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IMPAKTUYECKAS PABOTA

HEJIb PABOTDBI — n3yueHne OCHOBHBIX NMOHATHM, ONPEAECICHUN, MPUHIUTIOB
TEOpHH TUJIAHUPOBAHMS IKCICPUMEHTOB, MPHUOOPETCHHE HABHIKOB TPOBEICHUS
3KCIIEPUMEHTOB IO TMOCTPOCHUI0 MAaTEMaTUYECKUX MOJEJEH, O3HAKOMJIEHUE C
METOJMKOMN MOCTPOSHUS PETPECCHOHHBIX MOJENECH TP MPOBEACHUH MOJHO(DAK-
TOPHOTO AKCIIEPUMEHTA THUIIA 2.

OBIIMUE OITPEJAEJEHUA

DKCNEPUMEHT COCTOUT U3 OMBITOB (BOCIIPOU3BEICHUE UCCIEyEMOrO sIBIIE-
Hus). [lo0 nnaumuposanuem sxkcnepumenma TOHUMAIOT BBIOOp TUIaHA IKCIIEPU-
MEHTa — COBOKYITHOCTHU JTaHHBIX, OTPECIIAIOINX TUCIIO, YCIOBHS U MOPSIIOK pe-
aNM3aIliy OTIBITOB.

[Tpy TTaHUPOBAHHMM AKCIIEPUMEHTA UCCIICAYEMbIi 00BEKT MPEICTaBISCTCS
«YEPHBIM SIUKOM» (pHC. 1), Ha KOTOPBII BO3MeHCTBYIOT akTopsl X (1<i<n).

Kaxx11p1il OnbIT SKCIIEpUMEHTA XapaKTepU3yeTCsl ONpeIeIEHHBIM Ha0OpoM 3Have-
HUM (HaKTOPOB.
3aBUCUMOCTh pEaKIUU OO0BEKTa OT TOYKM (PAKTOPHOTO MPOCTPAHCTBA

Has3biBaeTcs @yuxyuen omrxauka Y = f(X,,X,,X;,...X ), a ee reoMeTpUUYECKOE
NpeICTaBJICHHE — MOBEPXHOCTHIO OTKIIMKA (pHUC. 2).

A
v
: Ilosepxnocme
X R . OMKIUKA
X; 2
. S, Lo, 2
§ X, «UepHsIit L Y5, & ,ﬁ)—[
i : AU X 2 =
e' . % X2nin X2max
X, yn E Y - 7 >
I— I “*lmin B R 4 Xn
X Imax /
X, S
Puc. 1. Cxema npesacraBineHust 00beKTa Puc. 2. [ToBepXHOCTh OTKIINKA

HCCIIEAOBAHUM B BUAL «YUCPHOTO ALIUKa»

OKCHEPUMEHT, B KOTOPOM PEaJU3YIOTCS BCE BO3MOKHBIE COYETAHUS YPOB-
HEll pakTOpOB, HA3BIBACTCS NOTHBIM (PAKMOPHLIM IKCNEPUMEHTNOM.

[Tonublid  (QaKkTOpPHBIA  DKCIEPUMEHT  MOXKET  OBITh  MPEMJIOKEH
UCCIIEZIOBATENI0 KaK OJMH M3 CIOCOOOB MOCTPOEHMSI MaTEMATHUYECKOM MOJENH
(upeHTHUPUKALNN) HEAETEPMUHUPOBAHHOTO O00BEKTA. DTOT COCOO OKa3bIBAaETCA
Haubosiee NPEeINOYTUTENBHBIM B TEX CIIy4asX, KOrja OTCYTCTBYET alpHOpHas
uHpopManus s OOOCHOBAHMSI CTPYKTYpPbl MOJEIM C MNO3MLMNA  (pU3MKO-
XUMHUYECKUX  MPEACTAaBICHUM  MPOLECCOB, MPOUCXOASIIMX B  OOBEKTE,



OTCYTCTBYET KOJMYECTBEHHAsI OIICHKA CTEIICHHW BIMSIHUS H3y4aeMbIX (DaKkTOpoB
Ha BBIXOJHYIO IEPEMEHHYIO OOBEKTA, €0 BBIXOIHOM MOKA3aTEb.

Ecnu BeiOpanHas MOAENb BKIIOYACT TOJBKO JUHEHHBIC YJICHBI MOJMHOMA H
WX TIPOM3BENICHUS, TO JJI OIICHKH BCEX MapaMeTPOB MOJCIH MCTIOJIb3yeTCs TIIaH
AKCIIEPUMEHTA C BapbUPOBAaHNWEM BCeX (DAKTOPOB HA IBYX YPOBHSX. Takue MIaHbI
MPUHATO Ha3bBaTh aHamu tuma 2", rae 2"=N — guciao Bcex BO3MOKHBIX OIIbI-
TOB, N — KOJIMYECTBO BapbUPYyeMBbIX (hakTopoB (puc. 3, a).

'
e QbmacTe *
2 X2 IKCIHEPHMEHTA --+)5 6 (+-+)
A

A+ o (~+H)7

(3) y (4) A P
X h X1

1 2'. 1 2 (+:-_:l_)

) +) +3

> El . 4 (+,+:—)
2
a) 6)

Puc. 3. 'eomerpuueckast HHTEpIpETALUS TOITHOTO (PAKTOPHOTO HKCHEPUMEHTA!
a—TI®D 22: 6 —T1dD 28

PaccMoTpuM HONHBIA TpeX(pakTOpHbIA dkcnepument 2° (puc. 3, 6). ns
npoBenenust [1PD cocTtaBuM MaTpully TJIAHUPOBAHMS JKcriepuMeHTa. JIroOoit
MHOTO(aKTOPHBIN SKCIIEPUMEHT SIBIISICTCA PE3yIbTaTOM BapbUPOBAaHMS BceX (ak-
TOPOB X, : X. . COOTBETCTBYeT —1, X. _ COOTBETCTBYeT +1 B Marpuue IIaHUpO-

imin i max

BaHMs dKcrepuMenTa (tada. 1). Cronberr X, BBOAUTCS MCKYCCTBCHHBIM ITyTEM,
0 BCEM CTpOKaM paBeH +1. Dta Marpuiia siBisieTcs MaTpuileid 0a3ucHbIX (PyHK-
AH.

3anuch MaTpHIlBI TJIAHUPOBAHMS, OCOOCHHO IS MHOTUX (haKTOPOB, TPO-
Mo31ka. [[1s ee cokparnieHus y100HO BBECTH YCIIOBHBIC OYKBEHHBIE 0003HAYCHHUSI
CTPOK, 0003Ha4YMB MOPSIKOBBIA HOMEp (hakTopa CTPOUHOW OYKBOM JIATMHCKOTO

andapura: X, —d, X, —D, ... u T.1. OnBIT co BceMu (HAKTOPaMH HAa HIKHHX

YPOBHSIX yca0BUMCS 0003HavaTh (1), a CTpOKM MaTpHIlbl TUIAHUPOBAHUS 3aIHCHI-
BalOTCSl JJTATUHCKUMHM OYKBaMM TOJIBKO i (DaKTOpPOB, KOTOPbIE HAXOIATCA Ha
BEPXHHUX YpOBHIX. MaTpulia IUIaHUPOBAHUS BMECTE C MPUHATHIMU OYKBEHHBIMU
0003HauYEHUAMH NpUBEIeHa B Ta0. 1.



Tabmuna 1
Martpwuiia ruiaHupOBaHUS IKCIIEPUMEHTA 23

ByxkseH-
Howme X, X xox, | xoxx,| OF | e
Pox 0 X, X, X, 2 XX, 273 1772773 | KK | 00o3Ha-
OIIBITa y —
CTPOK
1 +1 -1 -1 -1 +1 +1 +1 -1 Y, (1)
2 +1 +1 -1 -1 -1 -1 +1 +1 y2 a
3 +1 -1 +1 -1 -1 +1 -1 +1 Y, b
4 +1 +1 +1 -1 +1 -1 -1 -1 Y, ab
5 +1 -1 -1 +1 +1 -1 -1 +1 y5 c
6 +1 +1 -1 +1 -1 +1 -1 -1 ye ac
7 +1 -1 +1 +1 -1 -1 +1 -1 Y. bc
8 +1 +1 +1 +1 +1 +1 +1 +1 Y, abc

Cesoticmeéa noiHo2o ¢hakmopnozo s3xcnepumernma. MaTpuila SKCiepuMeHTa
ianupoBanus [1DD obGnagaet psaoM CBOUCTB:
1)  cummempuunocms TIIaHA OTHOCUTEIBHO IICHTPA SKCIICPUMEHTA —

ixj,i =0, (1)

T. €. CyMMa 3Ha4€HUI ypoBHEM o0oro ¢akropa (crondua) pasHa 0 ;
2)  HOpMUpOBKA NAAHA —

ixzj,i =N, (2)

CyMMa KBaJIpaTOB 3HaY€HUN ypoBHeW Jo0oro (aktopa paBHa N (4ucity cTpok
MaTpuilbl IiaHupoBanus [1DI);
3)  opmoeonarvHoCcmb NAGHA —

anxj,i X, =0, (3)
i=1

CyMMa MOMapHbIX MPOU3BEACHUN 3HAUEHU ypoBHEH o0bIX 2 GakTopoB (Kpo-
Me j=U) paBHa 0;

4)  pomomabenbHOCMb NIAHA — TOYHOCTH TpPEICKa3aHWs 3HAYCHUN
(YHKLINU OTKIIMKA OJJMHAKOBA HA PAaBHOM PACCTOSIHUU OT LIEHTPA U HE 3aBUCHUT OT
HarpasjIeHUs 00X0/a.

CBoiicTBa OPTOrOHANIBHOCTU U POTOTA0EIBHOCTH B3aUMOUCKIIIOYAIOLIHE.

B Xxoze BBINOJHEHUS SKCIEPUMEHTa MOJIy4aeM MaTeMaTHYeCKYl0 MOJEIb
UCCIIeIOBAaHMs, KOTopasi MpeAcTaBisieT co0oi ypaBHEHHUE, CBSA3bIBAIOLIEE Mapa-
metp ontumuzamd (Y,,Y,, Y, ,....Y,) ¢ daktopamu (X, ,X,,X,,....X,), Ha3pIBaeMoe

YpaBHEHHEM PETPECCUH:



k
y:boxo+Zbi +ZbIJ Xi X +Zb”x + Zb”kxx X, +. 4)

i=1 i,j=1 i,j,n=1
Tac k — 4qHUCJIO0 CTOJI6HOB B MaTpHUIC INIAHUPOBAHUA OKCIICPUMCHTA, X, =1.

[InaHupysl SKCIIEPUMEHT, Ha MEPBOM 3TAl€ Mbl CTPEMUMCS MOJYYUTh JIH-
HelHyto Mojienb. OHAKO y HAC HET TapaHTHH, YTO B BHIOPAHHBIX MHTEpBaax
BapbUPOBAHMS MPOIIECC ONMUCHIBACTCS JTMHEHHONW MOenbIo. [1oHbBIN (paKkTOpHBII
AKCIIEPUMEHT MO3BOJISIET KOJIMUYECTBEHHO OLICHUBATH A (HEKThI B3aUMOICHCTBUA.

[Tocne mpoBeneHus OMBITOB BO BCEX TOUYKAX (DAKTOPHOrO MPOCTPAHCTBA
HE00X0IUMO HAUTH KOIPPHUITUEHTHI ypaBHeHI/Iﬁ perpeccm/l:

Zy., (5)

l N
- , 6
l NZ 1i | ( )

1 N
bZZNE X2i Yi» (7)

WJIN B OOIIIEM BHJIE.
1Y . =

_N;inyi’J:O’k' (8)

rae N - uncno crpok mMaTpuis! nanuposanus I1®D (cM. Tabm. 1).
OddexTh B3auMOACHCTBUS ONPEACIAIOTCS aHATOTUYHO JHHEHHBIM 3 heK-
tam. Tak, s [IDD 23 ko3 PULHEHTH OIPENENIIOTC CIEAYIOMIUM 00pa3oM:

b12 = %i(xll 2i ) Yis (9)
b13 = ii(xu Xy ) Yir (10)
NZ(Xa 3|) yu (11)

b123 :%i( 1 %0 X ) Yy - (12)

HOPAJOK HPOBEJIAEHMNSA PABOTDbBI

1. Onpedenums yenv, 06vekm u npeomem dKCHEePUMEHMATLHBIX UCCILE00-
8aHUll, YCI08USL U NOCIE008AMENLHOCHb PAOOMbl IKCHEPUMEHMATLHO20 8bLCEBA-
1owe2o0 annapama.

Llenv sxcnepumenma — MOBBIICHWE KauyeCTBA MOCEBA MPOMAIIHBIX KYJb-
Typ MHEBMATUYECKUMH CESUTKAMH ITyTEM YCTAaHOBKH CEMSIPOBOJIa C aBTOMATH3U-
POBAaHHOW CHUCTEMOM KOHTPOJISI M YIPABICHUS KAYECTBOM BBHICEBA MPOTAITHBIX

KYJIBTYD.



Obvexm uccnedosanuss — SKCIIEPUMEHTAIbHBIA THEBMAaTHUECKUN BhICEBa-
IOIMM anmnapar ¢ CEMANPOBOAOM M aBTOMAaTU3UPOBAHHOM CUCTEMOW KOHTPOJS U
yIIPaBJICHUST KAY€CTBOM BBICEBA MPOMAIIHBIX KyJIbTYp (puC. 4, 5), KOHCTPYKITHSI
kotoporo 3anareHToBana (ITarent Ne 175130 RU MIIK 7A01 C7/04).

TOB: 1 — pama, 2 — 3JIEKTPOJIBUTaTEb MOCTOSTHHOTO TOKA, 3 — MPUBOHAS 1I€Tb, 4 — YaCTOTHBIN
npeoOpaszoBarenb, 5 — SKCIEPUMEHTABHBIN BBICEBAIOIIUH amnmapar, 6 — ceMsmpoBoa, 7 — Ba-
KyyMHasi YCTaHOBKA C PETYISTOPOM Pa3peKeHUs, 8§ — KOMIPeccop, 9 — MaTUUKu U3MEPEHUS
CKOPOCTH CEMSIH Ha BBIXOJI€ U3 CeMsIpoBoa, 10 — mepcoHanbHbIi KOMIBIOTED



Puc. 5. DkcneprMeHTalIbHBIA BBICEBAIOLIMM anmapar ¢ aBTOMAaTU3UPOBAHHON CHUCTEMOM KOH-
TPOJS W YIpaBIEHHUs] BBICEBOM MpPOMNAIIHBIX KyJIbTyp: | Koprmyc; 2 - ceMeHHas KaMmepa;
3 —Bay; 4 - BBICEBAIOLIUI TUCK; 5 — MPUCACHIBAIONIUE OTBEPCTHS; 6 - IUIACTMHYATHIN OTpaxa-
Teb JJS YOAIECHUS «IMIIHUX» CeMsiH; 7 - IIeHTpalbHas pe3WHOBAasi BOPOILMJIKA; 8§ — KpOH-
mreidH; 9 — xomyt; 10- cemMsnpoBoA, NMpeACTaBIAONMI cOO0H TPYOKY KPYTjoro ce4eHus u
MMEIOIIMM TPHU y4YacTKa: NPSIMOJMHEWHBIM 11, kpuBOoNMHENHBIM 12 W ycKOpUTENbHBIA 13;
14 - mepBb1ii naTuwmk; 15 - BTopoil Aatymk; 16 - OJOK MOHUTOPHHTA U KOHTpOJs; 17 - maTuuk
CKOpPOCTH IIOCEBHOTO arperara; 18 - 010K ynpaBieHHs BO3IyLUIHBIM IOTOKOM (poccesbHas 3a-
CJIOHKA, COAEpIKalllas KOpIyC, B KOTOPOM pa3MELICH MOBOPOTHBIA JUCK, COEUHEHHBIN C cep-
BOIIPHUBOJIOM)

PaboTa mHeBMaTHUYECKOTO BBICEBAIOIICTO ammapaTa (CM puc. 5) ocyriecTs-
JsieTcs cienyomuM o0pa3oM: ceMeHa U3 OyHkepa (Ha pUCYHKE He MOKa3aH) Io-
CTYIalOT B CEMEHHYIO Kamepy 2 KopIiyca | BbICEBarOIEero anmapara, u3 KOTOpou
MOJT ICCTBHEM pa3peKeHHs, CO3/1aBaéMOr0 B BAKYyMHOU KaMepe (Ha pHUCYHKE He
MOKa3aHa), MPUCACBIBAIOTCA K MPUCACHIBAIOIIMM OTBEPCTUSM S5 BBICEBAIOILIETO
nucka 4. Bpamasick BMecTe ¢ BbICEBAIOLIUM JUCKOM 4, ceMeHa U3 CEMEHHOM Ka-
MepbI 2 IEPEHOCATCA K TUIACTUHYATOMY OTpaXkaTento 6, MoJl AEHCTBUEM KOTOPOTO



JTUTITHUE» TIPUCOCABIITHECS CEMEHA BO3BPAIIAIOTCS 00pAaTHO B CEMEHHYIO KaMepy
2.

Jlanee ceMeHa TPaHCIOPTUPYIOTCS BBICEBAIOIIUM JUCKOM 4 B 30HY cOpa-
ceiBaHus. Cxopsiuiee ¢ BBICEBAIOUIETO JIUCKA CEMS YKJIAJbIBAETCS HA BHYTPEH-
HIOK TIOBEPXHOCTh cemsrnpoBoaa 10 Ha mpsAMonuHeHOM ydacTke 11 u cKoap3uT
[0 HEMY KaK MO HAKJIOHHOW IUIOCKOCTH N0 KpuBoJHMHEHHOro ydactka 12. Ha
KPUBOJIMHEMHOM y4dacTKe 12 cems ABMKETCS MO KPUBOJMHEMHOM NOBEPXHOCTH
MIOCTOSIHHOTO pajiiyca A0 T€X MOp, MOKa BEKTOP CKOPOCTU HE MPUOOpETaeT ropu-
30HTAJIbHOE HampasiieHue. [Ipu BbIXOAE W3 KPUBOJIMHEHWHOIO ydacTka 12 cemsi-
npoBoja 10 co ckopocThio VKo, ceMsi MPOAOKAECT JBUKEHUE MO0 YCKOPUTETHHO-
My y4dacTKy 13, HapamuBas CBOIO CKOPOCTb 3a CUET CHJIbI BO3IYIIHOTO MOTOKA.
Cuna BozaymHoro mortoka FBl Ha yckoputTenbHOM ydacTke 13 cemsmnpoBona
ONPENEISAETCA CKOPOCTHIO BO3AYIIHOIO MOTOKA, U3MEHEHUE KOTOPOTO IIPOUCXO-
IUT 3a CYET OJIOKa yHpaBJICHHsS BO3QYIIHBIM NOTOKOM 18. Ha yckoputenbHOM
y4dacTke 13 ropu30OHTaIbHO JBMXKYILIEECA CEMS C MTOMOIIBI0 BO3IYIIHOIO MOTOKA
pPa3roHSIETCS 10 CKOPOCTH, PABHOM IO BEJIMYMHE CKOPOCTH IMTOCEBHOIO arperara
Va. PerynupoBka BO3yIIHOTO MOTOKA OCYIIECTBISETCS 32 CYET U3MEHEHUS yIiia
OTKPBITUSL IPOCCENBHOM 3aCIIOHKH, PACHOJIOKEHHOW B Hayajae yCKOPUTEIbHOIO
ydacTtka. [Ipy paBeHCTBE CKOpPOCTH CEMEHHU M CKOPOCTH IOCEBHOIO arperara
oOecrieunBaeTcst HyJeBasi CKOPOCTh CEMEHH OTHOCUTEIBHO MOYBBI, UTO MTPUBOIUT
K TOBBIIIEHUIO PABHOMEPHOCTH PACIPEACIICHUSI CEMSH O JJIMHE U IIUPUHE PSI-
Ka MPU MOCEBE PA3JIMUHBIX MPOMAIIHBIX KYJbTYp. 3HaUCHHE CKOPOCTH CEeMs Ha
YCKOPHUTENBHOM y4acTke VC onpenensiercs nepsbiM 14 u BTopsIM 15 naTurkamu,
CKOpPOCTh MOCEBHOTO arperara Va ompexensercs aatuukoM 17. JlaHHbie 3Haye-
HUSI TOCTYNAl0T B OJIOK MOHUTOPUHTA U KOHTPOJISL 16, B KOTOPOM OCYIIECTBIISIET-
Csl CpaBHEHHUE CKOPOCTEW U BBIPAOOTKA YIPABISIONIETO BO3ACUCTBUS JJIsl CEPBO-
IPUBOJIA IPOCCETBHOM 3aCIOHKH (OJIOK yNpaBieHUs BO3AYIIHBIM MOTOKOM) 18.

2. Onpeodenumov napamemp 6vixooa (omxauxa). B KkauecTBe BBIXOJIHOTO T1a-
paMeTpa (mapaMmeTpa OTKJIMKA) 3KCIEPUMEHTAIBLHOTIO BBICEBAIOIIErO ammapara
NPUHUMAEM 3HAYE€HHUE CKOPOCTU CEMSIH Ha BBIXOAE M3 CEMSAINPOBOJA, KOTOpast
ONpEAESAECTCS aBTOMAaTUUYECKH JauKaMH, a 4YHUCIOBbIe 3HaueHus ckopoctu 100
CEMSIH BBIBOSITCS HA dKpaH NEPCOHAIIBHOTO KOMIThIOTEPA.

3. Onpedenumsv nepeuerv GHaxmopos, GIUAWUL HA UCCedVeMblll Npo-
yecc, 0amv Ux ONUCAHUE, XapaKxmep GIUSHUSL HA UCCe0yeMblll 00beKm, Memoobl
U CNOCOObBL pe2yIuposaHus, usmeperus u m.o. (0 0aHHO20 00beKma Ucciedosa-
HUL Mbl 8b10Upanu gpaxkmopuvl 8 memoouuxe « Daxmopwvi u yposuu. Memoouueckue
VKa3aHus K npakmuyeckum pabomam no oucyuniune « OcHo8bl meopuu dKcne-
pumenmay).

4. Bvibpame yposHU, UHmMepPBaibl 8APbUPOBAHUS KAHCO020 (pakmopa u 3a-
ROJHUMb Mao. 2 (CM. UHOUBUOYATbHOE 3A0aHUe).



Tabauna 2
OcHoBHBIE (aKTOPHI U YPOBHU UX BapbUPOBAHUS

HanmenoBanme dakropa O603Ha1 YpoBHU (haKTOPOB HNutepBan

U €MHUIBI U3MEPEHUS eHIE HWDKHUN OCHOBHOM BEPXHUU | BapbUpOBa-
(-1) () (+1) HHS

U, - CKOpOCTb BO3JIyIl-

HOIO IIOTOKa B YCKOpPH- Xy

Tene, M/c

|, - mmHA yckopurens, X

M 2

(D - yriaoBasi CKOPOCThb

BBICCBAIOIICI'O  JHUCKa, X3

pan/c

5. IIpoBecTr TpeX(aKTOPHBIH SKCIEPUMEHT 2° COrTacHO MATPUILE ILIAHH-
poBaHus dKcriepuMenTa (Tabi. 2) ¢ M1 -KpaTHOM MOBTOPHOCTBIO KaXJOTO OMbITa
(kaxmoil CTpoKH MaTpuilbl). B Havane mpoBeneHus 3KCIEpUMEHTa HEOOXO0UMO
BBICTaBUTH BCE (PAKTOPHI HA YPOBHU, COOTBETCTBYIOIIME HOMEPY CTPOKU MaTpH-
ITbI,  YUCJIOBBIC 3HAYEHHUS YPOBHEH B COOTBETCTBUU C TaOII. 3.

ITepselii akTOp (U, - CKOPOCTH BO3AYIIHOIO IIOTOKA B YCKOPUTEIE, M/C) Ba-
pBUpYETCS yTEM PETYIHPOBKH MOJA4YH BO3/IyXa BO3yXOHATHETAIOIIUM YCTPOM-
cTBOM (KomripeccopoM) (puc. 4, mo3uiusi §) B JAMana3zoHE BapbUPOBAHUS ITOTO

dakTopa.
Bropoii ¢akrop (I, - anmMHa yckopuTens, M) HU3MEHSAETCS IyTEM CMEHbI

y4acTka |, pa3auyHOM JUIMHBI CEMSIIPOBOJA, B COOTBETCTBUU C YPOBHSIMU Bapbu-
pOBaHHSI.
®axkrop 3 (yriaoBasi CKOPOCTbh BBICEBAIOILIETO IUCKA X3 ) BHICTABJISIETCS HA Jia-

OopatopHOil ycTaHOBKE (puc. 4) B CIEAYIOINICH MOCIEI0BATEIILHOCTH:

- BKJIFOUMTH YIIPABJISIOLIEE YCTPOMCTBO B ceTh 320 B;

- TO’K/IaThCsl MOSBIICHUS HA JUCIUIee MpeoOpa3oBaTelis 4acToThl (puc. 4,
no3uuus 4) craproBoro 3uadeHus R 0,0:

- ¢ oMol KiaaBuim «Mode» yctaHoBUTH pexuM «Uy - BEIOOP KoJInYe-
cTBa 000pOTOB (OTHOKpATHOE HakaThe Ha kiaBuiny). KoiamdecTBo 000poTOB CO-
OTBETCTBYET YIJIOBOW CKOPOCTH BpAIllCHHsI BBICEBAIOIIETO JWUCKA, KOTOpas SBIIs-
eTcst pakTopoM BapbupoBanus (Tadi. 3).



Tabmuma 3
CooTBeTCTBHE CKOPOCTH JIBIKECHUS arrapaTa i CKOPOCTH,
yCTaHaBIIMBAEMOU Ha J1a00paTOPHOM CTEH/IC

CKopoCTh ABUKEHMS allapa- | YTJIOBas CKOPOCTh BbICE- CxopocTh Ha 1a60paTOpHOM
Ta, KM/4 (M/C) BAIOIIIETO JKCKA, Paji/ceK cTeHe, 00/MuH.

5,3 2 19
6,6 2,5 24

8 3 29
9,3 3,5 33
10,5 4 38
11,9 4,5 43
13,2 5 47
14,5 9,5 52
15,8 6 57

3HaueHHE YTIOBOM CKOPOCTH BBIOMPAIOT C YYETOM CTPOKH MAaTpPHULIbI
(Tabi1. 2) ¥ BO3MOXKHBIX 3HAYCHHUI YPOBHEH BapbUpoBaHus (Tadi. 3);

- KIaBuIIamMu ¢ « A» (yBenuueHue) v « ¥ » (YMEHbIIIEHUE) YCTAHOBUTH HE-
00X0IMMOE KOJIMYeCTBO 000poTOB: Hanmpumep, ¢ «Uy» 31 cansmmm go «U» 27:

- HaxkatueM KHomkd «RUN» ocylecTBIsIeT mycK JBUTaTelIsl, KHOIKa
«STOP-RESET» ocranaBnmuBaeT paboTy ABUTATEIS.

6. DKcrepuMeHT MPOU3BOIUTCS CICAYIOMUM 00pa3oMm:
- HACTPOEHHBIM Ha pabOTy BBICEBAIOLIMH armapaT BKJIIOYaeTcs 0e3 mnojadu

BaKyyMa Ha amnmnapar;




- ¢ IOMOLIBIO0 NMPeo0pa3oBaTENl YaCTOThl YCTAHABIMBAETCS YAaCTOTA Bpalle-
HUS BBICEBAIOLLETO JMCKa anmnapara (X3 - yriioBas CKOPOCTh BBICEBAIOLIETO JUCKA
() Ha COOTBETCTBYIOIIHE ypoBHU (+1;0;-1) (Tadm. 2);

- BKJIIOYAETCS BAaKyyMHasl yCTaHOBKA W BaKyyM ONPEACICHHON BEIWYMHBI
MOJIAETCS HAa BHICEBAIOIINH amapar;

- COrJIaCHO MATpHIle TUIAaHUPOBAHUA KCIepuMeHTa (Talia. 2) ycTaHaBIUBa-
I0TCS OCHOBHBIE (DAKTOPBI: x; - CKOPOCTh BO3IYIIHOIO MOTOKA U, , IOJaBAEMOT0O

B YCKOPHTENb CEMSIPOBOJA; X,- [UIMHA YCKOPUTENs CeMANpoBoia, l;,Ha cooT-
BeTcTBytomue yposau (+1;0;-1);

- TocTie CTaOMJIM3aluy TPOIecca BBICEBA CEMSIH BKIIIOYAETCS CIIeIUabHAS
nporpamma Ha [IK u npoBoauTcs uncioBoe 3HaueHue ckopoctu 100 BbICESTHHBIX
CEMsIH CHCTEMOM M3MEpPEHHSI CKOPOCTH ceMsiH (puc. 4);

- OTIpeieTICHHE CKOPOCTH CEMSIH Ha BBIXOJE U3 CEMSAINPOBOAA C YCKOPUTEIEM
(puc. 4) ocymiecTBisieTcs: TaTINKaMH, YCTAHOBICHHBIMHU Ha BBIXOJIE U3 CEMSIIIPO-
BOJIA,

- OKCIICPUMEHT MPOBOJUTCS MO 8 CTPOKaM MaTpPHIIbI TUTaHKUpoBaHuUs (Tabi.1)
C TPEXKPATHOM MOBTOPHOCTHIO KAXKOTO COYCTAHUSI YPOBHEH (PaKTOPOB;

7. TlomyueHHBIE B XOJ/I€ SKCIIEPUMEHTA 3HAYCHHS TTapaMeTpa ONTUMHU3AIUH

(pyukimu otknuka) (Yq;, Y,i, Ysi) 3aHeCTH B CBOAHYIO Ta0uity (Ta0:1.4).

Tabmnuma 4
PeayanaTH OKCIICPUMCHTAJIbHBIX JAHHBIX
Howmep omnbiTa y y y CpenHee 3Haue-
1i 2i 3i HHeE a
pamerpa
ONTUMHU3ALIUU

ombIta, Y. M/c

1 2 3 4 5
1. y =

20 y =

8 ys =

MeToauka 00padoTKH IKCIEPUMEHTAIBHBIX JAHHBIX

[Tocne mpoBeneHUs aKTUBHOTO JKCIEPUMEHTA TOJYYCHHBIE HKCIIEPUMEH-
TaNbHBIC AaHHBIC (Ta0. 4) moaBepraroTcs 00pabOTKe, U IS KaXKI0Io I-Io OIbITa
(i=1, ..., N) onpefensioTcs: cpeaHee 3HAYCHHE, CPEIHEKBAIPATHUHOE OTKIOHE-
HUE, KOOPDUIIMEHT BapHalliy, a0COMIOTHAS OTHMOKA CpelHel Mogaun CeMsH, OT-
HOCHTEJIbHAs OIIMOKa ombiTa (Tadu. 5) [2,3].



OKcnepUMeHTAIbHBIE JaHHblE 00padaThIBAIOTCS B COOTBETCTBHM CO Clle-

Ayromed MeToaukoi [2,3].

1. Jnst kaxoro i-ro ombita (=1, ..., M) onpeaenstoTcs YUCIOBbIC Xapak-

TEPUCTUKH:
- cpenHee 3HaueHue (Tadi. 5, cronbder 2):

m
2V
y, == :
m
- nucriepcust (tabm. 5, ctonber 3):

2

Sy, -v.]

S-2 — i=1

m-1
- CpeIHEKBaIpaTUYHOE OTKJIOHEeHHE (Tadu. 5, cronber 4):

S = Si2 ,
- koa(ppuruent Bapuaruu (tadia. 5, ctonbder S):

Vzi-100,

Yi

- abcomroTHas ommobKa cpeHel mojaaun cemsiH (Tadi. 5, cronberr 6):

t-S, 43

—_— a I
* Jm 3
- OTHOCHTEIIbHAS olroKa omnbiTa (Tabs. 5, ctonbery 7):

£="2.100, %
,

e — 2488,

(13)

(14)

(15)

(16)

(17)

(18)

rae Y, - cpeaHee 3HaueHMe TapaMeTpa ONTHMH3ALUM B I-ii CTpOKE MaTpHUIbI

IUIAaHUPOBAHUS 110 m IMapauICIIbHBIX OIIBITOB.

PaccumnTannslie 1o I[aHHOﬁ MCTOAUKE 3HAYCHUA 3aHOCATCS B tab. 5.



Tabmuma 5
Pe3ynbTarhl 3KCIepUMEHTAIBHBIX JAaHHBIX B IMAPAJICIIBHBIX OMBITAX IO CTPOKaM
MaTpPHIIBI INIAHUPOBAHUS U MX YHCIIOBBIC XapaKTePUCTHKH [3]

Ho- Cpennee Hucnepcust CpenuekBanpa | Koadpdu | AbGcomorHas | OTHOCHUTEND
Mep 3HAaYECHHUE S 2 THYIECKOE IIUCHT OIInoOKa, Hast oIIMOKa,
ONBI- | TapaMerpa i ,M/c. OTKJIOHCHHE, | BapHualu e,,M/c. &, %

Ta ONTUMHM3A- S, mlc. u, V,%

[[UH OTIITA, '
Y. wm.

1 2 3 4 5 6 7

1.

2.

2. OneHKa OJTHOPOTHOCTH JAUCTIEPCUI MPOU3BOIUTCS 1O KpuTeputo Koxpe-
Ha [2,3]:

Si2 max
G, =" (19)

)4 N
2.8/
i
i=1
CpeI[I/I BCGﬁ COBOKYHHOCTI/I paCC‘-II/ITaHHI)IX HOCTpO‘-IHI:IX I[I/ICHepCI/Iﬁ BI)I6H-
paeTCH MaKCUuMaJIbHas S-2 )51 6€p€TC$[ OTHOILLICHHUC I[aHHOﬁ I[I/ICHepCI/II/I K CYMMC

I max

N

BCEX IOCTPOYHBIX AUCIEPCUU ZSf, T.€. ONPENENACTCS PAacuEeTHOE 3HAYECHUE
i=1

kpurepus KoxpeHna.

C kpurepuem Gp CBS3aHBI CTENCHH CBOOOMBL: s uuciuTens f, =M—1,
Il 3HaMEeHaTeJIst f2 = N . Jlna 3amaHHOl TOBEPUTENBHON BEPOATHOCTH a MO
snauenusm 1, u f, ompenensercs xputHueckoe TabnMuHOE 3HAUCHHE KPUTEPHS
Koxpena G, (tabn. 1 mpunoxkenns), ¢ KOTOPHIM CPaBHHMBAIOT pacueTHoe. B
Hamem cinydae, npu M=3 u N =8, raGmuunoe snauerne G, =0,68.

Eciu Bemonnsercs ycaosue G, <G, 1o ¢ BbIOpaHHBIM ypOBHEM CTaTH-

CTUYECKOMN 3HAYUMOCTH O (C TOCTOBEPHOCTHIO 1—0) BCE MOCTPOUYHBIE AUCHEPCHH
MIPU3HAIOTCS OJHOPOAHBIMU. B MPOTUBHOM Cily4ae rMIoTe3y OTBEPraror.



3. Omnpenenenve K03PGUIMEHTOB YpAaBHEHHUSI PETPECCUU TI0 MaTpHUlIe Tuia-
Ha MOJIHOTO TPEX(PaKTOPHOTO IKCIIEPUMEHTA TIPOU3BOTUTCS 1O BEIpakeHUsM (5)-
(12), cpennee 3HaueHWE BBIXOJHOTO TapameTpa OepyT w3 Tabm. 5, cromober 2
[2,3]. Tlony4enHsie 3HaYeHHUS KOAPPUIMEHTOB YPaBHEHUS PETPECCUU BHOCST B
TabJ1. 6 ¥ OIICHUBAIOT UX HAa CTATUCTUYECKYIO 3HAYMMOCTH 10 t-kputeputo CThIo-
JICHTA.

4. OIleHKO! reHepallbHOW JUCHEPCUN BOCIIPOU3BOJMMOCTH, XapaKTepU3y-
IOIIe TOYHOCTH OJHOTO HM3MEPEHHMS, SIBISETCS CPEelHsSs U3 BCEX IOCTPOUYHBIX
aucriepcuid. Jlucrnepcust BOCIIpOU3BOJMMOCTH OTKIIMKOB (IUCIIepcHs MapameTpa
ONTHMU3AIINK) ONIPeaAeauTcs o dopmyie [2,3]

2 — i=1

80cC - N
5. CpenHee KBaipaTUYECKOE OTKIOHEHHUE JIJISI KO3O(P(PULIHUEHTOB YypaBHEHUI
perpeccuii onpeaenurcs mo gopmysie [2,3]
S 2
O, =q|— . (21)
by
m-N
6. 3HaunMocTh KOA(POUIIMEHTOB PETPECCUU MPOBEPSIOT C MOMOIIBIO KPU-
tepus Cteroenra [2,3]:
t = ‘bl‘

s 22)

by
[Tonydyennsie o dopmyne (22) nannapie 3HaYeHUN Kod(ddumueHToB CThIO-
JIEHTa JIJIs1 KaXJ0T0 KO3 (UIIMEHTa PErPECCUU CPABHUBAIOT C TAOJUYHBIM 3HAUe-
HUEM, KOTOpPOE OMpeAeseTcs Mo 3aJaHHON JIOBEPUTEIIbHOM BEPOSTHOCTU O U
yuciy creneneit ceoboasr f = N(m—1) [1]. [Ipu ypoBHE cTaTHCTHYECKON 3HA-

(20)

ypmocTH & = 0,05 u uucne crenenei ceodoasl f =8 (3 — 1) = 16 tabauunoe

3HadyeHue koddduimenra pasuo .  =2119 (tabn. 2 mpuitoKeHUSN).

maobn

Ecnu pacuetHoe 3HaueHue 00sblie TaOJIUMIHOT0, TO MOKHO TOBOPUTH O 3Ha-
YUMOCTH KO3 (UIIMEHTa, HE 3HAUUMbIE MUCKIIOYAIOTCS M HE UCHOJB3YIOTCS MPHU
COCTaBJICHUH YPaBHEHUSI PETPECCHUMU.



Tabmnuma 6

3HaveHus kK03 unmeHToB perpeccun u 3HadeHui kputepusi Cteronenra [2,3]

O06o3HaueHne
roappurueHToB
perpeccuu

3HaueHue

KO3 PHUIHEHTOB

perpeccuu

PacueTHoe 3HaYeHUE Kpu-

tepust CTbIOJEHTA, ti

TabauyHoe 3HaYE-
HUE KpUTEPUS

Creronenra, 1, .,

123

2,119

/. CocTaBUM ypaBHEHMs PErpeccuu, MOACTaBiss B (hopmyny (4) 4ucIOBbIE
3HayeHus1 KodPuimeHToB perpeccur. [lomyunm Moaensb UcClieyeMoro npoiec-

ca. Hanmpumep,

y pacu

= 2,3633+0,7205x; +0,2779x, +0,1538x;x, —0,0433xZ —0,0209x5 +0,0136x3

IIo IMMOJIYYCHHOMY YPAaBHCHUIO PECTPECCHUH paACCUUTACM 3HAYCHUS IMTapaMeTpa OIITU-

MHU3aIMH TI0 MOJIENH Y ,; M BHECEM JTU 3Ha4€HHs BO BCIIOMOTaTesbHyI0 Tabmuity 7.

Tabmuua 7

I[OHOJ'IHI/ITGJ'IBHaH Ta6HI/ILIa AJI1 pacdu€Ta aACKBATHOCTH MOACIN

Homep | Cpenmee sHauenne | 3HaueHue mapa- Jucnepenst OtHocutenbHAs TI0-
ONBITA | TApaMeTpa ONTHMH- | METPa ONTHMHU- S2=(y, -y )b TPEIIHOCTD MOJIEIH,
i i ;) e
3amuu (110 DKCTIEPH- |  3alliH, PACCHH- P ‘Yp' _ Vi‘
|
MEHTATHBIM JIAH- | TaHHOE 0 MO- d= Ty -100%
_ i
mev) Y mle e ypm.
1
8
- N
2.8 =
i
i-1
- m & —
2 v 2 —
S a0 = N Z( yl - ypaL"-li)
— 1 i=1




8. AJEeKBaTHOCTH IMOYYEHHOW MOJIENN TIpoBepsieM 1o F — kpurepuro [2,3]:
_ s
p SZ '
s0c
JIJiss BBIYMCIICHUS NUCTIEPCHH aICKBAaTHOCTH HAXOIUM CyMMY KBaJpaToOB
OTKJIOHCHMH pAcCYeTHHIX 3HAUCHUH NapaMeTpa ONTHMH3AIMU OT JKCIICPUMEH-
TAJIBHBIX 3HAYEHUW BO BCEX TOUYKAaX IIaHA. AJIEKBATHOCTh MAaTEMAaTUYECKOM MO-
JCNIA OTIpeNeiIsieM, CpaBHHBAs JMCIICPCUIO BOCIPOM3BOJUMOCTH C JHCIICPCUEH
aJICKBAaTHOCTH.
9. JlucmepcHro aJieKBaTHOCTH pacCUnThIBaeM 1o gopmyiie [2,3]

(23)

m N
2 = 2
S a0 = N _ Zl( yi - ypucqi) ] (24)
i=
rae | - uncno 3HaYuMBIX KO3(PPHUIIUECHTOB PETPECCHH.
JInist 3aiaHHON TOBEPUTEIBHON BeposATHOCTH ¢ 1o 3HaueHusMm f, =N -1 u

f, = N(m-1) onpenensercs TabnuuHoe 3HaueHue kputepus Oumrepa F, . Ecin
F, <F,, To nomyueHHass perpecCMOHHON MOJI€]b C IPUHATHIM YPOBHEM CTaTH-

CTUYECKOM 3HAYMMOCTH Ol aJICKBaTHA YKCIIEPUMEHTATBHBIM JaHHBIM.

10. Ecnum momens amekBaTHA, TO OCYIIECTBISIEM MEPEX0] OT Oe3pa3MepHOTO
MOJIMHOMA K pa3MepHOMY NOJIMHOMY. [[71s1 3TOro B 6€3pa3MepHBbIil MOJIMHOM TOJI-
CTaBUM BBIpaXEHUS JIJI1 KOJUPOBAHHBIX (PaKTOPOB, MTOCIIE YETO PACKPHIBAIOTCS BCE
CKOOKH Y MIPUBOJIATCS TOJ00HBIE caracMble, ITOJYYUM YPaBHEHHUS B HATypaJIbHOM
BUJIC.

Hanpumep,

V.3 =06315+00770 v, —0,9983 I, +06408 v, -1, —00012 v? -130625 12 +00136 .



NHINBUAYAJIBHBIE 3AJTAHUSA

Y4yeOHast rpymma MardCTpaHTOB pasfeisiercs Ha JBe MmoArpymmbl. OjHa
MOATPYTINA BBIOIHAET 3a7aHue 1o 1adi. 8, a, Bropas — 1o 8, 0.

Ta0mnuma 8, a

BapuaHT 3HaueHHsI OCHOBHBIX (PAKTOPOB M YPOBHEW UX BapbUPOBAHUS

HaumenoBanwue ¢akropa O603Ha YpoBHH (pakTOpoB WNuTtepBan
Y €IMHUIIBI U3MEPEHUS N HIKHUI OCHOBHOM BEpXHHUI | BapbUpOBa-
(-1) (0) (+1) HHS
U, - CKOpPOCTb BO3/yLI-
HOTO IMOTOKa B YCKOpH- Xy ! 12 19 5
Tele, M/C
|, - mmHa yckopwurens,
i yerop X, 0,08 0,10 0,12 0,02
M
(VU - yriioBas CKOPOCTh
BBICEBAIOIIETO  JIMCKa, X3 1 3 5 2
pan/c
Tabnuua 8§, 6
BapuanT 3HaueHUs1 OCHOBHBIX ()aKTOPOB U YPOBHEU UX BapbUPOBAHUS
HaumenoBanue ¢aktopa O603Ha YpoBHH (pakTOpoB WNHurtepBan
W €IUHHULB] U3MEPECHUS eHIe HIKHHAI OCHOBHOU BEPXHHI1 BapbUpOBaA-
(-1) ©) (+1) HHST
U, - CKOpPOCTh BO3IyII-
HOTO IIOTOKa B YCKOPH- Xy 12 15 18 3
Tele, M/C
|, - mmHa yckopurens,
s 7 MTHIHE YEKOP X, 0,06 0,09 0,12 0,03
M
(U - yrioBasg CKOPOCTb
BBICEBAIOLIETO  JIUCKa, X3 2 4 6 2
pan/c
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[MTPMJIOXKEHUE

Tab6mamma 1
Kputnueckune 3nauenns nisa kpurepus Koxpena
Yucio us- Yucno creneneit cBoOOAbBI, f =m—1
MCpCHUU, n=2 n=3 n=4 n=>5 n=6
f,=N ["19% [ 5% | 1% | 5% | 1% | 5% | 1% | 5% | 1% | 5%
2 - - 0,995 | 0,975 | 0,979 | 0,939 | 0,959 | 0,906 | 0,937 | 0,877
3 0,993 | 0,967 | 0,942 | 0,871 | 0,883 | 0,798 | 0,834 | 0,746 | 0,793 | 0,707
4 0,968 | 0,906 | 0,864 | 0,768 | 0,781 | 0,684 | 0,721 | 0,629 | 0,676 | 0,590
5 0,928 | 0,841 | 0,788 | 0,684 | 0,696 | 0,598 | 0,633 | 0,544 | 0,588 | 0,506
6 0,883 | 0,781 | 0,722 | 0,616 | 0,626 | 0,532 | 0,564 | 0,480 | 0,520 | 0,445
7 0,838 | 0,727 | 0,664 | 0,561 | 0,568 | 0,480 | 0,508 | 0,431 | 0,466 | 0,397
8 0,794 | 0,680 | 0,615 | 0,516 | 0,521 | 0,438 | 0,463 | 0,391 | 0,423 | 0,360
9 0,754 | 0,638 | 0,573 | 0,478 | 0,481 | 0,403 | 0,425 | 0,358 | 0,387 0,329
10 0,718 | 0,602 | 0,536 | 0,445 | 0,447 | 0,373 | 0,393 | 0,331 | 0,357 0,303
11 0,684 | 0,570 | 0,504 | 0,417 | 0,418 | 0,348 | 0,366 | 0,308 | 0,332 0,281
12 0,653 | 0,541 | 0,475 | 0,392 | 0,392 | 0,326 | 0,343 | 0,288 | 0,310 0,262
13 0,624 | 0,515 | 0,450 | 0,371 | 0,369 | 0,307 | 0,322 | 0,271 | 0,291 0,243
14 0,599 | 0,492 | 0,427 | 0,352 | 0,349 | 0,291 | 0,304 | 0,255 | 0,274 0,232
15 0,575 | 0,471 | 0,407 | 0,335 | 0,332 | 0,276 | 0,288 | 0,242 | 0,259 0,220
16 0,553 | 0,452 | 0,388 | 0,319 | 0,316 | 0,262 | 0,274 | 0,230 | 0,246 0,208
17 0,532 | 0,434 | 0,372 | 0,305 | 0,301 | 0,250 | 0,261 | 0,219 | 0,234 0,198
18 0,514 | 0,418 | 0,356 | 0,293 | 0,288 | 0,240 | 0,249 | 0,209 | 0,223 0,189
19 0,496 | 0,403 | 0,343 | 0,281 | 0,276 | 0,230 | 0,238 | 0,200 | 0,214 0,181
20 0,480 | 0,389 | 0,330 | 0,270 | 0,265 | 0,220 | 0,229 | 0,192 | 0,205 0,174
21 0,465 | 0,377 | 0,318 | 0,261 | 0,255 | 0,212 | 0,220 | 0,185 | 0,197 0,167
22 0,450 | 0,365 | 0,307 | 0,252 | 0,246 | 0,204 | 0,212 | 0,178 | 0,189 0,160
23 0,437 | 0,354 | 0,297 | 0,243 | 0,238 | 0,197 | 0,204 | 0,172 | 0,182 0,155
24 0,425 | 0,343 | 0,287 | 0,235 | 0,230 | 0,191 | 0,197 | 0,166 | 0,176 0,149
25 0,413 | 0,334 | 0,278 | 0,228 | 0,222 | 0,185 | 0,190 | 0,160 | 0,170 0,144
26 0,402 | 0,325 | 0,270 | 0,221 | 0,215 | 0,179 | 0,184 | 0,155 | 0,164 0,140
27 0,391 | 0,316 | 0,262 | 0,215 | 0,209 | 0,173 | 0,179 | 0,150 | 0,159 0,135
28 0,382 | 0,308 | 0,255 | 0,209 | 0,202 | 0,168 | 0,173 | 0,146 | 0,154 0,131
29 0,372 | 0,300 | 0,248 | 0,203 | 0,196 | 0,164 | 0,168 | 0,142 | 0,150 0,127
30 0,363 | 0,293 | 0,241 | 0,198 | 0,191 | 0,159 | 0,164 | 0,138 | 0,145 0,124
31 0,355 | 0,286 | 0,235 | 0,193 | 0,186 | 0,155 | 0,159 | 0,134 | 0,141 0,120
32 0,347 | 0,280 | 0,229 | 0,188 | 0,181 | 0,151 | 0,155 | 0,131 | 0,138 0,117
33 0,339 | 0,273 | 0,224 | 0,184 | 0,177 | 0,147 | 0,151 | 0,127 | 0,134 0,114
34 0,332 | 0,267 | 0,218 | 0,179 | 0,172 | 0,144 | 0,147 | 0,124 | 0,131 0,111
35 0,325 | 0,262 | 0,213 | 0,175 | 0,168 | 0,140 | 0,144 | 0,121 | 0,127 0,108
36 0,318 | 0,256 | 0,208 | 0,172 | 0,165 | 0,137 | 0,140 | 0,118 | 0,124 0,106
37 0,312 | 0,251 | 0,204 | 0,168 | 0,161 | 0,134 | 0,137 | 0,116 | 0,121 0,103
38 0,306 | 0,246 | 0,200 | 0,164 | 0,157 | 0,131 | 0,134 | 0,113 | 0,119 0,101
39 0,300 | 0,242 | 0,196 | 0,161 | 0,154 | 0,129 | 0,131 | 0,111 | 0,116 0,099
40 0,294 | 0,237 | 0,192 | 0,158 | 0,151 | 0,126 | 0,128 | 0,108 | 0,114 0,097




Tabauna 2

Kputnueckue 3nauenust koagouimenta Croroaenta (t-xpurepusi) 1t pa3aTuaHON
JIOBEPUTEIIBHON BEPOSTHOCTH 0, M YUCJIA CTEIICHEH cBOOOIbI f

—

o

0.80 0.90 0.95 0.98 0.99 0.995 0.998 0.999
1 3.0770 6.3130 12.7060 31.820 63.656 127.656 318.306 636.619
2 1.8850 2.9200 4.3020 6.964 9.924 14.089 22.327 31.599
3 1.6377 2.35340 3.182 4.540 5.840 7.458 10.214 12.924
4 1.5332 2.13180 2.776 3.746 4.604 5.597 7.173 8.610
5 1.4759 2.01500 2.570 3.649 4.0321 4.773 5.893 6.863
6 1.4390 1.943 2.4460 3.1420 3.7070 4.316 5.2070 5.958
7 1.4149 1.8946 2.3646 2.998 3.4995 4.2293 4.785 5.4079
8 1.3968 1.8596 2.3060 2.8965 3.3554 3.832 4.5008 5.0413
9 1.3830 1.8331 2.2622 2.8214 3.2498 3.6897 4.2968 4.780
10 1.3720 1.8125 2.2281 2.7638 3.1693 3.5814 4.1437 4.5869
11 1.363 1.795 2.201 2.718 3.105 3.496 4.024 4.437
12 1.3562 1.7823 2.1788 2.6810 3.0845 3.4284 3.929 4.178
13 1.3502 1.7709 2.1604 2.6503 3.1123 3.3725 3.852 4.220
14 1.3450 1.7613 2.1448 2.6245 2.976 3.3257 3.787 4.140
15 1.3406 1.7530 2.1314 2.6025 2.9467 3.2860 3.732 4.072
16 1.3360 1.7450 2.1190 2.5830 2.9200 3.2520 3.6860 4.0150
17 1.3334 1.7396 2.1098 2.5668 2.8982 3.2224 3.6458 3.965
18 1.3304 1.7341 2.1009 2.5514 2.8784 3.1966 3.6105 3.9216
19 1.3277 1.7291 2.0930 2.5395 2.8609 3.1737 3.5794 3.8834
20 1.3253 1.7247 2.08600 2.5280 2.8453 3.1534 3.5518 3.8495




Tabmuma 3

3nauenus F - kpurepuss Gumiepa npu 5% ypoBHE 3HAUHMMOCTH
f,=N -1 1 2 3 4 5 6 8 12 24 o
f, = N(m-1)
1 161,45 | 199,50 | 215,72 | 224,57 | 230,17 | 233,97 | 238,89 | 243,91 | 249,04 | 254,32
2 1851 | 19,00 | 19,16 | 19,25 | 19,30 | 19,33 | 19,37 [ 19,41 | 19,45 | 19,50
3 1013 | 955 | 928 [ 912 | 901 | 894 | 884 | 874 | 864 | 853
4 771 | 694 | 659 | 639 | 626 | 616 | 604 | 591 | 577 | 563
5 661 | 579 | 541 | 519 | 505 | 495 | 482 | 468 | 453 | 4,36
6 599 | 514 | 476 | 453 [ 439 | 428 | 415 | 4,00 | 384 [ 367
7 559 | 474 | 435 | 412 | 397 | 38 | 373 | 357 | 341 | 323
8 532 | 446 | 407 | 384 | 369 | 358 | 344 | 328 | 312 | 293
9 512 | 426 | 386 | 363 | 348 | 337 | 323 | 3,07 | 290 [ 271
10 49 | 430 | 371 | 348 | 333 | 322 | 307 | 291 | 274 | 254
11 484 | 398 | 359 | 336 | 320 | 309 | 295 | 279 [ 261 | 240
12 475 | 38 | 349 | 326 | 311 | 300 | 28 | 269 | 250 | 230
13 467 | 380 | 341 | 318 | 3,02 | 292 | 277 | 260 | 242 | 221
14 460 | 374 | 334 | 311 [ 29 | 285 | 270 | 253 | 2,35 [ 213
15 454 | 368 | 329 | 306 [ 290 | 279 | 264 | 248 | 2,29 [ 2,07
16 449 | 363 | 324 | 301 | 285 | 274 | 259 | 242 [ 224 | 201
17 445 | 359 | 320 | 296 [ 281 | 270 | 255 | 238 | 219 [ 1,96
18 441 | 355 | 316 | 293 | 2,77 | 266 | 251 | 234 [ 215 | 192
19 438 | 352 | 313 | 290 | 2,74 | 263 | 248 | 231 [ 211 | 188
20 435 | 349 | 310 | 287 [ 271 | 260 | 245 | 2,28 | 2,08 | 184
21 432 | 347 | 307 | 284 | 268 | 257 | 242 | 225 | 2,05 | 181
22 430 | 344 | 305 | 28 [ 266 | 255 | 240 | 223 | 2,03 | 1,78
23 428 | 342 | 303 | 280 [ 264 | 253 | 238 | 220 | 2,00 [ 176
24 426 | 340 | 301 | 278 [ 262 | 251 | 236 | 218 | 1,98 [ 173
25 424 | 338 | 299 | 276 | 2,60 | 249 | 234 | 216 | 1,96 | 1,71
26 422 | 337 | 298 | 274 | 259 | 247 | 232 | 215 | 1,95 [ 1,69
27 421 | 335 | 296 | 273 [ 257 | 246 | 230 | 213 | 1,93 [ 167
28 420 | 334 | 2905 | 271 | 256 | 244 | 229 | 212 [ 1,91 | 165
29 418 | 333 | 2903 | 270 | 254 | 243 | 228 | 210 | 1,90 | 164
30 417 | 332 | 292 | 269 | 253 | 242 | 227 | 209 | 1,89 [ 162
35 412 | 326 | 287 | 2,64 | 248 | 237 | 222 | 204 | 1,83 [ 157
40 408 | 323 | 284 | 261 | 245 | 234 | 218 | 200 | 1,79 [ 151
45 406 | 321 | 281 | 258 | 242 | 231 | 215 | 1,97 [ 1,76 | 148
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