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IIpeaucaoBue

KomrmnekcHas cucrema ynpaBieHHUs] KAU€CTBOM CEIbCKOXO3MUCTBEHHON TEXHUKHU BKJIIOYAET
MPOCKTUPOBAHKUE, W3TOTOBIEHWE W HKCIOJIB30BAHHE JKCIEPUMEHTAIBHBIX 00pasIloB,
MOCTOSIHHYI0 MOJAECPHU3ALUIO U TIEPUOIUYECKUE UCTIBITAHUS.

OCHOBHBIM HCTOYHUKOM HH(pOpMAIMU O KayecTBe (PYHKIIMOHHPOBAHUS MAIWHBI, €&
HaJEKHOCTH U II€JeCOO0Pa3HOCTH M3TOTOBJICHUS SBISIOTCS MCHBITAHUS B  TOJEBBIX
ycnoBusix. [lo cpaBHeHUIO ¢ Ja0OPATOPHBIMU HMCCIEIOBAHUSIMU OHHU OTPAXKAIOT PEATbHYIO
KapTUHY pabOThl TEXHHKHU, TaK KaK YYHUTHIBAIOT COBOKYITHOCTH BCE€X JCHCTBYIOIIMX
(haxTopoB.

B 3aBucumoctH OT 3Tama CO34aHUA WM MOJEPHU3ALMUA TEXHUKH IPOBOMST
onpenenéHuple (MpeaBapuTEIbHbIE U MPOEMOYHBIC) WIH MEPUOIUYECKUE (KOHTPOJIHHBIC)
ucnbiTanusa. I[IporpaMmma u MeToawka ATUX ucnbITaHuM periamentupyercs OCT mo
OTHECIBbHBIM TpPYyIIaM MAIIMH W 10 PA3JUYHBIM BHJAM HX OLEHOK: IO HaJIEXKHOCTH,
PKOHOMUYECKON (D PEKTUBHOCTH, KauyecTBY paboThl U T.1. Co3/aHKue HKCIEPUMEHTATIBHBIX
MalllUH W TPOBEJICHHE HX HCHBITAHUN TpeOyeT BbIJEICHUE OOJBIINX (UHAHCOBBIX H
MaTEepUAIBHBIX 3aTpar.

TexHonornueckue MOrpenrHOCTH MPU H3TOTOBJICHUH SKCIEPUMEHTANBHBIX 00pa3lioB U
ITUPOKUN CIEKTP TMOJIEBBIX YCIOBHM NPHUBOIAT K OOJIBIIOMY pPAacCesSHHUIO TMOKaszaTesei
paboThl. KOopoTkre CpOKH BBIMOJHEHHUS arpOTEXHUYECKHX pabOT HE MO3BOJISIOT COOpaTh
NOCTaTOYHOE KOJUYECTBO CTATUCTUYECKOrO Marepuana. Bce 23T0  orpaHuduBaer
MH(OPMAIINIO U YCIOXKHSIET BEIOOP OJHO3HAYHBIX BBIBOJIOB.

Tak kak pe3yJbTaThbl UCIIBITAHUNA HOCAT CIYYaWHBIM XapaKTep, TO TOYHBIE METOJbI BBICIIEH
MaTeMaTUKU HE TMO3BOJISIOT pelllaTh MOCTaBJICHHBIC 3a7ayd. B To ke Bpems ONIMOKU B
BBIBOJAX II0 pPE3yJIbTaTaM HWCIBITAHUNA TPUBEAYT K IIEPEAayd CEIbCKOMY XO3SHUCTBY
HECOBEPIIEHHOU TEXHUKH.

[IpakTuka co3maHvss U MOAEPHHU3AIMM MAIIWH MOKA3bIBAET, YTO I AHAIM3A HEIOJIHOM,
HEUETKOM W pa3MbITOH HWHGOpPMAIMKM II€JIECO00pPa3HO MCIOJIB30BaTh BEPOSITHOCTHBIC
METO/BI.

OCHOBHBIMU TPEOOBAaHMSIM K HCIBITAHUSIM SIBISIOTCS OOBEKTUBHOCTh M JIOCTOBEPHOCTH
MOJIYYEHHBIX OICHOK M CHH)KEHHME PACXOJOB HAa HX MPOBEIACHHUE, YTO JOCTUTACTCS
CHU>KEHHBIM JIOXOJIOM.

OnrumanbHasi CHCTEMA UCTIBITAHUI BKJIIOYAET:

- IUTAHUPOBAHWE WCHBITAHUNW B COOTBETCTBHHM C YCJIOBUAMH PaOOThl M TOCTaBICHHBIMU
3a71a4aMy;

- OLICHKY XapaKTepa CTaTUCTUUECKOTO pacipeieeHus MOTyuYeHHONU BHIOOPKU PE3yJIbTaTOB;

- HCKJIIOYEHHWE COMHHUTEIBHBIX pE3yJbTaTOB  BO3HUKAIOIIUX M3-3a TPyOBIX W
CHUCTEMAaTHYECKUX OIIHOOK;

-aHaJIM3 BEPOATHOCTHBIX CBS3€M MEXIy KOHCTPYKTHBHBIM OGOpPMIICHUEM MaIlUHBI,
BHEIIHUMU (DAaKTOPAMU UCIIBITAHUM M KAYECTBOM BBITIOJHAEMOTO CI1y>KEOHOT0 Ha3HAYCHHS.

B y‘{e6HOM IMOCOOMHM  H3JIOKECHBI COBpPCMCHHBIC MCTOAbI TCOPHHU BCPOATHOCTHU C
MNPAKTUYCCKUM IPUITOKCHUCM:. OICHKA Ka4cCTBa I/ISIICJII/Iﬁ n MIpoHecCoB II0O YacCTOTC
MOABJICHUA PCAKHUX HCTATHUBHBIX CO6I::ITHI>1, AdHAJIM30M KOJIMYCCTBCHHBIX U 663pa3MepHBIX
Q)aKTOpOB, KOMHOBHHHCﬁ 3aBUCHUMBIX N HC3aBHUCHUMBIX BBI60pOK.

C OCJIbO CUCTCMATH3AIIUU PA3JINYHBIX ACIICKTOB HpO6HCMBI HWCHBITAaHUU COACPIKAHUC
KHHUTH COCTaBJICHO U3 4-X Pas3aciionB.



B nepBoMm pasznene W3JI0KEHBI OOIIME BOIPOCHI, PACKPBHITO OCHOBHOE COJEpKAHUE
MPOrpaMMBbl U METOJIUK UCIIBITAHUM.

Bropoi1 pazaen BKIIFOYaeT BOIPOCHI OPTaHU3AMU U TIJIAHUPOBAHUS UCIIBITAHUM, POJIb U
HAa3HAYEHHUE YCKOPEHHBIX UCTIBITAHUM.

B TpeThem pazziene paccMOTpPEHBI CIOCOOBI MCKITFOYEHUS COMHHTENIBHBIX PE3YJIbTAaTOB
W3 MOJIYYEHHOTO CTATUCTUYECKOTO MaTepHrala.

B 3akimounTenbHOM YETBEPTOM paszesie M3JI0KEHbI METOJMKU aHalan3a IOJYYEHHBIX
pE3yIbTaTOB.

[Tocobue WITIOCTPUPOBAHO pEIICHUEM 3aja4, KOTOPbIe BCTPEUAIOTCS B TPAKTHUKE
HUCIIBITAHUM.

B mpunoxxeHun npuBeAeHbI OCHOBHBIC CTAaTUCTUUYECKHE TaOJIUIIBI, HEOOXOAUMBIE st
pELIEHUs] PacCCMAaTPUBAEMBIX 3a]1a4.



1. OcHOBHbBIE OHATHS U MOJOKEHHUS O MPOBEACHUU UCTIBITAHUH
CeJIBCKOXO03AMCTBCeHHON TeXHUKH

1.1. PoJsib HCIBITAHUI B PA3BUTHH TEXHUKH

[Ipouecc co3zmanusi MalIMHbBI COCTOMT M3 ATAllOB HAYYHO-MCCIEAOBATENbCKUX PadboT
(HHAP) u onbiTHO-KOHCTpYKTOpcKuX pador (OKP). Ha »srame HUP ycranaBnuBaioT
NPUHIUIHATBHYIO (QYHKIMOHAIBHYIO CXEMY MAaIIUHBI, TUIbI €€ paboyux OpraHoB, UX
OCHOBHBIE TIapaMeTpbl M PETYJIUPOBKU. ITOT ATal BKIIOYAET HKCIEPUMEHTAJIbHBIE
nabopaTopHbIe UCCIEAOBaHUS OTIENbHBIX cOopouHbix eauHul] (C.E.) Oyayiieil MalivHBIL.
JlnurensHOCTH 3Tana 3-6 Mecs1eB, HO MHOTJIa OH MpojaobkaeTcst ogHoBpemMeHHo ¢ OKP.

Ortan OKP nnurces 3-6 JIeT U BKIIIOYAET:

1. Pa3pabotky texHuueckoro 3amanusi (T.3.) Ha OCHOBE HAy4HBIX HCCIICIOBAHUI
TEOPETUUYECKOTO0 M IKCHEPUMEHTAIHOTO XapakTepa, TpeOOBaHUM 3aKa3uMKa, MaTeHTHOTO
noucka. Pa3pabateiBaet T.3. yaiiie Bcero UCIMOIHUTENb U COTJIACOBBIBAET €T0 C 3aKa3YMKOM.

2. Pa3paboTKy TEXHMYECKOM JIOKYMEHTallUM, B TOM YHCIE KOHCTPYKTHUBHO-
KMHEMAaTHYECKUX CXEM MalIUHBI.

3. UsroromieHue ONbITHOrO 00pasua.

4. UcnbiTanus.

B ornuumne oT 1abopaTOpHBIX HCCIIEOBAHUN HCHBITAHUS OTPaHUYEHBl B BBIOOpE
UCXOJHBIX (DakTOpOB. B peanbHbIX yClIOBUAX BeCbMa 3aTPYJHUTEIBHO MEHITh UX BEIUYUHY,
HaIpUMep, CTENEHb 3aCOPEHHOCTU XJIEOOCTOS, BHICOTY M BIAXKHOCTh cTeOsiel u T.1. Kpome
TOTO, B MOJEBbIX YCIOBUAX UCHBITAHUIN HE JOCTUTaeTCs Takas BbICOKAas TOYHOCTh 3aMEpOB,
Kak B JlabopaTopuu. JJOCTOMHCTBOM MCHBITAHUHN SABISIETCS pealn3alisi UCTUHHO PEasIbHbIX
yCIIOBUM, a MOJYyYEeHHbIH OOBEM 3aMEpPOB OKa3bIBAECTCS HAMHOTO OJIMKE K TeHepajbHOM
COBOKYITHOCTH.

OObeKTaMu UCTIBITAHUM SIBIISIFOTCS :

1) OOpa3upbl Jneraneil WM CBapHBIX COEAUMHEHUH, OMpPENENSIONUX HAJIeKHOCTh
MamuHbl. VcnbITaHust IpoOBOASTCS HA U3BHOCOCTOMKOCTbD, YCTAIOCTHYIO TPOYHOCTD,
KOPPO3HUIHYIO CTOMKOCTB U IPYyIUe€ CBOWCTBA MaTepUaa.

2) ConpsbkeHUs U KHHEMaTUYECKUE Maphl (MOAMIMITHUKY; 3y0UaThle, KIMHOPEMEHHbIE
Y BTYJIOYHO-POJUKOBBIE TIEPEIayu U T.I1.).

OnenuBaercs BIMSHUE KOHCTPYKTUBHBIX, TEXHOJIOTMUECKUX M DKCILTyaTallMOHHBIX
(aKTOpOB Ha CPOK CIYKOBI CONMPSIHKEHUI.

3) CoopouHble eAMHUIIBI MAIIUHBI (PEXYIIUNA anmapaT, BEHTWISATOpP, 3aJHUA MOCT U
T.1.). M3ydaercs B3aumoneicTBUe JTUX COOPOYHBIX €IMHUILl B E€IUHOM
TEXHOJIOTUYECKOM IpolIecce, KaueCTBEHHbIE MOKA3aTENH UX PAOOTHI.

4) MamuHa (c/x. opyaue) B menoM (KaTka, Tpuep, cesika u T.1.). OneHuBaeTcs
COOTBETCTBHE TEXHUYECKOMY 3aJaHUIO.

5) Cuctema mamuH (BajJKoBas ’KaTka M 3epHOYOOpOYHBIM KOMOaiiH, 000pyAoBaHUE
M0 IPUTOTOBIICHUIO W pa3jladye KOPMOB Ha >KMBOTHOBOJYECKHX (epMax U T.IL.).
VYuutbiBaeTcs B3aUMOJEHCTBHE OSTUX MAIIMH B €JUHOM TEXHOJIOIMYECKOM
nporecce.

[Tpu ucnpITaHUM OTAETBHBIX MAIIMH U UX KOMILJIEKCOB YUUTHIBAIOT:

- yCJIOBHSI pabOTHhI;
- KayecTBEHHbIE TMOKa3aTenau pabodero mponecca (MOTEpH, KPOIIEHUE IOYBHI,
MPOU3BOIUTENBLHOCTD, TOJIOMKH U T.1I.);



- B3aUMOCBS3b 3THX IOKa3aTeledl € MOCIEAYIOIHUMHU U NPEAIIECTBYIOUIMMH ONEPALUSIMHU
(HEOOXOIUMOCTh JOOYMCTKM KOpPHEH CBEKJIbl YK€ BBIKOMIAHHOW arperatoMm, JHMHEHHYIO
IUIOTHOCTh M CTPYKTYPY BaJika MOCJE CKaIlllMBaHuUs cTeOsel U T.1.);

- COCTOSIHME MaIIMHBI B Mpoliecce padoThl (0TKA3bl, HAJIEKHOCTb U T.11.);

- 11e71ec000Pa3HOCTh BHEAPEHHSI HOBOM MAIlIMHBI;

- COOTBETCTBUE MAIIMHBI TPEOOBAHUIM 0€30MaCHOCTU U HKOJIOTHH.

CymectByer okoino 40 BHIOB HCHBITAaHUN: KOHTPOJBHBIE, CPaBHUTEIIbHBIC,
UCCJIeI0BaTeNbCKHE, KBATH(PUKAILIMOHHbBIE, cepTudukanuonnsie, u aAp. Llens kaxmoro us3
ATUX UCIIBITAHUN — YCTAHOBUTH COOTBETCTBHE 00pa3lia KOHTPOJIbHOMY TpeboBanuto T.3.

B cenpx03MalMHOCTPOEHNH NOJIYYUIN MIUPOKOE PACHPOCTPAHEHHE KOHTPOJIBHBIE U
ONPEIECIUTEIbHBIEC UCTIBITAHUS.

[lenp0 KOHTPOJIbHBIX UCHBITAHUM SIBISIETCS BBISBIICHHE BOIPOCA O COOTBETCTBHUHU
paccMaTpuBaeMO mapTHUH MAlIUH TEXHUYECKUM TpeOoBaHUsAM. Peann3yroTcsi KOHTPOJIbHbIE
UCTbITaHusT cOOpoM HHpoOpManuu O paboTe U3AEAU B YCIOBUAX HOPMAJIbHOW WM
MOJKOHTPOJIbHON PabOTHI.

OnpepenuresibHble HUCNBITAHMSA TPOBOAAT JUIsl  BBIABICHHUS  (PAKTUYECKUX
nokasarejiel BHOBb pa3paOOTaHHBIX WM MOJEPHU3UPOBAHHBIX MAIIWH. DTH UCHBITAHUS
UCIIOJIb3YIOTCSL JJIS  BBISBICHHMSI HEHCHPABHBIX DJIEMEHTOB, HEJO0pa0OTOK, pa3pabOTKH
PEKOMEHIAIUH U T.11.

UcnpiTanus, pa3paboTka  TEXHUYECKOW  JOKyMEHTallud U  IPOU3BOJCTBO
MPEICTABIAIOT 3aMKHYThIM LUK ¢ 00paTHOH cBs3bto. [Ipu MojaepHU3aLMKM MAIIUHBI U IS
COXpaHEHHMs €€ KauecTBa Ha JUIMTEIIBHOE BPEMS PETYJISPHO MOBTOPSIIOTCS HUCIBITAHUSA,
KOPPEKTUPYETCS JOKYMEHTAIHs, OOHOBIISIIOTCS MPOU3BOICTBO.

Lens vcnbITaHUN OMpENENsieT CTENEeHb CTPYKTypU3aluu OOBEKTa W JAUCKPETH3aALUU
BPEMEHU HUCIbITAHUN. YCIOBHO MOXXHO pa3jidyaTh TPU YPOBHS JAeTalu3allud 0ObeKTa
HCIIBITAHUN:

- MHKPOYpPOBEHb, XapaKTepHbIA i1 OTACNbHBIX JeTaled WM HuX OJJIeMEeHTOB (Oud
MOJIOTHJIBHOTO OapabaHa, YIUIOTHUTEIbHBIE YCTPOWCTBA, HACEUKa JIE3BUS CETMEHTA U T.I1.);

- MaKpOypOBEHb, - JIJII CUCTEM B KOTOPBIE BXOAAT 00BbEKTHl MUKPOYPOBHS (3KaTKa BaJIKOBas
1Sl yOOpKH puca, MOJIOTHIIKA 3€pHOYOOPOYHOTro KoMOaliHa, cesika U T.11.);

- MeraypoBeHb, - [JIsi CHCTeM (KOMIUIEKChl MAallMH B TIOJIEBOM XO3siCTBE U B
KUBOTHOBOJICTBE).

Bce 5TM ypoBHHM B3aMMOCBSI3aHbl, HO Ka)XKJIOMYy H3 HHX CBONCTBEHHBI CBOHU
3aKOHOMEPHOCTH M MacIlITaObl U3MEPEHUS ACUCTBYIOMMX (HAKTOPOB.

B 3aBHCHMMOCTM OT IJIMTEIBHOCTH HWCIBITAHWM HAa MX pe3yJbTaTbl MOI'YT OKa3aTh
BIIUSIHHE:

- MUKPO3aKOHOMEPHOCTH Ha MPOTSHKEHUU KOPOTKHUX MPOMEKYTKOB BPEMEHU;

- MakpO3aKOHOMEPHOCTH XapaKTEPUCTHK OSTUX K€ pe3ylbTaToB (Yachl, CMEHbI, IHH,
JIOKaJIbHBIE YYACTKH OIS );

- YCpEIHEHHBIE XapaKTEPUCTUKHU ITHUX K€ PE3YJIbTATOB HA MPOTSHKEHUU CE30HA WM JBYX-
TPEX KJIMMAaTUYECKUX 30H.

Onmumanvhas cucmema uUCnvlmaxuti A0IKHA 00ECIIEUNUTh BBICOKYIO JOCTOBEPHOCTb
pe3yapTaTta Ipyu MUHUMAJIbHBIX 3aTpartaX. CHCTEMHBIN MOAX0/ OMUPAECTCS HA COBPEMEHHYIO
Metoguky, ['OCT b1, OCT bl M TEXHUKY UCIIBITAHUM.

[IpuHATHIE B Hallle CTpaHE METOJIWYECKHUE OCHOBBI MPENYCMATPUBAIOT MPOBEICHHE
UCIIBITAHUN B pa3IUYHBIX MOYBEHHO-KIMMATHUYECKUX 30HAX, 0053aTeIbHOE CpaBHEHHE
HOBOM TEXHUKM C Jy4ylIuMH oOpa3liaMd aHaJOTMYHOrOo Ha3HaueHud. Enunas
MeTpoJjiornyeckas 0aza M CTaHIapTU30BAaHHBIE CIOCOOBI OMPENEICHHUS] arpoTeXHUYECKHUX,



ASHEPreTUYECKUX, IKCIUTYaTalIMOHHBIX U DKOHOMUYECKUX MOKA3aTENE MO3BOJISAIOT MOJYyYUTh
00beM nH(popMaUu JOCTATOUYHBIN JJI BCECTOPOHHEH OLIEHKH JIF0OOr0 00bEKTa UCTIBITAHU.
JloCTOBEpHOCTH PE3YNbTATOB HCIBITAHUN CHOCOOCTBYET COBPEMEHHBIE MAaTEMAaTHUUECKHE
METO/Ibl, MOJICJIMPOBAHNE NIPU OIIEHKE MapamMeTpoB MAIIMH U KpuUTepueB 3P(HEKTUBHOCTH.
Mogenu mo3BOJISIIOT MONYYUTh OLEHKM MAallMH IO NMPOTHO3UPYEMOHR YpOKaHOCTH, TPH
pa3IMYHBIX HOPMax BBICEBA, pPA3HOM IUIOJOPOJMM IIOYB, a TaK K€ ONPEAEIATh
MIPOU3BOIUTENLHOCTh MAIIMH C YYETOM OIPaHUYEHUH MO MOTEPSIM U KayeCTBY pabOTHI.

KavecTBO mpoaykmum - 3TO COBOKYIHOCTH CBOMCTB, KOTOpbIE OOECHEUYHMBAIOT €€
MPUTOAHOCTh YJOBJIETBOPATh MOTPEOHOCTH B COOTBETCTBUU CO CIY>KEOHBIM Ha3HaAUCHUEM.
B Hacrosimiee Bpemsi HET €JUMHOTO ITOKazaTelis, KOTOPbIM XapaKTepus3oBal Obl KayecTBO
MPOAYKIMHU, T.K. OHO XapaKTEepU3yeTCs MHOTMMHU CBOWCTBaAaMHU. OTH CBOMICTBA YCJIOBHO
MO>XHO OOBEITMHUTD B CIAEAYIOIINUE FPYIIIIbI:

1) DkcrmyaTaliMOHHBIE M MOTPEeOUTENbCKUE CBOMCTBA. JIJIsl TpakTOpa 3TO MOIIHOCTD,

pacxo]l TOIJIuBa, paboyast ¥ TPaHCIOPTHAsA CKOPOCTh U T.[.

2) CaoiicTBO HaaexxHocTH. Hanpumep, pecypc, Cpok rapaHTuu U T.A.

3) Iloka3zaTenu TEXHOJIOTMYHOCTH KaYECTBEHHOI'O U KOJMYECTBEHHOTO XapakTepa.

4) Tloka3aTenan TEXHUYECKOM ICTETUKU: BHEIIHUMA BUJI, SprOHOMUYHOCTD U T.]I.

5) YpoBHM cTaHmapTU3aluK, YHUPUKAIIMN, HOPMATU3alK1, B3aUMO3aMEHIEMOCTH.

Benyrcs paboThl MO KOMIUIEKCHOM OLIEHKE KauecTBa MAIMH KOJMWYECTBEHHBIMU
nokazarensiMu. UToObl YCKOpUTH OSTH BakHEWIIMe paboThl TpeOyeTcs YHOpsAI0UYHThH
HOMEHKJIATYpy BaKHEUIINX MTOKA3aTeNel U ONPENEIUTh UEPAPXUIO X 3HAUNMOCTH.

IIpu cucTeMHOM MOAXO/A€E OJTHOBPEMEHHO PELIAOTCS TPH 3a]1a4N:

- obecrieynBaeTcss BCECTOPOHHSSI OIEHKA OO0BEKTa HWCMBITAHUW C TOYKUM 3pEHHUS
BO3MOKHOCTH U 11€1€CO00Pa3HOCTU €r0 UCIIOIb30BAaHUS B CEIbCKOM X034HCTBE;

- B pacmnopspkeHHe KOHCTPYKTOPOB TIOCTyHaeT HcuepnbiBaronias HHPopManus o
HEJI0CTAaTKaX MCIBITHIBAEMOT0 00BEKTA U BOBMOMXHBIX MYTSIX UX YCTPAHEHUS;

- paOOTHUKHU CEbCKOTO XO35MCTBA MOIYy4YaloT YeTKHEe PEKOMEHAAIMN O MOATOTOBUTENbHBIX
U OpraHU3allMOHHBIX Mepax, HampaBlIE€HHbIX Ha 3()QPEKTUBHOE HCIOJIB30BAHUE HOBOM
TEXHUKHU.

O} pexTUBHOCTD HCMONB30BAHUS MAIIMH 3aBUCUT OT HX HAASKHOCTH U
MPUCTIOCOOJICHHOCTH K COBPEMEHHBIM METOZaM PEMOHTA M TEXHUYECKOTO 00ayKuBaHUs. B
MOCJIETHUE TOJIbl 3AMETHO MOBBIIIEHa HAPaOOTKa 32 BpEeMsI HCTIbITAHUMN, BBEJICHBI UCTIBITAHUS
Ha CTEHJaX, MPAKTUKYyeTCs 00CIeI0BaHNus MalllMH B X03giicTBaX. BBOAATCS MMUTALIMOHHBIE
UCIIBITAHUSI 3€pHOYOOPOYHBIX KOMOAWHOB C NPUMEHEHHEM 3aMEHHUTENIed COJIOMUCTOMN
MaccChl U 3€pHa.

OnTuMajbHasi CHCTEMA MCHBITAHUI TPEANOJIAracT IJIAaHUPOBAHUE U COKpalIECHUE
CPOKOB MCHBITAHUM, CHUKEHUE 3aTpaT TPyAa U MaTEPUAIBbHBIX CPEACTB HA UX MPOBECHHUE,
MOBBIIIEHUE JOCTOBEPHOCTH IOJYYEHHBIX PE3yJIbTaTOB. PelieHue 3THUX 3a1ad BO3MOKHO
IIPU IIHPOKOM HCHOJBb30BAHUM MATEMATUYECKUX METOJOB, KOTOPBIE MO3BOJISIIOT: BBISIBUTH
(bakTopsl OKa3bIBAIOIIME JOMUHUPYIOIIEE BIMSHUE Ha 1€ HWCIBITAaHUN; YCTAHOBUTH
3aBUCUMOCTh (MaTEeMaTHYECKYI0 MOJIeNb) MEXIy (aKkTopamMu W MoKa3zareiasiMu padoThl U
HaJIS)KHOCTHIO MAIIMHBI;, OLICHUTH yJIeJbHbIE Beca (PaKTOPOB; IPOrHO3UPOBATH T'eHEPATIbHbIE
noKasaresnu padoThl MAlIMHBI €€ Ha/JIeKHOCTU MO BbIOOpPKAM HEOOIBIIOro 00bemMa; OLEHUT
3} ()EKTUBHOCT KOHCTPYKTOPCKMX M TEXHOJOIMYECKHX PpELICHUH; OLEHUTh YPOBEHb
MIOATOTOBKM MEXaHU3aTOPOB H T.I.

[Toka3zatenu paOOThl U HAJEKHOCTh CEIbXO3MAIIMHBI 3aBUCAT OT MHOTUX (haKTOpPOB
Cpeau KOTOPBIX €CThb JOMUHHUPYIOIIME W BTOPOCTENEHHBIE, HO BCE OHU HUMEIOT
croxactuyeckuil xapakrep. [loaToMy 00BEM CTEHIOBBIX M MOJIEBBIX HCIIBITAHUN, aHAIIU3



coOpaHHOW WH(OpPMAIIMM MHOTOKPATHO TMIPEBBIIAIOT O00BEM YHUCTO aAHAJTUTUUYECKUX
HCCIeIOBaHUM. AHATUTUYECKUX MCCIIEIOBAaHUN HEIOCTATOYHO JIJIS IPUHSATHUS ONTUMATbHBIX
pelIeHni M0 Ha3HAYEHUI0 KOHCTPYKTUBHBIX U KHHEMAaTHUYECKUX TTapaMeTPOB MAIIIUHBI.
OmuOKkM B OpraHU3alMi HCIBITAHUNA WM HEYAOBJICTBOPUTENIbHAS CTATUCTUYECKAS
00paboTka WX pe3yJbTAaTOB MPUBOJAT K TeEpeaadye Ha MPOU3BOJCTBO HECOBEPIIECHHBIX
MalllUH W TOPMO3ST TeXHUYECKHil mporpecc. [lpumepoM TakuX HETaTUBHBIX PEIICHUI
SIBJISIETCS PEKOMEH AN MAITHHOUCIIBITATEIbHBIX CTAHIIUM O TTOCTAaHOBKE Ha MPOU3BOJICTBO
3epHOYOOpOYHOrO KoMmOaitHa ¢ JIByMs OyHKepaMH WM 3aMeHa CKPEOKOBOI'O 3€pPHOBOTO
areBaTopa MmHEeKOM. [109ToOMy K UCTIBITAHUSIM MPUBJICKAIOT HanboJee KBATU(UITMPOBAHHBIX
crienuanucToB. McnpiTanus TpeOYyIOT caMoi OOJIBIIION O CpelicTB, BhieIeHHBIX Ha OKP.

1.2. OCo0E€HHOCTH CeJbX03TeXHUKHU C MO3UIINH UCTILITAHUN

Ilo YPOBHIO TEXHUYECKOU OCHAIIEHHOCTHU u KJIaccy MIPOYHOCTH
CEJNIbXO3MAIIMHOCTPOEHUE YCTYNaeT JPyruM OTpacisiM. OTO OOBSICHHUMO MaJbIMU
CKOPOCTSIMU TEPEABUKEHUSI MAaIllMH, NPU KOTOPHIX IIOYTH HE BO3HUKAET KaTacTpod,
HeOonboi HapaboTkoi (2000-3000 vac) 3a Becb CpPOK CIY>KOBI; CTOMMOCTb MMPUMEHSIEMbBIX
MaTepualioB JJisl JieTajell JoJKHA ObITh JOCTYIHA MexaHuzaTopaM. KomruiekTyromue s
CXM (NOQMUMHUKYA, YIUIOTHUTENW, BJIEMEHThl TUIPaBIMKUA) HMEIOT Oojiee HHU3KHE
MOKa3aTeIu HAJEKHOCTH, YEM B aBHALIUU, JOPOKHBIX MaIlIMHAX.

Bce 3TH TEXHONOTMYECKUE MOTPEIIHOCTH NPUBOAAT K HEOJHOPOJHOMY KayeCTBY
U3JIeTTUH, U3TOTOBJICHHBIX 10 OAMHAKOBBIM YepTeKaM. A 3TO BBI3bIBAET OOJIBIIIOE pacCcesiHUE
KaueCTBEHHBIX IT0Ka3aTesel B padore.

VYBenuuenne pabouyux CKOpPOCTEW M HIMPHUHBI 3aXBaTa MOBBIIIAIOT HArpy3KH Ha BCE
CUCTEMBI: XOJOBYIO YaCTbh, MPHUBOJIbI, paMy. IDTO HEH30EKHO BEAECT K YBEIUUYECHHUIO MACCHI
MalluHbel (HampuMmep, yBEJIMUYEHHE UIMPHUHBI 3axBaTa XaTku ¢ 5 g0 6 M, B 1,2 pa3sa,
yBenuuuBaer e€ maccy B 1,3-1,4 pasza); yTo CHOBa yBEJIMYMBAET HArpy>KEHHOCTb, B TOM
YUCJE€ OT CWJI MHEPLUU. B pe3ynbrare CHMKAETCS HAIEKHOCTh M YBEIIMYMBACTCA pa3HHIA
MEXIY TEOPETUYECKOW U peasbHOW MPOU3BOJUTENBHOCTHIO. BaxkHoil mpobiieMoit sBiisieTcs
o0ecrieyeHne PaBHONPOYHOCTH BCEX JJIEMEHTOB M HCKIIOYEHHE H30BITOYHOIO 3araca
IIPOYHOCTH.

HcnpiTanuss B 3aBUCMMOCTH OT COCTOSIHUSA OOBEKTOB K MOMEHTY WX 3aBEepUICHUS
MOHO pPa3J€iuTh HA 3aBEPLICHHBbIE M He3aBeplLICHHbIE. [Ipy 3aBEpIICHHBIX HCIIBITAHHUIX
BCe HaOItofaeMble OOBEKTHI JOBEIEHBI 0 MPEACNbHOIO COCTOSHUS. Pe3ynbTaThl Takux
UCIIBITAHUI MPECTaBISAIOT MOJHYI0 BBIOOPKY. [Ipu He3aBepIIEHHBIX UCIIBITAHUSX OOBEKTHI
HE JOBEAECHbl [0 TAaKOTO COCTOAHUSA. Pe3ynpTaTbl HE3aBEPIICHHBIX HWCIBITAHUI
MIPEACTABISIOT YCEYEHHYI0 BHIOOPKY.

[louTu Bce UCTIBITAHUS CEJIbXO3MAILIUH SIBJISIOTCS HE3aBEPUICHHBIMHU HAOIIOCHUSMH.
Jns HUX ONpeAeNstoT BbIOOPOYHbIC CTAaTUCTUYECKUE XApaKTEPUCTUKU: CPEIHEE
apudmeTnueckoe X U CpelHEe KBAJAPATHYECKOE 3HAYeHUs & . [0 HUM, a TaKKke
OpUEHTUPYACh Ha 00BbEM BBHIOOPKM U JOBEPUTEIBHYIO BEPOSTHOCTH ONPEIEIISIOT
JIOBEPUTEIIbHBIC HHTEPBAJIBI [T X H & .

Kopotkuili cpok wucnblTaHul, orpaHudeHHbId arpocpokom (10-15 ngneit), He
MO3BOJISIET MOJTYYUTh OOJIBIION MaccuB 3aMepoB 3a | ce30H. Hy)XHO HECKOJIBKO CE30HOB.
[loaToMy Ba)kHa  oONTUMalbHAs  OpPraHU3alMs  HCOBITAHUM, WX IUIAHUPOBAHME,
IIPOTHO3UPOBAHUE PE3YIBTATOB, IPOBEAECHUE CTEHIOBBIX UCIIBITAHUNA, XOTS MAaKCUMAJIbHYIO
LIEHHOCTh NPEJICTABIISIOT HAaTypHbIE HCHBITAHUS B PEAIbHBIX YCIOBUAX. B CBA3M ¢ 3THM,



BEPOSITHOCTh TOJYYEHHBIX BbIBOJOB mpumepHo 0,8, a He 0,9-0,95, xak B 001IeM
MaIlIMHOCTPOCHUU.
B XO3sHCTBEHHBIX YCJIOBHUSIX Ha CEIbXO3MAIlUHY BO3JEHCTBYIOT MHOXECTBO (DAKTOPOB,
pPa3HOOOpa3HBIX HM CHJIBHO HW3MEHYUBBIX. YUYET MHOrooOpasusi CBS3ed  MEXIy
UCIIBITHIBAEMBIM OOBEKTOM M BHEIIHEW Cpeodl IMO3BOJISIET TMOJYYUTh JOCTATOUYHYIO
nH(pOpMaIHIO SIS OIIEHKH TEXHOJOTHMUYECKUX BO3MOXKHOCTEHW MAIMHBI, O HaJIEKHOCTU U O
COOTBETCTBUM TpPEeOOBAHUSAM JKOJOTUU M T.J. Bech ATOT KOMIUIEKC CBEACHUH SIBISETCS
nH(pOpMaIIMOHHOW MOJIeNbl0. B manbHeieM Haj 3TOW MOJEIBIO BBIMOIHSIIOT pa3iIuvHbIC
orieparuu.

YToObI TOJIydeHHBIE PE3yNbTaThl ObLIM OOBEKTUBHBIMH M JIOCTOBEPHBIMU, MOJEIH
JI0JDKHA OTBEUaTh TPEOOBAHUSIM

- OBITH aHeKBaTHOﬁ peaJIbHOMY O6’BCKTy, T.C. COOTBCTCTBOBATL CMY oe3 IIOATOHKHU H
BOJICBBIX peH.IeHHﬁ;

- OBITh aJaNTUBHOM, T.€. TMOKON U JOMYyCKAaTh BO3MOXXHOCTb YCOBEPILIEHCTBOBAHUS 1O
Mepe YriIyOJIeHHs TOCTAaBJICHHOM 3a/jauMl WJIM U3MEHEHUs! 00bEKTa;

- IIPOTHO3UPOBATH PC3YJIbTAThI pa6OTBI B IIponecce HUCIBITAHUM.

st arpo300TEXHUYECKUX W DHEPreTHUecKHuX  KpuTepueB  3P(HEKTUBHOCTH
(GYHKUMOHUPOBAHUS MAlIMH MEXaHW3M MpeoOpa3oBaHMsl BXOJHBIX IEPEMEHHBIX B
BBIXOJIHbIE HETOCTATOYHO U3YUY€H, ITO3TOMY Yallle BCETO MPUOEraroT K MOCTPOEHUIO MOJIENeH
no cxeme “uépHbiii smmk’. Takue Mozenu (Puc.l) He packpbiBaloT (QU3MYECKYIO WIU
OMOJIOTUYECKYIO CYTh SIBJICHUHN U IIEHHBI TEM, YTO MO3BOJISIOT PEIINTH KOHKPETHBIE 3ada4H.

Xi(t)

A 4

— > Zn()
Cempx0o3- | 5 m\l
— 3| MammHa — >

Y4(t)
Puc. 1. @axmopHnoe npocmpancmeo, 603HuKaouee 8 npoyecce pabomvi MauiuHbL.

Xi(¢)— BexTOpHI BHELIHEH cpebl (JUIMHA cTeOIEl, YPOKANHOCTD, BIAKHOCTH OYBBI U
T.1.);

Y q (t)- mapameTpsl MalMHBI, peryaupyeMble B 3aBHCHMOCTH OT Xj(?) (dactoTa
BpalieHus 6apadana, CKOpoCcTb kombOaiiHa 1 T.1.);

O, — HeHM3MeHHbIe KOHCTPYKTHBHO-KHHEMATHUYECKHE T1apaMeTphl MAIIMHBI (IIHPHHA
3axBaTa, 00beM OyHKepa U T.1I.).



OYHKIIMOHUPOBAaHUE OOBEKTa HUCIHBITaHUN (QopMaIbHO MOXHO MPEACTaBUTh  Kak
npeoOpa3oBaHuE BXOJHBIX (DAKTOPOB B BBIXOAHBIE C TIOMOUIBIO HEKOTOPOH CHUCTEMBI
HEJIMHEHHBIX OIepaTopoB L, .

YroObl monayuuTh mokazareiau 3(EKTUBHOCTU W MOCTPOUTH MOJIENb HEOOXOAMMO HAWTH
ATOT OIEepaTop WM OIpPEAeNIUTh OTOOpa)KEHHWE TMPOCTPAHCTBA COCTOSHUM BHELIHUX
BO3JICHCTBUI M TapaMeTPOB OOBEKTA HA TPOCTPAHCTBO TEXHOJOTUYECKHUX, SPTOHOMUYECKUX
U Apyrux nokasarenent 3¢pPexTHBHOCTH (G YHKIMOHUPOBAHUS OOBEKTA.

B xoneunom cuére:

Zn(t)= L,[X:(0),Y 4 (0,0,1

rne L, - mpeoOpa3oBaTesib BXOAOB B BBIXOABL. DTOT ONMEPATOP MOXKET OBITh BBIPAKEH

bopmynoii, TpaduKOM, JTOTHYECKUM YCIOBHUEM. B 3aBUCHMOCTH OT 3TOro MH(POPMaIIOHHAS
MO/IeJIb pabO0Thl 00BEKTA MOXKET OBIThH I€TEPMUHUPOBAHHON, BEPOSITHOCTHON MIIM UHOM.
N3-3a n3MEHUYMBOCTU U Pa3HO00pa3usi BHEIIHUX (PAaKTOPOB KaYECTBEHHbIE NTOKA3aTeNu
MalllMH UMEIT CTOXACTUYECKHI XapaKTep, MOTYT OINHCHIBATHCA HE CTAllMOHAPHBIMH U HE
sproauueckumMu  QyHkuusmMu. Bce 3T0 cozpmaer OosbliMe TPYIHOCTH B ONpeleICHUU

CTaTUCTUYCCKHUX XaAPAKTCPUCTUK Zm (t )— BCKTOpPa BbLIXOJO0B (HOTepI/I, FJIY6I/IHa IIaXOThl H

T.1.). Hampumep, mpu cKallMBaHWHM 3€PHOBBIX KYJIBTYp CTEOJIM MOIYy4arT OTTHO TeM
OOJIBIIINIM, YeM BBIIIE TOAaYa, T.e. CKOPOCTh KAaTKU. HOo B JEMCTBUTEILHOCTU TMOIYy4YaeTCs
nHas curyanus (Puc.2): uz-3a crabuwimzanuu kojsebanuii Ha ydactke V-V, He MPOUCXOIUT
yBEJIUYCHUS BBICOTHI CTEPHHU.

A
H wmm

A\

Vs, - V, m/c

»

Puc. 2. Xapakmep U3MEHEHUA 8blCOMbL CMEPHU H 6 3asucumocmu om CKopocmu srcamiku V.

JIeTepMHUHHPOBAHHBIC MOJICTH HMMEIOT BHJ (DYHKIMOHAJIBHBIX 3aBUCUMOCTEH U
OTHO3HAYHO OIMCHIBAIOT MPOIECC. DIIEMEHTAPHBIM MTPUMEPOM SIBISCTCS 3aBUCUMOCTD Iy TH
S ot ckopoctu V u Bpemenu t (S=Vt). Ho 3To nepBbIii mar Kk no3HaHUIo.

CraTucTHYECKHUE MOJICIH MTOTy4aroT HHOT 1A M3 ICTCPMUHUPOBAHHBIX MTOJCTAHOBKON BMECTO
MIOCTOSIHHBIX (DaKTOPOB WX CTATUCTHYECKHUE XapakTtepuctuku. Hampumep, S = (V- K )t, tioe
K- u3MeHunBOCTh V Ha IPOMEKYTKE BPEMEHU t.

JIeTepMHUHUPOBAHHBIE W  CTATUCTUYCCKHE MOJICIM  ONKCHIBAIOT IpOIecC B
YCTAHOBHMBIIIEMCSI COCTOSSHMM W SIBISIOTCS  cTathdeckuMmu. CiydalHBIA — mporecc
BO3JICHCTBHSI CO CTOPOHBI 0OpabaThiBaeMOro marepuaia (Mousa, penbed, cTeOIu U T.11.)
BBI3BIBAET U3MCHUYHMBOCTH HE TOJIPKO KAYECTBEHHBIX MOKA3aTeJICH, HO M IKCIUTyaTalldOHHOM
Harpy>KCHHOCTH TPHBOJA, Kapkaca MalllH, YTO TaKKe KOCBEHHO BIIMSECT Ha Ka4yeCTBO
pabotel. Kpome TOro, BO3HHMKAlOT HWHEPIIMOHHBIC HArpy3Kd OT BO3JCHCTBHUS peibeda,
KOJICOIOMUXCsl pab0YMX OpraHOB, MPOCKAIB3bIBAHUE B PEMCHHBIX TIepeiadax ! T.I1.



B pesynbprate BOSHMKAeT HEYCTOMYMBBIN XapaKTep TEXIpollecca, Mpeodpasyroiero
«BXOIIBI» B «BBIXOHBI». llociie MCue3HOBEHHs BO3MYIICHHI MpPOIECC HAa KaKOE-TO BpEMS
CTAOMIIM3UPYETCS, MPUOIIKASICh K CPeTHEMY YPOBHIO (puc 3.).

t, cek

Puc. 3. U3menuueocms 00H020 U3z napamempos npoyecca.

Yem xkopoue BpeMs t; IEpPEXOJHOr0 TMpPOIECCa U MEHbLIE OTKIOHEHHE A
KaueCTBEHHBIX MOKA3aTeNEM, TEM BBILIE KAUECTBO MpoLEcca.
JlnHAaMHYecKHe MoJenH 0oJiee MOJIHO ONMMCHIBAIOT IPOLECCH], YeM cTaThueckue. Mx

omneparopom L ABIIAOTCA OH CPpCHINAJIBHBIC HWJIM HHTCTPAJIBHBIC ABHCHUA HJIN
n

CUCTEMBI 3TUX YPaBHEHHUI.

K coxaneHuto, Bce 3TH MOJAENM HENb3s MHCIOJIB30BATh ISl BOCIPOM3BEICHUS
(cunTe3a) peasibHOrO mponecca. OHU HE BIIOJHE aJ€KBATHBI. AHalUTHYecKas oOpaboTka
ATUX MoOJeNiel He TMO03BOJISeT CJeNlaThb TOYHBIM MPOTHO3 WM BBHIOpaTh ONTHUMAJIbHBIC
KOHCTPYKTHUBHO-KMHEMAaTUYECKHE MapaMeTphl MalluHbl. [103TOMY MpencTaBisiioT MHTEpEC
METO/Ibl pa3I0KEHUs apaMeTPOB MPOLIECCa Ha COCTABIIAIONINE. DTU COCTABIAIONINE WM UX
KOMOHMHAIIMU TTO3BOJISIOT IIy0Ke U3yUUTh MPOIIecC.

WNurtepecusl moaxonpl P. Mbpaumm, bopomaueBa H.A., wucnosib3oBaHWe MeTOAA
MTHOBEHHBIX BBIOOPOK K Pa3JIOKEHHIO IIEIBHOTO CIOKHOIO Mpolecca Ha MepUoANYecKue U
HEpEeryJsipHbIE CTPYKTYPHI [4, 6].

1.3. Texunueckoe 3aJaHue HA NIPOCKTHPOBAHHE MAIINHBI

OTOT IOKYMEHT BKJIIOYAET CJICAYIOUINE MOKA3ATEIIN:

1. HaumeHoBanue wus3nenuss U 00jacTh ero npumeHeHus. O0s3aTeIbHO YyKa3bIBACTCS
YHUBEPCAIBHOCTH 1O IPUMEHEHHUIO.

2. OcHoBanue s pazpadotku. Hampumep, nocranornenue IIpaBuTtenbcTBa, IPOTOKOJ
110 MOJICPHH3ALINH MPEIIIESCTBYIOIIEH MaIlIMHbBI U T.I1.).

3. llens u Ha3zHaueHue pazpaborku. Hampumep, co3nanue B3aMeH IPyroid MailuHbI JJIs
MOBBIILICHUSI YHUBEPCAIBHOCTH HCMOJIb30BaHHUS, MOBBIIMIEHUS MPOU3BOAUTEIBHOCTH,
MOBBIIICHUS Ka4ecTBa pabOThI U T.II.

4. VcTtouHuku pa3paOOTKU: aBTOPCKHUE CBUJIETENIbCTBA, MPOCIEKThI, IPOTOKOJIBI
WCTIBITAHUW, OTYETHI CIIEIUATIMCTOB O TTOCEIIEHUU MEKIYHAPOIHBIX BHICTABOK.

5. Texuuueckue TpeGOBaHUS

5.1. CocraB u3nenusi u TpeOOBaHMUS K €r0 KOHCTPYKTUBHOMY YCTPOMCTBY. AjamnTephl K
MaIllUHE JOJDKHBI OBITh COTJIACOBAaHbBI, YCTAHOBJICHA X Macca, yJelbHas Macca Ha €UHUILY
MPOMYCKHON CMOCOOHOCTH MaiuHbl. [lpunaraercs omnucaHue W OCHOBHBIE TEXHUYECKUE
XapaKTePUCTUKU OYIyIIeH MaIlluHbI, B TOM YHCJE 3a30pbl, PEryJIUpPOBKH, BUJ TPHUBOJA,
THUIIBI PAaOOYNX OPTaHOB.
5.2. Tloka3aTenu Ha3HAYCHUS U MCIIOJIHL30BaHUS:

- MPOITYCKHAs CIIOCOOHOCTH, KI/C, TIPU YOOPKE B Pa3HBIX YCIOBUAX;

- XapakTep U3MebueHUsl CTeOIIeH;



- pabouasi CKOpOCTb;

- MOUTHOCTb Ha €IMHUILY MPOMYCKHOM CIOCOOHOCTHU MpH pabOTe B pa3HbIX YCIOBUSAX;

- HAJIMYUE YCTPOUCTB, MPEAOXPAHSIOUIMX OT MOJOMOK IIPH NEPETpy3Kax U MOnajaHuu

MHOPOJHBIX MIPEIMETOB;

- morepu. Hampumep, s 3epHoyOopoyHoro komOaiiHa Tmipu ypokaitHoctu 40-50

/ra, cootHomrenueMm 3:C = 1:1,5, Bmaxuoct conomsl 10-20%, ykiaoHe mojst mo2°

noTepu Ha Mojdope HOJKHBI ObITh MeHbllle 2%, npoOieHue Menblie 2% mnpu

MPOIYCKHOM criocoOHocTH g<9-10 Kr/c.

5.3. TpeGoBaHus K HaJIe)KHOCTH MAIIIUHBI:

- K0O3(pPUIIUEHT TOTOBHOCTH 3a NIEPUOJ, HOPMATUBHOU T'0OJIOBOM 3arpy3KH;

- KO3 PUIUEHT TEXHUUECKOT'0 UCTIOIb30BaHMUS;

- cpeaHsis HapaboTKa Ha OTKas3;

- CPOK CIIyOBI J10 CITUCAHUS;

- KO3 PUIIMEHT HAIC)KHOCTHU TEXMPOILECCa;

- yZielIbHAs TPYA0EMKOCTh TEKYLIUX PEMOHTOB Yel-4/4Jac.

5.4. TpeOoBaHusa K ypOBHIO YHU(DUKAIMK U CTAHAAPTU3ALMH. 3BE3JI0UKH, LIEMH, PEMHH,
NPY>KUHBI, MOAIIMUITHUKA U T.J. JOJKHBI ObITh YHU(DUIIMPOBAHBI C IPYTUMU MAIIUHAMU .
5.5. TpeOoBaHus k 6€30MaCHOCTH, ICTETUKE U IPTOHOMHUKE:

- HaJlM4yKe peBepca MpHu OYUCTKE pabOYuX OPraHoB;

- HaJTM4re KOMIUIEKTa HHCTPYMEHTOB Ha JOCOOPKY, MOHTaX, TEXYXO/;

- COOTBETCTBUE TrabapUTOB MAIIMHBI KEJIE3HOAOPOKHOMY TPAHCIIOPTY;

- obecrnieyeHre CTaTUYECKON yCTOMYMBOCTH IpH YKJIoHE 110 30 rpaaycos;

- OrpaXKJeHUE BpalllaloIIUXCs JeTanei;

- TOPMO3a JIOJKHBI yJIep >KUBaTh MallIMHY HA YKJIOHE HE MeHee 12 rpaaycos;

- OecrpensiTCTBEHHBIN JOCTYN K MECTaM TEXHUUYECKOT0 00CITYKIUBaHUS.

5.6. TpeGoBaHusi K MaTEHTHOM YUCTOTE AOJKHBI oOecreuuBathcsi B PO, ctpanax CHI,
CIIA u np.

5.7. VYcnoBus SKCIUTyaTallud M TpeOOBaHUS K TEXHHUYECKOMY  OOCIIYKHBAHHUIO.
VYKa3bIBarOTCA:

- XapaKTepUCTUKU yOUpaeMbIX KyJIbTyp (BBICOTA, BIAXKHOCTb, YPOXKAHHOCTh, pazMep

BaJIKa  T.1.);

- IJTOILA/Ib U KOH(UTypalusl y4acTKa;

- HallM4he KaMHel, KPOTOBHH;

- BpeMsl PUCOEANHEHUS a1alTepOB;

- BUJIbl U TIEPUOJUYHOCTD YXOJa.

5.8.  DKOHOMHYECKHE MMOKA3ATENN TEXHUKHU:

- IPEeUMYUIECTBA MO CPAaBHEHMIO C aHAJOTOM (MOBBIIEHHUE MPOU3BOJUTEIHLHOCTH B

Pa3HbIX YCIOBHSIX);

-CHIKEHUE YACIIbHON AHEPrOEMKOCTH U MaTEPUATIOEMKOCTH;

- TOJIOBOM SKOHOMUYECKUH 3P deKT;

- TUMUTHAs LEHA;

- TOJIOBOH BBIITYCK.

Texuuueckue TpeOOBaHMS, B TOM 4YHUCIE M HOPMBI TOYHOCTH, YCTAHABIMBAECT
KOHCTPYKTOp, OPHUEHTHPYSACh Ha CIy)KE€OHOE€ Ha3HAueHUE MaIlMHbI, YCJIOBHUS palbOThl U
AKCILTyaTally, BEPOSITHOCTh YaCTBIX Pa300poK. DT TpeOOBaHUS TAPAaHTUPYIOTCS pacuyeTOM
U JIOJKHBI OBITH MOATBEPKICHBI IOJIEBBIMU UCTIBITAHUSIMHU.



1.4. Buabl M nporpamMmsl MOJIEBbIX HCIIBITAHU

[lepen BHeIpeHWEM MAaIIMHBI B MPOU3BOJCTBO €€ TOJBEPraloT MpPEIBAPUTEIHHBIM,
MPUEMOYHBIM M TIEPHOAUYCCKUM HCHBITAHHSIM. [IporpaMMbl MU METOIBI ATHX HCIBITAHHUM
pernameHTupytoT OCTHL.

IIpenBapurtenbHble HCNIBLITAHUSA (3aBOJICKUE) 00pa3a MPOU3BOIUT pazpadboTuuk. OH
yCTaHABIMBAET COOTBETCTBHE MAIIMHBI 13, B KOTOPBIX YUTEHBI KaUeCTBEHHBIC MOKa3aTeln
paboThl, TpeOOBaHUS CTAaHAAPTOB, TPEOOBAHMUS SKOJIOTUU U O€30MacHON IKCIUTyaTalluy U T.1I.
[TonoxxuTenpbHOE 3aKIIOUEHWE TO3BOJIAET TMPEACTABUTH MPOAYKIMIO Ha MPHEMOYHBIC
UCTIBITAaHUS, KOTOPBIE TIPOBOIUT TOJIOBHASI OPTaHHU3AIIHS 110 UCTIBITAHUSM.

OmnpbiTHBIE 00pa3lbl MOABEPralOT MPHEMOYHBLIM HMCHBITAHHUSIM B Pa3HBIX 30HaX B
CpaBHEHUU C aHAIOTOM. L{enph MpuEMOUHBIX UCTIBITAHUH Ta )K€, YTO U MPEABAPUTEIBHBIX, HO
JOTIOJIHUTEIIFHO YCTaHABIUBAETCSI BO3MOXKHOCTD TPEICTABICHUSI MAIIMHBI K TIPOU3BOJCTBY.
[TosTomy mnpuéMOYHBIC HCIBITAHHUA TPOBOIAT B 2 dTama: BHAYajle Kak JIabopaTOpPHO-
MOJIEBBIE, @ 3aTE€M B XO35MCTBEHHBIX ycioBusaX. Ha 1-oM aTamne pemaroT 3agauu:

- BBIOOp, TIOJATOTOBKA W M3YYCHHE TOJEBBIX yYAaCTKOB W OOBEKTOB Ui 00paOOTKH
(3epHO, IouBa, cTebam). [Tox Bo3aelicTBUEM BpeMeHHU (CYTOK) M TIOTOJIbI CBOMCTBA 0OBEKTOB
MEHSIOTCSl B IIUPOKUX Tpejenax. BakHo 3adUKCHpPOBAaTh KOJUYECTBEHHOE 3HAUCHHUE ATHX
CBOWCTB B MOMEHT arpOOIICHKH;

- OTJIaJIKa ¥ HACTPOWKA MAITMHBI HA ONITUMAJIbHBIE YCIOBHS PaOOTHI;

- TpoBepka 3P(HEKTHBHOCTH PETYIMPOBOYHBIX YCTPOMCTB U YAOOCTBa yMHpaBICHUS
MaIlIMHOM;

- ompejelieHWE KadecTBa pPa0OTHl MAaIIMHBI B Pa3HBIX YCIOBUSAX M Pa3IAYHBIX
peKUMaX;

- OMpeieNIeHne YHEPreTUIECKUX MoKa3zaTeseH.

[lpuéMouHblE WCTBITAHUS B  XO3SMCTBEHHBIX  YCIOBUSX  TMPOBOJAT  TOCTE
yIIOBJIETBOPUTEILHOIO pe3yibTara JIabopaTOpHO-MOJIEBBIX UcbITaHUul. [lenbio 3Toro stana
UCTIBITAHUHN  SIBIISIETCS. TPOBEpKa YCTOWYMBOCTH W HANEKHOW pabOThl MAIIMHBI B
pa3HoOOOpa3HbIX YCIOBHUSAX, a TaKXKe OIpe/esieHne €€ 3KCIUTyaTallmOHHO-3KOHOMHUYECKUX
nokasaresnei. [[i1s1 3Toro mpoBOJAT XPOHOMETpaXX ydeTa YUCTOrO BpEMEHU paboThl U 3aTpaT
BPEMCHH Ha TeX0OCTy)KHBaHNE MAIIMHBI, OPTaHU3AIMOHHBIE TIPOCTOM.

Jlis monmydeHusi yOeTUTENbHBIX pPe3yIbTaTOB MPUEMOYHBIX HCIBITAHWNA MalllMHA JIOJDKHA
BBITIOJTHUTH 3-6-TIeTHUM 00BEM padoT.

[Tocne TOMOXUTENBHBIX TPUEMOYHBIX HCIBITAHUA TIPOBOIAT KOPPEKTHPOBKY
KOHCTPYKTOPCKOH JTOKYMEHTAIIMM W U3TOTABIWBAIOT KOHTPOIBHBIN oOpazer. Odopmisercs
pelIeHre O MOCTAHOBKE MAlIMHBI HAa MPOU3BOJICTBO, U €€ YEPTEeKH COIJIACOBBIBAIOTCS Ha
TE€XHOJIOTUYHOCTH C 3aBOJIOM-U3TOTOBUTEIIEM.

B Havane BhITycKa cepry MallliH U3TOTaBIMBAIOT YCTAHOBOYHBIN 00pa3el, KOTOPbhIi
ABJISIETCS 3TAJJOHOM JIsl IPOU3BO/ICTBA.

IMeproauyeckuM WCIBITAHUSM [OJBEPralOT CEPUIHO BBITYCKAaEMbIe MAIIUHBI C
[ENBI0 TIPOBEPKU TOJACPKAHUS UX TEXHUYECKOTo YpoBHS. [IpW IMTENHHOM BBITYCKE
MAaIIMHBI TPOUCXOIUT M3HOC O0OPYIOBaHUS, PEXKYIIETO W MEPUTEIBHOTO HHCTPYMEHTA,
3aMeHa MaTepuaiia Jietajeil, BHEIpEHHE pPAIMOHAIU3aTOPCKUX MPEeJIOKEHUN U
n3o00pereHnii. Ho kadecTBO MamnMHBI OT 3TOTO HE JOJDKHO CHWXKAThes. llepmommueckue
(KOHTPOJIbHBIE) UCTIBITAHUS IPOBOASAT 8 3A800CKUX U 6 NONEBbIX YCIOBUSIX.

[lepen meproAMYECKUMHU TOJICBEIMU UCTBITAHUSIMHU TPOBOMASAT 3aMephbl IJIMH IICTICH,
pEeMHEH, TOJIMHBI U KOHTYypa 3yObEeB 3BE3/I0UEK W JIPYTHMX HW3HAIIMBAIOIIMXCS JETaJICH.



3ateM MpoBOJAT OOKAaTKy_ MallWHbl B TeueHue 2-3 cmeH. [lociie ucnbpiTanuii (He MeHee
rOJIOBOM HAarpy3ku) MpPOBOJAT Pa30OpPKYy MalIWHBI, YTOOBI BBISICHUTH CKPBITHIE IMOJOMKH,
OLICHUTH BEJIMYMHBI U3HOCA U BBITSKKU LIEIIEN U PEMHEM.

CymectBytor OCTbl Ha UCHBITAaHUS OTIAEIBHBIX TPYMNI MAIMH: 3€pHOYOOPOYHBIX,
oYBO0OpadaThIBaOIUX, MTOCEBHBIX U T.J. ITU OCThI ONMMCHIBAIOT MPOrPaMMBbl U METOJIbI
MIPUEMOYHBIX U MEpUOAUYECKHX ucnbITaHuil. OpHoBpeMeHHO cyuecTByoT OCThI 1o
Pa3JIMYHBIM BHJ1aM OLIEHOK.

Baxxuelimeit 1 Hauboliee SIpKOM XapaKTEPUCTUKON MAalllMHBI SBISETCS €€ arpo- Wiu
300TEXHUYECKAs OLICHKA.

OnHOBPEMEHHO € arpOTEXHUYECKON IPOBOJIUTCS IHEPTETHUECKAS OLICHKA.

1.5. OueHKH no UCHBLITAHUAM CeJIbCKOX03AHCTBEHHON TEXHUKH
1.5.1. Arporexuuyeckasi OlleHKa

OneHka KkadecTBa pPaOOTHl MAIIWHBI SIBISETCS BaXKHEHIIMM IMOKaszaTeleM e
COOTBETCTBUSI CIIy’KEOHOMY Ha3HAaueHHUIO. BennynHa W KauyecTBO YpoXKas WU JPYroro
MPOJYKTa SIBISICTCS HauboJiee BaKHBIM KPUTEPUEM arpoolieHKH. [[7s yOOpOUHBIX MalliuH
ATOT TOKa3aTedb OMNpPEAesioT HernocpeAcTBeHHO. [ aApyrux mamuH (moyBooopadoTka)
ATOT MOKA3aTeNb ONPEACTUTD CJIOKHO. OTBIT 3aKIaIbIBAETCSA B TEUYECHHUE 3-X JIET.

KauecTBO pabGoThl MamMHBI OIEHUBAIOT BO B3aMMOCBSI3M C MPEIIISCTBYIOIIUMU U
MoCJIeAYIIMMHU onepanusaMu. Hanpumep, npu oneHke paboThl MOJ0OPIIUKA YIUTHIBAIOT
KaueCTBO U CTPYKTYPY BaJIKa, YI0KEHHOTO JKaTKOH, U TIOTEPU HE TOJBKO 3a MOAOOPIITUKOM,
HO ¥ 32 MOJIOTHJIKOH KoMOaiHa.

ATrpooIIeHKa JOJKHA PEIINTh 3 3a1auu:

1. Onpenenuth HKCTpeMaIbHBIE YCIOBHs, IPH KOTOPBIX TOKa3aTeJu pPaboOThI
MAIIIMHBI €11€ COOTBETCTBYIOT TEXHUYECKOMY 3aJIaHUIO;

2. OmpenenuTh arporokasarend padoOThl MaIlMHBI B TUIUYHBIX  YCIOBUSX.
Hanpumep, mis mMamuH 1o mociaeyoopodHoil o0paboTKe yporkas TaKUMU TOKa3aTelIsIMU
SIBJISIIOTCS: TIOTEPH, IPOOJICHUE 3epHA, COJepKaHUe KpaxMmaia, caxapoB, KapoTHHA U T.JI.

3. OueHuTh YyCTOMYMBOCTh TEXHOJOTHYECKOIO Ipoliecca paboThl B MIPOCTPAHCTBE U
BO BpPEMEHM TPU Pa3IMYHBIX BHEIIHUX YclIoBHsIX. Hampumep, BeposSTHOCTH 3a0MBaHUS
pabounXx M TPAHCTIOPTUPYIOUIUX OPTaHOB, X 3aJIUMMaHUE, HAMAThIBAHUE CTEOJIEH U T.1. TIPU
BO3pPACTaHUU BIIAXXHOCTH, HEPABHOMEPHOM IM0j1a4ye, CBOJ000pa30BaHUH.

[lonyyenne arpomokazateineii B  Xole  JaOOpPaTOPHO-TOJEBBIX  HCIBITAHUU
MpPeAnosaraeT BHIIOJHEHHE CIEAYIOMMX padoT:

1. OueHka ycnoBuHM S3KCIUTyaTalliy, KOTOpPBIE MOTYT IOBJIMATh Ha arponoka3aTeian
(cocrostHue yOupaeMoil KyJnbTYphbl, CTENEHb 3pENOCTH, COCTAaB TMOYBBI M  T.IL.).
XapakTepuCcTHKa ydacTKa MOJs: YKIIOH, pa3Mepbl, IJWHA TOHA, peibed, paBHOMEPHOCTh
pacrpeneneHuss COpHAKOB.

2. TlpenBaputenbHasi oOKaTka W pEryjiupoBKa MaIllMHbI B TeueHue He Menee 10
4acoB.

3. OrueHka nokaszaTenei kauecTBa pabOThl: BHICOTa U PABHOMEPHOCTD cpe3a cTeOe,
CTPYKTYpa MoTeph, YUCTOTAa OYHKEPHOTO 3€pHA U T.I.

4. PasneneHue arpornokasaresiei o MecTy U IpUYMHE BOSHUKHOBEHUSI.

5. CpaBHeHHE MOJYYEHHBIX arpornokasarejeil ¢ HOpMaTHUBaMu, arpoTpeOOBaHUSIMH,
JaHHBIMM 110 MalTUHE-aHAJIOTY, TPEOOBAaHUAMH MEXTYHAPOAHOW CUCTEMbI MAIIIHH.



[Ipu arporexHUYECKOW OIICHKE OMpeneNsaoT Haubosee XapaKTepHble IOKa3aTelu
KauecTBa paboThl. TakuMuU MokazaTeasiMyu MalluH JJIsl TTyOoKoil 00pabOTKHU MOYBHI (TUTYTH,
niesiepesbl, KpOTOBATENN ) SBIISIOTCS: MOCTOSIHCTBO IIUPUHBI 3aXBaTa U ri1yOMHBI 00pabOTKH,
KpOILIEHHE TMOYBHI HAa pa3IMYHBIC O BEIWYMHE (PPaKUUHU, MOJHOTA M TIyOHWHA 3a/eNIKH
PACTUTENIbHBIX OCTATKOB BHYTPb MOYBBI, TPEOHUCTOCTh MOBEPXHOCTH MOJS, MEpEeMENICHUE
TreHEeTHYECKUX TOPU30HTOB MOJISI HA COJIOHIIOBBIX MOYBAX.

[Ipu arporexHUYECKOM OIIEHKE MAaIlWH JUIsi TOBEPXHOCTHOM OOpabOTKM TMOYBBI
ONPEENSIOT TIYOMHY B3pPBIXJICHHOTO CJIOSl, KPOLIEHUE TIOYBBbI, MOJpE3aHHue COPHBIX
pacTeHuil U PaCTUTENbHBIX OCTATKOB MPH JIYIIEHUU CTEPHH, 3a]I€JKY MOKHUBHBIX OCTAaTKOB,
BBIPOBHEHHOCTh IOYBBI, BBIHOC BIIAXKHOI'O CJIOS TOYBHI HAa IOBEPXHOCTb, W3MEHEHUE
KOJIMYECTBA 3PO3MOHHBIX HEPOBHOCTEH (JIYHOK, IeneH, rpeOHel, nepeMblueK, BaJMKOB U
T.1.).

[Ipu arpoTexHUYECKON OlEHKEe 3€pHOYOOPOUYHBIX MAIMH OMNPENETSAIOT: HIUPUHY
3axBara, BBICOTY Cpe3a, TOJIIMHY W [IMPUHY BaJika, MOTEpU 3€pHA B CPE3aHHBIX H
HECpe3aHHbIX KOJIOCKaX, OTEPU «CBOOOHBIMY» 3€pHOM, NMPOU3BOAUTEIILHOCTh KOMOaiiHa 3a
l yac OCHOBHOrO BpEMEHHM IpHU YPOBHE MOTEPH 3a MOJOTHIKOM 1,5%, mpomyckHyro
CIIOCOOHOCTh MOJIOTHJIKM MPU OTHOIIEHMH Macc 3epHa u coiombl 3:C = 1:1,5, uncroty
OYHKEpHOTI'0 3epHa, MUKPOTIOBPEKIEHUE 3€pEH, IOTEPH B 1€ KOMOalHa U T.J.
ATpOTEXHHYECKYIO OLEHKY MPOBOAST HA TUIMHUYHBIX (OHAX B ONTUMAJbHBIE ISl 30HBI
CpOKHM. MaiiuHbpl ¢ HOBBIMM paOO4YMMHU OpraHaMu JOMOJHUTENIbHO HCIBITHIBAIOT B
HKCTPEMAIbHBIX YCIOBUSX (HAampuMep, aKTHBHbIE pabodyue OpraHbl KyJbTHUBAaTOPOB — Ha
PBIXJICHUM TPHUKATAaHHON MOYBBI, JBYXHOXKEBBIE PEXYIIWE amnmaparbl — Ha CKallMBaHUU
TMIOJICTJIBIX CTEOIICH ).

Ha ouenky yOOpouYHBIX MamuH OOJbIIOE BIMSHUE OKAa3bIBAIOT XapaKTEpPUCTHKA U
COCTOSIHUE C-X KYyJNbTypbl. CIENoCTh KyNbTYphl ONpPENENsIOT MO Mpeoliajaromnieil rpymme
3epeH. Hanpumep, ecnu rpynna 3epeH BOCKOBOM crienoctu coctaisieT 70%, nmonHoit — 10%,
MOJIOYHO-BOCKOBOM — 20%, TO CuUMTalOT, 4TO JaHHas KyJbTypa HaxXOIUTCS B CTaauu
BOCKOBOM CIEJIOCTH.

[Ipu arpoTexHUYECKOM OIIEHKE MPUMEHSIOT BJIaroMepbl, CEKYHIOMEpP, KOHYCHYIO
MOJIOTHJIKY, BECBI, IMHEHKY, perieTa v T.1.

bonbiioe BiausiHME HAa JIOCTOBEPHOCTh ArpOTEXHMYECKUX IOKa3aTeleil OKa3bIBaeT
MpaBUIIBHOE OIpejielieHne 00beMa BRIOOPKH: YUCIIO OMBITOB (MP00), TOBTOPHOCTEH OMBITA U
T.1.

[lokazatenu KauecTBa pazIUYHBIX MEXAHU3WPOBAHHBIX PaOOT OKa3bIBAIOT Pa3HOE
BJIUSIHUE HAa PEAbHYI0 ypoxahWHOCTb. [103TOMy HEKOTOpBIM BHUJAaM arpooLEHOK CIIeIyeT
ylnensaTh Oompiie BHUMaHUA. [Ipy TUIaHMpOBAaHWMM HUCHBITAHUM CHEAYEeT YYHUTBIBATH 3TO
ycioBue (Tad. 1).



Tabmumna 1.

Biusinue nmokaszaresied arpoOLEHKH HA YPOKAUHOCTDH U MOTEPH 36PHOM

Mammuna-opynue | OCHOBHBIE TOKa3aTEIN arpOOLEHKH Bec nokazatens B %
PaBHOMEpHOCTH TITyOHHBI 00PAaOOTKH. 50
[Inyru Kpomenne mnacra. 30
3azenKa paCTUTEIbHBIX OCTATKOB. 20
KynbsTuBaTopbl CrerneHb noape3aHusi COPHSIKOB. 40
TSt Crenenpb noape3aHus KyiabTypHBIX 40
MexnypsitHOU pPacTEHUN. 20
00paboTKH PaBHOMEpPHOCTH TTTyOUHBI.
[ToTepu cBOOOIHBIM 3€pHOM M KOJIOCOM. 40
dopma Bajka. 25
BankoBble xaTku .
VYcronuuBocth H cpesa. 20
Y CTOWYUBOCTH pa3MepPOB BaJIKa. 15
. | [loTepu 3epHOM U KOJIOCOM. 80
3epHOYOOpOYHBII
. HpoGnenue 3epHa. 10
KoMOaitH
Uucrora 3epHa. 10

ArporexHu4yeckmne Tpe0OBaHMsA K CesIKaM

KosocoBbie KynbTyphl CEIOT MEPEKPECTHBIM WIIH Y3KOPSIHBIM CIIOCOOOM.
OTkIOHEHUs OT 3aJaHHOM HOpPMBI BbiceBa ceMsaH +5%, a ynoOpenuit +£10%. Bpenns

HCIOCCB U IICPCCCB.

[IponaniHple KyJIbTypbl CEIOT IIYHKTUPHBIM, KBaJAPATHO-THE3IO0BBIM WJIM THE3I0BBIM
crioco6om. OTKJIOHEHHE HEHTPOB THE3/ OT JIMHUM MOMEPEUYHBIX psiioB =5 cM. B 0HO TrHE3 10
BHOCST 2-3 ceMEeHU KyKypYy3bl WU MOJICOIHEUHUKA, 4-5 0000B, 3-4 6axyeBbIX KYJIbTYD.

[loka3zarenu kauecTBa cepa:

- 'myObuna 3a7enku 3aBUCUT OT Buaa pacteHuid: mieHuinsl 40-80 amm, Kykypy3sl 80-
120 mm , kaprodens 70-150 mm , caxapHoit cBEkbI 20-50 mm .

- PaBHOMEpHOCTH 3a/1e1KU OIEHUBAIOT K03 PUITHEHTOM
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- ArpPOTCXHUYCCKU 3alaHHAA FJ'IY6I/IH2L

HopMmbl BbiceBa ceMsIH M y100peHuUit

OTta HOpMa 3aBUCUT OT IINIOJOPOAHA ITOYBBI. IIoBBIIICHHEBIN BEICEB BCIACT K py‘lHOﬁ
IIPOPBIBKC. HCI[OCCB BbI3BIBACT U3PCIKCHHOCTDb ITIOCCBOB 1 CHUKCHUC ypOH(aﬁHOCTH. Pacxoz[



MMOoCaa09YHOTr0 MaTcpuajia OoIpCaACIAII0OT C y4E€TOM CpCI[Heﬁ MacCChbl CCMCHH HUJIN KHy6H$I,
crocoba I10CCBAa, KOJIMYCCTBA KHY6HCﬁ B OOHOM T'HE3AC.

Hanpumep, npu muprne MexXaypsauil Z cym JjiMHA BCeX PAIKOB HA 1ea Oyner

6
10
L =7M/ZCZ. Macca cemsin Ha IM psinka g =m-k(2/ m),
rne m —Macca 1 3epHa, 2p.
k — pacdeTHOe UuCIIO ceMsH Ha | M psika.
3

g-L 107 -q
1000 Z

PaBHOMEpHOCTh BBICEBA CEMSH 3aBUCUT OT BEJIMYWHBI MPOCKAIB3BIBAHUS OIOPHO-
NPUBOAHBIX KOJEC, 3allOIHEHUS sUeeK JHCKa CEeMEHAMU U TOBPEKICHUS CEMSH
BBICEBAIOIIMM amNmNapaToM. DTH TIOKAa3aTeNH OMPEACISIOTCS OMBITHBIMUA KO3 PUITMCHTAMH.
Ha mpaxTrke ycTaHaBIMBalOT HOPMY BBICEBAa TaK. B CEMEHHOHN SIIIUK CESJIKUA 3aChIMAIOT
KOHTPOJIBHYIO HABECKY CEMSH M3 pacueTa 3aceBa IUIomaan 3a 1 Kpyr, T.e. 2 mpoxo/ia CesKu
(Tyna u o6patHo). Benrunna 3T0#l KOHTPOIBHONM HaBECKU

ke/ aa.

Hopwma BriceBa cemsin: Q =

_2-L,-0-B

2z 10*

,Ke,

rae 2 — YUCJO MPOXOJO0B,
Ly — nuvHa rona, m,

B — mupuna 3axBaTa CessIKH, M .

PacxonoBanue QK 3al KpYT YKa3bIBacCT, 4YTO CCAJIKA HACTPOCHA ITPAaBUJIbHO.

[Ipy moceBe mpomamHbIX KyJIbTYp (KyKypy3a, MOACOJHEYHHUK, CBEKJIA) BaKHO
MIPAaBUJIBHO Pa3MECTUTh CEMEHA B psiiaX WIM THE3/1aX U BBICEATh B KaXKJ10€ U3 HUX 3aJaHHOE
yucio ceMsH. Takod moaxon oOecrneyMBaeT MUHHUMAJIbHBIE 3aTpaTbl TpyJda Ha
MpOpEeKUBAaHUE, YBEIMUYEHUE IO MEXaHU3UPOBAHHON 00pabOTKH (T.K. YMEHBIIAIOTCS
3aIlMTHBIE 30HbI), MOBBIIIAET MPOU3BOIUTEILHOCTD TPY/IA.

JUIst IpoBEpKW TIIYOWHBI 3aJICJIKH CeMsiH (KIyOHEH) pacKambIBarOT CJIOW ITOYBBI U
MOJACYHUTHIBAIOT YHCIIO CEMSH (MHOT/Ia MOJIB3YIOTCSI OypoM) Ha pa3HOM TIyOHHE.

HYCTOTy U PAaBHOMCPHOCTH IIOCCBA OIPCACIIIOT II0 BCXOAaM BHYTPH pPaMKH

2
IJIomaabro Im“ B Pa3HbIX MECTAX IIOJIA.

ArporexHu4yeckue Tpe0OBaHHMsA K MALIMHAM JJIf1 X014 32 PACTCHUAMHM

DTOT yX0[ 3aKJII0YaeTCA B PHIXJICHUHU MOYBbI, YJAJEHUN COPHAKOB, a TAK)KE B 3aILUTE
pacTeHuil OT BpeAUTeNei, BHECEHHE YA0OpEHUH.

A Mexanuyeckylw o0padoTKy MOYBBI NPOBOAST KYJIbTUBATOpaMH U OOpoHamW,
KOTOPBIE pa3pyLIalOT HAAIIOYBEHHYIO KOPKY, IPOPEKUBAIOT PACTEHUS, TOAPE3AIOT COPHSIKH,
PBIXJIAT MIOYBY.

o 2
Pa3pylieHne NmOYBEHHONW KOPKH ONPENESAIOT € MOMOIIBK paMKU IUIOMAAp0 1am~.

IToBepXHOCTP paMKH pas3feleHa Ha KBaaparbl J xJ en’ DTy pamMKy B 6 - KpaTHOM

MOBTOPHOCTH HAaKJIaJbIBAIOT CIy4allHbIM 00pa3oM Ha TOBEPXHOCTb M TOJCUYUTHIBAIOT
KOJIMYECTBO KBAJPATOB C HAPYIIECHHOW KOPKOH.



PrixjiecHHE TI0YBBI OIICHMBAIOT FHY6HHOﬁ )51 FpC6HI/ICTOCTBI-O IMMOBCPXHOCTHU.
I[OHYCK&CTCSI OTKIIOHCHHUEC OT SaHaHHOﬁ FHY6I/IHBI Ha lcem. OtO OoIpCACIAIOT 3aMCPOM

JUHEHWKOM B 3-X MecTax MO JUIMHE TOHA. | peOHUCTOCTh ONpeeNsoT B 3-X MeCTax o JIMHE
rOHa BO BCeX MEXAypsanbsx. [locie kynbTHUBaMK IPEOHUCTOCTh JTOKHA OBITH MEHbIIE 3
CM.

IToBpexxaeHne pacTeHui JanamMu KyJIbTHBATOpa 3aBUCHUT OT MPSMOJHHEHHOCTH
PAIKOB WM TOYHOCTHU JIBHOKEHMSI arperarta, T.€. KONMUPOBAHUS PsA0B pacTeHui. BaxHoe
3HAYCHUE MMEET ONTUMalbHas BeJMUMHA padoueil 30HBI. Arperar JOJHKEH pacrojiaraTbes
CUMMETPUYHO OTHOCUTEIBHO psAoB pacTeHuil. Oco0ylo ONacHOCTh IMPEICTaBIISCT
MOJAMHHAHUE PACTCHUN XOJIOBOM YACThIO MJIM HUKHEW IJIOCKOCTBIO paMbl SHEProCpECTBA

(puc. 4).

£ N
T ¥ \ b
1 1
1 1
Vv Y v Y
'\/ b S b o \,/
\# | I,,”%.l-l"' I,."‘.”‘.l-l"' 1 I,."‘.’..l-l"'
B

Puc.4 3auumHste 30H6! NPU MeXAHU3UPOAHKHON 00 pabomKe

YcinoBUS ONITUMAIBHOCTH 30H:

H >

ye (B—e)—S(n—l) 0:
2

e S(n+1)2—(B+6)>0’

rac n -4ucCiio pAAKOB IIOA arperaToM.
KpOMKI/I JIall HC JOJI’KHBI HpI/I6J'II/I)KaTBCSI K 3alllUTHBIM 30HaM, T.C. K CTEOIAM.

HpI/I OLOCHKE pa6OTBI KYJIbTUBATOpPA HAJO YYUTBIBATD, YTO PACCTOAHUC S — CquaﬁHaH
BCIIMYNHA, KYJIBTUBATOP MOXKCT ABUT'ATHCA HE HpHMOHHHCﬁHO. HOG)TOMy
x>>0, (H-1)>>0.

3agaBaich x ~ y =100mm...200mm ¥ 3HASI HapaMETPbl SHEPrETUYECKOTO CPENICTBA,
MOYHO OIPEIEIUTh IUPUHY MEXKIYPAIHUM S.

CrenieHp MMOoAPEC3aHUA COPHAKOB:



n.—n
K,=——".100%,
ne

Trac I’lc,l’lnp — KOJHNYCCTBO COPHAKOB Hd KOHTPOJIBHOM YYACTKE N0 U IMOCJIC KYJIbTUBAIIUH.

b. IToka3aresin npoueccoB BHeCeHHs yAOOpPeHUI M XUM3alIUThHI PACTEHUIA.
OnrtrManibHasi MPOU3BOIUTENIBHOCTD arperaTa o BHECEHUIO KUIKUX SIIOXUMHUKATOB
WU yI0OpeHUit
_0,'V-B

G.)I['
600

, 71/ mun,

rae (), —HOpMa BHECeHHMs, ke/ea uinu 1/ea,

V' — ckopocTh arperara, km/u,
B — mmpuna 3axBata, M.
IIpumeyanue:
Ke KM K2/ Mmun

Pazmepnoctu G,, - —-—-wm
ea wac 600

HpOI/ISBOIII/ITCJIBHOCTB annapaTa 10 BHCCCHUIO CYXI/IX y):[06peH1/1171:
Q _ Ln ) QH -B
c

K2/ 2a,
10%
rae L, — AnuvHA MyTu arperara, M.

PaBHOMepHOCTB pacipeaciicHuAa MaTtcpualia orpcaciiroT ¢ IOMOIIBO paMOK

2 o
S=1m , IPCABAPUTCIIBHO PA3JIOKCHHBIX Ha YHACTKC, X KallCJIb KUJAKOCTH, ITOIIABIICH HA
PaMKy, MaCChbI KallJIu.

Ouenka noreps npu yoopke 3epHOBBIX KYJbTYP.

CrnocoObl yOOpKH 1 arpoTpe0oBaHus K HUM 3aBUCAT OT BUA KYJIbTYpPbI: 36pHOBas,
KpymsiHasi, 3epH00000Basi, TpaBa, KOPHEIUIO IbI, MACIIMYHBIE KYJIbTYpHhI (MIOJCOTHEUHUK,
KJICIIEBMHA, paric, ropumiia) u T.4. [lotepu yposkas 3aBUCAT HE TOJIBKO OT MapaMeTpOB
MAalIUuHBI, HO U OT COCTOSIHUS YOMpaeMOn KyJIbTYyphl (CIIEI0CTh, BIaKHOCTh, MOJIETIIOCTb,
MMOHHUKJIOCTD H T.]I.)

Yewm BhIlIE TOI0Basi HApaOOTKa MAIIMHBI, TEM TOYHEE JOJKHA OBITh HACTPOMKa Ha
TEXMPOLECC, MHAUE MOTEPU yposKkas OynyT OoJbllie, yeM Mpu padoTe MeHee
MPOU3BOIUTENHLHON MalHbl. HacTpolika 10mKHa COOTBETCTBOBATh MAaKCUMAIbHOM
MPOU3BOIUTENLHOCTH MPU TPeOyeMOM KauecTBe (TOTEPSIM U T.11.).

[Ipu HOpMATBHBIX YCIOBUSAX PAOOTHI:

- IOTEPHU 3a BAJIKOBOH MM KOMOalHOBOM xatkamu I1,,. <1%;
- notepu 3a nogodopumkoM 17, <0.5%:;
- IOTepU MOJOTUIKOU [1,, <1.5%.

[Ipu yOopKe MOJErbiX, 3aCOPEHHBIX, EPECTOSBIINXCS XJI€OOB; W1 MOBBIIIEHHON
BJIQYKHOCTH 3€pHA UJIU COJIOMBI MOTEPU MOT'YT ObITH BbilIE Ha 0.5 — 1.5 %.

[Ipu npsiMmoM KoMOalHUPOBAaHUU NOTEPHU 3a KOMOatHOM (6€3 yuera moTepb OT

OCBITTaHMS)
I, =1,.+11,,.



[Ipu paznensHOl yOOpKe 00IIKe MoTepu
HOW =11, +11,.+11I,
Baxxuo >t IIOTCPH KJIaCCI/I(l)I/II_II/IpOBaTB HC TOJIBKO IO MECTY UX BOBHUKHOBCHMH:, HO U
o ¢hopme (IpobiieHOE 3epHO, CPE3aHHbIE U HECPE3aHHBIE KOJIOCKH U T.J.), a TAKXKE 10
2
npu4YuHe UX nossieHus. llorepu 17, oNpenensror ¢ MOMOIIBIO paMKU IUIomanso 0.25 m

KOTOPYIO HaKJIaJbIBaIOT HA CTEPHIO CIy4yalHbIM 00pa3oM, HO HE Ha y4aCTOK MEXKIY
KOJIesIMH KOJIEC KoMOaiiHa, 4TOOBI UCKITIOUUTD U3 YHCIIa OTEPh 3€pHA, TPOCHITIABIINECS
CKBO3b HEINIOTHOCTH-3a30pbl B MOJIOTHIJIKE. B mpeienax paMKu MoICUUTHIBAIOT CBOOO HBIC
3€pHa 1 3€pHA B CPE3AHHBIX U HECPE3AHHBIX KOJIOCKAaX. 3arpsi3HEHHBIE U MPOPOCIINE OT
CaMOOCBHINTaHUs 3€pPHA HE YUYUTHIBAIOT.

IIpoueHT moTeps 3epHa 32 KATKOM.

K. M _
M =(=%")-107%, %
rae K,,. - KolIn4ecTBo 3€peH, COOPaHHBIX C 1 M’ (T.€. 4-X paMOK);

M —wmacca 1000 3€pen, 2;
Y — ypoxaitHOCTb 3epHOM, 1/ 2a .
Hanpumep, npu V =40y /2a, M =402 (muennna), K,,. =100 3épen, nonyunm I/ = 1%.

IIpoueHT mnorepr 3a NMOAOGOPIIMKOM ONIPENENAIOT aHajloruyHo. Pamky 4 pasza
HaKJIaJbIBalOT Ha TO MECTO, TJ€ JieXkall BaJIOK ¢ MHTepBajoM [.m. IloacuuThiBarOT 4ncio

CBOOOJHBIX 3€peH W 3E¢pEeH B HEMOJOOpaHHBIX KoJocKax. M3 cymMMapHOro WX 4YHCIa,
2 .
cobpannbix ¢ /m“ (K, +1I) BBIYUTHIBAIOT YUCIO 3EPEH, XapaKTEPU3YIOIUX MOTEPU 32
XKaTkou, K,
2
[ToTepu 3a mogOOPIIUKOM C [ M~ paBHBI:

K _(ROIC+H _Km)'BB 3épeH
H - L ) 2 5
B M

.. 2
rae K.y 7,K, —4ucno 3€peH coOpaHHBIX ¢ /.m° O BaJKOM IIOCIE €ro Ioxdopa M C

In? PSAZIOM C BaJIKOM (110 4 pamKu);
Bp —mupuHa Banka, m;

Lp — paccTOsiHUE MEX]y OCSIMU 2-X COCETHUX BAJIKOB, M .

IIpumep: Ilocne 4x 3amepoB pamkout 0.25 e ycranoBwin K., ;7 =81,63,75,94
3épenu K. =16,12,19,10 3¢peH. Bp =0.9m,Lgp =6Mm.
|(81+63+75+94)-(16+ 12+ 19+ 10)]-0.9 _ 3g Jeper

K
6 M’

I

[IponieHT MOTEPH O BAIKOM:

1, = K”YM 107, %.

Hpumep: pu V =30y /2a, M =402p/ 1000 3épen.
38-40

I,="""".107 =05 %.
30



IToTrepu 3a MOJIOTHJIKOM € KOITHUTEJIEM.

Hcnons3yroT KoMOalH-KOHTPOJIEP, KOTOPBIM MOBTOPHO OOMOJIAUMBAET KOMHBI. DTOT
KOMOaiH UMeeT MOJOTEHHBIN moa0opmuK. Ha HeTo BpyUHYIO 3arpyarT MacCy U3 KOIHBI.
[Tog 3epHOBBIM 3J€BATOPOM pacHoiaraloT OpPE3CHTOBBIM MEIIOK KaK OBICTPOCHEMHBIN
coopmuk 3epHa. Mckomasi BenmuurHa noTepk.

100
B-Ly-V

rae (J—macca 3epHa BbIICJICHHOTO U3 KOMHBI 0IHOM (00MOIauMBarOT HE MEHEe 3-X KOIIEH),

I = K, %,

Ke;
B— paGouas mupuHa 3axBarta XaTKu, M ;
Ly — paccTosiHuE Ha KOTOPOM (pOpPMHUPOBAIACh KOIIHA, M ;
K, =1.2— norpenrHocTs MeToAa.
Hpumep: Ilpu Ly =70 m, Q=2.5 ke, B=6 m,Y =30y /2a. norepu 3a MOJIOTUIKON

4
my =102 5540,
6-70-30
Tx. IIy, >1.5%, 1O HEOOXOOUMBI TEXHOJOTHYECKUE DPETYIUPOBKH C Y4ETOM BHIA

MOTEPh: HEJOMOJIOTOM B COJOME, CBOOOJHBIM 3€pHOM B TmojoBe W T.a. llotepu 3a
MOJIOTUJIKOM, BKJIFOYAIOT:

__ 77H c H C o
Iy, =1 +1.+1I, +11,, %,
rone 11/ "I cc — HEJIOMOJIOT U CBOOOTHOE 3€PHO B COJIOME;

H C
11, ,11,, —He0OMOJOT U CBOOOJHOE 3€PHO B IIOJIOBE;
ITpyu HOpMaIbHBIX YCIOBUAX YOOPKH HEOOXOIUMO YTOOBI:

I} <0.3..0.5%, IS <0.5..1%, 11} <0.1..0.3%, I, <0.4...0.7%.

JIlns ompeneneHusi MOTEPh HEIOMOJOTOM W3 PA3IMYHBIX MECT KOMHBI BbIOMparoT 50
KOJIOCKOB: OOMOJIOYEHHBIX ITOJIHOCTBIO WM YacTU4HO. M3 HuX BeIMonaunBaoT Ky (4ucio)

3EpEH.

IToTrepu HexOMOJIOTOM.

K, M-I
I, =1} + 11 =5”00W,%,

Ipumep:
ITpu K, =10wm, M =402p/10003épen, I' =400cm/ m*,Y =40y / za,
IMOTCPU HEAOMOJIIOTOM
_10:40-900 _ ) 54,
5000 - 40
I[JIH OHpeJ:[eJ]eHI/ISI HOTepB CB06OI[HBIM 3epHOM B IIOJIOBC H3 paBﬂHqHBIX MECCT KOIIHBI
Oepyr 3 mpoObl Maccoit 0,5ke. VI3 HaBeCKHM BBIAEISIOT CBOOOMHOE 3€PHO KOJIMYECTBOM

C .
« K . » 3€pen.

ITorepn cBOOOAHBIM 3¢PHOM B cOJIOMe.



HC_KCC-M c

c - | — )%)
5000 \3

rae C/3 - COOTHOILIEHUE MacC COJIOMBI U 3€pHA.
KM )
————- macca 3épeH B HaBecke 5002p.,

1000

IIpumeyanmue:

KM 0 , .

5001000 100 % - nporieHTHOE OTHOIIIEHHE MacChl 3€PeH K Macce BCeil HaBEeCKHU.

Mpumep: [pu K{ =75wum,M =402p,C:3=2:1 TloTepu cCBOGOIHBIM 36pHOM B COJIOME
75-40 2
me="2 2y
5000 1
Jlsist onpenienieHus: NoTepb CBOOOIHBIM 3€PHOM B IOJIOBE U3 PA3JIMYHBIX MECT KOIHBI
o6epyr 3 nmpoOwl mojoBbl Maccod 1o S50ep. M3 kaxmod mpoObl BBIAEISAIOT BCe 3€pHA U

2 %.

HaXoJsT UX CPeJIHEE KOMNUeCTBO K ep oTHec€HHOe K HaBecku S00e2p.

K., M

000

OTHolIeHrEe Macchl 3TOTO 3epHa K Macce HaBecku 502p.
Kep-M
1000

Macca 3épeH B HaBecke u3 502p paBHa

K. -M
100%=—PL " 9
500

OTta Xe BeIMYMHA, HO C YYETOM PeabHOrO0 OTHOIICHHSI Macc MOJIOBBI U 3epHa [7:3,
Oyner
Ky -M (1

o

"o500 \3)
Ilpumep: Ilpu K, =10wm,M =402p,I1:3 =1:4=0.25 NOTEPH 3¢PHOM B MOJIOBE
10-40

£

1, 0.25=0.25 %

CymiecTByIOmMiA Ha HEKOTOPHIX KOMOailHaX HHIWKATOP IOTEPh: «OUYUCTKa», H
«COJIOMOTPSC» MHPOPMHUPYET TOIHKO 00 MHTEHCHMBHOCTH TOTEPHh CBOOOIHBIM 3EPHOM B
COJIOME U IOJIOBE, T.K. (PUKCUPYET UX aOCOTIOTHYIO BEJINYHHY.

[TpuMeHSIOT KOCBEHHBII METO/ MOTEPh 3€pHA C MOMOIIBI0 KOHTPOJIBHOTO 0OMOJIOTA.
Ero mnpoBOIWT OMBITHBIA MEXaHW3aTOpP Ha XOPOIIO OTPETYIMPOBAHHOM KOMOaiHE B
COOTBETCTBHH ¢ yclnoBusiMHU yoopku. [lo pe3yiabratam oOMoI0Ta OIPEaessioT KOHTPOIbHYIO
ypoxkaiiHOCcTh. CTeneHb pacXOXIeHUS (PaKTUYECKOW W KOHTPOJBHOH ypoxKaifHOCTH
XapaKTepu3yeT KauecTBO paboThl KoMOaiiHa.

1.5.2.9kcmiyaTannoHHO-TeXHOJI0rnYeckas oneHka (J.-T)

AFpOOHCHKa XapaKTCpU3yCT TOJIBKO HOMHWHAJIBHBIC BO3MOXHOCTH MAallUHBI B
UACAIIN3NPOBAHHBIX YCIIOBUAX.



3.-T. olileHKa MPOBOAUTCS B 3HAUUTEIBHO OONbIIeM 00BEME M Ha BCEX BUAaX padoT,
IUI KOTOPBIX TpeHa3HadeHa MammrHa. DoHbl Ha3HAYAIOT THITHYHBIC M SKCTPEMAalIbHbIC AJIs
30HbI. Ha kaxmom ¢oHe MmammHa paboTaeT HE MEHee 3-X KOHTPOJBHBIX cMeH. Ha
OCHOBaHMHM JTOW OIICHKM TPOBOIATCS DKOHOMHUYECKHE pacdy€Thl u 0OoJee TOYHO
OLICHUBAIOTCS MOTEHIIMAIbHBIC BO3MOKHOCTH MAIINHBI.

3.-T. omeHKa MO3BOJIET BBISICHUTH BIMSIHUE YJCIBHBIX BECOB Pa3IMYHBIX (PaKTOpPOB
Ha KadecTBO paboTel. Hampumep, motepu 3a aTKoil KoMOaifHa 3aBHCAT, B OCHOBHOM, OT
CKOPOCTH ABM)KCHHS arperata. A TOTEpH 3a MOJIOTHJIKOW 3aBHCAT OT IMOJAaYu XJIEOHOMH
maccel. O0a 3TUX (akTopa MOXKHO TMPUBECTH K €IUHOMY- MPOU3BOIUTEIBHOCTH W,2a/u.
Cpoku yoopkH (IJIUTETBHOCTh) OKa3bIBAlOT OOJIbIIEE BIUSHUE HA TOTEPH 32 MOJIOTHIIKOM,
yeMm 3a kartkod. C yBeIMYEHHEM BBICOTHI Cpe3a YBEIMUYMBAIOTCA TMOTEPU 3a JKATKOU U
YMEHBIIAIOTCS 32 MOJOTHIKON. CyYIIECTBEHHO BIUSIOT Ha TOTEPH MOJEIJIOCTH U
MOHUKJIOCTh CTedJIeil, YKIOH TOoJiA U 3aCOpEHHOCTh. Bce 31U (hakTOphl HAaO YYHTHIBATH
pH BEIOOPE TUTIOBOTO M AKCTPEMAIBLHOTO (POHOB.

Pesynprater O.-T. olleHKH JAIOT PeKOMEHJAIMH 10 BRIOOPY MapaMeTpOB U PEKUMOB
paboTHl MAIIMHEI B 3aBUCUMOCTHU OT YCIIOBHH.

Jlo Hauama mpoBeaecHus OJ.-T. OLIGHKH MalIMHYy OOKAaTBHIBAIOT M PETYIHUPYIOT B
COOTBETCTBUHM ¢ MHCTpYKIMel o skcruryataruu (I'OCT 24055-88).

HcnpiThIBacMasi MamivHa M STaJOH padOTaloT B OJWHAKOBBIX YCIOBHSX. B TeueHue
KOHTPOJIBHBIX CMEH XPOHOMETpak MepeBoAsIT B ¢otorpaduro padodero mus. Ilpu stom
3apaHee KIacCH(PHIMPYIOTCS BHUABI OTKa30B MAIIMHBI U THMA €€ TPOCTOEB MO pPa3HBIM
MIPUYHHAM.

Bo3MoskHBIE OTKa3bl AETAT Ha 3 TPYIIIIHL:

1) 3anunanue pabo4Ynx OpraHoOB MOYBOW;

2) HamarsiBaHHe pacTeHHIA Ha Bpalmaoniuecs: paboune OpraHsbl;

3) HarpomoxaeHHe TEXHOJIOTHYECKOW MAacChl, KOTOPOE MPEMSTCTBYET HOPMATbHOMY
X0y TEXHOJIOTHYECKOTO Tporiecca (HepaBHOMEPHBIN BAJIOK MO TOJIIIUHE U T.T1.)

Bce o OTKa3bl CHWXXKAIOT TPOM3BOAMTEIHHOCTH, MPHUBOAAT K 3aTpaTaM pPYIHOTO
TpyZAa, MOBBIIIAIOT TTOTEPH, CHIKAIOT Ka4eCTBO TEXIIpoIiecca.

BoszHukaromye npocTon KIacCUPUIUPYIOT Ha 5 TPYIII:

1. Texnomormueckne. OHM BO3HHKAIOT H3-3a HApYyIICHHsS TIpoliecca: 3a0WBaHUE
noabapabanesi, CBOJIOOOpa3oBaHWE B OyHKepe, 3ajullaHhe OTBaja IOYBOM H T.II.
XPpOHOMETPAXKHUCT YKA3bIBAET HAa KOJIMUECTBO MPOCTOEB U MX MPOAOIKUTEIHHOCTb.

2. Texumueckue. K HUM OTHOCSAT: OYHMCTKY MAIIWHBI, CMa3Ky, TEXHHUYECKHH YXOI,
MEPEeBOJ] B TPAHCTIOPTHOE TIOJIOKEHHUE, IMKBUIALINIO MTOJIOMOK.

3. Opraamzamuonsasie. OtcytcTBue I'CM, ceMsiH, BOJBI, TOATOTOBICHHBIX TOJCH.

4. HewncmpaBHOCTb TpaKTOpa WU APYTOro MpUBOIa

5. Ilo mereoycnoBusMm.

OCHOBHBIE IKCIUTYaTalMIOHHO-TEXHOJIOTHUECKHE MTOKA3aATEIN
— MPOU3BOAUTENHHOCTh U KAUE€CTBO BBIMOJHEHUS paboueil onepaluu;
— yJAENbHBIN PacXo/ TOIUIMBA (3JIEKTPOIHEPTHUN);
— KOJIMYECTBO OOCITYKMBAIOIIETO MEepCoHaa;
— K03(pPUIMEHTHI, XapaKTEPU3YIOUIUE 3aTPaThl BPEMEHH ISl pab0UnX XO/0B,
TEXHOJOTUYECKOT0 00CITY)KMBAaHUSI MAILIMHBI, HAJIEKHOCTH TEXHOJIOTMYECKOTO
mporiecca.



B cocras OKCIUTYaTallTUOHHOT'O BPCMCHHU pa6OTBI MalInuHBbI, T ,BXOOUT BpPCM:

IK

OCHOBHOM pa60TBI TO , Koraa BBIIIOJIHACTCA TEXHOJIOTUYSCKU M mnmponecc, u BpCM,

HEOOXOIUMOE ISl 00ECTICUEHHS STOM pabOTHI:
Tox=To+tT1+Tr+T3+Tg+Ts+TetT7+Tg+To+T1,

Trac T] - BpEMA Ha IMOBOPOTHI MAIIMHBI B KOHIIC T'OHA, T2- BpCMs UL TCXHOJIOTHMYCCKOTO

PETYIINPOBAHUA PCIKUMOB pa6OTBI (YCTaHOBKa PEXKYIICTIO allrapara II10 BBICOTC, BBIHOC
MOTOBHJIa U T.JI.); T3 - BpeM: Ha YCTPAHCHUC TCXHOJIOTHYICCKUX OTKA30B (O‘H/ICTKa MOTOBHJIA

OT HaMOTAaBIINUXCS CTEOJIEH, peXYIIEero annapara oT I'ps3u U T.11.); 14- BpeMs Ha XOJIOCTbIE
nepeesibl BHyTPH OAHOTO TOJIS UM € I0JIs Ha 1oJe, U3 Opurazabl Ha moje u T.4.; 1’5 - Bpems

arperaTupoBaHusA MallWHbI C 3SHCPTOCPCACTBOM, IICPCBOAA MAIIWHBI B pa6oqee NI
TPAHCIIOPTHOC ITOJIOKCHHUC, T6- PETIIaMCHTHPYCMBIC 3aTPAThI BpeMeHI/I( OTIObIX, ITOJIYUCHHUC

Hapiaaa U T.H.); T7- BpCMA Ha CKEMCCAYHOC TCXHHUYCCKOC 06CJ'Iy}KI/IBaHI/Ie MalirHBbI, T8-

BpeMsi Ha MepeoOOopyoBaHHE MalIWHBI (3aMeHa OJHOTO PEeXYIIEro ammapara IpyruM U
T.1.); T9- BpeMs Ha CE30HHOE TEXHUYECKOe OOCIyKMBaHUE MalluHbI; [ j)- BpeMs Ha

yCTpaHEHHE TEXHUYECKUX OTKA30B N0 HEUCTIPABHOCTSIM.
TexHonorunueckoe Bpems
Tmex:To +T]+T2+T3.
CmenHoe BpeMs
TCM
DKCIUTyaTalMOHHOE BpeEMsI
Tow =Tey +Tg+Tg+Ty,
DKCIlyaTallMOHHO-TEXHOJOTnYecKre KO3 (PUIIMEHThI, XapaKTEepPU3YIOUIUE 3aTpaThl
BpPEMEHHU:

=Tyex tT4+T5+Ts+T7

T

K03 puueHT padbounx xonos K; = on__.
Ton + TI

T

on
T0n+T21
T

on .
T0n+T3’

KO3 UIUEHT TEXHOIOIMYECKOro o0cayxuBanus K, =

K03(ppuLneHT HaAEKHOCTU TEXHOIOTHYECKOro nporecca K3 =

Ton
KOC—)(i)(i)I/II_II/IeHT HCIIOJIB30BAHUA CMCHHOI'O BpEMCHU KCM = )

T

CM

ﬂ

on
T3K

3nece T,, - BpeMs OCHOBHOM pa0OTbl MallMHBI 332 HOPMAaTHUBHYIO

MPOAOJKUTENLHOCTh CMEHBI.
Ipumep: Onpenenuth MokazaTeau MPOU3BOAUTEIBHOCTH BAJIKOBOM KaTku. JlaHHBIE
xpoHoMmeTpaxa: F =47.42a — napabotka xatku, T,=1694,T =465y (mpu 7-4acoBOM

cmene), T, =7.154,T,, =3.8 u.

JI1s 3TUX yCIOBUM:
MIPOU3BOJUTENBHOCTD 32 / ¥ OCHOBHOT'O BPEMEHU

4) zizﬂzléﬁ ea;
1, 16.8

KOC—)(i)(i)I/II_II/IeHT HCITIOJIB30BAHUA 3KCINTYAaTAlITMOHHOT'O BPCMCHU K3K =



HpOI/ISBOIII/ITCJIBHOCTB 3a 1 Yy CMCHHOI'O BpeMeHI/I
4.65
w. =Wy-K,, =282——=1.383 aa;
om 0 om 715
HpOI/ISBOIII/ITCJIBHOCTB 3a 1 Yy 3KCHHYT3HI/IOHHOFO BpeMCHI/I
4.65
W =Wy Ko = 2.82-7 = =149 2a.

Baxnenmum I10Ka3aTCJICM pa6OTBI ABIISAACTCA KOB(i)(i)I/II_II/ICHT HaACXKHOCTH
TCXHOJIOTHYCCKOT'O IIpomecca Hg . Iloka nHer MCTOAOB €CI'0 IMPOTHO3UPOBAHUA U PaACUCTa KBK

0asupyeTcs Ha CYIIHOCTH BBINOJIHIEMOro Texmpouecca. Y3 Teopur BEpOSITHOCTH U3BECTHO,
YTO MpPHU TOCIEOBATEIBLHOM BBINIOJIHEHUH TeXIpoliecca pabOuyuMHM OpraHaMM OOIIHi
ko3 pULMeHT:

oo "
K; = ,H]K3i»
1=

rae K5 — xodddumuenTs! HaéKHOCTH TEXHOIOTHYECKOTO TIPOIIECcca OTAENbHBIX PAb0UNX
OpTraHOB.
IIpu napajuieJibHOM CoeIMHEHUU 3BeHbeB (AK30THKAa B CXM)

6 m
K% =1-TI(1-K,;),

i=1
1.5.3.9HepreTuyeckasi OlleHKA

OTta OOCHKAa TIPOBOOUTCA OIJHOBPECMCHHO C anOTeXHH‘ICCKOﬁ n ABIACTCA
CAUMHCTBCHHBIM MCTOYHUKOM IJIsA n0ﬂ6opa ABUTATCIIA, OIIPCACIICHUA YCI/IJII/Iﬁ HCfICTByIOHlHX
Ha JCTaJIN, OIIPCACICHUSA K.II.J. MCXaHU3MOB U MAallTUHLI.

B 3aBucMMOCTH OT MOCTYNaTeNbHOTO WJIM BpallaTeIbHOIO JBUKEHUS TpeOyeMyro
MOIIIHOCTb ONIPEIEIISIOT o bopmynam N=P-V (KH -Mmlc= KBm) 158105

ao
N=M KD -CO((KH . jl/l)- pag _ KBI’I’Z). COOTBETCTBEHHO NIPH MCIBITAHUIX 3aMEPSIOT: YCHUIIHC
c

P, cxopoctu V u @, xpyrsamuit MoMenT M Kp-

Bce BhllieykazaHHbIe TapaMeTphbl PETHCTPUPYIOT Ha paboyeM U XOJIOCTOM XOAYy B
teuenue 20...30c. B pe3ynbraTe UCIBITAHUN ONPEEIISIOT:

— 3(QPEKTUBHYIO MOUIHOCTb ABUTATENA, N, ;
— MOIIHOCTb NIEPEJaBAEMYIO BAJIOM 0TOOpa MOLUIHOCTH TPakTopa, N, ;

— MOIIHOCTDb THAPOMOTOPA, UCTIOJIB3YCMOTO IJIA IIPHUBOAA pa60‘H/IX OpTaHOB.

I[JISI MOOMJIBHBIX arperaToB JOMMOJHUTCIIBHO OIIPCACIIATOT:

— MOIIHOCTh Ha CaMOIIEPEABHKEHNE YHEPIETUUECKOTO CpeacTBa, Ny,
— MOIIHOCTb, HEOOXOAUMYIO Ul IPEOAONICHUS NoabEMa, Ny,
— TATOBYIO MOILHOCTb IIPH arperaTUpOBAaHUM C MPULENTHON MAIIMHON, Ny .

PacCUMTHIBAIOT 3TH BEIMYUHEI [0 CIEIYIOMINM (opMyiam:
N =Ry 'Vp, Ng :R6-Vpa N; =R, -V,



rae Ry - CONPOTUBIIEHUE MEPEKATHIBAHUIO MAIIMHBI;, R; - CONPOTUBICHHUE IPHU MOABEME
MAIlUHBL;, Ry - TATOBOE COIPOTUBIEHUE CO CTOPOHBI IPULIEITHOW MAIIUHBI.
BennunHbl 3TUX CONPOTUBIIEHUM
Ry=f-(G+Gy +0.75-G,. ); R6 =(G+G,, +O.75-Gr)-sina,

JIst MaxOTHBIX paboT R, = KO .bp h-(l+a-(Vy =Vy)),

Jlns HenaxoTHbIX pador Ry =K b, -(I+a-(V, = V))).
3nech - KOO(QQUIMEHT CONPOTUBIECHUS IE€PEKAThIBAHMIO MammuHbl; G-Macca
SHEpreTUYecKoro cpeacrsa; G, - Macca celbXxo3MaiinH; G, - Macca TEeXHOJOTHYECKOTO

rpy3a (Hampumep, 3€pHa B OyHKepe komOaiiHa, cTebJIeBOoi Macchl Ha TIaThopMe KaTKU U
T.1.),o - Yroll MOAbEMa MallVHBI IO MOBEPXHOCTH MO V, - pabodas CKOPOCTb, s

KOTOpOﬁ PacCUUTBIBAOT COOTBCTCTBYIOIHUEC COIIPOTUBIICHUA WJIN MOIIIHOCTD, KO - YACJIBHOC

COTPOTHUBIICHUE BHEJPEHUS B cpeny (MOUBy, CTEOJIECTON U T.1.) pabOYuX OpPraHOB MaIIMHBI
IIPU CKOPOCTH V) ; V() -CKOPOCTB, Ul KOTOPOU OIpENEIsInCh 3HaueHus Kg; b p - pabouast

HIMpUHA 3axBaTa, h - TAyOWHA BCHAIKHM, a - KO3(D(UIMEHT, YUUTHIBAIOIINN BIHSHUE
CKOpOCTI/I Ha TATOBOC COHpOTI/IBJIeHI/Ie.
MOH_IHOCTB, HeO6XOI[I/IMaH JJIA 6YKCOBaHI/IH:
a,, —Q
_ p X
N6_W6_N60M)‘77T‘ — |»
(0]
p
rae 77 - Ko3(QQUIMEHT MOJIe3HOro ACHCTBHS MEXaHU3MOB, MEPEAAONINX KPYTSIIHiA

MOMCHT OT ABHUIaTCIIsI Ha XOJOBYI 4HaCThb, @, , W, -CPCAHCC 4YUCIIO O60p0TOB BCAYIIHUX

p 3
KoJI€C TpaKkTopa (CaMOXOJIHOTO IIacCH) Ha paboyYeM U XOJIOCTOM XOAY.
MormntHocTh, HeoOXoAMMAas Il BBITIOJHEHUS TOJE3HOW paboThl U MPEOJIOJICHUS

MEXAHUUYCCKHUX HOTepB B HpI/IBOJ:[e:
No =N;/n;,

Trac Ni - BCIIMYMNHA HOTp€6HOI>i MOIITHOCTH Ha HUCIIOJIHUTCIIBHOM QJICMCHTC

(xosiece,MOTOBMIIE, TUAPOMOTOPE U T.11.),

n; =77L';” -nlf -ngenb -nZeM -n,foam - KOO(Q(QUIMEHT NOJE3HOrO JEHCTBUS MEXaHHMYECKUX
nepeaad OT ABUTraTeNsl K UCIOJHUTEIbHOMY MEXaHU3MY;
My =0.93, 1M =097, Nyen, =0.93, N pey =0.95, Nypo, =0.99 - cpennue 3HaucHue

KOC—)(i)(i)I/II_II/IeHTOB II0JIC3HOI'O I[eﬁCTBI/ISI MUIMHAPUYICCKUX 1 KOHHUYCCKUX 3}76anle nepeaay,
I.ICHHOﬁ u pCMCHHOﬁ nepeaayd, moAIMUITHUKOB KAaUCHUS

m,p,k,n,L - ancno map COOTBETCTBYIONIMX IIECTEPEH, 3BE3NOYEK, IIKHUBOB,

MMOAIIUITHUKOB, YCTAHOBJICHHBIX B TPAHCMUCCHHU.
KoMmmiekCHBIMH TTOKa3aTeIsIMU G)Hepl“eTI/I"ICCKOﬁ OLCHKU ABJIAIOTCA:
Ne

R
O :We - ylenbHas MOLIHOCTh; K. = yleJIbHOE comnpoTuBiieHune; K =

-100% -
€H
KO3 (PULIMEHT 3arpy3KH ABUTaTEs.



3necs W - NpoM3BOAMTENIBHOCTh MAIIMHBI 3a /4 YUCTOTO BpeMeHu (ea, m, ke, W

T.II.); F - Iomaab BCIIAXUBACMOTO ILIACTA WJIM IIHMPHUHA 3aXBATa, N - HOMHUHAaJIbHAasA

€H
a¢dheKTUBHAS MOIIIHOCTH JIBUTATENS TIO MACTIOPTHBIM JJaHHBIM.
JUIss  perucTpalud SHEPreTHYEeCKUX IMapamMeTpoB HCIOJB3YIOT TPUOOPHI s

U3MEpEeHUS:

— BpEMEHH (CEeKyHJIOMEp, FIEKTPOYAachl);

— YacTOThI BpalieHus (Taxorpad, cTpobockomn);

— JMHEWHO-YTJIOBBIX BEIMYWH ( MUKPOMETp, IITAHTCHIIUPKYJIb);

— CHI W KpYTSIIIUX  MOMEHTOB  (TSTOBBIE  TCH30METPUYECKHE  3BCHBS,

TEH30METPUICCKUE BB U T.]I.);

— KPYTWJIBHBIX KOJIEOAHUH U YCKOPEHUH (aKceIepoMeTphl, KpEHOMEPHI U T.]11.);

— JIABJICHUS U PACXOJIbI JKUAKOCTH U Ta3a (pacxoloMepbl, MAHOMETPHI U T.J.);

— CIeUaIbHbIC TAPUPOBOYHBIC CTEHIB U TCH30M3MEPUTEIBHBIE YCTPONUCTBA.

TpC6OBaHI/IH K U3SMCPUTCIbHBIM an/I60paM 3aBHCAT OT:

— BHJIA MoOKa3zaTens (yCuine, CKOpoCcTh BETpa, BUOpauus U T.1.);
— CTENEHU JUHAMUYHOCTH MCCIIEyeMOro MpoIecca;

— BHEIIHUX YCJIOBUH (3arpsi3HeHus, yaapa, BUOparus);

— KBaJU(UKAIIUU OoTepaTopa.

Hanuume ycTpoiicTBa 1 3amucu TOKa3aHWM Npubopa Ha JIEHTY CHIBHO €ro
YCIIOXKHSIET, TpeOyeT pacmudpoBKH MOKa3zaHUM B omnpeAenéHHOM MmacimTade. CTtpenoyHbie
npuOOpsl HE MPUTOAHBI JISI U3MEPEHUS OBICTpOMEHSIOUUXCs MpoieccoB. CTpenoyHble
npuOOpsl MPUMEHUMBI JJI1 3aMepa CTATUYHBIX TMOKa3aTejedl WM KOrja JIOCTaTOYHO 3HaTh
MakcuMallbHbIe TToka3atenu ( P, V', Bubpammii).

Kaxxap1il mpubop cocTouT u3:

a) UYyBCTBUTEIBHOIO 3JIEMEHTa CIIOCOOHOrO0 BOCHPUHMMATh MEpPEMENICHUS WU
Harpy3Ku;

0) ycTpoiicTBa Uil IepeAaun Ha pacCTOsHUE AeopMaluii TAKOTro 3JIEMEHTAa;

B) yCTpoiicTBa (PUKCHUPYIOIIETO BEJIUYMHY JedopManuud WM MepeMelleHus
YyBCTBUTEJIBHOTO JIEMEHTA.

UyBCTBUTEIBHBIE 3JIEMEHTBI MOJ JACHCTBUEM YCWIMH JOJIKHBI IEpEeMelaThbCsl WIIU
neopMHUpPOBATLCA, WJIH MU3MEHATh (PU3MKO-MEXaHMYECKHUE CBOMCTBA B TOM 4YHUCIE
JJIEKTPOIIPOBOJIHOCTh HJIM MEHATh CBOIO CTPYKTYypy. B KauecTBe TakUX D3JIEMEHTOB
WCIIOJIb3YIOT IPYXKUHBI, TEH30JaT4yMKU. s 3aMepa CTAaTHUYECKOI0 U JUHAMHUYECKOTO
naBiaeHuil ucnonb3ytoT Tpyoky IIUTO. Jlng uaMepeHuss CKOpOCTH BETpa WM BO3IYUIHOTO
[I0TOKA MPUMEHSIOT YalleYHbIE WM KPbLIbYaThle aHEMOMETPHI. JJI1 U3MEpPEHUN JIMHENHBIX
nepeMenieHnii, BUOpalMii HCMOJIb3YIOT pPEOXOpAHble JaTuuku U BuOporpadwl. s
U3MEpPEHUN JIMHEWHBIX YCKOPEHUH HCIOJB3YIOT akcejaepomerpsl. LIIupoko nmpuMeHsroTcs
IE€HEepaTOpPHbIE JaTYMKHA, KOTOPBIE IO ACUCTBUEM TEMIIEPATypPhl, NaBJICHUS WU BPAaLICHUS
poropa rerepupytot 3/C, KoTopasi BOCHPUHUMAETCA OCLHUIIOrpadoM uYepe3 yCUIUTEb.

B npouecce sHepreTuuecKor OLIEHKH OINPEAEIISIOT LEHTP MacC MAalIUMHbBI ¢ ITIOMOLIBIO
BECOB, KOTOPbIE YCTAaHABIMBAIOT M0/ KAXKJJ0€ KOJIECO MAIIMHBI (pHC. 5).
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Puc.5 Cxema pacnoloxcedui yesmpa Macc Mautunst
omHocumennno xonéc A, B, C, .

JlaBnenus Ha konéca maumusl 0 4,0p,0c ¥ Q7. B Touke E 1eHtp macc maruibl G .
G=04+0p+0c+0J-
CocraBnsieM CUCTEMY ypaBHEHU OTHOCUTENBHO ocert ¥V, X uZ :
G-e=(Qc+0y)d; Gn=(Qyg+0c)a; (Qq+0p)-e=(Qc+0y) (d-e).

Pemrast 5tu 4 ypaBHEHHUsI ONIpeIETUM KOOPAUHATHI «e» U « 1.

1.5.4. OueHka HATEKHOCTH

HanéxHocTh - 93TO CBOMCTBO 0O0BEKTa BBHITIOJHATH CBOM OKCIUTyaTallMOHHBIC
MOoKa3aTeIu B 3aJaHHBIX Mpejesax B TeUCHHE HApaOOTKH B COOTBETCTBUU C TEXHHUYECKUM
3agaHueM. IM3-3a HM3KOM HANEKHOCTU CEIbXO3TEXHUKM HA €€ PEMOHT M H3TOTOBJICHUE
3am4acTeil 3aTpayuBaeTcs OoJiblie cpeacTB (B 2...4 pa3a), 4eM Ha BBIITYCK OCHOBHBIX MalllWH.

HanéXHoCTh - KOMIUIEKCHBIM MOKa3aTellb, KOTOPbIA BKJIIOYAECT TAKWE TMOHITHS Kak
0€30TKa3HOCTh, JOJITOBEYHOCTh, PEMOHTOTIPUTOTHOCTh U COXPAHSIEMOCTb.

a) be30Tka3HOCTh - IIUTENBHOCTh COXpAaHEHUs PA0OTOCTIOCOOHOTO  COCTOSIHUSI MEX]Y
oTKazamu. [l HEBOCCTAHABIMBAEMBIX UW3JIENIUNA TOHATUS  OE30TKAa3HOCTh U
JOJITOBEYHOCTH COBITA/IAIOT.

0) JonroBeyHocTh - pabOTOCIOCOOHOCTH 1O TMPEAENbHOIO COCTOSIHUS wu3nenus. Ee
MOKa3aTeNu:

- pecypc, TO €cTh HapabOTKa B pPa3jIMYHBIX YCIOBHUAX B Yacax J0 MNPeaeIbHOro
cocrosinuda. ['amMma - mpoueHTHbIN (Y %) pecypc XapakTepusyeT TOT (akT, 4TO K MOMEHTY
KalUTaJIbHOTO PEMOHTA WM CIIMCAHUSI COXPAHSIOT pad0TOCIOCOOHOCTH Y % MAIllUH;

- CPOK CITY>KOBI - MPOAOKUTENbHOCTh IKCIUTyaTallii ¢ YY€TOM HE TOJIbKO padOThl, HO
Y XpaHEHUs, PEMOHTA, TPAaHCIIOPTUPOBAHUS.

B) PeMOHTONPUTONHOCTh - MPHUCIOCOOJCHHOCTh K MPEAYNPEKICHUIO, YCTPAHEHUIO
0TKa30B. OIIEHUBAETCA IJIUTEIBHOCTHIO OTHICKAHUS M YCTPAHEHUSI OTKa3a.

r) CoxpaHsieMOCTh - TMOJJIEpKAHUE HDKCIUTyaTallMOHHBIX TIOKa3aTeJed BO BpeMs
XpaHEHHS U TPAHCTIOPTUPOBAHHS.

Ilepen ouieHKOW HAAEKHOCTU MCIBITATENNA MPOBOJST MEPBUYHYI0 TEXHUYECKYIO
skcnepTrudy. EE€ 1enbro SBISIETCS OLIEHKA KOHCTPYKIMU MAIWHBI, ONPEACsSIOT
MIPOU3BOJICTBEHHBIE U KOHCTPYKTUBHBIC HEJJOCTATKA U OCOOCHHOCTH MAIlIUHEI.

[Tpumepom poU3BOJACTBEHHBIX 1€(PEKTOB SIBISIIOTCS:



- IIPOKOT'M METaJlJIa CBapKOU;

- HETUTOTHOE COeIMHEHHE JIeTajell 3aKiiennkaMu, 00aTaMu, BUHTaMU;

- HEJIOCTATOYHBIN 3a30p B MTOJABUKHBIX COEUHEHUAX;

- IEPEKOChl COOMpaeMbIX JeTaliel (MaJblibl PEXKYIIETro annapara);

- HEUCIIPAaBHOCTh MPEAOXPAHUTEIBHBIX YCTPOUCTB;

- OTCYTCTBHE CPEJICTB MOKAPOTYIIEHUS, CPEACTB TUTUEHBI U T.11.;

- HEKOMILJIEKTHOCTh MAIlIMHBI 3a19aCTIMU U UHCTPYMEHTAMU;

- TEYH MAcJia B THIPOCUCTEME;

- TIOMaJlaHhe MNaJlblieB MOTOBWJIA B PEXYUIMH ammapar, 3ajJeBaHue Oudei
MOJIOTUJILHOTO OapabaHa 3a AEeKy U T.I1.;

IIpuMepbl KOHCTPYKTUBHBIX HEJOCTATKOB:

- HECOOTBETCTBME MAIIMHbl TEXHUYECKOMY 3ajaHuio (OonbIIMii paguyc
IIOBOPOTA, HM)KE YCTOWUYHUBOCTh, HHOE PACIPEAECICHUE MACCHI IO ONOPaM, OTKIOHEHUS
1o rabapuram 1 Macce);

- HeJIOCTaTOYHasi 0030pHOCTh C MECTa BOJUTEIIS;

- TUIOXasi MPUCHOCOOJIEHHOCTh padO4YMX OPraHOB K M3MEHSIOIIUMCS YCJIOBUSAM
paboThl (MMPUKOPHEBAs MOJIETIOCTh CTe0IeH, 3aCOPEHHOCTh TOYBBI KAMHSIMU U T.I1.);

- Hey100CTBO JA0CTYyNa K MECTaM CMa3Ku, Pe3bOOBBIM COEIUHEHUSIM;

- HEHAJEKHOCTh TOPMO30B;

- YIUIOTHUTEIN B PEAYKTOPAX U THAPOCUCTEME HE MPEIOXPAHSIIOT OT NPOTEKAHUS
Macna;

- KOJHMYECTBO OOCITYXHMBAIOLIEr0 TepCOHalla HEJAOCTaTOYHO JUId TepeBoja
MalIuHbI B paboyee Wik TPAaHCIOPTHOE MOJI0KEHUE;

- rabapuThl MalIMHBI HE 00ecTeurBalOT 0€30MACHOCTh MPOE3/a MO JOPOTaM;

- 3aIIMUTHO-/IEKOPATUBHBIE MMOKPBHITUS HE COOTBETCTBYIOT YCIOBUSAM PaOOTHI.

Bce BbisiBneHHbIe e(eKThl, 0COOEHHO MPOU3BOACTBEHHbIE, HEOOXOUMO YCTPaHUTh
no ucnbiTaHui. [lepBuyHas TexHUYEcKash SKCHEpTH3a BKIIOYAET TaKKe OOIIYI0 OLICHKY
MAaIIUHBI: KOJIMYECTBO AeTallell U MPOIEHT UX YHU(DUKAIIUHU, BUbI SHEPreTHUECKUX CPEJICTB,
C KOTOPBIMH MOJKET arperaTupoBaThbCsi HOBas MAIllMHA, KAaKUE€ NPEKHUE MAaIlWHBI OHA
3ameHnseTr. C ompeneneHueM HaAEKHOCTH CBS3aHO IMOHATHE OTKAa3a, TO €CTh HapyIIEHUs
paborocriocobHOCTH 00BeKTa. OTKa3bl KiacCU(UUUPYIOT HAa BHE3amHbIe (OT TOMaJaHUs
KaMHell B pabouue opraHbl MallMHbl U T.I.), MOCTENEHHBIE (OT HM3HOCA U YCTAJIOCTU
Matepuaia). [1o crernenu cioKHOCTU OTKa3bl ACNAT Ha TPU TPYIIIIHI.

I'pynna 1. Otkasbl, ycTpaHEHUE KOTOPBIX TpeOyeT MpOBEACHUS BHEOUEPEIHOIO
TEXHUYECKOro o0cnyxuBaHus. [I[puunmHON TakuX OTKAa30B MOXKET ObITh COCKaKMBAaHHME WU
ocia0yieHre HaTsHKEHHUS peMHEH, HapylIeHHWE PEeryJupoBKH MY(QTHI CUEIJICHUS, MOJOMKa
CErMEHTOB, CpBIB pe3bObl Ha MeTu3ax W T.0. llpu 3TOM BO3MOXHA 3aMeHa JeTaleH,
PacCIIONIOKEHHBIX CHAPY KM arperara.

I'pynna II. OTka3bl, ycTpaHeHHE KOTOPBIX TPeOYyeT pacKpbITUS BHYTPEHHUX TOJIOCTEH
OCHOBHBIX arperaTtoB: KOpoOOK Mepenad, THApPOpaACTpeAeUTeNss U T.J. WIA PEryIupOBKU
MEXaHNU3MOB, PACIIOJIOKEHHBIX B TPYIHOIOCTYIIHBIX MECTAX.

I'pynma III. Otkasel, s ycTpaHEHHUsT KOTOPBIX HE0OXoauMa pa30opka OCHOBHBIX
arperaToB: JIBUTaTtessi, TpaHCMUCCUHM, pambl koMmOaiiHa u 1.1. [Ipu 3TOM TpeOyercs 3ameHa
OTJEIbHBIX MEXaHW3MOB U COOPOUYHBIX €IMHHUI (KOPOOKM mepenay, MOTOBHIIA, IBUTaTels,
pambl).

IIpn skcrmyatanuy MallMHBI MHOTAA BO3HHUKAKOT CHUTYalllH, KOrJa HECKOJIBKO pa3
MOBTOpSIETCA OJMH W TOT K€ OTKa3 (Hampumep, 3a0uMBaHME COJIOMUCTOM Maccoi



MOJIOTUIIbHOTO OapabaHa). B 3aBUCMMOCTH OT CBOEBPEMEHHOCTH YCTPAHEHMsI TAKOI'O OTKa3a
BO3MOXHBI TPU CIIy4asl €ro y4eTa:

a) MpUYMHA BO3HUKHOBEHHUS OTKa3a HEM3BECTHA WJIM YCTpPaHEHHME OTKa3a 0e3 BHECEHUS
U3MEHEHUN B KOHCTPYKLIMIO HEBO3MOXKHO - CIEAYET YUUTHIBATh KAXKJIbIM OTKA3;

0) mpUYMHA OTKa3a MOXKET OBITh YCTpaHEHa, HO HE YCTPAHAETCS - YYUTHIBAIOT TOJIBKO
IIEPBbINA OTKAa3;

B) MPUYMHA OTKa3a yCTaHOBJIEHA HE Cpa3y M YCTpaHEHa B MPOIIECCE UCIBITAaHUH (axe npu
3aKJIIOYUTENIBHON TEXHUYECKOM SKCIEepPTHU3E) - YUUTHIBAIOT TOJBKO NEPBBIM OTKa3, HO
3aTpaThl BPEMEHU U CPEJICTB HA OTHICKAHWE U YCTPAaHEHUE IIPUUYMHBI OTKa3a CYMMUPYIOT 3a
BECH IIEPUOJI UCTIBITAHUM.

OtMmeTnM, 4TO K 3aTpaTaM BPEMEHHM Ha OTHICKAHUE U YCTPAHEHHUE OTKA30B OTHOCHT:
OYUCTKY M MOMKY MallWHbI, JOCTaBKYy MalllMHBI HA MECTO PEMOHTAa W OOpaTHO, pa3zdoOpKy
COOpPOYHBIX €UHUIl U BOCCTAHOBJIEHHE MX PAaOOTOCIOCOOHOCTH, TOCTaBKY IMEPEABUKHBIX
PEMOHTHBIX CPEACTB, OXHUIAHHWE 3amacHbIX 4acTed. [Ipu OZHOBpEMEHHOM yCTpaHEHUU
HECKOJBKHUX OTKA30B 3aTPaThl BPEMEHH YUYHUTHIBAIOT B YEJIOBEKA - Yacax, a KiacCU(pUKaIUIO
OTKa3a PUHUMAIOT 10 HAUBBICILIEN U3 TPYIIII CIOKHOCTEM.

ITpu onieHKe HaAEKHOCTH 00A3aTENBHO ONPEAEIISAIOT:

a) HapaOoTKy Ha 1 oTka3, a Taxxke oraenbHo Ha oTka3 I, I u Il rpynn ciaoxuoctu. Cpennss
HapaOOTKa Ha OTKa3 MPU UCTIBITAHUU N U3eNHii
Ly

ZC = tl"
poom iz

rac m - 4YHCIO OTKaA30B IIO N U3JICIuaIM, [;

i - HapaOOTKa [-r0 M3ICIHUS MEXIY

OTKa3aMH.

BeposiTHOCTH OTKA30B B €IMHUILY BpeMEHU A (MHTEHCHUBHOCTb) UMEET CIOXKHBIN
XapakTep, KOTOPbIN YCIOBHO MOKHO MPEICTAaBUTh TpeMs nieprogaMu (puc.6).

$ 20)

pecypce

III

v

L

tnp
Puc. 6. M3menenue unmencusHOCmu 0mKazos
B niepsom nnrepsaie (0-7,, ) IPOMCXOAUT NpHpaboTKa AeTasleil H COOPOUHBIX
enuHUll. ITHTEHCHBHOCTH OTKA30B MMOYMHEHA 3aKOHY BeliOymna.
Bropoii uuTepBai (7, -1, )- 910 HEPHO HOPMAIILHON IKCILTyaTaIlHH,

MHTEHCUBHOCTh OTKA30B MMEET SKCIIOHEHUHaIbHbIN xapakTep. B III uatepBane



MPOUCXOASAT OTKa3bl OT U3HOCA, CTAPEHUSA, YCTAIOCTH METAJIJIa U T.N. IHTEHCUBHOCTH
OTKa30B MOJUMHEHA 3akoHaM ["aycca u BeliOyma.

BepositHoCcTh 0€30TKa3HO# pabOThI:

n(t
P(t):l—/l(t):l——( ),
No
rac I’l(l) - YUCJIO HBHCHHﬁ, OTKa3aBIIWX 34 BpeMSI f, NO - YUCJIIO I/IBIICJII/Iﬁ B Ha4daJic

HUCIIBITAaHUM.
0) pecypc, TO €CTh MaTeMaTHYECKOE OXHUIaHUE HaApaOOTKU OOBEKTa JI0
KaIllUTaJIbHOTO PEMOHTA WJIA CITUCAHMUS;
B) raMMa - MPOIEHTHBIH pecypc. DTOT pecypc IMOKa3bIBaeT, YTO K MOMEHTY
KaluTaJIbHOTO PEMOHTAa WM CIHCAaHMS COXPaHSAIOT paboTOCIOCOOHOCTH 7Y
MPOIICHTOB MaImuH. J[Jig ompeaesneHuss UCTUHHON BEJIWYWHBI Y O00BEM BBIOOPKHU
OMPEeNIEIAIOT 110 hopMyJie:

N> 100

- >
100—-y,
IIe ¥ - PErIaMeHTHPOBAHHAs BEIMIMHA FaMMa - IIPOLICHTHOTO pecypca.

) KO3QPUIIMEHT TOTOBHOCTH MAILIUHBI:
To
Kr= ,
T, o+t T, ON
rne T - HapaOOTKa B yacaX OCHOBHOM paboThl, Ty - CyMMapHas IpOJOJIKUTEIbHOCTD
OTBICKAaHUS M YCTPAaHEHHUsI OTKA30B, BO3HUKILINX 3a BpeMs 1) .
1) K03 PUIIUEHT TEXHUUECKOTO UCIIOIb30BAHMS MAIIMHbI
To
T = >
T, o+t T, ON T T T

Tac TT - IPOAOJDKUTCIIBHOCTD TCXHUYCCKOTI'O O6CJIY)KI/IBaHI/ISI 3d BpEM:1 TO .

YpoBeHb HaAEKHOCTH H3JACIUS OIEHUBAIOT COIMOCTaBICHUEM €ro (HaKTUUYECKUX
MoKaszaTesiell ¢ HOpMaTUBHBIMH, HO HE C MOKAa3aTeNIIMH 110 MaIlluHEe-aHaJIoTy.

dakTHUeCKHE TIOKa3aTeau OINpEeNessioT Mo pe3ysbTaTaM HapaOOTKH JIBYX CPEIHHUX
rOJIOBBIX HOPM B Yacax OCHOBHOI'O BPEMEHHM W (PU3MYECKUX €IUHHIAX (Ta, TOHHBI U T.I.).
NHorpa ucnbeITaHus MPOBOJSATCS 10 JOCTHUXKEHUS 3aJJaHHOW HapaOOTKH WJIM HOPMATHBHOTO
(3amanHoOr0) pecypca. JJis OlleHKH HaJIe)KHOCTH B KaXK/I0M 30HE UCTIBITHIBAIOT HE MEHEE TPEX
MaIlliH. YPOBEHb HAJIG)KHOCTU CUMUTAIOT JOCTUTHYTHIM, €CJIIM TaMMa - MPOIEHTHOE YHCIIO
HCIIBITHIBAEMBIX CEJIbXO3MAIlIUH padoTaio 3aJaHHBIA HOPMATHUBHBIM pecypc 0€3 peMOHTa.
JlommyckaeTcss TPOTHO3UPOBATh HAACKHOCTh W3JACIMS 10 pe3yJibTaTaM HCIBITAaHUI
OTPaHUYEHHOU MPOAOJIKUTEITBHOCTH.

[Tokazarenu HaAEKHOCTH ONPENESTSAIOT MOCIe TPUPAOOTKH U YCTPAaHEHUS] BOZHUKIITHX
OTKa30B [5].
3anaua
[TpoBoawinck ucnbiTanus 4-x koMO0aiftHOB. HapaboTka 1o 0CHOBHOMY BPEMEHH T10 KaXKIOMY
13 HUX COCTaBHMja

70V =130 4,76 =100 4, T =140 4, T = 135 u.



3a 9TO  BpeMsA  NPOJOJDKUTENBHOCTH  OTBICKAHUS M YCTPAHEHHMsS  OTKAa30B
T&IV) =8y, T&ZV) =5y, Téfv) =124y, Téjv) =10 y. Onpenenuts Kr mo xaxaomy koMOaiiHy U

10 UX TrpyMIeE.

I
K= - 03 0 § =0.942, anonozuno K =0965 k17 =0921, k(" =0.931.
+

K. 130+100+140+135 0
Lep = (13048)+(100+5)+(140+12)+(135+10)
3agaua
B rpynne u3 N=4(0 xom06ailHOB ObUIH YCTaHOBJICHBI OJIMHAKOBBIE KIIMHOBBIE
pemuu. Uepes 100 yacoB paboThl peMHM OTKa3aiu Ha 8§ KoMOaifHaX, TO €CTh
r(tjpp ) =8, 4epe3 150 qacoB oT Hayana pabOTHI,

7'(1]50)=13, oanee F(1200)=20, F(1250)=27,
r(t300 ) =32 . Ilpu Hapabotke ot 300 10 400 yacoB 0TKa30B peMHeN He OblI0. ONpeneInTh

935.

BEPOSTHOCTH O€30TKAa3HOI pabOTH pEMHEH.
Cpenusist HapabOTKa Ha OTKa3
1400 B 400

= = =12.5 uac.
r(typ0)—r(0) 32

CpenHuii pecypc peMHs
N
2.1

~
Rp =5~

[IpumeM nomyiueHue, u4to r(typg ) =40, Toraa
(8-100+5-150+7-200+7-250+5-300+8-400

P 40

BepositTHocTh 6€30TKa3HOM padoThl 3a nepuos ot t =0 go t =400 4

t 2
P(0,400)=1 —N4—]\[00) =1 —% =(.2. BeposSTHOCTh HACTYIUICEHHS] OTKa3a 3a 3TO BpeMs

R =235 u.

F(0,400)=1-P(0,400)=1-0.2=0.8.

AHaJIOTUYHO

P(150200) =1 1200 =rlso) _y 20=13 50 p(150,200)=1-0.74 = 0.26.
N—I’(l‘lso) 40-13

OueHka HaAEKHOCTH SIBJIAETCS CPABHUTEIBLHOM ¢ MAlIMHOW - a”HanoroM. [locie
WCTIBITAHUS MPOBOJAT dKCIepTU3y. E€ 3anaun:

1. Ananu3 npuuuH TOJOMOK W nedopmaruii. Yamie Bcero TakuMU MNpPUYMHAMH
SBJISIIOTCST CAaMOOTKPYYHMBaHUE PE3bOOBBIX COCAMHEHUN H OCJIa0JIeHUE KpeIvieHUH u3-3a
BUOpanuu, HEYAa4YHOTO0 MeToja TMpEeAOXpaHEeHHs OT CaMOOTBHUHYMBAHHSA. Bo03MOXXHO
COCKaKMBAaHHE PEMHS U3-3a HEYAOBJIETBOPUTEIILHON KOHCTPYKIIMU HATSXKHOTO poiuka. Eciu
M0 KakoW-1u00 MpUYMHE HE cpaboTalia mpeaoxXpaHuTebHas MypTa, TO MOXET MPOU30UTH
MOJIOMKA JIeTalu.

2. OueHka HM3HOCA OTIENBbHBIX JETANICH, BBITSKKHM peMHEeW u neneid. Hampumep,
M3HOC MPIKUMa PeXYILEero amnmnapara 3a nepuo yoopku 650 2a coctaBui 0.2 MM.

3. CocrosiHMe MPUBOJA CHUCTEM YIpaBieHUS M PabOUYMX OpPraHOB IIOCJE CE30HA.
Hamnpumep, B pexyiem amnmapare 6 M )kaTku mociie ckamuBanus 420 2a 6000BbIX KYJIbTYP
oOHapyXeHbI: TIO(PT Ha 3aKI€nKax 25 BKIaABIIICH MalbleB, 2 CerMEeHTa cioMaHbl, 10




CETMCHTOB UMECIOT BBIKPOIIIEHHBIC JIC3BUS, CJIOMaH | maerr.

4. OreHKa PEMOHTONPUTOAHOCTH W YA0OCTBA TEXHHYECKOTO OOCITY)KHBAaHHS.
Hampumep, s OYMCTKH MOJOTHJIBHOTO OapabaHa, IIHEKAa W MOTOBWJIA TpeOyercs
cnenuanbHbpld HOK. HeymoOHO 3aMeHATh CErMEHThI B HWXKHEM HOXxe xatku JKPb-4.2.
3epHOBOI NTHEK JIETKO BBIHUMAETCSA JIJII OYHMCTKH TIPH TIEpexoje Ha YOOpKy Jpyroi
KYJbTYPBHI.

5. Omenka 3¢(HEeKTUBHOCTH KOHCTPYKTHBHBIX M3MCHCHHH IO CPABHCHHIO C aHAJIOTOM.
Hampumep, motepu 3a BHOpAIMOHHBIM JEIUTEIIEM JKaTKW MEHBIIE, YeM 3a HOXKCBBIM.
HekoTropble n3MEHEHHUS OKa3bIBAIOTCS HEA(P(HECKTHBHBIMMU:

-3aMEHAa METAJUIMYCCKUX MMaHelIeli koMOaiiHa I1J1aCTMAaCCOBBIMU;

- YBEJIMUCHWE IITUPHUHBI 3aXBaTa XaTKU OoJiblie 7 M 0€3 YCTAaHOBKH MPOMEKYTOYHOM
OIOPHI TPUBOJUT K MPOBUCAHUIO CPEHEH YacTH MOTOBMJIA, U OHO MajbllaMU TIOIMAacT B
PeXKYIIUH anmapar;

- CErMCHTBI C OKCIICPUMEHTAIBHONW HACEYKOWM MMEIOT TOT K€ M3HOC, YTO H
MIPOU3BOJICTBCHHBIC.

MeTo1bl UCTIBITAHUN Ha HAJEKHOCTh 0a3UPYIOTCS Ha 3-X MOJIOKCHUSX !

- MPUHATHE TUIOTE3bI O IMOJHOM BOCCTAaHOBJICHHHM HAJIE)KHOCTH M3ICIHHA IMMOCIE MX
PEMOHTA;

- HJICHTUYHOCTh HAJIEKHOCTHBIX CBOMCTB BCEX 00pa3IioB MapTHH;

- OOIHOCTH, TMOAXOJa K OICHKE TIOKa3aTejaei pas3IMYHBIX COCTABJISIONIUX
HAJEKHOCTHU.

[Ipy mIMTETLHOM BBHITYCKE OJHOPOJHOW TMPOAYKIHMH €€ HaA&KHOCTh YacTo
CHW)KACTCS 110 pa3HbIM mpuyuHaM. [losTomy ciryx0a HaaE€KHOCTH TPEINPHUSATHS PETYIIPHO
KOMaHJUPYeT CBOMX HH)XCHEPOB K IMOTPEOUTEIIIM IS BBISBICHUS HauOOJEe YacThIX
nedeKToB TpH OJKCIUTyaTanmud. Ha OCHOBaHMM 3TOTO KOHTPOJS pa3padaThIBarOT
MEPOTIPHUATHS 10 TIOIIECPIKAHUIO KaueCTBA U3ICITUH.

B mporecce KOHTPOJIS MPOBOIAT OOCIICIOBAHWE MAIIWHBI B YCIOBHSX PSAIOBOM
OKCILTyaTallMK M BBIJCISIOT TPU COOBITHS:

- TMOBPSXJICHHWE, TO €CTh HApYIICHUE HCIPABHOCTH TIPH  COXpPaHCHUU
paboToCTOCOOHOCTH (edopmalusi KOXKyxa KapJaHHOW Tepeayd, COCKaKMBaHHE IIEMU CO
3BE3/I0YKHU U T.IL.);

- OTKa3;
- pecypc.
[To sTUM MaTepuanaM OMPEACIISIIOT: CPEAHIOI HApaOOTKy Ha OTKa3, UHTEHCUBHOCTh
OTKa30B, JI0JITOBEYHOCTh u3J1eus, MIPOJIOTKUTEILHOCTh BOCCTAHOBJICHUS

paboToCcrocoOHOCTH, KO (PUITMEHT ONepaTUBHON TOTOBHOCTHU U T.]I.

[Tpu oOcIem0BaHUM CETbX03MAIIUH MPAKTUYCCKA HEBO3MOXKHO TOJIYYCHHUE OOBIION
OJTHOPOJTHOW BBIOOPKM M3-3a KPAaTKOBPEMEHHOCTH ce30Ha. [lodaTOMy TOCTOBEPHOCTH
pe3yabTaTOB HU3KASI.

OpHako MOXXKHO JTIONYCTHTh MUHUMAJIbHBI 00beM BBIOOPKH, €CIIM 3apaHee M3BECTCH
3aKOH pacIpe/ieieHns] OLICHNBAaEeMOM CiTydaiiHOW BennmunHbl. Hanbonee yacTo BeTpeyaroTes:
HOPMAJIbHBI M JKCIOHCHIIMAIBHBIA XapakKTep IOTOKAa OTKa30B. J[MTENTbHOCTH padOTHI
MAaIlTUHBI 10 JOCTHXKEHUS MPEACIBHOTO COCTOSHUS 3aBUCHUT OT HAYaJbHBIX IMOKa3aTescH e€
COCTOSIHUS U TUATla30Ha YCIIOBUM, B TOM YHCIIC PEKHMOB SKCIUTyaTaI|H.

BaxHO COCTaBUTH POTHO3 CTETIICHU YIAIEHHOCTH COCTOSHUS MAITUHBI OT MIPEICIBLHOTO
Y BBISABUTH NPUYHMHBI HAPYIICHHS €€ padoToCroOHOCTH. Takue 3amadu pelnraroT MeTodaMu
JTUArHOCTUPOBAHMS, KOTOPHIC IO3BOJISIOT OINPEACIUTh IOTCHIIMAIBHBIE BO3MOYKHOCTH
MAaIlTuHBI B KOHKPETHBIX YCIOBHUSX.



JInarHocTuka mo3BOJISIET IPOrHO3UPOBATH TEKYIIYIO HAJAEKHOCTh 00BEKTa, ONPEIEISATh
CPOKHM TpOBEACHUS PEMOHTa WIM TexoOchayxkuBaHud. B mnepcrnekTtuBe OyAeT co3laHa
aBTOMAaTU3UPOBAHHAS CHUCTEMa JUArHOCTUKH, KOTOpas € MOMOIIBK) JaTYUKOB MOKET
U3MEPATH 0OJIBIIOE YUCIIO TAPAMETPOB MAIlIMHbI, 00padaThIBaTh UX U COCTABISATH IPOrHO3.

IIpu3Haku, Mo KOTOPHIM MOKHO THAarHOCTUPOBATH COCTOSIHUE MAIIUHBI:

I. KoHTponupyroTcs MOBpEXKIAEHHS, KOTOPbIE MOTYT NPHBECTH K OTKa3zy. OITO
BEJIMYMHBI M3HOCOB, Jedopmaiui, CTerneHd KOppo3uu M T.J. UHCIO TakuX HPHU3HAKOB
BEJIMKO, TO03TOMY Ha IEPBBIX IOpax CJIEAYET KOHTPOJHMPOBATh T€, KOTOPBIE
HEIMOCPEJCTBECHHO BIUSAIOT Ha PaOOTOCIOCOOHOCTh: COCTOSIHUE HOXEH H3MENbUalollero
OapabaHa, KOppo3us pe3epByapa u T.II.

II. KoHTponb  BBIXOAHBIX  NApaMETPOB  M3JENUsA, KOTOPbIE  XapaKTEPU3YIOT
paborocniocooHocTh. HO 3TO He nMaér oTBeTra Ha BOMPOC O MECTE W BHJIE MOBPEKICHUS,
BEIYIIETO K OTKa3zy. EciaM HEmocpenCcTBEHHOE U3MEPEHUE BBIXOJHBIX IapaMETPOB
3aTPYAHUTEIBHO, TO KOHTPOJHUPYIOT KOCBEHHBIE NPU3HAKA: HW3MEHEHUE [IaBICHUS B
THAPOCUCTEME, IIyM, BHOpaluio, HaJu4yue B CMa3Ke MPOAYKTOB H3HOCA, TEMIIEpaTypy
OTJEIbHBIX TOYEK (MPUXKUMBI PEXYIIEro ammnapara, MOJUIUNHUKA U T.1.). M3mepenue
KOCBEHHBIX NPU3HAKOB JIETKO OCYIIECTBUMO, HO Y HUX MOKET OBITh MHOTO MPUYHUH, JaXKe He
CBSI3aHHBIX C pa0OTOCIIOCOOHOCTHIO MAILIUHBI.

1.5.5. DkoHOMHNYECKAs OLICHKA.

B npornecce maGopaTopHO-TIONEBBIX, XO3IUCTBEHHBIX M MEPUOJUYECKUX HUCTBITAHUN
OTPENIENAIOT HECKOJIbKO KpuTepueB H(PEKTUBHOCTH, TO €CTh OIEHOK MamuHbl. HMx
TPYAOEMKOCTh paznuuHa. Hanpumep, npu HUCOBITAHUM IUIYTOB OLIGHKA HaIEXHOCTH
coctaBisier 57% TpynmoszarpaT, arpooueHka 16%, ounenka yciaoBuid Tpyna 9 %,
AKCIUTyaTallUOHHO-TEXHOJIOTHYecKast - 8%, TeXHHUueckas skcneptusa - 6%, SHEeprooueHka
6%, oskoHOMOLEHKa - 5%. OueHb peakas CuTyalus, KOrjJa HOBAas MallMHA HMMEET
MPEUMYIIECTBA 110 BCEM ToKazaTessiM. UTOOBI MOTYyUYUTh OOBEKTUBHBINA PE3YybTaT, KaKI0U
OLICHKE MPUCBAUBAETCS CBOM yIEIbHBIN BeC. [[JIs1 3TOr0 MCHONIB3YIOT AKCIIEPTHBIA METOA. B
3aBUCHMOCTHU OT BHJIa UCTIBITAHUH OTPEIEIIIeTCS Ta WK MHas OlleHKa (Tabiuia 2).



Tabmuna 2
Ha3zHadyeHue OLIEHOK B 3aBMCHUMOCTH OT BHIA UCIBITAHUI

Bun ucnisiranmii

Ne i/ HaunmenoBanue onieHKHU [Tpuémounnie

JlabopatopHo-
MOJIEBHIC

XozsiictBeHHsbIe | [lepuoanueckue

IlepBuuHas TexHuyeckas
1 OKCIIEPTHU3a KOHCTPYKIINHU U + - +
KayecTBa U3rOTOBJICHUS

OueHku:
2
ArpotexHuyeckas + - -
) DHepreTryecKas + - -
Onenka 6e30MacHOCTH + + +

KOHCTPYKLIMH U €€
COOTBETCTBHSI CAHUTAPHO-
TUTMEHUYECKUM TPeOOBaHUSAM

DKCIUTyaTallMOHHO- - + +
) TEXHOJIOTHYECKAs

Hanéxuocte, B TOM uncie - + +
) 3aKIFOYHTENbHAS

JKCIIEpTH3a

DKOHOMHUYECKAst - + +

OObenMHEHHE OLEHOK MO KaXJOW H3 MalluH BO3MOXHO C IOMOIIBIO
HPKOHOMHMYECKUX TMOKazaTenel. Jlns WX TModydeHus MNPUHUMAIOT — CIEAYIONIYIO
MOCJIEIOBATENBHOCTD TAIOB.

1. BpiOop THUNUYHOrO XO3AWCTBA [UIsl MPUPOJHO-KIMMATHYECKOM 30HBI TIO
pa3Mepam u penbedy nosel, Buay oopadaTbiBa€MOro MaTepuasa, B TOM YUCIIE TTOYB.

2. Coop wuHpopMaIMu MO ITOMY XO3SUCTBY: OOBEMBI, CPOKH U YCIOBHUS
BBITIOJIHEHUS paboT (HOpMa BhICEBA CEMSIH, paboune CKOPOCTH, 3aCOPEHHOCTD U T.1.).

3. OmpeneneHue ONTUMAIBLHOTO COCTaBa MAIIMHOTPAKTOPHOIO MapKa.

4. Pacuét sxoHOMUYECKOH 3P(HEKTUBHOCTH BHEAPEHUSI HOBOM MAITUHBI.

JI71s1 XapaKTepUCTUKA HOBOW MAIIIMHBI ¢ S)KOHOMHUYECKON TOUKH 3PEHUS MPUMEHSIOT
CJIeIyIOIINE TTOKA3aTeIu CPABHEHUS ¢ MATMHOW-aHAJIOTOM:

- TOAOBasl IKOHOMHMS <GKHMBOIO» TpyJa, HEOOXOAMMOIro HJisi SKCIUTyaTaluu
MAaITUHbI;

- BBICBOOOK/IEHUE paboueld CUIIbL;

- DKOHOMUS KallMTAJIbHBIX BIOXKCHUH;

- T0/1I0Bast SKOHOMUS IIPSIMBIX SKCIUTyaTalMOHHBIX 3aTpaT;

- TOAOBOM SKOHOMHYECKUU dS(PPexT y mnorpeduTens OT SKCIUIyaTalld HOBOMU
MAaITUHbI;

- BKOHOMUYECKUH 3P(EKT OT MPOU3BOACTBA U UCIOIB30BAHUS HOBOM MAalllMHBI 32
CPOK €€ CITyXOBl.

Pemenue o 1enecooOpa3sHOCTH CO3JaHUS W BHEAPEHUS HOBOW MAalIUHBI
MPUHUMAETCS MPU HAIMYUU SKOHOMHUYECKOro 3¢¢ekra e€ mpumeHenus. Kak npasuio,
SKOHOMHYECKUH 3PGeKT olleHMBaeTcs Ha TpEX 3Tamax: NpH MOATOTOBKE 3aJlaHUs Ha
MPOCKTUpPOBaHKE, Mpu BKIOUeHUU padboTel B miaH HMP u OKP u mpu moaroroBke



pEIIEHUs 0 MOCTAHOBKE MAIlMHbI HA MPOU3BOACTBO. Ha nmepBoM n BTOpOM 3Tanax pacyer
OCHOBBIBAETCS Ha TIOKa3aTeasiXx palOOThl MalllMH-aHAJIOrOB, HOPMATHBHBIX JaHHBIX,
pe3yibpTaTax HAay4dHbIX HccaenoBaHuil. [Ipu 1mOcTaHOBKE MAaIlMHBI Ha MPOU3BOACTBO
pacu€T dKoHOMHUYEcKOoro d3¢@deKTa JODKEH OCHOBBIBAThCS HA  pe3yibTaTax
WCIIOJIb30BaHUSI HOBOW MAIIMHBI B YCIIOBUAX, MPHUOJMKEHHBIX K pealbHbIM. baza s
CpaBHEHMsI BBIOMpAeTCsI Ha OCHOBAaHMM paHEe TMOJYYECHHOM OSKCIUTyaTallMOHHO-
TEXHOJOTUYECKON OLICHKH.

Pacuéry skoHommuueckoro 3¢g@dexra OT BHEAPEHUS HOBOW MallUHBI B Chepbl
M3TOTOBJICHUS U JKCIUTyaTallMy MPEIIeCTBYET OINpe/eseHne MOTPeOHOCTH XO3SICTBa B
9TOM MallIUHE.

l'omoBo#t  skoHOMHUYeckuit 3P(EKT OT HCHOAb30BAaHUS HOBOM  MAIlIUHBI
onpenenseTcs no hopmyre:

Op =Ts+Ey Vi)~ Ty +Eg Vi)l Wok -t
rane b, H - uHIeKchl, oTHOcALMecs K 0a30Boil U HOBOM MammHaM; Tp U T g - MOJNHBIE
TEKyIIHE M3JEPKKM 10 MallMHaM B cdepe HMX HCNONb30BaHMs; FEy -HOPMaTHBHBIN
K03 GuueHT 3P PEKTUBHOCTH KaIUTAIBHBIX BIOXKEHUN; ¥V 5,V -ynenbHble KanuTaabHbIe
3aTparthl 10 MalIMHAM; W g - IPOU3BOAMTEIBHOCTD 3a | Yac HKCIUTyaTallMOHHOIO BPEMEHHU:
t 35 - TOLOBas Harpy3Ka MalllMHBI.

FOIIOBOﬁ AKOHOMHYECCKHUM 3(1)(1)CKT OT IPOU3BOACTBA M HCIIOJIB30BAHUA HOBOM
MalInuHBbI:

Op By (Pp+Ey) |(Hp—HUy)—Ep (Kp +KH)_9H
BE(PH+EH) PH+EH

Trac ) I 30 ) [ - 3aTpaThbl IIPOU3BOACTBA HAa HM3IrOTOBJICHHUC MAIllHH, HpI/IBeIIéHHble K OJHOMY

Ay,

MOMEHTY BPEMEHU;
Bg, By - rogoBble 00bEMBI padOT, BHIIOIHIAEMbIE MALTMHAMU;

Pp, Py - nonu OTYMCICHHMH OT 0adaHCOBOM CTOMMOCTH Ha IIOJHOE BOCCTAHOBIICHHE

MaIlIVH;
U, Uy - TOROBBIE dKCIUTyaTallMOHHBIE U3EPKKU OTpeOUTENs 6€3 3aTpaT Ha PEHOBALIUIO

no obenuM MalMHaM (3TOT MOKa3zaTesib 0OBIYHO ompenensiercs u3 pacuéra oObEéMa pador,
MIPOU3BOIMMBIX C TTIOMOIIIBIO HOBOW MAIIIMHBI);
Kp, Ky - yhnenbHble KalWUTalbHbIE 3aTpaThl B IPOM3BOACTBEHHBIE (OHIBI IO 00EUM

MaliyuHaM;
Apy - TOOBOM BBIITYCK HOBBIX MAIlIMH B PACUETHOM TOLY.

1.5.6. OueHka ycja0oBMid TPy/1a MEXaHU3ATOPOB M TPeOOBAHUI IKOJIOTMH

be3 BbIMonHeHUs TpeOOBaHUI 3KOJIOTMH, O€30MACHOCTH W TMTMEHBl TPyJa HUKaKas
MaligHa HEe MOXET OBbITh PEeKOMEHJOBaHa B MPOM3BOACTBO. boiee Toro, MaimmHa He
COOTBETCTBYIOIAsl 3TUM TPEOOBAHUSAM CHUMAETCS C UCIIBITAHU.

OcHoBHBIE TIOKa3aTtenu O€30MaCHOCTH M THUTHEHbl TpyJla perjiaMeHTHPOBaHbI
ctanaapramu. Iloka3zarenu OMBITHBIX OOpa3lOB CPaBHUBAIOT C 3TUMH HOPMAaTHBaMHU, a
TaKKe C OKa3aTENSIMU JYUIINX aHAJIOTOB.

Jlo mpuéma MalMHBI HA HMCHBITAHUS MPOBOAAT €€ TEXHHUYECKYIO JKCIEpPTU3y Ha
MUC. Ilytém ocmoTpa, u3MepeHuil u onpoOOBaHM B paboTe OMpeaAeIitoT:



- HUIMYKE HAAMKUCEHN 1O TEXHUKE 0€30MacHOCTH;

- HAIM4Kue paboTOCTIOCOOHOCTH CUTHATIBHBIX YCTPOMNCTB;

- HUIMYKE 3alUTHON KaOMHBI WK KapKaca 0€30MacHOCTH;

- yn1o0CcTBO M 06€30MaCHOCTh MPOBEJICHUS TEXOO0CTYy)KMBaHUsI, B TOM YHCJIE JIOCTyNa K
MaclI€HKaM, KOTOPBIC TOJKHBI OBITh OKpAIIEHbI CIICIIMAIBHONU KPaCKOK;

- Hanuure pudIEHON MOBEPXHOCTU HA IUIONIAJKAX W JIECTHUIIAX NI OOCTY>KUBAHUS
MaIlIUHbI;

- BUAUMOCTD U3 KaOUHBI TpakTopa (koMmOalkiHa) paboueil 30HbI 6€3 BpallieHUs rOJI0BOMH;

- ynoOCTBO BxOJla Ha pabodee MECTO W BbIXOJa C Hero. PaccrosHue Mexay
crynenbkamu gecTHUIBI 250...350 mm;

- IIMPUHA U BBICOTA arperara JOJKHBI COOTBETCTBOBAThH YCIOBUSM IIpoe3da IO
oporam;

- KOJIMYECTBO PETYIMPOBOK, KOTOPHIE HEJb3s BBHITIOJHUTE C pabouero Mecra;

- 0€30MacHOCTh JKCIUTyaTalluk COOPOYHBIX €AMHUII, PAbOTAIOIIUX I0J JaBICHUEM
WJIU TIPU BBICOKOM TEMIIepaType;

- HUIMYUE CPEJICTB MOXKAPOTYIICHUS U METUIIMHCKON TTOMOIIIH.

[To pe3ynbraTaM NEPBUYHON TEXHUYECKOM SKCHEPTHU3BI COCTABISIOT «AKT MPUEMKHU
oOpasna» Ha ucnbiTaHus. B HEM OTpa)karOT BHEIIHEE COCTOSIHUE U3Nenus (MOBPEKICHUS,
KOPpPO3us U T.1.), A€(EKThl U HEUCIIPABHOCTH, BBISIBICHHBIC MPU MPOBEPKE. AKT YTBEPKIAeT
I'maBupiii umwxenep MUC wu  cornacoBblBaeT € MHCHEKTOPOM Tpyla MNpodCOr3HOM
OpraHu3aIuu.

Bo Bpemst akcIiTyaTaliiOHHBIX U JTa00paTOPHBIX UCTIBITAHUI OLICHUBAIOT CJICIYIOIINE
MOKa3aTeNu:

- 0€30MacHOCTh MEPEeBOJia B TPAHCIOPTHOE U pabodee MOJIOKEHHUE M BO3MOXKHOCTH
TaKOro MepeBojia ¢ paboyero Mecra;

- IOCTYITHOCTh OYMCTKH 3a0UBIINXCS pab0YMX OPTaHOB;

- Harpy3Ka Ha ymnpaBisieMble KoJiéca CaMOXOHBIX MAIIIHH;

- YPOBEHb IlIyMa ¥ BUOpanuu Ha paboueM MecCTe;

- COJIepKaHue MbUIN U BPEIHBIX BEIIECTB B 30HE JbIXaHUS,

- CWJIBI COITPOTUBJICHUSI OPTAHOB YIPABJICHUS;

- 3(heKTUBHOCTDH IEUCTBUS TOPMO30B U PEMHEI O€30MaCHOCTH;

- pa3Mep MalluHbI U €€ 0030pHOCTH C MECTA OIepaTopa;

- yno0cTBO paboyeil mo3sl MeXaHU3aTopa;

- BEJMYMHY TOPMO3HOTO MYTH W TIPSMOJUHEMHOCTH JBW)KEHUS arperata IpH
TOPMOKEHHUU (OTCYTCTBUH 3aHOCA);

- 3alIUTHBIE CBOMCTBA KaOWHBI ONIPEACIISIIOT yAapaMu M0 HEl MassTHUKOBBIM KOTIPOM;

- CTaTUYECKYI0 YCTOWYMBOCTH MAIIMHBI OMPEACISIIOT Ha CTEHAE C IOBOPOTHOM
maThopmMoil; YToa cTaTuuecKod YCTOWYMBOCTU PaBEH YTy, TP KOTOPOM XOTsI OBl OJTHO
KOJIECO MAITMHBI OTPHIBACTCS OT IUIAT(POPMBI;

- Mo(T pyJIeBOTO KOJIECa;

- 0€30MacHOCTh OOCTYKHUBAIOIIETO MAIMHY MEpCOHAIA.

KoMmmnekcHast olieHKa yCIOBUWA Tpyjaa 3aTpyJHEHa u3-3a OOJBLIOrO YHCIIa
rnapaMeTpoB, MHOTJIa TPYAHOCOTOCTaBIsAeMbIX. Kax1plii Mmoka3zaTeslb CpaBHUBAIOT C €ro
HOPMAaTUBOM M OIICHMBAIOT BECOMOCTH 3TOro mokaszatens. [logoOHbi pacu€T TpedyeT
CIIEIUANIUCTA BBICOKOW KBanMukanuu. s moBbIIeHUsT 000CHOBAHHOCTH MPUHUMAEMBIX
pelIeHNN UCTIONB3YETCS METO ] KOMIUIEKCHOM OIIEHKH, OH COCTOUT U3 ATaIlOB:

- Beibop 6a3oBbix mokazateneit: A,b,B...M.



- Onpenenenue rpaHui U (HaKTUICCKUX 3HAUCHUU 0a30BBIX ToKazareneid. Eciau oHun
HE MMEIOT METPOJIOTMYECKON OCHOBBI (YI0OCTBO OOCITYy>KHMBaHUsA, paboyast mo3a U T.1.), TO
MPUHUMAIOT ITKAJTy WX KOJTUYCCTBEHHOM OIICHKH B TIpeaeiax: «yao0Ho» - 1,0; «Heymo0HOY -
0, «3aTpynnutenbHo» - 0,4 u T.1.;

- Onpenenenre Ko3QGUIMEHTOB BECOMOCTH 3TUX MOKazarenei: Z;. s NoBBIICHUSA

CPaBHUMOCTH Mokasarejen MMPUHUMAKOT:

rae N - 4ucio mokas3aTesici.

- OHpeJICJIeHI/IC BCIIMYNHBI OTHOCHUTCIIBHOT'O ITOKAa3aTCJIsI Ka4CCTBA, «Ki».

min max
Hanpumep, daxtop A umeet rpanunbl A nu A . @akTHyeckas ero BEIUYMHA

Aqb , TOraa

Ka= qmax _ ymin L4

Eeu A™" =5, 4™% =30, 4% =15, Z ; =0.2,70

15-5
4=——0,2=008.
30-5
Beixoq  omHoro  wu3  nokasateneit  3a  rpaHmusl A" wuiu A nenaer

HelleJIeCO00pa3HbIM JadbHENIINE PACUETHI.
- Onpenenenuie 06001IEHHOTO TOKa3aTessl KauecTBa
Kog =Ka +Kg +Kp +...+ K.
Koaddumumentsl BecomMocTH U (akTHUECKUWE 3HAUEHUs 0a30BBIX IOKa3aresei
OTPEJIENSIOT aKTUBHBIM SKCIIEPUMEHTOM HJTU KCIIEPTHBIM METOIOM.

1.6. Kpurepun Ka4yecTBa TEXHOJOIMYECKOI0 pouecca

KauectBo peanuzyeMoro c.-X. MalIMHOM mpollecca OLEHUBAIOT KPUTEPHUSIMU
TOYHOCTH, YYBCTBUTEIHHOCTH M YCTOMYUBOCTH.

TouHocTh Tpoliecca XapakTEPU3YETCsl €ro COOTBETCTBUEM arpOTEXHUYECKUM WU
npyrum tpedoBanusM. Koadduiment rounoctu

Ky =67/AP,
rne &, -MpUeMIIeMbIi TOMYCK Ha pe3ybTarT,
AP -pakTUyecKoe MmoJie paccesiHus pe3ybTara.

Hanpumep, no T3 norepu He cpe3aHHBIM KojlocoM Op < (0.3%. B pa3HbIX yCIOBHAX
yoopku 3t norepu nocrurator AP =0.9% . CnenoBarenbHo, Kp =0.3/0.9=0.33. Yem
MeHblIe K7 TeM HMXKE KauecTBO Mpolecca.

ITpu I'ayccoBCKOM pacmnipeiesieHun
or
Kp=—"—,

6-0,

rac o, - CTaHaapT CTATUCTUYCCKOI'O pACIIPpCACIICHUA I10KA3aTCIIA AP.

P



YyBCTBHTEIBHOCTH IIpOLECCa
aAs=AY
AX

rie AX u AY -uzmeHeHnue BXOJHOTO (DakTopa M BRIXOJHOTO pe3yibTarta. (puc. 7.)

[Tpumepom A X MOxkeT ObITh U3MEHEHHE YCIOBHM pabOThI, HACTPOEK PEXHUMa U T.II.

IIpumepom AY sBis€TCS U3MEHEHHUE MOTEPD, IPOU3BOAUTEIBLHOCTH, 3aTPAT SHEPTHH,
U3HOC, 3aCOPEHHOCTh OCHOBHOTO MPOAYKTa U T.1. KOHCTPYKTOP MOKET ObITh 3aMHTEPECOBAH
B YBEJIMYECHHHM WM yMeHblleHuu AS B 3aBucumoctd OT Xapaktepa AY . Iloctpoenue
(GyHKUMHA YyBCTBUTENBHOCTH HMEET Oojbllloe 3HauYeHWe Mg BbIOOpa mNapameTpoB H
PEXUMOB pabOUKX OPraHoB.

I
2 | anmuwgprr | I

%

Puc. 7.@ynxyus 4yecmeumenvbHOCmu npUMEHUMENbHO K NOmepsamM npu pabome Momosua.
I1; - notepu oT BBIOMBaHUA 3EPEH U3 KOJIOCA,

11, - moTepu HECPE3aHHBIM KOJIOCOM

@ - 4aCTOTa BPAICHUS MOTOBUIIA.

B HEeKOTOpPBIX CiTydasx BO3HUKACT 3ara3jblBaHue CHrHana AY 10 OTHOIICHHIO K A X
1 3TO OCJIOXKHSET onpeaeneane AS .

YceToiuuBOCTh (CTAOWIBHOCTD) XapaKTePU3YEeTCsl CIIOCOOHOCThIO pabd0YMX OpraHoOB
COXpaHATh MOKa3aTeld Mpolecca B 3aJlaHHBIX MpejesiaXx B TEUCHHE HEKOTOPOTO BPEMEHHU.
PabGoune opraHbl MOTI'YyT TacUTh H3MEHYHMBOCTH PE3yJbTaTOB IPH HM3MCHCHHH YCJIOBHI
paboThl. AHAJIOrOM YCTOWYUBOCTH SIBJIICTCS HHEPIIMOHHOCTb.

[TokazaTeneM yCTORYMBOCTH SABJISICTCS KO(D(PHUIIMEHT BapHaliuu

Op
V=—"--100%,
Yp
rac Gp nu Yp - cpeL[Hee KBaI[paTI/IqCCKOC OTKJIOHCHUC U CpCI[HfISI apI/I(l)MeTI/I‘IeCKaH

BEJINYMHA U3y4aeMOTI0 IapaMeTpa.

UeMm meHbIe V TEM YCTOWUYHMBEHW pacCMaTpUBAaEMbIi Ipolecc. [pyrum nokasarenem
YCTOWYHMBOCTHU SBJIACTCA BPEMs IEPEXOAHOr0 IIPOLIECCa, YEM OHO KOpOYE TEM IIPOLECcC
ycToiumnBee, cTabuIbHEE.

Y CTOWUMBOCTh IIpolecca CYILIECTBEHHO 3aBUCUT OT COBEPILICHCTBA KOHCTPYKIUHU
MaIllMHbI, €€ COCTOAHUSA U BpPEeMEHM OJKciuryaranuu. Ilpu crapeHnn MalnHEBI
neOpMHUpPYIOTCS M UW3HAIIMBAIOTCS €€ pabounMe OpraHbl, YBEJIUYMBAIOTCS 3a30pbl,
HapyLIAIOTCA PETYJIUPOBKU, TYMATCA JIE3BUsA, YXYALIAKOTCS DHEPreTUUYECKUE ITOKA3aTENH.
HcnpiTanus A0KHBI WIUTIOCTPUPOBATH IPOLIECC MOTEPH YCTOMUHUBOCTHU. (puc. 8.)
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Puc. 8. Bauanue cmapenus ceatku Ha pasioMeprHochb
2nyousl noceea

1-cesnka Hoea:l, 2-cesiika UBHOWeHA U HA4albHAs MOYHOCHb ymep:sHna,
3-cesnka cuibHO U3HOUWIEHA.



2. PanmoHajibHasi OPraHu3auMs ¥ IVIAHUPOBAHUE UCTILITAHUI
2.1 Opranm3anusi HCNILITAHUI

Opranuzanus  UCHOBITAHUM  MpeAnosjaraeT CTPOryl  IOCJIEN0BAaTEIbHOCTh U
cOOJII0/IeHUE ONPEeICHHBIX MPOLEAYP:

1) [TocTanoBka uenn ucnbiTanui. Hanmpumep, olieHKa MPeMMYIIECTB *KATKA C HOBBIM
PEXYLIUM anmaparoM, WIM 3€pPHOOUYMCTUTENLHON MAalIMHBI HE C KoyieOaTelabHBIM, a C
BUOPAIIMOHHBIM JIBUKEHUEM DPEIIIET.

2) AipuopHoe oOmpeNeJIeHue BHEIIHUX (AKTOPbl, KOTOPbIE MOTYT CYILIECTBEHHO
NOBIMATH Ha pe3yiabrar. [lpuMepoMm Takux (aKTOpPOB SBISAIOTCS: YPOKaWHOCTD,
3aCOPEHHOCTb, BIAXHOCTh MOYBbI M T.A. Kiaccudukanus ¢GakTopoB MO XapaxkTepy
(KOJTMYECTBEHHbIE WM KaueCTBEHHbIE), MO BEIMYMHE (BEpXHUM, CPEIHUM WIM HUKHHUMI
ypoBHH). Hampumep, coctosinue ctedaecTost: TpsIMOCTOSIIUN, TOHUKIBIA HJIM IPUKOPHEBOE
noJieranue; ypoxaitnocts: 15,30,45 y/ea.

3) BeiGop oTkiaukoB (pe3ynabratoB). Hampumep, apoOneHue 3epHa, MOTEPH OT
npockinanusi, Ne BbICOTHI cpe3a cTeOei.

4) IInaHupoBaHWE WCHBITAHUN JJI1 OLEHKH BIUSHUSA YYUTHIBAEMBIX (DAKTOPOB U
yCpEIHEHUs BIUSHUSA HE YUYUThIBaeMbIX (hakTopoB. [Ipu 3TOM AomkHa OBITH MOJIHAS SICHOCTD
OTHOCHUTEJIbHO  HEoOXOoAuMOro o0beMa  (IJIUTEILHOCTH) HCIBITAHWM, KOJIMYECTBA
YUUTHIBa€MbIX (DAKTOPOB U UX YpoBHEil (2-3).

5) [IpoBeneHue UCTIBITAHUI U TIOJIyYeHHE pe3ysibTaTa B BUJIE CIIy4ailHOM BBHIOOPKH U3
reHepaibHOi cOBOKYMHOCTH. CTaTucTnyeckas 00paboTka BEHIOOPKH.

6) [IpunsiTue pelieHus Mo MPOTOKONY UchbiTaHuU. Dopma U copep aHue peuieHui
3aBUCST OT BUJIA UCTIBITAHUIA.

[lo pe3ynbTaTam NPHEMOYHBIX HCIBITAHWA HOBBIX MAIIMH MPUHUMAETCS OJHA W3
CJIeIYIOUINX PEKOMEH/ Il

1) PaGoTel Haj MamMHOM MpeKpaTUTh — 3HAYMT, MallMHA HE MEPCIEeKTHUBHA WIIU
uMeercs 6oJiee cCoBeplIeHHas MalllHA.

2) Ilponomxuth paboTy Mo uMmermemycs oOpasiy. Pexomenpamus nmpuHUMaeTcs,
ecnu oOpasell JOMyCKaeT BHECEHHME B HEro KOHCTPYKTUBHBIX YIIY4YILIEHHWH, a paHee
MPOBEIEHHBIE UCTIBITAHMS ObUTH MPOBEACHBI B HEIOCTATOYHOM 00BEME.

3) U3rotoBuTh 3KCIEpUMEHTAIbHBIE 00pa3ipl (B KoiudecTBe 10 S5 mTyk) Takas

pEKOMEHaIus TPUHUMAETCS, €CJIM MallliHA TPeOyeT cepbE3HOM 10pabOTKU U MPOBEPKHU.



4) I3roToBUTh  ONBITHYIO TNapTHIO (HECKOJBKO JECATKOB MamuH). Takyro
PEKOMEHIALMIO TIOJIy4YaroT MAIIWHBI, HE HYXAAIOIIHUECs B CEpbE3HON N0pabOTKE, HO HE
TpeOylole MPOBEPKH B PANIMUHBIX [MOYBEHHO-KIMMATHUYECKUX U  XO3WCTBEHHBIX
YCIIOBUSX.

5) U3rotoBuTh cepuio MalIMH. OJTa PEKOMEHJAlUs SBISETCS 3TAaloOM OCBOCHUS
MEPCIIEKTUBHOM MamuHbl. MHOrga Takhe pPEKOMEHIALHUHM —JArTCS Ha MallWHBbI,
KOHCTPYKTUBHO OTpaOOTaHHbIE, HO MOTPEOHOCTh B KOTOPbIX He mpeBbimaeT 100-1500 mTyk.

6) PexomennoBath K NPOU3BOACTBY. B 3TOM ciydae MallMHBI 3aKa3bIBalOTCSA B
KOJIMYECTBE HECKOJIBKUX THICAY IITYK U BBITYCK PACCYUTHIBAETCS HA HECKOJIBKO JIET.

Ilo pe3ynbpraTaM nepuogHYEeCKUX (KOHTPOJIbHBIX) UCIIBITAHUN MAaIlllMH MAacCOBOTO U
CEpPUIHOTO MPOU3BOICTBA IPUHUMAETCS OJIHA U3 PEKOMEHAAIU:

1) Coxpanuts B mnpousBojcTBe. WNHorma penatorcs nob6amienus «M3rotoButh u
MPUHATH HOBBIN 3TAJOHHBIN 00pa3ell Mocjie YCTPaHEHHs! BBISIBICHHBIX HEJOCTATKOBY.

2) IIpnocTaHOBUTH MPOU3BOJCTBO, €CJIM OOHAPYKEHBI KPYITHbIE HETOCTATKH.

3) CHATB C IMpONU3BOACTBA. Takas PECKOMCHOAI A IIPUMCHNUMA, CCJIIN:

a) IMeeTC JTydlas MaliuHa, KOTopasi CTaBUTCS Ha MPOW3BOICTBO;
b) otmasia HEOOXOIUMOCTH B BBIMIOJIHEHUW TEXMpollecca, JJIsi KOTOPOTO MallluHa
NpeHa3HAYCHA;

C) UCIIBIThIBa€Masi MalllMHa MoKa3aja MoJHYI0 HepaboTOCTIOCOOHOCTS.

2.2 IlnannpoBaHue UCTIBITAHUI

IIpu opranu3anuy U MJIAaHUPOBAHUY UCIIBITAHUM BHAYaJle CTABUTCS 3a]1a4a WU UX
11€J1b, 3aTEM BBISICHSIETCS UCXOIHASI CUTYAIlUsl, BBISBISAIOTCA (PAKTOPHI U pe3yJIbTarT,
BBIOMpAETCS aJrOPUTM aHAIUTUYECKOW 00paboTKu nosiydeHHou nHdopmanuu. Kpurepusmu
JUTSL CPAaBHEHMSI PA3JIMYHBIX BO3MOXKHBIX MJIAHOB UCIIBITAHUNA MOT'YT OBITh: MOIPEUTHOCTD
MIOJIYYEHHOT'O Pe3yJIbTaTa; JJINTEIBHOCTh MOJIEBBIX UCIIBITAHUN, X CTOUMOCTD U T.J.

HcnbiTaHusT  CENbXO3TEXHUKH HMMEIOT JIKCTPEMAJIbHBIM XapakTep, TaK Kak OHH
HaIpaBJIeHbl Ha TOMCK ONTHUMAJbHBIX YCIOBUM pabOThl WM IMapaMeTpoB MaimuH. Jls
MOJIy4eHHs] OObEKTUBHBIX PE3YJbTATOB HEOOXOIUMO pacrojarath JOCTaTOYHBIM 00BEMOM

OJHOPOAHOI'O CTATUCTUYICCKOI'O MaTCpHraja.



JIMUTENBHOCTh €XKETOJHBIX TOJIEBBIX HCIBITAHUM OrpaHWYEHA arpoTeXHUYECKUMHU
CpOKaMU COOTBETCTBYIOIIUX IMOJEBBIX paboT u coctamiser 10-15 mueit. s yBenwdeHus
oO0beMa CTAaTUCTMYECKOTO MaTepHajia Ha HCHOBITAHUS  MPEACTABISIIOT  HECKOJIBKO
AKCTIEPUMEHTATIBHBIX 00pa3ioB (1...5 mIT.), a UCTIBITAHUS TIPOBOJAT B Pa3HBIX MOYBEHHO-
KJIIMMAaTUYECKUX 30HAX CTPaHbl, MHOT/IA JaXe OOBEAUHSIIOT PE3yIbTaThl UCIIBITAHUM 3a 2...3
ce3oHa. [Ipu 3TOM, KOHEUHO, HET rapaHTUH KaK OJHOPOJHOCTH KayeCTBa MAIllUH B MapPTHUU,
TaK ¥ 10 YCJIOBUAM pabOThI, B TOM YHCJIC U 10 YPOBHIO KBATU(DUKAIIMN MEXaHU3aTOPOB.

OHOPOTHOCTHh MAIIWMH B MapTHU OOECIIEUMBACTCS OJHOPOIHOCTHIO MPUMEHIEMOTO
Marepuala, TeXHOJIOTUM U3TOTOBJIEHUS AeTajed U UX COOPKU, BO3HHUKAIOIIUX JOIMYCKOB U
nocagok. Kpome Toro, OOJBIIMHCTBO CTAaHAAPTHBIX METOJIOB HCIOJIB3YEMbBIX MPH
WCIIBITAHUSX OCHOBBIBACTCS HA JIOMYIIECHWUU, YTO MPEACTABICHHBIE MAIMHBI COXPAHSIOT
OJTHOPOJHOCTH IO KAYECTBY Ha MPOTSHKEHUHU MCTIBITAHUMN, HECMOTPSI Ha BO3MOXKHBIE OTKa3bl
Y PEMOHTHI MOCJIE TTOJIOMOK.

B npouecce wucnbiTaHuii, ©0€3yclIOBHO, BO3HHMKAET HEOAHOPOJHOCTh YCIOBUH
paboTbl.Takass ~ HEOJHOPOJHOCTh  MOXKET OBbITh  JUCKpeTHOM  (yOOopka  pasHbBIX
CEICKOXO3IMCTBEHHBIX KYJIbTYP, UCIIOJIH30BAHUE JJIsI OUUCTKU PA3HBIX 3€PHOBBIX CMEcel U
T.JI.) WIA HENpepbiBHOW (Apeiid Macchl komOailiHa TpU 3amojHeHUW OyHKepa U T.1.).
[ToaToMy mpu aHaNIKM3€ YCIOBUN UCTIBITAHUN HEOOXOUMO YUUTHIBATh XapaKTEPHbIE YIACTKH
mpoliecca: CTallMOHAPHOE WM BO3MYIICHHOE COCTOSIHME CHCTEMBI, JJIUTEIBbHOCTh TaKUX
MPOMEXYTKOB. Jlo ombiTa MOMKHBI OBITh M3BECTHBI XapPAKTEPUCTHUKHU HEOJIHOPOJHOCTEH,
9TOOBI TMPABUJIBHO BHIOPATh IJIWUTEIBHOCTh M YACTOTY HAOJIOJICHHM, METOoJ 00paboTKu
MOJTy4eHHON nH(OpMAaIIHH.

Kaxmass w3 BbIllIEHA3BaHHBIX OJIHOPOJHOCTEH CYIIECTBEHHO CHH)XAET TOYHOCTh
pe3yibTaTa UCTBITAHUM, @ UX BBIBOJBI MOTYT OKa3aThbCsl HEBEPHBIMH. 3ajaua HCIbITaTeIeh
COCTOMT B OIIPEACIICHUH TOro, SABISETCA JU HabdogaeMblii pa3Opoc mokaszarenei
CIy4aWHBbIM, T.€. TPHUCYIIUM OJHOPOJHOW TMAapTUU U OJHOPOJIHBIM YCIOBHSIM WU 3TO
CJIEICTBUE TPYOBIX U CUCTEMATHUYECKUX OITHOOK.

Cy1iecTByeT 3HAYUTEIBHOE OTIWYHE B OpPraHU3AIMHU U TUIAHUPOBAHUU MMACCUBHBIX U
aKTUBHBIX UCTIbITaHUU. [laccuBHBIC UCTIBITAHMS TPEIOIAraroT HaOIIOACHUE 32 CEPUMHBIMU
MalllMHAaMH B TIPOIIECCE DIKCILIyaTallid U cOOpP COOTBETCTBYIOIIEIO MaTepuaja. AKTHUBHBIC
WCIIBITAHUS SIBJISIIOTCS YIPABISIEMBIMU T.K. TIPOBOJSITCS C U3MEHEHUEM (DAKTOPOB U JaKe UX

ypOBHeﬁ. HpOBeIICHI/Ie TaKMX HWCHOBITAHUMN Tpe6yeT SHAYUTCIIbHBIX MATCPUAJIBHBIX H



(YHAHCOBBIX 3aTpaT, HO OOECMEYMBAET HE3aBHCHUMOCTb MEXIY (aKTOpamH, YIPOIIAeT
CTaTUCTHYECKYIO0 00pabOTKy HH(OpPMAIIUU U aHAJIU3 PE3YJIbTATOB.

Maimvna, kak  OOBEKT  HUCHbITaHUM,  sBIgeTcs AU y3uoHHONW  (TJI0XO
OpraHU30BaHHOI) CUCTEMOM, TaK KaK TPYJHO YCTAaHOBUTH BIUSHHUE OTIECIbHBIX (PAaKTOPOB HA
ee paboTy W HaAeKHOCTb. [l03TOMYy OCHOBHBIM METOJOM HCCIIEIOBAHUS SIBISETCS
CTaTUCTUYECKHM, B pe3yJbTaTe KOTOPOrO BbIpaOaThIBAETCS MOJIENb, OMUCHIBAIONIAA C TON
WIM WHOW CTENEeHbI0 MNPUONMKEHHUS TIOBEJIEHUS CHCTEMbl IMpPU BO3JCUCTBHUM Ha Hee
COBOKYITHOCTH (paKTOPOB.

B mnponecce mpoBeneHus HCHbITAHUN (DAKTOPBI OKA3bIBAIOTCS KOPPEIUPOBAHHBIMU
(B3auMocBsa3aHHBIMH). [loaTOMY TpPHUXOAMUTCS HCCIAEAOBATH TECHOTY CBSI3M KaK MEX]Iy
npu3Hakamu U akTopamu, Tak U Mexay paxropamu. [IpoBeneHno Takoro aHaan3a J0JKHA
MpEeAIIECTBOBAaTh MPOBEpPKAa HE3aBUCUMOCTH U CIy4YalHOCTH HAOJIOICHMM, MpOBEpKa
XapakTepa CTATUCTHUYECKOTO pACHpEAENICHUs, MPOBEpPKa OAHOPOJHOCTH CTAaTHCTHYECKUX
xapaktepuctuk. [logpobHee 3TH BOMpOCKl pacCMOTPEHBI B pa3aenax 3u 4.

Brei6op MeToa TUIaHMpOBaHUS 3aBUCUT OT YKCIIa yYUThIBaeMbIX pakTtopoB. Ecnu 310
YHUCJIO MEHbIIE 5 TO MOTYT OBITh MCHOJb30BaHBI MOJHO(PAKTOPHBIE IUIAHBI, Y KOTOPBIX
YPOBHU KaXXJOro (pakTopa COYETAIOTCS C YPOBHSAMU OCTaJIbHBIX (pakTopoB. Ecnu yucio
¢dakTopoB OoJbIIe 5 TO NPUMEHAIOT HEMOJHO(MAKTOPHBIE IUIAHBI, B TOM YHUCIE APOOHbIE
perumku. [Tpu or6ope 3HaYMMBIX (HAaKTOPOB U aHAIM3€E PE3YIbTATOB UCTIBITAHUN MPUMEHSIOT
PErpecCMOHHbIE TOJHO W HENoJHO(pAKTOpHbIE IUIAHBI, a TakXe IUIaHbl MO METOY
ciyyaiiHoro Oananca [3,4].

st Toro 4yToObl pEerpecCMoHHasl MOJENb MO3BOJIMJIA MPOTHO3UPOBATH IMOBEICHHUE
uccienyeMoro oobeKkTa (mpoiecca) B pa3HbIX YCIOBHSIX HEOOXOIUMO YCTAaHOBUTH XapaKTep
CBSI3M MEX]y HCCleAyeMbIMU (hakTopaMu. DTOT XapakTep MOXKET ObITh JIMHEHHBIM WIIU
HEJIMHEHHBIM. B COOTBETCTBUM C ATUM IIJIaHBI MOTYT OBITh HACBIIIEHHBIMU, Koraa f=n-m=0,
u cBepxHachiieHHbIMU Tipu <. 37ech n- KOJIMYECTBO MPOBOIUMBIX HKCIIEPUMEHTOB, M-
KOJIMYECTBO KOX(P(OUIIMEHTOB perpeccu BbIOpaHHOW Monenu. HachblieHHble T1aHbl
YUUTBHIBAIOT ~ BIUSHUE TOJIbKO JUHEHHBIX (AKTOPOB HAa  BBIXOJHOM  mapameTp.
CBepxHachlllleHHbIE (METOJ] Cciay4yallHOro OajlaHca) YUYWTBHIBAIOT BIMSHUE JIHUHEHHBIX
(haKTOpOB U UX B3aUMOJICHCTBUH.

B nmpakTrke ucnbITaHUN BO3HUKAIOT JIBE TPYIIIBI 33/1a4:

1) Heo6xoauMo ycTaHOBUTH BIUSHUE U3MEHEHHS KaKOT0-1H00 (hakTopa Ha



3a/IaHHBIC  XAPAKTEPUCTUKH KadyecTBa palOOThl: TMOTEPH, MPOU3BOJIUTEIHLHOCTD,

PAaBHOMEPHOCTD 3aJIeJIKU CEMSIH B TIOUBY U T.1. K BhIlieykazaHHbIM (pakTopamM MOKHO

OTHECTH: CKOPOCTb JIBUKEHUS arperara, KBalu(ukaiuio orneparopa, peibed mois u

T.II.

2) Heo6xoauMo ycTaHOBUTH 11€71€CO00Pa3HOCTh U3MEHEHUSI KOHCTPYKITUU

MAallVHbI, ONTUMHU3ALMIO €€ TapaMeTPOB.

3aBUCUMOCTh ONTUMAJIBHBIX MapaMETPOB M PErYJIUPOBOK MAIIMHBI OT YCJIOBHUH
paboTHI B 00IIIEM BHUJIE

Yzf(Xl, X2y oeuy Xn),

I'ne xi, Xz, ..., Xy — JedcTBytomue ¢aktopel. Ecniu n=2, To ucciexyemas GyHKIUS
OKa3bIBaeTCsi B 3-X MEpHOM ImpocTpancTBe. [lpm n>3 QyHKIUS OTKIMKA MOXKET OBITh
MpeCTaBlieHa THIEPIOBEPXHOCThI0O B (n+1) mepHOM mpoctpaHcTBe. W3yueHnue sToit
MOBEPXHOCTH M TIOMCK €€ ONTHUMAJIbHbIX 3HAYCHUM SBISAECTCA CYIIHOCTHIO MeEToaa
IVIAHUPOBAHMSA MCHNbITAHUM. Pemenne 3ToM 3agayM BO3MOXKHO MPHU IOCIIEI0BATEIIBHOM
(11aroBoM) M3y4eHUH TUTIEPTIOBEPXHOCTH U aHAJIOTUYEH UTEPAIIMOHHOMY METOY.

Takol MOAXOM MOXKHO MNPEACTABUTh KaK MApUIPYT MO KOTOPOMY JBHKETCS
HCClIeIoBaTEh C 3aBS3aHHBIMU TJIa3aMHU M3 HEKOTOPOM HCXOJHOM TOYKHM B 00J1acTh
SKCTpeMyMa (BEpIIMHBI WM BOAAUHBI). MeETOABl JOCTIKEHHUS ONTHMyMa OTIWYAIOTCS
JUIATEIBHOCTBIO MapILIPyTa.

MeToap! IITaHUPOBAHUSA OUCKA ONITUMYMA OIUPAIOTCS HA JIBE TUIIOTE3bI:

-TIOBEPXHOCTb OTKJIMKA ABJISETCS HEMPEPHIBHOM;

-Ha MOBEPXHOCTU UMEETCS TOJIBKO OJUH SKCTPEMYM.

HNneansHas CTparerus MOMCKa OINTUMYyMa KpUTEpUs ahPeKTUBHOCTU
npeaycMaTpuBaeT BHauaje MOUCK HAMpaBJICHUS JBUXKEHUS K 00JIacTH ONTHUMyMa, a 3aTeM
OOJIBIIION Ccepuel OMBITOB M3y4yaeTcs 9Ta o001acTh. BriOuMpaercs HOBOE HampaBiieHUE
newkeHus u T.7. OnHako, Takas (opmMa aKTUBHOT'O SKCIEPUMEHTa TPYIHO peaiu3yeTcs B
MoJie, TaKk KaKk HET BO3MOXKHOCTH YIPaBIATh OOJBIIMHCTBOM (PAKTOPOB: BIAXKHOCTHIO U
TBEPJIOCTHIO TOYBBI, MOJEMVIOCThIO CTEOJICH, COOTHOIICHHUEM 3E€pPHO-COJIOMAa U T.J. KPOMeE
TOTO, BO3HHUKAET MHOXKECTBO HEYUYTEHHBIX (haKTOPOB, BPEMEHHBIN Ipei(d y4dUTHIBAEMBIX
(dhaxTopoB. MOTyT TOSIBIATHCS HOBBIE (PAKTOPHI KaK pe3yJbTaT B3aUMOJCUCTBHUS IPYTUX
(hakTOpOB pa3HBIX YPOBHEH, HAIPUMEP, BHICOKAS BIAXKHOCTH MOYBBI IIPHU OOJIBIITON CKOPOCTH

JKATKU MOKCT IIPUBECTU K Ba6paCBIBaHI/HO BaJIKa KOMbsJIMH 3CMIJIN.



JUist CHUXEHUs BIMSHHUS CHCTEMaTHYECKUX OIIMOOK Ha WCTUHHBIA pe3yJbTarT,
ycpenHeHus: 3pQPexkToB OT HE YUYUTHIBAEMBbIX (PAKTOPOB, YMEHBIICHMS BIUSHUS apeida
YUUTHIBAEMBIX (PAKTOPOB MPOBOJAT PAHAOMHU3ALMUIO OIBITOB.

BHauane ycTraHaBIMBAaIOT YUCIO KOHTPOJUPYEMBIX (DaKTOPOB M YHCIIO UX YPOBHEH
(06pryHO 2...3). 3areM 3amKMCBHIBAIOT BCE OMNBITHI M HMX BO3MOXHBIE IMOBTOPHOCTU IIO
XxapakTepHbIM (akTopam. Hanpumep:

OmnbiT Nel: X™, XJ™, X7™ =Y,
Onpir Ne2: X™, X" X™ 5 Y, u ..

3necy Y;, Y, - pesynbrar skcnepumeHTa. Mcnonw3ys TaOmuily ciydallHBIX YHCEll,

MIPOBOJSIT PAHAOMU3ALMIO ONBITOB MO X BPEMEHHOM mociieoBaTenpHocTu. Hanpumep, npu
HMCIIBITAHNH 3epHOYGOPOYHOro KoMGaitna o miany 2° (1Ba ypoBHs, Tpu hakTopa) = 8 u3-3a
JUINTEIBHOCTH DKCIIEPHMEHTA IUIAaH pAa3JeNsioT Ha jBa Onoka 2° +2° = 8, KoTopble
BBITIOJIHAIOT 10 M mocie obena (ta6a.3). IlociaenoBaTenbHOCTh OMBITOB YCTAHABIMBAEM,
UCIIOJIb3YSl TaOJIUILy CITy4YaHbIX YUCE.

Tabnuua 3
Cxema njaaHupOBaHUs MOJEBBIX UCIBITAHUN
Ne Y cinoBus oneITa Pesyierar | Neo Y cinoBus oneITa PesvyiwTar
JKCIIEpU Y
X X X X X X
MEHTA 1 2 3 Y 1 2 3
3 + - + Yy 4 - + + Y,
6 - - - Yg 2 - - + Y,
8 - + - Y; 5 + + - Ys
1 + + + Y- 3 7 + - - Y7

Ecnu ycnoBusi mpoBelleHHUsS MCHBITAHUN XapaKTepU3YIOTCS OJHMM (aKTOpoM (THUIl
MalIuHbl, paboyasi CKOPOCTh U T.N.) HA HECKOJbKUX YPOBHAX, TO MPOLEAYPY UCHBITAHUM
IJIAHUPYIOT, UCTOJB3Ys «JlaTuHCKUI KBagpaT». Hanpumep, nis uetsipex ypoBaeil A,B,C,D
olHOro (hakTopa IJIaH UMEET ClIeayromui Bu (Tadi.4):

Ta6auma 4
[Ipumep ucnonp3oBaHus “JIATHHCKOIO KBajapara’
Ne ombiTa BiaumoneiictBue ¢pakTopos
1 D B C A
2 A C D B
3 B D A C
4 C A B D




JUIst MCKITIOUEHUS BIUSHUS HEOJHOPOIHOCTEH HAa CPEIHECTATHCTHYCCKHE MTOKa3aTeln
mpoliecca OJIMH ypOoBeHb (haKTopa JOHKEH BCTPEYATHCS TOJNBKO OJUH pa3 B KaXIOW CTPOKE
WJIM CTOJIOIIE.

[TnanupoBaHKe HCTIBITAHUN U 00pa0bOTKa UX PE3YIHTATOB CHIIBHO YCIIOKHSIOTCS, €CITU
OJTHOBPEMEHHO HCIIBITHIBAIOTCS HECKOJIBKO OJMHAKOBBIX MAIITHH.

HcXOMHBIMU JaHHBIMH TSI OTIpeecHUs 00bEMa MCTIBITAHUN (YUCIIO OOBEKTOB WU
MOBTOPHOCTEH  OMBITA) SBISIOTCS  CIACAYIOIIHE CTAaTUCTUYCCKUE  XapaKTCPUCTUKH:
mpeaesibHass OTHOCHUTENIbHAs OIMMOKa &, JOBEPHUTEIbHAs BEPOSITHOCTh WHTEPBAIbLHOMN
OIICHKU [3, KO3 (UIIMCHT BapHallMK V ; a TIPH MCIOJIb30BAHUH IMAPaMETPUICCKOTO METoaa
enIé M BHJI 3aKOHA PacIIpeICIICHHS.

2.3. MeToabl YCKOPEHHBIX HCTIBITAHUI

CpoOK CE30HHOM KCIUTyaTalldi TMOJEBBIX CEIbCKOXO3SIMCTBEHHBIX MamuH 120... 160
4., a o0 cpok ux cayxosr 1500-2000 4. Peanu3zoBaTh Ha UCTIBITAHUSAX TAaKOW OOJBIION
nepuoj paboThl HEBO3MOKHO Aaxke 3a 2...3 ce3oHa. KpoMe Toro, BO3HUKAaeT HEOOXOAUMOCTh
B CpaBHUTEIBHBIX WucHbITaHuaX netane wim C.E. oauHakoBOro (QyHKIIMOHAJIBHOTO
Ha3HAYCHUS, HO OTJIMYAIONMIUXCS KOHCTPYKIMEH, MaTrepuasoM WM TEXHOJOTHeH
W3rOTOBJIEHUs Jeraned. M sTa moTpeOHOCTh BO3HHUKAET YK€ MPU MPOCKTUPOBAHMH.
Heo6xoauMo mosiydath JOCTOBEPHBIE PE3YJbTAaThl 32 KOPOTKOE BpeMsi, MPUUEM XapakTep
Harpy>kKeHHOCTH JIOJDKEH OBITh OJM30K K peaqbHOMYy. Takue YCKOPEHHBIC HCIIBITAHUS
MPOBOMSIT KaK JUIsl MOJHOKOMIUICKTHBIX MamuH, Tak u st C.E. u neraneit. CymiecTByoT
HECKOJIBKO HarpaBieHU «(popcupoBaHUs» CPOKOB UCTILITAHUN:

l. MpeanbHOe MOAEIMPOBAHME [ICHCTBUTEIBHBIX YCIOBUN HCHBITAHUN, HO 3TO
BO3MOXHO B peIKHUX ciyyasix. HeBOo3MOXXHO, Hampumep, B MEKCE30HbE CMOECIUPOBATH
yCIJIOBHS PAOOTHI KOCHJIKH.

2. YunotHeHue pabo4yero BpEMEHHU 3a CUET COKPAILEHHUsS MPOCTOEB, XOJIOCTHIX XO/I0B,
nepeOdpOCKU MaIIMH U3 I0’KHBIX PETMOHOB B CEBEPHBIE.

3. YacTb Harpy3kd OCYHIECTBISETCS B HOPMAJBHBIX MOJIEBBIX YCJIOBHSX, MIPU 3TOM
OTIPEJIENISIIOT OCHOBHBIE MOKa3aTean paboThl MamKuHbl. OcTaBIascs 3arpy3Ka peain3yercs ¢
MOMOIIbI0 MMUTATOPOB WJIM Ha cTeHAax. s pexyiuero ammapara >KaTkd B KayecTBe
MMUTATOpPa MCHOJIB3YIOT CKAIIMBAaHUE CTEPHU; JJISI OYUCTOK KOMOAMHOB - MOJUMEpHbBIC
IpaHysibl pa3HbIX pa3MepoB U T.A. [Ipu CTEHOOBBIX HMCHBITAHHUSX NPOBEPSAETCS HE BCA
MamuHa, a otaenbHble C.E. TlogsepraroTcsi oleHKe Takue IOKa3aTelld, KaK KayecTBO
00MOJ10Ta, pABHOMEPHOCTDh paclpeIesICHUs] CEMSH CESIIKON, HaAEKHOCTb.

4. TIlpuMeHeHnEe MeTOoAa IKCTPANOJIAUMHU (Pa3HOBUIHOCTD MPOTHO3UPOBAHNSA).
Hanpumep, npu 3a3ope MexIy JIE3BUAMH pexyinero ammapara 6 =0,5 MM He BO3HHKAIOT
MOTEPH HE CPE3aHHBIM KojocoM; mpu O =1 MM 3t motepu coctaBmsaoT 0,1%. MoxHO
NPeaNnoNoKUTh, 9To mpu o= 1,5 MM morepu Oynyr pasabl 0,15%. Coxpamenus
MPOJOJDKUTENIBHOCTH UCHBITAHUM MOXKHO JIOCTUYb Y)KECTOYEHHEM PEXHMOB U YCJIOBHUI
pabotel. Takoe yxectoueHue H3PGHEKTUBHO NPUMEHAThH NPH HCMBITAHUAX JETaleH,
MOJIBEPraloluXcsi B OJKCIUTyaTalluM KpPAaTKOBPEMEHHOM WM MEPUOJUYECKON Harpyske
(TUaPOUMIMHAPHI MOABEMA JKATKH, MaJbIbl MOTOBWIIA U T.1.).

[IpumeHsis  MOBBINIEHHBIE  HArpy3Kd, CcleAyeT o00s3aTeqbHO  oOecrneynBaTh
HOPMAJIBHYIO CMa3Ky TPYIIUXCS MoBepxHocTed. MHaue MOKeT BO3ZHUKHYTh MHTEHCUBHBIN
M3HOC WIM 3aKJIMHUBaHUE (3aaUpbl) B3aMMOJECUCTBYIOIIUX MOBEPXHOCTEH. BOIBIIMHCTBO



OTKa30B CBS3aHO C IHMKIMYECCKOW YCTAJOCThIO TMPHU HAMNPSOKCHUSX, HE IPEBBIIIAIONINX
npeaes yOupyroctu (op >op >o0_1>7_]) H3-3a TOTEPU IIACTUYHOCTH. MeEXaHHM3M TaKHX
pa3pylIeHU: HAKOIUICHHE PACCESIHHBIX HaNpsDKEHUNW B HamOoJiee ciaadbIX WM Haubosee
HalpsOKCHHBIX 3epHaxX MeTamia. COBOKYHMHOCTh TaKHUX 3€peH 00pa3yeT 3apOoibIIl
YCTAJIOCTHBIX TPENIUH, KOTOPBIC CTAHOBSTCS KOHIIGHTpaTOpaMU M PacTyT, MpeBpaliasch B
TpemuHbl. [103TOMYy NMpUMEHEHHE METOja YKECTOUCHHS MCIBITAHUH HEIEIeco00pa3Ho MpHu
UCIIBITAHUSIX HA YCTAJIOCTh M BEIHOCIUBOCTH (HampuMep, 3yO0UaThIX Tepenay).

B HexoTophix cinydasx dS(PQGEKTHBHO YKECTOYCHHE YCIOBHUM SKCIUTyaTallWH.
Hampumep, A ONEHKM CTOWKOCTH TWJIb3 IMJIMHIPOB JBUTATEIs BHYTPEHHETO CTOPAHHMS
MPOTUB KaBUTAIIMU, MCKYCCTBEHHO YBEJIWYMBAIOT 3a30p MEXAY IMOPITHEM W THIL30H JI0
0,3...0,35 Mmm.

Yem OojblIe MPUXOAUTCS HHTCHCH(PUIIMPOBATH HATPY3KH U Y)KECTOYATh YCIOBHUS
OKCILTyaTallM¥, TEM BHHUMATEJIbHEE CJICAYeT OTHOCUTHCA K OOCCIICUCHHIO KaYSCTBEHHOH M
KOJIMYECTBCHHOM COIMOCTaBUMOCTH PE3YJIbTAaTOB YCKOPEHHBIX HCIBITAHUH M PE3yIhTaTOB
OKCILTyaTaIHH.

HeoOxonumo BOCTIPOM3BOAUTL (M3MYECKYI0 KapTHHY OTKa3a, BO3HHKAIOIIETO IPH
peanbHON JKcrutyataruu. Ilox ¢usnyueckold KapTHHOW OTKa3a TOHHMMAIOT: BHJI OTKas3a
(BHe3ammHass TOJIOMKa OT YCTaJOCTH W T.II.), MECTO BO3HMKHOBEHHS OTKasza, (opma
W3HONICHHOW TIOBEPXHOCTH, BHUJ H3IoMa H T.M. K CcOXaleHWio, TPH YCKOPEHHBIX
UCTIBITAHUSIX CTETICHb WHTCHCU(UKAIIMM OTKA30B OKA3bIBACTCS PA3JIMYHON I Pa3HBIX
JETAJIEN.

OmHOBPEMEHHO CJIEAYeT YYHUTHIBATH OCOOCHHOCTH JKCILIyaTallMM MAIIMHBI, WHAYe
IIEHHOCTh NIPOBEJICHHBIX pa0OT OKakKeTcsl HU3Ko. Hampumep, paHee MBITATUCH OIEHUBATH
HaJ&KHOCTh MMYCKOBBIX JBUTATENICH MpHU TOMOIIU HenpepbIBHBIX 100 4aCOBBIX CTECHIOBBIX
UCIIBITAHWHN B PEKUME TOJTHOW MOITHOCTH. /[BUTATEIM XOPOIIO BBIACPKHBAIH HCIIBITAHUS,
HO TIPU 3KCIUTyaTallud He O0eCIeYMBaIl HOPMaJIbHOW pabOThI TpakTOpa Ja)Ke B TCUCHHUE
OJTHOTO CE30HAa. A 3a Ce30H IYCKOBOW JIBUTATENlb MCHONB3yeTcs He Oonee 25-40 yacoB, HO
IIpY 3TOM paboTaeT BCE BPeMs Ha PEKUME 3aITycKa.

HcnpiTanuss 10 OLEGHKE HAACKHOCTH HEOOXOJMMO IUIAHUPOBaTh B  TaKOW
MOCJICIOBATEIBHOCTH: JIeTaldb, COOpOYHAas €IWHWIIA, MaliuHa. Takas cxema IO03BOJISCT
KOHTPOJUPOBAaTh  KAueCTBO  M3TOTOBJICHWS, BBIOpAHHBIA  MaTepwall, TPOBEPUTH
3 ()EKTUBHOCTh KOHCTPYKTUBHO-TCXHOJOTHYECKHX MEPOIPHUATHH, BBISIBIATH DJICMCEHTHI
JTUMUTHPYIOIINAE HAJEKHOCTh MAIIIUHBI.

HaubGonee mocToBepHyro uHGOpPMAIMIO 1O HAAEKHOCTH JAIOT  HUCIBITAHHS
MTOJITHOKOMIIJICKTHBIX MAlllMH B PEATBHBIX YCIIOBUAX. B 3TOM cilydae MammHa BOCIIPUHUMAECT
Harpy3kd HeE TOJBKO OT BHemHeH cpenbl (penbed mons, BeimosHeHwe T.I1.), HO m oT
BHYTPCHHETO B3aUMOJICHCTBUS arperara (BHOpaius OT HEYpPaBHOBEIICHHBIX CHJ MHEPIIUH,
KPYTHJIbHBIE KOJIeOaHUS W T.JA.). VICKyCCTBEHHAss MMUTAIMSA MCKaKaeT PEealIbHBIN TPOIecC
HarpyXcHUsI.

2.4. CxeMbI CTEHJ0B JJIsl PeCYPCHbIX MCIIBITAHUI

CteH0BbIE PECYPCHBIE UCIIBITAHUS TTPOBOAATCS C LIEJIbIO OLIEHKH COOTBETCTBUS
00bEKTa TEXHUYECKOMY 3aJJaHUI0 U JIJI pa3paboTKu 00OCHOBAHHBIX PEKOMEHIAIUH TI0
JIOBOJIKE€ KOHCTPYKIIMH 10 TpeOyeMOTro MmoKa3aresis KadecTBa. DJIEMEHThI MAIlTUHBI
MOJICIKAIINE STUM UCBITAHUSIM MOTYT MPEACTaBIIATh JeTalu, COOPOUHBIC CMHUIIBI U PEXKE
MOJTHOKOMIJIEKTHBIC MAaIMHbBI. OTMETUM, YTO MPHU UCTIBITAHUH JeTAICH Wi cCOOPOUHbIE
€JMHUIIA BHE arperata HeBO3MOKHO YUeCTh MOTPEITHOCTH BO3HUKIIINE MPU COOPKE,



B3aMMOJICHCTBHE dTUX OTJCIBHBIX 3JIEMEHTOB MIPH BHITIOJTHEHHUH 1IEJIOCTHOTO
TEXHOJIOTHUECKOTO TpoIiecca, OIICHUTh HAJC)KHOCTh BCE MaITHBI.

B otpacnu cenpX03MaImHOCTPOSHHS CTEHIOBBIC UCTIBITAHUS SIBISIIOTCS OCHOBHBIM
crI0coO0OM OILIEHKH HAaJe)KHOCTH, B TOM YHCJIC U ONPE/ICIICHUs pecypca, T.e. 3amaca
HapaOOTKH 00BEKTa OT HayaJia ero AKCIUTyaTaIllH JI0 MepeXo/1a B MpeIeIbHOE COCTOSHUE.

OTnUYUTEeNHEHON 0COOEHHOCTHIO CTEH/IOB SIBIISETCS:

- BOBMOXXHOCTh PEryJIUpOBaHUs TeMIIa HarpyXeHUs (HOPMaIbHBIN HIN
(UKCHPOBaHHBIN);

- BuA OOBEKTa WCMBITAHWHA (MPUBOJA PEXKYIIEro ammapaTa, IeMHas [epeaaya,
MEXaHU3M KOMMPOBaHUS penbeda u T.1.);

- BUJI BO3HUKAIOIIUX pa3pylIeHUH (M3HOC, KOPPO3HUs, TOTEePs] yCTOMYNBOCTH U T.JI.);

- XapakTep W3MEHEHHS BO  BPEMEHH  BOCIPOU3BOIMMBIX  HArpy3oK
(9KCILTyaTallMOHHBIN peXUM; OJOKH HArpyKeHHUU, COCTOSAIINE U3 YIApHBIX,MaKCUMaJIbHBIX,
NEPUOANYECKUX U T.J.). Harpy3ku TOMDKHBI pETYIUPOBATHCS 110 YaCTOTE U aMILIUTY/IE.

CreHn  MOMKEH  BOCHPOU3BOAUTH  HANpPSOKEHHBIE  COCTOSHUSA,  aJ€KBAaTHBIC
OKCIUTYaTallMOHHBIM. B CBs3u ¢ 3TUM HamOojiee WHTEPECHBIM B CTECHIAX SBISIOTCS
KOHCTPYKIIMHU BO30yautens Harpy3ok (puc. 9,10,11,) [6].

[Ipu BBIOOpPE CXEMBI HATPY)KCHHUS YYUTHIBAIOT CBEACHHMS, MOJYYCHHBIC B pEATbHBIX
YCTIOBHSIX TEH30METPUPOBaHUs. TEeH30METpHPOBAHHUE MPOBOISAT BO BCEX 30HaX Ha THUITOBBIX
arpopoHax. 3ammMcaHHBIA OCIIIIOrpaOM TPOIECC HATPYKEHHOCTH KOHCTPYKIIHH
CTaTUCTHUYECKH 0OpabarbiBatoT. CxeMa Harpy>KEHUs 3aJaeTCs B BHUJIC OTICIBHBIX OJIOKOB.
Jliss 3TOrO peajbHBIA TPOIECC 3aMEHSETCS HICAIM3UPOBAHHBIM, KOTOPHIH IO YPOBHIO
BO3HUKHOBEHUS TIOBPEXKICHUHN, HAKAIIMBAEMBIX B JIETAllM, OJDKEH OBITh SKBHUBAJICHTHBIM
pealbHOMY.
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Puc. 9. Hnepyuonnwiii cunosozoyoumens ¢ HeypagHOBeueHHOU 8Pauiaroueiicss Maccoll.
1-8pawaroutics ouck(bapaban), 2-banrka(ob6vekm ucnvimarus), 3-onopa, 4-npusoo.
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Puc. 10. I'uoponynvcayuonmuwiii 6036youmens
1-b6anka(ob6vekm ucnvimarnuti), 2-3axcum, 3-euOpOYUIUHOP, 4-ny1bCcayuoHHas YCMaHo8Ka.
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Puc. 11. Dnexkmpomacnummnwiii 6030y0oumeins
1-6anka(ob6wekm ucnvimarnuii), 2-apmo, 3-kamywka cepoeunura, 4-010k ynpasienus, 5-010K NUMAanus..

Ilo Ha3HayeHWIO CTEHIBl HUCHOJB3YIOTCS ISl WUCIBITAHHUS HECYUIMX KOHCTPYKIIUH,
MPUBOJIOB, PAOOYMX OPraHOB U MOJHOKOMIIJIEKTHBIX CEITbX03MAaIIIHH.

[IpuMepoM HeCcyluX KOHCTPYKIUH ABJISIETCA OCTOB paMbl MOJIOTHIJIKH, BEAYIIUA MOCT
KoMOaliHa, KOpIyC >KaTkH, Oajnka ympamisieMoro mocta komOaiHa u T.4. [lo mpunuumy
Harpy’>kK€HHsl CTE€HJIbl [JI HMCIBITAHUN HECYIIMX KOHCTPYKUMH AENSATCA HAa JBa THUIIA: C
3aMKHYTBIM WJIM Pa30MKHYTBIM KOHTYPOM.

B crenpgax mepBOro Tthma UMEKOTCA CWIOHarpyxkarenud. Hampumep, B cTeHzae miid
UCIIBITAHUM ~ KOpIyca KoJiec KoMmOailHa UMEITCS CHelHalbHble TUAPOUMIMHAPSI,
MOAKJIIOYAaeMble K THAPONYJIbCAMOHHONW ycTaHOBKE. OHHM CO3[Mal0T TApPMOHHUYECKHUE
KojeOaHus, aMIUTUTy/la KOTOphIX HM3MEHSIETCS MO 3aJaHHOMY 3akoHy. Bo u30exaHue
pe3oHaHca COOCTBEHHBIE YaCTOThl KOJIEOaHUH KOHCTPYKIIMHM HE COBIAJAIOT C YaCTOTAMU OT
CUJIOHATPYKaTEIIs.

VYrpaBineHne ruaponyIbCAMOHHONM YCTAaHOBKOW OCYILIECTBIISIETCS BPALIAIOIIUMUCS
nporpaMmupyeMbiMu  Oapabanamu. Ha kaxnapiii OapabaH HaHOCHUTCS KPHUBOJMHEWHAS
TOPOXKKA, COOTBETCTBYIOILAS peasbHOMY napameTpy HarpyKeHHs KOJIEC.



[IpoMeXyTOUHBIMU  pejie  KpUBH3HA JIOPOKKH TpaHCPOPMHUPYETCS B  yHNpaBlIeHUE
cuiioBo30yauTeTeM. YacTtora HarpyKeHHil 3aBHCUT OT CKOPOCTH BpamieHusi Oapabana.
[IporpaMMHO€E HarpykKeHue KOHCTPYKLHMH MPOAOJIKAETCSA 0 MOSABIEHUS OTKa3a, TO €CTh J10
MOSIBJIEHUSI YCTAIOCTHOM TpemuHbl 20-30 MM JJIMHBIL.

Kosddumment yckopenus ucnbiTaHuii - 12-20 pa3 mo CpaBHEHHIO C peajbHBIMU
yCIIOBUSMU. JlECATUIIETHUN pECypC HECYIIEH CUCTEMBI TOCTUTAETCA B TEUEHHE 6-8 CYTOK.
Koaddumment yckopenuss paboTbl CTEHJOB C 3aMKHYThIM CHUJIOBBIM KOHTYPOM MOKHO
nmoBbICUTh B 60...70 pa3, ecau UCKIIOUUTH T€ aMIUIUTYbl Harpy>KeHUsl (Harpy3Ku), BKJIaJ
KOTOPBIX B IIPOLIECC HAKOIUIEHUS YCTAJIOCTHBIX IMOBPEXKIAECHUN HECYIIECTBEHEH, TO €CTh
Menblie (0,4...0,5)a,.x, TOrpenHocTsb ~ 5%.

CreHl C pa3sOMKHYTHIM CHJIOBBIM KOHTYpPOM - 3TO CHCTEMa, B KOTOPOH OOBEKT
UCTIBITAHUM ~ Harpykaercs  TOJBKO  COOCTBEHHBIMM  HMHEPUUOHHBIMM  CHJIAMH.
Cunonarpy»aTeiu TOJbKO BO30YXHaroT KojebaHus o0bekTa. [IpUMEHHTENnbHO K KaTke
CWJIOHArpyXaTelil CO3JaloT TOJbKO ee KojeOanus. JluccunmaTUBHOE CONPOTUBICHUE
KOHTYpa IMOTJIOIIAET YacTh YHEPTrUuu Bo30yxaenus (puc.12.).

Puc.12. Cmeno ons ucnoimanus kopnyca sxcamxu
[-npyscuna; 2-euopasnuveckue naepyscamenu,; 3-2uOponyibcamop;
4-naxnonHas kamepa, S-xopnyc scamru, 6-onopHvie 6AUUMAKU,
7-umumamop penvegha nougwl,; 8- onopa.

CreHapl IS MCTBITAHUS TPUBOAOB MOTYT UMETHh MOTOK MOIIHOCTU TPAaH3UTOM WIIH
Harpy»aTbCsi Mapa3UTHOW MOIIHOCTHIO. B mepBoM cilydae KpyTSUIMii MOMEHT Nepeaercs
OT JIBUratTessl 4epe3 UCIBbITHIBAEMYIO CUCTEMY Tepellad W BOCIPUHUMAETCS T€HEpaTOpOM
(puc.13.) c pexynepanueit (BO3BpaIieHUEM ) SHEPTUH.
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Puc.13. Cmeno ons ucnotmanus npugooa xo0080u yacmu
[-anekmpoosucamens, 2 u 6 — KOHMPAPUBOOLL, 3 U S-MOCMbL 8EOYWUX KOJIEC,
4-3ybuamole nepeoayu, 7-eeHepamop

[Ipn Takoii cxeme TpyAHO co3daTh TpeOyeMyr0 HArpy3Ky, a TIOTepH DHEPTUHU
nocturat 70%. ['eHepaTop urpaet pojab TOPMO3HOTO YCTPOUCTBA.

Bo BTOopoM cnyyae B KadecTBe Harpykateileil WCIONB3YIOT 3JIEKTPHUECKHE,
THIPABINYCCKUE WM MEXaHMYECKHE TOPMO3a B 3aBUCHMOCTH OT OOBEKTa HCIBITAHHS
(mectepHW, menW, peMHM W T.1.). Ilapa3uTHas MOIIHOCTH IOTJIOIIACTCS YIPYTOM
nedopmarieil BaoB, CUjIaMu TPEHHUS, MPOCKaIb3bIBAaHUEM peMHel U T.1. (puc.14.).
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Puc.14. Cmeno ons ucnoimanus pedykmopa
1-anekmpoosucamens, 2-mygpma, 3-pedykmop, 4-mopmo3s

B cTtenae ans ucnbITaHWS LENHBIX MEpeaad 3aKpyTKa BaJOB MPOUCXOAMUT 32 CYET
ycwus P Hanpspkenust peMueit (puc.15.). Cucrtema Bce BpeMs HAXOAUTCS B HAIIPSKEHUU.



Puc.15. Cmeno ons ucnoimanus yenuwix nepeoadu.
[-2nekmpoosucamens, 2-mygpma,; 3 u 4-kOHMYpPsl YenHvIX nepeoa.

Ha kakmoM ®3 BaJiOB 3BE3J0YKH CTPEMSTCS TOBEPHYTHCS B pa3HbIE CTOPOHBI U
CKPYUYHBAIOT BaJibl. MOMEHT Myp 3aBUCHUT OT W3MeHeHHs P. Cuctema rpoMmosnkasi, UIMEeT
OTrpaHUYCHHOE ITPUMCHEHUE.

JUIss WchbITaHWS KIWHOBBIX PEMHEH Ha JIOJITOBEYHOCTH MCIOJIB3YeTCS CTCHI,
paboTaronuii 1Mo MPUHIIKITY JEHTOYHOTO Topmo3a (puc.16.).
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Puc.16. Cmeno ons ucnolmanuii K1IuHOBbIX peMHell.
[-anexmpoosucamens, 2-yenmpanvuas nepedava, 3 u 4-ucnvimviéaemvie pemMuu, 5-
HamsICHOe YCMPOUCME0 ¢ 2Py30M.

B nepenaue 4 nmameTpnl MIKMBOB OJWHAKOBHI. BOo BcrmomoraTtenbHOU mnepenaue 3-
pasHble, Tak Kak d,>d;. [IpenBapuTenbHOE HATSXKEHHE PEMHEHM OCYIECTBISIETCS 3a CUET



rpy3a Q. Ilepenaua 3 co3maet Harpy3Ky Ha CUCTEMY U SIBJISIETCS IEHTOYHBIM TOPMO30M, HO C
JBUKYLIEHCS JICHTOM.

CteHapl ¢ 3aMKHYTBIM KOHTYPOM Harpy»€HUsi IPOCThI B YCTPOUMCTBE U PETYIUPOBKE,
HO DHEPrOEMKH OCOOCHHO TpH JUIMTENBbHBIX HchbITaHusX. [llupoko pacmpocTpaHeHbI
CTEHJbI JUISI MCHBITaHUS pabo4MX OPraHoB ceibxo3MmamuH. OHM OTIWYAIOTCS OOJBIINM
pa3HoOOpa3ueM IO CBOEMY HA3HAYCHHUIO W UCIIONB3YIOT I OLICHKU H3HOCA JIe3BUU
CErMEHTOB, OINpEIENIeHUs] TMOJayu PEXYIIero anmapara, HpOIMYCKHOM CIOCOOHOCTH
MOJIOTWJIKH, OIEHKH PabOThl 3JIEMEHTOB OYHCTKUA M COPTHUPOBKHU 3epHA U T.A. OOmmM s
ATUX CTEHJOB SBJISIETCA MCIOJb30BAHME 3AMEHUTENIEH PEAIbHOTO TEXHUUECKOI0 MaTepuana;:
3eMJIsl B TIOYBEHHOM KaHaje, cTeOJeBOM MaTepuanl W 3€pHO, COOpaHHBIE 3a0JT0 J0
CTEHJIOBBIX UCTIbITAHUM. MIHOT/Ia BMECTO COJIOMBI U 3€pHA KOMOAIH 3arpyxKaeTcs 0TXoAaMu
KO>KEBEHHOTO TTPOU3BOCTBA (00pE3b PE3UHBI U KOXKU) U KAITPOHOBOU KPOIIIKOM.

[lenbto pecypCHBIX UCTIBITAHHUM SIBISETCS HE TOJBKO MOMCK CIA0BIX MECT U OIlEHKa
pealbHOTO YPOBHSA HAJEKHOCTH MalluHbl. JKenaTeneH W ApYrodl MOAXOH: CHUKEHUE
HAaJIe)KHOCTU OTJIEJIBHBIX AJIEMEHTOB MAIlUHBI O 3aJaHHOTO YPOBHS 32 CUET YMEHBILICHUS
MAaTEPUATOEMKOCTH U TPYJIOEMKOCTH, YIPOIIEHHS MMOJArOTOBKHU MPOoU3BocTBa. Hanmpumep, B
1970 roxy ObLT CO3/IaH M MPOBEPEH B IMOJIEBHIX YCIOBHUSIX HOBBIM CKOPOCTHOM PEXYIIHI
anmapat g kaTtok. OpHako Apyrue pabouude OpraHbl >KaTOK HE MOIVIM paboTaTh Ha
ckopoctu 12-14 km/4, MOATOMY Ha CYIICCTBYIOIIMX >KaTKaxX JTOT ammapaT IMOoKa He
MIPUMEHSIOT.

3. IlpenBapurejibHasi CTAaTHCTHYECKAasi 00padoTKa pe3yIbTATOB MCIIBITAHU M

PeanbHoe 1one paccesHus pe3ysibTAaTOB WCHBITAHWM, T.€. pAa3HULA MEXIY
MAaKCUMaJIbHOW M MUHUMAJIBHOM BEJIWYMHOW KOHTPOJHMPYEMOIO NPU3HAKA, 3aBUCAT OT
pa3Mepa BBIOOPKH, OJHOPOAHOCTH YCIOBUM HUCHBITAHUM M OMMOKH (CHCTEMaTUYECKOH,
CIy4yaliHOM Wiy mipomaxa). J{Jis onTUMH3alUK 3TOTO MOJIsl HE0OXO0IUMO:

- UICKJIFOYUTh COMHHUTEIIbHBIE PE3YJILTATHI;

- OLIEHUTH CTAIIMOHAPHOCTH BBIOOPKH;

- ONPEAEIIUTD XapaKTep MOJIYYEHHOIO CTATUYECKOIO PACIIPEACICHHUS;

- ONPEENUTh JOCTATOYHOCTh 00beMa BIOOPKHU U3 F€HEPATIbHON COBOKYITHOCTH.

Boi0opka- 310 ciyyaiitHO OTOOpaHHBIE OOBEKTHl M3 T€HEPATbHOM COBOKYIHOCTH.
[loBTOpHO! Ha3bIBalOT BHIOOPKY MNpU KOTOPOH OTOOpaHHBI O0BEKT (mepen oTOopoM
CJIEIYIOIIET0) BO3BPAILAETCA B T€HEPATBbHYIO COBOKYMHOCTh. [Ipu GecroBTOpHON BBIOOpKE
OTOOpaHHBI OOBEKT HE BO3BPAIIAETCS B F€HEPATbHYIO COBOKYMHOCTbh. [Ipu HCHBITAaHUSAX
UCIIOJIb3YIOT OECIIOBTOPHYIO BBIOOPKY.

UYtoObl MpaBUIBHO MPEACTABIATh T'€HEPATBbHYIO COBOKYIHOCTH BBIOOpPKA JIOJKHA
OBITH penpe3eHTaTUBHOM (TpeICTaBUTENbHON).

IIpr >TOM BO3MOXKHA KOPPEKTUPOBKA MCIIBITAHUM, TAK KaK MOI'YT pElIaThCs JBE
3a7a4u:

- YBEJIMYEHHUEM YHUCJIA 3aMEpPOB YMEHBIIUTH MOTPEIIHOCTh Pe3yJbraTa 0 3aJaHHON
BEJIMYMHBI;

- OPUECHTHUPYSACH Ha IIPOBEIEHHOE YUCIIO 3aMEPOB OLIEHUTH UX TOYHOCTbD.

3.1. TOYHOCTH OLICHOK CJIy4ailHBbIX BeJIMYMH

[Ipu MHOTOKpATHBIX 3aMepax JIOOBIX IOKa3arejeld paboThl MAaIIMHBI B TOJEBBIX
YCIOBUSAX BO3HMKAET 3HAYUTENBHBIA pa3Opoc pe3yiabTaToB. JTa OCOOEHHOCTh Hen30OekHa



Jake TPU CPaBHUTEIBHO OJMHAKOBBIX YCIOBUSX. OOBEKTHBHBIMH U CYOBEKTHBHBIMU
NpPUYUHAMHM TaKOW CHUTYyalldd SBISICTCS BO3HUKHOBEHHE TPYOBIX, CHUCTEMAaTHYECKUX H
CIIy4ailHbIX OLIUOOK.

['pyObie ommOku (poMaxu) SBISIOTCS PE3yJbTaTOM HEOPEKHOCTH WM HU3ZKOU
KBIM(PUKALUY JTUIA, TPOU3BOJAIIETO U3MepeHusi. UToObl HE AOMYCKaTh TaKUX OLIMOOK,
HEOOXOIMMO TINATENBHO pa3palaThiBaTh U OCYIIECTBIATH METOJIMKY IPOBEICHHUS
sKcriepuMeHTa. Yacto rpyOble OMIMOKM BO3HHMKAIOT H3-32 TOTO, YTO H3MEPHUTENbHAS
anmaparypa CBOEBPEMEHHO HE TIpPOBEpsETCs, YCTAaHABIMBAE€TCA HE 10 MECTy, He
YUUTBHIBAETCS CMEILEHUE yKa3aTels C HyJIEBOW OTMETKHU U T.J.

Cucremaruyeckre OMIMOKM BO3HUKAIOT IO MPUYMHAM, KOTOpBIE 3apaHee MOXKHO
MPEABUAETh U ONPEACNIUTh UX YUCICHHOE BIUSHUE HA pe3ynbTar. [[puunHoN 3TUX OmnOoK
ABIIAIOTCS (PaKTOPbI, AEHCTBYIOIINE OJMHAKOBBIM 00pa3oM MPU MHOTOKPATHOM MOBTOPEHUU
OJIMHAKOBBIX  M3MepeHuil. Benuumna cucremaTudyeckol  OmMMOKM  3aBUCHUT  OT
HECOBEPILEHCTBA HM3MEPUTENbHBIX MPUOOPOB (Yackl 0€3 CEeKyHIOMEpa, MHEPLUUOHHOCTD
CUCTEMBI), TEMIIEpAaTypbl M BIAKHOCTU OKpYXalOUIEHd cpejpl, H3HOCAa IOBEPXHOCTEH
pabounx OpPraHoB U Mp.

Cnyualinple OIIMOKHM BBI3BIBAIOT Pa3HOOOpa3HbIe 3apaHee HEU3BECTHBIE MPHUUYMHBI.
OHU He MOJUYUHSIOTCS BUIUMOMN 3aKOHOMEPHOCTH TaK KaK BO3HHMKAIOT MOJ BO3IEHCTBHUEM
MHOTHX (PAaKTOPOB, CpPeAH KOTOPHIX HET JAOMHHHUPYIOMIETO. DTO MOTYT OBITh KOJIE€OaHMS
TBEPAOCTU 0OpabaThiBaeMON IMOYBBI, U3MEHEHHE BJIAXHOCTU WJIM CTENEHH 3aCOPEHHOCTH
XJ1e00CTOs U T.1.

AnmapaT MaTeMaTHYECKOW CTATUCTHKH TPUMEHUM, €CIH Ha WCTUHHBIC PE3yJbTaThl
HAKJIJ[IBAIOTCS TOJIBKO CIy4ailHble OIIHOKH.

[TosTOMy TipH TOATOTOBKE WM TPOBEICHWH HCTBITAHUA HENb3s JOIMYCKaTh TPYOBIX
omn6ok. Ecnu ciayyaiinble U cucTeMaTuyeckre OMMOKHA HaKIaAbIBaOTCS APYT Ha JIpyra, TO
o0pa3yloulytocsi CyMMAapHYIO0 OIIMOKY HENb3sl ONpEeAeNIUTh TEOPETUYECKUM IyTEM.
CucremaTruecKue OmMOKH JOKHBI OBITh MUHUMHU3UPOBAHBI.

HcnpiTatens 0053aH 3HATh TOYHOCTb, C KOTOPOU OBUIH MOJIyYE€HBI PE3yJIbTaThl, HHAYE
€ro BBIBOJABI OyayT OmMUOOYHBIMU. Hampumep, ecinm Tpu CpPaBHUTENIBHBIX HCIBITAHUAX
pa3HHIlA B TOTEPSX 3€pHOM 3a JABYyMs kKomOaiHamu coctaBuia 0,35 %, a ommOka orbITa-
0,5%, TO B 3TOM ciyyae HEIONMYCTUMO JieJlaThb BBIBOJ O MPEUMYIIECTBE OJHOTO U3
KOMOAaHOB.

JUIsi CHWKCHWsI BIMSHUSA CIydalHOW OIIMOKM Ha KOHEUYHBIM pe3yNbTaT BBHIOOpKA
J0JKHA OBITh PENpe3eHTATUBHOM (MIPEACTABUTEIBHOM) MO OTHOLIEHUIO K T€HEepalbHOM
COBOKYITHOCTH, @ TIOCIIE0BATEIbHOCTh OMBITOB JOJI’KHA ObITh PAaHIOMU3UPOBAHA.

VYcnoBust U pe3ynbTaThl, MOJYYCHHbIE MPU UCHBITAHUIX, HEOOXOJIMMO 3alUCHIBATh
HEMEJICHHO, 0e3 Kakoh-11b0o 00paboTKH, HO ¢ YKa3aHHEM JaThl. DTO CBSI3aHO C TEM, YTO
Jake TpU DJIEMEHTAapHBIX pacyeTax B IOJIEBBIX YCIOBHUSIX MOXXHO CcJeiaTh OILIUOKY.
[lonyyennsle pe3ynbTaTbl 0000IIAIOT W O(GOPMIISIIOT B BUAE TaOIUIl WM TrpaduKoB
(puc.17.). Pe3ynbTat sKCriepuMeHTa HaJl CIy4alHOW BEJIWYMHOM BCera ciiydacH. YucioBbie
CTaTUYECKUE XapPaKTEPUCTUKH CIyYailHOW BEIMYMHBI MOTYT OTJIMYATHCS OT HCTHUHHBIX
3HaueHUU. B CBSI3M € ATUM Takue XapaKTEPUCTHKU HA3bIBAIOT «OLEHKWY», MOIYEPKUBAS
BO3MOKHOCTh X HECOBIAJICHUS C HICTUHHBIMU 3HAYCHUSIMHU.
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NHTEPBAaN 3aMepoB

Puc.17. Cnocobbl rpachuueckoro nsodpakeHumn
pe3ynbTaToB UCMbITAHUIA

B mpormecce 00paboTKM ONBITHOIO MaTepuaja BO3HHUKAIOT OIIMOKHU
«OKPYTJIEHUS» UHUCJIOBBIX BEJIMYMH, OIIUOKH «yCeYeHHsD» BbI3BAHHBIC
KOHEYHOH ammpoKcuManue OSCKOHEUHOTO TMpollecca, a TakkKe OIIHOOYHBIN
BbIOOP TeOpeTHYECKOr0 3aKOHA pacnpeejieHus. B 3aBUCUMOCTH OT yCIIOBHi
dbopMupoBaHUsT MaccWBa OH MOXET OBITh MpeIcTaBlIeH 3akoHaMu [aycca,
[lyaccona, BeiiOymnna u T.1.

\f(x),
F(x)

Puc 18. I'paduku pynkuumii F(x) (mo3.1) u f(x) (103.2) m1st HopmanabsHOro (a),
AKCTIOHEHIHaNLHOTO (0) U pacupenenenus BeliOymia (B).

OTU 3aKOHBI BBIPAXKAIOT CBA3b MEXIY BO3MOXXHBIMU 3HAUYCHHUSIMHU CIy4alHOM
BEJIMYMHBI U COOTBETCTBYIOIIMMU BEPOATHOCTSIMHU.

CoOTBEeTCTBYIOIIME OTUM  3aKOHAaM  HENpPEpbIBHbIE  CIydailHble  BEJIMYHMHbI
XapaKTepu3yloTcsl UHTEerpajbHOM (QyHkuuen pacnpeneneHuss F(X) #M  MIOTHOCTBHIO
BeposiTHocTU f(X), KOoTOpas sBisgercs npousBofgHoM oT F(x). Otu QyHKum sBIsAOTCS
pPaBHO3HAYHBIMHM CIIOCOOAMHM ONUCAHUS 3aKOHOB pacHpeleNieHus, XOTS M OTIUYar0TCs
crienuPpuIecKUMU 0COOCHHOCTSIMHU.

Oyukius F(X) mo3BoisieT HEMOCPEICTBEHHO OTCUUTHIBATH 3HAYEHUS BEPOATHOCTEH
nomnajanusl Ciay4yalHOW BeNWYUHBI B 3aJaHHBIM uHTepBasl. OAHAKO MOHOTOHHOCTH F(X)
CKpaJbIBaeT crielUPUUECKUE YePThl Pa3IMUHbIX 3aKOHOB PaCIpPECICHHUS.

Oyuknus f(x), ocobenHo 3aganHas B BuAe rpaduka, 0osiee SpKo OTOOpakaeT ITU
4yepThl (pacnoiokeHne 00J1acTh BO3MOKHBIX 3HaueHUM Ha ocu X (cM. puc. 18), Hanmuuue u
pacnojyio)keHre HamboJee BEpOSTHBIX 3HAUEHU, CTENEHb PacCesHUs CIy4ailHbIX BEJIMYUH,
sKclecc U T.1.). B cBs3u ¢ »TUM oHa HauOosiee ynoOHA AJiS HAIJISIAHOTO IMPEACTABICHUS
CBOMCTB CIIyYalHBIX BEJIMYUH.



Oynkuun  F(x) u  f(X) wucuepmnbiBamoIlie ONKMCBHIBAIOT 3aKOHBI  pacrpe/eleHUs
CIIy4ailHbIX BEJIMYUH, HO M3-3a CBOEH IPOMO3JIKOCTU HE BCEr/a yJIOOHBI JIJIsl MPAKTHYECKOTO
UCIOJIb30BaHUsl. B MH)XEHEepHOW TNpakTUKEe TMPUMEHSIOT YHCIOBbIE XapaKTEPUCTUKH
ciy4ailHpiX BequurH. OHU OTpaKkaroT Kakoe-IuOO OJHO CBOMCTBO 3aKOHA pacIpe/esIeHUs
(nanpumep, HanboJee BEPOATHOE 3HAYCHUE UM CUMMETPHIO U T.11.).

CrniocoObl u3MepeHuii ObIBAIOT NMPAMbIE U KOCBEHHBIE. [IprMephl mpsiMOro U3MepeHus:
nyThb S, BpeMs T u T1.1.

HpI/IMep KOCBCHHOT'O UBMCPCHUA: CKOPOCTh MAallIMHBI V= ?

BosHukaromye ommuOKy MOTYT OBITh a0COTIOTHBIMHU AX;, HJIH OTHOCUTEITbHBIMH &
X

BennunHa ommOKH BOZHUKAOIIEH P KOCBEHHOM M3MEPCHHUH 3aBUCUT OT XapaKTepa
¢dbyaknuu. [Ipy cyMMUpPOBaHMH WIIM BRBIYUTAHUH CIIYYAHBIX BETUYHH X| U X, MaKCUMajIbHas
ommnOKa CYMMBI WM pa3HOCTH paBHa (AX; + AX;), a OTHOCHTENbHas OIIHOKa
(Ax; +Ax)) — (AX1+AX2)_

(31 +x2) [x1 —x]

[Ipy yMHOXEHHWM WM JEJICHUM JTHUX JKE€ CIIYYaWHBIX BEIUYMH MaKCHUMaJIbHAs
abcoytoTHas omuOKka paBHa (X;AX,+ XpAX(); a OTHOCHUTEIbHAs OIIMOKa paBHA CyMMe
OTHOCHUTEIIBHBIX OIMHOOK ATUX BEIHYHH, T.€. (AX(/ X;+ AXy/ X3).

Ommobka T-M CTEMEHW KaKOoro-TuO00 OCHOBAHHUS B I pa3 OOJIbIIE OTHOCHTEIbHOMN
OIITMOKH OCHOBAHUSL.

Hampumep: cMeHHas IpOU3BOIUTEILHOCTD arperara:

COOTBE€TCTBCHHO

W, =0.1B-V T, :O,lB-Ti-T())

N
rae B u V- mupurHa 3axBarta U CKOpOCTh arperara,
Ty - uucroe pabodee BpeMs 3a CMEHY,

Su Tg - nyTh ¥ BpeMs1, 3aMEPEHHBIE ITPU ONPEIEIICHHON CKOPOCTHU arperara.
[IpenenbHas oTHOCUTENBHAS OMIMOKA MPU onpeaeneHun Wey, paBHa:
Ax Wem) _ i( Ag(B)  Ak(S)  Ax(Ts) Ak (To)]_
Wem B S Tg T
OpI/IeHTI/Ip}UICB Ha IMaCIIOPTHBIC JaHHBIC HpHMCHCHHOfI alIIapaTypsl MMOJIYYHUM:

ARTVEM) _ 10,25 40.25+0.55+0.85) = +1.9%.
Wem

3.2. Uckia0ueHHe COMHUTEIbHBIX Pe3yJabTaTOB

B mnoneBbIX yCIOBHUAX KOJMYECTBO 3aMEPOB 3aBUCUT OT HMX TPYAOEMKOCTH U
mutenbHocTH. Hampumep, 40...50 3aMepoB BBICOTBI CTEpHU PaBHOLIEHHHBI 1...3 3amepam
MOTEph 3a BAIKOBOM >kaTko. [yt onpeenieHus cpeaHeit TiyOruHbI TaX0Thl ¢ TOYHOCTHIO 1%
HeoOxonumo 190 3amepoB, a ¢ TouHocThio 2% -50 3amepoB. OnHAKO, B MPOU3BOICTBEHHBIX
YCIOBUSX arpOTeXHUYECKUM NOnmycK Ha riayOuHy ob6pabotku 5...7% u Toraga JAOCTATOYHO
15...20 3amepoB. Cpenu »5>TUX 3aMEpOB HE JIOJDKHO OBITH OIIMOOYHBIX U JlaXKe
COMHHTEIbHBIX.

[IpyunHON TOSIBIEHUSI PE3YIbTATOB HEXAPAKTEPHBIX [UIsI M3y4aeMoro mpolecca
ABIIIOTCS «IIPOMaXM» WU BIMSIHUE HEYCTAaHOBJIECHHBIX (DAKTOPOB.



JUIS ~ WCKIIOYEHHS  TaKMX  pPE3yJbTaTOB TNPHMCHSIOT  TapaMeTpUYECKUe U
HenapameTpudeckue Metoabl. [lapamerpuyeckne metonsl (CthrogeHta, dwuirepa u ap.)
CTpOSITCSL HA OCHOBE MAPAMETPOB x M & BHLIOOPKHM M 00aJaloT CHIILHON «pa3peraromeii»
CIIOCOOHOCTBIO.

Ecnmm BBIOOpKAa COOTBETCTBYET HOPMAJIBHOMY  PACIPEICICHUIO  HCIOJIB3YIOT
napamMeTpPUYECKHH METO/I OCHOBAHHBIN Ha HCITOJIb30BAaHUU MPeNeIbHOT0 MOJIsi PaccesTHHsI.

B coorBercTBUHM € 3TUM YCIIOBUEM, €CIIH ‘X —X‘ >tp G, COMHHUTENBHBII pesynprar X

UCKJItouaeTcsa. B 3ToM BbIpakeHUN:

X - cpenHeapuMeTHUECKAs BEIMUHHA,

O - BBIOOPOYHOE CPETHEKBAIPATUUECKOE OTKJIOHEHHUE, (CTaHAapT),

! g- xpurepuii CTBIOACHTA, T.€. YHCIO, 6 KOTOPOC HYKHO OTIOKHUTEH BIPABO W BICBO OT

LEHTpa TPYNIUPOBAHUS 3aMEPOB, YTOOBI BEPOSITHOCTh MPABUIBHOIO OTBETA paBHsIach f3.
O6w1uno mpunuMatror $=0,7...0,95.

Kpurepuii CThroieHTa TTO3BOJISET OIEHUTHh BEJIUYUHY IMOTPEITHOCTH CTATUCTUUECKUX
napaMeTpoB BBIOOPKM 10 OTHOIIEHHWIO K AaHAJOTHYHBIM [apaMeTpaM TeHepaIbHOU
COBOKYITHOCTH, WJIM TI0 OTHOIIEHHUIO K IPYTroi BHIOOPKE.

Ho on mpumenuM, eciu Aucrepcuyd BbIOOPOK OJHOPOJHBI U MUMEIOT HOPMAJIbHOE
pacripeeyeHue.

3agaya. HMmeercs  yuciaoBoil  MaccuB 20 ONBITOB  BO  BPEMEHHOM
MOCJIeA0BATEILHOCTH[ S |:

3.68; 3.11; 4.76; 2.75; 4.15; 6.08; 2.95; 6.35; 3.78; 4.49; 2.81; 4.85; 3.27; 4.08; 4.51; 4.43;
3.43; 3.26; 2.48; 4.86. U3zmepenue X;=6,35 COMHUTEIBHO W €T0 HE YYUTHIBAEM MPHU
onpenenesny X u & , Toraa
19
pRS
xoizl 7251
19 19
19
&= |3 (x; - X =0.805.
19-1 1

Ilpu g =0.95 u N=19 xoodpduuuent 5 =2.09 [1],a tg -6 =2.09-0.805=1.682.

=3.82;

Tax KaK‘}—XmaX‘:|3.82—6.35|:2.53>1.682 TO 3aMep Xy, =0.35 CleayeT UCKIIOYHUTh U3

BBIOOPKU € BEPOSITHOCTHIO 95%.

HenapameTrpuueckre MeTOABI MO3BOJSIOT IMOJIYYUTh CTAaTUCTUYECKHE OLICHKU
BBIOOPOUYHBIX XapaKTEPUCTHK O€3 OmNpenesieHUsT 3aKOHOB pacIpe/eNieHUus CIy4aiHbIX
BEJIMYMH M JIa)Ke BBIIABIDXKCHUS TUIIOTE3 0 HUX. [IpuMeHeHne HemapaMeTpuuecKuX METOO0B
oOecreynBaeT TOYHBIA pe3yJbTaT TOJIbKO IpH O00JbIIOM 00beMe BbIOOpKHU. Yalle Bcero aTu

METOJIbl HEe OMUPAIOTCA HA X U O | 3 0CHOBBIBAIOTCS HA PA3HOCTH 2-X HAMOOIBIINX HIIH
HAaMMEHBIIUX YHUCEeN BBIOOPKHU PACIONOXKEHHBIX TocienoBaTesnbHo. [lo HUM ompeaenstoT
pacueTHbli kpuTepud UpBuna

A

Xy X
p =2t _—Al

o)
Eciu 2, > A7, TO pe3yabTaT OTOpaChIBACTCS C JOBEPUTEILHON BEPOSATHOCTHIO f3.

3amaya. PacnmonmaraeM B psag 1o Bo3pacrarouied  N=/2 pe3ynbTaroB  OIbITa
3,4,5,6,7,7,8,9,9,10,11,17.
Jlnst oToro maccusa X =8; 6=3.71, Xy ,.;=17; Xy =11, Torna



17-11
-1 16
P 371

Hnsa N=12 m =095 tabnuunoe 3Hauenue Ap=15 . Tak kak Ay <Ap, TO

COMHUTEJBHYIO BEIMYMHY X p/,; OTOpachIBaeM.

3.3. loBepuTeibHbIE HHTEPBAJBI 1JI51 OLEHOK MATEMATHYECKOIr0 OKUAAHUS U
AUCTIEPCHUH .

B KOHKpEeTHOM OIBITe CiydaliHas BEIMYMHA MOXKET MPHUHATH OJHO W3 MHOXECTBA
BO3MOXHBIX 3HAUCHWH. 3ajauell HMCCIENOBATENS SBISICTCS OIpEICIeHUE HWHTEpBala, B
KOTOpOM OHa OKasbIBaecTcs. JlOBEpUTENbHBIM WMHTEPBAT JOJDKCH HAKPBITh OJWH U3
rCHEPAIILHBIX MTAPaMETPOB C BEPOSATHOCTHIO

P@G-s<a<a+e)= PQE—a|<g):ﬁ ,
TJIC @ - OJIUH U3 TeHEePabHBIX MapaMeTPOB;
a - OJIHA U3 CTATUCTUYECKUX OLIEHOK ()? UG );
& - ormyctuMoe orpannuenue(puc.19).

Ip

min a a Dmax

A
q
A 4

1Y
Ladl

Puc.19. Ilonoocenue eenepanvrho2o napamempa

CrnenoBaTellbHO, C BEPOSATHOCTBIO [ HMCTHHHOE 3HAYCHUE ¢ HAXOJIUTCA B

JTOBEPUTEITLHOM UHTECPBAJIC
1 B =(azteg).

Benmnuuna & 3aBucut oT N, [ W M3MEHYMBOCTH HM3ydaeMoro mpoiecca (00beKTa).
Tonbko ipu OonbioM N ToueyHas OIICHKA @ MPHOIMKACTCI K a .

HNuTepBanbHas OIEHKA XapaKTepHU3yeTCs TOYHOCTBIO M JOCTOBEPHOCTHIO. TOYHOCTH-
3TO IIMPHWHA HWHTEpBAJIa OTPAaHUYHMBAIONICTO YHCIIOBYIO XapaKTEPUCTUKY TEHEPaTbHOTO
napameTpa. JlOCTOBEPHOCTH-3TO BEPOSTHOCTh HAXOXKIACHHS OTOH XapaKTePUCTHUKH B
ONpeJIeICHHOM HWHTepBaje. Ilpu QUKCHpPOBaHHOM 00BEME MCXOMHBIX CTATUCTHYCCKUX
JAHHBIX BCSKAs MOIBITKA MOBBICHTh TOYHOCTH (YMEHBIINUThH ITUPHHY HHTEPBaJa) HEU30EKHO
MPUBOJIUT K CHIDKCHHIO JJOCTOBEPHOCTH M HA00OOPOT.

NHTepBanbHas OLEHKa MaTeMaTHUECKOTO OXKMAaHUsS MO BBIOOpOUHON cpemHeil X

= (o)
apsietTcs [p =X tig N

c
IJle 1 -—— =& - TOYHOCTb OLICHKU;
p VN
N - 06b€M BBIOOPKH;
[Tpu noBepUTEIHPHOM UHTEpPBAJIC CHMMETPHYHOM OTHOCUTEIHHO MAaTEMATHUECKOTO

o e o
—l‘ﬂﬁ<m< +l‘ﬂﬁ

OXHJAHUS €T Mpeaeabl X



D10 HepaBeHCTBO chpaBeanuBo npu N>30, npu wmeHbmieM N rpaHuUbl I
reHepajbHbIX [apaMeTpPOB HEONpaBJAaHHO pa3ABUraroTcs. YToObl H30€)aTh  ATOM

IOrPENIHOCTH IPUHUMAIOT X ~1f N <m<X+tp NI

WuTepBan 1is cpeIHETO KBapaTHUECKOro OTKJIOHEHUS MpH JitoOoM N

~ o ~ o
G—tﬂm<o<a+tﬂm
WNHTepBan i CpeHEro KBaApaTUYECKOTO OTKIOHEHMS MOXKHO OIPENENIUTh U 10
JIPYTON 3aBUCUMOCTH
o-(I1-g)<o<o-(1+q) npu g <1, unu
O0<o<o-(1+q)npu g >1,
€

rae q==

OTmeTuM, 4TO MpHU yBEIMYEHUH N TOYHOCTH OLIEHKU YBEJIUYUBAETCA, a YBEJIMUCHUE
OIICHKHU HaA&KHOCTH [ BIEYET 3a COO0H YMEHBIIICHHE €€ TOYHOCTH.

3anaua. [locne nmposenenus onbita 3 N=40 3amMepoB 10 3TOM BHIOOPKE ONMpEIEICHbI
X =25u & =4. OpHeHTUPYACh HA HOPMATHHOE paclpesielieHnue ONpPeaeIUTh TPAHHIIEI JUIS
MaTEeMaTUYECKOTO OXHUAAHUS M MU CPEJHEro KBaJIpaTUUYECKOrO OTKJIOHEHHS o, MPUHSAB
S =0.95. Takas HaA&KHOCTh YKa3bIBACT, YTO €CIU MPOBEAEHO OOJIBIIIOE YMCIIO UCTIBITAHUH,
T0 95% W3 HUX ONMpEeNeNsIOT UCTUHHBIE JOBEPUTENIbHbIE UHTEPBAJIbI, JHIb B 5% ciydyaeB
MCKOMBII MapaMeTp MOXKET BBIWTHU 3a TPaHUIIbl JOBEPUTEIBHOIO MHTEPBAIA.

s yenosuit 3anauu tg=2,02. IHTEpBai 1715 MaTeMaTHYECKOIO OXKHMIaHUS

Ip= 25+ 2.02-i =25+1.27=23.73...26.27.

J40

Koadpumment
g=227_0317

I/IHTepBaJI I CPCAHCTO KBAAPATHICCKOI'O OTKIIOHCHUA:!
4-(1-0317)< o <4-(1+0.317) wmu 2.73 < o <5.27.

3apaua. Tsrosoe conpoTuBiIeHUEe MalIMHBI U3Mepsiock N=28.pa3. I[Ipu sTom ero cpeanss
BenuuuHa X =5020 H, a cmanoapm o =630 H. Jlna  ypoBHsa  3Haummoctu  0=0,05

(IBYCTOpOHHSII KpUTHYecKas o00JacTh) ONPEAEIUTh MpeAeNibl JUisi MaTeMaTU4eCcKOoro
OKUJIAHUS U CTaHJapTa.
B namem ciydae 7g = 2.05, Torna

630 <m<5020+2.05- 630

\V28-1 \V28-1
5020-248 <m <5020+ 248, TO €CTb 4772<m <5268 H.

Koadpdunuent g = % =0.394

5020-2.05-

L, UTU

I/IHTepBaJI I CPCAHCKBAAPATUICCKOTI'O OTKIIOHCHUA
630-(1-0.394) <0 <630-(1+0.394), maxum obpazom 382<c <878 H.

HpI/I OKCIIOHCHIIWAJIBHOM PACIIpCACICHUH, CBOMCTBEHHOM MOKa3aTeIIsIM Haﬂé}KHOCTI/I,
I'paHUbI IJ11 MAaTCMATHYICCKOTO OKUIAHUA



i=1 i=1

> <m< 7 R
%a( ) X o

2V (1—2)@)

rae ;(2 -(XH - KBaJpaT)- KBAaHTWIH PACIPEJCIICHUSI, COOTBETCTBYIOLINE 7 U BEPOSITHOCTIM
al2u(l-a/2),

r=_2- N - 4ucJIo CTeneHeH CBOOOIbI;

N- auciio HaOJIIOIEHHA.

Tak xak a =1—f, 10 (1—%j=];ﬂ.

N
Ecnu Bce X; 0qUHAKOBEI 110 BEIUYUHE, TO in =N-Xj.

i=1
3amaya.  JlaGopatopHass ~ ycTaHOBKa  BKJIOYaiach 15  pas. Cpennsis
NPOJIOIKUTENBHOCT BKIIOUEHUH X =45 4. npu & =42 u. OnpenennTs rPpaHuIlbl s m Ipy
$=0.8. bausocts X 1 & XapaKTepHa Jisl SKCIIOHEHIMAIBHOTO PAacIpe/IeeHHUS.

OHpCIICJISIeM BCIIOMOI'aTCJIbHBIC 3HAUYCHUA !

r=2-N=2-15=30;% =98 _o1[1-%)=00;
2 2 2
TaOJIMYHBIC 3HAUCHUS ;(51,30 =40.3,

2 .
Pemas, momyuum:
2-15-45 _335<m< 2-15-45
40.3 20.6
Ecnu mocuutath 3TO pacnpeneneHue HOpMalbHbIM, TO JJIS HETO KOd(phUneHT

=65.5u.

CTtrpr0zI€HTA t(B; f)=t(0,8; 14)=1,345. ['paHuUbI TSI MATEMATUYECKOTO OKUTAHUS

<m<45+1.345- 42

42
J15-1 J15-1

OKa3bIBalOTCs OoJjiee Y3KHMH, YEM IIPH SKCIIOHCHIMUAJIbHOM PACIIPCACICHHH.

45-1.345-

,um 30<m<60y

3.4. OnpenesieHue 10CTATOYHOCTH 00bEMA BBIOOPKH

Pemenue »srTon 3ala4l  HCPA3PBIBHO CBA3daHO C OIPCACIICHUCM JOBCPUTCIIBHBIX
HUHTCPBAJIOB IJISI TCHCPAJIBHBIX IMAPaAMCTPOB. MATCMATHYCCKOTO OXKUIAAHUA m U JUCIICPCUU

2 .. o o
D =0". O0bM BeIOOpKH N ompeaessieTcss U3 YCIOBUS YTO MPH 3aJaHHON JIOBEPUTEIBHOU
BEPOSITHOCTH [ XOTsI OBl OJIMH M3 F'eHEPabHBIX TAPAMETPOB OKKETCS B MHTepBayie [ B

I/ICHOHBSYH BBIPAKCHUC JIsI TOYHOCTH OLCHKHU MATCMATHYCCKOI'O OXHWIAHH:. (CM

m.3.3)
E=ip- o ,
N -1
MuHuManeHbIl 00BEM BBIOOPKH MPHU KOTOPOM oOecnevyrBaeTcsl 3aJlaHHas TOYHOCTh
BCJIIMYHNHBI m




t2 -52
B

N > +1.

&
Merton onpeneneHuss 6 3aBUCHUT OT XapakTepa ciaydaiHoil BenuuuHbl. Eciu 3amepbl
UMEIOT aJbTEPHATHBHBIM XapakTep (OpakoBaHHbIE WM TOAHBIC JETalM, UEIO0€ WU

IpoOIEHHOE 3€pHO U T.I1.), TO
o =P (1-P),

rie P - BeposTHOCTh NOSIBICHUS B BEIOOpKE NeeKTHBIX u3aenuil. B atom ciyuyae:

t5-P-(1-P)
Nz———+],
&

Ecin 3aMCpPbl UMCIOT HCHpCpBIBHBIﬁ XapakKTep, TO 5 JJIA BBI60pKI/I OoIIpCaACIIACTCA 110
HN3BCCTHBIM IIPpaBUJIAM.

[Ipu pemeHun HEKOTOPHIX 3a7ad BeJIWYMHA AaOCOJIOTHOM MOTPEIIHOCTH, &,
HeusBecTHa. B aTtoMm ClIydac BMCCTO HEC MOKHO 3a1aThCA I[OHYCTHMOﬁ CTCIICHBKO TOYUHOCTH
2
t5(1-P
p(1-P)

€ .
AP = » H TOI/1a HCKOMBIH 00BeM BBIOOPKU N = +1.

P(AP)?

3apaua. Ilpu BBIKONKE CBEKJIbl MOXKET MNPOUCXOIAUTH MOBpexkaeHue KophHeil. Ilo
HOPMATHUBHBIM JOKYMEHTaM JOMycKaemasi BEpPOATHOCTb TaKOro mnoBpexaeHus P=0.12.
Onpenenmute N mpu [ =0.95, £=0.05. Pemaem 3amady HCHOIB3YsS METOJ HUTCPAIUH
(mpubnMxeHus).

Brauaine npunumaeM, Hanpumep N=60, torna 5 y =2.0 1

2
.2 -0.12-(1-0.12)
0,05
Hst atoro N' koo durment ¢ g n=1.96, u toraa

N =162 KOpHA.

1.962-0.12-(1-0.12)

2

0.05
CrnenoBartenbHO, B BEIOOpKE U3 /65 KOpHEH (pakThueckasi BEpOSTHOCTh MOBPEKICHUS
Fp=012+0.05=0.07..0.17, Te. 7..17% u O5T0 COOTBETCTBYET HOPMAaTuUBY C

N> =165 KOpHEN.

BEPOSATHOCTHIO 95 %.
3agaua. B cooTBeTCTBUM € arpoTpeOOBAHUSMU BCXOKECTh CEMSIH MOPKOBH JTOJIKHA
ObITh HEe HWKE 75 %. CnenoBatenbHo, P=1-0.75=0.25. Ilpu S =0.95 onpenenuts 00bEM

BBIOOPKHU, KOTOPBIN 00€CTIEUUT & = ‘m— X ‘ <0,05. Vcionp3yst METOJ MPUOIKEHHS TIPUMEM

24 _
BHauane, HanpuMep N,=30, toraa t3=2.04, a Nj = 2,047 *0.25(1-0,25) =312 cemsH.

0,052

B sToM ciyuae ¢ B =1.96 1 TOrIa OKOHYATEIHLHO

1.96%.0.25(1-0.25)
0.05%

B Ttakoii BbIOOpKE BEpOSTHOCTH MOABICHUS HEBCXOxux ceMsH (0,25+0,05) T.e.
20...30%. B »tom cnydae u3 288 ceMsiH MyCTbIMU OKaxyTcs J§..86wm. u 310 OyAeT
COOTBETCTBOBATh arpOTPEOOBAHUSAM C BEPOATHOCTHIO 95%.

3agaya. Ilpy MHOrokpaTHOM H3MEpPEHUMH OJHOTO U3 pPa3MEPOB  JeTalln
nonyumnuG; =0.7 um.  IlpuMeHeHue  Gojsee  TOYHOTO  HMHCTPYMEHTA  IO3BOJIUIIO

N = =288 ceMsH.




MOJYYUThb Gy = 0.4 mu. [lpunsaB B =0.95 u € =0.3 mm ONPEAETUTH YUCIO 3aMEPOB KAXKIBIM

U3 UHCTPYMEHTOB, OPUEHTHUPYSCh HAa 00ecreueHne TOUHOCTH 1.
OnpenenuM BenUUHHY ¢ Kak aprymeHTa ¢pynkuuu Jlamnaca.

B

(D(t) = 5 =0.475, torna t =1.96 (Ilpunoskenue 2), U s IEPBOro HHCTPYMEHTA!

' 1.96%-0.72
Ny =————~=21+1;011 0OoJiee TOYHOTO HWHCTPYMEHTA YHCJIO 3aMEpPOB:

0.32

n 2'. 2
N _1.967-0.4 ~Til

0.32
OtmeruM, uyto npu =095 u N=o0, kak CclIeayer U3 YCJIOBHS 3a1adu
tp=t=196 (ITpunoxenue 4). CnenoBaTenbHO, 71 OOJIBITUX BHIOOPOK MOXKHO HUCIIOJIB30BATh

kak kputepuit CThro/ieHTa Tak u Gynkuuto Jlamiaca.
3apmauya. I[IpoBeneno 14 wu3MmepeHuidd BpeMEHU BBITPY3KH 3€pHa U3 OyHKepa.
[Monywyennas undopmanus : 100, 100, 110, 115, 120, 120, 110, 120, 130, 100, 110, 100, 85,
105 cex. OnpenenuTs MUHUMabHBIA 00beM BBIOOPKH, YTOOBI OLTMOKA B ONPEEICHUH 11 HE
npeBblaia 3%, a B onpeaeneHnun o He npesbimana 20%.
[Mpunste P=0,95. Bribopka mNpuUHAIIEKUT K  HOPMAJIbHOM  Te€HEepaJbHOM
COBOKYITHOCTH.

AHanu3 BeIOOPKH MOKa3bIBACT, UTO BpeMs 85C SABISETCS COMHHUTEIbHBIM. [loaToMy
BHayaj€ IMPOBEPHUM, MPUHAJIEKUT JIM OHO K PpacCMaTpUBAEMONl TIE€HEpAIbHOU
coBokymHOcTH. [IpoBOMM NpeBapuTEIbHBIC pacueThl 6€3 ero yJyera.

i:%(100+100+110+...+100+105)=110c,

&= \/1#(102 +10%2 402 +..+102 +52)= 9.8¢.

Pacuérnas BennunHa KpUTCpUs CTBIOI[CHT&’

min max
|X,~ - xm |

T

Jmwt v=n—-1=13-1=12 wu «=0,05 rabmnunas BennumHa t, =218
(Ilpunosxenue 4). Iockonbky t, >ty , To 3amep 85 ¢ MOXHO cuuTaTh Ipy6Oii OLINOKOM, 1

MBI €I'0 UCKJIFOYAaCM H3 I[ElJ'IBHCﬁHICFO pPaCcCMOTPCHHUA.
IIo YCIIOBHUIO 3a1a9Y1 TOYHOCTh OICHKHU MATCMATHYCCKOI'O O KU AAHHWA:

ey =0,03-110=3,3c , a CpEAHCKBAAPATUICCKOTO OTKIIOHCHUS
&5 =0,2-9,8=196¢.

MuHHMaJIbHBIH 00BEM BBI60pKI/I, MMPUMCHHUTCIIBHO K OIPCACICHUIO MATCMATUYICCKOI' O
OXHIaHUA.

222 2 02
t7o 218~ .

Ny > T2 _2I8 29’8 =423amepa.
gy 3,3

MuHuManeHbelii 00b€M BBIOOPKM NMPUMEHHUTENBHO K OINPEICICHHUI0 G OINPEACIuM ,
BBIYHMCIIUB [IPEJBAPUTEIIBHO:



éo _196 _
& 9,8

0,2.

[To Tabnune (Ilpunoxenue 9) ompenenum, uyro P=0,95 u q=0,2 cCOOTBETCTBYET
Ny=50 3amepos.

CrnenoBatenbHO, JJIsI BBIMOJHEHUS TpeOOBaHUM 3amauyu HeoOXoaumo mpoBecTH 50
3aMEpOB.

3apavya. OnpenenuTh YUCI0 OTPEMOHTUPOBAHHBIX U3JEIHI, KOTOPbIe HEOOX0IUMO
UCIIBITaTh I OOeCleyYeHus: BEPOATHOCTH Oe30Tka3zHoil pabotel P=0.9 u crenenu
tounoctu AP=0,1. Ilpunsars =0,8. BeiOopka umeer HopMaabHOE pacipeiesieHue.

1.28%(1-0.9)

7R 18 u3nenu.
0.9-0.1

st N =co BenuuuHa tg=1.28, Torna N' =

Hus N'=18 BenuuuHa tg=1.33, yTOYHUM KOJIMYECTBO U3JEIUN

_1.33%(1-0.9)

N
0.9.0.12

~ 20 U31eJInM.

OtMetuMm, 4yTO ¢ yMeHbIleHHeM P BenuwumHa N yBeIWUYMBAETCS IOTOMY, YTO
yYMEHBIIIAeTCsl JTIOBEPUTENIBHBIM HHTEpBaid. Hampumep, s ycinoBuid »TOHM 3amauu, Npu
P=0,7 nonyunm N=76 uzgenui.

CamocrosiTeibHass padora.

JIns HOKEPUBEEHHBIX YCIOBUM OMpPEeINTh MUHUMAJIbHBIE OOBEMBI BHIOOPOK,
qTOoOBl ~ OmMMOKAa B OMNpPEACICHUHM MATEMAaTHUYECKOTO OXKHMJAaHHWS He TMpeBblmana 5%.
[Tpunsare B=0,95. TlpennaraeMbie BBHIOOPKM M3BJICUEHBI W3 HOPMAIbHBIX TEHEPATbHBIX
COBOKYITHOCTEH.

3aganue 1. [Totepu cBOOOIHBIM 3€pHOM MOJI BAJKOM 3a KATKOW OMpPEACIsUIUChH B 46
ombITax U coctaBuin Ha 1 m”: 0,5r-4 pasa; 0,6r-4 pasa; 0,7r-7 pas; 0,8r-12 pas; 0,9r-9 pas;
1,0r-6 pas; 1,1r-3 pasa; 1,2r-1 pas.

3amanue?. B 46 naBeckax u3 100 3épeH miueHuubl, B3sITOW M3 OyHKepa KomOaiiHa,
OOHapyX EHO CIIeYIONIee KOJUYECTBO TpaBMUPOBaHHbIX 3€peH: 0-12 pa3, 1 3epHo-10 pa3,

2 3epHa-9 pas, 3 3epHa-7 pas, 4 3epHa-5 pa3, 5 3épen-2 paza, 7 3€pen-1 pas.

3aganue 3. Ilpu oGcnemoBanuu 10 koMOaliHOB WX JHEBHash MPOU3BOIUTEIHLHOCTH
coctaBuia: /3 ea-2 xombOaliHa, 2/ ca-4 xomOaiina, 32 ea-3 xomOaiina, 33 ea-1 xombaiiH

3aganue 4. [Ipu onieHke kKadecTBa pabOTHI XKATKH BBITIOJHEHO 37 3aMEpPOB BBICOTHI Cpe3a
cTebeit (B cm):
20,23,25,24,27,23,30,26,22,18,24,21,26,19,21,16,20,21,24,23,26,27,18,19,22,23,20,24,21,20
,16,19,24,21,29,18,20.

3aganues. Jyis onpeneneHus NponycKHON crmocoOHOCTH KoMOaiiHa caenano 10
3aMepoB: 3.7, 4.2; 5.7, 5.2, 5.4, 4.8, 4.9, 4.7, 4.9; 5.1 ke/c.

3ananue 6. [ToTepu OT €CTECTBEHHOTO OCBITAHUSI MIIIEHHUIIBI HA KOPHIO (8 2/Mm°)
coctapmwiu: 0.2; 0.3; 0.1, 0; 0.7, 1.3; 1.1; 0.4, 0.7; 0.8.

3aganue?/. B pesynprare 35 3aMepOB B MOJIEBBIX YCIOBHUSAX PEANbHOMN IIMPHUHBI 3aXBaTa
xatku JKBH-6A nmonyuensl cienyrommue: 5.6 u-1 pas; 5.95 m-2 paza; 5.9 m-4 paza; 5.85 m-3
paza; 5.3 m-7 pas; 5.65 m-3 paza; 5.75 m-6 paza; 5.70 m-4 paza.



4. AHaIM3 pe3yJibTATOB UCIILITAHMIA.
4.1. O0mmii moaxonu.

Hcnonb3ys pe3yabTaThl HCIIBITAHUN PEIIAIOT CIEAYIONINE 3aJaUH:

— IlpeacraBieHue CTaTUCTUYECKOTO Marepuana B Buje Tabaul, rpaduKoB WU
TOYEUHBIX XapakTepucTUK X M &. Kakaoe U3 mpeacTaBIeHMi HMeET JO0CTOMHCTBA. Ho BO
BCEX ClIy4asiX HE0OXOJMMO YCTAaHOBHUTH I'paHUIIbl U3MEHEHHUS (PUKCHUPYEMOro IapamMmerpa
WM Tpoliecca.

— CpaBHEHHE CTAaTHUCTHYECKUX XapaKTEPUCTHUK IO BBIOOpPKAM IMOJYYEHHBIM IpU
UCIIBITAHUSIX PA3TUYHBIX OOBEKTOB WM B Pa3HBIX YCIOBUSX.

— Ol1eHKa BEPOSITHOCTHBIX CBSI3EH:

a) «IIpUyYMHA-cIeACcTBHe». Hampumep cKopocTh KaTKU U €€ pealibHas HIUpHUHA
3axBara; yrioBas CKOPOCTh MOJOTUIBLHOTO OapabaHa M Mpolecc APOoOIeHHUs
3epHa U T.]I.

0) Mexay (akTopaMu UMeEOIUMH oOlyt0 npuuuHy. Hampumep, nnuHa u
HIMpUHA 3epHa, paboyasi CKOPOCTh C.-X. MALIUHBI U €€ HaJEKHOCTb U T.1.

— Brigenenue cyliecTBEHHBIX TNPUYUMHHBIX (akTopoB. Hampumep, BBITSKKA U
paspyllieHrue LEeNnd 3aBUCUT OT TOYHOCTHM YCTAHOBKM 3BE3JI0YEK, MPEIBAPUTEIHLHOTO
HATSKEHUS LEeNU U AMHAMUYECKUX Harpy3o0K.

[Ipy ucHbITAaHUM OMNpPEAENAIOT HE WCTUHHYIO BEJIMYMHY BXOJHOW WJIM BBIXOJHOMU
BEJMYMHBI, @ €€ CTAaTHUCTUYECKYI0 OLEHKY. JTO OOBSCHSAETCA TeM, 4TO BbIOOpKa Bceraa
MEHbIIE TeHepalbHOM coBoKynHOCTHU. [lonmyueHHass cTaTUCTUYECKas OILIEHKa JOJKHA
COOTBETCTBOBATH 3 TPEOOBAHUSM:

1) Hecmeménnocts. Onenka X He JOIKHA PEryIsSpHO OKA3hIBATHCA OOJIBIIE HIIH
MEHbIIE UCTUHHOTO 3HAYCHUS «71»

2) CocrosTenbHocTh. C yBenuueHHEM 00BbEMa BHIOOPKHM X JOIKHA HPHOJIMKATHEC K
«my. DTa XapaKTEPUCTHKA TIPOSBISLETCS B KPUBBIX TUIOTHOCTEH pacnpenenenus.(puc. 20)

helbelt Frefbets e
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FPuc. 20.Iinomuocme pacnpedeienis cCAy4aiinotl geauyunsl

3) Onenka 3¢ dexTrBHA, €CIM AUCIEPCUsS MUHUMAJIbHA, T.€. MEHBIIE Pa3zopoc «Ay.
Merton pacuéra D 3aBUCHT OT XapakTepa pacrpeesieHHus.



BremHuil BUI KPUBOM XapakTepa pacupelesieHUs IO3BOJISET CHIENIaTh HEKOTOPBIE
BBIBOJIBI O (PU3UYECKON MPUPOIE PETUCTPUPYEMOTO MPOIIECCa.

KonokonooOpa3suelii Bua kpuBod ['aycca (puc. 21.a) BO3HHMKAeT €CiaM IpoLEcC
3aBUCUT OT MHOTHUX ()aKTOPOB Cpelld KOTOPBIX HET TOMUHUpYOMUX. Jlepopmanus KpuBoii
["aycca (puc. 21.0) cBUAETENBCTBYET O TOM, YTO (DAKTOPOB MHOTO, OHM MOT'YT UMETh PA3HYIO
HAIPABJIECHHOCTb U CPEIU HUX €CTh JOMUHUPYIOLIUE.

A% e

N

a a

Fue 2T Homrocmy pacmpede/tHil O0pasoiasbix MHOZUMY CHauHsm BomuHamy

Ecnm mporiecc xapaktepusyeTcsi SKCHOHEHIIMATbHONW 3aBUCUMOCTBIO (puc. 22), TO
qamie BCEro, 93TO CBUJIETEIBbCTBYET, YTO (PAKTOPhl HU3MEHSAIOT pe3yJbTaT B OIHOM

HarpaBJieHUH (YBeJIMUUBasl Uin ymeHbias ero). Cpenu pakTopoB eCTh JOMUHUPYIOIIHE.
A A

P, % P %

v
v

Puc 22.Yowisarowas u so3pacmarowas 3KCnHOHeHMbl.

4.2. OnpeaesieHue Xapakrepa CTATUCTHYECKOr0 pacnpe/eeHnsi BHIOOPKH.

Pa3HooOpa3ue ycnoBuil paboOThl C.-X. TEXHUKH OOYCIaBIMBAaeT MHOrooOpasue
MoOJIeJIell  pachpenesieHHs] BbIOOPOK, TIOJYUYCHHBIX TP UCIBITAaHUAX.  BakHeilmei
XapaKTEPUCTUKON CIy4alHOW BETWYMHBI, KaK CHUMBOJIA BBIOOPKH, SIBJISIETCSI XapaKTep e€e
pacripejielieHUs: HOpMaIbHbIN, KCIIOHEHIIMANBHBIN, CTeTIeHHOM, mo Beibymny u T.1. Bung
pacnpeneneHus Cly4allHON BEJMYHUHBI MO3BOJISIET UCKIIOUUTh HEXapaKTEPHBIC PE3YJIbTATHI,
ONpEeNEIAeT METOIUKY PACUETA U aHAIN3a PE3YIbTATOB UCIIBITAHUS.

B Hacrosimee BpemMs HET METOJa MO3BOJSAIONIETO HEMOCPEICTBEHHO M OJHO3HAYHO
MOJIYyYUTh W3 CTATUCTUYECKUX JAHHBIX MOJIEJIb 3aKOHA PAacCIpelesieHUuss CIly4alHOU
BEJIMUYMHBI. M3BECTHBIE METOJbl TO3BOJISIOT JIMIIL C OMNPEACICHHOW BEPOSTHOCTHIO
MOATBEPIUTh WJIM ONPOBEPTHYTh COOTBETCTBUE CTATUCTUUYECKUX JAHHBIX HEKOTOPOM
TUIIOTE3bI O 3aKOHE PaCIpPEICICHHUS.

Jlns mpenBapuTeNbHOW OpPUEHTAIlMU B BBIOOpPE MOJETH HEOOXOAMMO MPEACTaBIATH
poJIb W BIUSHHE OTIEIbHBIX (PAKTOPOB HaA HCCIEAyeMbli mporecc. Hampumep, eciau
(haKTOpOB MHOT'O ¥ CPEAH HUX HET JOMUHHUPYIOIIUX, TO OPUCHTUPYACH HA «3aKOH OOJIBIITUX
gucen» [1.JI.YUeOwimera u SA.bepHyim MOXHO IPEATIONIOKUTh HOPMAIBHOE pacpe/ieiCHHE.



Ecnu xe MMeroTcsl OMH-ABa JOMHHHUPYIOMHX (DakTopa, TO BO3MOXKHOE paclpeiciieHne —
SKCMOHEHIIMaNbHOe. OJHAKO, OPUEHTHPOBATHCS TOJIBKO HA TAaKHUE JIOTUYECKUE PACCYKICHUS
HENb3s. 3aMeHa, HampHuMep, HOPMAaIbHOTO paclpe/esieHHs] SKCIIOHCHIIMATBHBIM, B TE€X JKE
YCIIOBUSX pabOThl, MPUBOAUT K YBEIUUYCHHIO OOBbEMa HCHBITAHUN. DTO OOYCIOBJICHO
OOJBIIMM pacCEUBAHUEM CIIYYalHOW BEIWYMHBI MPU SKCIOHCHIIMAIBHOM paclpeeIcHUN
(cm. 3amauy B 1. 3.3.), xoadduiueHT Bapuanuu I HEro 1, a a1 HOPMaJbHOTO
pactipeneneHus 3ToT koddduiment pasex 0,05...0,35.

YHUuBepcanbHBIM U HECIOKHBIM METOJIOM PACIIO3HABAHUS XapaKTepa pacrupeecHus
SIBJIICTCS MCIIOJTb30BaHUE BEPOSITHOCTHON OyMaru (HOpMaJbHOM, JOrapupMUUIECKON U Ip.).
JluHeapu3aiuss 3KCIIEPUMEHTATBHBIX JaHHBIX Ha COOTBETCTBYIOIIEM BHJIC TaKoW Oymaru
MO3BOJISIET YCTAHOBUTH HE TOJIBKO XapaKTep paclpe/esIieHus, HO U ero mapaMeTpsl [5].

[IpoBepky THMOTE3bl O OJW30CTH  CTATUCTHYECKOTO W THIIOTETUYCCKOTO
pacIpeIeleHril 4acTO0 MPOBOIAT HCIONB3YS KOJIHYCCTBEHHBIN KPUTEPHil COTTACHSI )
K.ITupcona.

[lepBoHAYanbHO  ONPEACHAIOT  PACXOXKICHUS  MEXKAY  TCOPETUYCCKUMH U
CTAaTUCTHYCCKUMHU PACIPEACIICHUSIMH B KaXJI0H M3 S TpymHI, Ha KOTOphIC pasjeicHa

S (pr p\2
BBIOOpPKA ;(]2) = ZM

i=1 i

rpy1iIie. Pi’ ONnpeaACIICTCA HECIIOCPECACTBECHHO I10 BI::I60pKC.

, Tne P/ u P,-HaOmofaemMble U TEOPETHUUECKHUE YacCTOThl B KaXKJIOU

HpI/I HOPMAJIBHOM pacCIpeaCIICHUN TCOPCTUYCCKASA BCPOATHOCTD IIOIIaAdaHNA 3aMCPOB B

COOTBETCTBYIOILIUE MHTEPBAJIBI P, :@[M]—@[xi _m], rae @ — HopMaibHas (PyHKIUS
o) o)

pacnpeneneHus; x;;x; .| - TPaHUIIbI 1-T0 pa3psa.
TabnuuHasi BeaMYMHA ;(% 3aBUCUT OT YPOBHS 3HAYMMOCTH « M YHCIA CTEIECHEH

CBOOOIBI k=(S—r—1) , T€ I-4UCJIO MApaMETPOB MPEAIOoaraeMoro pacnpeneiacHus (s
HOPMaJIbHOTO paclpeliesieHuss r=2, Uil SKCIOHEHUHAIBHOro r=1, s pacnpeneieHus
Beitoymna r=3).

Ecnu ;(% > ;(12) , TO pacXOXIACHHUE MEKAY ODMIUPUYECKUM H IPEANoIaracMbIM
pacnpeneicHueM He3HaYUMO.

Ecnu xe x% < ;(123 , TO CJIIElyEeT OTKA3aThCs OT IPEAIIONAracMOro paclpeeIeHHUs.
MHorouuciaeHHble NPUMEPHl UCIIOJIb30BAHUS KPUTEPUs 72 npuseneHsl B [1,2,3,6 u

IPYTrUX UCTOYHHKAX .

bin30CTh 3MIMPHUYECKOrO pACHpPENEICHUsT K HOPMAJIBHOMY OLEHHUBAKOT 4Yepe3
aCUMMETPHIO M 3KcllecC. ACHUMMETpUs (CKOIIEHHOCTb) XapaKTepu3yeT IOJI0KEHHE
MaTEeMaTUYECKOTO OXUAaHUS OTHOCUTENbHO rpaduka KpuBOW pacnpeneneHus. Benuumna

H3

aCUMMCTPUHU A= 3

, TAC p3 - MOMCHT TPCETBCTO IOPAAKA. I[JISI CHMMCTpH‘IHOﬁ KpHBOﬁ
o)

A=0.
DKcrece XapakTepu3zyeT KpYTU3HY KpHUBOHM, T.€. €€ OCTPOBEPIIMHHOCTb WIIH

IJIOCKOBEPUIMHHOCTh. BenuumHa sKcuecca E=*4_3 | rne l4 - MOMEHT YETBEPTOTO

o_4

MopsiIKa.
Ecnu BeIOOpKa 3HAUMTEbHA IO BEJITMYUHE, TO OJIU30CTh K HYNIIO 4 U E COOTBETCTBYET
HOpMallbHOMY pacnpeneneHuto. [Ipu manoit BeIOOpKE HEOOXOAUMO JIOMOJHUTEIHHO



OTPENIeNIUTh KBaIpaTUUECKUE OIIMOKHA acUMMETpuH U 3kciecca S, u Sg. CyllecTBEHHOCTh A

uk OLOCHUBAIOT KPUTCPUCM CTBIOIICHTa. Ecmu pacducTHasa BCIIMYMHA 3TUX KPUTCPUCB l‘ﬁ u

l‘g 0oxble TAaONUYHON BEIUYHHBI l‘T, TO H3Yy4YacMOC pPaACIHpPCACICHUC CYHICCTBCHHO

OTIUYAETCS OT HOPMAJIBHOTO.

3agaua. J[is oOmpejeleHHs MOTeph CBOGOIHBIM 3epHOM (3epeH Ha 1 M%) 3a
KoMOaitHOM TipoBejieHbl 4 BBIOOPKM BIOJbL XOJla arperata. Pe3ynbTaThl NpPHUBEICHBI B
BepxHel yacTu Tabauiel 5. OnpeneanuTh OIeHKH CTATUCTUYECKUX MapaMeTPOB CYMMAapHOTO

pacrpeieNeHusl.
Tabnuia 5.

I/ICXOIIHBIC HAaHHBIC U PC3YJIbTATBI OIICHKHU ITOTCPHb 3CPHA 3a KOMOalHOM

CaeneHus o BEIOOpKaM
Mapamer CymmapHoe
P P 1 2 3 4 pacnpeneseHue
n; (4UCII0 3aMEPOB) 5 2 10 4 2n; =N =31
Xi 15 40 30 10 -
O 4 8 6 4 -
nj )_Ci 75 80 300 40 Zni )_Cl' =495
57 16 64 36 16
(n; —1)G7 64 64 324 48 >(n; —~1)67 =500
X; =Xy, -1 24 14 -6
(x; - x5 )? 1 576 196 36
ni (x; —xs P 5 1152 1960 144 S (5 - %y P =3261
ni (x; x5 -5 27648 | 27440 | -864 | Y (x;-xy ) =54219
ni (x; —xs J* 5 663552 | 384160 | 5184 | Xn;(x;—xx)* =1052901

[Tono6HbIe pacueTbl yI0OHO BeCTH C MOMOLIbI0 Tabmuibl. Tak kak Bce 4 BbIOOpKHU
B35ITbl B HEU3MEHHBIX YCIOBHUSAX, TO OHU MPEICTABISIIOT OJHY T€HEPAIbHYIO COBOKYITHOCTh
IS KOTOpOW cpenHss apu(MeTH4YecKas BEIMYMHA Xy M CpelHEEe KBaJApaTU4ecKoe

OTKJIIOHCHUC 52 COOTBCTCTBCHHO PABHBI:

4
D nix;
PR = B A

3epHa
P 15,96 ~ 16 /
2 Y M2

4 4
> (n; ~1)G7 + D i (X —fz)z

oA - [500+3261 cpHa
&y = i=1 Nl_—ll = T ~11,3 /Mz-

CoorHolIeHnE )_CZ u 52 HC JOITYCKACT OJHO3HAYHOI'O BBIBOJA B II0JIB3Y HOPMAJIBHOT'O

3aKOHA, BO3MOHO TTOTOMY 4TO JACHCTBYIOIINE (PAaKTOPHl HEOAMHAKOBBI MO CUJIC BIUSHUS HA
pesynbrar. I['paduyeckoe TNpenCcTaBIEHUWE HCXOJHOTO MaTepualia IOKa3bIBaeT, YTO
CYMMAapHOE paclpeieieHHe MOX0Ke Ha HopMalibHOe (puc. 23).



10

v >

=g I
o

10 15 30
Puc. 23 Ilonuron pacnpeneneHus.

Pe3kue HCKPUBJICHUSA Fpa(l)I/IKa OOBSICHSIIOTCS MNOTPCIIHOCTAMHA TIPpU 3aMCpax U

HEJI0OCTATOYHBIM 00HEMOM BBIOOPKH.
OtmeTuM, 4T0 GYHKUHUS IIIOTHOCTH YCEUEHHOT0 HOPMAJIBHOT'O pacipeiesieHus

c W "7)%52
fx)= PP ;
rone C=F(b)-F(a),

b M a mpeneibl UBMEHCHHUSA x ,
F(x) - uarerpanbHas QyHKIUS pacnpeneneHusl.
[IpoBepuM COOTBETCTBHE CYMMAapHOW BBIOOPKH HOPMAIBHOMY pacIpeeIecHUIO

OIIpCACINB JI1 HCC aCUMMCTPHUIO U KCUCCC

S 3
2.1i(%i = y) 27648 + 2744 4
7 izl : _(=5+276 8+3 T440-864) |
&5 N 11,2°-31
S 4
D ni(x; —Xy) 4 354 .
= 4 (5+66355 +348 160+5184) 3 ey
G5 N 11,2731

rjie S- 4nuciio BEIOOPOK.
KBaapaTtnyHbie OMMOKN aCUMMETPHUH M SKCIecca

6N(N -1) 6-31-30 ,
Sy = = =0,42 ;
(N-2)N+1)(N+3) \29-32-34

. :\/ 24N(N —1)2 :\/ 24-31.302 082 ;
(N=3)(N-2)(N+3)(N+5) V\28-29-34.36
CyIIeCTBEHHOCTD 3HAYEHUIH 4 U E
A ) E )
Tabnmuunoe 3HaueHue kputepus CterogeHTa npu 0=0,05 1 yucie creneHe cBoOO kI
v=4-1=3 coctasnseT tr(0,05;3)=3,18 (cMm. [Ipunoxxenue 4), T.€. HE3HAUYUTEIBLHO MPEBHIIIACT

2,63 .

A E
tp U ty, . [losTomMy paccMatpuBaeMoe paclpesie/ieHue MOXKET OBITh PU3HAHO HOPMAJIBHBIM.

B sToM pacmpenencHun A4 >0 , CIEIOBATEIbHO JJIMHHAS YacTh KPHUBOW pacrpeieieHHs



pacronaraercsi copaBa OT MOJbl (IIOJIOKHUTEIbHAs acuMMmeTpus). Tak Kak 3Kciecc
orpunateNnbHbii  (E <0), TO THIOTETHYECKas KpuBas Oynaer Oojiee HHU3KOH |
IUIOCKOBEPIIMHHON YEM HOPMAaJIbHOE pacipeieieHHE.

JUiss HOpPMAaJIbHOTO paclpeeieHHs] BEPOATHOCTh MOSBICHUS MOTEPh CBOOOJHBIM
3€pHOM B MHTEpPBAJIC OT X] =« 10 Xp = f

p—Xx

=)~ D(—
Os Osx

Hanpumep, B uatepBasie miist x oT 20 10 25 3epeH BEPOSTHOCTh

P20 < Xy <25)= @(25 ‘16) —@(2?1‘216) =0,288-0,138=0,15 .

11,2
3epeH /

P(ot < %y < B) = d( &~y

)

CnenoBarenbHo, norepu ot 20 go 25 M2 MOTYT ObITb 0OHapyxeHbl B 0,15N
cinydasx (s paccmatpuBaeMoit 3aadu 3To 0,15¢31=4,65=5 pas3).
Ecnu yucno BBIOOPOK BEIMKO (17— ©), a BEPOSTHOCTh MOSIBICHUS HCCIEIYEMOTO

coObITus Mana (p — 0), TO Ul UX aHaJIM3a UCOIb3YIOT Gpopmyiy IlyaccoHa.

lke_)‘
Pn(k) - k.’ 9
rae A =nP,

k - KOIIMYECTBO PEIKUX COOBITUH.
JlJist IpOBEpKHU TUIMOTE3bl O PACIpEACNICHUH T'€HEPaTbHON COBOKYMHOCTH IO 3aKOHY

ITyaccona ucnoss3ytor kpurepui [lupcona, 22 - «xu- KBaJpaT».

3amava. g onpeneneHuss 3aCOPEHHOCTHM MMAPTUM CEMSIH KJIEBEpa CEMEHaMHU
copHsikoB Obu10 mpoBeaeHo 1000 BBIOOPOK M TMONYYEHO CIEAYIOIIee ASMIUPUYECKOE
pacnpeneneHue ( B MEpPBOM CTPOKE YKa3aHO KOJIMYECTBO x; CEMSIH COPHSKOB B OJIHOM

BBIOOPKE; BO BTOPOW CTPOKE- YUCIIO BHIOOPOK COACPKAIIMX X; CEMSH COPHSKOB):

xi 0 | 2 3 45

n, 405 366 175 40 8 6

Tpebyercss npu ypoBHe 3HaunMoctd 0=0,01 mTpoBepuTh THUMNOTE3y O TOM, YTO
ciydaitHas BeaumunHa X (YUCIIO CEMSH COPHIKOB) pacrpezienena no 3akony [lyaccona.

Bri6opouHnas cpenusis
0+366+2-175+3-40+4-8+5-6 _

1000
[IpyHMMaeM B KayecTBE OIIEHKHU MapamMeTpa A BBIOOPOYHYIO CPEJIHION, T.€. A =X =0,9.
B sTom ciiydae npeanonaraemslii 3akoH [lyaccona umeer Bua:

X = 0,9

0,9"e™"°
Fogo (k) = T
[TomoxuB k=0,1,2,3,4,5 HaxoAUM TEOPETUYECKUE BEPOATHOCTH TOSABICHUSA k
copusikoB B 1000 BeI6OpKax
O 90 -0,9
Pago(0) === 0407,

109
Fogo (1) = 0’91—f = 0,366 ;



Py (2) = ~0,165

¥ aHATOTHIHO Fgg0(3) = 0,049 Fyo(4) = 0,011; Fype(5) = 0,002

BeposTHOCTHOE 4HCI0 COOTBETCTBYIOIIMX BBIOOPOK nj = nP;,

0’9 2 e—0,9
21

n
rae n= Y n; =1000 .
i=1
B coorBerctBum ¢ »tuM 7, =1000-0,407 =407 | n; =1000-0,366=366 wu

!
aHajoru4yuo 1, =165; ny=49; n,=11; n; =2,

k 2
2 _ N (=)
PacueTtnas Bennunna xpurepus [Iupcona y p= ZT ,
i=1 !
rae k - 4McCJIO TPYyIL.
2
o 2 (407-405)" )
JIns rpynnel ¢ x; =0 HOJIYYUM y POT T 207 0,01 ;
2
o 2 (366-366)"
s rpynnel ¢ x; =1 IOJIYyYHUM y PI= " 366 0
2
JIns rpynmsl ¢ x; =2 MOJIYyYUM ;(1%2 _475-169)7 0,6 ;

2!
2 _ L2 e L2
M QHATIOTHYHO 75y = 1,655 25, =085 2ps =8.

B cymme pacuetHoe 3nauenne kpurepus [lupcona ;(1% =11,06.

[lo Tabnuie KpUTHUECKUX TOUYEK pacIpeiesIeHHUs 72 (cm. Ilpunoxenue 3) npu

0=0,01 wu uwucne creneHel cBoboabl S=k-2=06-2=4 HaXOAUM KPUTHYECKYIO0 TOYKY

MIPAaBOCTOPOHHEH KPUTHYECKOW OOJACTH: %(% 0L 4 =133. Tak kak ;(1%< %(% 0l:4> TO HET

OCHOBaHMI OTBEPraTh FMIIOTE3Y O pacupenesneHnu X o 3akony I[Iupcona.

KpOMe KpuTcpus )(2 IJIA OOCHKU CTCIICHU COIJIACOBAHHOCTH TCOPCTUYCCKOIO M

CTATUCTUYECKOr0 PACIIPEACIICHUS HHOT 1A IPUMEHSIOT KpUTEPU I
A.H.KonmoropoBa.  Mepoili  pacxoXAeHUS  MEKIY  OTUMU  PacCHpeAcTIeHUSIMHU
A.H.Konmoropos paccMaTpuBaeT MaKCUMAJIBHOE 3HAUYEHUE MOMYJIS

D = max F*(x)—F(x) , Tae F*(x) U F(x) COOTBETCTBEHHO WHTETpaJIbHbIe (DYHKIHUU

pacrpeielieHUsl CTAaTUCTUYECKOTO U TUIIOTETUYECKOTO TEOPETHIECKOTO.

OnpenenuB BeIUYUHY D TpadUUECKUM WIM aHATUTUYECKUM CIOCOOOM BBIYMCIISIIOT
ko3bduuuesT A=D+n , rae n- uucno 3amepos. Janee no tabmune (Ilpunoxenne 11)
ONpeACISIIOT BECPOSATHOCTh TOI'0, YTO MAKCHMAJIbHOC PACXOXKIACHUC MEKIAY F*(x) n F(x)
Oyner MeHbiie dyem P(A1) . Eciam sra BeposTHOCTh BeChbMa Maja, TUIIOTE3y CIEAYyeT
OTBeprHyTh. Ilpu OonbmIMX 3HAYEHUSAX P(1) MOXHO CYUTaTh COIJIAaCOBAHHBIMHU

TUIMOTETUYECKOE CTaTUCTUYecKoe pacnpeneneHus. llpu HeOosbmiomM o0beMe BBIOOPKH
kpurepuil A.H.KonmoropoBa aaeT 3aBblllIEHHbIE 3HAYEHUSA P(A) ,lI0O3TOMY MOKHO NMPUHATH

KakK HpaBIIOHOIIO6Hy10 TUIoTe3y, KOTOpad IjI0Xo COrjIaCyCTCAa C OIIBITHBIMU NAdHHBIMHA.



4.3. OueHka cTeneHu CTAaTUCTUYECKOT0 PABEHCTBA (MAEHTUYHOCTH) pacnpeaeaeHn
CPAaBHUBAaEeMbIX BHIOOPOK

Lenpto wucObITAHUNA SIBISETCS MPOBEPKAa OIPEACIICHHBIX TMPEINONIOKEHUN: 00
arpOTEeXHUYECKUX MPEMMYIIECTB HOBOM MAIMHBI HAJ[ CTApOM, JOCTOMHCTBAX HEKOTOPHIX
pEXUMOM PabOThl, CPABHEHUS SKCIIEPUMEHTAIBHBIX U TEOPETUUYECKUX BBIBOAOB U T.1. Ecnu
pasHMIA  MeXAy ~ mapaMeTpaMu  cpenHeapudMeTHueckodl  BenmumHel X W
CPEIHEKBAJPATUYECKOr0 OTKJIOHEHUSI G CpPAaBHUBAEMBbIX BBIOOPOK HE3HAUYMTENbHA, TO
CUMTAIOT, YTO pa3IMuMe MEXIY HUMH UMEET CIy4YallHbId XapaKTep, a BbIOOPKU SIBISIOTCS
OJTHOPOJHBIMM M TPHUHAJICKAT €AMHOMY T€HepallbHOMY pacmpeneneHuto. s oueHku
3HAYMMOCTH YyKa3aHHOW pPa3HULbl HCIOJB3YIOT MapaMeTpUYEeCKue M HemapameTpuyecKue
KPUTEPHUH TOCTOBEPHOCTH.

[lo pe3ynpTaTaM UCHBITAHUI MOKHO HMPUHATH OJHO U3 4-X pelICHUMN:

- TOATBEPIUTH BBIJBUHYTYIO «HYJEBYIO rumnoresy», Hy, eciu oHa BepHa. Takoi
TUINOTE30d MOXKET OBITh MPEANOJ0KEeHHEe 00 arpoTeXHUYECKUX MPEUMYIlecTBaX HOBOM

MalllWuHbI, TPCAINIOJIOKCHUEC O JOCTATOYHOCTH 3allIUTHBIX 30H HOBOT'O arperara T.1.,

- OTBEPTHYTb BEpHYIO TUNOTE3y, H), (ommudKa I poja mim «puck NOCTaBIIHUKA);
- MNpUHATH runoresy Hy, eciu oHa HeBepHa (ommOka Il poma wnmm «puck

OTPEOUTEIIS).

MeTton cpaBHEHUS CIIyYailHbIX BEJIMYMH, MATEMAaTUYECKUX OXKUJIAHUN WIN JTUCTIEPCUIA
3aBUCHUT OT BuJa HyJeBol Hy n konkypupyromieir H; runore3. Ecniu Hyp:A=B; H;:A>B wnn
H;:A<B, 10 paccmaTpuBaetcsi OJHOCTOPOHHSS KpuUTHUecKas oOjacTb. B asTom cmydae
BeposATHOCTH ommOku I poxa paBua o. Eciim Hyp:A=B; H;:A#B, 4TO COOTBETCTBYET
JIBYXCTOPOHHEH KPUTUUECKON 00JIaCTH, €CJIM OHA CUMMETPUYHA, TO BEPOSITHOCTH OIIHMOKH
I pona paBua o/2.

O6wruno mpunumatror 0=0,01; 0,05; 0,1. Ilpuuas Hanpumep a=0,05 MBI gomMycKaem
OomMOKYy B TATHU CIy4asiX U3 CTa. YMEHBIICHHE O MPUBOJUT K YBEIUUYEHUIO BEPOSTHOCTH
omuoOkwu I pona.

JloBepuTenbHas BEPOATHOCTh MOJYYSHHUS MPAaBIIILHOTO OTBeTa B=1-0 niu
B=1-0/2.

Eciun nynesas rumotesa, [, IpUHATA HA CTAaTUCTHYECKOM YPOBHE, 3TO €Il HE

S3HAYUT YTO OHA IIOJIHOCTBIO JOKAa3aHa, ITIO3TOMY I'OBOPAT «HCT OCHOBaHUM OTBCPIrHyYTHb HYJIb-



runoresy ». Jns 6ompiieil yBepeHHOCTH HAJJ0 OBTOPUTH UCTIBITAHUE WU YBEJIMYUTH 00bEM
BbIOOpKU. OTBEprarT runore3y 0ojaee KaTeropuuHo, YeM NpUHUMaloT. JlocTaTtouHo MHOTAA

IPUBECTH OJMH IIPUMEP NPOTUBOpeYaIuil /1), 4TOOBI €€ OTBEPTHYTh.

[IpoBepka OJHOPOIHOCTH O3HAYAECT MPOBEPKY CYIIECTBEHHOCTH Pa3IMUMs BBHIOOPOK
MOJTYYEHHBIX TI0 pe3yjbTaTaM ABYX U OoJiee rpyI HabmoaeHuid. HeoOXoauMocCTh penieHus
TaKoM 3a7a4id BO3HUKACT:

1. Tlpu o6beaguHEeHUN MHGOPMAIIUA HECKOIBLKUX HAOII0ICHUH.

2. Ilpu cpaBHEHUU XapaKTEPUCTUK JABYX W 00Jie€ MAIIMH OJHOTO Ha3HA4YEeHUs, HO
PAa3JIMYHON KOHCTPYKIUHH, UCTIOJIb3YEMBIX B OJJMHAKOBBIX YCIOBUSX.

3.1lpu ycTaHOBJICHUU BIMUSHUS YCJIOBUU Ha pe3yibTaT pabOThl WJIM COCTOSTHUE
MAallIUHBI.

4. Jlns BeisiBiaeHUS 9PHEKTUBHOCTH KOHCTPYKTUBHBIX U3MEHEHUM MaITUHBI.

Bo Bcex »atMx ciydasx HEOOXOAMMO TMPEIBAPUTEIBHO OICHUTH OJHOPOJHOCTH
BBIOOPOK.

[Ipr cpaBHUTENBHBIX HUCIBITAHUSIX YACTO BO3HUKAET CUTyalMs, KOTJa IOJYyYECHHBIE
BBHIOOPKH MMEIOT MaJIbIi 00BEM U 3TO 3aTPYIHSACT MOJYYCHHUE XOPOIIUX CTATUCTUUYECKUX
OIIEHOK. 3ajJjaya YINpPOUIAETCs €CJIM MOKHO MPEIOI0KUTh, YTO T€HEPAJIbHbIE COBOKYITHOCTH
BBIOOPOK pacmlpeesieHbl HopMalibHO. [lo3TOMy 10 CpaBHEHHS CpEIHUX IO BBIOOpPKaM
MIPOBEPSIOT THUIIOTE3y OJHOPOAHOCTH HX nucnepcuit. Kpome Toro, HeoOXOIUMOCTH B
CpPaBHEHHUH JTUCTIEPCHI BO3HUKAET €CJIU TpeOyeTcs CPaBHUTh TOUHOCTH MPUOOPOB, METOIOB
m3MepeHuit u t1.1m. [lpenmodrutenbHee NPUOOP WM METON, KOTOPBIM oOOecreynBaeT
HAUMEHBIIIEE PACCEIHUE PE3YJIbTATOB, TO €CTh MUHHUMAJIBHYIO AucHepcuro. s OLeHKH
OJTHOPOJTHOCTH JUCIEPCUN HCTONB3YIOT Kputepun Duumepa, baptiaerra u Koupena.
Kaxaplii U3 3TUX KPUTEPUEB UMEET CBOM OCOOCHHOCTH, HO BCE OHHM CIPaBeJIMBBI €CJIH
BbIOOPKH HMEIOT HOPMAJIbHOE pacnpeaeieHue.

Kpurepuii ®uriepa npuMeHsIOT, €CJIM BEIOOPKU UMEIOT OJMHAKOBBIE 00BeMbI. B aTOM
Cly4a€ CpaBHUBAKOT TOJBKO MAKCUMAIBHYKD W MHWHUMAJbHYI JUCHEPCHH, HO HE
YUHUTBIBAETCSl UH(POpMAIIWs, KOTOPYIO COJIepKaT ocTainbHble nucnepceun. Kpurepuit @umiepa
MIPUMEHHM JIJIsI CPABHEHUS JIBYX BBIOOPOK.

33}13‘13. HpI/I CPAaBHUTCIbHBIX NCIIBITAHUAX 2-X KOMOaMHOB OLCHUBAJINCH IMOTCPU 3CPHOM C

MOMOIIBI0 PAMOK pa3MepoOM 0.25° . Yucno 3aMepoB 10 NepBOMYy KoMmOaliHy N, =12, 1o



- 2
BTOPOMY Ny =15. CpenHue  KBagpaTUYECKUE  OTKJIOHEHUS Oy=24 P ,
pamxa

ep
pamxa

oy =1.7 . COOTBETCTBEHHO BBIOOpOUHbIC mucmepchn D(X )=5.76, D(Y )=2.89.

[Ipunste o =1- B =0.05. llpennonaras, 4TO BBHIOOPKH H3BJICUEHbI U3 HOPMAJIBHBIX
TeHEPAIbHBIX COBOKYNHOCTEeW mposeputs H):D(X)=D(Y) npu H;:D(X)>D(Y).
CnenoBaTesibHO, BO3HUKAET OAHOCTOPOHHSISI KpUTHYECKasi 00J1acTh.

D 5.76
Kputepuii nposepku F), 5, = & = =1.99. Ins a=0.05 n uucna creneHei

D,y 2.89

cBoOoabl k;=12—-1=11 n ky=15—-1=14 T1abnu4HOE KPUTUYECKOE 3HAUCHHE
Fip(0.05:11;14) = 2.56 .
Tax xax Fy,;, > Fj45,, TO HET OCHOBaHMU OTBeprate Hy. Ecmu F, < Fu5,, 10 H)

MOXHO OBLIIO OBl OTBEPTHYTh.

Ecmm Hy :D(X)=D(Y ), H; : D(X )# D(Y ), To paccMarpuBaercsi 2-X CTOPOHHSA
KpUTUYECKas 00J1acTb.

3apauva. I[IpoBoauics 3amep TOJNIIMHBI Bajika 3a 2-X U 3-X MOTOYHBIMH BaJIKOBBIMU
aTtkaMu. Yucno 3aMepoB 1o nepsoi xatke N, =10, no BTopoii Ny =18 . Beibopounsle

2 , D(Y )=4,5CM2. [Ipenmnonaras 4To BBHIOOPKH M3BJICUYEHBI U3

muctepenn D(X )=12cm
HOPMAaJIbHBIX ~ T€HEpPaJbHBIX COBOKYNHOCTeH mpoBeputb Hy:D(X)=D(Y) 1pu
H;:D(X)#D(Y).Ilpunsare a=0.1.

Kpurepuit nposepku  Fj 5, :%: 2.67. Tak Kak KpuTHYeckas o0nactb 2-X

. a
CTOPOHHSIS, TO YpPOBEHb 3HAYUMOCTU JUisi o0oux oOracTeit 3=0.05 . TabnuyHoe

KpUTHYECKOe 3HaYeHUe F, (0.05;9:17)=2.5.
Tak kak Fy, <Fup,, T0 Tanoresy H):D(X)=D(Y) orBepraeM, QUCIEPCHH

ornnyarTcs 3HauuMo. C mo3uiuu moadopa U OOMOJIOTa Bajika MPEANOYTEHUE CIETyeT
OTJAaTh JKaTKe Y.

Yacto w[Enpl0 UCHBITAHUW SABJISAETCA NPOBEPKA COOTBETCTBUSA PEATU3YEMOTO
TEXHOJIOTHYECKOTO TpoIiecca arpoTpeOOBaHUSM I HHCTPYMEHTA MacIOPTHBIM JaHHBIM. B

9TOM CJIydac BO3MOKXHBI TPU BapHUaHTA:



a) HO .'D(X)ZDO , Hl .'D(X)>D0;

6) HO .'D(X)ZDo, Hl .'D(X)?'&DO;

B) HO .'D(X)ZDo, Hl .'D(X)<D0,
rae D, - TUIIOTETUYECKAsi TeHepalIbHasA JUCIIEPCUS.

Haubonpiiee npakTudyeckoe 3HAUEHHE MMEET clydyaid a), TaKk Kak 4Yalle BCEro
BO3HUKAET OrPaHUYCHUE 10 BEJIMYUHE PACCESIHUS YNCIOBbIX 3HAUYCHU.

3anayva. V3 HOpManpHO! reHepalbHOM COBOKYITHOCTH M3BJI€Y€Ha BbIOOpKa N, =13,
s He€ D(x)=14.6. Ilpu « =0.01 nposeputTh HyleByro runoresyH,:D(x)=Dy=12,
IPUHAB B KaueCTBE KOHKypUpYolel runote3sl H ;- D(x)>12.

Bocnonb3oBathecst kputepuem F @uinepa Henb3s, Tak Kak ais Dy He 3amaerca o0beM
BBIOOpDKH, TI09TOMY HEH3BECTHO 4YHUCJIO cTeneHed cBoOoasl 3HameHatend. [loatomy

IIPOBEPUM THIIOTE3Y H() C HOMOILBIO KpUTepus «Xu- KBaapar»

2 D(x) 14.6
%Haﬁ/l = (I’l —1) . DO = (13_1)F =14.6.
TabmuuHOE 3HAaYCHHUE ;(2 (0.0;12)=26.2 > ;(2 . CrnenmoBaTeabHO, HET OCHOBAHMU
Kp Hao

otBepraTh /1), To ecTb paznuure D(x) u D) He3HauuMoe.

Hcnonw3oBanue kputepus baprierra momycTUMO Aake B clydae KOTJa BbIOOPKHU
UMEIOT pa3Hble 00beMbl. Ho 3TOT kpuTepuii He oOecredymBaeT TOYHOTO pe3yJsibTaTa €Ciu
CTATUCTUYECKHUE paclpeieNIeHUs] BHIOOPOK OTKIIOHSIOTCS OT HOPMAJIBHOTO pacIpe/elieHuUs.
Kpome Toro, u3BeCTHO TOJBKO MPUOIMKEHHOE 3HAaUeHue 3Toro kpurepus [1]. [loatomy mist
aHaJu3a HECKOJBKHX BBIOOPOK OJIMHAKOBOIO OOBEMa MPEANOYTUTEIbHEE HCIOIb30BaTh
kputepuii KoupeHa- OTHOLIEHHE MaKCUMalbHOW aucnepcuu D, K CyMM€ M OCTaldbHBIX
nucrnepcuu D;:

~

— Dmax
Dl + D2 + Dl

Gp =

max
m ~
2.0
i=1
Tabnuunas BenuwumHa Kputepus Koupena G 3aBUCUT OT JBYX CTENCHEH CBOOOIBI:
KOJIMYECTBA BBIOOPOK [/ U k=n-1, TA€ n- 00beM KaXK10i U3 BHIOOPOK.

Ecmu Gp< GT TO MOXHO IIPCAIIOJIOKHNUTDL, YTO BBI60pKI/I OIHOPOAHBI U ITPUHAAJICIKAT K

OIIHOﬁ FeHepaHBHOﬁ COBOKYITHOCTHU.



3amaya. Ha yOopke mieHUIbl MpoBeneHO 1Mo 12 3aMepoB TOJIIMHBI Bajlka 3a
xatkamu JK; u JK,. Pe3ynpTaTel 3THX 3aMEpOB HMMEKOT HOPMAJIBHOE PACIPEICIICHUE.

Hucnepcust BBIOOpPKHU 3a kaTkod JK; cocraBuia 512 =7.49cm%, a 3a JK 9- 522 =18.12cm?.

Heo0xonuMo cpaBHUTB 3TU AUCHIEPCUH.
[Tockonbky 00€ BEIOOPKH UMEIOT OJIMHAKOBBIE 00BbEMBI, TO CPABHUBAS UX JAUCIEPCUU
npuMeHuM Kputepuii Koupena:

18,12

=———=07075.
18,12+7,49

P

[lpunsB a =0.05 u yucno creneHeil cBOOOABI YUCIAUTENS v, =1 U 3HAMEHATes
v, =2, onpeaenumMm, 4yto TabnuuHoe 3HaueHue (Ilpunoxenue 6). Gp =0,9985 > Gp.
CrnenmoBatenibHO, C JIOBEPUTEIbHOU BEPOSATHOCThIO P =[1—a =0.95 MOXHO CUUTaTh, YTO

o0a pacCMOTPEHHBIX UHCIOBBIX MAacCHMBa TMPUHAMJEKAT K OJHOW TEHEPAIbHOU
COBOKYITHOCTH.
3amava. [[ns miectd He3aBUCHMBIX BBIOOPOK MMEIOIIUX HOPMAJIbHOE pacTpe/iesiCHHE
U OJWHAKOBbIE 00beMbI, N=17, HaligeHnsl nucnepcuu: 5, 8, 13, 7, 16, 4. Tpebdyercs : a)
MIPOBEPUTH OJHOPOIHOCTH JUCTICPCUI;
0) OLICHUTh TEHEPATIBHYIO JUCIIEPCHIO.

16

PacuerHas BejimunHA nucnepcun Gp = =
5+8+13+7+16+4

2

I[Ipu 0=0,05; xomuyecTBe BBIOOPOK [=6 u k=17-1=16 TtabnuuHass BeJIMYMHA
G1(0,05;16,6)=0,3135 (Ilpunoxenue 6).

Tax xak Gp<Gr TO cieAyeT MNpU3HATH OJIHOPOJHOCTh BBIOOPOK U TO, YTO OHHU
MpUHAJIeKAT K OJHOM TEHEpaIbHOM COBOKYMHOCTH. B 3TOM ciydae uX reHepasibHas

S+8+13+7+16+4
6

aucniepcust G = 8,8 .

Ecnu BbIOOpKM chydallHBIX YHMCENl HMMEIOT HOPMallbHOE paclpejielieHne, a uXx
IUCIIEPCUA  OJHOPOJHBI, TO CTENEHb CTATHCTHYECKOIO PABEHCTBA LIEHTPOB HUX
pacnpeneneHuil oueHuBaroT kpurepueM CrtbrofeHTa. Ero BennunHa npu pa3HbXx oObeMax

BBIOOPOK

n, n,(n,+n,—2)

XX,
t, =

2 2 ’
n,+n
\/I’lAGA+nBGB A B



rae 1 ,,N ;- 00beMbl BHIOOpOK A u B.

Yucno creneHei cBOOOABI, UCMIOIB3YEMBIX JIJIsl ONpEeAeeHUs] TaOIUYHOTO 3HAYEHUS
IT PABHO V =n 4 +ng — 2.

Ecnu ogHa u3 BRIOOpPOK MMeET oueHb 0OJbIION 00BEM, Hanpumep 1, =, To B 3TOM
city4ae
X (- Xp|

tp=t———xnp .

04

3anava. Ha onHoMm arpotexnuueckoM (one paboranu ase xxatku JK; u 2K, .3amepsl

IIUPHUHBI BAJIKA 3da 3THUMH KATKAMHU IIPOBCPSIUCH 1’11=1’12=10 pas. PeBy.H]'::TaTBI IMPUBCACHBI

HHKC.

XKarka /K;: 130, 130, 135, 135, 140, 140, 145,150, 155, 140 cm.
XKarka /K 5: 130, 130, 140, 145, 150, 155, 160, 160, 165, 165 cm.
Panee ObUIO yCTaHOBJIEHO, YTO paclpejefieHHe 3HAYCHHM IIHUPUHBI Bajka HWMEET

HOpMaJIbHBIN XxapakTep [6], cpenHee apudmeTnueckoe 3HAUEHHME IIMPHUHBI Bajka 3a /K

COCTaBUT X_I =140cMm, a 3a JK, - X, =150 cm, BHIOOPOUHBIE AUCIIEPCUH TI0 MIMPUHE BaJKa

o 12 =66.7cm’ , 05 =1 77.8cm”. [Ipu ypoBHe 3HauMMocTH @ =(.05 TPOBEPUTH TUIOTE3Y
Hy:M(X1)=M(X,) 1pu KOHKypupyromen Hy: M (Xy) = M(X,)
BHauane npoBepsieM rUnoTe3y 0 paBeHCTBE F€HEPAIbHBIX TUCTIEPCUI

177.8
naon :W - 266 .

Fr(0.05,9;9)=3.18> F,,;,5,, (Ilpmnoxenue 5), mo3ToMy HET OCHOBAHHMH OTBEpratrhb

TUIoTC3y O paBCHCTBC I[HCHCpCHﬁ. HCHOJ’IBSYSI KpI/ITepI/Iﬁ CTBIOI[CHTa CpaBHUBACM CPCIOHUC

3HAUYCHU
‘}—?‘ nyxnp(ny+ny —2)
tp= x
1/n10'12 +n20'§ ny+ny
140-150 10x10-(10+10—2
tp = | | XJ x10-( ) _1.897.
J10%x66.7+10x177.8 10+10

Hus  oa=0.05 wn wuucia creneHeil  cBoOoabl  000MX  pacHpeesIeHui

k=n;+n,—-2=10+10-2= 18 xpurepuil CTbI0A€HTa IIPH 2-X CTOPOHHEN KPUTHUECKOMN



obnactu paseH fp =2.10. Tak xak I; >Ip | TO IpUXOAMM K BBIBOAY, YTO 00€ >KATKH

(GbOpMHPYIOT BaJIKU OJAMHAKOBOM IIUPUHBI.

[IpakTuueckuii HWHTEpPEC MPEACTABIsE€T CpaBHEHUWE BBIOOPOYHON cpenHed ¢
TUIIOTETUYECKOM TE€HEpPaIbHONM CpeaHEld HOPMAaJbHOM COBOKYNHOCTH, €CIM WCTHUHHAs
TUCIIEPCHS 3TOM COBOKYITHOCTH HEU3BECTHA.

3apava. IloTepm npu CKalIMBaHUM MIIEHULBI HE JOJDKHBI TpeBblaTh (.5%,

yCTaHOBJIEHHbIE arpoTpeOoBanusiMu. [lpu ypoxaiinoctu 3epHa 30 1/ra u Macce OZHOTO

2
3epHa 0,03 2 310 cocraBuser 1, =503epen/ m”, a cpeHee KBaJpaTUYECKOE OTKIOHEHUE
~ 2 .
o(T, )=153epen/ m”. B mNoneBbIX YCIOBUAX MNpOBeAeHBI n=23 3aMepa M Uil 3TOU
T 2
BBIOOpKHU cpenHeapudmeTnueckas BenuunHa 1 =55 3epen/ m”, a cpeliHee KBaIpaTUYECKOe

~ 2
OTKJIOHCHUE o(T)=173epen/ m~. HeoOXoaumMo TPOBEPUTH COOTBETCTBUE KadyeCTBa
yOOpOYHBIX PabOT arpOTEXHUYECKUM TPESOOBAHUSM.
Jlns paccmarpuBaemoro ciydasi 7,, U o(T,,) SBISIOTCA OXXHIAEMBIMH IapamMeTpaMu

reHepalIbHOW COBOKYMHOCTHU. PacuéTHoe 3HaueHue kpurepust duiiepa

A1) _172

= =1.284.
ST, 152

Hinsa a=0.1, uyicna creneHell cBoOOAbl uuciauTens k; =n—1 =22 W 3HaMeHaTelNs

k, = oo TabnuyHas BeNMIUHA Fry, =1.4. TaKk Kak F, > Fyu6,, TO C BEPOATHOCTBIO ().9 MOKHO

o ~2 /- ~2 . .
yIBEpKIaTh, 4YTO pacxoxxiaeHue naucnepcut 6°(7) u 6°(T,) umeer ciy4ailHbIi
Xapakrep.

OnHOPOIHOCTE CPEAHUX 3HAUEHUN XapaKTepu3yeT Kpurepuid CThroieHTa

(T=T,)Nn_(55-50)\23
- o(T,) 15 -

Ip 1.6.

Tak xak TabnuuHoe 3HaueHue kputepus CTbrofeHTa fp =1.645 >tp, TO rUNOTE3a O

COOTBETCTBMM KadecTBa paldOT arpoTeXHUYECKUM TpeOOBAHMSIM MPUHUMAETCS C
BEpPOSATHOCTHIO 0. 9.
3agaya. Ha Tpyno€MKOCTh TOZOBOTO TEXHHUYECKOrO OOCHYKMBaHUS MAaIIUHbBI

YCTaHOBJIEH HOpMaTUB 7, =186u CO CpEIHEKBAIpaTUUECKUM OTKIOHEHUEM o( Ty )=56u.

[TocTaBnen sxkcnepuMeHT 00bEMOM N=23 ciyyas, pu 3TOM ONbITHBIE 3HaueHus 7 =250 y, u



o(T )=65y. Heob0XoaumMo pemHUTh BOINPOC O COOTBETCTBUM HOPMATHBA pEATbLHOMY

TEXHUYECKOMY YPOBHIO OOBEKTa MpHU JOMYCTUMOM pucke o =(0./ (3T0 OIHOCTOPOHHUI

KPHTEPUI, T.K. UMEETCS PEaJbHOE OIPAaHMYEHHE C OJHOM CTOPOHBL, T.e. T M o(T) He

JOJIKHBI MIPEBBIIIATH HOPMATUB).
PacueTtnbiii kpurepunn Oumepa

5X(T) 652

=22 1345,
o2 (Ty) 56

FHa6Jz =

Hpu k;=N-1=22, ky= u o=0[ TtabnuyHoe 3HaYeHUE [y, =14.

(ITpunoxenne 5). T.K. Fy46, < Fip, TO € BEPOSTHOCTBIO (.9 yTBEpIKAAEM: pasHUIA MEKIY

TUCHIEPCUSIMU G 2 ( T )u &° (T,) HeCylleCTBEHHA.

CpaBHI/IM CPCAHHNC 3HAYCHUA UCIIOJIb3Y: KOG)(l)(l)I/ILII/ICHT CTBIOIICHT&

_(Ty =Ty WN _(205-186 V23 _ .
- o(Ty) 56 T

TaGnuuHoe 3HaueHue 31oro Koddduuuenta I =1 ., =1.045  Tak xak 17 >+ p> TO

TeXHUYECKUHN YpPOBEHb 00BbEKTAa COOTBETCTBYET HOPMATURBY C BEPOSITHOCTHIO (). 9.

B cnydyae HeOJHOPOTHOCTHU ITUCIIEPCHUM, KOTaa o-2 ;to-2 CYIIECCTBEHHOCTh Pa3JINYMs
’ A B >

Cp€AHNX MOXKHO IIPOBCPUTHL C IIOMOMIIbIO NMPHBEACHHOI'O 3HAYCHUA t- KpUTCPU-. B stom

cllydae MCIoib3yeTcs caeayromas Gopmyna [7]:

=L,

2
(o}
I'me ¢ =—t +—Bl‘ - MNPHUBCACHHOC 3HAUYCHUC KPUTCPUA
S N S pHBEA PHTEP
4 5.1 "B (S./p)

CrproneHrta, f,=na-1, fp=ng-1 — cTenenu cBoOOIbI.
Ecnu L>0, To pa3Huiia Mex1y CpeIHUIMHU HECYIIIECTBEHHA.
3apava. Tpy10eMKOCTh TEXHOJIOTHYECKOTO OOCTYKMBaHUSI IBYX TPYII OJUHAKOBBIX

MallluH  OCYIICCTBILACTCA JABYMA PCMOHTHBIMH MACTCPCKUMU W XAPAKTCPHU3YCTCA

CICAYIOINMU ITOKA3aATCIISIMHU

a) [lepBas rpymnmna mammH: na=8; X =205 4, 54 =65 u.



0) Bropas rpynmna mamus: ng=12; X5=160 4, 55 =30 u.

31ech Na M Np YHUCIIO CIIyYacB TEXHHYECKOTO OOCITY)KHBaHUS, X U G -BbIOOPOYHBIC
3HAUEHUs CpeAHEN MIUTEIBHOCTH 00CITYKUBAaHUS U €€ CTaHIapT.

[IpoBeputh runore’y Hy:X4=Xp 1Upu H|: X, 4#Xp WCHOIAB3YS NPUOIMKEHHBIN
kpurepuil CThrOJIeHTa ITpU ypoBHE 3HAaUMMOCTH 0=0,1. B COOTBETCTBHM ¢ KOHKYpHUPYIOILLIEH
runiore3on H; kpurumyeckoe 3HaueHUME t COOTBETCTBYET JABYXCTOPOHHEW KPUTUYECKOU
obnactu.

HpI/IBCIICHHOC 3HAYCHUC KPUTCPHA

652 302
10,1;7:11) =7t(0’1 7 +Ft(0’1 =528-189+75-1,8=1133.
2’ 2

1133

—|205-160| = 46,16 —45 =1,15

Tak xak L>0 To ¢ BeposiTHOCTBIO P=1-0=0,9 MOXHO MpHU3HATH, YTO pa3HULIA MEXKIY
CPEIHUMU HECYLIECTBEHHA.

Ecnu wu3yvaemble TpHU3HAKM HMMEIOT 3aKOH  paclpesesieHHsl, CYIIECTBEHHO
OTIUYAIOUIUICS OT HOPMAJILHOTO, TO MCIOJIb3YIOT KPUTEPUH, HE 3aBUCUMBIE OT XapakTepa
pacnpezeneHus, T.e. HENapaMeTpU4ecKue KpuTepuu. B 3ToM ciayyae OAHOPOJIHOCTH
BHIOODOK  OLIGHMBAE€TCS  PAaBEHCTBOM  XapaKTEPUCTUK  TOJIOKEHUS U pacCestHUs
KOHTPOJINPYEMOTO IpHU3HAKa. 3aJaud pellaloT HUCHoNb3ys Kputepuun «Ban-nep-Bapnena»
(X-kpurepuit), VYaiita (T- kpurepuil), AUCHEPCUOHHBIM aHanu3, kpurepuii CMmMUpHOBa-
Konmoroposa, MeToibl KBapTUJIEH U MEANAH.

Ecnn cpaBHEHHIO NOJBEPrarOTCs HE JBe, a OOJIblLIee YUCIO BBIOOPOK, CBA3AHHBIX
MeXAy co0oil u o0pa3yromux mnapbl, TO KPUTEPUH JTOCTOBEPHOCTH paA3IMUYUN CpPETHUX

3HaYeHUM: [ =—,

p
Sd
rae d -yCpeaHEeHHas Pa3HOCTh CpeaHeapu(PMETHIECKUX 3HAYEHUIA.
2
— n

n(n—-1)

rne  S,-ommOka cpexHeil pasHocTH; d- pasHOCTH cpepHeapUPMETHYECKUX 3HAYCHHI

Sd

b

BHYTPHU Iap; N- YUCJIO HE3aBUCUMBIX, IOMApHO CBA3aHHBIX HaOmonenuit (uucio MUC, raoe
UCIIBITHIBAJIUCH JIBE€ JKaTKW; YHUCJIO CE30HHBIX HWCIBITAHUN; YHMCIO arpoQoHOB IS
CPaBHEHUTEJIbHBIX UCIIBITAHUM 2 KaTOK U T.[I.)

[IpomutrocTpupyeM NpoUeypy CpaBHEHUSI HA IPUMEPE PELICHHS] HEKOTOPBIX 3a/1a4.



3ajaua.
Ha moneryiiom crebiiectoe nMpoBeeHbl CpPaBHUTENIbHBIC UCTIbITaHUA XaTok K; u XK.

2
X paboTy oleHHBaeM mapaMeTpoM X -CpEIHUM YUCIOM 3€PEH, HOTEPSHHBIX HA 1 M~ oI
MocJIe MPOX0/1a KaToK (Tab1.6).

[ToTepu 3a »aTKaMHu. Tao0mumna 6.
Homep map Hanpasnenune X Pa3znocts d
HaOII0ICHUM JIBUKEHUS X, X,
KATKH

| Brnepen 30 21 9

2 Hazan 15 14 1

3 IToniepex 21 16 5
Cymma 66 51 15
Cpennee 22 17 d =5
3HAYCHHE

W3 npuBeneHHBIX TaHHBIX BUJIHO, YTO MOTEPU 32 KaTKOM /K, MEHbILIE YEM 32 JKATKON
XK. Heo0x01uMo BBISICHUTB, JOCTOBEPHA JIU ATa pa3HUIA WK 00€ BHIOOPKH MPUHAJIEKAT K
OIHOW TE€HEpaJbHON COBOKYNHOCTH. B COOTBETCTBMM C IMOCTABIEHHON 3aJayeil HyJieBas
runore3a Ho:K=XK,, a xonkypupytomas H;K;>X,. Tak kak kputuueckas o01acTh
ABIIETCSI OJJTHOCTOPOHHEM, TO BEPOATHOCTH OMMOKH | posia paBHa a.

Omunbka cpenHel pa3HOCTH:

2
(9% +1° +52)—1§
S = =2,313epna
d 3.9 P
y y 5
Kputepuii 10cTOBEPHOCTH pasiuumii cpeHux: £, = 531 2,16.

s yncna crenedeit ceo6onbl v=3-1=2 u a=0,05 TabiuyHOE 3HAUYEHHUE KPUTEPHUS
Creronenra tr=2,92. Tak kak tr>t,, TO ¢ BEpOATHOCTHIO 95% MOXHO YTBEPKAATh, YTO
pa3HuIa MEKIY CPETHUMU CIlydaiHa.

3apaua.

B pa3nu4HbIX yCI0BUAX MPOBOIUIUCH CPABHUTEIBHBIEC UCTIBITAHUS JIBYX OJHMHAKOBBIX
xatok. OOIIMe moTepu 36pHOM B Pa3HBIX OMbITax 3a xaTkou JK; coctaBunu: 0,6; 0,6; 0,72;
0,41;0,79; 1,22; 1,28; 0,85%. Ananmorumunslie notepu 3a xatkou XX, cocraBunu: 0,1; 0,26;
0,33; 0,19; 0,72; 2,56; 1,9; 1,7%. CtaTuctudeckuii xapakrep 00eux BEIOOPOK CYIIECTBEHHO
OTJIMYAETCS OT HOPMAJIBHOTO.

Heo6xoauMo oOlLIeHUTh, MNPUHAMICKAT JIM TOTEPH 3a OOCMMM KAaTKaMH OJHOUN
reHepaJIbHOW COBOKYITHOCTU WJIM K€ YCJIOBUsI PabOTHI OKa3ajau CYIIECTBEHHOE BJIMSHUE HA
YpOBEHB MOTEPh 3a KaTKaMH. B COOTBETCTBUM C MOCTABICHHOMN 3a/lauell HyjeBas TUIoTe3a
Ho:F,(OK,)=F,(K;) coctoutr B TOM 4YTO BBIOOPKHM OJHOPOJHBI M TPHUHAIIC)KAT K OIHOU
reHepanbHOil coBokynHocTu. Konkypupytomas runoresa H;:F;(K))#F,(K,) yrBepxknaet
oOpatHoe. Tak Kak KpuTHYeCKass 00JIACTh SBISIETCA ABYXCTOPOHHEH, TO BEPOSTHOCTH
ommOku I posa paBHa o/2.

Bce unenbl cpaBHMBaeMbIX BEIOOPOK PACIOIOKUM B BO3PACTAIONIEM MOPSAIKE B OJAUH
pamxupoBaHHBIN psf. Kaxnol Bapuante (M3MEpPEHHIO) MPUCBOUM TOPSAKOBHIA HOMEpP

(paHr). OQUHAKOBBIM IO BEJIMYMHE YJICHAM MPUCBAUBACTCS CPEIAHHM, OJUH M TOT )K€ PaHT
(Tabn.7).




PanXupoBaHHBIN Psif TOTEPD. Tabnuua 7.

ITorepn,% | 0,1 | 0,19 |1 0,26 | 0,33 | 0,41 | 0,6 | 0,6 | 0,72 | 0,72 ] 0,79 | 0,85 | 1,22 | 1,28 | 1,7 | 1,9 | 2,56
Panr 1 3 4 5 165]165] 85| 85| 10 11 12 13 11415 | 16
Homep 2 2 2 2 1 1 1 1 2 1 1 1 1 2 | 2 2
HKATKU

Uem 3HauuTEIbHEE PACXOKICHUE MEXIY BbIOOpKaMH, TeM OoJibllel OyaeT pa3Hulia
MEXIYy CYMMaMH UX PaHTOB.

CpaBHuM paboTy o0eux KaTOK IO  YPOBHIO HACTPOWKH C TOMOIIBI MeETo/aa
kBapTuieil. C 3Toil nenbio Bce N=16 HaOII01eHUI pa3nenuM Ha 4 HHTEpBaja, coJepKaiiue
n=16:4=4 nabOmoaeHuii Kaxapii. KBapTWIbHBIMM 3HAYEHHSIMU JAHHOW COBOKYITHOCTH
sesmorest XY, X®, X2, Onpenenum 4uciao U3MEPEHU MO KaKJIOM KATKe, NONaBIIUX B
TOT WJIM UHOUM mHTEpBas (Tab1.8)

Pacnpenenenue 3amepoB 1o UHTEpBaliaMm Tabnuma 8.
O06o3Hauenue HomMmep kBapTHILHOTO MHTEpBaia
’)KaTKU 1 2 3 4
XK - 4 3 1
Ao 4 - 1 3
Bcero 4 4 4 4

s JK; cnokuM 4acToTy IBYX NMEPBBIX U ABYX MOCIEIHUX UHTEPBAJIOB:
nr =4;n12 :3+1:4;

Ananornuso s XK, nonyuum ny =4;npn =4

TeopeTnyeckas 4acToTa: nj =nl = % —

Habmronaemoe 3HaueHUE «XU-KBaapaT»:

2 _ (ny —n;,)’ +(n, —n;)’ + (ny —np)" + (ny, —nyy)’ _
= ) 7 =

G R G S ) el Gt W

= " " =

st ypoBHs 3Haunmoctu 0=0,05 n uyucna creneHeit cBo60abl v=2-1=1 KpuTHUYECKOE
3HaueHue Y kp=3,8. T.K. X’kp>Y HAB1, TO IPHHIMAEM HYJIEBYIO THIIOTE3Y O TOM, UTO
HACTpOMKa JKaTOK OJIMHAKOBA U MOJyY€HHbIE BEIOOPKU OJTHOPOTHBI.

Pemraem oty ke 3amady, UCMONb3Ysl KPUTHYECKHE TOYKH MeTo1a Bunkokcona [1].
OTOT METOJ NPUMEHUM K CIyYaillHbIM BEIMYMHAM, PACIIPEAECIEHUS KOTOPBIX HEU3BECTHBIL;
TpeOyeTCs JUIlIb, YTOObI BEJIMUUHBI ObUTH HENPEPHIBHBIMHU.

Tak kak 00beMbI BBIOOPOK 110 000MM KaTKaM OAMHAKOBBI, N|=N,=8, TO BEeJIMUUHY
HaOmoaaemMoro ko3 duirenta BUIkokcoHa MOKHO OINPEAEIATh M0 JII0O0H U3 HUX.
[ToaToMy, ompezenseM CyMMY MOPSAJIKOBBIX HOMEPOB (CM.TabJ1.7) paHTOB 1O BBIOOPKE,
Harpumep XK.

WHABH_=1+2+3+4+8,5+14+15+16=63,5.

JIJist IBYXCTOPOHHEM KPUTHUECKOW 00JIaCTU HUKHSSA KPUTHYECKAs TOUKA :

(04
WHM:»CH(E’NI’N2] =51.

BerHHH KPpUTHUYCCKAA TOYKA:

X

0.




Weepx :(Nl +Np +1)N1_Wuuofcy =17-8-51=85.

HockombKy Wik< Wragn <Wgepx » TO HET OCHOBaHHMH OTBEPIHYTh HYJIEBYIO TOUKY
00 OIHOPOJTHOCTH BBIOOPOK IMpHU ypoBHE 3HaUUMOCTH a=0,1.
3anaua.
Ha y0opke mMIIeHUIIBI MPOBOAMIINCH CPAaBHUTEIBbHBIC HCTIBITAHUS *)aToK JK; u XK, ¢ menbro
OTpeIeSIeHNs] Pa3HUILIBI TIO TOJIIUHE BasiKa(Ta6:1.9)
PesynbTaThl 3aMepoB. Tabmuma 9.

BapuanTt 1 2 3 4 5 6 7 8 9 |10 11 12
YCJIOBUH

Tomumua | K; | 12,9 11,7 13,4 10 | 13 |163| 11 | 148 | 18 | 15 |13,1| 14

PTG [ 122125 12 | 141152168 149164 | 24 [ 22 [ 20 | 17

[Ipu  ypoBHe  3Haummoctd  0o=0,1  TPOBEPUTH  HYJEBYI0  THUIOTE3Y
H,:F(7K,)=F,(/K,) 06 omHopomHoCcTH 000MX BBIGOPOK, KOHKYPHpYIOLIas THIIOTE3a

H,:F,(OK)) # F,(7K,). Tlo ycnoBuio KpuTHyeckas o0IacTb — ABYCTOPOHHss. Jis Hee
HWKHSSL KPUTHYECKAs TOUKa /. [Z =0,05,Ny =Ny =1 2] ~120
2

PacriomaraemM BapuaHThl 00OMX BBHIOOPOK B BapHAIMOHHBIA P M MPUCBAWBACM UM
COOTBETCTBYIOIIUE HOMepa (Tab.10).

PamxupoBaHue TOJNIMHBI BAJIKA. Taomuna 10.
Panr | Bapuanrta | Ne s)xkaTku
1 10 1
2 11 1
3 11,7 1
4 12 2
5 12,2 2
6 12,5 2
7 12,9 1
8 13 1
9 13,1 1
10 13,4 1
11 14 1
12 14,1 2
13 14,8 1
14 14,9 2
15 15 1
16 15,2 2
17 16,3 1
18 16,4 2
19 16,8 2
20 17 2
21 18 1
22 20 2
23 22 2
24 24 2




CyMMy paHroB MOKHO ONPEJEINUTh Mo J1000ii xatke, T.K. Ni= N,. Benem pacuer no

Wiaon =1+2+3+7+8+9+10+11+13+15+17+21=117.
BerHHH KPpUTHUYCCKAA TOYKA:
Weepx = (12+12+1)12-120=180.

[ockombky Wiy™> Wyagn <Wgepx > TO € BEPOSATHOCTBIO 90% MOXHO YTBEpPHKAAT:
BBIOOPKH MIPUHAJJICKAT Pa3HbIM I'€HEPaTbHBIM COBOKYITHOCTSIM M jkaTKa JK, yKiaapIBaeT
0oJiee BCIYIIICHHBIN BaJIOK MPHU OJJMHAKOBBIX YCIOBUSX PAOOTHI.

4.4. YcraHoBJ/IeHHE BEpPOSITHOCTHBIX CBfi3edl Mexay (PaKTOpaMH M pe3yJbTaToOM
HUCIBITAHUM.

dakTopbl, KaK U UX PE3yJbTaT, MOTYT UMETh KOJMYECTBEHHOE HWJIM KauyeCTBEHHOE
BbIpakeHus. [IpumepoM mepBoro U3 HMX SIBISETCA: TIYOMHA MaxoTbl, CKOPOCTh MAIIMHBI,
ypoxkaitHocTh U T.A. [IpumepoM kauyecTBEeHHBIX (Oe3pa3MEpHBIX) MOKazaTenel SBISIOTCA:
BUJl yOUpaeMoil KyJlbTyphl, IPUMEHsI€Masi TEXHOJIOTHs, YCIOBUS ABUXKEHUSI KoMOaiiHa “3a”
WM “TIPOTUB” MOJIETJIIOCTU CTEOIIEH.

Ecnu ¢akrtopsl MMEIOT KOJIMYECTBEHHOE BBIPAXKEHUE, TO MJisi OLUEHKH HX CBS3U
MPUMEHSIOT KOPPEJSIMOHHBIA WM PErpecCUOHHBIN aHanu3bl. Ecnu ke gakTtopbl UMEIOT
KaueCTBEHHOE M KOJUYECTBEHHOE BBIPAXKEHUE, TO MPUMEHSIOT AUCIEPCUOHHBIN aHaIM3.
Kaxxapiil u3 3TUX aHaIU30B MO3BOJIET ONPENEIUTh YAEIbHYIO 3HAUYMMOCTh (haKTOPOB WIIU
pPEIINTh SKCTPEMANbHYIO 3aJlayy - OThICKAaTh Takue (PakTopbl, KOTOpble 00ECIEeUUBAIOT
MOJIyYeHHE ONTUMAJIBHBIX PE3YJIbTATOB.

[IpumepamMu KOpPPENSIIMOHHBIX 3aJad SIBJISIIOTCS: W3YUYEHUE BIMSHUS BIAXKHOCTU
MOYBBI Ha HEPro3aTpathl MpH €€ MaxoTe, MOJETrJIOCTH cTebiel Ha KauyecTBO (hOPMUPOBAHUS
BajJika, YacTOThl BpalleHUs MOJOTWIbHOrO OapabaHa Ha MOTEPU OT HEAOMOJIOTa U
JIPOOJICHUS U T.]I.

Hanuune xoppensiuu BCKpPbIBAET BHYTPEHHIOIO CYITHOCTh IPOLEcca U 00JIeryaeT ero
ananu3. Hampumep, eciiv koppensiiiusi yCTaHOBJIEHa MEXIY IBYMS NMpU3HAKAMU H3JEIHM
(mpo1ieccoB), TO AOCTaTOYHO KOHTPOJIMPOBATH TOJBKO OJUH, YTO YJACLIEBISET U YCKOPSET
MPOBEJICHUE UCTIBITAHUH.

[Ipumepsl 3KCTpeMalbHBIX 3a7ad: OOOCHOBaHHWE WIMPHUHBI 3axBaTa IUIyra, IpU
KOTOpOM oO0miasi cymMma MpsSIMBIX M3AEPKEK Ha MaxoTe OyneT MHUHUMAJIbHOW; BBIOOD
ONTHUMAJIBHOM BBICOTHI cpe3a crelseil, mpu KOTopoil OyAyT HauMEHbLIME MOTEepU MpH
CKalllMBaHUH, MOA00pe U 0OMOJIOTE, U T.1.

JUisi  yCTaHOBJIEHUS BEPOSATHOCTHBIX CBSI3eM MEXIy (QakTopaMu U pe3yJbTaToM
UCIIBITAHUI HEOOXOUMO 00ECIIEYUTh BHIMOJHEHUE CIEAYIOIIUX MPABHII:

a) akTopbl JOHKHBI HEMOCPEICTBEHHO BIUATH HA PE3YJIbTAT HIKCIIEPUMEHTA;

0) pa3nuuHble KOMOMHAIMK (aKTOPOB JOJKHBI OBITh OCYIIECTBUMBI M OE30IaCHBHI.
Henb3ga, Hanpumep, Ha3HAYUTh HHU3KUM cpe3 cTeOJedl WM  BBICOKYIO CKOPOCTb
nepeBIKeHHs KoMOaiiHa npu paboTe Ha HEPOBHOM pelibede mos;

B) UCCJIEI0BATENb JIOJDKEH UMETh BOZMOXHOCTb MOJIIEP)KUBATh 3HAUECHUS (PAKTOPOB B
TedeHue Bcero ombiTa. [loaTromy B KauecTBe (pakTopa CII0XKHO, HApUMEpP, UCIOJIb30BATh
MOTOAY, BIKHOCTb MOYBHI U T.1.;

r) TOrpPEelIHOCTh NpH 3aMepe BeNUYUHBI (akTopa HE JOJDKHA NPEBBILATH
JOIYCTUMYIO TOUHOCTh Pe3yJibTaTa SIKCIIEPUMEHTA;



1) pe3yiabTaT 3KCHEPUMEHTa JOJDKEH MMETh MPOCTOM CMBICT M CYIIECTBOBATH IS
BCEX COCTOSIHUM U3y4aeMoro IpolLecca.

IIpyuMeHnTENPHO K Cly4alHbIM BeauurHaM X U Y CIEAYeT pas3iaudarb IOHATHUS
«3aBHCUMOCTB» U «KOPPENHPOBAHHOCTHY. CilydailHas Benu4nHaA X SIBISETCS HE3aBUCHUMOU
OT CJIy4YallHOM BEJIIMYMHBI Y, €CIM 3aKOH pacupeiesicHus Y He 3aBUCUT OT TOTO KaKoe
3HayeHue npuHuMaeT BenuuuHa X. B nmporuBHOM ciiydae BeauuuHbBI X U Y SBISFOTCSA
3aBUCUMBIMH.

JIBe ciydailHbIx BenqMYMHbI X W Y MOTyT OBbITh 3aBUCHMBIMHU Ojarojapsi TpeTben
cinydaitHon BennunHe T. Ecinm X BosneiictByer Ha T, a T B ¢BOIO ouepenb BO3AECUCTBYET Ha
Y, To Mmexay X u Y MOXET U HE OBbITb KOPpENAUUOHHOHN cBs3u. [loaromy 3aBUCHMBbIE
Clly4ailHble BEJIMYMHBI MOTYT OBITb KOPPEIMPOBAHHBIMHU U HEKoppeiupoBaHHbIMU. Ho
KOppeJsiusl BCErja COOTBETCTBYET 3aBHCUMOCTH CIyYallHBIX BEIUMYMH. OTMETHM, 4YTO
HE3aBUCHMBbIE CIIyYalHbI€ BEJIMYMHBI BCET1a HEKOPPEIUPOBAHHBI.

[Ipu GyHKIMOHATBEHON 3aBUCUMOCTH CITyYalHbIX BEJIMYUH UX KOPPEISIMOHHAS CBSI3b
OIpeAessIeTCs OJHO3HAYHO, HAIIPUMED, X=Y2, X=3Y -Y’ u 1.1

IIpr BEpOATHOCTHOM 3aBUCUMOCTH, 3Has Y, HEJb3sd TOYHO YyKa3aTb 3HadyeHus X.
BeposiTHOCTHAst 3aBUCUMOCTh MOXKET ObITh CUIIbHOM miM ciaboil. [Ipumep BeposaTHOCTHOM
3aBUCUMOCTH MEXIY pPOocTOM X U Maccoi uenoBeka Y: Y=100- X.

I[Ipy nuHerHOM 3aBUCUMOCTH X H Y TECHOTA HX CBSI3M XapaKTepU3yeTCs

n
D (x=%)(yi—)
i=1

K03(ppULHEeHTOM KOppensuuu ’yy = o o ,
.oy 0),

TJI€ 1- YUCJIO COCTABIAOMIMX Nap Xj U Y, T.€. YUCIO 3JIEMEHTAPHBIX OIBITOB;

X,Y, Ox, 0y- CTaTHCTHIECKUE TTAPAMETPHI BHIOOPOK.

Ecmu cinydaitnple BenmMuuHbl X W Y CBSI3aHBl NPONOPUMOHAIBHOM 3aBUCUMOCTBIO
(monoxutensuas koppensnus), To 0 < 7 < 1. TlpuMepoM Takoi KOPpENAIMHU SBISETCH CBA3b
MEXy YPOXKaWHOCTBbIO CT€OJIEBOM MacChl M JTUHEWHOM TUIOTHOCTHIO BaJIKa (POPMHUPYEMOro
xatkoit. Ilpu 7 =0.2...0.3 koppensauus cuuraercsa cnaboit, mpu 7 =0.5...0.6- cpenuei,

npu 7 >0.7- cunenHoit. Ecnm cnyuaiinple Beamuumdbl X WY CBA3aHBl  00paTHOIl
IPONOPIMOHAIBHON  3aBUCUMOCTBIO  (OTpHLaTeNnbHas Koppeisuus), 1o —1<r <0
(HampuMep, YBEIUYEHUE OKPYXKHOM ckopocTH OapabaHa W3MENbUMTENST NPUBOAMUT K
YMEHBIIICHUIO JUTMHBI pe3KU cTeOel).

Ecmu =0, 10 3T0 emme He rOBOPUT 00 OTCYTCTBHMH KOPPEIALMMOHHON 3aBUCHMOCTH,
TaK KakKk »3Ta 3aBHCUMOCTbh MOXET OKa3aTbCAd HenuHeiHou. IloaToMy BbIsIBIEHUE
3aucuMoctd Y(X) Hamo HayuHATh C HAHECEHMs] pE3yJbTaTOB »SKCIEpPUMEHTa Ha
KOOPAMHATHYIO IIOCKOCTh. [IpH 3TOM MOXET OKa3aTbCsA, YTO SMIUPUYECKHE TOYKH C
JOCTaTOYHOM TOYHOCTBIO JIATYT Ha napa®oiy WU Ha WMHYIO MPOCTYIO JIMHUIO, TOrJa 3Ta
JIMHUS ONPENEIUT PYHKIUOHANBHYIO 3aBUCUMOCTD Y (X). Takyto HEMMHEHHYIO 3aBUCUMOCTh
MO>XHO HCCIEAO0BAaTh Ha HEOOJBIINX MHTEpPBAJIAX U3MEHEHMs X, IPUOIMKEHHO MoJjaras ee
JUHEHHOW, JMOO0 MOXHO JOOUTHCA JIMHEWHOCTH C TOMOIIBIO MPEIBAPUTETHHOTO
npeo0pa3zoBaHus IEPEMEHHBIX JOrapu(pMUPOBAHUEM WIH IPYTUM METO/IOM.

Tak kak BbIOOpKa OTOMpaeTcs CIydailHO, TO €IIe HeNIb3sl 3aKII0YUTh, YTO

KOA((PUIIMEHT KOppensiiud TEeHEepPaTbHOM COBOKYMHOCTH 7T TakXkKe OTJIWYEH OT HYJS.
[loaTOMy BO3HHMKaeT HEOOXOJUMOCTH MPHU 3aJlaHHOM YPOBHE 3HAYUMOCTH O MPOBEPUTH

HyJseByto runore3y Hy: 71=0 npu KkoHKypupyrouien runorese



H;: rr#0. Ecrm H, oTBepraercs, To 3TO O3HayaeT YTO BHIGOPOUHEIH KOA(PDHIMEHT
KOPpEJSLUU 7' 3HAYUMO OTJIMYaeTCs OT HyJisA, @ X U Y CBA3aHbI JUHEHHON 3aBUCUMOCTBIO.

Ecnu nyneBas runote3a OyAeT MpUHSATA, TO 7 HE3Ha4YWM. B 1aHHOM ciydae KpuTHYecKas
00J1aCTh NPUHSATHS TUIIOTE3bI ABYCTOPOHHSIS.
B xayecTBe KpUTEPHUS TPOBEPKU HYJIEBOW TMITOTE3BI MPUHUMAIOT [ 1 ]

_ rAn—2

Kputndeckyio Touky fxp(0,k) ajist IByCTOpOHHEN KPUTHUECKOW 00JIACTH ONPEAEIISIIOT
no Tabsmne koddduimentoB CThIOJEHTAa MO 3aJaHHON BEJIUYMHE O M YHCIY CTENeHEH
cB0001bI k =n-2, T71€ N-00beM BBHIOOPKH.

Ecmu |tp| < txp - HET OCHOBaHMH OTBEPraTh HyJIEBYIO THIIOTE3Y.

Ecmu |tp| > txp - HyeByIO THIIOTE3Y OTBEPIaloT.
OTMeTHuM, 4TO BEJIMYMHA tp YBEIMYUBACTCS MPU YBEIWUYECHUU /' M YKCIIa BHIOOPOK 71.
HanpoTtuB BenuuuHa ty HE 3aBUCHT OT 7 W yMEHbIaeTcs ¢ yBenuueHuem 7. [lostomy

KOPpEISIHsl TocToBepHa npu I p=17.
JInst TeHepaibHOM COBOKYMHOCTH KOI(D(HUIIHEHT KOPPENAIUK OTPaHUYEH TpeaeaaMu

1—r2 1—r2
r— <rp<l+
n—1 n—1
3anaua.

OueHuTh B3aMMOCBSI3b MEX/1Y TOJIIMHON U IIUPUHON Basika, (POPMUPYEMOTO >KATKOM,
UCIIOJIb3Ysl Pe3YJIbTaThI MOJIEBOT0 dKCIIepuMeHTa. (Tadn. 11).

Tabmuma 11
[IpeaBapurenbHas cTaTUCTUYECKass 00pabOTKa pe3ybTaToB
HKCIIEpUMEHTA (pa3Mepbl B CM)
X. —X)X
i(;[l\éep Tonmuua | [Hupuna X,—F | y,—7 (x,- _ x)z (y,~ B )_})2 ( i _)
pa | BaJlKa X | BaJika ) ( Y, — y)
1 11 112 -2 -12 4 144 24
2 11 118 -2 -6 4 36 12
3 12 122 -1 -2 1 4 2
4 13 122 0 -2 0 4 0
5 13 124 0 0 0 0 0
6 13 125 0 1 0 1 0
7 14 126 1 2 1 4 2
8 14 131 1 7 1 49 7
9 14 128 1 4 1 16 4
10 15 132 2 8 4 64 16
Cymma 130 1240 0 0 16 322 67

Cpennue apudmMeTHuecKkrue 3HaueHUsl ToJNMMHBI Baigka X =130:10=13 cM, mupuHbI
y=1240:10=124 cm.



CpCI[HI/IC KBaApPaTHYCCKUEC OTKIIOHCHUA 3HAUYCHUU IIUPUHBI W TOJIIUHBI BaJIKa:

o, :,Ii =133cm, 0, = 322 =6cm.
10-1 g 10-1

Koadduuuent koppensuuu » = 7 =0.837.

10-1.33-6
1-0.837%
Jio-1
Cnenosarensio, 0.737 <r <0.937, nostomy Koppensuuro cieayeT HOpU3HATH
CUIIBHOM.

Omn6ka k03 GUITUEHT KOPPENsIIuu S, = 0.1.

Pacuérnas BenuuuHa kputepust CTbIOJEHTA ¢ p= __087 V10-2 =4.31.
V1-0.8372

Hns k=10-2=8u a =0.05 MOJIy4yuM JJIsI JBYCTOPOHHEH KPUTHYECKOW o0O0JacTu
It = 2.31.
Tak Kak ¢, >tr, TO CICIyeT MPU3HATH CYIIECTBOBAHUE MOIOKUTCIBHON KOPPEIALUN

MEXAY TOJIMHON U IIMPUHON Basia HOPMUPYEMOTO KATKOM.
3enbnoBud S.b. yCTaHOBHWII, 4TO € BEpPOATHOCTBIO 98% KOppemsALMOHHAs CBS3b

2
cyutectByer mpu || > NPt B namewm ciyuae 0,837 > \/15__1 =0,67.

3anaua.
HccnenoBath CBSA3b MEKIY CKOPOCTHIO KaTKH ((hakTop X), TOIIIMHOM Bajika (pakTop
Y) u npocenanuem Bajika K MOMEHTY noadopa (pakrop Z). Beibopounbsie kK03¢pHULIHEHTHI

KOppesiui: 1xy=0.806; 11,=0.398; 1y,=0.04.
Kak BuguM, cBsi3p Mexnay (akropamu Y u Z NPaKTHYECKU OTCYTCTBYeT. OaHAKO,
MOXHO TPEJIIOI0XKHUTh, UTO Y€M TOJIIIE BaJIOK, TEM CUJIbHEE OyAeT ero ocaaka. Bo3smMoxHO

3HAUCHHUE KOOP(UIHMEHTA Ty, TIOTYYHIIOCh MAJIBIM H3-32 TOTO, YTO 3aMEPhI MPOBOAUIKCH Ha
pa3HbIX CKOpocTsX xaTku. Hckimounm BiusHue (akTtopa X U ONPEACIUM YacTHYIO
KOppeIsALUIo MeXay Y U Z:

o Ty Ty Tz 0.04 -0.806-0.398
.x - -
\/(l—r)gy)-(l—r)gz) \/(1—0.8062)-(1—0.3982)

Nrak, w™Mexay TOJNIIMHOW BaJlka W €ro IpoceJaHueM CKBO3b CTEPHIO B
JEeUCTBUTEIILHOCTH CYIIECTBYET OOpaTHasi TECHAs CBS3b.

Ecnm pesynbpTaT sKCepUMEHTa 3aBUCHM OT HECKOJIBKHUX (DaKTOPOB, TO ATy CBS3b
MOXHO BBIPa3UTh YPABHCHHEM PETPECCHH.

MeTtoauKy UCIOIb30BaHUS YPABHEHHUI PETPEecCU MOXKHO
MIPOWJLTIOCTPUPOBATH CICAYIOIIUMU TPUMEPAMH.

3anaua.

Hamnucats ypaBHEeHHS, XapaKTepU3yIOIHME 3aBUCUMOCTb BEJIUYUHBI Y (MIOTEpU 3€pHA,
%) oT Bemu4uuHbI X (CKOPOCTH ABUKEHUA, kKM/4) 1iis skatok JK; u XK, (ta6n.12).

=-0.52.

I"yZ



Pe3ynbpTathl HCTIBITAHUM. TabOmuna 12.

Howmep XK )

3aMepa Xi Vi | X x,-z X Vi | X x,-z
1 6 1 6 36 6 04 | 24 36
2 64 | 0.7 4.5 41 6.5 | 05 | 325 ]| 425
3 6.7 | 1.1 7.36 45 7 09 | 6.3 49
4 9.3 1 9.3 86.1 10 1.2 12 100
5 95 | 1.5 | 14.25 90 10.2 | 0.8 | 8.15 | 104
6 10 1.2 12 100 9 0.7 | 6.3 81
7 13 1.6 20.8 169 13 1.1 | 143 | 169
8 1351 1.9 26.7 174 13 1.5 | 19.5 | 169
9 14 1.7 23.9 196 14 1.4 | 19.6 | 196

Cymma 88.4 | 11.7 | 124.81 | 937.1| 79.7 | 8.5 | 92.1 | 946.5

B mepBoM mnpuOmmkeHUHW NpUMEM JIMHEHHYIO 3aBUCHUMOCTH IMOTE€Pb OT CKOPOCTH
JBIDKECHMS JKaTKU: Y=ax+b. [lapameTpsl 3TOro 3MIuUpUYeCcKOro ypaBHEHUSI OMPEACIISIIOTCS
110 METO1y HAMMEHBIIUX KBaJPATOB:

n-le.-y,.—Zx,-'ny | n
a= = n l:L = 9b:_'(zyi_azxf)'
nyxl - x) "o -
i=1 i1
Jlst sxatkm XK

o 9-124.81—88.4-11-7 =0.144[%-u/ km];
9.937.1—-(88.4)

1
b= 5 -(11.7-0.144-88.4) =—0.114[%], a ypaBHenue cBs3M uUMEET BUJ
y=0.144x-0.114;

s sxatku XKs:

. _9:921-79.7-85
9-946.5—(79.7)°

=0.070[% - u/ xm];

b= é -(8.5-0.070-79.7) =0.324[%], a ypaBHeHnue CBA3M HUMEET BH]

y=0.07x+0.324.

['unore3sl 00 afeKBaTHOCTU (COOTBETCTBUM) IMOJYYEHHBIX JIUHEHHBIX YpaBHEHHI
pesynbrataMm HaOoJleHul mpoBepsatoT Kputepuem Ouimiepa. Ero pacuérnas BenuuuHa
paBHA COOTHOLICHUIO TUCIICPCUML:




n
2
Zyi
= =l 2 .
rae Dy, = — (¥)“ - nucnepcus kputepus 3PpPeKTUBHOCTH;
n

Y - cpenHeapupMeTHIecKas BEIUUMHA 110 Y

1 < 2
- > (yi —yp)”~ -OCTaTOUHAs JUCIIEPCHS,
Joem i=1

Docm =

foem =n—(k+1)— 9UCIIO cTeTeHel CBOOOIBI 3HAMEHATESI B BBIPAKEHHH I P

k=1- yucno (hakTOpOB; N- YUCIO HAOIIOACHHUII;

CnenoBatenbHO, [y, =9-(1+1)=7.

OTmMeTuM, 4YTO HMCTOYHHUKOM OCTAaTOYHOM JUCHEPCHUM MOXET ObITh OlIMOKa B
HKCIIEPUMEHTE WM OIIMOKA BO3HUKIIIASI IPU HETIPABUIILHOM BhIOOPE BU/IA YpaBHEHHUS.

Yucio creneHei CBOOOIBI YHCIUTENS B BBIpaKeHUH [ , PaBHO

f=n-1=9-1=8.
Econ Fp > FT , TO THUIIOTC3a 00 AJACKBATHOCTH JIMHEHMHBIX ypaBHeHI/Iﬁ HC OTBCPracTcCA.

Tabnuunbie 3HaueHus: kputepust Guriepa (Ilpunoxenue 5):
Fr=F,(f,s [oem) = Foos(87)=3.73,

IJI€ « - BEPOSTHOCTh OIIMOKH - TO poja, T.€. BEpOSATHOCTh OTBEPTHYTh BEPHYIO THIIOTE3Y.
s sxatkum “K 17

552
117 : 124072 +1.1%2 4. +1.72

- 13D, ==L _(5)= ~(1.3)% =0.138.
=7 y=—7"O 5 1.3)

Bennuuna y, omnpenensgercs no nojay4eHHOMY JIMHEHHOMY ypaBHeHuto. Hampumep,
IIPUMEHHTEINIBHO KO 2-MYy 3amepy *kaTku “XK 17 umeem:
yp =0.144-6.4-0.114 = 0.8076.

[(1=0.75)% + (0.7 — 0.8076)% + (1.1—0.8508)% + (1-1.2252)% + (1.5 —1.254)2 +

Docm =

1

7
2 2 2 21

+(1.2-1.326)% + (1.6 —1.758)% + (1.9 - 1.83)% + (1.7 —=1.902) % ] =

= % -(0.0625 +0.01 + 0.062 + 0.05 + 0.0625 + 0.0159 + 0.025 + 0.005 + 0.04) = 0.033.

0.138

Bemymunna ) = 4.18.

T 0.033

CnenoBatenbHO, g xatku “OK 17 Fp=4.18>FT =3.73 ¥ IONy4EHHOE JIMHEWHOE

ypaBHeHHE MOATBEpkKAaeTCs ¢ BepostHocThio B =1—a = 0.95.
AHaOrM4HO, MPUMEHUTENBHO K kaTke “)K 27 umeem:
$=0.94, Dy, =0.139, Dyepy =0.007.

0.139
CrenoBaTenbHo, ——=19.8.

»~0.007



Tax xax F,=19.8>F;(8,7)=6.84, To wMoxHO cunrtath, 4YTO jHMHEHHOE

ypaBHEHUE, OMMCHIBAIOIEE IOTEpU 3€pHOM 3a katkoh ‘YK 27 moarBepkmaercs
sepoataocThio 3 =0.99 (m.e. 99%).

Ecmu pPe3yIbTaT 3KCIICPUMCHTA 3dBUCHUT OT HCCKOJIBKUX q)aKTOPOB, TO PETPCCCUOHHAA
MOZACJIb YCIIOKHACTCA U IPUHUMACT BU:

k k
Y=o+ S piXi+ Y ByXiXj+ Y BiXP e,
i=1 i i=1
rze k-KoJIM4ecTBO HcCIeayeMbIX (PaKTOPOB,
Xj, Xj- He3aBUCUMBIE (PAKTOPBI C IMHEHHBIMU ddeKkTamu,
XiXj- o pexTrl B3aUMOEHCTBYS,

Bo,Bi,Pij- mapaMeTpel MOJIENH, 3HAYEHHUST KOTOPBIX ONPEETISIOTCS TP
UCIIBITAHUAX,
€- OCTATOK, XapaKTEPU3YIOUIUI OIINOKY IKCIIEPUMEHTA U OLIUOKY
BbIOOpa MaTeMaTUYECKON MOJIEIH.
Bun Mopenu (ee mOpANOK) B 3HAUYMTENBHOM Mepe ONpenenseTcss BeIMYHMHON
MHTEpBala U3MEHEHHsS HucciaeayeMbiX (akTopoB. UYem MeHbLIE S3TH HHTEpBaJbl, TEM
BEPOSITHEE €€ COOTBETCTBUE JJMHEWHOMY YPaBHEHHIO PETPECCUMU.

OtmetumMm, yTo naxe npu k=3 u 0e3 yuera 3(DPEeKTOB BTOPOro MOpsKa, X,-z,

norpedoBasicst 0oJblION 00beM SKcrepuMEHTOB [4]. MHorodakTopHble perpeccuoHHbIE
MO/IEJIA UCTIONB3YIOT IIPU CTEHOBBIX UCIIBITAHUSAX B JIAOOPATOPHBIX YCIOBUSAX [7].
4.5. MeToabl CTATHCTHYECKOr0 aHAIM3a 0e3pa3MepHBbIX (Ka4YeCTBEHHBIX)
¢akrTopos.

Pa6orocnocoOHOCTB CEJIbX03TEXHUKH OTIPEEIISIOT KOHCTPYKTUBHBIE,
MPOU3BOJICTBEHHO-TEXHOJOTUUECKHE U AKCILTyaTallMOHHbIE (DaKTOphl. 3HAs KaKoe BIIMSHHE
OHM OKa3bIBalOT HAa KayecTBO PabOThl U HAJEKHOCTb TEXHHUKH MOXKHO IIeJIEHAIIPaBICHHO
UMW  YOpaBsATh, MPUHUMAS PEHICHUS TEXHOJOIMYECKOr0 WM OPraHU3alMOHHOTO
XapakTepa. 3HauuTelIbHAs YacTh ATUX (PAKTOPOB HE MMEET KOJUYECTBEHHON Mephl. JTa
0COOEHHOCTb MPEAONPELISIET METOIbI UX U3YUYEHUS U OLICHKHU.

K rpynne 6e3pazMepHbIX (PaKTOpPOB KOHCTPYKTUBHOIO XapaKTepa MOMXHO OTHECTHU:
TUIIBI pabOYUX OPraHOB C OJU3KUM CIYKE€OHBIM Ha3HAYEHUEM (HampuMmep, pazHOOOpa3HbIe
TUIBl PEXYUIUX anmnapaToB >XaToOK); OCOOEHHOCTH Au3aiiHa (HampuMep, BHIOOp IIBETa
MallluHbl); CXEMHO-KOHCTPYKTUBHOE pelleHue (Hampumep, BBIOOp THUIA TPUBOJA);
MOKa3aTeNlu MPUCIOCOOICHHOCTH TEXHUKHU K OOCIY)KUBAaHUIO U PEMOHTY; TpEOOBAHUS IO
HKOJIOTHH M OXpaHEe TPyla U T.J.

K rpymnmne 6e3pazmepHbIx (HakTOpOB MPOU3BOICTBEHHO-TEXHOJIOTMYECKOIO XapaKTepa
MO>XHO OTHECTH: CIOCOO KOHCTPYKTUBHOIO O(OPMIIEHHMSI MECT pa3zbeMa U CONPSHKEHHM
AJIEMEHTOB MAIIMHBI; CIOCOOBl CBapKu OOECHEYHBAIOUIME MHUHHUMAJIbHBIE OCTAaTOYHBIE
aeopMalil W HANpsDKEHUS; TPUHATHIE HA TMPEANPUATHU-U3TOTOBUTENE METOIBI
JOCTHXKEHUSI TOYHOCTH COOPOYHBIX padOT (MOJNHAS WJIM HEMOJHas B3aWMO3aMEHSIEMOCTD,
NPUMEHEHNE HETIOJIBUKHBIX MU TIOJBUKHBIX KOMIIEHCATOPOB) U T.JI.

K rpynmne 0e3pa3MepHBIX IKCILTyaTallMOHHBIX (PAKTOPOB CIEAYET OTHECTU YCJIOBHS
paboThl MAIIMHBI (HapuMep, XapaKTep JABUKEHUS] arperarta 1o IoJilo, BUJ U COCTOSTHUE
yOupaemMoil c.-X. KyJbTypbl); ypOBEHb KBalu(UKAIMU ONepaTtopa, (OpMbI U CIOCOObBI
PEMOHTA U 0OCITY)KUBAaHUS TEXHUKU U T.J.



BonbIIMHCTBO — BhIIEYKAa3aHHBIX  (AKTOPOB  SBJISIIOTCS ~ KOMIUIEKCHBIMH, OHH
XapaKTepU3yT COBOKYITHOCTh CBOMCTB TEXHUKH U €€ PEaKIMI0 Ha BHEIIHUE ycioBus. [[is
KOJIMYECTBEHHOM OLIEHKH Oe3pa3MepHbIX (AaKTOPOB MPUMEHSIOT OallbHYI0 CHUCTEMY
XapaKTepU3YIOIIYI0 UX 3HAUUMOCTb.

[Ipy Hamuuum OGonblIOro oOBEMa YHOPSAIOYEHHOW HH(OpMalUMU €€ MOABEPraroT
JUCIIEPCUOHHOMY aHanu3y. OTMETUM, 4TO 3TOT aHaIM3 NPUMEHUM KOTJa HUCCieayeMble
BBIOODKM pachpesesieHbl HOPMalbHO U MMEIOT OJWHAKOBYIO, XOTSI M HEU3BECTHYIO
aucnepcuto.  JlUCepCHOHHBIA — aHajau3  MO3BOJSET  NPOBEPUTh  HYJIb-TUIIOTE3Y
HoM(X))=M(X;,)=...=M(Xx) 0 paBeHCTBE MaTEMAaTUYECKUX OXHIAHUA CIy4dalHBIX
BEJIMYUH X, X, ...,Xx U 3HAUUMOCTh Pa3Iu4uil BELIOOPOUHBIX CpeaHUX. Ha mpakThke 3TOT
aHalIM3 T03BOJIAET YCTAaHOBUTH CYIIECTBEHHOCTbh BIHUSHUS HEKOTOPHIX Oe3pa3MepHbIX
(GakToOpoB M UX YpOBHEH Ha M3ydyaeMbIil Mpoliecc WM IOKa3aTenb kayecTBa. Hampumep,
ecnu TpeOyeTcsi BBISICHUTh KaKoW BUJ ynoOpeHui HambOosee >PGeKTUBEH IS MOTyUYeHHUS
KaueCTBEHHOI'0 ypoxXasi, TO YpOBHEM (paKkTopa sIBIsIeTCS BUJ YI0OpEHUs.

Pemenue 3agady AMCIEPCHOHHOTO aHajiW3a 3aKIIOYaeTCs B Pa3jOKEHUM TOJHOM
IUCIIEPCUM, XapaKTEepU3yIoUled HW3MEHYMBOCTh MpU3HAKa Ha CYMMY JUCIHEPCHid

[
D (¥Y)= 2 Di(¥) + Doy (¥),
i=1
rae Y- uccienyemslil IpU3HaK,
Dy7(Y) - monnas (00mias) AuCIEpCHs CAyYalHOM BETMUMHBI Y,

D;(Y) - 4acTHas JMCIIepCUs MpU3HaKa B pPe3ysbTare BO3ACHCTBUS i-T0 (hakTopa WU

B3aMMOJICUCTBUS (aKTOPOB,
[- KOTMYECTBO MCCIIEYeMbIX (DaKTOPOB M X B3aUMOJICHCTBHH,
D,,,(Y) - nucrepcus XapakTepu3yrolias oKy HaOI0AeHH.

OcHOBHas njes AUCIEPCUOHHOIO aHalIu3a COCTOUT B CPABHEHHMM ATUX JUCIIEPCHUN C
IIOMOILBI0 OJHOCTOPOHHEr0 Kpurepus duiiepa
Fp Z%xFa(ﬁ,le
out
Ecnu Fp > F,(f],f2) TO BIusiHUE i-TO (aKkTopa WM B3auUMOACHCTBHUS (HAKTOPOB
MPHU3HACTCS CYIICCTBECHHBIM.

D; (Y)

Cuna BiausiHus (hakTopa onpenensiercs no popmyne n; = [———..

D(Y)

B cBs3u ¢ TeM, 4YTO 3HAYEHUS TEOPETHUUECKUX JUCIEPCUIl HEU3BECTHBI, TO B
BBIIICTIPUBEICHHBIX 3aBUCUMOCTSIX BMECTO JHUCIEPCUH MCHONB3YIOT HX BbIOOPOUYHBIE
OLICHKH.

[Ipumepsl perieHuss oAHO(PAKTOPHBIX 3a7a4 AUCIEPCUOHHOTO aHalu3a MPUBEICHBI B
[1, 3] 1 Apyrux UCTOYHUKAX.

B OGonee CHOXHBIX Cilydyasix OLIEHUBAIOT BO3JEHCTBUE HECKOJbKHX (DaKTOPOB Ha
HECKOJBKUX YPOBHSIX M  BBIICHSIOT BIMSHUE WX KOMOMHAUMW Ha  pe3yibTaT
(MHOTOQaKkTOpHBIN aHau3) [4, 7].

HenoctatkoMm, OrpaHM4YMBaIOIIMM MpPUMEHEHHE JHUCIEPCUOHHOTO aHajliu3a MpH
UCIIBITAHUSIX CENbXO3TEXHUKHU SIBIAETCA HEOOXOJUMOCTh NPOBEIEHUsS OO0NbIIOro obdbema
HaOmoneHuit. JlJis MX COKpallleHHWs MOKHO TNPUMEHATHh IUIaHbl C OTpaHMYEHUSIMU Ha
paHAOMM3AIUIO, HApUMEp TUIaHbl TUMA « KBajapaT». OJIHAKO TaKue IJIaHbl HE MO3BOJISIIOT
OLICHMBATh BIUsHUE 3P(HEKTOB B3auMOeHCTBUS (hakTopoB [7].



Jist obecnieyeHusi M3AENMUSIM BBICOKOTO KAauecTBa YacTO MPUXOAUTCS MPUHUMATh
TPYAHO Tpelackazyemble peimieHus. [lpumepoM Takux cUTyaluid sIBIASETCS BBIOOp IIBETa
MalIuHBl, OLIEHKA 3KOJOTMYECKHX MOCIEJCTBUN Pa3IUYHBIX CIOCOOOB YOOpKH ypoxas,
croco6oB 00pabOTKU MOYBBI M T.A. lIpUMeHsSeMOCTh TOTrO WJIM WHOTO BapUaHTa YacTo
TPYAHO ONPENENTUTh AHAIUTHUYECKUM WM 3MIUPUYECKUM MNpueMamu. [IpenBapurenbHbIit
MIPOrHO3 MO3BOJIUI Obl HE TOJBKO BBIOpATh ONTUMAJILHOE pEUICHUE, OPUEHTHPYSICh Ha
KOJIMYECTBEHHbIE U Oe3pa3MepHble (PaKTOpbl, HO U UCKIIIOUUTh HECYIIECTBEHHBIE (DAKTOPHI.
Taxoit moaxo/1 Mo3BOISET 3HAYUTENBHO COKPATUTh OOBEM UCIIBITAHUIA.

MeTonbl NpPOrHO3MPOBAHUS TMOSBWIMCH CpPAaBHUTEIBHO HenaBHO. Mx paspaborka
ABIIAETCS  PE3yJNbTaTOM  CTPEMJICHMM  3alOJIHUTh Npoben  MexIy TpeOOBaHUSIMU
TEXHUYECKOT0 3aJJaHUs U OIIEHKOM JOCTUTHYTOTO YPOBHS HA CTAJUU UCIIBITAHUM.

3ajaud MOPOTHO3UPOBAHMS PEIIAIOT METOJOM CpPaBHEHHMSI C NPOTOTHIIOM WM
DKCIEPTHBIM ~ MeTonoM. [lepBblii U3 METONOB MPOCT M MO3BOJISIET MOJYYHUTh
yIIOBJIETBOPUTENBHYIO OIIEHKY JJISI HECIOKHBIX U3CIIUM.

OKCHepTHBI ~ METOJT MNPUMEHSIOT TPU  OTCYTCTBUM  SIBHBIX  MPOTOTHUIIOB.
[IpenBapuTenbHO YCTAaHABIMBAIOT HAOOpP BO3MOXKHBIX pEUIEHUH 1O UCCleayeMoi
XapakTepucTtuke. be3yclioBHbI OTOOp KaKOro-TO OJHOTO pEUIEHUS BHOCHUT 3JEMEHT
CyOBEKTUBHOCTH U MOXET NPUBECTH K HEIOCTOBEPHBIM pe3yibTaraM. OObEKTHBHOCTb
OLICHKHU TOBBIIIAETCS, €CJIM B 3TOM MPEIBAPUTEIBLHOM 3Tale Y4acTBYeT OOJblliee YHCIIO
HKCIEPTOB. OKCHEpTaMH MOTYT ObITh CHEHMAIUCTHI 00JaJarole MNpeIBapUTEIbHOMN
nHpopMarmeit 06 n3yuyaeMoM mpoiiecce uiu o0bekTe. YUCIeHHOCTh IKCIIEPTHOM TPYIIIIHI S-
12 yenoBek, €e cOCTaB OMNpEAENIeTCs] U3 YCIOBHUS TOCTHXKEHHS TpeOyeMOH BEepOSTHOCTH
npaBWIbLHOTO 0TBeTa. OOBIYHO SKCHIEPTAM IpPEAaraeTcsi OLEHUTh 5-9 pa3nUuHbIX (PAKTOPOB
uin  ypoBHed opHoro dakropa. Ilpu OonblieM 4YHClIe CHUXKAETCS OOBEKTUBHOCTD
OLICHOK.DKCIEPThl KaXKJIOMY M3 BO3MOXKHBIX PEIICHHI MPUCBAUBAIOT ONpPENENEHHBIN Oan
UCXOJISl U3 TOTO HACKOJIBKO OH OJIM30K K ONTUMAJIbHOMY 3HAUEHHUIO KPUTEPUSI.

[ToapoGHas MeToIMKa PKCIIEPTHOTO MCCie0BaHUs npuBejcHa B [3, 4, 7]. Baxubimu
YCIOBUSIMH SIBJIIIOTCSI: MCKPEHHOCTh W HE3aBHUCHUMOCTb MHEHUN 3KCHEPTOB, UX OTBETHI
JOJIKHBI OBITh OHO3HAYHBIMH.

B kauecTBe npumMepa npuBeaEeM MPOBEACHHYIO HAMU IKCIIEPTHYIO OLEHKY BapHaHTOB
CXEM MOJIOTUJIBHBIX YCTPOUCTB 3epHOYyOOpOouHOro kombaina B 2010 roay (ta6:i. 14)

Tabnuma 14
KoaddunmeHTsl BECOMOCTH BapUaHTOB
< SKCHEDTEL Cymma VYKinoHeHue
S p kooppuum- | or cpennero )
2 % BapuaHTh cxeM N apudmern- |
+ & 1 2 3 4 5 | CHIOB lzlai 4eCcKoro d;
Knaccuueckas cxema
1 (ZIOH-1500) 3 1 1 1 3 9 1 1
Potophoe
2 MOJIOTHJILHOE 2 6 2 3 1 14 -4 16
YCTPOUCTBO
JIByx6apabanHoe
3 MOJIOTHJILHOE 1 1 1 1 1 5 5 25
YCTPOUCTBO
[IpenBapurenbHbIi
4 0OMOJIOT B HAKJIOHHOH | 3 1 4 3 4 15 -5 25
KaMmepe
5 Jlpyrue BapuaHThl 1 1 2 2 1 7 3 9




Cymma k03¢ PUIIEHTOB BECOMOCTH ISl KaXI0I0 dKCIepTa

n
D a;; =10,
i=1

I'ne a; - KO3 PUIHEHT BECOMOCTH YKa3aHHBIN j-M OKCIIEPTOM [IJIsl (-0 BapHaHTa; 7i-
YHUCJIO BAPUAHTOB CXEM.
W3 tabnuipbl BUIHO, YTO IKCIEPThl OTAANM npeanouyteHue 2 u 4 cxemam (14 u 15
O6ayoB). MeHee nepcrneKTUBHBIMU MPU3HAHBI CXeMbl 3 U 5 (5 u 7 6aioB).
Cpennuit K03p(HULIHEHT BECOMOCTH KaX A0 U3 KOHCTPYKTUBHBIX CXEM
N n
2, 2.4
__j=li=l _9+1445+15+7 _
“= n - 5 -

10

3neck N- 4nuCI0 HKCIEPTOB.

n
VKIIOHEHHE OT CpeTHEro apuGMETHIECKOTro d; =a; — ) a;
i=1

Hanpumep s BTopo cxemsl dy =10-14 =4 .
JI OLIEHKM COTIJIACOBAaHHOCTU MHEHMH JKCIEPTOB MCIIOIB3YETCS METOJ PAaHIOBOU

Koppc/sinuu, B TOM 4YHUCIIC KOC—)(l)(i)I/II_II/IeHT KOHKOpAAIru, KOTOpBIﬁ MOKCT OIPCACIIATHCA
Pa3HbIMHU IIPUCMAMHU.

IlepBbIii BapuaHT pacuera KodQPuIueHTa KOHKOPAALNH

n
12-3 a?
i=1 12-(1+16+25+254+9) 12-76
M=—"5"3 = 2 o3 N
N=-(n° —n) 52.(5” =5) 600
3HAYUMOCTE VVI MMPOBCPAOT COIMOCTABJIICHHCM C BEJIMYUHOU XZ — KpUTCpHU:. Ecnn

=1,52.

pacueTHasi BEJIMYMHA y 12) = N(n—1)W1[7] 60onbIe TAOIUIYHON BETUYHHBI ;(% TO 3TO O3HAYaeT,
YTO MHEHHMS DKCIEPTOB JOCTATOYHO COTIacoBaHbl. Ompeaenum ;(% npu f=0,8 u yucne
cTerneHeu cBo0o bl k=n-1=5-1=4. B Hamewm cinyuae

;(12, =5,4-1,52=30,4 > ;((20 8:4) = 1,65 , CJI€A0BATCIIBHO, OLICHKHU DKCIICPTOB COIIaCOBAHBI.

Bropoii BapuaHT pacuera koadpuirieHTa KOHKOpIaluu
n

i=1 1+4+5+5+3)
W2 p—l — p—l p—l
a;-N 10-5
IIpu W, =0 mpuHUMAETCS TIOJHAS COrJIaCOBAHHOCTh MHEHUM 3KCIepToB. [lpu W, =1
Takasi COrjJacOBaHHOCTh OTCYTCTByeT. OTMETHM, YTO COIJIACOBAHHOCTh OLIEHOK SKCIIEPTOB

HC TapaHTHPYCT BBICOKYIO BCPOATHOCTL IIPABHIIBHOTO PCHICHUA. HOBTOMY SKCIICPTHAA

OOCHKa IMPOBOAUTCA B TOM ClIydac, KOrJda OJIA PCHICHUSA BOIIPOCA HET 0o1ee 0OBEKTUBHBIX
MCTOOOB.

0,36.



4.6. OueHka KayecTBa NPOXYKIUN 10 YACTOTE MOSIBJICHUS PeIKNUX COOBITHIA.

CIUTOIIHON KOHTPOJIb MPOJYKIIMKA B OOJIBIIMHCTBE CIIy4acB HEBO3MOJXKCH, IMOITOMY
OTPaHUYMBAIOTCS KOHTPOJIBHOW BBIOOPKOHW W3 TEHEpaIbHOW COBOKYMHOCTH. OpraHu3aius
TAKOTO0 KOHTPOJISA JIOJDKHA CTPOr0 PETIAMEHTHPOBATHCS, YTOOBI HUCKIIOUHTH Opak y
MOCTaBIIMKA M moTpedutens. [IpuanHoi mosiBieHUS nePEeKTHON MPOAYKIMHM MPU XOPOIIO
OpPraHU30BAaHHOM IPOM3BOCTBE SBIISICTCS COBIIAJCHUE HEKOTOPHIX HETaTUBHBIX (PaKTOPOB.
Takast cuTyanmsi COOTBETCTBYET IMPOU3BEICHHIO BEPOSTHOCTEH 3THUX (PaKTOPOB, MOITOMY
MosIBJICHUE Je(DEKTHOW MPOIYKIIUU SBISACTCS PEIKUM COOBITHEM (OTKa3, MOJOMKa, Opak u
T.11.). CreayeT OTMETUTh, YTO Ka4eCTBO MPOIYKIIMH Hanbosee penbeHO XapaKTepu3yeTcs
UMEHHO TaKUMHU COOBITUSMH, & HE YCTOHYMBOM pabOTOM.

Cnioco0 KOHTPOJISI U1 METO/I 00paOOTKH CTATUCTUYECKOTO MacCUBa 3aBUCHUT OT

paccMaTrpuBaeMoro o0beKTa Wi rpoiecca. Eciiu oTcinekuBaeTcsi Ka4ecTBO U3/IEITHA
coOpaHHBIX B HakonuTese (OyHKepe, CKIIaje U T.11.) To OepeTcsa BbIOOpKa 00beMoM g,
OTIPENICTISIOTCS €€ CTATUCTHYECKHIE XapaKTePUCTHKH, KOTOPhIE CPAaBHUBAIOT C TPEOOBAHMSIMHU
HOpMaTHBa. [[pOM3BOICTBO OJHOPOTHOM MPOTYKITUN MOXKHO MPEICTABUTH MHOKECTBOM
SIMHUYHBIX OMBITOB, KQXK/IBIF U3 KOTOPHIX MOKET 3aKaHUYMBATHCS IBYMSI HECOBMECTUMBIMU
MCXO/IaMH: TIOJIYYHTh TOJHOE WK Je(heKTHOE U3eNne; 0TKa3 WM paboTOCIoCOOHOe
COCTOSIHHE 0OBEKTa.

Ecnu oTcaexuBaeTcst KauyeCTBO MPOLECcca Ha y4acTKe JUINTENbHOCTBIO Ig TO
bUKCHUPYIOTCS, HAIPUMEP, HHTEPBAIIBI MKy MOSIBICHUEM Je(EKTHOMW MPOTYKITHH.
PasMepHOCTBIO ATUX HHTEPBAIOB MOXET OBITh BpEeMsI, PACCTOSIHHE, YUCIIO TOIHBIX JeTajei
MEXy MOsIBICHUEM OpaKkOBaHHBIX U T.J.. J{JIs ’TUX HHTEPBAJIOB OMPEACIISIOT
CTaTUCTUYECKHE XapaKTePUCTHKH.

Penxue coObITHS, Kak MPaBUIIO, MOSBISIOTCS MOOJUHOYKE, a HE TapaMu, TPOHKaMU U
T.J1., OHA HE3aBUCHUMBI JIPYT OT JApyra. [ pynmoBoe NosBICHNE TaKUX COOBITHI HE MOXKET
OBITh CITy4alfHBIM, OHO CBUACTEIBCTBYET O KAaKOW-TO CYIIECTBEHHON HEUCIIPAaBHOCTH
(BBIKpAIIMBaHKE JIE3BUS Pe31la, CPhIBE MU MOJIOMKE OHOTO U3 CETMEHTOB PEKYIIErO
ammapara 1 T.1.).

OreHka KayecTBa MPOIYKIUH 110 YaCTOTE MOSBICHHUS PEAKUX COOBITHIA 3aBUCUT OT
3aKOHa pacrpeneneHus peakux coobituil. Ecnu pacnpenenenue nmeer OMHOMUATBHBIN
XapakTep, TO HanboJiee TOYHBIE Pe3yIbTaThl 00ecreunBaeT npuMeHenne popmyn bepuymm.
[Tpu NayccoBckoM pacnpeeneHny UCToNb3YIOT popmyisl Jlammaca, HO
YAOBIIETBOPUTENIBHBIE PE3YJIBTATHI JOCTUIAOTCS [IPU 3HAYUTEIbHON BEITMUUHE /.
Huddepenunanbubie kpusbie ['aycoBckoro u IlyaccoHOBCKOro (3KCIOHEHIIUATBHOTO)

pacnpeneﬂeHI/Iﬁ Ipu YMCHBIICHUHN BEPOATHOCTH ACUMIITOTHYCCKU CTPCMATCA K OCHU



abcuuce. B 370l 30HE yKazaHHBIE KpUBBIE €1a00 pa3nuuumMbl. [1oaTOMy npu BEpOSITHOCTH
MOSIBJICHUSI PEIKUX COOBITHI
P <2...3% ucnone3yroT B pacuérax dhopmyisl [Tyaccona.

BHagane paccMoTpuM perieHue 3a7ad MPUMEHUTETBHO K HAKOTUIGHHOMY 00beMy n
OJTHOPOJHBIX 00BbeKkTOB. O003HaUUM OpakoBaHHOE U3zenue Kak x;= 1. B aTom ciyyae

CTaTUCTHUYCCKA] OICHKA MATCMATUYCCKOT'0 OKHAAHHA 1M PCIAKOTO

n
in n
=1

coOpiTHs X = , TIIe in — YUCJIO PEIKUX COOBITHI B JaHHOW BBHIOOPKE.

i=1
ONHOBPEMEHHO X SIBIISIETCS YaCTOTOM MOSABIEHUS TaKOro coObITHs. Bennunna (1-x)
ABJISIETCS] YaCTOTOM MOSBJIEHUS COOBITUH, 17151 KOTOPBIX X; =0. CTaTuCTHUYECKas OLIEHKA

JUCTIEPCUH TI0 BRIOOpPKE
Dx)=(0-%)21-%)+(1-%)2x=x(1-%).
CooTBeTCTBEHHO BeMUMHA qucnepcun D(x) = m(1-m).

Ecnu B ka)kJ10M OJJTMHOYHOM M HE3aBUCHUMOM HCHBITAHUH, ITOSIBJIEHHE KAKOT0-TH00 COOBITHS
IIOCTOSIHHO, TO BeposATHOCTE B, (k) mosBnenus k Takux coObITHIA B 1

UCIIBITAHUSIX XapaKTEPU3yeTCs] OMHOMUAIILHBIM PACTIPEIEICHUEM U ONPEACIIIeTCS
no popmyne bepnyiu:

_ n! -k —~n—k
Pn(k)—m'x '(1—X)n .

3A4A/TAYA. BeposTHOCTh HE MIPUKUBAEMOCTH EAUHUYHOTO caxkeHna X = 0,1.
CrnenoBaTenbHO, BEPOSTHOCTD TOT0, UTO U3 =20 Ca)XKEHLIEB HE NPUKUBETCS OJIUH

20!
Pro(l) = T?v 011.0,9'% =0,27.

AHaOTUYHO IS IBYX, TPEX M OOJbIIEro ynciia caxkeHieB Py (2) = 0,285, Py (3) =
0,19, Py (4)=0.09, Py, (5) = 0.032 u T.71.

dopmyia bepHymn obecrneunBaeT BHICOKYIO TOYHOCTD, HO pacUY€T MOTydaeTCss TPOMO3IKUM
13-3a ompeaesicHus PaKkToOpHuaaoB Py OONBIINX YHCIIAX 71 U k.

Jliist T'aycoBCKOTro pacrpeaesieHus, pa3HHIla MEXKTy MaTeMaTHICCKUM OKUJaHUEM U €ro

TOYEUYHOU OIIEHKOM:



_ | D(x) Im(1—m) x(1-X)
‘m_x‘<tﬂ’n T:tﬂ’n thﬂ’n T.

rae f Bn - Koopduuent CThroeHTa, KOTOPbIH 1pu 71>120 He 3aBUCHT OT 1 U TOT/A ~t,5, n=l B

; f — noBepurenbHas BEPOSITHOCTb.

Ecmu AO0ITyCTUMAs YaCTOTA IMOABJICHUA PCAKOTO COOBITHSA 3aJlaHa HOPMATUBOM,

TO 00BEM KOHTPOJIBHOU BBIOOPKHU:

2 2— —
S tym(l—m) - tpx(1-X)
(m-%)*  (m-%)’
3A4/TAYA. B cOOTBETCTBUH C arpoTpeOOBaHUEM BCXOXKECTh CEMSIH MOPKOBH JIOJIKHA OBITh,

Hanpumep, He MmeHee 90%. CrenoBaTenbHO, MATEMATUYECKOE OKUIAaHNE HEBCXOXKUX CEMSH

m=1-0.9=0,1. C BeposTHOCTBEIO 95% ($=0,95)

OIIpeIeTHTh 00beM BBIOOPKH KOTOPBIiT 0obecreunt norpemsocts |71 -X\< 0,05,
[Tpu usmenenun n ot 1 10 0 u £=0,95 kodrpdunmeHT t,B.n =12.71... 1.96 [1].

I[IpenBapuTensHo mpuMeM 7,=60 (MM 1060€e IPyroe 9nucio), it Hero [ B.n =20,

. 2%.0.1-0.9
TOoraa n’ = T 0052 = 144 s Takoro kommdecTBa ceMsH tﬂ = 1.96 u Torna
1.96%-0.1-0.9
OKOHYATEIBHO MOJTyuuM 11 = 0.052 = 138.

CrnenoBatenbHO, B BBIOOpKE U3 138 ceMsiH MosIBJIEHWE HEBCXOXKUX ceMsiH cocTtaBut X = 0,1

+0,05 =0,05...0,15 T.e. 5... 15% unu 7...21 mtyk. 310 OYAET COOTBETCTBOBATH 3a1aHHBIM
MOTPENIHOCTH U arpoTpeO0BaHUIO C BEPOSTHOCTHIO 95%.

HpI/I OOCHKC Ka4eCTBa MPOAYKIIMH WUJIN SKCINTYAaTAIUOHHBIX MokKas3aTtejicu HCO6XOI[I/IMO
ONIPCACIIATL JOBCPUTCIIbHBIC NHTCPBAJIbI LIB AJIA TCHEPAJIBbHBIX

MapaMCTpOB: MATCMATUYICCKOI'O OKHUAAHUA M U JUCIICPCUU D. HpI/I FaYCCOBCKOM

pacnpcaciicHnn 10BCPUTCIIBHBIC MHTCPBAJIbI AJIA 1M



, & JUIS TUCIICPCUU L}, =D I/,

Hcnonp3oBaHue 3TUX 3aBUCUMOCTEH HEOOXOAMMO TIPU CPABHUTEIBHBIX UCIIBITAHUSIX
00BEKTOB WJIU TIPOLIECCOB.
3A4/TAYA. B niporiecce UCTIBITAHUN KaTKU TPOU3BOIUTCS 3aMep MOTEPh CBOOOIHBIM 3€PHOM

IIpu CKallIMBAHUU pUCA. HpOBCI[eHO 40 3aMCPOB ILIOITAaO0K. Cpez[Hsm BCJIMYMHA ITIOTCPb HA

mIomaake X =25 38peH, a CTaTUCTHYECKAs OlleHKa aucnepcun D = 50 3épeH.
Omnpenenuts rpanullsl 171 m u D ¢ BepostHocThiO 80% (B=0,8). CratrcTHYECKHil MacCUB
nMeeT ['ayccoBcKoe pacnpeiesicHHE.

FpaHI/II_IBI JJI1 MaTCMAaTHYCCKOI'O 0K AaHUA

m=|25+1.303 z—g— =26,5..23,5~27..23 3Cpen.

FpaHI/II_IBI IJIA JUCIICPCUN

D=5011+1.303

2 .
01 =64.75..35 % 65...35 3CpelL.

/ a .
Tpeensl H3MEHEHHs CpeTHEKBAPATHIECKOro oTKIoHeHs 0 = V 35 ...4/65 = 6...8 3épen.
OTmeTHM, YTO ¢ yBENUYEHHEM B yBENMYMBAIOTCS KOIPDUIMEHT I3 U

AOBCPUTCIIbHBIC HHTCPBAJIbI IJI1 1M U D.
HpI/I HyaCCOHOBCKOM pacnpCaciiCHN HHTCPBAJIbI JJISI MATEMATUYICCKOT'O O KUIAHUA U

nucriepcuu OyayT Oosibiiie, yeM mnpu ['aycCOBCKOM.
Jlst onpeniesieHnst BEPOSITHOCTH TOSIBJICHUS B 71 HE3aBUCUMBIX UCTIBITAHUSIX POBHO K ()

pPENKUX COOBITUI MCIOB3YIOT JIOKaJIbHY0 Gopmyny Jlanmaca. Eciau ske B 3TUX yCIOBHSX
TpeOyeTcsl ONpeIeTUTh BEPOSITHOCTD MOSIBICHUS PEAKUX COOBITUM HE MEeHee k; pa3 U He
Oonee k; pa3, ToO IPUMEHSIOT MHTErpalbHy0 (popmyny Jlamnaca. Mcnonb3ys 3T
3aBUCUMOCTH MOXHO PELIUTh 0OpaTHYIO 3aJady, T.€. ONpeaeIuTh MUHUMAIbHbIN 00BEM
BBIOOPKHU, B KOTOPOM OKaXETCs ONpeeEHHOE KOTUUYECTBO Ne(DEKTHBIX U3IETH.
3A/TAYA. 1IpoBogutcsa KOHTPoab n=600 MpyX uH CKaTU HA COOTBETCTBUE YCUJIUSA U

a0COJIFOTHOW BeIWYUHBI Aedopmaiiuu. J[omycTuMoe OTKIIOHEHUE OT



HopmatuBa 15% (1.e. m=0.15). CoorBercTBeHHO (I-m)=0.85. HaiitTii BepoSITHOCTB TOTO, YTO
B BBIOOPKE OKaXKETCS:

a) ky=90 (n-m =90) npyXuH HE COOTBETCTBYIOIIUX HOPMATHURY;

0) He 6osee 90 Takux npyxuH (T.€. oT k;=[ 10 k,=90);

B) He MeHee k3=120 Takux npyxuH;

r) He 6onee k,/~119 Takux npyxuH.

Pemenne:

1 ko —nm 90-90
a) P500(90) = ——=0¢(x),20ex = = =0,
) P00 Jmn(l—m) Jmn(1—m)  /600-0,15-0,85
S I
x) = e = e’ =0,3989.
o) N2 N2
P00 (90) = ! .0,3989 = 0,0456, T.e. 4,56%

\J600-(1-0,15)-0,15
0) Psoo(1...90) = O(x")-D(x').

AprymeHThI 3T0H (HOpMYIIbI

v ky —nm —_ 1-600-0,15 ~_102: x"=0.
Jmn(l—m)  |/600-0,15-0,85

CnenoBarenbHo, Pgoo(1...90) = ©(0)-D(-10.2).

WuTerpanbHas GyHKIUS pacpeeiCHUS SBISETCS HEUYCTHOM, TOATOMY
D(-10.2) = -D(10.2).

B pesynbrare nomyuumcPgoo(1... 190) =0 + 0,5, m.e. 50%.

B) TpebGoBanue, 4ToObl YUCIO AehEKTHBIX NPYKUH ObUIO HE MeHee k;=120, 03HavaeT, 4YTo ux
yrciio MmoxkeT ObITh 120, 121, mnu maxke n=600.

B cooTBetcTBUU ¢ HHTETpanbHOM hopmytoit Jlamnaca

Pg0(120...600) = cl{ 600 —600-0,15 ]_q{ 120-600-0,15

\/600-0,15-0,85 \/600-0,15-0,85
=0,5-0,499 = 0,001, m.e. 0,1%.

] = D(58,3)— D(3,43) =

r) YciioBusl B) ¥ T) MPOTUBOIIOJIOXKHBI, CyMMa MX BeposiTHOCTel paBHa 1. CiegoBaTebHO
Pesoo (119) = 1-Pggo (120...600) = 1-0.001 = 0.999.

3A4/TAYA. llpoBoauTcs NpoBepKa JUTHIX KOPIYCOB ruapoasurarens. [lo Texanueckomy
TpeOOBaHUIO JIOMYCKAETCS T€Yb Macja CKBO3b CTEHKH (McTpaBUMbIN Opak) y 10% oTiuBOK



(m=0,1). C BeposaTHOCTBIO P, (k)=0.9 onpeaenutb MUHUMAJIbHbI 00BEM 71 BEIOOPKH, B

KOTOPOM OKaxkeTcst k =2 neeKTHBIX KopIyca.
HauGonee BeposiTHOE ynciio OpakoBaHHBIX jetaneid m * n = (), In. Vickomblit 00beM

BBIOOpKU 1> k, moTOMy P, (k) = q{ﬂ] _ Q{ _k—mn__ ] :

A am(l—m) A am(l —m) ’

09— n1-00) | f 2-0ln P 2-0n)
J0.1-7-09 Jn-01-09 03-/n

Jlaxe, B kpaifHeM ciydae, koraa 7 = k = 2 BenmuunHa @(3vn) = ®(4,24) = 0,5.

CnenoBatenbHo, 0,9 =0,5-@ 2-0.ln . Takum o6pazom @ 2=0ln ] _ -0,4 =®(1,28) . Tak xak
03-vn 03-n

naHHasi QyHKIUS HEUETHAS, Y KOTOPOH @D(—x) = —D(x) ,TO MOTYyIUM

2-0ln _ 128 .

03-+/n

Pemmast 310 KBagpaTHOE ypaBHEHHE, ONIPENEIUM, YTO n=46 OTIIUBOK.

Ecnu npunste £ = 1, To 00beM KOHTpoOJIbHOM napTuu coctaBut 30 neraneit . Ecnu B
BBIOOpKax MEHbLIEro 00beMa MOosBIsAETCS XOTs Obl oJHa OpakoBaHHAas OTJIMBKA, TO
JUTENHBIN mpoiiecc ¢ BeposATHOCTHI0 90% HEe COOTBETCTBYET TEXHUUECKUM TPEOOBAHUSIM.

[IpencraBisier npakKTUYECKUI HHTEPEC OLIEHKA COOTBETCTBHUS PEaIl3yeMoro npoiecca
HOpPMATHUBY WM CpaBHEHUWE KAuEeCTBEHHBIX XapaKTEPUCTUK OJHOPOJHBIX OOBEKTOB.
VYka3aHHbIC 33/1a4d PEIIAIOTCS CPABHEHUEM SKCIIEPUMEHTAJIbHBIX YacCTOT U BEPOSTHOCTEH
TUIOTETUYECKUX BHIOOPOK.

3AJJAYA. Tlpu BBIKOTIKE CBEKJIBI BO3MOXKHO MOBPEKICHUE €€ KOPHEH, Takoi Opak He
JOJDKEeH TmpeBblath, Hampumep, 0,5% (t.e. m=0,005). C BepostHocThIO 90% ($=0,9)
MPOBEPUTh COOTBETCTBUE TEXIpoIlecca HOpPMaTUBY, eciiu B BbIOOpKe #n=600 KopHEH
oOHapy>KeHbI k =6 MOBPEKICHHDBIX.

Ha6monaemoe 3Hauenue kputepus paznuaus [1].

) (% —mWn i (%00 ~0.005]/600 56,

U = =
"aon = (- m) /0,005 -0,995

B paccmarpuBaeMoil BEIOOpKE MOSIBJICHUS! PEIKOTO COOBITHS % = %00 =0,01>m

03TOMY 00J1acTh CyILIECTBOBAHUS pacCMaTpUBaeMON
(GyHKUMY TPaBOCTOPOHHSIS U JJI HE€ KpUTUYECKAsi TOUKA ONPEEIUTCS U3 paBEHCTBA
1-2(1-8) 1-0,2
5 =
T.X. Uypon™> Ukp

3A4A/TAYA. Ha nByX cKiIafiax XpaHsATCA CEMEHA MOACONIHEYHNKa. C IEPBOro CKI1aia

DUyp) = = 0,4 . ITo Tabiuue dyukumu Jlannaca Uy, = 1,28.

TO CHHUTACM, YTO TCXIIPOLUCCC HEC COOTBCTCTBYCT HOPMATHUBY.

B3siTa BeIOOpKA 717=600 ceMsiH, U3 HUX m =63 0Ka3aJuCh HEBCXOKUMH. AHAJIOTUYHO, Ha

BTOpoM ckiage ny=1000 u m»=80. Ilpu BepositHocT 95% ($=0,95) mpoBepUTH pazITuIHO
JIM Ka4e€CTBO CEMEHHOI0 MaTepuaia Ha oboux ckianax. Habmonaemoe 3HaueHne KpUTepUs

paznuuus [1]
m, 2 63/ _80
%1 %2 _ ?500~"* 1000 1696

Unaén. =
my+my(, mp+my |1 1 \/63+80 (1-0,08937)(0,001+0,00167)
np+ny np+ny n np 600 +1000




T.x. 3apPaHCC U3BCCTHO, YTO YaCTOTHI ITOABJICHUA 6paKOBaHHBIX ceMsH B 00eux

BBIOOpKax pa3HbIe (T.€. m/nl 2™ % 5 ), TO KpUTHYECKask TOUKa

DPUp) = g = 0,475, B 9TOM city4ae Uy,= 1,96.
T.K. Uyp>Upagr, » TO CEMEHA HA OOOUX CKIIA/IAX CYIIECTBEHHO HE OTIIMYAIOTCS M0
BCXOKECTH.
[Ipu ouens 60mabIIOM 00bEME BBIOOPKHU U Majioi BeposiTHOCTH (A < 0,04) nosiBieHUs
penkux coowiTril a3¢dexTrBeH 3akoH [lyaccona ¢ mapameTpoMm a=Aen.

BeposiTHOCTD MOsiBIIEHUS K PEAKUX COOBITHIA:
k

Py (k) = “k—,e‘“ . (a)

BepossTHOCTH TOTO, YTO B 72 HCTIBITAHUSAX HE MTPOU30UIET HU OJTHOTO PEIKOTO
COOBITHA:

P(0)=e“. (0)
BepOHTHOCTB MMOSBIIEHUSA XOTS OBl OJHOTI'O COOBITHS:
P=1-P,(0)=1-¢"¢. (B)

3A4/TAYA. V3 noceBHOro MaTepuaa B3sTa ciaydaifHas Beioopka u3 200 3€pen
KyKypy3bl. [lo arporexnuyeckum TpeOOBaHUSAM BEPOSITHOCTh BCXOKECTH 99%.
CrnenoBatesibHO, BEPOATHOCTh TOTO, UTO 3€PHO OKAXKETCSI HEBCXOKUM
A =0,01. HaiiT BepOsSITHOCTb TOTO, UTO :

-Bce 3épHa OKaXXYTCsl BCXOXKUMH, k = 0;

- IOSIBUTCS OJTHO HEBCXOXKEE 3€pHO, k = [;

- TIOSIBUTCSI YEThIPE HEBCXOXKUX 3€pHA, k =4;

- IOSIBUTCS K > | HEBCXOXKHUX 3EPEH.

CpenHeBeposaTHOE KOTMYECTBO HEBCXOXKHUX 3€PEH B 3TOM BBIOOPKE

a = 0,01 ¢ 200 = 2mr. B cootBeTcTBUU € (0) BEpOSATHOCTH TOTO, 4TO k = 0 paBHa

Pypo(0)=e ¢ = ¢~2 =0,135. B cootBeTCTBUN C (a) BepoATHOCTH TOTO, UTO k = 1

paBHaA Py (1) = %e‘a =2¢72 =027 .BeposATHOCTD NOABICHUS YETBIPEX TAKUX

. 24-6_2
3EpeH Poo(4) = T

BepostHocTH PH()(0) U Py (1) HECOBMECTUMBI, X cyMMa P =0,135+0,27 = 0,405 .

=0,09, T.€. 9%.

IToaTOoMy BEPOATHOCTD P (k) =1- 0,405 =0,595, T.€. 59,5%.

34/IA49A. HopmaTuBHas BelnuuHa Opaka npu u3rotosienuu aeraieit 1=0,015.
B3sita BeiOopka u3 n=400 neraneil. HaiiTu BeposiTHOCTH TOrO, YTO B HEW OKaxkeTcs He Ooliee
k =6 GpakoBaHHBIX JeTajcH.

CpenHeBeposaTHOE Yynciio OpakoBaHHBIX jaeTayiel B Beioopke a=0,015%*400=6mT.
OrpanudeHue «He 6oJiee» 03HaYaeT, YTO B BEHIOOPKE MOXKET okazaThcs 6,5,4,3,2,1 unu HU
OJIHOM OpaKOBaHHOM JeTad. DTH COOBITHS HECOBMECTHMBI, TO3TOMY JIJIsl PEIICHUS 3aa4u
MPUMEHUM TEOPEMY CIIOKEHHS BEPOATHOCTEH
Py (k <6) = Py (6) + P00 (5) + P400 (4) + P400(3) + P00 (2) + Paoo (1) + P00 (0) -

Bocnonb3oBaBuuck (a) 3anuiiem
60c® 620 %0 630 6%

6!+5!+4!+3!+2!

Py (k <6) = +6e 0 +e 0 =0611.



CnenoBatenbHO, BEPOATHOCTh TOT'O, UTO B JAaHHOM BbIOOpKE Oynet k& < 6 paBna 61,1%.
C yBenuueHueM k BEpOSITHOCTH P, (k) yBEIMUUBAETCS.

BeposiTHOCTH TOTO, UTO B BEIOOPKE OKa)KeTCs O0JIbIe, 4eM 6 neTalieil paBHa:
1= P40 (6) <0,389. Ecniu 3Ta 1iudpa okaxkercs 0oJbliie, TO TEXIPOLECC

HY)KJaeTcs B KOPPEKTHPOBKE.
3A4/JAYA. Tlpu o6Mo0I0TE 03UMOM MIIEHUIIBI AommyckaeTcs 2% npobiieHoro 3epHa (A=
0,02). C BepositHocThIO 90% (B = 0,9) onpenenaunTs 7, B KOTOPOM MOKET ObITh OOHAPYKEHO

OJIHO pOOJIEHOE 3€PHO.

a

[Ipu £ =1 u3 (a) moyuum ucxogHoe paBuenune P,(1)=a-e¢ “ =09. Tak kax

a=/A*n=0.02n,t0 P,(1)=0,9=(0,02n)- e %" TIpuBeneHHOE PaBEHCTBO HE
KOPPEKTHO, T.K. MakcuMainbHas BenuunHa P, (1) pasna 0,37 npu n =18. C
YMEHBIICHUEM /1 BEPOSITHOCTH P, (1) CHUXaeTcsl, pu 1 >18 B BHIOOpKE MOTYT

MOSIBUTHCA HE OJHO, & HECKOJIBKO Apo0JieHbIX 3epeH. CrieJoBaTeNIbHO, HE CYIIECTBYET
TaKoro 71, B KOTOPOM C BEpOSATHOCTHIO 90% OyAeT 0OHapyKEHO OHO POOJIEHOE 3EPHO.
BepositHOoCTh TOTO, 4TO B BEIOOpKE U3 150 3€peH He OKaxkeTcs: ApOOIeHBIX 3epeH

- —0.021
P()=a-e* =" =0,05.
B BrIOOpKE M3 n=5HE OKaKeTCs APOOIEHBIX 3€pPEeH C BEpOSTHOCTHIO 90%.

MuHuMansHbI 00BEM BEIOOPKU B KOTOPOM MOSIBUTCS XOTs ObI OJJHO IPOOJIEHOE 3€PHO

—-0,02-n —-0,02:n

¢ BeposTHOCTHIO 90% monyuyum u3 (B) 0,9=1-¢ nmm Ol =e . ITo TaGnue

byHKIMU e " HaxoauM, uto n =115 3epeH.

[Ipu vcnibITaHUKU MOXKET BO3HUKHYTh HEOOXOAMMOCTD B OINIPE/ICIICHUN 7, B KOTOPOM C
3aJIaHHON BEPOSTHOCTBHIO YHCIIO OTKA30B HE MPEBBICUT HOPMATHBA.

3A4/TAYA. 1lpu KOHTpoOJIEe TAPTUH U3/ICNIUN HE OOHAPY>KEHO HU OJIHOTO
OpakoBanHoro. Kakum noimkeH 6bITh 00b€M MapTUH, YTOOBI ¢ TapanTuen 85%
(6= 0,85) yTBepxaaTh, 4TO B HEM BEPOATHOCTH Opaka He NpeBbIcUT 1%

(.= 0,01)?
:_ln(l—ﬁ) :_l-n-0,15 ~190.
A 0,01

Ecnu B ciydaifHO 0TOOpaHHOW MapTUU MEHBLIET0 00bEMA MOSBUTCS XOTS OBl OJTHO
OpaKOBaHHOE U3JIENUE, TO MOKHO YTBEPXKIIaTh YTO YPOBEHb rapaHTHH HIKe 85%.

PaccMoTpuM pelieHre aHaaoruuHbIX 3a7a4 IPUMEHUTENIBHO K IIOTOKY PEAKUX
COOBITUH, BO3HUKAIOUIUX IIPU pealin3aluy Kakoro- 1100 npouecca. Hexkoropsie
MIPOMEKYTKU MEXKIY COOBITUAMH MOTYT ObITh HE XapaKTEPHBIMU UM BO3HUKATH U3-32
rpyObIx omn6ok. COMHUTENbHBIE TPOMEKYTKH HAJI0 UCKITIOYUTH U3 pacuera, YTOObl OHU HE
MIOBJIUAIU HA OAHOPOAHOCTS IIporiecca. st 3TOro MOKHO UCIIOIb30BaTh METOL
MpeesIbHOTO NOJIsl paccesiHus Ui 6osee npoctoid Metoa Mpsuna. IlepBbiit u3 3Tux
METOJ 0B OCHOBAH Ha HEPABEHCTBE:

=/ ~

‘x X j‘ ><0 g,
Trac X ' n 5 g Cpean:Aada BCJIMYHNHA U CPCIAHCKBAAPATHICCKOC OTKIIOHCHHUC psAda CﬂyqaﬁHBIX
BCIIMYNH, BBIYUCIICHHBIX 0e3 COMHUTENBbHON BEJIMYMHBI X J .

Eciu nieBast cTopoHa HEpaBEHCTBA OOJIBLIE IPABOM TO YUCIO X j OTOPACHIBACTCS, B

IMPOTUBHOM CJIy4dac - ocTaércs. OTMeTI/IM, 4dTO pacCMaTpuBacMOC HCPABCHCTBO UMCCT
TOYHBIN CMBICJI, €CJIN BBI60pKa B3iATa U3 HOpMaHBHOﬁ FeHepaHBHOﬁ COBOKYITHOCTHU. Ha



MPAKTUKE 3TO YCTAHOBUTD CJI0KHO, IIOTOMY LI€TIECO00pa3HO UCTIOIb30BaTh
HEMapaMEeTPUUECKUE KPUTEPUH, HAIpUMED, KpuTepuil pBrHa.

34/IA4A. B Tteuenne 1600 4. paboThl MalIMHBI BO3HUKIIO # =20 KpaTKOBPEMEHHBIX
OTKAa30B JJIUTEIIBHOCTBIO:

x;=28;29;3,1;3,3;5;6,1; 3,4, 3,5, 10; 3,7, 7, 3,9; 8, 9; 2,7, 2,8, 4,2; 4,4, 4,7, 4,7

MUH. B YKa3aHHOM mociienoBareabHOCTH. CyMMapHBIN IPOCTOM MAIIMHBI 3-32 OTKA30B
coctaBua 96 muH, T1.€. 0,1% oT oO1el HapaOoTKu. Takas cUTyalus MO3BOJISIET CYUTATh
OTKa3 PeIKUM COOBITHEM.

W3 mpencraBieHHbX 20 3aMepoB COMHEHHE BhI3bIBaeT X9 = 10 MuH, Omvkaimmii K
HeMy 3amep X, = 9 mun. TpebyeTcst yCTaHOBHTD, HE SIBJseTCs Jin 3amep 10 MuH

OLIMOOYHBIM U COOpaHbl U NPUBEICHHBIE 3aMEPbl B HEU3MEHHBIX YCIOBUAX. [
paccMaTpuBaeMoil BRIOOPKHU cpenHeapudMeThueckas BeIMurHa

n
2
j=1
n

X = =48 MHH, a BBI60pO‘IHOC CPCAHCKBAAPATUIHOC OTKIIOHCHHUC

-1
_ 1" )
o= —E x;—Xx)" =4,5 MUH.
n—1 .Z(J )

Pacuernbiii kpurepuii Mperuna
_|xo —x14] _10-9

p G 4,5

A ~0,22.

st n =20 u noBeputTeabHON BeposiTHOCTU 95% (= 0,95) TabnuuHoe 3HaUCHUE
kputepus Upsuna (Ilpunoxenne 10) ir =1,3. T.x. A7 > 4, To 3amep 10 mMuH ciexyer

COXPaHHUTb.

J1J1st TOCTOBEPHOCTH BBIBOJIOB HEOOXOAMMO YOEIUTHCS, YTO UCTIBITAHUS MTPOBEICHBI B
HEU3MEHHBIX ycIOBUsAX. TOIBKO B 3TOM ciiydae UX o0mIas CTaTUCTUYECKas OLlEHKa OyIeT
HecMelleHHON. HecTanmoHapHOCTh BOSHUKAET €CIHU NOSIBISAETCS TPEH]T U3-3a
u3Menstouierocs pakropa. Hampumep, npu cBepieHUH OTBEPCTHUS €r0 JUAMETpP 3aBUCUT HE
TOJIBKO OT AMAMETpa CBepIa, HO U OT ero u3Hoca. [Ipu nocreneHHoM H3HOCce cBepia
JUaMETp OTBEPCTUS YMEHBIIAETCA. AHAIOTUYHO, TOTEPU 3€pHA HETOMOJIOTOM 3aBHUCST HE
TOJIBKO OT HACTPOMKH KOMOaifHa, HO M OT BJIAXXHOCTU CTE0JIEBOM Macchl, KOTopas Oynet
0oJbIIIe YTPOM U MeHbIIEe AHeM. [ ycTpaHeHUs U HUBEJIMPOBAHUS TPEH1a IPUMEHSIOT
IJJAHUPOBAHUE U PAHIOMU3ALNIO UCTIBITAHUN.

MeTton OLleHKH CTy4alHOCTH (CTallMOHAPHOCTH) BEHIOOPKH OCHOBAH Ha CPaBHEHUU
peaNbHbIX CEepUl U3MEPEHHH C TOMYCTUMBIMU B 3aBUCUMOCTH OT 00beMa BHIOOPKH U
CTETNIeHU pUCKa COBEPUIUTH OLINOKY.

JUIs OEHKM CTallMOHAPHOCTH IIPOLiecca MPUCBANBAEM 3HAKHU PE3yJIbTaTaM 3aMEPOB.
Ecnu x; > X, TO CTaBUM 3HaK «+», €CIIH X ; < X TO 3HAK «-». [I[pUMEHHUTENBHO K

paCCManHBaCMOﬁ 3a1a49€C IMOJYYUM ITOCIACAOBATCIbHYIO IICTIOYKY 3HAKOB!= = = = + + -

-+ -+ -+ + - - - - = - JIpOTWKEHHOCTHL CAMOI JUIMHHOM cepun 7=6. Yuco
CEpHUIA, T.€. MOCIIEN0BATENLHOCTEN COCTOSMIMX, XOTS OBl U3 OJHOTO 3HaKa, A= 9. Onpenenum

JOMYyCTUMBIE 3HaUeHUs [T] U [4], eciii uncio 3amepoB 1 =20 U ypoBEHb 3HAUUMOCTH f§ =
0,95 .

[z]=33In(1+7r)=3,3In21~10; [ﬂ,]:%(n+1—tﬁ\/n—1):%(20+1—2,09\/20—1)z 6.



Tak kak A >[A] u 7 <[r] ,T0 BBIGOpKa cTanmonapua [2]. IIpu HapymeHun XoTs OBl
OJIHOT'O M3 HEPABEHCTB BHIOOPKA OKA3bIBACTCS HE CTAIIMOHAPHOM C BEPOSTHOCTHIO 95%.
3amaya. BpeMeHHas mocClieIoBaTeIbHOCTh PE3yJIbTAaTOB OMBITA COCTOUT U3 N=16
3amepoB: X;=4;5;5;6;3;2;3;3;2;3;,2;1,6;7;5; 6.
- 63
Bennuuna X = E = 3.93.3HaKoBas MOCICI0BATCILHOCTD:

S S S S T

Pacuérom ycranoBneno: 71 =8, A =3.
[Ipu B =0.95 BenuunHa g = 2.12, Torna [T] =3,3/nl7=9.35,

[z]:é(n - 2.1215)=4.39..

Tak kak 7<[r] wm ﬂ,<[ﬂ,], TO BBIOOpKA HE clly4yaiiHa, B €€ (OpMUpPOBAHUU

MPUCYTCTBYET Aperdyromuii paxrtop.
Ecnu B BEIOOpKE BEIMYMHBI ¥ U G OTJIMYAKOTCS HE3HAUUTEIBHO, TO ATO
ceuzerenbCTByeT 0 IlyaccoHOBCKOM pacnpeneneHuu. st Hero cpegHeBeposATHOE

KOJIMYECTBO COOBITHI Ha MHTEpBaJe /g paBHO a =A Ig, TA€ A- INIOTHOCTH IIOTOKA, T.€.

CpeJIHEE YUCIIO COOBITHI MPUXOAAINXCS HA €AUMHUILY pasMepa /.

[IpruMeHUTENBHO K pacCMaTPUBAEMOM 3a7a4ue A = 2y =0,0125 OMrazos , 4 BpeMs
0e30TKa3HON PabOTHI pacHpeesieHO MO MOKa3aTeIbHOMY 3aKOHY () = 0,0125_0°0125t raef -

Bpemsi. MIconib3ys 3Ty 3aBUCUMOCTh, OIIPEICIIUM BEPOATHOCTH TOTO, UTO 3a BpEMH,
Hanpumep, 100 yac. He HACTYNIUT HU OAHOTO OTKa3a:

BeposiTHOCTH MOSIBIICHUS XOTSI OBl OJTHOTO OTKa3a:
P=1-F(0)=1-0,285=0,715.

BriBobI:

AHanu3 NosIBJIECHUS PEIKUX COOBITUH MO3BOJISIET PEIIUThH CICTYIONINUE 3aa4u:

a) OnpenenuTh ONTUMAJbHYIO BennuuHy /g . Yem oHa OoJbliie, TeM BhILIE

TOYHOCTH PE3yJIbTaTa, HO OOJIbIIIEe TPYIOEMKOCTh OpPTraHU3AIMH U TPOBEACHUS
WCIIBITAHUS, U CIIOKHEE CTaTUCTHYECKass 00paboTka Marepuara.

0) O1eHUTH BEPOSITHOCTH COOTBETCTBHSI KA4eCTBA PEATU3yeMoro mpolecca
TEXHUYECCKOMY 3aIaHHI0 WM JIPYTOMY HOPMATUBHOMY JIOKYMEHTY.

B) O1leHUTh BEPOSTHOCTD MOSBIICHUS OJHOTO WM HECKOJbKHMX TaKUX COOBITUH Ha

y4acTKe Ui oobeme I .
r) OLeHUTH BEPOSITHOCTh TOTYYEHUSI TOYHOTO Pe3yabTaTa B 3aBUCUMOCTHU OT

BEJIUYUHEI /, 8-

4.7. KoMno3uuum 3aBUCMMBIX M HE3AaBHCHMbIX BbIOOPOK U3 I'eHEPAJIbHBIX
COBOKYIHOCTEH.

[Ipu B3auMoOAEMCTBUM CIyYalHbIX BEJIWYHH, XapaKTepU3YyIOIIHUX BEIOOPKH, BOSHUKAET
HOBas clydailHas BennuuMHa. Ee mapamMerpbl MOKHO YCTaHOBUTH HCIIOJB3ys amnmapar
KOMITO3ULIUM (YHKIUN pacmpenesieHuss HCXOAHBIX BbIOOpoK. OjHAKo, TakoW MOAXOA
TpebyeT OonbiIoro oObeMa MpeABapUTENbHBIX UCIHbITAaHUN. MeHee 3aTpaTHBIM SIBISIETCS
pElIEHNE ONUpAIOIIEEeCs Ha IapaMETPUUYECKUE XapaKTEPUCTHKU B3aWMOJCHUCTBYIOIINX



BBI60pOK. BTOpOﬁ BapHUaHT obecrieunBaeT NpUEMICMYIKO i1 IMPAKTHUKH TOYHOCTb

pe3ynpTarta.
Cpenuss apudmMeTHIecKass CyMMa CIIy4alHbIX BETUIUH

n

Z=) X;=X{+Xy+..+ X,
i=1

a JZ[I/ICHepCI/ISI ATOU CYMMBI

57 = +2Z”l]
i=1 i<

rae 7jj -Koaq)(pI/IuHeHT xoppensauu X; 1 X ;

M- 4UCIIO CIy4allHbIX BEJIMYMH.
Ecnu ricxonHbie CliyqaiHbIe BETUYHHBI HE KOPPEIUPOBAHHBI, TO 7jj =0.

Boimenpusenenasle  pOpMyNibl  UCHOJB3YIOT TpPU  ONPEIEICHUH CyMMapHOH
MOIIIHOCTU OT HECKOJBKHX paboyux OpraHoB, OOLIEH MPOU3BOJUTEIBHOCTH HECKOJIBKUX
arperaTos, 3allOJIHEHUS] EMKOCTU U3 HECKOJIBKUX UCTOYHUKOB U T.II.

3apaua. Ilpsmbie motepu npu padorte xkatku U=X+Y+Z; roe X,Y,Z- norepu
CBOOOJHBIM 3€pHOM, 3€PHOM B HECPE3aHHOM KOJIOCE M 3€PHOM B CPE3aHHBIX KOJIOCHAX, HO
HE TOMABIINX B MONOTHIKY. CpeHeapudMeTHIecKie BeINIHHBI STHX MOTEPh (3epeH/M’):
X =6,Y =7,Z =4, a uX AUCIIEPCUHU

5% =4; 5)2; =4; 522 =1. OnpeaenuTb CTATUCTUYECKUE XAPAKTEPUCTUKH CYMMapHBIX MOTEPH,

KOTOPBIE MTPENOJIOKUTEIIBHO UMEIOT HOPMAJIBHOE PacpeCIICHHUE.

Tak xak motepu X,Y,Z HUMEIOT pa3Hble HCTOYHHKU, TO OyJeM CUYUTaTh HX
HEKOPPEIUPOBAHHBIMH.

Cpemnsis apudMeTHIecKast BeIMIuHa U = X +¥ +Z =6+7+4=17 3epen/m’.

[enTtp rpynnupoBanus cpeaHeapuGMeTHIeCKIuX BEITMUUH
—  X+Y+Z 17

Ug=2"2"2 _2'_57 3epen/m’.
0 3 3 Y

Tak Kak X #Y # Z TO Cpe/HEe KBaPATHYECKOE OTKIIOHECHHE 3aBUCUT OT JIBYX TPYIIII
(aKTOpOB: CyMMBI JUCIIEPCHUI 110 apryMEHTaM U MEXTPYIIOBON JTUCTIEPCUU BOZHUKIIEH OT
TpeH/1a UX cpeHeapuPMEeTUIECKUX BETUYNH

o - X)% +(Uy -1)? +Ug - 2)*
n—1

GU—y(GE+65+52)+

€ Nn- YucCJio cjiiaraCMnbiXx.

5U:\/4+4+1+ 0,09 +1,62 + 2,89

I[moTHOCTE BCPOATHOCTHU CYMMapHOﬁ (1)YHKI_II/II/I
(v;-0) (W, -17)?

2~2
U x0117e %

~3,4 3epen/M”.

1
f(U)—M—me

Eciu 661 X =Y = Z TO UX Cpe/iHee KBaAPaTHUECKOE OTKIIOHEHHE

G4 +4+1=3 3eper/m’.



Marematnueckoe 0KUJAHUE PA3HOCTH [BYX HE3aBUCHUMBIX CIIyYalHBIX BEIUYUH X U
Y paBuo M(T)=M(X)-M(Y), a ux nucnepcuss D(T)=D(X)+D(Y).
3agaua. Ha mepepa®oTKy B cpemHeM €XEIHEBHO IOCTymaeT Y =1000 KIr CeMsH

MOJICOJTHEYHHKA, IIPH CPETHEKBAIPATHIECCKOM OTKIOHEHHH &, =80 Kr. Coaep:kaHHEe Macia
> Yy

B ceMeHax X =0,15Y CcO CpeAHEKBaJAPaTHYCCKUM OTKIOHEHHEM &, =0,3Y. Omnpeaeaursb

3arpyK€HHOCTh 000PYOBaHUs MO MepepadoTKe KMbIXa.
CpenHee KOJIMYECTBO KMbIXa MOCTyNAIOUIEE €XETHEBHO HA MepepaboTKy

T=Y—X=1000-150 =850 k.
CpeJlHeKBaI[paTI/I‘{eCKOC OTKJIOHCHUC 110 3TOI>1 MaccCe

&7 =J&§ +53 302 +80% ~85 «r.

Ecmun ¢ynkuus T umeeT HOpMabHOE paclpelelieHHe, TO 3arpy3ka >KMBIXOM OyneT
WU3MEHATHCS B Mpejeax
850-3+85=595<T<850+3+85=1105 kr, T.c. OYTH B /IBa pa3a.

IIpou3Benenue nByX CilydailHbIX BEJIMUUH XapaKTepU3yeTCs
MaTeMatnyeckuM oxuaanneM M(C)=M(XY)=M(X)*M(Y )+kxy,

rne Kyy=rxyoxoy — KOPPEIALMOHHBI MOMEHT, T.. MATEMATHYECKOE OXKHIAHHE
npousBegeHust orkiaoneHut X u Y ot M(X) u M(Y).

Eciu X u Y He KoppeaupoBaHbl, TO UX TPOU3BEIECHUE OYET paBHO MPOU3BEICHUIO UX
MaTeMaTUYECKUX OKUAHUH.

Jucnepcust Npon3BeIeHUs HE3aBUCUMBIX CIIYYalHbBIX BEJIMUYMH

D(C)=D(XY)=D(X)*D(Y)+M*(X)*D(Y)+M*(Y)*D(X).

W3 nByX mocienHMX ypaBHEHHMI MOXKHO OINpEAENUTh MAaTeMaTHUYeCKOe OKHMJIaHWE U
JTUCHEPCHUIO CIIyYalHOW BEJIWMYHMHBI TOJYYEHHOW NIpH ONepaluy JeJIeHHSI HCXOJHbBIX
CIIy4aWHBIX BEIIMYHUH.

3anaua.

[IpoBenenst n=10 3aMepoB »HHEPreTUKM MOTOBHJIA >KAaTKH. DUKCHPOBAINCH:

KpyTsiuii MOMCHT Myp (kH'M) 1 gactora Bpamenns @ (pan/c). OnpenenuTs MOLIHOCTD
JUIA IpHBOZia MOTOBUIA 110 popmyse N =My, - @ (kBm).

Pe3ynbTaThl HCTIBITaHUI CBEJICHBI B Ta0IUIY 15 U npeaBapuTeIbHO 00pabOTaHBbI.

Tabnuma 15.
VcxomHblie TaHHBIC I pacdeTa MOITHOCTH IMPHUBOJA MOTOBHUJIA.
Ne n/m M,ip , (M,’(p —M)2 (o, —60)2 M,ip -,
1 0.15 2 0.01 0.49 0.3
2 0.30 35 0.0025 0.69 1.05
3 0.25 2.5 0 0.04 0.5
4 0.20 2.5 0.0025 0.04 0.5
5 0.20 2.5 0.0025 0.04 0.5
6 0.35 35 0.01 0.64 1.225
7 0.3 3 0.0025 0.09 0.9
8 0.3 2.5 0.0025 0.04 0.75
9 0.25 2 0 0.49 0.5
10 0.2 3 0.0025 0.09 0.6
Cymma 2.5 27 0.035 2.6 6.95




CpCI[HeapI/I(i)MCTI/ILICCKI/IC SHAYCHUA KpPpYyTAIICTO MOMCHTA W YAdCTOTBI BpPAIICHUA:

Kp _25 =0.25xH - m; a_):ﬂ=2.7p—aa.
10 10 c
I[I/ICHCPCI/H/I N CTAaHAAPThI 9TUX BCIIMYUH!
53, = (1)00—3? = 0.0039, &34 =+/0.0039 = 0.0624xH - 1,
52 = % _0.289, &,, = /0289 = 0.54 7%
- C

KoppensimoHHblii MOMEHT:

n .
leip ) a)i
K. =11 —-M -5—@—025-27—0097 B
MKPE_ n—1 Kp - 9 ’ s =Y, KDT.
MECMaTI/IIIeCKoe OXKHNJIAHHUC HCO6XOI[I/IMOI7I MOIIIHOCTH:
N =M(M,, -@)=025-2,7+0,097 =0,772xBm,

nucnepens: D(M , - @) = 0,0039 0,289 + 0,25 - 0,289 +2,7* - 0,0039 = 0,0476,

CTaHapT: E(ZWKP @) =+/0,0476 = 0,218 kBm.

CremoBaTellbHO, TPECIIbl H3MEHEHUSI MOIIHOCTH MPHU ['ayCCOBCKOM pacipe/IeicHUN
e€ 3HayeHuil N =0,772+3-0,218=0,118...1,426xBm.

Perienrie  yCloXKHSETCS, €CIM KOMIUIGKCHBIM IMOKa3aTeidb 3aBUCHT OT YHCIa
CIIy4alHBIX BEJIMUUH OOJIbIIE ABYX.

3anaua.

OnpenenuTs CTaTUCTUYECKHE XapAKTEPUCTUKH MPOU3BOAMTEIIBHOCTH BAJIKOBOU
KATKHU 3aXBaTOM 6M.

Bo Bpemsi ucnbiTaHuMii Mpu MU3MEHEHHHM pabouell cKopocTu ABWxeHus ot 1,53 mo
3,1 M/c peanbpHas mMpHHa 3axBata CHIXXanack ot 5,93 1o 5,51 M. M3-3a noreps BpeMenu Ha
MOBOPOTHI, YCTPAHEHUS] HAPYIIEHUN TEXHOJOTMYECKOro Mpoliecca, PeryaupoBaHus U T.J.
BpeMs UMCTOM paboThl 3a 1 Yac HAXOXKACHUS KATKU B 3arOHE U3MEHSJIOCh 3a cMeHy oT 0,64
70 0,95 4.

CratucTryeckuid aHalu3 MoKa3al, YTO Cpe/lHee 3HaUeHUEe CKOPOCTH, IIMPUHBI 3aXBaTa
u pabouero Bpemenu pasubl: V =228m/c, B =57m, T =0,794. Paccuurannsie
CPEIHEKBaAPATUYHbIE OTKJIOHEHUS ISl 3TUX
napameTpoB 6y =0,43m/c, 6g =0,18m, 6 =0,054,

[Ipumem ycioBue, 4TO clydailHble BEJIMYMHBI IIUPUHBI 3aXBaTa, pabodeil CKopocTH U
YUCTOr0 BpeMEHU paboThl UMEIOT ['ayccoBckoe pacnpesenenne. KoppensunoHHbIA MOMEHT
Mexnay Bu V:

> Bx,

=1 D U1/ 2
ky, = —BxV =-0,066m"/c,
n
Trac Bi’Vi - TCKYIIHUC 3HAUCHUA HIMPHHBI 3aXBdTd U CKOPOCTH 3adMCPCHHLIC B n=11

OIIbITax.



Koaddunuent xoppensuuu:
k
BV — 0853
G Boy
be3 yueTta nmotepb BpeMEHHU B 3aroHE CPEIHss MPOU3BOIUTEIBHOCTD KATKHU:

II'=BxV +k,, =4,72a/u.

CpCI[HCKBaI[paTI/I‘{eCKOC OTKJIIOHCHUC .

y = ———-

&y =1+ 12)G25E +2rBV G 46, + B’GL +V 6} .
Iloce MMOACTAHOBKH COOTBCTCTBYIOIIUX YHUCIIOBBIX 3HAUYCHU U MMOJIy4YUuM:
&=0,75ra/u.
CpCI[HSISI Hapa60TI<a KATKHA 3a 1 qacC HAXO0KACHUA B 3aI'OHC:
II=M(BVT)=BVT +k,,T =3,71zalu
CpCI[HeKBaI[paTI/ILICCKOC OTKJIOHCHHC:

&7 = \/(a +T2)G 265 +k3, +2BVkgy + B2GH +V265)+62(BV +kpy)*

ITocne mocTaHOBKM COOTBETCTBYIOIIMX YMCIIOBBIX 3HAUYEHU I TTOTYUUM:
o7 =0,645ra/q.
CnenoBaTenbHO, pacueTHask MPOU3BOUTEIBLHOCTD:
I1=11+3G6 =3,71+3x0,645~1,75...5,62a/u
N sTo 6513K0 K peanbHON CMEHHOM Mpou3BOAUTENLHOCTH 1,5...5,5 ra/4, 4To OBLIO0

3a()UKCUPOBAHO BO BpeMs UCTIHITAHUH.
Peanuzanus nporiecca MOKeT OBITh MTPEACTABICHA CTydyaiiHON (yHKIIMEH, KOTopas B

pe3yJibTaTe UCIIBITAHUM IPUHUMAET KaKOW-TO KOHKpETHBIN BUA. IIpu nnposeneHuu 7
HE3aBUCUMBIX UCIIBITAHUH MOJTy4uM /1 peaju3auuii caydyailHol GyHKUUU

X1(1),X7(t),... Xp(t). OTH peanuzanuu MOTYT COBIIJIaTh ¢ BPEMEHHBIM IUIeidoM Tporiecca,
TPAeKTOPUEH IBUKEHUS arperara, pacnoliaratbCsi BAOJb IIUPUHBI 3aXBaTa CEJIbX03MaIlIMHBI
" T.JI.

CrartucTudeckue TaHHbIC B IPOOJILHOM HarpaBiieHuu (puc. 24, a) coOuparoT B10Jb
tpacc I-III, mpoBeneHHBIX MapaIICIbHO ABUKECHUIO KATKH.

3Has JIUTEIBHOCTh OMbITa L, MOKHO OMPEEIUTh YUCIO MIHOBEHHBIX BHIOOPOK B

Kaxnou u3 tpacc N=L/(l,+1;),

Trac 13 — JJIMTCIIBHOCTD OIIHOﬁ N3 MI'HOBCHHBIX BBI60pOK; Zi —BCJIMYMHA NHTCPBAJIA
MCKAY COCCAHUMU BBI60pKaMI/I.
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Puc. 24 Cxema pacnosioxkeHusi MTHOBEHHBIX BBIOOPOK NpHu cOope
CTATUCTHYECKHUX JAHHBIX:

Yucno 3amMepoB B OJHOM u3 BBIOOPOK kp=[,/0 (rae J — NOPOMEKYTOK MEXIY

coceqHUMH 3amepamu). Yuciao 3amepoB kjy 0Opa3yeT MIHOBEHHYIO BBIOOpPKY, KOTOpas
J0JIKHA OBITh PENPE3EHTATUBHOM 110 OTHOILLIEHHUIO K T€HEPaIbHOM COBOKYITHOCTH. Pazmepsl o

U [; 3aBUCAT OT TeMIIa U3MEHEHHUsI Tipoliecca, GOPMUPYIOIIETO CAyYaiiHYI0 BEJTUYUHY.

[Ipu cOopke CTaTUCTUYECKUX TaHHBIX B MOMEPEUYHOM HAIPaBICHUM JBUKCHHS JKATKU
(puc. 246) tpaccer 1, 2, 3, ..., N npoBoAsT mapajiebHO OCH MOTOBWIA. B 3TOM ciyuae
00bEeM KaXJIOH M3 MTHOBEHHBIX BBIOOPOK MOXET OBITh HAMHOTO OOJIbIlIe, YeM B clydae,
M300paX€eHHOM Ha puc. 24 a, Jaxe MpUH BBICOKOM TEeMIIE M3MEHEHHsS TMpoliecca,
(hopMUPYIOIIETO CIYYailHYIO BEJIMUHHY.

XKenarenpHo,  4YTOOBI  MPOBEACHUIO  OCHOBHOTO  ONBITA  MPEAIIECCTBOBAI
MpeABAPUTEIbHBIN JKCICPUMEHT. DKCIIEPUMEHTAIbHBIC JaHHbIC IO3BOJSIOT MPaBHIHHO
OMPENICNIUTh YHUCIIO ¥ pa3Mep MTHOBEHHBIX BHIOOPOK, pa3Mep HHTEpBaJa.

Meto aHATUTUYECKUX KapT MTHOBEHHBIX PACHPEACIICHHN HCIOJIB3YIOT TaKXKe IMpHU
aHaJu3€e YCTOWYMBOCTH MIPOIIECCOB, (HOPMUPYIOMIUX ClydailHbie Belu4yuHbl. [Ipu sTOM
CpPaBHUBAIOT PACMOJIOKEHUE CpPEIAHEro apu(METHUUYECKOTO 3HAYEHUS U  CEPEIHUHBI
arpOTEXHUYECKOT0 JOMYyCKa, OMPENeSIOT Mpeaeibl KojeOaHUM H3ydyaeMoW CiydyailHOU
BEJIMYMHBI OTHOCUTEJIBHO TPAaHUIL JOoTycKa [6].

Ecnu 3adukcupoBaTh 3Ty peanuzanuio B NpomMexyTok At wmm Al, To ciyuaiinas
GyHKIMS TpeBpaimiaeTcss B CAy4allHYyl0 BEJIMYMHY, KOTOpas SBISETCS MIHOBEHHOMU
BBIOOpKO (puc.25)
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Puc. 25. TloTok MrHOBEHHBIX pacnpeiesieHuil (BBIOOPOK).

[loTok BBIOOPOK HHTEPOPETHPYET B3aUMOCBS3b MEXAY TpeMs MapaMeTpaMu.
Hanpumep, TOukoil 4 OTMEYEHO IOSBICHHE CIy4ailHOM BenuuuHbl V4 B cepun 1 ¢
BeposiTHOcThi0 P,. Ha rpaduke mnpencraBieHbl ClAeAyIOIIME BEIWYUHBL: R~ IMIUpUHA
M - MUHHMMaNTbHBIH (aKTHYECKHIi TapaMeTp UL
Ka)kKJO W3 MI'HOBEHHBIX BBIOODOK M I CyMMAapHOIO PpaclpeleNIeHHs; a,- Iapamerp

3aJlaHHbIi ~ TEXHUYECKHUM  TpeOOBaHMEM MM  HOPMATHBOM,; Vep(H)-  Tpena

BapbUPOBAHUA BBI60pKI/I B i-M CCUCHUMU,

cpenHeapu(pMeTUYeCKON BETUUYMHBI IO MMOTOKY BBIOOPOK; V() U Viy(t)- BepXHss U HUKHAS
oru0arlIre, KOTOpble OTrPaHUUYMBAIOT OO0NACTh PA3BUTHUS HCCIENYEMOIO IMOKas3arensd. B

3aBUCUMOCTH OT LIEJIU HUCIBITAaHUN KOHTPOJUPYIOT H3MeHeHue Vep(t), Vg(t) (Hampumep,
MaKCUMaJlbHO JIONMYCTUMBbIE TOoTepu) wuiu Vy(t) (Hampumep, 3a30p MEXIy Ouyamu
MOJOTWIBHOTO OapabaHa u moadapabanbem). JlJIsi KakJaoW U3 BBIOOPOK OIPEACIISIIOTCS
CTaTUCTHUYECKHE XapaKTEPUCTUKH.

B cooTBercTBUM € UEHTpalbHOW npeaenbHoOM Teopemoil A.M.JlsnyHoBa mnpu
oObeUHEHUU OOJBIIOTO YHKCIAa TaKUX BBIOOPOK CyMMapHas BbIOOpKa OyIeT HMETb
MPaKTUYECKH HOPMAJIbHOE pacrpe/ieieHue.

CpaBHUBasi M3BECTHBbIE CBEIECHHUS O (PU3NYECKON CYIIHOCTH (GOpMHUpPYyeMOi
reHepajbHOM COBOKYIMHOCTH C OYEpPTaHHSIMHU TpadUKOB U NapamMeTpaMH CTATUCTUYECKUX
XapaKTepUCTUK BBIOOPOK MOXKHO BHU3YaJbHO OLEHUTH CTENEHb BIUSHUA OTACIbHBIX
(aKkTOpOB Ha U3yYaEMYIO CITy4allHYIO BETUUUHY.

BeposiTHOCTHast cxema, KOTOpasi COOTBETCTBYET CYIIHOCTH CIy4allHOW BETUYHHBI
OIKCHIBAIOIIEH MOTOK BEIOOPOK MOKET OBITh MPECTaBICHA B BUJE TPEX CIaraeMbIX:

n m )
X = 6p+ D Ap)+ D 4A5(),
=1 j=1 k=1
n
rac 26,1 - CyMMa MHOTI'OYUCJIICHHBIX paBHOI_IeHHBIX, HC3aBUCUMBIX U HCU3MCHHLBIX BO
i=1
BPEMEHHU CIIy4YalHbIX CJlaraéMblX, KOTOpPBIE IIPEACTABISAIOT OCHOBHOE cojJepkaHue X.



Kaxxnoe u3 HUX UMeeT MOCTOSHHOE MAaTeMaTHYeCKOe OKHIaHME W JHUCIIEPCUIO0 (HampuMmep,
YPOBEHb HACTPONKM MAIIMHBI, OCOOEHHOCTH €€ KHUHEMAaTHYEeCKHMX M TeOMETPHUYECKUX
napameTpoB, BUJ yOUpaeMoil KyJIbTypbl, TUI IOYBHI U T.I1.).
m
D" Ay (t) - cyMMa cTy4aiHBIX TOMUHUPYIOIIUX BEJIMYHH, 3aBUCUMBIX OT BpeMeHH t. Y
j=l1
CllaraéMbIX A3TOM CyMMBbl MaT€MaTUYECKUE OXKUIAHUS HE paBHbl HYJII0 (Harpumep,
NEePUOJUYECKOE CKalulMBaHue cTeOnei Ha miatr@opMme JKaTKH, W3MEHEHUE CBOMWCTB
pPacTUTENBHOIO0 MaTepuaja B 3aBUCUMOCTH OT BPEMEHU CYTOK, HEOJHOPOAHOCTH CBOWCTB
m
pacTeHuii mo pnuHe roHa u T.m.). Cnaraemele Y. A4, (t) 0OpasyloT TPeHJ MaTeMaTHYECKOro
j=l1
OKUJIaHUS 110 TTOTOKY MIHOBEHHBIX BHIOOPOK, HO HE BIUSIOT Ha BEJIMUMHY UX JUCIEPCHI.

S
ZAS (t) -HC3aBHUCHUMBIC CquaﬁHBIe BCIIMYWHBI CPCANU KOTOPBIX HECT JOMHUHHUPYIOIINUX.

k=1
Jlucriepcun 3THX BEJIWYUH U3MEHSIOTCS BO BPEMEHM, & MAaTEMAaTHUUECKOE OXKUAAHUE PABHO
Hymto. Craraemble 3TOM CyMMBbl BO3HMKAlOT BCJIEACTBHE KOJI€OaHMsS CKOpOCTEH pabodmx
OpraHoB, ynpyrux nedopmanuil 3JIeMeHTOB MalllMHbI, U3MEHEHHUSI IIIUPUHBI 3aXBaTa U T..

Cnengyer OTMETHTb, YTO B 3aBUCHMOCTHM OT 3aJlayd Te€ WM UHBIE (DAKTOPHI
HE0OXOJIUMO OTHOCUTH K COOTBETCTBYIOLIUM I'PYIIaM CIaraeMbiXx.

CwMmellieHre LeHTpa rpyninupoBaHus BHIOOPOK BbhIpakaeT PyHKIUS

n m
Vep() =D 6p+ D Ay (D)
=1 j=l
KOTOpasi MOXKeT ObITh KOHKPETU3UpPOBaHA KaK JMHEIHas, CTeleHHas, nepuoandeckas
U T.IL.
[Ipu nuHENHOM XapakTepe
Vep(t) =ay +1qt
n
T¢ ay - MAaTEMATUYECKOE OXKHIAHUE JUIsl CYMMBI D6,
i=1
I, = a(tmax ) — a(tmin ) - ©3MEHEHUE QYHKIMH 32 IPOMEXYTOK BPEMEHH (fmax — min ) -
OTOT ciay4dail COOTBETCTBYET PAaBHOMEPHOMY CMEUIEHUIO LEHTPOB TIPYNIHUPOBAHUS
BbIOOpOK. Takoe u3MeHeHHe (4alle yXyAIIeHHE KadyecTBa) BO3HUKAET, HAlpUMEp NpH
BBITSDKKE PEMHEH, 3aTyIUICHUU JIe3BUM CErMEHTOB, MPOTrHly MO LEHTPY MOJIOTHUIBHOTO
Oapabana u T.1. MaTemaTudeckoe OXHAaHUE M CpeAHEee KBaIpaTHUYECKOe OTKIOHEHHE
CIIy4alHOU BEJIMYUHBI Vep (1) npu ee JIMHEWUHOM Xapaxkrepe oynyT

2
MP)=a,  o)=ot+los
D) n
I7e 0§ - AUCIEPCUs CyMMBI Y 6y .
i=1

m A
IIpakTka WCHBITAHUM T[OKA3bIBAET, YTO ZAm (t)y m ZAS (t) dyamie BCETOo
j=l1 k=1
MEPUOANYECKUA U3MEHSIOTCS BO BPEMEHH. DTO OOBSICHUMO TEM, YTO OOJIBIIMHCTBO pabodunx



OpraHoOB CeJIbXO3MaIlIMH COBEPIIAIOT BpallaTeabHOE WK KojiebaTenbHOE IBIKEeHHE. B aTOM
cirydae
Vep(t) =ay, + 0,5l sm ot
2 2

Torna M(V)=a,, o(V)=40;+* g >

I7I€ @ - 4aCTOTa KoJieOaHUH IIEHTPOB IPYIIHUPOBAHUS MTHOBEHHBIX BEIOOPOK.

MeTo1 MTHOBEHHBIX BRIOOPOK MPUMEHHUM ISl OLICHOK BIMSHUS Pa3indHbIX (PaKTOPOB
Ha TOTEpH MpHU yOOpKe yporKas, KauecTBa KOMUPOBaHUs penbeda moiid *KaTkaMu U T.1. [6].
Cpennsist apudMeTnyeckas BeJIMUYMHA JJI1 CyMMapHOIo pacipeneneHus (cMm. puc. 25)

N J—
2. Xi
y=i=l ,
N

rae X; - cpenusist apudMeTHIecKas BEIMYMHA I [-i BBIOOPKH,

N — 4uCI0 MTHOBEHHBIX BEIOOPOK.
Jucnepcust i-ii MTHOBEHHOU BBIOOPKHU

N pE—
D (Xi—x;)
) i—
=Bl
n—1
Il x; -€[IMHUYHBINA 3amep B i-i BEIOOpKE.

Jucnepcust o rpynmne BbI0OOpoK
(X)) +G(X)+.. 45 (Xy)

N
I[I/ICHepCI/ISI I'PYHIIOBBIX CPCAHUX OTHOCUTCIIBHO X paBHa

&% (X)

2(X-X,)’
G (Y)="!

N
Jlucniepcusi CyMMapHOTO pacrpeieieHHs]

~ (=2, <25 ~ ~
o :\/6 (X)+o (Y)+2rxyaxay ,
Te 2ry,0x0 ) - KOPPEIALUOHHBIN MOMEHT MeXIy X 1 Y.

Br16opku pacmonoXeHHbIE Ha OJIHOW Tpacce MOXKHO CUMTATh MPHUHAUICKAIIMMH K
€IMHOI TeHepaTbHOW COBOKYIMHOCTH. bojiee cliojkHast CUTyalnsi BOSHUKAET €CITH CyMMapHOe
pacmpezieieHne BO3HUKAET MPU KOMIIO3UIIUU HECKOJIBKUX BBIOOPOK (CIyYaliHBIX BEIUYHH )
HE TMPHUHAJICKANINX OJHON TeHEpAThbHONW COBOKYITHOCTH, T.€. MMEIOIIUX pPa3HBIE 3aKOHBI
pacnpenencHusi. B Takom pacnpeneneHuu  Z = (X, X,,...,X,) apryMEHTHI CBSI3aHBbI
anreOpanyecku, a MOTYT OKa3aThCs M B3aMMHOHE3aBUCHMbIMH. Hampumep, eciu X
HOIPEIIHOCTh TOKAa3aHUH M3MEPUTEILHOr0 Iprbopa (HOpMaabHOE paclpeiecHue), a Xy -
MOTPEITHOCTh  OKPYTJICHUS TIOKa3aHWM 10 Omkaimero nejeHus (paBHOMEPHOE
pacrpejelicHIe), TO UX o0IIee pacrpeeieHie Z MoaydaeTcsi CyMMHPOBAHHEM.

3agava. i ycTaHOBJICHHS BIWSHUS YCIOBHHM OSKCIUTyaTallud W PEMOHTa ObLIH
NpOBEACHBl 5 Tpynn HAOMIOACHHWNA C IENBbI0 ONpENeTCHHs] TPYIOEMKOCTH TEXHHYECKOTO
oOciyxuBanust. YUCIIo 3aMepoB B KaXIOH TpyIIe OKa3aloch pasHbIM. [IpenaBapuTenbHO



OBUTH OTPENENICHBl CPeAHUE 3HAUCHUS X j

U JUcTiepcuit O'?(X ) B Kaxaoi rpymnmne (Tadi.

15).
Tabmuua 15.
CBojiHas TabiHIla 3aMEePOB TPYAOEMKOCTH TEXHUYECKOT0 00CITYKUBaHUS
nj 9 8 5 6 4
X, uac. 68 68 64 63 62
o7 (X) 10,95 11,82 7,18 5,58 6,10

JIuist 3THX YCIOBHI CpeHee 3HAYCHNE BEIMYMH X j paBHO

A—,:68+68+654+63+62 654

I[I/ICHCpCI/IH YKJIOHCHI/Iﬁ MT'HOBCHHBIX BBI60pOK OTHOCHUTEIJIBHO X

o2 (X )= ﬁ[(&% ~65)% +(68— 65 + (64— 65 +(63-65)% + (62 - 65)2} =75 .

Tak Kak 4YHMCIO 3aMEepOB B TPYNNax n; pasHble, TO YUCIO CTEHCHEH CBOOOIbI

CYMMApHOI'O pacCIiipCacICHUA

n
f=Ynj-D=©0-D+@B-D+E-D+(6-D)+(#-1)=27 .
j=1

CpenHeB3BEIIEHHOE 3HAUYECHHUE AUCTIEPCUI 5} (X)

5%)‘():%2(;1].—1) 5j(X)=2i7(8-10,95+7-11,82+4-7.18+5-5.58+3-6,1)=9,08.
Jj=1
3Hauenue F- cratuctukn
~2
B o (X]) 75
52(/?) 9,08

Fp

=0,826.

Hcxonnas HyJeBasi TUIIOTE3a 3aKII0YAETCA B TOM, YTO BIMSIHUE YCIOBHI HE3HAUHMO.
Konkypupyromas rumnore3a, HanmpoOTHUB YTBEpPXKAA€T 3HAYMMOCTh BIIMSHMS YCIOBHM Ha
TPYJOEMKOCTh  TEXHMUYECKoro  obOciyxkuBanus. I[losTomy  Kputhueckas  o0aacTh
nsyctoponssis. [Ipu 0=0,05; (n-1)=4; f=27. (uucno creneHeu cBOOOIbI MO YUCIUTENIO 4, 110
3HaMeHaTes o 27) TabJuYHas BeIMYHHA
FTZF()’](4,27)=2,73.

Tax kak Fp<Fp TO leaeM BBIBOJ, YTO BIMSHUE YCIOBUI 3KCIUTyaTalldd U PEMOHTA Ha
TPYJOEMKOCTh TEXHUYECKOTO OOCITYKUBAaHUS B JAHHOM CITy4ae HECYIECTBEHHO.

[IpakTuueckuii UHTEPEC MPEACTABISIET CUTYAIUs] KOTJIa KaYeCTBO pabOThl 3aBUCUT OT
OJIHOTO IOMUHHUPYIOHIETO (PaKkTopa KOTOPHIN SIBISIETCS apryMEHTOM MOHOTOHHOM (DYHKITUH.
Takum  (dakTopoM  MoXeT ObITh HW3MeHeHMe  paloueil  CKOpOCTH  arperara,
HEPABHOMEPHOCTb T'YyCTOTHI CTE€0JIECTOSI, HEPABHOMEPHOCTh MOJa4l cTe0JIeBOM Macchl B
MOJIOTHJIKY U T.[I.

HcnpiTaHUsIMU yCTAaHOBIIEHO, YTO MPU KO3 PUIMeHTe Bapraluu 3arpy3ku MOJIOTHIIKU
30...40% noTepu MoryT yBenuuuBatbes B 1,5...2 paza, 1poOjeHUE U MUKPOIIOBPEXKACHHUE
3epeH yBenuunBaetcs Ha 20...25%. [loaToMy akTyajabHOU 3a1adeil ABISETCS OrPAHUYEHUE
M3MEHUYMUBOCTHU MOJOOHBIX CYIIECTBEHHBIX (PaKTOPOB.



MHorue HUCCIICOAOBATCIIN 3aBUCUMOCTL IIOTCPb 3C€pPHA 34 MOJIOTHJIKOM OT IOJa4u
OIMMCHIBAIOT AKCIIOHECHIIMAJILHOM 3aBUCUMOCTBIO

7=ac?

rae /1 - TOTepu 3epHa 3a MOJOTWIKOM, %; g- mojmada Kr/c; b- sMOMpUYECKUI
KO3 (PUIIEHT, XapaKTEPU3YIOUIUH COCTOSIHUE 3€PHOBOM U CTEOJIEBOM MaCCHI.

OTa 3aBUCHMOCTH CIIpPaBeJIMBAa TOJIBKO IIPU PABHOMEPHOW IMOAA4Ye 3EPHOBOM H
cTe0JIEBOM MAacCChl 0 BPEMEHU U IO IIUPUHE MOJIOTHIIKH.

[IpencraBum, uro ¢yHKuug /1 HempepbiBHA M nuddepeHnupyema. Paznoxum ee B
psn Teitnopa Ha uHTEpBane (—00,00) B OKPECTHOCTH MAaTEMaTUYECKOTO OKuanus m=M(q):

H:aebq :f(m)+%(q—m)+%(q—m)+#(q—m)3 +..=

bm 2 bm 3 _bm
:aebm + abe (q—m)+&(q—m)2 +ab—e(q—m)3 +..=
1! 2! 3!
2 2 53 3 4 4
_ bl ba=m) brg-m?® Bg-m?  btg-m? |
1! 2! 3! 4!

Cpennee BepodTHOCTHOe 3HadeHue notepb M(II) momyuuM wu3 ycinoBus, 4YTO
MaTeMaTUYECKOE OKUJaHUE CYMMBbI PABHO CyMME MaTeMaTHUYECKUX OXKUIaHMI:

2 3 4
M(IT) = ae®™ (1+ bM (g — m) + bz_'M(q —m)? +b3—'M(q —m)> +b4—'M(q —m)* iy,
rac M(q —m) -MAaTEMATHUYCCKOC OXKXKUJIAHHC paSHOCTI/I Memz[y BCIIMUUHAMU q U m.

B crity cuMMETpUYHOCTH KPUBOM HOPMAJIbHOIO PacHpeNCIICHU Il BEIMUUHBI g BCE
HEYETHBIC ICHTPaJbHBIE MOMEHTBI paBHBI HYIIO, T.e. M(qg-m)=0, M(q- m)3 =0,

M(q—m)5 =0 W T.J., a YETHbIC LEHTPAIIbHbIE MOMEHTHl PaBHbl JIUCIEPCUU JIMHEHHOU

IJIOTHOCTH BaJIKa, T.€. M (g —m)2 = o-g .

BOHBHJYIO CJIOXHOCTBH IPCACTABIIACT OIPCACICHUC YCTHBIX LICHTPAJIBHBIX MOMCHTOB
00J1e€ BBICOKOTO nmopsaxka.

4 4 pisd

%M(q_m)4 - 1-2b-3-4303 - 2-4q [6]-

AHaANIOrMYHO MOIYYUM

b6 6 b6 b6 O_6

M 59 T,

[IpoBoas nanbHene, MaTeMaTHYeCKUe MPeoOpa3oBaHMs OTYYUM OKOHYATENBHO[6 ]
bm+0,5b%67

M((Il)=ae .

Takum oOpa3zoM, coxpaHsii CpeAHIO IMoAady, MOTEPH 32 MOJIOTHJIKOM MOXKHO

0,5b202

YMCHBIIIUTL B € q pas.



Ipunaoxenune 1

Tadauua 3HaYeHNH PYHKIMH q)(x) = \/;_ e’
T
X 0 1 2 3 4 5 B 7 8 9
0,0 (0,3989 |3989 (3989 |3988 (3986 |3984 |3982 |3980 3977 | 3973
0,1 |3970 3965 | 3961 | 3956 | 3951 3945 | 3939 | 3932 3925 | 3918
0,2 | 3910 3902 | 3894 | 3885 | 3876 | 3867 | 3857 | 3847 3836 | 3825
0,3 | 3814 3802 | 3790 | 3778 | 3765 3752 | 3739 | 3726 3712 | 3697
0,4 | 3683 3668 | 3652 | 3637 | 3621 3605 | 3589 | 3572 3555 | 3538
0,5 | 3521 3503 | 3485 | 3467 3448 3429 | 3410 | 3391 3372 | 3352
0,6 | 3332 3312 | 3292 | 3271 | 3251 3230 | 3209 | 3187 3166 | 3144
0,7 | 3123 3101 | 3079 | 3056 | 3034 3011 | 2989 | 2966 | 2943 | 2920
0,8 | 2897 2874 | 2850 | 2827 | 2803 | 2780 | 2756 | 2732 2709 | 2685
0,9 | 2661 2637 | 2613 | 2589 | 2565 2541 | 2516 | 2492 2468 | 2444
1,0 |0,2420 2396 | 2371 | 2347 2323 2299 | 2275 | 2251 2227 | 2203
1,1 |2179 2155 | 2131 | 2107 2083 2059 | 2036 | 2012 1989 1965
1.2 | 1942 1919 | 1895 | 1872 1849 1826 | 1804 | 1781 1758 1736
1,3 | 1714 1691 1669 | 1647 1626 1604 | 1582 | 1561 1539 1518
1,4 | 1497 1476 | 1456 | 1435 1415 1394 | 1374 | 1354 1334 1315
1,5 | 1295 1276 | 1257 | 1238 1219 1200 | 1182 | 1163 1145 1127
1,6 | 1109 1092 | 1074 | 1057 1040 1023 | 1006 | 0989 0973 | 0957
1,7 | 0940 0925 | 0909 | 0893 | 0878 0863 | 0848 | 0833 0818 | 0804
1,8 | 0790 0775 | 0761 | 0748 | 0734 0721 | 0707 | 0694 0681 | 0669
1,9 | 0656 0644 | 0632 | 0620 | 0608 0596 | 0584 | 0573 0562 0551
2,0 |0,0540 0529 | 0519 | 0508 0498 0488 | 0478 | 0468 0459 | 0449
2,1 | 0440 0431 | 0422 | 0413 | 0404 0396 | 0387 | 0379 0371 | 0363
2,2 | 0355 0347 | 0339 | 0332 | 0325 | 0317 | 0310 | 0303 | 0297 | 0290
2,3 | 0283 0277 | 0270 | 0264 | 0258 0252 | 0246 | 0241 0235 | 0229
2,4 | 0224 0219 | 0213 | 0208 | 0203 0198 | 0194 | 0189 0184 | 0180
2,5 | 0175 0171 | 0167 | 0163 | 0158 0154 | 0151 | 0147 0143 | 0139
2,6 | 0136 0132 | 0129 | 0126 | 0122 0119 | 0116 | 0113 | 0110 | 0107
2,7 | 0104 0101 | 0099 | 0096 | 0093 0091 | 0088 | 0086 0084 | 0081
2,8 | 0079 0077 | 0075 | 0073 | 0071 0069 | 0067 | 0065 0063 | 0061
2,9 | 0060 0058 | 0056 | 0055 | 0053 0051 | 0050 | 0048 0047 | 0046
3,0 |0,0044 0043 | 0042 | 0040 | 0039 | 0038 | 0037 | 0036 | 0035 | 0034
3,1 | 0033 0032 | 0031 | 0030 | 0029 | 0028 | 0027 | 0026 0025 | 0025
3,2 | 0024 0023 | 0022 | 0022 | 0021 0020 | 0020 | 0019 0018 | 0018
3,3 | 0017 0017 | 0016 | 0016 | 0015 0015 | 0014 | 0014 0013 | 0013
3.4 (0012 0012 | 0012 | 0011 | 0011 | 0010 | 0010 | OO10 0009 | 0009
3,5 | 0009 0008 | 0008 | 0008 | 0008 | 0007 | 0007 | 0007 0007 | 0006
3,6 | 0006 0006 | 0006 | 0005 | 0005 | 0005 | 0005 | 0005 0005 | 0004
3,7 | 0004 0004 | 0004 | 0004 | 0004 | 0004 | 0003 | 0003 0003 | 0003
3.8 | 0003 0003 | 0003 | 0003 | 0003 | 0002 | 0002 | 0002 0002 | 0002
3,9 | 0002 0002 | 0002 | 0002 | 0002 | 0002 | 0002 | 0002 0001 | 0001




1

IIpunioxenune 2

Tadauua 3HayeHuit yHKuumn O(x) = je"‘z/zdz
Nrx
® (x) X ® (x) X ® (x) X ® (x)
0,0000 0,24 0,0948 0,48 |0,1844 0,72 0,2642
0,0040 0,25 0,0987 0,49 |0,1879 0,73 0,2673
0,0080 0,26 0,1026 0,50 |0,1915 0,74 0,2703
0,0120 0,27 0,1064 0,51 0,1950 0,75 0,2734
0,0160 0,28 0,1103 0,52 |0,1985 0,76 0,2764
0,0199 0,29 0,1141 0,53 |0,2019 0,77 0,2794
0,0239 0,30 0,1179 0,54 |0,2054 0,78 0,2823
0,0279 0,31 0,1217 0,55 |0,2088 0,79 0,2852
0,0319 0,32 0,1255 0,56 |0,2123 0,80 0,2881
0,0359 0,33 0,1293 0,57 |0,2157 0,81 0,2910
0,0398 0,34 0,1331 0,58 |0,2190 0,82 0,2939
0,0438 0,35 0,1368 0,59 |0,2224 0,83 0,2967
0,0478 0,36 0,1406 0,60 |0,2257 0,84 0,2995
0,0517 0,37 0,1443 0,61 |0,2291 0,85 0,3023
0,0557 0,38 0,1480 0,62 |0,2324 0,86 0,3051
0,0596 0,39 0,1517 0,63 |0,2357 0,87 0,3078
0,0636 0,40 0,1554 0,64 |[0,2389 0,88 0,3106
0,0675 0,41 0,1591 0,65 |0,2422 0,89 0,3133
0,0714 0,42 0,1628 0,66 | 0,2454 0,90 0,3159
0,0753 0,43 0,1664 0,67 |0,2486 0,91 0,3186
0,0793 0,44 0,1700 0,68 |0,2517 0,92 0,3212
0,0832 0,45 0,1736 0,69 |0,2549 0,93 0,3238
0,0871 0,46 0,1772 0,70 |0,2580 0,94 0,3264
0,0910 0,47 0,1808 0,71 |0,2611 0,95 0,3289




IIpononxenne nmpuiaoKeHus 2

X ® (x) X ® (x) X ® (x) X ® (x)
0,96 0,3315 1,37 0.4147 (1,78 0,4625 2,36 0,4909
0,97 0,3340 1,38 0,4162 (1,79 0,4633 2,38 0,4913
0,98 0,3365 1,39 0,4177 (1,80 0,4G41 2,40 0,4918
0,99 0,3389 1,40 0,4192 (1,81 0,4649 2,42 0,4922
1,00 0,3413 1.41 0,4207 (1,82 0,4656 2.44 0,4927
1,01 0,3438 1,42 0,4222 (1,83 0,4664 2,46 0,4931
1,02 0,3401 1,43 0,4235 (1,84 0,4671 2,48 0,4934
1,03 0,3485 1,44 0,4251 (1,85 0,4678 2,50 0,4938
1,04 0,3508 1,45 0,4265 (1,86 0,4686 2,52 0,4941
1,05 0,3531 1,46 0,4279 (1,87 0,4693 2,54 0,4945
1,06 0,3554 1,47 0,4292 (1,88 0,4699 2,56 0,4948
1,07 0,3577 1,48 0,4305 (1,89 0,4706 2,58 0,4951
1,08 0,3599 1,49 0,4319 (1,90 0,4713 2,60 0,4953
1,09 0,3621 1,50 0,4332 (1,91 0,4719 2,62 0,4956
1,10 0,3643 1,51 0,4345 (1,92 0,4726 2,64 0,4959
1,11 0,3665 1,52 0,4357 (1,93 0,4732 2,66 0,4961
1,12 0,3686 1,53 0,4370 (1,94 0,4738 2,68 0,4963
1,13 0,3708 1,54 0,4382 (1,95 0,4744 2,70 0,4965
1,14 0,3729 1,55 0,4394 (1,96 0,4750 2,72 0,4967
1,15 0,3749 1.56 0,4406 (1,97 0,4756 2,74 0,4969
1,16 0,3770 1,57 0,4418 (1,98 0,4761 2,76 0,4971
1.17 0,3790 1,58 0,4429 (1,99 0,4767 2,78 0,4973
1,18 0,3810 1,59 0,4441 (2,00 0,4772 2,80 0,4974
1,19 0,3830 1,60 0,4452 (2,02 0,4783 2,82 0,4976
1,20 0,3849 1,61 0,4463 (2,04 0,4793 2,84 0,4977
1,21 0,3869 1,62 0,4474 (2,05 0,4803 2,86 0,4979
1,22 0,3883 1,63 0,4484 (2,08 0,4812 2,88 0,4980
1,23 0,3907 1,64 0,4495 (2,10 0,4821 2,90 0,4981
1,24 0,3925 1,65 0,4505 (2,12 0,4830 2,92 0,4982
1,25 0,3944 1,66 0,4515 (2,14 0,4838 2,94 0,4984
1,26 0,3952 1,67 0,4525 (2,16 0,4846 2,96 0,4985
1,27 0,3980 1,68 0,4535 (2,18 0,4854 2,98 0,4985
1,28 0,3997 1,69 0,4545 (2,20 0,4861 3,00 0,49865
1,29 0,4015 1,70 0,4554 (2,22 0,4868 3,20 0,49931
1,30 0,4032 1.71 0,4564 (2,24 0,4875 3,40 0,49966
1,31 0,4049 1,72 0,4573 (2,26 0,4881 3,60 | 0,499841
1,32 0,4056 1,73 0,4582 (2,28 0,4887 3,80 | 0,499928
1,33 0,4082 1,74 0,4591 (2,30 0,4893 4,00 | 0,499968
1,34 0,4099 1,75 0,4599 (2,32 0,4898 4,50 | 0,499997
1,35 0,4115 1,76 0,4608 (2,34 0,4904 5,00 | 0,499997
1,36 0,4131 1.77 0,4616




KpuTHYecKHe TOYKH pacnpeiesieHus y

IIpunioxenune 3

Ynucao YpOBEHE BHAYMMOCTHU O

CTeneHeM 5701 | 0.025 | 0.05 0.95 0.975 0.89

cBOBOmE!
K
1 6.6 | 5,0 3,8 | 0.0039 | 0,00098 | 0,00016
2 9,2 | 7.4 6.0 0.103 0,051 0,020
3 11,3 | 9,4 7.8 0.352 0,216 0,115
4 13,3 | 11.1 | 9,5 0,711 0.484 0,297
5 15,1 | 12.8 | 11.1 1.15 0.831 0,554
6 16,8 | 14.4 | 12,6 1,64 1.24 0,872
7 18,5 | 16.0 | 14,1 2.17 1.69 1,24
8 20,1 | 17.5 | 15,5 2,73 2,18 1,65
9 21,7 | 19.0 | 16,9 3.33 2,70 2,09
10 23,2 | 20.5 | 18,3 3,94 3,25 2,56
11 24,7 | 21.9 | 19,7 4,57 3,82 3,05
12 26,2 | 23.3 | 21,0 5,23 4,40 3,57
13 27,7 | 24,7 | 22,4 5,89 5,01 4,11
14 29,1 | 26,1 | 23,7 6,57 5.63 4,66
15 30,6 | 27.5 | 25,0 7,26 6,26 5,23
16 32,0 | 28,8 | 26,3 7,96 6,91 5,81
17 33,4 | 30.2 | 27,6 8,67 7,56 6,41
18 34,8 | 31,5 | 28,9 9,39 8.23 7,01
19 36,2 | 32,9 | 30,1 10,1 8,91 7,63
20 37,6 | 34;2 | 31,4 10,9 9.59 8,26
21 38,9 | 35,5 | 32,7 11,6 10,3 8,90
22 40,3 | 36,8 | 33,9 12,3 11,0 9,54
23 41,6 | 38,1 | 35,2 13,1 11.7 10,2
24 43,0 | 39,4 | 36,4 13,8 12.4 10,9
25 44,3 | 40,6 | 37,7 14,6 13,1 11.5
26 45.6 | 41,9 | 38,9 15,4 13,8 12.2
27 47,0 | 43,2 | 40,1 16,2 14,6 12.9
28 48,3 | 44,5 | 41,3 16,9 15,3 13,6
29 49,6 | 45,7 | 42,6 17,7 16,0 14.3
30 50.9 | 47,0 | 43,8 18,5 16,8 15.0




IIpuioxenue 4

Kputnueckue Touku pacnpenesenuss CTbroieHTa

Uncno YpOBEHE BHAUMMOCTM O (OBYCTOPOHHSS KpMUTHUYECKast
cTerneHemn obnacTe)
ceobomet | 0,10 | 0,05 | 0,02 0,01 0,002 0,001
K
1 6,31 | 12,7 (31,82 63,7 318,3 637,0
2 2,92 | 4,30 | 6,97 9,92 22,33 31,6
3 2,35| 3,18 | 4,54 5,84 10,22 12,9
4 2,13 2,78 | 3,75 4,60 7,17 8,61
5 2,01 2,57 | 3,37 4,03 5,89 6,86
6 1,94 | 2,45 | 3,14 3,71 5,21 5,96
7 1,89 2,36 | 3,00 3,50 4,79 5,40
8 1,86 | 2,31 | 2,90 3,36 4,50 5,04
9 1,83 | 2,26 | 2,82 3,25 4,30 4,78
10 1,81 2,23 | 2,76 3,17 4,14 4.59
11 1,80 2,20 | 2,72 3,11 4,03 4,44
12 1,78 | 2,18 | 2,68 3,05 3,93 4,32
13 1,77 2,16 | 2,65 3,01 3,85 4,22
14 1,76 | 2,14 | 2,62 2,98 3,79 4,14
15 1,75 | 2,13 | 2,60 2,95 3,73 4,07
16 1.75| 2,12 | 2,58 2,92 3,69 4,01
17 1,74 | 2,11 | 2,57 2,90 3,65 3,96
18 1,73 2,10 | 2,55 2,88 3,61 3,92
19 1,73 | 2,09 | 2,54 2,86 3,58 3,88
20 1,73 2,09 | 2,53 2,85 3,55 3,85
21 1,72 | 2,08 | 2,52 2,83 3,53 3,82
22 1,72 2,07 | 2,51 2,82 3,5! 3,79
23 1,71 2,07 | 2,50 2,81 3,49 3,77
24 1.71| 2,06 | 2,49 2,80 3,47 3,74
25 1,71 | 2,06 | 2,49 2,79 3,45 3,72
26 1,71 2,06 | 2,48 2,78 3,44 3,71
27 1,71 2,05 | 2,47 2,77 3,42 3,69
28 1,70| 2,05 | 2,46 2,76 3,40 3,66
29 1,70| 2,05 | 2,46 2,76 3,40 3,66
30 1,70 | 2,04 | 2,46 2,75 3,39 3,65
40 1,68 | 2,02 | 2,42 2,70 3,31 3,55
60 1,67 | 2,00 | 2,39 2,66 3,23 3,46
120 1,66 1,98 | 2,36 2,62 3,17 3,37
00 1,64 1,96 | 2,33 2,58 3,09 3,29
0,05,0,025| 0,01 0,005 0,001 0.0005
YpoBeHE BHAUMMOCTM O (ONHOCTOPOHHSS KPMUTHUYECKast
obnacThk)




Kputuuyeckune Touku pacnpenejaenns F @umepa — CHeaexkopa
(K;— 4ucio creneHeii cBo00abI 00JIb1IEl AUCTIEPCUH,
K,—uucio creneneii cB000ab1 MeHbIlIEl AUCTIEPCHU)

IIpunoxenue S

YpoBens sHaummocTy 0=0.01

K,
K 1 2 3 4 5 6 7 8 9 10 11 12
1 4052 | 4999 | 5403 | 5625 | 5764 | 5889 (5928 |5981 |6022 |6056 |[6082 |6106
2 98,49 99,01 | 99,17 99,25 |99,30|99,33|99,34 |[99,36 |99,38 [99,40 (99,41 (99,42
3| 34,12 |30,81 | 29,46 (28,71 | 28,24 (27,91|27,67 (27,49 |27,34 (27,23 |27,13 |27,05
4 | 21,20 /18,00 |16,69|15,98 |15,52|15,21|14.98 14,80 |14,66 14,54 |14,45 (14,37
5| 16,26 |13,27 |12,06(11,39|10,97 (10,67|10,45 (10,27 |10,15 (10,05 |9,96 [9.89
6 | 13,74 (10,92 | 9,78 | 9,15 | 8,75 | 8,47 (8,26 |8,10 (7,98 |7.87 (7,79 |7.72
7| 12,25 | 9,55 8,45 | 7.85 | 7,46 | 7,19|7.00 |6,84 |6,71 (6,62 |6,54 |6,47
8 |11,26 | 8,65 | 7,59 | 7,01 | 6,63 |6,37/6,19 |6,03 |5,91 |5,82 |5,74 |5,67
9 | 10,56 | 8,02 6,99 | 6,42 | 6,06 (5,80|5.62 |5,47 |5,35 (5,26 |5,18 |5,11
10| 10,04 | 7,56 6,55 5,99 | 5,64 (5,39|5,21 |5.06 |4,95 (4,85 |4,78 |4,71
11| 9,86 | 7,20 6,22 | 5,67 | 5,32 (5,07 (4,88 (4,74 |4,63 (4,54 |4,46 |4,40
12| 9,33 | 6,93 | 5,95 | 5,41 | 5,06 | 4,82 (4,65 |4,50 |4,39 (4,30 (4,22 (4,16
13| 9,07 | 6,70 | 5,74 | 5,20 | 4,86 | 4,62 (4,44 (4,30 |4,19 (4,10 (4,02 (3,96
14| 8,86 | 6,51 | 5,56 | 5,03 | 4,69 (4,46 |4,28 (4,14 (4,03 (3,94 |3,86 (3,80
15| 8,68 | 6,36 | 5,42 | 4,89 | 4,56 | 4,32 |4,14 (4,00 |3,89 (3,80 (3,73 |3,67
16| 8,53 | 6,23 | 5,29 | 4,77 | 4,44 |4,20|4,03 (3,89 |3,78 (3,69 |3,61 |3,55
17| 8,40 | 6,11 | 5,18 | 4,67 | 4,34 | 4,10 (3,93 (3,79 |3,68 |(3,59 |3,52 3,45
YpoBenb sHaummocTM 0=0.05
K,

K,

1 2 3 4 5 6 7 8 9 10 11 12
1 161 200 216 225 230 234 237 239 241 242 243 244
2 18,51 /19,00 (19,16|19,25|19,30(19,33/19,36|19,37/19,38(19.39(19,40|19,41
3|10,13| 9,55 9,28 | 9,12 | 9,01 (8,94 | 8,88 | 8,84 | 8,81 | 8,78 | 8.76 | 8,74
4 7,71 | 6,94 6,59 | 6.39 | 6,26 (6,16 | 6,09 | 6,04 | 6,00 | 5,96 | 5.93 | 5,91
5 6,61 | 5.79 | 5,41 | 5,19 | 5,05 (4,95 | 4,88 | 4,82 | 4,78 | 4,74 | 4,70 | 4.68
6 5,99 | 5,14 4,76 | 4,53 | 4,39 | 4,28 | 4,21 | 4,15 | 4,10 | 4,06 | 4,03 | 4,00
7 5,59 | 4,74 4,35 | 4,12 | 3,97 | 3,87 (3,79 | 3,73 | 3,68 | 3,63 | 3,60 | 3,57
8 5,32 | 4,45 | 4,07 | 3,84 | 3,69 | 3,58| 3,50 | 3,44 | 3,39 | 3,34 | 3,31 | 3,28
9 5,12 | 4,26 | 3,86 | 3,63 | 3,48 |3,37| 3,29 | 3,23 | 3,18 | 3,13 | 3,10 | 3,07
10| 4,96 | 4,10 | 3,71 | 3,48 | 3,33 (3,22 | 3.14 | 3,07 | 3.02 | 2,97 | 2,94 | 2,91
11| 4,84 | 3,98 | 3,59 | 3,36 | 3,20 | 3,09 3,01 | 2,95 | 2,90 | 2,86 | 2,82 | 2,79
12| 4,75 | 3,88 | 3,49 | 3,26 | 3,11 |[3,00| 2.2 | 2,85 | 2,80 | 2.76 | 2,72 | 2,69
13| 4,67 | 3,80 | 3,41 | 3,18 | 3,02 (2,92 | 2,84 | 2,77 | 2,72 | 2,67 | 2,63 | 2,60
14| 4,60 | 3,74 3,34 | 3,11 | 2,96 |2,85|2,77| 2,70 | 2,65 | 2,60 | 2,56 | 2,53
15| 4,54 | 3,68 | 3,29 | 3,06 | 2,90 (2,79 | 270 | 2,64 | 2,59 | 2,55 | 2,51 | 2,48
16| 4,49 | 3,63 | 3,24 | 3,01 | 2,85 |2,74| 2,66 | 2,59 | 2.54 | 2,49 | 2,45 | 2,42
17| 4.45 | 3,59 | 3,20 | 2,96 | 2,81 (2,70| 2,62 | 2,55 | 2,50 | 2,45 | 2,41 | 2,38




IIpuioxenue 6
Kputnueckue Touku pacnpeneienns Koupena
(K — umcyio creneHeii cB000abl, [— KOJIUYECTBO BLIOOPOK)

YpoBenb sHaummocTy 0=0.01

K
1 2 3 4 5 6 7

2 10,9999/0,9950|0,9794|0,9586|0,9373(0,9172(0,8988
3 9933 9423 8831 8335 7933 7606 | 7335
4 9676 8643 7814 7212 6761 6410 | 6129
5|0,9279|0,7885|0,6957|0,6329|0,5875|0,5531|0,5259
6 8828 7218 6258 5635 5195 4866 | 4608
7 8376 6644 5685 5080 4659 4347 | 4105
8 | 0,7945|0,6152|0,5209|0,4627|0,4226|0,3932|0,3704
° 7544 5727 4810 4251 3870 3592 | 3378
10| 7175 5358 4469 3934 3572 3308 | 3106
12, 0,6528(0,4751|0,3919(0,3428|0,3099(0,2861|0,2680
15| 5747 4069 3317 2882 2593 2386 | 2228
20| 4799 3297 2654 2288 2048 1877 | 1748
24 | 0.4247|0,2871(0,2295|0,1970|0,1759|0,1608|0,1495
30| 3632 2412 1913 1635 1454 1327 | 1232
40 | 2940 1915 1508 1281 1135 1033 | 0957
60| 0,2151|0,1371|0,1069|0,0902|0,0796|0,0722|0,0668
120 1225 0759 0585 0489 0429 0387 | 0357
00| o0000 0000 0000 0000 0000 0000 | 0000

YpoBenb sHaummocTy 0=0.01

K

d 8 9 10 16 36 144 00

2 /0,8823(0,8674|0,8539(0,7949|0,7067|0.60G2/0,5000
3 7107 6912 6743 6059 5153 4230 | 3333
4 5897 5702 5536 4884 4057 3251 | 2500
51|0,5037|0,4854|0,4697|0,4094|0,3351|0,2644|0,2000
6 4401 4229 4084 3529 2858 2229 | 1667
7 3911 3751 3616 3105 2494 1929 | 1429
8 | 0,3522|0,3373|/0,3248|0,2779|0,2214|0,1700|0,1250
9 3207 3067 2950 2514 1992 1521 | 1111
10| 2945 2813 2704 2297 1811 1376 | 1000

12 0,2535(0,2419|0,2320(0,1961| 0,15% (0,1157/0,0833
15| 2104 2002 1918 1612 1251 0934 | 0667
20| 1646 1567 1501 1248 0900 0709 | 0500
24 |1 0,1406/0,1338|0,1283|0,'060|0,0810|0,0595/0,0417
30| 1157 1100 1054 0867 0658 0480 | 0333
40| 0898 0853 0816 0668 0503 0363 | 0250
60 | 0,0625|0,0594 |(0,0567|0,0461|0,0344|0,0245/0,0167
120 0334 0316 0302 0242 0178 0125 | 0083
00| o0000 0000 0000 0000 0000 0000 | 0000




IIponoJkenue NpuJIoKeHus 6

YpoBenb sHaummocTM 0=0.05

K
1 2 3 4 5 6 7

0,9985|0,9750|0,9392|0,9057(0,8772|0,8534|0,8332
9669 8709 7977 7457 7071 6771 | 6530
9065 7679 6841 6287 5895 |0,5598| 5365
0,8412|0,6338|0,5981|0,5440(0,5063| 4783 |0,4564
7808 6161 5321 4803 4447 4184 | 3980
7271 5612 4800 4307 3974 3726 | 3535
0,6798|0,5157|0,4377|0,3910(0,3595|0,3362|0,3185
6385 4775 4027 3584 3286 3067 | 2901
6020 4450 3733 3311 3029 2823 | 2666
0,5410|0,3924 | 0,3624|0,2880|0,2624 |0,2439(0,2299
4709 3346 2758 2419 2195 2034 | 1911
3894 2705 2205 1921 1735 1602 | 1501
0,3434|0,2354|0,1907|0,1656|0,14930,1374(0,1286
2929 1980 1593 1377 1237 1137 | 1061
2370 1576 1259 10s2 0968 0887 | 0827
0,1737|0,1131(0,0895|0,0765|0,0682|0,0623|0,0583
120, 0998 0632 0495 0419 0371 0337 | 0312

A WNMNDRLR PR
ooo.bomwo\ooo\lo\m.bwm

00| 0000 0000 0000 0000 0000 0000 | 0000
YpoBenb sHaummocTM 0=0.05
K
d 8 9 10 16 36 144 00

2 |0,8159/0,8010|0,7880|0,7341|0,6602(0,5813(0,5000
3 6333 6167 6025 5466 4748 4031 | 3333
4 5175 5017 4884 4366 3720 3093 | 2500
5|0,4387|0,4241|0,4118|0,3645|0,3066|0,2013/0,2000
6 3817 3682 3568 3135 2612 2119 | 1667
7 3384 3259 3154 2756 2278 1833 | 1429
8 | 0,3043|0,2926|0,2829|0,2462|0,2022|0,1616|0,1250
9 2768 2659 2568 2226 1820 1446 | 1111
10| 2541 2439 2353 2032 1655 1308 | 1000
12, 0,2187|0,2098|0,2020(0,1737|0,1403(0,1100/0,0833
15| 1815 1736 1671 1429 1144 0889 | 0667
20 | 1422 1357 1303 1108 0879 0675 | 0500
24 0,1216|0,1160(0,1113|0,0942,0,0743|0,0567|0,0417
30| 1002 0958 0921 0771 0604 0457 | 0333
40 | 0780 0745 0713 0595 0462 0347 | 0250
60 | 0,0552|0,0520(0,0497|0,0411|0,0316|0,0234|0,0167
120 0292 0279 0266 0218 0165 0120 | 0083
00| o0000 0000 0000 0000 0000 0000 | 0000




Kputnueckne Touku Kputepus Bujikokcona

O6reéME

BHIOOPOK ©

n; | n, | 0.005(0.01|0.025 |0.05

6 6 23 24 26 28
7 24 25 27 30
8 25 27 29 31
9 26 28 31 33
10 27 29 32 35
11 28 30 34 37
12 30 32 35 38
13 31 33 37 40
14 32 34 38 42
15 33 36 40 44
16 34 37 42 46
17 36 39 43 47
18 37 40 45 49
19 38 41 46 51
20 39 43 48 53
21 40 44 50 55
22 42 45 51 57
23 43 47 53 58
24 44 48 54 60
25 45 50 56 62

7 7 32 34 36 39
8 34 35 38 41
9 35 37 40 43
10 37 39 42 45
11 38 40 44 47
12 40 42 46 49
13 41 44 48 52
14 43 45 50 54
15 44 47 52 56
16 46 49 54 58
17 47 51 56 61
18 49 52 58 63
19 50 54 60 65
20 52 56 62 67
21 53 58 64 69
22 55 59 66 72
23 57 61 68 74
24 58 63 70 76
25 60 64 72 78

8 8 43 45 49 51
9 45 47 51 54
10 47 49 53 56
11 49 51 55 59
12 51 53 58 62
13 53 56 60 64
14 54 58 62 67
15 56 60 65 69
16 58 62 67 72
17 60 64 70 75
18 62 66 72 77
19 64 68 74 80
20 66 70 77 83

IIpunoxenue 7



O6reeéMEl

BHIOOPOK

n; | n, | 0.005 | 0.01 | 0.025 | 0.05
22 70 74 81 88
23 71 76 84 20
24 73 78 86 93
25 75 81 89 926

9 9 56 59 62 66
10 58 61 65 69
II 61 63 68 72
12 63 66 71 75
13 65 68 73 78
14 67 71 76 81
15 69 73 79 84
16 72 76 82 87
17 74 78 84 20
18 76 81 87 93
19 78 83 20 926
20 81 85 93 99
21 83 88 95 102
22 85 20 98 105
23 88 93 101 108
24 90 95 104 111
25 92 o8 107 114

10| 10 71 74 78 82
11 73 77 81 86
12 76 79 84 89
13 79 82 88 92
14 81 85 91 926
15 84 88 94 99
16 86 91 97 103
17 89 93 100 106
18 92 96 103 110
19 94 99 107 113
20 97 102 110 117
21 99 105 113 120
22 102 108 116 123
23 | 105 110 119 127
24 107 113 122 130
25 | 110 116 126 134

11| 11 87 91 926 100
12 90 94 99 104
13 93 97 103 108
14 96 100 106 112
15 99 103 110 116
16 | 102 107 113 120
17 105 110 117 123
18 | 108 113 121 127
19 | 111 116 124 131
20 | 114 119 128 135
21 | 117 123 131 139
22 120 126 135 143
23 | 123 129 139 147
24 126 132 142 151
25 | 129 136 146 155

IIponoJrkenue npuJioKeHus 7



IIponoJrkenue npuJioKeHus 7

O6sEME
BBIGOPOK

n; n, 0.005 | 0.01 | 0.025 | 0.05

12 12 105 109 115 120
13 109 113 119 125
14 112 116 123 129
15 115 120 127 133
16 119 124 131 138
17 122 127 135 142
18 125 131 139 146
19 129 134 143 150
20 132 138 147 155
21 136 142 151 159
22 139 145 155 163
23 142 149 159 168
24 146 153 163 1721
25 149 156 167 76

13 13 125 130 136 142
14 129 134 141 147
15 133 138 145 152
16 136 142 150 156
17 140 146 154 1611
18 144 150 158 66
19 148 154 163 171
20 151 158 167 175
21 155 162 171 180
22 159 166 176 185
23 163 170 180 189
24 166 174 185 1941
25 170 178 189 99

14 | 14 147 152 160 166
15 151 156 164 171
16 155 161 169 176
17 159 165 174 182
18 163 170 179 187
19 168 174 183 192
20 172 178 188 197
21 176 183 193 202
22 180 187 198 207
23 184 192 203 212
24 188 |196 2| 207 |218 2
25 192 00 212 23

15 | 15 171 176 184 192
16 175 181 190 197
17 180 186 195 203
18 184 190 200 208
19 189 195 205 214
20 193 200 210 220
21 198 205 216 225
22 202 210 221 231
23 207 214 226 236
24 211 | 219 231 2422
25 216 224 237 48

16 16 196 202 211 219
17 201 207 217 225
18 206 212 222 231
19 210 218 228 237




IIponoJrkenue npuJioKeHus 7

O6sEMEl
BBIGOPOK
N; n, 0.005 | 0.01 0.025 0.05
20 215 223 234 243
21 220 228 239 249
22 225 233 245 255
23 230 238 251 261
24 235 244 256 267
25 240 249 262 273
17 | 17 223 230 240 249
18 | 228 235 246 255
19 234 241 252 262
20 239 246 258 268
21 244 252 264 274
22 249 258 270 281
23 255 263 276 287
24 260 269 282 294
25 265 275 288 300
18 | 18 252 259 270 280
19 258 265 277 287
20 263 271 283 294
21 269 277 290 301
22 275 283 296 307
23 280 289 303 314
24 286 295 309 321
25 292 301 316 328
19| 19 283 291 303 313
20 289 297 309 320
21 295 303 316 328
22 301 310 323 335
23 307 316 330 342
24 313 323 337 350
25 319 329 344 357
20 | 20 315 324 337 348
21 322 331 344 356
22 328 337 351 364
23 335 344 359 371
24 341 351 366 379
25 348 358 373 387
21 | 21 349 359 373 385
22 356 366 381 393
23 363 373 388 401
24 370 381 396 410
25 377 388 404 418
22 | 22 386 396 411 424
23 393 403 419 432
24 | 400 411 427 441
25 408 419 435 450
23 | 23 424 434 451 465
24 431 443 459 474
25 439 451 468 483
24 | 24 464 475 492 507
25 472 484 501 517
25 | 25 505 517 536 552




3Hauenus P =

m

'e_” (pacnpenenaenue Ilyaccona)

IIpunoxenue 8

m a=0,1 a=0,2 a=0,3 a=0,4 a=0,5 a=0,6 a=0,7 a=0,8 a=0,9

0 |0,9048 10,8187 | 0,7408 | 0,6703 | 0,6065 | 0,5488 (0,4966 |0,4493 (0,4066
1/0,0905/0,1638 |0,2222|0,2681 | 0,3033|0,3293(0,3476 |0,3595 (00,3659
2(0,0045|0,0164 | 0,0333|0,0536 |0,0758|0,0988 |0,1217 |0,1438 |0,1647
3|0,0002|/0,0019|0,0033|0,0072|0,0126|0,0198 (0,0284 |0,0383 |0,0494

4 0,0001|0,0002|0,0007 |0,0016|0,0030 (0,0050 |0,0077 (0,0111

5 0,0001|0,0002|0,0004 |0,0007 (0,0012 |0,0020

6 0,0001 (0,0002 |0,0003

m =1 a= a= a= a= a=6 a= a=8 a=9 a=10

0 0,3679|0,1353|0,0498 | 0,0183|0,0067 |0,0025|0,0009|0,0003|0,0001|0,0000
1 0,3679|0,2707|0,1494|0,0733|0,0337|0,0149|0,0064 | 0,0027|0,0011|0,0005
2 0,1839|0,2707 | 0,2240|0,1465|0,0842 | 0,0446 | 0,0223|0,0107|0,0050 | 0,0023
3 0,0613|0,1804|0,2240|0,1954|0,1404|0,0892|0,0521|0,0286|0,0150|0,0076
4 0,0153|0,0902|0,1680|0,1954|0,1755|0,1339|0,0912|0,0572|0,0337|0,0189
5 0,0031|0,0361|0,1008|0,1563|0,1755|0,1606|0,1277|0,0916|0,0607|0,0378
6 |0,0005|0,0120(0,0504|0,1042|0,1462|0,1606 | 0,1490|0,1221|0,0911 |0,0631
7 0,0001|0,0037|0,0216|0,0595|0,1044|{0,1377|0,1490|0,1396|0,1171|0,0901
8 0,0009|0,0081|0,0298 |0,0653|0,1033|0,1304|0,1396|0,1318|0,1126
9 0,0002|0,0027|0,0132|0,0363|0,0688|0,1014|0,1241|(0,1318|0,1251
10 0,0008| 0,0053|0,0181|0,0423|0,0710|0,0993|0,1186|0,1251
11 0,0002|0,0019|0,0082|0,0226 |0,0452|0,0722|0,0970|0,1137
12 0,0001|0,0006|0,0034|0,0126|0,0263|0,0481|0,0728 | 0,0948
13 0,0002|0,0013|0,0052|0,0142 | 0,0296|0,0504|0,0729
14 0,0001|0,0005|0,0022|0,0071|0,0169|0,0324|0,0521
15 0,0002|0,0009|0,0033|0,0090|0,0194 |0,0347
16 0,0003|0,0014|0,0045|0,0109| 0,0217
17 0,0001|0,0006 | 0,0021|0,0058|0,0128
18 0,0002 | 0,0009|0,0029|0,0071
19 0,0001|0,0004|0,0014 |0,0037
20 0,0002| 0,0006 | 0,0019
21 0,0001|0,0003|0,0009
22 0,0001|0,0004
23 0,0002
24 0,0001




IIpunoxenue 9
Tabnauua 3nayenuii qg=q(p,n)

n B n B
0.95 0.99 0.999 0.95 0.99 | 0.999
5 1,37 2,67 5,64 20 0,37 0,58 | 0,88
Mpunoxennwe | ¢ | 1,09 | 2,01 3,88 |25 | 0,32 | 0,49 | 0,73 10
3HauyeHue A 7 0,92 1,62 2,98 30 0,28 0,43 | 0,63 KpuTepus
HpBuna 8 0,80 1,38 2,42 35 0,26 0,38 | 0,56
9 0,71 1,20 2,06 40 0,24 0,35 | 0,50
10| 0,65 1,08 1,80 45 0,22 0,32 | 0,46
11| 0,59 0,98 1,60 50 0,21 0,30 | 0,43
12| 0,55 0,90 1,45 60 0,188 |0,269| 0,38
13| 0,52 0,83 1,33 70 0,174 |0,245| 0,34
14| 0,48 0,78 1,23 80 0,161 |0,226| 0,31
15| 0,46 0,73 1,15 90 0,151 |0,211| 0,29
16| 0,44 0,70 1.07 100| 0,143 (0,198 0,27
17| 0,42 0,66 1,01 150 0,115 (0,160 0,211
18| 0,40 0,63 0,96 |200| 0,099 |0,136|0,185
19| 0,39 0,60 0.92 |250| 0,089 |0,120(0,162
N P=0,95 P=0,99 N pP=0,95 P=0,99
2 2,8 3,7 50 1,1 1,6
3 2,2 2,9 100 1,0 1,5
10 1,5 2,0 400 0,9 1,3
20 1,3 1,8 1000 0,8 1,2
30 1,2 1,7
Ipuiaoxenne 11
Kpurtepuu coriiacus
A P(A) P(A) P(A)
0,0 1,000 0,7 0,711 1,4 0,040
0,1 1,000 0,8 0,544 1,5 0,022
0.2 1,000 0,9 0,393 1,6 0,012
0.3 1,000 1,0 0,270 1,7 0,006
0.4 0,997 1,1 0,178 1,8 0,003
0.5 0,964 1,2 0,112 1,9 0,002
0.6 0,864 1,3 0,068 2,0 0,001
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