAIOT - HEOOXOAMMO, YTOOBI MEXKIY MOJEIbI0 U OPUTHHAIOM
OBLIIO CXOJICTBO B KAKUX-TO (DU3MUECKHUX XapaKTEPUCTUKAX, WIIK B CTPYKTYpE, I B (QYHKITUSAX );

- cnocoOHa B XO/i€ MO3HAHUS HAa M3BECTHBIX ATalax 3aMellaTh B OMPEJCJICHHBIX CIydasx H3y-
yaeMblii 00BEKT (B MpoLecce UCCIEI0BaHUs BPEMEHHOE 3aMeIlleHIe OpUTHHANIa MOJETbIo U paboTa ¢
HEIO MO3BOJISIET BO MHOTHX CIIY4asX HE TOJIbKO OOHAPYKUTh, HO U MPEJCKA3aTh €ro HOBbIE CBOWMCTBRA);

- 1aBaTh B MPOLIECCE €€ UCCIIEOBAHUS B KOHEUHOM cueTe MH(popMaIuio 00 HHTEpECYIOIeM Hac
oOnekTe. Jlornueckoit OCHOBON METO1a MOJEIUPOBAHMUS SIBIISIOTCS] BBIBOBI IO aHAIOTHH.

Cy11ecTBYIOT pa3InyHbIe BUIBI MOIeTUpOBaHusl. OCHOBHEIE:

- [IpeamerHoe (psiMOe) — MOJEIUPOBAHKE, B XOJI€ KOTOPOI'O UCCIIEIOBaHUE BEIETCSl Ha MOJEIH,
BOCIIPOM3BOSIIECH OmpezeneHHble PU3NUecKrue, FTeOMETPUUYECKUE U TIP. XapaKTePUCTUKH OpUTHHAIA.
[TpenMeTHOE MOIETMPOBAaHNE UCTIOIB3YETCA KaK MPAaKTHUECKUNH METO]] TTO3HAHMUSL.

- 3HaKOBOE MOJIETUPOBAHUE (MOJIEISIMH CITYXKAT CXEMBbI, YePTEkKH, (POPMYIIbI, IPEATIOKEHUS €C-
TECTBEHHOTO WJIM MCKYCCTBEHHOIO Si3bIKa M T.J.). [locKONbKY NelcTBUSA CO 3HaKaMH €CTh OIHOBpE-
MEHHO JEHCTBUS C HEKOTOPHIMU MBICIISIMHU, MTOCTOJBKY BCSKOE 3HAKOBOE MOJEIMPOBAHHE IO CBOEH
CYTH SIBJISIETCSI MOJECIIMPOBAHUEM MBICIICHHBIM.

B ucropudeckux MCCIeIOBaHUIX BBIICISIIOT OTPAKATEIBHO-U3MEPHUTEIbHBIE MOJIENN («KaK ObI-
JI0») ¥ WMHUTAIIMOHHO-TIPOTHOCTHYECKHUE («KaK MOTJIO OBITh»). MBICICHHBIM 3KCIIEPUMEHT — METO]
WCCJICIOBAHMsI, OCHOBAHHBII Ha KOMOMHAIMKU 00pa3oB, MaTepHalibHAs peanu3aliis KOTOPBIX HEBO3-
MoskHa. [laHHBIN MeToa popMUpPYETCs Ha OCHOBE UACATU3alUU U MOJCIUPOBaHUs. MOJeNb pu 3TOM
OKa3bIBAETCSI BOOOpakaeMbIM 00BEKTOM, MPEOOPa3yeMbIM B COOTBETCTBHH C MPaBUIAMH, TPUTOIHBI-
MU Ui TaHHOM cuTyanuu. HenocTynHble MpakTHYECKOMY SKCIIEPUMEHTY COCTOSHUSI PACKPBIBAIOTCS C
MIOMOIIBIO €T0 MPOJOIKEHHS — MBICIIEHHOT'O SKCIIEPUMEHTA.

B nocnennee Bpems [Uisi OCYIIECTBICHHUS MOJICIHPOBAHUS U MPOBEJIEHUS MBICIEHHOTO JKCIIe-
pUMEHTA BCE Yallle MPUMEHSETCS BBIYMCIUTENBHBIN dKCTIEpUMEHT. [ TaBHOE MPENMYIIECTBO KOMIIBIO-
TE€pa COCTOMT B TOM, YTO C €ro MOMOIIBIO IPU HCCIEAOBAHWU BECbMa CIIOKHBIX CHCTEM YIAaeTcCs
IyOOKO MPOAHATU3UPOBATh HE TOJNBKO WX HAJIMYHBIC, HO U BO3MOXHBIC, B TOM 4YHCIEe Oymylue
coctosiHUS. CyIIHOCTh BBIYMCIUTEIBHOIO SKCIIEPUMEHTA COCTOUT B TOM, YTO MPOBOJUTCS IKCIIEPH-
MEHT HaJ HEKOTOPOH MaTeMaTHYeCKOW MOJeNbi0 00beKTa MpH MOMOLIM KommbioTepa. Ilo omHum
napaMeTpaM MOJIEIH BBHIYHMCISIOTCA JAPYTUE €€ XapaKTepPUCTUKHU U Ha 3TON OCHOBE JENal0TCs BHIBOIBI
0 CBOWCTBAaX SIBICHUH, MPEJACTABICHHBIX MaTEMAaTUIECKONH MOIeNbI0. OCHOBHBIC 3TAIbl BBIYUCIATEb-
HOTO 3KCIIEpUMEHTA:

1) mocTpoeHne MareMaTu4ecKol MOAETH M3y4aeMoro o0BbEeKTa B TeX HJIM MHBIX YCIOBHSX (Kak
MPaBUJIO, OHA MPECTABIIEHA CUCTEMOI YpaBHEHHI BBICOKOTO MOPSIIKA);

2) ompezeneHue BEIYUCIUTEIHLHOTO aJrOpuT™Ma peieHus 6a30BOi CHCTEMbI YpaBHEHHIA,

3) mocTpoeHHEe MPOTpaMMbl peai3aliui MOCTaBICHHOW 3amaun a1 DBM. BeraucnurenbHbIi
OKCIIEPUMEHT Ha OCHOBE HAKOIUICHHOTO OIBITAa MAaTEMAaTUYECKOTO MOJEIMPOBAHUS, OAaHKA BBIYMCITH-
TEJIBHBIX AJTOPUTMOB M TMPOrPAMMHOTO OOECIEUEHHUs TMO3BOJISIET OBICTPO M 3(PGEKTHUBHO pEIIaTh
3aa4d NpPaKTUYEeCKH B JIt000M 007acTH MaTeMaTU3MpPOBAHHOTO HAy4dHOro 3HaHus. OOpaineHue K
BBIUMCIUTEILHOMY SKCIIEPUMEHTY B PsJI€ CIydaeB IMO3BOJISIET PE3KO CHU3UTh CTOMMOCTb Hay4YHBIX



pa3paboTOK ¥ MHTEHCU(UIIUPOBATH MPOIECC HAYIHOTO TIOUCKA, YTO 00eCIeYnBACTCS MHOTOBAPHUAHT-
HOCTBIO BBITIOJHSIEMBIX PACu€TOB U MPOCTOTOM MoAM(UKAIMKA 1)1 UMUTALIUU T€X WU UHBIX YCIOBHA
IKCIIEPUMEHTA.

dopmanuzainus — METO UCCIIEI0BAHUS, B OCHOBE KOTOPOTO JIEKUT OTOOPaKEHUE COJIEPKaATENb-
HOTO 3HAHUS B 3HAKOBO-CHMBOJUYECKOM Bu/Ie (Ppopmann3oBaHHOM si3bike). [locnenuuii co3maercs s
TOYHOTO BBIPAKEHUSI MBICIIEH C LENbI0 UCKIIIOYEHUS! BO3MOXHOCTH JIJIsl HEOTHO3HAYHOT'O TTIOHUMaHUSI.
[Ipu dhopmanmzanuu paccyxaeHust 00 00beKTaX MEPEHOCATCS B INIOCKOCTH OMEPUPOBAHMSI CO 3HAKAMH
(popmynamu), 4TO CBSI3aHO C MOCTPOEHUEM HCKYCCTBEHHBIX SI3bIKOB. lcmonbp3oBaHue crienuaibHON
CUMBOIIMKH TIO3BOJIICT YCTPAHUTh MHOTO3HAYHOCTh U HETOYHOCTH, OOPa3HOCTH CIIOB €CTECTBEHHOTO
a3blka. B QopMain30BaHHBIX pacCyXIECHUAX KaxAbld CUMBOJI CTPOTO OJHO3HaueH. Popmanusarus
CIIY’)KHT OCHOBOW JIJISi TIPOIIECCOB aNTOPUTMH3AIMK M TPOrPAMMHUPOBAHUS BBIYMCIUTENBHBIX YCT-
pOMCTB, a TEM camMbIM U KOMIIbIOTEPU3allMU 3HaHUA. ['1aBHOE B mpoiecce Gopmanuzalud COCTOUT B
TOM, 4TO HaJ (pOpMyIamMH UCKYCCTBEHHBIX S3BIKOB MOXKHO TIPOM3BOJUTH OMEPAIUH, MOIy4aTh U3 HUX
HOBBIE (POPMYJIBI U COOTHOUIEHHS. TeM caMbIM OMEpaluy C MBICISIMU 3aMEHSIOTCS JIEUCTBUSMU CO
3HaKaMU M CHMBOJaMH (TpaHUIBI MeTona). MeTon ¢opManu3aliii OTKPHIBAET BO3MOKHOCTH IS
UCIIONIb30BaHUsl 0o0Jiee CIOXKHBIX METOJOB TEOPETUYECKOTO0 HCCIEAOBaHUs, HANpUMeEp MeToa
MaTeMaTHYECKON TUIIOTE3bl, I/I€ B KQ4eCTBE TUIIOTE3bI BHICTYNAIOT HEKOTOPHIE YPaBHEHUs, IPEACTAB-
asonme MoAu(UKAlKMI0O paHee U3BECTHBIX U TPOBEPEHHBIX COCTOSHUM. M3MeHss mnocnenHue,
COCTaBIISIIOT HOBOE YpaBHEHHE, BBIPAXKAIOIIEEC THIOTE3Y, KOTOpas OTHOCHTCS K HOBBIM SIBJICHHSIM.
Yacro ucxoaHas MmatemaTuueckas ¢GopMyiia 3aMMCTBYETCS M3 CMEXHOU M Jjake HE CMEKHOM 00J1acTH
3HAHUS, B HEE MOJACTABISIOTCS 3HAUCHUS, HHOW MPUPOIBI, a 3aT€M IMPOBEPSIOT, COBMACHUE PACCUH-
TaHHOTO U PEaJbHOTO MOBeAeHMsI 00bekTa. PasymeeTcs, MPUMEHUMOCTh 3TOI0 METOJa OrpaHUYeHa
TEMU JUCHUTTMHAMHE, KOTOPBIE YK€ HAKOMWIH, JOCTATOYHO OOraThlii MaTeMaTHYECKUN apCceHall.

AKCUOMATHYECKHUH METOJ — CIOCO0 MOCTPOCHUH HAYYHOW TEOPHUH, IIPH KOTOPOM 3a €€ OCHOBY
MPUHUMAIOTCS. HEKOTOPBIE MOJIOKEHUS, He TPEOYIOIUe CIEIUAIBHOTO TOKA3aTeNbCTBA (AKCHOMBI WITH
MOCTYJIaThl), W3 KOTOPBIX BCE OCTaJbHBIC TIOJOXKEHHS BBIBOJIATCA MpHU MoMoLM (opmanbHO-
JIOTUYECKNX J0Ka3aTrenbcTB. COBOKYMHOCTh AKCHOM M BBIBEICHHBIX HA WX OCHOBE IOJIOKEHUI
o0pa3zyeT aKCMOMAaTHYeCKH TOCTPOCHHYIO TEOPHIO, BKIIIOYAIONIYI0 B ceOsi aOCTpakTHBIC 3HAKOBHIC
mMonenu. Takas Teopusi MOXKET OBITh HCIOIb30BaHA ISl MOJCIBHOTO MPEICTABJICHUS HE OJHOTO, a
HECKOJIbKUX KJIACCOB SIBJICHUH, /JJIsl XapaKTEPUCTUKU HE OJTHOM, a HECKOJIbKHUX MPEIMETHBIX 00JacTei.
s BBIBO/IA TIOJIOKEHHWM M3 aKCUOM (OpPMYIHPYIOTCS OCOObIe TpaBHJia BHIBOJA — TOJOXKCHHS
MaTeMaTH4ecKod JIOTMKU. OTBICKaHWE TMPaBWJI COOTHECEHHS aKCHOM (OpPMaJIbHO TOCTPOCHHOMN
CUCTEMBI 3HAHUS C OIpPENeICHHON MpeaIMeTHONW 00IacThi0 HA3bIBAIOT MHTEpIpeTanueil. B coBpemeH-
HOM €CTECTBO3HAHMH IpUMepamMH (POpMalbHbIX aKCHOMATUYECKUX TEOPUH SBIAIOTCS (DyHIaMEHTalb-
Hble (PU3NYECKHE TEOPHHU, YTO BIICUET 3a COOOU psl creunuyeckux mpolieM UX MHTepIpeTaliyu U
06ocHOBaHUS (OCOOCHHO TSI TEOPETHUYECKUX TMOCTPOCHUN HEKJIACCUYECKOW M MOCTHEKJIACCUUYECKON
Hayku). B cuny criennuky akCMOMaTUYECKH TTOCTPOSHHBIX CUCTEM TEOPETUYECKOTO 3HAHUS IS UX
000CcHOBaHUS 0c000€ 3HAYCHHE TNPUOOPETAIOT BHYTPUTCOPETHYECKHUE KPUTEPUU HCTUHHOCTH:
TpeOOBaHUE HEMPOTUBOPEUYUBOCTH U TOJTHOTHI TEOPUU M TPeOOBAHUE MOCTATOUHBIX OCHOBAHUU IS
JIOKAa3aTeNbCTBA WJIM OIPOBEPIKEHUSI JIFOOOTO MONOXKEHHs, CHOPMYIMPOBAHHOTO B paMKax TaKoil
Teopuu. JlaHHBI METOJ IMIMPOKO MPUMEHSIETCSI B MaTeMaTHKe, a TaKKe B TEX €CTECTBECHHBIX HAayKax,
rae npuMmensieTcs Mmeton popmanuzanuu. (OrpaHHUYEHHOCTh METO/1A).

'umoTeTnKo-N1eAyKTUBHBIA METOJ] — CIIOCO0 MOCTPOCHUSI HAYYHOU TEOPHH, B OCHOBE KOTOPOTO
JCKUT CO3JIaHUE CHUCTEMbl B3aUMOCBSI3aHHBIX THIOTE3, M3 KOTOPHIX 3aT€M MyTeM JAETyKTHUBHOTO
pa3BepTHIBAHUS BBIBOAUTCS CHCTEMa YaCTHBIX THUIIOTE3, MOJIeXkKAIast ONBITHOM mpoBepke. TeM caMbiM
3TOT METOJ OCHOBaH Ha JAEIYKUUU (BBIBEACHHM) 3aKJIIOUEHUN M3 TUINOTE3 U APYTUX IOCHUIOK,
HUCTUHHOE 3HAUY€HHE KOTOPBIX HEU3BECTHO. A 3TO 3HAYMT, YTO 3aKJIIOYCHHE, MMOJYICHHOE Ha OCHOBE
TAHHOTO METOJa, Hen30exkHO OyaeT MMeTh BEpOATHOCTHBINM Xapakrep. CTpyKTypa THIOTETHKO-
JETYKTUBHOTO METOIa:

1) BeIABMKEHHNE THUIOTE3bI O MPUYMHAX M 3aKOHOMEPHOCTSIX JAHHBIX SBJICHUI ¢ IOMOIIBIO pa3-
HOOOPAa3HBIX JIOTHYECKUX MTPUEMOB;

2) o1eHKa OCHOBATEILHOCTH TUIIOTE3 U BHIOOP M3 MX MHOKECTBA HanOoJIee BEPOSITHOM;



3) BbIBEJICHUE U3 TUIIOTE3bI ACNYKTUBHBIM ITyTEM CJIEACTBUN C YTOUHEHUEM €€ COJIepKaHUs;

4) sKkcriepuMeHTalIbHAsl IPOBEPKA BBIBEIEHHBIX U3 THUIIOTE3bI CIEACTBHIA.

TyT runoresa Wi Noxy4yaeT HKCIEPUMEHTAIILHOE MOATBEPKACHHE WM onpoBepraercs. OqHako
MOJATBEPXKJIEHUE OTAEIbHBIX CIEACTBUNA HE TapaHTHUPYET €€ HWCTUHHOCTU WM JIO)KHOCTH B IIEJIOM.
Jlyummast mo pe3yapTaTraM MPOBEPKU FMIOTE3a EPEXOAUT B TEOPHIO.

MeTtoa BoCX0kIeHUSI OT a0OCTPAKTHOTO K KOHKPETHOMY — METO/I, 3aKJIIOYAIOLIUICS B TOM, YTO
MEepPBOHAYANILHO HAXOJWTCS WCXOAHAs alcTpakimus (ThHaBHAsh CBs3b (OTHOIICHHE) H3Yy4aeMOro
o0BbeKTa), a 3areM, Iar 3a IIaroM, Yepe3 Mocjel0oBaTeNIbHbIE 3Tanbl YIIyOJeHHUs U PacIIupeHUs
MO3HAHUS, MIPOCIICIKUBACTCS, KAK OHA BUIOU3MEHSETCS B PA3IMYHBIX YCIOBUSX, OTKPHIBAIOTCS HOBBIC
CBSI3M, YCTAHABIIMBAIOTCS MX B3aHUMOJCIHCTBHUS M, TaKMM 00pa3oM, 0ToOpa)kaeTcs BO BCEH MOJHOTE
CYIIHOCTb U3y4aeMOro 0OBbEKTa.

MeToa uCTOpUYECKOTO M JIOTHYECKOTo aHanu3a. Mctopuyeckuii Metoa TpedyeT onucanus ¢ak-
TUYECKOM NCTOPUHU O0BEKTa BO BCEM Pa3HOOOpA3HH €ro CyIIECTBOBAHMSL.

Jlorudeckuii METOA — 3TO MBICICHHAs] PEKOHCTPYKLUS UCTOPUU OOBEKTA, OUMILEHHAs! OT BCETO
CIIy4allHOTO, HECYIIIECTBEHHOI'O M COCPEIOTOUEHHAs Ha BBISIBIICHUH CYIIHOCTU. EMUHCTBO TOrHYecKo-
r0 ¥ UCTOPUYECKOro aHaiu3a. Jloruueckue npoueaypsl 000CHOBaHUS HAyUYHBIX 3HAHUM

Bce koHKpeTHbIE METO/IbI, KaK AIMIUPUYECKUE, TaK U TEOPETUUYECKUE, COTIPOBOKAAIOTCS MPOBE-
JEHUEM JIOTHUECKUX mpoueayp. I (HeKTUBHOCT SMIIUPUUECKUX U TEOPETUYECKUX METOA0B HAXOIUT-
Csl B IPSIMOM 3aBUCUMOCTH OT TOT'O, HACKOJIBKO MIPABMJIBHO C TOYKH 3PEHUS JJIOTUKHU CTPOATCS COOTBET-
CTBYIOIIIME HAYYHBIE PACCYXKICHHUS.

O6ocHOBaHME — JIOTUYECKAs MPOIIEypa, CBI3aHHAS C OLIEHKONH HEKOTOPOTO MPOAYKTa MMO3HAHUS
B Ka4eCTBE KOMIIOHEHTA CHCTEMbl HAyYHOTO 3HAHMS C TOUKH 3PEHUSI €r0 COOTBETCTBUS (DYHKIIMSAM,
HEJSIM U 3a]1a9aM STOW CHCTEMBI.

OcHoBHbIE BUAbl 000CHOBAHUS:

JlokazaTenbCcTBO — JIOTHYEcKasi MPoLEeaypa, MPU KOTOPOIl BhIpaXKeHHE ¢ HEM3BECTHBIM MOKa 3Ha-
YEHHEM BBIBOJUTCS U3 BBICKA3bIBAHWM, MCTUHHOCTh KOTOPBIX YyXKE€ YCTAHOBJEHA. DTO IO3BOJSET
UCKITIOYUTH BCSIKWE COMHEHUS U TIPU3HATHh UCTUHHOCTh JAHHOTO BBIPAXKCHHSI.

CTpyKTypa 10Ka3aTebCTRA:

- T€3UC (BbIpaXXEHHE, UCTUHHOCTh, KOTOPOI'O YCTaHABIMBAETCS);

- IOBOJIbI, apI'YMEHTHI (BBICKA3bIBAHUS, C TOMOIIbIO KOTOPBIX YCTaHABIMBAETCS HCTUHHOCTD Te-
3HUCa);

- 1006aBOYHbBIE JOMYIICHHUS (BBIPAKEHHUSI BCTIOMOTATEIBHOIO XapaKTepa, BBOAUMBIE B CTPYKTYPY
JIOKA3aTeNNbCTBA U yCTPaHsIEMbIe TIPH MEPEX0/I€ K OKOHYATEIIHHOMY PE3yNbTaTy);

- neMoHcTpaius (Jjorudeckas popma JaHHOU MPOIEAYPHI).

TUNUYHBIA TpUMep JT0Ka3aTeNnbCTBA — JIF000E MAaTEeMAaTHUYECKOE PACCYKIEHHUE, TI0 pe3ylibTaTaM
KOTOpOTr0 MPUHUMAETCSI HEKOTOpasi HOBasi Teopema. B Hem 3Ta Teopema BhICTyHaeT B KauecTBe Te3Hca,
paHee JOKa3aHHBIE TEOPEMbl U aKCHOMBI — B KAueCTBE apryMEHTOB, EMOHCTpAIUS MPEACTABISCT
coboit hopmy neayKIuu.

Bunsl noxa3areiabCcTB:

- IpsAMOeE (TE3UC HETIOCPEACTBEHHO BBITEKAET U3 JIOBOJIOB);

- KOCBEHHOE (T€3UC JOKa3bIBAECTCS KOCBEHHBIM MYTEM):

- ararormyeckoe (J10Ka3aTelbCTBO OT MPOTHUBHOIO — YCTAaHOBJIEHHUE JIOKHOCTU aHTHUTE3MUCA: J10-
MyCKAeTCs, YTO AHTHTE3WC WCTHHEH, U W3 HEro BBIBOJAATCS CIEACTBHS, €CIU XOTS OBl OIHO U3
MOJIyYEHHBIX CJIEICTBUN BCTyHaeT B IMPOTHUBOPEUHE C HAJIMYHBIMH HCTHUHHBIMU CYKICHUSMHU, TO
CJIeICTBHE MPU3HAETCS JOKHBIM, a BCJIE] 32 HUM M CaM aHTUTE3UC — MPU3HAETCS UCTUHHOCTh TE3UCa);

- paznenurenbHOe (MCTUHHOCTbh TE3HMCAa YCTAHABIMBAETCS MYTEM HCKJIIOYEHHS] BCEX MPOTHBO-
CTOSIIUX €My alIbTEPHATHUB).

1.2 Jleknus 2 (2 4.)

Tema: Marematuueckas MOJeIb M ITambl €€ IMOCTPOCHHUsS. MareMaTHuecKue METOIbl TUIAHUPOBaHHS
JKCIIEpPUMEHTA.



1.2.1. Bonpocsl Jekuum:

1. MaTemaTtnueckas MOZCJb U 3TAallbl €€ TOCTPOCHU A
2. [InanupoBanue s3xcnepumMenTa. OCHOBBI MAaTEMATHUYECKOTO TUIAHUPOBAHUS SKCIIEPUMEHTA

1.2.2 KpaTkoe coaep:kaHue BOINPOCOB:

1. MaTremaTu4ecKass MOJeJb M 3TAMbI €€ MOCTPOeHUS

[Tpu Bcem MHOTOOOpa3uu cofiep:KaHusl KOHKPETHBIX PaboT MO MOJICTHPOBAHUIO CHCTEM KaXKI0€
MOJIeTMpOBaHUE TPeOyeT MOCIeI0BATEILHOTO BHIMOIHEHUS CIAEAYIONINX IECTH ATAIOB:

- IOCTaHOBKA 3a]1a4H;

- IOCTPOEHNE MaTeMaTHYEeCKOW MOIETH;

- COCTaBJIEHHE NMPOTPAMMBbI JJIsI KOMIIBIOTEPA;

- OLIEHKa a/IcKBaTHOCTU MO/IEJH;

- INIAHUPOBAHUE IKCIIEPUMEHTA;

- UHTEpIpeTalus pe3ylbTaTOB MOJIECIHUPOBAHUSI.

PaccMoTpuM Kask bl 3Tan OTAENBHO.

ITocTanoBka 3amxaun. Kak u Bcsikoe ncciaenoBaHue, KOMIbIOTEPHOE MOACIMPOBAHNE JOIKHO
HAYMHATHCA C TOCTAHOBKH 33/1a4d MOJCIIUPOBAHUS, T.€. C SICHOT'O U3JI0KEHUS LIeJIel MOIeIMPOBaHUS
Y OTPaHUYEHHH, KOTOpble HEOOXOIMMO YUUTHIBATh MPU MOCTPOCHUU Mojienei. Llenun oO6bpraHo
dbopMupyIOTCS B BUJIE TNOO BOMIPOCOB, HA KOTOPBIC HAZ0 OTBETUTD; TMOO TUIIOTE3, KOTOPHIE HAO
IIPOBEPUTH; INOO BO3EHCTBHI, KOTOpbIE Ha0 OLIEHUTH . HanmpuMep, KOMITbIOTEpPHOE MOJIETUPOBAHUE
MO>KHO HCIIOIb30BATH JIJISl Pa3pellieHUs] CIEYIONIUX BOPOCOB: KaK MOBIUSET MPEAOIaraeMblil
QJITOPUTM OIPOCca AATYUKOB Ha (PYHKIIMOHUPOBAHKE aBTOMATU3UPOBAHHOW CUCTEMBI YIIPaBICHHUS
TEXHOJIOTHYECKUM MTPOLIECCOM CIIOKHOM YCTAHOBKH MJIM KAKOBO BIUSIHUE KOHKPETHOU MPOLIEAYPbI
OTIepaTUBHOTO IJIAHUPOBAHUS Ha MPOU3BOICTBEHHBIE 3aTpaThl? Kpome Toro, Hajjo He TOJIBKO
MOCTABUTH BOMPOCHI MTEPE]l MOJISTHPOBAHUEM, HO B C(HOPMYITHPOBATH KPUTEPHH OIEHKH BO3MOYKHBIX
OTBETOB Ha HUX.

Lenpro MomenrpoBaHUS MOXKET OBITH TAK)KE MPOBEPKA OJTHON MJIM HECKOJIBKUX TUTIOTE3 OTHOCHU-
TEJIbHO MOBEICHUS HEKOTOPOU CI0XKHOU cuctembl. Kak moBiusier n3MeHeHre aBTo0yCHOr0 MapiuipyTa
Ha 3arpy>KEHHOCTh MaluH? He mpuBeaeT i K HapyIIEeHUIO SKOJIOTUYECKOT0 PaBHOBECHS B 3aI1OBE/I-
HUKE MCKYCCTBEHHAsi MUTPALIUsl HEKOTOPBIX BUIOB KUBOTHBIX? B KakJIoM ciyuyae npoBepsiemast
TUIOTE3a, 4 TAKXKE U KPUTSPUU PELIAIONINE IIPUHATH» WU «OTBEPTHYTHY €€, JOKHBI OBITH ChopMy-
JUPOBAHBI SBHO.

Hakoner, KOMIbIOTEpPHOE MOACTUPOBAHNE MOKET OBITh MPEAIPUHSATO, YTOOBI OIICHUTH BO3/ICH-
CTBUE HEKOTOPOM MepEeMEHHOM ynpaBieHUs Ha BXOAHbIE HIIM 3aBUCHMBbIE TIEPEMEHHbIE, OMUCHIBAIOIINE
noBeJieHre cucteMbl. Hanpumep, HE00X0UMO OIICHUTH BIUSHUE MPOIICHTHOTO COJCPKAHUS KUCIIO-
pozia B AYTHEBOM BO3AyXe Ha cofepkanue SO, B OTXOIALINX ra3aX METAILTyPrUueCcKUX 3aBO/I0B.

Jlyist onpeniesieHrst OrpaHYeHUH 3a71a91 MOJICTTUPOBAHUS HEOOXOAMMO BEISIBUTH XapaKTEPUCTHU-
KU CUCTEMBI, TIOJIeKaIIel u3ydeHuto. [IepBbIM 11arom Ha 3TOM IyTH SIBJISIETCS YCTAaHOBJICHHE
TPAHUYHBIX YCIOBHH, T.€. TOTO, UTO SIBJISIETCS WJIU HE SIBJISIETCS YacThIO U3ydyaeMol cucteMsl. [anee
OTIPEEIISAIOTCS CYIIECTBEHHBIE MTapaMeTPhl U IEPEMEHHBIE CUCTEMBI, KOTOPbIE XapaKTEPU3YIOT 0OBEKT
M3Y4YEHUS U MTO3BOJISIIOT YCTAHOBUTH OCHOBHBIE OTPAHUYEHUS 3a/1a4l MOJCIIMPOBAHUS.

IlocTpoenune moaesan. [lox MareMaTnueckoi MOJENIBbIO Oy/IeM TOHUMATh COBOKYITHOCTH COOT-
HOIIIEHHM, KOTOPBIEC CBSI3bIBAIOT BO BPEMEHH XapaKTEPUCTUKH MPOIECCa, MPOTEKAIOIIETr0 B CUCTEME C
ee nmapamMeTpaMu, BXOJHbIMU CUTHAJIaMH U HadaJlbHBIMH YCJIOBUSMU. Pa3HOPOAHOCTH Ha3HAUYECHUS
DJIEMEHTOB CIIOKHBIX CUCTEM, (DYHKIIMOHUPOBAHUE B YCIOBUSX BO3JCHCTBHS CTy4yailHBIX (haKTOPOB
IPUBOJAT K Pa3HOOOpA3HI0 MaTEMaTHUECKUX CXEM, TPUMEHSIEMbIX JUIsl OMUCAHUSI CJIOKHBIX CUCTEM U
uX 371eMeHTOB. Cpeiu MaTEMaTUYECKUX CXEM, UCTIOJIb3yEMbIX MPU UCCIEAOBAHUU CIOXKHBIX CUCTEM,
0co0o0e MecTo 3aHUMAIOT MU depeHInaIbHBIC U PA3HOCTHBIC YPAaBHEHHU S, MAPKOBCKHUE TTPOIIECCHI,



CHCTEMBI MaCCOBOT'0 00CITY)KMBaHUS, TUHAMUYECKHE CUCTEMBI, arperaTUBHBIE CUCTEMBbI, BEPOSTHOCT-
HBIE aBTOMATBHI.

OTH CXEMbI MOYXKHO Ha3BaTh TUIIOBBIMU MAaTEMaTHUYECKUMHU CXEMAaMHM, TOCKOJIbKY OHU HIMPOKO
UCTIOJIB3YIOTCS IPH UCCIIEJOBAHUU CIIOXKHBIX cucTeM. Hamnuue pazpaboTaHHBIX MaTEMATHYECKUX
METOJI0B MCCIIEA0BAHUS ITUX CXEM 3HAUUTENIBHO MOBBIIIAET UX LIEHHOCTb IIPU UCIIOIb30BaHUU B
Ka4yecTBE MOJEJICH 3IEMEHTOB CI0XKHBIX cucTeM. OHAKO HE CleqyeT YIycKaTh U3 BUAY, YTO JIr00ast
MaTeMaTHYecKasi MOJEb HUKOT/1a He OBIBACT aJeKBAaTHOM M3y4aeMOMY MPOLIECCY, a OTPAXKAET JIHILIb
OCHOBHBIE €r0 YEPTHI C YYE€TOM 3a/1a4, CTOSIINX Iepe]] UCCIEN0BaTeNneM. B ¢BA3M ¢ 9TUM BO3HUKAET
BOIIPOC O CJIIOKHOCTH MaTeMatudecko Mozaenu . C OqHON CTOPOHBI, MOKHO YTBEP>KJ1aTh, UTO
peaJIbHBIE CUCTEMBI KPAaliHE CIIOXKHBI, M IOOTOMY MAaTEMaTHYECKUE MOJEIIN, IIPETEHAYIOIHUE HA
OTHCaHKE MOBEACHHS TUX CUCTEM, IO HEOOXOAUMOCTH JIOJIKHBI OBITH JOCTaTOYHO CIIOKHBIMU. Ho
9TO BEPHO JIMILB JO HEKOTOPOU CTENEHH, TaK KAK CTPOUTh MOJEIIH, HACTOJIBKO CII0XKHBIE, YTO
peanu3anys ux noTpedyeT HemoMepHO OOJBIINX 3aTpaT BpeMEHH, He MeeT cMbicia. Hamgo ctpouth
TaKue MaTeMaTUYeCKHe MOJIENIN, KOTOpble o0ecreurBaiu Obl JOCTATOYHO TOUYHOE ONKCAaHKE MOBEe-
HUS CUCTEMBI U He TpeOoBai Obl IPU STOM CIHUIIKOM MHOTO BPEMEHHU Ha MPOrPaMMHPOBAHUE U
BBIUNCIICHHUS.

[Ipu KOMIIBIOTEPHOM MOJICTUPOBAHUHU CIIOKHBIX CUCTEM MaTeMaTH4ecKas MOJIeNIb IpeoOpas3yeT-
Csl B MOJEJIHUPYIOIIHAN aITOPUTM, C IIOMOIIBIO KOTOPOTO UMUTHPYIOTCS 2JIEMEHTAPHBIC SIBJICHUS,
COCTaBJISIOLIUE HCCIeAYEMBIN ITpouecc. [Ipu 3TOM B aJirOpuTME COXpaHAIOTCA JOrMUEcKasi CTPYKTYpa,
II0CJIEI0BATENBHOCTD IPOTEKAHUS BO BPEMEHH, XapaKTep U COCTaB UH(OPMAIIMH O COCTOSTHUSIX
mporecca.

OneHka aIeKBATHOCTH MOJIeJIM. B CII0XKHBIX crcTeMax, K KOTOPbIM OTHOCATCS OOBEKTHI KOM-
IBIOTEPHOTO MOJEIIMPOBAHMS, JTF00ast MOJIEIb JIMIIb YACTUYHO OTPaKaeT pealbHbIi mporecc. Moenb
CUMTAETCSI XOPOUIEH, €CJIH, HECMOTPS Ha CBOIO HEMOJHOTY, MOXKET TOYHO NPEACKa3aTh BIUSHUE
U3MEHEHUH B cucTeMe Ha 001yro 3¢ (heKTUBHOCTD cucTeMbl. [loaToMy HeoOXxoauMa npoBepka
CTENEHU COOTBETCTBUS (aIeKBATHOCTH) MOJIENH U peasibHOoro nporecca. CynecTByIOT TpU MOAX0AA K
IPOBEpPKE Ha aJJeKBaTHOCTH. [IprMeHsist mepBbIid U3 HUX, MBI TOJDKHBI YOGAUTHCS, UTO MOJIENIb BEPHA B
nepBoM npuOamkeHuu. Hampumep, cienyer mocTaBUTh BONpoc: He OyeT 1 MOJIeNb JaBaTh
abcypaHbIe OTBETHI, €CIIU €€ apaMeTphl OyAyT MPUHUMATH IpeAeIbHbIC 3HAYCHHUS.

Bropo# noaxon K OLeHKe aAeKBaTHOCTH MOJEIN COCTOUT B IIPOBEPKE UCXOAHBIX MTPEATIONONKE-
Hull. Hanpumep, kakue napamMeTpsl U IEPEMEHHBIE MOAEIN MOYKHO CYUTATh CYILIECTBEHHBIMU U
OXBA4€HBI JIM MOJIENIBIO BCE CYIIECTBEHHBIE TapAMETPhl 00beKTa. XapaKkTep NepeMEHHOH, T.¢.
SIBIISICTCS JIM OHA CYIIECTBEHHOW WM HET, OOBIYHO ONpPEeNsieTCs BIMSHUEM 3TOH epeMeHHON Ha
KpUTEpHi 3PHEKTUBHOCTH CUCTEMBI. J[J151 BBIAICHEHHS CTETIEHU OXBaTa B MOJEIH BCEX CYIIECTBEHHBIX
napamMeTpoB 00BEKTa UCIOIB3YIOTCS COBPEMEHHBIE METObI CTATUCTUYECKOTO aHAJIN3a, TAKUE KaK
aHaJIM3 JTUCTIEPCUH KpUTEpHUEB 3(P(HEKTUBHOCTH.

Tpetuii mOIX0/ K OLIEHKE aJeKBATHOCTHA MOJIETIM COCTOUT B TIPOBEPKE MpeodpazoBaHuit HHGPOP-
MallM4 OT BXOJa K BBIXOy. DTOT NOJXO0/ OCHOBAaH Ha MCIIOJIb30BaHUM CTATUCTHUECKUX BBIOOPOK JUIs
OLICHKH CPEIHMX 3HAYEHUH U AUCIIEPCUH, TUCIIEPCUOHHOIO aHAJIN3a, PETPECCUOHHOIO aHaJIN3a,
(akTOPHOTO aHaIM3a, CHEKTPAIBHOTO aHAIN3a, aBTOKOPPEISALUH, IPOBEPOK C IOMOILBIO KPUTEPHEB
coryiacus u ap.

Haxonern, Bcerna cieayeT NOMHUTB O TOTpeOuTene nH(OpMAIMK, OIy4aeMON ¢ IOMOLIbIO
KOMITBIOTEPHOT0 MOZiepoBanus. Henb3s onpasnaTh pa3paboTKy KOMIBIOTEPHOM MOJIENH, €CIIH OHA
HE NIPUHOCHT I0JIb3y OTPEOUTEITIO.

[IpuHsAB BO BHUMaHUE Bce 3TO, CHOPMYIHPYEM KOHKPETHBIE KPUTEPUU, KOTOPBIM JOJDKHA Y/I0B-
JIETBOPATH XOPOILasi MOAENb . Takas MoJieNb JOKHA OBITh!

- IPOCTOM U IOHATHOM II0JIB30BATEIIO;

- y1oOHOH B yIIpaBJICHUH;

- HaJIe)KHOU B CMBICIIE TAPAHTUH OT a0CYpIHBIX PEIICHHIA;

- TIIOJTHOM C TOYKH 3PEHUS BO3MOXKHOCTEHN PELICHUs IVIaBHBIX 3a/1a4;

- aJIaNITUBHOM, TIO3BOJISIOIIEH JIETKO MEPEXOAUTh K IPYTUM MOAU(PHUKAIMSIM WA OOHOBIISATH
JTaHHBIE.



2. lInanupoBaHue IkcnepuMeHTa. OCHOBBI MATEMATHYECKOT0 MJIAHUPOBAHUS

JIKCIIePUMEHTA

[Tocne 3aBepiieHus 3Tana OLEHKH MPUTOJHOCTH MOJIEIHA HEOOX0AMMO OCYIIECTBUTH TPOTOH
(peanu3aluio) MOJEIH C LEbI0 MOJIydeHus kenaeMoil nHpopmanuu. Pe3ynbrarel MOAeTMpOBaHNUS,
MOJTyYEHHBIC TIPH BOCIIPOU3BEICHUN €IMHCTBEHHON pean3aliiy MpoIecca, OMUChIBAEMOT0 MOJICIBIO B
CUILy IeHCTBUS CITy4alHbIX (PaKTOPOB, HE MOTYT 0OBEKTUBHO XapaKTEePHU30BaTh Mpoliecc GyHKIIMOHU-
poBanus Mojenu. [loaToMy UCKOMBIE BETHUUHBI IIPU HUCCIEAOBAHUN TIPOIIECCOB METOIOM KOMITHIO-
TEPHOT'0 MOJICIUPOBAHUS MOTYYAIOT KaK CpeIHNE 3HAYSHHUS 110 JAaHHBIM OOJIBIIIOTO YHCIIa peaau3aluii
nporiecca. VckimoueHne COCTaBISIFOT TaK Ha3bIBAEMbIE IPTOJUYECKHE MTPOLIECCHI, IS KOTOPBHIX
HCKOMbIE BEJTMUMHBI MOXKHO MOJYYUTh YCPEIHEHNEM IO BpEMEHH Pe3yNbTaTOB €AMHCTBEHHOMN
peanu3aiuu mporecca.

Ecnu konuuecTBo peanusanuii N J0CTaTOUYHO BEJUKO, TO, B CHITY 3aKOHA OOJIBIINX YHCEI, MOTY-
YaeMblI€ OLICHKH CTAHOBSITCS YCTOMYMBBIMHU M MOTYT CITY’KUTh MTPUOIMKEHHBIMH 3HAYCHUSIMU
MCKOMBIX CIIy4allHbIX BEJIHYHH.

[Tocne 3xCnepUMEHTUPOBAHUS C MOJIETBIO HAI0 00padoTaTh €ro pe3yabTaThl. J{Js CIIOKHBIX
CUCTEM U OOJIBIIOr0 KOJIMYECTBA peann3aliii, BOCIPOU3BOJUMBIX MPU MOJEIUPOBAHUH, 00BEM
UH(OPMAIIUU O COCTOSIHUU CHCTEMBI MOXKET OBITh HACTOJIBLKO 3HAYUTEIBLHBIM, YTO 3aIIOMHHAHHE €€ B
NaMsATH KOMIIbIOTEpa, 00paboTKa U MOCIEIYIOMNNA aHAIN3 OKa3bIBAIOTCS MPAKTUYECKU HEBO3MOKHBI-
MU, WM, BO BCIKOM ClIydae, O4eHb TpyaoeMKuMu. [103ToMy He00X01uMo TakuM 00pa3oM OpraHu30-
BaTh (puKkcanuio U 00paboOTKy pPe3yJIbTaTOB MOJCIHUPOBAHHUSI, YTOOBI OIICHKH MCKOMBIX BEJTMYUH
(bopMUPOBATUCH OCTENEHHO MO XOIy MOJICTUPOBaHUs, O€3 CIIeIIMATBFHOTO 3aIIOMUHAHUS BCEi
MH(OpPMALIUU O COCTOSIHUSAX CUCTEMBI.

Ecnu mpu MoaenupoBaHUU HEKOTOPOU CUCTEMBI YUUTBIBAIOTCS Cly4daiiHbie (DaKTOPBI, TO U CPEAH
Pe3yNIbTaTOB MOJECIUPOBAHUS PUCYTCTBYIOT Clly4aliHble BETMYUHBI. B Takoi cuTyannuu B KauecTBe
OIICHOK ISl UICKOMBIX BETMYWH UCTIOIB3YIOTCS CPEAHIE 3HAUCHUS, TUCTICPCHH U JPYTHE BEPOSTHOCT-
HBIE€ XapaKTEPUCTUKU COOTBETCTBYIOLIUX CIyYailHBIX BEJIMYMH, [TOJyY€HHBIE [10 pe3yIbTaTaM
MHOTOKPATHOTO MOJICTHPOBAHUSI.

PaccmoTpeHHbI€e BbIIIE ATarbl MOJEIUPOBAHUS B IPUHIIUIIE HEOOXOAUMBI U MPH JIFOOBIX APYTUX
WCCJICIOBAHMSIX, HAIIPUMED, TIPH CUCTEMHOM aHaJIN3e U UCCIeI0BaHuu ornepanuii. OHaKo peainsa-
Ul OTJIENBHBIX ATANOB MPU KOMIIBIOTEPHOM MOJIEIIUPOBAHUM UMEET MPUHIUIUAIBHBIE OTIMYHUS OT
JIPYTUX METOJOB MCCIeNOBaHuUs cucTeM. K TakuM dTamam OTHOCATCS dTarbl OCTPOCHUS MaTeMaTHye-
CKOM MOJIeNH, TUTAHWPOBAHUSI SKCTIEPUMEHTA U UHTEPIIPETALIUU PE3YIbTATOB MOAECIUPOBAHUS.
3HAKOMCTBO C 3TUMHU OCOOCHHOCTSIMU KOMIIBIOTEPHOTO MOJISIIUPOBAHKS HAYHEM C dTara MOCTPOSHUS
MaTeMaTU4eCKOU MOJICIIH, B KOTOPOM TaKOW OCOOCHHOCTBIO SIBIICTCS HEOOXOIUMOCTh pa3paboTKu
MOJICTTUPYIOIINX AITOPUTMOB.

OCHOBBI MATEMATHYECKOT'0 IVIAHMPOBAHNS IKCIIEPUMEHTA

IInanupoeanue sxcnepumenma - 3To MpoLEaAypa BHIOOpa YKCIa U YCIOBUN MPOBEICHHS OIBITOB,
HEOOXOIUMBIX M IOCTATOUHBIX I PEIlIeHUs] OCTAaBJICHHOMN 3a/jauu ¢ TpeOyeMoil TOUHOCTHIO.

3amaumn, I pelIeHus KOTOPBIX MOKET MCIOIh30BAThCS MNIAHUPOBAHNE IKCIIEPUMEHTA, YPE3BhI-
yaifHO pa3Ho0Opa3Hbl. K HUM OTHOCATCS: MOMCK ONTUMANIBHBIX YCIIOBUH, IOCTPOEHUE UHTEPIOJISAIH-
OHHBIX (POpPMYIT, BEIOODP CYIIECTBEHHBIX (DAKTOPOB, OIIEHKA H YTOYHEHHE KOHCTAHT TEOPETUUECKUX
MoJjiesiel, BEIOOp HanboJiee MpueMiIeMbIX U3 HEKOTOPOTO MHOKECTBA TUIIOTE3 O MEXaHU3ME SIBIICHUH,
WCCJICIOBAHKE TUarpaMM COCTaB - CBOMCTBO U T.A. OHOMN U3 TJIaBHBIX 3a]1a4 SKCIIEPUMEHTA SBIISICTCS
MOJIy4YEHHUE U MPOBEpKa MaTeMaTHUYEeCKON MOJIEN 00bEKTa, OMKUCHIBAIOIIEH B KOJIMYECTBEHHON (hopme
B3aMMOCBSI3M MEXKy BXOJHBIMH U BBIXOJHBIMU MMapaMeTpaMu 00BEKTA.

Obwas nocredosamenbHocmy MPU TIIAHUPOBAHUHN IKCIIEPUMEHTA C LIEIBIO MTOJIy4YeHUsl MaTeMa-
THUYECKOM MOJIEIN TaKOBa:

1) Onpenenenre 00bEKTa CCIAEAOBAHMH, MTAPAMETPOB ONTUMHU3AINH, (PAKTOPOB, MHTEPBAJIOB U
YPOBHEW BapbUPOBAHMSL.

2) Bri6op 3aBucuMocTH (JIMHEHAs, KBaipaTUIHAs U T.JI.) ¥ TIOJWHOMA JIJISI IOCTPOCHUSI MOJIEITH.

3) CocraBiieHue MaTpuUllbl IJIAHUPOBAHUS AJIS IPOBEACHMSI KCIIEPUMEHTA.

4) TlpoBeneHre IKCIIEPUMEHTA.



5) Maremarudeckasi 00pab0OTKa MOTYyYEHHBIX TaHHBIX: TOUCK KOI()PHUIIMEHTOB perpeccuu 1 co-
CTaBJICHHE MaTeMaTHUYECKON MOJIEIH.

6) [IpoBepka aeKBaTHOCTU MOJIEIIH.

Qobvekm ucciedosanus. B Teopuu IIaHUPOBAHMS SKCIIEPUMEHTA OOBEKT UCCIEAOBAaHUHN TTPHHS-
TO MPEJCTABIATH B BUJE «UEPHOTO sIuKa» (pucyHok 1). Ctpenku crpaBa H300paxaroT YHCICHHbIE
XapaKTepUCTHUKU 1iesielt uccieaoBanus. Mbl nx o0o3HauaeM OyKBOHYyH Ha3bIBaeMnapamempamu
onmumu3zayuy. B nuTepatype BCTpeyaroTcs APyTrue Ha3BaHUsl: KPUTEPUM ONTUMU3ALUH, LI€TIEBas
(GyHKIMS, BBIXOJ] «4EPHOTO SIIIHUKa» U T.1.

Jist mpoBeieHust SKCIIepUMEHTa He00X0IUMO UMETh BO3MOKHOCTh BO3/ICHCTBOBATH HAa HaBele-
HUE «YEpHOTO sIKKa». Bce criocoObl Takoro Bo3IeHCTBUS Mbl 0003Ha4aeM OyKBOM XU Ha3bIBaeM-
@axkmopamu. VIX Ha3bIBAIOT TAaKXKE BXOJAMH «UEPHOTO SIIIIUKA.
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Pucynox 1. Madopmanronnast Mmojiens mpolecca

Paznnunnie BUbI SKCTICPUMCHTOB CXCMATUYHO NIPCACTABJICHBI HA pPUCYHKC 2.

OoHoghaxmopHblil TACCUBHBIA SKCIIEPUMEHT MPOBOAUTCS MyTEM BBITIOTHEHUST AIIap U3MEPEHHI
B IUCKPCTHBIC MOMCHTLI BPDEMCHH CJUHCTBCHHOI'O BXOAHOTO MapaMeTpa X U COOTBECTCTBYIOIINX
3HAaYEHUI BBIXOJHOTO MapaMeTpa y (PUCYHOK 2,a). AHAIUTHUYECKAas 3aBUCUMOCTh MEKIY STUMHU
napameTpaMH BCIIEACTBUE CIIy4ailHOTO XapakTepa BO3MYLIAIOIIMX BO3/IEUCTBHUI paccMaTpuBaeTcs B
BU/JIE 3aBUCUMOCTH MaTEMaTHUECKOT0 OKUAAHUS } OT 3HAUEHUS X, HOCSIIEH Ha3BaHHE PErPECCHOHHOM.
Lenbro 01HO(PAKTOPHOTO MACCHBHOIO 3KCIIEPUMEHTA SBIISCTCS MOCTPOCHHUE pecpeccuoHHOU MoOelu-

YCTaHOBJICHUE 3aBUCUMOCTH J = f(X).
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Pucynok 2. Busibl 5xciepuMeHTOB

MHnozcogaxmopHwiii TACCUBHBIN YKCIIEPUMEHT MTPOBOJIUTCS MPU KOHTPOJIC 3HAUCHUH HECKOJIBKUX
BXOJIHBIX TTAPaMETPOB X; (PUCYHOK 2,0) ¥ €ro LENbI0 SBISETCS YCTAHOBICHUE 3aBUCUMOCTH BBIXOHO-
ro mapamMeTpa OT JBYX WK 0oJiee mepeMeHHbIX y=F(X;, X2, ...).

Tonnwiii pakmoprsiii IKCIEPUMEHT TMPEIOoIaraeT BO3MOKHOCTh YIPABISAThH 00BEKTOM IO O1-
HOMY WJIM HECKOJIbKUM HE3aBUCUMBIM KaHajlaM (PUCYHOK 2,B).

B obmiem cirydae, cxema SKCIIEpUMEHTa MOXKET OBITh TIPEJICTABICHA B BUJIE, IPEICTAB-
JICHHOM Ha pucyHke 1. B cxeme ucnosnp3yroTcs cielyroue rpymnibl IapaMeTpoB:

1. ynpasrarowue (BXOIHBIC X;)

2. napamempui cocmosnus (BBIXOAHbBIE Y)

3. sozmywarowue ozoeticmausi (W;)

[Tpu MHOTO(AKTOPHOM U MOTHOM (PAKTOPHOM SKCIEPUMEHTE BBIXOIHBIX apaMETPOB MOKET
OBITH HECKOJIBKO.



[on napamempom onmumuzayuu(KpuTepuii ONTUMU3ALNHI ) TOHUMAIOT XapaKTEPUCTUKY IIEIH,
3aJJaHHYIO0 KoJuuecTBeHHO. [lapameTp onTuMu3anuu ABiseTcs peakiuei (OTKIMKOM) Ha BO3/IEHCTBUE
(akTOpOB, KOTOpPBIE ONPENEISIOT TOBEICHIE BEIOPAHHOM CUCTEMBI.

OH 101K€eH OBITh KOIUYeCm8eHHbIM, 3aJaBaThCsl YUCIOM. MHOXKECTBO 3HaUE€HUH, KOTOPbIE MO-
KeT MPUHUMATD MTapaMeTp ONTUMH3AINU, Ha3bIBAaeTCs 001aCThIO ero onpeaeneHus. KonuuecTBeHHas
OIICHKA IMapaMeTpa ONTUMHU3AIMK Ha IPAKTHKE HE BCET/Ia BO3MOXKHA. B TakuX ciiydasix mojib3yroTcs
IIPUEMOM, Ha3bIBaEMbIM paHxupoBanueM. [Ipu 3Tom nmapaMerpaM ONTUMH3AIMK TPUCBAUBAIOTCS
OIICHKH - PAHTH IO 3apaHee BRIOpAaHHOM IIKaje: AByX0a/UTbHOU, MATHOAUIBHON U T. .

Iapamemp onmumuzayuu 00124HceH COOMBEMCMBOBAMb CE0VIOUWUM MPEOOBAHUIM.

1)nomxeH ObITh KOUYeCmEeHHbIM.

2) BBIPAXKATBHCSI OOHUM YUCTIOM.

3) noibKeH 00J1aaTh 0OHO3HAYHOCMbIO B CTATUCTUYECKOM CMEBICIIE. 3aJjaHHOMY Ha0opy 3Haue-
HUH (PaKTOPOB TOKHO COOTBETCTBOBATH OJIHO 3HAYCHHE NTapaMeTpa ONTHMHU3ALUH, IPH STOM
o0paTHOE HEBEPHO: OJJHOMY M TOMY € 3HAUEHHUIO ITapamMeTpa MOT'yT COOTBETCTBOBATh pa3HbIe HAOOPHI
3HaYeHU! (PaKTOPOB.

4)0JDKEH 1aBaTh 803MONCHOCb 0eliCmMBUMENbHO d3PPEeKMUBHOU OYeHKU PYHKYUOHUPOBAHUS
cucmempl. [IpencraBnenue 06 00bEKTE HE OCTACTCS OCTOSHHBIM B X0/1€ uccienoBanus. OHO
MEHSIeTCs 110 Mepe HAKOIUIEHHUs HH(OPMALIUK U B 3aBUCUMOCTH OT IOCTUTHYTHIX PE3yJIbTaTOB. DTO
IPUBOJUT K TOCIIEA0BATEILHOMY MOIXO0y IIPU BBIOOpE MmapaMeTpa onTumMusanuu. Tak, Hanpumep, Ha
NEPBBIX CTATUAX UCCIIEIOBAHUS TEXHOJIOTUYECKUX MPOLIECCOB B KAUECTBE MapaMeTpa ONTUMU3ALINN
4acTO UCHOJIB3YETCs BBIXO MpoaykTa. OJHAKO B AajbHEHIIeM, KOTJja BO3MOKHOCTh TIOBBIIICHHS
BBIXO/Ia MCYepIlaHa, HAYMHAIOT HHTEPECOBAThCA TAKUMHU MapaMeTpamMu, Kak ce0eCTOMMOCTh, YUCTOTa
POAYKTA U T.JI.

5) mpebosanue ynugepcanvrocmu uiu noanomel. [1o1 yHUBepcaIbHOCTBIO MTapamMeTpa ONTUMU-
3alliU TIOHUMAIOT €r0 CIIOCOOHOCTh BCECTOPOHHE 0XapaKTepPH30BaTh 00BEKT. B yacTHOCTH, TEXHOJIO-
TUYECKHE MapaMeTpbl HEJJOCTATOUYHO YHUBEPCAIbHBI: OHU HE YUUTHIBAIOT 9KOHOMUKY. Y HUBEpPCAIbHO-
CTBIO 00J1a/1a10T, HaIIpUMep, 0000IIEHHBIE TapaMeTPhl ONITUMH3AINN, KOTOPBIE CTPOSATCS KaK
(GYHKIIMHM OT HECKOJIBKMX YaCTHBIX TapaMeTpPOB.

6) xenaTenbHO, 9YTOOBI ApaMeTP ONTUMH3ALMN UMET QuU3UUECKUL CMbICI, OblLI NPOCMbIM U Jle2-
KO GbIUUCTISICMBIM.

[Tocne BbIOOpa 0ObEKTA UCCIENOBAHUS U TTapaMeTpa ONTUMHU3AIUHN HY>KHO PACCMOTPETh
BCE ¢hakmopwl, KOTOPHIE MOTYT BIUATH Ha mporiecc. Ecau kakoi-mubo cymecTBeHHbIN GhakTop
OKa)KETCSI HEYYTCHHBIM U IPUHUMAJ IPOU3BOJIbHBIC 3HAYCHHUSI, HE KOHTPOJIHPYEMBIEC HKCIIEpUMEHTA-
TOPOM, TO 3TO 3HAUYUTEIBHO YBEIMYUT OMUOKY onbITa. [Ipu moanepkanuu storo akropa Ha
OTIpeNIeJIECHHOM YPOBHE MOXET OBITh IMOJIY4EHO JIOXKHOE MpeJICTaBlIeHHe 00 ONTUMYyME, T.K. HET
rapaHTUH, YTO MOJY4YEHHBIN YPOBEHD SBISETCS ONTUMAIbHBIM.

C apyroii cTOpOHBI 60JIBIIOE YUCIIO (PAKTOPOB YBEIMYUBAET YHUCIIO OIMBITOB M Pa3MEPHOCTh

Dakmopom Ha3bIBaeTCs U3MepseMas IepeMeHHas BeIUUYUHA, TIPUHUMAIOIIAs B HEKOTOPBIN MO-
MEHT BPEeMEHH ONpe/ie/IeHHOE 3HaUCHHE U BIUAIONIast HA 00bEKT UCCIeI0OBaHMs. B mpakTHyeckux
3ajavax o0nactu onpezeneHus (akTopoB UMEIOT OTPAHUYEHUS, KOTOPbIE HOCAT JINOO MPUHIIMITHATb-
HBIN, THOO0 TEXHUYECKHUH XapaKTep.

@DakTOphl pa3aeNaoTCs Ha KOJTHMUYECTBEHHBIE U KaUeCTBEHHBbIE.

K konmMuecTBeHHBIM OTHOCATCS T€ (PaKTOPBI, KOTOPHIE MOXHO U3MEPSATH, B3BEIINBATH U T.JI.

KauectBeHHbI€ aKTOPHI - 3TO Pa3IMYHBIE BEIECTBA, TEXHOJIOTHYECKHE CIIOCOOBI, TPUOOPHI, HC-
NOJTHUTENHU U T.I1.

XOTs KaUeCTBEHHBIM (PaKTOpaM HE COOTBETCTBYET UMCIIOBas IIKala, HO MPH IMJIAHUPOBAHUU
HKCIEPUMEHTA K HUM MPUMEHSIOT YCIOBHYIO OPSIIKOBYIO IIKAIY B COOTBETCTBUHU C YPOBHSIMH, T.C.
MIPOU3BOJUTCS KOJMPOBAHHUE.

DaKTOPbI I0JKHBI OBITh YNPAGIgeMblMU, 3TO 3HAYUT, YTO BEIOPAaHHOE HY>KHOE 3HaUeHue (PaKkTo-
pa MOXHO IMOJIEP’KUBATH TOCTOSIHHBIM B TEUEHHE BCEro omnbITa. [ImaHupoBaTh 3KCIEPUMEHT MOKHO
TOJILKO B TOM CJIydae, €CJIM YPOBHHU (haKTOPOB MOTUMHSAIOTCS BOJIE dKcIiepuMeHTaropa. Hampumep,
JKCIIEpUMEHTAalIbHAsl YCTAHOBKAa CMOHTHPOBAaHA Ha OTKPBITON IUIOMIA/IKE. 3/1eCh TeMIIepaTypoit




BO3/lyXa Mbl HE MOXEM YIIPaBJIATh, €€ MOXKHO TOJBKO KOHTPOJIUPOBATh, U IOTOMY IIPH BBIIIOJHEHUHU
OTIBITOB TEMIIEPATYPY, KaK (PaKTOp, Mbl HE MOKEM YUUTHIBATD.

Tounocmbs 3amMepoB (HaKTOPOB OHKHA OBITH BO3MOXKHO Oosiee BbICOKOW. CTerneHb TOYHOCTH OTI-
peaensieTcs AMana3oHoM U3MeHeHHs pakTopoB. B miauTenbHbIX mporeccax, U3MepsieMblX MHOTUMHU
yacaMH, MUHYTBI MO’KHO HE YUHUTBIBATh, a B OBICTPBIX MPOLIECCAX MPUXOAUTCS YUUTHIBATH J0JIN
CEKYH/JIBI.

DaKTOPHI IOJKHBI OBITh 00HO3HAYHLL. TPYIHO YIPABIATH (PaKTOPOM, KOTOPBIN SBISIETCS (PYHK-
nueit npyrux ¢axktopos. Ho B miaHMpoBaHUM MOTYT y4acTBOBATh Apyrue (pakTopsl, TaKue, Kak
COOTHOILIEHUS MEX/1y KOMIOHEHTaMH, UX JIOTapu(MBbI U T.II.

[Tpu nnaHMpOBaHUU SKCIIEPUMEHTA OJHOBPEMEHHO N3MEHSIIOT HECKOJIBKO (PaKTOPOB, OATOMY
HE00X0IMMO 3HaTh TPeOOBaHUS K COBOKYIMHOCTH (hakTopoB. [Ipexe Bcero BbABUTaeT-
cst TpedoBanue coemecmumocmu. COBMECTUMOCTD (PaKTOPOB 03HAYAET, UTO BCE UX KOMOMHALIUU
OCYILECTBUMBI U Oe3omacHbl. HecoBMecTUMOCTh (PakTOpoB HAOMIONAaeTCs HA TPaHUIaX 00IacTei ux
onpeneneHus. MI30aBUTHCS OT HEE MOXKHO COKpaiieHueM oosacteid. [Tonoxxkenue ycioxHsIETCs, eCiTu
HECOBMECTUMOCTD MPOSIBIISIETCS BHYTpHU obuacTeii onpeaenenus. OHO U3 BO3MOXKHBIX PEILICHHH -
pa3zOueHue Ha Mo100JaCTH U pellIeHre ABYX OTAENbHBIX 3a/ad.

[Ipu muTaHupoBaHUM SKCIIEPUMEHTA BaKHA He3agucumocns HaKTOPOB, T.€. BO3SMOKHOCTD yCTa-
HOBJICHUS (haKTOpa Ha JIFOOOM YPOBHE BHE 3aBHCUMOCTH OT ypOBHEH Apyrux ¢akrtopos. Eciau 310
YCIIOBUE HEBBIIIOJIHUMO, TO HEBO3MOYKHO IJIAHUPOBATh KCIIEPUMEHT.

®daxTop cuuTaeTcs 3aJaHHBIM, €CITU YKa3aHbl €ro Ha3BaHUE U 001acTh onpezeneHus. B BeiOpan-
HOU 00JIaCTH OMpeeTIeHNUs OH MOKET UMETh HECKOJIbKO 3HAUYCHHI, KOTOPbIE COOTBETCTBYIOT YHCITY
€ro pa3JInYHbIX COCTOSIHUM. BbIOpaHHBIE U1 SKCIIEPUMEHTA KOJIMYECTBEHHBIE NJIN KaUeCTBEHHbIE
coctosiHUS (haKTOpa HOCSIT HA3BaHUE yposHel hakmopa. MUHUMATBHOE YHUCIIO YPOBHEHN, OOBIYHO
MpUMEHsEMOe Ha TIEPBOM CTailuM pabOTHI, paBHO 2. DTO BEPXHUN U HUKHUN YPOBHU, 0003HAYaeMbIC B
KOAMPOBAaHHBIX KoopanHaTax yepe3 +1 u -1. Ho Takoe unciio ypoBHeNH HEOCTaTOUHO IS IOCTPOSHUS
MoJiesiei BTOporo nopsijaka (Beab (pakTop MpUHUMAET TOJIBKO J1BA 3HAYEHHUS], a Uepe3 ABE TOUKU MOMKHO
IIPOBECTU MHOKECTBO JTMHUI pa3INnYHON KPUBU3HBI).

Br160p ypoBHEH BapbHPOBaHUSI MOYKET OCYIIECTBISATHCS CISAYIOMIMM oOpa3zoM. [Ipeamonoxum,
B HEKOTOpO 3a7aue paxTop (Temmeparypa) mor uzmeHsaTbes ot 140 go 180°C. EcrecTBenHo, 3a
HYJICBOW YPOBEHB OBLIO MPUHATO CpeiHee 3HaueHne pakropa, coorBeTcTByromiee 160°C. Torma npu
TpeX YpOBHIX BapbUpPOBaHUs 3HaueHHe (hakTopa Ha BepxHeM ypoBHe (+1) Oynet paBHo 180°C, a Ha
HwkHeM 140°C. MnTepBan BappupoBanus Oyaet pased 20°C.

[Ipu pemenun 3agauu Oy1eM UCTIONB30BaTh ManeMamuieckue moodeau ucciedosanus. Ilon
MaTeMaTHUYeCKON MOJIENIbIO Mbl IOHHMAaeM ypaBHEHUE, CBSI3bIBAIOIIIECE MTapaMeTp ONTUMHU3ALINN C
¢daxTopamu. ITO ypaBHEHHE B OOILEM BHJIE MOXKHO 3aIMCaTh TaK:

V(X 15X 250005 X1)-

IJie CUMBOJI f{...), KaKk OOBIYHO B MaTeMaTUKe, 3aMEHSET clloBa: «pyHKUus oT». Takas QpyHKIMsA
Ha3bIBaeTCs gyukyuel omkauxa. HarnsaHoe, ynoOHOe BOCIPUHUMAEMOE MPEACTaBIeHUE O QYHKIIUN

OTKJIMKA JJA€T €€ reOMETPUUYECKUI aHaJIOT - MOBEPXHOCTh OTKIMKA (puc. 3).
Y

X1

X2

Puc. 3. [ToBepXHOCTh OTKJIMKA
HaH6onee HJaCTO B Ka4E€CTBEC Mozneneﬁ MMPUMCHATIOTCS NPUBCACHHBIC HUKC TOJIMHOMBIL.
[TomuHOM MEpBOI CTENEHH:
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371ech B ATUX ypaBHEHUSX:
¥ - 3HAUCHHS KPUTEPUS; 6;- THHEHHBIE KO3 (UINEHTH perpeccui;

6;j - K03(OULUEHTHI JBOHHOIO B3aUMOAEHCTBHS; X; - KOJUPOBAaHHBIE 3HAU€HUsI (PAKTOPOB.
Mopenb nomxHa OBITE a0ek8amHol, T.€. C JOCTATOYHON TOYHOCTBIO OIMCHIBATH H3MEHEHHE pe-
aJIbHOT O Tpoliecca. [Iposepka adekeamuocmu Mooenu BBIIOIHSIETCS IPU TIOMOIIU CIIELHaTbHBIX

CTaTUCTHYCCKHX

[Tocne onpenenenus: GakTopoB, UX YPOBHEH U MHTEPBAJIOB BapbUPOBAHMUSI, TAPAMETPOB ONTUMHU-
3alMH U IOCTPOCHUS HHPOPMAITMOHHON MOJIEH He0OX0IMMO 3allOJTHUTh MATPHILY TUIAHUPOBAHUS, IO

METO/IOB.

ujx,x +

KOTOPOH B JaibHEHIIEM OyAET MPOBOAUTHLCS IKCIIEPUMEHT.
Hucno 603M024CcHBIX ONBIMOE ONIPENEISIIOT IO BEIPAKEHHUIO

N=pk,

rze N - UUCIIO OMBITOB; P - YUCIIO YPOBHEH; K - UUCIIO (PaKTOPOB.

[Tpumepsl MaTpuIl TUIAHUPOBAHKS I 2-X U 3-X ()aKTOPOB Ha 2-X YPOBHSAX BapbUPOBAHUS TIPE/I-

CTaBJIEHBI B TaOumax 1 u 2.

Tab6muna 1
MarpHia IpoBeICHHS SKCIICPUMEHTa 27
Howmep ombi- | KomoBoe o603nauenue | Harypanbabie 3HaueHUs1 | Y
Ta X, Xa
1 +1 +1 Y1
2 -1 +1 y2
3 +1 -1 y3
4 -1 -1 Y4
Tabmuna 2
Marpuiia npoBeAeHHUs SKCIIEPUMEHTA 23
Howmep onbl- | KomoBoe o0o3Hauenne |Hatypanbable 3HaueHus | Y
Ta X1 X2 X3
1 +1 +1 +1 N
2 -1 +1 +1 Y2
3 +1 -1 -1 y3
4 -1 -1 -1 Va
5 +1 +1 -1 Ys
6 -1 +1 -1 Y6




7 +1 -1 +1 y7
-1 -1 +1 Vs

Pacuem ko3ghdpuuuenmos pezpeccuu

[TocTpouB Marpuily MJIaHUPOBAHUS OCYLIECTBISIOT 3KcIepuMEHT. [lomyunB sKcriepuMeHTalb-
HbI€ IaHHBIE PACCUUTHIBAIOT 3HAUYEHUS KOA((PUIIEHTOB PErPECCUH.

WX MOXHO paccuuTaTh CIEAYIOIIMM OOpa3oM. 3HaueHHEe CBOOOTHOrO wiIeHa (8,) OepyT Kak
cpeaHee apu(pMETHUECKOE BCEX 3HAUEHUH MapaMeTpa ONTUMU3ALMY B MaTpUIIE:

N
> 5,
g, =-1

o N ’

I y, - 3HAYCHHUS TapaMeTpa ONTUMH3ALUH BU-M OnbITe; N - UHCIIO OINBITOB B MAaTpPHIIE.
Jluneiinbie K03()(PUIUEHTHI PETPECCHH PACCUUTHIBAIOT IO (hpopmyre
N N

Zx.iuyu inuyu
O | _ 1
i~ N 5 - N ,
me

7€ Xy, - KOAMPOBAHHOE 3HAYeHUE (PAKTOPA X; B U-M OTIBITE.
N N Koaddummentsr perpeccuu, xapakTepu3yroIue MapHOe B3an-
Z XiuX judu lexfwxjuy u MoJieiicTBHEe (PaKTOPOB, HAXOAT 1O POpMYyIIE:
v = N [TonHOE YHCIIO BCEX BO3MOXKHBIX KOA(DPHUIIMEHTOB pErpecCchH,
Z‘xia BKJIIOYAs 69, JHMHEHHBIE KO3(dUIMEeHTH U K03 PUImeHTHI
: B3aMMOJICHCTBHIA BCEX TIOPSIIKOB, PABHO YHCITY OIBITOB MOJHO-

8

4

ro (PaKTOPHOTO IKCIIEPHUMEHTA.

Jlig nmaHupoBaHUS SKCIIEPUMEHTA U MaTeMaTH4Yecko 0OpabOTKU MOMYyYEHHBIX JAaHHBIX (B T.4.
pacueta KO3(pHUIMEHTOB PETPECCHH W TOJIYYEHUS MaTeMaTHUECKOW MOJIENN) PEKOMEHIYeTCs
UCIIOJIb30BAaHUE  PA3JIMYHBIX  MPUKIATHBIX MaKeTOB porpaMm (manpumep,
TATGRAPHICS,STATISTIKAwu ap.)

1.3 Jlexknus 3 -5 (6 4.)

Tema: OCHOBBI CTAaTUCTHYECKON OOpaOOTKH pe3ybTAaTOB HAOMIONCHHS. DJIEMEHTHl TEOPUU
omnbok. OGocHoBaHue uucia u3MepeHuil. Mcnonb3oBanue Haactpoexk Microsoft Excel. Ipo-
BEpKa CTATUCTHYECKHUX TUNOTe3. YpoBeHb 3HaunMocTH. Kpurepuu. [Ipumepsl. OneHka 4yBCTBUTENBHO-
CTH KPUTEpHs MIPH MPOBEPKE 3HAUMMOCTHU pa3inuuii. J|ByxBei0opouHbiii t - TecT B Excel. Ouenka TecHo-
THI cBsi3u. Koppernsnus. JlucrepCHoHHBIN aHaIu3 ¢ UCIoJIb3oBaHueM Tabmuir Excel. Amanus Tabmuil co-
NPSOHKEHHOCTH.

1.3.1. Bonpocs! JieKnuu:

1. Cratuctuueckas 06paboTKa pe3yabTaToB U3MEPEHHIA
2. DJIEeMEHTBHI TEOPUH OITHOOK.

3. OGocHOBaHME YHCIIa U3MEPEHUH.

4. Ucnonb3oBanue HaacTpoek Microsoft Excel.



5. TIpoBepka CTATUCTHYESCKHUX THUMOTE3. YpOBeHb 3HaunMocTH. Kputepuu. [Tpumepst. OreHka 4yBCTBHU-
TENBHOCTH KPUTEPUS TIPU MPOBEPKE 3HAUMMOCTH paziuunii. J[ByxBbIOOpOUHEIi t - TecT B Excel

6. Ouenka TecHOTHI cBs3u. Koppensmus. JIMCIIEpCHOHHBIN aHANM3 ¢ UCIOab30BaHmeM Tabmum Excel.
AHanu3 TabnuIl COTPSHKEHHOCTH.

1.3.2 KpaTtkoe coaep:xkaHue BONPOCOB:
Craructudeckas 00paboTKa pe3yabTaTOB U3MEPCHHI

Craructudeckas 00paboTKa pe3yabTaTOB U3MEPEHHUI — 00pab0TKa U3MEpUTEITLHON HH(OPMAITUH C
LCJIBIO MOJYYCHHUA JOCTOBCPHLIX JAHHBIX. Pa3H006pa3He 3aaa4, peuracMbIiX ¢ IOMOUIBIO HSMGPGHHﬁ,
ompenessieT U pa3HooOpa3rue BUIOB CTATUCTUYECKONH 00pabOTKH UX Pe3yIbTaTOB.

3amaya cTaTUCTHYECKON 00pabOTKHU pe3ynbTaTOB MHOTOKPATHBIX U3MEPEHHH 3aKII09aeTCs B Ha-
XOXJICHUH OIICHKH M3MEPSIeMOU BEJTMUUHBI M IOBEPUTEIHHOTO HHTEPBAJia, B KOTOPOM HAXOIUTCS
HUCTUHHOE 3HAYCHHUE.

CraTtuctudeckas 00pabOTKa UCTIONB3YETCs UTSl OBBIIIEHUSI TOYHOCTH U3MEPEHHI ¢ MHOTOKPAT-
HBbIMHU HaGHIO,Z[eHI/DIMI/I, a TaKKC OMPCACIICHUA CTATUCTUYCCKUX XaPAKTCPUCTHK CHy‘-IElﬁHOfI MMOrpeIIHoO-
CTH.

JIJist IpSIMBIX OJTHOKPATHBIX U3MEPEHHI CTaTUCTHUECKass 00paboTka MEHee CII0KHA U TPOMO3JIKA,
YTO 3HAYUTEILHO YIPOIIAET OLEHKY MOTPEITHOCTEH.

Craructuieckyro 00paboTKy pe3ynbTaToOB KOCBEHHBIX U3MEPEHHI TPOU3BO/IST, KaK MIPABHIIO,
METOaMH1, OCHOBaHHBIMU Ha Pa3/IeIbHOI 00pab0oTKe apryMEeHTOB U MX MOTPEITHOCTEH, U METOI0M
JIMHCapuU3aIuu.

HaunGoiee pacnpocTpaHeHHbIE COBMECTHBIC U3MEPEHUST 00padaThIBAIOTCS Pa3HBIMU CTATUCTHYE-
CKHUMHU METOdaMHU. Cpe;[H HUX IIHAPOKO U3BCCTCH U YaCTO MPUMCHACTCA MCTOA HAMMCHBIIINX KBaJApa-
TOB.

[IpsiMble U3MepEeHUsI C MHOTOKPATHBIMU HAOII0IEHUSIMH

Heo6xoauMocTh B MHOTOKPATHBIX HAOIOIEHUSIX HEKOTOPOU (PM3NUECKOM BETMUYUHBI BOSHUKAET
MPY HAJIMYMH B IPOLIECCE U3MEPEHUM 3HAUUTENIbHBIX CIy4allHbIX norpemHocTel. [Ipu aToM 3agava
00pabOTKH COCTOUT B TOM, YTOOBI 110 pe3yabTaTaM HaOII0ACHUI ONpeAeTUTh HAMITYUIIyIO (OITH-
MaJIbHYIO) OLIEHKY U3MepsieMON BEJTMUMHbBI U UHTEPBaJl, B KOTOPOM OHA HAXOJUTCS C 3aJlaHHOM
BEPOSATHOCTHIO. JlaHHas 3a/1a4a MOKET OBITH PEIIeHa CIIOCOOOM CTaTUCTHUYECKON 00pabOTKU pe3yiib-
TaTOB HAOIIOACHU, OCHOBAaHHBIM Ha TUIIOTE3€ O PacCIpeeICHUH MOTPEITHOCTEN pe3ynbTaToB 10
HOPMaJIbHOMY 3aKOHY.

[Topsimox Takoit 06pabOTKU JOKEH COOTBETCTBOBATh TOCYAapCTBEHHOMY CTaHAAPTY U PEKO-
MEHAALMSM 110 METPOJIOTUH.

Wrak, pacCMOTpHUM TpYIITy U3 N HE3aBUCUMBIX PE3yIhTaTOB HAOIIOICHHH CITydailHOW BETMYUHBI
X, IOAYMHSIOLIENCS HOpMaJIbHOMY pacrnpezaeneHuto. OneHkKa paccesHus eAMHUYHBIX Pe3yIbTaToOB
HaOJI0/IEHUH B TPYIINIe OTHOCUTENIBHO UX CPEIHEr0 3HAUE€HUs BBIUUCISETCS 10 hopMyIie:

[TockonbKy uncao HaOIIOIEHUH B TPYIINE, HA OCHOBAaHUH PE3YJIbTaTOB KOTOPBIX BBHITOJIHEHO
BBIUMCJICHHE CPETHET0 apru(PMETHUECKOTO, OTPaHUYCHO, TO, TOBTOPHUB 3aHOBO CEPHI0 HAOIIOICHUN
9TOM e BEJIMYMHBI, MbI IOJYYUJIH Obl HOBOE 3HaUeHUE cpeanero apupmeruueckoro. [losropus
MHOTOKpPaTHO HAOIOICHHUS U BBIYMCIIASA KOXKIBIN pa3 uX cpeaHee apu(MEeTHIECKOe 3HaUeHuE,
MIPUHUMAEMOE 3a Pe3yNbTaT HaOI0IeHUH (M3MEPEHHIT ), 0OOHAPYKUM PaCCESTHUE CPEeHEro apuMeTH-
YECKOI'0 3HAUYCHUA.

XapaKTepUCTUKON ITOTO PACCESTHUS SBIISICTCS] CPETHUM KBaJApaT OTKIOHEHUS CpeHero apudme-
TUYECKOTO:



Cpennee kBaipaTU4YHOE OTKJIOHEHUE CPETHETO apU(PMETUUECKOTO UCTIONb3YETCS AJIsl OLIEHKU
MOTPEIIHOCTH PE3yNbTaTa U3MEPEHUN C MHOTOKPATHBIMHU HAOIIIOICHUSIMU.

Teopus moka3bpIBaeT, YTO €CIU pacCesHUE Pe3yIbTaTOB HAOIOIEHUS B TPYIINE MOAYUHAETCS
HOPMaJIbHOMY 3aKOHY, TO ¥l UX Cpe/iHee apu(PMETHIECKOE TOKE MOAUNHACTCS HOPMAILHOMY 3aKOHY

pacrpeaesieHusl pu JOCTaTouHO O0bIIoM yucie Habmoaenuii (n>50). OTcroaa mpu 0JMHAKOBOM
-

JIOBEPUTEIBHON BEPOATHOCTH JOBEPUTENLHBINA HHTEPBAN cpeanero apudmerudeckoro 8 ¥ Ve, uem
JIOBEPUTEIIBHBIA HHTEPBAJ pe3yJibTaTa HaOMI0IeHUN. TeopeTHUecKn CIydaiiHyIo MOrPeITHOCTh
pe3ynbTara u3MEepeHui MOKHO ObLTO ObI cBecTH K (), OJJTHAKO MPAKTUYECKH 3TO HEBO3MOXKHO, Ja U HE
UMEET CMBICIIA, TaK KaK IMPU YMEHBIIIEHUH 3HAUEHUS CIIy4aiiHOM MOrPEUTHOCTH ONPEAETSIONIUM B
CyMMAapHOMU MOTPEIIHOCTH CTAHOBUTCS 3HAYEHHUE HEUCKITIOYEHHBIX OCTATKOB CUCTEMATHYECKOM
MOTPEIIHOCTH.

[Ipu HOpMaTEHOM 3aKOHE pacIpeaesieHUs INIOTHOCTH BEPOATHOCTEH pe3yabTaToOB HAOIOICHHHA
1 HeOOJIBIIIOM YHUCIIE U3MEPEHHI cpeiHee apruPpMEeTHUECKOe O JUUHSIETCS 3aKOHY pacipeIeIeHUs
CThI0JIEHTA C TEM XKe cpeHuM aprdmerudeckuM ¥ . OCOOEHHOCTBLIO DTOTO PACIIPENETICHHs
SIBJISIETCSL TO, YTO JIOBEPUTEIBHBIN HHTEPBAJI C YMEHBIIIEHUEM YMCIIa HAOIIOICHUH pacIupsIeMcs 10
CPaBHEHUIO C HOPMAJIbHBIM 3aKOHOM PacIpeeIeHUs IIPU 3TOM K€ IOBEPUTEIHHON BEpOATHOCTH. B
dbopMyIie st OLIEHKH TOBEPUTEIBHBIX TPAHUI CTYJaitHON MOTPEIIHOCTH 3TO OTPAKAETCS BBEICHUEM
koa(ddummenta tq Bmecto t: AX(P) = to=tqo

Koaddunuent pacnpenenennst CThIOJEHTA 3aBUCUT OT YMCIIa HAOJIIOICHUI U BBIOPAHHOM JT0Be-

PHUTEITBHOM BEPOATHOCTH ¥ HAXOAMTCS 1o Tabmuie. Hanpumep, ans n=4 u ' 4 =0,95 tq=3,182; n=5

o)
5 —
L | d

npu  “ =0,95tq=2,776; nnsa n=10 tq=2,262; n=15tq=2,145 npu toui xxe 4 =0,05.

[TpaBusia 00pabOTKM pe3yabTATOB U3MEPEHUSI C MHOTOKPATHBIMU HAOJIOIEHUSIMU YIUTHIBAIOT
cnenyromue HakTophl:

oOpabaThIBaeTCs Tpymnmna U3 n HaOJIIOACHHH (TO €CTh TPYIINa OrPAHUYCHA);

pe3yNbTaThl HAOMIOACHUN MOTYT COJIEPKATh CUCTEMATHUECKYIO TTOTPEIIHOCTb;

B IpyIIe HaOIIOIEHNH MOTYT BCTpeUaThCsl TpyOble MOrpeIIHOCTH;

pacnpeeNieHne CIIy9aifHbIX MOTPEIIHOCTEN MOXKET OTINYAThCS OT HOPMATBHOTO.

OO0paboTka pe3ynbTaToB HAOTIOACHHS POU3BOIUTCS B CIICAYIOIIEH TTOCIEA0BATEIHHOCTH:
1) Uckmo9nTh U3BECTHBIE CUCTEMATUYECKUE TIOTPEITHOCTH U3 Pe3yabTaTOB HAOMIOACHUS (BBEICHUEM

MTOTIPABKH);
2)BbruuciuTh cpeinee apupmMeTudeckoe HCIPaBICHHBIX Pe3yIbTaTOB HAOMIOACHUHN, TPHHUMAEMOE 32

1 n
X =— E X,
- n'ig
pe3ynbTaT HabI0IeHUI:
3)BBIMHUCIUTE OLIEHKY CPEIHET0 KBAPATUIHOTO OTKIOHEHUS pe3yibTaTa HAOI0ICHUS:

Onpenenus G, 11e7I€Co00pa3HO MPOBEPUTH HATTMYKE B TPYIIE HAOIIOICHHH TPyObIX MOTPEITHO-
CTEi, TIOMHSI, YTO TIPU HOPMAJIBHOM 3aKOHE pacrpee/iCHus HU OHA CITydaifHast orper-

X. . o +
HOCTH ' , C BEpOSITHOCTBIO, MPAKTUUYECKH PaBHOM 1, HE MOKET BBINTH 3a MPEACIIbI 30 .
Habmronenus, conepskariue rpyoble MOrpeuTHOCTH, HCKITFOYAIOT U3 TPYIIIBI U 3aHOBO MTOBTOPSIOT
BbIUHCIeHUSI X U ©.
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4) BpIYHCIUTh OLEHKY CPEAHET0 KBAJAPATUYHOTO OTKIOHEHHS CPEIHEr0 apu(PMETHUECKOTO
o ¢opmyre:

e % I_
nin—ij AJn

5) IlpoBeputh runoTe3y O TOM, YTO PE3YIbTATHl U3MEPEHUH PUHAAIIEKAT HOPMAIBHOMY pac-
IIPEJIEICHHUIO.

[TpubnmxeHHo 0 XapakTepe pacipeaesieHUs] MOKHO CYIUTh, TOCTPOUB TucTorpammy. Cymiect-
BYIOT M CTPOTHE METOABI IPOBEPKU THIIOTE3 O TOM MJIM MHOM XapaKTepe paclpeesICHUs CIIyqYaiHON
BEJIMYHMHBI C UCTIOJIB30BAHUEM CIIEIHATBHBIX KpuTepreB. 00 3ToM noapoOHee MOKHO y3HATh B KHUTE
I1. B. HoBunikuii, 1. A. 3orpad «OrieHka morpemHocTeld pe3yibTaToB U3MEPEHUN».

[Ipu yncne nabmoaeHuit n<15 NPUHAATIEIKHOCTh UX K HOPMAJIBLHOMY PaclpeesieHUIO He TIPOBe-
PSIIOT, @ JOBEPUTEIIbHBIC TPAHULIBI CIIyYalHON NOTPEIIHOCTH PE3YIbTaTa OIPEIEIISIOT JINIIb B TOM
cllydyae, ecli JOCTOBEPHO M3BECTHO, YTO PE3yJIbTaThl HAOIIOACHUI IPUHAJICKAT HOPMAIBHOMY
3aKOHY.

6) BeIuncianTh 10BEPUTEIbHBIC TPAHULIBI € CIIyYallHOM MOTPEIIHOCTH Pe3yibTaTa U3MEPEHUS

fal + C +
MIpY 3aJJaHHOM BEPOATHOCTH P: T e , Tae 5 kod(ppurmentsr CThIOICHTA

7) BerauciuTh rpaHUIlbl CYMMapHON HEMCKITIOUeHHOU cucteMarnueckoi norpemrHocta (HCIT)
pe3yiibTata U3MepeHusl.

HCII pe3ynbrara nu3mepenuii oopa3yeTcsi i3 HeUCKITIOUEHHBIX OCTATKOB U3MEPEHUM, TTOTPEITHO-
CTEH, IONPABOK U T. 1.

[Tpu cyMMHUpOBaHUU 3THU COCTABISIOLINE PACCMATPUBAIOTCS KaK CiIydaiiHble BenyuHblL. [1pu oT-
CyTcTBUU AaHHBIX 0 Buje pacnpeaenenuil HCII, ux pacnpeneneHus NpuHUMAlOT 32 pAaBHOMEPHBIE.

[Tpu paBHOMepHOM pacnpeneneaun HCII rpanunbr HCII Beraucsior o dpopmysie:

[
i

9=k\/29,?

i=1
b

6. . o o . .
rae ' - rpanuna i-roit HCII, k — kosdunment, onpenensieMblii IpUHITON J0BEPUTETHLHOM BEPOSITHO-

Pr .95 k=1 1): y
creio (mpu 4 =0,95 K=1,1); m — 4nCII0 HEUCKITIOUEHHBIX COCTABIIAIOIINX CUCTEMATHYECKON
MIOTPELIHOCTH.
JloBeputenbHyI0 BEpOATHOCTH 1Sl BbruucieHus rpanui] HCII npuHuMaroT To# e, 4To MpH BbI-
YHUCJICHUU TPAHULL CIIy4YallHOM IOTPEIIHOCTH PE3ysbTaTa U3MEPEHUMN.
8) Beruncnuth 1OoBepUTENIbHBIE TPAHUIIBI IIOTPEUTHOCTH Pe3yIbTaTa U3MEPEHUS.
i <0,8
Ananus coorHowmenus mexay HCII u ciydaiiHON NOrpenIHOCThIO TOKa3bIBAET, YTO €CIIH S5

, To HCII MoHO nipeHeOpeys ¥ MPUHATH TPAHUIIBI TOTPEIIHOCTH pe3yiibraTa A=*€

£>8

Eciu 5+, 1O CITy4aitHOM TOTPEIIHOCTHIO MOKHO TTPpeHeOpedh U IPUHSATH A=10,
Ecmu 0621 HCPABCHCTBA HC BBINTOJHCHDBI, BBIYUCIAIOT CPCAHCC KBAAPATUIHOC OTKIIOHCHUC PC-
3yapTara kak cymmy HCII u ciiyqaiiHOM MOTrpenIHOCTH B CIAEAYIOLIEM BUIE:

m 62
— i 2
Sy =Y, S5t
i=1
b
a TPaHUIIBl TOTPEITHOCTH PE3yiIbTaTa U3MEPEHHUS B 3TOM CITydae BRIYHUCIAIOT 10 popMmyIie:

A== o
kSy , Tie k — koo duiueHT, onpenensieMblil Kak



9) 3anucath pe3ynbTaT U3MEPEHUS B PETJIAMEHTUPOBAHHOM CTaHAApTOM (hopMme:
a) NP CUMMETPUYHOM JI0BEPUTEIBLHOM MHTEpBAJIE OTPEIIHOCTH PE3YybTaTa U3MEpPe-

HUA =~ 7, TOE X — pe3yabTaT U3MEPEHHUS,
0) Ipu OTCYTCTBUHM JJAHHBIX O BUJE (QYHKIMM pacIpeesIeH s COCTABIISIOIINX TOTPELTHOCTH pe-
3yJIbTaTa WK MPU HEOOXOANMOCTH HCIIOJIb30BAaHMS JAHHBIX /IS NalbHEHIIel 00paboTKu pe3ynbTa-
X S n4d

"_“,;;x,-'i"\/'

TOB, PE3YJbTAT MPEICTABIAIOT B hopMe:
y2)

Y <1

bl

W3 ycioBus, 9To Ipu °*  CIy4alHON MOTPENTHOCTHIO MOYKHO TTPEHEOpEUb, CIeNYyET OIICHKA
MaKCHMAaJIbHOTO I1e71eco00pa3HOro uncia HaOIIICHUH B YKCIIEPUMEHTE:

a0

WUy | e
Y] 4 ‘ w0

Teopus omuodoK

JUis OLIEHKM MCTUHHOCTY JTaHHBIX 3KCIIEPUMEHTA CJIEIYET PACCMOTPETh BO3MOKHBIE TPUUMHBI
OLIMOOK U CTENEeHb UX BIUSIHUS HA U3MEPSAEMYIO BEIIUUUHY.

IIpuGopHble MOrpemIHOCTH. DTa MOTPELUIHOCTH PaBHA TOW J10JIE MIKaIbl MPUOOpa, 10 KOTOPOH
C YBEPEHHOCTBHIO MOXKHO MPOU3BOJUTH OTCUET, YTO OMPEAEINAETCS KOHCTPYKIMEHW U LIEHOH JeNeHus
IIKaJIbl Tpubopa.

Jlomyctum, Mbl U3MepsieM 00beM KOJIObI MEPHBIM LIUIMHAPOM C LIEHOH feneHus 1 miu u momy-
yaeM 3HaueHue 242 mi. C kakoil TOYHOCThIO OHO nostydeHo? Ilo nene nenenus: 242+0,5 mu. Ilycts
MBI TPOJIENIaJid CEPUI0 M3MEPEHUN M pacCuuTav cpeaHee 3HadeHue 242,837569. Moxkem 1 Mbl
YTBEP)KIaTh, YTO ONpPENEIUIN 00beM KOJIOBI C TOYHOCTBIO JI0 JECATUMWUIMOHHOW? KoHeuHo HerT.
ToyHOCTH HalIEro ONpeAeseHUs] HE MOXKET NMPEBOCXOJUTh TOYHOCTH OTAEIBLHOTO W3MEpPEHUs, U Mbl
BIIpaBe NUIIb 3anucath: 242,8+0,5 mi. [Ipu aToM mocnenHss mudpa sBIsSeTCS HEIOCTOBEPHOU, a BCe
oTOporeHHbIe TU(PBI ObUIN HE3HAYAIIUMH.

DT0 HalO YYUTHIBATH MPH 3aMIUCU PE3YIbTATOB HAOMIOAEHUN U PACCUUTAHHBIX JaHHBIX. O0beM
Bozb! 10 My, oTMepeHHBIH MepHOM nuneTkoi ¢ neHout aenenus 0,01 mur npaBunbHO ykazats 10,00, a
MEpHBIM MIJIMHIPOM mpocTo 10. Yucio 3Havanmmx mudp B pe3yabTaTe BHIUUCICHUNA HE MOXKET OBITh
Oosble, Y4eM B HaMMEHEee TOUHOM MCXOJHOM YHCIIE.

[TpubopHbIe OMMOKN MOXKHO YMEHBIINTH, UCIIOJB3YsI 00Jiee COBEpIIEHHBIC TPUOOPHI, HO 3TO
CBSI3aHO, KaK MPaBUIIo, ¢ OONBIIUMU MaTepUATBHBIMU 3aTpaTaMu. Kpome Toro, Hapsiay ¢ IpuOOpHBIMH
OIIMOKaMU MO>XHO BBIACTUTH €II€ JIBE€ IPYIIbI OIIUOOK, KOTOPbIE BO3HUKAIOT B IMPOLIECCE AKCIIEPH-
MEHTA: CHCTEMaTHU4ECKHE U CIydaiiHbIe.

CucremMaTuyeckue OMMOKHM BBI3BIBAIOTCS HEMPABWIIBHOW KOHCTPYKITUEH MPUOOPOB, MX HEHUC-
IIPAaBHOCTBIO, HEIOCTATOYHO IPOJYMAHHONM METOAMKOM OHKCIEPUMEHTAa, HAJIMYUEM HEYYTEHHBIX
(bakTOpoB, BIMSIOMIMX HAa W3MEpsAEMyl0 BelMuuMHy Hampumep: MIKOJBHUK pelIni U3YyYUTh BIMSHUE
OCBEIICHHOCTU Ha POCT MOOETOB. 3TOH LIEIbI0 OH Pa3MECTHII OJJHO PACTEHHE Ha MOJAOKOHHUKE, IPYTroe
B TEMHOM yri1y kaOuneta. Ho mpu 3TOM OH HE yd4en, 4ToO TeMmIlepaTypa BO3ayxa BONHM3M OKHA 12
IpaaycoB, a B TEeMHOM Yriy — 24 rpaayca. O TOM, 4TO CUCTEMAaTHYECKHUE OIINOKU MOTYT UMETh OYEHb
CEpbE3HbIE MOCIEACTBUS CBUAECTEILCTBYET U poMaH JKroiap BepHa, B KOTOpOM OTBaxHbIN 15-meTHUi
KalUTaH U €ro KOMaHJa M3-3a CUCTEeMaTH4eCKOil OmMOKM B IMOKa3aHMSIX KOMIIaca IOMAlId BMECTO
OJIHOTO MaTepuka Ha Apyroid. Ho xapaktepHoil 0COOCHHOCTBIO CHCTEMAaTUYECKHX OLIUOOK SIBISICTCS
UX MPUHLIHUIHAIbHAS YCTPAHUMOCTD UM BO3MOKHOCTb KOPPEKIIUH.



A CayudaiiHble OIMOKH YCTPAaHUTh HENb3s, a TAKXKe
HEJb3sl BBIBECTH HMKAKOW (OPMyIbI Ul UCIpaBJIECHUS IO-
JIy4EHHOT'O pe3ysibTara. B Toxe Bpems, BIUSHHUE CIy4aiHbIX
OLIMOOK MOKET ObITh YMEHBIIECHO IPOBEAECHUEM TOBTOPHBIX
U3MEPEHUN U CTAaTUCTUYECKOM OO0pabOTKOM MOIyd4eHHBIX

JAHHBIX.
Kak moka3zano Ha OOJBIIOM YHCIIE SKCIIEPUMEHTAIb-
HBIX JTJAHHBIX PacHpeelICeHUe Pe3yabTaTOB U3MEPEHUS HEKO-
¢ T TOPOH NIOCTOSTHHOW BEJTMYMHBI ONUCHIBAETCSI HEKOTOPBIM Ma-
TEMaTU4YECKUM BBIPDAKECHHUEM, KOTOPOE Ha3bIBACTCS «HOP-
Puc. 1. HopmManenoe pacpefenelue  vajpHEM pacrpeneieHueM» WM TayCCOBBIM paclpeere-
HUEM», «PACHpPEIeIEHUEM BEPOATHOCTU» U T.I1. I'paduuecku

OHO BBIpaXKaeTcs cleayromei KpuBou (puc 1):

W3 rpaduka BUIHO, 4TO CYLIECTBYET BEPOATHOCTD, IIyCTh U OYEHb MAJIEHbKAs, YTO HAllle €H-
HUYHOE U3MEPEHUE MTOKAXKET PE3YJIbTAT, CKOJIb YIOJHO JAIEKO OTCTOSALINM OT UCTUHHOTO 3HAUYEHUS.
BbIxonoM u3 mosioKeHus SBISAETCS MPOBEACHUE CEPUH
u3Mepenuit. Ecin Ha pa3dpoc 1aHHBIX IEHCTBUTENBHO 4
BJIUSIET CITy4aid, TO B pe3yJbTaTe HECKOJIbKUX U3MEPEHUI
MBI CKOpPEE BCET0 MOJIyYHM ciienyroiiee (puc 2):

byzaer nu paccunTaHHOE CpeHEE 3HAYCHUE HE-
CKOJIBKMX U3MEpPEHUI coBNagaTh ¢ UCTUHHBIM? Kak
npaBuio — HeT. Ho mo Teopun BeposSTHOCTH, 4eM OouibLIe
C/IeTaHO U3MEPEHMI, TeM OJIMKe HalileHHOe cpe/iHee
3Ha4YeHHUE K UICTUHHOMY. Ha si3pIKke MaTeMaTHKH 3TO MOXKHO
3amnMcarhb Tak: f

t 4

lim X, =%, Puc 2 Cepus nsmepeHui

H—pi

Ho ¢ 6eckoHeuHOCTBIO Y BCeX J1e10 00CTOUT HeBaxHO. [103ToMy Ha mpakTUKe MBI IMEEM JIEJI0
HE CO BCEMHU BO3MOXKHBIMH PE3yJIbTaTaMU H3MEPEHHIA, a C HEKOTOPOI BBIOOPKO M3 3TOr0 O€CKOHEe-
HOTO MHOeCTBa. CKOJIBKO € peajbHO CIEYET AeNaTh &
n3Mepenuil? HasepHoe, 10 TeX mop, MoKa MOJIy4€HHOE A oz
cpeHee 3HaueHHe He OyAeT OTINYaThCsl OT HCTUHHOTO
MEHbIIIE YeM TOYHOCTh OTJEIbHOTO U3MEPEHUS.

CrnenoBaTenbHO, KOT/Ia HAILIE CPEHEE 3HAUCHUE
(puc. 2) oTiIMYaeTCsi OT HCTUHHOTO MEHbIIIE YeM TOTPEIIl-
HOCTbh U3MEPEHUH, JaIbHENIIIEE YBEIUUECHUE YNCIIa ONBITOB :

OeccmpiciienHo. OTHAKO Ha MMPAKTUKE MBI HE 3HaEM &
WCTHUHHOTO 3HaYeHus! 3HaYUT, MOJIYy4YUB CPEAHEE IO 1‘ ff m
pe3yabTaTaM CEpPUH OIBITOB, Mbl JJOJKHBI ONPECIINUTD, Puc. 3 JoBepHTENEHLH HETEPEAT
KAaKOBa BEPOSITHOCTh TOT'O, YTO UCTUHHOE 3HAYEHUE

HAXOJWUTCS BHYTPHU 33JJaHHOTO MHTEpBaJIa OMMOKHU. i KakoB TOT TOBEpUTENHHBINA UHTEPBAJ, B
KOTOPBIN C 33JTaHHON HAJC)KHOCTHIO TOMAIET UCTUHHOE 3HaueHue (puc 3).

PaccMOTpUM HEKOTOPBIN YCIIOBHBIN HKCIIEPUMEHT, TI€ B CEPUU U3MEPEHUM I10Jy4EHbl HEKOTO-
phle 3HaYeHUs BeTuurHbl X (cM. Tabi. 1). Paccumraem cpenHee 3HaYCHHE M, YTOOBI OLIEHHUTH pa3zdopoc
JaHHBIX Haiinem BeanuuHbl DX = X — Xcp

Tabmmuma 1. Jlanapie u3mMepeHuii u ux oopaboTka

Ne [ X X cp AX AX? s s
1| 130 | 1435~ - 1823 420 | 205
144
2 | 162 18,5 | 3423
3 | 160 16,5 | 2723 s, | s




‘4 |122 | | |462,3‘105‘10,2‘

ScHo, uro BennunHbl DX Kak-TO XapaKTepu3yroT pa3Opoc gaHHbIX. Ha mpakTuke nis ycpen-
HEHHOM XapaKTePUCTHUKHU pa30opoca CEpUH M3MEPEHUIN UCIIOIB3YETCS TUCTICPCUST BBIOOPKHU:
JE L(AX) _ Z(x - x)° _ nExt — ()
i1—1 -1 iifir - 1)
Y CPEIHEKBAIPAaTUIHOEC WU CTAaHAAPTHOE OTKJIOHCHHE BHIOOPKHU:

so o Iz{ax}* _ nExt - (Ex)°
Won-1 nfn -1)
[Tocnennee moka3pIBaeT, UTO KAXKI0€ U3MEPEHUE B JAaHHOUW cepuH (B JaHHOUM BHIOOPKE) OTIIH-
YaeTcs OT APYroro B CPEIHEM Ha = S.
IToHATHO, 4TO Ka)KA0€ OT/AENbHOE 3HAUCHUE OKa3bIBACT BIUSHHUE HA cpeiHuil pe3ynbTar. Ho
3TO BJIMSIHUE TEM MEHbIIIE, 4eM OoJible n3MEpeHuil B Hallel BeiOopke. [loaTomy aucnepcus u
CTaHJAPTHOE OTKJIOHEHHE CPEHEr0 3HaYeHus, OyeT onpeaensaThes 1o GpopMynam:

_. - o
AN (A

a=—— S,= | ——
niin -1} ooNAale=1)

MoskeM 11 MBI TENEPh ONPENEIUTHh BEPOSITHOCTh TOI'O, YTO UCTUHHOE 3HAUYEHUE TIONAJIET B
yKa3aHHBIH HHTEpBai cpenHero? Mmu Hao0opoT, pacCUUTaTh TOT JOBEPUTEIbHBINA HHTEPBAT B
KOTOPBI HCTUHHOE 3HAYCHHE MONAJIET ¢ 3aJaHHON BeposATHOCTHIO (95%)? [Tockonbky KpHuBas Ha
HaIMX TpaduKax 3TO pacnpeeieHne BEPOATHOCTEH, TO IIIOMAAb IO KPUBOH, MOMAAar0IIas B
yKa3aHHbII UHTEpBaNI U OyJeT paBHA 3TON BEPOATHOCTHU (OIS TIOMIAAH, B TPOLIEHTAaX ). A MIOMAAH
MaTEeMAaTHKU HAYYHIIMCh PACCYUTHIBATH XOPOIIIO, 3HATH OBl
TOJBKO YPaBHEHHUE ATON KPUBOIA. A

W 31€ch MBI CTAIKMBAEMCsI €1IE C OAHOMN CII0KHOCTBIO.
KpuBasi, koTopasi onuchIBaeT pacrpeaeacHiue BeposSTHOCTH
JUTSL BRIOOPKH, /I OTPAHUYEHHOTO YUCIIa U3MEPEHUH, YiKe He
OyneT KpuBOW HOpMasIbHOTO pactpeaenenus. Ee hpopma
OyzeT 3aBUCETh HE TOJIBKO OT Aucnepcuu (pa3dpoca TaHHBIX)
HO M OT CTEMEHU CBOOOIBI /IJ1s1 BRIOOPKH (OT YKCIIa He3aBUCH-
MBIX U3MepeHwii) (puc 4):

VYpaBHEHMSI 3TUX KPUBBIX BIIEPBbIE OBLIN MPEJI0KEHbI

B 1908 rogy aHrmuiickuM MaTeMaTUKOM U XUMUKOM Puc. 4 Kpuebte CTLIONEHTA
["occeTrom, KOTOPBIH OMyOIMKOBA MX MO/ IICEBOHUMOM
Student (cTyneHT), OTKy/1a MO0 XOPOIIO U3BECTHBIE TEPMHUHBI «K03(uniment CtbioneHTa» u
aHasnornynslie. Koapounuents! CThio/IeHTa MOTYYEHBl HA OCHOBE 00CUeTa 3TUX KPUBBIX JIJIS1 pa3HbIX
creneneid cBo6ob (f=n-1) u ypoBHelt HanexHocTy (P) 1 cBeZieHBI B cienalibHbIe Ta0IuIIbl. s
MOJTyYEHUs JOBEPUTEILHOTO HHTEPBaia HEOOX0IMMO YMHOKHUTH YK€ HalIeHHOE CTaHAapTHOE
OTKJIOHEHHUE CPEJTHETO Ha COOTBETCTBYIOUIH Koaduiment Ctoronenta. I = scp*tf, P
[Ipoananusupyem, Kak MEHSETCS TOBEPUTEIbHBIM HHTEPBAJ IPU U3MEHEHUHU TPeOOBaHU K
HAJICKHOCTH pPe3yNbTaTa M YUCJIa U3MEpPEHUH B cepuu. JlaHHbIe B TabIuUIle 2 TOKA3bIBAIOT, YTO YEM
Oobiie TpeOOBaHUE K HAJICKHOCTH, TeM OosbIne Oyaer ko3 dunnent CThIOIEHTA U, CJIEIOBATEIBHO,
JIOBEPHUTEIbHBIN HHTEpBalL. B GONbIIMHCTBE CllyyaeB, MPHEMIIEMbIM CUMTAIOT 3HaueHue P=95%
Ta6mmma 2. Koaddumuent CterofeHTa 15 pa3IndHbIX YPOBHEH HAACKHOCTH.
P 0,9 0,95 0,99 0,999
t5, P 2,02 2,57 4,03 6,87

Tabmuua 3. Ko durmment CteiofieHTa 11 pa3IuyHbIX CTeneHeil cBOOOIbI.
f=n-1 1 2 3 4 5 16 30
tf, 0,95 12,7 4,3 3,18 2,78 2,57 2,23 2,04
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W3 Tabauibl 3 1 rpaduka BUIHO, YTO YeM OOJIbILE YMCIIO U3MEPEHUN, TEM MEeHbIIE KO PUIH-
€HT U JJOBEpUTEIbHBIN MHTEPBAJ JUIsl TaHHOTO YPOBHS HaJeKHOCTH. OCcOOEHHO 3HAUUTEIbHOE
naJIcHUe MPOUCXOUT MPH TMEPEX0JIe OT CTeeHn cBoOoAbI 1 (aBa u3MepeHus) K 2 (Tpu U3MEPEHUS).
Ortcroza cneayer, 4To UMEET CMBICH CTABUTh HE MEHEE TPEX MapajlIeIbHbIX ONBITOB, IPOBOJINUTH HE
MEHee TPEX U3MEPECHUM.

OkoHUaTEeNBHO NIl U3MEPSEMON BeTMUuHbI X mojydaeM 3HaueHue Xcpentscp*tf,P. B namem
ciydae monmydaeM: f=3; t=3,18; 11 = 3,18*10,2 = 32,6; X = 143,5 £32,6

Kaxk mpaBuio, 3Ha4eHHE TOBEPUTEIHLHOTO HHTEPBAIA OKPYTIISETCS 10 OJTHOM 3HaJaIei mud-
pbl, a 3HAaUCHHE U3MEPSEMOI BETUYMHBI — B COOTBETCTBUU C OKPYTJIEHHEM JIOBEPUTEIHLHOTO UHTEPBa-
na. [lorTomy niig Hame cepur oKoHYaresIbHO umeeM: X = 140 +30

Haiinennast HaMy IOTPENTHOCTD SIBIISIETCSI AOCOFOTHON OTPEITHOCTHIO U HUYETO HE TOBOPHT
enle 0 TOYHOCTH u3MepeHnil. OHa CBUIETENBCTBYET O TOYHOCTH U3MEPEHUI TOJIBKO B CPABHEHHH C
u3MepsieMoi BenuunHoi. OTCro/1a MpeICTaBIeHHe 00 OTHOCUTENBHOMN OITHOKe:

Epe = x"“ = %= 0,227 = 23%
- .

Hccnenyemast BeMYMHA PACCUUTHIBACTCS B 3TOM CIy4ae ¢ MOMOIIBI0 MaTeMaTHIeCKuX (op-
MyJI IO JPYTUM BETUYMHAM, KOTOpBIE OBLIIM U3MEPEHBI HETIOCPEICTBEHHO. B aTOM citywae fyist pacuera
OIIMOOK MOXHO UCTIONB30BaTh COOTHOIICHHS, TPUBEJACHHEIC B TA0IHIIE 4.

Tabnuia 4. Dopmyibl a1 pacdyeTa a0CONMIOTHBIX U OTHOCHTEIIBHBIX OITHOOK.

dopmyna AOcomroTHas OtHOCHUTENbHAS

x=a+tbh Dx = Da+Db e = (Dat+Db) /(ath )

x=a*b;x=a*k Dx = bDa+aDb; Dx = kDa e = Da/a+Db/b
+eb

x=al/b Dx = (bDa+aDb) / b2 e = Da/a+Db/b
+eb

x =a*k; (x=a/k) | Dx=Da*k; (Dx =Da/k) e=ea

X =a2 Dx =2aDa e =2Da/a = 2ea

x=0a Dx = Da/(20a) e = Da/2a = ea/2

W3 Tabnuiibl BUAHO, YTO OTHOCUTENIbHAS OINOKA M TOYHOCTh ONPEAETICHUS HE U3MEHSIOTCS
P YMHOXKEHHH (JI€JICHNH) Ha HEKOTOPBIN MOCTOSHHBIN K03 urment. OcoOeHHO CHIIBHO OTHOCH-
TelbHas OMKOKa MOKET BO3pAcTH MPHU BRIYUTAHUU OJIM3KUX BEJIMYHH, TaK KaK MPU ITOM aOCONIOTHBIE
OIIMOKY CYMMHUPYIOTCS, & 3HaYeHHE X MOKET YMEHBIIUTHCS HA MOPSIIKH.
[Tycth HanmpuMep, HAaM HEOOXOIUMO OIPENEIUTh 00beM MPOBOIOUKHU. Eciau nuaMeTp nmpoBoiI0YKH
u3MepeH ¢ norpemHocTsio 0,01 MM (MUKpOMETPOM) U paBeH 4 MM, TO OTHOCUTEJIbHAS OIPELTHOCTh
coctaBut 0,25% (nmpubopuas). Ecnu nnmuny nposoiouku (200 MM) MBI ©3MEPHUM JIMHEHKOI ¢ morper-
HOCTHIO 0,5 MM, TO OTHOCHUTEINbHASI IOTPEITHOCTD Takxke cocTaBuT 0,25%. O0beM MOKHO pacCUHTATh
o ¢popmyne: V=(pd2/4)*L. I[TocmoTpuM, KaK OyIyT MEHATHCS OMMOKHU IO MEepe TIPOBEICHUS PaCUETOB
(Tabm. 5):

Tabmuma 5. Pacuer aOCOIOTHBIX M OTHOCUTEIBHBIX OIIHOOK




Bennun- 3Haye- AOconroTHas OrHOCHUTENbHAA
d2 16 Dx = 2*4%*0,01=0,08 e=0,5%

pd2 *) 50,27 Dx = 0,08*3,14+0,0016*16 =0,28 e=0,55%
pd2/4 12,57 Dx =0,28/4= 0,07 e=0,55%
(pd2/4)*L | 2513 Dx = 12,57*0,5+200*0,07=20 e=0,8%

*) Ecniu MbI Bo3bMeM npuBbIuHOE p=3,14, To Dp=0,0016 To ep = 0,05%, HO ecau ucnoabzyem
OoJiee TouHOE 3HaueHue, To Dp 1 ep MOKHO OyaeT nmpeHeOpedn

OxonuarenbHbli pe3yabTar V=2510+20 (MMm3) e =0,8%. UTOObBI MOBBICUTH TOUHOCTH KOCBEH-
HOTO OIPEJIEICHUS], HY>)KHO B IIEPBYIO OYEPE/Ib MOBBIIIATh TOYHOCTh U3MEPEHUS TOM BETMYHHBI,
KOTOpasi BHOCUT OOJIBIIMI BKJIaJ B OUIMOKY (B JAHHOM CJIy4ae — TOYHOCTh U3MEPEHUS JHaMeTpa
MIPOBOJIOYKH ).

IL1an npoBeaeHUs U3MEpPEeHUI:

1. 3HaKOMCTBO ¢ METOJIMKOM, MOJArOTOBKA Mprubopa, oleHKa NpruOOPHOIl MOTPEIIHOCTH O.
OreHKa BO3MOKHBIX PUUUH CUCTEMATUYECKUX OMIMOOK, X UCKITIOUCHHE.

2. IlpoBenenue cepuu u3MepeHni. Ecim momydeHbl COBIAIAI0NIME PE3YIbTAThl, MOKHO CUH-
TaTh 4TO ciyuyaiiHas ommbOka paBHa 0, AX = d. [lepexoaum K TyHKTY 7.

3. MHckmroueHne NpoMaxoB — pPe3yabTaTOB 3HAYUTEIBHO OTJIMYAIOIIMXCS 110 CBOEH BEIMYMHE
OT OCTAJIbHBIX.

4. Pacuyer cpennero 3HaueHHs Xcp, ¥ CTAaHIAPTHOTO OTKJIOHEHHE CPETHETO 3HAYEHHUS Scp

5. 3amanue 3Ha4YE€HHS YpOBHS HanexkHoCcTH P, onpenenenue korpdurmenta CteroaeHTa t u
HaXO0XJIEHHE JIOBEpHUTENIbHOro MHTepBana U= t*s.,

6. CpaBHEHHE CITydaillHOW W TPUOOPHOM MOTPEIIHOCTH, TIPU STOM BO3MOKHBI BAPUAHTHI:

- M << §, MOXKHO cuuTarh, 4To AX = 9, MOBBICUTh TOUHOCTh U3MEPEHHS MOKHO, IPUMEHHB
6oJiee TOUHBIHN TprOOp

- JHW >> 8, moxHO cuntath, 4To AX = JIU, MOBBICUTH TOYHOCTh MOYKHO, YMEHBIIIAs CIydai-
HYIO OLIMOKY, TMOBBIIAst YUCIIO U3MEPEHUN B CEPHU, CHIXKasi TpeOOBaHUS K HAJICKHOCTH.

m

- AU = 3, B 3TOM cilyyae pacuuThIBaeM OIUOKY 1o popmyne AX = A+

7. 3anmuchIBa€TCA OKOHYATENbHBIN pe3ynbTar X = X¢p + AX.

OueHnBaeTcs OTHOCUTENbHAS omMOKa usmepenus € = AX/X¢p

Ecnu nmpoBoauTCs HECKOIBKO OJHOTUITHBIX M3MEpPEHUN (OAMH MpUOOp, UCCIIeAOBATENb, MOPS-
JIOK M3MEPSIEMOM BEJIMYMHBI, YCIOBHS) TO MOJOOHYIO pabOTy MOXKHO MPOBOIWTH OAWH pa3. B
JanbHEHIIeM MOXXHO cuuTaTh AX MOCTOSHHOW U OTPaHUYUTHCS MHUHUMAIbHBIM YHUCIOM H3MEpPEHUU
(IBa-TpH M3MEPEHUs JODKHBI OTIHYaThCs He Ooree, yeM Ha AX)

JlJi1 KOCBEHHBIX M3MEPEHHI HE0OXOJUMO MPOBECTH 00pabOTKY AAHHBIX HM3MEPEHHUS KaxIoi
BeNMYMHBL. [Ipu 3TOM XKenmaTeabHO MCIONB30BaTh MPUOOPHI, MMEIOLIHE OJHM3KHE OTHOCHUTEIIbHBIC
MOTPEIIHOCTH U 3ajjaBaTh OJMHAKOBYIO HAJEKHOCTh JIA pacuera JOoBepuUTeIbHOro uHTepBana. Ha
OCHOBaHUU IIOJIyYE€HHBIX 3HaueHuil Aa, Ab, onpenensercsa AX 1 pe3yabTUPYIOLUIEH BEIMUYUHBI (CM
Tabn. 4). Jlnsd MOBBIIIEHUS TOYHOCTH HAJ0 COBEPILIECHCTBOBATH HM3MEPEHUE TOW BEIMYMHBI, BKJIAJ
ommOKu KoTopoii B AX HamboJee CymecTBeHEH.

H3yyenue 3aBUCHMOCTEH.

YacTbIM BapHaHTOM 3KCIEPHUMEHTAIBHON pabOThI SBISETCS U3MEPEHUE Pa3IMUHbIX BEJIMYUH C
IIENIBI0 YCTAHOBIICHHSI 3aBUCUMOCTEH. XapakTep 3THX 3aBUCUMOCTEH MOXKET OBITh pa3jMyeH: JIMHEH-
HBIM, KBaJpaTUYHBIN, SKCIIOHCHIIMAJIBbHBIN, JIOTapudMHUUEeCKUi, runepooandeckuid. J{us BhIsIBICHUS
3aBHCUMOCTEH IHPOKO UCTIONB3YETCS MOCTPOSHHE IPaUKOB.

YacTbIM BapuaHTOM SKCIIEPUMEHTAIIbHOM paOOTHI ABISETCS U3MEPEHHUE PA3IMUHbIX BEJIHUUH C
EJIBI0 YCTAHOBJICHUS 3aBUCUMOCTEH. XapaKTep 3THX 3aBUCHMOCTEN MOXKET OBITh pa3iInyeH: JTHHEH-



HBI{, KBaIPaTUYHBII, SKCIIOHEHIIMAIBHBIHN, J0rapuPpMUUECKU, runepOonudeckuil. /s BeIABICHUS
3aBUCUMOCTEH HIMPOKO UCIOJIb3YEeTCA NOCTPOSHHUE IPauKOB.

[Tpu nocTpoeHnn rpaKOB BPYUHYIO BaXKHO MPABHIILHO BBIOPATh OCH, BETMYMHBI, MAacIITa0,
mkansl. Clenyer npelynpeauTh MKOJIbHUKOB, YTO HIKAJIbI JOJKHBI IMETh PABHOMEPHBIN XapakTep,
HE)KeJaTeNIbHa KaK CIIUIIKOM JIeTalbHas, TaK U CIUIIKOM Irpydas ux pasmerka. TOUYKH TOIHKHBI
3aI0JIHATH BCIO IUIOIIAb rpaduKa, UX pacloilokKeHnue B OJHOM YTy, UM «IPUKATBIMU» K OJTHOM U3
ocell, TOBOPUT O HEMPaBWIILHO BEIOPAHHOM MacIiTade U 3aTpyJHSET ONpeieieHue XapaKkTepa
3aBUCHUMOCTH. [Ipu npoBeieHNN TMHKUK IO TOYKAM HAJI0 HCIIOJIb30BaTh TEOPETUUYECKHE NTPEACTABIIE-
HUE O XapaKTepe 3aBUCUMOCTH: SIBIISIETCS OHA HEIIPEPBIBHON WM IIPEPBIBUCTON, BO3MOKHO JIH €€
IIPOXOXKACHHUE Yepe3 Hayallo KOOPANHAT, OTPULIATENIbHBIC 3HAYECHHSI, MAKCUMYMbI 1 MUHUMYMBI.

Haubonee nerko npoBOAUTCS M aHATU3UPYETCs Mpsmast THHUA. [103TOMy 4acTo mpu U3ydyeHUH
0oJee CIIOKHBIX 3aBUCUMOCTEN YacTO MCIOJIb3YyeTCs JIMHEeapU3alus 3aBUCUMOCTEN, KOTOpasi JOCTUTa-
eTcs MOAXOMALIEH 3aMEHO IepeMeHHbIX. Harpumep:

E J‘"IfE 1 b:qff

= = X=——H

3aBUCUMOCTh SN . BBoas HOBYIO ITEpEMEHHYIO \E , ToJIy4aeM
ypaBHEHHE a = bX, KOTOpoe OyaeT n3o0paxkarbcs Ha rpaduke npsiMoit TuHuel. Hakimon 3Toi nmpsmoit
MO3BOJIIET PACCUNTATh KOHCTAHTY AMCCOLUAIIH.

Pazymeercs u B 3TOM cityuyae MOJy4eHHbIE B 9KCIIEPUMEHTE JaHHbIE BKIIIOYAIOT B ce0s pa3iny-
HbIE OUIMOKH, ¥ TOYKU PEAKO JIekKaT CTPOro Ha MpsMoii. Bo3HHKaeT Bompoc, Kak ¢ HauboIbIIeH
TOYHOCTBIO MIPOBECTH MPSMYIO IO HIKCIIEPUMEHTAIBHBIM TOUKaM, KaKOBBI OLIMOKU B OIIPEECIICHUH
apaMeTpoB.

MaremMaTnueckasi CTaTUCTHKA MTOKA3bIBAET, YTO HAWITYYILINM MPUOIMKEHUEM OyeT Takas JIH-
HUS, U1 KOTOPOil mucnepcus (pa3dpoc) TOUeK OTHOCUTENBHO ee OyJeT MUHUMAIbHBIM. A AHCIIEpCUs
oIpesieNsIeTcsl Kak CpeIHUI KBaJpaT OTKIOHEHNH HAOII01aeMOr0 MOJI0KEHUS TOUKH OT paCCUYMTaHHO-
ro:

JEN L)' U ~ V)’
i 7
Ortcrona Ha3BaHUE 3TOTO METO/Aa — METO/] HAMMEHBIINX KBAZpaToB. 3a1aBasi yCIOBHE, YTOObI
BEJIMYMHA S2 IPUHUMAIa MUHHUMAaJIbHOE 3HAUYCHHE, TTOTY4aloT (GOpMYIIbI ISl KO (UIIMEHTOB a U b B
ypaBHEHHUH MPSIMOH y = a + bx:

~ rzExy—Ex-Ey+ . Ty — bix
nIx? - ()’ #

1 GOPMYIIBI JUI pacyeTa COOTBETCTBYIOIIUX OIIMO0K
UL 20 N
T (- 2Bt - ()Y

Ab =+t, .5,

O0ocHoBaHMe YHC/Ia H3MEPEeHUH

Jlnst mpoBeIeHNs ONBITOB C 33IaHHON TOYHOCTBIO U IOCTOBEPHOCTHIO KpAailHE BaKHO 3HATH TO
KOJINYECTBO U3MEPEHUM, TP KOTOPOM SKCIIEPUMEHTATOP YBEPEH B MOJIOKUTEIBHOM Ucxoe. B
CBSI3H C 3TUM OJHOU M3 NMEPBOOYEPEIHBIX 3a/1ay MIPU CTATUYECKUX METOJIaX OLIEHKH SIBIISIETCS
YCTaHOBJICHUE MUHUMAJILHOT'O, HO JIOCTAaTOYHOTO YMCJIa U3MEPEHUM I TaHHBIX YCJIOBUH. 3a-

oy N
Jlaya CBOAMTCS K YCTAaHOBJICHUIO MUHMUMAJIBLHOTO 00beMa BBIOOPKH (YHCIa U3MEPEHUI) * niitt
IpH 3aJaHHBIX 3HAYCHUSAX JOBECPUTECIHLHOIO MHTEPBAJia 2u U JOBEPUTEILHOU BeposTHOCTH. [Ipu

. A=c, /X,
BBIITOJIHCHUHU I/ISMepeHI/II/I KpaI/IHe Ba’XHO 3HATh UX TOYHOCTH.: o :



o
rae ~ © - cpenHeapupMETHUECKOE 3HAYECHUE CPEIHEKBAIPATHIHOTO OTKIOHEHHS & , paB-

O- rff ‘\/; -
0

3 . . .
3HaueHue ~ ¥ 4acTO Ha3bIBAIOT cpedHell owubKol. JJoBepUTEeIbHbIM HHTEPBAJ OIIUOKU U3Mepe-

HOC

. b (T -
HUA A OoIIpeAeIAeTC s aHaJIOTUYHO AJIST U3BMEPEHUN ¢ C noMoIIbIO ¢ JIETKO OIIpEICIINTh
JIOBEPUTEIIBHYIO BEPOSATHOCTh OIIMOKN U3MEPEHUN 13 TaOJHII.

B HUCCICIOBaHUAX YAaCTO I10 3aI[aHHOI>'I TOYHOCTH ﬁ u I[OBepI/ITe.HBHOI\/'I BCPOATHOCTU UBMCPCHUSA

OTIpEeeNAI0T MUHUMAIbHOE KOJIMYECTBO U3MEPEHUH, TrapaHTUPYIOLIUX TpeOyeMble 3HAUYCHUS A
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3mech € - kO UIMEHT BapHaUU (M3MEHIHBOCTH), %; -} - TOUHOCTH H3MepeHHit, %.
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Jnst onpeneniennst © I MoxkeT OBITH IPUHATA TaKast MOCIEN0BATEIBHOCT BHIUNCIICHHIA:
1) mpoBOAUTCS TPEIBAPUTENHHBIN SKCTIEPUMEHT C KOJIMYECTBOM U3MEPEHUN 7, K COCTABIISIET B
3aBUCHUMOCTH OT TPYJAOEMKOCTH ombiTa oT 20 10 50;

2) BEIYHUCISAETCA CPETHEKBAPATHYHOE OTKIOHEHHE < ;

3) B COOTBCTCTBUU C NOCTABJICHHBIMU 3aJa4aMU SKCIICPUMCHTA YCTAaHABJINBACTCA Tp66yeMa;1
TOYHOCTb U3MEPEHUN A KOTOpasi HE TOJDKHA MPEBBIIATh TOYHOCTH MPHO0pa;

4) ycTaHaBIMBAETCS] HOPMUPOBAHHOE OTKJIOHECHHUE ¢, 3HAUEHHUE KOTOPOTO OOBIYHO 3a1aeTcs (3a-
BUCHT TaKXe OT TOYHOCTH METO/Ia);

5) ompeensioT © M ¥ TOraa B AanbHEHIIEM B TIPOIecce IKCIIEPUMEHTA YHCIIO U3MEPEHHH He

N
JIOJDKHO OBITH MEHBIIIE ~ Ll
Kpurepunii Croronenra (I'occera).

OlleHKM H3MEpEeHHii ¢ MOMOIIBI0 ~ U @y 10 MIPUBEIECHHBIM METOaM CIIPABEIIUBEI IIPU 71 >

30. Ctout cKa3artb, 4TO JJIsl HAXO0XK/IEHHUS TPAHUIIbl JOBEPUTEIILHOTO MHTEpBaja MPU MaJlbIX 3Ha-
YEHUSAX TPUMEHSIOT METOJI, MMPE/IOKEHHBIN aHTIMiickuM MateMatukoM B.C.I'occerom (miceB-
nouum CteiozienT). Kpussle pacnpenenenus CtelofenTa B ciaydae ¥ —* % (mpakrtuuecku npu !
>20) nmepexoasT B KPUBbIE HOPMaJILHOTO pacnpeencHus (puc.1).
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Jnist Mmasnoii BBIOOPKH JOBEPUTENbHBIN HHTEP-
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rae e koddduuuent CTrioneHTa lanHHMaeMHﬁ no 1a611.10.2 B 3aBUCHMOCTH OT 3HaYe-

HUS JOBEPUTEIILHONU BEPOSITHOCTH Po .

3Has Hem , MOYXHO BBIUYHCIIUTH JACHCTBUTEIHLHOE 3HAYCHUE N3YIaeMOM BEIIMUMHBI I MaJION
=5+

A T

Y 17
g T mom Puc.1. Kpusble pactipenenenus

1
%

BBIOOPKH

CrbrofenTa i pa3IuyHbIX 3HAUCHUMN:
Bo3moskHa 1 nHas moctaHoBKa 3agaud. [1o # n3BeCTHBIX H3MEpPEHUH Majloi BRIOOPKHU KpaiiHe

BAXKHO ONPCACINUTD JOBCPUTCIIbHYIO BEPOATHOCTD pa Ipu yCJIOBUH, YTO MOTPCIIHOCTL CPCIHC-

-+ s

0 3agady pemiaroT B TaKOU MOCJIEI0BATEIbHOCTH:

f

'O 3Ha4YCHUA HE BI:II\/'II[GT 3a OpCaCIIbl

n o = if FET
BHAUANIC BBIYMCIIAETCS CPEHEE 3HaueHne - Coy ~ Cl — & o “ . C moMouib1o BEIUYU-

o
HBI ~ ¥ W3BECTHOTO /1 W TaOJI. ONMPEEISIIOT JOBEPUTEIBHYIO BEPOSITHOCTb.

B nporecce 00paboTKH IKCIIEPUMEHTANBHBIX IaHHBIX CJIeyeT HCKIIIoYaTh rpyOblie OMIHOKH psi-
na. [NosiBeHwne ATUX OMIMOOK BITOJIHE BEPOSITHO, @ HAJTMYUE WX ONIYTHMO BITUSIET HA PE3yJbTaT
u3MepeHuu. [Ipu 3ToM npexie 4eM UCKITIOYHUTh TO MM HHOE H3MEPEHHE, KpaliHe BayKHO yOe-
JUTHCS, YTO TO JICHCTBUTEIBHO rpy0Oast omroOKa, a He OTKIIOHEHHE BCIICICTBUE CTATHCTHIECKO-
ro pazopoca. 3BecTHO HECKOIBKO METOI0B OMPEACIICHUS TPYOhIX OMIMOOK CTATUCTHYECKOTO
psna. Hanbomee mpocThIM crmocoO0M HCKITIOUSHHS U3 PSZIa PE3KO BBIICISIONIETOCS H3MEPEHUS
SIBIISICTCSI IPABUJIO TPEX CUTM: pa30poC CIyJYailHbIX BEJIMYMH OT CPEAHETO 3HAYCHUS HE JODKEH
=X+ 30.

Ry i
IPEBBIIIAT Imnax, 1mii

Boinee 1ocToBepHBIMU SABIIAIOTCS METO/BI, Oa3UpyeMble Ha UCIIOJIb30BaHUM JOBEPUTEIBHOTO HH-
tepBaia. IlycTh UMeeTcst CTaTHCTUYECKUNA Pl MaJION BBIOOPKH, MTOTYMHSIONINICS 3aKOHY HOP-
MaJibHOTO pactipenen eHus. [Ipu Hanmyuu rpyOobIX OMKUOOK KPUTEPUH UX MOSIBICHUS BHIYKC-
JSIOTCS 110 popmynam

B = (_xmax —x¥)ofin—-1}n: p>= (v — Nmin VoJn—1)/n,

X Xein — .
rae ~MAX - TIIN - gapOosnpliee U HAMMEHBIIEeE 3HAYCHUS U3 71 H3MEPEHHA.
B Tabn. mpuBeaeHs! B 3aBUCUMOCTHU OT JOBEPUTEIILHON BEPOSTHOCTH MAaKCUMaJIbHbIC 3HAUE-

HUA "S nAX | BO3HUKAOIINE BCIECICTBUE CTATUCTUYECKOTO pa3opoca. B cimyuae ec-

r - X - o
m "S L ‘3 max  T0 3HAUCHHE ~ HIAX KpanHe Ba)KHO MCKIIOYUTH U3 CTATUCTUYECKOTO psiia KaK

< .
rpyOyto nmorpemHoctsb. [Ipu B2 < Bras yexmouaercs pemunma Ymin, Toce HekmoueHus

I b ra : .
rpyOBIX OIIMOOK ONPENEISAIOT HOBBIE 3HAYEHHS + U & U3 -1 1581071 -2 }I/IsMepeHHI‘/’L

Tadauua: Kputepuii mosiBiieHus rpyObIX OMImO0K



HﬂlﬂI e o ﬁrr‘t:l'x nmr Pl

r rn
o.o0 | o008 | oo 0,00 | o095 | 0.0
3 1,41 1,41 1,41 15 2.33 | 2.40 | 2.80
4 1,64 1,69 1,72 16 2,35 2.52 2,84
5 170 | 1,87 | 196 17 5’38 | 2’55 | 2787
6 1,89 2,00 2,13 18 2,40 2,568 2,90
7 1,97 2,09 2.26 19 2,43 2,60 2,93
8 2,01 2,17 2,37 20 2,45 2,62 2,96
9 2,10 2.24 2,416 25 2,54 2,72 3,07
10 2,15 2,29 2.54 30 2,61 2,79 3,16
11 2,19 2,34 2,61 30 2,67 2.85 3,22
12 2'23 | 239 | 2.66 40 2’72 | 2’00 | 328
13 2,26 2,43 2,71 45 2,76 2,95 3.33
14 2,30 2,46 2,76 50 2,80 2,99 3,37

HUcnoan3oBanmne Haacrpoexk Microsoft Excel.
1. YcranoBka Hajactpoiiku «llaker ananuzay
IIpu co31aHUM HOBOI MJIM OTKPLITHH cylnecTBYIOmed kuuru Microsoft Excel mosiBurcs
OKHO AKTHBHOI0 padouero Jucra. /[Jis Toro 4rodbl 0ThICKATh KOMAaHAY BbI30BAa HAACTPOIi-
KU [lakem ananuza, He00X0AUMO BOCIO0JIb30BaThCsl MeHIO Cepeuc (puc. 1.1). 3necb BO3MOK-
HbI /IB€ CUTYalliH, B KOTOPBIX HY?KHO /IefiCTBOBAThH CJIeAYIOIINM 00pa3om:

1. B mento Cepsuc nipucyTCTBYeT KOMaH1a Ananu3 0anHulx. DTO UICAIBHBIN Cly4yal - 1ocTa-
TOYHO MIEIKHYTh YKa3aTeJIeM MBIIIHN 10 JAHHOW KOMaH/Ie, YTOOBI IOMACTh B OKHO HAJICTPOHKH.

BeTaeska dopMat | Ceperc | danHeie OkHo  Cnpaeka
{? ngl VIREENF, “.:P Opchorpadma. .. F7
. | ¥ £ U | gﬂ CnpaBoYHeIe MaTeEpHane!...  Alk-+wenyor

= ‘@ MpoBEpka HANKYMA oWKHEoE, .

C 0 OBlaa pabiouan obnacTe...

AOCTYn K EHHME, ..

MenpagneHHa 3
CPABHHTE M 00 BEAMHHTE KHHMH,.,
SawmuTa 3

COEMECTHAA pabioTa 3

MNoaBop napareTpa. ..
CUEHAPHH. ..

SaBNCMMOCTH diopMyn »

Marpoc 3

Haactpofikm, ..

n

MNapareTpel SETOSAMEHE . .

<

HacTpoiika, ..
MNapameTpel...

AHANK3 A3HHBIX, ..

Puec. 1

2. B mento Cepguc oTcyTCTBYET KOMaHa AHanu3 danusix. B 3TOM ciiydae HE0OX0AMMO B TOM
)K€ MEHIO BBIITOJIHUTL KOMaHy Haocmpoiiku.... PackpoeTcss 0 JHOMMEHHOE OKHO (pHC. 2) CO
CIIMCKOM JIOCTYITHBIX HaJCTpOeK. B 3TOM criucke Hy>KHO HalTH sneMeHT [lakem ananu-



3@, TIOCTABUTh PAJIOM C HUM «TalKy» U menkHyTsh no knonke OK. Ilocne sToro B me-
cTpoiika [laxem ananuza AHCTAIUIUPYETCS IIPU CTAHAAPTHON YCTaHOBKE.

HapctpokiM @g

B &nalysis ToolPak - YBA

[ IMactep cymmmrpoBanma m

|:| MakeT aHanKsa

Lo ot |

DHDMCK pELlEHHA ety

HIO Cepeuc IIOSABUTCS KOMaH/Ia Ananuz oannvix. Jta CHUTyalus HanoOoJee THUIIMYHA, TaK KaK Hal-
AOCTYMHEIE HAACTPOMKK,
|_|MacTep noacTaHoBaK
[ INomowHme no MHTepHETY M

Analysis ToolPak - YWEA

DrvHKLMK YWEA A0A paboTel NAKETA aHaNM3a

Puc. 2

2. TexHosorusi padoThbl B pexxuMe «AHAJIN3 JAHHBIX)

Bribepem B meHI0 Cepsuc TyHKT AHAIU3 OAHHBIX..., TIOSBUTCS OKHO C OJTHOMMEHHBIM Ha3BaHUEM
(puc. 3). DTO OKHO - MO CYIIECTBY «IEHTP YIpaBICHUs HAACTPONKH [lakem ananuza, TIIaBHBIM
AIIEMEHTOM KOTOPOTO SBJIsieTcst 001acTh MIHCTpyMeHTHI ananu3a. B maHHo# o0macTy mpeacTas-
JIEH CIIUCOK peayin30BaHHBIX B Microsoft Excel meTomoB cTaTucTudeckoit o0paboTKM TaHHBIX:

* «'ucrorpammar;

* «Bre1bopkay;

* «OnucarenpHas CTaTUCTHKAY;

* «PaHr ¥ nepCeHTUIIbY;

* «["eHepalys CIydailHbIX YHCEI;

* «JIByXBBIOOPOYHBIH T-TECT JISI CPETHUX Y

* «/IByXBbIOOPOUHBIH /-TE€CT C OJMHAKOBBIMU JUCTIEPCUIMUY;

* «JIByXBBIOOPOYHBIH /-T€CT C PA3TUYHBIMU TUCIIEPCUSIMU;

* «JIByxBBIOOpOUHBIN F-TecT mys aucnepcniiy;

* «[TapHbIil IBYXBBIOOPOYHBIH /-TECT IS CPEIHIX Y,

* «OnHOGMaKTOPHBIN TUCTIEPCUOHHBIN aHAIN3Y,

* «JIByx(aKTOpHBII NUCTIEPCUOHHBINA aHAIHU3 0€3 MOBTOPEHUI»;
* «JIByX(paKTOpHBII TUCTIEPCUOHHBIN aHATIN3 C TIOBTOPCHUSMUIY;
» «KoBapuaius»;

* «Koppensmus»;

* «Perpeccusy;

* «CKOJIB34IIIEE CPETHEEY;

* «DKCIOHEHIIUATILHOE CTIaXKUBAHUEY;

* «Ananuz Oypbe».



AHANH3 JAHHBIX

MHCTRYMEHTEI aHaNKHza

D aHODaKTOPHE AMCOEDCHOHHEIM aHanMs

JE kK TOPHER AMCMEPCHOHHER SHAMMS C MOETOREHHANM
Ay xak TOpHRIA AMCAEPCHOHHEIR aHaNHME BES NOETOREHHA

Foppenagma

CMHMCETENEHAA CTATHCTHES

SKCNOHEHUHANEHDE CrNaHEaHHE

Ay EEIB0pOYHEIR F-TECT ANA AMCNEQCHH

AHaNH: Pypee

[HCTOrpamMa W

Puc. 3

Kaxxaplii U3 mepeyncieHHbIX METO/I0B PEaTM30BaH B BUE OTACIBHOTO PEKUMa pabOThI, IS aK-
THBHU3allUd KOTOPOTO HEOOXOJMMO BBIJACIUTH COOTBETCTBYIOLIUN METOJ YKa3aTeJIeM MBIIIH U
menkuyTh o kHonke OK. Ilocne mosiBjaeHHs] AMATOrOBOTO OKHA BBI3BAHHOTO PEKHMMa MOXHO
MPHUCTYNATh K padoTe.

JlnanoroBoe OKHO Ka)kJIOTO peKuMa BKIIIOUAeT B ce0s AJIEMEHTHI yIpaBieHus (1ol BBOJA, pac-
KPBIBAIOIIMECS CIUCKH, (DIaKKH, MEPEKITI0YaTeNd U T I1.), KOTOPhIE 3aal0T OIMpe/IeJICHHbBIE Ta-
paMeTphI BBITIOTHEHUS pexkuma (puc. 4).

OpHa 4YacTh TapaMeTPOB SIBJISAETCS CHEMU(UYSCKON M MPUCYIIA TOIHKO OJHOMY (WM Manoun
rpyire) pexuMy paboTel. HazHaueHune Takux mapameTpoB OyIET pacCMOTPEHO MPU MU3YYCHHH
TEXHOJIOTHI pPabOThl C COOTBETCTBYIOIIMMH PeKHMaMu. JIpyras 4yacTh mapaMeTpoB YHUBEPCAb-
Ha W TMpuUcyla BceM (WU TOJABISIONIEMY OOJBIIMHCTBY) PEXHMaM pabOThl. DJIeMEHTaMU
YipaBJICHUA, 3aar0IInMNn TaKue mapaMcETphl, ABJISAKOTCA:
1. Ilone Bxoonoti unmepsan — BBOIUTCS CCHUIKA Ha SYCHKH, COAEpIKAIUE aHAIM3UPyEeMbIe
JAHHEBIC.

[ MCTOr pamssa §|

Bx0AHEIE A3HHEIE K

BxoAHOH HHTEPESN:

OTHEHS
MHTEpEaN KapMaHOE: £
CNpaeka
[ ] MeTewM .
MapaMeTpel ERIECAA
g

() Belx0AHOM HHTEpEAN:

(%) HoeelH paBoumid aMcT:
() HoBan pafiouan kHHra
[ | DapeTo (OTCOPTHPOEAHHAA THCTOrPaMMA)

[ MHTErpansHLIA NpoLeHT
[ ] Brieoa rpadmica

Puc. 4

2. Tlepekmioyarens I pynnuposanue - ycraHaBauBaeTcs B mojokenue Ilo crombmam wmau Ilo
CTpOKaM B  3aBHCHMOCTH OT pACIOJIOKEHHS JaHHBIX BO  BXOJHOM  JHara3oHe.
3. ®dnaxok Memxku — yCTaHABIMBAECTCS B aKTUBHOE COCTOSHUE, €CJIM IIepBasi CTpoKa (cTosberr)
BO BXOJHOM JIMalla30HE COJCPKHUT 3ar0JOBKH. EC/IM 3arojoBKH OTCYTCTBYIOT, (DJIaKOK CIICIyeT
JICaKTUBU3UPOBATh. B 3TOM ciiyyae OyayT aBTOMaTHUYECKH CO3JIaHbl CTAHIAPTHBIC HA3BAHUS IS
JTAHHBIX BBIXOHOTO JHana3oHa.

4 IlepexmrouaTenb Boixoonot unmepsan/HoBelli padounii muct/HoBast pabovast kaura. B moio-
JKCHUH BBIXOIHON MHTEpBal aKTUBU3UPYETCS T0JIE, B KOTOPOE HEOOXOIUMO BBECTH CCHUIKY Ha
JICBYIO BEPXHIOIO SUEHKY BBIXOJHOTO JUara3oHa. Pa3Mep BBIXOJHOTO Juana3oHa OyaeT onpese-



JICH aBTOMATHYECKH, ¥ HA dKpaHE MOSBUTCS COOOIIEHUE B CTy4ae BO3ZMOXKHOTO HAJIOKCHUS BbI-
XOJIHOT'O IMAIla30Ha Ha UCXOJIHbIE TAHHBIE.

B nonoxennn HoBbiil paboumii TUCT OTKPBIBAETCS HOBBIN JINCT, B KOTOPHIN HauWHAs C sYCHKH
Al BcraBusitoTcs pe3yibTaThl aHanu3a. Eciau HeoOxoaumo 3agaTh MUMs OTKPBIBAEMOIO HOBOTO
pabodero ImcTa, BBEAUTE €r0 UMS B TIOJIE, PACIIONIOKEHHOE HAMIPOTUB COOTBETCTBYIOMIETO MO-
JoxeHus nepekitouatensd. B monoxennn HoBas paGouasi KHMra OTKpbIBAaeTCsl HOBasi KHHUTra, Ha
MIEPBOM JINCTE KOTOPOM HauMHas ¢ suelku Al BCTaBISIIOTCS Pe3yNbTaThl aHAU3A.

PaboTa ¢ macTepom QpyHKIUii

Hapsiny ¢ manctpoiikoit [lakem ananuza B IPaKTUKE CTATUCTUIECKONW 00pabOTKH MOTYT IIHPOKO
MpUMEHAThCs cratucTruueckue pynknun Microsoft Excel. B coctaB Excel Bxonut 6ubimoreka,
coneprkanias 78 cTaTUCTUYECKHUX (DYHKIUH, OPHEHTUPOBAHHBIX HA PEUICHUE CAMBIX PAaTUIHBIX
3a/1a4 IPUKIAAHOTO CTATUCTUYECKOTO aHAJIN3A.

[TpudeM oHY Y4acTh CTATUCTUYECKUX (DYHKIIMN MOKHO pacCMAaTPUBATh KaK CBOETO poja dJe-
MEHTapHBIE COCTABISIOIINE TOIO UM MHOTO peKUMa HaacTpouku [laker aHanusa, Ipyryro 4acThb
— KaK yHUKalbHbIEe (YHKIIUY, HEe yOIupyomuecs B HaacTpoiike [lakeT ananu3a.

Tem He MeHee, PYHKIIMH, BXOJSIINE U B IEPBYIO YaCTh, U BO BTOPYIO YacTh, UMEIOT CAMOCTOSI-
TEJIbHOE 3HAaYEHUE U MOTYT NPUMEHSITHCS aBTOHOMHO MPU PEIIEHUH KOHKPETHBIX CTaTUCTHYe-
CKHX 3a/1a4.

PaGorats co cratuctuueckumu pynkuusmu Excel, kak, BimpoueM, u ¢ QYHKIUIMA U3 JPYTUX
KaTeropuii, yano0Hee Bcero ¢ moMoiipio Macrepa ¢pyakuuid. [Ipu padorte ¢ mactepoM HyHKITHI
HEO0OXO0IMMO CHavalia BRIOpaTh caMy (YHKIIHIO, a 3aTeM 33J]aTh €€ OT/ACIbHbIC apTyMEHTHI. 3a-
MYCTUTh MacTep PyHKIUH MOKHO KoMaHa0i DyHKITHA... U3 MEHIO BcTaBKa, WIIH METIKOM 10
KHOITKE BbI30Ba MacTepa QYHKIHH fx, MM akTUBU3anue komOnHarmu kiaBum Shift+F3

Jlnsa ynpoiienus paboTsl ¢ MaCTEPOM OTEIbHbIE (YHKIIUU CTPYNITUPOBAHBI 10 TEMATUYECKOMY
npu3HaKy. TemaTHdeckue KaTeropuu npeacTaBieHsl B oonactu Kareropus (puc. 5). B xarero-
puu [TonHbIN andaBUTHBINA TEPEYCHDb COAEPIKUTCS CIMCOK BCEX JOCTYIMHBIX b mporpamme ¢yHK-
uuid, K kateropun 10 HegaBHO UCHOIB30BABIINXCSI OTHOCSATCS JECATH MPUMEHSBIIUXCS MMOCIE/I-
HuMU GyHKIMH. [TockonbKy MOIB30BaTENb BO BpeMsl pabOoThl MPUMEHSIET OrPaHUYSHHOE YHCIIO0
(GYHKIHH, TO C TOMOIIBIO ATOW KaTerOPHH MOXKHO MOTYYUTh OBICTPBIN TOCTYI K TEM U3 HHX,
KOTOpPBbIE HEOOXOAMMBI B IIOBCETHEBHOM padoTe.

Yro0OsI 3a1aTh

CHa4aJa HeoOXOUMO BEIOPATh '
kateroputo CTaTUCTUYECKUE,

HpI/I HepeMeH.IeHI/II/I CTpOKI’I BEEAWTE KPATKOE OMFCAHHE ﬂ.EﬁETBHH, EOTOPOE Hy¥HO

BBINOAHKTE, M HA¥MHTE KHOMKY "HakTk"
BBIACIICHUA 110 CITUCKY

MNoKck dyHELHK;

(byHKHHﬁ o ob1ac- KaTeropma: | CTaTHCTHYECKHE A

TAMHU KaTeFOpHﬂ BbifepHTe divHELFHD:

u OyHkuus Oyner FPACT =
NpeJICTaBIICH MTPUMED, FPACTIOER

WJLTIOCTPUPYIOMIHIA CI10CO0 AL

3a/1aHus BRLIOpaHHOM EETAPACT]

CTATUCTUYCCKON (DYHKIIHH C g?ﬁgﬁpﬁm =

KpaTKoi nH(opManuen o Hel.
FPALCMN{x;cTenenv_ceoboawil;cTeneny_ceoboabi2)

Ecnu kpaTkoit undopmanmu
BosEpallasT F-pacnpeAsneHHe BEPOATHOCTH (CTENeHE OTKNOHEHHA) ANA
HEIO0CTAaTO4YHO, MECJIKHUTC B ABYY HABOROE AaHHBI:,

JINaJI0OTOBOM OKHE IO KHOTI-
ke CnpaBka. Ha skpane
IIOABUTCA IOMOIIHUK U
MPEJIOKUT ITOMOILIb.
[IenkHuTe no kHonke CripaBKa 10 BbIAEIEH

CNpaEka no 370 gvHELMAH [ O l [ CTHEHA ]

Puc. 5.



HOH QYHKIIUH, U HA DKpaHe OYJEeT MpeICTaBlIeHa COOTBETCTBYIOIIAs CTPaHUIIA CIIPABOYHOM T0I-
CHCTEMBI.

[Tocne BeIOOpa pyHkIMYU menkHUTE Mo kHomke OK 1151 mepexoza B clieayroliee JHajioroBoe
OKHO MacTepa (PYHKIUH, B KOTOPOM JOJDKHBI OBITh 33JIaHbI apT'yMEHTBI. B 3TOM JHaI0rOBOM OK-
HE MacTep MOJICKa3bIBACT MOJIb30BATENI0, KAKHE apTyMEHTHI CIIeAYyeT yKa3aTh 00s3aTenbHO (005-
3aTeJIbHBIC aPTYMEHTHI), a KaKHe - ONMIHOHAILHO (He0O0A3aTelIbHbIC apryMEHTHI). 3a/1aTh apry-
MEHTBI MOKHO Pa3JIMYHBIMU CITOcoOaMu, Hanbosiee yA00HbIE U3 HUX TpeIiaraeT MOMOIIHHUK.
[Tocie 3aganus Bcex apryMeHTOB () YHKIMH IIEeIKHUTE 1m0 KHONKe OK, 4TOOBI B SIYCHKE TOSBHU-
JIUCh PE3YJIbTATHI BHITIOJHECHUS (QYHKITUU.

2. Onpenenenne xapakrepa pacnpeaeaeHusi 1 GopMupoBaHHe BEIOOPKH

TeopeTu4yecKkue OCHOBbI TPYNNIUPOBKHU

Pe3ynbTaThl CBOJIKH U TPYNIIUPOBKYA MATEPUATIOB CTATUCTHYECKOTO HAOIIOIEHUST O(DOPMIIIOTCS
B BHJIC TaOJIMI] M CTATUCTHYECKHUX PSIOB PacTIpeICICHUSI.

I'pynnupoBka — 00beAUHEHNE SAUHUI] CTATUCTHYCCKON COBOKYITHOCTH B KOJUYECTBEHHBIE OJT-
HOPOJIHBIE TPYMIIHI B COOTBETCTBUU CO 3HAYEHUSMH OJIHOTO WJIM HECKOJBKUX ITPU3HAKOB.
Cmamucmuyeckutl psi0 pacnpeoeienus IPEICTaBIIeT COO0M YyIOPSI0YCHHOE pacipeie/iCHUE
€JIMHUI] U3Y4aeMOW COBOKYITHOCTH IO ONPEACICHHOMY BapbUpyloliemMy npu3Haky. OH xapakre-
PHU3YET COCTOSIHHE (CTPYKTYPY) HCCICIYEMOTO SIBJICHUS, TTO3BOJISET CYJIUTh 00 OJTHOPOIHOCTH
COBOKYITHOCTH, €TMHUIIAX €€ U3MEHEHHS, 3aKOHOMEPHOCTSIX Pa3BUTHS HAOJIIOAaeMOT0 00BEKTA.
[TocTpoenue psAOB pacmpeeneHus IBISETCS COCTaBHOM YacThIO CBOJTHOM 00paOOTKH CTAaTUCTH-
4yeckoi nHpopmanuu.

B 3aBHCHMOCTH OT IIpH3HAKa, ITOJOKEHHOT'O B OCHOBY 00pa30BaHUs psija paclpeac/ICHHs, pa3-
TUYAIOT ampubymuetsle N apuayuorHvle Psabl pactipenencHus. [lociennue, B CBOIO o4epeib, B
3aBUCUMOCTH OT XapaKTepa BapHalliy MpU3HaKa JeIsATCS

Ha Juckpemmovle (NpepovléHble) U UHMEPEAibHble (HenpepbléHble) PSIibl pacnpeneaeHnsl.
I'pynnupoBka ocyiecTBiasieTcs mo3tanHo. BHavane onpeaensercs mpuMepHOe YUCII0 TPy,
3aTeM BeJIMUMHA HHTepBajia. CTPOUTCS MEPBBIA BapUAHT IPYIIIUPOBKH, KOTOPHINA ITPH HEOOXO-
JTUMOCTHU yTOUHsIeTCs. JlJis ompeienieHus Yrcia rpyIin MOKeT IpuMeHsThes popmyna Crepa-
r=1+2,302591g N

xKecea: ,r1e N — UHCIIEHHOCTh COBOKYITHOCTH, 7' — YUCIIO TPYIIIL.
c= Xmax B Xmin
BenununHa nHTEpBaja onpeaesieTcs mo Gopmyie: r ,
TJI€ Xmax, Xmin — COOTBETCTBYIOIIHNE MaKCUMaIbHOEC 1 MHHMMAJIbLHOE 3HAUCHUS MPU3HAKOB COBO-
KYIIHOCTH, 7" — BEJIMYMHA HHTEpBaja. [Momy4ueHHbI#H pe3yabTaT OKPYIJISAETCS.

PaBHbIe MHTEpPBaAJIBI TPYNIUPOBKH MPUMEHSIOTCS ISl OTHOPOJAHBIX COBOKYITHOCTEH, a AJIsl COIH-
aIIbHO-PKOHOMHYECKUX SIBJICHUU Jame MpUuMCHAIOTCA HCPAaBHOUMHTCPBAJILHBIC I'PYIIIUPOBKH. Ec-
JIM KpaiiHee 3HaueHue e€AMHMI] COBOKYITHOCTH 3HAYUTEIbHO OTJIMYACTCS 110 BETMUYUHE OT OCTallb-
HBIX, IPUMEHAIOTCS I'PYIIIUPOBKU C OTKPBITHIMU I'PaHUI[AMU UHTEPBAJIOB.

IlepBblif THTEPBATI C OTKPBITOM HHMXKHEH T'paHUIIEH, MOCIECIHUN MHTEPBAJ C OTKPBITOM BEpXHEH
rpasuieil. Benmunna nepBoro MHTEpBaJIa IPUHUMAETCS PABHOW BEJIMYMHE CIEAYIOLIErO 3a HUM
uHTepBajia (He O6ojee yem). BenumunHa mocieaHero HHTepBaia ¢ OTKPBITOM BEPXHEW TpaHUIEH
IMPpUHHUMACTCA paBHOﬁ BCIIMYMHC MPCANOCICAHCTO HHTCPBAJIA.

Paznuyarot abCoNIOTHBIE u OTHOCHUTEJIbHBIE YacTOTHbBIE XapaKTePUCTHUKHU.
AOCOIOTHAST XapaKTEPUCTUKA — YaCTOTA, MTOKA3bIBACT, CKOJILKO pa3 BCTPEUAETCS B COBOKYITHO-
CTH JIaHHBIM BapuaHT psina. JIOCTOMHCTBO 4acTOTHl — MPOCTOTA, HEJOCTATOK — HEBO3MOXKHOCTD
CPaBHHUTEIHLHOTO aHanmm3a 10301 (0): pacmpeeneHus pazHoit YHUCIIEHHOCTH.
Jl1s motoOHBIX CpaBHEHUM MPUMEHSIIOT OTHOCUTENIbHBIE YACTOThI WM YaCTOCTH, KOTOpPhIE pac-
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CUUTBIBAIOTCS 110 popMyIIe: i + , rae N — YMCIIEeHHOCTb COBOKYITHOCTH.



OTO OTHOCWUTENbHAs BeIMYMHA CTPYKTYpbl (mo ¢opme). Cymma wyacrocredl paBHa 1.
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Ecnu gactocTy BBIpaXKEHBI B MIPOIEHTAX WIIM B IIPOMUJISIX UX CYMMBI
paBHbI cooTBeTcTBeHHO 100 mmm 1000.
B HepaBHBIX HMHTEPBaJIBHBIX DPSAAX pPaCHpECICHHs YaCTOTHBIC XapPAKTCPUCTUKH 3aBUCAT HE
TOJIKO OT pacrpeieNieH!s] BApUAHTOB Psi/ia, HO U OT BETMYMHBI HHTEPBAJa IPU MPOYUX PABHBIX
YCIIOBUSX paCHIMPEHUE TPAHUI] MHTEPBAIa IPUBOAUT K YBEIHMUCHUIO HAMTOJIHEHHOCTH TPYIIIL.

JInist aHanM3a PAIOB pacipesielieHns ¢ HepaBHBIMK HHTEPBAIaMU HCHIOIB3YIOT TI0KA3aTelH TII0T-
.
p=t
HOCTH: AGCOJIOTHAS MJIOTHOCTH: &
rae fi— yacToTa, c;- BEIMYMHA WHTEPBAJa — MOKA3bIBAET, CKOJIHKO €IMHHI] B COBOKYMHOCTH
HpHXOI[HTCH Ha eI[I/IHI/ILIy BCIIMYNHBI COOTBeTCTByIOH_[eFO I/IHTepBaJIa. A6COHIOTHaH IIJIOTHOCTH
TI03BOJISIET COMOCTABMATh MEXIY CO0OH HACHIEHHOCTh PA3IMYHBIX MO BETMYHHE MHTEPBAJIOB
psga. AGCOIIOTHBIE IDIOTHOCTH HE MO3BOJISIOT, OJHAKO, CPABHHUBATEL PAIbI PACIPEIEICHHS pas-

HOM YHCJICHHOCTH. ﬂJ’IH HO,I[O6HBIX CpaBHeHI/Iﬁ IMPUMCHAIOTCSA OTHOCUTEJIbHBIC IIJIOTHO-

CTH: €, rue d; — wacTocTH (10nM), C; - BEIUYMHBI COOTBETCTBYIOMUX HHTEPBAIOB — HOKa3bl-
BACT, KaKas 4acTh (J0JI1) COBOKYIHOCTH IMPUXOAUTCS HA €AMHUILY BETMYUHBI COOTBETCTBYIOIIE-
TO MHTEpBaJa. Y 100HEe BCETo Psbl PACIpeeNeHNs] aHATM3UPOBATh C MOMOIIBIO UX rpaduye-
CKOT'0 M300pa)KeHHUs, MTO3BOJISAIONIETO CyIuTh 0 hopme pacrpeaeneHus. HarnsaHoe npeacrasie-
HHE 0 XapaKTepe M3MEHEHNS 9aCTOT BapUAIIMOHHOTO PAAA JAIOT MOJUIOH U THCTOrpaMma.
Ionueon ucnonb3yeTcst i U300paKeHUsI OUCKpemHbIX BApUALMOHHBIX psagoB. [Ipu moctpoe-
HHUM [OJMTOHA B MTPSIMOYTOJIFHON CHCTEME KOOPAMHAT 110 OCH abCIMcC B OAMHAKOBOM MacmTade
OTKJIA/IBIBAIOTCS PAaH)KUPOBAaHHBIC 3HAYCHHUSI BAPHUPYIOLIETO MPU3HAKA, a IO OCH OpAWHAT HAHO-
CHTCS IIKaJa YacTOT, T. €. YUCIIO CIy4aeB, B KOTOPBIX BCTPETHIIOCH TO WJIM WHOE 3HAUYCHHE MPHU-
3HaKa. [lodydyeHHble Ha mepecedeHnn aOCIUCC U OPIAMHAT TOYKU COCAMHSIOT MPSIMBIMU JIMHUSA-
MH, B pe3yJbTaTe YEro MOJYyYaloT JIOMAaHYIO JMHHIO, Ha3bIBAEMYIO HOJIUTOHOM 4actoT. Hampu-
Mep, Ha puc. 6. IPUBEACHO pacHpeaeIeHUe YUCa CTYACHTOB MO YCIEBAEMOCTH M TOJUIOH Yac-
TOT ISl JAHHOTO pachpenaeneHus. [y MOCTpOEHUS MOIUTOHA BOCIIOJIB3YEMCSl MacTepoOM JHa-
rpamm Microsoft Excel (pexxum «I'padux»).

el o | E | F | & | #H® [0 1 4 | kK
Pacnpegeneqne wuwcna
CTYOEHTOE NO YCNEESEMOCT
45
Yucno 40 »
MaMe venesa CTYAEHTO Q335 FZaN
EMOCTE E o
e i
1 i gzs
1 2 10 s o
z E] 21 515 =
3 4 40 F 10 -
4 5 12 5
Brera 0 '/
1 2 3 4 5
CeHKH
Puc. 6

Jis  u300pakeHUst uHmMepBaibHbIX BADUAIMOHHBIX — PSAZOB  paclpeleNieHuid  MPUMEHSIOT-
cst eucmoepammsl. Ilpu 3T0M Ha ocu abCIUCC OTKIIAABIBAIOTCSA 3HAUEHUS MHTEPBAJIOB, & YaCTOTHI
M300paxaroTcsl MPSIMOYTOJIbBHUKaMHU, TIOCTPOSHHBIMUA Ha COOTBETCTBYIOIIMX HMHTEpBasiax. B pe-
3yJbTaTe MOJy4YaeTcsl TucTorpaMma — rpaduk, Ha KOTOPOM Dsii pacripeiesieHusl IPeCTaBIeH B
BUJIE CMEKHBIX IPYT ¢ ApyroM obnacteid. st xapakTepuCTUKH PSAAOB pacrlpeeNieHUs MpuMe-
HSIOT TaK e rpaUKu HAKOTUIEHHBIX YaCTOT WM KyMYJIAATHI.



KymyasiTa no3BoJIsSieT ONpeaenuTh, Kakas 9acTb COBOKYITHOCTH O0JIaaeT 3HAUYCHUSIMHU H3y4dae-
MOT0 MPHU3HAKa HE MPEBBIMIAIONIMME 33JaHHOTO Mpejiena, a Kakas 4acTh — Ha000pOT — MPEBBI-
[I1aeT ATOT MPEJIe.
TeopeTudyeckue 0CHOBbI (DJOPMUPOBAHMSI BLIOOPKH
MeTo10510THS UCCIEIOBAHUSI MACCOBBIX CTATUCTHYECKHUX SBICHUH B 3aBUCUMOCTH OT MOJTHOTBI
OoXBaTa M3y4yaeMoro oObeKTa (SBJIICHUS) PA3IUYaACT CHIOUHOe U He cniouHoe Habmoaenue. Pas-
HOBHUIHOCTBIO HE CIUIOITHOTO HAOIIOJACHUS SIBISIETCS BEIOOPOYHOE, KOTOPOE BCE OoJiee MUPOKOoe
IIPUMEHEHHE.
[ox 6vi60pouHbIM HAOMIOIEHUEM TIOHUMAETCS METOJ CTAaTUCTHYECKOTO UCCIICOBAHMS, IIPH KO-
TOpoM 00001atoIue MOKa3aTeal W3y4aeMON COBOKYITHOCTH YCTaHABIIMBAIOTCS MO HEKOTOPOM
€€ 4acTHU Ha OCHOBE TMOJIOKEHUH ciaydaitHoro oroopa. [Ipu BEIOOpOYHOM METOe 00CIEeIOBAHUIO
MOJIBEPraeTcsi CPaBHUTEIHHO HEOOJbINasg 4acTh BCEH M3ydaeMOUl COBOKYIHOCTH, MOJIyYHBILIAs
Ha3BaHUE 6b100POUHOI COBOKYNHOCMU VU IPOCTO 8b100PKU.
Bri0opka n0/:KHA OBITH BpedcmasumenvHoll (penpe3eHmamuetoil), 9To0bl 0 HEH MOKHO
OBLIIO CYIUTh O TEHEPAIbHON COBOKYITHOCTH. Pempe3eHTaTHBHOCTh 03HAYAET, YTO OOBEKTHI BhI-
OOpKHU TOCTAaTOYHO XOPOILIO MPEICTABISIOT FeHEPAIbHYI0 COBOKYIHOCTh. 3aMETHM, YTO MPH OT-
0ope 00BEKTOB MOTYT CHITPaTh POJIb JTUYHBIE MOTHBBI HIIM IICUXOJIOTHYECKUE (DAKTOPHI, O KOTO-
PBIX HCCIEeN0BaTeNb, IPOBOAAIININ BEIOOPKY, U HE Too3peBaet. [Ipu aToMm BeIOOpKa, Kak MpaBu-
710, HEe Oy/IeT penpe3eHTaTUBHOM.
[IpenynpexaeHrne CUCTEeMAaTHUYECKUX (TEHACHIIMO3HBIX) OIMIMOOK BBIOOPOYHOTO 0OCIEIOBaHUS
JOCTUTAETCS B pPe3ysibTaTe MPUMEHEHHUS HAYYHO OOOCHOBAHHBIX CIIOCO00B (HhOpPMHUPOBAHWS BbI-
OOpPOYHOM COBOKYIHOCTH, B 3aBUCHUMOCTH OT KOTOPBIX BBIOOPKA MOXKET OBITh: COOCTBEHHO-
CIy4alHOM; MEXaHUYECKOM; THITNYCCKOMN; CEPUIHOM; KOMOMHHPOBAHHOM.
B Ttabmuunom mporeccope Microsoft Excel peanmszoBana coOCTBeHHO-cITydaiiHas BBIOOpKa.
Co6cmeenno-cnyuaiinas b100pKa COCTOUT B TOM, YTO BBIOOPOUYHAsi COBOKYITHOCTH 00pa3yeT-
csl B pe3yJbTare ciaydaifHoro (HempeIHaMepeHHOT0) 0TOOpa OTAENbHBIX €ANHULL U3 TeHepaTbHON
COBOKYITHOCTH. VIMEHHO MPUHIUN CIy4alfHOCTU TMOMAalaHusl JTIF0O0N eIUHUIIBI TeHEPaTbHOU CO-
BOKYITHOCTH B BBIOOPKY MPEIYyINpPEeXIaeT BO3SHUKHOBEHHE CHCTEMAaTHYECKHUX (TEHIEHIIMO3HBIX )
omnOok BeIOOpKH. COOCTBEHHO-CITydaliHasi BBIOOPKAa MOKET OBITh OCYIIECTBICHA IO CXe-
MaM n08mMopHO20 U becnosmopHozo otoopa. IIoBTOpHBIN 0TOOp mpenrnosiaraeéT BO3MOXKHOCTh
BKIIIOUEHUS B BBIOOPKY OJTHOTO M TOTO K€ AJIEMEHTa F'eHepaTbHOW COBOKYITHOCTH JIBa pasza u 00-
nee. becrmoBTOpHEBIN 0TOOP HMCKIIOYAET TaKyr BO3MOXKHOCTB. B Microsoft Excel peann3oBana
cxeManoemopnozo omoopa. Ha npakTike, 0COOEHHO Mpu OONBIIOM 00BheME TeHepallbHOHM Co-
BOKYITHOCTH, JJISOpraHU3aluu cOOCTBEHHO-CIy4YailHOW BBIOOPKH YAcCTO MCIIONB3YIOT TAOIHILY
CIIy4aifHBIX YMCeN WM TeHepaTop cirydaifHbix uncen. B Microsoft Excel Beibopka hopmupyercs
Ha OCHOBE 2eHepamopa CyyaiHvlx yucell.
Brei6opounslii MeTo1, 001a7asi HECOMHEHHBIM JIOCTOMHCTBOM, COCTOSIIIIM B BO3MOXKHOCTH 3Ha-
YUTEJIbHO COKPATUTh BpEMSI Ha KOHTPOJb U MOJIyY€HHE OCHOBHBIX CTATUCTUYECKUX XapaKTepH-
CTHK, IPUBOJIUT K TOSBICHUIO OIMIMOKH ¥ YMEHBIICHUIO TapaHTUU MOJYUYCHUSI HCTUHHBIX XapaK-
TEPUCTUK Te€HEpaJbHOW COBOKYMHOCTU. J[aHHOE OOCTOSATENHCTBO OCOOCHHO BAXKHO YUHTHIBATH
npu (HOPMHUPOBAHUH TaK HA3BIBAEMBIX MAIbIX 6b100poK. IIpU 3TOM JOCTATOYHO CIIOKHOHU IPO-
OyieMOl SIBJISIETCSl OTpeACIICHHe HeoOX0oauMOoro (onTUMaIbHOT0) oO0beMa BeIOOpKU. B Marema-
TUYECKOM CTATUCTUKE JOKA3bIBACTCSA, YTO HEOOXOAMMAsi YUCICHHOCTH COOCMBEHHO-CYHAHOU
t’'c’
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NO8MOPHOL BHIOOPKU OTIPEAEISETCS BRIPAKEHUEM:
A

— TpejieNibHas OMNOKa BEIOOPKH;
6°— JIUCIIEPCHS] TCHEPATBHOM COBOKYITHOCTH;
t — koahduieHT noBepus (ONmpeaeaseTcs B 3aBUCUMOCTH OT TOTO, C KaKOH JIOBEPUTEIHHOU Be-
POSITHOCTBIO HAJIO TAPAHTHPOBATH PE3YNILTATHI BEIOOPOYHOTO 00CIE0BAHNS).
3aTpyIHUTEIBHBIM MOMEHTOM MNPHUMEHEHUS NPUBEIACHHONW (OpPMyNbl Ha MPaKTUKE SBISETCS
pacder TeHepaTbHOM AUCIepeH - . IS ee OLEHKH IOIb3YIOTCS HIIM MAaTePUATaMH IIPEIbLIy-



[IMX MCCICNOBAaHUMN, WM MPOU3BOJCTBEHHO-TEXHUYSCKUMHU HOPMATHBAMH, WUJIU, €CITH TPEIIbI-
JyIIAE BapUAaHTHl HEOCYIECTBUMBI, TPOBOJAT MPOoOHOE oOcienoBanue. [1o pesymbpraram mpoo-
HOTO O0CJIeTOBaHMsI OLIEHUBAIOT 3HAUCHUE TeHEePATbHOMN JAUCIIEPCHH ISl TIOCIEIYIOMIET0 000C-
HOBaHUS HEOOXOUMOTO 00beMa BHIOOPKH.

TexHos0orust paéoThHl MPH MOCTPOEHUH THCTOrPAMMBI

Pesxxum «['ucTorpaMmay CITy>KUT JJIsl BBIYMCIICHHSI YaCTOT TIOTA/IaHus JaHHBIX B YKa3aHHbBIE Tpa-
HUIBI HTHTEPBAJIOB, a TAKXKE IS IIOCTPOSHUS TUCTOTPAMMBI UHIMEPBAIbHO20 BAPUAIIMOHHOTO Psi-
Jla pacrpeeeHusl.

B nwmanoroBoM oOkHe JaHHOTO pexuma (puc. 7) 3aAalTcs  CIEAYIONUe TapaMeTphl:
1. Bxoouou unmepean

2. Unmepsan kapmaros (HeOOSI3aTEIIbHBIN MapamMeTp) — BBOJIUTCS CChUIKA HA SYCHKH, COAepKa-
mye Ha0Op TPaHWYHBIX 3HAUCHHH, OINMPENCIIONIMX HHTEPBaIbl (KapMaHbl). DTH 3HAYCHUS
JOJKHBI OBITH BBEACHBI B Bo3pacTaromieM mopsiake. B Microsoft Excel Borumcnsiercss dmc-
JI0 TIOTIQIaHUH JaHHBIX B ¢(hOPMUPOBAHHBIC HHTEPBAJIBI, TPUYEM T'PAHUIIBI HHTEPBAJIOB SIBIISIOT-
Csl CTPOTMMU HUKHUMH TPAHULIAMU U HECTPOTUMU BEPXHUMU: @ < X < b

Ecnu nnana3oH kapMaHOB HE ObLT BBEJICH, TO HA0OP MHTEPBAJIOB, PABHOMEPHO PacipeIeIeHHBIX
MEXy MUHUMAIIbHBIM ¥ MaKCUMAJIbHBIM 3HAYEHUSMH JaHHBIX, OyJeT CO3/1aH aBTOMATHYECKHU.
3. Memxku

4. Bvixoonoti unmepesan/Hoewiil pabouuti aucm/Hoesas pabouas KHUea
5. llapemo {omcopmuposannas eucmozpamma) — YCTaHABIMBACTCS B aKTHBHOE COCTOSHHE,
YTOOBI MPEAICTABUThH JaHHBIC B MOPSIKE YObIBaHUS 4acTOTHL. Ecnu (hmaxkok CHAT, TO JaHHBIC B
BBIXOJTHOM  JHamna3oHe OyayT TpHUBEICHBI B  TOPSAKE  CICJOBAHWUS  HHTEPBAJIOB.
6. UnmezpanvHulii npoyenm - yCTAHABIMBACTCS B aKTUBHOE COCTOSHUE IS pacdeTa BhIPaKeH-
HBIX B TPOIICHTAX HAKONJIEHHBIX YaCTOT (HAKONIEHHbIX Yacmocmell) N BKIIFOUCHHS B TUCTOTPaM-
My TpadpuKa KyMMYJISTHI.

7. Bv1600 epagura - ycTaHaBIUBACTCS B aKTHBHOE COCTOSHUE JIJISI aBTOMATHYECKOTO CO3/IaHUs

BCTPOCHHOM JHarpaMMebl Ha JINCTE, coJepxaiieM BBIXOJTHOH Iyara3oH.
IIpumep: N3BecTteH 00beM POZHUYHOTO TOBapooOopoTa 17 300anTek pPO3ZHUYHOW CeTH (UPMBI
—
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YacToThl U HAKOIUICHHBIE YaCTOTHI, TIOCTPOCHHBIE THMCTOTpaMMa M KyMYJsTa M300pakeHbl Ha
puc. 8
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Kak mpaBuiio, rucTorpaMMbl H300paKatOTCS B BUIE CMEHCHBIX TIPSIMOYTOJIBHBIX 00J1aCTeH, 1Mo-
ATOMY CTOJIOWKH THCTOTPaMMBbI Ha PHC. § 1IeIecCO00pa3HO paCIIUPUTh 0 COTIPUKOCHOBEHUS
JOpyT ¢ apyroMm. JlJis 3Toro Ha maHeIM HHCTPYMEHTOB JlmarpamMmma He0OX0AMMO B paCKphIBAtO-
IIEMCSI CITUCKE AJICMEHTOB JIHarpaMMbl BRIOPATh 3JIeMEHT P50 "Yacmoma’', mociae 4ero meaKHYTh
10 KHonke dopMart psiIoB JaHHBIX. B MOSBUBIIIEMCSI OTHOMMEHHOM JUAJIOTOBOM OKHE HEO00-
XOJIMMO aKTHUBU3UPOBATh BKIAAKY Ilapamempot u B ione [llupuna 3a30pa yCTaHOBUTH 3HAYE-
Hue 0. [Tocne yKa3aHHbIX leeo6pla3013laH1/H71I THCTOrpaMma MpUMET CT_aH;[alpTHI?IIIﬁ BUJ (puc. 9).
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TexHoJiorusi padoTbl Npu GopMHUPOBAHUM BLIOOPKH
IIpumep. OnroBas hupma, TOpryromas U3ASIUIMA METUITTHCKOTO Ha3HAUCHUS, PEIITHIa JJIs

nocetuTeneil ceoero Web-caiita OpraHu30BaTh JOTEPEIO MO PACCHUIKE KaTaJoroB HOBOM Mpo-
nykiuu. st 5Toro Ha caite GUpMBI peaTu30BaH CUSTYMK MTOCEIICHUH U IpesiaraeTcs (1o ske-
JIAaHUIO TI0JIb30BATEISA) 3aMIOJIHUTH 3JIEKTPOHHBIHN OJaHK C yKa3aHHEM CBOETO MOYTOBOIO ajipeca.
OT60p TOCETUTENEH MPON3BOIUTCS Ha OCHOBE MOKA3aHUM CUETYMKA MTOCEIICHUH 3a Heaento. J{is
3TOTO CIy4aitHbIM 00pa3oM OTOMpPAIOTCS MATh MOKAa3aHUM cUeTUHKa U MTPOBEPSIIOTCS COOTBETCT-
BYIOILIME UM PETHCTpALUU NoceTuTeneil. Eciiu moceTuTennb He yKas3al CBOETo ajipeca —KaTajior
HC BBICHIJIACTCA, B IPOTUBHOM CJIy4dC — BBICBUIACTCA. HpI/I 9TOM €CJIM OAHO U TO K€ ITOKAa3aHUEC



CUETYHMKa MOTAJI0 B BHIMTPHILIHYIO BBIOOPKY HECKOJIBKO Pa3 MM HECKOJIBKO «BBIUTPHIIIHBIX BU-
3UTOBY» Ha CAlT OCYIIECTBUII OJIUH U TOT K€ IIOCETUTEINb, KaTaJIOT BHICHIJIACTCS 10 OJJHOMY U TO-
My K€ aJIpeCy B COOTBETCTBYIOIIEM KOJIMYECTBE IK3EMILIAPOB. PaccMOTpuM ciienyromyo cu-
Tyaluio. 3a MOoCJIeAHIO HEAEII0 Ha caiiTe (upMbl ObIIIO 3apETUCTPUPOBAHO 25 MOCEIIeHUH (110-
Ka3aHUs cueT4YrKa yBennauiauch ¢ 360 mo 385). Mcxoanas nadopmanus, mapaMeTpbl pacdeToB U
pe3yJbTaThl MpUBEAEHBI Ha puc. 10.

Homep

WHtbopHaLya o perucTpaum anpeca

,,,,,,,,,, Bx0AHEIE ASHHEIE

3611660049, KpacHoapck, yn. 1. HenesHaka 16
IB2ANpeC HE ykazaH
3631660001, KpacHoapck, yn. Konsinoea 50 L e
364!100050, r. Mockea, Boznemwkenka 17, 43 MeToa BbifopkH Cnpaeka
355:120005,FCaHKFﬂBTEpﬁpr,ﬂBTCKaH12,25
366/672007, 1. Huta, ByHuHa 123, 7
35?5250038, r Tamfioe, JepekasuHa B, 75 Meproa;
368 Anpec He yrazaH () Cryuafinbii
IB9tANpeC HE ykazaH
3708340060, n Capatoe, Hekpacoea 46, 90
gg;E%DpDEECDHB :ﬂKa%H 1 o _ =15 MapaMeTpEl BEIE0AS

; 1 Mockea, Monogoreapgedckan 57> 12 = . i s
3?351000?5, r Mockea, Bapwaeckoe wocce 157, 20 O BT (e =
3747460020, 1 Hoeocubupok, akagemuka Xaputoda 67, 34 ) Hoseiii paioumii gact:
75l Anpes HEYka3aH () Hosa pafiouas kHira
S?EESQED?B,r.ApxaHreﬂbCK,HUKupHTeneﬁ kocmoca 67,123
3??E1DDDED,E Mockea, Bozaewxkedrka 17, 43
3781150015, r Apocnaens, Bonkoea 53, 45
3794170034, r, Actpaxads, MNepmonToea 66, 58 | 380
3805120007, r Cankr-Netepfypr, Cpeanwi np-kr 30, 2 354
381$£kupec HE YkazaH 362
3825120005,[ Cankr-Merepbypr, Detckan 12, 26 385
3835150015,[ HApocnaent, Bonkoea 53, 45 369
354t Anpes HE yKazaH
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Bx0AHOA MHTEPEAN!

OTHEHA

) Meproam-eckHi

Yuono BeIGopok: 5

Puc. 10

Kak BuaHO M3 pUCYHKA 3a MOCJIEIHIOK HEAEI0 BBIMTPHIIMIHBIMU OKazanuchk 362, 369, 380, 384,
385 mocemenus. Ho karamor Oyner BbICIaH TobKO HOMepy 380 mo ykazaHHoOMy ajapecy. B oc-
TaJbHBIX CIIy4asX pacchlIKa MPOBOAUTHCA HE OyIeT, T.K. KIMEHTOM He ObUI yKa3aH aJipec.
IMpumep. IIpennpustuem «mimyabe» 3a Mecsir 0110 BeITymeHo 150 MeauuHCKuX nTpruOopoB,
KOTOPBIM ObLTH TpUCBOEHBI 3aBojckue Homepa ¢ 10001-ro mo 10150-i BkmountensHo. Bee
puOOPHI BRIITYCKAIOTCSA HA OCHOBAHUU TEXHUUYECKOW TOKYMEHTAIIUH, B COOTBETCTBUU C KOTOPOM
JICTIEPCHST 4yBCTBHTENLHOCTH PHOOPOB He mpesbimaer 25 MkBY/M’. HeobX0aMMo Ha OCHOBE
CXEMBI MOBTOPHOTO COOCTBEHHO-CIIy4allHOTO0 OTOOpa c(OpMHUPOBATH KOHTPOJIBHYIO BBIOOPKY,
YTOOBI C YPOBHEM HAJEKHOCTH HE MeHee 95 % mpeaenpHas ommOKa BEIOOPKH HE MpeBbIlIana 3
MKB?/M?,

B mpumepe 3.3.2, B omiimune ot npumepa 3.3.1, BaKHBIM SIBISETCS MOMEHT OIpeaesieHUus He0O-
XOJIUMOT0 00BheMa BHIOOPKH, YTOOBI OHA ObLIa penpe3eHTaTUBHOU. /{151 onpeneneHus: BeTUYuHbI

t202
o0BemMa BBIOOPKH BOCTIONIBE3YyeMCsl (POPMYIIOi:
2 s
19825 _ 4,
[ToncraBmiss B Hee UCXOHBIE JaHHbIE, MOJIy4aeM: n= 3

Ilpumeuanue: B pacuere HE0OXOAMMOro 00beMa BBIOOPKH HCHOIB3YETCS KOA(P(UIIHMEHT T0BE-



pus t, s BerYMcieHus: kotoporo B Microsoft Excel mpenycmorpena dpynknus CTBIOJIPAC-
[TOBP. Koadpdunuent nosepus ¢ paccuntsiBaercs no gopmyne =CTbIOAPACIIOBP(0,05;149),
rae 0,05 = 1-0,95 - TpeGyemsrit ypoBeHb 3HaUMMOCTH, 149 = 150-1 — 9ncno crenenel cBOOOIBI.
Takum 00pa3oM, MUHHMAaJIbHO JOMYCTHMbIH 00beM BBIOOpKH coctaBisieT 11 mpubopos. Ilpu
MeHbIIeM 00beMe BbIOOpKa He OyneT penpe3eHTaTuBHOM. [locnenyiomas TEXHOIOTHS PeIICHHS
3a7la4d aHAJIOTMYHA TEXHOJOTHM peuieHus 3amaud B npumepe 3.3.1. Ilpu stom B mose Yucno
6b100pPOK BBOJIMTCS paCCUNTAHHOE 3HaUYE€HHUE HE0OX0oauMoro oobema BeiOOpku T =11 (puc. 3.3.2).
Jnist OBICTPOTO BBOAA MCXOHBIX JAHHBIX PEKOMEHIYEM BOCIIOB30BATHCS TAKHUM TEXHUYCCKHM
MPUEMOM, KaK KOTTMPOBAHUE sTUeeK ¢ momolibio MeHto [IpaBka, 3amoaHuTsh, [Iporpeccus apudg-
Memuueckou npozpeccuu ¢ wazom 1.

A | e | ¢ | o [ e [ F | 6 | H [ 0 [ 4 ] kK [ L |
1| 10001 10016 10031 10046 10061 10076 10081 10106 10121 10136
| 2| 1000Z 10017 10032 10047 10062 10077 10092 10107 10122 10137
| 3| 10003 10018 10033 10048 10063 10078 10083 10108 10123 10138
4| 10004 10019 10034 1004% 10064 10079 10084 10109 10124 10139 10014
| 5| 10005 10020 10035 10050 10065 10080 10085 101100 10125 10140 10065
6| 10006 10021 10036 10051 10066 10081 10086 10111 10126 10141 10025
| 7| 10007 10022 10037 10052 10067 10082 10087 10112 10127 10142 10144
| B | 10003 10023 10038 10053 10065 10083 10088 10113 10123 10143 10027
| 9| 10009 10024 10039 10054 10069 10034 10089 10114 10129 10144 10028
|10 100100 10025 10040 10055 100700 10085 10100 10115 10130 10145 10033
(11| 10011 10026, 10041 10056 10071 10086 10101 10116 10131 10146 10003
(12| 10012 10027 10042 10057 10072 10087 10102 10117 10132 10147 10138
(13| 10013 10028 10043 10058 10073 10088 10103 10118 10133 10148 10030
(14| 10014 10029 10044 10059 10074 10089 10104 10119 10134 10149 10051
15 1001s 10030 10045 10060 10075 100900 10105 101200 10135 10150

Puc. 11

PesynpTaTom pemieHus 3amadyu sSiBUJIAch BhIOOpKa w3 11 mpuOOpOB ¢ 3aBOACKMMH HOMEpPAMU:
10008, 10014, 10025, 10027, 10028, 10030, 10033, 10051, 10065, 10138, 10144. Tak Kak B BbI-
Oopke HOMEpa TPUOOPOB HE TTOBTOPSIOTCS, TO KaXKJIbIN MPUOOP MOIBEPraeTCs MPOBEPKE TOIBKO
OJIMH pas3.

3. XapaKTepuCTHKA CTATUCTHYECKOH COBOKYNHOCTH. Cpennue BeJuduHbl. Mepbl paccesi-
HUS

Craructudeckas MHGoOpMaIUs MPEICTaBIsIeTCS COBOKYMHOCTHIO JIaHHBIX, JJI XapaKTepUCTUKU
KOTOPBIX  HCIOJB3YIOTCS  pa3HooOpa3Hbie  TMOKa3aTelnH,  Ha3bIBaeMble  IOKa3aTels-
MU ONnuUCamenbHOu CMamucmuKuy.

YpoBeHb 00pa3oBaHuUsl, MPOKUTOUHBIH MUHIUMYM, TG depeHIHaNs T0X0I0B HACEICHHUS, CPe-
HEee YHUCJIOo JIETeH B CeMbe, CPETHUM KypC J0JUIapa U Mepa ero KojieOaHus 3a ONpeAeICHHbI HH-
TepBaJl BpEMEHH, TAOJIUIIBI TPOIOJDKUTEIILHOCTH KU3HU.

IloxazaTequ onucaTejJbHONl CTATUCTMKH MOKHO Pa30UTh HAa HECKOJbKO TPy
1. Ilokazamenu nonostcenusi ONMUCHIBAIOT MOJOKEHUE TAHHBIX HAa YUCIOBOU ocu. [Tpumeps! Takux
MoKa3aTeJie - MUHUMAJIbHBIA M MaKCUMaJIbHBIM AJIEMEHTBhI BHIOOPKH (TIEPBBIA M TOCIICIHUIA
YJIeHbl BAPUALIMOHHOTO Psiia), BEPXHUI M HIDKHUM KBApTWIM (OTPAaHUYUBAIOT 30HY, B KOTOPYIO
nonagaroT 50% IeHTpaTbHBIX 3JIEMEHTOB BHIOOpPKH). HakoHel, cBeileHHs 0 cepenHe COBOKYII-
HOCTH MOTYT JaTh CpeaHss apupMeTndeckas, CpeaHssi rapMOHUYECKas, MeluaHa U Jpyrue xa-
PaKTEPUCTHUKH.

2. Iloxazamenu pa3dopoca ONUCHIBAIOT CTENEHb pa3dpoca JaHHBIX OTHOCHUTEIHLHO CBOETO IIEHTpA.
K HuM B mepByio ouepelb OTHOCSATCS: AUCIEPCHSs], CTAaHIApPTHOE OTKJIOHEHHE, pa3Max BBIOOPKHU
(Pa3HOCTh MEXIy MaKCUMalbHBIM W MHHUMAJIBHBIM 3JIEMEHTAMHU), MEXKKBAPTHIBHBIN pa3max
(pa3HOCTh MEXy BEpXHEU W HUKHEH KBAPTUIIBIO), IKCIIECC U T. M. DTH MOKAa3aTEIN ONpPEaAeIis-
I0OT, HACKOJbKO KY4YHO OCHOBHas Macca [JIaHHBIX TPYIINHUPYETCS OKOJIO  IIEHTpA.




3. [lokazamenu acummempuuy XapakKTEPU3YIOT CUMMETPHUIO PACIIPEACIICHHUs] JaHHBIX OKOJO CBO-
ero nenrpa. K HIM MOXHO OTHECTH KO3(PPUIIMEHT aCHMMETPHUH, TTOJI0KEHNE METUAHbI OTHOCH-
TEJIBbHO CPEIHErO U T. II.

4. [loxkazamenu, onucvieaowue 3aKOH pacnpeoenerus, AT NPeJCTaBIeHUe O 3aKOHE pacIpe-
nenenus AaHHbIX. Cro/la OTHOCSTCS TaOJNUIIBI YaCTOT, TAOIHIIBI YaCTOCTEH, MOJTUTOHbI, KyMYJIs-
TbI, TUCTOTPAMMBI.

Ha mpakTuke yarmie BCero MCMoNb3ylOTCs CIEAYIOIINE MOKa3aTeln: CpeAHss apumeTrnieckas,
MeAraHa, TUCIIePCHsl, CTAHIaPTHOE OTKJIoHeHHe. OHAKO IS oydeHus: 0ojiee TOYHBIX U JI0C-
TOBEPHBIX BBIBOJIOB HEOOXOAMMO YYHMTHIBATH M IPYT'HE U3 MEPEUMCIICHHBIX BBIIIE XapaKTepH-
CTHK, a Tak)Ke o0panaTh BHUMAHUE HA yCJIOBHSI MOTYYCHHS] BHIOOPOYHBIX COBOKYMHOCTEH. Ha-
JUYHe BBIOPOCOB, T. €. TPYOBIX OMMOOYHBIX HAOJIOJACHHUI, MOXKET HE TOJIBKO CHJIBHO MCKA3HUTh
3HAuUeHUsl BBIOOPOYHBIX TOKa3aTenel (BBIOOPOUHOTO CPEAHETrO0, AMCIIEPCUH, CTAHAAPTHOTO OT-
KJIOHEHHs W T. J.), HO M TMPHUBECTH KO MHOTHUM JIPYTMM OIIMOOYHBIM BBIBOJAM.
Haubonee pacnpoctpaneHHOM (HOpPMOI CTaTUCTHYECKHX TOKa3aTelied, UCIOIb3yeMOi B COIH-
QIbHO — SKOHOMUYECKUX SIBJICHHSX, SABISETCS CpENHSAS BEJIMYMHA, IPEICTaBIAIOIMIas coOoMn
00001IEeHHYI0 KOJTMYECTBEHHYIO XapaKTEPUCTUKY MPU3HAKA B CTATUCTUYECKOW COBOKYITHOCTU B
KOHKPETHBIX YCIOBHUSAX MECTa U BPEMEHH.

CyIIHOCTh CpETHEN COCTOUT B TOM, YTO B HEW B3aMMOIIOTAIAIOTCS OTKJIOHEHUS 3HAYCHUN TIPH-
3HaKa y OTJENbHBIX €IUHUI] COBOKYITHOCTH, O0YCIIOBIIEHHbIE AEMCTBUEM CIIy4aillHbIX (haKTOPOB.
Haubonee pacmpoCTpaHEHHBIM BHUIOM CPEIHUX BEIUYUH SBISICTCS cpeaHsisi apudMeTuye-
cKasl, KOTOpasi KaK U BCE CPEAHHUE, B 3aBUCHUMOCTH OT XApPAKTEPa UMEIOLIUXCS JTaHHBIX MOKET
OBITH MPOCTOM MJIM B3BEIIEHHOIA.

Cpennsis apudmernyeckasi npocrasi (He B3BeleHHast). JTa ¢popma cpeaHEl UCTIOIB3yeTCs B
TEX CIy4asx, KOrja pacueT OCYIIECTBIISIETCS MO0 HE CTPYNIUPOBAHHBIM JAHHBIM. 3aBHCHUMOCTD
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JUIS. OTIPENICIICHUS MPOCTOM cpeaHell apu(METHUCCKOW HMEET BH/I: L n

Cpennsis apudMeTnyeckasi B3BeleHHasi. [Ipy pacuere cpeHMX BEIMYMH OTACIIBHBIC 3HAYEC-
HUS OCPEIHSEMOTO MPU3HAKAa MOTYT MOBTOPATHCS (BCTPEUAThCS MO HECKOJBKO pa3). B momoo6-
HBIX CJIy4asX pacueT CpeaHed MPOU3BOJIUTCS MO CTPYNITUPOBAHHBIM JAHHBIM WM BapHaIldOH-
HBIM psifaM 3aBUCUMOCTB JIJIsI OTIPEACIICHUs] CPeIHEH apu(PpMETHISCKON B3BEUICHHOM IJIsl JUC-

ZXi~fi

KPETHOr0 BAPUALMOHHOI0 PSiAa UMEeT BUJ: Lf , TJIe f; — yacToTa 1-To Mpu3HaKa
Hapsiny co cpenneii apudmeTrndeckoil, B CaHUTAPHOW CTATUCTUKE MPUMEHSIIOTCS, XOTS U PEXKE,
TaKHe BUJBI CPETHUX, KaK MEIMaHa U MOJa.

Menunana (o6o3Hayaemasi OykBamu Me) — 3TO CepeMHHas, IIEHTpabHAs BapuaHTa, JeJsas
BapHAIIMOHHBINA PsJ MTON0JIaM, Ha JBE PABHBIC YACTH.

Mopna (o603Hagaemasi Mo) — 4aiiie BCEro BCTPEUarOIIasicsl WM HanboJiee 4acTo MOBTOPSIOIIAs-
Csl BEJIMYMHA, COOTBETCTBYIOIIAS MpH rpaduueckoM n300pakeHUH MaKCUMAIIbHON OpAuHATe, T.
€. HauBbICIIEH TOYKe rpaduueckoi KpuBoi. Takum 00pazoM, mpu NpUOTHKEHHOM HAXO0KICHUN
MOJIbI B TIPOCTOM (HECTPYIIIUPOBAHHOM) PsIIy OHA OIpenesseTcsl Kak HanOoJsiee HACHIIICHHAs
WIM YacTas  BeJMYMHA, KaK BapuHaHTa C  HauOOJBIIMM  KOJMYECTBOM  YacCTOT.
Cpennsis apudmernueckas (M) siBIsieTcsl pe3yabTaTUBHOW CyMMO# Bcex BiusiHUNA. B ee hopmu-
POBaHUM MPUHUMAIOT y4acTue Bce 0e3 UCKIIIOUEHUs! BApUAHThI, B TOM YKCiIe U KpailHue BapuaH-
Thl. MenuaHna u Mo/ia, B OTJIMYKE OT CPeAHEH apu(METHUUECKOM, HE 3aBUCAT OT BEITUYHHBI BCEX
WHAUBUAYAJIbHBIX 3HAYEHUH, T. €. BCEX WICHOB BapUallMOHHOIO psaa, a 00yCIIOBIMBAIOTCS OT-
HOCHUTEIIFHBIM PACIIOJIOKEHUEM HITM pachpeseieHneM Bapuant. [loaToMy Meanany u MOJy Tak-
K€ Ha3bIBAIOT OMUCATEIbHBIMU WIIU NMO3ULMOHHBIMU CPEIHUMHU, T. K. OHU XapaKTEpU3YIOT IJIaB-
HeHIe CBOMCTBA JaHHOro pacnpenencHus. OCOOCHHO 3TO KacaeTcs MEAUaHbI, SBIISIONICICS B
W3BECTHOM CMBICIIC, HEMapaMeTpUUECKOM BeIUYMHOW. M XapakTepusyeT BCIO Maccy HaOJroze-

X =



Hul, a Me 1 Mo — OCHOBHYIO Maccy, 0e3 ydera BO3ICHCTBUS KpalfHUX BapUaHT, T. €. HCKIII0Yast
KpaliHHE 3HA4YEHM s, 3aBUCSILINAE NHOT/IA OT CIIyYailHbIX TPUYHH.

Cpennne apudMeTHYECKHE BEITUYHMHBI, B3AThIE caMd MO ceOe 0e3 JOMOTHUTENBHBIX MPHEMOB
OILICHKH, UMEIOT MOAYac OTPaHMYEHHOE 3HAaueHue, T. K. OHU He OTpa)kaloT CTeneHu pa3dpoca
(unmu paccesiHus) pAaa.

OpnuHakoBble TIO pa3Mepy CpeaHHE MOTYT ObITh MOJYy4YeHBI U3 PSAAOB C PA3NUYHOM CTENEHBIO
paccesinus. CpelHue — 3TO BEJIUYUHBI, BOKPYT KOTOPBIX pacCesHbl pa3iMuHble BapuaHThl. [lo-
HSITHO, YTO YeM OJIMKe IPYT K JPYTY OTIeNbHbIE BApHAHTHI, (3HAUUT MEHBIIIE paccesiHue, Koeo-
JIEMOCTb psAJia), TEM TUITUYHEE €T0 CPETHSA.

M, b2, ho
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Puc. 12 Cpennue BeTUUYUHBI B Ay C HOPMAJIBHBIM PaclpeIeICHUEM
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Puc. 13 Cpennue BeIMUUHBI B PSIY C ACCUMETPUYHBIM PaclpeeICHUEM

Mepsb1 pa3opoca (paccesinusi). Cpegnue apupMETHUSCKUE BEJIWYUHBI, B3AThIE caMu 10 cebe
0e3 JOIMOJIHUTENBHBIX MPUEMOB OIEHKH, UMEIOT MOJ4Yac OrpaHUYCHHOE 3HA4YCHHE, T. K. OHU HE
OTPaXKaloT CTETICHH pa3dpoca (UK paccestHus) psijaa.

OpnuHaKoBBIE TIO pa3Mepy CpeaHUE MOTYT OBITh MOJMYUYEHBI U3 PSAAOB C PA3NIMYHOU CTENEHBIO
paccesHus. CpelHHE — 3TO BEJIMYUHBI, BOKPYTI KOTOPBIX PACCESIHBI Pa3iIn4Hble BapuaHThl. [1o-
HSTHO, YTO YeM ONMKe IPYT K JPYTY OTJEIbHBIC BAPHAHTHI, (3HAYUT MEHBIIIE pacCessHUE, KOeo-
JIEMOCTh psiia), TeM Tunu4Hee ero cpenuss. CyliecTByeT psj mokazaTesied, ¢ IMOMOIIbI0 KOTO-
PBIX KaK pa3 ¥ OLIEHUBAETCS Mepa pa3dpoca Wil paccestHUs psa.

Pa3max — pazHOCTh MEXIy HAaUOOJIBIIMMHU U HAUMEHBIIMMU 3HAYCHUSMHU B PsiJie UM pacrpese-
neHun. Pa3max yuuThIBaeT TOJBKO SKCTPEMAlIbHBIC 3HAUEHUS U TIOITOMY HE J1aeT HH(POPMAIIUHU O
pa3dpoce OTAETBHBIX JIEMEHTOB

Jlmcmepcusi — cpeAHUN KBaapaT OTKJIOHCHHS 3HAYCHHH OT HMX apu(METHUYECKOrO CPEIHEro
CpenHekBajgpaTH4HOEe OTKJOHEHHUE — TMOJIOXKUTEIbHBIA KOPEHb W3 JUCIEPCHUH. DTO TOKa3a-
TeNh pa3dpoca NaHHBIX OKOJIO apU(PMETHIECKOTO CPETHETO



Ko duuneHT Bapuanum — 5To CpeAHEKBAIPATUIHOE OTKIOHEHHUE, JICTICHHOE Ha apupMeTHIe-

CKO€ cpe/iHee, BhIpaKEHHOE B IPOIEHTAaX.

TexHos0rusi padoThI 0 OMUCATEILHOH CTATHCTHKE

Pexum «OnucatenbHas CTaTHCTUKA» CIY)XKHUT JUIsl T€HEpallud OJHOMEPHOTO CTaTUCTHUYECKOIO

OTYeTa MO0 OCHOBHBIM TOKA3aTENsIM IMOJIOKEHHSI, pPa30dpoca U aCHMMETPUU BBIOOPOUYHOU COBO-

KYITHOCTH. B ranoroBom okHe JaHHOTO pexuma (puc. 14) 3amaroTcs clienyronme mapamMmeTphl:

1. Bxoonoti unmepean

2. I pynnuposanue

3. Memxku 6 nepsoti cmpoke/Memxku 6 nepgom cmonbye

4. Bvixoonou unmepean/Hoswiii pabouusi aucm/Hosas pabouas kHuea

5. Umoeosas cmamucmurxa — yCTAHOBUTE B AKTUBHOE COCTOSIHUE, €CIIM B BHIXOJIHOM JHara3oHe
HEO0XO0UMO MOJIYYUTh MO OAHOMY IOJIIO JIJIS KXKI0TO U3 CIEAYIOIIUX IMOKa3aTenel onuca-

TeNbHON CTATUCTHKU: CpeiHss apudMeTHueckas BEIOOpKH (X ), cpeHss ommubKka BEIOOPKH (4¥

), meauana (Me), moza (Mo), orieHKa CTaHIAPTHOTO OTKJIIOHCHHS 10 BEIOOPKE (""’r ), OIICHKa
nucniepcuu 1o Beioopke (D), onenka skcrecca mo Beioopke (Ex), onenka koadduimenta acum-
MeTpuH 1o BeIOOpKE (Ak), pa3Max Bapuaiuu BeIOOpkH (R), MUHUMAaNBHBIM U MaKCUMaTbHBIN
3JIEMEHTHI BBIOOPKH, CYMMa 3JIEMEHTOB BEIOOPKH, KOJIMYECTBO DJIEMEHTOB B BBIOOpKE, k- Hau-

o o o A
OosbInil ¥ k-1 HANMEHBIIINHA 3JIEMEHTHI BRIOOPKH, TIpeieTbHasK OITMOKa BEIOOPKH (X)),

OnMcare AbHaA CTATHCTHHA @

Bx0dHbIE AaHHEIE
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[ | MrTorosas cTaTHETHES

¥POEEHE HAAEHHOCTH: 95 o
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K-BIf HEHBONELWHEA: 1

Puc. 14

6. Yposenv nadesicnocmu - yCTAaHOBUTE B aKTUBHOE COCTOSIHUE, €CJIM B BBIXOJHYIO TaOJIUIly He-

00XOIMMO BKIIFOYUTH CTPOKY JUIS TPEASIbHONW OIIMOKH BBEIOOPKH ( Ax ) IpH  YCTAaHOBIICHHOM
YpOBHE HaJEKHOCTU. B moie, pacnonokeHHOM HampoTuB ¢iakka, BBEIUTE TpeOyemMoe 3Have-
HUE YPOBHS HAJEKHOCTH (HaIpHUMEp, 3HAUEHUE YPOBHS HAZEKHOCTH 95 % PaBHOCUIBHO J0OBE-

pUTEIbHOMN BEPOATHOCTH V= 0,95 W YPOBHIO sHaunmoctn & = 0,05).
7. K-ti Haubo1bwiuli - yCTAHOBUTE B aKTUBHOE COCTOSIHHE, €CJIM B BBIXOJHYIO TaOIUIly HE0OX0-
JTUMO BKJIFOYUTH CTPOKY ISl k-20 HaOOIbIETo (HaYrHAs ¢ MAKCUMYMa Xmax) 3HAYCHHS AJIEMEH-
Ta BEIOOpKU. B more, pacnonoxeHHoe HanpoTHB ¢uiakka, BBeaute yucio k. Eciuk = 1, To cTpo-
Ka Oy/IeT cofiepykaTh MaKCUMaIbHOE 3HAUCHHUE AJIIEMEHTA BEIOOPKH.



8. K-il HaumeHbLiUll — YCTAHOBUTE B aKTUBHOE COCTOSTHUE, €CITU B BEIXOJHYIO TaOIHITy HE00XO0-
JIMIMO BKITIOYHUTB CTPOKY JUIS k-m0 HaUMEHBIIETO (HAYWHAS C MUHUMYMA Xin) 3HAUYCHHS dJICMEH-
Ta BeIOOpKH. B mone, pacronokeHHoe HampoTuB (raxka, BBeaute 4mcio k. Ecnmu k=1, T0
CTpOKa OyJeT coliep)KaTh MUHUMAITbHOE 3HAYEHUE AJIEMEHTA BEIOOPKH.

IIpumep. Ha pa6ouyem nucre Microsoft Excel chopmupoBana Tabnuiia, oTpaxaromniasi yCIOBHYIO
CTOMMOCThH JieueHUs 3a0osieBaHusl X B HEKOTOPHIX ropojax KpacHosipckoro kpas (puc. 15).
Heob6xonuMo paccuuTaTh OCHOBHBIC MTOKA3aTEIH OMUCATEIILHON CTATHCTUKH U ClIeTIaTh COOTBET-
CTBYIOIIHE BHIBOABI. /I pemieHns 3aauu HCIONb3yeM PexXuM paboThl «OnmcaTebHas CTaTH-
CTHKay». 3HAUYCHHUS MapaMeTPOB, YCTAHOBICHHBIX B OJJHOMMEHHOM JTHAJIOTOBOM OKHE MPEICTAaB-
JICHBI W TIOKAa3aTelld, PAaCCUUTAHHBIC B JIAHHOM pPEXHME OTOOpaKeHBI Ha puc. 16 (pe3yabTaThl
OKPYTJICHBI JIO IBYX 3HAYAIIUX [HPD).

CToHMOCTE JedeHHA saboleBatia 2

CTOHMOCTE
Topoma NEYEHHA
(py6.)
Epacuoack 285,04
Auunack 41778
Hazapopo 354
CocHoBobopCE 371,96
Hepunecr 525,96
HuEHOTOpCK 405,12
SaosepHul 415 52
Kancx 401,93
MMapunoees 418,97
Puc. 15

Ha ocHoBanuu MMPOBCACHHOI'O BI:I60pO‘IHOFO OGCHGI[OBaHI/IH " paCCUUTAHHBIX I10 I[aHHOfI BbI-
OopKe mokazaTenel onucaTeIbHOW CTAaTUCTUKH ¢ YPOBHEM HaJlexHOCTH 95% MokHO npen-

A B I c I D I E | F |

A

2 PezyneTtatel

BxDﬂ.HbIB AdHHEIE
Bx0AHOR MHTEpEaN:

4 Fpyrrposare: ® o cronbuan OTHEHA CtaHpapTHaA owwnbka 14 71

5 & T fenvaHa 405 12

B [] MeTkm & nepeoi cTpoke Moaa #/0

7 CTaHaapTHOR OTKNOHEHME 44 13

8 MapareT bl BRIEDAS HOucnepcua enlbopru 1947 78

g (*) Bulx0AHON MHTEpEEN: $E$ B TN 5,0A

10 (O Hoeea patiounid nHeT: ACMMMETAMYHOCTE 226

11 () HoBaa pafiouan KHHa MuTepean 154,00

12 MTOroEan cTaTHCTHIE hAHHKMY M 371 596

13 ¥DOEEHE HAAEMHOCTH: a5 e MEKCHM}'M 25 ,96
i K.-BIH HAMMEHELLMF: 1 Cymma 374428

15 Kbt el . | Cuyet 900

16 B HauBonbwmill) 525 96

17 Haumerewni(l) 37196

18 YpoEeHE HanexHocTHI5 0%) 3392

19

Puc 16



MIOJIOXKHTh, YTO CPEIHSSI CTOMMOCTD JICYeHHUs 3a0osieBaHusl X B IeJIOM 10 BceM ropogam Kpac-
HOSIPCKOTO Kpasi Haxoauach B mpeaenax ot 382,11 go 449,95 pyo.

[TosicHuM, Ha OCHOBaHWHW KaKHX ITOKAa3aTeliel OMUCATeIhbHON CTAaTUCTUKUA ObUT C(HOPMYITHPOBAH
COOTBETCTBYIOIIUK BBIBOJ. TakuMU IMOKa3aTeNsIMU SIBISIOTCS: CPeOHssT apupMeTHYecKast BbI-

OOpKH X U mpeenbHas OmMOKa BEIOOPKH “X

N3 BbIpaxeHus yisi JOBEPUTEIbHOIO HHTEpBaa: X_Ax < x<xyAx HaxomuMm: 416,03-33, 92 =
382,11 — nesas epanuya; 416,03 + 33,92= 449,95 — npasas epanuya.

Koaddunuent Bapuarum X cymecTBeHHO MeHbIe 40 %, 4TO CBHIIETEILCTBYET O HEOOJIb-
10l  KoJIeOJIEMOCTH TMPU3HAKA B MCCIENOBAHHOW BBIOOPOYHON COBOKYMHOCTH. HameXHOCTh
CpeIHEeH B BHIOOPKE MOATBEPIKIACTCSA TAK)KE M €€ HE3HAYUTEIHbHBIM OTKJIOHCHHEM OT MEIHAaHbI:
416,03 - 405,12 = 10,91. 3HaunTCIbHBIC MTOJOKUTEIbHBIC 3HAYCHUSA KOA(P(OUIIMECHTOB aCHMMET-
puu {As) n sxcnecca (Ex) MO3BOJIAIOT TOBOPUTH O TOM, YTO JTAHHOE SMITUPHUUECKOE pacmpeene-
HUE CYUIECTBEHHO OTJIMYAETCS OT HOPMAJIbHOTO0, UMEET MPAaBOCTOPOHHIO aCUMMETPHUIO U Xa-
paKTepu3yeTCsl CKOTUICHHEM YJICHOB Psijia B IICHTPE pacipeieIeHuUs.

4. MeToabl NPOBEPKH CTATUCTUYECKUX THIIOTE3

IHoHsiTHE CTATUCTUYECKON TMIIOTE3bI

[TpoBepka CTaTUCTUYECKUX TUIIOTE3 SIBISIETCS OJTHUM U3 CaMBIX BaXKHBIX CTATUCTUUYECKUX METO-
JIOB, IPUMEHSIEMBIX B MEIUIIUHCKUAX HCCIEIOBAHUSX.

[Ton cTaTUCTUYECKOM TMIIOTE30 MOHUMAIOT BCSIKOE BHICKA3bIBAHUE O T€HEPATIBLHONW COBOKYITHO-
CTH (CIy4ailHOW BeIM4YMHE), IPOBEepseMoe 1Mo BBIOOpKe (0 pe3ynbratam HabmoaeHuil). [1porre-
Jypy COTMOCTaBJICHUS BbICKa3aHHOW TMITIOTE3bI C BHIOOPOYHBIMU JAHHBIMHU HA3bIBAIOT MIPOBEPKOM
CTaTUCTUYECKOW TUIIOTE3BI.

[TpoBepsieMyt0 CTaTUCTUYECKYIO TUIIOTE3Y MPUHATO HA3bIBaTh OCHOBHOM (UJIU HYJIEBOW) TUIIOTE-
301 (00o3Hauaercs Hy), a mpoTuBOpeyaniyio eif TUIoTe3y - albTePHATUBHOMN (HIJIM KOHKYPH-
pytoreit) runote3oi (o6o3navaercs Hi). HyneBas rumoresa 0ObIMHO 3aKIIFOYAETCS B TOM, YTO
M3y9aeMO€ BMEIIATEIhCTBO HE OKA3bIBACT 3HAUMMOTO BO3/ICHCTBUS HA TeHEPAIbHBIC TapaMETPhI
pacnpenenenus, U allbTepHAaTUBHAsSL, UCCIIeI0BAaTeNbCKas runore3a. Mi3HayanpHo npesmnoaraer-
Csl, UTO BMEIIATENILCTBO HE BiUseT. JIF0ObIe pa3nuaus Mex a1y H3ydaeMbIMH IPYIIaMH OObSICHSI-
I0TCS CIIy4ailflHOCTBIO, M CTAHOBUTCS 33/1a4a OMPOBEPTHYTH 3TO MPEAIOI0KEHUE

[TockonbKy IpH MIPOBEPKE CTATUCTHUECKUX TUIIOTE3 MPUXOTUTCS UMETh JIENIO CO CTAaTUCTHUYC-
CKHUM MaTepuajoM, TO, OTBEprasi Uy MpUHUMAs HYJIEBYIO TUIIOTE3Y, BCEr1a PUCKYEeM COBEP-
mUTH OMKOKY. OmMOKY, 3aKJII0YAIOIYIOCS B TOM, UTO HYJIEBasi TUIIOTE3a OTBEPraeTcsl, TOraa
KaK OHa B JICHCTBUTEIHHOCTH BEPHA, HA3bIBAIOT OMIMOKOM mepBoro poja. OmuoKy, COCTOSIIYIO
B TOM, 4YTO HyJIeBas TUIIOTe3a HE OTBEPraeTcsl, TOra Kak OHa B IEHCTBUTEIILHOCTH HEBEPHA, Ha-
3BIBAIOT OIMHMOKOM BTOPOTO poja.

[TpoBepka CTaTUCTUYECKUX TUIIOTE3 OCYLIECTBIISIETCS C TOMOIIBIO PA3IMYHBIX CTATUCTUYECKUX
KpuTepueB. B kauecTBe KpUTEpHs UCTIONB3YETCS HEKOTOpask CITyJYaifHast BETUYMHA, 3HAYCHUS KO-
TOPOI1 MOT'YT OBITh BBIYMCIIEHBI HA OCHOBE UMEIOIUXCSI TaHHBIX. B MHOXecTBE BO3MOXKHBIX
3HAUEHUH KPUTEPUs BRIOMPAETCS MTOJIMHOKECTBO, Ha3bIBAEMOE KPUTHUYECKOM 00sacThio. Ecnu
BBIUMCJICHHOE 3HaYeHHE KPUTEPHsI MPUHAATIC)KUT KPUTHUECKON 00IacTH, TO HYyJIeBask THUIIOTE3a
OTBEPraercs.

Kputnueckast 061acTh BbIOMpaeTcs TaKUM 00pa3oM, YTOOBI BEPOSTHOCTh COBEPIIUTH OITHOKY
MEePBOTO POJia HE MPEBOCXOAMIIA HEKOTOPOTO 3apaHee OMPEAEIICHHOTO MOJI0KUTEILHOTO YUCIa
.. DTO YKCJIO 0 Ha3bIBAIOT YPOBHEM 3HAYMMOCTHU U TOBOPSAT: «HYJIEBasi TUIIOTE3a OTBEPraeTcs Ha
YPOBHE 3HAYMMOCTH 0. B kauecTBe o0 00buHO OepyT oH0 u3 uncen: 0,05; 0,01; 0,001.
BeposTHOCTE COBEpIINTD OMIMOKY BTOPOTO poja o0o3Havaercs . Benuunna 1- Ha3eiBaeTcs
MOIIIHOCTBIO KPUTEPHS; OHA PaBHA BEPOSITHOCTH OTBEPTHYTh HEBEPHYIO TUIIOTE3y Yalle BCcero
MHO>KECTBO BO3MOKHBIX 3HAUEHUI KpUTEPUS MIPUHAJJICKUT HEKOTOPOMY UHTepBaiy. HTepBa-



JIOM SIBIISIETCSI M| KPUTHYECKAsi 001acTh. [ paHUYHBIE TOYKU KPUTHUECKOHN 00JIaCTH HA3bIBAIOTCS
KPUTHYECKHUMH TOYKaMH. KpuTHYecKre TOUKH BBIOMPAIOTCS TAKUM 00pa3oM, YTOOBI TPH BbI-
OpaHHOM YpOBHE 3HAYMMOCTH, & MOIITHOCTh Kputepus (1 - ) Obuia HanbobIIeH.

JABYXBbIOOpPOUHBIii t-TecT 115 cpeaHuXx. TexHonorus padoTbl
YacTo B OMOJIIOTHYECKUX MCCIEOBAHUSAX TPEOYETCs OLICHUTh JOCTOBEPHOCTD PA3TUUUN MEKIY

JIBYMSI BHIOOpKaMH. ITO MOTYT ObITh BEIOOPKH M3 Pa3HBIX COBOKYITHOCTEH (HarpuMep, CpaBHe-
HUE OIMBITHON M KOHTPOJILHOM IPYI), @ TAK)KE€ BHIOOPKU U3 OJIHOIM COBOKYITHOCTH (Harpumep,
HCCJIEJOBaHKNE KaKOro-ITu00 mapaMerpa B OHON BBIOOPKE JI0 U MOCIIe TPOBEACHHSI SKCIIEpUMEH-
Ta).

JIByXBBIOOPOYHBIi t-TECT IPOBEPSIET PAaBEHCTBO CPEIHUX 3HAUECHUH IeHEepalbHON COBOKYITHOCTH
1o Kax/10i BeiOopke. PacueT npoBoauTcs no gopmyine: B makere cTaTHCTUYECKOTO aHAIM3a
Excel peanu3zoBaHo Tpu BapuaHTa MCIIOJIb30BaHU t-TeCTa: paBHbIEC AUCIIEPCUU TEHEPATBHOTO
pacnpenenenus, AMCIepCu F'eHEPATIbHOM COBOKYITHOCTH HE PaBHBI, a TAK)KE MIPE/ICTABICHHE
JIBYX BBIOOPOK 10 M TIOCJIE HAOIIOACHUS TI0 OJJTHOMY U TOMY K€ CyOBEKTY.

PexxumMbl paboThl «IByXBBIOOPOYHBIH t-TECT ¢ OAMHAKOBBLIMU JUCIEPCHSI-

Mu» U «/IByXBBIOOpPOUHBII t-TeCT ¢ Pa3JIMUYHBIMU JAUCTIEPCUSMM CITYXaT JJIsl IPOBEPKU T'U-
MOTE3 O PA3JINYMHI MEXKIY CPEIHUMU (MaTeMaTHYECKUMH OXKHUIaHUSAMHU) IBYX HOPMAaJIbHBIX pac-
IPEJIETICHUI COOTBETCTBEHHO C HEM3BECTHBIMM, HO PAaBHBIMM JUCIEPCUIMHU U C HEU3BECTHBIMU
JTUCIIEPCUSIMU, PABEHCTBO KOTOPBIX HE IIPENIIOIAracTcs.

[TapameTpsl, 3aaBaeMble i Pac4e€TOB, 0TOOpaKEeHBI HA pUCYHKE 17.

lpyxapiGopoyHbiM {-TeCT € 0OMHAKOBBIMH JMCIE PCHAMM E| leyxenGopouHbli t-TECT C paaiHYHbIMK JHCTE PCHAMM g|
Bx0gHbIE 4aHHER BxoaHeIE AaHHEIE
MHTEpBan NepemeHHoN 1: HTEpEan NepereHHon 1:
WHTEpEaN NepemeHHoi 2: VIHTEpEAN NEpetEHHON 2:
[HNoTeTHHeCckan CpeAHAA PA3HOCTE: 1} [HNOTETHHECKSA CPEAHAA PaSHOCTE! i
[ MeTrn [ meTion
Aneda: 0,08 Aneda; | 0,05
MapameTpel BEIEDAA NapaMeTpel BEIEOAA
() BLlX0AHOH HHTEPEAN: % () BelxoAHON HHTEpEAN: EH
(%) Hoeeiii pafioumii oueT: (%) Hoewii pafiounii okeT:
) Hosan pafiodan ghvra () Hoean pafiouan KHHra
Puc. 17

IIpumep. Ha pabouem nucte Microsoft Excel chopmupoBana tabnmiia, oTpakaroliasl pacxo1 B
rpamMmax (Ha 100 e TUIOMIA/IN) Ha Ae3UH(EKINIO OT/ICJICHHUI C MCIIOIh30BAHHEM CTapOTO U HO-
BOTO JIe3MHPUIIMPYIOIIEeTo mpenapara (puc. 18).



A | B | ¢

1 PACKOOE HA OezMHEEKLMID
Homep | CTapwid | Hoeold
2 |0TOENneHWA | Npenapat | npenapat
3 1 303 303
4 2 303 304
5 3 307 30k
B 4 04 06
7 ] 307 304
g B 307 304
g 7 308 304
10 a 307 306
11 9 307 304
12 10 304
13 11 303
14 12 304
14 13 303
16
Puc. 18

[Ipu ypoBHe 3nauumoctu o = 0,05 Tpedyercs nmpoeputh runoresy Ho: a,= a,, Ipeanonoxus,
YTO COOTBETCTBYIOIIME T€HEPATIbHBIE COBOKYIHOCTH X # Y UMEIOT HOPMAJIbHBIE PACIIPEACIICHHUS:

2 —— 2 2z
e o~
[ 4

1) ¢ onmunakoBeiMu mucrepcusmMu Cxu ¥ 2) ¢ pasnuunbiMu gucnepeusmu O u o,
Jns mpoBepkH TIpeArnosIokeHusT 1 HCImob3yeM pekuM paboThl «/IByXBBIOOPOUHBIN t-TECT C
OJIMHAKOBBIMU JAUCTIEPCUSIMHU», & JUTsl IPOBEPKH MPEIOIOKEHUS 2 - «J[ByXBBIOOPOUYHBIH t-TECT ¢
Pa3IUYHBIMHU JUCIIEPCUSMUY. 3HAYEHUS NapaMeTPOB, YCTAHOBJIEHHBIX B OJHOMMEHHBIX AHAJIO-
TOBBIX OKHaX, MPEJICTaBIICHB HAa pHC. 19, a paccunTaHHBIC B 3TUX PEKHMMaxX MOKA3aTeId — B
Tabi1. 20 COOTBETCTBEHHO.

{lByxBbI6OpOUHBIH t-TECT C 0AHHAHOBbIMH OHCIE PCHAMM &|

Ex0aHEIR A3HHEIE
MHTEpEaN NepeMeHHoN 1 $B$2:4E$11
MHTEpEaN NEpeMEHHOH 2: $C$2: 40515

[HNOTETHYECKSA CPEAHAA PASHOCTE:! 1]

Aneda: | 0,05

MapamMeTpkbl BRIB0Aa

(%) BiixoaHof MHTEpEaN! $E$3
() HoBbIi pafioumil mkcT:

(") Hogaa pafioan kHvra




feyxaniGopouHbik t-TECT, € pa3AHUHEIMH JHCNE PCHAMH @

Ex0aHBE AaHHBIE

MHTEpEaN NEpeMeHHoN 1: $E$2: 56511 B -OK
VMHTEPEAN NEPEMEHHOM 2 $C42: 40415 B
[CHNOTETHYSCKaA CReAHAR PASHOCTE! i
MeTkK

Aneda: 0,05

MNapaMeTpkl ERIEDA
(%) BelxoAHOM HHTEpEAN! +E$3 B
() HoBblii pafioumi HeT:

(") Hoean pafiouan gHHRE

Puc. 19
HeyHERIBOPOUHEIR t-TECT © 0AUHAKOBEIMA NeyxErIBopodHEIR t-TECT © paznuyHEIMKY
AHCNepCHARK JAHCNERCHAMK
Cmapoid Hosrul Craapeill | Hoewd
RpeRapam | Rpenapam REeRapam | npenapar
CpegHes 307 304 B2 CpenHea 307 304 B2
Hucnepcua 15 2,09 HAucnepcua 15 209
Hafnmaenua g 13 Hafniogenua g 13
OfbeaMHERHaA runoTeTMyeckan
AMCAEpCHA 1,85 HESHOCTE 0
[MnoTeTuyeckan df 19
PAZHOCTE 1-CTATHCTHRS 417
CHELHHK a PT==t)
df 20 OAHOCTOPOHHER 0,0003
t KpUTHYECKOR
}:'.':TaT”':T” kA 4,04 0HOCTOPOHHER 1,73
o=

0 (—LDEED OHHEE 0,0003 PT<=1)

A R . LEYXCTOROHHER ,0005
1 KpHTHYBCKDE t kpuTMuECKDE
OOLOETOPAHREES 1.72 ABYHCTOPOHHES 2,08
P(T==t)
JAEYHCTOPOHHEE 0,001
1 KpHTHYECKDE
JEYHCTOPOHHEE 203

Puc. 20

Tak Kak ¥ B IepBOM, U BO BTOPOM BapHaHTE pacuera nokaszarenu t-cmamucmuxu = 4,04 u 4,17
COOTBETCTBEHHO IpEBbIIIANU ¢ - KpuTHueckoe = 2,09 to runoresy Hy: a,=a, orBepraem, T. €.
IIPH [IePEX0/1€ Ha HOBBIN JIC3MHPUITMPYIONIHIA TpenapaT MPOUCXOAUT YMEHBIIIEHUE €T0 CPEIHETO
pacxoza Ha 06paboTky 100 M.

PaccMoTpeHHBI€ BhIIIIE TPOLIEAYPHI CPABHEHHSI IBYX BEIOOPOK YaCTO IPUMEHSFOTCS ISl OOHa-
PYXEHHS pe3yibTaTa Kakoro-1u00 BO3JCHCTBUS MO0, HATPOTHB, IS IOATBEP)KICHHS €ro OT-
cyrcTBus. UeM 6osiee OMHOPOTHBIMU OKAXKYTCSl BRIOPAHHBIE /IJIsl IKCIIEPUMEHTA OOBEKTHI (151
KOHTPOJISI U BO3ACUCTBUS ), YeM MEHBIIE UX CIYyYallHbIC PA3JIN4Hs, TEM TOYHEE MOXKHO OyIeT



JaTh OTBET Ha IMOCTABJICHHBIN BOMpoc. SICHO, YTO pa3nuyue MEeKIy 00beKTaMu, BRIOPAHHBIMU
JUTSL BO3JIEHCTBUS U A1l KOHTPOJIA (WK JJ1 ABYX Pa3HbIX BO3/EUCTBUHN, €CITU MHTEPEC Mpe-
CTaBJISIET UX COMOCTABIICHNUE), OYJeT HAUMEHBIITNM, €CJIH B 000MX Ka4eCTBaX BBICTYIAET OJIUH U
TOT K€ OOBEKT.

Ecnu 5T0 BO3MOXXHO, TO 1ajiee OOBIYHBIM OPSIKOM COCTABIISIETCS TPYIIIA SKCIIEPUMEHTAIBHBIX
00BEKTOB M 3aTeM ISl KAXKJIOT0 00BbEKTa U3MEPSAIOTCS 1Ba 3HAYSHHsI MHTEPECYIOIIEei Hac Xapak-
TEPUCTUKH (HAIIPUMEP, 10 BO3AECHUCTBUS U MOCJIE WIH MPHU ABYX pa3HbIX Bo3AeicTBUAX). Tak
BO3HUKAIOT Maphl HAOJIOIEHUH WIIM TApHbIE TaHHBIE.

[lycTh x; U y; — pe3ynbTaThl U3MEPEHUN 111 00beKTa HOMED i, i= 1, ..., 1, T1€ 1 - YUCIIEHHOCTh
AKCIIEPUMEHTAILHOM rpynibl (4uciao 00beKTOB). Toraa COBOKYIMHOCTh Map CIy4aiiHbIX BETH-
YuH(X}, V7)., (Xn ... Vu) OOpazyeT napHelie qanHbie. Kak 00bIYHO, BCe HAOMIOACHMS OyIeM CUU-
TaTh pealn3alusIMU CIy4allHbIX BEJIMYMH U MperosaraTs, 4To METOAMKa dKCIIepuMeHTa odec-
MEYNBACT WX HE3aBUCUMOCTb I Pa3HbIX 00heKTOB. HO HaOMIOACHMS, BXOISIINE B OAHY Tapy,
HEJb35l CUNTATh HE3aBUCUMBIMH, TOCKOJIBKY OHU OTHOCSITCSI K OJTHOMY M TOMY € O0BEeKTYy. ITH
JIBa HAOJIOJICHUS OTPaKAIOT CBOIMCTBA OOIIEro Ik HUX HHIUBUIYaThHOTO 00BEKTa U IOTOMY
MOTYT 3aBUCETh ApYT OT Apyra. [{ns map naGmronenwuii (x;, y;) BBeieM BEIHUUHY Z; =Y,- X7, KOTO-
pyro OyleM CUMTaTh HE3aBUCUMOM M HOPMAJILHO pacmpeesieHHoi. TemM caMbIM 3a7a4a o mnap-
HBIX JAHHBIX CBOJIUTCSA K 3a/1ade 00 0HON HOpMaNbHON BBIOOpKE MPU HEU3BECTHON AMCIIEPCUH.
Pexxum paboth! «IlapHbIit IBYXBBIOOPOUHBIH t-TECT IJISI CPEAHUX) CIYKUT JJIsi IPOBEPKHU THIIO-
TE€3bI O PA3NIMYUU MEXIY CPETHUMHU (MaTeMaTHYECKUMU OKUAAHUSIME) JBYX HOPMAJIbHBIX pac-
MpeJIeICHU Ha OCHOBE TIAPHBIX BEIOOPOYHBIX JaHHBIX. [Ipu 3TOM paBEeHCTBO IUCIIEPCHIA TeHE-

palIbHBIX COBOKYIHOCTEH He npemonaraetes (Cx# € ). B 1uanoroBoM oKHE JAHHOIO PEXHUMA
3a/1al0TCs TTapaMeTphl, aHAIOTUYHBIC TTapaMeTpaM, 3a/1aBaeMbIM BBIIIIE.

Ipumep. [IpoBoanIv KIMHUYECKUHN SKCIEpUMEHT. M3Mepsiiin apTepualibHOE 1aBJI€HUE Y TPYII-
Bl TTAIMEHTOB B HAaYalle JICUeHUs IperaparoM U B KoHIle. VICX0JHbIe JaHHbIE U PEe3yIbTaTh
pacyeToB MpUBEACHBI B TabnuIe, chopmupoBannoit B MS Excel (puc. 21). TpeboBanock npose-
PUTh, IOBJIHSLI JH MTpeTnapaT Ha YPOBEHb apTePHATILHOTO TaBIICHUSI.

Kak BuOHO U3 pe3ynbTaToB pacuera mnokazarenb t-cmamucmuxuy =0,96 mpeBbluai f -
Kputuueckoe = 2,26, nosromy runore3dy Hy:a,=a, npuHumaem, T. €. JeHCTBUE Mpenapara HE
MIPUBEJIO K YMEHBUICHUIO CPEAHUX MTapaMeTPOB JaBICHHUS.

YpoEeHE | YpoeeHE
ALl e Ale
Homep | ¥poeeHe AL E | ¥poeeHe AL E Hauane | KoHUe
HCTORHKH HaYane KOHLE ARCMERHM [ 3RCNEDHM
BONEzH | AKCMNEQUMEHTE | AKCNEAUMEHTS ik EHTA
H FI CpegHes 1521 1505
1 145 140 HOucnepcua 184 1 1803
3 140 140 HabngeHna 10 10
Koppenauua
3 151 160 MupcoHa 092
4 175 165 FWnoTeTHYeCkan
o 135 130 PASHOCTE CPEHMX 0
B 150 145 ff - gg
7 165 160 F‘,gjl”ﬂ'“”"a -
g 170 175 OAHOCTOROHHEE 0,18
9 150 155 t KpMTHYECKDE
10 140 145 OAHOCTOROHHEE 183
P(T==t)
JEYXCTOPOHHEE 0,36
1 KpUTHYECKDE
JEYXCTOPOHHER 226

Puc. 21




5. CraTncTnyeckue MeTO/AbI H3y4eHUsI B3aMMOCBsA3ei SIBJICHUH M IIPOLeCCOB

Koppeassunonnblii ananu3. Kparkue cBeJleHUs1 U3 TEOPUM CTATHCTUKHU

B 5KOHOMMYECKMX MCCIIEIOBAaHUAX OAHOW W3 BAXKHBIX 3a7ay SIBJISETCS aHAJIU3 3aBHCHUMOCTEU
MEXYy HM3Y4aeMbIMU IMEPEMEHHBIMU. 3aBUCHUMOCTh MEXIY MEPEMEHHBIMH MOXKET OBITH JINOO
(GyHKIIMOHAIBHOU, TUOO0 CTaTUCTHUYECKOM. J[J1 OIIEHKM TECHOTHI M HANpPABIEHUS CBA3U MEXKIY
M3y4aeMbIMU TIEPEMEHHBIMH MPU UX CTOXACTUYECKON 3aBHCHUMOCTH IMOJb3YIOTCS MOKAa3aTEIsIMU
KOPPEJISALIHH.
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Puc. 22. 3aBucumocTs pyHKIIMOHANBbHAS (2) M cTaTHCTHYecKas (0)

B 1889 r. ®. I'onToH BhICKa3ai1 MBICTH 0 KO3 PHUIIUEHTE, KOTOPHIH MOT ObI U3MEPHUTH TECHOTY
CBSI3M MEXKAY ABYMsI KOppenupyeMbpIMu Ipu3HakaMu. B Hauane 90-x rr. XIX B. IIupcon, On-
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KBOPT U Bennon nmonyunnu hopMyny TuHEHHOTO KOd(DPHUIIHEHTa KOPPEITSIIHH: “xy
JlnHeHbIH KO3 PUITMEHT KOPPETAIUN XapaKTepU3yeT CTEeIIeHb TECHOThHI HEe BCAKOMU, a TOJIBKO
JIMHEMHOM 3aBUCUMOCTH. JINHEHHAs BEPOSITHOCTHAS 3aBUCUMOCTD CIIy4alHbBIX BEJIUUUH 3aKJIIO-
YaeTCsl B TOM, YTO MPHU BO3PACTAHUM OJTHOM CIIy4aifHOM BEJIMUMHBI Ipyras UMEET TeHICHILIUIO
BO3pacTaTh (WM YOBIBaTh) MO JUHEHHOMY 3aKOHY. JTa TCHACHITUS K JTUHEHHON 3aBUCHMOCTH
MOKET OBITH O0Jiee WM MEHEe SIPKO BBIPAXKEHHOM, T. €. 60Jiee Wil MeHee TPUOIIKATHCS K
dbyHKMoOHaTBHOM. Ecnu cimydaitnbie BenmnunHbl X B Y CBSA3aHBI TOYHON JTUHEHHOW (yHKITHO-
HAJIBHON 3aBUCUMOCTBIO y=ax+b To r,=+1. B 00miem cinydae, koraa BeTUIuHb X U Y CBSI3aHBI
MIPOU3BOJILHOM BEPOSTHOCTHOM 3aBUCHMOCTBIO, IMHEWHBIN KO (PUITUEHT KOPPEISAIIUN TPUHU-
MaeT 3HaueHue B npeaenax -1 <ry, <1, Torna kauecTBeHHasi OLICHKA TECHOTHI CBSI3U BEJIU-
yuH X ¥ Y MOKeT OBbITh BBISIBJICHA HA OCHOBE IIKaibl Yenmoka (Tadm. 1).

Tab6muna 1

TecHoTa cBs3U 3HavyeHue ko3 punmenTa Koppessuy Ipyu HATHIUU:

IPSIMOM CBSA3H o0paTHOM CBSI3U

Cnabas 0,1-0,3 (-0,1)-(-0,3)
YMepeHHas 0,3-0,5 (-0,3)-(-0,5)
3ameTHas 0,5-0,7 (-0,5)-(-0,7)
CuiibHas 0,7-09 (-0,7) - (-0,9)
OueHb cunbHas 0,9 -0,99 (-0,9) - (-0,99)



Pacuer ko3¢ punnenta xoppenssuun. TexHonorus padorTsl.

Pexxum pabotsl «Koppensiusy npeqHasHaueH s pacde-
Ta 2EHEPAILHO20 N 8b100POUH020 KOI(PDHUIIMEHTOB KOPPETSAIMHA COOTBETCTBEHHO Ha OCHOBE T'e-
HEpaTbHBIX U BIOOpOUHBIX AaHHBIX.IIpumep: Ha pabouem nucte Excel chopmupoBana Tabmuna
(puc. 23). U3y4anach 3aBUCUMOCTb MEK/y PAaCIpOCTPAaHEHHOCTHIO HAPKOMAHHH, PECTYITHO-

CTBIO M YPOBHEM 00pa3oBaHMs B HEKOTOPHIX roponaax Poccuu. ITo BEIGOpOUHBIM JaH-

HBIM, IPEJICTABJICHHBIM B Ta0JHIle, TpeOyeT-
CA YCTaHOBUTH HAJIMYHUC B3aNMOCBA3U MCIKIY
TIOKa3aTeI MU

. Puc. 23

3HaYeHUE MapaMeTpoB B TUAIIOTOBOM OKHE H
[OJy4YCHHad KOPpCIALIHMOHHAA MAaTpHlla BbI-
TJBISIT CIEAYIOIM oopasoM (puc. 24).

Koppenauma @

ExoaHblE faHHeE
- 84
BxoAHOH MHTEREAN: $B42:$F44|
[ pYNMHpOEaHHE: ) no cTonfuan
o core
MeTKH B NEpEOM CTONGLE
MNapareTpkl BRIEDAE
(%) Belx0AHOM MHTEPEAN: $H$1
() HoBbIF pafioumi MeT:
(") Hosan pafioan kHHra
Facnpoctp |MpecTynHocTe | YpoBeHE
AHEHHOCTE | CEAZ3HHAA C EIEFIESEIBE
HAPKOMAHKA | HIPEOTHES MK HKWA
FacnpocTpadeH
HOCTE
HApKOMIHAK 10
MpecTynHocTe
CEAZAHHAA C
HAPKOTHEAMA 093 10
¥poeeHe
ofipazoeaHua 076 086 10
Puc. 24

A B c D
- FacnpoctpaH | [TpecTynHocTe REELT
opoga EHHOCTE CEAZAHHAR C
nfpazoeaHKA
1 HAPKOMAHWH | HADKOTHES M
2 A 3135 1262 735
3 =] 355 146 730
4 B 434 5 2053 715
5 r 509 4 1868 725
) il s01 4 2052 705
7 E 2706 114 .4 730
g e 300,65 17,8 730
9

Kak BUIHO U3 KOPPEISIIMOHHON MaTpUIbl HA PUC. 24, MEXKy MapaMH BCEX HUCCIIEYEMbIX MOKa-
3aTeNIed CYLIECTBYIOT CTOXAaCTUYECKUE CBA3U. XapaKTep BCEX BBIABICHHBIX CBA3EH PAa3IM4eH U

COCTOMT B CJICYIOIICM:




CBsI3b «TIPECTYMHOCTD, CBSI3aHHAs ¢ 00OPOTOM HAPKOTHUKOB» U «PaCIPOCTPAHECHHOCTh HapKOMa-
HUWY SBIISCTCS TOJIOKUTEIHPHOU M OY€Hb CHIIBHOM (7, = 0,93), CBA3b «ypOBEHb 00pPA30BAHMSY —
«YPOBEHb MPECTYMHOCTW» SBIICTCS CHIIBHON U 00paTHO (7, = -0,76), T. €. ¢

MOBBIIICHHEM YPOBHS 00pa30BaHUSl ypOBEHb MPECTYIMHOCTH YMEHBIIAETCS; CBSI3b «YPOBEHb
0o0pa3oBaHUI» - «PaCIPOCTPAHCHHOCTh HAPKOMAHUW» TAKXKE SIBIISETCS CHUIBLHOW M OOpaTHOM
(rey= - 0,86), T. €. C yBEeIMYCHHEM YpPOBHs 0OOpa30BaHUsS PACIPOCTPAHCHHOCTh HAPKOMAHUHU
YMEHBIIIAETCSI.

CTaTucTHYECKyYIO OLIEHKY KO3(QUIMeHTa TapHOil KOPPESAIUN MTPOBOIAT MIYTEM CPABHEHUSI €TI0
a0COFOTHOW BETMYMHBI C TAOJMYHBIM (MIJIM KPUTUYECKUM) TTOKA3ATEIIEM 7y, KPUT, 3HAUCHUS KO-
TOPOTO OTBICKMBAIOTCS U3 CHEIHAIbHON Tabnuibl. Ecnu okaxeTcs, 4To 7y, pacd = ry, KPUT, TO C
3a/IaHHOM CTENEHBIO BEPOSTHOCTH (0OBIYHO 95 %) MOKHO YTBEPKIATh, YTO MEXKIY pPacCMaTpH-
Ba€MBbIMH YHUCJIOBBIMH COBOKYIHOCTSIMU CYIIECTBYET 3HauuMMasi JIMHEWHas cBa3b. Wnu mo-
JIPYroMy — THUIOTE3a O 3HAYMMOCTH JIMHEWHOW CBSI3U He oTBepraeTcs. B cimydae ke oOpaTHOTO
COOTHOILIEHUS, T.€. MPH 7y, pacu < ry, KPUT, JENaeTcs 3aKiIl04eHHe 00 OTCYTCTBUU 3HAYMMOU
cBsa3u. Tak, B HameM npumepe ry, Kput = 0,754, mo3ToMy ¢ BEpOITHOCTbIO 95% MBI MOXKEM To-
BOPUTh O JIOCTOBEPHOW JIMHEMHOW CBS3U  MEXKIYy H3y4a€MbIMH  IOKa3aTeJISIMHU.
YacTo KOppEensaIuio U MPUINHHYI0 00yCIOBIEHHOCTh CUUTAIOT CHHOHUMAaMH. JTOT TE3UC UMEET
orpeziefieHHbIE OCHOBAHUS, TOCKOJIBKY €CJIM He4TO SBJSeTCS MPUYMHON 4ero-nudo Jpyroro, To
MO>KHO TOBOPHUTH O CBSI3M MEPBOTO W BTOPOTO U, CIIEAOBATEIHHO, 00 MX KOPPEIHMPOBAHHOCTH
(Harpumep, AeWCTBUE U Pe3yNbTaT, MPOBEPKA U KaueCTBO, KAMUTAJIOBIOXKEHUS U MPUOBLIb, OK-
pyXarorias cpeaa u mpuObLIb).

OpHako KOppensuus MOXeT ObITh U 0e3 MPUYMHHON 00YCIIOBICHHOCTH. JTO MOXKHO IpeIcTa-
BUTH TaK: KOPPEJSAIHS — JIMIIb YUCIIO, KOTOPOE YKA3bIBAET HA TO, YTO OONBIINM 3HAYEHUSM Of-
HOM TIEPEMEHHOU COOTBETCTBYIOT OOJbINNE (MU K€ MeHbBIINE) 3HAYCHHS IPYroil epeMEHHOM.
Koppensmus e MOXeT OOBSICHUTD, nouemy ITH JBE MEPEMEHHBIE CBsI3aHbI Mexay coOoi. Tak,
KOPPEJALHS He OOBSACHSET, TTOUYEMY KalUTAIOBIIOKEHHUS TIOPOXKIAIOT MPUOBLIL (MM HA000POT).
Koppensmus mpocTo KOHCTaTUPYET, YTO MEXKAY STUMHU BETUYMHAMU CYIIECTBYET OIpeIeTICHHOE
cootBercTBHE. U He Oonee Toro.

OpHUM U3 BO3MOYKHBIX OCHOBAHHH /ISl CYIIECTBOBAHUS «KOPPETSIUU 03 MPUUNHHON 00yCI0B-
JICHHOCTU» SIBJISIETCSl HAJIMYME HEKOTOPOTO CKPHITOr0, HEHAOII0JAEMOro, mpemve2o ¢hakxmopa,
KOTOPBI «MAaCKUPYETCs» O] APYTYIO MepeMeHHy0. B pe3ynbrate GpuKcHpyeTcs Tak Ha3bIBae-
Masi «10JHCHASL KOPPENAYUY.

B kauecTBe CTaTUCTHYECKOTO MOKA3aTENs MOKET OBITh UCTIOJIB30BaH TAKKE KO3pduyuenm (ur-
dexc) demepmunayuu (npuyunrocmu) R*, KoTOpBIi paBeH KBapaTy Ko3hdUIHEeHTa KOPPEISIIHI
(). OH TOKa3bIBaET, B KAKOI MEpe H3MEHIHBOCTD ) (Pe3yIbTATHBHOTO MPH3HAKA) OOBACHICTCS
noBe/icHuEeM x ((paKTOpHOTO TMpU3HAKa), WIM WHAYe: Kakasg 4YacTh OOmeld HW3MEHYHBO-
CTH ) BBI3BaHA COOCTBEHHO BIUSHUEM X. DTOT IMOKA3aTelb BEIYUCISETCS MyTEM IMPOCTOTO BO3BE-
JeHUs B KBajapaT KodpduimenTa koppenasiuuu. TeM caMbIM 105151 U3MEHYMBOCTH ), OIpeesie-
Masi BBIpOKCHUEM 1—R2, OKa3bIBaeTCsl HeoObsicHeHHOH. KoadduiueHT merepMuHanuu R? TUTS
Halllero Ipumepa paBeH 0,93°=0,865 nnu 86,5%. Bennmumua mokasarens CBUJIETENILCTBYET O
ToM, uT0 86,5% (Bapuanuu) pacrpoOCTPAHEHHOCTH HAPKOMAHUU OOBSCHSIOTCS YPOBHEM IIpe-
CTYITHOCTH, CBsi3aHHOM ¢ HapkoTukamu. OctanbHble 13,5% 0OBACHAIOTCS KaKUMH-TO APYTUMU
MpPUYUHAMH.

Bennuuna storo koadgdunnenta mensercsa B npeaenax ot 0 qo 1. Yem Ommke oH K eIMHHMIIE,
TEM, CIIeZIOBAaTeIhHO, MEHBIIIEC B HAIICH MOJIENH MpoIlecca BIUSHUE HEYUTCHHBIX (DAKTOPOB.




1.4 Jlekuus 6 (2 4.)

TeMa: DkcriepTHbIC OIIEHKH B MPUKIIAIHBIX HCCIICIOBaHUSAX. PaHTOBBIN KOd(pduIreHT Koppessiuun. Ko-
3¢ punreHT KOHKOpAAUY ISl OLIEHKH COTJIACHS SKCIEpPTOB. MeTOo ] MapHBIX CPaBHEHHN B YCIOBHUSX He-
papxum.

1.4.1. Bonpocel JieKnuu:

1. Konkopnanus
2. PanroBast Koppesius.
3. Teopus 1 IpaKkTUKa SKCIEPTHBIX OLIEHOK

1.4.2 KpaTtkoe coaep:kaHue BONPOCOB:

Konkopaanus

AHruiickuM cratuctTukoMm KenaemioM ObuT ipeaioskeH ko3 dunueHnT (kodhdumenT KoHKop-
ALK ) TTO3BOJISIONIMNA OIIEHUBATH CTENIEHb COTNIACOBAHHOCTU MHEHMUI 3KcnepToB. byayuun Teo-
peTrudeckr 000CHOBaHHBIM, OH MTO3BOJISET C IOCTATOYHOMN CTETIEHbIO YBEPEHHOCTH CYAUTH O CO-
IJ1aCOBAHHOCTU MHEHMH 3KCIEPTOB B HEKOTOPOU IPYIIIIE.

[Tycth nansl pe3yapTaThl onpoca M 3KCIEpTOB OTHOCUTENHEHO NOOBEKTOB KaXKIOMY, U3 KOTO-
PBIX OHU IPUIHUCHIBAIOT ONPEICICHHBIN paHT.

ObBERTH
SKCHEPTLI 1 2 ] N
1 il Xz | e L ST i
2 Xop | 22 | ... ng ..... Xow
1 il | E2 | Xij | eeeee XN
M XMI XME ..... XMJ ..... XMN
128 A 1

W= S=YT1) x, —EM(N +1)7?
M (N"=N) r1re [ W- K03 OHUIMEHT KOHKOP/IAINN

W=1 npu nosHoM coriacuu 3KCIepToB
W=0 npu paccoriacoBaHHOCTH MHEHHI KCIIEPTOB.

Kenmaniaom ObuT HaliieH 3aK0H pacnpeaeneHus W Kak ciaydailHON BETUYHHBI, T.€. B MPEITOJI0-
KEHUH, YTO PAHTH BCEM O0BEKTaM MPHUITUCHIBAIOTCS CIy4aifHBIM PAaBHOBEPOSTHBIM CIIOCOOOM,
T.€. YTO Jr00ast KOMOMHAIMS PaHTOB U3 BO3MOXHBIX n! paBHOBeposTHA. Torjaa Kak 3To MPUHSITO
B MaT. CTATUCTHKE BBIYUCITHUB W ya6m0nenmoe MOYKHO TIO CHICIIHATBHBIM TA0JIUIIaM HANUTH BEPOSIT-
HOCTB COOBITHSI P (W>W,,6,). Eciii 5Ta BepositHocTh Mania (P(W>W .6, )<a, T€ 0- Hamepes 3a-
JTaHHOE YK CcIo, 00b19H0=0,5 ), TO CYUTAIOT, YTO COTIIACOBAHHOCThH JJOCTATOYHO BBICOKAS, a B IIPO-
TUBHOM CJIy4ae CUUTAETCs, YTO HET OCHOBAHUI TOBOPUTH O XOPOILIEH COrIaCOBAaHHOCTH KCIep-
ToB. Pacnipenenenne W TaGyarpoBaHo TOJIBKO a7t HeOobpmux 3HaueHuit N(1-10), npu 60:b-
mux N cimydaiinas senmmunaa W*M(N-1) umeeT pacnpesienieHre aCMMITOTHYECKH OJTM3K0E K
pacIpeneeHuo X2 C YUCIIOM cTeneHel cBoooas! V=N-1.



3ameuanme. lHOr1a 3KCTIEPT 3aTPYAHACTCS OTAATH MPEANIOUYTEHHE OJTHOMY OOBEKTY IIepea apy-
TUMH U IPUIHICHIBAET ABYM WIH Oojiee 00beKTaM OJMHAKOBBIE paHru. B Takux ciydasx hopmy-
na Ju1st BelurciieHuss W puHUMaeT

L 1225 T - _ 3 P
wogoe+ F 2 — = —>» (7 — Y7
- - 1D Lot = S ST
AN — NY_TIONT S I LS
~ e ‘ o 1
BUI. =1

t(l)j— YHCIIO OAMHAKOBBIX PAHTOB MOCTABJIEHHBIX 1-bIM 3KCIIEPTOM.

Ipumep. OT i-ro SKCHIEpTa MOTyUYEHHI cieayronue paaru LIN=10, 14444488810,
torma Ti= 1/12(5°-5+3%-3)=144/12=12

B ciydae coBnagenus panroB u 6oibiux N ciiydyaiiHas BeIMYMHA anpokcuMupytomias W pac-
TpeIeNeHNs § 6y/IeT PACCUHTHIBATHCS TOXKE HECKONBKO HHAYE:
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HpuMep HA OYEHKY cocn1acoeanHocmu.

[TycTh 5 skciepTaM OBLIO IPEATIOKEHO MTPOPAHKUPOBAThH 7 (PAKTOPOB BIUSIONIMX HA TEXHOJIO-
THYECKUil pornecc. Pe3ynbTaTsl pecTaBieHbl B TAOIULIBL:

SKCIIER
TEHL

FarrTopm

Lh s o) ma o—

— Ly =] o e |
| R S o I
O LR SR -] on |
B SO s S R
[N T N N T WP TS () L]
L S B R W R VI =]
a2 ) s Lk (=]

M=5 N=7
S=(13-20)*+(8-20)*+(30-20)*+(24-20)*+(21-20)*+(27-20)*+(14-20)*=368
g 12*368 — 0,526
257*(49—1)
S.p=343,8 mpu 0=0,01
Ecnu Sgacn >SKp ,TO MHCHHS 3KCIIEPTOB COTIaCOBaHbI YIOBICTBOPUTEIBLHO.

Panrosas xoppemsiuus. (Koapdunuent xoppensiunn Kenpanna.)

[Ipu HEYOBIETBOPUTEIBHOM COTIIACOBAHHOCTH OTBETOB HKCIEPTOB HE0OX0AUM Oosiee moapoo-
HBII aHanmu3. B wacTHOCTH, clieyeT BBIICHUThH KaKue TPYIITBI SKCIEPTOB CUIIBHO PACXOAATCS BO
MHEHUSX, KaKHe HeT. 3/1eCh, HalPpUMEP MOXKHO MUCCIIE0BATh KOPPEISILIUU MEXY CYKICHUSIMH
AKCTIEPTOB B Kak10i mape. Takux map Oyaer C?\, rae N- ancio skcrnepToB. HanomHuM uto
OOBIYHBIN BBIOOPOYHBIN KOAPPHUIIMEHT KOPPEISLUN MEXKAY ABYMsI CIyJaliHBIMHU BETMUYUHAMU X
nY MpeACTaBICHHBIMH BBIOOPKOH (X1,Y1);(X2,¥2)...(Xn,Yn) BRIUUCISAETCS TIO hOpMYIIE:



R = i—i
g *o. .
g (1), toex;,yi- 2JIEeMEHTBI BHIOOPKH M3 CIIy4alHBIX BEIMYUH X U Y UMEIO-
1 n 41 n

_ N _ AN
A=—7 X ¥y=—7%

s n = n =

X HOpMATbHOE pacIipesielieHne, <> > - cpeIHIE BEIOOPOYHBIC T Csi
- = 1 - 1
I = —_ = I —— —_ L=
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hb'¢ L L . \"7i 74 My L \J i J I 4

a Ox M Oy— CTaHAAPTHBIC OTKIIOHCHMA BI:I60pKI/I N

B MareMaTudeckol CTaTUCTHKE TOKa3bIBaeTCs, yTO Kod(dduimeHTt koppensuuu R u3mepser cu-
7y (TECHOTY) KOPPESIMOHHON CBSI3U (YaCTHBIN CITydail CTOXaCTHYECKON 3aBUCUMOCTH ) MEXKITY
CIIy4aliHbIMU BeJIMUMHAMU X U Y KOrJa C K3MEHEHUEM OJTHOU CIIy4allHOM BEJIMYUHBI MEHSAETCS
YCJIOBHOE MAT. 0XKHUJAHHUE APYTOM CIIy4alHOW BEJTMYUHBI.

Kpome Toro: 0<|R|<1: R>0- monoxutenpHas koppensaius, R<0- orpuniarenbHas KOppeIsius
R=0-XuYHe xoppenupoBannbl; R=+1-XuY cBsi3aHbl GyHKIINOHATHHO

3ameTuM 4TO (QYHKIIMOHAJIbHAS 3aBUCUMOCTD, €CTh YaCTHBIN Cydal cToXacTudeckoil. B obmem
ciyuae, yem Oosbiie, [R| Tem Gosnbliie cuia KOppensuoHHOM cBsi3u Mexxay X U Y. B matemaru-
YECKOM CTaTUCTHUKE CYIIECTBYIOT KPUTEPHUH MO MPOBEPKE 3HAYMMOCTH BeimurHbI R. [1pu 3Ha-
9UMO OONBIIIOM R CTpOST ypaBHEHUS perpecCcuu M YTOUHSIOT €ro THI (JTMHEHHOE, KPUBOJIMHEH-
HOC M T.[I.)

NHHeAHGE KpHECIHHCAHOE

[TomuepkHeM, YTO BCE 3TO CHPABEIMBO KACAETCs JAHHBIX MMOJYYEHHBIX B @OCOIIOTHOM LIKaie
U3MEPEHUH, U CTPOrO TOBOPSI, HEIMPUMEHUMO K JPYTUM IIKAJIaM.

Kennenn ckoHCTpyHpoBall CBOM paHTOBbIM KO3(DPUIIMEHT KOPPESAIUH, UCIIOb3YS IOHSITHE UH-
BEPCUU B IepecTaHOBKe paHroB. Hazosem r000e B3aMHOE pacroyioskeHrue N— HaTypalbHBIX
yuced, nepecranoBkoi. Hanpumep: N=5 21534 unu 15423

Bynem HasbiBaTh mepectanoBky 123... N- mosHbIM nopsakoM. Bynem roBoputs, uTo modas napa
qucell (IiTj) B KOTOPOil I>Tj HapylIaeT MOpsAA0K WM JaeT HHBepcHIo. B o60ii nepecraHoBKe
MOYHO ITOACYUTATh YMCII0 HHBepcuil U.

Hanpumep: N=8 23154867U=5

EctectBenno Ha3BaTh nepectaHoBKy N, (N-1), (N-2).... 321 nmonHbM 6ecniopsigkom. Yncno uH-

N(N -1
U=U,,, =YD
BEpCHii B HEM PAaBHO 2
KeHaJ1 Mpe/UTOKII CIIELYIONIHe BRIPAXKEHHE IS PAHTOBOTO KO (PUIMEHTA KOPPEIIAIIHN:
AU
R ,=1-— 2
N(N—1)

Bce 3ameuanust OTHOCUTENHHO 00JIacTH M3MeHEeHHs Rk, aHamornyse cnyqaro Rs.

O1neHKa 3HAUUMOCTH T.
[Ipu N<10, 3HaYMMOCTh OIICHHBAIOT MO crenuadbHbiM TabmunaM. [Tpu N>10,Rgxopomo amn-
MIPOKCUMHUPYETCSI HOPMAIBHBIM PacTIpe/Ie]ICHUEM M OIEHUBAETCS CISAYIOIHUM 00pa30M, BBIYHC-



nsercs VIRV Y e Zyxp— OXHOCTOPOHHSISL KPUTHYECKAs TOYKA CTaHIAPTHOIO
e . 1-2@
DIz 0=
HOPMaJIbHOTO  pachpefeieHusi JUIi  YPOBHS  3HAYMMOCTH 0,  T.C. z
. i P =
D7) = o2t
D(z}=———1e % dt
1270 7.
a Vet - pynkuus Jlamnaca.

Ecmu Rgyasn >Tkp— COMIIACOBaHHOCTH XOPOILIAS.
Ecmu Rxpasn <Tkp— COIrIacOBaHHOCTD IJIOXAas.
Ilpumep:

10 00bEKTOB OTJIAaHBI Ha SKCIIEPTHU3Y 2-M IKCIIEPTaM.

DBLEETH Pauru 1-ro Papru 2-ro
1 1 3
2 2 4
3 3 1
4 4 2
5 5 ]
& & 5
7 7 10
9 & &
G 9 9
10 10 7

U=2+2-+3+3+1=11
0=0.05 cornacue ynosnerBopurenbHo; 0=0,01 cornacust et
Teopusi M NPAKTHKA IKCHEPTHBIX OL[EHOK
[TonydeHue rpymnmoBoro MHEHHS SKCIEPTOB 3TO TOBOJIBHO MUPOKAS U HEMPOCTAsl MporpaMma
MEpPONPUITHIA, TpeOyIoIlas OT OPraHU3aTOPOB BHICOKON KOMIIETEHTHOCTH U OOBIYHO HEMAJIBIX
3aTrpaT BpeMeHHU U cpeAcTB. [03TOMy HelpaBUIIBHO OPraHU30BaHHAS IIPOTPAMMAa IKCIEPTU3BI
MOJKET, MOTJIOTUB CPEACTBA U BpEMS, HE JOCTUYb MOCTaBICHHOM IIEJIH.
[IporpamMma sKcriepTHOTO ompoca TpedyeT KOMITJIEKCHOTO CHCTEMHOTO MOX0a U MPEIIoiaraet
CJIEYIOIIYIO TOCIEA0BATEIBHOCTh Pa0OT: POPMYIUPOBAHUE 1IEJIN IKCIEPTU3BI U OINpeIeICHHE
HabOpa aTbTEePHATUBHBIX BAPHAHTOB OLICHUBAEMBIX 00BEKTOM COOBITHH WK (HaKTOB; (HhOpMHUPO-
BaHUE SKCIEPTHOM rpymisl; GopMyIrpoBaHUE MPaBUI pabOThI SKCIIEPTHON TPYIIIBI C OpraHu3a-
TOpaMU IKCIEPTU3HL; (HOPMYIUPOBAHKE MTPABIII BEIPAOOTKH TPYIIIOBOTO (KOJIEKTUBHOTO) CYXK-
JeHUs dKcnepTHOU rpynmbl. COBOKYIHOCTh BCEX ATHX ATANOB, CBA3aHHBIX B €JMHOE 1eJI0€ U 00-
pa3yeT cucTeMy 3KCIEPTHBIX OLEHOK.
Ha nepBom stamne ¢popmynupyercs 1enb (WK e ), a TAK)Ke BO3MOXKHbBIE aJIbTepHATUBHbBIC Ba-
PHUAHTBI CPEJCTB ISl JOCTHKCHUS UX IIETTH, KPUTEPHH, IO KOTOPBIM MOXHO CYJIUTh O CTEIIEHU
JnocTrkeHus 1enu. M Bc€ 3To JOMKHO ObITh T0BEICHO A0 CBEACHUM SKCIIEPTHOMN TPYIIIHI TOCIEe
e¢ popmupoBaHusl.
IMpuHuunsl popMUpoOBaHMS IKCIIEPTHOH IPYNIIbI
Od4eBUIHO KPUTEPUSMU JJIs1 BEIOOpA TOTO MM MHOTO DKCIIEPTa SBISIOTCS Takue, Kak cepa mes-
TEIbHOCTH, YU€Has CTENEHb, CTaX padOThI, HEMPEIB3SATOCTh, TOTOBHOCTh HCKPEHHE COTPYIHU-
4aTh, YMEHHE OTCTAUBATh CBOIO TOUKY 3PEHUSI, IPOSBIISATH JOCTATOYHYIO THOKOCTh, HE OBITH YII-
psAMbIM. ECTh HECKOJTBKO METOI0B (POPMHUPOBAHUS IKCIIEPTHOMN TPYIIIHI.
MeTo1 «CHEeXKHOTO KOMay
Ipumep: Tlpumenerus: metona st GOPMHUPOBAHUS SKCIIEPTHOU TPYIIIIHI.



B Tabnuue 1 nmpeacraBineHsl pe3ynbTaThl onpoca 10 3KCepToB, KaXIblii U3 KOTOPBIX TOJIKEH
ObUI Ha3BaTh 5 CIELUAINCTOB.

Koro Kro naspan CkoIbKo pas Kaxne
Ha3BaJIn Ha3BaJInu MeCTa
1 671819 10 3aHUMAET
1 1 1 1 5 4,5,6,7
2 1 L|1|1]1 1 8 1,2
3 2 9,0
4 1 11 1 5 4,5,6,7
5 1 11 1 7 3
6 1|11 5 4,5,6,7
7 1 1 1 1 8 1,2
8 1 2 9,10
9 1|1 5 4,5,6,7
10 1 1|1 3 8
1. ora... metop ( «BCE paBHOY ); BECOBOM METO/T
Koro KTo Ha3Ban CxonbKo Kakue
pas mecra | Beca
Ha3BaJIN
1 617189 10 Ha3Bald | 3aHUMAaeT
1 5 2 3 22 7 0,088
2 5 5(1812|5 3 35 3 0,140
3 15 8 0,06
4 5 812 3 26 5 0,104
5 5 5(8 5 38 2 0,152
6 81215 24 6 0,096
7 5 5 5 3 40 1 0,160
8 3 8 10 0,032




[\

—

9 812 715(8 30 4 0,120

10 5 205 12 9 0,048

=250 1.0

MeToabl 3KCIIEPTHOIO ONpoca.

Onpockl FKCIIEPTOB OOBIYHO OCYIIIECTBIISIOTCS B BUJE CIICIUATBHBIX aHKET.
AHKeTa (OTIPOCHBIN JTUCT) — CTPYKTYPHO-OPTaHNU30BAaHHBIN HA0OP BOIIPOCOB, KaXKIBIA U3 KOTO-
PBIX B KAKOK-TO MEpE CBA3aH C OCHOBHOM 3a/1aueil SKCIIEPTU3BI.
Bonpock! genstcs Ha 3 rpynims:

OOBbEeKTHBHBIC aHKETHBIC JAHHBIE O CAMOM JKCIIEPTE

XapakTepUCTUKH, KacalolUeCcs] MOTUBOB, KOTOPHIMU PYKOBOJICTBYETCSI SKCIIEPT MpHU
OLIeHKe TpolieM

OcHOBHBIE BOTIPOCHI, KaCalOUIHECs CYIIECTBA UCCIETyeMON IPOOIIEMBI.
ITo popme ObiBaroT:
a) OTKPBITHIE, 3aKPbITHIE
0) mpsiMbIe, KOCBECHHBIE
a) 9TO TaKKe, Ha KOTOPbIE MOKHO OTBEYATh B CBOOOIHOM (hOPME - OTKPHITHIE. 3aKPBITHIE — MHO-
KECTBO OTBETOB Ha KOTOPBIE KOHEYHO.
0) [IpsiMo oTHOCSIIUECS K TEME — MPSIMOUN
Camu ompochl OBIBAIOT OYHBIC U 3a09YHBIC.
[To xapakTepy B3aMMOICHCTBHS IKCIIEPTOB C IKCIIEPTHOU TPYIIION OMPOCHI OBIBAIOT TPEX THUIIOB:

KPYTJIBIA CTOJN WU KOHCHIUYM

MO3roBas aTaka

meton Jendu
Merton [ensdhe. OCHOBHBIE YepPThl: aHOHUMHOCTD, PETYJIHpyeMast 00paTHasl CBSA3b, CXOASMIIHIACS
TPYNIOBO OTBET, MHOTOTYPOBOCTh. AHOHUMHO PAaCChUIAIOTCS aHKETHI, SKCIIEPTHI UX 3aIOIHSI-
I0T, /1ajJiee pyKOBOJUTEIb SKCIIEPTHU3bI BBISICHSET COrNIACOBAHHOCTh OTBETOB, BBISBIISIOTCS OCO-
Oble MHEeHHS. BOo BTOpOM Type SKCIepThl y3HAIOT Pe3yIbTaThl IIEPBOTO Typa. DKCHEPT 33 [yMbl-
BAaeTCs, IOYEMY €ro OTBETHI HE COBIAJIM C MHEHHEM OOJILUIIMHCTBA UM HA000poT coBnainu. [lo-
CJI€ ATOTO IKCIEPT MPUHUMAET OTBET OOJILITMHCTBA WM HACTauBaeT Ha cBoeM. [locie MHOTHX
TYpOB PYKOBOJIUTENb SKCIIEPTU3bI IPUHUMAET pelieHre. Hemoctarok 3Toro Merosa 3akitodaeT-
Csl B €T0 JIOPOrOBU3HE.
[ToaTomy Gosee npeAnOYTUTENLHBIM CIIOCOOOM MOJIYUUTh IPYNIIOBOE MHEHHE SBJISETCS TaK Ha-
3BIBAEMBI METOJI 30JI0TOM CEPEUHBI M CYTh €r0 COCTOUT B TOM, YTO 32 KOJJICKTUBHOE MHEHHE
NPUHUMAIOT MEUAaHy |l€ MHOXECTBA CYKJICHUH, T.€. TAKOE YUCIIO [€, YTO N<=Nh-, I1en<(n>) — KO-
JUYECTBO OIEHOK MEHBIUX (OOJBIINX) YnCa L.
Mennana BBITOHO OTIMYAETCS OT CPETHETO TEM, YTO HE TpeOyeT JJIs CBOETro NMPUMEHEHUS Ka-
KHUX-JIN0O CePhE3HBIX TEOPETUUECKUX MPEATIOCHUIOK M KPOME TOro, Meiana 0ojiee yCTOWYNBA K
W3MEHEHUSM UHAUBUAYAIbHBIX OI[CHOK.

H3MepeHne BBITOITHEHHBIX B IIKAJIE OTHOLIEHUMN

Korna skcnept paboTaer B 11Kane OTHOUICHH, OH pelIaeT BOIPOC BO CKOJIIBKO pa3 00BEKT MO
iBakHee 00bekTa 1oj. Ecim B kauecTBe 06a30Boii onleHKkH npuHAThHVj=1 (a 3T0 Ha0 aenaTh 005-
3aTeNIbHO BO M30eXaHue MapaioKCcoB), TO MIKaJla OTHOIICHUH BBIPOXKIAETCS B OATBHYIO.
BanpHas ke mikanza Bceraa MOXKeT OBbITh TOCTAaBIIEHA BO B3aUMHO OJIHO3HAYHOE COOTBETCTBHE C
pPaHTOBOM (IITKAJION MOPSIKA).

N 1 2 3 4 5




Oasel 20 100 70 50 10

paHru 4 1 2 3 5

[IIxana nHTEpBaAIOB

Ecnu B mikane nopsiika OIEHKH OT HKCIEPTOB MOMYyUYEHBI B BUJIE PAHTOB, OTPAKAIOIINX CUCTEMY
MPEOYTEHUH, TO B KAUeCTBE I'PYNIIOBOM OLIEHKH BBIYHUCISIOT JTMO0 CPEAHMI paHT AJis KaXKIO0ro
0o0BeKTa, MO0 MeaHy PaHTOB, a 3aT€M YK€ B COOTBETCTBUU C PE3YJIbTATOM YCPETHEHUS CHOBA
PaHXUPYIOT OOBEKTHI.
Ecnu Hy>KHO BBIYHCIUTE KaKoi U3 ABYX 00bekTOB A i B mpeanouturensueit (A>B(B>A)), To
oOl1ee MHEHHE 4acTO BbIpabaThIBaeTCs MMyTEM Ir'OJIOCOBAHMS, UCTIOIbL3YS MPUHLUI OOIBIINHCTBA.
[To cyTu nena 4yenoBeYeCTBO HUYETO JIYUIIEeTr0 HEe MPUAYMANIO, KpOMe KaK MPUHIUI OOJIBITUHCT-
Ba IIPU FOJIOCOBAHUHU.
Ilpumep:
[1pITatOTCS BBISIBUTH CHITY NMPENIOYTEHUS IKCIEPTa, Kak CIIbHO A BaxkHee B. B kpumuHanuctu-
YECKOW MPaKTUKE IKCIIEPTaM IpeaaraeTcst Hapsay ¢ oobekraMu A u B ymopsiouuTs ere He-
CKOJIbKO anbTepHATHBHBIX 00bekTOB C,D,E.
1 stan (C, D, A, B, E) A>B
29tan (B, C, D, E, A) B>A
Ho mpu ucnonbs3oBanuu mpuHIMNa OOJBITUHCTBA MPU TOJIOCOBAHUH HAC TIOJICTEPETa0T TPYIHO-
cTH Oosiee TITyOOKOTo ¥ MPUHIUIIHAIBHOTO XapakTepa. Pedb uaeT o Tak Ha3bIBaeMOM MapaioKce
rOJIOCOBaHUSI.
llpumep:
nycTh 3 3KcmepTa cpaBHUBAIOT 3 00bekTa A,B,C 1 pe3yiabpTaT CpaBHEHHS TAaKOB:
1 stan A>B>C 2 u3 3 A>B
2 stan B>C>A 2 u3 3 B>C
3 stan C>A>B
A>B u B>C = A>C
311ech HAIMIIO HapyIlIEHUE TPAH3UTUBHOCTH, €CJIH UCIIOJIb30BATh MIPUHIIMITBI OOJIBIIMHCTBA MPU
rOJIOCOBaHUMU.
MHorue 13 pacCMOTPEHHBIX BBIIIE MapaJOKCOB OKA3bIBAIOTCS HOCST MPUHIMITHAIBLHBIN XapaK-
TEep, T.€. UX B MPUHIUIIE HETb3s n30exkaTh. B cBoe BpeMst 3TO T0Ka3al aMepUKAHCKHH CIielua-
ucT B obsactu MateMatuueckor skonomMuku K. J[xx. Oppoy B Teopeme «Ilapamgokc Ippoy».
[IpuBeneM cMbICI TEOPEMBI:
[TpenbsSBUM HECKOJIBKO pa3yMHBIX TPeOOBaHUM, KOTOPHIE TOJKHO YAOBJIETBOPATH BCAKOE Mpa-
BUJIO COTJIACOBAHUS WHIANBUAYATbHBIX MHCHUN:

OHO JIOJDKHO OBITh YHUBEPCAIbHBIM, T.€. IPUMEHUMO K JIFOOBIM COBOKYITHOCTSIM UHINBH-
JyaJIbHBIX OLICHOK.

BBEJICHUE HEKOTOPHIX 0OBEKTOB HE JIOJKHO U3MEHSTH MOPSI0K MPENNOUYTEHUH B TIPE/IbI-
yIIei COBOKYIMTHOCTH OOBEKTOB — YCIOBHE MOHOIIOIHHOCTH.

€CJIM BCE MHAMBHUAYaAIbHbBIE OLIEHKH UMEIOT BUJ A>B, To rpynmnoBas orieHKa UMeeT BH/]T
A>B(ycnoBue CyBepeHHOCTH)

Cpeau SKCIEPTOB HE TOJKHO OBITh HKCIEpTa, YbE€ MHEHHUE BCETJa MPUHUMAETCS 3a
TPYIIIOBOE HE3aBUCUMO OT MHEHHUSI IPYTUX 3KCIEPTOB (YCIOBHE OTCYTCTBUS TUKTATOPA)
Tak BOT TeopeMa yTBEpKAAET, UTO HE CYIIECTBYET TaKOIro IIPpaBHJia COrIacus MHEHUHN, KOTOpOe
OBl yIOBJIETBOPSIIO OJHOBPEMEHHO BCeM YeThipeM TpeboBaHusM. [lapagokc cCOCTOUT B TOM, 4TO
B ATY T€OPEMY OU€Hb TPYIHO MOBEPUTH, HO OHA CTPOTO JOKa3aHa U MO3TOMY BEpHa.
B 3akroueHnH OTMETHM eIIe OJHU MapaioKC MPOIEAYPHI TOJIOCOBAHMUS, IO IPUIHHE OOJIBIINH-
CTBa, CBA3aHHBII Ha 3TOT pa3 C BMEUIATEIbCTBOM KOATHUIIUH.
Ipumep: pu MHOTOCTYIIEHYATOM T'OJIOCOBAHHH IO MPABUITY OOIBIIMHCTBA KOATUIINS, HAX OIS~
m1asicsi B OOJIBIIMHCTBE MOYKET JOOUTHCS MPUHATHS CBOETO PEIIECHUS B YIIEpO OOJBITHHCTBY.




Ilpumep: MycTh B OJTHOM TYpPE€ TOJIOCOBAHUS CEPhIC OKA3alIMCh B MEHBIIIMHCTBE IPOTUB OEIBIX B
cooTHouIeHnH :19
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B ronocoBannu Bo BTOPOM Type peLIEHO OPraHU30BaTh KOAIUIMIO 10 3 YEJIOBEKa 10 MPaBUILY
OOJILITMHCTBA (€CITH B KOATHITUHM OOJIBIIE CEPhIX, TO KOAIUIHS OyAET roJIoCoBaTh 3a CEPOro U
HA000pOT)

Haubonee pacripocTpaHeHHBIM SBIISETCS METOA aHanu3a uepapxuit (MAUN), koTopelil mpuMeHs-
eTcsl JUIsl COTJIaCOBAaHMS DPE3YyJbTaTOB, IOJYYEHHBIX C HCIOJB30BAHUEM pA3JIUYHBIX IOJXOJ0B U
METOJ0B OLICHKH [4].

MAMW, onuparomuiicss Ha MHOTOKPUTEPHUAIbHOE OMHMCAHUE MPOOJIeMBbl, OB MPEATIOKEH U Jie-
tansHO onucaH T. JI. Caatu B pabote «IIpunHsATHE pemieHUil: METO aHamu3a uepapxuii». B metone
UCTIONIBb3YEeTCS JIEPEBO KPUTEPUEB, B KOTOPOM OOIIME KPUTEPUH Pa3ACIAIOTCS HA KPUTEPUU YAaCTHOTO
xapakrtepa. [|jig ka0l rpymnibl KpUTEpUEB OMpeaenstoTcs KodhGUIHeHThl BaXKHOCTH. AJIbTepHATH-
BBl TAaKXKE CPaBHHUBAIOTCA MEXIy COOOH MO OTAETBHBIM KPUTEPUSM C IENBI0 ONPEACICHUs KPUTEPH-
aIbHON LIEHHOCTU KaxJo¥ u3 Hux. CpenctBoMm ompeaeneHuss KodpGUIMEHTOB BaXKHOCTH KPUTEPUEB
1100 KpUTEPUAIBHOM LIEHHOCTH allbTepPHATHUB SBISETCS MOMAapHOE CpaBHEHHE. Pe3ynbraT cpaBHEHHS
olleHMBaeTcs 1o OauibHOM mikaje. Ha ocHOBe TakuxX CpaBHEHMM BBIUMCISIIOTCS KO3()(PUIMEHTHI
BRXHOCTH KPUTEPUEB, OIICHKH albTEPHATHB M HAXOAUTCS OOIas OIEHKa KaK B3BEUICHHAs CyMMa
OLICHOK KpUTEPUEB.

OOmast uzest JaHHOTO METO/1a 3aKJII0YaeTCs B IEKOMITIO3UIIMH TIpoOseMbl BeIOopa Ha Oosiee mpo-
CTBI€ COCTABIIAIOIINE YAaCTH M 00padOTKy CY)KIEHUH JHIla, MPpUHUMAIOIIETo pelieHue. B pesynbrare
OIpEAEIAETCS OTHOCUTEIbHAS 3HAUMMOCTh MCCIENYEMBIX aJIbTEPHATUB 10 BCEM KPUTEPUSAM, HAXOMs-
HIMMCSI B UEPAPXUU.

[lepBbim marom MAMU sBisieTcst CTpYKTYpUpOBaHUE (AEKOMIIO3MIINS) IPOOIEMBbI, COTIIacOBaHHE
pe3ynbTaToB B BHUE uepapxuu (puc. 2). B Hanbosee npocToM BUIe HepapXus CTPOUTCS C BEPIIUHBI,
NPECTaBIISIONIEH LeNb MPOOIEeMBl Yepe3 MPOMEKYTOUHbIE YPOBHH, OOBIYHO SIBIISIFOIUECS KPUTEPHEM
CPaBHEHHUSI K CAMOMY HHKHEMY YPOBHIO, KOTOPBIN B 0OIIEM ciyyae sIBIsieTcss HA0OpOM ajlbTepHATHUB.

BepxHuil ypoBEHb - IeJib (HapUMep, ONPEENIEHNE PHIHOYHONW CTOMMOCTH); IPOMEKYTOUYHBIN
YPOBEHB - KPUTEPUH COTJIACOBAHMA (HAIIPUMEP, BO3MOKHOCTh OTPa3UTh JIEHCTBUTEIIbHBIE Hamepe-
HUSl TIOTEHIMAJIbHOTO MHBECTOpAa M MPOJABLA; THUI, KAa4eCTBO, OOMIMPHOCTH JAaHHBIX, Ha OCHOBE
KOTOPBIX TMPOBOJUTCS AaHAJIU3; CHOCOOHOCTh IAapaMETPOB MCIONb3YEMbIX METO/IOB YUYUTHIBATH
KOHBIOHKTYpHBIE KOJIEOaHHs; CIIOCOOHOCTh YYHUTHIBaTh CIEeHU(pUUIECKHEe OCOOCHHOCTH OOBEKTa,
BJIMSIOUINE HA €ro CTOMMOCTh (MECTOHAXOXKACHHE, pa3Mep, MOTEHUHaIbHAasl TOXOAHOCTH)); HUKHUM
YPOBEHb -HA00p aJIbTePHATHB (HAallpUMEp, pe3YyIbTaTbl, IOJYYEHHBIE pa3JINYHBIMU METOJAMH
OIICHKH).




AnbpTepHaTuBa A ‘ AnpTepHaTUBA ... ‘ AnbTepHatuBa A,,

Puc.2 Ctpyxrypa nepapxun

OdeHpb 4acTO B IPAKTHKE OLIEHKH COOCTBEHHOCTH HCIIOJIB3YETCs CIICTYIOIIN HAa0Op KPHUTE-
pHUEB:

- TUTI, KAY€CTBO, OOIIMPHOCTH IaHHBIX, HA OCHOBE KOTOPBIX MIPOBOMTCS aHAJIH3;

- CIIOCOOHOCTH MapaMeTPOB HCIOIB3YEMBIX METOAOB YUUTHIBATh KOHBIOHKTYpPHBIC KOJIeOaHUs
PBIHKA;

- CIOCOOHOCTh YYHTBHIBAThH CIEIU(DUUECKHE OCOOCHHOCTH OOBEKTa, BIHSIONINE HA €r0 CTOH-
MOCTB;

- BO3MOXKHOCTb OTPA3HTh JCHCTBUTEIHHBIC HAMEPEHHUS MPOJIABIIA WIH MTOKYIATEsI.

KoneuHo e, MOXHO yKa3bIBaTh 0oJiee pa3BepHYTHIH NepedeHb (aKTOPOB, BIMAIONIUX Ha JIOC-
TOBEPHOCTH OMPEJICICHHUS PHIHOYHON CTOMMOCTH, HO 3TO MPHUBEAET K 3HAYUTEILHOMY TIOBBIIIIE-
HUIO TPYAOEMKOCTH TIOCIEYIONINX BEIYUCIUTEILHBIX MTPOIEAYP.

[Tocne nepapxu4eckoro BOCIPOU3BEACHHS IPOOIEMBI CTPOUTCS MATPHUIA CPABHEHHSI KPUTEPUEB
Y PACCUUTHIBACTCSI 3HAYCHUE TIPUOPUTETOB KPUTEPHUECB.

JlJist 3TOrO MOmapHO CPaBHUBAIOTCS KPUTEPUH MO OTHOIICHUIO K MX BO3JCHCTBUIO HA OOMIYIO
nenb. CucreMa mapHbIX CpaBHEHUH MPUBOINT K PE3YIIBTATy, KOTOPHIA MOKET OBITh TIPEACTABICH
B BHJIE OOPaTHO CHMMETPUYHON MATPUIIbI, HA TJIABHOW IHUAroHaId KOTOPON HAXOMATCS €IMHH-
IBL.

[TapHble cpaBHEHUS! MPOBOJATCS B TEPMUHAX JOMHUHUPOBAHUS OJHOW allbTEPHATHUBHI HAJ JPY-
roii. [TomydeHHbIE CYXIEHHS BBIPAKAIOTCS B MEJIBIX YACIAX C YUYETOM JEBATHOATFHON IIKAIBI.
[IpenmyIiecTBa IMEHHO TOW MIKAIBI KAYECTBEHHBIX OIEHOK OTMEYAIOT MHOTHE HCCIIET0BATEIH,
TaK KaK OHa IMO3BOJISICT HAMJIYYIIUM O00pa30M y4YecTh CTENEHb OTIMYUS U UMEET HAaUMCHBIIIEee
CpeIHEKBAIPATHUECKOE OTKIIOHCHHUE.

OnemeHTOM Marpuibl a(Z, /) SABISETCS WMHTEHCHBHOCTh MPOSBICHUS dJEMEHTa Huepap-
XUH i OTHOCUTEIBHO dJIEMEHTA UePAPXUH j, OIICHIUBAeMasl 10 IIKaJie UHTEHCUBHOCTH OT 1 110 9.
3amosHssT MaTPUIIB TTAPHBIX CPAaBHEHUH, OIEHIIUK PYKOBOICTBYETCS CICIYIOIIUMH COOOpaxke-
HUSIMU:

- €CITM CPaBHUBAEMBbIE MTOJIXOBI IO AaHATH3UPYEMOMY KPUTEPHIO OJMHAKOBO MPEINOYTHTEIbHEI,
TO COOTBETCTBYIOIIHI 3JIEMEHT MaTPHIIBI PaBeH 1;

- €CIIM OJIMH W3 MOJX0J0B UMEET HE3HAUYUTEIILHOE TPEBOCXOJICTBO HAJ APYTUM IO aHATU3UPYe-
MOMY KPUTEPHIO, TO COOTBETCTBYIOIINIA AJIEMEHT MaTPHUIIBI paBeH 3 uiu 4;

- €CITM OJIMH W3 MOAXO0JI0B HMEET 3HAYUTEIHHOE MPEBOCXOJICTBO HAJ APYTUM TI0 aHATH3HPYEMO-
My KPUTEPHIO, TO COOTBETCTBYIOILIUH 2JIEMEHT MAaTPUIIBI PaBEeH 5 WK 6;



- €CJIM OAMH U3 MOAXO0JI0B MMEET SIBHOE NPEBOCXO/CTBO HAJl APYTUM IO aHAIU3UPYEMOMY KpH-
TEpPHUIO, TO COOTBETCTBYIOIINI JIEMEHT MATPUIILI paBeH 7 WK &;

- €CIT OJIMH U3 MOAXO0J0B UMEET a0COJIIOTHOE MPEUMYILECTBO 110 CPABHEHHUIO C IPYTUM I10 aHa-
JIU3UPYEMOMY KPUTEPHUIO, TO COOTBETCTBYIOLINM 2JIEMEHT MaTPHIIBI PaBeH 9.

[IpuBeneHHOE OMKMCAaHUE MIKANbI IPEICTaBIeHO B Ta0m. 7.1.

Tabmuma 1

[IIxana OTHOIIEHUI UHTEHCUBHOCTH KPUTEPUEB OLICHKU

|Ba)KHOCTB napaMerpa OLEHKH

|OILI/IHaKOBa$I Ba)XKHOCTDH

|3HaqHTeJILHoe IIPEUMYILECTBO

|}IBHoe MPEUMYIIECTBO

|He3HaqHTeJILHoe [PEUMYILIECTBO ‘

|A6COJ‘IIOTHOC MIPEUMYIIECTBO

2,4, 6, 8§ — MPOMEKYTOUHbIE 3HAYCHUS

Taxum oOpa3oM, mepes OLIEHIIMKOM CTaBUTCS 3a/1a4a MPOaHaIM3UpOBaTh IIPU NAPHOM CpaBHe-
HUH [IPEUMYIIECTBA KaXI0TO U3 MOIX00B MO BHIICICHHBIM KPUTEPUIM BTOPOTO YPOBHSI.
[Tponecc 3an0aHEHNs MaTPUL] TAPHBIX CPABHEHHM, HECMOTPS Ha KaXYIIYIOCs TPUBUAIBHOCTD,
SIBJISIETCS. JOBOJILHO TPYAOEMKOM mpouenypoil. Ho ¢ci10xHOCTH Ha 3TOM dTare 3aKI04atoTcs He B
IPOMO3JKUX pacyeTax, a B MHOrooopasuu aHanusupyeMoit napopmanuu. Hanpumep, npu aHa-
JM3€ TOJIHOTHI UCXOAHOM NH(pOpMAIIMHU, UCTIONF30BAaHHON B paMKaxX Ka)I0ro U3 MOJIX00B,
OLIEHIIMKY HEOOXOIMMO OTBETHTh Ha BOIIPOC: UCXOAHbBIE JaHHBIE KAKOTO U3 MOJXO0/10B ObLIN
HanOosee nmosHeIMU? ECTECTBEHHO, UTO MOHATHE MOJTHOTHI ISl pa3IMYHBIX TOXO0/10B OIpee-
JSIETCS Pa3IMYHBIMU TPEOOBAHUSIMH.

Ilonnoma ucxoonvix OaHHbIX 0151 3aMPAMHO20 NOOX00A ONPEAETSIETCSl HAINYNEM, HallpuMep,
cienyromei nHPOpMaIiH:

- 00BEMHO-TIJIAHUPOBOYHBIE U KOHCTPYKTUBHO-TNIAHUPOBOYHBIE XapaKTEPUCTHUKU 00BEKTa OLICH-
KU;

- TAaHHBIE O MPOBOJAMMBIX KAalIUTAJIbHBIX PEMOHTAX;

- TEXHUYECKHE 3aKIII0YEHUs 00 aBapHsX Ha OOBEKTE;

- 00bEMHO-TIJITAHUPOBOYHBIE U KOHCTPYKTHUBHO-TNIAHUPOBOYHBIE XapaKTEPUCTHUKU OObEKTOB-
aHaJIOTOB.

Ionnoma ucxoomvix OAHHbIX OISl CPAGHUMENbHO20 NO0X00a ONPEAEIIETCS HATNUUEeM, HallpU-
Mep, CIeayromie nHhopMaIuu:

- TAHHBIE 10 OCHOBHBIM IIEHO(OPMHUPYIOMUM (PaKTOpaM 00HEKTOB-aHAJIOTOB;

- nH(pOpMaIMs O PEINOYTEHUSAX TOTPEOUTENIeH Ha JAHHOM PbIHKE 00BbEKTOB HEJIBUXKUMOCTH.
Tlonnoma ucxoOHwvIX OaHHBIX 0J1 00XOOH020 NOOX00A ONIPEEIIAETCS HATUYNEeM, HalpuMep, cie-
Jyroriei nHpopmaIuu:

- nH(pOpMAIHSI O COCTOSTHUM PHIHKA apEH]IbI U1l aHAJIOTHYHBIX 0OBEKTOB HEJABKUMOCTH;

- nH(pOpMaIMs O MPEINOYTEHUAX TOTPEOUTENIeH Ha JAHHOM PbIHKE 00BbEKTOB HEJIBUXKUMOCTH.
KoneuHo, npu 3an10JJHEHUU MaTPUL TAPHBIX CPABHEHUH OnpeieNieHHas 101 CyObeKTUBU3MA
npucyrcTByeT. Ho 00beKTHBHOCTh KOHEYHOT'O pe3ysIbTaTa ONpeIeIEHUs] BECOBBIX KO3 (PUIIHEH-
TOB 00€CIIeUnBaETCA 3a CUET MOJTHOCTHIO (POPMaIM30BaHHBIX MTPOLEAYP,  UMEHHO pacdeTa OT-
HOIIEHUS COIVIACOBAHHOCTH CYKJICHHH.

IIycts K;...K,, - MHOKECTBO KPUTEPUEB U3 /1 FIEMEHTOB, Torna W... W, - "HTEHCUBHOCTHU IIPO-
SBJICHUS ITUX 3J1eMEeHTOB. OIleHKa BECOB KPUTEPUEB MMPOUCXOAUT IO CXEME, TPEJCTABICHHOM B
Tabm. 7.2.

ITpu onpeneneHny HHTEHCUBHOCTEHN MPOSIBICHHS KPUTEPUEB HEOOXOMMO, YTOOBI COOIIOAATINCH
ClIeAyIOIIHEe 00s3aTeNIbHBIE YCIOBUS:

Wil Wi+ Wid Wieer > Wit/ Wi



Wil Wi+ Wi Wier > Wil Wit
rae k1[2; n].

Tab6muna 7.2

Cxema OIlEeHKH BECOB KPUTEPHEB

|KpI/ITepI/H71 |K1 ‘Kz |_‘Kn |PvaeT |Bec KpUTEPHUEB
K1 W1/W2 W1/VV,1 BKI
K, Wl W, i |WAA W, B
. |
K, Wi Wy W W2 ... P = W:: _W’fr L_H,I)Vu Bk
AT WL

B #

Cywma Sy S | Sk, 9= P,
i=1

HNHdopmannio o CTeneHn OTKIOHEHHs! OT COTIACOBAHHOCTU MATPHIIBI IA€T OTHOILIEHHE COTJIAaco-
BaHHOCTH.

OOBIUHO B KaYeCTBE AOMYCTUMOIO MCIIOJIb3YETCsl 3HAUEHNE OTHOLIEHUS COINIACOBAHHOCTH Ha
ypoae 10 %. Ecnu i kakoii-nmu6o MaTpHIlbl MAPHBIX CPABHEHUH 3TO OTHOILICHHUE MPEBbIIIACT
0,1, TO 3TO CBUJIETENBCTBYET O CYILECTBEHHOM HAPYIIEHUH JIOTHYHOCTH CYXKIECHUH, OMyIIEeH-
HOM OLICHIIMKOM IIPH 3all0JHEHUH MaTpPUIIbI, [IOATOMY OLEHIIUKY IIpeIIaraeTcsi IepecMOTPETh
JTaHHBIE, UCTIOIb30BAaHHBIE JIUIsl TOCTPOEHUS] MATPHULIbI, YTOOBI YJIyUIIUTh COINIACOBAHHOCTH. Ta-
Kas [poLeaypa NpeArnoaaraeT 3apaHee HEM3BECTHOE YNCIIO UTEpALluii IEPECMOTPa U U3MEHEHUS
3HAYEHUU B MATPUIIAaX MapHbIX CPABHEHUH C TOBTOPHOM MPOBEPKOM HA COTJIACOBAHHOCTH - J10
TEX TMOp, MMOKa He OyIeT TOCTUTHYT JOITYCTUMBIA YPOBEHB COITIACOBAHHOCTH OIICHOK.

}»‘ - n ~ il
; _ jeataky —
HC = ’*"nm: - ESFrBK
n-1 i=1
9 s
rae VC - mHIeKC COTTIaCOBAHHOCTH; Amay - MAKCUMATBHOE COOCTBEHHOE YUCIIO MATPUIIBL; Sk; -
CyMMa MHTEHCUBHOCTEW MPOSBICHUS KPUTEPUEB 11O OTHOIIEHHUIO K KpuTeputo K;; By, - Bec kpu-

tepust K.

1.5 Jleknus 7 (2 4.)
Tema: PerpeccHoHHbIC MaTeMaTHYECKHE MOAETA. METOAbl MOCTPOCHUS U CTATHCTHYCCKOM OICHKH.
OreHKa 3HAYUMOCTH KO3(DPHIIMEHTOB, aJICKBATHOCTH MOJETH W ONIMOKW MPOTHO3MPOBaHUS. 3agadu
MHOTO()aKTOPHOTO MOJIEIUPOBAHHS.

1.5.1. Bonpocs! JieKnuu:
1. PerpeccuoHHbie MOAEIN TPOTHO3UPOBAHUS
2. Pacuer mapameTpoB ypaBHeHHE perpeccuu. TexHomorus paboTsl
3. UnTteprnperanus kKodpPUIMEHTOB perpeccuu



1.5.2 KpaTtkoe coaep:xkaHue BONPOCOB:

PerpeccuoHHble MO€e/ M IPOTHO3UPOBAHMSA
B skoHOMMUECKHX HCCIEAOBAHUAX YaCTO U3YHYAIOTCS CBSI3U MEXAY CIy4allHBIMHU U HECITyJai-
HBIMHU BeJIMUMHAMU. Takue CBA3H HA3bIBAIOT pecpeccUOHHbIMU, & METOJ] UX U3yUCHHUS -
pezcpecCuoOHHbIM AHATUZOM.
MaremaTruecku 3a1a4a GpopMynupyercs cieayoumm oopasoM. Tpedyercss HAUTH aHATUTHYE-
CKO€ BBIpa)KEHHE 3aBUCUMOCTH 3KOHOMHYECKOT0 SIBJICHUS (HallpuMep, IPONU3BOAUTEILHOCTH
TpyZa) OT ONPEACIAIONNX ero (JaKTOPOB; T.€. UIeTcs PyHKuus y=f(X;,Xa,...,Xn), OTpaKaroas
3aBUCUMOCTb, TI0 KOTOPOW MOXHO HAWTH MPUOIMKEHHOE 3HAYCHHUE 3aBUCHMOTO TTOKa3aTens y. B
KadecTBe (QYHKIUU B PErPECCHOHHOM aHAJIM3€ IPUHUMAETCS CllyyaiiHas epeMeHHas, a apry-
MEHTaMH SIBJIAIOTCS] HECTyJYailHble TIepeMEHHBIE.
[TpumepaMy BO3MOXKHOTO MPUMEHEHUSI PErPECCUOHHOTO aHAJIHM3a B YKOHOMHKE SIBIISFOTCS FC-
ClieJOBaHKEe BIUSHUA HA MPOU3BOAUTEIHLHOCTD TPyAa U C€0ECTOMMOCTh TaKUX (aKTOPOB, KaK
BEJIMYMHA OCHOBHBIX MTPOM3BOICTBEHHBIX (DOHIOB, 3apaboTHAs IJIaTa u JIp.; BIUsHUE 6e3pado-
TUIBI HA U3MEHEHUE 3apa00THOM TUIaThl Ha PhIHKAX Tpy/a (kpusble dunurca); 3aBUCUMOCTh
CTPYKTYPBI pacXoJI0B OT YPOBHsI JOX0J10B (KpHBBIE DHIrens); GyHKINUN TOTPEOICHHS U CIIpoca U
MHOTHE JIpyTHE.
[Tpu BBIOOpPE BUIa PETPECCUOHHON 3aBUCUMOCTH PYKOBOJCTBYIOTCS CIEAYIOLIUM: OH JOJIKEH
COTJIACOBBIBATHCA C MPO(PECCHOHATBHO-IOTHUYECKUMH COOOPaKEHUSIMHU OTHOCUTEIHHO IPUPOIBI
U XapaKTepa UCCIIEeyeMbIX CBsI3€i; IO BOZMOKHOCTH HCIOIb3YIOT MPOCThIE 3aBUCUMOCTH, HE
TpeOYIOIIHE CI0KHBIX PACYETOB, JIETKO SKOHOMUYECKHA HHTEPIPETHPYEMBIEC U MPAKTUUYECKU
PUMEHHUMBIE.
[IpakTHka perpecCHOHHOTO aHaJIu3a TOBOPHUT O TOM, YTO YpPaBHEHHE JTMHEHHON PErpeccuu 4acTo
JIOCTaTOYHO XOPOIIIO BhIpa)kaeT 3aBUCHMOCTh MEXKy NTOKa3aTeIsIMH Jlaxe TOT1a, Korja Ha ca-
MOM JieJie OHHM OKa3bIBAaIOTCS O0JIee CIOKHBIMU. DTO OOBICHSACTCS TEM, YTO B MPEIEIax Hccie-
JTyeMbIX BEJTMYMH CaMbl€ CI0XHbIE 3aBUCUMOCTH MOT'YT HOCUTh IPUOIMIKEHHO TUHEHHBIN Xa-
paxTep.
B o6mieit popme mpsMoTHEHOE YpaBHEHHUE PETPECCUU UMEET BH/T

v=agtbx;+byxst........ +b, X,
7€ y - pe3yJIbTaTUBHBIN NMPU3HAK, UCCIIeyeMas TepeMeHHasl;
X; - obo3HavyeHue (hakTopa (He3aBUCUMAs IEPEMEHHAs);
m - ob1iee ynucio GpakTopos;
ay - TOCTOSIHHBIN (CBOOOIHBIN) WiIEH ypaBHEHHS,
b; - koapdurment perpeccuu pu GakTope.
YBenuyeHue pe3ybTaTUBHOTO MPU3HAKA Y PU U3MEHEHUH (PAKTOpa X; Ha eIUHUILY PaBHO KO-
s urmenty perpeccun b; (C MOJTOKUTEIBHBIM 3HAKOM); YMEHBIIICHHE - (C OTPUIIATEILHBIM 3HA-
KOM).
OdeBHIHAsA YKOHOMUYECKAsi MHTEPIIPETALUS PE3YJIbTATOB JIMHEIHON perpeccuu 0JIHa U3 OCHOB-
HBIX IPUYUH €€ IPUMEHEHHUS B UCCIICIOBAHUN U IPOTHO3UPOBAHNH SKOHOMHUYECKUX MTPOIECCOB.
B 3aBucumocTH oT uncia GakTopoB, BIUAIOMIUX HAa PE3yIbTaTUBHBIN [TOKa3aTelb, pa3IndaioT
NapHYI0 U MHOKECTBEHHYIO PETPECCHH.
KpaTko 13110:K1MM OCHOBHBIE MOJIOKEHUS TI0 pa3pabOTKe U UCIIOJIb30BAHUIO B POTHO3UPOBAHUU
MHOECTBEHHBIX JIMHEWHBIX PErPECCUOHHBIX MOJIeNIeH (apHas perpeccust MOXKeT ObITh pac-
CMOTpPEHA KaK YaCTHBIM CITy4ail MHO)KECTBEHHOW ). DKOHOMHUUYECKHE SIBJICHUS OTPEICISAIOTCS, KaK
IPaBUIIO, OOJIBIIMM YHCIOM COBOKYITHO ACUCTBYIOMUX (haKTOPOB. B CBSA3M € 3TUM 4acTo BO3HHU-
KaeT 3ajJjaua UCCIIEJOBaHMs 3aBUCUMOCTH OJIHOM NMepeMeHHON Y OT HECKOIBKUX 00BACHSIOIINX
nepemMeHHbIX X7, X5, ... X,. DTa 3aaya penaercsi ¢ IOMOILbI0 MHOKECTBEHHOTO PETPECCUOHHOTO
aHanuza. [loctpoeHne ypaBHeHNs MHOXKECTBEHHOM perpecciuy HAYMHAETCS C PEeLeHUs] BOIpoca
0 cnenuduKanruy MOIETH, BKIIIOYAIOIIEro 0T00p (akTOpOB U BHIOOP BHUJIA YpaBHEHUS perpec-
cuu. @akTopbl, BKIOYaEMbIE BO MHOKECTBEHHYIO PETPECCHUI0, JOHKHBI OTBEYATh CIEAYIOUIUM
TpeOOBAHUSM: OHH JJOJKHBI OBITH KOIMYECTBEHHO N3MEPHUMBI (Ka4eCTBEHHBIM (pakTopam HEoO-



XOJIUMO MPUAATH KOJHMYECTBEHHYIO OMPEICICHHOCTD); MEXKIY (haKTOpaMu He JOJKHO OBITh BBI-
COKOM KOPPEISALUOHHOM, a TeM 0oJiee (HYHKITMOHAIBHOW 3aBUCUMOCTH, T.€. HAJTUIHS MYJIbTH-
KOJUIMHEAPHOCTH.

Bxutouenue B MoJieNb MyJIbTUKOJUTMHEAPHBIX (PaKTOPOB MOXKET MPUBECTH K CIETYIOIIUM TO-
CJIEICTBUSIM: 3aTPYAHSIETCS HHTEPIPETALMS TapaMETPOB MHOKECTBEHHON PETPECCUU KaK XapaK-
TEPUCTUK JIeHCTBUS (PAKTOPOB B «UUCTOM BUJE», TOCKOJIBKY (PaKTOPBI CBSI3aHbI MEXKAY COOOI;
rapamMeTpsl JMHEHHON PErpecCuy TePSIOT 3KOHOMUYECKUI CMBICIT; OLIEHKH I1apaMeTpOB HEHa-
JIeKHBI, UMEIOT OOJIBIITNE CTAHIAPTHBIC OITUOKHA U MEHSIOTCS C K3BMEHEHHEM 00beMa Ha0JIro1e-
HUM.

T =(~L':_.jy1...._.},?}"_

Ilycts - MaTpUIa — CTOJIOeI] 3HAYCHNUH 3aBUCHMOI TepeMeHHOI pa3Mepa n
(3Ha4oK «7» 03HAYAET TPAHCTIOHUPOBAHHUE);
Dom oavnoLxg,
N T
X =
HE N S
= "' “i- - MaTpUIa OOBACHSIOMINX TEPEMEHHBIX;

T 0 MaTpHiia — cTojoel (BeKTOp) mapamMeTpoB pa3mepa m+1;

E=(&. ... 5}
- 4 - MarpuIa — cToaberr (BEKTOp) OCTaTKOB pa3Mmepa 7.

Torna B MaTpuyHO# popMe MOJIENIb MHOKECTBEHHOW JTMHEHHON perpeccuu 3amuiueTcs cie-
JYIOIITUM 00pazoM:
Y=Xb-¢
[Ipu onleHKe mapaMeTpoB ypaBHEHHsI perpeccuu (BekTopa b) mpruMeHseTcst MeTo] HAaMMEHbBIINX
kBaaparoB (MHK). [1pu aTom nenarorcs onpeneneHHbIe MPeIMOChUTKH.
1. B mogenu (5.2) &€ — cimy4aiiHbIN BEKTOp, X - HEclTyyaiiHas (1eTepMUHUPOBAHHAs) MATPHULIA.
2. Marematrueckoe OXKUAaHUE BETMYHMHBI OCTATKOB PaBHO HYJIO. M(e) = 0,.
3. Jlucriepcuisi OCTaTKOB &; MOCTOSIHHA JIJIs1 JIFOOOTO 7 (YCIIOBHE TOMOCKEIACTUYHOCTH ), OCTaTKH

C . _l [ T - F:E
€ W & IPH i#] HE KOPPEIMPOBAHHBL: e y=c"E,

4. & — HOpMaJILHO pacHpeAeICHHbBIN CITy4YailHbIN BEKTOP.

5. r(X)=m~+1<n. CronOup! MaTpuLbl X TOJKHBI OBITH JIMHEHHO HE3aBUCUMBIMU (paHT MaTpH-
1161 X MaKCUMaJIbHBIH, a YUCII0 HAOIIOIEHUH N MPEBOCXOIUT PAHT MATPHUIIBI).

Mognens (5.2), B KOTOpO# 3aBHCHMAasi IEPEMEHHAs!, OCTATKHU U OOBACHSIOUINE IEPEMEHHBIE YI0B-
JICTBOPSIOT Mpeanochuikam 1-5 (IpeanochbuIKy epeurcaeHbl BhIlle) Ha3bIBACTCs KIIACCHYECKON
HOpMaTBHOW JIMHEWHOHN MOJENbi0 MHOXKeCcTBeHHOH perpeccuu (KHJIMMP). Eciu He BEIOTHS-
€TCs TOJBKO MPEeANOoChUIKa 4, TO MOJEIb HAa3bIBACTCS KJIACCUUECKON JTMHEUHOM MOJIEJIbI0 MHO-
xectBeHHOH perpeccun (KJIMMP).

CornacHo MeTOly HAUMEHBIIUX KBaAPAaTOB HEU3BECTHBIE MMapaMeTpPhl BBIOMPAIOTCS TAKUM 00pa-
30M, YTOOBI CyMMa KBaJIpaTOB OTKIOHEHUN (PaKTHUECKUX 3HAYCHUN OT 3HAUCHUH, HallIeHHBIX
10 YPaBHEHUIO pErpeccuu, Obljla MUHUMAJIbHOM:

§=S(y, -y, ) =(F —XDKF = AB) — min
= (5.3)

Pemennem 5ToM 3a1a4u SBISAETCSA BEKTOP b=(AmA)mAnE

OreHKa KauecTBa pErpeCCUHOHHOTO YPaBHEHUS OCYIIIECTBIISETCS 0 COBOKYITHOCTH KPUTEPUEB,
MIPOBEPSIONTUX aJIEKBATHOCTh MOJIETH (DaKTHIECKUM YCIIOBUSM M CTATUCTHYECKOU TOCTOBEPHO-
CTH PErpecCHi.

Onnoit n3 Hanbosee 3 (PEKTUBHBIX OIIEHOK aJICKBATHOCTH MOJIEIH SIBIICTCS K02 duyuenm Oe-
mepMuHayuu R’ OTIpeieNIIeMbIii 110 popmyIie
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rze y; — pakTHIeCKoe 3HAaYCHUE PE3yIbTHPYIOMIETO MPU3HAKA;
Y - 3HaueHME PE3YIBTUPYIOIIETO MPU3HAKA, PACCYMTAHHOE IO MOIYYEHHON MOJIEIH pErpec-
CUH;

1 B
~ - cpelHee 3HaYeHHe MMPU3HAKa,
RSS — oObsicHeHHast CymMMa KBaJIpaToB;

TSS — obmras cymMa KBaJipaToB.

£ XapaKTEPU3yeT IOJII0 BapUallUU 3aBUCUMON HepeMeHHOITZI, 00yCJIOBJICHHOM perpeccueit nin
U3MEHYMBOCTHIO OOBSICHAIOMUX NEepeMeHHbIX. YeM Onnxke R™ K eMHHULE, TEM JTy4llle TTOCTPOCH-
Hasl pErpecCUOHHAs MOJEIb OIUCBIBAET 3aBUCUMOCTb MEKAY OOBACHSAIOUIMMHU U 3aBUCUMOI Ile-

peMeHHOU. B ciayuae R =1 M3y4aeMyIO CBSI3b MOYKHO TPAaKTOBATh KaK (DYHKIIMOHAIBHYIO (a
HE CTaTUCTUYECKYIO), 4YTO TpeOyeT AOMOIHUTENbHBIX KAUECTBEHHBIX U KOJMYECTBEHHBIX CBEJle-
HUW U U3MEHEHUH B IIPOLIECCE UCCIIENOBAHUS.
Crnenyetr UMETh B BUJLy, YTO MPU BKIFOYCHUH B MOJICITb HOBOM OOBSCHSIONICH IIEPEMEHHOM, KO-
3 PUIMEHT IeTepMUHALIUN YBEIMYMBACTCS, XOTSA 3TO M HE 0053aTENbHO O3HAYACT yIy4llleHUE
Ka4yecTBa PErPeCCUOHHON MOJIeNU. B 3TOM CBSI3M JIyUllie UCIOIb30BaTh CKOPPEKTUPOBAHHBIHN
(TOTIPaBIICHHBIT) KO3(QHIMEHT JeTePMUHAIINH R’, epPeCUNTHIBAEMBIN 110 hopMyIIe:

SR P

m—r -l

I7ie 1 — 9UCII0 HAOII0AEHUH, m — YUCII0 TapaMeTPOB IIPU EPEMEHHBIX X.
Taxum 06pa3oM, CKOPPEKTUPOBAHHBIN KOI(DPUIIMEHT IeTePMUHAIIMN MOXKET YMEHBIIATHCS PU
JI00ABJICHUH B MOJIETTh HOBOW OOBSICHSIONICH MEPEMEHHOM, HE OKA3bIBAIOIICH CYIIIECTBEHHOTO
BJIMSIHUS HA PE3yJbTaTUBHBIN PU3HAK.
Cpeonsia omnocumenbHas ouubka annpoxkcumayuy pacCUuTbIBaeTcs Mo Gopmyie:

S SR [
4‘=_.F L .ll:}l:lq.a
i

g 1,

F)

BosbIIMHCTBO aBTOPOB PEKOMEHAYIOT CUYMTATh MOAEIb PETPECCUU aICKBATHOM, €CIIM CPEIHSSA
OTHOCHTEJIbHAS OIIMOKA anmnpoKCUMAIMK He TpeBbiaet 12%.

[TpoBepky 3HAUMMOCTH BHJ1a PErPECCHOHHOMN 3aBUCUMOCTU MOXHO OCYLIECTBIAThH C IPUMEHE-
HUEM JHCIIEPCUOHHOTO aHanu3a. OCHOBHOM Ueel 3TOro aHalIn3a SBISIETCS pa3okKeHne oo1mei
CYMMBI KBaJJpaTOB OTKJIOHEHUI pe3yJIbTAaTUBHOMN IEPEMEHHOMN ) OT CPEIHEr0 3HAUCHUS y Ha
«OOBSACHEHHYIO» U «OCTATOYHYIO»:

Sy = >y, - FY - Sy -y

O5iiaR C) LT Cvaiug Read pariios Ocrniarioysan

REAdpawiog OHIRTOMEHTITL, OV REGODGHIOE

ORI OH BRI OONACHEH 1A OMINTOHER It
PECPECLUEE

Jlis mpuBeAeHUs JUCTIEPCUI K COTIOCTaBUMOMY BUJLY, ONPENENSIOT AUCTIEPCUH Ha OJIHY CTEIIEHb
cBOOOBI. Pe3ynbTaThl BEIUMCIEHUH 3aHOCAT B CHEIMATIBHYIO TAOJIUIY JUCTIEPCUOHHOTO aHAIM3a
B nanHoi Tabnuiie 7 — 9ucio HaOMIOSHUH, m — YUCIIO TTapaMeTPOB MpH MepeMeHHbIX x. Cpas-

HUBAs MOJTy4YEHHBIC OIICHKU O0BSICHEHHON M OCTAaTOYHOU AMCIIEPCUH HA OJIHY CTEIIeHb CBOOOIBI,



OIpeeNAoT 3HadeHue F-kpurepus duiepa, UCIOIb3YEMOTI0 ISl OLEHKU 3HAYUMOCTH ypaBHE-
HUS PErPECCUN:

£ =

<
”‘ln|hf\'|”

C nomolpto F' — KpUTepuUsi IPOBEPSETCS HyJIEBasi TUIIOTE3a O PABEHCTBE Aucnepcuit Hy: or’ =0,
Ecnu HyneBas runoresa crnpaBeiinBa, TO OObSICHEHHAs! U OCTaTOYHAsI JUCIIEPCUN HE OTINYAIOT-

csl IPYT OT Apyra.
Tabmuma 1 - Pe3ynbTaThl [UCTIEPCMOHHOTO aHAIIM3a

Komnonentsl quc- Cymma kBaapa- Ywucno crenenerd |(OneHka JUCIIEPCUM HA OJIHY CTETIEHb

nepcuu TOB cBOOOIBI CBOOOIBI

OGmas - Ty n-1 o =2y - el
OObsacHeHHAs > - b e n i = Sy, - o
Ocrarounas Sy —;?f':}: n-m-1 Ej => 1y —Lf]: (7 —m —1)

Jist TOro, 4TOoOBl YpaBHEHUE perpeccuu ObUTO 3HAYMMO B 11eJI0M (runoTesa Hy Oblia onposepr-
HyTa) HEOOXO0IMMO, UTOOBI OOBSICHEHHAS AUCTIEPCHSI MPEBBIIIATa OCTATOYHYIO B HECKOJIBKO Pa3.
Kputnueckoe 3nauenue F' — kputepus onpezaensercs no tadiuue @umepa — CHenexopa (npu-
noxenue 1). Fiuu5, — MAKCUMaJIbHO BO3MOYXKHOE 3HAYEHUE KPUTEPHS MO BIUSHUEM CITYyYaifHbIX
(axTOpOB NpHU CTENEHsAX CBOOOBI k; = m, k; = n—m—1 (a5 nuHeitHo# perpeccun m = 1) u
YPOBHE 3HAYUMOCTH 0.. Y POBEHb 3HAYUMOCTH 0. — BEPOSTHOCTh OTBEPrHYTh MPABUIIbHYIO THUIIO-
T3y MPH YCIOBUH, YTO OHA BepHa. OOBIYHO BeMYMHA 0. TpuHUMaeTcs paBHoit 0,05 wnum 0,01.
PacueTHoe 3HaUeHHE CPAaBHUBAETCS ¢ TAOJUYHBIM: €CJIM OHO IPEBbIIIAET TAOJINYHOE
(Fpaca™Fmasr), TO THIIOTE3a H) OTBEpraeTcs, U ypaBHEHUE PETPECCUM IIPU3HACTCS 3HAUUMBIM.
Ecmn Fucq<Fmasi, TO ypABHEHHE PETPECCUM CYMTAETCA CTATUCTUYECKU He3HaYMMbIM. HyneBas
runote3a Hy He MOXKeT OBITh OTKJIOHEHA.

PacueTHoe 3naueHue F-KpuTepusi CBA3aHO ¢ KOADPHUITMEHTOM TeTepPMUHAIINH R’ CIEAYIOIIUM
COOTHOLLIEHUEM:

PR T |
F=- —-
1- X [
IAe m —4HUCIIO IAPaMETPOB IIPU NIEPEMEHHBIX X;
71 — 9UCII0 HAOJIIOIEHUH.

JIJIst OTIEHKHM CTaTUCTUYECKOM 3HAUMMOCTH KOd((DUIIMEHTOB perpeccuu u kodhduimeHTa Koppe-

ALK ¥ (1= \"{:':_ ) mpuMeHnseTcs t-kputepuii CTblo/IeHTa.

OneHka 3HaYMMOCTH KO3 PHUIIMEHTOB PErPECCUH CBOIUTCS K IPOBEPKE TUIOTE3bI O PABEHCTBE
HYJTIO KO3 (UIIMEHTa PEerpecCcuu Mpu COOTBETCTBYIONIEM (PaKTOPHOM IPU3HAKE, T.€. TUIIOTE3bI:
Hy: bi=0(5.10)

[IpoBepka HyJ1€BOI CTATUCTUYECKON FMIOTE3bI IPOBOIUTCS C MOMOILBIO f — KpuTepus CThIo-
JIeHTA!

re b; — KOOPGUIUEHT PETPECCHH TIPH X;,
Mp; — CPEIHSA KBaapaTrudeckas omuoka ko3 duimenTa perpeccuu b;.
Cpennsist KBagpaTHuecKas omunoKa ko3 (HUIeHTa perpeccuu MoXeT ObITh OpeeIeHa o

dopmyme:
AT R TR ) 1
Oy, *\/ 1- Ri . Nr—m-1




&
rac © = CpCAHCC KBAAPATHYCCKOC OTKIIOHCHUC AJId ITPU3HAKA )5

- CPCAHECC KBAAPATUICCKOC OTKJIOHCHHUC I IIPHU3HAKA X;;

FHe T koo (GUIMEHT IeTEPMUHALIHI U YPABHEHHS MHOKECTBEHHOM PETPECCUH;

4
i~

ATeeber - god(QUIMEHT JeTepMUHALIMY IS 3aBUCUMOCTH (DAKTOpPa X; CO BCEMHU APYTHMH (ak-
TOpaMH ypaBHEHUSI MHOKECTBEHHOU perpeccuu;

n-m-1 - 4ucio cTeneHei cBo0ObI Ui OCTATOYHON CyMMBI KBAJAPAaTOB OTKJIOHEHUH.
Hcnonp3oBanue qanHO#M (GOPMYIIBI JUTsl pacueTa CpeIHEeH KBaIpaTHIECKON ook ko3 duim-
€HTa PErpeccHy MpeanoaraeT pacyer o MaTpuie MexX(pakTOPHOI KOppeNIILUU COOTBETCT-
BYIOIIMX KOA(UIIMEHTOB JeTepMuHanuu. [lo3ToMy HHOT1a peKOMEHyeTCs NCIOJIb30BATh IS
OTIpeIeNIeHNs CpeIHEH KBaApaTUYecKon OMMOKH KO3 PHUIIMEHTa PETPECCHH MpYaCTHBIE KPUTE-
pun @umiepa.

PacuerHoe 3nauenue kputepusi CThIOACHTA CPABHUBAETCS C TAOJIMYHBIM fy46, IPH 32JaHHOM

=002

YPOBHE 3HAYHMOCTH = (1711 PKOHOMHUYECKUX TPOLIECCOB U SIBICHUI) U YUCIIE CTeTIeHeH
cB00OBI, paBHOM 711-2. Eciiit pacyeTHOE 3HaYeHUE MPEBBIIIACT TAOIMYHOE, TO TUIIOTE3Y O HECY-
IIECTBEHHOCTH KOA(PPHUIIMEHTA PErPecCHy b; MOXKHO OTKIOHHTb.

B JTMHEHHO# MOJIEN MHOKECTBEHHON PErPEcCHH - & AN LTI A KO3 PHULIHEHTHI
perpeccun b; XapakTepu3yIOT cpeiHee H3MEHEHHE Pe3yIbTaTa ¢ H3MEHEHHEM COOTBETCTBYIOIIIE-
ro ¢akTopa Ha eIMHUILY IPH HEM3MEHHOM 3HAUYE€HUH JIPYTUX (PaKTOPOB, 3aKPEIUIEHHBIX HA CPe/i-
HEM ypOBHE.

3HaYMMOCTb KOA(PHUIMEHTa KOPPEJSALIUH # IPOBEPSIETCS TAK)KE HA OCHOBE f-KpuTepusi CTbio-
nenTa. [Ipu 5TOM BBIABHTAETCS M IPOBEPSAETCS TUIIOTE3a O PABEHCTBE KOA( PUIMEHTA KOppes-

un vyimo (Hy: r = 0). Ilpu npoBepke 3TOi rUMOTe3bl UCTIONb3YeTCs {-CTAaTUCTHKA!
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-
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i, = ——H n—2
[Tpu BeIMONTHEHUU H)) t-cTaTHCTHKA HMeeT pactipeneicHre CThIOJCHTA ¢ BXOIHBIMU TTapaMeTpa-
mu: o.=0,05; k=n-2. Ecnu pacdeTHOEe 3HaUYe€HHUE 0O0JIbIIIEe TAOJIMYHOTO, TO TUTIOTE3a H) OTBEpraeT-
csl.
Ha npaktuke yacTo ObIBaeT HEOOXOIUMO CPABHUTH BIIMSHHAC HA 3aBUCUMYIO TICPEMEHHYIO pa3-
JUYHBIX 0OBSCHSIONIUX MTEPEMEHHBIX, KOT/1a TIOCTICTHUE BBIPAXKAIOTCS pa3HBIMU €AMHUIIAMU W3-
MepeHus. B 3ToM citydae UCTONb3yIOT CTaHAapTU30BaHHBIE KOY(PDHUIIUEHTHI perpecCcuu f; u Ko-
a¢dunmeHTs! amactuaHoct J; (i=1,2,...,m).
YpaBHEHHE PErPECCHH B CTaHIAPTU30BAHHON (OopMe OOBIYHO TIPECTARIISIOT B BUJIC:
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- * - o rac g *t - CTaHAAPTHU30BaHHBIC IIEPC-

MCHHBIC.

£
3aMEHUB 3HAUCHHUS «)» Ha f,, @ 3HAUEHHS «X» HA ~ T0JIy4aeM HOPMUPOBAHHBIE UM CTAHIAPTHU-
30BaHHbIE MTepeMeHHbIe. B pe3ynbrare Takoro HOpMUPOBAHUS CpEHIE 3HAUECHUS BCEX CTaHIap-
THU30BAaHHBIX TIEPEMEHHBIX PABHBI HYJIIO, & TUCTIEPCUU PABHBI SAMHHMIIC,

fo=i,=.=f.=0 G,=6,,= .=6_ =1

I,
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KoaddurmenTsr 00b19HOM («IUCTOMY) pETPeCCHU CBA3aHBI CO CTaHAAPTU30BAaHHBIMHU KO3 -
NUCHTAMU CJICAYIOIIUM COOTHOIICHHUCM:



CranmapTuzoBaHHble KO3 (GUIIMEHTH MOTYT IPUHUMATh 3HA4EeHUs OT -1 110 +1 1 moKa3bIBaIoT,
Ha CKOJIBKO CTaHJAPTHBIX OTKIIOHCHUH (CUTM) H3MEHHUTCS B CPETHEM PE3yJIbTAT, €CIIH COOTBET-
CTBYIOUIH (haKTOpP X; U3SMEHUTCS Ha OJJHO CTaHJApTHOE OTKIOHEHHE (OAHY CUT'MY) IIPH HEU3-
MEHHOM CPEIHEM YpOBHE Apyrux (HakTopoB. JlaHHbIE KOI(PPHUITUEHTHI COXPAHSIOT CBOIO BEIJIH-
YHHY [IPH U3MEHEHUH MaciuTaba mkansl. CpaBHUBAs CTaHAAPTH30BAHHBIE KOA(DPHUIIUEHTHI IpYT
C IPYroM, MOKHO PaHKHUPOBATh (DaKTOPHI MO CHIIC MX BO3ICHCTBUS Ha PE3yJIbTaT.

Perpeccusi. KpaTkue cBeieHHsI M3 TEOPUH CTATUCTHKH

B mpakTuke cTaTUCTHUECKOTO UCCIEAOBaHUS BECbMa YacTO BO3HUKAET HEOOXOAMMOCTh OTIpe/ie-
JIUTH HE TOJILKO KOPPEJSILIMOHHOE COOTHOILIEHUE MEXKY 3y4aeMbIMU XapaKTePUCTUKaMH, HO U
YCTaHOBUTH OTPEACICHHYI0 00YCIOBIEHHOCTh MEX/Iy HIUMH, ITPEICTABUB BHISIBJICHHYIO CBS3b B
CTPOTO¥ aHAIUTUYECKOU (hopme.

B sToM ciiyuae pe3ynbTat ucciieqoBaHusl — SKCIIEPUMEHTaIbHAsL 3aBUCUMOCTh BO3/ICHCTBUS Ka-
KOro-mu6o (akropa (Ckakem, MPOU3BOIUTEILHOCTH TPY/1a, YPOBHS 00pa30BaHuUs, MPAKTUUECKO-
ro cTaka paboTHI U T.JI.) HA U3MEHEHHE U3y4aeMoro rmapamerpa (Harnpumep, BETHUIUHbI PUOBLITH
(bupMBI) — MOXKET OBITh HE TOJIBKO TIPEJICTABIICH B BHJIE€ Tpaduka (4TO BeChMa HATJISAIHO), HO U
OIMCAaH MAaTEMATHYECKU C UCTIOIh30BAHUEM AMMPOKCUMUPYIOIIETO BBIPAKEHUS (IMITHPUUIECKON
bopMyIIBI).

HccnenoBanue Takoi CUTyallt U SIBISETCS 3a1a4€i pecpeccuonHo20 aHaanu3a, KOTOPbI 1a-

€T npedckazaue (MpocHo3Uposanie) OJHON IEPEeMEHHONW Ha OCHOBAaHUU Apyroi. Perpeccron-
HBII aHAIM3 YETKO paclpeessieT poiiu MEXKy U3y4yaeMbIMU XapaKTePUCTHKAMH — OJJHA U3 HUX
SBIISICTCSL apeyMeHmoM, a Bropast ¢pyuxyuei. [lepemMennast, koropas mporaosupyercs (pyHkIus),
o0o03HavaeTcs Kak y, a IepeMeHHas, KOTopasi HCTIOIb3yeTCs Il TAKOTO IPOTHO3UPOBAHHUS (ap-
TYMEHT WX (PaKTop), — 3TO X.

TakxuM o0pa3om, B CiTydae BBISIBICHUS KOPPEISALIUN JA€TCs MOMBITKA OTBETUTH Ha Borpoc: «Cy-
HIECTBYET JIK CBsA3b?» Llenbio perpeccCHOHHOro aHanu3a sBJsSETCs MOUCK OTBETA Ha yke OoJee
cioxHbIl Bonpoc: «KakoB Buj 3ToM cBsi3u? Yto Ha uTo BauseT?» OIHAKO B MOCIEIHEM CIIydyae
peub He UET O BBIICHEHWU MEXaHHW3Ma MPUYUHHOCTH OOHAPY>KEHHOU CBSI3M, T.€. HE CTAaBUTCS
Bonpoc «[loueMy cymiecTByeT cBs3b?» ITO yKe CUUTACTCS MTPOOIEMOi CIIeUaTbHOTO UCCIIEIO0-
BaHUs, Kacalouerocs BhIABIECHUS (PHU3MUECKOH (MM COLUAIBHOMN ) MPUPOABI H3y4aeMOro Mpo-
ecca.

dopma cBsI3U pe3yNbTaTUBHOTO MpU3HaKa Y ¢ dakropamu X;, X5, ...X,, momydnia Ha3Ba-

HUE ypasHeHus pezpeccuu. B 3aBUCUMOCTH OT THIIa BEIOPAHHOTO YPaBHEHUS paA3IuUyarom JuHel-
HY10 UHENUHeliHy10 PETPECCHIo (B MOCIEAHEM C1y4yae BO3MOXHO JalbHENIee yTOUHEHHE: KBaI-
paTtuuHasi, 5KCTIOHCHIIMAIbHAS, JorapuMUUIecKas u T. 11.).

B 3aBHCHUMOCTH oT qucna B3aMMOCBSI3aHHbBIX IPU3HAKOB paznuya-
10T NAPHYI0 U MHOJICECMBEHHYT0 PETpeccruioy Eciu nccneayercs cBsi3b MEXy ABYyMs IIPU3HAKa-
MU (pe3ylbTaTUBHBIM U (DAaKTOPHBIM), TO PETPECCUsl HA3BIBACTCS NAPHOU, €CTTU MEXIY TpeMs U
0oJiee IPU3HAKAMU - MHOMCECMBEHHOU (MHO20(haKMOPHOIL) PETPECCHEH.

[Tpu u3yueHUMn perpeccuu cienyeT MPUACPKUBATHCS ONpPEAeICHHON MOCIeA0BaTEIbHOCTH ITa-
MOB:

1. 3aganne aHamuTUYECKOW (DOPMBI YpPaBHEHHUSI PETPECCHU M OTIPEACIICHUE TTapaMeTPOB perpec-
CHUHU.

2. OnpeneneHre B perpecCuy CTEEHU CTOXAaCTUYECKON B3aMMOCBSI3U PE3YJbTAaTUBHOTO MPU3HA-
Ka U ()aKTOPOB, IPOBEPKa OOIIETO KaueCTBA yPaBHEHUS PETPECCUHU.

3. TlpoBepka CTaTHCTHYECKOW 3HAYMMOCTH KaXKIOTO KO3(P(PUIIMEHTAa YpaBHEHHUS PETPECCHU U
ONpeIeJICHUE UX JIOBEPUTEIbHBIX HMHTEpPBaIoB. OCHOBHOE COJEp>KaHUE BBIIEIECHHBIX 3TaIlOB
paccMOTpUM Ha MPUMEPE MHOKECTBEHHOM JIMHEWHOW PErpeccuu, pEeaIn30BaHHON B pPEXKHUME
«Perpeccust» manctpoiiku [laker ananusza Microsoft Excel.

Pacyer napameTpoB ypaBHeHnune perpeccuu. TexHosiorusi paéborsl



Jns pacueTa mapamMeTpoB YpPaBHEHHUS PETPECCHU BOCIIONB3YeMCs CIEAYIOUINM mpuMepom. B
anTeKe MPOJaeTCss HOBBIM mpemnapar A npoduiakTUky rpunmna. HeoOXoaumMo BBISICHUTH Kak
00beM mpojax y (YMCIIO YIAKOBOK B JIEHb) 3aBUCUT OT a) YKCJIa TOKYIaTesield, KOTOPBIE CIIbIIIa-
JM peKJiaMy 3TOTo Tpemnapara (UX I0Jisg OT OOIIEero Yuciia nmokymnarenei x;, %) u padbore B Topro-
BOM 3ajie¢ Bpadya-KOHCYJIbTaHTa (OTHOCHTENbHOE BpeMs Xz, Korna oH pabotan, %). McxomgHbie
JaHHBIC TIPEICTABJICHEI B TAOJIHIIC.

Tabmauma 2
[enp y, X, % X Jlenn V, X1, X2,
NPOJAXH  YN/OeHb % npofaxu yn/oenv % %
1 6 40 30 11 8 50 35
2 5 20 33 12 8 37 30
3 4 31 20 13 7 50 40
4 5 32 25 14 7 38 42
5 6 34 29 15 7 50 39
6 5 35 20 16 6 35 35
7 5 37 21 17 6 46 36
8 5 32 20 18 6 49 38
9 7 39 35 19 7 51 41
10 5 35 30 20 6 45 34
Pa3mecTuM ncxoHbIe JaHHBIC HA JTUCT TAOJUYHOTO peaKkTopa B ciieaytoneM Bue (puc. 25).
A B c D
Henv ¥ | x5 % | x5 %
1 |mpodaxce | yaldens
2 1 6 40 30
3 2 5 20 33
4 3 4 31 20
5 4 5 32 25
B 5 6 34 28
7 5 5 35 20
8 7 5 37 21
g 5 5 32 20
o] 3 7 39 35
1] 10 5 35 30
12 11 8 50 35
13 12 g 37 30
14 13 7 50 40
15 14 7 38 42
1B 15 7 50 39
17 18 6 35 35
18] 17 6 46 36
18] 18 6 49 38
0 19 7 51 41
21 20 6 45 34
e
Puc. 25

Pexxum paboThl «Perpeccusy CIyKuT AJi pacdyeTa mapaMeTpOB YpaHeHUs TUHEUHOU PETPECCUT



U TIPOBEPKU €ro aJIeKBaTHOCTH HCCIeAyeMOMY Mpolieccy. B n1anoroBoM okHe JAaHHOTO peKuMa
(puc. 26) 3amatoTcs CIeIyIONIHE TapaMeTPhI:

1. BxooHot unmepsan Y — BBOOUTCS CChUIKA HA STYEHKHU, COJIEpIKAIINE JaHHBIC TIO Pe3yIbTaTHB-
HOMY IpU3HaKy J/luama3oH JOIKEH COCTOATh U3 OJHOTO CTOJIOIA.

2. Bxoonoti unmepéan X — BBOTUTCS CChUIKA Ha STYEHKH, coAeprKalire (akTOpHbIC PU3HAKY.
MakcumanbHOE YUCII0 BXOAHBIX AHANa30HOB (CTOI0IOB) paBHO 16.

3. Memxku 6 nepsoii cmpoxe/Memxu 6 nepgom cmonoye

4. Vposenwv naoesicnocmu — ycTaHOBUTE JaHHBIN (J1a’KOK B aKTUBHOE COCTOSIHHE, €CIIU B TOJIE,
pacmnosoKeHHOe HapOTUB (h1akka, HeOOXOIMMO BBECTH YPOBEHb HAICKHOCTH, OTIIUYHBIN OT
ypoBHS 95 %, IpUMEHSEMOTr0 M0 YMOIYAHUIO. Y CTAHOBJICHHBIM YPOBEHb HA/IEKHOCTH UCIIOJIb-
3yeTCst s [IPOBEPKH 3HAYMMOCTH KOd(Q(HITHEHTa AeTepMUHALEH R 1 K03 BHUIEEHTOB perpec-
CHUH a;.

5. Boixoouou unmepean/Hosviii pabouuti iucm/Hosas pabouas knuea

PerpeccHa E|
Ex0aHbIE AGHHEIE
B:x0AHOA HHTEPEAN ! $E41:$E421
BxoAHOMR MHTEPBaN X $C51 40421
Cnpaeka
MeTrH |:| FOHCTaHTa - HOME
YPOBEHE H3AEHOCTH: a5 S

MNapaveTpel BERIEDAS

(%) Bulx0AHOA HHTEPEAN: $H$21 %

) Hoseaii patioumii oueT:
() HoEaa pafiouas EHHrE
CIETATKEH

|:| OCTaTkH |:| Cpa OCTaTHOE
|:| CTaHASPTHS0EAHHEIE OCTATEH |:| Ipadmk noabopa

HopHankHaa BepoaTHOCTE
[ ] rpatmic HopMankHoH BEpoATHOCTH

Puc. 26

[Tocne Toro, kak Mel HakMeM Ha OK, mosryaum pe3yabTart, coepKaiiui 00IbII0e KOJTUISCTBO
uH(popmaruu (puc. 27). Ho BeIOepeM TOIBKO T€ U3 HUX, KOTOPBIE MOTPEOYIOTCS IS TOCIETYTO-
niero ananu3a. J{is 3Toro co3naaum Tadiuily, B KOTOPOH moMec-

TUM pacuemHule 3HAUCHUS KOAPPHUIIMEHTOB PETPECCHH, CTAHIAPTHYIO OUIHNOKY, BETMUNHBI /-
KPUTEPHUS U TIOKA3aTENIM YPOBHS 3HAYMMOCTH p. YKaxeM Takke (HrKe TabIUIbl) pacCUNTaHHBIE
MOKa3aTeNu sl caMOil PYHKIIMH .



PE‘BPECCUOHH&H Chatnlcimliig

hMHO¥ECTEEHHRIA R 0,74
R-keagpat 056
HopmupoeaHHeIR R-keanpat 051
CTaHAapTHaA owKnbka 0,77
Habnwgenua 20

JHWCNEepCHOHHEIR 3HAKS

SHauumo
oif 55 M5 F crk F

Perpeccua 2 1282 B 4R 10 95 0,0

OcTaTok 17 10,03 0a9

HToro 19 2285

t-
Crnandaprnn | cRRarmic F- Husmnue | Bepxnue | Husnuwe | Bepxue
Kosghgpuuerine! | a7 oubes muka  dnavenue . 95% 95% 95 0% 95, 0%

Y-nepeceyeHqe 1,91 092 209 005 -0,02 3,84 0,02 3,84

%1, % 0,04 0,03 1564 0,12 -0m 0,10 -0,01 010

%2, % 0,03 0,03 2,43 0,0z 0,01 0,14 0,01 0,14
Puc. 27
Tabmuma 3
JlaHHBIE PErpeCCUOHHON CTATUCTUKHI
HezaBucumas Koaddu- CrampmaptHas  Kpumepuii  Ypoeens 3nauu-
TepeMEHHas IUEHT ommoOKa t mocmu p
CBOOOIHBIN iIeH 1,91 0,92 2,09 0,05
Hons nokymnaresneu, Clibl- 0,04 0,03 1,64 0,12
HIaBUIMX peKyiamy, %o
Bpewms paboThl KOHCYITb- 0,08 0,03 2,48 0,02

TanTa, %

Jns yskmmm Y: crangapTHas ommnOKa Sy = 0,77; R*-xBampar = 0,56; R* (HOPMHPOBAHHbIT) =
0,51. Takum oOpa3zom, I pacCMaTPUBAEMOTO NPUMEpa YpaBHEHUE perpeccuu (MIu ypaBHEHUE
MIPOTHO3UPOBAHUS ) oyner UMETh CIICTYIOIIUH BUT: Y(00vem npooasic,
yn/0env) =by+bx1+byx=1,91+0,04 (0onn noxkynameninetl, CBIUABUIUX pexiamy,
%)+1,62(omunocumenvHoe 8pems pabomel KOHCYIbmanma, %). 3anuiieM MoJydYeHHOe ypaBHe-
HUE B OKOHYaTenbHOU pefakiuu: y=1,91+0,04x;+0,08x;

NuTepnperanusa ko3p(PpUIUEHTOB perpeccuu

CBoOoHBII uiieH (caBur) by, paBHbiid 1,91, hopmansHO HAIEKUT MOHUMATH CIIEAYIOMUM 00pa-
30M: 00BEM MPOAXKH Mpenapara, Korja cpeau Mnokymnareneil HeT TeX, KTO CIbIIai peKiamy, 1
HET Bpaua KOHCYJIbTaHTa, cocTaBisieT 1,91 ynakoBku B feHb. OHAKO MBI [T0J1araeM, 4To B yKa-
3aHHOI COBOKYITHOCTH MCXO/JHBIX JaHHBIX HET MOJOOHBIX MpuMepoB. [loaToMy cnBur by crieqyer
00CYXJaTh KaK BCTIOMOTATEIIbHYIO BETHUUHY, HEOOXOIUMYIO JIJISl TIOTYYSHHUS ONTUMATBHBIX
MIPOTHO30B, U HE UCTOJIKOBBIBATh €€ OykBasibHO. Koad pummenTs! perpeccuu b u b, ciemyer
paccMaTpuBaTh Kak CTENEHb BIMSHUS KaXKI0W U3 MEPEMEHHBIX Ha YPOBEHB MPOJAXK Mpernapara,
€CJIM BCe APyTre He3aBUCHUMBbIE IEPEMEHHbBIE OCTAI0TCA HEM3MEHHBIMU. Tak, KO3 duueHT by,
paBubiil 0,04, yKka3pIBaeT, 4TO (MPU MPOUMX PABHBIX YCIOBHUAX ) HOBBIIICHUE J0JU MOKyNaTeIeH,
CIBIIIABIIMX O peKjiaMe npenapara Ha 1 %, IpuBOAUT K BO3pacTaHUIO ero npoaaxu Ha 0,04
YIIAKOBOK B JIeHb. AHANM3UPYsI KOdDPUIHEHT b,, MOKHO 3aMETHTh, UYTO YBEITUICHUE OTHOCH-
TEJIHHOIO Y4acTHs Bpaya-KOHCY/IbTaHTa Ha 1 % MPUBOIUT TaKkKe K MOBBIIIEHUIO MTPOJAXKH, ITOT




MPHUPOCT COCTABIISICT MOUYTH TaKyto ke Benmuuuny — 0,08 yn/neHp.

Eme pa3 3ameTum, 4yTo Bce Ha3BaHHbBIE KO3(PPUIIMEHTHI pErpecCU OTPaKaloT BIUSHUE HA HUC-
CIIEAYEMBIN TapaMeTp ¥ TOJIBKO KaKOU-TO OJHON NEPEMEHHON XIIPU HENTPEMEHHOM YCIIOBUH, YTO
BCE Ipyrue nepeMeHHsie ((hakTopbl) HE MeHsI0TC. Hanmpumep, mpuMeHUTENBHO K KO3 dUIIHEH-
Ty b, 3TO HY’)KHO TIOHUMATh TaK: YKa3aHHOE BIUSHUE KOMMEPUYECKOM MOMOIIY KOHCYIhTAHTA
MPOSIBIISICTCS MPHU YCIOBHUH, YTO CPEIU TIOKYIATeNIel COXpaHsIeTcsi HEM3MEHHOM OISl T€X, KTO
CHBIIIAN PEKIIaMYy.

OumuodKu NpPOrHo3upoBaHus (onpeaejeHue Ka4ecTBA PerpecCHOHHOI0 aHAJIN3a)

J1J1st OTIEHKH BBIMIOJIHEHHOTO PErPECCHOHHOTO aHAIN3a UCTIONB3YIOT KOd(duyuenm oemepmMura-
yuu (R%), yKa3bIBAIOMIKIL, KAKOil IPOLEHT BapHauy (yHKIINH y OOBICHSIETCS BO3ACHCTBHEM
(hakToOpoB Xj.

B HameMm npumepe k03¢ GUIMEHT TeTepMUHAIINH R’ paseH 0,56, uro cocrasnseT 56 %. JtoT
pe3ynbTaT CleAyeT TOJTKOBATh TaK: BCE HCCIEAYEMbIC BO3ICHCTBYOMNE (DaKTOPBI OOBICHSIOT 56
% Bapuanuu aHanuzupyemoit pyHkuuu (od0bema npoJaHHbIX npenaparoB). OcranbHoe xe (44
%, 9TO OYCHB CYIIECTBEHHO) OCTACTCS HEOOBSICHEHHBIM U MOXKET OBITh CBS3aHO C BIUSHHEM
JIPYTUX, HEYYTEHHBIX (DaKTOPOB.

Wrak, HamMu OTy4eHO ypaBHEHHUE MHOKECTBEHHOU perpeccuu, KO3 UIUEHTHI KOTOPOTro bi
(dbopManbHO MOKA3bIBAIOT, KAK M B KAKOM HAIPaBJICHUU JEUCTBYIOT (ITOKa JIMIIBL BEPOSATHO!) HC-
ciexyeMbie (aKTOPHI XiM KaKOH MPOIIEHT U3MEHYMBOCTU (DYHKITUU ) OOBSICHSIETCS BIUSTHUEM
WMEHHO ATHX (PaKTOPOB.

Teneps HaM HAAJIEKUT OMPEIETUTH CTATUCTUUECKYIO 3HAUUMOCTD MOJTYYEHHOTO aHATUTHYECKO-
T'O BBIpaKEHUSI.

IIpoBepka 3HAYMMOCTH MOAEJIN

Pewienue npunumaemcsi Ha ocHose kodpuyuenma demepmunayuu R’. B 5ToM ciydae nmero-
LIIYIOCS PACYETHYIO BeIMUHHy R°pacd (prc.27) HeOOXOIMMO CPaBHUTH C TaGINIHBIME (KPUTHYC-
CKHMMH) 3HaYEHUSIMH R KPUT JIJIsl COOTBETCTBYIOIIETO YPOBHS 3HAUMMOCTH (IIOBTOPHUM €LIe pa3,
00b1aH0 310 0,05). Ecnu okaxercs, 4to Rzpacq> RzKpI/IT, TO C YIIOMSIHYTOM CTEIIEHBIO BEPOSIT-
HOCTH (95 %) MOXKHO yTBEpK/aTh, UTO aHATU3UPYEMasi perpeccus ABISETCS 3HAUMMOM.
Hamomanm, 4T0, 0 HaIMM pacueram, K03()PUIMEHT JeTepMUHAITUN Rzpacq cocrasisiet 0,56,
win 56 %. Tabnuna 17 TeCTUPOBAaHUS Ha YPOBHE 3HAUUMOCTH 5 % B citydae BbIOOpkH 17 = 20 1
YHClia IEPEMEHHBIX k = 2 JaeT KPUTUYECKOE 3HAUCHUE RzKpI/IT =0,297. I1oCKONBKY BBITIOJIHSIET-
Cs COOTHOLIIEHHUE Rzpacr{> R’ KPHUT, TO C BEPOSTHOCTBIO 95 % MOKHO yTBEPKIATh O HATUYUU
3HAYMMOCTHU JJAHHOTO YPAaBHEHUS PETPECCHUHU.

IIpoBepka Ha aieKBATHOCTHL K03 (PUIHEHTOB perpeccun

[TpoBepky Ha aIeKBaTHOCTH KO3(DPHUIIMEHTOB PETrPeCcCUr PEKOMEHyeTCsl TPOBOAUTH IO Clie-
JTYFOIITUM DKBHBAJICHTHBIM METOaM.

1. Ucnonvzosanue t-kpumepusi. AHATH3UPYEMbIH KO3DPHUIIUEHT CUMTACTCS 3HAYUMBIM, €CITH
€ro t-kpumeputi o a0COIIOTHOM BenmunHe npesbimiaet 2,00 (tounee 1,96), 4T0 COOTBETCTBYET
ypoHto 3Hauumoctu 0,05. B Hamem npumepe umeeM s ko3P PuimeH-

TOB by, b; 1 b, cnexyroniue nokaszarenu kpurepus CrorogenTa: ¢ by =2,09;t by =1.64ut b, =
2.48. 13 Bcero BhILIECKa3aHHOT'O CIEAYET, YTO 3HAYMMbBIMH OKa3bIBAIOTCS KOd(PPHILIHEH-

ThI by ¥ b, HaIlIETO ypaBHEHUS.

2. Ucnonvzosanue yposHs snauumocmu. B 3ToOM citydae olieHKa IPOBOJUTCS IyTEM aHaJIU3a Io-
kazarens p. Koaddurment npusnaercs 3HAYMMBIM, €CJTH paCCUNTaHHOE JJISI HETO p-3HAUYCHUE
(otu mannblie BeigaeT Excel) Mensbine (wim paBuo) 0,05 (T.e. anis 95 %-Hoii qoBepUTENBHON Be-
positHocTH). [TokazaTens p cocTaBiseT st KOA(DPUIIMEHTOB CISAYIONINE BETUINHBL: p
bo=0,05; p b= 0,12 u p b, = 0,02. DTH 1aHHBIC TO3BOJIAIOT TAKIKE 3aKIIIOUUTh, YTO U3 PACCMOT-
PEHHBIX KO3(P(GHUIIMEHTOB CTATUCTUYECKHA 3HAYMMBIMH SIBJISTIOTCS TIEPBBIN U TPETHIA.

B 11e510M ke poBeACHHBIN PErPECCUOHHBIN aHATK3 JaeT HaM OCHOBAHUE CJIENIaTh BHIBOJ O TOM,
YTO BJIIMSIHUE Ha MPOAaKH padOThl Bpaya-KOHCYJIbTaHTa 3HAUMMO. BMecTe ¢ TeM HeoOXoamumo



YUUTHIBATh, YTO HAMU SIBHO HE MIPUHSITHI BO BHUMaHUE BCe (aKTOPHI (BCIIOMHUM Tipo 44 %, ipu-
XOJIALINXCS HA HEYYTEHHbIE PUYMHBI), YTO TPeOyeT MPOBEACHUS TONOJHUTENbHBIX UCCIIEI0BA-
HUM.

IMouck 3aKOHOMEPHOCTEl /Il KA4eCTBEHHBIX TaHHBIX. AHAJIN3 «XH-KBaJpaT»

Kpurepwii xu-xk6adpam ACONB3YIOT I TPOBEPKH THITOTE3 O KAUECTBEHHBIX JIaHHBIX, TIPE/I-
CTaBJICHHBIX He YUCJIAMU, a KaTeTOPUSIMHU. 3/1eCh IPUHSATO ONEPUPOBATH MOCUE-

TOM uacmomwi(TIOCKOIIbKY paHKUPOBAHHE WK apu(PMeTHIECKUE NEHCTBHS BHITOIHATH HEBO3-
MOYHO).

Kpumepuii (mecm) «xu-xéadpamy» OCHOBaH Ha 4aCTOTaX, KOTOPHIE MIPEACTABIISIIOT COO0H KOJIH-
4ecTBO 00BEKTOB BRIOOPKH, MOMAIAIONINX B TY WU HHYIO Kateroputo. CyTh MoKas3aTens xu-
keadpam(y’):

OH U3MEPSIET pasHuyy MeXAY Habarooaembimu (IKCTIEPUMEHTAIBHBIMU) YaCMOMAMU
fou oorcudaemvimu (TeOpeTUUECKUMHE) yacmomamu fr. KOHKpPETHO OH pacCUMTHIBACTCS KaK CyM-
Ma KBaJIpaToOB Pa3HOCTH 3THUX YacTOT, BBIPAXKEHHAS B JIOJIAX YaCTOTHI TEOPETUYECKOU. DTO yT-

[ r o
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v
BEPIKJIEHUE MOXHO 3alHCcaTh CIETYIOIIUM o6pasoM:”
Hcnonp3oBaHne 3TOr0 CTAaTUCTUYECKOrO IMOAXO0/JAa PACCMOTPUM Ha CIEAYIOIIEM IpUMEpE.
MpI pemuian npoBEeCTH MapKETUHTOBOE HCCIEAOBaHUE, YTOOBI YACHUTH, KaKyl0 MapKy MHHE-
paIbHOHM BOJBI MPEANOYUTAIOT MY>KUYUHBI U JKEHIIUHBIL. J[J1 KaKIoW MOKYNKU (HUKCHPOBAIHCH
JIB€ KaueCTBEHHBbIE MEpEeMEHHbIE — MapKa BOJBI U MOJ MoKymareis. B kadecTBe mpogaBaemMoit
BO/IbI purypupoBanu «Hapzany», «Eccentykn» u «Tarapckas».

[TomydeHHBIE TaHHBIE CTATHCTHYECKOTO OIMpOoca MPEACTaBICHBI B Ta0inuHON dopme (Tadn.4), B
KOTOPOM ISl KaXKJIOrO BUJAa MUHEPAIbHOW BOJBI YKA3aHO KOJIMYECTBO COBEPIIAEMBIX MOKYIOK
TEM WJIA UHBIM MTOKYTIaTeJIeM.

HeobxonmuMo naTh 3akiiOYeHHE MO HWTOTaM CTATHCTUYECKOW TPOBEPKU MO KPUTEPHUIO «XH-
KBaJIpaT», T.e. CYOPMYIUPOBATH BHIBOJ U MOSICHUTH PE3YIbTAT C MPAKTHUECKON TOUKU 3PCHUS —
OTIpeeNuTh, KaKyl0 PIHOUYHYIO CTPATErHI0 HEOOXOJUMO MPUHSTH, T.€., HA KAKOT0 MOKYHaTelNs U
Ha KaKyo MapKy MUHEpaTbHOMN BOJIBI HE00X0 MO OPUEHTUPOBATHCA.
Tabnuia 4.— DkcriepuMeHTaAIbHBIE JaHHBIE O Pe3yJIbTaTax ormpoca

MTOCETUTEIIEH alTEKU

=y -
e £
I o

YacToTa mpeano4YTeHun

Mapka Bo-

ABL Myxunnbl  JKeHIIUHBI Hroro
Hapsan 38 15 53
Eccentykn 24 31 55
Tarapckas 18 27 45
Hroro 80 73 153

YucTo BU3yanbHO TPYAHO OTBETUTH, €CTh JIM B3AUMOCBSI3b MEXY ITUMU MIPU3HAKAMHU: PA3HBIMHU
KaTeropusMU MOKYIaTeNIe U MapKkaMyd MUHEpalbHOU BoJbl. [103TOMY HEOOXOAMMO JaTh aHATU3
pacrpeaeeHus 4acTOT B TabIuIe o CTpOKam u rpadam.
[Ipu 3TOM HCXOIAT U3 CIEAYIOLIETO MOJOKEHUSA. ECiau nmpu3HaK, MOJIOKEHHBIA B OCHOBY I'pyIl-
MUPOBKH MO CTPOKaM (MapKka MuHepanbHou 600bl), He 3aBUCUT OT MPU3HAKa, MOJIOKEHHOTO B
OCHOBY TPYIIIUPOBKHU 10 CTOJIONAM (TI0JI nOKynamelisi), TO B Kax#cootl CTpoke (CToJOIe) pacupe-
JIEJIEHHE YacTOT JAOJKHO OBbITh MPOMOPLUMOHAIBHO PACHpPENEICHUI0 HX B UMO2080l CTPOKE
(cronbre). Takoe pacmpeneneHue MOXKHO pacCMaTpHUBaTh Kak meopemuueckoe (0KHIAEMOE),
YaCTOTBl KOTOPOTO PACCUMUTAHBl B MPEANOJIOKEHUU OMCYMCMBUs CBA3U MEXIY H3y4aeMbIMU



COBOKYIIHOCTSMMU.

PaccunrtaeM oorcudaemvie 9acTOTHI 6Hympu TAOIUIBI POTIOPIIMOHAIBHO PacpeCICHUIO YaCTOT
B UMO020601i CTPOKE.

Tak, «Hap3zany» Kak oJlHa U3 MapOK MHUHEPAILHON BOJBI B 3aBUCUMOCTH OT IOBEACHHS ITOCETH-
TEJICH allTeKU II0 Y4acTOTe nomnagaHuss B KaTCropuu ((My)KqI/IHBI» u (()KCHH_II/IHBI» UMECT ClJIC-
JYFOIIHE MOKa3aTesIu:

HUA:

_ CC~,0N _ CEN~r772

£ S5x8 .. g 55X73 .

i = —— — £0,0 i = ——— — £0,<£

fe 153 L -
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s TpeTein CTPOKH - KaTeropus «Tarapckas»:
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£ _ "= S _narn £ - _71K
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fB5 53 fi5 53

[TonydeHHbIe pe3ynbTaThl IOMECTUM B TaOIHILY 5.
Tabmuma 5. — TeopeTnueckue TaHHBIC O pe3yabTaTax onpoca
MTOCETUTEIIEH alTEKU

YacToTa mpeano4YTeHun

Mapka Bo-

ABL Myxunnbl  JKeHIIUHBI Hroro
Hapzan 27,7 25,3 53
Eccentykn 28,8 26,2 55
Tarapckas 23,5 21,5 45
Hroro 80 73 153

Ananm3 «xu-kBagapar. TexHosiorusi pacuera

IlepeneceM manHble 00eux Tabauil B padounii tuct Excel (puc.28).

AHanm3 xu-kéaopam BBITIOTHUM C TOMOIIBIO  (PyHKIIHH XU’ recr. Jns 3TOro MCHoOJbB3y-
eM Mactep ¢pynkumii/ CtatucTudyeckue / XMW recr.

B sueitky B11 nmomectum pesynbraThl Tecta. [Ipy 3anogHeHUH TUAIOTOBOTO OKHA B TEKCTOBOM
noJie hakmuuecko2o unmepeana ykaxem aapec siaeek C4:D6, B KOTOPBIX HaXOJSATCS DKCIIEPH-
MEHTaJbHbIC JaHHBIC MO YacToTaM (Ta0i.4). COOTBETCTBEHHO B TEKCTOBOM IIOJIE 0H#COAEMO20
unmepeana ykaxem auamna3zon H4:16, comepxuMoe KOTOPOTO OTpa)kaeT TEOPETHUECKHE 3Hade-
HUA 9acToT (Tadu.5). B okoHuaTenpsHOM BHje B stueiike B11 OyneT HaxoauThCs CASAYIOMUMA TT0-
KasaTellb, a HMCHHO: 0,002.
Kak >xe crmemyer TpakToBaTh MOJYyYEHHBINH pe3ynbTaT? Te3uc 0 HEe3aBUCUMOCTH OOCYX IaeMBIX
napaMeTpoB (BUJ MUHEpPATbHOW BOABI M TOJ MOKYHATElNs1) MOKHO ObLTO ObI MPUHSATH, €CIIA OBl
ypoBeHb 3HauuMocTu o Obu1 Obl MeHblie 0,002. Ho ang 95 %—Hoi BepositTHOCTH (naxe 99-
MpOLeHTHOM) ycTaHnoBieHHbIe 3HaueHus o (0,05 u 0,01) mpessimarot 0,002. DT0 TOBOPUT O BHI-
COKOM CTENEeHU 3HAaYMMOCTH, CIIEJ0BATENbHO, YKA3aHHbIE KAYECTBEHHbBIE TEPEMEHHBIE SBISIOTCS
3aBUCHUMBIMHU JIPYT OT Apyra. [pyrumu cioBamMu, IpeanouTeHUE B BRIOOPE TOW UM WHOU MapKH
MUHEPATBLHOM BObI ONPEAETSAETCS MOJI0OM OKYIaTesl.



Mapxa | Hacrora npegnouTeHHE Mapra |Hactora npegmoutenni

EOIE Wymuunu | Fepmunau | Hroro EOTE Myguunu | Femmunu| Hroro
Hapzan 38 15 53 Hapsan 237 25,3 53
Eccentyrn 24 31 95 Eccentyun 28,8 26,2 95
Tarapcras 18 27 45 Tarapckas p 235 gl,_ﬁ: 45
Hroro sl EE; 153 Hrore 80' 7"3' 152

Apryme HTbl iyHRLUMM @

KMZTECT
{38;15:24;31:18;27
(Bes] = {27,7,25,3:28,8;26,

= 0,002032635

Bo3BpallasT TECT HA HE3ABHCMMOCTE! 3HAYEHHE PACNPEAENEHHA *H-KEAAPAT ANA CTATHCTHHYECKOr O PACNPeAEnEHHA
M COOTESTCTEYHIWEND YHMCNa CTEMEHEH CEOBO AR

[eHaE) ]

PAKTHUECKWH_MHTEpBan | C4:06

OMtHAaEMbIA_MHTEpBan H4:16

03K AEMbIA_WHTEPBAN AHANa30H, COAEPMALLHA OTHOWEHHE NPOMSBEASHHA TOMOE MO CTPOKAaM
H CTONAUAN K OBWERY HTOMY,

COP3EKS N0 3T0A ByHIELHM SHaqeHne: 0,002032635 [ 0K l [ O TreHa

Puc.28

1.6 Jlexknus 8 (2 4.)

Tema: Meross! ontumuzaiun. Mcnons3oBanne Hazctpoek Microsoft Excel
1.6.1. Bonpoce! JieKnuu:

1. 3JII1. I'paduueckuii meron pemenus 3JII1, cumrekc-mMeTo

2. ITocTanoBKa 3a/1a4u JIMHEHHOTO MPOrPAMMHUPOBAHUSI U CBOMCTBA €€ PEUICHUI
3. CumnnekcHsli Meron pemenue 3111

4. Teopusi ABOMCTBEHHOCTHU

5. OcHOBHEBIC BUJBI 3a7a4, cBomsammxcs k 3JII1

6. TpancnopTHas 3a/a4a, METO/IbI €€ PEIICHUS.

1.6.2 KpaTkoe coaep:kaHue BONPOCOB
3JII1. I'padpuveckuii meron pemennsi 3JII1

MHorue 3aa4i, ¢ KOTOPBIMH MPUXOIUTCS KMETh JIEJIO B MIOBCEIHEBHON MPAKTHKE, SBIISIOTCS
MHOTOBapHUaHTHBIMH. Cpeyi MHOXECTBA BO3MOXKHBIX BAPHUAHTOB B YCIIOBHUSX PHIHOYHBIX OTHO-
HICHUHA TPUXOTUTCS OTBHICKMBATh HAWJIYYIIHE B HEKOTOPOM CMBICIIC TPHU OTPaHUYCHHSX, Haja-
raeMbIX Ha MPUPOJHBIC, JKOHOMHUECKHE U TEXHOJIOTMUYECKHE BO3MOXXHOCTH. B CBsI3U ¢ 3TUM
BO3HHUKJIA HEOOXOIUMOCTh MPUMEHSTH JJIs aHAJIM3a U CHHTE3a YKOHOMUYCSCKUX CHTYaI[Uil U CHC-
TE€M MaTEeMAaTHYECKHUE METOJIbI 1 COBPEMEHHYIO BBIYMCIUTENbHYIO TeXHUKY? Takue MeToIbl 00b-
SMHSFOTCS T10]] OOIIUM Ha3BaHHEM — MaTeMaTHYECKOE MPOrpaMMHPOBaHHE.

OCHOBHBIE IOHATHS

Mamemamuueckoe npocpammuposanue — 00JaCTh MAaTEMATHKH, pa3padaThIBAIONIas TCOPHUIO

Y YHCIIEHHBIC METOJBI PEUICHUS MHOTOMEPHBIX SKCTPEMANbHBIX 3a/1ad C OTPAaHUYCHHSIMH, T. €.



3a1a4 Ha HKCTPEeMyM (YHKIMU MHOTHUX NMEPEMEHHBIX C OTPAHUYCHUSMHU Ha 00JIaCTh W3MEHEHHS
JTUX MEPEMEHHBIX.

QYHKIUIO, SKCTPEMAIBHOE 3HAYEHHE KOTOPOM HYXKHO HAUTH B YCIOBUAX SKOHOMUYECKHUX
BO3MOXHOCTEH, HA3bIBAIOT Yenesol, nokazamenem 3¢gexmuenocmu WA Kpumepuem ONMu-
ManbHocmu. DKOHOMHUYECKHE BO3MOXKHOCTU (OPMANTU3YIOTCA B BUIE CUCHIEMbl 02PAHUYEHUL.
Bce 3710 cocraBisier MmaremMaTHuecKyt0 MOAeNnb. Mamemamuueckas mooens 3aa4l — 3TO OTpa-
KEHHEe OpUTHHAaja B BUJE (DYHKIMH, ypaBHEHUH, HEpaBeHCTB, uudp U T. 1. Mojaenb 3a1auu Ma-
TEMaTUYECKOr0 IPOrPaMMUPOBAHUS BKIIFOYAET:

1) COBOKYNTHOCTh HEM3BECTHBIX BEJIMYMH, IEHCTBYs HA KOTOPBIE, CUCTEMY MOXXHO COBEpILEH-
cTBoBaTh. MX Ha3bIBAIOT nianom 3adauu (BEKTOPOM YIIPABJIEHUS, PELICHHUEM, YIPAaBICHUEM,
CTpaTerueu, NoBEIEHUEM U JIp.);

2) neneByro GyHKIHIO (PYHKIUIO IENIH, TMOKa3aTenb d3PHEKTUBHOCTH, KPUTEPHUI ONTHUMAIIb-
HOCTH, (DYHKIIMOHAN 3a1a4u U 1p.). LleneBas pyHKIuMS MO3BONISAET BHIOMPATh HAMITYUIIUI BapH-
aHT - U3 MHOXKECTBA BO3MOXKHBIX. Hamyummii BapuaHT AOCTaBISET LENEeBOM (QYHKIIMU 3KCTpe-
MaJIbHOE 3HaYeHHE. ITO MOKET ObITh MPHOBLIL, 00bEM BBIITYCKa WIIU pealn3alliy, 3aTpaTsl Ipo-
U3BOJICTBA, M3/EPKKU OOpAILIEHUs, YPOBEHb OOCIIY)KHBaHUS WIN ACOUUUTHOCTH, YUCIO KOM-
IJIEKTOB, OTXOJBI U T. 11.;

OTH yCIOBUS CIEAYIOT U3 OTPAaHUYEHHOCTH PECYpPCOB, KOTOPBIMU PAcIojiaraeT oOIECTBO B
11000f1 MOMEHT BpEMEHH, U3 HEO0OXOAMMOCTH YIOBJIETBOPEHHUS HACYIIHBIX MOTPEOHOCTEH, W3
YCIIOBUM IPOU3BOJACTBEHHBIX M TEXHOJOTMYECKUX INpoueccoB. OTpaHMYECHHBIMH SIBIISIOTCS HE
TOJIKO MaTepHalibHble, ((MHAHCOBBIE U TPYJOBBIE pecypchl. TaKOBBIMU MOTYT OBITH BO3MOXHO-
CTH TEXHUYECKOI'0, TEXHOJIOTHYECKOT0 ¥ BOOOIIIe HayyHOoro noreHuuana. Hepeako norpedHocTu
IIPEBBILIAIOT BO3MOYKHOCTH UX YIOBJIETBOPEHUS. MareMaTH4eCKH OIPAaHUYEHUS BBIPAKAIOTCS B
BUJIC YPAaBHEHUH U HepaBeHCTB. VX COBOKYMHOCTb 00pa3yeT obinacmb 0onycmumbvlx peuieHuil
(obnacme dKOHOMUYECKUX 803MOdcHOCmet). 11aH, yIOBIETBOPSIOMINNA CUCTEME OTpaHUYEeHUI
3aJlauy, Ha3bIBACTCSI OONYyCmMuMbiM. JJOyCTUMBIN IJ1aH, TOCTABISAIOIINN (PYHKIIMM LIETH KCTpe-
MaJIbHO€ 3HAYEHUE, HA3bIBACTCS onmumanbHuiM. ONTHUMAIbHOE pelIeHHe, BOOOIIe ToBOps, HE
00513aTeJIbHO €JUHCTBEHHO, BO3MOXHBI ClTyyaH, KOIJla OHO HE CYLIECTBYET, UMEETCS KOHEUHOE
WK OECYMCICHHOE MHOXKECTBO ONTUMAILHBIX PEILICHHA.

OpvH U3 pa3aenoB MaTeMaTUYECKOrO IMPOTPAMMUPOBAHUSA - JIUHEUHLIM NPOPAMMUPOSAHU-
em. MeTozbl M MOJIENH JIMHEHHOTO MPOrPpaMMHUPOBAHUS HIMPOKO IPUMEHSIOTCS NIPU ONTUMHU3a-
IIUM TPOLIECCOB BO BCEX OTPACISIX HApOAHOrO XO3SCTBA: MpH pa3paboTKe MPOMU3BOJCTBEHHOM
IPOrpaMMbl IPENNPUATHS, PACIPEAEICHUN €€ 110 HCIOJHUTEISIM, IPU pa3MELIEHUU 3aKa30B
MEXy MCIIOJIHUTEISIMU U 110 BPEMEHHBIM MHTEpBajaM, IIPU ONPEACICHUN HAWITYYIIEro accop-
TUMEHTA BBIIYCKAEMOM INMPOAYKLMH, B 3aJadyax NEPCIEKTHUBHOIO, TEKYLIEr0 U ONEPaTHUBHOIO
IUTAHUPOBAHMS U YIPABJICHUS; IIPH IUIAHUPOBAHUU TPY30IIOTOKOB, ONPENEICHUH IIJIaHa TOBAPO-
000poTa U €ro pacnpeAeeHIH; B 3a7ja4yax pa3BUTHS U pa3MeEIIeHUs POU3BOAUTEIBHBIX CHII, 0a3
U CKJIQZIOB CHCTEM OOpallleHUs] MaTepUalbHbIX pecypcoB U T. 1. OcCOOEHHO IUPOKOE MPUMEHE-
HUE METOJbl U MOJIENH JUHEHHOrO MPOrpaMMHUPOBAHMS MOTYUYMIN IIPU PEILIEHUHU 33]a4 3KOHO-
MHH pecypcoB (BBIOOP pecypcocOeperaroiux TeXHOIOTUM, COCTaBICHUE CMECEH, pacCKpol MaTe-
pHaoB), MPOU3BOACTBEHHO-TPAHCIIOPTHBIX U APYTUX 3a4ad.

Hauano nuHeiiHOMYy mporpaMMHpPOBAaHHIO OBLIO MOJOKEHO B 1939 T. coBeTCKMM MareMaTu-
koMm-3koHOoMucTOM JI. B. KantopoBuuem B pabote «MareMaTHuecKue METOAblI OPTaHU3alUHN U
IUTAHUPOBaHMsI IPOU3BOACTBaY. [losiBiIeHne 3T0M pabOThl OTKPHUIO HOBBIM 3Tall B MPUMEHEHUH
MaTeMaTHKH B 3KoHOMHUKe. CITycTs AeCATh JIeT aMepuKaHCcKuii Matematuk JIx. Jlanuur pazpabo-
Tan 3(QGEeKTUBHBIN METOJ pelieHuss JAaHHOTO Kiacca 3alad — CHMIUIeKC-MeToa. OOmias uues
CUMNIEKCHO20 Memooa (Memoda nociedogamenbHo2o yayyutenus niana) s pemenus 3JII1 co-
CTOHUT B CJIIEIYIOILEM:

1) yMeHMe HaXOUTh HaYaJIbHBIN ONOPHBIH IJIaH;

2) HanmM4Ke MpU3HaKa ONTUMAIBHOCTH OMIOPHOTO IJIaHa;

3) yMeHHe NePEeXOIUTh K HEXYALLIEMY OIIOPHOMY IUIaHY.



ITocraHoBKa 321244 JIMHHEHHOI0 IPOrPaAaMMHUPOBAHUA M CBOICTBA ee pelleHH i

JIuHeliHOe MPOrpaMMUPOBAHUE — pa3lie] MaTeMAaTHYECKOro IPOrpaMMHUPOBAHUsA, NMPUMEHSIC-
MBII TIPH pa3pabOTKE METOOB OTHICKAHUS SKCTPEMyMa JTMHEHHBIX (YHKIUI HECKOJIBKUX Tepe-
MEHHBIX IIPY JINHEHHBIX JONOJHUATEIbHBIX OTPAHUYEHUSX, HaJlaraeMbIX Ha repemMeHHsle. [1o tu-
Iy pEeIIaeMbIX 33]1a4 €ro METO/Ibl pa3JeIII0TCs Ha YHUBEPCaIbHbIE U cienHanbHble. C IOMOIIBI0
YHHUBEPCAJIbHBIX METOJIOB MOTYT pEIaThCsl JIIOOBIE 3a0auu AUHEUHO20 NPOSPAMMUPOBAHUS.
(3JIIT). CneranbHBbIE METO/IBI YYUTHIBAIOT OCOOCHHOCTH MOJIENH 33]auu, ee 1eJIeBOH (QyHKINN
Y CHUCTEMBbI OTPAaHUYCHUH.

OCOOEHHOCTBIO 3a/1a4 JTMHEWHOTO MPOrPaMMHUPOBAHUSA SBISETCA TO, YTO DKCTpEMyMa Iielie-
Bas (DYHKIMS TOCTUTAET HA IpaHMIlEe O0JIaCTH JONMycTUMBIX pemeHni. Kinaccuueckue xxe mero-
16l AU PepeHInaIbHOT0 HUCYUCICHHUS CBA3aHbI C HAaXOXKJIEHHEM SKCTPEMYMOB (YHKIHU BO
BHYTPEHHEH TOYKe 00JIaCTH JOMYCTUMBIX 3HadeHHi. OTCroga — HEOO0XOIUMOCTh pa3pabOoTKu
HOBBIX METOJIOB.

®opMmBbI 3aMUCH 33/1a4U JIUHEHHOTO MPOTPAMMHUPOBAHHS:

OOm1eii 3a7aueil TMHEHHOTO MPOrPaMMHUPOBAHNUS HA3bIBAIOT 334a4y

max{mn) 2 :Zj__lc s

@.1)
[PU OTPAHUYECHHSIX

" oanx.=h =1,..
2% % =4 G=1..m) 2.2)
Z';._la&-x- =hG=m+1 ., m) 2.3)

Y oagx, Zhii=my 1.,

Z;.ﬁv‘ﬂ i mﬁ_ ) (2.4)
%20 {1=Lny) 2.5)
i MIPOU3BOJILHBIC = tl ) (2.6)

rae “7 % b 3a/laHHbIe JeicTBUTENbHBIC yncia; (2.1) — neneas ¢pynkmus; (2.1) — (2.6) —

F=(x. . .x
OI‘paHI/I‘IeHI/IH; I: Lroee “) - IIJIAH 3a1a4U.

[Tycte 3JII1 npencraBieHa B CIECAYIONMICH 3aMUCH:

may 2 =cx 2.7)
Ax+Axn+ +Ax =4 (2.8)
nz0xz20,x 20 (2.9)

UtoOs! 3amava (2.7) — (2.8) umena pemnienue, cucreMe €€ orpanudeHuil (2.8) nomkHa OBITh
COBMECTHOM. DTO BO3MOXHO, €CJIM 7 3TO CUCTEMBI HEe OOJIblIIe YnciIa HeM3BECTHBIX 7. Ciydai
r>n BOOOIIIe HeBO3MOXEH. [Ipu 7=n cucTemMa nMeeT eAMHCTBEHHOE PelIeHHEe, KOTOpoe OyIeT mpu

=0 ii=1n)
J ONTUMAaILHBIM. B 3TOM ciiy4ae mpobiaema BbIOOpa ONMTUMAIBLHOTO PELICHHS Te-

ps€T CMBICIL. BBIAICHUM CTPYKTYpy KOOpAMHAT YIVIOBOM TOYKM MHOTOTpaHHBIX peleHui. Ilycts

r<n. B 3TOM ciy4ae cuctema BEKTOPOB A Ay A*coz[epxcm 0a3uc — MaKCUMAIbHYIO JIMHEH-
HO HE3aBHCHMYIO TIOJICUCTEMY BEKTOPOB, Yepe3 KOTOPYIO JIFOOOH BEKTOP CHCTEMBI MOXET OBITh
BBIpQXXCH KaK ee JIMHelHas koMOuHaius. ba3uco, BooOIIe TOBOPS, MOXKET OBITh HECKOJBKO, HO

He Ooiee Cﬁ. Kaxxaplii U3 HUX COCTOUT TOYHO U3 » BeKTOpoB. Ilepemennsie 3JIII, coorBeTcT-
BYIOIIIME 7 BEKTOpaM Oa3uca, Ha3bIBAIOT, KaK U3BECTHO, OasucHuimMu 1 o6o3HavaroT bII. Ocraib-
HBIE 71 — ¥ IEPEMEHHBIX OYAYyT c60600HbIMu, nX 00o3HavyaroT CII. He orpannunBas oOUIHOCTH,

OyzaeM cuuTarth, yTO 0a3MC COCTABISIOT MEPBBIC 771 BEKTOPOB A Ay A’ﬂ. OtoMy 6a3ucy cooT-

e Xy Xy
BETCTBYIOT Oa3HWCHBIC TIEPEMECHHBIC , a CBOOOAHBIMH OynyT TE€pEMEHHbBIC



X

el x

walde ity

Ecnu cBoOOHbBIE TIEpEMEHHBIE TPUPABHATH HYJIIO, a 0a3UCHBIE IEPEMEHHBIE TP 3TOM IPH-
MyT HEOTpHULATENbHbIE 3HAYCHHS, TO MOJY4YEHHOE YaCTHOE pElIeHUE CUCTEMbI (8) Ha3bIBalOT
ONOPHBIM peuieHuem (NIaHoM).

A .
Teopema. Eciu cucreMa BEKTOpOB b A COICPKUT M JIMHCUHO HE3aBUCUMBIX BCKTO-

poB Aoy A , TO JOIIYCTUMBIH TUIaH
X=0r Xy, 0 x5, 0.0, 0y
NS
n=s (2.10)

SABJISIETCS] KpaHE! TOYKOM MHOIOTPaHHUKA IIAHOB.

Teopema. Eciiu 3JII1 umeer permenue, To mneneBas GyHKIUSA JOCTUTAET SKCTPEMAIBHOTO 3HA-
YeHHUs XOTs Obl B OAHOIN M3 KpalHUX TOYEK MHOTOTpaHHMKA perieHuil. Eciou ke neneBast ¢yHk-
[IUS TOCTUTAET SKCTPEMAJILHOTO 3HaUCHUsI 00Jiee ueM B OJHOM KpaiHel TOYKe, TO OHA JOCTUTAET
TOTO € 3HaYCHHUS B JII0OOON TOUKE, SABISIOMICHCS X BBIMTYKIION TMHEHHOW KOMOMHAIIMEH.

I'padpuuecknii cniocod pemenus 3JI11

I'eomeTpuyeckast HHTEpIPETALMSA SKOHOMUYECKUX 3a7a4 AA€T BO3MOXXHOCTb HAIVISAHO IIPEI-
CTaBUTh, UX CTPYKTYPY, BBISIBUTb OCOOEHHOCTH M OTKPBIBAET ITYyTH UCCIIEJJOBaHUS 00Jiee CIO0XK-
HbIX cBoMcTB. 3JII1 ¢ IByMsI mepeMEeHHBIMU BCET/Ia MOXKHO pPeluTh rpaduyecku. OHaKo yxe B
TPEXMEPHOM IIPOCTPAHCTBE TAKOE PEIICHHUE YCIIOKHIETCS, a B IPOCTPAHCTBAX, Pa3MEPHOCTh KO-
TOpBIX OOJBIE TpeX, rpaduuecKoe perieHue, BooOIe ToBops, HeBO3MOkHO. Cinydail IByX me-
PEMEHHBIX HE UMEET 0cO00ro MPaKTHYECKOTO 3HAYEHUs, OHAKO €r0 PaCCMOTPEHUE MPOSICHAET
coiictBa O3JIII, mpuBOAUT K HIee ee PELICHHUs, IeJIaeT TeOMETPHUUECKU HATIIIHBIMU CIIOCOOBI
pEILICHHs U ITyTH UX NMPAKTUYECKOU PeaU3aALHH.

[IycTp nana 3amava

Mmax £ = 5 F0ax, @.11)
i Xy T, S
Xyt X, Shy

g% i, K =k,

2.12)
XI:_’H,XQ =0 (213)

JlanmuM reoMeTpUYEeCKy0 HHTEPIIPETALIMIO AIEMEHTOB 3TOM 3a1aun. Kaxaoe u3 orpaHudeHuin

(2.12), (2.13) 3amaet Ha MIOCKOCTH X%y HEKOTOPYIO TMOJYIUIOCKOCTh. [10MyIimocKkocTs — BBI-
nykjioe MHOXecTBo. Ho mepecedenue m000ro yncia BHITYKIBIX MHOXECTB SIBJISIETCS BBITYKJIBIM
MHOkecTBOM. OTCIofa CiieayeT, 4To 001acTh JAOMYCTUMBIX perieHui 3amaun (2.11) — (2.13)
€CTh BBIITYKJIO€ MHOKECTBO.

IlepeiineM K reoMeTpUYECKON UHTEPIPETALMU Lie-
neBoit GyHkiuu. [lycTe 007acTh TOMYCTHMBIX pele-
Huii 3JI[1 — HenmycToe MHOKECTBO, HAIPUMEP MHOTO-

YTOIBHHK AbAALL

X,}

BriOGepeM mnpou3BOJBHOE 3HAYEHUE LEJIEBOM

£ =2, % oy, = Zn' Y7o

byHKUIHIT . Ilomyuum
ypaBHEHUE IpsAMON JMHMM. B Toukax mnpsmon NM
neneBast QyHKLUS COXpPaHIET OJHO U TO K€ MOCTOSH-




zZ .
Hoe 3HaueHne ~¢. Cumras B paBeHcTBe (2.11) £ mapamerpoM, MOTy4HM ypaBHEHHE ceMeiicTBa
napajyieIbHBIX MPSIMbBIX, HA3bIBAEMBIX JTUHUSAMU YPOBHS LEI€BOM (QYHKIMU (JJMHUSAMU ITOCTOSH-
HOTO 3HAYCHHS).

HaiiiéM gacTHBIEC IPON3BOIHbIE 1IENEBON GYHKIMHI 110 "+ 1 72
a7
— =
SN (2.14)
a7
— =,
oy (2.15)

YacrtHas mpousBogHas (2.14) (tak xe kak u (2.15)) pyHKIHH MOKa3bIBa€T CKOPOCTH €€ BO3-
pacTaHus BIOIb JaHHOI ocu. CleoBaTeNbHo, “1 B “2— CKOpPOCTH BO3PACTaHHs < COOTBETCT-

BEHHO BJI0JIb OCEH Oy u Oxﬂ. Bexkrop £=(5.6) Ha3bIBaeTCs rpagueHToM pyHkiuu. OH moka-
3bIBaeT HAIpaBJICHUE HAUCKOPEHIIIEro BO3paCcCTaHus 1IeNIeBON (DyHKINU:

¢= I:a%xl | a%"z)

Bexkrop (=2) yKa3bIBaeT HAIlpaBlIeHHE HAaUCKopeHero yobiBanus 1eneBoit gpynkmuu. Ero
Ha3bIBAIOT aHTUTPAUECHTOM.
& =(0.0y)

Bekrop NePICHANKYIPEH K IPAMBIM £ =C2725 cemeiicrea “171 7T f2%: = Z,

N3 reomerpuueckoil uHTepnperanuu 35eMeHToB 3JIII BbITEKaeT cienyromuil MopsaaoKk ee
rpau4ecKoro pereHus.

1. C yd4eroM CHCTEMBI OIpaHHYEHHHl CTPOMM OONACTh JOIYCTHMBIX peIIeHmi (!,

2. Ctpoum BekTop © =(a,%) HAMCKOPEHIIero BO3pacTaHHs IeNIeBOW (YHKLIHUU — BEKTOP
I'PaJMEHTHOTO HAIIPaBIICHUS.

Z=2,
3. IIpoBoaMM NPOU3BOJIbHYIO JINHUIO YPOBHS .

4. Ilpu pemieHUM 3a1a4u HA MAKCUMYM IE€PEMEILAEM JIMHUIO YPOBHS Z=2 B HaIpaBJICHUU
BEKTOpa © Tak, 4ToObl OHa Kacajlach 00JIaCTH AONYCTUMBIX PEIICHUH B €€ KpailHEM MOJIOKEHUH

Z

(kpaitnelt Touke). B cimydae pemeHus 3aga4i Ha MUHUMYM JIMHUIO YPOBHS ~ Zy MepeMEIaroT

B aHTUTPaJUCHTHOM HAITPaBJICHHUH.

o
X

- -
5. OnpenenseM ONTUMaNbHBIM TIaH = 2.1 AKCTpEeMaJbHOE 3HAYCHHE 11eJIeBON (yHK-

un 2" =z(x)
CumiuiekcHbiii MeToa pemenue 3JIT1
OOwmast uaes CUMIUIEKCHOTO MeToja (METo/a MOCIeI0BaTeIbHOIO YIyUllleHUs MJIaHa) i pe-
menus 3JII1 cocrout
1) ymeHre HaxOIUTh HaYaIbHBIM OMOPHBIN TIJIaH;
2) Hanuuue NpU3HaKa ONTUMAIBHOCTH OIIOPHOTO IJIaHa;
3) yMeHMe NepexoauTh K HEXy IIIeMy OIIOPHOMY IUIaHy.
ITycts 3JII1 mpencraBiaeHa cUCTEMOM OrpaHUYEHUH B KAHOHUYECKOM BUJIE:

Z;.laﬁxi'zbh b =0 i=1. . m)

I'oBopsT, uro orpanndenue 3JII1 umeeT npeANOYTUTENBHBIN BUI, €CIU TP HEOTPULIATEIIb-

. . b= () .
HOM MpaBoii yacTu G =0 jepas wacts OTpaHUYEHUMN COACPKUT MEPEMEHHYIO, BXOJIALIYIO C

K03 PHULIMEHTOM, paBHBIM €IUHHIIC, @ B OCTAIbHbIC OTPAHUYCHHUSI PABEHCTBA - C KO PHUIHECH-
TOM, PaBHBIM HYJIIO.
[IycTh cucTeMa orpaHUYE€HHI UMEET BUL



Z 1%y = b z0 i=1. 2

CseneM 3aauy K KaHOHHYECKOMY BHY. /{711 3TOr0 mprubaBuM K JIEBBIM 4acTSM HEPABEHCTB

Eaz0 (=1

AOIIOJTHUTCIIBHBIC IICPEMECHHBIC z“?ﬂ . HOJ'IyLII/IM CUCTEMY, OKBUBAJICHTHYIO HMC-

XOJTHOM:
] .
TSt ma=h. 520 (=l
=00, 0E B A
o ' \—H_,r
KOoTopas nuMeeT MpEaAIIOYTUTCIIbHBIN BU ® e .
B ueneBon (I)yHKLII/IIO JOTIOJTHUTEIIbHBIC TIEpEMEHHBIE BBOJATCS ¢ K03 puumenTamMu, paBHbI-

MI/IHyJIIO =0 ¢=1. m)
HyCTB najiee CucTeMa orpaHquHHﬁ HMEET BUI

Yoa@nzh,  h=20 G=l.m

v " xoa=0
CseiéM eé K SKBHBaJIEHTHOM BHIYMTAHHEM JOMOIHUTEIbHBIX IEPEMEHHBIX * #+1

(=17 43 neppix wacreit HEpaBEHCTB cucTeMsbl. [lomyunm cucremy

Zj_ial?‘,‘ bu b;zﬂ (-F:].,...,mjl'

OI[HaKO TCIICPb CUCTCMA OI‘paHI/I‘IeHI/Iﬁ HC UMCCT NPCANNOYTUTCIILHOTO B4, TaK KaK JIOIOJI-

b 20

x
HUTEJIBHBIE TIEPEMEHHBIE ~#+! BXOJAT B JIEBYIO YacTh (IIpH
mH —1.

=0 00 =8 =b =b )
e —

) ¢ ko3 hULeHTaMU, PAaBHBI-

m
[ToaTomy, BooO1IE TOBOPSI, Oa3UCHBIN TUIaH " HE SIBJISIETCS AOIMYCTHU-
MbIM. B 3TOM ciydae BBOAMTCS Tak Ha3bIBa€MbIl HCKYCCTBEHHBIN 0a3uc. K 1eBbIM yacTsM orpa-
HquHHﬁ-paBeHCTB, HC UMCIOINUX NPCANIOYTHUTCIIBHOI'O BHU/IA, ,Z[O6aB.H$IIOT HCKYCCTBCHHBIC IICPC-

ar .
MeHHBIE ¢, B IeneBy0 QYHKIMIO epeMeHHbIe i, BBOAAT ¢ koadduimentom M B ciydae pe-

IICHUS 3a7]a4¥ HA MUHUMYM U ¢ Ko3ddumueHToM - M s 3aa4i Ha MaKCUMyM, rae M - 60Jib-
moe noyiokuTenbHoe uyucno. [lomydyeHHas 3amada Ha3biBaeTcs M-3agayeld, COOTBETCTBYIOLIEH
ncxoaHoi. OHa Bcerga UMeeT MPeAOYTUTEIbHBIA BU.

[Tyctb ucxonnas 3JII1 umeet Bujg

maz{n) 2 = Z,; s J, (2.16)
*ax =h - | =
2o &% = b hz0 @ 1,..,:‘93)’ 2.17)
=0 (=1 (2.18)
IIpUYEM HU OJHO M3 OTPaHUYCHUHN HE UMEET IPEANOYTUTENILHON IIepeMeHHon. M-3anayda 3a-
UIIeTCA TaK:
maximin) 7 = Z;-lc X I:+:IZ:_1 Ma, (2.19)
Yot =k, (=10 (2.20)
=0 (J':],_n}’ @=0 =1, 0 2.21)

3amada (2.19) - (2.21) umeeT npeaAnoYTUTENbHBIN 1aH. E€ HavabHBIA ONMOPHBIN TIJIaH UMEET
BUJT



Ecnu HekoTopble U3 ypaBHEeHUH (2.17) HIMEIOT NPEANOYTUTENbHBIA BUJI, TO B HUX HE CIEAYET
BBOJIUTh UCKYCCTBEHHBIEC IEPEMECHHBIE.
Teopema. Eciau B onTuManbHOM IUIaHE

K= Xy B @ @ @) (2.22)
M-3anauu (2.19) - (2.21) Bce UCKYCCTBEHHBIC ITEPEMEHHBIE @,=00=1.7
I=(x. % .x,)

, TO TUTaH

SIBJISICTCSI ONITUMAJIbHBIM IJIAHOM MCXOJIHOM 3amauu (2.16) - (2.18).

JIyst TOrO 4TOOBI PENINTh 3aa9y ¢ OTPAHHMYCHHUSIMH, HE UMEIOIUMHU TPEIMOYTHTEIILHOTO BU-
Jla, BBOJST MCKYCCTBEHHBINM 0a3UC U peUIaloT pacmupeHHyro M - 3amady, KOTopas MMeeT Ha-
YaJbHbBIA OMOPHBIN TJIaH

Pemrenne PICXO,I[HOﬁ 3aga4u CUMILICKCHBIM METOJAOM IMYTEM BBCACHHSA MCKYCCTBCHHBIX IICPC-

MCHHBIX ! HasplBacTCsi  CHMIUIGKCHBIM  METOIOM  C UCKYCCTBEHHBIM  0a3uCOM.
Ecnu B pe3ynbrare NpUMEHEHUS CUMILIEKCHOTO METO/Ia K PACIIUPEHHOM 3a1a4e TI0JIy4EH OIl-

.
TUMAaJIbHBIN IJIaH, B KOTOPOM BCE€ MCKYCCTBEHHBIE NIEPEMEHHBIE @ = U, TO €ro IMEPBBIE N KOM-
MTOHEHTHI Tal0T ONTUMAJIbHBIN TUIAH UCXOAHOW 3a/1a4u.

Teopema. Eciu B onTuManpHOM I1aHe M-3a1auu XOTsi ObI OJJHA M3 MCKYCCTBEHHBIX TEpe-
MEHHBIX OTJIMYHA OT HYJIs, TO UCXOAHAs 3a/1adya HE UMEET IONYCTUMBIX IIJIaHOB, T. €. €€ YCIOBUS
HECOBMECTHBI.

Teopema. [IycTs ncxoHas 3a1aua pemaeTcsd Ha MaKCUMyM. Eciiu 1J1s1 HEKOTOPOTO OMOPHOTO

&o(i=1m N
I1JIaHa BCC OLCHKU : I:”'r 1’ H:I HGOTpI/IHaTeJ'IBHBI, TO TAKOH IIJIaH OIITUMAJICH.
Teopema. Eciiu ncxoHas 3aaa4da pemaercss Ha MUHUMYM U I HEKOTOPOT'O OITOPHOTO IJIaHA

[ LY
BCE OIICHKHU Ay, =12 HETIOJIOKHUTENIbHBI, TO TAKOH IJIaH ONTHMAJICH.

Teopusi IBOWCTBEHHOCTH
HOH;ITI/IG I[BOP'ICTBGHHOCTI/I paCCMOTpI/IM Ha anMepe 3aa4i OIITUMAJIBHOI'O HCIIOJIb30BaHUA
ceIpbsl. [lycTh Ha TIPEANPUITHH PEIIUIN PAIMOHAIBHO MCIOIB30BaTh OTXO/bl OCHOBHOTO IPO-

U3BO/ICTBA. B miaHoBOM mnepuoze MOSBUIIMCH OTXOJbI CHIPbS M BHUAOB B 00beMax b €IVHHIL
=1 m) Ps omix OTXOJIOB, YUUTBIBAS CHELUATU3ALUIO NPEANPUATHS, MOKHO HAJIaJAUTh BbI-
IIyCK N BUJOB HEOCHOBHOM mpoaykuuu. O603HaunM uepe3 Yy HOPMY Pacxoja ChIpbsl 1-ro BUjaa
Ha €UHULLY j-H (=1..nj IPOAYKLUH, “)- 1ena peanu3anuy eIUHULBI j-i IpoIyKIuu (peanu-

X, .
3anus oOecrieyeHa). HemsBecTHble BEIMYMHBI 3a/1a4H: ¢ — OOBEMBI BBIITYCKA j-i MPOAYKLUH,
o0ecreunBaroIue NPeANPUITUI0O MAKCUMYM BBIPYUKH.

MaremMarnueckast MOJEIb 3a1a4u:

mas 2 =oxteox,+ toox, (2.23)
3 SR - O X N A
oyt Xyt X, Ay

X b, Xt x, Sh

(2.24)
> =1 m
20 G=ln (2.25)
[IpeanonoxuM aajee, 4To ¢ CAMOTO Hauaja MpH M3yueHHH BONPOca 00 HCIONb30BaHUU OT-



X0JIOB OCHOBHOTO ITPOU3BOJICTBA HA MPEANPHUATUN MOSBUIIACH BO3MOKHOCTh pealli3alluu UX He-
KOTOpO# opranu3anui. Heo0Xo1uMo yCTaHOBUTH MPUKUOYHBIE OLICHKH (IICHBI) HA 3TH OTXOJIBI.

OGo3naunm nx * 1~z

O1eHKH TOJIKHBI OBITh YCTAHOBJIEHBI HCXOJIS U3 CIEAYIOUINX TPeOOBAaHUM, OTpaXKArOIUX He-
COBMAJIAIOIIME UHTEPECHI MPEANPUATHS U OpraHU3alUu:

1) o0mIyt0 CTOMMOCTb OTXOJIOB CBHIPhsI MOKYIAIOLIasi OPTraHU3alUsl CTPEMUTCS MUHUMHU3HPO-
BaTh;

2) npeAnpusATHE COTVIACHO YCTYIUTh OTXO/IbI TOJIBKO IO TAKUM LIEHaM, [P KOTOPBIX OHO IO-
JYYUT 32 HUX BBIPYUYKY, HE MEHBIIYIO TOM, YTO MOIJIO OBl MOJTY4YUTh, OPraHU30BaB COOCTBEHHOE
IIPOU3BOJICTBO.

Otu TpedoBaHus hopMann3yroTcs B Buae caeayromei 3J111.

TpeboBanue 1 moxymnaromed opraHu3aui — MUHUMH3AIMS TOKYITKHU:

mn J=by+hon+  +é v, (2.26)
TpebGoBaHue 2 PeANPHUATHS, PEANTH3YIOMETO OTXOIBI CHIPbSI, MOXKHO CHOPMYIHPOBATH B BU-
Jle cucTeMbl orpaHnueHuil. [Ipennpustue OTKaX)ercs OT BBIMYCKA KaKJIOM €AUHULBI IPOIYKLIIUU

= ..
IIEPBOIO BHUA, €CIIU Guitapyet tae s 2 Cl, TIie JIEBAsk YaCThb O3HAYAET BBIPYUYKY 34 CHIPBE

UIYIIEeE HA EAUHULLY IPOAYKLIIMU NIEPBOTO BUA; ITpaBasi — €€ LIEHY.

AHaJOTUYHbIE PACCYXKIEHUS JIOTUYHO MTPOBECTH B OTHOIIECHUH BBIMYCKa MPOAYKIIUH KaXKI0TO
Buaa. [loaromy Tp660BaHHe MPEaNPUATHUSL, PEATU3YIOIIETO OTXOAbI ChIPbS, MOXKHO (bOpMaJmso-
BaTh B BUJIE CJI. CHCTEMbI OTPAaHUYCHUI:

dyy Fapy, oo ag v, 20y

@ty o, 26,

e S N o S U OO o= U L=t (2.27)

Ilo CMBICITY 3aa4u OLICHKH HE JTOJI)KHBI OBIThH OTPHULIATCIbLHBIMU:
= = =

120y 20.,0,, 20 (2.28)

#1)

IIepemeHHBIE Yo G=Lm) yasparor JIBOWCTBEHHBIMH OIICHKAMU WJIM OOBEKTHBHO 00Y-

CJIOBJICHHBIMHU OILICHKaMMU.

3amaun (2.23) - (2.25) u (2.26) - (2.28) HaspBaOT mapod B3auMHO ABOMCTBEeHHBIX 3JIII.
Mexnay npssMOd U JBOMCTBEHHOW 3aa4aMU MOYKHO YCTaHOBUTH CIIEAYIOLIYIO B3aUMOCBS3b!
1. Ecnu npsimast 3a1aya Ha MakKCUMYyM, TO IBOWCTBEHHAs! K HEH — HAa MUHUMYM, U Ha000pOT.

o o o
2. KoapdummenTsr “i 1meneBoil GyHKIMU TPSMOM 3a1auu SIBJISIOTCS CBOOOTHBIMH WICHAMH
OTpaHUYECHUI TIBOMCTBEHHOM 3a/1auHu.

3. CBOOOHBIE YJIEHBI b OTpaHUYCHUN TIPSAMOM 3a7a4M ABJISIOTCS KO3 DUIIMECHTaAMU TIETIEBOM
(GyHKLINU 1BOHCTBEHHOM.

4. Marpuiisl OTpaHUYCHUH MPSIMOI U TBOMCTBEHHOM 3a7a4 SIBJISIIOTCS] TPAHCIIOHUPOBAHHBIMU
APYT K IpyTy.

5. Ecnu npsimast 3ajjaya Ha MakCUMYM, TO €€ CUCTeMa OrpaHUYEHUM MPENICTABISAETCS B BUJE
HEpaBeHCTB Tuna <. J[BoiicTBEeHHas 3a7aya pelaeTcs Ha MUHUMYM, U €€ CHCTeMa OrpaHHYeHHUit
VMEET BUJI HEPABEHCTB THIA =

6. Uncmo orpaHM4eHuid MpsIMOM 3a/1aud paBHO YUCIY MEPEMEHHBIX JTBOMCTBEHHOM, a YHCIIO
OTpaHUYECHUN JIBOMCTBEHHOU — YuCy [IEPEMEHHBIX IIPSIMOM.

7. Bce mepeMeHHBIC B 00€MX 3a7a4ax HEOTPUIIATEIbHEI.

OcHoOBHbBIE TeOpPeMbI JBOHCTBEHHOCTH U UX JKOHOMHYECKOE COJIepPKAHNE



EF=(x,..%,) " =01,

Teopema. /{7151 1F0OBIX TOMYCTUMBIX TIJIAHOB NPSAMOU U JIBOM-

cTBenHoit 3JIT1 cIpaBeIMBO HEPABEHCTBO - (D= 707 , T.€.
" = by
2S5 S 25 (2.29)

— OCHOBHOE€ HEPABEHCTBO TEOPUH JIBOHCTBEHHOCTH.
Teopema (kputepuii onTumMajabHOCTH KanTopoBHnua).
—

JIM TJIs1 H TOPBIX JOIIYCTUMBIX IIJIAHOB n IHapel 1B MCTBEHHBIX Ja4d BBIITIOJIHACT-
Ec €KOTO OITyC aHOB & Y a OUCTBC 3aga 0. (¢

o

e .
cst mepasenctso 2ot 1= S 10 T u Y apnmiores oNTHMANBHBIME MUTAHAMH COOTBETCT-
BYIOIIMX 3a]1a4.

Teopema (Majiasi TeopemMa IBOMCTBEHHOCTH).

Jlnst cyniecTBOBaHMS ONTHUMAJIBHOTO TUIaHa J1I000# U3 Haphl TBOMCTBEHHBIX 3a/1a4 HEOOXO0IH-
MO M JOCTarTOYHO CYIIECTBOBAHME JOMYCTHUMOrO IUIaHa JUIl KaXJOW M3  HUX.

Teopema. Eciin 0jHa U3 JBOMCTBEHHBIX 3aJa4 MMEET ONTUMAJIbHOE PELIEHUE, TO U Apyras
UMeEeT ONTHUMAJIbHOE pelIeHHEe, MPUYEM SKCTPEMalIbHbIC 3HAUEHUS LENEBbIX (PYHKLIHUN paBHBI:

(%)= fUT:'. Ecnu onHa U3 IBOMCTBEHHBIX 33a]ja4 HEpa3pelInMa BCieICTBUE HEOTpaHUYEHHO-
CTH 1IeJIeBON (DYHKIIMM HA MHOXECTBE JOMYCTUMBIX PEIICHHM, TO CHCTEMa OTPaHUYCHUH APyron
3a/1auu MPOTHUBOPEUUBA.

DKOHOMHUYECKOE COAEpKaHNE IEPBOM TEOPEMBI IBONCTBEHHOCTH COCTOUT B CJIEAYIOIIEM: €C-
JM 3a/1aya ONpe/IeNICeHUs ONTUMAJIBHOTO IJIaHa, MAKCUMHU3UPYIOLIETO BBIMYCK MPOAYKLIHUH, pa3-
pelmmMa, To pa3pelinMa M 3ajada OmpeleleHHus OLEHOK pecypcoB. Ilpuyem 1eHa mpoayKIuw,
MOJYYECHHOU NPU PeAM3alMy ONTUMAJIBHOTO IJIaHA, COBHAAAET ¢ CYMMApPHOW OLIEHKOW pecyp-
coB. CoBnajicHUEe 3HAYCHHH 1eJEBbIX (DYHKIMA JJIsI COOTBETCTBYIOIIMX IUTAHOB Taphl JBOMCT-
BEHHBIX 33/1a4 JOCTATOYHO JJIsl TOTO, YTOOBI ATH TIAHBI OBUTH ONTUMAIBHBIMHU. JTO 3HAYHT, YTO
IUTaH MIPOU3BOJICTBA U BEKTOP OLIEHOK PECYpPCOB SIBISIFOTCS ONTUMAIBHBIMHU TOT/Ia M TOJIBKO TO-
rja, Korja 1eHa nNpou3BeAeHHON MPOIyKIIMKU U CYMMapHasi OLIEHKa PecypcoB coBmaaT. O1eH-
KM BBICTYNAIOT KaK MHCTPYMEHT OallaHCUPOBAaHMSI 3aTpaT U pe3yabTaToB. J[BOWCTBEHHBIE OIICH-
KM, 00JIaJ]af0T TEM CBOMCTBOM, YTO OHU TFapaHTUPYIOT PEHTA0EIHbHOCTh ONTUMAIIBHOTO TIJIaHa, T.
€. PaBeHCTBO 00IIel OICHKH MPOIYKIIUHA U PECYPCOB, U O0YCIIOBIUBAIOT YOBITOYHOCTh BCSIKOTO
JPYroro IJjiaHa, OTJIMYHOIO OT ONTUMAJIbHOTO. J[BOMCTBEHHBIE OIIEHKU MO3BOJISIIOT COMOCTABUTD
u cOaJaHCUpPOBATh 3aTPAThI U PE3YIbTAThl CUCTEMBI.

Teopema (0 1onoTHSAIONIEH HEKECTKOCTH)

i

.
Jlnst Toro, 4ToOBI IUIAHBL * U Y mapbl JBOWCTBEHHBIX 337a4 OBLIM ONTHUMAJIbHBI, HEOOXO-
JIMMO U IOCTaTOYHO BBITIOJIHEHUE YCIIOBUM:

T —e) =0 (j=1n),

- = - _ .
7y - =0 =1, 231)

VYcnosus (2.30), (2.31) Ha3bIBarOTCS yCIOBHSIMH JOMOHSIONIEH HEXKECTKOCTH. M3 HUX cie-
JyeT: €ClIi KaKoe-Tn00 OrpaHWYCeHHUE OJHOW W3 3a7ad €€ ONTHMAIbHBIM IIJIAHOM O0palaercs B
CTPOro€ HEPaBEHCTBO, TO COOTBETCTBYIOIIAs] KOMIIOHEHTA ONTHUMAJIBHOTO IJIaHA JBONCTBEHHOU
3a/lauu JOJDKHA PABHATHCS HYIIO; €CIH JKe KaKas-TM00 KOMIIOHEHTa ONTUMAJILHOTO IJIaHa OJ1-
HOM U3 3a7a4 IOJOKUTEIbHA, TO COOTBETCTBYIOIIEE OrPaHUUYEHHUE B JIBOMCTBEHHOM 3ajaye e€e
ONTUMAIBFHBIM TJIAHOM JOJKHO 00paIaThCs B CTPOTOE PABEHCTBO.

(2.30)

e

OKOHOMHYECKH 3TO O3HAUYAET, YTO €CIM 110 HEKOTOPOMY ONTHUMAJIbHOMY IUIaHY #+ IpOM3-

. .
BOJICTBA PacXo/[ i-Io pecypca CTpOro MEHbIIIE €ro 3amaca :, TO B ONTUMAaJIbHOM IIJIaHE COOTBET-
CTBYIOIIAsl ABOMCTBEHHAs OLEHKA €JUHULIBI OTOI0 pecypca paBHa HyI0. Eciu ke B HEKOTOPOM

ONTUMAJIFHOM IUJIAaHE OLIEHOK €ro i- KOMIIOHEHTa CTporo Oouibliie HYJs, TO B ONTUMAaJIbHOM
IUTaHE TPOM3BOJICTBA PAcXoJ COOTBETCTBYIOLIETO pecypca paBeH ero 3amnacy. OTcroga cienayer



BBIBOJI: TBOMCTBEHHBIE OI[EHKH MOTYT CIIY’KUTh MEpOi Ne(UIIUTHOCTH pecypcoB. JleduruTHbIii
pecype (IOJTHOCTBIO UCHOJIb3YEMBIH 110 ONTUMAIBHOMY IUIAHY NPOU3BOJICTBA) UMEET IOJIOKU-
TEJIbHYIO OIEHKY, @ Pecypc HM30BITOUHBIM (MCHONb3yeMbIi HE TMOJHOCTBIO) UMEET HYJIEBYIO
OLICHKY.

Teopema (00 ouenkax). /[BOHCTBEHHBIE OLIEHKU MOKA3bIBAIOT MpHpalieHne QyHKIUU 1IeNH,
BBI3BAaHHOE MaJIbIM M3MEHEHUEM CBOOOJHOIO 4WiE€Ha COOTBETCTBYIOIIEIO OTPAaHUYEHUS 3aJa4d
MaTEMaTUYECKOT0 IIPOrpaMMHUPOBAHUs, TOUHEE

D e a-im
% (2.32)

OcHoBHbIE BHABI 3a71a4, cBoasiiuuxcs Kk 3JIT1

3agaya 0 HAWIy4YllleM HCHOJb30BAHHM pecypcoB. IlycTh HekoTOpass MpPOU3BOACTBEHHAS
eauHUIA (11eX, 3aBOJ, OOBCTMHEHHE | T. [I.), HICXOAS U3 KOHBIOHKTYPHI PhIHKA, TEXHUYECKUX HIIH
TCXHOJIOTUYCCKUX BOSMO)I(HOCTGﬁ U UMCHOIIUXCS peCprOB, MOXKET BBIHyCKaTb n paanqulx
BHUJIOB TPOJYKIIMU (TOBApOB), M3BECTHHIX 1107 HOMEpamMHu, O0O03HAYaEMBIMH HHJCKCOM j

(=L Bynem 00603Ha4YaTh 3Ty MPOAYKITUIO HJ'. [IpeanpusiTie Mpu MPOU3BOACTBE 3TUX BH-
A0B IMPOAYKIUU HOJKHO OTPAaHUYHBATHCA MMCIOIIUMUCA BHAaMHU PECYPCOB, TGXHOJ'IOI‘I/II\/'I, Apy-
TUX TPOU3BOJICTBEHHBIX (DAKTOPOB (CHIphs, ModypadpukaToB, pabodeil Cuibl, 000pyIOBaHUS,
3JIEKTPOIHEPTHUH U T. 11.). Bce 3Tu BUBI OrpaHUYMBAIOIINX (PAKTOPOB HA3BIBAIOT MHIPEAHECHTAMH

F, . (1=
t HYCTI: HX YUCJIO paBHO m; IPUIIAIICM UM UHIACKC 1 (I ]'m} . Onn OrpaHHUYCHBI, U UX KOJIH-

YeCcTBa  PaBHbl  COOTBETCTBEHHO bbb
b={h b B

*7 - BEKTOp pecypcoB. M3BecTHa 3KOHOMHUYECKAsi BbIroja (Mepa MOJIE3HOCTH)
MPOU3BOJICTBA MPOAYKIIMHU KaXKJIOTO BHJA, UCUUCIsiEMas, CKaXXeM, M0 OTIIYCKHOM IIeHe TOoBapa,
ero NpuObUTPHOCTH, U3JIEP’KKaM MPOU3BOJICTBA, CTCTICHH yIOBJIETBOPEHHS MOTPEOHOCTEH H T. 1.

® YCIOBHBIX  eAuHUIl. Takum  oOpazom,

> [ ':_
HpI/IMeM B KaAU€CTBC TaKOM MCPBI, HAIPUMEP, LOCHY pcalu3alnuun 4 l:""lr 1’)2}, T.C.

S=i . T, i
(e J ")— BEKTOp IIeH. M3BECTHBI TaKkKe TEXHOJOTHYECKHUE KOIPPUIMEHTHI ¥,

KOTOpPBbIE YKa3bIBaIOT, CKOJIBKO €IMHUI] i—TO pecypca TpeOyercs A MPOU3BOJACTBA €IMHULIBI

OPOAYKIHH >j-T0 BUAa. MaTtpuily K03 PUIueHTOB “% Ha3BIBAIOT TEXHOJOrMUECKOH U 0603HA-
4 =[“i"]. OGosHaunm wepes (rys X %)
MOKa3bIBAIOLLNN, KAKUE BUJIbI TOBAPOB [h T T HYKHO IIPOU3BOIUTH U B KaKUX KOJIUYE-
CTBax, YTOOBI O0CCIEYUTH MPEANPHUATHIO MAKCUMYM O0bEeMa peaau3aiii IpH UMEIOITUXCS pe-
cypcax.

qaroT OykBoil A. Nmeem IUIaH POU3BOJCTBA,

o .o X
Tak kak “i- [CHa pcain3allui CAUHUILIBI j-U NPOAYKIHHU, HCHA PCAIM30BAHHBIX 4 eIUHUAILL

Tl o = +..+
Oyner ~ paBHa S0 a obumit  00beM  peanusanuu L=t ko X,

OTO0 BBIpaXEHHE — IeneBas  (PYHKIUSA, KOTOPYIO HYXHO MaKCHUMHU3HMPOBATH.

g X, . X, ..
Tak xak ¥°7- pacxon i-ro pecypca Ha MPOU3BOACTBO ~+ €IMHUIL j-W IPOAYKLMH, TO, IPO-
CYMMHpPOBAB Pacxo/l i-r0 pecypca Ha BBIIYCK BCEX 7 BHJIOB IMPOAYKIIHMH, IOTy4YUM OOIIMM pac-

. bofi =
XOH OTOrO  pecypca, KOTOphIi He NOMKeH  mpeBocxomuth o i = L)

@iy + . A X+ %y Sy

E€IMHHIL:

f=r:x1;x2;...',r_,-;.. :

UToObl MCKOMBIN ILIaH I*}GLIJI peanu3oBaH, HapsAy C OIPaHUYEHUSAMM Ha

. X
pecypehbl HYKHO HaJIOKUTh YCIOBHE HEOTPUIATEIHHOCTH Ha 00BEMBI ~ - BBIITyCKa MPOAYKLIUU:
G20 (j=1m



Taxum 00pa3oM, MOETH 3a/1a41 O HAWJIYUIIEM UCIIOIb30BAHUU PECYPCOB MPUMET BUJI:

max £ = Zj_lcj Xy (2.33)
[PU OTPAHUYCHHSIX :
2% 5 (G =1m) (2.34)
7 =0 (=1 (2.35)

Fan o
Tak kak nmepeMeHHbIE ~ ¢ BXOIAT B (YHKIUIO (%) y CUCTEMY OTpaHMYEHUI TOJIBKO B IEp-

BOIl cTereHu, a IMoKa3aTean @y boc, SBJIAIOTCSI TTOCTOSSHHBIMHU B IUIAHUPYEMBIA MEPHO, TO
(2.33)-(2.35) — 3amaya TUHEHHOTO MTPOTPAMMHUPOBAHHSL.

3agadya o cMecHx

B paznuuHbIX oTpacisx HapOJIHOTO XO3SHCTBAa BOSHHMKAET MPOOJIeMa COCTABICHUS TaKUX pa-
00unx cMecel Ha OCHOBE MCXOIHBIX MAaTEpUaJiOB, KOTOPhIC OoOecredyruBaan Obl MOYyYCHHE KO-
HEYHOTO MPOJYKTa, 00JaalonIero onpeaeieHHbIMU cBoiicTBamMu. K 3Tol rpymme 3aaad OTHO-
CSITCS 3a7]auu O BBIOOPE JMETHI, COCTaBIEHUU KOPMOBOTO pAllMOHA B KUBOTHOBOJCTBE, IINXT B
METaJUIypruy, TOPIOYMX M CMa30uHBIX cMeceil B HedTenepepadaThIBaONICH MPOMBIIIICHHOCTH,
cMeceil 1715 moiy4yeHus: 0eToHa B CTPOUTENBCTBE U T. 1. BhIcOKUi ypoBeHb 3aTpaT Ha UCXOHBIE
CBIPbCBBIC MATCPHUAJIbI U H€O6XOI[I/IMOCTI> IIOBBIIICHUA 3(1)(1)GKTI/IBHOCTI/I IMPpOU3BOACTBA BbIABUTI'A-
€T Ha MEePBBIN TUIaH CIAEAYIOUIYIO 3aJauy: MOJIYYUTh IPOAYKLHUIO C 3aJaHHBIMUA CBOWCTBaMHU MPHU
HaMMCHBIINX 3aTpaTaxX Ha UCXOJHBIC CHIPLCBBIC MaTCPUAJIbI.

IIpumep. /s oTKOpMa JKMBOTHBIX MCIIOIB3yeTCs Tpu BUAa komOukopma: A, B u C. Kaxmo-
My JKHBOTHOMY B CyTKH TpeOyetcs He meHee 800 r. sxupoB, 700 r. 6enxoB u 900 r. yrneBoaos.
Conepkanrie B 1 Kr. KaXI0T0 BUa KOMOMKOpPMA KUPOB OCJIKOB U YIJIEBOJIOB (TPaMMBbI) IPUBE-
JIEHO B Ta0JIHIIE:

-

Conepxxanue KomGHKop
B 1 k.

A B C
DKupsl 320 240 300
benku 170 130 110
Y rieBoanl 380 440 450
CtomMocCTh 1 KT 31 23 20

CKOJIBKO KHJIOTPAaMMOB KaX/10TO BHJ1a KOMOMKOpMa HYXXHO Ka)JIOMY >KMBOTHOMY, 4TOOBI I10-

JIydCHHad CMECH nmeiia MHWHUMAJIbHYIO CTOUMOCTE?
Marematnueckas MOJCJIb 3ada4Yi €CTh:
A X, X

# - konmnuecTBo KoMOuKopma A,B 1 C. CTOMMOCTb CMECH €CTh:
3ep+ 230, + 200y — mun

320 7, +240 x5 + 300 x; 2 800
170 3 +130 x5 +110 x5 2 700,
330 7 + 440 x, + 450 £, = 500,

Iaz 0l
OrpanuueHuss Ha  KOJUYECTBO  WHIPEIUCHTOB: 122

3agaya o packpoe MaTepuajIoB

CymHocTh 321241 00 ONTHUMAIBHOM PACKpOE COCTOUT B Pa3pabOTKe TaKUX TEXHOJOTHUECKH
JOIYCTUMBIX TUIAHOB PAcKposi, MPHU KOTOPHIX MOITYy4YaeTcs HEOOXOAUMBIN KOMIUIEKT 3arOTOBOK, a
OoTXO0HbI (M0 ANUHE, IJIomanau, o0beMy, Macce WM CTOMMOCTH) CBOASTCS K MUHHUMYMY. Pac-
CMaTpUBaeTCsl MpOCTeHIas MOJENb Packpos MO OJHOMY M3MepeHHuto. boiee cioxkHble mocra-
HOBKH BEJYT K 33J]a4aM [EJIOYUCICHHOTO MPOTPaMMHPOBAHUSI.



3amava 0 Ha3HAYEHHUAX

Peus uzer o 3amaue pacmpeneneHus 3akasza (3arpy3kd B3auMO3aMEHSIEMBIX TpYII 000pyI0-
BaHUs) MEXIY MPEANPUATUAMU (I[eXaMHu, CTAHKaMH, HUCIIOJHUTEISIMHI) C PA3IMYHBIMHA MPOU3-
BOJICTBEHHBIMH U TEXHOJOTUYECKUMHU XapaKTEPUCTUKAMHU, HO B3aUMO3aMEHSIEMbIMU B CMBICIIE
BBITIOJTHEHUS 3aKa3a. TpedyeTcs cOCTaBUTH MIIaH pa3MeIleHus 3aKa3a (3arpy3ku 000pyIoBaHuUs),
IpU KOTOPOM C MUMEIOIIUMUCS MPOU3BOICTBEHHBIMH BO3MOXKHOCTSIMU 3aKa3 ObUT Obl BBITIOJIHEH,
a rokasarelib 3PPEKTUBHOCTH JOCTHUT AN HIKCTPEMATLHOTO 3HAYECHUSI.

IIpumep. llexy MeTannoo0pabOTKH HY)KHO BBITIOJIHUTH CPOYHBIN 3aKa3 HAa MPOU3BOJICTBO Jie-
taneir. Kaxxnas nerans oOpabatsiBaeTcst Ha 4-x crankax Cl, C2, C3 u C4. Ha kaxxaoMm craHke
MOXKET paboTaTh JTI000M n3 ueThipex padbouux P1, P2, P3, P4, onHako, KaKaplii 13 HUX UMEET Ha
KaX/IOM CTaHKe pa3jMyHbli mpoueHT Opaka. M3 nokymenrtammu OTK mmerorcss naHHbe O Tpo-
IIeHTe OpaKa KaKI0ro pabovero Ha Ka)JO0M CTaHKE:

Paboune |Cranku

Ic1 C2 C3 C4
Pl 2,3 1,9 2,2 2,7
P2 1,8 2,2 2,0 1,8
P3 2,5 2,0 2,2 3,0
P4 2,0 2.4 2.4 2.8

Heo6xomuMo Tak pacmpenenuTh pabodux MO CTaHKaM, YTOOBI CyMMapHBIH MpOLEHT Opaka

(KOTOpBIN paBeH CyMME TMPOIEHTOB Opaka Bcex 4-x paboumx) ObUT MUHMMalieH. Yemy paBeH
3TOT IPOLEHT?

L 1234, y=12434

O06o3HaunM 3a - IIEPEMEHHbIE, KOTOPbIE MPUHUMAIOT 3HaueHus 1,

. . . x, =10
ecnu i-i pabounii paboTtaeT Ha j-M ctaHke. Ecnu maHHOe yciaoBHE HE BBITIOJIHSIETCS, TO ¥ .
IleneBast pyHKIHS €CTh:

23ny + 19y + 2280y +2 T3 +1Exg +2xg +2xgy +1 8y +

+I0ry kg #4203 230y 4y +2 4 H 28 = min
Broaum orpanndenus. Kaxapiii pabounii MokeT padoTaTh TOJIBKO Ha OJHOM CTaHKE, TO €CTh

A rptagta, =1,

Typthgy iy £2y =1

TR RIS

Ty trgtrg tr, =1

Kpome  Toro, kaxaplii  CcTaHOK  OOCITYy)XMBaeT  TOJBKO  OIWH  paboumid:

Iy tigtripgt+rig =1

Xiq FHgq tEp F R, =1

gtipgtaig Frg =1

Yo kg H g Fxy =1

Kpome Toro, Bce miepeMeHHBIE JOKHBI OBITh LEIBIMA ¥ HEOTPUIATEIBHBIMU:

I Hemie
TpaHcnopTHas 3a7a4a, METOAbI €¢ peleHus .
Mamemamuueckas mooensb 3a0auu

JluHeliHbpIe TPaHCIIOPTHBIE 3a7]a4l COCTABIISIIOT OCOOBIN KJIacc 3a7ad JUHEHHOTO Iporpam-
MHpOBaHUs. 3a/1a4a 3aKII0YAETCs B OTBICKAHUM TAKOTO IJIaHA MEPEBO30K MPOAYKIIUU C M CKJIa-

JIOB B IIYHKT Ha3HAUYEHUs 7 KOTOPBIN, MOTpeboBa Obl MUHUMANBHBIX 3aTpaT. Ecin notpeburens
J ToJlydaeT eIUHHIlYy IPOIYKLIUH (II0 MPSIMOW JOPOre) CO CKIaAa i, TO BOSHUKAIOT n3fepKku Cj.



[Ipennonaraercs, 4TO TPaHCHOPTHBIE PACXObl MPONOPLHOHAIBHBI IEPEBO3ZUMOMY KOJINYECTBY
IPOTYKLUH, T.€. IEPEBO3KA k €IUHUIL] IPOAYKIMH BbI3bIBAET pacxoasl kCj.

ol -
Z = Z fJ.p,
Janee, IpeAonaracTcs, 4To = =1
1€ a; €CTh KOJIIMUYECTBO NMPOAYKIIUH, HaXOAIeecs Ha CKIaje i, U b; — MOTpeOHOCTh MOTPeOu-
Tens >j. Takasg TpaHCHOpPTHAS 3a/1adya Ha3bIBAE€TCS 3aKpbITOM. OqHAKO, €CJIU JAHHOE PAaBEHCTBO
HE BBINOJIHSETCS, TO [TOJIy4aeM OTKPBITYIO TPAaHCIIOPTHYIO 3a/1a4y, KOTOpasi CBOJUTCS K 3aKphbl-
TOM MO CIAEAYIOLIUM MpPaBUJIaM:
1. Eciiu cymma 3amacoB B IMYHKTaxX OTIIPABJIEHUS MPEBBIIIAET CYMMY MOJAHHBIX 3asBOK

i m}i f-"i, i i — i -E?i,

=1 /-1 1o KONMMYECTBO MpOIyKUUH, paBHOE - J=t " ocraercs Ha ckiagax. B atom ciy-
e ]
Sia-3h

yae Mbl BBeaeM "(QukTHBHOro" morpeburens ntl ¢ morpeGHOCTBIO = =y monoxum

TPAHCIIOPTHBIE PACXOBI P; ,+1 paBHbIMU O 1)1 BCEX i.

bl "
> aiy b,

2. Ecmu cyMMa TMOJAHHBIX 3asBOK MPEBBINIACT HaMW4HbIe 3amacel =' 41 10 moTpel-
HOCTh HE MOXET OBITh MOKPHITA. DTy 33724y MOKHO CBECTU K OOBIYHOI TPAHCIIOPTHOM 3a1a4e ¢
IpaBWIBHBIM OallaHCOM, €CIM BBECTH (UKTHBHBIA MYHKT OTHpaBieHHs m+l ¢ 3amacom

bl k]
Z = Z e ]
=1 4=l ¥ CTOMMOCTH TMEPEBO30K M3 (PMKTHBHOIO IYHKTA OTIPABJIECHUS BO BCE ITYHKTHI
Ha3HAUCHUSI NPUHATH PABHBIM HYIIIO.
MareMarnueckast MOJEIb TPAHCIIOPTHOM 3aa4l UMEET BU:

»
Zx;: aili=1 )
1
- k]

ZZC'M — trun

il gl

zqu: I (__j = 1,...,?2),

it
20 G=1_.m =1

rle X; KOJIN4ECTBO MPOAYKIHH, IOCTABIsIEMOE CO CKJIaAa i moTpedutemo j, a Cjj U3IepKKH
(cTomMOCTB TIEPEBO30K CO CKJIAJIA [ TOTPEOUTEINIO f).

IMPUMEP. Komnanus «CTpoiTrpaHnuT» IPOU3BOAUT JOOBIYY CTPOUTEIHHOM IEOCHKH U UMe-
€T Ha TePPUTOPUH PETUOHA TPHU Kaphepa. 3amackl MeOeHKH Ha KaphbepaX COOTBETCTBEHHO PaBHBI
800, 900 u 600 ThIC. TOHH. UeThIpe CTPOUTEIBHBIE OPTaHU3AIMH , TPOBOASIINE CTPOUTEIbHbBIC
paboThI Ha pa3HBIX 00BEKTAX ITOTO K€ PErMOHA JaJH 3aKa3 Ha MOCTaBKy cOOTBeTCTBEHHO 300,
600, 650 u 750 ThIC. TOHH TIeOeHKHU. CTOMMOCTh MEPEBO3KK | THIC. TOHH IIEOCHKH C KaKIOTO
Kapbepa Ha KaX/Iblii 00BEKT MPHUBEICHBI B TAOJIUIIE:

Kapvep Cmpoumenvhulil 00beKkm

1 2 3 4
1 3 4 1 7
2 3 6 7 3
3 6 S 11 8

Heo6x0a1Mo cocTaBUTh Tako TUIaH MEPEeBO3KU (KOTMYECTBO MIEOCHKH, TEPEBO3UMON € Kax-



JIOTO Kaphepa Ha KKl CTPOUTENBHBIM OOBEKT), YTOOBI CyMMapHBIE 3aTpaThl Ha MEPEBO3KY
OBLIM MUHUMAJIbHBIMU.

JlanHass TpaHCIOpTHasl 3ajgaya SBJISETCS 3aKpbITOM, TaK KakK 3arachbl MOCTaBIIMKOB
800+900+600=2300 paBubI cripocy notpeduteneit 300+600+650+750=2300. Maremaruueckas
mozaenb 3JII1 B qaHHOM ciiydae UMeeT BUA:

re,i=123 j=12734 .. .o
g - KOJTMYECTBO IEOCHKH, MEPEBO3UMOI ¢ i—TO Kapbepa Ha j—id o0BekT. To-

raa meneBast GyHKIUS paBHA

By + Ay, g FTag + 30y H0x, + Txg, + 30, +
+ Oxqy + Sxgg + 11y +8xp — min .
OrpaHuyeHust UMEIOT BU/T
.E'n-l- .?:11 + .1.3 + xl* - EI:I'],
.E'n + .x:: + 3.23 + .?:2* - EI:I'D,
Xy + gy o+ Xy + %y = 600

7 Xy + Xy + Ay = 3007
Fla+ X+ Xyp = a0n .
Kz + Ky + Xz = 450

[ Myg + Xgy o Xy = a0
Xy =0
Cocmagnenue onopnozo naana

PemreHne TpaHCHIOPTHOM 3aJadd HA4YMHACTCA C HAXOXKACHUS ONOpPHOro IaHa. i 3to-
ro CYIIECTBYIOT pasiuyHble crocoObl. Hampumep, crmocob ceBepo-3amaaHOro yria, crocoo
MUHHMAaJIbHOH CTOMMOCTH TIO CTpPOKE, CocO0 MHHHMMAIbHOM CTOMMOCTH TO CTOJIOIY H
Ccnoco0 MUHAMAIBHOW CTOMMOCTH TaOJIUIIBL.

PaccmoTpuM mnpocTeliuii, Tak Ha3bIBaEMbIL CHOCOO ceséepo-3anadnoz2o yna. 110SCHUTH
€ro Ipolie Bcero OyAeT Ha KOHKPETHOM IpHMEpe:

VYcnoBusi TpaHCHOPTHOM 3ajauM 3a/laHbl TPAHCIIOPTHOW TaOIUIEH.

Taommma Ne 2.1

B, B, B; B, Bs 3aIacel da-;
A 10 8 5 6 9 48
A, 6 7 8 6 5 30
A3 8 7 10 8 7 27
Ay 7 5 4 6 8 20
3asBKH b; 18 27 42 12 26 125

bynem 3amonHsATh TabMWIy MEepeBO3KaMH IOCTENEHHO HA4HMHAs C JIEBOM BEPXHEH SIUCUKH
("ceBepo-3anmaaHoro yria" Tabnuubl). Byaem paccykmaTb NHpU 3TOM CIEAYIOIIMM 00pa3oM.
[lynkt B; moman 3adBKy Ha 18 enuHuIl rpy3a. Y IOBJIETBOPUM ATy 3asBKY 3a CUET 3amaca 48,
UMEIOIIerocss B MyHKTe A; , u 3anuuiem nepeBo3ky 18 B kierke (1,1). Ilocne sToro 3asBka
NyHKTa B; yJOBJIETBOpPEHAa, a B MyHKTe A; octaiock emé 30 eauHuil rpysa. YAOBJIETBO-
puUM 3a CcuéT HUX 3asiBKy NYyHKTa B (27 enunmun), 3anumem 27 B kierke (1,2); ocraBmmecs
3 enuHUIBI MyHKTa A; Ha3HauMM NOYHKTY Bj. B coctaBe 3asBKM NMyHKTa B3 OCTaIUCh He-
ynoBieTBopéHHbIMU 39 enuHun. M3 Hux 30 mokpoeM 3a cuér HMyHKTa A, 4eM €ro 3amac
Oymer ucyepran, u emé 9 Bo3bMEM W3 myHKTa A3 M3 ocraBmmxcs 18 enunHwi myHKTa Aj
12 BblgenuM TYHKTY By ocTaBmivecs 6 €IMHUI] HAa3HAUYWM IYHKTY Bs, 4TO BMECTE CO
Bcemu 20 eauHUIIAMU NYHKTa A, MOKpoeT ero 3asiBky. Ha sToM pacmpeneneHue 3amacoB
3aKOHYEHO; KaXXJIbI MYHKT Ha3HAYCHUS TMOJY4YWJI TIPy3, COTJACHO CBOEHU 3asiBKU. DTO BbI-
paxkaercs B TOM, YTO CymMMa IEPEBO30K B KaXJOW CTPOKE paBHA COOTBETCTBYIOIIEMY 3a-



macy, a B croisiOIe - 3asgBke. Takum oOpa3om, HAMH Cpa3y K€ COCTaBJEH IUIaH MEPEeBO3OK,
YIOBJETBOPSIONINI OanaHCOBBIM yclIoBUSAM. [lodydeHHOE pellieHue SBISETCS ONOPHBIM pe-
wieHuem MpaHcnoOpmHoU 3a0aqu:

Taomuma Ne 2.2
B1 Bz B3 B4 B5 3amacel a;
10 8 5
A, 18 27 3 6 9 48
8
Ay 6 7 30 6 5 30
10 8 7
Aj 8 7 9 12 6 27
8
Ay 7 5 4 6 20 20
3asBKHU b; 18 27 42 12 26 125

CocTaBieHHbII HaMU IIJ1aH NIEPEBO30K, HE SBJSETCS ONTUMAJIbHBIM MO0 CTOMMOCTH, TaK Kak
IPU €ro IOCTPOEHMH MBI COBCEM HE YUYHUTHIBAIM CTOMMOCTh IepeBO30K Cj
. pyroii coco6 - cnocod MHHUMATBLHOW CTOMMOCTH TI0 CTPOKE - OCHOBAH Ha TOM, YTO MBI pac-
npejenseM NPOAYKLHUIO OT IyHKTa A4; He B JII00OH U3 MyHKTOB Bj, a B TOT, K KOTOPOMY CTOH-
MOCTb MEepEeBO3KH MUHHMaJIbHA. EClii B 3TOM IMyHKTE 3asBKa MOJHOCTHIO yJIOBIETBOPEHA, TO MbI
yOupaeM ero u3 pacueToB M HAXOJAUM MHHHUMAIbHYIO CTOMMOCTH MEPEBO3KHU W3 OCTABIIMXCS
IIyHKTOB B;. Bo BCeEM OCTaJIbHOM 5TOT METOJ CXO C METOAOM CEBEpO-3amagHoro yria. B pe-
3y/lbTaTe, OMOPHBIN IIAH, COCTABICHHBIA CIIOCOOOM MHUHHMAIBLHON CTOMMOCTH 1O CTPOKE BBI-
TJIAIUT, TaK Kak oka3aHo B Tadjuie Ne 2.3,

ITpu 5TOM MeTOJie MOXKET MOJIYYUTHCS, YTO CTOUMOCTH NepeBo3ok C; u Cj; OT myHKTa A; K
nyHKTaM B; u By paBHbl. B 5TOM ciy4ae, ¢ )KOHOMUYECKOM TOYKHU 3PEHHUS, BBITOJIHEE PacIpee-
JUTH MPOIYKIUIO B TOT MYHKT, B KOTOPOM 3asiBka Oounbiie. Tak, Hampumep, B cTpoke 2: Cy; =
C>4, HO 3as1BKa b; Oosblie 3asBKH by, TOITOMY 4 €IMHULIBI MPOAYKLHUU MBI paclpeienM B KIIeT-
Ky (2,1).

Ta0mmma Ne 2.3

B1 Bz B3 B4 B5 3amacel ai
A 10 8 22 2 9 48
A, Z 7 8 6 ; ) 30
As 8 ;7 10 8 g 27
A Z . 5 4 2 8 20
Samecn b, 18 77 12 12 76 125

Crioco6 MUHMMAJIBHOM CTOMMOCTH TI0 CTOJIOIY aHAJOTHYEH MpeabIayieMy crnocoly. Mx ot-
JUYHE COCTOWT B TOM, YTO BO BTOPOM CIIOCOOE MBI pacrpeiesisseM MPOAYKIIIO0 OT TyHKTOB B; K
IYHKTaM A; 10 MUHUMabHOU croumoctH Cj.

OnopHBIY MJIaH, COCTABIECHHBIN CITOCOOaMH MUHUMAJIBHBIX CTOMMOCTEH, OOBIYHO OoJiee Ou-
30K K ONTUMAaJIbHOMY pelieHuio. Tak B HameM mpuMepe OOIIHe 3aTpaThl Ha TPAHCIIOPTUPOBKY
10 TUTaHY, COCTABIICHHOMY TIEPBBIM criocooom Fy = 1039, a mo Bropomy Fy = 723.

Krnetku TaOmuibl, B KOTOPBIX CTOST HEHYJEBHIC TEPEBO3KH, SBISAIOTCS Oa3mcHbIMU. Mx
YUCJIO JOJKHO paBHAThCS m + n - . HeobxoammMo OTMETUTh Tak)Ke, YTO BCTPEUAIOTCS Ta-
KM€ CUTYalllH, KOTJa KOJIMYECTBO Oa3MCHBIX KIETOK MeHbINe 4eM m + n - [. B atom cuy-
yae pachnpenenuTesibHas 3ajada Ha3bIBAaeTCA BBIPOXKIECHHOW. M ciegyer B ogHOM U3 CBO-



OOJHBIX KIIETOK MOCTABUTHh KOJMYECTBO IEPEBO30OK paBHOE HYIIO. Tak, HampuMep, B TaOuIe
Ne23: m+mn-1=4+5-1=38  aba3uCHBIX KIETOK 7, IOATOMY HYXKHO B OJIHY U3 KJIETOK
cTpoku 3 unu cronbua 2 mocraButh 3HaueHue “0”. Hanmpumep B kietky (3,5).

CocraBinds 11aH M0 coco6aM MUHUMAJIBHBIX CTOMMOCTEH B OTJIMUMU OT ILJIaHa MO CIOCO0y
CEBEPO-3allaJHOrO YIjia Mbl YYUTBIBAEM CTOMMOCTH NepeBo30K Cj;, HO BCE KE HE MOKEM YTBEp-
KAATh, YTO COCTaBJICHHBIN HaMH I1aH SABIIAETCS ONTUMAJIbHBIM.
Pacnpeoenumenvuuliit memoo 00CMUICEHUA ONMUMATLHO20 NIAAHA

Teneppr mnonpoOyeM yaydlIUTh IJIaH, COCTABJICHHBIN CIOCOOOM CEBEpO-3amaJHOro yria.
[Tepenecem, Hanpumep, 18 emqunun u3 kietku (1,1) B knerky (2,1) u 4roObl HE HAPYIIHUTH
Oamanca mepenecéMm Te ke 18 emuuHun w3 kierku (2,3) B kierky (1,3). [lomyuum HOBBIH
wiad. [logcunras croumocTs onopHoro IuiaHa (oHa posHsercsa 1039) M CTOMMOCTH HOBOIO
miaHa (oHa poBHsieTcs 913) HeTpynHO yOEIUTHCS, YTO CTOMMOCTH HOBOTO IIIaHAa Ha 126
eIMHHI] MEHbIe. TakuM 00pa3oM, 3a CUET HUKJIMYECKON TEepecTaHOBKM 18 enuHuUIl rpys3a
U3 OJHUX KIETOK B Jpyrue HaM yAajioch MOHU3UTh CTOMMOCTH ILJIaHA:

Tabmuia Ne 2.4

B, B, B; B4 Bs 3amacel a ;
Al 10 57 N 6 o 43
As . 7 6 |5 30
As 8 T L 27
Ay 7 5 4 6 20 20
Samcn b, 18 R 2|26 125

Ha »sToM cmocobe yMeHBIICHHsS CTOMMOCTH B JalbHEWIeM U OyJIeT OCHOBaH ajro-
PUTM ONTUMM3AIMU TUIaHa 1epeBo3oK. LIMKIoM B TpaHCHOpPTHOHN 3amade MbI OyAeM Hasbl-
BAThb HECKOJIBKO 3aHATBHIX KJIETOK, COCIMHEHHBIX 3aMKHYTOW, JIOMAHHOW JIMHHUEH, KOTOpas B
KaXJ0M KieTke copepiraer moBopoT Ha 90°.  CymiecTByeT HECKOJIBKO BapHaHTOB LIMKJIA:

1.) 2.) 3)

=

Hetpynno yGeauTtbes, YTO Ka)AbIH UK UMEET YETHOE YHUCIO BEPIIMH M 3HAUYUT, 4YETHOE
YHCJIO 3BEHBEB (CTPENIOK). YCIOBUMCS OTMEYaTh 3HAKOM + T€ BEPIUMHBI LIMKJIA, B KOTOPBIX
MEPEBO3KM HEOOXOAMMO YBEIMYWUTh, a 3HAKOM - , T€ BEPIIMHBI , B KOTOPBIX IEPEBO3KU He-
00X0AMMO YMEHBUINTD. [{UKII ¢ OTMEUEHHBIMU BEpIIMHAMU OyJeM Ha3bIBaTh O3HaueHHBIM. [le-
PEHECTH KakKoe-TO KOJIMYECTBO EIUHUIl Ipy3a M0 O3HAYEHHOMY LMKIY, 3TO 3HAYUT YBEJH-
YUTh TEPEBO3KH, CTOSLINE B MMOJIOKUTEIBHBIX BEPIINMHAX I[UKJIA, HA 3TO KOJHWYECTBO EIUHUI],
a MEpEBO3KH, CTOSIIHE B OTPULATEIBHBIX BEPIIMHAX YMEHBIIUTh HAa TO K€ KOJUYECTBO.
OueBUIHO, IpU TepeHoce JII0OOro YHciaa €JUHMII MO LUKIY PAaBHOBECHE MEXIY 3aracamu
U 3asBKaMHM HE MEHSIETCA: [0 IMPEKHEMY CyMMa IE€PEBO30K B KaXJ0H CTPOKE paBHa 3ama-
caM 3TOM CTPOKH, a CymMMa IMEepeBO30K B KaXJIOM CTOJOILE - 3asBKE 3TOro cTojbua. Takum
o0pa3omM, MpH JII0OOM HUKIMYECKOM MEPEHOCE, OCTABIIAIONIEM MEPEBO3KH HEOTPUIATEIbHBIMU
JOMYCTUMBIA IUIaH OCTa€Tcs AOMYCTUMBIM. CTOMMOCTh K€ IIJJaHA TIPH 3TOM MOXKET Me-
HATBCS: YBEIMUMBAThCA WIM yMeHbIIarcsa. Ha30BEM ILeHOM NMKIA YBEIMYEHUE CTOMMOCTH
NEPEBO30K IPHU IMEPEMENICHUN OJHOM €IWHHULBI Ipy3a II0 O3HAYEHHOMY LHKIYy. O4eBUIHO,
[ICHa [MKJIa pPOBHA aureOpandeckoil CyMMe CTOMMOCTEH, CTOSIIMX B BEpIIMHAX LUKJIA,
npuuéM CTOALIME B TOJOKUTENIBHBIX BEpIIMHAX OepyTcs CO 3HAKOM +, a B OTPULATENIBHBIX
co 3HakoM -. O0o3HauumM neHy Lukia yepes y. [Ipy mepememieHuN OAHOM EIMHULBI Tpy3a




[0 LMKJIY CTOMMOCTH IIEPEBO30K YBEJIMYMBAETCS Ha BenuuuHy ). llpu nepememienun 1o
HEMY k €JUHMIl Ipy3a CTOMMOCTb IE€PEBO30K YBEIUUUTHCS Ha ky. OUeBHIHO, U yiydllle-
HUS IUIaHA MMEET CMBICH IEepeEMENIaTh IEPEBO3KU TOJIBKO IO TEM LIMKJIAM, LIE€HA KOTOPBIX
orpunarensHa. Kaxaplii pas, koraa HaMm yga€rcs COBEPLIMTh TaKoe MepeMelIeHne, CTOMMOCTh
IUIaHA YMEHBIIAETCSI Ha COOTBETCTBYIOINYIO BeNMWYMHY ky. Tak Kak mepeBO3KH HE MOTYT
OBITb OTPULATEIBHBIMH, MBI OYyJE€M IOJIb30BaTbCS TOJBKO TAKMUMHU IMKJIAMH, OTpULATEIb-
HbIE BEPIIMHBI KOTOPBIX JIeKaT B OAa3MCHBIX KIETKaxX TaOJUIIbl, TI€ CTOSAT MOJOXKHUTEIb-
HbIe TMepeBO3KU. EcM NHKIOB C OTpHIATENIBHONW IIeHOM B Tabiuile OOJbIe HE OCTaaoCh,
3TO O3HAYaeT, YTO JalbHENIIee yIydllIeHne JIaHa HEBO3MOYKHO, TO €CTh ONTHUMAJIbHBIN IJ1aH
JOCTUTHYT.

MeTol TOCIENOBAaTENBHOIO YIYYIIEHUs IUIAHa IEPEBO30OK U COCTOMT B TOM, 4YTO B
TaOJIMIe OTHICKUBAIOTCS LUKIBI C OTPULATEIbHON ILIEHOW, IO HUM IEPEMELIAIOTCS IEepeBO3-
KH, U IUTaH yJdydllaeTcsd A0 TeX MOop, MOKa LHUKIOB C OTPULIATENBHOM LIEHOM yXe He OocTa-
Hered. [Ipy ynydineHuM IulaHa HMKIMYECKUMU NIEPEHOCAMH, KaK MPaBHIIO, MOJIb3YIOTCS MpUE-
MOM, 3aUMCTBOBaHHBIM M3 CHUMIUIEKC-METOAA: MpPU KaKIOM Iuare (LUKJE) 3aMEHSI0T OJHY
CBOOOJIHYIO TIEPEMEHHYIO Ha Oa3WMCHYIO, TO €CTh 3alOoJHSAIOT OJIHY CBOOOJHYIO KIETKY H
B3aMEH TOTO OCBOOOXKIAIOT OAHY M3 Oa3uCHBIX KieTok. [Ipu 3TOoM oOmee umcio Oasuc-
HBIX KJETOK OCTa€Tcs HEU3MEHHBIM W paBHBIM m+n-I . DTOT MeTOA yNOOEH TeM, YTO MJs
HEro Jierye HaxOAWUTh MOAXOMSIINE IUKIIbI.

MokHO J10Ka3aTh, YTO ISl JIFOOOM CBOOOJHOM KIJIETKE TPAHCHOPTHOM TabiMIle BCerna
CYLIECTBYET LHKJI M TNPUTOM EIUHCTBEHHBIH, OJHA M3 BEPIIMH KOTOPOIO JIEKUT B 3TOU
CBOOOJHON KJIETKE, a BCE OCTaJbHble B 0a3uCHBIX KieTkaxX. Ecim 1eHa Takoro Lukia, ¢
IUTIOCOM B CBOOOJHOW KJIETKE, OTPHLATENIbHA, TO IUIAH MOXHO YIYYIIUTh IepeMelleHUueM
IIEPEeBO30K M0 JaHHOMY LHMKIy. KommdecTBO eauHHuIl rpy3a k, KOTOPOE MOKHO II€PEMECTHUTb,
OIpeAEsAeTCS MUHHUMAJIbHBIM 3HAUEHHEM IEPEBO30K, CTOSIIMX B OTPHULATEIBHBIX BEpLIMHAX
[IUKJIA (€CJIM IEPEMECTUTh OOJbIIee YUCIO EIUHMIl I'py3a, BOSHUKHYT OTpHUIATEIbHbIE IEpe-
BO3KH).

[TprMeHEHHBIN BbIIIE METOJ| OTHICKAHHS ONTUMAJIBHOTO PELICHHs TPAHCIOPTHOW 3ajladu
Ha3bIBACTCSl paclpeleNiéHHBIM; OH COCTOMT B HEMOCPEICTBEHHOM OTBICKAHHMH CBOOOJHBIX
KJIETOK C OTPHMLATENIbHOW IIEHOM IUKJIa M B MEPEMELICHUU IEPEBO30K M0 TOMY LUKIY.

PacnipenenurenbHblii METOJ pELICHUS TPAHCIOPTHOM 3a7add, C KOTOPBIM MBI II03HAKOMU-
JMCh, 00IaJa€T OAHUM HEIOCTAaTKOM: HYXKHO OTBICKMBATh IIMKJIBI JUIs BCEX CBOOOJHBIX Kile-
TOK ¥ HaxoauTh MX ULeHbl. OT 3ToH Tpyno€Mkol paboThl Hac M30aBISIET CHEIHATbHBIN
METOJ PELICHUs TPAHCIIOPTHOW 3a/auM, KOTOPbIM Ha3bIBa€TCSI METOAOM IOTEHLUAJIOB.

Pewenue mpancnopmmuoii 3a0auu mMemooom NOMEHUUAanI08

OTOT MeTOJ] NO3BOJISIET aBTOMATUYECKU BBIAEIATH LMKIBI C OTPULATEIBHONM LEHOH |
ONpEAENATh UX LCHBI.

ITycte MMeeTcsl TpaHCHOpPTHas 3ajadya ¢ OAJaHCOBBIMU YCIIOBUSMU
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CToMMOCTb NEpeBO3KM €AMHMIBI Ipy3a u3 4; B B;paBHa C ;; TabaMua CTOUMOCTEH 3a1a-

Ha. TpeOyeTcs HalWTH IUIaH IEPEBO3OK X;;, KOTOPBIH YAOBIETBOPAA Obl 0OalaHCOBBIM YyCIO-
BUSAM W IIpU 3TOM CTOMMOCTBH BCCX IICPCBO30OK 63.)'[3. MHUHHUMaAJIbHA.



Wnes merona MOTEHUMAIOB Ui PEIIEHUS TPAHCIOPTHOM 3aJaud CBOAUTHCS K CIEAYIO-
memy. [IpencrtaBum cebe 4TO KaKIbl M3 MyHKTOB OTIpaBlIeHUS A; BHOCHUT 3a IEPEBO3KY
eIMHUIBI Tpy3a (BCE paBHO KyAa) KakylO-TO CYMMY @; ; B CBOIO OYepeAb KaXAbIH U3
IIyHKTOB Ha3Ha4eHUs B; Takke BHOCUT 3a IIEPEBO3KY Ipy3a (Kyda yromHo) cymmy pf;. Otu
IUTIATEKU TEPElaloTCsi HEKOTOPOMY TpeTheMy JuLy (“nmepeBo3uuky”). O0o3Hauum a; + b; = &
(i=1..m; j=I1..n) u OyneM Ha3bIBaTh BEIMYUHY C; “TICEBIOCTOMMOCTBIO” NEPEBO3KH €AMHUILIBI
rpy3a u3 4; B B;. 3aMeTHM, 4TO IUIATE&XU o; U f; HE 00s3aTeNbHO JOJKHBI OBITH IIOJIOKHU-
TEJIbHBIMH; HE HCKJIOYEHO, YTO “‘IEPEBO3YMK~ CaM IUIATUT TOMY WJIM JIPYyroMy MYHKTY Ka-
KYIO-TO TIPEMHUIO 32 MEpeBO3KY. Takke Hal0 OTMETUTh, YTO CyMMapHas ICEBIOCTOMMOCTb
Ar000r0 TOMyCTUMOTO IJIaHa IEPEBO30K NPH 3aJaHHBIX IUIaTekaX (o; U f;) OOHA M Ta Ke U
OT TUTAaHA K TUIAaHY HE MEHSIETCA.

Jlo cuX Op MBI HUKAK He CBSI3bIBAIN ILIATEXH (a; U f;) U TICEBAOCTOMMOCTH Cjj C HICTUHHBI-
MU cTouMOCTAMH nepeBo3ok Cj. Temepp Mbl YyCTaHOBMM MEXKAY HUMHU CBA3b. IIpenmnonoxum,
YTO IUIAH X;; HEBBIPOKIACHHBIN (4MCI0 Oa3UCHBIX KIETOK B TAaONHIE MEPEBO30K POBHO m + n -1).
Jns Bcex »TuX KieTok x;>(0. Onpenenum niatexu (o; U f;) Tak, 4TOObl BO BCEX Oa3HCHBIX
KJIETKaX IICEBJOCTOMMOCTH OBIIIM POBHBI CTOUMOCTAM:  &=a;+f=c;;, ipu x;;>0.

Yro kacaercs cBOOOAHBIX KiI€TOK (rze x;=0), TO B HUX COOTHOLIEHHE MEXIy IICEBIO-
CTOUMOCTSIMH U CTOUMOCTSIMH MOXET OBITh, KAKOE YTOJHO.

OxazbpIBaeTcsi COOTHOIICHUE MEXKIY ICEBAOCTOMMOCTSIMH M CTOMMOCTSIMH B CBOOOIHBIX
KJIETKaX MOKa3bIBAET, SBISETCS JIM IJIaH ONTUMAlIbHBIM WM € OH MOXET OBbITh YITYy4YIIEH.
CymecTByeT cnenuanbHasg TeopeMa: Ecmu ansd Bcex 0asHCHBIX KIETOK IulaHa x;>0,
a;+f=¢;=cj;  a nas Bcex CBOOOIHBIX KIETOK x;=0,  a;+f;=€;<c;, TO IUIaH SABIAETCS
ONMUMANbHBIM Y HUKAaKUMU CIIOCO0aMHM yIydllleH ObITh He MoxeT. HeTpyaHo mokasark, 4To
9TO TeopeMa CIpaBelJIMBa TaKXe JJIs BHIPOXKIEHHOTO IUIaHa, U HEKOTOpbIE U3 OA3UCHBIX IIe-
PEMEHHBIX paBHBI HyIO. [lmaH oOnanarommii CBOHCTBOM :
¢jj= c; (11 Bcex 0a3MCHBIX KIIETOK ) (2.36)

¢j <c; (U1 Bcex CBOOOJHBIX KJIETOK ) (2.37)

Ha3bIBACTCSl MOMEHYUAIbHLIM TIITAHOM, 8 COOTBETCTBYIOIIME €My IulaTexku (oM f) —
NOTEHIUAaMUA TYHKTOB A; u B; (i=1,...,m; j=I,..., n). Ilonb3yace 3TOH TEPMHUHOJIOTHUECH BBI-
HICYIOMSIHYTYIO TEOPEMY MOKHO CPOpPMYIUPOBATH TaK:

Beakuii nomenyuanvuelii naan A6151emcs ONMUMAaibHbIM.

Wtak, ans permieHusi TPAHCIOPTHOM 3aladyd HaM HY)KHO OJHO - MOCTPOUTH MOTEHIIHAJb-
HbI 1aH. OKa3bIBaeTCs €ro MOXKHO MOCTPOUTH METOAOM IIOCIIEAOBATENbHBIX MPUOIHKE-
HUM, 3a/1aBasich CHayajla KAaKOW-TO MPOU3BOJIBHOM CHUCTEMOW IUIATEXEH, YIOBIETBOPSIONICH
ycnoBuio (2.36). IIpu sToM B KakaoW Oa3MCHOM KIETKE IMONyYUThCS CyMMa ILIATEXei, paB-
Hasi CTOMMOCTH TIEpEBO30K B JAaHHOM KJIETKe; 3aTeM, yiydlias IUIaH cleAyeT OJIHOBPEMEH-
HO MEHATh cucTeMy Iarexeid. Tak, 4To oHM npubnmxkaoTcs K noreHuumanam. [lpu ymyd-
IIEHUHW TIJJaHa HaM TMOMOTraeT CIEAYIUIee CBOMCTBO IUIATEXEHW M IMCEBIOCTOMMOCTEH: KaKo-
Ba Obl HM ObLIa cucTeMa IUIaTexed (oM f;) ynoBieTBopsiouias yciaoBuio (2.36), A Kaxk-
oM CcBOOOMHOM KJIETKH IleHa LMKJIa TIepecuéra paBHA Pa3HOCTH MEXIY CTOUMOCTBIO U
IICEBAOCTOUMOCTBIO B HaHHOﬁ KJICTKEC: Y;;=Cij - éJ.

TakuMm 006pa3oM, Mpu MOJB30BAaHUU METOAOM MOTEHLHUAIOB AJIs pelIeHUs] TPAaHCIIOPTHOH 3a-
Jlauu OTMafaeT Haubosiee TPYAOEMKUN HIIEMEHT paclpelelUTeNIbHOT0 METOJa: MOUCKU K-
JIOB C OTPHIATEIBLHOW IEHOM.

[Iporenypa mOCTpOEHUS MOTEHIHAIBHOIO (ONTUMAIBHOTO) IUIaHA COCTOUT B CIEAYIO-
IIEM.

B kadectBe mepBoro mnpuOMMKEHHS K ONTUMAIbHOMY IUIaHy Oepércs mo0oit nomyc-
TAMBIH TUIaH (HampuMep, MOCTPOCHHBIM CIIOCOOOM MHHHMAIBHOW CTOMMOCTH IO CTpoke). B
3TOM IIaHe m+n-I 0A3UCHBIX KIETOK, A€ M - YUCIO CTPOK, /1 - YACJIO CTOJOIOB TPAHCHIOPT-
HOM TaOmuupl. {7 3TOro IulaHa MOXKHO ONpPENEeNUTh IulaTeku (a; U f;), Tak, 4TOObI B Kaxk-
70i1 0a3HCHOM KJETKE BBINOIHAIOCH YCIOBHE: a;t+f=c; (2.38)



VYpasuennii (2.38) Bcero m+n-I, a 4ucI0 HEU3BECTHBIX paBHO m+n. ClemoBaTeNbHO, OJI-
HY U3 3THX HEH3BECTHBIX MOXKHO 3a/laTh INPOU3BOJILHO (Hampumep, paBHoW HYy:0). [locne
3TOr0 M3 m+n-I/ ypaBHeHuil (2.38) MOXHO HAWTH OCTalbHBIE IUIATEXU i, fj, @ 1O HUM
BBIYHCIIUTH MCEBIOCTOUMOCTH, &;j=0;+f; AN KaXI0H CBOOOJHOM KIIETKH.

Tabmuma Ne 2.5

B, B, B3 B4 Bs (041
10 8 5 6 9 =0
A =17 =6 42 6 =6
6 7 8 6 5
A, 4 =5 =4 &=5 26 05=-1
8 7 10 8 7
A, =8 27 =6 =7 0 05= 1
7 5 4 6 8 0
A, 14 =6 &=5 6 =6
B; Bi=7 B=6 Bs=35 Bs=6 Bs=6
Oy = O, =>

S4=6, Tak xak o, tf,~Cy=6,=>
0,=0, Tak xak a;+f,~=C;,~6, =>
S5=5, Tak xak a;+f;=C3=5, =>
pi=7, Tak kaKk ay+f=Cy=7, =>
a,=-1, Tak kak o, tf,;= C;/=6, =>
[5=6, Tak KaK a,+f5=Crs=5, =>
o3= 1, Tak xak o;+f5=C;35=7, =>

p2=06, Tak KaK az+f,=Cr5=7.

Ecnu okazanock, 4TO BCE€ ATH MCEBAOCTOMMOCTH HE MPEBOCXOJAT CTOUMOCTEH Cii<cjj,

TO IUIAaH NOTCHUMAJICH U, 3HAYUT, oNTHUMAajcH. Ecin ke XoTs Obl B OAHOH CBOOOJHON KJIET-
K€ TICEBJOCTOMMOCTBH OOJIbIIIE CTOMMOCTH (KakK B HAIlIeM IPUMEPE), TO TUIaH HE SBJISIETCS OII-
TUMaJTbHBIM M MOXET OBITh YIY4IIEH MEePEHOCOM IEPEeBO30K IO IHMKITY, COOTBETCTBYIOIIIE-
My JaHHOW CBOOOJHOW KieTke. lleHa 3Toro mukia poBHa Pa3HOCTH MEXKIY CTOMMOCTHIO U
IICEBJIOCTOMMOCTBIO B 3TOH CBOOOJIHOW KieTke. B tabmurie Ne 2.5 Mbl MOTy4HIIH B JBYX KJIET-
Kax ¢;> ¢;j, Telepb MOXKHO IIOCTPOUTH LIMKJI B JIIOOOM M3 ITHX JIBYX KJIETOK. BeiromHee Bcero
CTPOMTH LIUKII B TOH KJIETKE, B KOTOPOH pa3sHOCTb €j-¢;; MakcuMajbHa. B Hamewm cirydae B 06oux
KJIETKaX pa3HOCTh OJIMHAKOBaA (paBHa 1), MOATOMY, JIJIsl IOCTPOCHHMS IIUKJIa BBIOEPEM, HAITpUMED,
KJIeTKY (4,2):

Tab6mmia Ne 2.6

Ay 10 ] 5 [ o 1]
42 &

A, |2 T e P

A |7 -7 i+ 3 B [

P
T i} 3 é é

Teneps Oyaem nepemeiate Mo HUKITY YUCIO 14, Tak KaK OHO SBISETCSI MUHUMAJIbHBIM U3
YHUCCII, CTOAIINUX B KJICTKAX, IOMCYCHHBIX 3HAKOM - . HpI/I NEpCMCIICHU U MbI 6y;[eM BbIUUTATh
14 w3 KJIETOK CO 3HAKOM - M MPHOABJIATH K KJIETKaM CO 3HaKOM + .



ITocne 3TOr0 HEOOXOAMMO MOACYUTATH MOTEHLIHUAIB! G;M f; U LUKI PAcCUeTOB IOBTOPSETCA.

Wtak, MBI TpPUXOIUM K CIEAYIOLIEMY @I20PUMMY PEUleHUs mMpPAHCHOPMHOU 3a0auu
MemooomM NOMEHUUAI08:

1. B3atp 11000#1 OMOpHBIA IIJIaH TEPEBO30K, B KOTOPOM OTMEUEHBI m~+n-I 0a3uCHBIX
KJIETOK (OCTaJbHBIC KJETKH CBOOOJHBIC).

2. Onpenenuts A1 3TOrO IUIaHA IUIATEXH (oM fj) UCXOAS W3 YCIOBHs, YTOOBI B JIIOOOI
0a3uCHON KIIETKE TCEBIOCTOMMOCTH ObUIM paBHBI CTOMMOCTSIM. OIIMH U3 TUTATEXKEH MOXKHO
HA3HAYUTh IPOU3BOJBHO, HAIPUMED, TOJOKHUTh PABHBIM HYIIIO.

3. IloacuuTaTh NCEBIOCTOMMOCTH &;j=a,;+[f;d BceX CBOOOMHBIX KieTOK. Ecim okaxkercs,
4TO BCE OHHU HE MPEBBIIIAIOT CTOUMOCTEH, TO 1aH ONTHUMAJICH.

4. Ecnu x0T OBl B OAHON CBOOOAHOH KIJIETKE TCEBJOCTOMMOCTH MPEBBIIIAET CTOMMOCTD,
cleyeT MPUCTYMUTh K YIYYIICHHUIO IUIaHA MyTEM MepeOpOCKH MEepeBO30K MO HUKITY, COOT-
BETCTBYIOIIEMY JII00OW CBOOOJHOM KIIETKE C OTPHILATEIBHOW LEHOW (i1 KOTOPOH ICEeBIO-
CTOMMOCTh OOJIBIIIE CTOMMOCTH).

5. Ilocrne 3TOro 3aHOBO MOJCYUTHIBAIOTCS IJIATEKU M TICEBIOCTOMMOCTH, U, €CIU TUIAH
emé He ONTUMAJIeH, MpoleAypa YIydlIeHUs MpoJojbKaeTcs A0 TeX Iop, Moka He Oyaer
HalJleH ONTUMAJILHBIN IIJIaH.

Tak B HameM nmpumepe mociie 2 NUKJIOB PacyeTOB MOJIYYUM ONTHUMaIbHbIM MaH. [Ipu sToM
CTOUMOCTbH BCEH MepeBO3KU M3MEHsIIACh creayromuM oopasom: Fg=723, F;=709, F,=F;;;=703.

CrnenyeT OTMETUTH Tak k€, YTO ONTHUMAJbHBIM IJIaH MOKET UMETh U JIPYrod BUI, HO €ro
CTOMMOCTH OCTaHeTcs Takoiu ke F;, = 703.

Pemienue 3agau ontumu3anuu B Excel

OnTuMHu3aIMOHHBIE MOJIETHM MIPUMEHSIOTCS B S)KOHOMUUYECKON U TeXHUYeCcKo# cdepe. Mx menpb —
no100paTh cOaTaHCUPOBAHHOE PEIICHUE, ONTHMAIFHOE B KOHKPETHBIX YCIOBUSAX (KOIUYECTBO
MIPOJIAX JJIS TTOTYUYEHHUS ONPEICIICHHON BBIPYUKH, JTyUIlIee MEHIO, YHCJIO PEHCOB U T.II.).

B Excel mmst perenus 3agad ONTUMHU3AINMN HCIIOTIB3YIOTCS CIIEAYIONIIE KOMAH/IbL:
[on6op mapametpoB («/lanubie» - «PaboTa ¢ TaHHBIMIY - «AHAIHU3 «4TO-ecim»» - «Ilogbop
napameTpa) — HaXOJUT 3HaYCHHUsI, KOTOpbIe o0ecTieyaT Hy>KHBIN pe3ybTarT.

[Touck pemenus (Haactpoitka Microsoft Excel; «/lanHbie» - «AHAIN3») — paCCUYNTHIBACT
ONTUMAaJIbHYIO BEJIMYMHY, YUUTHIBAs IEPEMEHHBIC U OrpaHuyeHus. [lepeiiaure 1o cCplUIke U y3-
HalTe KaK MOAKIIOUYUTH HACTPOKY «IloMCK perneHus ».

Hucneruep cuenapues («/lanabie» - «PaboTa ¢ JTaHHBIMIY - «AHAIHU3 «UTO-ECIIUMN -
«/lucnetuep cuieHapueB») — aHATU3UPYET HECKOJIbKO BAPUAHTOB UCXOAHBIX 3HAUEHUH, CO3/IaeT
U OLICHUBAET HAOOPHI CIICHAPHEB.

1.7 Jdexknus 9 (2 4.)

Tema: OcHoBHbIe IOHsTUS Teopru rpadoB. Kiaccudukanus rpados, ux cBoiictsa. Jepesbs, cetn. Oc-
HOBBI CETEBOT0 aHAJIN3a

1.7.1. Bonpocsl Jekuum:
1. OcHOBHBIE OHATHS U OIIPECIICHHUS TEOPUH IPadoB.

2. Mojienu 1 alirOpUTMbI CETEBOTO aHAIN3a

1.7.2 KpaTkoe coaep:kaHue BONPOCOB:



OcHOBHbBIE IOHATHSA U ONPee/IeHUs] TeOpuH rpagos.

[Ipex e yeM NpUCTYIUTh K TOUHBIM OIIPEIEICHUSIM, TOSICHUM MX HarisaaHo. JIio6oe koneuHoe
MHOX€ECTBO TOUEK (gepuiun), HEKOTOPbIE U3 KOTOPIX COEAMHEHBI IIONAPHO CTPENIKaMHu (B TEOpUU
rpadoB 3TH CTPEIKU HA3BIBAIOTCS dy2amu), MOKHO paccMaTpuBaTh Kak epagh (puc. 1). Hampumep,
rpad MoXeT n300paxkaTh CETh YJIUIL B TOPOJIE, BEpUIUHBI rpad)a — MEePEeKPeCcTKH, CTPEIKaMHi 0003Ha-
YEHBI YJIUIBI C pa3pELICHHBIM HAallPaBJIeHUEM JABWKEHUS. (Y IIHIIBI MOTYT OBITH C OTHOCTOPOHHUM H
JIByCTOPOHHUM JIBHKeHHEM.) OTMETUM 371eCh 1Ba MOMEHTa. Bo-niepBbIX, He 110001 rpad MOKHO
n300pa3uTh Ha MIIOCKOCTH TaK, YTOOBI YT MEPECEKaTUCh TOJIBKO B BepIinHax (puc. 2). Bo-BTopbIx,
JIB€ BEPILUHBI MOTYT ObITh COEIUHEHBI HECKOJIIBKUMU 1yTaMH, UAYIIMMHU B OJJHOM HaIllpaBJICHUH
(HampuMep, TAaKUM CBOMCTBOM MOKET 00JIajaTh cXeMa jKele3HbIX jJopor). Takue ayru OyneMm
Ha3bIBATb KPAMHLIMU, & Tpad, CoepKaIU KpaTHbIE 1yTH, YaCTO Ha3bIBAOTMYAbmuzpagom (puc. 3).
Ecnu noguepkuBaercs, 4To B JaHHOM rpade HeT KpaTHBIX AYT, TO OH Ha3bIBAaCTCA cpaghom 6e3
KpamHuulx 0yz.

Iy
Lz ]
x, =y 7
X1 Tk Ig Ty
Puc. 2 Prc. 3
Onpenenenne 1:MyabTurpadom umm npocto zpagpom © HaspBaeTcs mapa

_ I v
00BEKTOB: G=i4. 0y ,TIe -1 - KOHEYHOE MHOXECTBO BEPIIIHH, a I - kKoHeYHOE MOJAMHOKECTBO
IPsIMOTO TPOU3BEIACHUS Ak, . [Ipu sTom Y HaseIBaeTCS MHOMICECMBOM 6epuiUH, a .

MHOdHCecmeom dye Tpada & Yucno - YKa3bIBaeT Ha KOJIMYECTBO AYT (KPAaTHOCTB).

Xy
5 &——30

Puc. 4

[oxaxxem, kKakiM 00pa30oM BBEICHHOE OIpeieieHne GopManu3yeT NoHATHe rpada, UHTYUTUBHO
OITMCAHHOE BBIIIE. _

JIyry (CTPENKY), COSUHSIOIYIO BEPIIHHBL | % , MBI 0003Ha4YUM Yepe3 lx ‘xi’n-l ,TIe -
HayaJyo JIyTH, . _ee koHew, a 7 - HoMep nyru. Hampumep, rpad, n3o0paxkeHHbIH Ha puc. /, MOXKET
OBITH AaHAJTMTHUYECKH ONHCAH COOTHOUICHUSIMU:

V=1 vy, 0 b = e L 1

A= T .

il

. (s g il e 10y, %, 10

- *)
OTmeTHM, 9YTO IPH HyMepalluu AYyT He TpeOyeTcs, 4ToObl OBUTH UCIIOJIb30BaHbI BCE HOMEpa, Ha-
YHHAS C €AUHHIIBI U J0 YMCIIa YT MEXIy JaHHBIMH BepmnHaMmu. Hampumep, rpad Ha puc. 1 Moxer
OBITH OINMKCAH TaK:

K= v b T om foe,a 1000 e 1 e s A iy, v i e 107 (%)

I'padsl, 3amannbie cooTHOMIEHUAMU (*) U (**), Oyaem cunTarh paznuyHbIME. [[1s1 hopmanuza-
U «UACHTUYHOCTHY 3TUX Tpad)oB BBOJIUTCS HIDKE MOHITHE U30MOpdH3Ma.

Kak y»e cKa3aHO B ONpe/eNeHrH /, 2IeMEeHThl MHOKECTBA { HA3BIBAIOTCS Oy2aMil.

| B ,3-.;] .
£’ Ha3bIBAETCS nem.Jell.

SRR

Ha puc. 3 nmpucyrctByer netis %04 Heckombko croxkuee nonsTue pebpa. lnorna Ha

rpade B kKakoi-1100 MPUKIATHON 3aa49e HET HEOOXOAMMOCTH 33aBaTh HAIIPABJICHUE CBS3H MEKIY

Omnpenenenne 2: Jlyra Buna



BepiinHaMu ¢ U ¢ . [Ipu n300pakeHUuH B 3TOM cilydae CBSI3b PUCYIOT O€3 CTPEIKU U TOBOPAT O

pe6pe COEMHSIOIEM g (puc. 4, a). bynem cunurtath Takue pedpa 00beAMHEHUEM
lx.x ] [v L)

h

ayr =0T n KL C OIMHAKOBBIMU HOMEPAMHU.

:.'lx._x..-‘;Hx.-x-?:lECf
Onpenesenne 3:Pedpom Ha3zbpIBaCTCSA MOAMHOXKECTBO BUga =~ 77 7+ 77 770 )

WnmocTpanueit MOeT ¢y kuth puc. 4, 6. BunHo, uto eciu Ha rpade 1Be BEpUIMHbI CBSI3bIBa-
IOTCSl lyTaMH € IIPOTHUBOMOJI0KHBIMY HAIIPABJIECHUSMH, TO 3TH JIBE€ IyTH MOTYT OBITh 3aMEHEHBI OJTHUM
pebpom.

Omnpenenenne 3: I'pad G= {X T HA3BIBACTCS CUMMEMPUHECKUM, CCITH [1TIs] THOOBIX
i lx .o .7 |-:I l'{= i‘l-:i
HOMEpOB “*~ U3 TOTO, YTO Jyra - =~ ~ CIIEIyeT, 4TO Ayra :
a2 &)
I X
n n
N fuay
Puc. 3

Ih ml‘{ X, :>}

U3 OMpEACICHUS BUAHO, YTO MHOXECTBAa BUJa ** - A1 CAMMETPHUYCCKOI'o I'pa-

da 06pasyroT pa3bueHne MHOXkecTBa ¢ . MHOKECTBO KJIACCOB 9TOTO pa3OueHns 0603HauaeTcs r u

HA3BIBACTCS MHOXKECTBOM pebep cummerpudeckoro rpada & . Tloguepkrem, uro { ompexnensercs
TONBKO /1711 CHMMETPHUYECKHX TpadoB.
B ,Z[aHBHeI/H_HeM I[OHYCKaﬂ BOHBHOCTB pqu/I B C.quaﬂx rac 3TO HE MO)KeT HpI/IBeCTH K pa3HOLITe-
i
dx x

% “ll‘{ X, ?-!} I_t_x _J.l
Husim. Bmecto ciioB «pebpo » OyieM TOBOPHUTH «pedpo - »
Onpeneneﬂne 4: HOJIHOCTLIO HEOPMEHTHPOBAHHBIM Tpad)OM HA3BIBACTCS Mapa
o6bextos © = l'y 7 ,TJe -1 - KOHeYHOE MHOJKECTBO BEPIINH, a { - KOHEYHOE TIOMHOKECTBO

IPSMOTO MPOU3BEIACHHUS 2z , COCTOSIIEE U3 HIIEMEHTOB BU/1a d. 7} ,Tre ¥ comepKUT poBHO JBa
JJIEMEHTA.

VY NOJHOCTHIO HEOPUEHTUPOBAHHBIX I'padoB BCE AYTU — €CTh pedpa (HET HANpaBIIAIONUX CTpe-
JIOK HY Ha OJTHOM JyTe).

Hanum popmanbHOe onpezeneHue rpada 6e3 KpaTHBIX JIYT.

Omnpenenenne 5: Fpa(])OM 0e3 KpaTHBIX AYyT Ha3bIBaeTcs rpad G=lxT } , YAOBJIETBOPSIOIINI

YCIIOBUIO: JUISI TIOOBIX tJ CYIIECTBYET camMoe OOJIbIIee OMH IEMEHT W - < - TaKoi,

lx . x ,?;’JE i

OTO0 03HAUAET, YTO KaKIas Ayra, COSANHAIONas pedpa, BCTpeyaeTcst TOIbKO OuH pa3. [l onu-
caHus rpagoB 0€3 KpaTHBIX TyI MOXKHO BOCIIOJIb30BATHCS YIPOILAIOLIEH CUMBOIMKOM -
A F] .

v, % .5l I+, %

%] <
ayry - rpada & 06o3navars <. Takum 00pa3oM, MOXKHO JaTh IPYroe ONpeeIcHIE
rpada 6e3 KpaTHBIX AYT, 5KBUBAICHTHOE MPHUBEICHHOMY BHIIIIE.

qTO

Omnpenenenne 5*: I'padhom 6€3 KpaTHBIX YT HA3BIBACTCS Mapa 0OHEKTOB G={\¥.I} , TIe -+ -
KOHEYHOE MHOXECTBO, a 4 = -t .~ .%

[Moxasxxem, uTo rpad 6e3 KpaTHBIX YT OMpEesieT HEKOTOPOe 0ToOpaXeHne (KOTOpoe TaKkxke

o . ~T w =X
6yzem 06o3Hauath 6ykBoit { ) & 1A =27 | KaxaoMmy snemeHTy COIIOCTaBUM IOJMHOKECT-



Flxie 3 x = Flxl
BO : cnenyromum oopazom. Cunraem, 4To - <’ TOTHA ¥ TOJLKO TOT/IA,

Koraa e.x Je I . BepHo 1 o6patHoe: m060oe oTobpakenne £ -4 —* A onpenenseT rpad. MoxHO

JIaTh €II¢ OJHO PKBUBAJICHTHOE OIMPCACIICHUC.

L -
Onpenenenne 5%*; I'pagom 6e3 KpaTHBIX JIyT HA3bIBACTCS Mapa 0OBEKTOB WL Ty ,

- . X
e -5 — KOHEUHOEe MHOXKECTBO, a 1 - —* 2" — orobpakeHue.
B nanpHeiimeM OyayT paccMaTpUBaThCs U IOJHOCTHIO HEOPUEHTUPOBAHHBIE Ipadbl O0e3 KpaT-
r ; .

[%.x. L % _x i
HBIX pebdep. Pebpa takoro rpaga Oyznem yacto o003HauaTh - - " WIIM, 9KBUBAIEHTHO * -~ U

oo

. [ .
TOBOPUTH O HEYTIOPSIIOYEHHOH TTape BepIIuH - ° -
- - -
Onpenenenne 6: Jlyry € { yepumny * =< HazoBeM unyuoenmuvimu,

W= -

Ty w o= TFw_es . . .
ecm © = HFE py T H2:% (geprmmma ™ sBnsercs mi6o nepBoii, 1160 BTOPOIT mpoekiueit
ayra “ ). Pebpo # = I n BEPIIUHY * = A Ha30BeM UHUUOEHMHBIMU, ECITH NHIICHTHEI

fipa=x ® fipu=x

nyra €& g % Jlyry # | Takyr, 4TO , Ha30BEeM UCXOIAIIeH 3 * , a eciu , TO

"

o LA "
BXOJSIICH B * . JIBe BEepIIMHBI M~ HA3BIBAIOTCS CMENCHBIMU, €CITU CYIIECTBYET Ayra, COCIU-

L E 4 L E
Hsromas aubo ¢ -, mubo ¥ ¢

Onpenenenne 7:Iytém B rpade G={\X.Iy

Geom,..ouw b w26 Imou =ilsu. E
qyr e 38 , 9TO Rk “:%.-Ecmm, Kpome Toro,

Ve

oo L
myth 1 %! gaspiBaercs konmypom. IyTh Ha3BIBAETCS RPOCHIbIM, €CITA U3

Ha3bIBACTCA TaKasd KOHCYHAas IOCICI0BAaTCIbHOCTD

fPo.u, = iTpu.

g , TO

i3 f =l
HCPABCHCTBA T CJICOYyCT . <, X IjiemermapHbim, CCJIU NMOCICAOBATCIbHOCTD

1 b g [rohery F Y]
BEPIIUH ’.Hrl:“i-.j-_f:?:a:;.. ‘jj-’;:i"-‘-',}

KpalHHUX.

Wutepnperanus nyty (1 KOHTypa) B rpade oueBuaHa. [1yTh sBiI€TCS NPOCTHIM, €CIIM IIPU JBU-
JKEHUH BJI0JIb HETO OJIHA U Ta 7K€ Iyr'a HUKOTJa HE IIPUXOAUTCS ABAXKbI, U JIEMEHTAPHBIM, €CIIU IIPU
9TOM HUKAaKasi BEPIINHA HE BCTPEYAETCS IBAKIBI.

I .
G=d ] } - cUMMeTpHudecKuit rpad.

HE COJIEPIKUT COBIATAIONINX JIEMEHTOB, KPOME, MOXKET OBITh,

ITycTe Tenepn
Onpenenenne 8:1lenbio B cummerpiueckoM rpade & HasbiBaeTcs Takas

4?:1_...._.?5_,,-‘ - i I

t =

MOCIICIOBATEIbHOCTD -, pebep rpada C , uro cymectyer myrs Sl g O
. B =101
YJIOBJIETBOPSIOLIMN YCIOBHIO = " [yisl LA Llenp HAa3bIBACTCS YUKIOM, €CIIH COOTBETCT-

BYIOIIIUH MTYTh €CTh KOHTYp. Llenb Ha3sIBaeTCs npocmoii (3I€MEHTapHOM ), €CITH COOTBETCTBYOIIHI
IyTh MPOCTOM (3JIEMEHTAPHBIH).

- o

< Fa: F - L
BARLce B g
o i i a
OueBHIHO, YTO IS JIIO00H 1enu - + , = < CylecTBYEeT pOBHO OJIMH

=

2t takoit, uro

nyTh i ¢ . DTO I0Ka3bIBAET KOPPEKTHOCTH ONPEACICHUN MPOCTON U
3JIEMEHTApHOM 1IEMH.
P - - — - ! - -
Onpenenenne 9: I'padp ~ — AT pasmaeres cyzpaghom rpada G=LLr) ,

ecmm -+ =& AT .I'pad € nassiBactcs noozpagpom rpada © |

ecmm ¥ = LAT=I AN Hakonen, rpad C maspiBaercs wacmoio rpada & |

ATA ol

€Clin



Taxum o6pazom, cyrpad nomydaercs u3 rpada yaaaeHHeM HEKOTOPOro 4ucia Ayr (C coxXpaHe-
HueM BepiuH). [loarpad momydaercs u3 rpada ypaieHueM HEKOTOPOTO YKCIIa BEPIITMH BMECTE CO
BCEMH JIyraMy, HHIUJCHTHBIMU yIaleHHOH BepiuuHe. YacTs rpada nomydaercs u3 rpada npuMeHe-
HHEM KOHEYHOTO Yuciia 00erX ONMCAaHHBIX ONeparnii.

. . G .
Onpeneaenne 10: Hanmensiumit cummerpraeckuii rpad <= Takoi, uro O siBiusercs cyrpa-

G G=IX.T}
dbom "=+ | Ha3bIBACTCS cUMMempu3oeannvim rpadom rpada b 1
=i I
Omnpenenenne 11: I'pad G =15 T yasimaercs cunsno C6A3HBIM, €CITU JIJIS TIOOBIX JIBYX BEp-
- - ' F —
x.x. 24 x=x S ARTIN Y . x = dpe v =T
111171 QU , 5T 7 cymectByer myth ik En ragoi, yro T MR T A

WX . r

Onpenenenne 12: Cummerpuyeckuii rpag G= Ha3bIBACTCS CBA3HBIM, €CJIM OH CHUIIBHO

. . G
cBsi3eH. [Ipon3BonbHBI rpad Ha3bIBAETCs CBSI3HBIM, €CJIH CBSI3€H €r0 CHMMETPU30BaHHBIN rpad = .
N3 >Tux onpeneneHuit npsiMo CIEAYET, YTO MOHSATUSI CBI3HOCTU U CUJILHOM CBSI3HOCTH COBIIAJa-
10T JJI1 CHMMETPUYECKUX IrpadoB.

Onpenenenune 13: [loarpad G rpaga G Ha3hIBaeTCH KOMIOHEHTO CBSI3HOCTH rpaga G|
ecim a) O cessen, 6) O 061amaeT CBOMCTBOM MAaKCHMANBHOCTH, T. €. ecln & - HEKOTOPBINA IPYrou
CBSI3HBIN moarpad CuGzG 1o rpads ¢ u & coenaparor.

Onpenesienne 14: bByaem roBoputs, 4to pedpo # = I gensercs nepeuieiikom B CAMMETpHUYE-

CKOM Tpade G=i4 1 } , €CITU TIPH YAQICHUH 3TOT0 pedpa KOJUIECTBO KOMIIOHEHT CBSI3HOCTH rpada
YBEJTUYMBACTCS HA CAMHUILY.

OueBUIHO, YTO PeOPO ABIAETCS MEPEUISUKOM TOTIa U TOJIBKO TOT/AA, KOTAa HE CYILECTBYET MPO-
CTOTO ITUKJIA, COJIEPKAIIETo 3TO pedpo.

Omnpenesenne 15: Iloaycrenenbro uexona g BEPIITUHBI - HA3BIBACTCS YHCIIO UCXOISIINX U3
Hee nyr. IosycTenennio 3axo1a ¢ BepmmHBl * Ha3BIBACTCS YKMCIO BXOAAMNX B Hee Ayr.CTeneHbIo
BepIIMHBI “* ¥ Haswisaercs umcno £ ¢ |

3ameuanue: MlHorma B cuMMeTprdeckux rpadax CTENeHbI0 BEPIIUHBI * OyIeT Ha3bIBAThCS
YHCIIO MHIIUICHTHBIX el pebep. V3 KoHTeKcTa Beeria OyaeT sICHO 3HaYeHHE YHclia “% B KaKIOM
ciyyae.

Omnpenenenne 16: PeOpo # cummerpudeckoro rpada G={\X.Iy HAa3bIBACTCS TYMUKOM, €CIIN
CTCIICHb O,Z[HOﬁ H3 €ro BCPIIMH paBHAa CAUHUIIC (SHGCB CTCIICHb BCPIIMWHBI OIIPCACIACTCA KaK YUCIIO
WHIIUJICHTHBIX el pebep).

G={X. Iy _ rpad, =] . Marpueii

k.

Omnpenenenne 17: Ilycts

A=

- o e
cMexHocTH © HasbiBaeTCs MarpuLa , B KOTOPOH 3JIEMEHT * PaBEH KOJIUYECTBY AYT

- Ix..}:...fc]
U3 & BUga - ¢ o< .
Y 7 i :

LY Hu G=iand } Ha3bIBAIOTCS M30MOP(HBIMHU, €CIIU CYLIE-
o -y =i

Onpenenenne 18: I'pader G

CTBYIOT B3aUMHO OJHO3HAYHBIC OTO6pa)KeHI/I5[ , TAKHUEC,

4TO ffp.ocw=cgedly fip, syw=0:ilp, .
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IIpumep. I'pader SRS , U300paXeHHbIE HA PUC. 5, N30MOPQHBI; UX H30MOP(PU3M OIIpeIes-
eTcs M0JICTAHOBKOM BTOPOTro MopsiaKa:
N
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VY u3oMopHBIX rpadoB MATPHUILIBI CMEKHOCTH OYEHB MOXO0KHU. MIX MOXKHO MOJIYYUTh OJHY U3
JPYroi ¢ MOMOIIbI0 KOHEYHOT'O YUCIIa IEPECTAHOBOK CTPOK M CTOJIOLIOB.

I'eorpajguueckue ceru

BaxHbIM 00BEKTOM HCCIIEIOBaHUM B reorpaduu sSBISIIOTCA pasindHble [ eoepaguueckue ce-
mu, IPEACTaBIISIONINE COO0H COBOKYITHOCTH JTMHEHHBIX ()parMEeHTOB MIPUPOTHOTO (HAIIpUMep,
peuHsle, oporpaguueckue, TEKTOHUYECKHE) U aHTPOIIOI€HHOTO (HapuMep, JOPOXKHBIE, JIEKTpHUe-
CKHe, KOMMYHUKAIIMOHHBIE) XapakTepa. B obmem cinydae B nonstue "reorpaduyeckas cets"
BKJIIOYAIOTCSl BCE MIPOCTPAHCTBEHHBIE (TEPPUTOPHATIBHBIE) CBA3H U OTHOLIEHUS, CYILIECTBEHHBIE IS
U3y4EHHsI IPOCTPAHCTBEHHOM OpraHU3alluy IPUPOTHBIX U COLUAIBHO-9)KOHOMHUECKUX CUCTEM. B
9TOM cily4yae reorpauueckas pealbHOCTh MOKET OBITh MPE/ICTaBIEHA B BUJIE CYNIEPIO3ULIAN
(0ObeMHEHUs, HAJIOXKEHUE) OOJBIIOr0 KOJIMYECTBA pa3HOOOPa3HBIX MPOCTPAHCTBEHHBIX OTHOLICHUN
U CBsI3€H (TPAaHCIIOPTHBIX, TEXHOJIOTUYECKUX, IKOJIOTHYECKUX, MUTPALIMOHHBIX, HH()OPMAIIMOHHBIX U
Jp.) MEX]y Pa3InYHBIMHU re000beKTaMHU (HACEIIEHHBIMU MMYHKTaMH, TIPEANPUATHIMU, aIMUHUCTPA-
TUBHBIMU M SKOHOMHYECKUMU pailoHamMH, sKocucTeMamMu U ap.). [Ipu 3Tom reorpadm4HOCTb JaHHBIX
OTHOILIEHHUI COCTOUT B TOM, YTO B YKa3aHHYIO CYNEPIO3ULIMIO BCETa BKIIOYAETCS OTHOLICHHE
B3aMMHOT0 Pa3MELIEHUs, KOTOPOE U MPUAAET BCEMY KOMIUIEKCY TEPPUTOPHATIBHBIHN, reorpaduuecKuit
XapakTep.

Llenbto n3yueHus reorpaMuecKux ceTel sBIsETCS BhIABICHHE 3aKOHOMEPHOCTEN UX CTPOEHUS,
(dbopMHpOBaHUS U Pa3BUTHSL, @ TAK)KE MOHUTOPUHT, ONITUMH3AIMS U YIIpaBIeHHUE (HallpuMep, B Cllydae
TPAHCIIOPTHBIX K KOMMYHHKaIMOHHBIX cereit). [ MC-TexHomorus odecreunBaeT BO3MOKHOCTh
KOMITBIOTEPHOT'O TMPE/ICTaBICHUS, MOJICTIMPOBAHUS M aHAIN3a, CKOJIb YTOJAHO OOJIBIINX 110 YUCITY
BEPIINH U pedep CeTeBbIX 00BEKTOB, B COUETAHNHU C aBTOMAaTHU3UPOBAaHHBIM TEMaTHUECKUM KapTorpa-
¢upoBaHNEM, MHTEPAKTUBHBIM PEIAKTHPOBAHUEM UM BU3Yyalu3alluel (BKI04as MyIbTUMEIHNA)
COOTBETCTBYIOIUX CETEBBIX MOJIENIEH.

Moae/iu M a1roOpUTMBbI CETEBOr0 AaHAJIN3A

B MonenupoBaHuM u aHanu3e reorpauuyeckux CeTeil HIMpPOKO NPUMEHSIOTCS METOABI TEOPUHU
rpagos. Kak n3BectHo, moboe kaprorpadguueckoe n300pakeHre TePPUTOPHUATEHBIX OTHOIICHUH
COJEPKUT METPUUECKUE U TOMOJIOTHYECKHEe aTpuOyThl. ['padoBble MO/IENN aKLIEHTUPYIOT BHUMAaHHE
MMEHHO Ha TOMOJIOTHUECKUE CBOMCTBA CeTel: OPSII0K COSAMHEHUS BEPIINH, HATMYUE LIUKIIOB,
CTEIEHb CBSI3HOCTH U JP.

PeanbHble TeppUTOpUATBbHBIE OTHOIICHHS U CBSI3U MOKHO ()OPMAJIM30BaTh U U300pa3nUTh B BUJIE
MHOTOMEPHBIX TpadoB-kaprocxeM. OIHAKO METOMKA aHAJIN3a TAKUX rpadoB elle HeJOCTaTOYHO
pa3paborana. [TosToMy npu n3ydeHun reorpauuecKkrux CeTei yaie BCero UCIONIb3YyIOTCs OTHOCH-
TEJIBHO MPOCThIE Ipa)oBbIE MOJENN, METOJMKA aHAIM3a KOTOPBIX pa3paboTaHa J0 yPOBHS aJIFTOPUTMOB
U TIPOTPaMM.

Ecnu B kauecTBe CBONMCTB rpadoB paccmaTpuBaTh /lomeuenHocms BEPILINH, a TAK)KE IOMEYEH-
HOCTb U Hanpasnennocms pedep, TO MOKHO BBIICIHUTD 8 TUIOB IpadoBbIx Mozeneit cereit (Puc. 3.4).
(ITomeuennbIM Ha3bIBaeTCs rpad, pedpaM /Uiy BepIIMHAM KOTOPOTO MPUITUCAHO 3HAYCHUE HEKOTO-



pOro MpU3HAKa - YUCIOBOT'0, MOPSIKOBOTO, KIACCH(PHUKAIIMOHHOT0). PaccMOTpUM KpaTKO OCHOBHBIE
THUIIBI BBIJIEJIEHHBIX I'Pa)OBBIX MOJEIIEH:
1. HenomeueHHsle HeopueHTUpOBaHHBIE Tpadbl. C MOMOIIBIO 3TOTO THIIA

PeGpa —» Henomeye auste Homeye nusie
Heopuenr OpuexTHpo- e o-
Be pumsms: 4 pHeHTHpo- PHEHT P HeopuerTnp Opwuentipo-
BaHHbIE BaHHLIE BAHHLIE BAHHLIE
Henome- ’
YeHHbIe
[ToMeyeHHbIe

Puc. 34. Tunet rpadoseix Mofenefi ceteft nmo ceoficream pefep w sepunm

T8

I'padoBbIX MOJENEH H3y9at0TCsl TEPPUTOPHATEHBIC CBSI3U M OTHOILICHHUS, JJIs1 KOTOPBIX HE W3-
BECTHBI (WJIM HE BayKHBI) MHTEHCUBHOCTD U HAIIPaBJICHHE: KOMMYHHUKAIIMOHHBIE CETH M COOOIIEHHS (B
00a KOHIIa), TPOU3BOJICTBEHHBIC CBS3H, MASTHUKOBBIC MUTPAIIMOHHBIC TOTOKH H T. IT. AHAJIM3 TaKUX
rpad0B UCHOJIB3YETCS MPHU PEIICHUH CISTYIONUX 3a1au:

— WCCIIeIOBaHUE CBSI3HOCTH Tpada: BeIABICHHE HECBA3HBIX oarpados (Puc. 3.5a), kpuruue-
CKUX BEpIIUH U pedep (T. €. TaKuX, P YAAJICHUU KOTOPBIX Tpad rnepecraer ObITh CBSI3HBIM);

— o01m1as XapakKTEepUCTHKA CTPYKTYPHI U (popMBbI rpacda ¢ TOMOIIBIO Pa3IMUHBIX MOKA3aTEeNCH;

— OIIEHKa BepILIMH rpada 1o ux MOoJI0KEHUIO B CTPYKType rpada;

— HAXOXXJICHHE MAaKCUMAaJIbHBIX MOJIHBIX MOATpadoB (KIHMK) U aHATIM3 CTPYKTYPBI UX COCITIHE-
HUs B ucxogHoM rpade (Puc. 3.50);

— TMOWCK KpaTyalImx MmyTeil Mex 1y BeplInHaMu rpada, peleHne ONTUMU3aUOHHBIX 3a/1a9
(3amaua "koMMHBOsDKEpA" U T. 11.);

— npeobpazoBaHue (TeHepaIu3alms) UCXOAHOTOo rpada B 6ojiee MPOCTOH, YIOOHBIN JIsl aHAIIH-
3a U KapTorpadupoBaHus BUI.

MoaenvpoBaHue U aHAIM3 PACCMOTPEHHBIX rpad)OB MPEICTABIAECT COO0M OBICTPO pa3BUBAIO-
HIMICS pa3aesl KOMOMHATOPUKY, UMEIOIINI TPUIIOKEHUS B PA3IMYHBIX 00JIACTAX HAYKU U TEXHUKHU.
Pa3paboTtansl u pa3pabaThIBAIOTCS CIIEIHATBHBIC aITOPUTMHYECKUE SI3BIKH U TTAKETHI TPHUKJIATHBIX

a) 6)




Puc. 3.5. CnocoOsI knmactepuszanuu rpados;

A) nzonupoBaHHbIe TOATPadbl; 0) KIMKK (MAaKCUMaJIbHO CBsA3HBIC moarpadsl); B) cuiabHO CBs3-
HbI€ KOMIIOHEHTHI oprpada; ') CJI0M MOTOYHOT'0 HepapXU4yecKoro rpada mporpamm Juis IpecTaBie-
Hus B OBM u ananuza rpados, B Tom uncie B ['MC.

I1. ITomeuennvie Heopuenmuposanmwvie epaghvl. ITOT THII TPadOBBIX MOJETEH 1eTeco00pa3HO
HCIIOJIb30BAaTh B Cllydae, KOTla M3BECTHA MHTEHCUBHOCTh TEPPUTOPUATIBHBIX CBSI3EH MEXKIY re000beK-
TaMU, U3MEPEHHAs B YMCIIOBOM WM MOPSAAKOBOM 1mikaie. KitoueBbIMU MOHATUSAMU ISl aHAIIA3a
MOMEYCHHBIX (TI0 peOpaM) HEOPUEHTHUPOBAHHBIX TPadOB SABIISIOTCS OHATHUS TTOpOTra U Yemouuueoeo
pazbuenus. YcToitunBoe pa3orueHue, HalpuMep, MOKHO pacCMaTpUBaTh KakK ONTUMAJIbHOE pacujieHe-
HUe (pailoHUpOBaHKE) TeorpaPUIecKoi CeTH 1Mo JaAHHOMY BHY CBSI3EH.

OCHOBHBIE AJITOPUTMBI aHAJIN3a TIOMEUEHHBIX HEOPUEHTUPOBAHHBIX IrpadoB cienyromue: 1) ai-
TOPUTM IMOJTY4YEHHSI IOPOrOBBIX MAaTPHIl CMEKHOCTH BEpIIUH Tpada Npu pa3IuyHbIX 3HAUCHUIX
nopora; 2) aJropuT™ MoJcueTa HECBA3HBIX KOMIIOHEHT Tpada, 3a7aBaeéMoro COOTBETCTBYIOIIEH
MOPOTrOBOM MAaTPHIIEH.

1. Henomeuenuvie opuenmuposannwvle epaghol. ydas cetu, reorpad HHOT/IA pacroiaraeT HH-
dopmarueit mumb o Hanpasnenuu cBa3eil MeX1y reo00beKTaMu, @ UX UHTEHCUBHOCTh €My He
M3BECTHA (MJIM HE Ba)KHA B KOHTEKCTE McciIeqoBaHus). B aTom cinyyae B kauecTBe Mozeneil reorpadu-
YECKUX CeTel MCMOJIb3YIOTCS HETIOMEUEHHbBIE OPUEHTUPOBaHHbIE Tpadbl - Opepagul. [1is reorpadu-
YECKHUX MPUIIOKEHUI BaXKHBI TaKHE MOHATHUS TeOpuu oprpados, kak CuibHo c6a3HAs KOMNOHEH-
ma v [lomounas uepapxuueckas cmpykmypa.

B reorpaguueckom acriekTe CHIIBHO CBS3HBIE KOMIIOHEHTHI MOXKHO pacCMaTpHUBaTh Kak (hyHK-
[IMOHAJIbHBIE PAlOHBI, a MPOIECC UX BBIIEICHUS - Kak (PyHKIMOHAIbHOE palloHHpOBaHUe reorpaduue-
ckoii cetu (Puc. 3.58).

IToTouHasi mepapxuyecKasi CTPYKTYpa - 3TO Takoe IMpejcTaBieHue oprpada, mpu koropom: 1)
BEPILIMHBI pa30UTHI HAa YIOPSAAOUYEHHBIE TPYIIBI (MepapXUUEeCKHUe CIOM); 2) BEPLUIMHbI, HAXOISIINeCs B
OJIHOM HEpapXUYECKOM CJI0€, MOT'YT UMETh CBSI3U TOJBKO MEX]ly COO0H U ¢ BepIIMHAMHU OoJiee
BBICOKUX Hepapxuieckux cioes (Puc. 3.51). B reorpaduyeckom miaHe npeacTaBieHHE U aHATH3
OpPUEHTUPOBAHHBIX TpadoB B BUIE€ MOTOYHBIX HEPAPXUUECKUX CTPYKTYP AA€T BOZMOKHOCTH PELIUTh
CIIeAyIONIMeE 3a7auu: 1) onpeaenuTh 00IIyI0 HEPAPXUIECKYIO CTPYKTYPY MOTYMHEHUS T€000BEKTOB I10
JAaHHOMY BHUY CBSI3el (HampuMep, HaCEJICHHBIX MyHKTOB [0 MUTPALIHOHHBIM CBS35IM); 2) OLIEHUTh
3HaYCHHE KaXJI0T0 Fe000bEKTa B HEPAPXUUECKON CTPYKTYPE TEPPUTOPUAIBHBIX CBsI3€H (Hampumep,
nanamadTa onpeneIeHHOro TAKCOHOMUYECKOT0 paHra); 3) OCyIIeCTBUTh HEPApXUUECKOe pallOHUPO-
BaHHE reorpaguuecKkoil ceT (Harmpumep, CeTH MOCEICHUN pa3TMYHOr0 PaHra Mo CTENeHN MUTPaLU-
OHHOM MPUBJIEKATEIHHOCTH).

ANTOPUTM COKpAIIEHHUs TOTOYHON HepapXUUecKol CTPYKTYphI oprpada, SBISIOUIHICS OCHOBON
UEPAPXUUECKOT0 palOHUPOBAHUS, IPEACTABISAET COOOM HUKINYECKYIO MPOLIETypy MOUCKA MAaKCH-
MaJIbHOT'O JIEMEHTA B CTPOKAX MAaTPHILIbl MTHTEHCUBHOCTH CBSI3€M U HE MIPEAIONIATaeT UCII0JIb30BAHUS
CHEIHNAIHOTO MPOrPaMMHOI0 00ECIICYEHHUS.

IV. Ilomeuennvie opuenmuposarnvie Tpadsl. ['padoBbie MOJETH 3TOTO THITA UCIIOJIB3YIOTCS B
cllydae, KOTJla M3BECTHbI MHTEHCUBHOCTD CBSI3€l MEXy re000bEeKTaMU U UX HampasiieHue. Meroauka
aHaJM3a IOMEYEHHBIX OPUEHTHPOBAHHBIX IPa(OB COAECPIKUT B KAUECTBE ITAIOB HAXOXKICHUE
MOPOTOBBIX MATPUIL AJIs PA3IMYHBIX 3HAUCHUN MTOpOTra U MOJCUET AJIs KaXKIOW U3 HUX YUCIIa CUIIBHO
CBSI3HBIX KOMITOHEHT, HHTEPIPETUPYEMBIX B KauecTBe (DYHKIIMOHATBLHBIX PaliOHOB.

1.8 Jlexnus 10 (2 4.)

Tema: OHTI/IMI/I3aLII/IOHHI>Ie MOACIHN B CCIIBCKOM XO3SIUCTBE

1.8.1. Bonpoce! Jieknuu:
1. OnTuMH3aLKs TPOU3BOJICTBA CETBLCKOXO3MCTBEHHOTO MPEANPUSITHS
2. OnTuManbHbIA IIaH CTPYKTYPBI IPOU3BOJICTBA CEIBCKOXO03SHCTBEHHOTO ITPEAIPUATHS



1.8.2 KpaTtkoe cogep:xaHue BONPOCOB:
OnTumMu3anms NPou3BOACTBA CEJILCKOX03HiCTBEHHOT0 MPeANPUSITUS

IlocTaHOBKA SKOHOMHMKO-MaTEMaTHUECKOH 3a7jaul ONTUMH3ALMK CTPYKTYpPHI IPOM3BOACTBA
CEJIbCKOXO035HCTBEHHOT'O MPEIIPUATHS

B xo3siictBe mMmeetrcs 3500 ra mamran, 449 ra eCTeCTBEHHBIX CEHOKOCOB 1 657 ra eCTeCTBEHHBIX
nactouir. Pecypcrl Tpyna cocraBnsitor 1782 Thic.yen.-uac. B xo3siicTBe HE0OOXOUMO MTPOU3BE-
ctu He meHee 6000 11 monoka, 5000 1 mpupocTa MOJTOAHSIKA KPYITHOTO poraToro ckora, 200 11
npupocTa cBuHel u peanuzoBarb He MeHee 8000 11 o3umoii nenuis! 1 20000 1 oBoLEi.
MHoroneTHUX TpaB Ha ceMEHa He0OXO0UMMO UMETh B X03siicTBe He MeHee 30 ra, 3epH00000BBIX
- ue meHee 100 ra, a Kykypy3sl Ha 3epHO - He Ooinee 400 ra.

CpennHero1oBoi yaoii Mmosioka Ha kopoBy 4200 kr, mpuBec Ha | roa MOJIOJIHSIKA KPYITHOTO pora-
toro ckota 160 kr, ceuneii - 130 xr. Ha conepsxanue 1 kopoBbl TpeOyercs 133,6 yen-yac Tpyaa
u 719,5 neH.en MareprualibHO-ICHEKHBIX 3aTpaT, Ha coepKaHue | roi MOJIOHSIKA KPYITHOTO
poraroro ckota - 55,0 u 335,2, 1 ron cBunel — 32,9 yen-yac u 193,2 cOOTBETCTBEHHO.
Kputepuii onTuMaabHOCTH 3aJ]a4i - MAKCUMAJIbHOE KOJMYECTBO MPUOBLIH, MOTyYaeMoe Npu
peanu3anuy 03UMoi mieHunbl — 192,2 nen.en., opouieit — 83,9, npoayKuu CKOTOBOACTBA —
436,1 u 121,7 u cBuHoBocTBa -77,2 AeH.en [10].

Tabmuma 1
YPpOKalHOCTD C.-X. KYJIBTYP U 3aTPaThl IPOU3BOACTBEHHBIX PECYPCOB.
KynsTypsl VYpoxaitHocTh, /Ta | 3arparsl Ha 1 ra
Tpyna, Mar.-JIeH. cp-
Yell.-yac. B, JICH.€]
1.O3umbIe 3epHOBBIE 37,8 11,4 2431
2.5lpoBbi€ 3€pHOBBIE 30,2 9,1 195,9
3.3epH06060BEBIE 18,5 18,5 218,5
4 Kykypy3a Ha 3epHO 44,5 47,7 495.4
5.0Bomm 148,3 387,3 2029,7
6.KopMoBbIE KOPHETLIIO I 503,5 278,1 1331,3
7.MHoOroJyieTHHE TpaBbl HA CEHO 80 27,6 265,2
8.MHoroseTHUE TPaBhl HA 3€J1.KOPM 2747 239 235,5
9.MHoroJieTHUE TpaBbl HA CEMEHA 2 8,9 200
10.0HOJIETHUE TPaBhI HA 3€JI.KOPM 2435 33,7 198.,9
11.Kykypy3a Ha CUJI0C U 3€J1.KOpM 533,4 108,9 572,2
12.EcTecTBeHHBIE CEHOKOCHI 15 12,9 58




13.EcrecTBeHHBIE ITACTOUIIA

50

1,5

50,2

Tabnuua 2 Pacnipenenenre NpoayKIMH pacTEHHUEBOACTBA

KynbTypbl YpoxaliHOCTh Ucnonp3oBanue, 11
MPOIYKIIHNH, 11/Ta
peanu- Ha KOPM CKOTY
3arnus
OCHOBH. no0ou. oc- no0ou.
HOBH.
O3umeie 37,8 37,8 20 12,8 35,0
Sposeie 30,2 30,2 25,2 30,2
3epH006000BbIE 18,5 18,5 16,5 18,5
Kykypy3a Ha 3epHO 44,5 534 44,5 53,4
OBomu 148,3 140 8,3
Kopmossie kopaemioasr | 503,5 2014 503,5 2014
MH. TpaBbl Ha CEHO 80 80
MH. TpaBsI Ha 3/K 274,7 274,7
MH. TpaBbl Ha CEMEHA 2
OpH. TpaBsl Ha 3/K 2435 2435
Kyk. Ha cumnoc u 3/k 533,4 533,4
CeHoKoCBI 15 15
[MacT6uma 50 50

HopmaTtuBHo-cripaBouHast uHGOpManus A COCTaBICHUS MoJiesen
Tabnuna 3 HopmaTuBeI pacxoia KOPMOB Ha OJTHY KOPOBY, II

VYnou, kr | HopmaTtus pacxona VYo, kr | Hopmatus pacxozna
KOpM.€Jl | IEpeB. IPOT. KOpM.€Jl | IepeB. MPOT.

2000 31,1 3,11 3300 42,7 4,36

2100 32,1 3,21 3400 43,7 4,43

2200 33,1 3,31 3500 44,1 4,54




2300 34,1 3,41 3600 44.8 4,61
2400 35,1 3,51 3700 45,5 4,69
2500 36,1 3,64 3800 46,2 4,76
2600 37,0 3,74 3900 46,9 4,83
2700 37,9 3,83 4000 47,6 4,95
2800 38,8 3,92 4100 48,2 5,00
2900 39,7 4,01 4200 48,8 5,02
3000 40,6 4,10 4300 49,4 5,14
3100 41,3 4,21 4400 50,0 5,20
3200 42,0 4,28 4500 50,6 5,31
Tabnuna 4 CtpykTypa pacxoaa KOpMOB Ha OJIHY KOPOBY, %o
Bunasr Vo, 1
KOPMOB

20-21 | 22-23 | 24-25 | 26-27 | 28-29 | 30-32 | 33-35
Koni. kopma 20 21 22 23 24 25 26
I'pyObie -Bcero | 24 24 24 24 24 23 23
B T.4. CEHO 11 11 11 11 11 10 10
coJioMa 6 6 5 5 5 5 4
Counble - Bcero | 24 23 23 23 23 22 21
B T.4. CUJIOC 19 18 18 18 17 16 15
KOpPM. KOpH. 5 5 5 5 5 6 6
3eneHsle - Bcero | 32 32 31 30 30 30 30
B T.4. mactouma | 5 5 5 5 5 5 5
Bcero 100 100 100 100 100 100 100




Tabmuua 5 HopmatuBel pacxoa KOPMOB Ha OJIHY I'OJIOBBI MOJIOJIHSIKA KPYITHOTO POTraToro CKo-

Ta, 11
IIpuBec Ha 1 ron., kr | Hopmarus pacxona ITpusec Ha 1 rom., kr | Hopmarus pacxona
KOpM.ell | mepeB. MpoT. KOpM.€ll | mepeB. IpoT

101-110 15,0 1,41 191-200 19,9 2,03
111-120 15,5 1,47 201-210 20,6 2,12
121-130 15,9 1,51 211-220 214 2,23
131-140 16,5 1,58 221-230 22,0 2,31
141-150 17,0 1,65 231-240 22,7 2,41
151-160 17,5 1,72 241-250 234 2,50
161-170 18,1 1,79 251-260 24,1 2,60
171-180 18,6 1,86 261-270 24,9 2,71
181-190 19,3 1,95 271 u BoIIIE 25,6 2,82
Tabmuna 6 CTpykTypa pacxojia KOpMOB Ha MOJIOJIHSIK KPYITHOTO POTraToro CKoTa, %
Bunst kopmoB IIpusec, kr

100-120 | 121-140 | 141-160 | 161-180 | 181-200 | 201-220 | 221 u>
Koni. kopma 20 21 22 23 24 25 26
I'py6sie -Bcero | 21 21 20 20 20 20 20
B T.4. CEHO 6 5 5 5 5 5 5
cojioma 13 12 11 11 10 10 9
Counsle - Bcero | 33 32 31 31 30 29 28
B T.4. CUJIOC 32 31 29 29 28 26 25
KOPM. KOpH. 1 1 2 2 2 3 3
3enensle - Bcero | 29 23 23 22 22 21 21
B T.4. mactOuma | 1 1 1 1 1 1 1
Monounsie 3 3 4 4 4 5 5




Bcero

100

100

100

100 100

100

100

Tabnuua 7 HopmatuBel pacxoa KOPMOB Ha OJTH

T'OJIOBY ITOT'OJIOBBA CBHHeﬁ, 0

[Ipusec na 1 rou.,
KT

Hopmarus pacxona

IIpusec Ha 1 rou.,
KT

Hopmarus pacxona

KopM.eJl | mepeB. KopM.ell | mepes.
POT. pOT.
o 90 7,0 0,66 121-130 9,0 0,95
91-100 7,5 0,75 131-140 9,5 1,03
101-110 8,0 0,82 1441-150 9,7 1,07
111-120 8,5 0,88 151 u BbITIIE 10,5 1,20

Tabmuna 8 CTpyKkTypa pacxojia KOpMOB Ha IOTOJIOBbE CBUHEH M NTHIIBI, %

Buner kopmoB Bu ;KUBOTHBIX
CBHHBU | mTHIA

Konu. xopma 83 96

Counsble - Bcero | 10 2

B T.4. CUJIOC 5

3eneHsle - Bcero | 5 2

MouJiouHbIe 2

Bcero 100 100

Tabnuua 9 Beixon nuTaTenbHbIX BENIECTB € 1 11 KOPMOBBIX KYJIBTYP

KynbTypsbl Bcero u k.en. | B ToM uncie B npoaykuuu | Ilepes. mport., it
OCHOBHOI | moOo4YHOMN

O3uMbI€ 36pHOBBIE 43 36 7 2,9

SIpoBbie 3epHOBbIE 40 30,3 9,7 2.4

3epH006000BEIE 42 42 2,8

Kykypy3a Ha 3epHO 58,5 45,6 12,9 3,35

Kykypy3a Ha cunoc 42 42 - 3,0




KynbTypsl Bcero u k.en. | B ToM uncie B npoaykuuu | Ilepes. nport., it
OCHOBHOH | moOouyHOM

O3uMbI€ 3€pHOBbBIE 43 36 7 2,9
Kykypy3a Ha 3e5eHblil KopMm 30 30 - 2,4
Kopuennobt 38 38 - 2,6
O3uMble Ha 3€JIEHBIH KOpM 21 21 - 0,9
OpnHoneTH. TpaBbl Ha 3€11. KOpM | 28 28 - 1,4
OnHONETHHE TPABBI HA CEHO 26 26 - 2.4
MHoroseT. TpaBsl Ha 3€J1. KopM | 46 46 - 7
MHorosieTHHE TpaBbl HA CEHO 30 30 - 6,6
CeHOKOCHI 3,5 3,5 - 1,3
ITacTOnma 60 60 - 4,5

2.2 MeToanKa NOATOTOBKH TEXHUKO-IKOHOMHYECKHX KOI(PPUIIHEHTOB H 00bEKTOB 0rpa-
HUYEeHUH MaTpHIbI 321241

Cucrema nepeMeHHbIX:

X| — TJIOIIA]Ih TIOCEBA O] 03UMbIE 3€PHOBBIE, Ta;

X, - TJIOIA/Ih TTOCEBA TIOJT SPOBBIC 3€PHOBBIE, Ta;

X3 - TUIOIIA b TIOCEBA 01 36pHOO0OOBEIE, T4,

X4 - TJIOIA/Ib TTOCEBA T0JT KYKYpy3y Ha 3€pHO, Ta;

X5 - IUIOILA/Ib ITOCEBa O/ OBOIIH, Ia;

X¢ - TJIOIA]Ih TTOCEBA 10T KOPMOBBIE KOPHETUIOBI, Ta;

X7 - TUIOIIA]Ih TIOCEBA MOJT MHOTOJIETHUE TPABhI HA CEHO, Ta;

Xg - TJIOIIA b MTOCEBA TTOI MHOTOJICTHHUE TPaBbl HA 3€JICHBIA KOPM, Ta;
X9 - TUIOIIA/Ih TIOCEBA MOJT MHOTOJICTHUE TPABhI HA CEMEHA, T4,

X10 - TUIOMIAb TIOCEBA TIOJT OTHOJICTHUE TPaBhl HA 3€JICHBIN KOPM, Ta;
X]] - IUIOMIA b MOCEBA MO KYKypy3a Ha CHIIOC U 3€TICHBIA KOPM, Ta;
X1 - IJIOIAJb €CTECTBEHHBIX CEHOKOCOB, I'a;

X13 - IUIOII[Ab €CTECTBEHHBIX MACTOMIII, Ia;

y1 — kosimuecTBO rojioB KPC;

Y2 - KOJIU4ecTBO royioB Mmojoanska KPC;

Y3 — KOJIMYECTBO T'OJIOB CBUHEH;

Y4 — 00bEM MIPOU3BOJICTBA O3UMBIX 3€PHOBBIX Ha peau3aIuio, 11.;

Y5 — IUTOIIAh TTOCEBA O3UMBIX 3€PHOBBIX Ha COOCTBEHHBIE HYXK/IBI, Ta.;
Cucrema orpaHuyeHHi:

1. ITo miomaay noceBoB:

X+ X+ X3+ X+ X5+ X+ X7+ X+ Xo+X 0+ X11<3500

X125449

X13<657




2. Ilo nnanam npou3BOCTBA:

Y >6000/42
Y,>500/1,6
Y;>200/1,3

Y 4>8000
148,3X5>20000

3. I1o nmomaan NoceBOB OTAEIBHBIX KYIbTYP:

X930

X3=>100

X4<400

4. Ilo 3aTparam Tpyna:

11,4X149,1X,+18,5X3+47,7X4+387,3Xs+278,1 Xc+27,6X7+23,9X s+
+8,9X9+33,7X0+108,9X11+12,9X1,+1,5X,3+133,6Y+55,0Y,+32,9Y3<1782000

5. Ilo KOpMOBBIM €UHHULIAM:
5.1 Ilo KOHIIEHTPUPOBAaHHBIM KOpMaM:

48,8%26/100Y +17,5%22/100Y,+9*83/100Y3<37,8*36Ys+30,2*30,3X,1+44,5%45,6X4;
5.2 Tlo rpyOBIM KOpMaMm:
48,8%23/100Y,+17,5%20/100Y»<18,5*%42X3+80%*30X;+15%3,5X2;

5.3 1o couHbiM KOpMaM (CHIIOC):
48,8*%15/100Y,+17,5%29/100Y,+9*5/100Y3<533,4*42X,;

5.4 Tlo couHbsIM KOpMaM (KOPHETJIOMbI):
48,8*6/100Y+17,5*%2/100Y,+9*5/100Y3<503,5*38X;

5.5 1o 3eneHbIM KOpMaM:

48,8*30/100Y+17,5%23/100Y,+9*5/100Y3<
274,7%46Xg+243,5%28X0+50*60X3;

6. Ilo mepeBupacMoMy MPOTEUHY:
6.1 1o KOHIIEHTPUPOBAHHBIM KOpPMaM:

5,02*26/100Y,+1,72*22/100Y,+0,95*83/100Y3<37,8%2,9Y 5+30,2*2,4 X, +
44,5%3,35X4;

6.2 ITo rpyObIM KOpMaMm:

5,02*23/100Y,+1,72*20/100Y,<18,5*2,8X5+80*2,4X;+15%1,3X2;



6.3 1o counsiM KOpMaM (CUIIOC):
5,02*15/100Y,+1,72*2/100Y2+0,95*5/100Y3<533,4*3X,;
6.4 Ilo counsIM KOpMaM (KOPHETIObI):
5,02*6/100Y;+1,72*2/100Y,+0,95%5/100Y3<503,5*2,6 Xs;
6.5 Ilo 3e1eHBIM KOpMaM:

5,02*30/100Y;+1,72*23/100Y,+0,95*%5/100Y3<274,7*7Xg+243,5%1,4X o+
50*4,5X13;

7. JlononHUTENbHBIEC IEPEMEHHBIE:

7.1 3HayeHne BCeX NEPEMEHHBIX JOJKHO ObITh OOJIbILE HYJIIS;

X120; X220; X320; X4>0; X520, X=0; X720; X520, Xo=0; X;0=0; X1120; X12>0; X13>0; Y =0,
Y»>0; Y35>0; Y420;

7.2 JInst Gonee oOnerdeHus moacueTa Mbl pa3ounu X Ha JABe 4acTH — Y| U Y, CJI€IOBATEIILHO
X1=Y4/37,8+Y5.

LeneBas ¢pyHkuus 3a1auu:

7=192,2Y 4+148,3*83,9X5+436,1*%4,2Y +121,7*1,6Y,+77,2*%1,3Y3-243,1X,-195,9X,-218,5X5-

495,4X4-2029,7X5-1331,3X6-265,2X7-235,5X3-200X09-198,9X0-572,2X11-58X12-50,2X ;3-
719,5Y1-335,2Y,-193,2Y3;
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OnTuMaibHBIN IJIAH CTPYKTYPbI MPOU3BOACTBA CEJILCKOX03SICTBEHHOT0 MPeANnpH-
ATHUS

W3 tabauupr 10 BUAHO, YTO IpeAnpHUsATHE TOTYIUT TpuObUIb B 38,4 MiH. py0. [1pu sTom Oyner
MCIIOJIb30BaHa BCS MAIllHA MPEANPHUATH, U TPAKTHUECKU BCE TPYAOBBIE PECYPCHI MIPEANPUATHS.
OcHoBHas yacTh MPUOBLIHM Oy/eT MOMyYeHa 3a CUET pean3aluy MPOIyKIIUU OBOILEBOICTBa (32,5
MJIH. py0.), a TuIomaap mocesa oBoieit cocraBuT 3118,13 ra. bonpuryio 4acTes B CTpyKType
NpUOBUIM COCTABIIET pealn3anus Mojoka (4,5 MiIH. py0.), IpU 3TOM BBIpyYKa OT pealn3anuu
MOJIOKA COCTaBJIsIeT 7,5 MITH. py0. 1,5 MITH. py0. MpeanpusTHEe MOJIYIHT 3a CUET PeaTn3alluu
O3UMBIX 3€PHOBBIX.

MaremaTrueckue MOJICTH B CETbCKOM XO03S1CTBE JAIOT BO3MOXKHOCTH HE TOJIBKO OMPEIETUTh
B3aMMOCBS3M MEXKIY U3YYaeMbIMU SIBJICHUSIMH, HO U YCTAHOBUTH BUJ] BBIYUCIUTEIBHON TEXHUKH,
KOJIMYECTBO U TOUHOCTH TpeOyeMol s pemeHus: nHpopMaiuu. [loaydeHHble Tpy peanu3ainin
MoJieiel TaHHbIe aHAIU3UPYIOT, B ClIy4yae HEOOXOAUMOCTH KOPPEKTUPYIOT IPUMEHUTENHHO K
KOHKPETHBIM IIPUPOTHO-IKOHOMHYECKUM YCIOBUSM U HCIIONB3YIOT JUIS eI MPOSKTUPOBAHUS U
000CHOBAaHUS MIPUHATHIX PEIICHUN.
3apava /{11 001020 ux npeonpusmuili-mOHONOIUCMO8 NO NPOU3BOOCMBY KVKYPV3HOU KPYNbl
3A8UCUMOCTb 0O0beMA CNPOCA HA NPOOVKYUIO ¢ (eOuHuy 6 mecay) om ee yeHvl p (mulc.pyo.)
3adaemcs hopmynou q=40-5p. Onpedenume MaKcumaibusiil Ypo8eHs p yeHvl (6 moic. pyo.), npu
KOMOPOM 3HAYeHUue 8blpYYKU NPeOnpUsmus 3a Mecay r=q'p cocmasum 75 moic.pyo.

Pewenue: (40-5p).p=75; -5p2+40p-75=0; p2-8p+15=0; p1=5, p,=3.

Tak kak BBIpyYKa COCTaBJII€T HE MEHEee 75 ThIC. py0., TO MAaKCUMAaJIbHBIN YPOBEHb IIEHBI 5 THIC.pPYO.
Ot1BeT. 5 TBIC. PYO.

3agaua. @epma 3anumaemcs 6030e1bl8aHUEM MOJLKO 08YX KVIbMYP — 3ePHOBLIX U Kapmoges — u
pacnonazaem ciredyrowumu pecypcamu: nawns — 5 000 ea, mpyo — 300 000 uen.-uac, 603M0o*CHbLL
0bvem mpaxmopuwvlx pabom — 28 000 ycnoeuvix ea. Hatimu onmumanvHoe couemaHnue nocegHvix
naowaoeu Kyivmyp.

3arpatsl Ha 1 ra mocesa CTOMMOCTB BAJIOBO
Kynbtypsl npoaykuu ¢ 1 ra
TpakTopHBIX paboT, POIYK P
Tpyna, yen.-yac
yci. ra
3epHOBbIE 30 4 400
Kaprodens 150 12 1000

Pewenue. KputepueM ONTUMaIbHOCTH SIBJSETCS MAKCUMYM CTOMMOCTH BaJIOBOM MPOAYKIIUHU. ITOT
MaKCUMyM JIOJDKE€H JOCTUTaThCA B YCIOBHUSAX MCIOJb30BaHUSI OTPAaHUYECHHBIX PECYpCOB MAalIHHU,
TpyJa U MEXaHHU3UPOBAaHHBIX paboT. B 3amaue nMeercs MHOMXKECTBO IOMYCTHUMBIX BapUAHTOB
COUYETaHUs TTOCEBHBIX IUIONMIA/IEN NIBYX KYJIbTYp, HO HE BCE M3 HMX PABHO3HAUHBI C TOUKHU 3PEHUS
TpeOoBaHUs ONTUMAJILHOCTH.
JlJis IOMiCKa ONMTUMAIIBHOTO PEIICHHs 3aJa4yi 0003HAUYMM dYepe3 X; ra IUIomaab, OTBOJUMYIO MO/
3epHOBBIE, a Yepe3 X ra — IUIOIIalb, OTBOJAMMYIO 1OJ KapTodenb. Toraa CTOMMOCTh 3€PHOBBIX
coctaBuT 400 x; p., a croumocth kKaprodenss — 1000 x, p. Orcroga CTOMMOCTH BCEH BallOBOM
nponykuun  coctaBut (400 x; + 1000x,) p. OOo3HAYMM 3TO  BBIpAXKCHHE  4Yepes ):
¥ =400 x; + 1000 x,

Ham Hanmo HaliTH MakCUMyM 3TOH 1eJeBON (YHKIIMH MPU COONIOACHUH CIICTYIONTUX YCIIO0-
BUI:

a) o0Imas miomanab 3epHOBBIX M KapTodens He momkHa mpeBbimatek 5000 ra, T. €. x;+x,<5000;
0) oOmme 3arparbl Tpylda HE JOJDKHBI TpeBocxoauTh 300 ThIC. 4YeIOBEKO-4acoB, T. €.
30 x; +150x, <300 000 (mmum x; +5x, < 10 000);



B) o0muii 00BEM MEXaHW3MPOBAHHBIX pabOT He AomkeH mpeBocxoauTh 28 000 ycm. ra,
T. €. 4 x; + 12x,<28 000 (vm x; + 3x,<7 000);
T') IJIOLIAAH, OTBOJIMMBIE IO/ 3ePHOBBIE U KapTO(eb, MOTYT MPUHUMATH TOJILKO HEOTPUIATENIbHbIE
3HaueHus: x; >0; x,>0
Takum 00pa3om, yCIOBHS 3a1auu BBIPAKAIOTCA CIEAYIOUIEN CUCTEMO HEPABEHCTB:
X, + X, <5000
X, +5%,< 10000
X, +3x%,=7000
x, =0
X, 20

Tpebyercsa HaliTH Takue 3HAYCHUS X| U X2, IPH KOTOpBIX ¢yHKuus y = 400 x; + 1000 x, npuHumaer
HauOoJbIlIee 3HaYCHHE.

Pemenune 3amaun OBLIO BBIMOTHEHO TpadUYECKHUM CIIOCOOOM: HA KOOPIWHATHOW TUIOCKOCTH
XX 6puTH IOCTpOEHHBI MIpsiMble X; + X, = 5000, x; + Sx, = 10000, x; + 3x, = 7000.

ff\g &

0 1000 2000 3000 4006 5000 6000 7000-8000 9900 10GG7 X

3arem OblIa BbIJENIEHA 00JIACTh, COCTOSINAS U3 TOUYEK IUIOCKOCTH, KOOPJMHATHI KOTOPBIX YAOBIIE-
TBOPSIOT CHCTEME. DTOW 00JIaCThIO SABIISJICS MATUYTOJIbHHUK.

a 1000 2000 3000 4000 5000 6000 700U-8000 9000 10080 X

Jnst HaxokneHust HamOosbmiero 3HadeHus ¢GyHkmun y = 400 x; + 1000 x, Obutn  HaWJEHBI ee
3Ha4YeHUA B BEpIIMHAX MATHYTosibHUKA. Hanbomnbiee 3nauenue Gpynkuuu osuto npu x; = 4000, x; =
1000.

Takum 00pa3omM, ONTHUMAIbHOE COYETAaHWE MOCEBHBIX IUIONIAEeH KynbTyp: 3epHOBBIe — 4000 ra,
kaptodens — 1000 ra.

Ha xoHeuHOM »Tame pelieHus 3ajadyd ObUI MPOBENEH SKOHOMHUYECKHUH aHAIU3 ONTHUMAJIbHOTO €€
peleHus.

ITpu x; =4000 u x, =1000: x; + x, = 5000, a 3TO 3HAYUT, YTO MAIIHS UCIOIB3YETCS MOJIHOCTBIO.



4x;+ 12x, = 4*4000 + 12*1000 = 28 000. DTO 0O3HAyYaeT, YTO PECYpChl TPAKTOPHOIO IMapkKa
UCTIOJIB3YIOTCS TTOJIHOCTBIO.

30x;+ 150x, = 30*4000 + 150*1000 = 270 000. 3T0 3HAYUT, YTO TPYAOBBIC PECYPCHI HEAOUCIIOb-
3oBaHbl Ha 30000 yesn.-4. [TomHOE KMCIOIB30BaHUE TPYIOBBIX PECYPCOB CIEPKUBAETCS OTPAHUUYEH-
HOCTBIO MAITHU U MOIIHOCTBIO TPAKTOPHOTO MapKa.

Takum oOpa3oM, [UIsI pacCMOTPEHHOH B 3amaue (epMbl pecypchl MMEIOT DPa3HYIO LIEHHOCTH!
YeJI0BEYECKUX PYK B U30BITKE, a MEXaHU3UPOBAHHBIN TPy AepULIUTEH.

MO’HO MPUITH K BBIBOJLY, YTO B CEJIbCKOM XO3SHCTBE TaKkKe He0OXOIMMO IPUMEHEHNE MaTeMaTH-
YECKUX PacuyeToB, METOI0B U MOJIEEH JIsl TOCTHKEHUS HAMITYUIIero pe3yibTara.



2. METOAUYECKHUE MATEPHUAJIbBI
O MPOBEJEHUIO MIPAKTUYECKHUX 3AHATUM

2.1 llpakTuyeckoe 3anaTue Ne 2 (2yaca).

Tema: Maremariueckass MOJIEIb U 3TAllbl €€ MOCTPOCHHUS. MaTeMaTHIeCKHEe METO/IbI TUNIAHUPOBAHHS
JKCIIEpPUMEHTA.

2.1.1 3aganue nos padoThI:
1. MaremaTndeckas MOZCJb U 3Tallbl €€ TOCTPOCHU A
2. [InanupoBanue 3xcnepumenTa. OCHOBBI MaTEMaTHUECKOTO TUIAHUPOBAHUS SKCIIEPUMEHTA

2.1.2 KpaTkoe onucanue nNpoBOANMOIO 3aHATHS:
1. O01mee noHsAATHE MOJAEJIH U MOACJIUPOBAHUS.

Mopaenb — 3T0 aHajor 4ero-au6o, o0pa3 UCCIeayeMoro o0beKTa, OTPAXKAIOMIUA OCHOB-
HBIC XapaKTEPUCTHKHU 3TOTO OOBEKTA.

I'eomerpuueckas <~ MO/JIEJIb - MaremaTuueckas
(MaTepuabHbIE) J (3HaKoBBIC)
dusnueckas
(MaTepuaIbHBIC)

['eomeTpuyeckas MoJIeTb — 3TO HEKH O0OBEKT, TEOMETPUUECKH TTO00HBIN CBOEMY TIPO-
totuity (opuruHany). OCHOBHast 0COOEHHOCTh — JaeT BHEIITHEE MpeCTaBlIeHne 00 OpUrnHaie
U 1eNIb JEMOHCTpaluy, (MakeT, penpoAyKIUU U Konuu KapTuH). OCHOBHAs pojb — 3TO I'eo-
METPUUYECKOE T0JJ001e 00BEKTOB, a HE MPOIECCOB KOTOPBIC MPOTEKAOT B HUX (Tomorpado-
reoJIe3NYECKUl MaKeT MECTHOCTH HE TOBOPHUT O KpPyrooOopoTe BOAbI B IPUPOJIE, a MOIEIb
MOYBEHHOTO pa3pe3a, 0 (U3HKO-XMMHYECKHX MPOIleccaX MPOTEKAIMIUX B TaHHOM THUIIE MOY-
BHI).

duznyeckasi MOJENb — OTpakaeT MoJo0re MEXIy OPUTMHAIIOM M MOJEINbI0, C TOUYKH
3peHus MOA00MS MPOUCXOASIIINX B HUX Mpolieccax. [Iporeccsl, mpoTekaromne B MOACIU U e
aHAJIOTe UMEIOT, OJJUHAKOBYIO IPUPOTY (MCCIEI0BATENH MPEANONIAraloT MPOBEPKY TUAPOTEX-
HUYECKUX COOPYKCHHI ITyTeM MPOBEACHUS UCIBITAHUHN, aHAJTOTUYHBIX O0BHEKTOB 3HAUNTEIb-
HO MEHBIIUX Pa3MEpPOB, CIEHHAIBHO CKOHCTPYMPOBAHHBIX AJIA 1ieJied MojenupoBaHus). B
MOJIEIH TI0 CPAaBHEHUIO C OPUTHHAIOM MEHSIOTCS HE TOJILKO N'€OMETPUUECKHE CBOWCTBA, HO U
buznIecKue.

MaremaTHueckasi MOJEINb — ONMCaHUe OOBEKTOB, SBJICHUN WM MPOLECCOB, C TIOMOIIBIO
3HAKOB, CUMBOJIOB, T.€. C HCIIOJIb30BAHMEM MaTEMaTHUYeCKOTro si3bika. MimeeT BUJ HEKOTOPOM
COBOKYITHOCTH ypaBHEHUH U HEpaBEHCTB, Tabuull, popmyn u T.n. MaTematuueckas CTpyKTy-
pa oTtobpaxaer cBOWCTBAa 00BEKTa, MPOSBISAIONIUECS UM B YCIIOBHOM €r0 CYLIECTBOBAHUH U
paszButuu. Jlro0as mMaremMaTuyeckass MOJENb MOJPa3yMeBaeT HAJMYHE ONpEeAesIEHHBIX KOJH-
YECTBEHHBIX MMOKAa3aTelNel, XapaKTepUCTHUK 00BEKTA.

OCHOBHBIMU YHCJIOBBIMU XapaKTEPUCTUKAMH IPOEKTa 3eMJICyCTPOWCTBA — 3TO ILIO-
m1ab (Y4acTK, KOHTYPBI y4acTKa) WK JIIMHA, IPU OTOBOPEHHOI IIUpPUHE.

2. Tunsbl u cBOMCTBA MOeJIeil, MOJIeJ I U MO/IeJIMPOBAHUE B 3eMJIEyCTPOiicTBe

[enecooOpa3HOCTh MPUMEHEHHUS MATEMATHIECKUX METOJIOB:



1. MaTtemaTiu4ecKkrne MOJICIH TTO3BOJISIOT TPUHUMATh Harbosee 1eIecoo0pa3HbIe pele-
HUSA 10 TIEPEPACTIPEICICHUIO, UCIIOIB30BAHUIO U OXPaHE 3€MEbHBIX PECYpCOB, OT KOHKPET-
HBIX C/X MPEANPUITHNA 10 HAPOIHOTO XO3SIMCTBA B I[ETIOM.

2. OHTI/IMa.HBHBIe IJIaHbl MCIIOJIB30BaHUS MPOU3BOACTBCHHBIX PECYPCOB CBA3AHHBIX C
3eMJICH, CIIOCOOCTBYET JOCTWIKEHHUS 3aJaHHBIX O0ObheMa IMPOM3BOJCTBA, NMPH MHUHHUMAIBHBIX
3arparax Tpyjaa u cpelcTB. B pesynbTrare Oyner yBenMuuBaThCs MPOU3BOAUTEILHOCTH TPYAA.

3. CoznmaroTcsi HaWJIydIllde OpPraHWU3AIMOHHO-TIPOM3BOJCTBEHHBIC YCIIOBHUS, CIIEIOBa-
TEJIbHO, TIOBBIICHHE YPOXKAWHOCTU C/X KYJIBTYp, MOBBIIIEHUE IUIOJOPOJAUS, MpEKpaIleHue
MIPOIIECCOB APO3UHU, BEICOKO-TIPOU3BOJICTBEHHOE UCITOIh30BAHUE TEXHUKH.

4. ViydiieHre KadecTBa MOATOTOBKH MH(POPMAIIMKM M €€ MCIOJb30BaHUE, M 3eMJICYCT-
pouTeNnbHas HayKa I10Jy4aeT BO3MOKHOCTb CTaTh TOYHOM.

5. YiyunieHne 3KOHOMHUYECKUX MOKa3aTele, SKOJIOTMYECKUX, COLMAIbHbBIX, TEXHUYE-
CKHX, TPOEKTA 3eMJICyCTPOICTBRA.

6. MaremaTtrdeckue METObI MO3BOJISIIOT ¢ OONBIION TOYHOCTHIO MPOBEPSITH U OIEHU-
BaTh PCAJIbHYIO 3HAYNMMOCTDb IJId TCOPCTUUYCCKUX Mozneneﬁ 1 KOHICHTpPALUIO PA3BUTUA 3CMIIC-
BIIAJICHUS U 3€MJICTIONB30BaHUS HA TIEPCIICKTUBY.

7. DTO CBSA3YIOIIEE 3BE€HO MEKIY 3€MJICYCTPONCTBOM, €CTECTBEHHBIMU M TEXHUUYECKUMU
HayKaMH, H3YYAOIIMMHU CEITbCKOE XO03SIHCTBO, KaK C MPUPOJTOOXPAHUTEIHLHOM, TaK M C SKOHO-
MHUYECKON U COLUAIBHOM CTOPOH.

8. BHeipeHne MaTeMaTH4YeCKUX METOJ0B M BBIYMCIUTEIHHON TEXHUKHA B 3€MJICYCTPOM-
CTBO MO3BOJISIET MIEPECTPOUTD BCIO CUCTEMY 3€MJICYCTPOUTEIBLHOTO IPOSKTUPOBAHUS, OpPTraHU-
3aIiM TITAHUPOBAHUS 3€MJICYCTPOUTENBHBIX pad0T, OCBOOOKIAET 3HAUUTEITHLHOE KOJIUYECTBO
KBaJTHM(HUIHUPOBAHHBIX pAOOTHUKOB OT MAJIONPOAYKTUBHOTO TPYyIa.

3. O0mas xapakTepucTHKA IKOHOMUKO-MAaTeMATHYeCKNX METOA0B U 00J1acTel ux

NMPUMEHEHHs NP PelleHUH 3eMeJIbHO-KA1aCTPOBBIX 3a1a4.

JI1st peneHus 3eMIICYCTPOUTENIBHBIX 3a/1au Pa3IMYHBIX KJIACCOB, UCIOJIB3YIOT Pa3HOO0-
Pa3HbIC BUABI 9dKOHOMHUYCCKUX, MATCMAaTUUCCKUX Moneneﬁ, MO3BOJIAIOIIUX TPOBOAUTH aHAJIN3
WCITOJIH30BAaHUS 3€MEIIbHBIX PECYPCOB, BBISIBUTH OINPECICHHBIC TCHICHIIMM M HAaXOJUTh OIl-
TUMAJIBHBIC BAPUAHTBI YCTPOUCTBA TEPPUTOPHH.

Knaccudukanust MaTeMaTHIECKUX MOJIETICH B 3eMJICYCTPONCTBE

Ne  Knaccudukanmonnsie npu- Twum, BU, KJIaCcC MOJCIH
3HAKH
1 Bunx mnpoekTHOW JOKyMeHTa- 1 — rpadpuaeckue (uppoBbIC)
1005078 2 — S5KOHOMUYECKHE (YHCIOBBIC)
2
Crenenp onpeneneHus HH- 1 — nerepMUHMpOBaHHbBIE
dbopmaru 2 — CTOXaCTHYECKHE
3
Bun (dopma) 3emieycTpoiicT- 1 — MexoTpacneBbie
Ba WJIM 3E€MJICYCTPOUTEIBHOTO 2 — MEXXO035CTBEHHbBIE
JEUCTBUS 3 — BHYTPUXO0341CTBEHHbIE
4 — pabGouero npoekTa
4
Maremarnueckue MeToabl Je- | —aHanmutudeckue (quddepeHnan HCUuCICHHS )
JKallyue B OCHOBE MOJIEIH 2 — B5KOHOMUKO-CTaTUCTUYECKHE
3 — onTUMH3AIMOHHBIE (MaTeMaTHYECKUEe Ipo-
TPaMMHPOBAHHE)

4 — MexoTpacieBoro OamtaHnca
5 — ceTeBOro MIaHUPOBAHUS U YIPABJICHUS
5 Kiacc npoekra 3emneyctpoii- 1 — pacnpenensiercs o 37 kiiaccaM IPOEKTa 3eM-
CTBa JIEYCTPOMCTBA



B oTnuyne oT Ipyrux 3KOHOMHUYECKUX PEIICHUH, 3eMIICYCTPOUTENbHbIE PEIIeHUs BCe-
I71a MOTYT UACHTU(HUIIMPOBATHCS HA MECTHOCTH BUE OIPENEIIEHHON MPOCTPAHCTBEHHOM Op-
TraHU3aI| TEPPUTOPHH, TIPEICTABICHHON CUCTEMOW CEBOOOOPOTOB, MOJICH, pabOUNX ydacT-
KOB, JIOPOT U COCTAaBIIIET «CKEJIET» XO3SIMCTBA. 3eMJICYyCTPOUTENbHAS JOKYMEHTAIUsI COCTOUT

W3 ABYX 4YacTeu.
3emMIIeyCTpOUTENbHAS IOKYMEHTALUS
['padpuaeckas

rpaduveckas MoOJeIb 3EMJICYCTPOHU-
TEJIbHON JOKYMEHTAllUd XapakTEepU3yeT B
YHCIIOBOM BH/IE JIUIIIb YCIIOBUS IPOM3BOJICTBA
(mudpoBast MOJIeTTb MECTHOCTH — penbed)

TexcToBas

OCHOBa pacyeTHas CBs3b, IKOHOMHYE-
CKasi MOZICJIb 36MJICYCTPOUTEIILHON JTOKYMEH-
TaIMH, MO3BOJISIONIAsT OMPEICITUTh YIKOHOMH-
4ecKylo 3(QGEeKTUBHOCTh OpraHU3aIuu IPo-

U3BOJCTBA U TEPPUTOPUHU

I'padnueckne MareMaTHYeCKre MOJICTH JAIOT XapaKTEPUCTUKY PA3IMYHBIM dJIEMEHTaM
IIPOEKTA 3€MJICYCTPOMCTBA MM HUX COBOKYIHOCTH, KOTOPBIE ITOKA3bIBAIOTCA HA MPOEKTHOM
TUTaHe, K HUM OTHOCHTCS ILJIOIIA/Ib, TUHEHHBIE M TOYCYHBIC OOBEKTHI.

[Tnomanupie 00BEKTHI — OT/AEIbHBIE 3€MIICBIIAJICHUS WU 3€MJICTIONIb30BaHNUsA, CEBO00O-
POTHI, UX TIOJIA WM pado4yre YJacTKH, 3arOHbI OYEPEIHOTO CTPABIMBAHUS, T'yPTOBBIE, OTap-
Hble TacTOuIIa; CEHOKOCHl U T.J. OHU XapaKTepU3YIOTCS IJIOLIAAbI0, KOOPJAUHATAMH IOBO-
POTHBIX TOYEK U IIEHTPOM TSHKECTH, YTO MO3BOJISET ONMPEACIUTh MECTOMOI0KEHHE ITUX yda-
CTKOB, X (OpMY U JpyTHe MapameTphl.

JIuHeiHble 00BEKTHI — ATO JUHEHHBIE OOBEKTHI OPTraHU3ALUN TEPPUTOPHUH, MOJICBBIC U
MarucTpajbHbIE JOPOTH, JIECOTOJOCHl, WH)KEHEPHbIE KOMMYHHKanuu (razomposon, JIOII),
OTJIeTbHBIC TPAHUIIBI YIACTKOB, 30H H T.JI. DTH OOBEKTHI MOTYT pa3MeNIaThCsl B BUJIE TIPSIMBIX
Y JIOMaHbIX JIMHUH, a TakKe KpUBbIX. OHU XapaKTEPU3YIOTCA NPOTKEHHOCTBIO, a TAKXKE -
PUHOM, KOOpJAMHATAMHU HAYaJIbHBIX, KOHEYHBIX U MPOMEXKYTOYHBIX TOUEK.

ToueuHble OOBEKTHI — TMO3BOJSIOT OMPENEINTh HA MECTHOCTH MECTOIOJIOKEHHE OT-
JIENBHBIX WH)KCHEPHBIX COOPYKEHHH (KOJIOALBI, POAHUKH, OYypOBBIE BBIIIKK M T.II.) UX pa3-
MEIIEHUE, XaPAKTEPUCTUKU MECTONOI0KEHHUS.

DKOHOMUYECKHE (YHCIOBBIC) — 3TO OOJMYCHHBIE B MATEMAaTUYCCKUU BUJ pazIUIHBIC
pacudeThl MPOEKTOB 3eMJICYCTPONCTBA (MaTeMaTHYECKUE MO arpoO3KOHOMUYECKOro o0oc-
HOBaHUS TMPOEKTOB BHYTPUXO3AUCTBEHHOTO 3E€MJICYCTPONCTBA, TEXHUKO-3KOHOMHUYECKOE
000CHOBaHHE TIPOEKTOB MEXKXO3SMCTBEHHOTO 3EMJICYCTPOMCTBA, CMETHO-XO3SHCTBEHHBIN
pacuet pabouux MPOEKTOB).

JleTepMuHUpPOBAaHHbBIE MOJEIU OCHOBBIBAIOTCS Ha aOCONIOTHO TOYHOM HH(Opmanuu,
1100 Ha CBEJIEHUSAX, KOTOPHIE CYUTAIOTCS] TOYHBIMHU.

CToXxacTHYECKHU OCHOBBIBAIOTCS HAa MH(GOPMAIIMU UMEIOIIEH BEPOSITHOCTHBIE XapaKTe-
PHUCTHKH, OMHUCHIBAIOIINE MTPOLIECC, KOTOPHIE 3aBUCIT OT CIIyYalHBIX BETUYHUH, MOJUUHSIOTCS
3aKOHaM TEOPHH BEPOSITHOCTH (IJIAHUPOBAHUE YPOKAMHOCTH C/X KYJIbTYyp OT OyIyIIUX KIIH-
MaTUYECKUX YCJIOBHH 3a/1a€TCs B MOJICINIU C ONPEJEICHHON BEPOSITHOCTHIO, B 3aBUCUMOCTHU OT
CITy4alHOCTH U3MEHIIEMBIX (DAKTOPOB).

Kiacc MexoTpaciieBblx MaTeMaTHUECKUX MOjeNiel, 00ecrednBaeT pelieHrne 3aaad mno
IIPOTHO3UPOBAHUIO U ONTHMM3ALMN TUIAHUPOBAHUS WCIIONb30BAHUS 3€MENIBHBIX PECYPCOB U
UX OXpaHe Ha yPOBHE PETHOHOB: 10 CTpaHe B LIEJIOM, B CYObeKTe (enepaluu, Ha TeppUTOpUr
MECTHOM aJIMMHUCTpanuu. Mozaeln JaHHOTO Kjacca MO3BOJIIOT YCTAHOBUTH paclpeieleHue
3eMellb TI0 KaTeropusaM 3eMeNIbHOTO (POHJIa CTPaHBI (3eMIIH C/X Ha3HAYEHUS, MPOMBIIICHHO-
CTH, CBSI3M, OOOPOHBI U WHOTO CIEIMAILHOTO Ha3HAYeHWs, JiecHOTO (oHAa 3amaca u T.1.),
pPEUIUTh 3a/la4u 10 Pa3BUTHUIO arpONPOMBIIIIEHHOTO MPOU3BOJICTBA B PErMOHAX, MJIaHUPOBaA-
HUE U OCYUIECTBJIEHUE NMPUPOTOOXPAHHBIX MEPONPUATUHN U T.1. OCHOBHBIM BUJOM 3€MJICYCT-
POUTENHHBIX PabOT BKIFOYAIOIIMX MOJETH 3TOr0 Kiacca, sIBsieTcs pa3padoTKa TeHepaTbHbBIX
CXEM I0JIb30BaHUS U OXPaHbl 3€MENb CTPAHBI.

Kitacc monenelr Mexx031iCTBEHHOTO 3€MJIEYCTPONCTBA, MO3BOJISET pealn30BaTh 3a/1a-
YH 110 TepepacnpeeseHUI0 3eMelb MEXKIY X03sicTBaMH, 10 00pa30BaHUIO U YIIOPSI0UHBA-
HUIO 3€MJICBIIAJICHUI W 3eMJICTIOJIb30BAHUIN C/X M HE C/X Ha3HAUEHUSs, [0 YCTAHOBJICHHIO I'pa-
HUI[ a/IMUHUCTPATUBHO TEPPUTOPHAIBHBIX 00pa30BaHUM, TPaHUI] HACEJICHHBIX ITYHKTOB U T.J.




K nanHOMy Kilaccy OTHOCAT 3aJauul MO ONPEAEICHUIO ONTUMAIbHBIX Pa3MEPOB 3€MIICIIOIb30-
BaHUI U pallMOHAIFHOMY Pa3MELICHHUIO MPOM3BOJICTBA HA TEPPUTOPUH 110 HauboJee LeIeco-
00pa3HbIM, JTUKBUIHBIM, HEJOCTATOYHBIM B UCIIOJIb30BAHUU 3€MEIIbHBIM PECYPCAM.

Kiacc moneneil BHyTprX031iCTBEHHOTO 3€MJIEYCTPOMCTBA IIPEIHA3HAYEH JUIsl PELICHUS
BOITPOCOB HanboJIee TOJHOTO PAIMOHATHHOTO M 3((HEKTUBHOTO UCIIOIL30BAHMS 3€MEIb U Op-
raHW3allu POU3BOJICTBA B KOHKPETHBIX C/X. MPEANPUATHSIX.

OCHOBHBIE 3a/lauM: YCTAHOBJICHHME ONTHUMAJIBHOIO COUYETaHMs OTpACIeH, cocTaBa U
IUIOINAACH YroJauii; onpeaencHie BUOB, KOJINYECTBO U IUIOIIAZICH CeBOOOOPOTOB U UX pa3-
MeEIlleHHE; pallMoOHalIbHasl OpraHu3alys KOPMOIPOU3BO/ICTBA; MJIAHUPOBAHUE TPY30IEPEBO30K
U KOMIUIEKCAa MEJIHMOPATUBHBIX paboT; yCTaHOBIEHHE ONTHUMAIbHBIX Pa3MEPOB MPOU3BOJICTBA
U T.J1.

Knacc mozeneil pabodyero npoeKTUpoBaHusi, 00ECIeUnBaeT PEIIeHUE PA3INYHbIX 3a/1a4
3eMJICYCTPOUTEIBHOTO IPOEKTUPOBAHMSI, CBA3AHHBIX C 3€MJIEYCTPOMCTBOM KOHKPETHBIX yda-
CTKOB M MHBECTHLIMI B 3TH 3€MJIM (3a[1a4 110 CO3JAHUIO OPOLIAEMBIX KYJIbTYPHBIX MAcTOMUII
Ha TEPPUTOPUHU OTAEIBHBIX XO3SHCTB, BHIIVIAXKHUBAHUE OBPAroB, TpaHC(HOpMaIUs U MeTuopa-
1S 3eMEJIbHBIX YYaCTKOB, CTPOUTENIBCTBO AOPOT U JIOPOKHBIX COOPYKEHUH, 3aKJIaZiKa MHO-
TOJIETHUX COOPYXEHUM U T.1.).

CH0oXHOCTh MaTeMaTHYECKHX MOJIENIEH Ka)I0ro Kjacca 3aBUCHT OT YMCIIa yYUTHIBac-
MBIX (PAKTOPOB M XapaKTEPUCTHK, B3aMMOCBSI3aHHBIX MEXKIy HUMH, OT HAIWYHS TOYHOCTH H
JIOCTOBEPHOCTH MCXOJHOH MH(POPMALUU U HENOCPEACTBEHHO OT CIO0XXHOCTH H3y4aeMOro
nporecca.

Jls MOCTpOeHMs ¥ UCTIOJIb30BAaHUS ITUX MOJeNIell HE00X0IMMO 3HAaTh CTaHAAPT SKOHO-
MHKO-MaTeMaTHYECKOT0 METOAa (METOJbl MaTeMaTHUYECKONW CTATHCTUKU U METOJIbl MaTeMa-
TUYECKOT0 IpOrpaMMHUpOBaHusl). Bmecre ¢ TeM psl 3eMIIEYCTPOMUTENbHBIX MaTeMaTHKO-
HKOHOMHUYECKUX MOJIeNIel TpeOyIoT pa3pabOTKHU CBOETO HECTAaHAAPTHOTO MAaTEMaTHYECKOTrO
peleHus], CBOMX UHIUBUAYAIbHBIX MATEMATHYECKUX METOJOB.

Kaxxnplii BUA AAaHHOTO 3KOHOMMKO-MaTEMaTHYECKOIO MOJEIHNPOBAHUS HMEKT CBOU
CTaJuu (3TAIbBl TOCTPOSHUS U UCIIOJIH30BAHNSA).

AHaJIUTHYECKHE METOJIbl B 36MJICyCTPOMCTBE OCHOBBIBAIOTCSA HA IMPUMEHEHUU MaTeMa-
TUYECKUX METOOB aureOpbl U reoMeTpuu, JUPHepeHINaIbHOI0 U HHTErPaJIbHOTO UCUHUCIIe-
HUS, U T.J., IMEIOIMX (YHKIIMOHAIBHBIM XapakTep, T.e. KakXI0oMy Ha0opy 3HaueHHH (hakTo-
POB HE3aBUCHUMBIX NEPEMEHHBIX COOTBETCTBYET CTPOIO OIpPECIIEHHOE 3HAu€HHE pe3yibTa-
TOB.

OKOHOMUKO-CTaTUCTUYECKHE MOJENIN 0a3upyIOTCs Ha MCIIOJIb30BaHUHM TEOPUM BEPOST-
HOCTEH M METOJI0B MAaTeMaTHYECKOW CTATHUCTUKM (KOPPENISLUOHHBINA, pErpecCUOHHBIN, TUC-
IEPCUOHHBINA, TEOPHIO BBIOOPOK U T.A.). I 1aBHOE MECTO Cpeau HUX 3aHMMAeT IPOM3BOJCT-
BEHHast (PYHKIUS, MPEACTABIAIONIAs COO0N ypaBHEHHE CBS3el 3aBUCHUMON NMEpeMEHHOH (pe-
3ynbTaToOM) B (akTopoB (aprymeHToB). C MOMOIIBI0 ATHX MOJIEICH PacCUUTHIBACTCS TIPOTHO3
YPOKaHOCTH KYJbTYp, MPOJAYKTUBHOCTH KUBOTHOBOJCTBA, a TAK)KE HEKOTOPBIE NapaMeTphbl
OpraHu3aIMy TEPPUTOPUM (pacmaxaHHOCTh, OOJIECEHHOCTh, OCBOCHHOCTH). [Ipu momomu
HYKOHOMHKO-MATEMATUYECKON MOJENEH, OCYIECTBISIIOT TaK)KE€ aHAJIU3 YPOBHS MCIOJIb30Ba-
HUS 3€Mellb, TOArOTaBINBAIOT MH(MOPMALIUIO AJIs IPUMEHEHUS! ONTUMU3ALUOHHBIX METO/IOB,
IIPOM3BOJICTBEHHO OOOCHOBBIBAIOT 36MJICYCTPOUTEIbHBIE IPOSKTHBIC PEIICHUSI.



DyHKIMOHAJIbHbIE — OCM — Koppensiiimonnsie

OCM aHanoruyHbl aHaJUTH- bazupyrorcs Ha
YECKUM MOJIENSIM, HO TOJIBKO OCHO- KOPPEJSIIMOHHOM  ypaB-
BaHbl Ha CTATUCTHYECKOW WHQOP- HEHHU CBS3M MeXay (ax-
MaluH, T.K. Hanmuuue GyHKUUH, T.e. TOpaMH, a TaKXe MEXIy
OJTHO3HAYHOM CBSI3M MEXKAY PE3yib- (bakTOpOM U pe3yabTaTOM.
TaTOM U ()aKTOPOM B 3KOHOMHKE Heomnpenenennocts 1160
Ype3BbIYAITHO peAKOoe SBICHHUE, TO o0ycnaBiIBaeTCs KaK
JaHHas Pa3HOBUIHOCTb MOJIENH B NPUPOAOH  MOJEIUPYIO-
3eMJICYCTPOUCTBE BCTpPEYACTCS HE mero mporecca (0OBEKT
4acTo NPUYMHBI), Tak M TMO-

IPELIHOCTBI0  HUCXOJHOU
uHpOpMaLUK O Tpolecce
(cyOBEKT MpUYMHBI)

Ontummsanmonabie DCM O0CHOBaHBI TJIABHBIM 00pa30M Ha METOJIaX MaTeMaTHYECKOTO
MIPOrpaMMHUPOBAHUS, TTO3BOJISIONINE HAXOAUTh AKCTPEMAIbHBIC 3HAYEHUS 11eJIeBON (PyHKITUH
HpI/I 3aJaHHBIX yCHOBI/HIX.

KomMmOuHupoBanHas OnTuMH3alMOHHBIE MO- —
JIETI B 3€MJICYCTPOICTBE

— HuddepennmpoBannas

Bce Bompocel 3eMIeyCTpOUTENb- 3akioyaeTcss B IMOCIEIOBATEILHOM MO-
HOT'O MIPOEKTa PenIaroTcsi KOMILJIEKCHO, B JeIMPOBAHUM HEKOTOPBIX YAaCTUYHBIX 3a]ad
UX B3aUMOOOYCJIOBJIEHHOCTH U B3alMO- npoekTta. Mojenu MNOoay4yaroTcsi 3HAYUTEIbHO
3aBHCUMOCTH. DTOT BHUJ MOJEIU SBJISET- MeHbIIero o0beMa W UX NMPUMEHEHHE 3HAYH-
csi HauOoJsiee TOJHBIM, HO HPHUBOJUT K TEJIbHO 00JIeryaeTcsl.

IPOMO3JIKUM 3a/adyaM, pELICHUE KOTO-
PBIX 3aTPYAHEHO

[Ipumenenue auddepeHITMPOBaHHBIX MOJIEICH B 3eMJICYCTPOHCTBE OOBICHSICTCS CIOXK-
HOCTBIO 1 MHOT'00Opa3rueM pemiaeMbIX BOIIPOCOB, YTO MPUBOAUT K MIOCTPOSHHUIO YIIPOIIEHHBIX
moxenen. JuddepernupoBanre Mojaeneld CBA3aHO C aNMPOKCUMAIUEH KOMOMHUPOBAHHBIX
MOJEIIEH.

ANIMpOKCUMAIHSI peau3yeTCs B CIEAYIOMNX BUAAX:

— 100 MOJIENIb OTPAXKAET YaCTh CIOKHOW CUCTEMBI 0€3 yueTa BCEX JPYIHX €€ CTOPOH —
YacTUYHAs anmpoKCUMAIus;

— 1100 MOJIeNb YIpoIaeTcs, YTo0bl ObITh B TANbHEHIIIEM 3alIporpaMMUPOBAHHON € TIO-
CJIEYIOIIUM HapalluBaHueM HH(GOpPMallUU — MOJIHAS allIPOKCUMALIUS.

2.1.3 Pe3yabTaThl U BHIBO/bI:

CTaguy 5JKOHOMHUKO-CTATUCTHUYECKHUX MOJIEIIEH.

1) DxoHOMMUECKH aHAIU3 MPOM3BOACTBA, OINPENEICHHE 3aBUCHUMOM INEPEMEHHON U
BbIsIBJICHHE (DAKTOPOB BIUAIONIMX Ha €€ 3HAUCHHUE.

2) [TomyueHne CTaTUCTUYSCKUX JAHHBIX M UX 00paboTKa.

3) OmnpeneneHue mMareMaTHYECKOM (DOPMBI CBSA3M HE3aBUCHMBIX M 3aBHCHMBIX II€pe-
MEHHBIX.

4) Tlonyuenue (onpeneneHue) napamerpo DCM.

5) Ouenka crenenu coorBerctBusi JCM n3zydaemomy mpoieccy.



6) DKOHOMHUYECKasi HHTEPIPETAUsl MOJIENH, €€ HCIOIb30BaHHUe, JAJI1 KOHKPETHBIX 3eM-
JI€YCTPOUTENBHBIX IIeNeH.

MeTo/1bl OTy4YeHUs CTATUCTUYECKUX TaHHBIX:

a) DKCIepUMEHTAIbHBIA METOl — HH(OpPMAIIHs MOTyYCHHAs: B Pe3yabTaTe MPOBEICHHS
OTIBITOB YCIIOBUSI KOTOPBIX MO3BOJISIIOT KOHTPOJIMPOBATH MpOIlecc MOMyueHus TaHHbIX. Penko
MIPUMEHSIETCS B 36MJIEYCTPOWCTBE.

6) OCHOBaH Ha MCMOJIb30BAaHUHU CTATUCTUYECKON HH(POPMAIIIH:

Crnomnsie. Beibopounsie.

2.2 llpakTuyeckoe 3ansiTue Ne 2-3 (4uaca).

Tema: OCHOBBI CTaTHCTHYECKOM 0OpaOOTKM pe3ysbTaTOB HAONIOACHUS. DIEMEHTHI TEOPUU
ommbok. O00CHOBaHUE YKCIIa U3MEpeHH. Vcnonb3oBanue Hanactpoek Excel.

2.2.1 3apanmue ajs padoThi:
1. Cratuctuueckas 06paboTka pe3yabTaToB U3MEPEHHIA
2. DIEeMEeHTBI TEOPUH OITHOOK.
3. O0ocHOBaHME YKCIIa U3MEPEHUH.
4. Ucnonb3oBanue HaacTpoek Microsoft Excel.

2.2.2 KpaTrkoe onucanie MPpoOBOAUMOIO 3aHATHSA:
«Pacuém cpeonux u noxazameneit ¢apuayuu c Excel)
1. Pacuém cpeoneit apughmemuueckoil gequuunvl (npocmoii) Npou3BOAUTCS 10 (Hop-
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2. Pacuém cpeoneil apughmemuueckoii (636euteHHOIL) IPON3BOIUTCS 110 HOpMYyJIe




XM+ X, my Xy cmy X, m,

X = =4 , x=28,28.
n
6 |7 8 85 |9 10 (10,5 | 10,7 | 10,9 | 11 | 11,1 | 11,2 11,3 | 12
5118 |25 |21 123 4 2 3 1 1 1 1 1
n=100
‘ B20 - J |.=c_ymmnpon3_31;-;:A;?l;ga:al?}fcymmma:al?}.
- A B C D E . G
1
2 12
3 | 5 2
4 | 6 5
5 | 7| 18
6 | 8| 25 ﬁ-
7 | 85 21
g8 | of 12
9 | 10 3
10 | 10,5 4
11 | 10,7 2
12 | 10,9 3
13 | 11 1
14 | 11,1 1
15 | 11,2 1
16 11,3 1
17 | 12 1
18 | |
19 CpedHee sHa4eHue (esseweHHoe) ypoxcalinocmy
20 | 8352

3. Pacuém cpeonux u noxazamenei eapuayuu.




_iﬁgh\l Ho-o T Pacugr cpegHix 1 nokasateneit Bapuaumn.xlsx
fﬁ/ [naeHaa Bcraeka PasmeTka cTpaHuLEl Dopmynsl JaHHele PeleH3MpoBaHne Bua Haacrpoiku
&‘j * Calibri 11 - |A‘ N E—;&#HepeHocreKcra OB Wit
Berasime E‘; (XK KU S A | [EOG\,EAMHMTI'HHOMEUMTDBQEHTDE" |53 - % ooof 8
Bydep ofimeHa = WpndT {F BrIDABHWEAHNE (F} Yucno
Al + (2 fe | Pacuét cpegHe u nokazaTeneil Bapualum
A B | C D | E F G H | J K L
1 |PacyiT cpeaHel W NOKa33TENeH BEapHaLmy J. [ [ [ [ [
2 YpomaiHoCTh 38pHOBR
3 Homep rogqYpomait
a4
5
6
7
2
9
10 B
1 I
2 B
13 B
14
15
16 Owcnepcua 0,314333
17 CpegHee kBaapat oTHNoHeHKe| 0,560654
18 |MenuaHa s
19 | [loBEpHT WMHT ANA CPEAHErD 0,347491|no ' 0,34?4‘31|
20 |Moga ] 7,7
21 X max [ 9,3
22 X min __ 7R
23 Pa3smax Bapuauum Xmax-Xmin 1,6
24 \Koadduu sapuau V={5/X)100%  6,76%
25

[Tonsatue ommoOKu BEIOOPKU

3agaua BBIOOPOYHOTO HAOIIIOICHHSI - 1aTh BEPHOE MPEACTaBIEHUE O CBOAHBIX MOKA3aTeNsIX
BCEH COBOKYIHOCTH (DAKTOPOB Ha OCHOBE HEKOTOPOI MX YacTH, TIOJBEPrHYTOMH 00cie10Ba-
HUIO, T.€. ONPENICIICHNE XapaKTePUCTUK I'eHePaIbHON COBOKYITHOCTH 110 BHIOOPOYHBIM JJaH-
HbIM. Yalre Ipyrux npu BbIOOpOUYHOM HAOJIIOACHUH HCCIeIyeTcs TH00 cpeiHee 3HaueHHe
TOT'O WJIM MHOTO MPU3HAKA Y €IMHUI] COBOKYITHOCTH (HalpuMep, CpeiHss ypOKaMHOCTb,
cpeassist 3apaboTHast TUIaTa U T.J1.), TM00 A0S AUHUI] 00JI1aIal0NINX TEM WIIM UHBIM MPU3HAa-
KOM, T.€. yJEJIbHBII BeC ONpeeNEéHHbIX €AUHUI] B COBOKYITHOCTH (Hampumep, 101 Opolae-
MBIX 3€M€Jb, 10JI OTJEIbHBIX IOPOJ] IEPEBLEB B JIECHOM MACCUBE U T.1I.).

[TockonbpKy peyb UAET O BApbUPYIOUINX IPU3HAKAX U U3YYaIOT HE BCIO COBOKYITHOCTD €/IH-
HHUII, @ TOJIBKO X YaCTh, TO MOKHO 3apaHee CKa3aTh, YTO CBOAHBIC ITOKA3ATENH 110 ITUM IIPU-
3HaKaM Yy 4aCTH €JMHMI] COBOKYITHOCTH IIOYTH HUKOTAA He OyayT aOCOIOTHO COBMAJATh CO
CBOJHBIMH TTOKA3aTEJISIMU BCEH CTAaTUCTUYECKOM COBOKYIMHOCTH. BbiOOpOUHbIE MOKa3aTenu,
KaK IPaBUJIO, HE COBIAJAIOT C COOTBETCTBYIOIIMMH IT0KA3aTEIIMU T€HEPAILHOM COBOKYITHO-
CTH, @ HECKOJIPKO OTJINYAIOTCSA OT HUX B OJJHY HJIU JIPYTYIO CTOPOHY, T.€. IIPH BEIOOPOUHOM
HaOJII0IEHUH BCET/1a MOT'YT BOSHUKHYTh OIINOKH, KOTOPBIE MOKHO MOAPA3AEIUTh Ha OIINOKU
pEerucTpaIyy 1 OUMOKN pernpe3eHTaTHBHOCTH.

Omunbku peructpanuu Npyu BEIOOPOUHOM HAOIIOAEHUH, KaK U IIPU CILUIOLIHOM, MOT'YT BO3-
HUKHYTbH 110 pa3HbIM IPUYMHAM: U 110 BUHE TOTO, KTO MPOBOJMUT HAOJIIOICHUE, U 110 BUHE OT-
BEYAIOLIEro Ha T€ WIN UHBIE BOIIPOCHI, U OT criocoba HabmoaeHus. Ho ecnu TmaTtensHo npo-
BECTH MOJOTOBKY Ka/IpOB U MPOyMaTh OPraHU3AIHIO IPOBEACHUS HAOIIOIEHUS, TO B CHITY
OrPaHUYEHHOCTH BBIOOPOYHOM COBOKYIHOCTH (II0 CPAaBHEHHIO C TEHEPATbHON COBOKYITHO-
CTHI0) OIIMOKH PETUCTPAIIMHM MOKHO CBECTH K MUHUMYMY HJIH, BO BCSIKOM CJIy4ae, yMEHb-
IIATh UX 0 CPABHEHMIO C OIMOKAMU PErMCTPALUU CIIJIONIHOTO HAOIIOJCHHUS.

OmmbKa penpe3eHTaTUBHOCTH (TPEICTaBUTEILCTBA) CBOMCTBEHHA JIUIIb BEIOOPOYHOMY Ha-
OJIFOJICHUIO U TIPECTaBIAET COOOH BETMUYNHY BO3MOKHBIX PACXOKICHUN MEX 1y IMOKa3aTels-
MU BBIOOPOYHOM U TeHepaTbHON COBOKYITHOCTH.

OmmOKH penpe3eHTaTUBHOCTH B CBOIO OYEPE/Ib MOTYT UMETh CIYYalHBIA XapaKTep U CHCTE-
MaTUYECKUM.



Cucrematuueckasi onimOKa - 3To oInMoKa, TeHJCHIIMO3HO UCKaXarollas BETUYUHY HCCIeaye-
MOT'0 IPU3HAKA B CTOPOHY €€ YBEJIMUCHUS WM YMEHbIEH!Us. Bo3HUKaeT oHa riiaBHBIM 00pa-
30M B pe3yJbTaTe HapyLIeHHs clydailHOCTH 0TOOopa.

Cryyaiinas ommOKa - 3To olmrOKa, UMEIONasi OAMHAKOBYIO BEJTMUYUHY BEPOSTHOCTH B CTOPO-
HY YMEHBIIECHUS WIH YBEIMUEHUS U3y4aeMOro MoKa3aTelis; 3TO OInOKa, MOsSBIEHHUE KOTOPO
BO3MOYKHO B pe3yJIbTaTe CYITHOCTH COJIEPKAHHSI CAMOT'0 BBIOOPOYHOTO (HE CILIOLIHOIO) Ha-
0JIt0/IeHNs, B CHITY TOTO, UTO UCCIIEIyeTCs YacTh, a HE BCS CTATUCTUYECKAs! COBOKYITHOCTb.
OmnpeneneHue BEIWYUHBI CIyYalHBIX OUTHOOK pPENpe3eHTAaTUBHOCTHU U SBISETCS OJTHOW U3
[JIaBHBIX 3a/1a4 TEOPUU BEIOOPOYHOTrO MeTojia. VX (ukcupoBaHue MO3BOISET CYIUTh O TOU-
HOCTHU BBIOOPKH, O BO3MOKHOCTH PaclpOCTpaHEHUs BBIOOPOUHBIX XapaKTEPUCTUK HA FeHe-
pPaJbHYIO COBOKYITHOCTb.

Crnyqaifapie OIIMOKU BEIOOPKH OMPEACIAIOTCS 10 (hopMyiam, pa3pabOTaHHBIM Ha OCHOBE
TEOPHUH BEPOATHOCTEN U HOCIT BEPOATHOCTHBIN XapakKTep.

3.2 Metoab! onpeaeeHus OIUOKH BHIOOPKH

Bo3MoskHBIE pacX0KICHHS MEXTY XapaKTePUCTUKAMU BHIOOPOYHON U T€HEPATbHON COBO-
KYITHOCTH U3MEPSIOTCS CpeAHel omrOKoil BBIOOpKH u &. B MaTemMaTn4eckoil craTUCTHKE,
KOTOPAst JIEKUT B OCHOBE BCEX Pacu€TOB IOKa3aTesael BBIOOPOUHBIX COBOKYITHOCTEH, TOKa3bI-
BAETCA, YTO 3HAYCHUS CPEHEH OMMOKH BEIOOPKH ONIpeNeNioTes o hopmyie:

a0
\,/ b
IJIe: M- CPE/IHss OMIMOKA BEIOOPKH; S° FeHepaIbHAS AUCIIEPCHST; 1 - YHCICHHOCTh ¢IMHMAIL BBI-
OOPOYHOI COBOKYITHOCTH.
Hcnonb3oBanue qaHnHOM (GOpMYIIBI IPEATIONAraeT, YTO H3BECTHA reHepaibHas nucnepens. Ho
IpY IPOBEIEHUH BEIOOPOUHBIX MCCIIEJOBAHUHN 3TH IMOKA3aTENH, KaK MPaBUIIO, HEU3BECTHBI.
[TpumeHneHne BEIOOPOYHOIO METO/Ia KaK pa3 U MpeAroaraeT onpeieaeHe XapakTepucTHK
TreHEPAIbHON COBOKYITHOCTH.
Ha npaktuke nis onpeneneHus cpeiHel oKy BEIOOPKH 0OBIYHO UCIIOJIB3YIOTCS AUCTIEP-
CHH BBIOOPOYHOI COBOKYITHOCTH. JTa 3aME€Ha OCHOBaHA Ha TOM, YTO IIPU COOJIIOICHUH TTPUH-
M1 CIy4aHOTO 0TOOpa NUCTIEPCUS TOCTATOYHO OOIBIIOr0 00bhEMa BEIOOPKU CTPEMUTHCS
0TOOPa3UTh JUCIIEPCUIO B TEHEPATHHON COBOKYITHOCTH.
B MaTemaTHueckoi CTaTUCTHUKE TOKA3aHO CIAEAYIONIEE COOTHOIICHUE MEX/1Y IUCIIEPCUSIMU B
reHepaIbHON U BBHIOOPOYHOM COBOKYITHOCTSIX:

fi=
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W3 npuBenéuHon (HopMyIIbl BUIHO, YTO TUCIIEPCUS BEIOOPOYHON COBOKYITHOCTH MEHBIIIE
AUCIICPCUU B FeHepaHBHOﬁ COBOKYITHOCTH Ha BCIIMYUHY OIPCACIISICMYIO OTHOIICHUCM!
1

H-1
Ecnu n 1ocTaTo4Ho BENUKO, TO JAaHHOE OTHOIIEHHE OJU3KO K eTUHUIIE.
Hanpumep, npu n = 100 ono pasro 1,01, a npu n = 500 ono pasHo 1,002. ITosTomy ¢ ompe-
JeNEHHOM TOJIeH MOorpenrHOCTH GOopMyiTy pacdéTa cpeaHel ommuOKH BEIOOPKH MOKHO TIpe/I-
CTaBUTh B CJICAYIOIIICM BUIC.

2
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OpnHako cinenyer UMeTh B BUAY, YTO JaHHas popMylia MPUMEHSETCS sl OIPeAeTICHUs CPel-
Hel omMOKM BEIOOPKH JIMIIIB MPY TOBTOPHOM 0TOOpE. [TocKkombKy Ipu 6€CIOBTOPHOM 0TOOpE
YHCJICHHOCTh T€HEPATIbHON COBOKYMHOCTH N B X0/i€ BBIOOPKH COKpAIAETCs, TO B (POPMYITY
JUTS pacdéra n cpeHel OmMOKH BEIOOPKU BKITFOYAIOT JIOTIOHUTENbHBIA MHOXKHTENb. DopMy-
Ja cpeHel omMOKHN BEIOOPKH MIPUHUMACT CICAYIOUTHI BU/T:

'




J171s IpaKkTUKY BRIOOPOYHBIX 00CIIEIOBAaHUI Ba)KHO, YTO CPEIHSS OMIMOKA BBIOOPKH IPHME-
HSETCA U1l YCTAHOBJICHUS TIpeiesia OTKIOHEHUH XapaKTepUCTUK BEIOOPKU U3 COOTBETCT-
BYIOIIMX MTOKa3aTeNell reHepaIbHON COBOKYIMHOCTH. JIMIIb ¢ onpeaenéHHo CTeeHbIo Bepo-
SATHOCTH MO’KHO YTBEP)KJIaTh, YTO 3TU OTKJIOHEHHS HE MPEBBICAT BEITUYUHEI t U, KOTOpasi B
CTaTUCTHKE HA3bIBACTCS MPEACTHbHON OMIMOKOM BEIOOPKH.

[IpenenpHas ommbKa BEIOOPKH CBsI3aHA CO CPEIHEN OMIMOKON BHIOOPKH U OTHOIICHUEM:

.1
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[Tpu 5TOM t KaK K03 (HUIIMEHT KPATHOCTU CpeAHEN OMIMOKH BRIOOPKH 3aBUCHUT OT BEPOSITHO-
CTH, C KOTOPOW TapaHTUPYETCsl BEIMYMHA IPEeTbHON OMHOKH BEIOOpKU. OOBIYHO B IMPAKTH-
K€ SKOHOMHYECKUX UCCIIEeIOBAaHUN OOBIYHO OIPaHMYMBAIOTCS 3HAUCHHEM t HE TTPEBbIIAIOIINM
JBYX TPEX €AUHUILI.

O0ocHoBaHMe YHCJIa H3MEPEeHUH
JInst mpoBeIeHNsT ONBITOB C 33IAHHON TOYHOCTHIO U IOCTOBEPHOCTHIO KpailHE BaKHO 3HATH TO
KOJINYECTBO U3MEPEHUH, IPH KOTOPOM IKCIIEPUMEHTATOP YBEPEH B MOJIOKUTEILHOM UCXOJIE.
B cBs31 ¢ 3TUM 0J1HOI U3 NTepBOOYEPEAHBIX 33/1a4 MPU CTATHUECKUX METOaX OLICHKH SIBJISI-
€TCs YCTaHOBJICHHE MUHUMAJIBHOTO, HO JIOCTATOYHOTO YUCIIa U3MEPEHHH /U1 JAHHBIX YCIIO-
BUiA. 3a71a4a CBOJUTCS K YCTAaHOBJICHUIO MUHUMAJIBHOTO 00heMa BRIOOPKH (YHCIIa u3Mepe-

~
o N 2u .
HUM) N inin IIPH 33/1aHHBIX 3HAYEHUSX JOBEPUTEIBHOIO MHTEpBajia ~* U JIOBEPUTEIHHOU Be-

posTHOCTH. [Ipy BBIIOJIHEHUN U3MEPEHH KPaliHE BaXKHO 3HATh UX TOYHOCTD:
A=oc, /X,

o
rae ~ O - cpenHeapupMETHUECKOE 3HAYEHUE CPEIHEKBAIPATHIHOTO OTKIOHEHHS & , paB-

O- ;‘ '\/EA
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3 . . o
3HayeHue ~ < 4acTO HA3bIBAIOT cpedHell ouubKou. J1oBepuTeIbHBIN HHTEPBAT OIINOKHU 13-

HOC

A . =i o
MEpEHUs 2 OpelesieTcs aHAIIOTUYHO JUISI U3MEPEHUN * . C moMouUIbIo f JIETKO OII-
pEeAENUTh JOBEPUTEIHHYIO BEPOSTHOCTD OIMOKYA U3MEPEHUH U3 TaOJIHII.

B uccinenoBaHusx 4acTo o 3aJaHHON TOYHOCTHU & Y IOBEPUTEIIbHOM BEPOSITHOCTU U3MEpE-
HUS ONPEIESIOT MUHUMAIbHOE KOJIMYECTBO U3MEPEHUH, FapaHTHPYIOLINX TpeOyeMble 3Ha-

YCHUA ‘ﬁI/I Pa

p=cargp(py)=c, nt

MOHO OJIy4YUTh
2

H —_ AT _ 2; 2_722!2
i N min =7 honyaem Nupin =07t o, =k;t7 /A",

k, — y
3nech % - koadduureHT Bapuanuu (M3MEHYUBOCTH), %; A - tounoctn U3MepeHuil, %o.

Jnist onipeneneHust N min MOXET OBITh MIPUHSTA TaKasl MOCIEI0BATEIbHOCTD BHIUNCICHUH:

1) mpoBoHTCS MIpeIBAPUTEIBHBINA YKCIIEPUMEHT C KOJIMUECTBOM U3MEPEHHUH 71, COCTABIISIET B
3aBUCUMOCTH OT TPYA0EMKOCTH ombiTa oT 20 10 50;

2) BBIYMCIIAETCS CPEHEKBAIPATHYHOE OTKIOHEHHE = ;

3) B COOTBETCTBUY C TIOCTABICHHBIMH 33J]adaMH 3KCIIEPUMEHTa YCTaHABIMBACTCS TpeOyemas

TOYHOCTb M3MEPEHHH L | KOTOpAs He A0JKHA IPEBBIIIATh TOYHOCTH MPHOOPA;
4) ycraHaBIMBaeTCs HOPMUPOBAHHOE OTKJIOHEHHUE /, 3HAUEHHE KOTOPOTO OOBIYHO 33JJaeTCs
(3aBUCHT TaK)Xe OT TOYHOCTH METOAA);

N . .
5) ompenensior - YW g TOorAa B JANbHEWINEM B MPOIEcce HIKCIIEPUMEHTA YHCIIO U3MEPEHU

HE JIOJKHO OBITh MEHbLIE ~ il |
17. Kpurepuii Crbroaenrta (I'occera).

N L
OleHKM H3MEpEenHtii ¢ MOMOIBI0 © 1 “ 110 MPHMBEIEHHBIM METO/IAM CHPABEUTMBEI TIPH 71 >
30. Ctout cka3arb, 4TO AJIs HAXO0XKIECHUS IT'PAaHULIbl JOBEPUTEIBHOTO HHTEPBAIA IIPU MAJIbIX
3HAYEHUAX MPUMEHSIOT METO, MPEIJIOKEHHBIN aHTIInCKUM MaTeMatukoM B.C .I'occeTom



(ncesnonnM CteiozieHT). KpuBsie pacnipenenenns CTeiofeHTa B ciydae ¥ —* % (mpaktuue-
cku ipu #1>20) mepexomaT B KpuBBIE HOPMAILHOTO pacnpeneneHus (puc.1).
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Puc.1. Kpussle pacnpenenennst CTbIOAEHTA ISl pa3IMYHbIX 3HAYCHU:
: .y =10 ) =
- = 3. k=2
Jlst Maioii BEIOOPKH IOBEPUTEHHBIN HHTEPBAI

— P

~ LA
L=

11T -
ird -

roe M gosdpdunuent CTeroneHTa lan/IHI/IMaeMLIﬁ 1o Ta6:1.10.2 B 3aBUCUMOCTH OT

} -,
3HAYEHUS TOBEPUTEIHHON BEPOSITHOCTH ! 0.

3Hasg Hem , MOJKHO BBIYHCIIUTH AEHCTBUTEIBHOE 3HAUEHUE N3y4aeMOM BEJITMUYMHBI ISl MAJION
BBIOOPKH

Xo =X I Loy
Bo3MorkHa 1 nHas mocraHoBKa 3a1a4d. 110 # ©3BeCTHBIX M3MEPEHUH Malol BRIOOPKHU KpaiHe

Po

BaYXHO OMPEJENIUTh JOBEPUTEIbHYIO BEPOSATHOCTD IIPU YCIIOBUH, YTO MOTPEIIHOCTh Cpe-

+ . .
HETO 3HAYCHHMS HE BBIAIET 3a Mpeaeiabl Hem . 3a7auy pemaroT B TaKOH MMOC/IeI0BaTEIbHO-

r
¥ €, = Lf L
CTH: BHA4alle BEIYMCIISIETCS CpPEqHee 3Hauenue *+Top — Ol — e “ . C MOMOIIBIO BEJIH-

qnHbL O , UI3BECTHOTO 7 1 Ta01.8.2 ONpeAeNIOT JOBEPUTEIBLHYIO BEPOSITHOCTD.

B nmporiecce 06paboTKH SKCIIEpUMEHTAIBHBIX JaHHBIX CIEAYET UCKII0YATh IPyObIe OITMOKN
psna. IlosiBiaeHre 3TUX OMMOOK BIIOJIHE BEPOSATHO, & HATMYHME UX OIYTUMO BIIHSET Ha pe-
3ynbTaT u3MepeHuu. [Ipu 3Tom npexie 4eM UCKIIOYUTh TO WIM HHOE U3MEepeHue, KpaliHe
BaXHO YOEIUTHCS, UTO 3TO ACUCTBUTEIHHO Ipydast omunoKa, a He OTKIOHEHUE BCIICACTBUE
CTAaTUCTUYECKOTO pa3zdpoca. MI3BECTHO HECKOIBKO METOJIOB OTIPENIe]  €HUS IPyOBIX OMIMOOK
cTatucTrueckoro psja. Haubonee mpocTeiM ciocoOOM UCKITIOUEHUS U3 psiia pe3KO BhIJe-
JISIOUIETOCs] U3MEPEHUS ABJISETCS MPAaBUIIO TPEX CUTM: pa30poc ciiydaHbIX BETMYUH OT
CpeIHEro 3HaYeHUs He JJOJDKEH MPEBBIIIaTh

. L =42
Xax,min — ~ £ 30.

bonee AOCTOBCPHBIMHU SABJIAOTCA MCTO/bI, 6a31/1pyeMHe Ha UCIIOJIb30BaHUU JOBCPUTCIILHOTO
uHTepBaia. [lycTh UMeeTCsl CTATUCTHYECKUH PsIT MaJlOi BEIOOPKH, TTOTUYNHSIOIINICS 3aKOHY
HOpMaJIbHOTO pacnpeznen eHus. [lpu Hamuunu rpyObIX OIMOOK KPUTEPUU X TOSBICHUS
BBIYHUCIISIOTCS 110 popMysiaM

p1= (.xmax - f)"fo'\f(” i pa= ({ ~ Tmin } 'fo-\f(” - 1)’: i,

X R o
rpe ©HaX =N gapGonpiiee ¥ HAMMEHbIICE 3HAYCHUS U3 71 K3MEPEHHIA.



B Tab11. npuBeneHbl B 3aBUCUMOCTH OT JOBEPUTENBHOM BEPOSITHOCTH MaKCUMAaJIbHbIE 3HaUe-
HUA B WX | BO3HUKAOIIKE BCIECICTBUE CTATUCTUYECKOTO pa3dpoca. B cimydae ec-

= - X - o
m P : A WaX 10 3Ha4YEHHE ~ HAX KpanHE BaKHO MCKIIOYUTH U3 CTATUCTUYECKOIrO psaa

A, < A Anoln

L T max yekmovaetcd BenuunHa - L [Tocne uckiro-
. '3 -

YEHUS TPYOBIX OMMUOOK OMPEIETAIOT HOBBIC 3HAUYCHUS Ty Cms E” - 131/1)11/1 {ﬁ -2}

HUMH.

Kak rpyOyo norpeurHocts. [Ipu

u3Mepe-

2.2.3 Pe3yabTaThl U BHIBO/IbI:
Taoauna

Kputepuii nosiBinenus rpyObix ommodok

Baax "P" g Pepaw "DV g

7t I
oo | o908 | o.m o.90 | o5 | om
3 1.41 1,41 1,41 15 2,33 | 2,49 2,80
4 1.64 16O 1.72 16 2'35 | 2'52 | 2’84
5 1,79 1,87 1,986 17 2,38 2,55 2.87
5] 1,89 2,00 2,13 18 2.40 2.58 2 .90
ri 1,97 2,00 2.26 19 2,43 2.60 2.93
8 2,04 2.17 2,37 20 2.45 2 .62 2,96
g 2,10 2. 24 2,416 25 2,54 2.72 3,07
10 2,15 2.29 2,54 30 2.61 2,79 3.16
11 2,19 2,34 2,61 as 2 67 2. .85 3,22
12 2. 93 2_39 2 66 40 2.72 2,90 3,28
13 2.26 2,43 2,71 45 2 .76 2,45 3,33
14 2'30 | 246 | 2’76 50 2’80 | 299 | 3137

2.3 lIpakTuyeckoe 3ansaTue Ne 4-6 (6uaca)

Tema: IIpoBepka CTaTHCTHYECKUX THUIOTe3. YpoBeHb 3Haummoctd. Kputepuu. [Ipumepsr. Ouenka

YYBCTBUTEIIBHOCTH KPHUTEPHUSI TIPU TPOBEPKE 3HAUYUMOCTH pasnuuuii. J[ByXBBIOOPOUHBINA t - TECT B
Excel.

2.3.1 3apanue nis padoThbI:
1. TIpoBepka CTATUCTUYESCKUX THIOTE3. YPOBeHb 3HaunMocTu. Kputepuun. [Tpumepsi.

2. OreHKa 9yBCTBUTEILHOCTH KPUTEPHS MPU MPOBEPKE 3HAYUMOCTH PA3INIMid. [IByXBEIOOPOYHEIA t -
tect B Excel

2.3.2 Kparkoe onucaHue nmpoBoAMMOro 3aHATHS:

1. Cratuctudeckne runore3bl M UX Buabl. Kpurepuu corsacus.

IMpumep. /{15 TOATOTOBKY K 3a4eTy IpernoaaBarens chopmynupoan 100 Bonpocos
(reHepaanaﬂ COBOKyHHOCTB) " CHUTACT, YTO CTYACHTY MOKHO ITOCTABUTL «3a4YTCHO», €CIIN
ToT 3HaeT 60 % Bompocos (kputepuii). [Ipenonasarens 3aaeT CTYIAEHTY 5 BOIIPOCOB (BbI-
OOpKa M3 reHepabHOW COBOKYITHOCTH) U CTABHUT «3aYTCHOY, €CITH MPABHIILHBIX OTBETOB HE

o {3, 4, 5
MeHblIIe Tpex. ['umore3a ““U: «CTYAEHT KypcC YCBOMII», @ MHOXECTBO " ! OnacTpb

]
f—o
. . {01, 2}
IMMPUHATHA 3TOU TUIIOTC3bI. KpI/ITI/IquKOI/I 00/1aCTBIO SIBIIIETCS MHOYKECTBO — Ipa-
BUJILHBIX OTBETOB MEHBIIE TPEX, B 9TOM CIIy4ae OCHOBHAS TUIIOTE3a OTBEPTAETCS B MONB3Y

. H
IbTEPHATUBHOW ~ "1 «CTYIEHT Kypc HE YCBOMII, 3HaeT MeHblle 60 % BOmpocoB».



Crynent A Beryunin 70 Bonpocos u3 100, HO 0OTBETHI PAaBUIBHO TOJBKO HA J1BA U3 IIfI-
TH, IPEUI0KEHHBIX IIpenoaaBaTesieM, — 3a4eT He claH. B 3ToM citydae mpenojaBaTelib co-
BEpIaeT OMIMOKY MEPBOrO POJa.

Crynent b Beryunn 50 Bonpocos u3 100, HO eMy 10B€3110, ¥ OH OTBETHJI IPABUIIBHO HA
3 Bompoca — 3a4eT caH, HO COBEpILEHa OIIMOKa BTOPOro pojia.

Hpeno/:[aBaTenb MOXKCT YMECHBIIHUTE BEPOATHOCTD 3THUX OH_II/I6OK, YBCIUMYNB KOJIUYCCTBO
3a1aBACMbIX Ha 3a4CTC BOIIPOCOB.

AJTOPUTM MPOBEPKU CTATUCTUYECKUX TUIIOTE3 CBOAUTCS K CIEAYIOUIEMY:

HIII H 1 .
1) chopMynupoBaTh OCHOBHYIO U aIbTCPHATUBHYIO TUIIOTE3HI,

2) BBIOpATh YPOBEHB 3HAYUMOCTH & ;

3) B COOTBETCTBUH C BUJIOM TUIIOTE3bI H, BBIOpATh CTATUCTUYECKUIN KPUTEPHIl 71 ee
MPOBEPKH, T. €. cllydaiiHyto BennuuHy K, pacnpenenenrne KOTopor U3BECTHO;

4) mo TabnuuaM pacupeaeneHus CIy4aiiHoi BenurHbl K HaiiTh rpaHuily KpUTHYECKOM

obmacth  *F (BUJ KpUTUUYECKOW 00JIACTH OMPEIETUTH IO BUAY ATbTEPHATUBHOM TUIIOTE-

3Bl i, );
E .
5) o BEIOOPOYHBIM JAHHBIM BBHIYUCIUTH HAOII01aeMOE 3HAUEHUE KPUTEPUS ~ wafm

6) IPUHSATH CTATUCTUYECKOE PEILICHUE: €CIU K s MOTAIAeT B KPUTUYECKYIO 00J1acTh

. H K
— OTKJIOHUTB THTIOTE3Y ~ O B MOJIB3Y AJIbTEPHATUBHONW ~~1; ecam ~~ wfm 1jomajaeTr B 00J1acTh
A0IMYCTUMBIX 3H8.‘-I€HI/II>1, TO HET OCHOBAHMI OTKJIOHSATH OCHOBHYIO I'HIIOTC3Y.

1. Kpurepum coriacusi. Kpurepumn o1HOpoaHOCTH.

OpHol U3 BaKHBIX 337a4 MAaTEMAaTUYECKOM CTaTUCTUKU SIBJISIETCS] YCTAaHOBJIEHUE TEOpe-
THUYECKOT0 3aKOHA PACIPECIICHUS CTyYailHON BEIMYMHBI, XapaKTePU3YIOIIEeH H3ydaeMbIi
MPU3HAK M0 SMIUPUUYECKOMY paclpeAesIeHUI0, IPEICTABIAIONIEMY BapUallMOHHBIN PSII.
[TpenmonoxkeHue o BUJIe 3aKOHA pACIIpeIeTICHHIS] MOXKHO CAeNaTh M0 TUCTOrpaMMe WU TOJH-
rony (Puc. 1)

A) B) ©)



Puc.1. Bo3MokHbBIE€ BUABI THCTOIPAMM:
a) HOpMaJILHOTO, 0) MTOKA3aTENILHOT0, B) PABHOMEPHOTO pacrpeieeHui

Hampumep, mo rucrorpamme (puc. 1, a)) MOXKHO cAenaTh MPEANOJIOKEHUE O TOM, YTO T'eHe-
pabHAsi COBOKYIHOCTh pacIpe/ielieHa 0 HOPMabHOMY 3aKOHY.

Jlis mpoBepkH THUIOTE3 O BUJE paclpeiesieHusl CiayXaT CHelHalbHble KPUTEPUU —
Kpumepuu coenacusi. OHM OTBEUAIOT HA BOIPOC: COTJIACYIOTCA JIM PE3YJIbTaThl IKCIEPUMEH-
TOB C MPEANOIOKEHHEM O TOM, YTO F'eHepajibHasi COBOKYITHOCTh MMEET 3aJJaHHOE pacIpesie-
JICHUE.

[IpoBepum 310 mpeanosioxeHue ¢ nomousio Kpumepusa coenacusa Iupcona. B sTom xpute-
pUu MEpOoH PACXOXKICHHUS MEXKIY THIOTETHYECKUM (TpearojiaraéMbiM) U SMIIUPHUECKUM

Yo - 2
oo
= i
pacIpeielicHUEM CITYXKUT CTATUCTUKA = &

o fT
rae N — o0beM BBIOOPKH; K — KOJWYECTBO MHTEPBAIOB (TPYII HAOIIOACHUH);, < — KOJIH-

YeCTBO HAOJIIOICHUH, TIOMABIINX B J- MHTEPBA; P J — BEPOATHOCTH IONafaHus B J-il UH-
TepBaJ CIIy4ailHOM BEJIMUUHBI, PACIPEICIICHHON 10 THIIOTETUYECKOMY 3aKOHY.

Ecnu npeanosnoxeHue o BUAe 3aKOHa paclpeesieHus ClipaBeaiinBo, To cratuctuka [lupcona

pacmpeneneHa 1o 3aKoHy «XU-KBaJlpaT» C YHUCIOM CTENeHel CBOOOIbI k-r-1 (R — uwucino

K- ?'(25;—r—1)'

OueHuBalOTCAd HEU3BECTHBIE MapaMeTPhbl C MCIOJb30BAHUEM TEOPUU TOUYEUHBIX OLICHOK, He-
KOTOpBIE OIICHKU MPUBEEHBI B Ta0. 1.

apaMeTpoB pacIipeieNIeHus], OLICHUBAEMBIX 110 BEIOOpKE):

Taonuua 1. OueHnBaemMbie mapaMeTPbl U UX TOUCUHBIE OIEHKHU

Bil pacbeLeeHIs OueHuBaeMblie mapameT- | ToyeyHbIe OLIGHKH IapaMeT-
/L pactipelt pBI poB
[0 x el ~ 1
in.I.|=< Y i ) /'fl'_-{,l' A:-:—
| Ae™ a2 0 X
0, x<a =
u=x_ -2 D
Jyxi=<L; {,i?—rx'}ﬁxe[rxﬁﬁ] o, f1 -
0 . p=x +3
—-I:x—m:l-" —
Feixi= g 2 m. o’ m=x ., o =D
X ¥ 2 rT
m b - 2
= -
P TiX, - X0
y = 1=l o= =1
3
3nechb L i
KonunuectBo UHTEPBAIOB K PEKOMEHIyeTCs paccuuTHIBaTh o bopmyne
Crepnxeca k=1+33lgn, rne N — o0beM BbIOOpkH. [{nuHy /-ro MHTEpBaia NPUHUMAIOT
PR )

o l.!.(_" ) I(azj I[U

paBHOI rne —Hauboubliee, a — HaWMEHblIee 3HAYCHUE B Bapua-

[IUOHHOM PSTY.



IMpumep 1. lns cpeanero 6amna cpeau 30-tv rpynn (¢ TOYHOCTHIO O COTHIX J0JeH Oala)

MOJTYYHJIA BBIOOPKY *i
3.7,3.85,3.7,3.78, 3.6, 4.45, 4.2, 3.87, 3.33, 3.76, 3.75, 4.03, 3.8, 4.75, 3.25, 4.1, 3.55, 3.35,
3.38, 3.05, 3.56, 4.05, 3.24, 4.08, 3.58, 3.98, 3.4, 3.8, 3.06, 4.38. IIpoBepuTh rUNOTE3Y O HOP-

s — ¥
MaJbHOM PacIpe/ieNieHHH CPEHEro 6aiuia Ha ypoBHe sHaunmoctn & = L5

Pemenne. Crpynnupyem 3Ty BbIOOpKy. Hanmenbsmii cpequuii 6ann pasen 3.05, Han6omib-
it — 4.75. UnTepan [3; 4.8] pazodbbem Ha 6 yacTelt JUTMHON h= “-3, npuMeHss popmyiy
FL.

= 58736 .
Crepmxeca (;C = 58757 0) Toncumraem wacrory ' (orHOCHTEnBHYIO wacToTy 1) mis
Ka)XJIOTO MHTEpBaja M MOJyYUM CTPYITUPOBAHHBIN CTATUCTHYCCKUH psif (TadI. 2).

Taonuua 2. CtaTuCTUYECKUN AT

HuTepBanbl [3;3.3)][3.3;3.6) | [3.6;3.9) | [3.9;4.2) | [4.2;4.5) | [4.5:4.8)
YacToTsl e 4 7 10 5 3 1
i
—+ 0.133 0.233 0.3 0.167 0.1 0.033
OTHOCHTEJIbHBIC YaCTOTHI /7

Cdopmynnpyem OCHOBHYIO U albTEPHATUBHYIO TUIIOTE3HI.

Hy: X~ N{z. T} . .
— ciyvaiiHas BenuurHa X (CpeaHuid 0amt) MOAYUHSIETCS HOPMATEHOMY

3akoHy ¢ mapamerpamu “° <. Tak Kak HCTHHHBIX 3HAYCHUH I1apaMETPOB 4. &
d=3746. F=0118%

MBI HC 3Ha-

€M, BO3bMCM UX OLICHKU, PACCUUTAHHBIC 11O BBIGOpKGI

H,

Cily4aiiHas BeIUM4MHA X HE NOJUYUHAETCS HOPMAJIBHOMY 3aKOHY C JaHHBIMU ITapamMeTpa-

Mu. Paccuntaem HaOmrogaemMoe 3HaueHHE ~ ®im cTaTUCTUKHU [IMpcoHa. DMmupHYecKkue vac-

o

7. L.
TOTBl + YK€ U3BECTHBHI (Ta0. 2), a IUIsl BEIYUCICHHS BEPOSATHOCTEH * + (B MPEAIMOIIOKCHHH,

YTO THIIOTE3A Hy CIpaBeTNBa) MPUMEHHUM YK€ U3BECTHYIO (hopmyiry (cBoiicTBO B):

N Tabmuny ¢ynknuu Jlamtaca. [lomydenHsie pe3yabTaTsl cBeAeM B Tabauity (Tadi. 3).
K . =978
Hab6nronaemoe 3naueHue ctaTucTuku [lupcona papHo =" mabn
OmnpenenuM rpaHuIly KpuTH4eckoi obmactu. Tak kak cratuctuka [lupcona usmepsier
Pa3HHULLY MEX]y IMIUPUYECKUM U TEOPETUYECKUM paclpeesieHus MU, TO 4eM OoJIblIe ee Ha-

OyroaeMoe 3HAYCHHWE ~ ®&n TeM CHJIbHEE JIOBOJ| MPOTHUB OCHOBHOM THMOTE3bl. [loaTOoMy

Lo+ )

~ = X3
KpUTHYeCKast 00JIaCTh JJIsl STOW CTATHCTUKU BCET/Ia MPaBOCTOPOHHSIS: [ w * Eé€ rpa-

_ .z
Humy P A e=r-1; 0 HaxoJUM TI0 TaOJIMIIaM pPACTIpENeICHUsT «XU-KBaJpaT» M 3aJlaHHBIM

=005 k=0

3HAYECHHAM (uncino  wmnrepBanos), ¥ =< (mapamerpst € u ¥ oueHeHb

o BaiGopKe): o = S =21 023 = AR G025 =04

Habmogaemoe 3Hauenue cratuctuku Ilupcona He mnomazaer B KPUTHYECKYIO

S
0071aCTh: v IO3TOMY Hem OCHOB8AHUU omeepzcamb OCHOBHYI0 c2UNOmes)y.

BriBoa: Ha ypoBHe 3HaunmocTH 0.025 cripaBeiuBoO MPEAnoa0kKeHUe O TOM, YTO CPEIHUI
0aJ1 UMeeT HopMaJbHOE pacIpe/ieiieHe

Taéauya 3. CpaBHeHNE HAOII0IaEMBIX M OKUAEMBIX YaCTOT



Cnaraemsle cTa-
xo | MiHTepBast rpyn- ﬁzglggil:g: P, Oxugaemas | THCTHKH HHpg;—
[a.a,.) BGPOSITHOC”EB ‘moma- | YacToTa (n —np.)
m/m nuposku - 4 a nanus B J-if UHTEpBaN nep, -4 "7
Ha .ﬂpj.
1. [3;3.3) 4 0.101 3.032 0.309
2. [3.3;3.6) 7 0.225 6.761 0.008
3. [3.6; 3.9) 10 0.295 8.79 0.166
4. [3.9;4.2) 5 0.222 6.665 0416
5. [4.2;4.5) 3 0.098 2.946 0.001
6. [4.5; 4.8) 1 0.025 0.758 0.077
o — 30 0.965 28.95 Kpen=0.975.

IIpumep 2. [IpoBepuTh C MOMOIIBIO0 KpUTEPHUS ¥2 Npu ypoBHE 3HauumMoctu 0,05 runoresy o
TOM, 4TO BBIOOpKa 00beMa /7 = 50, mpescraBiieHHAs HHTEPBATLHBIM BAPHAIIMOHHBIM PSIOM B
tabmnuie 4, u3BjaeueHa U3 HOPMaAIbHON T'eHEPaTbHON COBOKYITHOCTH.

Tabnuua 4
Homep I'panuIE! Hacrora
uHTepBana | UHTEpBaia TH;
1 0-2 5
2 2-4 11
3 4-6 17
4 628 10
5 8- 10 7
Pemenue.

1. Chopmynupyem HYJIEBYIO U albTEPHATHBHYIO THIOTE3bI: Hy — aMmupudeckoe pacmpee-
JIEHUE COOTBETCTBYET HOpMallbHOMY; H; - aMmupuueckoe pacnpeieneHue He COOTBETCTBYET
HOpMaJIbHOMY.

Jiist mpoBepKy HYJIEBOM rUNOTE3bl HEOOXOAUMO pacCUUTaTh HA0II0JaeMOe 3HaUCHHE
Kputepus y2Habm no popMysie U CPaBHUTH €r0 C KPUTUYECKUM 3HAYCHHUEM Y2KD.
2. OmpenenuM mapameTphl MPeArnoIaraeMoro (TEOpEeTUIeCKOro) HOPMaJIBLHOTO 3aKOHA pac-
peIeeHHUS.

—_— Fi 4 — 2
X : — ;
Haiinem cepeauHbl MHTEPBAJIOB 2 1 OTHOCHUTEJIbHEIE
) o
p 1."': = —
YacTOTBI 1 Tloxy4uM clieAyrome 3Ha4eHus:
.T_- 1 31516l 7 Haﬁ/:[eh{oueHKy MaTeMaTquCK(iFO OKUJAHUSA: .
i * [ 5 11 17 - 10 L
T < - — | m =1 -3 =5 —=-7.—=-9. =
# 5 (11117 110 | 7 L 50 50 50 50 50
Pi 39 |50/50 50 |50 1 256
0 L0 00T - L (5433485470 +63)= 0 =512
50 50

Bbruncianm oneHKH JUCIIEPCUU M CTaHJApTHOTO OTKJIOHEHHUS 10 popmyram:

st = ((1-s12 )y s (3-sa2 ) 1 - (5S-s12 ) 17 -

. 5 1 1
+(7-512)" 10 +(9-512)y -7) —=—-273,27 =5.62



M-
3. BBINOIHUM pacyeT TEOPETUUYECKUX 4acToT '

[ £ 17
- N e = N _‘\_.—r-\.r' ey P P R S T P |
= W — - Di- =)= i—Loj-U=1-Dilay=1-0.9 =0.
2.3 ! 51
T o R
134, = 5.0} =5
iy sU-0.1=2,
s I/IHTepBaJI ( ) HaXOI[I/IM
-4—5;12 28512
n = ' : =D 08— hbl—13V=000—-0.60=0.21
Fao = S 37 = e =T e T R T A T LAY T AU T Vel
I 7
m-" =50-0.21 =10,5,
i . =
st maTepBaina (4,6) COOTBETCTBEHHO:
76— ‘il_"-_ 4_111". . .
. — hl - L l—eRim AV _ i _n SV — g 21 — 28,
Py = ————, w, | = MWL T N LT WL = WL D v.al = w0,
- ! ! 1 ]
237 .
I -z
B s S0 -0.35 =17 .5,
9
Nust HHTEpBaNa (6,8):
T8-5120 6-5121 P PN
—r) I M : e @m0 A= 0N N BEE =) 02
i ‘~r| 5 - | "| 3 2m B ALl ) S LT S WL LU W i
237 237
m, T =50.0.22 =11
n "+ 5

(8.
I[J'ISI I/IHTepBaﬂa ' ) BbBIUNCIIUM

_,
pe = O )- cD| 71) = ®(x)-®(1.2)=1-10,88 = 0.12

2,37

'u

st =350-012 =6

5
4. Tlo popmyne (4.8) HaiineM 3HaueHne 4 HA0T:

: \_i(?’”.f—m.f'rf:(5—5}3*(11—10,5

S Hat: = =
- r=1 m,t 5 10 .5
(17T -17.8)y (0 -11) (T-6) 0.
17 .5 11 6 T
5. ITo Tabnuiie kBaHTUIICH pacnpeneneHI/m X2 C YUCJIOM CTEIEHEH
cBoGompr I = & — 3 = 5 — 3 = 2 yaxomum, uro Y2kp = 6,0 wis & = 0.05,

)
- - - - - u . .
TMockompky ~ HA01 = J &p (D 29 < 6.0 ), TO MOKHO CUMTATh, YTO THIIOTE3a O HOP-
MaJIbHOM pPaCnpCaACICHUN FeHepaﬂbHOﬁ COBOKYITHOCTH HC MMPOTUBOPCUUT OIBITHBIM JaHHBIM.

IIpumep 3: Ucnonw3ys kputepuii Ilupcona, npu yposHe 3Haunmoctu a = 0,05 npoBeputs,
COIJIACyeTCsl JIU TUII0TE3a O HOPMAJIBbHOM paclpeeIeHUH T'eHepaIbHON COBOKYITHOCTH X C
SMIMPUYECKUM pacipeesieHneM BeIoopku oobema n = 200.

% 5 7 9 11 13 15 17 19 21
s 15 26 25 30 26 21 24 20 13

Pemnenue.



k
.E xRy

rg==L —1263
1. Berurciaum n U BBIOOPOYHOE CPEHEE KBAIPATHICCKOC

2 =y
oTkIoHeHHe < F = m = 4,695

2. Beraucnum TeopeTHuecKre 4acTOThl yuuThiBast, 4To n = 200, h =2, 08 = 4,695, o dop-
MyJIie

_2002@(;:,—}3 s Xi— XE
n; 4,695 gg ) ag )

.

CocTaBuM pacyeTHyIO TabIUIly

%~ X _rh
g ”!’z(?g—g) oy ) n; og “)
15 1,62 0,1074 9,1
27 11,20 0,1942 16,5
39 0,77 0,2966 25,3
4 11 035 0,3752 32,0
5 13 0,08 0,3977 33,9
6 15 0,51 0,3503 29.8
7 17 10,93 0,2589 22,0
8 19 1,36 0,1582 13,5
9 21 1,78 0,0818 7.0

3. CpaBHUM SMITUPUYECKHE U TEOPETHUECKUE YacTOThl. COCTaBUM pacyeTHYIO TaONuUILy, U3

2
2 S(m—m)
Iﬁﬂﬁﬂ = E —|

o o = M
KOTOpPOIi HalijieM HabII0JaeMoe 3HaYeHNE KPUTEPHUS] =1

i "y 7 S

”
1 15 9,1 5,9 34,81 3,8
2 26 16,5 9,5 90,25 5,5
3 25 253 0,3 0,09 0,0
4 30 32,0 2,0 4,0 0,1
5 26 33,9 7,9 62,41 1,8
6 21 29.8 8,8 77,44 2,6
7 24 22,0 2,0 4,0 0,2
8 20 13,5 6,5 42,25 3,1
9 13 7,0 6,0 36,0 5,1

Cymma 200 2

Ynatn=07 2

[lo TaGmnHIe KPUTHIECKUX TOYEK PACTIPEACICHHS 4  (IPHIOKEHHE 6), [0 yPOBHIO
3HaynmocTu a = 0,05 u unciy crenener cBo6oasl k =s — 3 =9 — 3 = 6 HaxoIUM KpUTHYE-
2
CKYIO TOUKY IPaBOCTOPOHHEH KPUTUUECKOH 0bIacTu trp (0,05; 6) =12,6.



7 2
T .
Tax Kak * #a6n =22,2> *“* = 12,6, rumotesy o HOpMaTbHOM PACHPEICICHUN ITeHePATbHOM
COBOKYITHOCTH OTBepraem. /[pyrumu cioBaMu, SMOUPUUECKUE U TEOPETUUECKUE YACTOTHI
pa3nuyaroTCs 3HaYMMO.

IIpumep 4: [IpeacraBiieHbl CTATUCTUYECKUE JAHHBIE.

PesynbraTel n3mepenuii quamerpoB n = 200 BasJkoB nocie MU OoBKH 00001IIeHbI B Ta0II.
(MM):

Tabnuua YacTOTHBIN BapHallMOHHBINA PsIJl AUAMETPOB BAJIKOB

i 1 2 3 4 5 6 7 8
X1, MM 6,68 6,69 6,7 6,71 6,72 6,73 6,74 6,75
ni 2 3 12 6 11 14 30 25
i 9 10 11 12 13 14 15 16
X1, MM 6,76 6,77 6,78 6,79 6,8 6,81 6,82 6,83
ni 27 31 14 8 5 6 5 1
Tpebyercs:

1) cocTaBUTh AUCKPETHBIN BapUallMOHHBIN PAJl, TPU HEOOXOAUMOCTH YIOPSAIOUUB €r0;

2) onpeaenuTh OCHOBHBIE YHCIIOBBIE XapaKTEPUCTUKH PAJIA;

3) nath Tpaduueckoe MpeACTaBICHUE Psi/ia B BUJIE MOJUTOHA (THCTOTPAaMMBI) pacpeieIeHuUs,
4) mOCTPOUTH TEOPETUYECKYIO KPHUBYIO HOPMAJILHOT'O PACIPECTICHHS U IPOBEPUTH COOTBET-
CTBHE IMITUPUYECKOTO U TEOPETUUECKOTO pactpeaeneHuil no kpureputo [Tupcona. [Tpu mpo-
BEPKE CTATUCTUYECKOU TUIIOTE3bI O BUJIE PACTIPEICIICHUS IPUHATh YPOBEHb 3HAUMMOCTH a =
0,05

Pemienne: OCHOBHBIE YHMCIIOBBIE XapaKTEPUCTUKHU JTAHHOT'O BapUAIL[MOHHOTO psAJa HallieM 1o
onpezaenenuto. CpenHuii AMaMeTp BAJIKOB paBeH (MM):

1 16 1 M

— 2o Ry dony(x - x,)°
Xep = a1 = 6,753; ucnpapiennas gucnepcus (Mm2): D= "7 & =

0,0009166;

HCITPaBJIECHHOE CpeIHEee KBaIpaTHIeCKoe (CTaHAapTHOE) OTKJIOHEHHE (MM):S = N"{E =
0,03028.

40

30 - . *

20 4

Yacmmoma

6.65 6.7 6.75 68 6.85
Hduamemp sanka X, mm

Puc. YactoTHOE pacnipenienieHue 1uaMeTpOB BaJKOB

HcxonHoe («cbIpoey) 4acTOTHOE paclpeieIeHHe BApUAlMOHHOTO PsJia, T.€. COOTBETCT-
BHE Ni(X1), OTIIMYAETCS JOBOJBHOE OOJBIIMM Pa30opoCcOM 3HAUYCHUM Ni OTHOCUTEILHO HEKOTO-
PO TUIIOTETUYECKON «yCPEIHSIOLIEN» KpUBOH (puc.). B 3TOM citydae mpeAno4YTuTenbHo mo-
CTPOUTH U aHAJIU3UPOBATH HHTEPBAJILHBIN BApUAIIMOHHBIN s, 00bEIUHSS YaCTOThI IS
JMaMETPOB, NMONAAAIOIINX B COOTBETCTBYIOLINE UHTEPBAJIBI.
Yucno natepBanbHbIX Tpynn K onpenenum no popmyne Crepmxecca:
K=1+log2n=1 +3,322lgn, rne n = 200 — 00bem BbIOOpKH. B Hamem cirydae
K=1+3,322x1g200 =1 + 3,322x2,301 = 8,644 » 8.



[[Inpuna naTepsana pasHa (6,83 — 6,68)/8 = 0,01875 » 0,02 mm.
WHTepBanbHbIi BapHallMOHHBINA PsiJ IPEACTaBICH B Ta0I.

Tabnuua YacTOTHBIN HHTEPBANbHBIM BapHALMOHHBINA PsIJI AMAMETPOB BAJIKOB.

k 1 2 3 4 5 6 7 8
xk, | 6,68 — 6,70 — 6,72 — 6,74 — 6,76 — 6,78 — 6,80 — 6,82 —
MM 6,70 6,72 6,74 6,76 6,78 6,80 6,82 6,84
nk 5 18 25 55 58 22 11 6

VHTepBasIbHBINA psii MOXKET OBITh HAIVIAHO MPEICTABICH B BUAE TMCTOrPaMMbI YaCTOTHOTO
pacnpeneseHusl.

80 -

60 -

40 4

Yacmmoma

20 -

0 T LI Bk S B | T T (i B B —
6,65 6.7 6,75 6.8 6,85 6.9
HAuamemp eanxa X, mm

Puc. YactoTHOE pacnipenenenne 1uaMmeTpoB BaakoB. CIUIONMIHAS JIMHUS — CTJIa)KUBAIOIIAs
HOpMaJbHas KpUBasl.

Bun rucrorpaMmbl O3BOJISIET CAETATh MPEANOTI0KEHHE O TOM, UTO pacipeeeHne
JTUAMETPOB BAJIKOB IMOAYMHSCTCS HOPMAIBHOMY 3aKOHY, COTJIACHO KOTOPOMY TEOPETHYECKHE
4acTOThI MOTYT ObITh HalJIEHBI KaK
nk, Teop = nXN(a; s; Xx)XDxk, TZI€, B CBOIO 04epe/ib, CTIIAKHUBAOIIAs TayCCOBa KpUBasi HOP-
MaJIbHOTO pacrpeieNeHus onpenensercs BeipakenneM: N(a; s; xk)

1 (7 — “:‘2
= w% o 2e”

B sTux BIpaskeHUsAX XK — IICHTPHI UHTEPBAJIOB B YaCTOTHOM MHTEPBAJILHOM BapHAIIIOHHOM
psze.

Hampumep, x1 = (6,68 + 6,70)/2 = 6,69. B kadecTBe OIIEHOK LIEHTpA a U TTapaMeTpa S
rayCCOBOM KpUBOW MOYKHO IIPHUHSATB: & = Xcp.

W3 puc. BUAHO, 4TO rayccoBa KpUBasi HOPMAILHOTO PACIPEIEIICHHUS B 1[EJIOM COOTBETCTBYET
SMIIUPHUUECKOMY HHTEPBAILHOMY pacrnipeaeneHuio. OQHaKo cielyeT yA0CTOBEpUTHCS B CTa-

TUCTUYECKOM 3HAUMMOCTH 3TOI'0 COOTBETCTBHSI. I/ICHOHBSyeM AJI IPOBCPKU COOTBETCTBUSA
SMIUPUYECKOTO pACIPEACIICHUS SMIIMPUIECKOMY Kputepuil cornacust [Tupcona. st aToro

2
8 ("2.&. - nk‘meap}

EMp—

- Fd
CIEAYET BBIYUCIUTD SMIIMPUYECKOE 3HAUCHUE KPUTEPUS KaK CYMMY = k-l .oy ,

I7I€ Nk U Nk, TEOP — IMIUPUUYECKUE U TEOPETUUYECKUE (HOPMAJIbHBIE) YaCTOTHI, COOTBETCTBEH-
HO. Pe3ynbTarel pacueToB yJ00HO NpeACTaBUTh B TAOJIUYHOM BUJIE:
Tabnuua Berancnenus kputepus [lupcona
2
Xk, MM ng ng, TCOp (ﬂk - Hk,mmp)

[Xk> Xi+1), MM
H.i;,mm_r

6,68 — 6,70 6,69 5 4,00 0,25



6,70 — 6,72 6,71 18 14,57 0,81

6,72 — 6,74 6,73 25 34,09 2,42
6,74 — 6,76 6,75 55 51,15 0,29
6,76 — 6,78 6,77 58 49,26 1,55
6,78 — 6,80 6,79 22 30,44 2,34
6,80 — 6,82 6,81 11 12,07 0,09
6,82 — 6,84 6,83 6 3,07 2,80

C2oMII 10,55

Kputnueckoe 3HaueHne kputepus HaiineM o Tabmune [Iupcona [2, 3] ayist ypoBHS 3Ha-
gumocty a = 0,05 u uucna creneneit ceodowr d.f. =K — 1 —r, rme K = 8 — uncino uaTepBanos
MHTEPBAJILHOTO BapUALlMOHHOTO Psi/ia; T = 2 — YKUCIIO MMapaMeTPOB TEOPETUUECKOTO pacipeie-
JICHUSI, OIICHEHHBIX Ha OCHOBAaHWU JAHHBIX BEIOOPKU (B TAHHOM cly4ae, — mapaMeTphl a U S).

Taxum obpazom, d.f. = 5. Kpurnueckoe 3Hauenue kpurepus [lupcona ectsb Y kput(a; d.f.) =
11,1. Tak kak c25mn < C2KpUT, 3aKJII0YAEM, YTO COTJIACHE MEXIY SMIUPUUECKUM U TEOPETHU-
YECKUM HOPMAJIbHBIM PacIpeielIeHUEM SIBIISIETCSl CTATUCTUYECKUM 3HAYMMbIM. MIHBIMU cllo0-
BaMU, TEOPETUYECKOE HOPMAJILHOE paclpeiesieHue Y0BIETBOPUTEIHLHO OMUCHIBAET IMITUPH-
YECKHUE JIaHHBIE.

IIpumep5: KopoOku ¢ MI0KOTIaI0M yIIaKOBBIBAIOTCA aBTOMaTHUecKu. [1o cxeme coOCTBEHHO-
ciydaitHoi 6ecioBTopHOM BEIOOPKH B3sTO 130 13 2000 ymakoBoK, Coepk aIiuxcsi B TapTHH,
U TIOJIyY€HBI CIICAYIOUINE JaHHbIe 00 UX Bece:
Bec ynakoBku (rp.) | Menee 975 | 975-1000 1000-1025/1025-1050 bonee 1050 Beero
Yucno ynakoBok 6 38 44 34 8 130

)
TpeOyeTcst uCroNb3ysi KpUTEPHUIt r - [Tupcona npu ypoBHe 3Haunmoct a=0,05 npoBeputh

TUIIOTE3Y O TOM, YTO Clly4aiiHas BeaudrHa X — BEC YIIAaKOBOK — paclpe/eseHa 110 HopMab-
HOMY 3aKkoHy. [TocTpouTth Ha 0JJTHOM rpaduKe TUCTOTPAMMY AMITUPUIECKOTO pacTIpeieICHUs
U COOTBETCTBYIOIIYIO HOPMAJIbHYIO KPUBYIO.

Pemenue

1=1012,5 §°=615,3846
[Ipumeuanue:

B npunnune B kayecTBe JUCIEPCUU HOPMAJILHOTO 3aKOHA PACIPEACIICHUS CIEAYET
B3SITh UCITPaBJICHHYIO BEIOOPOUHYIO auctiepcuto. Ho T.x. konmdecTBo HabmoaeHuit — 130

2

J0CTAaTO4YHO BCJIHUKO, TO HOHOﬁHeT u «O6BIqHaH» g,
Taxknm 06p330M, TEOPECTUUCCKOC HOPMAJIBbHOC paCIpCACICHUC NMECT BU/:

1 jr=f

2“_!
Jema
2 —

noxacrapasgem a= 10125 & =615,3846 G =24.8069
f':x:l — I:l U 1 60319 E—U.Uﬂﬂglﬂix—lﬂlﬂjf

Jlig pacuera BEpOSATHOCTEN P; MONAJAaHNS CIy4aliHON BEJIMYMHBI B UHTEPBAI [X; ; Xi+1] UC-
nosib3yeM ¢GyHkuuro Jlamnaca:

ooz}

i o ]

@[xm —1:112,5J ) (p[x, —1n12,5ﬂ
|\ 24,3069 24,3069

B HAIICM CJIy4ac MoJIydacMm:

Jix)=

e

pl(xl gXiIH()z

plx, €X <x I

b= B




p.(050 < ¥ <975~ %[@(— 151)- o(-252) = %[n,aaaa — 0,869 ] = 0,0597
p.(075 < ¥ <1000)~ %[@(— 05)-&(-1,51)]= %[u,aﬁg ~0,3829]=0,2431
£,{1000 < ¥ <1025 )= %[@[ﬂ,j )-o(-05)= %[n,sszy + 03829 = 03829

2,(1025 € ¥ <1050 )~ %[@(1,51]— o{05) = %[n,aﬁg - 0,3829] = 0,2431

£,{1050 < ¥ <1075 )= %[@[2,52 )-2{1,51)]= %[9,9333 - 0,369] = 0,0597

[Mpumeuanue: Takue CHMMETPUYHBIE BEPOSTHOCTH MOMYUMIHCH U3-32 TOTO, YTO [0 HAIIUM
HAYaJIbHBIM YCIIOBUSAM BBIOOPOYHAS CPETHSIS ITOTAIa TOYHO B CEPEIMHY CPEIHET0 HHTEpBaIa
BBIOOPKH.

CocraBum TabIUILY:

nrepan OMIIIpUYECKHE Yac- BepostTHocTH Teopernueckue yac- ' [H, - np, )’
[xi ; xi+1] TOTEI pi TOTH (ni- n
ni npi npi)2 Z,
Menee 6 0,0597 7,761 3,101 0,3996
1
975
2 1 975-1000 38 0,2431 31,603 40,922 | 11,2949
3 |1000-1025 44 0,3829 49,777 33,374 0,6705
4 11025-1050 34 0,2431 31,603 5,746 | 0,1818
5 | boinee 8 0,0597 7,761 0,057 | 0,0073
1050
¥ 130 0,9885 128,5 1 =255
HTtoro, 3HaueHne CTaTUCTUKU X =255 .

OTpe/ennM KONYECTBO CTeNeHeit cBoGos! o dopmyne: # =1 =1 =1,
m — YUCJI0 UHTEPBATIOB (M = 5), r— YHUCIIO MapaMeTPOB 3aKOHA paclpeeieH s (B HOpMaslb-
HOM pacnpenenenun r = 2) T.e. k = 2.

CoOTBETCTBYIOIIEE KPUTUICCKOE 3HAUCHNE CTATUCTHKHU

kil

T
[Tockonbky Kosea > X , TATIOTE3a 0 HOPMAJIbHOM Paclpe/IeNICHUH ¢ TapaMeTpaMu
N(1012,5; 615,3846) cormacyercsi ¢ ONBITHBIMA JaHHBIMH.



Huxe nokazana ructorpaMma SMIUPUYECKOTO PACHpPEEsICHNs U COOTBETCTBYIOMIAsI HOP-
MaJjbHas KpUBasi.

/

1025-1050

Menee 975 a7 5-1000 1000-1025 Eonee 1050

3. Onenka mapaMeTpoB HEU3BECCTHOI'O pacrpeac/JiCcHUus. BblpaBHI/lBaHI/Ie paaoB

IIpumep. C nenpio ucciaeroBaHus 3aKOHA pacipeieleHns OIUOKU W3MEPEHUS TaJTbHOCTHU C
MOMOIIIbIO pafiofanbHOMepa pousBeaeHo 400 usmepeHuit JabHOCTU. Pe3yabTaThl ONBITOB
MPEJICTaBJICHBI B BUIE CTATUCTUYECKOrO psijia:

I {2e) 20,30 30,40 40,50 20,60 60700 70,80 a0, 90 90,100
7 21 72 66 38 51 56 ti} 32
p* 0,052 0,120 0,165 0,085 0,128 0,140 0,160 0,080

BBIpOBHATH CTATUCTUYECKUN PAJT C TOMOIIBIO 3aKOHA PABHOMEPHOW IMJIOTHOCTH.
Pemrenne. 3aKk0H paBHOMEPHOH IIIOTHOCTH BBIpakaeTcst GopMyIioi

1
S-o

0 mpux<aunuzx>j

npu & <x < 4,

Y 3aBHCHT OT JIBYX [TapaMeTpoB & u £ Iu napameTpbl ClIeIyeT BhIOpaTh Tak, 4TOOBI CO-

XPaHUTh IE€PBBIC ABA MOMCHTA CTATUCTUUYCCKOI'O PACTIPCACICHUA —
*+ -

Ly
MATEMATUYECKOE OKUIAHUE ¥ U AUCTICPCUTIO ¥ NmeeMm BBIpaXKEC-
HUs MAaTEMATHYCCKOI'O OKHMAAHWA U JUCIICPCHUH JIs1 3aKOHa paBHOMepHOfI IIJIOTHOCTH:

o+ 8
i, = :
x H]
2
y
(8-«
e
12
ﬂﬂﬂ TOTrO, qTOO0BI YIIPOCTUTD BBIYUCICHUSA, CBA3aAHHBIC C OIIPCACICHUEM CTaATUCTUICCKUX MO-
XD = 60

MeHTOB, HepeHeceM Ha4dyaJIo OTCcUucTa B TO'-IKy
psana ero cepeauny. Pan pacnpeneneHus UMEET BUJL:
# |—35 |—25 -15 |—5 | 5 | 15 | 25 | 5

Y IIPUMEM 32 MIPEJICTaBUTEINS €ro pas-

1
o |0,052 |0,180 0,165 |0,095 |o,128 |r:|,14n |0,160 |U,080
1

=t
X i
rac ro- CpE€aHEC I paspsaaa 3HAUCHUC OILIMOKH paguoaalbHOMEpPaA e IIp1 HOBOM Ha4dajic
oTcyeTa.
HpI/I6J'II/I)KeHHOG 3HAYCHHUE CTATUCTHYCCKOTI'O CPEAHETO OILINOKHA X' PaBHO:
k

=S ip) = 0.26
=1



k
* » 2 +*
G =2 (%) b =447.8
BTOpOii CTATHCTHYECKUI MOMEHT BEJIMYHHbI - PaBeH: 1=1 ,

OTKyI[a CTaTHUCTHUYCCKAA gI/ICHeQCI/IH:
* * * 2 i)
D= - (mx) — 4477

IIepexond k nmpekHEMY Hadyally OTCUYETa, II0JIy4lMM HOBOE CTa-

TUCTHYECKOC CPEAHEC!

* +
= = ':l
iy = i+ 60=60,26 Ty 7€ CTATHCTHYECKYIO JIUCIIEPCHIO:

D, =D, =447.7

[TapameTpsl 3aKOHA PaBHOMEPHOM TIJIOTHOCTH OMPEAEIISIIOTCS
YpPaBHEHUSAMU:

i

-
arb_coas B a5

12 _
Pemast 3Tu ypaBHEHUS! OTHOCUTENBHO & 1 8 , umeeM: & ¥ 23,6, G863 ,
OTKyZa

F{x)=——=— %0013
G-a 733

Ha puc. 1. noka3anbl THCTOrpaMMa U BIPABHUBAIOLINN €€ 3aKOH paBHOMEPHOH

IUIOTHOCTHU 7 (%) .

2.3.3 Pe3yabTaThl M BBIBOABI: B pe3ynpTaTe NpoBEIEHHOTO 3aHATUS CTYACHTHI:

- OCBOWJIM OCHOBHBIE IOHATHSI TEOPUH IPOBEPKH CTATUCTUUECKUX IMIIOTE3;

- YCBOWJIN QJITOPUTMBbI IPUMEHEHMSI CTATUCTUUECKUX KPUTEPUEB;

- BBIpaOOTaIM HABBIKU 10 pUMeHEeHuto kputepus [Tupcona;

- YCBOWJIM OCHOBHBIE METO/IbI M aJITOPUTMBI BBIPaBHUBAHUS CTATUCTUYECKUX PAIOB.

2.4 llpakTuyeckoe 3anaTue Ne 7-9 (6uaca)

Tema: Ouenka TecHOTH cBs3u. Koppensmums. JIMCIIEpCHOHHBINA aHAU3 ¢ HCIIOIB30BAHHEM TaOIIHI
Excel. Ananu3s TaOiuIl CONPSAKCHHOCTH.

2.4.1 3apanue nis padoThbI:
1. Ouenka TecHOTHI cBsi3u. Koppemnsiuus.
2. I[I/ICHepCI/IOHHHﬁ aHaJINn3 C UCITIOJIb30BAHUEM Ta6J'II/II_I EXCCI. AHaJ'II/I3 Ta6J'II/ILI COIMPAKCHHOCTHU.

2.4.2 KpaTkoe onucanue nNpoBOANMOIO 3aHATHS:

OmnpeneneHne TECHOTHI CBA3H MEXKIy Pe3yIbTaTUPYIOMIUM (akTopoM H (hakTopamu,
BIIMSIOIIMMH Ha HETO, @ TAKXKE TECHOTHI CBSI3M MEXX/Y CAMHMH BIUSAIOMNME (haKTOpaMu



Ta6mumua 11. McxonHsle naHHbIE

e Bnusromue (baKTopH
8 m S - b g8 |& : S 4
N 2 M E 2o e 85 | o & o 5 m;ﬁngm
= o g = S g 2 | 0 X Q ORI EE° |z o0&
Ne 82 | 8% | e%| 55| E5 |28l 22E 228
wno | E2E | S5 22| 25| Bg |Bc T |EE8|253|%:z
28| ZF | 25| E8| ZE|Eg |2E |2Ef[s%°
g s o B = A= | S8 g o > - 5 3
> = © a2 SR i Ll
1| 122 54,0 600 0,81 2,00 20,0 1,6 11,6 51
2 114 70,8 400 0,50 1,40 38,0 9,6 12,3 60
3] 11,1 160,0 602 2,25 3,10 22,0 3,5 6,0 55
4 21,1 110,0 680 1,50 1,75 9,6 3,0 42,0 86
5/ 10,8 71,0 450 0,76 1,68 40,0 26,5 8,0 55
6/ 11,1 75,0 420 0,65 1,10 32,0 13,0 26,1 61
7] 13,9 60,0 380 2,14 1,80 25,0 5,2 7,9 72
8 9,0 64,4 450 0,80 1,90 30,0 5,0 223 50
9] 17,0 120,0 715 1,31 2,55 7,0 0,5 40,0 92

10 11,7 64,0 350 0,69 1,56 31,0 8,0 35,0 45

11 10,6 70,0 410 1,12 1,80 26,4 14,2 15,2 61

12 12,7 62,5 500 1,58 1,78 21,5 24,0 20,0 84

13 14,0 55,0 620 1,05 1,40 33,6 6,1 12,4 78

14 12,5 60,0 550 0,90 1,70 19,0 60,0 15,0 72

15 12,1 85,0 550 0,70 1,60 40,0 9,0 2,0 76

16 12,0 70,0 560 0,75 1,86 20,0 1,0 13,0 60

17 15,8 108,0 420 0,74 1,23 18,5 4,7 25,0 86

18 12,6 85,0 680 0,90 2,31 32,6 8,4 17,4 81

19 27,3 147,0 621 0,70 3,75 1,58 0,5 9,9 92
20 18,9 78,0 480 1,12 2,68 40,0 12,8 8,6 90
21 14,3 55,6 568 0,88 1,74 18,8 2,5 6,0 96
22 8,8 45,4 340 0,68 1,01 26,0 48,4 12,5 54

23 13,5 68,0 508 1,32 2,14 42,4 11,0 10,6 74

TecHoTa U HamnpaBiIeHUE ITAPHON JTUHEHHON KOPPEIALIMOHHOM 3aBUCHUMOCTHU IIEPEMEH-
HeIX X U Y ompenensercs ko3dduuuentom koppensauu. OH NpUHUMAaET 3Ha4eHus oT —1 10

+1. Ilpu |r| 20,75 cBs3b TecHas, (akTop, OKA3bIBAIOIINI BIUSHUE HA PE3yIbTHUPYIOIIUHN TO-

KazaTenb JocToBepeH. [lpu |r| > 0,25 cBsI3b MPAKTUYECKH OTCYTCTBYET U PacCMAaTPHUBACMBIN

(bakTop cienyeT UCKITIOUUTD.
CBsi3b MEXKAY PE3yJbTUPYIONIUM U BIUSIOMUMHI (HAKTOPaMU OTPAXKAETCS YpaBHEHUEM
MHO>KE€CTBEHHOMW JIMHEMHOUN perpeccun:
Y=A0 + A]X] + A2X2 +...+ Aan 5
rae A,— CBOOOIHBIN YjieH ypaBHEHUS, SKOHOMHUYECKOW HHTEPIIPETAIlN HE UMEET;
AA,,... Ay — K03QPUIMEHTHI ypaBHEHHUS, TTOKA3bIBAOIINE HA CKOJIBKO U3MECHHUTCS
Pe3YABTUPYIOMIHK (PaKTOP MPU U3MEHEHUH BIUSIONIIETO HA CIUHHUILY;
Xy, Xa,...,Xn — 3HAYCHHUSI BIUSIOMUX (PAKTOPOB.
B pesynbrare perieHus 3aaaun ¢ moMoIisio “Regma’ ObLIN MOTYYEHBI CICTYIONTHE KO-
3¢ ULMEHTH ypaBHEHUST MHOXXECTBEHHOW JIMHEWHOM perpeccuu:

A[0]= 3.3854 A[3]= -1.7198 A[6]= -0.0252
A[1]= 0.0101 A[4]= 2.9394 A[7]=  0.0501
A[2]= -0.0076 A[5]= -0.0764 A[8]= 0.1559

[TpuBeneHHOE 3HAYCHUE CPETHETO KBAPATUYECKOTO OTKIOHCHUS (DAKTHUECKUX 3HAYE-
HUM pe3yJbTUPYIONIErO MOKa3aTeNsl OT €ro BIYMCICHHBIX 3HaueHuid = (.1376.

Koadduunent MuoxxectBeHHOM koppemsauuu = 0.89.

Koaddumnment ngerepmunarum = 0.79.




[lepBoHauanbHO MpH pacyeTe MCIOJIBb3YIOTCS Bee (HaKTOphl, KOTOPbIE MOT'YT BIUAThH. B
MOJYYEHHBIX PE3yJbTaTaX OTPaKaeTCsl TECHOTA CBSA3U MEXKIY pe3yJbTHPYIOMUM (haKTOPOM U
(daxTopamu, BIUAOIMMH Ha Hero (I MaTpuia pe3ynbTaToB), a TAKXKE CBSI3b MEXIY CaMUMHU
BiusomuMu (pakropamu (11 maTpuiia pesyabTaToB).

Tab6muma 12
XapakTepucTUKH PSAA0B UCX0AHO MaTpulbl (I)
Cpennee Koadg. Bera-
Psn cpenHee KBaJpaTHY. SHTPOMHUS | BIACTUYHOCTD
BapHaluu K02(.
OTKJIOHEHUE
1 13,67 4,07 1,41 3,39 0,30 3,39
2 79,94 29,09 2,39 0,06 0,36 0,07
3 515,39 107,77 3,05 -0,29 0,21 -0,20
4 1,04 0,45 0,31 -0,13 0,44 -0,19
5 1,91 0,62 0,47 0,41 0,33 0,45
6 25,87 10,78 1,90 0,14 0,42 -0,20
7 12,11 14,68 2,05 -0,02 1,21 -0,09
8 16,47 10,56 1,89 0,06 0,64 0,13
9 70,91 15,37 2,07 0,81 0,22 0,59
Tabnuna 13 XapakrepucTuku psajaoB ucxoaHoii matpuust (1)
Pan Makc. 3Haue- MuH. 3HaueHUE SHTPONUSA
HUE
1 27,30 8,80 4,21
2 160,00 45,40 6,84
3 715,00 340,00 8,55
4 2,25 0,50 0,81
5 3,75 1,01 1,45
6 42,40 1,58 5,35
7 60,00 0,50 5,89
8 42,00 2,00 5,32
9 96,00 45,00 5,67
Tabmuua 14. Tabnuua napHbIX KO3 UIMEHTOB KOPPEISLIUT
napa Koag. xoppe- Omnenka cy- SHTpOmIS
JSUUU IIECTB.
1-2 0,5627 3,1928 19,9089
1-3 0,4762 2,5400 16,6867
1-4 0,0935 0,4407 7,9087
1-5 0,6006 3,5230 8,4706
1-6 -0,5608 -3,1774 12,2834
1-7 -0,3411 -1,7018 11,3714
1-8 0,1771 0,8439 11,8814
1-9 0,7180 4,8378 13,4880
2-3 0,4725 2,5148 19,2380
2-4 0,3262 1,6187 10,3819
2-5 0,6947 4,5305 10,8659
2-6 -0,4871 -2,6162 14,9084
2-7 -0,3975 -2,0319 13,8846
2-8 0,1661 0,7900 14,4323




2-9 0,3056 1,5056 16,4879
3-4 0,2068 0,9917 13,1201
3-5 0,5333 2,9570 13,7885
3-6 -0,4547 -2,3948 17,6253
3-7 -0,3327 -1,6546 16,6127
3-8 0,1326 0,6277 17,1282
3-9 0,5129 2,8400 19,0220
4-5 0,3471 1,7361 4,9801

4-6 -0,1836 -0,8759 8,8106
4-7 -0,1560 -0,7407 7,7223

4-8 -0,0148 -0,0694 8,1837

4-9 0,1656 0,7875 10,2701
5-6 -0,3767 -1,9075 9,6031

5-7 -0,3500 -1,7527 8,5241

5-8 -0,1596 -0,7585 -,0435

5-9 0,3196 1,5821 11,0907
6-7 0,1558 0,7399 12,3632
6-8 -0,3928 -2,0037 12,7037
6-9 -0,3666 -1,8484 14,8268
7-8 -0,1351 -0,6395 11,7162
7-9 -0,1905 -0,9100 13,8091
8-9 0,0661 0,3107 14,2763

B I matpurie otOpakoBbIBaroTCs (haKTOphI, HE BIMAIONIME WM MaJIO BIHSIOIINE HA pe-
3yJIbTUPYIOIIMI (|r| <0,25), a Bo Il maTpuie HCKIIOYAeTCs MYJIbTHKOPPEIIPHOCTh, O3HA-

yaromas, 4To (PaKToOpbl SABISIOTCS PE3yJbTaTOM APYT Jpyra (|r| >0,75). Jlnsg ucCKIIOYCHUS

OJIHOTO U3 JIBYX BJIHSIOMUX (PAKTOPOB HEOOXOAUMO ONPEACIIUTh, KAKOW U3 HUX UMEET MEHb-
IIYIO0 TECHOTY CBSI3U C Pe3yIbTHPYIOMIHNM (paccMaTpuBaeTcs Marpuna I).

B I marpunie uckmouarorcs 4 u 8 gaxtopsl (T. K. 1 ¢hakTOpoM SBISIETCS YPOIKAWHOCTb,
CJIeI0BaTENbHO, UCKIIoUatoTes X3 U X7). Bo BTopoit uckiouarh HUUero He npuuuiock. [lo-
CJI€ UCKITIOUCHHS MaJjIo3HAYAIINX W MYJbTUKOPPEISAIIMOHHBIX (PaKTOPOB CHOBA MPOU3BOIUTCS
00paboTKa UCXOAHON YHCIOBON MATPHUIIBI.

A[0]=  4.4290
A[1]= 00114
A[2]= -0.0069
A[4]=  2.1302
A[5]=  -0.0967

A[6]= -0.0297
A[8]= 0.1508



[IpuBeneHHOE 3HAUYCHUE CPEAHETO KBAJAPATHUECKOTO OTKJIOHEHHS (DAKTHUECKUX 3HAUYCHUMN
PpE3YJIbTUPYIOIIETO MOKA3aTeNs OT €r0 BHIYMCICHHBIX 3HaUeHur = 0.1508

Koadpdpunment muoxxectBeHHoit koppemnsiuuu = 0.86

Koaddurnuent gerepmunanuu = 0.74

Tabmuna 15. XapakTepucTuku psaoB UCXoqHoM MaTpuibl (1)

Cpemiee Koad. bera-
Psin cpenHee KBaJ[paTHY. SHTPOMHUSL | 3IACTUYHOCTD
BapHaluu K02(.
OTKJIOHCHHE
1 13,67 4,07 1,41 4,43 0,30 4,43
2 79,94 29,09 2,39 0,07 0,36 0,08
3 515,39 107,77 3,05 -0,26 0,21 -0,18
5 1,91 0,62 0,47 0,30 0,33 0,33
6 25,87 10,78 1,90 -0,18 0,42 -0,26
7 12,11 14,68 2,05 -0,03 1,21 -0,11
9 70,91 15,37 2,07 0,78 0,22 0,57
Ta6muma 16. Tabnuma napHbIX K03GOUITMEHTOB KOPPETSITUN
napa Koad. koppe- OreHka cy- SHTpOMIS
JIATINHU IIEeCTB.
1-2 0,5627 3,1928 19,9089
1-3 0,4762 2,5400 16,6867
1-5 0,6006 3,5230 8,4706
1-6 -0,5608 -3,1774 12,2834
1-7 -0,3411 -1,7018 11,3714
1-9 0,7180 4,8378 13,4880
2-3 0,4725 2,5148 19,2380
2-5 0,6947 4,5305 10,8659
2-6 -0,4871 -2,6162 14,9084
2-7 -0,3975 -2,0319 13,8846
2-9 0,3056 1,5056 16,4879
3-5 0,5333 2,9570 13,7885
3-6 -0,4547 -2,3948 17,6253
3-7 -0,3327 -1,6546 16,6127
3-9 0,5129 2,8400 19,0220
5-6 -0,3767 -1,9075 9,6031
5-7 -0,3500 -1,7527 8,5241
5-9 0,3196 1,5821 11,0907
6-7 0,1558 0,7399 12,3632
6-9 -0,3666 -1,8484 14,8268
7-9 -0,1905 -0,9100 13,8091

I'padmueckoe oTo0paxkeHHe CBSI3H MeKAY pe3yJbTHPYHOIIUM (PAKTOPOM M (PaKToO-
POM, B Han0OJIb1IEH CTENeHH HA Her0 BJAMSIOLIAM

[To pe3ympraraM TOBTOPHON OOpaOOTKHM HMCXOJHOW UYHCIOBOM MaTpPHIIBl OIMPEAEIIeTCS
(axTop, UMEIOIHIf HanOobIIIee BIUSHIE HA Pe3yIbTUPYIOUIHHA (BeTrnuruHa K03 hUIIMeHTa Kop-
pensiuu 6mu3ka K 1). B ganno# matpure 3to 9 dakrop. [laker mporpammasix cpeacts “Coreg”
MO3BOJISIET HATJISAHO OTPA3UTh CBSI3b MEXIY PE3YJIbTUPYIOMUM (aKTOpOM U (aKTOPOM B Hau-
0O0JIbIICH CTENIEHN HAa HErO BIHSIOLINM.



I'padmix 3aBHCHMOCTH MEKTY Pe3y IbTUPYIOLIM (aKTOPOM U (JAKTOPOM, B HANOOIbLLEH
CTeleH! HA Hero BJIMSTIOLIMM
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2.4.3 Pe3yabTaThl U BHIBO/bI:

1. JIroboMy MpoU3BOACTBY MPUCYIA B HEKOTOPOM CMBICIIE IPOTHBOPEUHBasi 0COOEHHOCTh
- C IOMONIBIO OAHUX U T€X K€ MPOU3BOJICTBEHHBIX PECYPCOB HAa PABHOLIEHHBIX T10 TIJI0JI0POIUIO
3eMJISIX IOCTUTaTh PA3IUYHOrO ypoBHs 3dexTta. IT0 TpedyeT MHOTOBapHaHTHOTO MOAX0/a K
M3YYEHUIO CIIOCOOOB OpraHU3alluy MPOU3BOACTBA. B HOBBIX SKOHOMUYECKUX YCIOBUAX X035~
CTBOBaHMsI, Bce OoJiee ycyryOmstomieiics mpoOaemMbl ONTUMAIBLHOTO pacipeiesieHus OrpaHryeH-
HBIX PECypCcoB, 00ecreueHrss KOHKYPEHTOCIIOCOOHOCTH MPEANPUATHS, MHOTOBAPUAHTHOCTD U
CHUCTEMHOCTb CTAHOBSITCS OCHOBHBIMH MPHUHIMIIAMHU B YKOHOMUYECKUX MCCIIEIOBAHUSAX U Opra-
HU3aIUU TPOU3BO/ICTBA.

YMeHue mareMaTudecku copMyIupoBaTh SKOHOMUYECKYIO 3a7auy, PEIIUTh U IPOBECTH
aHaJIN3, KOPPEKTUPOBKY ONTUMAIIBHOTO IJIaHa, 000CHOBATh YIPAaBIEHYECKHE PEUICHUS Ha BCEX
YPOBHSIX X03HCTBEHHOM HepapXuH, CTAHOBATCS 0053aTENbHBIM B PHIHOYHONW SKOHOMUKE.

2. BoNbIINHCTBO SIBIEHUI U IPOLIECCOB B AKOHOMHUKE HAaXOJATCS B IOCTOSIHHON B3aMMHOMN
U BCEOXBaThIBaroIIel 00bEeKTUBHOM CBS3U. VccreoBanne 3aBUCUMOCTEN 1 B3aUMOCBSI3EH MEX-
1y 00BEKTHUBHO CYIIECTBYIOIIMMU SIBICHUSAMH U MPOIIECCAMU UTPAET OOJBUIYIO POJIb B YKOHO-
muke. OHO JJTaeT BO3MOXHOCTH TTy0XkKe MOHSATh CI0KHBIN MEXaHU3M MIPHUUYUHHO-CIIEICTBEHHBIX
OTHONICHUN MEXNY SIBJICHUSIMH. J1JI MCCIIeOBaHVSI HHTEHCUBHOCTH, BUJIAa i (POPMBI 3aBHCUMO-
CTEH MIMPOKO MPUMEHSETCS KOPPEIALMOHHO-PErPECCUOHHBIN aHAIN3, KOTOPBIN SBIJIIETCS METO-
JUYECKUM UHCTPYMEHTApPHUEM MPH PEIICHUU 3a]1a4 MPOrHO3UPOBAHUS, TUIAHUPOBAHUS U aHATIN3a
XO3SIICTBEHHOM JEATEIBHOCTH MPEANPUATUN.

3. 3a mocnegHue AECATH JIET, HAOIIOAAETCS POCT IPOU3BOAUTENILHOCTH TPY/Ia, HO MOKa OH
MEHBIIIE POCTa 3apIJIaThI.

4. ®onmoobecnedeHHOCTh U (POHIOBOOPYKEHHOCTH MTOCTEIICHHO, HO HEYKIIOHHO BO3pacTa-
eT, 4To 00BsAcHsAeTCS pocToM cTouMocT OIID, yBenuueHneM Mionaan CelbCKOX03sHCTBEHHBIX
YTOOUN U CHUKEHUEM YHCIEHHOCTH PAOOTHUKOB.

5. B pe3ynbpTaTe npoBEeIE€HHOTO KOPPEISAIMOHHO-PETPECCUOHHOT0 aHAIN3a, CBSA3H MEXY
MIPOU3BOTUTENLHOCTRIO B (poHI000€ecTIedeHHOCTRIO Ha 100 ra riomaan ceabCKOX03siCTBEeHHBIX
yroauii, (GOHI0BOOPYKEHHOCTHIO Ha OTHOTO Pa0OTHUKA U YPOKaHHOCTHIO BBISBHIIN, UTO KPUTE-
puit @umiepa paseH 5,12,5T0 03HaYaeT 4TO BO BCEX MOJIETISAX TOCTPOCHHBIE YpaBHEHUS perpec-
CUU HE 3HAYUMBI U HA/ICKHBI.

6. CreneHb TOYHOCTH OMUCAHUS MOJIEbIO TIporiecca R - kBampar (koaduiineHT nerep-
muHanuii) pased 0,6972 MOXHO TOBOPUTH O CpPEeIHEN TOYHOCTH aNMpPOKCUMAIINH, TO €CTh MO-
JIeJIb XOPOILIO OMUCHIBAET SIBJICHUE, U BBEJICHHS HOBBIX HE3aBUCUMBIX IEPEMEHHBIX B MOJIETb HE
TpedyeTcs.

7. KoaddunueHT nerepMUHAIIMY TOKA3BIBAET, YTO HA TPOU3BOAUTEIHLHOCTD BIUSIOT (DOH-
n000ecTeyeHHOCTh, (OHIOBOOPYKEHHOCTh U YpoxKaitHOCTh Ha 69,72%.

2.5 llpakTuyeckoe 3ansaTue Ne 10-11 (4uaca)

TeMa: DkcriepTHbIC OIIEHKH B MPUKIIAIHBIX HCCIICNOBaHUSAX. PaHTOBBIN KOd(pduIeHT Koppessiuun. Ko-
3¢ punmeHT KOHKOpAAMY ISl OIIEHKH COTJIACHS SKCIIEepTOB. MeTOo ] MapHbIX CPaBHEHHN B YCIOBHUX He-
papxum.

2.5.1 3aganue njst padoThI:
1. Konkopaanus
2. Panrosas koppemnsanusi.
3. Teopus u mpakTHKa SKCHEPTHBIX OLIEHOK

2.5.2 KpaTkoe onucanue nNpoBOANMOIO 3aHATHS:
CymiecTByeT MHOKECTBO IIPOIIECCOB U SIBJICHUHN, KOJTHMYECTBEHHAs HH(POPMAIUS IS XapaKTepu-
CTUKH KOTOPLIX OTCYTCTBYCT UJIM OYCHb 6BICTpO HU3MCHACTCA.



B sTOM ciyyae nCnonabp3yr0TCsS METOABI SKCIIEPTHBIX OLEHOK, CYIIIHOCTh KOTOPBIX 3aKIII0YaeTCs B
TOM, YTO B OCHOBY IPOTHO3a 3aKJIaJbIBAE€TCsI MHEHHUE CIIEUaINCTa, OCHOBaHHOE Ha Ipodeccuo-
HaAJIbHOM, HAYYHOM U TIPAKTUYECKOM OTIBITE.

MeToa 3KcnepTHBIX OLIEHOK MPUMeEHsIeTcsl JIJIsl CPaBHEHUS KaKHX-TO MapaMeTpOB 0OBEKTOB
(Harp., KOM(OPTHOCTH CaMOJIETa, CPABHEHNE aBTOMOOMIIEH U JIp.), HAXOASIIUXCS B OJJHOM
"kacce", OIUHAKOBOM KaTeropuu, ¥ OTHOCUTCS K Pa3HOBHIHOCTH MO3TOBOTO IITypMa.
PaccMoTpuM npuMep MeT0a HIKCNEPTHHIX OLIEHOK:

1. CpaBuuBaem camosietsl bounr, Tymnoines, a3podyc, 6ombapaup, anpdaTpoc .

2. Boibupaem napamMeTpsl CpaBHEHUS.

[TapameTpoB kenareiabHO BEIOMpATH HE MeHee 4 U He Oonee 7, T.K. OoJbliee KOJIUYECTBO Hapa-
METPOB BJIeUeT pacpOKYCHPOBKY M OTCYTCTBHE YETKOTO IIOHMMAaHUs pe3ynbTaTa. To jxe camoe u
C KOJINYECTBOM CPaBHUBAEMBIX 0OBEKTOB - 0T 4 110 7.

A (bo-|b (Ty- B (A>-| I" (bom- Anp-

Ne Hapaverp Bec I/IS{F) HO(JIC}];) po(6yc) 6a§))mp) é[a(Tpoc) E
| MarucrtpaibHas

TAIbHOCTD
2 [BmecTHMOCTH
3 Pacxon TonimBa

v
4  [Komdoprt
5 CTOMMOCTB JKC-

[TyaTanuu

Cymma 1

3. lanee pacnpenensieM "Bec" mexny napamerpaMu TakuM o0pa3om, YTOOBI B CyMM€ OH ObLI
paBeH 1. Hanbosiee mpuopuTEeTHBIM apaMeTpaM Mbl BbIJIENII€M OoJibliiee 3HaUeHUE. IPHYEeM Ka-
IbIN TapaMeTp BappupyeTcs B nuamnaszone ot 0,015 o 0.3.

. A (bo-|Bb (Ty- B (A»-| I" (bom- | [I (Aub-
Ne Hapamerp Bec WHT) |moJsieB)|poOyc)| 6apaup) | 6aTpoc) E
| MarucrtpaibHas 0.2
NaIbHOCTh
2  |BmecTHMOCTH 0,15
3 Pacxon TonimBa 0.25
v
4 |Komdopr 0,15
5 CTOoMMOCTB 3KC- 0.25
[TyaTanuu
Cymma 1

4. 3amaeM OnuUCaTENbHYIO0 CPABHUTEIBHYIO YaCTh J1s1 OOBEKTOB (CaMOJIETOB):

OOBEKTHI CpaBHEHUS 10 MapaMeTpy "MakcumanbHas JaIbHOCTh" cpaBHUBaKOTCS 1o 10-
THOanbHON 1IKane. MakcuManbHoe 3HaueHue 10 6annoB npucBanBaercs, €ciiu (BO3MOXKHBIE Ba-
pHaHTHI):

a) camoJieT mpojetaeT 6e3 gozanpasku Oosee 5 000 km

0) camoseT ¢ mo3anpaBkoi mponeraet 6osiee 10 000 km

B) €CIIM JIaHHBIH KJ1acc caMoJieTa UMEET MaKCUMaIbHYIO JAIbHOCTh OECIIOCAI0UHOT0 IIEPEeTa B
CBOEM KJIacce.

[Ipu ymeHbIIEHUH pacCTOSHUS NIEpETIeTa 110 JaHHBIM IapaMeTpaM Ha Kaxple 500 kM cHUMaeT-
cs 1 Gan.



[Tapametp "CroumMocTs 3kcmryaranuu” (B HalleM CIy4ae 3TO CaMblil BaKHBII apameTp, T.K.
eMy MPUCBOEH MaKCHMaJbHBIN BeC):
Camonery npucauBaercs 10 6amioB, eciu (BO3MOYKHBIE BAPHAHTHI):
a) CTOMMOCTB JKCIUTyaTalluu camosieTa 3a kBaptan He 6osiee 100 000 nommapos

0) cTOMMOCTB FKCIUTyaTauu He npesbimaeT 10 % oT HOMHUHAIBHOM CTOMMOCTH CaMoJieTa
U Tax nanee 1o BceM mapamMeTpam.
B urore Hamra tabnuia BRIMSIIAT CIETYIOIUM 00pa3oMm:

. A (bo-|b (Ty- B (A»-| I" (bom- | I (Anb-
Ne Hapamerp Bec uHT) |moneB)|poOyc)| 6apaup) | 6aTpoc) E
1 MarucrpanbHas 0.2 9 6 10 3 7
NabHOCTD
2 [BmecTHMOCTH 0,15 7 10 10 6 8
3 i’/acxoz[ TOIIJINBA 0.25 ] 7 9 9 ]
4 MakcuManbHas 0.15 10 ] 9 ] 7
CKOPOCTH
5 CTOUMOCTbD JKC- 0.25 6 3 9 10 ]
[1yaTaluu
Cymma 1

Jlanee HE0OXOAMMO HaIIHM OAJUTBI YMHOXHUTH Ha BeC JAHHOTO mapaMerpa. B mociennuii cronberr
"E" cTaBUTCS MakcUMaJlbHOE 3HaYeHUE MoaydnuBIIuxcsa uyncel. B crpoke "CymMma" ckinaasiBaeM
cyMMy "BecoB'" mapameTpoB AJIs KaXA0ro caMoJeTa.

I (Anw0art-
Ne [TapameTp Bec A (bowunr) b (TynoneB) | B (A»pobyc) | I' (bombapamp) ) E
poc

MarucrtpanbHas

1 0,2 9*%0,2=1,8 6*0,2=1,2 10¥0,2=2 8*0,2=1,6 7*%0,2=1,4 2
1aIBbHOCTD

2  [BmectumocTs 0,15 7*0,15=1,1 |10*0,15= 1,5|10*0,15 = 1,5 6*0,15=0,9 |[8*0,15=1,2| 1,5
Pacxo TormBa

3 v 0,25 8*0,25=2 7*0,25 =1,75| 9*0,25=2,25 | 9*%0,25=2,25 | 8*0,25=2 | 2,25
MaxkcumanpHas

4 0,15 10*0,15=1,5 | 8*0,15=1,2 | 9*0,15=1,35 8*0,15=1,2 |7*0,15=1,1| 1,5
CKOpPOCTh
CTOHMMOCTB DKC-

5 0,25 6*0,25=1,5 8*0,25= 2 9%0,25 =2,25 10¥0,25=2,5 | 8*0,25= 2 2,5
[UTyaTanuu

9,35

5. Takum oGpaszom, camoiieT "B" oka3zancs cambiM 3¢ dexTuBHbIM. Jlaree Mbl yKe aHATH3HPYEM,
HAJI0 JTM HaM TIOKYTaTh camoJieT B, okazaBmmiics cambIM 3()(peKTUBHBIM, THOO , HaITpUMED,
CKJIOHHUTBCS B CTOPOHY camoiieTa I ¢ caMbIMK MaJIeHBKHMH KCIUTyaTallMOHHBIMH PACXO0/1aMH,
TaK KaK UIMEHHO 3TOT ITapaMeTp KIFOUEBOH.
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Koy¢ppuunent konkopaauuu Kenganna

Koaddumnument konkopaanuu Kennamia nunu no-agpyromy Kosddurment MHOKECTBEHHOH paH-
TOBOM KOPPEJSIIIUU HY>KEH JIJIsl TOTO, YTOOBI BBIIBUTH COTVIACOBAHHOCTH MHEHHM 3KCIIEPTOB 110
HECKOJBKUM (haKTopam.

Hanpumep, npoBenu BbI UCClIEIOBaHNUE, B KOTOPOM IMOMPOCHIIN 5 Y€TOBEK MPOPAHKUPOBATH 10
BOXHOCTH 4 pa3HbIX ¢akTopa. OHM BaM pacCTaBWIIM paHTH OT 1 10 4 1 BaM Temnepb HAJIO 3TO
aHanu3upoBaTh. BoT TyT TO 1 MoxeT noHanooutbes Koadgdpuuuent konkopaaunu Kengannaa.
Cnoco0 pacuera Koapunuenra konkopaanun Kengasia.

W= 125

m?(n3 — n)

(1), Tme m - 9uCI0 YKCIEPTOB B TPYIINIE, 7 - YUCIO PaKTOPOB,
S - cyMMa KBaipaTOB pa3HOCTEH paHTOB (OTKJIOHEHU OT CPEIHErO).
Pazbepem Ha mpumepe, B KOTOPOM 5 IKCIIEpTOB oleHmn 4 (pakTopa.

A | 8B | ¢ | bp | E
1 daw 1 daw 2 daw 3 daw 4
2 |aucl 1 3 2 4
3 |3KCc2 3 2 1 a
4 |3muc3 . ) 3 1 2
5 |3kKcd 2 3 a 1
6 [3HCS 2 . ) 1 3

m=5 n=4
Ocraetcst HaliTH cyMMa KBaJpaToB pa3HOCTEH paHros (S).
E€ Mo>xHO HaiiTu 1o 110001 U3 cieayronmx GopMy:

n i i { :r_ Em— hil].!
S=3 (Y Ry)? - —==tzumt @

i=1 j=1 n

N ™

S=202 ﬂxj—%m(ml))? (3)

F=l il
Jlnis BBIYMCIICHUS HaM HY>KHO 10OaBUTh Mapy HOBBIX CTPOK B UCX0HYIO Tabmuny (Cymma o
cTonbuy u KBaapar 310l CyMMBI).

A | 8 | ¢ | o | e | E

1 dar 1 dak 2 drak 3 dar 4

2 zucl 1 3 2 4

3 |3HCc2 3 2 1 4

4 [3mrc3 4 3 1 2

5 |3HC 4 2 3 4 1

6 |ZHCS 2 4 1 3

7 |Cymma 12 15 9 14 S0

8 |Heapgpatc 144 225 81 196 646
[To popmyne (2) momyyaem:
S=646-50"/4=21
ITo popmyne (3) momyyaem:

S=(12-12,5)2+(15-12,5) >+ (9- 12,5) * + (14 - 12,5) =21

Tenepsb cunTaeM, COOCTBEHHO TOBOPS, caM KodpuimeHTa koukopaanuu Kengamna mo popmyie
(1):

W=(12*21)/(25* (64 - 4)) = 0,168



Ecimu W < 0.2 - 0.4, 3HauuT ciabas corjlacoBaHHOCTh KCTepToB, eci W > 0.6 - 0.8,
TO COTJIACOBAHHOCTH SKCIIEPTOB CHIIbHAS.
Crnabast cOrmacoBaHHOCTH OOBIYHO SIBJISIETCS CIIEICTBUEM CIICAYIOIIUX MPUYNH:
B pacCMaTpPUBAEMOM TPYIIIE IKCIIEPTOB ACUCTBUTEIHHO OTCYTCTBYET OOIIHOCTh MHCHHIA;
BHYTPHU TPYIIIIBI CYIIECTBYIOT KOAIUIIMH C BBICOKOW COTJIACOBAHHOCTHIO MHEHHH, OJTHAKO,
00001ICHHBIC MHCHHS KOQIHUITHI TIPOTHUBOIOIOKHBI.

PAHI'OBAS KOPPEJIALIUA

Meton nuHENHON KOppesiuu IPUMEHSETCS AJI1 ONpeNeIeHUs MEpPbl COOTBETCTBUS JABYX
IIPU3HAKOB, BHIPAKEHHBIX KOJUYECTBEHHO, T.€. JJI YHUCIOBBIX BEJIMYMH. DTO MapaMeTpUUYECKUi
METO[, KOTOPBIM TpedyeT COOTBETCTBUS pacIpeleeHHs] JaHHOTO HCCIeAyeMOoro mpHu3Haka 3a-
KOHY HOPMAaJIbHOTO pacrpezeneHus. B orauune ot 3Toro Meroga, METO, paHrOBOW KOPPENIALUU
(xoppensinus CnupMeHa) IPUMEHUM K JTHOOBIM KOJMYECTBEHHO U3MEPEHHBIM WIIM PAH>KUPOBAH-
HBIM JaHHBIM. DTOT METOJ CIIOCOOEH, B OTJIMUUE OT IPYI'HX, U3MEPSTH COIIACOBAHHOCTb U3MeE-
HEHUs Pa3HbIX IPU3HAKOB Y OJIHOT'O MCHIBITYEMOTO MUJIU BBISBIATH COBIAJICHNS MHANBUAYaIbHBIX
PaAHTOBBIX MMOKa3aTeed y ABYX UCHBITYEMBIX; UM Y UCHBITYEMOTO U YCPEAHEHHBIN MMOKa3aTelNb
HEKOM TpyNIbl; WIM KaKhe-T1u00 MOoKa3aTeau B CPaBHEHUH JBYX TpyIIl. MomHOCTh K03 duim-
€HTa paHroBoi koppenaunu CnupMeHa HECKOJIBKO YCTYNAeT MOIIHOCTH apaMeTPUIECKOIro KO-
s durmenTa KoppesIuu.

Koagppuuyuenm panzoeoii koppenayuu Cnupmena - 3170 HemapaMmeTpUIECKUl METOI, KO-
TOPBIN UCIIOJIB3YETCS C LB CTATUCTUYECKOTO U3YUEHUS CBA3U MEXKAY SBICHUSIMMU.

JlaHHBIN METOA MOXET OBITh MCIIOJIB30BAH HE TOJBKO Ul KOJWYECTBEHHO BBIPAKEHHBIX
JIAHHBIX, HO TAK)X€ M B CIy4asix, KOI/Ia PErUCTPUPYEMbIE 3HAYEHUS ONPEACIIAIOTCS ONUCATEb-
HBIMM NIPU3HAKAMM Pa3IMYHON MHTEHCHUBHOCTH. [l mojcueTa paHroBOM KOppessiliMi HEOOXO-
JTUMO pacroiaraTh ABYyMs psilaMy 3HaY€HU, KOTOPbIEe MOTYT ObITh IPOPAHKHUPOBAHBI.

[Ipu ucnonp3oBaHNK KO3 HHUIMEHTA PAHTOBOH KOPPENALNUN YCIOBHO OLIEHUBAIOT TECHOTY
CBSI3M MEXIy NMpU3HAKaMH, cuuTas 3HadeHus kodpduurenta paBusie 0,3 1 MeHee, moKa3zaTes-
MU cJ1a00il TeCHOTHI cBsA3M; 3HaueHus oonee 0,4, Ho menee 0,7 - mokazaTrensiMd YMEPEHHOMN Tec-
HOTHI CBSI3H, a 3HaueHus 0,7 u Oosee - MoKa3aTeasiMU BBICOKOI TECHOTHI CBS3H.

OrpannyeHusi MeToa paHroBoi koppeJysinuu. [lo xaxnoil nepeMeHHOW JOJKHO OBITh
Ipe/CTaBICHO He MeHee 5 HaOmioneHud. BepxHss rpaHuna BoIOOpKHU — MeHblIe uiu paBHa 40.
[TomuMoO 3TUX OrpaHUYEHUH, CIEyET TaK K€ IOMHUTH 00 OrpaHUYEHUSIX KOPPEISILIMOHHOTO Me-
TOJ1a BOOOIIIE — HEBO3MOXXHOCTh OOHAPYKEHHS MPUUMHHOMN CBSI3U MEXKAY SIBICHUSIMH.

Ko dpnunent panrosoii koppesasinuun CnupmeHna.
[IpucBoum panru npusHaky Y u pakropy X. Halizem cymmy pa3HOCTH KBaJpaToB d>.
[To hopmyne BerancanM KO3 GUIHEHT paHroBoi Koppessinun CriupMeHa.

2 d?

p=1 6n3-n
X Y | panr | panr | (dy-
X,dy | Y,d,| d,)’
8 13 4 5 1
3 11 1 3 4
12 2 5 2 9
6 12 3 4 1
4 1 2 1 1
0 0 0 0 16




CBs13p Mex 1y npu3HakoM Y ¢axktopom X crabas u mpsmast
Ouenka ko3¢pduumnenta panropoi koppessiuuu Cnupmena.

3HauuMocTh KoddunmenTa paHroBoit koppenauuu CnupmeHa

Thaon = Pxy J@ =0.2 JLZ =0.35
1-p%, \J1-02

y

ITo Tabmune CThIogeHTa HAXOIUM trapy:
traen (n-m-1;0/2) = (3;0.05/2) = 3.182

[Tockonpky THaOn < trabm , TO MpUHUMAaeM THIOTE3y O paBeHcTBe 0 Ko duiienTa paHroBOH
Koppemsiiuu. pyruMu cinoBaMu, K03(QQUIIMEHT paHTOBOM KOPPETSAIUN CTATUCTUYECKH - HE
3HAYHM.

NuTepBanbHas oueHKa s K03GGuuneHTa Koppesiiuu (10BepuTeIbHbIH HHTEPBAJI).

1-p2 1-p2

(p - traon \/;1 Pt tTaﬁHT/—I:’T)

JloBepurenbHbIi nHTEpBaAN A5 K03 duimenra panrosoii koppemsun 1(-1.1661;1.5661)

ITPUMEP. 3aBucumoctb Mex1y 00bEMOM IPOMBIIITIEHHON IPOAYKLIUY U MHBECTULIMSIMU B OC-
HOBHOM KaruTtai 1o 10 obmactsim ogHOTO M3 enepanbHbix oOkpyroB P® B 2003 roay xapakre-
pu3yeTcs ClIeyIOIMMU JaHHBIMU:

(O0beM TPOMBIIITIEHHON IPOAYKIIUH, HBeCTUIIMM B OCHOBHOM KanuTal,
Oo6nacth

MIIpT PYO. MIIpT PYO.
benropoackas 64,6 10,22
bpsiHckas 21,5 4,12
Bianumupckasn|S1,1 8,58
Boponexckas (54,4 14,79
MBanosckas [20,6 2,88
Kanyxckas 35,7 7,24
Koctpomckas |18,4 5,57
Kypckas 37,1 0,67
JInnenkas 90,6 10,45
Cmonenckas 39,8 10,48

Brraucnure panrossie ko3 dunuentsl koppemnsaunu Cnupmena u Kenmona. [IpoBeputs nx 3ua-
yumocTb nipu 0=0,05. ChopmynupyiiTe BEIBOJ O 3aBUCHMOCTH MEXTy 00EMOM IPOMBIIIIICH-
HOM NMPOIYKIIMU U NHBECTULIUSIMU B OCHOBHOM KaluTaj Mo paccMaTpuBaeMbIM o0nactaM PO.

Pewenue. ITpucBoum panru npusHaky Y u gakropy X.
Pacrnionoxum 00beKTHI Tak, 4TOOBI UX paHrH o X MPeACTaBUIN HaTypalbHbI psan. Tak kak
OLICHKH, IIPUIHICBIBAEMBIE Ka)KIOM ITape 3TOro psija, MOJI0KUTEIbHbIC, 3HAYCHU «+1», BXOIs-



mue B P, OyayT nopokaaThCs TOIBKO TEMHU NTapaMHU, PAHTH KOTOPBIX 10 Y 00pa3yroT NpsaMoi
MOPSIZIOK.

Hx nerko nmoacumMtarh, COMNOCTABISS MOCIEIOBATEILHO PAHTH KaXKI0TO OOBEKTa B psALy Y C
CTaJIbHBIMH.

YnopsanouuMm JaHHbie 1o X.

B psny Y cnpasa ot 3 pacnonoxeHo 7 paHroB, IPEBOCXOIAIIUX 3, CIEI0BATENbHO, 3 TOPOIUT B
P cnmaraemoe 7.

Cnpasa ot | crost 8 panra, npesocxoasmux 1 (310 2,4, 6,9, 5, 10, 7, 8), 1.e. B P Boiiner 8 u
T.1. B utore P =37 u ¢ ucnons3oBanueM GopMyI1 UMeEM:

XY panr X, dy panr Y, dy P Q
18.4|5.57 1 3 7 2
20.6 |2.88 2 1 8 0
21.5|4.12 3 2 7 0
35.717.24 4 4 6 0
37.119.67 5 6 4 1
39.8110.48 6 9 1 3
51.1]8.58 7 5 3 0
54.4114.79 8 10 0 2
64.6110.22 9 7 1 0
90.6110.45 10 8 0 0
37 8

r=—21"8 _ 064

1 .
510(10—1)
[To ynpomeHHBIM (hOopMyIIaM:

10{10—1)

- 4-371 —0.64

1010 —1)
Jly1st TOro 4TOOBI TPH YPOBHE 3HAYUMOCTH O IIPOBEPUTH HYJIEBYIO TUIIOTE3Y O PABEHCTBE HYJTIO
reHepaibHOro K03 duumenTa panroBoit koppemauuu Kennanna npu KOHKypHpYOIei runorese
H,: t # 0,Ha10 BBIYMCIUTH KPUTHUECKYIO TOUKY:
Trp— 2 2A2n+5)

P ke[ Ong—1)

rze n - 00beM BIOOPKH; Zip - KPUTUYECKasi TOUKA JIBYCTOPOHHEH KPUTHYECKOH 001aCTH, KOTO-
pyto HaxozAT no Tabaune Gynkiuy Jlanngaca no paBeHCTBY D(zip)=(1 — a)/2.
Ecnu |t| < Ty, — HET OCHOBaHMII OTBEPTHYTh HYJIEBYIO TUNIOTE3Y. PaHroBas KoppeasnnoHHast
CBA3b MEXJly KaueCTBEHHBIMU IpU3HAaKaMu He3HauuMa. Eciu [t| > Ty, — HyseBylo TUIOTE3y
OTBepraroT. Mexxay KadeCTBEHHbIMU MPU3HAKAMU CYIIECTBYET 3HaUMMasi paHToBasi KOppesiu-
OHHasl CBA3b.
Haiiiem KpUTHYECKYIO TOUKY Zip
D(zip) = (1 - )/2 =(1-0.05)/2=0.475
ITo Tabmuue Jlamnaca HaxoauM zi, = 1.96
HaiineMm KpUTHUYECKYIO TOUKY:

221045
Thp = 1.96v’ 221045 _ g 49

9-10(10—1)
2.5.3 Pe3yabTaThbl U BHIBO/BI:
Tak kxax 1 > Ty, — oTBepraeM HyJIeBYIO TMIOTE3Y; PAHIOBask KOPPEIALUOHHAS CBA3b MEKAY

OICHKAaMU I10 ABYM TC€CTaM 3Ha4YuMasl.



2.6 IlpakTuyeckoe 3ansaTue Ne 12-13  (4uyaca)

Tema: PerpeccroHHbIE MaTEMATHYECKHE MOJAEIH. METOABI MOCTPOEHUS M CTAaTUCTUYECKOMN
orieHkH. OlLeHKa 3HAYUMOCTH KOA(D(UIIMEHTOB, aJeKBaTHOCTH MOJIEIH M OIIMOKH MPOTHO3UPO-
BaHUs. 3aja4i MHOTO(GAKTOPHOTO MOJICITHPOBAHHSL.

2.6.1 3aganue a1 padoThI:
1. PerpeccuonHble MOJEJIN IPOTHO3UPOBAHUS
2. Pacyer mapamMeTpoB ypaBHEHHUE perpeccuu. TexHOoIorus paboThl
3. Unrepnperanus k03(hHUIUEHTOB perpeccuu

2.6.2 Kparkoe onucaHue npoBoAMMOro 3aHATHUS:

Ouenka creneHu BJMSAHHUA IPOM3BOACTBEHHBIX (DAKTOPOB HA Pe3yabTAT
NPOM3BOJACTBA

BoNBIIMHCTBO SBJIEHUI U MPOLIECCOB B DKOHOMUKE HaXOIATCS B IIOCTOSIHHOM B3aMMHOH U
BCEOXBaThIBaIOIIEH 00bEKTUBHOM CBs3U. VccienoBanne 3aBUCUMOCTEN U B3aUMOCBS3EH MEKITY
00BEKTHBHO CYILECTBYIOLUMH SBJICHUSIMHU U NPOLECCAMU UTPAET OOJIBLIYIO POJIb B SKOHOMHUKE.
OHO aeT BO3MOXHOCTD I'TyOX€e MOHATH CI0XKHBIA MEXaHW3M NIPUYUHHO-CIIEACTBEHHBIX OTHO-
IIEHUH MeXay sBIeHUAMMU. J{J1s uccneqoBaHus MHTEHCUBHOCTH, BUAA U (POPMBI 3aBUCUMOCTEMN
LIMPOKO MPUMEHSETCS KOPPEISLIMOHHO-PETPECCUOHHBIN aHAIIN3, KOTOPBIN ABJISIETCS METONYE-
CKHMM MHCTPYMEHTApUEM IIPU PEIICHUH 3a7a4 IPOTHO3UPOBAaHMS, IJIAHUPOBAHMS U aHAIM3a XO-
351ICTBEHHOU JEATEIbHOCTH PEIITPUATHN.

PasznuyaroT 1Ba BUJa 3aBUCUMOCTEN MEXY SKOHOMUYECKMMH SBJICHUSMHU U IIPOLIECCAMH:

- (hyHKIIMOHANBHYIO;

- CTOXaCTUYECKYIO (BEPOSITHOCTHYIO, CTATUCTHUYECKYIO).

B ciydae ¢pyHKIMOHATBHON 3aBUCHMOCTH UMEETCS OJJHO3HAYHOE OTOOpaKEHUE MHOKECT-
Ba A Ha MHOXXecTBO B. MHOkecTBO A Ha3bIBalOT 00JIACTBIO ONpeeseH s QyHKIMH, a MHOXe-
CTBO B - MHOXECTBOM 3HaueHHH (HYHKIIHH.

@DyHKIMOHANbHAS 3aBUCUMOCTh BCTpeUyaeTcs peko. B 6oibInHCTBE ciiydaeB pyHKIUsS
(V) mn aprymenr (X) - ciydaiiHble BEIUYUHBL. X U Y NOJBEP>KEHBI IEHCTBUIO Pa3IMYHbIX CIIy-
YaiHBIX ()aKTOPOB, CPEIN KOTOPHIX MOTYT OBbITh (haKTOPHI, OOIIME ISl IBYX CIy4alHBIX BEJIU-
YHH.

Ecnu Ha cnydaiinyto BenmuunuHy A 1ercTByrOT daktopel 21,72, ..., V1,V2 ana ¥ — Z0,
Z1,Vx, K3 ..., To Hannuue AByX o0mux (HakropoB Z2 U VX MO3BOJHUT TOBOPHTH O BEPOSTHOCT-
HOM WJIM CTaTUCTUYECKOW 3aBUCUMOCTU MEXAY X U Y.

CratucTuueckoil Ha3bIBaeTCs 3aBUCUMOCTh MEX]y CIydallHBIMU BETMYMHAMU, IIPU KOTO-
poii N3MEHeHNe OJJTHOM U3 BEJIMYUH BJIEYET 3a COOOM M3MEHEHUE 3aKOHA paclpeaeIeHUs qpyron
BEJIMYMHBI.

B gacTHOM citydae cTaTUCTHYECKAs 3aBUCUMOCTbD IPOSIBIISIETCA B TOM, YTO IIPU U3MEHEHHUN
OJHOM U3 BEJIMYUH U3MEHAECTCS MaTEMaTUYECKOE OKHUIAHUE APYroil. B 3ToM cirydyae roBopsAT 0
KOPPEJSILIMY WIIH KOPPEIILIUOHHON 3aBUCUMOCTH.

Craructuyeckasi 3aBUCUMOCTb IIPOSIBIISIETCS TOJIBKO B MacCOBOM IIpoLiecce, PU OOIbILIOM
YHCJIE €AMHUL] COBOKYITHOCTH.

IIpu cToxacTuueckol 3aKOHOMEPHOCTH IS 3aJaHHBIX 3HAYECHUN 3aBUCUMOM NIEPEMEHHOU
MOYKHO yKa3aThb psiJi 3HaUeHUH 00bACHSAIONIEH IEPEMEHHOM, CllydalfHO pacCesiHHbIX B UHTEpBAJIE.
Kaxnomy ¢pukcupoBaHHOMY 3HAUEHHUIO apTYMEHTa COOTBETCTBYET OIPEeIIEHHOE CTaTUCTHYE-
CKO€ pacipeesieHue 3HaYeHUH QyHKIHUU. DTO 00YCIIOBIUBAETCS TEM, YTO 3aBUCHMAs IEPEMEH-
Hasi, KpOME BBIJICIICHHON IIEPEMEHHOM, TOIBEPKEHA BIUSHUIO Psiia HEKOHTPOJIUPYEMBIX WU
HEY4TeHHBIX (pakTopoB. [IocKOIbKY 3HaUEHUS 3aBUCUMON NEPEMEHHON MOIBEPKEHBI CIydaii-
HOMY pa30pocy, OHU HE MOT'YT OBbITh NPEACKa3aHbl ¢ JOCTaTOYHOW TOYHOCTBIO, a TOJIBKO yKa3a-
HBI C ONIPEAEICHHOW BEPOSTHOCTBIO.



B skoHOMMKE IPUXOIUTCS UMETH JIEJI0 CO MHOTUMHU SIBJICHUSIMH, UMEIOLIUMU BEPOSTHOCT-
HBIN xapaktep. Harmpumep, k 4ucity ciay4ailHbIX BEJIMYUMH MOXKHO OTHECTU CTOUMOCTB ITPOTyK-
LIUH, T0OXO/1bI IPEANPUATHS, MEXXPEMOHTHBIN NPo0 € I aBTOMOOMIIEH, BpeMsl peMOHTa 000py10-
BaHUA U T. [I.

OaHOCTOPOHHSS BEPOSATHOCTHAS 3aBUCUMOCTh MEKIY CIIy4aliHbIMU BEIMUNHAMU €CTh
perpeccusi. OHa yCTaHABINBAET COOTBETCTBUE MEKIY STUMH BEIMYMHAMM.

OHOCTOPOHHSSI CTOXACTUYECKasi 3aBUCUMOCTH BBIPAXKAETCS C MOMOIIBIO0 (DYHKIHH, KOTO-
pasi Ha3pIBACTCSA PETPECCUEH.

Buns! perpeccuii

1. Perpeccust OTHOCUTEIIBHO YUCIIa IEPEMEHHBIX:

"TIPOCTasl pErPeCCHsl - PErPeECCUs MEXAY ABYMs IIEPEMEHHBIMU;

"MHOKECTBEHHAsI PErpeccusl - pErpeccusi MEKIy 3aBUCUMOM IIEPEMEHHOM Y M HECKOJIbKHU-
MU OOBSCHSIIOUIMMU IEPEMEHHBIMU X|, X7 ... , Xr.

2. Perpeccust oTHOCUTENBHO (DOPMBI 3aBUCUMOCTH:

JMHEWHAas perpeccusi, BeIpakaeMasi TMHEHHON (pyHKINEH;

HEJTMHEHHas perpeccus, BeipakaeMas HETMHEHHOW (QyHKITHEH.

3. B 3aBUCHMOCTH OT XapakTepa perpeccuy pa3inyaroTcs CIeIyIoIIue €€ BUIbL:

MIOJIOKUTEIIbHAS PETPECCHS: OHA UMEET MECTO, €CIIH C yBETHMUEHHEM (YMEHBIIEHUEM)
00BSACHSAIOLIEH IEpEMEHHON 3HAUEHUS 3aBUCUMOM NTEPEMEHHON TaKKE COOTBETCTBEHHO YBEIH-
YUBAIOTCS (YMEHBIIIAIOTCH);

OTpHULATENbHAs PETPECCUS: B 3TOM CJIy4ae C yBEJIMUEHUEM WM YMEHBIIEHUEM 00bsIC-
HAIOLIEH IEPEMEHHON 3aBUCUMasl IEPEMEHHAs] YMEHBIIIACTCS WM YBEIIMUUBACTCS.

4. OTHOCUTENBHO TUIIA COCIUHEHMS SIBICHUN Pa3InYatoTCs:

HETOCPEJCTBEHHAs perpeccus: B 3TOM ciydae 3aBUCUMast U OOBSICHAIOLIAs! IEPEMEHHbIE
CBSI3aHbI HEMIOCPEICTBEHHO JIPYT C IPYIOM;

KOCBEHHAsl PErpeccHsi: B TOM cllyyae OOBsACHSIOIIAs IepeMEeHHas AeHCTBYET Ha 3aBU-
CUMYIO Uepe3 psJl APYTuX NepEeMEHHBIX;

JIOXKHAsl PErpeccHsi: OHa BO3HUKAET NMPH (pOpMaIbHOM MOAXO0JE K UCCIEAYEMBbIM SIBJIECHU-
siM 0e3 ySICHEHUsI TOT0, KaKie IPUUMHBI 00YCIIOBIMBAIOT JAHHYIO CBS3b.

Perpeccus TecHo cBsizaHa ¢ koppenauuen. Koppensuys B IMPOKOM CMBICIIE CII0BA O3HA-
YaeT CBA3b, COOTHOILIEHUE MEXY OOBEKTUBHO CYIIECTBYIOIIUMHU SIBICHUAMHU. CBSI3U MEXY SB-
JIEHUSIMHU MOT'YT OBITh pa3JIN4HBbI 110 cuiie. [Ipu u3MepeHnn TECHOTHI CBSI3U FOBOPAT O KOppels-
IIUU B Y3KOM CMBbICIIE ciloBa. Eciu ciydalinble nepeMeHHbIe IPUYNHHO 00YCIIOBIEHbI, U MOKHO
B BEPOSITHOCTHOM CMBICJIE€ BBICKA3aThCsl 00 UX CBSA3H, TO UMEETCSI KOPPESLHUS.

[TonsATHS «KOPPETSILU» U «PETPECCHSI» TECHO CBA3aHBI MEXy c000i. B Koppendaunon-
HOM aHaJIN3e OLIEHUBAETCS CUJIa CBA3M, a B perpecc HOHHOM aHallu3e uccienyercs ee popma.
Koppensanus B npokoM cMbiciie 00bEINHAET KOPPENIALHIO B Y3KOM CMBICIIE U PETPECCHIO.
Koppensiuus, kak ¥ perpeccusi, IMEeT pa3INuHble BUJBI, TAK PA3JIUYAIOT:

1) oTHOCUTENBHO XapaKTepa — MOJIOKUTEIbHYIO U OTPULIATEIIbHYIO

2) OTHOCUTEINIBHO YHCIIa IEPEMEHHBIX - IPOCTYI0, MHOKECTBEHHYIO, YACTHYIO;

3) OTHOCUTENBHO (OPMBI CBSI3U — JIMHEHHYIO, HETMHEHHYIO;

4) OTHOCHUTENIBHO TUIIA COEAUHEHUS — HEMOCPECTBEHHYIO, KOCBEHHYIO, JTOKHYIO.

JIro60e MpUUMHHOE BIMSHUE MOKET BBIPAXKATHCS JTMO00 (QYHKIIMOHATBHOU, THO0 KOppes-
IIMOHHOM cBs3bt0. Ho He Kaxaas QyHKIMS WM KOPPEALUs COOTBETCTBYET IPUUUHHON 3aBUCH-
MOCTH MeXAYy siBlIeHUsIMU. [1o3ToMy TpeOyeTcs 00s13aTenbHOE UCCIeA0BAaHUE TPUUNHHO-
CJIEICTBEHHBIX CBSI3EH.

HccnenoBanne KOppensiuOHHBIX CBSI3€H Mbl HA3bIBAEM KOPPEISALIUMOHHBIM aHAJIN30M, a
HCCJIEJOBAHNE OHOCTOPOHHUX CTOXACTUYECKUX 3aBUCUMOCTEN - PETPECCHOHHBIM aHAIU30M.

KoppensiuonHblil aHanu3 NpoBOAUTCA MEXy BEIMUMHAMH, HE UMEIOUTMMH IPUIUHHO-
CJIEICTBEHHOI'O XapaKTepa OTKJIOHEHUH. L{enb KOppeasiiuoHHOro aHaJIn3a - KOJIMYECTBEHHOE
oIpeziesIeHUue TECHOTHI CBA3M MEXAYy IpU3HaKaMu. Eciu nuccneayrorces ToJIbKo 2 MPU3HaKa, TO



TOBOPAT O MpOCTOH (mapHOi) Koppemnsiuuu. Eciin uccnenyercs cBsa3b MEXIy TpeMs U Oosee npu-
3HAaKaMH, TO UMEEeT MECTO MHOXKECTBEHHAsl KOppesus. |

[Ipu ouleHKe KOPPENAUOHHON CBS3M HE CTABUTCS BOIIPOC O XapaKTepe MPUUNHHO-
CJIEZICTBEHHBIX COOTHOILIEHUH MeXay npu3HakaMu. OLEHUBAETCS TOJIBKO CTENIEHb TECHOTHI Me-
x1y HUMHU. OLEHKY CBS3H JIeNAl0T ¢ MOMOIIBI0 KO3 PHIIMeHTa KOPPEISAILUH T, KOTOPBIN H3Me-
HseTCs B npenenax -1 >r >+ 1.

KoaddunmenT xoppensunu - Mepa TECHOTHI CBA3H MEX Ty pu3Hakamu. [lonoxurensHoe
3Ha4yeHue Ko3(PUIeHTa KOppesIliMYA 03HAYaEeT, YTO C YBEIMUECHUEM OJJHOTO IIOKA3aTessl BO3-
pacraer u Apyroi, 1 HA0OOPOT, OTPUIIATEIHHOE 3HAYCHHUE OTIPEIENIACT YMEHBIICHUE BETHUNHBI
OJIHOTO IIOKAa3aTeJst IpH BO3paCTaHUU JPYTroro.

Koadpdpunment xoppemnsiuuu cpoimre 0,8 03Ha4aeT TECHYI0 IPUYHMHHO- CIIECTBEHHYIO
CBSI3b.

KoaddpunrenT MHOKECTBEHHOI KOPPEISALNU ONPEACISIOT 110 YCIOKHEHHO! hopmyrte, KO-
TOpasi UCIIOJIB3YETCS B CTATUCTHUKE. B Hay4HBIX MCCIEI0OBAaHUAX U IPAKTUYECKOHN eATEIbHOCTH
HOJIB3YIOTCS TOTOBBIMH KOMITBIOTEPHBIMH MPOTpaMMaMH JIsl IEPCOHAIBHOTO KOMIIBIOTEPA.

YT1o0Bl COCTaBUTh OOBEKTUBHOE IPEACTABICHUE O TOM, CUJIbHA WK Cl1aba CBA3b MEXTY
NOKa3aTeJsIMH, UCTIONB3YIOT TaK Ha3bIBAeMbIi KO GUIIMEHT IeTepMUHALINN, HA OCHOBAHUHU KO-
TOPOT'0 MOYKHO C/I€/1aTh BBIBOJ O KOJIMUYECTBE CIIy4aeB M3MEHEHUs OJJHOTO TIoKa3arens (Ipu3Ha-
Ka) 1o BiaustHueM Jipyroro. Kosdouiment nerepMuHanuy npeacTaBisieT coO00i KBaapaT Kodd-
(bULMEeHTa KOPPEJISIIUY T, WIH TO e, HO BRIpaKeHHOE B mporeHTax ( 12 * 100)

Wrak, k03¢ HumeHT Koppessinuy, BO3BEICHHBIN B KBaApaT U yMHOXeHHbIH Ha 100 %, Ha-
3pIBaeTCs KO3()(HUIMEHTOM JeTepMHUHALIMHU, KOTOPBIN MOKa3bIBAET, HACKOIBKO PE3yJIbTaTUBHBII
NPU3HAK 3aBHCUT OT aHAIU3UPYEMBIX OJHO- U IBYX(DaKTOPHBIX MPU3HAKOB.

KoppensaiuoHHsblil aHaau3 M03BOJIAET YCTAHOBUTD CBA3b MEX]ly IPU3HAKAMHU U ITOKa3bIBa-
eT (opMy 3TOH CBSI3M, HO OH HE JAAeT MPEACTABICHUS 00 U3MEHEHUH OJHOTO MOKa3aTeNs psa B
3aBUCUMOCTH OT U3MEHeHHs apyroro. s uccnenoBaHus e HepeaAKo He00X0AUMO 3HaTh, Ha-
CKOJIBKO (B CpEIHEM) U3MEHSETCS OMH MPU3HAK IPU U3MEHEHHUH JAPYroro Ha eAMHHUILY. DTH
Ba)kKHbIE U OoJiee NTyOOKHEe CBOMCTBA CBA3M PACKPBIBAET PErPECCUOHHBIN aHaIN3, KOTOPBIH JUIs
UCCIICIOBAaHUN PA3JIMYHBIX BOIIPOCOB SKOHOMHUKH IPEICTABIIACT OOJBIION HHTEpEC.

[TpruMeHss perpecCuOHHBIN aHAN3, MOXKHO, HAIIpUMEp, YCTAaHOBUTH 110 HEKOTOPBIM MOKa-
3aTeNsiM 3HAYCHUs TIOKa3aTesell COBCEM IPYTUX pa3MEepHOCTEH, 3Has JIMIIb O CBSI3U MEX1Yy HUMHU
U HE 3aTpayKBasi BDEMEHHU U CPEJICTB Ha UX HEMOCPEACTBEHHOE YKCIIEPUMEHTAILHOE U3MEPEHNE
WIIN OTIpeJIeIICHUE.

PerpeccnonHbIi aHaIN3 - METOJI CTaTUCTUYECKON 00pabOTKN HAOIIOIEHUH, B pe3ysibTaTe
KOTOPOH OKa3bIBaeTCsl BO3MOXHBIM COCTaBUTh YPABHEHUE PETPECCUU H MOyYUTh KOJTHMYECTBEH-
HYIO OLIEHKY BJIMSHUS (PAKTOPHBIX IPU3HAKOB X HA PE3Y/IbTaTUBHBIN Y.

YpaBHenue y i =bjo x1j +byg Xp0 + .... tb mn x mj ,

rae bio, bao,. . .,bmn- CpEIHAS KBagpaTHUECKas OIICHKA CIy4alHBIX (aKTOPOB;

X1iy X205 - -» Xmn - 3HAUCHHUS HEMPEPHIBHBIX ITEPEMEHHBIX X|, X»; HA3BIBAIOT YPABHEHUEM per-
peccun.

PerpeccronHbIe 3aBHCUMOCTH MOTYT OBITh CAMBIMH Pa3IMYHBIMHU, BaXKHO JIUIIH YCTAHO-
BUTh UX 3KCIIEPUMEHTAIILHO U CIeNIaTh IPaBUILHOE MaTEMaTHUECKOE ONMCaHUE COOTBETCTBYIO-
MUMHU GOpPMYyIIaMHu.

PerpeccnoHHbIHM aHaIN3 TPOBOJAT ISl YCTAaHOBIICHUS CBSI3M MEX/ly BEIMUMHAMM, KOTOPbIE
MOYKHO paccMaTpuBaTh Kak (YHKIIMH U apTyMEHTHI, T. €. KOT/Ia YeTKO BBIPAXKEH XapaKTep MpHu-
YUHHO-CJIEICTBEHHBIX OTHOLIEHUH MEXKAY MCCIelyeMbIMUA IPU3HAKAMHU.

Koadduument perpeccuun mokaspIBaeTt, Ha CKOJIBKO H3MEHHUTCS B CPETHEM 3HAUCHHE Pe-
3yJbTaTUBHOTO NPU3HAKa Y NP YBEIUYEHUN (HPAKTOPHOTIO X.

XapaKTepUCTUKON OTHOCUTEIHHOTO U3MEHEHUS MpUpocTa GyHKIUU y=J {X) pu MajbIX
OTHOCHTEJIHBIX U3MEHEHUSAX IPUPOCTA apTyMEHTa X SIBJIETCS 31aCTUYHOCTh (YHKIINU.

Koppensaiuonsslii 1 perpecCUOHHBIN aHAJIN3 UMEIOT CBOU 3a/1a4H .

3agaun KOppeasIMOHHOI0 AHAJIN32



1. U3mepenue creneHu CBA3HOCTH (TECHOTHI, CUJIbI) ABYX U Ooliee siBIeHUi. 31ech peub
UJIET B OCHOBHOM O MOATBEPKACHUHU YXKE U3BECTHBIX CBA3EH.

2. OT60op ¢akTOpOB, OKA3BIBAIOIINX HANOOJIEE CYIIECTBEHHOE BIMSHUE HA PE3YJIbTaTHB-
HBII TIPU3HAK HAa OCHOBE U3MEPEHHs TECHOTHI CBSI3U MEXKAY SIBICHUSIMH.

3. OOHapykeHue HEM3BECTHBIX MPUUYMHHBIX CcBsI3ell. Koppensuus HenocpeacTBEHHO He
BBISBIISICT IPUUMHHBIX CBA3EH MEXKAY SIBICHUSIMH, HO YCTaHABIMBAET CTEIIEHb HEOOXO0AUMOCTH
ITUX CBSA3€H U JOCTOBEPHOCTD CYXJE€HUIM 00 MX Hannuuu. [IpnunHHBI XapakTep cBs3el BbIsAC-
HSETCA C IOMOUIBIO JIOTHUECKU-TIPO(ECCHOHANBHBIX PACCYXKIEHHUH, PACKPBIBAIOLINX MEXaHU3M
CBS3EH.

3agaum perpecCHOHHOI0 aHAJIM3a

1. Ycranosnenue (popmMbl 3aBUCUMOCTH (JIMHEHHAS WM HEJIMHEHHAS; TOJIOKHUTEIbHAS WIH
OTpHLIATENIbHAS U T. [1.).

2. Onpenenenne GyHKINUN PErPECCUN U YCTAHOBIIEHUE BIUSHUS (PAKTOPOB HA 3aBUCUMYIO
HepeMeHHY10. BakHO He TOJIBKO OIpeaeuTh GOpMy perpeccuu, ykazaTh OOILyI0 TeHAECHIIUIO
M3MEHEHHUs 3aBUCUMOM IIEPEMEHHOM, HO U BBISICHUTH, KAKOBO OBLIO OBl A€MCTBHE HA 3aBUCHMYIO
IIEPEMEHHYIO IIaBHBIX (PaKTOPOB, €CIIU Obl IPOYME HE U3MEHSIIMCh U €CIHM Obl ObUTN MCKIIIOUEHBI
ClydaifHbIE 3JIEMEHTBI. JIJISl 3TOTO ONPEACISIOT (PYHKIHIO PETPECCUH B BHJIE MATEMATUYECKOTO
YPaBHEHMsI TOTO WJIM UHOT'O THIIA.

3. OneHka HEM3BECTHBIX 3HAYEHUH 3aBUCUMON IEPEMEHHOM, T. €. pellIeHne 3a]1a4 IKC-
TPAIOJIALUK U UHTEPNOIALUU. B X01€ sKCcTpanoisuu pacnpocTpaHsaoTCs TEeHACHIUH, ycTa-
HOBJIEHHBIE B ITPOLIIOM, Ha OyIyIIni NEpUOA. DKCTPANOIALNS HIMPOKO UCIIONIb3YETCs B IIPO-
THO3MPOBaHUM. B X01€ MHTEPHOISLUN ONPEEIIA0T HEOCTAIOUINE 3HAYEHUs, COOTBETCTBYIO-
1€ MOMEHTAM BPEMEHHU MEKY U3BECTHBIMU MOMEHTAMHU, T. €. OIPEJEISIIOT 3HAUEHUS
3aBUCUMON NEPEMEHHOM BHYTPH MHTEpBaa 3aJaHHbIX 3HaYeHUH (aKTOpOB.

OpnHako SKOHOMHUYECKHE UCCIIEJOBAHHSI MHOTOACIIEKTHBI, U, KaK IIPaBUIIO, 31€Ch IPUMe-
HSIOT B KOMIUIEKCE BCe METOJIbl aHanu3a. Tak, HanpuMep, Leslb PEerpecCHOHHOI0 aHalu3a - Oll-
penenenrie Gopmbl CBsi3H (ypaBHEHUE PErPECCHH ), KOJTUIECTBEHHOE OnpeeieHne KodhhuimueH-
TOB ypaBHEHUsI (OLleHKa K03()(pULIMEHTOB perpeccun) U onpeieleHne U3MEHEHUS! TECHOTHI CBA3U
MeXAy pU3HaKaMHU. Tak jke KaK U KOPPEILIHOHHBIN, pErpeCCHOHHBIN aHAIN3 MOXKET IIPOBO-
JTUTHCS 110 ABYM Mpu3HaKaMm y =f(X) (X - aprymeHT, y - GyHKIHS), U TOT1a UMEET MECTO MPOCTOM
perpeccuoHHbIN aHanu3. Eciu ke 0IHOBpEMEHHO pacCMaTpuBaTh HECKOJIBKO apryMEHTOB, T.€.
y=f(xu x2,... ,X,,), TO IMEET MECTO MHOXECTBEHHAasI perpeccusl.

B peanbHBIX yCIOBUAX MCCIEI0BAHUS MPUKIATHBIX 3a/1a4, pacCCMaTpUBaeMble TPU3HAKH,
KaK [IPaBUJIO, B3aUMOCBS3aHbl, IO3TOMY BCErJla IPUXOANUTCS BBIABIIATH TECHOTY CBSI3U MEXKAY
HUMH U U3y4aTb ()OPMBI CBSI3H.

Taxum oOpa3om, OoJiee NPaBHIILHO FOBOPUTH O KOMITJIEKCHOM KOPPESILIMOHHO-
pPErpeECCUOHHOM aHaJIM3E.

JTanbl NPoBeIecHUs KOPPeJIsiiHOHHO-PEerpecCHOHHOI0 aHAJIN3a

O6nacTi ero NpUMEHEHHMSL.

KoppensaiuoHHo-perpecCHOHHbII aHanu3 MPOBOAAT MOITANHO B ONPEIETICHHOM Joruye-
CKOH ITOCJIEI0BATEIbHOCTH.

1 ) aHanu3 cymecTBa NPOUCXOAALIMX B UCCIEyeMOM CUCTEME MPOLIECCOB U BBISBICHUE
IPUYMH BO3HUKHOBEHUS B3aMOCBSI3EH MEXY NPU3HAKAMH, XapaKTEPU3YIOLIMMH 3TH IIPOLEC-
CBI;

2)BbI00ODP HanboJIee CYIIECTBEHHBIX IPU3HAKOB I UCCIEJOBAHMS UX Ha MPEAMET BKIIO-
YEeHHUs B KOPPEIALMOHHO-PErpeCCUOHHbIE MOIeNH, AuddepeHnnanys Ipu3HaKkoB Ha (pakTOpHBIE
U pe3yIbTaTUBHEIC;

3)npeaBapUTENbHBIN pacueT U aHAJIN3 NapHBIX KOG (GUIIMEHTOB KOPPENIALUH, TIOCTPOEHHE
MaTpHIbl K03()(GUIIUEHTOB MapHOH KOPPEISIIHU M OLICHKA BO3MOXKHBIX BAPHAHTOB IPYIIIUPOBKH
IPU3HAKOB JJIs1 IOCTPOEHUS KOPPEISIIMOHHO PETPECCUOHHBIX MOJETIEH;



4)BbIsIBIICHUE IPUYMHHO-CIICCTBEHHBIX COOTHOIIEHUH MEX 1y NPU3HAKAMU U JIOTHYECKAs]
OIICHKAa BO3MOKHBIX BapHaHTOB ()OPMBI CBSI3H, T.€. IpeABapUTeIbHas OlleHKa (OpMbI ypaBHEHUS
perpeccuy;

5)peleHue ypaBHEHHs perpecCHy - BbIUKcIeHHe K03 (PHUIIMEHTOB perpeccuu Mo ypaBHe-
HUSIM CBSI3M U UX CMBICJIOBAsi MHTEPIPETALUs ¢ YIETOM IPUKIIAJHBIX 3a7a4 UCCIEAyeMOi npea-
METHOI 00J1aCTH;

6)pacueT TEOPETUYECKU OKUAAEMBIX (BOCIIPOM3BEICHHBIX 110 YPAaBHEHUIO PETPECCUN) 3HA-
YEHUH Pe3yJIbTATUBHOTO Npu3HaKa ((pyHKINN);

7)ompenenenue U CpPaBHUTENBHBIA aHATTN3 AUCTIEPCHil: 00mel hakTopHON (BOCTIPOU3BOI-
CTBEHHOI) M OCTATOYHOI; OIICHKA TECHOTHI CBA3M MEXIY MpU3HAKaMH, BKIIIOUYCHHBIMU B perpec-
CHOHHYIO MO/IEIb;

8)oO11as oneHKa KauecTBa MOJIENIN, OTCEB HECYIECTBEHHBIX (MU BKIIOUCHHE JOTIOTHH-
TEJBHBIX) (PAKTOPOB, TOCTPOCHUE U PEIIICHIE HOBOWM MOJIETH (T. €. MOBTOPEHHE ILII. 1-7, TOITy-
YeHHe JOCTaTOUYHO XOpOoIlel MOJIEeIH HEpEeaAKo TpeOyeT psiaa TaKuX HHTepIpeTauuil);

9)craTcTHUecKas OLIEHKA JOCTOBEPHOCTH IapaMETPOB YPAaBHEHMSI pETPECCUH, TOCTPOE-
HUE TIOBEPUTETBHBIX TPAHUIL ISl TEOPETUYECKU 0XKHUIAEMbIX 3HAUYCHUIN (PYHKIINH;

10) mpakTUYeCKHEe BHIBOJBI U3 aHAIH3A.

B o0nacT SKOHOMHKO-MaTeMaTH4YeCKOr0 MOJIETUPOBAHUS U aHATN3a YKOHOMUYECKUX
00BEKTOB M CUCTEM TpeOyeTCsl IEPEXO0.] OT UCCIIETOBAHUS OTAEIBHBIX IPOLECCOB K U3YyUEHUIO
B3aMMOJICHCTBHS UX COBOKYITHOCTEH.

B pBIHOYHBIX YCIOBUAX IS MOTYYSHHUS UCXOAHO CTATUCTHYECKON MH(POpPMALIUU UCTIONb-
3YIOT METO/bl MAPKETUHTOBBIX UCCIICJOBAHUM U yIpaBIeHUECKOro yuyeta. /|yt moAroToBKM pe-
IIEHUH, OPUEHTHUPOBAHHBIX HA NIEPCIEKTUBY, HEOOXOIUMO HUCII0JIb30BAHUE METOJIOB IIPOTHO3a
JU1s1 00pabOTKM MapKETUHTOBOW U YY€THON WH(OpMaIuy.

enecooOpa3Ho ucnonb3oBanue Ha npeanpusaTusx AIIK koppenasioHHO perpecCHOHHOTO
aHayM3a JIs OINpeieIeHHs:

JIOJIA PBIHKA MIPH PA3JIMUHBIX 1IEHAX Ha MPOYKLIHIO;

KYJIBTYp B 3aBUCMOCTH OT MOTOJHBIX YCIIOBHI (TeMIepaTypbl BO3AyXa, TEMIEPaTyphl U
BJIQ)KHOCTH I1OYBBI B ONPEAEIEHHOE BPEMS), OT HOPM BHECEHUSI MUHEPAJIBHBIX yIOOpEHMI;

MPOAYKTUBHOCTH )KMBOTHBIX B 3aBUCHMOCTH OT MUTATEIHLHOCTH KOPMOB U JKUBOM MaccChl.

Pa3paboTka 4unc/10BO IKOHOMHKO-MATEMATHYECKOI MOIe/IH 32/1a4U

CraTucTu4ecKkre METO/Ibl SIBJISIOTCSI COCTABHON YacThIO SKOHOMETPUKH HAayKH, U3y4alo-
1€l SKOHOMHUYECKHE SIBJICHUS C KOJIMYECTBEHHOM TOUKH 3peHUs. DKOHOMETPUKA YCTAHABINBAET
U MCCIIeAyeT KOJIMYeCTBEHHbIE 3aKOHOMEPHOCTH B SKOHOMHKE Ha OCHOBE METOJIOB TEOPUH BEPO-
SITHOCTH U MaTEMaTHYECKON CTaTUCTUKH, aAallTUPOBAHHBIX K 00padOTKEe SKOHOMMUYECKUX J1aH-
HBIX.

3aKOHOMEPHOCTH B 3KOHOMMKE BBIPAXKAIOTCS B BUJE CBA3EH M 3aBUCUMOCTEN 3KOHOMUYE-
CKHX MOKa3aTeliel, MaTeMaTH4eCKuX Mojiesieil ux noseneHus. Takue 3aBUCMOCTH U MOJIENN
MOTYT OBIThH ITOJIYYEHBI TOJIBKO ITyTEM 00paOOTKM peaIbHbIX CTATUCTUYECKUX JTAHHBIX, C yUETOM
BHYTPEHHUX MEXaHU3MOB CBSI3U U CIy4allHbIX (hakTOpoB. MoJienb MOKeT OBITh MOJTyYeHa U arl-
poOupoBaHa Ha OCHOBE aHAJIN3a CTATUCTUYECKUX JAHHBIX, U U3MEHEHHUS B TOBEACHNUHU NIOCIIE-
HUX FOBOPSAT O HEOOXOJUMOCTH YTOUHEHUS U Pa3BUTHUS MOJIEIIH.

JIto60€e HPKOHOMETPHUUECKOE HCCIEA0BaHNE BCEria IpeoiaracT 00beAMHEHUE TEOPUU
(SKOHOMHYECKON MOJIENH) U MPAKTUKH (CTATUCTUYECKUX JTaHHBIX ). MBI HCIIOJIb3yeM TeopeTHye-
CKH€ MOJIEJIH JUIsl ONTMCAHMS U 0OBbACHEHUS HAOII0JaeMbIX IPOIIECCOB U COOMpPAEM CTaTUCTUYE-
CKH€ JaHHBIE C LIEJIbI0 IMITHUPUYECKOTO MOCTPOCHHS U 000CHOBAHUS MOJETEH.

BBenem nepemennsie. He3aBucnuMblii mokaszaresb: y - IPOU3BOIUTEIBLHOCTD, PyO./del.-yac.
@dakTopHBIE MOKA3aTEIH:

X - ponmoobecrnieuerHocTs Ha 100 ra momaan cenbCKOX03sHCTBEHHBIX YTOIUH, THIC.
pyo.

X5 - GOHIOBOOPYKEHHOCTh Ha OJHOTO pabOTHHKA, THIC. PYO.

X3 - YPOKaMHOCTB, 11/Ta. (M. Tabnwmia 8).



[Ipennaraercs npoaHaIM3UPOBATH CTENEHD BIUSHUS HA MPOU3BOAUTEIBHOCTD CIEIYIOINX
dakTopoB: X; - PO, x; - DB, X3 - ypoKaHHOCTS.

AHaJu3 pe3yJibTATOB pelleHus!

PaccMoTpuM npou3BOAUTENBHOCTD IPU MOMOIIU KOPPESALMOHHO-PEIPECCHOHHOTO aHAIH-
3a. /s aToro onpenenuM:

1. Ot xakoro (akTopa MOXET 3aBUCETh NPOU3BOAUTEIBHOCTh. PaccMOTpuM, HanpuMmep
TaKue MoKasaresu Kak pongoodecnedeHHOCTh Ha 100ra rmiomaay cenbCKoOX03sIiCTBEHHBIX yro-
I, (POHIOBOOPYKEHHOCTh Ha 1-ro pabOTHUKA U ypoKaltHOCTh. VICIOb3ysl aKeT NPUKIaJHBIX
nporpamm Excel, paccuntaem k03¢ GUIMEHTHI KOPPENIALUYT U OTIpeieInM Harbosee OImu3Kue K
eanHuIe K03 UIMEHTHI, KOTOpble OYAYT CBUIETEIbCTBOBATh O TECHOTE CBSI3U MEXY (hakTop-
HBIM U Pe3yJIbTaTUBHBIM IpU3HAKOM (Tabdu1.10), HO 1715 3TOro HE0OXOAMMO CIPYNIUPOBATh
npeanoaaraeMbie (haKTOPHBIE TTOKa3aTeNn B Ta0uIly (Tabi.7)

Tabmuua 7- MlcxoaHble TaHHBIE IS OTIPEIEICHUsT MaTPHIIBI MAPHBIX KO3(PPHUIINEHTOB
KOppeJsiu

DoH1000€CcTIEUEHHOCTh
Togwr nggfzggl)gl/{::;i- ?:niggg)?ogigliii?mmx HCD(;((:TIT[ glzo(jflzcﬁ?l;a— Y pOrKaHHOCT®,
uac yroaui, Teic. pyo 00T. ThIC. PYO. vra
A 1 2 3 4
12567 793 74 7,6
15782 823 97 8,4
18865 836 105 9,3
18689 868 138 10,8
19851 902 174 13,9
18321 939 193 12,5
17814 1021 201 9,4
23068 1210 258 7,1
27017 1292 300 5,9
27331 2639 608 11,4

Tabmuna 8 -Matpuna mapHpIX KO3 PHUIHEHTOB KOPPEISIIH

Y X1 X2 X3
Y 1
X1 0,7513264 |1
X2 0,83496389 | 0,980173642 | 1
X3 -0,0642293 | 0,096956747 | 0,116972555 |1

T.x. ko3 puruenT koppemnsaiuu rx2y = 0,835 cBI3b MEKIY X2 M Y CUMTACTCS TECHOM;
IPSIMOM T.€. TIPH YBEIMYEHUU (AKTOPHOTO MpU3HAKa (POHIOBOOPYKEHHOCTH 3HAUYCHUE PE3YJIh-
TATUBHOTO MPHU3HAKA MPOU3BOIUTEIBHOCTH YBEIMUNBACTCS.

W3 pacderoB cremyer, 4To IS MOCIEIYIOMIETo aHamu3a (aKTOPHBIM IPU3HAKOM OyIeT
ABIIATHCS TaKOH MoOKa3aTenb Kak (pOHIOBOOPYKEHHOCTbD.

2. CreayromuM 3TaroM aHaliu3a MPOU3BOIUTEIILHOCTH SIBIISIETCSL yCTaHOBJICHHUE (DOPMBI
3aBHCUMOCTH MEXKIYy NEPEMEHHBIMHU, ISl 3TOT0 pAaCCMOTPUM HECKOJIBKO MOJIeNel U BhIOepeM
HauOoJiee JyUIIyl0 U3 HUX, HA OCHOBE, KOTOPOM OYJE€T COCTABJIEH IMPOTHO3.



CocTaBuM H MPOAHATM3UPYEM CIICAYIONINE MOJICIH: INHEHHYIO, CTETICHHYIO, TTOKa3aTeb-
HYIO U THIEPOOITUYECKYIO.

Jyist TOTO 94TOOBI PACCMOTPETH TMHEHHYIO MOIETh, HEOOXOIMMO COCTaBUTh YPAaBHEHUE JIH-
HelHOM perpeccuu (y*= a+b*x), 4To mpeIonaraeT BEIYUCICHUE MapaMeTpoB a u b. J[aHHbIe Ta-
paMeTphl OIPEISIIUM TTPH IOMOIIM TTaKeTa MPUKIaAHbIX mporpamm Excel (BeiOnpaem MeHIO
«BcraBkay» nanee «Oynkuus», «Ctatuctuyeckue», «JIMHeH», 3an0IHsIeM AUATOTOBOE OKHO U
HaxxumaeM F2 u xomOuHanuro kiaasum Ctrl+Shift+Enter).

Jlst paccMOTpeHUsT CTENEHHOM, TTOKa3aTeIbHON U THUIIEpOOIMYECKON MOJIeNIeH, He0OX 0T~
MO COCTAaBUTb YpaBHEHHME CTEIICHHOMW, IIOKa3aTEIbHON U runepOonndeckoi perpeccu (y"=a*xb
, Y'=a*bx u y*=a+b/X), 4T0 npenosaracT JMHEAPU3AIUIO JAaHHBIX MOJIEJICH ITyTeM JIoTaprupMHU-
POBaHMUS ISl CTENIEHHOW U NIOKAa3aTeNIbHON MOJIENH, a JIIs THIIepOOINYECKON 3aMEHY IIEpEMEH-
Hoi. KoadduimenTs! a 11 b BEIYUCISIOTCS TakKe Kak U IS TIMHEHHOM MOIEH, TOJIBKO € TIPeoo-
pa30BaHHBIMU MTEPEMEHHBIMU. (pacyeT cM. Tadma. 10, 11, 12)

[TpoBeneHHbIE pacyeThl MOKA3bIBAIOT, UTO pACCMATPUBAEMbIE MOJIETTH UMEIOT CIEAYIOLIUI
BU]I:

i Jluneitnas — y* = 25,05 * X2+14549,06;

i Crenennas — y"= 3287,99 * X20,34;

i IlokazarenpHas — y" = 14943,67 * 1,001X2 ;

i ['mnepOonuueckas — y” = 27253,29 — 1120538,5/X2

Tabnuna 9 - OnpeneneHue napameTpoB a U b ypaBHEHHs! IMHEHHON perpeccuu

b a
25,0532708 14549,05742
5,83787784 1521,333492
0,69716469 2723,966562
18,4169988 8
136654018 59359950,66

Tabmuna 10 - Onpenenenne napaMeTpoB a U b ypaBHEHHsI CTEIICHHOM Perpeccuu

b a
0,3427381 8,0980319
0,0602364 0,3143198
0,8018563 0,1114492
32,374732 8
0,402124 0,0993674

Tabmuna 11 - Onpenenenne napameTpoB a U b ypaBHEHHsI TOKA3aTEbHON PErpeccuu

b a
0,00120956 9,615383336
0,00032411 0,084461915
0,63515948 0,15123011
13,9273891 8

0,318527 0,18296437

Tabmuua 12 - Onpenenenne napameTpoB a U b ypaBHEHHsI THIEPOOINYECKON perpeccun

b a
-1120538.5 27253,28815
223169,262 1648,398149
0,75911375 2429,430767
25,2106952 8

148796898 47217070,8




[Ipoananuzupyem KO3 PHUIHMEHTHI PETPECCHH:

Jluneiinoit monenu. Koaddunuent perpeccun b = 25,05 moka3bIBaeT, 4To IpH yBeIHUYe-
HUH (DOHTOBOOPYKEHHOCTH Ha | IyHKT MPOU3BOJUTEIHHOCTD YBeIu4UnBaeTcs Ha 25,05
py0./gen.-yac.

Crenennoit monenu. Koaddunuent perpeccun b = 0,343 nmokasbeiBaeT, 4TO IpU yBEIHUE-
HUU (POHOBOOPYKEHHOCTH Ha | MyHKT MPOU3BOIUTEIBLHOCTh YBennuuBaeTcs Ha 0,343
py0./den.-yac.

[TokazarenpHas moaens. Koaddumuent perpeccuu b = 0,001 mokaspiBaeT, 4To MPHU yBEIIH-
4eHUU (POHIOBOOPYKEHHOCTH Ha | MyHKT MPOU3BOAUTENBHOCTD yBennuuBaercs Ha 0,001
py0./gen.-yac.

I'unepOonuueckas moaens. Koagpunuent perpeccun b = -1120538,5 nmokaseiBaer, 4to
IpU yBEIUYEHUH (POHIOBOOPYKEHHOCTH Ha | MYHKT MPOU3BOJUTEIBHOCTh YMEHbBIIIAETCS Ha -
1120538,5 py0./gen.-gac.

3. Paccuurtaem u npoananuzupyeM ko3¢ ULIHEHTHI, OLIEHUBAIOIINE TOCTPOSHHBIE MOIETH
(Tabmn.13).

Tabmuua 13- CBomHas Tadiauma nmokasareiei

Mopnens A R2 Fpacu r

JIMHERHas 21,4787 0,6972 18,4170 0,8350
CTEIleHHAs 17,1118 0,8019 32,3747 0,8905
Imoka3aTelIbHas 3985898,1393 0,6352 13,9274 0,7818
runepOoInveckas 16,5784 0,7591 25,2107 0,8713

OmmOka anmpoxkcumanuu (A) MoKas3bIBaeT, YTO MPEBBILIEHO JOMYCTUMOE 3HaYeHue (8-
10%) cpeqHero OTKIIOHEHHUSI PACYETHBIX TAaHHBIX OT (PaKTUYECKUX BO BCEX MOJAETSX.

Koaddumnuent nerepmunanym:

JIuneitnas moznens. R2 paBuslii 0,6972 nokassiBaeT, 4To Bapualus MOJy4eHUs: IPOU3BO-
JTUTENbHOCTH Ha 69,72% o0bsicHsaeTcs Bapuaiueit gonaoBoopyxkeHHocTH Ha 30,28% 3aBUCHUT OT
JpYyTuX, He YYTEHHBIX (DaKTOPOB.

Crenennoii monenu. R2 pasnsriit 0,8019 nmokassiBaeT, 4TO Bapualys MOJTYYEHUs TPOU3BO-
mutenbHOCTH Ha 80,19% o0bsicHseTcs Bapuanueit poHaoBoopyxenHocty Ha 19,81% 3aBucut ot
IPYTUX, HE YYTEHHBIX (PaKTOPOB.

[TokazarensHas monenb. R2 paBublil 0,6353 nokasbIBaeT, YTO BapHalys OITY4EHHs IIPO-
U3BOJUTENLHOCTH Ha 63,52% o0bsicHseTCs Bapuanueil GoHI0BOOPYKEeHHOCTH Ha 36,48% 3aBu-
CHT OT JPYyTUX, He YUTEHHBIX (DaKTOPOB.

['unepOonmdaeckas moaensb. R2 paBusiii 0,7591 moka3bIBaeT, 4To BapHaIvs MOTYICHUS
POU3BOIUTENLHOCTH Ha 75,91% o0BsicHsieTcs Bapuanueil GornoBoopykeHHocTH Ha 24,09%
3aBHCHUT OT JIPYTUX, HE YITEHHBIX (PaKTOPOB.

F-xputepuit @uiiepa mo3BossieT OIEHUTh 3HAUMMOCTb U HaJCKHOCTh YPaBHEHHUS, U T.K.
Fpacu < Fra6u (5,12) Bo Bcex MOJENsIX 3HAYUT MOCTPOCHHBIE YPAaBHEHUS PErPECCUN HE 3HAUM-
MBI U HaJICKHBI.

WHuneke xoppensiuuu ( r): BO BCEX CBSI3b TE€CHas, T.K. MHAEKC KOPPEIALUU 3TUX MOJENen
npesbimaert 0,7.

2.6.3 Pe3yabTaThl U BHIBO/bI:

TakuMm oOpa3om, U3 MPOBEIEHHOTO aHaIN3a CIIEyeT, 4YTO HauboJiee JIydiei MoJeNbo OT-
pakaromei 3aBUCUMOCTb ITOTYICHHUS TPOU3BOIUTEIBHOCTH OT KO3 uImieHTa (GoHI0BOOPY-
KEHHOCTH SIBJISICTCS TMHEITHAS MOJIEIb.

[Ipoananu3upoBaB B3aUMOCBSI3b MOTYYSHHS TPOU3BOIUTENLHOCTH U KO3 duuneHTa HoH-
JIOBOOPY>KEHHOCTH, CJIEYeT OTMETHTb, YTO B pacCMaTPUBAEMOM MEPHUOE MPOU3BOAUTEIHLHOCTh



MMeeT BO3PACTAIOIIYIO TEHICHIIUIO, IIPU 3TOM MPOU3BOIUTEILHOCTh yBelInunBaeTcs Ha 25,05
py0./ yen.-yac. mpu yBeaudeHUU KodpdumreHTa GoHI0BOOPYKEHHOCTH Ha | TTyHKT.

W3 rpaduka cregyer, 4To B MPOTHO3UPYEMOM MIEPHOJIE TIPOU3BOAUTEIHLHOCT OYIET yBe-
JUYUBATHCA, T.K. UMEET BO3PACTAIOIINA TPEH ] ¥ IPOU3BOAUTEILHOCTL cocTaBUT 30330,56 py6./
yen.-4yac. npu ko3 dunuente GpoHI0BOOPYKEHHOCTH paBHOTO 630.

Takum oOpa3om, B pe3yabTaTe aHaIN3a BbISIBICHO, YTO MEXAY MPOU3BOAUTENEHOCTHIO U
donnoodecnieueHHocThio Ha 100 Ta ¢/X yroauii, (hOHIO0BOOPYKEHHOCTHIO U YPOKAWNHOCTHIO
CpeaHss CTENEHb NPSIMOM JTUHEWHONU 3aBUCUMOCTH.

2.7 llpakTuyeckoe 3ansatue Ne 14-17 (8uaca)
Tema: Meross! ontuMuzaiun. Mcrmons3oBanne Hanctpoek Microsoft Excel

2.7.1 3apnanue nuis padoThbI:
1. 3JII1. I'paduueckuii meron pemenus 3JII1, cumraexc-mMeTon
2. ITocTanoBKa 3a1auu JIMHEHHOTO MPOrPAMMHUPOBAHUSI U CBOWMCTBA €€ PEIICHUI
3. CumnnekcHbI Meton pemenue 3J111
4. Teopusi ABONCTBEHHOCTH
5. OcHOBHEIC BUJEI 3a7a4, cBoasmmxcs k 3JII1
6. TpancnopTHas 3a/1a4a, METO/IbI €€ PEIICHUS.

2.7.2 KpaTrkoe onucaHue mpoBoAMMOro 3aHATHS:

Metoanbl pemienus 3JIIT

1) Pewiums zpapuueckum memooom munogyio 3a0auy onmumuzayuu.
Ha umeromuxcs y ¢pepmepa 400 ra 3emin oH MIIaHUPYET MOCESTh KyKypy3y u coro. CeB u yoop-
Ka KyKypy3bl TpeOyIoT Ha Kaxiblil rektap 200 neH. en. 3arpart, a cou — 100 nen. ex. Ha nmokpei-
THE PacX0JI0B, CBSI3aHHBIX C CEBOM H YOOPKOii, hepmep monyuni ccyny B 60 Teic. aeH. ea. Kax-
IIBI TeKTap, 3aCesTHHBIN KyKypy30H, mpuHeceT 30 IIeHTHEPOB, a KaXK/IbIi TeKTap, 3aCesHHbIN co-
eil, - 60 nentaepoB. Pepmep 3aKIIOYUIT JOTOBOP Ha MPOJIAXKY, O KOTOPOMY Kax bl [IECHTHEP
KYKYPY3bl IPUHECET eMy 3 JIeH. €., a KaKIbIM [eHTHep cou — 6 AeH. ex. OgHako coriacHo 3To-
My JoroBopy hepmep 00s13aH XpaHUTh YOpaHHOE 3epHO B TE€UCHHE HECKOJIbKUX MECAIEB Ha
CKJIaJIe, MaKCUMaJIbHasi BMECTUMOCTBH KOTOPOT0 paBHa 21 THIC. ICHTHEPOB.
®depMepy XOTeN0Ch Obl 3HATh, CKOJIBKO TEKTapOB HYKHO 3aCeATh KaXKIOU U3 3TUX KYNbTYp, YTO-
OBl IOJYYUTh MaKCUMAJIbHYIO TPUOBLIb.
IMocTpouTh IKOHOMHKO-MaTeMATHYeCKYI0 MO/IeJIb 3a1a4H1, 1aTh He00X0AMMble KOMMEHTA-
PMH K ee 3JIeMeHTaM U NO0JIy4YUTh peleHue rpapuyeckum MeroaoMm. Uro npousoiiaer, eciaun
pelmaTh 3a1a4y HAa MUHUMYM, U noyemy?
Pemenne.
0O603HaunM Yepe3 X| CKOJIbKO TeKTapOB HYKHO 3acCesITh KyKypYy3bl, 4epe3 X, — cou. Tak Kak y
depmepa Bcero umeercs 400 ra 3eMiIH, TO IIEPBOE OTPAHUICHHE 3a/la4 UMEET BUA: X+ X, ? 400.
Hatinem obmue 3atpathl Ha ceB ¥ YOOPKY KyKypy3bl U cor: (200x;+100x,) nen. ex. depmep mo-
JY4HII Ha pacXxosl ccyny B 60 ThHIC. IeH., TO3TOMY CJeylollee OrpaHuYeHUe UMEET BU:
200x;+100x; ? 60 000. Haiinem, CKOJIBKO IICHTHEPOB 3¢pHa cooepet hepmep: (30x;+60x;) 1.
BMmectuMocTs ckiiaza coctaBisieT 21 ThIC. IIEHTHEPOB, IOATOMY CJIEAYIOIee OrPaHUYCHUE UMEET
Bua: 30x;+60x, ? 21 000. BbIsICHUM CKOJBKO JIEH. €/1. OIY4IHUT (epMep Mo JOroBOpY 3a coOpaH-
Hoe 3epHO: (30x,-:3+60x,-6) neH. ex.
[TocTpouM 3KOHOMHUKO-MAaTEMAaTUYECKYIO MOJIEh 3a/1a4u:

max f(X) = 90x,+120x;



X1+ Xz 2 400
200x,+100x, ? 60 000
30x;+60x, 2 21 000
X122 0

Pemum 3agaqy rpauaeckiuM METOIOM.

[Tocneanee orpaHn4eHre 03HAYAET, UTO 0OJIACTH PEUICHH OyIeT JiexkaTh B IIEpBOIl UeTBEPTH
JIEKapTOBOM CUCTEMBI KOOPAUHAT.

Oman 1. Onpenenym MHOKECTBO PELIEHUI NEPBOro HepaBeHCTBA. OHO COCTOUT U3 PEIICHUS
YpaBHEHUS U CTPOTOTO HEPABEHCTBA. PenieHneM ypaBHEHUs CIy>KaT TOUKHU MPSIMOM X|+X,-
400=0. IToctpoum nipsimyto 1o aAByM Toukam (0;400) u (400;0), KOTOpBIE JETKO MOTYyYUTH B pe-
3yJbTaTe MOCIEeI0BATEILHOTO OOHYJIEHHS OJIHOM U3 nepeMeHHbIX. Ha pucynke 0603Haunm ee
nudpoii 1.

MHOK€eCTBO PELIEHUI CTPOTOro HEPABEHCTBA — OJIHA U3 MOJYIUIOCKOCTEN, HA KOTOPYIO IE€IUT
IJIOCKOCTh MOCTpOEeHHAas npsimasi. Kakas u3 HUX SBIE€TCS HCKOMOW, MOXKHO BBIACHUTH IIPH I10-
MOIIIM OJTHON KOHTPOJILHOM TOYKU. ECIM B MPOU3BOJILHO B3SITON TOUKE, HE MMpUHAJIeKAIIEH
NpsIMOI, HEPABEHCTBO BBIMOJIHAETCS, TO OHO BBIMOJIHSAETCA U BO BCEX TOUKAX TOM MOJYIIOCKO-
CTH, KOTOPOH MPUHAIJICKUT KOHTPOJIbHAS TOUKA, M HE BBIMOJIHAETCA BO BCEX TOUKAaX IPYrou Mmo-
JYMI0CKOCTU. B KauecTBe Takoi Touku y1oOHO OpaTh Hayano koopauHart. [loncrtaBum Koopau-
HaTel (0; 0) B HepaBeHCTBO X;+X2-400<0, momyuynm -400 < 0, T.e. oHO BhInodHsETCsA. CrieoBa-
TEJIbHO, 00JIACThIO PEIICHUS HEPABEHCTBA CIYKUT HIKHSAS MONTYIUIOCKOCTD.

AHaNOru4HbIM 00pa30M MOCTPOUM 00JIACTU PEIICHUS ABYX APYTUX HEPABEHCTB

200x;+100x,-60 000=0; x; = 0, x, = 600
x1 =300, x, = 0 (na pucynke npsmas Il);

200x;+100x,-60 000<0 mpu x; = x2 = 0, -60 000<0 BITONHAETCS, OEpETCs JieBasi MOIYILIOC-
KOCTb.

30x;+60x,-21 000=0 x; =0, x, =350
x1 =700, x, =0 (Ha pucynke npsmas III);

30x;+60x,-21 000<0 mpu x; = X, =0, -21 000<0 BwIOTHSAETCS, OEPETCS HIKHSS TOTYIUIOCKOCTb.
3amTpuxyem o0IIyo 001acTh 71 BceX HepaBeHCTB. O003HAYMM BEPITHHBI 00JIACTH JJATHHCKH-
MU OyKBaMH U OTNIPEICIUM UX KOOPJIMHATHI, peliasi CHCTEMY YPaBHEHHM JIBYX MEPECEKAIOMNUXCS
COOTBETCTBYIOIIMX MpsMbIX. Hanmpumep, onpeneaum KOOpIMHATHI TOUKH B, sBistoelicsa Tou-
KOU TepEeCEUYEHHUS NIEPBON U TPETHEW MPAMON:

X11tx,-400=0, x; = 100; x, =300
30x;+60x,-21 000=0.
Breraucinm 3naueHue 1e1eBoi GyHKIIUU B 3TON TOUKE:
f(X)=90x,+120x,=90-100 + 120-300 = 45000.

AHaJIOTMYHO OCTYIIUM JUIsl IPYTUX TOUEK, sIBIstouxcs BepimmnHamu oonactu ABCDO, npen-
CTaBJISIOIIEH cO00M 00J1aCTh TONMYCTUMBIX pemeHui paccmarpuBaeMoit 3JIT1. KoopauHaTs! 3THX



BEpIINH UMeIoT caeaytomue 3HadeHus: T. A(0;350), T. B(100;300), T.C(200;200), T. D(300;0), T.
0(0;0).

Oman 2. TlpupaBHsieM 1eleBy0 (YHKIHIO TOCTOSTHHON BenmuuHe a: 90x,+120x; = a.

OTO0 ypaBHEHHE SBIISIETCS MHOKECTBOM TOYEK, B KOTOPOM IiefieBasi QYHKIUS TPUHUMAET 3Haye-
HUe, paBHOE a. MeHssl 3HaUeHHE a, TTOJIYYHUM CEMENUCTBO MapalieIbHbIX MPSAMBIX, KaX/1as U3 KO-
TOPBIX Ha3bIBaeTCs 1uHuell yposHs. I1ycth a=0, BEIUNCINM KOOPIWHATHI ABYX TOYEK, YOBIIE-
TBOPSIOIINUX COOTBETCTBYIOIIEMY ypaBHeHHUIO 90x,+120x, = 0. B kauecTBe 0JTHOM U3 ATUX TOYEK
yno6Ho B3aTh Touky O(0;0), a Tak kak npu x; = 4, X = -3 TO B KAYECTBE BTOPOH TOUYKH BO3bBMEM
touky G(4;-3). Uepes atu nBe Touku mposenem auHuio ypoBHs f(X)= 90x;,+120x, = 0.

Oman 3. ]Ins onpeneneHus HapaBICHUs IBUKEHHS K ONITUMYMY TIOCTPOUM BEKTOP-

TpagUeHT  , KOOPAWHATHI KOTOPOTO SIBJISIFOTCS YaCTHBIMU MPOU3BOIHBIMU QyHKIIUU f(X),

T.C. =(90;120) YUToOBI MOCTPOUTH 3TOT BEKTOP, HY>KHO COeTUHUTH TOUKY (90;120) ¢ Havanom
koopauHar. [Ipu Makcumu3anuy neneBoi pyHKIUU He0OXOUMO TBUTATHCS B HAIIPABJICHUN
BEKTOpa-TPaJMeHTa, a IPU MUHUMHU3AIUN — B TIPOTUBOTIOI0KHOM HAIPABICHHH.

B namem ciyyae IBH)KEHUE JIMHUU YPOBHS Oy/IeM OCYIIECTBIATH 10 €€ MepecedeHus ¢ TOUKOH
B, nanee ona BeIXOAUT U3 00JaCTH AOMYCTUMBIX pemienuil. CienoBaTeabHO, MUMEHHO B 3TOU
TOUYKE JOCTUTAeTCsl MAaKCUMYM IiesieBoi pyHKIMH. OTCI0/1a JIETKO 3aucaTh pElIeHUe HCXOTHON
3JIIT: max f(X) =45000 u nocturaercs npu x; = 100, x,=300. CnieqoBaTenbHO, YTOOBI MOJYUUTD
MaKCUMaJIbHYI0 PpHOBLTH, pepmep noikeH 3acesaTh 100 ra semnu kykypy3oi, 300 ra — coeid.
[Ipu 5TOM OH MONY4HT 45 THIC. A€H. €. TP peaTu3aliu 3epHa Mo JoroBopy. Eciii mocTaBUTh
3amauy muHuMU3auu GyHkiun f(X) = 90x,+120x, mpu TeX xKe OrpaHUYCHUSIX, TUHUIO YPOBHS
HE0OXOAMMO CMEIATh MapajlieIbHO caMoii ce0e B HalpaBlIe€HUU, TPOTUBOIIOIO0KHOM BEKTOPY-
rpagueHTy. B Hamem cinydae MunuMym Qynkuuu 0ynet B Touke O(0;0). 3To o3HayaeT, 4To
dbepMep He MONYIUT HU YeTr0, €CIIA HE 3aCEeT MOJIe 36PHOBBIMH KYJIbTYPAMH.

-60%4948912%6%0024318912%
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3anava 2 [Ipennpusarue BbIIyCKaeT ABa BHAA NPOAYKIMH HCIOJB3Ys TPU BHIIA PECYPCOB.
[IpunaTH 0003HAUYEHNUS:
A — MaTpu1a HOPM 3aTpaT ChIpbs;
a;
A=|ay ay

ay  ayp



B — 3anacsl pecypcos; B = (61 6, 63)
C — npuObLb Ha exuHULy npogykuuu C = (c1 cz)
C nomomiplo CIEAYIOMMX IAHHBIX COCTaBUTh MAaT€MaTHUYECKyl0 Mozeib. OnpenenuTs

IIJIaH BBIITYCKa PIS,HCHHP'I, 06eCHC‘II/IBaIOHII/IX MAaKCUMAJIbHYIO HpI/I6BIJ'IB C IIOMOIIIBIO Fpa(i)I/I‘ICCKO-
o MCToaa.

13 90
A=|4 2, B=|120; C=(52)
11 40

Pemenne 3agaum.

O0603HauuM uepe3 X1 KOIMUeCTBO €UHMII IPOLYKIMM IIEpPBOro BUIA, a 4epe3 X2 — KOJIu-
YECTBO €JUHUI] NPOAYKLHUU BTOpOro. Toraa, yuuTeiBas KOJIMUYECTBO €IMHUIL CHIPbS, PACXOlye-
MO€ Ha U3TrOTOBJICHHE TPOLYKIIMH, a TaK 7K€ 3aI1achl ChIPbs, IOIYYUM CUCTEMY OTPAaHUYCHUN:

1*x1+3%*x2<=90

4*x14+2*x2<=120

1*x1+1*x2<=40

x1,x2 >=0; - yci0BuEe HEOTPULIATEILHOCTH IEPEMEHHBIX.

Koneunyro nenp permaemMon 3aaun — MoJIy4eHUE MaKCHMaJIbHOW MPUObUIM NIPU peayin3a-
UM IPOAYKIUHU — BBIPA3UM Kak (YHKLUIO ABYX IepeMeHHbIX X1 u x2. Peanuzanus x1 enuHun
IPOAYKIMH MEPBOTO BUJA U X2 €IUHUIL IPOAYKIMH BTOPOrO JAaeT COOTBETCTBEHHO 5x1 m 2x2
JeH. ell. mpuObLIM, cymmapHas npubeiib C = 5x1 + 2x2. YcnoBusiMu He OroBOpeHa HeJeNu-
MOCTb €IMHUIIBI TPOTYKIUH, TOATOMY X1 M X2 (TJ1aH BBIYCKa MPOIYKIMU) MOT'YT OBITh U Ap00-
HbIMU uucnamu. Tpebyetcs Haiitu Takue X1 u X2, npu kotopslx GyHkuMs C JOCTUraeT MakcH-
MyM, T.€. HAlTH MakcuManbHOE 3HaueHue TuHeHo Gynkuuu C = 5x1 + 2x2 npu orpaHuYeHH-
AX.

MartemaTn4ueckas Moaedb 3agaun: Cmax = 5x1 + 2x2

CucreMa orpaHUYEHUM:

1*x1+3*x2<=90

4*x1+2*x2<=120

1*x1+1*x2<=40

x1,x2 >=0; - ycoBHre HEOTPUIATEIbHOCTH MEPEMEHHBIX.

Pemenue 3a5a4u ¢ MCmoab30BaHueM rpaguuecKoro CUMILIEKC-MeToAa.

[TocTpouM crucTeMy KOOPJIMHAT U MTPOBEIEM MPSMbIC OTPAHUIUBAIOIINE 00JIaCTh TOTYC-
tuMbIX pemenuit (OZIP), mocTpouB UX, COOTBETCTBEHHO, 0 HEPABEHCTBAM CHCTEMBI OTpaHUyYe-
HUN. YTOOBI TOCTPOUTH MPSMYIO HY)KHO 3HaTh KOOPJWHATHI IBYX Touek. KoopauHaThl TOUEeK
MPSMBIX COOTBETCTBYIOLIUX HEPABEHCTBAM:

HepaBCHCTBO X11 X21 X12 X22
1*x1+3*x2<=90 90 0 0 30
4*x1+2*x2<=120 30 0 0 60
1*x1+1*x2<=40 40 0 0 40

[Toctpoum BekTop neneBoit pynkuuu C(5;2). Cuctema KOOpAUHAT ¢ 00JIACTBIO TOMYCTH-
mbIx pemeHnit OABCD u BexTopom neneBoit ¢pynkuuu C mpuBeieHa Ha puc.
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\ Baxmop C(5:2)

Puc. I'paduk 06acTH AOMYCTUMBIX PEIICHHUH.

[Toctpoum nuHuIO ypoBHA 5x1+2x2 = 0, NpoXoJslIyl0 Yepe3 Hadajao KOOpAMHAT U Iep-
nenaukyispayto Bekropy C (5;2). Bynem nepensurath ee B HanpaieHUH BekTopa C, B pe3yiib-
TaTe 4Yero HaXoAUM TOYKY, B KOTOPOH (DyHKIIMS MPUHUMAET MaKCUMaJIbHOE 3HaYeHue — TOUKy D.
[Ipu nanpHeiinieM nepeMenieHn OHa yKe He OyJIeT UMETh OOIIMX TOYEK ¢ 00JIacThlO JAOMYCTH-

MbIx pemeHuit OABCD. Touka D umeet koopaunatsl (30;0). Cmax = 5*30+2*0=150

Otser: /{7151 TOro 4To0bI MONIYYUTh MAKCUMAJIbHYIO PUOBLIL B pa3mepe 150 neH. ex., He-
00X0AMMO 3amIaHupOBaTh NMPoU3BOACTBO 30 €. MPOAYKIMH MEPBOro BHJA, & MPOIYKIHUIO BTO-

pOFO BHUJ1a HE BBIHyCKaTB COBCECM.
Pemenue 3axaum ¢ HCOJb30BAHUEM METO1Aa CHMILIEKC-TA0JINII.

HpI/IBC,HeM MAaTCMaTUYCCKYI0O MOZCIIb 3aJa4Yu K KaHOHWYCCKOMY BUNY, n30aBUBIINCH OT

HEpaBEHCTB MTOCPEJCTBOM BBOJIA JOMOTHUTEIBHBIX IEPEMEHHBIX
Henesast pyHKIMS:
C max = 5*x1+2*x2+0*x3+0*x4+0*x5

Cucrema orpaHuyeHHi:
1*x1+3*x2+x3=90

4*x 1+2*x2+x4=120
1*x1+1*x2+x5=40

[IpoBenemM BEKTOpHBIN aHAIN3 CUCTEMBI OrpaHUUeHUl. BpiOepeM equHuYHbBIE BEKTOPA, M0-
3BOJISIIOLINE TONTYYUTh CUCTEMY KOOPAMHAT M yKa3aTb B HEH KOOPAMHATHI OAHOW U3 BEPIUUH

CHMILIIEKCA.
PO - BexTOp cBOOOAHBIX KOAD(HUIIMEHTOB
Pi - BexTOp KOA(PHUIMEHTOB IPU EPEMEHHOM Xi
Pacmmpennas uesneBast QyHKIIHS:
C max = 5*x1+2*x2+0*x3+0*x4+0*x5

Bekropa:
PO P1(x1) P2(x2) P3(x3) P4(x4) P5(x5)
90 1 3 1 0 0
120 4 2 0 1 0
40 1 1 0 0 1

BbazucHpIMU MOTYT OBITH TOJIEKO €AMHUYHBIC BeKTOpa. basuc:
baszucherit Bektop Nel: P3(x3)




bazucueiit BekTop Ne2: P4(x4)
baszucherit Bektop Ne3: P5(x5)
3anoHUM NEPBYIO TaOIUILY:

Ne basuc Koag- PO 5 2 0 0
bUIMEHTHI P1 P2 P3 P4
npu 6a3uce

1 P3 0 90 1 3 1 0

2 P4 0 120 4 2 0 1

3 P5 0 40 1 1 0 0

C max = 0 -5 -2 0 0

[Ipu mpocMoTpe mocnenHedt (MHACKCHOW) CTPOKH cpeau Kod()(HUIIMEHTOB STOW CTPOKU
(uckmrouas cronOer; CBOOOTHBIX WIEHOB) HAXOAMM HaMMEHbIEE OTPUIATENIbHOE YHCIO: -5
(IepBBIii cTONIOEI] - KITFOUEBOM).

[TpocmaTpuBast epBbIit cTONOEI] TaOIUIBI (KITI0UEBOI) BEIOMpaeM Cpeau MOJI0KHUTEIbHBIX
KOX((UIIMEHTOB CTONONA TOT, I KOTOPOro a0CONIOTHAs BEIMYWHA OTHOIICHHSI COOTBETCT-
BYIOIIIETO CBOOOIHOTO 4WiIeHa (HaXOJSIIErocs B CTONOIE CBOOOIHBIX UICHOB) K 3TOMY 3JIEMEHTY
MUHUMANbHA — 4. DTOT KO3QPUIIUEHT HA3BIBACTCS Pa3pelIalonInM, a CTPOKa, B KOTOPOW OH Ha-
XOJIUTCS KIIFOYEBOM;

3amenaemblii Oa3ucHbli BekTOp: P4 (2-1 cTpoka)

Hogsrit 6a3ucHsril Bektop: P1 (1-it cTonberr)

3ameHsaeM Oa3ucHeli BekTop P4 Ha P1.

CtpouM HOBYIO TaOJdHILy, COAEpIKAILYI0 HOBble Ha3BaHHsS Oa3MCHBIX MEPEMEHHBIX, IS
3TOrO:

- pa3AenuM KaKIblid JIEMEHT KIIFOUEBOM CTPOKU (MCKIIIOUasi CTOJIOEI] CBOOOTHBIX YICHOB)
Ha pa3pelalfil 3JIEMEHT U MOJIyYeHHbIC 3HAUCHUS 3aMUIIEM B CTPOKY C M3MEHEHHOU 0azuc-
HOH TIEpEeMEHHOW HOBOW CUMIIIEKC TAOJIHIIBI.

- CTpPOKa pa3pelraroniero 3JIeMeHTa JISTUTCS Ha ATOT 3JIEMEHT U MOJIydeHHasi CTPOKa 3aru-
CBIBA€TCS B HOBYIO TaOJIMILY Ha TO K€ MECTO.

- B HOBOM TaOJMIIE BCE DJIEMEHTHI KJIF0UeBOro cToJiona = 0, KpoMe pa3pe3arolero, OH Bce-
raa paBeH 1.

- cToJ0e1], y KOTOPOro B KJIIF0YeBOH cTpoke umeercst 0,B HOBOM Tabiniie OyIeT TaKUM Ke.

- CTPOKa, y KOTOpO# B KJIt04eBOM cToio1e umeercs 0,B HOBOM Tabnuiie OyJeT Takou xKe.

- B OCTaJIbHBIE KJIETKH HOBOM TaOJIUIIBI 3aMMMCHIBACTCS PE3yAbTAT MPEe0Opa30OBaHUS JIEeMEH-
TOB CTapoil TaOJIUIIbI:

DNEM. KIEOY. Onem. wmoY.
cronbua * | CTpokH
HoBrn Crapuft KL CTROK KIL.CTonb
WIEMEHT | = | 2memerT | —
Paspemaronumit

SNEMEHT

B pesynbrare momy4yuid HOBYIO CHUMIUIEKC-TAa0JIMIly, OTBEYAIOLIYyI0 HOBOMY Oa3uCHOMY
PELIEHUIO:

Ne basuc | Koadpdumu- PO |5 2 0 0 0
CHTBI pH 0a- P1 P2 |P3 | P4 P5
3UCC

P3 0 60 |0 25 |1 -0.25 0
P1 5 30 |1 05 |0 0.25 0
3 P5 0 10 | O 05 |0 -0.25
C max = 150 0 0510 1250




[IpocmatpuBasi CTpOKy IeneBO (GyHKIHMH (MHIACKCHYIO), BUIUM, YTO B HEH HET OTpHIla-
TEJIbHBIX 3HAUEHUM, 3HAUUT, ONTUMATIBHOE PEHICHUE TTOJIYUYEHO.

W3 TabauIibl MOaydYuM 3HAYCHHS TIGPEMEHHBIX 1EJICBOW (PYHKITUU:
x1 x2 x3 x4 x5
30 0 60 0 10

Henesas ¢pynkuus: C max = 5*¥30+2*0

U B pesynbrate: OTBeT: /15 TOrO YTOOBI NOTYYNUTh MAKCUMAJIBHYIO IPHOBLTH B pa3Mepe
150 neH. en., HE0OXOAUMO 3aIlJIAHUPOBATH MPOU3BOACTBO 30 €. MPOAYKIMM IEPBOrO BHUIA, a
HPOIYKIUIO BTOPOTO BHJA HE BBIMYCKAaTh COBCEM (OTBET COBMAJAET C OTBETOM, MOJIYYECHHBIM
rpau4ecKuM METO/IOM).

Metoab! pemenus 3JII1

1. Pemrenue 3JII1 cummiekc-MeTOLOM

2. JIBOMCTBEHHBIE 3a/1aUH.

3. IIporpamMmMHOe obecrieueHue perieHus 3a1a4 JuHeHHoro nporpammupoBanus Ha [1K.

3aoaua. C.\ x. npednpusmue npouzeooum u npooaém npooykyuio 08yx 6udos. «I1 Ilpo-
oykmy u «2 Ilpoodykmy. J{na npouzeoocmea npooyKyuu UCnoib3yiomcs pecypcvl 08yX Kamezo-
puii: A u B. Pacxoowl pecypcos A u B na npouzeo0cmeo eouHuybl NpoOyKYuu Kaxrcoo2o euod,
3anacvl nPOOYKmMos U yervl nPpoOyKmos npusedensvl 8 maoauye 1.

Tabnuya 1
Pecypcoi Pacxoo pecypcos na eo. npooykyuu 3anacer  pe-
cypcos

1 IIpooyxm 2 Ilpooykm
A 1 2 3
B 3 1 3
Konuuecmso npo- X, X,

OyKyuu

1]enwvl 2(0en. ea.) 1( 0en. eo.)

Buiacnume, xaxoe xkoauuecmeo npooyKyuu Kaxcoo2o 8udd HAOO0 NPOU3800UmMb NPEOnpU-
Amuro(cocmasums NIAH NPOU3B00CMEa), YmMooObl NOIYUUMb MAKCUMYM NPUOBLIU.

3aodanue.

1. Cocmasums mamemamuuecKkyro Mooenb 3a0ayu.

2. Pewuums 3a0auy 6 Excel.

Pewenue. 1. Cocmagumsb mamemamuyueckyio mooensp 3adauu. Jljis cOCTaBICHUS Mare-

MaTH4YeCKOH MOJENH 3a[aull IPEKJe BCETO 66e0éM nepemennvle (Heuzeecmuvle) 3a0a4u: X, -

KOJIMYECTBO TPOAYKIMHU 1-ro BHIA, a X, - KOJIUYECTBO NMPOIYKIMHU 2-TO BHA, IPOU3BOJAMMBIE
IPENPUATHEM.
Orpanu4eHHOCTh 3aI1aCOB PECYPCOB NPUBOAUT K OZPAHUUEHUAM HA X, U X,: OrpaHude-

HUA Ha pacxoj pecypca A X, +2-x, <3,
orpaHMYeHHMs Ha pacxon pecypcaB 3 -x, +x, <3.

Kpowme Toro, x;,x, = 0.




KauecTBo pemieHns 3amaum ompenensieTcs ¢ INOMOULIbIO Uenegoul (yHKyuu 3adauu
Z(x,,x,)- OQyHKOMH, ONpEACNSIOMmE JOXOA MHPENPUATHS OT MPOJAXKH IIPOSYKIIHH:
£=2-x+x,.

3anaua 00 onpeneNeHuy IUIaHa MPOU3BOACTBA MPOAYKIIUU CBEJIACh K CIEIYIONEeH MaTemMa-
THYECKOil 3azade: Haimu eekmop (X,,X,) (M1an npouseoo0cmsa), KOOPOUHAMbL KOMOPO20 YOO8-
JIeMBOPsIOm cucmeme 0paHuseHutl

x+2-x,<3
3-x,+x,<3
U YCOBUAM HeOMPUYAmearbHOCmU X;,x, 20,
KOMOpblll docmasnsem Makcumym yeneeoti yurkyuu £ =2 -x, + Xx,.

9Ty MAaTCMAaTUYCCKYIO 3a/la1y IPUHATO 3allMChIBATh B BUJIC

Z=2-x +Xx, > max (1)
x+2-x,<3

2)
3-x,+x,<3
x;,%, 2 0. 3)

U Ha3bIBaTh MAMEMAMUUECKON MOOe/IbI0 TaHHON TIPOU3BOJCTBEHHON 3aauu.
[TonoGHbIe 3a1aun HA3BIBAIOTCS 3A0AYAMU JAUHENHO020 npozpammuposanusn. OHU U3y-
YalTcsa B pas3fielie MaTeMaTHUKU, HAa3bIBAEMOM MamemMamuiecKum npozpammuposanuem. Tak
KaK TIePeMEeHHbIC X, U X, BXOJAT B CHCTeMy orpaHmdeHuit (2) u uenesyio pynkuuio Z (1)

JUHENHO, TO 3Ty 3a7jauy MaTeMaTH4YeCKOro IPOrpaMMUpPOBaHNUs HAa3bIBAIOT 3adauell TUHEH020
RPOPAMMUPOBAHUA.

MHOXeCTBO TOYEK ACKapTOBOi IIIOCKOCTH (X,,X,), KOOPAHHATE KOTOPBIX YIOBICTBO-

PSIOT CHCTEME OrpaHMueHuil (2) W yCIOBHMSM HEOTPULATENbHOCTH (3), HA3bIBAETCS 00JACTHIO
JIOMYCTUMBIX PELICHUH 3aJa4yd JMHEHHOro MPOrpaMMHUpPOBaHUA(00IACTHIO JOMYCTUMBIX IJIa-

*
HOB). B JaHHOM 3a1a4€ OHA IPCACTABIIACT coboit BBIITYKJIBIM YCTBIPCXYT'OJIbHUK. 3HaueHUS Xl u

*
X, W3 00IacTH IOIyCTHMBIX IUIAHOB, IPU KOTOPBIX Z NPHHAMAET HanboOJIblICe 3HAUCHUE B
9TON 00JIACTH, HA3BIBAIOTCS ONMUMATbHOIMU(ONMUMAIbHBLI NIAH), 3 COOTBETCTBYIOIIEE HAU-
* * *
Gonburee 3HaueHne Z =2-X, + X, SBILCTCS ONTHMAJIbLHBIM 3HaueHHeM npuobLIH. Ta-

KUM 00pa3oM, 3a7iadya O pacHpelesIeHUH PECYPCOB SABISETCS 3aJadeil ONTUMHU3ALUU U €€ Marte-
MaTHYECKONH MOJIENBIO CIYXKHT 33/a4a JIMHEWHOTO MpOrpaMMHUpPOBaHUs, 3aKIIIOYAIONIascs B MO-
HCKE ONTHUMAJIBHOTO IUIaHA U ONTHMAJIBHOTO 3HAUYEHUS 11eJIeBOM (PYHKIIUH.
3anadeil ONTUMHU3AUU MOXKET ObITh MOMCK HAMMEHBILIETO 3HAYCHUSI.

2. Pewienue 3a0auy ¢ Excel.

2.1. Beoo oannwix u gpopmyn 6 maobauyy Excel. OtkpoiTe Kuury Excel, JIuctl.

-O0peaunum stuerikun Bl u Cl. Jlnsg 3TOro BBIAEIUTH SUEHKH, HaXaTbh MPaBYI0 KHOIKY
MbIlu. B mosiBuBIIeMcst okHe BbI3BaTh «Dopmar siueek», 3aTeM «BblpaBHUBaHME)» U TTOCTAaBUTH
raJIouKky MPOTUB ONIUH «00benuHeHue aueek», Haxatb OK. B 00bequHEHHbBIE STUEHKH BIUIIEM
3aronoBok «IlepemeHHbIEY.

-B sueiiky A2 Bnucars «Msa», B A3- «Ilnan», B sueliky A4 «llena», B B2- «1 IlpogykT»,
B C2- «2 [Iponykt», B D2 « [TpuOBLIBLY.

-B siueiiku B4 u C4 3aH0csTCS 3HaU€HHUS 1IEH Ha MPOAYKIIHIO.

-Jlns nmepeMeHHBIX X, M X, orBouarca suekiku B3 m C3. Dro m3mensembie(pabouue)

SIYENKU, B HUX UCXOMHBIE TAHHBIE HE 3aHOCATCS U B PE3YJbTATE PEUICHUA 3aa4d B 3TU SYECUKHU
OyIyT BOUCAHBI ONITUMAaJIbHBIC 3HaUeHUs. Tabnuila TaHHbIX OyAeT UMETh BUJT
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CYHMMNOPONEB({Mmacons 1l;Mmaccus 2;MacCHBI ... )
BozEpaWaeT CyMMY NpOMIES0EHMA OMaNas0HoE MNM MACCMEOE.

COpaBka 0o 3Tol diyHKLK [ oK ] [ OTMEHE

s
B nosiBuBIIIEeMcst okHE «ApryMeHTHl GyHKIIUN» B moje «MaccuB 1» BBecTH ampeca u3Me-
HsaeMbIX staeek B3:C3(mporackuBas Kypcop MBIIIH IO sYeiikaM), B mojie «MaccuB 2» BBOIATCS

azpeca siueek ¢ neHamu Ha npoxykuuto B4:C4, «Maccus 3» urnopupyerca. Haxars OK. B
aueiike D4 nossutcs uncio 0.
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-O6benunanTh sueiiku BS u C5 u Brimcatpy «OrpannueHus», B A6- «Pecypce», B B6 u C6
X, u X,,B D6 «Pacxon», B E6 «3anace», A7 nu A8 3Ha4Ku peCypCoB,

B niosie B7:C8- HOopMBI pacxoia pecypcos.

-B  sueiiky D7 BBoaumTcs ¢dopmysia BBIYHCICHHS HW3pAacXOJIOBAaHHOTO pecypca A
X, + 2 x,, B sueiiky D8- popmyna nspacxonoBanHoro pecypcaB 3-x, +x,

(Takke, Kak ¥ popMyIa 1eyeBoi GyHKIUN).

- B stueiiku E7 u E8 BHOCKHM pa3Mephl 3a11acoB pecypcos.

Janusie u popmyiel BBeneHbl. TaTEpdeiic 3amaun OyaeT UMETh BUT
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2.2. Ucnonvzosanue naocmpotixu Excel «Ilouck pewenusny.

Hancrpoiika Excel «llouck pewenusy Tpu MepBOM HCIONH30BAHUY JIOJKHA OBITH MPE-
BapuTenbHO aktuBHpoBaHa. OTkpeiB Excel, Haxars kHonku «Office» —> «llapamerpst Excel»
—> «Haactpoiiku» —> «HeakTuBHBIE HAACTPOUKU MPUIIOKEHUIW» —> BBIACIUTH CTPOKY «llo-
uck pewenusy —> «Ynupasienue: HaacTpoiiku Excel» — «mepeiitny — OK.

[I[énkHyB Ha JeHTe KHONKY «JlaHHbIeY, 3aTeM «llouck pemeHunin» otkpoeM okHO «llouck
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-B none «YcTaHOBUTH 1LIENEBYIO SIYEHKY» BBECTH afipec LeJeBor sueiku D4, mEnkHyB no
HEl KypCOpOM MBIIIN.

-BriOpath «paBHOI MaKCUMAIBLHOMY 3HAUEHUIOY.

-B none «uzmensis siueiikuy ykaszath aapeca B3:C3.

-B mone «Orpannuenus» ménkayTh «Jlo6aButh». Ilocne mosBnenus nomus «JloOaBneHue
orpannyeHus» B nosie «CchUIKa Ha SUEUKY:» caenaTh CChUIKY Ha sueiky D7, BbIOpaTh 3HaK
<=, B none «OrpaHuyYeHnE:» BBECTH aapec ssuehku ¢ 3amacoM pecypca A- E7. BHOBb BBHIOpaTh



«J106aBUTH» HPOBECTH BBOJ OrpaHMYEHHs IO pecypcy B, 3arem mo orpanmuenmio x,,x, = 0.

[Tocne storo Haxats OK.
2.3. Hacmpoiika napamempos peuienusi 3a0a4u.
Bri6paB B okHe «llouck pemenuii» omnmuio «llapamerpsr» B

MOABHUBIIEMCS OKHE «Hapa-

METPBI MTOMCKA PEHICHUs»YCTaHOBUTD (priaskok B mosie «JIuneiinas monenby. [Ipu Takom BeIOOpE
IpU pEelIeHUH 3a1auyu OylIeT HUCIOJb30BaThCsid CUMILIEKC-MeToJl. OCTajabHbIE 3HAUCHHS] MOKHO

ocTaBuTh 0e3 usMenenusa. Haxare OK.
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2.3. 3asepuienue pewieHus 3a0a4u U RPOCMOMp pe3yibmamos.
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B syetikax B3 u C3 nosBsATcsa onTuMaibHbIe 3HaueHus miaada 0,6 u 1,2, a B sueiike D4 on-
TUMaJIbHOE 3HaueHue MpuobLIn 2,4. 3amaya penieHa.
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«Pewenua munoeoil 3a0auu 1UHENIHO20 NPOPAMMUPOSAHUA C NOMOULLIO CUMNIICKC-
memooa ¢ Excel: 3a0aua o évio0pe onmumanviozo payuona KOpMaeHUA HCUBOMHBIX)

3aoaua. CocraBnsercss KOMOMHUPOBAHHBINA KOPM M3 TPEX 37aKOB: KyKYPY3bl, OBCA U PiKH.
KanopwuitHocTs U copepxanne Butamuaa C B OHOM KHJIOTpaMMe KaKIOTO 371aKa, a TAKXKe IIeHa
OJJHOTO KI' KaJKIOTO 3J71aKa yKa3aHbl B TaOJIHIIE:




Kykypyza OBéc Poxb

KanopwuitHocTh(KKaIT) 200 175 100
Conepxanue C (B I'p) 5 1 3
Llena (py6.) 6 4 1

CocrtaBuTh Haubosee NemEBbIi KOMOMHUPOBAHHBIA KOPM, KT KOTOPOTO conepkai Obl He
MeHee 125 kkan u He MeHee 2r BuTamuHa C.

Pewenue.

1. Cocmaenenue mamemamuueckou mooenu 3aoauu. OO03HAUUM COACPKAHUE KYKYPY-

3bl, OBCA M DKM B 1KI KOMOMKOpMA 4epe3 X,, X,, X; COOTBETCTBEHHO, & CTOMMOCTbH 3JIaKOB B
xomOukopme Z . Torja MaTeMaTH4ecKas MOJIEIb 3a1a4i 00 ONTHMH3AlUK IPOU3BOICTBA KOM-
OukKopMa (GOpMYIHpYETCs CIeTYIOUMM 00pa30oM: HAWTH BEKTOp X = (xl;x2;x3)(Ha3HBaeMbIﬁ
MJIaHOM), JOCTaBIISIONIMN MHUHUMYM IIeJIeBOU (PyHKIIMU 3a1auu (PyHKIIUU 3aTPaT)
Z=6-x+4-x,+x, > min,
KOOPJMHATEI KOTOPOTO X, X,, X; YAOBIETBOPSAIOT CUCTEME OTPaHUYECHHH
200-x, +175-x, +100-x, > 125,
Sex+x,+3-x, 22,
X +x,+x,=1,
x20.x,20.x,20.
2. Pewwenue 3a0auu ¢ Excel.

_-'{Eg\‘.\l..‘?.] =0 N] s Nun_nporp-Ladsx - N
[nasHas Bcraska PazmeTka cTpaHWLbl Topmynsl JaHHble PeleHsHpoBaHne Eng Haacrpony

15 Wz Access > 5 B :‘;_iﬂl'lo,qmmqewﬂ ki ﬁ ]? K OunciTs
: St i 8 o IR o
=g V13 BeBa 2T CBOMCTES & MpUMEHWTE NOBTO
2 Wz gpyrnx Cywecrsyowme | OBHOBWTb H‘L CopTvpoBka | uneTp 7

5 M3 TeKaTa yerpunmkos* | nogkaueHus gre~ =2 Mamenuts ceasm || & L AononHUTENBHO

MoAy4UTE BHEWHWE AaHHES NogrnKdeHna CoOpTHPOEKA W GUAETP
I A3 - fe | [onw cocTaea
A B & D E F G
1 ITepemeHHEBE
2 Hwn_Jceno onermy |
SOMpamasi

3 [Bonu cocrasa | 16,7741935 6,4516129 [

4 | leHsi 30 50| 825,806452

5 OzpauuuyyeHnuas

6 Betiecnisa Pacxod  MuH nomp

7 |benok 50 20 120 2000 2000

8 Kansuut 6 4 3 120 120

9 BumamuHsl 2 1 1 40 40
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IlepBuuHoOE pacnpeaeieHue MOCTABOK
1. Merton ceBepo-3anaaHoro yria
2. MeToa yyeTa HaMMEHbIIIEH MOCTaBKH.
3. ILIUKJIBI, OICHKH ITUKJIOB, OI[CHKH KIICTOK.




B peruone pacnonoxxeno Heckonbko HI'JIY, obecneunBarommx omnpeaenéHHbie 00bEMBI
no0brun HedTH, KoTopast moctymnaet B HII3, pacnosnokeHHbIe B pa3IMYHbIX PETHOHAX CTPAaHbI U
MMEIOIINE Pa3INdHble MPOU3BOJICTBEHHBIE MOIIHOCTU. B cuiny pa3HoynanéHHOCTH moTpedure-
neit or HI'IY 3aTpaTsl Ha TpaHCTIOPTUPOBKY HEDTU Pa3TUYAIOTCA.

B 3amaue HEOOXOIMMO COCTaBUTH IUIaH 3aKPEIUICHUS MMOCTABIIMKOB 32 MOTPEOUTEISIMH,
KOTOPBI YUUTHIBAET, IO BO3MOXHOCTH, HanboJee MoIHoe yaoBiIeTBopenue norpedureneir HII3
U TIpU ATOM 00ecreunBaeT MUHUMAJIbHBIC 3aTPAThl HA TPAHCIIOPTHPOBKY HE(DTH.

BBenens! ycioBHbIE 0003HAYEHUS:

1—ungexkc HIAY, i=1,m

m — o6mree uucio HI'JIY B pernone

j —unnaeke HII3, j=1,n

n — o6mee unciio HII3.

H3BectHO:

a; - 00bémbl 100b1un HedTH B i-om HI'/1Y, ThIC.T.;

b, - norpedHocts j-ro HIT3 B Hedtu, ThIC.T

¢; - U3IEPXKKH Ha TpaHcnopTupoBKy 1000 1. HedTH, ThIC. PYO.
b, a, 180 | 190 | 110 | 210|200 | 120

490 5 7 8 4 6 9
270 7 2 5 8 6 7
380 5 4 7 6 9 8

Mogaeab 3aga4u. B xauecTBe HEHM3BECTHBIX 3ala4i IMPUHUMAIOTCA IICPEMCHHBIC X

O3Ha-

i
yaromue 006éM nepeBo3ok HedTH i-ro HI'LY k j-my HII3. B kauectBe koadduumenTos mene-
BOW (DYHKIIMU BBICTYIAIOT U3JEepKKK Ha mepeBo3ky 1000 T. Hedtu. LleneBas GyHKIMS MUHUMH-
3upyeTcsi. Moienb 3a/1a4u 3aliChIBaeTCs B 00IIEM BHJIE, IIPU ATOM HEOOXOJIUMO YUECTbh, YTO IO
VICXOJJHBIM JaHHBIM 3a/]a4a SBJISIETCS] OTKPBITOM.

Hmeem TpaHCHIOPTHYIO 33124y C U30BITKOM 3aI1acoB:

2 ai>2 bj(raei=l.m;j=l..n).

490+270+380>180+190+110+210+200+120

1140>1010 C max = 150;

TpeOyeTcst HaliTH Takoi IUIaH MEPeBO30K (X), MPH KOTOPOM BCE 3asBKU OyIyT BBIIIOJIHE-
HBI, a 0011ast CTOMMOCTH MEPEBO30K MUHUMaIbHA. OYEeBHIHO, TIPH ATOI MOCTAHOBKE 3a/1a4H HE-
KOTOpBIE YCIIOBHS-PABEHCTBA TPAHCIIOPTHOM 3a/1aul MPEBPAIAIOTCSA B YCIOBHS-HEPABEHCTBA, a
HEKOTOPBIE — OCTAIOTCS PABEHCTBAMH.

n
lei,j ? a; (i=1, ..., m);
=
m

% Xij = bj (=1, ..., ).

MpbI noydaem CIeAYUIyIo 3a1a4y:
X1 X 12X 3 TX 14X 151X 16 2 490
X21TX22 X031t X 24 X251 26 2 270
X31FX32+X33TX34+X351X36 2 380
X11+X21+x31 = 180

X13tX23+x33 = 190

X14+Xo4+X34 =110

X12+X2tx3, =210

X151+X25tX35 = 200

X161X261X36 = 120

Xij 2 0 msi=1,2,3;j=1,2,3,4,5,6;

[AV)

J



Kmin=5x1 1+7X12+8X13+4X14+6X1 5+9X16+7X21+2X22+5X23+8X24+6X25+7X26+5X31+4X32+7X33+
+6X3419X35+8X36;

PelieHue 3a1a4u.

JlaHHYIO TPAHCTIOPTHYIO 3a/1a4y HEOOXOIUMO PEIIUTh Memodom nomenyuanos. [10ckomb-
Ky 10 MCXOJHBIM JaHHBIM UMEEM OTKPBITYIO 33J1ady, TO 0 Hayaua €€ pelIeHUs CIEAYeT MOJIy-
YUATH 3aKPBITYIO MO/JIEITb.

Jns 3TOro, cBEpX MMEKIIMXCSA h MYHKTOB HasHauyeHus Bi, By, ... , By, BBeném emé onus,
(UKTUBHBIN, MYHKT Ha3Ha4YeHHS By, KoTOpoMy mpunwuiieM (UKTUBHYIO 3asiBKYy, PaBHYIO W3-
OBITKY 3amacoB HaJ 3asBKaMu

U = 2 ay - 2 ¥ ( Tae m=1610101005b 5k 0=101010100T ) 6

b;=1140-1010= 130,

a CTOMMOCTb TIEPEBO30K M3 BCEX MYHKTOB OTMPABJICHHUS B (PUKTUBHBIA MYHKT HAa3HAYCHHS
b7 Oyzmem cuuTaTh paBHBIM HYJIO. BBeneHrneM (pUKTUBHOTO ITyHKTA

Ha3Ha4eHHs Byt ¢ ero 3aaBKOH by MBI CpaBHSUTH OajlaHC TPAHCIIOPTHOMW 3a7a4d U TETIEPh
€ro MO’KHO periaTh Kak OOBIUHYIO TPAHCIOPTHYIO 33/1a4y C MPABHJIbHBIM OaTaHCOM.

[lepBoHaYaNbHBIN OMOPHBIM IJIaH TIOCTABOK IIOCTPOMM Ha OCHOBE Memodd cegepo-
3anaodH020 yeua:

bja; | 180 190 110 210 200 120 130
490 | 5 7 8 4 6 9 0
180 190 110 10
270 | 7 2 5 8 6 7 0
200 70
380 |5 4 7 6 9 8 0
130 120 130

CTouMOCTh TIEPEBO30K IO JaHHOMY Tu1aHy coctasisieT: 7300 Twic. pyo.

Pemnm 3agauy ¢ npuMeHEHUEM Memooa nNOmMeHYuanos.

J1st 3TOro Mi1aHa MOKHO ONpPENeNIuTh IIaTexHu (o U Bj ), Tak, 4ToOBI B Kak10i 0a3uCHOM
KJIETKE BBIIOJIHANOCH yClIoBHe : o+ ;= ¢;; (¥)

VYpaBHenuii (*) Bcero m +n - 1, a ynciio HEU3BECTHBIX paBHO M + n. CieaoBareiabHO, OA-
HY U3 9TUX HEU3BECTHBIX MOXHO 33JaTh MPOU3BOJIBHO (HampuMep, paBHoU HYym0). [locie aToro
u3 m + n - 1 ypaBHeHu# (*) MOXXHO HAWTH OCTaJbHBIE IIATEXKHU O , i, @ IO HUM BBIYUCIUTH
IICEBAOCTOMMOCTH: U= Ol + Bj JUTSL KaXKII0W CBOOOIHOM KIIETKH.

Ecau oka3zanoce, 4To BCe 3TH MCEBJIOCTOMMOCTH HE IPEBOCXOAAT CTOUMOCTEH Ui [ ¢ij ,

TO IUIAH MOTCHIMAJICH U, 3HAYUT, oNTUMascH. Eciu ke XoTsa OBl B 0qHON CBOOOIHOM KJICT-
K€ MCEBAOCTOMMOCTh OO0JbIlIe CTOUMOCTH (Kak B HAIlleM IpHUMEpE), TO TJIaH HE SBJSETCS ONTH-
MaJIBHBIM ¥ MOXET OBITh YIYUIIeH MEPEHOCOM TEPEBO30K MO MHUKITY, COOTBETCTBYIOIIEMY JIaH-
HOM cBOOOIHOI KieTke. LleHa 3Toro 1ukia poBHa pa3HOCTH MEXy CTOUMOCTBIO U TICEBIOCTOH-

MOCTBIO B 3TOI1 CBOOOIHON KIIETKE.

180 190 110 210 200 120 130 a;
i
90
80 90 10 0 7
70
1 2 00 0 3
80
2 4 5 1 30 20 30
5 7 8 4 2 1 -7




MbI nonyunnu B ceMu KIeTKax uij [l ¢;j , TeHepb MOKHO IOCTPOMTH LUKI B JTHO00H M3
9THUX KJETOK. BbIrosHee BCero CTpOUTh LUK B TOU KIIETKE, B KOTOPOM pasHOCTb m;; [ ¢ Mak-
cumasibHa. B HameMm ciyuae J1s mocTpoeHus Iukia 0epem kietky (3,2):

20 12 13
4 180 190 110 210 |0 0 0 ;
130 130
90
80 90 10 0 7
130 130
70
1 2 00 0 3
130 130
80
2 4 5 1 30 20 30
. 5 7 8 4 2 1 -7

Teneps Oyaem nepememiats mo MUKy 4yucio 130, Tak Kak OHO SIBJISIETCS MUHUMAJIBHBIM U3
YHcell, CTOSIIIUX B KJIETKaX, MOMEYEHHBIX 3HAaKoM -. [Ipu mepemeinieHUU Mbl OyJeM BBHIYUTAThH
130 U3 KIETOK €O 3HAKOM - ¥ IPUOABIISTH K KJIETKAM CO 3HAKOM + .

ITocne 3Toro HeOOXOAUMO MOJICUUTATh OTEHIUAIBI O, M B ¥ IIUKJ PacueToB MOBTOPSETCS:
CTOMMOCTb NIEPEBO30K 10 JaHHOMY Iu1aHy coctasisier: 6000 Toic. pyo.

(24
ia; 180 190 110 210 200 120 130
60 60
90
80 0 10 40 1
60 60
70
1 2 0 00 5
80 30 1 20 30 3
_ 5 7 8 4 2 11 3
180 190 110 210 200 120 130 a;
i
90 10 10
80 2 10 00 6
70 10 10
0 2 0 00 2
80
1 30 4 0 20 30
5 ) 8 4 2 2 -6




CTOMMOCTB NIEPEBO30K I10 JAHHOMY IUIaHy cocTaBisieT: 5460 Twic. pyo.

18 19 11 21 20 12 13
ai |0 0 0 0 0 0
100 100
90
80 00 10
100 100
70
0 0 00
80 30 20 30
. 5 5 8 4 9 9 1
CrouMocTh NepeBO30K 10 JaHHOMY IU1aHy cocTtasisieT: 5390 Toic. pyo.
18 19 11 21 20 12 13
ai |0 0 0 0 0 0
100 100
90
80 10 00
100 100
70
0 10 00
100 100
80
30 20 30
. 5 2 5 4 6 6 -2
CTOMMOCTb NIEPEBO30K 10 JaHHOMY Iu1aHy coctasisier: S090 Toic. pyo.
18 19 11 21 20 12 13
ai |0 0 0 0 0 0
%0 0 10 00
70 60 10
80 00 0 20 30
5 4 7 4 6 8 0




CroumocTh NnepeBo30K M0 JaHHOMY IaHy cocTasisieT: 4890 Teic. py6. IlceBaocTonmoctn
uij = o + PBj WA Bcex CBOOOJHBIX KJIETOK HE IPEBBIIAIOT CTOMMOCTEH, IUIaH ONTHMAJIEH.
Kmin=4890

OTBer: miaH 3aKperyieHUs MOCTABLIMKOB 3a MOTPEOUTEISIMHU, KOTOPBIH YUYUTHIBAET, IO
BO3MOXHOCTH, Haubosiee monHoe yaoBieTrBopenue norpedureneid HII3 u npu sToM obecreun-
BAaeT MUHUMAJIbHBIE 3aTPaThl Ha TPAHCHOPTUPOBKY HeQTH mpencTtasieH Hike (CToMMOCTh Ie-

PEBO30K IO AaHHOMY IIaHy coctasisieT 4890 ThIc. pyo.):

bia; | 180 190 110 210 200 120 130
490 | 5 7 8 4 6 9 0
80 210 200
270 | 7 2 5 8 6 7 0
160 110
380 |5 4 7 6 9 8 0
100 30 120 130

Hcnone3ys nanHble NpeablAylIed 3a1a4y, peIUTh TPAHCIIOPTHYIO 3a1a4dy, IOCTPOUB Iep-
BOHAYAJIBHBIA OMOPHBIN TUTAH MOCTABOK MemO00OM MUHUMANbHOU CHIOUMOCTIU.
Penrenne 3agaum.

[TepBoHavanbHBIN OMOPHBIN MJIaH MOCTABOK MOCTPOUM Ha OCHOBE Memood MUHUMANbHOU

cmoumMocmu.
b| 180 190 110 210 200 120 130
j4i
4
90 1
10 50 30
2
70
920 0
3
80
80 0 0 20
CTouMOCTb TIEPEBO30K I10 JaHHOMY TuIaHy cocTtasisieT: 5040 Twic. pyo.
[Ipumensiem memood nomenyuanos.
180 190 110 210 200 120 130 a;
i
90 50 50
10 50 30
70
920 0
80 50 50
80 0 0 20
2 1 4 4 6 5 0
| | 180 | 190 | 110 | 210 | 200 | 120 | 130 | o




i

20 10 00 0

70 90 0 2 2
80 80 0 20 0

i 5 4 7 4 6 8 0

CTouMOCTh TIEPEBO30K IO JaHHOMY IuIaHy cocTtasisieT: 4890 toic. pyo. [IceBmocTonmoctu

uij = o, + B 414 BceX CBOOOIHBIX KJIETOK HE MPEBBINIAIOT CTOMMOCTEH, I1aH ONTHMAaJIEH
(CTOMMOCTB COBIAJAET C MOJYYEHHOM CTOMMOCTHIO 3afaun Ne3, HO TJIaH MEPEBO30K albTepHA-
THUBEH).

OTBeT: MjaH 3aKperIeHUs] MOCTABIIMKOB 3a MOTPEOUTENSIMU, KOTOPHIA YUUTBIBACT, IO
BO3MOXKHOCTH, HauboJiee ojiHoe yaoBieTBopeHue norpedureneit HII3 u npu stom obecreun-
BaeT MUHUMAJIbHBIE 3aTPAThl HA TPAHCIIOPTUPOBKY HedTH mpexacrapneH Huxe (CTOMMOCTH Tie-
PEBO30K MO JaHHOMY IIaHy coctapisieT 4890 Twic. pyo.):

180 190 110 210 200 120 130
j4i
90
10 00 0
70
90 0
80
80 0 20 0

OnrumajibHOe pacnpeejieHHe OCTABOK
1. [lepepacnpenenenye NOCTaBoOK B LIUKIIE.
2. Meronuka NoJay4eHUs: ONTUMAIIBHOTO PACHPEeIeH s TOCTABOK.
3. IlporpammHoOe obecrieueHue pelieHus 3a1ad TpaicnopTHoro tuna Ha [1K.

3adaua 00 onmumusayuu nepeeo3ok.  YUeTblpe OTAENEHUS CENbXO3MPENPUITHS
B,,B,, B,, B, 3akynaior kopMa y Tpéx nocrasiiukoB A, A,, A, . 3anacsl KoOpMOB y MOCTaBIIHU-

KOB, MIOTPEOHOCTH CEIIbXO3MPEANPHUATHS B KOPMaX ¥ CTOUMOCTb IEPEBO3KH €IMHHUIIBI TTPOTYKTa
OT MOCTAaBIIIUKA K MOTPEOUTENIO TaHbI B TAOJIHULIE.

3HAYUTENBHYIO YaCTh PACXOJOB C /X MPENNPHITHS COCTABISIOT MMEHHO TPAHCIIOPTHBIC
pacxoasl. MUHUMHU3UPOBATh PAcXO0/bl IPEIIPUITHS: COCTAaBUThH TaKO IIaH MEPEBO30K, MPHU KO-
TOPOM CYMMapHbIE TPAHCIOPTHBIC PACXOAbl OYAYT MUHUMAIBHBIMHU, BCE 3aMachl MOCTABIIUKOB
OyIyT BbIBE3€HBI, BCE MOTPEOHOCTH OTIENICHUH C.\ X. MPEANPUATUS OYAYT YIAOBIECTBOPEHBI.



TIompe- Iompebumenu 3anacer kopmos y
oumein NnoOCMasUjuUKos
B, B, B; B, “
Tocmaswur
A a, =15
10. 0" 20 11
Ky X1 X3 Xig
A a, =25
12. 7 9. 20,
Xy X2 X23 Xo4
A3 \\\ \\\ \\\ \\\ a3 :5
0. 14 16\x33 18-,
X3 X3 N X3y
b, b, 5 b, 5 b, =
5 15 15 10
[Tompebrocmo 6 Kopmax

1. Mamemamuueckaa modens 3adauu. OG03HAYNM Yepe3 X,; KOJMYECTBO KOPMOB, Iie-

PEBO3UMOC OT IIOCTAaBOIHMKA Ai K HOTpe6I/ITeJ'IIO Bj , C..- CTOMMOCTh IICPCBO30K II0 3TOMY

p
mapuipyty, [ =1,2,3; 7 =1,2,3,4.
Lenesan ynxkyua: TPAHCTIOPTHBIE PAacXObl HAa MEPEBO3KY KOPMOB BBIYMCIAIOTCA O

bopmyie
3 4

Z=Y>c;-x, =10, +0-x,+20-x, +11-x, +

i=l j=1
+12-%x, +7-x, +9-x,, +20-x,, +

+0-x;, +14-x,, +16-x;; +18-x,, —>min.
Ocpanuuenus na nepemennvle 3a0auu.

Ozpanuuenus svisosa: w3 A x,, +x, +x;+x, =15,

w A, x, +x,+x,;+x, =25,

m A, Xy, X, X, +x, =5,
Ocpanuuenus sso3a: 66036 By X, +X, +x;, =35,

66036 B, X, +Xx,,+x, =15,

66036 B, X3 +X,+x,;=15,

66036 B, x,+x,,+x,=10.
Ocpanuuenus na swaxu(snauenus) nepemennoix: X; 2 0.

3ajmaua 3aKpeITOro THma : 4, +a, +a, =b +b, +b, +b, =45.
2. Pewuenue 3a0auu ¢ Excel.
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«Pewenue 3a0auu o naznauenusax c Excely
3aoaua o naznauenusnx. llponsBoaurtcs kinaccupukanust 7 00Je3HEH KUBOTHBIX (TITHIIBI)
o 5 xateropusM. Pe3ynbTaThl TeCTUPOBAHUS KaXKIOro 3a00JIeBaHUS YPOBEHb OMACHOCTH 3a00-
JIeBaHUs) MO KaXJOW KaTeropuu BBIpaXKeHbI B Oayutax mo 10-0ayuibHOM 1IKajge U MpeacTaBIeHbI
MaTpuiiei



aEBBRE
s171s5]7]6]7
s,Telalsl4]9
S, 86438
C =

s,1717]8]5]7
NEEREAERE
S, |6]8]6]4]7
s 17171864

Omnpenenutb caMble onacHble 3a00JIeBaHUs B KaXKJ10M M3 5 KaTreropuil Tak, 4ToObl cymma
O0ayuToB BBIOpAaHHBIX 3a00JjieBaHMI ObUTa HauOoJbIIeH (CyMMapHBIH yYpOBEHb OMACHOCTH BBI-
OpanHbIX 3a00eBaHui ObUT HauOobIKUM). Kaxknoe 3a0oneBanne MOXKET OBITh CAMBIM OITACHBIM
TOJIKO B OJIHOM KaTeropuu U BCE KaTETOPUHU JOKHBI ObITh 3aHSTHI.

Pewenue.

1. Mamemamuueckan mooens 3ad0auu. O603HAYNM Uepe3 X,; TIGPEMCHHBIC 3a/1a4H:

X; = 1, ecnu 3abonesanue Sl. BBHIOMPAETCS] CAMBIM OMTACHBIM B KaT€TOPUU Pj;

'xij = 0 , €CIIN 3a00JIeBaHNeE Si HC ABJISICTCA CaMbIM OIIACHBIM B KaTCTOPUU I)J 5

C; - YPOBEHb OIACHOCTH 3a0oneBanus S, (KONMYECTBO GAILIOB 11O PE3yIbTaTaM TECTHPO-

BaHUs) B KaTeropuu Pj,

i=1,2,3,4,56,7;j=1,2,3,4,5.

Lenesas ynkyus: cyMMapHbI ypOBEHb OMACHOCTH BCeX 3a00JieBaHUM B OayljlaX BBIUKC-
asieTcst 1o gpopmyne

7 5
Z:ZZQJ X =Tx, 5%, 7 X, +6-x,+7 x5+

=l =1
+6-x,, +4-x,, +8-x; +4-x,, +9- x5 +
+8:x;, +6-x;, +4-x;; +3-x,, +8- x5, +
+7 Xy + 7% +8- X +5-2x,, +7-x,5 +
+5: %49 X, + T x5 49X +5- x5+
+6-x,+8 X, +6-x,+4-x, +7- X+
+7%;, +7 X, +8- x5 +6-x,, +4- X, — max.
Oepanuuenus Ha nepementvie 3a0a4u.

Ocpanuuenusi Ha 1UOepcmeo 00H020 3abone6anus: Kaxaoe 3a001eBaHUE MOXET OBbITh ca-
MBIM OITACHBIM TOJIBKO B OJTHOH KaTETOPUH

wis S, Xt X, x5, +x, +x=1,
s S, Xy + Xy + Xy + Xy, + X =1,

s Sy Xyt Xy, F Xy H Xy, Xy =1,
wst S, Xy F X, X, +x, Fx =1,
st Sy Xy + Xy, Xy H Xy + X =1,
st Sy X+ X F X+ X, X5 =1,
wis S, Xp Xy F X0y + X, + X, =1



OepaHulteHZUl no 3a”Aamocmu Kameeopm?: B KaXa0i KaTCropuu MOXET OBITh TOJBKO OJMH

Tuaep

mst Box +x,, +x, X X X +x,, =1,
s Poox 4+ X, g, Hx, X X +x,, =1,
ms Pyox;y + Xy, + x5, =15,
s Ppox, +x,, +x;,, =10,
s Poox X, Hxg, Hx, Xy x +x,, =1,

Oepanuyenus na 3HaKU(3HAUEHUS) NEPEMEHHDIX: X, >0, X, - IBOMYHbIC YHCIIA.

3&,[[3‘13 OTKPBITOT'O THUIIA: BBOJAATCA OBC (1)I/IKTI/IBHI>IG KaT€ropuu ¢ HYJICBBIMU CTOJ'I6I_IaMI/I

%
6amnos. Marpuia C' cTaHOBHTCS KBaJpaTHOM.
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2.7.3 Pe3yabTathl U BbIBOABI: Pewenue 3a0auu ¢ Excel.

Tpancn_sagaya.xlsk - Microsoft Excel

& pr—
Tnaenas | Boraeka

PasmeTka cTpaHMUBE Dopmynsl AdanHbie PeueHsnposaHne Buag Hagcrpoikn
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13 ~ f | =CYMMIPOW3B(B4:H10;B14:H20)
| A B C D | E | F | G | H | ] " K
1 BEANN b Cymma
2 HATETOPUHM OMNACHOCTH
3 boneshmu |P1 P2 P3 P4 P5
4 81 7 5 7 6
5 [B2 6 4 8 4
6 |53 8 6| 4 3
7 s4 7 7 8 5
8 [85 5 2 7 9
9 86 6 E 6 4
10 §7 7 7 8 6




2.8 IlpakTuyeckoe 3ansaTue Ne 18-19 (4 yaca)

Tema: OcuoBHble MOHSTHS Teopun rpados. Kimaccudukarms rpados, ux coiictsa. lepesbs, cetu. Oc-
HOBBI CETEBOTO aHAITN3a

2.8.1 3aganue nist padoThI:
1. OcHOBHBIE MOHATHS U OIIPEEIIEHHs TEOPUH IrpadoB.
2. Mojenu 1 anropuTMbl CETEBOTO aHAJIN3a

2.8.2 KpaTkoe onucanue nNpoBOANMOIO 3aHATHS:
IIpumeps! npuI0KeHH Teopuu rpados

1. «TpancnopTHBIE» 3a/1a4H, B KOTOPIX BEpUIMHAMU Ipada ABISIOTCS MyHKTHI, a pedpamH - J10-
poru (aBTOMOOWIIBHBIE, JKEJIE3HbIE U Ap.) U / UK Apyrue TPaHCIOPTHBIE (HApuMep, aBHALMOH-
Hble) MapuIpyThl. J{pyroil npumep - cetu cHabkeHus (3HeprocHadKeHus, ra30cHa0KeHus,
cHa0XEHUs TOBapaMu M T.J.), B KOTOPBIX BEPIIMHAMH SBJISIFOTCS MyHKThI IPOU3BOACTBA U T10-
TpebisieHus, a pedpaMu - BO3MOXKHbBIE MapIIPYThI epeMelieHus (JIMHUM 3JeKTporepeay, razo-
IPOBO/IbI, 10POTH U T.A.). COOTBETCTBYIOIIMH KJIace 3a7a4 ONTUMM3AlUU IIOTOKOB I'PY30B, pa3-
MEILEeHHs] TyHKTOB IIPOM3BOJICTBA U NOTPEOIEHNUS U T.JI., UHOTJa Ha3bIBaeTCs 3aadaMu o0ecre-
YEeHMs WM 3a7jayaMu 0 pa3MelieHnd. X noakmaccom sBISIOTCS 3a1a4i O IPy30IepeBO3Kax.

2. «TexHomornueckue 3aJlaun», B KOTOPBIX BCPIINHBI OTPAXKAIOT IIPOU3BOJACTBCHHBIC 3JICMCHTHI
(3a130):[51, nexa, CTaHKHU U T.I[.), a IyI'"u IOTOKHU ChIPbs, MATCPHUAJIOB U IIPOAYKIIUHU MCXKIY HUMU,
3aKIIIOYar0TCA B ONIPCACICHUN OIITUMAaJIbHOM 3arpys3Ku nmponu3BOACTBCHHBIX 3JICMCHTOB U obec-
MEYNBAIOIINUX 3TY 3arpy3Ky NOTOKOB.

3. OOMeHHBbIE CXEMBI, ABISAIOIIMECS MOACIAMH TaKUX SBJICHUN Kak OapTep, B3aMMO3a4eThl U T.1.
Bepmunas rpada mpu 3TOM ONMUCHIBAIOT YYACTHUKOB OOMEHHON CXeMBI (IIeTI0YKH), a IYTH - I0-
TOKHM MaTepUAIbHBIX U (PMHAHCOBBIX PECYPCOB MEXKAY HUMH. 3a/1a4a 3aKJII04aeTcs B Onpeere-
HUU LIETIOYKH OOMEHOB, ONTUMAJIbHOM ¢ TOUKH 3peHus, HallpuMep, OpraHu3aTopa oOMeHa U co-
IJIaCOBAaHHOW ¢ MHTEpECaMH YYaCTHUKOB LIETIOUYKH U CYLECTBYIOIIUMHU OTPaHUYEHUSIMHU

4. Yupasienue npoektamu. (YpaBieHHe NPOEKTaMH - pa3iei TEOPUH YIPaBICHUS, U3y4alo-
I METOJIbI M1 MEXaHU3MBbI YIIPaBICHUS U3MEHEHUAMHU (MIPOEKTOM Ha3bIBAETCS LIeJICHANIPaBJICH-
HOE U3MEHEHHE HEKOTOPOM CHUCTEMBI, OCYIIECTBISIEMOE B paMKax OrpaHUYCHUN Ha BpeMs U UC-
MOJIb3yEMbIE PECYPChI; XapaKTepHON 4epTOil JTH0O0Tr0 MPOEKTa SABISETCS €r0 YHUKAJIbHOCTD, TO
€CTh HEPETYJISIPHOCTh COOTBETCTBYIOIINX M3MEHEHUH.)). C TOukU 3peHust Teopuu rpadoB MpoeKT
- COBOKYITHOCTH OIepalfii 1 3aBUCUMOCTEN MEKy HUMHU. XPeCTOMATUWHBIM IPUMEPOM SIBIIS-
€TCsl MPOEKT CTPOUTETHCTBA HEKOTOPOro o0bekTa. COBOKYIMHOCTh MOJIENIEH M METO0B, UCTIOJb-
3YIOIIUX SI3BIK M PE3YIbTATHI TCOPUU TPadOB M OPUCHTUPOBAHHEIX HA PEIICHHE 3a/1a4 YIIpaBlie-
HUS MPOEKTaMU, MOJIY4YHJIa Ha3BaHUE KAJIEHIapHO-CETEBOI0 IJIAHUPOBAHUS U YIIPABICHUS
(KCILY). B pamkax KCIIY pematorcst 3aauu onpeaeseHus Mociae0BaTeIbHOCTH BBITTOJIHEHUS
OTepalnil U pactpeiesieHUusi peCypCcoB MEKIy HUMH, ONTUMAJIbHBIX C TOUKU 3PEHUS T€X WIH
UHBIX KPUTEpPHUEB (BpEMEHU POEKTa, 3aTpart, U JIp.).

5. Mopenu KOJUIEKTUBOB U I'PYIII, UCIIOJIB3YEMBIE B COLIMOIOTUU, OCHOBBIBAIOTCS HA IIPEICTAB-
JICHUM JIIOJEH UM UX TPYII B BUJIE BEPILIUH, a OTHOLIECHUI MEXAy HUMH (HallpuMep, OTHOILIE-



HUI 3HAKOMCTBA, IOBEpHUs, CAMIIATHH U T.J.) - B BUJe pedep wiu ayr. B pamkax nonobHoro
ONMCAHUA PEIAITCA 33]Ja4M UCCIIEI0BaHUS CTPYKTYPhl COLIMAIIBHBIX TPYIII, UX CPaBHEHUS, OI-
peneneHus arperupOBaHHbIX MTOKA3aTelel, OTPaXKalOIKX CTENEHb HAIPSHKEHHOCTH, COTJIaco-
BaHHOCTH, B3aUMOJECHCTBUS U 1.

6. Monenu opraHu3alMOHHbBIX CTPYKTYP, B KOTOPBIX BEPIIMHAMU SIBIISIFOTCS 3JIEMEHTHI OPTaHU-
3allMOHHOM CUCTEMBI, @ pedpaMu WK AyTaMu - CBSA3U (MH()OpMaIIMOHHBIE, YIIPABIISIOIIUE, TEX-
HOJIOTUYECKUE U JIP.) MEXKY HUMHU.

[Ipu uccnenoBanuu, aHauM3e U PEUICHUHN YIIPABICHUYECKUX MPOOIEM, MOIETUPOBAHUU HIKOHOMHU-
YECKUX 00BEKTOB MIMPOKO HCIIOIB3YIOTCS METOBI (POPMATH3UPOBAHHOTO MPEACTABIICHUSI, SIB-
JSIOUIErocs MPeAMETOM pacCMOTpPEHUs B AUCKpeTHOI MateMaTtuke. lllupokoe npuMeHnenue npu
peIIeHNH TaKuX 3a/1a4 MOTydriia Teopus rpado Oiaromapsi CBOeH HATIISTHOCTU U YHUBEPCAIb-
HOCTH. McciienoBanus Mokas3elBaroT, 4To He MeHee 70% peanbHbIX 3aa4 MaTeMaTU4eCcKoro mpo-
rPaMMHUPOBAHUS MOKHO MIPEACTaBUTH B BUJIEe ceTeBbIX Mojeneit [3]. [lpuBeném HECKOIBKO KOH-
KpETHBIX pumMepos [1, 2].

[IpoekTupoBaHue ra3onpoBoia, COEAUHIIONIET0 OypOBbIE CKBa)KUHBI MOPCKOT0 0a3upo-
BaHWsI, C HaXO/IsIIIeHCs Ha Oepery nmpuéMHoM cranmuei. Lleneas GyHKIHMS COOTBETCTBYIOMIEH
MOJIEJH J10JIKHA MUHUMHU3HPOBAaTh CTOUMOCTD CTPOUTENBCTBA Ia30IPOBOJIA.

[Touck kparyaiimero MapuipyTa MeXay TOpoJIaMH 110 COOTBETCTBYIOIIEHN CETH JIOPOT.

Ornpezenenre MaKCUMaIbHOM IIPOITYCKHOM CITIOCOOHOCTH TPYOOIIPOBOAA JIJIsl TPAHCIIOP-
TUPOBKH YIOJIBHOM MYJIBIIBI OT YTOJBHBIX HIAXT K 3JIEKTPOCTAHLIUSAM.

Omnpenenenue cXxeMbl TPAaHCTIOPTUPOBKH HE(PTH OT MyHKTOB He(hTen0ObIYM K HETEnepe-
pabaThIBAIOUINM 3aBO/IaM C MUHUMAJIBHON CTOMMOCTBIO TPAHCTIOPTHPOBKH.

CocraBieHne BpeMEHHOT0 TpaduKa CTpOUTENbHBIX padoT (ompeaesieHue qaT Hadana u
3aBEpLICHUS OTAENBHBIX ATAOB paldoT).

Yarme Bcero MeTo/1 iepeBa pelieHuii HCIoIb3yI0T B CIOXKHBIX, HO TOJIAFOIINXCS KIIaCCU(U-
Kallu{ 3a/Jayax MPUHATUS pEIIeHUH, KOorjaa mepe] HaMH eCThb HECKOJBKO ajlbTepHATUBHBIX
"pemienuit" (MPOEKTOB, BHIXOJIOB, CTPATErHi), KAXKI0€ U3 KOTOPHIX B 3aBUCUMOCTH OT HAILIUX
NecTBUI WK NeHCTBUM Apyrux Jnuil (a Takke I00aIbHBIX CHII, BPOJE PBIHKA, MPUPOIBI U
T.I1.) MOKET JaBaTh Pa3HbIe MOCIEACTBUA (PE3YIbTATHI).

3aaua COCTOUT B TOM, YTOOBI MPAaBUIBHO OTOOPAa3UTh BCE BO3MOKHBIE BapUAHTBI PA3BUTHS
CUTyaluu (BETBH JIepeBa) U KOHEUHBIE PE3YJIbTAThl, BHIYUCIUTh HEKOTOPHIE MOKa3aTenu (Ha-
IpuMep, okKuAaeMasl IpUOBLIBHOCTh MPOEKTA, 3aTPaThl U T.I1.) U HA OCHOBE MOJyYEHHbIX JIaH-
HBIX IIPUHATH PELICHUE U BHIOOPE HY>KHOM JINHUU TIOBEIEHUS.

[IpuHATHE peleHnil ¢ TOMOLIBIO JePEBa BOZMOXKHBIX BAPUAHTOB IIPOU3BOJUTCS MTOITAITHO:

IMocTpoenue nepeBa pemennii (rpada 6e3 nukiIoB). J[epeBo CTPOUTCS 1O OnpeaeIieH-
HBIM [IPaBUJIaM: BEPIIMHBI AIbTEPHATUBHBIX PEIICHUN, BEPIIUHBI COOBITHIA, YT PEIICHU, KO-
HCYHBIC PCHICHUSA - JIUCThA BBOAATCA U 0003Ha4vaTCA OIMPCACIICHHBIM o6pa30M B HY>XHOM I10-

pAIKe.

AHaJIu3 iepeBa PelIeHuil: 0JCYeT BEPOATHOCTEN U MAaTEMAaTUYECKUX 0XKUIaHUN
(cTOMMOCTHBIX OLIEHOK pemeHusi, EMV), pacuer onTUMHCTHYECKOTO U TECCUMUCTUYECKOTO
IIPOTHO3a, BEIOOP ONTHUMAJIBHOIO PEIIECHUS.



Ipumep

I'maBHOMY MHXEHEPY KOMIIAaHUH HAJI0 PEIINTh, MOHTHPOBATh WJIM HET HOBYIO ITPOU3BOACTBEHHYIO
JIMHUIO, UCTIOJIB3YIOLTYI0 HOBEHIIYIO TeXHooruto. Eciiu HoBast munust Oynet paboraTh 6€30TKa3HO,
KOMMaHMs oyt npudsuts 200 MitH. pyOsield. Ecnu jke oHa OTKaXkeT, KOMITaHUsI MOKET OTEPSITh
150 mutH. py6neit. [1o onenkam riaaBHOTO HHXKEHEpa, cymecTByeT 60% I1aHCOB, YTO HOBAsl POU3-
BOJICTBEHHAs JIMHUS OTKaKeT. MOXKHO CO3/1aTh SKCIIEPUMEHTAIEHYIO YCTAaHOBKY, a 3aTEM YK€ pe-
I1aTh, MOHTUPOBATh WIH HET MPOM3BOJCTBEHHYIO JIMHUIO. DKCIIEpUMEHT oboiercs B 10 miH. pyo-
nei.

['maBHBII HH)KEHEP CUMTAET, YTO cymmecTByeT 50% IIaHCOB, YTO SKCIIEPUMEHTAIbHAS YCTaHOBKA Oy-
net paboraTs. Eciu skcriepuMeHTanbHas ycraHoBka Oynet paborats, To 90% maHcoB 3a To, 4To
CMOHTHPOBaHHAs MPOU3BOJICTBEHHAS JIMHUS Takxke OyaeT padoTtaTh. Eciu ke SKcriepuMeHTaIbHas
ycTaHOBKa He OyneT paboraTh, TO ToIbKO 20% IIaHCOB 3a TO, YTO MPOU3BOICTBEHHAS JIMHUS 3apado-
taeT. CleayeT I CTPOUTh IKCIIEPUMEHTAILHYIO yCTaHOBKY? ClieyeT Jii MOHTHPOBATh IIPOU3BO/I-
CTBeHHYIO nrHUI0? KakoBa oxugaeMasi CTOMMOCTHAS OIICHKA HAMITYYIIETO PeIIeHUs?

Pucynox 1 (nasxcmume 015 ysenuyenus).

criaet 200

B y371e F Bo3MOXHBI HCXOMIBI «JIMHUS paboTaeT» ¢ BepoaTHOCTHIO 0,4 (uTo mpuHOCHT TprOBLTH 200)
U «JIMHHS HE paboTaeT» ¢ BepoATHOCTHIO 0,6 (4To nmpuHOCUT YObIToK — 150) => onenka y3na F.
EMV(F)=0,4 x 200 + 0,6 x (-150) =-10. D10 yucno mMbl nuimeM Haj y3iom F.

EMV(G) = 0.

B y371e 4 MbI BEIOMpaeM MeX Iy perieHneM «MOHTHPYEM JTUHUIO» (o1eHka toro pemenus EMV(F) =
-10) u pelieHNeM «He MOHTHpYEM JUHHIO» (oueHka sToro pemenuss EMV(G) = 0): EMV(4) = max
{EMV(F), EMV(G)} = max {-10, 0} =0=EMV(G). 3Ty oLieHKY MBI NIUIIEM HaJ y3J0M 4, a perie-
HUE «MOHTHPYEM JIMHUIO» OTOPAChIBAEM U 3aUEPKUBACM.

AHaJIOrM4YHO:
EMV(B)=0,9x200+0,1 x(-150)=180 — 15 =165.

EMV(C) = 0.



EMV(2) = max {EMV(B), EMV(C} =max {165, 0} = 165 = EMV(5). [ToaTomy B y311e 2 oTOpacs-
BaE€M BO3MOKHOE PEIICHUE «HE MOHTUPYEM JINHUION.

EMV(D) = 0,2 x 200 + 0,8 x (-150) = 40 — 120 = -80.
EMV(E) = 0.

EMV(3) =max {EMV(D), EMV(E)} = max {-80, 0} =0=EMV(E). [Toatomy B y31e 3 otOpacsiBa-
€M BO3MO)KHOE PEIICHHE «MOHTHUPYEM JIHHUIOY.

EMV(A)=0,5x165+0,5x0—10=72,5.

EMV(l) = max {EMV(A), EMV(4)} = max {72,5; 0} =72,5=EMV(A). [TosTomy B y371¢e 1 oTOpa-
CBHIBACM BO3MOJKHOE PEUICHHE «HE CTPOUM YCTAaHOBKY».

OxwuaeMasi CTOMMOCTHAS OIICHKA HAWTYYIeTo penieHus paBHa 72,5 muH. pyonei. CTpoum ycra-

HOBKY. Ecnu yctanoBka paboTaer, To MOHTHpYeM JHHHUIO. Ecin yctaHOBKa He paboTaeT, TO JIMHUIO
MOHTHPOBATH HE HAJIO.

IIpumep

Kommanust paccMatpuBaeT BOIPOC O CTPOUTENBCTBE 3aBOjla. Bo3MOXKHBI TpH BapraHTa JEHCTBUH.

A. TloctpouTs 60bII0# 3aBOj cToMMOCTEI0 M, = 700 ThICSTY mosutapoB. [Ipu 3TOM BapraHTe BO3-
MOJKHBI OOJIBITION CTIpOC (TOZ0BOM 10X0Aa B pazMepe R, = 280 ThIcs4 10/UTapOB B TEYCHHE CIIETYTO-

MIMX S5 JIeT) C BEpOSATHOCTHIO p; = 0,8 1 HU3KWMiA cripoc (exxeroHbie YObITKH R, = 80 ThICSY OM1apOoB)
C BEPOSITHOCTHIO P, = (,2.

b. ITocTpouts ManeHbkui 3aB0OJ] CTOUMOCTEIO M, = 300 Thicsu gosmapos. [Ipu 3ToM BapuaHTte BO3-
MOHBI OOJIBIIION cripoc (ro10Bo# g0x01 B pazMepe T, = 180 ThicsS4 10/1apoB B TEUEHUE CIEAYIO-

HIMX 5 J1eT) ¢ BeposATHOCTHIO pi= 0,8 1 HU3KMil cripoc (exxerogubie yObITKH T, = 55 ThICSIU A0JI1apOB)
C BEpOATHOCTHIO P, = (,2.

B. OT10KUTH CTPOUTENBCTBO 3aBOJIa HA OAMH IOJ 17151 cOOpa AOMOIHUTENIBHOM HH(OpMaLUH, KOTO-
past MOXeT ObITh TO3UTHUBHON MJIM HETATUBHOM ¢ BEpOATHOCTHIO p; = 0,7 u p,= 0,3 COOTBETCTBEHHO.
B cirydae mo3uTuBHOI HH(OpPMAIMK MOXKHO ITOCTPOUTH 3aBOABI 110 YKA3aHHBIM BBIIIE PACIICHKAM, a
BEPOATHOCTH OOJIBIIIOTO M HU3KOTO cIipoca MeHstoTes Ha ps = 0,9 u ps = 0,1 cooTBeTcTBeHHO. J[0X0-

JIbI Ha MOCTIETYIOIIHE YEThIPE ro/la OCTAIOTCS MPEKHUMHU. B ciryyae HeraTUBHOM HH(pOpMAIUN KOM-
HaHUS 3aBOJIBI CTPOUTH HE Oy/IeT.

HHRIPR AR
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Oxujaemasi CTOMMOCTHas olieHka y31a A pasHa EMV(A) = 0,8 x 1400 + 0,2 x (-400) — 700 = 340.
EMV(B) =0,8 x 900 + 0,2 x (-275) — 300 = 365.

EMV(D)=0,9x 1120 + 0,1 x (-320) — 700 = 276.

EMV(E)=0,9 x 720 + 0,1 x (-220) — 300 = 326.

EMV(2) = max {EMV(D), EMV(E)} = max {276, 326} =326 = EMV(E). IloaTomy B y311e 2 oTtOpa-
CBHIBACM BO3MOJKHOE PELICHHE «OOJIBIION 3aBO.

EMV(C)=0,7 x 326 + 0,3 x 0 =2282.

EMV(1) =max {EMV(A), EMV(B), EMV(C)} = max {340; 365; 228,2} =365 = EMV(B). IloaT0-
My B y3je 1 BeIOupaeM pelieHne «MajleHbKHiA 3aBoj». VccnenoBanre npoBoAuTh He HY:KkHO. CTpoumM
MasleHbKUH 3aBoA. OknaaeMasi CTOMMOCTHAS OI[EHKA 3TOr0 HaWIy4IIero PEHIeHUs paBHa 365 Thicay
JIOJIIApOB.

Mogesn ceTeBoro NJIAHUPOBAHUSA M YIIPABJICHUSA
[Touck 60nee 3¢ peKTUBHBIX CIOCOOOB IIAHUPOBAHUS CIOXKHBIX MPOLIECCOB IIPUBEIN K HEO0XO-
JTUMOCTH UCIOJIb30BaHUs MOjieNiel ceTeBoro mianupoBanus u ynpasienus (CITY). CITY ocHo-
BaHO HA MOJIETMPOBAHUU IIpoLiecca ¢ MOMOIIBIO ceTeBOTo rpaduka (ceteBoit monaenu). CereBas
MOJIEJIb U €€ OCHOBHBIE 3JIEMEHTHI.
Cemesas mooeny NpeNCTaBISIET IIJ1aH BBIIIOJHEHUS HEKOTOPOIO KOMILIEKca padoT.
['maBHBIMH 3JI€eMEHTaMU CETEBOTrO rpaduka sBisieTcs COOBITHS U paboTa.
Cobvimus — 3T0 3aBeplLIEHUE, KAKOT0 JIMOO Ipolecca, OTpa)Xarolui OTAEIbHBIN Tall BbIIIOJIHE-
Hus npoekTta. Ha ceteBoM rpaduke coOpiTre n300paxkaercs Kpy:KkoM. BpemeHHble mapaMeTpsl
CETEBBIX IPaPUKOB, KOIPPUIIMEHTH! HANPSKEHHOCTH pabOThI, aHAIU3 U ONTUMHU3ALUSA CETEBOIO
rpaduka
3A4/IAYA
[TycThb 19 HEKOTOPOTO KOMILIEKca padOT YCTaHOBIICHBI OIICHKH JIJIS1 KaX 10l paboThl Ha ypOBHE
HOPMAaTUBHBIX IPOAODKUTEIBHOCTEN U CPOUYHOTO PEXKHUMA, a TAKKe JaHbl cTouMocTH. MHpop-
MaIus npecTaBiieHa B TaOIuIle.

Tabauya 1.

HopmaTuBHBIN pesKUM CpOUHBIN peKUM

[IponomxuTenbHOCTh, THHCTOUMOCTD, M/p|lIpookuTenbHOCTh, AHU[CTOUMOCTD, M/P|
(1,2)3 6 2 11
(1,3)5 8 3 12
(1,4)4 7 8 9
(2,510 25 & 30
(3,58 20 6 24
(3,6)]15 26 12 30
(4,6)]13 24 10 30
(5,73 15 6 25
(6,74 10 3 15

[TocTpouts rpadux 1aHHOTO KOMILIEKca padoT.

Tpebyercs paccuuraTh:
BPEMEHHBIE XapaKTEPUCTUKH CETEBOT0 rpauka IpU HOPMaJIbHOM PEXKUME padoT;
HAUTHA KPUTHYECKUU MTYTh;
IIOJIHBIE PE3EPBBI BPEMEHH;
BPEMEHHBIE XapaKTEPUCTUKU CETEBOT0 rpa)uka Mpu CPOUHOM pexUME padoT;
HAWUTU KPUTUYECKUMU ITYTh;



MIOJTHBIE PE3EPBHI BPEMEHH;
OTIpeAeNIUTh CTOUMOCTH PadoT.

Pemenue:

PaccuntaeM BpeMeHHbBIE XapaKTEPUCTUKH JIIsl HOPMATHBHOTO PEKUMa.

K BpeMeHHBIM XapaKTepUCTHKaM OTHOCSTCS paHHHUE U TIO3THIE CPOKU HACTYIIJICHUS COOBITHSI.

PanHuit cpok HaCTYIUIEHUS COOBITHS pacCUUTHIBAETCS 1O hopMyIie:

tp(j) =mac (( tp (1) +t (ij ), rae

t p (j) —paHHHI CPOK HACTYIUICHHS TIPEANIIECTBYIOMEro [ coObITHSI.

t (ij )- pabora.

Jns pacuéra t p (j) A% JaHHOTO KOMIUIeKca Oy/ieM CUuTaTh, 4YTO paHHUM CPOK HACTYIUICHHUS |-

ro coObITust paBHO tp(1)=0, Torna ans nociaeayoUMX COOBITHIN Oy1eM UMETh:

t p(1)=ma x (tp(1)=0)

t p(2)=ma x (tp(1)+ tp(1,2)) =0+3=3

t p(3)=ma x ((tp(1)+ tp(1,3))=0+5=5

t p(4)=ma x (tp(1)+ tp(1,4))=0+4=4

t p(5)=ma x ((tp(4)+ tp(4,5)) =(2+10);(5+9)=14

t p(6)= ma x (tp(4)+ tp(4,6); tp(3)+ tp(3,6))=(4+13):(5+15)=20

t p(7)=ma x (tp(5)+ tp(5,7); tp(6)+

tp(6,7)=(14+8)(20+4)=24.

OueBHHO, 3aBepIIaAIONIee 7-€ COOBITHE MOXKET HACTYIHTD uepe3 24 MHS OT Havajia BHIOJIHEHUS

BCETo KOMIUIeKca padoT. [1o3qHuii cpok HAcTymIeHUsS COOBITUS onpeaesnseTcs mo Gopmyne:

tr( 1 )=min (tr(j)-t(ij))

st pacuéra t ri( 1) Anst KoMIiekca OyzieM CYMTaTh, YTO CAMBIH MO3HUI CPOK HACTYIUIEHUS 7-TO

coOBITUS paBeH 24 NHs, T.€. pAHHEMY CPOKY HaCTyIUIeHHUs 7-ro cOOBbITHS, Toraa Oy/1eM UMETh:

tr(7)=min(24) =24

tr(6)=min(tr(7) - t(5,7)=(24-4)=20

tr(5)=min(24-4)=20

tr(4)=min(20-13)=7

tr(3)=min((16-9);(20-15) =5

tr(2)= min (16-10)=6

tr(1)= min (6-3; 5-5;7-4)=0

[TomryueHHBIH pe3yabTaT TOBOPUT O TOM, YTO PACUETHI TPOU3BEIECHBI IPABUIIHHO.

PesepBsl BpeMeHU onpeziensieM Kak pa3HOCTh MEXKAY MO3THIMH U pAHHUMHU CPOKaMH 1o (hopMmy-

je:

P(i)~tp(j) - t 1 (i)

P(1) =0-0=0

P(2)=6-3=3

P(3)=5-5=0

P(4)=7-4=3

P(5)=16-12=2

P(6)=20-20=0

P(7)=24-24=0

[TomyyeHHbIe pe3epBbl BpEMEHH MOKA3bIBAIOT Ha KAKOE BPEMs MOXKHO 3a/IepKaTh HACTYIUICHUE

TOTO WJIM MHOTO COOBITHS, HE BBI3bIBAsi OMACHOCTHU CPbIBA BBIMOJIHEHUS KOoMILIeKkca padot. Te

COOBITHS, KOTOPBIC HE UMEIOT PE3EPBOB BPEMEHH, HAXOIATCS HA KPUTUYECKOM ITYTH.

Kputnueckuii myth 370 Hanbosee mpoI0IKUTENbHBIN MYTh CETEBOT0 rpadrka, KOTOPbIM BelET K

3aBEpILECHUIO KOMITJIeKca padorT.

Haxoaum myTH v UX AIUTETbHOCTH JUIS JAaHHOTO KOMIUIeKca paboT:

1) 1-2-5-7 ero croumoctb: 3+10+8=21.

2) 1-3-5-7 ero croumocth 5+9+8=22

3) 1-3-6-7. ero crouMocTh: 5+15+4=24

4) 1-4-6-7. ero ctroumocTb: 4+13+4=21.



Kpurnueckuit nyts: (1,3)-(3,6)-(6,7)
PesepBbl BpeMenu At paboT, HAXOAIMIUXCS HA KPUTUYECKOM ITYTH PaBHBI HYIIIO.
(1,3)=0; (3,6)=0; (6,7)=0,
PaccuntaeM BpeMeHHBIE XapaKTEPUCTUKH CETEBOTO rpaduka Ipu CPOYHOM pekume pabot. Pan-
HUH CPOK HACTYIUICHUS COOBITHS PACCUUTHIBACTCS 11O OpMYyIIe:
tp(j) =max((tp(i) +t(ij)), rae
tp(j) —paHHUI CPOK HACTYIUICHUS MPEALIECTBYIOMEro I coOBITHSI.
t(ij )- pabora.
st pacuéra t p (j) Asst JAaHHOTO KOMIUIEKca Oy/ieM CUHTaTh, 9TO pAaHHUHN CPOK HACTYIUICHHS |-
ro coowiTust paBHO tp(1)=0, Torna s Mocaeayomux cOOBITHI OyIeM UMETh:
tp(1)= max (t p(1)=0
tp(2)= max (tp(1)+ tp(1,2)) =0+2=2
tp(3)= max ((tp(1)+ tp(1,3))=0+3=3
tp(4)= max (tp(1)+ tp(1,4))=0+8=8
tp(5)= max ((tp(4)+ tp(4,5)) =(2+8);(3+6)=10
tp(6)= max (tp(2)+ tp(2,5); tp(3)+ t p(4,6))=(3+12):(8+10)=18
tp(7)= max (tp(5)+ tp(5,7); tp(6)+ t p(6,7)=(15+3);(18+3)=21.
OueBHIHO, 3aBeplIalONIee 7-€ COOBITHE MOXKET HACTYyNUTh Yepe3 21 JeHb OT Havasa BBIOJI-
HEHUS BCEro KOMILIEKca padorT.
[To3aHMit cpok HACTYyMIIEHUs COOBITHS OnpeenseTcs mo Gpopmyse:
tr(7)=min(22) =24
tr(6)=min( t i (7)- t(5,7)=(21-3)=18
tr(5)=min(21-6)=15
tr(4)=min(18-10)=8
tr(3)=min((16-6);(19-15) =4
trr(2)= min (15-8)=7
trr(1)= min (15-2; 20-8;8-8)=0
[TosmryueHHBIH pe3yabTaT TOBOPUT O TOM, YTO PACUETHI TPOU3BEICHBI IPABUIIHHO.
PesepBbI BpeMeHHU ompeiernisieM Kak pa3HOCTh MKy MO3AHIUME U PAHHUMH CPOKAMH 110 PopMy-
je:
P() =t p(j)- tm (i)
P(1) =0-0 =0
P(2)=7-2=5
P(3)=8-8=14
P(4)=8-8 =0
P(5)=12-8=4
P(6)=18-18=0
P(7)=22-22=0
Haitném Bce myTH: U UX JJIUTENBHOCTH.
1) 1-2-5-7 ero croumocTth: 3+8+6=16.
2) 1-3-5-7 ero croumocts 3+6+6=15
3) 1-3-6-7. ero ctoumocTb:3+12+3=18
4) 1-4-6-7. ero croumocTh: 8+10+3=21.
O4eBHIHO, YTO Ha KPUTHUECKOM ITYTH PE3EPBOB BPEMEHH HET.
Kputnueckuii myts (1-3-6-7). Ero nnutensHoCcTh paBHa 21



2.9 lIpaktuyeckoe 3ansiTue Ne 20 (2 yaca)
Tema: OHTI/IMI/I3aLII/IOHHI>Ie MOACIHN B CECIIbCKOM XO3HCTBE

2.9.1 3aganue nos padoThI:
1. OnTuMu3aIus NPONU3BOACTBA CEIbCKOXO035HCTBEHHOTO IPEAPUATHS
2. OnTuManbHbIN MJIaH CTPYKTYPBI IPOU3BOJICTBA CEIBCKOXO3SHCTBEHHOTO MTPEAIPUATHS

2.9.2 KpaTkoe onucanue nNpoBOANMOIO 3aHATHS:

[TocTaHOBKa U SKOHOMHUKO-MaTeMaTUYeCKasi MOJIENb 3a/1a4i ONTHUMHU3ALUH CTPYKTYPbI IPOU3-
BOJICTBA U TEPPUTOPHUH HA IPUMEPE KPECTHSIHCKOTO ((hepMepCKOro) Xo3siicTBa.

Pa3meps! kpecThsiHCKUX (PepMepCcKuX) X03UCTB U UX CTPYKTYpa: COCTaB M IUIOIIAN 3eMellb-
HBIX YTOJUii, COYeTaHUE U pa3Mepbl OCHOBHBIX U JOMOJHUTEIBHBIX OTpacieid, CTpPyKTypa moce-
BOB HaXOJWUTCS IO BIMSHUEM MHOXECTBA MPUPOIHBIX M 3KOHOMUYECKUX (pakTopos. [Ipuuem,
JUISL OTHOTO M TOTO K€ XO35CTBA, HAXOMALIETOCA B OJHHUX M TeX e NMPUPOAHBIX YCIOBUAX H
UMEIOIIET0 pa3Hble PECYPChl JEHE)KHO-MATepUAIbHBIX CPEACTB U TPYAA, MOTYT HaMe4aTbCs pas-
JUYHBIC BapUaHTHI OPTaHU3AlNUN MPOU3BOJICTBA TEPPUTOPHUH , KOTOPHIE OYAYyT UMETh U HEOMIH-
HAKOBYIO MTPOU3BOJICTBEHHO-3KOHOMHUECKYIO 3(ppexTuBHOCTh. [l03TOMY 3a/1a4a COCTOUT B TOM,
YTOOBI U3 BCEX BO3MOXKHBIX BAPHAHTOB MPOU3BOJICTBA U TEPPUTOPHU KPECTHIHCKOTO XO035HCTBA
BbIOpaTh Ty MPOU3BOJCTBEHHYIO MOJIEb, KOTOpasi, C OJHOW CTOPOHBI, YOBIETBOpsAIa Obl HHTE-
pechl KPECThSIHIMHA U TOCYJIapCTBa, a C IPYroil CTOPOHBI — MPH HAJIMYUU JIMIMUTUPOBAHHBIX pe-
CypCOB J1aBajia MaKCUMaJbHbIN 3 dekT. Pemenne nanHol 3agaun BO3MOXKHO € UCIIOJI30BAHUEM
ONITUMHU3AIMOHHBIX SKOHOMHKO-MaTEeMaTHUYECKUX METOJ0B MOJIenpoBaHus DBM.

3anaya 1Mo opraHu3aliy MPOU3BOACTBA U TEPPUTOPUHN KPECTHSIHCKOTO ((hepMEepCKOro) Xo3si-
CTBa MOXXET UMETh JIB€ OCHOBHBIE IMIOCTaHOBKH. IlepBast 3akito4aercsi B TOM, YTOOBI ONPENEIUTh
IIPU U3BECTHOM IJIOMIAAN KPECThHCKOTO ((hepMepcKOoro) xo3sicTBa €ro CTPyKTypy, COCTaB U
TUTOMIA/IA 3€MEIbHBIX YTOIWi, ONTHMAIbHBIE pa3Mepbl MPOU3BOJCTBA PA3IUYHBIX BHUIOB IPO-
nykiuu. Takas mocTaHOBKAa HUYEM HE OTJIMYAeTcs OT SKOHOMHMKO-MaTEeMaTHYeCKOH 3aJadyd 1o
YCTAHOBJICHHIO CHEIHMATN3AINN X035 CTBA, ONTUMAIBHBIX Pa3MEPOB M COYETAHUS €ro oTpaciei
U XOPOIIO U3BECTHA B 3€MJICYCTPONCTBE.

Bosee cnoxHO ycTaHaBIMBATH OJHOBPEMEHHO OOIIYIO IJIOMIATL M CTPYKTYPY KPECThSHCKOTO
X035IICTBA M ONTHUMHU3HUPOBATH €r0 MPOU3BOJCTBO MCXOMAS M3 pa3Mepa KPEeCThSIHCKON CeMbH, ee
(UHAHCOBBIX BO3MOXKHOCTEH M KOHKPETHOH SKOHOMHUYECKOW CHUTyalluu. Bapbupys mpu 3TOM
pecypcamu XO034HCTBa, LIEHaMH, KaYeCTBEHHBIMH XapaKTEPUCTUKAMU 3aKPEIJICHHBIX 3eMeNb U
JIPYTHUMH YCIIOBUSIMH, MOXHO IOJ00pAaTh JIFOOON ONTHMANbHBIA BapHAHT PAa3BUTHUS KPECThSIH-
cKoro (epmMepckoro) Xo3siicTBa ¢ ero napameTpaMu U XapakTEPUCTUKON 0KHIaeMBIX SKOHO-
MHYECKUX PE3yIbTATOB.

Bropas noctanoBka 3a7auu sBIseTcs o0OIeH MO0 OTHOLICHHIO K MEPBOM, TO3TOMY C €€ UCTIOJIb-
30BaHUEM CHOPMYITHPYEM IKOHOMHKO-MATEMaTHUECKYIO MOJIENb.

Pa3genum Bce OCHOBHBIE IEPEMEHHBIE 33/1a4H (X;) Ha CIEAYIOIIE COBOKYITHOCTH:

Xj(j€Q1) — mIomaay ¢/X KyIbTyp, BO3JEIbIBAEMBIX B KPECThSIHCKOM XO03siCTBE, Ia;

Xj(j€Q2) — momanu ¢/x yroaui (kpome MamHn), ra;

Xj(j €Q3) — NOroN0BBE KUBOTHBIX, TOJIOB.

B xadecTBEHHBIX JOMOIHUTEIBHBIX IEPEMEHHBIX B 33[a4e BBHICTYIAIOT CIIECTYIOIIHE:

Xp- OOIIIast MIIOMIAb MALTHU B XO34HCTBE, Ia;

Xy- NOTPEOHOE KOJMYECTBO JOMOIHUTEIBHO NPUOOPETAEMBIX OPraHMYECKHX  YHOOpEHUH,
HEOOXOIUMBIX JJIs MoAepKaHus 0e3neduuuTHOro 6ananca rymyca B IOYBe, TOHH;

Xkk- 00I1I€€ KOJIMUYECTBO MPUOOPETAEMBIX KOMOMKOPMOB, 11;

X0- 00IIIast TUIOIIAAb ¢/X YrOAW KPECThIHCKOTO ((pepMepcKoro) Xo3sicTBa, ra;
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XN, Xp, XKn — HOTPEOHOCTh COOTBETCTBEHHO B a30THBIX, KATHUHBIX, POCHOPHBIX yIOOPCHHUSIX,
KT ICWCTBYIOIIETO BEIECTBA;

X3- 00I1IMe MPOU3BOJICTBEHHBIE 3aTPaThl, pyo;

Xj(j€Q4) - mepeMeHHbIE, XapaKTEPU3YIOLe OCHOBHBIE HAITPABICHUS UCIIOIb30BAHUS KalKTa-
JIOBJIOXKEHUH B X035UCTBE, PYO.

K uncny ux oTHeceHsbI CienyroIIue:

- Ha MPOU3BOJICTBEHHOE CTPOUTEIHCTBO(3aHUSI U COOPYKEHHUS, BKIIIOUas IpruoOpeTeHne 0oopy-
JOBaHMSI JIJIs )KUBOTHOBOJICTBA);

- I1a TIOKYTIKY C/X TeXHUKH;

- Ha UCMOJIb30BaHNE WM IPHUOOPETEHHUSI aBTOTPAHCIIOPTA;

- Ha MOKYIIKY CKOTa;

B coBpeMeHHBIX YCIOBHUAX XO3SHCTBO JOKHO HETPEPHIBHO Pa3BUBATHCA, IOITOMY Harpas-
JICHUs KalUTAJOBIOXKEHUN pacCMaTPUBAIOTCS KaK HAMPABIISIONINE U OCHOBHBIE JIEMEHTHI TaKo-
ro pa3BUTHs. [ TaBHBIM yCIIOBHEM TaKOTO Pa3BUTHUS SBIAETCS OMpENEICHUE U U3MEHEHHE CIie-
UaTU3al1H, PA3BUTHE CTPYKTYPHI TPOU3BOJICTBA.

JIOTIOJIHUTENBHO K Ha3BaHHBIM B 3aJla4y MOTYT BKIIFOUAThHCS MepEeMEHHbIE, XapaKTepU3yIolue
pa3Mep KalnuTaJIOBIOKEHUN Ha METHOPALMIO 3€MeNb, OCYIIECTBICHUE KOMILJIEKCA MTPOTHUBOIPO-
3MOHHBIX MEPONPUATHH, 3aKJIaAKy MHOTOJIETHUX HACaXICHUU U JIp.

Xg- OOLIMH pa3Mep KanUTaTIOBIOKEHUM, HEOOXOIUMBIX WJIM BKJIAJBIBAEMBIX B Pa3BUTHE XO-
3IUCTBA;

X|' — IPHUBIIEKAaeMbIE TPYIOBBIE PECYPCHI B HANIPSKEHHBIE TIEPHOE BPEMEHH;

x1j(j €Qn) — 00ObeMBI IPOU3BOACTBA TOBAPHOU MPOAYKIIUU PACTEHUEBOACTBA U )KUBOTHOBOJCT-
Ba, TOHH;

Ha neusBecTHbBIC HaKJIaJIbIBAOTCA CIICAYIOIUC OIPAHUYCHUA:
[To ob6melt murommanu ¢/x yroawmii (Sy)
Zjte X;+ z jeQ2 Xj-Xo = 0 (x0<Sp)

[To ruromaay mamrau(S;,)
)y ieQl Xj— Xn = 0 (XnS Sn)

ITo TpyOBBEIM pecypcam
> jeQ tijXj — XtiS Ti, 1eMy,

rae Q =Q;VQVQ;;

ij— HOpMa 3aTpaT TpyJa Ha | ra miomaay Wix rojloBy CKOTa B IEPUOJ] BPEMEHHU 1 (B CpeHEM 3a
roJl, Ha MepUoJl yOOPOUHBIX paboT.), 4en.-4; T; — oOmuit 00BEM TPYIOBBIX PECYPCOB B i-i MEpH-
ox; (ieM)- 4yuci0 BBIJIEICHHBIX NTEPUOIOB PadOT.

[To mopnepxanuto 6e3qePUIMTHOrO OanaHca rymyca B MOYBE C IENbIO CO3JAaHUS YCIOBUN
JUTA BOCIIPOU3BOJACTBA TOYBEHHOTO TIOAOPOINS 2icQ1vQ2 3Xj - Zje3 BiXj — Xy <0
rje aj- HOpMa MHUHEpaau3aluH (HAKOIUIEHHs) TyMmyca IOJ IOCEBAMHU C/X KyIbTyp U Yrojb,
TOHH\ra (BBOJMTCS CO 3HAKOM (1) B Cllydae BBIHOCA TyMyca M CO 3HaKOM (-) pu ero o0pa3oBa-
HUK); P — ko3P duIHeHT, yuuThIBaoMMi 00pa3oBaHue TyMyca 3a CUET pa3I0oKeHHs OpraHuye-
CKUX YAOOpEHHUIA, MOTy4aeMBbIX C OJHOU TOJIOBBI CKOTA, TOHH\I'OJIOBY.

[lo Oanancy MuHepaIbHBIX YAOOpEHUH

- A30THEBIX
2icQIVQ2 Ynj Xj — Xn =0,
docdopHbIX
ZicQivQz ¥pj Xj —Xp =0,
Kanuiineix

ZieQ1vQ2 Ykj Xj- Xk = 0,
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TIE Ynj, Ypj, Ykj — COOTBETCTBEHHO HOpMa BHECEHHs a30THBIX, (OCHOPHBIX U KAIUHHBIX ynoOpe-
HUi B pacuére Ha | ra miomaau, Kr AeHCTBYIOLIETO BELECTBA.

[lo pacueTy exeroaHbIX NPOM3BOACTBEHHBIX 3aTpaT Xo3siicTBa (0€3 omiIaTbl COOCTBEHHOTO
Tpyna)

Zicq Ajxj T AKixi +Ayxy + Atx, — x3 =0, X% =%; X

rae Aj, AK; Ay, At - COOTBETCTBEHHO NPOU3BOJICTBEHHBIE 3aTPAThl Ha BO3JENIbIBAHUE KYIBTYD,
YXOJ 32 YTOAbsIMU U CKOTOM, CTOUMOCTb IPUOOPETEHUS €AUHUIIBI KOMOMKOPMOB; OJJHOW TOHHBI
OpraHMYeCcKUX yAOOpeHMil; oriara OJHOro 4YesloBeKO-4aca paboThl MPHUBIEKAEMBIX TPYIOCIIO-
COOHBIX.

ITo o6memy pa3Mepy KalnMTaJIOBIOKEHUM, HEOOXOAUMBIX IS OPraHM3aluh KPECThIHCKOTO
XO35HCTBA ¥ UX CTPYKTypE
00IIIMe KAaITUTAIOBIIOKEHHS
Ticqs Xi- Xk= 0, Xk D, Zicoaai Xi=Xn M1
BUJIbI €JMHOBPEMEHHBIX 3aTPaT
ZicQ My Xj — X~ 0; 1eMy; reQp; Q=Qy;
€ Xy~ PACUETHAs IUIOMIAAb ITAIlHH
M:j - HOpMa 3aTpaT KalUTaJOBIOKEHHH I-T0 BH/a Ha OJIHO CKOTOMECTO, OJIOBY IpHOGpeTac-
MOTO CKOTa, TeKTap MALIHU WK IUIOIAa} C/X yIrOIHi;
i, ieM, — 4HCII0 BUIOB IPOM3BOICTBEHHBIX 3aTpar.

[To xopmam, KpoMme 3eJeHbIX KOPMOB (B KOPMOBBIX €IHWHHIIAX, TEPEBAPUMOM IPOTECHHE,
HATYpaJIbHBIX [IEHTHEPAX )
-ZjeQ1va2 YijXj t Zjeos Vi) < 0; i€Ms
B T.4 110 KOHIIEHTpaTaM
'ZjtevQZ yixj + ZjeQ3 VijXj— XKk < 0; 1eMs,
TJIe yij - YPOKallHOCTh KOPMOBBIX KYJIBTYpP U IPOAYKTHUBHOCTb YTOIUH, 11/Ta, 1O 1-My BUIY KOpMa.
B 371011 ke rpymne cTaBsITCs OrpaHUYEHUs M0 00bEMY MOJIYYEHHOTO KOMOMKOpPMA 3a CUeT clia-
YU MPOAYKIIMH PACTEHUEBOJICTBA M KUBOTHOBOJICTBA B TIEPEBOJIC HA COOTBETCTBYIOIINE SKBUBA-
JICHTHI.
Vij — IoTpeOHOCTH B i-OM KOpPME Ha OJIHY T'OJIOBY CKOTa B TOJ;
1, 1€ M5 — BUJIbI KOPMOB, KPOME 3€JICHBIX.
[To cxeme 3eneHOro KOHBElHepa Mo MecAlaM NacTOUIIHOTO epruoa
Zjeqve2 ¥ % + Zjeos dj vy < 03 i€My, 3= Ty
TI€ Yij — YPOKaHHOCTb KyJIbTYp Ha 3€JIEHBIN KOPM M BBIXOJ KOPMOB C NACTOMUII B i-blif Mecsll 1a-
CTOMIIIHOTO Tepuoa, 11/Ta;
dij. ynenpHbIi Bec MOTPEOHOCTH KMBOTHBIX B 3€JIECHOM KOPME B 1-i MecsAl] NaCTOMIIHOTO IIe-
puona, 1i;
[To arporexHuuecKkUM TpeOOBaAHUSAM, IPEIBABISIEMBIM K BO3/ICIBIBAEMbIM KYJIbTYpPaM U UX
PEKOMEHIyEMOMY YICIHbHOMY BECY B CTPYKTYpE IMOCEBHBIX TUIOIAICH
Xj— dixn <0, j€Qe,
ZjeQan - den < 0,
riae di- peKoMeHIyeMbIi yIelbHBII BeC KyAbTyp WM TPYII 10 BEPXHEH IpaHHIE B CTPYKType
MMOCEBHBIX MJIOMIAJICH;
Xj, J€Qe — MIOIMAAN C/X KYJIbTYp OJUHAKOBBIX arporpyI
JIOTIOTHUTENBHO B ATOM Tpymie GOPMHUPYIOTCS OTPaHUYCHUS O MPEIIICCTBEHHUKAM O3MMBIX
KYJIbTYp, MO TUIOMIAAN MHOTOJIETHUX TPaB, UAYIIUX Ha CEMEHa, JJig o0ecreueHus noTpedHocTen
B CEMEHAaX MHOTOJIECTHUX TPaB 3a CUET COOCTBEHHOTO MPOU3BOJICTRA.
ITo pacueTy 00BEMOB IPOU3BOJICTBA TOBAPHOM NMPOAYKIIMH KPECThAHCKOTO X035 CTBa (X;)
ZjeQ giXj; — Xi = 0, iEMs,
IJIE qjj — BBIXOJ MPOAYKIMH 1-T0 BUJIA C T€KTapa IJIOIIAAM IIM OJHON TOJIOBBI CKOTA;
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1, 1€ Ms, - BUIIBI TOBAPHOH MPOAYKIIUH.
ITo rapanTHpOBaHHBIM 00bEMaM NPOU3BOJCTBA TOBAPHOH MPOIYKIIHHU C/X
Zicq gij Xj jems = Qi

rzae Q; — rapaHTUPOBaHHOE ITPOU3BOACTBO NMPOJAYKILIUH i-r0 BUAA.

B nanHOI 3ajaue MOTYT CTaBUTBCS TAK)KE€ YCIOBHS, OTPAHUYMBAIOIINE WIN (PUKCHPYIOIIHME Ha
JTAHHOM BEJIMYHMHE MOTOJIOBBE CKOTA, @ TAKXKE IJIOLIAIN OTJACIBHBIX C/X KYJIbTYp M JApYTHe Orpa-
HUYEHUS, YYUTHIBAIOIINE CIEUU(DUKY IPUPOIHBIX U SKOHOMHUECKUX YCIOBUMN XO035HCTBA.

VYcnoBus HEOTPULATENBHOCTH IIEPEMEHHBIX
Xj=0; x> 0; X0 = 0; xp, = 05
Xy2> 0; x> 0; x...2 05 x...=2 0
Xke> 0; X5,> 0.

B cBsI3u ¢ TeM uTO, KpPECThsSIHE B XOJI€ CBOE JI€ATEIIbHOCTH 3aUHTEPECOBAaHBI IPOU3BECTH OOJIb-
110€ KOJMYECTBO TOBApHOM NMPOIYKIUHU C MEHBIIMMHU MaTE€pHalIbHO-IEHEXHBIMU 3aTpaTaMH, B
Ka4yecTBe KPHUTEpHsl ONTHMAJIbHOCTH JAaHHOHM 3ajaun Hambojee 1LenecooOpa3HO MCHOIb30BaTh
MaKCHMYM X031 CTBEHHOMN MPUOBLIN.

Z =% CjX] — X3 — max,
I'ne ¢j - cToMMOCTb €JMHUIIBI TOBAPHOI MPOIYKIIUHU XO3IHCTBA, PYO.
X; — 00IIME JE€HEeXKHBIC 3aTPATHI, pyO.

Maxkcumu3anus npuObUTH — OCHOBHAA LieJb. IIpu onTHManbHOM CTpyKType MPOM3BOACTBA MO-
KET OBITh MOJy4YeHa peajibHas MakcUMallbHas NpuOblIb. [lokasarens Z npu 3a1aHHON CTPYKTY-
pe U3IEPKEK MOKHO OIPENENUTh KaK YCIOBHO-UYHUCTBIM JOXOM.

2. IOJArOTOBKA MCXOJHOW MH®OPMAILIMH N IIOCTPOEHHUE MATPHIIbBI
OKOHOMUKO-MATEMATHUYECKOU MOJIEJIN.

2.1. [ToaroToBka NCX0AHOM HHPOPMALIUN

Perienue 3emMieyCcTpOUTEIbHBIX U 3KOHOMUYECKHX 3a/1a4 TpeOyeT HaIuuus HHPOpMaluu, Ko-
TOpasi HAITOJIHAET YKOHOMHYECKYIO MOJIETh KOHKPETHBIM COJICpKAHUEM. DKOHOMHYECKAs U 3eM-
JeycTpouTesbHas HH(OpPMAIHs NPEICTaBIAET COBOKYITHOCTh CBEACHHUM 0 MOIEIUPYEeMOM 00b-
€KTE MJIH Mpolecce, HEOOXOIUMBIX JUIs PEUICHNs KOHKPETHON 3a/1a4H.

WNudopmanus umeer onpeieleHHOe MaTepuaibHoe BoruiommeHue. [Ipy moaroToBke ncxoaHo
UH(POPMALIUU H3YYalOT CIEAYIONINE YCIOBUS:

9KOHOMHYECKHUE (IIepedeHb 0Tpacieil, BUbl MPOU3BOJACTBEHHBIX PECYPCOB, FapaHTHPO-
BaHHBIC 0OBEMBI IPOU3BOJICTBA WM Pa3Mephl OTJCIBHBIX OTPACIICH, YCIOBHS peaau3aliu mpo-
JKIUM | JP.);

TEXHOJIOTHYECKHE (OCOOCHHOCTH arpOTEXHUKHU BO3JIENBIBAHUS C/X KYJIBTYp, BETEpUHAP-
HbI€ 1 300TEXHUYECKHE TPEOOBAaHUS K pa3MEIIEHHUIO )KUBOTHBIX, YCIIOBUS UX pPa3MeEIIECHUs);

3eMJICYCTPOUTENbHBIE (pa3Mephl 3eMIICTIOIb30BAHUHN, 3€MIICBIIAJICHUN, CTPYKTYpa
yrojuii, BO3MOKHOCTH TpaHc(OopMaIiy, ycIoBUs OpraHU3alii ceBOOOOPOTOB, UX BUIOB, BO-
IIPOCHI YCTPOMCTBA Yyroauil u ap.);

COLIMAJIBHBIE U 3KOJIOTMYECKHE YCIOBHUS.

Xapaktep nH(GOPMAIMK ONPENEISIETCS COACPKaHUEM 3a/1aud M MaTEMaTHYECKUM METOJIOM, C
IIOMOIIBIO0 KOTOpOro ee Oynyt pemars. [Ipu noaroroske nHpopManuy UCIOIb3YETCS OTUYETHAS,
IUTaHOBAs U HOPMAaTUBHAsI HH(OPMAITHSL.

K otuetHoil nH(pOpMaALIMKU OTHOCUTCS:

1. 3eMenbHO-yUETHBIE TaHHBIE, SKCIUIMKALINS 3€Melb, CTPYKTypa YTOAHM.
2. Pazmepsl ¢/x oTpacneil (OCHOBHBIX M JJOMOJHUTEIbHBIX).
3. Hasinume Tpy10BBIX peCypCoOB
4. Bunel u pazMepsl IPOU3BOJCTBEHHBIX PECYPCOB (ICHEKHO-MAaTEpUATIbHBIX, BUABI OpraHUye-
CKUX U MHUHEPAJBHBIX YIOOPEHUH, HAJTMYUE C/X TEXHUKH U JIP.)



HopmaruBHas mHpOpMAIUs - €¢ OCHOBHBIM UCTOYHUKOM SIBIISIFOTCS] TEXHOJIOTUYECKHUE KapThI,
CIPAaBOYHHUKH, OHA MIPEJCTABIAET cOO0M HOPMBI 3aTPaT ONPEEIEHHOIO pecypca Ha €IUHUILY
[IEPEMEHHOM.

ITnanoBast nuHpopManus - NepcreKTUBHBIE UCXOHbIE JaHHbIE, XapaKTEePU3YIOIIHe HATM4Ke U
pacripeniesieHie OCHOBHBIX IPOU3BOJICTBEHHBIX PECYPCOB, YPOXKAHHOCTH C/X KYJIBTYP, IPOIyK-
TUBHOCTb JKUBOTHBIX, LIEHbI PEAIM3allui OCHOBHBIX BUA0OB MPOIYKIIMH, YUCTBIN T0XO U T.J.

Pe3ynbrarsl pemieHus 3agauu 1Mo ONTUMU3ALMK pa3Mepa 3eMJIET0Ib30BaHus (3EMIIEBIIAICHUS)
U CTPYKTYpPBI IIPOU3BOJCTBA KPECTHSIHCKOTO ((hepMepCKOro) Xo3sicTBa BO MHOTOM OIpEeNnsieT-
csl M UMeroleiicst 6a30i TaHHBIX, T. €. TOW HH(popMaIueid, kotopas Oynet BBoauThCs B DBM B
Ka4eCTBE TEXHOJIOr0-3KOHOMUYECKUX K03 (PUIIMEHTOB 1 00BEMOB OrpaHUYEHUI.

VY4uTBIBas 3TO, @ TAK)KE OTCYTCTBHE JJOCTOBEPHBIX (DAKTUYECKUX CBEJCHHUI 1O BHOBbH OpTaHU-
3yEMbIM KPECThSIHCKMM X031 CTBaM, OCHOBHBIM HCTOUHUKOM HH(OPMALMU JOJKHBI CITYKUTh
HOpPMaTHBHBIE JaHHbBIE, CIIELIMATILHO pa3padaThIBacMble JIJIS 3THX 1ieJIel Ha OCHOBE TEXHOJIOTH-
YEeCKHUX KapT, TUIIOBBIX IPOEKTOB MJIM aHAJIU30B.

OCHOBHBIM UCTOYHHUKOM HH(pOPMAIMK IO HOPMATHBAM 3aTpaT TPyZAa U JICHEKHO- MaTepHallb-
HBIX CPEJICTB, HEOOXOAUMBIX JJIsl MPOU3BOACTBA E€IUHMIIBI MPOAYKLMY (Ha 1 ra miomanu c/x
KYJIBTYpP, KOPMOBBIX YTOAMM, MHOTOJIETHUX HACAXIEHUI WIN IOJIOBY CKOTA) IO KPECThIHCKUM
XO035IMCTBAM JIOJIKHBI CITYKHUTh TEXHOJOTMUECKUE KapThl, BKIFOYAIOIINE OCHOBHbBIE BU/IbI PA0OT,
COCTaB MAIIMHHO-TPAKTOPHOI'O MapKa X035HCTBa, pACCUNTAHHBIE HA ONPEACICHHYIO TEXHUYE-
CKYI0 OCHAILIIEHHOCTb U ()OHIOBOOPYKEHHOCTh NpeAnpusaTHs. IIpu 3ToM OCHOBOM 111 BBIYMCIIE-
HUS IIPOU3BOJCTBEHHBIX 3aTpaT M0 BUJAM MPOAYKLUHU JOJKHA CIIY>)KUTh KaJIbKYJISIIUS cebe-
CTOUMOCTH.

[Ipu pemennu 3agauu 1 pa3padbOTKE TEXHOIOT0-3KOHOMUYECKUX KOI(PPHUIIMEHTOB CIEeTyeT
UCIIOJIb30BaTh JIaHHBIE 110 3aTpaTaM Tpy/la, HOpMaM BbICEBA, MUHEPAINU3allis I'yMyca, BHECCHHIO
yoOpeHui, BBIX0ly KOPMOBBIX €IMHUI] ¥ IEPEBAPUMOI0 IPOTEMHA, OPUEHTUPOBOYHOM YpO-
KaMHOCTHU C/X KyJIBTYyp, CXeMe 3eJI€HOT0 KOHBelepa.

2.2. TToaroToBKa UCXOHOM MaTPHIIBI 3aJa41, PEIIAEMON CUMIUIEKCHBIM METOJIOM Ha IpUMeEpe
KPECTBhSHCKOTO ((hepMepcKoro) Xo3siicTBa.

KpecThsiHCKOMY XO03s1HicTBY BblAeneHo 127 ra namnu, 10 ra ceHokocoB u 12 ra mactoum. O6-
I1ee YUCIIO TPYAOCHOCOOHBIX COCTABIACT 5 uesioBek. HeoOxoaumo onpenenuTs ONTHMAIbHYIO
CTPYKTYpY 3€MJIEBIIAJCHHS U IPOU3BOJICTBA KPECTHSIHCKOTO X035MCTBA MPU 3aJaHHOM OTpaciie-
BOM COCTaBe.

[Ipu pazpaboTke MaTpUILIbI BBIAEIEHO 23 OCHOBHBIE IIEpeMeHHbIe. K HUM OTHECEHBI clIenyro-
K€ TPYIIbl HEU3BECTHBIX.
1.3epHOBBIE 1 36pHOO00OBBIE KYIbTYpPBI, HAYIIHE HA TOBAPHBIE LIEIH U XapaKTEepPU3yIOIHECs
IUIOINAASIMU IIOCEBA, ra
x1 - spoBas nieHuna
x2 — 3epHOO0OOBBIC
x3 — oBec

2.3epHOBBIE, UCIIOJIB3YEMBIE B KAUECTBE KOHIIECHTPUPOBAHHBIX KOPMOB.

x4 — KyKypy3a
x5 — 3epHOO0OOBBIC

3 TexHUUYECKUE KYJIbTYpPbI

x6 — oBoIK

X7 — KyKypy3a Ha CHJIOC

4 KopMOBBI€ KYJIBTYPbI U YTOJIbsI
X8 — MHOT'OJIETHHE TPaBbI
3esieHbIe KOopMa:



X9 — KyKypy3a Ha 3eJIeHbI KOpM
x10 — MHOrOJIETHUE TPaBbl HAa CEHAX

Kpowme Toro, BBei€HbBI IEpEMEHHBIE, XapaKTepHu3yolue miomaau: x11 - ceHokocos; x12 —
[IacTOMIILI.

K uncny nmepeMeHHBIX, OMUCHIBAIOIINX OTPACITH )KUBOTHOBOJICTBA, OTHECEHBI CIICIYIOIIIHE:
x13 — noronosse KPC, ron.
x14 — moronoBke CBUHEH, T'OJI.

KpoMme Ha3BaHHBIX B 3371auy BKJIIOYEHBI CIEIYIOINE HEN3BECTHBIE!
X20 — ob1ire exeroJHble MPOU3BOJICTBEHHBIE 3aTPATHI, THIC. PYO.
x17 — moTpeOHOCTh B @30THBIX MUHEPATIbHBIX YIOOPEHUSX, KT . B.
x18— nmoTpedHOCTh B hoCPOPHBIX MUHEPATBHBIX YIOOPEHUSX, KT 1. B.
x19 — noTpeObHOCTh B KaTMHHBIX MUHEPAIbHBIX YIOOPEHUH, KT 1. B.
x15- 06beM mproOpeTaeMbpIXx KOMOUKOPMOB (KOHLIEHTPATOB), 11
x16 — KoIMUeCTBO MPUOOPETAEMbIX OPraHUYECKUX YIOOpEHUH, T
x21- KanmUTaJIOBIOXKEHHUS B OCHOBHBIE (DOH/IBI C/X Ha3HAYEHUs, THIC. PYO.
B 4nci10 nepeMeHHbIX BKIOYEHBI TaKXKe:
x22 — pacueTHas IO/ NaIlHH, Ta
X23 - pa3mep NpUBJIEKAEMbIX TPYIOBBIX PECYPCOB B HAIIPSKEHHbBIE IEPUOABI ITOJIEBBIX padoT,
YeJl.-4ac.

LleneBast pyHKIMA:
Z =6x1 +8x2 +3x3 +50x6 +7x8 +21x12 + 10x14 — x21 — max

Ha HensBecTHBIC HAIOKEHO 25 OTPaHUYCHHM, T. €. pa3Mep MAaTPHUIIBI 3aJ]a4K cOCTaBiseT 23*25.
OrpannyueHus BKIIOYAIOT B ce0s CICAYIOMINE :
1. ITo uMeromielics mIOMaayu NanHu

x22 <65
2. Ilo pacuery muomaay MamHu

xl1+x2+x3+x4+x5+x6+x7+x8+x9+x10-%x22=0
3. ITo umeromielics II0Iaau CCHOKOCOB

x11=22
4. 1o uMeromiencs IoNagy nacTOMIII

x12 =28

5. Ilo TpynoBsIM pecypcam

15x1 + 10.5x2 + 27x3 + 27x4 + 10.5x5 + 1800x6 + 32.3x7 + 12x8 + 32.3x9 + 15.1x10
+13.3x11 +10x12 +100x13 + 22x14 < 14190
6. Ilo TpyAOBBIM pecypcam B HaNpsiKEHHbBIN MEPUO/T

8.1x1 +9.8x2 + 26x3 + 26x4 + 9.8x5 + 1350x6 + 30x7 + 8x8 + 30x9 + 3.9x10 + 8.4x11 +
1.7x12 +18.3x13 + 3.5x14 — x23 < 3360

Bennuunna TpynoBsIX pecypcoB Ha | desioBeka B KPECThbIHCKOM XO034MCTBE JOJKHA COCTABIISATh
He MeHee 2838 yei.-u B roJ] ,B TOM YHUCJIE, B HAIPSDKEHHBIN IepHo] (MI0JIb-aBI'yCT) — HE MEHEE
672 den.-u. [lpu HAIMYWU B XO3HUCTBE 5 TPYAOCTTIOCOOHBIX, 001IIast BEIMYNHA TPYIOBBIX 3aTpaT
3a rojl He TOJDKHA npeBbimath 14190 yen.-yac, B TOM 4nciie ,B HapsKEeHHBIN nepuon - 3360
Yell.-Jac.
7. Ilo nognepsxanuto O6e3aeuuuTHOro OamaHca rymyca B IOYBE C EJIbI0 CO3JaHUs YCIOBUN IS
BOCIIPOM3BOJICTBA MOYBEHHOTO TIOJOPOIUS

0.029x1 + 0.023x2 + 0.6x3 + 1.57x4 + 0.6x5 + 1.57x6 + 1.57x7 + 0.8x8 + 1.57x9 — 0.8x14 —
0.8x15—- 15.2x10-3.1x11 —-x27<0



8. Ilo GanaHcy a30THBIX MUHEPaJIbHBIX YA0OpeHUN
60x1 + 60x2 + 60x3 + 120x4 + 60x5 + 120x6 + 26x7 + 60x8 + 120x9 —x16 =0
9. ITo 6amancy hochopHBIX MUHEPATBHBIX yI0OpEHUIMA
43x1 +43x2 + 50x3 + 86x4 + 50x5 + 86x6 + 43x7 + 50x8 + 89x9 —x17=0
10. ITo GanaHCy KaNWIHBIX yI0OpEHUIMA
60x2 + 60x3 + 60x5 + 60x8 —x18 =0
11. ITo pacueTy npon3BOJACTBEHHBIX 3aTpaT
7.42x1 +4.42x2 +2.72x3 + 4.86x4 + 2.72x5 + 4.86x6 + 3.52x7 + 8.33x8 + 2.86x9 +
10.5x10 + 5x11+0.5x12 —x13 +2.5x14 + 2x15 + x26 + 0.05x28 = 0
12. Ilo pacueTy oOLIMX KaUTaJIOBIOKEHUN
x19 +x23 —x24 +8.85x25=0
13. Tlo pacueTy KanMTaJIOBIOXKEHUN Ha C/X TEXHUKY, aBTOTPAHCIIOPT, MEIHOPAIUIO B TPUPOJI0-
OXpaHy
—-x22+8.85x25=0
14. Tlo pacueTy KanuTaJOBIOKEHUN Ha 3[aHUSI, COOPYKEHHS U TPUOOPETeHHE CKOTa
26.5x10 + 8x11 +0.25x12 —x19 -x23 =0
15. Tlo omemy pazmepy KaluTalIOBIOKEHUH, HEOOXOAUMBIX ISl OpTaHU3aluU
x24 < 150000
16. ITo kopmMaM B KOPMOBBIX €ITMHUIIAX
-41.1x5 —49.6x6 — 44x7 + 36.5x10 + 6.5x11 + 0.5x12 — 4.2x14 — 9x15 —x26 <0
17. Ilo xoHLEHTpaTam
-41.1x5 —49.6x6 + 7.4x10 + 6x11 + 0.35x12 <0
18. Ilo kopmaM B IepeBaprUBaEMOM MPOTEUHE
-2.8x5 —2.9x6 —44x7 + 3.68x10 + 0.65x11 + 0.04x12 — 0.5x14 — 0.8x15 —0.1x26
<0
19. Ilo 3eneHBIM KOpMaM 3a MaCTOMILHBIN EPHO]
-220x9 +27x10 + 0.32x11 —33x15<0
20. ITo arpoTexHUYECKUM TPEOOBAHUAM BO3/IEJIBIBAHUS 3€PHOBBIX KYJIbTYP
xl +x2 +x3+x4-0.35x25<0
Ha JlaneHem BocToke pekOMeHIyeMbIN YIeNbHBIA BEC 3€PHOBBIX KYIBTYD B CTPYKTypE
MOCEBHBIX IIOIIaeH coctaisieT 35 %.B paiionax c Oosee OIaronpusTHHIMU TPUPOIHBIMH YC-
JIOBUSIMH  yJIebHBIN BEC 3€PHOBBIX MOXKET IPUHUMATKCS paBHBIM 55% u Ooree.
21. Ilo arpoTexHUYECKUM TpEOOBAaHUSIM BO3/IEJIbIBAHUS KYKYpPY3bl HAa CUIIOC
x7-0.2x25<0
22. Ilo arpoTexHU4YEeCKUM TpeOOBaHUSAM BO3/IEJIBIBAHUS COU
x8—-0.2x25<0
23. Ilo arpoTexHUYECKIM TpeOOBaHUSAM BO3/IENIBIBAHUS KYKYpPY3bl Ha 3€JICHBINH KOPM
x9-0.2x25<0
Ha JlaneHem BocToke pekoOMeHayeMbIN YIEIbHBINA BEC B CTPYKTYPE MOCEBHBIX IO IEH
KYKYpY3bl Ha CUJIOC, COM U KYKYpY3bl Ha 3eJeHbIi KopM cocTaBiisieT 20%.
24. Tlo rapaHTHPOBaHHBIM 00bEMaM MTPOU3BOJICTBA 3epHA ( IO rOC3aKa3zy)
0.32x1 + 28x2 +13x3 +29x4 > 100
25. Ilo rapaHTHpOBaHHBIM 00bEMaM IIPOU3BOJICTBA Msca ( IO roc3aKasy)
0.2x10+ 0.1x11 +0.001x12>1
MaTtpuia 5KOHOMUKO-MaTEMaTUYECKON MOJIENIN 3a/1a4M 110 ONITUMHU3ALUN CTPYKTYPhI 3€M-
JIeBJIaICHUS ¥ IPOMBOJICTBA KPECTHSIHCKOTO X035CTBA MpeAcTaBieHa B Tabmuie 1.

3. AHAJIM3 ITOJIVHEHHOI'O PEILIEHNA

a) DKTpeMaJbHOE 3HAUCHUE IIeJICBOM (PYHKIIMHM — YUCTBIA JJOXOJI X035ICTBA:
Zmax = 2541.5 ThIC. PYO.



6) OcHOBHBIE IEPEMEHHBIE, [TONABIINE B Oa3uc:

IJI0IIab TOCEBA KYKYPY3bl Ha 3€pHO x4=345ra
IIJIOIIAb ITOCEBA IPOBOTO SIYMEHS HA KOHLIEHTPATHI x5=824ra
IIOMIA/Ib [TOCEeBa KYKYPY3bl HA CHIIOC x7=2.74ra
MOr0JIOBBE CBUHEHN x11 =562 ron
IJIOIIAgb CEHOKOCOB x14=10ra
IUIOINAAb ITaCTOMII] x15=12ra

B) OCHOBHBIEC TIEpEeMEHHBIC, HE TTOTIABIINE B Oa3HUC:
x1 - momaae mocesa siPOBOM MIIEHUIIBI, Ta
X2 - TUIOMIAh TIOCEBA IPOBOTO TUMEHS Ha 3€PHO, Ta
x3 - mIomaas nocesa 3epH00000BBIX, ra
X6 - TUIOMIAL TIOCEBA KYKYPY3bl Ha KOHIICHTPATHI, Ta
X8 - IJI0Iaab IOoCeBa COU, ra
X9 - Iomaas moceBa KyKypy3bl Ha 3€JICHBIH KOPM, Ta
x10 -nmoronosse KPC, ron
x12 - moroyioBse NTHUIIBI, TOJ

r) BcnomorarenbHble nepeMeHHbIe, ONABIINE B 0a3HcC:

o01re eXeroaHbIe MPONU3BOICTBEHHBIC 3aTPAThI x13 = 3113 thIC.pYO.
MOTPEOHOCTh B @30THBIX MUHEPAJIBHBIX y100OPEHUAX x16 =5429.6 xr x. B.
noTpeOHOCTh B (PochOpHBIX MUHEPATHHBIX YIOOPEHHIX x17=4534.8 kr 1. B.
MOTPEOHOCTh B KAJMMHBIX MUHEPAJIBHBIX y100pEHUIX x18 =4944.7 xr n. B.
KaIMTaJIOBIIOKCHHS B CTPOUTEIBLCTBO 3/1aHUN U coopykeHuil x19 =4501.1e1C.py0 .
KaITUTaJIOBIIOKEHHSI HA TIOKYTIKY C/X TEXHUKHU x20 = 784.1 TeIC. PYO.
CyMMapHbI€ 3aTpaThl x24 = 5285.6 ThIC.pYyO.
pacueTHas IIoIa b NallHU x25=288.6ra

1) BriomorarenbHble IepeMeHHbIe, HE MOMaBLIie B 0azuc:

x21 - KanuTaJOBIOXKEHUS HAa IPUOOPKTEHHE aBTOTPAHCIIOPTA, ThIC. pyO
x22 - KanUTaJOBIIOKEHUS HA MEITMOPALIUIO U IPOBEACHHUE IPUPOJAOOXPAHHBIX  MEPOIPHUATHI,
TBIC.pYO

X23 — KanuTaJIOBIOXKEHUS Ha MOKYIKY MPOJAYKTUBHOTO CKOTa, ThIC. PYO.

x26 — 00beM pHOOpeTaeMbIX KOMOMKOPMOB (KOHLIEHTPATOB), 1I.

x27- KOMU4ECTBO MPUOOPETAEMBIX OPraHUYECKUX yI0OpeHUil, T.

x28 — pa3Mep MPUBJIEKAEMBIX TPYIOBBIX PECYPCOB B HAMPSHKEHHBIC TIEPHOBI TIOJIEBBIX Pa-
00T, uen-yac

e) [lononHuTenpHbIE IEPEMEHHBIE, ITONABIINE B Oa3uc:

OCTATOK ILIOIIAIN HallHU x29 =384 ra
HEJIOMCIIOJIb30BaHHBIE TPYIOBbIE PECYPCHI B HANIPSXKEHHBIN
MIEPHO]I TTOJIEBBIX PaboT x30 = 183.2 yen.-yac.
OCTaTOK OpraHUYEeCKue y100peHUs x31=1702.8 xr 1. B.
HEJIOMCIIOb30BAHHbBIC ICHE)KHBIE PECYPCHI x32 =149740tb1C.py0
OCTaTOK KOHIIEHTPUPOBAHHBIX KOPMOB x33=10.9 n.x.e.
OCTAaTOK 3€JICHBIX KOPMOB x34=2159 1.

OCTaTOK IUIOIIAU NAlllHU, IPEyCMOTPEHHOM 110/ 3epHOBBIe X35 =27.6 ra
OCTaTOK IIJIOIIAN TalIHHU, TPEIYCMOTPEHHON O

KYKypy3y Ha cujoc x36=15.0ra
OCTAaTOK IUIOWIAIN TAIIHU, TPETYCMOTPEHHON MO COIO x37=17.7ra
OCTaTOK TUIONIA/IM MAIIHU, TPEAYCMOTPEHHOM MO KYKYPY3Y

Ha 3eJICHBIN KOpM x38=17.7ra
00BEM MPOU3BOACTBA MscCa x39=553T

k) JlonoJaHUTENbHbIE IEPEMEHHbIE HE NaNaBIie B 6a3uc:
x40 — 0cTaTOK TPYIOBBIX PECYPCOB, UE.-4ac
x41 — 0CTaToOK KOPMOB, COOTBETCTBYIOLIH 0011eMy 0anaHCOBOMY ypaBHEHHIO, I1.K.€.



x42 — 0cTaTOK KOPMOB, COOTBETCTBYIOLIUI 00111eMY 0aJaHCOBOMY YpaBHEHHIO ( II€peBapUMBIi
MIPOTEHH), 1T
x43 — 00BbeM NPOU3BOICTBA 3€PHA, 11

AHanusupys Moay4yeHHOE PEIIEHUE, MOXKHO CKa3aTh CIEAYIOIICE:

D¢ hexkTUBHBIMU OTPACITSIMU XO3SHUCTBA, T. €. KOTOPBIE IIPU 33aHHBIX PECYPCHBIX OrpaHHYe-
HUSX 11eJ1ec000pa3HO pa3BUBATh, SIBJISIOTCS CBUHOBOJCTBO M IPOU3BOACTBO SPOBOTO SIUMEHS Ha
KOHIEHTPUPOBAaHHBII KopM. HeGonplne miomaay namHy 1eaecooopa3Ho OTBECTH O] IIOCEBbI
KYKYpPY3bl Ha 36pHO U KYKYpPY3bl Ha CHJIOC.

HenedunutHbME pecypcamu, T. €. peCypcaMu, KOTOPBIX B X03sICTBE U30BITOK, SIBISIOTCS
HallHs, TPYAOBbIE PECYPChl B HANPSKEHHBIH NEPUOJ] TIOJIEBBIX PA0OT, I€HEKHBIE PECYPCHI, Op-
raHM4ecKHe y100peHus, KOHIIEHTPUPOBAaHHBIE KOPMA, 3€JIEHBIE KOPMa, IIOJyYEHHBIE C CEHOKO-
COB U MAacTOMIIL.

K pecypcam, KOTOpBIE B ONTUMYME UCUEPIIBIBAIOTCS MTOJHOCTBIO, T. €. JAe(OUIIUTHBIM, OTHOCST-
cs1 001IMe TPYAOBBIE PECYpChl M KopMa (KyKypy3a Ha cuioc). OrpaHMueHHOCTh 3THX PECYpCOB
CIEPKUBACT NaJbHEUIINN POCT MPOU3BOACTBA. IMEHHO 3a c4eT MX yBEIMYEHHS MOKHO IIOBBI-
CUTh 10XOJ XO35MCTBA.

VYBenuueHue TpyI0BbIX PECYPCOB BO3MOXKHO 3a CUET NOBBILIEHUS IPOU3BOAUTEIBLHOCTHU TPYya
IyTeM pa3zieseHus pabouero IHs Ha JBe cMeHbl. [IpooKUTENIbHOCTE BCETO paboyero JHs U3-
MeHseTcs o Mecsam. CpeqHss IpoAoLKUTEIbHOCTh paboueil CMEHbl IPUHUMAETCS PAaBHOM 5
4acoB, a B BeIXOJble IHU — 2.5 yac OO11as BeIMunHa TPYAOBBIX PECYPCOB 3a T'0OJl, B 3TOM ClIy4ae,
coctaBuT 15095 yen.- yac, B TOM 4uciie, B HAPSKEHHBIA EPUOJ ITOJIEBBIX padOT (UIOJIb- aB-
ryct) — 3430 yer.- vac.

VYBenuueHue iIolaau NoceBa KyKypy3bl Ha CUI0C BO3MOXKHO 3a CUET HEJOUCII0JIb30BAHHON
IUTOLIA/IN NAIlHH.

AHanu3 BapMaHTHOTO PELICHUS
Pe3ynbpTaThl BApHAHTHOTO PELICHUs IPEACTABICHBI B Tabaunax 5 u 6.
a) DKcTpeMaIbHOE 3HAUCHHE LENEeBOM (PYHKIIMH — YUCTHIA JOXOJ X03sIiicTBa!
Zmax = 2776 ThIC. pYO.
6) OcHOBHBIE IEPEMEHHBIE, [TONABIINE B Oa3uc:

IUIOINAb [T0CEBA KYKYPY3bl Ha 3€pHO x4="72ra
IIJIOIIAb ITOCEBA IPOBOTO SIYMEHS HA KOHLIEHTPATHI x5=92.1ra
IUIOINAb MOCEBA KyKY3y3bl Ha CHIIOC x7=3ra
IIOr0JIOBbE CBUHEH x11 =603 ron

B) OCHOBHBbIE TIEpeMEHHbIE, HE MTONaBIINe B Oa3uc:

x| — omaaer mocesa siPOBOM MIIEHULIBI, Ta

X2 — MJI01IaAb MOCEBA SIPOBOTO SIUMEHS Ha 3€pHO, Ta

X3 — momaab nocesa 3epHO0000BBIX, ra

X6 — MJIOIAAb MOCeBa KyKYpYy3bl Ha KOHIICHTPATHI, Ta

X8 — ImIoIaas MoceBa Cou, ra

X9 — myomaab noceBa KyKypy3bl Ha 3eJI€HbIH KOpM, Ta

x10 — nmoronosbe KPC, ron

x12 — nmoronoBee NTULIBI, TOJI

x14 — nmomaabk CEHOKOCOB, T'a

x15 — mnomanes nactOumi, ra

r) BcnomorarenbHble nepeMeHHbIE, TONIABUINE B 0a3HC:

o0I1re eXeroHbIe MPOU3BOICTBEHHBIC 3aTPAThI x13 =3310.8 THIC. pYO.
MOTPEOHOCTh B @30THBIX MUHEPAJIbHBIX y100pEHUAX x16 =6471.7 xr n. B.
noTpeOHOCTh B (pocHOpHBIX MUHEpATBHBIX ynoOpeHusx x17 =5356.9 kr a.
MOTPEOHOCTh B KAJMMHBIX MUHEPAJIbHBIX ynoOpeHusx  x18 =5525.5 kr n. B.
KaluTaJOBJIOKEHUS HA CTPOUTEIHCTBO 3/1aHUH U.
COCOPYXEHHI1 x19 =4823.1 TeIC. py0
KalUTaJIOBIIOKCHHS Ha TIOKYIKY C/X TEXHUKH x20 = 905.9 1hIC. PYO.



CyMMapHbI€ 3aTpaThbl x24 =5729.0 TtbIC pPYO.
pacueTHas TIoIalb NalTHu x25=1024ra
1) BcriomorarensHble NepeMeHHbIe, HE TOTaBIINe B Oa3uc:

x21 - KanuTaIOBIOKEHUS HIT TPUOOpPETEHNE aBTOTPAHCIIOPTA, THIC. PYO.
X22 — KanuTanaoB JOXEHHUS Ha METHOPAINIO U MPOBEACHNUE TPUPOIO0XPAHHBIX
MEPONPUSIITHH, TIC. pyOIO
x23 - KanuTaJOBIOKEHHUS Ha MOKYIKY MPOAYKTUBHOTO CKOTA, ThIC. PYO.
x26 - 00beM nmpuoOpeTaeMbiX KOMOUKOPMOB ( KOHIIEHTPATOB), ThIC. PYO.
x27 - KOJM4YECTBO MPUOOPETaeMbIX OPraHUYECKUX YIOOpEHHH, T
x28 — pa3zmep NMpUBJIEKAEMbIX TPYJOBBIX PECYPCOB B HANPSKEHHBINA IEPUOA
MOJIEBBIX palboT, Yell.-yuac.
e) [lononHuTenpHble IEPEMEHHBIE, ITONABIINE B Oa3uc:

OCTaTOK OPTaHUYECKUX yI00peHU x31 =1797.6 kr 1. B.
HEJI0MCII0JIb30BaHHbIE IEHEXKHBIE pECYp x32 = 1494300 ThIC. pYO.
OCTaTOK KOHIEHTPUPOBAHHBIX KOPMOB x33 =167.4 n.x.e.
OCTaTOK IUIOIIAU HAlllHU, IPEJYCMOTPEHHOM x35=28.6ra

101 3€PHOBBIE
OCTaTOK IUIONIA/IM MTALIHU, IPEAYCMOTPEHHOU IO KYKY3YpPY

Ha CUJIOC x36=17.4ra

OCTaTOK IUIOLIA/IM MTAIHHU, IPEAYCMOTPHHOMU O] x37=20.5Ta

OCTaTOK IUIONIA/IU MAlllHU, TPETyCMOTPEHHOH MOA KYKYpY3y

Ha 3€JIEHbII KOpM x38=20.5ra

00bEeM MPOU3BOJICTBA MsICa x39=593T
00BbeM MPOU3BOJICTBA 3epHA ( KYKYpYy3y3a) x43 =109.6 11

k) JlonmonHuTensHble IEpeMeHHbIe, HE MOMaBIIne B 0a3uc:
x41- ocTaToK KOPMOB, COOTBETCTBYIOIIUH 0011eMy 0allaHCOBOMY YpaBHEHHIO, I1.K.€.
x42 - 0cTaToOK KOPMOB, COOTBETCTBYIOLIUI 00IIeMy 0alaHCOBOMY YpaBHEHHIO (II€peBapUMBIii
MPOTEUH), 11
x44 - ocTaToK IJIOUIaAU CEHOKOCOB, Ia
x45 - ocTaTOK IUIOIIAIH acTOMII, Ta

AHanM3upys MOJIYYEHHBIN pe3yIbTaT BApUAHTHOTO PEIICHUS, MOXKHO CKa3aTh CIEAYIOIIee:
Croenyanusainys X0354icTBa — CBUHOBOJICTBO. MaKkCcUMaIbHBINA YUCTBHIA JOXOI X03saiicTBa — 2776
ThIC. py0. MakcuManbHOE KOJTMYECTBO CBUHEH, KOTOPOE MOXKHO COJEPKATh MPHU 3aIaHHBIX
PECYPCHBIX OrpaHUYEHHSIX paBHO 603 TOJIOBHI.

IIpu ncnosb30BaHUM BCEX UMEIOIIMXCS B XO34MCTBE TPYAOBBIX PECYPCOB ONTUMAJIbHAS
IJIOLIAb NAITHH, IPU KOTOPOX JOCTUTaeTCs MaKCUMaIbHBIN YHCTHIN 10X0[, cocTaBisger 102.3
ra. YBeJIMUeHHE IIOIIA/IM MATHU HEeleIeco00pa3Ho, TaK KaK 3TO MPUBEACT K YMEHBIICHHIO J0-
xoJ1a xo3gaiicTBa. CeHOKOCHI ¥ MacTOMINa B JAHHOM XO0341CTBE HCIOJIb30BaTh TAKXKE HElEIeco-
o0Opa3Ho.

O} dexTuBHOI 0Tpacibio X0341iCTBa SABISAETCSA MPOU3BOICTBO IPOBOTO SUYMEHS, UCTIOTIB3YEMO-
ro B KQ4eCTBE KOHUEHTPUPOBAHHOTO KOpMa JiJis1 CBUHEW. Ha KOpM CBUHBSIM TakKe HCIOJIb3YETCS
KYKypy3a Ha CUJIOC.

B x03s1iicTBE BO3MOXKHO IIPOU3BOICTBO KYKYPY3bl Ha 3€PHO, IPH HUCIIOJIB30BAHUU €€ B TOBAp-
HBIX LETIAX.

K HeneuuTHBIM pecypcam X035HCTBa OTHOCSTCS NAIIHs, TeHEeKHbIE pecypchl. Kpome Toro B
X03SCTBE UMEUTCS OCTATOK KOHIICHTPUPOBAHHBIX KOPMOB U OPraHUYECKUX YA0OpeHuH, npu-
OBLIb OT MX pean3aluu OyJeT AOMOTHUTEIBHBIM JOXOJOM K OCHOBHOMY J0XOY, OJIy4aeMOMY
OT MPOAAXH Msica.

JlepUIUTHBIM pecypcoM X031 CTBa, CIEPKUBAIOIINM JATBHEUIITNI pOCT  MPOW3BOJICTBA ,
ABIISIFOTCS TPYJOBBIE PECYPCHI. Y BEIMUHUTh BEIMUYUHY TPYJOBBIX PECYPCOB BO3MOKHO 3a CUET



YBEJIUYCHUHU MPOJOJKUTEIBHOCTH paboueit cMeHbl. B nanHOM ciydae cpefHsisi ee BeTudnHa
COCTAaBJISIET 5 4acoB.

Kpowme Toro, ucromnp3ys ocraBmmecs B X0351MCTBE JEHEKHbBIE CPECTBA, MOKHO TPUMEHSATH
HAEMHBIN .TPY/I.
YBennueHue TpyAOBBIX PECYPCOB, TO3BOJIUT UCIIOJIB30BAaTh BCKO UMEIOLIYIOCS B XO3SMCTBE
rtoniaap namau (127 ra), 94To mpuBeIeT K MOBBIIIEHUIO YHCTOTO TOX0/1a X03siCTBa.

2.9.3 PesyabTarthl M BbIBOABI:  [IpeacraBieHHas 5JKOHOMUKO- MaTEMaTUYECKas MOJEINb OIl-
TUMM3AIUU 3eMJIEBIIAJICHUS U POU3BOJICTBA X035MUCTBA, siBNgeTcs padoueid. [lonyyennoe permie-
Hue npruemiemMo. OCHOBHBIE OTPACIU X035HCTBa — CBUHOBOJICTBO U KOPMOIIPOU3BOACTBO. [lo-
MOJIHUTEINIbHBIN JOXO0/ MOKET ObITh MOJIYYEH 32 CUET pean3allui OCTaTKa KOHIICHTPUPOBAHHBIX
KOPMOB U OpraHMYecKuX yaoopenuit. [lpu momyueHHOM ONTUMAIbHOM COYETaHUU OTPACIIel XO0-
3SIUCTBO SIBISIETCS MPUOBUILHBIM U UMEET NEPCIEKTUBBI Pa3BUTHSL.



