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I'mapa 3. MATEMATUYECKHE MOJEJIN
PATINODJEKTPOHHBIX YCTPOUCTB U
TEXHOJOT'HMYECKHUX ITPOIECCOB

3.1. llousgaTHe Moesen

3.1.1. O0mmue cBeJeHUSA 0 MOJACJTUPOBAHUMN U MOJEIAX

Mooenupoeanue — >TO 3aMeHa JACUCTBYIOIIET0 HIU NPOEKTUPYE-
MOTro 00BbEKTa HUJM Mpolecca HEKUM MOoJ00HEeM, KOTOpOE OTpaxaeT UX
OCHOBHbIE XapaKTEepHbIE 4YepThl. B 3aBUCHUMOCTH OT TOro, 4TO MpeA-
craBisgeT coboil 3aMeHa (MMUTALUs), pa3IudalOT MaremMaTudueckue, Qu-
3udyeckue M rpaduuyeckue moaenau. COOTBETCTBEHHO, OT TOrO, KakKue
MOJEIU pPEeaqu3yrT, MOJEIUPOBAHHE MOXKET OBITh MaTeMaTUUYECKHUM,
busnueckuM U rpa@UUIECKUM,

I'papuueckoe monenupoBanue B KuTPDOVY — 310 nmonyueHue cxem
U 4YepTexel, MO3BOJSIIIHUX CYAUTH O cocTaBe, ¢opme, pa3Mepax u
npuHuune (QyHKIUOHUPOBAHUSA KOHCTpYKUUH POV wunm ctpykrype u
B3aAMMOCBSI3HM YaCTEW TEXHOJOTHUYECKUX MPOLECCOB.

Pu3nyecKkoe MOJIEIHMPOBAHME — ITO BEIIECTBEHHAs 3aMEHA KOH-
CTPYKIMSAMHU MU MpOLECcCCaMu TOH ke PUu3nyeckod mpupoabl, HO B HU3-
MEHEHHOM MacmTabe uiau Bujae, JuU0O0 BEIIEeCTBEHHAas 3aMeHa KOHCT-
PYKIHUAMHU WU MOpollecCaMU HMHOU (PU3UYECKOW NPUPOIBI, HO TaKoM,
KOTOpasi 0ToOpa)kaeT XapaKTepHbIE YEePThl MCCIEAYEMOW KOHCTPYKIHHU
UM IIpolecca.

[IpumepoM @u3MUECKOW MOJEIU JBYXBXOJOBOTO JOTHYECKOTO
snemenTta (cxemsbl) "HMIIN" sBasercs sieKTpo-MexaHHUEcKas MOJEib,
noka3zanHasi Ha puc.3.1. IIpu 3ToM duzuueckoil MoeiabIO PTOTO JOTH-
YECKOro 3JIEMEHTa fABJisgeTcs He cama cxema (puc 3.1, B), a ee BemecT-
BeHHas (MaTepuanbHas) peanuzanusi. CaMy ke CXeMy MOXHO paccMmart-
puBaTh, Kak rpadpuueckyro moaenb. TakuM o0pa3oM Npu MOSICHEHUU

buznueckol ™Mojeau He-
sl el I X1 g BOJBHO TNPUXOJUTCS BOC-
X 1 y 01010 X MOJIb30BAThHCS rpaduue-
: — |0 [ 1 |1 CKOM MOJIEJIBIO.
X5 1{of1|—-T y@ YuTaTenao Npeaiaraet-
1|1 |1 CAi CaMOCTOSTEIbHO IIpHU-
BECTH busuueckue
(2TEKTPO-MEXAHUYECKUE)
a o 6 MOJCJIH JIOTHYECKUX DJIe-
Puc.3.1. Jlornueckmuii 2aement “NJIN”: MEHTOB HI/IH " HHEH.
a — 0003HaYeHHE HA INEKTPUUYECCKHUX CXeMax,
6 — Ta6AMIAa HCTHHHOCTH; MartemaTuueckoe MoO-
6 — 3JieKTpo-MexaHu4veckas (pusuveckas) JeInpOBaHUEC OCHOBAaHO
MoeTb Ha HCIOJb30BAHUU MaTe-

MAaTH4YCCKHX BBIpB,)KCHPIfI,
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onuceiBarmee BboIxoaHOW napamerp POY wmam TII. Korma rosopsr
«MmateMatuueckas monenab POY unu TII», To uMEOT B BUAY MaTeMaTH-
YECKO€ BbIpa)XeHUe, ONnuchiBarilee BeIxoqHo napamerp POY unu TII.
Nuorpa pans OoJsibliei ONpPEAEICHHOCTH YNOTPEOISIIOT TakKX e CJIoBa
"MaTemaTuueckas MoAeNb BeIXxoaHoro napamerpa" POV unu TII.

B mHXEeHEpHOU NpaKTUKE MIUPOKOE NPUMEHEHUE HAXOAAT perpec-
CUOHHBIE MOJEIH, SABIAKIIHECS PA3ZHOBUIHOCTHIO MATEMAaTHYECKUX
MOJEIEN.

3.1.2. PerpeccuoHHbIe MOJ€EJH

Ha Brixoanbie mapamerpbl POY wunm TII oka3piBalOT BIUsSHUE
00JIBIIOE YMCJIO NEPBUUHBIX NapaMeTpoB. YacTh NEpBUUHBIX NapaMeT-
pOB MBI 3HAaeM, a O BIUSHUU HEKOTOPBIX U3 HUX JaXe HE JOraJblBacM-
cia. [lpu pemeHMHM HMHXXEHEPHBIX 3aJady OTPaHUUYUBAIOTCS HEOOJbIIUM
YHUCJIOM Haubojee CYIIEeCTBEHHBIX NEepBUUYHBIX HapaMeTpoB. OOBIYHO
3T0 yHuciao k < 5-8. B ¢BS3u ¢ 3TUM 3aBUCUMOCTb BBIXOJHOTO MapaMeT-

pa y OT YUYUTHIBAEMbIX NMEPBUYHBIX MMapaMeTPOB X, ..., X; OKa3blBaeTCs
BEPOATHOCTHOM.

A A [IpeanosiokuM dYTO BO

ALY ’ ;o BHUMaHHUE TMPHHAT JHUIIb

N od? ONUH TEepBUYHBIN mapa-

.;{" .')‘.. metp x. Torma koppens-

ool . 0 0% IIMOHHOE IIOJIE IapaMeT-

»* veeT e pOB X M y MOXET, Hallpu-

MEp, NPUHATH BUJ, INOKa-
3aHHBIA Ha puc. 3.2.
I[IpoBenem B Kkoppeus-
LHMOHHOM II0JIE TIPAMYIO,
UJIM KPUBYIO JIMHUIO, KOTOpas JydylIUM 00pa3oM XapaKTepuU3yeT H3Me-
HEHHUE BBIXOJHOTO IIapaMeTpa ) B 3aBUCUMOCTH OT NEPBHYHOIO mapa-
MeTpa xX. DTy JIMHUIO HA3bIBAIOT JINHUEH PETPECCHUN, & MATEMATHYECKOE
BBIPA)XE€HHUE, ONMCHIBAIOIIECE JHHHUIO — YPABHEHHEM PETPECCHHU HIH
perpeccuoHHoi moaenpr. Korga nepBuyHbIlA mapaMeTp HE OJUH, a HE-
CKOJILKO, TO TOBOPAT 00 YpaBHEHUU MHOXKECTBEHHOUN perpeccuu.
B umHXEHEepHOUW NpPaKTUKE MONYJSAPHBI PErPECCUOHHBIE MOJENIU B
Bujae MOJUHOMOB. OcCoObIil MHTEpec NpejcTaBI€T NOJUHOM IMEpPBOi
creneHu. Ero MateMaTu4eckui BUA:

=V

Puc.3.2.Bo3MOKHbIEe KOPPEJSAUNOHHbIE MOJS
BBIXO/JHOTO y U MEPBUYHOTO0 X MapaMeTPoOB

k
y=a,+ax +..+ax, =Yy ax,, (3.1)
i=1
rae y — BbIXOJHOW napametrp POY unu TII;
X{, .-, Xy ~ — TEPBUYHBIEC ApPAMETPBHI;

k — YUCJIO YYUTHIBAEMBIX TEPBUYHBIX TaPaAMETPOB;
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ay, Ai,..., Ay — KOO OUIHUEHTH MOJIECIH, ONpPEICIIIeMbIe MO Pe3yib-
TaTaM 3KCIIEPUMEHTOB.

Mopaens Buna (3.1) Ha3bplBalOT TaKXe€ yYpaBHEHUEM MHOMXECTBEH-
HOM JINHEWHOU PETPECCHUMU.

K MaremarnueckuM MOJIENSIM NPEIABABIASIOTCS JIBa OCHOBHBIX
TpeOOBaHUS: MPOCTOTA MOJYUYEHHUSI U OTHOCUTEIHLHO MUHUMAIbHBIE I10O-
TPEMIHOCTU NPH ONMCAHUU MOBEAEHUS yCTPOMCTBA MIM mpouecca. Bo
MHOTOM 3TUM TpeOOBaHUSM OTBEYAIOT JUHEHUHBIE PETrPECCUOHHBIE MO-
nenu Buaa (3.1). J{ns ompenelieHus MO JaHHBIM JKCHEpPUMEHTa KO-
sbdunueHToB ag, dai,..., a; MOJYyUYEHBI HECIOXHBIe pacu€THbie Qop-
MYJbl, @ YAOBJIETBOPUTEIbHOCTh onucanus peanbHbix POY u TII o0y-
CJioBJeHa HEOOJbIIUM OTKJIOHEHHEM NMEPBUUYHBIX MapaMeTPOB OTHOCH-
TEJIbHO CBOMUX CpEeIHUX (HOMHHAJIbHBIX) 3HAYEHHUU, COCTABISIOIIUM

o0piyHO He Oosee 20...30%. U3

4 & puc.3.3 BUJHO 4YTO 3aME€Ha PE3KO
peanbibii nporecc  HCJAMHEHHOW  3aBUCUMOCTH  HA

YUaCTKE XyuoutAX IpSIMOU NHUHHUEH
HE BBI3OBET OOJBIIMX OIIUOOK.
[Io »TOM mnNpuUYMHE JIMHEWHBIEC
perpeccuoHHbIe MOJE€IN B 0O0Jb-
NIMHCTBE CJIy4aeB OKa3bIBAKOTCS

RN

JIMHEHHAsT MOJIENb

v

=

Ax Ax .
NPUTOAHBIMH IS JTaJIbHEHIIeTo
Xrom HHXXEHEpHOro ananmsza PDOY wu
Puc.3.3. JluneiiHasi annpoKcuManus TII.
BLIXOTHOT'0 “apa“leAT;’a Ha y9acTke [Ipy mnoctpoeHuH MaTemMaTuye-
xHOM

CKUX MoOJejeil BO3HHUKAET BO-
IpocC, Kak B KOPPEISIUOHHOM
noje Jy4ylidM oO0Opa3oM NPOBECTU NPAMYIO WU APYyryw jnuHuio. [Qus
OTBETA HA 3TOT BONPOC MCIMOJb3yETCSA METOJ HANMEHbIINX KBAJAPaTOB.

3.1. MeToa HAUMEHBbIIUX KBAJIPATOB

[IycTp B pe3ynabTaTe 3KCIEepUMEHTa JJis HaOI0JAaeMbIX 3HAaYCHUH
NEepBUYHOTO NmapaMeTpa x 3aUKCUPOBAHbl 3HAYEHHUS BBIXOJHOTrO IMapa-
MeTpa y. HaHecém pe3ynpTaTsl dKCIIEPUMEHTA B BUAE IKCIEPUMEH-
TaJbHBIX TOUYEK HAa KOOPAMHATHYIO MIOCKOCTh (puc.3.4).

[IoHATHO, YTO Ny4YIIE€W JUHUEN B KOPPEIAANUOHHOM MOJE ABIACTCSA
Takas, s KOTOPOW pPacCXOXKJEHHE C DKCIEPHUMEHTAJIbHBIMU TOYKAMH
MUHUMaJIbHO. DTO MOJKHO 3allMCaTh B BUJE KPUTECPUS

Zn:(ym—yﬁ):anAyi — min (32)
=l i=1

rjie 7 — YUCIO IKCHEPUMEHTAIbHBIX TOYEK (TOYEK KOPPEJISAIUOHHOTO
1noJisi);
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A
Y
Ay=ysi—yri
SKCNnepnmMeHTalibHble
0 TOYKU
. v
Voi A
VTi T
Xi X

Puc.3.4. llon6op TMHUM METOAOM HAUMEHBIINX KBAJAPaTOB:

Vi — DKCIIEPUMEHTAJbHOE 3HAYEHUE ) B I-U TOUKE;
Vr1i — TEOPETUUYECKOE 3HAYEHUE ) B i-U TOUKE.

Jnst moniydeHus 3HAYEHUS Y7; HY)KHO B MaTeMaTHUYECKOE BbIpaxke-
HUE, ONMHUCHIBAKOIIEE MNPEANOJAracMyr YJIa4HYIO JUHHUIO, MOJICTABUTH
3HAa4YE€HUE X;.

Kpurepuii Buna (3.2) aBasercsa obmum kpurepueMm. Ha ero ocHo-
B€ MOTYT OBITh MPEATOKEHB KOHKPETHbIE KPUTEPHUU, & UMEHHO:

iAy,- — min (3.3)
i=1
3" |Av,| - min (3.4)
i=1

Zn‘,(Ayi)“ — min;a # 0, # 1 (3.5)

i=1

Kpurepuii (3.3) mpenmonaraetr, 4TO PacXOXJACHUE MEXAY V5; U
V»; IPUHUMAKTCSA CO CBOMM 3HAKOM, MO3TOMY IO MaTEMaTUYECKOM 3a-
NUCH OH COBIagaeT ¢ oO0muM kputepuem (3.2).

N3 ykazanusix kputepuen (3.3)-(3.5) Teopusa u mpakTuka ocCTa-
HOBUJIM BBIOOP Ha Kkputepuu (3.5) npu 3HaYEHUU O = 2, T.€. HA KpUTE-
puu

Z(Ay")z — min (3.6)

[Ton6op TeopeTndyeckux JUHUN (HYHKIUMH) HAa €r0 OCHOBE MOJY-
YUJ Ha3BaHUE METOJla HAMMEHBIIUX KBaJApaToB. DTOT METOJ HMeEeT
BECKOE TeopeTHuuyeckoe 000CHOBaHME BBUJY CIEAYIOLIEro:
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JWHUSA, TOCTPOCHHAsE B KOPPEISIIUOHHOM MOJE C MOMOIIBIO JlaH-
HOTO METO0/ia, sABJsieTca HanuboJiee BEPOSATHOM;

METOJ MPUBOJUT K MOJYUYECHHUIO MPOCTHIX PaCYETHBIX PopMys aAmns
onpeneneHuss Kod3hHUIMEHTOB TEOPETUUECKUX PYHKITUI.

IIpumep 3.1. B npouecce 3kcniyatauuu nepegatyuka paauotio-
kanuonHo ctaHuuu (PJIC) um3mepsioch 3HaYeHHE €ro HMIYJIbCHOU
MOIIIHOCTH B ONpeJeIeHHbIE MOMEHTHI BpeMeHH (Tabmn.3.1).

Tabnauna 3.1
Pe3ynbTaThl H3MepeHuss MOIHOCTHU nepeaatunka PJIC
Bpewms, u 0 50 100 150 200
MomHocTh, BT 800 790 750 730 710

TpeOyeTcs METOJOM HaMMEHBIIUX KBaJApaToB MoaobpaTh (PyHK-
110, KOTOpas ONMMChiBalia Obl K3MEHEHHE MOIIHOCTHU NepeaaTauka P Ha
nHTEepBane HabawaAeHUK oT £ = 0 mo ¢, = 200 u.

Pemenne. IlpenmonoxuM, Ha OCHOBE aHaidW3a (PU3UKU MPOIEC-
COB, MPOUCXOASAIIUX B 3ieMeHTax nepeagatuuka PJIC, ectb ocHOBaHUs
CUUTATh, YTO MOIIHOCTh P majgaer ¢ TEYEHHEM BPEMEHMU ! MO BKCIO-
HEHIHUAJIBbHOMY 3aKOHY, T.€.

P(t)= Pye ™,
rae Pp — 3Ha4YeHWE MOIIHOCTH B Ha4aJlbHBIH MOMEHT BPEMCHU;
a — KodQpPUIHUEHT, MOoJJIeKAIUN ONpeaeTICHUIO.

B kauecTtBe 3HaueHusa Py, MOXHO NPUHSATH

Py = P(t = 0) = 800.

A Tornpa 3ajaya
- 3KCHepI/IM€HTaJ'II)HI)Ie
A TOuKH nmogbopa TeopeTuye-

CKOW (GYHKIHUH CBO-

760
a OUTHbCSA K HaxXO0XJAe-
240 HUIO 10 D3KCHEepu-
MEHTaJIbHBIM JaH-
] | | | | . HBIM JIy4IllIEero 3Ha-
0 50 100 150 200 £, 4ac yeHuss KodpduumueH-

Tta a (puc.3.5).

Koappunuent a
HaleM  HUCIOJb3ys
kputepuit Buaa (3.6). Jnag atoro onpenenuM npuMepHoe 3HadeHue (mo-
psanok) kodpdunuenta a. 3amaguMcs HECKOJIbKUMH 3HAYECHUSIMHU ATOTO
kod(punrenTa B nuama3zoHe €ro BO3MOXHOTO U3MeHeHus. Jas Kaxmo-
ro 3HAYCHUS @ MPOCUYUTAEM 3HAYCHUE

d —at; 2
S:E(P,-—sooe ali)2 . (3.7)

Puc.3.5. CrnakuBaHue JKCNIEPUMEHTAJIBHOM
3aBHCHMOCTH TEOPETHYECKOM KPUBOM
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3aTem MOCTPOUM

rpaduKk M3MEHEHHUS YyKa-

3aHHOW CYMMBI OT 3Ha-

yeHuss koddpduinueHTta a.

JlydmuM ¢ TOYKHM 3peHUSA

I | | > METOAa HAMMEHBITUX
0,57 am 058 0,585 a1073 KBaJpaToB OymeT Takoe
3Ha4YeHUue a, NpU KOTO-

Puc.3.6. K onpenenenuto kodpduunenra a poM 3allHCanHasi BBIIIC

TeopeTHYeCKOH GyHKIUNH cymma  OyaeT  MUHHU-
MaibHa (puc.3.6).

N3 puc.3.6 BUAHO, YTO Aoy =~ 0,000576.

[Ipu monb3oBaHuU rpadukoM, MOKa3aHHBIM Ha puc.3.6, HeoOXo-
IUMO, 4TOOBl MCKOMOE€ 3HaueHue koddduinuenta a nonaio "B BHUIKY".
B mpoTuBHOM cnyyae mpoiecc MOCTpOE€HUS rpaduka HYKHO TPOaOJI-
KUTh B CTOPOHY YMEHbIIEHHS S, MOKa UCKOMOE 3HadyeHue kodpduuu-
€HTa a He monaaeT "B BUIKY".

B unxxeHepHO# mpakTHKe NpHU Moad0Ope TEOpeTHUYECKUX (PyHKUIUM
HET HEOOXOJAUMOCTHU KaXIbli pa3 MPUMEHATH OMUCAHHBIA B MpPHUMEpPE
NOJXO/I.

Hns psna Buga (GYHKIUH NOJy4YeHBI pacueTHbie (QOPMYJIBI s
omnpeneneHus ux Kod3pPUIMEHTOB.

3.3. HaxoxaeHue NpUOJINKAWIUX MATEMAaTHYECKUX
MojaeJiell B BUAE 3JIEeMEHTAPHBIX QyHKUMHT

3.3.1. JluHeliHast QyHKUMUSA

bynemM cuutath, 4TO B mpollecce dKCIEepUMEeHTa HabOIaaIuch
3Ha4YeHUs MapaMeTpa X U (GUKCUPOBAIU COOTBETCTBYIOIIME 3HAUYCHUS
napamerpa y. B utore moiaydeHo ABe COBOKYIHOCTU 3HAUYCHUN:

X;,i=1,.., n;

v,i=1,.,n,

rIe 1 — YHUCJIO DKCIEPUMCHTAJIbHBIX TOYCK.
[TonGepeM PpyHKIHIO, KOTOpas Jy4dIIUM 00pa3oM MpubOIUKAETCS K
IKCIEPUMEHTAJbHBIM TOYKaM, U KOTOPYI Ha30BeM NpUOIMXKAIOMIEH.
Ee maninem B Bue
3.8
y=ax+b, (3.8)
rae a, b — xod3dpunMeHTs TUHEHHON QYHKIIUH.
Haiinem nuueiHyto ¢GyHKIHIO, KOTOpas C TOYKU 3PEHHUS METOoj]a
HAaMMEHBIIUX KBAaJpPaTOB OMHCHIBAET MOBEJCHHUE MapaMeTpa )y B 3aBU-
CUMOCTH OT ITapaMeTpa X.
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Cornacuo [7], Takou sBasieTcss QpyHKOus, kKodbdUIUSHTH a U b
KOTOPOM MOJCYUTAHBI MO POopMysiaM

nle-yi —inZyi
— i=1 i=1 i=1
”lez _(in)z
i=1 i=1
n 2 n n n
in Zyi—ininxi

poizl i=l =l =l
n n
Yy -(Xx)?
i=1 i=1
[Ipn pemeHWM TpakTUYECKHUX 3a7ad OOBIYHO CTpeMATCS (YHK-
U0, CrJIaXHWBAIOMIYIO pe3yJdbTaThl JKCIEPHUMEHTa, MPHUBECTH K JIH-
HEHHOMY BUAY M BOCIOJIb30BaThcs dopmynamu (3.9).

N

a

> (3.9)

3.3.2. IMoka3areabHass PyHKUMSA

[Ipenmnoysoxum, 4TOo JNydmIed C TOYKH 3PEHHUS METONAa HAWUMEHb-
MIUX KBaJApaToB, sBAsSETCS PyHKIUSA BHIA

y=be”™, b>0. (3.10)

[IponorapudpmupoBas paBeHcTBO (3.10), monyuum
Iny=ax+1Inb

Beenem o6o3nauenus ¥ = In y; B = In b. [lonyuum
Y=ax+B (3.11)

VYpaBuenue (3.11) ectp ypaBHeHue npsimoil nuHuu. Ee korpdu-
UUEHTHl @ U B MoryT ObITh nmoacuuTanbl no ¢popmynam (3.9), ucnonsb-
3ys B KauecTBEe 3HaueHu# y; 3HaueHusa In y, (i = 1, ..., n). CoBOKyI-
HOCTb Xx; (i = 1, ..., n) ucnoyb3yeTcs 0€3 U3MEHEHHUA.

B pesynsTate npumenenus gopmyn (3.9) koapdunuent a omnpe-
NEJUTCS cpasy, a KoddpuuueHT b onpeaeanuTcs, Kak

beo® (3.12)
3.3.3. Crenennast pyHKuMs
[MIpubnuxamwmyo GyHKIHUIO OyJAeM UCKATh B BUJIE
y=bx",b>0. (3.13)
[Ipeamonoxum, 4To BCe 3HaueHus x; u y; (i = 1, ..., n) mojo-

xuTenabHbl. [Iponorapudmuporar paBencTBo (3.13) npu yciaosuu b> 0,
HOJy4UM

Iny=Inb+alnx (3.14)
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O6o3nauum: Y=In y; B=In b; X=In x, Torma paBeHcTBO (3.14)
NpUMET BH]
Y=aX+B,

T.€. 3ajJaya CBeJlaCh K OTBICKAHUIO MNapaMeTpoOB a U B, NTUHEUHOH
byHKuu 10 BRIpaxkeHUsM (3.9). OaHako B JaHHOM cjlydyae B KayecT-
B€ 3HAYEHHUU X; U y; HEOOXOAUMO HMCIOJb30BaTh 3HaueHus In x; u In y;

(i=1,...,n).
3navenue kodpounuenta a pynknuu (3.13) Oynmer moyiydeHo
cpasy, a 3HaueHHue Kod(ppunueHTa b — ¢ TOMOIIBIO BHIPAXKCHHUS

b=e".
3.3.4. JlorapudpmMuueckass QyHKIUA

B sToM cnyyae npubinxamimy QyHKIUIO HAXOIUM B BUIE

y=alnx+b. (3.15)

Jlerko 3aMeTUTh, UTO JJid MepexoJa K JUHEHHOU QYyHKIHU JOCTa-
TOYHO CJIeJIaTh 3aMEHY

X=In x

Hns pacuera korddunuentoB a u b mno ¢popmynam (3.9) HeoO-
XOQMMO B KadecTBE€ 3HAYEHUH X; HCHOJHb30BATh 3HAa4YeHHUS Inx;

(i=1, ..., n).

3navenus y; (i = 1, ..., n) ucnons3ymwTca 0e3 usMeHeHus. B pe-
3yJbTaTe pacueTa 3HadYeHUs KodpdumueHtoB a u b dyaknuu (3.15)
OyAyT MOJy4deHbl cpasy.

3.3.5. IpoOHo-i1nHeliHAA QYHKIUA

[MTpubnuxarmmas GyHKINUS UMEET BU ]

1 (3.16)
ax+b’

[Tepenumem paBeHcTBO (3.16) caenymmuM 00pa3zom:

l:ax+b.
y
N3 mocrmeaHero paBeHCTBAa BUJAHO, YTO AJS HAXOXKICHHUS HEU3-
BECTHBIX K03 punuentoB ¢yHkuuu (3.16) MOXKHO BOCMOJB30BATHCSH
bopmynamu (3.9), HO B KadecTBE 3HAYCHUH ); HEOOXOAUMO B3AThH 3HA-
yenus l/y; (i =1, ..., n). Koabdbunuenats pynknuu (3.16) B 3TOM cay-
yae OyyT ompeesieHbl cpasy.
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3.3.6. 'unep6oaa

Ecnu rpaduk, mocTpOeHHBIM MO TOYKAM C HMCHOJb30BAHUEM 3Ha-
yeHut x; u y; (i = 1, ..., n), HanOMHHAaeT BETBb IunepoOO0Jbl, TO MpPU-
Onmkammy GYHKIUIO MOXHO UCKAaTh B BUJE:

y=%4p (3.17)
X

Jlns mepexona K JUHEHHOW QYHKIMH cjAejlaeM MOJACTaHOBKY
X =1/x. Torna
y=aX +b.

[Toatomy mnepen wucnonbzoBanueM ¢opmyn (3.9) HeoOxomumo
3HaueHus x; npeoOpa3oBath B 3HaueHusa 1/x; (1, ..., n). [locne uero mo
bopmysam (3.9) kodpdunueHTsl a u b OyAyT MOJYyUYEHBI Cpazy.

3.3.7. IpoOHO-pannoHaJbHAsA QYHKIMA

[Tycts mpubnuxarmas QyHKIHUS UIIETCS B BUJIE

__* (3.18)
ax+b

[IpeobpazoBaB paBeHcTBO (3.18), monyuyum
1 b

—=a+—.
v X
BBons o6o3nauenus ¥ = 1/y; X = 1/x npugem Kk nuHeHON QYyHK-
11§2071
Y=bX+a.

B sTom cnyuae mepen ucnonb3zoBanuem dopmyin (3.9) Heobxoau-
MO 3HAYEHHSA X; U y; IpeoOpa3oBaTh COOTBETCTBEHHO B 3HauUeHHUsA l/x; u
1/y, (i =1, ..., n). Koadpuuuentsr a u b monenu (3.18) OyayT paBHBI
COOTBETCTBEHHO 3HAUYCHUIM KOd()OUIUEHTOB b U a, MOJACYUTAHHBIM 1O
dbopmymnam (3.9).

3.4. CnnocoObl MOJIYyYEeHHS MATEMATHYECCKUX
moaeaein POY

Marematuueckue monaenu PDOY wmoryT OBITh MNOJIydYeHBl aHaJU-
TUYECKHUM NYTEM Ha OCHOBE paccCMOTpeHHA (PU3UUYECKOW CYIIHOCTH BBI-
XOJHOTO mapaMeTpa U MaTEMAaTHYECKUX BBIPAKEHUMN, XapaKTEPU3YIOIIUX
€ro MOBEJAECHUE B TE€X WJM MHBIX ycClIOoBUAX. K coXameHHUIO 3TOT MOAXO0]
BO MHOTHUX CJydasiX HE MO3BOJISLET AOCTUYD LeJu. B mogoOHbIX ciyudasx
MaTEeMaTUYECKUE MOJEIHU IOJYYAKT C MOMOIIBK 3KCIHEPUMEHTAJbHBIX
ucciaenopanuit POY. Ilpu 3ToM B mpakTUKe HAXOASIT MNPUMEHEHHUE Iac-
CUBHBIE U aKTHUBHBIE (PAKTOPHBIE IKCIIEPUMEHTHI.
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DaKTOPHBIMU PKCINEPUMEHTHI HA3BIBAIOT MOTOMY, YTO B MpoIlecce
NpPOBEJACHUS IKCIEPUMEHTA KaKUM-JTU00 00pa3oM U3MEHSIOT 3HAUYCHHUS
NEPBUYHBIX MapaMeTpoOB, paccMaTpUBaeMbIX Kak (akTopwl, U GUKCHU-
PYIOT YPOBEHb BBIXOJIHOTO MapaMeTpa, pacCMAaTPUBAEMOT0 KaK OTKJIHUK
uid GQYHKIUSA OTKIHKA.

[Ilpy maccUBHOM DJKCHEPUMEHTE HWHXKEHEp HaOII0JaeT 3HAYCHUS
GbaKTOpPOB W PETUCTPUPYET COOTBETCTBYIOIIUNA ATHM 3HAYCHHUIM YPO-
BEHb BBIXOJHOTO mapamerpa (oTkiuka). MI3mMeHeHue 3HaueHH (pakrto-
pPOB B TaKOM OJKCIEPUMEHTE IOCTHUraeTCs MyTEeM 3aMEeHBbl dK3eMILIsgpa
ycTporicTBa. OCHOBHOM HEIOCTATOK TAKUX ADKCIOEPUMEHTOB COCTOUT B
HEOOXOJUMOCTHU NPOBEJEHUS OOJIbIIOTO YHUCJIa OMBITOB.

[Ipy aKTUBHOM DKCHEPUMEHTE HMHXKEHEpP aKTHBHO BMEIIMBAETCA B
ero XoJ myTeM MNPUHYAUTEIbHOW YCTAHOBKU (3aJaHusi) B ONBITaX HYX-
HBIX €My 3HauYeHU (PakTOpoB. AKTHUBHBIE JKCIEPUMEHTHl MO3BOJSIOT
3aMETHO YMEHBIIUTh KOJHUYECTBO OMBITOB, TpeOyeMoe sl MOJy4YeHUS
MaTemMaTuueckoi moaenu. OIHAKO UX MPOBEJIECHUE HE BCErJla BO3MOXK-
HO MO TEXHUUYECKUM UJIH IKOHOMHUYECKUM COOOpaXKECHUSIM.

3.5. lIlpuMeHeHHEe MACCHBHOIO 3KCIIEPUMEHTA
AJIA MOJYYEHHUS MaTeMaTUYEeCKHUX MoJeseH

OnumeM OCHOBHBIC 3Tamlbl NMPOIEAYPHl MOJYyUYECHHS MaTeMaTHde-
ckux moneneit POY ¢ ucnonp3oBaHmeM MacCUBHBIX DKCIIEPUMEHTOB.

1. Jns paccMaTpmBaeMoOTo BHJa YCTPOWCTBA BBIABIAIOTCS Mep-
BUYHBIC MapaMeTphl (paKkTOphl), B HAUOOJbIIEH CTENEHU BIMUSIOINIHE HA
BBIXOJHOU mapameTp. Yucio 3Tux (HakTopoB k peKOMEHIyeTCs orpa-
HUYMBATh 3HaUueHUEeM k < 5-8.

2.0npenensieTcss TpeOyeMoe KOJHUYECTBO OIBITOB IaCCHBHOTO
PKCTIEPUMEHTA n WU, 4TO TO XK€ camMoe, TpebyemMoe YHUCI0 3aMEeH JK-
3eMILIsIpa yCTPOUCTBA:

2 \2
pz L) (3.19)
o

r

TJI€ ’min — MUHUMAJIbHOE 3HaYeHUE KOdpdUIMeHTa MapHOU Koppe-
JSAMUUA MEXJY NMEpBUYHBIM mapameTpoMm (HakTOpoM) U BHI-
XOJHBIM TTapaMeTpOM, CUUTAEMOE elle 3HAYUMBIM (CyIIecT-
BCHHBIM, BECOMBIM); OOBIUHO | rmi,,l =0,2...0,3;
0, — CpeaHee KBaJApaTU4YECKOEe OTKJIOHEHHE KodpHuIueHTa Kop-
peISAIIUH.
3Ha4YE€HHE G, ONPEAEHAIOT, KaK

o, =, (3.20)
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rae t, — ko3GUIUEeHT, 3aBUCAIIUNA OT TOBEPUTEIbHONU BEPOSATHOCTH Y
(cM. Tab6m.2.3).

IIpumep 3.2. TpeOGyercs onpenenuTh, KaKOe YUCIIO ONBITOB Iac-
CHUBHOTO JKCHEpUMEHTa HEOoOXOAMMO MpPOBECTH MJds ciaydas, Korja
MPUHATO 3HAUCHHE | Fmin| =0,3. JloBepuTenbHas BepoATHOCTH ¥ = 0,95,

Pemenue. 1o ta6n.2.3 qusa y = 0,95 waxonum ¢, = 1,96. ITo dop-
myJie (3.20) BBIUUCIUM 3HAUYCHUE O,:

Ucnonw3ysa Beipaxenue (3.19), ompenenum TpebyemMoe 4YHUCIO
OTIBITOB:

2N\2
0,153

HeTpyaHO yOEAUTHCS, €CIAH HPUHATH | Fpin| =0,2, TO YHCIO OMBI-
TOB n > 89.

3. [IpoBOasITCS OMBITH MAaCCUBHOTO dKcmepuMeHTa. [IpoBeneHue
OMBITOB BKJIIOYACT:

HabOnoAeHue (MU3MepeHue) 3HaueHUu (PakTOpOB A HCCIENyeMO-
ro 3K3eMIIsipa yCTPOMCTBA;

peructpanuio (U3MEpeHUE) 3HAUCHUS BBIXOJHOTO MapaMmerpa, Co-
OTBETCTBYIOUIET0 HaOMI0JaeMbIM 3HaYCHUSIM (HaKTOPOB;

3aMEHYy 3K3eMIUIspa YCTPOUCTBA.

PesynbTaThl OMBITOB PEKOMEHAYETCS CBOJAWTH B TalOJHWIy BUAA
tab6mn.3.2.

Tabmauma 3.2
PexoMmennyemas popma 3anmucu pe3yJbTaTOB NAaCCUBHOTO IKCIEPUMEHTA
4

Howmep omnbiTa (3K3eMILISAp 3HayeHue pakTopa YPpOBEHB BBIXOAHOIO
yCTpOICTBA) napaMmeTpa y
X1 X

1

n

Takas Tabnuma ymoOHa TeM, YTO MpPHBOAMMAs B Hel WHPopMa-
Hsi, MOXET cpa3y BBOIUTHCS A oO6paboTku B DBM, 6e3 mepenuchi-
BaHUS U CUCTEMATHU3allMU YCIOBUMA U PE3yIbTATOB ONBITOB.

4. BeimonHsieTcs cTaTUCTUYecKas oOpaboTka pe3yidbTaTOB OIIBI-
TOB. B 00miemM ciydae CI0XHOCTh MaTeMaTHYECKOW 00pabOTKU 3aBUCHUT
OT TOTO, KOPPEJIUPOBAHHBI JTU MEXKAYy cO00HW (haKkTOPHI.
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Cratuctuueckas oOpaboTka B HacTOsIIee BpeMs KaK MNpPaBUIIO
BeIMOJIHsAeTCS HAa DBM ¢ ucnonp3oBanmeM OMOIUOTEYHBIX MPOTPAMM.

[To pesynbTaTaM CTATUCTHUYECKOW OOpabOTKM CTPOSAT MOJAEIH B
BUJE€ ypaBHEHUs perpeccur. YacTo BHAYaNe CTPOSAT JUHEHHYIO MOJEIb

yv=apta\x;+...tax;, (3.21)
rae y — BBIXOJHOU mapamMerp;
X1y eeey Xk — ¢daKTopHI;
k — KOJINYEeCTBO (DaKTOPOB MPHUHATHIX BO BHUMAHUE;
ao, ai, ..., Ay — KOOIPPUIUEHTH MOJENU, MOJydyaeMble U3 dKCIEPU-
MEHTA.

[Ipn 3amucu MaTeMaTU4eCKOM MOJAEIM B HE BKJIKYAKT TOJbKO
3HaYuMble KOo3hdunuenTsl. [IpoBepka3HaYMMOCTH, KaK MPaBUIIO, SABIS-
€TCs COCTAaBHOM YaCThIO CTATHUCTUYECKOW 0OpabOOTKM U BBIMOJHIETCS C
NOMOIIBIO T€X € OUOJIMOTEeUHBIX IporpaMm ans 9BM

[IpoBepuTs 3HaUUMOCTH Kod(pduUUMEeHTa MOJE]U O3HayaeT AaTh
OTBET Ha BOMNPOC, 3a CUET 4ero Kod(pUIMEHT OKa3ajcs OTIUYHBIM OT
HYJs — 3@ CYET CJydYalHbIX NPUYUH (OTPAHHUUYEHHOTO YHCa ONBITOB),
a100 3a CYET TOTO, YTO ITO OOBEKTHBHO UMEET MECTO.

[Tporpammsbl gist 9BM, BBIIONHSIOMKWE NPOUEAYPY NPOBEPKHU 3HA-
YUMOCTH, PEalU3ylT OOBIUHO claeaylouuid aaroputm. [nsa paccmarpu-
BaeMoro kodpdumueHTta, HampuMep a, ONMpPEIeNIAeTCS TOBEPHUTEIbHOMN

(a) .
UHTEepBal (MHTEpBajdbHasi OIEHKA) ]Y , COOTBETCTBYIOIIUN JOBEpU-
TE€JIbHON BEPOSATHOCTH V:

(a) _ { . }
1" = ay;agy,
I'alC dg,ap — 'PaHUIbBI HHTCpBAJa.
I[anbme YTOUHACTCA BOIIPOC, IIOIMAagacT JIU B HOCTpOCHHbeI JOBC-

pPUTEIbHBIN UHTEpPBA Iia) touka a=0 (puc.3.7).

(a)
]Y
_A
£ N
ag al* a >

K02 uiment a
Puc.3.7. loBepuTe/ibHbII HHTEPBAJ 1Jjs Kodpdunuenra a:
a¥ —ToYe4yHasl OLleHKAa

Ecnau 3TO mpoucXoauT, TO HET OCHOBAHUM TOYEUYHYIO OLIEHKY a’,
NOJYYEHHYIO MIPU CTaTUCTUYECKON 00paboTKe, CYUTATh 3HAYUMOM, U0O
OTJIMYHOW OT HYJs OHA MOTJa OKa3aThCs 3a CYET OrPaHUUYEHHOCTH
Yucjia OMNBITOB, MOTPEHIHOCTEH SKCHEPUMEHTa W JAPYTUX CIydalHBIX
npuuuH. CrenoBatenbHo, Tako ko3 dunuent (cmaraemoe ¢ kod3pdu-
HUEHTOM a*) He cleAyeT BKI4YaTh B GOpMHUpPYyEMYI0O MAaTeMaTUYECKYIO
MOJEb.
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Ecniu B nanpHelmeM BBISICHUTCSA, 4YTO JHHEWHas MOJIENb BHJIA
(3.21) okaxeTrcs HealleKBaTHOW pe3yJbTaTaM dKCIEPUMEHTA, TO OMATH-
TaKu C UCHOJb30BaHUEM OUOIMOTEUHBIX mporpamm ais DBM, ctpost
MaTeMaTUYECKYI MOJeJb B BUJE CTENEHHOTro mojuHoMma. OOBIYHO OT-
PAaHUYHUBAIOTCS MOJUHOMOM BTOPOM, PEXKE TPEThEU CTEIECHU.

5. IlpoBepseTrcs NPUTOOHOCTh NMOCTPOCHHOW MOJAENU OIS LEJNEH
npakTuku. OO0 3TOM CyAST HO €€ aJAeKBAaTHOCTHU pe3yJbTaTaM 3JKcCIie-
pUMEHTA.

[IpoBepuUTh aI€KBATHOCTH MOJENIHU O3HAYAET BBIACHUTH BONPOC, 32
CUET YEero UMEIOT MECTO PACXOXKJICHUS MEXJY 3HAYEHUSIMHU BBIXOJHOTO
napaMeTpa, MOJYYEHHBIMU SKCIEPUMEHTAIBHO U NMOACYUTAHHBIMHU IO
NOCTPOCHHON MaTeMaTUYECKOW MOJENU, — 3a CUET IMOTPEUIHOCTEW B
ompITax Ju0O 3a CYET TOrO, YTO MOJEJb MIO0XO0 OMUCHIBAET MOBEJIECHUE
BeIXOMHOTO mapamerpa POY. OObiuHO 3Tam 5 BBINOJHSIOT TakKXke Ha
OBM, coBMecTHO ¢ 3Tanom 4.

Muorue OMOGIMOTEYHBIE MPOTPAMMBI MIPU NMPOBEPKE aJEKBATHOCTHU
UCHOJB3YIOT KpuTepun dumepa.

3.6. IToayuyeHue MaTeMaTH4YeCKHUX MoOJeJel
C MIOMOIbI AKTUBHBIX (AKTOPHBIX
IKCNEPUMEHTOB

3.6.1. 3agaym TeopUH NIAHUPOBAHUSA IKCIIEPUMEHTA

B uHXeHEpHOU NMpakTHUKE CTPEMSATCS MOJYUYUTh MATEMATUYECKHUE
Monenn PDOY uIum TEXHONOTMYECKUX NPOUECCOB C HCIOJb30BAHHEM
MHUHHUMAJIBHOTO 4YHCJa ONBITOB. B psage ciiydyaeB 3TO MOXHO ClejlaTh C
MOMOIIBK MAaTEMAaTUYECKOW TEOPHUHU MIAHUPOBAHUSA DKCIIEPUMEHTA.

[InanupoBaHue 3KCOEpUMEHTa — 3TO Mpoleaypa BeiOopa yucia u
yCIIOBUN NPOBEIEHUS OMBITOB, HEOOXOAMMBIX U JIOCTATOYHBIX IS pe-
IMICHUS MOCTABJIEHHOM 3a/1auu ¢ TpeOyeMOol TOYHOCTHIO.

B Teopuu nmnaHupoBaHUS dKCOEpUMEHTa MpoLEaypYy BbIOOpa YHC-
Ja U YCJIOBHUU MPOBEAEHUS OMNBITOB HA3BIBAKOT MJIAHHUPOBAHUEM MHOTO-
GbaKkTOPHOTO dKCIEpPUMEHTA, UMEsS B BUJY, UTO YUCIO (PAaKTOPOB — HE
MeHee IByX. TepMuH "BappupoBaHuE" 03HA4YaeT YCTAaHOBJIIEHUE HCCIE-
JOBaTeJieM HYXXHBIX €My B dKCIEpUMEHTE 3HaueHUil (ypoBHeil) ¢pakTo-
pOB.

Teopuss miaHUpOBaHUA DKCHEPUMEHTA OOJKHA JAaTh OTBETHl Ha
CIEAYIOIUINE BOMPOCHL:

0 KaKOMY IJIAHY MPOBOJUTH SKCIIEPUMEHT;

KaK 00pabaTbiBaTh pe3yJdbTAaThl IKCIIEPUMEHTA,;

KaK OILIEHHBATh KAa4€CTBO OMNBITOB M MNPUTOJAHOCTHh MNOCTPOECHHOWU
MOJEJINA JJisl NIPaKTUKHU?
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3.6.2. OcHOBBI TEOPHUH MJAHUPOBAHUS AKTHBHBIX
(paKTOPHBIX IKCIIEPUMEHTOB

[Iyctp pakTopsl X, ..., X; 00BEKTa UCCIEIOBAHUS CBSA3aHBI C BBI-
XOJHBIM MapaMeTpoM (OTKIMKOM) 3aBUCHUMOCTBIO
y=0(x1, ..., Xz), (3.22)

rjae k — 4uciao y4uTbiBaeMbIX (GaKkTOPOB.

[Ipu ucnosb30BaHUM NMOJHBIX (AKTOPHBIX AKcHepuMeHTOB (I1DDI)
3aBUCUMOCTH (3.22) 4yacTo MmoJiydyaloT B BUJE HEMOJHOW KBaJApaTUYHOUN
Mojequ (IMOJIMHOMA):

y=Bot Bixi+...+ Bixpt PBraxix2t+..., (3.23)
rae Bo, Pi,..-»Px ,P12,... — KODPIUNHESHTH TOJTHUHOMA,;
X1yee0, Xp — HaTypajbHbIC B CBOCH Pa3MEPHOCTH 3HAUCHHUS
bakTOpOB.

MHuoroto4yue B KOHIIE BbIpaxkeHus (3.23) o3HavaeT, 4TO Ha Mpak-
TUKE MOXHO MHTEpPECOBAaTHCS HE BCEMHU B3aUMOJEHCTBUSAMHU (IIPOU3BE-
NeHUsAMHU) pakTOpoOB, a NUIIb JIUHEHHON YaCThI0O MOJIEIIH.

Monens Buaa (3.23) Ha3bIBAIOT YPaBHEHUEM pETrpecCUU, UIU PEr-
peccUuOHHON Monenbro, kKodpduuuentsr By, Bi,...,Pr ,P12,... — K0dIDPu-
HUEHTAMHU PErPECCUOHHON MOJEIIN.

[TonyduTh NOAMHOM C HATypalbHBIMH 3HAaY€HUSIMU (AKTOPOB
(pa3MepHBIA MOJMHOM) Cpa3y B OOJBIIMHCTBE CJIy4aeB HE NpPeICTaBIsd-
eTcs BO3MOXXHBIM. [lo3TOMy BHauaje MOJy4yarT HNOJIHMHOM C KOJIUPO-
BaHHBIMU Oe3pa3MepHbIMU 3HauyeHUAMHU (akTopoB. Takoll MNOIUHOM
OysaeM Ha3blBaTh 0€3pa3MEpPHBIM.

be3spazMepHbIli TOJUMHOM UUIYT B BUJE

y=b,+bx +..+bx +b,xXx,+... (3.24)
rae X;,...,X, — KoaupoBaHHBbIe (6e3pazMepHblie) 3HaUeHUS PAKTOPOB;
by, by,...— ¥K0dPIULUMEHTHI, 3HAYECHUS] KOTOPHIX B OOIIEM cliydae

OTJAWYHBI OT 3HAYCHUHN aHAJOTHUYHBIX KOd(pPuuueHTOB
monenu (3.23).
KonupoBaHnHuble 3HaUeHUS (AKTOPOB OMPEACIASIIOTCS COOTHOIMIEHUEM

X.— X
$ =470 (3.25)
2
J ﬂ,
J
rac X — HAaTypaJIbHOC TCKYIICC 3HAYCHUC j-FO cbaKTopa;
Xjp — HATYPaAaJbHOC 3HAUCHHUC HYJCBOI'O YPOBHA j—FO CI)aKTOpa;

ii — IIOJIOBHHA pa3Maxa BAPpbHUPOBAHUIA j-FO (I)aKTOpa, Ha3bIBACTCA

00BIYHO MHTEPBAJIOM BapbUPOBAHUSI;
j — nomep dakrtopa (=1, ..., k).
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Jns nmonydenus moaenu Buaa (3.23) unum ee TMHEHHON 4yacTH
y=b,+bx +..+bXx, (3.26)

KaXJbli (aKTOp NOCTATOYHO BapbUPOBATh HAa JBYX YPOBHIX. YpPOBEHb
j-To QakTopa, COOTBETCTBYIONHUNA OOJbIIEMY 3HAYCHUIO X;p, HA3BIBAIOT
BEpPXHUM, a COOTBETCTBYIOIIUN MEHBbIIEMY 3HAYEHHUIO X,y — HUXKHUM.
[locpenuHe MexaAy HUMU pa3MEIlEeH OCHOBHOW (HyJeBOM uiau 0a30BbIN)
ypoBeHb (puc.3.8).

Ay A [Ipu xoAMpPOBaHWU YyPOB-
- >’< >~ Heil (QaKTOPOB C HMCIOJIB30Ba-
_ HueM BbIpaxkeHus (3.25) mniaH

YjH Xjo YjB xj> DKCIIEPUMEHTA HE 3aBUCHUT OT
bu3uku nmpoiecca (SIBJICHUSA).

> Ha npakTtuke CTPEMST-

-1 0 *l X; Csl ypOBHHU BapbUPOBAHUSA BBHI-

OpaTh Tak, YTOOBl MOJYYHUTH

Puc.3.8. YpoBHHM BapbuUpPOBaHUS x,=%xl. D10 ympomaeT JKcIe-

pakxTopa x; pUMEHT W 00paboOTKy ero pe-

3ynbTaroB. 3HadeHue X, =-1

COOTBETCTBYET HHUXKHEMY, a 3HAYEHHE x, =+l — BEPXHEMY YDPOBHAM

BapbupoBaHus (puc.3.8). B nmanpHelimem OyAyT paccCMOTpPEHBI HKCIIe-
PUMEHTHI, B KOTOPBIX KOJAMPOBaHHBIE yPOBHU (HAKTOPOB, MPUHUMAIOT
3HaueHus —1 unnm +1.

Ecnu 4ducimo ¢akTopoB paBHO k, TO NpU UX BapbUPOBAHUHU HA
IBYX ypoBHAX (—1; +1) uncno coueTaHuit (KoMOMHANMI) ypoBHEH dak-
TOPOB HJIM, YTO TO XE€ camMoe€, YHUCJIO OMNBITOB N AKCIEpUMEHTa OI-
penenuTcs BeIpaxenuem N = 2° .

3.6.3. lloaublii pakTOopHBIHA IKCHepuMeHT (IIDI)

DKCHEepUMEHT, B KOTOPOM PEalM3yITCS BCE BO3MOJXKHBIE COYETa-
HUS ypoBHEeW (GaKTOpPOB, HA3BIBAIOT TMOJHBIM (AKTOPHBIM DJKC-
nepuMeHToM — [1D3.

Tak kak mpu BapbUpOBaHUU (HAKTOPOB JIMIIb HA JABYX YPOBHSX

yucao onbIToB IIPD N cocraBiager 2k, TO TOBOPAT, UYTO UMEET MECTO
[I®D Ttuna "2 B cTeneHu k".

YcnoBus 3KCOepuUMEHTa MPEICTAaBISIOT B BUJAE TaOJHIIbI, Ha3bI-
BaeMO#l maTpuleill miiaHa 3KCIEPUMEHTA, WJIU KPAaTKO MIAHOM dKCIie-
pumenTta, CTpOKM MaTpPHUIBl HA3bIBAIOT BEKTOP-CTPOKAMH, CTOJOIBI —
BEKTOp-cToNOmaMu. [lig mpocTOoThl 3amucu B MaTpuie cumBon "1"
OOBIYHO ONYCKalT, OCTaBJsAsS JUINbL 3Haku "miaroc" uiaum "muHyc". B

1a611.3.3 B KauecTBe mpuMmepa mpuBexeH mian 11O tuma 2° mpu k = 2.
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Tabnuna 3.3
Martpuna mrana [1®3 npu uncne pakropos k = 2

Howmep ombiTa X1 X,
1 _ _
2 — +
3 + _
4 + +

B martpune (tabn. 3.3) ctonbusl 3?1 u 3?2 3aJal0T yCJIIOBUS OIMBbI-
TOB, T.€. B COOTBETCTBUM CO 3HAKaMHU ITUX CTOJOIOB JTOJIKHBI ycCTa-
HaBJIMBATHCS YPOBHU (HAKTOPOB NMPU MPOBEIEHUH OTMBITOB.

Baxneitmumu cBolictBamMu wMatpul IIDPD aBAsSOTCI CUMMET-
PUYHOCTh, YCIOBUE HOPMUPOBKU U OPTOTOHAIBHOCTD.

CUMMETPUYHOCTh JOCTUTAETCS 00E€CEYEeHUEM yCIOBUM

N
(%), =0,/ =1k (3.27)
i=1
rae j — "HoMmep aktopa, j=1, ..., k;
i — HoMmep ombiTa , i=1, ..., N.

YcioBue HOPMUPOBKH BBIPAXKAETCA COOTHOIEHUEM
y 2
DI =N (3.28)
i=1

OpTOFOHaHBHOCTB O6CCH€1H/IBEICTC$I HpI/I BBIITIOJIHCHUHA paBeHCTB

N
SE)E) =05 j, I=1k; j#l (3.29)
i=1

Eciu xots 661 onqHO u3 ycaoBuil (3.27)-(3.29) He BbINOJIHACTCH,
TO 3TO O3Ha4aeT, uTo Marpuna I[P cocTtaBieHa HEBEPHO.

[Id®D mo3BoNIeT KOJUYCCTBECHHO OIEHHTH 3PPEKTH B3aUMOCH-
CTBHS, T.€. YUYeCTh OJMH M3 BUJOB HeNUHEWHOCTHU. s ompeaeneHus
kK03 HUIIMEHTOB NPHU B3auUMOJAEHCTBUU (HAaKTOPOB, Kak OyJeT MOKa3aHOo
nanee, MOJB3YIOTCS NPaBUIOM YMHOXEHHUS CTOJOIOB MaTpHUIBl IJia-
HUPOBAHUA.

Onnako u3 [I®D Henb3sa u3BIeUYb MHPOPMALUIO O KBAJAPATUUHBIX
yneHax. HerpyaHo yOGenuThCs, 4YTO BEKTOP-CTOJOIBI Jisi KBaJgpaTHu-
HBIX YJIEHOB (xj)2 OynyT coBmajath Mexay coboii. Jlerko noka3aTh,

4YTO OlleHKa Kod(pduuuenra by oka3plBaeTCd CMEIWAHHON U cIpaBeJiu-
BO COOTHOUIEHUE

b()_)B()+ Bll+---+ Bkk (330)

Breipaxkenue (3.30) o3Hayaer, 4To KOdpdUUUEHT by COAEPKUT
addekTh, 00yCcIOBICHHBIE KaK CBOOOJAHBIM YJIEHOM [y, TaK M KBajapa-
TUYHBIMU uneHamu B;;(j=1, ..., k).
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s olleHOK ApyTUX KO3(PPHUIIMEHTOB CIIpaBeIJIMBbBI COOTHOMICHU S
bl—>B1;

by—Ba; (3.31)

bk_’Bk-
3.7. lnanupoBanue IIPD u ero BoIMOJHEHH €

[TnaaupoBanue [IPD ¢ nwObpIM yuciomM (GakTopoB k CBOAUTCS K
3alMCH B MAaTPHUIy BCEX HEMOBTOPSIOMIUXCS COYETAaHUN YPOBHEU ITUX
daktopoB. UTOOHBI crnenatb 3TO OBICTPO M 0€30MHUOOYHO, PEKOMEHAY-
eTCcsa TakoW mpuemMm (Ipu BapbUpOBaHUM (HAKTOPOB HA JABYX YPOBHIX).
3anucaTh 4yuclia OT HYJS JO 3HAUYCHUS (2* = 1) B mBoWUHOH cucTeMe
CUuuclieHHus, a 3areM nudppe "Hyiap" MOCTAaBUTh B COOTBETCTBUE 3HAK
"Munyc", a uudppe "egununa" — 3Haxk "marc".

Ipumep 3.3. llpu 3Hauenuun k = 4 cnnanuposats DD, npen-
Ha3HAYCHHBIU NJIs MOJYUYEHUS JUHEHHONU MoJienu 00beKTa.

Pemienne. [{ns nmonydenus moaenu Buaa (3.26) gakTopsl gocra-
TOYHO BapbUpPOBATh Ha ABYX ypoBHAX (—1; +1). OOmee yucio ONbITOB
[I®D npu k = 4 onpenenurcsa kak N = 2* = 16.

3anumeM B TaONMIy YMciaa OT HyJas g0 3HaueHus (2° — 1 =15) B
JIBOUYHOUN cucTteMe cuucieHus (tab6n.3.4, a).

Tabnuma 3.4

[Tonyuenune matpunsl miana [I®D ¢ moMoub0 3aMUCH YUCET
B I[BOH‘-IHOfI CUCTEMC CUUCIICHUA

a o

q(I)/ICJ'IO Paspsig 1u1st akTopa Howmep onpiTa | X Xy | X3 | X4
— — — — 1 — — — -

(N-1) X, X, X5 Xy : — — — "
0 0 0 0 0 3 — 1
1 0 0 0 1
2 0 0 1 0 4 -l -1+ [+
3 0 0 1 1 5 - |+ | -] -
4 0 1 0 0 6 T+ 1T =1+
5 0 1 0 1 7 I T
6 0 1 1 0 n — T - - | =
O o
9 L | o | o | 1 10 R Il Al B
10 1 0 1 0 11 A I e M
11 1 0 1 1 12 t -+ [+
12 1 1 0 0 13 + + — —
13 1 1 0 1 14 + |+ [ =T +
14 1 1 1 0 15 S|+ | + | =
15 1 1 1 1 16 + |+ |+ [+
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3aMeHUB B ToJiyueHHOW Tabnune (ta6n.3.4, a) uudpy "Hynap"
3HakoM "muHYC", a nudpy "eamHuna" — 3HaKoOM "miaroc", MOJYUYUM
Tpebyemyw matpuny [P (ta6n.3.4, 6).

HyneBsie ypoBHU (HaKTOpPOB X;9 BEHIOUPAIOT OOBIYHO PABHBIMHU HO-
MUHAIbHBIM (CpEJHMM) 3HAUYCHUSIM, a UHTEPBAJbl BapbUPOBAHUS A;—
pPaBHBIMH JoTyckaM (MpeaebHBIM OTKJIOHEHHSIM) COOTBETCTBYIOIIUX
NEPBUYHBIX MapaMeTpoB X;. [ mepBUUYHBIX mapamMeTpPOB paJaUOdTCK-
TPOHHBIX YCTPOMCTB M TEXHOJOTHUYECKUX MPOIMECCOB OOBIYHO HMEET
MECTO YCJIOBHE

Axi< <X,'H0M’

raie Ax; — OTKIOHEHHE (JOMYCK) j-T0 MEPBHUYHOrO0 MmapaMeTpa OT €ro
HOMHWHAJIbHOTO 3HAYEHUA.

[ToaTOMY B OOJBIIMHCTBE NPAKTUYECKUX CIYYaeB Jake JIMHEHas
yacTh MoJenu Bunaa (3.24) oka3plBaeTCsl NPUTOJHOMN IJs AalbHEHIIEro
UHXXEHEPHOTO aHaln3a 00BbEKTOB HCCIIETOBAHUS.

Ecnu nuneilHass monenb (IUMHEWHAs 4acTh MOJIE€JIH) OKa3blBaeTCs
HEIPUTOJHOM, TO €€ NONONHAT YieHamu Buna b, x x, (j,I=1,....k;j#l),

npruyuyeM B MOJI€Jb BKJIIOYAIOT Hauboliee 3HauuMbie dPPEKTh U CHOBA
NPOBEPSAIOT NPUTOTHOCTh MOJIEIH.

JI1060i#f 2KCMEPUMEHT COMPOBOKAACTCS MOTPEIMIHOCTIMHU (OMIHNO-
KaMU BOCIPOU3BOIUMOCTH). JIJiss OI[EHKU BOCHPOU3BOJUMOCTHU OCYIIE-
CTBJISIOT MapajlyIeAbHBIC OMBITHI, T.€. KaXIbIi i-W ONMBIT MAaTPHUIIBI TIJIa-
HUPOBAHUS BBHIMOJHIIOT B KOHEYHOM UTOTE HECKOJbKO pa3. Yucio ce-
puUil n XapakTepu3yeT HapalijieJbHOCTh ONBITOB MaTPHUIBl MIaHUPOBA-
Hus. Kaxngas cepus nojikHa BKJIOYaTh N HEMOBTOPSIOMIUXCS OMNBITOB
MaTpUIbl TJIaHUpOBaHUA. UMcao mapanielibHBIX OMBITOB, a CIEJ0Ba-
TEJIbHO, U YUCJIO CEPUMN OMBITOB I PEKOMEHAYETCS BHIOMpPATh U3 yCJO-
BUA n > 2-5.

OTMeTuM, UYTO OII€EHKAa BOCHPOHM3BOJMMOCTH ONBITOB MO CYTH
CBOJUTCSA K pacueTy TakK Ha3bIBA€MOW JIUCHEPCHUU BOCHPOU3BOIUMO-
ctu. Ecnim sTa aumcmepcus uM3BeCTHA AmpUOPHO UM XK€ KAKHUM-JTHOO
cnocoboM MoOXeT OBITh OIlEHEHa JO0 MPOBEIEHHUS JKCIEpPUMEHTa, TO
napajyielbHbie ONBITH HE 005S3aTENbHBI.

C menpr0 YyMEHBIICHUS BIHUSHUS JCTCPMHUHUPOBAHHBIX (PAKTOPOB
npu peanusanuu miaana [IOD npoBoasT Tak Ha3bIBAEMYIO paHJAOMU3a-
UI0, T.€. ONBITHl KaX/J0H cepUU BBIMOJHSAIOT HE MO MOPAIKY, Kak
OHU 3alMCaHbl B MAaTpHUIle MNJIAaHUPOBAHUSA, a B CIy4yallHOW mocie-
nopateilbHOoCTH. ClydyailHas NTOCJIE€IOBAaTEIbHOCTh ONBITOB KaxXI0U
cepuu JOJKHA BBIOMpAThCS MO TabauiamM CIydaWHBIX HYHCEI
(tra6n.I11.4, nmpun.l). Hemaercs 3To ciaenymwimum obpa3zom. Beibupaet-
Cs TPOU3BOJBHBINA (parMeHT (y4acTOK) TaOMUIBl CIAYYaWHBIX YUCEI
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U TMOCJIeJO0BATECIbHO MPOCMATPHUBAIOTCSI €T0 CTPOKH HIJHU CTOJOIBI C
nwboro wmecrta. IlocmegoBarenbHOCTh (OYEPEAHOCTH) TPOBEACHUS
OMBITOB Ha3HAYAETCS B COOTBETCTBUU C OUEPEIHOCTHIO MOSIBICHUS YH-
cen 1, ..., N mpu mnpocMmoTpe ydacTka tabuunsl. Yucna, Ooubmiue
M0 3HA4YE€HUIO, YEeM HOMepa OMNBITOB, mponyckatwTcs. [loBTopsio-
muecs Yuclia YYUTHIBAIOTCSA JHINIL MEPBBIA pa3, a jJajee TakXke Ipo-
nycKarTcs.

Mpumep 3.4. [Ins ucciaenoBaHUs BIUSHHUS Ha BBIXOJHOM Mapa-
METp TEXHOJOTUYECKOTO mpoiecca IBYyX (PakTOpoB (X; U X;) UCMHOIb-

2
syercsa II®D tunma "2°" (1a6a.3.3). Tak Kak ONBITH TPYHLOEMKHU, IIPHU-
HITO pPEUICHUE MPOBECTH TPU CEPHUM MapalliedbHBIX OmbITOB. Heobxo-
JUMO PAaHIOMH3UPOBATH OMBITH KaX/J0W CEpUH.

Pemenue. B Tabnuue cnyvaiiueix uyucen (tabdn.ll11.4, mpun.l)
OIPOCMOTPUM OJHO3HAYHBbIE CIy4YalHbIe 4yHcia, NIPUHUMAass BO BHUMAa-
Hue 3HaueHus oT | go 4 (Ttak kak B Marpuie Bcero 4 omnsita). IIpo-
CMOTp Ha4yHEeM, HampuMmep, ¢ Hayajga |- CTpOKH TabauUbl U Oyaem
ABUTaThCs MmO cTpokaMmM. HeTrpyaHo ybeauThcs, 4TO B MEPBOM CepuH
onbIT noJ HomepoM | B marpune [IPD 10yKEeH BBIMOJHATHCS TPETHUM.
AHaJIOTUYHBIM 00pa3oM ONpEAETSIOT OUYEPEAHOCTh OCTATbHBIX ONBITOB
NEepBOM CEepuU 3aTeM MEePEeXONSAT K paHAOMHU3AIUKU ONBITOB BTOPOH ce-
pUH U T.J1.

[TonydyeHHas ouyepeaHOCTh OMBITOB KaXJOH CEPUHU C yUETOM paH-
JTOMHU3AINK NTpUBeacHa B Tabm. 3.5.

Ta0Onuua 3.5
YcnoBus U o4epeaAHOCTh BBINOJHEHUS ONbITOB [IPD Tuma " 22w npu k=2
OdepenHOCTh BBHINIOJHEHUS ONBITOB
Howmep onsiTa

cepus 1 cepus 2 cepus 3

1 - — 3 3 1

2 - + 2 4 3

3 + - 1 2 4

4 + + 4 1 2

Beinonnenue I[I®D cocToUT B MOCHEIO0BATECIBHOM IPOBEACHUHU
ONBITOB KaXJO0W cepuu. B mpenenax Cepuu ONBITHl BBIIOJHSAIOTCS B
OYEPEAHOCTHU, MOJYYEHHON B PE3YyJIbTATE PAHAOMU3AIUHU.

Jlns mpoBeneHHs OMNbITa MCCIENOBAaTENb JOJIKEH s Bcex (ak-
TOPOB MNPUHYAUTENbHO YCTAHOBHUTHh TaKHW€ UX HATypalibHble (B CBOEH
pa3MepHOCTH) 3HAYEHUS], KOTOPbIE COOTBETCTBYIOT KOJUPOBAHHBIM
3HaYEHUSAM 3TUX (AKTOPOB, YKa3aHHBIM B MaTpUIlE MJIAHUPOBAHUS TS
BBIITOJIHSIEMOTO omnbiTa. [locie 3TOro HyXHO H3MEPUTh 3HAYECHHUE OT-
KJIMKa ¥ 3alUCATh Pe3yJbTAaT B TY CTPOKY, B COOTBETCTBHUHU C KOTO-
PO YCTAHABJIUBAJHUCH YPOBHHU (PAKTOPOB.
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3.8. CrarucTtuyeckast oopadorka pesyabratos 1P

By,ZLGM npeamnojgaraTtb, 4YTo MOIACJIb MOJYHYAKT B BUJAC BBIPAKCHUA

= = (3.32)

NpHYeM dKCIIEPUMEHTATOpPa MOTYT HHTEPECOBaTh HEe Bce KOdPpPUIIMCH-
TBl U3 pAga b, u b;;; j,I=1, ..., k; j # [, a n1ump Kakasg-To UX 4acCTh.

OO0mui BUA IJIaHA U pe3yabTaTOB DJKCIEPUMEHTA NPUBEIAEH B
Ta01.3.6.
Ta0Onuma 3.6

dopma 3anucu pe3yabTaToB onbiTOB [1DD

Howmep = 2 gg;:§§g5531§£%ﬁ11¥35
OIBITA X Xk
1-s1 cepus n-s cepus
1 _ — (yl)l (yl)n
2 _ + (yZ)l (y2)n
N + + (v (YN

[TocnenoBaTenbHOCTH BHIMOJHEHUS CTATUCTUYECKON 00paboOTKH U
MPOBEPKU NPUTOJHOCTH JIJIs NPAKTUKHA MOCTPOCHHOU MOJEJINA TaKOBA.

1. OnpenensitoTcs CpeiHEEC 3HAYEHUE U TUCNEPCUSA OTKIHUKA B I-M
onpiTe (CTpokKe) mo hopMyliaM
n

()
Vi u (3.33)
AI(}3)==22L;;———;

S0 - ML

D(y,)="= ’ (3.34)
n—1
rae (y;), — 3Ha4eHUE OTKJHUKA B i-M ONbITE (CTPOKE) u-U CEpUU OIBI-
TOB (cM. Ta61.3.6);
N — YHUCIIO MapajJieJbHBIX ONBITOB (CEpUIl OMBITOB).

2. BroimonHseTcs npoBepKa OJHOPOAHOCTH paucnepcun D(y;).
Jns sToro ompenensierca pacueTHoe 3HadeHue kpurepus Koxpena
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no GopMmyne (IpM OJMHAKOBOM YMCJIE MOBTOPHBIX ONLITOB B CTPOKAaXx
MaTPUIILI IJIAHA)
G _D(yi)max
pacy =~ " .

ZD(J’i) (3.35)

i=1

C xputepueM Gp,cq CBSI3aHBI CTCICHH CBOOOMBI: ISl YUCIUTEI f)

=n — 1, nns 3HameHnarens f,= N.
[IpoBepsieTcs ycaoBue

GpaClI<GKp9 (336)

rne Gy, — Kputudyeckoe (tabnumuHoe) 3HaueHue kpurtepus Koxpena,
HallleHHOe I 3aJaHHOW JOBEPUTEIbHOW BEPOSITHOCTHU Y
npu 4uciae cTeneHe cmodoxawl f; u f, (tabn.Il. 1.5
npui.l).

Ecnu ycnoBue (3.36) BBINOJHAETCS, TO TUCHEPCUU OJHOPOJHBI U
cTaTucTuyeckas obpaboTka mpojgosxkaercsi. Ecim oHO He BBIMOJTHSET-
csl, TO IUCIEPCUHN HEOJAHOPOJHBI. B 3TOM ciyduae TpeOyroTCsS AONOJIHHU-
TEJIbHBIC MapalijielbHbIE ONBITHI, UJIH K€ HEOOXOJAUMO TOBBICUTH TOY-
HOCTh 3aJlaHUs 3HaUYCHUU PaKTOPOB M M3MEPECHUS 3HAUCHUS OTKJIMKA.

3. Onpexaensiercs AucHnepcuss BOCIPOU3BOJUMOCTHU OMBITOB (BOC-
NPOU3BOTUMOCTH OTKJIMKA) MO BBIPAKEHUIO

N
ZD(J’i)

D(y)="—— v

(3.37)

4. IlopcunThIBalOTCS OLIEHKHU KO3 DUIMEeHTOB by, b;, b;; mo dopmynam

N N
ZM(J’i) Z(’%\)ZM(.)}Z)
PR =S S = . (3.38)
0 N s Jj N )
2(x), (), M(y,) . .
b, =+ v Gl=L.,kj=l,  (3.39)
rae ()?_,)i,()?,)i — KOJUPOBAHHBIC 3HAYEHUS COOTBETCTBEHHO j-I0 U [-TO

bakTOpOB B i-M ONBITE (CTPOKE) MATPHUIIHI MJaHa.

5. BeIMONHAIOTCS TPOBEPKU 3HAYUMOCTH KOIDDUIUMEHTOB by,
b;,b;.
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Jlnss BBIDOJIHEHWUSI NOPOBEPKHM MOYXKHO HOCTPOUTH JOBEpPU-
TEJIbHBIA WUHTEPBaAJd [,, COOTBETCTBYIOUIUN JOBEPUTEIBbHOU BEPO-
ATHOCTH 7Y, AJId KaXJa0ro kosdpdunuenra us uucna by,b;,bj;.

I, ={b -Ab;b +Abj}, (3.40)

rue b — omneHka kod@duuHeHTa, paccuuTaHHas mo QGopmyiaaMm
(3.38)-(3,39);

Ab — BO3MOXHasg omuOKa, BO3HHKaIOMasd OT 3aMEHBI MCTHH-

HOTO 3HAYCHUS KO3 PUIMEHTA €Tr0 OIECHKOM.
Omubka Ab monaraeTcss OMMHAKOBOM JJIs BceX KOADPUIIMEHTOB:

b=ty |2 (3.41)
N(n-1)
rae t, — TabauuHoe 3HaueHUe Kputepus CTpIOJEeHTAa NPU NOBEPUTEID-
HOUW BEPOSITHOCTH Y U 4YHCIe cTeneHed cBoboanl f = N (n— 1),
C KOTOpBIM ompenensiack aucnepcus D(y) (cm. t1abn.Ill1.6
npui.l).
Kosdhdunuenrt (ero pacueTHoe 3HaAUYC€HHUE) 3HAYUM, €CJIH MOCTPO-
CHHBIM TOBEPUTEIbHBIN MHTEPBAT HE CONEPXKUT TOUuky b = 0. B nannom
cllydyae 3TO PaBHOCUJIBHO YCIOBUIO

b

|>Ab; v=0,j, jl.

Ecnun uHTepBan I, cogepX uT To4ky b = 0, uiam, 4To TO XKe ca-
Moe, |b,|<Ab, To k0d3pbunUeHT b, C JOBEPUTEIbHON BEPOIATHOCTHIO Y
HE 3HAYMM, TaK KakK OTJIMYHBIM OT HYJIS OH MOT OKa3aThbCs 3a CYET
NOTPEIMHOCTEH SKCIIEpUMEHTA.

6. IlpuHuMas BO BHUMAaHHE TOJbKO 3HAYUMble KOI(PPUIHEHTHI,
3amuchiBaeTCs 0e3pa3MepHBId MOJUHOM BHa (3.24).

BrinonHsieTcs mpoBepka aJleKBaTHOCTH 3TOM MOJENU U JellaeTcs
3aKJII0UYEeHHEe O €€ MPUrOJAHOCTH Ui NpakTHUKH. (I 3TOoro BHayaie
HOJCYUTHIBAETCS AUCIEPCUS aJ€KBaTHOCTHU 1Mo Gopmye

N N
Z(A)ﬁ)z Z[yipacq _M(J’i)]z

: (3.42)
Dyp(y) = =l ==l ,
A N-d N-d
rae Ay, — pa3HOCTh MEXJY PACCUUTAHHBIM MO MOJYYEHHOW MOJEIH
U DKCHEPUMEHTAJbHBIM 3HAYEHUSIMH ) B [-U CTpPOKE
(ommbiTeE);

d — YHCJIO 3HAYUMBIX KO3 PHUIUEHTOB MOJEIH;
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Vipacu — 3HA4YCHUE OTKJIMKA IO IMOCTPOCHHOW MOZENH B i-H CTpPO-

Ke (omebITe).
3aTeM ompeaenseTcs pacueTHOE 3HaueHUe Kputepus dumepa

D
pac - Lul), (3.43)
D(y)
C kpurepueM Fp,cq CBSA3aHBI CTEHEHH CBOOOXBI: IS YUCIHUTENA
fi1 = N -d; nnsa 3aamenatens f, =N (n—1).
[IpoBepsercs ycimoBue

Fpacq <FKp’ (344)

rae Fy, — kputuueckoe (TtabiuyHoe) 3HaueHUE KpuTepus Pumepa,
HAaWJEHHOE JJIsI 3aJlaHHOW JTOBEPUTEJIbHOU BEPOATHOCTH Y
NpU YUCIE cCTeneHe cBoOonsl f1 u f, (Tadbn.I11.7, mpun.1).
Ecnu ycnoBue (3.44) BpINOJHSETCS, TO HOCTPOECHHAS MOJEb aje-
KBAaTHA pe3yJbTaTaM 3KCIEPUMEHTA.
I[Ipu HeBbImONHEeHUU ycinoBua (3.44) Monesnp HeaJdeKBaTHa U
NOJIb30BAaTHCS €10 HA MPAKTUKE HEJIb34.
7. OcyumecTBiseTCsS MNEepexoJ K pa3MEpHOMY IOJUHOMY BHJA
(3.23). JIns 5TOoro HEe0oOXOAUMO B MOCTPOCHHOM MoJinHOMe Bujna (3.24)
KOJNWpPOBaHHBIE 3HA4YeHUs (GakKTOpoB X, ... ,X, 3aMEHUTh COOTHOIIE-

HUsMH (3.25) ¥ BBINOJHUTH HEOOXOJUMBIE TPpeoOpa3zoBaHusl.

3aknoyeHue o0 agekBaTHOCTU mozaenu (3.24), canenanHoe B 1. 6,
B PaBHOUM CTENEHHW OTHOCUTCS U K moaenu Buaa (3.23). [TortoMy MOXK-
HO BHauajne oT mojaenu ( 3.24 ) cnenatb nepexoa k mogenu ( 3.23), a
3aTeM MPOBEPUTH €€ aJeKBAaTHOCTH. OT 3TOro BBIBOJ 00 ageKBAaTHOCTHU
MOJEJIN HE U3MEHUTCH.

[Ipouecc craructuuecko o0O0pabOTKM pe3yabTaTOB AaKTHBHBIX
(GaKTOPHBIX IKCHEPUMEHTOB OOBIYHO BBINOJHAIT Ha DBM. C peanusa-
nueil craructudueckor obpabotku Ha IIDBM MOXKHO O03HAaKOMHUTHCS B
pabote [34].

Jis Aydmero NOHUMAaHUS aJIrOpUTMa CTATUCTHUYECKONH 00paboTKu
HU)KE pAacCMOTpPEH MpUMEpP, B KOTOPOM i MILIIOCTPALlUU UCHOJIb30Ba-
Ha 00paboTKa pe3yabTaTOB “pyUYHBIMU’ MPUEMAMHU.

Ipumep 3.5. [Ins uccineaoBaHUs BBIXOJHOTO IMapaMeTpa TEXHO-
JOTUYECKOTO TpoIllecca MpH 4YuCIe MEePBUYHBIX MapaMeTpoB k = 2 OblI
cinanupoBan II®D tuma 2° u BHIMONHEHO 3 CepUM  mapalienbHBIX
onblTOB. McmoNib30BanuCh CIEAYIOMIUE 3HAYEHUS] HYJIEBBIX YPOBHEU U
WHTEPBAJIOB BaphHUPOBAHUSI PAKTOPOB (B YCIAOBHBIX €IUHUIIAX):

X10:2,8; }\,1:0,25;
)C20:30; }\,2:5.

Pe3ynpTarhel 3KcriepuMeHTa NpeacTaBiaeHbl B Ta01.3.7.
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TaOmnuua 3.7
Pe3ynbpTaThl 3KCIEpUMEHTA

Homep Pe3ynpTaThl MapanienbHbIX
OTIBITA, ~ ~ OIIBITOB
- X, X, M(y:) D(y:)
I i )2 i)z
1 — — 8 7 9 8 1
2 — + 20 22 18 20 4
3 + — 17 16 15 16 1
4 + + 30 34 32 32 4

TpebyeTcs mMOCTPOUTHh MOJENIb, ONMUCHIBAIOMIYI0O BBIXOTHOW mapa-
METp TEXHOJOTHYECKOTO TMpoIlecca, MPOBEPHUTh €€ NPUTOJAHOCTH IJIs
NpPaKTUKHA U OCYIIECTBUTH MEPEX0J K pa3MEpPHOMY MOJTUHOMY.

Pemenne. [To dopmynam (3.33) u (3.34) moAgcuuTHIBAEM CpeHEE
3HAYEHHWE W JUCIEePCUU B KaXJOM OMNBITE Marpuubl. Hampumep, nus
omeiTa HOMEp | mMeeMm

8+7+9

2 2 2

3-1

PesynsTatel pacuera BenuuuH M(y;) u D(y;{) BHECEHB B
tabmn.3.7. Ilpumenss kpurepuit Koxpena, HeTpyaHO YyOeaUTHCS, UYTO
OMNBITHl BOCOPOU3BOAUMBI, Tak Kak npu y=0,95 (tabn.I1.1.5, npuin.l)

Gipaca = 0.4 < Gy = 0,68.

[To dopmyne (3.37) HaxoAUM JOUCHEPCHUI0 BOCHPOU3BOJUMOCTHU
ONBITOB:

l.

D(y)=2,5.

Jns unnoctpanuu, ucnoian3ys dopmynsl (3.38) u (3.39), ompe-
nenuM Kod(hOUIMEHTH Kak s JuHeWHBIX dhdexkTtoB (b;) ,Tak U 14
sbdekra Bzaumoneiicteus (b,).

HNmeem
_8+20+16+32 19 : by = (—D8+(—=1)20+(+1)16+(+1)32 _s.

4 4

by

AHaJOTUYHO moaydaeM b,=7 u
b DED8+ (=D(+1D)20+ (+1)(=DH16 + (+1)(+1)32
12 = =
4

[IpoBepsiem 3HauumocTh kKodddunuentor. [lo Ttadn.I11.6 npun.l
npu y=0,95 u yucne creneneit ceodoanl f = N(n—1)=4-2 =8 Haxo-
aum t, = 2,31.

Omnpenensiem Ab noBepHUTEIbHOTO UHTEpBasa no ¢popmyne (3.41)

2,5

1.

Ab=231-

~1,29.
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Jlerko yo6enuthcs, uTo KO3 PunueHTs by, b,u b, 3HAUUMBI, a KO-
sbdunueHTs b, HEe3HaYWMM, TaK KakK JJs HEro ycioBue |bj;|>Ab He
BBIITOJTHSAIOTCS.

JInneiHas MoJenb 3allMIOIETCS B BUJE

y=194+5x, +7x,. (3.45)

[TpoBepuMm amexkBaTHOCTH dTOU Mozaenu. [lo dopmyne (3.42) nmox-
CUHUTAEM OUCIIEPCUI0  aJleKBaTHOCTH. [lnga  moaydeHus 3Haue-
HUH  Yjpacy, HCIOIB3YEMBIX B opmyiie (3.42), B 3alMCAHHYIO MOJCIb

(3.45) moacraBnsgeM  KOAUPOBAHHBIE 3HA4YeHHA (AKTOPOB X, CO-

riacHo Mmatpuue miaaHa (ta6a.3.7). Hanpumep, nais mepBOro ombITa
(CTpOKH) MaTpHULIBI HMEEM

yipva =19+ 5(_1) + 7(_1) =7.
AHaIOTrMYHO HAXOJIUM
y2pac'{ :217 y3pa0q :177 y4pa0q =31.

OHpG,Z[CJ'IfIGM AUCIICPCUIO AACKBATHOCTH

(7-8)> +(21-20)> +(17-16)° + (31-32)> _
4-3

4.

D, (y)=

PacueTtHoe 3Hauenune kpurepus Oumepa HaXOAUM IO BBIPAKECHHUIO
(3.43):

I[To Ta6n.Il11.7 mnpun.l ansgs JOBEPUTEIbHONW BEPOATHOCTH
vy = 0,95 mo 3HaueHumsaM dYwmcaa cTteneHed cBobonel f1=N-d =1 u
f> = N(n — 1) = 8 Haxonum Fy, = 5,32.

Tak xak ycinoBue ( 3.44 ) Boinonnsgetrcs (1,6 < 5,32), To nuHeitHas
Monenb Buaa (3.45) anekBaTHa pe3yibTaTaM SKCIEPUMEHTA U €10 MOX-
HO MO0JIb30BaThCs HA MPaKTHUKE.

OcyuiecTBiasieM Nepexoa K pa3MEepHOMY MOJHUHOMY, HUCHOJb3YS
cooTHommeHue (3.25), 3HaueHUsI HYJIE€BbIX YPOBHEN U MHTEPBAJIOB BaPh-
upoBaHusa GaKTOpaMu X; U X.

[Tonyuyaem

8
Y=19+5-(CL_=2) + 7(F2 ") = —79 + 20x, + L4x,.

X, =2 x, =30
0,25 5
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3.9. lpoOHbIl pakTOPHBIH IKCIepUMeHT (D)

I[Tpu manom uucne ¢aktopoB (k < 5) ompaBaaHBl ONBITHl C NEpeE-
OOpOM BCeX BO3MOXHBIX COYETAHUU ypOoBHEH (aKTOPOB, T.€. MOJHBIN
dbakTopubii skcmepuMmeHT ([1DP3). B TIDD 6e3 yuera mapaiienbHBIX
ombIToB N = 2%,

C yBenuueHueM k uuciio onbiToB N pacteT oueHb ObicTpo. Tak,
Hanpumep, npu k = 10 yucio oneiToB N= 2'%=1024. IIpu uccinenosa-
HUHM TapaMeTpOB PaJMOIIEKTPOHHBIX YCTPOUCTB U TEXHOJOTHUYECKUX
NpOLECCOB YHUCIO BIUAIOMUX HaKTOpOB MOXKeT ObITh Oonpme 5-7. Ilo-
3TOMYy TmpobieMa COKpalleHUs 4YHucia OMBITOB CTOUT JOCTATOYHO OCT-
po. Ilpu sToM 3amauda 3akiar4aeTcs B TOM, YTOOBl HE TOJHKO YMEHbB-
IIATh YHUCJIO OMNBITOB, HO W TMOJYYHTh JOCTAaTOYHOE KOJUYECCTBO HH-
dbopMmanuu 06 00bEKTE UCCIIeTOBaAHUS.

YMEHBIIUTH YUCIO OMBITOB MOXXHO 3a CUET MCIOJb30BaHUS H30bI-
TouHocTu [IPD. Yucno onsiTOB B HEM OOBIYHO OOJIbIIE, YEM YHUCIO 3HA-
YUMBIX, HHTEPECYIONUX UCCIeN0BaTENsI KOAPPUIIUEHTOB.

Mopaens 00beKTa B ciiydae pacCMOTPEHHUS HEMOJHOTO KyOUYeCKO-
ro nmojiuHoMa umeet Buj (npu k=3)

y=>by +bXx, +b,x, +b;x; + b, XX, +Dj3x, X5 +
(3.46)

+ by3 X, X5 + b3 X X, X5

Marpuna nnana [I1®D nng moaydeHUs] 3TOTO YpaBHEHUS MpPUBEIC-
Ha B Ta0x.3.8 (cTOAOUBI X, —X,.).

Tabnuna 3.8
Marpuna nnana AP npu k=4
Howmep ombiTa X, X, X, X, X,X5 = X,
1 _ _ _ _
2 — — + +
3 — + — +
4 — + + —
5 + — — +
6 + — + -
7 + + — —
8 + + + +

[Ipeamosiokum, 4TO NPU BHIOpAHHBIX HHTEpPBajdax BapbUPOBAHUS
noBeJeHUE 00BEKTa C TpeOyeMOWl TOYHOCTHIO OMUCHIBAETCS JHHEHHOU
Monenbo. B 3TomM cinydyae B ypaBHeHHH (3.46) HeJUHEWHBIE YJIEHBI

b,X,X,, byxX;, byx,Xx;, b,XX,X,, XapaKTEPU3YIOIUIHNE B3aWUMOJECUCT-

BUe (aKTOPOB, MOTYT HE YUUTHIBATHCS.
[TooToMy BMECTO OJHOro U3 B3auUMOJACUCTBUU (Hampumep,
b, X,X,x;) B muan I[I®D nansg ucciegoBaHusi MOXeT OBITh BBEIECH
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HOBBIA (akTop x,, 3aMHUCAHHBIK B TMOCJIEIHEM CTOJIOIE MAaTPHIIbI

(ta6m.3.8), mpuyeM 3HAKH STOTO CTOJOIla MOJIKHBI COOTBETCTBOBAThH
3HaAKaM TpPOMW3BEIEHUS X,X,%X,. HETPyAHO YyCTaHOBUTH, YTO MOJIY-

yeHHass MaTpuua (ueTrbipe (QakTopa, BOCEMb ONBITOB) SABISETCA IMO-
NOBHHON apyroro mmana II®D, a uMenno miaxa [I®D Tuma 2%, co-
nepixamero 16 onbITOB.

Takum o0pa3zoM, nAns OUEHKM BIUSHUS 4YeTbipeX (aKTopoB
X,...X, MOXHO BOCIOJb30BAaThCsA MOTOBUHON IIDD thma 2° mam, kak

. 4
roBopst, mnoaypennukou (1/2 pennuxku ot IIDD tuma 27). Ecam 3a
CUET HE3HAUYUMBIX B3aUMOJEHCTBUNA (PAKTOPOB BBOAAT JOMOJHUTEIb-
HO 2 HOBBIX (pakTOpa, HaIpUMEp X, U x,, TO NOJYUYEHHBIH muaH Oyner

5
yXe mpeactaBisaTh 1/4 wacth oT niana [IDD Tuma 2° (Tak Kak HOBOM
ninaHe nATh ¢akTopoB). Kakylo MUMEHHO 4eTBEepTYI 4acTh NpPEACTaB-
JAsieT 3TOT IJIaH, 3aBUCUT OT 3HAKOB CTOJOLOB X, U x,, ONpeAeasieMbIX

3HaKaMHM B3auMOJIEHCTBUHN (PaKTOPOB X, - X;, BMECTO KOTOPBIX BBOJST-
cs HOBbIe QakTopbl x, U x,. llpm Oonpmom yucie (HakTOpoB MOTYT

HUCMOJIb30BAaThCS peIJuKu OoJjiee BBICOKOW apoOHocTtu: 1/8, 1/16,
1/32 u T.1.

DKCIEepUMEHT, KOTOPbhId peanuiyet yacTh [IPD, Ha3zpiBalOT Apo6-
HBIM (akTOpHBIM 3KcnepuMeHTOM (JPI). JIpoOHBIE penIUKA NPUHATO
0003HauaTh Kak 2k'p, rne k — ob6mee uuciao paktopoB miana DI, a
p — 4ucio GakTOpoB, BBEJCHHBIX B IJIaH BMECTO HE3HAYUMBIX B3aHU-
mMonerictBuii. Tak, Hampumep, JIpoOHas penjaukKka, NpUBEICHHAsS B
Ta6n.3.8, sanumercs B Buge 217

J®D mnpeaycmarpuBaeT MPOBEJACHHUE MEHBIIETO YHCIa ONBITOB
no cpaBHeHHIO ¢ [IDPD, yTo sABIAETCS SKOHOMHUUYECKHU Ooliee 1menecooo-
pa3apiM. ONBITOB TeM MEHbIE, yeM 0oJiee BHICOKOW NPOOHOCTH BHIOU-
paeTcs pemniuka.

3.10. IlmanupoBanue DI

PacnpocTpaHenue onucaHHOM nNpoueAypbl moaydeHus niana PO
Ha MAaTpPHUIB JIOOBIX pa3MEpHOCTEH MO3BOJIAET CPOPMYIUPOBATH Clie-
NYyIIIee IPaBUIIO.

Uto6bl BBECTHM B IJIaH HMCXOJHOTO DJKCIEpUMEHTa HOBBIM ¢ak-
TOp, HE YBE€JIMYMUBAs 4YHUCJAa OMNBITOB, €ro HeOOXOIMMO MPEACTaBUTH B
BUJ€ BEKTOP-CTOJIOIAa, XapaKTEpU3YIIIEro TaKoe B3aUMOJECHCTBUE
UCXOAHBIX  (AaKTOPOB, BIHUSHHUEM KOTOPOTO MOXKHO TMpeHeOpeUb.
3HaueHus (QakTopa, BBEIACHHOTO B IUJIaH AKCIEPUMEHTA, TOJKHBI
U3MCHATHCSA B COOTBETCTBHH CO 3HakKaMu 3Toro croiabma [1, 14, 15].
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[IpaBunbHO mocTpoeHHBIW miuaH PO ToO4HO Tak ke, aKk U IJIaH
[I®3, nomxeHn obmanaTh CBOMCTBAMU CUMMETPUUYHOCTU, HOPMUPOBKHU U
OpPTOTOHANBHOCTHU, T.€. AJS MAaTPHUIl IJIaHA JOJIKHBI BBIMOJHATHCA yC-
noBus (3.27)-(3.29).

BzaumopelictBue UCXOIHBIX (AKTOPOB, BMECTO KOTOPOTO BBO-
OUTCS HOBBIA (PaKTOp, MPUHATO HA3BIBAaTh TCHEPHPYIOIIUM COOTHOIIE-
HUEeM. B pacCMOTpEHHOM BbILIE MPUMEPE TEHEPUPYIOLIEE COOTHOUIEHUE
paBHO X, X, X,.

Ecnu ucxonueie ¢akTopbl 00pa3ylOT HECKOJbKO MalO3HAYUMBIX
B3aMMOJIEMCTBUN, TO B MIaH HMCXOJHOTO DJKCIEPUMEHTAa MOTYT OBITH
BBEJECHBl HECKOJIbKO HOBBIX (akTopoB. B »ToM ciydae umeroTcs He-
CKOJIBKO TEHEPUPYIOIIUX COOTHOIIECHUM.

B I®D oueHku K03 PULUEHTOB MOJEIN OKA3bIBAIOTCS CMEIIaH-
HeIMU. [l ompeneneHus xapakTepa CMeEImHUBaHUS KOA(DQOUIMEHTOB
MOJKHO BOCIIOJIb30BaThCs OMpeNeAIMUM KoOHTpacTtoM. Onpenensio-
MU KOHTPACT MOJYYalOT YMHOXEHUEM T€HEPUPYIOLUIETO0O COOTHOUIEHUS
Ha (pakToOp, KOTOPHIMA BBEJACH B IJaH C MOMOUILIO 3TOTO T€HEPUPYIOIIE-
ro cootnomenus. Juas JPD tuma 2*' (cm. Tabn.3. 8) ompexensiomuii
KOHTPAcCT 3alUIIEeTCs KaK

(X1X2X3)Xg4 = X1 X2 X3X4.

Jns onpeneneHusa XxapakTepa CMEIMBaHUA KO3(pPUIUEHTOB per-
PECCHOHHOW MOJENH MOCIeJ0BATEIbHO PacCMaTPUBAIOT MPOU3BEICHUS
OMpeAedsIImero KouHTpacta Ha GakToOphl U UX Npou3BeneHus. Hanpu-
Mep, 1 Kod3hhUuueHToB by U by, MOIyduM

by = B1 +PB23as (3.47)
by, = Py + P (3.48)

[lepBas 3anuch 03Ha4yaeT, 4T0 KoOd3pPunueHTt b, coaep Ut 3PpdexT
Kak 3a cyeT pakTtopa x;, TaK M 3a CUET B3auUMOJEUCTBUS (AKTOPOB X7,
X3 U X4. BTOpas 3anuchk o3HavaeT, 4TO KOIPPUIUMEHT by, COACPKUT dP-
beKT Kak 3a cueT B3aMMOJEHCcTBUS (PAKTOPOB X; M Xp, TaK M 3a CHUET
B3auMoOJIeiicTBUA (AKTOPOB X3 U X4.

N3 Boipaxenuit Bunpa (3.47), (3.48) cneayeT paBEHCTBO OLIEHOK
KOB(I)(I)I/IL[I/ICHTOB b1 n b234, b12 n b34.

DD nperuMylmecTBEHHO MCIOJb3yeTCs IJIs NOJYy4YEeHUS JIHHEH-
HbIX Mopene. OnHako, ecau no pesyiabtaram PO B NTUHEHWHYIO MO-
JieJib BBOJUTCS Kakoe-aub0 B3aumMojelcTBUE, Hago 00s3aTelbHO pac-
CMOTpPETh XapakTep CMeHmHBAaHUSA KO3(P(UIMEHTOB, UYTOOBI HE BKIJIIO-
YUTh B MOJEJb IO CYTU OJAUH U TOT XK€ KOdDPPUIUEHT ABaXKAbl, HANIPHU-
Mep by, U b3y B ciyuae cnpaBeNIMBOCTH 3anucu (3.48).

[Ipu nnanupoBanuu JdD BaxHBIM SABISETCS BONPOC, Kakoe
WM KaKue U3 B3aUMOJEUCTBUN cleayeT BbIOpaTh IS BBEJCHHS
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BMECTO HUX B MCXOJIHBIH TJaH HOBBIX (PakTOpPOB. DTOT BOMPOC CTAHO-
BUTCS TE€M CIIOXHEe, 4eM OoJiblnee 4ucio GaKkTOpOB y4acTBYET B dKCIIE-
pPUMEHTE.

Tak, B cnyuyae yerhipex (akTOpPOB NpU BBIOOpPE MONYypENIUKHU
2! BO3MOXHBI y’Ke BOCEMb PEIICHHUI:

Ecnu anpuopnas undbopmanus o cujie BiausHus 3¢p¢deKToB B3au-
MOJEUCTBUU OTCYTCTBYET, TO NIPU BBEJAECHUU B MCXOIHBIW IIJIAH HOBOTO
¢akTopa BBHIOMPAIOT MJII HETO BEKTOP-CTOJOEN C OOJBUIMM HOPAIKOM
B3aUMOJEHCTBUSA, TaK Kak OObIYHO Takue dPPEeKTh MeHee 3HAYHUMBI,
yeM 3¢ dexktr HU3mMUX nopsaakoB. Ecnu ke wumeercs uHbpopmMamus o
cuine 3ppexToB B3aUMOAECUCTBUSA, TO OHA JOJKHA OBITh MCIOJIb30BaHA
npu BbIOOpE TEHEPUPYIOLIETO COOTHOIIECHUS.

I[Ipu nnanupoBanuu JPD 00BIYHO BO3HHUKAET BONPOC, KaKOU
mian [I®D, cnenoBarenbHo, U 4yuciao (HakTOpPoOB, cleAyeT BbIOMpPATh B
Ka4yeCTBE HUCXOJHOTO.

B xoHCTpyupoBaHUM M TE€XHOJOTUH PDY BHauane mOJydarwT JIH-
HeliHble MOJAeNU OO0BEKTOB HccieqoBaHHMA. Bo MHOrux ciaydasx 3TH
MOJEJIN OKa3bIBAKOTCA NPUTOAHBIMHM JJI JNAJbHEHIIEr0 HHXEHEPHOTO
aHaiau3za. Uuciao ONBITOB MaTPHUIBl, HEOOXOAUMOE JIsi OLEHKH KO3 (-
GULMEHTOB JUHEHHONW MOAenu NpH n (HakTopax, NOJKHO OBITH HE Me-
Hee yeM k + 1 (kodddUuuUeHTH MpU MEPEMEHHBIX X,,..., X, 1 CBOOOJHBIH

yieH). Kpome Toro, xors Obl OAMH ONBIT (CTENEHb CBOOOIBI) HEOOXO-
OUMO UMETh AJI NIPOBEPKU aJ€KBATHOCTHU JUHEWHOU Moaenu. [losaTomy
MHUHUMalbHOE YUCIO0 onbiToB [P, HEoOXxoaUMOE NI MOJyYEHUS JIH-
HEWHOW MOJENU U MPOBEPKHU €€ aJeKBAaTHOCTHU, JOJKHO ObITh HE MEHEE
yeM k + 2. 3Hasg 3HaYCHHE BEJIHUYUHBI k + 2, HEOOXOAUMO M3 psAja YH-
cen 4, 8, 16, 32, ... BeiOpars Onumxkaimee Oonpmee. OHO yKaXeT MHU-
HUMaJbHOE YUCJIO ONBITOB MiuaHa [IPD, koTopslit MOXKET OBITH BHIOpaH
B Ka4€CTBE MCXOJJHOIO IJIaHa.

IIpumep 3.6. Heob6xonumo noctpouts nnan P ans uccuaeno-
BaHUs BJIMAHUSA HA BBIXOJHOW MapaMeTp TEXHOJOTHYECKOTO Mpollecca
nsatu pakropoB. UHpopmanus o cune 3pPpekToB B3auMoneiicteusa dak-
TOPOB OTCYTCTBYET.

Pemenune. [Toctpoum nnan JPD npuUMEHUTENbHO K MOJYUYECHUIO
JIUHEMHONW Monenu. OnpeneauM MHUHHMAJIbHOE YHUCIO OIBITOB HUCXOM-
Horo miana [I®D. Tak kak k + 2 = 7, TO OHO paBHO BOCbMU. 3HAYUT, B
KauyecTBE MCXOJHOr0 HYXHO BHIOpaTh miuaH Tuma 2°, a A ero Io-
CTPOEHHUS MCIOJb30BATh TPHU (aKkTOpa.

Nuadopmanus o cuine BIusSHUA (PaKTOPOB Ha BBHIXOJHOU mapa-
METP TEXHOJOTHYECKOTO Mpollecca OTCYyTCTBYET, NO3TOMY BbIOHMpaeM
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nmo6bie Tpu QaxTopa u crpouM miaH IIPD tmma “2°” ( Ta6m1.3.9,
cTonOubl x, x,, x;). [Ipu Hanuuuu uHbOpManmuu cieaoBaigo OBl BbI-

OpaTh Haubojee CymEeCTBEHHO BIUSIOMUE GaKTOPHI.

TabOmnuma 3.9
[Toctpoenue npoOHOTO PAKTOPHOTO MJaHa B ciaydae NsATH (pakTopoB
Howmep ombiTa X, X, X, X, X, X, > X, XX, = X5
1 — — — +
2 - - + + +
3 — + — + —
4 - + + - -
5 + — — + —
6 + — + - -
7 + + - - +
8 + + + + +

BMecTo 3pdexkToB B3aumMoaeHCTBUI OCTalOCh BBECTH B HCXOJ-
Heiid an [I®D nBa dakrtopa (x,,x,). Tak kak uapopmanus o cuie 3¢-

GbEeKTOB B3aUMOJEUCTBUS OTCYTCTBYET, TO OJAHH M3 (HAKTOpPOB, HANPHU-
MEp X, BBOJMM 34 CUET B3AMMOJECHUCTBUS BBICIIETO MOPSIAKA, IOCTPOECH-
HOTO U3 (PaKTOpPOB B UCXOAHOM myiaHe [P, T.e. BMeCTO MPOU3BEACHUS
X X, x,. Bropo#t ¢dakTop X, BBOJIUM BMECTO OJHOTO M3 TPOU3BE-

NE€HUW XX, X,X;, A X,-X,, HAIPUMEP BMECTO MPOU3BEACHUS X, -X,.
3Haku CcTOJOMOB x, U x, (Ta61.3.9) HEoOXOAUMO MPOCTABUTH C

YyU4e€TOM 3HAKOB MPOM3BEIEHUIH, BMECTO KOTOPBIX OBIIM BBEAEHBI 3THU
baxTOpHI.

Jlerko yOeauThcs, 4TO MNOCTpoeHHBIW mnan JPD mnpencraBiseT
co6oii 1/4 nmana II®D tuna 2°. Ecnu nuHeiHAs MOJeNb, MOCTPOCHHAS
[0 pe3yiabTaTaM OIBITOB ATOTO MJIaHA, OKAXETCsA HEANEKBATHOMN, TO B
JaHHOM CJy4Yae HMMEeTCs BO3MOXXHOCTh BBECTH OJMH-JBa Hauboiee
BAugmMUX 3¢pdexkTa B3aUMOACUCTBUS (PAKTOPOB M NPOBEPUTH aAJEK-
BAaTHOCTb HOBOM MOJICJIU.

[Ipu pemenum npaktuyeckux 3anady matpuubl DD moryt ObITH
ChnjlaHUpPOBaHbl AJisi yucia pakrtopoB k > 4. Kak OblJlo mMOKa3aHO, HC-
XOJHBIM IJIaH JOJKEH MMEThb He MeHee ueM k + 2 ombliToB. B ciayuae
Tpex (akTOpoB B KadyecTBE HMCXOJHOTO IJiaHAa JOJKEH OBITh MPHUHAT
MJIaH, UMEIONIMN BOCEMb OMBITOB, KOTOPHIM mpenctaBisier coboi 1D
tuna 2°. U Bce Tpu HakToOpa MONKHBI OBITH MCIIONB30BAHEl B KAa4eCTBE
UCcXOJHbIX. PAaKTOPOB, KOTOpPHIE€ NOJKHBI OBITh BBEJAEHBI B HCXOJHBIN
miad [1dD BMecTo Mallo3HAYMMEBIX B3aMMOJICHCTBHI, HE OCTaeTCH.
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3.11. Boinosnnenune J®I u 00padoTKa ero pe3yiabTaroB

Boinonustwotcea JPD ananoruuno [P, T.e. npu HE0OXOIUMOCTHU
NPOBOASITCA CEPUM MapaJiedbHBIX OMNBITOB, a MPUHIIUI PaHAOMHU3ALUU
OMBITOB pealiu3yeTcs IJs ONBITOB KaXJ0W CEepuUH.

Cratuctuueckass obpaborka pesyiabTatoB JPD orauuyaercs oOT
cTaTucTuyecko ob6padboTku [P nump 4UCIOM U COCTaBOM oOMmpeje-
AsieMbIX K03 puuueHToB Oyaymei MaTeMaTUYeCKONW MOJEIH.

[Ipu cratuctudyeckoit oo6paborke pe3dynbtatoB JDPD 0OBIYHO HH-
TepecyrwTcs kodbdbunueHTaMu JUHEeHHOU moxenu by, b;; j =1, ..., k.
Ecnu BmocnencTBUU BBISICHHUTCSA, YTO OHAa HEaJeKBaTHaA pe3ydabTaTaM
AKCIEPUMEHTA, UHOT/JAA €CTh BO3MOXHOCTh JAOMOJHUTH 3Ty MOJEJ]b He-
KOTOPBIMH HEJIWHEWHBIMU 4YJeHaMU (Y4JeHaMU C mpou3BeneHHeM (ak-
TopoB). OAHAaKO, B 3TOM cjJyyae HEOOXOJIMMO MOMHHUTh, YTO MAKCH-
MaJIbHOE YHUCJI0 KOI(PPUIMEHTOB, BKJIIOUYAaEMbIX B MATEMAaTUYECKYI MO-
nelb, HE NOJXKHO nmpeBbimaTth N - 1, raie N — KOJIMYECTBO ONBITOB MaT-
punsl JD3.

Paccmorpennsie Boimie miaHbl [I®D u JDD oTHOCAT K miaaHaMm
NepBOro mopsiaka (JUHEHHBIM IJIaHaM), TaK KaK OHU MO3BOJSIIOT Haii-
TH pa3JielibHbIe OIEHKH KOd)PUUMEHTOB JIHMHEHHOW pEerpeccCUOHHOU
MOJIEJH.

B pspe ciydyaeB B KOHCTPYHMPOBAHUM U TexHojoruu POY moryrt
HCIOJIb30BaThHCS MIaHBl BTOPOTO MOpsAAKa, ¢ 0ojee yeM JAByMS yPOBHS-
MU GaKTOPOB AJII HAXOXKJACHUS OINEHOK KOAd(D(PHUIMEHTOB perpecCHUOH-
HOW MOJENU BTOPOro nopsaka (KBagpaTUUYHOM).

C sTuMH, a TakXke HEKOTOPBIMU APYTHUMHU MJIaHAMH, UCIOJIb3ye-
MBIMU Ha IPaKTUKE, MOXKHO O03HAKOMHUTKLCS B paborax [1, 15].



