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BBenenue

lInanuposanue sxcnepumenma — 00JACTh 3HAHUS, CBA3AHHAS C IO-
CTPOCHHUEM M ONTUMHU3AIMEH MaTEeMaTHUYECKIUX MOJIEIICH.

Mamemamuueckasa mooenb — 3TO COBOKYITHOCTh MAaT€MaTHYECKUX
00BEKTOB (YMCelsl, CHMBOJIOB, MHOXECTB U T. JI.) U CBSI3€M MEXIAYy HHUMH,
OTpakaromiass BaKHEWIIWE MJIsI HWCCIAEAOBATENS CBOWCTBA HM3y4aeMOTO
00BEKTA.

CymiecTByeT Ba CIoco0a MoJydyeHHs] MaTeMaTHIECKOM MOJIENIH 00b-
€KTa: TEOPETUUYECKUN (AaHATUTUYECKUI) U IKCIIEPUMEHTANIbHBIA. B nepBoM
ciIydae HCCefoBaTelb CTPOWT MOJICTh Ha OCHOBE HM3BECTHBIX €My Ipe-
CTaBJIeHUH 00 00BEKTE MOJEIUPOBAHUS C UCIIOIL30BAaHIEM 3aKOHOB M Ipa-
BUJI MaTE€MaTUKH, JIOTUKHU, PU3UKU U JIpyrux Hayk. [Ipu BTOpOM cmocobe
MaTEMaTUYECKYI0 MOJIEIb 00BbEKTa MOIYyYal0T ¢ MOMOIIBI0 IKCIIEPUMEHTA.
OOBIYHO 3TO — ypaBHEHHUE (CUCTEMa YpaBHEHUI), CBA3BIBAIOIIEE BBIXOIHBIC
¥ BXOJHBIC TMapaMeTpbl 00BEKTa, HAIpUMEp, MOTEPH 3epHa 3a 3epHOYyOO-
POYHBIM KOMOAWHOM Kak (DYHKIIUS TI0/1a4d XJIEOHON Macchl B KOMOaKH.

K maremaTnyeckoMy MOAETHUPOBAHUIO B TEXHHUKE MPUOEraroT B TEX
CiIydasix, KOT/Ia OIbITa ¥ WHTYHUIIUU MPOCKTUPOBIINKA HEIOCTATOYHO IS
NPUHATHS PEIICHHS, a Tak)Ke MPH pelIeHUU 3ajad, TPeOyIOmuX OOIBIITNX
00bEMOB BBIYUCIICHUH.

B TexHuKe MMPOKO MPUMEHSIETCS W APYTOoM BUJ MOACIUPOBAHUS —
¢u3rdecKoe MaKeTUPOBAaHUE OOBEKTOB B YMEHBIIEHHOM WJIM YIIPOIICHHOM
Bujie. Y (U3UYECKOTO U MAaTEMaTHIECKOTO MOJICIIMPOBAHUS €CTh CBOM IIpe-
MMYIIECTBA U HENOCTaTKH. [IpemmylecTBaMu MaTeMaTHUE€CKOTO MOJICIH-
POBAHUSA SIBJISIOTCS OTCYTCTBHE 3aTpaT Ha M3TOTOBJICHUE (DU3NUECKUX MaKe-
TOB, BO3MOKHOCTb MPOBEJCHUS MPAKTUICCKA HEOTPAaHUYCHHOTO YHCIIA K-
CIIEPUMEHTOB, B TOM YHCJIC HAa KPUTHUYCCKUX PEKUMaxX, KOTOPHIC MPHUBEIH
OBl K pa3pymieHuto GU3NIECKOTO MakeTa. BMecTe ¢ TeM B pszie cirydaeB 3a-
TpaThl Ha CO3JaHUE AJCKBATHOW MaTeMaTHUYECKOW MOJEIH MOTYT MPEBOC-
XOJINTh 3aTpaThl HA MAaKETUPOBAHHUE, a JOCTOBEPHOCTh PE3yJIbTATOB MaTe-
MAaTHUYECKOTO MOJIETUPOBAHUSI YACTO 3aBUCUT OT MPUHUMAEMBIX IOIMYIIe-
HUMW U HEU3BECTHBIX KOAPPUIIUEHTOB MAaTEMAaTUYECKON MOIEIH.



MaremaTtnueckoe MOJEIUPOBAaHUE AJIs aHANIU3a PU3NYECKUX MpOoLec-
COB B CIUIOUIHBIX CPEJlax C 33JaHHbIMU KPAE€BBIMU YCIOBUSMHU BBITIOTHSIETCS
C MOMOIIBIO U PepeHIInaNbHbIX YPAaBHEHHM B YaCTHBIX MHPOWU3BOJHBIX.
Cucrema ypaBHEHHMII, Kak NMpaBUIo, U3BecTHA (ypaBHeHHs Jlame nis Mexa-
HUKU YOPYTMX Cpel; YPaBHEHHUS TEIJIONPOBOJHOCTH AJI TEPMOJIMHAMUKY;
ypaBHeHus HaBbe — CTOKCa [ TUJIPABIAMKHU U T. J.), HO TOYHOE pELICHUE
yaeTcs MOJTYYUTh JUILb JJIs IPOCTHIX YACTHBIX CIIYy4aeB, O3TOMY OOBIUHO
TpeOyeTcs MOCTPOUTh MPUOIMKEHHYIO AUCKPETHYI0 Mojenb. [Ipumepamu
OPUMEHEHUS TaKUX MOJEJEH SBISIOTCS pacyeTbl HAa MPOYHOCTH OTBET-
CTBEHHBIX JIeTaJled KOHCTPYKLHH, HWCCIEAOBAaHUE adPOJMHAMHYECKUX
CBOICTB JIeTaTeNbHBIX aNapaToB, PacUeT TEIUIOBBIX PEXUMOB pabOTHI Je-
TaJlel U KOHCTPYKLUU, IPOCKTUPOBAHUE TUIAPOTEXHUYECKUX COOPYKECHUMU.
Cpenu mMareMaTH4eCKUX METOJI0OB MOJIETUPOBAHUS IIUPOKYIO U3BECTHOCTh
HOJIYUUIIN MemoObl KOHEUHbIX PA3HOCHEU, KOHEYHbIX 2JIeMEeHMOo8 U paHuY-
Hblx d1emenmos. B HacTosliee BpeMsi CyHIECTBYET OOJIbILIOE YMUCIO MPO-
IPaMMHBIX CPEJICTB, PEATU3YIOIIMUX 3TU MeToaAbl Ha DBM, cpenu HuUX ume-
I0TCA KakK CIEeUUaM3UpOBaHHbIE (pacCUMTAHHbIE HA OMPENETICHHBIN Kiacc
KOHCTPYKILIMI U BUJI HATPY30K), TaK U YHUBEPCAJIbHBIE.

[Tonmywyaemass mpu JUCKpETHU3aLMU MPOCTPAHCTBA, OMKCHIBAEMOTO CH-
cteMoil nuddepeHIuaIbHbIX ypaBHEHUH B YacCTHBIX IPOU3BOJHBIX, aIl-
OPOKCUMUpYIOIIAasi CHUCTeMa alreOpanyecKuX ypaBHEHUN HMMEET BBICOKHIA
MOPSIIOK JaXke ISl TPOCTBIX TEXHUYECKUX CHCTEM: YMCJIO HEU3BECTHBIX CO-
crapnsger 10°-10° m Gonee. IlodTOMy HpH MOJEIMPOBAHHH JOCTATOYHO
CJIOKHBIX TEXHUYECKUX 00BEKTOB MEPEXOIAT K O0Jee YKPYITHEHHOMY MO/Ie-
JUPOBAHUIO — OOBIYHO HMCIOJIb3YsI CUCTEMY OOBIKHOBEHHBIX TuddepeHiiu-
AJbHBIX YPABHEHHUI.

OCHOBOIl MaTeMaTU4YECKOTO MOJEIMPOBAHUS CIOXKHBIX TEXHUYECKUX
CUCTEM, KaK MPaBUJIO, SIBJISIETCS TEOPHUSI MacCOBOT'O OOCITYKUBAHUS, aBTOMa-
TUYECKOTO yIpaBjeHus, rpadoB, cUCTEMHbIN aHanu3. OO0bEKTaMH MoJie-
JUPOBAaHUS C UCIOIB30BAHUEM 3THX CPEICTB SBIISIFOTCS, HAIlpUMEp, CUCTE-
MBI AaBTOMAaTHYECKOTO PETyJIHPOBAHMUS TEXHOJOTMYECKUMH IPOLECCAMU,
ruOK1e aBTOMaTU3UPOBAHHBIE IPOU3BO/ICTBA, APYTHE CIOKHBIE CUCTEMBI.



1. OCHOBHBIE ITOJOXXEHUA CUCTEMHOI'O
AHAJIU3A U UCCJAETOBAHUSA OIEPALIUIA

Jli aHanu3a U CUHTE3a CUCTEM MOXKHO MPEIOKUTH MOCIIE10BATENb-
HOCTb JICHUCTBUMH:

1) popmymnupoBka meneBoii GyHKIIUN CUCTEMBI;

2) omnpezeNeHNEe MeCTa CUCTEMbI B UEPapXUH CUCTEM M OTPaHWYCHUH
Ha ee (PyHKIIMOHUPOBAHKE, TAPAMETPhI JIEMEHTOB;

3) ompeneneHne BXOIHBIX U BEIXOIHBIX TIOTOKOB CUCTEMBI;

4) dopmymupoBka Kputepusi 3G(GEKTUBHOCTH (PYHKIIMOHUPOBAHHUS
CUCTEMBI (MaTeMaTH4eCcKas 3aIuch 11eJeBON (QYHKINN);

5) onpeeneHre CTPYKTYPBI CUCTEMBI U €€ DJIEMEHTOB;

6) ompeneneHue CBs3el MEXTY DIIEMEHTaAMH CUCTEMBI;

7) MOCTpOCHNE MAaTEMATHYECKOW MOJICTTH CUCTEMBI;

8) mpoBepka ajgeKBaTHOCTH MOJICIIH;

9) Mcnojap30BaHUE MATEMATHUECKOW MOJENU (I ONTUMHU3AINH IIe-
JeBOM (yHKLHH, OTIPEIeNICHUs] YyBCTBUTEIbHOCTH LENEBOM (PYHKUINU K W3-
MEHEHHUIO MapaMeTPOB CUCTEMBI U JP.).

1.1. HeneBast pyHKuus

VYcnoBue BbIOOpa Jydiiero (ONTUMaJbHOTO) BapuaHTa pelIeHUs Ka-
KOW-TMO0 3aaud Ha3bIBAIOT Kpumepuem ONMUMATbHOCMU, WU yenesou
@yHKyuetl.

B kagecTBe 1eneBoi (QYHKIIMU MOTYT MIPUHUMATHCSI YIKOHOMHYECKHE,
TEXHUYECKHE, DKOJOTHYECKUE U Jpyrue mokazarenn. OOBIYHO B TEXHHUKE
MpEeANOYTeHUE OTAACTCS SKOHOMHUYECKMM IOKa3aTelsiM Kak Haumbosiee 00-
IIIUM, MMOCKOJIbKY B HMX MOTYT OBITh YUTEHBI BCE (WJIU TOYTH BCE) APYTHUE
MOKa3aTelu.

N3 3KOHOMUYECKUX TOKa3aTeliel OJHUM U3 CaMbIX OOIIMX SIBIISIETCS
npu6bUIb I1 = (I — 3) - A (roe 1 — mena equHUAIBI IPOAYKIUK;, 3 — 3aTPaThl
Ha TIPOU3BOACTBO €IUHUIIBI TPOAYKIIMH; A — 00bEM BBITyCKa MPOTYKIIHH).



[Ipu onTuMu3anuy mapaMeTpoB 1iejeBas PyHKIUS IPUHUMAET BUI:
[T - max.

Chopmynuposats 1eneByro (QyHKIMIO WHOTAA ClI0kHO. Hampumep,
IpU TPOECKTUPOBAHUM WM MOJEPHU3AIMU 3€pPHOYOOPOUYHOrOo KOoMOaiiHa
MOXHO Cc(QOpMyJIUpOBaTH TakKUe IieJieBble (YHKIMU: CEOECTOMMOCTb,
HaJeKHOCTh, MAHEBPEHHOCTh U Jp., @ IPU OTPAHUYCHHAX MO POy IMapa-
METPOB: YACJIbHOE JaBJIICHHE Ha MOYBY, APOOJICHUE 3epHA, rabapuUThl KOM-
OaitHa u 1ip.

Ecnmu npu mpoeKTUpOBaHUM TEXHUYECKUX OOBEKTOB MOKHO BBIJE-
JUTH OJUH TapaMeTp, KOTOPOMY OTHIAeTCsi 0e3yCIIOBHOE MPEANOUTEHUE U
KOTOPBIH HanboJiee MOJHO XapaKTepPU3yeT CBONCTBA MPOEKTUPYEMOTO 00b-
€KTa, TO 3TOT MapamMeTp MOXKHO MPHUHATH 3a ILeNeByl0 QyHKIHIO. B 3TOoM
clly4yae 3a/ladya MPOEKTUPOBAHUSI CBOAUTCS K OOHOKPUMEPUATLHOU 3aJlayue
ONTUMU3AIMH 11eJIeBON (YHKIIMHU MPU yYCIOBUH COOFOACHUS OTpaHUICHUM.
[Ipu 5TOM O/IHA YacTh MapaMeTPOB MOMATAET MO KaTerOPUI0 OTPAaHUYCHUH,
a Jpyrasi 4acThb MapaMeTpoB, Ha KOTOPHIC HE HAKIAIbIBAIOTCS OTpaHUYe-
HUS, TPUHUMAETCS TaKOW, KaKOW TOJIyYHJIach MPH ONTHUMH3AINUNA IEJIEBOMN
(yHKUHU.

3amaun  MOTyT  OBITh  OJHOKPUTEPHAIBHBIMH W MHOTO-
KputepuaabHbIMU. Tak, Hampumep, KOMOAWH XapaKTepPHU3yeTCsS MHOTUMU
napaMeTpamu, ONpeAeIsIONIMMU €ro KaueCTBO M IIEHHOCTh. HekoTopeie u3
ATUX MapaMeTPOB HEOOXOINMO YBEIIMYMBATh, & IPYTHEe YMEHBIIIATH 0 BO3-
MOXHBIX TpenenioB. OrpaHUYEHUSI U CBSI3M MEXKIY OTACIbHBIMU TapameT-
pamMu KomOaitHa TPUBOAAT K HEOOXOJAMMOCTH MATH HAa KOMIIPOMHUCC U BBI-
OupaTh IS KOKI0N XapaKTePUCTUKH HE HAMITydIlIee BO3MOKHOE 3HAUCHUE,
a Takoe, MPHU KOTOPOM M JPYTHE BaKHBIE XapaKTEPUCTUKU OyIyT HMETh
npuemsieMoe 3HadeHue. [loaToMy mpu BBIOOpPE OKOHYATEIHLHOTO BapHaHTa
HEJIb3sl OTPAHWYMBATHCS CPAaBHEHHMEM 10 OJHOW KakoW-mubo  Xa-
PaKTepUCTHUKE, a HEOOXOIUMO NMPUHUMATh BO BHHMaHHUE BCIO UX COBOKYII-
HOCTh. 3aJlayul MPOCKTUPOBAHUS, MPOBOAUMBIC TI0 HECKOJBKAM KPUTEPHSIM
ONTUMU3ALMH, HOCAT HAa3BAHUE MHO2OKPUMEPUATbHBIX, WIN 3404y 6eK-
MOPHOU ONMUMUSAYUU.



W3BecTHBIE METO/IbI BEKTOPHOM ONTUMH3AIIMN HETIOCPEACTBEHHO WU
KOCBEHHO CBOJST pElIaeMble 3aJayd K 3ajJadyaM CKaJsIpHON (OJHOMEpPHOM)
ONITUMM3AINH, T. €. K PYHKIUU:

F(x) = CD(Fi(x)),i =12, ..,n,
rae F;(x) — yacTHBIE KPUTEPUH, TEM WIIM HHBIM CIIOCOOOM OOBEAMHSIOIIHE-
CA B COCTaBHOU Kputepun @, KOTOPHIA 3aTEM MAKCUMU3UPYETCS
WM MUHUMU3ZUPYETCA.

Pemenne 0ObEKTUBHO, €CIIM COCTABHOW KPUTEpUMl 00BsICHSET (hU3u-
YECKYIO0 CYTh ()YHKIMOHMpPOBaHUS cUCTEMbl. OJHAKO 3TO HE BCErjaa BO3-
MOXHO. [loaTOMy cocTaBHOHM KpUTEpHUid Yalie HOCUT PopMalbHbIN (CyObeK-
TUBHBII) XapakTep.

OO600111eHHbIE KPUTEPUU MOTYT OBITh aJAIUTUBHBIMH, MYJIbTUILIUKA-
TUBHBIMH, MUHIMaKCHBIMH U JIP.

Ecnu onTtumu3zanus Benercss 0€3 ydera CTaTUCTHUUECKOIro pasdopoca
XapaKTepUCTUK, TO COOTBETCTBYIOLIUI KPUTEPHUIl ONTUMAIbHOCTH Ha3bIBa-
0T 0emepMUHUpPOBAHHbIM, B TIPOTUBHOM ciiy4yae — cmoxacmuyueckum. Iloc-
JeAHui 00Jee MOJIHO OTPaXKaeT CBOMCTBA O0BEKTA MPOEKTUPOBAHUS.

Ipunyun cnpaeeonugoii Komnencayuu yacmuvlx kpumepues Hopmy-
JUPYETCsl TakK: CIPaBEUIUBBIM CIEAYET CUMTATh TaKOW KOMIIPOMHUCC, MPHU
KOTOPOM CyMMapHbIi ypOBEHb CHI)KEHHUS OJJHUX KPUTEPUEB HE MPEBBIILIACT
CYMMAapHBIH YPOBEHb YBEIHUCHUS JPYTHX KPUTEPHUEB.

Aooumusnsie kpumepuu. lleneBas pyHKIUs 00pa3yeTcs: CI0KECHUEM
HOPMUPOBAHHBIX 3HAYEHUI 4YacTHBIX KpuTepueB. OnepupyroT He C HaTy-
paJIbHBIMU 3HAUYCHUSMH KPUTEPUEB, @ C UX HOPMUPOBAHHBIMH 3HAYEHUSMHU.
Bb160p HOPpMUPYIOIIETO ACTUTENS TOTUYECKH 00OCHOBBIBACTCSI.

[TpuHUIIBEI BEIOOpAa HOPMUPYIOLIETO JETUTEIIS:

— 1O JUPEKTUBHBIM 3HAYEHHUSAM MapaMeTpoB, KOTOPbIE YKa3aHbl B
TEXHUYECKOM 33JIaHUH;

— M0 MaKCHUMAaJbHBbIM 3HAUEHUSM KPUTEPUEB WUJIU 10 Pa3HOCTH MEX-
1y MaKCUMaJIbHBIM U MUHUMAJIbHBIM 3HAYCHHSIMHU.

B o01ieM Buje aiIuTUBHBIN KPUTEPUN MOKHO MPEJCTABUThH KaK

F(x) = X(C; F;(x)/Fo;) = X(Cifi (x)),



rne C; — BecoBoi koaduimeHt yactHoro kpurepus; fi (x) — HopmupoBaH-
HOE 3HAYEHWE YaCTHOTO Kputepus; F,; — HopMupyromui kod3ddu-
IIUCHT.

BecoBbie kK03(h(UIMEHTHI YUUTHIBAIOT 3HAYMMOCTh YACTHBIX KPHTE-
pues, ipu 3tom ), C;= 1.

OCHOBHBIM HEIOCTATKOM A AUTUBHOTO KPUTEPHUS SBISETCS TO, YTO
IpU €ro HCHOJIb30BAaHUU MOXKET HaONIOAAThCsl B3aWMHAs KOMIICHCAIIMS
YACTHBIX KPUTEPHEB. DTO 3HAYUT, YTO CYIIECTBEHHOE YMEHbBIIIEHNUE OJTHOTO
U3 KpUTEpHUEB (BILUIOTH J0 HYJIS1) MOXKET ObITh MOKPHITO BO3PACTAHUEM JPY-
roro kputepus. [ ocnaliaeHust 3TOro HeJ0CTaTKa ClIeyeT BBOJUTh Orpa-
HUYEHUS Ha TpeleNbHbIe 3HaUCeHUs YacTHBIX KpuTepues. Jpyroit HemocTa-
TOK aJAUTUBHOTO KPUTEPUS — CYOBEKTUBHOCTh Ha3HAUEHUSI BECOBBIX KO-
¢unuentos C;.

MynemunauxamusHnvle kpumepuu. B psne ciydaeB 1esnecooOpa3Ho
ONEepUpOBaTh HE C aOCONIOTHBIMU, & C OTHOCHTEIbHBIMH H3MEHEHUSIMU
YaCTHBIX KpUTepueB. Torna npunyun cnpageonugol OmHoCUmMenNbHolu KoM-
neHcayuu 4acmuvlx kKpumepueg (HOPMYIUPYETCS CIEIYIOMHUM 00pa3oM:
CIPaBEIJIMBLIM CIIEyEeT CYUTATh TAKOW KOMIIPOMHUCC, TPU KOTOPOM CyM-
MapHBIN YPOBEHb OTHOCUTEIHHOTO CHUKEHHS OJHUX KPUTEPUEB HE MPEBHI-
IIaeT CYMMAapHBIF YPOBEHb OTHOCUTEBHOTO YBEIIMYCHUS IPYTUX KPUTEPH-
€B.

Y ci10BUE ONITUMAJIBLHOCTU UMEET BUJL:

L[AF; (x)/Fi(x)] = 0,
rne AFi (x) — nmpupamienue BenuuuHbl i-ro kputepus; Fi (x)— mepBona-
YajbHas BEJIMYMHA | -TO KPUTEPHSL.
Tax xak AFi (x)<<Fi (x),T0

D AR @/F@] = ) dlnF, (0] =
d[) (nF, ()] = dlInMlF, ()] =0,

rae I1 — mpousBeeHue 1Mo HHIEKCY |.
TTpUHIMII OTHOCUTEILHOMN CIIPAaBEIINBOM KOMIIEHCAIIMH IIPUBOIUT K
0000IIEHHOMY MYJIbTHIIMKATUBHOMY KPUTEPUIO:
F(x) = In[IlF; (x)] = min
WIN
F(x) = IIF;(x) — min,



Ota opmyiia cripaBelsIuBa JIsl paBHOIICHHBIX YaCTHBIX KPUTEPHUEB.
J171s1 HepaBHOILICHHBIX YaCTHBIX KPUTEPUEB UCIIOIb3yeTCsa popMyiia
F(x) = II(F;(x))“,
rine Ci — BecoBOr KO3 PHUIMEHT I-TO YaCTHOTO KPUTEPHSL.

Munumakcnvie kpumepuu. B TEOpu MHOTOKPUTEPUAIBHOW ONITUMHU-
3aIud 0cO00€ MECTO 3aHMMAET MPUHIIMIT KOMIIPOMHUCCA, OCHOBAHHBIM Ha
ujee paBHoMepHocTu. Ha 6a3ze sToro mpuHiuna paboTar0T MUHUMAaKCHbBIC
(MaKCUMUHHBIE) KPUTEPUHU.

OCHOBBIBasICh Ha HJIEE€ PABHOMEPHOTO KOMIIPOMHCCA, CTaparOTCs
HaWTHU TaKWe NIEPEMEHHbBIC MPOCKTUPOBAHUS, TP KOTOPHIX HOPMUPOBAHHbBIEC
3HAYEHUSI BCEX YACTHBIX KPUTEPUEB CTAHOBSATCSI PAaBHBIMU MEXTY COOOM, T.
€.

Fi(x)=k,i=12,..,n,
WU, C YY€TOM BECOBBIX KOA(DPHUIIUCHTOB:
Cif;(x) = k.

OpHako mpu OOJIBIIMX 3HAYEHUSX 7 U3-3a CIIOXKHBIX B3aMMOCBSI3EH
TPYAHO JOOUTHCS BBIMOJHEHUS 3TUX COOTHOIIEHUN. B 3TOM cityuae okasbl-
BaeTCs MOJIE3HBIM MPUMEHEHUE npuHyuna muHumarkca (maxcumuna). CyThb
€ro B TOM, YTO HYKHO BeIOpaTh Takoe pemenue X’c X (X = xi, ..., Xn), Ha
KOTOPOM pEaN3yeTcsl MakCUMyM (MUHUMYM) M3 MUHHMAaJIbHBIX (MaKCH-
MaJIbHbIX ) 3HAaUYCHHU I YaCTHBIX KPUTEPHUEB:

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

Taxoit nmpuHIMn BeIGOpa X ° MHOrIa HOCUT Ha3BaHHME NMPUHIMIIA «Ta-
PAHTUPOBAHHOTO pe3yJibTaray. OH 3aMMCTBOBAaH U3 TEOPUU WIP, T/AE SBIIS-
€TCs. OCHOBHBIM MPUHIIUTIOM.

PaccMoTpum mpuHLOMIT MakCMMUHA Ha ciuepyromem npumepe. s
yOOpKH ypokasih TPEANpPUSTHE MOXKET BBIOUpATh pa3IUYHBIE CTPATETUU
yOOpKH, T. €. UMETh Pa3INYHOE KOJIMYECTBO KOMOAWHOB, MEHATH COOTHO-
IIEHUE Pa3AebHOTO U NPsIMOTO KOMOaliHUpoBaHus U Jip. B 3aBucumoctu ot
MOTOAHBIX YCJIOBHM M YPOKAMHOCTH BO3MOKHBI Pa3JIMYHbIC TOTEPU YPO-
*as. B robl ¢ BHICOKOW ypOKaMHOCTBHIO HYHO HUMETh OOJIbIlIEE KOJINYE-



CTBO KOMOAHOB M TPakTOPOB, YTOOBI yOpaTh ypoxKail B CPOK, & B TOJBI C
HU3KOHM ypOKalHOCThIO — MeHblIee. B Tabn. 1.1 cTpokaMu sSBISIOTCS CTpa-
TEruu yOOPKH, a CTOJIOLAMHU — YCIOBUSL YOOPKHU WIIM CUTYALMHU C BEPOSITHO-
crsamu p; (Y p;=1). DnemenTamu TabmuIbl OyAeT npuoObLTL Jjj (Tae i — cTpa-
Terust yOOpKH; | — MOroaHas CUTyalus). B eHTpe Kaxmaoi sYeiKy TaOIHIIbI
[OKa3aHO 3HaYeHUe MPUObUIM B JAHHOUM CUTyalllu U BBIOpAaHHOW CTpaTeruu
yOOpKH, a B BEPXHEM IPABOM YIJy NOTEPU NMPUOBLIM MO OTHOLICHHUIO K
JIyYIIE€N CTPATETMH B IAHHOW CUTYAIWH.

Boiaenum 151 Kaxa0i crpaTeruu yOOpKH 3JIEMEHT, Tie IPUObLIb MU-
HUMalbHA. M3 3TUX MHMHMMAaJbHBIX NpUOBUIEH BBIOMPAEM CTPATETHIO, TE
MUHUMaJbHas MPUOBLIL MaKCUMaJbHa — 3TO cTpaTerus 1, koTopas BblOpaHa
10 MAKCUMUHHOMY KPUTEPHIO (MAKCUMYM U3 MUHUMAJIbHBIX 3HAUEHUN ).

Ecnu B xayecTBe KpUTEpHsI BHIOPATH MUHUMYM MaKCHUMAaJbHBIX IO-
Teph NPUOBLIN, TO Hauimydluen Oyner crparerus 4. B sTom ciiyyae BMecTo
MaTpHIbl NPUOBUIEH COCTaBIIAIOT MaTpUIly NOTEpPb, KOTOpas, Hampumep,
JUIsl IEPBOTO CTOJIONA uMeeT 3HaueHus 3, 1, 0, 2 nns crpareruit 1-4.

Tabnuua 1.1
BenuunHa npuObUIN MPU PA3IUYHBIX CTPATETUSIX YOOPKU

HOMep CI/ITyaL[I/II/I " €¢C BepOfITHOCTL
Crparerust yoopku
1 (p1) 2(p2) 3(p3) 4(p4)

3 7 0 1
1 7 10 6 5

1 4 2 2
) 9 13 4 6

0 2 3 0
3 10 15 3 6

2 0 2 1
4 8 17 4 5

Kpome kputepusi MakcuMHHa (MUHHMMAaKCa) B TEOPUU UTP Mpejsiara-
IOTCSl KPUTEPUHU, PACCUMTAHHbICE HA WHJWBUAYAIbHbIC CKJIOHHOCTH JIWIIA,
MMPUHUMAIOIIETO PELICHUE:

— MaKCHUMaJIbHBIA cpeaHuil 3G(EeKT mpu paBHOBEPOSTHBIX YCIOBHIX
yOopku: Y, 3;; — Max (B HalleM OPUMEPE — 3TO PaBHOLIEHHBIE CTPATETHH 3
U 4, KOTOphle 00€CTIEYNBAIOT CYMMY NPUOBLICH JJI1 BCEX CUTyalluil B pas-
Mepe 34 enuHuI);

10




— MakKCHMyM CYMMBI TPOM3BEICHUSI BEPOSTHOCTH MAaKCHUMAJIBHOTO
s dekTa Ha BEIUYMHY MaKCUMaIbLHOTO 3 eKTa U MpOou3BEICHUS BEPOSIT-
HOCTH MUHUMAJILHOTO 3¢ (PeKTa Ha BETUYMHY MUHUMAILHOTO 3P (DEKTa;

— MUHHAMYM TIOTEPh C YUY€TOM BEpPOSTHOCTEH BCEX BO3MOXKHBIX YCIIO-
BUM YOOPKH;

— MaKCUMYM 3KOHOMHUYECKOro 3¢ dekTa (B HAIIEM ciiydyae MpUuObUIN) C
Y4E€TOM BCEX BO3MOXKHBIX YCIOBUN YOOPKH.

2. p; J;j —~Max.
DTOT KpUTEPHUH ABIISETCS HAWITYYIIUM ¢ SKOHOMHYECKON TOYKH 3PCHHUS.
Ha mpakTuke He0OXOAMMO YUUTHIBATS:

1. Beibop KpuTepHs ONTUMATIBLHOCTH SIBIISICTCS CIIOKHOU METO0JIOTH-
4eCcKOM mpoOIeMoil U, Kak MPaBUIIO, MOKET OBITh HEOTHO3HAYHBIM.

2. AIIUTUBHBIA KPUTEPHUI BBIOUPAIOT TOTA, KOT/a CYIIECTBEHHOE
3HAYCHUE UMEIOT a0COTIOTHBIC 3HAUYCHUS KPUTECPUEB.

3. MynbTUIITUKATUBHBIN KpUTEPUH 11€51ecO00pa3HO UCTIOIb30BaTh TO-
r7a, KOrja CYIEeCTBEHHYIO POJIb UTPaeT M3MEHEHNE a0COFOTHBIX 3HAUCHUN
YaCTHBIX KPUTEPUEB, TIPU BapHaIMK BEKTOpa IEPEMEHHBIX X .

4. Ecu nepen pa3pabOTYMKOM CTOMT 3ajada JOCTHKEHHS PaBEHCTBA
HOPMHPOBAHHBIX 3HAYCHUN KOH(JIMKTHBIX YACTHBIX KPHUTEPHUEB, TO
ONTUMAJIBHOE IIPOCKTHPOBAHUE CIIEIYeT MPOBOJWTH MO0 MHHHUMAKCHOMY
KPHUTEPHIO.

DxcnepmHule oyeHKU
1. Memoo panscuposanus. IlycTb SKCIEpTU3y MPOBOAMT TPYTIA U3 M
skcrepToB. Kakmpiit skcmept paccrasisier kpurepun Fi(x)B mopsiake yObI-
BaHHS MX BaXHOCTH. Panr 1 momydaer oneHky (mpeoOpa3oBaHHBIA PaHT) 7,
panr 2 — onieHky (N-1) ¥ T. 1., TI€ 7 — YUCJIO YACTHBIX KPUTEPUEB.
3Hasi mpeoOpa3oBaHHBIN paHr I-ro kputepust y K-ro skcmepra 1y,
OMPENETSAI0T BECOBbIE KOIPDUIIMEHTHI:
Ci=X"y /L LTk
C y4eToM aBTOPUTETHOCTH KaXKA0r0 dKcnepta my (Y, my = 1)
Ci = XMyl / X X My Tig.
2. Memoo npunucwviéanusi 6anniog. DKCIEPTHl OIIEHUBAIOT BaXXHOCTh
yacTHOTo Kputepus Oawtamu 1o mkaine 0 — 10, mpu 3TOM paszperiaercs
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OIICHUBATh BaXKHOCTh JIPOOHBIMU BEJIMYMHAMHU WM MIPUIIUCHIBATH OJIHY U TY
’KE BEJIMYMHY HECKOJBKMM KpUTepHsaM. 3Hast 0ailn h;y, I-ro kputepus U K-ro
9KCIEPTa, MPEOOPa30BaHHBIA PAHT I-r0 KpUTEpHUs y K-ro sKcmepra HaxosaT
o hopmyiie

T = R/ X hu -

Ha 1ocToBEepHOCTh 3KCNEPTU3bI CYLIECTBEHHO BIMSIOT Takue (akTo-
PBI, KaK YHUCJIO IKCIEPTOB, YPOBEHb X KOMIIETEHTHOCTH, COCTaB BOIPOCOB,
CaMOYyBCTBHE DKCHEPTA U AP.

Onmumanvrocms no Ilapemo. Ilycts XP u X9— nBa pa3HbIX penieHUs
3ajaun MUHUMU3auu. Ecian BekTopHbiid kputepuid F(XP)mo oTHOIIEHUIO K
BeKTOpHOMY KpuTeputo F(X?)ynosnerBopsier ycnoBuro F(XP) < F(XP)
nns Beex i=1,..., nu Fj(XP) <F;(X?) xots Obl 17151 oaHoro j = 1,..., n, T0 ro-
BOPAT, 4TO BEKTOpHBIN kputepuil F;(XP) momunupyer Hanm F;(X?), a o6-
JIACTh KPUTEPHUEB HA3BIBAIOT 00JIACTHIO COTJIacHsl.

Touka X°naseiBaercs >(QPEKTUBHON MM pEIIEHUEM, ONTUMAILHBIM
no Ilapero, ecnm He CymIECTBYeT HHU OJHOM TOYKM X, TakoW 4YTO
F;(X)menbie unu pasao F;(X°) ma Becex i = 1, ..., n u F;(X)< F;(X°) xora
ObI st ongHoro j =1, ..., n.

OddexTrBHAs TOYKa MOXET OBbITh HE €IMHCTBEHHOW. MHOXECTBO
3 PEKTUBHBIX TOUEK HA3BIBACTCA OO0JIACTHIO PEIICHHM, ONTHUMAIbHBIX IO
[Tapeto. OntumansHocTh 10 [lapero o3Hauvaer, 4TO HeNb3s AaNbllie YMEHb-
IIUTh 3HAYECHHUE OJTHOTO U3 YACTHBIX KPUTEPUEB, HE YBEJIUYUB MIPHU 3TOM XO-
Ts1 OBl OJTHOTO U3 OCTAJIbHBIX.

1.2. OnTumu3anus uejaeBoil QyHKIMH

Opnoit u3 knaccuukauuii 3aa4 ONTUMU3AIMU SIBISETCS JIEJICHUE
UX Ha 33Ja4¥ KOHLENTYalbHOM, CTPYKTYPHOW M TapaMETPUYECKON ONTUMHU-
3aIUU.

[Ipumepom 3a7auvl KOHUENTYaIbHOM ONTUMH3ALUU SBISIETCS BBIOOP
TUIAa TPUBOAA JIJII MOTOBHWJIA KATKU KOMOaitHa: MEXaHUYECKUM, THIPABIIU-
YECKUM, dNEKTPUUECKHUI. 3a/1auyn 3TOro Thmna oObIYHO TpyAHO(OpMaIu3ye-
Mbl. Tak, B MPUBEICHHOM IpHUMEpPE, KpOoMe MOAAIONIUXC (popManu3aluu
CTOMMOCTH IPUBOJA, SKCIUTyaTallMOHHBIX 3aTPAaT HA PEMOHT M TEXHUYECKOE
o0CIy’)KMBaHUE W [p., HYXXHO JOIOJIHUTEIBHO YYUTHIBaTh, HaIpUMED,
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HaJICKHOCTh MMOCTABIIMKOB KOMIUIEKTYIOIIUX U JPyTHe TpyAHO(OopMaIu3y-
eMble (PaKTOPBHI.
[IpuMep CTPYKTYpHOU ONTUMHU3ALIMA: ONIPEICIICHUE YMCIIA CTYTICHEN
3y04aToro peayKkropa ¢ 3aJaHHbIM MePEIaTOYHBIM OTHOIICHUEM.
[TapameTprueckas ONTUMU3ALMS TPEANIONATAET HAUIMYKME apaMeTPOB
00bEKTa, KOTOPHIE BXOAAT B LIEJIEBYIO (DYHKIUIO U OTPAaHUYEHUS; IPU OIpe-
JICJICHHBIX 3HAYEHUSAX STUX MapaMeTpOB (HA3bIBAEMBIX ONTHUMAIbHBIMU) II€-
neBas PyHKIMS NIPUHUMAET MUHUMAIbHOE (UM MaKCUMaJIbHOE) 3HAYCHUE.
PaccmarpuBasi 00ObEKT MPOEKTHUPOBAHMS HA MaKpOYpPOBHE, MpE/ICTa-
BHM €TO B BUJE UEPHOIO SALIMKa», HA BXOJE U BBIXOJI€ KOTOPOTIO UMEIOTCS:
X;— yHIpaBJisieMbI€ TApaMeTPbl O0BEKTA,
Y;— BBIXOJIHBIE TIapaMeTpPbl 00bEKTA;
Z;— HeyIpasJjsieMble TapaMeTpbl 00bEKTA;
f; — ciy4aitabie BO37CHCTBHS HA OOBEKT.
Ha ympaBiisiemble mapaMeTpsl X MOTYT HaKJIaJAbIBaTbCsl OTPAHUYCHMUS,
TOTJIa TIapaMeTpbl X; AOJKHBI TMPUHAJICKATh HomycTuMon obmactu D.
MHoxecTBO TOUeK, oOpa3yromux oonacts D ,Ha3bIBaeTCs BBIMYKIIBIM, €CIIU
TUTs TF000H Mapbl TOYEK OTPE30K MPSIMOM JTMHUU, COCTUHSIIONUN X, TAKKE

TOJTHOCTBIO MPUHAJICKUT ITOMY MHOXKECTBY (puc. 1.1).
A X

) 0)

Puc. 1.1. Beinykinas (@) u HeBbIyKIast (6) JOMYCTUMBIE 00JIaCTH MEPEMEHHBIX X1 U Xp
OOBIYHO B 3a/Ja4ax ONTHMHU3AIMH PACCMATPHUBAIOT 3a1a4y MUHUMHU-
3aluu 1eaeBoi GpyHkuu, T. €. F(X) — min,
3amayy MaKCHMHU3ALMK L[EJICBON (YHKIMU JETKO MOXHO CBECTH K
3ajjaue MUHUMU3AIMH, €CIIM M3MEHUTh 3HAK IeJeBON (DYHKIIMHM Ha MPOTH-
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BOTIOJIOKHBIN, MakcuMyM QyHKimu F(X) Oyaer mpu Tex ke 3HAaYCHHSX ap-
TYMEHTa, 9TO 1 MUHUMYM — F(X).

MaremaTuyecku 3ajady NapaMETPUUECKON ONTHUMHU3AIUUA MOXKHO
3anucaTh B 00ILEM BHUJIE:

F}-(xl, X,) = min, j = 1, kK — nenessie QpyHKIHM;

Ip (x1, %) < Cp, p =1, M — orpaHlYeHUs TUIIA KHEPABEHCTBOY;

hy(x1,x,) = By, q=1, |- orpanuuenns Tuma «paBeHCTBOY;
rzie Xi — ONTUMHU3UpyeMble mapamerpsl (i =1, 2, 3, ...n); C, u B; — ko3¢-

(UITMEHTHI.

YacTHBIM Cily9aeM OrpaHUYECHUN TUIA gy, ABJISIOTCS OTPaHUYECHHSA di
< xi < bi.

B 3aBucUMOCTH OT KOJIMUECTBA U BU/JIA 1IEJIEBBIX (DYHKIIUNA U OrpaHU-
YEHUU BBIICIISIOT YACTHBIE 3a/1a4U ONTUMU3AIUU:

1) onHokputepuanpHoii ontumusaimuu (K = 1) w  MHO-
TOKPUTEPUAIILHOW (BEKTOPHOM) ONTUMHU3ALINH;

2) ojHOMapaMeTpU4ecKor (OJHOMEpPHOW) ONTHMH3AMKU (1 = 1) u
MHOTOIapaMeTPUIECKO (MHOTOMEPHOI) ONTUMU3aIuu (n > 1);

3) Oe3ycnoBHOMH (OTCYTCTBYIOT OrpaHM4eHus g, U h,) u ycioBHOH
(uMeeTcst XOTs ObI OJTHO OTPAaHUYCHHE) ONITUMU3AINY;

4) ogHOIKCTpeMaabHOM (1ieaeBast QYHKIMSA UMEET OJUH SKCTPEMYM)
U MHOTO’KCTpeManbHOU (1ienieBasi (DYHKIUS MMEET HECKOJBKO JKCTPEMY-
MOB) ONITUMU3AIINH;

5) 3amaya mapaMeTPUUYECKON ONTHUMHU3AIMH C JOMOJHUTCIbHBIMH
TpeOOBaHUSIMHU, YTOOBI yIpaBISIEMbIE TTapaMeTPhbl MPUHUMAIIA TOJIBKO JIHC-
KPETHBIC 3HAYECHUS, HA3bIBACTCA 3a/a4€d NUCKPETHOW OoNTUMM3auu. Eciam
BCE Xi IOJDKHBI OBITh IEJIBIMA YHCIIAMH, TO 3a/1ada Ha3bIBACTCS 3a/Jaduei Iie-
JIOYUCJIEHHOTO MPOrpaMMUPOBAHUS.

PaccMoTpuM KpaTko YacTHBIE Clydau 3ajJa4d ONTHUMU3AIUM C TTO3U-
IIUA CJTIOKHOCTH UX PEIICHUS.

3aga4uu MHO2OKPUMEPUATILHOU (8eKMOPHOL) ONITUMU3AIUU, T. €. OIl-
THUMH3AIMU OJHOBPEMEHHO HECKOJIbKHX IEJNEeBbIX (YHKIMNA, 3HAYUTEIbHO
CJIO’)KHEE 3a/1a4 OJIHOKpUTEpUaIbHON ontuMu3aiuu. [Ipu 3Tom 3adactyro He
CYILIECTBYET 3HAYEHUH, MPU KOTOPBIX BCE II€JIeBbIe PYHKIIMHU OJJHOBPEMEH-
HO MpUHUMAIA Obl ONTHUMAaJbHOE 3HaueHue. Yaie HaOMrOgaeTcs Apyras
KapTHHA: MPU OJHUX 3HAYEHUSX MapaMeTpPOB ONTUMAabHA NEpBas LieleBast
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GyHKIMS, OpU IPYTUX — BTOpas U T. . B 3TUX yCIIOBUSX MPOEKTUPOBIIUKY
MPUXOJAUTCS UATH HAa KOMIIPOMHUCC: JIOMYCKAaTh OTKJIOHEHUE OT ONTHUMAJIb-
HOT'O0 3HAYEHUSI OJIHUX IIEJIEBBIX (PYHKIUH, YTOOBI MOJYUYUTH MPUEMIIEMOE
3Ha4YEHUE APYTUX 1eiaeBbIX GyHKIUNA. OOBIYHO 3TOT KOMIPOMHUCC JIOCTUTa-
€TCSl IPUCBOEHUEM BECOBBIX KO3(P(ULIHMEHTOB 3HAYUMOCTH LEIEBBIX (PYHK-
U ¥ CBEJICHUEM BceX I1esIeBbIX (DyHKIUM B oJiHy. Takum oOpa3oMm, B 3aj1a-
4aX MHOTOKPUTEPUATILHOW ONTUMHU3ALUK PEIICHUE OOBIYHO OTCYTCTBYET U
MPOEKTUPOBIIUKY MPUXOJUTCS BHOCHUTH JJIEMEHT CYOBEKTHUBHOCTU IMpHU
Ha3HAYEHUU BECOBBIX KOA(PHUIIMEHTOB WM JOMYCTUMbBIX 3HAYEHUM IIeJie-
BBIX (PYHKITUH.

3agau MHOTOIMApaMETPUUYECKOM ONTUMHU3ALNU TAKXKE CIIOXKHEE Of-
HOMEPHBIX 3aJlay, HO CJOKHOCThb 3JIECh JAPYroro poja: €CTb MaTeMaTHh4e-
CKHE METO/Ibl POrPAMMHUPOBAHUS, MO3BOJISIONIUE MOTYYUTh PEIICHHE MHO-
TOMEpPHOM 3a7auu ¢ TpeOyeMOoi TOYHOCThIO, HO C YBEJIMYEHUEM YHCIIa Tie-
PEMEHHBIX PE3KO BO3PACTAIOT BBIUYMCIHUTEIBHBIE 3aTPATHl U, COOTBETCTBEH-
HO, BpeMsi Ha pelieHue 3anadu. Hampumep, 4yToOBI paccyuTaTh IEIEBYIO
GYHKIHMIO JBYX TMEPEMEHHBIX, KaKIas U3 KOTOPBIX MOKET MPHUHATH TPH
Pa3sIMYHBIX 3HA4YEHMs, HeoOXoauMmo caenath 32 = 9 pacueroB. CooTBeT-
CTBEHHO JIJIsi TPUAIATA MEPEMEHHBIX, Kaxaash U3 KOTOPbIX MOXKET MPUHHU-
math 100 pasnuunbix 3Havennii, nomydaem 100%° pacueros — Takoe orpom-
HO€ KOJMYECTBO PacyeTOB HE IMOJ CUITy Jake COBPEMEHHBIM cyrep-OBM.
KoHeuHo, Takoe KOJIMYECTBO PacueToB HYKHO ClieJaTh TOJBKO MPU IPSIMOM
nepedbope BceX BO3MOKHBIX BapuaHTOB. CylIECTBYIOT METOJbI (IpaJueHT-
HBIM, TOKOOPAMHATHOTO CIIyCKa U Ap.), KOTOPbIE PE3KO YMEHBILIAIOT YHUCIIO
pacyeToB, HO TEM HE MeHee MpodJieMa IUTENbHOCTH pPEUIeHUsT MHO-
TOMEpPHOM 3a/1auyu UMEET MECTO.

3amauu ycnoenou onmumusayuy SIBISIOTCS 0oJiee CIOXHBIMH, YeM
0e3ycinoBHOM. {7151 3a1a9M YCIIOBHOM ONITUMH3AIIMK B OOIIIEM BHJIE, T. €. TIPU
m000M BHJIE€ KPUTEPUST ONTUMAIILHOCTH U OTPAHUYEHUH, OTCYTCTBYET Me-
TOJ «OBICTPOTO PEIICHUS» NaKe OJHOKPUTEPUAIBHON 3a7a4uu 0€3 HCIOJb-
30BaHMS TOW WU WHOU (OpMBI mepedopa BapuaHTOB PEUICHUS U MTOCTEICH-
HOT'0 MPUOJIMKEHUSI K OKOHYATEIbHOMY PEIICHUIO.

Ecnmm neneBass GpyHKUMS WM OTpaHUYCHUS HEIWHEWHBI, TO UMEEM
3a0auy HenunerHo2o npospammuposarnus. Ecnu pyHkuus n odnacte D BbI-
MYKJIbl — 3aJa4y 8blNYKA020 NPOSPAMMUPOBAHUS.
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Ecnm xputepun ONTUMaIbHOCTH W OTPAHUYCHUS SIBISIOTCS JTMHEH-
HBIMU (DYHKITUSIMU TAPAMETPOB X, TO UMEEM 3a0at) JUHEUHO20 NPOSPAMMU-
POBaHUS.
F(x) =co+c1xy + -+ cpx, = Min
Ap1X1 + A%y + -+ a1 X, R1by
Az1%1 + AppXp + -+ AxpXp Ry by

A1 X1 T AmaXz + -+ QX R by
xi >0,
rae F(x) — kpurepuil ONTUMAIBLHOCTH, SIBJISIOIIMNACS JIMHEWHOW QyHKIIMEH
IEPEMEHHBIX Xi ; Ri — o7uH U3 3HaKoB: =, > ,<; a, b u ¢ — ko3 -
(ULHUEHTBHI.

Ecmm kputepwnii ontumanbHocTH F (X) — KBagparndeckas GyHKIUS, a
OTpaHHYEHUS — JIMHEHHbIE (PYHKIIMH, TO UMEEM 3a7ady Keaopamuueckozo
NPOCPAMMUPOBAHUSL.

3anaueil cenapabenvnoco npocpammuposarus Ha3bIBaeTCs Takas 3a-
nava, B KOTOPOW KPUTEPUH ONTHMAIBHOCTH W OTPAHUYCHHS HMEIOT BU]T
CYMM 7 (DYHKIMH TOJIBKO OJTHOM MEepeMEHHOM.

1.3. MeToanl oNTUMU3AIUN

[leneBasi GyHKIHUSI MOKET UMEThH JIOKAJIbHbIE MUHUMYMBbI (TOYKHU X| ,
X2 1 JIp.) ¥ TJI00aIbHBIH MUHUMYM (TOuKa X3) (puc. 1.2).

Yuumooanvnasn ¢ynxkyus — GyHkuus, KoTopas B JOIMyCTUMOM 00a-
CTU MMEET OJJUH MUHUMYM (MakcuMmyMm). OyHKkius Ha puc. 1.2 HEe yHHMO-
JaJbHasl.

BoJIbIIMHCTBO METOJIOB MOKWCKA ONTUMyMa OCHOBAHO HA IMOCTEIECH-

HOM TPUOJMKEHUN K ONITUMYMY OT 3a/1aBa€MOM HMCCIIeIOBATEIEM WU CITY-
YJailHO BHIOMpAaeMOW caMOW MPOTPaMMON ONTUMH3AIMNA HAYATBLHON TOYKHU
noucka. [lycte 310 Oyner Touka a Ha puc. 1.2, u pelraercs 3ajada MOUCKa
muHruMyMa F(x). Torma mpu penieHnr 3a1a4i ONTHMH3AIIAHA ITyTEM ITOCTe-
MEHHOT'0 CIyCKa JIOKAIbHBI MUHUMYM OYJIET B TOUKE X>.
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Flx/

X1 Xi X Xs X Xs X

Puc. 1.2. [Ipumep MHOTOKCTpeManbHOU QYHKIIUU

Ecnu HavaapbHOM TOYKOM mMoMcKa OyaeT Todka b, To momyumm TO ke
pelieHne — Touka Xz. M BooO1ie, ecnu B KauecTBe HA4aJIbHOM TOYKH MOUCKA
MUHUMYyMa OyAeT 3a7aHa Jiro0as TouKa U3 Juana3zoHa X4 — Xs, TO OyeT Moiy-
YEHO OJHO U TO YK€ PEIICHUE — X2, KOTOPOE MOXKET ObITh OMIMOOYHO TIPUHSITO
3a MUHUMYM (TJ00aJIbHBIN K€ MUHUMYM HaXOJUTCS B IPYTOW TOYKE — X3).

Jlnst Toro ytoObl MOMAacTh B TOYKY IJIOOAIbHOTO MHUHUMYyMa X3,
HAYaJIbHYIO TOYKY MOMCKa HY>KHO 3aJ1aTh U3 AMana3oHa Xs — Xe. [{0CKOJBKY
IIPOCKTUPOBIIMKY 3apaHEe HEHW3BECTHO HU YMCJIO, HU IOJIOKEHUE TOYEK
HKCTPEMYMOB (PYHKIMH, CYLIECTBYET OMAaCHOCTh NMPHUHSITH JOKAJIBHBIN 3KC-
TpeMyM 3a TN1o0abHbIA. UTOOBI M30€XaTh 3TOM OMMUOKH, TpeOyeTcsl MOBTO-
PATH ONTUMU3ALMIO JIJIs1 pa3HbIX HAYAJIbHBIX TOYEK MOMCKA C KAKUM-TO Ia-
roM BJOJIb OCH X, TIpU 3TOM TpeOyeMasl BeJIMYMHA Iara HEU3BeCTHA (B
HalleM MpuMepe OHa JO0JDKHA ObITh MEHBLIE AUANa30Ha X5 — X6, TAK KaK MpU
OOJIBIIIOM IIare MOXKHO '"MPOCKOYHTH" TIIOOATBHBIA ONTHUMYM; MPU MaJoOM
1are BO3pacTaeT YUCJo PacYETOB).

B cBsI3M ¢ 3TUM BaXHYIO POJIb UTPAET MPEABAPUTEIBLHOE MPEACTaB-
JICHHE MPOEKTUPOBIINKA O MOBEIECHUU ONTUMHU3ZHPYEMON (YHKIUHU, B TOM
YHUCJIE O €€ YHUMOIAJIbHOCTH I MHOTO3KCTPEMAJIbHOCTH.

CornacHo Teopeme Beliepuirpacca, 3aaya napaMmeTpu4ecKoi onTH-
MU3alMN pa3peninma, eCii KpUTEpPHi ONmTUMaIbHOCTH F(X) siBisieTcst He-
npepbiBHON (PyHKIMEH, a JomycTuMasi 00J1iacTb 00pa3yeT 3aMKHYTO€ orpa-
HUYEHHOE MHOXECTBO. [[J1s1 BBIBOJA YCIOBUI ONTUMAIBHOCTH, T. €. IS IO~
JyYEHHUs pElIeHUs, B OOJIBIIMHCTBE CIy4aeB HEOOXOIMMO, YTOOBI (yHK-
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iust F(x) 6puta HenpepbiBHO auddepenmupyemoii. Tak, B cioydae Oe3-
YCIOBHOM MMHHMU3AIMHE YHUMOIAIbHON omxHOMepHON (yHkumu F(x) mis
TOT0, YTOOBI TOUYKA SBJISIACH ONTUMAIIHBIM PEIICHUEM, HEOOXOAUMO U JI0-
CTaTOYHO, YTOOBI B 3TOM TOYKE TEpBasi MPOU3BOJHAS MUHUMHU3UPYEMOM
GbyHKIMM paBHSJIACH HYJIO, a €€ BTOpasi MPOU3BOIHAs Oblja BETUYMHOM I0-
JIOKUTEJIbHOM.

O060011as 3TO yCclIOBUE HAa MHOTOMEPHBIN Ciiydaid NI 3ajadu 0e3-
YCJIOBHOM MHUHUMM3AIMA MHOTOMApaMETPUUYECKON YHUMOJAIbHON (yHK-
n F (x), MOXXHO COPMYIIHPOBATh CACIYIOINIEE YCIOBHE ONTUMAILHOCTH:
YTOOBI TOYKA X SIBJISUIACH AKCTPEMYMOM WJIM TOYKOHM meperuda, HeoOXoau-
MO, YTOOBI B 3TOM TOYKE I'PaJMEHT (PYHKUHUU PABHSUICS HYJIO (T. €. paBHS-
JUCh HYJIIO BCE YaCTHBIC MPOU3BOIHBIC (DYHKIIUU 10 BCEM IMEPEMEHHBIM X1).
Jlist ompeneneHusi xapakTepa TOYKH JKCTpeMyMa HEO0OXOIUMO JTOTIOJIHU-
TEJIbHOE UCCIIEIOBAHUE.

Ecnu Ha nepeMeHHbIE X1 HaJ0XEHbl OTPAHUYEHUS, TO 33]]a4a YCI0XK-
HSETCS, TAaK KAK MUHMUMYM MOXET OBbITh Ha IpaHuUIle 00JACTU JIOMYCTUMbBIX
3Ha4YeHUM x (Tunepnapaviesienuinesia), riae yCcaoBUe paBEHCTBA HYJIO BCEX
YaCTHBIX MPOU3BOHBIX (DYHKIIMH MOKET HE BBITIOJHITHCSA. DTO 3HAYUT, YTO
ONTUMAIBHOE PEIICHNE MOXKET HAaXOJIUThCS KaK BHYTpH 00JacTH, TaK U Ha
rpaHulle TUnepnapaienenuneaa. Takas cuTyamusi IPUBOJUT K TOMY, YTO
HY>XKHO PEIIUTh OYEHb OOJIBIIOE YKCIIO 3a7a4 0e3yCIIOBHOW ONTHUMU3AIUU.
Od4eBUaHO, YTO TAKOW MOJAXOM K PEIICHUIO 3a7a4d ONTUMHU3AINN TpeOyeT
OOJNBIINX BBIYMCIUTEIBHBIX 3aTpaT. [[03TOMy B HEKOTOPBIX Clydasx Iiele-
coo0pa3HO MepPerTH OT UCXOTHOM 3a/1auu K 3a7a4e 0€3yCIOBHOM ONTUMHU3A-
1107078

Memoowst nokoopounamnozo noovema (cnycka). JJorudeckum pa3Bu-
THEM METOJUKH OJHOMEPHOTO IMOMCKa OBLIO OBl TIOCIIEIOBATEIHLHOE U3ME-
HEHHE KaXXJI0T0 IMIPOEKTHOTrO MapaMeTpa JI0 TeX Mop, Moka He OyeT TOCTUT-
HYT MakCUMyM I1iesnieBod ¢yHkiuu. [lo 3aBepiieHun 3Tod mpoueaypsl s
BCEX MEPEMEHHBIX MOKHO BEPHYThCS K MEPBOW U MOCMOTPETH, HENB3S JU
emnie 0osiee yCOBEPILIEHCTBOBATh PEIIEHUE. DTOT METO/, Ha3bIBAEMbI METO-
JIOM TIOKOOPJIMHATHOTO MOAbeMa, HE BCEra MO3BOISET HAUTH ONTUMAIIBHOE
pemieHne. MeToJ MOKOOPAMHATHOTO MOJbEMa HE NMPUMEHUM, €CJIM JUMHUU
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YPOBHSI UMEIOT TOUKH M3JI0Ma. MaTeMaTH4eCKUM SKBUBAJICHTOM OOphIBa Ha
MOBEPXHOCTH, 00pa3yeMoro 1eJIeBO (PyHKIIMEH, SBIISIOTCS T€ €€ MeCTa, T
MOCTABJICHBI OTPAHUYCHUA.

I'paouenmnvie memoObl ONTUMU3ALMHN UCIOJIB3YIOT UH(DOPMALIUIO O
rpaaveHTax. PaccMoTpum cucTeMy HE3aBUCHUMBIX €IMHUYHBIX BEKTOPOB €1,
€2,..., €n, HAIIPABJICHHBIX BJOJIb OCEA KOOPAUHAT X1 X2, .... Xn, SBJISIIOLIUXCS B
TO K€ BpEMsI IPOEKTHBIMH MapamMeTpaMu. BekTop rpaguenTa npou3BOJIbHOU

neneBoit pynkiuu F(x, x2, ... xn) UMEET BH/I:

JOF
e —e
6x11+ 0x, 2t +6n

I'7I€ YaCTHBIE IPOU3BOIHBIC BBIUNCIIAKOTCA B PACCMAaTPUBAEMON TOYKE.
OTOT BEKTOP HAIpPaBJIEH BBEPX, B CTOPOHY MOJIbEMA; OOPATHBIN eMy
BEKTOP YKa3bIBa€T HAIIPABIICHUE CIyCKa. EJIMHWUYHBIN BEKTOp TIpaJueHTa

HMEET BU!
vieq +vye, +v3e3 + -+ v, €,
rae
JF
ax-
v =
[(ax )21°%

Kornma xapakrep ueneBoit (byHKuHI/I XOpOIIIO M3BECTEH, MOXKHO BBI-
YUCJIUTH KOMIIOHEHTHI BeKTopa rpaaueHta nuddepenimpoBanueM. Eciou xe
TaKUM CIIOCOOOM YacTHBIE MPOU3BOJHBIE TOJIYYUTh HE yAA€TCs, TO MOXKHO
HaWTH MPUOIKEHHBIC 3HAUCHUSI B OKPECTHOCTH PACCMAaTPHUBAEMOU TOUKHU:

oF Flxp o x; 0, ,x,) = F(x, -, x;, -, %)
ox, A ’
rae A — HeOOIBIIIOE CMEIIICHUE B HATIPABICHUH X;; .

[Tpu onpeaeneHnn MUHUMyMa HEOOXOAMMO IS KaXKIOW TOYKH | TI0-
MCKa ONPENENIUTh TPAJMEHT U CAENaTh 1ar B HAIIPaBJICHUU aHTUTPaJUEHTA
(T. €. B HaIpaBJIEHUH, OOPATHOM T'PATUECHTY):

Lo _ o OF
1 [ axi'

rae a > 0 — quHa padoyero mara; i=1, ..., n.
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Bb160op TOro WM MHOTO 3HAYEHHS @ 3aBUCUT OT alpUOPHBIX MPE/I-
CTaBJICHHH O (popMe THUIEPIIOBEPXHOCTEH PaBHOTO YPOBHS IIEJIEBON (PYHK-
nnn. CylmecTBEHHOE YCKOPEHHE MpoLecca MOMCKa ONTUMYyMa IPA COXPaHe-
HUU MPOCTOTHI ONPEIEIICHHS 1ara MOXET ObITh JOCTUTHYTO B CIIy4ae HUC-
M0JIb30BaHUSI KOMOMHUPOBAHHOTO METOJA: IIar MPUHUMAETCS MOCTOSTHHBIM
Y JIOCTaTOYHO OOJIBIIUM MPU JBUKEHUH BAAIIM OT ONITUMYMa, a MOCJe BXO/1a
B 30HY ONTHMyMa NpeayCcMaTpUBAETCS YMEHBbUIEHUEM Iara B 2, 4 paza u
oornee.

Meron onTuMH3alKAHA, B OCHOBY KOTOPOIO IOJIOKEHA UAES JBHKE-
HUSI TI0 CaMOM KPYTOW TPOIE, HAa3bIBAETCA METOJOM HAMCKOPEHUILErO CITyC-
ka. BekTop rpaaveHTa NEpPHEHAMKYISPEH JUHUM YPOBHS MU YKa3bIBAET
HaIIPaBJICHUE K HOBOM TOUYKE B IMMPOCTPAHCTBE NPOECKTUPOBAHMUS.

['pagueHTHBI METOJI MOKHO HCIIOJIb30BaTh MPUMEHUTEIBHO K JIIO-
0011 yHUMOAAIbHOU (DYHKITHH.

B HEKOTOpBIX ciaydasx 3aayy YCJIOBHOW ONTUMHU3ALUUA MOKHO CBE-
CTH K 3a7aue 0e3yCIIOBHOM ONTUMU3AIMU, 3aMEHSSI IEPEMEHHYIO X JIPYroi
IIEPEMEHHON, TaKOM, HA KOTOPYIO HE HAJIOKEHBbI OrpaHuyeHus. Hampumep,
3a/1a4a MapaMeTpUUECKOM ONMTUMHU3ALMU C OTPAHUYEHUSIMU TUNA JIMHEHHBIX
HEPaBEHCTB

F;(xy,x,) = min, ai <xi<Db
CBOAMTCS K 3a/1aue 0€3yCI0BHOM ONTUMM3ALUN
®(z) - min
npu noMouy GyHKIMM npeoOdpa3oBaHus BUIA
x; = a; + (b; — a;)sin?z;(—o0 < z; < ),
3aava onTUMU3ay BUIA
F;(xq,x,) » minopu Xi >0
CBOJAUTCA K 3ajiade 0e3yCIOBHON ONTUMHU3AIMY MPU HCTIOIb30BaHUU (YHK-
it npeoOpa3zoBaHus BUAA Xi = (Zi ).
Jlnst orpanmdenust Buaa —1 < xi < 1 MOXHO MCHOJIb30BaTh (PYHKIUIO
npeoOpazoBaHus Xi= SiN Zi ¥ T. .
Opnako ucnosnb3oBaHue (PyHKIUN peoOpa3oBaHUs AJIA MEPEXoaa OT
3aJlayu C OrPaHUYCHUSIMU K 3a7aue 0€3yCIOBHOM ONTHMM3AIUU YCIOXKHIET
MPOIIECC ONTUMH3ALINH:
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— MOJKET BO3pacTaTh CTENeHb HeMMHEWHOCTH QyHKIMHU D(Z) 1o cpas-
HeHuro ¢ pynkiueit F(X);
— ynkus O(z) MoxeT ObITh HEOTPAHUUEHHOW JIJIST HEKOTOPBIX 3HA-
YEHUI HOBBIX [IEPEMEHHBIX;
— ¢yHkmus D(Z) MOXKET CTaTh MEPUOAUYECKON MO HOBBIM TEPEMEH-
HBIM.
Jlnst cBeeHUs 3aayd YCJIOBHOM MUHUMU3AIMU K 3ajade O0e3ycioB-
HOM MUHUMHM3AIMU HIUPOKO MPUMEHSIIOTCA METObI IITPAQHBIX PYHKIUH.
Memoovr wmpaguvix ¢ynkyuu. IlpuBectu 0oO0IIYyIO 3a/auy K 3a7ade
Ha 0€3yCIOBHBI MUHUMYM MOXHO, TIOCTPOUB BCIIOMOTATEIbHYIO (QYHKIUIO
BUJA
M" =M+ AM,
rae AM — mtpadnas 1o0aBKa, Takas, 4TO €€ BeJIMYMHA 33 TPAHUIAMU JOITY-
CTUMOM 00JIaCTH PE3KO BO3PACTAET.
Oynknuo M" Ha3piBatoT mTpadHOM, a METOAbI, OCHOBAHHBIE HA €€ UCIIOJb-
30BaHUM, — METOAaMU MITPaQHBIX QYHKIIHMA.

Crpykrypa ¢pyHkuuu M" TakoBa, 4TO MOBEPXHOCTU YPOBHS (Fr€OMET-
PUYECKOE MECTO TOYEK B MPOCTPAHCTBE MPOECKTUPOBAHMS, B KOTOPHIX BEIU-
YyHa 3TOM (YHKIMHU OJUHAKOBA) y 3TOM (QYHKUIMH B OOJIbILIEH CTENEHU HUC-
KpPUBJICHbI, 4eM Yy ucXxoAHOW (yHkuuu. Korma QyHKIHMS B HEKOTOPBIX
HaIpaBJICHUSAX U3MEHSETCS 3HAYMTEIbHO MEAJIEHHEE, YEM BO BCEX OCTallb-
HBIX, TO TOBOPST, YTO OHA UMEET «oBpar». Hanmuuue y neneBoil GyHKIMU
«oBparay MpeACTaBiseT OOJbUINE TPYAHOCTH MPU PEIICHUH ONTUMU3ALU-
OHHBIX 33/1a4. OOBIUHO, YeM OJIMKE YCIOBHBIM MUHMUMYM (PYHKIHMH K 0e3-
YCIIOBHOMY MUHUMYMY, T€M IIyOxke «oBpar» (yHKIMHU. 3a4acTyr0 Hadyallb-
HbIE 3HAUEHUSI BBIOMPAIOT 3aBEJOMO «HE OYEHb XOPOIIMMH», HE 00€cIeun-
BaOILMMHU JI0CTaTOYHOU OJIM30CTH YCIOBHOTO U 0€3yCIIOBHOTO MUHUMYMOB,
a IOTOM YTOYHSIIOT.

Hcnonb3ytoT pa3iandHbie BUAbI IITpadHBIX 100aBOK, HAITPUMED:

AM = Zis=1 Ai §0i(X)2 + Xie1 Aivs F(X)? niz;
)
AM = Y4 l{’i(lX);
AM = Xi_1 A (F(X) — c)?,
rae Ni — ko3ddunmenTsl, paBHbie HyMtO0, koraa Wi < 0, u enunHuue, Korja
W¥i> 0; Ai, Ci — HaCTpO€UHbIE MapaMeTPHI.
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[IpensioxeHo HECKOIbKO MOAUUKAIIMI MeToAa ITpadHbIX PYHKINMN,
HanpuMep MeToJ MHOuTenen Jlarpanxka.

Kaxxo#l ciiokHOM 3aa4ue NPOEKTUPOBAHUS PUCYILIN CBOU crienudu-
YECKUE OCOOEHHOCTH, 3aTPYIHSIOIINE MPUMEHEHHE TPAJAULMOHHBIX aJro-
pUTMOB ontuMu3auuu. 1103ToMy TIATENBHBIM BBIOOP MOIXOMSILIETO ajIro-
pUTMa MO3BOJISIET COKOHOMUTH M MAILIMHHOE BpPEMS, U YCUJIUS, 3aTpadyrBac-
MbIE Ha pelleHre 3a1a4n. BeiOupas anroputM, He0OX0AUMO:

1. [Ipoananu3upoBaTh TOMOJOTUYECKHE OCOOCHHOCTH MOBEPXHOCTH,
onuckiBaeMoil 1enaeBor QpyHkuuu. Tak, ecau MOBEpXHOCTh UMEET TIIaJIKUe
CKJIQJIKH, HE PEKOMEHIYETCSl IPUMEHSATH IPAIUCHTHBIE METOBI.

Ecnu ecTh OCHOBaHUSI CUMTATh IMOBEPXHOCTh MYJIBTUMOJAJIBHOM, TO
npaBWIbHENW OyJeT BHIOpPATh B MPOCTPAHCTBE NMPOEKTUPOBAHUS HECKOIBKO
HAYaJbHBIX TOYEK U YOETUTHCS, UTO BO BCEX CIIyYasiX MOIy4aeTcst OQHO U TO
ke peienue. [Ipu oOHapyXKeHUH HECKOJIBKUX JIOKAJBHBIX ONTUMYMOB KOH-
CTPYKLHUIO CIeAyeT pa3paldaThiBaTh C yUETOM JIYUILErO U3 HUX.

2. I3yunTth xapakTep MPOEKTHHIX MapaMeTPOB: KaK MPaBHIO, 0OJIb-
IIMHCTBO MapaMeTPOB MOTYT MPUHUMATh JIFOObIE 3HAUCHHUSL.

3. [IpoananuzupoBaTh ocoOeHHOCTH anroputma. He pekomenyercs
UCIOJIb30BaTh METOJIbI, TPEOYIOIINE YAaCTHBIX MPOU3BOAHBIX B aHAIUTHYE-
CKOM BUJE, JUIsl LEJeBbIX (DYHKIIUM, MOJIYyYEeHHBIX 3KCIepuMeHTanbHo. Kpo-
M€ TOro, €ClId CTPYKTypa NpPOU3BOJHBIX, MOJYUYEHHBIX aHAIUTHYECKH,
CJI0’KHA, TO camo AudPpepeHIIuPOBaHUE MOXKET PE3KO YBEIUUUTH CTOUMOCTD
NOJATOTOBKH 33/1a4l U BEPOSITHOCTh OLIMOOK MPOrpaMMHUCTA.

Tak kak Bcerja »ejaaTeJbHO UCIPOoOOBATH ISl pEelIeHUs JaHHOM 3a-
a4l HECKOJIbKO Pa3HBbIX aJITOPUTMOB, TO 3aCITy>KMBAa€T BHUMaHHUs 'TaKeT-
HBIN MOJX0/1, TO3BOJISIOIINNA MEPEXOIUTh C OAHOTO AITOpPUTMa Ha JIPYTOH.

1.4. Ilpumepsl OTHOKPUTEPHATBLHON OHOTIAPAMETPHUYECKOM 3a1a4M
0e3yCJ0BHON ONTHUMHU3AIUT

OI[HOKpI/ITepI/IaJIBHaH OJHOIIAPAMCTPHUYICCKAsA 3adada HMMCCT BH
F(X) —min.

Pacuem onmumanvrnozo yucia xombaiinos 6 xossiicmee. Ilycth Tpe-
OyeTcst onpenenuTh ONTUMAILHOE YUCI0 KOMOAHHOB Nonr B XO3SIMICTBE NpHU
CIIEAYIOITUX UCXOAHBIX JIAHHBIX: IUIOMIA b X03siicTBa S(Ta), IleHa komOaiiHa
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L«(py0.), ypoxaitHOCTh 3epHOBBIX Y (11/Ta), 1IeHa 3epHa L{3(py06/11), cyTouHas
BbIpaboTKa ojiHOTrO KomOaiina W(ra/cyr).
JlanHas 3amaya MPUHAAIICKHUT K KIACCY ONTUMHU3AIMOHHBIX, YTO BUJI-

HO U3 CIIEAYIOIINX PACCYKICHUM.

M3BecTHO, YTO MOCJE HACTYIJICHUS MOJHOW CIEJIOCTH 3€PHO TEPSIET
CBOIO CBSI3b C KOJIOCOM M IOJ JE€HCTBHEM BETpa, JOXKIA, a TAKXKE YyIapoB
IJIAHOK MOTOBHJIA OCBHINAETCA HA 3EMJIF0. JTO SIBJIEHUE U3BECTHO IOJ] Ha3Ba-
HUEM «OHMOJIOTHYECKHUE MOTEPU» YpoKas. Y CTAaHOBJICHO, YTO B CPEIHEM 3a
CYyTKHU OMOJIOTUYECKHUE MOTEPU ypoKasi COCTABISIOT 1% OT nepBoHavYaIbHO-
ro; €CTh KYJIbTYpbI, HAIPUMEP OBEC U rOPOX, CPeHUE OMOJOTUYECKUE TO-
TEPU KOTOPBIX TOXOIAT A0 2% B CYTKH, €CTh YCTOMYMBBIE K OCBHIITAHHUIO
copTa NIIEHULIbI, Y KOTOPbIX TOTEPH paBHbI 0,5% B CyTKH.

PaccMoTpyM 1OCTaHOBKY 3aJadud ontuMusauuu. Eciau ypoxall He
youpaerca (uucio kombaiiHoB Nk = 0), To morepu yposxkas I paBHbI cToU-
MOCTH yposkas. C yBeJIMYEHHEM uHnciia KOMOAWHOB CPOKM yOOpKH COKpa-
LIAIOTCS M, CJIEIOBATEIbHO, COKpAIIAIOTCS MOTEPU YpOxkKas, HO pacTyT 3a-
TpaThl Ha YOOpKYy 3. DTH 3aBUCUMOCTH OTOOpakeHbl Tpapuuecku Ha puc.
1.3.

B kauectBe neneBoit pynkuun F(Nk) MOKHO B3ITh MAaKCHUMYyM TPUObBI-
71, TIOTy4aeMo# X03IiMCcTBOM. MOHO TOKa3aTh, YTO MAaKCUMYMY MPUOBLIN
COOTBETCTBYET MUHUMYM CYMMBI 3aTpaT Ha yOOopky 3 u morepb ypoxas I1,
T.C.

F(Nk) = 3+IT — min.

Konkpermsupyem 1eeByr0 (YHKIIUIO, BBIPA3WB €€ Yepe3 YHUCIIO
komOaiiHOB N« B xo3siicTBe. CHauaja BbIpa3uM 3aTpaThl HA YOOpKYy uepe3
yucio koMOaiiHOB. Tak kak 3aTpaThl Ha Toprouee, 3apaboTHYIO ITUIaTy U pe-
MOHT HE 3aBUCST OT YMCJIa KOMOATHOB (OHM 3aBUCST OT BEJIMYUHBI yOUpae-
MO¥ TIJIOIIAJN ), TO B 3aTpaTax Ha YOOPKY YUYHUTHIBAETCS TOJIBKO IMMEPEMEHHAS
HX YacCTh, T. €. OTYMUCICHUS HA aMOPTHU3ALIUIO 3. ¥ 3aTPaThl HA XPAHEHUE 3xp
KOMOAITHOB:

3 = 3a+3xp.
B cBoro ouepenp,
3a=0,01-a-Ix ‘N,
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rie a — TOJOBBIE aMOPTH3AIMOHHBIE OTYHCICHUS i1 KOoMOaitHOB
(a=8—10%);
3xp =3 Nk,
rje 3, — 3aTpaThl HA XpaHEHUE OJTHOTO KoMOaiiHa B roj, pyo.

) F+7

I
N M

Puc. 1.3. 3aBucumoctu 3atpart Ha yoopky 3 u noreps ypoxas I1 ot uncna komOaitnoB Nk

[ToTepu yposkas onpeaenum 1mo u3BeCTHOUM GopmyTie:
I1=0,5K, VTSI,
rie Ki — ko3hUIMEHT WHTEHCMBHOCTH TMOTEPh YypoXkas B CYTKH,
K. = (0,005-0,02); B cpennem Ky = 0,01 (1% B cytkmn); T — mpo-
JIOJKUTENbHOCTh YOOPKH, CYT.
T = S/(W} Ny,
rae W Nk— cyrounast BeipaboTKa BCeX KOMOATHOB.
Bripaxxenue mis 11 npuaumaer Bua:
I1 = 0,5K,YS2LL,/( Wi Ny).
C yueTom 3TOTO 11esIeBast QYHKIIUS UMEET BUJL:
F(Nk)=0,01- 1T, *Ni+ 3,-Ni+0,5-K'V-S? 1,/( W, -Nk) —min.
Jlns onpenenenust Toukun MuHHMMyMa ¢GyHkiwu F(Nk) HykHO TIpH-
PaBHATH HYJIIO €€ MEPBYIO MPOU3BOHYIO 110 Nk M BBIYUCIUTH KOPHHU:
F (N)=0,01-a- L], + 3, — 0,5-Ks Y-S LI,/(W;-N) = 0,
OTKyJ1a

0,5 K, -V-1I,-100
NKOI'IT =S "
W,(0,01-a- 1l +3,)

24



[TpennokeHHass METOAMKA OMPEIEICHUS ONTUMAIBLHOTO YHCIIa KOM-
0aifHOB HE YUYMTHIBACT pPsa (AKTOPOB: HEOJHOBPEMEHHOCTH CO3PCBAHMSI
ypoxkasi Ha pa3HbIX MOJIAX, PA3HOMAPOYHOCTH KOMOAHOBOTO MapKa, BIIUS-
HUE TIOTOJHBIX YCJIOBHM Ha yOOpKy, KoieOaHUs YpOXKaiHOCTH MO TojaM U
MOJISIM, MPUMEHEHUE OJJHOBPEMEHHO JIBYX CIIOCOOOB YOOPKHU U JIp. DTH 0CO-
OCHHOCTH MOTYT OBITh YUTEHBI B 00JIee CI0KHOW MOJENH, HAapuMep UMH-
TAIlMOHHOMU.

3aoaua onpedenenusi ONMUMANLHLIX PA3MEPO8 OVHKEpa 3A0AHHO20
oovema. IlocTaHOBKA 3a7a4M: CIIPOEKTUPOBATh OYHKEP U3 CTAJIBHOIO JUCTA
B BHJI€ KOHYyca (0€3 KPBIIIKK) 3aJaHHOT0 00beMa V ¢ MUHHUMAJIbHBIM pac-
XOJIOM CTaJH.

Hanmuuue 3amaym ONTHMH3AIMU B 3TOM CIy4ae MOXKHO MPEAINoJo-
KHUTh, €CJIM PACCMOTPETh pa3HbIE BapHAHTHI OYHKEPOB OJHOTO U TOTO K€
obbema (puc. 1.4).

|

Puc.1.4. BapuanThl KOHyCHOrO OyHKEpa 33JaHHOT0 00bemMa
Tak Kak pacxoj MeTajula Ha U3TOTOBJIEHHE OyHKepa MpU HEU3MEH-
HOH TOJIIMHE CTCHOK MPOIOPIIMOHAJIEH IUIOMIATd ero OOKOBOM IOBEPXHO-
CTH, TO B KQU€CTBE KPUTEPHUS ONTUMATIBLHOCTH MPHUHUMAEM Sgox —MIN.
VYuuteiBas 0003Ha4YeHUs, NpUHATHIE HA puc 1.5, momaas 60KoBOM

IIOBEPXHOCTH OTPEAENsieM 1o GhopMmyJie
S6OK = TCRL
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Puc. 1.5. Cxema OyHkepa

Breipazum Seox HE uepe3 aBe (R u L), a yepe3 oaHy HEU3BECTHYIO,
Hanpumep R, ucnomne3ys 1o, 4To 00beM OyHKEpa 3aJaH; TOT1a MOJIYYHM O/I-
HOMEPHYIO (0OJHONApaMETPUUECKYI0) 3aa4y ONTUMHU3ALNY.

ITo Teopeme IMudaropa L= (R*+H?)°°, torga

Seox =R (R*+H?)%>,
U3 popmynsl V = nR? -H/3 Berpasum H yepes R:
H = 3VI(x@R?).
[IpousBens NoACTaHOBKY, MOJIYYUM
Seox = TR{R?*+[3V/ (rR?)]*}°".

Jlyist morcka ONTUMANBHOTO 3HaueHHuss R° HEOOXOIMMO OMpEeNeTUTh
MIPOU3BOJHYIO Sgox U, TPUPABHSB €€ HYJI0, HAWTU KOPHHU ypaBHEHUS, OJIUH
U3 KOTOPBIX U OYyJIeT HCKOMBIM 3HaueHueM R°.

[Tocne aToro MoxxkHO Haiitu H° u yron o= arctg (R°+H°®).

1.5. CraTucTH4yeckoe MoJeIMPOBAHUE
(MeTo/ CTATHCTHYECKUX MCTIBITAHMIA)

OTOT BUA MOACIUPOBAHUS MPUMEHSIETCS ISl TTPOLIECCOB, B KOTOPBIX
MPOUCXOJISIT ClIydalHbIe COOBITHS. MeTOT CTaTUCTUYECKUX UCTIBITAHUN, UIIN
Meto MonTe-Kapiio, — 3TO YMCIEHHBIM METO/1 pEIIEHUS 3a7a4 C UCIIOJb30-
BAHUEM MOJECIMPOBAHUS CIy4YalHbIX BeIW4uH. J[o mosiBiieHus OBM stoT
METOJ] HE UMEJT IUPOKOr0 MPUMEHEHUS, TaK KAK MOJEINPOBATh CIIy4YaHbIE
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BEJMYMHBI BPYUYHYIO OYEHb TpyAoeMkas padora. OcoOEHHOCTh METOoJa —
IpOCTasi CTPYKTypa BBIUUCIUTEIHLHOTO anroputMa. OOBIUHO COCTaBIISIETCS
nmporpamMma Juisi OCyIIECTBJIEHUS OJHOIO CIyYallHOrO HCHBITaHUS. 3aTeM
3TO HcHbITaHuE MOBTOpsieTca N pa3, mpuYeM KaKIbld ONBIT HE 3aBUCHUT OT
BCEX OCTaJIbHBIX, @ PE3YJIbTAThl BCEX OMBITOB YCPEAHSIIOTCS.

[TorpemHocTs BhruKcCaeHn o meroay MonTe-Kapio, kak npaBuio,
nponopuuoHansHa BenuunrHe (D/N)°® (rme D — HekoTopas MOCTOSHHAS;
N — 4yucno ucnblTaHul). SICHO, YTO NIl YMEHbIIEHUsI norpemHoctd B 10
pa3 (T. e. A4 MOJIyYEHHUsI B OTBETE €Ill€ OJJHOTO BEPHOrO JIECATUYHOIO 3HA-
ka), Hy>)kHO yBennuuTh N B 100 pa3. Cuuraercs, yto meroq Monte-Kapio
3¢ (EeKTUBEH MPU PELIEHUH TeX 3a]a4, B KOTOPhIX YCTPauBaeT pe3yJbTaT CO
CpPaBHUTEJIBHO HEOO0IBIION TOYHOCTHIO (5—10%). Ynmaercs 3HaUUTENBHO
YBEJIMYUTh TOYHOCTh PEIICHUS] MHOTHX 3aJlay, BbIOpaB crocod pacyera, KO-
TOPOMY COOTBETCTBYET MaJioe 3HaueHue D.

Meton Monte-Kapiao mo3BoisieT MoJaenupoBaTh 000U Iporiecc,
3aBUCALIMHN OT ciaydaHbIX ¢akTopoB. Hambosee yacTo MeTO UCHIOIB3YIOT
JUIsL pacuera CUCTEM MacCOBOTO OOCIyKMBaHHUsI, KAUECTBAa U HAJIEKHOCTHU
W3JIENINI, a TaK)KE€ BBIYMCIICHUS MHTErPAJIOB, PEIICHUS] ONTUMHU3ALUOHHBIX
3a/1ay.

st npumenenust meroaa MonTe-Kapio Hy>KHO yMeTh pa3bIrpbIBaTh
Cily4yailiHble BETMUMHBI B 3aJaHHOM o0nacTu. J{jist 3TOro ncnonb3yroT Tadiau-
bl CJIy4ailHbIX YMCEN, T€HEPATOPbI CIIyYalHbIX YUCET U METOIBI OJIYyUEHUS
IICEBJIOCTYYalHbIX YHCEI.

Uucna, nonydyaemble 1Mo Kakoil-nubo ¢gopmyse reneparopom IBM,
HA3bIBAIOTCS TICEBJIOCTyYaliHbIMU. Ha mosydyeHue Kaxkaoro 4uciia 3aTpayu-
BaeTCAd BCEro HECKOJbKO omnepauuil. 1103TOMy CKOpOCTH reHepupOBaHUS
CIIy4alHBIX YHCENl UMEET TOT K€ MOPSI0K, YTO M CKOPOCTh paboThl DBM.
KpoMe Toro, HyHO JIUIb OJUH pa3 MPOBEPUTH «KauyeCTBO» TAKOTO T'eHepa-
TOpa, 3aTEM €r0 MOXKHO MHOTO pa3 0€30053HEHHO MCIO0JIb30BATh MPHU peliie-
HUW OJHOTHITHBIX 3a]a4.

Henocratkn MeTona: OrpaHMYE€HHOCTh KOJMYECTBA MCEBOCIyYail-
HBIX YHMCEJ, TaK KaK IOCIEAOBATEIbHOCTh YUCEN, BBIUUCISIEMBIX Ha DBM,
00s13aTeNbHO TIeproAnYecKas; HEOOXOAUMOCTh MTPOBEACHUS OOJIBIIOTO YHUC-
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Jla WCTBITAaHUW N7 TMOJYyYEHMs] PEIICHHs, JOCTATOYHO OJM3KOro K OMNTH-
MaJIBHOMY, T. €. HAJINYUE MEJICHHON CXOAUMOCTH K IKCTPEMYMY.

Oyenka HaldexcHocmu npocmetiwiux mexHudeckux. PaccmoTpum
YIPOIIEHHYIO CXEMY ITOJCHUCTEMBI IepeaBMKEHUS KoMOaitHa (puc. 1.6).

| B = {7 -
- A pH B C I |
5 ! ! 2+ 71

Puc. 1.6. [Toacucrema nepenBmkeHus: KoMOaitHa

brok 1 — gBuraresns; COEPKUT OJUH YCIOBHBIN AJIEMEHT A U HE
cpabaThIBaET MPHU OTKA3€ 3TOTO JIEMEHTA.

biiok 2 — BapuaTop X0/1a; COAEPKUAT OJUH yCIOBHBIN 2JIEMEHT B 1 He
cpabaThIBaeT MPHU OTKA3€ ITOTO IJIEMEHTA.

biiok 3 — MOCT BeayIux KOJIec; COJECPAKUT TPU YCIOBHBIX JIEMEHTA!
C — xopo0Oka nepenay; E1 E2 — 60pToBbIE peiyKTOPHI; HE cpabaThIBACT MPH
OTKa3e JII000r0 U3 3TUX 3JIEMEHTOB.

biiok 4 — koneca; coAepKUT JBa YCIOBHBIX 3neMeHTa Fi1, u F2 u He
cpabaTbhIBaeT MPHU OTKAa3€ JF000T0 M3 JIEMEHTOB.

Ucnons3yss meron Monte-Kapno, orneHuTs BeposITHOCTH P 0e30T-
Ka3HOUW pabOThI CUCTEMBI, 3Hasl BEPOSITHOCTH 0€30TKa3HOW pabOThI dJIeMEH-
ToB: P(A) =0,95; P (B) =0,7; P (C)=10,8; P(E1) = P(E2) =0,75; P(F1) =
P(F2)==0,95.

B xauecTBe OlIECHKM UCKOMOM HaJACKHOCTH TIPUMEM:

P =N;/N,
rae N — oGmiee uncio ucnbitanuii; N1 —dHUCITO UCTIBITAHUM ¢ OJIarONPHUST-
HBIM MCXOJIOM UCIIBITAHUM (B KOTOPBIX cUCcTeMa paboTaeT 0e30T-
Ka3Ho).
Pe3ynbTaThl UCTIBITAHUM 3aHOCATCS B TaOM. 1.2.
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Tabnwuua 1.2
Pacuernble maHHbIE IIS OLIEHKHA HAIEKHOCTU CUCTEMBI

Ho- |bnox| A B C E1 Eo |Fi | Fo |A|B|C|Ei|E|F|F| buook | Cu-
MEp cTeMa
uca
1 1 1083 + + -
2 0,65 + +
3 091024 | 0,35 -+ ]+ -
4 080,92 + |+ +

[TpyuHIMN 3amoJIHEHUS TaOJWIIBI MOKAXeM Ha IpUMEpe MEPBOTO HC-
neiTanus. Ha O9BM ¢ nmoMomipo CTaHAapTHOTO CTATUCTUYECKOTO IMakKeTa
OporpamM IMOJIy4aeM CeMb CIy4alHbIX uncen (Tadim. 1.2), Mogenupyromumx
coctostHUE 3neMeHToB cuctemel A, B, C, E1, E2, F1, Fo. Cunraem, uto ecnu
Cly4aifHOE€ YHUCJIO OOJBIIE WU PABHO BEPOSITHOCTH COOBITHS, TO COOBITHE
He HacTynuio. [1o 3ToMy mpaBmily pa3pITPBIBAIOTCS COOBITHS, COCTOSIIUE B
0e30TKa3HOM padoTe KaXXI0r0 U3 SJIEMEHTOB CUCTEMBI.

[Tockonbky P(A) = 0,95 u 0,83 < 0,95, cobpiTHe A HACTYNmWIIO, T. €.
AMEMEHT A, a 3HAYMUT U TIEPBBIi OJIOK, B ’TOM UCIBITAaHUHU cpaboTanu 6e30T-
Ka3HO. B kjeTkax TaOJHIIBl CTABUM COOTBETCTBYIOIIHNE 3HAKH.

[Tockonbky P(B) = 0,7 u 0,65 < 0,7, coosiTie B HacTynwmio, T. .
aneMeHT B, a 3HauuT M BTOPOIl OJI0K, cpaboTanu 6€30TKa3HO B ATOM HCIIbI-
TaHWH. B KiIeTKax TaGIuIlbl CTaBUM COOTBETCTBYIOIIUE 3HAKH.

[Mockomaeky 0,91 > P(C), 0,24< P(E1), 0,35< P(E>), snements! E1 E>
cpaboTany 0€30TKa3HO B ATOM HCIBITaHUH, a 37ieMeHT C — oTKazaj, a 3Ha-
9UT, OTKA3aJl M TPEeTHil OJoK. B KieTkax TaOmWIlbl CTaBUM COOTBETCTBYIO-
IME 3HAKH.

[MTockomaeky 0,8 < P(F1), 0,92 < P(F), anements F1 u F2 cpaboTaror
0€30TKa3HO, a 3HAYUT, CpaboTaCT YETBEPTHIN OJIOK.

Tak kak TpeTuil OJOK OTKa3zaj, TO OTKazaja M CHCTEMa B IIEJIOM B
ATOM UCTIBITAaHUH. B KIeTkax TaOIHIIbl CTaBUM COOTBETCTBYIOIIHE 3HAKH.

AHAaJIOTUYHO Pa3bITPHIBAIOTCS OCTAITLHBIE COOBITHS (MCITBITAHU).

29



2. UH’KEHEPHBIE 3AIAYY, PEIINAEMBIE
IKCIIEPUMEHTAJIBHO

B uH)XeHEepHOW AESITeNIbHOCTH B 00JIACTU CEJIbCKOXO35HCTBEHHBIX
MaIlIUH PeIIaTCA 3aa4u:

— CO3JIaHMS PAIMOHATIBHBIX CXEM M KOHCTPYKITUNA MallliH;

— yHIpaBJieHUs TEXHOJIOTHYECKUMU MPOIECCAMMU:

— OTPEEIICHNSI ONTUMAIBHBIX YCIOBUIM TEXHOJIOTMUECKHUX ITPOLIECCOB.

o 90% undopmaiuu, HeOOXOAUMOMN IJI PEIIeHUs TUX 3ajad, Io-
Jy4aroT U3 AKCIIEPUMEHTAIBHBIX HcciieqoBaHui. [Ipu 3ToM 3KCIepuMEHTHI
JOJDKHBI OBITH TTOCTPOCHBI M MPOBEACHBI TAKUM 00pa3oM, YTOOBI IO UX pe-
3yJbTaTaM MOXHO ObUIO MOJYYUTh KOJIMYECTBEHHYIO OIICHKY BJIMSIHUS pa3-
JUYHBIX (DAKTOPOB HA MHTEPECYIONIMI HUCCIIeA0BATENs MOKa3aTeab PabOThI
MAIIMHBI; TOJYYUTh MOJAXOAIIYI0 MaTEMAaTUYECKYI0 MO/JIENb; ONPEACIUTh
ONTUMAaJIbHBIC YCIIOBUS MPOTEKAHUs JAHHOIO Ipolecca U T. ., IPU MUHH-
MaJbHOM YHCJIE OINBITOB U MUHUMYME 3aTpaT TPYJOBBIX M MaTepHUaTbHBIX
pecypcoB. Takue pe3ynbTaTbl MOTYT OBITh TOJYYEHBI TOJBKO TMPH TIATEIIb-

HOM INNIAHUPOBAHNH SKCIICPHUMCHTA.
2.1. IkcniepuMeHT 1 HAOJIIOICHUS

DKcnepumenm — 3TO TaKOM METOJ] MO3HAHMS, IPU KOTOPOM HCCIIE0-
BaTeJb UCKYCCTBEHHO BBI3bIBAET SIBJICHUS UM U3MEHSIET YCIOBUS TakK, 4ToO-
Obl JTy4Ille BBISICHUTD CYIIHOCTD SIBJICHHUSI, MPOUCXOKACHUE, MPUINHHOCTD U
B3aMMOCBSI3b IIPEIMETOB U SIBICHUIA.

Habnwooenue — 3T0 KOIMYECTBEHHAS] WJIM KAYECTBEHHAS pETUCTpalus
MHTEPECYIONINX HCCIEOBATENsl CTOPOH PA3BUTHS SIBJICHUS, KOHCTATallMs
HaJM4Ms TOTO WJIK UHOTO €T0 COCTOSIHUS, IPU3HAKA U CBOMCTBA.

OKCIEPUMEHT, TP KOTOPOM HCCIEA0BATENb MOXKET 3a/1aBaTh 3HAUe-
HUsl (DAaKTOPOB W MOAJIEPKUBATH UX C JIOCTATOYHOM TOYHOCTHIO Ha OMpee-
JIEHHOM YPOBHE IO OTpeeIeHHOMN cxeMe (TJ1aHy ), Ha3bIBACTCS AKMUBHBIM.

OKCIEPUMEHT, IPU KOTOPOM HCCIIEIOBATENb HE 33J1a€T, & TOJIbKO pe-
TUCTPUPYET 3HaYEHUs (PAKTOPOB, HAZBIBAETCS NACCUBHBIM.
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Cuurtanock, 4TO €IUHCTBEHHO MPABUJIBHOW SIBISETCS METOOJOTHS
onHodakTopHoro skcnepumenTa. [Ipu 3ToMm mpenamnonarasoch, 4To MOAIEP-
XKHUBasi C JOCTATOYHON TOYHOCTHIO MOCTOSSHHBIMU HE3aBUCHUMBIE NEPEMEH-
HbIe ((haKTOpPbI) U UBMEHSSI MOCIIEIOBATENIHLHO MEPBBI, BTOPOU U T. 1. (ak-
TOPBI, UCCIIEIOBATENb MOXET OTHICKATh MHTEPECYIOLIYIO €r0 3aBUCUMOCTb.
IlepemeHHBIE, KOTOPBIE HCCIEAOBATENb HE MOT MOAAEPKUBATh Ha OIpe-
JICJICHHOM YPOBHE, OCTABJIsUIA 0€3 BHUMAaHMs KaK HECyIIeCTBEHHbIE (HE Bce-
rja uMesl Ha 3TO ocHOoBaHUsA). OHAKO TaKOM COCcO0 AKCIEPUMEHTATbHBIX
UCCJIEIOBAHUIN MOKET OBbITh MCIOJB30BaH B TOM Cilydyae, Korja 4ucio (ax-
TOPOB JOCTATOYHO MaJO0 U €CTh BO3MOXXHOCTb U3MEHATh UX 3HAUCHUS WIIH
e (PUKCUPOBATH HA OJTHOM YPOBHE 10 CBOEMY >KETIaHUIO.

MaremaTtuyeckasi TEOpUsl IKCIIEPUMEHTA PEKOMEHAYET OJTHOBPEMEH-
HO U3MEHATHh BCE HCCieayeMble (haKTOpPhl COTJIACHO OMNPEACIICHHOMY AJIAHY
IKCnepumeHma. ITAM JOCTUTAETCS PE3KOE COKpalieHue o0bhbeMa IKCIepH-
MEHTOB U TOJIydeHHue 0oJjiee JOCTOBEPHBIX 3aBUCHUMOCTEH, YUUTHIBAIOIIUX
B3aUMO/ICHCTBUE (PAKTOPOB.

[TockoJIbKY TJIAaHUPOBAHUE SKCIIEPUMEHTA OTHOCHUTCS K ONTUMAalb-
HOMY YIIPaBJIEHUIO, TO K HEMY MOTYT OBITh IPUMEHEHBI U3BECTHBIE KHOEP-
HeTUYeCKre MPUHIUIBEL. OOBEKT UCCIEOBAHUS MPU 3TOM PACCMAaTPUBACTCS
KaK KUOEpHEeTHYecKas CHUCTeMa B BHUJE «4epHOro smuka». I[locnemnuii
NPEACTABISIET COOOM CUCTEMY CBS3EH, HEIOCTYIHYIO Jis HAOMIOACHUS, TaK
KaK O COJIEpKaHUM U MEXAHU3ME IMPOIEcca HaM HUYETO HE U3BECTHO, WIIU
M3BECTHO JIMILb YaCTUYHO. M3BECTHBI TOIBKO BXOJbl «AIIUKa» — MEPEMEH-
HbIE, YYACTBYIOIIME B MPOIECCE, U BBIXOJIBI — PE3YJIbTAThl MPOIECCca, Ha3bl-
BaEMbI€ TAK)KE OTKJIMKOM CUCTEMBI (puc. 2.1).

Wi Wn
X7 N 1 11 ; _y
- Hccredyersiv =
- 00 bEKMm -
An > - Y

Puc. 2 1. Cxema uepHOro sinuka
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BrixogHble niepeMeHHbIE Yi, XapaKTEPU3YIOT UHTEPECYIOIIUE UCCIe-
noBatess nmapameTpsl. BxonHble nepeMeHHble Xi, KOTOPbIE U3BECTHBI U KO-
TOPHIMU MOXHO YIIPaBIIATh, HA3bIBAIOTCS YIPABISIEMbIMHU (DaKTOpaMH.
Kpome ympaBnsiemMbix (pakTopoB X Ha «UEpHBIN SIIMK» OKA3bIBAIOT BO3JIEH-
CTBHE U cly4dailHble BelIM4uHbI Wi, KOTOPBIMH HCCIEA0BATEND YIIPABIIATH HE
MokeT. OHU 00pa3yroT IIyM B CHCTEME U Ha3bIBAIOTCS BO3MYILAIOIIMMU
dakTopamu.

Hanpumep, nipu vccie0BaHUU BIUSHUS YacTOThI BpPAIIEHUS MOJIO-
TUJIBHOTO OapadaHa M 3a30pOB Ha BXOJE U BBIXOJE MOJOTHIBHOIO ammapa-
Ta, MPU KOTOPHIX CyMMapHBIE MOTEPH OT HEOOMOJIOYEHHOTO, HEMTPOCESTHHO-
ro U pa3ApoOJICHHOTO 3epHa OYIyT CaMbIMU MajbIMH, YaCTOTA BpaICHUS U
3a30phl HA BXOJI€ M BBIXOJIE alapara sBJsIOTCS yIpaBiseMbIMU (pakTopaMu
X1 X2 u X3, a IoTepH 3epHA — UCCIeAYyeMbIM TTapaMeTpoM — Y. JIpyrue ¢ak-
TOPBI, TAKHE KAaK JJIMHA COJIOMBI, OTHOCUTEIIBHOE COJIEPKAHUE B HEW 3€pHA,
nuameTp O6apabaHa U T. 1., IBIAIOTCS Bo3Mymatomumu pakropamu Wi.

N3meHsis BXOAHBIE TIEPEMEHHbBIC, MOKHO HAOJII0JaTh, KaKk OyJeT u3-
MEHSIThCS BBIXOJ, @ 3aT€M, CTaTUCTUUECKU 00pabaThiBasi pe3yJibTaThl 3aMe-
POB BXOJHBIX U BBIXOJIHBIX BEJIUYHWH, MOJYYUTh MAaT€MaTUUYECKYI0 MOJEIb
MpoLECcca U ONTUMAaIbHbIE 3HAYEHUSI BXOIHBIX BEJTUYHH.

Cmamucmuyeckue 0aHnuble — 3T0 MHOKECTBO YMCJICHHBIX 3HAYEHUU
OJIHOM MJIM HECKOJBKUX CIyYalHBIX BEJTUYUH, KOTOPHIMHU OMUCHIBAIOT COOT-
BETCTBYIOIIME MPU3HAKA JAHHOW COBOKYMHOCTH OJHOPOJHBIX 3JIEMEHTOB,
Ha3bIBAEMOU 2eHepaibHolU co80KynHocmoilo. Hanpumep, pacTeHus TaHHOU
KYJbTYPBbI, BhIpAIIUBAEMOMN TIPU OMPEACICHHBIX YCIOBUIX, 00Pa3ylOT reHe-
pajJbHYIO COBOKYIMHOCTh. JIFOOOW WX pa3Mmep SBIAETCS TMPU3HAKOM TEHe-
pajgbHOM COBOKYMHOCTH. OJIHOTUIHBIE JETajlu, U3rOTOBJIEHHbBIE MPU OIpe-
JICTICHHBIX YCIOBUSX, 00pa3yIOT TaKKe TeHEPATbHYIO COBOKYITHOCTb.

['enepanbHass COBOKYITHOCTh COJACPKUT KOHEUHOE WJIM OCCKOHEYHOE
YUCJI0 AeMeHTOB. OTIeNnbHbIC MPU3HAKA Te€HEPATbHON COBOKYITHOCTH MO-
I'yT OBITh OMWCAHBI OJTHOMEPHBIMHU CIIyYalWHBIMHU BeIU4uHaMU. [ omHO-
BPEMEHHOTO ONKCAHUS JABYX WK 00Jiee MPU3HAKOB HEOOXOIUMO UCIIOIb30-
BaTh CUCTEMY CIyYaHBIX BETUYMH.
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W3yuenne u aHalu3 BCEX DJIEMEHTOB T'€HEPATbHOW COBOKYITHOCTH
PaKTUYECKH HEBO3MOXKHBI. [103TOMY Mpu M3ydeHuH ee MPU3HAKOB OOBIYHO
WCITOJIB3YIOT OJHO TIOJIMHOKECTBO CIyYaillHO MOJ00paHHBIX JIEMEHTOB Te-
HEpaJbHOW COBOKYHHOCTH. [losmydeHHOE TakuM 0Opa3oM MOJMHOKECTBO
Ha3bIBaeTCA 8biO0opKol. VI3yueHrne Kakoro-ambo 3jieMeHTa BHIOOPKU paBHO-
CWJIBHO TPOBEACHUIO OJIHOTO OMbITa. YMCIO 3I€MEHTOB BBIOOPKH /1 Ha3bl-
BalOT 00beMOM BBIOOPKHU. Bb100pKH ¢ 00beMoM N < 30 yCIIOBHO HA3bIBAIOT-
csi MaJibiMu, a ¢ o0beMoM N > 30 — OonbiuMu. YT0OBI CyUTH JOCTATOYHO
yBEPEHHO 00 M3y4aeMOM IpH3HAKE TeHEepaIbHON COBOKYITHOCTH, BBIOOpPKA
JOJKHA OBITh penpeszenmamuerou (MPEACTaBUTEIBHOM), T. €. TIOCTATOYHO
oomnpiioro oobema. I[lomydeHHbie B BBIOOpPKE 3HAYEHUS H3Yy4aeMoOro Ipu-
3HAaKa TeHepaIbHON COBOKYITHOCTH JOJDKHBI OBITh He3a8UCUMbIMU JPYT OT
apyra.

YBenmnuenne od0bemMa BBIOOPKH, C OJHOM CTOPOHBI, BEIET K YJIOPO-
KAHUIO DKCIIEPUMEHTAIILHOTO MCCIIEIOBAHUS, a C APYTOl — K YBEIUYCHHUIO
JOCTOBEPHOCTH TIOJIYYCHHBIX PE3YJIbTATOB M CJICJTaHHBIX HA UX OCHOBE BHI-
BOA0B. [loaTOMYy 00BEM BBIOOPKH HEOOXOIUMO COTJIACOBBIBATH C TUTAHHUPY-
€MOU TOCTOBEPHOCTBIO PE3YJIbTATOB.

Penpe3eHTaTUBHOCTH BBIOOPKH MOKHO OOECIEUUTH CIy4ailHBIM OT-
OOpOM €€ DJIEMEHTOB W3 IeHepalbHOW COBOKYMHOCTH. Ecim ke 3HavYeHHS
M3y4aeMoTo MpH3HAKa MOJyYaroT B BUJE HEMPEPHIBHON 3amucH (OCIHILIO-
IpaMMBbl), TO JIJIsl TIOMYYECHHs] HE3aBUCUMBIX JIPYT OT JIpyra OTCUETOB 3Haye-
HUst X BETUYUHY UHTEpBAIIOB to (puc. 2.2) nisa ux 3amepa OnpenessioT clie-

IYIOIIAM 00pa3oM.
Y

=)

4

Puc. 2.2. Ocumiorpamma npouecca
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Ha ocmumiorpaMme mpoBOJST TOPU3OHTAIBHYIO MPSAMYIO, MpUOIHU-
3UTEJIbHO COOTBETCTBYIOIIYIO CPEJHEMY 3HAUCHHUIO M3Yy4aeMOU BEJIMYMHBI,
U OTMEYAKOT TOYKHM IEepecedyeHus: MpAMoul ¢ ocuuiuiorpammont. OnbiTamu
YCTaHOBJICHO, YTO CPEAHEE YUCIIO NEPECEUCHUN NIPSAMON B €IUHULLY BpeMe-
HU fo =f/t (rme f — uucno mepeceyeHui 3a Bpems t) CTaOMIM3UpYETCs 3a
Bpems, cootBeTcTBytomiee f = 40—70. Torna untepnai to, T. €. Bpemsi, uepes
KOTOpO€ JOJDKEH TMPOU3BOJUTHCS OTCUET, ompeaensercs GopMymoit
to>2/ fo.

2.2, U3mepenust

N3mepennst MOTYT OBITh KJIIACCU(PUITMPOBAHBI CIIETYIOIIUM 00pa3oMm:

— N0 KOauyecmay 0OHOMUNHLIX U3MEPeHUli. Pa30BbIE WIH OJHOKpAT-
HbIC, MHOTOKpPATHBIC: PAaBHOTOYHBIC, HEPABHOTOYHBIC, TUCKPETHBIC, HETpe-
PBIBHBIE;

— N0 OMHOWIEHUIO K U3MepseMOoll 8eluyuHe: TIPSMbIE; KOCBEHHBIE,

— N0 C853U U3MepeHUli. CAHXPOHHBIC (TI0 BPEMEHU WJIHM MyTH); aCHH-
XPOHHEIE.

Yem riy0ke TEXHHYECKOE UCCIIEIOBAHUE, YeM OOJIbIINE MPOOIeMbI
OHO pEeIIaeT, TeM COBEpIIEHHEe W TOYHEE JOHKHBI OBITh CIIOCOOBI HM3Mepe-
HUW ¥ U3MEPUTENIbHAs anmaparypa. boJblyio 4acTh H3MEPHUTEIIBHON armma-
paTypbl BBITYCKAET MPOMBINIIICHHOCTh, HO BO MHOTHX CIIy4asX JJis CITCIIH-
(duyeckux M3MEPEHUI HUCCIeN0BaTeNb OJDKEH caM KOHCTPYHUPOBAThH MPH-
OOpBI, UCTIONB3YS B TOTOBOM BHUJE OTJEIBHBIC Y3JIbI 3aBOJICKUX MMPHUOOPOB.

Tounocms usmepeHui €CTh CTENIEHb COOTBETCTBHSI PE3yJIbTaTa U3Me-
pEHUI TeWCTBUTEIHPHOMY 3HAYCHUIO U3MEpsieMOr Bemn4yuHbl. [loHsTHE TOY-
HOCTH CBSI3aHO C TMOHATHEM OINMMOKH: YEM BBIIIIE TOYHOCTH, TEM MEHBIIE
ommOka. CaMmple TOYHBIE TPUOOPHI HE MOTYT IMOKa3aTh JCUCTBUTEIHHOTO
3HAYCHUS M3MEPSEMON BEIMYMHBI, UX TTOKa3aHUs COJIEPIKAT OIIHUOKY.

Abconomuas owubKa — 3TO Pa3HOCTh MEXIy NEHCTBUTEIHHBIM 3HA-
YEeHUEM M3MEPSEMON BEITMYUHBI X U €€ U3MEPEHHBIM 3HaYeHUEM a. [IpakTu-
YECKM TMO0J] a0COJIOTHOM OIMOKOW A TOHUMAIOT Pa3HOCTh MEXAY pe-
3yJbTaTOM HU3MEPEHUsI MPHU MOMOIIM 0oJiee TOYHBIX NMPUOOpPOB (0Opasio-
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BBIX) (o, M 3HAYECHUEM ITOM XK€ BEIUYMHBI, OJYYEHHBIM IPUOOPOM, TIPHU-
MEHSIEMbIM B HCCIICIOBAHUM:
A=x —a = a,, — a.
Yacto mosib3yroTcs OTHOCUTEIBHOM OIMOKON
A= tA/x = £A/aqq,
wi A== A/ x -100%= A/a,g, *100%.

OmmbKky U3MEepeHNt MOTYT BO3HUKATh U3-32 HECOBEPIIICHCTBA U3ME-
PUTEIBHOTO TIPUOOpa, BIMSHUS YCIOBHUH €r0 JKCIUTyaTalldd, OMBITHOCTH
HaOmoAaTeNns U T. 1.

Ommoky KiIacCUPUIUPYIOT KaK CHUCTEMaTUYeCKHe, CIyJdalHbIe WU
rpyObIe MPOMaXH.

CucreMaTH4eCcKUMU HA3bIBAIOT TaKKE OIIMOKH, KOTOPhIE BOZHUKAIOT
U3-3a W3BECTHBIX MPUYHMH, JCHCTBYIOIIUX IO ONPEACICHHBIM 3aKOHAM H,
KaK MPaBWIO, B ONpEJEICHHOM HampaBieHnH. VX MOXXHO KOJIMYECTBEHHO
OTPENICTUTh U BHOCUTh B U3MEPEHUS COOTBETCTBYIOIIKE MompaBku. Cucte-
MATHYECKUE OIIMOKA MOXKET OMNpEJeIUTh caM HCCIeN0BaTelb, KAIUOPys
puoop.

[Ipu xanubpoBKe MOKa3aHUs TPUOOPOB, BEIOPAHHBIX JIJISI U3MEPECHHM,
CPaBHUBAIOT C MOKAa3aHUSMHU MPUOOPOB Oo0Jiee BHICOKOW TOYHOCTU M yCTa-
HABJIMBAIOT MOTPEIIHOCTH Mpubopa. C 3TOH ke LEeNbl0 CTPOIT KalTuOpoBOY-
HbIC KPUBBIE.

Cnyuatinoimu owubKkamuy Ha3bIBAIOT TaKWE, TIPUYUHBI KOTOPHIX HEU3-
BECTHBI M KOTOPHIE HEBO3MOXKHO ydecTh 3apaHee. CiydaifHbIe OITMOKN Xa-
PaKTEepU3YIOT TOYHOCTh U3MEPEHUH.

Takne OmMOKH MOYKHO BBIPAa3UTh HECKOJIBKHMH criocobamu. YacTo
TIOJIB3YFOTCS TIOHSATHEM MPEISTLHOMN OMMUOKH, 10T KOTOPOU MOAPa3yMEBAIOT
HAWOOJIBIITYIO CIyYalHYI0 OIMMOKY TPH ITOJH30BAaHUU HCIPABHBIM IPHOO-
POM | MPH YCIIOBUH YCTPAHEHUS CHCTEMAaTHYECKUX OIHUOOK, T. €.

Xx=azxA,
rae Ay — norpaBka npudopa (mpeaesbHas OImoKa).

[IpenenbHas ciydaitHas ommOKa MOXKET OBITH OIpEACIICHa W3 Iac-
noprta nmpudopa, OTMETKH O IMOTPEIIHOCTH MPUOOpa Ha €ro IIKaie, Kaauo-
poBKOM mpuOopa, WiK, B KpailHEM cilydyae, MaKCUMaJlbHasi OIIMOKa MOKET
ObITb MPHUHATA PABHOW TIOJIOBUHE HAMMEHBIIETO JEJICHUs Ha IIKaje
npuodopa.
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[Ipu ompeaeneHUn BEIMUUHBI CITy4allHBIX OIIUOOK, KPOME MPEeIib-
HOM OIIMOKHU MO>KHO MOJIb30BAThCSI CTATUCTUYECKOU OIIUOKOM, MOJTy4YEHHOU
HEOJTHOKPATHBIMHU U3MEPEHUSIMU U 00pabOTKOM pe3yabTaTOB METOJJaMH Ma-
TEMATUYECKOU CTATUCTUKHU.

[locnenoBarenbHOCTh OMpPENEIEHUs CyYalHbIX OIIMOOK: MPUOOPOM
U3MEPSIOT HECKOJILKO pa3 (Hampumep, N) MPaKTUYSCKU MOCTOSHHYIO BEJIH-
YUHY U HAXOJST €€ cpeaHee apudpmeTnyeckoe:

a=(a; +a,+--+a,)/n,
r7e ai— pe3ysabTar J100ro N3MEpEeHUsI.
3aTeM BBIYUCIAIOT JUCIIEPCUIO U3MEPEHHON BEJTMYUHBI:
o’ =%(a;—a)*/(n—1)
U CpeaHee KBaJpaTUUeCKOe OTKIOHEHUE WU CTaHIapT:
o= 0%,

Torna HauOonbias BO3MOXKHASI CTaTUCTUUYECKAs OIIMOKA C BEPOSIT-
HOCTBI0 99,73% Oynet A,= 30 wiu OTHOCUTEIIbHAS BEIMUUHA
%= +30/a; 2-100% = +2-100%.

Takast ommOka OyJeT UMETh MECTO TOJILKO B TOM Cllydae, €Clu pac-
npejeieHue OmMOOK MOAUYUHSAETCS HOPMaJbHOMY 3aKOHY pachpeiesieHus
ciaydyanHou BeqnuuHbl. [Ipu apyrux 3akoHax paclpencseHusl BEpOosiTHAs
omubka OyJeT Ipyroi, oObIYHO MeHbIe. Hanmpumep, ajisi paBHOMEPHOTO
pacnpezenieHus (BECbMa JAaJIeKOro OT HOPMAJIbHOIO0), €CJIU €ro MPUHSTH 32
HOpMaJIbHOE (MPEAENbHBIA Cilyyail), TO U TOTr/a BEposiTHas omuOKka OyaeT
mutib Ha 20% (1. €. 0,2) MeHbllle ee TOYHOro 3HaYeHus. ljs 1pyrux BUIOB
pacmpenaenenus omnoka e npesbimaet 0,16.

Bo MHOrmx skcrnepuMeHTax HEBO3MOXXHO BBIJIEJIUTh CHUCTEMATHYe-
CKYI0 U CIIYYallHYIO COCTAaBJISIONIME OIIMOKHW M3MEPEHUM, TaK KaK HeJb3s
MPOKATMOPOBATh U3MEPUTEILHYIO alaparypy, T. €. UMEEeT MECTO HEoIlpe-
NeneHHOCTh. [IpU 3TOM CUMTAIOT, YTO HEOMPEIEIIEHHOCTh O0YCIOBIEHA
JUIIH CTyYaiHBIMU OIIMOKAMH Y YYUTHIBAETCS CTAHJAAPTHBIMU CTATHCTHYC-
CKHUMU METOJIaMH.

Hanpumep, npu kainOpoBKe 3JIEKTPUUECKOTO TaXOMETpa MPOU3BO/IU-
JM  3aMep 4YacTOThl BpalI€HUS CUHXPOHHOTO 3JEKTPOJBUTATENSl C
n = 1000 mua! u monyunnu nmokasamms: N1 = 995, n, = 1005, ns = 1010,
Na = — 990 mun™.

Torma
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n = (995+1005+1010+990)/4=1000 mun’;
o =[(995 — 1000)2 +(1005-1000)2 +(1010-1000)2 +
+(990 — 1000)2]/(4-1)=9,1 munt;
A,= 130 ==%39,1 =273 MUH

An 100% = (27’3) 100% = 2,73%
n ° = \1000 0T 270

Takum oOpazom, nipu A= + 36 B 99,73% 3amepoB TOUHOCTH HU3MeE-
PEHHUsI 4acTOTHI BpalieHus coctasisget N+ 0,0273 n.

H3mepenue nepemennvix genuuun. B Xone dKCIEPUMEHTAIBHBIX MC-
CJIICIOBAHUN, KaK IPABUIIO, U3MEPAIOT IIEPEMEHHBIC BEJIUYUHBL, T. €. TAKUE,
3HAQ4YECHUsI KOTOPBIX IIOJ BO3JACHMCTBUEM CIYyYaWHBIX INPUYUH HETPEPHIBHO
U3MEHSIOTCS OTHOCUTENBHO cpenHed apudmerudeckoit. [lpu uzmepenuun
TaKUX BEJIMYMH JUCIIEPCUSI U3MEPEHUI BKIIIOYAET B CEOsl KaK Mepy U3MEH-
YUBOCTU NEPEMEHHON BEIMYMHBI, TaK U CIy4YalHYIO0 OMIMOKY H3MEpPEHUHU.
YToObI IPaBUIBHO ONPEAEAUTh MEPY M3MEHUUBOCTH MEPEMEHHOUN BEIUYM-
HBI, U3 PE3YyJbTATOB U3MEPEHUI HEOOXOJMMO BBIACIUTH OUIMOKY H3Mepe-
Hul. J{ns sToro mpuOOpoM MHOTOKPATHO U3MEPSIOT KaKyO-TMOO MOCTOSH-
HYIO BEJIMYUHY, TI0O CBOEMY 3HAYEHUIO MPUOJIMKAIOIIYIOCS K Mperoiarae-
MOMY cpeaHeMy apudMeTHdYecKoMy 3HayeHuto nepemeHHoil. I[lomyuus
cTaHAapT npudopa on NpU U3MEPEHUH MOCTOSIHHOW BEJIMUYUHBI, U3MEPSIOT B
OMbBITE U BBIYUCIISIIOT CTAHJAPT MEPEMEHHOM BEIMUMHBI Go 110 (hopmyiie

0= (0, — )%,
rJe 0, — CTaHJapT, COAEPXKAIIMI 00a PaCCESHHUS, BBIYUCIECHHBIN 110 PE3YIib-
TaTaM U3MEPECHUS IIEPEMEHHOMN BEJINYNHBI.

2.3. OmuoOKa v HeompeeJJeHHOCTh IKCIEPUMEHTA B 1€JI0M

PaccMoTpeHHBIE BHIBI OMTUOOK UMEIOT MECTO TIPH MU3MEPEHUHN KAKOM-
100 OJTHOM BETMYMHBI U3MEPUTEIBHON CUCTEMOM, BKIIOYAIOIIEH YyBCTBU-
TEJbHBIN AJIEMEHT, UHJAUKATOPHYIO YacTh M HaOmrogaresns. OQHaKo B 00JIb-
IIIMHCTBE CIy4YaeB B X0JI€ IKCIIEPUMEHTA HECKOJIbKUMHU TTPpUOOpaMu U3Mepsi-
€TCSl HECKOJIBKO BEJIMYMH U JIJIA MOJYYECHUSI KOHEYHOrO0 pe3yjbTaTa 3TH U3-
MepeHus He00X0AUMO 00paboTaTh, UCIIOJIB3YSI MATEMATUYECKUE OTEPALIUHN:
CJI0KEHUE, YMHOKEHUE U T. 1. MOXKET 0Ka3aThCs, YTO, MOJYYUB B IIPOIECCE
AKCIIEPUMEHTA JOBOJIbHO TOYHBIE 3HAYEHUSI N3MEPSIEMbIX BEIMUYHH, B KOHILIE
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MOCJIEIOBATEILHOCTH BBIUMCIECHUN MOJYYHM TaKUE OLIMOKHU, KOTOpPbIE (pak-
TAYECKHU CBEIYT HA HET LIENb YKCIIEPUMEHTA.
[ToaToMy HEOOXOUMO OLIEHMBATh TOYHOCTH OIbBITA B IIEJIOM Ha OCHO-

BaHUU BBIYUCIICHUS MIPEACIIBHON OMIMOKHU OTBITA.

[IpaBuna BbIYKCIICHHS NPEIETbHON OTHOCUTEIBHON OIIMOKH OMbITA:

1. Ommbka CyMMBbl 3aKIOYE€HA MEXAY HauOONbIIEH U HauMEHbIIEH
U3 OTHOCUTEIBHBIX OIIMOOK cnaraeMbiX. OOBIYHO YUWUTHIBACTCA WIH
HanOOoIbIIas OITMOKA, WIIM CPEIHSA apudMeTHyecKas BeJIMIrHa.

2. OmmbOKa Npou3BEICHUS UM YAaCTHOTO OT JICJICHUS paBHA CyMME
OTHOCHUTEJIbHBIX OLIMOOK COMHOKHUTEJIEH U, COOTBETCTBEHHO, IETUMOTIO U
JEITUTEIIS.

3. Ommbka N-i cTeneHu Kakoro-muobo OCHOBaHUS B N pa3 0oJibIle OT-
HOCHUTEJIbHOW OITMOKH OCHOBAHUS.

4. OmmbKka CMHyca WM KOCHMHYCa paBHA MPOMU3BEACHUIO aOCOJIIOT-
HOT'O 3HA4YE€HUS KOTAHIE€HCA (WJIA COOTBETCTBEHHO TAHI'E€HCA) M3MEPEHHOIO
yIia Ha NpeleibHyl0 a0COJIOTHYIO OMIMOKY yria, BhIPaKEHHYIO B pajaua-
Hax.

5. OmmobKa TaHTeHCa WM KOTAHTE€HCAa paBHA YaCTHOMY OT JICJICHUS
JBOMHOM aOCOMIOTHOM OmMMOKH yriia (B paguaHax) Ha CHHYC JBOWHOTO yTJa.

Boruncnennas o6Omiast omuOKa OmbITa YYUTHIBAET U HEONPEEIICH-
HOCTb OIIBITA.

Hampumep, npu BBIYUCICHHM NPOU3BOAMUTENIBHOCTH arperara
(ra/cMeHy) ucrnosb3yeTcst opmysia

S
W, = 0,1BT, = 0,1B (F) T,
S

S
Tac B — 3axBar arperara, M, T_ =V - CKOpPOCTh IPOXOKIACHHUA ITYyTHU S 3a
s

Bpems T, km/4; T,— 4ncToe pabodee BpeMs 3a CMEHY, 4.
B cooTBeTCTBHH CO BTOPBIM IMPABHIIOM
A, (W, A,(B) A S) AT AL (T,
W) _, A0 B) | 8S) AT | 8u(T)
W, B S T T,
C ydeToMm HCIOJIb30BaHHOK aImapaTypbl UMeeM: IIPH U3MEepeHHH B

u S 20-mMeTpoBOil pyneTKon
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A (B)  AL(S)
B S
npu usmepeHuu Ts u T, CeKyHI0MEpOM

AH(TS) _ An(Tp)
T

= (0,02 — 0,03)% =~ 0,025%,

= (0,04 — 0,07)% =~ 0,055%.

Ts p
Torma
A (W
ISV ) _ 40,025 + 0,025 + 0,055 + 0,055)% = £0,16%
CM

OueHunBasi SKCIEPUMEHT B L[EJIOM, MOKHO 3apaHee MmoJo0parh amnmna-
paTypy, 00eCIeUnBaIONIYIO 33JaHHYIO0 TOYHOCTD OIbITA.

2.4. Pabouas runoresa

Omnpenenus 1e/b U BIOpAB MpeaMeT MCCIAEAOBaHUs, COCTABISIOT pa-
00uyI0 TUTIOTE3y HCCheoBaHus. Paboyas eunomesa — 3TO HAy4YHOE MPE/I-
MOJIO’KEHHE O PA3BUTHUM SIBJICHHS. DTO MPEANOIOKEHHUE €Ile HEe JOKa3aHo,
HO B HEKOTOPOM CTEMEHH BEPOSITHO.

PaGouast runoTe3a ycraHaBiuBaeT (akTOphl, T. €. U3MEPUMBIE Tepe-
MEHHBIE BEJIMYMHBI, BO3ACHCTBYIONINE HA 00BEKT HccienoBanus. [Ipu sTtom
PEKOMEHAYETCSl BHAJalle 3alucaTh BO3MOXKHO Oojiee MOJHBIA NepeyeHb
(dakTOpOB, KOTOpPHIE MPEATOI0KUTEIIPHO MOTYT BO3/IEHCTBOBATh HA Pa3BH-
THUE W3Y4YaeMOro SIBJICHHs. 3aTeM YCTaHOBUTh HamOoJiee ICHCTBEHHBIC U3
HUX U OTOPOCHUTH BCE OCTAJIbHBIE (T. €. OCYIIECTBUTh paHXKUpOBaHUE (PakTo-
poB). OTHOBPEMEHHO YCTAaHOBUTH BO3MOYKHBIE TPAHUIIBI U3MEHEHHSI (haKTO-
poB. Ilpu HenmpaBWIBHOM oOmpeaeieHnn (PaKTOPOB HCCIEIOBAHUE MOMKET
OBITH O€3pe3yJIbTaTHBIM.

Pabouas runore3a MoOXeT JaBaTh Oojee WM MEHEe MOJHOE MPEAro-
JIOKUTENbHOE 00BSICHEHUE BCero mnpoiiecca. [Ipu 3ToM B THmoTese BbIAEs-
IOT M3 BCEX YK€ M3BECTHBIX HanOoJiee BaXKHBIC W pEIIArOIINe MPUUNHHBIC
CBSI3M M B3aMOJCHCTBHS M HAMEYAIOT BO3MOXKHBIE CBSI3H, B3aUMOCHCTBHS,
BEPOATHOE HAMPaBICHUE U XOJ Pa3BUTHSI MPoOIlecca.

Ecnu ananu3 nutepaTypHBIX UCTOYHHUKOB W MMACCUBHBIC HAOIIOICHUS
3a MPOLIECCOM HE MO3BOJISIIOT YCTAHOBUTH (PaKTOPHI, BIMSIONIME HA MPOLIECC,
TO TPOBOST TTOMCKOBBIE OIIBITHI.

JIJ1st 5TOTO COCTaBISAIOT YaCTHYI0 METOJMKY M Ha3HAYaroT YKCIO TO-
MCKOBBIX ONBITOB HA OCHOBAHUU CIIECAYIOIINUX MPEIMTOI0KCHHIH:
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1. Ecnu mpoBepsItOT HalpaBJIEHWE pa3BUTHS NPOLECCA, TO JOCTATOYHO
JBYX OIBITOB — B HayaJje U B KOHLE ITpoliecca.

Hampumep, nis onpeneneHus HalpaBieHUs U3MEHEHUS TSATOBOTO CO-
MPOTHUBJICHUS IUIyra OT IIyOWMHBI BCHAIIKKA M3MEPSIOT €ro 3HAYEHUs Ipu
MUHHUMAJIbHOW ¥ MaKCUMAaJIbHOMN IITyOHHE MaXOThI.

2. Ecnu ycraHaBIMBaloT, Kakue (hakTopbl 0OyCIOBIUBAIOT Pa3BUTHE
ABJICHHS, TO HAMMEHBIIEE YKCIIO MOMCKOBBIX OMNBITOB PABHO YABOECHHOMY
npearnojaraeMomMy 4ucity (pakTopoB. s TOro 4ToObl BEISICHUTh, BIUSET JIU
JaHHBIN (aKTOp Ha pa3BUTHUE SBJICHUS, HEOOXOIUMO MOCTABUTh KAK MUHU-
MyM JIBa OMbITa — B HavaJie (KOra JaHHBIM (PaKkTOp SBHO OTCYTCTBYET) U B
KOHIIE (KOT/1a TaHHbIN (haKTOp SIBHO MPUCYTCTBYET).

Hanpumep, nis onpeneneHus BIUSHUS 3aTYIUICHUS JIeMexa Ha u3Me-
HEHUE CpeAHell TIyOMHBI BCHAIIKKA MPOBOAST JBAa OMbITA: OJUH C HOBBIM
OCTPBIM JIEMEXOM, IPYTOK— C TYIBIM.

3. IIpu mpoBepke BapuaHTOB paboueil THUMOTE3bl BHIOWPAIOT TJIaBHBIM
dakTop U 10 HEOOJBIION cepur U3 3—5 OMBITOB OMPEACIAIOT XOJ U3MEHE-
HHSI OCHOBHBIX 3aKOHOMEPHOCTEM.

Hampumep, npu onpeaeseHny 3aBUCUMOCTH TSTOBOI'O COITPOTHUBIIEHUS
IUTyra OT CKOPOCTH JBHUKEHHUSI arperara CTaBsiT TPU ONbITA: IPU MUHUMAJIb-
HOM, MAaKCUMaJIbHOW U TIPOMEKYTOUYHOM (0OBIYHO cpeaHeit) ckopoctu. [lpu
ATOM YCTAHABJIMBAIOT XapaKTep W3MEHEHHUs TSATOBOrO COMPOTHUBIIECHUS, IO
BUy KOTOPOr0 MOHO 00OCHOBATh KOJIMYECTBO U3MEPEHUM U 1Iar U3MeHe-
HUSI CKOPOCTH arperara.

2.5. [lnanupoBaHue IKCIEPHMEHTA

CoBpeMeHHbIN YPOBEHb Pa3BUTHS TEOPUU IKCIIEPUMEHTA MO3BOJISET
MPUMEHSThH CIEeIMaIbHbIE METO/IbI JUIsl 00OpabOTKU M aHAIU3a PE3YJIbTATOB,
a Takke BbIOOpa parmoOHAIBHON CXEMBbI IPOBEACHHS dKcTiepuMenTa. Oommast
CXEMa KCIIEPUMEHTAa MOXKET OBITh MPEJCTABICHA B BUJE ONPEACICHHOM T10-
CJIEIOBATEILHOCTHU: TTOCTAHOBKA IEJIM IKCIIEPUMEHTA; BBIOOp KpuUTepus 3¢-
(eKTUBHOCTH (3aBUCUMOI TIEPEMEHHON WM OTKIWKA); OTOOp 3HAYUMBIX H
BEIOOp BapbUpPyeMbIX (DaKTOPOB (HE3aBHUCHUMBIX MEPEMEHHBIX ); BHIOOp THUIIA
AKCIIEPUMEHTA; YCTAHOBJIEHHE HEOOXOAMMOTO YHCiia HAOMIOACHUI; BBHIOOD
W3MEPUTEIBLHON anmapaTrypbl; MpaKTUYECKas peau3aliusl SKCIEPUMEHTA;
00paboTKa pe3ynbTaTOB M MOCTPOEHUE MATEMATHYECKON MOJENU: OLICHKA
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aJIeKBaTHOCTH MOJENH; MHTEPIIPETalns pe3yiabTaTOB 3KCIEpUMEHTOB. He-
KOTOpbIE M3 3THUX BOIPOCOB PACCMAaTPUBAIMCH B MPEAbIAYLIUX pa3fenax.
OcTaHOBHMCS KpaTKO Ha BONPOCAX MJIAaHUPOBAHUS IKCIIEPUMEHTA.

[Ipu nnaHupoBaHUU U pealin3aluy SKCIEPUMEHTA HEOOXOIUMO YUH-
THIBaTh PsAJl BaXKHbIX TpeOoBaHuil. [lepBoe TpeOoBaHME 3aKITHOYAETCSA B 80C-
npou3800UMOCMUY TIOIYYEHHBIX pPe3yJbTaTOB. JDTO O3HAYaET, YTO IMpHU IO-
BTOPEHUHU OJAHOTO U TOIO K€ AKCIEPUMEHTA YEepe3 pPas3InYHbIE WHTEPBAJIbI
BPEMEHU WA B JPYTrMX MECTax JOJDKHBI IOJy4daThbCsl OAMHAKOBBIE WIIU
OJIU3KHE B CTATHCTUYECKOM CMBbICIE pe3yibTaThl. Jjig oOecrieueHus 3Toro
HEOOXOJMMO YUYUTHIBATh JIOCTATOYHOE YHUCIO (DAaKTOPOB, a TAKXKE HCKIIIO-
YUTh BIIUSHHUE CUCTEMATUYECKH JEUCTBYIOIINX, U3MEHSIOLIMXCS BO BpEMe-
HU ¥ TIPOCTPAHCTBE HEYIPaBIsIEMbIX (aKTOPOB.

Y1oObl NOCTPOCHHAS 0 pe3ybTaTaM SKCIEPUMEHTOB MOJIEIb ObLIa
aoexkeammuoul, OHa JOJDKHA MPEJCTABIATH OIMBITHBIC JAHHBIE C OITMOKOH, HE
MIPEBBIMIAIONICH OMTMOKH OTBITA.

Tperbe TpeOoBaHUE K HKCIIEPUMEHTY KACAETCS €r0 YNnpasisiemMoCmu.
DKCnepuMEeHT HEOOXOAMMO CTPOUTHh TakK, YTOOBI 00ecreynBaioch Tpelye-
MO€ aKTHMBHOE BMEIIATEIbCTBO 3KCIEPUMEHTATOpa B M3MEHEHHE YHCIa U
YpOBHEN YMpaBisieMblXx (PaKTOpOB. YNIPaBisATh (akTopaMu HEOOXOAUMO,
4TOOBI 00ECIIEYUTh BapbUPOBAHUE W CMEIIMBAHHE (PAKTOPOB JIJIsI BBISBIIC-
HUS1 KaK OCHOBHBIX 3(hPEKTOB, Tak U 3PPEKTOB UX B3aUMOJACUCTBUSI.

2.5.1. KonudectBo onbIToB. Bb100Op HHTEpBANoB

[Ipeanonaraemsiii Xxapaktep QyHKIITMOHAIBHBIX 3aBHCUMOCTEN (hak-
TUYECKH U OTIPEJIEIISIECT KOJINUYECTBO OMBITOB (puC. 2.3).
YA YA

-~
P
“

X X
a) 0)

Puc. 2.3. Cxema 111 BbIOOpa KOJTMUECTBA OIBITOB
[Tonoxxenue npsiMoi omnpezeneHo IByMmst Toukamu (puc. 2.3, a). Ecnu
HCCIICOOBATCIIb YBEPCH B TOM, UTO AaHHAA 3aBUCUMOCTD IIpsAMasi, OH Ha3Ha-

41



YaeT J[Ba OIbITa C MPOMEXYTKOM MEXy HUMHU, OJTU3KUM K Mpejesam u3Me-
HEHHUs BapbUpyeMOro (hakTopa, 4TOOBl YBEJIWYUTH TOYHOCTH IOJIOKECHHUS
npsAMou. Jlyra BIIOJHE OIpenesieTcs TpeMs TOYKaMH, KOTOPBIE pacrosara-
I0T Tak: JBe OJIM3KO K MpejesaM U OJIHY B cepeauHe. Eciu kpuBbie Ooliee
CJIOKHBIE, TO MPUMEHSAIOT MPABUJIO: PAaCCMATPUBas CI0XKHYIO KPHBYIO Kak
KOMOWHAIIUIO MPAMBIX U MPOCTHIX KPUBBIX, OMHUCATh KaXAbIA EPerud Kpu-
BOM TpeMsl OMBITAMU; KK/ y4acTOK, OJU3KUM K MPSIMOJIMHEHHOMY, JIBY-
Ms OTBITaMH, U OJM3KO K Ha3HAUYCHHBIM IpeJiesiaM MOCTaBUTh JIBA KOHIIE-
BbIX ombITa. Eciin TpeOyeTcsi yCTaHOBUTH HE TOJILKO OOIME 3aKOHOMEPHO-
CTH, HO ¥ BO3MOXHO 00JIe€ TOYHO YHMCIICHHBIC 3HAUCHUS (DYHKIIMM, KaXKIbIN
neperud KPpUBOM TOKEH OBITh 000CHOBAaH MUHUMYM TIATHIO OIBITAMH.

Oco0eHHO THIATEIBHO JOJDKHBI OOOCHOBBIBATHCS PE3KHE IMEPETruObl
KPUBBIX WJIM HUX CKAYKOOOpa3HbIE M3MEHEHMS, TaK KaK 3TH MEpPerudnl u
CKAUYKM MOTYT XapaKTE€pU30BaTh IMEPEXO0J KOJIUYECTBEHHBIX H3MEHEHUU B
KA4u€CTBEHHBIE.

Ecnu kpuBas npencraBisieT coOOM HEKOTOPYHO CTENEHHYIO 3aBUCH-
MOCTb (puc. 2.3, 6), TO HEOOXOIUMBIE JIJI €€ OMTUCAHUSI TISATh TOUEK JIOJKHBI
OBITH pacmpeeieHbl TaK, YTOOBI OOJIbINIAas UX YaCTh pacmojiaraiach Mo Kpy-
TO BOCXOJAIICH BeTBU. B o0mieM cirygae MCXOAAT U3 TOTO, YTOOBI oOecIie-
YUTh B JIO0OHM YacT KPUBOM paBHYIO TOYHOCTh. PekomMeHayeTcsi BHIOMpPATh
MHTEpBaJ BapbupoBaHus pakropa B 3—5 pa3 OOJbIIMM OIIMOKH €ro hu3Me-
peHusl.

Heobxooumoe uucno nosmopmusix onvimos. llpu npoBeneHUn dKCIie-
PUMEHTAIBHBIX HCCIEOBAHHMI BCErJa MMEIOT MECTO CIydailHbIE OIIMOKH
ombITa. /{711 yMEHbIIIEHUS 3HAYEHUS] TaKUX OLIMOOK 11€JIeCO00pa3HO MOBTO-
pATh onbIThl. M3 Teopuu OMMOOK M3BECTHO, UYTO KOJMYECTBO MOBTOPHBIX
ONBITOB 3aBUCUT OT CTaHAApPTa MU3MEPECHUU U 33JaHHON JOBEPUTEIILHOU BeE-
POSITHOCTH.

[lox oosepumenvHoti 8eposmHocmovio MOAPA3YMEBAECTCS BEPOSTHOCTh
MOJTYYEHUS] OJIMHAKOBBIX PE3YyJIbTATOB MPU HOBBIX M3MEPEHUSX BEIUYUHBI
WJIM BEPOSITHOCTH MOJYUYEHUS TE€X K€ pPe3yIbTaTOB MPU MOBTOPEHUHU OIBITOB
B QHAJIOTUYHBIX YCIOBHSIX.
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Yem Oosbllie OTHOCUTEIBHBIC KOJICOAHUS Pe3yabTaTOB U YeM OOJIbIIIe
HAJC)KHOCTh OIBITOB YKEJIATCIIbHO IOJIYYUTh, TEM OOJIBIIE JOJKHO OBITH
MTOBTOPHBIX OIBITOB.

B nurepatype mo MeTtogaM MpOBEISHUS SKCIEPUMEHTAIBHBIX HCCIIE-
JOBaHUM MPUBOJIATCS CICIIHAIBHBIC TAOIUIIBI 3aBUCUMOCTH MEXKTy HE00X0-
JUMBIM YHCJIOM ITOBTOPHBIX OITBITOB, 3aJJaHHOM HAaJEKHOCTBIO M OTHOCH-
TeJIbHOU OImmoOKoM (Tad. 2.1).

Jns Toro 4ToOBI HAWTH MO ATOM TAOMMIlE HEOOXOAMMOE KOJIMYECTBO
TIOBTOPHBIX OIBITOB, HEOOXOINMO 3aJIaThCsl TJOBEPUTEIHHOW BEPOATHOCTHIO
o ¥ OITMOKOM A, B3ITOM B JOIAX cTaHAapTa . UToObI TOOUTHCS KeaaeMon
JIOCTOBEPHOCTH, TOYTH BCET/ia BHITOJHEE YBEIWYUTh TOYHOCTH Mpubopa, a

HE KOJIMYECTBO U3MEPEHUM.

Taomuna 2.1
Heo6xoaumMoe KoMr4ecTBO MOBTOPHBIX OMBITOB
IIpU JOBEPUTEILHONU BEPOSITHOCTH O
Ommbxka A, B 10M15IX 0 JloBepuTebHas BEPOATHOCTD O
0,5 0,6 071081 09 0,95 0,99 | 0,999
1 1 1 1 2 3 4 5
2 1 1 1 2 3 4 5 7
1 2 2 3 4 5 7 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 78 127
0,2 13 19 29 43 70 99 171 277
0,1 47 12 169 | 266 | 273 387 668 1089

[IpakTHKOW yCTAHOBJIEHO, YTO MPHU UCCIEAOBAHUN 3aKOHOMEPHOCTEU
B caMOM O0I1[eM Bujie (HarpuMep, OInpeielieHUe XapakTepa KPpUBBIX) JI0CTa-
TOYHA JIOBEpUTENbHAsA BEpOSATHOCTh o = 0,7. [{1d u3MepeHuil, CBSI3aHHBIX
C KOHCTPYKIMsIMHU MamuH, goctatouda o = 0,9. Ilpu onpenencHun 3Hade-
HUM BEJIMYMH, SBIISIIOMIAXCS OCHOBOM IS JadbHEHIIIETO pacdeTra, He0O0Xo-
numa o = 0,99.

Ecny mouckoBbl€ ONBITHI HE MPOBOAUINCH U HET JIAHHBIX, 110 KOTO-
pPbIM MOKHO OBLIO OBl YCTAaHOBUTH 3HAYEHUE CPEIHETO KBAJAPATUUYECKOIO
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OTKJIOHEHHMSI, TO MOKHO TPHUHSTH, YTO Mpe/aesibHas OMMUOKa MPUOIMKEHHO
paBHa HaUOOJBIIIEH BO3MOKHOM CTaTUCTUYECKOM, T. €.
A,= t30.

Hampumep, mycTs HEOOXOIUMO H3MEPUTH AHEMOMETPOM CKOPOCTH
BO3JIYIIIHOTO MOTOKA HaJ PEIIETOM CEelapaTopa 3€pHOBOIO BOpOxa KomMOaii-
Ha ¢ TouHOCThiO A= +30 *+ 0,2 m/c. Cucrtemarndeckas ommoOKa aHEMO-
MeTpa Heus3BecTHa. Toraa oHO U3MEpEHUE aHEMOMETpa OyJIeT UMETh J0-
BEPUTEIIbHYIO BEPOSITHOCTH, paBHYIO 0,8 (mepeceueHue TaHHOM CTPOKU A=
30 C COOTBETCTBYIOIIMMHU cToi01IaMu), n18a maMmepenus — 0,9,tpu — 0,95.
CrnenoBarenibHO, eciid TpeOyeTcs, 4ToObl B 95 ciyyasx u3 100 ommubka usz-
MepeHusi He mpeBbimana 0,2 M/c, Hy>KHO cliejaTh TPU 3amMepa U HalTH uX
CpEllHEE 3HAUCHHUE.

Eme npumep. Hccnenyercs 3aBUCUMOCTD 4YaCTOTHI BPAILEHUST MOJIO-
TUJILHOTO OapabaHa OT BEMTMYUHBI 0JIaY XJIEOHON MaccChl. 3aMUCh YaCTOTHI
BpanieHusi 0apabaHa BeAETCs OT AJEKTpOTaXxoMeTpa Ha OyMakKHYIO JICHTY.
3HaveHHs 4aCTOTHI BpalieHus: 0apabaHa ObUIM CHSATHI C y4acTKa JIEHTHI, CO-
OTBETCTBYIOLIEr0 BpeMeHu paboThl Oapabana 5 c. Ha neHTe oka3anoch BO3-
MOXHBIM npou3BecTy 30 3aMepoB 3HAYEHU YaCTOThI BPAIIEHUS B COOTBET-
CTBUM C paHEE PACCMOTPEHHBIM MPABUJIOM MOJYUYEHHS] BBIOOPKH C OCIUJI-
gorpamMm. Cpennee apupMeTHYECKOE 3HAYECHUE YACTOThI BpAIICHUS OKa3a-
nock n = 1000 mun?, crangapr o = 50 mun ' . Kakoii qomkHa OBITH IpPO-
JOJDKUTEIBHOCTD 3alKCH, YTOOBI ONIMOKA CpeHEN 4acTOThl BpAILCHUS HE
npesbiana 1% npu gosepurensHoit BepositHocTH o = 0,997

[Ipexne Bcero HyXHO OINPENEIHUTh PACCESIHUE TOYEK, BBI3BIBAEMOE
omunbkoi taxomerpa. IIpu kanubposke Taxomerpa Ha gacrore 1000 mMun ™
nosryden craaapt o = 9,1 mun . Torga uckomoe paccesaue OyJeT paBHO

0, = (0 —0,)% = (50 —0,9)%° = 49 munt.

Jlonyckaemasi abcoJitoTHasi ommOka A cpeaHed 4acTOThl BpalllCHUS
pasna 1000-0,01 = 10 mun L.

Boeraucisiem 3Ty ommoOKy B JOJIAX CTaHAApTA:

a= 20 02040 ~ 0,2
T 495 LI EBeo
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Hns o= 0,99 u A = 0,20 Hax0aAUM HEOOXOIUMOE KOJIUYECTBO 3aMEPOB
Ha ocuuiorpamme, paBHoe 171 (cm. tabn. 2.1). [lpunumas, uro 3a 1 ¢ Ha
nente umeetcst 30/5 = 6 3amepoB, ayg nonydeHust 171 3amepa Heobxoauma
3anmuch B TeueHue 171/6 = 29 c¢. CnemoBaTenbHO, 111 00€CIICUEHUS OIIMOKN
u3mepenus B 1% c goctoBepHOCThIO 0 = 0,99 HE0OX0IMMO BECTH 3aIUCh HE
MeHee 29 c.

3Has CTaHJIapT, MOXHO YCTaHOBUTh HEOOXOAUMOE KOJHUYECTBO IO-
BTOPHBIX OMBITOB. [[71s1 ompenenenus cranaapTa HEOOX0IMMO, KaK BUIHO U3
IPUBEJECHHBIX PUMEPOB, UMETh JAHHBIE XOTS ObI MPEIBAPUTEIBHBIX IKCIIE-
puMeHTOB. OJIHaKO B OOJBIIMHCTBE CIy4aeB TPYAOEMKOCTh U CTOUMOCTh
IPEABAPUTEIIbHBIX OMBITOB CPAaBHUMBI C OCHOBHBIMU. Tornma Jyisi onpenesie-
HUS 4YHCla TMOBTOPHBIX OIBITOB HCIOJIB3YIOT METOJ[ MOCIEI0BATEIBHOIO
aHamus3a.

llocneoosamenvuwviii ananu3 TO3BOJSET YCTAHOBUTH HEOOXOJIMMOE
KOJIMYECTBO MOBTOPHBIX U3MEPEHUN MPU 3aJaHHBIX HAJEKHOCTU U OIINOKE
B JIOJISIX CTaHAapTa, €CIK caM CTaHAapT He u3BecTeH. EquHcTBeHHOE 00513a-
TEJIbHOE YCJIOBUE MPU 3TOM — YCTAHABIUBATH MO KAXKJIOMY M3MEPEHHIO €ro
PEe3YIBbTATHI MEepe]l MOCASAYIONUM U3MEpeHUueM. Takol aHaau3 NPUMEHUM,
€CJIM JIUISI U3MEPEHUSI UCIIOIb30BAIMCh UHCTPYMEHTBI U TIPUOOPHI, OBICTPO
JAoIIKe pe3yJibTaThl. Takol aHAIU3 HE MPUMEHUM MPU 3aMUCAX TAHHBIX,
TpeOyIOmMUX pacmu@ppoBKH.

CylIHOCTb MOCIIEI0OBATEILHOTO aHAJIN3a COCTOUT B cieayromieM. [To-
Cll€ KaXJoro W3MEpeHus (HauuHas C TPEThEro) BBIYUCISIOT CpeHEeE U
crangapt. Ilpu nocTuxkeHun yAOBIETBOPUTEIBHOTO pe3yJibTara (Halex-
HOCTb U BBIYKCJICHHAs OIIMOKA B JOJISIX CTaHAapTa AOJKHBI aBaTh MO TaOJI.
2.1 Takoe KOJUYECTBO U3MEPEHHI, KOTOPOE YK€ MPOU3BEIACHO) U3MEPECHUS
CJIEYET MPEKPATUTh.

Hampumep, Tpebyercst u3MepuTh CKOPOCTh BO3AYIITHOTO MOTOKAa HaJl
BEPXHUM PEIIETOM OYMCTKA KOMOalHa B €e cpefHel yactu ¢ omuokon 1%
npu JoBeputenbHON BeposiTHOCTH 0,9. Tak Kak cBEAEHUI O MOTOKE BO3AyXa
HET, YCTAaHOBUTH MPEABAPUTEIHHO KOJIMYECTBO MOBTOPHBIX OMBITOB HEBO3-
MOXHO. [lonb3ysick METOAOM MOCIE0BATEIBHOTO aHaIN3a, MPOU3BOJIUM
MepBbIC TPU U3MEPEHUS U TIOJTyYaeM 3HaueHus: ckopoctu: 7,4; 7,6 u 7,5 M/c.
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Cpenusis CKOpOCTh MO 3TUM u3MepeHusiM Oyaer V == 7,5 m/c. Cranmapt
o = 0,1 M/c, 1%-5 ommoOka ot cpenueit 7,5/100 = 0,075 m/c, oTHOCUTENBHAS
OITMOKa COCTABJISICT

(0,075
0,1
YcranaBnuBaeMm, 4YTO TMPHU MOJTYYEHHON OTHOCHTENBHOM OIIMOKE U

)a = 0,750.

TPEM HM3MEPEHUsIM 00ECTIeUMBAECTCSl TOCTOBEPHAs BEPOSITHOCTh pe3yJbTaTa
u3mepenuit menee 0,7.

JlenaeM ueTBepTOE€ M3MEpPEHHUE, KOTOpOE JaeT pelyibrar 7,55 M/c.
IIpu stom momywaem V = 7,51 m/c, = 0,0856 m/c, 1%-1 ommbka
7,51/100 = 0,0751 w™/c, T. €. OTHOCHTE/IbHas OIINOKa COCTaBIISCT
0,0751 /0,0856 = 0,877¢. I1o Tabi. 2.1 HaxoaAUM, YTO TOBEPHUTEIbHAS BEPO-
STHOCTH — 0,82, 94TO Tak)Ke HEeJOCTATOYHO.

[Ipou3BoauM TATHIN 3aMep, KOTOPHIN naeT 3HaueHue 7,45 m/c. Haxo-
oM V=7,5m/c; o= 0,079 m/c; 1%-g ommobka 0,075 M/c, 4TO COCTaBiIIET
0,075/0,079 = 0,95¢. Ilpu nsaTh 3amMepax ¥ TaKoW OMIMOKE 00CCIICUUBACTCS
JIOBEpUTEIbHAS BEPOSATHOCTH 0,92, 4TO BbIIIE 3aJaHHOW TOYHOCTH, IOITOMY
3aMephl MPEeKpaIiacM.

2.5.2. llopaaok npoBeaeHUS SKCIEPUMEHTA

Oonogaxmopnvle sxcnepumenmsi. Eciin uccienyercs BIUSHUE OJIHO-
ro gakropa Ha U3y4yaeMblii 0OBEKT (0/1Ha HE3aBUCHMas IIEpEMEHHasI), TO Ta-
KOU IKCTICPUMEHT Ha3bIBACTCSA OAHO(PAKTOPHBIM.

Tunwvl naanos sxkcnepumenma. Ilocae Beidopa (13 cooOpakeHnit ooec-
neyeHusi TpedyemMoil TOYHOCTH) UHTEPBAJIOB MEXAY TOUKAMU HEOOXOIUMO
BBIOpATh MOPSOK MPOBEICHUS SKCIIEPUMEHTA.

Cy1iecTByeT IBa BUJIa TUIAHOB TTPOBEICHUSI DKCIIEPUMEHTA.

1. bepyT BHavajie BepxHEe WJIM HUXKHEE MPEIEIbHOEC 3HAUYCHHUE He3a-
BUCUMOM TEPEMEHHOM BEJIMUMHBI (TaK HA3bIBAEMbIE YPOBHHM) U U3MEHSIOT
€ro CTYIEHYaTo JI0 TeX MOop, MoKa He OyAET JOCTUTHYTO APYroe mpeaeabHOe
3HayeHue. Takoil TuraH HasbIBaeTCs nociedosamenvhviM. Hampumep, uc-
CJIelyeTCsl 3aBUCUMOCTb MOTEPh 3€pHA d 3a COJOMOTPSICOM B MOJIOTHIIKE
3epHOYOOpPOUHOro KOoMOaifHa OT BEIMYMHBI MOJa4M XJIEOHOW Macchl, T. €.
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d = f(q). beutn ycTaHOBIIEHBI TpEENbl WU3MEHEHHs] HE3aBUCHUMOI mepe-
MEHHOM: qnin = | KI/C, | qmax = 5 Kr/c XJ1€0HON Macchl.

[Ipn mocnegoBaTeNbHOM IJIAaHE YCTAHABIMBAIOT IOCJIEI0BATEIBHO
nojgauu q = 1, 2, 3, 4, 5 Kr/c 1 onpeAessitoT COOTBETCTBYIOIIME ITUM T0/1a-
yam motepu d, MPOBOAS ISl Ka)XIOTO 3HAYEHHUS ¢ CTOJIbKO TOBTOPHBIX
OMBITOB, CKOJIbKO HEOOXOJIMMO ISl MOJIyYEHUsl 3aJaHHON JOCTOBEPHOCTH
pE3YJIbTATOB.

2. OgHako B mpoliecce dKCnepuMenTa (0CoOOCHHO, €CITM OH JIJTUTCS He-
CKOJIbKO JHEH) pa3IudyHble HEYYUTHIBaEMbIe (DAKTOPHI MOTYT U3MEHSTHCS U
OKa3bIBaTh CYILIECTBEHHOE BIMSHHUE Ha HUCClieyeMblid mapamerp. Tak, B pac-
CMaTpUBAaEMOM MPHUMEPE B XOJI€ IKCIEPHUMEHTA MOTYT U3MEHSTHCS CBOM-
CTBa XJICOHOM Macchl, CBOMCTBA MOBEPXHOCTH KJIABMIII COJIOMOTpsCA M3-3a
HaJIMIIAHWS MOJIOBBI, NTOKAa3aHUs M3MEPUTENBHON anmmapaTypsl U ap. B pe-
3yJbTATE 3TOT0 KaXKIbIN MOCIEAYIOIINN Mepexoa K 0oJiee BRICOKOW Mmojiaue
OyJZIeT COMPOBOXKIATHCS OMMOKON (pe3ynbTaT OyJIeT CUCTEMATHUYECKH TOJIb-
KO 3aBBIIIATHCS WIM TOJBKO 3aHUKATHCS ), @ OOIIMI pe3yJIbTaT SKCIIEPUMEH-
Ta Oy/IeT UMETh CUCTEMAaTUYECKYI0 OIHUOKY, KOTOPYIO TPYJIHO OOHAPYKUTh.
DTy CUCTEMaTUYHOCTh OIIMOKH MOXHO MPEIOTBPATUTH, €CJIM BHIOOP TOUEK
(ypoBHEI) POU3BOAUTH CiiyyalHbIM 00pa3oMm. Ilpu 3TOM mosiyyeHHble pe-
3yJbTaThl 3aMEPOB ISl KAXKI0M TOUKU OyAYT TaKkKe UMETh pa3dpoc, HO OHU
OyIyT TpyNIUPOBATHCS BOKPYTI TOUHBIX 3HAYeHUW. Takol TjIaH SKCIepu-
MEHTa Ha3bIBACTCS CIYYaHBIM WU pAHOOMUSUPOBAHHBIM.

JInst Hamero nmpuMepa mojiada ¢ JOJDKHA YepeoBaThCs CIIEIYIOLIUM
ciy4daiiHeIM oOpaszom: 3; 5; 1; 4; 2 kr/c.

[Topsiiok yepeoBaHusl TOUEK YCTAHABIMBAIOT C MOMOUIBIO TAOJIHI]
CITy4YalHBIX YUCEJ WU JPYTUMH U3BECTHBIMU CIIOCOOAMH.

B cBsi3u ¢ ykazaHHBIM HEIOCTAaTKOM IOCJIEIOBATEIbHBIX TUIAHOB HMX
pUMEHEHHUE 1EeJIeCO00Pa3HO JHIIb B CIIyYasx:

— KOrja NpOJOJIKUTEIbHOCTh, CTOUMOCTh MJIM CJIOKHOCTb 3KCIEPU-
MEHTa TaKoBa, YTO PaHJAOMM3AIMs CTAHOBUTCA HelenecooOpazHoi. Hampu-
Mep, TPHU HCCIEAOBAHUSX AaTOMHOIO PEAKTOpa, MJisi KOTOPOTO TEIUIOBOE
paBHOBECHE JIOCTUTAETCS B TEUEHUE HECKOJIBKHUX CYTOK;

— €CJIM W3BECTHO, YTO AKCIEPUMEHT SBJISIETCS HEBOCHPOU3BOUMbBIM.
Hanpumep, npu uccieqoBannn 00pas3ioB MaTEPUAIOB HA TPOYHOCTb.

Panoomusuposannwvie 61oku. Ilpu npoBeieHNN UCCIEAOBAHUM UMEIOT
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MECTO CJIy4YaW, KOTJla Ha HCCIEIYyEMbId MPOLECC MOMHMO HCCIELYEMOrO
(dakTopa OKa3bIBAIOT BIWSHUE U PAJl APYTHX BHEMIHUX (akTtopoB. Hampu-
Mep, OompejenseTcs CMeHHas BbIpaboTka S KomOaiiHa B 3aBUCHMOCTH OT
mMpHUHBI 3axBara B xaTku (ypoxkailHOCTh XJ1€00B moctosiHHa). [Ipu sTom
IPEAINOIAraeTcsl UCIOIb30BaTh JKAaTKU Pa3IMyHOM mMUpuHEI 3axBara: Ne 1 —
4,

[Ipou3BoauTeNbHOCT, KOMOAHAa 3aBUCUT HE TOJBKO OT IIMPHUHBI
XKaTKU B, HO ¥ OT KBaJIM(UKAIMU OINEepaTropa, €ro TeMiepaMeHTa u T. II.,
T. €. UMEET MECTO HEKOTOPbIN BHEUIHUHN (akTop — «mexaHuzarop». [1oato-
My JJI1 paHIOMH3alUU 3KCIEPUMEHTa MO JaHHOMY (haKTOpy HEOOXOIUMO
Ciy4aiiHbIM 00pa3oM BBIOpaTh MO YKCIY JKAaTOK YeThipex padouux A, B, C u
D, kaxnplii U3 KOTOpbIX OyAeT padoTaTh MOJIHYIO CMEHY Ha KOMOaiiHe ¢
KATKOM JAHHOTO 3axBaTa. OJKCHEPUMEHT JOJKEH [JIMThCA YETbIpE IHS
(HampuMep: MOHEIENbHHUK, BTOPHUK, CPEIA U YETBEPT).

K koHIly cpoka ucnbITaHuil paboune MOryT yCTaTh, IOTEPSATh HHTEPEC
K paboTe, 4TO NPHUBEAET K CHUXXEHHUIO MPOU3BOAUTEIbHOCTH. WMim xe,
Ha000pOT, OnepaTop, NOJIyYUB OOJIBIINI MPAKTUUECKUHN OMBIT, OyneT pado-
TaTh MpousBoauTeIbHEE. Tak, eciau Bce MeXaHU3aTopbl OyayT IMoclienoBa-
TEJLHO UCIBITHIBATh KOMOAH ¢ jkaTkaMu Ne 1 — 4, To K KOHITy CpoOKa Ipo-
U3BOJAUTEINBHOCTD C KaTKamH, HanmpuMmep, Ne 2 m 3 MOXKET BO3pacTH WU
YMEHBIUIUTHCSA [0 YKA3aHHBIM PUYUHAM.

[ToaToMy HEOOXOIUMO PaHIOMHU3UPOBATH IKCHEPUMEHT IO MOCIIEI0-
BaTEJIbHOCTH MCHBITAHUS HOMEPOB KaTok. Ho mpu 3TOM MOXeT okazarbcs,
YTO HEKOTOPHIM pabOuUM BBINAJO UCIBITHIBATH OJMHAKOBBIE HOMEPA XKATOK
B OJIUH U TOT € JIeHb, U HA MPOU3BOJAUTEILHOCTh OKAXYT BIUSHHUE BbILIE-
yKa3aHHbIE PUYUHBI (KPOME 3TOTO MOTPeOyeTcs AOMOIHUTEIbHOE KOTHYe-
CTBO JKaTOK).

[ToaToOMy HEOOXOAMMO PaHAOMHU3UPOBATH SKCIEPUMEHT TaKUM 00Opa-
30M, YTOOBI B JAaHHBIM JI€Hb KaXIblii HOMEpP KaTKU KCIOIb30BAJICS TOJBKO
oauH pa3. TakoW MOJHOCTHK) PaHIOMHU3UPOBAHHBIN IUIAH 3KCIIEPUMEHTA
MpUBE/ICH B Ta0. 2.2.

Tabnuia 2.2
[1man npoBeneHUst SKCIEPUMEHTA
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JHu Hexenu
Mexanuzarop
In. Br. Cp. Ur.
A 1 2 3 4
B 3 4 1 2
C 2 1 4 3
D 4 3 2 1

B Taba. 2.2 npuBeacH Tak Ha3bIBaeMbIH jsamunckuil keaopam (4x4).
[Tocne 3aBeplieHUs UCMBITAHUWA PE3YJbTAThl MO KAXKIOMY HOMEPY KATOK
YCPEIHSIOTCHL.

PaccMOTpeHHBIN 3KCIIEPUMEHT MOKHO €II€ YCOBEPIICHCTBOBATh. Ec-
JU KaXIbIH MeXaHu3aTop padoTan Ha OJHOM M TOHW K€ MallMHE U TOJBKO
MEHSJI KaXIbli JIEHb KATKU, TO BCIEICTBUE PA3IMUUl MEXKIY MOJOTHIIKA-
MU MOJKET MOSIBUTHCA CUCTEMaThdeckas omuoka. Eciu 0003HaYuTh MOJIO-
Tiiku yepe3 Ne M1, M2, M3, M4, To 3KCIIEpUMEHT MO>KHO CILJIAHUPOBATh
TaK, YTOOBI KAkl MEXaHU3ATOP pabOTal Ha KaXKIOW MOJIOTHUIIKE TOJBKO

10 OJTHOMY JHIO (Tab1. 2.3).

Tabnuna 2.3
[iman nmpoBeieHUs SKCIEPUMEHTA
JHu Henenu
Mexanuszarop
ITs. Br. Cp. Yr.
A IM1 2M2 3M4 4M3
B 3IM2 4M1 1M3 2M4
C 2M3 1M4 4M2 3M1
D 4M4 3M3 2M1 1M2

B tabn. 2.3 npuBeeH TaKk Ha3bIBa€MbIU epeKo-IamuHCKUull Keaopam
(4x4).

Mmnozoghakmopnsie sxcnepumenmoi. 11pu Bo3eHCTBUN Ha N3y4YaeMbIii
00BEKT HECKOJBKUX (DAKTOPOB BIMSHUE HA HCCICAYyEMBIA MapameTp OKa-
3BIBACT HE TOJBKO KKABIH ()aKTOp B OTACIBLHOCTH, HO M Pa3IUIHBIC KOM-
OuHanmu 3TUX (GaKTOPOB, B3aUMOICHCTBYIOIINX MEXKITY COOOM.

DKCIEpUMEHTHI, MMPOBOJIUMBIC ISl UCCIICAOBAHUS BIIUSHUS HECKOJIb-

KX (paKTOpPOB, HA3BIBAIOTCS MHO20DAKMOPHIMU.

49



B MHOrogakTopHBIX 3KCHEpPUMEHTaX BO3MOXKHO HCIOJIB30BaHUE TIa-
Ha OJIHOTO U3 JIBYX TUIIOB: KIACCUYECKO20 U (haKmOopHO2O.

Knaccrnueckuil miaH npuMeHsIeTCs BO BCEX 00JIACTAX MCCIIETOBAaHUM.
@DaKTOPHBIN IJIaH YaCTO OBIBAET KOPOYE, OH BCErja TouHee (IpU OJUHAKO-
BOM C KJIACCUYECKHM YHCIIE OIMBITOB), HO, MO PANY NMPUYUH, PUMEHSIETCS
pexe.

Knaccuueckuu nnan. Ilycth HEKOTOpaAs 3aBUCHMAas NepeMeHHast R sB-
nsetrcst GyHKIMEH HeCKONIbKUX MepeMeHHbIX X, Y, Z u 1. 1. Knaccuueckuii
IJIaH HKCIEPUMEHTA COCTOUT B TOM, YTO BCE HE3aBUCUMBIC IEPEMEHHEIE,
KpOME€ OJIHOM, MOJIararoT MOCTOSIHHBIMM, U 3Ta OJIHA TIEPEMEHHAsI U3MEHSIET-
Cid Ha BCEM HHTEPBAJIC €€ 3HAYEHMI. 3aT€M U3MEHSIOT JPYTyI0 MEPEMEH-
HY10, TIoJ1arasi BCE OCTaJIbHbIE MMOCTOSIHHBIMU, T. €. MOCIEI0BATENIBHO HAXO0-
mst 3aBucumoctt R = f(X),R = f(Y),R = f(Z).1lo cymecTBy Kiaccuue-
CKUM MHOTO(AKTOPHBIA SKCIEPUMEHT MPEACTaBIsSeT CO0O0M TmocienoBa-
TEIHHOCTH OJTHO(AKTOPHBIX IKCIIEPUMEHTOB.

Pe3ynbTaT MHOTO(AKTOPHOTO SKCHEPUMEHTA TPYAHO TMPEIACTABUTH
rpauyecKu, eciivi YUCIIO NMPUMEHsIeMbIX (akTopoB Oosbiie AByX. [ToaTomy
KOHEYHasi 1eJdb  JOKCIOEPUMEHTa —  OMIHUPHUYECKass  3aBHCUMOCTH
R=fXY,2Z..).

B 3aBHCUMOCTH OT CIOKHOCTHM (PYHKIIMM R TIIaH 3KCIIEPUMEHTa MO-
KET UMETh PA3IMUHYIO CTETEHb CII0KHOCTH. Hanmpumep, miian nByxdaxkTop-
HOTO SKCIIEPUMEHTA, B KOTOPOM KaXK/IbIii (DaKTOp OEpeTCst Ha MATH YPOBHSIX,
CXEMaTUYECKH MOXHO TMPEJCTaBUTh B clieaytoiieM Bue (puc. 2.4):

YpoBHH NIepeMEHHON Y YpoBHY nepeMeHHOH Y
1 2 3 4 ) 1 2 3 4 5
1 + 1 + + + + +
YpoBau 2 + VpoBan 2 + + +
nepemMeHHoii 3+ + + + + nepemMeHHoit 3+ + + + +
X 4 + X 4 + + +
5 + 5 + + + + +

) 0)

Puc. 2.4. [Inansl 1ByX(haKTOPHOTO SKCIIEPUMEHTA
3HaKOM «+» 0003Ha4YeHbl KOMOMHAIIUM YCJIOBUH, MPU KOTOPBIX J0JI-

KCH ITPOU3BOJANTHCA SKCIICPUMCHT.
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Ecnu 3apanee U3BECTHO, YTO HCCIEAYEMbIC 3aBUCUMOCTH MOTYT OBITh
ONMCAaHbl  TAaKUMU  NPOCTBIMH GyHKUMSAMU: R = AY" + BX™,
R =AY"X™, R=AYB™u T. 4., TO MOXHO OTPAaHUYUTHCSI ILJIAHOM,
korjga obe mepemeHHble X W Y moouepenHO OepyTcsi HA OJHOM YPOBHE
(puc. 2.4, a).

B cnydasx ucnons3oBaHusi 6oiiee CIOXKHBIX (YHKIHMM, HApUMEp Ta-

. (BY
Kux Kak R = AXsin (7),R = AXYYu np., HEOOXOAUMO PAacCMOTPETh He-

CKOJIbKO YpOBHEM mnepemMeHHbIX X U Y (cM. puc. 2.4, 6). MoXeT NOsSBUThCS
HEOOXOAMMOCTh 3all0JIHUTh BECh KBaJpaT U MPOHECTH SKCHEPUMEHT ISt
BCeX 25 KOMOMHALMK YCIOBUM.

[Inan kJlaccMYecKOro sKCHepUMEHTa HEeoO0s3aTeIbHO JOJIKEH OBITh
cOQJIaHCUPOBAHHBIM. JTO O3HAYAET, YTO MOYKHO BBIOpAaTh JIECATh YPOBHEH
NEPEMEHHON X W TOJBKO TPU YPOBHS MEPEMEHHOM Y, €CIM U3BECTHO 3apa-
Hee, YTO 3aBUCHUMOCTE R oT X sBiisieTcsa 0osee BaXKHOM MIIM 00Jiee CIIOKHOM.

[Tocne npoBeaeHUsT SKCIEPUMEHTOB CTPOSIT IpadUuecKue UM aHaIH-
tuaeckue 3asucumoct R = f(X),R = f(Y).

2.6. llpenBapurejabHbINA aHAJIM3 IKCIEPUMEHTAIBHBIX JAHHBIX

[IpenBaputenbHbI aHATU3 SKCIEPUMEHTAIBHBIX JaHHBIX BKJIFOYAET
onpeneneHue (PyHKIMOHANBHBIX CBs3ei, rpadUuecKuil aHaiu3 JaHHbIX,
CrilaKMBaHue rpauKoB U APYTrUe Onepaluu.

Onpeoenenue ¢ynkyuonanvHulx ceaseil. I paguueckuii ananuz Oam-
noix. Axanemuk B.I1. ['OpssukuH roBOpui, 4TO «3aKOHOMEPHOCThH ps/ia YH-
CeJI BOCIIPUHUMAETCS HAIlTUM CO3HAHUEM TOJIbKO B TPYOBIX, OOIIMX YepTax.
Tot xe psax uucen, MPeACTaBICHHBIA B BUIE rpaduka, cpa3dy OTKPHIBACT
Pa3BUTHE SIBICHUSIY.

OOmue npaBuiia moctpoeHus rpadukoB TakoBwl. [Io ocu abcmuce oT-
KJIQJBIBAIOT 3HAUCHUE apTyMEHTa, a TI0 OCH OPJINHAT — 3HaueHne (DYHKITUH.

Hauano oTcuera HeoOs3aTeNbHO pacioiaraTh B mpeaenax jucra. JKe-
JaTenbHO, YTOOBI MacmTad rpaduka COOTBETCTBOBA a0COFOTHOM OIIMOKE
U3MEpEeHU, Torga ommoOka orcyeta mo rpaduky He OyAeT MpeBbINIaTh
omuOKM wu3MepeHuit. Pexomenmyemble MacmTaObl mkam: 1:1°10%;
1:2-10™ 1:510", npusromn =0,1,2,3, ... .

Ecnu orpe3ok mimHOW M, H300pakarolmuii eauHuIly BedauuuHbl U,
Ha3BaTh MOJYJIEM IIKAJIbI, M €CJIM M3BECTHBI MPEIEibl & U D n3MeHeHus Be-
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auyuHbl U, TO JiuMHa mIKambl OyJEeT ONpeNeNsiTbCsl 3aBUCUMOCTBIO:
L = m(b — a). PacueTHOE 3HaYCHME JIUHBI IKAIBI OKPYIISIOT B CTOPOHY
yBenn4yeHUs. TOJIbKO MOCE€ BhIUEPUYMBAHUS IIKAT ONBITHBIE JAHHBIE HAHO-
CST Ha rpaduk.

Cenascueanue cpaguxos. Ilpun noctpoeHun rpadukoB HEOOXOIUMO
YCTAHOBHUTh, HE SIBIISFOTCSA JIM W3JIOMBI JIMHUM CIEACTBHEM €CTECTBEHHBIX
3aKOHOMEPHOCTEN, CBA3AHHBIX C IIEPEXOJ0M KOJMYECTBEHHBIX U3MEHEHU B
KaueCTBEHHbIC, U, €CTIU OTPEOyETCs, TOBTOPUTH BCE OMBITHI, IPUHSIB MEPHI,
UCKJTIOYAIOIINE BIMSHUE OIUOOK HAOIIOICHUN.

DU3NYECKUM OCHOBAHUEM CTJIAXKMBAHUS KPUBBIX SIBJISIETCS TJIABHOCTh
U3MEHEHUSI (PYHKIMU MPU TJIABHOM HM3MEHEHUHU apTryMEHTAa; BhIpAaBHEHHbIC
KpUBBIE JOJDKHBI Hanbojee O0JIM3K0 0ToOpakaTh OOIIYI0 3aKOHOMEPHOCTh
pa3BUTHUS SIBJICHUS. DTO 03HAYAET, UYTO OHU HE O0SI3aTENbHO JIOJHKHBI ObITH
CPEAHUMHU U UTO YCPEAHEHUE JUIIb OJAUH U3 MPUEMOB CIJIaKUBAHUS U BbI-
pPaBHUBAHMUSI.

B nepByto ouepenp CriaxuBarOT JTaHHbIE HEMOCPEIACTBEHHBIX H3MeE-
penuii. Henp3s criiakuBath pe3ysibTaTbl KOCBEHHBIX M3MEpEHUU 0e3 mpes-
BApUTEJILHOTO BBIPABHUBAHUSI IAHHBIX HEIOCPEICTBEHHBIX U3MEPEHHUI, TaK
KaK MOTYT MOSBUTHLCA OoJbiue omuOku. Hanmpumep, npu ucnbITaHUU ABU-
raTeiei U3MEpSIOT KPYTAIIUA MOMEHT U 4acTOTY BpalllEHHs Bajla, a 3aTeM
BBIYKCIISIFOT MOIIHOCTD M OnpeAessioT 3asucuMocts N = f(n). Ecau npen-
BApUTEJIBHO HE CIUIAINTh PE3yJIbTaThl 3TUX W3MEPEHUM, a JIUIIIh BHIPOBHSTH
KPUBYIO BBIUYMCIIEHHOW MOIIIHOCTH, TO BCE JIAaHHBIE XapaKTEPUCTUKHU JBUTA-
TEJISt MOTYT OKa3aThCs HECOMOCTAaBUMBIMH.

[Ipu crnaxuBaHUM YCTAHABIUBAIOT, HET JIM OTACIBHBIX PE3KUX OJIHO-
CTOPOHHHUX OTKJIOHCHUHM OT IJIABHOM KpWBOM. ECiiM Takue OJHOCTOPOHHHUE
OTKJIOHEHHUSI (OJIHO-/IBA HA BCIO CEPHUIO OMBITOB) UMEIOTCA M HAXOJSAT O0BsC-
HEHHE B U3MEHEHUU YCIIOBUI U3MEPEHUS, X OMYCKAIOT, & BMECTO HUX MPHU
MIOMOIIU UHMEPNOAAYUY HAXOJAT TOYKH, OJM3KO PACIONIOKEHHBIE K €CTe-
CTBEHHOM IIABHOW KPUBOMW PA3BUTHSL.

Jlanee HamO BBIACHUTH, HACKOJIBKO Pa30pOCaHbl TOUYKU OMBITOB B 00€
CTOPOHBI OT BOOOpakaeMOM IIJIaBHOM KPHBOM, COCIMHSIONICH HMX, U HEOO-
XOAUMO Ji criiakuBanue. Eciu pa3Opoc TOUeKk TakoB, YTO COEIUHUTH UX
MIJIABHOW KPUBOW HEBO3MOKHO, TO KPUBYIO HYKHO CTJIaJIUTh (puUc. 2.5).
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Puc. 2.5. CrinaxxuBanue KpuBoit

HaunbGoniee TOouHbIE pe3ynbTaThl MOJYYArOT MPU HCHOJIb30BAHUU IS
CTJIQKMBAHHUS METOJOB HAaWMEHBIIUX KBAAPAaTOB M HAWMOOJBIIETO MpPaBIO-
nono6usi. s momydeHus AOCTaTOYHO TOYHOTO XapaKTepa pa3BUTUS HC-
CJIETyeMOro IMpoliecca MPUMEHSIOT TaK Ha3blBaeMOe Ipapuueckoe Criiaxu-
BaHue. J[Jig ATOr0 MUCHONB3YIOT KapaHaall U Mpo3payHble THOKHUE MTaOIOHBI
(JlekaJia, yroJbHUKY, JTUHENKH). OCHOBHOE MPABUIIO IPAPUUYECKOrO CTIIaxu-
BaHUs: MPOBEJCHHAs KpUBas JOJKHA PacIoararbCsi Kak MOXKHO OJIMKE KO
BCEM OIBITHBIM TOYKAM.

J1J1s1 3TOTr0 TOJKHBI OBITH BBIOJIHEHBI CIAEAYIOIIUE YCIOBUA:

— CyMMa OTPE3KOB HOPMAaJEH, OMYIIEHHBIX W3 ONBITHBIX TOYEK Ha
KpUBy1O (CM. puc. 2.5), IO/DKHA PaBHSITHCA HYJIO (OTPE30K HOPMAJ Hall
KPHUBOI OEpPETCs CO 3HAKOM 7110C, & IO KPUBOH — CO 3HAKOM MUH)C);

— €CJIM COCJIMHUTh BCE OIBITHBIE TOYKHU MPSAMBIMUA M MPOBECTU TJIAB-
HYI0 KPUBYIO, TO CyMMa IJIOIIAIeH, OTCEYEHHBIX KpUBOl 1Mo 00€ ee cTopo-
HBI, IOJDKHA OBITH paBHA HYJIIO.

— B 000MX Ciydyasx TakXke HeOOXOIUMO, YTOObI CymMMa aOCOIIOTHBIX
BEJIMYMH OTPE3KOB HOPMAJICH WJIH IUTOMAJEH ObllIa MUHUMAJIbHOM.

Bravane TOHKOW JIMHHEN MPOBOAAT MEPBYIO KpuBYH. Ecin oHa He
YAOBIJIETBOPSET MPOBEPOUYHBIM TpeOOBAaHUSIM, €€ HE CTUPAIOT, a HAHOCAT
BTOPYIO JInHHIO. ECn moHago0uTCs, BRIYEPKUBAIOT TPETHIO. 3aT€M TOJICTOM
JIMHUEN OOBOJSIT JIyUIIIUM BApUAHT, @ OCTAIbHBIE CTUPALOT.
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3. IOCTPOEHUE MOJIEJIEH IO PE3YJBTATAM
KOPPEJISIHUOHHO-PEI'PECCUOHHOI'O AHAJIM3A

OpnuM u3 >Q(HEeKTUBHBIX METOJOB YCTAHOBJICHUS B3aUMOCBS3EH SIB-
JISI€TCSl KOPPEISIIUOHHO-PETPECCUOHHBIN aHAJINU3.

[ITupokoe UCTIIOIB30BAHUE JIMHEUHBIX CBA3EU U CBA3EU, IPUBOISALLINX-
Csl K JIMHEHHBIM, OOBSICHAETCS HECKOJbKUMHU MPHUYUHAMU: BO-IEPBBIX, JIU-
HEiHbIE CBSI3U MPOCTHI U TPEOYIOT OTHOCUTEIBHO MEHbLIET0o o0beMa BbI-
YUCJICHUN, a METOJIMKA UX YCTaHOBJICHUS Oosiee TIyOOKO pa3paboTaHa; BO-
BTOPBIX, CYIIECTBYIOT TEOPETUYECKHE MPEANOCHUIKA 00Jiee 4acToro uc-
N0JIb30BaHUS JIMHEUHBIX (DOPM CBSI3U, KOTOPHIM CBOMCTBEHHO HOPMaIbHOE
pacrnpeneneHue, a OHO HauOojiee 4acTO BCTPEYAETCSd HA MPAKTHUKE; B-
TPETbUX, KOPPEISILIMOHHYIO 3aBUCUMOCTh YacTO 3aMEHSIIOT JIMHEHHOHN (op-
MO CBSI3U MOTOMY, UYTO MPU CPABHUTEIBHO MAJIbIX AUANA30HAX U3MEHEHUS
BXOJIHOTO TMapaMmeTpa o0yl KpUBYIO B IIEPBOM MPUOIMKEHUH MOXKHO afl-
MPOKCUMUPOBATH KYCOYHO-IMHEMHOW CBA3BIO.

KoppersiunoHHbIl U PErpecCUOHHBIA AHAJIM3bl MO3BOJISIFOT peEIIaTh
pazNuyHble, HO B3aMMOCBSI3aHHbBIE MEXAy coO0OH 3agauu: KO3(PQPULIHUEHT
KOppEJSILIMMA OLICHUBAET CUJTy CBSA3HM, YpaBHEHUE perpeccuu — ee hopmy, C
IIPUBJICYEHUEM OLIEHKU JOCTOBEPHOCTH OIPEAEISIETCS PEaJbHOCTh CyIIe-
CTBOBaHHSI CBSI3H.

CynHoCTh KOPPEISLUOHHO-PETPECCUOHHOTO METO/IA 3aKJII0YaeTcs B
HaXO0XXJICHUU SMITMPUYECKOTO ypaBHEHUs ((POpMyJibl), XapaKTEpHU3YIOIIETO
CBSI3b PE3YJIbTATUBHOIO MapaMeTpa C ONpPEAENICHHBIM BXOJHBIM (pakTopom
(UM HECKOJIBKUMU (PaKTOPAMHU B CITy4ae MHOKECTBEHHON KOPPEISIIHIHN).

Jlnst 00paboTKK MCXOAHOW MH(MOpPMALMK, YCTAaHOBJIEHUS SMIIUpPHUYE-
CKOM (hOpMYIIBI CBSI3M MOKHO MPUHSATH TAKYI0 CXEMY:

— BBIOOp pe3yNbTaTUBHOTO Y U BXOJHOTO X MapaMmeTpoB;

— BBIYHCIICHUE CPEIHUX apu(PMETHUECKUX 3HAYCHHUI U AUCTepCUil pe-
3yJbTaTUBHOI'O U BXOJHOTO NTapaMeTpPOB;

— BBIOOP (POPMBI CBSI3H;

— OIIEHKA CUJIBI CBSI3M, pacdeT Ko PpuiMeHTa KOppesiuu;

— OIIEHKA 3HAYMMOCTHU KO3 (UIIMEHTA KOPPETAIINH;
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— pacyeT TeOPETUUECKOTO YPAaBHEHUS PETPECCUM;
— OIIEHKA 3HAYMMOCTH KO3(P(HUIIMEHTOB YPaBHEHUS PETPECCUU;
— OMpeJeNeHNe aleKBaTHOCTH YPAaBHEHHS PETPECCUU M JTOBEPUTEIb-
HBIX TPaHUII.
Cpennue apudmeTnyeckre 3HA4eHUs BXOJHOTO U BBIXOJHOIO Mapa-

METPOB BBIUUCIISIOTCS COOTBETCTBEHHO MO opMyiam:
n n
% i=17Yi 7 = &=l X;

—_— ) —_— )

n n
rae Xi u Yij— 3HaueHHUE BXOJHOTO U BBIXOJHOTO MapamMeTPOB COOTBETCTBEH-
HO; N — YKCJIO TIap UCXOAHBIX JaHHBIX B MaCCHBE.
Jlucriepcun paccMaTpuBaeMbIX (PaKTOPOB OMPEACISIOTCS MO (popmy-
JIaM:
(X —X)?
;oY

2

LY - F)?

S,% =
X n—1

n—1
3.1. Boi0op ¢opmbI cBsI3H

HauanpHbiil 3Tan BeIOOpa (OPMBI UCCIEAYEMOM CBSI3H 3aKIIOYAETCS B
AHATUTHYECKOM WM TpaduueckoM aHamu3e HUCXOAHOW HHGPOpMAIIU
(HampuMep, MOCTPOCHUE TOJIsI KOppessiiuu). Eciau 3HaueHus BBIXOJHOIO
napaMeTpa HU3MEHSIOTCS MPUOIUZUTEIHLHO PABHOMEPHO C HU3MEHEHHEM
BXOJHOTO (paKkTOpa, TO, BO3MOXKHO, CYIIECTBYET JIMHEWHAs CBSI3b, €CIU He-
PaBHOMEPHO — HEJIMHEWHAS.

[Ipu penieHn MHOTHMX NPAKTUYECKUX 3aJ]1a4 Yalle UCIOJb3yITCS JIH-
HEWHbBIC CBSI3U U CBSI3M, KOTOPHIE MOTYT OBITh MPEOOPa30BaHbl B JIMHEHHBIN
BH/I.

T'unepbonuueckas cea3v Buma Y = ay + a, /X nuHeapusyercs 3ame-
HOW BXOJHOTO MapaMeTpa NEPEMEHHOM:

X' =1/X,
TOorAa
Y=a,+aX'.

IlokazamenvHas céa3v BUAa Y = a, - eHX

JINHEAPU3YETCS 3aMEHOU
BBIXOJTHOTO (haKTOpa MEPEMEHHOM:

_ Y
Y=¢",
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noce JiorapuMUPOBaHUS
Y'=lay+a, X =ay, +a,X.

Cmenennas cés3b Buaa Y = ayx?! nmocie norapudmupoBaHus JMHE-

apu3yeTcs 3aMEHOM:
Iny =Y'", Ina, = a,’', InX =X,
TOTJ1a
Y'=a, +a,X".

Joeapupmuueckasn ceazv Buaa Y = ay + a,InX nuneapusyercs 3a-

MEHOM
X' =InX,

tormraY =a, + a, X'.

Kombunuposannas cesse Buna Y = 1/(ay, + a,e™*) nuHeapusyercs
3aMEHOM BBIXOAHOTO (paKTOpa MEPEeMEHHOM

!/
Y =1/Y,
a BXOJHOTO (hakTOpa — IEPEMEHHOM
! —
X' =e™*,

torna Y’ = ay + a1 X'.
3.2. OueHka CHJIbI CBA3H MeXKIYy (PaKTOpaMu

B obmeM ciydae cuily CBSI3M MEXIY HCCIETyeMBIMH (aKkTopamu
MOYHO OIIEHUTb, HCTI0JIb3YSl KOPPEISLUOHHOE OTHOILIECHHUE.

JInst mpoBEpPKU 3HAUMMOCTH Tpe/IiogaracMoi JTUHEHHOU POPMBI CBSI-
31 (WM TPUBEJACHHBIX K HEW) BBIYUCIAETCS KOI(PGUIIMEHT KOppess-
uu . Koaddunuent koppemsiimu MOXKeT NMPUHUMATH MOJOKHUTEIbHBIE U
OTpHUIIATEIbHBIC 3HAUCHUSI.

Ecnu cBsi3b MEX1y BBIXOJHBIM IMapaMeTPoOM U (pakTOpOM-apryMeHTOM
MOXKET ObITh TOYHO MpEJICTaBJICHA MPsIMOM JIMHUEH, KOADPUIIUEHT KOoppe-
namuu r = +1.

[Ipu r = 1— cBsa3p Mexay Y U X NPAMO MNPOIMOPIMOHATbHAS, TPU
r = —1 — 00paTHO MPOTOPIIMOHATILHASL.

Ecnu 3nauenne kosdpduuumenta xoppensiuud v = 0, roBopsT O He-
KOPPEJIMPOBAHHOCTH HCCleNyeMbIX (akTopoB. s HOpMaNbHOTO 3aKOHA

56



pacrpeneneHus cilydyalHbIX BEIUYUH Opu 7 = 0 MOKHO TOBOPUTH O HE3a-
BUCHMOCTH 3THX BEIWYHUH. /[ Ipyrux pacnpenencHuil 3aBUCUMOCTh MO-
KET UMETh MECTO.
[IpuHATO CUnTaTh:
npu r = 0,3 — cnabas CBsI3b;
r = 0,3 — 0,7 — cpenHsia CBA3b;
r = 0,7 — cunbHas;
r = 0,9 — BecbMa CUJIbHASA CBSI3b.
Koaddumuent koppensauuu onpeaensiercs o gopmyse
IR =D
nS,Sy ’

re N — Y9KCIIO Map HUCCIeayeMbIX (akTopoB; Sy, Sy — CpeaHeKBaapaTHye-

CKO€ OTKJIOHEHHME BXOJHOTO U BBIXOJHOTO (HaKTOPOB COOTBET-
CTBEHHO.
Jns ynobctBa pacuera kodpduiirieHTa KOPPEsIIud MOXKHO HCIOJIb-
30BaTh GOPMYITY
N Xi¥i — X Xi X, Y

Jn SX2 - (S, X)) Jn T YE— (Y2

lIposepxa 3nauumocmu xosgpguyuenma xopperayuu. KoshpuuueHt

r =

KOPPEJISALNHA I, OTIpeIeIIeMblid TI0 BEIOOPOYHBIM JaHHBIM, MOXKET HE COBIIA-
JaTh C ACUCTBUTEIBHBIM 3HAYEHHEM, COOTBETCTBYIOIIMM T€HEPAILHOM CO-
BOKYITHOCTH (B CHUIy MaJlOil MPEeACTaBUTEILHOCTH BBIOOpKH). OmmbOKa BbI-
00poYHOTO KO3 (DUITMEHTA KOPPEIALINU ONPeACsIETCs 10 (hopMyIie

1—7r?

Vn—1

[Tpu Gonbiux BeiOOpKax (n = 100) MOKHO MPEANONOXKUTH, YTO KO-

S, =

3¢ PUIMEHT KOppensiuuu pachpesielieH HopMaiabHO. Tornma crpaBenInBO
CJIEIYIOILIEE BbIPAKEHUE:!
P{r - XS5, <r <r+X.S,},
rje P — BeposSTHOCTS.
I[lpu P =09, X, =1,653; P=0,95, X, =196; P=099, X, =2576.
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[Ipu ManbIX N TUIOTE3a O HOPMAJIBHOM pacIpeeeHuU KO3 puureH-
Ta KOPPEJSAIUH, KaK MPaBUIIO, HE MOATBEpKAAeTCA. B 3TOM citydae ucmnosib-
3y10T t -kpuTepuit CThIOAEHTA!
rvn — 2
v1—r2

Jns uncna creneHe cBoOOABI N =N — 2 U YPOBHS 3HAYUMOCTH T10

t =

TabJIMIIaM HaXOJSAT TeOpeTUdIeckoe 3HaueHue ! —kpurepus. Ecnu dakruue-
ckoe 3HaueHue kpurepus CThroieHTa OyaeT 0oJibllle TEOPETUYECKOTO 3Ha-
YeHUS, TO TMPEIOI0KEHNE O HYJICBOM 3HaUYe€HUU KO3 (UIIMEHTA KOppes-
MW HE TTOATBEPKIaeTcs. B mpoTUBHOM cilydae cuMTaeTcs, 4To BeTuduHa I
0JIM3Ka K HYJIIO.

3.3. Pacuer k03(ppuueHTOB YPAaBHEHHS Perpeccuu

B ocHOBe mocTpoeHUs IMIUPUUECKON 3aBUCUMOCTH (YpaBHEHUS pe-
IPECCUH) JISKUT METOJ HaMMEHBIMX KBajpaToB. OH SBISETCS OJHUM W3
HanOosiee yNnoTPEeOUTEIbHBIX METOJOB MPUOIUKEHHOU OIIEHKU HEU3BECT-
HBIX TIapamMeTpoB ypaBHeHUs. [Ipoananu3upoBaB (GopMy CBSI3U MEXKIYy HUC-
CJIelyeMbIMU TIEPEMEHHBIMH, HCKOMOE IMITUPUYECKOE YPABHEHHE MOMXKHO
MIPUBECTU K BUIY

Y=a,+a.X.

3aTeM W3 MOJYyYCHHBIX SKCIEPUMEHTAIbHBIX JaHHBIX yYCTaHABIMBACT-
sl IpUOJIMKEHHOE PaBEHCTRO:

Yy=a,+a,X;, (i=1,23,..,n).

Koaddummentsr a, u a, onpenenstorcss U3 yclIOBUs, YTOOBI CymMa
KBaJpaTOB PA3HOCTH MEXIY JIEBOW W MPaBOM YaCTSIMHU MPHUOIHMKEHHBIX pa-

BEHCTB ObllJa MUHUMAaJILHOI
n

> 1% - (@ + @, X)I? = min.

i=1
JIJ'IH HaXOXACHUA JKCTPEMYMa HAXOAUM YACTHBIC IMPOU3BOIHLIC U
IPpUPABHUBACM K HYIIIO.

0

9a, E[Yi —(ap + a, X)* = 0;

i=1

n
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n

0
2
- § [Y; — (ap + a,X;)]
da, (<
1=1
PemuB nojiy4eHHY10 CUCTEMY YpPaBHECHHUH, ONPEICIII0T HEU3BECTHBIC

K02 (P ULIMEHTHI MOJICIH

r n n
a0n+alin =ZYi ;
i=1 i=1
n n n
aOZXL- +alin2 = inyi.
N i=1 i=1

3nauumocmov Ko3Guyuenmos ypasnenuti peepeccuu. Jljig OLIEHKU
apaMeTpPOB, BXOAIINX B YPABHEHUE PErPECCUU, NTPU PELICHUH MPAKTHYE-
CKHMX 33J1a4 MOYXHO OTPAHUYMUTHCS MOCTPOCHUEM JTOBEPUTEIILHBIX WHTEPBA-

JIOB.
3agaBasch YPOBHEM 3HAUYUMOCTH 0, (MM JOBEPUTEIHHOU BEPOSITHO-
CThIO | - 0) TIpK U3BECTHOM YHCIIEC CTENEHEW CBOOO/IbI, TOBEPUTEIbHBIE Ipa-
HULBI IJ151 TApaMETPOB Ay U A OMPENETAI0TCs 1o popMynam:
Ap1 = Qg — bty - Coq,; a1 = aq — tr - Coq s
Aoz = Ao + t7°Cogy; a1z = aq — tr'Coq,
rae ty — Teopetnueckoe 3uaucHue t —kpurepus Crerofenta; Co,, — Clydai-
Has omrbKa mapameTpa dg; Coq, — CllydaiiHas ommOKa napamerpa a; .
Crnyudaiinas ommOka mapameTpa a, onpeaensercs mo Gopmyie

n X-Z

n
A€ S,cr — OCTaTOYHAS JUCTIEPCUSL.

COaO = Socr

2
Ocrarounas qucnepcus Sy~ ONMpPEeneNnsieTcs Tak:

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

CrnydaifHas ommOKa mapaMerpa a, onpeaensercs mo Gopmyiie
SOCT

o xe - BRI

COa1
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Ecnu gaktuueckoe 3Hauenue t —kpurtepusi CTbroieHTa

(=23, (X — X)?
“ 7iqt=1(Yi - 71)2

OyZieT MEHBIIIE WM PAaBHO TEOPETUIECKOMY, TO TapaMeTPhl 4, U A, He3Ha-
YUMBI.

Jlosepumenvhnvie epanuyvl ypasnenus pecpeccuu. s onpeneneHus
JOBEPUTEIIbHBIX TPAHUI] YPABHCHHS PErPECCHH HEOOXOIUMO JIJIST Ka)KIOTO
3HAUCHUSI apTyYMEHTa OMPENETUTh IMIUPUHY TOBEPUTEIHHOTO HHTEpBaJa
GyHKIUN.

HanMeHnpiliee 3HaueHHWE MIUPHUHBI JOBEPUTEIHHOTO WHTEpBajIa TEOpe-
THYECKOTO YPaBHEHUS PETPECCHH ONPEICISICTCS:

trS
AXmin =x T\/%CT

JloBepuTelbHbIE TPaHULBl YPABHEHUSI PErPECCUU MPEACTABISIOT CO-

00l UHTEPBAJIbI, ONIPEACIIAEMbIE U3 BhIPAKEHUS

1 (X, — %)
L0 =107

Y i ta 2, Tl—ZSOCT

Jluneunas 3asucumocmo Y = by + by X. Jlnst aroit dpyHkuun kodpdu-

IIUEHTHI b; U by onpenenstorces no Gopmyiam:
n

n
nXOYE Y, —nYr. XY 1

b, = l_1n121_121 El_l 21 ~; by=-— zYi_b1ZXi
(Zi=1Xi) _nzi=1Xi n i=1 i=1

Dxcnonenyuanvhas sasucumocms Y = by'eP® | Jlna sroi dynkuun

kod(pduirenTs! b; u by onpenensatoTcs mo hopMynam:
i=1 Xi Li=q InY; —n YL, X; InY, .
(Z?=1Xi)2 - n2?=1Xi2 ’

n

n
1
b, = exp - ZlnYi —blin
i=1

i=1
Iapabonuueckas 3aeucumocmv Y = by + b X + b,X?. Jna »>roii

b1:

byakunn kod3hurenTsr by, by, b, ONPEACISIIOTCS MPU PEIICHUA CUCTEMBI
W3 TPEX YPABHECHUN:
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’

bozX +blzX +bzzx3 ZXY;
boin2+blin3+bszi4:inzYi
S i=1 i=1 im1

3amavu 1JIA ynpakHeHu il

-

3aoaua 1. llotepu 3epHa Ha cojomotpsice coctaBisitoT 50 - 80% ot
o0IIMX TOTeph 3a MOJIOTHJIKOW. J[JIT aBTOMAaTHYECKOTO pEryJIMpPOBaHMUS
HEO0OXOJIUMO BBIOpATh MapaMeTp, C yUEeTOM KOTOPOTO MOXKHO OIpPEEIUTh
3arpys3Ky cosioMotpsica. OqHUM U3 TapaMETPOB SBISETCS TOJIIUHA XJIEOHOU
Macchl B HAKJIOHHOM Kamepe. [lonydeHsl SKCIIepUMEHTANIbHBIC JTaHHbIE 3a-
BHCHUMOCTHU MOTEPh 3€pHA HA COJIOMOTPSICE OT TOJIIMHBI CJI0s XJIeOHON Mac-
ChI MO]1 IJIABAIOIIUM TpaHcropTepoMm (Tadi. 3.1).

Tabauma 3.1
BKCHepI/IMeHTaHBHBIG JAHHBIC HOTepL
TommuHa caos, cM 0,8 1,0 1,2 1,3 1,4 1,6 1,8
[ToTepu 3epHa 0,4 0,5 0,7 0,8 1,2 1,6 3,2
Ha cosioMoTpsice, %

— OUEHUTD CUITY CBSI3U MEXY YKa3aHHBIMU (haKTOpaMHU.
— YCTaHOBUTH 3aBUCUMOCTb MEXKIY IOTEPSMH 3€pHA U TOJIIIMHOU
XJIEOHOM MaccChl MO/ MJIABAIOIIKUM TPAHCIIOPTEPOM.

3aoaua 2. OmHUM W3 BaXXHBIX TPHEMOB ITOBBIIICHUS YPOKAWHOCTH
OBOIIHBIX KYJIBTYpP SBIISICTCA KaauOpoBaHHWe ceMsH. Pa3meneHue mapTuu
CeMsH Ha (Ppakuu ¢ OAMHAKOBBIMU (PU3MKO-MEXaHUICCKHUMHU U OHOJIOTHYC-
CKHMH CBOMCTBAaMH BO3MOYKHO Ha OCHOBE JAHHBIX O CBSI3M MEXIY STHMH
cBolicTBaMH. B pe3ynbTare MCCIIeI0BaHMN 3aBHCHMOCTH BCXOXKECTH CEMSIH
MOPKOBH OT UX TOJIIIMHBI NOJyYEHbI JaHHbIE (Tabu. 3.2).
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Tabnwuia 3.2
DKCIepUMEHTAIbHbIE JJAHHBIE BCXOKECTH

Tommumaa cemsta, Mmm | 0,5 0,6 0,7 0,8 0,9 1 1,1 1,2 1,3
Bcexoxects, % 40 60 70 77 72 60 57 48 20

— OLIEHUTDb CUJTY CBSI3U MEXKY YKa3aHHBIMHU (PaKTOPAMHU.
— Y CTaHOBUTH 3aBUCUMOCTDb MEXAY UCCIEYEMbIMU (paKTOpaMHu.

3aoaua 3. KadectBO 0OMOJIOTa 3€pHA 3aBUCUT OT Pa3IMYHBIX Iapa-

METpOB Bajka. B pe3ynbrare McCienoBaHHUI MOJY4YEHBI SKCIEPUMEHTATb-

HBIC JIAaHHBIE CYMMapHBIX MOTEPH MPU 0OMOJIOTE B 3aBUCUMOCTHU OT IIIMPUHBI

Bajka, mojaoupaemMoro komOaiiHoM Ha ckopoctu Vi =1,1 u V, =2 wm/c

(tabu. 3.3). lllupuna MmonoTuiIku KoMOaiHa — 1,2 M, TPOU3BOAUTEIHLHOCTD —
4 xr/c, cooTHOIIeHHE 3epHa K cosome — 1:1.

Tabnuua 3.3

3aBUCUMOCTH CyMMapHBIX MOTEPH OT ITUPUHBI BaJIKa

Cxopoctbs kKoMOaiiHa, M/c
V=11 ‘ Vv, =2 [Iupuna Banmka S, M
[Totepwu 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

— YCTaHOBUTh 3aBUCMMOCTb CYMMAapHBIX NOTEPh 3€pHA OT LIMPHUHBI
BaJIKa [P Pa3IUYHBIX CKOPOCTSIX JBHKEHUS KOMOaliHa.

3aoaua 4. B pe3ynbrare CpaBHUTEIBHBIX HUCIBITAHUH JKaTOK TIOJTyde-
HBI JTaHHBIE O BETWYMHE MOTEph 3epHa I B 3aBUCHMOCTH OT CKOPOCTH JBH-
xeHust V xatku (tadi. 3.4).
Taomuna 3.4
CraTtucTHYeCKHE TaHHBIC TTOTEPh

V, KM/q 6 6,4 6,7 9,3 9,5 10 13 13,5 14
I1, % 1 0,7 1,1 1 1,5 1,2 1,6 1,9 1,7

— OnpenenuTth mapaMeTpbl YPAaBHEHHUS CBSI3M MEXKY MOTEPSIMU 3€pHA
U CKOPOCTBIO JBUKEHUS KATKHU.
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3aoaua 5. YCTaHOBJIEHO, YTO HAUBBICHICH YPOKaWHOCTU KYJIBTYp JO-
CTUTaIOT MPU ONTUMAIBHOM IUIOTHOCTH MOYBBI, UMEIOLIEN PA3JIUYHOE 3Ha-
YEHME JUIS Pa3IMYHbIX TUIIOB NOYB. [Ipu mpoxomax cenbCKOX03sMCTBEHHOU
TEXHUKH TI0 TOJIKO0 B CII€/IaX JBWKUTEIEH MOYBA YIUIOTHSAETCS. 3HAYCHUS
HegoOopa ypoxkass H; pasnmuyHbIX KyJbTyp B 3aBUCUMOCTH OT TUIOTHOCTH

MOYBHI P, B clefiax ABMXKUTEIICH MPUBEEHBI B Ta0M. 3.5.
Tabmuua 3.5

Henobop ypoxxas H; B ciegax nBuxurteneit TpakTOpoB

SlumeHb
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

O3uMad IIIeHnIa

P, t/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
OBec
P,, r/em® 14 1,42 1,45 15 1,52 1,55
H;, % 0 3 12 24 22 35

— OnpenenuTh apaMeTpbl YPaBHEHUSI CBSI3H MEXIY HEIT000pPOM ypo-
HKAWUHOCTH JIJISl PA3JIMYHBIX KYJbTYP U INIOTHOCTHIO TTOYBBI B ClIe1aX ABHXKU-
TEJIEH.

3aoaua 6. llpu NPOEKTUPOBAHWU KUBOTHOBOJIUECKUX KOMILICKCOB
HEOOXOIMMO YUYUTHIBATH pa3Mepbl CAHUTAPHO-3ALTUTHBIX 30H BOKPYT HHUX
(koMmIuiekcoB). ['panunia pacopocTpaHeHus: BPEAHOCTEN €CTh PACCTOSHUE OT
KOMIUIEKCA, Ha KOTOPOM 3arpsi3HEHUS] HE MPEBBIIIAIOT MPEACIbHO JIOMYCTH-
Mbix koHueHTpanuit (ITK) (tadmn. 3.6).

Taomuna 3.6
['paHuIBI CAHUTAPHO-3AIMUTHON 30HBI
Kommieke KpymHOTO poraToro ckota
IToronoBke, THIC. TOI. 2 3 4 5 6 7 8
Paccrostnue oT KoMILIEKCA, KM 0,8 1,2 15 1,8 2 2,5 2,5
CBUHOBOTUECKUHA KOMITJIEKC
IToronoBke, THIC. TOI. 20 30 40 50 60 70
PaccrosHue 0T KOMIUIEKCa, KM 1,2 1,6 24 2,7 3,2 3,6
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— OnpenenuTh TPaHUIY CaHUTAPHO-3AIUTHOM 30HBI JUJI KOMILIEKCA
KPYITHOTO pOraToro cKoTa ¢ norojoBbem 9 u 10 TeIC. ronos.

— OnpenenuTs TpaHUIly CAaHUTAPHO-3AIIUTHON 30HBI JUIs1 CBHHOBOIYE-
CKOro koMiuiekca ¢ noroyuosseM 80 u 100 ThIC. rOn0B.

3aoaua 7. BnaXHOCThb TpaBbl, 3aKjaJbIBAEMON Ha CEHaX, JOJDKHA
obITh B nipenenax 40—-50%. OTkIIOHEHUE BIaXXHOCTU MAacChl OT 3TOTO UHTEP-
Bajla BEJCT K PE3KOMY CHIDKCHHIO KauecTBa kopMa. PazpaboTan Biaromep,
KOTOPBIM HA OCHOBE 3aBUCHUMOCTH AJIEKTPUUECKOTO COMPOTUBIICHUS TPOSIB-
JIGHHOM MaccChl OT BJIAXKHOCTHU ITO3BOJISIET B IOJIEBBIX YCIOBUSIX 3a 7—10 Mu-
HYT OINpEJeIuTh UCKOMYyr BiaxHocTh W kopmoB. Jljsi ero TapupoBKU
HEO0OXOJIUMO YCTaHOBUTH 3aBHCUMOCTh MEXKAY YKa3aHHBIMHU ITapaMeTpaMHu.
Ha ocHoBe uccienoBaHuid OJTyUYEHbI IAaHHBIC JJIs1 U3MEJIbUCHHOM JTIOLIEPHbI
(tabm. 3.7).

Tabnuua 3.7
3HayeHus CONpOTUBIICHUH R Biaromepa
W, % 37 45 55 65 75
MMoBropupre | 1 | 2 | 3 |1 |2 3|12 |3|1]|2 |3 |1|2]3
OIIBIThI
R, xOm A8 | 45 | 46 | 27 | 2524|1516 |13 |13 |12 (10| 8 | 7 |5

— Omnucarb (YHKIMOHAIBHOW 3aBUCHUMOCTBIO SKCHEPUMEHTAIbHBIC
JAHHBIC, TIOJIyYCHHBIC NP ONPEACIICHUU BIAXXHOCTH HW3MEIBYCHHOW JIIO-
uepHsbl. [IpoBepuTh runmoTe3y OqHOPOIHOCTH IUCTIEPCUM.

3aoaua 8. OnuH U3 BO3MOXKHBIX CIIOCOOOB YOOPKHM pUca — OYechiBa-
HUE METEJIOK Ha KOPHIO MPSIMOCTOSIET0 puca (C UCIOIB30BAHUEM IIETOY-
HOTO OYECHIBAIOIIETO YCTPOWCTBA). B pesynbrare MCHBITaHWI OYECHIBArO-
IIET0 YCTPOMCTBA MOJY4YEHBl KCHEPUMEHTAJIbHBIC JTaHHbIE 3aBUCHUMOCTH
o6mumx noreps I1 ot npuBegenHol nogauu @, (Tadmn. 3.8).

Tabnuia 3.8
3HaveHure o0IIMX MOTePh
Qn, Xr/c/M 0,9 1,2 1,4 1,8 2 2,2 2,4 2,7 34 | 37
I1, % 10 7,6 6 4,5 4 3,5 3,6 3,6 6 7,5

— OnpenenuTh 3aBUCUMOCTD MOTEPh OT MPUBEACHHOM MOJaUH.
— OnpenenuTs 3HaY€HUE NPUBEACHHON MOJa4M, TP KOTOPOU MOTEPH
MUHHAMAJTbHBI.
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3aoaua 9. Ha MammHOMCHBITATEIBHOM CTaHIIUM 3€pHOYOOPOYHBIX
KOMOAIHOB TIOJyYCHBI JJAHHBIC O IPOU3BOAMTEIBHOCTH G MaIlMH U COOT-
BeTCcTBYIoIUX ei norepsx I (tadm. 3.9).

Taonuna 3.9
OO6mue moTepu 3a KOMOAWHOM

G, kr/c 2 4 5 6,3 7 8 9 10 3 6 4
I1, % 03 | 07 1 1,5 2 30 | 39 5 05| 14 | 07

— YCTaHOBUTH 3aBUCUMOCTb MEK]1y YKa3aHHBIMH MapaMETPaMH.

3aoaua 10. Jlns pacyeTta KOHCTPYKTHBHBIX IIOKa3aTelied Ipecc-
noA0OPIIHUKA U ONPEETICHUS YHEPTUM HA MPECCOBAHUE HEOOXOIMMO 3HATH
yCUJIME MPECCOBAHUS, KOTOPOE YUYUTHIBAET KAK COMPOTUBIICHHE MaTepualia
CKATHUI0, TaK U €r0 TPEHHUE O CTEHKU ITPECCOBAILHONU KaMepbl. DKCIIEPUMEH-
TaJbHbIC 3HAYEHUS OOBEMHOI0 MOJYJS YNpyroctd K B 3aBUCUMOCTH OT

TUIOTHOCTH Pa3IUYHbIX MaTEepUaIOB MpuBeaeHbI B Ta0:. 3.10.
Tabnuma 3.10

DKCIepUMEHTaTbHbIC 3HAUCHUST MOJTYJIS

[T10THOCTB, KI/M°
Marepuan 100 | 150 200 | 250 | 300
VYnpyrocts, MIla

CoJioma IHIeHu4YHas

BJIAXKHOCTBIO 11.5 % 1,2 2 2,9 4,2 55
Conoma oBcsiHas

BIaKHOCTBIO 16,5 % 1 2 3,5 6 8,1
CeHo ecTeCTBEHHBIX TPaB

BIa)KHOCTBIO 24,3 % 2,1 3,5 5 7,2 10,1

— OnpenenuTh SMOUPUIECKYIO 3aBUCUMOCTh 00bEMHOTO MOTYJIS
YIIPYTOCTH OT IUIOTHOCTH MPECCYEMBIX MAaTEPUATIOB.

3aoaua 11. Ha MammmHOCTPOUTEIHLHON CTAHIIMHU TTOJYYEHBI JTAHHBIE O
3aBUCUMOCTH CKopoctu V kKoMmOaiiHa OT yposkaitHocth U mpu pazmmd-

HBIX COOTHOIICHHSX 3€pHAa K COJIOME M PA3IMYHON 3aCOPEHHOCTH
(Tabm. 3.11-3.14).
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Tabmuma 3.11

DKcnepuMeHTaIbHbIE IaHHBIE CKOPOCTH MPHU 00/16UL0T 3ACOPEHHOCTH
Y COOTHOIIIEHUU 3epHa K conome 3:C

1:08-1:1
Bnaxnocts xnedocros, %
Ypoxaitnocts U, 1/ra 9-12 | 13-16 | 17-20
CKOpOCTh, 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

Tabnuua 3.12

DKCnepUMEHTAIbHBIC TAHHBIE CKOPOCTH MPU MA/I0U 3aCOPEHHOCTU
Y COOTHOIIIEHUU 3epHa K cosiome 3:C

1:08-1:1
Bnaxunocts xjiebocrtos, %
VYpoxaitnocts U, 11/ra 9-12 | 13-16 | 17-20
CKOpoCTh, KM/4
20 9,4 8,2 7,1
35 52 4,6 3,9
50 4,2 3,9 3,2
65 3,8 3,0 2,5

Tabnuua 3.13

DKCnepuMEeHTaIbHbIE TaHHBIE CKOPOCTH MPHU 6016UL0L 3ACOPEHHOCTH
Y COOTHOIIIEHUH 3€pHa K cosome 3:C

1:1,2-1:15
Baaxunocts xiteboctost, %
VYpoxaiinocts U, 11/ra 9-12 ’ 13-16 | 17-20
CKopocCTh, 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
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Tabnuua 3.14
DKCIEPUMEHTAIbHBIE JAHHBIE CKOPOCTHU MPHU MAI0U 3aCOPEHHOCTH
Y COOTHOIIIEHUU 3epHa K conome 3:C

1:1,2-1:15
Bnaxunocth xjiebocros, %
Ypoxaitnocts U, 11/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

— Y CTaHOBHUTH PETPECCUOHHYIO 3aBUCUMOCTh MEXKY CKOPOCTBHIO KOM-
OaifHa U ypOKaHOCTHIO MPU PA3TUUHBIX 3HAYEHUSAX 3ACOPEHHOCTU U COOT-
HOIIIEHUS 3€PHA K COJIOME.

3.4. Ucnoan3oBanue nakera Excel
JJISI IOCTPOEHNSI PerpecCHOHHBIX YPaBHeHUi

Ilocnedosamenvbrocms Oeticmauti npu peuleHuu 3a0ay:

1. 3arpysute Excel.

2. 3aHecuTe B CTOJIOCI] M3BECTHBIC 3HAUCHUS Y (IpOOHOE 3HAUCHHE
BBOJUTH C 3aIISITHIMH):

—  BBIJCIUTE sTYEHKY (aapec SUYeHKHU MOSBUTCS B M10JI€ UMEHH);

— BBEIUTE C KJIaBUATYPbl HEOOXOIUMBIN TEKCT UM 3HAYEHUE (BBO-
JMMOE 3HAYEHUE MOSBUTCS B CTPOKE popmyin).

3. 3aHecuTe B cTOJIOCI] M3BECTHBIC 3HAUCHUS X.

4. Beimenute 070K CBOOOIHBIX STYEEK pa3MepPOM B 5 CTPOK U S5 CTOJIO-
IIOB: YJEPKUBas JICBYIO KHOIIKY MBIIIN, HY’)KHO OTMETUTh HEOOXOUMBIN
OJIOK sTUCeK.

5. Beeaute QpyHKIIHMIO JIMHENH JIUIE MaCCUBA U3BECTHBIX 3HAYEHUU Y
u X:

— B cTpoke opMyI1 HabepuTe, HapuMep,

=JINHENH (A7:A25;B7:D25; uctuna; uCTUHA)

AT:A25 — anpeca siueek 3HaueHUN Y

B7:D25 — anpeca sueek 3HaUeHUN X

(aapeca staeek BBOJUTE B aHTJIMMCKOM PETUCTPE);
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— ynepkuBas HaxkarbiMu kinaBumu Ctrl u Shift HaxxmuTe kmaBumry
Enter, Torna naOpannast ¢opmyna Oyaer BocnpuHsTa Kak dopMmyna ajis
MacCHBa;

— eciau GyHKIUA ObUIa BBEJECHA Kak (PYyHKIMS JJisi MaccuBa, TO OHa
aBTOMAaTUYECKH OyJET B34Ta B PUT'YPHBIE CKOOKU;

{(=JIMHEMH(A7:A25;B7:D25; uctuua; ncTuxa)}

— €CJIM BCE CJIEJaHO MPaBWIbHO, TO B BBIJICICHHOM OJIOKE SIYEEK I0-
SABUTCS TaOJIMIIa pe3yIbTATOB pacuera.

6. B sueiiky F7 BBemute Gopmymy: =myx; + Myx, + -+ b,
NOACTaBUB BMECTO My My, ... b MX 3HAYEHMs U3 TAOJIMLBI PE3yIbTaTOB pac-
YeTa, a BMECTO X1, X5, ... - aJIPECA SIUYEEK;

— Ha)kMuTe KiaaBuiny Enter (B sueiike mosBUTCA pacueTHOE 3HaUcHUE Y).

7. IlomecTuTe Kypcop MbIIIM B IPaBblii HUKHUN yrod suerku F7, npu
ATOM M3MEHHUTCS BUJI Kypcopa.

8. YepxuBasi Ha)KaTOM JIEBYI0 KHOIIKY MBIIIH, ABUTANTE Kypcop IO
cronbmy F BHU3. [lomyunTe cToader pacyeTHBIX 3HaUYCHHUH Y.

VYpaBHeHUE TUHUM B OOIIIEM ClTydyae UMEET BU]I

y=myx; +myx,+--+b,
JUI IPSIMOM JINHUU
y=mx+b,
rae m — 3To K03 (PUIIMEHTHI, COOTBETCTBYIOIINE KAXKI0H HE3aBUCUMOM I1e-
peMeHHoOi# X; b — moctosiHHas.

®ynxima JIMHEWH BosBpamaer MaccuB {m,,m,_q, ..., My, b}.
JIMHEWH MoXeT Takke BO3BPAIIATh JOMOIHUTEIbHbIE CTATUCTHKH.
JIMHEWH (u3BecTHbIC 3HAYEHHS Y, W3BECTHBIC 3HAYCHHS X, KOHCT, CTa-
THUCTHKA)

H3eecmubie_3Hauenus Y — 3T0 MHOXKECTBO 3HAUEHUH Y, KOTOpBIE yKe
W3BECTHBI JIJII COOTHOIIEHUS Y = MX + b.

Ecnu maccuB uzgecmuvie 3nuayenusi Y UMEET OJIUH CTOJOEL, TO KaX-
OBl CTOJOEL] MacCUBa U38eCmHble 3HAYEHUs X UHTEPIPETUPYETCS KakK OT-
NeabHas MEPEMEHHAS.
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Ecnu MaccuB uzsecmmuvle 3nauenus Y UMEET OJHY CTPOKY, TO KaxKaas
CTPOKa MacCUBa U368eCmHble_3HAYeHUs. X UHTEPIPETUPYETCA KaK OTAEIbHAs
NepeMeHHasl.

H3eecmuvie_3Hauenus X — 3TO HEOOA3aTEIbHOE MHOXKECTBO 3HAYCHHI
X, KOTOPBIE YK€ U3BECTHBI JI1 COOTHOLIEHUS

y=mx-+b .

MaccuB uzsecmmuvle 3uauenus X MOXKET COAEpkKaTb OJHO WIH HeE-
CKOJIbKO MHOKECTB MEPEMEHHBIX. ECiIM UCIIONB3yeTCsl TOJIBKO OJIHA Iepe-
MEHHas, TO U38eCmHble_3HAYeHUs Y N U38ecmuuvle 3HaueHus_X MOTYT ObITh
MaccuBaMH Jt000H (OpMBI, MPU YCIOBUHU, YTO OHU HMMEIOT OJUHAKOBYIO
pasmepHocTh. Ecim ucmonbiyercs 6ojiee oqHON NEPEMEHHOM, TO U38ech-
Hble 3Hauenusi Y NOJDKHBI OBITh BEKTOPOM (MHTEPBAJIOM BBICOTOM B OJIHY
CTPOKY WJIM IIUPUHOU B OJJUH CTOJIOEI).

Ecnm uzeecmuvie _3nauenusi X ONMYyLIEHBI, TO MPEAIIOIATAETCSA, YTO 3TO
maccuB {1, 2, 3, ...} Takoro ke pa3mepa, Kak U uzgecmHvle 3HayeHus Y.

Konem — 310 norudeckoe 3HadeHHE, KOTOPOE yKas3bIBaeT, TpeOyeTcs
M, yToObI KOHCTaHTa b Obl1a paBHa 0.

Ecmu koncm umeer 3nauenne UCTUHA wim omyrieno, To b Berumc-
JseTCsl OOBIYHBIM 00Pa30OM.

Ecnmu xonem_ umeer 3nadenne JIOXKbD, To b momaraercs paBubM 0 u
3HAUYEHUsT M MOAOHMPAIOTCS TaK, YTOOBI BBINOJHSIIOCH COOTHOIICHHUE
y = mx.

Cmamucmuxa — 3TO TIEpEMEHHAs JOTHYECKOTO THUIIA, KOTOpasl yKa3bl-
BaeT, TpeOyeTCs JIUM BEPHYTh JOMOJIHUTEIbHYIO CTATUCTUKY IO PErPECCHH.

Ecmu cmamucmuxa  wmveer 3nadenne UCTUHA, to pynkuus JIN-
HEWH BO3BPAIAET JIOMOJIHUTEIIBHYI) PETPECCUOHHYIO CTAaTUCTHUKY, T.€.
BO3BpalllaeéMblii MacCUB OyJI€T UMETh BU]I

{mn, My_1, ., My, b; se,,s€,_4, ...,5€q,5ep; 72, sey; F,df; SSreg, ssresid}.

Ecnu cmamucmuka nmeet 3nauenue JIOXKD unu onymiena, To ¢gpyHk-
st JMHEWH BO3BpAIlaeT TOJIBKO KOAPPUITMSHTHI M U OCTOSHHYIO D.

JIonoJMHUTENBHBIE CTATUCTUKH:

seq,Seé,, ..., Se, — CTaHJapTHbIC 3HAYEHHUS OIMMOOK JJia Kod(buiueH-
TOB My My, ..., My;
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Se, — CTaHJIapTHOE 3HAYEHHE OIIMOKKM JJIi  TMOCTOSHHOM
b (se, = #H//l , eciiu koncm nmeet 3HaueHue JIOXKD);

r2 - k0> (PUIMEHT IETEPMUHUPOBAHHOCTH;

Se,, — CTaHjapTHas OMIMOKA JUIS OLEHKH Y;

F — F-cratrcTuka ucnonb3yercst 1 ONPEAEICHUS TOTO, SBISETCS JIU
HaOogaeMasl 3aBUCUMOCTh MEXKJly 3aBUCMMOM M HE3aBUCUMOM IEpeMEH-
HBIMU CIIy4YailHOU WJIA HET;

df — crenenn cBoOobI. CTeneHN CBOOOIBI MTOJIC3HBI JIJISI HAXOKICHUS
F-KpuTHUeCKUX 3HAYCHUW B CTAaTHCTHYECKOM TaOmwmie. s ompenencHus
YPOBHSI HAJIEKHOCTH MOJEIM HYXHO CpaBHHUBATh 3HAUEHUs B TaOIuULE C
F-cratucTuKO#, Bo3Bpamaemoii pynkuueii JJMHEMH;

SSyeg — PETPECCHOHHAS CyMMa KBaJPaTOB;

SSyesid — OCTaTOYHAsA CyMMa KBaJpaToB.

B Tab6n. 3.15 moka3zaHo, B KaKOM TOPSIKE BO3BPAIIAIOTCS JOTOJHU-
TEIbHBIE CTATUCTUKHU.

Tabnuua 3.15
[Topsimok pacmnonoKeHus CTaTUCTUK

m, my_q s m, my b
se, sen_q . se, se; sey,
r? se,
F df
SSreg SSresid

[TpoBonst perpecCHoHHBIA aHanmmu3, EXCel «BblUMCIIETY I KaXKIoMH
TOYKHA KBaJpaT PasHOCTH MEXIY MPOTHO3UPYEMbIM U (haKTUYECKUMU 3Ha-
yeHusmMu Y. CyMMa 3TUX KBaJpPAaTOB Pa3HOCTEH HA3bIBACTCS OCMAMOUHOU
cymmoiul keadpamos. 3ateM EXcel «moacuuThiBacT» cymMMy KBaJpaToB pas-
HOCTEH MEXAy (PaKTHUSCKUMHU M CPEIHUMHU 3HAYCHUSIMHU Y, KOTOpas Ha3bl-
BACTCA 0Owel cymmou Kkeaopamos (PEerpecCuOHHAs CyMMa KBaJpaToOB ILIIOC
OCTaTOYHas CcyMMa KBajpaToB). Uem MeHbIIIe OCcTaTOUYHAsi CyMMa KBaJpaToB
10 CPaBHEHUIO C OOIIEeH CyMMOU KBaJpaToB, TeM OOJbIle 3HAYECHHUE KO-
(uIMeHTa 1eTePMUHUPOBAHHOCTH I2, KOTOPBIA MOKA3bIBAET, HACKOJIBKO
MOJTY4Y€HHOE YPAaBHEHUE O0BSCHSIET B3aUMOCBSI3b MEXK/Yy IEPEMEHHBIMH.
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4. IOJHBINA ®AKTOPHBIN DKCIIEPUMEHT

[Honubii paxTopubiit skciepumeHT (I1D) — 3T0 mepBoe 3BEHO B 1ENU
IUTAHOB, TOCJEAOBATEIBHOE CO3/IaHME M COBEPIIEHCTBOBAHUE KOTOPBIX
IpUBEJIO K pa3paboTKe MaTEeMaTUYECKUX METOJ0B MOJICIMPOBAHUS CIIOXK-
HBIX TIpoliecCOB. B momHOM (QakTOpHOM SKCIEPUMEHTE PEaInu3yroTCsl BCeE
BO3MOYKHBIE, HETOBTOPAIONIMECS KOMOWHAIIMU YPOBHEH N HE3aBUCHUMBIX
¢dakropoB. [InanupoBanue u peanuzanus [IDD Bkiarouaer sTamnbl: 6b100p
napamempa onmumMusayul, Qaxkmopos u ypoeHel ux 8apbupo8anus, KoOu-
posanue axmopos, cocmasienue NIaHaA-Mampuysbl IKCHEPUMEeHmda, pPaH-
ooMu3ayusi ONvIMOS, peanusayusi niaHa SKCnepumeHma, npoeepka O0OHO-
POOHOCMU OUCHEPCUli NAapAalIeIbHbIX ONbIMO8, UX B0CNPOU3BOOUMOCHIU,
pacuem Ko3ghuyuenmos ypasHeHus Mooeiu, ux owudoK u sSHAYUMoOCmu, da
Makce npo8epKa A0eK8amHoCmu MOOeu.

[To pe3ynbraraMm OBYX(aKTOPHOTO SKCIEpUMEHTa (N = 2) MOXHO MO-
CTPOUTHh MAaTEMAaTHYECKYI0 MOJECIb IMPOIecca, B KOTOPOW MOMHUMO JIMHEH-
HBIX WICHOB OYJET 4JieH, YUYUuThiBatouuid 3¢ ekt napHoro MexdOakTopHOTo
B3aUMOJECHUCTBUS:

Yy = by + byxq + byxy + byyx1x, .
[Tnan [1®D tumna 2° (N = 3) MO3BONIAET IOCTPOUTH MOJENH BHAA
Yy =by+ byx; + byx, + b3x3 + byyx1X, + by3xX1X3 + Dy3XyXg
+ Dyp3X1X3X3 .

Koaddunmentsr b1z, b1z u b2z xapakrepusyror s ekt mapHoro B3au-
MOJICHCTBHUS (PAaKTOPOB X1, X2 M X3, a KodduumeHT D123 — 3hdekt TpoitHOro
MeX()aKTOPHOTO B3aUMOJICHCTBHSI.

[Tnan [1®D tuna 2* (N = 4) maeT BO3MOKHOCTh PACCUUTATh 16 KO3()-
(UIMEHTOB MOJICTIH:

Y = by + byxy + byxy + b3x3 + byxy + biyx1x, +
+D13X1X3 + DyaX1X4 + Dy3XoXg + DyyXyXx, +
+D34X3X4 + D123X1X2X3 + D124X1X2X4 + D34 XoX3X4 +
+D134%1X3X4 + D1234X1X2X3X,

UtoObI omnpenenuTh, Kakoe BIMSHUE HAa (PYHKIIMIO Y OKa3bIBaeT Kax-
IBIA aKTOp X;, MPOBOJAT IKCIICPHUMEHT, B KOTOPOM MEHSIOT 3HAUYCHHUS X,
U3MEPSIS TIPH 3TOM Y.

3HaueHuss (GaKTOPOB X; 3aMalOT HA JABYX YPOBHAX (X;min Y Ximax):
WM Ha TPEX (X mins Xicpr Ximax)> WIK MO JIPYrOd CXEMeE, PH 3TOM B MOJI-
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HOM (PaKTOPHOM IKCIIEPUMEHTE MPOBOIST OIBITHI JUISI BCEX COYETaHUN (ax-
TOPOB JIPYT C APYTOM, UTO MPH ABYX YPOBHSIX BapbUpOBaHUS (HaKTOPOB JAET
oOmree yucio 2" onbITOB, MPU TpeX ypoBHAX — 3", e N — yncio (HakTopoB
x; (I=1,2, ...,n).

[IpuBeneHHbIE MOJENH SIBIAIOTCS JIMHEWHBIMU OTHOCUTENIHHO (DakTo-
pPOB. DTO 3HAUUT, YTO €ciin 3aUKCUPOBATH BCe (DAKTOPHI, KPOME OJHOTO, TO
3aBUCUMOCTB Y OT X; Oyner nuHeHo# u rpaduk y = f(x;) Oyner npsmoit
JUHUEH, Bo3pacTaroniei pu b; > 0 u yosiBaromeut nmpu b; < 0.

W3BecTHO, UTO N7l TIOCTPOCHHUS MPSMOM TOCTATOYHO 3aJaTh JIBE €€
TOUKH, TOITOMY JUIS OMPEICICHUS 3aBUCUMOCTEH PACCMOTPEHHOIO THIA
J0CTaTOYHO JABYXYPOBHEBOTO IKCIIEPUMEHTA, T.€. OTMPEJICIICHUS OTKINKA Y B
IABYX TOUKAX - X; min Y Xi max-

JIuHerHbIE MOJIENIM U ABYXYPOBHEBBIM JKCIIEPUMEHT MOXKHO IPUMeE-
HSITh, €CJIM 3apaHee U3BECTHO, YTO (PYHKIUS OTKIMKA B HUCCICAYEMOM Jua-
na3oHe M3MEHEHHUs (PakTopoB OyM3ka K JuHEWHOM. OJHAaKO 4YacTto 3Ta
(yHKLHSI MOKET OBITh HEIIMHEHMHOM.

TpexypoBHEBBII IKCMEPUMEHT TMO3BOJSET W30€k)aTh OIMOKH TIpU
OTPE/ICIICHUU BHUJIA MOJICJIU, TOYHEE OIECHUTh KOA(PIUIMEHTHI JUHEHHON
MOJIETIH | SIBJISIETCS 00S3aTeNbHBIM MPH MOCTPOCHUN HETMHEWHON MOJIETH,
T.€. MOJIETIH, B KOTOPOU (haKTOPHI X; UMEIOT CTEIEHb, OTIIMYHYIO OT €IUHU-

IBL.

4.1. CocraBiaenue miaada [IPD tuma 2™

[Tnan tuna 2™ sBISeTCS CaMbIM MPOCTHIM IIAHOM, Y KOTOPOI'O OPTO-
TOHAJIbHBI JTIOOBIE JIBa CTOJIOIA HE3aBUCUMBIX TiepeMeHHBIX. [Ipu 3ToM uc-
ciemyeMble (PaKTOpbhl M3MEHSIOTCS Ha JBYX YPOBHSIX: BEPXHEM Z,,,, H
HUKHEM Z,,;,. 1Ipy TIJIAaHUPOBAHUHU SKCIEPUMEHTa MPeoOpa3yroT pa3Mmep-
HBIE yIIpaBJisieMble HE3aBUCHUMBbIC (DAaKTOPHI Z; B Oe3pa3MepHbIC, HOPMHUPO-

BaHHBIE X; 110 hopmyJie
_Zi—Zy
YAz
rae X; — KojoBoe 3HaueHue i-ro gakropa; Z; — HaTypajabHOE 3HAYCHHE I-T0
dakropa; Z;, — HEHTP SKCIEPUMEHTa WM HadaIbHBIA (HYJICBOM)

ypOBEHbH I-T0 (akTopa; AZ; — MHTEpBAI BapbUpOBaHus I-T0 (hakTo-
pa.
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WuTepBan BappupOBaHUs ONPEEIsAeTCs KakK

Zimax - Zimin

a ICHTP SKCIICpUMCHTA 110 (I)OpMyJIe
Zor A T
ZLO — max 2 min .

[Inan SKCHEpUMMEHTa MOXHO COCTAaBJIATH PasHBIMH CIOCO0aMH, B
YaCTHOCTH CIIOCOOOM, M300pakeHHbIM B Ta0J. 4.1 u 4.2. 3HaueHHs IEPBOTO
daxropa x; depeaytorcst (Xmin Xmaxr Xmin A T-A.) B KaKIOM OIBITE, 3HA-
YEHHsI X, — Yepe3 JIBa OIbITa, X3 — YePe3 UEThIPE OIbITA, X, — YSPE3 BOCEMb
OIBITOB | T.J. (3HAK MII0C COOTBETCTBYET MaKCUMAIIbHOMY 3HAYCHUIO (Dak-

TOpa, 3HaK MUH)YC — MUHUMAJIBHOMY).

Tabnuua 4.1
[TnaH 5KcriepuMeHTa TUmna 22
u X4 X,
1 - _
2 + -
3 -
4 +
Tabnuua 4.2
[Tnan skcnepuMenTa Tuma 23
u X, X X3
1 _ ; _
2 + - -
3 - + -
4 + + -
5 - - +
6 + - +
7 - + +
8 + + +

Ecnu TpeOyercst moydyuTh MOJIENIb C YYETOM MEXK(PAKTOPHBIX B3au-
MOJIEHCTBUH, TO B MaTPHUIly JOOABIISIOT CTOJOIBI C COOTBETCTBYIOIIMMU
YJIeHaMU MOJIEJNIU, MPU 3TOM 3HAK CTOJIOIA IS KaKJIOTO OMbITa OMpeaesis-
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€TCs 10 3HAKY MPOMU3BEACHUS BXOSIIUX B 3TOT WieH (PaKTOpOB, HAIIPUMED

3HAaK CTOJOIA X;X,X3 B IUIaHE dKcIepuMeHTa (Tadim. 4.3) nis cTpoku 3 pa-
BeH (-1)(+1)(-1) = 1.

Tabnuua 4.3

Martpuna 3KCrepuMeHTa ¢ Y4€TOM MEK(PaKTOPHBIX B3aUMOACHCTBUI

u X1 Xy X3 X1Xo X1X3 XyX3 X1X3X3

1 - - - + + + -

2 + - - - - +

3 - + - - + - +

4 + + - - - -

5 - - + - - +

6 + - + - + - -

7 - + + - - + -

8 + + + + + + +

Ilpumep. Tlpu onTumuzauuu pabOThl MOJIOTHJIBHOIO ammapaTta MpH
yOOpKe KyKypy3bl B KaueCTBE YNpPaBISEMbIX HE3aBHUCUMBIX (DAKTOPOB BBbI-
OpaHbl: Z; — 3a30p Ha BXOJI€ B MOJIOTHJILHBIN ammapaT U Z, — 3a30p Ha BbI-
X0J1€ U3 MOJIOTWJIBHOTO anmnapara, MM. Bo3MoOKHbIE HHTEpBaJIbl H3MEHEHUS
dakTopoB coctarisitoT aist 30 < Z; <60; 15 < Z, < 35.

N3BecTHO HauboJiee nmoaxoasiiee coyeranue Hakropos: Z;o = 40 mm,
Z,o = 20 mMm. UHTepBan BapbupoBaHus (PAKTOPOB B 3KCHEPUMEHTE MpPH-
HATH mupuHOM 20% OT MHTEpBajga U3MEHEHHUS COOTBETCTBYIOMIUX (PaKTo-
pOB.

Onpedenums UHTEPBAI BAPbUPOBAHUS, HIXKHUE U BEPXHHUE YPOBHHU
(akTOpOB, COCTAaBUTHh MATpPHILy SKCIEPUMEHTa, TpaduyecKku H300pa3uTh
IUJIaH.

Pewenue.

WurepBan BapbupoBanus s 1 — ro gakropa pasen 0,2 - 30 = 6 mm,
1u1st BToporo (akropa pase 0,2°20 = 4 mm.

Lentp skcnepumenTa Zq = 40 mm, Z,¢ = 20 mm.

BepxHue ypoBHH GAKTOPOB Z 0y = 46 MM, Zo1 0y = 24 MM.

Hwxnue ypoBHU HAaKTOPOB Z1min = 34 MM, Zypmin = 16 MM.
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O6unacthb onpeneneHus: (0003HaUeHa MTPUXOBKOM) MOXKET OBITH U300-
pakeHa Ha IUIOCKOCTH B COOTBETCTBYIOIIEH pa3MepHOCTH (HakTOpOB
(puc. 4.1, a) m npu Oe3pa3MEpPHOM BBIPAKEHUHU BEIUYUH (PAKTOPOB
(puc. 4.1, 6).

%5 L,
A ¥
AL
o= 4 — —
2 _l Z l —,’ 0 + /' Y
5F 1
aya A7 =/
————1—-——‘
| | | |
30 7 50 s
a) 0)
Puc. 4.1. I'paduueckas uHTepnpeTanus miana [1dD 22
(A — obyacTh JONYCTUMBIX 3HAYCHHH (PAKTOPOB)
[Inan skcniepuMeHTa IpUBEIeH B Ta0. 4.4.
Tabnuma 4.4

Marpuua s3kcriepuMenTa

u Z1u Z2u
1 34 16
2 46 16
3 34 24
4 46 24
Zio 40 20
AZ; 6 4

3agaum A9 ynpaKHeHu

3aoaua 1. llpu ontuMuzanuu pabOThl MOJOTUIIBHOIO ammnapara mnpu
yOOpKe 3€pHOBBIX KYJbTYp C LIEJIbI0 CHM)KEHHUS NOTEPh 3€pHA B KAaueCTBE
yopasisieMbIX ()aKTOpOB BbIOpAHBI: YaCcTOTa BPAILLEHHS MOJIOTUIBHOTO Oa-
pabana - Z;, MUH"; 3a30p Ha BXOJE —Z,, MM; 3a30p Ha BBIXOJIE - Z3, MM.
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[Ipenenbr uamMeHeHus: (akTOPOB CIEAYIOIINE:

Zimin = 800; Zimax = 1200; Zymin = 16;
Zymax = 24; Z3min = 6; Z3max = 10.

— IlpousBectu komupoBaHue (akTopoB. COCTaBUTH IUIAH SKCHEPU-
MeHTa. ['padnuecku n300pa3uth 00J1aCTh UCCIASAOBAHUS IPU OE3pa3MepHOM
BBIPXKEHHUH (PAKTOPOB.

— IIpousBectu konupoBaHue (akTopoB. COCTaBUTH IUIAH SKCHEPU-

MEHTAa C YYETOM IMapPHBIX B3aUMOJICHCTBUMN.

3aoaua 2. llpu uccneqoBaHUU HPHEPTOEMKOCTH MPOIECCa M3MENbye-
HUSl JTUCTOCTEOENIbHOW MacChl B APOOMIIKE arperara TpaBsiHOM MYKHU BbISIB-
JIEHBI YEeThIpe HaumboJiee 3HaYUMbIX (hakTopa: Z; — 3a30p MEXAY KOHUAMHU
MOJIOTKOB M CTEHKOW KaMmepbl IpOOUIIKU, MM; Z, — OKPY>KHAsi CKOPOCTb MO-
JIOTKOB, M/C; Z3 — KOJIMYECTBO MOJIOTKOB Ha pOTOpE; Z, — MoJada MaTepua-
Ja B IpoOuUIIKy, Kr/4. LleHTpoM 3KcriepuMeHTa MOTYT ObITh 3HaU€HUA Zqg =
25; Z,o9 = 100; Z39 = 32; Z,, = 550. UnTepBan BappupoBaHusi (HhakTopoB
puHITH 20 — 25% OT HyJIEBOTO YPOBHS (PAKTOPOB.

— IIpousBectu konupoBanue (akTopoB. COCTaBUTH IUIAH SKCHEPU-
MEHTa C Y4E€TOM MEK()AKTOPHBIX B3AaUMOICUCTBUM.

4.2. PangomMu3anus onuiToB

[TockoJIbKy M3MEHEHHE OTKJIMKa Y UMEET CIy4YallHbIi XapakTep, TO B
KKJI0M TOYKE (DAKTOPHOTO MPOCTPAHCTBA HEOOXOJAMMO MPOBOJIUTH M TO-
BTOPHBIX ONBITOB U Pe3yJIbTaThl HAaOMIOACHUN ycpenHath. [lepen peanusa-
[Mel MiaHa Ha 00BEeKTe HEOOXOAMMO PaHIOMU3UPOBATH BAPUAHTHI BaphH-
poBaHus (HaKTOPOB, T.€. UCTOIB3YS TAOJHIy paBHOMEPHO PaCTpPEIeICHHBIX
CIIy4alHbIX uncel (mpuil. 1), onpeaenuTh Mocae0BaTeIbHOCTh pealnu3aluu
BapUAHTOB BapbupoBaHus 1iaHa B NM ombitax (rae N — gucio cTpok mar-
putibl [1O3, a M — 4KCIO MOBTOPHBIX OMBITOB).

Hpumep. TIponssecTn paHIOMU3ALUIO ONbITOB I1DD THHa 22 ¢ Tpems
MOBTOPHBIMU OIBITAMU.

Pewenue. VI3 ycnosus 3amauu cieayet, utro N = 4, m = 3, obiiee ko-
JUYECTBO OMNBITOB paBHO 12. Martpuiia MmjiaHUpOBaHUS SKCIEPUMEHTa C
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PaHIOMHU3UPOBAHHOKN ITOCIICIOBATEIILHOCTHIO OIBITOB IPUBEJICHA B TaOlI.
4.5,
Tabnumna 4.5
Matpwuria TTaHupOBaHKS YKCIIEPUMEHTA
C PaHJIOMHU3UPOBAHHOM ITOCJICI0BATEIIBHOCTHIO OIBITOB

u X1 Xy HOCJ'ICI[OB&TGJ'IBHOCTB IIPOBCACHUA OIIBITOB
Yiu You Y3u

1 - - 10 4 6

2 + - 2 7

3 - + 1 8 11

4 + 3 12

3aoauu onsa ynpasxcHenutl
PaH1oMU3MpOBATH OIBITHI:
1) ms [IOD Trna 23 ¢ TpeMs MOBTOPHBEIMY OIBITAMUY;
2) TI®D trna 22 ¢ NATHIO MOBTOPHBIMY OIBITAMY;
3) I1®D tuna 2* ¢ TpeMs MOBTOPHLIMH OIIBITAMU;
4) TI®D tuna 23 ¢ NATHIO ITOBTOPHBIMHU OIBITAMH;
5) II®D Tuna 2* ¢ AByMs MOBTOPHBIMH OIILITAMH.

4.3. IIpoBepka BOCIPOU3BOAMMOCTH IKCIIEPUMEHTA

HpOBepKa BOCIIPOU3BOAUMOCTH IKCIICPUMCHTA €CThb HU YTO MHOC, KAdK

MPOBEpPKa OJTHOPOAHOCTH BHIOOPOUYHBIX AUCTIEPCUI Suz.
OueHKHU JucnepcHil HaxoasT o ¢popmylie

1 m
Sy’ = mZ(yui — Y7,
i=1

—— Z?;l Yui
e Yy === .

Tak kak 3HaYCHUS TUCIICPCUN TOYYAIOT MO0 BHIOOPKAM OJIMHAKOBOTO
o0beMa M, TO YUCIIO CTENEeHEeH CBOOOIBI MIIT HUX OJMHAKOBO M COCTaBIISCT
Vipoc = M — 1.

B atoMm cityyae jj1s1 mpoBEpKH THNOTE3bI 00 OJHOPOIHOCTU JIUCTIEPCUI
MOKHO UCITOJIb30BaTh Kputepuid KoxpeHna, craTucTuka KOTOPOro UMEET BU/T
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B max{Suz}
RSSO

Eciu pacdyeTHoe 3Ha4eHHE KpUTEPHs Gy, OKAKETCS MEHBILE TaOIMYHOTO
3HAYEHUA (a6, M Vigoe = M — 1 U Vy5,, = N OpH 33JJAaHHOM YPOBHE 3Ha-
YUMOCTH, TO TUIOTE3a 00 OJJHOPOTHOCTH BHIOOPOUHBIX JUCIEPCUI TPUHUMA-
ercsi. B 3ToM citydae orieHKa reHepaJIbHOM AUCTIEPCUU UMEET BUJL

S} =2 S,20)

C YHMCIIOM CcTerneHen cBoboasl v = n(m — 1).
B npotuBHOM cny4ae, ecnu Gp > Gopu6, » TO TUIIOTE32 00 OJTHOPOJIHO-
CTH IUCIIEPCUN OTBEPracTCH.
Hekotopsie 3Hauenus kputepusi Koxpena npuBeneHsl B Ta0. 4.6
Tabnuua 4.6
3nauenusa kpurepusa Koxpena npu ypoBHe 3Haunmoctu 0,05

Cremnens cBOOOIBI v,
vy 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 pesynbTaTe peanu3allid IUIaHa dKCIEpUMeEHTa Tuha 23
MOJTyYEHBI SKCIIEPUMEHTAIbHBIC TaHHbIe (Ta0u. 4.7).

Tabmuma 4.7
J_—[aHHI)IG MOACJIBHOI'O IIPUMCpPa (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

3naueHus y, u S, npuBeIcHbI B Ta0. 4.7.

Pacuetnoe 3Hauenume Kpurepus Koxpena G, = 0,2; Tabauynoe -
Gragn = 05157 npu v, =3 —-1=2;v, =8ua = 0,05. Bugno, uro Gp <
G a6, » TOITOMY TUIIOTE3a 00 OJHOPOJTHOCTH HE OTBEPraeTcsl.

OueHka AUCIEpCUr BOCIPOU3BOAUMOCTH OMPEIEIIACTCA KaK
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7+12+13+28+21+19+19+25 144

8 8
cv=8-(3—-1)=16.

SBocz{y} =

=18,

3amavu 1JIA ynpakHeHu
3aoaua 1. llpoBeputh BOCIPOU3BOJUMOCTH IKCIIEPUMEHTA, JTaHHbBIC
KOTOPOTO MIPUBEACHBI B TA0I. 4.8.

Tabnuia 4.8
DKcrnepuMeHTaIbHbIC JaHHbIE K 3a7ade |
u Yu1 Yuz Yu3 Yua Yu S,
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 19 1,8

3aoaua 2. IlpoBepuTh OJHOPOJHOCTH JUCIEPCHI 3aMEPOB MaCcCOBOM
KOHLIEHTPALMU aMMHUaka (Mr/M°) B KHBOTHOBOIYECKOM MOMEILCHHUHU C IIE-
JBI0 BBISIBJICHUS CHUCTEMATHYECKUX IMOTPEIIHOCTEH YHUBEPCATBLHOTO Ta30-
ananu3aropa YI — 2.

DKCIEPUMEHT TIPOBOJINIICS HA TPEX YPOBHSIX:

1-i1 ypoBeHb 7,5 9,0 8,0 8,0 9,5
2-1 ypOBCHB 28.5 28,0 25,0 30,0 27,0
3-1 ypOBCHB 54,0 60,0 55,5 58,0 60,5

4.4, IlocTpoeHne U aHAJIM3 MATEMATHYECKOH MO/

[Tonw3ysice MetosioM 1D, MOKHO TTOTYUUTH OMUCAHUE U3Yy4aeMOTO
mporiecca B BUE Pa3IMYHbBIX OJIMHOMHUAIBHBIX MOJICIICH.
dopMynbl 7 ONPEACNICHHUs] OIEHOK KO3 (UIIMEHTOB JIMHEHHOTO
ypaBHEHUSI UMEIOT BUI;
n _
u=1Xiudu .
by =————,i=1mn
n
n o =
p. = Zu=l Yu
= ——
n
Ouenku 3(ppekToB MEK(PAKTOPHBIX B3aUMOJICUCTBUN OMPEACISIOTCS
o ¢hopmyJiam:
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n —
. Zu=1 XiuXjuYu

D=1 XiuXjuXu Y, _
biji = . mn]u -, i+j+k;, 1ijk=1n;
n —
=1 XiuXjuXkuXiu); . .. —
biji = = lug L ixj+k+l, iLjkl=1n.

[Tocne ompenenenus oneHoK b kosdduIMeHTOB ypaBHEHHS MOICIIH
HEO0OXOMMO MPOBEPHUTH THUIIOTE3Y 00 WX 3HAYUMOCTH, IPYTHMH CIOBaMH,
IIPOBEPHUTH, 3HAYMMO JIM TIOJTyYCHHAS OIICHKA OTIMYaeTcs oT Hys. JJis aTo-
ro HUCHOJB3yIOT KpuTepuil CThIOJIEHTA, pacuyeTHOE 3HAYEHHUE KOTOPOTO
OTpeIeTeTCs KaK

L
P~ s2(p}’
rae S?{b} = SB‘;lC—:rfy} ; N — 9KCII0 ToYeK (PaKTOPHOTO MPOCTPAHCTBA, B KOTO-
PBIX TIPOBOJUIICS SKCHEPUMEHT; M — YHCIO MOBTOPHBIX OIIbI-
TOB B OTUX TOYKaX.

Eciu HalineHnas BeJIMYMHA KPUTEPHS Ly, MPEBBIIAET TAOIUIHOE try6,
(cM. mpun. 2) s 9rclia cTerneHe cBoooasl v = n(m — 1) npu 3aganHOM
@, TO OLICHKY b k03¢ duIIeHTa MOICN MPU3HAIOT 3HAYMMOM. B mpoTUBHOM
cirydae (eciu t), < tp,6,) OUEHKA D cuMTaeTcs HE3HAYUMOI, T.e. paBHOH Hy-

0. B aToM cimydae MaTeMaTHYECKYH0 MOJCTh 00BEeKTa COCTABJISIOT B BUJIC
YpaBHEHHUS CBSI3U OTKJIMKA Y U (DAKTOPOB X, BKIIFOYAIOIIETO TOJIBKO 3HAYH-
MBI€ OIIEHKH KO3((HUITMEHTOB.

JIsi IpOBEPKU THIOTE3BI aJCKBaTHOCTH MOJACIH HE0OXOIUMO pacCyH-
TaTh TEOPETHUCCKHUE 3HaUCHUA V,,. PaccessHue pe3ybTaroB HaOMIOACHMN BOIH-
3 YPaBHEHUS PETPECCHH XapaKTePHU3yeTCs TUCIICPCUEH aIcKBaTHOCTH:

n

m — A

Sa,qz = mZ()’u - Yu)z ’
u=1

IJIe @ - YUCJIO YJICHOB MOJICIIH.

Jlucniepcusi aieKBaTHOCTH OIPEICIIACTCS YUCIOM CTENeHelH CBOOOIbI
Uy =N — Q.

[TpoBepAIOT TUIMOTE3Y aJeKBATHOCTH, MCIIONB3Ysl KpuTepuii duiiepa
(F - xpuTepuii):
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2
San

E =
P 20"
SBOC {y}
Ecin pacueTHoe 3HaueHUe KpuTepus F, MeHplie Tabau4HOro Fiue),

JUTSI COOTBETCTBYIOIIMX CTEMEHEW CBOOOIbI
Viag = N — Q; Vg = VUpoc = n(m - 1)

P 33J]aHHOM YPOBHE 3HAYMMOCTH, TO TUIOTE3Y 00 aJeKBAaTHOCTH HE OT-
BEpraroT. B mpoTUBHOM cilydae MOJENb NPU3HACTCS HEANEKBATHOM.

Ilpumep. 1locTpouTh MAaTEMATUYECKYIO MOJEJb IO JAHHBIM IPE.bI-
DyLIEro npuMepa:

Ssoc 7} = 18; n=8; M =3; Ly, (0,95;16) = 2,12.
Pacuet ko3 punmenToB Moaenu:
B Yz X1y —70—=604 55490 —105-95+ 80+ 100 3

b, = — = —0,625;
1 n 8

X XXy 70— 60 — 55 490 + 105 — 95 — 80 + 100

by, = = = 9,375

U T.J.
YpaBHEHHE MOJIENN UMEET BUJL
y =81,875—0,625x; + 4,375x, + 13,125x5 + 9,375x;x, —
—1,875x,x3 — 4,375x,x3 — 1,875x1x,%5 .
Jlarnee, onpenensercs CTaHIapTHOE OTKIIOHEHHE Tt KoddduipenTa b:
b%{b} = % = 0,75, S{b} =0,87.
Haxonum 3Hauenue
|—0,625| 4,375
t,(by) = 087 = 0,72; t,(by) = 5 = 5,02.
[lpua = 0,05uv =16, tog, =2,12.
YpaBHEHUE MOJIEIN OYIeT UMETh BHI:
y =81,875+4,375x, + 13,125x5 + 9,375x,x, —
—1,875x,x3 —4,375x,x3 — 1,875x,1x,%5 .
J{ns mpoBepKU rUMOTE3bI aI€KBATHOCTD MOIYYEHHOW MOJIeIN HE00XO0-

IMMO PAcCUMTaTh 3HAYCHUA Y, 1O JaHHOW MOJENH, Hampumep, s 1-To
ombITa X5; = —1; x3; = —1wurt.m.
y, = 81,875 — 4,375 —-13,125 + 9,375 —
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—1,875 — 4,375 + 1,875;
y; = 69,375 u 1.51.
Pesynbrarel pacueTroB cBeneHbl B Ta0. 4.9.

Taomuna 4.9
[Tnan [1®D Tumna 23
u Marpuua niasa Pe3ynbTaTel
X1y Xou X3y | X1uXow | XouX3y | XouX3y | X1uXoyX3y | OIBITOB | paCYE€TOB
Yu
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

OnpenensieM TUCHEPCUIO aJIEKBATHOCTH
S,2=—>—.312=936
Mog—7 TR T
OmnpenenseM pacueTHOe 3HaueHue F — xputepus (mpu 3TOM HEOOXO-
IUMO B YHUCIUTEIh BBIPAKEHUS TMOJCTABIATH OOJbIIee U3 JIBYX 3HAUCHUI
JTUCTIEPCUM ).

o Spoc ¥} 18
p Saﬂz 9,36
I[lpu v; =8B —-1) mwv,=8—-7=1, u a = 0,05 maxogum Tab-

1,92.

Tu4YHOE 3HaueHue F 5, = 246.
Tak kak F, = 1,92 K F46, = 246, rumore3y aieKBaTHOCTH MOJICIH

HE OTBEPraeM.

3ajaum 119 ynpaKHeHu

3aoaua 1. ITocTpOUTh SMIUPUYECKYIO 3aBUCUMOCTh CTEIICHU U3MEIb-
YEHUS COJIOMBI OT CKOPOCTH MOJIOTKOB (u3Menbuntenb NPT - 80) u Bmax-
HOCTH COJIOMBI. DKCHEpUMEHTaJIbHbIC JaHHBbIC TMpHUBEACHB B Tadmd. 4.10.
Ckopocth MoOoTKOB MeHsieTcs oT 40 mo 70 wm/c, BIaXHOCTh COJOMBI —
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oT 8,9 mo 36,6%. CreneHb U3MENBYEHUSI COJIOMBI XapaKTEPU3YETCA IPO-

LEHTHBIM COJIEpKaHUEM YacTull JJIMHOHU 10 50 MM.
Tabnuua 4.10

DKCNEepUMEHTAbHBIC TaHHbBIE K 3a7aue |

u X1u X2u X1uX2u Yu1 Yu2 Yu3 )_}u Suz 5;
1 - - + 50 54 48
2 + - - 64 63 65
3 - + - 22 18 21
4 + + + 86 85 86

[IpoBepuTh TUMOTE3BI O 3HAYUMOCTH KOI(PPHUIIMEHTOB ypaBHEHUS U
aJ€KBaTHOCTH MO/JIEIIN.

3aoaua 2. PaboTOCIIOCOOHOCTh PEMEHHO-IIJIAHYATHIX TPAHCTIOPTEPOB
BaNikoBbIX xaToK (JKBH — 6; )KPb — 4,2) onpenensercst TIroBoil cnocooHo-
CTBIO, JIOJTOBEYHOCTHIO M TMOJ3YYECThIO (BBITSDKKOM) OTACIBHBIX JIEHT
TpaHCIOpTepa.

AHaM3 MCCIACAOBAHMM IO TATOBOM CHOCOOHOCTH IIOCKHX TpPaHC-
MOPTHBIX JICHT U MPUBOJAHBIX PEMHEN MOKa3all, YTO OCHOBHBIMU (pakTopamu,
OTIPEIETSIONIMMHU TSITOBYIO CIIOCOOHOCTD JICHT, SIBJISIOTCS:

— KOHCMPYKMUBHOE 0QhOpMAeHUE IeHMbL.

«+t 1» - neHTa ¢ NpUBYJIKAaHU3UPOBAHHBIMU MPOKIAIKAMH;
«- 1» - cepuiinas JieHTa;
— JHCeCMKOCHbIE CBOUCMEA JIeHNbL:
«+ 1» - neHTa npeaBapuTesIbHO OOKaTaHa,
«- 1» - 1eHTa B COCTOSIHUH MOCTaBKHU (HE OOKaTaHa);
— CnocoO CUUUBKU JIeHM!
«+t 1» - ciumBKa «rpebemKoM» ¢ TPOPEe3NHEHHOM MPOKIaaKOM;
«- 1» - cllIMBKa C TOMOIIBIO METAJNIMYECKUX HAKIAI0K;
— YOelbHOe HaYalbHOe HAMsCeHUe:!
«t+ 1» -1,2 Mlla;
«- 1» - 0,8 MIIa.

B xadectBe QyHKIIMU OTKJIMKA OBLIO BRIOPAHO 3HAUYCHHE KPUTHUUYECKO-

ro KpyTsmiero Momenta M,. Marpuiia niaaHupoBaHus 4eThIpeX(haKTOPHOTO

OKCIICPUMCHTA U PC3YJIbTAThI OIILITOB IIPUBCACHLI B Tadi. 4.11.
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Tabnuua 4.11
Hcxonusle naHHble K 3agaye 2

Ne Xy X2 X3 X4 Yu1 Yu2 Yu Sy 1
OmbITA
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

— IlocTpouTth ypaBHEHHE MOJEIN U MPOU3BECTU MPOBEPKY TMITOTE3BI
aZIeKBATHOCTH MOJEIH.

4.5. lIpumep MHOr0GaKTOPHOIO MJIIAHUPOBAHUS IKCIIEPUMEHTA
4.5.1. [locTaHoBKa 3a7aun

PemuMm 3agaqy onpeaeneHnss OCHOBHBIX ()aKTOPOB U CTETICHU WX BIIU-
sHUS Ha 3P (HEKTUBHOCTh IMHEBMOCEHApaIlui 3€PHOBOTO BOPOXa 3epHOYOO-
pouHoro kombariHa. ITog nekoit MojoTuiIbHOTO OapabaHa komOaliHa ycrta-
HOBJICHO YCTPOWCTBO, HampuMep TpyOa ¢ OTBEPCTUSIMHU, U3 KOTOPOTO IO
JABJICHUEM BBIXOJAT CTPYM BO3AyXa. 3€pPHOBOM BOPOX, MPOCHINAIOIIAMNCSA
CKBO3b JIEKY, MPOAYBACTCS CTPYSIMHU, IIPHU 3TOM CKOPOCTH BO3IYIIHOTO TIO-
TOKa MoJ00paHa Takoi, YTO MEJIKue mpuMecH (T10JI0Ba) MOIXBATHIBAIOTCS U
YHOCSITCS CTpyel K KOHIly BEpXHETro peliera, a 36pHO IaJIaeT Ha CTPSCHYIO
JIOCKY. DTO Ja€T BO3MOXKHOCTh YMEHBIIUTH KOJUYECTBO MPUMECEH, Mmormna-
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JAOIUX HA OYUCTKY, U TEM CaMbIM IIOBBICUTH MPOU3BOAMUTEIBHOCTH KOM-
OaifHa.

B kadecTBe KpHUTEpHUEB ONTUMHU3ALUUU BbIOpaHbl 3(PPEKTUBHOCTH
nHesMmocenapanuu E u BeIHOC nonHOLEeHHOTO 3epHa [I. dakTopsl, Biauso-
M€ Ha BBIXOJHBIE BEJIWYMHBI, W MPEAEIbl BapbUPOBAHUS WX 3HAYCHMI

MpCaACTAaBJICHBI HUKC.

Nwms pakropa O6o3HaucHUE
CKOPOCTD BBIXOAA CTPYH, M/C..veeeaniaiieiiaiaaieaiaaennn X1
JIMaMETP OTBEPCTHH, MM....eennnriieeeeeannneeeeennnnnnns X2
PaccrosiHue MEXKIy OTBEPCTHUAMM, MM.......eenueeenneennnn.. X3
J (o1 621 £ & o/4 T X4
TonmuHa TPOLYBAEMOTO CIOSM, MM....eennneeeanneeeeennnnnns X5

I[Ipu pemienru MHOrO(GAKTOPHBIX 3a1a4 MOJIyYaeTCss MaTeMaTHecKas
MOACJIb IIpoHecCa, KOTOpasa YBA3BIBACT BOCAMHO BCC YUTCHHBIC Q)aKTopI)I.
[eomerpuueckuii 06pa3 QYHKIUM OTKIMKA HA3bIBACTCS TOBEPXHOCTHIO OT-
KJIMKa B (pakTOpHOM HpocTpaHcTBe. DYHKIMIO OTKIMKA MOXKHO aIIpPOKCH-
MHPOBATh MMOJJMHOMOM BH A

Y = by + XLy bix; + Xiny byjxix; + Xin byx? + -, (4.1)

rae Y — 3Hau€HUEe KpUTepusi ONTUMU3auuu; by, b;, b; i, b;; — k03bpuLeHTsI,

ijs
M0 BEJINYUHE KOTOPHIX MOYKHO CYJIUTh O CTENEHU BIUSHUSI COOTBET-
cTByromux (GakTopos (b;; — 3GdexTsl B3aumonecTeui; by; — 3¢-
(eKThl IPU KBAIPATUYHBIX YWICHAX).

[enpro AKCTIEpUMEHTA SBIISETCS ONpPEACIICHUE YMCICHHBIX 3HAYCHUUN
KO2(DPUITMEHTOB ypaBHEHUS PETPECCHUM.

JI1st OThICKaHMsI ONTUMAJIBHBIX YCIOBUM MPOTEKaHUS MpoLecca HaXo-
IST 3HAYeHUs] PaKTOpoB X, Xy, ..., Xy, COOTBETCTBYIOLIUX IKCTPEMYMY II€-
JeBOM QyHKIIHH.

[Ipu maHUpOBaHUU HKCIIEPUMEHTA BAXKHBIM SIBIIIETCSI BHIOOP KpUTE-
pusl ONTUMHU3ALUU — NIApaMeTpa, MO0 KOTOPOMY OLIEHHUBAETCSI UCCIELYEMbIN
mpotecc. 3aada 3aKJII4aeTcsl B MUHUMU3ALNK WM MaKCUMM3aluN KpUTe-
pus ontumusanuu. Heo0xoaumo BbIOpaTh TaKOW KPUTEPUN, KOTOPHIN SIB-
JsiIcst Obl COBOKYIHOM M MCYEPHBIBAIOLIEH XapaKTepUCTUKON 0ObEeKTa HC-

CJIICAOBaHUA, UMCJI SICHBIN (I)I/ISI/I‘ICCKI/Iﬁ CMBICJI 1 KOJTMYCCTBCHHYIO OLICHKY.
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[Ipy mmaHupoBaHUM SKCIEPUMEHTA CTaBWJIACch 3ajaya OMNpE/EeICHUS
MaTEeMaTUYeCKOW MOJIETTM B BUJE YpaBHEHHUS BTOPOTO MOPSAKA, aeKBATHO
OMUCBIBAIOLIETO Mpolecc MHeBMocenapamuu. s onpeaenenus kodhduiu-
€HTOB ypaBHEHHUs ObLI pean30BaH SKCIEPUMEHTANbHBIA TJIaH XapTiau Ha
runepkyoe (ONMM3KMM 1O CBOMM CTAaTUCTUYECKUM XapaKTEPUCTHUKaM
K J[-onTumMansHOMY IUIaHYy).

Jns omumcaHus mpollecca IMHEBMOCENApAllid ypaBHEHHEM BTOPOTO
nopsiika He0OXOIMMO MPUMEHUTh TAKOW IJIaH HKCIIEPUMEHTa, B KOTOPOM
K&Kl (paKTOp MOKHO BaphbHpOBATh HE MEHEE YeM Ha TPEX YPOBHAX IPH
YCJIOBHH TIOJTYYEHHUS pa3AebHBIX OLIEHOK BCeX KOA(P(UIIMEHTOB ypaBHEHUS
1o pe3yJibTaTaM dKCIIEPUMEHTA.

[Ipu 1ieHTpaIbHOM KOMIO3UIIMOHHOM IJIAHUPOBAHUU BTOPOTO MOPS/I-
Ka obiiee yucio Touek skcrnepumenta N mpu N gakropax onpenensercs 3a-
BUCUMOCTBIO

N=2"+2"+n,, (4.2)
rJi€ 1y — YUCJIO TOUYEK B LIEHTPE IKCIICPUMEHTA.

B paccmaTpuBaemMoMm ciiydae siipoM IUIaHa CIIYXKUT MOJTYpeTUInKa
daxTopHOTrO 3Kcniepumenta 2™ 1 . Torna Beipaxenue (4.2) NpUMET BHJ

N=2"14+2n+n,,
rae 2™ 1 — monypennrka MHOrO(aKTOPHOTO PKCIIEPUMEHTA (SIPO MIaHa); N
— 4ucio  (PakTopoB; 2n  — UHUCIO 3BE3JAHBIX  TOYEK;
Nng = 1 — HyJeBas TOUKaA.
[Ipu nisiTH BapbUpyEMbIX TTapaMeTpax UMEEM
N =25142.5+1 =27 onnITos.

Marpuina miaHupoBaHusi dKcrnepuMeHTa s N = 27 npuBelneHa B
Tabm. 4.12.

Tabmnma 4.12
[Inan — MaTpuIia SKCIepuMeHTa

X1 X2 X3 X4 X5
1 -1 -1 -1 -1 -1
-1 -1 -1 -1 -1
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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

[Tpu uneHTudUKauu U3y4aemMoro oObEKTa MOKHO BBIABUIATH pa3-
JUYHBIC TPEOOBaHUS K CBOMCTBAM MaTeMaTHYeCcKoW Mojenu. B ycrmoBusx
aKTUBHOTO DSKCIIEPUMEHTA BBINOJIHEHHE 3THUX TpeOOBaHUM MPUBOIUT K
HEO0OXOAMMOCTH BBIOOpA IMJIAHOB IKCIEPUMEHTA, 00JIAJAIONIUX PA3THYHbI-
MH KPUTEPUSAMU ONITUMAJILHOCTH.

Bce MHOrooOpasue kpuTepueB pa3AcisaioT Ha JaBe rpynnbl. K nepoi
IPYIIIE OTHOCATCA KPUTEPUH, CBA3AHHBIE C TOYHOCTHIO OLIEHOK apaMeTpPOB.
Ko BTOpOI1 — KpUTEpUU U CBOICTBA IJIAHOB, CBSI3aHHBIE C OLIMOKOW B OICH-
Ke Monenu. [[ns uccnenoBanrs MHOTO(DAKTOPHBIX MPOIECCOB HIUPOKO MPH-
MEHSIOTCS IIaHBl BTOPOTO TOPAJIKA, OJIM3KHE IO CTATUCTUYECKUM XapaKTe-
PUCTHKAM K /l-ONTUMaJIbHBIM.
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OCHOBHBIM TMPEUMYIIECTBOM J[-ONTHMaJIbHBIX IUIAHOB SABJISIETCS TO,
YTO OHM MUHHUMHU3UPYIOT 0000IIEHHYIO JUCIIEPCHIO I O0BEM DIITUTICOU 1A
paccestHusl OLICHOK mapameTpoB. D(DPEeKTUBHOCTH J[-ONTUMANbHBIX ILJIAHOB
00yCIIOBIMBAECTCS ONTUMAIBHBIM PACIIONIOKEHHEM TOYEK B IPOCTPAHCTBE
(hakTOpOB.

B skcnepuMenTe ucnonb3oBaHue J[-OoNTUMaNbHBIX TJIAHOB MPE/Ioia-
raeT BapbupoBaHue (HAKTOPOB (11 OMHUCAHUSI TOBEPXHOCTU OTKJIMKA MOJIHU-
HOMOM BTOPOT'O TOPSIKA) TOJIBKO HAa TPEX YPOBHSX BMECTO TSATH yPOBHEH
($akTOpoB y pOTOTaOENbHBIX, OPTOTOHAIBHBIX U JAPYTHX. DTO COKpallaeT
BpeMsl IIPOBEACHHS DKCIIEPUMEHTAa U TO3BOJISIET MOBBICUTH TOYHOCTH pe-
3yJbTAaTOB  DKCIEPUMEHTAIBHOTO  KCCIENOBaHUS,  IMOCKOJIbKYy  JI-
ONTUMAaNbHBIC TJIAHBI W IUTaHBI, OJIM3KHE K HHUM, IMO3BOJISIOT TOJYYHTH
HauOonee »(dQPeKTUBHBIC OLEHKH KOA(PPUIMEHTOB YpaBHEHUS MO/ICIIU.
Takoke MoJI0KUTETHFHBIM CBOMCTBOM MPUHSTOTO TJIaHa SIBJIAETCS TO, YTO S/
po maHa (IOJyperIMKa MoJHOro (GakTopHOro sKcrepuMenta 2°~1) obpa-
30BAHO HAa OCHOBE I'€HEPUPYIOLIETO COOTHOLIEHUs X = X1 X,X3X, , m03BO-
JISIFOILIETO OIIEHUTH JIMHEWHbIE KOAG(DUIIMEHTHI b; HE3aBUCUMO JPYT OT JpY-
ra.

[Tnanpl, OTBEYAOIINE KPUTEPUSIM A — ONTHUMAILHOCTH, 0OecrevyrnBa-
0T MUHUMYM CPEJIHEH TUCTIEPCUU OIICHOK KO3 PHUITUEHTOB.

[1nanel, oTBevaronMe KpuTepusiM E — onTuManbHOCTH, HE OIMyCKa-
10T, YTOOBI OTHEJbHBIC OLIEHKH MapaMeTpOB HMMEIU CIUIIKOM OOJIbIINE
IUCTIEPCUU U KOBapHAIIUH.

CBOICTBO OPTOTOHAHHOCTH TJIAHA TO3BOJISICT MOTYYUTh OIICHKH I1a-
pamMeTpoOB MOJIETU B3aUMHO HE3aBUCUMbBIMHU.

K kputepusim BTOpoi rpymibsl oTHOCITCS G — onTuMaibHOCT B Q —
ONTUMAJILHOCTh, KOTOPhIE COOTBETCTBEHHO O00ECIIEUYMBAIOT MUHUMYM MaK-
CUMAJIbHOTO 3HAY€HUs AUCTIEPCUU TpPElCKa3aHUsi M0 MOACIN U MUHUMYM
CpenHel IucrepcuH MpeackasaHus mo mojenu. Kpome 3Toro, BaXHbIMU
CBOMCTBaMH IIJIAHOB SIBIISIFOTCS POTOTA0ENBHOCTh M KOMIO3HIIMOHHOCTb.
PoroTtabenbHOCTh TUIaHA 00€CTIEUUBAET MOCTOSHCTBO JAMCIEPCUU TPEICKa-
3aHMSI Ha PaBHBIX PACCTOSHUSAX OT IEHTpa skcnepumeHTa. Kommno3uiuoH-
HOCTh IJIaHA TMO3BOJISIET MPOBOAUTH SKCIIEPUMEHT B HECKOJBKO ATArlOB U
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MOCTETNEHHO MEPEXOUTh OT MPOCTHIX MOJENEH K 00Jiee CIIOKHBIM, UCIIONb-
3ys MpeAbIIyIIre HaOMt0IeHHUS.

JInst uccnegoBaHusl BAUSHUSA BapbUPYEMbIX (PAaKTOPOB Ha 3P (HEKTUB-
HOCTh MHEBMOCENapanuu ObUl peaqn30BaH CHUMMETPUYHBIN LIEHTPaIbHBIMI
KOMITO3UI[MOHHBIN TUIaH dKCIIEpUMeHTa XapTiu Has , MOCTPOEHHBIN HA T'H-
nepkyoe.

Panoomuzayus onvimos. [Ins yMeHbIlIeHUs BIUSHUS MEJIJICHHO U3Me-
HAIOIIUXCS BO3JCHCTBUN Ha pPE3yibTaThl 3KCIEPUMEHTAa IPUMEHSETCS
OPUHIUI PAaHAOMM3ALMHU, T. €. ONBITHI MPOBOISATCA HE B TOM MOPSAKE, Ka-
KOWM yKa3aH B IUIaHE, a B CIIy4YallHOM IOCJIEA0BATEIbHOCTU. Pannomusupo-
BaTh OIbBITHl MOXHO, UCIOJB3ysl TaOJHMIy pPaBHOMEPHO pacHpeeleHHbIX
CIy4YalHBIX YUCENI WIM TeHEepUupys ICEBAOCIyYarHble yuciaa. Hampumep,
AITOPUTM T'€HEpaAlUH ICEBAOCIYYalHbIX YHCEN, PACIHPENEIEHHBIX 10 PaB-
HOMEPHOMY 3aKOHY B HHTepBasie [, b], umeeT Bu:

Visr = a+ (b —a)V;;
Vigr = F{11V; + p},
rae F{} — cumBon npoGHoit yactu uncna; npui = 0, V; =V, — craproBoe
3Havenue (Hampumep, Vy = 0,5).

O6m1ee uncio onbiToB paBHO Nm = 27 -3 =81, rne N = 27 — uuc-
JO CTPOK IUlaHa JpoOHOro (¢akrtopHoro »skcnepuMmenta (D),
m = 3 — 4UCJIO MOBTOPHBIX OMBITOB.

[Ipu 3agmanHOM noBepuTenbHOM BeposTHOCcTH (0,95 w  TOUHOCTH
e = 2,55, 4niciio MOBTOPHBIX OMBITOB OMPEESIOCH MO (hopmyIie

m 2 |t(P)/el* Sy*,
rae t(P) ompenensiercst u3 paBenctBa 2P(t) = P 10 CTaTHCTHYECKUM Ta0-
muuam. PacueTsl nokaszanu, uro m = 2,9, orcroga npuHUMaeM m = 3.

Marpurna niaaHupoOBaHMS SKCIEPUMEHTA C PAHJAOMHU3HPOBAHHOM IO-
CJIEIOBATEILHOCTHIO OMIBITOB MIpUBEICHA B Ta0. 4.13.

Koouposanue ¢pakmopos. 1lnannpoBanue u o0paboTKa JaHHBIX JKC-
MEPUMEHTA OCYILECTBISETCS HE B (U3NUYECKUX Z;, a B KOAUPOBAHHBIX IIe-

PEMEHHBIX X;.
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OcHOBHBIM (HYJIEBBIM) YPOBHEM (pakTopa Ha3bIBACTCS 3HAYCHHE, OT-
HOCHUTEIIBHO KOTOPOro (paKTOp U3MEHSETCS B IIPOIIECCE SKCIICPUMEHTA.

C touku 3peHuss HHPOPMATHBHOCTH DKCIIEPUMEHTA MHTEPBAT BaphH-
pOBaHUA HAIO OpaTh AOCTATOYHO OOJBIIMM, TaK KaK B MIPOTHBHOM CITy4ae
HaPYIIAIOTCS MPEIITOCHUIKH PErPECCHOHHOT0 aHaIH3a.

Tabnuua 4.13
[TocnemoBaTeIbHOCTD MMPOBEIACHUS OTIBLITOB

Yu1 Yu2 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
32 56 21
55 75 28
46 78 44
22 58 51
71 41 72

qpe3MepHOMy YBCIUYCHUIO UHTCPBAJIA BAPbHUPOBAHUA IPCIITCTBYCT

TpeboBaHME aJIeKBAaTHOCTU Mojienu. [Ipu OonbpIIMx MHTEpBalax BapbUpOBa-
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HUS peajibHasi MOBEPXHOCTh OTKIIMKA MOYET CHIIBHO OTJIMYAThCA OT JKCIIe-
PUMEHTAJIBHO TTOJYYEHHOW anPOKCUMHUPYIOIIEH MOBEPXHOCTH.

Tabnuua 4.14

VYcaoBHble 0003HaUeHUs (HAKTOPOB, YPOBHU U UHTEPBAJI

UX BapbUpPOBAHUS

O6o3HaueHue WuTepBan Bapbu- YpoBHU BapbUpPOBaHUS
dakropa pOBaHHUsA HIDKHUN «-» OCHOBHOM «0» BEPXHUH «+»
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. O0paboTKa TaHHBIX MHOTO(AKTOPHOTO AKCIIEPUMEHTA

PesynbTaThl MHOTO(AaKTOPHOTO SKCIEPUMEHTA MPECTABIAIOT COOO0M
BBIOOPKY M3 HEKOTOPOW TeHEepaTbHOM COBOKYMHOCTH, T.€. SBJISIFOTCS CITy-
yaliHpIMU BemyuHaMu. OcHOBHas 3a7a4a 00pabOTKHM — OIIEHKa ITapaMeTpOB
OPUHATON MOJMHOMHUAIBHON MOJIENTM U IPOBEpPKa TMIOTE3bl 00 aIeKBAaTHO-
ctu mozaenu. Ecnu npuHsTas Mo/iellb HE OTBEYAET TPEOOBAHUIO aJIEKBATHO-
CTH, CJIEIyeT UCIOIb30BaTh APYTYIO U MPOBECTH MHOW SKCIEPUMEHT, U3ME-
HsIsl THTEPBaJIbl BapbUPOBaHUs (PaKTOPOB.

[Iporiecc 00pabOTKM AaHHBIX MHOTO(AKTOPHOTO SKCIIEPUMEHTA
BKJIFOYAET B CEOsI HECKOIBKO ITAMOB:

1. OreHka MaTeMaTUYECKUX OXKUJIAHUW M AUCIIEPCUN OTKJIMKA B OT-
JeIbHBIX TOuYkax (HaKTOPHOTO TMPOCTPAHCTBA  WIIH
u=12,..,N (N = 27).

OTH OLIEHKHU HA3bIBAIOT MMOCTPOYHBIMU CPEIHUMU Y, U TOCTPOYHBIMU

CTpOKax IIJIaHa

2
IUCHEPCUAMU S, “.
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2. TlpoBepka OIHOPOIHOCTH CTATHCTUYECKOTO MaTepuajia B IIEIIAX
UCKJTIOYCHHS TPYOBIX TPOMAXOB.
[TpoBepka BOCIIPOM3BOIUMOCTH IKCIIEPUMEHTA.
Onpenenenre b — ko3)PUITMECHTOB MOACIH.
[TpoBepka 3HaunMocTu b- ko3 duireHToB.

o g bk w

[IpoBepka aieKBaTHOCTH MOJIEIH.

Pe3ynbrarsl ApoOHOro (PakTOPHOTO IKCIEPUMEHTA, PEATU30BAHHOIO
10 TUIaHy XapTJiH, NpeAcTaBiaeHbl B Ta0. 4.15 u 4.16.
Tabnuna 4.15

Pesynbrarhl cTaTUCTHYECKON 00paOOTKH JaHHBIX Uil mapametpa E

Ne Yep Suz 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 54 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 7,75 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
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Tabnuua 4.16

Pe3ynbTaThl cTaTUCTUUECKON 00pa0OTKU JaHHBIX JJis mapametpa [1

No ch Suz Su Tmax T'min
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
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 0,41 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 owubok. I'pyObie OMMOKM WM MTPOMaxu HCKa-
KAIOT PE3yIbTaThl AKCIEPUMEHTA U MOATOMY JOJDKHBI OBITh MCKIFOUECHBI.
NMeeTcst HECKOJIBKO CITOCOOOB OOHAPYKEHUS «IIPOMAxoB», HO HaIle MpH-
MeHsIeTCs I — KpuTtepui. JJisi MpOBEPKU OCHOBHOM CTaTUCTUYECKOM TMIOTE-

3bI HO OIIPEACIIACTCA paCYCTHOC 3HAYCHHUE ' — KPUTCPHUAL.

Yu — Yur

Tmin

_Su m(m—l)'

€CJIM COMHUTCIBHBIM CYUTACTCA HauMeHbuiee B CTPOKE 3HAYCHHUE V1,
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_ Yun — Yu
Suyym(m—1)

3HayeHue I' — Kputepusi OEpeTcss U3 CTATUCTUUYECKUX TAOJHI] C YYETOM

Tmax

cTeneHu cBoOonbl f, = m — 1 u ypoBHs 3HaunMmocTu a. Eciu pacuerHoe
3HAYEHHUE Typip U Ty OKKETCS MEHbIIE TAOJUYHOrO, runore3a H, npuHu-
MaeTcs C HaZIeX)KHOCThIO BBIBOa P =1 —a. .

[TpoBepka nyneBoii runote3sl npu a = 0,05 u f,, = 2 nokaszana, 4To
pacyeTHbIe 3HAYEHUSI I — KpUTEpUs MEHbIE TAOJIUYHBIX: Ti.6, = 1,41.
MOXHO yTBEpKIaTh, YTO 3KCIIEPUMEHTAJIbHBIE JTAHHBIE HE COJEPIKAT CO-
MHUTEJIBHBIX 3HAaUeHUH (TPyObIX MPOMaXOB).

IIposepka e6ocnpouzeooumocmu skcnepumenma. llenb mpoBepku —
ONPEIEIUTH, SABJISIFOTCS JI U3MEPEHUs OTKIMKA BO BCEX TOYKAX (CTPOKAX)
IJlaHa pPaBHOTOYHBIMM. B JaHHOM ciiydyae mpoBEpKa BOCIPOU3BOAUMOCTHU
3KCIIEPHMEHTA €CTh MPOBEPKA OJHOPOIHOCTH BHIOOPOUHBIX JHCIEPCHii S,,°
(cm. Tabu. 4.12).

JInst TIPOBEPKM OJJHOPOJHOCTH OLEHOK S,° HCHOJNBb3yeM KpHTEepHil
Koxpena, Tak Kak 4MCII0O TOBTOPHBIX OMBITOB BO BCEX CTPOKAX MOCTOSHHO
(m = 3 = const).

Pe3ynprarsl pacueToB miig napamerpa E nmokaszanm, 4ro

Gp, = 0,15 < Gy, = 0,29;
nist mapamerpa Il - G, = 0,26 < G, = 0,29.

Takum o6pazom, rumnore3a 00 OAHOPOAHOCTH AUCTIEPCUM TTPUHUMALT-
csl.

BoinonHenue TpeboBaHUS OAHOPOAHOCTH MOCTPOYHBIX JHUCIEPCUI
S,,° TO3BOIAET ONpPENEIUTh JHUCIEPCHI0 BOCIPOM3BOINMOCTH KaK CpEIHE-
apupMeTHYeCcKoe MOCTPOUYHBIX AUcTiepcuid. B 3ToM cityyae oneHka nucrep-
CUU BOCITPOM3BOJUMOCTH UMEET BU/T

2 1 c 2
SBOC {y} =7 Su {y}
N

u=1

C YMCIIOM creneneit ceodonsl v = N(m — 1).
B pesynbrare pacueTos
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s mapamerpa E — S.,.*{y} = 1,98;

st mapamerpa I1 - S,,.°{y} = 0,13.

Oyenxa koagpuyuenmos ypasnenus mooenu. KorhpuuueHTsl ypas-
HEHUS PErPECCUU PACCUUTHIBAEM 10 (hopMyTiam:
by = a1 Y=1(Xoudu) — @z X% Xa=1 CiuXiudn) » bi = ag Xa=1 (i)
bO = a4 Zg:l(xiuxiuyu) + ag Z:ﬁl ZlIX:l(xiuxiuYu) —a Zg=1(x0uyu) ’

N
by = ay Z(xiuxiuyu) .
u=1

3nadenus K03GGUIMEeHTOB cM. B Tabi. 4.17.
Tabnuna 4.17
3HadeHust K03GOUIIMEHTOB A — Qg
JUTs1 pacueTa KodhPUIMEeHTOB ypaBHEHUS

Hucio aq a, as Ay as Ag
OIIBITOB

27 0,13805 | 0,0303 | 0,05556 | 0,0625 0,5 -0,09091

Jucnepcun k03hPUIMEHTOB YpaBHEHUS PETrPECCUU BBIYUCISIOTCS T10
dbopmynam:
S%(by) = a,S*(¥), S*(by) = a,5*(F) ;
S%(b;;) = asS?(¥), S%(by) = a,S*(H) ,
roe a; = 0,11111; a, = 0,02309; a, = 0,03127; a; = 0,00315.
B pesynbTare pacueToB ypaBHEHHUE MOJIeNH [ napamerpa E npuHs-
JI0 BU/I;
yg = 10,785 + 5,940x; — 0,645x, — 0,739x3 — 1,950x, +
+2,100x5 — 0,813x;x, — 0,638x;x3 — 0,888x,x, +
+1,088x,x5 + 0,913x,x3 — 0,388x,x, + 1,412x,x +
+0,538x3x, — 0,038x3x5 + 0,288x,x5 + 0,683x,% + b
+1,733x,% + 0,683x3% — 1,017x,% — 3,167x52 . 4.3)
B pesynbTare pacueToB ypaBHEHHE MojAeM i napamerpa I1 npuns-
JI0 BU/L:
yn = 1,16 + 1,003x; — 0,242x, — 0,257x3 — 0,337x, +
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+0,441x5 — 0,27x1x, — 0,161xyx3 — 0,273x,x,4 +

+0,348x;x5 + 0,091x,x5 + 0,201x,x, + 0,272x,x5 +
+0,302x3x, + 0,136x3x5 + 0,023x,x5 + 0,145x,%2 — b

—0,485x,2 + 0,151x52 + 0,131x,% + 0,261x:2 .

(4.4)

[Tocne ompenenenus oneHoK b kosdduIMeHTOB ypaBHEHHS MOICIIH
HEO0OXOIMMO MPOBEPHUTH THUIIOTE3Y 00 WX 3HAYUMOCTH, IPYTHMH CJIOBaMH,

IIPOBCPUTH, 3HAYMUMO JIH ITOJIYUCHHAA OLUCHKA OTJIMYACTCS OT HYJIA.

Brraucnennsie 3Hauenus t — kputepus (1ad:1.4.18 u tadn. 4.19) cpaBau-

BaM C TaOJIUYHBIM t, .6, = 2,0 mpu 3aganHoM ypoBHe 3HaunMoctu a = 0,05
U 4mcla creneHei csobomsl v = N(m — 1) = 27 -(3 — 1) = 54. Pe3syis-
TaThl PACYETOB TMOKA3aJId, YTO HE BCE KOIP(DUIIMEHTHI SBIISIOTCS CTATUCTH-

YCCKH 3HAYUMbIMHU.

Tabnuua 4.18

Koadduiments Mogenu u pacueTHbie 3HaUCHUS t- Kputepus
11 mapamerpa E

Koadpurnment b, b, b, bs b, bs by,
t- kpurepuit 20,2 27,8 3,0 3,5 9,1 9,8 3,3
Koappuuuent by3 b14 bys b,3 b;4 bys bs,
t- kpurepuit 2,6 3,6 4,4 3,7 1,6 5,7 2,2
Koapdpuument bss bus b1 b, b33 by bss
t- kpurepuit 0,2 1,2 8,6 21,9 8,6 12,9 40,1

Tabnuua 4.19

Ko duumentsl Mmogenu u pacueTHslie 3HaueHus t- Kputepus
s mapamerpa 11

Koadpurment b, b, b, b, b, bs by,
t- kputepuit 9,8 18,6 4,5 4,8 6,3 8,2 4.3
Koappuuuent bi3 b14 bys b,3 b;.4 b,s b3,
t- xpuTepuit 2,6 4.4 5,6 1,4 3,2 43 48
Koapdpuument bss bus b1 b, b33 b4 bss
t- kputepuit 2,2 0,4 7,3 24,3 7,5 6,5 13,1

MaremaTuueckass MOACIb mponecca IMHEBMOCCIIapalliil MOKCET OBITH

NPEICTaBICHa KaK YpaBHEHHE perpeccuu ¢ (akTopaMH M MX B3aUMOJEH-

CTBUAMHU, UMCHOIIIMMH TOJIBKO 3HAYHNMBIC KOB(b(l)I/H_II/IeHTBI YPaBHCHUS:
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yg = 10,785 + 5,940x; — 0,645x, — 0,739x3; — 1,950x, +

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

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

+0,683x;2 + 1,733x,2% + 0,683x3% — 1,017x,% — 3,167x5> . (4.5)

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

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

+0,348x;x5 + 0,201x,x5 + 0,272x,x5 + 0,302x3x, +

+0,136x3x5 + 0,145x,% — 0,485x,% + 0,151x3% —

—0,131x,% — 0,261x52 . (4.6)

CratucTuyeckasi HE3HaYMMOCTh HEKOTOPBIX KOI(P(UIIMEHTOB ypaBHE-
HUSI MOXET OBITh BhI3BaHA PA3IMYHBIMUA U HEPABHO3ZHAYHBIMHU IPHYUHAMM:
MaJbIM IIarOM BapbUPOBaHUS, CTATUCTUYECKH HE3HAYMMBIM BIIMSIHUEM Ha
3¢ (PEeKTUBHOCTHh MHEBMOCEMAPAINHN KAaKUX-TH00 (PaKTOPOB MM UX B3aUMO-
JEHUCTBUN, HEMPABUJIHHBIM BBHIOOPOM YpOBHEH (PakTOpoB B 0OjacTu (ax-
TOPHOTO MPOCTPAHCTBA, 3HAYUTEILHBIMU OIIMOKAMU SKCIIEPUMEHTA.

Crneayromum 3TanoM CTaTUCTUYECKOrO aHaliu3a SIBISETCS MpOBEpKa
TUIIOTE3bl aJ€KBATHOCTH MoJenu. CylecTBYeT HECKOJIbKO METOJ0B IpO-
BEPKH aJICKBAaTHOCTH MOJIEJH: UCTIONIb30BaHue F — kputepusi, Kpurepus ce-
Ui, KpUTEPUS UHBEPCUM U IIP.

[IpoBepka HyneBOMl TMNOTE3bl 00 aAEKBATHOCTH MOJIETU C MOMOIIbIO
F — kputepust mokazana, 4yto ais mapamerpa E pacdetHoe 3HaueHume F —
kpurepus pasHo F, = 1,029. Tak kak F, < Fi46, = 2,1, T0 runoresy o0
aJIeKBaTHOCTU MO/IENIN IPUHUMAEM.

Ha puc. 4.2 npeacrtaBieHbl SKCIEPUMEHTAIbHBIE JaHHBIE U PacyeT-
Hble 3HaUeHus napamerpa E no ypaBHenuto (4.5), a Ha puc. 4.3 — OTKJIOHE-

HUA (yu - yu)
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Puc. 4.3. I'paduk oTkionenuii Y, — y,, it napamerpa E

Jis mapamerpa IT pacuetnoe 3Hauenue F — kpurepus pasno F, = 1,79.
Tak xak F, < Fya6, , TO TUTIOTE3Y 00 aI€KBATHOCTH MOJIENY IIPUHUMAEM.

Ha puc. 4.4 mpencraBieHbl 3KCIEPUMEHTAIBHBIE JTAHHBIE U PACUYETHBIC
3HadyeHus mapamerpa Il mo ypaBHenuto (4.6), a Ha puc. 4.5 — otkiaoHeHus (9, —

Yu)-

2,5

1,5

0,5
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Puc. 4.4 DxcniepuMeHTaIbHBIC () U pacueTHbIE (M) JaHHbIe apamertpa [1
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Puc. 4.5. I'paduk otknonenuit y,, — y,, s napamerpa I1

AHaIM3 OCTAaTKOB IO3BOJIAET MPOBEPUTH HYJIEBYIO TMIIOTE3Y O CTATH-
CTUYECKOW HE3aBUCUMOCTH OCTATKOB. [[J1 MPOBEPKU JaHHON T'MIIOTE3BI HC-
MOJb3yeM Kputepuil cepuil. Cepuer Ha3bIBAETCSA NOCIEN0BATEIBHOCTD OJI-
HOTHUITHBIX HAOJIOACHUMN, MEpea W TOoCIe KOTOPOH CIeayloT HaOItoaeHUS
IPOTUBOMOJIOKHOIO TUIIA WIX K€ HET BOOOIIe HUKAKUX HabmtoneHuil. by-
JIEM CpaBHUBAThb OCTAaTKM C MEIUAHOW, KOTOpas B JAHHOM Cily4yae paBHA

Mgoer = —0,209 u Mp,.r = 0,041. Ocrarky, npeBbILIAOIIME MEINUAHY,
kjaccuduimpyeM Kak (+), a OCTaTKd MEHbIIE MeANaHbl, KiacCuULIUpyeM
Kak (-).

Jns mapamerpa E:
I T T e S L T T T T T T S S S
1 2 3 4 5 6 7 8 9 100 11 12 13 14 15 16

MOCJIEAOBATEBHOCTD U3 27 OCTaTKOB UMEET Tz = 16 cepui;
s napamerpa I1:

T T e S T S S

1 2 3 4 5 6 7 8§ 9 10 11 12 13 14 15 16 17
NOCJIEA0BATENBHOCTD U3 27 oCcTaTKOB MMeeT Ty = 17 cepuit. HyneBas ru-
NOTE3a MPUHUMAETCSA, €CIIM PACYETHOE 3HAYCHUE KPUTEPUS CEPUN HAXONT-
Csl B IpeJIeNiax:

T™/2; 1-a/2 < T <Tny2; a/2

rae N = 27 — uucno Hadbmoaenuit; ¢ = 0,05 — ypoBeHb 3HAUUMOCTH.
TaOynupoBaHHBIE 3HAUEHUSI KPUTEPUS CEPUIL:

T13; 0,975 = 8, 13; 0,025 = 19,
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T14; 0975 = 9, T14; 0,025 = 20.

Tak kak 1z = 16 m 17 = 17 nmonmagarT B UHTEPBAJI IPUHATHUS TUIIOTE-
3bl, TO HET OCHOBAHUN COMHEBATHCSl B HE3aBUCUMOCTU HaOmtojeHui. Crie-
JIOBATEIbHO, OTKJIOHEHUS 3HAYCHUN, PACCUUTAHHBIX MO0 MOJEIH, OT KCIe-
PUMEHTAJIbHBIX HOCST CIIyYalHbIA XapakTep.

JIns mocTpoeHuss MaTeMaTU4eCKOW MOJENH IIpoliecca THEBMOCEapa-
UM B HATYPAJIbHBIX MEPEMEHHBIX HEOOXOJMMO, UCHOJIb3ysl (OPMYIbI KO-
IUpPOBaHUs, CAENaTh COOTBETCTBYIONIME NpeoOdpa3zoBanus. [locne packoau-
pOBaHMS ypaBHEHUE MOJIENIM MHEBMocenapauuu (s napamerpa E) umeer
BUJ: 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® — 0,25¢* — 0,00014h? .
[Tocnie packoaupoBaHus ypaBHEHUE MOJIeNH i napamerpa 11 umeer
Bua: [1 = —0,2125 + 0,17225V — 4,88995d — 0,24785a — 1,2165q —
—5h —0,027Vd — 0,00161Va — 0,01365Vq +
+0,000232Vh + 0,1005dq + 0,001813dh + 0,0151aqg +
+0,000091ah + 0,00145V2 — 0,485d? + 0,00151a® +
+0,03275¢% — 0,0000116h% .

[Ipy HaXOXJIEHUM ONTHUMAJIBHBIX 3HAYEHUM HCIIOJIb30BAJIOCh CTaH-
JapTHOE mporpaMMmHoe obecrieueHue nakera Excel. B pesynprare ontumu-
3aIM¥ TIOJYYEeHBI ONTUMAJIbHBIC 3HAYEHUS UCCIIEyeMbIX TTapaMeTpoB (Tadd.
4.20), pu kotopbix ¢yHKIMA E npuHuMaer makcumanbHOe 3HaueHue E =
26,2 .

Taomuma 4.20
OnTuManbHEIE 3HAYCHUS mapamMCcTpOB
[Tapamerp 3Ha4yeHue
V — cKOpOCTh BBIXOJa CTPYH BO3/yXa, M/C 70
d — auametp oTBepcTHS, MM 4
a — paccTOsIHUE MEXAY OTBEPCTUSAMH, MM 50
g — nogayva xJieOHOM Macchl B MOJIOTHIIKY, KI/C 5
h — TonmuHa Bopoxa, MM 392
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3aBUCHUMOCTS t, 6, OT yucia n upu a = 0,05

[MPUJIOXEHUE 2

n 4 8 12 16 24 32 48 64
tmen 278 231 218 212 206 204 201 2,0
3aBUCUMOCTD F,, OT 4nCIIa cTereHei cBo00 bl uncautTens (v;)
u 3Hamenarens (v,) opu a = 0,05
v, 2
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 6,04 591 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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