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BBEJAEHHUE

Mamemamuueckasi moOenb — 3TO COBOKYINHOCTh MAaT€MaTUYECKUX OOBEKTOB
(4ncen, CHMBOJIOB, MHOKECTB U T. [I.) ¥ CBSI3€U MEXly HUMH, OTpakarouasi BaKHEH-
IMe JIJIs1 UCCIIeI0OBaTeNsl CBOMCTBA M3Yy4aeMOro 00ObEKTa.

CymiecTByeT ABa crocoda MoJiy4eHUs] MaTeMaTUYeCKOW MOJIeTTH 00bEKTa: TEO-
peTudecKkuil (aHaJTUTUYECKUI) U SKCIIEpUMEHTANIbHBIN. B nepBoM cinyyae uccneaona-
T€JIb CTPOUT MOJIEJIb Ha OCHOBE M3BECTHBIX €My IPEICTaBICHUN 00 00bEKTE MOIETH-
POBaHUS C UCTOJIB30BAHUEM 3aKOHOB M MPABUIJI MAaTeMaTHKHU, JIOTUKH, GUZUKHU U JPY-
rux Hayk. [Ipu BTOpoMm crocobe MaTeMaTHuyecKyto MoJielib 00BEKTa MOJIy4aroT ¢ To-
MOIIbIO AKcriepuMeHTa. OOBIUHO 3TO — ypaBHEHUE (CHUCTeMa YpaBHEHHWil), CBs-
3BIBAIOIIEE BBIXOJIHBIE U BXOJIHBIE MApaMETPbl 00BbEKTA, HAIPUMED, IMOTEPH 3€pHA 32
3epHOYOOPOYHBIM KOMOAHOM KakK (yHKIIMS MOJAa4u XJI€OHOM Macchl B KOMOaiiH.

K maremaTnyeckoMy MOJETMPOBAHUIO B TEXHHUKE MPUOETal0T B TE€X CIyYasx,
KOTJ[a OIbITa U UHTYUILIMH MPOEKTUPOBIIHNKA HEJOCTATOUHO JJIsl IPUHATUS PEUICHMUS,
a TaKXe NpU PEIICHUH 3a7a4, TPeOyomuX 00NbIINX 00bEMOB BHIYUCICHHM.

B TexHuKe MMPOKO MPUMEHSETCA W APYrol BUJ MOJCIUPOBAHUS — (pusnue-
CKO€ MaKETHUPOBAHUE OOBEKTOB B YMEHBIIICHHOM WUJIM YIPOILIEHHOM BUjE. Y (dusnye-
CKOI'0 ¥ MAaTEMaTUYECKOT0 MOJEIUPOBAHUS €CTh CBOM IIPEUMYIIECTBA U HEIOCTATKHU.
[IpenmyiiecTBaMyu MaTeMaTUYECKOTO MOJEIUPOBAHUS SBJISIOTCS OTCYTCTBUE 3aTpaT
Ha HW3TOTOBJICHHE (PU3UYECKUX MAKETOB, BO3MOXXHOCTH IPOBEJCHUS MPAKTUYECKU
HEOIPAHUYEHHOTO YHCJIa SKCIEPUMEHTOB, B TOM YHUCIIE HA KPUTUUYECKUX PEKUMAX,
KOTOpbIE MPUBENIU Obl K pa3pylieHui0 PU3NYECKOro Makera. BMmecte ¢ TeM B psje
CJIy4aeB 3aTpaThl HA CO3JaHUE aJCKBATHON MaTEMaTUYE€CKON MOJIETU MOTYT MPEBOC-
XOJIUTh 3aTpaThl HA MAKETUPOBAHUE, a JOCTOBEPHOCTh PE3YJIbTATOB MaTEMAaTUYECKO-
ro MOJCJIMPOBAHUS YACTO 3aBUCUT OT MPUHUMAEMBIX JOMYIIEHUNA U HEU3BECTHBIX
K03 (D (PUIIMEHTOB MaTEMaTUYECKON MOJEIH.

MareMatnyeckoe MOJAEIMPOBaHUE [Jisi aHaidu3a (PU3UYECKUX MPOLECCOB B
CIUIOIIHBIX Cpellax C 3aJaHHBIMU KPAEBBIMH YCJIOBUSMH BBIOJIHSAETCS C MTOMOIIBIO
nuddepeHInaNbHBIX YPAaBHEHUM B YaCTHBIX MPOU3BOAHBIX. CHCTEMa ypaBHEHUH, KaK
MpaBUJIo, n3BecTHA (ypaBHEHHUs JlaMe 111 MEXaHUKU yIPYTUX CPell; ypaBHEHUS Tel-
JIOIPOBOJIHOCTHU JJIsI TEPMOANHAMUKY; YpaBHeHUa HaBbe — CTOKCa I THMAPABIMKA
U T. J.), HO TOYHOE PEeIlIeHUE YAACTCS MOJTYYUTh JIHIIb JJI MPOCTHIX YACTHBIX CITyda-
€B, TI0O3TOMY OOBIYHO TPEOYyeTCsl MOCTPOUTH MPUOIKEHHYIO THUCKPETHYIO MOJEIb.
[IpuMepamMu TPUMEHEHUSI TAKUX MOJENEH SBISIOTCS pacdyeThl HA MPOYHOCTH OTBET-
CTBEHHBIX JETalIel KOHCTPYKUUW, UCCIECAOBAHUE a3POJNHAMUYECKUX CBOMCTB JIETa-
TEJILHBIX aIMapaToB, pacyeT TEIIOBBIX PEKUMOB pabOThI JeTajiei U KOHCTPYKIIUT,
MPOCKTUPOBAHUE THIIPOTEXHUUYECKUX COOpykeHuH. Cpeln MaTeMaTH4YEeCKUX METO-
OB MOJEJIMPOBAHUS IIUPOKYI) HM3BECTHOCTH TMONYUYUIH Memoobl KOHEUHbIX pa3-
HOCmell, KOHEYHbIX 2JIeMEeHMO8 U SPAHUYHbIX dleMeHmos. B HacTosiee BpeMs cylile-
CTBYET OOJIBILIOE YHCIIO MPOrPAMMHBIX CPEJICTB, PEAIU3YIOIINX AT METOIbl Ha DBM,
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Cpelld HUX HUMEIOTCS KaK CIelHAU3UPOBAaHHbIC (pACCUMTAHHBIE HA OMpEeICHHBIN
KJIACC KOHCTPYKIUHI U BUJ HATPY30K), TAK U YHUBEPCAJIbHBIE.

[Tomyyaemasi mpu AUCKPETHU3AIMU TMPOCTPAHCTBA, OMKMCHIBAEMOTO CHUCTEMOMN
nudepeHnanbHbIX YpaBHEHUN B YACTHBIX MTPOU3BOJAHBIX, alIIPOKCUMHUPYIOIIAs CH-
cTeMa aJlredpanyeckuxX ypaBHEHU HMMEET BBICOKMHA MOPSIAOK Jaxe Jis MPOCThIX
TEXHUYECKHMX CHCTEM: YUCJIO Hem3BecTHBIX cocTaBisier 10— 10° u Gonee. Iostomy
IIPU MOJIETTUPOBAHUH TIOCTATOYHO CJIOKHBIX TEXHUYECKHX 00OBEKTOB NEPEXOAAT K 00-
jee YKpyIMHEHHOMY MOJEIUPOBAHUIO — OOBIYHO UCMOJB3Ys CUCTEMY OOBIKHOBEHHBIX
muddepeHIaTbHBIX YPaBHEHUI.

OCHOBOIl MaTeMaTUYECKOr0 MOJEIUPOBAHUS CIIOKHBIX TEXHHUYECKUX CUCTEM,
KaK [PaBUJIO, SIBJSIETCS TEOPHUS MaCCOBOIO OOCITYKUBAaHHSI, aBTOMATHYECKOTO yIIPaB-
JeHus1, rpadoB, CUCTEMHBIN aHann3. OOBEKTaMU MOJIETMPOBAHMS C HCIIOJIb30BAHUEM
3TUX CPEACTB SIBISIFOTCS, HANpPHUMEP, CUCTEMBbI ABTOMAaTUYECKOIO PETYIHPOBAHUS
TEXHOJIOTMYECKUMHU MpOIleCCaMU, TMOKHUE aBTOMaTU3MPOBAHHbIE [TPOU3BOJICTBA, JPY-
T'H€E CII0)KHBIE CHUCTEMBI.

1. OCHOBHBIE ITOJIOKEHUSA CUCTEMHOI'O
AHAJIM3A U UCCJIEJJOBAHUS ONTEPAIIUIA

Jlnsg aHanm3a M CHHTE3a CHCTEM MOXKHO TMPEMJIOKUTH MOCIEAOBATEIHHOCTh
JICUCTBUIM:

1) popmymupoBKa 1eneBoi QYHKIMH CUCTEMBI,

2) ompeselieHue MeCTa CUCTEMBl B MEPAPXHUU CHCTEM M OTPAaHWYCHHU Ha ee
(bYyHKIIMOHUPOBaHKE, TAPAMETPHI JJIEMEHTOB;

3) ompe/esieHue BXOIHBIX U BBIXOIHBIX IIOTOKOB CHCTEMBI;

4) dopmynupoBka kKpuTepusi 3H(HEKTHUBHOCTH (PYHKIIMOHHPOBAHUSA CHCTEMbI
(MaTemMaTH4eCKas 3aMucCh MeJIeBOM (DYHKITNH);

5) onpesienieHue CTPYKTYPhI CUCTEMBI M €€ JIIEMEHTOB;

6) ompeneneHue CBsA3ei MEXKIy DIICMEHTAMU CHCTEMBI,

7) MOCTPOCHNE MAaTEMAaTHUECKON MOJICITH CHCTEMBI;

8) npoBepka aJieKBaTHOCTH MO/ICIIH;

9) wHCHmoab30BaHME MaTEMATHYECKON Mopaenu (I ONTUMHU3ALMH IEICBOM
(byHKIIUM, ONpeesIeHHs] YyBCTBUTENBHOCTH 1eNeBON (DYHKIMK K M3MEHEHUIO TMapa-
METPOB CUCTEMBI U JIp.).

1.1. HeneBast pyHkuus

VYcaoBue BpiOOpa nydiero (ONTUMAaJIbHOIO) BapuUaHTa PEIICHUs] KaKoW-1u00
3aJlayu Ha3bIBAIOT Kpumepuem onmumaibHOCmu, Ui yenegou QyHKyuel.

B xadecTtBe 11eneBoii PyHKIIMK MOTYT MPUHUMATHCS IKOHOMUYECKUE, TEXHUIEC-
CKHUE, DKOJIOTHYECKHE U JIpyrue nokazareaud. OObIYHO B TEXHUKE MPEANOYTEHUE OT-
JTAETCSl SKOHOMUYECKMM TOKa3aTessiM, Kak HanboJiee OOIIMM, TaK KaK B HUX MOTYT
OBITh YUTEHBI BCE (MJIM MOYTH BCE) IPYTUe MOKa3aTelu.
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N3 skOHOMUYECKUX MOKa3aTesaeil OJHUM U3 CaMbIX OOLIUX SABIAETCS MPUOBLIL
IM=(—3)-A (rme Ll — nena exuHuUIBI IPOAYKIKHU; 3 — 3aTPaThl HA MPOU3BOJACTBO
SAMHUIIBI TPOTYKIINH;, A — 00bEM BBITTYCKa TPOTYKITHN).

[Tpu onTumm3aIy mapamMeTpoB TieneBas QyHKIUS TPUHAMACT BUI:

M= (]-3) A - max.

CdopmynupoBaTh 1e5eByt0 (GYHKIHIO UHOT/IA CIoXHO. Hanmpumep, npu npo-
EKTUPOBAHUU WM MOJCPHU3AIHNH 3€pPHOYOOPOUYHOTO KOMOaitHa MOXKHO copMyIn-
pOBaTh Takue IieJieBbie (YHKIUHA: CEO0ECTOMMOCTh, HAJICKHOCTh, MAHEBPEHHOCTh H
JIp., @ IPY OTPAHUUYCHUSIX MO PAly TApaMETPOB: yIEJIbHOE IaBJICHUE Ha MOYBY, APOO-
JIeHHE 3epHa, rabapuThl KOMOaitHa u Jp.

Ecnu npu mpoekTupoBaHUN TEXHUYECKUX OOBEKTOB MOYKHO BBHIJCIUTH OJUH
napaMeTp, KOTOpoMy OTJaeTcs O€3yCIOBHOE MPEANOYTEHUE U KOTOPHIM Hambosee
MOJTHO XapaKTepU3yeT CBOMCTBA MPOCKTUPYEMOT0 0OBEKTa, TO ITOT MapaMeTp MOXK-
HO TIPUHATH 3a 1esieBy10 QyHKIMIO. B 3TOM citydae 3a/1aya mpoeKTUPOBAHMS CBOIUT-
Csl K 0OHOKpUmMepuaIbHou 3ajavue oOnTUMHU3AIMHY 11eJ1IeBOM (PYHKIIUU MPU YCIOBUH CO-
omonenust orpannueHui. [Ipu 3TOM 0/1HAa YacTh mapaMeTpoOB MOMAAAET MO KaTero-
pUIO OTPAaHMYEHMI, a Jpyras 4acTh [ApaMeTPOB, HA KOTOPHIE HE HAKJIAJbIBAIOTCS
OTpaHUYECHHUSI, TPUHUMAETCS TAKOM, KAKOM MOJYy4YHJIACh MPU ONTUMHU3ALMM LEIECBOU
byHKINH.

3aga4n MOTYT OBITh OJHOKPUTEPUATBHBIMU U MHOTOKpPUTEpUAIbHBIMU. Tak,
HarpuMep, KOMOalH XapaKTepHU3yeTCs MHOTMMH IMapaMeTpamu, OMpeAcISIOIIUMU
€ro KayecTBO U IIEHHOCTh. HekoTopbie M3 ATUX MapaMeTpoB HEOOXOJUMO YBEJIHYH-
BaTh, a IPyI'Me YMEHbBIIATh /10 BO3MOXKHBIX MpeaenoB. OTpaHUueHUS U CBSI3U MEXKTY
OTJICJIbHBIMM TIapaMeTpaMu KOMOaliHa MPUBOASAT K HEOOXOIMMOCTH HATH Ha KOM-
MIPOMUCC U BBIOUPATH JIJIsI KOKIOW XapaKTEPUCTUKU HE HaWIyulllee BO3MOXKHOE 3Ha-
YeHHUe, a TaKoe, MPU KOTOPOM U JIPyTrHe Ba)KHbIE XapaKTEPUCTUKU OYyIyT UMETh MPH-
emsiemoe 3HaveHue. [loaTomMy mpu BHIOOpE OKOHYATEIHHOTO BapuaHTa HEJb3s Orpa-
HUYMBATHCA CPABHEHUEM [0 OJHOW KaKOW-IMOO XapaKTepUCTUKE, a HEOOXOAMMO
NPUHAMAaTh BO BHHUMAaHHME BCIO MX COBOKYIHOCTb. 3aJa4d NPOCKTUPOBAHUS, IMPO-
BOJIMMBIE 10 HECKOJIBKHM KPUTEPUSIM ONTUMH3ALNUH, HOCIT HA3BAHUE MHO20KpUMe-
PUANbHBIX, WU 3A0a4 86eKMOPHOL ONMUMUSAYUU.

N3BecTHBIE METOJbI BEKTOPHOM ONTHUMHU3AIMU HEMOCPEACTBEHHO WJIM KOC-
BEHHO CBOJSAT pEIIaeMble 3aJlauyd K 3ajadyaM CKaJIspHOU (0JHOMEpHOM) ONTHUMU3a-
11U, T. €. K PYHKIIUHU:

F(x) = ®(Fi(x)),i =12,..,n,
rae F;(x) — JacTHBIC KPUTEPUHU, TEM WIIM WHBIM CIOCOOOM OOBEAMHSIONIUECS B CO-
ctaBHOM KpuTepuid O, KOTOPHIN 3aTEM MAKCUMU3UPYETCA WIM MUHUMU3APYETCS.

Pemenne 0OBEKTUBHO, €CIIM COCTAaBHOW KPHUTEPUN OOBICHSIET (HU3UUIECKYIO
CyThb (YHKIIMOHUPOBaHUS cucTeMbl. OHAKO 3TO HE BCerna Bo3MoxkHO. [loatomy co-
CTaBHOM KpUTEPUIA yaIie HOCUT (OpPMaTbHBIN (CyOBEKTUBHBIN) XapaKTep.

O0600111IeHHBIE KPUTEPUU MOTYT OBITh aITUTUBHBIMU, MYJIbTUIUIMKATHUBHBIMU,
MUHUMAKCHBIMU U JIP.
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Eciu ontummu3amus Begetrcs 0e3 ydera cTaTUCTHYECKOro pa3dpoca Xapakre-
PUCTHK, TO COOTBETCTBYIOIINIA KPUTEPUN ONTUMATBHOCTH HA3BIBAIOT OemepMUHUpO-
8aHHLIM, B TIPOTHBHOM CiIy4ae — cmoxacmuueckum. Tlocneannii 6onee moxHO oTpa-
KaeT CBOMCTBA OOBEKTA MPOCKTUPOBAHUSI.

Ipunyun cnpasediugoll KOMneHcayuu Yacmuvix kpumepues HOpMyIupyeTCs
TaK: CIIPAaBEJIUBBIM CIICIYET CUUTATHh TAKOW KOMIIPOMHUCC, IPU KOTOPOM CYMMAapHBIHA
YPOBEHb CHWXEHUS OJHUX KPUTECPUEB HE MPEBBINIACT CYMMApPHBI YPOBEHb YBEIH-
YEHUS JPYTUX KPUTCPHUEB.

Aooumusnvle kpumepuu. 1leneBas GyHkmmss 00pa3yeTcs: CIOKECHUEM HOPMU-
POBAHHBIX 3HAYCHHUM YAaCTHBIX KpuTepueB. OMepupyrOT HE ¢ HATypaJlbHBIMH 3HaUe-
HUSMH KPUTEPUEB, & C UX HOPMHUPOBAHHBIMHU 3HAUYCHUSAMH. BBIOOpP HOPMHPYIOIIETO
JIETATENS TIOTUYECKH 0OOOCHOBBIBACTCS.

[TpuHIUTIBEI BEIOOPA HOPMHUPYIOLIETO JETUTEIIS:

¢ 10 MUPCKTHUBHBIM 3HAYCHUAM IIAPAMCTPOB, KOTOPBIC YKA3dHbI B TCXHHYCCKOM
3aJJaH1H,

¢ 10 MAaKCUMAJIbHBIM 3HAQUCHUAM KPHUTCPHUCB WM IIO0O PA3HOCTH MCIKIAY MAKCH-
MaJIbHBIM U MUHHUMAJIbHBIM 3HAa4YCHHUAMM.

B o6miem Buzie alTUTUBHBIN KPUTEPU MOXKHO MPEJCTABUTH KaK
F(x) = X(C F;(x)/Fo;) = L(Cifi (%)),
riae C; — BecoBod KOA((DUIIMEHT YaCTHOTO KPUTEPHUSI;
fi (x) — HOpMHPOBaHHOE 3HAYCHUE YACTHOTO KPUTEPHS;
Fy; — HOpMupyrouid KO3(DPUITUEHT.

BecoBbie k03 (PHUIMEHTH! YyUUTHIBAIOT 3HAYMMOCTD YaCTHBIX KPUTEPHUEB, TPU
satom ), C;=1.

OCHOBHBIM HEJOCTATKOM QJJUTUBHOTO KPUTEPHS SBISETCS TO, YTO MPHU €0
WCIIOJIb30BAaHUU MOXKET HAOIIOAAThCSl B3aMMHAs KOMIIEHCAIMS YAaCTHBIX KPUTEPUEB.
DTO0 3HAYHT, YTO CYIIECTBEHHOE YMEHBIIICHHE OJHOTO U3 KPUTEPHUEB (BIUIOTH 0 HY-
JI51) MOKET OBITh TIOKPBITO BO3pACTaHUEM JIPYroro Kputepus. s ocnadieHus 3Toro
HEJI0CTaTKa CIAeAyeT BBOAUTH OTPAHUUYCHUS HA TIPEACbHbBIC 3HAUCHHS YACTHBIX KPH-
TepueB. Jpyroii HEAOCTATOK aAUTHBHOTO KPUTEPHUS —

CyOBEKTUBHOCTh Ha3HAYEHUS BECOBBIX KOd(uiueHTon C;.

Mynvmunauxkamueénsie kpumepuu. B psae ciaydaeB 11e1eco00pa3HO ONepHpo-
BaTh HE C a0COJIIOTHBIMU, & C OTHOCUTEIHLHBIMU U3MEHEHUSIMH YaCTHBIX KPUTEPUEB.
Torna npunyun cnpaeeorusoii OMHOCUMENbHOU KOMREHCAYUU YACMHBIX Kpumepues
dbopMyIupyeTcs CIEAYIONMM 00pa30oM: CHpaBeUIMBBIM CIEIYyeT CUYUTATh TaKOU
KOMITPOMHUCC, TIPH KOTOPOM CYMMapHBIM YPOBEHb OTHOCUTEIIBHOTO CHUKEHUS OJTHUX
KPUTEPHUEB HE MPEBHIIIACT CyMMapHBIH YPOBEHb OTHOCUTEIHHOTO YBEIHYCHUS JIPY-
TMX KPUTEPHUEB.

YcnoBue ONTUMAJIBHOCTH UMEET BUJL:

2[AF; (x)/F;(x)] = 0,

rne AF; (x)— npupainenie BeIMUrHbI I-T0 KPUTEPUS;

www.fondpotanin.ru
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Fi (x)— nepBoHauanbHast BEIMYMHA | -TO KPUTEPHSL.

Tak kak AF; (x)<<F; (x),T0
LIAF; (x)/Fi(x)] = Xd[InF; ()] = d[X (InF; (x))] = d[InllF; (x))] =

rae 3Hak I1 o3Havaer npousBeaeHUE MO UHJIEKCY |.

[IpyHUIMIT OTHOCHUTENBHON CIPaBEUIMBOM KOMIIEHCALUH MPUBOJUT K 0000-
[IIECHHOMY MYJIbTUIIJIMKATUBHOMY KPUTEPHIO:

F(x) = In[IIF; (x)] = min
WIH F(x) = IIF;(x) - min

Ota ¢popMyIna crpaBeInBa s paBHOIICHHBIX YaCTHBIX KPUTEPHUEB.
JJ11 HepaBHOLIEHHBIX YaCTHBIX KPUTEPUEB UCIOIB3YETCS opMyia
F(x) = I(F (),
rae C — BecoBoi K0 (UITUEHT I-TO YaCTHOTO KPUTEPHSI.

Munumarcnvie kpumepuu. B Teoprur MHOTOKPUTEPHAIBHOW ONTHMHU3ALUU
0c000€ MECTO 3aHMMAET MPUHLUII KOMIIPOMHUCCA, OCHOBAHHBI Ha UJEE paBHOMED-
HocTu. Ha 0a3e storo mpuHiuna paboTaroT MUHUMAaKCHbIE (MAKCUMUHHBIE) KpUTE-
pum.

OCHOBBIBasICh Ha UJEE PABHOMEPHOI'O KOMIIPOMHCCA, CTAPAIOTCSI HAMTH TaKUe
IIEPEMEHHBIE TPOCKTUPOBAHUS, IIPU KOTOPBIX HOPMHUPOBAHHBIE 3HAUEHUS BCEX YacCT-
HBIX KPUTEPUEB CTAHOBATCS PaBHBIMU MEXy COOOI, T. €.

Fl(.'Xf) = k,l = 1,2, e, n,

WJIU, C YY€TOM BECOBBIX KOI(P(UIIMEHTOB:

Opnako mpu OOJBIIMX 3HAYEHUAX A U3-3a CIOXKHBIX B3aUMOCBSI3€H TPYIIHO
JOOUTHCS BBIIIOJIHEHUS 3TUX COOTHOIICHUU. B 3TOM ciyuae oka3bIBaeTcsi MOJIE3HBIM
OpPUMEHEHUE npuHyuna munumarxca (maxcumuna). CyTb €ro B TOM, YTO HY>KHO BbI-
opath Takoe pemenue X°ecX (X = X, ..., Xn), HA KOTOPOM PEATUIYETCA MAKCHMYM
(MUHUMYM) U3 MUHUMAJIbHBIX (MAKCUMAJIbHBIX ) 3HAUEHUI YaCTHBIX KPUTEPUEB:

F(X°) =max min{f; (x)} » max
WIH F(X°) = min max{f; (x)}, T.e.max{f;(x)} » min

Taxoii npuaiun BeIGopa X° MHOrIAa HOCHT Ha3BaHME ITPUHIMIA "TapPAHTUPO-
BaHHOro pesyybrara"’. OH 3aMMCTBOBAaH W3 TEOPUU UIP, TN€ SABISIETCS OCHOBHBIM
OPUHIUIOM.

PaccMoTpuM mpuHUMIT MakCUMHMHA Ha clefyomem npumepe. s yoopku
ypoxasi peAnpUsITHE MOXKET BbIOUPATh PAa3MUYHbIE CTPATETUU YOOPKH, T. €. UMETh
pa3IMyHOE KOJIMYECTBO KOMOAWHOB, MEHSATHh COOTHOLIEHUE PAa3[ebHOrO U MPSIMOro
KOMOatHUpOBaHUs U Jp. B 3aBUCUMOCTH OT MOTOJHBIX YCIOBUU M YPOKAMHOCTH
BO3MOYKHBI Pa3JIMYHbIE NIOTEPU YpOxkKas. B roabl ¢ BBICOKOM YPOXKAWUHOCTHIO HYKHO
UMETh 0OJIbIIIee KOTMYECTBO KOMOAHHOB U TPAKTOPOB, YTOOBI yOpaTh ypoxKai B CPOK,
a B TOJBI C HU3KOM YpPOXKaWHOCTBbIO — MeHblnee. B 1abn. 1.1 cTpokamu sIBsItOTCS
cTpaTeruu yOOopku, a CTOJIOIAaMU — YCIOBUS YOOPKHU WJIM CUTYallMH C BEPOSITHOCTSIMU
pi (O p;=1). DnemenTamu TabauIBI OyneT npuObLIL Jjj (TAe | — cTparterust yOOpKH; | —
MOTOJIHAs CUTyalus). B meHTpe KaxIoi suelKku TaOJuIbl TTOKa3aHO 3HAYCHUE TPU-
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ObUIM B JaHHOM CUTYyallMM U BBIOPAHHOW cTpaTeruu yOOpKH, a B BEpXHEM IIPABOM YT-
Jy IOTE€pH NPUOBLIM 110 OTHOIIEHUIO K JyYIlIel CTPATEruy B ITaHHOM CUTYAlIHH.

BoraenuM juist kax10i cTpateruu yOOpKU 3JIEMEHT, I'/ie IPUObUIh MUHUMAJIb-
Ha. V3 3TUX MUHUMAaJIbHBIX NpUOBLICH BBIOMPAEM CTpPATErHio, I7l€ MUHUMAaJIbHAs
npuObBUIb MaKCUMajlbHa — 3TO CTpaTerus 1, KoTopas BbIOpaHa 1O MaKCHUMUHHOMY
KpUTEPUIO (MAKCUMYM U3 MUHUMAJIbHBIX 3HAYECHUN ).

Ecnu B kauecTBe KpuTepusl BbIOpATh MUHUMYM MaKCHMAaJbHBIX MOTEPh NPH-
ObLIM, TO HawIy4dlled Oyner crparerus 4. B 3ToM cilydae BMECTO MaTpHULbl MPUOBI-
JIell COCTaBJISAIOT MaTPHILy MOTEPh, KOTOPAsi, HAIPUMED, JJI IEPBOrO CTOJIONA UMEET
3HaueHus 3, 1, 0, 2 qist ctpareruii 1 — 4.

Tabnuua 1.1
Bennuuna npuObUIM NpY pa3auvHbIX CTPATErUSX YOOPKH

CTpaTeFI/IH y60pKI/I HOMep CUTyallit 1 €C BCPOATHOCTD

1 (p1) 2(p2) 3(p3) 4(p4)
1 7 38 10 7 6 O 5 1
2 9 ! 13 ¢ 4 2 5 2
3 10 © 15 2 3 3 6 O
4 g 2 17 0 4 2 5 !

Kpome kputepus makcumuHa (MUHUMakca) B TEOPUU WP Ipeaiararorcs
KPUTEPHUH, PACCUYMTAHHBIE HA WHIWBUAYAJIbHBIE CKIIOHHOCTH JIMIA, IPUHUMAIOIIETO
pelIeHHuE:

® MaKCUMaJlbHBIA cpeAHUI 3PPEKT NPU paBHOBEPOSATHBIX YCIOBHUIX YOOPKH:
Y. 9ij = Max (B HalleM MpUMEpe — STO PAaBHOLEHHbIE CTpaTeruu 3 u 4, KOTo-
pbie o0ecreunBaroT cCymMMy MpUObUIEH Ui BCeX cUTyaluid B pasmepe 34 enu-
HUIIBI);
® MakKCMMyM CYMMBbI MPOU3BEACHHS BEPOATHOCTH MaKCHUMallbHOrO 3¢ dexra Ha
BEJIMYMHY MaKCHUMalbHOrO 3(Qexkra W NpOou3BEACHUS BEPOSTHOCTH MHUHU-
MaJbHOTO 3P (eKTa Ha BEIMYMHY MUHUMAIBHOTO 3P QeKTa;
® MUHUMYM IIOTEPh C YYETOM BEPOATHOCTEN BCEX BO3MOKHBIX YCIOBHM YOOPKHU;
® MaKCHUMYM SKOHOMHYECKOTO 3¢ (deKTa (B HallIeM cilydae MPUOBLIN) C YUETOM
BCEX BO3MOXHBIX yCIOBUN YOOPKHU.
2. pi 9;; ~max
OTOT KpUTEPUIA ABIISIETCS] HAMIIYYILUM C SKOHOMUYECKON TOUKH 3PEHHS.
Ha npaktuke HEOOXOIMMO YUUTHIBATH:

1. Boibop KpuTepusi ONTUMAIbHOCTU SABIISIETCS CIOXHOM METOJI0JIOrMYECKOM
npo0IeMOi U, KaK IPABUIIO, MOKET OBITh HEOJHO3HAYHBIM.
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2. AITUTUBHBIA KPUTEPUH BBIOMPAIOT TOT/A, KOTJa CYIIECTBEHHOE 3HAUCHHUE
UMEIOT a0COJTFOTHBIE 3HAYCHUS! KPUTEPUCB.

3.MyJbTUIUIMKATUBHBIN KPUTEPUH 11€JIECO00Pa3HO HUCIIOIB30BaTh TOTAa, KOT/1a
CYIIIECTBEHHYIO POJIb UTPACT U3MEHEHHE a0COIIOTHBIX 3HAUYCHHIN YaCTHBIX KPUTEPH-
€B, IIPU BapUaIllMM BEKTOpPA MEPEMEHHBIX X .

4 Ecnu mepen pa3paOOTIMKOM CTOMT 3a/Jada JOCTHUKEHHUS PaBEHCTBA HOPMHU-
POBAHHBIX 3HAYCHUI KOH(IMKTHBIX YaCTHBIX KPUTEPUEB, TO ONTUMAIBLHOE MTPOCKTH-
pOBaHHUE CIIETYET TPOBOJAUTH IO MUHUMAKCHOMY KPUTEPHIO.

OKcnepmuvie oYeHKu

1. Memoo panscuposarnus. 1lyctb 3KcriepTU3y TPOBOJUT TPYIINA U3 1M DKCIIEP-
ToB. Kakmplit sxcrept paccrasisier kputepun Fi(x)B mopsiake yObIBaHUS UX Ba-
HocTH. Panr 1 mosydaer oueHKy (nmpeoOpa3oBaHHbIN paHr) 1, paHr 2 —oueHkKy (N-1) u
T. 1., TJI€ 1 — YUCJIO YACTHBIX KPUTEPHEB.

3Has mpeoOpa30BaHHBIN PaHT I-r0 KpUTepusl y K-To SKCepTa 1y, ONpPEeAeistoT
BECOBbIE KO (DUIIUEHTHI:

Ci = 2Tk / X X Tik-
C  ydyeToM  aBTOPHTETHOCTM  Kaxmoro  dskcrepra my(Ymy =1)
Ci = XMy i/ X XMy Tige

2.Memoo npunucviéanus 6anno6. IKCUEPTHl OLIEHUBAIOT BAaXXHOCTh YAaCTHOTO
kputepus Oamnamu o mkane 0 — 10, mpu 3TOM paspenraercs OreHNBaTh BaXKHOCTD
JIPOOHBIMU BEJTUYMHAMHU WM HPUIKHCHIBATH OJHY M Ty K€ BEJIMYMHY HECKOJIbKHUM
KputepusM. 3Hast 6at h;y, 1-ro kputepus u K-ro skcmepra, npeoOpa3oBaHHBIN paHT |
-ro Kkputepus y K-ro skcrepra HaxoIsT 1o Gopmyoie:

Tik = lk/ Z hlk

Ha noctoBepHOCTH AKCHEPTU3Bl CYIIECTBEHHO BIIMSIIOT Takue (HaKTOpPbI, Kak
YHUCJIO 3KCIEPTOB, YPOBEHb UX KOMIIETEHTHOCTH, COCTaB BOIPOCOB, CAMOYYBCTBHE
JKCIIepTa U JIp.

OnmumanvrHocms no Ilapemo.

[Tycte XP m X9— nBa pasHbIX pemieHUs 3ajadqd MUHUMU3aud. Eciin BekTop-
HbI kputepuid F(XP)no orHomeHWIO K BEeKTOpHOMY Kputeputo F(X?)ymosnerso-
pser ycnosuto F(XP) < F(XP)ana seex i=1,..., n u F;(X?) <F;(X?) xota Obl 1ns
oaHoro | = 1,..., n, TO TOBOPSAT, YTO BEKTOPHBIN Kputepuid F;(XP) noMuHHpyeT Has
F;(X7), a 00macTh KpUTEpUEB HA3BIBAIOT 00JIACTHIO COTIIACHSL.

Touka X “HaseiBaeTcs >QPEKTHBHON WM PELIEHHEM, ONTHMAILHBIM 110 Ilape-
TO, €CTTM HE CYIIECTBYET HU OJHON Touku X, Takoil 4To F;(X)MEHbIIe WIH PaBHO
F;(X°) nnasecex i=1, ..., nu F;(X)< F;(X°) xots 651 111 oquoro j =1, ..., n.

OddexTrBHAS TOUKA MOXKET OBITh HE €IMHCTBEHHOW. MHOXECTBO 3PPEeKTHB-
HBIX TOYEK Ha3bIBae€TCsl O0JACThIO pelieHui, onTuMaibHbIX no [Tapero. OnTumanb-
HOCTh 1o [lapeTo o3HayaeT, yToO HeNb3sl Jajblle YMEHbIIUTh 3HAYEHUE OJIHOTO M3
YaCTHBIX KPUTEPHUEB, HE YBEITUYHUB IIPU 3TOM XOTSI ObI OTHOTO U3 OCTaJIbHBIX.
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—

1.2. Onrumu3anus uesjieBoil pyHKunu

OnHoit n3 knaccuukanuii 3a1a4 ONTUMU3AINH SBIISICTCS JISJICHUE WX Ha 3a]1a-
YU KOHLENTYaJbHOU, CTPYKTYPHOM M apaMeTPUIECKON ONTUMU3AIINH.

[IpumepoM 3amaum KOHIIENTYyaJIbHOM ONTHUMU3AIMU SIBISETCS BHIOOp THIA
MIPUBOJIA JJIsI MOTOBHJIA JKaTKU KOMOaliHa: MEXaHWYECKHM, THIpaBINYECKUi, dJIeK-
TpUYecKui. 3a7auu 3TOro TUMa OOBIYHO TpyAHOGOpMaIu3yeMbl. Tak, B IpUBEICH-
HOM IIpUMepe, KpoMe MoJJarIuxcs (opMaanu3alud CTOMMOCTH IPUBOJIA, DKC-
IJTyaTallMOHHBIX 3aTpaT Ha PEMOHT UM TEXHUUYECKOE 00CITy)KHMBaHUE U JIP., HYXKHO JI0-
MOJIHUTEIBHO YUYUTHIBATh, HAPUMEDP, HAJIS)KHOCTh MOCTABIIMKOB KOMIUICKTYIOIIUX U
npyrue TpyaHodopmanuzyembie (aKkTophI.

[Ipumep cTpyKTYpHOI ONTUMHU3AIMU: ONIPEACIICHUE YUCTa CTylieHel 3y0uaTo-
r0 pelyKTOpa C 3aIaHHBIM MEPEAATOUYHBIM OTHOIIICHUEM.

[TapameTpuueckas ONTUMHU3ALMS TTPEATNIOIAraeT HaJIMure MapaMeTpoB 00HEK-
Ta, KOTOPBIC BXOJIAT B IEJIEBYI0 (PYHKIIMIO U OTPAHUYCHHUS; TIPU OTPE/ICIICHHBIX 3HA-
YEHUSX ITUX MapaMeTpoB (Ha3bIBAEMbIX ONTUMAIBHBIMU) 1IeieBast PYHKIIHS TIPUHU-
MaeT MUHUMAaJIbHOE (MJIM MaKCUMaJIbHOE) 3HAUYCHHE.

PaccmartpuBast 00beKT IPOSKTUPOBAHUS HA MAKPOYPOBHE, IIPEACTABUM €T0 B
BHJI€ "UEPHOrO AIMKA", Ha BXOJI€ M BBIX0JIE€ KOTOPOTO UMEIOTCA:

X;— yIIpaBIIIeMbIC MTapaMEeTPhl 00BEKTA,

V;— BBIXOJIHBIC TIapaMETPhl 00BEKTA;
Z;— HEeyIpaBJIseMbIC ITapaMeTPhl 00HEKTA,;
fi — ciiydaifHbie BO3/ICCTBHS Ha OOBEKT.

Ha ynpaBnsiembie mapamMeTpsl X, MOTYT HaKJIQIbIBATHCS OTPAHUYCHUS, TOTAA
napameTpbl X; JOJDKHBI PUHAJJICKATh TOMycTUMOM 06s1acti D.MHOXXeCTBO TOYEK,
oOpasytomux 0o61acth D ,Ha3pIBaeTCs BBIMYKIIBIM, €CJIH 715 JIFOOOU Mapbl TOUYEK OT-

PE30K MPSAMOM JTHHUH, COSTUHSIOMNNA UX, TAKKE MOTHOCTHIO TPUHAIICKHUT ITOMY
MHOXeCTBY (puc. 1.1).

Xt X “‘

= S e
TN —

/ D J ~—
v/ 3 [)\

|
.X'2> X2=
a) 0)

Puc. 1.1. Beimykias (a) u HeBbInyKJas (0) JOMycTUMBIE 00JIaCTH IEPEMEHHBIX Xq U X5.

OOBIYHO B 3a/1a4ax ONTHMHU3AIUH PACCMATPUBAIOT 33]ja4y MUHIUMH3AIINH 1Ie-
JeBoM pyHKIuy, T. €. F(X) — min.
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3ajgady MakCHMM3AIIMH 11€JI€BOM (DYHKIIUH JIETKO MOYKHO CBECTH K 3aj1aue
MUHHAMHM3AIUHU, €CIIH U3MEHUTH 3HAK ICJICBOM (PYHKITMH Ha MPOTHUBOIIOJIOKHBIN, MaK-
cumyM ¢yHkiun F(X) Oymer npu Tex ke 3HaYCHHUIX apryMeHTa, YTO ¥ MUHUMYMY —
F(x).

MaTteMaTH4YecKH 3a/1auy MapaMeTPHUEeCKOW ONTHMH3AIMA MOYKHO 3aIlicaTh B
00111eEM BHUJIE:

F;(x1,x,,) = min, j = 1, K— nenesbie GpyHKumH,

gp(x1,x,) < Cp, p =1, M — orpanuyeHus Tuna
«HEPABEHCTBOY,

hq(x1,x,) = By, =1, |- orpannyenus Tuna
"paBeHCTBO",

Izl Xi — ONTHMHU3UpYEMBbIE IapameTpsl (xi = 1, 2, 3, ....n): C,, u By — xoapdu-
IIUCHTHI.

YacTHBIM CIlydaeM OrpaHUYEHUMH THIIA g, ABISAIOTCA OIPaHMYEHUs ai < X; < b;.

B 3aBucHMOCTH OT KOJIMYECTBAa M BHAA IEJEBBIX (DYHKIIMH M OTpaHWYCHHUN
BBIICIISIFOT YaCTHBIC 33]1a4l ONTHUMH3AIUH:

1) ogHOKpuUTepHaabHOU onTuMu3anvu (K = 1) ¥ MHOTOKpUTEPHATLHON (BEK-
TOPHOI) ONTUMU3ALINH;

2)oHOapaMeTpUIecKoi (0JTHOMEPHOM) ONTHUMHU3AlUU (1 = 1) U MHOroma-
paMeTpuuecKoi (MHOTOMEPHO#) onTuMu3aiuu (n > 1);

3)0e3ycnoBHOM (OTCYTCTBYIOT OrpaHUYEHUs g, M hg) M ycloBHON (MMeeTcs
XOTsI ObI OJTHO OTPaHUYEHUE) ONITUMU3AIINY;

4)0HOAKCTpEeMANIbHOH (11e1eBast PYHKIUS UMEET OJIUMH SKCTPEMYM) U MHOTO-
AKCTpEeMaNIbHOM (11esieBast PYHKIIMSI UMEET HECKOJIBKO IKCTPEMYMOB) ONITUMU3AIINH;

5)3agava mapaMeTpUUYECKOM ONTUMU3AIMU C JOMOJHUTEIbHBIMU TpeOOBaHU-
SIMH, 9TOOBI YIIpaBIsieMbIC MapaMeTpPbl MPUHUMAIN TOJBKO JUCKPETHBIC 3HAUYCHUS,
Ha3bIBAETCA 3a/1aueil JUCKPETHOW onTuMM3aluu. Eciu Bce Xi JOJDKHBI OBITh 1ETBIMU
YUCJIaMH, TO 3a7a4a Ha3bIBAETCS 3a/1aucH IIEIIOYMCIICHHOTO MPOTrpaMMHUPOBaHUSI.

PaccMoTpuM KpaTKo dYacTHBIE Ciydad 3a7aqyd ONTHMHU3AIWHA C TIO3WIUAN
CJIOKHOCTH UX PEIICHUS.

3a1aun MHOOKpUMEPUATbHOU (8eKMOPHOU) ONTUMH3ALNM, T. €. ONTUMH3a-
MM OJTHOBPEMEHHO HECKOJBKHMX IENEBbIX (DYHKIUH, 3HAYUTENHHO CIOKHEE 3a7ad
OHOKPUTEPUAIBHON onTuMu3anuu. [Ipu 3ToM 3a4acTyro He CylIECTBYET 3HAUYCHUH,
IIPU KOTOPBIX BCE IIeJIeBble (PYHKIIMK OJHOBPEMEHHO MPUHUMAIHA OBl ONMTUMAJILHOE
3HaueHue. Yaie HabmromaeTcs apyras KapTUHA: IPU OJHUX 3HAUYCHUSX MapamMeTpoOB
ONTUMAaJIbHA TIepBas IefieBast GyHKIMA, IPU APYyTUX — BTOpas U T. A. B atux yc-
JIOBUSIX TPOCKTUPOBIIHUKY TPHUXOAUTCS WIATH HA KOMIIPOMHCC: JIOMYyCKaTh OTKIJIOHE-
HUE OT ONTHUMAJLHOTO 3HAYCHHS OJHMX IICJICBBIX (DYHKIMH, YTOOBI TOJYYHUTHh TIPH-
eMJIEMO€ 3HAaYeHHUE JIPYTUX IeaeBbIX QyHKIHUNA. OOBIYHO 3TOT KOMIIPOMHUCC JTIOCTHTA-
€TCS PUCBOCHUEM BECOBBIX KOI(D(PHUITMEHTOB 3HAUMMOCTH II€JIEBBIX (DYHKIIMHA U CBE-
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JIEHUEM BceX IeNieBbIX QyHKIMM B ogHy. Takum 00pa3om, B 3ajauax MHOTOKPUTEPH-
QTbHOW ONTHUMU3ALMU pElIeHHE OOBIYHO OTCYTCTBYET M MPOEKTUPOBIIUKY MpHU-
XOJIUTCS. BHOCUTH 3JIEMEHT CYOBEKTUBHOCTU MPU HA3HAYEHUM BECOBBIX KO3 UIM-
€HTOB WJIU JOIYCTUMBIX 3HAUCHUH 11eJIeBbIX (QYHKIIUH.

3a/1ayu MHOTOMApaMETPUUECKON ONTUMHU3ALIUU TaKkKe CI0KHEE OJTHOMEPHBIX
3aJ1a4y, HO CJIO)KHOCTB 3/I€Ch APYTOro poja: €CTh MATEMATHUYECKUE METObI TPOrpam-
MUPOBaHUs, TO3BOJIAIONINE MONYUYUTh PEIIEHHEe MHOTOMEPHOH 3a7auu ¢ TpeOyemon
TOYHOCTBIO, HO, C YBEJIMYEHUEM UMKCIIA MEPEMEHHBIX, PE3KO BO3PACTAIOT BBIYUC-
JUTENbHBIC 3aTPaThl W, COOTBETCTBEHHO, BpeMsl Ha pelieHue 3amaun. Hampumep,
YTOOBI pacCYUTATh IEIEBYIO (DYHKIIUIO IBYX MEPEMEHHBIX, KaKIast U3 KOTOPHIX MO-
KET IPHMHATH TPH PA3IMYHBIX 3HAYEHUS, HEOOX0AUMO caenath 32 = 9 pacyetos. Co-
OTBETCTBEHHO I TPUIIATH IMEPEMEHHBIX, KaXaash U3 KOTOPBIX MOXKET MPUHUMATH
100 pasnuuHbIx 3Ha4eHui, norydaem 100% pacueToB — Takoe OrpOMHOE KOJIMYECTBO
pacyeToB HE MO CUTy Jake coBpeMeHHbIM cynep-OBM. KoneuHo, Takoe xosmue-
CTBO PacyeTOB HY)KHO CJEJIaTh TOJIBKO MPHU MPSIMOM Tepedope BceX BO3ZMOMKHBIX Ba-
puanToB. CyIIEeCTBYIOT METOJIbI (TPaJueHTHBIN, TOKOOPAUHATHOTO CITyCKa W Jp.),
KOTOpBIE PE3KO YMEHBIIIAIOT YUCJIO PAacUyeTOB, HO TEM HE MEHee MpodyieMa JTUTEIb-
HOCTH pElICHUSI MHOTOMEPHOM 3a7aui UMEET MECTO.

3ajauu ycnosHol onmumuzayuu IBISIOTCS 00Jiee CII0KHBIMU, YeM O€3yCIIOB-
HOM. JIJ1st 3a71a4n yCIOBHOM ONTHUMU3AIMU B O0OIIEM BUJIE, T. €. TIPU JIOOOM BUJIE KPH-
TEepHUsl ONTHMAIBHOCTH W OTPAHUYCHHM, OTCYTCTBYET METOJ «OBICTPOTO PEIICHUS
Jake OJHOKPUTEPUATBLHON 3adaun 0€3 HCMOJb30BaHUS TOW WM WHOW (OPMBI Te-
pebopa BapuaHTOB PEIICHUS M IMOCTEIIEHHOTO MPUOIMKEHUS K OKOHYATSIILHOMY pe-
HICHUIO.

Ecnu nieneBast GyHKIMS WM OTPaHUYCHUS HEIIMHEHHBI, TO UMEEM 3a0ay) He-
JUHeliH020 npoepammuposanus. Eciu pyHkius u obnacte D BIMyKITBI — 33724y 6bi-
NYKA020 NPOCPAMMUPOBAHUS.

Ecnu xputepuii  onTUMaNbHOCTH | OTpaHUYCHUS SABJISIIOTCA ~ JIU-
HEHHBIMU  (DYHKUHSMHU MAPAMETPOBX, TO UMEEM 3a0auy JUHENHO20 NPOSPAMMUPO-
BaHUAL.

F(x) =cy+cyxy + -+ cpx, = Min

ag1X1 + a1px5 + -+ apx, R1bg

alel + azzxz + + aznanzbz

Am1X1 + Am2X>2 + et amnanmbm

x>0,
rae F(x) — kputepuil onTUMaIbHOCTH, SIBJSIONINICS IMHEHHON (yHKIMEH nepeMeH-
HBIX X ; Rj — oquH u3 3HaKoB: =, > ,<; @, b u ¢ — Ko>3hduIUEHTEL.

www.fondpotanin.ru

CrtpaHuua 13



BJIATOTBOPUTEJIbHbIIA
®OH[, B.MOTAHMHA

Ecnu xpurepuit ontumansHocTh F(Xx) — kBaapaTudeckas (QyHKIUsA, a orpa-
HUYCHUS — JIMHEHHbIC PYHKIIMH, TO UMEEM 3a/1auy K8a0pamuuecko2o npocpammupo-
BaHUAL.

3anaueil cenapabenvHo2o0 npoepamMmupoéaHus Ha3bIBaeTCs Takas 3ajada, B
KOTOPOW KPUTEPUN ONTUMATBHOCTH U OTPAHMUYEHUS MMEIOT BHJ CyMM 7 (DYHKIIMIA
TOJIBKO OJTHOW IEPEMEHHOM.

1.3. MeToabl oNTHMHU3AIIAH

[leneBass GyHKIMS MOKET UMETH JIOKATbHBIE MUHUMYMBI (TOYKH X| X2 B JIp.)
Y TJI00aJIbHBI MUHUMYM (TOYKA X3,) (puc. 1.2).

Vuumooanvnas ¢ynxyus — GyHKIUS, KOTOpas B JOMYCTUMOW 00IacTH UMEET
OJIMH MUHUMYM (MakcuMyM) OyHKIUS Ha pUC. 1.2 He yHUMO1aJbHAasl.

BoapmMHCTBO METO/IOB MOUCKA ONTUMYMa OCHOBAHO HA MOCTETIEHHOM MpPHU-
OJIM)KEHUU K ONITUMYMY OT 3a/1aBa€MOU MCCIIeI0OBaTEIEM WM CIIy4aifHO BHIOMpaeMoin
camoil mporpaMMoi ONTUMH3AIMK HAaYaJIbHOM TOUKH Toucka. [1ycTs 310 OyaeT Touka
a Ha puc. 1.2, u pemaercs 3amada moucka muanmyma F(x) Torma mpu permenun 3a-
a4l ONTHUMHU3AIUU TYTEM IOCTENIEHHOTO CIyCKa JIOKAJbHBIH MUHUMYM OyAeT B
TOYKE X».

F(X)

|
| .X] Al x2 -XS XS 'x(\ d

Puc.1.2. TIpumep MHOTORKCTpEMaIbHOM (pyHKINN

Ecnu HayanpHO#M TOYKOM moncka Oyner Touka b, To moixy4dum To ke peneHue
— To4Ka Xz. M BooOI11IE, €ciii B KaueCTBE HAaYaJIbHOW TOYKHA MOUCKA MUHMUMYMa OyIeT
3aJlaHa Jito0ast Touka U3 Auana3zoHa X4 — Xs, TO OyJET MOJy4YeHO OHO U TO XKE pelle-
HUE — X2, KOTOPO€ MOKET ObITh OMIMOOYHO MPHUHATO 33 MUHUMYM (IJI00ANIbHBIN XKe
MUHHMYM HaXOJUTCS B IPYTON TOYKE — X3).

Jlist Toro, 4ToOBl MONACTh B TOUYKY IN100ATBHOTO MUHUMYMA X3, HAYaJIbHYIO
TOYKY NOMCKA HYXHO 33JaTh M3 JMAIa30Ha X5 — Xe . [[OCKOJIBKY MPOEKTUPOBIIUKY
3apaHee HEM3BECTHO HU YMCJIO, HU IMOJIOKEHHUE TOUEK IKCTPEMYMOB (DYHKIIUH, CYIIe-
CTBYET OMACHOCTh NMPHUHSTH JIOKAIBbHBINA IKCTpEeMyM 3a riodanbHblil. UToOBI 130e-
&KaTh 3TOM OmMOKH, TpeOyeTcsl MOBTOPATh ONTHUMM3AIMIO JJISi Pa3HBbIX HaudalbHbBIX
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TOYEK MOMCKA ¢ KAKMM-TO LIArOM BJIOJb OCH X, MPU 3TOM TpeOyemasi BeJIMUMHA 11ara
HEU3BECTHA (B HaIlleM MPUMEPE OHA JIOJKHA ObITh MEHBIIIE TUala3oHa Xs — Xe, TaK
KaK Mpu OOJBIIOM IlIare MOXHO "MPOCKOYUTH" TIIOOAIBbHBIA ONTUMYM; MPU MaJIOM
1iare Bo3pacraeT YUcio pacyeToB).

B cBs131 ¢ 3TUM BaXXKHYIO POJIb UTPAET NPEABAPUTEIBLHOE MPEACTABICHUE TTPO-
EKTUPOBIIMKA O MOBEACHUU ONTHUMHU3UPYyEeMOU (YHKIIMU, B TOM YHCIIE O €€ YHHUMO-
JaTbHOCTU UM MHOTO3KCTPEMAJIBHOCTH.

CornacHo teopeme Beliepitpacca, 3aja4a nmapamMeTpU4ecKOd ONTHUMU3AIUN
paspemmMa, eciii KpUTepHuid ONTUMaIbHOCTH F (X) SBIISeTCS HEMPEPhIBHON (DyHKITH-
el, a gonycTumas 06sacTb 00pa3yeT 3aMKHYTOE OTpaHUYEHHOE MHOKECTBO. 17151 BbI-
BOJIa YCJIOBUM ONTUMAIBHOCTH, T. €. JUISl MOTYYEHUS PEIICHUs, B OOJIBIIIUHCTBE CITY-
yaeB HeoOxoaumo, 4to0bl (yHKIMs F (x) Oblta HempepblBHO aubGepeHIIupyEeMOii.
Tak B ciayyae 0€3yCIOBHOM MUHMMHU3ALMU YHUMOJAJIBHON OJHOMEpPHOW (yHKUIUU
F (x) nnst Toro, 4ToOBI TOYKA SABJSUIACH ONTHMAIBHBIM PEIICHHEM, HEOOXO0IUMO U JI0-
CTaTOYHO, YTOOBI B ATOM TOYKE IMepBasl MPOU3BOJHAS MUHUMHU3UPYEMOUN (YHKIIUU
paBHsIaCh HYJIIO, a €€ BTOpasi MPOU3BO/IHAS ObLIa BEIMYMHOM MOJOKUTEITHHOM.

O06o001m1as 3TO ycloBME HAa MHOTOMEPHBIN ciiydaid Juist 3a1adn 0e3yClIOBHOM
MHHAMH3AIUA  MHOTOMAPAMETPUICCKOW YHUMOJAIbHON QyHKIMKH F (x), MOXKHO
c(OpMyYIUPOBATH CIEAYIOIIEE YCIOBHE ONTUMAJIBHOCTH: JJI TOrO, YTOOBI TOYKA X
ABJISUIACH DKCTPEMYMOM WJIM TOUYKOW meperuda, He0OXOIUMO, UTOOBI B 9TOM TOUYKE
rpaaueHT GYHKIIUU PABHSICS HYIIO (T. €. paBHSUIUCH HYJIIO BCE YACTHBIC MPOU3BOI-
Hble (YHKIIMM MO BCEM MEPEMEHHBIM Xx1). JJia ompeneneHus: xapakrepa TOUKH JKC-
TpeMyMa HEOOXOIMMO JIOTIOJIHUTENILHOE UCCIIEIOBAHNE.

Ecnu Ha mepeMeHHbIE X1 HaO)KEHbl OTPAaHUYCHHMS, TO 3aJada yCIIOXKHSIETCS,
TaK KaKk MUHUMYM MO>KET OBITh Ha rpaHUIle OOJACTH JOMYCTUMBIX 3HAYCHUU X (TH-
neprapasuielienunesa), TA€ yCIOBUE PABEHCTBA HYJIIO BCEX YACTHBIX MPOU3BOIHBIX
(GYHKIIMA MOXET HE BBITIOJHATHCSA. ITO 3HAYUT, YTO ONTHUMAIBHOE PEIICHUE MOXKET
HAXOJIUThCA KaK BHYTPU OOJIACTH, TaK U HA TpaHUIle TUNEepIapauiesenuneaa. Takas
CUTyalus NMPUBOJUT K TOMY, UTO HY>KHO PEIIUTh OUYEHb OOJIBIIIOE YMUCIIO 3a1a4d 0e3-
YCIOBHOM onTuMM3auu. O4eBUIHO, UTO TAKOW MOAXO/ K PEHICHHIO 3a]1a4l OTITUMU-
3a1uu TpedyeT OONBIINX BBIUUCIUTENBHBIX 3aTpat. [I03TOMy B HEKOTOPBIX ClIydasx
1[€J1eCO00pa3HO MEePEUTH OT UCXOIHOM 3aauM K 3aja4ye 0e3yCIOBHON ONTUMH3ALUY.

Memoouwl nokoopounamnoeo noovema (cnycka). JIoruaeckuM pa3BUTHEM Me-
TOAUKH OJHOMEPHOr0 TMOHUCKa OBUIO OBbI MOCJIEAOBATEIbHOE W3MEHEHHE KaXKJI0ro
MIPOEKTHOTO TIapaMeTpa JI0 TeX IMOp, MoKa He OyJIeT JOCTHUTHYT MAaKCHMYyM IEJIEBOM
dbynknuu. [1o 3aBepiieHnn 3TOM MPOIEyphI AT BCEX MEPEMEHHBIX MOYKHO BEPHYTh-
Csl K TEPBOM M MOCMOTPETh, HEJNIb3s JIK elle 0ojiee yCOBEPIIEHCTBOBATh PEIICHUE.
OTOT METOJ, HA3bIBAEMBIM METOJIOM MOKOOPJIWHATHOIO MOABbEMA, HE BCErJa MO3BO-
JSleT HAUTU ONTUMAJIBHOE pelieHre. MeToa MOKOOpIUHATHOTO MOAbEMA HE MpHUMeE-
HUM, €CIIM JIMHUU YPOBHSI UMEIOT TOYKU M3JIoMa. MaTreMaTU4eCKUM 3KBHBAJIEHTOM
oOpbIBa Ha MOBEPXHOCTH, 00pa3yeMoro 1eiaeBoi GyHKIUEH, SIBISIOTCS TC €€ MeCTa,
I'JIe IOCTAaBJICHBI OrPaHUYCHUSI.
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I'paouenmmuvle memoOsb: ONTUMU3AIMN UCIIOIB3YIOT UH(GOPMAIIUIO O Tpaiu-
eHTax. PaccMOTpUM CHCTEMY HE3aBHUCHUMBIX EAWHHYHBIX BEKTOPOB €1, €2,..., €n,
HaIPaBICHHBIX BJOJb OCEH KOOPIAUHAT X1 X2, .... Xn, SIBJSIFOIIIMXCS B TO YK€ BPEMsI TIPO-
CKTHBIMH TIapameTpaMu. BekTop rpajureHTa mpou3BOJIbHON 1ieneBoi QyHKImu F(xy,

X2, +...y Xn) AMEET BUJ:
dF

ax. €1 + e2 + - + en,

I'JI€ YaCTHBIE IPOU3BOHBIE BBIUYUCIISIOTCS B paCCManHBaeMOH TOYKE.

DTOT BEKTOp HalpaBj€H BBEPX, B CTOPOHY MOJbEMA; OOpaTHBIA €My BEKTOP
YKa3bIBacT HANPABIICHUE CITyCKa. EAMHUYHBINA BEKTOp TpaJUEHTa UMEET BUJ!

viey + Vyey + v3e3 + o+ vyey,,
rae
oF
ox;
)

nL (G208

l

Korpa xapakrep meneBoid (yHKIMH XOpPOIIO M3BECTEH, MOYKHO BBIYHMCIIUTH
KOMITOHEHTBI BeKTOpa rpaaueHta auddepenuupopanruem. Eciu ke Takum cnocodoM
YacThI€ MPOU3BOAHBIEC MOIYYUTh HE YAAETCS, TO MOKHO HAWTH NMPHUOIMKEHHBIE 3HA-
YEHUSI B OKPECTHOCTH PACCMaTPUBAEMOM TOUYKH:

dF  FQxp % + D0, ,x,) = F (g, %, %)
dx; A ’

rae A — HeOoIbIIOe CMELICHUE B HAIIPABJICHUU X; .

[lpu onpenercHUM MUHHMyMa HEOOXOAMMO Uil KaKIOW TOYKM | IMOMCKA
ONpENETUTh TPaJWEHT M CHeNlaTh Ilar B HaIlpaBJICHUU aHTUrpaaueHTa (T. €. B
HaIpaBJIeHUH, OOPATHOM I'PAJIUEHTY):

x£n+1) — xi(n) _ aa_F'
axi

rae a > 0 — jmHa pabdouero mara; i=1, ..., .

Bri0op TOro mim HHOTO 3HAYEHUS @ 3aBUCUT OT allpUOPHBIX MPEACTABICHUN O
dbopMe TUNEPIOBEPXHOCTEW PABHOrO YpOBHs LeneBod (PyHKiuu. CylecTBEHHOE
YCKOpPEHHE Mpolecca MOUCKAa ONTHMyMa IPU COXPAaHEHUHM IPOCTOTHI ONPENCIICHUS
miara MOXeT ObITh IOCTUTHYTO B CIIy4ae HUCIOJIb30BaHUS KOMOMHUPOBAHHOTO METO-
Jia; 1ar MPUHUMAETCS MOCTOSIHHBIM U JIOCTATOYHO OOJBIIUM TPHU JBUKEHUHU BIAU
OT ONTUMYMAQ, 4 MOCJIE BXOAAa B 30HY ONTUMyMa MPEAYCMATPUBAECTCS YMEHBIICHUEM
miara B 2, 4 pa3a u 6osee.

Meton onTumMu3annu, B OCHOBY KOTOPOIO MOJIOKEHA UAES JBHXKEHHUS 10 ca-
MOU KPYTOH TPOIIE, HA3bIBAETCA METOJIOM HAMCKOPEUILIETO crycka. BekTop rpaaueH-
Ta NEPHNCHANKYISPEH JIMHUUA YPOBHS M YKa3bIBa€T HAIPABJICHUE K HOBOW TOYKE B
IPOCTPAHCTBE NPOCKTUPOBAHUS.

['pagueHTHBIN METOA MOXHO HCIOJIb30BaTh MPUMEHHUTENIBHO K JIFOOOW YHU-
MOJaTbHON (QYHKIIUH.
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B HEKOTOpPBIX Cllydasix 3a/1a4y YCIOBHOM ONTHMH3AIMH MOKHO CBECTH K 3a-
nade Oe3yCIIOBHOM ONTUMM3ALINH, 3aMCHSIS TIEPEMEHHYIO X JAPYroil MepeMeHHOM, Ta-
KO, Ha KOTOPYIO HE HAJIOKEHBI orpaHuucHus. HanpumMep, 3aaua mapaMeTpuyIecKoit
ONTHMH3AIMH C OTPAHUYCHHSIMU THIIA THHEHHBIX HEPABCHCTR.

Fi(xq,x,) = min, g <x; <D
CBOJHUTCS K 3a/1aue 0€3yCIIOBHON ONTHMH3ALMH
®(7) - min
IpH TIOMOIIK QYHKIHI IpeoOpa3oBaHus B
x; = a; + (b; — a;)sin?z;(—o0 < 7; < 0). 3aa4a ONTUMH3ALKUY BHJA
F;(xq,x,) = minopu X; >0
CBOAMTCS K 3a7ade 0e3yCIOBHOW ONTUMM3AIIMU TPU UCIIOIH30BaHUN (PYHKITUH TIpe-
00pa3oBaHus BUAA X i= (7 )?
Jlnst orpanmueHus Buaa —1 < xj < 1 MOYKHO HCIOJIb30BaTh (BYHKIHIO Tpeodpa-
30BaHUSA X = SIN Z ¥ T. 1.
OnHako KUCroIb30BaHue (HYHKIUH MpeoOpa3oBaHus s Iepexoia OT 3a1aun C
OrpaHMYCHUSAMH K 3a7ade Oe3yCIOBHOW ONTHMH3AIMU YCIOXHSET MPOIECC OITH-
MH3aIHH:

® MOXET BO3pacTaTh CTEINECHb HeMMHEHHOCTH (GyHKIuH D(7) 1O CpaBHEHHUIO C
bynkuueit F(X);

o ¢ynkmus O(z) MoxeT ObITh HEOTPAHUYCHHOW JUII HEKOTOPHIX 3HAYCHUH HO-
BbIX IIEPEMEHHBIX;

o ¢ynkuus O(7) MOXKET CTaTh MEPHOANICCKON IO HOBBIM TIEPEMEHHBIM.

JIist cBeieHHsl 3a1a4r YCJIIOBHOM MUHUMMU3ALMM K 3a7a4e 0€3yCI0BHOM MUHHU-
MU3AIUH [UPOKO NPUMEHSIOTCS METOABI IITPAPHBIX (QYHKLIHA.
Memoowvr wmpaghuvix ¢ynxyuii. IIpuectu o0uIyI0 3a7ady K 3a7ade Ha Oe3-
YCIOBHBI MUHUMYM MOHO, IOCTPOUB BCIIOMOTATENbHYIO (PYHKIIUIO BUAA
M" =M+ AM,
rae AM — mrpadHas nobaBka, Takas, 4TO €€ BEJIMYMHA 33 TPAHMUIIAMH JOMYCTUMOM
obnactu pe3ko Bo3pacTaer. OyHkuuo M"” Ha3pIBatOT MTpadHON, a METOJbI, OCHO-
BaHHBIE HA €€ UCMOJIb30BAHUM, — METOIAMU IITPAPHBIX (DYHKIIHMA.
Crpykrypa ¢pyHkiuu M" TakoBa, 4TO MOBEPXHOCTH YPOBHS (T€OMETPUUECKOE
MECTO TOYEK B MPOCTPAHCTBE MPOEKTUPOBAHUS, B KOTOPHIX BEJIMYMHA 3TON (PyHKLIUN
OJIMHAKOBA) y ATOW (PYHKIIMU B OOJIBbIICH CTENEHU WCKPUBJICHBI, YEM Y HCXOJIHOMN
¢ynkun. Korga QyHKIMS B HEKOTOPBIX HANpaBICHUSIX HW3MEHSIETCS 3HAUMTEIHHO
MEJUUIEHHEE, YEM BO BCEX OCTAJIBHBIX TO FOBOPSAT, YTO OHA UMEET «oBpary. Hamnuue y
1esneBor (PyHKLIMU «OBparay MpeAcTaBIseT OOJBIIME TPYIHOCTU MPHU PEIICHUU OIl-
TUMU3AIMOHHBIX 3a7a4. OObIUHO, YeM OJIMKE YCIOBHBIM MUHUMYM (YHKIHMH K O€3-
YCIIOBHOMY MUHHUMYMY, TeM TiIy0xe «oBpar» (yHKIMU. 3a4acTyr0 HadaJlbHbIC 3HA-
YEeHHUs! BHIOMPAIOT 3aBEIOMO «HE OYEHb XOPOIIMMM», HE 00ECIEeUNBAOIIMMH J10CTa-
TOYHOMN OJIM30CTH YCIOBHOI'O U 0€3YCIOBHOTO MUHUMYMOB, @ IOTOM YTOUYHSIOT.
Hcnonb3ytoT pa3inuyHble BUIbI IITPapHBIX J00ABOK, HAlPUMED:
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AM = %5 A, (X)? +Zf Aivs H(X)?
AM Zl—l Y/(X)
AM = ¥7_1 (% (X) — ¢;)?,

rae Nj—ko3¢dUIneHTsl, paBHbie HY0, kKoraa Vi< 0, u enunune, koraa 'Wi> 0; A, C; —

HACTPOCUYHbBIEC APaAMETPHI.

[IpensioxkeHo HECKOJIbKO Moau(UKauid MeTo1a TpadHBIX QYHKIUN, HATIPU-
MeEp, METOJI MHOKUTeIeH Jlarpanixa.

Kaxmoit cnokHOM 3a7aue MPOEKTUPOBAHUS MPHUCYIUA CBOM clieluuueckue
OCOOEHHOCTH, 3aTPYIHSIONINE MPUMEHEHUE TPATUIIMOHHBIX AJITOPUTMOB ONTUMU3A-
nuu. [loaToMy, THIATENbHBIA BBHIOOpP MOIXOJSIIETO aJrOpUTMa MO3BOJSET CIKOHO-
MUTh U MAIIMHHOE BpEMsl, U YCWIIMS, 3aTpayrBaeMble Ha pelieHue 3aaaud. Beibupas
QITOPUTM, HEOOXOAUMO:

1. IIpoananu3upoBaTh TONOJOTHUYECKHUE OCOOCHHOCTH MOBEPXHOCTH, OIH-
chiBaeMoU 1eneBoi pyHkuuu. Tak, eciu mMOBEPXHOCTh UMEET TJIaJIKue CKIaJKU, HE
PEKOMEHAYETCS PUMEHSTh TPAAUCHTHBIE METO/IBI.

Ecnu ectb OCHOBaHUWSI CUMTATh MOBEPXHOCTh MYJIbTUMOJAIBHOW, TO Mpa-
BWIbHEN OynieT BhIOpaTh B MPOCTPAHCTBE MPOEKTUPOBAHUS HECKOJBKO HaYaIbHBIX
TOYEK U yOEAUTHCS, YTO BO BCEX CIydasX MOJydaeTcss OJHO U TO ke peunieHue. [Ipu
OOHapYy>KEHUU HECKOJIbKHX JIOKAJIIbHBIX ONTUMYMOB KOHCTPYKIIUIO CIIEyeT pa3pabda-
TBIBATh C YYETOM JYUILIEro U3 HUX.

2. V3yuuThb xapakTep MPOEKTHBIX MapaMeTpoB: KaK MPaBUIIO, OOJBIIUH-
CTBO MapaMeTPOB MOTYT MPUHUMATD JTFOObIC 3HAUCHHUSI.

3. IlpoananusupoBaTh OocoOeHHOCTH anropuTMma. He pekomeHnmyercs uc-
M0JIb30BaTh METOIbl, TPEOYIOIINE YaCTHBIX MPOU3BOJHBIX B AHATUTUYECKOM BHUJIC
JUTSL TIeTIeBBIX (DYHKITHH, MOTYyYEHHBIX dKCIIepUMEHTanbHO. Kpome Toro, eciii cTpyk-
Typa NPOU3BOJHBIX, MOTYUYCHHBIX aHAIMTUUYECKH, CIOXKHA, TO camo auddepeHiupo-
BAHUE MOXET PE3KO YBEIIMYUTh CTOUMOCTh MOJTOTOBKU 33/1a4¥ U BEPOATHOCTH OIIIU-
OOK ITporpaMMHCTa.

Tak kak Bcerja >KeiaTesibHO UCIpOoOOBaTh NIl PEIICHUs TaHHOM 3ajauu He-
CKOJIBKO Pa3HbIX AJITOPUTMOB, TO 3aCIyKMBA€T BHUMaHUA '"TIAKETHBIM IMOAXOM, MO3-
BOJIAIOIINM IEPEXOAUTH C OJTHOTO aIrOpUTMa Ha JIPYTOil.

1.4. Ilpumepbl OAHOKPUTEPHUATBHOI
OJIHOMIApaMeTPUYECKOM 3a1a4u 0e3yCJI0BHOM
ONTUMM3AI U

Ora 3amava umeet By F(X) —min

Pacuem onmumanvrozo yucna kombaiinos 6 xosaticmae.

[Tycth TpeOyeTcst onpeneauTh ONTUMAIBHOE YUCIO KOMOAHHOB Nopr B X035H-
CTBE TIPHU CJICAYIOIINX UCXOJHBIX JAHHBIX: TJIONIAIb X03gicTBa S(ra), lieHa KoMOa-
Ha [«(py0.), ypokaitHOCTh 3epHOBBIX Y (1/Ta), ieHa 3epHa Ll3(py0/11), cyTouHast BbI-
pabotka ogHoro kombaitna W(ra/cyr).
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JlanHasi 3ajaya NPUHAJICKHUT K KJIacCy ONTHUMHU3ALMOHHBIX, YTO BHUJIHO W3
CJIEIYIOLIUX PACCYKICHUM.

N3BecTHO, UTO TOCIE HACTYIUICHUS TMOJIHOM CIIEJIOCTH 3€pHO TEPSIET CBOIO
CBSI3b C KOJIOCOM M MO/ IGCTBUEM HErpa, J0XKs, a TAKXKE YJapoB MIaHOK MOTOBUIIA,
OCBITIAETCS Ha 3eMJII0. DTO SIBJICHUE M3BECTHO MOJ Ha3BaHHEM '"OMOJIOTMYECKHUE TO-
Tepu" ypoxas. YCTaHOBIIEHO, UTO B CPEIHEM 3a CYTKH OHOJOTHYECKHE MOTEPH ypo-
’&asi cCoCTaBIAIOT 1% OT mepBOHAYAIBHOTO; €CTh KYJIbTYPBI, HAIIPUMEp, OBEC U TOPOX,
CpenHrue OWOJIOTHYECKUE MOTEPH KOTOPBIX TOXOIAT 10 2% B CYTKH, €CTh YCTONYH-
BBIE K OCBIITAHUIO COPTA MIICHUIIBI, Y KOTOPBIX TToTepHu paBHBI 0,5% B CYTKH.

PaccmoTpum moctaHoBKYy 3ajaud ontuMuzanuu. Eciam ypoxail He yOupaercs
(aucmo kombOariHOB Ny = 0), To moTepu yposkast I1 paBabI cTomMoctu ypoxkas. C yBe-
JMYEHUEM YHclia KOMOAHOB CPOKH YOOPKM COKpAIAIOTCSA, U CIIEI0BATEeNbHO, CO-
KpalaloTcs MOTepH ypokasi, HO pacTyT 3aTpaThl Ha YOOpKy 3. DTH 3aBUCUMOCTH
oToOpakeHsl rpaduyecku Ha puc. 1.3.

B kauectBe neneBoir pyHkiuu F(Nk) MOXHO B3SITh MAaKCUMyM MPHOBLUIH, TIO-
Jy4daeMou X03gicTBOoM. MOXKHO 1MOKa3aTh, YTO MAKCUMYMY MPUOBLIIN COOTBETCTBYET
MUHHUMYM CYMMBI 3aTpat Ha yOOpKy 3 u nmotepb ypoxas I1, T.e

F(Nx)=3+I1 — min.

3ulla
pyo. j

3 !

N, N

Komy

Puc. 1.3. 3aBucumocTu 3arpat Ha yoopky 3 u moteps yposxkas I1 ot uucia kombaitHoB Nk

KonkpetnsupyeM 1eneByto (yHKIHIO, BEIPa3uB €€ 4epe3 YMciIo KOMOaiiHOB
N, B xo3siiicTBe. CHauasa BeIpa3uM 3aTpaThl Ha YOOPKY Yepe3 uncio koMOaHoB. Tak
KaK 3aTpaThl Ha roproyee, 3apabOTHYIO IUIATY U PEMOHT HE 3aBUCAT OT YHUCJIA KOM-
0aitHOB (OHM 3aBHUCST OT BEJIMYMHBI YOMpaeMoil Iiolaiu), TO B 3aTpaTax Ha yOOpKY
YUUTHIBAETCS TOJIBKO NIEPEMEHHAsi UX YacThb, T. €. OTYMCIICHUS HA aMOPTHU3aLUIO 3, U
3aTparhbl Ha XpaHeHue 3y, KOMOAHOB:
3 =313
B cBoro ouepenp,
3a=0,01allcN,,
IJie a — rOJI0BbIC aMOPTHU3AIIMOHHBIC OTUUCIICHHUS I KoMOaitHOB (a = 8 —10%);
3xp =3xNk1
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—

rae 3, —3aTpaThl Ha XpaHEHHUE OJIHOT0 KomMOaliHa B rof, pyo.
[Totepu ypokast orpenenuM 1o u3BecTHOM popmye:
I1=0,5K,YTS,,
rae K, — ko3¢ duimeHT HHTEeHCHBHOCTH ITOTEph ypokas B cyaku, K, = (0,005—-0,02).
B cpeanem K;= 0,01 (1% B cytkn); T — npoaomKUTeIbHOCTh YOOPKH, CYT.
T = SI(WNy), tie W), Nk— cynodnas BeIpabOTKa BCeX KOMOAHOB.
Bripaxkenne nia [1 npuaumaer Buna:
I1 = 0,5K, Y S?L,/( W, Ny).
C ydetoM 3Toro, 11esieBast PyHKIUS UMEET BU/L:
F(N)=0.0111; Ni+ 3,Ny+0,5K, Y S211,/( W, Ny) —min.
Jiis onpeneneHus Toukn MUHUMYMa GyHKIHH F(Ny) Hy)KHO IpHpaBHATH HY-
JII0 €€ TIEPBYIO IPOU3BOIHYIO 1O Ny M BBIYUCITUTH KOPHH:
F(Ny)=0,01all,+ 3, — 0,5K,YS?11,/(W;N¢)=0,0Tkyna

0,5K,¥11,100
Wk (0,Ola]-lk + 3X).

[IpenyioxxeHHass METOAMKA OMPEAEIICHUS ONTUMAIBLHOTO YUciIa KOMOAtHOB He
YUUTHIBAET psii (AKTOPOB, & UMEHHO: HEOJIHOBPEMEHHOCTh CO3PEBAaHUS ypoKas Ha
Pa3HbBIX MOJISIX, PA3HOMAPOYHOCTh KOMOAMHOBOIO MapKa, BIUSHHE MOTOIHBIX YCIIO-
BUI Ha YyOOpKy, KOoJeOaHUsl YpOKalHOCTU MO rojiaM U TOJISIM, TPUMEHEHUE OJTHO-
BPEMEHHO JIBYX CITOCOOOB YOOPKH M JIp. ITU OCOOEHHOCTH MOTYT OBITh YYTEHBI B 00-
Jiee CTI0KHOW MOJIeINH, HallpUMep, UMUTAIIMOHHOM.

3aoaua onpeodenenusi ONMUMATLHLIX pa3mepos OYHKepa 3a0aHH020 00beMa.
[TocTaHoBKa 3amaun: CIIPOEKTUPOBATh OYHKEp M3 CTAJBHOTO JIMCTa B BHJE KOHYcCa
(6€3 KphIIKK) 3aAaHHOTO 00beMa V ¢ MUHUMAaIbHBIM PacXoJI0M CTallu.

Hannuwne 3amaun onTUMH3aIMKA B 5TOM CIy4ae MOXKHO MPEANONOKHUTH, €CIH
paccMoOTpeTh pa3Hbie BapUaHThI OYHKEPOB OJHOTO M TOTO ke o0beMa (puc. 1.4).

Tak kak pacxoJl MeTajula Ha M3roTOBJIEHHWE OyHKEpa MPU HEM3MEHHOW TOJI-
IIMHE CTEHOK MPONOPLUOHAJIEH IUIOLIaAd ero OOKOBOM MOBEPXHOCTH, TO B KAUECTBE
KPUTEPHsI ONTUMATBHOCTH IPUHUMAEM Sgoc —MIN.

Q/) -
a) )

NKOI'IT =

0 6)

Puc.1.4. BapuanTsl KOHyCHOrO OyHKepa 33JaHHOT0 o0bemMa
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YuuteiBas 0003HaUCHMS, IPUHATHIE HA puc 1.5, momanbs O0KOBOM MOBEPX-
HOCTH OIpeesisieM 1o ¢hopmyie:

S6ox = nRL
R

+

I
Q

Puc.1.5 Cxema OyHkepa

Bripaszum Seox He uepes nBe (R u L), a uepe3 0/iHy HEU3BECTHYIO, HAIIPUMEDP
R, ucnonb3yst 1o, 4T0 00beM OyHKEpa 3ajaH; TOrJa MOJy4YUM OJHOMEPHYIO (0JIHOMA-
paMeTpUYECKYI0) 3a7a4y ONTUMHU3AIINH.
ITo Teopeme IMudaropa L= (R?+H?)%® Torga
Seox =R (R2+H?)05

U3 Gpopmynsl V = nR? -H/3 BeIpaszum H gepes R:
= 3V/(nR?).
[IpousBeis MOJACTAHOBKY, MOJIYYUM
Soox = TR{R*+[3V/ (nR?)]?}°°.

J1y1st morcKa ONTUMAaIbHOTO 3HaYeHus: R° HE0OX0IUMMO OTIPEACIIUTh MPOU3-
BOJHYIO Sgox W, TPUPABHSB €€ HYJIIO, HAUTH KOPHU YPaBHEHUS, OJIMH U3 KOTOPBIX U
OyJleT UCKOMBIM 3HaueHHEM R°.

[Tocne aToro moxHo Havitu H° u yron a= arctg (R°+H°®).

1.5. CraTtucruyeckoe Moae/JIMpOBaHUe
(MeTo CTATUCTHYECKUX UCTIBITAHNH)

OTOT BHUJ MOJCIMPOBAHUS MPUMEHSIETCS JJIsi TPOIECCOB B KOTOPBIX IPOMC-
XOJIAT CIydaiHble COOBITHSI. MeTO | CTaTUCTHYECKUX UCIBITAaHUN Y MeToJ MoHTe-
Kapio — 370 4HCHEeHHBIN METOI PEIICHUS 3a/1a4 C UCIIOJIb30BAaHUEM MOJIECITUPOBAHHUS
ciyyaliHbIX BelnuuH. /o mosiBienuss 9BM 3TOT MEeTOJl HE MME UIMPOKOTO MpUMe-
HEHHUSI, TAaK KaK MOJICIMPOBATH CIy4ailHbI€ BEJIIMYMHBI BPYUYHYIO OUYE€Hb TPYJOEMKas
pabora. OcOOEHHOCTh METO/Ia — MPOCTasi CTPYKTypa BBHIYUCIUTEIHLHOTO aJTOPUTMA.
OOBIYHO COCTaBIIICTCS TTporpaMma I OCYIIECTBICHUS OJHOTO CIYyYaliHOTO HCIIbI-
TaHMs. 3aTEM ATO UCIbITaHue MoBTOpsieTcss N pa3, mpuyeM Kax bl OMBIT HE 3aBUCUT
OT BCEX OCTAJIbHBIX, & PE3YJIbTATHI BCEX OMBITOB YCPEAHSIOTCS.
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[TorpemHocTh BhIUKCICHHUN 1O MeTtony Moute-Kapio, kak mpaBuio, mpo-
nopuuonansHa Benuuune (D/N)%® (rne D — Hekotopas nocrosiHHas; N — uucio uc-
NbITaHUM). SIcHO, 4TO /ISl yMeHbIIeHus norpeurHocty B 10 pa3 (T. e. ass noigyyeHus
B OTBETE €lIe OJHOTO BEPHOT'O JECITUYHOIO 3HaKa), Hy>kHO yBenuuuTh N B 100 pas.
Cuuraercs, uto meroa Monte-Kapio spdextuBen mpu pemeHun Tex 3ajuad, B KOTO-
PBIX YCTpaMBaeT pe3ysibTaT CO CPAaBHUTEIBHO HEOOMbIION TouHOCTHIO (5—10%). Y na-
€TCS 3HAUUTENIbHO YBEIMYUTh TOYHOCTh PEIICHUSI MHOTHX 3aJlad, BBIOpaB CIOCOO
pacyera, KOTOpOMY COOTBETCTBYET Majioe 3HaueHue D.

Metox Monte-Kapio mo3BosisieT MoIeMpoBaTh JIF000H MPOIece, 3aBUCSIINAN
OT ciy4aiiHbIX (phakTopoB. Hanbonee 4acto MeTOa MCHOMB3YIOT AJISL pacyeTa CUCTEM
MacCOBOT0 OOCTYXKMBaHUS, KAUeCTBa U HAJICKHOCTU M3ZCINMN, a TAK)KE BBIUYUCICHUS
WHTETPAJIOB, PEIICHUS] ONTUMHU3AIMOHHBIX 3a/1a4.

Jlns npuMenenust mertoaa MonTe-Kapiio Hy>kHO yMETh pa3bIrpbIBaTh Cly4an-
HbIC BEJIUYHMHBI B 33JlaHHON 00sacTh. {151 ATOr0 MCIMONB3YIOT TAOIMIIBI CITyYalHbBIX
YUCEJ, TEHEPaTOPbl CIYYANHBIX YACEN U METOAbI MOMYYEHUS MCEBIOCTYYalHbIX YU-
Cell.

UYucna, noiiydaembie 10 Kakoh-1ubo ¢opmyne renepatopom OBM HaszbiBa-
IOTCSl TICEBOCTyYaiiHbIMU. Ha moyueHne Ka)Jaoro 4ucia 3aTpayuBaceTCsl BCEro He-
CKOJIBKO orepanuii. [I03ToMy CKOpOCTh TEHEPUPOBAHUS CIIyYaWHBIX YUCET UMEET TOT
e TMOPSAIOK, UTO U CKOpocTh paboTrel OBM. Kpome TOro, HyHO JIuIIb OJUH pa3
IIPOBEPUTH «KAYECTBO» TAKOI'O T'€HEpPATOpa, 3aTEM €ro MOKHO MHOro pa3 0e300s3-
HEHHO HCIIOJIb30BaTh MPHU PEIICHUN OJHOTUITHBIX 3a7a4.

Henocratkn MeToa: OrpaHUYEHHOCTD KOJIMYECTBA IICEBAOCITYYalHbIX YUCET,
TaK Kak IMOCJeI0BaTEIbHOCTh YUCEII, BhIUUCIsIeMbIX Ha DBM, o0s3aTenbHO mepuo-
IUYecKas, a TakKe HeOOXOAMMOCTh MPOBEACHHS OOJIBIIOTO YKCIIAa UCHBITAHUMN IS
MOJIYYCHHS PEIICHUs, TOCTATOYHO OJM3KOro K ONTHUMAIbHOMY, T. €. HAIMYUE MEJ-
JIEHHOM CXOJIUMOCTH K SKCTPEMYMY.

Oyenka HaoedxcHocmu npocmenuiux mexunuyeckux. PaccMOTpUM yHpOIIEH-
HYIO CXEMY TOJICUCTEMBI TIepeABMKEHUS KoMOaitHa (puc. 1.6).

_— - r— — -7 717 1
— B -
| || | £1 H F1
—H A bk B H C || | =
' I E2 IL F2 t
l 1' ]l - ! 4
- — — JL — -2 S

Puc. 1.6. IToacucrema nepeaBm>keHust KoMOaiHa
brok 1 — nBUTaTeNh; COAEPKUT OAWH YCIOBHBIN dJI€MEHT A U HEe cpabaThiBa-
€T IPU OTKA3€ 3TOr0 JIEMEHTA.
brok 2 — BapuaTop xo/1a; COAEPKUT OJIMH yCIOBHBIN 35ieMeHT B u He cpaba-
THIBAET MPU OTKA3€ ITOTO JIEMEHTA.
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biok 3 — MOCT BeZylux KOJIeC; COAEPKUT TPHU YCIOBHBIX AneMmeHTa: C — Ko-
pobka nepenay; E1 E; — 60pToBBIE peAyKTOpHI; HE cpadaThIBAET MPU OTKA3E JIF000TO
U3 3TUX DJIEMEHTOB.

brok 4 — kosneca; coiepKUT JiBa YCIOBHBIX 35ieMeHTa F1, 1 F» u He cpabatbl-
BaeT MU OTKa3e Jr00ro u3 neMeHToB. Mcnons3ys meton MonTe-Kapiio, olieHuTh
BEPOATHOCTH P 6e30TKa3Ho paboThl CUCTEMBI, 3HASI BEPOATHOCTU OE30TKa3HOM pa-
0otel aneMenToB: P(A) =0,95; P (B)=0,7; P (C)=0,8; P(E1) =P(E;)=0,75; P(Fy)
= P(F;) =0,95.

B xaudecTBe OLIECHKM MCKOMOM HAJICKHOCTU MMPUMEM:

=N;/N

rae N — oOmiee uncno ucnbiTaHui; N1 —4UCI0 UCTIBITAaHUM C OJAroNnpUsTHBIM HUCXO-
JIOM MCTIBITAaHUH (B KOTOPBIX CUCTEMa paboTaeT 0€30TKA3HO).

PesynbTaThl HcnibITaHUN 3aHOCATCS B TAOIUITy (cM.Tadu. 1.2).

Tabmuua 1.2

PacueTHnie JaHHBIC AJIs1 OOCHKHW HAACKHOCTH CUCTCMBbI

Ne bro A B C E: E, F1 Fz A|B|C E: | E> F1 Fz Biok | Cuc-
Huchu K TeMa
1 1 |0,83 + + -

2 0,65 + +

3 0,91 | 0,24 | 0,35 B I 3

4 0,8 | 0,92 + | + +

[TpuHIMTT 3aMOTHEHUST TAOJUIIBI TTOKAKEM Ha MPUMEPE TMEPBOTO MCIBITAHUA.
Ha OBM ¢ noMouip0 CTaHAAPTHOTO CTATUCTUYECKOTO MAaKeTa MPOrpamMM MOJydaeM
CeMb CIIy4allHbIX uncel (cM. Tabia. 1.2), MOAEIUPYIOUIUX COCTOSIHUE JIEMEHTOB CH-
ctembl A, B, C, Ei, Ez, F1, F2. Cauraem, uto ecnu ciydailHOE YHCIIO OOJIBIIE WM
PaBHO BEPOATHOCTH COOBITUS, TO COOBITHE HE HACTymuio. [loaToMy TIpaBuiTy pasbir-
PBIBAIOTCS COOBITHSI, COCTOSIIINE B OE30TKAa3HOW paboTe KaXKIOro M3 JIEMEHTOB CH-
CTEMBI.

ITockonbky P(A) = 0,95 u 0,83<0,95, cobpiTe A HaCcTymujo, T. €. JJIEMEHT
A, a 3HAQYWUT U NEPBBIA OJIOK, B 9TOM HCHBITAHUU cpaboTanu 6e30Tka3Ho. B kieTkax
TaOJIMIIBI CTABUM COOTBETCTBYIOIINE 3HAKH.

[Tockonbky P(B) = 0,7 u 0,65<0,7, coObiTue B HacTynuio, T. €. ayemMeHT B, a
3HAYUT U BTOPOM OJIOK, cpaboTanu 0€30TKa3HO B 3TOM UCHBbITaHUH. B kieTkax Taod-
JIUITBI CTAaBHM COOTBETCTBYIOITUE 3HAKH.

[Tockonbky 0,91 >P(C), 0.24<JIE,), 0.35<P(E;) snementsl E; E; cpaboranu
0€30TKa3HO B 3TOM HCITBITAaHUH, a 3JIeMeHT C — OTKa3aj, a 3HAYMT OTKa3ajd U TPETUH
0Ji0k. B kiteTkax TabiUIlbl CTABUM COOTBETCTBYIOIIUE 3HAKH.

[Tockonbky 0,8<P(F1), 0,92<P(F,) snementsr F; uF,- cpaboraror 0e30TKa3Ho,
a 3HAYUT CpabOTaET YETBEPTHIN OJIOK

Tak kak TpeTuit 6JIOK O0TKa3aj, TO OTKa3ajia U CUCTEMA B 1IEJIOM B TOM HCIIbI-
TaHuU. B KieTkax TabnuIbl CTaBUM COOTBETCTBYIOIINE 3HAKH.

AHaTOTUYHO Pa3bITPHIBAIOTCS OCTAIBHBIE COOBITHS (MCTIHITAHNUS).
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2. TH’)KEHEPHBIE 3ATAYH, PEHHTAEMBIE
IKCIIEPUMEHTAJIBHO
B uH)XeHEepHON IesATeNbHOCTH B OOJACTU CEIbCKOXO3SIMCTBEHHBIX MAalIUH
pemaroTes 3a1a4u:

¢ CO3JaHUA palMOHAJIBHBIX CXEM U KOHCTpYKIlI/Iﬁ MallnH,
¢ VYIPAaBJIICHUS TCXHOJIOTUYCCKUMU IMTPOICCCAMMU:
¢ OIpcaAcCiICHUA OIITUMAJIbHBIX YCJIOBI/Iﬁ TCXHOJIOTHYICCKUX ITPOUCCCOB.

o 90% wunbopmaruu, HEOOXOIUMOM I PEIICHUS ITHX 3a/1a4, TIOJTyJaroT U3
AKCIIEPUMEHTANILHBIX HCcleqoBaHui. [Ipu 3TOM SKCIIEPUMEHTHI JOJIKHBI OBIThH TIO-
CTPOEHBI U MPOBEACHBI TAKUM 00Pa30M, YTOOBI TI0 X Pe3ybTaTaM MOKHO OBLIO TTO-
JYyYUTh KOJMYECTBEHHYIO OICHKY BJIIMSIHUS PA3IUIHBIX (DaKTOPOB HA MHTEPECYIOIIHMA
WCCIIeIOBATENS TIOKA3aTellb pabOThl MAITMHBL, MTOJYIUTh TOIXO/ISIIYI0 MaTeMaTHye-
CKYIO MOJIEJIb; ONIPEICTUTh ONTUMAJIBHBIC YCIOBHUS MPOTEKAHUS TaHHOTO MpoIecca u
T. 1., IpY MUHUMAJIHLHOM YHCII€ ONBITOB 1 MUHUMYME 3aTpaT TPYJIOBBIX U MaTEpH-
IBbHBIX pecypcoB. Takue pe3ynbTaThl MOTYT OBITh MOJYYEHBI TOJIBKO MPU THIATENb-
HOM IUIAHUPOBAHUU IKCIIEPUMEHTA.

2.1. DKcIepUMEHT U HAOJII0IeHUSI

Oxcnepumenm — 3TO TaKOW METOJI TIO3HAHUS, TIPU KOTOPOM HCCIIEI0BATEIh
MCKYCCTBEHHO BBI3BIBACT SIBJICHUS WUJIM U3MEHSIET YCJIOBHS TaK. YTOOBI JyUIlle BBISIC-
HUTBH CYITHOCTb SIBJICHUS, MPOUCXOKICHUE, TPUUUHHOCTh U B3aMOCBSI3b IIPEIMETOB
Y SIBJICHUU.

Habawoenue — 370 KOMMYECTBEHHAS WM KaUYeCTBEHHAs PErHCTpaIHs WHTE-
PECYIOITNX HCCEAOBATEINS CTOPOH Pa3BUTHUS SBJICHUS, KOHCTATAIUsl HAJIWYHUS TOTO
WJIM MTHOTO €T0 COCTOSTHUS, IPU3HAKa WM CBONCTBA.

DKCIEPUMEHT, TP KOTOPOM HCCIIEIOBATEIh MOXKET 3a7aBaTh 3HAUCHUS (ak-
TOPOB M MOAJCPKUBATH X C JOCTATOYHOW TOYHOCTHIO HA OMPEICIICHHOM YPOBHE IO
OTIpEJICTICHHON cXxeMe (TUIaHy ), Ha3bIBACTCS AKMUBHBIM.

OKCHEpUMEHT, MPU KOTOPOM HCCIICIOBATENIb HE 33J]aeT, a TOJBKO PErHCTpPHU-
pyet 3HaueHus (aKTOPOB, HAZBIBAETCS HACCUBHBIM.

CuuTanoch, 4TO €UHCTBEHHO MPABUIILHOM SBIISETCS METOIOJIOTHUS OJHO(AK-
TOPHOTO dKCIepuMeHTa. [Ipu 3ToM mpesmnonaranock, 4To MOAACP>KUBast ¢ JOCTATOY-
HOM TOYHOCTHIO TOCTOSIHHBIMH HE3aBUCUMBIC TepeMeHHbIE ((DaKTOpbl) U H3MEHSS
MOCJICIOBATEIHLHO TIEPBBIM, BTOPOH U T. 1. (DAKTOPHI, HCCIEAOBATEIb MOXKET OTHIC-
KaTh WHTEPECYIONIYIO €ro 3aBUCUMOCTh. [lepeMeHHbIe, KOTOphIE MCCIIeI0BATEbh HE
MOT TIOJJICP)KUBATh Ha ONPEICIICHHOM YPOBHE, OCTABISUIA 0€3 BHUMaHHUS KakK HeCy-
IIIECTBEHHBIC (HE BCerja MMesl Ha 3TO ocHoBaHHUs). OHAKO Tako crocod 3Kcrepu-
MEHTAJIbHBIX HCCIICOBAaHUN MOXKET OBITh HMCIIOJB30BaH B TOM CIIy4ae, KOTJIa YhCJIOo
(GaKTOPOB JIOCTATOYHO MaJI0 M €CTh BO3MOKHOCTh M3MCHSTH MX 3HAUCHUS WJIU JKC
(bUKCHpPOBaTh HA OJTHOM YPOBHE 10 CBOEMY YKEIaHHIO.

MareMatruyeckasi TEOpHs IKCIIEPUMEHTA PEKOMEHIYET OJTHOBPEMEHHO H3Me-
HSTh BCE HCCleNyeMble (DAKTOPHI COTJIACHO OIPEACIICHHOMY MJIAHY IKCNepUMeHmd.
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OTHUM JOCTUTAETCSl PE3KOE COKpallleHne 00beMa SKCIIEPUMEHTOB U MOJIy4YeHue Oosee
JIOCTOBEPHBIX 3aBUCUMOCTEH, YUYUTHIBAIOLIUX B3auMO/eCTBUE (haKTOPOB.

[TockonbKy TUIAaHMPOBAHUE SKCIEPUMEHTA OTHOCHTCS K ONTHUMAaJIbHOMY
VIOPABJICHUIO, TO K HEMY MOTYT OBbITh MPUMEHEHbI U3BECTHbIE KUOCPHETUUYECKHE
npuHIUIbL. OOBEKT HCCIENOBAaHUSL MPU I3TOM pPAaCCMATPUBAETCS KaKk KHUOepHeThye-
CKasl CUCTeMa B BHJIE «4epHOro simukay» [locneqnuil npencraBisieT co0oi cucteMy
CBsI3€H, HEIOCTYIMHYIO JIJIsi HAOMIOJACHHS, TaK KaK O COACPKAHUU U MEXaHU3ME IPO-
1[ecca HaM HUYEro He M3BECTHO, WJIM HU3BECTHO JIMIIL YACTUYHO. MI3BECTHBI TOJIBKO
BXOJIbI «AIIUKa» — IEPEMEHHbIE, YYACTBYIOIINUE B IIPOIIECCE, U BBIXOJIbl — PE3YJIbTAThI
MpoIlecca, Ha3bIBAEMbIE TAKXKE OTKIMKOM CUCTEMBI (puc. 2.1).

W, W
P!

X — 7Y
—— ccaegyemelr, | ——»
S OfbEKT —_—
A —_—> —_— Y
n !

Puc. 2 1. Cxema 4epHOro sIuKa

Brixognbie mepeMeHHbI€ Y, XapaKTEpU3yIOT UHTEPECYIOIINE UCCAeA0BATENS
napameTpel. Bxonnbie mepemeHHbIe Xj, KOTOPbIE HU3BECTHBI M KOTOPBIMH MOKHO
YIpaBisATh, HA3BIBAIOTCS YIpaBiisieMbIMU (pakTopamu. KpoMe ympasisieMbix (akTo-
poB X Ha «YEPHBIN SIIMK» OKa3bIBAIOT BO3JCHCTBUE U CiydaiiHbie BenuunHbl W Ko-
TOPBIMU HCCIIEZIOBATENIb YNPaBIsATh HE MOXeT. OHM 00pa3yrloT IIyM B CHUCTEME H
HA3BIBAIOTCS] BO3MYIIAIONTUMU (haKTOpaMHu.

Hanpumep, npu uccieqoBaHUM BIMSHUS YaCTOTHI BPAIIEHUS] MOJIOTHUJIBHOTO
OapabaHa ¥ 3a30pOB Ha BXOJI€ M BBIXOJIE MOJIOTMJILHOTO ammapara, Ipu KOTOPBIX
CyMMapHbI€ MOTEPU OT HEOOMOJIOUEHHOTO, HETPOCESHHOTO U Pa3ipo0JIEHHOTO 3epHa
OyIyT caMbIMH MaJIbIMH, YaCTOTa BPAIIEHUS U 3a30pbl HA BXOJIC M BBIXOJIC amrmapara
SBJIIOTCS yripaBiisieMbiMu (akTopamu X1 Xz U X3, a IOTEPHU 3€pHA — UCCIICAYEMBIM
napametpoM —Y. Jlpyrue ¢akTophl, Takue Kak JJIMHA COJIOMbI, OTHOCUTEIHHOE CO-
JepkaHue B Hel 3epHa AuaMeTp OapabaHa U T. 1. SBJISIOTCS BO3MYIIAIOIUMHU (HaKTO-
pamu W,

N3MmeHsis BXOIHBIE TTEPEMEHHBIE, MOKHO HaOJI01aTh, KaK OyJIeT U3MEHSAThCS
BBIXOJI, & 3aT€M, CTaTUCTHYECKU 00pabaThiBasi Pe3yabTaThl 3aMEPOB BXOJHBIX U BbI-
XOAHBIX BEJMYMWH, MOJYYUTh MATEMATUYECKYH) MOJEIb MPOILECCa U ONTUMAIIbHBIC
3HAYEHUS] BXOJAHBIX BEJIMYUH.

Cmamucmuyeckue OanHvle — 3TO MHOKECTBO UYHUCJICHHBIX 3HAYCHHUM OJHOMN
WM HECKOJBbKUX CIyYallHBIX BEJIWYMH, KOTOPBIMHU OIKCHIBAIOT COOTBETCTBYIOIINE
MPU-3HAKU JTAHHOM COBOKYITHOCTH OJHOPOJHBIX 3JIEMEHTOB, HA3bIBAEMOW 2eHepaib-
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HoU cosoKynHocmuio. Hanpumep, pacTeHUs! JaHHOW KYJIbTYpbI, BhIpAlIUBAEMON TpH
OTIPEJICTICHHBIX YCIOBUSIX, 00pa3yloT TeHEpabHYI0 COBOKYMHOCTh. JIt0OOM ux pas-
Mep SIBJISIETCS MMPU3HAKOM T'eHepaibHOM COBOKYMHOCTU. OAHOTHUIIHBIE AETalld, U3rO-
TOBJICHHBIE TIPU ONPENICTICHHBIX YCIOBUAX, 00pa3ylOT TaKKe FeHEPATbHYIO COBOKYTI-
HOCTb.

['eHepanbHas COBOKYIMHOCTh COACPKHT KOHEUHOE MM OECKOHEYHOE YHCIIO
aneMeHToB. OTIenbHbIC TPU3HAKH TEHEPATHHOW COBOKYITHOCTA MOTYT OBITH OTIHCa-
HBI OJTHOMEPHBIMU CITyYalHBIMU BeIMYUHAMU. J[J1s1 OTHOBPEMEHHOTO OTIMCAHUS BYX
uim 0oJiee MPU3HAKOB HEOOXOIMMO UCITOJIb30BATh CUCTEMY CITyJIaHBIX BEITHYMH.

N3yyenne u aHamm3 BCEX DJIEMEHTOB T€HEPATbHON COBOKYITHOCTH MPAKTHYEC-
CKHA HEBO3MOXKHBI. [103TOMY TIpH M3ydeHUH €€ MPU3HAKOB OOBITHO HCIIOIB3YIOT OTHO
MOJIMHOKECTBO CIIy4aiiHO TOJ0OpaHHBIX 3JEMEHTOB T'e€HEPaTbHOW COBOKYITHOCTH.
[TomyyeHHOE TakuM 0Opa30M MOJMHOMXECTBO Ha3bIBaeTCs 6blOopkou. V3yueHue Ka-
KOTro-TMOO 3JIEeMEHTa BBIOOPKH PABHOCWIIBHO MPOBEACHHUIO OJHOTO ombiTa. Yucio
AJIEMEHTOB BBIOOPKHU T Ha3bIBalOT 00BbeMOM BBIOOpKH. Bribopku ¢ o6bemom N<30
YCIIOBHO Ha3bIBAIOTCS MajbiMH, a ¢ 00beMoM n>30 — Gonbimmu. YToObl CyIUTh J10-
CTaTOYHO YBEPEHHO 00 M3y4aeMOM IPU3HAKE I'eHEepaJbHOW COBOKYIMTHOCTH, BHIOOPKA
JOJDKHA OBITH penpezenmamugrou (MIPEACTaBUTENBHON) T. €. JOCTAaTOYHO OOJIBIIOTO
o0bema. [lomydyeHHble B BRIOOpPKE 3HAUEHUSI M3Yy4aeMOro MpU3HaKa reHepajibHOM Co-
BOKYITHOCTH JIOJDKHBI OBITh He3a8UCUMbBIMU TPYT OT IpyTa.

VYBenuuenue o0bemMa BEIOOPKH, C OJHON CTOPOHBI, BEACT K yIOPOKAHUIO IKC-
NEPUMEHTAIBHOTO UCCIIEIOBAHUS, a C APYTOi — K YBEIMYEHHUIO JOCTOBEPHOCTH TOJTY-
YEHHBIX PE3YyJIbTATOB U CIIECTAHHBIX Ha UX OCHOBE BBHIBOJOB. [I03TOMY 00BEM BEIOOD-
KU HE0OXOIUMO COTIIACOBHIBATH C IJIAHUPYEMON JOCTOBEPHOCTHIO PE3yIbTATOB.

Penpe3eHTaTHBHOCTh BBIOOPKHA MOXKHO OOECIEUUTh CIy4ailHbIM OTOOpPOM €€
AJIEMEHTOB U3 TeHEPaIbHON COBOKYMHOCTH. Eciu ke 3HaueHHs W3y4yaeMoro Mmpu3Ha-
Ka TMOJIy4aroT B BHUJE HEMPEPHIBHOW 3amucH (OCIMILIOTPAMMBbI), TO JJISl TIOTyYCHHUS
HE3aBUCUMBIX JIPYT OT Jpyra OTCYETOB 3HaueHMsI X BEJIMUYMHY WHTEpBajoB fp (puc.
2.2) nins ux 3aMepa ONpeeIIsiFoT CIeTYIONUM 00pa3oM.

Ha ocmumorpamMMe mpoBOAST TOPU3OHTATIBHYIO TPSMYIO, MPUOIU3UTEIHHO
COOTBETCTBYIOIIYIO CPEAHEMY 3HAUYCHHUIO M3y4aeMOW BEJIWYMHBI, U OTMEUYAIOT TOYKHU
nepeceyeHusl MpsAMOil ¢ ocuuiuiorpammoi. OmMbITaMH YCTaHOBIEHO, YTO CpEAHEE
YHUCJIO NEPECEUCHHUI MPSAMON B €IUHUILY BpeMeHU fo =f/t (raef — uncio nepeceyeHuit
3a BpeMs t) crabunmmsupyercs 3a Bpemsi, coorBeTcTByromiee f= 40—70. Torma unTep-
Baj to, T. €. BpeMsl, yepe3 KOTOPOE JTOJDKEH MPOU3BOAUTHCS OTCUET, OMPECIsIeTCs
bopmynoii to > 2/ fo
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Puc. 2.2 Ocuunnorpamma nporecca
2.2. M3mepennst

N3mepenust MOryT ObITh KJIacCU(UUIHUPOBAHBI CAEAYIOIIMM 00pa3oMm:

® 10 KOaUuuecmsy OOHOMUNHBIX U3SMEPEeHUll. PA30BbIe UM OJHOKPATHBIEC; MHOTO-
KpaTHbIC: PABHOTOYHBIE, HEPABHOTOYHBIC, IUCKPETHBIE, HEMPEPHIBHBIC,

® 110 OMHOWEHUIO K U3MepSeMOU geuyyHe: TIPSIMbIE; KOCBEHHBIE;

® 70 C643U U3MepeHuli. CAHXPOHHBIE (TI0 BPEMEHU UJTM HYTH); aCHHXPOHHBIE.

UeM riny0rke TEXHUUECKOE MCCIEIOBAHUE, YeM OOJbIINE MPOoOIEMbI OHO pe-
IIa€T, TEM COBEPIIEHHEE M TOYHEE JOJKHBI ObITh CIIOCOOBI M3MEPEHUN U HU3MEpPH-
TeJIbHasl anmaparypa. boJjblllyl0 4acTh HM3MEPUTENbHOW amnmaparypbl BBITYCKAET
IPOMBIIIJIEHHOCTh, HO BO MHOTHUX CIIy4asX Ui crieUu(pUUecKuX U3MEpEeHHi uccie-
JI0BaTeNb JIOJDKEH caM KOHCTPYHpPOBAaTh NMPUOOPHI, UCIIONb3Ysl B TOTOBOM BHJE OT-
JIeJIbHBIE Y3JIbl 3aBOJICKUX IPUOOPOB.

Tounocmov usmepenuti €CTb CTENIEHb COOTBETCTBUS PE3YJIbTATa HW3MEPEHHM
JNEHUCTBUTEIBHOMY 3HAUEHHUIO U3MEPSIEMON BeIWYUHBL. [IOHATHE TOYHOCTH CBS3aHO C
MNOHSTUEM OIIMOKHU: YeM BBILIE TOYHOCTb, T€M MeHblIe omuOka. CaMble TOYHBIE
npuOOpPBl HE MOTYT MOKa3aTh JEHCTBUTEIBHOTO 3HAYEHUS U3MEPSIEMOW BEJIMYUHBI,
WX MOKa3aHus COAEPKaT OLINOKY.

Abcontomuas owubka — 3TO Pa3HOCTb MEXKIY NEHCTBUTEIbHBIM 3HAYEHUEM
U3MepsSEeMOl BEJIMYMHBI X U €€ U3MEPEHHbIM 3HaueHueM a. IIpaktuyecku nmoxa abco-
JIOTHOM OIIHUOKONW A MOHUMAIOT Pa3HOCTh MEXKIY pe3yJIbTaTOM M3MEPEHHMs MpPHU TO-
Mol 0oJiee TOYHBIX NPUOOPOB, (0OPA3LOBBIX) Aggp, M 3HAYEHHEM DTOM IKE BEJIHU-
YUHBI, TOJIYYEHHBIM TPUOOPOM, MPUMEHSEMbIM B UCCIICIOBAaHUU:

A=x —a = ay, —a.

YacTo moib3yrTCs OTHOCUTETHLHOM OTUOKOM

A1= iA/x ~ iA/67'06p
i Aj=+ Al x -100%= Ala,g, -100%.
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Omunbku U3MepeHnii MOTyT BO3HUKATh M3-32 HECOBEPIICHCTBA MU3MEPHUTEIb-
HOTO MpUOOpa, BIUSHUS YCIOBUN €ro IKCILTyaTallu, ONBITHOCTH HaOMIoAaTeNs U T.
.

Ommbku KiIaccu(PUUUPYIOT KaK CHUCTEMaTUYeCKHue, Ciy4dailHble U TpyObie
MIPOMAaXHU.

CucreMaTHYEeCKHMMH HA3bIBAIOT TaKHE OIIMOKH, KOTOpPbIE BO3HUKAIOT H3-3a
W3BECTHBIX NMPUYUH, JEHCTBYIOIIUX IO ONPEAEIICHHBIM 3aKOHaM M, KaK MpPaBHIIO, B
OINPENEICHHOM HamlpaBlIeHHH. VX MOYKHO KOJIMYECTBEHHO OINPEAEIUTh U BHOCUTH B
WU3MEPEHHsI COOTBETCTBYIOIIME NONpPaBKU. CUCTEMATUUYECKUE OLUIMOKMA MOKET OIpe-
JEUTH CaM MCCIICIOBATENb, KAIHMOPYS prUoop.

[Tpu xanuOpoBKe MoKa3aHUs MPUOOPOB, BHIOPAHHBIX NJISI U3MEpPEHUH, CpaB-
HUBAIOT C MMOKAa3aHUSMHU MPUOOPOB 00JIEe BHICOKOW TOYHOCTU M YCTaHABIMBAIOT IO-
rpetHocTy npudopa. C 3Toi ke 1EeNbl0 CTPOAT KaJTuOpPOBOYHBIE KPUBBIE.

Cnyuatinblmuy owubKamu Ha3bIBAIOT TaKUE, MPUYUHBI KOTOPBIX HEU3BECTHBI U
KOTOpBIE HEBO3MOXKHO y4yecTh 3apaHee. CilydaiiHble OLIMOKH XapaKTepHU3YyIOT TOY-
HOCTb U3MEPEHUM.

Takue ommMOKM MOXHO BBIPa3UTh HECKOJIBKUMU criocobamu. HYacTo mosib3y-
IOTCSl TIOHSATHEM TPEENIbHON OIMOKHU, MO KOTOPOH MOoJpa3yMeBarOT HauOOIbIIYIO
CIly4ailHyl0 OIIMOKY NpH IOJIb30BAHUM HCIPABHBIM NPUOOPOM U TpPHU YCIOBUU
YCTPAaHEHHS CUCTEMATUYECKUX OLINOOK, T. €.

x=axl,
rae A, — nompaska npudopa (mpeaenbHas omnuoka).

[IpenenbHas ciaydaiiHast omImOKa MOXKET ObITh ONpE/ENICHa U3 MacnopTa MpH-
0opa, OTMETKU O TIOTPENIHOCTH MpUOOpa Ha €ro mIkajie, KaTMOpoBKON nmpubopa Wi,
B KpallHEM cilydae, MaKCUMaJIbHasi OITMOKA MOKET ObITh MPUHATA PABHOU MOJIOBUHE
HAaUMEHBIIIETO JIEJIEHUs Ha IlIKajie mpudopa.

[Ipu omnpeneneHUM BEIUMYMHBI CIYYalWHBIX OIIMOOK, KpOMe€ TMpeAesIbHON
OIMOKU, MOXHO TOJIb30BAThCSI CTATUCTUYECKOW OIIMOKOW, MOJy4eHHOW HEOIHO-
KPaTHBIMU H3MEPEHUSIMU U 00pabOTKOM pe3yJbTaTOB METOJAMH MAaTeMAaTHYECKOU
CTaTUCTHUKHU.

[locnenoBaTenbHOCTh ONpPENENEHUsI CIy4YailHbIX OLIMOOK: MpUOOPOM H3MeE-
PSIIOT HECKOJIBKO pa3 (Hampumep, N) MPaKTUYECKH MOCTOSHHYIO BEJTUYUHY W HAXOIST
ee cpeHee apuPpMEeTHIECKOE:

a=(a+a, +-+a,)/n,
i€ 8;— pe3yJbTat J000ro U3MEPEHHUS.

3aTreM BBIYUCISAIOT JUCTIEPCUIO0 U3MEPEHHON BETUYHUHbI

=%(a;—a)?*/(n—1)
U CpelIHEE KBAAPAaTUYECKOE OTKIOHEHNUE WU CTaHAAPT
o= g%

Torga HanOonblnas BO3MOXKHASL CTaTUCTUYECKasi OMIMOKA C BEPOSITHOCTHIO

99,73% Oynetr A= +30 unu OTHOCUTEIbHAS BETUYHHA
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—

> =+30/a; =2-100% = +>=-100%.

Taxast ommOKka OyJeT UMETh MECTO TOJIBKO B TOM CIIydae, €CH pacipe/eicHmue
OLIMOOK MOTYMHIETCS HOPMAJbHOMY 3aKOHY pacIpeieseHus CaydyaifHOW BEJTMYMHBI.
[Ipu npyrux 3akoHax pacrmpeneieHusl BeposTHas ommOka OyAeT Ipyroi, OOBIYHO
MeHbled. Hanpumep, nns paBHOMEpPHOTO pachpeieseHusl (BechbMa JajieKoro OT
HOPMAJIBHOT'0), €CJIM €0 NPHHITH 3a HOpMaJIbHOE (IIPEeAENIbHBIN clydaii), TO U TOI/a
BeposiTHas omuobka Oyner mumb Ha 20% (T. e. 0.2) MeHbllIe €e TOYHOTO 3HAYCHHUS.
Jlnst ipyrux BUIOB pactipeaesienus ommoka He npessimaet 0,1c.

Bo MHOrux skcriepuMeHTax HEBO3MOYKHO BBIJICIUTh CUCTEMATUYECKYIO U CIIy-
YailHyI0 COCTaBJISIFOIIUE, OMMOKM U3MEPEHUH, TaK KaK HeJb3sl MPOKaIHuOpOBaTh U3-
MEpUTEIBHYIO alnaparypy, T. €. IMEET MECTO HEOIpEeAEIEeHHOCTh. 1Ipu 3TOM cumTa-
0T, YTO HEONPEIETIEHHOCTh 00YCIIOBIIEHA JIUIIb CTyYallHBIMU OIIMOKAMU U yYUThIBA-
€TCsl CTAaHJAAPTHBIMU CTATUCTHYECKUMHU METO/IAMH.

Hanpumep, npu KaIuOpoBKe 3JIEKTPUUECKOT0 TaXOMETPa MPOU3BOIMIIN 3aMEP YaCTO-
THI BPAIEHUs CUHXPOHHOIO 3JeKTpoasurarens ¢ N= 1000 mun 1 momy4mmy moxa-
3anus: N1 = 995, n, = 1005, n; = 1010, ns = — 990 Mun?.

Torna

N = (995+1005+1010+990)/4=1000
o = [(995 — 1000)2 +(1005-1000)2 +(1010-1000)2 +(990 — 1000)2]/(4-1)= 9,1

A,= 130 = %39,1 =27,3 MUH !

2-100% = (o2) - 100% = 2,73%.

Takum obpazom, npu A= + 36 B 99,73% 3amMepoB TOYHOCTb U3MEPEHUS Ya-
CTOTHI BpatieHus coctasisieT N+ 0,0273 n.

H3mepenue nepemennvix genuuun. B Xole dKCIEPUMEHTAIBHBIX HMCCIEI0BA-

HUM, KaK MPABUJIO, U3MEPSIOT EPEMEHHBIE BEJIMYUHBI, T. €. TAKUE, 3HAYEHHUSI KOTO-
PBIX MOJ BO3JICUCTBUEM CIyYANHBIX MPUYUH HEMPEPHIBHO U3MEHSIOTCS OTHOCHUTEIb-
HO cpenHel apudmerndeckoil. [Ipy U3MepeHNN TakuX BEJIMYWH AUCTIEPCUS] U3MEpe-
HUW BKJIIOYAET B ce0s Kak Mepy M3MEHUYUBOCTU MEPEMEHHOW BEJIMYUHBI, TaK U CIIy-
YaiiHyt0 OmuoOKy u3mMepeHuil. UToObl MpaBUIBLHO ONPEACIUTh MEPY U3MEHUUBOCTH
MEePEMEHHON BETMYMHBI U3 PE3YyIbTATOB U3MEPEHUM HEOOXOAMMO BBIICTUTh OITHOKY
u3Mepenuid. [[ist 3Toro mpuOOpoM MHOTOKPATHO H3MEPSIOT KaKyH-THOO MOCTOSH-
HYI0 BEJIMYMHY, 1O CBOEMY 3HAUCHHUIO MPUOIMKAIONIIYIOCS K MPEArnojiaraeéMoMy
cpeaHemMy apu(METHYECKOMY 3HAYeHHUIO NepeMeHHou. [lomyuuB cTtangapT npudopa
On IIPU U3MEPEHUU MTOCTOSHHON BEJIIMYMHBI, U3MEPSIIOT B OMBITE U BBIUUCIISIOT CTaH-
JapT EPEMEHHON BEJIMYUHBI G, TIO hopMyJie:

0o= (0, — 0,)%"
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rac o 1 — CTaHIapT, conepmamﬂﬁ o0a pacCCAHNA, BBIUMCIICHHBIN 110 pe3ylibTa-
TaM U3MCPCHUA HepeMeHHOﬁ BCJIMYUHBI.

2.3. OmmnodKka 1 HeoNMpeAEJIEHHOCTh IKCIIEPUMEHTA B LEJI0M

PaccMmoTpenHbie BUBI OMIMOOK, UMEIOT MECTO MPU H3MEPEHUU KaKOW-IHO0
OIHOW BEJIIMYMHBI U3MEPUTEIIBHOM CUCTEMOW, BKIIFOYAKOIIEH YYBCTBUTEIIBHBIA 3JIe-
MEHT, MHIUKATOPHYIO 9acTh U HabOmogaTens. OgHako B OOJIBITMHCTBE CITydaeB B XO-
JIe SKCIIEPUMEHTa HECKOJILKUMHU MPUOOpaMH U3MEPSIETCS HECKOJIBKO BEJIUYUH U IS
MOJIYYCHHUSI KOHEYHOTO pe3yibTaTa 3TH WM3MEPEHHs HEo0XoauMo oOpaboTaTh, HC-
MOJIb3ysl MaTEMAaTUYECKUE OMEpalliu: CJIOKEHHE, YMHOXXEHUE U T. M. MOXKeT Oka-
3aThCsl, YTO, MOJIYYUB B MPOIECCE IKCIIEPUMEHTA JOBOJIBHO TOUHBIC 3HAUCHUS U3ME-
pAEMBIX BEIMYWH, B KOHIIE IOCJIEIOBATEIHLHOCTH BBIUMCICHUN TOJYy4YUM TaKUe
OIIMOKH, KOTOpbIE (haKTUUECKHU CBEJET Ha HET LIEeTb IKCIIEPUMEHTA.

[ToaToMy HEOOXOAMMO OIIEHMBATh TOYHOCTH ONBITA B I[€JIOM HAa OCHOBAaHUU
BBIYHCIICHUSI IPEIETHHON OIIMOKH OIbITA.

[IpaBuna BeIYHUCIEHUS MIPEACIIBHON OTHOCUTEIBHOM OITMOKH OTIbITA:

1.0mmbka cyMMBI 3aKJIIOY€HA MEXTy HauOoJIbIIeH U HAMMEHBIIIEH U3 OTHOCH-
TEJIBHBIX OMMUOOK ciaraeMbiX. OOBIYHO YUUTHIBACTCS WJIM HAUOOJIbIIAs OMIMOKA WIIH
cpenHss apudmeTrueckasi BeTUINHA.

2.0mmbKa MPOU3BEACHHS WM YaCTHOTO OT JACIICHHWsS paBHA CyMME OTHOCH-
TEJbHBIX OMMUOOK COMHOXKUTEJIEH WJIM COOTBETCTBEHHO JACIUMOTO U JETUTENS.

3.0mmbka N-i cTemeHu Kakoro-aubo OCHOBaHUS B N pa3 OOJbIIE OTHOCH-
TEJLHON OIIMOKU OCHOBAHMSI.

4.0mubka cuHyca WIK KOCUHYCa paBHA MPOU3BEICHUIO A0COJIFOTHOTO 3Haue-
HUSI KOTaHreHca (MJIM COOTBETCTBEHHO TaHT€HCA) U3MEPEHHOTO YIJla Ha MPEAeIbHYI0
a0COIOTHYIO OMKMOKY yTJia, BEIPAKEHHYIO B pajiaHax.

5.0munbKa TaHreHca WM KOTaHTeHCa paBHA YaCTHOMY OT JICJICHUS JIBOWHOMN
abCOIOTHOM OIMOKHU yTiia (B pajiiaHax) Ha CUHYC JBOWHOTO yTJIa.

Brruucnennas oOmiast ommnOKka ONbITa YYUTHIBAET U HEOTPEICTICHHOCTh OIbI-
Ta.

Hamnpumep, npu BBIYUCICHUH MPOU3BOIUTEIHLHOCTH arperara (ra/CMeHy) uc-
noJib3yercst popMmya:

S
Wen = 0,1BT,, = 0,1B (i) Ty,
rae B — 3axBar arperara, m; V = S§/Ts— cCKOpPOCTh MPOXOXKACHUS MyTH S 3a
Bpems T, km/4; T,,— uncToe pabodee Bpems 3a CMEHy, 4
B cooTBeTCTBHM CO BTOPHIM MTPaBUIIOM
MW _ (B | M) | AT | ((T)
Won B S T,

T
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C yueToMm HCIOIb30BAHHOM amnmapaTypsl uMeeM: Ipu usmepenun B u S 20-tu
METPOBOM PYJIETKOU

A(B) A (S
;)z 3(,) (0,02 — 0,03)% ~ 0,025%,

npu usMepenuu 1. u T,,CEKYHIOMEPOM
s pCCKY P

A(Ts)  A(Ty)
T,

P
Torna

Al'I (Vl/CM)

CM
OneHuBasi SKCIEPUMEHT B IIEJIOM, MOXKHO 3apaHee MojoOpaTh armaparypy,

O6CCH6‘-II/IBaIOH_IYIO 3aJIaHHYIO TOYHOCTD OIIbITA.

= +(0,025 + 0,025 + 0,055 + 0,055)% = +0,16%.

2.4. Padouas runoresa

Omnpenenus 11eJ1b U BEIOPAB MpeIMET UCCIEAOBAHMS, COCTABIISIIOT pabo4yIo T'H-
noTe3y ucciuenaoBanus. Pabouas sunomesa — 3T0 HAYYHOE MPEANOTIOKEHUE O Pa3BU-
TUU ABJICHUS. JTO MPEIOIOKEHUE elle HEJOKa3aHO, HO B HEKOTOPOM CTENEHU BEPO-
STHO.

Pabouas rumnore3a yctaHaBiauBaeT (AaKTOPBIL, T. C. U3MEPUMbIEC MEPEMEHHbIE
BEJTMYMHBI, BO3JACHCTBYIOIINE HAa OOBEKT MCCienoBanus. [Ipu 3ToM pexomMeHmyeTcs
BHAUaJIe 3aMucaTh BO3MOXKHO 00Jiee MOJHBINA NepedeHb (hakTOPOB, KOTOPBIE MPEIO-
JIOKUTETTLHO MOTYT BO3JICHICTBOBATh HAa Pa3BUTHE M3Y4aeMOTO SIBJICHHS. 3aTeM yCTa-
HOBUTH HanboJjee NEeWCTBEHHbIC M3 HUX W OTOPOCUTH BCE OCTAJIbHBIC (T. €. OCyIIle-
CTBUTH paHxkupoBaHue (HakTopoB). OJHOBPEMEHHO YCTAaHOBUTH BO3MOXKHBIE TPaHH-
116l U3MeHeHusl ¢akTopoB. [Ipu HempaBuIbLHOM ompeneneHuu (PaKToOpoB HCCIETOBA-
HUE MOXXET OBITh 0€3pe3ybTaTHBIM.

Pabouas runore3a MOXeT JaBaTh O0jee WM MEHEE TIOJTHOE MPEATIOI0KUTEIb-
HOE 00BSICHEHHE Bcero mpoiiecca. [Ipu 3ToM B TMIOTE3€ BBIJCISIIOT U3 BCEX YKE U3-
BECTHBIX HanOoJiee BAXKHBIC W PEIIAIONTUE MPUINHHBIC CBS3U U B3aMMOJICUCTBUS H
HaMe4aloT BO3MOXKHBIC CBSI3H, B3aMMOJICHCTBHS, BEPOSITHOE HANPABJICHUE U X0 pa3-
BUTHS TIpOIIeCca.

Ecnu ananw3 nuTepaTypHBIX UCTOYHUKOB W TACCHBHBIC HAOMIOACHUS 3a TPO-
IIECCOM HE TO3BOJIAIOT YCTAHOBUTH (DAKTOPHI, BIMSIONIME HA MPOIECC, TO MPOBOIST
MTOMCKOBBIC OTTBITHI.

JIJIst 5TOTO COCTaBIISAIOT YACTHYIO METOJMKY M HAa3HAYAIOT YUCIIO TTOMCKOBBIX
OTIHITOB HA OCHOBAHUHU CIIEAYIOIINX MPEATOI0KCHUIN:

1.Ecnu mipoBepsIfOT HamNpaBJICHUE PAa3BUTHUS TMPOIECCA, TO TOCTATOYHO JBYX
OTIFITOB — B Ha4YaJje M B KOHIIE MpoIlecca.

Hampumep, nist onpeneneHuss HampaBiIeHUs U3MEHEHHS TSITOBOTO COMPOTHB-
JICHUS TUTyTa OT TUIyOWMHBI BCIIAIIKM WU3MEPSIIOT €r0 3HAYCHUS NP MUHUMAIILHOW W
MaKCUMAaJIbHOU TTyOHMHE TTaXOTHhI.
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2.Eciu ycTaHaBnIMBarOT, Kakue (akTopbl 0OyCIIOBIMBAIOT Pa3BUTHE SIBICHUS,
TO HAaUMEHBIIIEE YHMCIO MOMCKOBBIX ONBITOB PABHO YABOECHHOMY MPEIOIAracMoMy
yuciy ¢pakTopoB. /i TOro, yToObl BBISICHUTD, BIUSET JIM JAHHBIA (aKTOp Ha pa3BH-
TUE SIBJICHUS, HEOOXOIMMO TMOCTAaBUTh KAK MUHMMYM J[Ba OIbITa — B Haudaje (Korjaa
JaHHbIN (aKTOp SIBHO OTCYTCTBYET) U B KOHIIE (KOTJa JaHHbBIN ()aKTOp SIBHO MPUCYT-
CTBYET).

Hampumep, nns onpeneneHus BIWSHUS 3aTYIUICHHS JIEMEXa Ha W3MEHEHHE
cpenHeil TiTyOuHbI BCIIAIIKY MPOBOJIAT JIBA OMBITA: OJMH C HOBBIM OCTPBIM JIEMEXOM,
IPYTroM— C TYTIBIM

3.IIpu mpoBepke BapuaHTOB paboueii TUMOTE3bI BHIOMPAIOT INIaBHBIN (DakTOp U
1o HeOOJBION cepuH U3 3—5 OMBITOB OMPEEISIIOT X0 U3MEHEHUSI OCHOBHBIX 3aKO-
HOMEPHOCTEMN.

Hampumep, npu onpeneneHnn 3aBUCUMOCTH TSATOBOI'O CONPOTHBIIEHUS ILTyTa
OT CKOPOCTH JIBM)KECHMS arperara CTaBAT TPU OIIbITa: NPU MHUHUMAJIbHOW, MaKCH-
MaJbHOM M MPOMEXYTOYHOU (00BIYHO cpenHel) ckopoctu. IIpu sTom ycTanaBiuBa-
IOT XapaKTep U3MEHEHHUs TSATOBOTO COIPOTUBIIEHUS, IO BUAY KOTOPOTO MOKHO 000C-
HOBATh KOJIMYECTBO U3MEPEHMI U IIAar U3MEHEHUs CKOPOCTH arperara.

2.5. [lnaHupoBaHue IKCIIEPUMEHTA

CoBpeMEHHBII ypPOBEHb Pa3BUTHUS TEOPUM IKCIIEPUMEHTA IMO3BOJISIET IpUME-
HATH CHEIHAIbHbIE METO/bI JJ11 00pa0OTKU U aHaJIN3a Pe3yIbTaToOB, a TAaKXKe BbIOOpa
palMoOHaIbHOW CXeMbl MPOBEACHMs IKcnepuMeHTta. OOImas cxema 3KCIepUMEHTa
MOJKET OBITh IIPEJCTABJIEHA B BUJIE ONIPEAEIEHHON MTOCIEN0BATEIbHOCTH: IOCTAHOBKA
eI IKCIEPUMEHTA; BbIOOp Kputepus 3(PPEKTUBHOCTU (3aBUCUMOM MEPEMEHHOU
WIM OTKJIMKA); OTOOpP 3HAYMMBIX U BBIOOpP BapbUPYEMbIX (PAKTOPOB (HE3aBUCHUMBIX
NEPEMEHHBIX); BHIOOP THIIA HKCIEPUMEHTA; YCTAHOBJIEHHWE HEOOXOJWMOIO YHCIIA
HaOJIOICHUI; BBIOOP M3MEPUTENIHOM alapaTyphl; MPaKTUYECKasl peain3aius dKc-
NEPUMEHTA; 00padOTKa Pe3yabTaTOB U NIOCTPOCHUE MAaTEMATUUYECKON MOJIEIH: OIEH-
Ka aJIECKBaTHOCTH MOJIENIN; NHTEPIPETALMS PE3YJIbTaTOB S3KCIEpUMEHTOB. HekoTopsie
13 3TUX BONPOCOB PACCMATPUBAIINCH B NMPEABINYIINX pa3aenax. OCTaHOBUMCS KPAaTKO
Ha BOIIPOCAax IIAHUPOBAHUS SKCIIEPUMEHTA.

[Ipy nnaHUpOBaHUU M pealu3alUu SKCIEPUMEHTa HEOOXOAMMO YUYUTHIBATh
psa BaxkHbIX TpeboBaHuil. IlepBoe TpeboBaHUE 3aKIIIOYAETCS B 80CHPOU3BOOUMOCTIU
NOJIYYEHHBIX PE3yJIbTaTOB. JTO O3HAYAET, YTO MPU MOBTOPEHUU OJHOTO U TOTO K€
HKCIIEPUMEHTA YEPE3 PA3ITMYHBIE HHTEPBAJIBI BPDEMEHHU WM B APYTHX MECTax JOJKHBI
MOJIy4aThCsl OJJUHAKOBBIC WIIM OJIM3KHUE B CTATUCTUYECKOM CMbICIE pe3yabTaThl. JlJis
oOecreyeHus: 3TOro He0OXOUMO YUUTHIBATh JOCTATOYHOE YHUCIIO (DAaKTOPOB, a TAKKE
VCKJIIOUUTD BIHUSIHUE CUCTEMATUUYECKU JEHCTBYIOUIUX, U3MEHSIOIINXCS BO BPEMEHH U
MPOCTPAHCTBE HEYNPABISIEMBIX (DaKTOPOB.
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UtoObl MOCTpOEHHAs MO Pe3yJibTaTaM 3KCIIEPUMEHTOB MOJIElb Oblla adek-
6amHOll, OHA JIOJDKHA MPEJCTABIIATh OIBITHBIE JaHHBIE C OIMOKOM, HE MPEBBIIIAIO-
el omMOKy OmbITA.

Tperbe TpeOoBaHUE K IKCIIEPUMEHTY KacaeTcs €ro ynpaeisemocmu. JKCIe-
PUMEHT HEOOXOJUMO CTPOUTH TaK, YTOObI 00ECIEeUMBAIOCH TpeOyeMoe aKTHUBHOE
BMEIIATENIbCTBO KCIEPUMEHTAaTOpa B U3MEHEHHE YHCIa U YPOBHEH YIPaBIISIEMbIX
dakTopoB. YrpaBiaTh (pakTopamu HEOOXOIUMO, YTOOBI 00ECTICUUTh BapbUPOBAHUE U
CMeIlMBaHue (PAKTOPOB JJIsi BBISIBICHHS Kak OCHOBHBIX 3((eKToB, Tak U 3((dHeKToB
UX B3aUMOJCHCTBHSL.

2.5.1. KosinuecTBO ONBITOB. BH10OP HHTEPBAJIOB

[Ipeanonaraemslii XxapakTep (PyHKIIMOHAIBHBIX 3aBUCUMOCTEN (DAKTUUECKH U OIpe-
JeJIIeT KOJIMYECTBO ONBITOB (puc. 2.3).

)

L 4

X X
a) 0)

Puc. 2.3. Cxema 11 BbIOOpa KOJTMUYECTBA ONBITOB
[Tonoxxenue npsiMoi onpeAeneHo ABymsi Toukamu (puc. 2.3, a). Eciu uccneno-
BATEJb YBEPEH B TOM, UTO JaHHAs 3aBUCUMOCTH MpPsIMasi, OH Ha3HA4YaeT JBA OIbITA C
MPOMEKYTKOM MEXKIy HUMH, OJM3KUM K TIpelesiaM W3MEHEHUs BapbupyemMoro ¢ak-
TOpa, YTOOBI YBETUYUTH TOYHOCTH IMOJIOKEHHUS MpsiMoil. [yra BmomHe onpeaensieTcs
TpeMsi TOYKaMU, KOTOPBIE PACIIOaraioT Tak: ABe OJIM3KO K MpejesiaM u OAHy B cepe-
nuHe. Ecnu kpuBblie 00J€€e CIOXKHbBIE, TO IPUMEHSIOT MPABUJIO: paccMaTpUBas CIOXK-
HYIO0 KPUBYIO KaK KOMOMHAIIUIO TIPSIMBIX U MPOCTHIX KPUBBIX, OMTUCATh KaXbIH miepe-
U0 KPUBOM TpeMs OINbITAMU; KaXK/IbIM YYaCTOK, OJIM3KUN K NPAMOJIUHEUHOMY, IBYMSI
OTBITAMH, U OJIM3KO K HA3HAYCHHBIM MpeesiaM MOCTAaBUTh J1Ba KOHIEBBIX OmNbITa. Ec-
71 TpeOyeTcsl yCTAaHOBUTD HE TOJIBKO 00IIHE 3aKOHOMEPHOCTH, HO U BOBMOXHO OoJiee
TOYHO YHUCJICHHBIC 3HA4YeHUs (YHKIUN, KaXIbIM Teperud KpUBOU JTOJDKEH OBITh
000CHOBaH MUHUMYM TISITHIO OTBITAMHU.
Oco00EHHO TIIATETHHO JOJKHBI OOOCHOBBIBATHCS PE3KHUE MEPETUOBI KPUBBIX
WM WX CKaQ4KOOOpa3HbIe M3MEHEHUS, TaK KaK 3TH NMEPETuObl U CKAaYKU MOTYT Xapak-
TEPU30BaTh MEPEXO] KOJIMYECTBEHHBIX U3MEHEHUN B KAUECTBEHHBIE.
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Ecnu xpuBas npeacrabisieT co00il HEKOTOPYIO CTETICHHYIO 3aBUCHMOCTh (pHC.
2.3), To HEOOXOUMBIC JIJIS €€ OMHCAHMS ISATh TOYCK JOJDKHBI OBITh PaclpeIe/iCHbI
TakK, YTOOBI OOJIBbIIIAs WX YacCTh paclojaraiach Ma KpyTo BocXojsiiel BeTBU. B 00-
eM cliydae UCXOAAT M3 TOTO, YTOOBI 00ECIEeUNUTh B JIFOOOM YacTH KPUBOM pPaBHYIO
TOYHOCTh. PekomeHyeTcsi BBIOMpaTh MHTEpPBa BapbupoBaHus ¢akTopa B 3—5 pas
OOJBIIMM OITUOKU €r0 U3MEPEHHSI.

Heobxooumoe uucno nosmopmuvix onvimos. llpu NpoBeNeHUM SKCIEPUMEH-
TaJlbHBIX MCCJICIOBAaHUN BCErJa MMEIOT MECTO CIydailHble OIMOKM ombiTa. Jlms
YMEHBITICHUS 3HAYCHUS TaKUX OIMMOOK IeIecO00pa3HO MOBTOPATH OMBITHL. M3 Teo-
pUU OIIMOOK M3BECTHO, YTO KOJIMYECTBO MOBTOPHBIX OMBITOB 3aBUCUT OT CTaHIapTa
WU3MEPEHUN U 3aJaHHOM TOBEPUTEIBHOU BEPOSITHOCTH.

[Ton dosepumenvroti 6eposmuocmvro MOAPA3yMEBACTCSI BEPOSITHOCTh TOJTyYe-
HUS OJITUHAKOBBIX PE3YJIbTATOB IPU HOBBIX U3MEPEHUSX BEIWYMHBI UM BEPOATHOCTD
MOJYYECHUS TEX )K€ PE3YJIbTATOB IIPH MOBTOPEHUHU OIBITOB B AaHAJIOTUYHBIX YCIOBUSX.

Yem Oonbllle OTHOCUTEIBHBIC KOJEOAHUS PE3yJbTaTOB W 4YeM OOJIBIICHO
HaJIC)KHOCTh OTIBITOB KEJaTeIbHO MOJYYUTh, TEM OOJIBIIE JTOHKHO OBITH MOBTOPHBIX
OITBITOB.

B nurepatype mo meromam IMpOBEACHUS SKCIEPUMEHTAIbHBIX UCCICIOBAHUN
MIPUBOJISATCS CHEIUATIbHBIC TA0IUIBI 3aBUCUMOCTH MEKTy HEOOXOUMBIM YUCIIOM T10-
BTOPHBIX OIBITOB, 33JITAHHOU HAJIE)KHOCTHIO U OTHOCUTEILHON OIIMOKOH (Tabdu. 2.1).

JIst TOro, 4TOOBI HANTH MO 3TOM TaOJIUIEe HEOOXOIUMOE KOJIMYECTBO MOBTOP-
HBIX OIBITOB, HEOOXOIUMO 3aJaThCs JOBEPUTEIHLHOM BEPOSTHOCTHIO O U OIIMOKOM
A, B35TOM B 10X cTaHaapTa o. UToOBI JOOUTHCS KellaeMOUW JOCTOBEPHOCTH, IMOUYTH

BCET/Ia BBITOIHEE YBEIMYUTH TOYHOCTh MpHOOpa, a HE KOJUISCTBO U3MEPEHUM.
Tabmauna 2.1

Heobxoammoe KoJIM4eCTBO MOBTOPHBIX OIBITOB MIPU IOBEPUTEIIHLHON BEPOSITHOCTH, O

Ommbka A, B 10as1X 0 0506 (07]08]09] 09 |099 | 0,99
3 1 1 1 1 2 3 4 S
2 1 1 1 2 3 4 5 /
1 2 2 3 4 5 / 11 17
0,5 3 4 6 9 | 13 18 31 50
0,4 4 6 8 |12 | 19 27 46 74
0,3 6 9 13 | 20 | 32 46 /8 127
0,2 13 | 19 | 29 | 43 | 70 99 171 | 277
0,1 47 | 72 1169|266 | 273 | 387 | 668 | 1089

[IpakTHKOM yCTaHOBJIEHO, YTO IIPU UCCIICIOBAHUH 3aKOHOMEPHOCTEN B CAMOM
oO1ieM Buje (HampuMep, onpeeieHre XapakTepa KpUBbIX ), JOCTATOYHA TOBEPH-
TeNbHAasI BepOsITHOCTH o = 0,7. /{151 u3mMepeHuid, CBSI3aHHBIX ¢ KOHCTPYKIUSIMU Ma-
mH, noctatouna o= 0,9. [1pu onpenenennn 3Ha4eHU BEIUYWH, SIBSIONIUXCS OCHO-

BOH IS JaibHEHIero pacuera, Heooxoauma o = 0,99.
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Ecau mouckoBbie ONMBITH HE MMPOBOJAMINCH M HET JAHHBIX, 10 KOTOPHIM MOX-
HO OBLTO OBl YCTAHOBUTH 3HAUCHHUE CPETHEr0 KBAJIPATUUECKOTO OTKIIOHEHMS a. MOXK-
HO TPHUHSTH, YTO TMpeJeSibHas OIMOKa MPUOIMKEHHO paBHA HAMOOJIbIIIEH BO3MOX-
HOM CTaTUCTHUYECKOMH, T. €.

A,= £30.

Hampumep, mycth HEOOXOAMMO HU3MEPUTHh aHEMOMETPOM CKOPOCTH BO3IYIII-
HOTO TOTOKAa HaJ[ PEIIETOM CemapaTropa 3epHOBOTO BOpoxa KoMOaiiHa ¢ TOYHOCTHIO
A,= +30 £ 0,2 m/c. CucremaTudeckas ommOKa aHeMOMETpa Heu3BecTHa. Toraa
OJIHO M3MEpEeHUEe aHeMoMeTpa OyJeT MMETh JOBEPUTEIbHYIO BEPOATHOCTh, PAaBHYIO
0,8 (mepeceuenune MaHHOU CTPOKU A= 30 C COOTBETCTBYIOUIMMH CTOJIOIIAMU), 1B
m3mepennst — 0,9,pu — 0,95. To ecTh, MOKHO CKa3aTh, 4TO, €CJIA TPEOyeTCs, YTOOBI B
95 ciyuasx u3 100 ommbka n3mepenus He npessimana 0,2 M/c, Hy’)KHO clienaTh TpU
3amMepa U HalTH UX CpeHee 3HAUYCHHUE.

Eme npumep. Mccaenyercs 3aBUCUMOCTh YacTOThHI BPAILIEHUS! MOJIOTHILHOTO
OapabaHa OT BEIWYUHBI MTOJA4YM XJICOHOM Macchl. 3alMCh YacTOTHI BpalleHus Oapa-
0aHa BeACTCS OT JJIEKTpOoTaxoMeTpa Ha OyMaKHYIO JICHTY. 3HAUCHHUs YacTOThI Bpa-
meHus 6apabaHa ObUTH CHSITBI C Y4acTKa JICNThI, COOTBETCTBYIOIIETO0 BpEMEHH pado-
Thl Oapabana 5 ¢. Ha nenTe okazanoch BO3MOXKHBIM ITpou3BecTd 30 3aMepoB 3HaUe-
HHUM 4aCTOTHI BPAILlEHUSI B COOTBETCTBUU C PAHEE PACCMOTPEHHBIM MPABUIIOM IOJTY-
YeHUs BBIOOPKH ¢ ocimuuiorpamM. CpesiHee apupMeTHIeCKOEe 3HAaUCHUE YaCTOThl BpU
neHus okazasnoch n = 1000 mun?, ctanaapt o = 50 mun "t . Kakoif momkHa ObITH
MPOJIOJIKUTEILHOCTD 3alMCH, YTOOBI OIMOKA CpeHEH YacTOThI BpaIllleHUs HE TIpe-
BhIana 1% npu noseputenbHoi BepositHoctu o = 0,997

[Ipexxne Bcero Hy»KHO ONPEACIUTh PACCESHUE TOUEK, BBI3BIBAEMOTO OITMOKOMN
taxomerpa. IIpu kanubpoBke TaxoMeTpa Ha yactote 1000 Mun ! nonmyuen crangapT
o =9,1 mun . Torga uckomoe paccesnue OyaeT paBHO

0, = (60— ;)" = (50— 0,9)% = 49 mun!

Jlonmyckaemast abcomoTHast omnoOka A cpeJHel 4acTOThI BpallleHUsl paBHa
1000-0,01 = 10 mun?

Brruncrnsem 3Ty ommoOKy B JOJISIX CTaHAapTA:

A= 02040 ~ 0,2
Ta9g  CO TR

Hnsg o= 0,99 u A = 0,20 HaxoauM HEOOXOIUMOE KOJIMIECTBO 3aMEpPOB Ha OC-
nusuiorpamme, pasHoe 171 (cm. tabn. 2.1). [lpuaumas, uto 3a 1 ¢ Ha JeHTe UMeeTcs
30/5 = 6 3amepoB, ns nonydeHus 171 3amepa HeoOxoauMa 3anuchk B TeueHue 171/6
~ 29 c. CnenoBaTenabHO, Il oOecrieueHus oImmoKku u3mMepeHus B 1% c 1ocroBepHo-
cThio 00 = 0,99 HeoOX0IMMO BECTH 3aIliCh HEe MeHee 29 c.

3Has CTaHJApPT MOXKHO YCTaHOBUTH HEOOXOIMMOE KOJMYECTBO IMOBTOPHBIX
onbITOB. JIJIsi ompezeneHus cTaHgapTa HEOOXOAMMO, KaK BUIHO W3 MPUBEIACHHBIX
MIPUMEPOB, UMETh JaHHBIE XOTs Obl MPEIBAPUTEIIBHBIX AKCHEepUMEHTOB. OOHAKO B
OOJNBIITMHCTBE CITy4aeB, TPYAOEMKOCTh W CTOMMOCTH TMPEABAPUTEIBHBIX OMBITOB
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CpPaBHUMBI C OCHOBHBIMH. B Takumx ciydasx JJIs ONpPEACIICHHS YKCIIa TTOBTOPHBIX
OITBITOB MCIOJIB3YIOT METO/I TTOCIICI0OBATEILHOTO aHAIH3a.

Ilocnedosamenvhbiil anaau3 MO3BOJIIET YCTAHOBUTH HEOOXOUMOE KOJTUICCTBO
MTOBTOPHBIX M3MEPEHUH IMPHU 3aJaHHBIX HAJCKHOCTH M OINMMOKE B JOJIAX CTaHIApTa,
CCJIM caM CTaHAapT HE M3BECTCH. EMMHCTBEHHOE 00s13aTEIHLHOC YCIOBHE MPU 3TOM —
YCTaHABJIMBATH MO0 KAXKIOMY U3MEPECHHIO €r0 PE3YJIBTAaThl TIEPE MOCISAYIONUM U3~
MepeHueM. Takoil aHanu3 MPUMEHUM, €CIIA I U3MEPCHHS HCIOIb30BAMCh WH-
CTPYMEHTHI ¥ TIPHOOPHI OBICTPO JAFOMIHME Pe3yabTaThl. Takol aHAMW3 HE MMPUMEHUM
IIPY 3AITUCAX TAHHBIX, TPEOYIOMHUX paci(poBKH.

CymHOCTh TOCTE0BATEIBHOTO aHAJIN3a COCTOUT B cienytomieM. [locie kax-
JIOTO W3MEpEeHUs (HauyWHas C TPEThEro) BBIYUCIIIOT cpenHee U cranmaptT. [Ipu mo-
CTY)KCHHH YAOBJICTBOPUTEIHHOTO pPe3ynbTaTa (HAAS)KHOCTh U BBIUHUCICHHAS OIMOKA
B JIOJISIX CTaHJapTa JOJLKHBI JaBaTh 1Mo Taou. 2.1 Takoe KOJUYeCTBO U3MEPEHUH, KO-
TOPOE YK€ MIPOU3BEACHO) U3MEPEHHUS CIIETYET MIPEKPATHUTh.

Hanpumep, TpedyeTcss u3MepuTh CKOPOCTh BO3AYIITHOTO IMOTOKA HaJl BEPXHUM
peleToM OYMCTKH KoMOaliHa B €€ CpelHe JacTu ¢ omuokoi 1% mpu 1oBepUTEIIb-
Holt BepositHocTH 0,9. Tak kak cBeJeHUH O MOTOKE BO3JyXa HET, yCTAaHOBUTH IMPE/I-
BApUTEIIBHO KOJMYECTBO MOBTOPHBIX OIBITOB HEBO3MOXKHO. [10JIb3ysICh METOAOM I10-
CJIEIOBATEILHOTO aHAJIM3a MPOU3BOINM TIEPBHIC TPU U3MEPEHUS U TOJIy9aeM 3Hade-
HUs ckopoctu: 7,4; 7,6 u 7,5 m/c. CpenHssi CKOpOCTh 0 3TUM U3MepeHusim oyner V
== 7,5 M/c. Ctangapt o = 0,1 M/c, 1%-s ommbka ot cpeaHei

7,5/100 = 0,075 m/c,

OTHOCHUTEIIbHAS OIINOKA COCTABISACT

0,075
= ( 01 )a = 0,750.
YcranaBnmBaeM, 9TO TIPH MOJTYYCHHOW OTHOCHUTEIHLHON OIMUOKE M TPEM H3Me-

PCHUAM oOecrieynBaeTcs AOCTOBCPHAA BCPOATHOCTHL PC3yJibTaTa PI3MCpCHHI>i MCHEC
0,7.

JlenaeM 4deTBepTOE M3MEPEHUE, KOTOpoe JaeT pe3ynabtar 7,55 m/c. Ilpu stom
nojyyaem

V=7,51wm/c, 0 =0,0856 m/c.

1%-s ommobka 7,51/100 = 0,0751 m/c, T. €. OTHOCUTEIbHAS OIINOKA COCTABIISAET
0,0751 /0,0856 = 0,877¢. I1o Tabmn. 2.1 HaXOAUM, YTO IOBEPUTEIbHAS BEPOATHOCTD —
0,82, 4To TaKk)Ke HEJOCTATOUYHO.

[IpousBoaum mATHIM 3amep, KOTOpbIM gaeT 3Hauenue 7,45 m/c. Haxomum
V=7,5m/c; o= 0,079 m/c; 1%-s ommbxka 0,075 mM/c, uto cocrasiusger 0,075/0,079 =
0,950. Ilpu nsaT 3aMepax U TakoW OIIMOKe 0OecrieunBaeTCsl JOBEPUTEIbHAS BEPOST-
HOCTh 0,92, 4TO BBINIE 3aJaHHOW TOYHOCTH, IO3TOMY 3aMEPHI IPEKPAILIAEM.
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—

2.5.2. Ilopsaiok mpoBeeHNsI IKCIIEPUMEHTA

Oonogaxkmophvie 3xkcnepumenmol. Ecnu uccnemyeTcss BAUSHUE OJHOTO (ak-
TOpa Ha U3y4aeMblii 0OBEKT (OJHA HE3aBUCHUMAas MEpPEMEHHas), TO TaKOW JKCIEpH-
MEHT Ha3bIBACTCS OJHOPAKTOPHBIM.

Tunwvr naanos sxcnepumenma. Ilocie BeiOOpa (M3 cooOpakeHU 0OeCTICUCHUS
TpeOyeMOoi TOUHOCTH) UHTEPBAJIOB MEXAY TOYKAMU HEOOXOJMMO BBIOPATH MOPSIIOK
MIPOBEICHUSI SKCTICPUMEHTA.

CymiecTByeT /1Ba BUIa IJIAHOB ITPOBEICHUS SKCIIEPUMEHTA.

1. bepyT BHavaysie BepXHee WIM HIDKHEE MPEACIbHOE 3HAYCHUE HE3aBHUCHUMOU
MIEPEMEHHON BEIMYMHBI (TaK Ha3bIBAEMbIC YPOBHHU) M M3MEHSIOT €ro CTYNeHYaTo 0
TE€X MOp, MoKa He OyAeT JOCTUTHYTO JpYyroe mpeneibHoe 3HadyeHue. Takoil miaH
Ha3bIBAETCS MOCHEI0OBaTEIbHBIM. Hampumep, uccienyercsi 3aBUCUMOCTb TIOTEPH 3€p-
Ha d 3a COJIOMOTPSICOM B MOJIOTHJIKE 3€pPHOYOOPOYHOr0 KOMOAaiiHa OT BETMYHHBI T10-
naun xJaeOHoi Maccel T. €. d = f(q).bbuin ycTaHOBIEHBI TPEEIbl N3MEHEHUS He3a-
BUCUMOM MEPEMEHHOM: Gpin = 1 KI/C, © @uax = 5 KI/C XJI€OHOM MacChI.

[Ipu mocnenoBaTeNbHOM IJIaHE YCTAHABIMBAIOT MOCJIEI0BATENILHO TIOJAUH q =
1, 2, 3, 4, 5 kr/c ¥ onpeAeIsIOT COOTBETCTBYIOIIKME ITUM I0a4aM MoTepu d, IPOBO-
JISL JUTST KaXKJ0TO 3HAYEHUS  CTOJBKO MOBTOPHBIX OIBITOB, CKOJIBKO HEOOXOIUMO IS
MOJIYYCHUS 33JJaHHOM JIOCTOBEPHOCTHU PE3YJILTATOB.

OpnHako B mpolecce IKCIEepUMeHTa (OCOOEHHO, €CIM OH JJHUTCS HECKOJIBKO
THEH) pa3IuYHbIe HEYYHUThIBaeMbIe (PaKTOPHI MOTYT U3MEHSTHCS M OKa3bIBATh CYIIlE-
CTBEHHOE BIIUSHUE HA UCCIICAyeMbIl mapameTp. Tak, B pacCMaTpuBaceMOM MpUMEPE B
X0JI€ IKCIEPUMEHTA MOTYT M3MEHSTHCS CBOMCTBA XJIEOHOW MaccChl, CBOMCTBA IO-
BEPXHOCTH KJIABHII COJOMOTpSCAa W3-3a HAJMITAHWS TIOJIOBBI, IMOKAa3aHUS H3MEPH-
TEJIbHOM amnmapaTtypsl U 1p. B pe3ynbTaTe 3TOro KaXXablii MOCIEAYIOIINN epexo K
OoJee BBICOKOM Mojiade OyJeT COMPOBOXKAATHCS OIMMOKOHN (pe3ysbTaT OyneT cucrte-
MaTHUYECKU TOJIBKO 3aBBIIIATHCS WM TOJIBKO 3aHUXKATHCS), a OOIIUN pe3ysbTaT dKC-
nepuMeHTa OyJIeT UMETh CUCTEMATHYECKYIO OIIHOKY, KOTOPYIO TPYJIHO OOHAPYKUTh.
DTy CHUCTEMaTUYHOCTh OIIMOKH MOXHO MPEAOTBPATUTH, €CIM BBHIOOP TOUYEK (YpOB-
HEel) MPOU3BOJUT Cly4dalHbIM oOpa3oM. [Ipu 3ToM mosydeHHbIEe pPe3yJbTaThl 3aMe-
POB JUTSl K&KI0W TOYKH OYAYyT TakKe UMETh pa30poc, HO OHU OYIyT TPyHIUPOBATHCS
BOKPYTI TOYHBIX 3HAYEHUM. TakoW IuiaH SKCIIEPUMEHTA HA3bIBAETCS CIIyYaWHBIM WU
DPAHOOMUSUPOBAHHBIM.

Jlyist Hamero mpuMepa mojava q J0JDKHA YepeloBaThCs CICIYIONIUM Clydai-
HbIM oOpa3zom: 3; 5; 1; 4; 2 xr/c.

[Topsimok yepenoBaHMs TOYEK YCTAHABIMBAIOT C MTOMOTIIBIO TAOJIUIT CITyYalHbBIX
YHUCeN WK APYTUMH U3BECTHBIMU CITOCOOAMHU.

B cBsi3u ¢ ykazaHHBIM HEIOCTATKOM TOCIICIOBATEIbHBIX TUIAHOB UX MPUMEHE-
HUE 11eJ1IeCO00pa3Ho JIMIIb B CIydasx:

¢ KOorga npoaoKHMTCIbHOCTb, CTOMMOCTD HMJIN CIIOKHOCTBH OKCIICPUMCHTA TAKO-
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Ba, YTO paHJOMHU3ALMS CTAaHOBUTCS HelernecooOpaszHoil. Hampumep, npu uc-
CJICIOBAHUAX ATOMHOI'O PEaKTopa, Il KOTOPOro TEIJIOBOE PAaBHOBECUE J10-
CTUTAETCs B TEUEHUE HECKOJBKUX CYTOK;

® €CJIM U3BECTHO, YTO DKCIEPUMEHT SIBJISAETCS HEBOCIPOU3BOAUMBIM. Hanpumep,
IpU UCCIeI0BaHUM 00pa310B MaTepHaIOB HA IPOYHOCTb.

Panoomusuposannvie 6noku. Ilpu mpoBeeHUHU HMCCIIEAOBAaHUN HMEIOT MECTO
cllydau, KOT/ia Ha UCCIIEyeMbli MpolecC MOMUMO UCCIIENYEMOTO (akTopa OKa3bIBa-
10T BIMSIHUE U Psi APYTrUX BHEmHUX (pakTopoB. Hampumep, onpenensercs cMeHHas
BbIpaboTKa S KoMOaiiHa B 3aBUCUMOCTH OT IIMPHUHBI 3axBaTta B xaTku (yposkaitHOCTb
xJ1e00B mocTosiHHa). [lpu 3TOM mpeamonaraeTcsi MCMONb30BAaTh KATKU Pa3TUUHOM
mpuHbl 3axBara: Ne 14,

[Tpon3BOANTENBHOCTS KOMOAITHA 3aBUCUT HE TOJIBKO OT IIMPHUHBI KaTKU B, HO
U OT KBAIM(PUKALIMK OIepaTopa, €ro TeMIepaMeHTa 1 T. Il., TO €CTh UMEET MECTO He-
KOTOPBIN BHEIIHUN (pakTop — «mexaHnuzaTopy». [loaToMy mjig paHaqoMHU3aluU dKCIe-
pUMEHTA 110 JaHHOMY (haKTOpy HEOOXOAMMO CIIy4aiHbIM 00pa30M BbIOpaTh 110 YUCITY
&KaToK ueTelpex padbounx A, B, C u D, kaxaplil u3 KoTopbIx Oyner padboTaTh MOIHYIO
CMEHY Ha KOMOaliHe ¢ jKaTKOM JaHHOTO 3aXBaTa. DKCIEPUMEHT JAOJDKEH IIIUThCS Ye-
ThIpe JHA (HanpuUMep: NOHEAEIbHUK, BTOPHUK, CPE/la U YETBEPT).

K koHIly cpoka ucnbITaHUI pabouue MOTyT ycTaTh, HOTEPSATh UHTEpEC K pado-
T€, 4TO MPUBENET K CHIKEHUIO MPOU3BOAUTENbHOCTU. WK ke, Ha000poT, onepaTop,
NOJIyIUB OOJIbIIMI MPAKTUYECKUI ONBIT, OyJeT paboTaTh Mpou3BoguTenbHEe. Tak,
€CJIM BCE MEXaHU3ATOPbI OYIyT MOCIEI0BATEIbHO UCIIBITHIBATE KOMOANH € KaTKaMu
Ne 14, To k KOHILy CpOKa MPOU3BOJUTEIBLHOCTh C XKaTKamu, Hanpumep, Ne 2 u 3 Mo-
JKET BO3PACTH WJIM YMEHBIIUTHCS MO YKA3aHHBIM PUYUHAM.

[ToaTOMy HEOOXOMMO PaHIOMHU3UPOBATH SKCIEPUMEHT M0 MOCIEA0BATEIBHO-
CTH MCHBITaHUS HOMEPOB KaTOK. HO mpm 3TOM MOXKET OKa3aTbCs, YTO HEKOTOPBIM
pabouyuM BBINAJIO UCHBITHIBATH OJIMHAKOBBbIE HOMEPA KATOK B OJMH U TOT )K€ J€Hb U
Ha MPOU3BOAUTEIBHOCTh OKAXXYT BJIMSIHHE BbIIIEYKa3aHHbIE TPUUUHBI (KPOME 3TOTO
noTpedyeTcs TONOTHUTENIbHOE KOJTUYECTBO JKATOK).

[ToaToMy HEOOXOMMO PaHIOMU3HPOBATH IKCIIEPUMEHT TaKUM 00pa3oM, 4To-
OBl B TAaHHBIA JICHh KaXKIbI HOMEP JKaTKU HUCIIOJIb30BaJICA TOJILKO OAWH pa3. Takoi
MOJIHOCTHIO PaHAOMU3UPOBAHHBIN MJIaH SKCIIEPUMEHTa IpUBEIeH B Ta0. 2.2

Tab6muma 2.2
ILnan nmpoBeeHus SKCIEpUMEHTA
Mexanuzarop JHu Henenu
ITH. Br. Cp. Yr.
A 1 2 3 4
B 3 4 1 2
C 2 1 4 3
D 4 3 2 1
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B Ta6n. 2.2 npuBeaeH Tak Ha3pIBaeMbld tamunckui keadpam (4x4). Ilocne 3a-
BEPIICHUS UCIIBITAHUN PE3YJIbTATHI IO KAXKIOMY HOMEPY KATOK YCPEIHSIIOTCS.

PaccMOTpeHHBIN AKCIIEPUMEHT MOXKHO €IIe YCOBEPIIEHCTBOBATh. Eciu Kax-
T MEXaHU3aTOp padoTal HAa OJHOM M TOM K€ MallluHE M TOJBKO MEHSJT KaXKIbIi
JI€Hb JKATKH, TO BCIEACTBUEC PA3IUIMN MEXTY MOJOTUIKAMH MOXET IMOSBUTHCS CH-
cremaTudeckas ommuobka. Ecnmu 0603HaunTh Monotuiku depe3 Ne M1, M2, M3, M4,
TO DKCIIEPUMEHT MOKHO CIUIAHUPOBATh TaK, YTOOBI KaXKIbI MEXaHH3aTOp paboTa
Ha KaXJ10M MOJIOTHJIKE TOJIBKO MO OJTHOMY JHIO (Ta0. 2.3).

Tabmuma 2.3
[Iman npoBeaEeHUS SKCIEPUMEHTA
MexaHuzaTtop JHu Henenu
IH. Br. Cp. Ur.
A 1M1 2M?2 3M4 4M3
B 3IM2 4AM1 IM3 2M4
C 2M3 1M4 4M2 3MI
D 4M4 3M3 2M1 IM?2

B Tabm. 2.3 npuBeieH Tak Ha3bIBAEMbIH epexo-namunckutll keaopam (4x4).

MHnozeogaxkmopHvie s3Kkcnepumenmeol.

[Ipu BO3IEWCTBUM HA M3y4aeMbIii OOBEKT HECKOIBKUX (PAKTOPOB BIMSHUE Ha
UCCJIeyEeMBbI MapaMeTp OKa3bIBAIOT HE TOJIBKO KaXbl (haKTOp B OTIAEIBHOCTH, HO
U pa3JIMYHbIe KOMOMHAIIMY ITUX (DAKTOPOB, B3AMMOICUCTBYIOIMUX MEXKIY COOOH.

OKCnepUMEHThI, TPOBOAUMBIE ISl UCCIAEAOBAHUS BIMSHUS HECKOJIBKUX (Dak-
TOPOB, HA3BIBAKOTCS MHO20DAKIMOPHBIMU.

B MHOro¢akTOpHBIX SKCIIEPUMEHTAaX BO3MOYKHO MCIOJIb30BAaHUE TJIaHa OJTHOTO
U3 JIBYX THUIIOB: KIACCUYECKO20 U (haKmMOpHO2O.

Krnaccuueckunii miaH npuMeHseTcs BO Bcex 00yactax uccienoBanuii. dakrop-
HBIM IJ1aH 4acTo ObIBAE€T KOpOYE, OH BCErjaa TouHee (MpHU OJMHAKOBOM C KIIACCHUYEC-
KHUM YHCJIE OTBITOB), HO, IO PSAY IPUYHH, IPUMEHSETCS peXKe.

Knaccuueckuit naan. Ilyctb HEKOTOpas 3aBUCHMMasi EpeMeHHast R sBIsieTCS
bynkuuen Heckoybkux nepemeHHblx X, Y, Z u 1. 1. Kimaccuueckuil mian skcnepu-
MEHTa COCTOUT B TOM, YTO BCE HE3aBUCUMBIE NIEPEMEHHBIE, KPOME OJIHOM, MOJIararT
MOCTOSIHHBIMHU, M 3Ta OJHA MepeMEHHas U3MEHSIETCS] Ha BCEM MHTEpBaJIe €€ 3Haue-
HUW. 3aTeM U3MEHSIIOT JIPYTYI0 EPEMEHHYIO, M0JIarasi BCe OCTAJIbHbIE IOCTOSHHBIMU,
T. €. mocieaoBarebHo HaxomsT 3aBucumoctd R = f(X),R = f(Y),R = f(Z).1lo
CYILIECTBY KJIACCUYECKUN MHOTO(AKTOPHBIM AKCIEPUMEHT MpPEACTaBIsIECT COOOM To-
CJIEI0BATEIBbHOCTh OJJHO(PAKTOPHBIX IKCIIEPUMEHTOB.

Pe3ynbTaT MHOroakTOpHOTO 3KCHEpPUMEHTa TPYAHO MPEICTaBUTH rpaduye-
CKH, €CJIM YMCIO MpUMEHSEMbIX (akTOpoB Ooiibilie NBYyX. [103TOMY KOHEuHas 1ielb
IKCIEPUMEHTa — dIMIUpHUUecKas 3aBucumocth R = f(X,Y,Z, ...).
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B 3aBucumocTy OT cnioskHOCTH (PYHKIIMH R TUTaH SKCTIEPUMEHTA MOXKET UMETh
Pa3TUYHYIO CTETCHB CIOKHOCTH. Hampumep, mian AByX(akTOPHOTO AKCIIEPUMEHTA,
B KOTOPOM KaXKZIbIHi (hakTop OepeTcst Ha TSATH YPOBHAX, CXEMATHUYECKH MOKHO TIPE.I-

CTaBUTH B cieAyronieM Buae (puc. 2.4):

YpOBHU ITIepeMEHHON Y YpoBHU ITIepeMEHHOU Y
1 2 3 4 5 1 2 3 4 5
1 + 1+ + + + +
YpoBuu 2 + YpoBau 2 + + +
nepeMenHon 3 + + + 4+ 4+ mepemennoun 3 + + + + 4+
X 4 + X 4 + + +
5 + 5+ + + + +

a) 0)

Puc.2.4. TInansl 1ByX(aKTOPHOTO HKCIIEPUMEHTA

3HaKOM «+» 0003Hau€Hbl KOMOWHAIIMU YCJIOBHM, MPU KOTOPBIA JTOIKEH MpO-
MU3BOJAUTHCS SKCIIEPUMEHT.

Ecnu 3apanee M3BECTHO, YTO HMCCIIEIyEMbl€ 3aBUCHMOCTH MOTYT OBITh OINHKCA-
HbI TAKUMHU TIPOCThIMU QyHKIUAMU, R = AY™ + BX™ R = AY"X™,R = AYB™u .
1., TO MOYKHO OTPaHUYMTHCS TIJIAHOM, KOTJla 00e nepemMeHHbie X u Y moouyepenHo Oe-
pyTCsi Ha 0JTHOM ypoBHE (puc. 2.4,a).

B cnyuasx ucnonb3oBaHusi 00Jee CIOXHBIX (PYHKIUMN, HApUMEpP TaKUX Kak

R = AXsm( ) R = AX®y np., He0oOXOMMMO pPACCMOTPETh HECKONBKO YpOBHEN

nepeMeHHbIX X u Y (cM. puc. 2.4, 6). MoxeT NOoSBUTHCSI HEOOXOIUMOCTh 3alIOJIHUTh
BECh KBAJpaT U MPOHECTH SKCIEPUMEHT ISl BCEX 25 KOMOMHAIIMI YCIOBUH.

[Inan kaccUYecKoro 3KCIepUMEHTa HEO0O0s3aTeNIbHO JIOHKEH OBITh cOalaHCH-
POBaHHBIM. DTO O3HAYAET, YTO MOXKHO BBIOpATh JECATH YpOBHEU MepeMeHHOU X U
TOJILKO TPU YPOBHSI IEPEMEHHOM Y €ClIM U3BECTHO 3apaHee, YTO 3aBUCUMOCTh R OoT X
ABIIgeTCs OoJiee BAXKHOU MM OoJiee CII0KHOM.

[Tocne mpoBeneHMs 3KCIEPUMEHTOB CTPOST IpapUUECKUe WA aHATUTHYECKUE
3aBucumoctd R = f(X),R = f(Y).

2.6. IIpenBapure/ibHbIA aHAIHN3
IKCINEPUMEHTAIbHBIX JAHHBIX

[IpenBaputenbHblid aHATU3 HKCIEPUMEHTAIBHBIX JAHHBIX BKJIIOYAET OIpeEse-
neHue GyHKIIMOHATBHBIX CBS3EH,
rpaduyueckuil aHaIu3 JaHHBIX, CTIaKUBAaHUE TPa(UKOB U APyTryUe Oneparum.

Onpeoenenue @ynkyuonanvuvix cesazei. I paguueckuii ananuz oauwnvix. Axa-
neMuk B.II1. ['opssukuH roBOpui, 4To «...3aKOHOMEPHOCTH PsAJla YUCEN BOCIPUHUMA-
€TCsl HalllMM CO3HaHHWEM TOJIbKO B IpyObIX, 001X uyeprax. ToT ke psan uucen, npe-
CTaBJIEHHBIN B BUJE rpaduka, cpa3y OTKPbIBAECT PA3BUTHE SIBJICHUS.
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O6mue mpaBuia noctpoeHus rpaduxoB TakoBbl. [1o ocu abciuce oTKIabIBA-
10T 3HAY€HHUE apIyMEHTAa, a TI0 OCU OpJUHAT — 3HAaUeHHE (PYHKIUU.

Hauano orcuera HeoOs3aTeNbHO pacoiaraTh B npejenax Jucta. JKenarenbHo,
yT0OBI MacmTad rpadguka COOTBETCTBOBAI aOCOIIOTHOM OIIMOKE M3MEpPEHUM, Toraa
omrbka orcyeTa no rpaduky He OyneT MpeBbIIaTh OMUOKU U3MepeHui. PekoMeH-
ayemble MacmrTaObpl  mkam:  1:1:10%; 1:2-10™: 1:5°10", mpum stoM n =
0,1,23,...

Ecnu oTpe3ok manuHol M, n3oOpaxaroumii enuauily Beanunasl U, Ha3BaTh Mo-
JyJIeM IIKaJIbl, U €CJIM U3BECTHBI Mpeeibl a U D u3MeHeHus BenmuuuHbl U, TO JyiMHA
KAl Oy/IeT ONMpenesThes 3aBHUCUMOCThIO: L = m(b — a). PacuetHoe 3HaveHuUe
JUTMHBI TIKAJIbI OKPYTJISIOT B CTOPOHY yBeJIW4YeHHs. TOJIBKO TMOCJE BbIYEPUMBAHUS
IIKaJI ONBITHBIC TAHHBIE HAHOCST Ha TpaduK.

Cenascusanue epaghuxos. Ilpu mnoctpoeHun rpaukoB HEOOXOAUMO YCTaHO-
BUTb, HE SIBJISIIOTCS JIM U3JIOMBI JIMHUM CIIEICTBUEM €CTECTBEHHBIX 3aKOHOMEPHOCTE,
CBSI3aHHBIX C NIEPEXO0JIOM KOJIMYECTBEHHBIX N3MEHEHUN B KAUECTBEHHbBIE, U, €CIIU T10-
TpeOyeTcsl, MOBTOPUTH BCE OMBITHI, IPUHIB MEPhI, UCKIIIOYAIOIINE BIUSHUE OUTMOOK
HaAOJIOICHUM.

@U3NYECKUM OCHOBAaHUEM CTJIAKUBAHUS KPUBBIX SABJISIETCSA IUIABHOCTH U3MeE-
HeHUs (QYHKIMU MPU MJIABHOM U3MEHEHUH apTyMEHTa; BHIPABHEHHBIE KPUBBIC JIOJK-
HbI HanOoJiee OJIM3KO 0TOOpaKaTh OOIIYI0 3aKOHOMEPHOCTh PAa3BUTHS SIBIICHUS. DTO
O3Ha4yaeT, YTO OHM HE 00S3aTENIbHO JOJKHBI ObITh CPEAHHUMHU M UYTO YCPEIHEHHUE
JIUIIL OJIMH U3 MPUEMOB CTJIa)KUBaHUS U BIPABHUBAHMUSL.

B nepByto ouepenpr CriakuBalOT JaHHBIE HEMOCPEICTBEHHBIX H3MEPECHUIA.
Henb3st crinaxxuBaTh pe3ysibTaThl KOCBEHHBIX U3MEPEHUN 0€3 MpeIBapUTEIHLHOTO BhI-
paBHUBAHMS JIAHHBIX HEMOCPEICTBEHHBIX H3MEPEHUM, TaK KaK MOTYT TMOSIBUTHCS
oonpmve ommOku. Hampumep, mpu UCHBITAHUM ABUTATENICd M3MEPSIOT KPYTALIUN
MOMEHT M 4YacTOTYy BpallleHHs Bajla, a 3aT€M BBIYUCISIOT MOIIHOCTh U ONPEEISIOT
3aBucumocth N = f(n). Eciu npeaBapuTensHO HE CTIaauTh PE3yIbTaThl THX H3ME-
PEHHU, a JIUIIH BHIPOBHATH KPUBYIO BHIYMCIEHHON MOIIHOCTHU, TO BCE JAHHBIE Xapak-
TEPUCTUKH JBUTATEIIS MOTYT OKa3aThCsl HECOMOCTABUMBIMU.

[Ipu criaxuBaHWM yCTaHABIMUBAIOT, HET JIU OTACJIBHBIX PE3KUX OJHOCTOPOH-
HUX OTKJIOHCHHUM OT IMJIaBHOW KpUBOW. Eciu Takue 0JHOCTOPOHHUE OTKIOHEHUS (O/1-
HO-/IBa Ha BCIO CEPUIO OIMBITOB) UMEIOTCA U HAXOJAT OOBICHEHUE B U3BMEHEHUHU YCJII0-
BUI M3MEPEHMS, UX OIMYCKAIOT, @ BMECTO HUX IMPHU MOMOIIU UHMEPNOAAYUYU HAXOISAT
TOYKH, OJIU3KO PACIIOJIOKEHHBIE K €CTECTBEHHOM IJIABHOW KPUBOW Pa3BUTHUSL.

Jlanee HaZO BBISICHUTH, HACKOJBKO pa30pOCaHbl TOUKH OMBITOB B 00€ CTOPOHBI
OT BOOOpakaeMoi IJIaBHOM KPUBOM, COSTUHSIONICH MX M HEOOXOIMMO JIU CTJIa)KHBa-
Hue. Ecim pa3dpoc ToO4YeK TakoB, YTO COCAMHHUTH MX TJIABHON KPUBON HEBO3MOXKHO,
TO KPUBYIO HY>KHO CTJIaauTh (puc. 2.5).
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Puc. 2.5. CrnaxxuBaHue KpuBoit

Haubonee Tounble pe3ysbTaThl NOIYYalOT IPU UCHIOJIb30BAaHUU IS CTJIaKHBa-
HUSL METOJIOB HAMMEHBIIUX KBaJpPaTOB M HauOOJbLIETro mpapaonofodus. s momy-
YEeHHUs! JOCTAaTOYHO TOYHOI'O XapakTepa pa3BUTHUSA HCCIEAYEMOIO IpOLEcca IMpHUMe-
HSIOT TaK Ha3bIBaeMoe rpauueckoe criakupaHue. [Jis 3TOro UCmosb3yroT KapaH-
Jall ¥ Ipo3padHble TMOKWe malsaoHbl (JieKalla, yroJIbHUKH, JUHEWKH). OCHOBHOE
paBuiIo TpaduuecKoro CrilaKUBaHUs: MPOBEJCHHAs KPUBas JOJIKHA PaCIoaraTbCs
KaK MOKHO OJIMKE KO BCEM ONBITHBIM TOYKaM.

JU1st 3TOT0 JOJKHBI OBITH BBIMOJIHEHBI CAEAYIOIINUE YCIOBHS:

o CyMMa OTPE3KOB HOPMAJIEH, OMYILIEHHBIX U3 OMBITHBIX TOYEK Ha KPUBYIO
(puc. 2.5), noKHA paBHITHCSA HYJIO (OTPE30K HOpMaJIM HaJl KPUBOM OepeTcs co 3Ha-
KOM AIF0C, @ TIOJT KPUBOW — CO 3HAKOM MUHYC).

o €CJIM COCAVHUTH BCE OIBITHBIE TOYKHU NMPSMBIMUA U MPOBECTH IIJIABHYIO
KpUBYIO, TO CyMMa IUJIOLIA/IeH, OTCEYEHHBIX KPUBOU MO 00€ €€ CTOPOHBI, JOJKHA
OBITH paBHA HYJIIO.

o B 000MX clTy4dasx TaKke HE0OXOJUMO, YTOOBbI CyMMa a0COMIOTHBIX BEJIH-
YUH OTPE3KOB HOpMAaJei WK MIoIaeii Obljia MUHUMAIbHOM.

Bnauasne ToHKOW JIMHUENW TPOBOJAT NEPBYIO KpUBYIO. Eciii OHa HE yIOBJIETBO-
pseT IPOBEPOYHBIM TPEOOBAaHUAM, €€ HE CTUPAIOT, & HAHOCAT BTOPYIO JUHUI0. Eciu
MOHAI00UTCS, BEIYEPKUBAIOT TPETHIO. 3aTeM TOJCTOW JIMHUEWH OOBOMST JIy4IlIUN Ba-
PHAHT, a OCTaJIbHbIE CTUPAIOT.

3. MOCTPOEHUE MOJEJIEHA IO PE3YJIbTATAM
KOPPEJIAHNMOHHO-PEI'PECCHOHHOI'O AHAJIN3A.

OpauM u3 >PQPEKTUBHBIX METOJOB YCTAHOBJICHMS B3aMMOCBS3EH SIBISETCS
KOPPESILIMOHHO-PErPECCUOHHBIN aHAJIN3.

[[Tupokoe UCHOJB30BAHUE JIMHEUHBIX CBSI3€M M CBS3€M, MPUBOMSAIIUXCS K JIU-
HEHUHBIM, O0OBACHAETCS HECKOJIbKUMU MPUYUHAMU: BO-TIEPBBIX, JIMHEWHbBIE CBSI3U MPO-
CThl U TPEOYIOT OTHOCUTEIBHO MEHBIIEr0 OObE€Ma BBIYUCICHHMM, a METOJUKa HX
yCTaHOBJICHHsI Ooiiee TIIyOOKO pa3paboTaHa; BO-BTOPBIX, CYIIECTBYIOT TEOpeTHYE-
CKH€ MPEANOCHUIKM 00JIee YaCTOro UCIOIb30BAHUS IMHEUHBIX (POPM CBSI3U, KOTOPHIM
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CBOMCTBEHHO HOpPMaJIbHOE paclpejielieHue, a OHO HauboJiee 4acTO BCTpEdaeTcsl Ha
MPAKTUKE; B-TPEThUX, KOPPEISAIMOHHYIO 3aBUCUMOCTbh YacTO 3aMEHSIOT JIMHEHMHOU
dbopMoii CBSI3M MOTOMY, YTO NPH CPABHUTEIBHO MAalbIX JUANA30HAX H3MEHEHUS
BXOJIHOTO TapameTpa JI00YI0 KPUBYIO B MEPBOM MPHUOIMKEHUN MOKHO amllpOKCH-
MHUPOBaTh KyCOUHO-JIMHEHMHON CBS3BIO.

KoppensiuoHHbIi 1 perpeCCUOHHBIN aHATU3bI O3BOJISIIOT PEIIaTh Pa3InYHbIE,
HO B3aMMOCBSI3aHHBIC MEXKIY CO00M 3amaun: Kod(hOUIIMEHT KOPPEAIUU OLEHUBAIOT
CHITy CBSI3H, ypaBHEHHUE perpeccuu — ee Gopmy, ¢ IPUBJICUYCHHUEM OIICHKH JJOCTOBEP-
HOCTH OTIPEICIISETCS peajbHOCTh CYIIECTBOBAHUS CBSI3U.

CyIHOCTh KOPPENAIMOHHO-PETPECCHOHHOTO METOAA 3aKII0YaeTcs B HAXO0X-
JCHUH YMIUPUIECKOT0 ypaBHEHUS ((OPMYIIbI), XapaKTEPU3YIOLIETO CBS3b PE3yJib-
TATUBHOTO TapamMeTpa C OMpPEIEICHHBIM BXOAHBIM (PaKTOPOM (MIU HECKOJIbKUMU
(akTopaMu B CiIy4ae MHOKECTBEHHOM KOPPEIISALIUN).

Jiist 00paboTKM UCXOHON MHGOPMAIMK, YCTAaHOBIICHUS dMIUPUYECKOn (op-
MYJIbI CBSI3H MOKHO MPUHSITH TAKYIO CXEMY:

o BBIOOD pe3yAbTaTUBHOTO Y U BXOJHOIO X MapaMeTpoB;

o BBIUMCJICHUE CPEAHUX apU(PMETHUECKUX 3HAYCHUI U TUCTIEPCUN PEe3yIIb-
TATUBHOTO U BXOJTHOTO TTapaMeTPOB;

o BBIOOP (OPMBI CBA3H;

o OIICHKA CUJIbI CBA3H, pacueT KO3 UIIMEHTa KOPPEIIALINH;

o OLICHKA 3HAYMMOCTH KO3 (HULIMEHTA KOPPEIIALINH;

o pacdeT TEOPETHUECKOTO YPaBHEHUS PErpecCui;

o OIICHKA 3HAYUMOCTH KO3 (UIIUEHTOB ypaBHEHUS PETPECCHUH;

[ ]

OIIpCACIICHUC aJCKBATHOCTU YPaBHCHHA PCIPECCHU M JOBCPUTCIBHBIX
IrpaHull.
CpeJ:[HI/Ie apI/Iq)MeTI/ItIeCKI/Ie 3HAQYCHHU BXOJHOI'O M BBIXOJHOI'O IIapaMETPOB BbI-
YUCIISIOTCS COOTBETCTBEHHO MO (POpMYyJIaM:
n_y. n_X.
Y2 =1"1 4 =11
Y =", X="—,
n n
rae Xi 1 Yj— 3HaueHHEe BXOJHOI'O M BBIXOJHOTO napaMeTpoB COOTBETCTBEHHO; N —

YUCJII0 Hap HNCXOJHBIX JAHHBIX B MACCHUBCE.
I[I/ICHepCHH pacCMaTpuBaCMbIX (1)3KTOPOB OIIPCACIIAIOTCA 110 (bOpMYJ'IaM:
n Vv 2 n V2
i1 (Xi —X)" i —Y)
) Y — .

Sy% =
X n—1

n—1
3.1 Bbi0op ¢popmbl cBA3H

HavanbHbiid 3Tan Beidopa Gopmbl UCCIEAyEeMOM CBSI3M 3aKJIIOYAETCSl B aHAIU-
TUYECKOM WM TpapuuecKOM aHalM3e UCXOAHOM MH(popManuu (Harpumep, MocTpoe-
HUE 1oJiA Koppessuuu). Eciny 3HaueHus: BBIXOAHOTO MapaMeTpa U3MEHSIOTCS IpH-
OJU3UTEIBHO PABHOMEPHO C M3MEHEHHEM BXOJHOTO (hakTopa, TO, BO3MOXKHO CYIIIE-
CTBYET JINHEWHAS CBS3b, €CJIM HEPABHOMEPHO — HEJIMHEHWHAS.
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[Ipu pemieHMM MHOTMX MPAKTUYECKUX 3a/a4 Yallle UCTHOJb3YIOTCS JTUHEHHBIC
CBSI3U U CBSI3H, KOTOPbIE MOTYT ObITh TPEOOPa30BaHbI B IMHEHHBINA BH/I.

T'unepbonuueckasn cenzo Buaa Y = ay + a, /X nuHeapusyeTcs 3aMEHON BXO/I-
HOT'O IapaMeTpa MepeMEHHO:

"=1/X
TOT 1A
Y =a4+aX'.
Ioxazamenvuas céssb Buaa Y = a, - e%* nuHeapusyercs 3aMeHON BBIXOIHO-
ro (hakTopa MmepeMeHHOi:
Y =e¥,
nocJie JorapupmMupoBaHus
"=lnayg+a X =a, +a,X.

Cmenennas cés3b Buza Y = ayx®t nocne yorapuMUpPOBaHUS JTUHEAPUIYETCS
3aMEHOM:

Iny =Y', Inag = a,’, InX =X,
TOTIa
Y'=ay +a; X’

Jlocapugpmuueckasn ceszo Buga Y = ay + a,InX nuneapusyercs 3amenoit X' =
InX, tormaY =a, + a, X'.

Kombunuposannas ceasv Buna Y = 1/(ay + a;e™™) nuHeapusyercs: 3aMeHOU
BBIXOJTHOTO (haKTOpa MepeMEHHOU

"=1/Y,
a BXOJHOTO (hakTopa — nepementoit X' = e~
tornaY' =ay,+ a; X'.
3.2 OneHKa CWIbI CBSI3U MeXKAY pakTopamu

B oOmiem ciyyae cuiy cBSI3U MEXy HUcCiaenyeMbIMUA (aKTOpaMy MOKHO OIle-
HUTb, UCHIOJIb3Ysl KOPPEISILIMOHHOE OTHOIIEHHE.

JIs IpoBEpPKM 3HAYMMOCTH MpEArnojiaraeMol JTUHEUHOU (opMbl CBS3U (WU
NPUBEACHHBIX K HEW) BBIYMCIIAETCS KOPPUIMEHT KOppensiuuu I

Koaddumuent xoppensiuu MoKeT NMPUHUMATh TOJIOKHUTEIIbHBIE U OTpHIla-
TEbHBIE 3HAYCHUS.

Ecnu cBsI3b MEXIy BBIXOTHBIM TapaMeTpoM U (HaKTOPOM-apTyMEHTOM MOIKET
OBITH TOYHO TIPEJICTABIICHA MIPSAMOM JInHUEH, KodhuireHT koppemsuu 7 = +1 .

IIpu r = 1— cBa3p Mexay Y u X OpsAMO NpONOpLHOHAIbHAS, Tpur = —1 —
o0paTHO MPONOPIUOHATIbHAS.

Ecnu 3nauenue xo3dduumenta koppessiauu 7 = 0, rOBOpSAT 0 HEKOPPEIUPO-
BAaHHOCTU HcCIeAyeMbIX (hakTopoB. [IJ1si HOPMAJIBHOTO 3aKOHA pacHpeesieHus CITy-
YaHBIX BEJIMYWH MpU 7 = (0 MOKHO TOBOPHUTH O HE3aBUCUMOCTH ATHX BeIWYHH. J[J1s
JIPYTUX pacnpeiesieHuid 3aBUCUMOCTh MOKET UMETh MECTO.

IIpunsTO cunTare:

npu r = 0,3 — cmabast cBs3b;

r = 0,3 — 0,7 — cpenHsisi CBS3b;
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r = 0,7 — cunpHas;
r = 0,9 — BecbMa CUIIbHAS CBA3b.
KoaddummenT xoppensiuu onpenensiercs mo Gopmyie:
.= =1 (Xi —X)(Yi - Y)

nSySy ’
rj1e N — YKCIIO Mmap UccieayeMbix pakTopoB; Sy, Sy — CpeaHEKBaIPATHIECKOE OTKIIO-
HCHUEC BXOJHOT'O U BBIXOJHOI'O q)aKTOPOB COOTBCTCTBCHHO.
Jlns ymobctBa pacyeta Kod(DPUIIMEHTa KOPPEISIMH MOXKHO HCIIOJIb30BaTh
(opmymy:
n Z?:1 XY, — Z?:l Xi Z?:1 Y;

(P X~ () (n B Y2 - (B 1)
lIposepka 3nauumocmu koappuyuenma xkoppensayuu. Kordpuuuent koppens-
MU I, ONpeeNseMblii 0 BRIOOPOYHBIM JaHHBIM, MOKET HE COBMNAJaTh C JICUCTBU-
TEJIbHBIM 3HAYEHHEM, COOTBETCTBYIOIIMM T€HEpaJIbHOW COBOKYMHOCTU (B CHIIy Ma-
JIO MpeACTaBUTEIBHOCTH BBIOOPKH). OmmbKa BEHIOOPOUHOTO Koddduienta Koppe-
JSIUW OTpeiessieTcs: o popMmylie:

r =

B 1 —r?

Sy —

[Ipu Gosbmnx BbIOOpKax (n = 100) MOXKHO MPEANONIOKUTH, YTO KOIPPULIU-
€HT KOppEJSLMHU pacipeneseH HopManbHO. Toraa crpaBeUIMBO CIEAYIOLIEE BbIpa-
KEHUE:

P{r —X,.S, <r <r+X.S5,},

rne P — Bepostaocte. Ilpy P =09 X, =1,653; P=0,95 X, =196; P =
0,99 X, = 2,576.

[Ipu mManbIx N rumore3a 0 HOPMAJIBHOM pacnpeaeseHuu KodpduuueHTa Kop-
pensuuu, Kak IpaBWwiIo, HE MOATBEpKIaeTca. B 3ToM ciiydae ucnoas3yror t -
kpurepuii CThIOZEHTa

rvn — 2
V1 —1r?

Jlyist yncna creneHeit cBo0OAbl 1 = N — 2 ¥ yPOBHS 3HAYMMOCTH T10 Ta0JIUIlaM
HAXOJAT TeopeTrueckoe 3HaueHue t —kpurepusa. Ecnu daktudyeckoe 3HaueHUE KpH-
tepusi CThiofieHTa OyneT OOJbIle TEOPETHUECKOTO 3HAUYCHUS, TO MPEINOI0KEHHUE O
HYJICBOM 3HA4YCHUH KOd(PuIMeHTa Koppesiun He ToATBepxkaaeTcs. B mpoTuBHOM
CJly4ae CUMTAETCS, YTO BEJIMYMHA I OJIM3Ka K HYJIIO.

3.3 Pacuer k03¢ $puuNEHTOB YPABHEHUS perpeccun

B ocHoOBe mocTpoeHus: SMIUPUIECKON 3aBHCUMOCTU (ypaBHEHUSI PETPECCHUN)
JISKUT METOJI HAMMEHBIMX KBajipaToB. OH SBISICTCS OJHUM W3 HauOoJjee yrnoTpeou-
TEJIBHBIX METOJIOB NPHOJMKECHHOW OIEHKM HEW3BECTHBIX TapaMEeTPOB YpPaBHCHHS.

t =
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[Tpoananm3upoBaB (GOpMy CBSI3U MEXKIY HCCICTyeMBIMH TEPEMEHHBIMH, UCKOMOE
IMIUPUIECKOE YPAaBHEHHE MOKHO TIPUBECTH K BUY:
Y =a9+aX.

3aTeM U3 MOTYYEHHBIX JKCIIEPUMEHTAIBHBIX TAaHHBIX YCTaHABIMBACTCS IPH-

OJIN>KEHHOE PaBEHCTBRO:
Yi=ay+aX;, (i=1,273,..,n).

KoaddummenTsr ay 1 a; onpenensroTcs U3 yCcIoBUs, YTOOBI CyMMa KBaJIpaTOB

Pa3HOCTH MEXIY JICBOW W MPABOW YACTSIMH NPHOTMKEHHBIX PABCHCTB ObLJIa MHHM-

MaJIbHOH
n

2 _ .
E[Yi — (ag + a;X;)]? = min.
i=1
JIst HaXOKIACHUS YKCTPEMyMa HaXOJUM YacTHBIC TIPOM3BOHBIC U MPUPABHU-
BaeM K HYIIIO

a ( n
_‘z[yl —(ap + a1Xi)]2 =0,
da (4
\i=1
n
J 2
5a 1 2.0~ (ao + )]

i=1
PemB monydyeHHYI0 CHCTEMY YpaBHEHHM, OMPEACNISIIOT HEU3BECTHBIE KOA(]-
(ULIMEHTHI MOJICIIN:

an+a,; ) X; =

X =l =

= —1
aOZX +c«12x2 ZXY

3nauumocmo Koaqbqbuuueumoe ypaeHeHuu peepeccuu. JIst OlleHKHM MmapamMerT-
POB, BXOJSIINX B YPaBHEHUE PETPECCHUH, TIPU PEIICHUN MPAKTUIECKUX 3a/1a4 MOYKHO
OTPaHUYUTHCS TIOCTPOCHUEM JIOBEPUTEITHHBIX HHTEPBAJIOB.
3amaBasich YpOBHEM 3HAUMMOCTHU 0. (MJIM JOBEPUTEIHLHON BEPOSTHOCTHIO 1 - o)
MIPU U3BECTHOM YHUCJIE CTETIEHEH CBOOOIbI IOBEPUTEIHHBIC TPAHUIIBI JIJISI TAPaAMETPOB
Ay U a4 OTNIPEENstoTCs o popMysiaM:
Qo1 = Ao — tr * Cogys a;1 = a3 =ty - Coq,;
Aoz = A + tr'Cogy; a1z = a3 — tp'Cogq, -
rae tr — teopermueckoe 3Hauenue U —kpurepust Crerofenra; (oo, — ClydanHast
omMOKa napamerpa ag; Co,, — CllydaiiHas omubKa napameTpa d; .
Cnyuyaitnas ommOka mapameTpa a, onpeaesiercs rno hopmyiie:

Y,

'Ms
'M=
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COaO = SOCT

roX - (Z )

\

2
e Syer” — OCTATOYHAsA TUCTIEPCHS.
2
OcTaTouHas qucriepcud S, onpenesaeTcs Tak:
OCT
n

1
Socr = EZ[YL - (aO + alXi)]2

Crnyuaiinas ommOka napameTpa a, onpenemnsercs mno popmyiie:
S
oCT

Tl_l Xiz (Z )

n
Ecnu gaktuueckoe 3nauenue t —kputepusi CTh0/IeHTa

(n—2) XL, (X; — X)?
l=1(Yi_Yl)2

OyZeT MEHBIIE I PAaBHO TEOPETUUECKOMY, TO MMAPAMETPHI Ay U A1 HE3HAYUMBI.
JloBEpUTENBHBIE TPAHULIBI YPABHEHUS perpeccuu. s onpeneneHus A0BEpH-
TEJIbHBIX TPaHUL] YPABHEHUSI PErpPECCUU HEOOXOAUMO Uil KaKJOTr0 3HAYEHHS apry-
MEHTa ONPEJEIUTh IUPUHY TIOBEPUTEIBHOIO HHTEPBaJa (YHKLIUH.
Hanmenbliee 3HaueHre MIMPUHBI JOBEPUTEIBHOTO UHTEPBAJIA TEOPETUUECKOTO
YPaBHEHUS PETPECCUM OIIPEEIIACTCS:

C0a1 =

a; —

tTSOCT

Vn
JloBepUTENbHBIE TPAHULIBI YPABHEHUSI PETPECCUM NPEICTABIIAIOT COOOM MHTEP-
BAJIbI, ONIPENIEIISIEMbIE U3 BBIPAKEHUS:

AXpmin = £

1 (X —X)?
Y i ta 2, Tl—ZSOCT E + n (X _ X)Z -
[=1\71

Jluneiinas sasucumocms Y = by + by X. Jlns sroit dyHKIMHU KOIPPUITUEHTHI
b, u b, onpez{enyﬁoTC;{ 1o (1)0pMyJIaM:

n n
—1X; iz —npi1 XY 1
Yi-1 Zl L hy== zYi_blzx
(Zi ) L X "\ =

Drcnonenyuanvhas 3aucumocms Y = byeP1* | Jina aroit pynxmun xoddu-
IIUEHTHI b, U b, onipeaensroTcs o Gpopmynam:

Xi Y InY; —n Yt X; InY;
2
(T, X) —nXi, X’

1:
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n

n
1
b, = exp - zlnYi—blin
i=1

i=1
Iapabonuueckasn 3asucumocmo Y = by + b X + b,X? . Jlna sroit GpyHKuun
K03 GuUIueHTs by, b1, by ONpenensoTcs Ipy PEIICHUN CUCTEMBI U3 TPEX YPOBHEH:

e n n n
nb0+b12X1+b22X12=ZYl’
i=1 i=1 i=1
n n n n
9 boin + b12Xi2 + bzzxi3 = inYi )
i=1 i=1 i=1 i=1
n n n n
bOZXl'Z + blzXl‘3 + szXi4 - ZXlZYl .
\i=1 i=1 i=1 i=1

3.4 3agauu 19 ynpakHeHuu

3aoaua 1. Tlotepu 3epHa Ha cosomoTpsice cocTaBisitoT 50-80% oT o6mMxX mo-
TEph 32 MOJOTHJIKOW. [[1s1 aBTOMATHYECKOTO PEryIMpOoBaHUsl HEOOXOIUMO BBHIOPATH
napaMeTp, ¢ y4eTOM KOTOPOTO MOYKHO ONpPEAEIUTh 3arpy3Ky cojomoTtpsica. OaHum
U3 MapaMeTPoB SIBIISIETCA TOJIIMHA XJI€OHONW MacChl B HAKJIOHHOM Kamepe. [Tomydensl
AKCTIIEPUMEHTAJIbHBIC JTAHHBIE 3aBUCUMOCTH MOTEPb 3€pHA HA COJIOMOTPSICE OT TOJ-
IIUHBI CJI0S XJIEOHOM Macchl O/ MIIABAIOIIUM TpaHcnopTepoM (Tadi. 3.1).

Ta6nuna 3.1
DKcnepuMEHTaIbHbIC JAHHBIE TTOTEPh
TomnmmHa c10s1, CM 0,8 1,0 1,2 1,3 1,4 1,6 1,8
[ToTepu 3epHa Ha 0,4 0,5 0,7 0,8 1,2 1,6 3,2
cosioMotpsice, %

e  OueHuTh CUITY CBSI3U MEXKY YKa3aHHBIMH (PaKTOpaMH.

e VYCTaHOBUTH 3aBHCHUMOCTbh MEXKIY MOTEPSMHU 3€pHA U TOJIIMHOU XJIeOHOMH
MAaCChI IIOJ] TUIABAOIIHAM TPAHCIIOPTEPOM.

3aoaua 2. OnHUM W3 BaXKHBIX MPUEMOB MOBBIIICHUS YPOKATHOCTH OBOIIHBIX
KYJBTYp SIBJIICTCSl KaluOpoBaHue ceMsiH. Paznenenue maptuu ceMsH Ha (Ppakiuu
OJIMHAKOBBIMU (PU3UKO-MEXaHUUECKUMU M OMOJIOTMYECKUMH CBOMCTBAMHU BO3MOYKHO
Ha OCHOBE JAHHBIX O CBSI3U MEX]Y 3TUMHU CBOMCTBAMH. B pe3ysibTare ucciienoBaHum
3aBUCUMOCTH BCXOXECTHU CEMSIH MOPKOBH OT UX TOJIIIUHBI IMOJyYeHbI JaHHBIC (Ta0.

3.2).
Tabnmma 3.2
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9KCHCpI/IMCHTEUII)HBIe JaHHBIC BCXOXKCCTH

Tomnmuna 0,5 0,6 0,7 0,8 0,9 1 1,1 1,2 1,3
CeMsIH, MM
Bcexoxects, 40 60 70 77 72 60 57 48 20
%

e  OUEHUTH CUITY CBSI3U MEXKY YKa3aHHBIMH (haKTOpamHu.
e  VYCTaHOBUTH 3aBUCUMOCTb MEX]y UCCIIETyeMbIMU (PAaKTOPAMH.

3aoaua 3. KauecTBO 00MOJIOTA 3€pHA 3aBUCUT OT PA3IMYHBIX ITApaMETPOB BaJl-
Ka. B pe3ynbpTaTe uiccienoBaHuii MOTy9YeHBI SKCTIEPUMEHTAIILHBIE TAaHHBIE CyMMap-
HBIX TTOTEPh MPU 0OMOJIOTE B 3aBUCHMOCTH OT IITUPHUHBI BaJIKa, TO0UPAEMOTO KOM-
6aitHom Ha ckopoctu V; = 1,1 u V, = 2 m/c (tab:a. 3.3). llupuHa MOJIOTHIIKU KOM-
Oaitna — 1,2 M, TPOU3BOIUTEIBHOCTD — 4 KI/C, COOTHOIIICHHE 3epHa K cojiome — 1:1.

Ta6muma 3.3
3aBHCHUMOCTH CYMMAPHBIX IIOTCPb OT MIMPHUHLBI BaJIKad
CkopocTh KOMOaitHa, M/c
V=11 ‘ V, =2 Hlupuna Banka S, m
[loTepu 3epHa, %
4.4 2 0,8
2,8 1 0,9
2,1 0,2 1
1,6 0,4 1,1
2 1,2 1,2
4 2,8 1,3

e YCTaHOBUTH 3aBUCUMOCTb CYMMAapHBIX NIOTEPH 3€pHA OT IIMPHUHBI BAJIKa MIPU
Pa3IMYHBIX CKOPOCTAX ABMKEHUS KOMOaliHa.

3adaua 4. B pe3ynbrare CpaBHUTEIbHBIX MCIBITAHUHN JKATOK IMOJIy4YEHbI JaH-
HbIE O BEJIMYMHE NOTEph 3epHa [1 B 3aBUCMMOCTH OT CKOpPOCTU ABMXKEHUS V KaTKH

(tabm. 3.4).

Tabmuma 3.4
CraTucTuyeckue JaHHbIC OTEPh
V, kM/4 6 6,4 6,7 9,3 9,5 10 13 13,5 14
I1, % 1 0,7 1,1 1 15 1,2 1,6 19 1,7

e Omnpenenuth napaMeTpbl YPABHEHUS CBA3U MEXKY MOTEPSMH 3€pHA U CKO-
POCTBIO IBUKEHHUS KATKHU.

3adaua 5. YCTaHOBIIEHO, YTO HAWBBICIIEH YPOXKAWHOCTU KYJIbTYpP HOCTUTAIOT
MPU ONTUMAJIBHOW TIJIOTHOCTH MOYBBI, UMEIOIIECH PA3JIMYHOE 3HAYEHUE JJIA Pa3Iny-
HBIX TUIIOB NOYB. [Ipy mpoxomax ceabCKOX03IMCTBEHHON TEXHUKH MO OO B CIEAaX
JBIDKUTENCH MOYBa yIUIOTHSIETCS. 3HaUeHUsT HeaoOopa ypoxkas H; pazmuuyHbIX KyJib-
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Typ B 3aBHCHMOCTH OT ILIOTHOCTH TOYBHI P, B cjelax JBIKUTEIICH NPHUBEICHBI B
Tadn. 3.5.

Tabmuua 3.5
Henob6op ypoxkas H; B cinenax aBuxuTenel TpakTOpoB
SumeHb

P, r/eM® 0,9 1,1 1,15 1,17 1,2 1,24 1,27

H;, % 0 3 11,5 15,2 27 34,2 37,8
O3umas nieHuna

P, r/eM® 1,3 1,36 1,4 1,42 1,45 1,5 1,52 1,55

H;, % 0 2 4 3 5 8 7 10
OgBec

P, r/eM® 1,4 1,42 1,45 1,5 1,52 1,55

H;, % 0 3 12 24 22 35

e OmnpenenuTs MapaMeTpbl YpPaBHEHUS CBSI3U MEX]y HEZOOOPOM YypoKalHO-
CTH JUIS Pa3JIUYHBIX KYJBTYp U IJIOTHOCTBHIO MOYBHI B CJIEIAaX JABHKUTEIICH.
3aoaua 6. Ilpu TpOEKTUPOBAHUM KUBOTHOBOJIUYECKUX KOMILIEKCOB HEOOXO -
MO YYHUTBIBaTh pa3Mepbl CAHUTAPHO-3aIUTHBIX 30H BOKPYT HUX (KOMILIEKcOB). I'pa-
HUIA PaCIPOCTPaHEHUS! BPEHOCTEN €CTh pacCTOSTHUE OT KOMIUIEKCA, HA KOTOPOM 3a-
IPSI3HEHUS HE NPEBBIIIAIOT MpPeAeabHO AonycTUMbIX KoHueHTpauuid (1K) (tabm.
3.6).

Tabnuua 3.6
['panu1bl CAHUTAPHO-3AUTHON 30HBI

KoMmIuiekc KpynHoro poraroro ckora

IToronosse, 2 3 4 5 6 7 8
TBIC. TOJI.
Paccrosaue ot 0,8 1,2 15 1,8 2 25 2,5
KOMILIEKCa, KM
CBHHOBOIUECKHI KOMITJIEKC
[Toronosxe, 20 30 40 50 60 70
TBIC. TOJI.
Paccrosaue ot 1,2 1,6 2,4 2,7 3,2 3,6
KOMILIEKCA, KM

e Ormnpenenuth rpaHUIly CAaHUTAPHO-3AIMUTHONW 30HBI JJIsI KOMILJIEKCa KPYITHO-
r0 POraToro CKora ¢ norojiopseM 9 u 10 ThIC. TOJIOB;

e Omnpenenuth TPaHUIy CAHUTAPHO-3AIMUTHON 30HBI IS CBUHOBOIYECKOTO
KoMInIekca ¢ morojiobbeM 80 u 100 ThIC. TOMOB.
3aoaua 7. BnaxXHOCTh TpaBhbl, 3aKjIabIBAEMON Ha CEHAX, JIOJHKHA OBITh B IIpe-
nenax 40-50%. OTKIIOHEHHE BIaXKHOCTH MAacChl OT 3TOI0 MHTEpBaia BEJAET K PE3KOMY
CHIDKCHHIO KadecTBa kopMa. PazpaboTan Biaromep, KOTOPBI Ha OCHOBE 3aBHCHMO-
CTH 3JICKTPUYECKOTO COMPOTHUBIICHUS MPOSBICHHONH MAaCcChl OT BJIIAYKHOCTH ITO3BOJISCT
B TOJIEBBIX YCIOBUAX 3a 7-10 MUHYT ONpeAenuTh UCKOMYIO BIaKHOCTE W KOpPMOB.
JIy1st ero TapupOBKU HEOOXOIUMO YCTAaHOBUTH 3aBUCHMOCTh MEXIY YKa3aHHBIMU Ta-
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pameTpamu. Ha ocHOBe WcclieOBaHUM MOTYYCHBI JTaHHBIC JJI1 U3MEIbUCHHOW JIFO-
1epHsI (tadu. 3.7).

Tabmura 3.7
3HadyeHus COMpoTUBJIEHUN R Biaromepa

W, % 37 45 55 65 75

[loBTOpHBEIE | 1 2 3 1 2 3 1 2 3 1 2 3 /1] 2|3
OIIBITHI

R, xOm 48 | 45 | 46 | 27 | 25 | 24 | 15|16 |13 |13 |12 |10 | 8 | 7 | 5

e Omnucarh PyHKITMOHAIBHON 3aBUCUMOCTD SKCTICPUMEHTAJIBHBIE JaHHBIE, TT0-
Jy4eHHBIE TIPU OMpPEACICHUU BJIAXKHOCTH U3MEIbYEHHOU IonepHbl. [IpoBepuTs ru-
MOTE3y OJJHOCTOPOHHOCTU JUCTIEPCHIA.

3aoaua 8. OnuH U3 BO3MOXHBIX CITOCOOOB YOOPKH pHca — OYECHIBAHUE METE-
JIOK Ha KOPHIO MPSIMOCTOSILIETO prca (C UCIOIb30BAHUEM HIETOYHOTO OYECHIBAIOILIETO
yCcTpoiicTBa). B pe3ynbpTare MCMIBITAHUM OYECHIBAIOIIETO YCTPOUCTBA MOJTYUYEHBI DKC-
NepUMEHTaIbHbIE JAaHHBIE 3aBUCUMOCTH 001uX noreps Il oT nmpuBeaeHHol nogaun
Q, (Tabm. 3.8).

Tabnuna 3.8
3HaueHue 00IKX NOTEPh

Quxr/ec/m | 09 | 1,2 | 14 | 18 2 22 | 24 | 2,7 | 34 | 37

I1, % 10 7,6 6 4,5 4 35 | 36 | 36 6 7,5

e Onpenenurs 3aBUCUMOCTh OTEPH OT MPUBEACHHOM 0J1A4H;

e OmnpenenuTs 3HaAYCHUE MPUBEAECHHOM IMOJAa4YM, ITPU KOTOPOU MOTEPU MUHU-
MaJIbHBI.

3aoaua 9. Ha MalimHOUCHIBITATEILHON CTAHIIMHM 3€pHOYOOPOUYHBIX KOMOAHOB

MOJTyYEHBI JAHHBIE O MTPOU3BOIUTEIBEHOCTH G MaIllliH W COOTBETCTBYIOIINX € IMOTe-
psx I (ta6a. 3.9).
Tabnuua 3.9
O6mue notepu 3a kombaitHom CK — 5
Gkr/c | 2 | 4 |51(63] 7|8 ]9 (10] 3|6 | 4
n,% |03/0,7]1 (152 |30(39|5]05|14|0,7

e  VYCTaHOBUTH 3aBHCHUMOCTh MEXK/y YKa3aHHBIMHU MapaMeTPaMHU.
3aoaua 10. JIng pacueta KOHCTPYKTUBHBIX TTOKa3aTeliel mpecc-moAdOopIIrKa U

OIIpCACIACHUA JSHCPIrMM Ha IIPCCCOBAHHC H606XOI[I/IMO 3HATh YCHUJIMC IIPCCCOBAHMA,
KOTOPOC YUYUTHIBACT KaK COIIPOTHUBJICHUC MATCPpHUAJIA CKATHUIO, TAK MU €TO0 TPCHUC O

www.fondpotanin.ru

CtpaHuua 51



BJIATOTBOPUTEJIbHbIIA
®OH[, B.MOTAHMHA

CTEHKH IIPECCOBAJILHON KaMephbl. DKCIIEPUMEHTAIIbHBIC 3HAUYCHHUS 00bEMHOTO MOTYJISI
ynpyroctd K B 3aBHCHMOCTH OT IUIOTHOCTH Pa3JIMYHBIX MaTepHUAJIOB MPHUBEICHHI B
tab6a. 3.10.
Taomuma 3.10
DKCIepUMEHTAIbHBIC 3HAYEHUS MOJTYJIS

IL10THOCTB, KI/M®

Matepuan 100 | 150 | 200 | 250 | 300

Yupyrocts, MIla

CoJoma nmeHu4YHas
BJIaXXHOCTBIO 11.5 % 1,2 2 2,9 4,2 55
Conoma oBCsIHas BIIAXKHO-
cThio 16,5 % 1 2 3,5 6 8,1
CeHo ecTeCTBEHHBIX TPaB
BIa)XKHOCTBIO 24,3 % 2,1 3,5 5 7,2 10,1

e  Onpenenuth SMIUPUUECKYIO 3aBUCUMOCTh 00BEMHOI0 MOJYJI YIPYTOCTH
OT IUIOTHOCTH ITPECCYEMBIX MAaTEPUATIOB.

3aoaua 11. Ha MalmmmHOCTPOUTENBHON CTAHIIUU MOJTYYEHHBIE JIaHHBIE O 3aBU-
CUMOCTH cKopocTH V komOaiiHa ot ypoxkaitHoctu U mpu pa3inuyuHbIX COOTHOIICHHSIX
3epHa K COJIOME U pa3nuHOM 3acopeHHocTH (Tabm. 3.11 - 3.14).
Tabmuna 3.11
DKCrnepUMEHTAIIbHbBIE TAHHBIE CKOPOCTHU MIPH D01bULOT
3aCOPEHHOCTH M COOTHOIIIEHUU 3epHa K cosiome 3.:C

1:0,8-1:1
Brnaxnocts xaeboctos, %
Vposxaitaocts U, w/ra 9-12 | 13-16 | 17-20
CKopocThb, KM/4
20 8,3 7,4 6,8
35 4,2 3,7 3,5
50 3,4 2,9 2,5
65 2,8 2,4 1,8

Ta6numa 3.12
DKCIEepUMEHTAIbHBIE TAHHBIE CKOPOCTH MPU MAIOU
3aCOPEHHOCTH U COOTHOIIEHUH 3€pHA K conome 3:C

1:0,8 -1:1
BnaxxHocts xaeb6octos, %
VYpoxaitnocts U, 1/ra 9-12 ‘ 13-16 ‘ 17-20
CKOpOCTh, KM/4
20 94 8,2 7,1
35 5,2 4,6 3,9
50 4,2 3,9 3,2
65 3,8 3,0 2,5
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BJIATOTBOPUTEJIbHbIIA //

Taomuna 3.13

1:1,2-1:15
Bnaxxnocts xitebocrost, %
VYpoxaitnocts U, i/ra 9-12 | 13-16 | 17-20
CKOpOCTh, KM/4
20 8,2 7,3 6,7
35 4,1 2,6 3,4
50 3,3 2,8 2,3
65 2,9 2,2 1,7

DKCIEepUMEHTANIbHBIC TAHHBIE CKOPOCTU MPU MAIOU
3aCOPEHHOCTH U COOTHOIIEHUH 3€pHA K conome 3:C

Tabmuua 3.14

1:1,2-1:15
Brnaxuocts x1ebocros, %
VYpoxaitnocts U, 1i/ra 9-12 | 13-16 17-20
CKOpoCTh, KM/4

20 8,5 7,6 6,9

35 4,5 3,9 3,7

50 3,7 3,1 2,8

65 3,0 2,4 2,18,3

COJIOMC.

Y CTaHOBUTH PErPECCHOHHYIO 3aBUCHMOCTh MEXKIY CKOPOCTBhIO KOMOaifHa 1
YPOXXKaHOCTBIO MIPU PA3TUYHBIX 3HAYEHUSIX 3aCOPEHHOCTH M COOTHOILICHMS 3€pHA K

3.5 Ucnoan3oBaHue nakera Excel niist mocTpoeHns perpecCHOHHBIX

yIpaBJIeHUMN

Ilocneoosamenvrocmo Oeticmeuti Npu peuteHuu 3a0a4.

1. 3arpysure Excel.
2.

3a”ecuTe B CTONOEI] U3BECTHBIE 3HAaUeHUs Y (IpoOHOE 3HAUYEHHE BBOJUTH C

3aMSITHIMH):

BBIICJIUTD AUCHKY (aApec SUYEHKH MOSBUTCS B TIOJIE UMEHH);

BBCIUTC C KIIaBUATYPbI HCO6XOI[PIMBII>1 TCKCT UJIHW 3HAYCHUC (BBOI[I/IMOC 3Ha-

YeHUE MOSBUTCS B CTPOKe hopmyi).
. 3aHecuTe B CTOJIOCI U3BECTHBIC 3HAUCHUS X.
. Beigenure 0710k CBOOOAHBIX STUEEK PA3MEPOM B 5 CTPOK U 5 CTOJIOIIOB:

YACPKUBAs JICBYIO KHOIIKY MBIIIN, HY’)KHO OTMCTUTDH HGO6XOI[HMBII>1 0JI0K

AYCCK.

B CTpOKe (popMyir HabepuTe, Hanpumep,
=JINMHEUH (A7:A25;B7:D25; uctuna; nctuna)
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—

AT:A25 — aapeca siueek 3HaUeHUN Y
B7:D25 — angpeca siueek 3HaueHUM X
(ampeca siueeK BBOJIUTE B aHTJIMMCKOM PETUCTPE);
— ynepxxuBas HaxaTeiMu KiaaBummm Ctrl m Shift HaxxmuTe kiraBumy Enter, To-
raa HabpanHas ¢popmyiia OyAeT BOCIpHUHATA Kak popMyJia JIJIsl MacCHBa,
— ecnu (pyHKIMA ObLTa BBEJCHA KaK (PYHKITUS JIJIT MacCHBa, TO OHA aBTOMATH-
YyecKku OyeT B3siTa B PUTYpHbIE CKOOKH;
{(=JIMHEWH(A7:A25;B7:D25; ucruna; ucruxa)}
— ©CIIM BCE CJ/IeJIaHO MpPaBUJIBLHO, TO B BBIJCJICHHOM OJIOKE SYEEK IMOSBUTCS
TabyuIa pe3yIbTaTOB pacyeTa.
6. B sueiiky F7 BBeaute popmyny: = myx; + myx, + -+ + b, IoACTaBUB BMe-
CTO My My, ...b NX 3HAUYEHUS M3 TAONHUIBI PE3YJILTATOB PacyeTa, a BMECTO
X1, X3, ... - aJpeca I4ueek;
— HaxMUTe KiaBuiny Enter (B sueiike mosBUTCs pacueTHoe 3HaueHHE Y).
7. IloMectuTe Kypcop MBI B TMpaBblil HIDKHUM yToj siueiiku F7, mpu sTom
U3MEHHUTCS BUJ Kypcopa.
8. YnepkuBas Ha)XaTOW JICBYIO KHOIIKY MBIIIIH, IBUTAWTE Kypcop 1Mo cTooiy F
BHU3. [lomyunre cTonben pacueTHbIX 3HaUeHHH Y.
VYpaBHEHHE JUHUH B O0IIEM CITydae UMEET BHI:
Yy =myx; +myx, +--+ b,
JUTSL IPSIMOM JTUHUU
y=mx+b,
rae m — 370 K03 UIMEHTHI, COOTBETCTBYIOIINE KaXKI0W HE3aBUCUMOUM TIEpEeMEHHOM
X; b — mocrosiHHAas.

®ynkuus JIMHEMH Bo3Bpamaer maccuB {m,,m,_y,...,m;, b}. JUHENH
MOJKET TaKe BO3BpaLIaTh TOTOIHUTEIbHBIC CTATUCTUKH.

JIMHEWH (u3BecTHBIE 3HAYEHMs Y, H3BECTHBIC 3HAYECHHUS X, KOHCT, CTATUCTHKA)

H3eecmubie_3nayenus Y — 3TO MHOKECTBO 3HAUYEHHUH Y, KOTOPBIE YK€ U3BECT-
HBI IS COOTHOIIICHUS Y = mx + b.

Ecnu maccuB ussecmmuvie_3nauenusi Yy UMEET OJUH CTOJIOELI, TO KaXKJbI CTOJ-
Oell MaccuBa u3gecmHbvle 3Ha4eHus X UHTEPIPETUPYETCS KaK OTIeNbHAsl MEepPEeMEH-
Hasl.

Ecnu maccuB uzgecmuvie s3nauenus Yy UMEET OJIHY CTPOKY, TO Kax/aas CTpPOKa
MacCHUBa U38eCmHble_3HaueHusi X UHTEPIPETUPYETCs KaK OTAeNIbHAs IEPEeMEHHas.

H3eecmubie_3nauenus X — 3TO HEOOs13aTeIbHOE MHOXECTBO 3HAYEHHM X, KO-
TOpBIE Y>K€ NU3BECTHBI 711 COOTHOIICHHSI

y=mx+b .

MaccuB uzgecmuvle 3naueHus X MOXKET COIEpXkKaTb OJHO WM HECKOJIBbKO
MHO’KECTB IIEpeMEHHBIX. Eciiu Mcnoabp3yeTcst TONbKO O/IHAa IEPEMEHHas1, TO U3eech-
Hble 3HaueHus Y U u3eecmmuvle_3HaueHuss X MOTYT ObITh MacCUBaMU JIt000i (HOpMBI,
P YCIIOBUH, YTO OHU UMEIOT OJJMHAKOBYIO pa3MepHOCTh. Eciu uicnonbs3yercs 6osee
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OJIHOM MEPEMEHHOMU, TO U3eecmHuble 3HaueHus: Y NOJKHBI ObITh BEKTOpOM (MHTEpBa-
JIOM BBICOTOM B OJTHY CTPOKY WJIA ITUPUHOU B OJMH CTOJIOEII).

Ecnu uzeecmmuvie 3nauenuss X OMyIlEHbI, TO MPEANOIAraeTcs, YTO 3TO MAaCCUB
{1, 2,3, ...} Takoro *e pazMepa Kak U uU38ecmuble 3HAYEHUsL Y.

Koncm — 310 noruyeckoe 3Hau€HUE, KOTOPOE YKa3bIBAeT, TPEOYeTCs JIU, YTOOBI
KOHCTaHTa b Obu1a paBHa 0.

Ecmu xonem wmeer 3nauenne MCTUHA wnm omymieHo, To D Beraumcsiercs
OOBIYHBIM 00pa3OM.

Ecmu konem_ umeer 3nauenne JIOXKD, To b monaraercst paBapiM 0 u 3HaUeHUS
M MO0MPAIOTCS TaK, YTOOBI BBHIIOIHSIIOCH COOTHOIICHUE Y = MX.

Cmamucmuxa — 3TO TIepeMEHHas JIOTUYECKOro TUMa, KOTopas yYKa3bIBaeT, Tpe-
OyeTcs 11 BEPHYTh JOTOJHUTEIBHYIO CTATUCTHUKY 110 PETPECCHUMU.

Ecimu cmamucmuxa_ nmeet 3nauenne UCTUHA, to dyHkuus JIMHEWH Bo3-
BpalllaeT JOMOJIHUTENBHYIO PETPECCUOHHYIO CTATUCTHKY, T.€. BO3BpAIla€MbIii MacCHB
OyJeT UMETh BU/I;

{mn,mn_l, ..,mq, b;se,, se,_1,..,5€1,S€p; rz,sey; F,df;5Syeg, ssresid}.

Eciu ecmamucmuxa nmeer 3naduenue JIOXKD wnu onymena, to ¢pynkuus JIN-
HEIH Bo3Bpamaet TONbKO K03Q(HIHEHT M U IOCTOSHHYIO b.

JIOTIOJIHUTENbHBIE CTATUCTUKHU:

sei, Sey, ..., Se, — CTaHJIapTHble 3HA4YeHUs OMMOOK s KOA(PUIMEHTOB
my My, ..., My;

Sep — CTaHJAPTHOE 3HAYCHHUE OIMMUOKH JuIsd octosiHHOW b (se, = #H//l , ecin
koncm umeeT 3HaueHue JIOXKb);

r2 - k0> (PUIMEHT IeTEPMUHUPOBAHHOCTH;

Se,, — CTaHapTHas OMMOKa JJIs OLEHKH Y;

F — F-ctaTtuctuka ucnonb3yercs sl ONpeaesieHUs TOTO, SABJISIETCS U HAOJt0-
Jlaemasl 3aBUCUMOCTb MEXIy 3aBUCUMOW M HE3aBUCHMOM IEPEMEHHBIMU CIIy4alHOU
WJIU HET;

df — crenenun cBoOoabI. CTeneHn cBOOOIBI TIOJIC3HBI I HAX0XACHHUS F — Kpu-
TUYECKUX 3HAUYCHUU B CTaTUCTUYECKOW Tabsmie. J[Jisi onpeneneHusi ypoBHs HaJIexk-
HOCTH MOJICJIM HY’KHO CPaBHUBATh 3HAYEHUS B TaOnulle ¢ F — craTUCTUKOM, BO3Bpa-
maemoit gpynknueii JJMHENH;

SSreg — PETPECCUOHHAS CyMMa KBaJIPaToOB;

SSresiq — OCTaTOYHAsi CyMMa KBaJIpaToB.

B Ta6n. 3.15 nmokazaHo, B KaKOM TOPSIIKE BO3BPAIAIOTCS JOMOJHUTEIbHBIC
CTATUCTHUKH.

Tabmuma 3.15
ITopsimok pacnonoKeHusl CTATUCTUK

m, my_q es m, my b
se, Se,_q ... se, seq sep,
r? se,

F df
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Ssreg ‘ SSresid ‘ ‘ ‘

[TpoBonsi perpeccMoHHBI aHanmu3, EXcel «Bbrumcnsger s KaKAOH TOYKH
KBaJIpaT Pa3HOCTH MEX1Y IPOTrHO3UPYEMBIM U (haKTHUYEeCKUMU 3HaueHusaMH Y. Cymma
TUX KBaJpaTOB pPa3HOCTEH HA3BIBACTCA OCMAMOUYHOU CYMMOU K8aopamos. 3aTeM
Excel «noacunteiBaeT» cymMMy KBaJIpaToB Pa3HOCTEH MEKAY (HaKTUICCKHUMH U CPEJI-
HUMH 3HAYCHUSAMH Y, KOTOpasl Ha3bIBACTCS 0Owell cyMmoul keaopamos (perpeccroH-
Has CyMMa KBaJpaTOB IUIFOC OCTATOYHAs CyMMa KBaJapaToB). YeM MEHBIIE 0CTaTOY-
Has CyMMa KBaJpaToB IO CPAaBHEHUIO ¢ 00IIeil CyMMO KBaapaToB, TeM OOJIbIlIE 3HA-
uyeHne Ko>PPHUIMEHTA 1eTEPMUHUPOBAHHOCTH I, KOTOPBIN MOKA3hIBAET, HACKOIBKO
MOJIYYCHHOE YPaBHEHUE OOBSICHSAET B3aUMOCBS3h MEXKTY TIEPEMEHHBIMH.

4. TIOJIHBIA ®AKTOPHBI SKCIEPUMEHT

[Tonuslit hakTopHBIi 3kcnepuMeHT (IIDI) — 3TO MepBoOe 3BEHO B LIETIH IIAHOB,
NOCJIEI0BATEIbHOE CO3/1AHUE U COBEPLICHCTBOBAHNE KOTOPBIX MPUBEIIO K pa3padboTKe
MaTEeMaTUYECKUX METOJIOB MOJICIUPOBAHUS CIOKHBIX TpolieccoB. B momHoM ¢ak-
TOPHOM HKCIIEPUMEHTE PEaIn3yI0TCsl BCE BO3MOKHBIE, HETIOBTOPSIOIIMECS KOMOMHA-
IIMU YpOBHEH N He3aBUCUMBIX (pakTopoB. [lmanupoBanue u peanuzanusa [1OD Bkito-
YaeT ATaIbl: 86100p napamempa ONMUMU3AyUU, haxmopos u ypoeHell ux 8apbuposa-
HUs, KOOUposauue Gaxmopos, cocmasieHue niaHa-mampuysbl SKCHepumMeHma, pam-
oomuzayusi onvlmos, peanu3ayus niaHa 3KCNepuMenma, npoeepka 0OHOPOOHOCHU
oucnepcuti napaiiebHblX ONbIMO0E, UX 80CHPOUIBOOUMOCTU, pacyem Kodguyuen-
MO8 YypasHeHust MoOeaU, Ux OUUOOK U SHAYUMOCIU, A MAKIHCe NPOBEPKA AOEKBAMHO-
cmu Mooenu.

[To pesynpTaTam nBYx(haKTOPHOTO 3KcmepuMeHTa (N = 2) MOXHO TOCTPOHUTH
MaTEMaTUYECKyI0 MOJEIb IMpoliecca, B KOTOPOH MOMUMO JIMHEWHBIX YJIEHOB Oyner
YJIeH, YYUTHIBAIOIIMK 3(PPEKT mapHOro MeX(PakTOpHOro B3auMOACHCTBU:

Yy = by + byxy + byx, + biyxix, .

[Tnan I[1®D trna 22 (N = 3) MO3BOJIAET IOCTPOUTH MOJIEIb BHA:

Yy = by + byx; + byxy + b3xs + bipx1X5 + bi3X X3 + by3XyX3 + Dipgx 1 XyX5 .

Koaddummentsr b1z, b1z u bz xapakrepusyror adpdexr mapHoro B3ammopeii-
cTBHUS (DaKTOPOB X1, X2 M X3, a KOADPHIHEHT D123 — 3pPekT TpoiiHOoro Mexk(akToOpHO-
r0 B3aUMOJICUCTBHUS.

[Tnan [1®D tna 2* (N = 4) 1aeT BO3MOKHOCTH paccuuTarh 16 kod3pGUIUEeHTOB
MOJIEIIN:

Yy = by + byxq + byx, + b3xs + byxy + biyx1x, +
+bi3X1X3 + D1aX1X4 + Dy3XoX3 + DyyXox, +
+D34X3%4 + D123X1X2X3 + D12gX1 XXy + D334X2X3%4 +
+D134X1X3X, + D1234X1X2X3%Xy
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UToOsl omnpeaenuTh, Kakoe BIUSHUE HA (DYHKIHMIO Y OKa3bIBaCT KaXKIbld (ak-
TOP X;, IPOBOJAT FKCIIEPUMEHT, B KOTOPOM MEHSIOT 3HAUYCHUS X;, U3MEPSIS TIPU 3TOM
y.

3HaueHust (paKkTOpOB X;, 33J1al0T Ha JABYX YPOBHAX (X;min Y Ximax)> WIA HA
TPeX (X min» Xicpr Ximax)> WIH 1O JAPYrOi CXEME, NPH ITOM B MOJHOM (PaKTOPHOM
HKCIIEPUMEHTE MPOBOAAT OMBITHI JIJIsl BCEX COUETaHUN (haKTOPOB APYT C IPYroMm, 4TO
IIPH IBYX YPOBHSX BapbUPOBaHMs (GaKTOPOB JaeT 0b1ee uncio 2" OmbITOB, IPHU TPEX
ypoBHsx — 3", rae N —uucio ¢akrTopos x; (i=1, 2, ..., n).

[TpuBeneHHbIe MOJENH SBISIOTCSA JMHEHHBIMA OTHOCHUTEIBHO (PAKTOPOB. DTO
3HAYUT, YTO, €CIH 3a(UKCUPOBATh BCE (HAKTOPBI, KPOME OJHOTO, TO 3aBUCHMOCTH Y
ot x; Oyaer nuHeliHON U rpaduk y = f(x;) Oymer MpsAMOI JIMHHUEH, BO3pacTaromen
npu b; > 0 u yosiBaromeit pu b; < 0.

W3BecTHO, 4TO IJIs MOCTPOCHHS IPSIMOM JJOCTATOYHO 337aTh JIBE €€ TOYKH, I10-
TOMY AJIs OMpENeICHHs] 3aBUCUMOCTEH PacCMOTPEHHOTO THMa JOCTATOYHO JIBYX-
YPOBHEBOTO DJKCIEpUMEHTa, T.€. OIpeNeieHHs OTKIWKa Y B JABYX TOYKax -
Ximin U Xi max-

JIuHeitHbIe MOJICIN U JIBYXYPOBHEBBIN IKCIIEPUMEHT MOXKHO NMPUMEHATb, ECIH
3apaHee U3BECTHO, 4YTO (DYHKUUS OTKJIMKA B HMCCIEAYEMOM JMaNa3oHE W3MEHEHHUS
dakTopoB O5m3Ka K JTMHEWHON. OHAKO YacTo 3Ta (YHKIUS MOXKET ObITh HEIUHEH-
HOM.

TpexypoBHEBBIN IKCHEPUMEHT MO3BOJSET U30€XKaTh OMIMOKH MPH OMpeseIie-
HUM BUJAa MOJEIH, TOUYHEE OIEHUTHh KOAI(D(PHUIIMEHTHI TMHEHHOW MOJEIU U SBIISETCS
00s3aTEeNbHBIM IIPU MOCTPOECHUU HEJIMHEMHOW MOJIENH, T.€. MOJEIH, B KOTOPOH (ak-
TOPBI X; UMEIOT CTENEHb, OTIINYHYIO OT €IUHULIBI.

4.1 Cocrasyienne miaana [ tuna 2"

[Tnan Tuma 2™ sBiIseTCS caMbIM MPOCTHIM TUIAHOM, Y KOTOPOT'O OPTOTOHATBHBI
JT00BIe J1Ba CTOJIONA HE3aBUCUMBIX NIepeMeHHBIX. [Ipu aToM uccneayembie hakToOph
V3MEHSIOTCS Ha IBYX YPOBHSIX: BEPXHEM Z 4, U HUKHEM Z iy, . 1Ipy 1aHupOBaHUU
IKCIIEPUMEHTa MPeoOpa3yroT pa3MepHbIe yIpaBisieMble He3aBUCUMBIC (DaKTOPHI Z; B
Oe3pa3MepHbie, HOPMUPOBAHHBIE X; TI0 hopMyIIe:

Zi — Zy
' AZ;
rae X; — KoJoBoe 3HaueHue i-ro pakropa; Z; — HaTypaibHOE 3HAUEHHE I-TO (aKTopa;
Z;p — UCHTP SKCIIEPUMEHTA WM HAYaJIbHBIN (HYJICBOW) YPOBEHb I-r0 (hakTopa;
AZ; — uaTepBal BapbUpoBaHus i-ro (hakropa.
WNuTepBan BapbUpOBaHUS OMIPEACITACTCS KaK

Zimax - Zimin

AZ,: == > )
a IIEHTp IKCIepUMeHTa 1o hopmylie:
_ Zimax + Zimin
Zip = > :
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[TnaH sKcreprMEHTa MOKHO COCTAaBJIATH Pa3HBIMU CIIOCOOAMH, B YaCTHOCTH,
crocobom, m3o0pakeHHbIM B Tabi. 4.1 u 4.2. 3Hauenus nepBoro (akropa x; yepe-
ayi0TCst (Xmin» Xmasxr Xmin ¥ T-[I. ) B K@XJIOM OIBITE, 3HAUYECHUS X, — Yepe3 JBa OIbI-
Ta, X3 — Yepe3 YEThIPE OIbITA, X, — YePE3 BOCEMb OIBITOB U T.J. (3HAK M/170C COOTBET-
CTBYET MaKCHUMaJIbHOMY 3HA4YCHHUIO (haKTOpa, 3HAK MUHYC — MUHUMATILHOMY ).

I11aH SKCIepUMEHTA THHA 22

u X1 Xy

1 - -

2 + -

3 - +

4 + +

[TnaH sxcnepuMenTa Trma 23

u X1 Xy X3
1 R - R
2 + - -
3 - + -
4 + + -
5 - - +
6 + - +
7 - + +
8 + + +

Tabmnura 4.1

Tabmauua 4.2

Ecim TpebyeTcss MOayduTh MOJETh C y4ETOM MEK(DAKTOPHBIX B3aWMOJICH-
CTBH, TO B MaTPHUILy JOOABJISIOT CTOJIOIBI C COOTBETCTBYIOIIMMHE WICHAMH MOJICIIH,
P ATOM 3HAK CTOJIONA ISl KKIOTO OIBITa OMPEACIIICTCS 10 3HAKY MPOU3BEICHUS
BXOJISIIIUX B 3TOT WieH (PaKTOPOB, HAIPUMED, 3HAK CTOJIONA X;X,X3 B TUIAHE JKCIIe-
pumenTa (tadi. 4.3) nus ctpoku 3 pasen (-1)(+1)(-1) = 1.

Tabnmma 4.3
Marpuiia 3KCIIepuMeHTa ¢ Y4eTOM MeK(PaKTOPHBIX
B3aUMOACUCTBUI
u X1 X X3 X1Xp X1X3 X3X3 | X1X2X3
1 - - - + + + -
2 + - - - - + +
3 - + - - + - +
4 + + - + - - -
5 - - + - - +
6 + - + - + - -
7 - + + - - + -
8 + + + + + + +
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Ilpumep. Tlpu ontumMuzanuu pabOThl MOJOTWIBLHOIO amnmapara mpu yoopke
KYKypy3bl B Ka4eCTBE YIPABIIIEMbIX HE3aBHUCHUMBIX (PAKTOPOB BBIOpAHBI: Z; — 3a30p
Ha BXOJI€ B MOJIOTHJIbHBIM ammapar U Z, — 3a30p Ha BBIXOJE U3 MOJOTHJIBHOIO arma-
pata, MM. Bo3moskHbIEe HHTEpBaIbl U3MEHEHUS (DaKTOpOB cocTaBistoT s 30 < Z; <
60; 15< Z, <35.

N3BecTtHO Hambosee nmoaxonsiiee couetanue GakTopoB: Zio = 40 MM, Z,, =
20 mm. MHTepBan BappupoBaHus (PakTOPOB B IKCIIEPUMEHTE MPUHATH mmpuHoi 20%
OT UHTEpBajia U3MEHEHHS COOTBETCTBYIONINX (DaKTOPOB.

Onpeodenums WHTEPBAN BapbUPOBAHUSA, HIDKHUE U BEPXHUE YPOBHU (PAKTOPOB,
COCTaBUThH MATPUILy SKCIIEPUMEHTA, Tpauuecku n300pa3uTh IIIaH.

Pewenue.

WNurtepBan BapsupoBanus st 1 — ro ¢gakropa pases 0,2 - 30 = 6 mwm, A1g BTO-
poro ¢akropa pasex 0,2:20 = 4 mm.

Hentp skcnepumenTta Z;y = 40 MM, Z55 = 20 MM.

Bepxuue ypoBHU HAKTOPOB Z1max = 46 MM, Zy 1m0y = 24 MM.

Hwuxuue ypoBHU DAKTOPOB Z1min = 34 MM, Zypmin = 16 MM.

Ob6nactb onpeneneHust (0003HaYEHA IITPUXOBKOM) MOXKET OBITh M300pakeHa
Ha TJIOCKOCTH B COOTBETCTBYIOIIEH pazMepHoCcTH pakTopoB (puc. 4.1, a) u npu 6e3-
pa3MepHOM BBIpaKCHHUH BeTMIHH (pakTopoB (puc. 4.1, 6).

Zo, MM o
335
A ;
N /\3A
<Q N s -
Zao =-shte [ S
s ey = N '
15p < 5
821 82 L
‘——":*_—’ ‘.------‘ 4‘]
1. ' ! 1 -]
30 210 50 Z1, MM
a) 6)
Puc. 4.1. 'pauueckas uaTepnperanus miaxa [ 22:
A — 00acTh 10MYCTUMBIX 3HaUeHUH (PaKTOpoB
[Inan skcniepuMeHTa npuBezeH B Ta0. 4.4.
Tabmnura 4.4
Marpuna s3KkcriepuMeHTa
u Z1y Zoy
1 34 16
2 46 16
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—
3 34 24
4 46 24
Zio 40 20
AZ; 6 4

3amavu 1J19 ynpaskHeHuil

3adaua 1. llpn onTumu3anuu pabOThl MOJOTHJIBHOTO ammapaTta npu yoopke
3€pHOBBIX KYJIBTYp C LEJIbI0 CHIXKEHHSI TOTEPh 3€pHA B KAUe€CTBE YINpaBIsieMbIX (ak-
TOPOB BLIOPAHBL: YaCcTOTA BPallleHUs MOJOTUILHOrO Oapabana - Z;, MUH™Y; 3a30p Ha
BXOJI€ —Z5, MM; 3a30p Ha BBIXOAE - Z3, MM.

[Ipenenst u3mMeHeHus: (akTOPOB CIIEIYIOIIHE:

Zimin = 8005 Zymax = 12005 Zypmin = 16; Zypmax = 24;

Z3min = 6; Zzmax = 10.

o [IpousBectu kogupoBanue (pakTopoB. COCTaBUTH IJIaH SKCIEPUMEHTA.
['padprueckn n300pa3uTh 00JACTh HMCCIENOBaHUSA MPU OE€3pa3MEPHOM BBIPAKEHUU
(bakTopoB.

J [TpousBectu komupoBanue paxropoB. COCTaBUTH IJIaH IKCIEPUMEHTA
C YYETOM IMAPHBIX B3aUMOJAECHCTBUIA.

3aoaua 2. Tlpu uccnenoBaHUU YHEPrOEMKOCTH IMPoIlecca U3MEIbUCHUS JTUCTO-
cTeOeJIbHOM Macchl B APOOMIIKE arperara TPaBsiHOW MYKH BBISIBJIEHBI YEThIpe Hau0Oo-
jee 3HaYuMBbIX (pakTopa: Z; — 3a30p MEXKIY KOHIIAMH MOJIOTKOB M CTEHKON KaMephbl
TPOOUIKH, MM; Z5 — OKPYKHAsI CKOPOCTh MOJIOTKOB, M/C; Z3 — KOJIMYECTBO MOJIOTKOB
Ha potope; Z, — Nojavya MaTepuana B ApoOuikKy, kr/4. [leHTpoM skcrnieprumMeHTa Mo-
ryT ObITh 3HAUCHUs1 Zio = 25; Z,o = 100; Z3, = 32; Z,, = 550. UntepBan Bapbu-
poBanus hakTopoB npuHATH 20 — 25% OT HyJIEeBOTO YpOBHS (haKTOPOB.

o [TpousBectu konupoBaHue paxktopoB. COCTaBUTH IJIaH SKCIEPUMEHTA
C y4eTOM MEXK(aKTOPHBIX B3aUMOCHCTBUIA.

4.2 PangoMu3anus onbITOB

Tak kak M3MEHEHHE OTKJIMKA Y MMEET CIy4YailHbld XapakTep, TO B KaxKIOu
TOYKE (PAKTOPHOTO MPOCTPAHCTBA HEOOXOAUMO MPOBOJUTH M MOBTOPHBIX OIMBITOB U
pe3ysibTaThl HaOMOACHUN yepenHsTh. [lepen peanuzanueit miaHa Ha 00bEKTE HEOO-
XOJIMMO PaHJIOMU3UPOBATh BapUaHThl BApbUPOBaHUS (PaKTOPOB, T.€. UCIOJb3YS Ta0-
JMILy PAaBHOMEPHO PACHPENECICHHBIX CIy4alHbIX yucen (mpwi. 1), onpeaenurts mno-
CJIEIOBATEILHOCTh peaju3alliid BapUaHTOB BapbUpoBaHus iaHa B NM ombitax (rmae
N — uncino ctpok Matpuibl [IO3, a M — YKUCIO TOBTOPHBIX OMBITOB).

Hpumep. TlpoussecTn paHAOMHU3AIMIO ONbITOB 11D Tuma 22 ¢ Tpems mo-
BTOPHBIMU OTIBITAMH.

Pewenue. VI3 ycnoBus 3amauu cieayet, uto N = 4, m = 3, ob111ee KOJIMUECTBO
OMBITOB paBHO 12. MaTpuiia nmjaaHUPOBAHMS SKCIEPUMEHTA C PAHIOMU3UPOBAHHON
MOCJIEIOBATEIBHOCTHIO ONBITOB NpUBEACHA B Ta0. 4.5.

Tabmura 4.5
Martpuia miaHupoBaHUs SKCIIEPUMEHTA
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st

C paH,Z[OMI/I?)I/IpOBaHHOﬁ IMOCJIICAOBATCIBbHOCTBIO OIIBITOB

u X1 X, [TocnenoBarenbHOCTH TPOBEACHHUS OINBITOB
Yiu Yau Y3u

1 - - 10 4 6

2 + - 9 2 7

3 - 1 8 11

4 + 5 3 12

3aoauu ona ynpasicnenuil
PanoMu3upoBaTh ONBITHL:
1. s 1D tuna 23 ¢ TpeMs HOBTOPHBIME OIBITAMH;
2. TI®D Tuna 22 ¢ nAThio MOBTOPHBIMU OIBITAMUY;
3. II®D tuma 2* ¢ TpeMs IOBTOPHBIMH OTIBITAMH;
4, TI®D tvna 23 ¢ IATHIO TOBTOPHBIMHE OIBITAMH;
5. II®D tuna 2* ¢ 1ByMs IIOBTOPHBIMH OIIBITAMH.
4.3 IIpoBepka BOCIIPOU3BOAMMOCTH IKCIIEPUMEHTA
IIpoBepka BOCIIPOU3BOAMMOCTH 3KCIIEPUMEHTA €CTh HUA UYTO MHOE, KaK IIPOBEp-
Ka OJHOPOJHOCTH BBIGOPOUHBIX AMCIIEPCHit S,
OueHkH nucrepcuil Haxo4saT 1o Gopmyie:
m

1
2 )2
S = = Gu = %)
u m—1 Yui = Yu)™
. i=1
—— Zi:l yul

e yy =— — -

Tak kak 3HaUY€HHUS TUCIEPCUI MOJYYarOT MO BBIOOPKAM OJMHAKOBOIO 0O0bema
M, TO YUCIIO CTETIEHEN CBOOOBI AJIsl HUX OJIMHAKOBO U COCTABIISAET Vygo. = M — 1.

B stom ciyyae A mpoBepKH TMIIOTE3bl 00 OAHOPOJHOCTH JUCHIEPCUN MOXKHO
UCIIOIb30BaTh Kputepuid KoxpeHa, craTucTuka KOTOpOro UMEET BUL:

max{S,’}
=54
LmSu” 3
Eciu pacueTHOe 3HaueHHe KpUTepHs G, OKAXKeTCs MEHbIIe TabIMYHOro 3Ha-

YeHUA G, T Vigoe = M — 1 U Vypo = N OpH 33JaHHOM YPOBHE 3HAYUMOCTH, TO
rurnoTe3a 00 OJHOPOAHOCTH BHIOOPOUHBIX JUCHEPCHI MpuHUMaeTca. B aTom ciyuae
OILICHKA T'€HEepPaJIbHOM JUCIIEPCUU UMEET BU/I;

S} =2 Y 5.2 1)

C YHCJIOM CTeTeHel cBoboanl v = n(m — 1).

B npotuBHOM cnyuae, eciiit Gp > G, , TO TUTIOTE3a2 00 OJTHOPOTHOCTH JTUC-
IEPCUIN OTBEPraeTcsl.
Hekortopsie 3Hauenus kpurepus KoxpeHa npuBenensl B Tadu. 4.6
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Tabmnura 4.6
3Hauenus kputepus Koxpena npu ypoBHe 3HauumMoctu 0,05
CreneHb cBOOOIBI Uy

2 4 8 16

1 0,9065 0,6798 0,4789

2 0,7679 0,5157 0,3358

3 0,6841 0,4377 0,2768

4 0,6287 0,3910 0,2429

Hpumep. B pe3ynpraTe peanu3aluy IUIaHA SKCIIEPEMEHTA TUNa 23 MmoydeHsl
AKCTIEpUMEHTAIbHbBIE JaHHbIe (Tab. 4.7).

Tabmamma 4.7
JlaHHBIC MOJIEIBHOTO IpuMepa (M = 3)

u Yu1 Yu2 Yu3 yu Suz
1 73 69 68 70 7

2 58 58 64 60 12
3 54 59 52 55 13
4 84 94 92 90 28
5 100 106 109 105 21
6 98 90 97 95 19
7 77 85 78 80 19
8 105 95 100 100 25

3HadeHus y, U S,,> IPUBEACHBI B Ta0T. 4.7.

Pacuetnoe 3nauenue kpurepus Koxpena G, = 0,2; 1abauuHoe - Gopu6, =
0,5157 mpuv; =3 —1=2; v, =8 u a = 0,05. Bugno, uro Gp < G5, , IOITOMY
rUnoTe3a o0 OJHOPOHOCTH HE OTBEPraeTcs.

OrneHka AUCTIEPCUH BOCIIPOU3BOIUMOCTH OTIPEACIISAETCS KaK

7+12+13+28+21+19+19+25_144_18
8 8
cv=8-(3-1)=16.

Ssocz{y} =

3axauu AU ynpaskHeHu
3aoaua 1. IlpoBepUTh BOCIPOU3BOJUMOCTD HKCIIEPUMEHTA, JAaHHBIE KOTOPOTO
npuBeAeHbI B Ta01. 4.8.

Tabnuna 4.8
DKCrepuMEeHTaIbHbIC TAaHHBIC K 3aj1aue |
u Yu1 Yu2 Yu3 Yua yu Suz
1 2,4 2,5 2,4 2,6
2 3,3 3,3 3,3 3,5
3 2,9 2,8 2,6 2,8
4 1,8 2,0 1,9 1,8
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3aoaua 2. IlpoBepUTh OJTHOPOJHOCTH JIUCTIEPCHUI 3aMEPOB MACCOBOW KOHIICH-
Tpauuu amMmuaka (Mr/mM°) B KMBOTHOBOJYECKOM IIOMEHICHHHM C LEJIBIO BEHISBICHUS
CHUCTEMaTUYECKUX MOTPEIIHOCTEH YHUBEpCaIbHOTO ra3oananusaropa Y1 — 2.

DKCIEPUMEHT NPOBOJIUIICSA HA TPEX YPOBHSIX:

1 — i1 ypoBeHb 7,5 9,0 8,0 8,0 9,5

2 — 11 ypOBEHb 28,5 28,0 25,0 30,0 27,0

3 — 11 ypOBEHb 54,0 60,0 55,5 58,0 60,5

4.4 IlocTpoeHne M AaHAJIU3 MATEMATHYECKO MOeIN

[Tonw3ysace MmeToioM 11PD MOKHO MOTYUYUTH OMHUCAHUE U3YYAEMOTO MpoLecca

B BU/JIC PA3JIMYHBIX MMOJTUHOMHUAIBHBIX MOJIECH.

dopMyIibl 711 ONpeeNieHUs] OLEHOK KO3 (UIIMEHTOB JIMHEWHOTO ypaBHEHUS
MMEIOT BHI:

n —

Yu=1Xiy
u=1"*iu .

b =——* ,i=1,n;
n n _
u=1 yu
by = 2417
n
OI.[GHKI/I 3(1)(1)€KTOB Me}K(l)aKTOpHBIX B3aHMOﬂCﬁCTBHﬁ OHpCI[GJUIIOTCH 110 (bOp-
My.]'IaMI

n —
Zuzl XiuXjuYy,

b;j = - ) L#j, §,j=1n;
o XiuXiu Xk
bijk: u=1 lun]u u u, iijik; i,j,k=1,n;
Y X Xiu XXy L
bijr = ulm;,lu —u i+j+k+lL i,jkl=1n.

[Tocne ompenenenuss oreHOK b ko3 HUIMEHTOB ypaBHEHHS MO HE00XO0-
JTUMO TIPOBEPUTH TUIOTE3Y 00 MX 3HAYMMOCTH, IPYTMMHU CIIOBAMHU, MMPOBEPUTH 3HA-
YUMO JIM TOJy4Y€HHAas OLIEHKAa OTJIMYAeTCs OT HyJA. /[ 3TOro MCHonb3yrT KpUTe-
puit CThroZIeHTa, pacYeTHOE 3HAYEHHE KOTOPOTO OMPEIeIsIeTCs KakK:

bl
p 52{b} !

Spoc”{¥}
rne S%{b} = % ; N — 4ucno To4yek (HaKTOPHOTO MPOCTPAHCTBA, B KOTOPBIX MPO-

t

BOJMJICS] SKCTIEPUMEHT; M — YUCJIO MTOBTOPHBIX OMBITOB B 3TUX TOYKAX.

Eciu HalineHnas Benv4YMHa KpUTEPHs t, MPEBBIMIACT TaOIMYHOE tra6, (CM.
npwiL. 2), IJIsl 4Mcia cTerneHer cBoooasl v = n(m — 1) npu 3aJaHHOM &, TO OILICHKY
b xo>dduurenta Mosenn MpU3HAIOT 3HAYMMON. B mpoTuBHOM ciydae (eciu t, <
trags) OLICHKA D cuMTaeTCsl HE3HAYMMOM, T.€. paBHON HyI0. B 3TOM ciiyuae maTema-
TUYECKYIO MOJIeTTb 00BEKTa COCTABIISIOT B BUJIE YPABHEHUSI CBSI3U OTKIWKA Y U (hak-
TOPOB X, BKIIFOYAIOIIETO TOJBKO 3HAYUMBIC OIIEHKH KOA(D(PHUITUCHTOB.

www.fondpotanin.ru

CtpaHuua 63



BJIATOTBOPUTEJIbHbIIA
®OH[, B.MOTAHMHA

JJ1st TpOBEpPKH TMIMOTE3bI aJIEKBATHOCTH MOJIENIM HEOOXOIMMO PacCUUTaTh T€O-
peTudeckue 3HaueHus Y. PaccesHue pe3ynbpratoB HaOMIOIeHNN BOIU3H YpaBHEHUS

perpeccun XapakTepHu3yeTcs TUCIepcruei aieKBaTHOCTH:
n

m _ ~ \2
Sunl = n_a;(yu—yu)

i€ & - YUCII0 YWICHOB MO/IEIH.

Jucnepcus aneKBaTHOCTU ONPENENAETCA C YHUCIOM CTENEHEH CBOOOIBI V,, =
n-—a.

[TpoBepsitoT TUTIOTE3Y aJACKBATHOCTHU, MCIIONB3Ys Kputepuid ®umepa (F - xpu-
Tepui):

2
Saz

— .
Spoc” 1V}

Ecnu pacuetHoe 3HaueHue KpuTepus Fj, MeHbIe TabIM4HOro Fiap, UIS COOT-
BETCTBYIOLIUX CTEMEHEH CBOOOIbI

Vian =N — A; Vyap = Vpoc = n(m - 1)

IIPH 33JJaHHOM YPOBHE 3HAYMMOCTH, TO TUIIOTE3y 00 aJcKBaTHOCTH HE OTBEepraroT. B
IIPOTHUBHOM CJTydae MOJICNb MPU3HACTCS HEaIeKBaTHOM.

Ilpumep. TlocTpoWTh MaTEeMaTHYCCKYIO MOJIEIb 1O JAHHBIM IPEABIAYIIETO
npumepa: Sy 2{y} =18; n=8; m = 3; t,.q, (0,95;16) = 2,12.

E, =

Tabmauia 4.9
[nan [1®D tuna 23
u Marpuna niasa Pe3ynbpratel
X1y Xou X3y X1uXoy | XouXsy | XouXsy | X1uX2u X3y | OIBITOB | pacueToB
Yy
1 - - - + + + - 70 69,375
2 - + - - - + + 60 59,375
3 + - - - + - + 55 55,625
4 + + - + - - - 90 90,625
5 - - + + - - + 105 105,375
6 - + + - + - - 95 94,375
7 + - + - - + - 80 80,625
8 + + + + + + + 100 100,625
Pacuet ko3¢ duiiueHToB MOIETH:
Y, X1uY, —7/0—60+55+90—-105-95+80+ 100
b; = - = 3 0,625
PR 1X14%X24Y, 70—60—55+90+ 105—95-80+ 100
b12 == n - 3 == 9,375

YpaBHEHHE MOJIENIN UMEET BU/I:
y = 81,875 -0,625x; + 4,375x, + 13,125x5 + 9,375x;x, —
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—1,875)(2 X3
Jlanee, onpenesnsieTcs CTAaHAAPTHOE OTKIIOHEHUE [T KoddummeHTa b:

- 4,375x1x3 - 1,875x1xZX3 .

18
b*{b} = 5= =075 S{b}=087.

|-0,625] _ 4375 _
o = 0,72 ty(by) = T = 5,02.

[lpua =0,05uv =16 t.q, =2,12.

YpaBHeHue Mosienu Oy1eT UMETh BHI:

y = 81,875+ 4,375x, + 13,125x3 + 9,375x,x, —
1,875x,x3 —4,375x,x3 — 1,875x1x,x5 .

Jlis TpOBEPKH TUIOTE3bl aJ€KBATHOCTH MOJYYEHHOM MOJENH HEOO0XOAMMO
paccuuTaTh 3HaUCHUS Y, TO JaHHOW MOIENH, HampuMmep, Ais | — ro omeITa Xy, =
—-1; x3; =-1,ut.n

y, = 81,875 —-4,375—-13,125 + 9,375 —
—1,875 — 4,375 + 1,875;
¥, = 69,375
U T.1. Pe3ynpTaTel pacyeToB cBeAeHbI B Ta0. 4.9.
OmnpenensieM TUCTIEPCUIO aTIEKBATHOCTU

Haxoxum 3nauenue t,(b;) =

Sul = =312 =936.
W 8-7
Ompenensem pacueTHOoe 3HaueHue F — kpurepus (mpu 5TOM HEOOXOIUMO B
YHCIIUTEIb BBIPAKECHHUS MOJICTABIATE OONBIICE U3 IBYX 3HAYCHUHN TUCIIEPCUH).

o Swc O} _ 18

P SM2 9,36

[lpuv; =8B —-1)uv,=8-7=1,u a = 0,05 Haxogum TabIN4IHOE 3HA-
yeHue F,q, = 246.

Tax xak F, = 1,92 < F46, = 246 runoresy ajcKBaTHOCTH MOJEIIHA HE OTBEP-
raem.

=1,92.

3axauu QU1 ynpaskHeHui

3aoaua 1. IlocTpoUTh SMOUPUYECKYIO 3aBUCUMOCTh CTENIEHU U3MEJIbUEHHUS CO-
JIOMBI OT CKOPOCTH MOJOTKOB (M3Menbuuteab UPT - 80) u BIa)KHOCTU COJIOMBI. DKC-
nepuMeHTalbHbIEe aHHble NpuBeaeHbl B Ta0d. 4.10. CKOpocTh MOJIOTKOB MEHSIETCS
oT 40 1o 70 M/c, BIAXKHOCTH COJIOMEBI OT 8,9 10 36,6%. CTeneHb n3MeNnbLUYeHUs COJI0-
MbI XapaKTEepPU3yEeTCs MPOLIEHTHBIM COJIEPKAHUEM YaCTHI] IJTUHOU 10 50 MM.
Taomuma 4.10
DKCcrepuMeHTaIbHbIC TaHHBIC K 3aaue |

u X1u Xou X1uX2u Yu1 Yu2 Yu3s yu Suz ﬁ
1 - - + 50 54 48
2 + - - 64 63 65
3 - + - 22 18 21
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[TpoBepuTh THMOTE3BI O 3HAYUMOCTH KOA(D(DHUIIMEHTOB YpaBHEHHS U aJIeKBaT-
HOCTH MOJIEIIH.

3aoaua 2. PaboTOCIOCOOHOCTh PEMEHHO — IUJIAHYATHIX TPAHCIOPTEPOB BAJIKO-
BbIX kaTok (OKBH — 6; XXPb — 4,2) onpenensercs TAroBoi criocoOHOCTBHIO, JOJITO-
BEYHOCTBIO U MOJI3YYECThIO (BBITSKKON) OTJIEIBHBIX JIEHT TPAHCIIOPTEPA.

AHanu3 ucclneoBaHU IO TATOBOM CIMOCOOHOCTH IUIOCKHUX TPAHCIOPTHBIX
JICHT W MPUBOAHBIX PEMHEHN MOKa3ajl, YTO OCHOBHBIMH (haKTOpaMu, ONpeIes oMU
TATOBYIO CLIOCOOHOCTD JICHT, SIBJISTIOTCS:

® KOHCMpPYKMUGHOe 0popmieHue NeHmbl.
«+ 1» - JeHTa ¢ NpUBYJIKAHU3UPOBAHHBIMU MPOKJIAJIKAMU;
«- 1» - cepuiiHas neHTa;
®  JICeCmMKOCHHbIE CEOUCMBA IEHMbL!
«+ 1» - JeHTa npeaBapuTeIbLHOrO OOKaTaHa;
«- 1» - IeHTa B COCTOSIHUM MOCTaBKU (HE OOKaTaHa);
® Cnocob CluuBKU eHm:
«+t 1» - cimmBKa «rpedenkoM» ¢ IPOPEe3NHEHHON MPOKJIIAIKOM;
«- 1» - cllIUBKA C MOMOUIBIO METAJUTMYECKUX HAKIAJIOK;
® yOellbHOe HaUaNbHOe HAMANCEHUE:
«t+ 1» -1,2 Mlla;
«- 1I» - 0,8 Mra.

B kauectBe (yHKIMM OTKJIMKA ObUIO BRIOPAHO 3HAYEHHUE KPUTHUUYECKOTO KpY-
TA1ero MoMenta M,. Marpuiia miaHUpOBaHUS YEThIPEX(HaKTOPHOTO HKCIIEPUMEHTA
U pe3yJbTaThl ONBITOB NMpUBEACHBI B Ta0. 4.11.

Ta6numa 4.11
HcxonHble naHHbBIe K 3a1a4e 2

2
Ne X1 X2 X3 X4 Yui Yuz Yu Su V1
OTIBITA
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1 + + + + 2,58 2,62
2 - + + + 2,53 2,57
3 + - + + 2,24 2,26
4 - - + + 2,14 2,16
5 + + - + 2,50 2,50
6 - + - + 2,16 2,14
7 + - - + 1,96 1,94
8 - - - + 2,02 2,08
9 + + + - 4,84 4,86
10 - + + - 477 4,73
11 + - + - 3,80 3,70
12 - - + - 3,90 3,50
13 + + - - 4,00 3,60
14 - + - - 3,54 3,56
15 + - - - 2,70 2,50
16 - - - - 2,96 3,05

e [locTpouth ypaBHEHUE MOJEIM W MPOU3BECTHU MPOBEPKY THUIOTE3bI aJCK-
BAaTHOCTHU MOJIEIIH.
4.5. Ilpumep MHOTO(PAKTOPHOT0 IVIAHUPOBAHUS IKCIIEPUMEHTA
4.5.1. IlocranoBKa 3a1a4u
Pemim 3amauy onpenesieHus: OCHOBHBIX (DaKTOPOB M CTENEHU UX BJIMSHUSA Ha
3 PeKTUBHOCTH THEBMOCENApAIMK 36PHOBOTO BOpOXa 3€pHOYOOPOUHOro KoMmbaiiHa.
[Tox nekoii MoOTUIILHOTO OapabaHa KoMOaliHa yCTaHOBJICHO YCTPOUCTBO, HAIIPUMED
TpyOa ¢ OTBEPCTHUSIMHU, U3 KOTOPOTO IO/ JABJICHUEM BBIXOST CTPYU BO3ayXa. 3€pHO-
BOW BOPOX, MPOCHINAIOIINNCSI CKBO3b JEKY, MPOAYBAETCS CTPYSIMHU, IIPU 3TOM CKO-
POCTh BO3IYIIHOTO MOTOKA MOJ00paHa TaKoW, YTO MEJKUE MpuMecH (IT0JIOBa) MOJ-
XBaTBIBAIOTCSI U YHOCSITCA CTPyeW K KOHIly BEPXHEro peIleTa, a 36pHO IMaJaeT Ha
CTPSICHYIO JOCKY. DTO JA€T BO3MOXHOCTh YMEHBIINUTh KOJUYECTBO MPUMECEH, MoMa-
JAIOIINX Ha OYUCTKY, U TEM CaMbIM MOBBICUTH MTPOU3BOIUTEIIBHOCTh KOMOAKHA.
B kaudectBe KpUTepHUeB ONTUMHU3ALMKN BbIOpaHbl 3QPEKTUBHOCTH THEBMOCETIA-
pauuu E ¥ BBIHOC MOJHONEHHOTO 3epHa [I. MakTopsel, BIUSAIOIINE HA BBIXOAHBIC BE-
JUYUHBI, ¥ TIPEJIeSIbl BAPbUPOBAHUS UX 3HAYECHUM MPEICTABICHBI HIXKE.

Wwms paxropa O6o03HaueHne
CKOPOCTB BBIXOJIA CTPYH, M/C.vvvenieaieaeennieennnannnn X1
JIaAMETP OTBEPCTUM, MM....uuteinteenneenneeenieenneennneannns X2
PaccTosiHre MEXIy OTBEPCTUAMHU, MM......uveeennneeennnnn.. X3
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TIOMAYA, KI/C..oooie et e X4
TomMHA TPOTYBAEMOTO CIOSM, MM. ..t enereeenneeeennnnnnns X5

[Ipu pemiennn MHOTO(AKTOPHBIX 3aJlay MOJIy4aeTcsl MaTeMaTU4YecKas MOJIETb
mpoliecca, KOTopas yBsI3bIBA€T BOCAMHO Bce yuTeHHbIE (pakTopbl. ['eomeTpuueckuii
o0pa3 (QyHKIMU OTKJIMKA Ha3bIBAETCS MOBEPXHOCTHIO OTKIMKAa B (DAKTOPHOM IPO-
cTpancTBe. OYHKIMIO OTKJIMKA MOKHO allllPOKCUMUPOBATh MOJTMHOMOM BHJIA:

Y = by + XLy bix; + Xy bijxixj + Xioq byxi® + -, (4.1)

rae Y — 3HaueHue KPUTEPUs ONTUMM3aNuH; by, b;, b;;, bj; — KO3QOUIMEHTDI, 110 BEJH-

YMHE KOTOPBIX MOKHO CYJIUTh O CTENEHU BJIUAHHUS COOTBETCTBYIOIIMX (haKTOPOB (b;;
— 3¢ (deKTh B3auMOACUCTBUH; b;; — 9P PEKThI MpU KBAAPATUUHBIX WICHAX).

Lenbto sKCIEpUMEHTA SBIISIETCS ONPEIETICHUE YUCIEHHBIX 3HaUeHUN K03 Pu-
LIMEHTOB YPAaBHEHMSI PETPECCHM.

JIJist OTBICKaHUST ONTUMAIbHBIX YCJIOBHM MPOTEKaHMSs Ipollecca HAaXOAT 3Ha-
yeHus (PaKTOpPOB X1, X3, ..., X;, COOTBETCTBYIOIIMX SKCTPEMYMY LIENEBON (DYHKIIHH.

[Tpu mTaHMpOBaHUM SKCTIEPUMEHTA BAKHBIM SIBIISIETCS BBIOOP KPUTEPHS OTTH-
MU3alUU — [MapaMeTpa, 0 KOTOPOMY OLIEHHUBAETCs UCCIEAyeMblid mpouecc. 3agada
3aKJII0YAETCS B MUHUMU3ALUKA WM MaKCUMU3AIMKU KpUTepus ontuMusaiuu. Heoo-
XOJIMMO BBIOpATh TAaKOW KPUTEPUN, KOTOPBIM SBISICS Obl COBOKYITHOM U MCYUEPIIbI-
BaIOLLEH XapaKTePUCTUKON 00BEKTa UCCIIEJOBAHUS, UMEN SICHBIN (PU3MUECKUN CMBICI
Y KOJIMYECTBEHHYIO OLICHKY.

[Ipu myaHUpOBaHWU KCIIEPUMEHTA CTAaBWJIACH 3ajada OMpeeIeHUus MaTeMa-
TUYECKOW MOJIENM B BUE YpPaBHEHMsI BTOPOTO MOPSJIKA, aJ€KBaTHO OMUCHIBAIOIIETO
npoiiecc mHeBMocenaparuu. st onpeneneHuss KodQpuimeHToB ypaBHeHUs ObUT pe-
aJIM30BaH HKCIIEPUMEHTAIbHBIN TU1aH XapTiau Ha Tunepkyoe (ONM3KHiA 0 CBOUM CTa-
TUCTUYECKUM XapaKTEPUCTUKaM K [l - oNTUMaIbHOMY IJIaHy).

JUist onucaHus Mpoliecca MHEBMOCENapaldd YpaBHEHUEM BTOPOTO MOPsAKa
HEOOXOJIMMO NMPUMEHHUTHh TaKOW IJIaH AKCIIEPUMEHTa, B KOTOPOM KaXKIbli (hakTop
MO>KHO BapbUPOBATh HE MEHEE YEM Ha TPEX YPOBHAX IPH YCIOBHUM MOJYyYEHHUS pa3-
JIebHBIX OLIEHOK BCEX KO3(DPUIIMEHTOB YpaBHEHHUSI 110 PE3YJIbTaTaM SKCIIEPUMEHTA.

[Ipu nieHTpanbHOM KOMIIO3ULIMOHHOM IJIAHUPOBAHUU BTOPOTO MOpsIKa oO1iee
yucio Touek akcrepumenTa N npu N pakTopax onpeaensercs: 3aBUCUMOCTbIO:

N =2"+2"+n,, 4.3)
IJI€ Ny — YUCJIO TOYEK B LIEHTPE IKCIIEPUMEHTA.
B paccMarpuBaeMoM cityyae siApoM IIaHa CIY>KUT MOIyperuinKa (pakTopHOTO
skcriepumenta 2™ 1 | Torga Belpaxkenue (4.2) NpuMeT BHI:
N=2"14+2n+n,,
rae 2" 1 — nmonypennuka MHOro(pakTOpHOTo SKCIEPUMEHTa (PO MIaHa); N - YUCII0
(bakTOpoOB; 21 — YUCIIO 3BE3HBIX TOUEK; Ny = 1 — HyJeBas TOYKa.
[Tpu maATH BapbUpPyEMBIX MTapaMETPax UMEEM:
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Martpuria mutanupoBanus SkcriepumenTta it N = 27 npuBezeHa B Tadun. 4.12.

[Ipu wpentudukammu u3lydyaeMoro oOBEKTa MOXHO BBIIBUTATH Pa3IUUYHBIC
TpeOOBaHMUS K CBOMCTBAM MaTeMaTHUYECKOM Mojenu. B ycloBUsAX aKTUBHOTO JKCIIe-
pPUMEHTA BBIMIOJHEHUE 3TUX TPeOOBaHMI MPUBOAUT K HEOOXOIMMOCTH BbIOOpA Ijia-
HOB 3KCIIEpUMEHTA, 00JIaAAI0IINX PA3TUYHBIMU KPUTEPUSIMU ONITUMATBHOCTH.

Bce MHOrooOpasue kputepueB pasfesdioT Ha IBe rpynnbsl. K nepBoil rpymmne
OTHOCATCA KPUTEPHUH, CBSI3aHHBIE C TOYHOCTBIO OLICHOK mapaMmeTpoB. Ko BTOpoil —
KPUTEPUHU U CBOMCTBA IUIAHOB, CBSI3aHHBIE C OIIMOKOM B oLleHKe Moaenu. Jliis uccie-
JIOBaHMUsI MHOTO(AKTOPHBIX IPOLECCOB MIMPOKO MPUMEHSIIOTCS IJIaHbl BTOPOrO IO-
psaka, OJM3KHUE M0 CTATUCTUYECKUM XapaKTepUCTHKaM K [ — ONTUMabHbBIM.

OCHOBHBIM NIPEUMYIIECTBOM /I — ONTUMAIBHBIX IUIAHOB SIBJISIETCS TO, YTO OHU
MUHUMHU3UPYIOT 000OIIEHHYIO AUCIIEPCUI0, UM 00bEM JIUIMIICOUAA PACCESHUS Olie-
HOK napaMeTpoB. DP(HEKTUBHOCTH [ - onTUMalIbHBIX MJIAHOB OOYCIIOBIMBAETCS OI-
TUMaJIbHBIM PACIIOJI0KEHUEM TOUYEK B TPOCTPAHCTBE (DAKTOPOB.

N =2>14+2.54+1 = 27 onbIToB.

Tabmuua 4.12
[1;maH — MaTpuna SJKCnepuMeHTa

u X4 Xy X3 Xy X5
1 -1 -1 -1 -1 -1
2 -1 -1 -1 -1 -1
3 -1 -1 -1 -1 -1
4 -1 -1 -1 -1 -1
5 -1 -1 -1 -1 -1
6 -1 -1 -1 -1 -1
7 -1 -1 -1 -1 -1
8 -1 -1 -1 -1 -1
9 -1 -1 -1 -1 -1
10 -1 -1 -1 -1 -1
11 -1 -1 -1 -1 -1
12 -1 -1 -1 -1 -1
13 -1 -1 -1 -1 -1
14 -1 -1 -1 -1 -1
15 -1 -1 -1 -1 -1
16 -1 -1 -1 -1 -1
17 0 0 0 0 0
18 -1 0 0 0 0
19 -1 0 0 0 0
20 0 -1 0 0 0
21 0 -1 0 0 0
22 0 0 -1 0 0
23 0 0 -1 0 0
24 0 0 0 -1 0
25 0 0 0 -1 0
26 0 0 0 0 -1
27 0 0 0 0 -1
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B skcnepumenTe nenosb3oBanue [ — oNTUMaNbHBIX TUIAHOB MIPEATIOIAracT Ba-
pbupoBaHue (PAKTOPOB (IIJIs1 ONMUCAHUA TMOBEPXHOCTH OTKIMKA MOJMHOMOM BTOPOTO
MOpsiJiKa) TOJIBKO HA TPEX YPOBHSX BMECTO IMATH YPOBHEH (PaKTOPOB Y POTOTAOEI]b-
HBIX, OPTOTOHAJIBHBIX U APYTUX. ITO COKpAIIAET BpEMs ITPOBEIACHUS SKCIIEPUMEHTA U
MO3BOJISIET MOBBICUTh TOYHOCTH PE3YJbTAaTOB 3KCIEPHUMEHTAIBHOIO HCCIEIOBAHUA,
MOCKOJIbKY /| — onTUManbHbIE MJIaHbl W IUIAHBI, OJIM3KUE K HUM, MO3BOJIAIOT MOJTY-
yuTh Hanbosee 3(hPeKTUBHBIC OIEHKM KOA((UIIMEHTOB ypaBHEHUS Monenu. Takxke
MOJIOKUTEIBHBIM CBOMCTBOM MPHUHSTOIO IJIAHA SIBJISIETCS, TO, YTO SAPO IJIaHa (ToJTy-
peIIMKa MOJIHOro (haKTOpPHOro dKcrepuMenta 257 1) 06pa3oBaHo HA OCHOBE TeHepH-
pyrouiero cootHoueHust Xg = X1 X,X3X, , MO3BOJSAIOMIETO OLEHUTh JUHEHHBIE KO-
3¢ duImeHTs! b; HE3aBUCKUMO JIPYT OT ApYTa.

[1nanpl, OTBEUAKOIIME KPUTEPUIM A — ONTUMAJIBLHOCTH 00ECIEYMBAIOT MUHU-
MyM CpeJIHEN JUCTIEPCUH OLEHOK KO3 (PUIIMEHTOB.

[Inanel, oTBevaromme KpurepusiM E — oNTUManbHOCTA HE JTOMYCKAIOT, YTOOBI
OTJEJIbHBIC OLEHKU MapaMeTpOB UMENH CIMILKOM OONbIINE TUCHEPCUU U KOBapua-
1005058

CBOMCTBO OPTOrOHAJIILHOCTH IJIAHA MTO3BOJISAET MOJYYUTh OLEHKH I1ApaMETPOB
MOJIEJIA B3aUMHO HE3aBHCUMBIMH.

K kputepusm BTOpo#l rpymnmsl oTHocsATcs G — ontumanbHOCTh M Q — onTu-
MaJbHOCTh, KOTOpPHIE COOTBETCTBEHHO OOECHEUYMBAIOT MHMHHMYM MAaKCUMAalIbHOI'O
3HAQYEHMs JUCIEPCHM NPEICKa3aHHs IO MOJAEIM M MUHUMYM CpPEIHEH IUCIEPCUU
npeackazanus mo Moaenu. Kpome 3Toro, BaKHbBIMU CBOWCTBaMH ILJIAHOB SIBIISIOTCS
pPOTOTA0ENBHOCTh U KOMIIO3UIIMOHHOCTh. POTOTa0enbHOCTh IJIaHA 00ECIeurBaET
MOCTOSIHCTBO JIMCIIEPCUU MPECKA3aHUsI Ha PaBHBIX PAaCCTOSHUAX OT LIEHTpa dKCIe-
puMeHTa. KoMNO3MIIMOHHOCTh IJIaHa MO3BOJSET MPOBOAUTH SKCIEPUMEHT B He-
CKOJIBKO ATAarioB M MOCTENEHHO MEPEXOIUTh OT MPOCTHIX MOJIEEH K 00Jiee CII0KHBIM,
UCIIOJIBb3YsI MPEIbIAYyIIUE HAOIIOICHHUS.

JIist uccrnenoBaHus BIMSHUS BapbUpPyeMbIX (PakTopoB Ha 3G(HEKTUBHOCTH
IHEBMOCETapay OblI peain30BaH CUMMETPUYHBIN LEHTpaIbHbIH KOMIIO3ULIMOH-
HBIN MJ1aH SKcrepuMenTa Xaptiu Has , TOCTpOeHHBbIN Ha THIEpKYOe.

Panoomuszayus onvimos.

JInsi yMEHBIIEHUSI BIUSHUS MEIJICHHO M3MEHSIONIMXCS BO3ACHCTBUN Ha pe-
3yJbTaThl SKCIEPUMEHTA MPUMEHSIETCS TPUHIUI PAHIOMU3ALINH, T. €. OINbIThI POBO-
JIATCS HE B TOM IIOPSAIKE, KAKOM yKa3aH B IUIAHE, a B CIy4alHOMW IOCJIEN0BATEIbHO-
cTi. PaHIOMU3UPOBATH ONBITHI MOKHO, UCIIOJIb3YsI TaOJIUILy PABHOMEPHO pacipeje-
JICHHBIX CITy4alHbIX YKCeJl WJIM TeHEepUpys MceBaocayJdainbie ynucna. Hanpumep, an-
TOPUTM T'€HEPALNH ICEBIOCIYYaNHBIX YUCEN, PACHPEAEIECHHBIX IO PaBHOMEPHOMY
3aKOHY B MHTepBaJie [, b], umeer Bu:

Viepr=a+ (b —-a)V;
Vier = F{11V; + p},
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rae F{} — cumBon npoOHO¥ wactm uucna; V, — crtaproBoe 3HaueHnue (npu i = 0),
Hanpu mep, Vo = 0,5.

O6mee yncino oneiToB paBHO Nm = 27 -3 = 81, rne N = 27 — 4uCIIO CTPOK
miaHa npoOHoro ¢daktopHOro 3kcnepumerTa ([JIPI), m = 3 — 4yuciI0 MOBTOPHBIX
OTIBITOB.

[Tpu 3amanHOM noBepuTenbHON BeposiTHOCTH 0,95 u TouHOCTH e = 2,55, uunc-
JI0 MIOBTOPHBIX OIBITOB OMPEACIISIIOCH O (hopmyJie:

m > [t(P)/e|? S,%,
rae t(P) ompenensercs u3 paBeHctBa 2P(t) = P Mo CTaTUCTUYECKUM TaOJIUIIAM.
PacueTsl nokazanu, uro m = 2,9, orcrofa npuHUMaeM m = 3.

Martpuna miaHdpoBaHUsI IKCIEPUMEHTA C PaHAOMHM3UPOBAHHOW MOCIEI0Ba-
TEJILHOCTHIO OMBITOB MIpUBEcHA B Ta0. 4.13.

Koouposanue ¢pakmopos. [1nanupoBanue u 06paboTKa JaHHBIX IKCIIEPUMEHTA
OCYUIECTBJISIETCS HE B (PU3UUECKUX Z;, a B KOJUPOBAHHBIX IEPEMEHHBIX X;.

OcHOBHBIM (HYJICBBIM) YpOBHEM (haKTOpa Ha3bIBACTCS 3HAUCHUE, OTHOCHUTEIIb-
HO KOTOPOTro (haKTOp U3MEHSETCS B MPOIIECCE HKCIIEPUMEHTA.

C touku 3peHus HHOOPMATUBHOCTH HKCIEPUMEHTAa UHTEPBAT BapbUPOBAHUS
HaJ10 OpaTh JOCTATOYHO OOJBIINM, TaK KaK B MPOTUBHOM CIydae HApYyIIAKOTCS MPe-
MOCBUIKU PETPECCHOHHOTO aHaIN3a.

Tabmuma 4.13
[TocneqoBaTeNbHOCTD MPOBEICHHUS OTIBITOB

Yu1 Yuz Yu3
10 9 73
25 33 76
52 1 35
34 67 48
80 17 39
29 27 49
37 54 20

5 64 47
42 24 40
63 61 4

2 16 65

8 26 53
19 50 3
23 60 15

6 7 38
31 13 11
43 62 59
12 79 70
66 68 77
14 57 36
69 81 45
18 30 74
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32 56 21
55 75 28
46 78 44
22 58 51
71 41 72

Upe3smepHOMY YBEIUYEHHUIO MHTEpBaJla BApbUPOBAHUS MIPEMSATCTBYET TpeOoBa-
HUE aJIeKBaTHOCTU Mojenu. [Ipu GosbIIMX MUHTEpBalaX BApbUPOBAHUS pealibHas MO-
BEPXHOCTb OTKJIMKA MOKET CHUJIbHO OTJIMYATHCS OT SKCHEPUMEHTAILHO MOJYYeHHOU
anmpoOKCUMUPYIOIIEH MOBEPXHOCTH.

Ta0muna 4.14

YcaoBHbie 0003HaUeHNS PAKTOPOB, YPOBHU U UHTEPBAJI UX BapbUPOBAHUS

O6o3HaueHUE WNurtepBan Bapbu- YpoBHM BapbUPOBaHUS
dakTopa pOBaHUSA HIDKHUH «-» OCHOBHOM «0» BEPXHHM «+)»
X1 2 50 60 70
X2 1 4 5 6
X3 10 50 60 70
X4 2 5 7 9
X5 150 200 350 500

4.5.2 O0padoTKa JaHHBIX MHOTO(AKTOPHOI0 IKCIIEPUMEHTA
Pe3ynbTaThl MHOTO(QAKTOPHOTO SKCIIEPUMEHTA MPEICTABISIOT COO0K BBEIOOPKY
U3 HEKOTOPOMl T€HEpabHOM COBOKYIHOCTH, T.€. SIBJISIOTCS CIy4ailHBIMH BEJITUYHHA-
mu. OcHOBHas 3a/1a4a 00pabOTKH — OLIEHKA MapaMeTPOB MPUHATON NOJIMHOMHUATIBHON
MOJIEJHN ¥ IPOBEpKa FMIOTE3bl 00 aJeKBaTHOCTH Mojenu. Eciau npuHsaTas Moaenb He
OTBEYAEeT TPEOOBAHUIO AJIEKBATHOCTH, CIEAYET HCIOJb30BaTh APYTYI0 U MPOBECTU
MHOM SKCIIEPUMEHT, U3MEHSS HHTEPBaJIbl BAPbUPOBAHUS (DAKTOPOB.
[Iporiecc 0OpabOTKHM AaHHBIX MHOTO(AKTOPHOTO SKCIEPHUMEHTA BKIIIOYAET B
ce0s HECKOJIBKO ITaroB:
1. OueHka MaTeMaTH4YeCKUX OXKMJIAHUN M IUCIEPCUN OTKJIMKA B OTIEJIBbHBIX

TOoYKax (haKTOPHOTO MPOCTPAHCTBA MM CTpoKax miaHa u = 1,2,...,N (N =
27).
OTH OLIEHKH HA3bIBAIOT MOCTPOUYHBIMU CPEAHUMH Y, U HOCTPOUHBIMU JTUCTIEP-
CUAMU Su2

2. TlpoBepka OJHOPOMTHOCTH CTATUCTUYECKOTO MaTepuajia B IENSIX HCKITIOYC-
HUA rPyOBIX TPOMAXOB.

3. TIpoBepka BOCITPOM3BOAMMOCTH SKCIICPUMEHTA.

4. Ompenencaue b — k03hHUIHEHTOB MOAEIH.

5. IlpoBepka 3HaunMocCTH D- K03 PHIIHEHTOB.

6. [IpoBepka ageKBaTHOCTH MOJICIIH.

Pesynbratel ApoO6HOTO (HaKTOPHOTO IKCIIEPUMEHTA, PEATU30BAHHOTO TI0 TUIAHY
Xaptnu, npeacTaBieHbl B Ta0I. 4.15 u 4.16.
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st

Taomuna 4.15

Pe3ysabTaThl CTATHCTHYECKO 00pa00TKH TaHHBIX /s napamerpa E

Ne ch Su 2 Su Tmax Tmin
1 15,7 0,97 0,99 0,47 0,28
2 2,1 0,02 0,15 0,36 0,45
3 3,2 1,97 1,40 0,39 0,43
4 20,9 0,36 0,60 0,43 0,38
5 3,7 0,04 0,20 0,41 0,41
6 18,1 0,10 0,32 0,30 0,47
7 12,4 7,09 2,66 0,35 0,45
8 3,7 0,67 0,82 0,35 0,45
9 0,8 0,42 0,65 0,42 0,40
10 10,3 1,12 1,06 0,31 0,46
11 23,2 4,49 2,12 0,44 0,37
12 5,6 0,04 0,20 0,41 0,41
13 8,4 0,09 0,31 0,36 0,45
14 18,6 0,89 0,95 0,46 0,32
15 5,4 0,30 0,55 0,27 0,47
16 2,9 0,76 0,87 0,47 0,28
17 10,1 4,41 2,10 0,41 0,41
18 17,9 7,715 2,78 0,44 0,37
19 5,2 1,20 1,10 0,46 0,32
20 11,5 4,22 2,06 0,39 0,42
21 13,7 6,07 2,46 0,43 0,38
22 10,4 8,16 2,86 0,39 0,42
23 12,7 0,42 0,65 0,42 0,40
24 10,8 0,42 0,65 0,42 0,40
25 8,9 0,20 0,45 0,39 0,42
26 8,7 0,42 0,65 0,40 0,42
27 6,7 0,37 0,61 0,36 0,45

PesyiabTarnl

Tabmuua 4.16

CTATHUCTHYECKON 00pa0dO0TKH JaHHBIX MJs napamerpa Il

No ch Suz Su Tmax Tmin
1 2,61 0,419 0,65 0,46 0,32
2 0,14 0,0002 0,02 0,36 0,45
3 0,29 0,012 0,11 0,44 0,37
4 4,27 0,430 0,66 0,46 0,30
5 0,44 0,002 0,05 0,32 0,46
6 2,83 0,203 0,45 0,42 0,39
7 0,41 0,005 0,07 0,41 0,41
8 0,13 0,002 0,05 0,39 0,42
9 0,05 0.001 0,04 0,39 0,43
10 1,13 0.341 0,58 0,45 0,35
11 3,95 0,495 0,70 0,45 0,35
12 0,91 0.053 0,23 0,41 0,40
13 0,40 0,017 0,13 0,41 0,41
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14 3,68 0,865 0,93 0,40 0,41
15 0,45 0,034 0,18 0,47 0,29
16 0,18 0,015 0,12 0,47 0,24
17 1,48 0,144 0,38 0,41 0,41
18 1,90 0,010 0,10 0,41 0,41
19 0,63 0,002 0,05 041 0,41
20 0,79 0,010 0,10 0,28 0,47
21 0,48 0,004 0,07 0,40 0,42
22 1,34 0,109 0,33 0,36 0,44
23 1,20 0,011 0,11 0,40 0,41
24 1,32 0,074 0,27 0,46 0,30
25 1,18 0,014 0,12 0,39 0,42
26 1,32 0,001 0,03 0,38 0,43
27 1,44 0,117 0,34 0,43 0,38

Hckniouenue epyovix ouubox.

['pyOble ommMOKH WM MPOMaxH MCKa)XaloT pe3yibTaTbl SKCIEPUMEHTa U IO-
TOMY JOJDKHBI OBITh HMCKJIIOYEHBI. VIMEeTCs HECKOJBKO CIOCOO0B OOHApyXEHUs
«IPOMAXOB», HO Yallle MPUMEHSETCA I' — KpUTepui. /[ npoBepKrM OCHOBHOM CTATH-
CTUYECKOU rmuIoTe3bl Hy onpenensercs pacuieTHOE 3HAYEHUE I — KpUTEPUSL:

r _ Yu — Yu1
min — ’
Suym(m—1)
ECJ'IH COMHHUTCIIBHBIM CUHUTACTCA Haumerbuiee B CTPOKC 3HAYCHHC yul
r _ Yun — Yu
max — )
Suyym(m—1)

3HaueHue I — Kpurepus OepeTcsi U3 CTATUCTUYECKUX TaOJUIl C yU€TOM CTENEHU
cBOOOIBI f,, = m — 1 u ypoBHA 3HAUMMOCTU a. ECIu pacdyeTHOe 3HAYEHUE Ty, U
Tymax OKAXKETCS MEHbIEe TaOJIMYHOrO, runote3a H, mpuHHMaeTrcs ¢ HaAeKHOCTBHIO
BeIBojaP =1—a.

[TpoBepka nyneBoii runotesbl pu a = 0,05 u f,, = 2 mokaszana, 4To pacuer-
HbI€ 3HAYEHUS I — KPUTEPUS MEHbIIE TaOIUYHBIX Ty, = 1,41 . MOXHO yTBEpX)AaTh,
YTO SKCIIEPUMEHTAJIbHbIE TAHHBIE HE COJEPX AT COMHUTEIbHBIX 3HAUYEHUU (TpyObIX
IPOMAaxOB).

IIposepxa 6ocnpouzsooumocmu IKCnepuMerma.

L{enp NpOBEPKHU — ONPEAEIINUTD, ABJISIFOTCS JIM U3MEPEHHUSI OTKIIMKA BO BCEX TOY-
Kax (CTpoKax) IjiaHa paBHOTOYHBIMH. B JaHHOM cilydae mpoBepKa BOCIIPOU3BOAUMO-
CTH KCIIEPHMEHTA eCTh TIPOBEPKA OJHOPOIHOCTH BEIGOPOUHBIX mucrepcrii S,° (cM.
Tabm. 4.12).

JIns mpoBEPKH OJNHOPOJHOCTH OLIEHOK Su2 ucnoJyib3yeM kpurepuit Koxpena,
TaK KaK YMCJIO IOBTOPHBIX OMBITOB BO BCEX CTPOKAX MOCTOSIHHO (M = 3 = const).

Pe3ynbraThl pacueroB 15 napamerpa E nmokazanu, 4to

Gp, = 0,15 < Gy, = 0,29
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ns mapamerpa I1 - Gp = 0,26 < GKp = 0,29.
Takum o6paszom, rumnore3a 00 OJHOPOTHOCTH AUCIIEPCUN TPUHUMACTCH.

< 2
Breimonnenue Tp€6OBaHI/ISI OJHOPOAHOCTH ITOCTPOUYHBIX NUCIICPCHUU Su II03BO-

JISI€T ONPEACNIUTh JUCTIEPCUIO BOCIIPOU3BOJUMOCTH KaK cpeaHeapu(MeTHiecKoe mo-
CTPOYHBIX JUCTICPCUH.

B sTom ClIydac OICHKAa JUCIICPCHU BOCIIPON3BOAUMOCTHU UMCCT BU/:

1
SBocz{y} = Nzlsuz {y}

C YHCIIOM cTeneHel ceodoasl v = N(m — 1).
B pesynbraTte pacueToB
s mapamerpa E — S, .2{y} = 1,98;
s mapamerpa I1 - S, *{y} = 0,13;
Oyenka ko3 puyuenmos ypasHeHus Mooenu.
KoadduimenTs! ypaBHEHUSI pErPECCUU PACCUUTHIBAEM 10 (POpMYyIaMm:
by = a1 Ya=1(Xoul) — a2 Xi%q X1 CiuXib) » bi = a3 Xo=1 ()
by = a, ZlIY:l(xiuxiuYu) + ag Xty Zg=1(xiuxiuyu) —a Zg=1(x0uyu) )
by = a, Zﬁ=1(xiuxiuyu) .
3HaueHus KO3(PPULIHUEHTOB cM. B Ta0. 4.18.
Tabmuua 4.18
3HaveHns: KOAPPUUUEHTOB A1 — A¢ MJIA pacueTa K03GPUIHEeHTOB ypaB-

HEHUA
Yucno aq a, as ay as Qe
ONIBITOB
27 0,13805 0,0303 0,05556 0,0625 0,5 -0,09091

Hucnepcun k03P HUITMEHTOB YPAaBHEHHS PETPECCUH BBIYUCISIOTCA 110 HOopMy-
Jam:

§%(bo) = a1S*(¥), S*(by) = a,S*(¥)
S%(by) = a3S?(), S*(by) = a,S*(H) ,
rne a; = 0,11111; a, = 0,02309; a, = 0,03127; a; = 0,00315.
B pe3synbrate pacueToB ypaBHEHUE MOAEIH )i MapaMmeTpa E npuHsiio Bua:
yg = 10,785 + 5,940x; — 0,645x, — 0,739x5 — 1,950x, +
+2,100x5 — 0,813x;x, — 0,638x;x3; — 0,888x,x, +
+1,088x;x5 + 0,913x,x3 — 0,388x,x, + 1,412x,x5 +
+0,538x3x4 — 0,038x3x5 + 0,288x,x5 + 0,683x,2+ b
+1,733x,% + 0,683x3% — 1,017x,% — 3,167x> .
(4.3)
B pe3ynbrate pacueToB ypaBHEHUE MOJEIM )i mapameTpa [1 mpunsiio Bud:
yop = 1,16 + 1,003x; — 0,242x, — 0,257x5; — 0,337x, +
+0,441x5 — 0,27x1x, — 0,161x,x3 — 0,273x,x, +
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+0,348x;x5 + 0,091x,x3 + 0,201x,x, + 0,272x,x5 +

+0,302x3x, + 0,136x3x5 + 0,023x,x5 + 0,145x,2 — b

—0,485x,% + 0,151x32% + 0,131x,% + 0,261x5°2

(4.4)

[Tocne ompenenenus oneHok b ko3 HUIMEHTOB ypaBHEHHSI MOJEIN HE00XO0-
JUMO TIPOBEPUTH TUTIOTE3y 00 WX 3HAYUMOCTH, JPYTHMMH CJIOBaMH, IPOBEPHUTH, 3HA-
YIMO JIH TTOJTyYeHHAs! OIICHKA OTJIMYACTCS OT HYJISI.

Brruucnennsie 3HaueHus t — kpurepus (tadm.4.18 u tadn. 4.19) cpaBHUBAIU C
TaONMMYHBIM t,.5, = 2,0 npu 3amanHoM ypoBHE 3HaunMoctn @ = 0,05 u umcna cre-
neneir cBoboasl v = N(m — 1) = 27 * (3 — 1) = 54. Pe3ynbraThl pacueToB IOKa-
3aJi, 4TO HE BCe KOIPPUITMCHTHI SBISIFOTCS CTATUCTUICCKH 3HAUNMBIMH.

Tabmania 4.18
Ko3¢ppuuuenTsl Moe1u u pacyeTHble 3HaYeHUs t- KpUTepus 1A napa-

Merpa E
Koaddunuent b, b, b, b, b, bs by
t- kpuTepuit 20,2 27,8 3,0 3,5 9,1 9,8 3,3
K03 uIueHT by3 by4 bys ba3 ba4 bzs bs4
t- kpuTepuit 2,6 3,6 4.4 3,7 1,6 5,7 2,2
KOdpPHIHCHT b3s bys by, b, b33 byy bss
t- kpuTepuit 0,2 1,2 8,6 21,9 8,6 12,9 40,1

Ta0muma 4.19
KoaddunmenTsr Mosienu 1 pacueTHbIE 3HaUCHHS t- KpuTepus s napamerpa I1

Koadduunent by b, b, b, b, bs by
t- kpuTepuit 9,8 18,6 45 48 6,3 8,2 43
K09 pumeHT bi3 b14 bis by3 by4 bys b3y
t- kpuTepuit 2,6 4.4 5,6 1,4 3,2 43 4.8
K02 dHIreHT bss bys by, by, b33 by bss
t- kpuTepuit 2,2 0,4 7,3 24,3 7,5 6,5 13,1

MaremaTuueckas MOJCJb IIpomecca ITHCBMOCCIIapaluu MOKET OBITH npea-

CTaBJICHA KaK YpaBHEHUE perpeccuu ¢ GakTopamMu U X B3aUMOJICUCTBUSIMHU, UMEIO-
IIUMHU TOJBKO 3HAYMMBbIE KOA(DPUIIMEHTHI ypaBHEHUS:

yg = 10,785 + 5,940x, — 0,645x, — 0,739x; — 1,950x, +

+2,100x5 — 0,813x;x, — 0,638x;x3; — 0,888x;,x, +

+1,088x;x5 + 0,913x,x3 + 1,412x,x5 + 0,538x3x, +

+0,683x,2 + 1,733x,% + 0,683x3% — 1,017x,% — 3,167x52 . (4.5)

vy = 1,16 + 1,003x; — 0,242x, — 0,257x3 — 0,337x, +

+0,441x5 — 0,27x1x, — 0,161x,x3 — 0,273x,x, +

+0,348x,x5 + 0,201x,x3 + 0,272x,x5 + 0,302x3x,4 +

+0,136x3x5 + 0,145x,% — 0,485x,% + 0,151x52 —

—0,131x,% — 0,261x52 . (4.6)
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CraTucTiueckas HE3HAUUMOCTb HEKOTOPBIX KO3(PPHUIIMEHTOB ypaBHEHUS MO-
XKET OBbITh BbI3BaHA Pa3JIMYHBIMM U HEPAaBHO3HAUHBIMH NPUUYMHAMH: MaJbIM IIaroM
BapbUPOBAHUS, CTATUCTUUECKH HE3HAYUMBIM BIIUSHUEM Ha 3(PPEKTUBHOCTH ITHEBMO-
cenapanuy Kakux-au0o (pakTOpoB WM HUX B3aUMOJECHCTBHI, HEMPaBUIbHBIM BbIOO-
pOM YpOBHEW (akTOpoB B 00sacTH (PAKTOPHOIO MPOCTPAHCTBA, 3HAYMTEIbHBIMU
OIMOKaMH SKCTIEPUMEHTA.

CrnenyroommmM 3TanoM CTaTUCTUYECKOTO aHAJIW3a SBJISIETCS MPOBEPKA TUIIOTE3bI
anexkBaTHOCTU Mozend. CyIecTByeT HECKOJbKO METOJOB IMPOBEPKHU aJEKBATHOCTU
MOJIEJIN: UCIIOJIb30BaHuE F — KpuTepusi, KpUTEpHs CEpUid, KpUTEPHUS THBEPCUI U JIp.

[TpoBepka HyIeBOM TUMOTE3BI 00 aIEKBATHOCTH MOJEIH C MOMOIIbI0 F — kpu-
Tepusl MoKazaja, 4Tto I napamerpa E pacueTHoe 3HaueHue F — kpurepus paBHO
E, = 1,029 . Tak kak F, < Fi,6, = 2,1, T0 runore3y 00 aJeKBaTHOCTH MOJIEIH MPH-
HUMAaeM.

Ha puc. 4.2 npencraBieHbl SKCIEPUMEHTAIBHBIE TaHHBIE U PACUETHBIC 3Haye-
Hus mapamerpa E mo ypaBHenuto (4.5), a Ha puc. 4.3 — otkinonenus (3, — )

25 -
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Puc 4.2 DxcniepumeHTansHbIe () U pacyeTHbIC (M) HaHHBIe MapameTpa E

47

24 . :
L 4 : * e

0,__9_._’_*__' A.‘ * ¢ ".0’60'04-’;

24 3 s 7 8§ 1 13 5 17 19 21 23 5 2z

4

Puc. 4.3. I'pacuk oTknonenuit y, — y,, 1uist napamerpa E

Jis mapamerpa IT pacuetnoe sHauenue F — kpurepus pasuo F, = 1,79. Tak
KaK F, < Fp,6, , TO TUIIOTE3Y 00 aJI€KBATHOCTU MOJIENIN IPUHUMAEM.

Ha puc. 4.4 npencraBieHspl SKCIIEpUMEHTAIFHBIC TaHHBIE U pacueTHBIC 3HAYC-
Hus nmapamerpa I[1 mo ypaBaenuto (4.6), a Ha puc. 4.5 — otkinonenus (¥, — yi,).
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Puc. 4.4 3KcnepHMeHTaanme (#) u pacueTnble (M) nanHbie napamerpa I1
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Puc. 4.3. I'paduk otknonenwuii y,, — y,, s napamerpa I1

AHanu3 0CTaTKOB IMO3BOJISIET IPOBEPUTH HYJIEBYIO TMIIOTE3Y O CTATUCTHYECKOM
HE3aBUCUMOCTH OCTATKOB. J[JI1 MPOBEPKU JaHHOM T'MIIOTE3bl MCIOJIB3YEM KPHUTEpUI
cepuil. Cepueill Ha3bIBA€TCs MOCIEI0BATEIBHOCTh OJHOTUIIHBIX HAOIIOACHUN, TIEpe]
U T0ciie KOTOPOW CIEeAyIOT HaOMIOAEHUS MPOTUBONOJIOKHOTO THIA WK K€ HET BO-
oOlIe HUKaKuX HaOmoAeHuil. bynem cpaBHUBaTh OCTAaTKH C MEIUAHOM, KOTOpas B
JaHHOM citydyae paBHa Mg,.. = —0,209 u Mp,., = 0,041 . Ocratku, npeBbIIAIOIINE
MeJany, KiiacCupuuupyeM Kak (+), a OCTaTKH, MEHbIIIE MEIUAHBbI, KIIACCUPUIUPYEM
Kak (-).

Jnsa mapamerpa E
B T T S s S e e T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

MOCIIEIOBATEIBLHOCTD U3 27 OCTaTKOB UMEET 1y = 16 cepuid;
s mapamerpa I1:
+ - -+ - 4+ + - - - -+ o+ o+ - -+ -+ o+ -+ -+ - -+
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
MOCJIEA0BATENbHOCTh U3 27 octarkoB umeer 17 = 17 cepuil. HyneBas rumoresa
MPUHUMAETCS, €CIIU PACUETHOE 3HAUEHUE KPUTEPHS CEPUI HAXOIUTCS B MIpeenax:
"™N/2; 1-a/2 <T <TN/2; a/2
rae N = 27 — unucno Habmonennii; « = 0,05 — ypoBens 3HaunMoctu. TaOynupoBaH-
HbIE 3HAUYCHUS KPUTEPHUS CEPUIA:
113; 0975 = 8, 113; 0,025 = 19,
T14; 0975 = 9, T14; 0,025 = 20.
Tak kak 1y = 16 u 1; = 17 nmomagaroT B MHTEPBAI NPUHSATHUS TMUIOTE3bI, TO
HET OCHOBAaHMM COMHEBAThCS B HE3aBUCUMOCTH HabOmtogeHuid. ClenoBarenbHO, OT-
KJIOHCHHS 3HAUEHUH, PACCUYUTAHHBIX MO MOJEIH, OT IKCIIEPUMEHTAIBHBIX HOCST CITY-
YalHBIN XapakKTep.
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JIisi mocTpoeHusi MaTeMaTHYeCKOM MOJeNnu mpoliecca IMHEBMOCENapalud B
HATypaJbHBIX MEPEMEHHBIX HEOOXOIMMO, UCHOJb3Yys (POPMYIIbI KOAUPOBAHUSA, CHE-
JaTh COOTBETCTBYIOIIME IpeoOpazoBanus. [locie packonupoBaHus ypaBHEHHUE MOJIE-
71 THeBMocenapaiuu (s napamerpa E) umeer Bua:

E =51,88+ 0,62V —21,87d — 1,16a + 3,63q +

0,02h — 0,08Vd — 0,006Va — 4Vq +

0,001Vh — 0,09da + 0,009dh + 0,03aq +

0,007V? + 1,73d? + 0,007a? — 0,25g% — 0,00014h? .

[Tocne packogupoBaHus ypaBHEHHE Mojenn Juisl mapamerpa 11 umeer Bua:

I1=-0,2125+ 0,17225V — 4,88995d — 0,24785a — 1,2165q —

—5h —-0,027Vd — 0,00161Va — 0,01365Vq +

+0,000232Vh + 0,1005dqg + 0,001813dh + 0,0151aq +

+0,000091ah + 0,00145V2 — 0,485d% + 0,00151a? +

+0,03275¢% — 0,0000116h% .

IIpn HaxXO0XJIEHWH ONTHUMAJIBHBIX 3HAYEHHHW HCIHOJIb30BAJIOCH CTAHAAPTHOE
nporpaMMHOe obOecriedueHue makera Excel. B pesymerate onmTHMu3aniuu MmMoJTydeHbI
ONTUMAJIbHBIE 3HAYEHHUs HCCIeayeMbIX napameTpoB (Tadn. 4.20), mpu KOTOPBIX
dbynkuus E npuaumMaeT makcumaiibHoe 3Hauenue E = 26,2 .

Tab6mauia 4.20
OnruMalibHbBIE 3HAUEHUS I1apaMCTpOB
ITapamerp 3HaueHue
V —CcKOpOCTh BBIXOJA CTPYH BO3AyXa, M/C 70
d — auamerp OTBEpCTHSI, MM 4
a — PacCTOSIHUE MEXK]Ty OTBEPCTHSIMH, MM 50
g — mojaya xJIe0HOM Macchl B MOJIOTHIIKY, KI/C 5
h — TonmmHa Bopoxa, MM 392
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[Tpunoxenue 1

PaBHOMepHO PaclpCaACICHHBIC CﬂyqaleBIC qucia

B uHTepBaie ot 0 10 99
10 09 73 25 33 76 52 01 35 8 34 67 35 48 76 80 95
90 91 17 39 29 27 49 49 37 54 20 48 05 64 89 47 42
96 24 80 52 40 37 20 63 61 04 02 00 82 29 16 65 08
42 26 89 53 19 64 50 93 03 23 20 90 25 60 15 95 33
47 64 35 08 03 36 06 99 01 90 25 29 09 37 67 07 15
38 31 13 11 65 88 67 67 43 97 04 43 62 76 59 12 80
79 99 70 80 15 73 61 47 64 03 23 66 53 98 95 11 68
77 12 17 14 68 33 66 06 57 47 17 34 07 27 68 50 36
69 73 61 70 65 81 33 98 8 11 19 92 91 70 31 06 O1
08 05 45 57 18 24 06 35 30 34 26 14 86 79 90 74 39
23 40 30 97 32 8 26 97 76 02 02 05 16 56 92 68 66
57 48 18 73 05 38 52 47 18 62 38 8 79 63 57 33 21
35 05 32 54 70 48 90 55 35 75 48 28 46 82 87 09 83
49 12 56 24 73 79 64 57 53 03 52 96 47 78 35 80 83
42 82 60 93 52 03 44 35 27 38 84 35 98 52 01 77 67
14 90 56 86 07 22 10 94 05 58 60 97 09 34 33 50 50
07 37 98 11 80 50 54 31 39 80 82 77 32 50 72 56 82
48 29 40 52 42 01 52 77 56 78 51 83 45 20 96 34 06
28 89 80 83 18 74 67 00 78 18 47 54 06 10 68 71 17
78 17 88 68 54 02 00 8 50 75 84 01 36 76 66 79 51
90 36 47 64 93 29 60 91 10 62 99 59 46 73 48 37 51
79 49 69 91 82 60 89 28 93 78 56 13 68 23 47 83 41
13 65 48 11 76 74 17 46 85 09 50 58 04 77 69 74 73
03 95 71 8 40 21 81 65 44 80 12 43 56 35 17 72 710
70 15 45 31 82 23 74 21 11 57 82 53 14 38 55 37 63
74 35 09 98 17 77 45 27 72 14 43 23 60 02 10 45 52
16 42 37 9 28 60 26 55 69 91 62 68 03 66 25 22 91
48 36 93 68 72 03 76 62 11 39 90 94 40 05 64 18 09
89 32 05 05 14 22 56 85 14 46 42 75 67 88 96 29 77
88 22 54 38 21 45 98 91 49 91 45 23 68 47 92 76 86
46 16 28 35 54 94 75 08 99 23 37 08 92 00 48 80 33
69 45 98 26 94 03 68 58 70 29 73 41 35 53 14 03 33
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[Tpunoxenue 2
3aBUCHUMOCTD t 46, OT uncna n npu a = 0,05

n

4

8

12

16

24

32

48

64

tTaGH

2,78

2,31

2,18

2,12

2,06

2,04

2,01

2,0

3aBUCHMOCTS F,5, OT YKcia cTeneHel cBo0OabI yncauTens (V) U 3HaMeHa-

tens (v,) mpu @ = 0,05

12 12
4 8 12 16 24 30 48 60

1 225 239 244 246 249 250,2 252 253
2 19,12 19,37 19,41 19,43 19,45 19,46 19,47 19,48
3 9,12 8,84 8,74 8,69 8,64 8,62 8,59 8,57
4 6,39 6,04 5,91 5,84 5,77 5,74 5,70 5,68
5 5,19 4,82 4,68 4,60 4,53 4,50 4,45 4,42
6 4,53 4,15 4,00 3,92 3,84 3,81 3,76 3,72
7 4,12 3,73 3,57 3,49 3,41 3,38 3,32 3,28
8 3,84 3,44 3,28 3,20 3,12 3,08 3,02 3,00
9 3,63 3,23 3,07 2,98 2,90 2,86 2,80 2,77
10 3,48 3,07 2,91 2,82 2,74 2,70 2,66 2,61
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