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1. OKCIIEPUMEHT KAK IPEJMET UCCJIEAOBAHMUSL.
OCHOBHBIE TIOHATHUA U OITPEAEJIEHUA

1.1. DKcnepuMeHT KaK mpeaMeT uccaeaoBanus. Buabl usmepenmui

Cea3v uenosexa c¢ gnewnum mupom. Uapopmanno o6 okpyxarouiem
MHUpPE U €r0 CBOMCTBaxX YEJIOBEK IOJIy4aeT 4epe3 OopraHbl YYBCTB (3peHuS,
cilyxa, OcCsi3aHMs, OOOHSHUS, BKyca M BECTHOYJSpHBIM ammapaT) U 4depes

CTieIHaIbHBIC H3MEPUTENBbHBIC PUOOPHI (puc. 1.1).
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Puc.1.1. CBa3b yenoBeka ¢ BHEITHUM MUPOM

Kaxxap1ii oprad 4yBCTB BKJIIOYAET B €051 perenTophl (OT JIATUHCKOTO
CJIOBa TecCipere — «ImoyiydaTh)), pearupyrollie Ha BCIKOE BO3JCUCTBUE H
MPOBOJAILIME TYTH, CBA3BIBAIOIIME C LEHTPAIbHOW HEPBHOU CUCTEMOMU.
Bo3zaeiictBus Ha penentopsl ((puznyeckre, XMMUYECKUE U T.JA.) KOAUPYIOT
pa3IMuHble BHUJbI CUTHAJOB B €JUHBIA yHUBEPCAIbHBIM YacCTOTHO-
UMITYJIbCHBIA KoJ. bosbie Bcero wmHMOpMaMu MOCTyHaeT K HaMm 4Yepe3
3penue (1o 80%) u ciyx (mo 18%), a octanbHasi HHpOpMaIUs — Yepe3 Ocs-
3aHue, OOOHSHUE, BKYC M BECTUOYIISIpHBIN anmapaT. [IocKkoiabKy BO3MOXKHO-
CTH 4YEJIOBEKa OYE€Hb OTPAHUUYCHBI, TO OH CTaJl NMIPUIYMbIBATh, KaK U3MEPSThH
TOYHEE W KaK U3MEPUTh TO, YTO YEJIOBEK MU3MEPUTh BOOOIIE He Mor. [Ipu-
IIUIOCh MPUIYMBIBaTh TEXHUYECKHE cpelicTBa — npuOopnl. CHavyana QpyHK-
UK MPOCTEUIIEro Tprudopa BhINOIH YenoBek. [llaramu usmepsiinocs pac-
CTOSIHUE, JJINHA U IIMPUHA — JAJOHSIMH, CAXEHSIMU, JIOKTSIMU U T.1. Ho ¢
MOSIBJICHUEM U3MEPUTEIBHBIX MPUOOPOB B U3MEPUTEIHHOMN MPOLIEAypE CTal
Y4acTBOBATh KaK YEJIOBEK, TAK U TEXHUYECKOE CPEJICTBO — UBMEPUMENTbHBIU
npuoop.



OO1muMii anropuT™ MO3HaHUS 00BEKTA MPEACTaBIEH Ha puc. 1.2, KoTo-
pBIil BKIIIOYAET B ceOsi HAOMIOICHUSI U DKCIEPUMEHT C 1eNbl0 (hopMHUpoBa-
HUS TUIIOTE3 U UX MPOBEPOK.
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Puc. 1.2. OGmuii anropuT™ mo3HaHus 00bEKTa
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MeToapl HayYHBIX UCCIEAOBAHUMN JEATCS HAa SMIIMPUIECKUE U TEOpe-
tudeckue (puc. 1.3). K smnupudeckum oTHOCATCS: HAOMIOCHUE, OTTMCAHUE,
U3MEpPEHHEe, IKCIIEPUMEHT, cpaBHeHUE. K TeopeTmdeckuM MeTo/laM OTHO-
caTcs: (popManuzausi, aKCMOMaTH3alusl U TUMOTETHKO-ACTYKTHBHBIN Me-
TOJ.

Habnrwoenue — perucrpanusi paziIndHbIX (HDAKTOPOB €CTECTBEHHOIO
WJTM UICKYCCTBEHHOTO MPOUCXOKICHHU.



HabGnronenue sBIE€TCS OCHOBOM BCEX Hay4dHbIX MccienoBanuil. [lpu-
3HAKM HAOJII0JaeMOro OOBEKTA, BBIABISIEMbIE NIPH HAOJIOJACHUH, MOTYT
ObITh KAaK KAaYECTBEHHBIMHU, TaK M KOJWYECTBEHHbIMU. KoIM4ecTBEHHBIE
MPU3HAKU BBISBISIOTCS, KakK MpaBWiIo, NyTéM wu3MepeHus. HaOmoneHue
MO>HO pacCMaTpUBaTh KaKk COBOKYITHOCTb U3MEPEHU, POU3BEAEHHBIX HAT
Ha0JII0JaeMbIM OOBEKTOM B OJIMH MOMEHT BpeMeHH. B OOJbpLIMHCTBE Cily-
YaeB 10 HAOJIIOACHUEM U U3MEPEHUEM MMOHUMAIOT OJIMH U TOT K€ MPOIIECC;
1o/ HaOJIFOIEHUEM CIIEyEeT IOHUMATh CJIIOKHBIN BUJ U3MEPEHUN.
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Puc. 1.3. MeToasl HayYHBIX UCCIIEIOBAHUN

Ixcnepumenm (0T naT. experimentum — mpoOa, OMbIT) — METOJ MO-
3HAHMS, P TTOMOIIX KOTOPOTO B KOHTPOJUPYEMBIX M YIIPABISEMBIX yCIIO-
BHSIX HCCIICAYIOTCS SBICHUS ICHCTBUTEIIBHOCTH.



OKCIEPUMEHT OCYILIECTBISIETCS HA OCHOBE TEOPUH, ONMPEAEISIONICH
MOCTAHOBKY 3aJ]a4 U MHTEPIPETALMIO €ro pe3yiabTaTtoB. Hepeako riaBHOM
3a/1a4eil SKCIIEPUMEHTA CITYKUT MPOBEPKA TMIOTE3 U MPEICKAa3aHUN TEOPHUH,
UMEIOIMX MPUHIUNIUAIBHOE 3HAYCHHE (TaK HA3bIBAEMbBIN PEUIAFOIIUNA KC-
MIEPUMEHT).

Texnuueckuui sxcnepumenm — HATYPHBIA SKCIIEPUMEHT, CBSI3aHHBIN C
UCCIICIOBAHMEM KAUYE€CTBEHHBIX W (MJIM) KOJIMYECTBEHHBIX XapaKTEPUCTHUK
HEKOTOPOT'0 TEXHUYECKOTO YCTPOMCTBA.

Texnonozcuueckuii 3Kcnepumenm — HSKCIEPUMEHT, B OOJIBIIMHCTBE
CIy4yaeB OCHOBHOMW II€JIbI0 KOTOPOTO SIBIAETCS pa3paboTka HOBOW WU
YIYUIIEHUE UMEIOLIENUCS TEXHOJIOTUH, T.€. TEXHOJIOTHYECKAS SBOJIFOLIHS.

H3mepumenbhbiil sKcnepumenm.

H3mepenue — 3TO €IUHCTBEHHBIA HMCTOYHMK HMHGOPMALUM O CBOM-
CTBaX 0OBEKTOB, MPOLIECCOB U SIBIICHUI.

H3mepenue — mponecc, 3aKIOYaAOLIANCI B ONPEACIICHUU 3HAYEHUS
(bu3HYecKoil BEIMYHMHBI C TTOMOIIBIO CIEIMATBHBIX TEXHUYECKUX CPEJICTB,
UMEIOLIMX HOPMUPOBAHHBIE METPOJIOTUYECKUE CBOMCTBA.

[Ipocreimmii U3MEPUTENbHBIA IKCTIEPUMEHT MOXKET OBITh MPECTaB-
JIEH B BHUJI€ CHCTEMBI, COJEpKallled MUHUMYM TPH 3BEHA: OOBEKT, OJHO W3
CBOWCTB KOTOPOT'O OMNPENEISCTCS; U3MEPUTENbHBIN MPUOOp, mpeodpazyro-
IIUN CUTHAJ, HECYIIH MH(OPMAIIMIO O TAHHOM CBOMCTBE 00BEKTa K BUIY,
yA00OHOMY JiJIs1 BOCIIPUSITHUSI OpTaHaMU YyBCTB YeJIOBeKa (Uepe3 3peHue); ue-
JIOBeK (omepatop), GopMUpYIONIHiA pe3yabTat usMepenus (puc. 1.4).

Ouenxa
Obsext Carsan Wsmepn- Curnan CBOHCTEA
HCIIBITAHHI TEIBHBIN Oneparop |—»
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Puc. 1.4. TlIpocreiimas cxema U3MEPUTEIEHOTO AKCIIEPUMEHTA

Pe3ynapTarhl M3MEpPEHHST HCHOIL3YIOTCS MPU PEIICHUM IPOM3BO/I-
CTBEHHBIX, HAYYHBIX, COLIMATBHBIX, SKOJIOTUYECKUX U APYTUX 3a]a4.

HezaBucuMo OT 11e71M MPOBEACHUSI U KOHEYHOT'O pe3ysibTaTa U3MEpH-
TEJLHBIN SKCIIEPUMEHT COCTOUT U3 mpex dmanos:.

— MOJTOTOBKA K U3MEPECHUSIM;

— BBITIOJTHEHUE U3MEPECHU;

— 00paboTKa pe3ynbTaTOB U3MEPEHHUM.

lloocomoska Kk uzmepeHusM BKIIOUYAECT:

— aHaJIM3 MOCTABJICHHOM 3aJ1a4H;

— CO3/IaHUE YCIIOBUU I U3MEPEHUM;



— BBIOOP CPEJICTB U METOJIOB U3MEPEHMUIA;

— BBIOOD YKCIIa U3MEPCHHIA;

— OATOTOBKA CIleUaCcTa (oneparopa);

— onpoOOBaHUE CPEICTB U3MEPEHUN.

Mopaenb 00beKTa, IapaMeTpbl KOTOPOH MOAJIEKAT U3MEPEHUI0, HEOO-
XOJIUMO BBIOPATH 10 Hayaja.

BriOpanHas Moziesb JOJKHA yAOBIETBOPATH IBYM TPEOOBAHUSIM:

— COOTBETCTBOBAThH PEATBHOMY OOBEKTY;

— U3MepsAEeMbI€ MapaMeTPhl IOJKHBI ObITh CTAOUIIBHBI B TEYEHUE BCETO
BPEMEHU U3MEPEHUS.

Brnusttonue BeMUMHbBI NOAPA3AEIIAIOTCS Ha CIEAYIOLUE TPYIIIbI:

— KJIIUMaTH4YecKue (TeMmIiiepaTypa OKpyKaroleld cpeibl, OTHOCUTENb-
Has BJIAXKHOCTh, aTMOC(EPHOE J1aBJICHUE);

— DJJIGKTPUYECKUE M MarHuTHbIe (KOJEOAHMs SJIEKTPUUYECKOro TOKa,
HaNpsDKEHUE B DJIEKTPUYECKOM CETH, YacTOTa MEPEMEHHOr0 TOKAa, MarHUT-
HOE T0JIE U JIp.);

— BHEILIHUE Harpy3ku (BUOpalMu, yAapHbIe HATPY3KH, KaCaHUsl JAeTajei
npuOOPOB, HIOHU3UPYIOLLEE U3TYUEHUE, Fa30BbIi cOCTaB aTMOC(EpPHI U T.1I.).

JIns KOHKpPETHBIX 00JIaCTel HM3MEpPEHHI YCTAaHABIMBAIOT E€IUHBIC
YCIIOBUSI, Ha3blBa€Mbl€ HOPMAJIbHBIMH. 3HAUEHHE BIIUSIOUICH BEJIMYUHBI,
COOTBETCTBYIOIIEE HOPMAJIbHBIM YCIIOBHSIM, Ha3bIBaIOT HOMUHAJIbHBIM 3Ha-
YeHHEM BIMSIONIEH BelnunHbl (Tadm. 1.1).

Tabmuma 1.1
HomuHanbpHBIC 3HAUCHUS BJIIMAOIINUX BCIIMYUH
HomuHnansHoe
Bmmsromnias BenmmunHa
3HAYECHUE
1 2

1. Temneparypa aJisi BCeX BUIOB H3MEPEHHIA 20 °C (293 K)

2. JlaBneHne OKpYXKaroIlero Bo3ayxa Juist U3MepeHHsl HOHU3H- 100 xITa
PYIOIMX U3TYyYEHHUH, TermIopU3NYecKrX, TEeMIEpaTypHbIX, Mar- (750 mm. pT. cT.)
HUTHBIX, JIEKTPUUYECKUX U3MEPEHUN, U3MEPEHUS JABJICHUHN U Ta-
pamMeTpoB JIBUKEHUS

3. JlaBneHue BO3ayXa JUIsl JTUHEWHBIX, YIJIOBBIX HM3MEPEHHUH, 101,3 xI1a
W3MEPEHHI MacChl, CHJIbl CBETA, U3MEPEHHUIN B CHEKTPOCKONUU (760 mm. pT. CT.)
Apyrux o01acTsiX, KpOME YKa3aHHBIX B I1.2

5. OTHOCHUTENBHAS BIQKHOCTD BO3AyXa JIJISI U3MEPEHUN IJICK- 55%
TPUUYECKOTO CONIPOTUBIICHUS

6. OTHOCHUTENbHAS BIAXXHOCTh BO3AYyXa JJISI U3MEPEHUM TEM- 65%
IepaTypsbl, CUIIbIL, TBEPAOCTH, IEPEMEHHOTO IEKTPUUYECKOTO TOKA,
MOHU3HUPYIOUIMX M3JIy4EHH, TapaMeTpOB ABMXKEHUS
7. OTHOCHUTENIBHAS BIAXKHOCTh BO3/yXa JUIsl BCEX BHJIOB M3MEpe- 60%
HUM, KpOME YKa3aHHbIX B ILII. 4,5,6
8. IIOTHOCTB BO3ayXa 1,2 kr/m’




OxonHuanwue T1adm. 1.1

1 2
9. YckopeHue cBOOOHOTO NaICHHUS 9,8 m/c”
10. MaruuTHas UHAYKIUS (HAMPSDKEHHOCTh MArHUTHOTO TOJIS) U 0
HAMpPSKEHHOCTh AJIEKTPOCTATUYECKOTO TOJS AJIsi U3MEpPEeHHs Ia-
paMETPOB JIBUIKEHUSI, MATHUTHBIX U 3JIEKTPUUECKUX BEIMUUH
11. MaruuTHas UHAYKLIKS (HAOPsDKEHHOCTh MarHUTHoOro nosst) u | CooTBeTCTBYeT — Xa-
HaIPSLDKEHHOCTh AJIEKTPOCTATUYECKOrO MMOJIS JJIs BCEX BHUJIOB M3- | pAKTEPUCTUKAM [0
MEpEeHUH, KpOME YKa3aHHBIX B 11.10 3eMJIM B JIaHHOM T€0-

rpaduyeckoM paiione

[Ipy1 TOYHBIX U3MEPEHUAX ISl NOAACPKAHUS HOPMAJIBHBIX YCIOBUHI
MIPUMEHSIOT CPEICTBA 3AIUTHI OT BO3AEHUCTBUS BIHSIOMINX IPUYNH.

Knaccudukanus Bu0B M3MEepeHUil npeacTaBieHa Ha puc. 1.5,
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Puc. 1.5. Knaccuduxkanus Bu10B U3MEPEHHI
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[Ipu manupoBaHuM U3MEpPEHUN HEOOXOAMMO BBHIOpATh U3MEPUTEIb-
HYIO afmapaTrypy, palOHAJIbHbIE METOJbI U CIIOCOOBI U3MEpeHus, obecte-
YyBaIue TpeOyeMyr TOYHOCTh. HeoO0Xoaumo onpenenuTb TOUHOCTh pe-
3yJbTaTa SKCIEPUMEHTA U, YUYUTHIBASI MOTPEUIHOCTH, ONPEACIUTh TOUHOCTD
U3MEPEHUM.

loepewnocmu uzmepenuii. IlorpemiHoCcTH OBIBAIOT epybOvie, cucme-
mamuyeckue W cayyaunvle. OHU 3aBUCIAT OT COBOKYIHOCTH Pa3JIMYHBIX
MPUYUH: HECOBEPILICHCTBA METOJ0B U3MEPEHUMN, HECOBEPIICHCTBA CPEJICTB
U3MEPEHUN, HETOUHOCTH HCIOJb3yeMbIX Mep, HU3KOW KBamu(uKauu Tex-
HUYECKOTro nepconaia (puc. 1.6).

MorpellHOCTH M3k EeReHHH

[No chopme 0
YUCTIOBOMD 3AKOHOMEPHOCTAM
BbIpEHeH1A NPOABNEHKA

ABCONHTHEE

Cny4aiHele CHCTEMATHYECKHE [pyBele Npomaxm

|

MpedensHee : :
L Mo engy Mo xapakTepy
CpegHda KEaAPATHYBCKHE MECTOMHHKS npoABNEHKA

CTaH4APTHEIE
[ A ) bleTropuueese MocToAHHEIE MNepemerHEE
Bepoatibie | Mycmpymentanchoe

Cpegve YCNOEHD NOCTOAHHEIS MporpeccHpyrLMe
Cybrextnense | BezyClOEHD NOCTOAHHEIE
CpepHue apubmeTiyeckie y [Mepeoguyeckue

MSMEHHI-DLIJ'HBCH no
CNOAHOMY 33K0HY

JTHOCHTENEHEIR

MNpHEELEHHEIE

IuHamuueckne

Puc. 1.6. Kimaccudukanms morpenrHocTeid u3MepeHust

Abconromuas nozpewtHocms — MOTPEIIHOCTh, BhIPAXKEHHAS B €AUHU-
11ax U3MEPSEeMON BEIMUMHBI, OnpeesieTcss GopmMyToi
AX =X — Xo, (1.1)
rI€ X — 3HAYEHHUE M3MEPSIEMOM BEIIMYMHBI, MTOJYYEHHOW NPU U3MEPEHUU;
Xo — ACTUHHOE 3HAYEHUE U3MEPSEMOUN BEIIMYNHBI.
OmHocumenvHas nozcpewiHocms — 3TO OTHOIIEHHE aOCOIIOTHON
MOTPEIIHOCTH U3MEPEHUs Ax K UCTUHHOMY (JCHCTBHUTEIHHOMY) 3Haue-

HUIO X, M3MEPSIeMOW BEIUYHMHBI WJIM MPUHATOMY OINOPHOMY 3HAYCHHUIO
('OCT P UCO 5725-2002):



y=—" (1.2)

AOCoIIOTHAS TIOTPEIIHOCTh Ax U3MEPSAETCA B TEX K€ €AMHUIIAX, YTO U
u3MepsieMasi BEIMYMHA X.

OTHOCHUTENbHAs MOTPELIHOCTh SBIAETCS O€3pa3MEepHON BEITMUYMHON U
OOBIYHO BBIpaxaeTcsi B mpoueHtax. OHa MpUONMKEHHO XapaKTepu3yeT Ka-
YECTBO M3MEPEHUI HE3aBUCHUMO OT 3HAUEHUS U3MEpsieMON BelnyuHbl. OT-
HOCUTEJbHAS MOrperHOCTh B 10% MM OKOJIO TOTO XapaKTEpU3yeT TOBOJIb-
HO TpyObIe u3mepenus. OTHOCUTEIbHAS MOTPEIIHOCTh B 1 unu 2% siBnsercs
pPE3YIBTATOM YK€ JIOBOJBHO TOYHOI'O M3MEPEHUS. DTU OLEHKH IOTPEIIHO-
CTEl BecbMa YCIIOBHBI, TaK KaK MPU HEKOTOPHIX MPOCTHIX U3MEPEHUSIX 0e3
Tpyaa MoxHO nonyuutb ¥ = 0,1 %. C apyroii cTopoHsl, AJi1 BEJIUYUH, KO-
TOpbIE OYEHBb TPYAHO U3MEPUTH, MOrpeHocTh B 10% paccmaTtpuBanach Obl
KaK MpuemiieMasl.

JI71st OLIEHKH TOYHOCTH CaMHX IMOKa3bIBAIOIIMX MU3MEPUTEIbHBIX MPHU-
OOpOB CIIYXKUT WX TMPHUBEIACHHAS MOTPEIIHOCTD Jyp, BEIPAXKEHHOE B MPOIICH-
Tax OTHOIIEHUE a0COJIOTHOW MOTPENTHOCTH MOKAa3aHUSI AX K Xuopy — 3HAUE-
HUIO, COOTBETCTBYIOIIEMY HAMOOJbIIEMY I[IOKAa3aHUIO IIKalbl Tpuodopa
(F'OCT 13600-68):

Ax
y = x—lOO%. (1.3)

Hopu

[TorpemHOCTH TIpHOOpa OOYCIOBIMBAIOTCS HEIOCTATKAMU CaMOTO
pruOoOpa ¥ BHEITHUMHU BISHUSMH.

[IpuBenéHHas MOTPEITHOCTb, 3aBUCSINAS JIMIIL OT caMoro Impudopa,
HAa3bIBACTCSI OCHOBHOU NOZPEULHOCIBIO.

Ilnanuposanue usmepenuu. Ilpy TUTAHUPOBAHMM HM3MEPCHUHN 3aja4a
CBOJIUTCS K HAXOXJCHHUIO ONTUMAJIBLHOTO YKCiia U3MEPEHUM N Habopa Beu-
4uH X1, X2, ... Xn, @ 3aT€M CTATUCTUYECKUX XAPAKTECPUCTHUK:

— cpedHez0 apuhmemuueckozo:

X=X t4X, (1.4)

rie X, — cpeaHee apudmeTnueckoe BoIOOpKH; AX — ero J10BepUTEIIbHBIN
n )

HHTCPBAJ,
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— CpeodHe20 K8AOPAMUYHO20 8blOOPKIUL.
Sh= on (N — ). (1.5)
JloBepUTENbHBIM UHTEPBAJI, HA BEIMYNHY KOTOPOTO MCTUHHOE 3HAUE-
HHe X MOXET OTJIMYAaThCA OT BBIOOPOUHOTO X, OMPEAEIACTCS 110 IMIIH-
puyeckou popmyiie
— Sn . tn-l
AX = T , (1.6)

rae thi — Tabnauusblii ko3P duunent CThIOJEHTA, 3aBUCSIIMI OT J10BEpU-
TEIbHOU BEPOATHOCTU P 1 uncia usmepenui n— 1.
Ha npakTtuke BpiOuparoT qoBeputenbHyo P =~ 0,95 — npu nmorpenrHo-
cti =20 unu P = 0,997 — npu norpemHoctu +3o.
HanMeHnblliee ynuciao u3MepeHuil onpeesnstoT no Gopmyiie

(St (4,05, 2
AX m Jm) (L.7)

rae M — 4YKUCIO MPEABAPUTENBHBIX MU3MEPEHHH, 3aBE€IOMO MEHBIIEE, YEM
TpedyeTcs.

[Ipy mIaHUPOBAHUU U3MEPEHUN UCXOMHBIMU ABISAIOTCS: AX — Makcu-
MaJbHO JOMYCTUMOE OTKJIOHEHWE cpedHero apudmernueckoro; P — mose-
pUTENbHAs BEPOATHOCTD; M — YUCIIO MPEABAPUTEIbHBIX U3MEPEHU.

N3mepenusi, KOTOpbIe HEOOXOIUMO MPOBECTH ISl TIOJTYUSHUS OIIHOKH
A ¢ HaJEKHOCTHIO P, IpuBeIeHBI B Ta0I. 1.2.

Tabnuma 1.2
Heo6xonumoe 4nciio u3MepeHuit IJis MoaydeHus: OOk A

C HaJIeKHOCTRIO P

3uauenue P

A=Ax/o(x) 0.5 0,7 0.9 0,95 0,99 0,999
1,0 2 3 5 7 11 17
05 3 6 13 18 31 50
0.4 4 8 19 27 46 74
0.3 6 13 32 46 78 130
0.2 13 29 70 100 170 280
0.1 47 110 270 390 700 1100
0,05 180 430 1100 1500 2700 4300
0,01 4500 11000 27000 38000 66000 | 110000
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1.2. OCHOBHbIE IOHATHS U ONPe/eIeHHs] TEOPUHU IKCIIEPHMEHTOB.
Bubl 3KCrIepUMEHTOB

IInanuposanue sxcnepumenma (experimental design techniques) —
MaTeMaTUKO-CTATUCTUYECKAsT AUCLUUIUINHA, HW3YyYarollash METOAbl palHo-
HAJIbHOM OpraHU3aluy SKCICPUMEHTAIbHBIX HCCIEAOBAHUNA — OT ONTHU-
MaJIbHOTO BbIOOpa HCCIIEyeMbIX (PAKTOPOB M OMpEeiIeHUs COOCTBEHHO
IJJaHA YKCIIEPUMEHTA B COOTBETCTBUHU C €TI0 LIEJIBIO 10 METOJIOB aHAJIN3a pe-
3yJIbTATOB.

Hcemopus 6o3nuxkHosenus nianuposanus sxcnepumenma. 1lmanuposa-
HUE DKCIIEPUMEHTA YXOJIUT KOPHSIMU B TITyOOKYIO JAPEBHOCTh — MPUMEPOM
MOXET CIIY’KHTh CO3/IaHHE KOIIbsl, IPOTHKA, a 3aTEM U JIyKa CO CTPEIaMU KaK
pe3yJibTara LeJCeHANPaBICHHON YKCIIEPUMEHTAIBHOW TPOBEPKH TUIIOTE3BI O
BO3MO>XHOCTH UMH YOUTh MaMOHTA.

[ImanupoBaHUE SKCOEPUMEHTA MOIYYHJIO Pa3BUTHE B Hayaje Mpo-
LIJIOTO BEKA MOCJIE OTKPBITUSA CTATUCTUYECKUX METOJIOB.

Bknan B pa3BuTHE MJIAHUPOBAHUS IKCIEPUMEHTA BHECIM HAa Pa3HBIX
ATanax pa3HbI€ YUYCHBIE:

— Ponanvo @Quwep (aHTIIMMUCKUM CTATUCT) B KOHIIE JABAJIATHIX T'OJIOB
MOKa3aJ 1eJIeCO00pPa3HOCTh OJJTHOBPEMEHHOTO BapbUPOBAHUS BCEMH (PaKTO-
paMu B IPOTUBOBEC HMIUPOKO PACTIPOCTPAHEHHOMY OJTHO(AKTOPHOMY IKCIIE-
pumenty. B 1925 rogy Ponanpn ®umep mznoxun ¢hyHaaMeHTaIbHYIO pa-
0oty «CTtatucTUYeCcKue METObI JIJIsi HAYYHBIX COTPYAHUKOBY, KOTOpas Io-
JIOWJIa HA4aJIl0 MaTeMaTUYE€CKOW CTaTUCTHUKE.

— bokc u Yuncon (B Aurnuu B 1951 r.) npeajoxuinu onTUMU3ALMIO
MPOLIECCOB B IUIAHUPOBAHUU IKCIEPUMEHTA — IUIAHUPOBAHUE SKCTPEMallb-
HOTO PKcriepuMeHTa. Mest MeTona - mocienoBaTeIbHOE JOCTH)XXEHUE 00J1a-
CTH ONTHUMYyMa HEOOJBITUMH CEPUSIMH OIBITOB MPU OJTHOBPEMEHHOM BaphH-
POBAHUU TI0 OTPEJIEICHHBIM MPABHUIIaM BCEX (PaKTOPOB.

— C 1960 r. nmnaHupOBaHUE SKCIIEPUMEHTA HAYAIO PA3BUBATHCS B
HaIllEW CTpaHe MoJ PYKOBOJACTBOM B. B. Hanumosa.

[IpyuMeHEHNE TUIAHUPOBAHMS SKCIEPUMEHTA JENAET MOBEAEHUE DKC-
MIEpUMEHTATOPa LEJICHANIPABJICHHBIM W OPraHW30BAHHBIM, CYIIECTBEHHO
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CIIOCOOCTBYET MOBBIMIEHUIO TPOU3BOAUTEIHLHOCTH €r0 TPyAa U HaJIeKHOCTH
MOJIYYEHHBIX PE3YJIbTATOB.

BONBIIMHCTBO HAYUYHBIX UCCIENOBAHUM CBSA3AHO C DKCIIEPUMEHTOM.

IKcnepumenm — HAY4YHO TTOCTABJICHHBIN OMBIT C TOUHO YYUTHIBAEMbI-
MU U YIIPABIIEMbIMU YCIOBUSMH.

OcHognas xapakxmepucmuka 3KCnepumeHnma — TOBTOPSIEMOCTb pe-
3yJbTaTa NpHU OJIUHAKOBBIX YCIOBUSIX.

YcioBus nensarcs:

— YYUTBIBa€MbI€ YCIOBUS (KOHTPOJb MapaMeTpoOB, BO3JICUCTBYIOIIUX
Ha 00BEKT 0€3 BMeIIaTeIbCTBA NCCIEI0BATENS);

— TMOBTOPSIEMBIE YCIOBUSL (MCKYCCTBEHHO CO3JAIOTCSl YCJIOBHUS, BO3-
NEUCTBYIOIME HA OOBEKT).

B nuTepaTypHBIX MCTOYHHUKAX BO3MOXKHO BCTPETUTh OOJIBIIOE KOJIU-
YECTBO M Pa3IMYHbIE BapUaIlMU KJIaCCU(PUKAINI BUIOB IKCIIEPUMEHTOB.

Cy1ecTByIOT Kiaccu(UKaIMOHHBIC IPU3HAKHU BUIOB SKCIIEPUMEHTOB.

DKCIEPUMEHTBI MOXHO KlIaccuuyuposams MO CIACAYIOUUM MPU3-
HaKaMm.

1. B 3aBUCUMOCTHU OT OTPaciy HaAyKHU.

2. Ilo cnocoOy dhopmupoBaHuUsl yCIOBHI IKCIIEPUMEHTA: €CTECTBEH-
HBIE; UCKYCCTBEHHBIE.

3. Ilo menssiM uccieaoBaHuUs: MPeoOpas3yOIIUe; KOHCTATUPYIOIIUE;
KOHTPOJIMPYIOIIKE; NOUCKOBBIE; PEIIAOLIHUE.

4. Tlo opranuzanuu MpoOBEAEHUA: JTaOOPATOPHBIC, HATYPHBIC: TOJIe-
BbI€, TTOJIMTOHHBIC U MPOU3BO/ICTBEHHBIE.

5. [Tlo crpykrype uzyuaeMbix OObEKTOB U SIBIICHHI: MIPOCTHIE; CIOXK-
HBIE.

6. Ilo xapakTepy BHEITHUX BO3/ECHCTBHUI HA OOBEKT: BEIICCTBEHHEIE;
SHEpreTUYecKue; MHPOpPMaIMOHHbIC.

7. Tlo xapakTepy BO3JECUCTBUSI CPEIICTB IKCIIEPUMEHTAIBLHBIX HCCIIe-
JOBaHUY HA 0OBEKT: MOJICIIbHBIC; OOHEKTHEIE.

8. Ilo Tumy Mojeneu, UCIoNIb3yeMbIX B SKCIIEPUMEHTE: MaTepHAIIb-
HBIE; MBICJIUTEIIbHBIC.

9. Ilo KOHTpOJUPYEMBIM BEJIMUMHAM: TACCUBHBIC; aKTUBHBIE.
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10. ITo komuuecTBY BapbUpPyeMbIX (haKTOPOB: 0JJHO(PAKTOPHBIE; MHO-
roakTOpHBIC.

11. Ilo xapakTepy H3y4aeMbIX OOBEKTOB U SIBJICHHUMH: TEXHOJOTHUYE-
CKHE; COIIMOMETPUYECKHE.

Ecmecmeennviii oxcnepumenm TPEIONaraeT MpoOBEICHUE OIBITOB B
€CTECTBEHHBIX YCJIOBHSX CYIIECTBOBAHUSA OOBEKTOB HCCIEAOBAHUS (Harle
BCEr0 HCIMOJB3YeTCs] B OMOJOTUYECKHUX, COIMAIbHBIX, MEAArOrHuecKux H
MICUXOJIOTUYECKUX HAYKaAX).

Hckyccmeennwiii sxcnepumenm mpesmnonaraet GopMupoBaHUe UCKYC-
CTBEHHBIX YCIIOBHM JJIT 00OBEKTa UCCIeAOBaHUS (IMMPOKO MPUMEHSETCS B
€CTECTBEHHBIX M TEXHHUYECKNX HayKax).

lIpeobpa3zyrowuti (cosudamenbhblii) SKCnepuMenm — HUCCIIEeI0BaTENb
AKTUBHO M3MEHSET CTPYKTYPY U PYHKIIMH OOBEKTOB UCCIETOBAHUS B COOT-
BETCTBHH C BBIIBUHYTOM THIIOTE30M, a Takke (POPMUPYET HOBBIC CBSA3U U
OTHOIIIEHUS MEXKIYy KOMIOHEHTaMU OOBEKTa WU MEXKIY HCCIETyEeMbIM
00BEKTOM M JPYTUMHU OKPYKAIOIMUMHU €T0 00hEKTaMH. SIBIIsIeTCS pa3HOBHU/I-
HOCTBIO HCKYCCTBEHHOTO DKCIIEPUMEHTA.

Koncmamupyrowuti sxcnepumenm  UCTHONB3YETCAd i1 MPOBEPKU
ONPEAECIICHHBIX MPEANOIOKEHUNW. KOHTpOIMpPyIOMMil SKCIIEPUMEHT CBOIUT-
Csl K KOHTPOJIIO PE3yJIbTAaTOB BHEIIHUX BO3JIEHCTBHUI Ha 0OBEKT HCCIIE0BA-
HUS C YYETOM €ro COCTOSIHMSI, XapaKTepa BO3JACHCTBUS M 0XKHIaeMOro -
dekra.

Ilouckosbiil 9xcnepumenm IPOBOJUTCS B TOM Cllydae, €CJIU 3aTpyaHe-
Ha Kiaccudukanys (pakTOpoB, BIMAIONIMX Ha M3y4aeMoe SIBJICHUE BCIEH-
CTBHE OTCYTCTBUSI JOCTAaTOYHBIX MPEABAPUTEIBHBIX (AIPUOPHBIX) TAHHBIX.
[To pe3ynpTaTaM MOMCKOBOTO DKCIIEPUMEHTA yCTAaHABIMBACTCS 3HAYMMOCTh
(aKkTOpOB, BIUSIONINX HA MCCIECIYEMbIN 0OBEKT, OCYIIECTBIISIETCS] OTCEBa-
HUE HE3HAYNMBIX.

Pewarowuii oxcnepumenm cTaBUTCS I POBEPKU CIPABEAJIMBOCTH
OCHOBHBIX TMOJIOKEHUN PYyH/IaMEHTAIbHBIX TEOPUM B TOM CiIy4ae, KOT/ia JIBe
WM HECKOJIBKO THUIIOTE3 OJIMHAKOBO COTJIACYIOTCSI CO MHOTUMH SIBIICHHUSIMU.

Llenpro pemaromiero 3KCIEepUMEHTa SIBJIAETCS HaXOoXAeHUe (PakToOpoB, KO-
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TOPBIE COTJIACYIOTCS TOJIBKO C OJIHOM THIOTE30M, a JAPYrod (OCTaTbHBIM)
IpOTHUBOpEYAT.

Jlabopamopnulil s9xcnepumenm MPOBOAUTCS B TaA0OPATOPHBIX YCIOBU-
X C TMPUMEHEHUEM THUIIOBBIX MPUOOPOB, CHEHUAIBHBIX MOJACIUPYIOIINX
YCTaHOBOK, CT€HJIOB, 00OPY/IOBaHUS U T. 1. DKCIIEPUMEHT IO3BOJISIET Kaye-
CTBEHHO, C TpeOyeMOl MOBTOPSIEMOCThIO U3YUUTh BIMSHUE OJJHUX XapaKTe-
PUCTHUK TIPU BApbUPOBAHUU JIPYTHUX.

Hamypuwiii sxcnepumenm TPOBOJUTCS B €CTECTBEHHBIX YCIIOBUSIX U
Ha peasbHbIX O0BEKTAaX.

OmKpoimblii SKCnepumMerm — SKCIEPUMEHT, KOTOPBIA OTKPHITO O0B-
SCHSIET LIeJIM U 33J]a4M UCCIIeI0BaHMs (BIMET Ha pe3ynbTar). [[poBoauTcs B
COLIMAJIbHBIX, ICUXOJIOTHYECKUX, MIEAArOrM4eckux Haykax. B xauectBe 00b-
€KTa UCCIIEIOBAHUS BHICTYIAET YEJIOBEK WIIM TPYIINa JUll. 3HaHUE 00BEKTOM
UCCJIEIOBAHMS TOTO (paKTa, YTO HAJl HUM MPOBOJAMUTCS IKCIIEPUMEHT, BIUSET
Ha pe3yJIbTAaThl UCCIEAOBAHUS.

3axpeimolii oxcnepumernm — SKCIEPUMEHT, B KOTOPOM OOBEKT HCCIIe-
JIOBaHMS HE JOTaJIbIBAETCS O TOM, YTO HAJl HUM MPOBOJUTCS SKCIIEPUMEHT,
HaXOJUTCA NPU 3TOM B €CTECTBEHHBIX YCIOBUSX. Pe3yiabTarhl Takoro sKkc-
nepuMeHTa 0oJiee JOCTOBEPHBI.

IIpocmoti 3xcnepumenm WMCHOJB3YeTCs JUIsl U3Yy4YeHUsT OOBEKTOB, HE
MMEIOIINX CJI0KHOW Pa3BETBICHHOW CTPYKTYPBI, C HEOOJBIIUM KOJIHYe-
CTBOM B3aWMOCBSI3aHHBIX M B3aHMOJICHCTBYIOIINX 3JIEMEHTOB, BBIMOJIHSIIO-
IUX OpocTeiime QyHKIUU.

CnodtcHolll IKCnepumenm TPUMEHSIETCSl Ui U3Y4YeHHS] OOBEKTOB C
PAa3BETBICHHON CTPYKTYpPOH, B KOTOPOM MOHO BBIAEIUTHh MEPAPXUUECKUE
YPOBHHU C OOJIBIIIUM KOJIMYECTBOM B3aUMOCBSI3€M BHYTPEHHUX 3JIEMEHTOB.

Hnghopmayuonnwiii sxcnepumenm UCNONIb3YETCs NI U3YUYEHUS BIIHSI-
HUS TOM WM MHOW MH(pOopMaIuu (pa3indHoi 1Mo GopMe B COCPIKaHUI0) Ha
00BEKT HCClIeIOBaHUs (Yalle BCEro MCMHOJb3yeTcsl B OMOJOTHUM, MCHUXOJIO-
MU, COLUOJIOTUH, KHOEPHETHUKE).

Bewjecmeennulil sxcnepumenm MpeanonaraeT U3y4eHue BIUSIHUS pa3-
JMYHBIX BEIIECTBEHHBIX ()aKTOPOB Ha cOCTOsiHME 00bekTa. Hanpumep, Biu-
SIHUE Pa3JIMYHBIX T00aBOK HA KAYe€CTBO CTaJIH.

DuepeemuuecKkuii IKCNepuMeHm UCIONb3yeTCs I U3YUYEHUs BO3IEH-
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CTBHUS Pa3HBIX BUJOB 3HEPryuu (IJICKTPOMArHUTHOM, MEXaHUYICCKOM, TEILIO-
BOI) Ha OOBEKT MCCIICIOBAHNS.

Obviunblll IKCnepumenm — SKCIEPUMEHTAIbHBIE CPEICTBA B3aWMO-
JEHUCTBYIOT C 00BEKTOM HCCIICIOBAHMSI.

Mooenvuvlii sxcnepumenm — 0OBEKT UCCIICIOBAHHS 3aMCHSICTCS €ro
Mojenbro. HemocraTok: pasnmuune MexXay MOJACIBIO U peallbHBIM 00bEKTOM
MOJKET CTaTh HICTOYHHUKOM OIIHOOK.

Mbicnennwiii s5xcnepumenm — OOBEKT HCCICIOBAHUS 3aMEHSETCS €ro
MBICJICHHBIM 00pa30M, KOTOPBIA MOABEPracTCsS TEM WU UHBIM MBICICHHBIM
BO3JICCTBHUSIM. DTOT SKCIEPUMEHT BKIIFOYAET B c€Osl TOCTPOCHUE MBICIICH-
HOM Mojzenu 0ObEKTa, MBICIICHHOE CO3JaHHue OOBEKTa, BCE ITH MAaHUITYIIS-
I JIOJDKHBI TIPOBOJUTHCA C YU4E€TOM (PM3MYECKHX 3aKOHOB. MBICICHHBIN
AKCIIEPUMEHT MPEIIECTBYET MaTePUAIbBHOMY SKCIIEPUMEHTY.

Mamepuanvhwiii 3kcnepumenm: B HEM UCIIOIB3YIOTCS MaTepUalibHBIE,
a He ujeaabHble OOBEKTHI UCCIICIOBAHMUS.

llaccusnwiii sxcnepumenm — HaAONIOAEHUE 3a O0BEKTOM 0O€3 HCKYC-
CTBEHHOTO BMEIIIATEJILCTBA B €ro ()YHKIIMOHUPOBAHUE U U3MEPEHUE WHTE-
pECYIOIINX HAC MapaMeTPOB.

Axmuenblil 3Kcnepumenm — 3TO SKCIEPUMEHT, CBSI3aHHBIN C BMeIa-
TEJILCTBOM MCCJIEAOBATENSI B CYIIECTBOBAHUE OOBEKTA MCCIICIOBAHUS, BbI-
00poM crenuanbHbIX (PAKTOPOB BIUSHUS HA OOBEKT UCCIEIOBAHUS U KOH-
TPOJIEM BXOJHBIX M BBIXOJAHBIX MapaMETPOB UCCIEAYEMON CUCTEMBI.

Oonogpaxmopnvlil dKcnepumenm TPEANOTaraeT WU3yUYCHHUE BIUSHUS
TOJIBKO OJTHOTO (haKTOpa Ha OOBEKT.

Mmuozopaxmopnulii 5xcnepumenm — BapbUPYIOTCS HECKOJIBKO (paKTo-
POB cpa3y M Kaxablil 3(pPeKT oIeHnBaeTCS MO PEe3yabTaTaM BCEX OIMBITOB,
MPOBEACHHBIX B JAHHOW CEPUHU IKCIIEPUMEHTOB.

Texnonocuueckuii sxcnepumenm — MPOBOJUTCS HAa MPOU3BOJCTBE U
HampaBJIeH Ha U3YYEHHUE DJIEMEHTOB TEXHOJOTHYECKOTO Mpoliecca (IpoayK-
1K, 000PYI0OBAaHMS, ACATSILHOCTH paOOTHUKOB) HMJIH MPOIECCA B IICIOM.

Coyuomempuyeckuii dKCnepumerm WCIOIb3YETCs Uil U3YyUYCHUS CY-
IIECTBYIOIIMX MEXJIMYHOCTHBIX, COIUATBHO-TICUXOJOTMYECKUX OTHOIIICHUN
B MaJIBIX TPYIIIIAX C IEJbI0 UX MOCIEAYIOIIEr0 NU3MEHEHUS.

[IpuBenenHas kiaaccudukaiys He MOXKET ObITh TPU3HAHA TTOJTHOM, I10-

CKOJIbBKY C pacIIMpPEHUEM HAy4YHOTO 3HAHUS paclIupsieTcss U o0JlacTh MpU-
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MEHEHUS SKCIEPUMEHTAIBHOTO METO/IA.

lInanuposanue skcnepumenma — 3TO TPOLEAypa BHIOOpa 4YHCIIA U
YCJIOBHI IPOBEACHUS ONBITOB, HEOOXOAUMBIX U JOCTATOUYHBIX JJIs1 pEUICHUS
MOCTaBJICHHOM 3a/1auu ¢ TPeOyeMO TOYHOCTBIO.

[Ipu 3TOM CyIIECTBEHHO CIIEIYIOIICE:

— CTpEMJICHHE K MUHMMH3ALMHU OOILEro YKCiia ONbITOB;

— OJIHOBPEMEHHOE BapbUPOBAHUE BCEMHU IEPEMEHHBIMHU, OIPEIEIs-
FOILIMMU ITPOLECC, IO CIIENUAIBHBIM IIPaBUJIaM — aJITOPUTMAaM;

— HUCIIOJIb30BAaHWE MAaTEMaTU4YeCKOro amrmapara, (opMalu3yroIIero
MHOTHE JEUCTBUS IKCIIEPUMEHTATOPA;

— BBIOOp YETKOM CTpaTervu, MO3BOJSAIONICH MpUHUMAaTh 000CHOBaH-
HBIE PELICHUS MTOCIE KAXKIOW CEPUH KCIIEPUMEHTOB.

3agauu, Il PEMICHUS KOTOPBIX MOXET HMCIOJIb30BATHCS IIAHUPOBA-
HHUE 3KCIEPUMEHTA, YpE3BbIYatHO pa3HOOOPA3HHBI.

['me ectb 3KCIIEPUMEHT, UMEET MECTO U HAyKa O €ro NPOBEIACHUU —
naaHUpoBanue IKCnepumenma.

[Torck onTUMaIbHBIX YCIOBUU SIBIISIETCS OJTHOM M3 HauboJjiee pacipo-
CTPaHEHHBIX HAYYHO-TEXHUYECKUX 3aJ1ad, HEOOXOAMMO 4eTKO (PopMyIHpo-
BaTh YCJIOBUSI ONTUMHU3AIMHU. DTUM OIpeAeseTcss BbIOOp Leu UcclieoBa-
Hus. Tounas ¢popMynupoBKa LEIH ONpenessieT ycrnex ucciaeaoBanus. 3aaa-
4y, cHOPMYJIUPOBAHHBIE AHAJIOTMYHBIM OOpa3OM, HAa3bIBAIOTCA 3aJauamMu
ontuMu3anu. lIponecc nux pemenns: Ha3pIBA€TCs NPOLECCOM ONTHUMU3ALUN
WM MPOCTO ONTHMU3ANKE. BrIOOp ONMTHMMaIbHOTO COCTaBa MHOTOKOMITO-
HEHTHBIX CMECEW WJIM CIUIABOB, IOBBIIICHUE MPOU3BOAUTEIBHOCTH JEH-
CTBYIOIIIMX YCTAHOBOK, MOBBINIEHWE Kadye€CTBAa MPOAYKIHUH, CHWKECHHUE 3a-
TpaT Ha €e MOJIyYEeHUE — BOT IPUMEPHI 33]1a4 ONTHUMU3ALNH.

DKCIIEpUMEHT, KOTOPBIA CTABUTCS IS PELICHUs 3a7a4 ONTUMU3ALNH,
Ha3bIBACTCA IKCMPEMATIbHBIM.,

DTO Ha3BaHUE CBSI3aHO C TIIyOOKOW aHAJOTHEW MEXIy ONTUMU3AIIUCH

1 TIOMCKOM PKCTpeMyMa HEKOTOpO (DYHKITHUH.
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PaccmoTpum aBe 3anayu.

1. IlpouHnocTs GeTOHA B 3HAYMTEILHOM CTEIICHHW OMPENEIIeTCsS Map-
KOU IIeMeHTa, KOJTMYECTBOM HAMIOJIHUTENS U KOJIMYECTBOM BOJIbL. Tpedyercs
YCTaHOBUTH CBSI3b MEXKAY MPOYHOCTHIO OETOHA M HA3BAHHBIMU (haKTOpaAMHU.

2. HapexxHOCTh HEKOTOPOTO MOJYMPOBOJHUKOBOIO MprbOOpa 3aBUCUT
OT psiia TEXHOJOTHYECKUX (pakTopoB. TpedyeTcs Tak mogo0paTh 3HAUYCHUS
3TUX (HAaKTOPOB, UTOOBI HAJEKHOCTD NMPHUOOPa OBHICHIIACK.

Kakas 3 3Tux 3a7a4 ABASE€TCS SKCTPEMAIBHOM?

[Ipr3HAaKOM 3KCTpPEMATILHOM 3a1a4M ABJISETCS HAUIMYHUE B L[EJIA TTOUCKA
AKCTpEMyMa HEKOTOPOU (PyHKIIUH.

YtoObl yCTAaHOBUTH, KaKas U3 JIBYX 3a7ad SIBIISETCS SKCTPEMaIbHOM,
HaJI0 00paTUTHCA K UX (HOPMYITUPOBKAM U BBISICHUTD, TJI€ YAOBICTBOPSIOTCS
TpeOOBAHUS IKCTPEMATBHOCTH.

B 3amaue 1 TpeOyeTrcs yCTaHOBUTH CBSI3b MEXKY MPOYHOCTHIO OE€TOHA
U TpeMs pakTopamu. 37eCh HE ONPEACIICHO, Kakasi IPOYHOCTH SBJISICTCS OII-
TUMAaJIbHOM, U HE TPEOyeTCsl €€ ONTUMU3UPOBATD.

B 3amaue 2 HE0OXOAUMO MOBBICUTH HAJIEKHOCTH Mpubopa. Cama 1o-
CTAHOBKAa 3aJlauyd YyKa3blBa€T Ha TO, YTO CYLIECTBYIOIIAs HAJEKHOCTb HE
YAOBJIETBOPSET SKCIIEPUMEHTATOPA U TPEOYETCs] TOMCK TaKUX YCIOBUU, TIPU
KOTOPBIX €€ 3HAUCHUS MOBBICITCA. 3a/1a4l Ha3bIBAEM MHTEPIOJIALMOHHBIMH,
a TUIA 2 — SKCTPEMAIBHBIMHU.

IInanuposanue sxcnepumenma — 00JIaCTh 3HAHUS, CBSI3aHHAs C IO-
CTPOCHHUEM U ONITUMHU3ALUENA MATEMATUUECKUX MOJIEIIEH.

[Ipy maHUpPOBAHUM SKCIIEPUMEHTA UCCIICAYEMbIM 0OBEKT MPE/ICTaB-
JISIETCSl «YEPHBIM SIUKOM» (puC. 1.7), Ha KOTOPBIM BO3ACHCTBYIOT (DAKTOPHI
x(1<i<n).,

X7 Vi
X, y 2 —
3 e ! — 0
§* =X, «UepHBIit Ly, E
- . -
- ALHK» . =
S : g
X, Yo B

—_— -

Puc. 1.7. Cxema npeacraBneHust 00beKTa HCCIEIOBAHUN
B BHJIC «YEPHOTO SIITUKA
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B Xoxe BBINOJHEHUS 3KCHEPUMEHTA I0JIy4aeM MATEMATHYECKYIO
MOJIeNIb MCCIIEIOBAHUSI, KOTOpas MPENCTaBIAeT cO00N ypaBHEHHUE, CBSI3bI-

Baroliee mapamerp ontumuzaumu - (Y,,Y,,Y,;.....Y,) ¢ dakropamu

(X,,X,,X;,....X, ), HA3BIBAEMOE YPaBHEHUEM PETPECCHU:

k k k k
y =DbgXo + D biX + Zbijxixj +Zbiixi2 + Zbijkxixjxn +...(1.8)
i=1 ij=1 i=1 i,jn=1

TJIC Xi — 3HAUYCHUS BIUSIONIMX (HaKTOPOB; D, — CBOOOAHBIN UJICH, Onpe/eisie-
MBI TIPU Xi = Xj = Xk =...= 0, Di — KOOPPUIMEHTHI perpeccuu, MOKa3bi-
BAIOIIME CTENICHb BIMSHUS COOTBETCTBYIONMIETO (DAaKTOpa Ha BBIXOJIHYIO
GyHkHo0; bij — ko3 dunmenT, ykaspiBaromuii Ha Haauaue 3ddexra co-
yeTaHusi 1ByX (akTopoB; K — yuciao cTonabIoB B MaTpuile IIaHUPOBA-
HUA SKCIIEpUMEHTa; ¥, =1,

MHuoromepHoe gakmopHoe npocmpancmeo — 3TO MHOKECTBO TOYEK,
KaKJ1asi 13 KOTOPBIX COOTBETCTBYET OINPECICHHON KOMOMHAIINN (haKTOPOB.
O6nacTe BO3MOXHBIX KOMOMHAIMK (PaKTOPOB Ha3bIBaeTCs 00JIaCThIO BO3-
MOXHBIX (JIOIYCTUMBIX ) IJIAHOB 3KCIIEPUMEHTA.

3aBUCHMOCTDH PEaKINU 00BEKTa OT TOUYKH (DAKTOPHOTO MPOCTPAHCTBA
Ha3bIBaeTCa ¢yuxyuen omrkauka Y= T(X,,X,,X,,...X ), a €e TeoMeTpuye-

CKOE€ IIPEICTABJICHUE — MOBEPXHOCTHIO OTKIUKA (puc. 1.8).

lloeepxnocme
OMKIUKA

Yd

frun X2max

=

X min

X max /

X

Puc. 1.8. [ToBepXHOCTh OTKIJINKA

Kaxnapiii gpakTop MOXKET NMPUHUMATh B OIBITE OJHO M3 HECKOJbKHX
3HaueHui. Takue 3HaUeHUs OyJiIeM Ha3bIBaTh YPOBHSAMH. MOXET OKa3aThCs,
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9T0 (HaKTOp CIOCOOEH MPUHUMATh OCCKOHEYHO MHOI'O 3HA4YCHHU (Hempe-
pBIBHBIN psin). OHAKO HA MPAKTHKE TOYHOCTh, C KOTOPOW YCTaHABIUBAECTCS
HEKOTOpOe 3HaueHue, He OecrpeaensHa. [loaToMy MBI BIpaBe CUMTATh, UTO
BCSKHM (PaKTOp UMEET OIpPEACTIEHHOE YNCIIO TUCKPETHBIX YPOBHEH. DTO CO-
rJIallleHHEe CYIIECTBEHHO 00JIer4aeT MOCTPOCHUE «UEPHOTO SIIHUKA» U DKC-
NEPUMEHTA, a TAKKE YNPOIIAET OLIEHKY UX CJI0KHOCTH.

dukcupoBaHHBIM HAOOP YpOBHEH (haKTOPOB (T.€. YCTAHOBJICHUE KaX-
noro (akTopa Ha HEKOTOPHIA YPOBEHB) ONPEIECISIET OJHO M3 BO3MOXKHBIX
COCTOSTHUUM «UEpHOTO srKa». OIHOBPEMEHHO ATO €CTh YCIOBHS MpPOBEIe-
HUS OJHOTO M3 BO3MOXHBIX ONBITOB. Ecnu mepeOparh Bce BO3MOXKHBIE
HaOOpBI COCTOSIHUN, TO MBI MOJYYUM IOJIHOE MHOXECTBO Pa3IUYHBIX CO-
CTOSIHUI JAHHOTO «suKa». OTHOBPEMEHHO 3TO OyIeT YHCIO BO3MOXKHBIX
pa3IMYHBIX OMBITOB.

COBOKYIHOCTb BCEX Pa3IMUYHbIX BO3MOKHBIX COCTOSIHMM OIpeaensieT
CJI0KHOCTb «UEPHOTO SIIUKa» U 00IIee YUCIO BO3ZMOKHBIX OIBITOB.

UtoObl y3HaTh YMCIO PA3IUYHBIX COCTOSIHUM, JIOCTATOYHO YHUCIIO
ypoBHEN (pakTopoB (eciu OHO Jjisi BceX (haKTOPOB OJIMHAKOBO) BO3BECTH B
cTereHb uncia GpakTopos K:

N = p¥,
TJI€ p — YHCJIO YPOBHEM.

Cucrema ¢ msThio (pakTopamMu Ha MATH YpoBHAX umeeT 3125 cocros-
HUU, a 17151 1ecITH (PaKTOPOB HA YETHIPEX YPOBHSIX MX YK€ CBBIIIEC MUJLIAO-
Ha!

Ceoticmeo 0O0vexma 3KCnepuMeHmos.

— BOCIIPOU3BOAMMOCTD PE3yJIbTATOB;

— YIIPaBIsIeMOCTb.

[TnanupoBaHue FKCIEPUMEHTA MPEINOJIaraeT aKTUBHOE BMEIIATENb-
CTBO B MPOILIECC U BO3MOXKHOCTH BbIOOpa B KaXKIOM OIIBITE T€X YPOBHEH
(dakTOpOB, KOTOPHIC MPEACTABISIIOT UHTEpeC. [103TOMy Takoi 3KCIIEpUMEHT
HA3BIBACTCS AKMUBHBIM.

OOBeKT, Ha KOTOPOM BO3MOYKEH aKTUBHBIN SKCIIEPUMEHT, HA3bIBACTCS
YNpasisembiMm.

[Tnoxast BOCIpOM3BOIUMOCTh OOBSICHSIETCS JIeHCTBUEM (DakTopa, CH-
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CTEMaTUYECKH U3MEHstouerocs (apendyroiiero) Bo BpeMeHu. Torna Hyx-
HO 00paIlaThCs K CHEIUAIbHBIM METO/IaM IIJIaHUPOBAHMUSL.

Ecnu Bce akTopsl HeynpaBisieMbl, TO BO3HUKAET 3a/1aya yCTaHOBJIE-
HUSI CBSA3U MEXK]y MTapaMEeTPOM ONTUMU3AIUMU U PaKTOpaMu IO pe3yabTaTam
HaOIIOJEHUH 3a MOBEJECHUEM OOBEKTA, WM, KaK TOBOPSAT, MO pe3ysbTaTam
NACCUBHO20 IKCNEPUMEHMA.

lInanuposanue sxcnepumenma — BBIOOp IJIaHA AKCIIEPUMEHTA, YJIO-
BJICTBOPSAIONIETO 3aJlaHHbIM  TPEOOBAHUSM, COBOKYMHOCTh JEHCTBUH,
HaIIPaBJICHHBIX Ha Pa3pabOTKy CTpaTEruu SKCIEPUMEHTUPOBAHUS (OT MOJTY-
YEHUS anpHOPHON MH(POPMAIIUU JI0 TOJIyYeHUS pabOTOCIIOCOOHOM MaTeMa-
TUYECKOI MOJENH WIH ONPEIEICHNS] ONTUMAIIbHBIX YCIOBUM).

DTO 1eNeHanpaBIeHHOE YIPABICHUE YKCIIEPUMEHTOM, PEATU3YEMOE B
YCJIOBUAX HEMOJIHOTO 3HAHUSI MEXaHU3MA U3yYaeMOTO SIBJICHUS.

Iloo nnanom sKkcnepumenma TIOHUMAETCS COBOKYITHOCTH JIaHHBIX,
ONPEACIISIIOIINX YUCIIO0, YCIOBUS U OPSIAOK PEATU3ALMU OTBITOB.

[lox ci0BOM ombim B HaHHOM CiIy4yae MMEETCS B BHIY OTJIEIbHAs,
3JIEMEHTApPHAS YacTh SKCIIEPUMEHTA.

[lonsiTne naanuposanue skcnepumenma ONPENEIAEM Kak IMPOLECC
pa3paboTKH IJIaHa HKCIIEPUMEHTA, BKJIIOUYAIOIIMM B ce0sl BCe ATallbl U3yyde-
HUS 00BEKTa UCCIETOBAHUS — OT IMOJYUYECHHUS] apUOPHOU MHPpopManuu 10
co3/laHusl paboTOCIIOCOOHOM MaTeMaTUYECKOW MOJiesin 00bEeKTa UCCIeq0Ba-
HUS WIN OTIPEICTICHUS ONITUMAJIBLHBIX YCJIOBUH.

[InanupoBaHue cocoOCTBYET 3HAUUTEILHON UHTEHCU(PUKAITUN TPyJa
UCCJIeIOBATENsl U COKPAILEHHUIO 3aTpaT Ha HKCIIEPUMEHT, MOBBIIICHHUIO J10-
CTOBEPHOCTH MOJIYUYEHHBIX PE3YyJIbTATOB UCCIIEAOBAHUS.

[InanupoBaHue 3KCIIEPUMEHTA MPOBOAUTCS B HECKOJIBKO 27/Mano8.

— MOCTaHOBKa 3aJ]a4uu (OMpeeIeHUE EIN HIKCIIEPUMEHTA, BBISICHEHUE
UCXOJHOM CHUTYallMH, OIEHKA JOMYCTHUMBIX 3aTpaT BPEMEHU U CPEJICTB,
YCTAHOBJICHHUE THUIIA 3a/1a4H );

— cbop ampumopHO¥W uHPpOpManuK (MIOTyYEHUE JIMTEPATYPHI, OMPOC
CHELHAIKNCTOB U T.I1.);

— BBIOOp crocoba pelieHuss U CTpaTeru ero peain3anuu (yCTaHOB-
JIEHWE TUIA MOJCIIH, BBISIBIICHHE BO3MOXKHBIX BIUSIIOMINUX (DAKTOPOB, BBISIB-
JIEHUE BBIXOJIHBIX MMapaMeTpoB, BLIOOD IeNIE€BBIX (DYHKIIMHI, CO3/1aHHE HEOO-
XOJIUMBIX HECTAaHJAPTHBIX TEXHUYECKUX CPEACTB, (POPMYyIHMpPOBKA CTATH-
CTUYECKHUX 3a/a4, BEIOOp WK pa3paboTKa aIropuTMOB IIporpamm oopadoT-
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KU DKCTIEPUMEHTAJIbHBIX JAHHBIX ).

OCHOBHBIMU KOHYenyusmu COBPEMEHHOIO IMOJXO0Ja K OpraHu3aluu
AKCIIEPUMEHTA SIBIISIOTCS PAHOOMU3AYUS, MHO20DAKMOPHOCMb U A8MOMA-
Mmu3ayust.

Panoomuzayus. JIr060€e 3KCIEPUMEHTAILHOE HCCIENO0BAaHUE IPOBO-
JUTCS, KaK MPaBWIO, B YCIOBUAX JIEUCTBUSI CUCTEMATUUYECKUX OIIMOOK U
(bakTOpOB, KOTOPHIEC TPYAHO MOJJAIOTCS YUETY U KOHTPOJIIO.

Tak xkak WU3MEHEHHE OTKIMKa Y HMMEET CIy4dalHbId XapakTep, TO B
KKJI0M TOYKE (DAKTOPHOTO MPOCTPAHCTBA HEOOXOJAMMO MPOBOJIUTH M TO-
BTOPHBIX OIBITOB U Pe3yibTaThl HAOMIOAEHUN ycpeausaTh. [lepen peanusa-
IMel TUIaHa JSKCIepUMEHTa Ha OOBEKTE HEOOXOJMMO PAaHIOMU3UPOBATH
(coenath COy4aiHBIMU B IPOCTPAHCTBE U BO BPEMEHH) BapHaHThl BApbUPO-
BaHUs (HaKTOPOB, T.€. UCIOJB3Yyd TaOJIUIy PAaBHOMEPHO paclpeeeHHBIX
CIIy4alHbIX YHCEJ, ONPEACIIUTh MOCIEI0BATEIIbHOCTh PeaJnu3allii BapUaH-
TOB BapbupoBaHus miaHa B NM omnbiTax (rae N — 4uciIO CTpOK MaTpHIlbI
nojHoro (akropHoro skcnepuMenTa (IIMD), a M — YUCIO TOBTOPHBIX OIIBI-
ToB). Torma ¢gakTopsl SKCIEpUMEHTa MOKHO paccMaTpHWBaTh KAk CiIydai-
HbI€ BEIMYMHBI U, CJIEJAOBATEIbHO, YYECTh CTATUCTUYECKH WX BIIUSHUE B
3HAYEHUU OIIMOKH IKCIIEPUMEHTA.

Ipumep. TIponsBecTH paHIOMU3AILHIO ONbITOB 11D Tuna 22 ¢ Tpems
MOBTOPHBIMU OIBITAMHU.

Pewenue. I3 ycnoBus 3amgauu cnenyet, uto N = 4, m = 3, o6miee ko-
JIMYECTBO OMBITOB paBHO 12. Martpuiia miaHUpOBaHUS SKCIEPUMEHTA C
PaHIOMU3UPOBAHHON TIOCJIEIOBATEILHOCTHIO OIBITOB MpHUBEACHA B TaOI.
1.3.

Tabnuua 1.3
Marpuiia miaHupoOBaHus SKCIIEPUMEHTA
C paHJIOMU3UPOBAHHON MOCJIEA0BATEIBHOCTHIO OMBITOB

HOCJIe)IOBaTeJ'IBHOCTI) IMPOBECACHM OIBITOB
u X1 X2
Yiu You Y3u
1 - - 10 4 6
2 + - 9 2 7
3 - 1 8 11
4 + 5 3 12
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MHnoeogpaxmoprocms. OpraHuzanus SKCIEPUMEHTA C MPUMEHEHHEM
MHOTO(AKTOPHBIX CXEM BapbUPOBAHMS TMO3BOJISIET IMOBBICUTH TOYHOCTD
OLICHOK IapaMeTpoB MOAOHMpPAaEMbIX MOJENECH Jisi HEeIETEPMHUHHPOBAHHBIX
00BEKTOB, TOUYHEE OLEHUTHh UYBCTBUTEIBHOCTh BBIXOJHOM 3aBHCUMOIl Ie-
pPEMEHHON 00BEKTa K BapHallUd M3y4aeMbIX BXOJHBIX HE3aBUCHMBIX Iepe-
MEHHBIX.

Aemomamuzayus. TexHUUECKUE CPEACTBA BBIYMCIUTEIBHBIX KOM-
IJIEKCOB MO3BOJISIIOT HA KAYECTBEHHO HOBOM YPOBHE IO TOYHOCTH, OBICTPO-
JEUCTBUIO W HAIVSIAHOCTH peIIaTh 3ajauu cOopa, nepepaboTku U 0ToOpa-
xeHust uHgopmanuu. [IporpaMMHbIie cpecTBa MPEAOCTABISAIOT UCCIIEI0BaA-
TEJIK0 HOBBIE BO3MOYKHOCTM OpraHM3aluy Ipoliecca aHaliu3a JaHHBIX, CO-
3/1aHHsI aBTOMATHYECKHU YIPABISIEMON MOCIIEI0OBATEIbHOCTH MPOLEAYp aHa-
JM3a, UCIOJIb30BaHMUSI MHTEPAKTUBHOIO pexuMa pabOThl C MakeTaMu IpH-
KJIQJHBIX TPOTPaAMM.

Cpenu OCHOBHBIX Memo008 NIaHUuposanus, MPUMEHIEMbIX Ha Pa3HBIX
ATanax MCCleI0BaHUs, UCIIOIb3YIOT:

— IUIAHMPOBAHHE OTCEUBAIOIIETO 3KCIIEPUMEHTA, OCHOBHOE 3HAYCHHE
KOTOPOI'0 — BBIJICJICHHE M3 BCEM COBOKYMHOCTH (PAKTOPOB IpyMIbl Cylle-
CTBEHHBIX (PaKTOPOB, MOJJIKAIINX JaTbHEHIIIEMY JIE€TaJbHOMY U3YyUYECHHUIO;

— IUIAHMPOBAHME SKCHEPUMEHTA JIJIsl IUCIEPCUOHHOIO aHajIu3a, T.€. COo-
CTaBJICHUE TJIAHOB JI1 00bEKTOB C KaU€CTBEHHBIMU (PaKTOpamu;

— IUIAHUPOBAHHUE PETPECCHUOHHOIO IKCIIEPUMEHTA, MO3BOJISIOIIETO MO-
Jy4aTh PErpecCUOHHBIE MOIENIN (MTOJTUHOMUAIIBHBIC U UHBIE);

— TUIAHUPOBAHHUE SKCTPEMATBHOTO AKCIEPUMEHTa, B KOTOPOM TJIaBHAs
3aJlaya — dKCIEepUMEHTaIbHasl ONTUMU3AIMS 00BEKTa HUCCIIeIOBAHMUS;

— TUIAHUPOBAHME MPU U3YUYEHUU JUHAMUYECKUX MPOLECCOB U T.J.

[Ipu naccuenom 3KCEpUMEHTE CYHIECTBYIOT TOJIBKO (aKTOPHI B BUJE
BXOJIHBIX KOHTPOJMPYEMBIX, HO HEYIPABIIEMBIX IEPEMEHHBIX, U 3KCIIEPH-
MEHTAaTOp HaXOJUTCA B IOJIO)KEHUM IAaCCUBHOrO HaOmrojartens. 3anada
IUTAaHUPOBAHMS: cOOp MHPOPMALIMH, BHIOOP KOJIMYECTBA U YaCTOThI U3MeEpe-
HUM, BEIOOP MeTo/1a 00padOTKU PE3YIHTATOB U3MEPEHUM.

Haunbosee yacto 1e1p10 MacCCUBHOTO SKCIEPUMEHTA SBJISIETCS] TOCTPO-
€HUE MaTEMaTUYeCKOW MOJEIN 00BEKTa, KOTOPask MOKET pacCMaTpPUBATHCS
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100 KaK XOpoIIo, MO0 KaK MJI0X0 OPTaHU30BaAHHBIN 0OBEKT.

B xopomio opraHu3oBaHHOM OOBEKTE MMEIOT MECTO OIpe/eTCHHbIC
MPOIIECCh, B KOTOPHIX B3aMMOCBS3M BXOJHBIX W BBIXOJHBIX IapaMeTPOB
YCTaHABIIMBAIOTCS B BHUJIE JCTCPMUHUPOBAHHBIX GYHKIUH. [loaToMy Takue
OOBEKTHI HA3BIBAIOT OeMmePMUHUPOBAHHBIMU.

[Imoxo opranu3oBaHHble WM TU(PGY3HBIE OOBEKTHI MPEACTABISIOT
co0oit cmamucmuueckue mooenu. MeToIbl UCCIIETOBAHUS C UCIIONIb30BaHU-
€M TaKuX Mojieliell He TpeOyIOT AETalbHOTO M3yUYeHHUs MEXaHH3Ma MpOoIec-
COB M SBJICHUH, IPOTEKAIOIINX B 0OBEKTE.

- MuoxecTBO BCEX TOYEK IPOBEEHUS SKCIIEPUMEHTOB
X'=(x'1, X'2, ..., X), i=1, 2, ..., N mpeacraBiasieTcsi ¢ IOMOIIBIO MATPHIIBI
Xll Xlk
X21 X2k
t=
an Xnk

Y Ha3bIBACTCS NIAHOM IKCNEpUMeHma.

OaHO(aKTOPHBIM MACCUBHBIA 3KCIEPUMEHT MPOBOJIUTCA MYTEM BbI-
NOJIHEHUSI N TIap W3MEPEHUI B IUCKPETHbIE MOMEHTHI BPEMEHHU €IMHCTBEH-
HOTO BXOJHOTO MapameTpa X U COOTBETCTBYIOLIMX 3HAYECHHUMN BBIXOJHOIO
napamerpa Y. AHaIuTHYECKas 3aBUCHMOCTb MEXIY STUMH IapaMeTpamu
BCJICICTBHE CIy4YalHOIO XapakKTepa BO3MYIIAKOMINX BO3JCHCTBUNA paccMar-
pUBaeTCs B BUJE 3aBUCUMOCTH MAaT€MAaTUYECKOTO OKUJAHUS Y OT 3HAYCHUS
X, HOCSIIIEN HAa3BaHUE pecpecCUOHHOU.

CootsercrByromas Jinaust A B mokaszana Ha rpaduke (puc. 1.9).

¥

9
X

Puc 1.9. I'paduk perpeccnoHHOM 3aBUCHMOCTH Y OT X

[lenpto 07HO(MAKTOPHOTO MACCHBHOTO SKCIIEPUMEHTA SIBISETCS T1O-
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CTPOEHUE pErpeccHoHHON Monenu. ClienyeT OTMETUTh, YTO PErPECCHOHHAS
MOJIENTb SIBIISICTCS NMPUOIMKEHHOW OLICHKOW MCTHHHOW PErpecCHOHHOM 3a-
BUCUMOCTU. JlJI1 MOCTPOEHUS] MOJENH CIEAYET MPOBECTH OOOCHOBAHHBIM
BbIOOp ammpokcumupytomein (yHkiuu. KputepusiMmu BbIOOpa SIBASIOTCS
IIPOCTOTA, YJI0OCTBO MOJIb30BaHM, obecriedeHrne TpeOdyeMo TOUHOCTH all-
MPOKCUMAIMH, aJ€KBATHOCTh. AJICKBATHAs PErPECCUOHHAA MOJEIb MO3BO-
JISIeT MpeNICKa3bIBaTh ¢ TpeOyeMoll TOYHOCTHIO 3HAUEHUS! BBIXOJHOM BEIU-
YUHBI B HEKOTOPOW 00J1aCTH 3HAYEHUIN BXOHOM.

Hepenxo s BbIOOpa anmmpoKCUMUpYROHIEH (PYHKIUU MOJB3YIOTCS
KPUBOU PETPECCUOHHON 3aBUCUMOCTH, MPOBEACHHOM «HA TJ1a3y.

Yaie Bcero perpecCuoHHas MOJENb MPEACTABIACTCS ¢ IOMOLIBIO all-
npoKcUMUpyroniei GyHKIUU B BUJIE TOJIMHOMA

Yy =ay +ayX+...+a,x" (1.9)

[IpuHSB TaKy0 MOJIENb, CIECAYET ONPEAETUTHCA B MTOPSAAKE OJIMHOMA,
MOCJIE YEro BBIYUCIIUTH MAPAMETPHI a1, Az, ...,dm.

B oOmiem citydae pe3yibTarhl u3MepeHus li 3HaueHHs BBIXOJHOW Be-
JIMYMHBl U €€ 3HAYCHHUS Vi, ONpPEIEIsIeMble PErPECCUOHHON 3aBUCHMOCTBIO
OT BXOJHOTO (hakTopa Xi, HE COBNAAAIOT, T.€. OTJIMYHA OT HYJS Pa3HOCTb
Ai=li—yi, 9TO CBSI3aHO ¢ HAJIMYHEM MOTPEIIHOCTH U3MEPCHHSI U BO3MYIIAIO-
X BO3JeUCTBHI. OOBIYHO CUYMTAIOT, YTO Ai HE 3aBHUCHT OT 3HA4YCHHS Y
(T.e. aAANTUBHA) U MOAYMHSETCS HOPMaJbHOMY 3aKOHY paclpeiesieHus C
HYJIEBBIM MAaTE€MAaTUYECKUM OXKUIAHUEM.

Ecnu BBITTOTHEHO N M3MEPEHUH, TO UX PE3YJIbTAThl MOKHO 3aIlicaTh B
BHJIE:

lZ = z Cl,j Xé._l + AZ’ (110)
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Cucrema ypaBuenuii (1.10) nuHeitHa OTHOCUTEIBHO @
JI1st HaxOXKJIEeHUsI OIIEHOK @j M3 YCIIOBUSI MUHMMYyMa A HE0OOXO0AUMO

NOOUTHCSI PABEHCTBA HYJII0 BCEX YACTHBIX MPOU3BOJHBIX (DYHKIUI

n m
_ o J1
i=1 j=1

1o a;.
[TomyyuM cucreMy HOPMaJIbHBIX YPaBHECHUM:
n m
Z I, — 2 g/ | =0 (=12...m). (1.11)
i=1 j=1
CrpynnupoBaB Bce KO3(Q(UIUEHTHl NP HEU3BECTHBIX @) M 3aIucaB
ypaBHeHus1 cuctembl (1.11) B ctangapTHOM BUJE, MOKHO BBIYUCIUTH UCKO-
MbI€ MAPaMETPHI @j METOJIOM ONPEAETUTEIIEH.
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2. AITPUOPHASA UHO®OPMALUA
N METOJAbI EE OBPABOTKH

Anpuopnoti Ha3bIBaeTcsi MHGOpMaIUs, KOTOPOU pacroiaraeT ucclie-
J0BaTelb A0 TOTO, KaK OH MPUCTYIHUT K SKCIIEPUMEHTaM.

Anpuopnas ungopmayusi — 370 OCHOBA Il POPMYJIUPOBKU MpoOIIe-
MBI ONITUMAJTBHOCTH.

Texywas ungopmayusi — CpeACTBO PEIICHUS ITON MPOOIEMBI.

B coBpeMeHHBIX OTpacisix 3HaHWK 00BEeM 3TOM MHGOpMAIHU, Kak
IPaBUJIO, JOCTATOYHO BEJIMK W OMNpeAesercs myonukanusMu no teme. [o-
no0Hasi HHPOpPMAIUs YacTO MPOTUBOPEYMBA U MMEET HE BCETJa BBICOKYIO
JOCTOBEPHOCTh (pa3Hble SKCIIEPUMEHTHI B CXOAHBIX YCIOBUSAX Jajd pas-
JUYHBIC PE3YJIbTAaThl), @ TPAHUIIBI €€ Pa3MbITHI (HE BCETJa U3BECTECH Juaria-
30H BapbUPOBAHUS MTAPAMETPOB).

Takum oOpazoM, anpruopHas uH(GOpMaLKsg MOKET ObITh MIpEeACTaBIeHa
B BHUJC MHOXECTBA OTJIEIbHBIX HECUCTEMATHU3UPOBAHHBIX TAHHBIX 00 00B-
eKTe ucclieloBaHus (mpolecce, yCTpOoUCcTBe) U ero napamerpax. CiencTBu-
€M 3TOro sBJsieTCA 3ajaya 00 OObEKTHBHOM OTPAaHWYEHUM HOMEHKJIATYphI

HCpCMeHHBIX 1 O BBIACJIICHUHA I''IABHBIX (1)aKTOpOB.
2.1. CucTeMHBIH MOIX0]

Cucmema — 3TO Psii DJIEMEHTOB, B3aUMOCBSI3aHHBIX CTPYKTYPHO U
dbynkimoHansHO. [loHsATHE CUCTEMBI OTHOCUTEBLHO: JIH00as CUCTEMA BKIIIO-
9aeT MOJICUCTEMBI U caMa SIBIIIETCS TOJICUCTEMON 0oJiee 00IIIe CHCTEMBI.

Teopusi cucmem — 310 (QopManmbHas IMIUPUKO-UHTYUTUBHAS TUCITHU-
MJIMHA, TPUMEHUMAs KO BCeM HayKaM, UMEIOIIHUM JIEJIO C CUCTEMaMH.

CBsI3b CUCTEMBI C OKPYKEHUEM OIPEIEIIECTCS BXOJIOM U BhIXOA0M. OT-
ctofia (PyHKITUSI CUCTEMBI — 3TO MpeoOpa3oBaHKWE BXOJOB B BBIXOHABI. OHO
MOXKET MOJCIUPOBATHCS TEPMHUHOJIOTHYECKH, MATEMAaTUUECKH, (PU3UICCKHU-
MU aHaJIOTaMU, 3HAKOBBIMHU CUCTEMaMU U T.II.

Cucrema pa3oMkHyTasi (OTKpbITas), €ClM CYIIeCTBYeT OOMEH MacCOu,
sHepruei, nadopmaluet ¢ okpyxkariiei cpenoi. Cucrema 3aMkHyTa (3a-
KpbITa), €CIIU ITOT O0BEM MPEHEOPEIKUMO Mal.
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CmpykmypHoe onucanue cucmemsl — 3TO €€ BHYTPEHHUE MMapaMeTphl,
@yHryuonanoHoe — BHemHue. lloHsTue crpykrypa (Str) XxapakTepusyet
BHYTPCHHIOIO OPTaHMU3AIMI0, TOPSIOK W TIOCTPOCHUE CHCTEMBI. Takum
o0pa3oM, CTPYKTypa — O5TO COBOKYMHOCTb JJIEMEHTOB M OTHOUICHHIA

Mexny Humu. Ecom E= {91,92,---,6”} €CTh MHO>KECTBO DJJIEMEHTOB, a
R={r,1,..,T,} — MHOECTBO OTHOILICHHI, TO CTpyKTypa Str = {E, R} pen-

CTaBJISIET COO0M MHOXKECTBO, cocTtosiiiee u3 E u R (puc. 2.1) [1].

['panuna
CUCTEMBI

OKkpyxeHue
MHokecTBO . —_— Py
aJ1ieMeHTOB E «—
CrpykTtypa
MHoXkecTBO .~
orHouieHui R
Brixon

Bxon

Puc. 2.1. Moxenb cucTeMbI

B cymecTByromieM Buie CHCTEMHBIN 1101X01 3P(HEKTUBHO BBITIOHICT
MOCTAHOBKY TPOOIEeMBbI, 0a3upysICh Ha JECKPUNTHBHOM (OMUCATETHLHOM)
aHaIM3e W CUCTEMAaTH3alliy CYIECTBYIOIIETO 3HAHUS, T.€. alPUOPHON WH-
dopmarmu. HakonieHue orpoMHOM ee Macchbl HE TOJIBKO HE 00jeryaer, Ho
3HAYUTEIBHO YCJIOXKHSIET MPEACTaBICHUE 00 UCCIIeTyeMOM OOBEKTE.

CHcTeMHBIH TTOAXOJ K anmpHOPHOW MH(OpPMAIMK ITO3BOJISIET OTpaHU-
YUTh HOMEHKJIATypy MEPEMEHHBIX (haKTOPOB, YTOYHUTH OOIIYIO IEh U JIe-
TaTU3UPOBATH MTOAXO/ MPH YIITyOJICHUH 3aJa4H.

JIrobas oO1as KapTUHA CIOKHOTO OOBEKTa BCErja OCTAETCS HEMoJI-
HOW M OJTHOCTOpPOHHEH. BrIcTymas ¢ aHanM30M, CUCTEMHBIM MOIXOJ] BbIJIE-
JSI€T CBOMCTBA, Jenarouue 0OObEKT YacThIO LEIO0r0, a C CHHTE30M — I103BO-
JSI€T MPEJICTAaBUTH 1I€JI0E, COCTOSIIEE M3 OTIENbHBIX YacTel. 3Aech 00Jib-
IIYI0 pOJIb UTPAeT MPUHIUI (HOpMaTU3AIMU — YTOYHEHUSI COJIepKaHUA T10-
CPEICTBOM BBISIBJICHUS €r0 (DOPMBI.
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Mertonuka omucaHusl CHUCTEMBI BKJIIOYAET CIEAYIONIYIO MOCJEeA0Ba-
TEJIBLHOCTh JEWCTBUM: BBIOpATh CHUCTEMY Ui MCCICIOBAHHUM, OMPEICIIUTh
HAJICUCTEMY, CUCTEMHYIO 1I€JIb, IOJICUCTEMY U CUCTEMHYIO CpEAy, ONUCATh
(GYHKIIMOHAJIBHBIE CBOMCTBA MOJCUCTEM, ONPEIEIUTh CUCTEMHYIO (DYHKIIUIO
Y TIOCTPOUTH OJIOUHO-CBI3EBYIO CXEMY CUCTEMBI (pHuC. 2.2).

MapreTirT

]

L A
IposrTUpOBAHIIE

1

Hzrotoensgue

1

TEEYIIH

BXEOJHOH
HTOT OBRI

CHCTeMa KOHTPOIA

Puc. 2.2. Briok-cxemMa cuCTEMBI
2.2. Knaccnuxanus

Knaccudukanust mo0bx 0OBEKTOB HEPa3phIBHO CBSI3aHA C CHUCTEM-
HBIM TTOJXOJO0M H SIBJIIETCS €TI0 JIOTHYECKON KOHKPETU3AINEH U Pa3BUTHEM.
[TepBas omeparys, MPOU3BOIMMAs MCCIIEIOBATEIEM HaJl MHOXKECTBOM JaH-
HBIX anmpuoOpHOW MHGPOPMAINH, BKIIIOYACT U3YYCHHE €r0 OpTaHu3alliu, T.€.
Pa3HOO0Opa3us BXOMSIINX B HETO OOBEKTOB U UX CBS3CH.

Knaccugpuxayus — 3T0 cCUCTEMATU3UPOBAHHOE PACIIPECIICHHUE SIBIIC-
HUN 1 00BEKTOB Ha ONpEeIEHHBIC TPYIIIbI, KIACCHI, TO3HUITUH, BUJIBI HA OC-
HOBAaHUU UX CXOJICTBA U Pa3IUIHSI.

OcHoBo# 110001 KiIaccuuKamuu SBISIOTCS MPU3HAKUA — XapaKTEPH-
CTHKH, 0000I1aeMbIe JJIT BCETO MHOXKECTBA 0OBEKTOB (HANpUMep, U3MEpH-
TEJbHBIE WHCTPYMEHTHI). [Ipu3Hak N 3HAYWM, €CIIM MHOXECTBO OOBEKTOB
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pa30MTO Ha N KiIaccoB. 3HATH MPU3HAK — ITO ONPEACIUTH MPUHAICKHOCTD
K COOTBETCTBYIOIIEMY KJaccy IO KpallHe Mepe OJHOro oOBbeKTa
(HampuMep: MUKPOMETPHUYECKHE W INTAHTeH-WHCTPYMEHTHI). B KkadecTBe
MIPU3HAKOB UCMOJIB3YIOT JIIOOON KpUTEpPUH, HAIPUMEP CTENEHb CIOXKHOCTU
00BEKTOB.

HTtorom cucremarusanuu J0JKHA OBITh KilaccudUKalus, KoTopasi He
TOJIBKO JICIUT BCE MHOKECTBO Ha OTJACNIbHBIC T'PYIIBI U AJIEMEHTHI, HO U
BCKPBIBACT CBSI3HU MEXKTy HUMHU.

CrnenoBarenibHO, KiaccuduKaiusi TpeOyeT 3HaHUSI COOTHOIICHHUS Iie-
JIOTO M €T0 2JIEMEHTOB, a TAK)KE CTPYKTYPHBIX CBS3EH.

[Ipu knaccudukanuum ocod00e BHHUMAaHUE CIEAYET YIETSATh €IUHOMY
000011a01IeMy JJOTUYECKOMY MpuU3HaKy. OueHb BaXKHBIM SBISIETCS TPeOO-
BaHUE BBIJICPKUBATh SUHBIN HEPAPXUICCKUN YPOBEHD MPU3HAKOB.

Hakonen, paznuyuTenbHble MPU3HAKU JTOJKHBI OBITH JTUCKPETHBIMU,
T.€. TIO3BOJISITh OJIHO3HAYHO Pa3IMyaTh TPYMIII AJIEMEHTOB KiIacCU(pUKAIIIU
(kpeciio, cTyin, TadypeT), Uiu XOTs Obl YCIOBHO NUCKPETHBIMU (IIpeCcChl Ma-
aoro (mo 63 ), cpeanero 1o (100 T) u Gonpioro (6onee 100 1) ycumus).

[lepBoHaYaIbHBIM ATANOM KJacCU(UKAIMU SBIAECTCS (opMamu3amms
OMHCAaHUs MHOXKECTBA OOBEKTOB MyTEM YCTAHOBIJICHHS] 0a3UCOB — TMOJMHO-
XKEeCTB (PaKTUYECKU HEOOXOIUMBIX MPU3HAKOB.

bazuchas Tabnuia uaeHTUOUKAIMN BKIIFOYAET CTOJIONBI — OOBEKTHI U
CTPOKH — HEOOXOAMMBIEC M JOCTATOYHBIC IPU3HAKH ISl OTICTICHUS KaXIO0TO
00BEKTa OT BCEX OCTAIHHBIX.

[IpakTruecku Jierde BBIICIUTH MPU3HAKKA HE IyTEM HX IOAPOOHOTO
OTMCAHMUsI, a MyTEM COMOCTABJICHUS APYT C APYTOM.

Kpurepuem pasrpannydeHus pa3InduTEIbHBIX U U30BITOYHBIX TTPU3HA-
KOB SIBJISIETCSI X YCTPAaHUMOCTh. [Ipu3HaK ycTpanum, eciu 0OBbEeKThI MOTYT
OBITH Pa3IUYMMBI O€3 ITOrO MPHU3HAKA, T.C. 3TH NMPU3HAKUA CBSA3BIBAIOT CH-
CTEMY C OKpPY)XCHHEM — O00BEKTaMH B HEeW oTcyTcTByrommMu. [Ipu omuca-
HUHU CPEJIbl YEPE3 CUCTEMY OHM CTAHOBSTCS HauOOJIee CYyIIECTBEHHBIMHU.

Knaccudukanus B onpeaenéHHON cTeneHu CyObeKTUBHA U HE OJIHO-
3HauHa. Ha puc. 2.3 npeacraBieHsl TpU BapuaHTa KiacCU(PUKALMKU OJJHOTO
U TOTO K€ MHOYKECTBAa 00BbEKTOB. Bce oHU MpueMiieMsl.
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Ha puc. 2.4 npeacrasieH BapyuaHT kiacCU(UKAIUMHU allllapaToB TOYHO-
r'O BBICEBA MPOMAIIHBIX CESIIOK.

4 'g % | Obobuaoumit
R Knace,
3 Fpynnei,
Ab BI' £ | cmoka2
2
g
I }1 2 [Moarpynnel,
é cTpoka |
g
= ObvekTsl,
A Bl , | B||T|]A E | oo
’§ % | 0606 "
ABBI'I ‘é Z g LALLM
g g2 2 Knacc,
/ \ RS ctpoka 0
ABI bl 3 Cpynn,
a ] crpokad,
g2
A Il 5 = Moarpynne,
= cTpoka 3
Obbekrsl,
A Il B 6) b r CTpOKM |
= o
v = 5 | OSobuaoumii
ABBTI I § 23 caace,
/ \ g g‘ cTpoka
ABB ' = Mpynne,
2 cTpoka 1
2 —
g
Ab § [Monrpynmes,
a crpoka 2
2
g
3 OGbekTsl,
A | B B) r )| & | crpokn 4

Puc. 2.3. BapuanTs! knaccuduxanum
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Puc. 2.4. Knaccudukanus BeiceBaromux anmnapartos 1o I'.M. by3eHkoBy

2.3. AlpuopHoe paH:KUPOBAHHUE.
MeTox 3KCIIEPTHBIX 0LEHOK

Pansicuposanue — 310 OlleHKA CTENEHU BIUSHUSA HA pPe3yJbTaT (BBI-
XO/1) UCCIIEI0BAaHUs OTJENbHBIX MMEPEMEHHBIX (PAKTOPOB IMMyTEM HA3HAUCHUS
UM paHra — NOpsiAKOBOrO HoMepa. UeM MeHbIe paHr, TEM CHIIbHEE BIIMS-
HUE.

Pane — noxazarenb, XapakTepU3yIOUIUI MOPSIKOBOE MECTO OOBEKTa B
rpynmne Apyrux OOBEKTOB, OO0JANAIOIIMX CYIIECTBEHHBIMH JI OLEHKH
CBOVCTBAMU.

Anpuopnoe pamdicupoganue - OIUH U3 METOAOB DKCHEPTHBIX OLEHOK,
UCIOJIb3YEMBIX JJIsl YIIOPSIIOYSHHSI UCXOJHOM MH(OpMALNK, TPUMEHIEMbIN
MPU HU3KOM TOCTOBEPHOCTH ampUOPHON HMH(POpPMAIMU, HATIISIAHO OINKCAH-
HOM JIOTUCTUYECKOW KpUBOHU (puc. 2.5). DTO MOTryT OBITh pealibHbIC JIIOAU
(cmenuanucThl B AAaHHOW 00JIaCTHU) WM pa3lIMyHbIe JTUTEpaTypHbIE HCTOY-
HUKH (OTYETHI, CTaTbU, MOHOTPAdUHU | T.I1.), B KOTOPHIX OIMyOJIMKOBAHbI pe-
3yJbTaThl NOJOOHBIX UM aHAJIOTHUYHBIX UccienoBanuil. [Ipu aTom skcnepr-
Hasl OLICHKa SIBJIAETCS BEPOATHOCTHOM, OCHOBAaHHOW Ha CIOCOOHOCTH JIWY-
HOCTH J1aBaTh MOJIE3HYIO MH(GOPMAIUIO B YCIOBUSAX HEONPEIEIECHHOCTH.
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DKCIepTaMH UCIOJIb3YETCSl ONMpPEEICHHAs IIKaJla NOPsIKa, Ha KOTO-
pO¥ 3a/laHHBIM MOKa3aTelb OMPEAENIICT PACHOJIOKEHUE O0BEKTOB BO BCEH
UX COBOKYITHOCTH B COOTBETCTBUU C MPUHATHIM MACIITAOOM IIKaibl, T. €.
KaXXJI0MY OOBEKTY COOTBETCTBYET HEKOTOpas KOJUYECTBEHHAs XapaKTepH-
CTHKa WA Mepa.

KonuuecTBo paHkKupyeMbIXx 00BEKTOB, KaK MPaBUIIO, HE JIOJDKHO Mpe-
BbIaTh 20, a Hanbojee HaJeKHbIE pe3yabTaThl OTHOCIATCSA K 10 oObekTaMm.
UKCIEHHOCTh SKCIEPTOB JIOJKHA MPEBBINIATh YUCIO OIICHUBAEMBbIX (haKTo-
POB, HO OBITh MEHBIIIE 00IIET0, MOTEHIIMATFHO BO3MOXKHOTO YHCIIa CIelua-

JIUCTOB.

JocTOBCPHOCTL

Taun ungopmanmsn

=
o

[Tpeanonokenne Muenue 3o
OBJIACTL NPMMEHHUMOCTH
PAHXHPOBAHWA

Puc. 2.5. 3aBucHUMOCTb JOCTOBEPHOCTH MH(POPMALIUU OT €€ THIIA

IIpeumywecmsea anpuopHo20 pauiCuposaHus. CPaBHUTENbHASL IPO-
CTOTa OpPTaHMU3alMU MIPOIEAYPHI U ONIEPATUBHOCTD MOIYUYEHUS PE3YJIbTATOB.

Heoocmamxu anpuopnozo paudxicupoeanus: 00JiplIasi 3aBUCUMOCTh
pEe3yNbTaTOB OT KaueCcTBAa OpraHM3alluu IKCIEPTU3bl U MOJ00pa IKCIEPTOB,
T.€. OIpeJereHHass CyObeKTUBHOCTh. KpoMe Toro, mpu oOIeHKEe TeX WIId
UHBIX (DaKTOpOB (MEPONPUATUI) AN JAHHOM cHUCTeMbl (TIPEeANnpUsTHS,
(GUpPMBI) SKCTEPTHI MOJIB3YIOTCSI CBOMM IMPEXKHUM OMBITOM HJIM B3IJISIaMU
(MMEHHO TMOATOMY JKCHEpTH3a HasbIiBaeTcs ampuopHoi). Iloatomy mpa-
BUJIbHAsSI MOCTAHOBKA BOMPOCOB U BHIOOP (DaKTOPOB IIsl JAHHOM CHUCTEMBI
MUMEIOT 0C000€ 3HAYEHHE U CYIIECTBEHHO BIUAIOT HA PE3YJIbTAThl IKCIIEPTH-
3BI.

Memoouxa anpuoprozo panscuposarus

33



1. IlocranoBKa 1ienu M 3a/1a4 UCCIIETOBAHUN.

2. Be10op nmapamMeTpoB BbIXo/1a (ONTUMU3ALINK) WIIH OTKJIUKA.

3. CocraBnenue nepeyHerd (akTOpOB, BIMSIONIUX HA HMCCIETYEMBbIil
Ipouecc.

4. OnepanoHHOE onpeereHue (pakTopos.

5. YcTaHOBJIE€HUE UHTEPBAJIOB BAPbUPOBAHUS OTAEIBHBIX (PAKTOPOB.

6. PamxxupoBanue (paxkTopoB B OpsiAKe YObIBaHUS UX BO3JECHCTBUS HA
napameTp Bbixoga. KaxnoMy dakTtopy u3 o01ero nepeyHs nprucBauBaeTcs
paHr (uudpa HaTypajIbHOTO psifia), COOTBETCTBYIOIIUN MECTY, OTBEICHHOMY
UCCIIeIoBaTeNieM JaHHOMY (DaKTOpy B paHKUPYEMOM psny (Haumbosee Baxk-
HBIN QakTop — 1, MEHee BaXHBIN — 2, e111e MEHee BaKHBIA — 3 | T.11.).

7. IlocTpoeHre MaTpULBI AllPUOPHOTO PAHKUPOBAHUS, B KOTOPOU KO-
JIMYECTBO CTOJIOIIOB COOTBETCTBYET KOJMYECTBY (hakTopoB (N), a KOJIHWYE-
CTBO CTPOK COOTBETCTBYET YUCIY OMPOIIEHHBIX 3KCIIEPTOB.

8. @opmasibHasi IPOBEPKA paHkKUpoBaHus. OnpenesieHue CyMMbl paH-
TOB B KaXKJIOM CTOJIOIIE MaTPHIIbI AlPUOPHOTO PAHKUPOBAHUS:

S =@:jai, 2.1)

r7ie N — YUCJI0 paccMaTpuBaeMbIX (haKTOPOB.
9. Onpenenenyrie CyMMBbI paHTOB MO (pakTopam:

Z_lai,j , (2.2)

rae &, j — paHr kaxmoro i-ro ¢akTopa y j-To crenuanmicta (WM Mo j-My

HUCTOYHUKY JIUTEPATYpbl); M — KOJWYECTBO OMPOIIECHHBIX JKCIEP-
TOB (MJIM PACCMOTPEHHBIX JTUTEPATYPHBIX NCTOUYHUKOB).
10. Onpenenenue cpeTHEN CyMMBbI PAHTOB:

22
T=— (2.3)

11. Onpenenenre aOCOMIOTHONW BETUYMHBI PA3HOCTH MEXKIY KaKIOU
CyMMOM paHroB 1o (hakTopam U CpeHE CYMMOW PaHTOB:

A= Zai,j -T . (2.4)
i=L

12. Onpenenenue KkBajapara pa3HOCTEN:
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A?, (2.5)
13. Onpenenenne cyMMbl KBapaTOB pa3HOCTEM:

n
2

Su =2 A7 (2.6)

i=1

14. Onpenenenre nokasaTeiaeu TPy CBA3aHHBIX PAHTOB:

_ 43
Tw, = ty —t, (2.7)
rae t — KOJM4YEeCTBO OJJMHAKOBBIX CBSI3aHHBIX PAHIOB B j-M PaHXUPOBAHUU;
K — WHIIEKC BETMYMHBI OJJMHAKOBBIX CBSI3aHHBIX PAHTOB B j-M PaHKH-

pOBaHUMU.

15. OnpeneneHre cyMMapHOrO MOKa3aTelsl CBA3AHHBIX PAHTOB IO
PaHXUPOBAHUIO:

p
T = IZ_I:V(k)j, : (2.8)

II€ P — YMCIO TPYII OJWHAKOBBIX CBSI3AHHBIX PAHTOB B J-M PaHXHPOBa-
HUU.

16. OmnpeneneHne CymMMbl CyMMapHBIX MOKA3aTelIe CBSI3aHHBIX
PaHIOB:

m

ZlTJ. . (2.9)
=
17. Onpenenenne ko3¢ duireHTa KOHKOPAAINH:
128,
W= (2.10)

2 3 C .
m2(n®—n) - m;Ti
l:

18. IlpenBaputenvHas omeHKa KOI(PPHUIIMEHTa KOHKOPAAIMU IO €ro
yuciioBomy 3HadeHuto. Koagdurment koukopaanuu W mensiercst ot 0 o 1,
IIPUYEM PABEHCTBO CIMHHMIIE O3HAYACT, YTO BCE AKCIIEPTHI Tl OJTMHAKOBHIE
OIICHKH TIO JTAHHOMY IPHU3HAKY, a PaBEHCTBO HYJIO O3HAYaeT, YTO CBS3b
MEXITy OIICHKaMH, TIOJyIeHHBIMH OT Pa3HbBIX SKCIIEPTOB, HE CYIIECTBYET.

19. Onpenenenre 3HaUUMOCTH KOd(D(PHUITMEHTa KOHKOPIAIIMN yCTaHAB-
JIMBAETCS ¢ TOMOIIbIO kputepus [Tupcona:

v=n-1; (2.11)

e L (2.12)
mn(n +1)—(n_1)ZTj

=L

1 m
Ilpumeuanue: Ipu OTCYTCTBUH CBSI3aHHBIX PAHTOB BEJIMYMHA n—lzT ; 00-

j=1
pamacTCsa B HYJIb.
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[Tpu uncne GakTOPOB MEHBIIE WIX PABHOM CEMHU MOYKHO IOJIb30BATh-
sl CIeIMAIbHOM Ta0ymiel (pacueTHoe Sy JIOJDKHO OBITH OOJIBIIE KPUTHYC-
ckoro, tabnuunoro). [Ipu Oonpmem yucie GakTopoB HOCTATOYHO, YTOOBI

2
3HaYEHUE PacyeTHOIO Xp KpuTepus Obulo OOJbIIE 3HAYEHMs] TAOJIMYHOIO

%2 KpHUTEpHs JJIs COOTBETCTBYIOIIEH cTereHu cBo6OobI ( V) U JJOBEPHUTED-
HOU BepoaTHOCTU (P), oObryHO mpuHUMaemon 0,95 wmm 0,99. T'unotesa o
HAJIMYHUU COTJIACOBAaHHOCTH MHEHHUM HCClIeIoBaTeNe MOKET ObITh IPUHSTA,
€CIIM IPH 3aJaHHOM YHCIE CTENEeHEeH CcBOOOAbI TabIMYHOE 3HAYECHHE >
MEHbIIE PacueTHOro 1Sl 5%-T0 ypOBHS 3HAYUMOCTH.

20. ITocTpoeHne anpuOPHBIX AUATPAMM PAHTOB.

[Tonydenune 3HauuMoro kod(pduirieHTa KOHKOpAAuu (T.€. MOJATBEP-
XKJCHUE COTJIACOBAHHOCTU MHEHUM CHEIUATMCTOB) AA€T BO3MOKHOCTH I10-
CTPOUTH CPEAHIOI alPUOPHYIO AUATPAMMY PAHIOB, OTPAXKAIOIIYI0 KOJUIEK-
TUBHOE MHEHHE CIEHHAINCTOB. J[MarpamMmmMa paHroB CTpOUTCS B KOOpJWHA-
Tax: OpAMHATa — CyMMa PaHroB; abciucca — pamkupyeMble 00BeKTHI ((pak-
TOpbl). UeM MeHbIlIe CyMMa paHroB JJAHHOTO (paKTOpa, TEM BBIIIE €T0 MECTO
Ha quarpamme (puc. 2.6). C momolbio JuarpaMmMbl PaHTOB IPOU3BOAUTCS
OLICHKa 3HAUUMOCTH (PaKTOPOB.
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Puc. 2.6. /IluarpaMmmMa paHros

21. IIpuHsTHE pEUIEHUN MO CTPATETUH MOCIEAYIOMIETO SKCIIEPUMEHTA.
JlnarpamMmma paHroB MOXET UMETh CIEAYIOMINN BU:

» Pacnpenenenue (pa3nnuue B paHrax) GpakTOpoB M MX YOBbIBaHHE
paBHOMepHOe. B 3TOM ciydae ypoBeHb anpuopHOW HHGOpPMAIMK BeChMa
HU30K, U TTIOATOMY BC€ (DAKTOPHI TOKHBI BKIIFOYATHCS B IKCTICPUMEHT.

» Pacnpenenenue paBHOMepHOE, a yObIBaHHE HEpaBHOMEpHOE. B
ATOM CJIy4yae, €CJIM BO3MOXKHO, JIUIlle BKIIFOYUTh B (DU3UUYECKUN DKCIIEPHU-
MEHT Bc€ (DAKTOPBI, HO BO3MOXEH U allPUOPHBINA OTCEB HX.

» Pacnpenenenne HepaBHOMEpHOE, a YOBIBaHHE paBHOMEPHOE.
Bo3MoxeH anpuopHbIi 0TCEB (PAKTOPOB C HU3KUM PAHTOM.
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» Pacnpenenenve u yObIBaHHE HEpaBHOMEPHOE (HAIIPHMED, IKCITO-
HEHIMaJbHOE). DTO Haubosiee OiarompusiTHas CUTyalus, TaK KaK HYXHO
OTCEUTH PsiT (PaKTOPOB, OTHECEHHBIX K IITYMOBOMY ITOJTIO.

Ipumep anpuoprozo pansicuposarus

Lenv uccneoosanuti: o060cHOBaHUE (YHKIIMOHATBLHOW CXEMBI, Mapa-
METPOB U PEKUMOB PaOOTHI MHEBMATUYECKOTO ammapara Jyuisi OJHOBPEMEH-
HOT'O BBICEBA CEMSH KYKYPY3bl U COPTO B OJIMH PSAIOK C 33JaHHBIMH HOPMOM
U pacrpeieTICHUEM 10 TUTOIIAIU TTOCEBa.

Ob6vekm uccned0o8anull: TEXHOIOTUUECKUN TIPOIIECC OTHOBPEMEHHOTO
BBICEBA CEMSIH JIBYX KYJBTYp aIapaToM MTHEBMATHUYECKOTO JICHCTBUA.

IIpeomem uccredosanus — apaMeTpbl U PeKUMBI paOOTHI BBICEBAIO-
IETO anmapara JJIsi OJHOBPEMEHHOTO BBICEBA CEMSH ABYX KYJIbTYp, 3aKO-
HOMEPHOCTH M XapaKTePUCTUKH MX BIVSHHS HA OOBEKT UCCIIEOBAHUS.

A-A

RN

Puc. 2.7. DxcniepuMeHTaIbHBIN BBICEBAIOIIUI anmapaT 1Jisi COBMECTHOTO BbICEBA CEMSIH KYKY-
PY3BI U COPro B OJIMH psAOK: 1 - ceMeHHas kamepa Ui CEMSIH COpro; 2 — ceMeHHasi KaMmepa st
CEMSIH KYKypy3bl; 3 - meperopojka; 4 - BakyymMHasi KaMmepa; 5 - IpocachIBaloOLIe OTBEPCTHUS;
6 — BeIpe3BI; 7 - pHIcCachIBaroONIas ek, 8§ - oTBepcTHs; 9- Bopommika; 10 — meperopojka;
11- cemennoii auwk; 12 — cemeHna Kykypysbl; 13 — cemena copro; 14 — orru6 cOpacheiBaTens
JIMIITHUX CeMsH; 15 — HaKknaaKa qucKa
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[TockoJIbKY B SKCIIEpUMEHTAIBbHOM BhICEBalOIIEM armapare (puc. 2.7)
IPOUCXOAUT JBA CAMOCTOSITEIBHBIX MPOIECCa BhICEBA CEMSH JBYX KYJBTYD,
B KOTOPBIX HEKOTOPBIEC (DAKTOPHI SBIISIFOTCS OOIIMMU I 000UX TIPOIIECCOB,
TO MPU PaHXUPOBAHUHU (HAKTOPOB OHHU OBUIH pa3/IesieHbl Ha TPH TPYIIIIHL:

— (bakTOphI, BIUSIOIIUE TOJBKO Ha MPOIECC BHICEBA CEMSH KYKYpYy3bl
(10 axTopos);

— (bakTOpBl, BIUAIONIME TOJHKO HA MPOIECC BBICEBA CEMSH COPro
(22 ¢akTopa);

— (hakTOopHI, 00IIHE 17151 000UX TIPOLIECCOB.

[TapameTpoM BbIXOAa (ONTUMM3ALMM) TEXHOJOTMYECKOIO Ipoiiecca
BBICEBA CEMSH MPOIMAIIHBIX KYyJIbTYp BBIOpaHa CpeAHssl mojiaya CeMsiH OJI-
HOM SUEUKOM (BBICEBAIOIIMM OTBEPCTUEM).

Bri6pansl ¢daktopsl mo kaxaomy mporeccy: 10 ¢akTopoB, BiIusiio-
IIMX TOJIBKO Ha MPOIECC BhICEBA CEMsH KyKypy3sl (Tabi. 2.1). ITocTtpoena
MaTpHIla aPUOPHOTO PaHKUPOBaHUs (Tadm. 2.2).

Tabnumna 2.1
[Iprmep 3an10THEHHOM aHKETHI SKCIIEPTHON OLICHKU
Ne'|  HammeHoBanue O6o3Ha- | Pasmep- | Unrep- Panru paxropos
il (axropa yeHne HOCTb BT ['pymma dskcnepToB
BapbH- 1 2 3 4 5
pOBaHHUs
1 2 3 4 5 6 7 8 9 10
®akTopbl, BIHUAIONIME TOMBKO HA MPOLECC BBICEBA CEMAH KYKYPY3bl
1 | Yacrora BpameHus X1 pam/c 1 2 1 1 1 2

BBICCBAIOMICTO AUC-
Ka

2 | Bemuuuna paspe- Xo [la 1 1 2,5 2 3 1
KEHHS B BAKYyM-

HOW Kamepe arma-
para

3 | Tlomoxenue mo- X3 MM 15 3 2,5 3 2 3
IBIKHOH YacTH

TePeropojIKK Kamep

4 | KomuuecTso mpu- X4 1T 7 4 3 5 4 5

CACHIBAIONINX OT-

BEPCTHH Ha BbICE-
BAOIIIEM JIUCKE

5 | Jmamerp npucachl- Xs MM 25 8 8 10 9 9
BarOIINX OTBCpCTI/Iﬁ

6 | Pamuycer ynanenus X6 MM 1 9 7 8 7 8
TPHCACHIBAOIIIX
OTBEPCTUH OT LIEH-
TPa BBICEBAIOLIETO
JICKa

7 | Tommuna gucKa X7 MM 05 10 9 9 10 10
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Oxkonyanwue Tadim. 2.1

1 2 3 4 5 6 7 8 9 10
8 | KonctpykTuBHBIH Xs 5 5 4 6 4
BapHaHT BOPOIIAJI-
KH CeMSTH
9 | VYron HaknoHa JHA Xo Tpa. 15 7 6 6 8 7
CEMEHHOM Kamephl
10| Paccrosnue ot me- X10 MM 15 6 4 7 5 6
PEropojIKu CeMeH-
HBIX Kamep JI0 JIHa
CEMEHHOM KaMephl
S 10 = 55
Tabnuma 2.2
Marpuiia anpuopHOro paH>XUPOBAHUS
No | Uctounu- ®axropsl (n=10) p
/| Ku wHOp- Tj= Z:y(k)JI
Maliu =
(aK(CrgiE;H) X1 X2 X3 X4 Xs Xs X7 Xs Xo | Xuo
1 2 3 4 5 6 7 8 9 10 11 12 13
2 1 2 1 3 4 8 9 10 5 7 6 0
3 2 1 2,5 2,5 3 8 7 9 5 6 4 T, =6
4 3 1 2 3 5 10 8 9 4 6 7 0
5 4 1 3 2 4 9 7 10 6 8 5 0
6 5 2 1 3 5 9 8 10 4 7 6 0
7 5 7 95 | 135 | 2 44 39 48 24 34 28 5
2.4 2Tj=6
j=1 =1
8 A, 198 | 173 | 133 | 58 | 172 | 122 | 212 | 28 7,2 12 T =268
9 A 392,0 | 299,2 | 176,8 | 33,64 | 2958 | 1488 | 4494 | 7,84 | 51,84 | 144 S, =
4 9 9 4 4 4 -1857 1
10 Panrn 1 2 3 4 9 8 10 5 7 6

Jlanee IMPOBCACHLI PACUYCThBI COTJIaACHO HpHBCI[CHHOﬁ BBITTIIC MCTOAHKC.

Onpenenen Kod(PGUIIMEHT KOHKOPJAIMH, BEIMYMHA KOTOPOTO B HaIeM
12-1857,1

npuMmepe coctaBuiaa W

~ 25(1000—10)—5-6

=0,901. Tak kak BeJIWYHUHA

koadPuimenta koukopaauuu W = 0,901 npubnumxaercs kK 1, To MexIy

MHCHUSAMU CIICHUAJIUCTOB UMCCTCA CYIICCTBCHHAA CBA3b.
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4 CyMMa palros
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HaubGonee BaxxHbIe (haKTOPHI

ra

Puc. 2.8. lnarpamma paHroB AJis TPYIIIBI SKCIIEPTOB

[Tockonbky TaOIUYHOE 3HAYCHUE X% KpUTEPHUSI MEHBIIIE PACYETHOTO
(16,92 <33,81), T0 ¢ 95% BEpPOSITHOCTHIO MOKHO YTBEP)KIaTh, YTO MHECHHE
BCEX CIICIIMAJIMCTOB O CTETICHHU BIUSHUS (HaKTOPOB HA MPOIIECC COTIacCyeTcs
¢ ko3 durmeHToM KoHKopAauu, paBasiM 0,901.

[Tonydenune 3HaunuMoro kod(pduirieHTa KOHKOpAAUu (T.€. MOJATBEP-
KJICHUE COTJIACOBAHHOCTU MHEHUM CIEIHAINCTOB) Aa€T BO3MOXHOCTH IO-
CTPOUTH CPEIHIOI0 alPHOPHYIO JAWArpaMMy PaHTOB B KOOpAMHATaX: OpJIu-
HaTa — oOpaTHas CymMMa paHToB; abciucca — pamkupyeMble 00beKTHI ((pak-
TOpbI). UeM MEHbIIIE CyMMa PaHTOB JaHHOTO (paKkTopa, TEM BBIIIEC €T0 MECTO
Ha auarpamme (puc. 2.8).

AHanu3 MOJy4eHHON IuarpaMMbl MOKa3aj, YTO CTAaTUCTHYECKH O00b-
€KTUBHO M3 MHOXXECTBA alpPHOPHON MH(GOPMAIIUU BBIJACICHBI TPU BEAYIIUX
dakTopa (X1, X2, X3), OKa3bIBAIOIINX HAUOOJIbIIICE BIUSIHUE HA IMapaMETP BbI-
xona. JlampHeWe SKCIepUMEHTAIBHBIC WCCIASAOBAaHUS MOTYT IUTAHHPO-

BATbCs TOJIBKO IJISL 9THUX IICPCMCHHDbIX.
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3. HAPAMETP OIITUMU3ALIUN

3.1. Buasl mapameTpoB ONTUMH3ALHUH.
TpeGoBanus k mapamMeTpy ONTHUMH3AINH

[Ipn mmaHUpOBAHUU HKCTPEMATHLHOTO JKCIIEPUMEHTAa OYEHb Ba)KHO
OTIPENICTUTh MMapaMeTp, KOTOPBIM HYKHO ONTUMH3UpOBaTh. Llens ucciemno-
BaHMs JOJDKHA OBITH CHOPMYJIHMPOBAHA OYCHBH YETKO W JOMYCKATh KOJWYe-
CTBEHHYIO OIICHKY.

Ilapamemp onmumuzayuu — XapaKTEPUCTUKA IEJH, 3aJaHHAs KOJIU-
YECTBEHHO.

llapamemp onmumuzayuu SBISETCS peakiueil (OTKIUKOM) Ha BO3-
neicteue (GakTOpOB, KOTOPBIE OMPEICAIOT MOBEACHUE BBIOpAHHON BamMu
CHUCTEMBI.

Peakmust o0bekTa MHOTOTpaHHa, MHOTOAcIieKTHa. BrIOOp TOTO acmek-
Ta, KOTOPBIH MPECTaBIsACeT HAaMOOIBIINN WHTEPEC, KaK pa3 W 3aJaeTcs Iie-
JIBIO UCCIIEIOBAHUS.

Buowt napamempos onmumusayuu. IlapameTpsl ONTUMHU3AIUN MOTYT
OBITH Pa3HOOOPA3HBIMH, B 3aBUCUMOCTU OT OOBEKTA U IIEJIM UCCIEAOBAHUS.

[IpuBeneM oauH BapWaHT KiIacCH(DHUKAIMK IapaMETPOB ONTUMHU3AIIUH
(puc. 3.1).

MapameTpsl OnTHMI3aLIM

' L] 1

Texnuko- Texnuko-
SroHomece IKOHOMHIYECKHE TeXHOIOTHYECKHe (Npose
— — ——
{1 4 P =
Tpwfers Pemafersancn Crafwascts [naroaesnnms 1
v ! CrancTicos
(cncnmscere
3 — I B e
i Cebezromnin Mpoaspurmaneccs fpegyea
JENUT y EAEITI
feodduuea MpYIT
Hasmnn : G- Sreneecue
M m””
rpaagrTs R
Dponym

Puc. 3.1. Bunpl napameTpoB onTUMHU3ALNAN
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JIBI>KeHUE K ONTHUMYMY BO3MOKHO, €CJIM BHIOpAaH OJIMH €IMHCTBEH-
HBIM TapaMeTp ONTUMM3AlUU. Torjga mpoyue XapaKTEPUCTHUKU IIpoLecca
yK€ HE BBICTYNAIOT B KQUECTBE MapaMEeTPOB ONTHUMU3ALNH, & CIIy)KaT Orpa-
HUYCHUSAMU.

Jpyroil myTb — NOCTpOEHHE OOOOIEHHOIO MapaMeTpa ONTUMHU3ALUN
KaK HEKOTOpOW (DYHKIIMU OT MHOKECTBA UCXOAHBIX.

DKOHOMHMYECKHE MapaMeTpbl onTuMu3anuu (mpuobUIb, cedecTou-
MOCTh U PEHTA0CIBHOCTh) OOBIYHO HCITOJIB3YIOTCS MPU UCCIICOBAaHUH JICH-
CTBYIOIIMX MPOMBIIUICHHBIX 00bekTOB (cM. puc. 3.1). Ecau 1eHa onbIToB
OJVMHAKOBA, 3aTPaThbl HAa IKCIIEPUMEHT MPOINOPUUOHAIBHBI YHUCIY OIBITOB,
KOTOpbI€ HEOOXOIUMO MOCTABUTH JIJIsl pEIICHUs TaHHOU 3a/a4u. DTO B 3Ha-
YUTEIBHOU Mepe OMpeIeNsieT BEIOOp TIaHa SKCIIEPUMEHTA.

Cpenu TEXHUKO-PKOHOMHYECKUX IMapaMeTpoB HauOOJbIIee pacIpo-
CTPAaHEHUE UMEET NPOU3BOAUTEIBLHOCTD. JlOJITOBEYHOCTh, HAJAEKHOCTh, CTa-
OWJIBHOCTh U JAPYTUE MapaMeTpPhl CBSA3aHBI C JIUTEIbHBIMU HAOIIOICHUSIMU
Y 3a4aCTYyI0 UCIIOJIB3YIOTCS IIPU UCCIENOBAHUUA OTBETCTBEHHBIX JOPOTrOCTO-
AKX 00HeKTOB (puc. 3.1).

XapakTepUCTUKU KOJIMYECTBA U KaueCTBA MPOYyKTa 00pa3yroT IPyIIITy
TEXHUKO-TEXHOJIOTUYECKUX napaMeTpoB. [loutm BO Bcex ucCIeNOBaHMUSAX
MPUXOJUTCS YUUTHIBATh KOJIMYECTBO M KAYECTBO ITOJIYy4ae€MOTrO MPOIYKTA.
[IponieHT BBIXOJa XMUMHUYECKOM PEAKLIMHU, BBIXOJ TOJHBIX HU3IECIUNA MOTYT
OBITh UCITOJIb30BaHbI MEPOM KOJIUYECTBA MPOIYKTA.

B kareropuro kiaccupuKanuu «IpoYre)» BOILIM PA3IMYHBIE PEIKO
BCTPEYAIOIIMECS MapaMeTpbl, HAIPUMEP CTATUCTUYECKUE MHapaMmeTpbl, UC-
MOJI3YEMBbIE U YJIYUIIEHUS XapPAKTEPUCTUK CIyYaWHBIX BEJIWYUMH WU
cinydaHbIX (QyHKIMA. B KauecTBe mpuMepoB HA30BEM 3aJla4yd Ha MUHUMHU-
3aIMI0 JTUCTIEPCUU CITyYalHOW BEIMYMHBI, HA YMEHBIIICHUE YMCIIa BRLIOPOCOB
CIIy4aiHOTO Tiporiecca 3a (GPUKCUPOBAHHBIN YPOBEHD U T.J.

Ilpumep: Tlokazarenem KadecTBa MPOIECCa BbICEBA CEMSIH IpOMAalll-
HBIX KYJIBTYD SBJIAETCS BEJIMYMHA 11ara oceBa 1 MUHUMU3ALMS JTUCIIEPCUN
OTKJIOHEHUM (haKTUYECKOro Iiara moceBa oT TpeOdyeMoro arpoTeXHHYECKHU-
MU HOpMamH (puc. 3.2).
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Puc. 3.2. Pacnipenenenue cemMsiH MpOMAaIIHBIX KYJIbTYP B PSIKE:

IC — Imar 1nmoceBa CCMsH, AC — BCJINYMHA OTCKOKa CCMAH B 6opo3ﬂe

C pocTOM CIIO)KHOCTH OOBEKTa BO3PACTAET POJIb IMCUXOJIOTUUECKUX
aCIeKTOB B3aUMOJICHCTBUS YEJIOBEKA WJIM KUBOTHOTO C 00bEKTOM. Tak, rpu
BBIOOpE ONTHMAJILHOW OpraHu3anuu paboyero mMecra orneparopa mapameT-
POM ONTHUMHU3AIMHN MOXXET CIYXXKUTh UYHCIO OIMOOYHBIX ICHCTBUN B pa3-
JIMYHBIX BO3MOYKHBIX CUTYaLIHSIX.

[Ipu peniennu 3a7a4u TEXHUYECKOU ICTETUKU WIM CPABHEHUU TTPOU3-
BEJICHUI MCKYCCTBA BO3HUKAET MOTPEOHOCTh B ACTETUUYECKUX IMapaMeTpax.
OHU OCHOBaHBI HAa PAaHTOBOM TO/IX0/I€, OITMCAHHOM BBIIIIE.

YcnoBue BbIOOpa Jydmiero (ONTHMAaJIbHOTO) BapHaHTA PEIICHHS Ka-
KON-MMOO0 3aJauu Ha3bIBAIOT Kpumepuem ONMUMAIbHOCMU, WIN yenesou
@yHKyuetl.

B kauectBe 11eneBoi GyHKIIMM MOTYT MPUHUMATHCSI YKOHOMUYECKUE,
TEXHUUYECKHE, DKOJOTUUECKHUe W Jpyrue mokazarenu. OObIYHO B TEXHHUKE
MPEANOYTeHUE OTIACTCs] SKOHOMUYECKUM IOKa3aTesisiM, Kak Haubosee 00-
IIMM, TaK KaK B HUX MOTYT ObITh YUTEHbI BCE (MJIM MTOYTH BCE) IPyrUe MoKa-
3aTelH.

N3 3KOHOMHUYECKUX MOKa3aTesiel OJHUM U3 CaMbIX OOIIMX SIBIISIETCS
npuosLIs I1 = (I — 3) - A (roe 1 — mena equHMAIBI IPOAYKIUK; 3 — 3aTPaThI

Ha MPOU3BOACTBO €AUHUIIBI MPOAYKIINH; A — 00BEM BBIITYCKA MPOTYKIIHH).
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[Ipu onTuMu3anmy mapaMeTpoB 1ieseBasi PyHKIUS MPUHUMACT BU]
[T - max.

ChopmynupoBath 1eneBy0 (PyHKIMIO HHOT/AA cioxHO. Hampumep,
NPy MPOEKTUPOBAHUU WM MOJAEPHHU3ALUU 3€pPHOYOOPOYHOro KoMOaliHa
MOXHO C(QOpMyIHUpOBaTH TakKWe IeJieBble (YHKIMU: CEOECTOMMOCTb,
HaJEKHOCTh, MAHEBPEHHOCTH U JIp., & IIPU OTPAHUUYECHUSX TI0 PsIy MapameT-
POB: yJEIIbHOE JaBJICHHE Ha MOYBY, JIPOOJICHUE 3epHA, radapuThl KOMOaliHa
v JIp.

Ecnmm npu mpoeKTUPOBaHUM TEXHUYECKUX OOBEKTOB MOYKHO BBIZIC-
JUTH OJUH TapaMmeTp, KOTOPOMY OTHAeTCsi 0e3yCIIOBHOE MPEAIOUTEHUE U
KOTOpBI HamboJiee TMOJTHO XapaKTepU3yeT CBOWMCTBA MPOCKTUPYEMOTO
00beKTa, TO HJTOT MapaMmMeTp MOXKHO MPUHITH 32 IENEeBYI (YHKIIHIO.
B sTom cnydae 3amada mpOEKTUPOBAHUSI CBOJUTCS K OOHOKPUMEPUATbHOU
3a/laye ONTHUMM3AIUU 11eeBON (DYHKIIMU MPU YCIOBUU COOJIOJICHUS OTpa-
HuyeHui. [lpu 5TOM omHAa YacTh MapameTpoB MOMATAET MO KaTETOPHIO
OTpaHHYEHUH, a APyTas 4acTh MMapaMeTPOB, HA KOTOPHIE HE HAKIIAIBIBAIOTCS
OTpaHWYCHUS, MPUHUMACTCS TaKOW, KaKOH IMOJTydYnsIach MPU ONMTHMHU3AINH
1eJeBOr (PyHKIINH.

3amaun  MOTyT  OBITh  OJHOKPUTEPHAIbHBIMH W  MHOTO-
KputepuanbHbIMU. Tak, Hampumep, KOMOAWH XapaKTepPHU3yeTCs MHOTUMU
napaMeTpamu, ONpeAesIOIUMU €ro KauecTBO U IIeHHOCTh. HekoTopeie u3
ATUX TapaMeTPOB HEOOXOAUMO YBEIMYMBATh, a IPYTHE YMEHBIIATh 0 BO3-
MOJXKHBIX TIpeiesioB. OrpaHUYCHUS M CBS3M MEXIY OTACIBHBIMH IapameT-
pamMu KomOaitHa IPUBOAAT K HEOOXOAMMOCTH UATH Ha KOMIIPOMHUCC M BHI-
OupaTh IS KOKJO0M XapaKTepUCTUKU HE HAMITydlllee BO3MOXKHOE 3HAaYCHUE,
a Takoe, MPU KOTOPOM M JAPYTHE BaXKHBIE XaPAKTEPUCTUKU OyIyT UMEThH
npuemsieMoe 3HaueHue. [loaTomy mpu BeIOOpEe OKOHUATEIHHOIO BapUaHTa
HENb3sl OTPAaHUYMBATHCS CpPaBHEHHEM IO OJHOM Kakoi-mubo  xa-
pPaKTEepHUCTHKE, a HEOOXOIMMO MPUHUMATh BO BHUMAaHHE BCIO WX COBOKYTI-

HOCTb. 3a):[aq1/1 IMPOCKTUPOBAHUA, IPOBOAUMBIC 110 HCCKOJBKHM KPUTCPHUAM
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ONTUMU3ALMH, HOCAT HAa3BAHUE MHO2OKPUMEPUATbHBIX, WIN 3404y 6eK-
MOPHOU ONMUMUAYUU.
Tpebosanus Kk napamempy onmumu3ayuu

llapamemp onmumusayuu NOMKEH OBITh KOIUYECMBEHHbIM, T.€. 3a]a-
BaThCSl YUCIOM. MBI JOJDKHBI YMETh €r0 U3MEPSTh MPH JIF0O0M BO3MOKHOU
KOMOWHAITUK BRIOPAHHBIX YPOBHEH (PaKTOPOB.

MHOKeCTBO 3HaYE€HUW, KOTOPhIE MOKET NMPUHUMATh MapaMmeTp OINTHU-
MU3alru, OyJIeM Ha3blBaTh 0O1acmouio e2o onpedenenus. O0IACTH onpeie-
JICHUSI MOTYT OBITh HEMPEPHIBHBIMU M JTUCKPETHBIMU, OTPAHUYCHHBIMH U
HEOTPAHUYEHHBIMU.

Hampumep, BBIXOJl peakiluu — 3TO MapaMeTp ONTUMHU3AIMU C HEmpe-
PBIBHOI OrpaHMYEHHOH 00J1acThio onpeneneHus. OH MOXET U3MEHSThCS B
untepBaie ot 0 mo 100%. Yucno OpakoBaHHBIX H3IEIHI, YUCIO 3€pEeH Ha
nuiide criaBa, Yucio KPOBSIHBIX TeJel B TpoOe KPOBU — BOT MPUMEPHI Ta-
paMETPOB C IUCKPETHOM 00JIACThIO ONPEIETICHUS, OTPAHUYEHHON CHU3Y.

Tpebosanue k napamempy ONMUMUAYUU: YMemMb USMepSAMb napa-
Memp ONMUMU3AYUY — 3TO 3HAYUT PacIonaraTh NOIXOIAIIUM PUOOPOM.

[Ipu OTCYTCTBUM BO3MOXHOCTH M3MEPUTH KOJUYECTBEHHO Mapamerp
ONTUMU3ALMKI UCIOJIb3YIOT paHkupoBaHue (paHroBbid moaxon). Ilpu stom
napamMeTpaM ONTHMMHU3ALMU MPUCBAUBAIOTCS OLIEHKHM — PaHTH IO 3apaHee
BBIOpAHHOM HIKaje: ABYXOalIbHOW, MATUOANIBHON U T. 1. PaHroBbli napa-
METP HUMEET JUCKPETHYI0 OTpaHWYEHHYIO0 o0JacTh ompeneneHus. B mpo-
cTeiiieM ciiyyae 001acTh COAEPKUT JiBa 3HAUEHUS (J1a, HET; XOpOIlOo, TUIO-
X0). aHe — 3TO KOJIMYECTBEHHAsS OIIEHKa MapameTpa ONTUMU3AIMU, HO OHA
HOCHUT YCJIOBHBIM (CyOBEKTHBHBIN) xapakTep. KadecTBeHHOMY mNpu3HaAKY
COOTBETCTBYET HEKOTOPOE YHUCIIO — PAHT.

JInst Kaxaoro (QuU3MUecKH H3MEPSIEMOro MapaMerpa ONTUMHU3AIUU
MO>XHO MOCTPOUThH PaHroBbIi aHajior. [IoTpeOHOCTh B MOCTPOEHUU TAKOTO
aHajora BO3HHUKAET, €CIIM HMMEIOLIMECS B PACHOPSHKEHUH HCCIEA0BATEIs
YHCJICHHBIE XapaKTEPUCTUKN HETOUHBI WJIM HEU3BECTEH CIIOCOO MOCTPOSHUS
YJOBJIETBOPUTEIbHBIX YUCIEHHBIX OLICHOK. [Ipy mpoyux paBHBIX YCIOBUSIX
BCErjia Hy»KHO OT/aBaTh MpeArnouYTeHne Gu3nIecKoMy M3MEPEHHUI0, TaK Kak
PAHTOBBIA NOJIXO/ MEHEE YYBCTBUTEIIEH U C €r0 MOMOUIBIO TPYJIHO U3y4aTh
TOHKUE 3P PEKTHI.
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Hanpumep, nipu nokynke aecepra UEIbIO MPOIECCa ABISETCS MOKYIKa
BKyCHOTO necepra. Heo0xoaumo BBIOpaTh KOJWYECTBEHHBIM KpUTEPHUH, Xa-
PAKTEPU3YIOIIUKA  CTENEHb  JOCTHMXKEHHUS  UeIu. MOXKHO  IPUHATH
CIEYIOIIEE PEUICHUE: OYEHb BKYCHBIM MOJIy4aeT OTMETKY S5, MPOCTO BKYC-
HBIA — OTMETKY 4 U1 T.[I.

KonnuecTBEHHO OLEHUTH PE3yJIbTAT ONTUMH3ALMU MTO3BOJISIET PAHTO-
BBbIM MMOJIXO/I, ONTUCAHHBIN BBIIIE, OJHAKO PAHTOBBIM MOAXO0J] YaCTO OKa3bIBa-
eTcsl rpyObIM, HEUYBCTBUTEIIbHBIM.

Jpyrue npuMepsl paHrOBOTO MOAXO0/IA: OMPEICIICHUE YEMIIMOHA MUPa
no (GUrypHOMY KaTaHWIO WJIM THUMHACTUKE, JETyCTallisi BHH, CpPaBHEHUE
IIPOU3BEICHUI UCKYCCTBA, CPABHEHUE MPOJTYKTOB IO LIBETY, IPO3PAYHOCTH,
dbopme KpUCTaIOB.

Tpebosanue k napamempy onmumuzayuu: TapameTp ONTUMH3ALUU
JOJKEH BBIPAXKATHCA OOHUM YUCTIOM.

HNHorma 3To Mmosy4aercsi €CTECTBEHHO, KAK PETHCTpalMs IOKa3aHUs
npubopa (Hampumep, CKOPOCTh JIBUKEHUS MAIIMHBI OIMpPEEIseTcs] 4Yuc-
JIOM Ha COUIOMETPE), a UHOTJA MPUXOAUTCS MPOU3BOJIUTh HEKOTOPHIE BhI-
YU CIICHUS.

Tpebosanue k napamempy onmumuzayuu — 0OHO3HAYHOCMb B CTaTH-
CTUYECKOM CMBbICE. DTO TpeOOBaHUE CBSI3aHHO C KOJMYECTBEHHOW MPUPO-
0N MmapameTpa ONTHUMHU3AIMU. 3aJaHHOMY HA0Opy 3HaueHHU (PaKTOpoB
JTOJ>KHO COOTBETCTBOBATH OJHO 3HAYCHHE IMApAMETPa ONTUMU3ALUU C yUe-
TOM TOYHOCTH OIMOKHU dKcrepuMeHTa. (OmHako 0OpaTHOE HEBEPHO: OJHO-
MYy U TOMY K€ 3HaUYCHHIO TTapaMeTpa MOTYT COOTBETCTBOBATh pa3Hbie HA0O-
pbI 3HaUeHU (PaKTOPOB). Dmo mpebosanue A811emcs 2AGHbIM, OTIPEILIIS-
FOIIUM KOPPEKTHOCTh MOCTAHOBKH 33/1a4H.

[Ipencrasienune 06 3pPEeKTUBHOCTH HE OCTACTCS MOCTOSIHHBIM B XO/1€
uccienoBanus. OHO MEHSIETCSI IO Mepe HAKOIUJIEHUS HH(OPMAIIMK U B 3aBU-
CUMOCTH OT JOCTUTHYTBIX PE3YyJbTaTOB. DTO MPUBOJIUT K MOCIEAOBATENb-
HOMY MOJXOAY NpH BbIOOpE MapamMeTrpa onTUMHU3aluu. Tak, Hampumep, Ha
MEPBBIX CTAJHSIX WCCIECNOBAHHS TEXHOJIOTUYECKHX MPOIECCOB B KAYECTBE
napaMeTpa ONTUMH3ALMKU YaCTO MCIOJb3YETCS BBIXOA MpoaykTa. OIHAKO B
JalbHEWIIIEM, KOrJa BO3MOXHOCTh MOBBIIICHUS BBIXOJA HCUEpIIaHa, Hac
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Ha4YMHAIOT MHTEPECOBATh TAaKUE MapaMeTphbl, Kak ce0eCTOMMOCTh, YUCTOTA
OpOAYKTA U T.J.

[TapameTp onTUMHU3AUU JOJDKEH OBITh 3(PGEKTUBHBIM B CTaTUCTHYE-
CKOM CMBbICIIE, T.€. €ro BBIOOp OIpeaenseTcss ¢ HauOoJbIIed BO3MOXKHOM
TOYHOCTbIO. ECIIM M 3Ta TOYHOCTh HEAOCTATOYHA, TOT/Ia MPUXOAUTCS 00pa-
IIAThCS K YBETMUYECHHIO YKCIIa TOBTOPHBIX OIBITOB.

Tpebosanue k napamempy onmumuzayuu — TpeOOBAHUE YHUBEPCAb-
Hocmu WA noanomsl. 11oa yHHBEpCANIbHOCTBIO MapaMeTpa ONTUMU3AINU
IOHUMAETCA €ro CHOCOOHOCTh BCECTOPOHHE XapakTepHu3oBaThb OOBEKT. B
YaCTHOCTH, TEXHOJOTMYECKHE MapaMeTpbl ONTUMM3AIMN HEAOCTATOUYHO
YHUBEPCAJIbHBI: OHU HE YUUTHIBAIOT SKOHOMHKY. Y HUBEPCAJIBLHOCThIO 00JIa-
Jar0T, HApUMep, 000OIICHHBIE MapaMeTpbl ONTUMHU3AIIMU, KOTOPHIE CTPO-
ATCS KaK QYyHKIIUU OT HECKOJIBKUX YACTHBIX TApPaMETPOB.

HeoOxomuMo BwIOMpaTh MmapaMeTp ONTHUMHU3ALMU, KOTOPBIM HMeEeT
Qu3zuUUecKull cMbICl, NPOCMBIM U J1€2KO BbIYUCTAEMBIM.

TpeOoBanne (pU3NYECKOro CMBICHA CBSI3aHO C MOCIEAYIOIIEH UHTEp-
npeTanyen pe3yiabTaToB IKCIEPUMEHTA. B OTAENbHBIX CilydasiX, HECMOTpSI
Ha SIBHBIA (PU3WYECKUN CMBICH, MapaMeTp ONTHUMHU3AIUU MPUXOTUTCS TIpe-
00pa3oBbIBaTh, 4YTOOBI JOOUTHCS €ro CTaTUCTUYECKON A(PPEeKTUBHOCTH
(Harpumep, OTHOPOIHOCTHU AUCTIEPCUN ).

Bropoe TpeGoBaHME 4acTO TakKe OKa3bIBA€TCSl BEChbMa CYIIECTBEH-
HbIM. {11 mpolieccoB paszzieneHus TepMOJIUHAMUYECKHUE MapaMeTpbl OINTH-
Mu3anuu Oosee yHuBepcanbHbl. OJJHAKO HA MPAKTUKE UMU MOJIb3YIOTCS Ma-
JI0: UX pacyeT JI0BOJIbHO TPY/ICH.

K BpIOOpYy mapameTrpa onTUMH3alMM HEOOXOAMMO MOAXOAMUTH TIIA-
TEJNBbHO, TaK KaK OH B HEKOTOPOW CTENEHHW OKa3bIBACT BIMUSHHE HA BUJl Ma-
TEMATUYECKOW MOJICNIN UCCIIEyeMOro 00bEKTa.

OKOHOMHUYECKHE MapaMeTPhl, B CUITY UX aJAUTUBHON MPUPOIBI, JIETUE
MPEICTaBISIOTCA MPOCTHIMU (YHKIUSAMHU, 4eM (PU3MKO-XUMHUUYECKUE TMOKa-
3arenu. He ciydaitHO MeToapl JTUHEHHOrOo MpOrpaMMUPOBAHMS, OCHOBAH-
HbIC Ha MPOCTHIX MOJEIISX, MOJTYUYWIH ITUPOKOE PACIPOCTPAHEHHUE UMEHHO
B d9KOoHOMUKe. TemrepaTypa IJaBiICHHS CIUIaBa SIBIISETCSA, KaK M3BECTHO,
CJIOKHOM, MHOTOAKCTPEMAIIbHOW XapaKTEepUCTUKOM cOCTaBa, TOrAa Kak CTo-
MUMOCTbH CILJIaBa 3aBHCHUT OT COCTaBa JIMHEWHO.
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IIpumepsl 0OHOKpUMEPUATLHOU OOHONAPAMEMPUYECKOU 3A0aYU

0e3yCcn108HOU ONMUMUSAYUY

[IpumepoM ooHoKpumepuanibHoU 0OHONApaMempuUsecKol 3a0auu be3-
VCIO0BHOU ONMUMUZAYUU ABAAEMCS pacyenm ONnmuMaibHo20 YUCid KOMOau-
HO8 8 X03s1icmee. JTa 3aaada umeeT By F(X) —min.

[TycTh TpebyeTcs onpeaeauTh ONTUMAIbHOE YUCIO KOMOAMHOB Nonr B
X03SUCTBE TP CIAEAYIONINX UCXOIHBIX JAaHHBIX: TJIOMIAIL X03sMcTBa S(Ta),
neHa komOaitHa Il«(py0.), ypokaitHOCTh 3epHOBBIX Y(II/Ta), 1ieHAa 3€pHa
3(py0/11), cyrounas BeIpaboTKa ogHOro KkomoOaina W(ra/cyr).

JlaHHas 3aja4a NPUHAUICKUT K KJIACCy ONTUMU3ALMOHHBIX, YTO BU/I-
HO U3 CIIEAYIOLIUX PACCYKICHUM.

N3BecTHO, YTO MOCII€ HACTYIUICHHS MOJHOW CIEIOCTH 3€PHO TEPSIET
CBOIO CBSI3b C KOJIOCOM M IOJ JE€HCTBHEM BETpPA, AOXKISA, a TaKKe yAapoB
IUTAHOK MOTOBMJIA OCBHINIAETCA HA 3€MJII0. DTO SIBJIEHUE U3BECTHO I10/]] Ha3Ba-
HUEM «OHOJIOTHYECKHE MOTEePU» ypoxkas. Y CTAHOBJIEHO, UTO B CPEIHEM 3a
CYyTKHU OMOJIOTUYECKHUE MOTEPU ypoKasi COCTaBIISIIOT 1% OT nmepBOHaYaIbHO-
ro; €CTh KYJbTYpbI, HAIIPUMEP OBEC U rOPOX, CPEIHUE OMOJOTUYECKUE TO-
TepU KOTOPBIX JNOXOAAT A0 2% B CYTKH, €CTh YCTOHWYHBBIE K OCHIMTAaHUIO
copTa NIIEHULbI, Y KOTOPbIX NOTepH paBHbI 0,5% B CyTKH.

PaccMoTpyM 1OCTaHOBKY 3a1add onTtuMusanuvu. Eciau ypoxall He
youpaercs (uucino komOaiiHoB Nk = 0), To motepu yposxkas II paBHBI cTOU-
MOCTH ypoxkas. C yBeJIMYEHHEM uuciia KOMOAHOB CPOKM yOOpPKHU COKpa-
HIAIOTCS U, CJIEOBATEIbHO, COKpAIIAlOTCS MOTEPH ypoKas, HO pacTyT 3a-
TpaThl Ha YOOpKy 3. DTH 3aBUCHMOCTH OTOOpaXeHBI TpapuecKu Ha puC.
3.3.

B kauectBe neneBoit ¢pyHkuuu F(Nk) MOKHO B3SITh MAKCUMYM TPHOBI-
7Y, MOJIy4yaeMOoM X0351UCcTBOM. MOKHO MOKa3aTh, YTO MAKCUMYyMY HPUOBLIH
COOTBETCTBYET MUHUMYM CYMMBbI 3aTpaT Ha yOOpky 3 u motepb ypoxkas 11,
T.C.

F(Nk) = 3+I1 — min.
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Sl

M- oo N
Puc. 3.3. 3aBucumoctu 3atpart Ha yOopky 3 u norepb ypoxast 1
oT uncina komOaitHoB Nk
Konkperusupyem 11eeByr0 (DYHKIIMIO, BBIPA3UB €€ Yepe3 YHUCIIO
komOaitHOB N« B xo3siicTBe. CHavasia BbIpa3uM 3aTparbl Ha YOOpPKY yepes
quciIo KoMOalHOB. Tak Kak 3aTpaThl Ha Toprodee, 3apaboTHYIO TUIaTy U pe-
MOHT HE€ 3aBHUCST OT YKCa KOMOAHOB (OHU 3aBUCAT OT BEJIUYHHBI yOupae-
MO¥ TIJIOIIANN), TO B 3aTpaTax Ha YOOPKY YUYHUTHIBAETCS TOJIBKO MEPEMEHHAS
WX YaCTh, T. €. OTUYHUCIICHUS HAa aMOPTU3ALUIO 3. U 3aTPAThl HA XPAaHEHUE 3xp
KOMOAITHOB:
3 = 3a1+3xp.
B cBoto ouepenp,
3.=0,01-a-Tx ‘N,
rI€¢ a — TOJOBbIE aMOPTH3AlMOHHBIE OTYUCIACHUS ISl KOMOaiHOB
(a=8-10%);
3xp =34 "Nk,
rje 3, — 3aTpaThl HA XpaHEHHUE OJIHOT0 KoMOaiiHa B Toj1, pyo.
[ToTepm yposkast orpeaesIuM 110 U3BECTHOU opmyIie:
I1=0,5K-YTS?LL,,
rie Ki — xkodpdunmeHT WHTEHCHBHOCTH TMOTEPh ypoXKas B CYTKH;
K. = (0,005-0,02); B cpennem K, = 0,01 (1% B cyTKn);
T — nponomkureabHOCTh YoopkH, cyT.; T = S/(W}, Nk); Wi Nk—
CyTOYHas BbIpabOTKa BCEX KOMOAITHOB.
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Bripaxxenue s 11 npuaumaer Bua:
I = 0,5K.V S?L,/( Wi NK).
C ydetoM 3TOrO 1eneBas (PyHKIUs UMEET BU:
F(N«)=0,01- L, ‘Ni+ 3, 'Nit+0,5-Ku Y-S 1./ W;, *Ni) —min.
Jliis onpenenenus Toukd Mmuaumyma pyukmuu F(Nk) Hy»KHO mpupas-
HATH HYJIO €€ IEPBYIO MPOU3BOAHYIO IO Nk ¥ BBIYUCIUTH KOPHHU:
F (Nk)=0,01-a- L], + 3, — 0,5- Ky Y-S L,/(W-N«) = 0,

OTKyJ1a

0,5-K,-Y-1,-100
W,(0,01-a- 1 +3,)

NKOM6 =S

[IpenyioxkeHHass METOMKA OMPEACICHUS ONTHUMAIBHOTO YHCIa KOM-
0aifHOB HE YYHUTHIBACT P (PAKTOPOB, a UMEHHO: HEOJJHOBPEMEHHOCTh CO-
3peBaHMS ypoXKas Ha pPa3HBIX MOJSIX, PA3HOMAPOYHOCTh KOMOAHOBOTO Tap-
Ka, BIMSHUE TMOTOJHBIX YCIOBHH Ha yOOpKY, KoJieOaHUS YpPOKAHOCTH 10
rojlaMm | IOJIsIM, PUMEHEHHNE OJHOBPEMEHHO JBYX CIIOCOOOB YOOPKH M JIp.
DT 0COOCHHOCTH MOTYT OBITh YYTEHBI B 0OJI€€ CI0KHON MOJIEIHU, HaMpU-
M€p UMUTALUOHHOM.

3aoauu ¢ HeCKONbKUMU 8bIXOOHBIMU napamempamu. 3agadu ¢ OJHUM
BBIXOJTHBIM MapaMeTpoOM HMEIOT OYEeBHUAHBIC MpeumylnecTBa. Ho Ha mpak-
THUKE Yallleé BCETO MPUXOJIUTCS YIUTHIBATh HECKOJBKO BBIXOJHBIX IMapameT-
poB. lHOT1a MX YUCIIO MOBOJIBHO BENMKO. Tak, HampuMmep, Mpu MPOU3BOI-
CTBE PE3MHOBBIX M IIJIACTMACCOBBIX M3JICTUH MPUXOJAUTCS YIUTHIBATh (DHU3H-
KO-MEXaHUYECKHEe, TEXHOJOTHYCCKHE, SKOHOMHUYCCKHE, XYJI0KECTBEHHO-
ACTETUYECKUE W JIpPyrue mapameTpbl (MPOYHOCTh, IJIACTUYHOCTH, OTHOCH-
TEIBHOE yIJIMHEHHUE, CTIOCOOHOCTh CMECH IPIIIAIATh K opMe U T. 11.). Ma-
TEMaTUYECKHE MOJCITH MOXHO ITOCTPOUTH JUTSI KKIOTO U3 TTapaMeTPOB, HO
OJTHOBPEMEHHO ONTUMHU3HPOBATH HECKOJIBKO (PYHKIIMA HEBO3MOXKHO.

OOBIYHO ONITUMH3UPYETCS OAHA (PYHKIIHS, HanOoJiee BaKHAsI C TOUKH
3peHUs] eI HCCIEIOBaHUS, NMPU OTPAHUYCHHUSX, HAJIaraeMbIX IPYTUMU

(1)YHKI_[I/I$[MI/I. HO3TOMy N3 MHOI'MX BBIXOJAHBIX IIapaMETPOB BBI6I/IpaeTC$I
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OJIMH B KayeCTBE MapameTpa ONTHUMHU3ALMH, & OCTaJIbHbIE CIYy’KAaT OrpaHu-
yeHusIMUA. Bcernia mosie3sHo uccienoBatb BO3MOXXHOCTh YMEHBILICHUS YnCTia
BBIXOJIHBIX MapaMeTpoB. JlJIsi 3TOr0 MOYXHO BOCIOJIb30BAaThCS KOPPEISALHU-
OHHBIM AHAITU30M.

KoppenauroHHbli aHaIu3 MpeyCcMaTpPUBAET BBISIBIICHUE UM OTCYT-
CTBHE CBS3€H MEXAY BCEBO3MOXHBIMU Mapamu MapaMeTPOB MyTEM BBIUKC-
neHus: Kod(dPuIumeHTa napHoil KOppesuu, KOTOPbIN SBISETCA OOIIEenpHU-
HATOU B MAaTEMATUYECKON CTAaTUCTUKE XapPaKTEPUCTUKOU CBSI3U MEXKAY JIBY-
Ms CITy4YalHBIMUA BEJTUYMHAMH.

Juarpamma pazbpoca (pacceuBaHUs) — MHCTPYMEHT, MO3BOJISIOIINI
ONPENIETUTh BUJI U TECHOTY CBSI3M MEXJy IapamMu COOTBETCTBYIOUIUX (ak-
TOPOB.

JlnarpamMma paccerBaHus J1a€T BO3MOKHOCTb BBIIBUHYTbh TUIOTE3Y O
HaJIMYUHU WM OTCYTCTBUU KOPPEJSLIMOHHOM CBSI3M MEXKIY JBYMs CIydaii-
HBIMU BEJIMYMHAMH.

Ha puc. 3.4 nokazan npumep NpsMou (TIOJIOKUTEIIBHOM) CBSI3U (TpH
yBenuueHu X 3HaueHus Y yBEJIMUYMUBAIOTCA), a Ha pUC. 3.5 — oOpaTHOM (OT-
pULIATENIBHOM) CBSI3U (MpHU yBEIMYEHUU X 3HaUYeHUs1 Y yMeHblIaroTcs). B
ATUX CIIy4asix, yOpaBisisi BEJIMUYMHOM X, MOXKHO IMOJydaTh TpeOyemoe 3Ha-
yeHue Y .

Ha puc. 3.4, a u 3.5, a ToUku pacnoyioKeHbl 00Jee TECHO K TUIIOTETH-
YeCKOM MpsIMOM JTMHUM, 4yeM Ha puc. 3.4, 6 u 3.5, 6, TO3TOMY MOKHO T'OBO-
puTh 0 00Jiee CUJIBHOW CBSI3U.

Ha puc. 3.6 moka3zan mpumep, KOT/1a HUKAKOW BBIPAKEHHOUN 3aBHCH-
MocTH Mexay X u Y He HaOmonaercda. B aTom ciiyyae He0oOX0auMO mpo-
JOJKUTh TMOUCK (DaKTOPOB, BIAUSIOMIUX Ha Y, MUCKIIOYUB M3 ATOTO MOMUCKA
daktop X.

Mexny mapamerpamMu X U Y BO3MOXHBI TaKXe CIydau HEJIMHEHHOU
3aBucuMocTtH (puc. 3.7). Torma nuarpamMmmy pa3dopoca MOXKHO Pa3/IeiNTh Ha
YYAaCTKH, MMEIOIINE MPSMOJIMHENHHBIN XapakTep, U HMCCIEN0BATh Ka)Ibli

Y4aCTOK B OTACIILHOCTH.
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Puc. 3.6. CBs13p oTCYTCTBYET Puc. 3.7. Cs3pb HenMHENHHas

Ecnun 0003HaYuTh ONMH mapameTp uepe3 Yi, a APYyrou — vepes )2, u
YUCJIO OIBITOB, B KOTOPBIX OHU OyAyT M3MepsaThbes, yepe3 N, Tak, uto U=1,
2, ..., N, rae U— Texymuit HOMep ombITa, TO KO3PHUITMEHT MapHOU Koppe-
JSUUM I BBIYUCTAETCS 110 hopMyIie

il(ylu _yl)(y2u - yz)
\/il(ylu - yl )zzll“(yzu - yz )2

, (3.1)

ryl)’z -

e
N N
V=Y Yu/N u ¥,=) v, IN —cpenuue apupmetnuueckue (3.2)
u=1 u=1

COOTBETCTBEHHO 111 Y, U Y,
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3Hauenus: KodpPuIMeHTa NapHO KOPpEIsUU MOTYT JIekKaTh B Mpe-
nenax ot —1 mo +1.

Ecnu r = £1, MOXHO NMPENOa0KUTh HATMYKUE KOPPEIAIIMOHHON 3aBU-
CUMOCTH, OJU3KON K (yHKIIMOHATBHOM.

Ecnu r = 0, MOXHO TPEANOI0KUTh, YTO JUHEHHAS KOPPEISIIMOHHAS
CBS3b OTCYTCTBYET, JIMOO CBSI3b CYIIECTBEHHO HEJIMHEITHAS.

Yem Onmmrxe KOdPOUITMEHT KOPPEIAIUU K SIUHUIE, TEM TECHEE 3aBH-
CUMOCTb ME&X Y nmapamerpamu. [I[puHATO CUUTATH, YTO:

npu r = (0,3 — cnabas cBsizb, 1npur=0,3—0,7 — cpeaHss cBs3b,

npu r =~ 0,7 — cunbHas cBsi3b, npur > 0,9 — BecbMa cuiibHAS CBS3b.

HeobxoaumMo mOMHUTH, YTO KOI(PHUIIMEHT MApHON KOPPEISIIUU Kak
Mepa TECHOTHI CBSI3M MMEET YETKUN MaTeMaTUYECKUU CMBICI TOJIBKO MpHU
JMHEUHOW 3aBUCUMOCTU MEX]y MapamMeTpaMy U B CIydyae HOPMAJIBHOTO UX
pacrnpeesieHus.

JInst TpoBEepKM 3HAYUMOCTU KOI(P(PUIIMEHTA TapHOW KOpPpesIuu
HY)XHO CPaBHUTH €ro 3HaY€HHE C TAOTUYHBIM (KPUTHUUYECKUM) 3HAYCHHEM.
Jlns monb3oBaHUs TaOMUIEH HYXKHO 3HATh YHUCJIO CTEMEHEW CBOOOJbBI
f=N — 2 u BBIOpaTh ONpENeICHHBIN YPOBEHb 3HAYMMOCTH, HAIIPUMEp, PaB-
Heii 0,05. Takoe 3HaueHWE YpPOBHS 3HAYMMOCTH Ha3bIBalOT eme S5%-M
YPOBHEM PUCKA, YTO COOTBETCTBYET BEPOSTHOCTH BEPHOI'O OTBETA MPH MPO-
Bepke Hamed runore3sl P=1 — a=0,95, unu 95%. D10 3HAUYUT, YTO B Cpej-
HEM TOJIBKO B 5% CiIydaeB BO3MOYKHA OIIMOKA MPU MPOBEPKE TUIIOTE3HI.

[IpoBepka runmoTe3bl CBOAUTCS K CPABHEHHIO aOCOJIOTHOM BEJIMYMUHBI
Kod(purmenTa mapHON KOPPESAIUU ¢ KPpUTHIECKUM 3HadueHneM. Ecim axc-
MEPUMEHTAIHLHO HAWJICHHOE 3HAYCHUE MEHBIIIE KPUTHYECKOTO, TO HET OCHO-
BaHHUI CUMTATh, YTO UMEETCS TECHAs JIMHEHHAs CBSI3b MEXK/y MapaMeTpamu,
a eciu 0oJibllle UJIK PaBHO, TO TUIIOTE3a O KOPPEISLUOHHON JTMHEHHON CBSI-
31 HE OTBEPraeTcs.

[Ipu BBICOKO# 3HAUYMMOCTH KOI(PPHUIIMEHTa KOPPEISIUU JTF000N H3
JBYX aHAJIM3UPYEMbIX MapamMeTpPOB MOXXHO HCKIIOUUTh W3 PACCMOTPEHUS
KaK He cojep Kaluil JOMOJHUTENbHON uH(popManuu 00 00bEeKTe UCCIeIO0-
BaHMs. VCKIIOYUTh MOXKHO TOT MapaMerp, KOTOPBIM TEXHUYECKH TPYJHEE
U3MEPSTH, WIHN TOT, PU3NUECKUN CMBICT KOTOPOTO MeHee siceH. [Ipu nnanu-
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POBaHUU SKCIEPUMEHTA IIEJ€CO00Pa3HO U3MEPATHh BCE MapaMEeTphl, 3aTEM
OLIEHUTh KOPPEIALIMIO MEXAY HUMHU U CTPOUTH MOJIENN JIJI1 UX MUHUMAJIbHO
BO3MOYKHOT'O YMCJIa WUJIM K€ BOCHOJIB30BaThCs OOOOIMIEHHBIM MapaMeETPOM.
Ho OsbiBaroT ciydau, Korjia MPUXOJAUTCS pacCMaTpUBaTh U KOPPEIUPOBAH-

HBIE [TAPAMETPBL.

3.2. ®akropsl. TpedoBanus, npeabsBiasieMbie K pakTopam
NpH NJIAHAPOBAHUY IKCIIepUMeHTa. BbIOOp HHTEPBAI0B BAPLUPOBAHUS

@axmop (X,) — ynpaBiseMas He3aBHUCHMas TEPEMCHHAs, COOTBET-
CTBYIOIIAsi OJTHOMY M3 BO3MOXXHBIX CIIOCOOOB BO3ACHCTBUS Ha OOBEKT HC-
CJICIOBAHMSI.

MHOECTBO BO3MOKHBIX 3HauU€HMM (hakTOopa X, Ha3bIBaeTcCs 00.1a-

cmwio e2o onpedenenus (paxmopuvim npocmparncmeom) (puc. 3.8).

x|
L{Enimg NAHE IKCTEDUMERT
X2 max |— : .".
V. |
Mg st ——4(
s |
o 41
]
| N
Ximn X0 Ximoe X1

Puc. 3.8. O6macTs onpeienenus GpakTopos (Ipu miaxe 22)

OO0JracTh ompeneneHuss MOXKET OBbITh HENPEPHIBHOM W JTUCKPETHOM.
Yamie Bcero B IJIAHUPOBAHUM IKCIIEPUMEHTOB HCTOJB3YIOTCS TUCKPETHBIC
obnacTu omnpezenenus, a as GakTOpoB ¢ HEMPEPHIBHOW 00JIaCThIO Ompe/ie-
JeHus (HampuMep, TeMIiepaTypa, BpeMs, KOJUYeCTBO BEIIECTBA U T.II.) BCE-
r/1a BEIOMPAIOTCS AUCKPETHBIE MHOXECTBA YPOBHEH. B mpakTuueckunx 3asa-
gax oOyiactu ompeneneHus (paxkTopoB, Kak MpaBuiIo, orpaHndeHbl. OrpaHu-
YEHUSI MOTYT HOCUTH IPUHITUIINATBHBIN JINO0 TEXHUYECKUN XapaKTep.

YcnoBHO (hakTOpbl MOXKHO pa3feliiTh Ha Ka4eCTBEHHBIC M KOJIHMYE-
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CTBEHHBIE.

KauectBeHHbIe (PaKTOPBI MOKHO U3MEPATH, B3BEUIMBATh, TUTPOBATH U
T.. KauecTBeHHbIE ()AaKTOpPBI XapaKTEpU3YIOT pa3HbI€ BEIIECTBA, Pa3HbIC
TEXHOJIOTHYECKHUE CIOCOOBI, annapaThl, UCIIOJIHUTENN U T.1. I HUX MOX-
HO TOCTPOUTH YCIOBHYIO MOPSAJIKOBYIO IIKally, KOTOpasi CTaBUT B COOTBET-
CTBUE YpPOBHSIM KadeCTBEHHOIO (akropa 4HCIIa HATypalbHOro psja,
T. €. IPOU3BOAUT KoaupoBaHue. [lopsaaok ypoBHEH MOXKET OBbITh MPOHU3BO-
JIEH, HO MOCJE KOAUPOBAHUS OH (PUKCUPYETCSI.

Tpebosanus, npeodvasisiemvle K hakmopam
npu NAAHUPOBAHUU IKCNEPUMEHMA

[Ipu nnaHupoOBaHUU SKCHIEPUMEHTA (PAKTOPbI JOJKHBI OBITh:

» ympasnsiembiMu — T.€. SKCIIEPUMEHTATOP, BHIOPAB HY)KHOE 3HaYe-
Hue (¢akTopa, MOXKET €ro MOJACPKUBATh MOCTOSHHBIM B TEUEHUE BCETO
OMbITa, T.€. YIPaBIATh PakTopoM. B 3TOM COCTOUT 0COOEHHOCTh «aKTUBHO-
ro» 3KcrepuMenTa. [InmaHupoBaTh 3KCIEPUMEHT MOXHO TOJBKO B TOM CIIy-
Jae, €ClI ypOBHH (PaKTOPOB MOIUYMHSAIOTCS BOJIE SKCIIEPUMEHTATOPA;

» onepayuoHaIbHLIMU — T.€. onpeneneHue (HakTopoB TOKHO MPe-
CTaBJIIThCS MOCIEI0BATEILHOCTRIO ACHCTBUI (Omepaliuii), ¢ MOMOIIbIO KO-
TOPBIX YCTAaHABJIMBAIOTCA UX KOHKPETHbIE 3HAaUeHUs1 (YPOBHHU), UTO oOecIie-
YUT TaKKe OHO3HAYHOE MoHMMaHue (haktopa. C omepanroHaIbHBIM OIpe-
JICJICHHEM CBSI3aHbl BHIOOP pa3MEepHOCTH (PaKTOpa MU TOYHOCTH €ro (PUKCHU-
pOBaHUS;

»  C 8bICOKOU CMeneHvbl0 MOYHOCMU, KOTOpasi ONpeeNseTcs nuara-
30HOM u3MeHeHus (akropos. [Ipu m3ydeHun mporiecca, KOTOPBIA JJTUTCS
JIECSITKH 9acOB, HET HEOOXOIWMOCTH YYUTBHIBATH JOJIM MUHYTHI, a B OBICT-
PBIX Mpolieccax HEOOXOAUMO YUUTHIBATh JOJHM CEKYH/IbI;

» O0OHO3HAYHbIMU — T.€. HETIOCPEJACTBCHHBIMU BO3JCUCTBHUSIMH Ha
00bekT. TpyaHO ynpaBisiTh GaKTOPOM, KOTOPBIN sIBISETCS (DYHKIMEH Apy-
rux (¢daktopoB. Ho B maHUpOBaHWM MOTYT YYacCTBOBATH CIIOXKHBIC
(bakTOpbl, TAaKME KaK COOTHOIICHUS] MEXKAY KOMIIOHEHTAMH, X JIOTapu(pMbl
U T.II.

[Ipu muaHupOBaHUU HKCIIEPUMEHTA OOBIYHO OJHOBPEMEHHO W3MEHS-
eTcsi HECKOJIbKO (akTopoB. [loaToMy oueHb BakHO CPOpPMyIHPOBATH Tpe-
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OoBaHMS, KOTOPHIE IPEABIBISIFOTCS K COBOKYITHOCTH (DaKTOPOB.
Tpebosanus k co6oOKynHocmu (haxmopos.

» coemecmumocms — T.€. BCE KOMOWHAIIMU COYETaHHUS (PaKTOpOB
OCYIIECTBUMBI M Oe3omacHbl. HecoBMeCcTUMOCTh (DAKTOPOB MOKET HaOJIIO-
JaThCS HA TpaHUIlax obyiacTel ux onpeaeneHus. 130aBUThCSA OT HEe MOYKHO
cokpaieHuemM obOnacteid. llonokeHue ycCnoXHSIETCs, €Cld HECOBMECTH-
MOCTh TIPOSIBISIETCS BHYTpHU oOusiacteit onpeneneHus. OgHO U3 BO3MOXKHBIX
penieHuit — pa3OueHne Ha Mo00J1acTH U PEIICHUE ABYX OTACIbHBIX 3a7a4,

» He3a8UCUMOCmb — T.€. BO3MOXXHOCTh YCTaHOBIJICHHs (akTopa Ha
J1000M YpOBHE BHE 3aBHCHMOCTH OT ypOBHEH Npyrux ¢GakTtopoB (T.e. OT-
CYTCTBHE KOppeIAluu Mexay (akropamu). TpeboBaHHE HEKOPPEIUPOBAH-
HOCTH HE 03HAYaeT, YTO MEXK/y 3HAUCHUSIMU (PAKTOPOB HET HUKAKOU CBSA3H.
JlocTaTo4HO, YTOOKI CBSI3b HE ObLIa TUHECHHOM.

Buibop ocnoenoco yposns ¢axmopa. Haunydmmm ycloBUSM,
OTpeIeJICHHBIM U3 aHallM3a anpuoOpHON MHGOPMAIUU, COOTBETCTBYET KOM-
OuHarus (MM HECKOJIbKO KOMOUHAIMiT) ypoBHel (pakTopoB. Kakmas kom-
OWHaIusl SIBISETCS MHOTOMEPHON TOYKOHW B (PAKTOPHOM MPOCTPAHCTBE
(cm. puc. 3.8).

st mro6oro (akTopa X CyIlecTByeT HyJEBOW (CpemaHHil), HUKHUN

X. . ¥ BEPXHUM X, POBHU U3MEHEHHUS 3HAYCHUM.

imin i max
Ypoenu ¢gpakxmopa — BbIOpaHHBIE JUIsl PKCIEPUMEHTA KOJIUYECTBEH-
HbIE ¥ KAYECTBEHHBIE COCTOSHUS (haKTOopa.

HyneBoit unu cpennuii ypoBeHb (pakTopa (HysneBas TOUKa WA LIEHTP

AKCIIEPUMEHTA):

X T X
I max min
Xo =" o (3.3)
2
T€  Ximins Ximx» Xio — COOTBETCTBEHHO HID)KHUH, OCHOBHOH (HYIIEBOW) U

BEPXHUH YPOBHU I-T0O (akTopa.
[TocTpoeHue miiaHa >KCIEpUMEHTa CBOJUTCS K BBIOOPY 3KCIEPUMEH-
TaJbHBIX TOYEK, CUMMETPHYHBIX OTHOCUTEIBHO HYJIEBOTO YpPOBHS

(puc. 3.9).
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Bbi60p OCHOBHOO YPOBHA

" ¥l3BeCTHa Hamny4ILas " sl Maaecman.onoﬁnacrh.a
HalITyullaR TOukS R HEMTYHLLHX TONEX I i
onpegeneHia NPOTE2ET XOpOLLO
| [ _
1 L L 1
Towanesur | | Touka nesur uexmes crelpanibie | | Hi OaHOR #3 TowK
BHyToR 00ndcTH | | WA rpeHILe CooGpaesA RO NOBOTY | | WEMB3F OTRATS
onpeqenesua ofnacTi Q2O 13 TO4ER MPRANONTEHIR
] I R
Y Y T |
Hineaod yposesy Cranacs maoovs e A
Towas nprzst BuH Bufiposi Bufrgaree Buupaetcs caysaiian
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Puc. 3.9. Boi6op ocHOBHOTO ypoBHS ()aKTOpOB

[Tocne Toro kak HyJeBOW ypOBEHb BHIOpaH, IEPEXOIUM K BHIOOPY HH-
TEpPBAJIOB BapbUPOBAHMS.
Buvibop unmepsanos eapvuposanus. 1lon nHTEpBAIOM BapbUPOBAHUS

Ji HOAPAa3yMECBACTCA PA3HOCTb MCXKAY ABYMSA MMCHOBAHHBIMH €10 3HAYCHU-

SIMU, TIPUHSATAS 32 SIUHUILY TIPU €ro KoaupoBaHuu (cM. puc. 3.8).
WuTepBan BapbupoBaHUs OnpenessieTcs mo Gopmyiie
xi max xi min
J, =i T
2

Bepxuuii 1 HWKHUNA ypOBHU (DaKTOPOB MOJY4YAIOT MyTeM NpubOaBiie-

(3.4)

HUS U BBIYUTAHUS U3 UCXOJHOTO YPOBHSI HHTEpPBAJIa BADbUPOBAHUS.
Ha BbIOOp MHTEpPBAIOB BaphbUPOBAHUS HAKJIABIBAIOTCS €CTECTBEHHBIC

OTpaHUYEHUsl CBEpXy U CHU3Y. VHTepBas BapbUPOBaHUS HE MOXET OBIThH
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MEHbIIIE TOW OLIMOKH, C KOTOPOW 3KCHEPUMEHTATOP (PUKCUPYET YPOBEHBb
¢aktopa. lHaue BepXHUN M HIKHUM YPOBHH OKAXKYTCS HEPa3IMUMMBIMHU.
C npyro# cTOpOHBI, UHTEPBAJI HE MOKET ObITh HACTOJIBKO OOJBIINM, YTOOBI
BEPXHUI WM HWKHUM YPOBHU OKa3ajuCh 3a MpeAenamMu 00JIacTH ompese-
neHusi. BHyTpu 3THX orpaHu4YeHUN OOBIYHO €IIe OCTACTCS 3HAYUTEIbHAs
HEONPEIEIEHHOCTh BhIOOpa, KOTOPAsl YCTPAHSIETCS ¢ MOMOUIBI0O MHTYUTHB-
HBIX PEIICHUM.

XapakTepucTUKM OOBEKTOB HSKCIIEPUMEHTAJIbHBIX HCCIEIOBAHUMN
UMEIOT Pa3InyHyl0 (U3UYECKYIO0 MPUPOIY, a CIEJOBaTEIbHO, U pa3Mep-
HOCTbB, YTO 3aTPYJHSAET NOCTpoeHne Moaenu. I1oaToMy Ha npakTuke 3Haue-
HUsl (PAKTOPOB, KOTOPbIE UMEIOT peabHbIi (PU3UYECKUN CMBICI, HOPMUPY-
10T (IPUBOJAAT K OINPEICIIEHHOMY paHee 3aJlaHHOMY HaOOpy 3HAaueHui).
B mnnaHupoBaHUUM 3KCIEpUMEHTa 3HayeHUs (HAKTOPOB, COOTBETCTBYIOIIHE
OIPEACIICHHBIM YPOBHSAM HUX BapbUPOBAHMS, BBIPAKAIOTCA B KOJUPOBAHHBIX
BenuunHax: +1 (BepxHuit), —1 (HWKHMIT), OCHOBHOM — 0 (cpeaHuit).

[Ipu mIaHUpOBaHUU SKCIIEPUMEHTA MPEOOPaA3YIOT pa3MEpHBIC yMpaB-
JsieMble He3aBUCUMBIE (hakTophl X; B Oe3pa3MepHble, HOPMHUPOBAHHBIC x, .

AJTOPUTM HOPMHUPOBKH (hakTOpa:
— BbIOMpaeM MaciiTad U MOJIOKEHHUE OCEH KOOPANHAT TaKUM 00pa3oM,

COOTBETCTBOBAJIO —1, a X. +1;

I max

4TOOBI X,
— BBIYMCIISICM 3HaYeHue Xj, 11 maHHoro (akropa (mo hopmyie (3.4));
— BBIUUCIISIEM UHTEPBAII U3MEHEHUS 1-T0 (hakTopa J, (mo dopmymne (3.3)).

— HAXOJIUM HOPMHUPOBAHHOE (KOJOBOE) 3HAYEHUE X;, JJISI KaXKIOTO

I-ro hakTopa no ¢opmyie
Xi, =——. (3.5)

['padpruecku mepexo1 OT HaTypaJIbHBIX 3HAUYEHUN (PAKTOPOB K HOPMU-
POBaHHBIM 03HAYaET MEPEHOC Ocel KOOpAMHAT (haKTOPHOTO MPOCTPAHCTBA B

UCXOIHBIN ypoBeHb (puc. 3.10).
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Puc. 3.10. I'paduuecku nepexo/1 OT HATYpaTbHBIX 3HAUYCHHH (PaKTOPOB
K HOPMUPOBAHHBIM 03HA4aeT IIEPEHOC OCEH KOOPAUHAT
(haKTOPHOTO MPOCTPAHCTBA B UCXOAHBII YPOBEHb

Bri6op uHTEpBaIOB BaphbUpOBaHUS — 3ajava TPyJHas, TaK KaKk OHa
CBA3aHa C He(pOpMaIM30BaHHBIM 3TANOM IUIAHUPOBAHUSA SKCIEPUMEHTA.
Bo3Hukaer Bomnpoc, Kakas anpuopHas UHGPOpPMAIUs MOXKET ObITh IMOJIe3HA
Ha JaHHOM 3Tane? DTO — CBEIECHHS O TOYHOCTH, C KOTOPOH IKCIIEPUMEHTA-
TOp QuKCcUpyeT 3HaUeHUs (aKTOPOB, O KPUBU3HE MTOBEPXHOCTU OTKIIMKA U O
JMana3oHe U3MEHEHUs mapaMerpa ontumMusanui. OObIYHO 3Ta HH(POPMAITHS
SIBJISIETCSI OPUCHTUPOBOYHOM (B HEKOTOPBIX CIydasX OHA MOXKET OKa3aThCs
IPOCTO OLIMOOYHOM), HO 3TO €IMHCTBEHHAsl pa3yMHas OCHOBA, HA KOTOPOil
MOKHO HaUYMHATh IJIAHUPOBATH SKCIIEPUMEHT. B X0/1€ 3KCIiepuMeHTa ee 4a-
CTO MPUXOJUTCSI KOPPEKTUPOBATb.

TouHOCTh (DuKCcUpOBaHUS (DAKTOPOB OMpPEALIAETCS TOYHOCTHIO TPH-
OOpOB M CTAOMJIBLHOCTBIO YPOBHS B XOJIe ONbITa. J[Jis MPUHATUS pEIIeHUN
WCIIONIB3YETCS anpruopHast HHPOpMaIHsi O TOYHOCTH (UKCUPOBAHUS (HaKTO-
POB, KPUBU3HE MOBEPXHOCTH OTKJIMKA W IMAIa30HEC U3MEHECHUS MapaMmeTpa
ontumuzanuu. Kaxaoe coyeraHnue rpajaluid MEpeUYUCICHHBIX MPU3HAKOB
ONPEETAET CUTYaLNIO, B KOTOPOW HYKHO IPUHUMATh PEIICHUE.

PaccMoTpum mumpokui, CpelHUM U y3KAM UHTEPBaAJIbl BAPbUPOBAHUS,
a TAaKXe€ CJy4dau, KOrjJa TPYAHO IMPHUHATH OJHO3HAYHOE pemieHue. Paszmep
MHTEpBaja BapbUPOBAHUSI COCTABISIET HEKOTOPYIO JOJIO0 OT 00JIacTU OIpe-
nenenus ¢pakTopa. Y CIOBHO MOXKHO HMPUHSITH:
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— ecJii UHTepBall cocTamisieT He Oosnee 10% ot obnactu ompezene-
HUS — Y3KUM,;

— He 6onee 30% — cpenHum;

— B OCTaJIbHBIX CIIy4asiX — IMUPOKHUM.

Ha puc. 3.11-3.13 npencraBieHbl OJI0K-CXEeMbl MPHUHATHS PEIICHUN
Y Pa3IMYHBIX BapUaHTaX TOUHOCTH (pukcupoBanus paxropo. Ha neppoii
cxeMe (puc. 3.11) npeacraBieHbl I€BATh CUTyallUi, UMEIOIIUX MECTO MPHU
HU3KOM TOYHOCTU PuKcHpoBaHus GpakTopoB. [Ipu BeIOOpE penieHuil yuuThl-
BaeTcd MH(pOpMaLUs 0 KPUBU3HE MOBEPXHOCTH OTKIIMKA U O JHUAMA30HE U3-
MEHEHHMsI TlapameTpa ONTUMHU3AIMU. THUMHUYHOE pEIIeHHEe — IIUPOKUNA HH-
TepBaJ BapbUPOBAHUA. Y3KHUI MHTEPBAJ BapbUPOBAHUS COBEPIICHHO HE UC-

IMOJIB3YCTCs, YTO BIIOJIHC ITOHATHO IIPHU HU3KOM TOYHOCTH.

Hu3kas TO4HOCTD
hukcupoBaHuA (PaKTopoE
XapaKTeprCTHKa KDHBHIHD! [nanasoH HaMeHems
NOSEPXHOCTH CTHMMKA NapaMeTpa CRTHMI3ALMM
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IiApokwia wHTepEan CoerHuit pHT2pean Y3ai vetepazn
BapbAPOBIA BAPLPDTBAHAR BACbHRCEIHIR
YBENMHSHPE TO4HOCTH YBarmuese -ﬂcm\. METyTHEHCS
NOSIEpFAHIR DKTOpoe NOSTOOHBIX ONBITOE powe=rs

Mepaxoyl k CpspHed TOHOCTH
rEteD0saRA DaRTOpos

Puc. 3.11. IlpunsTre peuieHuid Npu HU3KOW TOYHOCTH (PUKCUPOBAHUS (DaKTOPOB

HpI/I BBI60pC YYUTBIBACTCA KPpHUBHU3HA IMOBCPXHOCTHU OTKIIMKA WU JHAlla-
30H HU3MCHCHHA IIapaMCTpa OIITHMH3AIIUU. CTpCJIKa, BbIXOJAIIass H3
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Kpy»KOuKa, yKa3blBaeT pemieHue. Huskass TouHOCTh (PUKCUpOBaHUS (PakTo-
POB IPUBOJMT K OTKa3y OT BbIOOpA Y3KOI0 HHTEpPBAJIa BAPbUPOBAHUS, NHAYE
pe3ynbTaThl MOTYT OKa3aThCsl HEpa3auUUMbIMU. CpeHHI UHTEpBaJl BapbU-
pOBaHUA B 3TOM CXeMe BBIOMpAETCS JBAXK/bI, IPUYEM B JEBATON CUTyalluU
KAaK PeAKO MpHMEHsieMas allbTepHATHBA. 31E€Ch OTCYTCTBYET HH(pOpPMALIUS
00 00oux mpu3HaKax, U BbIOOpP HIMPOKOr0 MHTEpBaja MpeAcTaBisercs 00-
Jie€ €CTECTBEHHBIM.

HaunGosnbiive TpyAHOCTH BO3HHUKAIOT, KOTJa MOBEPXHOCTh OTKIIMKA
HenuHenHa. [losBisieTcs npoTUBOpeYre MEXYy HU3KOW TOUYHOCTBIO (DUKCH-
poBanus (HakTopoB U KpuBU3HOU. [lepBast TpeOyeT paciiupeHus: HHTepBaa,
a BTOpas — cykeHus. Pemienune okasblBaeTcsi HEOJHO3HaYHbIM. Kak mocry-
nute? Ilpuxomurcs paccmaTpuBaTh JOMNOJHUTEIBHBIE PEKOMEHIALMU
(puc. 3.12)). IIpexxae Bcero Hy>KHO BBISICHHUTH, HENB3S JIU YBEIHYUTH TOY-
HOCTb IKCIIEPUMEHTA JHO0O0 3a CUET MHXKEHEPHBIX PEIICHUM, OO 3a cyeT
YBEJIMYEHUS YUCIIa TIOBTOPHBIX OINBITOB. ECIIM 3TO BO3MOYKHO, TO pELIEHUS
NPUHUMAIOTCSI Ha OCHOBE OJIOK-CXeMbI (cM. puc. 3.12) nis cpenHeld To4HO-
cTi ¢ukcupoBaHus (akTopoB. Eciu 3TO HEBO3MOXKHO, TO JUIsl MPUHATHA
pELIeHUs] HET JOCTaTOYHBIX OCHOBAaHUM U OHO CTAHOBUTCSI HHTYUTHBHBIM.

CpegHAas TOYHOCTH
thukcupoBanmns akTopos

/ \

’ XapaKTepUCTIKE XDUSH3HE [vanaaoH nasercHHA

NOBESDXHOCTH CTKAMKZ NapaMeTpa ONTHAMM3aUWH

[\, ]

HWipoxuid uHTSpEan Cpenymi wsitepsan Yaaut weTepsan
BEDEFDOBSHMA B2pLUPOSHUA E3PENPOB3HNA

Puc. 3.12. IlpunsTHe pemeHnid Ipu cpeHel TOUHOCTH (PUKCUPOBaHHS (HaKTOPOB
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Ota 0JI0K-cXeMa, KaK U MOCJIEIYIOIIre, CIYKUT BECbMa IpyObIM TMpH-
OJI>KeHUEeM K JEHCTBUTENBbHOCTU. Ha mpakThke yduThIBaeTCs €lle macca
obcrostenscTB. Hanpumep, pemieHus, mpuHAMaeMbIe TI0 KaKI0My (aKkTopy
B OTJEIBLHOCTH, KOPPEKTUPYIOTCS MPU PACCMOTPEHUHU COBOKYITHOCTH (pak-
TOPOB.

Ha puc. 3.12 uzo6paxeHa 0j0k-cxema JjIsl ciiydasi CpeIHe TOYHOCTH
bukcrupoBanus HaKTOPOB.

XapakTepeH BBIOOp CpeaHEro HHTepBajia BapbUpOBaHUA. JIumib B
ciTydae HEIMHCHHOW IMOBEPXHOCTH M MTUPOKOTO JMana3zoHa PeKOMEHIYETCS
Y3KHU MHTEPBAI BapbupoBaHusl. [Ipy coueTanusax JIMHENHON TOBEPXHOCTH C
Y3KUM JIMana30HOM U OTCYTCTBHEM MH(pOPMAIMHU O AUAMa30HE BHIOUpAETCS
ITUPOKUN WHTEpPBal BapbUpoBaHWs. [IyHKTHpPOM, KaK W BBIIIE, MOKAa3aHBI

PEAKO ITPUMCHACMBIC aJIbTCPHATHBEI.

BbICOKas TOYHOCTb
thukcupoBaHus hakTopos
XapaKTeprcTKa KDUBH3HLI [ranazoH uaseHeHHns
NOBEPXHOCTH OTKNUKA napameTpa onTHMUIaLMNR
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\ o LR Ned
linpokisit wHTepsan Cpeprst wHTepaan Y3t wiTepean
BaPLIDOSAHMA BapLUPOSaHIR BapLRPOSAHMA

Puc. 3.13. Ilpunsartue peuieHui npu BBICOKON TOYHOCTH PUKCUPOBaHUS (AaKTOPOB

Ha puc. 3.13 noctpoeHna 0j0k-cxema Jjisi ciiydasi BBICOKOM TOUHOCTHU
¢ukcupoBanus pakropa. CoueraHrue BHICOKON TOYHOCTU C HETUHEUHOCTHIO

MMOBEPXHOCTHU BCET/ia MPUBOJIUT K BHIOOPY Y3KOT0 MHTEpBaia. JIOBOJIbLHO ya-
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CTO BBIOMpAETCsl CPEeJHUN HHTEpBaN W JIMIIb B JIBYX CIy4asX HIMPOKHUH.
B o6eux nocnegnux OJ0K-cXeMax OTCYTCTBYIOT HEOJHO3HAYHBIE PELICHUS.

HTak, BOOPY>XMBIIUCh YMEHHUEM BHIOUpPATh OCHOBHOW YPOBEHb U WH-
TepBaJbl BAPbUPOBAHUS (PAKTOPOB, MBI TOTOBBI MMPUCTYIUTH K MOCTPOCHHUIO
TUTaHa MPOBEJICHUS SKCIIEPUMEHTA.

Ilpumep. Bpi0Op (akTOpOB M UX YPOBHEH PACCMOTPUM Ha IpPUMEPE
UCCJIEIOBAHUI MHEBMATUYECKOTO ammapara Jjisi OJHOBPEMEHHOTO BbICEBa
CEMSIH KYKYpY3bl U COPIO B OJIUH PSJIOK (CM. puc. 2.7).

[lockoabKy B SKCIEPUMEHTAJbHOM  BBICEBAIOIIEM  alllapare
(cM. puc. 2.7) MPOUCXOMAT JIBa CAMOCTOSTEIBHBIX TPOIlecca BBICEBA CEMSIH
IBYX KYJBTYpP, B KOTOPBIX HEKOTOpBIE (DAKTOPHI SIBISIOTCS OOIIMMH IS
000MX MPOLECCOB, TO MPU PAHKUPOBAHUM (PAKTOPOB OHU OBUIM pa3fiesiCHbI
Ha TPU TPYIIIbL:

—  (baxTOpBI, BAUSIONINE TOJBKO HA MPOLECC BbICEBA CEMSIH KYKYpY-
361 (10 dhakTOpOB);

— (baxkTOpBl, BIUSIONIME TOJBKO Ha MPOLECC BHICEBA CEMSH COPro
(23 dakTopa);

— (akTopsl, odmue 111 00oux mporeccoB (3 pakropa).
Obwumu paxmopamu 11t 000UX IPOIIECCOB SIBJAIOTCS: Xq — YacToTa

BpALLEHUSI BBICEBAIOILIETO JUCKA; X, — BEJIMYMHA PA3PEKECHUS B BAKYYMHOMU

KaMcCpcC allllapara.

B cocraB Bappupyembix (akTopoB Bomum: X;, X, u X3. Bpidop

YPOBHEW M MHTEPBAJIOB BAPbUPOBAHUS YKa3aHHbBIX (DaKTOPOB MPOU3BOIUIICS
C YYETOM pPEAJIbHBIX YCIOBHUH KCIUTyaTallUd U PE3YJIbTATOB TEOPETUUECKHUX
Y IIPEBAPUTEIIBHBIX UCCIICIOBAHUM.

Pe3ynbTarhl paboThl MO BEIOOPY OCHOBHBIX (DaKTOPOB, YPOBHEHN U HH-

TEPBAJIOB UX BapbUPOBAHMSI TIPEICTaBIICHHI B Ta0m. 3.1.
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Tabmuna 3.1
OcHoBHbIE (PaKTOPBI U YPOBHU UX BapbUPOBaHUS (IpUMED)

Hauwmeno- Obo- VpoBHU (HaKTOpOB Wutepaan
BaHUE HaumenoBanue daxropa 3Ha4ye- | OCHOB- | HWKHWMU | BEDXHHM | BapbUpPO-
npoiecca HHUC Howt (0) | (-1) (+1) BAHUS
@, - yIi0Bast CKOPOCTb BpalllCHUS
07y POCT® BPatl X, 3 2 4 1
BBICEBAIOIIETO JIUCKA, Pajl/c
Bricen p - BeJIMYMHA Pa3peKCHUs B Ba-
CEMAH KYyMHO!l KaMmepe BBICEBAIONIETO | X, 3 2 4 1
KYKypy3bl | anmmapara, klla
3 —3a30p MeXK/Ly NeperopoiKoi n
P MEIILY TICPETropost X, 0 15 | 415 15
TIPUCACHIBAIOIIMM OTBEPCTHEM, MM
@, - yroBasi CKOPOCTh BPAIICHHS
07y POCTS Bpart X, 3 2 4 1
BBICEBAIOIIETO JIUCKA, Pajl/c
Beices p - BEIMYHMHA Pa3peeHus B Ba-
CeMsIH KYYMHOH Kamepe BBICEBAIOWIETO | X, 3 2 4 1
copro anmapata, klla
8, - IIMPHHA TEPEMBIYKH MEX
n P P Wy 1,8 1,2 2,4 0,6
OTBEPCTUSIMH MYJICATOPA, MM

3.3. Bei0op maTemaTu4eckoit Mojeu

Mamemamuueckas mooeib — 3TO COBOKYITHOCTh MAaT€MaTHYECKUX
00BEKTOB (YKCEN, CHMBOJIOB, MHOXKECTB U T. JI.) U CBS3€H MEXTy HUMH, OT-
pakaromias BAXKHEHIIIHUE IS MCCIIeI0OBATENs CBOMCTBA H3y9aeMOro 00OBheKTa.

CymiecTByIOT /1Ba crmoco0a MoydeHHs] MaTeMaTHIYeCKON MOJEIN 00b-
€KTa: TEOPETUYECKUN (AaHATUTUYECKUI) U IKCIIEpUMEHTANIbHBIA. B mepBoM
cilydae HCCIe[oBaTelh CTPOWT MOJICTh Ha OCHOBE HM3BECTHBIX €My Ipe-
CTaBJICHUH 00 00BEKTE MOJEIMPOBAHUS C UCITOIH30BAHUEM 3aKOHOB M Ipa-
BUJI MaTE€MaTUKH, JIOTUKHU, PU3NKK U Ipyrux Hayk. [Ipm BTOpOoM cmocobe
MaTEeMaTHYECKYI0 MOJIe]h O00BEKTa MOJyYarOT ¢ MOMOIIBIO SKCIIEPUMEHTA.
OOBIUHO 3TO — YpaBHEHHE (CUCTEMa YpaBHEHUI), CBSI3BIBAIOIICE BBIXOIHBIC
¥ BXOJHBIC TTapaMeTphl 00BEKTa, HAIIpUMEpP MOTEPH 3epHA 3a 3epHOYOOPOU-
HBIM KOMOaiHOM Kak ()yHKIIHS TI0/Ia4d XJICOHOH Macchl B KOMOAKH.

K maremaTndyeckoMy MOIETHPOBAHUIO B TEXHHKE MPUOETAIOT B TEX
CiIydasix, KOTJia OIbITa ¥ WHTYHUIIMU MPOCKTHUPOBIINKA HEIOCTATOYHO IS
NPUHATUS PEIICHMs], a TAaKKe MPHU PEUICHUHU 3a]ay, TPEOYIoIMX OO0JIbIINX
00bEMOB BBIYUCIICHUM.
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B TexHHKe MMPOKO NMPUMEHSETCA U JPYroll BUJA MOJIEIUPOBAHUS —
(puznueckoe MakeTUPOBAHUE OOBEKTOB B YMEHBIIEHHOM WM YIPOLIEHHOM
Buje. Y (PU3MUECKOr0 U MATEMATUYECKOTO MOJICIIMPOBAHUS €CTh CBOM Ipe-
MMYILIECTBAa U HenocTaTkH. [IpenmyinecTBaMu MaTeMaTHYE€CKOTO MOJEIIU-
pOBaHMs ABJIAETCA OTCYTCTBUE 3aTPAT HA MU3rOTOBJICHHE (PU3UUECKUX MaKe-
TOB, BO3MO>KHOCTb IIPOBEJICHUS NMPAKTUYECKU HEOTPAHUUYEHHOI'O YUCia K-
CHEPUMEHTOB, B TOM YUCJIE HA KPUTHYECKUX PEXKHUMAX, KOTOPHIE MPUBEIH
Obl K pa3pyuieHuIo GU3NIECKOro Makera. BMecre ¢ TeM B psje ciiydaeB 3a-
TpaThl Ha CO3JaHUE aJEKBATHOW MAaTEMAaTHYE€CKON MOJEIM MOTYT MPEBOC-
XOJIUTh 3aTpaTbl HA MAaKETUPOBAHUE, & JOCTOBEPHOCTh PE3YJIbTATOB Mare-
MaTUYECKOI'O0 MOJIEJIMPOBAHUS YAaCTO 3aBUCUT OT NMPUHUMAEMBIX JOIyIIe-
HUN U HEU3BECTHBIX KO3(P(PULIHUEHTOB MATEMATUUYECKON MOJIETH.

B nianupoBaHuuM 3KCIIEPUMEHTA MO MOJEIbI0 OyJiIeM MOHUMATh BH]T
bynkuun otkiuka Y = f(X,,X,, X, ,...X, ).

BbeiOpath MOJenb — 3HAYUT BBIOpATh BUJ 3TOM (PYHKILIMHU, 3alIUCATH €€
YpaBHEHUE, CINITAHUPOBATh U MPOBECTH SKCHEPUMEHT ISl OLIEHKH YHCIICH-
HBIX 3HaYEHUI KOHCTAHT (KO3 (ULMEHTOB) 3TOTO YpaBHEHUSI.

Jlnst BIOOpa MOJENM HEOOXOIMMO CHayaia MOCTPOUTh reoMeTpuye-
CKUH aHAJIOT (PYHKIIMH OTKJIMKA — MOBEPXHOCTh OTKJMKA (cM. puc. 1.8).
Kaxnomy cocrosiHuio «smuka» OyAeT COOTBETCTBOBATH TOYKA Ha
IIJIOCKOCTH.

Pa3mepHOCTh JaKTOPHOTO MPOCTPAHCTBA 3aBUCUT OT Unciia (DAKTOPOB.
[Ipu mHOrMX (QakTopax MOBEPXHOCTh OTKJIMKA YK€ HENb3sl H300pa3uTh
HArJIIIHO M TPUXOJIUTCA OTPAHUYMBATHCS TOJBKO aireOpandyecKum
SA3BIKOM.

st nByX (akTOpoB MOXKHO AaK€ HE MEPEXOAUTh K TPEXMEPHOMY
IPOCTPAHCTBY, @ OFPAHUYMUTHCS MJIOCKOCTHIO. Il 3TOro A0CTaTOYHO Mpo-
W3BECTU CEUYECHHE IMOBEPXHOCTH OTKJIMKA IJIOCKOCTSMH, MHapalIeIbHbIMU
I10cKOCTH X10X2, M MOJYyYEHHbIE B CEUCHMSIX JIMHUU CIIPOEKTHUPOBATh HA
3Ty 1ockocTh (puc. 3.14). Tak crposiT, HapuMmep, U300paxeHUss rop u
MOPCKHX BIIaJIMH Ha reorpaguueckux Kaprax.
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Puc.3.14. [Ipoekuust cedeHni MOBEPXHOCTH OTKJIMKA HA TIOCKOCTD:
@ — TIOBEPXHOCTh OTKIIMKA, TIOJYYSHHAsI yTeM MPOCKIIUU CEUYECHUI Ha MI0CKOCTh;
0 — TOJTyYeHHEe 3aMKHYTHIX KPUBBIX ITyTEM IPOCKIIMH CEUCHHIA
(M300pakeHre TOp ¥ BHAJAWH HA KapTax)

Touka M Ha pUCYHKE — 3TO U €CTh Ta ONTUMAJIbHASI TOYKA, KOTOPYIO
MBI uiieM. Kaxpasi TMHUS COOTBETCTBYET MOCTOSIHHOMY 3HAYEHHIO Tapa-
MeTpa onTumu3anuu. Takas JIMHHUS HA3bIBACTCS JUHUEU PABHO20 OMKIUKA.
CyuiecTByeT COOTBETCTBUE MEXY COCTOSHHEM <ILMKa» U 3HAYCHHEM Ma-
pameTpa ONTUMHU3AIUHU: KAXKIOMY BO3ZMOXHOMY COCTOSIHHIO «SAIIHAKA» COOT-
BETCTBYET OJIHO 3HAYCHHE Mmapamerpa ontumuzanuu. OgHako oOpaTHOE He-
BEPHO: OJTHOMY BO3MOKHOMY 3HAUEHHUIO Mapamerpa ONTUMHU3AINU MOXKET
COOTBETCTBOBAaTh M OJIHO, U HECKOJIbKO, M CKOJbKO YTOJHO COCTOSIHUU
«SITITAKOBY.

CymiecTByeT OO0JbIIOE KOJIMYECTBO MOJENed M MX BUIOB. ['JaBHOE
TpeOOBaHUE K MOJEIM — 3TO CHOCOOHOCTh MPEACKa3bIBATh HAMPABJICHUE
JATBHEHIINX OMBITOB C TpeOyeMOH TOYHOCTHIO BO BCEX BO3MOKHBIX
HaIpaBJICHUSX.

Mopaenb noiKHA OBITh a0eK8amHol, T.€. PEACKA3aHHOE C MOMOIIbIO
MOJICJIM 3HAYCHHE OTKIWKA HE JOJHKHO OTJIMYAThCS OT (PAaKTHUECKOTO
OoJpIlie, YeM Ha HEKOTOPYIO 3apaHee 3aJaHHyo BenununHy. [IpoBepka BbI-
MOJIHUMOCTH 3TOr0 TPeOOBaHUs HA3bIBACTCA HPOBEPKOU AO0EK8AMHOCMU
Mmooenu. PazpaboTanbl ciequagbHble CTATUCTUYECKUE METO/IbI, C TIOMOILBIO
KOTOPBIX TIPOBEPSIETCS aICKBATHOCTb.

Ecnu HECKONBKO Pa3NMYHBIX MOJENEH OTBEUYAIOT HYXXHBIM TpeOoBa-
HUSAM, TO CJEAyeT MPEeAnodecTb Ty W3 HHUX, KOTOpas SBISETCS CaMoOu
MPOCTOM.

Ecmu paccmorpets norapudmudeckyro ¢ykiuio (puc. 3.15), Ha He-
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KOTOPOM OTPE3KE /[Xmin, Xmax] OHA C YJIOBJICTBOPUTEIHHON TOYHOCTHIO OIIH-
chIBaeTCs NByMs ypaBHeHusmu: Y=logbx u y=bx.

|

I

|

I

!

J "
J / Coun L =4
Puc. 3.15. I'padux norapupmudeckoit pyHKIHH

Bo BTOpOoM ypaBHEeHHH b — K03 HUIIMEHT, KOTOPBIM MBI MOXKEM OIIe-
HUTb, HAIPUMED, TIO pe3ybTaTaM dKcrepuMenTa. Kakoe u3 ypaBHEHHU, 1O
BallleMy MHEHUIO, poIe?

[TpocroTa — Bemb oTHOCHTENbHAsA. Eciii BBl 3apanee HE chopMyIUpy-
€Te TOYHO, YTO HAa3bIBACTCS MPOCTHIM, & YTO CJOKHBIM, TO HEBO3MOXKHO
MIPOU3BECTH BHIOOD.

Ha Oymymiee mMbl JOTOBOPUMCS, YTO MPH MPOYUX PABHBIX YCIOBHUIX
MBI Bcerjaa OyaeM MpearnovyuTarh CTeNEeHHbIE psabl. To4YHEe, OTPE3KH CTe-
MEHHBIX PSIJOB — aireOpandeckue MOJWHOMEBL. [Ipu Takom cornameHuu
MO>KHO CKa3aTh, YTO BTOPOE YpaBHEHUE MPOIIIE.

Br1Opath Mozielb — 3HAYUT CPAaBHUTH. A KaK CPaBHUTH MEXIYy COOOM
KJIaCChl MOJIEJIEeH, €CIIM CBOMCTBA 00BEKTa 3apaHee He u3BecTHBI? OcTaéres
nmpeanoaraTb, 4YTo JOJKHBI pPacCMaTPUBATHCS TaKHWE 3a/1add, B KOTOPBIX
WCXOJTHBIE TIOCTYJIAThl OKaKYTCS BEPHBIMH.

BriOpanHbie B Ka4eCTBE MAaTEeMAaTUYECKUX MOJIENICH TTOJIUHOMBI OYIyT

pa3iandaTbCs 110 MAKCUMAJIBHBIM CTCIICHAM BXOIAIINX B HUX IICPEMCHHBIX !
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IOJIMHOM HYJIEBOM cTeneHn — Y =D, ;
TIOJIMHOM TIEpBOH crenenu — Y =0, + b, X +b,X,;

TIOJIMHOM BTOPOii cTenenu — Y =b, + b x, +b,x, + b, x X, + b, X’ +b,,x?;

o 2 2
TOJIMHOM TpeTheii crerenn — Y =0y +0,X, +b,X, + b, XX, +b, X/ +0,,X; +

+b, . X2

2 3 3.
X X, + 0L, X X0 + b, X +D,, X5,

122771 111771

lonunomuanvusvie moodenu. 1lpu NIaHUPOBAHUU IKCIEPUMEHTOB He-
M3BECTHYIO HaM (PYHKIMIO OTKJIMKA 3aMEHSIOT mojauHomoM. Oneparus 3a-
MEHBI OTHOW (h)YHKIIMH JIPYrou, B KAKOM-TO CMBICJIC SKBUBAJIEHTHOU (hyHK-
LMEH, HA3BIBACTCS annpoxcumayueu, T. €. TPy TIAHUPOBAHUU IKCIIEPUMEH-
TOB HEM3BECTHYIO (DYHKIIMIO allTPOKCUMUPYIOT TOJTUHOMOM.

Ho nonuHOMBI ObIBatOT pa3Hbix creneHel. [loaTomy BaxkHO BBIOpaTh
CTEIECHb MOJIMHOMA Ha IIEPBOM IIare MJIAHUPOBAHUS SKCIIEPUMEHTA.

OKCHEPUMEHT HYKEH TOJIBKO JUIsl TOTO, YTOObI HAaWTH YKCIEHHBIE
3Ha4YeHus1 KodPuiueHToB noauHomMa. [loaromy uem OoJibiie ko3 PuireH-
TOB, TEM OOJIBILIE OINBITOB OKAXKETCA HEOOXOAUMBIM. A MbI CTPEMHUMCS CO-
KpaTuTh MX 4ucio. Hago HaWTU TakOW IIOJIMHOM, KOTOPBIM COIEPKHUT
MeHbIIe KO3(P(ULIHUEHTOB, HO YJIOBJIETBOPSET TPEOOBAHUSAM, MPEAbSIBICH-
HBIM K MoJieni. YeM Huke CTeneHb MOJMHOMA MPHU 3aJaHHOM YHciie (akTo-
POB, TEM MEHBIIE B HEM KOA(PPHUIIMEHTOB.

Mpbl XO0TUM, 4TOOBI MOJENb XOPOIIO MpeACKa3blBajlia HaIpaBiECHUE
HAWCKOPEMIIETO YIyUIlIEHHUs [TapaMeTpa ONTUMHU3ALUMU. TaKkoe HarpaBieHUE
Ha3bIBAECTCS HanpasieHuem 2cpaouenma. SICHO, 4YTO JBHKEHHE B 3TOM
HaIpPaBJICHUU TPUBEIET K ycrexy ObIcTpee, 4eM JIBHXKEHHE B JIIOOOM Jpy-
rOM HalpaBJ€HUU (3TO 3HAYUT, YTO OYyJET NOCTUTHYTa DKOHOMUS 4HcCla
OIIBITOB).

['paguent ¢yHKIMHM TPEACTABISET COOOM BEKTOp, TMOKA3BIBAIOIIUI
HauCKopeiiliee u3MeHeHue (PyHKIMK, BEIMUYMHA U HaIpaBiICHHE KOTOPOIo

onpenenstores no Gpopmyiie

grady:g7+ﬂ7+...+ﬂﬁ, (3.6)
0X, oX, OX,
r7ie Y — BBIXOJ SKCIIEPHMEHTA; Xk — TIepeMeHHble GaKTopbl; i , j K — exu-

HAYHBIE BEKTOPBI IO COOTBETCTBYIOIIMM KOOPAUHATAM.
Haubonee nmpocTo 3HaUeHHE MPOU3BOIHON MOXKET OBITh OIIEHEHO KakK
OTHOIIICHUE TpHUpamieHuss QYHKIUA K MPUPAIICHUIO OTACIBHBIX (DAKTOPOB
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MIPU peaju3aliy JBYX dKCTICPUMEHTOB, MTOCTABICHHBIX B OKPECTHOCTSIX HC-
XOJHOM TOYKH (PaKTOPHOT'O MPOCTPAHCTBA: MPOOHOr0 U PabOYEro OIBITOB,
Yy A

oX, Adx,

CraBs mocneaoBaTeIbHO HECKOJIBKO OTMBITOB BOKPYT MPOOHON TOYKH,
OTIPEICNIAIOT COCTABIIAIOIINE TPAAUEHTA MO OCSIM (PAaKTOPHOTO MPOCTpaH-
CTBa, T.€. HaNpaBJICHUE JIBIKEHUS K onTuMymy. Kpome Toro, 3amaroTcs Be-
JUYUHOW pabodero mara Ipu 3TOM JBKEHUU.

= — Vi, Vi, Vi,
Xhe1 = X, +Ph . 4 + 4 +-°-+—y (3.7)

Ax, Ax, Ax, )’

h

HalpuMep, B HanpaBiieHUH ¢akropa X1. Tornaa

riae P — mapamerp pabouero mara; h — Homep miara.

['eoMeTpryeckass WHTEpNpETANNs JBIKCHHUS K ONTUMYyMY METOJ0M
rpaJiieHTa npeacTaBieHa Ha puc. 3.16.

Kak BBl qymaeTe, MOKHO JIM B 3TOM CBSI3M BCEr/la MCIOJIb30BATh IO-

JIMHOM II€PBOM CTENEHU?

C OJIHOW CTOPOHBI, OH COAEPKUT UH(POPMAIIUIO O HAMPABJICHUU Tpa-
TUEHTA, C APYTOol — B HEM MHUHUMAIHHO BO3MOXKHOE YHCIIO KOADPUIIMEHTOB
pu JaHHOM 4ucie ¢pakTopoB. EQMHCTBEHHOE OMaceHne B TOM, YTO HESCHO,
OyzeT i TuHEeWHast MOJIEIb BCET/Ia aJIeKBaTHOM.

X2 A

>
»>

X

Puc.3.16. Cxema qIBMKEHUS K ONITUMYMY METOOM IpaueHTa
(1t peI HA TOYKAX — HOMEPA OIBITOB)
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Bomnpoc B ToM, Kak BbIOpaTh 101001aCTh B PAKTOPHOM MPOCTPAHCTRE,
4yTOOBI JINHEWHASI MOJIEIb OKa3ajach aJeKBATHOMU. Y CIOBUE aHAIIUTUYHOCTH
GyHKIMM OTKIIMKA TapaHTUPYET 3Ty BO3MOKHOCTh. Beerna cyiectByer Ta-
Kasi OKPECTHOCTh JIIOOON TOYKM (TOYHEE, IMOYTH JII0O00M TOUKH), B KOTOPOU
JUHEWHas MOJIeNb ajiekBaTHa. PazMep Takoi obyacTu 3apaHee HE U3BECTEH,
HO aJI€KBATHOCTh MOKHO MPOBEPATH MO PE3yJIbTaTaM SKCIIEPUMEHTA. 3Ha-
YUT, BHIOpAaB CHauaja MPOU3BOJBHYIO MOJ00JACTh, MBI PAaHO WJIM TMO3IHO
HalijieM ee TpeOyemble pa3Mmepbl. I Kak TOJBKO 3TO CIYYUTCS, BOCIOJIb3Y-
€MCsl JBM>KEHUEM 10 TPAJUCHTY.

Ha cnenyromem sTtane OyaeM UCKaTh JUHEHHYIO MOJETIb YK€ B ApPY-
roil nogoOnactu. L{uki moBTopseTcs A0 TeX Mop, MoKa ABUKEHHUE 10 Tpajiv-
EHTy HE MepecTaHeT naBath dPQGeKT. ITO 3HAYUT, YTO MBI MOMAId B 00-
JacTh, OJMU3KYI0 K ontumMymy. Takas 00J1acTh Ha3bIBAETCS «IOYTH CTAIHO-
HapHO». 31eCh JIMHEHHAsA MOJIEb yKe He HyxHa. JInbo momnaganueM B Io-
YTU CTallMOHAPHYIO 00JIaCTh 3ajaya pelieHa, Ju00 HaJI0 MEPEXOUTh K Io-
JMHOMAaM 0oJiee BBICOKMX CTENEeHEH, HallpuMep BTOPOW CTENEHH, YTOOBI MO-
npoOHee onucaTh 00JaCTh ONTUMYyMA.

VY naunslii BBIOOpP M0700JaCTH UMEET OO0JIBIIIOE 3HAUEHHUE IS ycrexa
Bcel paboThl. OH CBsA3aH C MHTYUTHUBHBIMU PEIICHUSIMU, KOTOPHIE TTPUHU-
MAE€T KCIEPUMEHTATOP HA KAXKIOM JdTarle.

Kpome 3amaun onTuMu3aiuy, HHOTAA BOZHUKAET 3a/1auya MOCTPOCHHUS
WHTEPHOJISIIUOHHON MOoEenu. B 3ToM ciydyae Hac HE MHTEPECYET ONTHUMYM.
[IpocTo MBI XOTUM MpE/ICKa3bIBaTh PE3yJIbTaT C TPEOYEMON TOYHOCTHIO BO
BCEX TOYKAX HEKOTOPOU 3apaHee 3aIaHHOM 00JIacTH.

Tyt He npuxoautcs BpIOUpaTh mogobsaacTs. Heobxoaumo mocienona-
TEJIbHO YBEJIMYMBATh CTENEHb MOJMHOMA J0 TEX MOp, ITOKAa MOJEIb HE OKa-
KeTcsl afiekBaTHOM. Eciiv aiekBaTHOW OKa3bIBACTCS JIMHEWHAs WJIM HEMOJI-
Has KBaJapaTHas MoAenb (0€3 YjieHOB, COMAEpKAINX KBAJApaThl (DAKTOPOB),

TO €€ ITOCTPOCHUC AaHAJIOTUIHO TOMY, HTO Tpe6yeTC${ JJIs1 OIITUMM3allvH.

71



lpunsamue pewenuii
nepeo niaHupoBanHuem dIKCnepumMeHma

Bce neiictBusi uccnenoBarens Inepel NpPOBEICHHUEM 3KCHEpUMEHTa
MO>KHO YCJIOBHO BBIJIEJIUTH B CJIEIYIOLINE TAIbI.

— Oyenka epanuy obnacmei onpeoenenus Gakxmopos npu evibope 00-
Jlacmu 9KCnepumMenma.

[Ipu 3TOM JOMAKHBI YUYUTHIBATHCSI OTPAHUYCHUST HECKOJIBKUX TUIIOB:

— nepevlil mun — MPUHIUIINATIBLHBIE OTPAaHUYCHUS I 3HaYeHUU (ak-
TOPOB, KOTOPBIE HE MOTYT OBITh HAPYIICHBI HU TP KAKUX 0OCTOATEIHCTBAX.
Hampumep, ecinu ¢akrop — temneparypa, TO HUKHUM MpeaenoM Oyner al-
COJIFOTHBIN HYJIb;

— @mopou mun — OTPAHUYEHUS, CBSI3aHHBIE C TEXHUKO-
HAKOHOMHUYECKUMHU COOOpaXEHUSIMHU, HAIIPUMEDP, CO CTOUMOCTBIO CBIPBSA, Jie-
(UIUTHOCTHIO OTJEIHHBIX KOMIIOHEHTOB, BPEMEHEM BEACHUS MIPOIIECCa,;

— mpemuti mun — OTPAHUYEHUS, ONPEIACISIONINECS KOHKPETHBIMU
YCIIOBUSIMU TIPOBEACHUS Mpollecca, HalpUMEp CYIIECTBYIOIIECH ammapary-
pOM, TEXHOJIOTUEN, OpraHu3anue. B peakrope, U3roTOBIEHHOM U3 HEKOTO-
pOro Marepualia, TeMIlepaTypy HeJb3sl MOJHSTH BBIIIEC TEMIIEpaTypbl IJIaB-
JICHUS 9TOTO MaTepHalia I BBIIIEC padouel TeMIepaTypbl JaHHOTO KaTalu-
3aropa.

— Twamenvublili aHaiu3 anpuopHol uHpopmayuu.

AnpuopHy0 UHPOPMAITUIO UCTIOIB3YIOT IS MOJYyUYEeHUS TTPEeICTaBIIe-
HUS O MapameTpe ONTUMH3AINHU, O (DAKTOpax, O HAWIYUIIUX YCIOBUIX Be-
JICHUS TIpoliecca U XapakTepe MOBEPXHOCTU OTKIIMKA, T.€. O TOM, KaK CUJIbHO
MEHSIETCA MapaMeTp ONTUMH3ALUK MPU HEOOJBIINX U3MEHEHUSIX 3HAYECHUM
(dakTOpoB, a TaKKe O KPUBU3HE MOBEPXHOCTH. [[J151 3TOTO MOXKHO MCIIOJIB30-
BaTh rpaduku (MU TaOIUIEI) OHOGAKTOPHBIX YKCIIEPUMEHTOB, OCYIIECTB-
JISIBIIMXCS B MIPEIBIAYIINX UCCIICIOBAHUSAX UJIU OMTMCAHHBIX B JIUTEpATypeE.

— Onpedenenue 10KaNbHOU NOO0OIACMU OJIi NAAHUPOBAHUSL IKCNEPU-
menma. Ipouienypa BbIOOpa 3TOM MOA00IACTH BKIIOYAET JIBAa ATama: BHIOOD

OCHOBHOT'O YPOBHSI Y BEIOOp MHTEPBAJIOB BApPbUPOBAHUSI.
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Jls1 ycnenrHoro BeIOOpa OCHOBHOTO (HYJIEBOT0), a TaAKKE HarOOJIbIIIe-
ro ¥ HaAaUMEHBIIEro ypoBHEH (PAKTOPOB HEOOXOAMMO YUYUTHIBATH arpuOp-
HYI0 MH(OpMaLKIO O TOYHOCTU (PUKCHUpOBaHUSA (DAKTOPOB, MOTPEUIHOCTH
napameTpa ONTHUMHU3AINH, HHTCHCUBHOCTD BJIMSIHUS TOTO WM MHOTO (PaKTo-
pa Ha BBIXOJI.

[Ipu BBIOOpE qUara3zoHa BapbUPOBAHUS OTOOPAHHBIX (PaKTOPOB HAYH-
HAIOT C Ha3HAYEHUSI OCHOBHOI'O YPOBHs (IIEHTpa SKCIEPUMEHTAILHOTO I1Jia-
Ha). [Ipy onTUMHU3AIIMOHHBIX 33]]a4aX B KAUECTBE HETO BHIOMPAIOT ONTUMYM
BBIXOJHOT'O TapaMeTpa, a MepBOHAYAIbHBIA MHTEPBaJ BapbUpoBaHUs (ak-
TOPOB BBIOUPAIOT HEOOIBIIUM. ITO TO3BOJISET MOJIYyYaTh JIMHEHHBIE MOJICTTH
U BbIpa0OTaTh CTPATETUIO MOIIArOBOTO ABUKEHUS K ONITUMYMY.

[Tpu UHTEPHOJAIMOHHOM XapaKTepe IKCIEPUMEHTAILHBIX 3a/lad CTa-
paroTcsi Kak MOXHO OoJibllle pacIIUpUTh Jguamna3oH BapbupoBaHud. [lpu
ATOM, KaK MPaBUIIO, TOTYyYAOTCSl HETUHEHHBIE PETPECCUOHHBIE MOJIEIH.

B 3aBUCHMMOCTH OT COOTHOIIIEHUSI UHTEPBAI BapbUPOBaHUS — 00JACTh
onpenaeneHus: daxkropa, paznuyarot y3kuii — 0,0, cpegnuit — 0,3 u mumpo-
kuil — 0osee 0,3 UHTEPBAJIBI.

Heobxoaumoe uncio ypoBHen (akToOpoB BHIOMPAIOT B 00IIIEM CiTydae
B 3aBHCHUMOCTH OT KPWUBH3HBI MOBEPXHOCTH OTKJIHMKA B (PAKTOPHOM IMpPO-
cTpanctBe. Heo6X0AMMO MOMHHUTB, YTO KOJIMYECTBO YPOBHEH (hakTOpa BIH-
seT Ha MOPSA0K MOJMHOMUATBHOW MOJIETH, a KOJMYECTBO OIBITOB 3aBUCUT

OT KOJINYECTBA YPOBHEHN M KOJIMYECTBA (PaKTOPOB IKCIIEPUMEHTA.
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4. INTAHUPOBAHUE
OJHOPAKTOPHBIX DKCIIEPUMEHTOB

Ecnu uccnenyercs BiausiHUEe OJAHOTO (pakTOopa HAa MU3y4aeMblid OOBEKT
(oHA HE3aBHUCHMas MEPEMEHHAsI), TO TaKOM SKCIEPUMEHT HA3BIBAETCS 00-
HOaKmopHuIM.

OnHO(MAKTOPHBIMU CUHUTAEM DKCIEPUMEHTAIbHBIC UCCIEIOBAaHUS, KO-
rja BapbUpyeM TOJIBKO OJHUM M3 MEPEMEHHBIX (PAKTOPOB, a €CIM UX He-
CKOJIbKO, TO U3MEHEHUE UX YPOBHEHN OCYIIECTBISIEM MOOUYEPETHO.

Huxe paccMOTpEHbI HECKOJBKO TUIOB OAHO(MAKTOPHBIX KCIIEPUMEH-
ToB. Kilaccuueckum Ha3bIBalOT HanbOoJiee CTapblii METOJ MUIAHUPOBAHUS U
peanuzanuu skcrnepuMeHToB. OH mnpemycMarpuBaeT (UKCHPOBAHHE Ha
OMpeNIeEHHBIX YPOBHAX BCEX MEPEMEHHBIX (DaKTOPOB, KPOME OJHOTO, KO-
TOPBIM MPUHUMAET HEKOTOPHIE NUCKPETHbIE 3HAYEHUS (YPOBHHU) B HCCIEMY-
€MO 4yacTu 00JIaCTH CBOETO CYIIeCTBOBaHUs. B pe3yibpTaTe HaxXoAuM 3aBU-
CUMOCTb HCCIIETyEMOW BEIWYUHBI (IIapaMeTpa BbIXOJA) TOJIBKO OT OJHOTO
dakropa. MaTemaTruyeckasi MOJIENb STON 3aBUCUMOCTH MOXET OBITh TOJY-
YeHa B PE3YJIbTaTe PsiJla FEOMETPUUECKUX MMOCTPOECHUN WM, Yallle BCErO U C
ropas3fo MEHbIIEH MOTPEITHOCTHI0, METOJOM HAMMEHBIINX KBaApaTOB.

[TocKOJIbKY 3TOT METOJ HE OMNPENENseT CTPYKTYpy MOJTy4aeMOu OJI-
HO(MAKTOPHON MOAENW W TpeOyeT HAIWYWs TEPEHACHIIIICHHON CHUCTEMBI
ypaBHEHUH (YUCJIO YpaBHEHUMN MPEBBIIMIACT YHUCJIO HEU3BECTHBIX) JJIS BBbI-
YUCJICHUS TapaMeTPOB, HAa KOJWYECTBO ypPOBHEW NepeMeHHOro ¢daxkropa
HaJararTcsl OnpeIeEHHbIE OrpaHUYECHUSI.

Ecnu BeIXOJT M3MEHSETCS 10 3aKOHY, OJM3KOMY K JTMHEHHOMY, TO JJIs
HaXO0XXJICHUSI TapaMeTPOB JMHEWHOM MOJEIU JOCTAaTOYHO TPEX TOUYEK Ha
JUHUM OTKJIMKA, T. €. JIOCTaTOYHO BapbhbUPOBATh NMEPEMEHHBIN (PakTop Ha
TPEX TUCKPETHBIX YPOBHsIX. OTHAKO BUJ JIUHUHU OTKJIMKA SKCIIEPUMEHTATO-
Py 3a4acTyro Heu3BeCcTeH. B 3TOM cilydae eCTeCTBEHHOE CTPEMIIEHUE COKpa-
TUTh 00BEM IKCIEPUMEHTOB BCTYMAaeT B MPOTHUBOPEUME C TOCIEAYIOIIEH
BO3MOKHOCTBHIO (DYHKIIMOHAILHON WM TpapUIecKON WHTEpPHpeTaluu Ux
pesynbraroB. I[locnennue MOTryT MOTUUHSATHCS OO0JEE CIOXKHOMY 3aKOHY
(HampuMep, KBaJApaTUIHOMY) C OOJBIITUM YHUCIOM MapaMeTpoB. DTO 00CTO-
ATEJIbCTBO 3aCTaBIISIET IUJIAHUPOBATH OJAHO(MAKTOPHBIM 3KCIEPUMEHT Kak
MHUHUMYM Ha YETHIPEX YPOBHIX MEPEMEHHOTO (pakTopa. A MpU UMEIOIICICs
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OMAaCHOCTH CPbIBA OJIHOI'O U3 OIBITOB HEOOXOJUMO MPEAYCMOTPETH IMATYIO
PE3EPBHYIO TOUKY.

Crnegyer OTMETHUTh, YTO €CJIM HEJIMHEHHYI0 SKCIEPUMEHTAIbHYIO 3a-
BUCHUMOCTb JIMHEAPHU30BaTh jorapudpmMupoBanueMm (OTJIOKUB Ha rpaduke B
jgorapu(pMUUECKOM MacumTade), TO MOXKHO JJis anmnpoOKCHUMAIUU SKCIIepHU-
MEHTAJIBHBIX PE3YyJbTaTOB HCIOJIb30BaTh CTENEHHYIO WJIM IMOKAa3aTEIbHYIO
byHKITUY.

Hanpumep, n3
y =ab’ (4.1)
umeeMm lg y=Ig a + x-1g b, uro skBUBaNEeHTHO JIMHEWHON 3aBUCHUMOCTH
Y=A+xB npu onepupoBaHuM HE CaMUM PE3YJIbTATOM SKCIEPUMEHTA, a €ro
JorapupmMom.
Bbluucienuss mo ONpeaeieHuI0 napamMeTpoB MOJEIH METOAOM

HaMMEHBIINX KBaIPaTOB YI00HO BBITIOJIHATH B BH/Ie Ta0OuIbI (Tads. 4.1).

Tabmuna 4.1
Brruucnenue [mapamMecTpOB MOICIINU
Ne n/mt X X2 y Xy x3 x4 X%y
1 2 3 4 5 6 7 8
N X Tx2 2y XXy x3 x4 X2y

Jns nuHeliHOM Mojnenu Y =ab* (mocrarouno ctosidioB 1-5) umeem
CUCTEMY YPaBHEHUN:
bN +aXx =2y,
bX2+aXx’ = Xxy,

peniasg KOTOpyro, HaXO0AUM IIapaMETPbl MOJCIIN «a » U «by».

(4.2)

KBagpatuunas Mmozpens Y =ax’ +bXx + ¢ Tpedyer ciaeayromei CucTeMbl

YPaBHEHHUM:
aZx® +bXX+cN =2y,
aXx® +bXX? +c2X=Zxy; (4.3)
aXx' +bX2°® +cX2? = Xxy.

Kputepuem BbiOOpa TOM WM MHOW MOJENH SIBISETCS MOTPEIIHOCTD

AllIIPOKCUMaIlu.
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Mepoii OLleHKM pacCesHHs MapamMeTpa BbIXOAA SIBJISETCS AUCIEPCUs

BOCIIPOU3BOAUMOCTHU — CPCAHAA JUCIICPCHUA BCCX OIIBITOB.

>3 (y, - v)

G2 — izl u=1 ’ (44)
! N(n-1)
rje U — KOJMYECTBO MapalIeIbHBIX OMBITOB (1...N); | — KOJUYECTBO ypOB-

Hell mepeMeHHOro ¢akropa (Todek Ha KpuBok otTkiauka) (1...N);

Y — CpE€AHEEC 3HAYCHUE BBIX0Ja U3 CEPHHU ITapaJlJICIbHBIX OIBITOB.

B oaHodakTOpHBIX SKCHEpUMEHTaX aucrepcus k0d3¢GOUINEHTOB MO-
JIEJIH, TIOTYYEHHBIX METOJIOM HAaUMEHBIIIUX KBaJAPaTOB, paBHA

S
.

Ota nucnepcus MO3BOJISET OIEHUTh 3HAYMMOCTh KOA(DPUIIMEHTOB MO-

S, (4.5)

TeTu.

[IpoBenst HEOOXOAUMOE 1T UCCIETYEMOTI0 00BEKTa YUCIO OqHO(AK-
TOPHBIX 3KCIIEPUMEHTOB, TIOJIYYMM HA0Op YaCTHBIX OJTHO(AKTOPHBIX MOJIe-
nei. Ux MOxkHO 00beTMHUTH B OOITYI0 MHOTO(AKTOPHYIO MOJIEb.

OCHOBHOE JOCTOMHCTBO HM3JI0KEHHOT'O METOJIa — 3TO €r0 IPOCTOTa.
OH MOXXeT OBITh PEKOMEHOBAH JIUIS UCCIEAOBAHUS MTPOCTEUIINX 0O0BEKTOB
Y TIOCTPOEHUS TAPUPOBOYHBIX 3aBUCHUMOCTEH.

K HemocTaTkam MeTO1a MOKHO OTHECTH CJICIYIOIINE:

— 3HAYNTEIIbHBIC 3aTPaThl BpeMEHH (OOJIBIITOE YUCIIO OIBITOB);

— HEOKOHOMHMYHOCTb;

— HaJIM4YHME CUCTEMATHICCKUX OIHUOOK;

— OTCYTCTBHE y4€Ta CMEIIaHHBIX B3aMMOJICHCTBUH.

CoBepIICHCTBOBAaHNE IKCIICPUMEHTAIBHBIX METOIUK ITONLIO IO HH-
YKECTSTYIOINM HaIIPaBIICHHSM.

J[1s KOMIIEHCalluM MEPBOr0 M BTOPOTO HEIOCTAaTKOB OBUIM pa3pado-
TaHbl YCTPONCTBA, MO3BOJISIIONINE BECTH AKCIICPUMEHTHI OJTHOBPEMEHHO MPH
Pa3HBIX 3HAYCHUAX (PAKTOPOB.

J171s1 TIOBBIIICHUST TOYHOCTH (TPETUH HEAOCTATOK) YBEIMYMBAIN KOJIH-
YECTBO IMapaICIbHBIX OMBITOB. MHHUMAIBLHOE YUCIIO MapalIeIbHBIX OIIbI-
TOB PaBHO TPEM.

Haxkonen, 15 KoMmeHcaluy 4€TBEPTOro HeJAoCTaTKa ObLIM pa3pado-

76



TaHbl 00JIee CIIOKHBIE UIAHBI P OJHOBPEMEHHOM U3MEHEHUH HECKOIBKHUX
(akTOpOB, T. €. MHOTO(PAKTOPHBIE.

Ilpumep 1. MeTtonuKy npoBeaeHUs OJHO(MAKTOPHOTO SKCIEPUMEHTA
pPacCMOTPUM Ha NPUMEPE HMCCIEIOBAHUI MHEBMAaTUYECKOrO amnmapara ajs
OJTHOBPEMEHHOI'0 BBICEBA CEMSIH KYyKYypYy3bl U COPro B OAMH PAIOK (puC.
4.1).

HccnenoBaiicsi mpouecc BbICEBA CEMAH KYKYpy3bl IMTHEBMAaTHUYECKUM
BBICEBAIOIINM amlapaToM U IyTH €ro COBEPIIEHCTBOBAHUSI.

JI1st OLIeHKH CTEeNEeHU BIUSHUS (DAKTOPOB Ha MPOILIECC BHICEBA CEMSIH
KyKypy3bl B KauecTBE IOKa3arelsi Oblja MPUHATA CPEeAHss Mojadya CeMsH
600 sgeiikamMu, 94TO COOTBETCTBOBajiO 40 000pOTaM BBHICEBAIOIIETO JIHCKA
wi 10 o6opoTaM NMPUBOTHOM IIETH.

Cpennsist mofjaua ceMsiH KyKypy3bl OIpeiensiiach o popmyiie

N,
I, =—, mr, (4.6)
600

rne N, — dakrrueckoe uncno BhICESHHBIX CeMsH KyKypy3bl 3a 40 060po-

TOB JUCKA, IIT.

OnpITEl TPOBOJWINCH B TPEXKPATHOM MOBTOpHOCTU. MccnenoBanus
MIPOBOJMIIUCH MPU 3a()UKCUPOBAHHOM TMOJIOKEHUU TEPErOPOAKNA CEMEHHBIX
KaMep Ha pacCTOSHUM 58 MM OT JIHa KOpIlyca ammapara, Ipu MOCTOSIHHOM
3HAUYEHUH Pa3pEeXKEHUsd B BaKyyMHOM kamepe ammapara, paBHoM 3 klla, u
U3MEHEHUHU YTIJIO0BOM CKOPOCTH BBICEBAIOLIEIO JucKa oT 2 g0 4 pan/c
(19...38 06/MuH).

a) 0) 6)
Puc. 4.1. KOHCTpyKTHUBHbBIE BAPUAHTHI BOPOLIUIIOK CEMSIH KYKYPY3bI:
a — cepuiiHasi BOPOIIUIIKA O€3 YCUKOB; O — cepuifHasi BOPOIIMIIKA C YCUKAMU;
6 — SKCIEpUMEHTaIbHAs IITU(PTOBASI BOPOLIMIIKA
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B mpouecce wnccnenoBaHuM BBICEBAKOIIECTO anmapar MTPOBOJAUIMCH
OTBITHI 10 OMPECICHUIO BIUSHUS BOPOIIMJIKA Ha MPOIECC BbICEBA CEMSH
KYKYpy3bl B Pa3JIMYHbIX BapUaHTaX €€ KOHCTPYKTHBHOI'O HCIIOJHEHHS,
npeacTaBieHHbIX Ha puc. 4.1. Ha ocHOBaHMM MOJYy4YEHHBIX SKCIEPUMEH-

TaJbHBIX JJAHHBIX TOCTPOCHBI Ipaduku (puc. 4.2).

Ilcp, wum.
1 o=
0,9900
0,9517 0,94
0,9 09150 / 0,911
4 0,8350
0,8 /
3
0,7
0,6 /
0,5
wm 0,401 /1 0,39500,3600
0,4
W
0,3 0,3233 0,3550 0,3133 0,2950
0,2
2 2,5 3 3,5 W,pao/c -

Puc. 4.2. Bnusinue KOHCTPYKIIMH BOPOIIUIJIKH HA BBHICEB CEMSIH KYKYPY3bl:
KOHCTpYKTHBHOE HCIOIHEHUE BOPOIIUIKU CEMSH KYKYPY3bl:
1 — 6e3 Bopommiiky; 2 — 3aBojicKasi 6€3 YCHUKOB;
3 —3aBojcKas ¢ ycukamu; 4 — mtudToBast

Ananu3 rpaduKoB, MPEACTaBICHHBIX Ha puc. 4.2 MOKa3bIBaCT, YTO
pU HAIWYUHU Yy BOPOUIMJIKH PHIXJISIINX (CBOAOPA3PYLIAIONINX) 3JIEMEHTOB
(ycukoB, TU(TOB) UX 3PPEKTUBHOCTH TEM BbIIIE, UeM 00JIbIlIe CBOJOPA3-
pYILIAOIINe NSUCTBUSL ITUX 3JIeMEeHTOB (rpaduku 3 u 4 puc. 4.2). B To xe
BpeMs cpaBHeHHE rpadukoB 2 u 1, a Taxke rpadukoB 2 u 4 7al0T OCHOBa-
HUS 7151 YTBEPIKICHUSI O HECOCTOATEIBHOCTH TUIIOTE3bI, TPEAINOIaraonei,
YTO BOPOLIMJIKA 3aBOJCKOTO HM3TOTOBJIEHUS CO3/a€T B IMPOLECCE BBICEBA
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IIOJINOP CEMSIH B aKTHBHOM CJIO€ TIOCEBHOTO MaTepualia, HEMOCPEICTBEHHO
MIPUJIETAIONIETO K BHICEBAIOIIEMY JUCKY.

Ilpumep 2. PaccMOTpUM METOAMKY IJIAHUPOBAHUSA, OPTraHU3AUU U
IPOBEACHUS OJHO(PAKTOPHOTO SKCIIEPUMEHTA Ha MPUMEPE OIPEACIICHUs KO-
s duimenTa TpeHus CeMSH MPOMAIIHBIX KYJIbTYp O MOBEPXHOCTH Pa3HBIX
BUJIOB, C TIOCJICAYIOIIEH CTAaTUCTUUYECKON 0O0pabOTKOM MOJYyYEHHBIX IKCIIe-
PUMEHTAJILHBIX TAHHBIX.

B kauectBe nmabopaTOpHON YCTAaHOBKH ISl POBEICHUS dKCIIEPUMEH-
TOB MCIOJIb30BAIOCH YCTPOMCTBO JJIsI aBTOMATHU3UPOBAHHOTO OIPEAEICHUS
Kod(ppurmeHToB TpeHus cemsiH (puc. 4.3) ¢ MIArOBBIM JIBUTATEIEM U IMOBO-
POTHBIM MEXaHU3MOM (HAa PUCYHKE HE MOKa3aHbl), MO3BOJISIONIEE MPOBO-
JUTh WUCCJICIOBAaHUS B Pa3JIMUHBIX BapuUaHTaxX MyTeM CMEHbI pabo4yux Io-
BEPXHOCTEH pa3HbIX BUJIOB (METAJUT U 3 BHJIA MOJUMEPHBIX COCAMHEHUN) U
Pa3JIMYHBIX TUIIOB CEMEHHOI'O0 Marepuayia (CeMeHa KyKypy3bl, MOJCOHEY-
HUKa, COPTO U TOpoxa).

5

SAKTOP e - G 4

Puc. 4.3. YerpoiicTBO 1151 aBTOMaTU3UPOBAHHOTO ONPECTICHHS
Kod(hpurmeHToB TpeHus ceMsH: 1 — pabouuii cToi; 2 — uccaeayeMas oBEpXHOCTh;
3 — maT4uK ABMKEHUS; 4 — OJIOK YIpaBICHUS U MOHUTOPUHTA C UHIUKAIMOHHON MaHEIbIO;
5 — ceMs uccieyeMol IpOoNalHoi KyJbTyphl

MartepuanamMu GpPUKIMOHHONH TMOBEPXHOCTH, IO KOTOPBIM OIPEIeIIs-
JUCh KO3(PPUIIMECHTH TPEHUS KYyKypy3bl, OBUIH: METaUIOIIacTHKOBas (Me-
TajulonojiuMepHasi) TpyOa valtec, Tpyba apMupoBaHHas CTEKIOBOJIOKHOM
noauTIK ppr 80 sdr 11, ABS mnactuk (Matepuan jis 3D-nipuHTtepa).
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Puc. 4.4. briok ynpasieHus: 1 MOHUTOPUHTA
C MHIMKAIIMOHHOW TAHEJNbIO

[To pa3zpaboTtaHHOM MeETOAMKE (CM. METOJAMYECKUE YKa3aHUSA K MpaK-
TUYECKUM 3aHIATHSIM) HEOOXOJUMO MPOBECTU CEPHUI0 SKCIEPUMEHTOB IO
onpeaeneHuto koddduirienta Tpenust mokos 1o 50 3HaueHUM ¢ TpeXKpaTHOU
MOBTOPHOCTBIO (M=3) KaXXI0ro TUMNa CEMSH O MOBEPXHOCTh PAa3IMYHBIX BH-
noB. Bece 150 3nauenuit (01HOro 3KCHIEPUMEHTA) 3aIMCaTh B TaOIUIYy pe3yJib-
TaTOB TPOBEACHHBIX AKCIEPUMEHTOB (Tabn. 4.2). g mpoCTOTHI pacyeToB

oboznaunm f,, gepes x,.

Tab6auia 4.2
SKCHCpI/IMGHTaJ'H)HBIC JaHHBIC
3HaueHus Ko3hPUIIEHTOB Cpennee 3HaueHue kod3dppuuu-
TPEHHUsI IOKOSI CEeMSH 0 pabo- €HTOB TPEHHUSI OKOS CEMSH O
Tun Tun YV OBEPXHOCTB 110 CEPUSIM pabouyr0 MOBEPXHOCTB,
TIOBEPXHOCTH CeMEHH f =
akcniepumentos ( T, ) X;
m=1 m=2 m=3
1 2 3 4 5 6
xl xl xl xl
X X X Xi
X0 X0 X0 X5
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[IpuBeneM pe3yabTaThl OJHOTO TUIIA SKCIIEPHUMEHTA — Ha CEMEHaX Ky-
Kypy3bl. Ha 0CHOBE MpOBEEHHBIX OMBITOB IO OMpeaeIeHU0 KodhpuimueH-
Ta TPEHUS CEMSH KyKypy3bl O TOBEpXHOCTHh (ABS mmactuk (MaTepwain s
3D-npunTepa)) onpenenwiin cpeaHee 3HaUeHUE KodduimenTa TpeHus ce-
MSIH, CpeIHee KBaJIpaTHYCCKOE OTKIOHEHHE W KOI(P(PUIIMEHT BapHaIlid O

noBepxHocTb (ABS mractuk): X =0,343; O =0,313; V =0,91.
YucnoBble XapaKTEPUCTUKN KOO((GUIMEHTA TPEHUS CEMSIH KYKYpY3bl

0 noBepxHOCTh (ABS mnactuk) npuseaeHs! B Ta01. 4.3.
Tabnuua 4.3

YucnoBbie XapaKTEPUCTUKU KOI(PPHUIIMEHTA TPEHUS CEMSH KYKYPY3bl
0 MoBepxHOCTh (ABS muacTuk) 1715 BIOOpa TEOPETUUECKOTO 3aKOHA
pacrnpeiesieHrst U3HOCOB

Wutepsar 0,316- | 0,328- |0,339-|0351-| 0,362- | 0374- | 0,385-
0328 | 0339 | 0351 | 0362 | 0,374 0,385 0,396
Konen nurepsana X, ; 0328 | 0339 | 0351 | 0362 | 0,374 0,385 0,396
Yacrora M 9 13 20 4 2 1 1
OmBITHAS BEPOSTHOCTS, Pi 0,18 0,26 0,4 0,08 0,04 0,02 0,02
HaKOHHeHHaH OIIBITHaA Bepo—
n
0,18 0,44 084 | 092 0,96 0,98 1
SITHOCTB, Z PI
i=1
x,—C 0,4194 | 0,8412 | 1,2594 | 1,6775 | 2,0957 | 2,5175 | 2,9357
a
3PB -
F(in) 0,2 0,54 074 | 083 09 0,94 0,96
‘Zpi —F(x _)( 0,69 0,46 026 | 017 0,1 0,06 0,04

[TocTpoena rucrorpamma, muddepeHnuanpbHas U UHTErpaibHasT KpH-
BBIC pacIpee/icHus] 3HaUeHUH K03 UIIMEeHTa TPEHUS CEMSH KYKYpY3bl O
BCce BHUIbI MoBepxHocteil: ABS mmactuk (puc. 4.5); MeTaymioniacTUKoBas
(MeTayutonoauMepHas) TpyOa valtec (puc. 4.6); apMUpOBaHHas CTEKJIOBO-
JOKHOM TpyOa mmomutaK ppr 80 sdr 11 (puc. 4.7).

[To pesynpTaTam 0OpabOTKH MOTYYEHHBIX JAHHBIX AKCIIEPUMEHTAIb-
HBIM TyTEM OBUTH OTpeseNbl 3HaYeHUsI KO3 (DHUIIMEHTOB TPEHUS CEMSH KY-
Kypy3bl O Bce BHIBI MoBepxHocTei: ABS miacTuk, MeTamuioniacTuKoBas
(MeTamonoauMepHas) TpyOa valtec, apMupoBaHHasi CTEKJIOBOJIOKHOM TPY-
0a moautaK ppr 80 sdr 11 (puc.4.8, a).
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09

08

0,7

0,6

05
0,4
03

0,2

01

3P

fm' }

Frp

0317-0,328  0328-0,34 0,34 -0,35 035-0,362  0362-0,374  0374-0,385  0,385-0,397

Puc. 4.5. T'ucrorpamma, nuddepeHnmanbHas 1 HHTErpalbHas KpUBbIE paclpeieleHus
3HaYeHn! K03 pumenTa TpeHus ceMsH KyKypy3bl 0 TOBepXHOCTh (ABS mmacTuk)

0,9
0,8
0,7
0,6

05
04
03

0,2

01

SPi

0,41-0,431 0431-0452 0452-0473 0473-0494 0484-0515 0,515-0,536

Frp
0,536 -0,557

Puc. 4.6. l'ucrorpamma, muddepeHnmaibHas 1 HHTErpalibHAs KPUBBIC pacipeicieHUs

3HaueHUH K0P PUIHEHTA TPEHUS CEMSH KYKYpPY3bl O IOBEPXHOCTh
(MeTaToruTacTHKOBas (METaUIONOJIMMEpPHasi) TpyOa valtec)
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Frp

05
05
04
03
0.2

01

0.9 F f:lcr')

>Pi

0.8

0,7

0.5

0,5

0.4

03

0.2

01

Frp

0,33-0,339  0,339-0,347 0,347-0,356 0,356 -0,364 0,364-0,373 0,373-0,381  0,381-0,39

3HaYeHn’ K03 puimenTa TpeHus ceMsH KyKypy3bl O IIOBEPXHOCTb
(apMHpOBaHHas CTEKJIOBOJIOKHOM TpyOa nmoiautak ppr 80 sdr 11)

Frp
0,6
0,48 0,5
04 0,377 0,363 0,363
0,343 0,356 i :
0,3
0,2
0,1
MaTepwan 0
ABS nnactuk TpyGavaltec  Tpyba NoAMTIK  npsepxHoCTH ABS nnactuk TpyBa valtec  Tpyba noanTak
7)) 0)
Frp
0,7
06 0,538
- 0,513
05 0,483
04
0,3
0,2
01
0 MaTepwan

ABS nnactvy Tpyba valtec  Tpyba noawTas NOBERXKHOCTH

6)

Puc. 4.7. T'ucrorpamma, nuddepeHpanbHas 1 MHTErpajibHasi KpUBbIE paclpe/ieeHus

Matepran
NOBEPXHOCTH

Puc. 4.8. I'ucrorpamma 3naueHuil K03 UIEHTa TPEHUS CEMSIH 0 oBepxHocTH ABS

MJIACTHK, METAJUIOTIJIACTUKOBAas (MeTaUIoNoMMepHasi) Tpyba valtec,
apMHUPOBaHHAs CTEKJIOBOJOKHOM TpyOa moautak ppr 80 sdr 11:
a — CeMSIH KyKYypY3bl; 6 — CEMSIH TOpoXa; 6 — CEMSIH TIOJICOTHEYHHUKA
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AHaJOrM4YHO ONpPENEISUINCh 3HAaYEHUS! KO PUIIMEHTa TPEHUsl CEMSH
ropoxa M TMOJCOJHEYHHKA O TmoBepxHoctH ABS mmactuk, wmerammio-
IJIaCTUKOBasl  (MeTajuionojuMepHasi) Tpyba  valtec, apmupoBaHHas
CTCKJIOBOJIOKHOM Tpy0Oa moauT3K ppr 80 sdr 11 (puc. 4.8, 0, 8).

OcTraHoBUMCS TOAPOOHEE HA OYEHb BAXKHOW MPOLIEAYyPE, HA3bIBAEMOM
panoomusayueti — 3T0 OCHOBHOM CIOCOO YMEHBILIEHUS OUIMOKHU 3KCIEpH-
MEHTaToOpa W3-3a BJIMSHUS MCTOYHHUKOB HEOJHOPOJHOCTH (CHUCTEMaThye-
CKHX OLINOOK).

Panoomuzayusi — HWCKYyCCTBEHHOE MpPEBpAILEHUE CUCTEMATUUYECKHUX
OoKOOK B CiyyaliHble. DTO AOCTUraeTcs MOCTPOECHUEM IOCIEI0BATEIbHO-
CTHU IPOBEICHUS OTJEIbHBIX OMBITOB 110 TAOJIUIIAM CIIYYaHBIX YUCEIL.

OrpaHnueHre Ha PaHIOMU3ALMIO 3aKJIIOYAETCS B TOM, YTO KCIIEPH-
MEHTaTOp Ha OCHOBAaHUHU anpUOPHOM MH(pOpMaluu 00 HCTOYHUKAX HEOIHO-
pOIHOCTH YETKO (popMynupyeT TpeOOBaHMS K IJIaHy IKCIEPUMEHTA, IMOJI-
HOCTBIO HMCKJIFOYAIOIINE HWCTOYHUKH HEOAHOPOAHOCTH Pa3jINYHBIX THIIOB
(IMCKpETHBIE U HEPEPHIBHBIE).

Kombunuposannvie 83aumHo opmo2oHaivbHble K8aopanvl. ITOT METO]
ABIIIETCA OJIHUM U3 CHOCOOOB IJIAHUPOBAHUSA OJHO(MAKTOPHBIX SKCIEPHU-
MEHTOB C OTPaHUYEHUEM Ha PaHIOMU3ALIHIO.

HcxoaHoit st mocTpoeHus TUIaHa sSIBIsieTCs KBaapaTHas Tabiauna, co-
nepskaias N CTpOK U N 2JIEMEHTOB, B KOTOPOM JIF0O0M U3 3JIEMEHTOB BCTpe-
qyaeTcs B KaXJA0W CTPOUYKE UM B KaXKJIOM CTOJOLIE OAMH U TOJBKO OJUH pPa3.
JIaTUHCKMM KBaJpaT HA3bIBAIOT B CBSI3U C TEM, UYTO KOMOMHALIMY 3JIEMEHTOB
BHYTPH Hero 0003Ha4aroT OykBaMu JaTHHCKOTO anaButa (puc. 4.9).

OloO|w| >
> 0O 0O W
W[ (> |0 0O
O|®™|>» | 0O

Puc. 4.9. Jlatunckwmii kBagpat 4x4

JIBa natuHckux kBajapara (puc.4.10, a, 6) opTOTOHANIbHBI, €CIU MPH
HAJIOXKEHUU OJIHOTO KBaJpaTa Ha JIPYrou Kaxaas rmapa 3JIEMEHTOB BCTpeya-
eTcsl B Ta0JIMIIe TOJIBKO ouH pa3 (puc.4.10, ).

84



1 12|34 1 12134 11 | 22|33 |44
2 1143 3 14112 23 |14 14132
3 14|12 4 13|21 34 1431221
4 13121 2 |1]14]3 42 1312413

a) 0) 6)
Puc. 4.10. OpToroHanbHbIe JATUHCKUE KBaApaThl 4x4
[lepecTaHoBKa CTPOK, CTOJIOIOB MM OYKBEHHBIX CUMBOJIOB Mpeodpa-
3yeT JIF0OOM JaTUHCKHUM KBajapaT B HOBBIN. J[nsi kBaapara 2x2 BO3MOXKHBI
nBa BapuaHTa, 3x3 — 12 BapuanToB, 4x4 — 576, 5x5 — 161280.

JInst HeKOTOpBIX (HE BCEX) JTATUHCKUX KBAJPaTOB MOXKHO MOCTPOUTH
BTOPOW KBaApaT, OPTOTOHAIBHBIN mepBoMy. To ecTh Kaxkaas OykBa 3TOTO
HOBOI'O KBaJpaTa BCTPEYAETCS HE TOJIBKO OAWH pa3 B KaXIOW CTPOKE H
OJIMH Pa3 B KaXJIOM CTOJOIIE, HO TaKKe OJMH Pa3 C KakJ10M OyKBOM JaTUH-
CKOr0 KBajjpaTa. ITO OpTOrOHaJbHBIE KBaApaThl 00J€e BHICOKOTO MOPSJIKA,
rpexo-naTuHckue (puc. 4.11).

AB | Ey | Da | C5 | Be

Co | De | Ay | BB | Ed

By | A | C¢ | Ea | DB

Ee | CB | B6 | Dy | Aa

D | Ba | EB | Ae | Cy

Puc. 4.11. I'pexo-naTUHCKHUM KBagpatT 5x5

KomOuHaTopuka JaTHHCKHX KBaJpaTOB MCIOJB3YeTCS dYalle BCETro
JUTSI SKCTIEPUMEHTOB CPaBHUTEIHLHOTO THUTIA.

OnrcaHHBIH METOJ| TJIAaHUPOBAHUS SKCIIEPHUMEHTOB IIPH HCCIIEIO0Ba-
HUM BJIMSHUS JaHHOTO (haKTopa Ha M3ydacMbIii OOBEKT 0OCCIeYnBaCT ra-
PAaHTHPOBAHHOE YCPEIHCHHE BIMSHUS BCEX OCTaIbHBIX (hakTopoB. Kpome
TOTO, 5TOT METOJ IIO3BOJISIET COKPATHThL 0OOIIEE KOJIUYECTBO ONBITOB B N2
pa3. 371ech M — YHCIIO TIEPEMEHHBIX (aKTOPOB, @ N — KOJUYECTBO YPOBHEH
Kaxao0ro ¢axkropa.
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JlocToMHCTBaMU TJIaHUPOBAHMS SKCIIEPUMEHTOB MO JJATUHCKUM KBa/l-
paTaM B CPaBHEHUH C KJIIACCUYECKHUM SIBJISIFOTCSL:

—  COKpAILIEHUE KOJIMYECTBA YKCIIEPUMEHTOB;

— BO3MOXHOCTb MCCJIEAOBAHUSI HEKOTOPHIX MHOTO(AKTOPHBIX CH-
CTEM.

K HepocraTkam MeToa MOXKHO OTHECTH:

— OTCYTCTBUE CTAaTHUCTHYECKH OOOCHOBAHHBIX PE3YJIbTATOB (BBIXOJ]
3aBUCHUT OT HEKOHTPOJIUPYEMBIX (PaKTOPOB);

— OrpaHuWY€HHas 00JacTh MPUMEHUMOCTHU (HEBO3MOKHOCThH MOCTPO-
UTh OPTOTOHAJILHBIC KBaIPaThl 6x6);

—  HECOBEPIIEHCTBO METOJIOB MOCTPOCHUS IMITUPUUECKUX MOJIEIICH.

Ilpumep. PaccMOTpuM npuMep IIIAHUPOBAHUSA OJHO(AKTOPHOTO JKC-
NEPUMEHTA TMOCJIEI0OBATEIbHBIM TUIIOM ILJIaHA dKcIepuMeHTa. BHauane Oe-
PYT BEpXHEE WM HUKHEE NIPEACIbHOE 3HAUYEHUE HE3ABUCUMOM IEPEMEHHOM
BEJIMYMHBI (TaK Ha3bIBAEMbIC YPOBHHU) U U3MEHSIIOT €r0 CTYyNEHYaTo J0 TeX
nop, Moka He OyJIeT JOCTUTHYTO PYroe npeiebHOe 3HaYEHHUE.

Hamnpumep, uccienyercs 3aBUCUMOCTb OTEPh 3€pHA d 32 COTOMOTPS-
COM B MOJIOTHJIKE 3€pHOYOOPOYHOr0 KOMOaiiHa OT BEJIMYUHBI MOJAYH XJI€O-
HOM Macchl, T. €. d = f(q). beun ycTaHOBIIEHBI TIpe/ebl H3MEHEHHS HE3a-
BUCHUMOU MEPEMEHHOMN: Gpin = | KT/C, : Qmax = S5 KI/C X71€0HOM MacCHI.

[Ipn mnocnegoBaTeNbHOM IIJIaHE YCTAHABJIMBAIOT MOCJEI0BATEIBHO
momauu q = 1, 2, 3, 4, 5 Kr/c 1 onpeAeIsItoT COOTBETCTBYIOIINE ITUM T10/1a-
yaM TOTepu d, MPOBOJSA JJIsl KaXKJOro0 3HAYEHUS ¢ CTOJIbKO TMOBTOPHBIX
OMBITOB, CKOJIbKO HEOOXOIMMO ISl TOJyYEHUsl 3aJaHHON JOCTOBEPHOCTH
pe3yIbTaTOB.

OnHako B mpoliecce dKcIepruMeHTa (0COOCHHO €CM OH JJIMTCS He-
CKOJIBKO JHEH) pa3IudHbIe HEYYUTHIBAEMbIC (DAKTOPHI MOTYT U3MEHSTHCS U
OKa3bIBaTh CYIIIECTBEHHOE BIIMSHUE Ha UCCIIeyeMblid mapamerp. Tak, B pac-
CMaTpUBaEMOM MpPHUMEPE B XOJI€ IKCIEPUMEHTAa MOTYT U3MEHSTHCS CBOM-
CTBa XJICOHOM Macchbl, CBOMCTBA MOBEPXHOCTH KJIABMIII COJIOMOTpsica M3-3a
HaJIMIIaHUsl TIOJIOBBI, TTOKA3aHUsSI U3MEPUTEIBHOM amnmnaparypsl u Jap. B pe-

3yJBTATE ATOr0 KaXJblil MOCIEIYIONINI epexo]l K 0ojee BHICOKOU Tojjaue
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OyJlIeT COPOBOXKAATHCS OMIMOKOHN (pe3yJbTaT OyAEeT CUCTEMATUYECKHU TOJIb-
KO 3aBBINIATHCS WIIM TOJIBKO 3aHUXKATHCA), & OOIIMI pe3ysIbTaT SKCIIEPUMEH-
Ta OyJeT UMETh CUCTEMAaTHUYECKYIO OITNOKY, KOTOPYIO TPYJIHO OOHAPYKHUTb.
DTy CUCTEMAaTUYHOCTh OLIMOKHA MOXHO MPEJOTBPATUTH, €CIU BBIOOP TOUYEK
(ypoBHEN) IPOU3BOAUTH CIyyalHbIM 00pa3oMm. Ilpu 3TOM mosyuyeHHble pe-
3yJbTaThl 3aMEPOB ISl K&XKI0W TOUKH OyAyT TakKe UMETh pa3dpoc, HO OHU
OylyT TpyNmUpOBaThCS BOKPYTI TOUHBIX 3HAYeHUW. Takol IjIaH SKCIepu-
MEHTA HAa3bIBAECTCS CIYYANUHBIM WU PAHOOMUSUPOBAHHBIM.

Jns Hamiero mpumepa mnojiada g JO0JDKHA YE€pEeloBaThCs CIEAYIOIIUM
ciiy4daiiHeIM oOpaszom: 3; 5; 1; 4; 2 kr/c.

[lopsimok uyepegoBaHUS TOYEK YCTAHABJIMBAIOT C TOMOILBIO TaOJHUIL
CIIy4alHBIX YHCEJ I IPYTUMH U3BECTHBIMU CITIOCOOAMH.

B cBsA3u ¢ yka3aHHBIM HEJOCTATKOM MOCJIEIOBATEIbHBIX IJIAHOB HMX
pUMEHEHNE 11eJIECO00Pa3HO JIHIIIb B CIIyYasK:

— KOrjJa MpOJOJIKUTEIBHOCTh, CTOMMOCTh WJIM CIIOXKHOCTb 3KCIIEpPHU-
MEHTa TaKOBa, YTO PaHJAOMM3AlMs CTAHOBUTCA HeuenecooOpazHoi. Hampu-
Mep, IPU HCCIEAOBAHUSX AaTOMHOIO PEAKTOpa, IJisi KOTOPOTO TEIUIOBOE
pPaBHOBECHE JIOCTUTAETCS B TEUEHUE HECKOJIBKHUX CYTOK;

— €CJIM W3BECTHO, YTO AKCIEPUMEHT SIBJISIETCS HEBOCIPOU3BOVUMBIM.
Hampumep, npu nccnenoBanny 00pas3ioB MaTEpPHAIOB Ha MPOYHOCTb.

Panoomuszuposannvie 6noxu. Ilpu npoBeeHUN UCCIEI0BAHUNA UMEIOT
MECTO CIllydyau, KOrJa Ha HCCIEIYyEeMbI MPOIECC MOMHMO HCCIEAYEMOro
dakTOpa OKa3bIBAIOT BIMSHUE W s Apyrux BHEmHUX (axtopoB. Hampu-
Mep, OIpeNeNsaeTcsl CMEHHas BbhIpaboTka S komOaliHa B 3aBUCHUMOCTH OT
mupuHbl 3axBata B xarku (ypokailHOCTH XJ1e00B moctosinHa). [Ipu sTom
MIPEIIOIAracTCs CIOIb30BaTh KAaTKU PAa3IMYHON mMUpUHBI 3axBara (Ne 1—
4).

[IpousBoAMTEILHOCT, KOMOAHA 3aBUCUT HE TOJBKO OT IIUPHUHBI
KaTKU B, HO U OT KBanu(dUKaIMu omepaTopa, ero TeMrnepaMenTa u T. 1., T.
€. IMEET MECTO HEKOTOpPbIA BHEIIHUM (akTop — «Mexanuzatopy». [loatomy

IUTIsL paHAOMM3alUN SKCIIEPUMEHTA MO JaHHOMY (paKkTopy HEOOXOIUMO CIIy-
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YyailHpIM 00pa3oM BBIOpaTh M0 YUCITY JKAaTOK 4eTbipex padbounx A, B, C u D,
KaKJIBIA U3 KOTOPBIX OyaeT paboTaTh MOJHYIO CMEHY Ha KomOaliHe ¢ JKat-
KOW JAHHOTO 3aXBaTa. DKCIEPUMEHT IOJKEH JJIUThCS YETHIpE OHA (HAIpHU-
Mep: MOHEIENbHUK, BTOPHUK, CPEAA U YETBEPT).

K koHIy cpoka ucbITaHHI pabo4rie MOTYT YCTaTh, IOTEPSATh UHTEPEC
K paboTe, 4TO MPUBEAET K CHUKEHHUIO IMPOU3BOAMUTENbHOCTU. Mnm ke,
Ha000pOT, ONEePaTOpP, MOIYUYUB OOJBIINN MPAKTUUECKUN ONBIT, OyAET pado-
TaTh MpousBoAuTEIbHEE. Tak, eciau Bce MEXaHU3aTopbl OyayT IMOcieqoBa-
TEJILHO MCIBITHIBATh KOMOalH ¢ jxaTtkamMu Ne 1 — 4, To K KOHITy CpoKa Ipo-
U3BOJAUTEIBHOCTh C JKaTkamu, Hampumep, Ne 2 m 3 MOXeT BO3pacTu WU
YMEHBIIIUTHCSA M0 YKa3aHHBIM MPUYHHAM.

[ToaTOMy HEOOXOJIMMO PaHIOMHU3UPOBATH SKCHEPUMEHT IO MOCIEN0-
BaTEJIbHOCTU MCHBITAHUS HOMEPOB KaToK. Ho mpu 3TOM MOXeT okazarbcs,
YTO HEKOTOPHIM pabOUYMUM BBHITIATIO UCTIBITHIBATH OJIMHAKOBBIE HOMEpPA KATOK
B OJIMH U TOT € J€Hb, U HA MPOU3BOJUTEIBHOCTh OKAXYT BIUSHUE BbIIIIEC-
yKa3aHHbIE MPUYUHBI (KPOME 3TOT0, MOTPEOyeTCsl TOMOJHUTEIBHOE KOJIH-
YECTBO KaTOK).

[ToaTOMy HEOOXOIMMO PaHAOMHU3UPOBATH SKCIEPUMEHT TaKUM 00Opa-
30M, YTOOBI B JAaHHBIM JI€Hb KaXJbld HOMEp >KATKU MCIIOJIb30BAJICS TOJIBKO
oAuH pa3. TakoW MNOJHOCTHK) PAaHIOMHU3UPOBAHHBIM IUIAH SKCIIEPUMEHTA

npuBe/ieH B Ta0. 4.4,

Tabmuna 4.4
[Inan MMPOBCACHUA SKCIICPUMCHTA
Mexanuzarop Jlau Henenu
I1n. Br. Cp. Ur.
A 1 2 3 4
B 3 4 1 2
C 2 1 4 3
D 4 3 2 1

B Tabn. 4.4 npuBeneH Tak Ha3bIBaeMbIN jgamunckuil keaopam (4x4).
[Toce 3aBepilieHHsI MCIBITAHWNA PE3YJIbTAThI MO KAKIOMY HOMEPY KaTOK
YCPETHSIOTCS.
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PaccMOTpeHHBIN SKCIIEPUMEHT MOXHO €III€ YCOBEPIICHCTBOBAaTh. Ec-
T KaXIbI MeXaHu3aTop paboTajl Ha OJHOW M TOM )K€ MAaIllMHE M TOJBKO
MEHSIJT KaX/bli JICHb JKATKHU, TO BCJIECICTBHUE PA3IMUYUN MEXKIY MOJOTHIIKA-
MH MOJKET IOSBHUTHCS CHCTeMaTHdeckas omubka. Ecan 0003HaUUTL MOJIO-
TWiIkK yepe3 Ne M1, M2, M3, M4, To 3KCIEpUMEHT MOKHO CILJIAHUPOBATH
TaK, 4YTOOBI KaXJbIi MEXaHU3aTOp padoTal Ha KaKJIO0W MOJOTHIIKE TOJBKO

0 oHOMY JHIO (Taoi. 4.5).

Taomuna 4.5
IInan ITPOBCACHUA SKCIICPUMCHTA
Mexanuza- JHu Henenu
TOp 1. Br. Cp. Ur.
A IM1 2M?2 3IM4 4M3
B 3IM2 4M1 1M3 2M4
C 2M3 1M4 4M2 3IMI1
D 4M4 3M3 2M1 IM2

B Tabn. 4.5 mpuBeneH Tak Ha3bIBAEMBIN epeKxo-1amuHcKuil K8aopam

(4x4).
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5. ITAHUPOBAHUE MHOT'O®AKTOPHBIX SKCIIEPUMEHTOB.
MOJIHBIA ®AKTOPHBI SKCIIEPUMEHT THIIA 2"

LHonnwviti paxkmopnvwiii sxcnepumenm (I1O) — 310 MEepBOE 3BEHO B 1i€-
A IJIAHOB, NOCJENOBATEIBHOE CO3JAHUE U COBEPLICHCTBOBAHUE KOTOPBIX
IpUBEJIO K pa3paboTKe MaTEeMaTUYECKUX METOJ0B MOJICIMPOBAHUS CIIOXK-
HBIX MIPOLIECCOB.

DKCNEPUMEHT, B KOTOPOM PEATU3ZYIOTCS BCE BO3MOXHBIC COUETAHUSA
ypoBHEH (aKTOPOB, HAZBIBACTCS NOJIHBIM (DAKIMOPHBIM IKCNEPUMEHMOM.

[Tonubil (PaKTOPHBIA IKCHEPUMEHT MOKET OBITh MPEIJIOKEH HCCIie-
JIOBATeN0 KaK OJMH U3 CIOCOOOB IMOCTPOCHUS MAaTeMaTHYECKOW MoJienu
(uaeHTU(DUKAIIMN) HEACTEPMUHUPOBAHHOTO 00BEKTa. DTOT CIOCOO OKa3bl-
BaeTca Hanbojee MPEANOUYTUTEIBHBIM B TEX CIy4asx, KOrJa OTCYTCTBYET
anpuopHas UHpoOpMaIKs 1711 000CHOBaHUSI CTPYKTYPHI MOJIENN C TTO3UIINMA
(UBUKO-XUMHUYECKUX MPECTABICHUN MPOIECCOB, MPOUCXOISIINX B O0BEK-
T€, OTCYTCTBYET KOJWYECTBCHHAs OLCHKA CTENEHHU BIIMSHUS M3Y4YaeMBbIX
(hakTOpPOB Ha BHIXOJHYIO IEPEMEHHYIO0 00BEKTa, €r0 BHIXOIHON MTOKA3aTelNb.

[TnanupoBanue u peanuzanus [1DD BkiIro4yaeT 3Tambl: 8v100p napa-
Mempa onmumMu3ayuy, Gaxmopos u YposHeu ux 8apbupo8anusl, KOOUpoea-
HUue (pakxmopos; cocmasieHue NIAHA-Mampuybl IKCNePUMEeHmMa; PaHoOMuU-
3ayusi onvlmos, peanuzayusi NiaHa IKCNepuMenma, npoeepka 0OHOPOOHO-
cmu Oucnepcull napauleibHblX ONbIMOoE, UX 80CHNPOU3EOOUMOCU; pacdem
K03 puyuenmos ypasrnenus Mooeau, ux owmuUOOK U 3HAUUMOCMU, d MAKH#Ce
npoBepKa a0eK8amuoCcmu MoOoeu.

Eciau TIDD BpiOpaHHas MoJiefib BKJIIOYAET TOJIBKO JIMHEHHBIE YJICHBI
MOJIMHOMA M WX MPOU3BEACHHUS, TO ISl OLEHKM BCEX MApPaMETPOB MOJEIHU
WCIIOJIB3YETCSl TUTAH SKCIEPUMEHTa C BapbUPOBAHMEM BceX (DaKTOpOB Ha
JIBYX YPOBHSIX.

Takwne manbl TPUHATO Ha3bIBaTh m1aHamu Tuna 2", rae 2"=N — gucio
BCEX BO3MOXHBIX OMBITOB, N — KOJIMYECTBO BAPbUPYEMBIX (DAKTOPOB.

PaccMOTpHM IMOJIHBIA TPeX(PaKTOPHBIA 3KcrepuMenT 2°. Jlns mpose-
nenus [IDD cocraBuM mampuyy (peniuxy) TUIAHUPOBAHUS SKCIICPUMCHTA,

PEACTABIISIIOULYI0 CO00M TaONHIly, TJIe CTPOKU COOTBETCTBYIOT Pa3IUYHBIM
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OmbITaM, a CTOJOIBI — 3HAUeHUsIM (hakTopoB. Kaxknplii cTosder B MaTpulie
MJIAaHUPOBAHMS HA3BIBAIOT BEKTOP-CTOJIOIIOM, a KaXIyK CTPOKY — BEKTOP-
CTPOKOHM.

3amnuiinemM BCEe COYETAHUsI YPOBHEUW B SKCIIEPUMEHTE, UCTIOIB3Ys KO-
poBaHHbIe 3HaueHus ¢akTopos: +1 u —1.

JIr000i MHOTO(AKTOPHBIN AKCIEPUMEHT SIBJISIETCSL PE3YJIbTATOM Baph-

COOTBCTCTBYCT —1, X COOTBCTCTBYCT

I max

MpOoBaHUs BceX (DAKTOPOB X, : X

i imin
+1 B Marpule mwiaHupoBaHus skcnepumenta (tadia. 5.1). Cronben x, BBO-
JUTCSI UCKYCCTBEHHBIM ITyTEM, 10 BCEM CTpPOKaM paBeH +1. DTa marpuia
ABIIICTCA Mampuyel 6a3UCHbIX QYHKYULL.

3anuch MaTpULbl IUIAHUPOBAHUS, OCOOEHHO Jii MHOTUX (DaKTOPOB,
rpoMosJika. J{ms ee cokparieHus: yao0HO BBECTH YCIOBHbBIE OYKBEHHBIE 000-
3HAYEHUs CTPOK, 0OO03HAUMB MOPSAKOBBIA HOMEp (hakTOopa CTPOUYHOUM OyK-

BOM JTaTMHCKOTO andaBura: X, —a, X, —0 u T.1. OmbIT co Bcemu dakropa-

MU Ha HUKHUX YPOBHSIX yCIOBUMCSA 0003Hadath (1), a CTPOKM MaTpHULIbI
MUTAHUPOBAHUS 3aIMCHIBAIOTCS JATMHCKUMHU OyKBaMH TOJBKO JUisl (akTo-
POB, KOTOpBIE HAXOIATCS HAa BEPXHUX YPOBHAX. MaTpuua IJIaHUpOBaHUS

BMECTE C MPUHATHIMUA OYKBEHHBIMH 0003HAUEHUSIMU MpUBEAeHA B Ta0. 5.1.

Tabmuma 5.1
Marpuia raHupoOBaHUs SKCIIEPUMEHTA 28
No byxBennrie
0O y
omel | X, ! X, X3 XX, | X, X5 | X,X, X1 XXy TI;;MK obo3Haye-
Ta HHsS CTPOK
220 1 | 41| -1 -1 ] -1 +1 +1 +1 -1 Y, (1)
2 +1 | +1 | -1 -1 -1 -1 +1 +1 a
Y,
3 +1 | -1 | +1 | -1 -1 +1 -1 +1 b
Ys
4 | +1 | +1 | +1 | -1 il -1 -1 -1 Y, ab
3
2 5 +1 | -1 | -1 | +1 +1 -1 -1 +1 c
Ys
6 +1 | +1 | -1 | +1 -1 +1 -1 -1 A ac
7 +1 | -1 | +1 | +1 -1 -1 il -1 Y, bc
8 +1 | 41 | +1 | +1 +1 +1 +1 +1 A abc
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Ecnu ans nByx (akTopoB Bce BO3MOKHbIE KOMOMHAIIMN YPOBHEH JIeT-
KO HaWTU MPSMBIM MEpedOPOM, TO C POCTOM 4YHcia (PAKTOPOB BO3HUKAET
HEOOXOAUMOCTh B HEKOTOPOM MpHEME MOCTpOeHUss Marpull. M3 MHOrmx
BO3MOYKHBIX OOBIYHO HCIIOJIb3YIOTCS TPU MPUEMA, OCHOBAHHBIX Ha MEPEX0JIe
OT MaTPHI[ MEHBIIEH Pa3MEPHOCTH K MaTpuIiiaM OOJIbIIEH pa3MEpHOCTH.
PaccmoTpum nepseiit. [Ipu qo6aBiaennn HOBoro (pakropa Kaxaas KOMOWHA-
I[Usl YPOBHEW UCXOJIHOTO TJIaHa BCTPEUYaeTCs ABAXIbl: B COUCTAHUM C HUXK-
HUM U BEPXHUM YPOBHSMH HOBOro (aktopa. OTcrofa, €CTECTBEHHO, MOSB-
JSIeTCS MPUEM: 3alKcaTh UCXOAHBIN IJIaH AJi1 OJHOTO YPOBHS HOBOTO (pak-
TOpA, & 3aT€M IOBTOPUTH €r0 ISl IPYyroro ypoBHs. BOT kak 3TO BBITISAIUT
IIpU TIepexofie OT 3KcmepuMenTa 22 k 2° (tabn. 5.1). I'padudeckas unTEp-
nperauus [1OD npencrasnena Ha puc. 5.1. ['eomerpruueckoil nHTEpHIpETa-
nuel momHoro (akToOpHOro SKcnepuMmenta 23 ciykuT Ky0, KOOPAMHATHI
BEpPILKH KOTOPOro 3a/1al0T ycioBus onbIToB. Ky0 3amaer o6nacte sKkcnepu-
MEHTa, a LUEHTp KyOa sBisiercst ee ueHTpoM. durypa, 3agaromas o01acTb
AKCIIEPUMEHTa B MHOTOMEPHOM IMPOCTPAHCTBE, SIBISETCS HEKOTOPHIM aHa-
joroM Ky6a. byiem Ha3bIBaTh 3Ty QUIrypy runepkyoom.

" S IECTE X3 &
%2 4 X2 IECII _—+ -
epHMEHTa ~H5 6(+-1)
A
_ +07f
( ;r) , (+;+) ) s lean
p >
1 2 (+,-,-
1 2
(-~ (+.-) (-+,-)3
> E[ X 4 (+:+:-)
7)) 0)

Puc. 5.1. 'eomeTpudeckas HHTEpIIPETAIUS TTOJHOTO (DAKTOPHOTO IKCIIEPUMEHTA:
a—TIdD 22, 6 — 1D 23
Ceoticmea noino2o (akmopro2o sKcnepumenma. Marpuma dKCre-
pumeHTa mianupoBanus [1PD (tadu. 5.1) obmagaeT psoM CBOWCTB:
1) cummempuunocms TIaHA OTHOCUTEIIBHO IICHTPA KCIICPUMEHTA —
anreOpanyeckas CyMMa 3JIEMEHTOB BEKTOP-CTOJI0Ia KaxK10ro (hakTopa paB-
Ha HYJIIO, WU
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%Xj,i =0, (5.1)
i1

rne j — Homep QakTopa, | — Homep ombITa, N— 4UCIIO0 OMBITOB.
2) ycnogue HOPMUPOBKU NAAHA — CyMMa KBaJpaTOB 3HAUYEHUH ypOB-

Hel smroboro ¢dakropa paBHa N (YHCIy CTPOK MATPHIlLl TJIAHUPOBAHUS
[IDD3), unu

%xﬁ =N, (5.2)

3) opmoeonanvhocms niaHa — CyMMa TIOTIAPHBIX IPOU3BEICHUN
3HAUYECHUI ypoBHEH JI0OBIX 2 pakTopoB (Kpome j=u) paBHa 0:

N
2 Xji X =0, jA; (5.3)
i=1

4) pomomabenvrocmv niana — TOYHOCTh TPEICKA3aHUSA 3HAYCHUI
GyHKIMM OTKJIMKA OAMHAKOBA HA PABHOM PACCTOSHUM OT IIEHTPA U HE 3aBU-
CHUT OT HaIlpaBJICHUsI 00X0/1a.

CBoOiICTBa OPTOTOHAIIBHOCTH M POTOTAOEIIBHOCTH B3aUMOUCKIIIOYA0-
TIue.

THonuwii hakmopnwlil oxcnepumenm u mamemamudeckas mooens. 1o
pe3yibTaTaM JBYX()aKTOPHOTO JIKCIEpUMEHTa (N = 2) MOXHO TMOCTPOUTH
MaTEeMaTHYECKYI0 MOJENb Ipoliecca, B KOTOPOU MOMHMO JIMHEHHBIX YJICHOB
OyJeT ujieH, yuyuThIBaromui 3(pPexT napHoro Mexx(paxkTopHOro B3auMoei-
CTBUS:

Yy =by+ byx; + byx, + byyx1x, .
[Tnan I1®D tuna 23 (n = 3) Mo3BoJIAET MOCTPOUTH MOJIENb BHA
Yy =by+ byx; + byx, + b3x3 + byyx1x, + by3x1x3 +
+by3X,X5 + biy3 X1 XyX5 .

Koadduuuentsr b1z, b1z u b23 xapakrepusyror s dext mapHoro B3am-
MoOJIeUCTBHSI (DaKTOPOB X1, X2 M X3, a KoaddunueHT D123 — 3¢HekT TporHOTO
MeXK(aKTOPHOTO B3aUMOCHCTBHAI.

[Tnan [1I®D tuna 2* (N = 4) maeT BO3MOKHOCT PAcCUUTATh 16 KO3()-
(UIIMEHTOB MOJIEIH:

Y = by + bixq + byxy + b3x; + byxy + biyx1x, +
+b13X%1X3 + D1yX1X4 + Doy3XoXs + boyXxox, +
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+D34X3X4 + D123X1X2X3 + D124X1X2X4 + D34 X0 X3X4 +
FD134%1X3%4 + D1234%1X5X3%, .

UtoObI onpenenuTh, Kakoe BIUSAHHE Ha (DYHKIHUIO Y OKa3bIBaeT Kax-
Il akTop X;, IPOBOJAT SKCIEPUMEHT, B KOTOPOM MEHSIIOT 3HAYCHUS X;,
U3MEpSsl IPU STOM Y.

[IpuBeneHHbIE MOJENH SIBISIOTCS JTUHEWHBIMU OTHOCUTENBHO (haKTO-
pPOB. DTO 3HAUUT, YTO €ciiv 3aPUKCUPOBATh BCe (PAKTOPBI, KPOME OJAHOTO, TO
3aBHCHMOCTH Y OT X; Oyzaer nuHeiHoi u rpaduk y = f(x;) Oyner npsaMoi
JUHUEHN, Bo3pacTatolei npu b; > 0 u yosiBatoeit npu b; < 0.

M3BecTHO, YTO AJi1 MOCTPOCHUS MPSIMOM JTOCTATOYHO 3aJaTh JBE €€
TOYKH, MOATOMY JIJIsl ONpENEIeHUs] 3aBUCUMOCTEH PAacCMOTPEHHOIO THUIIA
JOCTATOYHO JBYXYPOBHEBOI'O SKCIIEPUMEHTA, T.€. ONPEACICHUS OTKIUKA Y B
IBYX TOYKAX — X; min ¥ Xi max-

JIuHerHbIE MOJIENIM U ABYXYPOBHEBBIM JKCIIEPUMEHT MOXKHO IPUMeE-
HSITh, €CJIM 3apaHee U3BECTHO, YTO (PYHKIHMSA OTKIIMKA B UCCIEAYEMOM Jua-
na3oHe u3MeHeHus (akTopoB Onm3ka K JuHEHHON. OJHAKO YacTo 3Ta
(GyHKIHSI MOKET OBITh HETMHEWHOM.

TpexypoBHEBBII AKCHNEPUMEHT MO3BOJISIET K30€XKaTh OIIMOKH MpU
OTPE/CIICHUU BHUJIA MOJICJIU, TOYHEE OIECHUTh KOA(PIUIMEHTHI JUHEHHON
MOJIENIA U SABJISIETCS] 00SI3aTENbHBIM MPU MOCTPOCHUN HEJIMHEWMHOW MOJENH,
T.€. MOJIETIH, B KOTOPOU (haKTOPHI X; UMEIOT CTENEHb, OTIIMYHYIO OT €IUHU-
ITBI.

Wtak, B XOJe BBIMIOTHEHUSI JKCIEPUMEHTa TOJIydaeM MaTeMaThye-
CKYIO MOJEJIb MCCIIEIOBAHMS, KOTOpas MpPEACTaBIseT cO0O0il ypaBHEHHE,

CBsA3bIBatolllee MmapaMmerp ontumuzauuu (Y,,Y,,Y,,....Y,) ¢ dakropamu
(X,,X,,X;,....X, ), HA3BIBAEMOC yPABHEHUEM PecPecCull’
n n n 2 n
y=byX, + D byX; + Zbi,jxixj +Zbijxi + Zbi,j,kxixjxk + (5.4)
i=1 i.j=1 i=1 i,jk=1
rac N — 9UCJIO0 CTpOK B ManI/II_IC HJ'IaHI/IpOBaHI/ISI BKCHepI/IMCHTa; XO :1.

[Tocne mpoBeAcHUs OMBITOB BO BCEX TOUKaxX (paKTOPHOIO MPOCTpaH-
CTBa HEOOXOAUMO HalTH KOA(DIUITMEHTH YpaBHEHHS perpeccuu. s aToro
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IMOJIB3YIOTCsI MCTOJAOM HAUMCHBIINX KBAAPAaTOB.

n 4
@ =Y (Yi-Y;)? > min;
i=1

A

Yi = @(xl,---;xk lbOI"'lbk )1

b = i((ﬂ(xl,---,xk ’bo’---’bk )— Yi )2;

i=1

P _,
ab,
TIOCKOJIBKY ,
0P _
oby
TO TIoce auddepeHITMPOBAHUS TTOTYIUM
0D & op
— =2 Xy oo Xy By veeD )= Y ) =—— =0;
ob, ;((0( 1 k 1Yo )Y )Gbo
L. o9
—— =2 Xp yeers Xge s0g 4esB ) = Y )=— =0.
b, IZI:((D( 1 k Mo WS )8bk

Jlnst nuHeiiHon perpeccuu npu k=2:
Yi = @(%i Xa,00,00,0, ), i =15 +by Xy +0,%5;
npoaudpepeHIpoBaB no k03P GUIMEHTaM, TOTYYHM:

op 1 o o

— =1, —:X-, —— = X9:.
oby ob, " ap, 7

3anuiieM ypaBHEHUs B MOJIHOU (PopMme:
Z(bo +by Xy +b,X5 —y;)-1=0;
i=1

Z(bo +byX; +b,Xy =Y )X =0; <

i=1

Z(bo +b1X1i +b2X2i - Y )'Xzi =0.

i=1
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(3008, +(X % Be +(X % )0: = Dy

(ixli )by +(_Zn:X1i2 )b, +(Zn:X2iX1i )b, :ixliyi;

(ixm Lo} +(ixliX2i )b1+(iX2i2 )b, :iXZiyi'

n
Zl =N, pazgenum kaxgoe ypaBHeHue Ha N
i=1

1 1 1
bo"‘(HE Xy )b1+(ﬁ§,X2i )bzzﬁ§,yi;
) ) i1

1 1 1 1
(_E,Xli )b0+(_§,xli2)b1+(_§,X2iX1i )b2:_§,xliyi;
n = ni= ni= ni=

1 1 1 13
(_ZXZi )b, +(_ZX1iX2i )b, +(_ZX2i2 )b, :_ZXZiyi'
) ) N N

1 N
by ==Y yi; (5.5)
n iz
1 N
b1 :_lei Yis (5'6)
e
1 N
b, ==> XY, (5.7)
ey
WJIK B OOIIIEM BUJE:
l N . I

rae N — 9uciao CTPOK MaTpullbl mianupoBanus [1DD (cm. Tabda. 5.1).
D@ heKThl B3aMMOACHCTBHSA ONPEACISIIOTCS aHAJIOTHYHO JIMHEHHBIM

sdppexram. Tak, aus [IOD 23 kodpPUIMEHTE ONPENEAIOTCA CIEAYOIHIM

o0pazom:
1 N
b, = HZ(Xli X5 ) Vi (5.9)
i1
1 N
by, = HZ(Xli X5 )" Vis (5.10)
i1
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1 N
b,; = HZ(XZi X5 )" Vis (5.11)
i1

1 N
D123 :HZ(Xli X X3i ) Yi - (5.12)
i=1

DPPEKT B3aUMOIECHCTBHSA X, ,X, ,X, NOIYHaeTCs NEPEMHOKEHUEM BCEX
TpeX CTOJIOIIOB MAaTPHIIbI TJIaHUPOBaHMS (Tabu. 5.1) u Ha3bIBaeTcs a¢ghghex-
MoM 83aumMooelucmsauss 6mopoco nopsaoka. IPGEeKT B3aUMOJEHUCTBUS ABYX
(bakTOpOB Ha3bIBACTCS Ihhexmom 83aumooeticmeus nepeo2o nopsoxa. Bo-
obme, A(hPeKkT B3aMMOJACHCTBHS MaKCUMAJIBLHOTO MOPSJIKA B TOJHOM (pak-
TOPHOM JKCTIEPUMEHTE MMEET TOPSAIOK, Ha €AUHUILY MEHBIITUHN Ynciia (ak-
TOpOB. JIOBOJBHO YaCTO MPUMEHSIOTCS CHHOHUMBI: TTapHbIie 3G ()EKThHI B3au-
MOJEUCTBUSA (X1X2, X2X3...), TPOUHBIE (X1X2X3, X2X3X4...) ¥ T. I.

[TomHOE YymnciiO BeeX BO3MOKHBIX 3((eKToB, BKItoUYas Do, TUHECHHBIC
3¢ (PEeKTHI 1 B3aUMOICUCTBHS BCEX TOPSIKOB, PABHO YHCITY OIMBITOB MOJIHOTO
(haKTOPHOTO IKCIIEPUMEHTA.

YtoOBl HaWTH YUCIO BO3MOXKHBIX B3aMMOJICHCTBHN HEKOTOPOTO IO-
PAIKA, MOXKHO BOCIIOJB30BAaTHCSI OOBIYHON (POPpMYJIOM Uncia coueTaHui

k k!
" mi(k-m)!’

riae K — guciio ¢pakTopoB, M — YUCIIO 3JICMEHTOB BO B3aMMOJICHCTBUU.

(5.13)

Tak, ms oiana 24 aucio ITAPHBIX B3aUMOJIEMCTBUM PABHO LIECTH:
ci=— % ___p
21(4 -2)!

Panoomuzayus onvimos I1dD. Tak kak n3MEeHEHHE OTKJIMKA Y HMECT
CIyJalHBIA XapakTep, TO B KaXJ0M TOYKe (HaKTOPHOTO IPOCTPAHCTBA
HEO0OXOIUMO TTPOBOJAUTH M MOBTOPHBIX OMBITOB U PE3YJIbTAThl HAOIIOACHU
ycpenusath. [lepen peanuzaiueit miaHa Ha 00bEKTE HEOOXOIUMO PaHIOMHU-
3UpOBaTh BAapUAHTHI BApbUPOBAHUS (DAKTOPOB, T.€., UCMOJIB3Yys TaOJIHUILY
PaBHOMEPHO PacCIpeIeICHHBIX CAy4alHBIX YMCEN, ONMPEICIUTh MOCJIeI0Ba-
TEJIbHOCTh pPean3allii BapuaHTOB BapbUpoBaHMs 1iaHa B NM ombiTax (rae

N — gucsio crpok Matpuisl [IdO3, a M — yKCI0 MOBTOPHBIX OMBITOB).
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IIpumep. PaccMOTpHM IpEMEpP paHAOMH3ALUK ONBITOB 11DD Tma 22
¢ Tpems oBTOpHbIMU onbITamMu: N = 4, m = 3, o01iee KOJIMYECTBO OIBITOB
paBHO 12.

Marpuiia niaHUpOBaHUS SKCIEPUMEHTA C PAaHJAOMHU3UPOBAHHOM IO-
CJIEIOBATEILHOCTRIO OIBITOB IIPUBEEHA B Ta0. 5.2.

Tabnwuia 5.2
Marpuiia miaHupoBaHus SKCIIEPUMEHTA
C PaHJIOMU3UPOBAHHON MOCJIEI0BATEILHOCTHIO OIBITOB

[TocmenoBareIbHOCTH TPOBECHUS OIBITOB
N X1 Xo
Vii Yai V3i
1 - - 10 4 6
2 + - 9 2 7
3 - 1 8 11
4 + 5 3 12

Obpabomxka pezyromamos [1DI.
Ilocmpoenue u ananuz mamemamuueckou Mooenu
Pe3ynbTaThl sKCIIepUMEHTa AJIs KaXKJ0M CTPOKU OMNBITOB 3alKChIBa-
I0TCS B CTOJIOIIBI Yim TaOIUIbI (MATPHULIBI) U POU3BOAUTCS UX YCPEIHEHHE:
Yy

y, ==, (5.14)

m
T. €. CpeaHee apu(METHIECKOE ) PaBHO CYMME BCEX M OTACIBbHBIX PE3yiib-

TaTOB, JACJICHHOW Ha KOJMYECTBO MapajuieIbHBIX OMBITOB M.

OTkJIOHEHHE pe3ysbTaTa J00ro OmbiTa OT CpeaHEro apudmernye-
CKOTO MOXHO TIPEJICTaBUTh KaK PasHOCTb V;; — Y, TA€ Y;; PE3yJIbTarhl OT-
JeIBHOTO OmbITa. Hamudne OTKIOHEHUS CBUACTEILCTBYET 00 M3MEHYHBO-
CTH, Bapualluy 3HAYCHUW TTOBTOPHBIX OMBITOB. JIJIsl U3BMEPEHUS 3TON N3MEH-
YUBOCTH Yalll€ BCETO UCTOJIb3YIOT OUCNEPCUIO.

Jlucnepcueri Ha3bIBACTCS CpPEAHEE 3HAYEHHUE KBajpaTa OTKIOHCHUH
BEJMYMHBI OT €€ cpejHero 3HadeHus. Jlucnepcus o6o3Hauaerca S U BbIpa-
XKaeTcs GPOpPMYIIOH:

2 1

= 2 (i - 7)’, (5.15)

rae m — 1 = vy, — YUCIO CcTeneHed cBOOObl, pABHOE KOJIMYECTBY OIIbI-

i

TOB MUHYC €IMHUIIA.
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OpHa cTeneHb cBOOOIBI UCIOJIB30BaHA JIsl BBIYUCIECHUS CPEHETO.

Kopenb kBagpaTHbId U3 AUCIEPCUH, B3SITHIA C MOJOKUTEIbHBIM 3Ha-
KOM, Ha3bIBAETCSl CPEOHUM KB8AOPAMUYECKUM OMKIOHEHUem (C.K.0.), cman-
oapmom uiu KeaopamuiHou OumUOKouU.

Jlucniepcuss U C.K.0. — 3TO MEPBI PACCESHUSA, U3MEHUHUBOCTU. Uem
OoJpLIE NHUCHEPCUs] U CTaHJApPT, TEM OOJbIIE PacCesHbl 3HAUYCHUS Mapall-
JIEJIbHBIX ONBITOB OKOJIO CPEIHETO 3HAUCHMUS.

Ommobka omnbITa SIBIASETCS CYMMapHOW BEIMYMHOW, pEe3yJIbTATOM MHO-
IMX OLIMOOK: OIMOOK M3MEpPEeHUH (PaKTOPOB, OLIMOOK M3MEPEHUI MTapameT-
pa ontumu3zanuu u ap. Kaxayro U3 3Tux ommbOOK MOXKHO, B CBOIO OYEPE/Ib,
pa3JIeTUTh Ha COCTABJISIOIINE.

Bce ommbku npuHSITO pa3aensTh Ha JBa Kjacca: CUCTEMaTUYECKUe U
ciydaifple. CUcTeMaTHUeCKHe OIMIMOKH IMOPOXKAAIOTCS MpPUYUHAMH, IeHl-
CTBYIOLLIMMHU PETYJISIPHO, B ONPEJCICHHOM HallpaBlieHWU. Hamie BCero 3Tu
OIIMOKU MOKHO U3YUYUTh U ONPEIEIUTh KOJINYECTBEHHO. CUCTEMaTUYECKHE
OIIMOKU HAXOIAT, KanuOpysh H3MEpUTENbHbIE NPUOOPHI U COMOCTABIIAS
ONBITHBIE JIAaHHBIEC C U3MEHSIOIMMUCS BHEIIHUMHU yclIoBUsIMU. Ecnu cucre-
MaTHYECKUE OIIMOKM BBI3BIBAIOTCS BHEIIHUMHU YCIOBUAMH (TIEPEMEHHOM
TEMIIEpaTyphl, ChIPbs U T.J.), CIEAYET KOMIIEHCUPOBAaTh UX BIIMSIHUE C IO-
MOIIbIO panaoMu3auuu. CiiyyaliHbIMU OIIMOKAaMU Ha3bIBAIOTCS T€, KOTOPHIE
NOSIBJISIFOTCSI HEPETYJISIPHO, MPUYMHBI BO3SHUKHOBEHHSI KOTOPBIX HEU3BECTHBI
Y KOTOpPbIE€ HEBO3MOKHO YUECTh 3apaHee.

CucremaTuyeckue W CIy4aiHble OIIMOKHA COCTOAT W3 MHOXECTBA
AJIIEMEHTApHBIX OMMOOK. (71 TOro 4roObl MCKIIOYAaTh MHCTPYMEHTAIbHbBIC
OLIMOKH, CIAeAyeT MPOBEPATh MPUOOPHI MEPE]l OMBITOM, UHOT/Ia B TCUCHUE
OMbITa U 00s13aTEIBHO MOCIIE OMbITA.

Od4eHb BaXKHO HCKIIOYUTH W3 IKCIEPUMEHTANIbHBIX JaHHBIX IpyOble
OIIMOKM, TaK HA3bIBAEMbI Opak Mpu MOBTOPHBIX omnbiTax. Hu B Koem ciy-
yae, KOHEYHO, HEJIb3s BHOCUTH MOMPAaBKU CaMOBOJIBHO, JJIs1 OTOpOca OLIu-
OOYHBIX OMBITOB CYIIECTBYIOT IpaBuia (kpurepuid CThIOAEHTa, TPEXCUTMO-

BBIW KpUTEPUH U Ip.).
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Marpuna IUIaHUPOBAHMS COCTOMT U3 CEPUU OMNBITOB, U JHUCHEPCHUS
BCEr0 AKCIIEPUMEHTa IMOJY4YaeTCs B pe3yJbTaTe YCPEAHEHHUS AUCIEPCHIA
BCEX ONbITOB. [10 TepMUHONIOrUY, PUHATON B IJIJAHUPOBAHUU SKCIIEPUMEH-
Ta, peUb UJAET O MOJCYETE AUCIEPCUH NTapaMeTpa ONTUMHU3ALMH WIH, YTO TO
&KE caMoe, JUCIIEPCUU BOCIIPOU3BOIMMOCTHU dKCIIEPUMEHTA (MIIH AUCTIEPCUU
OIIIMOKU SKCIIEPUMEHTA).

B sTom ciyuae a1t mpoBEepKH rUIoTe3bl 00 OJHOPOAHOCTH JIUCTIEPCUI
MO>HO HCIOJB30BaTh KpuTepuil KoxpeHa, ctaTuCTUKa KOTOPOrO UMEET BH]L

G = ""jVL{fz} (5.16)
XmSi“{v}

Ecimu pacyetHoe 3HaueHUE KpuTepus G, OKaKeTCs MEHbIIE Tabiny-
HOTO 3HAYEHUS (a6, LIS Vigoe = M — 1 1 V;,,. = N 1Ipu 3aJaHHOM YPOBHE
3HaYUMOCTH, TO TUIOTE3a 00 OJTHOPOJHOCTH BHIOOPOUHBIX AUCHEPCUI MpU-
HUMaeTcs (B APYTUX JUTEPATYPHBIX UCTOUYHUKAX YUCIIO CTENIEHEH CBOOO/IBI
obo3navaetcs: fi=m-1 u f=N). B stom ciyuyae oleHka reHepajbHOMN auC-
HEPCUU UMEET BUJ

1 2
SBOC{y} = Ezyzl S {y} (517)
C YHMCIIOM cTerneHen cBobdoasl v = N(m — 1).
B npotuBHOM cnyuae, ecnu Gp > G,6, , TO TUTIOTE3a 00 OJTHOPOJIHO-

CTU JIUCIIEPCUMN OTBEPraeTCsl.
Hekortopsie 3Hauenus kputepusi Koxpena npusenensl B Tadu. 5.3.

Tabnuna 5.3
3nauenusa kputepusa Koxpena npu ypoBHe 3Haunmoctd 0,05
CreneHb cBOOO 1B Uy
v, 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

IIpumep. B pesynbraTe peanusallid IJIaHAa SKCIIepUMeEHTa Tuma 23
MOJIyYeHbI SKCTIIEpUMEHTaIbHBIC JaHHbIC (Ta0. 5.4).

3nauenHus y; U S;> nmpuBeIeHHI B Ta0IL. 5.4,

Pacuernoe 3Hauenue kpurepus Koxpena G, = 0,2; tabauunoe —
Gran = 0,5157 ipu v, =3—-1=2; v, =8 u a = 0,05. Bugno, dro
Gp < Gra, » MOITOMY THIIOTE3A 00 OJHOPOTHOCTU HE OTBEPraeTCsl.
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Or11eHKa JUCTIEPCUH BOCIIPOU3BOAMMOCTH ONPEALSIAETCS KaK

7+12+13+28+21+19+19+25 144

2
Ssoc {y} = 3 3 =18,
cv=8-(3—-1)=16.
Tabnuua 5.4
JlanHBIE MO/IETTFHOTO TIpEMepa (M = 3)
u Yi1 Yiz Yis Vi S,
1 73 69 68 70 7
2 58 58 64 60 12
3 54 59 52 95 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

Ecnu mpoBepka BOCHPOM3BOAMMOCTH Jajla OTPULATEIbHBIN pe3yiib-
TaT, TO OCTAETCA MPHU3HATh HEBOCHPOU3BOAUMOCTbH SKCIEPHUMEHTA BCIIE.-
CTBUE HAJU4MsI B OOBEKTE MCTOUYHUKOB HEOJHOPOIAHOCTH, JJISl BBIICICHUS
KOTOPBIX CJIEIyeT 00OpaTUTHCA K MPUEMaM JAUCIIEPCUOHHOTO aHAJIN3a.

[Tocne mpoBepkr BOCHPOU3BOAMMOCTH IKCIEPUMEHTa MOKHO MEPEUTH
K OTPENETICHUIO MOJIENIM SKCIIEPMMEHTA B BUJIE YPaBHEHHUI PETPeCcCU.

[IpoBepka 3HAUMMOCTH KaKJI0T0 KO3(PUIIEeHTa TPOBOIUTCS He3a8U-
CUMO.

[Tocne onpenenenusi oneHOK b KOA(pGUIIMEHTOB ypaBHEHHSI MOJCTH
HEOOXOAMMO MPOBEPUTH TUIMOTE3y 00 UX 3HAYUMOCTH, JPYTUMHU CIOBAMH,
IIPOBEPUTH, 3HAYMMO JIM MOJyYEHHAs OLIEHKA OTIMYaeTcs oT Hyis. g aTo-
ro HCHONB3YHT KpuTepuil CThIOJEHTa, PAaCYETHOE 3HAYEHUE KOTOPOTO

onpeaCisICTCA KaK
_ _Ip]
p Sz{b} 4

t (5.17)

Soc’ (¥}
rae S2{b} = % ; N — gncio Touek (pakTOPHOro MPOCTPAHCTBA, B KOTO-

PBIX IPOBOJAUIICI 3KCIHCPHUMEHT, M — YHCIO HOBTOPHBIX OIIbI-
TOB B 3THUX TOYKax.

Ecny HaiiienHas BeaM4YrHa KPUTEPHs t,, MPEBBIMIAET TAOIUYHOE Lrgg,

(tabm. 5.5), s uncna creneHer cBo6onel v = N(m — 1) npu 3aiaHHOM @,
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TO omeHKy b ko3dduimenTa Moxean MPU3HAOT 3HAYUMOU. B MpOTHBHOM
ciydae (eclu t,, < ty,6,) OLICHKA D CUMTACTCA He3HAUUMOlL, Mm.e. PAGHOL HY-
0. B 3TOM ciydae MareMaTH4ecKyro MOJENb 00BEKTa COCTABISIOT B BUJIE
YpPaBHEHUS CBSI3U OTKJIMKA Y U (PAaKTOPOB X, BKJIIOUYAIOIIETO TOJIbKO 3HAYU-
MBbI€ OIIEHKHU KOA(PUIIMEHTOB.

Tabmuia 5.5
3aBUCUMOCTb t .6, OT uncia n npu a = 0,05
N 4 8 12 16 24 32 48 64
t 2,78 2,31 2,18 2,12 2,06 2,04 2,01 2,0

JI71st IpOBEPKHU TUIIOTE3bI JICKBATHOCTH MOJIETTH HEOOXOIUMO PacCcuu-
TaTh TEOpETHUECKue 3HaueHus ¥;. PaccesHue pesyiabTaToB HAOMIOACHUMN
BONM3U ypaBHEHUS PErpPecCUM XapaKTepU3yeTcsl NUCTIEPCHEH aJleKBaTHO-

CTHU:
m

San” = 5 2B = 9%, (5.18)
rae | — 9ucio 4jIeHoB MOJIEIIH.

Jlucniepcusi afieKBaTHOCTH OMPEAEIACTCS YUCIOM CTeTeHEH CBOOOIBI
Vyy =N — L

IIpasuno: 6 nianupoeaHuu dKCnepuUMeHma Yucio cmeneneu c80000bl
0151 oucnepcuu a0ek8amHoCmy pasHo YUCIY PA3IUYHbIX ONbIMOS, Pe3)ilb-
mamsl KOMOPBIX UCNONL3VIOMC NpU noocueme Kodghguyuenmos pezpec-
cuu, MUHYC YUCIO0 ONpeoesieMblX KOd(ppuyuenmos.

J171s IpoBEpKYM afieKBaTHOCTH MaTEMAaTUYECKUN MOJIEH BBISICHSETCS CO-
OTHOIIEHUE MEXy OCTATOYHOM Iucrepcueit (qucnepcuen ajeKBaTHOCTH) U
TUcTepcruen OmMOKH SKCIIEPUMEHTA (JIUCTIEPCUE BOCTIPOM3BOIMMOCTH).

[IpoBepsArOT TUNIOTE3Y aAE€KBATHOCTH, MCTOJIB3Ysl KpuTepuii durepa
(F - xputepuii):

F, = S
Spoc“ {1y}
Ecnn pacdyeTHOE 3HAUYEHHE KPUTEPHUS Fp MEHBIIE TaOIUIHOTO F 5,

(5.19)

IJI COOTBETCTBYIOIIUX CTENEHEH CBOOOMBL Vi, = N — [ vy, = Vgo =

= N(m — 1) (tabxn. 5.6) npu 3a7aHHOM YPOBHE 3HAYUMOCTH, TO THIIOTE3Y
00 aJIecKBaTHOCTH HE OTBEPraioT. B MpOTHBHOM Cily4ae MOJCIb MPHU3HACTCS
HeaaeKBaTHOMU.
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snamenarens (v,) npu a = 0,05

Tabnuua 5.6

3aBUCUMOCTb F 5, OT 4KCiIa CTeneHe# cBo00 bl yncauTens (v;) u

vy 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 5,91 5,84 5,77 5,74 5,70 5,68
5 5,19 4,82 4,68 4,60 4,53 4,50 4,45 4,42
6 4,53 4,15 4,00 3,92 3,84 3,81 3,76 3,72
7 4,12 3,73 3,57 3,49 3,41 3,38 3,32 3,28
8 3,84 3,44 3,28 3,20 3,12 3,08 3,02 3,00
9 3,63 3,23 3,07 2,98 2,90 2,86 2,80 2,77
10 3,48 3,07 2,91 2,82 2,74 2,70 2,66 2,61

Ilpumep. 1locTpouTh MATEMATUYECKYIO MOJIENb IO JAHHBIM IIPEJbI-

JIYIIEro Seoc iy} =18; n=8; m =3; t,q, (0,95;16) =
2,12.

Pacuet xoadpuruenToB Mogenu:

npuMepa:

Iiv=1x1i)7i —-70-604+554+90—-105-95+ 80+ 100
by = = = —0,625;
N 8
N %Xy ¥ 70— 60 — 55490 + 105 — 95 — 80 + 100
b12 — Zl—l 1iX2iYi — _ 9,375
N 8
UT.IO

YpaBHEHHE MOJIEN UMEET BUJI:

y =81,875—0,625x; + 4,375x, + 13,125x5 + 9,375x;x, —
—1,875x,x3 — 4,375x,x3 — 1,875x1x,%5 .

Jlanee, onpeaenseTcsi CTaHIapTHOE OTKIOHEHHE 1151 KoddduituenTa b:

18
b?{b} = — = 0,75,

s{b}=0,87.

33 {b}

HaXOI[I/IM 3HAUYCHUC
t (by) = 1706251 _ 72, ¢ (b,) _A375 502
PR 0,87 T PR T g7 T

[Ippa =0,05uv =16 t. e, =2,12.
YpaBHeHne Mojienn OyJeT UMETh BU/I:
y = 81,875+ 4,375x, + 13,125x5 + 9,375x,x, —
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—1,875x,x3 —4,375x,x3 — 1,875x1x,%5 .

JIns mpoBepKM TMIOTE3bl aJ€KBATHOCTH MOJYYEHHOW MOJIENId HEO0O-
XOJIUMO PacCYUTaTh 3HAUYCHUSI ¥; IO TaHHOWU MOJIETH, Harpumep, s 1 — ro
ombITa X5; = —1; x3; = —1uTt.m.

¥, = 81,875 —4,375—13,125 + 9,375 —
—1,875 — 4,375 + 1,875;
y, =69,375urt.1.
Pe3ynbTaThl pacyeToB CBEJICHBI B Ta0JI. D.7.

Taomuna 5.7
[Tnana [I®D trma 23

u Marpuna niasa Pe3ynbratel

xll‘ xzi x3l' xll'xZi le'X3i xZix3l' xll'le'X3i OHBITOB pacquOB
Yi

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

OrnpenensieM TUCIEPCUIO aJICKBATHOCTH
S,2=——.312 =936
a 8—7 ' S
OmnpenensieM pacueTHoe 3HaueHue F — kputepus (nmpu 3ToM HEOOXO-
JMMO B YHUCIIUTENb BBIPAXKEHUS TOJCTABJISATH OOJbINEe U3 JIByX 3HAYCHUU
JMCTIEPCHUN).
o Swe O3 _ 18
p .S‘M2 9,36
I[lpn v; =8 (3—-1), v,=8—-7=1u a = 0,05 HaxoaUM TaOINY-
HOE 3HaYeHME Fros, = 246 (Tabmn. 5.6). Tak xak F, = 1,92 K Fp,6, = 246

TUIOTE3Yy aICKBATHOCTU MOJCIIN HC OTBCPIracM.

1,92.
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6. IJIAHUPOBAHUE MHOTI'O®AKTOPHBIX DKCHEPUMEHTOB.
JIPOBHBIA ®AKTOPHBIN SKCIIEPUMEHT

Yucno onbITOB B MOJHOM (PaKTOPHOM IKCIIEPUMEHTE OBICTPO BO3pac-
TaeT ¢ pocToM uucia GpakTopos. Tak, npu Tpex (axropax umeem 23=8 ombI-
TOB, IIpU TIATH (pakTopax — 2°=32 ombITa, a pu 8 (akTopax yxke 28=256
OMBITOB. JTO BBI3BIBAET HEOOXOAMMOCTh Pa3pabOTKU METOJA0B OTOOpA YacTu
MEPEMEHHBIX, Hau0oJiee CYIIECTBEHHO BIUSIOIIMX HA IapaMeTp ONTUMM3a-
nuu. ITo3ToMy, XOTS HONHBIA (akTOpHBIA IIaH 2X sBngercd ymoOHBIM ¢
TOUKH 3PEHHs] IMPOCTOTHI MPOBEJIEHUS aHajlIu3a MapamMeTpoB (PyHKUHMH pe-
rpeccun, TeM He MeHee 11D obnagaeT 60bIIONH U30BITOYHOCTHIO OIBITOB.
[Ipu Tpex u Oosee pakTopax KOJUYECTBO OMBITOB MOKHO CYIIECTBEHHO CO-
KpaTUTh 3a CUYET MOTEPH YacCTH MH(OPMALIMH, HE OUYEHb CYLIECTBEHHOU MpH
MTOCTPOEHUM JIMHEUHBIX MOJICIICH.

Paccmorpum camblii mpocroii MO 22, Hamumiem MaTpuily IUIaHa
sKcniepuMeHTa (tabi. 6.1).

Tabnuma 6.1
Marpuna mianuposanus [1DD 22
Howmep omnsl-
T X0 X1 X2 X1X2 (X3) ¥
1 +1 1 1 +1 "
2 1 1 1 1 V2
3 1 1 1 1 Vs
4 +1 +1 +1 +1 V4

[Tonp3ysich TaKMM TUTAHUPOBAHHWEM, MOYXHO BBIYHCIIUTH YETHIPE KO-
s puImeHTa u MpeaCcTaBUTh PE3yIbTaThl IKCIICPUMEHTA B BHC HEIOJTHOTO
KBaJIpaTHOT'O YPaBHCHUS

y=Dbo xo + b1 X1 + b2 X2 + braxixo.

Ecnm mMmeroTcsi OCHOBaHMS CUHMTaTh, YTO B BBIOPAHHBIX HHTEpPBAJIax
BapbUPOBAHUS IPOIIECC MOXKET OBITh ONMKCAH JTUHEWHONW MOJEIBI0, TO JI0-
CTaTOYHO OmpeaeauTh Tpu Koddduimenta: bo, b1, b2. Ocraercs oxna cre-
IIeHb CBOOOIBI. YIIOTPEOUM ee /ISl MUHUMH3AIUK Yuciaa onbIToB. [Ipu -
HEWHOM TpUOIIKeHHH D1o—(0 BEKTOp-CTOJIOCI X1X2 MOXKHO HCITOJIH30BaTh
17151 HoBoro hakTopa x3. [loctaBuM 3TOT pakTOp B CKOOKAX HaJl B3aUMO/ICH-
CTBHEM X1X2 U MOCMOTPUM, KaKOBBI OyAyT OLIEHKH KO3(PuUleHTOB. 31eCh
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y’Ke He OyJIeT TeX pa3AelbHbIX OIEHOK, KOTOPhIE Mbl UMEJH B MOJIHOM (haK-
TopHOM dKcniepuMenTe 2". OIEHKH CMENIAlTCS CIEIYIONIMM 00pa3oMm:
b1—f1+023; bo—fo+f13; b3—fa+fro.

[TockonpKy TpeamoiaraeTcs, YTO MOJETb JUHEHHA, CIeAOBaTEIbHO,
BCE TapHbIC B3aUMOJCHCTBHUS HE3HAYUMBbI. MBI HAIUTH CPEJICTBO MUHUMHU-
3UpPOBATh YHWCJIO OIBITOB: BMECTO BOCBMHU OIIBITOB JUISI WM3YYEHHUS TpeX
(GaKkTOpOB MOKHO TMOCTaBUTH 4YeThipe. [Ipu 3TOM MaTpwia MjIaHUPOBAaHUS
HE TepseT CBOMX ONTHMAJBHBIX CBOWCTB (OPTOTOHAIBHOCTH, pOTAaTabEeih-
HOCTb U T.IL.).

IIpasuno: umobwvl cokpamums YUCIO ONBIMOBG, HYHCHO HOBOM) PaK-
Mopy Npuceoums GeKmop-cmonbey mMampuysl, NPUHAONEHCAWUL B3AUMO-
oelicmeuto, KOMopwviM MOJHCHO npenedbpeuv. Tocda 3nauenue HOB020 ¢hak-
mopa 8 YC108UsX ONbIMO8 ONPeOeislencs 3HAKAMU 3M020 CMoIOYd.

Martpuna (tabmn. 6.1) coxpaHseT Bce CBONCTBA MOJHOTO (haKTOPHOTO
OKCIEPUMEHTA M JIAET BO3MOXHOCTh OLICHUTh CBOOOIHBIN WiIeH Do U TpH KO-
s purmenTa npy JTMHEWHBIX WICHAX, ITOTOMY YTO JUIS X3 UCIIOJIb30BaH BEK-
TOP-CTONIOEI X1X2 MOJHOTO (PaKTOPHOTO dKcmepumenta 22. Eciu Mbl B J10-
MIOJITHEHHE K CTOJIOIIAaM MaTPHUIbl BBIYUCINM €IIIe CTOJIOIBI I TIPOnu3Be/Ie-
HUW X1X3 ¥ X2X3, TO YBUIUM, YTO 3JEMEHTHI CTOJOIA X1X3 COBMAAYT C JJie-
MEHTaMH CTOJIOIA X2, @ AJIEMEHTHI CTOJIOIA X2X3 — C DJIEMEHTaMH CTOJIOIA
X1. Halinenusie HaMu k03P GUIMEHTH OyAYT OLEHKAMHU I COBMECTHBIX
3¢ dektoB bi—p1+p23; bo—fatp13; bz—fa+p1o.

Takoe mannpoBanue yaoOHO, TaK Kak cMemiaHbl 3(PPEeKThl B3anMO-
neiictBus ¢ ocHOBHBIMH d(ddektamu. (Ho Bce ocHOBHBIE 3 PEeKTHI O1eHU-
BAIOTCS Pa3fenbHO APYT OT Jpyra) Tak Kak MOCTyJIUpyeTcs JIMHEWHAs MO-
JeNb, TO TIpeanoaraeTcs, 9to d3Q(PEeKTh B3aMMOACUCTBUS ONMM3KH K HYIIIO,
1 moaTomy D1=f1; b2=pf2; ba=ps.

[TocTaBuB 4eThIpe OMBITA JJISi OIICHKW BIUSHUSA TpeX (PaKTOpOB, MBI
BOCIOJIL30BAJINCH ITOJOBHHOMN MOJIHOTO (PpaKTOPHOTro dKcnepuMenTa 23, um
noaypenauxoti. Ecivi ObI MBI X3 IPUPABHSIIA K —X1X2, TO TIOJYyYHJIA OBI BTO-
pyro mnonoBuHy Matpuubl 2°. B atom ciywae: bi—pi—fs; ba—Bopus;
b3—pf3—f12. [lpu peanuszarnmu 00eUX MOJYPEIUIMK MOXKHO IOJYYHTH pa3-
JeNIbHBIE OICHKHU ISl THHEWHBIX AP (HekToB U 3(h(HEKTOB B3aMMOICHCTBUS,
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KaK ¥ B TIOJHOM (haKTOPHOM dKcrepumente 23,
OObenMHEHUE ATUX JIBYX MOJYPEIUIUK U €CTh IMOJHBIA (haKTOPHBIN

sKcrepuMenT 22,

Marpuiia 13 BOCbMU OIBITOB JJI YE€THIPEX(HAKTOPHOTO MJIAHUPOBAHUS
OyJeT IONYPEIUIMKON OT HOJHOTO (PaKTOPHOTO DKCIIepUMenTa 24, a st -
TH(AKTOPHOTO IIAHUPOBAHUS — YETBEPTHPEIIMKON oT 2°. B mociemnem
ciyyae JBa JUHEHWHBIX 3¢ (deKTa mpupaBHUBAOTCA K A PekTam B3auMoAcH-
ctBusi. Jlyisi 0003HaueHUs APOOHBIX PEIUIMK, B KOTOPBIX p JUHEUHBIX 3(-
dbekToB npupaBHEHbI K 3PdekTaM B3auMOACHCTBUS, YA0OHO MOJIb30BATHCS
yCIOBHEIM 0003HaueHueM 2" P, Tak, nomypemiuka ot 2° 3anuiuercs B BUJIE

2%, a werBeprhperuika ot 2° — B BUjE 2° 2,
6.1. I'enepupyrouue COOTHOLIEHUS W ONPee/ISIOIIHe KOHTPACTbI
[Ipy OCTPOEHUHM TOMYPEIUIMKK 2° CYLIECTBYET BCETO JBE BO3MOKHO-

CTH: IPUPABHATH X3 K +X1X2 WIH K — X1X2. [I03TOMY €CTh TOJIBKO JBE MOJIY-

pernku 231 (Tabm. 6.2).

Tabauia 6.2
ManI/IHa l'IJ'IaHI/IpOBaHI/ISI 23 C JABYM:1 HOJIprHJ'IHKaMI/I
Howmep I: X3= XXz I X3= —X1X2
OIIbITa X1 X2 X3 X1X2X3 X1 X2 X3 —X1X2X3

-1 -1 +1 +1 -1 -1 +1 -1

2 +1 -1 -1 +1 +1 -1 -1 -1

3 -1 +1 -1 +1 -1 +1 -1 -1

4 +1 +1 +1 +1 +1 +1 +1 -1

JIist mpou3BeACHUS TPEX CTOJIOIOB MATPHIIHI | BHIMOTHAECTCS COOTHO-
menue: +1= xixox3, a MaTpubl II: -1= x1xox3. OTCr0/1a BUHO, YTO BCE 3HAKU
CTOJIOITOB TIPOM3BEACHUI OMHAKOBBI M B TIEPBOM CJIydae paBHBI +1, a BO BTO-
poM -1.

CumMBosMueckoe 0003HAaUYCHHE MPOU3BEIEHUS CTOJOIOB, paBHOTO +1
nin —1, HaszpIBaeTCs onpedensarowum xoumpacmom. KoHTpacT momoraer
onpeaessaTh cMemanHbie 3G dexTel. UToObl ompenenuthb, Kakoil 3dhdekt
CMElIaH C JaHHBIM, HY>KHO MOMHOXHUTh 00€ 4YacTH OMNPEESIONIero KOH-
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TpacTa Ha CTOJIOEI, COOTBETCTBYMOIIUK mgaHHOMY 3(ddekty. Tak, ecnm
+]=x1x2X3, TO JUI X1 ©UMEEM X1=X1°X2X3=X2X3, TaK KaK Bceraa xi’=1. s x2
HAXOJIAM X2 =X1X2°X3= X1X3, JUISI X3 OYIET X3=X1X2X3° =X1X2.
J171 BTOpOU NOTYPETUIMKU € IIOMOILBIO ONPEAEIISIOIEr0 KOHTpAcTa
—1=XiXoX3 OyaeM uMeTh JApyrue TEHEPUPYIOIIHE COOTHOIICHUS:
X1= —X12X2X3= —X2X3; X2= —X1X22X3= —X1X3; X3= —X1X2X32= —X1X2.
CooTHollleHre, MOKa3bIBaollee, ¢ KakuM U3 3(p(PEeKToB cMelIaH AaH-
HBIM 9P dEKT, HA3BIBACTCS 2eHEPUPVIOWUM COOMHOULEHUEM.

[Tonypennuku, B KOTOPbIX OCHOBHBIE 3((EKTHI CMELIaHbI ¢ ABYX(]ak-
TOPHBIMU B3aUMOICHCTBUSIMU, HOCST HA3BaHUE MIAHO8 C paspeuiaroujelt
cnocobnocmoio Il (mo HanbosbIIeMy 4YUCTy (DAaKTOPOB B OMPEAECIISIONIEM
koHTpacte). Takue MiIaHbl OPUHATO 0003HAYATE: 2), .

[Tpu BEIOOPE TTOMYPEILTHKH 2% 1 BO3MOIKHO BOCEMb PEIIEHUH:
y

1. Xa= X1X2

2. X4= —X1X2
3. X4= XoX3

4, X4= —XoX3
S, X4= X1X3

6. X4= —X1X3
1. X4a= X1X2X3
8. Xa4= —X1X2X3

Pa3pemaromiasi cnocoOHOCTh 3TUX MOJYPEIUIMK pasziuyHa. Tak, pe-
winku 1-6 umerot o Tpu ¢dakTopa B ONpEACISIONIeM KOHTpacTe, a 7—8 mo
yeTbipe. Peruku 7 U1 8 MMEIOT MaKCUMAJIbHYIO pa3peliaroiiyr Crocoo-
HOCTh M Ha3bIBAIOTCS 2nagHbimu. Pa3pemiaronias cnocoOOHOCTh 3aaeTCsl CHU-
CTEMOW CMElIMBaHUs JaHHOW periuku. OHa OyAeT MakCUMallbHOH, eciv
nuHenHbIe 3P pexTsl cMenanbl ¢ 3ppekramu B3auMoAeHCTBHSI HauOOoIbIIIe-
r'0 BO3MOKHOTO MOPSAKA.

[Ipu orcyTcTBUM anmpuopHO mHPOpManuu 00 dhdexTax B3ammoIei-
CTBHUS SKCIEPUMEHTATOP CTPEMUTCA BBIOpaTh PEIIUKY ¢ HauOObIIeH pas-
pemiaronieil cnocoOHOCThIO, TaK KaK TPONHBIE B3aUMOJAECUCTBUS OOBIYHO
MEHEee BakHbI, 4yeM mapHble. Eciu cymectByeT uHdopmanus oo spdexrax
B3aMMOJICHCTBUS, TO OHA JOJIKHA UCIIOJIb30BaThCS MPU BHIOOPE PEIUIUKH.

Perminku, B KOTOPBIX HET HU OJHOTO TJIaBHOTO 3¢ (eKkTa, CMEIIaHHOTO
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C JAPYTUM TJIaBHBIM 3(PPEKTOM WM MapHBIM B3aMMOJICUCTBUEM, a BCE Map-
HBIE B3aWMOJICUCTBHS CMEIIAHBI IPYT C APYIOM, HOCSAT HAa3BAHUE MJAAHOEG C

paspewatowei cnocooHocmuio IV (o HambomnplieMy 4yuciay (akTopoB B
24—1
onpenenstoneM KoHTpacte). OHu UMerT o0o3HaueHue <2y, . [lomypernmu-

Ka, 3aJaHHasi OIPEICISIONUM KOHTPACTOM |=+X1X2X3X4, UMEET TOJIBKO YeT-
HbIE KOMOMHAIINKM OYKB B K710l cTpoke. Ee MOXHO 3amucarh CleayronuMm
o0pazom, cunTasi cTpoky (1) 4eTHOI:

(1), ad, bd, ab, ac, cd, bc, abcd.

A mnonyperuivka, 3ajaHHas 1 = — XiXoX3X4, IMEET TOJIbKO HEYETHBIC
KoMOuHaUMu a, b, ¢, d, abd, acd, abc, bcd.

Takue MoNMyperuiuKyA Ha3bIBAIOT 2AABHLIMU NOAYPENnIuKamu, Tak Kak
OHM 00J1a/1af0T HAaUOOJIbIIIEH pa3peniaroniell CIoCOOHOCTHIO.

[lycTe BBIOpaHBI MOJYPEIUIMKU, 3aJlaHHBIC OMPEACISIONIMMUA KOH-
tpacTaMu |=+X1XoX3X4 1 1 = — X1X2X3X4. COBMECTHBIE OLIEHKH 3[1€Ch OIpeie-

JIIHOTCA COOTHOLICHUAMM

1. X1= XoX3Xsa  X1= —X2X3Xs
2. Xo= X1XaX4  Xo= —X1X3X4
3. X3= X1X2X4 X3= —X1X2X4
4, X4= X1XoX3  Xa= —X1X2X3
5. X1X2= X3X4 X1X2= —X3X4
6. XiX3= XoX4  X1X3= —XoX4
7. X1X4= X2X3 X1X4= —X2X3

Takoll TuUm cMemmMBaHUA IAaCT BO3MOYKHOCTH OIIEHUBATh JIMHEHHBIC
3¢ dekTsr cCOBMECTHO ¢ 3¢ deKTaMu B3aUMOJCUCTBHUNA BTOPOTO IOPSAKA, a
B3aUMOJICUCTBHUS MEPBOTO MOPSAJIKA — COBMECTHO JAPYT C APYTOM.

Ecin monypemnuky 3aiaHbl T€HEPUPYIOIMMHU  COOTHOIIECHUSIMU
X4= X1X2 U X4= —X1X2, TO B 3TOM CJIy4yae ONPEICIISIIOINMUA KOHTPACTaMU SIB-
aroTest 1=X1XoXs 1 1 = — X1XoXs, CIA€I0OBATEIBLHO, MBI MOJy4aeM IUIaHBI C
paspemaronieir crnocooHocThio 111 1 HekoTOopble OCHOBHBIE A(DPEKTHI CMe-

MIMBAacM C IIapHBIMHU BBaHMOHeﬁCTBHHMHZ
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1. X1= XoXa X1= —X2X4
2. Xo= X1X4 X2= —X1X4
3. X3= X1X2X3X4 X3= —X1X2X3X4
4, X4= X1X2 X4= —X1X2
S, XoX3= X1X3X4 X2X3= —X1X3X4
6. X1X3= X2X3X4 X1X3= —X2X3X4
7. X3Xa= X1X2X3 X3X4= —X1X2X3

Pazpemaroiiasi cnocoOHOCTh ATUX MOMYPEIUIMK HUXKE, YEM Y IJIAHOB C
paspemaroieil cnocoOHoCThIO [V, ¢ TOMOIIBbIO KOTOPBIX JTUHENHHBIE 3D Pek-
ThI ONPENEIIAIOTCS HE3aBUCUMO OT MApPHBIX B3aUMOJEHCTBUM.

OTH NMONYPEIUIMKA UMEIOT B KAXKJIOW CTPOKE KaK YETHBIE, TaK U He-
YyeTHble KOMOUHaIu OykB. Takue MOTypeIuiuKYA HE SIBISIOTCS TJIABHBIMU.
PazymeH BbIOOp Takoil MONYpEIUIUKHU, €CIIM UMEETCs anpuopHas uHpopma-
1usi 0 OOJIbIIIEH 3HAYMMOCTH TPOWHBIX B3aMMOJICUCTBUI MO CPAaBHEHUIO C
NapHbIMU WJIM O HE3HAYMMOCTH TPEX MApHBIX B3aUMOJICUCTBUU X2X4, X1X4,
X1X2.

Kak Bunure, BbIOOp NpOOHON pEIUIMKA TPEeOyeT MHOrO TEpIEeHUs U
tpyna. Ho npyroro nmytu Het. [Ipumensisi npoOHOe MIaHUpPOBAHUE, HYKHO
TOYHO 3HATh CUCTEMY CMEIIMBAHUs, YETKO MPEICTABIATH, KaKyt0 HH(pOopMa-
IIUIO TIPUXOJIUTCS TEPSTh.

[Ipu BHIOOPE MONYPEIIMKU 2° 1 B PacIOPSIKEHUH SKCIIEPUMEHTATOpa
MMEETCSI MHOKECTBO BAPUAHTOB. Tak, x5 MOKHO NPUPABHATH K OJHOMY U3
IIECTH MapHBIX B3aUMOJICMCTBUM. B 3TOM cilyyae moiayduM HOJYPEIUIUKY C
paspemaronieit cnocoonoctpo 111, OueBuaHO, 3TO OyIET HE TYUIIUA BEIOOD
nosyperiuku. Jlajnee, xs MOXKHO MPUPABHATH K OJTHOMY M3 YETHIPEX TPOil-
HBIX B3aumojehcTBUM. Torjaa mojayyum IuiaH ¢ pasperaroiieid cnocooHo-
cteio IV, u Bce nunelriHbie 3(pdekThl OyAyT CMEIIaHbl ¢ TPOMHBIMHU B3aUMO-
nercTBusiMU. M HakoHeIl, MOJTyperuinka MOXKeT ObITh 3ajJlaHa TeHEPUpYIO-
IIUMUA COOTHOIIEHUSIMU X5=+X1X2X3X4 UITU X5= —X1X2X3X4. Omnpenenstonumu
KOHTpPACTaMU B 3TOM ciiydae OyayT 1=-+XiXoXsXaXs U 1= —X1X2X3XaXs. Takue
PEIUIMKHA HOCAT Ha3BaHUE IUIAHOB C pa3periarolieii cnocooHocThio V 1 000-
3HauaroTca 2y . B Takumx miuaHax jauHeiHblE d(Q(EKThI CMENIaHbI CO B3aH-

MOJICMCTBUSIMU TPETHETO MOPSJIKA, & B3aMMOJICMCTBUS MEPBOTO MOPSIIKA —
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C B3aMMOJICMCTBUSIMU BTOPOTO MTOPSIKA

6.2. Boi0oop 1/4-pemuk.
O06o0mawmui onpeaesOIMMA KOHTPACT

IIpy UcciIe0BaHNK BIMSAHMS OATH (AKTOPOB MOKHO IIOCTaBUTh He 16
OIIBITOB, KAaK B HPEIBIAYIIEM MPHMEPE, a TONBKO 8, T.€. BOCIIOJIb30BAThHCS
pemmkoi 2°2. 31ech BO3MOXHBI JBEHAILATh PEHICHUH, €CIIM X4 IIPUPAB-
HAThH MAPHOMY B3aUMOJIEHCTBHIO, 4 X5 — TPOHHOMY:

1. Xa= X1X2 X5= X1X2X3
2. X4= X1X2 X5= —X1X2X3
3. Xa= —X1X2 X5= X1X2X3
4. X4= —X1X2 X5= —X1X2X3
S, X4= X1X3 X5= X1X2X3
6. Xa= X1X3 X5= —X1X2X3
1. Xa= —X1X3 X5= X1X2X3
8. X4a= —X1X3 X5= —X1X2X3
9. Xa4= X2X3 X5= X1X2X3
10. X4= XoX3 X5= —X1X2X3
11. X4= —X2X3 X5= X1X2X3
12. —X4= X2X3 X5= —X1X2X3

JlomycTtuM, BBIOpaH MSATHIA BapUAHT: X4= X1X3 U Xs= X1X2X3. Torma
ONPEACIIAIOMUMU KOHTPACTAMM SIBIISTIOTCS: |=X1X3X4 B 1=X1X2X3Xs.

Ecin nepeMHOXKUTH 3T ONPENCIISIIONIME KOHTPACTHI, TO MOJYUYUTCS
TPEThE€ COOTHOIICHHUE, 3aJaoIlee 3JIEeMEHThI CTOJONa 1=XoXsXs. UTOOBI
MOJTHOCTBIO OXapaKTEPU30BaTh Pa3peIIalONIyl0 CIOCOOHOCTh PEIUIHKH,
HEOOXOoAMMO  3amucaTh  O0OOMMIAOIMMKA  OMPEACNSIONNN  KOHTPACT
1 = X1X3X4=X2XaX5=X1X2X3Xs.

Cuctema cMeUIMBAHUS OMpPEACISIETCS YMHOXEHHUEM 0000IIaroero
OIPEAEIIAIOIIEr0 KOHTPACTa IOCIEA0BATEIbHO HA X1, X2, X3 U T. 1.

X1= X3X4= X1X2X4X5= X2X3X5
X2 = X1X2X3X4= X4X5= X1X3X5
X3= X1X4= X2X3X4X5= X1X2Xs5
Xg4= X1X3= X2X5= X1X2X3X4X5
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X5= X1X3X4X5= X2X4= X1X2X3
X1X2= X2X3X4= X1X4X5= X3Xs5
X1X5= X3X4X5= X1X2X4= X2X3

[TomyyaeTcss AOBOJIBHO CIIOXHAs CUCTEMA CMEIIMBAHUS JIMHEHHBIX
addexToB ¢ rdpdexkTamu B3aUMOJEHCTBUSA MEPBOr0, BTOPOTO, TPETHEr0 U
4eTBEPTOro MopsakoB. Eciu, Hanpumep, KodphuimeHTs D12 1 bis oTimdHbI
OT HYJISI, TO BOBHUKAIOT COMHEHHS, MOKHO JIU TIpeHeOperaTh APyTrUMH Map-
HBIMH B3aUMOJICUCTBHUSIMH, C KOTOPBIMU CMEIIAHBI JIMHEHHBIE (PQEKTHI.
Torpa cienyeTr MocTaBUTh BTOPYIO CEPUIO OMBITOB, BEIOPAB HYXHBIM 00Opa-
30M Jpyryto 1/4-peruky.

[Ipn 3TOM MOYKHO BOCHOJIB30BaTbCS METOJOM «IepeBaia». CMbICa
ATOr0 METOJA 3aKJII0YAETCsS B TOM, YTO BTOPAsi YETBEPThPEIUIMKA MMOTyYaeT-
Csl U3 MIEPBOM MyTeM U3MEHEHMS BCEX 3HAKOB MATpHUILIbl HA oOpaTHbie. Toraa
B 000011a011IeM OMPEIETAIONIeM KOHTPACTE TPOUHBIC MPOU3BEIACHUS HUME-
IOT 3HAK, IPOTUBOMOJIOKHBIN UX 3HAKY B IIEPBOM YETBEPTHbPEIUIMKE. Tpou-
HbI€ MPOU3BEACHUSI ONMPEACNAIOT NMapHble B3aWMOJEHCTBHS B COBMECTHBIX
OLICHKax JJid JUHEHHbIX 3(PQeKToB. Ycpenuss pesyiabTaTbl 00€UX YeT-
BEPTHPEIUIUK, MOXKHO MOJIYYUThb JUHEHHBIE 3(PPEKThl, HE CMEIIAHHBIE C
MapHBIMHU B3aUMOICUCTBUSIMU.

Jns nononHenust 1/4-peruku 10 1/2-periuku, eciu ecTh MoJ03pe-
HUs, 4YTO 3PPEeKThl B3aUMOACHCTBUS MEPBOr0 MOPSIKa OTIWYAKOTCS OT HY-
7151, HY’KHO B3SITh BTOPYIO YETBEPThPEIUIMKY C 0000MIAIONIMM KOHTPACTOM, B
KOTOPOM J[Ba TPOMHBIX MPOU3BEACHHS MMEIOT OTPULATENbHBIN 3HAK, TaK
KaK TPOWHBIC MPOU3BEACHUS ONMPEACIAIOT MapHble B3aMMOJICUCTBUS B COB-
MECTHBIX OLIEHKaX JIJIsl TMHEHHBIX 3(hPEeKTOB.

OpHako MOKHO TIPEICTaBUThH ceO€ M TAaKOW CiIydai, KOT/ia IejIecoo0-
pPa3HO 0CBOOOANUTH JIMHEHHBIE 3P (HEKTHI 0T 3PHEKTOB B3aUMOACHCTBUS BTO-
pOTro MOpsSiAKA U TOJBKO YaCTh U3 JIMHEUHBIX 3(PPEKTOB OT MAPHBIX B3aUMO-
neiictBuil. Torga Hy>XHO BbIOpaTh 1/4-peruivky TakuM 00pa3om, 4yTOObI B
00001IA0IIEM OMPEETSIONIEM KOHTPACTE MPOU3BEICHUE YETHIPEX YJICHOB
MMEJIO OTPULIATENIbHBIN 3HAK, TaK KaK 3TO MPOU3BENCHHUE ONPENEIseT TPOu-
HbI€ B3aUMOJICHCTBHS B COBMECTHBIX OLIEHKaX JIJIsl IMHEHHBIX 3(h(PEKTOB.
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6.3. XapakTepucTuKa ApOOHBIX PeJIUK

I[OCTOI/IHCTBO IMPpUHIMIIA HACBIIICHUA CTAHOBHUTCA 0omee OIMYTHUMBIM C

poctoMm (axTopoB. Hampumep, npu uszydeHuu 15 ¢GpakTopoB umeeTcs: BO3-

MOKHOCTB NIPOBEIcHUs 16 sKcriepuMenTOB, BMecTo 32768 (21°) (tadm. 6.3).

XapakTepucTUKa APOOHBIX PETUIMK

Taomuna 6.3

Yucao OIBITOB

Yucno pakro- TipoGHas perumKa YcioBHOE JUI% APOGHBIX JIJISI IOJTHOT'O
poB 0003Hay. permK (I)aKTEESZ;IO JKC-

3 1/2 — pennuka ot 2° 231 4 8

4 1/2 — pennuka ot 2* 241 8 16

5 1/4 — peruka ot 2° 2572 8 32

6 1/8 — pernxa ot 2° 2673 8 64

7 1/16 — perumxa ot 2° 274 8 128

5 1/2 — pennuka ot 2° 251 16 32

6 1/4 — peruxa ot 2° 2672 16 64

7 1/8 — penmuka ot 2’ 273 16 128

8 1/16- pennuka ot 28 28-4 16 256

9 1/32-penuka ot 2° 2%° 16 512

10 1/64-penuka ot 210 2106 16 1024

11 1/128-pemnuka ot 21 217 16 2048

12 1/256-penuka ot 212 2128 16 4096

13 1/512-perumka ot 213 2189 16 8192

14 1/1024-pernka ot 2% 21410 16 16384

15 1/2048-pennuka ot 2*° 21 16 32768

IIpasuno: Ymobw cokpamumos 4ucio onvimos, HylCHO OONOJHUME -

HO 8800UMDbIU 8 IKCNEPUMEHM (PaKmop 8apbuposams KaxK 6eKmop—cmosnoey

mampuybl, COOI’I’ZGQWZCI’I’ZGyIOWMZ:Z 636114/1/10661207/1/181/{}0, KOmopbslmM MOIHCHO npe-

Heopeub. Toeoa uzmenenue ypoguel H0B020 (aKmopa onpeoeumcs 3HaKa-

MU Moo 8€Km0p—CmOJZ6I461.

[Ipu BeIOOpE OPOOHBIX PEIUIMK HEOOXOAMMO OMPENEIUTh U MpoaHa-

JM3UPOBATH C YYETOM anpuOpPHON MH(POpPMALIUU CXEMY 3aMEIICHHS OLIEHOK

ko3 duneHToB Moaenu. C 3TOHl MENbI0 BBIYUCIAIOT TEHEPUPYIOITUE CO-

OTHOHICHHUS, KOTOPBIC II0OKA3bIBAIOT, C KAKHNM M3 3(1)(1)6KTOB CMCIIaH I[aHHBIfI
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ahdexr.

B 3agauax ¢ 60ybpmmm 9uciaom (HakToOpoB BEIOOP B3aUMOIACHCTBUS TS
HACBIIICHNS TUTAaHA OTHOCUTEIRHO HempocT. CiaeayeT MOMHUTH, YTO OCHOB-
HOE TIOJIOKCHHE TP BBIOOPE B3aWMOJICHCTBHI B OOIIEM Clydae COCTOWT B
cinenyromieM. [Ipu BBe1eHHMU B KCIIEPUMEHT HOBBIX (DAKTOPOB CIIETyET BhI-
JIESATh UM CTOJIOIBI MAaTPHUIIbI, MPUHAICKAIINE B3aUMOJICCTBHAM ¢ OoJiee
BBICOKMM MOPAAKOM. Tak, BBoas 4-ii (akTop B ImiaH 23, clieqyeT BapbUpo-
BaTh X4 KakK CTOJIOCI] MaTPHUIBI C B3aMMOJCHCTBHEM TPETHETO TOPSIKa
X1X2X3, T. €. X4=X1X2X3, TaK KaK MPEATOJIOKEHNUE 00 OTCYTCTBUH B3aUMO/ICH-
CTBHS X1X2X3 OoJiee peaabHO, IO CPaBHEHHIO, HAIPUMED, C B3aUMOJICHCTBH-
eM X1X2.
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7. IJTAHUPOBAHUE MHOTI'O®AKTOPHbBIX 9KCIIEPUMEHTOB.
IHEHTPAJIbHO-KOMIIO3UIIMOHHBIE I1JIAHBI
BTOPOI'O ITOPSAIKA

PazpaboTka MaTemMaTHueCKON MOJEIN IPEAyCMaTPUBACT MPUHIIUI OT
«IPOCTOTO K CIOXKHOMY». DTOT MPUHIUIT — IEPEXO0] OT MOJMHOMA 1-TO 1Oo-
psAllKa K MOJUHOMY 2-TO mopsiaka. s neTaJbHOro u3ydeHusi 001acTH Ofl-
TUMyMa U YYaCTKOB MOBEPXHOCTH OTKJIMKA CO 3HAYUTEIBHOW KPUBU3HOU
JIMHEWHAs MOJIC]Ib CTAHOBUTCS HEAJCKBATHOM. B Takux ciaydasx mjis mare-
MAaTHYECKOTO OIMHCAHHUS MOXET OBITh JOCTATOYHO IMOJMHOMA BTOPOTO IO-
psKa, peXe TPETHErO MOPSAKA, MOJYYCHHOIO C HCIIOJIb30BAHUEM IUIAHOB
COOTBETCTBEHHO BTOPOIO M TpeThero nopsakos. Ilmansl 2X He MoryT obec-
ICYNTH IMOJYUYCHHE pa3[eibHBIX OLIEHOK Kod(dduimeHToB bj mpu kBaapa-
TUYHBIX QYHKIUSIX U K03 dummenta bo.

[Imansl 2-r0 mOpsiAKa MO3BOJSIOT MOJYYUTh MATEMATUYECKOE OIKCa-
HUE B BUJIE MOJHOW KBAJAPATUYHOM MOJIENIH, COAEPHKAILIEH KPOME OCHOBHBIX
a¢dhekToB bi Bce mapHbie B3auMoaeicTBus bij u kBagpaTuanbie 3G dekThI bii.

y(xl’XZ e Xy ) = bo + Zn:bixi + nz_l ibijxixj +Zn:biixi2 . (7.1)

i=1 j=i+1

W3 Teopun MHTEPNOIAUMN U3BECTHO, YTO ISl HAXOXKIACHUS pa3/ieiib-
HBIX OLICHOK HMHTEPIOJISIIUOHHOIO IMOJIMHOMA YHUCJIO YPOBHEW H3MEHEHUS
KaKJOM M3 HE3aBUCUMBIX NEPEMEHHBIX JOJDKHO ObITh OOJbIIE HA €IUHULLY
NOpsiIKa MOJMHOMA. JIsl BBIYMCIICHHS] MOJMHOMA 2-TO MOPSAKA YHUCIO
YPOBHEHN TOJDKHO ObITh Kak MUHUMYM Tpu. B I[I®D 3" mpun =2, N=9, a
npu Tpex ¢akropax, N = 27. IIpumeHeHre moiaHoro GakTopHOro KCIepu-
MeHTa Tuna 3" i moaydeHus: pa3ebHbIX OIEHOK KOd()PHUIIMEHTOB TOJu-
HOMa BTOPOTO MOPSAKA HE SBJISIETCS pallMOHAJIBHBIM, TaK KaK IJIAHUPOBA-
HUE Ha TPEX YPOBHAX XAPaKTEPHU3YETCS PE3KUM YBEJIMUYECHHUEM O0beMa KC-
NEePUMEHTA.

CokpaTuTh YHUCJIO OMNBITOB MOKHO, UCTOJB3Ysl LIEHTPAIbHbIE KOMIIO-
surmonHble ianbl (LIKII), sapoM KOTOPBIX SBISIOTCS JUHELHbIE OPMO2O-
HanbHble NAAHYL.

KoMno3unmonHslil ian oOpa3zyercs MyTeM J00aBJIEHUs HEKOTOPOIO

KOJIMYECTBA CIEIMAIBHBIX TOUEK K «SIIPY», COCTOSIIEMY U3 TIaHOB 2" min
2"P. Ecmu x «sampy» 100aBUTH TOYKY B ILIEHTpE IJIaHA C KOOPAMHATAMU
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(0, 0...0) u 2n Tak Ha3bIBa€MbBIX 3BE3JHBIX TOYEK C KOOpAMHATaMH (0,
0..0), (0, %a, ..0), ..., (0, O... £0)), TO TOIYUUM YECHMPALbHBIL KOMNOZUYUOH-
HblU NaH, TPEIOKEHHBIM bokcom. B kauecTBe spa UCHIOIB3YIOTCA TOUKA
[1®D3 — BepunHb! kBagpata (puc. 7.1) u kyda (puc. 7.2) COOTBETCTBEHHO.

(- 1+1) iZZ (+1,+1)

@ &
+ &
(0,0)
--Lwl?__#*z
— f 1
S | —

(-1,-1) %r (+1,-1)
Puc. 7.1. LlenTpanbHO-KOMITO3UILIMOHHBIH I1JIaH

Hcronp3yroT 3TH TIaHBl OOBIYHO Ha 3aKIIOYUTEILHOM 3Tare MCCIle-
JIOBAHMS: TIPU ONMHMCAHUHU DKCIIEPUMEHTAIBLHOW 00JIACTH B CUTYAIUAX, KOT/Ia
OTCYTCTBYET anmpuopHas nHopManus 00 00bEKTE 1 €ro MOJIUNHOMHUAIBHYIO
MOJIeNTb TIPUXOIUTCS MOAOMPATH MOCIIEI0BATEIbHO, HAUMHAS C IMPOCTEHIIIe-
ro JIMHEHHOTO YpaBHEHMsI, KOTOPOE 3aTeM JOCTPAaUBACTCS JIO TIOJHOM KBa/I-
paTUYHON Mojenu. B Takux cilydasx MpHMEHEHHE KOMIIO3WIIMOHHBIX TLIa-

HOB OKa3bIBaeTCs Hauboliee BBITOAHBIM I10 YHCJY OIIBITOB.

Xg F
Y= f(-11.-1
. ) Yy = f(L1,-1)
S S ) 7 e
Y, ;f(_l.—-l.—l}:_,/?_____ . 1’1
y K? = f 1.-1.-1)
Ys=f(-L-L1)
/ Y5 = f(L-11)
- ol

A3

Puc. 7.2. 'eomeTprdeckast ”HTEpIpETALUS IEHTPATbHO-KOMIIO3UIIMOHHOTO TIJIaHa,
COOTBCTCTBYIOUICTO IMOJIMHOMY 2-10 nopsaaka 1Jisd TPEX HE3aBUCUMBIX IICPEMCHHBIX
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entpanbHo-kommo3urmoHHbii 1aan (L[KIT) mroboit Momudukamu
COCTOUT U3 TPEX YaCTEM.
Ilepsas yacmb — OCHOBA WM SIPO IJIaHA — ATO TMOJIHBIN (PaKTOPHBIN

skcniepument (ITPD) 2" nmm apo6HeIi dakTopHsIi KcnepuMent (JIDD)

2"P (rme P — KOMHYECTBO HEH3BECTHBIX KO(DOUIHEHTOB PErpeccHH,
P=0,1,2).

[Ipu 3TOM TpedyeTcs, 4TOOBI AIpO IMIaHa OOECIEUNBAIIO PA3ACIIbHYIO
OIICHKY KOA(D(UIIMEHTOB PErpecCcur U BCEX MAapHBIX B3amMoOAcHCTBHM. JlaH-
HO€ YCJIOBHE HAKJIaJhIBA€T BECbMA JKECTKOE OTpaHUYEHHE Ha BO3MOXKHYIO
CTENEHb JAPOOHOCTH UCIOIB3YEMOTO APOOHOTO (PAaKTOPHOTO SKCIEPUMEHTA.
B uactHocTH, npu n< 4 MoxeT mpuMensthcs mumpb 1OD 2" ecin

5 < n <7, T0 kKpome noHOTO (hakTopHOTO AKcnepuMenTta (IIDD) MoxHO

ucrons3oBarh u JIOD , a st n > 7 gomyctum takke u JJPD 2 n-2
Bmopas yacms [[KII — Tak Ha3bpIBa€MbI€ 3BE3HBIC TOYKH, PACIIOJIO-
KEHHBIE HA KOOPIMHATHBIX OCSIX Ha PacCTOSHUM L & OT LEHTpa JKCIEpH-
meHTa. OOlEe YMCIO TaKMX TOYeK PaBHO 27. «3Be3HbIE» TOUKM IIpeji-
CTaBJISIIOT COOOM JBa YpOBHS BAapbUPOBaHUSA KaXAbIM U3 TpeX (haKTOpOB,
3HAYCHHUSI KOTOPBIX JIeXkKAT 3a mpeaenaMmu rpaneid kyoa (puc. 7.3). Touku
JeKaT Ha pacCTOSHUM, OOJBINEM, YeM +1, OT IeHTpa TUTaHa U JieXkaT Ha TO-
BEPXHOCTH cephl TUaMeTpoM 2C .
Tpemovsa wacme [[KII — onBITHI B IEHTPE IIJIAHA; YUCIIO TAKUX OIBITOB
Nog>1.
O6mu1ee uucno onbiToB LIKII npu n dakropax coctaBut
N=2"7+2n+N,, (7.1)
rae 21 — 4uCiIO0 «3BE3IHBIX» TOYeK; P — KOMMYecTBO HEM3BECTHBIX KOA(-
(uIMEHTOB perpeccuu (Yucio, onpeAessonee APOOHOCTh IKC-
nepumenta), P=0,1,2; Ny — 4rcio OnLITOB B LIEHTpPE IIJIaHA.
Jlns cnyuas nyx gaktopos (n=2): N=4+4+1=9,
[TpousBonbHbI cumMmeTpuunbli LIKII npuBenen B Tabim. 7.1.
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1‘.‘

@
Qp—e—® |[®
X4

@

-1 +1
¢4

[
g\‘/ @@

a) 0)

Puc. 7.3. [Inansl BTOporo nopsiaka npu N=2:

®©

@ — OPTOTOHAJIbHBIN; 6 — poTaTaOenbHbIN

Tabnuma 7.1
[TponsBosbHbI cumMeTpuuHbii [IKII
@axkropsl | Yucio Touek
Cocranbie yactu LIKII G
X1 X2 Xk
Snpo mnmana (TIPS 2" 1 -1 -1 -1
i J[OD 2" P) 2 +1 -1 -1
3 —1 +1 -1 2"P
4 +1 +1 .. | -1 ] p=0;1;2
2"P +1 +1 -1
«3BE3/IHBIC)» TOUKU 2"P+1 —a 0 0
2" P+2 +o 0 0
2" P+3 0 —a 0
27P+4 0 +o 0 2n
2"P+2n-1 0 0 . —o
2"P+2n 0 0 +o
LleHTpanbHbIE TOUKU 2" P+2n+1 0 0 " 0
No
2"P+2n+No 0 0 " 0

Konkperasie 3HaueHUs o 1 No BEIOMPAFOTCS MUCXOJSI U3 T€X WU WHBIX
KPUTEPUEB ONTHMAIBHOCTH PETPECCHOHHBIX JKCIEPUMEHTOB. B cBs3n C
ATUM TPHUHATO BBIAETATH opmocoHanrvhvle (OLKII) u pomomabenvhbie
(PLIKII) neHTpaibHO—KOMIIO3UITMOHHBIE TIAHBI.

118




7.1. OpToronajibHble HeHTPAIbHO-KOMIIO3uIMOHHBIE IIaHbl (OLIKIT)

B OIIKII, xak npaBuno, No = 1, a ruiaH [eJIMKOM CTPOUTCS C yUYETOM
KPUTEPUST OPTOrOHAIBHOCTU (CymMMa MOMApHBIX MPOU3BEACHUN 3HAYCHUU
ypOBHEHN IBYX JIHOOBIX (hakTOpoB (CTOJOIOB) paBHA HY0). Jiist obecnieye-
HUS TIOMAPHOW OPTOTOHAJIBHOCTH CTOJIOIIOB, OTBEUAIOIIUX CBOOOIHOMY
uneny fo M KBagpaTudHbIM Kodduuumentam B2, i =1, 2, ..., N, a Takxe
CTOJIOIIOB, OTBEYAIOIIMX KBAJAPATUYHBIM YJICHAM MEX]Y CO00M, He0OX01U-
MO MIPUHATH CHEIUAILHBIE MEPHI.

C »Tol 1Eebo, MPEXIAE BCEro, HECKOJIbKO BUIOU3MEHSIOT CUCTEMY
0a3uCHBIX (PYHKIIMI, @ HUMEHHO — UIIYT PETPECCUOHHYIO MOJCIb B BUJIC:

n-1 n n

y(x)= bo' "’Zn:bi Xi +Zzbij XiX; +Zbii (Xi2 - Xliz) (7.2)

i=1 j=1 i=1

1N
X :ﬁzxig N (7.3)
rne N — oomee uncno Touek miana: N =2"° +2n+1;

g=m+gmw, (7.4)

rJe P — 4KCII0, OnpeAeisoniee ApoOHOCTh DKCIEpUMENTa; f, — KodhpuLu-
€HThI YPaBHEHUS PETPECCHH.

Kak BusHO, B 3TOM MOJAEIM NPU KBaJIpaTUYHBIX KOd(PduUlMeHTax uc-
NOJIB3YIOTCS YyeHmpuposaunvie nepemenHvle. llepexon K TakuM IMepeMeH-
HBIM O0ECTeUnBAET OPTOrOHAJIBLHOCTH CTOJIONA CBOOOJHOTO YjieHa ypaBHeE-
HUs perpeccuu (O6asucHas GyHkius fo = 1) u mr060ro U3 cTOIOIOB IICHTPU-
POBaHHBIX KBagpaToB (GasucHas dyHkiums Buma X, = X' —X''), u He3aBu-
CUMOCTB APYT OT Jpyra Kod(PHUIIMEHTOB PETPECCUU TIO PE3yJIbTaTaM OIIbI-
TOB.

JIeHCTBUTENBHO, AJI1 YKa3aHHBIX CTOJOIIOB UMEET MECTO CIeIyIollee

N 2 12 & 2 12 & 2 13 2
paBeHcTBO: D To (xig —x'2)= > x2 —Nx'Z=>"x:-N Ning =0.
g=1 g=1 g=1 g=1
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DTO PaBEHCTBO CIPABEIJIMBO HE3aBUCUMO OT KOHKPETHOTO 3HAYEHUS
o.. OHaKo, IPU MPOU3BOJIILHOM Ol OCTAIOTCS HEOPTOTOHAJIBLHBIMU CTOJIOLIBI
MaTpullbl IUJIAHUPOBAHUS, OTBEUAIOIIUME PA3JIUYHBIM I[IEHTPUPOBAHHBIM
KBaJI[paTUYHBIM [TIEPEMEHHBIM.

[Tostomy B OLIKII uyucnoBoe 3HaueHHE O BbIOMpAETCS Kak pa3 U3
YCIIOBUSI OPTOTOHAILHOCTH MMEHHO 3THX CTOJIOIOB M OIPEIEISIETCS IO

dopmyie
o =\/\/2”-p-2 (2" +2n+1)- 2" =\/(\/N 2P — 2”“’)/2 . (7.5)

Haiinennsie o gopmyse (7.5) ynuciaoBbie 3HaUeHUs o, pu N = 2 + 8
MpPUBEJICHBI B Ta0I. 7.2.

Tabmnuma 7.2

3HaYeHUs «3BE3HOTO» Tuleda oL pu N = 2 + 8

n 2 3 4 5 6 7 8

Snpo | IO | [IOD | [IOD | [IOD | ADOD | [IOD | A3 | [IOD | A3 | [IOD | DD | ADD
HHK 22 23 24 25 25—1 26 26—1 27 27—1 28 28—1 28—2

N 9 15 25 43 27 77 45 143 79 273 | 145 81

o 1,000 | 1,215 | 1,414 | 1,596 | 1,547 | 1,761 | 1,724 | 1,909 | 1,885 | 2,045 | 2,029 | 2,000

O6mee komudecTBO onbIToB N B OLIKII paBHO N = 2" P+2n+ No. Ta-
KAM 00pa3oM, Mepexois K KBaJAPaTUIHOW MOJIETH C IEHTPUPOBAHHBIMH
KBaJ[paTUYHBIMHA TIEPEMEHHBIMA W WCIIOJB3yS YyKa3aHHBIC 3HAYCHUS O,
MOYXHO JOOWTBHCS MOJHOW OPTOTOHAIM3AIIMNA CTOJIOIIOB MATPHIILI TIAaHUPO-
BaHus (Tadu. 7.3).

Tabnuua 7.3
Marpuna riaHupoBaHus OPTOrOHAIBHOIO
HCHTpaJ'II)HO'KOMHO?)I/IHI/IOHHOFO IJI1aHa
xo | X1 | Xo | oo | Xo I XX | oo | XnaXn | X25X'1P | X — X2 | L] Xp= X2
+1 | 1| 2. =1+ .. 1T 71 1— X' 1— X'52 Xl
+1 | +1 | 1.2 1. 1T 71 1 X1 1— X' 1l
+1 | -1 | +1 | ... -1 -1 ... 1- x'1° 1- x'5? L 1XYW
+1 | +1 | +1 | ... | -1 +1 1- x'1° 1- x'5? Ll 1XYW
1 +1 | +1 1 +1 | X2 X2 .. 1L-x&
+1 | —a 0 0 0 0 o’— X'12 —X'2? —X'¥
+1 | 4o | O 0 0 0 02— x'12 X'9? ... X'k
+1 0 — 0 0 0 —X'1? 02— X'p2 X'k
+1 | 0 | +o 0 0 0 — X2 02— X'92 X'
100 ..ol 0 0 X2 X7 X2
+1 0 0 U e 0 0 —X'{? —X'9? 02— X'\
+1] 0 0 0 0 0 — X' — X2 —X'
0 [0 .. 010 [..] 0 | =xz v X
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CrnenoBaTenbHO, OLIEHKU KOA(PPUIIMEHTOB PErpeccuu, MOJyYeHHbIE C
nomoibio OLIKII, HekoppenrpoBaHbl MEXy CO00H, YTO, BIPOUYEM, XapaK-
TEPHO JJIsI JIIDOOTO OPTOTOHAILHOIO IJIaHA.

Peanuzanus sKcriepuMeHTa MO BBIOpAHHOM MaTpulle TUIaHUPOBAHUS
IIPOBOJIUTCA TaKKe C AYOJIMPOBAHUEM OIBITOB B KaXKJIOM TOYKE IJIaHA aHa-
aoruyHo [1D3 2",

OueHkn kK03G(UIIMEHTOB PErpeccuM MJisi COOTBETCTBYIOUIUX TPYIII
PaBHBI:

JUIsl CBOOOTHOTO WieHa:

B, = t— | ; (7.6)

JJIA JIMHEMHBIX cJIaraeMbIX

Z Xui y'i

JUTSL TIOTIAPHBIX B3aI/IMoz[eI7ICTBI/Iﬁ

ZX,u.y

IBju - 2
AJI OCHTPUPOBAHHLIX KBAAPATUYHBIX IICPEMCHHBIX

2 %Y

2
Z 20"

[IpuBeneM Teneps ypaBHEHHE perpeccuu K 0osiee MPUBBIYHOMY IS

u=1.2,...k; (7.7)

J, u=1.2...n; j2u; (7.8)

(7.9)

HaC BUAOY.
y(X) - 180 + Zﬂl + ZZﬂu IXj +Zﬂizxi2’ (710)

rae

iXOiyl n-p
: 2 +2a Zﬁ (7.11)

ﬁo :ﬁo _X'i2 iZl:lBiz == N

YcnoBue HopMupoBKU B ciiydae oproroHaibHoro LKII e cobmona-
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N
2
eTcs, TaK Kak E X, 7N (u — HOMep mr000rO CTONOIA, KPOME HYJIEBOIO).
i=1

DTO 3HAYUT, YTO TOYHOCTh OLICHKU KO3(P(ULIMEHTOB PErPECCUU ISl PA3HBIX
IpyI HEOIMHAKOBA.
OueHkn aucnepcui sl KaXKIOW U3 YETBIPEX OJHOPOIAHBIX TPYIII IS

M mapasiesbHBIX OMBITOB MOACUYUTHIBAIOTCS MO CIEAYIOMUM (hopMyiam:

Sz{ﬁ.}=m;
SZ
Sz{ﬂij}: 6n—p’
e (7.12)
2 2 SK
S {ﬁ' }: m-2a*’

2
Iac Sg — JUCIICPCHU BOCITPOU3BOJANMOCTH.

Takum o0pazom, aucnepcus OUeHKU Y' QyHKIIMU OTKIIMKA B HEKOTO-
poil Touke (HaKTOPHOTO MPOCTPAHCTBA 3aBUCHUT HE TOJBKO OT PACCTOSHUS
ATOW TOYKHM 70 IIEHTpa TUIaHa P, HO M OT €€ MOJOXKEeHHsS Ha rumepcdepe.
3uaunt, OLIKII He ymoBnerBopsier ycioBuio porotabenbHocTu. [loaTomy,
€CJIM HE MPEIbABIAIOTCA 0COOble TpeOOBAaHMS K TOYHOCTU MpE/ICKa3aHUs
BBIXOJIHOM BEJIMYMHBI 10 YPAaBHEHHUIO PErpeccHu B JIIOOOM HaIpaBJICHUU
(aKTOPHOTO MPOCTPAHCTBA OT OA30BOM TOUYKH, MPEAMNOYTUTEIHHO MPUMEHE-
Hue oproroHainbHoro LIKII BBuay ero npocToTsl.

Ilpumep: B KadecTBe mMpuMepa B TaO. 7.4 puBEIeHAa MaTpUIla OPTO-
ro"HanbHOTO LIKII m1st iByX (hakTopoB, a Ha puc. 7.3, a n3o0paxeHa cxema
3TUX ONBITOB. 3HadeHHe X'i> onpenendeM 1o Gpopmyne (7.3), ¢ yueToM, 4To

11 1ByX(pakTopHOro sxcrnepumenta o=1. Iomyunm X'i>= 0,67.
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Ta0omuna 7.4
Martpuia IIaHupOBaHKS OPTOTOHATILHOTO
[IEHTPATHHO-KOMIIO3UIITMOHHOTO TIJIaHa IS ABYX (paKTOpOB

Cucrema | Homep | xp X1 X2 XXo | XX | X X' y
OINBITOB OIIbITA
[Tonuslii hak- 1 +1 -1 -1 +1 +0,33 +0,33 Y1
TOPHBIH IKC- 2 +1 +1 -1 -1 +0,33 +0,33 Y2
HEPUMEHT 3 +1 -1 +1 -1 +0,33 +0,33 Y3
4 +1 +1 +1 +1 +0,33 +0,33 Y4
OneIT B 5 +1 -1 0 0 +0,33 -0,67 Y5
«3BE3IHBIX» 6 +1 +1 0 0 +0,33 -0,67 Y6
TOYKAX 7 +1 0 -1 0 - 0,67 +0,33 V7
8 +1 0 +1 0 -0,67 +0,33 Y8
O1bIT B 1EH- 9 +1 0 0 0 -0,67 -0,67 Yo
Tpe IIaHa
¥ X2 9 6 6 4 2 2
N
D XY,
b, =+ ~067b,, ~067b, (7.13)
N
D%V,
b, =" (7.14)
6
N
D (xxY)
b, =" ; 7.15
.= (7.15)
N
NCIED
b, == ; (7.16)
2
N
206y
by, = (7.17)

Koaddummentsr perpeccun HeKOppeaupoBaHbl MKy COOOM, MO3TO-
MY 3HAUUMOCTb Ka)XJOTO MOXHO MPOBEPATH MO KpuTepuro CThIOJEHTA U
WCKIIFOUCHHE M3 YPaBHEHUSI HE3HAUYMMBIX KOA(DPUIIMEHTOB HE CKaXKETCS Ha
apyrux. Bce xoadduimeHTs ypaBHEHHI OMPEACISIOTCA C OJMHAKOBON
TOYHOCTBIO:

S, = Jww (7.18)

Ecnu mapajuienbHble ONBITHI MPOBOJUIUCH B IIEHTPE IJIaHA, TO JUC-
nepcusi BOCIIPOU3BOJMMOCTH ONpeeseTcs o Gopmye
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NN —0
D -y )
S — u=1
eocnp NN _ 1
—0

Trac NN — xoangecTBO napajiCJbHBIX OIIBITOB, Y — CpCAHCC 3HAYCHHUC BC-

, (7.19)

JIMYWH Y, IIOJTYYCHHBIX IIPHU MapajuICIbHBIX OIIbITAX, ys — 3Ha4c-

HUS, TIOJyYCHHBIC TIPU TTOCTAHOBKE KAX0TO W3 JOMOJHUTEIbHBIX
OTBITOB B IIEHTPE ILJIaHA.
PacuerHoe 3HaueHue kputepus CTbIOJIEHTa OIpeEaeseTcs 0

dbopmyne

B (7.20)
=5 .

]

Ecnu pacueTHoe 3HaUe€HHE TOBEPUTEIHLHOTO MHTEpPBaJia MEHbIIIE Tad-
JUYHOTO, TO JAaHHbIE KOA(PPUIIMEHTHI UCKIIOYAIOTCS U3 YPaBHEHUSI perpec-
CUU.

Jlamee poBEPSIOT aIEKBATHOCTh MOJYUYEHHOTI'O YPABHEHHUS PETPECCUU
1o kpurepuro Ouiepa:

S 2
F — ocm
2, (7.21)
Seocnp
/I OCTATOYHAs TUCTIEPCHsI OTIpeesieTcs: o popMmyrie
> (Y- Y, )
:ZNI (7.22)

riae | — gyucno 3HaYuMBIX K03((HUIIMEHTOB B YPaBHEHUN PETPECCHH.
Ecnu pacuerHoe 3HaueHue kputepusi Ouuiepa MeHbIle TaOIUYHOTO,
TO MOJYYEHHOE YPABHEHUE PETPECCHUH aJIEKBATHO OMUCHIBAET SKCIIEPUMEHT.
JIuHUM TIOBEPXHOCTH, B KOTOPOM (PYHKIMS OTKJIMKA CHCTEMBI

IPUHUMAET OJMHAKOBBIC 3HAYEHUS HA3BIBAIOT JUHUAMU PAGHO2O OMKIUKA
(puc. 7.4).
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34 =34 =

7] 32 32

0.5 -
0 30 30
18 28 28
26 26 26
-1 T T T
-1 0.5 0 05 1

6)
Puc. 7.4. Bunpl TOBEpXHOCTH OTKJIMKA W JIMHUHM PABHOTO YPOBHS IS IBYX(AaKTOPHOTO
HKCIEPUMEHTAIIPU OPTOrOHAILHOM IUIAHUPOBAHUU: @ — TUIIEPOOInYecKuii mapadbosion —
«Cenyoy; 6 — AIUTMNTHYECKUHN apaboIon; 8 — «rpeOeHbY
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Hcnonp30BaHue YpaBHEHUsI PETPECCUU BTOPOI'O MOPSALKA ITO3BOJISAET
ONpEAENINTh KOOPAMHATHI TOYKM ONTHUMyMa (YHKIMM OTKIMKa. Jlid
OIpEeAEIICHUS KOOPAUHAT TOYEK IKCTPEMYMY IPOBOAAT BBIUUCIIEHUS IEPBOU
MPOU3BOJHON MO KaXXAOMYy W3 3HaueHuM ¢akropoB. KopHH mMonyyeHHON
CUCTEMbI YPaBHEHUH MPEACTABISAIOT COO0N KOOPAMHATHI TOYEK dKCTpEMyMa
uccaeayemMon QyHKIUN:
dY(x,,x,)

dx,
dY(x,,x,)
dx

L 2

0

(7.22)
-0

7.2. PoTraTtadeabHble EHTPaJbHO-KoMI03uHOHHBIe MIaHbl (PIIKII)

[Inan BTOpOrO MOps/Ka, MPEACTAaBIECHHBIN B Tabn. 7.4, He oOiamaer
CBONCTBOM pOTaTabeIbHOCTH.

Pomamabenvnvim Ha3pIBaeTCs MIIAHUPOBAHUE, I KOTOPOTO JUCTIEP-
CHsl OTKIIMKA (BBIXOAHOIO mapamerpa) Y(x) (bopmyna (7.2)) npeackasaHHO-
ro ypaBHCHHS PETPECCHH TIOCTOSHHA I BCEX TOYCK, HAXOMISIIUXCS Ha
pPaBHOM PACCTOSIHMH OT IICHTPA IKCIIEPUMECHTA.

[Tpu opTOroHaILHOM IIIAHE SKCIIEpUMEHTa (CM. puc. 7.3) yaalleHue oT

neHTpa Touek 5-8 B v2=1,414 pasa MeHblIe, yeM ynajeHue Touek 1-4, cie-
J0BaTENbHO, KOA(PPUIMEHTHI YpaBHEHUSI PErPECCUM OMNPEAEISIIOTCA ¢ pas-
JIMYHOM JTUCIIEPCHUECH.

bokc n Xantep npenyokuian poratabenbHbIe MIIaHbl BTOPOTO MOPSII-
ka. Jis mpuBeAeHuss OPTOrOHAIBHOIO IUIaHA K POTAaTa0eIbHOMY «3BE3J-

HOE» TIEY0 HEOOXOAMMO OTIPEACIIATh U3 YCIOBUM:
n
» mpun<s @ =2*;
n-1
> npun>s =2 " .
B o01eM Bue 3Be€3/1HOE TUIEUO OmpenenseTcs no Gopmyre
n-p

a=2"4 (7.23)
rae N — guciao GakTopoB; p — ApoOHOCTh perunku (s [1DPD p=0, nus no-
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JTYPETUIHKY p=1, 1711 4€TBEPThPEIUIMKU p=2 U T.1I.).
B Ttab6n. 7.5 npusenensl 3HaueHus a1 No qs PLIKTI, npudyem 3Haye-

Hust No mpuBeieHb! 111 YHUDOPM-POTOTAOEIBHOTO MJIaHa.

Tabmuna 7.5
3Ha4YeHHUS 3BE€3IHBIX TOYCK O M YHCJIa TOYEK
B LIeHTpe poTaTadenbHbIX 1aHoB No st PIIKTI
n 2 3 4 9) 6 7
Aopo LIIK oD | IdD | IdD | DD | AdD | IdD | AdD | 32" | Add 27t
22 23 24 25 25—1 26 26—1
No o) 6 7 10 6 15 9 21 14
N 13 20 31 52 32 91 53 163 92
a 1414 | 1,682 | 2,000 | 2,378 | 2,000 | 2,828 | 2,378 | 3,364 2,828

Pomamabenvnvie nianvl — 3T0 MIaHbl, Y KOTOPHIX TOYKH IJIaHA pac-
[0JIararoTCsl Ha OKPYXKHOCTSX (cepax, runepcdepax).

VY porarabenpHOTO IUIaHa MEPBOro MOPSAAKa TOUKHU IIaHa pacroiara-
IOTCSI Ha OJTHOM OKpY)HOCTH (cdepe, runepcdepe) ¢ paaguycom R:

n

2 _ _
inv =const=R, (7.24)
i=1

rae V=1,..., N — Homep Touku miaHa, i =1,..., N; N — Homep (akTopa.

B Takom ciydae TOYHOCTH OIICHUBAHUS (PYHKIMM OTKJIMKA MO JIHO-
OOMy HampaBjieHUIO (PAKTOPHOrO MPOCTPAHCTBA (JIJII BCEX TOYEK ILJIaHA)
OJIMHAKOBAsI.

PoTtataOenbHbld MaH MOXET ObITh CUMMETPUYHBIM, KOTJa TOYKHU
IJJAHA PACIIOIararoTCsl CHMMETPUYHO ApYyr Ipyry. PaccMoTpeHHBI paHee
wiad [1O3 2" — poraTabenbHbI CUMMETPUYHBIN TJ1aH TEPBOTO MOPSJIKA.

VY porara0eibHBIX IJIaHOB BTOPOIroO MOPsAKAa TOYKHU TUIAHA PacIoJia-
raloTcs Ha JBYX KOHIEHTpUYecKux rumnepcdepax ¢ paaumycamu Ri u Ro.

1> xZ =consti=Ry; (7.25)
i=1
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mrst V =1,..., No,




st W=1,..., no,

Z X2, =const=R, (7.26)

i=1
rae V u W — teky1ire HoMepa TO4eK IJIaHa B JIBYX MOJAMHOKECTBaX OIMbITOB
No u Np u3 ux obmiero komudectBa N, OTHOCSIIMXCS K JIBYM
pa3HbBIM KOHLIEHTpUYecKHUM cdepam. OmHa uU3 chep MOKET
OBITH BRIPOXKIICHHOM, Koraa R>=0.

PaccMoTpuM miian poTaTtadeabHOTO SKCIEPUMEHTA BTOPOTO MOPsIKA

IUTst N=2, MaTpuIia KOTOPOro MpuBeaieHa B Ta0. 7.6.
Tabnuua 7.6

Marpuiia miaHupOBaHUs pOTaTa0EIbHOTO
LEHTPaJIbHO-KOMIIO3UIIMOHHOTO TIJIaHa BTOPOTO MOPSJIKa
TSt IBYX (haKTOpPOB

Cucrema Ho- X0 X1 Xy X1Xo X1 Xo? y

OIILITOB Mep
OIIBITA

[Tonuslii hak- 1 +1 -1 -1 +1 +1 +1 Y1

TOPHBII 9KC- 2 +1 +1 -1 -1 +1 +1 Y2

[IEPUMEHT 3 +1 -1 +1 -1 +1 +1 Y3

4 +1 +1 +1 +1 +1 +1 Va

OmeIT B 5 +1 +1,414 0 0 2 0 Ys

«3BE3IHBIX» 6 +1 -1,414 0 0 2 0 Y6

TOUKAx 7 +1 0 +1,414 0 0 2 y7

8 +1 0 -1,414 0 0 2 Vs

OMBIT B TIEH- 9 +1 0 0 0 0 0 Yo

Tpe IUTaHa 10 +1 0 0 0 0 0 Y10

11 +1 0 0 0 0 0 Y11

12 +1 0 0 0 0 0 Y12

13 +1 0 0 0 0 0 Y13

KoaddummenTsl ypaBHEHUSI pErpeCcCUU U JUCTIEPCUU OTPEICIISTFOTCS

10 CICAYIOIUM (popMysiaM:

b, = 2 (n+2)(oy) - 243 (i) .27
b, =(c/N)(iy); (7.28)

b. :ﬁ[cz[(n +2)A - n](iiy)+cz(l—ﬂ)i(iiy)—Z/lc(oy)}; (7.29)
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¢t .o
b, =m(luy), (7.30)

g7 _ 2A/12(n+2)SZ

bo N socnp 1 (731)
s - Al 2l SO (7:32)

2 _i 2
= Sear (7.33)

riue
(oy)= ZXijJ ; (7.34)
j=1
(iuy)= Z i %Y ; (7.35)
j=1
(iY): injyj : (7.36)
(iiy)=2%7y, ; (7.37)
n

C=r— 7.38
Sy (7.38)

A 1
- 22|(k+2)A-n]’ {7-39)
S Nn__ n(N, +N,) (7.40)

(N+2)N,  (n+2)N, °
rac No — YHCJIO OIIBITOB B LICHTPC ILJIaHA, Nl — YHUCJIO0 OCTAJIbHBIX OIIBITOB.

Martpunia poraradeiapHOTO TJIAHUPOBAHUS OKa3ajdach HE OPTOTOHAIBHOM,
TaK KaK
uj U

N N
D %,x° %0, D Xex? #0;i#u.
=1 j=1
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CrnepoBaTenbHO, €ClIM KakoW-TuOO W3 KBaapatudeckux 3¢ exToB
OKa3aJics HE3HAYMMBIM, TO TIOCIE €r0 HUCKIOUEHUs KOd((UIIMECHTHI ypaB-
HEHUS PErpecCur HEOOXOIUMO MePECUUTATh 3aHOBO.

[Ipu ncmonap30BaHUM poTaTabeIbHBIX TUIAHOB BTOPOTO MOPSAKA JTHC-
MIEPCUI0 BOCTIPOM3BOIMUMOCTA MOYKHO OTIPEJEIHUTh IO OIMbBITAM B IEHTpPE
TUTaHa.

OnpenensoT OCTATOYHYIO CYMMY KBaJIpaTOB MO (popMyJie
N

s:=>(y,-vy,J, (7.41)

-1
(n+2)n+1)
) .
IIo onbiTaM B HCHTPC IllIaHa OIIPCACIIAIOT CYMMY KBAaJApaTOB BOCTPO-

¢ unciom creneneii ceoboasr M, =N —1 =

U3BOJUMOCTH:
No

S22 :Z(ij - 701)2 ) (7.42)

j=1
C YUCIIOM cTeneHei ceoboasr M, = N, —1.
Jlanee, HaxoOIT CyMMY KBaJpaTOB, XapaKTEPHU3YIOIIUX HealeKBaT-
HOCTB!
2 o2 2
S; =S5, -5, (7.43)

YKCIIO CTEMEHEH cBOOOBI KOTOPOH m, =m, —m, =N — (n+2)n+1) (N, -1).

AJIEKBaTHOCTh MOJIEIH MPOBEPSIOT MO F-kpurepuro:
2
_S;/m,
5.
S, /m,

Mogens agexBaTHa, eciim F <F

a;mg;my *

(7.44)

Ecnu Mozenp BTOpOro mopsjika OKa3alach HEaJeKBaTHA, TO HEOOXO-
IMMO ITOBTOPUTH JKCIEPUMEHTBHI HA MEHBIIEM HHTEPBAJEC BAapbUPOBAHUSA
(akTOpOB WM MEPEHECTU LIEHTP IUIaHa B APYTYIO TOUKY (DAKTOPHOIO Mpo-
cTpaHcTBa. B cirydae, korjga afeKBaTHOCTb MOAENH MO-TIPEKHEMY HE TOCTH-

raercs, pPeKOMEHYETCS IEPEUTH K TJIaHAM TPETHETO MOPAIKA.
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8. HEKOMIIO3UIIMOHHBINA TPEXYPOBHEBBIH IIJIAH
BTOPOI'O ITOPAJIKA BOKCA-BEHKHHA

B OonbIIMHCTBE CiydaeB LENbIO UCCIAEAOBAHUS ABISIETCS MOIYUYEHUE
MaTeMaTHUYECKOro OMMCAHUS M3ydaemoro mpouecca. Kak oTrmedanoch Bbl-
e, B CJIy4a€ HEaJEKBATHOCTH IMOJIMHOMA BTOPOTO MOPSAKA MEPEXOIAT K
IUIAHUPOBAHUIO TPETHETO MOPSIKA U OMUCHIBAIOT UCCIEAYEMBIA IPOIIECC
MMOJIMHOMOM TPEThEU CTETICHHU.

bokcom u beHkuHbiM a1t yucna ¢GakTopoB OT 3 A0 7 NpeniokeH
LEHHBIA B MPAKTUYECKOM OTHOLIEHHUH KJIACC HEKOMIIO3UIIMOHHBIX IJIAHOB
BTOPOTO MOPAJIKA. ITHU IJIAHBI IPEACTABIISIIOT COOOM Onpe/ieieHHbIe BRIOOD-
KM CTPOK U3 MOJHOro (haktopHOro skcnepumMenta (IIMD) tuma 3% (rae k=3),
rae Kaxnablid (akTop BapbHpyeTcs Ha Tpex ypoBHsx: +1, 0, —1, a B LeH-
TPAJIbHBIX KOMIIO3UIIMOHHBIX POTATAOCNbHBIX IJIAHAX BTOPOTO MOPSIKA
(dakTOphl BappUPYIOTCS Ha MATH YPOBHAX. CMEHa ypOBHEH B MPOIECCE IKC-
NEPUMEHTUPOBAHUS YCJIOKHSIET SKCIIEPUMEHT U YBEJIUYUBAECT €r0 CTOU-
MOCTb.

HekoMIOo3UIMOHHBIE TUIaHbl XapaKTEPHU3YIOTCS HAJIUYUEM B CTPOKAX
MaTpUIlbl JIAHUPOBAHUS OOJBIIOTO Yucia Hynel (T.e. pakTOpoB Ha OCHOB-
HOM YypOBHE), B PE3yJbTaT€ YEro CYIIECTBEHHO YIPOIIAETCS BBIYMCICHUE
KO3 PUIIMEHTOB PErpeccuu MOJIEIIH.

Hexommno3uimonnslie mianbl 1 3, 4, 6 u 7 ¢aktopoB TpeOyIOT T10-
CTAHOBKM MEHBIIIETO YKCIIA OMBITOB MO CPABHEHUIO C COOTBETCTBYIOIIMMU
poTaTa0EIbHBIMUA [IEHTPAIbHBIMA KOMIIO3UIIMOHHBIMU IUIAHAMU BTOPOTO
nopsiaka (tadm. 8.1).

Tabnura 8.1
Uucna onbITOB, NPETYyCMOTPEHHBIE HEKOMITO3UIIMOHHBIMY TJIAHAMU
Y IIEHTPATHbHBIMHI KOMITO3UIIMOHHBIMU POTATa0CILHBIMU TUTAHAMH
BTOPOTO TMOPsIKA

Yucno pakTopoB 3 4 5 6 7
Hexommo3uiimoHHbIM TJ1aH 15 27 46 54 62
(BBIGOpKA M3 TIaHa THHA 3X)

[leHTpanbHBI KOMITO3UIIMOH- 20 31 32 58 92
HBIA  poTaTaOenbHbIA  TUIaH

BTOPOT'O NOpsIKa
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CxeMa HEKOMITO3UIIMOHHOTO TJIaHa BTOPOTO MOpsaKa A Tpex (ax-
TOPOB M300pakeHa Ha puc.8.1.
X3

13(0;-1;+1)

8(-1;0;+1)

4(-1-1;0) 6(+1;0;+1)

/]
11(0;+1;+1) 2(+1;-1;0)
' Vi

5;10;15(0,0,0) X1

‘3(-1”1.1;0) 14(0;-1;-1)

l

7

(-1;0;-1 1(+1;+1;0)
Vi

/ 7(+1;0;-1)

12(0;+1;-1)

'

X2

Puc. 8.1. HekoMno3uunoHHbIH 11ad BToporo nopsjaka bokca-benkuna
nnst Tpex (hakTopoB (BRIOOPKA M3 MUIaHA SKcIeprMeHTa 3°)

Martpuna miana sxcnepuMenta bokca-benkuna npencraBiena B TaoII.
8.2.
Tabnua 8.2
Marpuiia HeKOMIO3UIIMOHHOTO TIJIaHa BTOPOTO MOpsiaKa

1715 Tpex (akTopoB (BEIOOpKA M3 IIIaHa SKCIIEPUMEHTA 3°)

Howmep @PakTOpsI U UX B3AUMOJIECHCTBHS OTtkiuk
onpiTa Xo Xy X, Xy | XXy | XXy | XXy x12 x22 x; y

1 +1 +1 +1 0 +1 0 0 +1 +1 0 Y,

2 +1 +1 -1 0 -1 0 0 +1 +1 0 Y,

3 +1 -1 +1 0 -1 0 0 +1 +1 0 Y,

4 +1 -1 -1 0 +1 0 0 +1 +1 0 Y,

5 +1 0 0 0 0 0 0 0 0 0 A
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Oxkonyanwue Tadi. 8.2

6 +1 +1 0 +1 0 +1 0 +1 0 +1 Ve

7 +1 +1 0 -1 0 -1 0 +1 0 +1 Y,
8 +1 -1 0 +1 0 -1 0 +1 0 +1 Ve
9 +1 -1 0 -1 0 +1 0 +1 0 +1 A

10 +1 0 0 0 0 0 0 0 0 0 Yio

11 +1 0 +1 +1 0 0 +1 0 +1 | +1 Yo
12 +1 0 +1 -1 0 0 -1 0 +1 | +1 V.2
13 +1 0 -1 +1 0 0 -1 0 +1 | +1 Yis
14 +1 0 -1 -1 0 0 +1 0 +1 +1 Vi

15 +1 0 0 0 0 0 0 0 0 0 Vi

HekoMIOo3UIMOHHBIN IIJIaH BTOPOro MOpsiAKa s Tpex (pakTopoB
npeaycMaTpuBaeT npoBefeHue 15 ombiToB (15 cTpok B martuile Ij1aHa),
npudeM TpH ombiTa (Tabn. 8.2, onsiTel 5; 10; 15) mpoBoagTcs B IeHTpe IJia-
Ha, T. €. IPH HaXO0XKACHUU BCeX (haKTOPOB Ha HYJIEBBIX (OCHOBHBIX) YPOBHSX
(X, =xX,=x,=0).

Paccmorpennbie bokcomM M BEHKMHBIM HEKOMITO3UMIIMOHHBIE ILIAHBI
U1 yrciia (hakTOpoB OT 3 10 7 UMEIOT BBICOKYIO CTEIEHb OPTOTOHAIBHO-

CTH: TOJBKO CBOGOHEIH uneH D, n xo>ddurmenTs! b, npu kBagpaTHUHBIX

YIeHaX KOPPEIUPOBAHBI IPYT C IPYTOM.

[Ipu 4 u 7 dpakTopax ykazaHHbIE TUIAHBI SBISIIOTCS pOTaTabEIbHBIMU, a
Opy APYroM uuciie (paKToOpoB 3TH IUIAHBI ABJISIIOTCSA MOYTH POTATAOETHHBI-
MU.

TpexdaxTopHbiii 3kcriepuMeHT 1o miany bokca-benknna mpoBoast
corjlacHO matpuiie (Tabu. 8.2) ¢ m -KpaTHOM MOBTOPHOCTHIO KaXKJIOTO OTIbI-
Ta (KaXJI0i CTPOKU MAaTPHILIbI).

OueHka OJHOPOJAHOCTH JUCIIEPCHUI TPOU3BOAMUTCS MO KpuTepuro Kox-
peHa:

G, =5 (8.1)
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Cpenu Bcell COBOKYIHOCTHM PACCUMTAHHBIX IMOCTPOYHBIX AUCIEPCUU
BBIOMpAETCss MakcuMaiibHass S’ ¥ Oepercs OTHOIIEHHE JaHHOW IUCIIEp-

I max

N

CHH K CyMMe BCEX MOCTPOUHBIX JHUCHEpCcHii » S?, T.e. ompejensercs pac-
i=1

YeTHOE 3HaueHue kputepus Koxpena.

C xpurepuem G, cBsA3aHBl CTENEHM CBOOOJBL JUIA YHCIMUTENS
f1 =m- 1, JUTIST 3HAMEHATE f2 =N, Jld 3a1aHHON TOBEPUTEIILHOM BE-
POSATHOCTH ¢ IO 3HAYEHUSIM fl u f2 OTIPEACIISIETCS KPUTUUECKOE TaOIM4-
HO€ 3HaueHue kpurepus Koxpena G, c KOTOPBIM CPAaBHUBAIOT PACUETHOE.

Ecmu Bemonnsiercs yenosue G, <G, To ¢ BHIOpaHHBEIM ypOBHEM CTATH-

CTUYECKOW 3HAYMMOCTH « (C JOCTOBEPHOCTHIO 1—a) BCe MOCTPOUHBIC JIHC-
NIEPCUH TTPU3HAIOTCS OAHOPOAHBIMH. B MPOTUBHOM cilydae TUIIOTE3Y OTBEP-
TraroT.

Koaddumuents ypaBHeHUsT perpeccud 1o IuiaHy bokca-benkuna
OTIPEICIISIIOTCS TI0 CJICTYIOIINM BBIPAKESHHSIM:

b, = %(VS + Voo + Vis): (8.1)
b1=%(vl+vz—vg—v4+vﬁ+V7—78—V9); 82)
b, =%(V1—V2+73—74+711+712—V13—714); (8.3)
b3=%(Ve—77+V8—vg+v11—712+v13—714); (8.4)
b, = %(Vl -V, -V +VY.): (8.5)

b,, =%(V6 — Y, =V + V) (8.6)

b,, = %(711 ~ Vi = Vs + Vu): (8.7)

C= %(i Y, _7b0); (8.8)

b, =C-— 0,252 y, - 8.9)
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b, =C- 0’252 Yi; (8.10)

b, =C - 0’252 Yi, (8.11)

rae Y; — cpeaHee 3HAUCHHUE IapaMeTpa ONTHUMM3AlMM (BBIXOJA) MpHU

11 -KpaTHOM IMOBTOPHOCTH Ka)X0I'0 OIIbITA.

OLeHKON TeHEepallbHOW JUCIIEPCUH BOCIIPOU3BOAUMOCTH, XapaKTEPH-
3YIOLIEH TOYHOCTb OJTHOT'O U3MEPEHUS, SBIIAECTCS CPEIHSASA U3 BCEX IIOCTPOU-
HBIX aucrepcuil. Jlucnepcuss BOCOIPOU3BOAUMOCTH OTKJIMKOB (AUCHIEPCHS
napaMeTrpa ONTUMHU3ALMH) OpeaeseTcs no Gopmyie

>'s:

SZ — =1
o =N (8.12)

Cpennee KBaapaTHUYECKOE OTKJIOHEHHE sl KOA((PHUIIMEHTOB ypaBHE-
HUM perpeccuit onpenensiercs no hopmye
S?
Sy =4 % (8.13)
m- N
3Ha4MMOCTh KOI(DPUIIMEHTOB PErpPecCHH MPOBEPSIOT C IMOMOIIBIO
kpurepusi CTbIOJIEHTA:
bl
i .

Sy,

PacueTrnble 3HaueHuil koappuuenToB CThIONEHTA AJIA KaXIOT0 KO-
adduneHTa perpeccur CpaBHUBAIOT C TAOJMYHBIM 3HAYCHHUEM, KOTOPOE
ONPEAEISIETCSA MO 3aJaHHOM TOBEPUTEIBHOU BEPOATHOCTH 0L M YUCITY CTEIIe-
Helt cBoOonbl f =N(m-1). [Ipu ypoBHE CTaTUCTHYECKOW 3HAYMMOCTH

(8.14)

& = 0,05 u gucne creneneit ceodoasr f =15 (3 — 1) = 30 (g rurana bok-
ca-benknnHa) ompeaenum TabimuHOe 3HaYeHHE Koddduimenrta. s omu-
CaHHBIX BbIIIe ycioBuii {, . = 2,04.

Ecnu pacuetHoe 3HaueHue OOJbIIE TAOIUYHOTO, TO MOKHO TOBOPUTH
0 3HAYUMOCTH KO3(p(DUIIMEHTA, HE3HAYUMbIEC UCKITIOUYAIOTCS U HE UCIIOIb3Y-
FOTCSI TIPU COCTABJICHUU YPABHEHHUS PETPECCHUM.

[Tocne ompenenenus Bcex K03(P(GUIIMEHTOB PErpeccud M YCTaHOBIIE-
HUSI UX 3HAYUMOCTHU COCTABJISIOT YpaBHEHUs PETrpecCHu, MOJICTaBIISAS YHUC-
JIOBBIE 3HAYEHUS KOA(PPUIIMEHTOB PErpeCcCHUH.

maon
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AJIEKBAaTHOCTH MOJYYEHHOW MOJEIU MPOBEPSIOT 10 F — KpuTepurio:

S 2
F, = S—;’ . (8.15)
Jucnepcuio aleKBaTHOCTH PACCUUTHIBAIOT MO popmyJie
N
S0 = (T Y ) (8.16)

rae | — 4uciio 3HaYuMbIX KO3(PPUIIMEHTOB PErpecCu.
Jlma  3amaHHOW JTOBEPUTEIBLHOM BEPOATHOCTH ¢« TI0 3HAYEHUSIM
f.=N-I u f,=N(m-1) onpenensiercs TaOIUYHOE 3HAYCHUE KPUTEPHS

QOumepa F,. Ecnmu F, <F,, To nonyuenHas perpeccuoHHasi MOJEIb C MpH-

HSATBIM YPOBHEM CTaTUCTHYECKOW 3HAYMMOCTH O aJCKBAaTHA IKCIIEPUMCH-
TaJbHBIM JTAHHBIM.

Ecnu Mozens anekBaTHa, TO OCYIIECTBISIEM MEpexoj OT Oe3paszmMep-
HOTO TMOJIMHOMA K pa3MEpPHOMY MOJMHOMY. [[71s1 aTOrO B O€3pa3MepHbIil mo-
JIMHOM TIOACTaBUM BBIPAXKEHUS NJIi KOJAUPOBAHHBIX (DaKTOPOB, MOCIE YETO
packpbiBaeM BC€ CKOOKM W TPHBOJWM ITOAOOHBIE cllaracMble, IMOJIYIUM
ypaBHEHUS B HATYPAJIbHOM BHJIC.

Ipumep. Ilpeomem uccredosanusi — 3aKOHOMEPHOCTH JBW)KCHUS Ce-
MSIH B CEMSIIPOBOJIC YCOBEPIICHCTBOBAHHOTO IMHEBMAaTHYECKOTO BBICEBAFO-
IIETO amnmapaTa MPOIAaNIHON CesIIKH.

OcHogHou 3a0aueti IKCNEPUMEHMANbHO20 UCCIe008aHUS SIBISLIIOCH
OTpeJieJICHUE CKOPOCTH CEMSH Ha BBIXOJIE M3 CEMSIPOBOJIa BHICEBAIOIIETO
anmnapara (puc. 8.2, a, no3. 3).

Puc. 8.2. DxcniepuMeHTaATBHBIA CEMSITIPOBOJ] C YCKOPUTEIEM CEMSH K CesJTKE TOUHOTO BBICEBA
(tuma CYIIH-8A): 1 — npsiMOTMHEWHBIN y4acTOK; 2 — HAarHETAaTeJIbHBIN y4aCTOK;
3 — YCKOPUTEIbHBINA y4acTOK
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CKOpOCTh U3MEPSETCS C MOMOIIBI0 CHEIUATU3UPOBAHHON CHCTEMBI
U3MEpPEHUs] CKOPOCTH CEMsIH Ha BBIXOJIE U3 CEMSIMPOBOJAA, COCTOSIIEH U3
aByx (oroanekrpuueckux (puc. 8.2, 6; puc. 8.3, mo3. 2 u 3) IaTYNKOB,
YCTaHOBJIEHHBIX HA PACCTOSHUU APYT OT APyra IO XO4y JBHIKEHUS CEMEHH,
1 OJI0Ka yIpaBJeHHUs, TIOJIAI0IIEr0 UMITYJIbC Ha MEPCOHATBHBIN KOMIBIOTED,
1U1s1 00pabOTKU M BU3yaJIM3allMK Pe3yibTaTa.

Puc. 8.3. DxcnepuMeHTanbHbIN CEMSIIPOBO/L C TaTYMKAMU:
1 — skciepuMeHTaNbHBIN CeMSNPOBOA; 2 — MEPBBINA AATUHK;
3 — BTOpO#i JaTuymK; 4 — OJIOK yIpaBJIeHUS

Ha ocHoBanuu ananmsa anpuopHoi uHpopmaruu BeisiBieHo 11 ¢ak-

TOPOB, BIUSIONIMX HA MapaMeTp ONTUMHU3AIUU Y (CKOPOCTh CEMSIH HA BBbI-

X0JIe ¢ ceMsmpoBoaa — U3 ). [IpoBenen ananus creneHeil BIUsSHUS (aKTo-
POB Ha pe3yJbTaT, UX PAHKUPOBAHWE W BBISBICHBI 3 OCHOBHBIX (hakTOpa

X1,X; U X3. U, — CKOPOCTb BO3JYIIHOTO IOTOKA B YCKOpUTENE; |, — IJIMHA

YCKOPUTEJIS; () — YIIJIOBasi CKOPOCTh BHICEBAIOIIETO JUCKA.

[TapamMeTpoM ONTUMH3AIMHU SIBJISETCS CKOPOCTh CEMEHU Ha BBIXOJIC
u3 cemsnpoBona (U,;) (cm. puc. 8.2, a, mo3. 3), s onpenecHus 3HaUYCHUH
KOTOPOTO OB MPOBEACH TPeX(PaKTOPHBIN IKCIIEPUMEHT C UCTOJIb30BAHUEM
HEKOMITIO3UIITMOHHOTO TPEXYPOBHEBOIO IUIaHa BTOporo mnopsiaka boxkca-
benkuna, MmaTpuiia KOTOpOro npeacraBieHa B Ta0M. 8.2.

OueHka OJHOPOJHOCTH JUCIEPCUN MPOU3BOAWIIACH IO KPUTEPHUIO
Koxpena, pe3ynbTaThl IPOBEPKU TUIOTE3bI OJJHOPOIHOCTH JUCIIEPCUM MO/I-
TBEpAWIN TIpU 5% YpOBHE 3HAYMMOCTH JTOCTOBEPHOCTh MOJIYYEHHBIX 3HA-
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YeHUH MapamMeTpa ONTUMHU3AIMU U OTCYTCTBUE IPYObIX OIIMOOK MpHU MpPOBe-
JIEHUU DKCTIEPUMEHTa, Tak Kak onbITHOE 3HaueHue (0,324) kputepus Kox-

peHa MenbIe TabnuyHoro (0,432).

2
3HayeHue aucnepcuu Bocrpou3BoauMoctu O 4, =0,00063 xapakrepu-

3yeT BHYTPEHHIOI CTaOMJIBHOCTh U YIPABISEMOCTh HCCIETYEMOI0 OOBEK-
Ta.
3HadeHHs] KO3 PULIHUEHTOB PErPECCUN U PACUETHBIE 3HAYCHUSI KpUTeE-
pust CTbloJieHTa IPUBEEHBI B Ta0JI. 8.3.
Tabnuna 8.3
3HaueHust K03 (HULIMEHTOB perpeccuu U 3HaueHui kputepus CTbloJeHTa

O6o3Hauenue %
K03 HHUIHEHTOB
perpeccun 3Hauenue Pacuernoe 3nauenne | TaOmuunoe 3HAaYeHME KpH-
K0>(pu1eHTOB kputepus CTbrofieHTa t; Tepus CThIOfIeHTa L,
perpeccun
b0 2,3633 626,5429
bl 0,7205 191,0116
b, 0,2779 73,66739
b4 0,0014 0,364526
b 0,1538 40,76063
= 2,13
b3 0,0002 0,066277
Dog 0,0015 0,397665
by 0,0433 11,48809
b, -0,0209 554521
D35 0,0136 3,601075

Jlist k09pUIIUEHTOB perpeccur CpelaHee KBaIpaTHIECKOE OTKIOHE-

Hue Oy =0,0037. 3HaunmMocTh KO3(Q(UIUEHTOB PErpeccur IMpOBEpEHa C

nomompto kputepus Creromenta {,, Tabnuunoe 3mauenme koToOporo npu

a =0,95 cocrasmster U, =2,12. V3 noaydeHHbIX HaHHBIX KpuTepus CThio-

mabn

JIeHTa BUJIHO, YTO 3HA4YCHUs KOA(D(PUITMEHTOB b3, D13 u Dy3 menbme Tad-
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JUYHOTO 3HaueHus1 kputepusa CThroAeHTa tma@, , TOT1a MOYKHO TIPUHSThH 3TH

KO3 (HUITUEHTH HE3HAYUMBIMH.
C yd4eToM 3HAUYEHMN U 3HAYUMOCTU KOI(PPHUIIMEHTOB pPErpeccuu Imo-

JydeHa MOJIeIb IpoIiecca BhICEBA CEMSH KYKYpy3bl ¢ IPUMEHECHHUEM CEeMSI-
IPOBOJA C YCKOPHUTEJIEM, YpaBHEHHUE PETPECCHU KOTOPHIX XapaKTePU3YET
3aBUCUMOCTBH V OT (hakTOpoB Xi,X, U X!
y =2,3633+0,7205x, + 0,2779x, + 0,1538x,x, —
—0,0433x2 —0,0209x7 +0,0136x.
VYpaBHEHUE YyCTaHABIMBACT 3aBUCHMOCTh MEXKIY MapaMeTpOM OITH-

MH3allUH — CKOPOCTBIO CCMSH Ha BBIXOAC M3 CEMAIIPOBOJA C YCKOPHUTCIICM

Y ) OT CKOPOCTU BO3AYIIHOI'O MOTOKA X; MJIHUHBI YCKOPUTEIIA CEMIIIPOBO-
11

na X, U yrJIIOBOM CKOPOCTH BBICEBAOLIETO IUCKA X3 .
YpaBHEHHUE PETPECCUU TTOCIIE PACKOAUPOBAHUS UMEET BUJ:
v, =0,6315+0,0770 v, —0,9983 |, +0,6408 v, - I, —
—0,0012 v? —13,0625 I? +0,0136 .
AJIEKBAaTHOCTh 3TOM MAaTeMaTUYECKOM MOJIEIM IMPOBEPEHA IO KpHUTE-
puto ®umepa. Ycranosieno, uro F,<F, . (1,85<2,3), cienosarensHo, Ho-

Jy4eHHasi MaTeMaTH4YeCcKasi MOJIeb — aJICKBaTHa.
YpaBHEHUE perpeccuu Mnocjiae pacKoJIUPOBAHUS UMEET BU/L:

v, =0,6315+0,0770 v, —0,9983 1, +0,6408 v, -1, —
4.3
—0,0012 v 13,0625 I +0,0136 &°. (43)

['eoMeTprUeCKOM MUHTEPNIPETALIMECH MATEMATHUYECKON MOJEIHU SIBIISICT-
Csl IOBEPXHOCTH OTKJIMKA (Harpumep, puc. 8.4) 1 JBYMEPHBIC CEUCHUS IO~

BEPXHOCTEH OTKIMKa (pHC. 8.5).
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Puc. 8.4. 3aBUCHMOCTH CKOPOCTH CEMSIH Ha BBIXOZE M3 CEMSNpPOBOJIa )

OT CKOPOCTH BO3JIyLIHOI'O MIOTOKA X; W JUIMHBI YCKOPUTENA X, IPHU IIOCTOSSHHOM YIJIOBOH CKO-

pocTH BhIceBaromero aucka =3 pan/c (X3=0)

0,16

0,15

0,14

0,13

~ 0,12

0,11

N

0,10

0,09

NAO O

0,08

PRPENNNNN W

h O

8 10 12 14 16 18
X1
Puc. 8.5. M3omunun CKOPOCTH CCMCHU Ha BBIXOJC U3 CEMAIIPOBOIA y

N
o

npu X3 =0 (@ =3 pan/c)
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AHanu3 MOBEPXHOCTH OTKIIMKA U U30JMHUN CKOPOCTH CEMEHU Ha BBbI-
X0JIe U3 CEeMSIPOBO/A MPHU MOCTOSHHON YIIIOBOM CKOPOCTH BBICEBAIOIIETO

nucka =3 pan/c (X3= 0) mokaszaju, 4To 00eCHeYUTh CKOPOCTh CEMEHHU Ha
BBIXOJIC U3 YCKOPHUTEIS CEMSIpPOBOa (TTapaMeTp ONTUMH3AINN) MOKHO CO-

YETAHUEM JUIMHBI YCKOPUTEISI U CKOPOCTU BO3IYLIHOTO MOTOKA B HEM. Co-

3[IaHUEM CKOPOCTH BO3IYIIHOTO MOTOKA B ceMsimpoBojie 8 m/c (X; = —1) mpu

mmHe yckoputens 0,16 m (X,=+1) MOXHO JOOUTHCS CKOPOCTH CEMSH Ha

BBIXOJIE€ U3 YCKOpUTEN 2 M/C (UTO COOTBETCTBYET CKOPOCTH JBU)KCHUS ar-

perara okosio 7 km/4). Ilpu mouHe yckoputens 0,16 m (X, =+1) nmoayduth

CKOpOCTb C€MsH, paBHOU 3..3,2 M/C (4TO COOTBETCTBYET CKOPOCTH JBUKE-
HUsS arperara okoyio 11 Km/4), MOKHO TyTeM YyBEJIMYEHHUSI CKOPOCTH BO3-

AYIIHOTO TOTOKa B yckoputene a0 20 m/c (X;= +1). OgHako oOecreyuTh

3HaueHue X,= 0,16 M BO3MOXHO B KOHCTPYKIIMH OTEIHHBIX MPOIANTHBIX

cesmok (Hampumep, CVYIIII, VIIC), B cesnke CYIIH-8A nambomee pamuo-

HaJIbHBIM 3Ha4YeHUEM sBisieTcst X2 = 0,12 M (4TO CBSI3aHO ¢ KOHCTPYKIIUCH

comnuka). Torna nis cesmok CYITH-8A pexomenayemas IJiMHa yCKOpUTE-
g 0,12 m. [Ipr yrinoBoW CKOPOCTH BpAILlCHUS BBICEBAIOIIETO IUCKA

3 pan/c (X3=0) B cesnike CYIIH, qs obecrieueHnsi CKOpOCTH CEMSTH Ha BBI-

X0JIe U3 YCKOPHUTENs CeMANnpoBoja 2 M/C HEOOXOAMMO CO37aTh CKOPOCTh
BO3JIYIIHOIO TTOTOKAa B HEM 12 M/C, a 111 CKOPOCTH CeMsiH 3 M/C - yBeJIH-
YUTh CKOPOCTh BO3YIIHOTO MoToka A0 20 m/C.

N3 aHanm3a ypaBHEHUN U U30JIMHUM PABHOTO OTKJIMKA CIEAYET:

— YTJIOBAsi CKOPOCTH BBICEBAIOLIETO JWCKA () HE3HAYUTEIIBHO BIIUSCT
Ha M3MEHEHUE CKOPOCTH CEMSH Ha BBIXOJIE U3 YCKOPHUTENIS CEMSIPOBOAA

(Ux3), MOATOMY B MPAKTHUYECKUX pACUYeTaX MOXKHO NMPUHUMATh €€ 3a BEJIH-

YUHY MTOCTOSIHHYIO. [I0CKOJIBKY OT 4acTOThI BpaIlleHUsI JUCKA 3aBUCHUT Kaue-
CTBO JIO3MPOBAHUS BBICEBAIOIIMM armmapaToM, TO €€ YHCICHHOE 3HA4YCHUE
OTIPEIEISETCS C YUETOM ATOT0 YCIOBHUSA U COCTaBisieT @ =2,5...3 paz/c;
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— BJIHUAHHUC JJIMHBI YCKOPHUTCIIL CCMAIIPOBOIA |3 Ha IIapaMcCTp

ontummsaiuu (O HauboJjiee OUHAMHYHO TMPOSABISAETCS B IIpeHeiiax
k3

0,06...0,13 M. JlampHeilee yBenuueHHUE 3TOro (pakTopa CKa3bIBaeTCs B
MeHblen creneHu. [na cesnku CYIIH, ¢ ydeToM KOHCTPYKTHUBHBIX OCO-

OeHHOCTEH, MPUHUMAEM JIJTUHY YCKOPUTEIIS 15=0,12 m;

— CKOPOCTbh BO3IYIIHOTO MOTOKa Uz B YCKOpPUTENE CEMANPOBOJA SB-

nsieTcs Hanbosee 3HAUUMbIM (PAaKTOPOM, U JJIsl 0OecTieueHus mapaMmeTpa Orl-
TUMH3ALMKU B mipenenax 2...3,5 M/C J0KHA BapbUpPOBATHCS B JMANa3oHE

10...20 M/C npu JiMHE YCKOPUTENS CEMSIPOBOIA 15=0,12 M (pexoMeH10-
BaHO i cesiiku CYIIH-8A).
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9. METOAbI OPTAHU3ALINA DKCHEPUMEHTOB
IPA MIOUCKE ONITUMAJILHBIX YCJIOBHUI

[I®3 u JIDD npencrapisioT BO3MOXKHOCTh HCCIIEIOBATENIO MMOI0HU-
paTh MOJIMHOMHUAIBHBIE MOJETU JJIsl ONMUCAHUA JIOKAJIBHBIX 00JIacTel MOo-
BEPXHOCTU OTKJIMKA, OTPaKAIOUIEH (PYHKIIMOHAIBHYIO CTPYKTYPY OOBEKTA.
N3meHsis koopauHAThl 0a30BOM TOYKH (OCHOBHOTO YPOBHS (DAaKTOPOB),
MO>XHO M3y4YUTh BECh peibed) MOBEPXHOCTH OTKJIMKA B 00JACTH ompesee-
HUSl BXOJIHBIX MEPEMEHHBIX 00beKkTa. llenu Takoro u3ydeHus: MOTYT OBIThH
pazuuHbIMU. Tak, HaIpUMep, MOXKET ObITh MTOCTABJICHA 11€JIb ONPEEICHUS
COCTOSIHUM OOBEKTa MPHU PaA3IUUHBIX 3HAYEHUSIX BXOJHBIX INEPEMEHHBIX.
OpHako B MOJABIAIONIEM OOJBIIMHCTBE I€Jb HCCIIEAOBAHUS B TOW WIH
MHOM MEpE CBS3BIBAETCS C MOMCKOM TaKMX 3HAYEHHUW BXOJHBIX MEPEMEH-
HBIX, NPU KOTOPBIX JIOCTUTAETCSI IKCTPEMAIbHOE 3HAYECHHME BBIXOJIHOW Iie-
PEMEHHOM, nokazame’isi OnMuMuU3ayuu.

PaccmaTrpuBas 3aiady onTUMU3AIMU C MO3ULHUN SKCHEPUMEHTAITBHOTO
M3Y4YEHUS MMOBEPXHOCTH OTKJIMKA, MOKHO TOBOPUTHh 00 OpraHU3alMKi HEKO-
TOPOU LIEJIEHANPABIEHHON CTPATErMU SKCIEPUMEHTA, TTO3BOJIAIOIIEN BBINTH
10 MTOBEPXHOCTH OTKJIMKA B 00JIACTh IKCTpeMyMa, Harpumep Ymax(X).

Bech kimacc mogo0HBIX 3a/1a4 XapaKkTepU3yeTcs TEM, YTO IKCIIEPUMEH-
TaTOpa UHTEPECYET YKe HE MOJENIb U3y4aeMoro 00bheKTa, a caMa Mporeaypa
MOMCKAa 00JIACTH MPOCTPAHCTBA BXOJHBIX MEPEMEHHBIX, T/I€ JTOCTUTACTCS
HAWJTyYIIHI BBIXOJT C 00BEKTA.

Jlaneko He Bcerjga MOXKHO MOCTPOUTh MaTeMaTHYECKYH) MOJEINb JJIs
cTpaTeruu moucka. Bo MHOrux ciydasiXx NPUXOJUTCS MPOCTO OTPAHUYHM-
BaThCsl OMHCAHUEM JIOTMUYECKUX JICHUCTBHUI B AKCIEPUMEHTE, YTOOBI JIyUIllIe

BE€CTHU IIOUCK.

9.1. MeTo MOKOOPAMHATHOM ONTUMHU3ALNT

[Ipouecc morcka onTuMymMa METOJI0M MTOKOOPIMHATHOW ONTUMU3AIUN
B rpaduueckoM BHJI€ [UJIi JBYMEPHOTO cCiyyas TMpEJCTaBI€H Ha
puc. 9.1. [1o 3ToMy MeTOy BHIOMPAIOT NPOU3BOJIBbHYIO TOUKY Mo U ompee-
JSAOT €€ KOOpAWHATHL. [IoMCK onTHMyma OCYMIECTBIISIETCA MOOYEPEIHBIM
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BapbUPOBAHUEM KaxA0ro U3 GakTopoB. [Ipu 3ToM cHavyana U3MEHSIOT OJUH
dakTop (x1) Mpu PUKCUPOBAHHBIX OCTANTBHBIX (X2=CONSt) 10 Tex Mmop, MoKa
HE MpeKpaniaeTcs npupoct GyHKIMU OTKIKMKA (Touka Mi). B nanbHelem
u3MeHseTcss Japyrod (dakrtop (x2) mnpu (PUKCUPOBAHHBIX OCTAIBHBIX
(x1=const), 1 ganee npoueaypa MOBTOPSACTCA.

X,

Puc. 9.1. MeTon nokOOpAIMHATHON ONTUMHU3ALNH

JlaHHBIN METOJ1 BECbMa MPOCT, OJJHAKO MPU OOJIBIIOM unciie (PaKTopoB
TpeOyeTcs 3HAYUTEIIbHOE YHCIIO OIBITOB, YTOOBI IOCTHYL KOOPJIWHAT OITH-
myma. bosee Toro, mpu 3aBucumMocTtsx y=f(X1....X2) 3TOT MeTO MOXKET MpH-
BECTH K JIO)KHOMY pe3yiabtaTy. Ha puc. 9.1 noka3zan oauH U3 TakKuxX 4aCTHBIX
Cly4aeB, KOTJia IMooYepeIHOe U3MEHEHHE KaXI0ro U3 (akTOpPOB B JIFOOYIO
CTOPOHY BJIOJIb KOOPJAMHATHBIX OCEH X1 M X2 BBI3bIBAET yMeEHblleHue Y. B

PE3yiibTaTC PCIICHUA HAXOJUTCA JIO>KHBIHN OKCTPEMYM, H&XOI[HHIHP'ICH B TOY-

! o~ o
K€ A C KOOpJIWHATaAMU xl ;xz , B TO BpCMA KaK JCUCTBUTCIbHOC 3HAYCHHUC

MAaKCUMYMAa Ymax HAXOJIUTCS B TOUKE A ¢ KoOpauHaTtamMu X; u X, .
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9.2. MeToa KpYTOro BOCXO0KICHHUS 110 MOBEPXHOCTH OTKJINKA

[To pesynpratam [IDD wim AP Mbel noayunnu N 3HaueHUil mapa-
MeTpa ONTHUMM3ALNH Yi.
J1st TMHEWMHOM MaTEMaTHYECKOM MOJIEIN
n n
y:box0+zl:bixi +.Zlbi'ixixi' (9.1)
i= ij=

Koadduuuents! paccunteiBaroTcs o Gopmyiie

Z X Yi

b =—,j=012,.n. .
NEEL. (9-2)

['eomeTpuueckass uHTepnperanusi ypaBHeHus (9.1) 3akimrouaercs B
TOM, YTO MaTeMaTH4eckass MOJAENb IS JABYX(AKTOPHOTO SKCIIEPUMEHTA
NpEeJICTaBISET COOOW ypaBHEHHE TIOCKOCTH, KacaTeIbHOW K MOBEPXHOCTH
OTKJIMKA B TOYKE HYJEBOTO ypOBHS, a KO3PPHUIMEHTHI D] — ko3 dhuiiueHTH
HAKJIOHA 3TOM IJIOCKOCTU K COOTBETCTBYIOLIUM KOOPAMHATHBIM ocsiM. Ko-
3G HULUEHTHI TPY HE3aBUCUMBIX TIEPEMEHHBIX YKa3bIBAIOT HA CHITY BIIMSTHHS
¢daktopoB. UeM OoJibllie 4KCIIEHHAs BeIMYMHA KO3 (dUleHTa, TeM O00Jb-
mee BIusHUE oKa3biBaeT pakrop. Ecnu koadduimenT nmeer 3HaK mitoc, TO
C yBEIMYCHUEM 3HA4YeHHUsS (pakTopa mapameTp ONTHMHU3AINHN yBEIUYNBACT-
cs, a €clli MHUHYC, TO yMeHbluaerca. Bennunna kosdduimenta cooTserT-
CTBYET BKJIaJly JAHHOTO (pakTOpa B BENTUUYHHY MapamMeTpa ONTUMHU3AIUU TTPH
nepexojie pakTopa ¢ HyJIE€BOI0 YPOBHS HAa BEPXHUM WIJIM HYKHUH.

[To maTematnyeckoMy CMBICTY KOX(GQUIMEHTH D] — ecTh mpuOIu-
’KCHHbIC 3HAYEHUS COCTABIISAIONINX BEKTOPA IpaueHTa PYHKIIMN OTKIIMKA:

grad y:ﬂf+ﬂi+...+ﬂlz
oX,  OX, OX,

: (9.2)
N3BecTHO, 9TO Hanbosiee KOPOTKHUIM MyTh K SKCTPEMYyMYy — B HaIpaB-
JICHWM rpaaueHTa GyHKIuu oTkiuka y=Ff(X1, X2, ..., Xn).
[To 3THM 3HAYEHHUSM MOXXHO OTNIPENEIUTh HAIPaBICHUE JTUHUU KPYTO-
T'0 BOCXOX/ICHUS (CITyCKa) JIJIsl JAHHOW TOYKH HYJICBOT'O YPOBHS. Y paBHEHUE
(9.1), ecnu ero 3amucarh JJIsl 3HaUCHUN (PAKTOPOB B aOCOTIOTHBIX €IUHU-

1ax, OyJieT UMETh BU]I
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- X, — X X, — X X — X
y=b, +b, —=>+b, =—=+ . ...+b —™ (9.3)

AX, AX, AX,
IPIS ')?1,')?2 ----- 35n — 3Ha4yeHUs (aKTOpOB B aAOCONIOTHBIX EIWHHUIIAX;
X101 X9 eeeeXg — 3HAUCHUS (PAKTOPOB B AOCOFOTHBIX

€INHUIIAX B TOYKE HYJIEBOrO YpOBHS; AX ,AX,....Ax, —

WHTEpPBaJIbl BAPbUPOBAHUS (PAKTOPOB.

Jlnst Toro 4yToOBI HauyaTh KPYTOE BOCXOXKICHHE IO MOBEPXHOCTU OT-
KIIMKa, MoJieTupyeMon ypaBHeHueM (9.3), HEOOXOIUMO pacCcuuTaTh uiaeu
KpPYymoz2o 80cxoxcoenus Ji 1 Kaxaoro (gaxropa.

Llazamu Kpymoeo 8ocxodxcoenuss Ha3bIBAIOT BEIWYUHBI MPUPAILICHUIA
3HaUYCHUU (PAKTOPOB MPHU ABUKEHUU MO MOBEPXHOCTH OTKIWKA K 001acTH
ontumyma. O4eBUIHO, YTO IIATH JOHKHBI OBITH MPOMOPIUOHATBHBI KO-
durmenTam bj ITMHEHHONW MaTeMaTHYECKOW MOJEIH, pPACCYMTAHHBIM T10 pe-
sysbratam 11O nnu DI :

J,=m-b,. (9.4)

Bo160p ko3 unirenta nponopuroHaIbHOCTH M, KOTOPBIN Ha3viearom
Macumabom wazo8 Kpymozo 80CX0XHCOeHUsl, — 3aJadya JOCTATOYHO CIIOXK-
Has. Macitab BeiOMpaeTcs ucxoas U3 Hanbosee 3HaYMMoro kodduimenta
bj. Ot Toro, kak OyneT BeIOpaH MacIITaOHBIA KOAPPHUIMEHT M , OyaeT 3a-
BUCETh KOJIMYECTBO HEOOXOJAUMBIX IIAroB KPyToro BocxoxaeHus. C oHOiM
CTOPOHBI, OCOOCHHO MPHU MPOBEACHUN (PUINIECKOTO IKCIIEPUMEHTa, HEOO-
XOJIMMO CTPEMUTHCS K MUHIMH3AINH OTBITOB, HO C IPYTOMl CTOPOHBI, TOSIB-
JSIETCSl OMACHOCTh «IEPelIarHyTh» 00JacTh onTUMyMa. B pacueTHBIX 3Kc-
NEPUMEHTAX, TJe KOJUYECTBO IIAroB HE TaK KPUTUYHO, MacmTad M BBIOU-
paeTcsi MUHUMAaIbHBIM. Pe3ynbTaThl BEIOOpa MIaroB 0OBIYHO 3aITUCHIBAIOT B
Buje Tabmib (Tads. 9.1).

Taomuna 9.1
BE160p 1m1aroB KpyTOro BOCXOXKICHUS

bo b1 b, bn Ji=mb; Jo=mb; Jkx=mbn
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OTMeTuM, 4TO MaciTad MaroB KPyTOro BOCXOXKACHUS M OAMH IS
BceX (DaKTOpOB.

Tak xe, kak u kK03 dunments! bj, maru kpyToro Bocxoxaenus Jj Mo-
I'yT OBITh KaK MOJIOKUTEIbHBIMH, TaK U OTpULATENbHBIMU. [lonox)uTEIbHOE
3HauYeHHE Jj 03HAYaeT, YTO COOTBETCTBYIOIIMM (PAKTOP Xj AOJKEH YBEIHYU-
BaTh CBOE 3HAYEHWE MPHU MOUCKE MaKCHUMyMa IapameTrpa ONTUMM3AIWU, a
OTpHULIATENILHOE, YTO 3HaUeHUE (PaKTopa TOJHKHO YMEHBIIATHCA.

Aneopumm Kpymozo 6ocxodicoenusi. KpyTroe BOCXOXKAEHUE IO IIO-
BEPXHOCTH OTKJIMKA JIOJXKHO HAYMHATHCA U3 TOYKHU HYJEBOIO YPOBHS, a HE
U3 TOYKH C JY4IlIUM 3HAaYCHHEM mapamerpa ontumuzauuu B 1D, kak Mo-
KET MMOKA3aThCs Ha MEPBBIM B3IV, JTO HAIVISIIHO WLIIOCTPUPYET pUcC. 9.2.
Jlyumee 3Hauenue, noxyueHHoe B [IDI, — y1. OnHako ABMKEHUE MO Tpagu-
€HTY W3 3TOW TOYKHU HE BEAET K BEPIIMHE MOBEPXHOCTU OTKJIMKA, a HAYAJIO

JIBUKEHHUS U3 LICHTPA IUIaHA JAeT JIyYIIUU pe3yIbTar.

X
), /

e

V4

n\/f

_/X

X 1

Puc. 9.2. Hayano kpyToro BOCX0JeHUS U3 LIEHTpa IIaHa
(TOYKH HYJIEBOTO YPOBHS) - | W U3 JIydlIel TOUYKH IJIaHa - 2

AJNTOPUTM KPYTOTO BOCXOXACHHUS yI00HO 0DOPMIIATH B BHJIE TaOIH-
1161 (Tab. 9.2).
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Tabmuma 9.2

KpyToe BocxoxkaeHne Mo MOBEPXHOCTH OTKIIMKA

H ~
oMeEp X1 Xy Xn y y
mara
0 X, X, X, Y, Y,
1 Xo+Jd; | X, +J, X0+, Y, Y,
2 Xpo+2J, | Xo +23, | . | X, +23, | Y, Y,
3 X, +3J, | X,y +3J, X, +3J, Y, Y,
5 Xo+NJ, | Xo+nJ, | . | X, +NJ | ¥ A

CyTb anropuTMa BOCXOXEHHUS CBOJUTCS K TOMY, UTO Ha KaXXJ0OM I10-
CJIEIyIOIIEM IIare K 3Ha4yeHUo (pakropa MpuOaBiseTcs IIar KpyToro BOC-
XO0XJIeHus Jj 10 TeX Mmop, Moka napaMeTp ONTUMHU3AIUHU Y PaCTET, €CIIU 1eJIb
ONTUMM3ALUM — TMIOUCK MakcuMyMma Y. BocxoxaeHrue npuocTaHaBIuBaeTCs,
€CJIM Ha MOCJIEAYIOIEM IlIare MOJy4YuTCs XylIee 3HaUeHUue napaMerpa oI-
TUMH3ALNH, YeM Ha npeabiayieM. OQHOBPEMEHHO CO 3HAYEHUEM IapaMeT-

pa ONTHMHU3ANUU Y TEJIeCO00Pa3HO PACCUUTHIBATH M €ro 3Ha4YeHue Y 10

dopmyne nuHelHOM MartemaTumdyeckod monenu (9.3). PacxoxzaeHue coot-
BETCTBYIOIIMX 3HAYECHHUM Y IMOKAXET, HACKOJIBKO JIMHEWMHAs MOJENb alecK-
BaTHA.

Aneopumm Kpymozco 60cxodcoernusi TAKXKE MOKHO ONUCATh CIEAYIo-
e IMOCIIEI0OBATEIIHLHOCTELIO.

5 [lnanupoBanune u nocranoska IO (wm D) B OKpeCTHOCTH

TOYKH HAa4YaJIBHOT'O COCTOSHUA xio

> Pacuer ko3 duumentos D, muHEHHOM MaTeMaTHIECKOH MOIEIH C
IEJIBI0 OTIPEICIICHUS HAPABIICHUS TPAUEHTA.

» Pacuer nponssenennit B4, rne AXi - unrepsans! BapsupoBaHus
dakropos nipu [1D3 (JIDDI).

» Bei6op 6a3oBoro dakropa x; =x,, , y KOTOporo |b;Ax;|=a=max

3 BBIOOD 11ara KpyToro BOCXOXACHHUsI JUIst 6a30BOTO (pakTopa ha :

DTOT BBIOOP IPOBOJUTCS Ha OCHOBAaHUU allpUOPHON MH(DOPMAIIUU UITH C
y4€TOM ONBITA UCCIEOBATENS], TEXHOJIOTUYECKUX COOOpaXKEHUMN WU Y-
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rux KkpurepueB. [Ipu BeIOOpE 11ara HEOOX0AMMO UMETh B BUTY, YTO BBIOOD

MaJIOTO I1ara moTpedyeT OOJIBIIOro YKCIIa ONBITOB MPHU ABUKCHHUH K OTITH-

MyMY, a OOJIBIIION MIar CO3/IaeT OMACHOCTh MPOCKOYHTH 00JIACTH ONITUMYMa.
» Pacuer maros u3MeHeHHs IPyrux (HakTopoB 0 GopMyJic:

h = (bjaxih, /a (9.4)

DTO COOTHONIIEHUE MEXAY BEIMYMHAMU IIara U3MEHEHHUs OTIEIbHBIX

(akTOpOB 0OECrIeYnBaeT ABMKEHUE M0 T'PAJUEHTY B (PaKTOPHOM MPOCTPaH-
CTBE.

» CocraBiieHH€e TUIaHA JBMXKEHUS IO TpagaueHTty. [[ns sToro B cooT-
BETCTBHHU C OINPEICICHHBIMA 3HAUYEHUSIMU 111ar0B U3MEHEHUS (DAKTOPOB U UX
NOCJIEIOBATEIbHBIM AJIF€OpPanuyeCKUM CYMMHUPOBAHUEM C OCHOBHBIM YPOB-
HEM B TOUKE

Xin = Xjp + Ny ,n=12....
Haxonsat koopauHatsl onbiToB 5,6,7,8,9,10 (puc. 9.3). HacTh 3TUX ONBITOB
[0JIaraloT «MBICIEHHBIMIY». «MBICIICHHBII» OMBIT 3aKJII0YaeTCs B MOJIyYe-
HUU TMPEACKa3aHHBIX (PAaCUeTHBIX) 3HAYCHUN (YHKIMHM OTKJIMKA IO JUHEH-
HOMY YpPaBHEHHUIO PErpecCHH, UYTO TMO3BOJISIET COKPATUTh OOBEM pEaNbHBIX
OMBITOB, T.€. YBEJIIMUUTHh CKOPOCTh MPOJBMXKEHUS K dKCTpemyMmy. M3 omnbIT-

HBIX JTAHHBIX HAaXOJST IMOJIOKEHHUE JIOKAJIbHOTO dKCcTpeMyMma (Touka M1 Ha
puc. 9.3).

X} ~

Puc. 9.3. [Iporecc onTUMU3ANAN METOIOM
KPYTOrO BOCXOKICHUS

» B oKkpecTHOCTH JIOKaJTBLHOTO PKCIIEPUMEHTA CTABST CEPHIO OITBITOB
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(I u IDI) nnst onpesieneHuss HOBbIX 3HAYECHUM KOA(DPUIIMEHTOB ypaB-
HEHMS PErPECCUU U HOBOT'O HampaBieHus rpaaveHTa (HanpasiaeHue MiN Ha
puc. 9.3). B nanpHelinmeM nporeaypa MoBTOPSETCS A0 JTOCTHKCHHUS CIeTy-
FOLLIETO JIOKAJABHOI'O JKCTPEMyMa M TaK Jajiee BIUIOTH [0 ONpPEIEIICHUSA
OKPECTHOCTH KOOPJIMHAT MakCcUMyMa (PYHKIIMHM OTKJIMKa, KOTOpask HOCHUT
Ha3BaHUE MOYTH CTAI[MOHAPHOMN 00JIaCTH.

[Ipu3HakoM TOCTMIKEHHS 3TON O0JACTH SBISICTCS CTAaTHCTHYECKash HE3HAUYH-
MOCTh K03 dummenToB b;. B moutn cranmmonapHoi 001acTH CTAaHOBSTCS 3HAYH-
MbI 3(deKThl B3aUMOACHCTBHS U KBaapaTudyeckue 3(QeKkThl. 31ech Tpedyercs
nepexoauth oT JADD (ecnu oH mcmoib3oBaics panee) k [IDI, a ecnu u 3Toro
HEJI0OCTAaTOYHO, TIEPEUTH OT TUTaHA IKCIIEPUMEHTA IMEPBOTO TOPSAIKA K IUTAaHAM

BTOPOTO MOPSIKA.

B 3anmauax, rae TpeGyercs onpeaeauTb KOOpANHATE HE MAaKCUMYyMa,

a MUHEMyMa (QYHKITUH OTKJIMKA, 3HAKK KO3(PPHUIIMEHTOB D1 ciemyer mome-

HATH Ha oOpaTHble. B 3TOM cityuae nBueHue B (haKTOPHOM MPOCTPAHCTBE

OCYIIECTBIISIETCS TIO HAIPABJICHUIO, MPOTUBOIIOJIO0KHOMY BEKTOPY T'paju-
€HTA.

Ilpumep: llenbp oNTUMHU3ALMU — ONPEACIUTh MUHUMAJIBHOE 3HAYEHUE
MaccChl aKTUBHBIX YacTell TpaHncpopmaropa.

Ha puc. 9.4 npencrasien pe3yabTaT KPyTOTO CITycKa M0 TOBEPXHOCTH
OTKJIMKA U 110 €€ JJUHEWHOM MATEMATUYECKON MOJIENIH, MIOJYYEHHBIN B XO/€
penieHus: y4eOHOM 3a/1auu MO ONTHUMHU3AIMA MACChl CUIIOBOTO TpaHc(opMa-
TOpA.

N3 rpaduka BUIHO, YTO JYUIIUM PE3yJbTAaT COOTBETCTBYET 26 IIary
KPYTOrO CITyCKa. 3aTeéM pe3yJibTaT HauMHaeT yxyAmarbes. JIuHeinas mo-
JETIb OTPA’KaeT MPOLECC C JOCTATOYHON TOUYHOCTBIO TOJIBKO HA MEPBBIX Ye-
ThIpeX Mmarax. M3 3Toro cieayeT, 4To yTOYHEHUE MOJI0KEHUS 00JIaCTU OIl-
TAUMyMa BO3MOXHO. J[J711 3TOr0 HEOOXOAMMO MPOBECTH HOBYIO CEPHIO OTIBI-
ToB [ID3 B myurmieit Touke, TMOO UCCIEAOBATh TOBEPXHOCTh HEIIMHEHHBIMHU

IJIaHaMH BTOPOTO ITOpsAIKaA.
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Puc. 9.4. Xox kpyToro crmycka 1o moBepXHOCTH OTKIIUKa Y
¥ €€ TUHEWHON MOoJIenn y

Ipunsamue pewenuii nocie Kpymozo ocxoxcoenusi. Ilocne 3aBepiue-
HUS KPYTOTO BOCXOXKJICHHS BO3HHMKAIOT JOBOJHHO Pa3HOOOpas3HBIC CHUTYa-
1MW, TpeOyIoIre MPUHATHS PEIICHUN O NaTbHEUIINX ACUCTBUSAX.

CuTyanuu pazIu4aroTcs MO MPU3HAKY: 0Ka3aJIoCh KPYTOE BOCXOXKIIe-
Hue 3¢ dexkTuBHbIM uinu HetT. [lomoxkenue ontumyma (6M3KO, AalieKo, He-
OTIpeJICTICHHO) TaK)Ke UMEET 3HAUCHHUE B MPUHATHH PEIICHUH. B HEKOTOPBIX
CiIydasix Hy>)KHO YYUTBIBaTh aJ€KBAaTHOCThH (MJIM HEA€KBATHOCTH) JIMHEHHOM
MO/JICTIH.

» Kpymoe eocxooicoenue s¢ghgpexmueno. O6 >(ppekTHBHOCTH JIBH-
KEHUS TI0 TPAJUCHTY MOXKHO CYJWTHh MO BEIMYHMHE MMapaMeTpa ONMTHMHU3A-
uu. /[BrokeHHe 1o rpaJiMeHTy cuuTaeTcs YOPEKTUBHBIM, €CITH PeaTH3aIius
MBICJICHHBIX OIBITOB, PACCUMTAHHBIX HAa CTAAUU KPYTOTO BOCXOXICHUS,
OPUBOAUT K YIYYIICHUIO 3HAYEHUS MapaMerpa ONTUMHU3AIMHU IO CpaBHE-
HUIO C CaMBIM XOPOIITUM PE3yJIbTATOM B MAaTPHIIE.

[Ipu >¢p(dekTUBHOM KpyTOM BOCXOXIECHUU BO3MOXHBI JIBa HCXOJa:
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00J1acTh ONITUMYyMa JJOCTUTHYTA WM 00JIaCTh ONTUMYMa HE IOCTUTHYTA.

Kpymoe socxoocoenue sgppexmusno. Obaracmo onmumyma oocmue-
Hyma. DTOT CIy4daid SBJSIETCS CaMbIM JIETKUM B CMBICJIE NPHUHSATHS peEIlIe-
HHUM. DKCIIEPUMEHTATOP MOKET OKOHYMThH UCCIIECIOBAaHUE, €CIIM 3aj]lada 3a-
KJIF0Yajgach B JOCTHXKEHUM O0JIACTH ONTUMYyMa, WJIM MPOJAOKUThH UCCIIEI0-
BaHME, €CIIM 3aja4a 3aKJIF04yanach HE TOJIBKO B JIOCTHKEHUU 00JIACTH OINTH-
MyMa, HO U B JIETaJbHOM €€ u3ydeHuu. [Ipu 3ToM HE0OXOaUMO TOCTPOUTH
JIMHENHBINA TUJIaH A0 IUIaHa BTOPOTO MOPSJKA U PE3YyJIbTAaThl SKCIEPUMEHTA
MPEJICTABUTh B BUJE MOJUHOMA BTOPOM creneHu. [lepedncieHHnbie qBa Ba-
pUAaHTa TIPUHATUA PELICHUM CIEAYIOT U3 KOHUenuu bokca—YwuicoHa, co-
IJIACHO KOTOPOM 3ajadya ONTUMHU3AIMU YCIOBHO pa30MBAETCs Ha J[Ba dTara.
[IepBbIit 3Tanm — KPyTOE€ BOCXOXKIACHUE C ILEIBI0 CKOPEUIIEr0 JOCTHUKCHUSA
obnactu ontumyMma. [Ipu »TOM HCHONB3yeTCs JIMHEHHOE IUIAaHUPOBAHUE.
JIMHENHBIN TUIAH MOXET UCTIOJIB30BaThCS OAWH WM HECKOJIBKO pa3 B 3aBU-
CUMOCTH OT MHTEHCUBHOCTHU MPOJIBM>XEHUs. BTOpoii aTan — onucanue ooa-
CTH ONTHUMYyMa METOJaMU HeJMHEHHoro mianupoBanus. [Ipu a¢pextruBHOM
KPYTOM BOCXOXJICHHU BEChbMa 4acTO yAaeTcsi OBICTPO MPHUOIU3ZUTHCS K 00-
JIACTU oNTUMYyMa (COBEPIIMTH KPYTOE BOCXOXKIeHUE OJIMH pa3). Uccrenona-
TEJb MONaJaeT B 00JaCTh ONTUMYMa, KOTOpasi HE MOKET OBITh OTIMCaHA -
HEWHBIM MPUOJIMKEHUEM, U JIBUKEHUE MO METOAY KPYTOro BOCXOXKICHUS
3aKaHYMBAETCS. 3aBEPIIACTCS MEPBBIM ATANl ONTUMU3ALMU. MeToa KpyToro
BOCXOXJICHUSI HE PEIIAeT BOMPOCAa O CaMOW JIY4IlI€ TOYKE MOBEPXHOCTH
OTKJIMKA, 00 s3kcTpeMyMe. UToObI U3ydUTh 00J1aCTh ONTUMYMa, HEOOXOIUMO
MEPEUTH KO BTOPOW CTaJWUH IJIAHUPOBAHUS — K UCCIEAOBAHUIO MTOYTH CTa-
IMOHAapHOM obJsiacTu. B mpuHsATHM pereHnii Mbl JOJDKHBI pacCMaTpyUBaTh U
3TOT BapHUaHT.

Kpymoe eocxooicoenue sghgpexmusno. Obracmo onmumyma He 00-
cmueHyma. B 3TOM cilydae CTpOUTCS TUHEHWHBIN TUIaH CJICAYIOIEro UKIIa U

HNCCICAOBAHUC ITPOJOJIZKACTCA.
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IIpr mocTpoeHUH JIMHEWHOTrO IUIaHa BTOPOIrO IMKJA, IIPEXKIE BCETO,
BO3HUKAET BOIIPOC O BBIOOpE IIeHTpa FKcrepuMenTa. Camasi mpocras peKo-
MEHJAIMsl — PACMIOJOXUTh LIEHTP HOBOTO IJIaHa B TOM 4acTu (PaKTOpPHOTO
MIPOCTPAHCTBA, KOTOPasi COOTBETCTBYET YCJIOBHUSIM HAMIIYYILIETO OMBITA MPU
KPYTOM BOCXOKICHHH.

» Kpymoe e6ocxooicoenue neappexmueno. IlpuHUMATh pEIICHHS
npu HE3(PPEKTUBHOM JBUKEHUU IO T'PAJUEHTY ropasno cioxHee. [Tpuns-
THE PEIICHU BO MHOTOM 3aBUCHUT OT OMNPEICICHHOCTH CUTyaluu (IajieKo
OT ONTHUMYMa, OJTM3KO0, HEOMPECIIEHHO) U OT aJeKBaTHOCTHU JIMHEHHON MO-

nenmu. Hanbosee TunuyHbie cydan Moka3aHbl Ha puc. 9.5.

| Nisseivas vogere | | eisan nomere |
apsang | : wepmaE |
= e !
TocTanosa castDs 8 LeKEpe Nass
ANA CUSSEN KBCDATHAX 03
[
v v
Opvesa ssange wses Copna ez el
FrR— SRIE MNP UNSHOS HENIWRA
TRERIE R ]
U — A
QBrECT Dantiame
onTeyNa WCTEDDSGHIR
Mpaomsine Flowcx pegeisnd 1w
e — DA A SATOR
]

Puc. 9.5. BapuaHTbl BO3MOXKHBIX UCXOJIOB
KPYTOTO BOCXOXICHUS
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Kpymoe socxoorcoenue neagpgpexkmusno Obnacmo onmumyma 6auU3Ka.
Ecnu npu peanuzanuu MaTpUIlbl INIAHUPOBAHUS YIAIOCh MOJYyYUTh J1OCTa-
TOYHO BBICOKHME 3HAUYCHMSI TTapamMeTpa ONTUMHU3AINH U TIPH KPYTOM BOCXOXK-
JCHUW YIY4IIUTh WX HE YIAAIOCh, TO HanOojee TUMUIHBIMH SBJISIIOTCS pe-
meHus: 1) OKOHYaHHWe UCCeIOBaHMs (BBIOMpPAETCS JYYINHI OIBIT); 2) TO-
CTPOEHHUE IIJIaHA BTOPOTO MOPSIKA JIJIsi OMUCAHUS ONTUMYyMa.

Ecnu nunelinas mozenb Oblila HeaZeKBaTHAa, TO BO3MOXKHO TPEThE pe-
IICHUE — BO3BpaT K OJIOK-CXeMe, YTOOBI BBISICHUTh MPUIMHBI HEaIeKBATHO-
CTH JUHEWHOU MOJICIIH.

Kpymoe e6ocxoorcoenue neagpgpexmusno. Ilonoxxkenne ontumyma He-
onpeneneHHoe. Ecnu HeT nndopmalnuy o moJoKeHUH ONTHUMyMa U Ha CTa-
JIUU KPYTOTO BOCXOXCHUS HE YAAIOCh YIIYUIIIUTh 3HAYCHHUE IMapaMeTpa OIl-
TUMHU3AIUH, TO MOKHO PEKOMEH/IOBATh MTOCTAaBUTh OMBITHI B IIEHTPE KCIIe-
pUMEHTA C T€M, YTOOBI OIIEHUTH BKJIAJ KBAaJIPAaTUUHBIX WieHOB. [Ipu 3Hauun-
MOW CyMME MOHO NPUCTYIATh K JOCTPOMKE JIMHEMHOIO IUIaHA IO IIaHa
BTOPOTO TIOpSJIKA, TaK KaK HAJUYHE KBAAPATHYHBIX YWICHOB CBUICTEIHCTBY-
€T 0 OJIM30CTH K MOYTH CTAIIMOHAPHOM 00JIACTH.

OOparyuM BHUMaHUE Ha TO, YTO MPU HE3HAUYMMOW CyMMe OOpaTHOro
BBIBOJIA JICJIaTh HENb3s1, KOO BO3MOXKEH, HAIPUMEp, TaKou ciaydaii: b1 = 5,7,
b2 = 5,3, bux + b2 = +0,4. Cymma He3HaunMma, Tak Kak KOI(PPHIIMEHTHI
MUMEIOT Pa3HbIC 3HAKHU.

D70 ciayuai, Korja uMeeTcs ABa ontuMmyma. Ecim e ecTb OCHOBaHHE
moJiaraTh, 9YTO ONTHMYM OJIMH, TO NMPH HE3HAYMMOUW CyMMe KBaJIpaTHIHBIX

YJICHOB MOXXKHO HpI/ICTyrII/ITI) KO BTOpOMy I_[I/IKJ'Iy KPYTOI‘O BOCXOXICHUA.
9.3. DKCIIEPUMEHTHI € CUMILIEKC—TIJIAHNPOBAHUEM

OJHUM U3 SKCTIEPUMEHTAIBHBIX METOJIOB, MPUMEHSIEMbBIX B MPOMBIIII-
JICHHBIX YCJIOBUSIX, ABJISICTCS CUMILJICKC-TUIAHUPOBAHUE.

OtoT Meton ObLn mpeayoxeH B 1962 rony CnenmneeM, Hekctom u
XUMCBOPTOM.

Cumnnekc-nianuposanue — 3TO TOCIEI0BATEILHOE IArOBOE JIBUKE-
HHE K ONTUMYMY MOBEPXHOCTH OTKJIMWKA. J[JII MeTOga XapakTEpHO COBMeE-
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HIEHUE M3YYEHUS MOBEPXHOCTU OTKIIMKA M MEPEMEIICHUS MO HEH. DTO NI0-
CTUTAETCSI TEM, YTO SKCIEPUMEHTHI CTABSTCS TOJBKO B TOUKAX (PaKTOPHOTO
MIPOCTPAHCTBA, COOTBETCTBYIOIIMX BEPIIMHAM CUMILIEKCA.

CHUMILIEKC — 3TO MHOXECTBO N+1 HE3aBUCHUMBIX TOYEK, 00pa3yONIUX
BBITTYKJIYIO (PUTYpPY B N-MEPHOM MPOCTPAHCTBE N+1 TouKkamu (BEpIITMHAMM).

OueBHIHO, YTO YKCIIO BEPUIMH CUMIUIEKCA HA €IUHUILY TTPEBOCXOIUT
pa3MepHOCTh (PaKTOPHOTO MPOCTPAHCTBA, & KOOPAUHATHI BEPIIUH CUMILIEK-
ca SIBJIAIOTCS 3HA4EHUsIMU (haKTOPOB B OTJEIBHBIX OIbBITAX, COCAUHSIEMBIX
OpSIMBIMH  OTPE3KaMU, Ha3bIBa€MbIMH pebpamu. Tak, Ha TIIOCKOCTH CHUM-
IJIEKCOM SIBJISIETCSI TPEYTOJIBHUK, B TPEXMEPHOM ITPOCTPAHCTBE — TETPAIP,
Ha OJTHOMEPHOM OCH — OTPE30K NPSIMO.

CHUMILIEKC Ha3BIBACTCS pe2yIApHbIM, €CIU BCE PACCTOSHUS MEXY €ro
BepIIMHAMHU paBHBI. Ha MIOCKOCTH — 3TO PaBHOCTOPOHHUMN (TIPaBUJIbHBIN )
TpPEYroJibHUK. HenmpaBuibHBIN CUMILJIEKC MOXKHO BCerja ImpeoOpa3oBaTh B
PETYJSPHBIN MMyTeM KOJIUPOBaHUS (PAKTOPOB MO OOBIYHBIM (hOpMYyJIaMm.

B ocHOBe mpuMeHEeHHUs CUMILIEKCa ISl [eJIel ONTUMU3ALUM JICKUT
CJIEIyIOIlleEe €r0 Ba)KHOE CBOMCTBO: U3 JIFOOOr0 CHUMILIEKCA MOKHO, OTOpO-
CUB OJHY M3 BEPIIMH U HUCMOJIb3Ysl OCTABIIYIOCS T'PaHb, MOJYYUTh HOBBIN
CUMILIEKC, T0OABHB BCETO JIMIIB OJHY TOUKY (puc. 9.6). 3 cumruiekca 1, 2, 3,
0TOpOCHUB TOUKY | M UCHOJB3Ys rpaHb 2-3, MOJlydaeM HOBBIM CUMILIEKC 2, 3,
4, 1OCTPOUB TOUKY 4.

x4

|
X2

Puc. 9.6. JIBymepHbIi CUMILIEKC HA IJIOCKOCTH
ITouck OlITUMYMaA C IIOMOIIIbIO CUMIIJICKC-IIJIAHUPOBAHUSA MOXXHO OIIN-
CaTb CJICAYIOIINM aJITOPUTMOM:
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1. Beruucnsercss cumIuiekce (onpeAesitoTcs KOOpAMHAThl Xi) U peanu-
3YIOTCSI DKCIIEPUMEHTHI (YUCIIO SKCIEPUMEHTOB JUIsl N-MEPHOTO CHUMILIEKCA
paBHO N+1).

2. OTOpackIBaeTcs TOUKA MJIaHA C HAMMEHBIIINM 3HAYEHUEM BBIXOJIHO-
ro napamMerpa.

3. CtpouTcsi HOBBIM CHUMIUIEKC, 00pa3yeMblil OCTaIbHBIMU BEpIITHUHA-
MU CHUMIUIEKCAa U HOBOM BEPIINHOM, KOTOPYIO MOJTY4YaloT MyTeM 3epKalibHO-
ro OTpakK€HUs OTOPOIIEHHOW BEPIIMHBI OTHOCUTEIBLHO MPOTHUBOIOJIOKHON

K HEW IpaHd Ha4aJIbHOTO cuMIuiekca. KoopauHaTel HOBOM TOUYKH
X" :%(Xl+ X2 ok XA X X)X (9.2)
rae X' — BEKTOp KOOpAMHAT j-i BEPLIMHBI; J — HOMEP BEPLIMHBI BBIXOIHO-
ro CUMILIEKCA.

4. TlpoBOoAMTCS SKCIIEPUMEHT B HOBOM TOUKE TutaHa X*.

5. TlocnenoBarenbHO NEpEMENIACTCS CUMILIEKC, B IIPOLIECCE YEro Ha
KKJIOM IIare MPOMCXOJUT OTOpAachIBAHUE BEPIIMHBI ¢ HAMMEHBIIIUM 3Ha-
YeHHWEM BBIXOAHOM mnepemeHHOW. Ha puc. 9.6 mociegoBaTenbHO HAUXY-
IIIMMU BEPIITMHAMU SBISAIOTCS 1, 2, 3.

6. Ecnu npu mepemernieHur CUMILIEKCAa Ha MPOTHXKeHUU N+1 miaros
OJIHA M3 BEPILIUH COXPaHSET CBOE MECTO, TO CHUMIUIEKC JIeJaeT 000pOT BO-
KpPYT 3TOW BEpPIIMHBL. DTO O3HAYAET, YTO B TAHHOM TOYKE HAXOJUTCS ONTH-
MyM (Touka A Ha puc.9.6), 4To onpeaensieT KOHEel] IPolecca ONTUMHU3ALIHH.

7. Ecnu BbIXOJHAs mepeMeHHass B HOBOM BEpPIIMHE CHUMIUIEKCA BbI-
JISIAAT XYK€, 4eM B JIPYTUX BEPUIMHAX, BO3BPAILIAIOTCS K MPEAbIAYIIEMY
CUMILIEKCY M BBIOMPAIOT BEPIIUHY, KOTOPYIO OTKUHYJIH U B KOTOPOW BbI-
XO/IHasl NIEPEMEHHAsl UMEET 3HAUYCHUE, CIEAYIOLIEe IO NOPSAKY 34 HAUXY/I-
1IEM BEPILIMHONW CUMILIEKCA.

8. Ecnu HOBas BeplIMHA BBIXOIUT 3a MPEIEibl JOMYCTUMOM 00JacTH

TUTAHUPOBAHMS, TO HY’KHO IPOBECTH TaKUE JCUCTBUS, KaK B I1.7.

9. Tlpu AOCTMXKEHUH ONTUMyMa pa3Mep CHMIUIEKCAa YMEHBIIAIOT
(mpumMepHO Ha Y4).
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10. OnTuMyM SIBJISIETCSL JOCTUTHYTBIM, €CJIM OJIHA U Ta € TOYKa BXO-
JUT B TOCIIeI0BaTeNbHbIe cuMILIeKchl N pas, riae N=1,65n+0.05n2,

11. TIpu npucyrctBum nperda GakTopoB HEOOXOAUMO B KaKI0M TOY-
K€ JIelaTh HECKOJIBKO 3KCIIEPUMEHTOB U MPUMEHSTh CpEIHEE 3HAYEHUE BbI-
XOJHOW NIEPEMEHHOM.

[Tocnie ocymiecTBi€HUs] MEPBOM CEPUHU, COCTOSIIEH M3 N+1 ONBITOB,
TOYKY, COOTBECTBYIOIIYIO CaMOMY ILIOXOMY pe3ysbTaTy W3 Bcex N+1 pe-
3yJbTaTOB, COCIMHSIOT MPSMOM C LIEHTPOM IMPOTHBOMOJOKHOW I'paHH, Ha
MPOJIOJKEHUH 3TOW MPSMON HAaXOAST TOUKY, YAAJIECHHYIO OT LIEHTPa FPaHU
Ha TO K€ pacCTOSHUE, YTO U XyAlIast Touka. KoopauHaThl 3TOM TOYKH OIpe-
AETSIOT ycloBus (N+2)-To OmbITa.

CoryiacHO BBIIICONUCAHHON METOJAMKE MPOUCXOIUT MPHUOIMKEHUE K

BEpIIMHE MOBEPXHOCTHU OTKIMKA (puc. 9.10).

x. 4
0% <
/ &0
/\\/ 90 q
8 7
6 5
2
4
1 3
»>
X,

Puc. 9.10. OnTumusanus npouecca Npu CUMILIEKCE-TNIAHUPOBAHNN
MCCIIEIOBaHMS BIUSHUS Ha TIpoLecC IBYX (haKTOpOB

Bri0op pa3zMepoB CUMILIEKCA U €0 HAYaJIbHOTO MOJIOXKEHHUS B U3BECT-
HO cTerneHu mpou3BosieH. st MOCTpOeHHsI HayalIbHOTO CUMIUIEKCa 3Have-
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HUS B K&XKJIOM OTBITE UCXOJAHOTO CUMILIEKCA OMPENEISIOTCS 0 popMyIie

x; =X, +CuaAxX; (9.3)

rae Xi, — KOOPIMHATHI LIEHTpa HadanpHoro cumiuekca; AX; — unrepsan

BapbUpOBaHUS I-T0 PaKTOpa; Cij — KOJIMPOBAHHOE 3HAYCHUE I-TO

¢dakTopa JuUIsl J-TO ONBITA, BEIOMpAEMOE M3 YHCIa MATPHUIBI JIJIS
CHUMILICKCHOTO IJITaHupoBaHus (Tadi. 9.3).
Tabmuma 9.3

KoadduruenTs Cij JUTs1 BBIOOpa KOOpIMHAT CUMILIEKca™

Howmep daxkrops! (1)

ombITa (j) X1 Xo X3 ) Xn1 Xn
1 N1 N2 N3 Nn-1 Nn

2 -R1 e Nn

3 -R> Nn

4 -R3 Nn

n 0 0 0 0 Rn-1 Nn
n+1 0 0 0 0 Rn

0
1 i+ [ 1 o [ 1
*) ni —m 7 = m, Ri = 2(| +1),| —1,2,...n, (94)

rae N —aucio GakTopos.

Ilpumep. CocraBreHne CHUMIUIEKC-TIaHA [JIs1  ABYX (haKTOPOB.
Brauase cTaBaT Tpy OmbITa CO CIIEIYIOMUMHA KOOPAUHATAMMU:

1-it ombim:  Xyq = Xgo +MAX; X, = Xy + n2AX2 ; (9.5)
2-ii ommeIT:  Xpp, = Xpp + R1AX1; Xpp = Xy T nZAXZ; (9.6)
3-iompiT:  Xy3 = Xy T 0 ; Xog = Xyg T+ Rzsz- (9.7)

Cumruieke, paccuntanubiii mo Gopmynaam (9.5)—(9.7), npeacrasien Ha
puc. 9.11.
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¥

Puc. 9.11. Cxema noctpoeHus HauaIbHOI'O CUMILIEKCA

Tax, ecmu X, =0 u X0 =0, 2 AX, =4X, =1, 10 KOODPIUHATEI

onbITOB OyayT paBHbI (puc. 9.12): onsitT 1 (0,5;0,289), onwiT 2 (-0,5; 0,289)
u onbIT 3 (0;-0,577), 4TO COOTBETCTBYET KOOpJIMHATAM BEPIIUH PABHOCTO-
POHHETO TPEYrOJIbHUKA C JJIMHOW CTOPOHBI, paBHOM 1. Hauano koopauHar B
ATOM Clly4ae HaXOJUTCS B TOUKE MEepeceueHuss MeauaH (OMCCeKTPHC).

§ 22
2 1
(-0.5; 0,289) (0.5; 0,289)

31 (0, -0,577)

Puc. 9.12. KoopauHathl BEpIIMH CUMILIEKCA

mpu X, =0, Ax =1 n=2
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Jlns onpenenieHus yciIOBUM IPOBEACHUS OIBITA B OTPAKEHHON TOYKE
(KkoopJIMHAT HOBOM BEPIIMHBI CUMILIEKCA) UCTIOJIb3yeTCs (popmynia
n+1

X, =— > X — Xy, j #I
in ij i31 , 0.8
NS (9.8)
rae X, — KoopJauHaTa HOBOW TOYKH (HOBOH BEPINMHBI) CHUMILIEKCA IS i-i

IIEPEMEHHOM; Xig — KOOpJMHATA 3aMEHAEMOM TOUKHU (KOOpIUHA-
Ta BEPILINHBI CUMIUJIEKCA U3 HAUXYILIUX OTKIHUKOB IIEpEN €€ OT-
1 n+1

n inj — CPCAHCC 3HAYCHHC M3 KOOpAHWHAT
j=1

BCEX BEPILIMH, KPOME 3aMEHSIEMOM.
M3BecTHBI crieyIomme KpUTEpUA OKOHYAHUS ITPOLECCca IOCIIEI0Ba-

OpacbIBaHHEM);

TCIBbHOI'O OTPAKCHUA HANXYAIIUX BECPINUH U IIOCTAHOBKHU OUYCPCAHBIX OIIbI-
TOB B HOBBIX BCPIIIMHAX!

1. PasHocTh 3HaYeHUW (PYHKIMUA OTKJIMKA B BEPIIMHAX CHUMILIEKCA
CTAaHOBMTCS MEHBIIIE PAHEE 3a/IaHHOM BEJIMYMHBI. DTO 03HAYAET JMOO BBIXOJ
B «IIOYTH CTALIMOHAPHYI0» 00JIaCTh BOJIM3M ONTHUMYyMa, JTUOO JTOCTH)KEHHE
ydacTKa MOBEPXHOCTU Y = f(Xl;....Xn)zconSt B BUJE «u1aTo». B 3TOM

Cliydyac OOIIOJHUTCIBbHBIMM OIbITAMH B CTOPOHC OT CHMILJICKCA CJICAyeT
YAOCTOBEPUTHCS B OTCYTCTBUHU JPYIMX Y4YacTKOB C 0oJiee CYIIEeCTBEHHOI
KPUBU3HOW MOBEPXHOCTU Y = f (Xl;....Xn) U IIPUHATH BEJIMYUHY C 3KCIIEpU-

MEHTAJIbHBIM 3HaUY€HUEM (DYHKIIMM OTKJIMKA 32 TOYKY ONTUMYMA.

2. OtpaxkeHue 000N M3 BEPIIMH CUMILIEKCA MOCJIE OJHOKPATHOTO
KauyaHusl IPUBOJIUT K €r0 BO3BpaTy B MpexkHee mnojioxkeHue. [Ipu s3Tom ecthb
OCHOBaHHUS YTBEPKAATh «HAKPHITUE» CUMIUIEKCOM TOUYKH ONTUMYyMa.

3. lluknnueckoe IBIKEHHME CUMILIEKCA BOKPYT OJHOM M3 BEPIIMH Ha
MPOTSKEHUH 0oJiee YeM HECKOJIbKO maroB. [TogoOHas cutyaiust umeer Me-
CTO, KOTJ]a ICKOMBIM ONTUMYM PacIoJiarae€Tcsi BHYTPH 00JIaCTH, OXBaThIBa-
€MOM IUPKYJIUPYIOIIUM CUMILIEKCOM.

B cnydae 2 u 3 peKOMEHAyeTCs yMEHBIINTD Pa3Mepbl CHMILICKCA, T.€.
pPacCTOSIHUE MEXJY BEpIIMHAMM, W MPOJOJDKATH IMOUCK JI0 KEJTAeMOro
YTOYHEHUSI KOOPJAWHAT HCKOMOT'O ONTUMYMa.

B cuMIUIeKC-TIIIaHUPOBAHUM Pa3MENIEHUE OIBITOB 3KCIIEPUMEHTA
OCYILIECTBJISIETCS B BEPUIMHAX PETYJISIPHOTO (IPAaBUIIBHOTO) CUMILIEKCA.
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[Ipouienypa mocTpoeHus: MaTpUIIbl CUMITIIEKC-TNIAaHA MOXET OBITh MO-
SCHEHA Ha NPUMEPE ABYX HE3aBHUCHMBIX IEPEMEHHBIX. PaBHOCTOPOHHMI
TPEYTOJIbHUK B INIOCKOCTH KOJAUPOBAHHBIX MTEPEMEHHBIX X1 U X2 MOYKHO pac-
MOJIOKUTH TaK, YTOOBI IS BEKTOP-CTOJIOIIOB, 2JIEMEHTAMU KOTOPBIX SIBJIS-
IOTCSL KOOPAMHATHI BEPILWH, BBITOIHSJINCH YCIOBUS CUMMETPUYHOCTH U Op-

TOI'OHAJIBHOCTH:
a b
-a b |
0 -2b

3HayeHuss @ ¥ D MOTYT OBITH BBIYMCIICHBI M3 YCJIOBHS HOPMHUPOBKH

N N 2
i Xin = 2ia X2 = N, P KOTOPOM OIEHKH K03 uImenToB bj muHei-
HOUM Mozenu OyIyT UMETh OJIMHAKOBbIC aucnepcuu. C y4eToM 3TOrO yCJo-

BUSI JUISI CTOJIOIIOB MATPHIIBI TIOJTYIUM 2a%=6b?=3 u, cnegoBaTenbHO, MaT-
pHIlY He3aBUCUMBIX TIEPEMEHHBIX X1, X2:

1288 0,707
-1,288 0,707
0 -1414

Jlnst yaoOcTBa ciaeayer IpoOBECTH MACIITAOMPOBAHUE 3JIEMEHTOB Mart-
pHULIBI, C TEM YTOOBI TOJYYUTHh MPABWIbHBIM CHUMIUIEKC, BIHMCAHHBIN B
OKPY>KHOCTb €IMHHUYHOTO paauyca. [locrme neneHuss Bcex 3JIEMEHTOB Ha

1,414 nony4yum MaTpUIly CUMILIEKC—TUTaHUPOBaHUS (Tabm. 9.4).

Taomuna 9.4
ManI/II_Ia CUMINICKC-TINIAHUPOBAHU
JUTs IBYX (haKTOpOB
Marpuia cuMILIeKC—IIIaHa Brixon yi
Howmep omnbrTa
Xo X1 X2
1 +1 +0,866 0,500 i
2 +1 0,866 0,500 »
3 +1 0 -1,000 V3

['eoMerpuueckast HHTEpIIpETaM CUMILIEKCA TOKa3aHa Ha puc. 9.13.
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Puc. 9.13. PerynsapHslil cUMILIEKC

JIns 4eThIpex MEepEeMEHHBIX HUCXOJHasi MaTpuila CHUMIUIEKca Oyner
AUMETH BUJ

al a2 a3 a4
—a a, a, a,
0 -2a, a a,

0 0 -3a, 3,
0 0 0 -—4a,]

W3 yciaoBHs HOPMHPOBKH IOIY4YHM 2a; =6a; =12a; =20a; =5, OTKyaa
a1=1,580, a2=0,912, a3=0,644, a4=0,500.

Omnpenenus 3HaYEHMSI A1, d2, A3, A4 NIOCIE MacIITAOUPOBAHHUS, JICJICHU-
em Bcex oanemeHtoB Ha 2,00 momyyuM Marpuily IUTAaHUPOBAHUS

(1a611. 9.5).

Tao0muma 9.5
Martpuna cCuMIUIEKC-TNIAHUPOBAHUS
JUTS 9eThIpeX (pakTopoB
HOMep J—— - - ManI/II_IaXZI/IMHHCKC-Hj(I:.Ha - B]JIXOI[ Vi
1 +1 0,790 0,456 0,322 0,250 y1
2 +1 —0,790 0,456 0,322 0,250 y2
3 +1 0 -0,912 0,322 0,250 Y3
4 +1 0 0 —0,966 0,250 Y4
5 +1 0 0 0 ~1,000 ys
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Martpuna uentpupoBanHoro K-cumiuiekca, BnucaHHoro B cdepy eau-

HUYHOTO paJinyca, MOXKET OBbITh 3alMcaHa B 00I1IeM BUJIE:

al aZ a3 an
—a a, a, a
0 —-2a, a, a,
0 0 —3a, a, |
0 0 0 —nNa, |
rae
n+1 .
a=|—-—72 | <n (99)
in(i+1)
B Ta6i1. 9.6 npUBOIATCS YMCIICHHBIC 3HAUCHHUS B 3aBUCUMOCTH OT i 1 K.
Tabmuna 9.6
YuciieHHbIE 3HAYEHUS B 3aBUCUMOCTH OT | U N.
) "o 2 3 4 5 6 7 8

1 1
2 0,8660 1
3 0,8165 0,9482 1
4 0,7906 0,9129 0,9682 1
5 0,7746 0,8944 0,9487 0,9798 1
6 0,7638 0,8819 0,9354 0,9661 0,9897 1
7 0,7559 0,8729 0,9258 0,9562 0,9759 0,9897 1
8 0,7500 0,8660 0,9186 0,9487 0,9682 0,9820 0,9922 1

B cuiy CBOMCTB OpTOrOHAIBHOCTH, CHMMETPUYHOCTH U HOPMHUPOBKH

MaTpUIbl CUMIUICKC-TIJIaHa BBIUUCICHUE KOA(PPHUIIMEHTOB JIMHEHHON pe-

TpGCCHOHHOﬁ MOACIIN, aHAJIN3 €€ IMPUT'OAHOCTHU I OIIMCAHHA PC3YyJIbTATOB

OKCIICPUMCHTA ITPOU3BOAATCA 110 aHAJIOTHUH C I[1DD.

Jucniepcny onieHOK K03 (HUITMEHTOB B CHMILICKC—IIIaHAX W IIJIaHax

2" OJMHAKOBBI U ONPEIEISIOTCS KaK O {bj }: a?{y} 1> xX=a’{y}/N.
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Bmecte ¢ TeM cUMILIEKC—TUTAHBI UMEIOT OOJIBIIYIO AUCIIEPCHUIO TIPEI-
CKa3aHWs 3HAYCHUHN 3aBUCUMOM MEpEeMEHHOM y. Tak, Hanpumep, Il JTUHEN-
HOIT Moeny iaHa 241

y=Dbo+b1x1+b2x2+b3Xz+Daxs (9.10)
AUcrepcus NpeacKa3aHus 3Ha4eHUW Y paBHA:
o' {§j=c* b+ x/o*{b,j+ X o* b, f+ Xio b, }+ xio b, ], (9.11)

Ecmm npusats o{y}=1, T0 o*{b}=1/8 n

02{9}:0125(1+ xf+x22+x§+xf). (9.12)

Jucnepcusi mpefckazaHusi MOXET ObITh BBIUMCIICHA JJIsI JIMHEHHOU
MOJIEIH, TTOIy4aeMOl MpU pean3aluu CUMILUIeKC—IuIaHa it 4—GhakTopHOM
mozenu. C ydeToM MPUMEHEHHOTO MacIITaOHOTO YMEHBIIEHUS B J[Ba pasa
BCEX JJIEMEHTOB MATPHULBI CHUMIUICKC—IUIAHA JUHEUHYIO MOJEIb CIIEAYET
3alMChIBATh B BUJE

y=bo+2b1X1+202X2+2b3X3+2D4Xs. (9.13)

Jlucniepcuio npesicka3anus o’ {y} HaifeM n3 ypaBHEHHS

o {y}=c’{o,} + 4xia?{b, |+ 4xio’ b, } + 4xia? b, + 4xio’{o,}.  (9.14)
Ecmu o*{y}=1, To B cly4ae CHMIUIEKC—IIJIaHA O {bi } =1/5,a
o?{y}=0,200(1+4X7 +4X% +4x2 +4x7). (9.15)

MakcuManbHbIe 3HAUeHHs o°{y} JTOCTHTraroTcs Ha TPAaHHUIE OOIACTH
skcriepumMenTa. CpaBHEHUE ATUX 3HAYCHUW JTUCIEPCUM MPEIACKA3aHUs IJisl
JIBYX TUIIOB IIJIAHOB IIPY JINHEMHOW MOJIEJIA U MUHUMAJIbHOM YHUCJIE ONBITOB
MpUBEACHO B Ta0:1.9.7.

Tabmnura 9.7
CpaBHeHUE 3HAUYCHUN TUCTIEPCUM TTPEACKA3aHUS JJ1sl JBYX TUIOB ILUIAHOB

Ipu JIMHEHMHOM MOJACIN U MUHUMAJIBHOM 4YHCJIC OIIBITOB

2(~
Tun nianos o {y} HPH YUCIIe BXOAHBIX IEPEMEHHBIX

2 4 5 6
[Tnansr 2€P 0,75 0,62 0,75 0,87
CuUMILUIEKC—TUTaHBI 1,67 3,40 433 5,28

HanbGonpmmii HHTCPCC NPCACTABIIACT IMPUMCHCHUC CHUMIIJICKC-IIJIAHOB
B 3aJa4ax OIITHUMHU3alluN 00bexTOoB. Ha ocHoBe IMPpaBUJIIbHBIX CUMIIIICKCOB
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MOKET OBITh MMOCTPOEHA JOCTATOYHO (popMan30BaHHAS MPOLIETypa JIBUKE-
HUS K OKCTPEMYMY.

CuMIiekc-poueaypa ABMKCHHUSI COCTOUT M3 CIEIYIONINX MOBTOPS-
IOLIUXCSI ATAIOB:

1) peanu3amus OMBITOB B COOTBETCTBHM C BBIOPAHHON MaTpHIICH
CUMILIEKC—TIJIaHa;

2) oTOpachiBaHUE BEPIIMHBI CUMILIEKCA C MUHUMAIIbHBIM 3HAYCHHEM
BBIXOJITHOM NIEpEeMEHHOM (ITapaMeTpa ONTUMHU3ALINHN);

3) MOCTpOCHHE Ha OCTABIICHCS TPAHU HOBOTO CUMILIEKCA, Y KOTOPOTO
OTOpOLIEHHAs BEPILIMHA 3aMEHEHA €€ 3epKajbHbIM OTOOPAKEHUEM.

B cBs3u ¢ TeMm, uyTO B Takoi mpoueaype He TpeOyeTcsl BBIYMCICHUS U
OLICHMBAaHUA KOY(P(GUIIMEHTOB JIMHEWHOW MOJENH, BBIOOP MPABHIHHOTO
CUMILIEKCa MOXKHO JieJaTh 0€3 yuyeTa CBOMCTB OpPTOTOHAJIbHOCTH, HOPMHU-
poBKU. OUyeHb 4acTo, 0COOEHHO B YCJIOBUSIX MPOMBILIUIEHHOTO SKCIIEPUMEH-
Ta, BO3HUKAET HEOOXOJUMOCTh BBIOOpA TAKOTO BIIMCAHHOTO CUMILIEKCA, KO-
TOPBII UIMEET MUHUMAIBHOE YUCIIO IPOOHBIX YPOBHEN BapbUPOBAHUS.

Puc.9.14. ITpaBuibHBIN CUMIUIEKC BIIUCAH B KBAAPAT

Hampumep, B BeIOpaHHOM KBajapaTe (PaKTOPHOTO MPOCTPAHCTBA IS
KOJIMPOBAHHBIX MIEPEMEHHBIX MPABWIIHHBIN CUMILIEKC MOYKET OBITh BITHICAaH B
KBaJpaT, Kak Ioka3aHo Ha puc. 9.14.

Marpuiia Takoro CUMILIEKCa UMEET CIICTYIOIINI BU/I;

Ne ormeITa X1 X2
1 -1 -1
2 +1 -1
3 0 +0,73
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JUis Tpex IepeMEHHBIX CUMILIEKC COBIAAAeT ¢ miaHoM 241

Ne ompITa X1 X2 X3
1 -1 -1 +1
2 +1 -1 -1
3 -1 +1 -1
4 +1 +1 +1

¥ MaTpulila He UMeeT JPOOHBIX YPOBHEM.
B o0meM Buje MNOYTH 1EJIOYUCIEHHAs MaTpulla MPaBHIHLHOTO
K-cuMInIeKc-mIaHa MOKET OBITh 3aIcaHa B BUIE:
-1 +1 +1 ... +1]
+1 -1 +1 ... +1
+1 +1 -1 ... +1
+1 +1 +1 ... +1

+1 +1 +1 ... -1

e O, =1—E(\/k—+1+1)_

Puc. 9.15. Curuiekc-miasbl

[IpuBeneHHbIE CUMILIEKC—IUIaHbI 3allUCaHbl B KOJMPOBAHHBIX Iepe-
MEHHBIX. UTOOBI TIEpEeUTH OT KOAMPOBAHHBIX 3HAYEHUM Xj K HATypajIbHbIM
Xj, ciaeayeT BOCIOIb30BaThCsl N3BECTHBIM MTPEOOPA30BAHUEM.

JIBI/I)KGHI/IG B IIPOCTPAHCTBC BXOAHBLIX IICPEMCHHLIX, HAIIPUMED B
HaIIpaBJICHUHU MaKCHMYyMa (bYHKI_[I/II/I OTKJIMKaA, IMMPOUCXOOUT IIYTCM 3CPKaJIb-

HOTO OTOOpa)KEHHUs BEPIIMHBI X, CHUMIUIEKCAa C HAaUMEHBIIUM 3HA4YEHHUEM
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¥(X,) ¥ HOCTPOEHHsT HOBOT'O CUMILIEKCA, KaK IOKa3aHo Ha puc. 9.15.

KoopauHaTtel HOBOM BEpPUIMHBI CHUMILIEKCA OIPENEISAIOTCA W3 pa-

BCHCTB:

*

2

Tae X; — -1 KoOpAMHATa HOBOIf i-ii BepiuuHbl; j=1, 2, ..., K — 4HCII0 BXOAHBIX

nepeMeHHsix; 1=1, 2, ..., N — urcno Bepmun cumiuiekca. N=k+1.

dopMyna copaBeyiBa W I HATYpPaIbHBIX 3HAYCHUN KOOPIWHAT
BEPIIIMH CUMILICKCA.

[TycTs mpu peain3anuy MaTpUIlbl CUMILICKC—IUIaHa Uit K=4 B TpeTh-
€M OTBITE MOTYYEeHO MUHUMAJIBHOE 3HaueHue 3. [Ipu IBMKEHUU K MaKCH-
MyMY MPOU3BOJIUTCS 3€PKATHLHOE OTPAKEHUE TPETHEH BEPIIIHHBI.

Koopauaatel HOBOM BEPIIMHBI BEIYUCIISIIOTCS 110 (hOpMyJIe

X 31=2/4(X11+Xo1+Xa1+X51)—X31=2/4(-1+1+1-0,618)-1;
X"32=2/4(X12+Xo2+Xa2+Xs2)—X32=2/4(+1-1+1-0,618)—1;
X*33:2/4(X13+X23+X43+X53)—X33:2/4(+1+1+1—0,618)+1;
X*34:2/4(X14+X24+X44+X54)—X34:2/4(+1+1—1—0,618)—1.

[Ipu peanuzanmy CHMIUIEKC—IPOIIETYPHl ABUKEHUS MOTYT BO3HHUKATh
TPYIHOCTH, CBS3aHHBIE C OIIMOKAMH JKCIIEPUMEHTA, OTPAHMYCHUSIMU Ha
BXOJIHBIC TEPEMEHHBIC, OCOOCHHOCTSIMH pelibeda MOBEPXHOCTH OTKIIHMKA.
OTH 00CTOSATENHCTBA 3aCTABIISIOT UCIIOJIB30BATh PAJT IOTIOTHUTEIBHBIX Mpa-
BUJL.

1. Tlpu BpalieHUH CHCTEMBI CHMIUIEKCOB BOKDPYT OJIHOH BEpIITHHBI
(«3aMKJIMBaHKUE» CUMIUICKCA) mocie K+1 ombITa mpekpamnaroT OTpakeHHE U
MIOBTOPSIOT ONBIT B JJAHHOW BepIIMHE. DTa CUTyallus, IMOKa3aHHas Ha PHC.
9.16, MOXeT paclleHMBaThCS KaK JIOCTUTHYTas OJIM30CTh JKCTPEMyMa, B
ATOM cCllydae CIeAyeT MEePeUTH K IUIAHUPOBAHHUIO BTOPOTO TOPSIIKA, JIHOO

MOXET OBITh BBISBJIEHA OIIMOKA B paHEE MOJYUYEHHOM pe3yJibTaTe.

167



Puc. 9.16. «BanukinnBanne CUMILIEKCA

2. 3HaueHHE OTKJIMKA B HOBOU BEpIIMHE MPU KAHTOBAHUM CUMILIEKCA
HanMeHblIee. B 3Tol cuTyannu ciie1yeT BEpHYThCA K HCXOJHOMY CHUMILICK-
Cy, OTpa)kas BTOPYIO HAUMEHBIIYIO BEPIINHY.

CUMILIEKC—TUIAHUPOBAHUE  SIBIISIETCA  JIOCTaTOYHO 3P HEKTUBHBIM
CPEICTBOM JIOCTMXEHUs oOsiacteil skcTpemyma. OTMETUM JOCTOMHCTBA U
HEJIOCTAaTKH NOCJIEN0BATEIBHOIO CUMIIJIEKCHOTO METO/IA.

JlocTOMHCTBA:

— WCHOJIb3YETCS MHUHHUMAIIBHOE YHCIIO ONBITOB JISI ONPEICIICHUS
HaMpaBJICHHUS] ABWXKEHUSI MO CPaBHEHUIO C APYTrUMHU IlaHaMu. BBenenue
HOBOTO (hakTopa TpeOyeT MOCTAaHOBKH TOJHKO OJIHOTO JOTIOJHUTEIHLHOTO
OTIBITA;

— MeToJ] 00J1aJIaeT MPOCTON BHIUYMUCIUTEIBHON MPOLIEayPOi;

— JIOCTaTOYHO JIEFKO YYWTBHIBAIOTCS OTpaHWYEHUs Ha 00JacThb H3Me-
HEHUS IEPEMEHHBIX;

— Mpoueaypa METOAA MO3BOJSAET JIETKO BKJIKOYATh WJIM MCKIIOYATh W3
PacCCMOTPEHHUS TE UJIU UHBIE IEPEMEHHBIE;

— HaIpaBJICHUE JBMXKEHUS OINPENEAETCS TOJIBKO COOTHOUIEHUEM BE-
Tu9IrH (QYHKIUNY OTKJIMKA B BEPIIMHAX CUMILUICKCA, a HE UX aOCOTIOTHBIMU
3HAYCHUSIMU;

— METOA paboToCmocOOeH B yCIOBHSX JApelda XapaKTepHUCTHK
00BbeKTA.

Henocratku:

— peanu3zanusi METoAa He JaeT MH(GOpPMALMKU O BIUSHUU KaxXI0# Ie-
pEeMEHHOM Ha (PYHKIIMIO OTKIIMKA;

— JBKEHUE IO MPABUJIaM CUMIUIEKCHOTO METO/Ia JA€T OTPAHUYEHHOE
MIpeACTaBJIEHUE O penbe(e MOBEPXHOCTH OTKIIHKA.
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