OEJEPAJIBHOE I'OCYJAPCTBEHHOE BIO/KETHOE OBPA30BATEJIbHOE
YUYPEXJIEHUE BBICHIEI'O OBPA3OBAHUA

«OPEHBYPI'CKU T'OCYJIAPCTBEHHbBIN ATPAPHBIA YHUBEPCUTET»

METOJUYECKHUE MATEPHUAJIBI VIS1 OBYYAIOIHIUXCA
ITO OCBOEHUMIO JUCIIUTIJIMHBI

b1.B.O/1.3 MaremaTu4ecKkue MeTOAbI U MO/IeJIU B PUKJIATHBIX
HAYYHBIX HCCJIEIOBAHUAX

HanpagJjieHue noaAroToBku (cnenuanabHocTh) 36.06.01 Berepunapus u 300texuus (ypo-
BEHb MMOATOTOBKH Ka/IPOB BhICHIECH KBATU(PHUKAIIMH IO TPOrpaMMe OArOTOBKH HAyYHO-
NeAarorn4eckux KaJpoB B aCIIUPAHTYPE)

IIpoduan noaroroBku (cnemuanusamnus) 06.02.02 BerepunapHas MUKpOOHOJIOTHSI, BU-
pycoJorus, srmu300TOJIOrUs, MUKOJIOTHA C MHKOTOKCHUKOJIOTHEN U HMMYHOJIOTUA

Kpannduxanus Beinycknuka lccnenosarens. [Ipenogasarens - ucciaenoBaTenb

®opma 00yueHHs1 OUHas



COJIEP’)KAHUE
| (N0 (9102 N W) (=) 9 11/ 1/ (R

L0 JL RIS N L e e et e e e

| BB 13 25117 ¢ ) 1A
1.3 JLeRIIS N0 3= o e e e,
1.4 JIeRIMI N O oo e e e e e
LS JleKIMS N T
1.6 JLeRKIMS N 8 o,
1.7 JLeRIMS NO O
L8 JIekIMS No 10 o oo

MeToanyeckue yKa3aHusi 0 POBEJICHUI0 NPAKTHYECKUX 3AHATHHA ... ..

2.1 IlpakTnueckoe 3ansaTue Nell3 -1 .......... .. ...
2.2 IlpakTnueckoe 3anusaTue Nell3 -2-3 ... ... ...
2.3 IlpakTnueckoe 3ansaTue Nell3 -4-6 ...,
2.4 IlpakTnueckoe 3ansaTue Nell3 -7-9 .. ...
2.5 IlpakTnueckoe 3ansaTue Nell3 -10-11 ...,
2.6 IlpakTnueckoe 3ansaTue Nell3 -12-13 ....... ...,
2.7 llpakTnueckoe 3ansitue NelI3 -14-17 ...,
2.8 llpakTnueckoe 3ansitue NelI3 -18-19 ......... ...,
2.9 lIpakTnueckoe 3ansiTue NelI3 -20 ...,



1. KOHCIEKT JIEKI_II/Iﬁ
1.1 Jexknus 1 (2 4.)
TeMa: HporpaMMa Kypca. O6H.[I/Ie noaxoAbl K IMOCTPOCHUIO MPOrpaMMBbI I/ICCJ'IC,Z[OBaHI/If/’I. MCTOI[OJ'IOFI/IH
HUCCIICOJOBAaHUA.

1.1.1. Borpocsl JieKnum:

1. O0meHay4YHasi 1 YACTHOHAYYHAsI METOX0JIOTHS.

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

3. O0uresiornyeckre MeTOAbl HAYYHOI0 MccJIe0BaHUusA. MeToabl IMIIUPUIECKOT0 HCCJIe0-
BaHHUA

1.1.2 KpaTtkoe conep:kaHue BOIPOCOB:
OO0menayyHnasi 1 YaCTHOHAY4YHasi METOA0JIOTHs

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

Ha ocHoBe 001IeHayYHBIX MOHATHH M KaTeropuil (OPMYITUPYIOTCS COOTBETCTBYIOIINE METOIBI
MO3HAHUS, KOTOpBbIE OO0ECIEYMBAIOT ONTUMAIBHOE B3aMMOJCHCTBUE (UITOCODUU C KOHKPETHO-
HAy4YHBIM 3HAHHEM U €r0 METOJaMH.

OO1ieHayuHbIe METOBI Pa3/IeIAIOT Ha:

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

2) MEeTOJIbl SMIIMPUYECKOTI0 UCCIIEIOBaHMS, IPUMEHSIEMbIE HA SMIIUPUYECKOM YPOBHE HCCIIE0-
BaHMs (HaOIIOICHUE, SKCIIEPUMEHT, ONMCaHNUe, H3MEPEHHE, CPAaBHEHHE);

3) MeToABI TEOPETUYECKOTO UCCIEIOBaHMS, MPUMEHSIEMbIE Ha TEOPETUYECKOM YPOBHE HCCIIE0-
BaHUs (Waeanu3amus, GopMalin3aius, aKCHOMATHIECKHA, THIIOTETUKO-IEAYKTUBHBIN U T.11.);

4) METOJIbI CHCTEMATH3alMKA HAYYHBIX 3HAHUH (THUIIOJOTHU3AINS, KIacCHupUKAITIs).

XapakTepHble 4YepThl 00IIEHAYYHBIX TOHATUI U METOIOB!

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

- BO3MOXHOCTb (hOpMaIu3aliy U YTOUHEHUSI MaTeMaTUYECKUMU CPEICTBaAMHU.

Ha ypoBHe obienay4Hoi MeTo010ruu (GopMHUpyeTcs 00LeHay Hass KapTHHA MHpa.

YacTHOHaY4YHAsE METOA0JIOTHS MPECTaBiIsgeT o000 COBOKYMHOCTh 3HAHUN O MPUHIMIIAX U Me-
TOJIaX, IPUMEHSIEMbIX B TOH MJIM MHOW CHEelMalIbHON HayyHOU aucuuiuinHe. B ee pamkax ¢opmupy-
I0TCS CIIellMajbHble Hay4yHble KapTUHbI Mupa. Kaxmas Hayka uMmeeT cBo crneuuduueckuid Habop
METOJI0JIOTUYECKUX CPEACTB. B TO e BpeMs METOJlbl OAHMX HayK MOTYT TPaHCIUPOBATHCS B IpYrue
HaykH. BO3HUKAIOT MEXIUCIUIUIMHAPHBIE HAYYHbIE METO/IBI.

MeTtoauka Hay4HOro ucciaeqoBaHusi. CTpyKTypa HAYYHOI0 HCCJIeJOBAHUS

['maBHOE BHMMaHUE B paMKax METOJIOJIOTHHM HAayKH HAIPABICHO Ha HAyYHOE WCCIIEOBAHHE KaK
BUJ HACATCIBHOCTH, B KOTOPOM HaxXOAWUT CBOC BOINIOMICHHUC MNPHUMCHCHHUC Pa3JIMYHBIX HAYYHBIX
METO/IOB.

Haquoe HUCCICAOBAHUC — ACATCIIbHOCTD, HAIIPABJIICHHAA HA IOJYUCHUC HUCTUHHOI'O 3HAHUA 06
00BEKTUBHOHN PEATbHOCTH.

3HaHUsl, IPUMEHSAEMbIE HA MPEIMETHO-UyBCTBEHHOM YPOBHE HEKOTOPOI'O HAYYHOI'O MCCIIEA0Ba-
HUSI, COCTABIISIOT 0a3y ero METOMKU. B SMIIHpPUYECKOM HCCIIeIOBaHUN METO/IMKA 00ecreunBaeT coop



U TIEpPBUYHYIO 0OpabOTKY OMNBITHBIX JAaHHBIX, PETYIHUPYeT NPAKTHKY HAy4YHO-HCCIEIOBATEIbCKOM
paboThl — DJKCIEPUMEHTAIBLHO-TIPOU3BOJICTBEHHYIO JEATEILHOCTh. TeopeThdeckass paboTa TOXe
TpeOyeT CBOEH METOAMKHU. 3[eCh ee MPEANHCAHUS OTHOCATCS K JEATeIbHOCTH C OOBEKTaMH, BhIpa-
JKEHHBIMU B 3HaKoBOW (opme. Hampumep, CymecTBYIOT METOAMKU Pa3IUYHOTO POJA BBIYHCICHUM,
pacmpOBKH TEKCTOB, MPOBEIEHUS MBICICHHBIX JKCIIEPUMEHTOB H T.1I. Ha coBpemMeHHOM 3Tame
pa3BUTHS HAYKW KAaK HA €€ SMIMPUYECKOM, TaK U Ha TEOPETUYECKOM YPOBHE MCKIIFOUUTEIBLHO BaXKHAS
pOab NPUHAUIEKUT KOMIIBIOTEPHOM TEXHUKE. be3 Hee HEMBICIMMBI COBPEMEHHBIM SKCIEPUMEHT,
MOJIETTUPOBAHUE CUTYAIUH, PA3JINUHbIC BHIYUCIUTEIbHBIEC POLIETYPHI.

Besikas MeToanka co3gaeTcsi Ha OCHOBE 0oJiee BHICOKMX YPOBHEW 3HAHUM, HO MPEACTABISET CO-
00if COBOKYITHOCTh Y3KOCIEIMATM3UPOBAHHBIX YCTAHOBOK, BKIIIOYAIONIYI0 B Ce€Osl JTOCTATOYHO
YKECTKHE OTPAaHUYEHUS — UHCTPYKIINH, IPOCKThI, CTAHAAPTHI, TEXHUYECKUE ycaoBus U T.1. Ha ypoBHe
METOJMKH YCTAaHOBKH, CYIIECTBYIOIINE HACATHHO, B MBICIISIX YEJOBEKa, KaK OBl CMBIKAIOTCS C
MPAKTUYECKUMH OIEpalusIMHe, 3aBepiias oopazoBaHue Merona. be3 HUX MeToj mpelcTaBisieT co0oi
HEUYTO YMO3PUTEIbHOE W HE IMOJy4YaeT BBIXOJAa BO BHEIIHUKW Mup. B cBowo ouepenb, MpakTHUKa
WCCJICIOBaHMSI HEBO3MOKHA 0€3 YIPABIICHUS CO CTOPOHBI UJICATBHBIX YCTAHOBOK. XOpoIliee BIaJICHHE
METOJMKOM — MTOKa3aTebh BRICOKOTO MPO(GeCCHOHATN3MA YICHOTO.

HayuHoe ucciienoBanue cogepKUT B CBOEU CTPYKTYPE P dJIEMEHTOB.

OOBexT uccnenoBanus — (parMeHT peajbHOCTH, HAa KOTOPBIM HampaBiieHa TO3HaBaTeIbHAs
NEeSTENIbHOCTh CyOBEKTa, W KOTOPBIM CYIIECTBYET BHE M HE3aBHCHMO OT CO3HAHHS MO3HAIOIIETO
cyOBeKTa.

OOBEKTHI UCCIEAOBAHUS MOTYT OBITh KaK MaTepPHAIbHBIMH, TAaK U HEMAaTePHAILHBIMU 110 CBOSH
npupoze. IX He3aBUCUMOCTh OT CO3HAHHUS 3aKJIFOYAETCSA B TOM, YTO OHHM CYIIECTBYIOT BHE 3aBHCUMO-
CTH OT TOT'O M3BECTHO MJIM HEU3BECTHO O HUX YTO-THOO JIFOIIM.

[IpeameToM HccnenoBaHUs SBISETCS YaCcTh 00BEKTa, HEMOCPEACTBEHHO 3aIeCTBOBAHHAS B HC-
CJIEIOBAaHMM; ATO TJIAaBHBIC, HanOOJee CYIIECTBEHHBIC MPU3HAKU OOBEKTa C TOYKHU 3PEHUS TOTO WIIH
WHOT'0 UCCJICIOBAaHMS.

Crenuduka mpeaMeTa HAyYHOTO UCCIICIOBAHUS 3aKIII0OUAETCS B TOM, YTO BHAYaIe OH 33JacTCs B
00IIMX, HEOTIPEACIICHHBIX YepTax, MPEIBOCXUIIIACTCS W MPOTHOZUPYETCS B HE3HAYUTEIHHOM CTEIICHHU.
OKOHUaTEeIbHO OH «BBIPUCOBBIBACTCS» B KOHILIE UcchenoBanus. [Ipuctynas kK Hemy, yUeHbId HE MOXKET
MPEACTaBUTh €ro B UepTekax M pacuerax. UTO HYKHO «BBIPBATh» M3 OOBEKTAa W CHHTE3UPOBATH B
MPOJYKTE WCCIEAOBaHUS — 00 ITOM HCCIEAOBaTeIh HMMEET MOBEPXHOCTHOE, OJHOCTOPOHHEE, HE
ucyeprnpiBaroIiee 3Hanue. [loatomy dopmoii dukcanuu mpeamMeTa MCCIECIOBAHUS SBISIETCS BOMPOC,
npobsieMa. [locteneHHO nMpeoOpa3ysich B MPOAYKT UCCICIOBAHMS, MPEAMET 000TalaeTCsl M pa3BUBACT-
C4 3a CYET HEM3BECTHBIX BHAYAJI€ MPU3HAKOB U YCIOBU €0 CYIIECTBOBAHUA.

Kaxxapiii 3 mpeaMeToB CO3/1aeT CBOM MOHATUWHBINA ammapaT, CBOU crienu(uuecKue MeTO bl MC-
cJle0BaHus, CBOM A3bIK. Llenb ucciaeqoBanus — uaeanbHOE, MBICIEHHOE MTPEBOCXUILICHUE PE3YNbTaTa,
paau KOTOPOTO TPEANPUHUMAIOTCS HAYYHO-TIO3HABATeNbHbIC aelcTBUsA. OCOOCHHOCTH MpeaMeTa
WCCJICIOBaHMS TIPSIMO CKa3bIBAIOTCS Ha ero menu. [locnmemnsis, 3akimiouass B cebe oOpa3 mpeamera
WCCIICIOBAHUS, OTJIMYACTCS CBOWCTBEHHOW NPEAMETY HEOIPEICICHHOCThIO B Hadalle Mpolecca
uccienaoBanus. OHa KOHKPETU3UPYETCS IO Mepe MPUOIMKEHUSI K KOHEYHOMY PE3yJIbTary.

3amaun uccienoBaHus GOPMYITUPYIOT BOMPOCH, HA KOTOPHIE MOJKEH OBITH MOJIy4eH OTBET IS
peanuzanmu 1eieil uccnenoBanus. llenwm W 3amaum uccienoBaHWs 00pa3ylOT B3aMMOCBSI3aHHBIC
LEMOYKHU, B KOTOPBIX KaXKJ0€ 3BEHO CIYKUT CPEJACTBOM yAEpKaHUs APYrux 3BeHbeB. KoHeuHas uenb
WCCJICIOBaHMS MOXKET OBITh Ha3BaHa ero oOmel 3amadyeil, a YacTHBIC 3aJadyH, BBICTYMAIONIUE B
KaueCTBE CPEJCTB PEIICHUSI OCHOBHOM, MOXXHO Ha3BaTh MPOMEKYTOUHBIMHU LEISMHU, WU LEISIMHU
BTOPOTO MOpAKa. BIIEIAIOT TakKe OCHOBHBIE M JOTIOJHUTENbHBIE 3a1aun UcciaeqoBanusi: OCHOBHBIE
3a/1a4il OTBEYAIOT €ro IEJIeBOM YCTaHOBKE, AOMOJHUTEIBHBIC — CTABSITCS YIS MOATOTOBKH OyIyIIUX
WCCJICIOBaHMM, TPOBEPKH MOOOYHBIX (BO3MOXKHO, BEChbMa aKTyalbHBIX), HE CBA3aHHBIX C JIAHHON
po0JIEMOi TUTIOTE3, TSI PEIICHUsT KAKUX-TO METOIMYECKUX BOMPOCOB H T.II.

Cnoco6s1 goctrkenus 1nenu: Ecinu ocHOBHAs 11enib GOpMyIupyeTcs Kak TeOpeTHIecKas, TO Mpu
pa3paboTke mporpamMMbl TTITaBHOE BHUMAHUE YACTSETCS U3yYEeHUIO0 HAYYHOU JTUTEPATYphl IO JAHHOMY
BOIIPOCY, YETKOHW WHTEPHPETAMH WCXOIHBIX TOHATHH, TMOCTPOCHHIO THIOTETHYECKOW OOIIei



KOHIICTIIUM TpPEMETa HCCIEAOBAaHUS, BBIJCICHUIO HAyYHOM MPOOJEMBbl M JIOTUYECKOMY AaHAIHU3Y
pabounx runore3. MHas goruka ynpasiseT AeWCTBUSIMH HCCIIEI0BATENs, €CIM OH CTaBUT mepes co0oit
HETOCPEACTBEHHO MpPaKTU4YecKylo I1enb. OH HauumHaeT paboTy, MCXOIs M3 CIEUU(PUKH IaHHOTO
00BEeKTa U YSCHEHUS MPaKTUYECKUX 33/a4, MOJIeKalINX perieHnto. ToapKo mocie 3Toro oH odparia-
€TCsl K JINTEpaType B IIOMCKaxX OTBETA HA BOIPOC: UMEETCS JIM "TUIIOBOE" pEllIeHNE BOSHUKIIMX 3a/1a4,
T. €. CIelMajbHas TeOpHsi, OTHOCAIaiCS K npeametry? Eciau "TumoBoro" peiieHus HET, najlbHEHas
paboTa pa3BepThIBacTCs 10 CXEME TEOPETUUECKOTo uccienoBanus. Eciu ke Takoe pereHne nMeeTcs,
TUIOTE3bl MPUKIATHOTO HCCIEIOBAHUS CTPOSTCS KakK pa3iUvHble BapUaHThl "MPOYTEHUs" THUIOBBIX
pelIeHN TPUMEHUTENBHO K KOHKPETHBIM YCioBUsM. OueHb BaXHO HUMETh B BUIY, 4TO JH000e
UCCJIEIOBaHUE, OPUEHTHUPOBAHHOE HA PEHICHHE TEOPETUYECKUX 3a/ad, MOXHO MPOJOJIKUTH Kak
npukinaaHoe. Ha mepBoM sTame Mbl MOJIydaeM HEKOTOpOE THIIOBOE pEIIeHHE MPOOJeMbl, a 3aTeM
MEPEBONM €T0 B KOHKPETHBIE YCIOBUSI.

Takxke »IIEMEHTOM CTPYKTYypbl HAay4HOI'O MCCIEAO0BAaHUS BBICTYNAIOT CPEACTBA HAy4dHO-
MO3HABATENIbHON JAesaTenbHOCTH. K HUM OTHOCSTCS: - MaTepUalbHBIE CPEICTBA; - TEOPETHUECKHE
O00BEKTHI (MIealIbHble KOHCTPYKTBI); - METOABl MCCICAOBAHHS M JAPYrHe HJIcalbHbIE PETYJISTHBBI
HCCJIETOBAHMSI: HOPMBI, 00pa3ibl, H1€aabl HAyYHOU NESTEIbHOCTH.

CpencTBa Hay4HOI'O ITOMCKA HaXOATCS B IOCTOSIHHOM M3MEHEHUU U pa3BUTUHU. TO, YTO HEKOTO-
pble U3 HUX YCIELIHO MPUMEHSIOTCS Ha OJHOM 3Tale pa3BUTHs HAayKH, HE SBISETCS NOCTaTOYHBIM
rapaHTOM HX COIJIACOBAHUS C HOBBIMHU C(epaMH pealbHOCTU U MOTOMY TpPeOyIOT YCOBEpPIICHCTBOBA-
HUS WINA 3aMEHBI.

OO0ures1oruyecKkre MeToIbl HAYy4HOT0 uccjiegoBaHusi. MeToabl IMIUPHYECKOT0 HCCIeTOBAHUS.
MeToabI TEOPETHYECKOT0 UCCIEOBAHUSA

AHann3 — pacuJeHeHHEe MEeIOCTHOTO MpeaIMeTa Ha COCTABIISIONINE YacTH (IIPU3HAKH, CBOMCTBA,
OTHOIICHHUSI) C IIeJIbI0 UX BCECTOPOHHETO U3YyUEHUSI.

CuHTe3 — CoeIMHEHUE paHee BBIICICHHBIX YacTel (CTOPOH, MPU3HAKOB, CBOMCTB, OTHOIICHHIA)
peaMeTa B €IMHOE LIEJIOe.

AOCTparupoBaHue — MBICJICHHOE OTBIICYCHUE OT psJia MPU3HAKOB, CBOMCTB M OTHOIICHUU U3Y-
4aeMoro oO0beKTa NpH OJHOBPEMEHHOM BBIICIECHUU [UIsI PACCMOTPEHUS TE€X U3 HHUX, KOTOpbIE
UHTEPECYIOT HCCIeNoBaTeNld. B pe3ynbrare MOSBISIOTCS «a0CTPaKTHBIE MPEAMETBI», KOTOPBIMU
ABIISAIOTCS KaK OTJENBbHO B3ATHIC MOHATUS U KATETOPUHU, TaK U UX CUCTEMBI.

O060011eHre — yCTaHOBIIEHHE OOIIMX CBOWMCTB M MPU3HAKOB 00bekTOB. Ob0Imee — ¢punocodcekas
KaTeropusi, OTpaxkamolllas CXOJHbIE, MOBTOPSIOUIMECS MpPU3HAKU, YEepPThl, KOTOpbIE MNPUHAAIEKAT
€MHUYHBIM SIBIICHUSM WA BCEM IPeaIMETaM JTaHHOTO Kiiacca.

PaznmuuaroT nBa Buaa oOmiero: - abcTpakTHO-o01Iee (MpocTask OJIMHAKOBOCTh, BHEIIHEE CXOJICT-
BO, Mojo0ue psja eIMHUYHBIX MPEAMETOB); - KOHKPETHO-00IIee (BHYTpEHHSS, ITyOWHHAs, MOBTO-
pAIOLIAsCs y TPYIIbI CXOAHBIX SIBICHUH OCHOBA — CYIIHOCTb).

B cooTBeTcTBHM € 3TUM BBIACTSIOT ABA BUAA 0000IIEHU:

- BBIJICTICHUE JTFOOBIX TMTPU3HAKOB M CBOMCTB OOBEKTOB;

- BBIJICTICHUE CYIIIECTBEHHBIX PU3HAKOB U CBOMCTB OOBEKTOB.

[To npyromy ocHOBaHMIO 0OOOIICHHS pa3ACIAIOT Ha:

- HHIYKTUBHBIC (OT OTJENBHBIX (DAKTOB U COOBITUI K UX BBIPAKEHUIO B MBICIISX );
- TJoruYeckue (OT OJTHOM MBICIIH K IPYyroi, Oosee o0Ieit).

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

WNHaykius — MeTO UCCIeI0OBaHuUs, B KOTOPOM OOIIUI BBIBOJ CTPOUTCSI HA OCHOBE YACTHBIX IO-
CBUJIOK.

Jlenykuus — METO/ UCCIEAOBAHUS, IOCPEICTBOM KOTOPOTO M3 OOIIMX MOCHUIOK CIEAYET 3aKII0-
YeHHe YaCTHOTO XapaKTepa.

AHaJorus — METO/JI MIO3HAHUS, IPU KOTOPOM Ha OCHOBE CXOJCTBA OOBEKTOB B OJHUX MPU3HAKAX
3aKIJII0Yal0T 00 UX CXOJICTBE U B IPYTMX MPU3HAKAX.



MopnenupoBanue — u3ydeHrue 00bEKTa MyTeM CO3aHUS W MCCIEAOBAHUS €0 KOMWH (MOJIEIH),
3aMelIaroIlei OpUruHaI C ONpeIeICHHBIX CTOPOH, HHTEPECYIOLIUX IT03HAHUE.

MeToabl SMIIUPUIECKOro nccaeqoBanus. Ha sMnupruyeckoM ypoBHE IPUMEHSIOTCS TAKUE Me-
TOJIbI, KaK HaOJI0/IeHNe, OMICaHKEe, CPABHEHHE, U3MEPEHHE, IKCIIEPUMEHT.

HaGmonenne — 370 cucteMaTu4eckoe U LeJICHAMPaBICHHOE BOCIIPUATHE SBIICHUH, B XO€ KOTO-
pOro MBI MOJIy4aeM 3HaHHE O BHEIIHUX CTOPOHAX, CBOMCTBAX M OTHOLIEHUSX M3y4aeMbIX OOBEKTOB.
HaGmroieHne Bceryia HOCUT HE CO3eplaTeNbHbBIN, a aKTUBHBIN, IeATEIbHBIN XapakTep. OHO MOTYMHEHO
PELICHNUI0O KOHKPETHONW Hay4YHOM 33/1a4é U TIO3TOMY OTJIMYAETCS L[eIeHaNpPaBIeHHOCThIO, H30UpaTellb-
HOCTBIO M CHCTEMaTHYHOCTHI0. OCHOBHBIE TPeOOBaHHS K HAyYHOMY HAOJNIOIEHUIO: OJHO3HAYHOCTH
3aMbIciia, HAIMYWE CTPOTO OMPEIEICHHBIX CPEICTB (B TEXHHMUECKHX HayKax — MpUOOPOB), OOBEKTHB-
HOCTh pe3ynbTaToB. OOBEKTUBHOCTH O0ECIEUMBAETCS BO3MOXKHOCTBIO KOHTpPOJIA IyTeM JIHOO
MOBTOPHOT'O HAOMIOACHUS, TUOO0 MPUMEHEHHSI IPYTUX METOAOB MCCIEA0BaHNUA, B YACTHOCTH, SKCIIEPH-
MeHTa. OOBIYHO HAOMIOACHHUE BKIFOUAETCS B KAYECTBE COCTABHOM YaCTH B MPOIEAYPY IKCIIEPUMEHTA.
BaxxupiM MOMEHTOM HaOJIOACHUS SBISETCS HHTEPIPETalus €ro pe3ylbTaToB — pacuIugpoBKa
nokazaHuil npuOopoB u T.1. HayuHoe HaOmroseHue BCerja OMOCpPEenyeTcss TEOPETHUECKUM 3HAHUEM,
MOCKOJIbKY MMEHHO IOCJIEeIHEE OIpeaesieT oOBbeKT W MpeaMeT HaOoJIeHus, 1ellb HAOMI0ACHU U
cnoco0 ero peanuzanuu. B xone HaOmroneHUs McciaenoBaTelb BCErAa PyKOBOACTBYETCS ONpENIeeH-
HOM uJeeH, KOHIeTIMEeH uin ruroTe30i. OH He MPOCTO PETUCTPHUPYET Jt00bIe (PaKThI, a COZHATEIHHO
OTOMpAET Te U3 HUX, KOTOPBIE MO0 MOATBEPXKIAIOT, JIUOO0 OMpOoBEpraioT ero uaeu. Ilpu 3Tom odeHb
BaXXHO O0TOOpaTh HamOoJjee penpe3eHTAaTUBHYIO Ipynmny (akToB B UX B3aUMOCBs3H. MHTeprperanus
HAOIIO/IEHUS TAK)KE BCETAA OCYIIECTBIISCTCS C TIOMOIIBIO OMPEACTICHHBIX TEOPETUIECCKUX MTOJI0KECHU.

OcyiecTBieHne pa3BUThIX (popM HAOTIOACHUS MPEANONaraeT UCIoIb30BaHNE 0COOBIX CPENCTB
— U B IIEPBYIO ouepes MpuOOpoB, pa3paboTKa M BOILIOLICHUE KOTOPBIX TaKXke TpeOyeT MpUBICUCHHS
TEOPETUUECKUX MpEeJCTaBIeHUN Hayku. B oOliecTBeHHbIX Haykax (opMoOil HaONIONEHUs SBISETCS
ompoc; ansi (OpMUPOBAHHS CPEACTB OIpoca (aHKETUPOBAHWE, MHTEPBBLIOMPOBAHUE) TaKke TpeOyer
CHEIHAIbHBIX TEOPETUUECKUX 3HAHUM.

Onucanmne — (uKcanus CpPeICTBAMU €CTECTBEHHOTO WJIM HCKYCCTBEHHOTO SI3bIKa PE3YJIbTaTOB
OmbITa (TaHHBIX HAOIOACHHS WIIM SKCIICPUMEHTA) C TIOMOIIBIO ONPEACIICHHBIX CUCTEM 0003HAYEHUS,
NPUHSITHIX B HayKe (CXeMbl, rpaduKu, PUCYHKH, TAaONUIBI, IUarpaMMbl U T.1.). B Xome omucaHus
IIPOBOAMTCS CPaBHEHHE U U3MEPEHUE SIBICHUM.

CpaBHEHHUE — METO/I, BBISIBIISIFOIIHNIA CXOJCTBO WA Pa3Indue 0ObEeKTOB (JINOO CTymeHel pa3Bu-
TUSL OJHOTO M TOTO XK€ O00BEKTa), T.e. UX TOXKIAECTBO M paznuuusi. Ho naHHBIA METOa MMEET CMBICIH
TOJIKO B COBOKYIHOCTH OJHOPOIHBIX MpPEAMETOB, oOpasyrommux kiacc. CpaBHEHUE INPEIMETOB B
KJIacCe OCYILECTBISETCSl MO TMpU3HAaKaM, CYIIECTBEHHBIM MJii JaHHOro paccMmorpenus. [Ipu stom
MPU3HAKU, CPABHUBAEMBIE 110 OJJHOMY MPU3HAKY, MOTYT OBITh HECPABHUMBI IO IPYTOMY.

W3mepeHune — MeTo/1 HCCae0BaHus, TP KOTOPOM YCTaHABIMBAETCS OTHOUICHHE OJJHOW BEITUYH-
Hbl K JpPYroM, ciyxalieid STaJloHOM, cTaHgapToM. Hambonee mmpokoe NpUMEHEHHE H3MEpPEHHE
HaxXOJIUT B €CTECTBEHHBIX U TEXHUYECKUX HayKaX, HO ¢ 20 — 30-x rooB XX B. OHO BXOJIUT B YIOTpeO-
JICHWE U B COILMATBbHBIX HCCIIENOBaHMAX. M3MepeHue mpeanoiaraeT Haaudue: 00beKTa, HaJl KOTOPhIM
IIPOBOAMTCS HEKOTOpasi OIepalusi; CBOWCTBAa ATOr0 0OBEKTa, KOTOPOE MOAJACTCS BOCHPHUATHIO, U
BEJIMYMHA KOTOPOIrO YCTaHABIMBAETCSA C MOMOIIBIO JAHHOM olepaluu; UHCTPYMEHTA, MOCPEICTBOM
KOTOpOro 3Ta omepauus npousBoautcs. OOmeil 1enpio J0ObIX U3MEPEHUI SBISETCS MOIy4YeHHE
YUCJIOBBIX JAHHBIX, MMO3BOJISIOMINX CYAUTh HE CTOJIBKO O KaUeCTBE, CKOJIBKO O KOJIMYECTBE HEKOTOPHIX
cocrossHuil. Ilpum 3TOM 3HauYeHHE MOJIydaeMOMl BENWYMHBI JOHKHO OBITh HACTONBKO OJM3KUM K
UCTUHHOMY, 4YTO JUIsl JAHHOM WEIM €ro MOKHO HCIOJb30BaTh BMECTO HUCTUHHOTO. B03MOXXHBI
MOTPEIIHOCTH PEe3yNbTaTOB H3MEpEeHU (CUCTeMaTHyecKue W ciaydaiiHele). PaznuyaioT mpsimble U
KOCBEHHbIE MpOLEeAypbl u3MepeHus. K TocieqHHM OTHOCATCS HU3MEPEeHUs OOBEKTOB, KOTOpHIE
ylnajgeHbl OT HAac WM HEMOCPEICTBEHHO HE BOCIPUHUMAIOTCS. 3HAYCHHE HM3MEPSIEMOI BEIMYMHBI
YCTaHaBIMBAETCA IMPU 3TOM OINOCPeNOBaHHO. KOCBEHHBIE M3MEPEHHS] OCYIIECTBUMBI TOTJa, KOTJa
M3BECTHA 00111asi 3aBUCUMOCTh MEX1Y BETUUMHAMHU, KOTOPas MO3BOJISIET BBIBECTU HCKOMBIN pe3yibTar
U3 YK€ U3BECTHBIX BEIUYHH.



OKCHEPUMEHT — METO/ UCCIIEN0BAaHNUS, IPU MIOMOILM KOTOPOTO IPOUCXOAUT AKTUBHOE U LI€JICHA-
MIPaBJIEHHOE BOCIPUSITHE OMPEICIEHHOTO 00bEKTa B KOHTPOJIUPYEMBIX U YIPABISEMBIX YCIOBHSIX.

OcHOBHBIE 0COOEHHOCTH SKCIIEPUMEHTA:

1) akTHBHOE OTHOIIIEHUE K 00BEKTY BILUIOTh J0 €0 U3MEHEHHUS U MPeoOpa3OBaHMS;

2) MHOTOKpaTHasi BOCIIPOM3BOIMMOCTb U3y4aeMOTo 00bEKTa 10 JKEJTaHUIO UCCIIET0BATES;

3) BO3MOXXHOCTb OOHApY>KEHHsI TAKMX CBOWMCTB SIBICHUM, KOTOpPbhIC HE HAOIIOJAIOTCS B €CTECT-
BEHHBIX yCIOBHSIX;

4) BO3MOXKHOCTb PAacCMOTPEHUS SBJICHUS «B YUCTOM BHJI€» IyTE€M M30JSLUU €ro OT BHEUIHHIA
BIIMSIHUM, UM TTYTEM U3MEHEHHUSI YCIOBHI SKCIIEPUMEHTA;

5) BO3MOXKHOCTh KOHTPOJISL 32 «IIOBEJIEHUEM» O00BEKTa M MPOBEPKH Pe3yslbTaToB. MOXKHO CKa-
3aTh, YTO IKCIEPUMEHT — UCATM3UPOBAHHBIN OIIBIT.

OH naeT BO3MOXKHOCTb CIIEAUTH 332 XOJIOM U3MEHEHUS SBJICHUS, aKTUBHO BO3/CIICTBOBATH HA HE-
ro, BOCCO3/1aBaTh, €CJIM B 3TOM €CTh HEOOXOAMMOCTD, IIPEXK/IC YeM CPAaBHUBATh MOJIyUYCHHBIE PE3yIbTa-
Thl. [103TOMY SKCHIEpUMEHT SIBJISIETCS METOJOM 0oJiee CUIIBHBIM U JIEHCTBEHHBIM, YeM HaOJI0JeHUE
WINA U3MEPEHHUe, TJe UCCIEyeMOe SBJICHUE OCTAeTCSI HEM3MEHHBIM. JTO BbIcIIas opma SMIUpUYe-
CKOTO HCCIIEeNOBaHMUSA. DKCIEPUMEHT MNpUMEHseTCs MO0 Ui CO3/IaHUsl CUTYallld, MO3BOJISIOIIEH
UCCIIEIOBaTh OOBEKT B YUCTOM BHUJE, MO0 U MPOBEPKU YXKE CYIIECTBYIOIIUX TMIIOTE3 U TEOPHH,
a0 s GOpMYIUPOBKH HOBBIX THIIOTE3 U TEOPETHUECKUX MpeAcTaBieHui. Beskuil skcnepuMeHT
BCErJla HalpaBJsieTcss KaKoH-Tn00 TeopeTHuecKon uaei, KOHIENINeH, TUIoTe30i. JlaHHbIe 3Kcrepu-
MEHTa, TaKXKe KaK U HaOJIOJIeHHs, BCETJa TEOPETHMYECKH HArpyk eHbl — OT €ro IMOCTaHOBKHU 0
MHTEPIIPETALIUU PE3YIBTATOB.

Craguu npoBeIeHUs SKCIIEPUMEHTA:

1) IuTaHupoBaHKE U TOCTPOEHHUE (eTro 1eNb, TUII, CPEACTBA U T.11.);

2) KOHTPOJIb;

3) uHTEpIpeTaLUs PE3YIBTATOB.

CTpyKTypa SKCIIEpUMEHTA:

1) 0OBEKT UCCIIeI0BaHHUS;

2) co3maHre HEOOXOIUMBIX YCIOBUH (MaTepHabHbIC (PAKTOPHI BO3ICUCTBUS HA OOBEKT UCCIIe-
JTIOBaHMsI, yCTPAHEHUE HEXKENATEIbHBIX BO3AECHCTBUN — IOMEX);

3) MeToauKa IpOBEICHUS SKCIIEPUMEHTA;

4) runoTe3a Ui Teopus, KOTOPYIO HYHO MPOBEPUTb.

Kak mpaBuio, 3KCrepuMEHTHPOBAHUE CBSA3aHO C HCIOJIb30BaHUEM OoJiee MPOCTHIX MpaKTHYe-
CKUX METOJIOB — HaOMIo/eHuil, cpaBHeHUI U u3MepeHUl. [10CKOIbKY SKCIIEpUMEHT HE MPOBOJIUTCH,
KaK IpaBuiio, 6e3 HaOMI0eHUI U U3MEpPEHUl, TO OH JOJKEH OTBEYaTh UX METOJUYECKUM TpeOOBaHU-
SIM.

B 3aBrcHMOCTH OT 3a/1a4 3KCIEpUMEHTA BBIJCIAIOT UCCiIeoBaTeNbCckue (3a1aua — opMUpoBa-
HUE HOBBIX HAYYHBIX TEOPHIii), MPOBEPOUHbIE IKCIIEPUMEHTHI (MPOBEPKA CYLIECTBYIOIIUX THUIOTE3 U
TEOPHi1), penrarorire (MMoATBEPKICHIE OTHON M OMPOBEPIKEHUE IPYTOM M3 COTICPHUYAIOIINX TEOPUHA).

B 3aBucumocTH oT XapakTepa 00BbEKTOB BBIACIAIOT (PU3NUECKUE, XMMUYECKHE, OMOIOTHYECKHE,
COLIMAJTIbHBIE U JP. SKCIIEPUMEHTHI.

Boiaensor Takke KaueCTBEHHBIE SKCIEPHUMEHThI, UMEIOIIME LEJIbI0 YCTAHOBUTh HAIMYHME WIH
OTCYTCTBHE MPEINOIAraeMoro siBJIeHUs, U U3MEPUTENIbHbIE SKCIEPUMEHTHI, BBISBISIONINE KOIUYECT-
BEHHYIO OIIPEIETIEHHOCTh HEKOTOPOTO CBOMCTBA.

Metoabl TeopeTnuyeckoro ucciaenoBanus. Ha teopernyeckom 3Tare HUCMONb3YIOTCS MBICICH-
HBI OKCTIEPUMEHT, WAeanu3anus, GopMaau3aius, akcCHOMaTUIECKUH, THUIIOTETUKO-ICTYKTUBHBIM
METO/Ibl, METOJI BOCXOXACHUS OT aOCTPAKTHOTO K KOHKPETHOMY, a TaK)K€ METOJbI UCTOPHUYECKOTO U
JIOTUYECKOI0 aHAJIN3a.

Wneanuzanus — METOJ UCCIEAOBAHUS, COCTOSIINM B MBICJIEHHOM KOHCTPYUPOBAHHUH MPEICTAB-
JeHus 00 00bEeKTe MyTeM UCKIIIOUEHUS YCIOBHH, HEOOXOAUMBIX JUISl €r0 PeaIbHOTO CYIIECTBOBAHUS.
[To cytun, uneanuszanusi NpeacTaBiseT cOO0H Pa3sHOBUIHOCTH MPOLETYphl a0CTparupoBaHus, KOHKpe-
TU3UPOBAHHONW C YYeTOM NOTPEOHOCTEH TEOPETUYECKOrOo HCCIeNOBaHUs. Pe3ynbraTaMu Takoro



KOHCTPYHPOBAHUS SBJSIOTCS WACATU3UPOBAHHBIE O0BEKTH. DopMHpOBaHHE HICATH3AIIN MOXKET
UATH Pa3HBIMU MYTSIMU:

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

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

NneanuzupoBanHbie 00BEKTHI TOPaA3/I0 MPOIIE PeaTbHBIX 00BEKTOB, YTO MO3BOJIIET TPUMEHUTH K
HUM MaTeMaTHYecKHe METObl onucaHus. biaaromaps naeanuzanuu Nporecchl paccMaTpUBAIOTCS B UX
Hambosee YUCTOM BHUJE, 0e3 cydallHbIX MPUBHECEHUU W3BHE, YTO OTKPHIBAET MYTHU K BBISIBICHUIO
3aKOHOB, MO KOTOPBIM 3TH MPOILECCHl NMPOTEKAroT. MIeanu3supoBaHHBIM MpeAMET B OTIUYHME OT
pEATbHOTO XapaKTepHu3yeTcss He OECKOHEYHBIM, a BIIOJHE OMPEEICHHBIM YHCIOM CBOWCTB U MOTOMY
UCCJIEIOBATENb MOIY4aeT BO3MOXKHOCTD MOJTHOTO UHTEJUIEKTYaIbHOIO KOHTPOJIS HaJ HUM. Uneanusu-
pOBaHHBIE TIPEIMETHI MOJICTUPYIOT HanOoJIee CYNIECTBEHHBIC OTHOIICHHS B PEANIbHBIX MPeIMeTax.

MopenupoBanue (METOM, TECHO CBS3aHHBIN C WCATM3AIUEH) - 3TO METOJ] NCCIICAOBAHUS TEOpe-
TUYECKUX MOJIENICH, T.€. aHAJIOTOB (CXeM, CTPYKTYp, 3HAKOBBIX CHCTEM) OIpENeICHHBIX ()parMeHTOB
NENCTBUTENbHOCTH, KOTOPbIE HA3bIBAIOTCS OpUrMHanaMu. MccnenoBarens, mpeodpasyst 3T aHAIOTH U
yIOpaBIsis UMH, PACHIUpsieT W YrayomisieT 3HaHUS 00 opuruHanax. MoaemupoBaHHE — 3TO METOJ
OIIOCPEIOBAaHHOTO ONEPUPOBAHUS 00BEKTOM, B X0JI€¢ KOTOPOTO UCCIIEYETCsl HEITOCPEICTBEHHO HE caM
WHTEPECYIOIINI HAC O0BEKT, a HEKOTOpas MPOMEKYTOUHAsI cucTeMa (€CTeCTBEHHAs! WIIM UCKYCCTBEH-
Hasl), KOTopas:

- HAXOJUTCSI B HEKOTOPOM OOBEKTHBHOM COOTBETCTBHH C IMO3HABAEMBIM OOBEKTOM (MOJETH —
3TO, MPEXJAE BCEro, TO, C YeM CPAaBHUBAIOT - HEOOXOIUMO, YTOOBI MEXKIY MOJENbI0 U OPUTHHAIIOM
OBLIIO CXOJICTBO B KAKUX-TO (PU3MUECKHUX XapaKTEPUCTUKAX, WIIK B CTPYKTYpE, I B (DYHKITUSAX );

- ciocoOHa B XO/i€ MO3HAHUS HAa M3BECTHBIX ATalax 3aMeliaTh B OMPEJCIICHHBIX CIydasx H3y-
yaeMblii 00BEKT (B MPOLIECCE MCCIIENOBAHUS BPEMEHHOE 3aMEIICHNE OPUTHHAA MOJEIBI0 U padoTa C
HEIO MO3BOJISIET BO MHOTHX CIIY4asiX HE TOJIbKO OOHAPYKUTh, HO U MPEJCKA3aTh €ro HOBbIE CBOMCTBRA);

- IaBaTh B MPOILIECCE €€ MCCICIOBAaHUS B KOHEUHOM cUeTe HHPOpMAIHIo 00 HHTEPECYIOIIEM HaAC
oOnekTe. Jlornueckoit OCHOBON METO1a MOJEIUPOBAHMUS SIBIISIOTCS] BBIBOABI IO aHAIOTHH.

Cy1iecTBYIOT pa3InyHbIe BUIBI MOAeTUpOBaHusl. OCHOBHEIE:

- [IpeametHoe (psiMoe) — MOJEIUPOBAHKE, B XOJI€ KOTOPOI'O UCCIIEI0OBaHUE BEIETCS HAa MOJIEIIH,
BOCTIPOM3BOSAINEH OMpe/ielieHHbIe (PU3NYeCKUe, TEOMETPUYECKHUE U TP. XapaKTePUCTUKH OpUTHUHANA.
[TpenMeTHOE MOIETMPOBAHUE UCTIOIB3YETC KaK MPAaKTHUECKUH METO]] TO3HAHMUS.

- 3HaKOBOE MOJIEIUPOBAHHUE (MOJEISIMH CITYXKAT CXEMBbI, YePTEkKH, (DOPMYIIbI, IPEATIOKEHUS €C-
TECTBEHHOTO WJIM MCKYCCTBEHHOIO Si3bIKa M T.J.). [locKoNbKY NeWcTBUSA CO 3HaKaMH €CTh OJHOBpE-
MEHHO JCHCTBHSI C HEKOTOPBIMU MBICIISIMH, TIOCTOJIEKY BCSKOE 3HAKOBOE MOJEIUPOBAHUE IO CBOCH
CYTH SIBJISIETCSI MOJEIIMPOBAHUEM MBICIICHHBIM.

B ucropudeckux MCCIeIOBAaHUIX BBIICISIIOT OTPAKATEIbHO-U3MEPHUTEIbHBIE MOJIENN («KaK ObI-
J10») ¥ WMHUTAIMOHHO-TIPOTHOCTHYECKHUE («KaK MOTJIO OBITh»). MBICICHHBIA 3KCIIEPUMEHT — METO]
WCCJICIOBAHMsI, OCHOBAaHHBII Ha KOMOMHAIMHU 00pa3oB, MaTepHalibHAs peaau3alis KOTOPBIX HEBO3-
MoskHa. [laHHBIN MeToa popMUpPYETCsl Ha OCHOBE UACATU3alUU U MOJCIUPOBaHUs. MOJeNb Mpu 3TOM
OKa3bIBAETCSI BOOOpakaeMbIM 00BEKTOM, MPEOOPa3yeMbIM B COOTBETCTBHH C MPaBUJIAMH, TPUTOIHBI-
MU Ul TaHHOM cuTyanuu. HeocTynHble MpakTHYECKOMY SKCIIEPUMEHTY COCTOSTHUSI PACKPBIBAIOTCS C
MOMOIIIBIO €T0 MPOJIOKEHUS — MBICIIEHHOTO SKCIIEPUMEHTA.

B nocnennee Bpems [Uisl OCYIIECTBICHHUS MOJICIHPOBAHUS U MPOBEJIECHUS MBICIEHHOTO JKCIIe-
pUMEHTa BCe 4Yallle MPUMEHSETCS BBIYMCIUTENBHBIN dKCTIEpUMEHT. [ TaBHOE MPENMYIIECTBO KOMITBIO-
TE€pa COCTOMT B TOM, YTO C €ro MOMOIIbIO IPU HCCIEAOBAHWU BECbMa CIIOXKHBIX CHCTEM YIAaeTcs
IyOOKO MPOAHATU3UPOBATh HE TOJNBKO WX HAJIMYHBIE, HO U BO3MOXHBIC, B TOM 4YHCIIe Oymyuiue
coctosiHUS. CyIIHOCTh BBIYMCIUTEIBHOIO SKCIIEPUMEHTA COCTOUT B TOM, YTO MPOBOJUTCS SKCIIEPH-
MEHT HaJ HEKOTOPOH MaTeMaTHYeCKOW MOJeNbpi0 00beKTa MpH MOMOLIM KommbioTepa. Ilo omHum
napaMerpaM MOJIEIH BBIYHMCISIOTCS JAPYTUE €€ XapaKTepPUCTUKH U Ha 3TOM OCHOBE JENal0TCs BHIBOIBI
0 CBOWCTBAaX SIBIICHUH, MPEJCTaBIEHHBIX MaTEMaTUIECKONH MOIeNbI0. OCHOBHBIC 3TAIbl BEIYUCIATEb-
HOTO KCIIEpUMEHTA:



1) mocTpoeHne MareMaTu4ecKoid MOAETH M3Yy4aeMoro o0BbEeKTa B TeX HJIM MHBIX YCIOBHSX (Kak
MPaBUJIO, OHA MPECTABIIEHA CUCTEMOI YpaBHEHHI BBICOKOTO MOPSIIKA);

2) ompeseneHue BRIYUCIUTEIHLHOTO aJrOpUTMa pelieHus 0a30BOi CHCTEMbI YpaBHEHHIA,

3) mocTpoeHHEe MPOTpaMMbI peai3aliuy MOCTaBICHHOW 3amaun a1 DBM. BeraucnurenbHbIN
OKCIIEPUMEHT Ha OCHOBE HAKOIUIGHHOTO OIBITAa MAaTEeMAaTUYECKOTO MOJEIHPOBAHUS, OAHKA BBIUWCITH-
TETBHBIX AJTOPUTMOB M TMPOTPAMMHOTO OOECIEeUeHHUs TMO3BOJISIET OBICTPO W 3(PGHEKTHBHO pEIIaTh
3aJa4ud MpPaKTUUYEeCKU B JI1000M 0071acTH MaTeMaTU3MpPOBAHHOTO HAy4dHOro 3HaHus. OOpaineHue K
BBIUMCIUTEILHOMY SKCIIEPUMEHTY B PsJI€ CIydaeB IMO3BOJISIET PE3KO CHU3UTh CTOMMOCTb HayudHBIX
pa3paboTOK M MHTEHCU(UIIUPOBATH MPOIECC HAYIHOTO TIOUCKA, YTO 00ECIeYnBACTCS MHOTOBAPHUAHT-
HOCTBIO BBITIOJHSIEMBIX PAcCu€TOB U MPOCTOTOM MoAM(UKAIMKA 1)1 UMUTALIUU T€X WU UHBIX YCIOBHMA
IKCTIIEPUMEHTA.

dopmanuzaius — METO UCCIIEI0BAHUS, B OCHOBE KOTOPOTO JIEKUT OTOOpaKEHUE COJIEPIKaATENb-
HOTO 3HaHUS B 3HAKOBO-CUMBOJINYECKOM BHjIE ((popmann3oBaHHOM s3bike). [locnennuii coznaercs as
TOYHOTO BBIPAKEHUSI MBICIIEH C LENbI0 UCKIIIOUEHUS! BO3MOXHOCTH JIJIsl HEOTHO3HAYHOT'O TTIOHUMAaHUSI.
[Tpu popmanuzanuu paccyxneHust 00 00bEKTaxX MEPEHOCITCA B IMJIOCKOCTh ONIEPUPOBAHUS CO 3HAKAMU
(popmynamu), 4TO CBSI3aHO C MOCTPOEHUEM HCKYCCTBEHHBIX SI3bIKOB. lcmonbp3oBaHue crienuaibHON
CHUMBOJIMKH TIO3BOJISIET YCTPAHUTh MHOTO3HAYHOCTh U HETOYHOCTH, 0OPa3HOCTH CIIOB €CTECTBEHHOTO
a3blka. B QopMain30BaHHBIX pacCyXIECHUAX KaxAbld CUMBOJI CTPOTO OJHO3HaueH. Popmanusarus
CIIY’)KHT OCHOBOW [IJISi TIPOIIECCOB aNTOPUTMH3AIMU M TPOrPAMMHUPOBAHUS BBIYHCIUTENBHBIX YCT-
pOICTB, a TEM camMbIM U KOMIIbIOTEPU3allMU 3HaHUA. [ 1aBHOE B mpoiecce Gopmanuzalnud COCTOUT B
TOM, 4TO HaJ (pOpMyIaMH UCKYCCTBEHHBIX S3BIKOB MOYKHO MIPOU3BOJUTH OMEPAIUH, MOIy4aTh U3 HUX
HOBBIE (POPMYJIBI U COOTHOUIEHHs. TeM caMbIM OMepaluy C MBICISMHU 3aMEHSIOTCS IEUCTBUSMU CO
3HaKaMU M CHMBOJaMH (TpaHUIBI MeTona). MeTon ¢opManu3aliii OTKPHIBAET BO3MOKHOCTH IS
UCIIONIb30BaHUsl 0o0Jiee CIOXKHBIX METOJOB TEOPETUYECKOTO0 HCCIEIOBaHUs, HANpUMeEp MeToja
MaTeMaTHYECKON TUIIOTE3bl, I/Ie B KQ4eCTBE TUIIOTE3bI BHICTYNAIOT HEKOTOPHIE YPaBHEHUs, IPEACTAB-
asone MoAu(UKAlKMI0 paHee U3BECTHBIX U TPOBEPEHHBIX COCTOSHUM. M3MeHsis mnocneqHue,
COCTaBISIIOT HOBOE YpaBHEHHE, BBIPAXKAIOIIEEC THIOTE3Y, KOTOpas OTHOCHTCS K HOBBIM SIBJICHHSIM.
Yacro ucxoaHas MatemaTudeckas ¢GopMyiia 3aMMCTBYETCS M3 CMEXHOU M Jjake HE CMEKHOM 00J1acTH
3HAHUS, B HEE MOJACTABISIOTCS 3HAUYCHUS, HHOW MPUPOIBI, a 3aTEM MPOBEPSIOT, COBMACHUE PACCUH-
TaHHOTO U PEaJbHOrO MOBeAeHMsI 00bekTa. PasymeeTcs, MPUMEHUMOCTh 3TOI0 METOJa OrpaHUYeHA
TEMU JUCHUTTMHAMHE, KOTOPBIE YK€ HAKOMWIH, JOCTATOYHO OOraThlii MaTeMaTHYECKUN apCceHall.

AKCUOMATHYECKUH METOJ — CIOCO0 MOCTPOCHUH HAYYHOW TEOPHUH, IIPH KOTOPOM 3a €€ OCHOBY
MPUHUMAIOTCS. HEKOTOPBIE MOJIOKEHUS, He TPEOYIOIUe CIEIUAIBHOTO TOKA3aTeNbCTBA (AKCHOMBI WIIH
MOCTYJIaThl), W3 KOTOPBIX BCE OCTaJbHBIC TIIOJOXKEHHS BBIBOJIATCA MpHU MOMOLIM (opmanbHO-
JIOTUYECKNX J0Ka3aTrenbcTB. COBOKYMHOCTh AKCMOM M BBIBEJICHHBIX HA WX OCHOBE IIOJIOKEHUI
o0pa3zyeT aKCHOMAaTHYeCKH TOCTPOCHHYIO TEOPHIO, BKIIIOYAIONIYI0 B ceOsi aOCTpakTHBIC 3HAKOBHIC
Monenu. Takas Teopusi MOXKET OBITh HCIOIBb30BaHA ISl MOJCIBHOTO MPEICTABJICHUS HE OJHOTO, a
HECKOJIbKUX KJIACCOB SIBJICHUH, /JJIsl XapaKTEPUCTUKU HE OJTHOM, a HECKOJIbKHUX MPEIMETHBIX 00JacTei.
Jlist BBIBO/IA TIOJIOKEHHWM M3 aKCUOM (DOPMYIHPYIOTCS OCOObIe TpaBHJia BHIBOJA — TOJOXKCHHS
MaTeMaTH4ecKod JIOTMKU. OTBICKaHWE TMPaBWJI COOTHECEHHS aKCHOM (OpMaJIbHO TOCTPOCHHOMN
CUCTEMBI 3HAHUS C OIpPEIeICHHON MpeIMeTHONW 00IacThi0 HA3bIBAIOT MHTEpIpeTanueil. B coBpemen-
HOM €CTECTBO3HAHMH IpUMepamMH (pOpMalbHBIX aKCHOMATUYECKUX TEOPUH SBIAIOTCS (DyHIaMEHTalb-
Hble (PU3NYECKHUE TEOPHHU, UYTO BIICUET 3a COOOU psl creun(uyeckux mpoOieM UX MHTepIpeTaluu u
06ocHOBaHUS (OCOOCHHO ISl TEOPETHUYECKUX TMOCTPOCHUN HEKJIACCUYECKOW W TMOCTHEKJIACCUYECKON
Hayku). B cuny crienmuky akCMOMaTUYeCKH TTOCTPOSHHBIX CUCTEM TEOPETUYECKOTO 3HAHUS IS UX
000CHOBaHUS 0c000€ 3HAYCHHE NPUOOPETAIOT BHYTPUTCOPETHUYECKHUE KPUTEPUU HCTUHHOCTH:
TpeOOBaHUE HEMPOTUBOPEUYUBOCTH U TOJTHOTHI TEOPUU M TPeOOBAHUE MOCTATOUHBIX OCHOBAHUH IS
JOKAa3aTeNbCTBA WJIM OIMPOBEPIKEHUSI JIFOOOTrO MONO0XKEHHS, CHOPMYIMPOBAHHOIO B paMKax TaKoil
Teopuu. JlaHHBI METOJ IMIMPOKO MPUMEHSIETCSI B MaTeMaTHKE, a TaKKe B TEX €CTECTBEHHBIX HayKax,
rae npuMmensieTcs meton popmanuzanuu. (OrpaHHUYEHHOCTh METO/1A).

l'umoTeTnKo-1eAyKTUBHBINA METOJ] — CIIOCO0 MOCTPOCHUS] HAYYHOU TEOPHH, B OCHOBE KOTOPOTO
JICKUT CO3JIaHUE CHUCTEMbl B3aUMOCBSI3aHHBIX THIOTE3, M3 KOTOPHIX 3aTeM MyTeM JEIyKTHUBHOTO



pa3BepTHIBAHUS BBIBOAUTCS CHCTEMa YaCTHBIX THUIIOTE3, MOJIeXkKAIast ONBITHOM MpoBepke. TeM caMbiM
3TOT METOJ, OCHOBaH Ha JAEIyKUUU (BBIBEACHHM) 3aKJIIOUEHUN M3 TUINOTE3 U APYTUX IOCBUIOK,
WUCTUHHOE 3HaUY€HHE KOTOPBIX HEU3BECTHO. A 3TO 3HAYMT, YTO 3aKIIOYCHHE, MMOJYICHHOE Ha OCHOBE
TAHHOTO METOJAa, Hen30eXHO OyaeT MMeTh BEpOATHOCTHBINM XapakTep. CTpyKTypa THMIIOTETHKO-
JETYKTUBHOTO METOIa:

1) BeIABMKEHHME TUIOTE3bI O MPUYMHAX M 3aKOHOMEPHOCTSIX JAHHBIX SBJICHUI C IOMOIIBIO pa3-
HOOOPAa3HBIX JIOTHYECKUX MTPUEMOB;

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

3) BeIBEJICHUE U3 THIOTE3bI ISAYKTUBHBIM ITyTEM CJICJICTBUI C YTOUHEHUEM €€ COJIEePIKAHMUS,

4) sKkcriepuMeHTalIbHasl IPOBEPKA BBIBEIEHHBIX U3 THIIOTE3bI CIEACTBHIA.

TyT runoresa win MoIy4daeT 3KCIepUMEHTAIBHOE MOATBEPKICHNE WU onpoBepraercs. OIHaKO
MOJATBEPXKJIEHUE OTAEIbHBIX CIEACTBUNA HE TapaHTHUPYET €€ HWCTUHHOCTU WIIM JIO)KHOCTH B IIEJIOM.
Jlyumias o pe3ynbTaraM MPOBEPKU THIIOTE3a IEPEXOIUT B TCOPHIO.

MeTtoa BoCX0XIeHUSI OT aOCTPAKTHOTO K KOHKPETHOMY — METO/I, 3aKJIIOYAIOLIUIICS B TOM, YTO
MEpPBOHAYAILHO HAXOJWTCS WCXOAHAs aOcTpakius (ThaBHAsh CBsS3b (OTHOIICHHE) H3y4aeMOro
o0OBeKTa), a 3areM, IIar 3a IIaroM, Yepe3 MocjeloBaTelIbHbIE 3Tanbl YIIyOJeHHUs U PacIIupeHUs
MO3HAHUS, MIPOCIICIKUBACTCS, KAK OHA BUIOU3MEHSETCS B PA3IMYHBIX YCIOBUSX, OTKPHIBAIOTCS HOBBIC
CBSI3M, YCTAHABIIMBAIOTCS MX B3aMMOJCIHCTBHUS M, TaKMM 00pa3oM, oToOpa)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 BCErO
CIIy4aifHOTO, HECYIIIECTBEHHOTO ¥ COCPEIOTOUCHHAS Ha BBISBICHUU CYIIHOCTH. EMUHCTBO JIoTHYECKO-
r0 U UCTOPUYECKOro aHaiu3a. Jloruueckue npoueaypsl 000CHOBaHUSI HAyYHBIX 3HAHUM

Bce koHKpeTHBIE METOJIbI, KaK SMIUPHUECKUE, TAK U TEOPETHUUECKHE, COMPOBOKIAAOTCS MPOBE-
JEHUEM JIOTHUECKUX Mpoueayp. I (HeKTUBHOCT SMIIUPUUECKUX U TEOPETUUECKUX METOA0B HAXOIUT-
Csl B MPSIMOM 3aBUCUMOCTH OT TOTO, HACKOJIBKO MPABUIBHO C TOYKHU 3PEHUS JIOTHKH CTPOSITCSI COOTBET-
CTBYIOIIIME HAYYHBIE PACCYKICHHUS.

O6ocHOBaHME — JIOTUYECKAs MPOIIEypa, CBI3aHHAS C OLIEHKONH HEKOTOPOTO MPOAYKTa MO3HAHUS
B KaueCTBE KOMIIOHEHTa CHCTEMbl HAyYHOTO 3HAHMS C TOUKH 3PEHUSI €r0 COOTBETCTBUS (DYHKIIMSAM,
HEJSIM U 33]1a9aM STOW CHCTEMBI.

OcHoBHbIE BUAbl 000CHOBAHUSA:

Jloka3aTenbCcTBO — JIOTHYECKast MPOIeAypa, MPU KOTOPOI BBIpaKEHUE C HEU3BECTHBIM IOKa 3Ha-
YEeHHEM BBIBOJUTCS U3 BBICKA3bIBAHWM, MCTUHHOCTH KOTOPBIX YyXK€ YCTAHOBJEHA. DTO IO3BOJSET
UCKITIOYUTH BCSIKME COMHEHUS U TIPU3HATHh UCTUHHOCTh JAHHOTO BBIPAXKCHHUSI.

CTpyKTypa 10Ka3aTeybCTRA:

- Te€3UC (BBIpaXXEHHUE, UCTUHHOCTh, KOTOPOI'O YCTaHABIMBAETC);

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

- 1006aBOYHbBIE JOMYIICHUS (BBIPAKEHHUSI BCTIOMOTATEIBHOTIO XapaKTepa, BBOAUMBIE B CTPYKTYPY
JIOKA3aTeNNbCTBA U yCTPaHsIEMbIe TIPH MEPEX0/I€ K OKOHYATEILHOMY PE3yNbTaTy);

- neMoHcTparus (Jjorudeckas popma JaHHOU MPOIEAYPHI).

TUNUYHBIA TpUMeEp JT0Ka3aTeNbCTBA — JIF0O0E MAaTEeMAaTHUYECKOE PACCYKIEHHUE, TI0 pe3ylibTaTaM
KOTOpOTr0 MPUHUMAETCSI HEKOTOpasi HOBasi TeopemMa. B Hem 3Ta Teopema BbICTyHaeT B KauecTBe Te3Hca,
paHee JOKa3aHHBIE TEOPEMbl U aKCHOMBI — B KAueCTBE apryMEHTOB, EMOHCTpAIUSl MPEICTaBISCT
coboit hopmy neayKIUH.

Bunsl noxasaTeiabCcTB:

- MpsAMOe (TE3UC HETIOCPEACTBEHHO BBITEKAET U3 IOBOJIOB);

- KOCBEHHOE (T€3UC JOKA3bIBAECTCS KOCBEHHBIM MYTEM):

- amarormyeckoe (J10Ka3aTelbCTBO OT MPOTHUBHOIO — YCTAaHOBJIEHHUE JIOKHOCTH aHTHTE3MCA: J10-
MyCKAaeTcs, YTO AHTHTE3WC WCTHHEH, WU W3 HEro BBIBOJAATCS CIEACTBHS, €CIU XOTS OBl OIHO U3



MOJTyYEHHBIX CJICJCTBUN BCTYNAaeT B MPOTUBOPEUHE C HAJIMYHBIMH UCTHHHBIMU CYKICHUSMHU, TO
CJIEJICTBUE MPU3HAETCA JOXKHBIM, a BCJIE]] 32 HUM M CaM aHTUTE3UC — IPU3HAETCS HCTUHHOCTD TE3HCa);

- pazzenuTenbHOEe (MCTUHHOCTh TE3HMCa YCTAaHABIIMBACTCS MYTEM MCKIIOYEHUS BCEX MPOTHUBO-
CTOAIIUX €My aJIbTEPHATUB).

1.2 Jleknus 2 (2 4.)
TeMa: MaremaTndeckas MOACIb W OTallbl €€ IIOCTPOCHUS. MaremaTHdeckue METOJbI IINIAHUPOBaHUSA
9KCIIEPHMEHTA.

1.2.1. Bonpocs! JieKIuu:

1. MaTeMaTtuueckass MOJENb U 3TAllbl €€ MOCTPOCHUS
2. [InanupoBanue 3kcnepumMenTa. OCHOBBI MAaTEMATUYECKOTO TUIAHUPOBAHUS IKCIIEPUMEHTA

1.2.2 KpaTtkoe coaep:kaHue BOINPOCOB:

1. MaTremaTu4eckass MOJeJb M 3TAMbI €€ MOCTPOeHUS

[Tpu BceM MHOTOOOpa3uu conepkaHusi KOHKPETHBIX pa0OT MO MOACIUPOBAHUIO CHCTEM KaX10€
MOJICTTPOBAHUE TPEOYET MOCIEIOBATEIILHOTO BHIMTOTHEHHS CISAYIONINX IECTH ATAIMOB:

- IOCTAHOBKA 3aJa4H;

- IOCTPOCHUE MAaTEMAaTUYECKON MOJEIIH;

- COCTaBJICHHUE TIPOTPAMMBI JJIsT KOMITBIOTEPA;

- OIICHKA aIeKBAaTHOCTH MOJICJIH;

- TUNTAHUPOBAHUE SKCIIEPUMEHTA;

- MHTEpIIPETALMS PE3YIBTATOB MOICIUPOBAHUSL.

PaccMoTpuM KaXkablid 3Tan OTAEIBHO.

IHocranoBka 3agauun. Kak u Bcsikoe vcclieIoBaHUE, KOMITBIOTEPHOE MOJEIHPOBAHUE JTOJKHO
HAYMHATHCA C MOCTAHOBKH 3aJ1a4l MOJEIUPOBAHUS, T.€. C AICHOTO M3JIOKEHUS LEeTeld MOICTUPOBAHMS
¥ OTPaHUYEHUH, KOTOPhIE HEOOXOIMMO YUUTHIBAThH MPU MOCTPOCHUHU Mojenei. Llenn oO6bpraHO
dbopMHpYIOTCS B BUE TMOO BOMPOCOB, HA KOTOPBIE HAJIO OTBETUTH; MO0 THIOTE3, KOTOPBIE HAZI0
IPOBEPUTH; TNOO BO3IEHCTBUI, KOTOPBIE HA/IO0 OLICHUTH . Hanmpumep, KOMITBIOTEpHOE MOJICIIMPOBAHHE
MOYHO UCIOJB30BaTh JIJISl Pa3pEIICHUS CIAEAYIOUIMX BOIPOCOB: KaK MOBJIUSET MPEIoIaracMbIi
QITOPUTM OIPOCa JATYUKOB HA PYHKIIMOHUPOBAHNE aBTOMATU3HUPOBAHHOW CUCTEMBI YIIPABICHHUS
TEXHOJOTHYECKUM MPOILIECCOM CIIOKHOW YCTAHOBKH WJIM KaKOBO BJIUSHUE KOHKPETHOM MPOLIEAYPHI
ONEPATUBHOTO TUIAHUPOBAHUS HA MPOU3BOJICTBEHHBIE 3aTpaThl? KpoMe Toro, Hajio HE TOJIBKO
MMOCTaBUTh BOIIPOCHI TIEPET MOACIMPOBAHUEM, HO I CHOPMYITUPOBATH KPUTEPUH OIEHKH BO3MOYKHBIX
OTBETOB HA HUX.

[{enpro MOETMPOBAHMSI MOXKET OBITh TaK)Ke MPOBEPKA OJTHOU MITM HECKOJIBKHUX THIIOTE3 OTHOCH-
TETHHO MOBEICHUS HEKOTOPOU CI0XKHOM cucTembl. Kak moBiusieTr n3MeHeHne aBTO0yCHOTO MapuipyTa
Ha 3arpy€HHOCTh MamuH? He mpuBeneT i1 K HapyIIEHHUIO SKOJIOTHYECKOTO PaBHOBECHS B 3aI10OBE/I-
HUKE UCKYCCTBEHHAs MUTpaIUsi HEKOTOPBIX BUOB JKUBOTHBIX? B Kak10M cilydae nmpoBepsieMast
TUTIOTE3a, 4 TAK)KE U KPUTEPHUH PEUIAIONINE IIPUHSITHY WU «OTBEPTHYTHY €€, TOIHKHBI OBITh ChOpMYy-
JIAPOBAHBI SBHO.

Hakoner, KoMIbIOTEpHOE MOACTUPOBAHNE MOKET OBITh MPEAIPUHSATO, YTOOBI OLICHUTH BO3/ICH-
CTBHE HEKOTOPOH MEPEMEHHOM yNpaBIEHUS Ha BXOJIHBIC HJIM 3aBUCUMBIE TTIEPEMEHHBIE, ONMMUCHIBAIOIINE
noBe/ieHre cucteMbl. Hanpumep, HE00X0UMO OIICHUTDH BIUSHUE MPOIICHTHOTO COJCPKAHUS KUCIIO-
pola B IyThEBOM BO3/lyXe Ha coaepkaHue SO, B OTXOAAIMX Ia3ax METAUTYPrUYECKUX 3aBOIOB.

Jliist onpe/iesieHrst OrpaHYeHUH 3a71a91 MOJICTTUPOBAHUS HEOOXOAMMO BBISIBUTH XapaKTEPHUCTHU-
KM CUCTEMBI, NTOoJyIeKanel n3ydyennto. [IepBbIM 11aroM Ha 3TOM MYTH SIBISETCS YCTAaHOBJIEHUE
TPaHUYHBIX YCIIOBHM, T.€. TOTO, UTO SBJISIETCS WJIM HE SIBJISETCS YaCThIO U3y4aeMou cucTeMsl. Jlanee



OTIPENIeNIAIOTCS CYIIECTBEHHBIE ITAapaMeTPhl M IEPEMEHHBIE CUCTEMBbI, KOTOPBIE XapaKTePU3YIOT 0OBEKT
W3YYEHHUS U O3BOJIAIOT YCTAHOBUTH OCHOBHBIE OTPAaHUYEHHUS 3214l MOJCITUPOBAHUS.

IMocTpoenue moaenau. [log MaTemarnueckoit MoesbI0 Oy1eM MOHMMATh COBOKYITHOCTH COOT-
HOILIEHUH, KOTOPBIE CBSI3bIBAIOT BO BPEMEHU XapaKTEPUCTUKH MPOIIECCca, MPOTEKAIOIIET0 B CUCTEME C
€e mapaMeTpaMu, BXOJHbIMHM CUTHAJIaMU U HaYaJIbHBIMU YCJIOBHSIMU. Pa3HOPOIHOCTh Ha3HAUYECHUS
3JIEMEHTOB CJIOKHBIX CUCTEM, (YHKIIMOHUPOBAHUE B YCIOBHIX BO3JIEHCTBUS ClydallHbIX (DaKTOPOB
IPUBOJAT K Pa3HOOOPA3UI0 MATEMAaTHUECKUX CXeM, IPUMEHIEMbIX JJISi OMUCAHUS CIIOKHBIX CUCTEM U
uXx 37eMeHTOB. Cpeld MaTeMaTUYECKUX CXEM, UCTIOIb3YEMbIX NPU HUCCIEA0BAHNN CIOKHBIX CUCTEM,
0coboe MecTo 3aHUMAIOT AU QepeHIranbHbIe U Pa3HOCTHBIE ypaBHEHU s, MAPKOBCKHUE MTPOLIECCHI,
CUCTEMBI MaCCOBOT'0 OOCITYUBaHUS, THHAMUYECKHE CUCTEMbI, arperaTuBHbIE CUCTEMbI, BEPOSITHOCT-
HbI€ AaBTOMATBHI.

OTH CXeMbl MOYKHO Ha3BaTh TUIIOBBIMU MAaTEMaTHUYECKUMU CXEMaMH, TOCKOJIbKY OHU HIUPOKO
UCTIOJIB3YIOTCS TIPH UCCIIEJOBAHUY CIIOXKHBIX cucTeM. Hanmmuue pa3paboTaHHBIX MaTEMAaTHYECKUX
METOJIOB MCCIIEIOBAHUS ATUX CXEM 3HAUUTEIHHO MOBBIIIAET UX LIEHHOCTH IPHU UCIOIb30BAHUH B
Ka4yecTBE MOJIEJICH 3JIEMEHTOB CIOXKHBIX cucTeM. OHAKO He CIeayeT YIyCcKaTh U3 BUAY, YTO JII00ast
MaTeMaTh4yeckas MoJieJib HUKOTIa He ObIBaeT aJIeKBaTHOM M3y4aeMOMY MPOIIECCY, a OTPaKaeT JHILb
OCHOBHBIE €r0 YEPTHI C YUETOM 3a/1ay, CTOSIIIMX Nepe]] UcCenoBaTeNneM. B ¢BsI3u ¢ 3TUM BO3HUKAET
BOIIPOC O CJIOKHOCTH MaTeMaThudeckor Moaenu . C 0JHON CTOPOHBI, MOYKHO yTBEPKAATh, YTO
peaJIbHbIE CUCTEMBI KpaliHE CII0XKHBI, U [IOATOMY MaTEMaTUYECKUE MOJEIN, IPETEHAYIOLUE HA
OIMCaHNE MOBEICHUS ITUX CUCTEM, IO HEOOXOAUMOCTH JOJIKHBI OBITH JOCTATOYHO CIOKHBIMU. Ho
3TO BEPHO JIMIb J0 HEKOTOPOH CTENEHH, TaK KaK CTPOUTH MOJIEIH, HACTOJIBKO CIIOKHBIE, UTO
peanuzanys ux NoTpedyeT HemoMepHO OONBIIUX 3aTpaT BpeMEHH, He nMeeT cMbicia. Hago ctpouth
TaKue MaTeMaTUYeCKHe MOJIENIH, KOTOphIe 00ecTieurBaiu Obl JOCTATOYHO TOYHOE ONKCAHKE MOBEIe-
HUS CUCTEMBI U HE TpeOoBasid OBl IPU STOM CJIMILIKOM MHOTO BPEMEHH Ha MPOrpaMMUPOBAHKE U
BBIYHCIICHUS.

[Tpu KOMITBIOTEPHOM MOJAETUPOBAHUH CIOKHBIX CHCTEM MaTeMaTh4yecKkas MoJieib npeodpa3yer-
Csl B MOJENHUPYIOIIUN aITOPUTM, C IIOMOILBIO KOTOPOTO UMUTHPYIOTCSI 3JIEMEHTAPHBIE SIBJICHUS,
COCTaBJISIIOLINE HCCIeAYeMBli mpouecc. [Ipu 3TOM B airOpuTME COXpaHAIOTCA JOTHYecKasi CTPYKTYpa,
MOCJIEI0BATENBHOCTD IPOTEKAHUS BO BPEMEHH, XapaKTep U COCTaB MH(OPMAITH O COCTOSTHHIX
nporecca.

OneHka aIeKBaTHOCTH MOJIeJIM. B CIIOKHBIX crcTeMax, K KOTOPbIM OTHOCATCSI OOBbEKTHI KOM-
NBIOTEPHOT0 MOJIETUPOBAHUS, JII00ast MOJIENb JIUIIb YACTHUYHO OTPaXKaeT pealbHbIi npoiiecc. Moenb
CUMTAETCS] XOPOUIEH, €CIIM, HECMOTPS Ha CBOIO HEMOJHOTY, MOXKET TOUHO MPEACKa3aTh BIUSHUE
W3MEHEHUH B cucTteMe Ha o01ryro 3¢ HeKTHBHOCTH cucTeMbl. [loaToMy HE0OX01MMa ITPOBEPKA
CTETIEHU COOTBETCTBHS (aIeKBaTHOCTH) MOJICNIN U peanbHOoro nporecca. CyecTBYIOT TpU MOIX0Aa K
IIPOBEPKE Ha aJIeKBaTHOCTh. [IpuMeHsis nepBblii U3 HUX, MbI TOJKHBI YOAUTHCS, YTO MOJIEh BEpPHA B
nepBoM npuOImkeHnu. Harpumep, cieayer mocTaBuTh BONpoC: He OyJeT 1 MOJIeNb J1aBaTh
abcyp/IHbIe OTBETHI, €CIIU €€ MapaMeTpbl OyAyT MPUHUMATh IPEIeIbHbIC 3HAUCHUS.

Bropoii noaxon k OLieHKe aileKBaTHOCTH MOJIETIN COCTOUT B IPOBEPKE UCXOAHBIX MPEATIONONKE-
Hull. Hanpumep, kakue napamMeTpsl U IEpeMEHHbIE MOIETTU MOYKHO CUUTATh CYIIECTBEHHBIMU U
OXBAYEHBI JJU MOJIENIBIO BCE CYIIECTBEHHBIEC MapaMeTpbl 00beKTa. XapaKkTep NepeMeHHOH, T.¢.
SBJISIETCS JIU OHA CYILIECTBEHHOI MM HET, 0OBIYHO OMpeeNsieTcs BIUSHUEM 3TON IIepeMEeHHOM Ha
KpUTEpHii 3PHEKTUBHOCTH CUCTEMBI. J[J151 BBIICHEHHS CTETIEHU 0XBaTa B MOJEIH BCEX CYIIECTBEHHBIX
apaMeTpoB 00BEKTA UCIIOJIb3YIOTCS COBPEMEHHBIE METO/Ibl CTATUCTUYECKOTO aHAIN3a, TAKHE KaK
aHaJu3 AUCTIEpPCUH KpuTepueB 3(pPpeKTUBHOCTH.

Tpetnit moIX0/1 K OIEHKE aIEKBATHOCTH MOJICTTH COCTOUT B ITPOBEPKE MTpeoOpa3oBaHmuii HH(POP-
MaIlM4 OT BXOJa K BBIXOy. DTOT MOJX0/ OCHOBAH Ha MCIIOJIB30BaHUM CTATUCTHUECKUX BHIOOPOK JUIS
OLICHKH CPEIHMX 3HAYeHHUH U AUCIIEPCUH, TUCTIEPCUOHHOIO aHAIN3a, PETPECCUOHHOTO aHaIN3a,
(akTOpPHOTO aHaIM3a, CIEKTPATBHOTO aHAIN3a, aBTOKOPPEISIUH, IPOBEPOK C TOMOIIBIO KPUTEPHEB
coriacus U Jp.



Hakowner, Bcerna cneayeT HIOMHUTH O TOTpeOuTeNe NHGOPMAIUH, MTOTYyIaeMOM C ITOMOIILIO
KOMIIBIOTEPHOT0 Mo/ieInpoBanusi. Henb3s onpaBaaTh pa3paboTKy KOMIBIOTEPHONW MOJIEH, €CIH OHA
HE MPUHOCHT TOJIb3Y MOTPEOUTEITIO.

[TpunsB BO BHUMaHUE BCE 3TO, CPOPMYITUPYEM KOHKPETHBIE KPUTEPUH, KOTOPHIM JTOJIKHA YIOB-
JIETBOPSATH XOpOIIast MOAEIh . Takast MOJeNb JOKHA OBITh:

- IPOCTOM Y MOHSATHOM MOJIb30BATENIO;

- y1oOHOI B yIpaBlieHUH;

- HAJIG)KHOW B CMBICJIC TapaHTUHU OT a0CypIHBIX PEIICHUH;

- TIOJIHOM C TOYKH 3PEHHS BO3MOKHOCTEMN PEIICHUS IJIaBHbIX 3a/1a4;

- aJaTUBHOM, MO3BOJIAIOINIEH JIETKO MEPEXOTUTh K IPYTUM MOAUGPUKALUAM UIH OOHOBISATH
JTAaHHBIE.

2. [InannpoBanue 3kcnepuMenTa. OCHOBBI MATEMATHYECKOI0 MJIAHMPOBAHUS

IKCIEPUMEHTA

[Tocne 3aBepilieHrs Tana OLEHKU MPUTOTHOCTH MOJIETN HEOOXOAUMO OCYILIECTBUTH IPOrOH
(peaM3aiyio) MOEIH C EbI0 MOIydeHus kenaeMoil nHopmammu. Pe3ynbratel MOAETUPOBAHNUS,
MIOJIyYEHHBIE ITPX BOCIIPOU3BEICHNN €JUHCTBEHHON pealIn3aly IIPOLIECcca, OMUCHIBAEMOr0 MOJIETBIO B
CUITY IEUCTBUS CITyJalHBIX (PAKTOPOB, HE MOTYT OOBEKTUBHO XapaKTEPH30BaTh Mpoiiecc GyHKITNOHU-
poBanusa Moaenu. [1o3ToMy HCKOMBIE BETMYUHBI IPU UCCIEA0BAHUH IPOLECCOB METOI0M KOMITbIO-
TEPHOT'O MOJICTTUPOBAHUS MOTYYAIOT KaK CPEIHUE 3HAYCHHS 110 JAHHBIM OOJIBIIIOTO YUCIIa PeaTu3aiui
npouecca. VIckiroueHne CoCTaBIISIOT TaK Ha3bIBAEMbIE SPTOJUYECKHE MTPOLIECCHI, AJIsI KOTOPBIX
MCKOMBbIE BEJTUYMHBI MOXKHO MOJYYUTh YCPETHEHUEM 110 BPEMEHHU PE3YJIbTAaTOB €IMHCTBEHHOM
peanu3anum npouecca.

Ecnu konmuecTBo peanusanuii N J0CTaTOUYHO BEITUKO, TO, B CHITY 3aKOHA OOJBIIINX YHCET, TOTY-
YaeMbl€ OLIEHKH CTaHOBSITCS YCTOMYMBBIMHU U MOTYT CIY>KUTh MPUOIMKEHHBIMH 3HAUEHUSAMU
MCKOMBIX CIIy4ailHBIX BEJTUYMH.

[Tocne sxcnepruMEHTUPOBAHUS C MOJIENbIO Ha/10 00paboTaTh ero pe3yabTaThl. J{jIs cloKHbBIX
CUCTEM U OOJBIIOrO KOJIMYECTBA peaTn3aliii, BOCHPOU3BOIUMBIX TPU MOJEITHUPOBAHIH, 00BEM
MH(OpPMaIIMU O COCTOSIHUU CUCTEMbI MOXKET OBITh HACTOJBKO 3HAYUTENbHBIM, YTO 3a[IOMUHAHNE €€ B
MaMsTH KOMIIbIOTEPa, 00pabOTKa ¥ MOCIEYIOIMNN aHAIN3 OKAa3bIBAIOTCS MPAKTUISCKU HEBO3MOKHBI-
MU, WM, BO BCAKOM Ciy4ae, OueHb TpyAoeMKUMH. [103ToMy Heo0Xx01uMo TakuM 00pa3oM OpraHu30-
BaTh (pUKcaLUIO U 00pabOTKY pe3yIbTaTOB MOJICIIUPOBAHUS, YTOOBI OLEHKH UCKOMBIX BEJTMUUH
(bopMUPOBATUCH MOCTENEHHO MO XO/Iy MOJIETUPOBaHHUs, O€3 CIIeMaIbHOTO 3alIOMUHAHUS BCeil
UH(OPMAIIUU O COCTOSIHUSX CHCTEMBI.

Ecnu nmpu MoaenupoBaHuU HEKOTOPOU CUCTEMBI YUUTBIBAIOTCS ciy4aiiHble (hakTOpbl, TO U Cpear
pe3yJabTaTOB MOJICTMPOBAHUS IPUCYTCTBYIOT Clly4aiiHble BEJIMUMHBI. B Takol cUTyalluu B KauecTBE
OILIEHOK ISl HCKOMBIX BEJIMYMH MCHOJB3YIOTCS CPETHUE 3HAYECHMS, TUCIIEPCUN U JPYTHE BEPOATHOCT-
HbI€ XapaKTEPUCTUKHN COOTBETCTBYIOLIUX CIIYyYalHbIX BEJIMYUH, TIOJYYEHHbIE IO pe3yJIbTaTaM
MHOT'OKPAaTHOT'O MOJEIMPOBAHUS.

PaccMoTpeHHBI€ BBIIIIE ATAbl MOJICTHPOBAHUS B IPUHIIUATIE HEOOXOAMMBI U MPH JIFOOBIX APYTUX
WCCJIEI0BAHMSAX, HAIPUMED, IPU CHCTEMHOM aHAJIU3€ U UCCIEA0BaHUM onepanuid. OqHako peainsa-
1S OTACJIbHBIX 3TANOB MPU KOMITBIOTEPHOM MOJEIHUPOBAHUHN UMEET MPUHLUNHAIBHBIC OTJINYUS OT
JPYrUX METOJIOB UCCIEN0BAHMS cUCTEM. K TakuM 3Tarnam OTHOCSTCS HTanbl IOCTPOCHUSI MaTeMaTH4e-
CKOM MOJEJIH, MJITAHUPOBAHUS HKCIIEPUMEHTA U UHTEPIPETALIMH PE3yIbTaTOB MOICIUPOBAHUSI.
3HAKOMCTBO C 3TUMHU OCOOCHHOCTSIMU KOMIBIOTEPHOTO MOJICIUPOBAHMS HAYHEM C dTara MOCTPOCHUS
MaTeMaTHYECKON MOJIENH, B KOTOPOM TaKOH OCOOCHHOCTBIO SBISETCS HEOOXOAUMOCTh pa3paboTKu
MOJEIIAPYIOIIUX AJITOPUTMOB.

OCHOBBI MATEMATHY€CKOI0 IJIAHUPOBAHNS IKCIIEPUMEHTA

IInanuposanue sxcnepumenma - 3To MpoLeaypa BbIOOpa uncia U yCJIOBUN MPOBEACHUSI ONBITOB,
HEOOXOUMBIX M IOCTATOYHBIX IS PEIICHUs TOCTABJICHHON 3a]a4i ¢ TPeOyeMOoil TOYHOCTHIO.

3amauu, A penieHus: KOTOPbIX MOKET UCIOJIb30BAaThCS IIJIAHUPOBAHUE IKCIIEPUMEHTA, YPE3BhI-
YaifHO pa3Ho0Opa3Hbl. K HUM OTHOCATCS: TOMCK ONTUMAIBHBIX YCIIOBUH, ITOCTPOSHUE HHTEPIIONSIIH-
OHHBIX (POPMYIT, BEIOOD CYIIECTBEHHBIX (DAKTOPOB, OLIEHKA U YTOYHEHHE KOHCTAHT TEOPETUYECKUX



MoJenei, BbIoop Hanbosee MprueMIeMbIX U3 HEKOTOPOTO MHOXKECTBA TUIIOTE3 O MEXaHU3ME SIBJIICHUH,
HCCJIEIOBAaHHUE JUarpaMM COCTaB - CBOMCTBO U T.A4. OAHON U3 TNIaBHBIX 3aJ1a4 SKCIIEPUMEHTA SBIIAETCS
NOJIy4EeHHUE U MTPOBEPKa MaTEMAaTHYECKON MOETH 00BEKTa, OMMCHIBAIONIEH B KOJHMUECTBEHHOU (hopme
B3aMMOCBS3M MEXKY BXOJHBIMH U BBIXOJHBIMU MapaMeTpaMu 00BEKTa.

Obwas nocredosamenbHoOCms NPYU TUIAHUPOBAHUN SKCIIEPUMEHTA C LEJIBIO OJTYyYeHUs MaTeMa-
TUYECKOU MOJIEJIN TAKOBA:

1) Onpenenenue 00beKTa UCCISIOBAHUN, TAPAMETPOB ONTUMH3AIMH, (PAaKTOPOB, HHTEPBAJIOB U
YpOBHEW BapbUPOBAHUS.

2) Bri6op 3aBucUMOCTH (JIMHEHHAsA, KBaApaTUYHAst U T.JI.) U TIOJIMHOMA JJIsl TIOCTPOCHUS MOJIECITH.

3) CocraBrieHue MaTpuUIlbl IJIAHUPOBAHUS JJIsl IPOBEACHUSI SKCIIEPUMEHTA.

4) IlpoBeneHure FKCIEPUMEHTA.

5) Maremarnueckast 00paboTKa MOJTyYeHHBIX TaHHBIX: TOMCK KO PHUITMEHTOB PErPECCHH U CO-
CTaBJICHHE MAaTEMaTHUECKON MOJEIIH.

6) [IpoBepka afeKBaTHOCTH MOJICIIH.

Oobvekm uccnedoganua. B Teopun miaHUpOBaHUS SKCIIEPUMEHTA OOBEKT UCCIICIOBAaHUN TPUHS-
TO MPEACTABIATH B BUJE «UEPHOTO s1IuKa» (pUCyHOK 1). CTpenku cripaBa n300pakatoT YUCIEHHBIE
XapaKTEPUCTHKH Lieel uccaenoBanus. Mol ux o003HadaeM OyKBOIyn Ha3zbIBaeMnapamempamu
onmumuzayuuy. B nutepatype BCTpeyaroTcs Apyrue Ha3BaHUs: KPUTEPUM ONTUMH3AIMH, LIeJeBas
(GyHKLUS, BBIXOJ «UEPHOTO SLIUKA» U T. 1.

Jliis mpoBesieHust IKCIIEPUMEHTa HE0OXOAMMO UMETh BO3MOYKHOCTh BO3/ICHCTBOBATh Ha HaBEe-
HUE «IEPHOTO SIIKKay. Bce crmocoObl Takoro BO3eHCTBUS MbI 0003HaYaeM OyKBOU XU Ha3bIBacM-
@axmopamu. VIX Ha3pIBAIOT TaKkKe BXOJAAMU «UEPHOTO SLIUKAY.
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Pucynok 1. MndopmaronHast Mosienb mporecca

Pasznuynble BUABI DKCIEPUMEHTOB CXEMAaTHYHO MPEICTABICHBl HA PUCYHKE 2.

OonoghakmopHwlil TACCUBHBIM SKCIIEPUMEHT IPOBOIUTCS ITyTEM BBIIIOJHEHUS ATIAp U3MEPEHUI
B JMCKPETHBIE MOMEHTBI BpEMEHH €JUHCTBEHHOTO BXOIHOTO I1APaMETPa X U COOTBETCTBYIOLINX
3HaYeHUU BBIXOJHOTO MapaMeTpa y (PUCYHOK 2,a). AHAIUTUYECKAs 3aBUCUMOCTDh MEXY STUMH
rapaMeTpaMu BCIEICTBUE CIIYYaHOTO XapakTepa BO3MYIIAIOIIMX BO3/ICMCTBUIM paccMaTpUBAETCS B
BU/JIE 3aBUCUMOCTH MaTEMaTHUECKOT0 OKUAAHMS } OT 3HAUEHUS X, HOCSAIIEH Ha3BaHUE PETPECCUOHHOM.
Llenbro 01HO(AKTOPHOrO MACCUBHOTO SKCIIEPUMEHTA SBISETCSA OCTPOCHUE pecpecCUoOHHOU MOOeU-

YCTaHOBJICHHE 3aBUCUMOCTH ) = f(x).
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Pucynok 2. Buabl 3kciepuMeHTOB



Mnozoghaxmopnwiii TacCUBHBIN SKCIIEPUMEHT ITPOBOIUTCS MPH KOHTPOJIE 3HAYCHUH HECKOIBKUX
BXOJIHBIX TTapaMeTpPOB X; (pPUCYHOK 2,0) U €ro LEebI0 ABJISETCS YCTAaHOBICHUE 3aBUCUMOCTH BBIXOHO-
ro mapameTpa OT JBYX WU OoJiee mepeMeHHbIX y=F(X;, X, ...).

Tonnvlil pakmopmwlti SKCIEPUMEHT MPEATNOIaraeT BO3MOKHOCTD YIPaBIATh 00BEKTOM I10 OJ1-
HOMY WJIM HECKOJIBKUM HE3aBHCHMBIM KaHallaM (PHCYHOK 2,B).

B o0miem ciydae, cxema 3KCiepUMEHTa MOKET ObITh MpeCTaBleHa B BUE, IPEICTaB-
JICHHOM Ha pucyHke 1. B cxeme UCIONb3yrOTCs CIIeayIONe IPYIIbI TapaMeTpOoB:

1. ynpasnarowue (BXOIHBIE X;)

2. napamempul cocmosnus (BbIXOAHbIE Y)

3. sozmywarowue 6ozoeticmsusi (W;)

[Tpu MHOTO()AaKTOPHOM U MOITHOM (PAKTOPHOM HKCIIEPUMEHTE BBIXOJHBIX TAPAMETPOB MOKET
OBITH HECKOJIBKO.

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

OH 101K€eH OBITh KOIUYeCm8eHHbIM, 3aJaBaThCsl YUCIOM. MHOXKECTBO 3HaUE€HUH, KOTOPbIE MO-
KeT MPUHUMATD MTapaMeTp ONTUMH3AINY, Ha3bIBAaeTCs 00J1aCThIO ero onpeaeneHus. KonuuecTBenHas
OIICHKA IMapaMeTpa ONTUMHU3AIMH Ha IPAKTHKE HE BCET/Ia BO3MOXKHA. B TakuX ciiydasix mojib3yroTcs
IPUEMOM, Ha3bIBaEMbIM paHXupoBanueM. [Ipu 3Tom nmapaMerpaM ONTUMH3AIMU TPUCBAUBAIOTCS
OIICHKHM - PaHTH IO 3apaHee BRIOpaHHOM IIKaje: ABYX0aUTbHOU, MATHOAUIBHON U T. .

Iapamemp onmumuzayuu 00124HceH COOMBEMCMBOBAMb CE0VIOUWUM MPEOOBAHUIM.

1)nomxeH ObITh KOUYeCmEeHHbIM.

2) BBIPAXKATBCSI OOHUM YUCTIOM.

3) noibKeH 00J1aaTh 0OHO3HAYHOCMbIO B CTATUCTUYECKOM CMEBICIE. 3aJJaHHOMY Ha0Opy 3Haue-
HUH (PaKTOPOB TOKHO COOTBETCTBOBATH OJIHO 3HAYCHHE NTapaMeTpa ONTHUMHU3ALIUH, IPH STOM
o0paTHOE HEBEPHO: OJJHOMY M TOMY € 3HAUE€HHUIO ITapamMeTpa MOT'YyT COOTBETCTBOBATh pa3HbIe HA0OPHI
3HaYeHUN (PaKTOPOB.

4)I0JDKEH 1aBaThb 803MONCHOCHb OeliCMBUMENbHO d3PPEeKMUBHOU OYeHKU PYHKYUOHUPOBAHUS
cucmempl. [IpencraBnenue 06 00bEKTE HE OCTACTCS OCTOSHHBIM B X0/1€ uccienoBanus. OHO
MEHSIeTCs 10 Mepe HAKOIUIEHHUs HH(OPMALIUK U B 3aBUCUMOCTH OT IOCTUTHYTHIX PE3yJIbTaTOB. DTO
IPUBOJUT K TOCIIEA0BATEILHOMY MTOIXO0Iy Y BBIOOpE MmapaMeTpa onTuMu3zanuu. Tak, Hanpumep, Ha
MEPBBIX CTATUAX UCCIEIOBAHUS TEXHOJIOTUYECKUX MPOLIECCOB B KAUECTBE MapaMeTpa ONTUMHU3ALINN
4acTO UCHOJB3YETCs BBIXO MpoaykTa. OJHAKO B AajbHEHIIEeM, KOTJja BO3MOKHOCTh TTOBBIIICHHS
BBIXO/Ia MCYepIlaHa, HAYMHAIOT HHTEPECOBAThCA TAKUMHU MapaMeTpamMH, Kak ce0eCTOMMOCTh, YUCTOTA
POAYKTA U T.JI.

5) mpebosanue ynugepcanvrocmu unu noanomel. [1oa yHUBepcaIbHOCTHIO MTapamMeTpa ONTUMU-
3alliU TIOHUMAIOT €r0 CIIOCOOHOCTh BCECTOPOHHE 0XapaKTEepPH30BaTh 00BEKT. B yacTHOCTH, TEXHOJIO-
TUYECKHE MapaMeTphl HEJJOCTATOYHO YHUBEPCAJIbHBI: OHU HE YUUTHIBAIOT SKOHOMUKY. Y HUBEpPCAJIbHO-
CTBIO 00J1a/1a10T, HaIIpUMep, 0000IIEHHBIE TapaMeTPhl ONITUMH3AIINN, KOTOPBIE CTPOSATCS KaK
(GYHKIIMHM OT HECKOJIKUX YaCTHBIX TapaMeTpPOB.

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

[Tocne BbIOOpa 0ObEKTA UCCIENOBAHUS U TTapaMeTpa ONTUMHU3AIUHN HY>KHO PAaCCMOTPETh
BCE ¢hakmopwl, KOTOPHIE MOTYT BIUATH Ha mporiecc. Ecau kakoi-mubo cymecTBeHHbIN GhakTop
OKaKETCSI HEYYTCHHBIM U IPUHUMAJ IPOU3BOJIbHBIC 3HAYCHHUSI, HE KOHTPOJIHPYEMbIEC SKCIIEpUMEHTA-
TOPOM, TO 3TO 3HAUYUTEIBHO YBEIMYUT OMUOKY onbITa. [Ipu moanepkanuu storo ¢akropa Ha
OTIpeNIeJIECHHOM YPOBHE MOXET OBITh IMOJIY4€HO JIOXKHOE MpeJICTaBlIeHHe 00 ONTUMyME, T.K. HET
rapaHTUH, YTO MOJYYEHHBIN YPOBEHbD SBISETCS ONTUMAaIbHBIM.

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

Dakmopom Ha3bIBaeTCs U3MepseMas IepeMEeHHas BeJTMUYUHA, TIPUHUMAIOIIAs B HEKOTOPBIN MO-
MEHT BPEeMEHH ONpe/ie/IeHHOE 3HaUeHHUE U BIUAIONIast HA 00BbEKT UCCIeIOBaHMs. B mpakTHyeckux




3agadax objacTu onpenaesneHus pakTopoB UMEIOT OTPAaHUUYEHUS, KOTOPBIE HOCAT MO0 MPHUHLIUITHAIb-
HBIH, THO0 TEXHUYECKHUI XapaKTep.

@DaxkTOphl pa3aeNAOTCs Ha KOJIMYECTBEHHBIE U KaUECTBEHHBIE.

K konmuecTBeHHBIM OTHOCATCS T€ (PAKTOPBI, KOTOPHIE MOKHO U3MEPSITh, B3BEIINBATh U T.1.

KauectBeHHBIE (haKTOPHI - 3TO pa3IMUHBIC BEIIECTBA, TEXHOJIOTHYECKUE CTIOCOObI, TPHOOPHI, HC-
MOJIHUTENHU U T.II.

XOTs Ka4eCTBEHHBIM (PaKTOpaM HE COOTBETCTBYET UMCIIOBAs KA, HO MPH TIAHUPOBAHUU
9KCIIEPUMEHTA K HUM MTPUMEHSIOT YCIOBHYIO OPSAKOBYIO IIKaTy B COOTBETCTBUU C YPOBHSIMH, T.€.
IIPOU3BOJIUTCS KOJUPOBAHHUE.

DakTOphI OJIKHBI OBITh YHpasiieMblMU, ITO 3HAYUT, YTO BEIOpAaHHOE HY)KHOE 3HauUeHue GakTo-
pa MOXHO IOJJIEPKUBATH ITOCTOSIHHBIM B TEYEHHE BCEro oMbITa. [ImaHMpoBaTh 3KCIEPUMEHT MOKHO
TOJIKO B TOM CJIy4ae, eciIi YpOBHHU (haKTOPOB MOJAUYMHSIOTCS BOJIEe AKCIIepuMeHTaTopa. Hanpumep,
IKCIIEPUMEHTAJIbHAs YCTAHOBKA CMOHTHMPOBaHA Ha OTKPBITOH IUIOIIAJKE. 3ECh TEMIIEpaTypoi
BO3/IyXa Mbl HE MOXEM YIIPABIIAThH, €€ MOXKHO TOJILKO KOHTPOJIUPOBATH, U TIOTOMY ITPH BBITIOJHEHUHN
OTIBITOB TEMITEPATYPY, KakK (DaKTOp, MBI HE MOKEM yUUTHIBATH.

Tounocms 3aMepoB (HaKTOPOB AOKHA OBITH BO3MOKHO OoJiee BbICOKOM. CTeneHb TOYHOCTH OIl-
penensiercs IMana3oHoM U3MeHeHHs (PakTopoB. B UIMTENBHBIX MpoLeccax, N3MEPsIeMbIX MHOTUMHU
yacaMH, MUHYTBI MOXKHO HE YYUTBIBATh, @ B OBICTPBIX MPOIECCaX MPUXOIUTCS YUUTHIBATH JOIU
CEKYHJIBI.

DaKTOPBI TOJKHEI OBITh 00HO3HAUHLL. TPYAHO YIPABIATH (AKTOPOM, KOTOPBIHA SABISIETCS QYHK-
rueit npyrux ¢axktopoB. Ho B mmaHMpOBaHUU MOTYT y4acCTBOBATh IPYyrue (PaKTOphI, TAaKKE, KaK
COOTHOIIEHUS MKy KOMIIOHEHTaMU, UX JIOTapu(PMbI U T.I1.

[Tpu muTaHupoBaHUM HKCHIEPUMEHTA OJJHOBPEMEHHO M3MEHSIOT HECKOJIBKO (PaKTOPOB, IIOATOMY
HE0OXOaMMO 3HATh TPEOOBAaHUS K COBOKYIMHOCTH (hakTopoB. [Ipexke Bcero BeIIBUTACT-
cs TpeboBanue cosmecmumocmu. COBMECTUMOCTH (PaKTOPOB O3HAYAET, YTO BCE MX KOMOMHAIIUU
OCyIIEeCTBUMBI U Oe3omacHbl. HecoBMecTMOCTh (hakTOpOB HabOII01aeTCs HAa TPaHHUIAX 00IacTe X
orpeneneHus. M130aBUTHCS OT Hee MOXKHO COKpaleHneM obuacteid. Ilonoxkenne ycnoxHseTcs, eciu
HECOBMECTUMOCTb MPOSIBIIsIETCS BHYTpU obJacTeit onpenenenus. OJHO U3 BOZMOXKHBIX PEIICHUH -
pa3bueHne Ha moJ00IACTH U PEUICHUE IBYX OTIENbHBIX 3a/1a4.

[Tpu nnaHMpoBaHUU SKCIIEPUMEHTA BayKHA He3asucumocms GaKTopoB, T.€. BO3SMOKHOCTD yCTa-
HOBJIIEHHS (pakTopa Ha TI000M YpOBHE BHE 3aBUCHMOCTH OT YPOBHEH Apyrux ¢akropos. Eciau aTo
yCIIOBUE HEBBIITOJIHUMO, TO HEBO3MOXKHO IJIAHUPOBATh KCIIEPUMEHT.

@dakTop cuuTaeTCs 3aJaHHBIM, €CIIM YKa3aHbl €ro Ha3BaHHE U 00JIaCTh onpeneneHus. B BeiOpan-
HOM 00J1aCTH ONpeIelIeHHsI OH MOXKET UMETh HECKOJIBKO 3HaU€HUH, KOTOPbIE COOTBETCTBYIOT UUCITY
€ro pa3IMYHBIX COCTOSIHUNA. BrIOpaHHbIE 715 SKCIIEpUMEHTa KOJIMYECTBEHHBIE TN KaUeCTBCHHbIC
cocTosiHUS (haKTOpa HOCSIT Ha3BaHUE ypogHell hakmopa. MyuHUMaNbHOE YUCIIO YPOBHEHN, OOBIYHO
pUMEHsIeMOe Ha TIepBOM cTauu paboThl, paBHO 2. DTO BEPXHHUH U HIKHUM YPOBHH, 0003HAYaeMbIe B
KOJIMPOBAHHBIX Koop/inHaTax yepe3 +1 u -1. Ho Takoe 4ncio ypoBHEH HEAOCTATOUHO ISl TOCTPOESHUS
MoJienieit BTOporo nopsaka (Beb pakTop MpUHUMAET TOJIBKO JBA 3HAUCHHS, @ Yepe3 ABE TOUYKU MOMKHO
MIPOBECTH MHOKECTBO JIUHUHN Pa3TUYHON KPUBHU3HBI).

Br16op ypoBHell BapbupOBaHHS MOXKET OCYLIECTBIATHCS ClIeaytonM oopasom. [peanonoxum,
B HEKOTOPOI 3a1aue akTop (Temmneparypa) mor usmeHsatees oT 140 no 180°C. EcrectBenHo, 3a
HYJIeBOM ypOBeHb ObLIO MPUHATO CpeHee 3HaueHue gaxkTtopa, coorserctBytomiee 160°C. Toraa npu
TpPEX YPOBHIX BapbHPOBaHM 3HaUeHUE (hakTopa Ha BepxHeM ypoBHe (+1) Oyner paBuo 180°C, a Ha
HiwkHeM 140°C. UutepBan BapbupoBanus Oynet pasen 20°C.

[Ipu pemennu 3agaun OyieM HUCIIOIb30BATh Mamemanmuyeckue mooenu ucciedosanus. 11on
MaTEMaTUYECKON MOJENIBIO Mbl IOHUMAaeM ypaBHEHUE, CBSI3bIBAIOIIECE [TAPAMETP ONTUMU3ALINN C
dakTopamMu. ITO ypaBHEHHE B OOIIEM BH/IE MOXKHO 3aIUCcaTh TaK:

V(X 1,X200005X0)-

r7e CUMBOIJI f{...), Kak 0OBIYHO B MaTEMaTHKE, 3aMeHsET ciIoBa: «pyHKIus oT». Takas QyHKIUS
Ha3bIBaeTCs yHkyuell omkiuxa. HarnsgHoe, ynoOHOEe BOCIPHHIMAEMOE MPEACTaBlIeHUE O (QYHKIIUN
OTKJIMKA JTaeT €€ TeOMETPUUECKUI aHaJIOT - TOBEPXHOCTh OTKIIMKa (pHcC. 3).




Puc. 3. [ToBepXHOCTh OTKJIMKA
HaH6onee HJaCTO B Ka4E€CTBEC Mozneneﬁ MMPUMCHAIOTCS NPUBCACHHBIC HUKC ITOJIMHOMBIL.
[TonuHOM MEpBOI CTENECHH:

.}'I = an + Z I"?l"“:r' +Z ef,lxrr
1 1
[TonmuHOM BTOpPOW CTENIEHU:
& k i
y=e,+ E #.X, +Z o, + Z - e

HOJII/IHOMI:I TpeTBeI/I CTGHGHI/I
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31€eCh B 3TUX YPaBHCHUSX:

V - 3HAUCHUS KPUTEPUS; 8;- TUHEIHBIE KOAPPUITUCHTHI PErPECcCUi;

6; - KOO (PUIUEHTHI IBOMHOIO B3aUMOJAEHCTBUS; X; - KOAUPOBAHHBIE 3HAYECHUS (PAKTOPOB.
Monens nomKHA OBITh adek8amHol, T.€. ¢ JOCTaTOYHON TOYHOCTBIO OMMUCHIBATH H3MEHEHHE pe-

AJIBHOI'O IIponecca. Hpoeepxa aodexeamuocmu Mooey BBIIOJIHAETCS IIpU IMMOMOIIHN CIICHHUAJIBHBIX
CTaTUCTHYCCKHUX MCTOOB.

[Tocne onpenenenus: GakTopoB, UX YPOBHEH U MHTEPBAJIOB BapbUPOBAHMUSI, TAPAMETPOB ONTUMHU-

34Uy U MOCTPOCHUA I/IH(I)OpMaI_[I/IOHHOI\/'I MOACIN HGOGXO,Z[I/IMO 3allOJIHUTh MAaTpully IJIaHUPOBAHUS, 10
KOTOPOH B JaibHEHIIEM OyAEeT MPOBOAUTHLCS YKCIIEPUMEHT.

Hucno 603M02CHBIX ONBIMOE ONIPENEISIIOT IO BEIPAKEHHUIO
—
N=p",
rze N - UUCIIO OMBITOB; P - YUCIIO YPOBHEH; K - UHUCIIO (PaKTOPOB.
[Tpumepsl MaTpuIl TUIAHUPOBAHKS I 2-X U 3-X ()aKTOPOB Ha 2-X YPOBHSAX BapbUPOBAHUS MIPE/I-

CTaBJIEHBI B TaOiumax 1 u 2.

Tab6muna 1

MaTpuIia mpoBeeHNIs SKCIIePUMEHTa 2°

Howmep onbl- | KomoBoe o6o3nauenue | Hatypanbable 3HaueHust| Y
Ta X X

1 +1 +1 4

2 -1 +1 y2

3 +1 -1 y3

4 -1 -1 Va4




Tab6muna 2
Marpuiia npoBeeHHUs SKCIIEPUMEHTA 2’

Howmep onbl- | KomoBoe o0o3Hauenne |HatypanbHble 3HaueHus | Y
a X] X2 X3

1 +1 +1 +1 N

2 -1 +1 +1 Y2

3 +1 -1 -1 y3

4 -1 -1 -1 V4

5 +1 +1 -1 ys

6 -1 +1 -1 Y6

7 +1 -1 +1 y7

8 -1 -1 +1 v

Pacuem kordhhuuuenmos pezpeccuu

[TocTponB MaTpHIly TUTAHUPOBAHUS OCYIICCTBISIFOT dKCIEepUMEHT. [1oaydnB SKCIEpUMEHTAIh-
HBIC JJAHHBIC PACCUUTHIBAIOT 3HAYCHUS KOI(PPHUIIMEHTOB PErpecCu.

Nx MOXHO paccuuTarh CIEIYIOUIUM 00pa3oM. 3Ha4eHHE CBOOOJHOIO HJieHA (8,) OEpYyT Kak
cpenHee apu(MeTHIECKOE BCeX 3HAUCHUI MapaMeTpa ONTUMHU3AIUN B MaTPUIIE:
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[TomHOE YMCNIO BCEX BO3MOMKHBIX KOA(HUIIMEHTOB perpeccuu,
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ro (akTOPHOTO IKCIEPUMEHTA.
Jlis IaHUPOBaHUS SKCIIEPUMEHTa U MaTeMaTU4ecKoi 0OpabOTKH MONyYeHHBIX JaHHBIX (B T.4.
pacuera KOX(pQOUIMEHTOB PETPECCHH W TOTYYCHUS MATeMaTHUECKOW MOJENN) PEKOMEHIYETCS

UCIIOJIB30BAHUE  PaA3JIMYHBIX  NPUKIAJHBIX  I[AaKETOB porpamm (manpumep,
TATGRAPHICS,STATISTIKAu np.)



1.3 Jleknus 3 -5 (6 4.)

Tema: OCHOBBI CTaTUCTUYECKOW OOPAaOOTKU pE3yNbTaTOB HAONIOACHHSA. DJIEMEHTHI TEOpUU
ommbok. O6ocHOBaHME umclia u3MepeHuil. Mcnons3oBanue Hajactpoek Microsoft Excel. Ilpo-
BEepKa CTATHUCTUYCCKUX THIOTE3. Y POoBeHb 3HaumMocTh. Kpurepun. [Ipumepsl. OnieHKa 9yBCTBUTEILHO-
CTH KPUTEpHS MIPH MPOBEPKE 3HAUMMOCTHU pa3inuuii. JIByxBei0opouHbiii t - TecT B Excel. Oenka TecHo-
ThI CBA3H. Koppenﬂum. I[I/ICHepCI/IOHHBIﬁ daHaJIu3 C UCIIOJIb30BaHUCM Ta6J'II/II_[ Excel. Ananmus Ta6J'II/II_[ CO-
MMPAXKCHHOCTHU.

1.3.1. Bonpocsl Jekuum:

1. Craructudeckas o0paboTKa pe3yabTaTOB U3MEPECHHI

2. D1eMeHTHl TEOpUHU OUIHOOK.

3. OGocHOBaHUE YKCIIa U3MEPCHHUI.

4. Ucnonp3oBanue HaacTpoek Microsoft Excel.

5. TIpoBepKa CTAaTHCTHYECKHMX THUIOTE3. YPOBEeHb 3HaunMocTH. Kpurepuu. I[Ipumepsr. OneHka 4yBCTBH-
TETHLHOCTH KPUTEPHS IIPH MPOBEPKE 3HAYUMOCTH pasziuanid. J[ByXBeIOOpOUHEIH t - TecT B Excel

6. Ouenka TecHOTHI cBs3u. Koppensius. JIMCIIEpCHOHHBIN aHANMM3 ¢ UCIOab30BaHneM Tabmum Excel.
AHanu3 TabnuIl COTPSHKEHHOCTH.

1.3.2 KpaTtkoe coaep:xaHue BONPOCOB:
Cratuctudeckas o0paboTKa pe3ynbTaTOB U3MEPEHUN

Cratuctudeckas o0paboTKa pe3ylbTaTOB U3MEPEHUH — 00paboTKa H3MEPUTEIHLHON HH(pOpMaIuu ¢
IeIBIO TTOJTyYEeHUS TOCTOBEPHBIX JaHHBIX. PasHooOpasue 3a7a4, penraemMpIX ¢ IIOMOIIBI0 H3MEPEHUH,
orpenenseT U pa3HooOpa3ue BUJOB CTATUCTHYECKOW 00pabOTKH UX PE3yNbTATOB.

3agaga CTaTUCTUYECKON 00pabOTKM pPe3yabTaTOB MHOTOKPATHBIX H3MEPEHHUH 3aKII0UaeTCs B Ha-
XOX/ICHUH OIICHKH N3MEPSIeMOM BETMUUHBI M IOBEPUTEIHHOTO HHTEPBaJia, B KOTOPOM HAXOJUTCS
HCTUHHOE 3HA4YCHHUE.

Cratuctudeckas 00pabOTKa UCTIONB3YeTCs I MOBBIIIEHUS TOYHOCTH U3MEPEHHI ¢ MHOTOKpaT-
HBIMH HaOJTIOJICHUSMH, a TAK)KE ONMPEAETICHUS CTATUCTHYECKAX XapaKTEPUCTHK CITy4aifHOH MOTpenrHo-
CTH.

JInst IpsIMBIX OHOKPATHBIX M3MEPEHHH CTaTUCTHUECKast 00paboTKa MEHEe CIIOKHA M TPOMO3/IKa,
YTO 3HAYUTENIFHO YIPOIIAET OLEHKY MOTPEUTHOCTEH.

Craructuyeckyro 00pabOTKy pe3yabTaTOB KOCBEHHBIX U3MEPEHUH MTPOU3BOIST, KaK NMPAaBUIIO,
METO/aMH, OCHOBaHHBIMU Ha pa3/ielbHOI 00paboTKe apryMeHTOB U MX MOTrPEIIHOCTEH, U METO10M
JMHeapu3alyu.

Haubounee pacipoctpaneHHbIE COBMECTHBIE U3MEPEHHUSI 00padaThIBAIOTCA Pa3HBIMHU CTaTHCTHYE-
ckuMH MeToamu. Cpean HUX MIMPOKO W3BECTEH M YacTO MPUMEHSETCS] METO HaMMEHBIINX KBapa-
TOB.

[TpsiMble M3MEpEeHHs ¢ MHOTOKPATHBIMU HAOJIOICHUSIMHU

Heo0xoauMocTh B MHOTOKPATHBIX HAOMIOAEHUAX HEKOTOPOH (U3NYECKOM BETUYUHBI BO3SHUKAET
IIPY HAJIMYUHU B IIPOLIECCE U3MEPEHUN 3HAYUTEIIBHBIX CIIy4alHbIX NOorpemnocrel. [Ipu 3ToM 3anaya
00pabOTKH COCTOUT B TOM, YTOOBI 1O pe3yIbTaTaM HAOIIOICHUN ONPEICTUTh HAUTYUIIytO (ONTH-
MaJIbHYIO) OLIEHKY M3MEepseMOil BETMUYMHBI U HHTEPBaJ, B KOTOPOM OHA HAaXOAMUTCS C 3aJaHHON
BEPOSATHOCTHIO. JlaHHAS 3a7a4a MOXKET OBITH peIieHa ClIoCOOOM CTaTUCTHUECKOM 00pabOTKU Pe3yIib-
TaTOB HaOJII0/ICHUI1, OCHOBAaHHBIM Ha TUIIOTE3€ O PACHPECICHUH MOTPELTHOCTEN PEe3yIbTaTOB MO
HOPMaJIbHOMY 3aKOHY.

[opsinok Takoit 00pabOTKM JOIKEH COOTBETCTBOBAThH FOCYIaPCTBEHHOMY CTaHAAPTY U PEKO-
MEHJIAIUSIM 110 METPOJIOTHH.



Wrak, paccMOTpUM IpyIIly U3 N HE3aBUCUMBIX PE3yJIbTaTOB HAOIIOICHUH CITydaifHOW BEITMYMHBI
X, IOAYUHSAIOLIENCS HOPMAJILHOMY pacnpezeneHnto. OneHKa paccesHus eJMHUYHBIX PEe3yIbTaTOB
HaOJI0ICHUI B TPyIIIe OTHOCUTENBHO WX CPETHEro 3HaYCHUs BRIYUCIAETCS 10 (hopMmyIe:

[MockonbKy unciao HaOMIOAEHUH B rpyIiNe, HA OCHOBAaHUU PE3YJIbTaTOB KOTOPHIX BBHIMOJIHEHO
BBIYHCIICHUE CPEHETO apu(hMETHIECKOT0, OTPAHNYEHO, TO, TOBTOPHUB 3aHOBO CEPHIO HAOIIOICHHUN
3TOH K€ BETUYMHBI, MBI TIOJTYYMIIH ObI HOBOE 3HAYCHUE CpeaHero apupmeTnyeckoro. [loBropus
MHOTOKPATHO HAOJIIOICHHS ¥ BBIYUCIISS KaXKIbIH pa3 X cpeaHee apuMeTHIeCKoe 3HaYeHHE,
IpUHUMAEMOe 3a pe3ysbTaT HaOMIoIeHUH (M3MepeHuil), 0OHApY UM paccesHue CpeTHero apudmeru-
9YEeCKOT0 3HAUCHMS.

XapaKkTepUCTUKOM 3TOT0 paccesHus SBISIETCS CPEeIHUM KBAApaT OTKIOHEHHS CpeHero apudme-
THYECKOTO:

T

n(n—-"1)
Cpennee kBaipaTU4YHOE OTKJIOHEHHUE CPETHETO apU(PMETUUECKOTO UCTIONb3YETCS AJIsl OLICHKU
MOrpCIIHOCTHU PE3yJIbTaTa I/I3MepeHI/Iﬁ C MHOT'OKpaTHbIMHU Ha6J'IIOI[eHI/I$IMI/I.
Teopus moka3bIBaeT, YTO €CIU pacCesHUE Pe3yIbTaTOB HAOIOIEHHUS B TPYIINE MOAYMHSAETCS
HOPMaTBHOMY 3aKOHY, TO U UX CpelHee apu(hMETHIECKOE TOKE TOTIMHICTCS HOPMATLHOMY 3aKOHY
pacrpeaesieHust pU JOCTaTouHO O0bIIoM yucie Habmoaenuii (n>50). OTcroaa mpu 0JMHAKOBOM
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JIOBEPUTEIIPHOM BEPOSTHOCTH JIOBEPUTEILHBIN HHTEPBAJI CPEAHETO apruPMETHUIECKOTO B ¥ ' VIKe, 4eM
JIOBEPUTEIIBHBIA HHTEPBAJ pe3yJibTaTa HaOMI0IeHU . TeopeTHUecKn CIydaiiHyIo MOrPeITHOCTh
pe3yabTaTa u3MEepeHuil MOKHO ObLIO ObI cBecTH K 0, 0IHAKO MPAKTHYECKU 3TO HEBO3MOXKHO, J1a M HE
MMEET CMBICIIA, TaK KaK P YMEHBUICHUHN 3HAYEHHUS CIyYalHOW MOTPEIIHOCTH ONPEAEIISIIONIUM B
CYMMAapHOM MOTPEIIHOCTH CTAHOBUTCS 3HAUEHNE HEUCKIIIOUEHHBIX OCTATKOB CUCTEMATHYECKON
MOTPEUTHOCTH.

[Ipu HOpMaTEHOM 3aKOHE pacIpeaesieHUs INIOTHOCTH BEPOATHOCTEH pe3yabTaToOB HAOIOICHHHA
1 HeOOJIBIIIOM YHUCIIE U3MEPEHHI cpeiHee apu(PpMEeTHUECKOe O JUUHSIETCS 3aKOHY pacipeIeIeHUs

CTbI0/IEHTA C TEM K€ CPEAHUM apU(PMETHUECKUM m, . Oco0eHHOCTBIO 3TOTO pacHpeeIeHUs
SABJIACTCA TO, UTO ,Z[OBepI/ITeJIBHBII\/'I HUHTCPpBAJI C YMCHBIICHUCM YK CJIa HaGHIOI[CHI/Iﬁ pacmpACMcCs 110
CPaBHEHUIO C HOPMAJIbHBIM 3aKOHOM PacCIpeeIeHUs IIPU 3TOM K€ IOBEPUTEIHHON BEpOSATHOCTH. B
dopmyIte A OLEHKHU TOBEPUTENBHBIX TPAHUL] CIYYallHOM MOTPELUIHOCTH 3TO OTPAXKAETCS BBEACHUEM
koa(dummenta tq Bmecto t: AX(P) = to=tqo

Koaddumment pacnpenenenuss CTbofieHTa 3aBUCHT OT YKCJIa HAOIIOICHUI U BEIOpAHHOM J10BE-

PHUTEIHLHON BEPOATHOCTU U HAXOIUTCA 1o Tabnuie. Hampumep, st n=4 u by =0,95 tq=3,182; n=5

npu Pﬂ =0,95 tq=2,776; nnsa n=10 tq=2,262; n=15tq=2,145 npu Toii xe By =0,05.

[TpaBusia 00pabOTKM pe3yabTATOB U3MEPEHUSI C MHOTOKPATHBIMU HAOIOIEHUSIMU YIUTHIBAIOT
cienyiomme GaKkTophl:

oOpabaTsIBaeTCs Tpymmna U3 n HaOJIIOACHHH (TO €CTh TPYIINa OrPAHUYCHA);

pe3yNbTaThl HAOIOACHUN MOTYT COJIEPKATh CUCTEMATHUECKYIO TOTPEIIHOCTb;

B IpyIIie HaOIIOIEHUH MOTYT BCTpeUaThCsl TpyOble MOrpeIIHOCTH;

pacnpeeNeHrne CIIy9aifHbIX MOTPEITHOCTEH MOXKET OTINYAThCS OT HOPMATBHOTO.

O6paboTka pe3ynbTaTOB HAOIIOACHUS TIPOU3BOIUTCS B CICAYIOICH MOCIEI0BATEIHHOCTH:

1) MckitounTh N3BECTHBIE CUCTEMATUYECKHE IOTPEIIHOCTH U3 PE3YJIbTaTOB HAOII0ACHUS (BBEIEHHUEM
MIOTIPABKH);



2)BbruuciuTh cpeinee apupMeTudeckoe HCIPaBICHHBIX Pe3yIbTaTOB HAOMIOACHUHN, TPHHUMAEMOE 32
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pe3yabTaT HabIIoACHUI:
3)BBIYHCINTD OLIEHKY CPEAHEr0 KBaJPAaTHYHOTO OTKJIOHEHHS Pe3yIbTaTa HaOII0ICHHS:

OmnpenenuB o, 11e€7I€c000pa3HO MPOBEPUTH HAIMYKE B TPYIIE HAOIIOACHUN TPYOBIX MOTPELIHO-
CTEM, TOMHS, YTO P HOPMAJILHOM 3aKOHE pacrpeAeieHHus HU OHa CllyyaifHast orperl-
X —X +3r
HOCTh , C BEPOSITHOCTHIO, TPAKTUYECKH paBHOM |, HE MOKET BBIMTH 3a mpeaesbl —-Y
Habmonenusi, cogepxaiine rpyoOble MOrpeniHOCTH, UCKIIIOYAIOT U3 TPYIIbl U 3aHOBO MOBTOPSIIOT
BBIYMCIICHHS X U .
S_
4) BbIYMCIIUTH OLIEHKY CPETHETO KBAJAPATUYHOTO OTKIOHEHHS CPEIHEro apuMETHIECKOro  ~
o ¢opmyre:

5) [IpoBepuTh TUIIOTE3Y O TOM, YTO PE3YJIHTATHl U3MEPECHHI MPUHATIEKAT HOPMATHLHOMY pac-
IPEJIEIECHHUIO.

[TpubnmkeHHO 0 XapakTepe pachpeesieHns MOKHO CYAUTbh, TOCTPOUB ructorpamMmmy. CyiecT-
BYIOT U CTPOTHE METO/Ibl TPOBEPKHU THIIOTE3 O TOM WJIM HHOM XapaKTepe pacipeaesieHusl ClydaiHon
BEJIMUMHBI C UCMOJIb30BaHUEM CHEIHAbHBIX KpuTepueB. O0 3ToM moapoOHee MOXKHO y3HATh B KHUTE
I1. B. Houuxkwii, U. A. 3orpa¢ «OueHka morpemHocteii pe3yabTaToB U3MEPEHHI.

[Ipu uncne nabmoaeHnit n<15 NPUHAATIEIKHOCTD UX K HOPMAJIBLHOMY PaclpeesIeHUIO He TIPOBe-
PAIOT, a TOBEPUTENbHBIE TPAHUIIBI CITyYaHON NOTPEIIHOCTH PE3YNbTaTa ONPEAEIISIIOT JIUIIb B TOM
clIydae, €Clid JJOCTOBEPHO U3BECTHO, YTO PE3yIbTaThl HAOIIOCHHUI MPUHAITIE)KAT HOPMATBHOMY
3aKOHY.

6) BoruucinuTh 10BepUTEIbHBIE TPAHULIBI € CTyYaHON MOTPEITHOCTH Pe3yIbTaTa U3MEPEHUS

=t S, t
MIpY 3aJJaHHOM BEPOATHOCTH P: 9% rme 9 - koaddurmentsr CThIOACHTA

7) BerauciuTh rpaHUIlbl CYMMapHON HEUMCKIIIOUEHHOU cucteMarnuecko norpemrHocta (HCIT)
pe3yJbTaTa U3MEpPEHUS.

HCII pesynbrara u3mepeHuii oopa3zyeTcsi i3 HeUCKITIOYSHHBIX OCTATKOB U3MEPEHUMN, TTOTPEITHO-
CTEH, IONPABOK U T. 1.

[Ipu CyMMHpPOBAaHHMM 3THU COCTABJISIONINE PACCMATPUBAIOTCS KaK CllydaiiHble BeaTUYuHbL. [Ipu o1-
CyTCTBUU AaHHBIX 0 BuAe pacnpeaenenuit HCII, ux pacnpenenenusi npuHUMAIOT 32 paBHOMEpPHBIE.

[Tpu paBHOMepHOM pacnpeneneaun HCII rpanunbr HCII Beraucsior mo dpopmyse:

o=k} &
i=1

(A . o o . .
rae ' - rpanuna i-roit HCII, k — kosdunment, onpenensieMblii IpUHITON JOBEPUTETHLHOM BEPOSITHO-

Py 095 k=1 1): 3
creio (mpu A =0,95 K=1,1); m — 4ncii0 HEUCKITIOUEHHBIX COCTABIIAIOIIUX CUCTEMATHYECKON
MOTPEITHOCTH.
JloBeputenbHyI0 BEpOATHOCTH 1Sl BeruucieHus rpanui] HCII npuHuMaroT To# e, 4To MpH BbI-
YUCJICHUU TPAHULL CIIy4YalHOM IOTPEIIHOCTH PE3yibTaTa U3MEPEHUMN.
8) Beruncnuth JOBepUTENIbHBIE TPAHUIIBI IIOTPEUTHOCTH Pe3yIbTaTa U3MEPEHUS.
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Ananmu3 coorHomenust mexay HCII u ciydaiiHON NOrpenIHOCThIO TOKa3bIBAET, YTO €CIIH

, To HCIT MoxHO npeHeOpedb W IPHHATH TPAHUIIBI TOTPEITHOCTH pe3ylibrata & — &,
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Q A _ LN

Ecmm ¥ | To ciy4aifHOM MOTPEUTHOCTHI0 MOXKHO MPEHEeOPeUb U MPUHATh = — =¥,
Ecmu 0621 HCPABCHCTBA HC BBINTOJHCHDBI, BBIYUCIAIOT CPCAHCC KBAAPATUIHOC OTKIIOHCHUC PC-
3yapTara kak cymmy HCII u ciiyqaiiHOM MOTrpEenIHOCTH B CIAEAYIOLIEM BUJIE:

a TPaHUIbl HOTPEIIHOCTH PE3yNbTaTa U3MEPEHHUS B 3TOM CIydae BEIYUCIAIOT IO (opMmyIie:
A —+LS

a —ny

, Tie k — koo dunmenT, onpenenseMpiii Kak

HUSA ©— 7’7 , TOe X — pe3ylbTaT U3MEPEHHUS,
0) Ipu OTCYTCTBMHM JAHHBIX O BUJE (QYHKIIMM pacIpeesIeH s COCTABIISIOIINX TOTPEITHOCTH pe-
3yJbTaTa WK MPU HE0OXOANMOCTH HCIIOJIb30BAaHM JAHHBIX JJIS NalbHEHIIel 00paboTKu pe3ynbTa-
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TOB, PE3yJbTAT MPEACTABISIOT B opme: ~ ~~ *° 7

N3 ycnoBus, 4to npu CITy4aifHOM MOTPENTHOCTHI0 MOYKHO TIPeHEOpeUb, CIIeyeT OlleHKa
MaKCHMAaJIbHOTO 11e71eco00pa3HOro uncia HaOII0ICHUH B SKCIIEPUMEHTE:

Teopus omuodoK

JU1s OLIEHKM MCTUHHOCTH JTaHHBIX 3KCIIEPUMEHTA CJIEIYET PACCMOTPETh BO3MOKHBIE TPUUMHBI
OLIMOOK U CTENEeHb UX BIMSIHUS Ha U3MEPSAEMYIO BEIUUUHY.

IIpuGopHble MOrPeIHOCTH. DTa MOTPELUIHOCTH PaBHA TOW J10JIE MIKaJbl MPUOOpa, 10 KOTOPOH
C YBEPEHHOCTBHIO MOXKHO MPOU3BOJUTH OTCUET, YTO OMPEAEIAETCS KOHCTPYKIMEH U LIEHOM JeNeHus
IIKaJIbl Tpubopa.

Jlormyctum, Mbl U3MepsieM 00beM KOJIOBI MEPHBIM LIUIMHAPOM C LIEHOH feneHus 1 miu u momiy-
yaeM 3HaueHue 242 mi. C xkakoil ToyHOCThIO OHO nostydeHo? Ilo nene nenenus: 242+0,5 mu. Ilycts
MBI TPOJIENIaJid CEPUI0 M3MEPEHUN M pacCuuTaliv cpenHee 3HadeHue 242,837569. MoxkeMm 1 Mbl
YTBEPXKIaTh, YTO ONpPENEIUIN 00bEeM KOJIOBI C TOYHOCTBIO JI0 NECATUMUWUTMOHHOW? KoHeuHOo HerT.
TouyHOCTH HalIEro ONpeAeseHUs] HE MOXKET NMPEBOCXOJUTh TOYHOCTH OTAEIHLHOTO W3MEpPEHUs, U Mbl
BIIpaBe JUIIb 3anucath: 242,8+0,5 mi. [Ipu 3ToM mocnenHss mudpa sBIsSeTCsS HEIOCTOBEPHOU, a BCe
oTOporeHHbIe TU(PBI ObUIN HE3HAYAIIUMH.

DT0 Ha/lO YYUTHIBATH MPH 3aMIUCU PE3YIbTATOB HAOIOIEHUN U pACCUUTAHHBIX JaHHBIX. O0beM
Bozb! 10 My, oTMepeHHBIN MepHOM nuneTkoi ¢ neHoit aenenus 0,01 mur npaBunbHO ykazats 10,00, a
MEpHBIM MIJIMHIPOM mpocTo 10. Yucio 3Havamux mudp B pe3yabTaTe BHIUUCICHUNA HE MOXKET OBITh
Oosblie, Y4eM B HaMMEHEee TOUHOM MCXOJHOM YHCIIE.

[TpubopHbIe OMMOKN MOXHO YMEHBIINTH, UCIIOJIB3YsI 00JIee COBEpIIEHHBIC TPUOOPHI, HO 3TO
CBSI3aHO, KaK MPaBUJIO, C OOJBIIMMHU MaTepHaIbHBIMU 3aTpaTaMu. Kpome Toro, Hapsiay ¢ mpuOOpHBIMU



OLIMOKaMU MOKHO BBIZICTIUTH €IIe JIB€ I'PYIIbI OUIMOOK, KOTOPhIe BOHUKAIOT B MPOLECCE IKCIIEPU-
MEHTA: CHCTEMaTU4ECKHE U CIy4YaiHbIe.

CucreMaTH4ecKkre OIIMOKHU BBI3BIBAIOTCS HEMPABUIIBHOM KOHCTPYKIMEH MpUOOPOB, X HEUC-
IIPABHOCTBIO, HEIOCTATOYHO IPOJYMAHHOM METOAMKOW OJKCIEPHMEHTa, HAJIMYUMEM HEYYTECHHBIX
(akTOpOB, BIMSIONIMX HA U3MEPIEMYI0 BeIMuuMHy Hampumep: IIKONBHUK PEUIMS M3Y4YHTH BIHMSHUE
OCBEIICHHOCTU Ha POCT MOOETOB. 3TOH LIEIbI0 OH Pa3MECTHUII OJJHO PACTEHHUE Ha MOJOKOHHUKE, Ipyroe
B TEMHOM YIiy kabuHera. Ho mpu 3TOM OH He yuen, 4TO TeMIepaTypa Bo3lyxa BOJIM3M OkHa 12
IpajycoB, a B TEMHOM yriy — 24 rpaayca. O TOM, 4TO CUCTEMATUYECKHUE OIINOKU MOTYT UMETh OYEHb
CEpbE3HbIE NOCIEACTBHSI CBUAETEILCTBYET U poMaH JKions BepHa, B KOTOpOM OTBaKHBIN 15-neTHMI
KallUTaH U €ro KOMaHJa M3-3a CUCTEeMaTH4ecKOil omMOKM B MOKa3aHMAX KOMIIaca IONalId BMECTO
OJTHOTO MaTepuka Ha Apyroi. Ho xapakTepHOil 0COOEHHOCTBIO CHCTEMAaTHUYECKUX OMIMOOK SBIISETCS
UX NPUHLUIHAIBHAS YyCTPAHUMOCTD WA BO3MOKHOCTh KOPPEKLIUH.

A CayudaiiHble OMIMOKH YCTPAaHUTh HENb3s, a TAKXKe
HEJIb3s1 BBIBECTU HMKAKOW (OPMyIbI Ul UCIpPaBIECHUS IO-
JIy4EHHOI'O pe3ysibTara. B Toxe Bpemsi, BIUSHHUE CIydaiHbIX
OLIMOOK MOKET ObITh YMEHbBIIECHO IPOBEAECHUEM TOBTOPHBIX
U3MEPEHUN W CTAaTHCTUYECKOM OOpabOTKOM MOIyd4eHHBIX

JAHHBIX.
Kak moka3zano Ha OOJBIIOM YHCIIE SKCIIEPUMEHTAIb-
HBIX JJAHHBIX PaclpeelICeHUe Pe3yabTaTOB U3MEPECHUS HEKO-
¢ T TOPOH NOCTOSTHHOW BEJTMYMHBI ONUCHIBAETCSI HEKOTOPBIM Ma-
TEMaTU4YECKUM BBIPDAKEHHUEM, KOTOPOE Ha3bIBACTCS «HOP-
Puc. 1. HopmaneHoe pacTipefene ie  yapHpM pacrpeneieHueM» WM TayCCOBBIM paclpeere-
HUEM», «PACHpPEeIEHUEM BEPOATHOCTU» U T.I1. I'paduuecku

OHO BBIpaXKaeTcs cleayromel KpuBou (puc 1):

W3 rpaduka BUIHO, 4TO CYLIECTBYET BEPOATHOCTD, IIyCTh U OYEHb MAJIEHbKAs, YTO HAllle €H-
HUYHOE U3MEPEHHE MTOKAXKET PE3YJIbTAT, CKOJIb YIOJHO JAIEKO OTCTOSALINM OT UCTUHHOTO 3HAUYEHUS.
BbIX00M 13 MOJI0KEHUS SBIIAETCS POBEACHUE CEPUH
u3Mepenuit. Ecin Ha pa3dpoc 1aHHBIX 1€HCTBUTEIBHO 4
BJIMSIET CITy4aid, TO B pe3yJbTaTe HECKOJIbKUX U3MEPEHHI
MBI CKOpPEE BCETo MOJIy4YHM ciienyroiiee (puc 2):

byzaer nu paccunTaHHOE CpelHEE 3HAYCHHUE HE-
CKOJIBKMX M3MEpPEHUI CoBNagaTh ¢ UCTUHHBIM? Kak
npaBuio — HeT. Ho mo Teopun BEposSTHOCTH, 4eM OouibLIe
C/IeTIaHO U3MEPEHMI, TeM OJIMKe HalleHHOe cpeiHee
3HaYeHHUE K UICTUHHOMY. Ha si3pIke MaTeMaTuKu 3TO MOXKHO
3anMcarh Tak: f‘

e

Lm X, =X, Puc. 2 Cepua usmepennf

H—n

Ho ¢ 6eckoHeuHOCTBIO Y BCeX J1e10 00CTOUT HeBaxHO. [103ToMy Ha mpakTUKe MBI IMEEM JIEJI0
HE CO BCEMHU BO3MOXKHBIMH Pe3yJIbTaTaMH U3MEPEHUH, a ¢ HEKOTOPOU BBIOOPKOH M3 ATOro OeCKOHEU-
HOTO MHOeCTBa. CKOJIBKO € peajbHO CIEYET AeaTh &
n3Mepenuit? HasepHoe, 10 TeX mop, MoKa MOJIy4€HHOE
cpeaHee 3HaueHHe He OyAeT OTINYaThCsl OT HCTUHHOTO
MEHBIIIE YEM TOYHOCTh OTAEIIBHOTO U3MEPEHHUSI.

CrnenoBaTenbHO, KOT/Ia HAILIE CPEHEE 3HAUCHUE
(puc. 2) oTiIMYaeTCsi OT HCTUHHOTO MEHbIIIE YeM MOTPEIIl-
HOCTbh U3MEPEHUH, JaIbHENIIIEE YBEIUUECHUE YNCIIA ONBITOB
6eccmbicienHo. OHaKoO Ha MPAKTUKE MBI HE 3HAEM
WCTHUHHOTO 3HaYeHUs! 3HAYUT, MOJIYyYUB CPEAHEE IO f
pe3yabTaTaM CEpPUH OIBITOB, Mbl JJOJKHBI ONPEEIINUTD, Puc. 3. JonepHTeILELE HETEREAT
KAaKOBa BEPOSITHOCTh TOTO, YTO UCTUHHOE 3HAUEHUE

-y +hy




HAXOJWUTCS BHYTPHU 33aJIaHHOTO MHTEpBaJIa OMMOKHU. i KakoB TOT TIOBEpUTETHHBINA UHTEPBAJ, B
KOTOPBIN C 33JJaHHON HAJCKHOCTHIO TIOMAIET UCTUHHOE 3HaueHue (puc 3).

PaccMOTpUM HEKOTOPBIN YCIIOBHBIN HKCIIEPUMEHT, TI€ B CEPUU U3MEPEHUM I10Jy4EHbl HEKOTO-
phle 3HaYeHUs BeTuunHbl X (cM. Tabi. 1). Paccumrtaem cpenHee 3HaYCHHE M, YTOOBI OLIEHUTH pa3zopoc
JaHHBIX Haiinem BeanuuHbl DX = X — Xcp

Tabnuma 1. Jlanaple u3mMepeHuii u ux oopadboTka

N X Xep | AX | axX® | & s
1| 130 - 182, | 420 | 205
2[ 162 |y | 185 | 342,

D ~ 2
3] 160 MmMEEPARRE
4] 122 - 462, | 105 | 102

ScHo, uro BennunHbl DX Kak-TO XapaKTepu3yroT pa3Opoc gaHHbIX. Ha mpakTuke njs ycpen-
HEHHOW XapaKTEePUCTHKH pazdpoca cepuu U3MEPEHHH HCIONIb3YeTCs AUCTIEPCHS BBIOOPKHU:

oo E{Ax) _ E(x - x¥* _ rExt — (Ex)

r-1 | m{n —1)
U CPETHEKBAIPATUYHOE WM CTaHAAPTHOE OTKIOHEHUE BHIOOPKHU:
s HS—Q _ L{M]z _ Rt — ()
Vool afr 1)

[Tocnennee mokas3pIBaET, 4TO KAXKI0€ U3MEPEHUE B JaHHOU cepuH (B JaHHOM BHIOOPKE) OTIIH-
YaeTcs OT APYroro B CPEIHEM Ha = S.

[ToHsATHO, UTO KaX/10€ OTAEIHLHOE 3HAU€HUE OKa3bIBACT BIUSHUE Ha CpelHUl pe3yibTar. Ho

3TO BJIMSIHUE TEM MEHBIIIE, 4eM OoJiblie M3MEpeHuil B Hatlel BeiOopke. [loaTomy aucnepeus u
CTaH/JapTHOE OTKJIOHEHHE CPEeIHEro 3HaYeHUs, OyIeT ONpeAesaThCs o hopMynam:

R 5

nln—1)

MoskeM 11 MBI TENEPh ONPENEIUTH BEPOSITHOCTh TOI'0, YTO UCTUHHOE 3HAUYEHUE TIONAJIET B
yKa3aHHBIN HHTEpBa cpeanero? Mmm Hao00opoT, paccunuTaTh TOT IOBEPUTEIHHBIN HHTEPBAJ B
KOTOpBIM HCTUHHOE 3HAYEHHE MONAJAET C 3aJaHHON BeposATHOCTHIO (95%)? ITockonpKy KpuBas Ha
HaIIMX TpaduKax 3TO pacHpeeeHne BEpOATHOCTEH, TO MIOWaAb [0 KPUBOH, MONaAaioIas B
yKa3aHHBIH MHTEpBAJ U OyAET paBHA 3TOM BEPOATHOCTH (OIS MJIOLIAIU, B IPOICHTAX ). A TUIOIMIAH
MaTeMaTUKH HAYYHJIMCh PACCUUTHIBATH XOPOLIO, 3HATh OBl TOJIBKO YPaBHEHHE 3TOM KPUBOH.

U 31eck MBI cTaKuBaeMcs €1e ¢ OAHOM CIOKHOCTBIO. &
Kpusas, koTopas onucheIBaeT pacnpeaesieHue BEpOITHOCTH =00
JUTSL BBIOOPKH, /JIs OTPAaHUYEHHOTO YHCJIa U3MEPEHUH, y)Ke He
Oyzaer KpuBOH HOpMaJIbHOTO pacnpenenenus. Ee popma
OyJIieT 3aBUCETh HE TOJBKO OT Aucrepcuu (pa3dpoca JaHHBIX)
HO ¥ OT CTENIEHH CBOOOIBI 1151 BRIOOPKU (OT YKCIia HE3aBUCH-
MBIX U3MepeHui) (puc 4):

VYpaBHEHUS 3TUX KPUBBIX BIIEPBBIC OBLIH MPEI0KEHBI
B 1908 rogy aHrimMiiCKUM MaTEMAaTUKOM U XUMUKOM
I'occerom, KOTOPBII ONYOIMKOBAN UX MO TICEBJOHUMOM
Student (cTyneHT), OTKy/1a TOILIO XOPOIIO U3BECTHHIE
TepMUHBI «k0dPurrent CterogenTa» u ananorunyubie. Koagduunents: CThIoACHTA MOIy4eHBI Ha
OCHOBE 00cYeTa 3TUX KPUBBIX JIJIs Pa3HbIX cTeneHeit cBo0oas! (f = n-1) u ypoBHew HanexxHoctu (P) u
CBEJICHBI B CrieMaIbHbIe TaOIUIbI. [ oay4eHus: JOBEpUTEIbHOTO HHTEpBaAJIa HEOOX0IUMO

Puc. 4. Kpuene CreionesTa



YMHOXHUTB YK€ HailIeHHOE CTaHIapTHOE OTKJIOHEHHE CPEAHEr0 Ha COOTBETCTBYIOMINN K03(ppuimeHT
Crerogenta. JIU = scp*tf, P

[Tpoananu3upyem, Kak MEHSETCS JOBEPUTEIbHBIM HHTEPBAJ IPYU U3MEHEHUU TPEOOBaHHN K
Ha/IeXKHOCTH pe3ynbTaTa U 4Mcia U3MepeHuil B cepuu. JlaHHble B Tauuie 2 MOKa3bIBAOT, YTO YEM
Oosble TpeOOBaHUE K HAJIC)KHOCTH, TeM Oouiblie OyaeT koadduunueHt CTbIOIEHTA U, CIEI0BATEIBHO,
JIOBEpUTENbHBIN HHTEpBal. B OONbLIIMHCTBE ciyyaeB, MpUeMIeMbIM CUUTaloT 3HaueHue P=95%
Tabmuna 2. Kosddunment CteiofeHTa ajs pa3aIuyHbIX YPOBHEH HaJICKHOCTH.
P 0,9 0,95 0,99 0,999
t5, P 2,02 2,57 4,03 6,87

Ta6muma 3. Koaddumment CTerofeHTa 115 pa3IMIHbIX CTETICHEH 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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N3 tabnune! 3 u rpaduka BUIHO, 9TO YeM OOJIBIIIE YUCIIO U3MEPEHHH, TEM MEHbIIEe KO3 hUIIH-
€HT W IOBEPUTEIbHBIN MHTEPBAN [UIsl TAHHOTO YPOBHS HaJeKHOCTH. OCOOEHHO 3HAUUTEIHHOE
najieHue MPOUCXOIUT NP TIEPEXOIe OT CTENEeHU ¢cBO0ObI 1 (1Ba m3Mepenusi) K 2 (Tpu U3MEpeHus).
OTcrona cnemayeT, 4TO UMEET CMBICH CTaBUTh HE MEHEE TPEX MapauIeTbHBIX OIMBITOB, TPOBOJAHUTH HE
MEHEE TPeX U3MEPECHUH.

OxoHYaTeIBHO AJIS U3MEPSAEMON BeTMUMHBI X MoTydaeM 3HaueHue Xcpeatscp*tf,P. B namem
cinydae nonyqaem: £=3; t=3,18; 11 = 3,18*10,2 = 32,6; X = 143,5 £32,6

Kak npaBumno, 3HaYeHNE TOBEPUTEITHHOTO HHTEPBAJIa OKPYTISETCS 10 OJHON 3HAavYaIen ud-
PBlL, @ 3HAYEHHUE U3MEPSAEMOM BETUUMHBI — B COOTBETCTBUU C OKPYTJICHUEM JJOBEPUTEIILHOIO HHTEPBa-
na. [loatomy 1uist Hamelt cepun okoHuyaTenbHo uMeeM: X = 140 +30

Haiinennast HaMy OTPeIIHOCTD ABJISETCS A0COMIOTHON MOTPEIIHOCTHIO U HUYETO HE TOBOPUT
eIIe 0 TOYHOCTH m3MepeHui. OHa CBHIETENBCTBYET O TOUHOCTH U3MEPEHHM TOJIBKO B CPABHEHHH C
n3MepsieMoit BenmnunHoi. OTCIo/1a TPeICTaBICHHE 00 OTHOCUTEIBLHOM OINOKE:

S
x 1435

-
Hccnenyemas Bemn4rHa pacCUNTHIBACTCS B 3TOM CIIydae ¢ IIOMOIIBI0 MaTEMAaTHIECKUX Pop-
MyJI 10 IpYTUM BEJIMYMHAM, KOTOpPbIe ObUIM M3MEPEHBI HEMOCPEACTBEHHO. B 3TOM ciydae ais pacuera
OIIMOOK MOXHO HCIOJIB30BaTh COOTHOIICHHS, IPUBEICHHBIE B TabHIe 4.
Tabnuna 4. opmyIsl 715 pacueTa aOCOIMIOTHBIX M OTHOCUTEIBHBIX OITHOOK.

= 0,227 = 23%%

dopmyna AOcooTHas OTHOCHUTENHHAS

x=a=xbh Dx = Da+Db e = (Da+Db) /(axb )

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 BUIHO, YTO OTHOCUTENBbHAS OMMOKA M TOYHOCTh ONPEACTICHUS HE U3MEHSIFOTCS
MIPU YMHOXEHUH (JICTICHUH ) Ha HEKOTOPBIN MOCTOSHHBINA Kod(durment. OcCoOEHHO CUIIBHO OTHOCH-
TebHAs OMHMOKa MOKET BO3PACTH NP BRIYUTAHUH OJIM3KUX BEMYHH, TaK KaK MPU ITOM aOCOIIOTHBIE
OLIMOKK CYMMHUPYIOTCS, @ 3Ha4eHHE X MOKET YMEHBIIUTHCS Ha MOPSIIKH.
[Tyctp Hampumep, HaM HEOOXOAUMO OIIPEACTUTH 00bEM MTPOBOIOYKHU. ECIu ruaMeTp MpoBOIOYKU
n3MepeH ¢ norpenrtHocThio 0,01 MM (MUKpOMETPOM) M paBeH 4 MM, TO OTHOCUTEIbHAS TTOTPEITHOCTh
cocraBut 0,25% (npubopnas). Ecnu nnmuny npoBonouku (200 MM) MBI U3MEPHUM JTUHEHKOH ¢ MoTper-
HOCTBIO 0,5 MM, TO OTHOCUTEIbHAS TOTPENTHOCTH TaKkke cocTaBuT 0,25%. OO0BbeM MOKHO pacCUUTaTh
no ¢popmyne: V=(pd2/4)*L. [TocMoTpum, Kak OyIyT MEHATHCS OMIMOKU IO Mepe MPOBECHUS PACUETOB
(Tabm. 5):

Tabauua 5. Pacyer aOCOMOTHBIX M OTHOCUTEIIBHBIX OLIMOOK

Bemnun- 3Haue- AOconroTHas OTHOCHUTENLHAS
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)* 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

OxonuarenbHblil pe3yabTar V=2510+20 (MM3) e =0,8%. UTOObBI MOBBICUTH TOYHOCTH KOCBEH-
HOTO OIPEJIEICHUS, HY>)KHO B IIEPBYIO OYEPE/Ib MOBBIIIATh TOYHOCTh U3MEPEHUS TOM BETNYHHBI,
KOTOpasi BHOCUT OOJBIINI BKJIAJ] B OIIMOKY (B TaHHOM CITydae — TOYHOCTh U3MEPEHUs AHUaMeTpa
MIPOBOJIOYKH ).

IL1an npoBeaeHUs U3MEpPEHUI:

1. 3HaKOMCTBO ¢ METOJIMKOM, MOJArOTOBKA Mprubopa, oreHKa NpruOOPHOIl MOTPEIIHOCTH O.
OreHKa BO3MOXKHBIX MTPUYMH CUCTEMATUYECKUX OMIMOOK, MX UCKITIOYCHHE.

2. IlpoBenenue cepuu u3MepeHui. Ecim mosmy4deHsl COBIAIAI0NINE PE3YIbTAThl, MOKHO CUH-
TaTh 4TO ciydaiiHas ommbka paBHa 0, AX = d. [lepexoaum K myHKTY 7.

3. MHcknoueHue npoMaxoB — pe3yabTaTOB 3HAYUTEIbHO OTIMYAIOIIUXCS IO CBOEH BEIMYUHE
OT OCTaJIbHBIX.

4. Pacyer cpenHero 3HaueHHs Xcp, ¥ CTAHIAPTHOTO OTKJIOHEHHE CPETHETO 3HAYEHHUS Scp

5. 3amanue 3Ha4YCHHS YpOBHS HanexkHoCTH P, onpenenenue kordduimenta CteroaeHTa t u
HaXO0XJIEHHE JI0OBEpHUTENIbHOro MHTepBana U= t*s.,

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

- AN << §, MOXHO cuuTaTh, 4T0 AX = §, TOBBICUTH TOYHOCTH U3MEPECHHSI MOKHO, TIPUMEHUB
OoJiee TOUHBIN TIPHOOP

- 1M >> §, MmoxHO cuuTaTh, uTo AX = JIU, TOBBICUTH TOYHOCTH MOYKHO, YMEHBIIIAS CITyqaii-
HYI0 OMIMOKY, TIOBBIIIAsI YUCIIO U3MEPEHHM B CEPUH, CHUXAasl TPEOOBaHUS K HAJIC)KHOCTH.

- U = J, B 3TOM cllyyae pacuuThIBaeM oImuOKy 1o popmyne AX = ‘*."fr-[Hz +&°

7. 3anmuchIBaeTCA OKOHYATENbHBIN pe3ynbTar X = X¢p + AX.

OueHnBaeTcs OTHOCUTENBHAS omnOKa usmepenus € = AX/X¢p

Ecnu nmpoBoauTCs HECKOIBKO OJHOTUITHBIX M3MEpPEeHUN (OAMH MpUOOp, UCCIIeAOBATENb, MOPS-
JIOK W3MEPSIEMOM BEJIMYMHBI, YCIOBHS) TO MOJOOHYI pabOTy MOXKHO MPOBOIWTH OAWH pa3. B
TAIBHEUIIIEM MOXHO cuuTaTh AX NMOCTOSSHHOW M OTPAaHHYUTHCS MUHUMAIIBHBIM YHCIOM H3MEpEHUI
(IBa-TpH M3MEPEHHUs JODKHBI OTIHYAThes He Ooree, yeM Ha AX)

JlJis KOCBEHHBIX M3MEPEHHI HEe0OXOJUMO MPOBECTH 00pabOTKY AAHHBIX M3MEPEHHUS KaxIoi
BeNMYMHBL. [Ipm 3TOM XKenmaTeabHO MCIONIB30BaTh NMPUOOPHI, MMEIOLIHE OJM3KHE OTHOCUTEIIbHBIC



HNOTPEIIHOCTH U 3aJaBaTh OJMHAKOBYIO HAIEKHOCThb I pacdera JOBEPUTEIbHOro MHTepBana. Ha
OCHOBaHUU IMOJIYYEHHBIX 3HaueHuit Aa, Ab, onpenensercs AX nis pe3yabTUPYIOUIEH BeIUYUHBI (CM
Tabn. 4). Jlnsd MOBBIIIEHUS TOYHOCTH HAJ0 COBEPILIECHCTBOBATH HM3MEPEHHE TOW BEJIMYMHBI, BKJIAJ
omnOku koTopoii B AX Hanboliee CylieCTBEeHEH.

HN3ydyeHue 3aBUCHUMOCTEIH.

YacThIM BapHAHTOM 3KCIIEPUMEHTAIBHON PaOOTHI SIBISETCS U3MEPEHUE PA3IMYHBIX BEIMYMH C
I[EJIBI0 YCTAHOBJICHUSI 3aBUCUMOCTEH. XapaKTep dTUX 3aBUCUMOCTEH MOXKET OBITh pa3JIMueH: JIMHEH-
HBIH, KBaJPaTUYHBIA, SKCIIOHEHIMAIBHBIN, Jorapudmuyeckuii, runepdonnyeckuii. /s BBISIBICHUS
3aBHCHMOCTEH IUPOKO UCTOIb3YeTCs MOCTPOCHHE IPadUKOB.

YacTeIM BapuaHTOM 3KCIIEPUMEHTAILHONW PaOOTHI ABISETCA U3MEPEHUE Pa3IMYHBIX BETHYUH C
[IEJIbI0 YCTAaHOBJICHHS 3aBUCUMOCTEH. XapaKTep ITUX 3aBUCUMOCTEH MOXET ObITh pa3IudeH: JIMHEH-
HBI{, KBaIPaTUYHBIH, SKCIIOHEHIIMAIBHBIHN, J0rapuPpMUUECKUi, runepOonudeckuil. [l BeIABICHUS
3aBHCHMOCTEH IUPOKO UCTOIb3YETCs MOCTPOCHHE IPaUKOB.

[Tpu nmocTpoeHnn rpaKOB BPYUHYIO BRXKHO MPABHIIbHO BBIOpPATh OCH, BETUYMHBI, MacUITa0,
mikasnel. CiielyeT npeaynpeInTh IKOJIbHUKOB, YTO IIKAJIbI TOJKHBI MIMETh PABHOMEPHBIN XapakTep,
HEeKellaTellbHA KaK CIUIIKOM JIeTallbHasl, TaK U CIUIIKOM Ipy0dast UX pa3mMeTka. TOUKH OIKHBI
3aIOJIHATH BCIO IJIOMIAAb rpaduKa, UX PACIONIOKEHUE B OTHOM YTy, UIIH «IIPHKATHIMI K OJTHOM U3
ocell, TOBOPUT O HEMPABHIILHO BEIOPAHHOM MacITade U 3aTpyJHSET ONpeieiIeHue XapaKkTepa
3aBUCUMOCTH. [Ipy npoBeaeHNN TMHUM MO TOYKaM HaJ0 UCIIOIb30BATh TEOPETUUECKUE ITPEICTABIIE-
HUE O XapaKTepe 3aBUCUMOCTH: SIBJISIETCS] OHA HEMPEPBIBHOMN WM IIPEPBIBUCTOM, BO3MOXHO JIM €€
MIPOXO0XKJICHHUE Yepe3 HayaJlo KOOPAUHAT, OTPULIATEIbHbBIE 3HAYEHNS, MAKCUMYMbl I MUHUMYMBI.

Haubonee nerko mpoBOAUTCS M aHATU3UPYETCs npsMast TUHUA. [103TOMy 4acTo mpu U3ydyeHUH
0oJiee CI0KHBIX 3aBUCUMOCTEH YacTO UCIOJIB3YeTCsl IMHeapu3alys 3aBUCUMOCTEN, KOTOpast I0CTUTa-
eTcs MOAXOMAIIEH 3aMEHOU nepeMeHHbIX. Harpumep:

S

1

3aBUCUMOCTh c o . BBoas HOBYIO ITEpEMEHHYIO “J'IE , ToJIy4aeM
ypaBHEHHE a = bX, KOTOpoe OyaeT n3o0paxkarbcs Ha rpaduke mpsiMoit TuHuel. Hakimon 3Toi mpsmoit
MO3BOJIIET PACCUNTATh KOHCTAHTY AMCCOLUAIIH.

Pazymeercs u B 3TOM cityuyae MOJy4eHHbIE B 9KCIIEPUMEHTE JaHHbIE BKIIIOYAIOT B ce0s pa3iny-
HbIE OIIMOKH, ¥ 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) TOYeK OTHOCUTENBHO ee OyJIeT MUHUMAIbHBIM. A AHCIIEpCUs
oIpesieNsIeTcsl Kak CpeIHUI KBaJpaT OTKIOHEHNH HAOII01aeMOr0 MOJI0KEHUS TOUKH OT paCCUYMTaHHO-
ro:

=

o B EU-y,)
i i1 1
OTcrona Ha3BaHUE 3TOTO METO/Ia — METO/I HAMMEHBIITNX KBaIPaTOB. 3a/1aBast YCIOBUE, YTOOBI
BEJIMYMHA S2 IPUHUMAaIa MUHIMAIbHOE 3HAYCHHE, IMTOTy4YaroT GopMyIibl 11 KoO3PGUIIUEHTOB a U b B
ypaBHEHHH MIPSIMOH y = a + bx:

b_nExy—Ex-Ey_ a_Ey—bEx
nEx® —(Tx)* #
1 GOPMYIIBI JUI pacyeTa COOTBETCTBYIOIIUX OIIMO0K
a_ iyt -(B)
-2z - (Ex))




O0ocHoBaHMe YHCJIa H3MEPEeHUH

Jlnst mpoBeIeHNs ONBITOB C 33IaHHON TOYHOCTBIO U IOCTOBEPHOCTHIO KpAailHE BaKHO 3HATH TO
KOJINYECTBO U3MEPEHUH, ITPU KOTOPOM IKCIIEPUMEHTATOP YBEPEH B MOJIOKUTEIIBHOM UcXoe. B
CBSI3H C 3TUM OJHOW U3 MEPBOOYEPENHBIX 3a/1a4 IIPU CTATUYECKUX METOJAX OLIEHKH SIBJISIETCS
YCTaHOBJICHUE MUHUMAJILHOTO, HO JIOCTAaTOYHOTO YMCJIa U3MEPEHUM I TaHHBIX YCJIOBUH. 3a-

T

Jlaua CBOJIMTCS K YCTAHOBJIEHHIO MUHUMAIBLHOTO 00beMa BEIOOPKH (YKClia U3MEPEHHUiT) * min

IIPU 3a/1aHHBIX 3HAYEHUSIX JOBEPUTEIBHOTO MHTEpBaIa Zu U JI0BEpUTENbHOM BeposiTHOCTH. [Ipu

. A=c_/Xx
BBITIOJITHCHU U I/I3MepeHI/II/I KpaI/IHe Ba’>XHO 3HATh UX TOYHOCTLb. ¢ *

(o)
rae ~ © - cpenHeapu)METHUECKOE 3HAYEHUE CPEIHEKBAIPATHIHOIO OTKIOHEHHS & , paB-

noe 70 /n.

o . . o
3HadyeHue 7 4acTo HA3bIBAIOT cpedHell owubKou. JloBepuTeIbHBIN HHTEPBAT OIINOKH U3Mepe-

o= FoT
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JIOBEPUTENHHYIO BEPOSATHOCTH OIIMOKH U3MEpEHUH 13 TaOIuII.

B HUCCICOOBAHUAX YAaCTO IT0 SaﬂaHHOﬁ TOYHOCTH ﬁ' n HOBepHTeHBHOﬁ BEPOATHOCTU UBMCPCHUA
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Jlist onpenenenust — M MoskeT OBITH MPUHSTA TaKask TIOCIIEI0BATEILHOCTD BHIYMCIICHUI:
1) mpoBoAMTCS MpeABAPUTEIHHBIN SKCIIEPUMEHT C KOJIMYECTBOM U3MEPEHUIl 71, K COCTABIISIET B
3aBUCUMOCTH OT TPYAOEMKOCTH ombiTa oT 20 10 50;

2) BBIUMCIIETCS CPEHEKBAIPATHYHOE OTKIOHEHHE & ;

3) B COOTBETCTBHHU C MTOCTABIEHHBIMHU 33/1a4aMH SKCIIEpUMEHTa YCTaHABINBaeTCs TpeOyemast
TOYHOCT M3MEPEHHUH L4, KOTOpast He JOKHA MPEBBIIIATH TOYHOCTH IPHOOPA;

4) ycTaHaBIMBAeTCS HOPMUPOBAHHOE OTKJIIOHEHHUE ¢, 3HAYEHUE KOTOPOro OOBIYHO 3aj1aeTcs (3a-
BUCUT TaKXXe OT TOYHOCTH METOAA);

N o o
5) onpenensior T MM y TorAa B JaNbHENUIIEM B IIPOLIECCE IKCIIEPUMEHTA YHCIIO U3MEPEHUN HE
AL
IIOJDKHO OBITH MEHBIIIE ~ Ml

Kpurepnii Croronenra (I'occera).

OLIeHKH U3MEPEHMH C TIOMOLIBI0 & U g TI0 NIPUBEIEHHBIM METOAM CIIPABEIUBLI IIPH 11 >

30. Ctout cKa3arh, 4TO JUIsl HAXOKICHHUSI TPAHUIIBI JTOBEPUTEILHOTO HHTEPBAJIA [P MAJIBIX 3HA-
YEHUSX IPUMEHSIIOT METO, IPEIOKEHHBIN aHrmuiickuM MatematukoM B.C.I'occerom (1ices-
nonum Cterozient). Kpusbie pacnpenenenus Ctorofienta B ciryuae H — % (npaxruuecku npu #
>20) nepexoaT B KpUBbIE HOpMaJIbHOTO pacnpezeneHus (puc.l).
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Puc.1. Kpusble pactipeneneHus

CrproieHTa AJ1s1 pa3IMYHbIX 3HAYCHUM:
BosmoxHa 1 nHas moctaHoBKa 3a1aun. [10 7 M3BECTHRIX U3MEPEHHI MaJlol BEIOOPKHU KpaifHe

BaYXHO OMPEJENIUTh JOBEPUTEIbHYIO BEPOSATHOCTD Py IIPU YCIIOBUH, YTO MOTPEIIHOCTh CpeHe-

. = U .
r'0 3HAUEHUS HE BBIMJET 3a mpeensl — ° ¢ | 3ajady pemaroT B TAKOW MOCIE0BATEIbHOCTH:
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¥ &y — H ' a
BHAYaJIe BBIYUCIISIETCS CPEJIHEE 3HAUCHHUE Y:Cay Yom cur '~ 2 C moMoIlbIO BETHYH-

o4
HBI ~ €% W3BECTHOTO 7 W Ta0JI. OMPEEISIIOT JOBEPUTEIBHYIO BEPOSTHOCTb.

B nmporecce 00paboTKH 3KCIIEpUMEHTATBHBIX JAHHBIX CIEAYET UCKIII0YATh IPyObIe OMTUOKH Psi-
aa. IlosiBiieHue aTHX OI_HI/I6OK BITIOJIHC BEPOATHO, @ HAJIMYHEC UX OLYTUMO BJIUACT HA PC3YJILTAT
u3Mepenuu. [Ipu 3ToM npexae yemM UCKITIOYUTh TO MIIM HHOE U3MEpPEeHHeE, KpaitHe BaXKHO yOe-
JUTBCA, 4TO 3TO I[eﬁCTBHTGHBHO rpy6a;1 OH_II/I6Ka, a HE OTKIIOHCHUEC BCIICACTBUC CTATUCTUYCCKO-
ro pa3dpoca. I3BeCTHO HECKOIBLKO METOIOB OMPEIEICHHS TPYOBIX OMIHOOK CTATHCTUYECKOTO
psana. Hanbomnee mpocThiM ciocoO0M HCKITFOUEHUS U3 PsAa PE3KO BBIICTSIONIETOC H3MEPESHUS
SIBIISICTCS IPABUJIO TPEX CUTM: pa30pocC CIydailHbIX BEJIMYMH OT CPEAHETO 3HAYCHUS HE JODKEH
=X+ 30

IpEBBIIIaTh RN

bonee 1ocTOBEpHBIMU SIBISIFOTCSI METO/BI, 0a3MpyeMble Ha NCIOJIb30BAHUU JOBEPUTEIIHLHOTO UH-
TepBaia. [lycTb UMEeTCsl CTAaTUCTHYECKUI Psii MaJIOM BEIOOPKH, TTOTUYMHSIOIINICS 3aKOHY HOP-
MaJBHOTO pacrpenen eHus. [Ipu Hanmumuum rpyObIX OMMOOK KPUTEPUU UX TTOSBICHUS BBIYHC-
JSIOTCS 110 hopmynam
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rae TMax cHn - gapgQosblllee U HAWMEHBINEe 3HAUYCHUS U3 1 U3MEPECHUH.
B Ta6.H. HpI/IBe,Z[GHBI B 3aBUCHUMOCTH OT I[OBGpHTGHBHOﬁ BepOHTHOCTI/I MaKCHUMAJIbHBIC 3HAUC-

HUSA Amax , BOSHUKAIOIIIME BCIICICTBUE CTATHCTHYECKOTO pa3dpoca. B ciyuae ec-

e - i R .
m "g H ‘3 HiAX | TO 3HAUCHHUE ~— HEHE KpanHE Ba)KHO MCKIIOYUTH U3 CTATUCTUYECKOTO psiia KaK

rpyOyto morpemHnoctsb. [Ipu B2 < Prax MCKITI0UaeTCs BeMunHa ~1in . [Tocie HCKIIoueH s

rpyObIX OMIMOOK ONMPEENAIOT HOBBIE 3HAYEHHS L U & n3 (f’i N 1} WIH Eﬂ -2 .}HzMepeHHﬁ.

Tab6auua: Kpurepuii nosiBieHus rpyobIx omuO0oK



Hnm:l’ e o ﬁrn:l'x e Pl

r rn
o.o0 | o008 | 0.0 0,00 | o905 | o.m
3 1,41 1,41 1,41 15 2.33 | 2.40 | 2.80
4 1.64 169 1'72 16 2'35 | 252 | 284
o 1,79 1,87 1,96 17 2,38 2,55 2,87
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
8 204 | 2017 | 2.37 20 2°45 | 2'62 | 296
9 2,10 2,24 2,416 25 2,54 2,72 3,07
10 2'15 | 2/20 | 2!s4 30 2’6t | 2279 | 316
11 2,19 2,34 2,61 35 2. 67 2,85 3,22
12 2.23 2,39 2,66 40 2,72 2,90 3,28
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.

BeTaeka  dopMat | Cgpemc | JanHele  OkHo  Crpaeka
- N e &? Opdorpatma... =

v K & U |§u CrpaBOMHEIE MaTEpHanEL..  AltFuendor

= ‘@ 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.

HagctpokiM @g

B4|&nalysis ToolPak - YBA

[ IMactep cymmmrpoBanma m

|:| MakeT aHanKsa

Lol ot |

DHDMCK pELEHHA ety

HIO Cepeuc IIOSABUTCS KOMaH/Ia Ananuz oannvix. Jta CHUTyalus HanoOoJee THUIIMYHA, TaK KaK Hal-
AOCTYMHEIE HAACTPOMKK,
|| MacTep noacTaHoBaK
[ INomowHmi 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

2 aHODAKTOPHE AMCOEDCHOHHEIM aHanMs

JE o TOPHEA AMCMEPCHOHHER SHAMMS C MOETOREHHAMM
Ay xak TOpHBIA AMCAEPCHOHHEIR aHaNHME B3 NOETOPEHHA

Foppenauma

CMHMCETENEHAA CTATHCTHES

SKCNOHEHUHANEHDE CrNaHEaHHE

A 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 IPUKJIAJHOTO CTATUCTUYECKOrO aHAIN3a.
[TpudeM oHY Y4acTh CTATUCTUYECKUX (DYHKIIMN MOKHO pacCMAaTPUBATh KaK CBOETO poja dJe-
MEHTapHBIE COCTABISIOIINE TOIO UM MHOTO peKUMa HaacTpouku [laker aHanusa, Ipyryro 4acThb
— KaK yHUKalbHbIEe QYHKIIUY, HE AyOIupyomuecs 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.
UTo0BI 3a1aTh CTATUCTUYC-
CKyI0 (DyHKIIMIO, CHAYasIa He- MacTe p chyHiuMH - war 1 13 2 E’§|
00X0aMMO BBIOPATh KaTEro- '
MNoKck dyHELHK;
puto Cratuctuueckue, [Ipu

HepeMemeHHH CTpOKI/I BBIJC- BEEAWTE KPATKOE OMMCaHKWE AEKMCTEMA, KOTOPOE HY WHO

o BEINOAHMTE, M HA¥MHTE KHOMKY "HakTr"
JICHUS 110 CIIUCKY () YHKITHI

o1 0061aCTSIMHU KaTeFOpI/IH KateropHa: | CTaTHCTHYECKHE b
u OyHkuys OyneT npeacras- BbifepHTe divHELFHD:
JIEH NPUMED, WILTIOCTPUPYIO- FPACT =
Ui croco0 3a1aHus BRIOpaH- FPACTOBR
HOM CTAaTUCTHYECKOM (YHKIMU EEEE;EP
¢ KpaTkou nHpopmarmen o BETAPACT
HEH. BMHOMPACT
BEMEY TN bl

Ecnu xpaTkoit madopmarun
FPALCMN{x;cTenenv_ceoboawil;cTeneny_ceoboabi2)

HEAOCTATOYHO, IICIKHUTC B
BosEpallasT F-pacnpeAeneHHe BEEPOATHOCTH (CTENEHE OTENOHEHHA) ANA
OUAJIOTOBOM OKHE 110 KHOII- Ay HAhapoE AaHHE,

ke CnpaBka. Ha akxpane mos-
BUTCSI TOMOITHUK U TIPEAJIO-
JKUT TToMoIIlb. [TlenkHuTe 1no
kHomke CripaBka o BbIJIEIEH

CNpaEka no 370 gvHELMAH [ O l [ CTHEHA ]

Puc. 5.



HOU (YHKIIMH, U Ha 3KpaHe OyAeT NpeAcTaBiIeHa COOTBETCTBYIONIAs CTPAHUIIA CIIPABOYHOM 1O/~
CUCTEMBI.

[Tocne BeIOOpa hyHKIIMEK menkHUTE TT0 KHONKe OK 118t mepexoza B ciaenyroliee TuajioroBoe
OKHO MacTepa QyHKUUN, B KOTOPOM JOJKHBI ObITh 3a/1aHbl apryMEHThI. B 3TOM A1aioroBom ok-
HE MacTep MOJCKA3hIBAET MOJIb30BATEII0, KAKUE apTYMEHTHI CIIEIYeT YKa3aTh 00s13aTeNIbHO (00sI-
3aTeNIbHBIC aPTYMEHTHI), a KaKue - ONMIIUOHAIBHO (He00s3aTeNbHbIE apTyMEHTHI). 3a/1aTh apry-
MCHTBI MOXXHO pa3/IMYHbIMHA CHOCO6aMI/I, HaH6onee y,Z[O6HI>I€ W3 HUX [Opcajaract mOMOIIHHUK.
[Tocne 3amanus Bcex apryMeHTOB QYHKIIUH MEIKHUTE 110 KHOnKe OK, 4T00bBI B siueiike MmosiBu-
JMCh PE3YNbTAThl BBIMOJIHEHUS (PYHKIIUH.

2. OnpenesieHue xapakrepa pacnpeaejenusi 1 popMupoBaHne BbIOOPKH

Teopernueckne 0CHOBbI TPYNITUPOBKH

Pe3ynbrarhl CBOJKU U TPYIIIMPOBKU MaTEpUAIOB CTATUCTUYECKOTO HAOIIOAeHHS 0(OPMIISIOTCS
B BUJIC Ta6HI/II_I " CTAaTUCTHYCCKUX PAAOB paCIpCaACICHUA.

['pynnupoBka — 00beAMHEHHE €UHUI] CTATUCTUYECKONH COBOKYITHOCTH B KOJIMUECTBEHHBIE OJ1-
HOPOAHBIC I'PYIIIILI B COOTBETCTBUHU CO 3HAYCHUAMHA OAHOI'O MW HECKOJBbKUX IIPU3HAKOB.
Cmamucmuuyeckuii ps0 pacnpeoelienus MPEACTaBIAET COO0N yIOPsII0UEHHOE pacipeieiieHe
€MHUL] U3Yy4aeMOM COBOKYITHOCTH IO OINpPEACIICHHOMY BapbupyrolleMy rpusHaky. OH xapakre-
PHU3YET COCTOSHUE (CTPYKTYPY) UCCIIEyEMOTrO SIBJICHUS, TO3BOJISIET CYAUTh 00 OTHOPOAHOCTH
COBOKYIIHOCTH, CAMHHUIAX €€ U3MCHCHUS, 3aKOHOMCPHOCTAX Pa3BUTHA HaGJIIOI[aCMOI‘O 06’LCKTa.
[TocTpoenue psAaoB pactpeesIeHHs IBISETCS COCTAaBHON YacThIO CBOJAHOM 00paOOTKU CTaTUCTH-
4ecKoi nH(OpMaIIHH.

B 3aBucuMocTH OT IpHU3HAaKa, MOJI0XKEHHOTO B OCHOBY 00pa30BaHUs psiaa pacupeesieHus, pas-
JTUYAIOT ampuOymueHvle U 8apuayuorusie paasl pacupeaenenus. Ilocnennue, B CBOIO ouepeb, B
3aBHCHMOCTH OT XapaKkTepa BapHalliy MpU3HaKa JeNsTcs

Ha Ouckpemmuvie (npepvienvie) N UHMEPBAIbHbIE (HenpepbligHble) PA/bI PacnpeaeIeHusl.
['pynnupoBka ocyiiecTBiseTcs No3TanHo. BHavane onpeaenseTcs: npuMepHOe YUCII0 MPyI,
3areM BeIn4rHa nHTepBaia. CTPOUTCS MEePBbI BApUaHT TPYIITUPOBKHU, KOTOPHIM MPU HEOOXO-
TUMOCTHU yTouHseTcs. [ onpezeneHus yucia rpyIm MoKeT NpuMeHaTbes popmyna Crepa-
r=14+2,302591g N

xKecea: ,re N — YUCJIIEHHOCTh COBOKYITHOCTH, 7 — YHCIIO TPYIII.
c= Xrnax ~ Xmin
Bennuuna unTepBana onpezaensiercs mo Gopmyie: r ,
T/I€ Xmax, Xmin — COOTBETCTBYIOIINE MaKCUMaIbHOEC M MHHUMAILHOE 3HAUCHUS MPU3HAKOB COBO-
KYIHOCTH, ¥ — BEJIMYMHA UHTEpBaJa. [TomyueHHsbIit pe3ynbTar OKpYTJIsieTCsl.

PaBHbIe HHTEpBAIIBI TPYNIIIUPOBKHU IPUMEHSIOTCS 11 OJHOPOJIHBIX COBOKYITHOCTEM, a JAJIsI COLU-
aIbHO-KOHOMHWYECKHX SIBJICHUH Yalle MPUMEHSAIOTCS HEPAaBHOWHTEPBAJIbHBIE IPYNIIUPOBKH. Ec-
JIM KpallHee 3HaYCHHE €IUHUL] COBOKYITHOCTH 3HAUYUTEIILHO OTJIMYAETCS 10 BEJIMYMHE OT OCTallb-
HBIX, IPUMEHSIOTCS TPYIIIUPOBKHU C OTKPBITBIMU IT'PAaHULIAMHA UHTEPBAJIOB.

[IepBrIili MHTEPBAJI C OTKPBHITOW HUKHEH TPaHULIEH, MOCIECIHUI UHTEPBA C OTKPBITOM BEPXHEMN
rpanuieil. BennunHa nepBoro MHTEpBajga MPUHUMAETCA PABHOM BEJIMYUHE CIEAYIOLIETO 32 HUM
uHTepBana (He Ooyiee yem). BenmuunmHa mocineHero WHTEpBajia ¢ OTKPHITOW BEPXHEW rpaHuIleh
MIPUHUMAETCS PaBHOM BEJIMYMHE MPEANIOCIEIHEr0 MHTEPBAIA.

Paznuuaror a0COIOTHBIE " OTHOCUTEJIbHbIE YaCTOTHBIE XapaKTEPUCTUKH.
AGCOIOTHAs XapaKTEePUCTUKA — YaCTOTA, TOKA3bIBAET, CKOJIBKO pa3 BCTPEUAETCS B COBOKYITHO-
CTU JaHHBIM BapuaHT psaa. JJOCTOMHCTBO 4acTOTHI — MPOCTOTA, HEAOCTATOK — HEBO3MOKHOCTh
CPaBHUTEIBHOTO aHanM3a psI0B pacnpeneneHus pazHoOU YUCJIIEHHOCTH.
Jlyist oTOOHBIX CPaBHEHH MPUMEHSIFOT OTHOCUTEIIBHBIE YaCTOThI WM YaCTOCTH, KOTOPHIE pac-

f

di=—2"1

=N
CUMTBHIBAIOTCS 1O (popmysie: Lf " Lf , rie N — YHCIIEHHOCTh COBOKYITHOCTH.



OTO OTHOCWUTENbHAs BeIMYMHA CTPYKTYpbl (mo ¢opme). Cymma wyacrocredl paBHa 1.
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=1 Ecnu yacTocty BhIpaskeHbI B MPOIEHTAX UM B MPOMUIIAX UX CYMMBbI

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.

Jlns ananu3a psAAOB pacipeielieHHs C HepaBHBIMU MHTEpBajJaMH UCTHOJIb3YIOT MMOKA3aTeNH MI0T-
£

I
5oL
HOCTH: AGCOJIOTHAS MJIOTHOCTH: &
rae fi— yacToTa, c;- BEIMYMHA WHTEPBAJa — MOKA3bIBAET, CKOJIHKO €IMHHI] B COBOKYMHOCTH
HpHXOI[I/ITCH Ha eI[I/IHI/IL[y BCIIMYNHBI COOTBeTCTByIOH_[eFO I/IHTepBaJIa. A6COHIOTHa5[ 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: €, rme d; — wacTocTH (10nM), C; - BEIMYUHBI COOTBETCTBYIONMUX HHTEPBAIOB — HOKA3bI-
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
Pacnpegenenne wumcna
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Puc. 6

Jis  u300pakeHUst uHmMepBaibHbIX BADUAIMOHHBIX — PSAZOB  paclpeleNieHuid  MPUMEHSIOT-
cst eucmoepammsl. Ilpu 3T0M Ha ocu abCIUCC OTKIIAABIBAIOTCSA 3HAUEHUS UHTEPBAJIOB, 8 YaCTOTHI
M300paxaroTcsl MPSIMOYTOJIbBHUKaMHU, TIOCTPOSHHBIMUA Ha COOTBETCTBYIOIIMX HMHTEpBasiax. B pe-
3yJbTaTe MOJy4YaeTcsl TucTorpaMma — rpaduk, Ha KOTOPOM Dsii pacripeiesieHusl IPeCTaBIeH B
BUJIE CMEKHBIX JIPYT ¢ ApyroM obmnacteid. s xapakTepuCTUKH PSAAOB paclpeesieHus 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'o’
n= 2

Al

NOBMOPHOU BRIOOPKH OTIPEICIISICTCS] BBIPAKEHUEM:
A npeenbHas onrOKa BEIOOPKH;

6°— JIUCIIEPCHS] TCHEPATBHOM COBOKYITHOCTH;

t — koahduieHT noBepus (ONmpeaeaseTcs B 3aBUCUMOCTH OT TOTO, C KaKOH JIOBEPUTEIHHOU Be-
POSITHOCTBIO HAJIO TAPAHTHPOBATH PE3YNILTATHI BEIOOPOYHOTO 00CIE0BAHNS).
3aTpyAHUTEIIEHBIM MOMEHTOM IPHUMEHEHHS TpHUBEACHHOW (HOpMyIbl Ha TPAKTHUKE SIBISETCS
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 «['ucTorpamMmay CITy>KUT JIJIsl BBIYMCIICHHSI YaCTOT TIOTAIaHus 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, coJep:xaiieM BBIXOJTHOH Iuyara3oH.
IIpumep: N3BecTteH 00beM POZHUYHOTO TOBapooOopoTa 17 300anTek pPO3ZHUYHOW CeTH (UPMBI
—
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puc. 8
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Kak mpaBuiio, rucTorpaMMbl H300paKatOTCS B BUIE CMEHCHBIX TIPSIMOYTOJIBHBIX 00J1aCTeH, IMo-
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 leeo6;I)a3OBIaHI/1171I TACTOrpamMma pUMeT CT_aHz[alpTHfl,IIIIVI 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

WHtbopuaLya o perucTpaum anpeca

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

3611660049, KpacHoapck, yn. 1. HenesHaka 16
JB2AnpeC He ykazaH
3IE316E0001, KpacHoapck, yn. Konsinoea 50 L meTin
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, JepekasmHa B, 75 Meproa;
368 Anpec He yrazaH (&) Crysafinbii
IB9ANpeC HE yKazaH
3708340060, n Capatoe, Hekpacoea 46, 90
gg;E%DpDEECDHB :ﬂKa%H 1 v _ =15 MapaMeTpEl BEIE0AS

; 1 Mockea, Monogoreapgedckan 57> 12 = . i C
3?351000?5, r Mockea, Bapwaeckoe wocce 157, 20 O EAE (e $Eez
3747460020, 1 Hoeocubupok, akagemuka Xaputoda 67, 34 ) Hoseiii paioumii gact:
75l Anpes HEYKa3aH () HosaA pafiouas kHira
S?EESQED?B,r.ApxaHreﬂbCK,HUKupHTeneﬁ kocmoca 67,123
3??E1DDDED,E Mockea, Bozaewskerrka 17, 43
3781150015, r Apocnaens, Bonkoea 53, 45
3794170034, r, Actpaxads, MNepmonToea 66, 85 | 380
3805120007, r Cankr-Netepfypr, Cpeanwi np-kr 30, 2 354
381$£kupec HE YkazaH 362
3825120005,[ Cankr-Merepbypr, Detckan 12, 26 385
3835150015,[ HApocnaent, Bonkoea 53, 45 369
354t Anpec HE yKazaH

o]
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Bx0AHOA MHTEPEAN!

OTHEHA

) Meproam-eckHi

Yuono BeIGopok: g

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

t’o’
o0BemMa BBIOOPKH BOCTIONIBE3YyeMCsl (POPMYIIOi:
2 3
1.98 " 25 _ 11
[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
3a/la4d aHAJIOTMYHA TEXHOJOTHM peuieHus 3amaund B npumepe 3.3.1. Ilpu stom B mose Hucno
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 1 k | L |
1| 10001 10016 10031 10046 10061 10076 10081 10106 10121 10136
2| 10002 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 1008 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 10128 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 1005% 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
MoKazaTeJie - MUHUMAJIbHBIA M MaKCUMaJIbHBIM AJIEMEHTBhI BBIOOPKH (TIEPBBIA M TOCIICIHUNA
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-

Yxi-fi

KPETHOr0 BAPUALMOHHOI0 PSiAa UMEeT BUJ: L1 , 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 YKCie U KpailHhe 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.
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Puc. 12 Cpennue BeTUUYUHBI B Ay C HOPMAJIBHBIM PaclpeIeICHUEM
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Puc. 13 CpenHue BeMUUHBI B ALY C aCCUMETPUYHBIM pacipeeieHueM

Lo}

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 PACCESHBI 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

Jlmcnmepcusi — cpeAHUN KBaapaT OTKJIOHCHHS 3HAYCHHH OT HMX apu(METHUYECKOrO0 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-

TeNBHOM CTATUCTHKM: CpenHss apudMeTHuecKkas BeIOOpKH (X ), cpenHss omuoka BeIGOpKH (¥

), 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
OompIuii ¥ k-1 HAMMEHBIIUNA YJIEMEHTHI BBIOOPKH, TIpeiebHast OMHMOKa BEIOOPKHU (—X).

OnMcare AbHaA CTATHCTHHA @

Bx0dHbIE AaHHEIE
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Bx0AHOA MHTEpEAN: | .
[Py NMHpOEaHHE! (¥) no cTonGuar -
Orocore

[ ] MeTkm B nepeoi cTpoke

MapaMeTpel BEIEDAA

) Bel¢0AHOH HHTEPEAN! B
(%) HoBklii pabioumi omeT:

() Hoean pafioqad gHHra

[ | MrTorosas cTaTHETHES

¥POEEHE HAAEHHOCTH: 95 o
K-EIf HAMMEHELIMIA: 1
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-
JUMO BKJIFOYUTH CTPOKY ISl k-20 HAaOOIbINETo (HaYMHAs ¢ MAKCUMYMa Xmax) 3HAUCHHS dJIEMEH-
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
Topona NEYEHHA
(py6.)
Epacuoack 285,04
AuunEck 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 eulbopru 1947 785

g (*) Bulx0AHON MHTEpEEN: $E$ £ TN 5,0G

10 (O Hoeea patiounid nHeT: ACMMMETAMYHOCTE 226

11 () HoBaa pafiouan KHHa MuTepean 154,00

12 MTOroEan cTaTHCTHIE hAHHKMY M 371 .96

13 ¥DOEEHE HAAEMHOCTH: a5 e MEKCHM}'M 25 ,96
i K.-BIH HAMMEHELLMF: 1 Cymma 3744 28

15 Kbt el . | Cuyet 900

16 B HauBonkswmill) 525 96

17 HaumerewKiAT) 37196

18 YpoEeHe HanesxHocTH{IS 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
COOTBETCTBYIOIIMI BBIBOA. TakuMu MOKa3aTENsIMH SIBIAIOTCA: CpelHss apudmMeTnyeckas Bbl-
OOpKH X U mpeenbHas OmuOKa BEIOOPKH X

~ A

W3 BeIpakeHUs 17151 TOBEPUTEIHHOTO HHTEpBaIa: * Ax<x<x4AX HaxomuMm: 416,03-33, 92 =
382,11 — nesas epanuya; 416,03 + 33,92= 449,95 — npasas epanuya.

[e2

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.

lepyxapiGopoyHbiM {-TeCT € 0OMHAKOBBIMH JMCIE PCHAMM E| leyxenGopouHbli t-TECT C pa3iHYHbIMK 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! ]
[ MeTrn [ metion
Aneda: 0,05 Aneda; | 0,05
MapameTpel BEIEDAA NapaMeTpel BEIEOAA
() BLlX0AHOH HHTEPEAN: B () 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 OezMHE KLLMD
Homep | CTapwid | Hoebld
2 |0TOENneHWA | Npenapat | npenapat
3 1 303 303
4 2 303 304
5 3 307 0k
B 4 304 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 12 204
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 — pd

re) —~
(&4

1) ¢ omunakoBeIMH mucrepcusMu Cxu ¥ 2) ¢ pasnuuHBIME  qMCIIEpCUSAME oo
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.

{lByxBbI60pOYHBIH t-TECT C 0AHHAKOBLIMH OHCIE PCHAMM &|

Ex0aHEIR A3HHEIE
MHTEpEaN NepeMeHHoH 1: $E42:46411
WHTEpEaN NEpeMEHHON 2 $C42: 40515

[HNOTETHYECKSA CPEAHAA PASHOCTE:! 1]

Aneda: 0,05

MapareTpel BLIB0LE

(%) BiixoaHof MHTEpEaN! $E$3
(") HoBtiii pafioumi aueT:

(") Hogaa pafioan kHvra




HAeyxeniGopoutnib t-TECT € paanHUHBIMH JHCNE PCHAMH @

Bix0aHEIE AaHHEE
MIHTEPEaN NEpEMEHHOM 1 tE$2i4E411 3

IHTEPEaN NEpEMEHHOA 2 bicfzibcg1s

Ok

[HNOTETHYECKaA CPEAHARA PASHOCTE! i

MeTHkH
Aneda: | 0,05

MapameTpeEl BEIEDAS
(%) Belx0AHOM MHTEpBAN: $E$3 3
) Hoeedi patioumii oneT:

) Hoean pafiouan kHHES

Puc. 19
Hey*ERIBOPOUHEIR t-TECT © 0AUHAKOBEIMA NeyxErIBopodHEIR t-TECT © paznuyHEIMKY
AHCNEpCHARMK AHCNEPCHAMK
Cmapoid Hosrul Craapeil | Hoewd
RpeRapam | Rpenapam REeRapam | npenapar
CpegHes 307 304 B2 CpenHes 307 304 B2
Aucnepcua 15 2,09 HAucnepcua 15 209
Hafnwaenua g 13 Hafnionenua g 13
OfbeaMHERHaA runoTeTMyeckan
AMCAEpCHA 1,85 Pa3HOETE 0
[MnoTeTHyeckan df 19
PA3HOCTE 1-CTATHCTHES 417
CHELHHK a P(T==t)
df 20 OAHOCTOPOHHER 0,0003
t KpUTHYECKOR
}:'.':TaT”':T” ka 4,04 0HOCTOPOHHES 1,73
o=

0 (—LDEED OHHEE 0,0003 PT<=1)

A R . LEYXCTOROHHER ,0005
1 KpHTHYBCKDE t kpuTMdECKDE
0AHOCTOpOHAEE 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 npemonaraeres (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
MPUBEJIO K YMEHBUICHUIO CPEAHUX MTapaMeTPOB JaBJICHHUS.

YpoEeHe | YpoeeHb
ALl e Ale
Homep | ¥poeeHe AL E | ¥poeeHe AL E Hauwane | KoHue
MCTOPHH Havane KOHLE IKCMEPHM | IKCTIRHM
EHTA EHTA
BonesHu AECNEPAMEHTA | AKCNEPHMEHTA Cpearee 1521 1505
HOucnepcua 1841 1803
; 113 113 HabnwgeHna 10 10
Koppenauua
3 151 150 Mupcona 092
4 175 165 FMnoTeTMYeCkan
L 135 130 PE3HOCTE CREqHHE 0
B 150 145 X —
7 165 160 e :
8 170 175 OAHOCTOROHHEE 0,18
9 160 165 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
M3y4aeMbIMH 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: “xty
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 3nayeHue K03 uumenTa KOppeIaIuy MPpU HATUIHH:

IIPSIMOU CBA3HU 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 0,7-0,9 (-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
HAPKOTHEAMH 093 10
¥poeeHe
ofipazoeaHua 076 086 10
Puc. 24

A B c D
- FacnpoctpaH | [TpecTynHocTe VpoBeHs
opoga EHHOCTE CEAZAHHAR C
nfpazoeaHKA
1 HAPKOMAHWH | HADKOTHES M
2 A 3135 1262 735
3 =] 3455 146 730
4 B 434 5 2053 715
5 r 509 4 1868 725
) il s01,4 2052 705
7 E 2706 1144 730
g e 300,65 17,8 730
9

Kak BugHO U3 KOppEIsMOHHON MaTpHIlbl HA pUC. 24, MKy NTapaMHu BCEX MCCIIEyeMbIX MOKa-
3aresieil CyIIeCTBYIOT CTOXAaCTHUECKHE CBSI3U. XapaKTep BCEX BBIABIECHHBIX CBS3EH pasivyueH U

COCTOUT B CICAYIOLICM:




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. Bonpoce! JieKnuu:

1. Konkopnanus
2. PanroBast Koppesius.
3. Teopus u IpaKkTUKaA SKCIIEPTHBIX OLIEHOK

1.4.2 KpaTtkoe coaep:kaHue BONPOCOB:

Konkopaanus

AHruiickuM cratuctTukoM KenmemioM 011 ipeioskeH ko3 dunueHT (koddhdumeHT 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 | a2z | ... ng ..... Xow
1 il | E2 .. Xij | oo XN
M XMI XME ..... XMJ ..... XMN
128 D L 1

M (N"=N) rne =t = 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 s BerauciieHuss W puHIMaeT
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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 OBUIO TIPETIOKEHO MTPOPAHKUPOBATH 7 (PAKTOPOB BIUSIONIMX HA TEXHOJIO-
THYECKUil pornecc. Pe3ynbTaTsl pecTaBieHbl B TAOIULIBL:

SKCIIER
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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:
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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.)

NHHeHHGE KpHECIHHEAHOE

[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=Upyax = 5
BEPCHIi B HEM PAaBHO
Kenmamt npeanoxuil CaeayIolInue BRIPpaKeHHE JIJIs PAHTOBOI0 KO GHUIIUEHTA KOPPEIISIMH:
au
Ry =1——7—""—
N(N-1)

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

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

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

10 00BbEKTOB 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 a &
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 IKCHEPTHHIX OLIEHOK
[TonydeHue rpymnmoBoro MHEHHS SKCIEPTOB 3TO TOBOJIBHO IMUPOKAS U HEMPOCTAsl MporpamMma
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.
MeToJ «CHEKHOTO KOMay
Ipumep.: Tlpumenerus: metona Jyisi GOPMHUPOBAHUS SKCIIEPTHOU TPYIIIIHI.



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

Koro KTto Ha3Ban CKoMbKo pas Kaxkue
MecTa
HA3BAIH | | 6171809 10 Ha3BaJlu SAHIMACT
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 1|1 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 KTto Ha3Ban Cxkonbko Kakne
pa3 Mecra | Beca
Haspallt | 617|819 10 Ha3BAIM | 3aHMMAET
1 5 2 3 22 7 0,088
2 5 51812|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 5(8 30 4 0,120
10 5 2|5 12 9 0,048
T =250 fa
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MeTtoasbl 3KCIIEPTHOIO OMpoca.

Onpockl FKCIIEPTOB 0OBIYHO OCYIIECTBIISIOTCS B BUJE CTIEUATIbHBIX aHKET.
AmnKketa (OTIPOCHBIN JIUCT) — CTPYKTYPHO-OPraHU30BaHHBIA HA0Op BONPOCOB, KaX/IbIi U3 KOTO-
PBIX B KaKOW-TO MEpE CBSI3aH C OCHOBHOM 3a/1a4€il SKCIIEPTHU3HI.
Bomnpocs! nensitest Ha 3 rpynnsl:

OObeKTUBHBIE aHKETHBIE JaHHBIE O CAMOM JKCIIEPTE

XapakTepUCTUKH, KaCaIOLUECS MOTUBOB, KOTOPBIMU PYKOBOJICTBYETCSI SKCIIEPT NpHU
OIICHKE MpoOIeM

OcCHOBHBIE BOIIPOCHI, KACAIOIIMECS CYIIECTBA UCCIIEAYEMON TPOOIEMBI.
[To ¢popme ObIBarOT:
a) OTKPBITHIE, 3aKPbITHIE
0) mpsiMble, KOCBEHHBIE
a) 9TO TaKKe, Ha KOTOPBIE MOXKHO OTBEYaTh B CBOOOIHOM (popMe - OTKpBITHIE. 3aKPHITHIE — MHO-
JKECTBO OTBETOB Ha KOTOPbIE KOHEYHO.
0) IIpsiMo oTHOCSIIUECS K TEME — IPAMON
Camu onpocsl OBIBAIOT OUHBIE U 3a0YHbIE.
[To xapakTepy B3aMMOAEHCTBUS SKCIIEPTOB C SKCIEPTHOMN TPYIION OMPOCH OBIBAIOT TPEX TUIIOB:

KPYTJIbIN CTOJN UM KOHCUIIUYM

MO3roBas aTaka

meron [endu
Mertoa [enbde. OcHOBHBIE YepPTHI: aHOHUMHOCTb, PETYJIUpyeMasi 00paTHas CBA3b, CXOAALIHICS
IPYNIOBOM OTBET, MHOTOTYPOBOCTh. AHOHUMHO PAaCcChUIAlOTCS aHKETHI, SKCIIEPTHI UX 3aMOIHSI-
10T, 1aJIE€ PyKOBOJUTEIb SKCIIEPTU3BI BBISICHSET COINIACOBAHHOCTh OTBETOB, BBIABIISIOTCS OCO-
Oble MHeHMs. Bo BTOpOM Type SKCIepThl y3HAIOT pe3yibTaThl IEPBOTO Typa. DKCHEPT 3a[yMbl-
BaeTcs, IOYEMY €r0 OTBETHI HE COBIAIM C MHEHHEM OOJIBITMHCTBA MM Ha000poT coBnaiu. [1o-
CJI€ ATOTO KCIEPT MPUHUMAET OTBET OOJIIIMHCTBA WM HAacTauBaeT Ha cBoeM. [Tocne MHOrHX
TYpOB PYKOBOJUTENb dKCIIEPTU3bI IPUHUMAET pelieHrne. Henoctarok 3Toro Merosa 3axkirodaeT-
Csl B €r0 JIOPOrOBU3HE.
[TosTomy GoJee MpenOYTHTEIBHBIM CIIOCOOOM MOYYUTh FPYIIIOBOE MHEHHE SBJISIETCS TAK Ha-
3BIBAE€MBII METO/T 30JI0TOM CEPEIMHBI U CYTh €r0 COCTOUT B TOM, UTO 32 KOJUIEKTUBHOE MHEHHUE
IPUHUMAIOT MEUAHY L€ MHOXECTBA CY)KIEHUH, T.€. TAKOE YUCIIO [€, YTO N<=Nh-, [1eN«(n>) — KO-
JUYECTBO OIEHOK MEHBINX (OOJBIINX) YKCIIA L.
MenunaHa BBITOIHO OTJIMYAETCS OT CPETHETO TEM, YTO He TpeOyeT sl CBOETO MPUMEHEHUS Ka-
KHUX-JIN0O Cephe3HBIX TEOPETUUECKUX MPEANOCHUIOK M KpOME TOro, Meinana 6ojee ycTonynBa K
W3MEHEHUSIM UHAUBUAYAJIbHBIX OLICHOK.

W3mepeHre BBIMOIHEHHBIX B IIKAJIE OTHOLICHUN

Korna skcniept paboTtaer B IIKajie OTHOUICHUH, OH PEIIaeT BOMPOC BO CKOJIBKO Pa3 0OBEKT 10
1BakHEee 00bekTa 110j. Ecniu B kadecTBe 0a30BOM OIEHKH MpUHATH V=1 (a 3T0 Ha70 nenarh 00s-
3aTeNbHO BO M30€XKaHHUe MapaJ0KCOB), TO IIKala OTHOIIEHUH BBIPOXKIAETCS B OAIBHYIO.
banpHas jxe mikana Bceraa MoKeT ObITh TOCTABJIEHA BO B3aMMHO OJIHO3HAYHOE COOTBETCTBHE C
paHroBoi (LIKaNoil MopsaKa).

N 1 2 3 4 5

Oasubl 20 100 70 50 10

paHru 4 1 2 3 5

[IIxana nHTEpBaAIOB
Ecmu B mkane nopsaka OUCHKHU OT 3KCIICPTOB MOJIYYCHBI B BUAC PAHTOB, OTPAKAIOIIHUX CUCTCMY
MPEOYTEHUH, TO B KAU€CTBE I'PYNIOBOM OLIEHKH BBIYHUCISIOT JTMO0 CPEAHMI paHT AJis KaXKIO0ro
00BeKTa, TMOO0 MeIaHy PaHTOB, a 3aTEM YK€ B COOTBETCTBUH C PE3YJIbTaTOM yCPEIHEHHS CHOBA
PaHXUPYIOT OOBEKTHI.



Ecnu Hy>KHO BBIYHCIUTE KaKoi U3 ABYX 00bekTOB A i B nmpeanouturensueit (A>B(B>A)), To
oOl1ee MHEHHE 4acTO BbIpabaThIBaeTCs MMyTEM IrOJIOCOBAaHMUS, UCTIOIb3YS MPUHLHUI OOIBIINHCTBA.
[To cyTu nena 4yenoBeYeCTBO HUYETO JIYUIIEeTr0 HEe MPUAYMANIO, KpOMe KaK MPUHIUM OOJIBITUHCT-
Ba IIPU FOJIOCOBAHUHU.
Ilpumep:
[1pITatOTCS BBISIBUTH CHITY MPEANIOYTEHUS IKCIEPTa, Kak CIIbHO A BaxkHee B. B kpumuHanuctu-
YECKOU MPaKTUKE IKCIIEPTaM IpeaaraeTcst Hapsay ¢ oobekramMu A u B ymopsiounTs erie He-
CKOJIbKO anbTepHATHBHBIX 00bekTOB C,D,E.
1 stan (C, D, A, B, E) A>B
29rtan (B, C, D, E, A) B>A
Ho mpu ucnonbs3oBaHuu mpuHIMIA OOJBITUHCTBA MMPU TOJIOCOBAHUH HAC TIOJICTEPETa0T TPYIHO-
cTH Oosiee TITyOOKOT0 ¥ MPUHIMIIHAIBHOTO XapakTepa. Pedb uaeT o Tak Ha3pIBaeMOM MapaioKce
rOJIOCOBAHUSI.
llpumep:
nycTh 3 3KcmepTa cpaBHUBAIOT 3 00bekTa A,B,C u pe3yiabpTaT CpaBHEHHS TaKOB:
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
3/1ech HAIMIIO HapyIlIEHUEe TPAH3UTUBHOCTH, €CJIH UCIIOJIb30BATh MIPUHIIUITBI OOJIBIIMHCTBA MPU
rOJIOCOBaHUMU.
MHorue 13 pacCMOTPEHHBIX BBIIIE MapaJOKCOB OKA3bIBAIOTCS HOCST MPUHIMITHAIBHBIN XapaK-
TEep, T.€. UX B MPUHIUIIE HETb3s n30exkaTh. B cBoe BpeMst 3TO T0Ka3al aMepUKAHCKHH CIielua-
JucT B obsactu MateMatuueckor skoHomuku K. J[xx. Oppoy B Teopeme «Ilapamgokc Ippoy».
[IpuBeneM cMbICI TEOPEMBI:
[TpenbsSBUM HECKOJIBKO pa3yMHBIX TPeOOBaHUM, KOTOPBIE TOJKHO YAOBJIETBOPATH BCAKOE Mpa-
BUJIO COTJIACOBAHUS MHAMBUIYAIbHBIX MHEHUM:

OHO JIOJKHO OBITh YHUBEPCAJIbHBIM, T.€. IPUMEHUMO K JIFOOBIM COBOKYITHOCTSIM UHINBH-
JyaJIbHBIX OLICHOK.

BBEJICHUE HEKOTOPHIX 0OBEKTOB HE JIOJKHO U3MEHSTH MOPSA0K MPEANOUYTEHUHN B TIPE/IbI-
IyIIei COBOKYMHOCTH OOBEKTOB — YCIOBHE MOHOIIOIHHOCTH.

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

Cpeau SKCIEPTOB HE TOJKHO OBITh AKCIEpTa, YbE MHEHUE BCETJa MPUHUMAETCS 3a
TPYIIIOBOE HE3aBUCUMO OT MHEHHUSI IPYTUX 3KCIEPTOB (YCIOBHE OTCYTCTBHUS TUKTATOPA)
Tak BOT TeopeMa yTBEpKAAET, UTO HE CYIIECTBYET TaKOIro MIPpaBUJia COrIacus MHEHUH, KOTOpOe
OBl yIOBJIETBOPSIIO OJHOBPEMEHHO BCeM YeThipeM TpeboBaHusM. [lapagokc cOCTOUT B TOM, 4TO
B ATY T€OPEMY OUYEHb TPYAHO MOBEPUTH, HO OHA CTPOTO JOKa3aHa U MO3TOMY BEpHa.
B 3akiroueHnH OTMETHM eIIe OJHU MapaioKC MPOIeAYPhI TOJIOCOBAHMUS, IO MPUIMHE OOJIBIINH-
CTBa, CBA3aHHBII Ha 3TOT pa3 C BMEUIATEIbCTBOM KOATMIIUH.
Ipumep: ipu MHOTOCTYIIEHYATOM T'OJIOCOBAHHH IO MPABUITY OOIBIIUHCTBA KOATUIINS, HAXOIsI-
1asicsi B OOJIBIIMHCTBE MOXKET JOOUTHCS MPUHATHS CBOETO PEIIECHUS B YIIEpO OOJBITHHCTBY.
Ilpumep: MycTh B OJTHOM TYpPE€ TOJIOCOBAHUS CEPhIC OKA3alIMCh B MEHBIITMHCTBE IPOTUB OEIBIX B
cooTHouIeHuu 8:19
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B ronocosannu Bo BTOPOM Type pEeLICHO OPraHU30BaTh KOATUIMIO I10 3 YEJIOBEKa 0 NMPaBUILY
OOJIBIIMHCTBA (€CIIM B KOATUIMH OOJIbILE CEPBIX, TO KOATUIHS OYIET TOJI0COBaTh 3a CEPOro U
Hao000poT)

Haubounee pacripocTpaHeHHBIM sBJIsIeTCs MeTo aHan3a uepapxuii (MAU), KOTOpbIil mpUMeHsi-
eTcsl JJIA COTJIACOBAaHUS PE3YNbTAaTOB, IMOJIYYEHHBIX C HCIIOJIB30BAHWEM DA3IUYHBIX IOIXOI0B M
METO/IOB OIICHKH [4].

MAWU, onuparomuiics Ha MHOTOKPUTEPHAIbHOE OMHCAHHME MPOOJIEMbI, ObLT MPEUIOKEH U Je-
tanbHO onucan T. JI. Caatu B pabote «lIpuHATHE pelieHUil: MeTo aHanu3a uepapxuii». B meroxe
UCIIOJIb3YETCSI IEPEBO KPUTEPUEB, B KOTOPOM 0OIIME KPUTEPUU PaA3JIEISIOTCS Ha KPUTEPUH YACTHOTO
xapakrepa. [y KaXI0i Tpynmbl KpUTEPUEB ONPEACISIOTCS KOAPPHUIIMEHTH BaXKHOCTH. AJIbTEpPHATH-
BbI TaK)K€ CPAaBHUBAIOTCA MEXAY COOOI MO OTAENBHBIM KPUTEPHSM C IIeJIbI0 OIpe/ieieHHs] KPUTEPH-
QIBHOM LIEHHOCTH KaxJ0i u3 HUX. CpeacTBOM orpenesneHuss Ko3(pPHUIHUEeHTOB BaXHOCTH KPUTEPUEB
a1n00 KpUTEpUaIbHOW LIEHHOCTH aJbTEPHATUB SBIISETCS MOMAapHOE cpaBHEHHUE. Pe3ynbTar cpaBHEHHS
olieHUBaeTcs Mo OauibHOM mmikanme. Ha ocHOBe TakuX CpaBHEHUH BBIYUCISAIOTCS KOA(PQPHUIMEHTHI
BaXHOCTU KPHUTEPHUEB, OLIEHKU aJbTEpPHATUB M HAXOAMUTCA OOIIas OIeHKa KaK B3BEUICHHas CyMMa
OLICHOK KpUTEPUEB.

OOmast uzies JaHHOTO METO/1a 3aKJII0YaeTcs B IEKOMIIO3UIUH IIpoOeMbl BeIOOpa Ha Ooiee mpo-
CTBIE COCTABIISIOLINE YacTU U 00pabOTKY CyXJIEHUH JInIa, MPUHUMAIOLIETo pemeHue. B pesynbrare
ONpENIENsAETC OTHOCUTENbHAS 3HAYMMOCTh UCCIEAYEMbIX AIbTEPHATUB 10 BCEM KPUTEPHUSAM, HAXOs-
LIMMCSI B UEPAPXUU.

[TepsbiM marom MAU siBisieTcs CTpyKTypUpOBaHUe (JEKOMITO3HIIMS) TPOOIEMbl, COTIIaCOBaHUE
pe3yabTaToOB B BUJE Hepapxuu (puc. 2). B Haubonee mpoctom Buje MepapXusi CTPOUTCS C BEPIIMHBI,
MPEJICTaBIISIIONICH 11eNIb MPOOIEMBbI Yepe3 MPOMEKYTOUHbIE YPOBHHU, OOBIYHO SBIISIONINECS KPUTEPUEM
CpaBHEHHS K CaMOMY HMXKHEMY YPOBHIO, KOTOPBIN B 00ILIEeM ciiy4ae sBIsieTcs HabopoM albTepHATHUB.

BepxHuii ypoBeHb - HeJib (HampuMep, onpezesieHne PhIHOYHONW CTOMMOCTH); IPOMEKYTOUHBIN
YPOBEHb - KPUTEPHUH COTJIACOBAHMA (HAIIPUMEP, BO3MOKHOCTb OTPAa3UTh JIEHCTBUTEIIBHBIE HaMmepe-
HUSl MOTEHIMAJBbHOTO WHBECTOpa M MpPOJaBla; THUI, KaueCTBO, OOIIMPHOCTh JAaHHBIX, HA OCHOBE
KOTOPBIX TIPOBOJMTCS aHAIMU3; CHOCOOHOCTH IapaMeTPOB HCIOIB3YEMbIX METO/IOB YUUTHIBATH
KOHBIOHKTYpHBIE KOJIEOaHUS; CIIOCOOHOCTh YYUTHIBATh crenuduueckue 0ocoOEHHOCTH OOBEKTa,
BJIMSIOLIME HA €r0 CTOMMOCTH (MECTOHAXOXAECHHE, pa3Mep, NOTEHUUAIbHAsl TOXOAHOCTH)); HUKHUN
YPOBEHb -HA00p aJIbTePHATHB (HAalpUMEp, pe3ylbTaThl, IOJYYCHHBIE PA3IUYHBIMU METOJAMHU
OIIEHKH ).




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 rapaMeTpa OLEHKH

|O,I[I/IHaKOBaSI Ba)KHOCTDH

|3HaqHTeanoe IIPEUMYILECTBO

|5IBHoe MPEUMYIIIECTBO

|H€3Ha‘-II/IT€HBHO€ npeumMymeCTBO ‘

|A6COJ'IIOTHOC MIPEUMYIIECTBO

2,4, 6, 8 — IpOMEKYTOUHbIE 3HAUYCHUS

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/II71 |K1 ‘Kz |_‘K,, |Pacqu |Bec KpUTEPUEB
K] Wl/Wz BKI
Kz Wz/ W1 BK2
= F T

K, W Wy W W ... P o= }}I/e: ,ﬁ/m,":ﬁ # By

AW, W,

B i

Cymma SKE SK: Sk}g 5= z i

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

OOBIYHO B KaYeCTBE AOIMYCTUMOIO MCIIOJIb3YEeTCs 3HaUEHUE 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.

}\: - f? o~ *
b _ T¥mar =
HC = —— ’*“.'.na}; - .’_;SI.’-
nw-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-
HUH.

Ilycts e A MaTpulla — CToNI0e1 3HaYeHUH 3aBUCUMOM ITepeMeHHON pa3Mepa n
(3Ha4oK «7» 03HAYAET TPAHCTIOHUPOBAHHUE);

o owm

1 SRR . . ;
L : I “h- - MaTpHIia OOBSICHSIONUX EPEMCHHBIX;

RS MaTpHiia — cTojoel (BeKTOp) mapamMeTpoB pa3mepa m+1;
e={&, .8}

o

- MaTpuIia — cronber (BEeKTOp) OCTATKOB pa3Mepa A.
Torna B MaTpuyHO# popMe MOJIENIb MHOKECTBEHHOW JTMHEHHON perpeccuu 3amuiueTcs cie-
JYIOIITUM 00pazoM:
F=3db+¢
[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

€; U &j IIPY i#] HE KOPPEIUPOBAHHBDI: M’{gg’}::; £ .

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-
JIETBOPAIOT NPEANOChIIKaM 1-5 (IpeanOoChIIKY EPEUNCIIEHBI BBILIE) HA3bIBAETCS KIACCUUECKOM
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 HAaMMEHBIINX KBaJpaTOB HEU3BECTHBIE ITapaMETPhl BBIOUPAIOTCS TAKUM 00pa-
30M, YTOOBI CyMMa KBaJIpaTOB OTKIOHEHUN (PaKTHUECKUX 3HAYCHUN OT 3HAUCHUH, HallIeHHBIX
110 YPaBHEHHUIO PETrPECCHH, OblIa MUHUMAJIbHOI:

3 :Z(-}a =¥z }:. ={F =XbHY _:1'3.]}‘7 —» 118
) (5.3)

Pemennem 5ToM 3a1a4u SBISAETCSA BEKTOP b={X AT

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;
% _ 3yadyeHue pe3yabTHPYIOIIErO IPU3HAKa, PACCYUTAHHOE T10 TTOJTY4EHHON MOJENN PErpec-
CUH;

X cpeaHee 3HaUeHHEe MPU3HAKa;
RSS — oObsicHeHHast CymMMa KBaJIpaToB;
TSS — obmras cymMa KBaJipaToB.

id 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-

pemeHHOMU. B ciydae R =1 M3y4aeMyIO CBSI3b MOYKHO TPAaKTOBATh KaK (DYHKIIMOHAIBHYIO (a
HE CTaTUCTUYECKYIO), UTO TpeOyeT TOMOJHUTEIbHBIX KAUeCTBEHHBIX M KOJMUYECTBEHHBIX CBEIe-
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:

Fogo T ey

Fr— -

/1€ 1 — YUCII0 HAOIOIEHUH, m — YUCIIO TapaMeTPOB MPH MEPEMEHHBIX X.
Taxum 06pa3oM, CKOPPEKTUPOBAHHBIN KOI(DPUIIMEHT IeTePMUHAIIMN MOXKET YMEHBIIATHCS PU
JI00ABJICHUH B MOJIETTh HOBOW OOBSICHSIONICH MEPEMEHHOM, HE OKA3bIBAIOIICH CYIIIECTBEHHOTO
BIIMSIHUS HA PE3YyIbTaTUBHBIN MPU3HAK.
Cpeonss omnocumenvHas owubKa annpokcumayuy pacCIUThIBaeTCs Mo hopmyiie:

R L] BT
4 ¥,

BoJbIIMHCTBO aBTOPOB PEKOMEHYIOT CUUTATh MOJENb PETPECCUM aJICKBATHOM, €CIIU CPEIHSAS
OTHOCHTEJIbHAS OIIMOKA anmnpoKCUMAIMK He TpeBbiaet 12%.
[IpoBepKy 3HAYMMOCTH BHJIa PETPECCUOHHON 3aBUCMOCTH MOYHO OCYILECTBIISATh C MPUMEHE-
HUEM JUCIIepCHOHHOT0 aHann3a. OCHOBHOM HJieelt 3TOro aHaln3a sSBISETCS pa3ioKeHHe o0IIei
CYMMBbI KBaJIpaTOB OTKJIOHEHUH PE3YyIbTaTUBHON MTEPEMEHHOM Y OT CPEIHETO 3HAYEHHUS Y Ha
«OOBSICHCHHYIO» U «OCTaTOUHYIO»:

— a 7 ) noa

S-F¥ = Yii —FY + iy

O5tiiaa C) A Crvaong sadparios Ocmramioyyan

xEadpaning OHICTON 8N, CYRNE REaOparios

CHRTOHERLI O5BACH €HHE AR OPINIOHEN L
DECPECCUET

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:

_ %
{?T

4

F

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

O6mas z(}'—j}f n-1 o =2y —IY in—i
OObsacHeHHAs DAL= Ty n F.= >Ar.- TY in
OcraroyHas Ay —F, Yo nem-1 EF = {y-7, VW ir—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:

B om-m-1
i-R° mo
IJie m —4UCIIo MapaMeTpOB IPU TIEPEMEHHBIX X;
71 — 9UCII0 HAOJIIOIEHUH.
JUJ1st OLIEHKU CTaTUCTUYECKON 3HAUNMOCTH KO3((DUIIMEHTOB perpeccuu 1 KodpuireHTa Koppe-

F=

ALK ¥ (1= \E ) 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

popmyue:
L 1
& \{Z_R-A Ta ""II{H_???—I




[N
rac Y - CpEAHEC KBAAPATUYCCKOC OTKIIOHCHHUE UL IIPU3HAKA ),

* - cpelHEee KBapaTUUECKOE OTKJIOHEHHUE ISl MPU3HAKA X;;

Rl‘
T - koo UIMENT JeTEPMUHALIMK JUISl yPABHEHUS MHOXKECTBEHHON PETPECCHH;

hJ

2liEn _ gon(OUIMEHT AeTepMUHALMHK JUTS 3aBUCUMOCTH (DaKTOpa X; CO BCEMH APYIUMHU (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

YPOBHE 3HAYHMOCTH @ =005 (U1l 5KOHOMHYECKHX MPOIIECCOB U SBJICHUIT) M YHCIIE CTENCHEH
cB00OBI, paBHOM 711-2. Eciiit pacyeTHOE 3HaYeHUE MPEBBIIIACT TAOIMYHOE, TO TUIIOTE3Y O HECY-
IIECTBEHHOCTH KOA(PPHUIIMEHTA PErPecCHy b; MOXKHO OTKIOHHTb.

. . o v, =o,+ Ry, - b A
B nuHelHON MO MHOKXECTBEHHON PETPECCUU ¥ & 4 : = "7 K03 (PUITUCHTBI

perpeccuu b; XapakTepHu3yIOT CpeHEEe U3MEHEHNE Pe3yJIbTaTa ¢ U3MEHEHUEM 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-
neHra. [Ipy 3ToM BBIIBUTAETCs U IPOBEPSAETCS TUIOTE3a O PAaBEHCTBE KOA(PPUIIMEHTA KOPpes-
un vyimo (Hy: r = 0). Ilpu npoBepke 3TOi rUMOTe3bl UCTIONb3YeTCs {-CTAaTUCTHKA!

P Y e
Af1—p
[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:

. k=¥ N T
E-_g::,g':rl_;_‘gz'fﬂ+"'+ﬁb¢'2-.r>e?+£-' e ; = - o2

- CTaH/IapTU30BaHHBIC ITepe-
MCHHBIC.

£
3aMEHUB 3HAUECHHUS «)» Ha f,, @ 3HAUEHHS «X» HA * T0Jly4aeM HOPMHUPOBAHHBIE UM CTAHIAPTHU-
30BaHHbIE MTepeMeHHbIe. B pe3ynbrare Takoro HOpMUPOBAHUS CpEHIE 3HAUECHUS BCEX CTaHIap-
THU30BAaHHBIX TIEPEMEHHBIX PABHBI HYJIIO, & TUCTIEPCUU PABHBI SAMHHMIIC,

Te. f=iy=..=f,=0 0,=0,=.=0_~=1

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

1 g'r'

a=4 =

&

i




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 V, 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
Hewv ¥ | xn% | x5, %
1 |mpodaxcs | 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 B 5 35 20
8 7 5 37 21
g 5 5 32 20
o] 3 7 39 35
1] 10 5 35 30
12 1 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 $C41 40421
Cnpaeka
MeTrH |:| FOHCTaHTa - HOME
YPOBEHE H3AEHOCTH: o5 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

hMHOMECTEEHHRIA R 0,74
R-keagpat 056
HopmMupoeaHHeIR R-keanpat 051
CTaHAapTHAA owKnbka 0,77
Habnwgenua 20

JHCNERCHOHHEIR 3HANKS

SHauumo
off 55 M5 F cik F

Perpeccua 2 12892 B 4R 10 95 0,00

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 0,10

%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»

Kpurepuii xu-x6adpam ucnonb3yroT Uit IPOBEPKH FMIIOTE3 O KAYECTBEHHBIX JaHHBIX, MTPe/-

CTaBJICHHBIX He YUCJIAMU, a KaTeTOPUSIMHU. 3/1eCh IPUHSATO ONEPUPOBATH MOCUE-

TOM Yacmomyi(IIOCKOJIbKY paHKUPOBAaHUE WM apuPMEeTHUUECKUE ACHCTBUSI BHIIOIHATH 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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BEPIKJIEHUE MOXHO 3alHCcaTh CIETYIOIIUM o6pasoM:I
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

¥
1o

YacToTa mpeano4YTeHun

Mapka Bo-

Bl 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:

_ CC~ 0N _ CCw, 772

£ S5x8¢ . g 55X72 .,

! - —_ T «L,u I - ——— = LU, <
A L LA X

9
s TpeTein CTPOKH - KaTeropus «Tarapckas»:

. i J ~ ARy /3

£ _nncg £ T - _n1¢t

[ . T ey [ = L T LLo
¥ 15 ¥ 15 153

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

YacToTa mpeano4YTeHun

Mapka Bo-

Bl Myxuunbl  JKeHIIMHBI Hroro
Hapzan 27,7 25,3 53
Eccentykn 28,8 26,2 55
Tarapckas 23,5 21,5 45
Utoro 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

EBOIEL Wymaunu | Fepmunu | Hroro EOTE Myguunu | Femmunu| Hroro
Hapzan 38 15 53 Hapsan 237 25,3 53
Eccentyrn 24 31 95 Eccentymn 28,8 26,2 95
Tarapcras 14 27 45 Tarapcxas p 235 gl,_ﬁ: 45
Hroro Bl EE 152 Hrore 80' 7"3' 152

Apryme HTbl IyHRLUMM @

KMZTECT
{38;15:24;31:18;27
(Bea] = {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

[e:HaE) ]

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 3JI1, cumriekc-mMeTos

2. ITocTanoBKa 3a/1a4uu JIMHEHHOTO MPOTrPAMMHUPOBAHUSI U CBOMCTBA €€ PEUICHUI
3. CumnnekcHsbli Meron pemenue 3111

4. Teopusi ABOMCTBEHHOCTH

5. OcHOBHEBIC BUJBI 3a7a4, cBomsmmxcs k 3JII1

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

1.6.2 KpaTkoe coaep:kaHue BONPOCOB
3JII1. I'paduveckuii merox pemennsi 3JII1

MHorue 3aa4i, ¢ KOTOPBIMH MPUXOTUTCS KMETh IO B IIOBCEHEBHON MPAKTHKE, SBIISIOTCS
MHOTOBapHUaHTHBIMH. Cpeli MHOXXECTBA BO3MOXKHBIX BAPHAHTOB B YCIIOBHUSX PHIHOYHBIX OTHO-
HICHUHA TPUXOTUTCS OTBHICKMBATh HAWJIYYIIHE B HEKOTOPOM CMBICIIC TP OTPaHUYCHHSX, Haja-
raeMbIX Ha MPUPOJHBIC, JKOHOMHUYECKHE W TEXHOJIOTMUYECKHE BO3MOXXHOCTH. B CBsI3u ¢ 3TUM
BO3HHUKJIA HEOOXOIUMOCTh MPUMEHSTH JJIs aHAJIM3a U CHHTE3a YKOHOMUYCSCKUX CUTYaI[Uil U CHC-
TE€M MaTEeMAaTHYECKHUE METO/IbI 1 COBPEMEHHYIO BBIYMCIUTENbHYIO TeXHUKY? Takue MeToIbl 00b-
SMHSFOTCS T10]] OOIIUM Ha3BaHHEM — MaTeMAaTHYECKOE MPOrpaMMHPOBaHHE.

OCHOBHBIE IOHATHS

Mamemamuueckoe npoecpammuposanue — 00JaCTh MAaTEMAaTHKH, pa3padaThIBAIONIas TCOPHUIO

Y YHCIIEHHBIC METOJbI PEUICHUS MHOTOMEPHBIX IKCTPEMANbHBIX 33/1ad C OTPAHUYCHHSIMH, 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

JIuneliHOE mporpaMMUpOBaHUE — PA3AENl MaTEMATUYECKOTO MPOrPaMMHUPOBAHUsS, MPHUMEHsE-
MBII TIPH pa3pabOTKE METOOB OTHICKAHUS SKCTPEMyMa JTMHEHHBIX (YHKIUI HECKOJIBKUX Tepe-
MEHHBIX IIPH JIMHEHHBIX JOMOJHUTEIbHBIX OrPAHUYEHHUSX, HAJTaraeMbIX Ha nepeMmenHsie. [1o tu-
Iy pEeIIaeMbIX 33]1a4 €ro METO/Ibl pa3JeIII0TCs Ha YHUBEPCaIbHbIE U cienHanbHble. C IOMOIIBI0
YHHUBEPCAJIbHBIX METOJOB MOTYT pEIIaThCs JIOObIE 3adauu AUHENHO020 NPOCPAMMUPOBAHUS
(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 (YHKIUS JOCTUTaeT Ha rpaHulle o0JacTu AOMYyCTUMBIX pemieHuid. Kinaccuueckue xe MeTo-
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
N

maz(min) E:Z £

=1 (2.1)
[PU OTPAHUICHHSIX
-] .

ZJ._-IQ'_{?.XJ. EE}! {3 = 1,...,??3]_} (22)

] .
Loy ==+l ) 2.3)
E;’-laii"x.i" =hii=wmy +1. 0 2.4)
z;=0 {1=Ln) 2.5)
i MIPOU3BOJILHBIC (=om+l..5) (2.6)

g b .
rae “9 %% _ sanannble nelicTBUTENbHBIC YKCIa; (2.1) — uenesast pyukmwms; (2.1) — (2.6) —
OIPAHUUCHHS; * CHRE TUTaH 3aJ1a4H.

[Tycte 3JII1 npencraBieHa B CIECAYIONMICH 3aMUCH:

may £ =rcx 2.7)
An+Aadx+. . +Ax =4 (2.8)
n2lxr20,. 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 (=1
J ONTUMAJIBHBIM. B 3TOM ciy4ae npobiema BbIOOpa ONTUMAIBHOTO PELIEHUs Te-
ps€T CMBICIL. BBIAICHUM CTPYKTYpy KOOpAMHAT YIVIOBOM TOYKM MHOTOTpaHHBIX peleHui. Ilycts

r<n. B 3TOM cily4ae cucTemMa BEKTOPOB A Ay ‘q*coz[epxcm 6a31c — MaKCUMAaJbHYIO JINHEH-
HO HE3aBHCHMYIO TOJICUCTEMY BEKTOPOB, U€pe3 KOTOPYIO JIF0OOH BEKTOP CHCTEMbI MOXKET 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 Ay ‘q“. OtoMy 6a3ucy cooT-

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



X

:w+1=x x

wde ot

Ecnu cBoOoaHBIE IEpeMEHHBIC IPUPABHATH HYITIO, 2 0a3UCHBIC TIEPEMEHHBIE TPU 3TOM TPH-
MYT HEOTpUIATEeIbHBIC 3HAYCHUS, TO TOJTYYEHHOE YaCTHOE PEIICHHE CUCTEMBI (8) Ha3bIBAaIOT
ONOPHLIM peuleHuem (NIAHOM,).

A .
Teopema. Eciu cucreMa BEKTOpOB 1A Ay COICPKUT M JIMHCUHO HE3aBUCUMBIX BCKTO-

poB Ay A , TO JOIIYCTUMBIH TUIaH
=3 Ky 0 x,, 00, )
N
= (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 & = oy T0,%, @.11)
@i T, i
g% T X, =&y

B X Tl Xy =hy

2.12)
xl:_:'[:l,xg =0 (213)

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

(2.12), (2.13) 3amaet Ha MIOCKOCTH "0 HEKOTOPYIO TMOJYIUIOCKOCTh. [10MyImocKkocTs — BBbI-
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 Ad A AL

%

BriOGepeM mnpou3BOJBHOE 3HAYEHUE LEJIEBOM
Z=2,

e A e Zn' Y7o

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




Z .
Hoe 3HaueHne . Cumras B paBeHcTBe (2.11) £ mapameTpoM, MOTy4HM ypaBHEHHE ceMeiicTBa
napajyieNbHBIX MPSIMbIX, HA3bIBAEMBIX JTUHUSAMU YPOBHS LI€I€BOM (YHKIMU (JMHUSAMHU ITOCTOSH-
HOTO 3HAYCHHS).

HaiiiéM gacTHBIEC IPON3BOIHbIE 1IENEBON GYHKIMHI 110 1 1 "2
A
= ,:'1
N (2.14)
a7
— =y
&, (2.15)

YacrHas npousBogHas (2.14) (tak xe kak u (2.15)) pyHKIHH MOKa3bIBa€T CKOPOCTH €€ BO3-
pacTanus BIOIb JaHHOI ocu. CleoBaTeNnbHo, “1 u “2— CKOpPOCTH BO3PACTaHHs £ COOTBETCT-

BEHHO BJ0JIb OCEM Oy Hu ng' Bekrop F=(2.09) Ha3bIBaeTCs rpaaueHToM Gyrknuu. OH moka-
3BIBAET HAMPABICHNE HAUCKOPEHIIEro BO3pacTaHus 1elIeBor QYHKIUU:

== (0 &
&= Axl’ B‘xz)

Bexkrop (=2 yKa3bIBaeT HAIlpaBlIeHHE HAaUCKopeHero yobiBanus 1eneBoit gpynkmuu. Ero
Ha3bIBAIOT aHTUTPAUECHTOM.

Bektop 7 (21,22 NePICHANKYIPEH K IPAMbIM 2 =<07%5E cemeiicrea 1M1 H6a% = Z

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

1. C yd4eroM CHCTEMBbI OIrPaHMYEHHMiIl CTPOMM O0OIACTh JONMYCTHMBIX pelIeHHd &2,

2. Ctpoum BekTop ° =(a.:9) HAMCKOPEHIIero BO3pacTaHHs IeNIeBOW (YHKLIHUU — BEKTOP
IPAJMEHTHOI'O HAIIPABIICHHUS.

3. IIpoBoaMM NPOU3BOJIbHYIO JINHUIO YPOBHS =4 .

4. Ilpu pemieHUM 3a1a4u HA MAKCUMYM IE€PEMEILAEM JIMHUIO YPOBHS Z=4y B HAIIPaBIICHUU
BeKTOpa © Tak, 4ToObl OHa Kacajlach 00JIaCTH AONYCTUMBIX PEIICHUI B €€ KpailHEM IMOJIOKEHUH

(kpaitHeit Touke). B ciydae pemenus 3aga4i Ha MUHIMYM JIMHUIO YPOBHSI Z=2y MepeMEIaroT
B QaHTUTPAJAMCHTHOM HalpaBIICHUH.

e -
5. OnpeensieM ONTHMAIbHBIH TIaH © (37, 7%3)

Ln " =2(7")

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:

U 3KCTpEeMaJIbHOE 3HaueHue 1eJeBoi (yHK-

M
- .= . - :::' ; =
ZJ._laij b, b=0 i=1,.. 1)
I'oBopsT, uro orpanndenue 3JII1 umeeT npeANOYTUTENBHBIN BUI, €CIU TP HEOTPULIATEIIb-

HOW MPaBOM 4acTH (b 202 JIeBasi YaCTh OIPAHUYEHUN COJAEPKUT MEPEMEHHYIO, BXOIAILYIO C
K03 PHULIMEHTOM, paBHBIM €IUHHIIC, @ B OCTAIbHbIC OTPAHUYCHHUSI PABEHCTBA - C KO PHUIHECH-
TOM, PaBHBIM HYJIIO.

[IycTh cucTeMa orpaHUYE€HHI UMEET BUL



]
x <k = -
ZJ._IQ‘.U?EJ =k, b= (i=1,.. )
CBeJieM 3a/1auy K KAHOHUYECKOMY BHTY. J[JIs 3TOr0 IIPHOABUM K JIEBEIM YacTSIM HEPAaBEHCTB

= -
w20 G=1.m) . [Tomyuum cucreMy, S5KBUBAJICHTHYIO HC-
XOJTHOM:

Z:'_lﬂi}'xj-l_xml ="'E;'z'= *'-E;';' =10 1:3 =1,..,P?3)

h
AOIIOJTHUTCIIBHBIC IICPEMECHHBIC

KOTOpas UMeEET IIPEIIOYTUTEIbHBIN BUJ * " .
B neneByio GpyHKIHUIO JOMOTHUTEIbHBIE IEPEMEHHbIE BBOAATCS ¢ K03 puumenTamu, paBHbI-

MH HYIIIO o =0 =1,.,m)

[TycTh nanee cucrteMa orpaHUYEHUN UMEET BU

a2k, =0 G=1..m)
>0

#l —

.. .. o h
CBGI[GM €€ K OKBUBAJICHTHOU BBIYMTAHUEM JOITIOJTHUTCIBHBIX IICPEMCHHBIX

E=L..7) 3 neppix wacreit HEpaBEHCTB cucTeMsbl. [lomyunm cucremy

E:'.lai?'xj_xrhlzbir E:';' =0 (I: 1,...,??2)‘

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

o
HUTEIbHBIC TICPEMCHHBIC %ul pxoOmAT B JICBYIO 4acTh (TIpH b2 I:I) ¢ ko3¢ puUIMeHTaMu, paBHbI-
mu —1.
=0, 00—y —h k)
o '\_v_p'
[Toaromy, BooOIIIe TOBOPSI, OA3MCHBIN TUIaH # HE SABJISCTCS JOMYCTH-

MbIM. B 3TOM ciydae BBOAMTCS Tak Ha3bIBa€MbIl HCKYCCTBEHHBIN 0a3uc. K 1eBbIM yacTsM orpa-
HquHHﬁ-paBCHCTB, HC UMCIOINUX NPCANIOYTHUTCIIBHOI'O BHU/IA, ,Z[O6aB.H$IIOT HCKYCCTBCHHBIC IICPC-

a, .
MeHHBIE ! . B IeneBy0 QYHKIMIO epeMeHHble 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 Bceraa UMEET NPEaIOYTUTEIbHBIA BU/L.

[Tyctb ucxonnas 3JII1 umeet Bujg

maz(min) £ = Z:_lc &

(2.16)

Z:‘_lﬂi}.xf. = f;i!., .‘I_E;'!- =1 I:E = 1,..,-’?@) (2 17)

x; 20 (J-':l,_.,n}’ (2.18)

NpUYEM HU OJHO U3 OTPAHUYCHHUI HE MMEET NPEANOUYTUTEIBHON NEpeMeHHoW. M-3a1aua 3a-
MULIETCS e
max(min) Z =3 IR (H2o M, (2.19)

D%t =ty G=l.m (220)

x; 20 U=1,—=‘3:‘, @; =0 E=1,...m) (2.21)

b

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

X = (0 Xy K @ @i @) (2.22)
M-3agaun (2.19) - (2.21) Bce HCKYCCTBEHHBIE IIEPEMEHHbBIE +i — O@=1.m
I=(x.%0 .05

, 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 i HasplBacTCi  CHMIUIGKCHBIM  METOIOM  C UCKYCCTBEHHBIM  0a3uCOM.
Ecnu B pe3ynbrare NpMMEHEHHS CUMILJIEKCHOTO METOZA K PACIIMPEHHOM 3a7jaue MOJIy4eH OIl-

.
TUMAJIBHBIN IUIAH, B KOTOPOM BCE UCKYCCTBEHHBIEC IIEPEMEHHBIE @ =0 , TO €r0 IEPBBIE 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

A fiz=1m o
IUIaHa BCE  OLEHKH : =1 HEOTPUIIATENIbHBI, TO TAaKOW IIaH  ONTHMAJICH.
Teopema. Eciiu ncxoHas 3aaa4da pemaercss Ha MUHUMYM U I HEKOTOPOT'O OITOPHOTO IJIaHA
n [ i= 1, ;g} o

BCC OILICHKHA 1 HCIIOJOXUTCIIbHBI, TO TAKOH IIJIaH OIITHUMAJICH.

Teopusi IBOWCTBEHHOCTH

HOHHTI/IC I[BOﬁCTBCHHOCTPI paCCMOTpI/IM Ha anMepe 3aa4i OIITUMAJIBHOI'O HCIIOJIb30BaHUA
ceIpbsl. [lycTh Ha TIPEANPUITHH PEIIUIN PAIMOHAIBHO MCIOIB30BaTh OTXO/bl OCHOBHOTO IPO-

b
W3BOJICTBA. B T1aHOBOM TepHoOJie TMOSBUIIMCH OTXOJBI CHIPhS M BHJIOB B O00BbEMax ~? €IMHHII

(1 - 1’” "m} . I3 atux OTXOO0B, YUUTLIBAS CIICHUATIU3ALUIO NPCANPUATHA, MOKHO HAJIAIUTL BbI-

o @ .
IYCK N BUIOB HEOCHOBHOW mpoaykiuu. O0603HaUnM uepe3 ¥ HOPMY pacxojia ChIpbs i-ro BUAA

=1,..n)

Ha eIMHUILY j-i (i IPOAYKIIHH, “i- nena peanu3ay eJUHULBI j-i TPOAYKIIUH (peau-

X .
3anus oOecrieyeHa). HemsBecTHble BEIMYMHBI 3a/1a4: ¢ — OOBEMBI BBIITYCKA j-i MPOAYKLUH,
o0ecreunBaroIue NPeANPUITUI0O MAKCUMYM BBIPYUKH.

MaremMarnueckast MOJEIb 3a1a4u:

max £ = o1x Fogr, o oK, (2.23)
dqyx gk, T, S8
@ g% tidag Xy tdg, X, Shy

@y X T lpya Xy T X, =5,

(2.24)
%20 (f=Ln) (225)
[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.

OGo3Haunm nx ¥ 1= ¥

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:

min f=by b+ 4y, (2.26)

TpebGoBanue 2 MpeANPUATHS, PEATU3YIOIIETO OTXOIbI CHIPhsI, MOKHO CPOPMYJIMPOBATH B BU-
Jie cucteMbl orpanndeHuil. [Ipeanpustie oTkaxeTcst OT BBIMYCKA KaKI0M €IUHULIBI TPOAYKIIMHI

IIEPBOIO BHUA, €CIIU B+ Yyt A Y 28, , TJIe JIeBas 4acTh O3HAYACT BBIPYUYKY 3a ChIPHE
uaylee Ha eAUHULY IPOAYKIIUY IIEPBOr0 BUJA; IIpaBas — €€ LICHY.

AHaJIOTMYHBIE PACCYKICHMS JIOTHYHO ITPOBECTU B OTHOLICHUH BBIITyCKa MPOIYKIIUU KaXA0r0
Buzaa. [loaTomy TpeGoBaHMe NPEANPUATHS, PEAUTU3YIOIIET0 OTXOABI ChIPhs, MOKHO (hOpMan30-
BaThb B BUJIE CJI. CHCTEMbI OTPaHUYCHUMN:

@y s T @, Ve 20

@ Ty, T g, £ 0,

¥ T g, Vet iV, 20,

(2.27)
ITo CMBICITY 3a1a4u OLIEHKU He JOJIKHEI OBLITH OTpHULIATEITLHBIMHU:

w0y, 20, %, ECI. (2.28)

[TepemenHubie Yy E=1,.,m) HA3BIBAIOT JBOWCTBEHHBIMH OIEHKAMU WM OOBEKTHBHO 00Y-
CJIIOBJICHHBIMH OII€HKaMH.

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 ~ meneBoit GyHKIMU TPSMOM 3a1auu SIBJISIOTCS CBOOOTHBIMH WICHAMH
OTpaHUYECHUI TIBOMCTBEHHOM 3a/1auHu.

3. CBOOOHBIE YJIEHBI 2 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 TUIna =. J[BoiicTBEeHHAs 3a7aya pelaeTcs HAa MUHUMYM, U €€ CHCTeMa OrpaHYeHHUit
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



=%, ., %) " F=00m...%,)

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

crennoit 3JII1 cpaBeIMBO HEPABEHCTBO = Z=50) , T.€.
T ex =Y by
2 = 2 B (2.29)

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

T

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

i

o -
cst mepasenctso 2% V=S ) 10 Ty ¥ apnmiores oNTHMANBHBIME MUTAHAMH COOTBETCT-
BYIOIIMX 3a]1a4.

Teopema (Majiasi TeopemMa IBOMCTBEHHOCTH).

Jlnst cyniecTBOBaHMS ONTHUMAJIBHOTO TUIaHa J1I000# U3 Taphl BOMCTBEHHBIX 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:

—an L
2(Z7) =707 . Ecnii ogHa 13 MBOWCTBEHHBIX 3a7a4 HEpa3pelrma BCIICICTBUE HEOTPaHUUEHHO-

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)

—

.
Jlnst Toro, yToOBI IUIAHBL & U e mapbl JBOWCTBEHHBIX 337a4 OBLIM ONTHUMAJIbHBI, HEOOXO-
JIMMO U IOCTaTOYHO BBITIOJIHEHUE YCIIOBUM:

B e =) =0 (j=Ln),

- ] - ) .
¥ Qo h)=0 G=1m), 2.31)

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)

s
OKOHOMHYECKH 3TO O3HAUYAET, YTO €CIM 110 HEKOTOPOMY ONTHUMAJIbHOMY IUIaHY * Ipou3-

. &
BOJICTBA PacXo/[l i-Io pecypca CTpOro MEHbIIIE €ro 3amaca ¢, TO B ONTUMAJIbHOM 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

S O s

% (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 BO3MO)I(HOCTCﬁ U UMCHOIIUXCS peCprOB, MOXKET BBIHyCKaTb n paanqulx
BHUJIOB TPOJYKIIMU (TOBApOB), M3BECTHHIX 1107 HOMEpamMHu, O0O03HAYaEMBIMH HHJCKCOM j

F=Lx) Bynem 00603Ha4YaTh 3Ty MPOAYKITUIO HJ". [IpeanpusiTie Mpu MPOU3BOACTBE 3TUX BH-
A0B IMPOAYKIUU HOJKHO OTPAaHUYHBATHCA MMCIOIIUMUCA BHAaMHU PECYPCOB, TGXHOHOFHﬁ, Apy-
TUX TPOU3BOJICTBEHHBIX (DAKTOPOB (CHIphs, ModypadpukaToB, pabodeil Cuibl, 000pyIOBaHUS,
3JIEKTPOIHEPTHUH U T. 11.). Bce 3Tu BUBI OrpaHUYMBAIOIINX (PAKTOPOB HA3BIBAIOT MHIPEAHECHTAMH

R, G =1
I, HYCTI: X 4YHUcCJIo paBHO m, HpI/IHI/IH_IeM UM UHAOCKC 1 (3 1’ P?E:I . OHI/I OI‘paHI/I‘IeHBI, 1 UX KOJIN-

BBy, b

YecTBa  paBHbl  COOTBETCTBEHHO ® yCIOBHBIX  emuHuIl. Takum  oOpazowm,

b=k b k)

- BEKTOp pecypcoB. M3BecTHa 3KOHOMMUECKas BbIIOAa (Mepa IMOJE3HOCTH)
IIPOM3BOJCTBA IPOAYKIMH KaXKIOT0 BUA, UCUUCIIAEMas, CKaXKEM, 10 OTILyCKHOM LIEHE TOBapa,
€ro NpuOBLIBHOCTH, U3EP>KKaM MPOU3BOACTBA, CTENEHH YAOBIETBOPEHUS MOTPEOHOCTEN U T. 1.

> [ '=_
HpI/IMeM B KaAU€CTBC TaKOM MCPBI, HAIPUMEP, LOCHY pcalu3alnuun J I:J ]'";2}’ T.C.

E=(oy o, o6 'y
(e J ) — BEKTOp IeH. VM3BeCTHBI TakKe TEXHOJOTHUYECKHE KOIPGUIIMEHTHI ¥,

KOTOpPBbIE YKa3bIBaIOT, CKOJIBKO €IMHUI] i—TO pecypca TpeOyercs A MPOU3BOJACTBA €IMHULIBI

OPOAYKIHH >j-T0 BUAa. MaTtpuily K03 PUIueHTOB %% Ha3BIBAIOT TEXHONOrMUECKOH U 0603HA-
varoT OykBoil 4. imeem H:[ai?']. OGo3HAYMM uepes (s Koo %)
MOKa3bIBAIOLLNN, KAKUE BUJIbI TOBAPOB [heo Il I HYKHO IIPOU3BOIUTH U B KaKUX KOJIUYE-
CTBaX, YTOOBI 00ECIIEUUTh MPEANPUATUIO MAKCUMYM O0beMa peanu3aliyl Mpu UMEIOIINXCs pe-
cypcax.

IJ1IaH TpOU3BOJACTBA,

o, o A
Tak kak "i- [CHa pcain3allui CAUHUILIBI j-U NPOAYKIHHU, HCHA PCAIM30BAHHBIX ¢ SIUHMUIL

Oyzner paBHa it , a oOmuit o0BeM peanu3anuu T A .

OTO0 BBIpaXEHHE — IeneBas  (PYHKIUSA, KOTOPYIO HYXHO MaKCHUMHU3HMPOBATH.

[ 0P . X ..
Tak kak %77 - pacxon i-ro pecypca Ha IPOU3BOACTBO ¢ €IMHHUI j-H IPOLYKLHUH, TO, IIPO-
CYMMHPOBAB pacxojl i-r0 pecypca Ha BBIIIYCK BCEX /7 BUAOB MPOIYKIMH, MOTYYUM OOIIUHN pac-

. bofi=
XOH OTOrO  pecypca, KOTOpbI He  nOMKkeH  mpeBocxomurs i &= L)

A+ G T S

E€IMHHIL:

f=(x1;x3;...;rJ-;...'

UToObl MCKOMBIN ILIaH I”}GLIJI peanu3oBaH, HapsAy C OIPaHUYEHUSAMM Ha

. X
pecypehbl HYKHO HaJIOKUTh YCIOBHE HEOTPUIATEIHHOCTH Ha 00BEMBI ~# BBIITyCKa MPOAYKIIUU:
20 (=1



Taxum 00pa3oM, MOETH 3a/1a41 O HAWJIYUIIEM UCIIOIb30BAHUU PECYPCOB MPUMET BUJI:

max 2 = E:'-l".;"x.;" (2.33)
IIpUu OTpaHUYCHUAX
E:‘-lﬂﬁx.i" =5 (i= ﬁ:‘ (2.34)
%20 (F=1n) (2.35)

X o
Tak Kak TepeMeHHble ¢ BXOAAT B QyHKIHIO © (%) y CUCTEMY OTpaHMYEHUI TOJIBKO B IEp-

BOil CTeleHH, a Mokasarenn o b, SIBJISIFOTCSL TTOCTOSIHHBIMH B IUIAHUPYEMBIN IIEPHOJ, 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-
CATCS 33J]a9i O BBIOOpE IUETHI, COCTABJICHUHA KOPMOBOTO paIliOHA B JKHBOTHOBOJICTBE, IIUXT B
METaJUIypruy, TOPIOYMX M CMa30uHBIX cMeceil B HedTenepepadaThIBaONICH MPOMBIIIICHHOCTH,
cMecel s TIOYYeHHUsl OETOHA B CTPOHUTENBCTBE U T. 1. BBICOKMI ypOBEHB 3aTpaT Ha UCXO/IHBIC
CBIPbCBBIC MATCPHUAJIbI U H€O6XOI[I/IMOCTI> IIOBBIIICHUA 3(1)(1)GKTI/IBHOCTI/I IMPpOU3BOACTBA BbIABUTI'A-
€T Ha TIepPBBIN IUIaH CIEAYIONIYIO 33a4y: OJYYUTh MPOIYKIIUIO C 33JaHHBIMU CBOMCTBaMU TPH
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:

Conepxanue KoMBHKOpM
B 1 k.

A B C
DKupb1 320 240 300
beiku 170 130 110
[YrieBoanl 380 440 450
CtomMocCTh 1 KT 31 23 20

CKOJIBKO KHJIOTPAaMMOB KaX/10TO BHJ1a KOMOMKOpMa HYXXHO Ka)JIOMY >KMBOTHOMY, 4TOOBI I10-

JIydCHHad CMECH numeiia MHWHUMAJIbHYIO CTOMMOCTB?
MaremMaTudeckas MOJIeIb 3a1a4i €CTh:
xl, .'-YH, x3

- komnyecTBOo koMOukopma A,B 1 C. CTOMMOCTb CMECH €CTh:
3ay +43 5, + 20y — tuin

320 q +240 x5 +300 x; 2800 ;
170 2 +130 x5 +110 x; 2 700,
380 2 + 240 x, + 450 x5 2 900,

: Aozl
OrpaHuveHuss  Ha  KOJMYECTBO  WHIPEIMECHTOB: -

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?

T i=1234; j=12.34

O06o3HaunM 3a - IIEPEMEHHbIE, KOTOPbIE MPUHUMAIOT 3HaueHus 1,

.o o . x. =10
ecn i-i pabounii paboTaeT Ha j-M craHke. Ecnu maHHOe yciaoBHE HE BBITIOJIHSIETCS, TO ¥ .
IleneBast pyHKIHS €CTh:

23x H1 0 x + 22k 4T L Er 2 20 20 H 1B +

+203p 428y +4 28y 43+ 25y 45y +2 85, 428, — min

Broaum orpanndenus. Kaxapiii pabounii MokeT padoTaTh TOJIBKO Ha OJHOM CTaHKE, TO €CTh

¥ FxgHrggtxy =1

Yt trg+r, =1

Iptrg trptay =1

Yy trgtrg+r, =1

Kpome  Toro, kaxaplii  CcTaHOK  OOCITYy)XMBaeT  TOJBKO  OIWH  paboumid:
ptiptripgtag=1

Xig t X txp+H L =1

Igtipgtigtrg=1;

Yip FXqq +xg 2, =1

Kpome Toro, Bce miepeMeHHBIE JOKHBI OBITh LEIBIMA ¥ HEOTPUIATEIBHBIMU:

g2l xp- yensie
TpancnopTHasi 3a1a4a, MeTO/bI ee pelIeHusl.
Mamemamuueckas mooensb 3adauu

JluHeliHbIe TPaHCIIOPTHBIE 33]a4d COCTABIISIOT OCOOBIN KJIacc 3ajad JUHEHHOTO Iporpam-
MHpOBaHUS. 3a/1a4a 3aKII0YAETCsl B OTBICKAHUM TAKOTO IJIaHA MEPEBO30K MPOAYKIIUU C M CKJIa-
JIOB B ITYHKT HA3HAYCHUS 71 KOTOPBIA, MOTpeOOBaI OBl MUHUMAIBHBIX 3aTpaT. Ecian moTpeduTens
J ToJlydaeT eIUHHIlYy IPOIYKLIHUH (II0 MPSIMOW AOPOre) 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 chi = Z -E:'i,
Janee, IpeAonaracTcs, 4To -1 J-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 OTIPABIEHUS MPEBBIIIAET CYMMY MOJAHHBIX 3asBOK

Zm:l ﬂi}i f?i, i 71 Zx:l fi'i,

=1 /-l 70 xonmuuecTBO MpOAYKIUH, paBHOE J=L ocraercs Ha ckiagax. B atom ciy-
™ ]
Ya-3h

yae Mbl BBeaeM "(QukTHBHOro" morpeburens ntl ¢ morpebHOCTBIO -1 M1y momoxum

TPAHCIIOPTHBIE PACXOBI P; ,+1 paBHbIMU O 1)1 BCEX i.
M

]
E m{z &,

2. Ecmu cyMMa TMOJAHHBIX 3asBOK MPEBBINIACT HAMW4HbIE 3amacel ! /=l 10 moTpel-
HOCTh HE MOXET OBITh MOKPHITA. DTy 33724y MOKHO CBECTU K OOBIYHOI TPAHCIIOPTHOM 3a1a4e ¢
NpaBUIBHBIM 0aJaHCOM, €CIM BBECTH (HUKTHUBHBIN MYyHKT OTHpaBieHHs m+1 ¢ 3amacom

ol ]
Z-E:'I - Zﬂi
=1 J=l ¥ CTOMMOCTH TMEPEBO30K M3 (PMKTHBHOIO IYHKTA OTIPABJICHUS BO BCE IYHKTHI

HA3HA4YCHUS INPUHATH PaBHBIM HYIIIO.
MareMarnueckast MOJEIb TPAHCIIOPTHOM 3aa4l UMEET BU:

Y w=ali=1. m);

7=l

iigﬂxﬂ —> rmin

il jel

S ow=b (=1,

il
=0 (=1 m =1 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 [Cmpoumensnviii 06vexm

1 2 3 4
1 8 4 1 7
2 3 6 7 3
3 6 S5 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:

e, i=12735 j=12734 .. .o
g - KOJTMYECTBO IEOCHKH, MEPEBO3UMOI ¢ i—TO Kapbepa Ha j—id o0BekT. To-

raa meneBast GyHKIUS paBHA

By +duy 4wy +Tny, 3y Hng + T xg + 3%, +

+ Bxy + 5%y + 11y + 8%y — 1min .

OrpaHuyeHust UMEIOT BU/T
(7)) + Xyg + X3 + Xy =800,
Hypt Egg t Kyp + gy = 200,
Ty Fag + Aap + Xy = 600
7 X+ Eyp + Ay = 300,
Xpg + Xy + A =600

Azt Xz + Ay = 650,

| Fpq + Fgq + Ky = 750,
L
Xy =1

Cocmaenenue onopnozo nnana

PemreHre TpaHCHIOPTHOM 3aJadd HAYMHACTCA C HAXOXKACHWUS OINOpPHOro 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.

Tabmamia Ne 2.1

B, B, B, B, Bs 3amacel da-;
A 10 8 5 6 9 48
A, 6 7 8 6 5 30
A3 3 7 10 8 7 27
Ay 7 5 4 6 8 20
3asBKH b; 18 27 42 12 26 125

bynem 3amonHsATh TabmWIy mMepeBO3KaMH IOCTENEHHO HA4HMHAs C JIEBOM BEPXHEH SIMCUKH
("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,
UMEIOIIerocsi B MyHKTe A; , u 3anuuiem nepeBo3ky 18 B kierke (1,1). [locne sToro 3asBka
NyHKTa B; yJOBJIETBOpPEHa, a B NyHKTe A; octaiock emé 30 eauHuil rpysa. YAOBJIETBO-
puUM 3a CcuéT HUX 3asiBKy NYyHKTa B (27 enunmun), 3anumem 27 B kietke (1,2); ocraBmmecs
3 enuHUIBI MyHKTa A; Ha3HauMM NYHKTY 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 COOTBETCTBYIOIEMY 3a-



macy, a B croisiOIe - 3asgBke. Takum o0pa3om, HAMH Cpa3y K€ COCTaBJEeH IUIaH MEPEeBO3OK,
YIOBJETBOPSIONINI OanaHCOBBIM yclIoBUSAM. [lodydeHHOE pellieHue SBISETCS ONOPHBIM pe-
wieHuem MpaHcnoOpmHoU 3a0aqu:

Taomuma Ne 2.2
B1 Bz B3 B4 B5 3amacel a i
10 8 5
A4 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 3anacel aj
5 5
A 10 8 - ° 9 48
A, 2 7 8 6 g ) 30
As 8 ;7 10 8 (7) 27
A Z . 5 4 2 8 20
Sanmcn b I8 7 | 2 Z 1 2 | 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 - . HeobxoamMo OTMETUTh TakK)Ke, 4TO BCTPEUAIOTCS Ta-
KM€ CUTYalllH, KOTJa KOJIMYECTBO Oa3MCHBIX KIETOK MeHbINe 4eM m + n - [. B atom cuy-
yae pachnpenenuTesibHas 3ajada Ha3bIBAa€TCA 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 emunun u3 kietku (1,1) B knerky (2,1) u 4roObl HE HAPYIIHUTH
Oamanca mepenecéMm Te ke 18 emunun 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 3anacel a ;
Al 10 b 6 o 43
As . 7 i 6 |5 30
As 8 7 ;0 2132 / 27
Ay 7 5 4 6 20 20
Sammcn b 18 R 2|26 125

Ha »sToM cmocobe yMeHBIICHHsS CTOMMOCTH B JalbHEWIeM U OyJeT OCHOBaH ajro-
PUTM ONTUMHM3AIMU TUIaHa 1epeBo3oK. LIMKIoOM B TpaHCHOPTHOHM 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 YKUCIO BEPIIMH M 3HAUYUT, YETHOE
YHCJIO 3BEHBEB (CTPENIOK). YCIOBUMCS OTMEYaTh 3HAKOM + T€ BEPIUMHBI LIMKJIA, B KOTOPBIX
MEPEBO3KM HEOOXOAMMO YBEIMYWUTh, a 3HAKOM - , T€ BEPIIHHBI , 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, CTOSIIME B OTPULATEIBHBIX BEPIIMHAX YMEHBIIUTh HAa TO K€ KOJUYECTBO.
OueBUIHO, IpU TepeHoce JII0OOro YHciaa €JUHMII MO LUKIY PAaBHOBECHE MEXIY 3aracamu
U 3asBKaMM HE MEHSIETCA: [0 IMPEKHEMY CyMMa IE€PEBO30K B KaXJOH 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 TOJOKUTENBHBIX BEpIIMHAX OepyTcs €O 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 OA3MCHBIX KIETKaX TaOJUIIbl, TI€ CTOSAT MOJOXKHUTEIb-
HbIe TMEepeBO3KU. EcM NHKIOB C OTpHIATENIBHOW IIeHOM B Tabmuile OOJblle HE OCTaIoCh,
3TO O3HAYaeT, YTO JalbHENIIee yIydllIeHne JIaHa HEBO3MOYKHO, TO €CTh ONTHUMAJIbHBIN IJ1aH
JOCTUTHYT.

MeTol TOCIENOBAaTENIBHOIO YIYYIIEHUs IUIaHa IEPEBO30OK U COCTOMT B TOM, 4YTO B
TaOJIMIe OTHICKUBAIOTCS LUKIBI C OTPULATEIbHON ILIEHOW, IO HUM IEPEMELIAIOTCS INEepeBO3-
KH, U IUIaH 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 O3TOU
CBOOOJHON KJIETKE, a BCE OCTalbHble B 0a3uCHBIX KieTkax. Ecim 1eHa Takoro Lukia, ¢
IUTIOCOM B CBOOOJHOW KJIETKE, OTPHLATENIbHA, TO IUIAH MOXHO YIYYIIUTh IepeMelleHueM
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 IUKJIAa M B MEPEMELICHUU IEPEBO30K M0 ITOMY LUKIY.

PacnipenenurenbHblii METOJ pELICHUS TPAHCIOPTHOM 3a7add, C KOTOPBIM MBI II03HAKOMU-
JMCh, 00IaJa€T OAHUM HEIOCTAaTKOM: HYXKHO OTBICKMBATh IIMKJIBI JUIs BCEX CBOOOJHBIX Kile-
TOK ¥ HaxoauTh HMX LeHbl. OT 3ToH TpynoéMkol paboThl Hac M30aBISIET CHEIHATbHBIN
METOJ PELICHUs TPAHCIIOPTHOW 3a/auM, KOTOPbIM Ha3bIBa€TCSI METOAOM IOTEHLUAJIOB.

Pewenue mpancnopmmuoii 3a0auu mMemooom NOMEHUUAanI08

OTOT MeTOJ] NO3BOJISIET aBTOMATUYECKM BBIAEIATH LMKIBI C OTPULATEIbHOM LEHOH M
ONpEAENATh UX LCHBI.

ITyctes MMeeTcsl TpaHCHOpPTHas 3ajadya ¢ OaJaHCOBBIMU YCIIOBUSMU

by
Zm= a (F=1,.,m)

J-1

Y =b(j=1 )

i=1
w20 (=1 m j=1..%)
ol ]
>z
i=1 7=1
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 CTOHMMOCTBL 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 OYe€pelb KaXAbIi 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 BEIMYHUHY C; “TICEBIOCTOMMOCTBIO” NEPEBO3KH €AMHULIBI
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 TOIMyCTUMOTO IJIaHa IEPEBO30K NPH 3aJaHHBIX IUIaTekaX (o; U f;) OOHA M Ta Ke U
OT TUTAaHA K TUIaHY 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 nasa 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) —
NOTCHUUAaMUA TIYHKTOB A; u B; (i=1,...,m; j=I,..., n). Ilonp3yace 3TOH TEPMHUHOJIOTUCH BBbI-
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 Kaxaoi Oa3HCHOM KIETKE IMONYYUThCS CyMMa ILIATEXei, paB-
Hasi CTOMMOCTH TIEpEBO30K B JAaHHOM KJIETKe; 3aTeM, yiydlias IUIaH cleAyeT OJIHOBPEMEH-
HO MEHATh cucTeMy Iarexei. Tak, 4to oHM npubmmxkaoTcs K noreHimanam. [lpu ymyd-
IIEHUM TIJIJaHa HaM MOMOTraeT 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 OTPHIATEIBLHON IEHOM.

[Iporenypa mOCTpOEHUS MOTEHIHAIBHOIO (ONMTUMAIBHOIO) 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, B; B4 Bs (041
10 8 5 6 9 ~
A, =7 =6 42 6 =6 =0
6 7 8 6 5
A, 4 &=5 ¢=4 &=5 26 0= -1
8 7 10 8 7
A, =38 27 =6 =7 0 05= 1
7 5 4 6 8 0
A, 14 =6 &=5 6 =6
B; Bi=7 B=6 Bs=5 Bs=6 Bs=6
Oy = 0, =>

S4=6, Tak xak a,+f,~C1=6,=>
0,=0, Tak xak a;+f,~=C;~6, =>
[5=5, Tak xak o,1tf;=C;3=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-
TUMATbHBIM M MOXET OBITh YIY4IIEH MEePEHOCOM IMEPEeBO30K 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

v : 0 . h

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 - U IMPHUOABIISITH 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 LUKITY, COOT-
BETCTBYIOIIEMY JII00OW CBOOOJHOM KIIETKE C OTPHLATEIBHOW LEHOW (11 KOTOPOM ICEeBO-
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 OIIPECIICHHS TEOPUH IrPadoB.
2. Mopenu 1 anropuTMbl CETEBOT0 aHAJIN3a

1.7.2 KpaTkoe coaep:kaHue BONPOCOB:

OcHOBHbIE IOHATHS U ONpeeIeHus Teopun rpagos.



[pex e 4eM MPUCTYIHUTh K TOYHBIM OIPEIEIICHUSM, TTOSICHUM MX HarsiaHo. JIroboe koHedHoe
MHOXECTBO TOUEK (8epuiut), HEKOTOPBIE U3 KOTOPHIX COEAUHEHBI TIOMAPHO CTPEIKaMHt (B TEOpUHU
rpadoB 3TH CTPEIKU HA3BIBAIOTCS dyeami), MOKHO pacCMaTpuBaTh Kak zpag (puc. 1). Hampumep,
rpa¢ MoxeT u300paXkaTh CETh YIIUI] B TOPOJIE, BEPIINHBI Tpada — MepeKpPecTKU, CTpesIKaMu 0003Ha-
YEHBI YIIUIBI C pa3pEIICHHBIM HalPpaBJICHUEM JBIKEHHS. (Y IIHIIBI MOTYT OBITH C OTHOCTOPOHHUM H
JIByCTOPOHHUM JIBHKeHHEM.) OTMETHM 3/1eCh IBa MOMEHTa. Bo-mepBhIX, He 1100011 rpad MoKHO
M300pa3uTh Ha MJIOCKOCTH TaK, YTOOBI TyTH MEPECEKATUCH TOJIBKO B BepIIHHaX (puc. 2). Bo-BTOpHIX,
JIBE BEPIIHUHBI MOTYT ObITh COETUHEHbI HECKOJILKUMU 1yTaMH, UAYIIMMHU B OJJHOM HaIrlpaBlICHUH
(HampuMep, TaKUM CBOMCTBOM MOXKET 00J1afiaTh CXema JKeJle3HbIX gopor). Takue ayru Oynem
Ha3bIBATh KPAMHBIMU, a Tpad, Coep AUl KpaTHBIE IyTH, YaCTO HA3BIBAIOTMYAbmuzpagom (puc. 3).
Ecnu moguepkuBaeTcs, 4To B JTaHHOM rpade HeT KpaTHBIX AYT, TO OH Ha3bIBACTCS cpaghom oe3

Kpammuuix oye.
Iy

Ly Iy

x, z

Iy =
Puc. 2 Puec. 3

Onpeneaenne 1:MyabTurpadoM win mpocto zpagpom ‘S HazbiBaeTCs mapa 06bEK-

 G=IX. T}

TOB: , THE X KOHCYHOC MHOXKCCTBO BCPIIIWH, a I- KOHCYHOC IMOAMHOKCCTBO MTPAMOT0

FaX e -

IMPOU3BCACHUA . HpI/I 9TOM X HA3bIBACTCA MHOMNCECTNBOM 6EPULUH, A . MHOIMHCECNBOM

dye rpada G Yucno - YKa3bIBaeT Ha KOJUYECTBO AYT (KPATHOCTH).

Xy
1 <—30)

Puc. 4

[ToxaxkeM, kKakuM 00pa3oM BBEACHHOE OmpeaesieHne popMaanuszyeT NoHsITHe rpada, *HTYUTUBHO
OIIMCAaHHOC BBLIIIIC.
.
Jyry (cTpenKy), COeIMHSIONIYIO BEPIIMHbBI “* , ~+ , MBI 0003HAaYMM 4epe3 - = - -, rae " -
X, .
HayaJio AyTH, + - €e KOHell, a ¥ - Homep nyru. Hammpumep, rpad, n300pakeHHBINA HA PHUC. [, MOXKET
6I>ITB AHAJIUTUYCCKHU OIIHMCAH COOTHOILICHUAMMU:
. < i - i L F— Y i <]
A= LF = {1 G o 20, s 1, m B Ge ) (%)

OTMeTHM, YTO TIPH HyMepaIluu AyT He TpeOyeTcs, YToObl OBLTH UCITOJIb30BaHbl BCE HOMEpa, Ha-
YHHAs C €AUHHILIBI U J0 YMCIIa YT MEXIy JaHHBIMU BepiinHaMmu. Hampumep, rpad Ha puc. 1 moxer
OBITH OITMCAH TaK:

X=i{w, 506,00 = ﬁ;xl,xf,ZDE\},f_x;,xl,i},[xf=x3 A1, 5, 07 (%)

I'padsl, 3anannbie cooTHOmEHUAMH (*) 1 (**), OyzneM cuutarh paznuunbivu. s popmanmsa-
UM «UJACHTHYHOCTI» 3TUX I'padOB BBOAUTCS HIDKE MOHATHE H30MOphHU3MA.
Kax yXe CKa3aHo B ONPE/CNCHNH [, SIEMEHTHI MHOXKECTBA { HA3BIBAIOTCS Oy2aMU.
-

Y
O PR o
L e 'J Ha3bIBACTCs nem.Jieu.

{.J:I: xzrij

Onpenesenne 2: Jlyra Buma

Ha puc. 3 npucyrcTByer nets . Heckombko crnoxxknee nousitue peopa. iHorna Ha
rpage B KakoH-JIn00 NpUKIIaJHON 3aJjaue HET HEOOXOIMMOCTH 3a/1aBaTh HAIIPABJICHUE CBSI3U MEXKAY

BepiiHaMu ¢ U ¥ . [Ipu n300pakeHUH B 3TOM cilydae CBSI3b PUCYIOT 0€3 CTPEIKU U TOBOPAT O



pebpe, COSAUHSIOmEM 1 s (puc. 4, a). bynem cuurtarh Takue pedpa 00beAMHEHUEM

A
l?{“{h] lx:=x==33]
SR g YVETETY ¢ O IMHAKOBBIME HOMEPAMH.

‘./ - :s']E
Onpenesenne 3:PedpoM Ha3bIBACTCS MOJIMHOKECTBO BU/IA :J?f L g lﬁ«“ FF r )

WnmocTparueit MOeT ¢y Xuth puc. 4, 6. Bunno, uto eciu Ha rpade 1Be BEpUIMHbI CBSI3bIBa-
IOTCSI lyTaMH € IIPOTHUBOMOJI0KHBIMY HAIIPABJIECHUSMH, TO 3TH B IyTH MOTYT OBITh 3aMEHEHBI OJTHUM
pebpom.

Omnpenenenne 3: I'pad G= {X o } HA3BIBACTCSI CUMMEMPUYECKUM, €CITU IJIs TFOOBIX HOME-
-

i lx % le F fm._xg;:]ef
pOB “*~ W3 TOrO, 4TO Ayra - = +* - CIIEAYET, UTO Jyra -+ )

Y )
I £

x; T
Pac, 3

" E
El“{ XL l;?f; KL E

¥
U3 OIpPECACIICHUSA BUAHO, YTO MHOXECTBA B A - I CAHMMETPHUYECKOTO Ipa-

da o6pasyroT pazbuenne MEOKecTBa { . MHOKECTBO KJIACCOB 3TOr0 pa3bueHns obo3Hayaercs L u

HA3BIBACTCS MHOXKECTBOM pebep cummerpuueckoro rpada & . [Moguepkuem, uto { ompenensercs
TOJIBKO ISl CHMMETPHUYECKHX IpadoB.

B nanbHeiiiem, formyckas BOIBHOCTE peq? B CITy94asX, TIe 9TO HE MOKET HPHBECTH K PasHOYTe-
HUsM. BMecTo ciioB «pebpo €0, % T E:! * » 6yeM roBOpUTH «pebpo %%, ‘H;l »

Omnpenenenne 4: [10THOCTHI0 HEOPHEHTHPOBAHHBIM TpadoOM HA3BIBACTCS Mapa 00bEK-
- _ [+ 7
To &= [X A

el

,TJIe - - KOHEYHOE MHOKECTBO BEpIINH, a
+1.x. e
s 14,

2 Pl

IMMPOU3BCACHUA T , COCTOAIICC 13 3JICMCHTOB BH A * S, TaC A COACPKUT POBHO ABa 3JICMCH-
Ta.

- KOHCYHOC ITOAMHOXKECTBO IIPAMOI0

%

VY NOJHOCTHIO HEOPUEHTUPOBAHHBIX I'padoB BCE AYTU — €CTh pedpa (HET HANpaBIIAIONIUX CTpe-
JIOK HU Ha OJTHOM JyTe).
Hanum popmanbHOe onpezeneHue rpada 6e3 KpaTHbIX JIYT.

Onpenenenne S:I'padom 6e3 KpaTHBIX AYT Ha3bIBaeTCs rpad G=|X.F}
e

, YAOBJIETBOPSIOIINI

YCIOBHIO: IS MOOBIX “** CyIIecTByeT caMoe GOJbIee OUH dIEeMEHT <+ TaKof,

A
l.?{::_&‘,'::]j]Ef
yro - TTEE

OTO0 03HAUAET, YTO KaKIas Ayra, COSANHAIONas pedpa, BCTpeyaeTcst TOIbKO OuH pa3. [l onu-
caHus rpagoB 0€3 KpaTHBIX TyI MO’KHO BOCIIOJIb30BATHCS YIPOILAIOLIEH CUMBOIMKOM -
A A o

2|
ry e, rpada & 0603HaUATH e, '} . TakuM 00pazom, MOKHO JIaTh APYroe onpeaeneHue rpada

0e3 KpaTHBIX YT, ’KBUBAJICHTHOE PUBEACHHOMY BBIIIIE.

G={X.T} pe ¥ .

Onpenenenne 5*: I'padhom 6e3 KpaTHBIX IyT HA3BIBAETCS Mapa 00bEKTOB
KOHEYHOE MHOKECTBO, a { = -t #.% |
[Moxasxxem, uTo rpad 6e3 KpaTHBIX YT OMpEesieT HEKOTOPOe 0ToOpaXeHne (KOTOpoe TaKkxke

Gynem oGosnauars Gyksoii I ) £ X = ¥ KaxzoMy s1eMeHTy - = X

o Fxje2® X, € Fix

COIMOCTaBUM INOJMHOXECCT-

B cnenyromuM oopazom. Cunraem, 4To TOrJa ¥ TOJILKO TOT'Ia, KO-



lx.x, leT i x
raa 1 '?{«'J . BepHo 1 oGpatHoe: mo6oe orobpaxernne { X —* < onpenensier rpad. MoxHO

JaTb GH_Ié OIHO 3KBUBAJICHTHOC OIPCACIICHUC.

Omnpenenenne 5%*: ['padom Oe3 KpaTHBIX IyT Ha3bIBACTCS Mapa 0OBEKTOB G=\X.T} ,

rae -¥ — KoHeuHOe MHOKECTBO, a F2Xx—-I O0TOOpaKEHHE.
B nanpHeiimem OyayT paccMaTpuBaThCs M MOJHOCTBIO HEOPHEHTUPOBAaHHbIE I'padbl 6€3 KpaT-
] E s .

i

HBIX pebep. Pebpa takoro rpada Oynem yacto o003HauaTh - **' ¥ WIIM, SKBUBAJICHTHO - + U
; ;

. |, x. 1
FOBOPHUTH O HEYIIOPAIOYCHHON Mape BEPIIMH < * %

Onpexneaenne 6: [lyry %€ £ ypepumny * 4 HazoBeM unyuoenmuvimu,

x = fipa x=JIlr.u

m WIH (BepmnHa * sBnseTcs MO0 NMEpBOi, 1100 BTOPOM MPOEKIUEH qyru & ).

Pebpo # = iy BEpIIMHY * = A Haz0BEM UHUUOEHMHBIMU, €CITA NHIHICHTHDI y-

kS

ra €&y * Jlyry & | TaKyro, uTo fipu ==

o =x

, Ha30BeM UCXOISIIeH U3 * , a eClIu , TO

o S £
BXOJSIIEH B * . ﬂBe BCPIIWHBI * U < HA3BIBAIOTCA CMEHCHbIMU, CCIIU CYLICCTBYCT Ayra, CO€au-

Hsromas aubo ¢ ¢ ¢, qubo v ¢

Onpenenenne 7:IyTém B rpade G=\X.T}

S utg. b w =1
5 5

Ha3bIBACTCA TaKasd KOHCYHAs IOCICI0BAaTCIIbHOCTD

Mpou, = Nz fippa, =1lp

IyT ¢ . Ecnu, kpome Toro,

¢ |
myte = =4) gaspiBaercs konmypom. TlyTh HA3BIBAETCS MPOCMbIM, €CITU U3

, TO

is H, * 1
Ba ‘¥ cienyer <, U 3JIEMEHmMAapPHbIM, €CIIU T1I0CIICA0BATCIBLHOCTDL BEP-
{ ; er
LIUH Wipsh Lz, lip EM“}He COJICPKHUT COBIAAIONIUX JIEMEHTOB, KPOME, MOXKET ObITh, KpAHUX.

WnTepnperanus mytu (1 KOHTYpa) B rpade oueBuHa. [1yThb sBIsIeTCS MPOCTHIM, €CIIU MPH JIBU-
JKEHUH BJIOJIb HETO OJIHA U Ta JK€ Jyr'a HUKOTa HE IIPUXOAUTCS ABAXKIbI, U DJIEMEHTAPHBIM, €CIIU IIPU
9TOM HMKaKas BEPIUMHA HE BCTPEYAECTCS ABAXKBIL.

G=|x.T}

[Iycts Teneps CUMMETpUYECKui Tpad.

Omnpenenenne 8:Ilenbro B cumMmmerpruueckoM rpade G HasbIBaeTCs TaKas MOCIICIOBATEb-
- 1

- - 1

ETIRE S B - T}
HOCTb - o, %=1 hegep rpaga C |, uro cymectsyer myts i =¥4) g G ynosnersopso-

-y i_11
@, T g 1_.,_..

LI YCIOBUIO U1 7 Tlenb HA3BIBACTCS YUKIOM, €CITH COOTBETCTBYFOIIHIA ITyTh
ecTh KOHTYp. Llens Ha3bIBaeTCsS npocmoii (37I€MEHTAPHOM ), €CITH COOTBETCTBYIONINI TyTh TPOCTOM
(371IeMEHTapHBIH ).

-

:
B, By

(3 " 3
OdeBHUIHO, YTO JUISI TFOOOH 1Ienu * <, 2 « cylecTByeT pOBHO OJUH

o ——

H =
H O, o o
el i, 910 AOKa3bIBACT KOPPCKTHOCTH OIMIPCACICHUN TPOCTOU U

IyTh {z" = , TaKOM, UTO “
3JIEMEHTApHOM 1IEMH.

=70 yasmsacres cyzpaghom rpada G=L.17) , ec-
Ha3bIBaeTCs noozpaghom rpada G , €CIIU XX =T il s | )

Haxkowerr, rpad & nasbiBaercst wacmeio rpada & | ecin Ao ier

Takum o6pa3om, cyrpad nmosyqaercst u3 rpada yganeHrueM HEKOTOPOTo YUciIa IyT (C coxpaHe-
HueMm BepuuH). [loarpad momyyaercs u3 rpada ynaneHueM HEKOTOPOTO YKCIIa BEPIIMH BMECTE CO
BCEMH JyraMy, HHIIUJCHTHBIMU yIalleHHOH BepimuHe. YacTs rpada momydaercs u3 rpada npuMeHe-
HHUEM KOHCYHOTI'O YHcCiia O6€I/IX OIMMCAaHHBIX onepaum‘/’l.

Omnpenenenne 9: I'pad G
m A =AE D .Ipadp &



. . G, » e
Omnpenenenne 10: Haumenbmumii cuMMeTprudeckuii rpad — 4~ Tako#, 4to Y sIBIseTCs Cyrpa-

G=|x.I

G
dbom T HasbIBACTCS cUMMempu3oeannvim rpadom rpada .

=7

Omnpenenenne 11: I'pad G Ha3bIBACTCS CUIbHO CEA3HBIM, CCIIH JIJIS JTIOOBIX IBYX BEp-

1110705 SRERRNE , < CYILIECTBYET IIyTh ' »} TaKOM, YTO

.

x =ddpe,. x, = Fon,

Onpenenenne 12: Cummerpuyeckuii rpag G= Ha3bIBACTCS CBA3HBIM, €CJIM OH CHUIIBHO

. . G
cBsi3eH. [Ipon3BonbHBI rpad Ha3bIBAETCs CBSI3HBIM, €CJIH CBSI3€H €r0 CHMMETPU30BAaHHBIN rpad — 4+ .
N3 >Tux onpeneneHuit mpsiMo CIEAYET, YTO MOHSATUSI CBI3HOCTU U CUJILHOM CBSI3HOCTHU COBIIAJa-
10T JJI1 CHMMETPUYECKUX IrpadoB.

Onpenenenne 13: Ioarpad & rpada ¢ HassiBaercs KoMmonenToii cBsizHOCTH Tpada & |
€cllu a) G ceasen, 0) G 06namaeT CBOACTBOM MAKCHMATBHOCTH, T. €. eCii & - HEKOTOPBINA IpPYrou
csi3ubtit moarpab & u =G | rorpadsr € u & cosmazaror.

Onpenenenne 14: Bynem ropoputs, 4ro pebpo < f gpnsercs nepeuieiikom B CAMMETpHYE-

CKOM Tpade G={X. I} , €CITTU TIPH YAAICHUH 3TOT0 pedpa KOJUIECTBO KOMIIOHEHT CBSI3HOCTH rpada
YBEJIMYUBACTCS HA EUHUILLY.

OueBUIHO, YTO PeOPO ABIAETCS MEPEUISHKOM TOTIa U TOJIBKO TOT/AA, KOTAa HE CYILECTBYET MPO-
CTOTO LMKJIA, COAEePMKAILEro 3TO pedpo.

Onpenenenne 15: [oaycrenennio nexona £ BepIIUHbI
nee nyr. [losycrenennio 3axona ¢ BepmmHEl * Ha3bpIBAETCS YMCIIO BXOAAUINX B Hee AyT.CTeneHbIo
BepIIMHBI 5 % yaspiaercst uncno £ F

3ameuanme: MHOor1a B cUMMETpUYECKUX rpadax CTEMEeHbIO BEPIIUHBI * OyJIeT Ha3bIBAThCS
YHCII0 UHIMJICHTHBIX el pebep. 3 KkoHTekcTa Beernia OyneT siCHO 3HaueHHe Yucia 5% g KaXXZ10M
ciyuae.

* Ha3bpIBACTCS YHUCJIO UCXOISIINX U3

Omnpenenenne 16: Pebpo # cummerpudeckoro rpada G=\X.T} HAa3bIBACTCS TYMUKOM, €CIIN
CTCIICHDb OHHOﬁ H3 €ro BCPIIMH paBHAa CAUHUIIC (3,Z[GCB CTCIICHb BCPIIMUHBI OIIPCACIACTCA KaK YUCIIO
WHIIUJICHTHBIX el pebep).
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Y uzomop¢HbIX rpad)0B MATPUIBI CMEKHOCTH OYEHB MOX0XKHU. MIX MOKHO MOJIY4YUTh OJIHY U3
JPYTOii ¢ TTOMOIIbI0 KOHEYHOTO YHUCIIA IIEPECTaHOBOK CTPOK M CTOJIOLIOB.

I'eorpaduueckue cetn

BaxxupIM 00bE€KTOM HCCIIEZIOBaHU B reorpaduu ABISIOTCS pa3inyHble  eoepaghuueckue ce-
mu, TIPEJICTABIISIONINE COOOM COBOKYITHOCTH JIMHEHHBIX (DparMEHTOB IPUPOAHOTO (HAIpUMED,
peuHsle, oporpadguueckue, TEeKTOHUYECKHE) U aHTPOIIOI€HHOT0 (HalpuMep, JOPOXKHBIE, JJIEKTpHYe-
CKHe, KOMMYHHKAITMOHHBIC) XapakTepa. B obmiem cirydae B moHsTue "reorpaduyueckas ceTs"
BKJTIIOYAIOTCSl BCE MPOCTPAHCTBEHHBIE (TEPPUTOPHATIBHBIC) CBA3U U OTHOLICHUS, CYILIECTBEHHBIE IS
M3YYEHHUS IPOCTPAHCTBEHHON OpPTraHU3alluy MPUPOIHBIX U COLUAIbHO-IKOHOMUYECKUX cucTeM. B
3TOM ciydae reorpaduueckasi peaibHOCTh MOXKET OBITh MPEJICTaBICHA B BUJIE CYNEPIIO3ULIUT
(0OBenMHEHUS, HATIOYKEHNE) OOJIBIIIOr0 KOJIMYECTBA Pa3HOOOPa3HBIX TPOCTPAHCTBEHHBIX OTHOIICHHH
U CBSI3€H (TPaHCIOPTHBIX, TEXHOJIOTHYECKUX, IKOJOTHUECKUX, MUTPALIMOHHBIX, MH()OPMAIIHOHHBIX U
Ip.) MEXY pa3INuHbIMU Ire000beKTaMH (HACEJIEHHBIMH ITYHKTaMU, MPEANpUITUIMU, aIMUHUACTPA-
TUBHBIMU M SKOHOMHYECKUMH paiioHaMH, SKocucTeMamu U fp.). Ilpu 3Tom reorpamaHOCTh JaHHBIX
OTHOIICHUI COCTOUT B TOM, YTO B YKa3aHHYIO CYNEpPIO3UIMIO BCEr1a BKIIOYAETCS] OTHOLLIEHUE
B3aMMHOTO Pa3MELICHUS, KOTOPOE U MPUAAET BCEMY KOMIUIEKCY TEPPUTOPHATIBHBIHN, reorpaduueckuit
XapakTep.

Lenbro n3ydenus reorpauueckux ceTeil siBIseTCs BBISIBICHUE 3aKOHOMEPHOCTEH UX CTPOCHMUS,
(dbopMUpOBaHUS U Pa3BUTHS, a TAK)KE€ MOHUTOPUHT, ONTUMM3ALIMS U YIIpaBiIeHUE (HallpuMep, B cllydae
TPAHCHOPTHBIX M1 KOMMYHUKAMOHHBIX ceTeil). [ C-TexHomorust o6ecrieunBaeT BO3MOKHOCTh
KOMIIBIOTEPHOTO MPEICTABICHUS, MOJICTUPOBAHUS U aHATIN3a, CKOJIb YTOJIHO OOJBIIUX 110 YUCTY
BEPIINH U pedep CeTEeBBIX 00BEKTOB, B COUYETAHUHU C aBTOMAaTH3UPOBAHHBIM TEMaTHYECKUM KapTorpa-
¢dbupoBaHreM, HHTEPAKTUBHBIM PEAAKTUPOBAHUEM U BU3yaTu3aluel (BKIOYast MyJIbTUMEIUA)
COOTBETCTBYIOIUX CETEBBIX MOJICIICH.

Mopae/iu u aJITOPUTMBI CETEBOT0 AaHAJIN3A

B MonenupoBanum U aHanmu3e reorpauyeckux ceTeil MMpPOKO NPUMEHSIOTCS METOABI TEOPUHU
rpadoB. Kak u3BecTHO, 10060¢ kKapTorpadudeckoe n3o0paxeHnue TEPPUTOPUATIBHBIX OTHOIIICHHI
COJICPKHUT METPUUECKUE U TOTIOJIOTHYECKHEe aTpruOyThl. ['padoBble MOIENN aKIIEHTHPYIOT BHUMAaHHE
MMEHHO Ha TOIOJIOTMYECKHE CBOMCTBA CETEH: MOPSA0K COeIMHEHNUS BEPILVH, HATMYKE LIUKIIOB,
CTETIEHb CBSI3HOCTH U JP.

PeanbHble TeppUTOpHATIbHBIE OTHOLICHHS U CBSI3U MOXHO (hOpManu30BaTh U U300pa3uTh B BUIE
MHOTOMEPHBIX TpadoB-kaprocxeM. OIHAKO METOIMKA aHAJTN3a TAKUX IpadoB elle HeJJOCTATOYHO
paspabotana. [loaTomy mpu u3yuyeHuu reorpaguueckux ceTei yaie BCero CHoIb3yIOTCS OTHOCH-
TEJIHO MPOCTHIE TpadoBbIe MOJIENTN, METOIMKA aHAIM3a KOTOPBIX pazpadoTaHa 10 yPOBHS aJITOPUTMOB
U TIpOrpamM.

Ecnu B kauecTBe CBOMCTB rpadoB paccMaTpuBaTh /lomeuenHoCcmy BEPILUH, a TAK)KE TTIOMEYEH-
HOCTh U Hanpaenennocmob pedep, TO MOKHO BhIIETUTD 8§ THMOB rpadoBbIX Mozenei cereit (Puc. 3.4).
(ITomeueHHbIM Ha3bIBaeTcs rpad, peOpaM u/Win BEpUIMHAM KOTOPOTO MPHUIACAHO 3HAYEHUE HEKOTO-
pOro NMpu3HaKa - YUCIOBOr0, MOPSAKOBOTO, KIIaCCU(PUKALMOHHOTO). PaccMOTpUM KpaTKO OCHOBHbBIE
TUIIBI BBIACIIEHHBIX TPadOBBIX MOJEIIEH:

1. HenomeuenHsle HeopueHTUpOBaHHBIE Tpadbl. C MOMOIIBIO 3TOTO THIIA
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I'padoBbIX MoeNel H3yHalOTCA TEPPUTOPUAIBHBIC CBS3U M OTHOIICHUS, U KOTOPBIX HE U3-
BECTHBI (MJIM HE BaKHBI) HHTEHCUBHOCTH U HAIIPABJICHHE: KOMMYHUKAIIMOHHBIE CETH M COOOIICHHMS (B
00a KOHIIa), TPOM3BOJICTBEHHBIE CBSA3U, MAITHUKOBBIE MUTPALIMOHHBIE TOTOKH H T. 1. AHAJIN3 TaKUX
rpad)0B UCIOIB3YETCS MPHU PEIICHUH CIICTYIONUX 3a1au:

— HUCCIIEIOBaHKE CBA3HOCTHU Tpada: BhIIBICHUE HECBA3HBIX oarpados (Puc. 3.5a), kputuue-
CKHX BEpIIUH U pedep (T. €. TaKuX, MPH YAATICHUH KOTOPBIX Ipad mepecraet ObITh CBI3HBIM);

— 0011351 XapaKTepUCTHKA CTPYKTYPHI M (pOpMBI rpada ¢ MOMOIIBIO Pa3IMYHBIX TOKA3aTeIeH;

— OIICHKa BepIIHH rpada 1Mo ux MOJIOKEHUIO B CTPYKType rpada;

— HAXO0XXJCHUE MaKCUMAaJIbHBIX MOJHBIX MOArpadoB (KIHMK) U aHATIM3 CTPYKTYPBI UX COCTUHE-
HUs B ucxogHoM rpade (Puc. 3.50);

— MOUCK KpaTyaiimux myTeil Mex 1y BeplinHaMu rpada, pereHne ONTUMU3aUOHHBIX 3a/1a4
(3amava "KoMMHBOSDKEpa' U T. I1.);

— npeoOpa3oBanue (reHepaIu3alys) UCXOIHOTo Tpada B 6ojee mpocToil, yIOOHBIH I aHAIH-
3a ¥ KapTorpagupoBaHus BU]I.

MopenupoBaHHe U aHAJIN3 PACCMOTPEHHBIX I'pad)oB MPEACTABISAET OO0 OBICTPO pa3BUBAIO-
HIAKCS pa3esl KOMOMHATOPUKH, HMEIOIIHH MPHUIIOKESHUS B PA3ITUYHBIX 00JIACTSIX HAYKU M TEXHUKH.
Pa3paboTtanbl 1 pa3pabaThIBalOTCS CIIEUAIBHBIC AITOPUTMUYECKUE SI3BIKH U TTAKETHI PUKIIATHBIX

a) 6)

B) - r)

Puc. 3.5. CnocoOsI kmactepuszanuu rpados;



A) nzonupoBanHble ToArpadsl; 0) KIMKK (MAKCUMAIBHO CBsI3HBIE TOArpadbl); B) cuibHO CBs3-
HbIe KOMIIOHEHTHI oprpada; r) cJior MOTOYHOTO HepapXUUecKoro rpada mporpaMm AJis mpecTaBiie-
Hus B OBM u ananusa rpagos, B Tom uncie B [MC.

I1. Ilomeuenuvie neopuenmuposanmwvie epaghvl. ITOT TUT TPAPOBBIX MOACIIEH 11eTIECO00Pa3HO
UCIIOJIb30BaTh B CIydae, KOTJa W3BeCTHA MHTEHCUBHOCTh TEPPUTOPHAIIBHBIX CBS3€H MEXy T€000beK-
TaMU, U3MEPEHHAs B YHCIOBOW MJIHM MOPSAKOBOM mikase. KiroueBbIMU MOHATHUAMU IS aHAIHM3a
NOMEYEHHBIX (110 peOpaM) HEOPUEHTUPOBAHHBIX IPaOB SBIISIOTCS MOHATHS [TOpOra U Ycmouuueozo
pasdbuenus. Y cTonunBoe pa3dreHne, HanpruMep, MOKHO pacCMaTpUBaTh Kak ONTHMAaIbHOE pacuyieHe-
HUe (palloOHHpOBaHNE) Treorpaduyeckoil CeTH MO JaHHOMY BUY CBSI3EH.

OcHOBHBIE AJITOPUTMBI aHAJIN3a TOMEYEHHBIX HEOPUEHTUPOBAHHBIX TpadoB cieayromue: 1) an-
TOPUTM TOJTYYEHHUSI TOPOTOBBIX MATPHIl CMEKHOCTH BEPIIHH Tpada MpH pasInIHbIX 3HAYECHUIX
1opora; 2) aJropuTM IMOJcUeTa HECBSA3HBIX KOMIIOHEHT Ipada, 3aJaBa€MOr0 COOTBETCTBYIOIIEH
IIOPOrOBOM MAaTpPULIEH.

ITl. Henomeuennwvie opuenmuposannsvie epaghol. I3ydas cetu, reorpad HHOTIA pacrojiaracT HH-
dopmanueit mumb o Hanpasnenuu CBA3ei MEXIy T€000bEKTaMH, a UX HHTEHCUBHOCTh €MY HE
M3BECTHA (WJIM HE BakKHA B KOHTEKCTE MCclieoBaHus). B aTom ciydae B kauecTBe Mozenel reorpadu-
YECKHX CETEH MCIIOJIb3YIOTCS HEIOMEUEHHBIE OPHEHTUPOBaHHbIE rpadbl - Opepaghei. J1ist reorpadu-
YECKUX MPUIOKEHUI Ba)KHBI TaKU€ MOHSITHSI Teopuu oprpadoB, Kak CuibHO c8A3HAS KOMNOHEH-
ma u Ilomounas uepapxuueckas cmpykmypa.

B reorpaduueckom acnekTe CuiIbHO CBA3HBIE KOMIOHEHTHI MOKHO paccMaTpHUBaTh Kak (yHK-
[IMOHAJIbHBIE PaOHBI, a POLIECC MX BBIACICHUS - KaK (yHKIMOHAJIBHOE pailoHupOBaHKE reorpaduye-
ckoii cetu (Puc. 3.58).

IToTouHas mepapxuyeckasi CTPYKTYpa - 3TO Takoe IpezcTaBieHue oprpada, mpu koropom: 1)
BEPIIMHBI Pa30UTHI HA YIOPSA0YEHHBIE TPYIITBI (MEPAPXUUCCKUE CIIOH); 2) BEPIIUHBI, HAXOIAITHECS B
OJTHOM HEPAapXUUECKOM CJI0€, MOTYT UMETh CBS3M TOJBKO MEX]y COOO U ¢ BepIIMHaMu Oosee
BBICOKHX Hepapxudeckux cioes (Puc. 3.51). B reorpadudeckom miane npeacTaBieHUe U aHAINA3
OpPUEHTHPOBAHHBIX I'Pa)OB B BUJIE MOTOUYHBIX HEPAPXUUECKUX CTPYKTYP JaeT BO3SMOXKHOCTh PEIINTh
CIeyIoIue 3aa4n: 1) onpenenuTh 00IIyI0 HEPAPXUUECKYIO CTPYKTYPY MOAUYMHEHUS T€000HEKTOB 110
JAaHHOMY BHUY CBsI3€l (HampuMep, HaCEJIEHHBIX ITyHKTOB 110 MUTPALIMOHHBIM CBA35IM); 2) OLIEHUTh
3HaYeHHE KaXKJI0T0 re000bEKTa B UEPAPXUUECKON CTPYKTYpe TepPUTOPHAIIBHBIX CBA3EH (Hampumep,
JaHamadTa ONpeaeNeHHOI0 TAKCOHOMUYECKOTO paHra); 3) OCyIeCTBUTh HEPAPXUUECKOE PaiioHHPO-
BaHue reorpaduyeckoil ceTu (HalpuMep, CETH MOCEeIEHUH pa3InYHOr0 paHra Mo CTeNeHH MUTPALU-
OHHOH IPUBJIEKATEIBHOCTH ).

AJNTOPUTM COKpAIICHUS TOTOYHOW HepapXUUECKOU CTPYKTYphI oprpada, SBISIOMUNACS OCHOBOM
UEPApPXUUECKOT0 paifOHMPOBAHUS, IPEACTABIAET COO0H UKINYECKYIO MPOLEAYPY MOMCKA MAKCH-
MaJIbHOT'O AJIEMEHTA B CTPOKaX MaTPHIIbl MHTEHCUBHOCTH CBSI3€d U HE MPEAINOIaraeT UCI0Ib30BaHUS
CHEUHATBHOTO MPOrPAMMHOI0 00eCIIeUeHusI.

IV. Ilomeuennwvie opuenmuposarnwvie rpadsl. I'padoBbie MOIETH ATOTO THIA UCTIOIB3YIOTCS B
cllyyae, KOrJia U3BECTHbI MHTEHCUBHOCTD CBSI3€H MEX1y re000BEKTaMH U MX HarpasiieHHe. Meroanka
aHaJIM3a MOMEYEHHBIX OPUEHTUPOBAHHBIX Ipad)OB COACPKUT B KAUECTBE ATAIOB HAXOXKACHUE
IIOPOTOBBIX MaTPULL AJIs PA3JIMYHBIX 3HAUEHUH [TOPOra U MOJCUET AJIs KaKIAOW U3 HUX YUCIIa CUIIBHO
CBSI3HBIX KOMIIOHEHT, HHTEPIIPETUPYEMbIX B KauecTBe ()yHKIIMOHABHBIX PaliOHOB.

1.8 Jlexknus 10 (2 u.)
Tema: OnTuMHU3aLIMOHHBIE MOIENH B CEILCKOM XO3SICTBE
1.8.1. Bonpocsl Jekuum:
1. OnTumu3anus NpOU3BOJCTBA CEIHCKOX035MCTBEHHOTO MPEAPUATHUS

2. OnTUMaNbHBIN TJIaH CTPYKTYPBI MPOU3BOCTBA CEIBCKOXO3SIMCTBEHHOTO MPEANIPUSTHS

1.8.2 KpaTtkoe coaep:xkaHue BONPOCOB:



OnTuMmu3anMs NPOM3BOACTBA CEJILCKOX035HCTBEHHOT0 MPeINPUsTUS

[TocTaHOBKAa SKOHOMHUKO-MAaTEMATUYECKON 3aa4d ONTUMHU3ALUU CTPYKTYPbI TIPOU3BOJCTBA
CEJIbCKOXO035CTBEHHOTO MTPEANPUATHS

B xo3giictBe umeercs 3500 ra namnun, 449 ra ectecTBEHHBIX CEHOKOCOB H 657 Ta eCTECTBEHHBIX
nactout. Pecypcel Tpyna coctaBistor 1782 Thic.uen.-4ac. B xo3siicTBe HEOOXOIUMO MPOU3BE-
ctu He MeHee 6000 11 Mmosoka, 5000 1 mpupocTa MOJIOAHSIKA KPYITHOTO poraToro ckora, 200 11
npupocTa cBuHeHN U peanu3oBaTh He MeHee 8000 11 o3umoit mmeHuns 1 20000 1 oBomIEH.
MHorojeTHuX TpaB Ha ceMeHa He0OXO0AUMO UMETh B X03siicTBe He MeHee 30 ra, 3epH00000BbBIX
- He meHee 100 ra, a KyKypy3sl Ha 3epHO - He 6oiee 400 ra.

CpenneronoBoii ynoi mojoka Ha kopoBy 4200 kr, npuBec Ha 1 ros1 MOJIOAHSIKA KPYITHOIO pora-
toro ckora 160 kr, ceunei - 130 kr. Ha conepxanue 1 kopoBsl TpeOyetcs 133,6 uen-yac Tpyna
u 719,5 nen.ex MaTepuaabHO-JEHEKHBIX 3aTpaT, HA COAEpKaHUE 1 To1 MOJIOAHSIKA KPYITHOTO
poratoro ckota - 55,0 u 335,2, 1 ros cBunel — 32,9 yen-yac u 193,2 cOOTBETCTBEHHO.
Kpurepwnii onTHMansHOCTH 33/1a49H - MAaKCUMATbHOE KOJIMYECTBO MPUOBLIH, TIOTy4aeMOe TIPH
peanu3anuy 03UMMOoM MieHuIbl — 192,2 neH.en., oBomeit — 83,9, mpoayKIuu CKOTOBOJICTBA —
436,1 u 121,7 u cBunoBozacTBa -77,2 nen.en [10].

Tab6muna 1
YpoxaitHOCTb C.-X. KYJIbTYp U 3aTpaThl IPOU3BOJICTBEHHBIX PECYPCOB.
Kynbtypsl YpoxkaitHoCcTh, 1/Ta | 3aTpatel Ha 1 ra
Tpyna, Mart.-ZIeH. cp-
YeJl.-yac. B, JICH.€]1
1.03uMbIe 3epHOBBIE 37,8 11,4 2431
2.5lpoBbie 3epHOBbBIE 30,2 9,1 195.9
3.3epH06000BBIE 18,5 18,5 218,5
4 Kykypy3a Ha 3epHO 44,5 47,7 495.,4
5.0Bommu 148,3 387,3 2029,7
6.KopMoBbI€ KOPHETIO B 503,5 278,1 1331,3
7.MHoroJyieTHUE TpaBbl HA CEHO 80 27,6 265,2
8.MHoroneTHHe TpaBbl HAa 3€7.KOPM 274,77 23,9 235.,5
9.MHoroJieTHHE TpaBbl HA CEMEHA 2 8,9 200
10.01HO0MeTHHE TPABHI Ha 3€1.KOPM 2435 33,7 198.9
11.Kykypy3a Ha CUJI0C U 3€J1.KOpM 533,4 108.9 572,2
12.EcTecTBEeHHBIEC CEHOKOCHI 15 12,9 58
13.EcTecTBeHHBIE MAacTOMIIA 50 1,5 50,2




Tabmuua 2 Pacnipenenenre NpoayKIIMKM pacTEHHUEBOACTBA

Kynbtypsl YpoxaliHOCTh Hcnonb3oBanue, 11
MPOIYKIIHNH, 1I/Ta
peanu- Ha KOPM CKOTY
3anus
OCHOBH. no0ou. oc- mo0ou.
HOBH.
O3umsie 37,8 37,8 20 12,8 35,0
SpoBeie 30,2 30,2 25,2 30,2
3epHO00O0OBHIC 18,5 18,5 16,5 18,5
Kykypy3a Ha 3epHO 44,5 53,4 44,5 53,4
OBomu 148,3 140 8,3
Kopmogsie kopuemnoast | 503,5 2014 503,5 2014
MH. TpaBbl Ha CEHO 80 80
MH. TpaBsI Ha 3/K 274,7 2747
MH. TpaBbl Ha ceMeHa 2
OpH. TpaBbl Ha 3/K 243.5 2435
Kyk. Ha cumnoc u 3/k 533,4 5334
CeHoKoChI 15 15
[TacT6uma 50 50

HopmaTtuBHo-cripaBouHast uHGOpManus AJis COCTaBICHUS MOJiesen
Tabnuna 3 HopmaTuBeI pacxoia KOPMOB Ha OJTHY KOPOBY, II

VYoo, kr | Hopmatus pacxona Vnou, kr | Hopmatus pacxona
KOpM.€Jl | mepeB. mpoT. KOpM.€Jl | mepeB. 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
33791031 Vo, 1
KOpPMOB

20-21 | 22-23 | 24-25 | 26-27 | 28-29 | 30-32 | 33-35
Kownm. xopma 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
Counsble - Bcero | 24 23 23 23 23 22 21
B T.4. CHJIOC 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




Tabnuna 5 HopmaTuBel pacxoia KOPMOB Ha OJIHY FOJIOBBI MOJIOJIHAKA KPYITHOTO pOTaToro cKo-

Ta, 11
IIpusec Ha 1 rox., kr | HopmaTus pacxona IIpusec Ha 1 rox., kr | HopmaTtus pacxona
KOpM.eJl | mepeB. MpoT. KOpM.eJ | mepes. mporT.

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 23,4 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 wn BbIIE 25,6 2,82
Tabmuna 6 CTpykTypa pacxoia KOpPMOB Ha MOJIOAHSIK KPYITHOTO pOraToro ckora, %
Buasr kopmoB [Ipusec, kr

100-120 | 121-140 | 141-160 | 161-180 | 181-200 | 201-220 | 221 u>
Konn. kopma 20 21 22 23 24 25 26
I'pyObie -Bcero | 21 21 20 20 20 20 20
B T.4. CEHO 6 5 5 5 5 5 5
cojiomMa 13 12 11 11 10 10 9
Counsie - Bcero | 33 32 31 31 30 29 28
B T.4. CHJIOC 32 31 29 29 28 26 25
KOpPM. 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
Momnounsie 3 3 4 4 4 5 5
Bcero 100 100 100 100 100 100 100




Tabmuua 7 HopmatuBsl pacxoja KOPMOB Ha OJTH

T'OJIOBY ITOT'OJIOBBA CBHHeﬁ, 0

ITpusec Ha 1 rou., Hopmatus pacxona [Ipusec na 1 rou., Hopmarus pacxona
KT KT
KOpM.€Jl | Iepes. KOpM.€ll | mepes.
IIPOT. IPOT.

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 n BbIIIE 10,5 1,20

Tabmuna 8 CTpyKkTypa pacxojia KOpMOB Ha IOTOJIOBbE CBUHEH M NTHIIBI, %

Buasr kopmoB Bun »KUBOTHBIX
CBUHBH | MTHIIA

Konu. kopma 83 96

Counsle - Bcero | 10 2

B T.4. CHUJIOC 5

3eneHsle - Bcero | 5 2

MouJiouHbie 2

Bcero 100 100

Tabnuua 9 Beixon nuTaTenbHbIX BENIECTB € 1 II KOPMOBBIX KYJIBTYP

KynbsTyphl Bcero n k.en. | B oM uncie B npoaykuuu | Ilepes. npor., 1t
OCHOBHOI | mo6o4YHOM

O3uMble 3epHOBBIE 43 36 7 2,9

SApoBble 3epHOBBIE 40 30,3 9,7 2.4
3epH00000BEBIE 42 42 2,8

Kykypy3a Ha 3epHO 58,5 45,6 12,9 3,35

Kykypy3a Ha cuiioc 42 42 - 3,0

Kykypy3a Ha 3eneHblit Kopm 30 30 - 2,4




Kynbtypsl Bcero 1 k.en. | B ToM uncne B npoaykuuu | Ilepes. npot., i1
OCHOBHOH | moOo9YHOMU

O3uMbIe 3epHOBbBIE 43 36 7 2,9
Kopuennonast 38 38 - 2,6
O3uMble Ha 3€JEHbIN KOpM 21 21 - 0,9
OpHOJETH. TpaBbl Ha 3€. KOpM | 28 28 - 1,4
OpnHosieTHHE TPaBbI HA CEHO 26 26 - 2.4
MHoroneT. TpaBbl Ha 3€J1. KopMm | 46 46 - 7
MHoroneTHrue TpaBbl HA CEHO 30 30 - 6,6
CeHOKOCEI 3,5 3,5 - 1,3
ITacTOwnma 60 60 - 4,5

2.2 MeToanKka NOAr0TOBKH TEXHUKO-IKOHOMHMYECKHX KOI(PPUIHEHTOB H 00bEKTOB 0rpa-
HUYEeHUH MaTpHIbI 3a1a4H

Cucrema nepeMeHHbIX:

X| — IJIOIIAIb TOCEBA MOJ1 03UMbIE 3€pPHOBEIE, Ta;

X, - TJIOIA b TTOCEBA MO/ SPOBBIC 3€PHOBBIE, Ta;

X3 - TUIOIIA b TIOCEBA 01 3epHOO0OOBEIE, T4,

X4 - TJIOIAIb TTOCEBA TI0JT KYKYpy3y Ha 3€pHO, Ta;

X5 - ILIOIIAIb IIOCEBA I10]I OBOIIM, T'a;

X¢ - TJIOIA]Ih TTOCEBA M0/ KOPMOBBIE KOPHETUIOBI, Ta;

X7 - IJIOIAIb TOCEBA MOJI MHOTOJIETHUE TPaBhbl HA CEHO, Ta;

Xg - TJIOIIA b MTOCEBA TTOI MHOTOJIETHHUE TPaBbl HA 3€JICHBIA KOPM, Ta;
Xg - IJIOIIA/Ib TOCEBA MOJI MHOTOJIETHHE TPaBbl HA CEMEHA, Ia;

X10 - TUIOMIAb TIOCEBA TIOJT OTHOJICTHUE TPaBhl HA 3€JICHBIN KOPM, Ta;
X1 - TUIOLIAb TTOCEeBA MOJI KYKYpy3a Ha CHUJIOC U 3€JIEHbIN 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 — IUTOMIAh TTIOCEBA O3UMBIX 3€PHOBBIX Ha COOCTBEHHBIE HYXK/IBI, Ta.;
Cucrema orpaHuyeHHi:

1. ITo miomaay noceBoB:

X +Xo+ X3+ X+ X5+ X+ X7+ X+ Xo+X 0+ X11<3500

X125449

X13<657

2. ITo manamM mpou3BOACTBA:




Y >6000/42
Y,>500/1,6
Y;>200/1,3

Y 4>8000
148,3X5>20000

3. I1o nyomaan NoceBOB OTAEIBHBIX KYIbTYP:

X930

X3>100

X4<400

4. Ilo 3aTparam Tpyaa:

11,4X149,1X,+18,5X3+47,7X4+387,3Xs+278,1 Xc1+27,6X7+23,9X s+
+8,9X0+33,7X9+108,9X11+12,9X1,+1,5X3+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*36Y5+30,2*30,3X,1+44,5%45,6X4;
5.2 o rpyOBIM KOpMaMm:
48,8%23/100Y,+17,5%20/100Y»<18,5*%42X3+80%*30X;+15%3,5X2;

5.3 1o couHbIM KOpMaM (CUIIOC):
48,8*15/100Y+17,5%29/100Y,+9*5/100Y3<533,4*42X;

5.4 Tlo couHbsIM KOpMaM (KOPHETIIOMbI):
48,8*%6/100Y,+17,5*%2/100Y2+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 I1o 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 counbiM KOpMaM (CUIIOC):



5,02*%15/100Y+1,72*2/100Y,+0,95*5/100Y3<533,4*3X;
6.4 1o counsiM KOpMaM (KOPHETLIIOBI):
5,02*%6/100Y+1,72*2/100Y,+0,95*5/100Y3<503,5*2,6X¢;
6.5 Ilo 3eneHpIM KOpMaMm:

5,02*%30/100Y1+1,72*%23/100Y,+0,95*%5/100Y3<274,7*%7X+243,5%1,4X 9+
50*4,5X13;

7. JIOTIOJTHUTENBbHBIE IEPEMEHHBIE:

7.1 3HaueHue BceX MEPEMEHHBIX JIOJDKHO OBITH OOJIbIIE HYJIS,

X1>0; X5>0; X3>0; X4>0; X52>0; Xe>0; X7>0; X5>0; Xo=>0; X10>0; X1:>0; X1,>0; X13>0; Y >0;
Y»>0; Y3>0; Y4>0;

7.2 Jlnsa 6onee obyerdeHus moicueTa Mbl pa3Ouin X Ha JIBE 4acTu — Y| U Y3, CJI€I0BaTeILHO
Xi1=Y4/37,8+Ys.

[leneBas pyHkIMs 3a1a4u:

7=192,2Y 4+148,3%83,9Xs+436,1*4,2Y1+121,7%1,6Y,+77,2%1,3Y5-243,1X;-195,9X,-218,5X3-

495,4X4-2029,7X5-1331,3X6-265,2X7-235,5X5-200X0-198,9X0-572,2X11-58X2-50,2X3-
719,5Y1-335,2Y,-193,2Y3;
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OnTuMaibHBIN IJIAH CTPYKTYPbI MPOU3BOACTBA CEJILCKOX03SICTBEHHOT0 MPeANnpH-
ATHUS

W3 tabauusr 10 BUAHO, YTO NpeAnpHUsATHE TOTYYUT TpuObUIb B 38,4 MiH. pyo. [Ipu sTom Oynet
MCIIOJIb30BaHa BCS MAIlIHA MPEANPHUATH, U TPAKTHUECKU BCE TPYAOBBIE PECYPCHI MTPEANPUATHS.
OcHoBHas yacTh MPUOBLIH OYy/ET MOJyYeHa 3a CUET pean3aluy MPOIyKIIMU OBOIEBOICTBa (32,5
MJIH. py0.), a TuIomnaap mocepa oBoieit cocraBuT 3118,13 ra. bonpuryto 4acTs B CTpyKType
NpUOBUIH COCTABIIIET pealn3anus Mojoka (4,5 MiIH. py0.), IpU 3TOM BBIpyYKa OT pealn3anuu
MOJIOKA COCTaBJIsIeT 7,5 MiTH. py0. 1,5 MITH. py0. MpeanpusTHe MOJIYIHT 3a CUET PeaTH3alluu
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.

3atpatsl Ha | ra mocesa CTOMMOCTE BAIOBOS

KynsTypsl ;
TpaktopHbIX paGor, TPOAYKHMHC 114, D.
Tpyna, yen.-yac
yCIL. Ta
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
3HaueHud: x; >0; x,>0
Takum 00pa3om, YCIOBHS 3314l BBIPAKAIOTCS CJICIYIONIEH CUCTEMON HEPaBEHCTB:
X+ X,=5000
X,+5%,= 10000
 x,+3x,=7000
x, =0
X, =0

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.

g

i i i — & A - fr—
i 000 2000 3000 000 5000 6000 7000-#000 9000 10037 X,

L i

3arem OblIa BbIJENIEHA 00JIACTh, COCTOSINAS U3 TOUYEK IUIOCKOCTH, KOOPJMHATHI KOTOPBIX YAOBIIE-
TBOPSIOT CHCTEME. DTOW 00JIaCThIO SABIISJICS MATUYTOJIbHHUK.

1, |

6050 |

o

g Io0o 000 I000 4000 SPUD SOPD  TOONTECOR SO0DO fOOOEN,

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;+ 12xp = 4*4000 + 12*1000 = 28 000. DTO O3HAyYaeT, YTO PECYpPCHl 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 MPAKTUYECKHNX 3AHATUI

2.1 llpakTuyeckoe 3ansaTue Ne 2 (2yaca).

Tema: Maremariueckass MOJIEIb U 3TAlbl €€ MOCTPOCHHUS. MaTeMaTHYeCKHEe METO/IbI TUIAHUPOBAHHS
JKCIIEpPUMEHTA.

2.1.1 3aganue nus 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 MOJAEJIN U MOACJIUPOBAHUS.

Mopaenb — 3T0 aHajor 4ero-au6o, o0pa3 UCCIeayeMoro o0beKTa, OTPAXKAIOMIUA OCHOB-
HBIC XapaKTEPUCTHKHU 3TOTO OOBEKTA.

I'eomerpuueckas <~ MO/JIEJIb - Maremarnueckas
(MaTepUabHbIE) J (3HaKoBbIE)
dusnueckas
(MaTepuagbHBIC)

['eomeTpuyeckas MOJIeTb — 3TO HEKM O0BEKT, TEOMETPUUECKH TTOTO0HBIN 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 MOKa3aTeleH, SKOJOTMYECKUX, COLMAIbHbBIX, TEXHUYE-
CKHX, TPOEKTA 3eMJICyCTPOICTBA.

6. Maremarrdeckue METObI MO3BOJISIIOT ¢ OONBIION TOYHOCTBIO MPOBEPSITH U OIEHU-
BaTh PCaAJIbHYIO 3HAYNMMOCTb IJII TCOPCTUUYCCKUX Mozneneﬁ 1 KOHICHTpPALUIO PA3BUTUA 3CMIIC-
BJIAJICHUS ¥ 3€MJICTIONH30BaHUS HA TIEPCIICKTUBY.

7. DTO CBA3YIOIIEE 3BE€HO MEKY 3€MJICYCTPONCTBOM, €CTECTBEHHBIMU M TEXHUUYECKUMU
HayKaMH, H3YYaIOIIMMHU CEITbCKOE XO03SIHCTBO, KaK C MPUPOJTOOXPAHUTEIBLHOM, TaK M C SKOHO-
MHUYECKON U COUUAIBHOM CTOPOH.

8. BHeipeHne MaTeMaTHYECKUX METOJI0B M BBIYMCIUTEIHHON TEXHUKHA B 36MJICYCTPOM-
CTBO MO3BOJISIET MIEPECTPOUTD BCIO CUCTEMY 3€MJICYCTPOUTEIHLHOTO IPOSKTUPOBAHUS, OpPTaHU-
3aIUM TIAHUPOBAHUS 3€MJICYCTPOUTENBHBIX padOT, OCBOOOKIAET 3HAUUTEIHLHOE KOJIUYECTBO
KBaJM(HUIHUPOBAHHBIX pAOOTHUKOB OT MAJIONMPOAYKTUBHOTO TPYyIa.

3. O0mas xapakTepucTHKA IKOHOMUKO-MAaTeMATHYeCKNX METOA0B U 00J1acTeH ux

NMPUMEHEHHs NP PelleHUH 3eMeJIbHO-KA/1aCTPOBBIX 3a1a4.

JInst penieHus 3eMIICYCTPOUTEIIBHBIX 33/1au Pa3IMYHBIX KJIACCOB, UCIOJIB3YIOT Pa3HOO0-
Pa3HbIC BUABI 9dKOHOMHUYCCKUX, MATCMAaTUUCCKUX Moneneﬁ, MO3BOJIAIOMIUX TPOBOAUTL aHAJIN3
WCITOJIH30BAaHUS 3€MEJIbHBIX PECYPCOB, BBISIBUTH OINPECICHHBIC TCHICHIIMM U HAaXOJUTh OIl-
TUMAJIBHBIC BAPUAHTBI YCTPOUCTBA TEPPUTOPHH.

Knaccudukanuss MaTeMaTHIECKUX MOJIETICH B 3eMJICYCTPONCTBE

Knaccudukanmonusie mpu3Haku Turm, BuJ, KIacc MOJIEITH
Bun npoekTHOI 1oKyMEHTaluu 1 — rpaduyeckue (undposbie)
2 — BKOHOMHUYECKHE (YUCIIOBBIC)

Crenennr ompexaenenus uH)Op- 1 — neTepMHUHUPOBAHHbBIE
MAaruuu 2 — CTOXaCTUYECKUE

Bun (dbopma) 3emieycTtpoiicTBa 1 — MexoTpacieBbie

WU 3€MJICYCTPOUTEIIBHOIO JCH- 2 — MEXXO0351UCTBEHHBIE
CTBHUS 3 — BHYTPUXO35ICTBEHHbIE

4 — pabouero npoekrta

Marematnueckue MeTOAasl Je- | — aHamuTuyeckue (auddepeHnnan uCYUCICHHS )

JKalye B OCHOBE MOJIEIH 2 — 5KOHOMHUKO-CTaTUCTUYECKUE
3 — onTHMHU3AIMOHHBIE (MAaTEMAaTHYECKHE MPOTpaM-
MHUPOBAHHUE)

4 — MexoTpacieBoro daigaHca
5 — CeTeBOro IIaHUPOBAHUS U YIIPABIICHUS
Kinacc npoekra 3emmneyctpoiictBa 1 — pacnpenensercs mo 37 KiaccaM IpPOEKTa 3eMJie-
YCTpOMCTBA
B otnuune oT Ipyrux 3KOHOMHUYECKUX PEIICHUH, 3eMIICYCTPOUTENbHbIE PEIIeHUs BCe-
I71a MOTYT UACHTU(HUIIMPOBATHCS HA MECTHOCTH BUE OIPENEIIEHHON MPOCTPAHCTBEHHOM Op-



raHU3aIu TEPPUTOPHH, TIPECTABICHHON CUCTEMOW CEBOOOOPOTOB, MOJICH, pabOUNX ydacT-
KOB, JIOPOT U COCTAaBIIIET «CKEJIET» XO3SIMCTBA. 3eMJICYyCTPOUTENIbHAS JOKYMEHTAIUsI COCTOUT
13 ABYX 4YacTei.

3emMIIeyCTpOUTENbHAS IOKYMEHTALUS

I'padpuaeckas TexkcroBas

rpaguyeckass MOJENIb 3EMIICYCTpPOU- OCHOBA pacueTHasi CBs3b, HKOHOMHUYE-

TEJIBHOM JOKYMEHTAllUM XapaKTepu3yeT B CKas MOJENb 3eMJICYCTPOUTEIbHON JOKYMEH-

YHCIIOBOM BH/JIE JIHIIb YCJIOBUS MMPOU3BOJCTBA TaIMH, MO3BOJIAIONIAS ONPEICTUTh YKOHOMU-

(undpoBast MOJZIeNTb MECTHOCTH — penbed) 4ecKyl0 3(p(EKTUBHOCTh OpPTraHU3aLMH IPO-
M3BOJICTBA M TEPPUTOPUH

I'padnueckne MareMaTH4eCKre MOJICTH JAIOT XapaKTEPUCTUKY PA3IMUHBIM dJIEMEHTaM
IIPOEKTAa 3€MJICYCTPOMCTBA MM MX COBOKYIHOCTH, KOTOPBIE ITOKA3bIBAIOTCA HAa MPOEKTHOM
IUTaHe, K HUM OTHOCHTCS ILJIOIA/Ib, TUHEHHBIE M TOYCYHBIC OOBEKTHI.

[Tnomanupie 00BEKTHI — OTAEIbHBIE 3€MJICBIIAJICHUS WU 3€MJICTIONIb30BaHNUSA, CEBO00O-
POTHI, UX TOJIA WM pabo4yre YJacTKH, 3arOHbI OYEPEIHOTO CTPABIMBAHUS, T'yPTOBBIE, OTap-
Hble MacTOuIIa; CeHOKOCHl U T.J. OHU XapaKTepU3YIOTCS IJIOLIAAbI0, KOOpJUHATAMH IIOBO-
POTHBIX TOYEK U ILIEHTPOM TSHKECTH, YTO MO3BOJISIET OMPEACIUTh MECTOMOI0KEHHE ITUX yda-
CTKOB, X ()OpMY U JpyTHe MapameTphl.

JIuHeiHble 00BEKTHI — ATO JTUHEHHBIE OOBEKTHI OPTraHU3ALUN TEPPUTOPHUH, MOJICBBIC U
MarucTpajbHbIE JOPOTH, JIECOTOJOCH], WH)KEHEPHbIE KOMMYHHKanuu (razomposon, JIOII),
OTJIeTbHBIC TPAHUIIBI YIACTKOB, 30H H T.JI. DTH OOBEKTHI MOTYT pa3MenIaThCsl B BUJIE MPSIMBIX
Y JIOMaHbIX JIMHUH, a TakKe KpUBbIX. OHU XapaKTEpU3YIOTCA NPOTKEHHOCTBIO, a TAKXKE IIHU-
PUHOM, KOOpJMHATAMHU HAYAJIbHBIX, KOHEYHBIX U MPOMEXKYTOUYHBIX TOUEK.

ToueuHble OOBEKTHI — TMO3BOJSIOT ONPENEIUTh HA MECTHOCTH MECTOIOJIOKEHHE OT-
JIENTBHBIX WH)KCHEPHBIX COOPYKEHHH (KOJIOALBI, POAHUKH, OYpOBBIE BBIIIKK MU T.II.) UX pa3-
MELIEHUE, XaPAKTEPUCTUKU MECTONOJI0KEHHUS.

DKOHOMUYECKHE (YHCIOBBIC) — 3TO OOJMYCHHBIE B MATEMAaTUYCCKUU BUJ pazIUIHBIC
pacudeTsl MPOEKTOB 3eMJICYCTPONCTBA (MaTeMaTHYECKUE MO arpoO3KOHOMUYECKOro o0oc-
HOBaHUS TMPOEKTOB BHYTPUXO3AUCTBEHHOTO 3E€MJICYCTPONCTBA, TEXHUKO-IKOHOMHUYECKOE
000CHOBaHHE TIPOEKTOB MEXKXO3SMCTBEHHOTO 3EMJICYCTPOMCTBA, CMETHO-XO3SHCTBEHHBIN
pacuet pabouux MPOEKTOB).

JleTepMuHUpPOBAaHHbBIE MOJEIU OCHOBBIBAIOTCS Ha aOCONIOTHO TOYHOM HH(pOpmanuu,
1100 Ha CBEJIEHUSAX, KOTOPHIE CYUTAIOTCS] TOYHBIMHU.

CToXxacTHYECKHU OCHOBBIBAIOTCS HAa MH(GOPMAIIMU UMEIOIEH BEPOSITHOCTHBIE XapaKTe-
PHUCTHKH, OMHUCHIBAIOIINE MTPOLIECC, KOTOPHIE 3aBUCIT OT CIIyYalHBIX BETUYHH, MOJUHUHSIIOTCS
3aKOHaM TEOPHH BEPOSITHOCTH (IJIAHUPOBAHUE YPOKAMHOCTHU C/X KYJIbTYp OT OyIyIIUX KIIU-
MaTHUYECKUX YCJIOBHH 3a/1a€TCs B MOJICIIU C ONPEEICHHON BEPOSITHOCTHIO, B 3aBUCUMOCTHU OT
CITy4altHOCTH U3MEHIEMBIX (DAKTOPOB).

Kiacc MexoTpaciieBblx MaTeMaTHUECKUX MOjeNiel, oO0ecrednBaeT pemeHrue 3aaad mno
IIPOTHO3UPOBAHUIO U ONTHMM3ALMN TUIAHUPOBAHUS HCIIONb30BAHUS 3€MENIBHBIX PECYPCOB U
UX OXpaHe Ha yPOBHE PETHOHOB: 10 CTpaHe B LIEJIOM, B CYObeKTe (enepaluu, Ha TeppUTOpUn
MECTHOM aJIMMHUCTpanuu. Mozaeln JaHHOTO Kjacca MO3BOJIIOT YCTAHOBUTH paclpeieleHue
3eMellb TI0 KaTeropusaM 3eMeNIbHOTO (OHJIa CTPaHBI (3eMIIH C/X Ha3HAYEHUSs, MPOMBIIICHHO-
CTH, CBSI3M, OOOPOHBI MU WHOTO CIICIMALHOTO Ha3HA4YeHWs, JiecHOTOo (oHAa 3amaca u T.1.),
pPEUIUTh 3a/1a4u 10 Pa3BUTHUIO arpONPOMBILIIEHHOTO MPOU3BOJICTBA B PErMOHAX, MJIaHUPOBA-
HUE€ U OCYUIECTBJIEHUE NMPUPOTOOXPAHHBIX MEPONPUATUHN U T.1. OCHOBHBIM BHUJOM 3€MJICYCT-
POUTENHHBIX PabOT BKIFOYAIOIIMX MOJETH TOr0 Kiacca, sIBsieTcs pa3padoTKa TeHepaTbHbBIX
CXEM T0JIb30BaHUS U OXPaHbl 3€MENb CTPAHBI.

Kitacc moneneir Mexx03g1CTBEHHOTO 3€MJIEYCTPONCTBA, MO3BOJISET pealn30BaTh 3a/1a-
YH 110 TepepacrnpepeseHUI0 3eMelb MEeXKIY X03sicTBaMH, 10 00pa30BaHUIO U YIIOPSI0UNBA-
HUIO 3€MJICBIIAJICHUI W 3eMIICTIOJIb30BAHUI C/X M HE C/X Ha3HAUEHUSs, [0 YCTAHOBJICHHIO I'pa-
HUI[ a/IMUHUCTPATUBHO TEPPUTOPHAIBHBIX 00pa30BaHUM, TPaHUI] HACEJICHHBIX ITYHKTOB U T.J.
K nanHomy kiaccy OTHOCSIT 3a/1auu 1O OMPEACIICHUIO ONTUMATIBHBIX Pa3MEPOB 3EMIIETIOJB30-




BaHUH M palMOHAIbHOMY Pa3MEIICHUIO MPOU3BOJICTBA HA TEPPUTOPHUH 110 HauboJee 1eIeco-
00pa3HbIM, TUKBUIHBIM, HETOCTATOYHBIM B UCTIOJIB30BAHUU 3€MEBHBIM pecypcam.

Kinacc mogeneit BHyTpUXO035MCTBEHHOTO 3€MJICYCTPOMCTBA TPEAHA3HAYEH ISl PEIICHUS
BOIIPOCOB HanOoJIee MOJHOTO PAllMOHATBEHOTO U AP PEKTUBHOTO MCIIOIb30BaHUS 3eMelb U Op-
TraHU3alUuy MPOU3BOICTBA B KOHKPETHBIX C/X. IPEIIPUITUSIX.

OcHOBHBIE 3aJaYu: YCTAHOBJICHHE OINTHMAJIBHOTO COYETAHHS OTpacieil, cocraBa M
MJIOMIAJICH YroAuii; ompeeeHue BUIOB, KOJTUYECTBO M TUIOMIAJACH CEBOOOOPOTOB U UX pa3-
MEIICHUE; palliOHaIbHas OPTaHU3aIlHs KOPMOTIPOU3BOICTBA; INIAHUPOBAHUE TPY30MEPEBO30K
U KOMILJIEKCAa MEJIMOPATUBHBIX padOT; yCTaHOBJICHHE ONTHUMAJIBHBIX pa3MEepPOB MMPOU3BOJICTBA
U T.JI.

Kiacc mopeneit pabodero nmpoekTupoBaHusi, 00eCIIeUnBaeT PEIICHHE PA3IUYHBIX 3a/1a4
3eMJICYCTPOUTEIHHOTO MPOEKTUPOBAHHUS, CBA3AHHBIX C 3€MJIEYCTPOMCTBOM KOHKPETHBIX yda-
CTKOB M MHBECTHUIIMI B 3TH 3eMJIU (3a/1a4¥ M0 CO3JaHUIO OPOIIAEMbBIX KYIbTYPHBIX MACTOMII
Ha TEPPUTOPUU OTIENBHBIX XO3SICTB, BBITTIAXKUBAHUE OBPAroB, TpaHchopmalus U Melnopa-
Ul 3€MENTBHBIX YYaCTKOB, CTPOUTEIHCTBO JIOPOT U JOPOKHBIX COOPYKEHUH, 3aKIaKa MHO-
TOJICTHUX COOPY)KEHUH U T.1.).

CHoXXHOCTh MaTEeMaTUYECKUX MOJENEH KaKJIOro Kjacca 3aBUCUT OT YMCIA YYHTHIBae-
MBIX ()aKTOPOB U XapaKTEPUCTHK, B3aUMOCBSI3aHHBIX MEXIY HUMH, OT HAJIMUYUS TOUYHOCTU U
JIOCTOBEPHOCTH MCXOJHOH HMH(POPMALUU U HETOCPEACTBEHHO OT CIOXHOCTH HM3y4aeMOro
nporecca.

JIJist MOCTpOEHUS U MCTIOIB30BAHMS ATHX MOJIeNell He00X0IUMO 3HATh CTAaHAAPT YKOHO-
MHUKO-MaT€MaTU4eCcKoro MeTojia (METo/Ibl MaTeMaTHUYEeCKONM CTaTUCTUKU U METOJbl MaTema-
TUYECKOTO MPOrpaMMHUPOBaHMsI). BMecTe ¢ TeM psii 3eMJICyCTPOUTENBHBIX MAaTEMATHKO-
SKOHOMMUYECKUX MoJeneld TpeOyroT pa3pabOTKH CBOEro HECTaHIApPTHOIO MaTeMaTHYeCKOIo
pElIeHUs, CBOMX WHANBUAYAIbHBIX MATEMATHUYECKHX METOJIOB.

Kaxxaplii BUA MaHHOTO SKOHOMMKO-MaTEMaTHYECKOIO MOJETUPOBAHUS HMEIOT CBOU
cTaauu (3TAIbl MOCTPOSHUS M UCIIOJIb30BAHMUS).

AHaJIUTHYECKHE METOJIbl B 3eMJIEyCTPOMCTBE OCHOBBIBAIOTCA HA MPUMEHEHUU MaTeMa-
TUYECKUX METOJIOB anreOpbl v reoMeTpur, MU PepeHIInaTbHOr0 U HHTErPATHHOTO UCUUCTIe-
HUS, U T.JA., UMEIOIIUX (PYHKIIMOHAIBHBIN XapakTep, T.e. KaXJIA0My Habopy 3HadeHHi (akTo-
POB HE3aBUCUMBIX NEPEMEHHBIX COOTBETCTBYET CTPOrO OIPEIEICHHOE 3HAUEHHUE PE3ysibTa-
TOB.

DKOHOMUKO-CTATUCTUYECKHE MOJENN 0a3upyIOTCsS Ha WCIOJIb30BAHUU TEOPUU BEPOST-
HOCTEH M METO/J0B MaTeMaTHYECKOW CTATUCTUKH (KOPPEIAIMOHHBIN, PErpeCCUOHHBIN, THC-
NEPCUOHHBINA, TEOPHIO BHIOOPOK M T.1A.). I 1aBHOE MeCTO Cpeau HUX 3aHUMAET IMPOHM3BOJICT-
BEeHHasi (YHKIIHS, TIPEICTABISAIONIAs COO0M ypaBHEHUE CBSI3€H 3aBHCHUMOW TEpeMEHHOU (pe-
3yJIbTaTOM) B (PakTOpoB (apryMeHToB). C MOMOIIBIO 3THX MOJENIEH PacCUUTHIBACTCS MPOTHO3
YPOXKaHOCTH KYJBTYp, MPOIYKTUBHOCTH KUBOTHOBOJCTBA, a TAK)KE HEKOTOPBIE MapaMeTphbl
OpraHu3alii TEPPUTOPUI (pacmaxaHHOCTh, OOJECEHHOCTh, OCBOEHHOCTH). llpm momornm
SKOHOMMKO-MaTEMaTHUECKON MOJiesiel, OCYILECTBISIOT TakKe aHalIu3 YPOBHS HCIIOJIb30Ba-
HUS 3eMeJb, MOATOTABINBAIOT UH(DOPMALIHIO 7Sl MPUMEHEHUSI ONTUMHU3AIMOHHBIX METOOB,
MIPOU3BOJICTBEHHO 0OOCHOBHIBAIOT 3€MJICYCTPOUTEIbHBIE IPOEKTHBIE PEIICHNUS.



DyHKIMOHAJIbHbIE 2CM Koppensiimonnsie

OCM aHanoruyHbl aHAJTUTHYECKUM bazupyrorcs Ha Koppens-
MOJIEJISIM, HO TOJIBKO OCHOBaHbI Ha CTaTH- IMMOHHOM  ypaBHEHUHM  CBSI3U
CTHYECKOW HMH(POpPMALUH, T.K. HAIWYHE MEeXIy (akTopamMH, a TaKxKe
(GyHKUIUH, T.€. OTHO3HAYHON CBS3H MEX- MEXIy (aKTOpOM U pe3yibTa-
Ny pe3ylbTaToM U (aKTOPOM B SKOHOMHU- toM. HeonpeneneHHocts 100
K€ YpEe3BBIYAHO pEIKOE SBIEHUE, TO oOyciaBnuBaeTcs Kak HpUpPO-
JaHHasi Pa3HOBUHOCTb MOJIENH B 3emJie- JI0M MOJIETMPYIOUIETo IMpoliecca
YCTPONCTBE BCTPEUAETCS HE YaCTO (00OBEKT MPUYUHBI), TaK U TIO-

TPEIIHOCTBIO  HMCXOJHOM  WH-
dbopmarmu o mporecce (Cyon-
€KT IPUYUHBI)

Ontummsanmonasie DCM O0CHOBaHBI TJIABHBIM 00pa30M Ha METOJIaX MAaTEeMaTHYECKOTO
MIPOrpaMMHUPOBAHUS, TTO3BOJISIONINE HAXOAUTh AKCTPEMaIbHbIC 3HAYEHUS 1eJIeBON (PyHKITUH
MIPH 33JJaHHBIX YCIIOBUSX.

KomOuHupoBanHas OnTuMH3alioHHEIE MO- —
JIETIU B 3€MJICYCTPOMCTBE

— Juddepennmpoannas

Bce Bompocel 3eMIeyCTpOUTENb- 3aKiIrovaeTcss B MOCIE0BATEIbHOM MO-
HOTO MPOEKTA PEIIAI0TCS] KOMIUIEKCHO, B JEIUPOBAHUM HEKOTOPBIX YACTUYHBIX 3ajad
UX B3aUMOOOYCJIOBIEHHOCTH U B3aMMO- npoekTa. Mojenu Moay4yaroTcs 3HAYUTENIbHO
3aBHCUMOCTH. DTOT BHJ MOJEIH SBJISET- MEHBIIET0 00beMa U UX MPUMEHEHHE 3HAYM-
csi HanOoJsiee TOJHBIM, HO HPHUBOJUT K TeIbHO 00JIeryaercs.

TPOMO3JKUM 3aJadyaM, pelIeHHEe KOTO-
PBIX 3aTPYIHEHO

[Tpumenenue nuddepeHITMPOBaHHBIX MOJIEICH B 3eMJICYCTPOHCTBE OOBICHSIETCS CIOXK-
HOCTBIO M1 MHOTOOOPa3HeM pPEIIaeMbIX BOIIPOCOB, YTO MPUBOAUT K MOCTPOSHUIO YIIPOILICHHBIX
moxenen. JuddepernupoBanre Mojaeneld CBA3aHO C aNMPOKCUMAIUE KOMOMHUPOBAHHBIX
MOJEIIEH.

ATNIpOoKCUMAIHSI peau3yeTcs B CIEAYIOMNX BUAAX:

— 1100 MOJIENIb OTPAXKAET YaCTh CIOKHON CUCTEMBI 0€3 yueTa BCeX JPYIHX €€ CTOPOH —
YacTUYHAS alpOKCUMAITHS;

— 1100 MOJIETTh YIPOIIAETCs, YTOOBI OBITh B JAJIBHEHUIIIEM 3alIpOrpaMMHUPOBAHHOM C TTO-
CIIEYIOIIUM HapamMBaHueM HH(GOPMAIIUU — MTOJIHAS alIIIPOKCUMAIIHS.

2.1.3 Pe3yabTarhl U BHIBOJBI:

Craauu 5KOHOMHKO-CTaTUCTUYECKUX MOJIEIEH.

1) DKOHOMHUYECKHI aHaW3 MPOM3BOJICTBA, ONPECICHUE 3aBUCUMON TIEPEMEHHOU W
BBISIBJICHHE (DAKTOPOB BIUSIONINX Ha €€ 3HAUYCHHUE.

2) [MonyueHnne CTaTUCTUYECKUX JAHHBIX U MX 00paboTKa.

3) Onpenenenue MaTeMaTH4ecKoi (OPMBbI CBA3M HE3aBHCHMBIX U 3aBUCHUMBIX IIepe-
MEHHBIX.

4) Tlonyuenue (onpeneneHue) napamerpo CM.

5) Ouenka crenenu coorBeTcTBHs ICM n3ydaemMomMy mporieccy.

6) DKOHOMHYECKAsE MHTEPIPETALUs MOJENH, €€ UCIIONb30BaHUE, AJI1 KOHKPETHBIX 3€M-
JICYCTPOUTENBHBIX LIEJeH.



MeTo/1bI OTY4YeHUS CTATUCTUYECKUX TaHHBIX:

a) DKCIepUMEHTAIbHBIA METOl — HH(OpMAIIHs MTOTyYeHHAs: B Pe3ybTaTe MPOBEICHHS
OTIBITOB YCIIOBUSI KOTOPBIX MO3BOJISIIOT KOHTPOJIMPOBATH MpOIlecCc MOMydyeHus: TaHHbIX. Penko
MIPUMEHSETCS B 36MJIEYCTPOKCTBE.

6) OCHOBaH Ha MCTOJIB30BAHUHU CTATUCTUYECKON HH(POPMAIIIH:

Crnomnsie. Beibopounsie.

2.2 llpakTuyeckoe 3ausaTue Ne 2-3  (4uaca).

Tema: OCHOBBI CTaTHUCTHYECKON 0OpaOOTKM pe3yslbTaTOB HAOMIOAEHUS. DIEMEHTHI TEOPUU
ommbok. O0G0CHOBaHUE YKCIIa U3MEpeHH. Vicronb3oBanue Hanctpoek Excel.

2.2.1 3apanmue a5 padoThI:
1. Cratuctuueckas 06paboTKa pe3yabTaToB U3MEPEHHIA
2. DIEeMEeHTHI TEOPUH OITHOOK.
3. O0ocHOBaHME YKCIIa U3MEPEHUH.
4. Ucnonb3oBanue HaacTpoek Microsoft Excel.

2.2.2 KpaTrkoe onucanie MpoOBOAUMOIO 3aHATHSA:
«Pacuém cpeonux u noxazameneit gapuayuu c Excel)
1. Pacuém cpeoneit apughmemuueckoil gequuunvl (npocmoii) Npou3BOAUTCS 1Mo (Hop-

MyJie
n
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2. Pacuém cpeoneil apughmemuueckoii (636euteHHOIL) TPON3BOIUTCS 110 (HOpMYyJIe

n
in'mi
— X, -m+x,-m,+x,-m,+...+x -m - _
X = 1 1 2 2 3 3 n n:1—1 , x:8’28.
n n




6 |7 8 &5 |9 |10 |10,5 | 10,7 | 10,9 |11 | 11,1 | 11,2 11,3 | 12
5118 |25 |21 12 |3 4 2 3 1 1 1 1 1
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17 B 12 1

18 | |
19 CpedHee sHa4eHue (e3seweHHoe) ypoxcalinocmy
20 | 8352

G

;I:?D G2-c

3. Pacuém ceeouux u nokazameeil eapuayuu.

- Taasnan Bramka PazaseTia CTpARSILE FopHyL Oanrmae Peustznposame

_‘] " Calibri 1 ¢ A AT ome gy @ | | S Nepenec Tenma

Bug

PaculT Cpammn o MOCIATEASE Bapmayiedss |

Hagrrpoiin
Oiayai

B‘T“Iﬂ-d
o (m&

|| g A-: EEX T ?ﬂNM‘WWlmpﬂj .ﬂ. R |

15

16 fOwucnepcan 0314333

17 CpefHes HEANPAT OTHAOHEHAE]) 0, 560654

18 Maeguaua 825

19 [oeeput wHT gad cpegeern | 0,347451]a0 Iﬂ.ﬂﬂﬂl]
20 Moga 77

1 X max 9.3

Z2 X min 7]

23 Paasian BApiaLMW Xmax-drmin | 16

24 Koadgey sapway Ve5/x)100%  6,76%
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[TonsiTne ommOKM BEIOOPKH

3amavya BHIOOPOYHOTO HAOTIOACHHUS - 1aTh BEPHOE MPEICTABICHUE O CBOIHBIX MOKA3aTEIIX
BCEU COBOKYITHOCTH (haKTOPOB HAa OCHOBE HEKOTOPOM MX YaCTH, MOJBEPTHYTOM 00Cie10Ba-
HUIO, T.€. ONPE/ICTICHNE XapaKTEPUCTUK TeHEPATbHON COBOKYITHOCTH 110 BHIOOPOYHBIM JlaH-
HbIM. Yarie 1pyrux npu BEIOOPOYHOM HAOJIOICHUN UCCIEAYETCs TU00 cpeHee 3HaUeHUE
TOTO WJIM MHOTO MPU3HAKA Y €IMHUI] COBOKYITHOCTHU (HAIIPUMED, CPEAHSIS YPOKAIHOCTD,
cpenHsis 3apaboTHAs IU1aTa u T.1.), MO0 A0S eAMHUI] 00IaTaf0IINX TeM WU UHBIM MpU3Ha-
KOM, T.€. YIEJIbHBII BEC ONPEIEIEHHBIX €IUHUI] B COBOKYITHOCTH (HaIlpuUMep, 10JIs OpollIae-
MBIX 3€MeJb, 10JI OTJIEIbHBIX MTOPOJ] IEPEBHEB B JIECHOM MACCUBE U T.1I.).

[TockonbKy peub UAET O BApbUPYIOUINX MIPU3HAKAX U U3YYalOT HE BCIO COBOKYITHOCTh €/11-
HHUII, @ TOJIKO UX YaCTh, TO MOKHO 3apaHee CKa3aTh, YTO CBOAHBIC MMOKA3ATENH 110 TUM IPH-
3HaKaM y YaCTH €IMHULl COBOKYITHOCTH MOYTH HUKOTJa HE OyIyT aOCOIIOTHO COBNAAAThH CO
CBOJHBIMH TTOKA3aTEJISIMU BCEH CTATHUCTUYECKOM COBOKYIMHOCTH. BbIOOpOUHBIE OKa3aTenu,
KaK MPaBUJIO0, HE COBIAJAIOT C COOTBETCTBYIOIIMMHU IOKA3aTEIsIMU TeHEPAIbHON COBOKYITHO-
CTH, @ HECKOJIPKO OTJIMYAIOTCSA OT HUX B OJJHY HJIU JIPYTYIO CTOPOHY, T.€. IIPH BEIOOPOUYHOM
HaOJI0/IEHUU BCETja MOT'YT BO3HUKHYTh OLIMOKH, KOTOPbIE MOKHO MOIPa3AeuTh Ha OIIHOKH
pEeruCTpaIfy U OMUOKU PETPE3EHTATUBHOCTH.

OmumOku peructpaiuu npu BbIOOPOUYHOM HAOIIOACHNUH, KaK U MIPH CIJIOLUIHOM, MOTYT BO3-
HUKHYTH 10 pa3HbIM IPUYUHAM: U 110 BUHE TOTO, KTO MMPOBOJUT HAOIIOICHUE, U 110 BUHE OT-
BEYAIOIIIET0 Ha T€ UM MHBIE BOMPOCHI, U OT criocoba HabmoaeHus. Ho ecnu TiatenbHO mpo-
BECTH MOJTOTOBKY KaJIpOB U MPOyMaTh OPraHU3aIUI0 IPOBEACHIS HAOIIOACHHUS, TO B CHUITY
OTPaHUYEHHOCTH BHIOOPOYHON COBOKYIMHOCTH (TIO CPABHEHMIO C FeHEepaibHOW COBOKYITHO-
CTBIO) OLTMOKH PErruCTPaIlii MOXKHO CBECTH K MUHIMYMY HJTH, BO BCIKOM CITy4ae, YMECHb-
HIMTh UX 110 CPABHEHHUIO C OIIMOKaMU PETUCTPALIUU CILIOIIHOTO HAOIIOCHHUS.

Ommbka penpe3eHTaTUBHOCTH (IIPEICTaBUTENHCTBA) CBOMCTBEHHA JIUIIIb BEIOOPOYHOMY Ha-
OJIFOIEHUIO U TIPEJCTABISIET OO0 BETMYMHY BO3MOXKHBIX PACX0KIEHUN MEXKTy MTOKa3aTess-
MU BBIOOPOYHOM U TeHepaTbHON COBOKYITHOCTH.

OmmOKH penpe3eHTaTUBHOCTH B CBOIO OYEPE/Ib MOTYT UMETh CIYYalHBIA XapaKTep U CHCTe-
MAaTHYECKUM.

Cucrematuueckasi onimOKa - 3To OlIMoOKa, TeHJCHIIMO3HO UCKaXaroIllas BETUYUHY HCCIeaye-
MOTO MPU3HAKA B CTOPOHY €€ YBETUYCHHSI U YMEHbIIIeHHs. Bo3HUKAaeT oHa riiaBHBIM 00pa-
30M B pe3yJbTaTe HapyILIeHHs ciydailHOCTH oTOOopa.

CrnyuaitHas ommoKa - 3TO OmMOKa, IMEIOIIas OIMHAKOBYIO BEJTMYHUHY BEPOSTHOCTH B CTOPO-
HY YMEHbBIIICHUS WIH YBEIMUEHUS U3y4aeMOro IMoKa3aTelis; 3TO OlnOKa, MOsSBIEHUE KOTOPO
BO3MOYKHO B pe3yJIbTaTe CYITHOCTH COJIEPKAHHSI CAMOT'0 BBIOOPOYHOT'O (HE CIUIONIHOI0) Ha-
0JIt0/IeHNs, B CHITY TOTO, UTO UCCIIEyeTCs YacTh, a HE BCSl CTATUCTUYECKAs! COBOKYITHOCTb.
OmnpeneneHne BETUYUHBI CTy4alHBIX OMIMOOK PENPE3CHTATUBHOCTH U SIBIISIETCS OJTHOU U3
[JIaBHBIX 3a/1a4 TEOPUH BEIOOPOYHOTrO MeToj1a. VX ukcupoBaHue MO3BOISET CYIUTh O TOU-
HOCTHU BBEIOOPKH, O BO3MOKHOCTH PaCIpOCTPAHEHUS BBIOOPOUHBIX XapaKTEPUCTHK HA TeHE-
PaNbHYIO COBOKYITHOCTb.

Crnyyaiinple oMOKH BEIOOPKH OTIpeNeNsIoTes o popMysaM, pa3paboTaHHBIM Ha OCHOBE
TEOPUU BEPOSITHOCTEN U HOCAT BEPOSITHOCTHBIN XapaKTep.

3.2 MeTo1bl onpeieNieH s OMMOKH BRIOOPKH

Bo3MoskHBIE pacX0KICHHS MEXKTy XapaKTepUCTHKaMH BEIOOPOYHON U reHepalibHOM COBO-
KYITHOCTH U3MEPSIOTCS CPEeTHEH OMMOKOM BEIOOPKHU U &. B MaremaTndeckoil cTaTHCTHKE,
KOTOpAst JIEKHUT B OCHOBE BCEX Pacu€ToOB IMOKa3aresel BBIOOPOUHBIX COBOKYITHOCTEMH, TOKa3bI-
BaeTCs, YTO 3HAYCHMS CPEIHEH OMIMOKH BEIOOPKH OMPEACIIIOTCS 10 popMmyIie:

——

o

&

an

£ 1\
IJIe: M- CPe/IHss OIKMOKA BHIOOPKH; S° FeHePalbHAS TUCIIEPCHST; N - YHCICHHOCTh ¢IMHHUIT BbI-
OOpPOYHON COBOKYITHOCTH.

Hcnonp3oBanue nanHON (GOPMYIIBI IPEIOIaraeT, YTo U3BECTHA TeHepainbHas aucnepeusi. Ho
IIPY IPOBEIEHUH BEIOOPOUHBIX MCCIIEJOBAHUH 3T I10KA3aTeNN, KaK MPaBUIIO, HEU3BECTHBI.




[TpumeHneHne BEIOOPOYHOTO METO/Ia KaK pa3 U MpeAroaraeT onpeieaeHe XapakTepucTHK
Tre€HEPAIIbHON COBOKYITHOCTH.

Ha npaktuke nis onpeneneHus cpeiHel oKy BEIOOPKH 0OBIYHO UCIIONIB3YIOTCS AUCTIEP-
CHH BBIOOPOUYHOI COBOKYITHOCTH. JTa 3aME€Ha OCHOBaHa Ha TOM, YTO IIPU COOJIIOICHUH TTPUH-
M1 CIy4alHOTO 0TOOpa IUCTIEPCUS TOCTATOYHO OOIBIIIOr0 00hEMa BEIOOPKU CTPEMUTHCS
0TOOPa3UTh JUCIIEPCUIO B TEHEPATHHON COBOKYITHOCTH.

B MaTemaTHueckoi CTaTUCTHUKE TOKA3aHO CIEAYIONIEE COOTHOIICHUE MEX1Y NUCIIEPCUSIMU B
reHepaIbHON M BHIOOPOYHOM COBOKYITHOCTSIX:
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W3 npuBeaéHHOI (OPMYITBI BUJIHO, YTO AUCIIEPCHUS BBIOOPOUHOI COBOKYITHOCTH MEHbIIIE

JUCTIEPCUU B T€HEPAIbHON COBOKYITHOCTH Ha BETMYMHY OIPENEIIEMYIO OTHOILIEHUEM:
7}

=1
Ecnu n 1ocTaToyHO BEJIMKO, TO JAHHOE OTHOIICHUE OJIM3KO K €AMHUIIE.
Hanpumep, npu n = 100 ono pasuno 1,01, a mpu n = 500 ono pasno 1,002. IToatomy ¢ onpe-
NenEHHOM J10JIel MoTpeHOCTH GopMyIy pacuéra cpeaHel OmnOKN BHIOOPKH MOKHO ITpeI-
CTaBUTH B CIICYIONIEM BHUJIE.

—
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OpnHako cinenyer UMETh B BUAY, YTO JaHHas (popMyJia IPUMEHSIETCS ISl OIPeAeIeHUs Cpe-
HEH oIMOKHM BEIOOPKH JIMIIB P MTOBTOPHOM 0TOOpe. [TockoabpKy mpu 6ecrioBTOpHOM 0TOOpE
YHCJIEHHOCTh F'€HEPATIbHON COBOKYIMHOCTH N B X07i€ BBIOOPKH COKpAIAeTCsl, TO B GOpMyITy
JUIs pacdéra n cpeHel omMOKH BEIOOPKU BKIIFOYAIOT JIOTIOJIHUTENBHBIA MHOXKUTENb. DopMy-
Ja cpeHel OMMOKHN BBIOOPKH IPUHUMAET CIEAYIOUINHI BU:

A=

Jnist pakTUKK BRIOOPOYHBIX 00CIEIOBAaHUI BaXKHO, UTO CPEIHSS OMIMOKA BHIOOPKH MPHMeE-
HSIETCS 111 yCTAHOBJICHUS MIpeJiena OTKJIOHEHUH XapaKTepUCTUK BIOOPKU U3 COOTBETCT-
BYIOILLIUX IIOKa3aTelel FeHEPAIIbHON COBOKYITHOCTH. JIMIIb ¢ OnpenesiéHHON CTENEeHbI0 BEPO-
ATHOCTH MO’KHO yTBEPK/1aTh, UTO 3TU OTKJIOHEHHSI HE MIPEBBICAT BEIMUUHBI t U, KOTOpas B
CTaTUCTHKE HA3bIBACTCS MPEACIbHON OMIMOKOM BEIOOPKH.
[IpenenbHast onmOKa BEIOOPKH CBsI3aHA CO CPEIHEH OMTMOKOI BEIOOPKH U OTHOIIICHUEM:
A=1u

[Tpu 5TOM t KaK K03 (HUIIMEHT KPATHOCTU CpeHEN OIIMOKH BRIOOPKH 3aBUCHUT OT BEPOSITHO-
CTH, C KOTOPOM rapaHTUpyeTCsl BeIMYMHA MPeAebHOM omurOku BIOOPKU. OOBIUHO B MPAKTU-
K€ SKOHOMHYECKUX UCCIIeIOBaHUN OOBIYHO OIPaHMYMBAIOTCS 3HAUCHHEM t HE TTPEBbIIIAIOIINM
JIBYX TPEX €AUHMUII.

O0ocHoBaHMe YHCJIA U3MEPEeHUH
Jlnst mpoBeIeHNs OMBITOB C 33JIAHHON TOYHOCTHIO U IOCTOBEPHOCTHIO KpailHE BaKHO 3HATH TO
KOJIMYECTBO U3MEPEHUH, P KOTOPOM IKCIIEPUMEHTATOP YBEPEH B IOJOKUTEIBHOM UCXOJE.
B cBsi3u ¢ 3TUM 0J1HOI U3 TepBOOYEPEIHBIX 3a7a4 IPU CTATUUYECKUX METOJaX OLICHKH SIBJISI-
€TCsl YCTaHOBJIEHNE MUHUMAJILHOT0, HO IOCTaTOYHOI'0 YHCiIa U3MEPEHUH U1 JaHHBIX YCIIO-
BUiA. 3a71a4a CBOJUTCS K YCTAaHOBJICHUIO MUHUMAJIBHOTO 00beMa BRIOOPKH (YHCIIa u3Mepe-
HUHN) Vinia MPY 3aJaHHBIX 3HAYCHUSIX JOBEPUTEILHOIO HHTEPBAJa Z'H Y IOBEPUTEIIbHOM Be-
posTHOCTH. [Ipu BBIOIHEHNN U3MEPEHHI KpaliHe BaXKHO 3HATh UX TOYHOCTD:

A=oc, /X,
o, =
rae - cpenHeaprupMETUIECKOe 3HAUCHHE CPEIHEKBAAPATUYHOTO OTKJIOHEHHS ~* , paB-

c. /n.
a

HOC



o o . o
3HaveHne ¢ 4acTo HA3bIBAIOT cpedHell ouudkou. JloBepuUTeIbHBIN HHTEPBAT OITHOKN W3-
A L =i
MEPEHHS < OTpeICNIAeTCs aHAIOTHYHO JUTSI U3MEPEeHUN ©  C noMOIIbIO 7 JIETKO OI-
pPeIeNHUTh TOBEPUTEIBHYIO BEPOSITHOCTh OTUOKY U3MEPEHHH 13 TaOJINII.

B nccienoBannax 4acTo Mo 3aJaHHON TOYHOCTHU ﬁ' 1 IOBEPUTEIIBHON BEPOSTHOCTH U3MEPE-
HUS ONPEACIISIOT MUHUMATBHOE KOJIMYECTBO U3MEPEHUM, TapaHTHPYIONTUX TpeOyeMbIe 3Ha-

1o
YeHUd Ay P a2,

MOHO MTOJYYHUTh M =0 arg (9(}7@ _): o, /At

Mon ¥ min = 7 N min =

pun - HHE HoJTy4aeM

kg — KO3 GHULIMEHT BapHaluu (MU3MEHYUBOCTH), %; A - tounocts u3MepeHnuii, %.
A7

3J€Ch

Jlnst onpenenennst ~ - HHI MojkeT OBITH IPHHATA TaKasi OCJIEIOBATEIBHOCTD BBIYHCIICHUI:

1) npoBoANTCA ITPEBAPUTENBHBIIN KCIIEPUMEHT C KOJIMUYECTBOM U3MEPEHUH /1, COCTAaBJISIET B
3aBUCHUMOCTH OT TPYJA0EMKOCTH ombiTa oT 20 10 50;

2) BBIYUCIISETCS CPENHEKBAIPATHYHOE OTKJIOHEHHE < ;

3) B COOTBETCTBUU C IMOCTABJICHHBIMH 33JJauaMH SKCIIEPUMEHTa yCTaHABIMBACTCS TpedyeMas

TOYHOCTH H3Mepenuii 2, KOTOpas He JOMKHA IPEBBIIATH TOYHOCTH PHOOPA;
4) ycraHaBIMBaeTCs HOPMUPOBAHHOE OTKJIOHEHHUE /, 3HAUEHHE KOTOPOTO OOBIYHO 33JaeTCs

(3aBHCHT TaKXe OT TOYHOCTH METO/1a);
AT . .
5) ompepensior ~ Ml i TOrAa B JATBHEHUINIEM B MPOIECCE IKCIIEPUMEHTA YHCIIO H3MEPEHUH
H r r
HE JOJKHO OBITh MEHBIIIE -~ 1Ml
17. Kpurepmuii Ctoronenrta (I'occera).

OlEeHKH 3MEPEeHUii ¢ ToMomb 7 u s 110 IPHUBEJCHHBIM METOIaM CHPABETUBBI ITPH 71 >
30. CTOUT CKa3aTh, YTO VIS HAXOXKIECHUS TPAHHULIBI JOBEPUTEILHOTO HHTEPBAIIA TIPU MAJIBIX
3HAUEHUSAX MPUMEHSIOT METOJ, IPEAJIOKEHHBIN aHMiickuM MareMaTukoMm B.C .I'occeTrom
(ncesmonnm Cteronent). Kpussie pacnpenenenus CteioneHra B ciaydae ' — % (nmpakTuue-
cku 1ipu H1>20) mepexoAT B KpHBBIE HOPMAILHOTO pacipeesienus (puc.1).

&

- - - R
=X “Xem O *+Xq * X
Puc.1. Kpussle pactipenenenusi CTbIoJIEHTa 1JI PAa3JIMYHBIX 3HAYEHU:
j-H—x. N=13 y=2
Jlst MaJioit BEIOOPKH IOBEPUTEITBHBIN HHTEPBAI

Hepm = 0olems
&y — y
rjae kod¢pdurnimeHT CThI0aEHTA /NPYHAMACMBIi 110 Ta6:1.10.2 B 3aBUCIMOCTH OT

Py

3HAYEHUS TOBEPUTEIHHON BEPOSITHOCTH



3Hasg Hem , MOJKHO BBIUYUCIIUTH AEHCTBUTEIBHOE 3HAUEHUE N3yYaeMOM BEJIMYMHBI ISl MAJION
BBIOOpKHU

Xo =X X fleoy.
Bo3morkHa 1 nHas moctaHoBKa 3agaud. [1o # n3BeCTHBIX M3MEpPEHUHN Majloi BRIOOPKHU KpaiiHe

BAKHO OTMPEICTUTh JOBEPUTEIBHYIO BEPOSTHOCTD P IPH YCIIOBHH, YTO TIOTPEIIHOCTD CPE/I-
HEro 3HAUEeHHs He BBIAAET 3a mpefessl ~— /¢ 3amauy pemaroT B TaKoi 0Ce10BaTeIbHO-

i
— s d

— | —
CTH: BHAuaje BBIUMCIAETCA cpeaHee 3HaueHue “>Zop ¢~ &cnl ' ¥ @ C noMoIbio Beu-

YUHBI P2 U3BECTHOTO 71 ¥ Ta0JI.8.2 ONPENeNsIIOT JOBEPUTEILHYIO BEPOSTHOCTD.

B nmporiecce 06paboTKH SKCIIEPUMEHTAIBHBIX JAaHHBIX CIEAYET UCKIII0YATh IPyObIe OITMOKH
psana. [losBiaeHwe STUX OMIMOOK BIIOJHE BEPOSTHO, @ HATMYKME UX OLIYTUMO BIIUSET Ha pe-
3yabpTaT u3MepeHu. [Ipu 3ToM npexae yeM UCKIIIOYUTh TO UM MHOE U3MEPEHHE, KpaitHe
BaXHO YOEIUTHCS, YTO 3TO NEHCTBUTENBHO rpydas ominodka, a He OTKJIOHEHHUE BCIIEICTBHE
CTaTHCTUYECKOTO pazOpoca. MI3BecTHO HECKOIBKO METOIOB OMpEeNl  €HUs IPYObIX OIHUOOK
cTaTucThyeckoro psaa. Hanbomnee npocTeiM cmocoO0M HCKITIOUEHHUS U3 Psiia Pe3KO BhlJle-

JAOMCTOCA USMCPCHUS ABJIACTCA MPABUIIO TPCX CUTM: pa36poc CJIy‘-IElﬁHHX BCJIIMYHH OT
CPECAHEr0 3HAUCHUA HE JOJPKCH ITPEBLIIIATD

Amax,min — A + 3o
Bonee AOCTOBCPHBIMHU SABJIAOTCA METOBI, 633preMBIe Ha UCIIOJIB30BAaHUU JOBECPUTECIIHHOT'O

uHTepBaia. [lycTh uMeeTcs: CTaTUCTHYECKUI Psiji MaJIOi BEIOOPKH, TIOJUUHSIOMIUNACS 3aKOHY

HOpMAaJIbHOTO pacnpenen eHus. [lpu Hanuuuu rpyObIX OMIMOOK KPUTEPUU UX MOSBICHUS
BBIUMCIISIIOTCS IO (hopMyiam

/= (xznax - f)’f 2N, (’? - I)I’I n. Jﬁl’ = (f ~ Xmin )"f C'-\fa(?? - l}fr i,

.

rae TR - THIN gapGonpliee U HAUMEHbBINIEE 3HAYCHUS U3 71 U3MEPCHHUI.
B Tabu1. npuBeneHbl B 3aBUCUMOCTH OT JJOBEPUTEIBHON BEPOSTHOCTH MaKCUMATbHBIC 3HAYC-

HUA "G WAX | BO3HMKAIOIINE BCIIEACTBUE CTATUCTHYECKOTO pazdpoca. B cimydae ec-
NI 'S P ﬁ HAX | TO 3HAQUCHHUC F max KpalHe Ba)KHO UCKIIFOUUTh U3 CTATUCTUYECKOTO psifa

< 5 Xouni
Kak TpyOyro morpemHocTs. [Ipu $2 < Prax uckirouaercs Bennunna L Tlocne ucko-

YeHHs IPYOBIX OIIKUOOK ONPEIENAIOT HOBBIE 3HAUEHUS -+ U & u3 Eﬂ B 1-‘3 WIH Ei?i -2}

‘u3mepe-
HUMN.
2.2.3 Pe3yabTaThl U BHIBO/IbI:
Taoauma
Kputepuii nosiBnenus rpyObix ommodox
Byax 10® Ny L AL
i n
oo | o008 | o o.00 | o5 | om
3 1.41 1,41 1,41 15 2,33 ] 2,49 2 .80
4 1,64 1,69 1,72 16 2. 35 2 52 2. 84
5 1,79 1,87 1,986 17 2,38 2,55 2.87
6 1,89 2,00 2.13 18 2,40 2.58 2 90
i 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
9 2,10 2. 24 2,16 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 a5 2 .67 2 85 3. .22
12 2.23 2_39 2 66 40 2.72 2,90 3,28
13 2.26 2,43 2.71 45 2,76 2,495 3.33
14 2,30 2,46 2.76 50 2 80 2,99 3,37




2.3 lIpakTuyeckoe 3ansaTue Ne 4-6 (6uaca)

Tema: TIpoBepka CTaTHCTHYSCKUX THUIMOTE3. YpOBeHb 3HauuMocTH. Kputepuu. IIpumepsl. OneHka
YYBCTBUTEIILHOCTH KPHUTEPHUS TIPU TPOBEPKE 3HAUUMOCTH pasnuuuii. J[ByXBBIOOPOUHBINA t - TECT B
Excel.

2.3.1 3aganue njs1 padoThI:
1. TIpoBepka CTaTHCTHYECKHUX THIIOTE3. Y pOBEHB 3HaUMMOCTH. Kpurepuu. IIpumepsr.
2. OteHKa 9yBCTBUTEIBHOCTH KPUTEPHS MIPH MPOBEPKE 3HAYNMOCTH Pa3uinid. JIByXBBIOOPOUYHBIH t -
tect B Excel

2.3.2 KpaTkoe onucanue nNpoBOANMOIO 3aHATHS:

1. CraTucTtuyecKkue runore3bl M uX Buabl. Kputepuu cormnacus.

IIpumep. /[ moAroTOBKY K 3a4eTy npenoaaBarenb chopmyauponan 100 Borpocos
(reHepambHAs COBOKYITHOCTB) M CUUTAET, YTO CTYACHTY MOXKHO IMOCTaBUTh «3aUTEHOY, €CITN
TOT 3HaeT 60 % Bompocos (kputepuii). [IpenonaBarens 3a1a€T CTYACHTY 5 BOIPOCOB (BBI-
0OpKa U3 TeHePAITbHON COBOKYITHOCTH ) M CTABUT «3aUTEHOY, €CITU MPABUILHBIX OTBETOB HE

)
MeHbIIe TpeX. ['unoresa H':': «CTYIEHT KYypC YCBOUID», & MHOYKECTBO {3" S obacTh
0.1, 2}

MIPUHSATHUS 3TOM TUTIOTE3bl. KpuTHYeCKO 00JaCThIO SBISIETCS MHOYKECTBO npa-

BUJIBHBIX OTBCTOB MCHBIIC TPCX, B 3TOM CIIy4aC OCHOBHAA I'MII0TC3a OTBCPTracTCs B IIOJIL3Y

albTepHATUBHOU A, «CTYJIEHT KypcC HE YCBOMWII, 3HaeT MeHble 60 % BOmpocoB».

Crynent A Bbiyuris 70 BoripocoB u3 100, HO OTBETHI IPAaBWJIBHO TOJBKO HA JIBA U3 M-
TH, IPEUIOKEHHBIX MIpernoaBaTesieM, — 3a4eT He c/laH. B 3ToM citydae mpenojaBaTelb co-
BEpIIIacT OMIMOKY TIEPBOTO poa.

Crynent b Beryunn 50 Bonpocos u3 100, HO eMy OB€3710, U OH OTBETHJI MPABUIILHO HA
3 Bompoca — 3a4eT C/aH, HO COBEpIleHa OUIMOKa BTOPOro poja.

Hpeno/:[aBaTenb MOXCT YMECHBIIHUTE BEPOATHOCTD 3THUX OH_II/I6OK, YBCIUYNB KOJTUYCCTBO
3agaBa€MBbIX Ha 3a4€TC BOIIPOCOB.

AJNTOPUTM MPOBEPKU CTATUCTUYECKUX TUIIOTE3 CBOAUTCS K CIEAYIOLIEMY:

H H
1) chopMynupoBaTh OCHOBHYIO ~ U W albTEpHATUBHYIO ~ ! TMIIOTE3bI;

2) BBIOpATh YPOBEHB 3HAYUMOCTH ¥

i o .
3) B COOTBETCTBUU C BUJIOM TMIIOTE3Bl I BBHIOpATh CTATUCTUUECKUN KPUTEPUH /1T ee
IIPOBEPKH, T. €. CIIy4alHyo BenuuuHy K, pacnpeneneHue KOTOpor U3BECTHO;

4) mo TabnuuaM pacupeaeneHus CIy4aiiHol BenurHbl K HaiiTh rpaHuily KpUTHYECKOM
K y y
obmactu *F (BUJ KpUTUYECKOH 00JIACTH ONPENENNUTh 0 BUAY aIbTEPHATUBHON I'MITOTE-

3Bl Hl);

K
5) 1o BEIOOPOYHBIM TAHHBIM BBIYUCIIMTH HAOJII01a€MOE 3HAUCHHE KPUTEpUS ~ mafm



K
6) IPUHATH CTATUCTUYECKOE PEIICHUE: eCIH ~ #fm [oMajjaeT B KPUTUYECKYIO 00J1acTh

A, . H E
— OTKJIOHUTH TUTIOTE3y ~ U B MOJB3Yy QJIbTEPHATUBHON ~~1l; ecnmu ““=fm ronmanaet B 001aCTh
JIOITyCTUMBIX 3HaYEHUM, TO HET OCHOBAaHUH OTKJIOHATH OCHOBHYIO TMIIOTE3Y.

1. Kpurepum coriacusi. Kpurepum o1HOpoOaHOCTH.

OpHol U3 BaKHBIX 337a4 MAaTEMAaTUYECKOM CTaTUCTUKU SIBJISIETCS] YCTAaHOBJIEHUE TEOpe-
THUYECKOT0 3aKOHA PACIPECIICHUS CTyYailHOM BETMYMHBI, XapaKTepU3YIOIIEeH H3ydaeMbIi
MPU3HAK M0 SMIUPUYECKOMY paclpeAesIeHUI0, IPEICTABIAIONIEMY BapUalllOHHBIN PSII.
[Ipeanonoxenue o BUAE 3aKOHA PACTIPEEICHUS MOXKHO CAENATh 110 TUCTOTPaMME WIIH MOJIH-
rony (Puc. 1)

[u] -\
. &N |\ _ = [
- AL LT, N,

A) B) ©)

Puc.1. Bo3aMokHbBIE€ BUABI THCTOIPaAMM:
a) HOpMaJILHOTO, 0) MMOKA3aTENILHOT0, B) PABHOMEPHOTO pacripeieeHui

Hampumep, mo rucrorpamme (puc. 1, a)) MOXKHO CAeNaTh MPEANOJIOKEHUE O TOM, YTO T'eHe-
pabHAasi COBOKYIHOCTH pacIpe/ieieHa 0 HOPMabHOMY 3aKOHY.

Jlis mpoBepKH THUIOTE3 O BHJE paclpeiesieHusl CiayXaT CHelHalbHble KPUTEPUH —
Kpumepuu coenacusi. OHM OTBEUAIOT HA BOIPOC: COTJIACYIOTCS JIM PE3YJIbTaThl IKCIIEPUMEH-
TOB C MPEANOJIOKEHHEM O TOM, YTO F'eHepajibHasi COBOKYITHOCTh MMEET 3aJJaHHOE pacIpesie-
JICHUE.

[IpoBepum 310 mpeanosioxeHue ¢ nomouiso Kpumepusa coznacusa Iupcona. B sTom xpute-
puUM MEPON PACXOKIACHUS MEXIY TMIOTETUYECKUM (TPEAIojaraéMbiM) U SMIIMPHUUYECKUM

k _np e
oo (1, —np,)
P ¥
pacrpeieIeHueM CITY)KHT CTaTHCTHKA 4

NN
rae N — o0beM BBIOOpKH; K — KOJWYECTBO MHTEPBAIOB (TPYII HAOIIOACHUH);, ¢ — KOJIH-

YecTBO HAOJIIOJCHMI, TIONABIIKX B J-ii MHTEpBa; Fi _ BEPOSITHOCTh IONAJAaHUs B J-U UH-
TepBaJ CIIy4ailHOM BEJIMUUHBI, PACIIPEACIICHHON 110 THIIOTETUYECKOMY 3aKOHY.

Ecnu npeanosnoxeHue o BUAE 3aKOHa paclpeesieHus ClipaBeainBo, To craTuctuka [lupcona

pacrpenierneHa mo 3aKOHy «XH-KBaJpar» C YUCIOM CTereHel cBOOO b k-r-1 (R — uucno

K. Z?s;—r—lj'

OueHuBalOTCd HEU3BECTHBIE MapaMeTPhbl C MCIOJb30BAaHUEM TEOPUU TOUYEUHBIX OLICHOK, He-
KOTOpBIE OIICHKU MPUBEEHBI B Ta0. 1.

apaMeTpoB pacIpeieNIeH s, OLIECHUBAEMBIX 110 BEIOOpKE):



Tabnuya 1. OnieHNBaeMble TapaMeTPbl U UX TOYEUHBIE OLIEHKU

OI.[CHI/IBaeMBIe napameT- Toueunrnie OLICHKHU IMapaMceT-
Bun pactipenenenus
Pbl poB
B [ | - 1
L= PR =
Jrix | Ae™ x 20 X
0, x~ Ez;ﬁ_ﬁx JD"
frixi=<Lif—ehx [ en f] e, 3 - :
- ,_ 3.
0 £ f=x_++3- /D
(o) _
1 — 2 2
(xi= g 20 m, o m=x. a'=[D
Jxix] - NI"“Z_" :
% m - .2
_ L.-Iz'fﬂz' :I.Iz'_xsl H
I = 0 o=l
3nech il , * fl

KomnyectBo  uHTepBanoB K peKOMEHAyeTcs paccuuThiBaTh 10  ¢dopmyine Crepmxe-
F=1+331gn,

c rne N— o0beM BblOOpku. [luHY /-rO MHTEpBaia MPUHUMAIOT PaB-
p= e "t
o * X X
HOI k rae Y —mnanbonbiuee, a - 'Y — HauMeHbIIee 3HAYCHNE B BAPHAIHOH-
HOM psIY.

Ipumep 1. Ins cpennero 6amna cpeau 30-Tu rpymil (¢ TOYHOCTBIO 10 COTBIX JoJiel Oana)

X
HOJTYYMITH BBIOOPKY

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 runoresy o HOp-

o — ¥
MaJbHOM pachpeie/ieHUH CPEHEro 0ajlia Ha YPOBHE 3HAYMMOCTH & = 0025

Pemenne. Crpynnupyem 3Ty BbiOOpky. Hanmenbsimii cpequuii 6ann pasen 3.05, Han6omib-

it — 4.75. UnTepan [3; 4.8] pazodbbem Ha 6 yacTelt JJTMHON h= 'D~3, npuMeHss popmyiry
F1.

— 38736 7,
Crepmxeca (¥ =35.875 76 Tloncunraem uacrory ™ (otHocurensnyio wacrory 1) mis
Ka)XJIOTO MHTEpBaja M MOJyYUM CTPYIITUPOBAHHBIN CTATUCTHIYCCKUH psif (Ta0I. 2).

Taonuua 2. CtaTuCTUYECKUN AT

WNuTepBansl [3:3.3)][3.3;3.6) | [3.6;3.9) | [3.9;4.2) | [4.2;4.5) | [4.5:4.8)
YacToThl £ 4 7 10 5 3 1
Fi.
— 0.133 0.233 0.3 0.167 0.1 0.033
OTHOCUTEBHBIEC YACTOTHI

Cdopmynnpyem OCHOBHYIO U albTEPHATUBHYIO TUIIOTE3HI.

Hy: XN (@. &) _ ciy4aiinas BennurHa X (cpeaHuid 0aun) MOAYUHSIETCS HOPMATBHOMY

a, o

3aKoHY ¢ mapamerpamu ©* < Tak Kak HCTMHHBIX 3HAUYCHHIT TAPAMETPOB MBI HE 3Ha-

d=3746. &=0.199

€M, BO3bMCM UX OLICHKU, PACCUUTAHHBIC 11O BBIGOpKeI



H:

Cily4aiiHas BeIUM4MHA X HE NOJUYUHAETCS HOPMAJIBHOMY 3aKOHY C JaHHBIMU ITapamMeTpa-

Mu. Paccuntaem HaOmrogaemoe 3HaueHue ~ =ifm cratucTukU [ImpcoHa. DMmuprdeckue vac-

L .
TOTBl ¥ yKe U3BECTHHI (Ta0. 2), a UIsl BEIYUCIICHUS BEPOSITHOCTEH i (B IPEIOJIOKECHHH,

H o
YTO runore3a Y crpaBeqINBa) MPUMEHHUM yXKe U3BeCcTHYIO (hopmyiy (cBoiicTBO B):

N Tabmuny ¢ynknuu Jlamtaca. [lomydenHsie pe3yabTaTsl cBeAeM B Tabauiry (Tadi. 3).

E _ =0078
Hab6nronaemoe 3HaueHue cratuctTuku [lupcona papHo = =afn

OmnpenenuM rpaHuIly KpuTH4eckoi obmactu. Tak kak cratuctuka [lupcona usmepsier
pa3HUIy MEXy SMIUPUYECKUM U TEOPETHUECKUM PACHpPEEICHUSIMH, TO YeM OOJbIIE ee Ha-

OJIro1aeMoe  3HaYEeHUE Km&t, TEM CHJIbHEE JOBOJ| MPOTUB OCHOBHOW THMNOTE3bl. [loaTOMYy

Lo+

K
KpUTHYECKast 00JIaCTh JJIsl 3TOW CTATHCTUKU BCET/Ia MPaBOCTOPOHHSIS: [ i E€ rpa-

_ .2
HALY Ali=r-1; 0 HAXOJMM TI0 TaOIHIAM PACIPECICHHs «XH-KBAJPaT» U 3aJaHHBIM
s D -
a=0028 k=46 (uncno  wmHTepBanoB), I’ = < (mapamerpsl 2 u € oreHeHSI

- P Py L A —
B, =, 6-2-1 0.025)= 723 0.025)=94.

3HA4YCHHUAM

0 BBIOOpPKE):

HabGmromaemoe 3HaueHue craTucTuku [lupcoHa He TomagaeT B KPUTHUECKYIO 00-

wafm " TR onTOMY Hem 0CHOBaHUT 0OM6Eep2amb OCHOGHYIO 2UNOMES).

JacCTh:

BriBoa: Ha ypoBHe 3HaunmocTH 0.025 cripaBeMBo MPEanoaokKeHUe 0 TOM, YTO CPETHUM
0a1 UMeeT HopMallbHOE pacIpe/ielieHe

Taéauya 3. CpaBHeHNE HAOTI0IaEMBIX M OKUJAEMBIX YaCTOT

Crmaraemsble CTaTH-
No| ViHTepBanst rpyn- Habmonae- v, Osxnpaemast|  cruxu Inupco-
= . Masg 94acCTo- BepOHTHOCTB J ora- qacTo- {H o Hp ;EE
W [a,a,,) " y . I J
POBKH i JaHus B J- HHTEpBaJ Py
Ta Ta Hp ]
Ha 4
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
= — 30 0.965 28.95 Koo =0.978.

IIpumep 2. [IpoBepuTh C MOMOIIBIO KPUTEPHS Y2 TTPU ypoBHE 3HauUMocTH 0,05 runoTesy o
TOM, 4TO BEIOOpKA 00bema # = 30, mpescTaBieHHass MHTEPBAIBHBIM BAPHAIIMOHHBIM PSIZIOM B
Tabnuie 4, U3BJIeUCHA U3 HOPMAITBHOUM reHepaTbHOM COBOKYITHOCTH.

Tabmuma 4
Howmep ['pannibl Hacrora

uHTepBana | MHTEpBaja 1;
1 0-2 5
2 2-4 11
3 4 -6 17
4 6-38 10
5 8—-10 7




Pemenue.

1. Chopmynupyem HyJIEBYIO U albTepHATUBHYIO TunoTe3bl: Hy — aMmnupuyeckoe pacnpene-
JIEHUE COOTBETCTBYET HOpMalbHOMY; H; - aMmupuueckoe pacnpeneneHne He COOTBETCTBYET
HOPMAJILHOMY.

Jl1st mpoBepKH HYJIEBOM THIOTE3bI HEOOXOIUMO pacCUMTaTh HAOI0JaeMOe 3HAUCHHUE
KpuTepus y2Habm mo GopMyiie U CPaBHUTH €r0 C KPUTUIECKUM 3HAYCHHEM Y2K].
2. Onpenenum mapaMeTphl IPEarnoIaraeMoro (TEOpeTUIeCKoro) HOPMaJIBbHOTO 3aKOHA pac-
HnpeaeIeHus.

- 2'1._ pa— 2'1.
.T:' = ;
Haitnem cepenunbsl HHTEPBAIOB 2 U OTHOCHUTEJILHBIC YacTO-
T
o !
gt =
TBI i Tlomy4uMm ceayroniue 3HaYCHHUS:
— Halinem orieHKy MaTeMaTHIECKOI'O OKUIAHUS
v | 1 [3|5]6]|7 AIGN OTICHRY Marey o A .
! mi=l1. 3. s 2 g o
* 5 (ILI7 10y 1% s T 50 T s0 500 50
Pi |50 |50/30 |50 |50 i . 256
:—(5 33 +854+70+63)= =5.12

BBIIII/ICJII/IM OILICHKHN ,Z[I/ICHepCI/II/I n CTaH,Z[apTHOFO OTKJIOHCHHUA 110 Q)OpMyHaMZ
2 . A . b i a -
5T = (_1_1— s12y s —-(3-s512) -_1 —(a —512 ) 17 -

+(7-5.12) 10 +(9-5.12) 7). —=49 275.27 = 5.62

5 - 562 - 237

r
3. BeimoaHum pacyeT TeOPETUIECKUX JaCTOT M

Py = @[712'— O(-=)=D(-1.3)-0=1-D(1.3)=1-0.9 = 0.1

A7

)51

ml =50.0.1=5.

Jost HHTepBana (ﬂ 4 ) HaXO,I[I/IM
2 1i -512 |
4- 512 | @‘ 12 |

"13‘?

<I| P(-0.5)- P(-1.3)=0.90-0.69 = 0.21

"1;"!

<

L =500 11 =165,
Jonst HHTepBasa (4,6) COOTBETCTBEHHO:

6-5127 _[4-512"
- }_ (I)‘ —1

=@(0.4)- ®(-0.5)=0.66 - 0,31 = 0,35,
2.37

p3—¢"

mf =50 . 0.3% =17 .5

Honst HHTepBana (6,8):

8- 512 T6— 5127 .
py = tIm\\ T J— [Ill-\l? ] = ®(1,2)- ®(0.4)= 0.88 — 0.66 = 0,22
gt =50 0.22 =11,
s uaTepBana (8 . ] BBIYHCIIUM
: 8- 512 .
ps = Dl=) cD\ ]:q:n(gc)—-:p{ujzl—e:ss:0:12

o237 )



.
¥ ouaa

4. Tlo popmyne (4.8) HaiineM 3HaueHne 4 HAOT:

K

- f T p - / .
\ I FE Y R T TR | 5 — 8- 11 =10 .5\
e ~ v i [ e . S i
X T Hagz Z = = " —
i=1 m ot N 1.2
T . T
(17 —17.5) (10 - 11) (7-6) _ 0.0
17 .5 11 6 '
5. ITo Tabnuiie KBaHTUIIEH pacTpeieieH s 2 ¢ YUCIIOM CTETIeHEH CBOOO-
s — NV Ns
— Ul

i =k =3 =25 —3 =2 gaxomum, uro y2kp = 6,0 w1 &

-

=

. =
i A7 < ¥ e 2 : i
TMockomeky 4 FAOT = 2 kp (0.29 = 6.0y 14 viowno camrars, uto rumotesa o HOp-

MaJIbHOM pacIpeieJIeHUH r'eHepaaIbHOM COBOKYITHOCTH HE IPOTUBOPEYUT OMBITHBIM JTaHHBIM.

Ipumep 3: Ncnone3ys kpurepuii [Tupcona, npu yposHe 3naunmoctu a = 0,05 mpoBepuTs,
COTJIaCyeTCs JIU TUIIOTE3a O HOPMAJIbHOM PACIIPEICIICHUU Te€HEePaIbHON COBOKYIMHOCTH X C
SMITUPUYECKHUM pacIipeieicHneM BRIOOpKH oobema n = 200.

x; 5 7 9 1 13 15 17 19 21
7 15 26 25 30 26 21 24 20 13
Pemenue.
i
xp =121 _1263
1. Berauciaum 7 1 BBIOOPOYHOE CpPEeIHEE KBAIPATHIECKOE OTKIIOHE-

e T8 = V1% ~{xp) =4695

2. Berunciaum TeopeTHYecKre 4acTOThl yUuThiBas, uTo n = 200, h =2, TE = 4,695, o dop-
MyJIe

2002 [x-xp . X —xg
n; 4,695 ag ) Tp

CocTaBuM pacyeTHyIO TabJIUIly

, %~ XB LR
K ”J'Z(IJ—B) @lie; ) n  og i)
15 L6 0,1074 9,1

2 7 L1,.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 0,93 0,2589 22,0

8 19 1,36 0,1582 13,5

9 21 1,78 0,0818 7,0

3. CpaBHUM SMIUPHYECKUE U TEOpETUUIECKUE YacTOThl. COCTaBUM pacyeTHYIO TaOIuIly, U3

,wd
5 .5'(: zj
Yuatn = = -

KOTOpO# HaiifileM Ha0Iro1aeMoe 3HaYeHUEe KPUTEepHs 1=1 Hy



1 d
i R n; ! 2 (”:‘ - ”’1‘)
b, — 7y (?z!- 3 ”z‘] |
Hy
1 15 9,1 5,9 34,81 3.8
2 26 16,5 9,5 90,25 5.5
3 25 25,3 0,3 0,09 0,0
4 30 32,0 2,0 4,0 0,1
5 26 339 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 IE a2
Habnl =

2

[To Tabnuiie KPUTHUECKUX TOUYEK paclpeieIeHus 4 (mpunoxenue 6), M0 ypOBHIO
3HaunmocTu a = 0,05 u uncny creneneit ceodoapl k =s — 3 =9 — 3 = 6 HaxXOAUM KPUTHYE-
2
CKYIO TOUKY MPaBOCTOPOHHEH KPUTHUYECKOM 001acTH Yip (0,05; 6)=12,6.
b 74
Tak kak *#afn=2272> “* =12 6, rumoresy o HOPMaITLHOM PACTIPE/ICICHHH TeHEPATBHOM
COBOKYITHOCTH OTBepraeM. J[pyrumu ciioBaMu, SMIUPUYECKUE U TEOPETUUECKUE YaCTOTHI
pa3InyaroTCs 3HAYUMO.

IIpumep 4: IIpencraBieHbl CTAaTUCTUYECKUE TAHHBIE.
Pesynbratel m3amepenunii quamerpo n = 200 BagkoB mocie nuu@oBKH 0000IIEHBI B Ta0I.

MM ).
Sl“a61)11/1ua YacTOoTHBIN BapUAILMOHHBIN P AMAMETPOB BAJIKOB
1 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
1 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
TpeOyercs:

1) cocTaBUTh AUCKPETHBIN BapUAIMOHHBIN PSJl, P HEOOXOAMMOCTH YIIOPSIOUUB €ro;

2) onpeAenuTh OCHOBHBIE YHCIIOBbIE XapaKTEPUCTUKU PAJIA;

3) matb rpaduyuecKoe MpeacTaBIeHUE psia B BUJIE MOJUTOHA (THCTOTPAaMMBbl) pACIPE/ICIICHNUS,
4) MOCTPOUTH TEOPETUUECKYIO KPUBYIO HOPMAIBHOIO paclpeieNieHus: U MPOBEPUTH COOTBET-
CTBUE SMITUPUYECKOTO U TEOPETUUECKOT0 pacipeaenenuii no kpureputo [lupcona. [Ipu mpo-
BEpKE CTATUCTUYECKOM FMIOTE3bl O BUJIE pacIpeleeHUs IPUHATh YPOBEHb 3HAUMMOCTH a =
0,05

Pemenne: OcHOBHBIE YHCIIOBBIE XapAaKTEPUCTUKYU JTaHHOTO BapUallMOHHOIO Psiia HallieM 110

onpeneneHuto. CpeHUN TuaMeTp BAIKOB PaBeH (MM):
1 1

1 14
;Z.’?i- Ay EE”{(&;—%)Z
Xep =~ *l = 6,753; ucripaBnennas qucnepeus (Mm2): D = k-1 =
0,0009166;

VICTIPABIICHHOE CpejHee KBaApaTHUeCKoe (CTAHAapTHOE) OTKIOHEeHHe (MM):s = ¥ =
0,03028.



40

30 - e 1

20 A

Yacmmoma

6.65 6.7 6.75 6.8 6.85
Huamemp eanka X, mm

Puc. YacToTHOE pacnpenesieHne AMaMeTpoB BAJIKOB

HcxonHoe («ChIpoe») 4aCTOTHOE pacipeiesieHe BapUallMOHHOTO psijia, T.€. COOTBETCT-
BUE ni(X1), OTIMYAETCS JOBOJIBbHOE OOJIBIINUM pa3z0pocoM 3HAUCHHUH Ni OTHOCUTEIHHO HEKOTO-
pO¥l TUITOTETUYECKON «YCPEAHSIONIEH» KPUBOH (puc.). B 3ToM ciydae nmpeanodTuTensHo mo-
CTPOUTH M aHAIM3UPOBATH MHTEPBAJIbHBIN BapUAILIMOHHBIN s, 00BEIUHSISA YaCTOTHI JUIS
JMaMETPOB, MOMNAAI0IIUX B COOTBETCTBYIOIINE HHTEPBAIBL.
UYucno untepBanbHbIX rpynn K onpenenum no ¢popmyne Crepmpkecca:
K=1+log2n=1 + 3,322lgn, rne n = 200 — 06beM BbIOOpKHU. B HameMm ciayyae
K=1+3,322x1g200 =1 + 3,322%2,301 = 8,644 » 8.
[[Inpuna naTepsana pasHa (6,83 — 6,68)/8 = 0,01875 » 0,02 mm.
WHTepBanbHbIi BapHallMOHHBINA PsiJl 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

HHTepBaHBHBIﬁ pAa MOXKET 6BITB Haris1AHO MPCACTABJIICH B BUAC I'MCTOTpaMMBbI YaCTOTHOI'O
pacrpeneneHusl.

80 -

60 -

40 -

Hacmmoma

20 -

G ' T T 1 T T T T T 1] T T T T 1 T T T .:
6,65 6.7 6,75 6.8 6,85 6,9
Huamemp sanka X, mm

Puc. YacrtoTHOe pacnipenenenrne 1uaMmeTpoB BaakoB. CIUIONIHAs JIMHUS — CTJIa)KUBAIOIIAs
HOpMaJIbHAsI KpUBasl.

Bupa rucrorpammbl IO3BOJISIET CAETATh MPEANOI0KEHHE O TOM, YTO pacipeeeHne
JIMaMETPOB BAIKOB MOJAUMUHSIETCSI HOPMAJIbHOMY 3aKOHY, COTJIACHO KOTOPOMY TEOPETUUYECKUE
4acTOThI MOTYT ObITh HalJIEHBI KaK
nk, Teop = nxN(a; s; Xx)XDyk, 1€, B CBOIO 0OYepe/Ib, CTIKUBAOIAsI TAYCCOBA KPUBAsi HOP-
MaJbLHOTO pacmpeeeHus onpeaenseTcs Beipakennem: N(a; s; xk)



1 E}{p{— (%5 — 4}2}
= wfﬁiif 2a” .

B 3Tux BoIpakeHUsAX XK — IEHTPBI HHTEPBAJIOB B YACTOTHOM MHTEPBAIBHOM BapUAllUOHHOM
psze.

Hampumep, x1 = (6,68 + 6,70)/2 = 6,69. B kauecTBe OIICHOK IIEHTpa a U IMapaMeTpa s
rayccoBOM KpUBOM MOXKHO IIPUHSATE: & = Xcp.
U3 puc. BUIHO, YTO rayccoBa KpHBasi HOPMaJIbHOTO PaCHpE/IesICHUs B LIEJIOM COOTBETCTBYET
AMIIMPUUYECKOMY UHTEPBATIBHOMY pacipenenaceHuto. OIHAKO ClIeqyeT yI0CTOBEPUTHCS B CTa-
TUCTUYECKON 3HAYMMOCTH 3TOT'0 COOTBETCTBUS. Vcronb3yeM /Ui MpOBEpKHU COOTBETCTBUS

OMIIUPUYECKOTO PACIPEIEICHUS YMIIUPUUYECKOMY KpuTepuld cornacus Iupcona. [{ns sToro

2
5 I:';g.i:. - nk,;weap}

~ #
CJIEAYET BBIYUCIUTD SMIIMPUYECKOE 3HAYEHUE KPUTEPUS KaK CYMMY &= kel hmecy ,
TJI€ Ny ¥ Nk, TEOp — SIMIUPUUECKHUE U TEOPETHUECKUE (HOPMaJIbHBIE) YaCTOThI, COOTBETCTBEH-
HO. Pe3ynbTarhl pacyeToB y100HO MPECTaBUTh B TAOIMYHOM BH/IE:

Ta6muia Beranucnenus kpurepus [lupcona

Xk, MM Nk Nk, Teop (n, —» ijﬂ

[Xk, Xk+1), MM E—
n&mm'
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
c25MII 10,55

Kputnueckoe 3nauenue kpurepus Haiaem mo tadmuue [Tupcona [2, 3] qns ypoBHsS 3Ha-
gumocTH a = 0,05 u yucna creneneit ceodoas! d.f. = K — 1 —r, rame K = 8 — uncno uaTepBasioB
MHTEPBAILHOTO BAPHALIMOHHOTO Psijia; I = 2 — YUCIIO AapaMEeTPOB TEOPETUYECKOTO paciperie-
JIEHUs1, OLICHEHHBIX HA OCHOBAaHUHU JAHHBIX BBIOOPKH (B JaHHOM Cllydyae, — IapaMeTphl a U §).

2
Taxum o6pa3zom, d.f. = 5. Kputnueckoe 3Hauenune kputepus [Inpcona ectsb z kput(a; d.f.) =
11,1. Tak kak c25mn < C2KpUT, 3aKJII0YAEM, YTO COTJIACHE MEXIY SMIUPUUECKUM U TEOPETHU-
YCCKHUM HOPMAJIbHBIM paCIipCAaACIICHUCM SABJIACTCA CTATUCTUYCCKUM 3HAUYUMBbIM. WapiMu cno-
BaMU, TEOPETUYECKOE HOPMAJILHOE paclpeiesieHue Y0BIETBOPUTEIHLHO OMUCHIBAET IMIIUPH-
YECKHUEC JaHHBIC.

IIpumep5: KopoOku ¢ MI0KOIaI0M yIIaKOBBIBAIOTCA aBTOMaTHUecKu. [1o cxeme coOCTBEHHO-
ciydaiiHoi 6ecioBTopHOM BEIOOPKH B3sTO 130 13 2000 ymakoBoK, CoepkKaIIuXcsl B TapTHH,
U TIOJIyY€HBI CIICAYIOUINE JaHHbIe 00 UX Bece:
Bec ynaxoBku (rp.) | Menee 975 | 975-1000 1000-1025/1025-1050 bonee 1050 Beero
Uucino ynakoBok 6 38 44 34 8 130

2
Tpebyercs ucnonb3ys KpUTEpHii - [Iupcona npu ypoBHe 3Haunmocty a=0,05 mpoBepuTh

TUIIOTE3Y O TOM, UTO ClIyJaifHas BeIudrHa X — BeC YIAaKOBOK — pacmpe/iesieHa o HopMaib-
HOMY 3akoHy. [TocTpouTh Ha 0THOM rpaduKe THCTOTPAMMY IMITUPUUECKOTO PaCIPEICTICHHUS
¥ COOTBETCTBYIOIIYIO HOPMAJIbHYIO KPHUBYIO.

Pemenue

¥=1012,5 s” = 615,3846
IIpumeuanue:

B npuHIMIEe B KauecTBe ANCIEPCHU HOPMAIBLHOTO 3aKOHA PACTIPE/ICIICHHS CIICAYET
B3SITh UCIIPABICHHYIO BEIOOpOUHYIO aucnepcuio. Ho T.k. konauuectBo HabmoneHuit — 130



> 2
JOCTAaTOYHO BEIMKO, TO TIOJOUICT U «OOBIYHASY & .
Takum 00pa3oM, TEOPETHIECKOE HOPMAITLHOE PACIpeIelIeHIEe UMEET BUJI:
fx—af

— 1 2"
fix)= N

noxcrasisiem a = 1012,5 a’— 615,3846 B =24,8069

Fix)= 00160815 o ~L000B129x 10125

Jlnst pacyeTa BEpOATHOCTEN p; MonagaHus CIy4allHOW BEJIMYMHBI B UHTEPBATI [X; ; Xi+1] HUC-
noab3yeM ¢ynkuuio Jlamnaca:

ofeiz2) {5

i ] ]

@[xm —1312,5] B @[x, —1u12,5ﬂ
|\ 24,3069 24,8069

B HAIICM CJIy4ac MoJIydacMm:

pl(xl EXiI‘_H]:

pl(xl EXE.X:‘H]%

M= b

9,950 < ¥ <975 )= l[@(— 1,51)- o(-2,52) = l[t:n,gaaﬂ - 0,869 =0,0597
2 2

5,975 <.¥ £1000 )= %[@(— 05)- o(-151) = %[n,aﬁg - 0,3829] = 0,2431
p,(1000 € ¥ €1025 )= %[a‘v[ﬂ,j]— o{-05)= %[0,3319 +03820]=0,3820
p.(1025 € ¥ <1050 )~ %[@(1,51]— o{05)= %[n,aﬁg —0,3829] = 0,2431

1 1
p,[1050 € X <1075 |~ E[<;t>[2,52 1-o{151)]= E[::l,gaa:«l — 0,869 =0,0507

HpI/IMCLIaHI/ICI Taxkue CUMMCTPUYHBIC BEPOATHOCTH ITOJTYUUIUCH U3-3a TOI'0, YTO 110 HAITKUM
HayaJbHBIM YCJIOBHUSM BBIOOpOYHAS CPEeIHSS MONaJla TOYHO B CEPEIUHY CPEHEro HHTEepBasa
BBIOOPKH.

CocraBum TabnuIy:

Wnrepsan OMIIIpUYECKHE Yac- BepostHoCTH Teopernueckue yac- ' (Hi —np, )’
. TOTBI . TOTBI (ni-
[xi xi+] ni P! npi npi)2 Hp,
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 1025-1050 34 0,2431 31,603 5,746 0,1818
5 bonee 8 0,0597 7,761 0,057 0,0073
1050
T 130 0,9885 128,5 1 =255
Hroro, 3HaueHHE CTaTUCTUKHU X =255 .

OnpeenM KoHIecTBo cTerereii cBo6os! o hopmyne: K =H1—1 =1,
m — YKCJI0 UHTEPBATIOB (M = 5), r— YHUCIIO MapaMeTPOB 3aKOHA paclpeieieHus (B HOpMaib-
HOM pacnpenenenun r = 2) T.e. k = 2.

CoOTBETCTBYIOIIEE KPUTUICCKOE 3HAUCHUE CTATUCTHKHU



Kosss =599

o g
OCKOJIBKY , TATIOTE3a 0 HOPMAJILHOM PAcpe/IeIICHUH € TTapaMeTpaMu
N(1012,5; 615,3846) cornacyercs ¢ ONBITHBIMU JAHHBIMHU.
Hwxe mokazana ructorpaMma 3MIHPUYSCKOTO pacpe/IeIICHNs U COOTBETCTBYIOIIAS HOP-
MaJIbHasi KPUBas.

/

Eonee 1050

Menee 975 a7 5-1000 1000-1025 1025-1050

3. Onenka mapaMeTpoB HEU3BECCTHOI'O pacrpeaec/JiCcHUus. BblpaBHI/lBaHI/Ie paaoB

IIpumep. C nenpio ucciaeroBaHUs 3aKOHA pacipeieleHns OIUOKA W3MEPEHUS TaJTbHOCTHU C
MOMOIIIbIO paiuofanibHOMepa pousBeaeHo 400 u3mepeHuit JabHOCTU. Pe3yabTaThl ONBITOB
MPEJICTaBJICHBI B BUJIE CTATUCTUYECKOrO psijia:

L{x) |2030 |3040 | 40050 | 50,60 | 60;70 | 70,80 | 80,90 | 90,100
m'!- 21 72 66 38 51 56 64 32
o 0,052 |0,180 | 0,165 | 0,095 |07128 |o0,040 |0,60 [ 0,080

BBIpOBHATH CTATUCTUYECKUH PAJT C TOMOIIBIO 3aKOHA PABHOMEPHOW MJIOTHOCTH.
Pemrenne. 3aKk0H paBHOMEPHOH IIIOTHOCTH BBIpakaeTcst GopMyIioi

b
S-o

0 mpuz<aunux> S

OpH & <% < 4,

flx)=

Y 3aBHCHT OT JIBYX [TapaMeTpoB < u £ Itu napameTpbl ClIeIyeT BhIOpaTh Tak, 4TOOBI CO-

XPaHUTHh NICPBBIC IBA MOMCHTA CTATUCTUYCCKOI'O PACTIPCACICHUA —
* S

M
MATEMATUYECKOE OKUIAHUE ~ * U AUCTICPCUTIO ¥, Umeem BBIpaXKEC-
HUs MaTEMATHYCCKOI'O OKHMAAHUA U JUCIICPCHUH JI1 3aKOHa paBHOMepHOfI IINIOTHOCTH:

o+
M = ﬁ .
2
2
(£-a)
D =
12
,HJ'ISI TOTrO, qTOO0BI YIIPOCTUTD BBIYUCICHUSA, CBA3aAHHBIC C OIIPCACICHUEM CTATUCTUICCKUX MO-
= 6':'

MCHTOB, IIEPCHECEM HAYaJI0 OTCUCTA B TOUKY " IpUMEM 3a NPCACTaBUTEIIA €T0 pas3-

psana ero cepeauny. Pan pacnpeneneHus UMEET BUJL:
4 | —35 | —25 ~15 | -5 | 5 | 15 | 25 | 35

pz’

1
* |0,052 |D,180 0,165 |0,|::195 |D,128 |0,140 |D,160 |D,UBD

=

X [l
raec r- CpE€aHEC MJId paspsaaa 3HAUCHUC OILIIMOKH paguoaalbHOMEPaA X IIp1 HOBOM Ha4dajic
oTcyeTa.



[IpubnukKeHHOE 3HaUEHKE CTATUCTUYECKOTO CPEHErO OMUOKH <5 PaBHO:
* FI: ot *
myr= 2 Fipy =0,26
i=1

I
* T %k
ol §
ay =2 (%) py =447.8
BTOpOii CTaTMCTMYECKUIi MOMEHT BEJIMYUHBI < paBeH: 1=l ,
OTKY/1a CTATHCTHYECKAS JUCTIEPCHS:

. fiz)

ik it 4
Der=gy—|me| =447.7
[lepexons k MpexxHEMY Hayaly OTCYETa, OJy4uM HOBOE CTa-
TUCTUYECKOE CpPEIHEE:

* *
i, = mye+60= 60,26 ,
B Ty K€ CTAaTUCTUYCCKYIO JUCIICPCHUIO:

D =D =447,7

[TapameTpsl 3aKOHa PaBHOMEPHOMU IIJIOTHOCTU OIPEIEIISIOTCA
YPaBHECHHUSAMH:

2
G+ E_ga08 (6-a) _ 4477
2 12 ,
Peniast 5Ty ypaBHEHHS] OTHOCHTENBEHO & 1 A , umeem: & & 23,6, B=36.3 ,
OTKyJa
Flr) == 0,013
f-a 733

Ha puc. 1. noka3zaHbl rucTorpaMMa 1 BbIpaBHUBAIOIINHN €€ 3aKOH pPaBHOMEPHOH IJIOTHO-
A

ern 747,

2.3.3 Pe3yabTarhl M BBIBOABI: B pe3ynbrare NpoBeACHHOIO 3aHATHUS CTYACHTHI:

- OCBOWJIM OCHOBHBIE ITOHATHUS TEOPUH ITPOBEPKU CTATUCTUUECKUX TUIIOTES;

- YCBOWJIM QJITOPUTMBbI IPUMEHEHHUSI CTATUCTUYECKUX KPUTEPHUEB;

- BbIpabOTalIM HaBBIKU 10 IpUMEHEHuIo kputepus [Tupcona;
- YCBOMJIM OCHOBHBIE METOBI U aJITOPUTMBI BBIDABHUBAHUS CTATUCTUYCCKUX PSATOB.

2.4 IlpakTuyeckoe 3ansaTue Ne 7-9 (6uaca)

Tema: Ouenka TecHOTHI cBsA3u. Koppensius. J[UCepCHOHHBINA aHATU3 ¢ HCIOIB30BAHUEM TaONIHUI
Excel. Ananu3s Tabnuil CONpsKeHHOCTH.

2.4.1 3apnanue nis padoThbI:
1. Ouenka TecHOTHI cBsi3u. Koppemnsius.
2. I[I/ICHepCI/IOHHHﬁ aHaJINn3 C UCITIOJIb30BAHUEM Ta6J’II/II_I EXCCI. AHaJ'II/I3 Ta6J'II/ILI COIMPAKCHHOCTHU.

2.4.2 Kparkoe onucaHue nNpoBoAMMOro 3aHATHUS:

Onpenenenre TECHOTHI CBSI3U MEKY PE3yJIbTaTUPYIOLUIUM (akTOpoM U (haKTopamu,
BIIUSIONIMME HA HETO, & TAK)KE TECHOTHI CBS3U MEXKy CAMUMU BIHSIONIMME (aKTopaMu



Ta6mumua 11. McxonHele naHHbIE

e Bnusromue gaxTopsl

38 | g 5 ¢ 188 |g ¢ & |

5% | 5 _| 28| &.| 89|58 |9¢2 |85 |22
N N » 8 23 > £ o = = o I ROl E8am
No £ 3 g g ES | 23| 2« |88 282l Eig° s8¢
- S 3 S| 25| S| ES |28 a2 EE|E2E
n/m oo g = =] - o O = SR 20|88 T Ool0aS
52| EZ| EE| E8| 55 |55 |EE°|scg cSER

<8 | 2F| g8 | £2 | g8 |z |EE |XET| =%

g g cS | B | 52|28 |28 |72 |BE

> = @) ng ; = > = > n A

1| 12,2 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] 111 160,0 602 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 52 7,9 72

8 9,0 64,4 450 0,80 1,90 30,0 5,0 22,3 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

TecHOoTa ¥ HampaBjeHWE NAPHON JIMHEHHON KOPPETALMOHHON 3aBUCUMOCTH MEPEMEH-
HeIX X U Y omnpenensercs ko3dduuuenrom koppensaiuu. OH NpUHUMaET 3Ha4eHus oT —1 10

+1. Ilpu |r| 20,75 cBs3b TecHasA, (aKTOp, OKA3bIBAIOIIUI BIUSHUE HA PE3yIbTHUPYIOIIUHN TO-

KazaTenb JocToBepeH. [lpu |r| > 0,25 cBsI3b MPAKTUYECKH OTCYTCTBYET U PacCMAaTPHUBACMBIN

(bakTop cienyeT UCKITIOUUTD.
CBsi3b MEXKAY PE3yJbTUPYIONIUM U BIUSIOMIUMEI (HAKTOPAMU OTPAXKAETCS YpaBHEHUEM
MHO>KE€CTBEHHOMW JIMHEWMHOUN perpeccun:
Y=A0 + A]X] + A2X2 +...+ Aan 5
rae A,— CBOOOIHBIN YjieH ypaBHEHUS, SKOHOMHUYECKOW HHTEPIIPETAIlN HE UMEET;
AAy,... Ay — K03QPUIMEHTHI ypaBHEHHUS, TTOKA3bIBAOIINE HA CKOJIBKO MU3MECHHUTCS
Pe3YABTUPYIOMIHKA (PaKTOP MPU U3MEHEHUH BIUSAIONIETO HA CIUHHUILY;
Xy, Xa,...,Xn — 3HAYCHHUSI BIUSIOMNX (PAKTOPOB.
B pesynbrare pereHus 3aaaun ¢ moMoIiso “Regma’ ObLITH MOTYYEHBI CICTYIONTHE KO-
3¢ ULMEHTH ypaBHEHUST MHOXXECTBEHHOW JIMHEWHOM perpeccu:
A[0]= 3.3854 A[3]= -1.7198 A[ 6]= -0.0252
Al 1]= 0.0101 Al 4]= 2.9394 A[7]= 0.0501
A[2]= -0.0076 A[ 5] -0.0764 A[ 8] 0.1559




ITpuBeneHHOE 3HaUEHHUE CPEAHETO KBAJPAaTHUECKOr0 OTKIOHEHUS (PaKTHUECKUX 3Hade-
HUH pe3yNbTUPYIOIIErO MT0KA3aTeNs OT €r0 BBIYMCIEHHBIX 3HaueHuil = 0.1376.

Koaddurnment muoxkectBeHHo# Koppemsiuuu = 0.89.

Koadduuuent nerepmunanuu = 0.79.

[lepBoHayanbHO MpH pacyeTe MCIOJIb3YIOTCS Bee (HaKTOphl, KOTOPbIE MOT'YT BIUAThH. B
MOJYYEHHBIX PE3yNbTaTaX OTPaKaeTCsl TECHOTA CBSA3U MEXKIY pe3yJbTHPYIOIUM (haKTOPOM U
(daxTopamy, BIUAOIMMH Ha Hero (I MaTpuia pe3ynbTaToB), a TAKKE CBSI3b MEXIY CaMUMHU
BiusomuMu pakropamu (11 maTpuria pe3yabTaToB).

Tabmuma 12
XapakTepucTHKH psiioB HcxoaHoil maTpuusl (1)
Cpenrice Koad. bera-
Pan cpenHee KBaJIpaTHy. SHTPOMHUS | BIACTUYHOCTD
BapHUaluu K09 (.
OTKJIOHEHHE
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 KOPPEALIUT
napa Koag. xoppe- Orenka cy- S—
JSUN 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

59 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 matpuiie oTOpakoBBIBatOTCs (haKTOPHI, HE BIUSIONINE WM MaJiO BIMSIONIUE HA pe-
3YIbTUPYIOIINAN (|r| <0,25), a Bo Il Marpuiie MCKIIOYAETCS MYJIBTHKOPPEIIPHOCTH, O3HA-

qaromas, 4To (PaKToOpbl SABISIOTCS PE3yJbTaTOM APYT Jpyra (|r| > 0,75). Jlnsg ucCKIIOYCHUS

OJIHOTO U3 JIBYX BIHSIOMUX (PAKTOPOB HEOOXOAUMO OTNPEACIIUTh, 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 YPOIKAWMHOCTb,
CJIeI0BaTENbHO, UCKIIoUatoTes X3 U X7). Bo BTopoit uckiouyarh HU4ero He npuuuiock. [lo-
CJI€ UCKITIOUCHHS MaJjIo3HAYAIINX W MYJIbTHUKOPPESAIIMOHHBIX (PaKTOPOB CHOBA MPOM3BOIUTCS
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)

Cpennee Kond. Bera-
Pan cpenHee KBaJpaTud. JHTpOIUSA | 3JIACTUYHOCTH
BapHUaluu K09 (.
OTKJIOHEHUE
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- OrneHka cy- SHTpOMIS
JIO U 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

(Hamp., KOM(OPTHOCTH CaMOJIETa, CPaBHEHHE aBTOMOOUIICH U JIp.), HAXOSIIUXCSA B OJJTHOM

"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 OOBEKTOB - 0T 4 110 7.

A (bo- | b (Tymo- | B (Aapo- | I" (bombap- | I (Anbbat-
UHT) JIeB) oyc) TIp) poc)

Ne [TapameTtp Bec E

MarucrtpaibHas
NAJIBHOCTh

BMecTuMocCTh

Pacxon ToniuBa
V

2
3
4  [Komdoprt
5

CTOUMOCTE DKC-
[TyaTaruu

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-
K IbIN TapaMeTp BappupyeTcs B nuamnasone ot 0,015 no 0.3.

No Mapamerp Bec A (bo- | b (Tymo- | B (Aspo- | I' (bombap- | I (Anbbat- E
WHT) TieB) oyc) JUp) poc)
| MarucrtpajibHas 0.2
aIbHOCTh
2  [Bmectumocth 0,15
3 Pacxox TominBa 0.25
v
4  [Komdoprt 0,15
5 CTOMMOCTB JKC- 0.25
TUTyaTaIiu
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:

Ne Iapamerp Bec A (bo- | b (Tymo- | B (Aspo- | I' (bombap- | J] (Annb6ar- e
WHT) TieB) oyc) nup) poc)
| MarucrtpajibHas 0.2 9 6 10 q ;
TATLHOCTD
2 [BmectumocThb 0,15 7 10 10 6 8
3 5]acx0)1 TOIIJINBA 0.25 g ; 9 0 .
4 MakcumanbHas 0.15 10 g 9 q ;
CKOPOCTb
5 CTOHUMOCTD JKC- 0.25 6 9 9 0 .
MIyaTaluu
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.

JI (Anms0at-
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  |BmecTUMOCTH 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=12| 1,5
Pacxop TomnuBa

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
MakcuMalbHas

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
CKOPOCTh
CTOUMOCTB KC-

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 KoddunmeHTa panroBoit koppenauuu CrnupmeHa

\/n-2 \/3
Thaon = Pxy =0.2 =0.35
1-p%, \/1-02°

y
I1o Tabnuue CTbrofeHTa HAXOMUM trag:
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:

O0BbeM IPOMBIIITIEHHON IPOAYKLIHH, HBeCTUIIMM B OCHOBHOM KaluTal,
O06aacTh

MIIpT PYO. MIIpT PYO.
benropoackas 64,6 10,22
bpsinckas 21,5 4,12
Bragumupckas|S1,1 8,58
Boponexckas (54,4 14,79
MBanoBckas [20,6 2,88
Kanyxckas  [35,7 7,24
Koctpomckas (18,4 5,57
Kypckas 37,1 9,67
JInnenkas 90,6 10,45
CwmoraeHckas [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
20.62.88 2 1 8 0
21.514.12 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
54.414.79 8 10 0 2
64.6 10.22 9 7 1 0
90.6 110.45 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

9-1010—1)
2.5.3 Pe3yabTaThbl U BHIBO/BI:
Tak kxax 1 > Ty, — oTBepraeM HyJIeBYIO TMIOTE3Y; PAHIOBask KOPPEIALUOHHAS CBA3b MEKAY
OIICHKaMH I10 JBYM TECTaM 3HauMMasl.



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
NPOM3BOACTBA

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-
CHUMYIO Uepe3 psJl APYyTruX 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 NPOBeieHNs KOPPeJIsiiHOHHO-PErpecCHOHHOI0 AaHAIN3A

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 IIPU MOMOIIU KOPPEISALMOHHO-PEIPECCHOHHOTO aHAIH-
3a. [Jns aToro onpenenuMm:

1. Ot xakoro (akTopa MOXET 3aBUCETh IPOU3BOAUTENBHOCTh. PaccMOTpuM, Hanpumep
TaKue IMoKasaTesu Kak pongoodecnedeHHOCTh Ha 100ra riomaay cenbCKOX03sICTBEHHBIX yro-
I, (POHIOBOOPYKEHHOCTh Ha 1-ro pabOTHUKA U ypoKalHOCTh. VICIOIb3ysl aKeT NPUKIaJHBIX
nporpamm Excel, paccuntaem k03¢ HUIMEHTHI KOPPENALUYT U OTIpeieInM Harbosee OImu3Kue K
eauHuIe K03 UIMEHTHI, KOTOpble OYAYT CBUIETEIbCTBOBATh O TECHOTE CBSI3U MEXY (hakTop-
HBIM U Pe3yJIbTaTUBHBIM IpU3HAKOM (Tabds1.10), HO 1715 3TOro HE0OXOAMMO CIPYNIUPOBATh
npeamnoaaraeMbie (haKTOPHBIE TTOKa3aTeNn B Ta0uIly (Tabi.7)

Tabmuua 7- MlcxoaHble TaHHBIE IS OTPEIEICHUsT MaTPHIIBI MAPHBIX KO3 PHUIINEHTOB
KOppeJsiu

donmo00eCcTIe4eHHOCTh
oy (oo o 100w {0onsonoonnet g
Hac yTOIHH, THIC. pyO 0OT. 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

Mopens A R2 Fpacu r

JTHHEHHAs 21,4787 0,6972 18,4170 0,8350
CTCIICHHAS 17,1118 0,8019 32,3747 0,8905
IoKa3aTebHas 3985898,1393 0,6352 13,9274 0,7818
rurnepooInyecKas 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 TOMYCTUMBIX pemeHui paccmarpuBaeMoit 3JIT1. KoopauHaTs! aTHX



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.

SORAQIB012686630024a1861

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 rpa(bnquKO-
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:

Hepagen-

CTBO 1 |21 |12 |22
1*x1+3*x2

<=90 0 0
4*x1+2*x2

<=120 0 0
I1*x1+1*x2

<=40 0 0

[Moctponm BekTop 1eneBoit pynkmun C(5;2). Cucrema KOOPAUHAT C 00JIACTHIO JOMTYCTH-
MbIx pemeHuit OABCD u BekTopom 1ieneBoit pynknuu C nmpuBeneHa Ha puc.



Puc. I'paduk 06acTH AOMYCTUMBIX PEIICHHUH.

[Toctpoum nuHui0 ypoBHS 5x1+2x2 = 0, MpoxondIIyl0 Yepe3 Hayalo KOOpJAUHAT U Iep-
nenaukyispayto Bekropy C (5;2). Bynem nepensurath ee B HanpaieHUH BekTopa C, B pe3yiib-
TaTe Yero HaXoAUM TOYKY, B KOTOpOi (pyHKIMS MPUHUMAET MaKCUMajlbHOE 3HaueHHe — 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-
00X0IMMO 3ariaHupoBaTh MPOu3BOACTBO 30 €. MPOJAYKIMH MEePBOrO BHA, a MPOIYKIUIO BTO-
pOro BHJIa HE BBIITYCKaTh COBCEM.

Pemenue 3axaum ¢ HCOJb30BAHUEM METO1Aa CHMILIEKC-TA0JINII.

[IpuBeneM maremMaTH4ECKyr0 MOJENb 3aJa4d K KaHOHHMYECKOMY BHIY, W30aBUBIIUCH OT
HEPaBEHCTB MMOCPEJCTBOM BBOJIA TOTIOJHUTENIBHBIX TEPEMEHHBIX:

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-
3BOJISIIOIUE MOJIYYUTh CUCTEMY KOOPAMHAT M yKa3aThb B HEH KOOPJMHATHI OJHOW U3 BEpLIMH
CUMILIEKCA.

PO - BexTOp cBOOOAHBIX KOAD(HUIIMEHTOB

Pi - BexTOp KOA(PHUIMEHTOB IPU EPEMEHHOM Xi

Pacmmpennas uenesas QyHKIMS:

C max = 5*x1+2*x2+0*x3+0*x4+0*x5

Bekropa:

P P P P P
0 |[1x) [2(x2) [3(x3) |4(x4) |5(x5)

20




BbazucHpIMU MOTYT OBITH TOJILKO €AMHUYHBIC BeKTOpa. basuc:
baszucherit Bektop Nel: P3(x3)

bazucueiit BekTop Ne2: P4(x4)

bazucherit Bektop Ne3: P5(x5)

3anoiMHUM NEPBYIO TaOIUILy:

B Koaddu- P ] 2 0 0 0

a3uc | IUEHTHI IPU 0 ] P P P4 P5
Oaszuce 1 2 3

B 0 9 3 1 0 0
3 0

B 0 1 : 2 0 1 0
4 20

B 0 4 1 0 0 1
5 0

C max = 0 : - 0 0 0
5 2

[Tpu mpocmotpe mocnenHei (MHAEKCHON) CTPOKU cpelu KO3 UIMEHTOB 3TOH CTPOKHU
(uckmroyast cTo0en; CBOOOJHBIX YJIEHOB) HAXOAMM HAaWMEHbIIEE OTPUILATEIBHOE YHUCIO: -5
(mepBBI cTONIOCIT - KITFOUEBOH ).

[IpocmaTpuBas nepBbIii CTOAOEI] TAOIHIIBI (KIHOYEBOM) BEIOMpPAaEM CpEId MOJIOKHUTEIbHBIX
K03 (UIIMEHTOB CTOJOLA TOT, IJI KOTOPOro aOCONOTHAs BEIMYMHA OTHOIICHHS] COOTBETCT-
BYIOIIIETO CBOOOIHOTO WiIEHA (HAaXOJSIIErocs B CTOJI0IE CBOOOIHBIX UWIEHOB) K 3TOMY 3JIEMEHTY
MUHUMaNbHA — 4. OTOT KO3 GUIIMEHT HA3bIBAETCS pa3pellaloiuM, a CTpoKa, B KOTOPOW OH Ha-
XOIUTCS KITIOUEBOIA;

3amernraembiii 0a3ucHBIN BeKTOp: P4 (2-1 cTpoka)

Hogeriit 6a3ucHblit BekTop: P1 (1-it cTonGerr)

3amensieM OazucHbIN BekTOp P4 Ha P1.

CtpouM HOBYIO TaOJIMIly, COAEp)KAllyl0 HOBbIE Ha3BaHMs Oa3UCHBIX NEPEMEHHBIX, AJIS
3TOrO:

- pa3zenuM KaxkIbli 3JIEMEHT KIIF0OUEBOM CTPOKU (MCKII0Uasi CTOJI0EI] CBOOOIHBIX YJICHOB)
Ha pa3peliaomni 3IeMEHT U MOJTy4YeHHbIe 3HaUeHHUs 3alliIIeM B CTPOKY C U3MEHEHHON Oa3mc-
HOU MEpEeMEHHOM HOBOM CUMILIEKC TAOJIHIIBI.

- CTpOKa pa3pelarolero 3J1eMeHTa IeIUTCA Ha 3TOT AJIEMEHT U MOJIy4eHHas CTPOKa 3aIlu-
CBHIBAETCSl B HOBYIO TAaOJIMILy Ha TO K€ MECTO.

- B HOBOI Ta0HIle BCe 3JIEMEHTHI KJIF0UEBOro cTojdma = 0, kpome pa3pesaroliero, oH Bce-
raa paseH 1.

- crosifer], y KOTOporo B KiItoueBoil crpoke umeercs 0,B HOBOM Tabnuiie OyJeT TaKuM Ke.

- CTpOKa, y KOTOpOH B KIt04eBOM cToJ1011e nmeercs 0,B HOBOM Tabnuie OyJeT Takou xKe.

- B OCTaJIbHbIE KJIETKW HOBOW TaOJIMIIbI 3aTUCHIBAETCS PE3YAbTAT MPeoOpa3oBaHuUs AIEMEH-
TOB CTapOy TaOJINLIBI:

Bnem. KoY. Dnem. mmoy.
cronbua % | cTpokn
Hogb1i Crapuit KL CTPOK EILCTOI,
WIeMeHT | = | smemear | —
Paspemaronmi

ANEMEHT

B pesynbrare monydusii HOBYHO CHUMIUIEKC-TA0JMIly, OTBEYAIOLIYI0 HOBOMY Oa3MCHOMY
PELICHUIO:



Ne bazuc | Kooapdunuents: | PO | 5 2 0 0
npn Gasuce P1 P2 |P3 | P4
5
P3 60 |0 (25 |1 -0.25
P1 30 | 1 05 |0 0.25
3 P5 10 |0 |05 |0 -0.25
C max = 150 0 0510 1.2510

[IpocmarpuBast CTpOKy 1esieBO GpyHKIUHU (MHICKCHYIO), BHIUM, YTO B HEW HET OTpHIIa-
TENbHBIX 3HAYECHUH, 3HAYUT, ONITUMAJIbHOE PEIICHHUE ITOIY4YEHO.

W3 Tabauip! morydnm 3HaUYSHHs TEPEeMEHHBIX 11e1eBOI (PyHKITUH:

1 |2 |3 |4

5

0 0

0

eneras pynkmus: C max = 5*30+2*0
N B pesynbrare: OTBeT: /{715 TOro 4T0OHI MONYYHTh MAaKCUMATLHYIO MPUOBUTH B pa3Mepe
150 nmeH. exn., HEOOXOIUMO 3aIIAHUPOBATH MPOU3BOACTBO 30 /1. MPOAYKIMU MEPBOTO BUIA, a
MPOIYKIIMIO BTOPOTO BHJA HE BBHIMYCKATh COBCEM (OTBET COBMANAET C OTBETOM, MOTYyYCHHBIM

rpaguIeCcKUM METOIOM).

Metoanbl pemienus 3JIIT
1. Pemienue 3JII1 cumrmiekc-MeToaoM
2. JIBOMCTBEHHBIC 3a/1a4H.
3. IlporpammHoOe oOecrieueHne pelieHns 3a1ad JuHeHHoro nporpaMMmupoBanus Ha [1K.
3aoaua. C.\ x. npeonpusmue npouzeooum u npooaém npooykyur 08yx euoos: «I1 Ilpo-
oykmy u «2 Ilpooykmpy. /{na npouzeoocmea npooyKyuu UCnOIb3VIOMCS pecypcvl 08yX Kame2o-
puii: A u B. Pacxoowvl pecypcos A u B Ha npouzeo0cmeo eouHuysbl npoOyKyuu Kaircooz2o euod,
3anacvl NPOOYKMo8 U yeuvbl npoOyKmos npueedenvl ¢ maoauye 1.

Tabnuya 1
Pecypcu Pacxo0 pecypcos na eo. npooykyuu 3anacer  pe-
cypcoe

1 IIpooyxm 2 Ilpooykm
A 1 2 3
B 3 1 3
Konuuecmso npo- X, X,

OyKyuu

1]enwi 2(0emn. ea.) 1( 0en. eo.)

Buiscnums, xaxoe koauvecmeo npooyKyuu Kaxcoo2o eudda HA00 Npouzsoo0umv npeonpu-
AMUIO (cocmasumes NaaH NPOU3B0OCMEaA), YmoodbL NOAYUUMb MAKCUMYM NPUOBLIU.

3aoanue.

1. Cocmasumov mamemamuiecKkyro Mooeb 3a0au.

2. Pewuums 3a0auy 6 Excel.




Pewenue. 1. Cocmasumsb mamemamuueckyro mooenip 3adauu. Jljis cOCTaBICHUSI MaTe-
MaTHYECKOM MOJENH 3a/lauy NPEKIE BCETO 66€0éM nepemennble (Heuseecmusle) 3a0auu: X, -

KOJTMYECTBO MPOAYKIMH 1-ro BUJA, a X, - KOIMYECTBO NPOAYKUMH 2-TO BHJA, MPOM3BOAUMbIE
HPEANIPUATHEM.

OrpaHu4eHHOCTh 3aMacoB PECYpPCOB NPUBOAUT K 0ZPAHUYEHUAM HA X U X, : OTpaHUYe-
HUS Ha pacxon pecypca A X, +2-x, <3,

orpaHMYeHHMs Ha pacxon pecypcaB 3 -x, +x, <3.

Kpowme Toro, x;,x, =0.

KauecTBo pemieHns 3amaun ompenensieTcs ¢ INOMOLIbIO Uenegoul (yHKyuu 3adauu
Z(x,,x,)- OQyHKOMH, ONpEACNSIOMmE JOXOA MHPEQNPUATHS OT MPOJAXKH IIPOSYKIIHH:
Z=2-x+x,.

3agava 00 onpeeNeHnH TIaHa MPOM3BOJICTBA MPOIYKIIMH CBENACh K CIIEAYIOLIeH MaTeMa-
THYECKOil 3azaue: Haimu eekmop (X,,X,) (M1an npouseoocmsa), KOOPOUHAMbL KOMOPO20 YOO8-
JIeMBOPAIOmM cucmeme 0CpaHuseHutl

x+2-x,<3
3-x,+x,<3

U YCOBUAM HeOMPUYAmenrbHOCmU X;,x, 20,

KOMOpbIll 00Cmasnsem MaKcumym yeneeoti yuxyuu £ =2 - x, + Xx,.

DTy MaTeMaTHYECKYIO 3a/1a4y PUHATO 3aIIUCHIBATh B BUJIC

Z=2-x +Xx, > max (1)
x+2-x,<3

2)
3-x,+x,<3
XX, 20. (3)

Y HA3bIBATh MAMEMAMUYECKOU MOOeIbI0 TAHHOU MPOU3BOJICTBEHHOMN 3a/1a4H.
[TonobHble 3a1auM HA3BIBAIOTCA 3adauamu JUHENH020 npozpammuposanus. OHU U3Y-
4aloTCd B pa3liele MAaTeMaTHUKH, HAa3bIBAEMOM MamemMamuidecKum npozpammuposanuem. Tax

KaK MePeMEHHbIC X, U X, BXOJIT B CHCTeMy orpaHmueHumii (2) u ueneByo ¢ynkuuio Z (1)

JUHEWHO, TO 3TY 3a/lauy MaTeMaTHYeCKOro MPOrpaMMHPOBAHUS HA3BIBAIOT 3a0aueil TUHEHHO20
nPOPAMMUPOCAHUA.

MHOXeCTBO TOYEK AEKapTOBOil IIIOCKOCTH (X,,X,), KOOPAMHATEI KOTOPBIX YIOBICTBO-
PSIOT CHCTEME OrpaHMueHuil (2) W yCIOBHMSM HEOTPULATENbHOCTH (3), HA3bIBAETCS 00JACTHIO
JIOMYCTUMBIX PELICHUH 3aJayd JMHEHHOro MPOrpaMMHUpPOBaHUA(00IACTRIO JOMYCTUMBIX IIa-

*
HOB). B JaHHOM 3a1a4€ OHA NPCACTABIIACT coboit BBIITYKJIBIM YCTBIPCXYT'OJIbHUK. 3HaueHUSA Xl u

*
X, W3 00IacTH IOIyCTHMBIX IUIAHOB, IPU KOTOPBIX Z NPHHAMAET HanboJIbLICe 3HAUCHHE B
9TOU 00JIACTH, HA3BIBAOTCS ONMUMATbHOIMU(ONMUMAIbHBLIL NIAH), 3 COOTBETCTBYIOIIEE HAU-
* * *
Gonburee 3HaueHne Z =2-X, + X, SBISLCTCS ONTHMAJIbLHBIM 3HaueHHeM npuobLIH. Ta-

KM 00pa3oM, 3a7ada O pactpeeICHHd PECYPCOB SIBIICTCS 3a/adeid ONTUMU3AIMU U e€ Mare-
MaTHYECKOW MOJICNBIO CIIY)KUT 3ajada JIMHEHHOTO MPOrpaMMHPOBAHUs, 3aKIFOYAONIAsICS B MO-
UCKE ONTHMATBHOTO IJIaHA U ONITHMATBHOTO 3HAYCHUS 1[EJIEBON () YHKITUH.
3amaueii ONTUMH3AIUN MOXKET OBITh MOMCK HAUMEHBIIIETO 3HAYCHHUSI.
2. Pewenue 3a0auy ¢ Excel.
2.1. Beoo oannwix u gpopmyn 6 mabauyy Excel. OtkpoiTe Kaury Excel, JIuctl.



-O6benuanM sueiiku Bl u Cl. Jlnsg 3TOro BBLAEIHMTH SYEHKH, HAKaTh MPaBYIO KHOIKY
MbIIIM. B nosiBuBIIEeMCst okHE BbI3BaTh «Popmar siueek», 3aTeM «BbIpaBHUBaHUE» U MOCTABUTH
raJlouKky MNpOTUB ONLUH «00benuHeHue aueek», Haxarb OK. B 00bequHEHHbBIE STUEHKH BIUIIEM

3aroJIOBOK ((HCpCMCHHBIC».

-B sueiiky A2 Bnucars «Msa», B A3- «Ilnan», B sueliky A4 «llena», B B2- «1 IlpogykTy,

B C2- «2 [Iponykt», B D2 « [TpuOBLIBLY.

-B siueiiku B4 u C4 3aH0csTCS 3HaUY€HUS 1LIEH Ha MPOAYKIIHIO.
-Jlns mepeMeHHBIX X, M X, oTBouarca suekiku B3 m C3. Dro m3mensembie(pabouue)

siueliku, B HUX MCXOJHBIC TaHHBIC HE 3aHOCATCS U B pe3yJIbTaTe PEUICHUs 3aa4l B 3TH SUYCHKHU
OyIyT BIUCAHbI ONITUMAJIbHBIC 3HAUYCHUsI. Ta0iuIia TaHHBIX OYAeT UMETh BUJT

J/élga\\ = B R R Jwn_nporp-1.xlsx - Microsoft Excel
:3/ nasHas Bcraska PasmeTka cTpaH LB JaHHbie PeueHsnpoBaHue Bug Hagcrpoiikm
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Lo - el
=l ] B C D E F G - |
1 [MepemeHHble
2 [Uma 1 Mpodyrm |2 Mpodyxm | Mpubslae
3 [nan
4 |leHa 2
5 OrpaHu4eHua
6 Pecypcbl X1 Xz Pacxog |3anachbl
7 A 2
& B
)
10

-B saeiike D4 mocie okoHYaHUS pEIICHUS 3a/1aud Oy/leT yKka3aHa ONTUMAJIbHOE 3HAUCHUE
npubsuH(1ieneBas sueiika). C 3Toi 1ensio B sueiiky D4 BBoauTcs dopmyna sl BBIYHCICHUS

3HaueHui eneBoit Gpynkuun Z =2-X, + X,

OUH:

. ,Z[.TIH OTOro HaJa0 BBIIIOJHHUTH CICAYIOIIHUE OIICpa-

1) xkypcop B D4, BhIfC-
JIUTB ITY STYEHKY,

2) mENKHYB IO KHOIKE
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LW, B OTKPBIBIIEMCS OKHE B
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Macrep dyHreumi - war 1 us 2 &Ig

Mook yHKLYAM:

BEeaoMTe KPaTKOE ONMWMCEHHME OSACTEWA, KOTOPOE HYHHO
BbIMOMHMTE, M HEMMUTE KHoMKY "HailTi"™

1
|

Kateropua:  MaTteMmartudeckue EI
L

BribepuTe dyHKLIAKD:

CYMMECSIAMH -

CYMMKE

1| |cymmxerasH

|| |cyMmPasHKE i
CYMMCYMMKE

DAKTP =

CYHMMNOPOMEB(Macons l;MmaccHs 2;MacCHB I ... )
1 BozEpaWaeT CyMMY NpoMIES0eHMA OMaNasoHoE MNM MACCMEOE.

| | Copaeka no 370l dyHKLKW [ Ik ] [ OTMeHa

s
B mosiBuBIIEMCS OKHE ((APFYMCHTLI q)YHKL[I/II/I» B none «Maccus 1» BBeCcTH aapeca usme-

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
auelike D4 nosiButcs uncio 0.




Bydep olmepy Wipwgt Bepassusssme Yueno Cramm I

omreone - 0 X o fu] CYMMNPOM3B(B3:C384:CH) J
A B C D E F G H I K L
1 MNepemeHHEE
£ Mmn 1 Mpodyxm |2 Mpodyem | MpuBsiae ApTyMENT dywELi |7
3 [nau | comrpons
4 |llena 2 ;B4:C4) e & - oo
5 '"'ar";;me““ Macoe2 B4iC4 ] = @n
Macomd [ =
6 Pecypchl X1 Xz |Pacxog |3anacm
7 |A i
8 B ) =0
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11
12 Fugasan: 0 .
13 g 0 106 diymeagen E[ Omena |
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I D4 - f | =cyMMNPOK3B(B3:C3;B4:C4)
A B C D E F G H
1 MepemeHHbIe
2 WMmna 1 Mpodykm |2 Mpadyxm | [Mpubsins
3 lnaH
I Y -
5 OrpaHuyeHuA
6 |Pecypcbl X1 X2 Pacxopn |3anacel
7 |A 1 2
8 B 1
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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 n A8 3Ha4Ku peCypcoB,

B niosie B7:C8- HOopMBI pacxoia pecypcos.
-B  sueiiky D7 BBoaumTcs ¢dopmysia BBIYHCICHHS HW3pAacXOJIOBAaHHOTO pecypca A
X, +2-x,, B sueiicy D8- dpopmyna uspacxomoBansoro pecypcaB 3-x, + x,
(Takke, Kak ¥ popMyIa 1eyeBoi GyHKIUN).
- B stueiiku E7 u E8 BHOCKHM pa3Mephl 3a11acoB pecypcos.
Jlannbie u popmyisl BBeAeHBI. IHTEpdelic 3amaun OyaeT UMeTh BH]T
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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
[S11(S31%07 %

-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

J/dn\h ey ) s JluH_nparp-1.xlsx - Microsoft Excel
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«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 «llomck pemenuit» onmuto «IlapameTpsl» B mosBuBmieMcs okHe «llapa-
METPBI MTOMCKA PEHICHUs»YCTaHOBUTD (priaskok B mosie «JIuneiinas monenby. [Ipu Takom BeIOOpE
IpU pelIeHuH 3a7auu OyAeT UCHOJB30BaThCs CHUMILIEKC-MeTol. OcTaabHble 3HAYEHHUS MOXKHO

ocTaBuTh 0e3 usMenenusa. Haxare OK.
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2.3. 3asepuienue pewieHus 3a0a4u U RPOCMOMp pe3yibmamos.
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M3 gpyrux Cyweereyowme || OBHOBTE ﬂ CopTipoBka | PMALTR 7 Tekcrno  ¥ganute
VB TEKTE yerounmkos T | nogknkderus BCE =2 |13MEHUTE (EA3H . BononHuTENEHO cTonbLaM AyRARKATH L

MOAYYUTE EHEWHKWE JAHHBIE MoAKNKYEHUA COpTHPOBKE W GUAETD PagoTa ¢ jafg
[ »  -Coudl
A B G D E F G H J K
! MepemeHHbIe ‘
4 A
2 Uma 1 Mpodykm |2 Npodyxkm Inpuﬁnmu PesynsTatel noncka pewerus @
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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.

I-/:;\\I‘\ = 9-c \1 v Nux_nporp-1.xlsx - N
| _E?/’ TnasHas Bcraska PazmeTka cTpaHmLUbl Sopmynsl JaHHbe PeleHsMpoBaHne Bug Haacrpony
15 W3 Access | Ly (A &) nogrniouenms al E ]? 4:, OuMCTUTE
_"al‘h e Msp,_plyTrlnx Cyu.l,ec;ly_nlou.l,ne OEH%MTR:; e Hl CopTwpoeka | PwuneTp P
LV TeKTTa perounmkos ™ | MogknoHEHS Beer =2 Mamenwms cansn || A % Ronoarwrenstio
MoAy4UTE BHEWHKWE AaHHEIE NogenkyeHna COpTHPOEKE W GUAETP
I A3 - I | [Jonwu cocTasa
A B & D E F G
1 IHHepemennswse
2 Hwua CeHo MuHumanme
3 [Aonu cocrasa | 16,7741935 | 6,4516120
4 | UeHbl 30 50| 825,806452
5 OQz2paHuuyyeHnoua:s
6 Beujecnmea Pacxod | Mur nomp
7 |benok 50 20 180 2000 2000
8 Kansuut 6 4 3 120 120
9 BumamuHsi 2 1 1 40 40
10

IlepBuuHOE pacnpenejieHUe 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, ..., ).

MBbI noy4daem CIeAYUIyIo 3a1a4y:
X1 X 12X 3 TX 14X 51X 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:

bia; | 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 BBIIOJIHAIOCH yCnoBHe : o+ 3= ¢;; (¥)

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




Ma1 MOJIy4HUJIn B CEMH KIICTKAX W; l Cij , TCIICPb MOXXHO ITOCTPOUTH IHKII B 0001 U3
3THUX KJIETOK. BhIrogHee Bcero CTPOUTH LUKII B TOM KIJICTKC, B KOTOpOfI Pa3HOCTb H; 0 Cij; Mak-

cumasibHa. B HameMm ciayvae J1s mocTpoeHus Iukia 0epeM kietky (3,2):

18 19 11 21 2 1 1
ai |0 0 0 0 00 20 30 i
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
l_ 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 atoro H€06XOI[I/IMO HoACYUTATh MOTCHIHAJIBI O K Bj H OUKJI paCu€TOB IMOBTOPACTCA:

CTOMMOCTb NIEPEBO30K 10 JaHHOMY Iu1aHy coctasisier: 6000 Toic. pyo.

(24
4 180 190 110 210 200 120 130
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
j%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 -2 8 4 2 2 -6




CTOMMOCTB NIEPEBO30K I10 JAHHOMY IUIaHy cocTaBisieT: 5460 Twic. pyo.

1 1 1 2 2 1 1 le7
a; | 80 90 10 10 00 20 30
100 100
90 0
80 00 10
100 100
70 3
0 0 00 2
-1
80 30 20 30
_ 5 5 8 4 9 9 1
CTouMOCTb TIEPEBO30K I10 JaHHOMY TUIaHy cocTtasisieT: 5390 Trvic. pyo.
1 1 1 2 2 1 1 le7
a; | 80 90 10 10 00 20 30
100 100
90 0
80 10 00 2
100 100
70 0
0 10 00 2
100 100
80 2
30 20 30
' 5 2 5 4 6 6 -2
CTOMMOCTb NIEPEBO30K 10 JaHHOMY Iu1aHy coctasisier: 5090 Toic. pyo.
1 1 1 2 2 1 1 a
jai | 80 90 10 10 00 20 30
0
%0 0 10 00
-2
70 60 10 2
0
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 JaHHOMY IIaHy coctasisieT 4890 ThIc. pyo.):

180 190 110 210 200 120 130
j4i
5 7 8 4 6 9 0
90 80 210 200
7 2 5 8 6 7 0
70 160 110
5 4 7 6 9 8 0
80 100 30 120 130

Hcnone3ys naHHBIE MpeapIayei 3a1auk, peUIuTh TPAHCIIOPTHYIO 33/1a4y, IIOCTPOUB Tep-

BOHAYaJIbHBIA OMOPHBIHN TUIAH MOCTABOK Mem00OM MUHUMANbHOU CHIOUMOCIU.
Pemenue 3axaum.

[lepBoHauabHBIN ONOPHBIN IJIaH OCTAaBOK ITOCTPOMM HAa OCHOBE Memood MUHUMATbHOU

cmoumocmu.
180 190 110 210 200 120 130
i
90
10 50 30
70
90 0
80
80 0 0 20

CroumMocTh NepeBO30K M0 JaHHOMY Iu1aHy coctasisieT: 5040 Twic. pyo.
[Tpumensiem menod nomenyuanos.

180 190 110 210 200 120 130 o
i
90 50 50
10 50 30
70
90 0
80 50 50
80 0 0 20
2 1 4 4 6 5 0




ai | 180 190 110 210 200 120 130 “

20 10 00 0 "
70 90 0 2 2 _
80 80 0 20 0 |
l_ 5 4 7 4 6 8 0

CroumocTh NepeBO30K 10 JTaHHOMY Iutany cocTtaBiseT: 4890 Toic. py6. [IceBnocTonmocTu

u;j = o; + B A7 BceX CBOOOIHBIX KJIETOK HE MPEBBIIIAIOT CTOMMOCTEH, IIaH ONTHUMAalIeH
(cTOMMOCTB COBMAJAET C MOJTYYEHHOW CTOMMOCTBIO 3aiauu Ne3, HO MJaH MEPEBO30K albTepHa-
THUBEH).

OTBer: miaH 3aKperyieHUs MOCTABLIMKOB 3a MOTPEOUTEISIMHU, KOTOPBIH YUYUTHIBAET, IO
BO3MO>KHOCTH, HauOoJiee nojHoe yaoBieTBopeHue norpeoureneit HII3 u npu stom obecneun-
BAaeT MUHUMAaJIbHBIE 3aTPaThl Ha TPAHCHOPTUPOBKY HeQTH mpencTtasieH Hike (CTOMMOCTh Ie-
PEBO30K N0 AaHHOMY IaHy cocrasisieT 4890 Toic. py0.):

180 190 110 210 200 120 130
i
90
10 00 0
70
90 0
80
80 0 20 0
OnTnMajbHOe pacnpeneleHHe OCTABOK
1. Ilepepacnpenenenne MOCTaBOK B LIUKJIE.
2. MeTOHI/IKa MOJIYYCHH A ONITUMAJIBHOT'O paCipCACICHUSA ITOCTABOK.

(8]

. [IporpamMmMHoOe obecrieueHue penieHus 3aaay TpancnoptHoro tumna Ha [1K.

3adaua 06 onmumusauuu nepeeo3ok. UeTbipe OTHENEHUS CENBbXO3MPEANPUATHSL
B,,B,, B;, B, 3akynaior kopMa y Tpéx nocrasmukoB A4, A,, A;. 3anacel KopMOB y MOCTaBIIHU-

KOB, HOTpC6HOCTI/I CCIIBXO3MPCANIPUATHA B KOPpMaX U CTOUMOCTDb IICPCBO3KU CAUHHUIBI ITPOAYKTA
OT IIOCTaBIIIHKA K HOTpCGI/ITCJ'IIO JaHbl B T36J'II/IH€.

3HaYUTENbHYIO YacTh PAacXOl0B C /X MPEANpPUSTUS COCTABISAIOT UMEHHO TPAaHCIOPTHBIE
pacxobl. MUHUMU3UPOBATh PACXOAbI IPEANPUATHS: COCTABUTh TAKOW IUIAH IIEPEBO30K, IIPU KO-
TOPOM CyMMAapHbI€ TPAHCHOPTHBIE pacXo/bl OyAyT MUHMMAIbHBIMU, BCE 3alachl MOCTABLINKOB
OyZAyT BBIBE3€HBI, BCE MOTPEOHOCTH OTACICHUH C.\ X. IPEAIPUATHS OyIyT YAOBICTBOPEHBI.



Tlompe- Tlompebumenu 3anacvl kopmos y
oumenu NnoCmasuiuKos
B, B, B, B, W
Tocmaswuxu
Al \\\ \\\ \\\ \\\ al 215
10. 0. 20 11,
X X1z X13 Xig
Az a, =25
12. 7\ 9"\ 20,
) X2 X3 Xog
As a, =5
0°. 14 16x33 18
X3 X3, N X34
b b4 b b=
5 15 15 10
Ilompebnocmo 6 kopmax

1. Mamemamuueckan mooensv 3adauyu. OOG03HAUNM Yepe3 X,; KOIIMYECTBO KOPMOB, ITe-

peBosuMoe  OT mocTaBmmKa A4, K motpebutemo B, ¢, - CTOAMOCTb MEPEBO3OK MO 3TOMY
mapuipyry, [ =1,2,3; 7 =1,2,3,4.

Lenesass pynxyusi: TPAHCIOPTHBIC PACXOIbl HA IEPEBO3KY KOPMOB BBIYHCISIOTCS IO
bopmyne
3 4

Z=Y>c¢,-x; =10, +0-x,+20-x, +11-x, +

i=l j=1
+12-x,+7-%, +9-x,, +20-x,, +

Ozpanuuenus na nepemennvie 3a0ayi.
Ocpanuuenus svisosa: w3 A, x,, +x, +x;+x, =15,

w A, x,, +x,+x;+x, =25,
w3 A, xy +x, X, +x, =5,
Ozpanuuenus sso3a: 66036 B, X, +X, +x;, =35,
66036 B, X, +X,, +x, =15,
66036 By X+ Xy, +x,;,=15,
66036 B, x,+x,, +x,=10.
Ocpanuvenus Ha 3HaKU(3HAYEHUS) NEPEMEHHDIX: X >0.

3ajaua 3aKpeITOro THIA : 4, +a, +a, =b +b, +b, +b, =45.
2. Pewenue 3a0auu 6 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



OZdeulteHu}l 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 OTKPBITOI'O THUIIA: BBOJATCA IBC (1)I/IKTI/IBHI>IC KaT€ropuu ¢ HYJICBBIMU CTOJ'I6I_IaMI/I

%
6amnos. Marpuna C  cTaHOBHUTCS KBaJpaTHO.

“[R[R|R|R[R[B]P
s17]5]7]6l7]0]0
s,[6|4|8]|4]9]ofo
s, [8|6l4l3[8]0]0
s, 7785700
SS[5[9[7[9]5(0]0
S, |6|s8|6|4|7]0]o0
s {7]7]8]6|4]o0]o0

2.7.3 Pe3yabTathl U BbIBOABI: Pewenue 3a0auu ¢ Excel.
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2.8 IIpakTuyeckoe 3anaTue 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! npuIokKeHU Teopuu rpados

1. «TpancnopTHBIe» 3a/1a4H, B KOTOPIX BEpUIMHAMU Ipada ABISAIOTCS MyHKTHI, a pedpamH - J10-
poru (aBTOMOOWIIBHBIE, JKEJIE3HbIE U Ap.) U / UK Jpyrue TPaHCIOPTHBIE (HapuMep, aBHALMOH-
HbIe) MapuIpyThl. J{pyroil npumep - cetu cHabkeHus (3HeprocHadKeHus, ra30cHa0KeHus,
CHa0KeHUs TOBapaMH U T.1.), B KOTOPBIX BEPIINHAMM SIBJISIOTCS TYHKThI IPOU3BOJICTBA U T10-
TpebiieHus, a pedpaMu - BO3MOXKHbIE MapLIPYThI epeMelieHus (JIMHUM 3JeKTpoliepeay, razo-
IPOBOJIbI, 10POTH U T.J.). COOTBETCTBYIOIIMH KJIacc 3a7a4 ONTUMM3AlUU IOTOKOB I'PY30B, pa3-
MEILEeHHs] TyHKTOB IPOM3BOJICTBA U NOTPEOIEHNUs U T.J1., UHOTJa Ha3bIBaeTCs 3aadaMu o0ecre-
YeHHUs WIN 33J]a4aMy 0 pasMeleHnH. MX noakiaccoM ABISIIOTCA 3aJjau O ITPYy30IepeBO3Kax.

2. «TexHomornueckue 3aJlaun», B KOTOPBIX BCPIINHBI OTPAXKAIOT IIPOU3BOJACTBCHHBIC 3JICMCHTHI
(3a130):[51, nexa, CTaHKHU U T.I[.), a IyI'" IOTOKHU ChIPbs, MATCPHUAJIOB U IIPOAYKIIUHU MCXKIY HUMU,
3aKJIIOYar0TCs B OIIPCACICHUN ONTUMAIBLHOU 3arpy3K1 NpONU3BOACTBCHHBIX 3JICMCHTOB H obec-
MEYNBAIOIIUX 3TY 3arpy3Ky NOTOKOB.

3. OOMeHHBIE CXEMBI, ABISAIOIIMECS MOAEIIMH TaKUX SBJICHUN Kak OapTep, B3aMMO3a4eThl U T.1.
Bepunnsl rpada npu 3TOM ONUCHIBAIOT Y4aCTHUKOB OOMEHHOM CXeMbl (LIENOYKH), a IyTH - I0-
TOKH MaTepUAIBbHBIX M (PMHAHCOBBIX PECYPCOB MEXKAY HUMH. 3a/1a4a 3aKJII0YaeTcsi B Onpeere-
HUU LIETI0YKH OOMEHOB, ONTUMAJIbHOM ¢ TOUKH 3peHus, HallpuMep, opraHu3aTopa oOMeHa U co-
IJIaCOBAaHHOMW ¢ MHTEpECaMH YYaCTHUKOB LIETIOYKH U CYLECTBYIOIIUMHU OTPaHUYEHUSIMHU

4. Ynpasnenue npoekramu. (YIpaBieHHEe IPOEKTaMU - pa3fiell TEOPUH YIIPaBIECHUs, U3y4dato-
MM METO/bI U MEXAHU3MBI YIPaBIECHUS U3MEHEHUAMH (IIPOEKTOM Ha3bIBAETCS Li€JICHAPaBIICH-
HOE U3MEHEHHE HEKOTOPOH CUCTEMBI, OCYILECTBIIEMOE B paMKaxX OrpaHUYEHUN HA BpeMs U UC-
I0JIb3YEMBIE PECYPCHI; XapaKTEPHON 4epTON JH0O0r0 MPOEKTa SABISAETCS €r0 YHUKAIbHOCTD, TO
€CTh HEPETYJISIPHOCTh COOTBETCTBYIOIINX U3MEHEHUH.)). C TOUkU 3peHust Teopuu rpadoB MpoeKT
- COBOKYITHOCTH OTEpaIlfii 1 3aBUCUMOCTEN MEKy HUMHU. XPeCTOMATUWHBIM IPUMEPOM SIBIIS-
€TCsl MPOEKT CTPOUTETHCTBA HEKOTOPOro o0bekTa. COBOKYITHOCTh MOJIENIEH M METO0B, UCTIOJb-
3YIOIIMX S3BIK U PEe3yIbTaThl TEOPUH rpadOB U OPMEHTUPOBAHHBIX HA pEIICHUE 3aa4 yIpaBe-
HUS IPOEKTaMU, NOJIy4YHJia Ha3BaHHUE KaJICHAapHO-CETEBOrO MIJIaHUPOBAHUS U YIIPABIICHUS
(KCITY). B pamkax KCIIY pematorcs 3aaun onpeaeseHus Mociae0BaTeIbHOCTH BBITTOJIHEHUS
olepainuil 1 pacnpeesieHus: peCypcoB MEX1y HUIMH, ONTUMAJIBHBIX C TOUKH 3PEHUS T€X WU
MHBIX KPUTEPUEB (BPEMEHU IIPOEKTA, 3aTpart, U JIp.).

5. Mopenu KOJUIEKTUBOB U IPYIII, UCIIOJIB3YEMBbIE B COLIMOIOTUU, OCHOBBIBAIOTCS HA IIPEICTAB-
JICHUM JIIOJEH WM UX TPYII B BUJIE BEPILIUH, a OTHOLIEHUN 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 (nasxxcmume ons ysenuuenus).

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

Gnpas

Bonwwoh
.1 Manowukwp 326 poG

Bonbwoi
Bce pacueTs! BEIpaKeHBI B TEKYIITUX Bomuon 380 "% _ zg0s - 1aon
- -
[IEHaX ¥ HE JJOJKHBI JUCKOHTHPOBATh ] ot e it
o _ N cnpog
csi. HapucoBaB nepeBo pelieHui, om o g
[] m
penenum Hanbosee 3HPeKTUBHYIO TTO- m“ﬂ;;;:;“* W o 1005 =900
CIIe/I0BATENIbHOCTh JIEUCTBUI, OCHOBBI- o e (a5 =275 Bomuuoh
i Enpoe Bonuan 27§ PR om0t = 1120
BasACh HA OXKUIAEMBIX JOXOMAX. \ _3mmon
H [ -Ton 1
%. Noawtiswas 326 1 Manannman (o0 = =320
\
]
1
\

1804 = T20
o e ‘@
OTnomnTh o
=300 0.1
a1 rop, et
Herarmoman ¢ ka3l ar Manoans 1=581x4 = -220
RO AL CTPOHTEAbE TBA enpos

Pucynox 2



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 peKUM CpOuHBIN peXUM

[TponomxuTenbHOCTD, THUCTOMMOCTD, M/pllIpoomkuTenbHOCTh, THH[CTOUMOCTD, M/P|
(1,2)3 6 2 11
(1,3)5 8 3 12
(1,4)4 7 g 9
(2,5)]10 25 g 30
(3,518 20 6 24
(3,6)]15 26 12 30
(4,6)[13 24 10 30
(5,73 15 6 25
(6,7)4 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 IUIOMIAN 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;



v

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;+ > jeQ2 Xj~X0 = 0 (x0<Sp)

[To ruromaay mamrau(S;,)
)y ieQl Xj— Xn = 0 (XnS Sn)

ITo TpyaOBBEIM pecypcam
z jeQ tiXj — XtiS T;, iEMl,

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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11.

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)

Yicq Ajxj + 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 < O,
riae di- peKoMeHIyeMbIi yIelbHBII BeC KyAbTyp WM TPYII 10 BEPXHEH IpaHUIE 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
Xie > 05 x5,> 0.

B cBsI31 ¢ TeM UTO, KpPECThSIHE B XOJI€ CBOE JI€ATEIIbHOCTH 3aUHTEPECOBAaHBI POU3BECTH OOJIb-
110€ KOJMYECTBO TOBApHOM NMPOIYKIUHU C MEHBIIMMHU MaTE€pHaIbHO-IEHEXHBIMU 3aTpaTaMH, B
Ka4yecTBe KPHUTEpHsl ONTHMAJIbHOCTH JAaHHOH 3ajaun Hambojee 1LenecooOpa3HO MCHOIb30BATh
MaKCHMYM XO03iCTBEHHOMN MPUOBLIH.

Z = %icq 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 1. 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.



