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IHPAKTUYECKASA PABOTA

HEJIb PABOTBI — npuobperenue MarucTpaHTaMu KOMIIETEHIIUH 0 MPH-
MEHEHHIO METOJIMKH MPOBEJIEHUS SKCIIEPUMEHTA U 00pabOTKU IKCIIEPUMEHTAb-
HBIX JAHHBIX C HMCIIOJIb30BAHUEM HEKOMIIO3MLMOHHOIO TPEXYPOBHEBOIO IUIaHA
BTOpOTO nopsiaka bokca-benkuna.

1. OBIIME ONIPEAEJIEHUSA

B GonpmuHCTBE CIIy4acB LCJIbIO HMCCIICAOBAHUA ABJIICTCA ITOJIYYCHHC Ma-
TCMATHYCCKOT'O OIMMCAHUA HM3y4acMOI'0 IIpoIeccCa. YacTo n3-3a CI0XKHOCTHU IIpo-
necca Ui MaJioro o0BbeMa I/IH(i)OpMaHHI/I HCU3BCCTHYIO 3aBUCUMOCTL HCCIICAYC-

Moi¥i BemauHEl { oT K He3aBHCHMBIX (haKTOPOB MPEJICTABISIOT MOTHHOMOM [1]:

k k k
_ 2
C= P+ 2 BX+ 2 B XX; + 2 Bx (1)
i—1 i,j=1 i—1

B sTOM ciyuae HEOOXOIUMO OIPENENUTh KOI(M(PUIMEHTHl YPaBHEHUS U OLie-
HHUTb UX 3Ha4UMOCTb. 110 pe3ynbpraraM OIBITOB MOYKHO OIIPEAENIUTH TOJIBKO BBIOO-
pounbie KodhduumenTsr perpeccun by,b b, b, ....., KoTOpBIE sBIATOTCS SMLIB
OLIEHKAMH TEOPETHIECKHUX Kodpduimentos S, 4,5, B, ..... nomanoma (1).

VYpaBHEHHUE perpeccuu, MOJyYeHHOE 10 PE3yabTaTaM 3KCIIEPUMEHTa, UMe-
et Bun [1]:

y =b,X, +ibixi +ibi,jxixj +ibi,ixi2 T (2)

ij=1
rae Y — BbeiOOpoYHas olleHKa YHKIIMU OTKIIUKA ¢ | K — uncio cron6uos B mar-

pulle TUTAaHUPOBAHUS dKCIIEpUMEHTa; X, =1.

Ecnu Ha ocHOBe anpuopHOW HH(POPMALMM U3BECTHO, YTO HCCIEAYEMBbIN
MPOLIECC MOXHO C JOCTATOYHOW TOYHOCTHIO OMHUCATh MOJMHOMOM BTOPOIO MO-
pAaKa, TO JJIs MOJYyYEHUS MOJENIM HEKOMITO3WLIMOHHBIE TIJIaHbl B PAJIE CIIy4acB
palMOHANIbHEE I[EHTPAIBHBIX KOMIIO3UIIMOHHBIX IIJJAHOB BTOPOTO MOPSAKA, B
Clyyae HEaJICKBAaTHOCTH IOJMHOMA BTOPOTO MOPSAKA MEPEXOIAT K MIAHUPOBa-
HUIO TPETHETO MOPSAAKA U OMKCHIBAIOT MUCCIIEYEMBbIN MPOLECC TOJIUMHOMOM TPETh-
€M CTEIICHH.

bokcom u benkunbim a1 uncia ¢GakTopoB OT 3 10 / TPEJIOKEH 1EHHBIN B
MPAKTUYECKOM OTHOIIIEHUU KJIACC HEKOMITO3UIIMOHHBIX IJIAHOB BTOPOTO MOPSJIKA.
OTU MIaHbl TPEACTABISAIOT COOOW OMNpe/esiEHHbIE BHIOOPKH CTPOK M3 IOJIHOTO
daxropHoro sxcnepumenta (IIMD) Tuna 3% (rae k=3), rae kaxplii pakTop Baph-
upyercsa Ha Tpex ypoBHsax: +1, 0, —1, a B H€HTpaJIbHBIX KOMIIO3UIIMOHHBIX POTa-
TaOENbHBIX TUIAHAX BTOPOrO MOpsAKa (paKTOPhbl BApbUPYIOTCS HA MATH YPOBHSX.



CmMeHa ypoBHEH B MPOIECCE IKCIIEPUMEHTHPOBAHUS YCIOKHIET IKCIIEPUMEHT U
YBEJIMYHBAET €T0 CTOMMOCTb.

HekoMImo3umuoHHbIE TUTaHBl XapaKTEPU3YIOTCS HAIMIUEM B CTPOKAX MaT-
pUIBl TIAHUPOBAHUS OOJBIIOrO0 YHWCiIa Hyned (T.e. (aKTOPOB HA OCHOBHOM
YPOBHE), B pe3yJbTaTe YEro CYIIECTBEHHO YMPOIIAETCs BRIUUCICHUE KO3 duIm-
€HTOB PErPECCHH MOJIEIIH.

Hexomno3uruionHsie miiansl as 3, 4, 6 u 7 pakTopoB TpeOYIOT MOCTaHOB-
KA MEHBIIIETO YUCJIA OMBITOB 10 CPABHEHUIO C COOTBETCTBYIOIIUMH POTaTabEIhb-
HBIMU [ICHTPAJIBHBIMH KOMITO3UIIMOHHBIMHY IIJIaHAMHU BTOPOTO mopsika (Tada. 1).

Taomuma 1
Yuca onpITOB, MPETyCMOTPEHHBIE HEKOMITO3UITMOHHBIMU TIJITAaHAMH
Y LIIEHTPaJTbHBIMA KOMITO3UIIMOHHBIMH POTAaTa0EIbHBIMU IJIAHAMH
BTOPOTO MOPSIKA

Yucno dhakTopos 3 4 5 6 7
Hexomno3umoHHsbIi 11aH 15 27 46 94 62
(BbIOOpKA U3 IIaHa THIa 3X)

LleHTpasbHBINA KOMITO3UIHOH- 20 31 32 58 92
HBIN poTaTaOe/IbHBIN IIJIaH BTO-

poro nopsiika

X3

13(0;-1;+1)

8(-1;0;+1)

6(+1;0;+1)

4(-1;-1;0)
/ 1{(0';+1;+1)/ ‘/2(+1;-1;0)
‘ - I

5;10;15(0,0,0) X1
‘3(-1;J71;0) 14(0;-1;-1)
/
9(-1;0;-1) 1(+1;+1;0)
A
7(+1;0;-1)
12(0;+1;-1)
X2

Puc. 1. HekoMIO3UIIMOHHBIM TPEXypOBHEBBIN IJIaH BTOPOTO MOPSIKa
boxkca-benkuHa (i Tpex GpakTopos)



Marpunia mnnaHa skcnepuMmeHTa bokca-beHknHa, W300pakKeHHOro Ha
puc. 1, npeacrasneHa B Ta0. 2.
Tabmuma 2
Martpuiia HeKOMIIO3UIIMOHHOTO TIJIaHa BTOPOTO MOPSAKa
1715 Tpex GaxTopoBs (BEIOOpKA U3 maHa skcnepumenta 3°) [2]

Howmep @DakTOpbI U UX B3AMMOJICHCTBHS OTKIIHK

ombITa | X, X, X, Xy | XX, | Xy Xy | XX, xf x22 x,f 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 Y:
6 +1 +1 0 +1 0 +1 0 +1 0 +1 Yo
7 +1 +1 0 -1 0 -1 0 +1 0 +1 Y,
8 +1 -1 0 +1 0 -1 0 +1 0 +1 Ys
9 +1 -1 0 -1 0 +1 0 +1 0 +1 Y,
10 +1 0 0 0 0 0 0 0 0 0 Yio
11 +1 0 +1 +1 0 0 +1 0 +1 +1 Y.
12 +1 0 +1 -1 0 0 -1 0 +1 +1 Y2
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 Yis

HekoMIo3uIMOHHBIN MJIaH BTOPOIro MOpsJiKa JUIs TpeX (akTopoB Mpemdy-
cMaTpuBaeT nposeneHue 15 omnbiToB (15 cTpok B Marwuile IijiaHa), MPUYEM TpU
ombita (Tadm. 2, onbtel 5; 10; 15) mpoBoAsITCS B IICHTPE IUIaHA, T. €. TP HAXOXK-

JICHUU BCeX (haKTOPOB Ha HYJIEBBIX (OCHOBHBIX) ypoBHsX (X, =X, =X,=0).

PaccmoTrpennbie bokcoM W BEHKMHBIM HEKOMIIO3WIIMOHHBIE TUIAHBI IS
yuciaa (HaKTopoB OT TPEX JO0 CEMU MMEIOT BBICOKYIO CTEIEHb OPTOTOHAJIBHOCTH:

TONBKO cBOOOAHBIT wieH D, u xodbdumueHTsI bij MpU KBAJAPATHUYHBIX UYJIEHAX

KOPPEJIMPOBAHBI APYT C IPYTOM.

[Tpu yeThipex u cemu (pakTOpax ykazaHHBIC TJIAHBI SBISIOTCS POTaTa0EIh-
HBIMH, a TIPU IPYTroM 4ucie GaKTOpOB ITHU TUIAHBI SIBJISIOTCS MOYTH POTATA0EIb-
HBIMH.



INPUMEP.

L]env pabomwsi — NOBBIIIIEHUE KAYECTBA MOCEBA MPOMAIIHBIX KYJIBTYP ITHEB-
MAaTUYECKUMH CEesSJIKaMH ITyTeM YCTaHOBKHU CEMSIIPOBOJIOB, OOCCIECYMBAIOIINX
YOPABISIEMOCTh JIBIPKCHHEM CEMsIH OT BBICEBAIOIIETO armapara A0 JHa O0po37s
[3].

Obvexm ucciedosanuss — TEXHOIOTUIECKUN MPOIIECC OAHO3EPHOBOTO BHI-
CceéBa CEMSH MPOIMAIIHOW KYJbTYphl (KyKypy3bl) almapatoM ITHEBMATHYECKOIO
JEUCTBUS C CEMSTTPOBOJIOM.

Ilpeomem uccnedosarusi — 3aKOHOMEPHOCTH JBWKCHHS CEMSH B CEMSIIPO-
BOJIC YCOBEPILICHCTBOBAHHOI'O IMHEBMATHYECKOI'O BBICEBAIOIIETO amImapara IMpo-
MAITHOM CEsIKU.

OCHOBHOMH 33/1a4€il SKCIIEPUMEHTAIBHBIX UCCIEAO0BAHUS SBIISIOCH OIpeie-
JICHUE CKOPOCTH CEMSH Ha BBIXOJE M3 CEMSIIPOBOJAa BBICEBAIOUIETO arrapara
(puc. 2, a, no3. 3).

v [ S <

1 — npssMonuHENHBIN y4acToK;
2 — HarHeTaTeJIbHBIN Yy4acToK;
3 — YCKOPHUTEIBHBIA YIaCTOK

a) 0)

Puc. 2. DxcriepiMeHTaIBHBINA CEMSTIPOBOJI C YCKOPUTEIIEM CEMSTH
K cesike TouHOTro BhiceBa (Tuna CYITH-8A) [3]

CKOpOCTh M3MEPSETCS] C TOMOIIBIO CHENUATU3UPOBAHHON CUCTEMBI U3MeE-
pPEHUsI CKOPOCTH CEMsSIH Ha BBIXOJIE U3 CEMSIPOBOAA, COCTOSLIEH U3 IBYX (OTO-
anektpuueckux (puc. 2, 6; puc. 3, mo3. 2 u 3) gaT4MKa, yCTAHOBICHHBIX Ha pac-

CTOSIHHNU La Apyr OT Apyra 1o XoAy ABMXXCHHA CCMCHHU, U 0J0Ka YHpaBJICHUA,

MOJIAOILEr0 UMITYJIbC Ha NMEePCOHATIBHBIA KOMITBIOTED, AJIsi 00pabOTKU U BU3yalU-
3alMU Pe3ysbTara.



Puc. 3. DkcniepruMeHTaIbHBINA CEMSIIPOBOJ ¢ qaTdukamu [3]:
1 — 9KCTIepPUMEHTAJIBHBII CEMSIIPOBO/I; 2 — EPBbII AATUUK;

3 — BTOpOIi JaT4yuK; 4 — OJIOK yIpaBJIeHUS

Ha ocHoBaHuu aHanu3a anpuopHOM HH(popManuu BbisABIEHO 11 daxTo-
POB, BIMSAIONIMX HA MapaMeTp ONTUMH3aUUU Y (CKOPOCTh CEMSIH Ha BBIXOJE C

ceMsIIpoBoza — U, ). lIpoBesicH aHamu3 CTeneHeil BIusIHUs HaKTOPOB Ha PE3ylib-

TaT, X PAaHKUPOBAHUE U BBISABJICHBI 3 OCHOBHBIX (pakTopa Xxi,Xx, U X3 (Tadim. 3).

OcHOBHBIE (haKTOPHI M YPOBHHU UX BapbUpoBaHus [3]

Tabmuma 3

HaumenoBanue O603Ha- YpoBHuu (hakTOpoB HNutepBan
(bakTopa U eAMHUILIBI HWKHUI OCHOBHOU BEPXHUMU BapbUpO-
YEHHE
M3MEpEeHUS (-1) (0) (+1) BaHMS
U, - CKOPOCTb BO3/yII-
HOI'O IIOTOKa B YCKOPH- Xy 8 14 20 6
Tee, M/c
|, - mmMHa yckopuTens,
o 7 AV YEKOP X, 0,08 0,12 0,16 0,04
M
(U - yrioBas CKOPOCTb
BBLICEBAIOLIETO  JUCKA, X3 2 3 4 1
pan/c

[TapameTpoM ONTHMH3ALNY SBISETCS CKOPOCTh CEMEHHU Ha BBIXOJIE U3 Ce-
msmpoBojia (U,3) (puc. 2, a, mo3. 3), s onpeAeicHus 3HaYCHUH KOTOPOTO ObLT

MPOBEICH TPEX(PAKTOPHBIN SKCIEPUMEHT C UCIOJIb30BAHUEM HEKOMITO3UILIMOHHO-
ro TPEXYpPOBHEBOTO IJIaHA BTOPOTO nopsiika bokca-benknHa, MaTprna KOTOporo

MpejcTaBlieHa B Ta0JI. 2.



Tabnuna 4
CKOpOCTh CEMSTH Ha BBIXO/IE M3 CEMSIIPOBO/IA, BHICESTHHBIX IKCIIEPUMEHTATBHBIM
BBICEBAOIIUM aIApaTOM, B TTAPAIIICILHBIX OMBITAX MO CTPOKAM MAaTPHIIBI
TUTAHUPOBAHMSI (M/C) U XapaKTEPUCTUKH CPETHEH CKOPOCTH CEMSIH Ha BBIXOJIE
U3 CEMSIITPOBO/IA MO CTPOKAM MAaTPHIILI IITaHUPOBaHUS [3]

Howmep v, v, Uy Cpennsis| [ducnepcus |Cpenne-|Koaddu-| Abco- | OtHOCH-

OTIBITa CKO- o? wmlc KBaJipa- | IUCHT | JIIOTHAs | TeJbHAS
pOCTh b THYe- |Bapualnuu| omuOKa | ommOKa
CeMsH cKoe VvV, % e,,M/c &, %

OTKJIO-

V.,
@ HEHHE
M/C o, M/C
2 3 4 5 6 7 8 9 10

3,489 | 3,491 | 3,513 | 3,498 0,0001773 0,0133 | 0,4100 | 0,0330 | 1,0168

2,691 | 2,643 | 2682 | 2,672 0,0006510 0,0255 | 0,9549 | 0,0633 | 2,3681

1,784 | 1,801 1,79 1,792 0,0000743 0,0086 | 0,5315 | 0,0214 | 1,3182

1593 | 1576 | 1,591 | 1,587 0,0000863 | 0,0093 | 0,6069 | 0,0230 | 1,5051

2,314 | 2,319 | 2,303 | 2,312 0,0000670 | 0,0082 | 0,3439 | 0,0203 | 0,8529

3,21 3,129 | 3,151 | 3,163 0,0017543 0,0419 | 1,3242 | 0,1039 | 3,2840

3,211 | 3,101 | 3,171 | 3,161 0,0031000 0,0557 | 1,7614 | 0,1381 | 4,3683

1652 | 1,712 | 1672 | 1,679 0,0009333 | 0,0306 | 1,8196 | 0,0758 | 4,5125

olo|vN|o|lusw|Nk |-

1651 | 1,711 | 1,673 | 1,678 0,0009213 | 0,0304 | 1,8089 | 0,0753 | 4,4861

10 2,369 | 2,399 2,4 2,389 0,0003103 | 0,0176 | 0,7499 | 0,0437 | 1,8599

11 2,678 | 2,657 | 2,634 | 2,656 0,0004843 0,0220 | 0,8286 | 0,0546 | 2,0549

12 2,674 | 2,643 | 2,629 | 2,649 0,0005303 0,0230 | 0,8680 | 0,0571 | 2,1527

13 2,041 | 2,069 | 2,071 | 2,060 0,0002813 0,0168 | 0,8142 | 0,0416 | 2,0193

14 2,063 | 2,047 | 2,068 | 2,059 0,0001203 0,0110 | 0,5328 | 0,0272 | 1,3213

15 2,397 | 2,381 | 2,389 | 2,389 0,0000640 0,0080 | 0,3394 | 0,0198 | 0,8417

2
o,,.=0,00063 - - - -
DKCHepUMEHTAIbHBIE Pac-
JIAaHHbBIE yeTHast | X@PAKTEPUCTUKH CPETHEN CKOPOCTH CEMSH Ha BbI-

X0[€ U3 CEMAIIPOBOA

Pe3ynbTaThl IPOBEJEHHBIX B TPEXKPATHOM MOBTOPHOCTH (U7, U,, U3) 3KC-

IEPUMEHTOB M0 MIaHy bokca-benkuna mpuBenensl B Ta0i. 4 (cronodis 2,3,4),
BBIYUCIIEHA CPEIHSST CKOPOCTh CEMSH (Ucp) (cronbery 5). Paccuntansl xapakre-

PUCTHKHA cpez[Heﬁ CKOpPOCTH CCMAH HA BBIXOAC U3 CCMAIIPOBOJA I10 CTPOKAM MaT-

2
pUIlbl TUTAaHUpOBaHMs: nucnepcus O ; cpeaHEeKBaJApaTHUYECKOE OTKIOHEHHE o,
ko3 duieHT Bapuanuu V ; abCoII0THAs OomKOKa e, ; OTHOCUTENbHAS OLIMOKa &

(tabm. 4, cronbipl 6-10). MeTouKa pacueTa XapaKTepUCTHK MapaMeTpa ONTHMH-
3alliy TpuBeJeHa B pasaeiie 2 «MeTOAMKH MPOBEACHUS YKCIIEPUMEHTa U 00pa-
OOTKH 3KCIIEPUMEHTAIbHBIX TaHHBIX» ((popmyis (3)-(8)).

OrieHKa OJHOPOIHOCTH JAUCIIEPCUI TIPOU3BOIMIIACK TI0 KpuTepHio KoxpeHa
(bopmyma (9)) [2]. Pe3ynbTaThl IPOBEPKH THUIIOTE3BI OJHOPOTIHOCTH AUCIICPCUI
MOATBEPAMIN MPU 5% ypOBHE 3HAYUMOCTH, JOCTOBEPHOCTH MOJYUYCHHBIX 3HAUE-
HHUI TTapameTpa ONTUMH3AIMK M OTCYTCTBHE I'PYOBIX OMIMOOK MPH IMPOBEICHUH



AKCIIEpUMEHTA, T.K. onbiTHOE 3HaueHue (0,324) kpurepusi Koxpena meHsbIe Tad-
munaroro (0,432).
[To nanHBIM Tabm. 4 (crosOer 6) moydeHHOE 3HAYCHHE JMCIICPCHH BOC-

2
npousBogumocty ( O 4, =0,00063, paccunrana o popmyse (21)) sBisercs cpe-

HUM TI0 BCEM ONBITaM C AUCIIEPCUCH, XapaKTepU3yeT BHYTPCHHIOIO CTAOMIBHOCTb
U YIIPABJISIEMOCTh HCCIEAYEMOTO O0BEKTA.

Koaddummentsr perpeccun (Tabdi. 5) onpeneseHsl Mo METOJIUKE, OMHCaH-
Hoii B paszene 2 (hopmyisl (10)-(20)) [2].

Tabmuma 5
3HaueHUs K03(PPUIMEHTOB perpeccuu U 3HaueHn kKputepus CthrojienTa [3]
O06o03HaueHue y
KO3 (HUITUEHTOB
perpeccHu 3HaueHue PacuerHoe 3HaueHue kpu- | TabnawdHoe 3HaYE-
K03 PHIIHEHTOB pe- tepusi CThrozIeHTA uue kpurepus CTb-
rpeccuu I0JIeHTa tma6‘1
1 2 3 4
bo 2,3633 626,5429 2,13
b1 0,7205 191,0116
b, 0,2779 73,66739
b, 0,0014 0,364526
b12 0,1538 40,76063
b13 0,0002 0,066277
b,s 0,0015 0,397665
by, 0,0433 11,48809
b22 -0,0209 5,54521
bss 0,0136 3,601075

st koaddunmrentToB perpeccun (cM. Taba. S) cpelaHee KBaJIpaTUUYECKOE

otksoHenue Oy, =0,0037 (popmyna (22)). 3HaunMocTh KO PUIMEHTOB perpec-
CHH MPOBEPEHA ¢ TOMOIILI0 KpuTepHs: CThIOICHTA L, (bopmyna (23)), Tabinu-

HOE 3HaueHue kotoporo npu o =0,95 cocrapiser tma5ﬂ=2,12. N3 nosy4yeHHbIX

naHHBIX KpuTepust CThIOJICHTA BUJIHO, YTO 3HAYCHUS KOA(DPUITMESHTOB b3 , b13 u

by3 menbie TabnmunOro 3HAYCHUS kputepusi CTprofieHTa tma@,, TOTJIa MOXHO
MPUHSTH 3TH KOIPHUITUESHTH HE3HAYUMBIMH.

C ydeToM 3HaUYCHUN W 3HAYUMOCTH KOIPPHUIIMEHTOB PETPECCUU TOTydeHA
MOJICNIb TIPOIleCCa BBICEBA CEMSH KYKypy3bl C NMPUMEHEHHEM CEMSIIPOBOJA C




YCKOPHUTENIEM, YPaBHEHHE PErpecCHd KOTOPBIX XapaKTEePU3YeT 3aBUCHUMOCTH
Y ot dakropoB X;,X, u X;.
y =2,3633+0,7205x, +0,2779x, +0,1538x,x, —0,0433x; —0,0209x; + 00136 .
VYpaBHEeHNE yCTaHABIMBAET 3aBHUCHUMOCTh MEXIy MapaMeTpOM ONTHMH3a-

IIUA — CKOPOCTBHIO CEMSIH Ha BBIXOJIE€ U3 CEMSINPOBOJA C yckoputenem (JV ) oT
CKOPOCTH BO3YITHOTO TIOTOKA X; JJIMHBI YCKOPUTENS CEeMAMpoBoaa X, W yIio-
1

BOM CKOPOCTHU BBICEBAIONIETO IUCKa X3 .
VYpaBHeHUE perpeccuu nociie pacKOAUPOBAHUS UMEET BUI:
0.3 =06315+00770 v, —0,9983 1, +06408 v, -1, —00012 v? —130625 |2 +00136 .
AJIEKBaTHOCTh 3TOM MAaTEMaTWYECKOM MOJIETU MPOBEPEHA IO KPUTEPHUIO
®umepa (popmyna (24), BTopoii pasnen). Ycranosneno, uro F <F, . (1,85<2,3),
CJICJIOBATEIILHO, MOJTyYCHHAs MaTeMaTHUeCKast MOJIeIb — ajekBarHa [3].

maén

2. METOIUKHU ITPOBEJEHUSA DKCIIEPUMEHTA
N OBPABOTKHU SKCIIEPUMEHTAJIBHBIX TAHHBIX

DKCHEPUMEHT 110 HEKOMITO3UIIMOHHOMY TPEXYPOBHEBOMY ILIAHY BTOPOTO
nopsiaka bokca-benkuna Oyner mpuBoauThes B jaboparopun «Q-dakrop» Ka-
(denpel «YpaBieHUue Ka4eCTBOM», Ha TaOOPaTOPHOM 00OpPYIOBAaHUU U C UCTIOIb-
30BaHUEM H3MEPUTENbHBIX MPUOOPOB J1a0OpaTOPUH, ONMHUCAHUE KOTOPBIX MPUBE-
JIEHO HUXKE.

L]env sxcnepumenma — MOBBILIEHUE KA4eCTBA I1OCEBA IPOIAIIHBIX KYJIb-
Typ THEBMAaTUYECKUMU CESUIKAMU ITyTEM YCTAaHOBKH CEMSIIPOBOJA C ABTOMATU3HU-
POBAaHHOW CUCTEMOW KOHTPOJIA M YIIPABJICHUS KAa4ECTBOM BBICEBA IPOMAIIHBIX
KYJIBTYD.

Obvexm uccnedo8anus — TEXHOJIOTUYECKUI IIPOLECC OJHO3EPHOBOIO BbI-
CeBa CEMsIH MPOMAUIHOW KyJbTypbl (KyKypy3bl) ammapaTtoM HTHEBMATHYECKOIrO
JNEUCTBUS C aBTOMATU3UPOBAHHONW CUCTEMOW KOHTPOJISI M YIIPABIICHUSI KA4E€CTBOM
BBICEBA MPOIALIHBIX KYJIbTYP.

IIpeomem uccnedosanus — 3aKOHOMEPHOCTH JBMKEHUSI CEMSH B CEMSIPO-
BOJIE C aBTOMATU3UPOBAHHON CUCTEMOM KOHTPOJIA U YNPABJIECHUSA Ka4€CTBOM BBI-
CEBa MPOIAIIHBIX KYJIbTYP.

2.1. ObopynoBaHue 1 NPUOOPHI /151 MPOBEIEHUS HCCIIe0BAHUI
DKCHEPUMEHTAIbHBIE HUCCIEAOBAHUS IO OIMPEICICHUI0 KauyeCcTBa BBICEBA
CEMSH IMPOIAIIHBIX KYJBTYP CESUIKOM C aBTOMAaTU3UPOBAHHOW CUCTEMOW KOH-

TPOJISL U YIPaBJICHUSI KAU€CTBOM BbICEBA BBIMIOJIHSIOTCS HA JIaDOpAaTOpPHOU ycTa-
HOBKE, ITPE/ICTABICHHOMN Ha puc. 4.
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JlaboparopHasi ycTaHOBKA BKJIOUaeT (puc. 4):

—pamy | 11 KpensieHns: Ha HEW KOMIUIEKTYFOIUX Y3JIOB;

— DJIEKTPOMEXAHWYECKHUM TTPUBOJ BBICEBAIOIIETO aIIapara C 3JIEKTPOIBUTa-
TEJIeM TIOCTOSTHHOTO TOKa 2, YaCTOTHBIN ITpeoOpa3oBaresb 4, MpUBOAHAS IETH 3;

— AKCHEPUMEHTANIbHBIN BBICEBAIOIIUN anmapar 9;

— BAKYyMHYIO YCTAHOBKY / C PETYJISATOPOM Pacxojia BO3AyXa;

— BO3/lyXOHArHeTarllee yCTporcTBo (KoMIipeccop) 8 ¢ peryiupyemoil mo-
Jla4yeu BO31yXa;

— CHCTEMY M3MEPEHHSI CKOPOCTH CEMSIH, BKIIFOUAIOIIYIO: TATYUKU U3MEpe-
HUsL 9 CKOPOCTH CeMsIH Ha BBIXOJI€ U3 ceMsnpoBoja 6, OJIOK yrnpaBiIeHHs aTyu-
kamu (Ha ()OTO HE yKa3aH); NepcoHaIbHbIN KommbioTep 10.

XapakTepucTuKa OCHOBHOTO 000pY0BaHUs J1abOpaTOPHON YCTaHOBKH:

— mnpeoOpas3oBaTesib YacTOThl: HOMHUHAJIbHAs MOIIHOCTh JBUTATENs —
2,2xBT, HOMUHAIBHBIA BBIXOJHOM TOK — 5,5A, BBIXOJHOE HANpPSIKEHUE — TPEX-
¢aznoe, or 0B mo HanpspkeHus mUTaHud, BeIxoaHas dactota — 0,1-6001'm, Hecy-
mas yacrora [IIUM — 1-15kI'1;, HOMHHaNBHOE HaMpsDKeHWE MuTaHusi — 3 a3kl
380-480VAC, 50/601;

— Kommpeccop: MouHocTh — 1,5 kBT, 00beM pecuBepa — 50 11, mpon3Boau-
TEIBHOCTH — 185 J1/MUH, MaKCUMaTbHOE TaBJICHHE — 8 aTM, KOJTMIECTBO 00OPOTOB
— 2850 06/MuH;

— 3JIEKTPOJIBUTATENIb MTOCTOSIHHOIO TOKA: HOMUHAJIbHASI MOIIHOCTh JIBUTa-
tens — 2,2kBt, yactora — 50 I'u, Hanpspxerue — 220, 380 B.

DNEeKTPOMEXAHUYECKUM MPUBOJI YCTAHOBKHU MO3BOJISIET MOJIYy4YaTh PEryJiu-
pPYEMYIO YacTOTY BpallleHUsI BBICEBAIOILIETO AMCKA anmnapara B npegenax ot 0 1o
100 06/muH. Mexanuueckasi 4acThb MPUBOJA UMEET MPUBOIHYIO IIeNb U3 64 3Be-
HBEB W 3BE3JI0YKH BaJia ammapara ¢ IMIECTHAAIAThIO 3yObsiIMU, TO €CTh OJUH 000-
pPOT LIETIH COOTBETCTBYET UETHIpEM 00OpOTaM Baja ammapara. Takoe COOTHOIIIe-
HUE TIO3BOJIAET MIPOU3BOJIUTH OTCUYET YKciia 0OOPOTOB BaJia ammnapara npu MmpoBe-
JICHUM OTBITOB MO0 KOHTPOJIbHBIM METKAM Ha L€ MIPUBOJIA U paME€ YCTAHOBKH.

BakyymHass ycTaHOBKa MNpeaHa3HAY€HA [Jis IMOJIYyYEHUS PETYIUPYEMOTO
pa3pexeHHs B BAKYYMHOW Kamepe anmnapara B npeaenax ot 1,8 no 6 klla, B 3aBu-
CHMOCTH OT MOJIOKEHUS PEryJsiTOpa pacxoja W 3arpy3Kd BBICEBAIOLIECTO AMCKA
CEMEHaMH.
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Puc. 4. JJaGoparopHasi ycTaHOBKa JJIS UCCIIEIOBAaHUM
MTHEBMAaTHUYECKUX BBICEBAIOIUX allapaToB

B kayecTBe 00BEKTa HMCCIENOBAHUS MCIOJB3YETCA 3KCHEPUMEHTAIbHBIN
BBICEBAIOIIIMN armapaTr ¢ aBTOMaTU3UPOBAHHON CUCTEMOUW KOHTPOJISI U yNpaBlie-
HUSI KAUECTBOM BBICEBA CEMSIH MPOTMAIIHBIX KyIbTyp (pUC. 5), KOHCTPYKIHS KO-
TOPOTO 3amaTeHToBaHa [4].

[TneBMaTHUeCKuil BhICEBAIOIIMN ammapaT (puc. 5) coiepkut kopmyc 1 ¢
CEMEHHOM KaMepo# 2 U KaMepoil pa3pekeHus (Ha YepTexe He MOoKa3aHa), MEXIy
KOTOPBIMU Ha FTOPU30HTAJIGHOM Bajly 3 YCTaHOBJIEH BBICEBAIOIIMI TUCK 4 ¢ mpu-
CachIBAIOIMMU OTBEPCTUAMM 5 M IUIACTUHYATBIA OTpaXkaTellb I yIaJeHUs
«JTMIIHUX» CEMSH 6, MPUMBIKAOIINI K TOPLIEBON IJIOCKOCTH BBICEBAIOLLETO JMC-
Ka, Ha TOPU30HTAIBHOM Bajly 3 KOTOPOI'O YCTAaHOBJICHA IIEHTpaJbHAsl PE3UHOBAS
BOpOIIWIKA 7. B HUKHEN 4acTH Kopiryca | BBICEBAIOIIETO anmnapara 4epe3 KpoH-
mTerdH 8 xomyToM 9 kpenutcs cemsnporoa 10, npencrapistomumii coooit TpyoKy
KpPYIJIOTO CEYEHHS] U MMEIOLIMN TPU y4acTKa: NPAMOJUHENHBIN 11, KpuBOIHHEN-
HbIM 12 1 yckopurenbHbId 13.
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Puc. 5. DxcniepuMeHTalIbHBIN BBICEBAIOIIMI anmapar
C aBTOMAaTU3UPOBAHHON CUCTEMOM KOHTPOJIS U YIIPABIICHUS
BBICEBOM IPOMAIIHBIX KyJIbTYp [4]

Ha yckopurensHOM ydacTke ceMmsnpoBona 13 pacnosiokeHbl nepBolii 14 u
BTOPOM AATYUKHU 15, IpU 3TOM BBIXOJBI IIEPBOTO U BTOPOTO AATYMKOB COEANHEHBI
C COOTBETCTBYIOLIUMH BXOAaMH 0JI0Ka MOHUTOPHUHTA M KOHTPOJIsS 16, Ha KOTOPBI
MIOCTYIIAE€T CUTHAJI C JaT4MKa CKOPOCTH NOCcEeBHOro arperara 17. Takke B Hauane
YCKOPUTEIBHOTO y4acTKa CEeMSMNpPOBOJia YCTAHOBJIEH OJIOK YIpaBJIEHUS BO3TYIII-
HBIM NOTOKOM 18 (apoccenbHast 3aciI0OHKa, coAeprKanas KopIiyc, B KOTOPOM pas-
MEIIICH MTOBOPOTHBIN AUCK, COEUHEHHBIN C CEPBOIPUBOJIOM).
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PaboTa mHEeBMaTHUECKOTO BBICEBAIOIIETO ammapara OCYIIECTBISIETCS clie-
OyromMM o0pa3oM: ceMeHa U3 OyHKepa (Ha PUCYHKE HE MOKa3aH) MOCTYMaloT B
CEMEHHYIO Kamepy 2 kopmyca | BbICceBalolero ammapara, u3 KOTOpou moj Jei-
CTBHEM DPa3pekKeHMs, CO3/1aBAEMOr0 B BAKYyMHOU KaMepe (Ha PUCYHKE HE IOKa-
3aHa), MPUCACHIBAIOTCS K MPHCACBHIBAIOIIMM OTBEPCTHSAM 5 BBICEBAIOUIETO JIMCKA
4. Bpamasicb BMECTE ¢ BBICEBAIOIIUM JUCKOM 4, CEMEHA U3 CEMEHHOI Kamepsl 2
NEPEHOCATCS K IIACTUHYATOMY OTPaXaTemro 6, MoJ IeHCTBUEM KOTOPOTO «JIHII-
HUE» MPUCOCABIINECS CEMEHA BO3BPAIAIOTCS 0OPATHO B CEMEHHYIO Kamepy 2.

Jlanee ceMeHa TPaHCIOPTUPYIOTCS BBICEBAIOIIMM JUCKOM 4 B 30HY cOpa-
ceiBaHus. Cxopsiuiee ¢ BBICEBAIOLIETO JIUCKA CEMS YKJIAJbIBAETCS HA BHYTPEH-
HIOIO TIOBEPXHOCTh ceMsmnpoBoaa 10 Ha nmpsMonuHerHOM ydacTtke 11 u ckonb3uT
0 HEMY Kak [0 HAKJIOHHOM IUIOCKOCTH IO KPHUBOJIMHEMHOro ywactka 12. Ha
KPUBOJIMHEMTHOM y4acTke 12 ceMsi ABMXKETCA MO KPUBOJMHEHMHON MOBEPXHOCTH
MIOCTOSIHHOTO pajuyca A0 TeX MOp, I0Ka BEKTOP CKOPOCTH HE MPUOOPETAET rOpH-
30HTAJIbHOE HampasiieHUE. [Ipu BbIXOAE W3 KPUBOJIMHEWHOrO ydacTka 12 cemsi-
npoBoaa 10 co ckopocThio VK, ceMsi MPO0JKACT JBHXKEHUE MO0 YCKOPUTEIBHO-
My y4dacTKy 13, HapamuBasi CBOIO CKOPOCTb 33 CUET CHJIbl BO3AYUIHOTO MOTOKA.
Cuna Bo3aymHOro moroka FBl Ha yckoputenbHOM ywactke 13 cemsmpoBonaa
OMpEeaENsIeTCs] CKOPOCThIO BO3AYIIHOTO MOTOKA, U3MEHEHUE KOTOPOTO MPOHUCXO-
TUT 3a cu€T OJIOKa ymHpaBJIeHHs BO3AYyIIHBIM MoTokoM 18. Ha yckoputenbHOM
y4acTKe 13 ropH30HTAIBHO JBMXKYLIEECS CEMS C IIOMOIIBK BO3QYIIHOIO IOTOKA
Pa3roHsETCs 10 CKOPOCTH, PaBHOW MO BEJIMYHMHE CKOPOCTH IOCEBHOIO arperara
Va. PerynupoBka BO3IYyIIHOTO TTOTOKA OCYIIECTBISIETCS 3a CUET U3MEHEHUS yIJia
OTKPBITUSL IPOCCENIBHON 3aCIIOHKH, PACHOJIOKEHHOW B Hayajae yCKOPUTEIbHOIO
ydacTka. lIpu paBeHCTBE CKOPOCTHM CEMEHM M CKOPOCTH IIOCEBHOI'O arperara
oOecrieunBaeTcs HyJeBass CKOPOCTh CEMEHU OTHOCUTEIBHO MOYBBI, YTO MMPUBOIUT
K TOBBIILICHUIO PABHOMEPHOCTHU PaCMpEAENICHHUs] CEMSH O JJIMHE U LIUPHUHE PsiI-
Ka MpHU MOCEBE Pa3IMYHbIX MPOMAIIHBIX KYJIbTYp. 3HAYEHHUE CKOPOCTU CEMs Ha
YCKOPHUTEIBHOM y4acTke VC onpenensieTcs nepsbiM 14 1 BTOpbIM 1aTyukamu 15,
CKOpPOCTh MOCEBHOTo arperara Va ompexensiercs aatuukoM 17. JlaHHble 3HaYe-
HUA MOCTYNAIOT B OJIOK MOHUTOPUHTA U KOHTPOJISL 16, B KOTOPOM OCYIIECTBIISIET-
Csl CpPaBHEHHE CKOPOCTEW M BBIPAOOTKA YHPABISIOLIErO BO3IECHCTBHS ISl CEPBO-
IPUBOJIA IPOCCETBHOM 3aCIOHKH (OJIOK yNpaBiIeHUs BO3AYIIHBIM MOTOKOM) 18.

Jlst BU3yanbHBIX HAOJIOMEHHI 3a MPOIECCOM BhICEBA CeMsiH (HccleaoBa-
HUM), a TakKe 11 POTOCHEMKH €ro TaroB U (PparMeHTOB KOHCTPYKITMH arlrapa-
Ta HEKOTOPHIE CTEHKH U TIEPETOPOJIKH KOPITyca arapaTa OblTH yIalieHbl, a 9acTh
13 HUX 3aMEHEHA OPTCTEKIIOM.

J{nst u3MepeHusi CKOPOCTH CEMEHH B CEMANPOBOJIE 1 yCTaHABIMBAIOTCS J1BA

doToanextpudeckux (puc. 6, mo3. 2 u 3) maTumka Ha paccrostHum Ly mpyr ot
Jpyra 1Mo XOoAy ABMXKEHUS ceMeHU. Kaxapli JaTYUK COCTOMT M3 MH(PPAKPACHOTO
u3ydarens U (poTonprueMHUKA, pa3MEIIEHHBIX HAPOTUB ApyT aApyra. [lis aToro
B CEMSITIPOBOJIC BBICBEPJIMBAIOTCS OTBEPCTHS, B KOTOPHIEC BCTABIISIOTCS (DOTOIIICK-
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TPUYECKHUE TaTIUKH (pHC. 6).

—

Puc. 6. CeMsmmpoBoT ¢ TaTYMKAMU JIBHKCHUS:
1 — cemsnpoBof; 2 U 3 — NaTYMKU JABHKEHUS;
4 — ONOK YIpaBJICHUS 3aCIIOHKOM

B sToM TuIe 1aTYMKOB MpUEMHUK 2 U U3JTyyaTenb 1 (puc. /) pacrosioKeHbl
HAIpOTHUB APYT Apyra TaKuM 00pa3oM, YTO CBETOBOM MOTOK U3 M3Ty4yaTelis Mmomna-
JlaeT HETOCPEICTBEHHO B npueMHuK. [lonoxenune oobekTa 3 ompernensercs, Ko-
r71a OH MEPEKPBIBAET Jyd OT u3iydarens | B npuemHuk 2. Hactpolika B3anMHOTO
PacToIOXKEHHUS JATYNKOB 3aKIIFOUAETCS B TOM, YTOOBI MAKCHMAJIbHOE KOJTUIECTBO
cBeta 6 , OT m3myvarens 1 momanano ObI B IPUEMHUK 2.

16 32

\\ "\‘ /
} ' ..... :

_ )

Puc. 7. Cxema pa®oTbl POTOINEKTPHUUECKUX JATUUKOB:
1 — u3nyuarens; 2 — MPUEMHUK; 3 — 00BEKT; 4,5 — ICTOUHUK MUTAHUS; 6 — CBETOBOM MOTOK

Pacuer nnTepBana BpeMeHN M CKOPOCTH CEMSIH Ha BBIXOJIC U3 CEMSTIPOBOIA
OCYIIECTBIISIETCS 110 aITOPUTMY, HATMCAHHOMY JJIs TIEPCOHATLHOTO KOMITBIOTEpA
10 (cm. puc. 4). PesynpTaThl 00pabOTKH JaHHBIX BBIBOASATCS HA MOHUTOP MEPCO-
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HaJIbHOT'O KOMIIBIOTECpA.
CKOpOCTb BO3AYIIHOI'O ITOTOKA HAa BBIXOAC M3 CEMIIIPOBOJAa OIPCACIACTCA

anemomerpoM AIIP-2 (puc. 8): w3MepuUTENbHBIM JaUana3oH (TemIepaTrypa):
0-50 °C; usmepuTenbHbIil nuanazoH (ckopocts Betpa): 0,4—30m/c; TOYHOCTH HU3-
Mepenusi (temnepatypa): +1,2°C; TOYHOCTH H3MepeHHUsI (CKOPOCTh BETpa):
+(3% +0,2m/c); paspemenue (Temmneparypa): 0,1°C; paspemnienue (CKOpOCTh BET-
pa): 0,Im/c.

AeroTemp

Puc. 8. Anemometp AIIP-2

2.2. MeToauka npoBeieHUs IKCIEPUMEHTAIbHBIX HCCJe10BaAHMI

1. Omnpenenuts 1eNb, 00BEKT, IPEAMET HCCICIOBAHUS W TIApaMeTp OINTH-
MU3AITIH,

L]env pabomwsi — MOBBITIICHUE KavyeCTBa MTOCEBA MPOTAIIHBIX KYJIbTYpP ITHEB-
MAaTUYECKUMH CEsJIKAMH ITyTEM YCTAaHOBKH CEMSIIPOBOJIOB C aBTOMAaTHU3HPOBAH-
HOM CHCTEMOW KOHTPOJIS U yIIPABJIECHUs KAYECTBOM BBICEBA.

Obvexkm uccnedosanus — TEXHOJIOTUYECKUI MPOLECC OJHO3EPHOBOIO BBbI-
CeBa CEeMsIH MPOMANTHOW KyJIbTypbl (KyKypy3bl) ammapaToM ITHEBMATHYECKOTO
JIEHUCTBUS C aBTOMAaTU3UPOBAHHON CUCTEMOW KOHTPOJISI U YIIPABJICHHUS KaueCTBOM
BBICEBA MPOMAIIHBIX KYJIBTYDP.

Ilpeomem uccnedoeanus — yCTaHOBJIEHUE 3aKOHOMEPHOCTH U3MEHEHUS CKO-
POCTH CEMSIH Ha BBIXO/JIE U3 CEMSIIPOBO/Ia C ABTOMATU3UPOBAHHON CHCTEMOM KOH-
TPOJIS M yNPABIICHUS KaYECTBOM BbICE€BA MPOMAITHBIX KYJIbTYpP B 3aBUCUMOCTU OT
3 OCHOBHBIX (DAKTOPOB.

llapamemp onmumu3zayuu — CKOPOCTb CEMSH Ha BBIXOJIE C CEMSIIPOBO/IA.

2. BpiOpath 00OpymOBaHWE W TMPUOOPHI JJIs MPOBEIACHUS HCCIICIOBAHHMA
(cm. myHKT 2.1).

3. BriOpats ocHOBHBIE (hakTOphI (3 (hakTOpa) M UX YPOBHH BapbUPOBAHUS
(3 ypoBHSI) 7151 IPOBEJIEHUS SKCIEPUMEHTOB B COOTBETCTBUM C UHIUBUIYyaIbHBIM

3aganueM (tabi. 12, a, 12, 6) u 3amonHuts Tadi. 6.
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Tabnuua 6
OcHOBHBIE (PaKTOPHI M YPOBHU HX BapbupoBaHUs [3]

HanmenoBanme dakropa O603Ha1 YpoBHU (hakTOpOB HNutepsan

U €MHUIBI U3MEPEHUS eHIe HUOKHHAM OCHOBHOM BEPXHUU BapbUpO-
(-1) 0) (+1) BaHUS

U, - CKOpOCTb BO3.ylI-

HOIO0 IIOTOKa B YCKOpPH- Xy

Tene, M/c

|, - nmuHA yckopurens,

M X2

() - yrioBasi CKOPOCTH

BBICEBAIOIIETO  JIUCKA, X3

pan/c

4. CocTaBuTh MaTpHIly IJIaHa SKcriepuMeHTa bokca-benkuna (Tadi. 2).

5. Ilpomectu TpexdakTOpHBIN KCIIEpUMEHT Mo miany bokca-benkuna co-
IJIacCHO Matpuue (Tadn. 2) ¢ M -KpaTHOM MOBTOPHOCTBIO KAKJIOTO ONBITA (KaX-
J0 CTPOKM MaTpullpl). B Hauane mpoBeAeHUs 3KCIEpPUMEHTa HEOOXOAMMO BbI-
CTaBUTb Bce (paKTOPHI HA YPOBHU, COOTBETCTBYIOIINE HOMEPY CTPOKU MaTPUIIbI, a
YHUCJIOBbIC 3HAYEHHUS YPOBHEH B COOTBETCTBUU C Ta0JI. 6.

ITepsslii paxTop (U, - CKOPOCTH BO3AYIIHOIO IIOTOKA B YCKOPHUTEJE, M/C) Ba-
pBUpYETCS yTEM PETYIHPOBKH MOJAa4YH BO3/IyXa BO3yXOHATHETAIOIIUM YCTPOM-
cTBOM (KomImpeccopoM) (puc. 4, mo3. 8) B aquama3oHe BapbUPOBaHUS 3TOro (ak-
Topa.

Bropoit daktop (I, — mmmHA yCKOpPHUTENs, M) U3MEHSIETCS TMyTEM CMEHBI
ydacTka |, pa3muyHON JJIMHBI CEMSIIPOBOJIa B COOTBETCTBUU C YPOBHSIMU Baphbu-
pOBaHUSI.

dakTop 3 (yrioBasi CKOPOCTh BBICEBAIOIIIETO JIMCKA X3 ) BHICTABIIACTCS HA Jia-
OopaTtopHO# ycTaHOBKE (puc. 4) B ClIeayroIel Mociea0BaTeIbHOCTH:

— BKJIIOUUTH YIIPABIAIOLIEE YCTPOUCTBO B ceTh 320 B;
— JOXKIAThCS TIOSIBJICHUS HA UCILUIEeE TpeoOpa3oBaTess 4acToThI (puc. 4,
no3. 4) craproBoro 3Hauenus: R 0,0;

AKELT‘ VFP-E

nev
J/
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— ¢ momonibio KraBuy «Modey ycraHoBUTE pexum «Uy - BBIOOp Komude-
cTBa 000pPOTOB (OJHOKPATHOE HaXKaTHe Ha KiaBuiny). KomndecTBo 000poTOB CO-
OTBETCTBYET YIJIOBOM CKOPOCTH BpAllleHHUsI BBICEBAIOIIETO JIMCKA, KOTOpas SBIIS-
eTcs pakTopoM BapbHUpoBaHUS (TabII. 7).

Tabmuma 7
COOTBCTCTBI/Ie CKOPOCTH ABUKCHM: allliapaTta U CKOpPpOCTH,
yCTaHaBJIMBA€MOW Ha JJaOOPaTOPHOM CTEH/IC
CKopocTh IBUKCHHS ammapa- | YTIoBas CKOPOCThH BBICE- CkopocThb Ha JTabopaTOPHOM
Ta, KM/9 (M/C) BAIOIIETO JKMCKA, PaJi/CeK cTeHzae, 00/MUH.

53 2 19
6,6 2,5 24

8 3 29
9,3 3,5 33
10,5 4 38
11,9 45 43
13,2 5 47
14,5 55 52
15,8 6 57

3HaueHHE YTJIOBOM CKOPOCTH BBIOMPAIOT C YYETOM CTPOKH MAaTpHULIbI
(Tabi1. 2) ¥ BO3MOXKHBIX 3HAYCHHUI YPOBHEH BapbupoBaHus (Tadi. 6).
«U» 31 — cooTBeTcTBYeT  0o0OOpoTaMm JIUCKAa U €ro CKOpPOCTH Bparlile-
HUS),

A
LANELTA VFD-E

=9 31

— kaBuIamMu ¢ « Ay (ysenmuuenue) u « ¥ » (YMEHBIIICHHE) YCTAHOBUTH He-
00X0MMO€ KOJIMYECTBO 000p0oTOB: Hanpumep, ¢ «U» 31 cauzunu 1o «U» 27;
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— Haxxatuem kHONkH «RUN» ocymiecTBisieTcst mycK JBUTATENsl, KHOMKA
«STOP-RESET» ocranaBnuBaet paboTy ABUTATES.
6. DKcCnepuMeHT MPOU3BOIUTCS CIAEAYIOMNUM 00pa3oM:
— HACTPOCHHBIN Ha pabOTy BBICEBAIOIIMK ammapar BKIOYAeTCs 0€3 momadu
BaKyyma Ha aIlapar;
— C TIOMOIIBIO TIPe0Opa3oBaTelisa YaCTOThl YCTAHABIMBACTCS YacTOTa Bpalle-

HH BBICCBAIOIICTO AMCKA aIllapara (xg — yrioBas CKOpPOCThb BbBICCBAKOIICTO AHC-

Ka (V) Ha COOTBEeTCTBYOIHKE YpoBHH (+1; 0; —1) (Tadm. 6);

— BKJIIOYAETCS BaKyyMHas YCTaHOBKA M BAaKyyM OIPEICICHHON BEIHMYWHBI
110/1a€TCS Ha BHICEBAIONINI anmapar;

— COTJIaCHO MAaTpHIle TUIAHUPOBAHHUSA dKCIepUMeHTa (Tabi. 2) ycTaHaBIUBa-

IOTCSI OCHOBHBIE (DAKTOPBI. x;, — CKOPOCTh BO3JyIIHOIO IIOTOKA U, , IIOJaBa€MOI0

B YCKOPHTEIb CEMSIPOBOAA; X, — JUIMHA YCKOPHTENs ceMsmnposoaa l; Ha coot-
BeTcTBYHOIIME ypoBHH (+1;0; —1) (Tabdi. 6);

— 1mocye cTaOuiIn3aluy Mpolecca BbICEBA CEMSH BKIIIOYAETCS CIElUalIbHAs
nporpamma Ha 11K u npoBogutcsa 3amep ckopoctu 100 BBICESHHBIX CEMSH CHCTE-
MO U3MEPEHUsI CKOPOCTHU ceMsH (puc. 4);

— OIpEeJIETIeHNE CKOPOCTH CEMSIH Ha BBIXOJIE U3 CEMSIIPOBOJA C YCKOPUTEIEM
(puc. 4) ocymiecTBisieTcsl JaTYMKAMU, YCTAHOBJIEHHBIMHU Ha BBIXOJE U3 CEMSIIPO-
BOJIA,

— DJKCIEPUMEHT NPOBOAUTCS MO 15 cTpokaM MaTpulbl IJIAHUPOBAHUS
(Tabm. 2) ¢ TpeXKpaTHOW MOBTOPHOCTHIO KAXKJOTO COYETAaHUSI ypOBHEN (HDaKTOPOB.

7. llomy4yeHHbIE B X0Ji€ KCIIEpUMEHTA 3HAUEHUS MapaMeTpa ONTUMU3ALNN

(pyukum otknmuka) (Y, Y,i, Ys) 3aHecTH B cBoHYO Tabimity (Tad:i. 8).

Tabmuna 8
Pe3yapTaThl 3KCIICPUMEHTAIBHBIX JIAHHBIX

Howmep onbiTa Y. Y, Y. CpenHee 3HaueHHE Ta-
u 2 3 paMeTpa ONTHMHU3ALHH

ombita Y, . M/c

1 2 3 4 5

1 Y, =
2 | e V,=....
15 Yis = -
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2.3. MeTOIll/IKa OﬁpﬂﬁOTKI/I IKCIICPUMEHTAJbHBIX JaHHbIX

[Tocne mpoBeneHNsT aKTUBHOTO AKCIIEPUMEHTA, MOTYYEHHBIC YKCIICPUMEH-
TajbHBIC NaHHbBIE (Ta0m. 8) moaBepraroTcs oOpaboTKe, U IS KaXI0TO I-TO OIbITa
(i=1, ..., N) onpenenstoTcsi: cpeaHee 3HAYCHUE, CPETHEKBAIPATHIHOE OTKIOHE-
Hue, Kod(h(UIIMEHT Bapuauu, abCOII0THAs OMIMOKa CpelHel MoJaun CeMsH, OT-
HOCHTEJIbHAs olrOKa ombita (Tadsm. 9) [2, 3].

DKCnepyuMeHTaIbHbIE JJaHHbIE 00pabaThIBAIOTCS B COOTBETCTBHM CO Clie-
Ayromei MeToauKoit [2,3].

1. dns xaxaoro i-ro ombita (=1, ..., M) ONpeneisiFOTCS YUCIOBBIC XapakK-
TEPUCTHUKU:

— cpeaHee 3HadeHue (Tabi. 9, cronber 2):

2 Y

Y, = ; 3
- ©
— nucnepcus (Tadin. 9, cronbdern 3):
m 2
, [yi o y-]
D )= i=1 , 4
(y)=+ *)
— CpeIHEKBaJpaTHIHOE OTKIIOHEeHHE (Tabi. 9, cTtonber 4):
o =yD*(y); (5)
— ko3¢ unment Bapuanum (Tad. 9, cronbderr 5):
o
V =—-100. (6)
Yi
— abcomoTHAs omMbKa cpeHel moaadn ceMsH (Tadu. 9, cronberr 6):
t .o 43.0
e ="4— = =2480 - )
Jm 3
— OTHOCHUTENbHAs omuoKa onbITa (Tadn. 9, cronber 7):
e
82%'100, 0/0 (8)

Vi
rae Y, — cpeiHee 3HaueHMe MapameTpa ONTHMH3ALMU B I-ii CTpOKE MaTpHUIIbI

wianupoBanus o M mapaiieabHBIX OIBITOB.
PaccunTannble 110 JaHHOW METOAUKE 3HAUECHUS 3aHOCATCS B Ta01. 9.



Tabmaua 9

Pe3ynbTaThl OKCIIEpUMEHTAIBHBIX JAHHBIX B IIapajUICIIbHBIX OIBITaX
10 CTPOKAM MAaTpPHIIbI IUTAHUPOBAHUS U UX YHCIIOBBIC XapaKTepUCTUKH [3]

Homep| Cpennee Jucniepcus CpennexBazpar | Koapdui | Abcomotnas | OTHOCHTENbHA
ONbITA | 3HAYCHHE 2 HYECKOe HEHT ommoKa 51 omrOKa
napamerpa Oi ,we OTKJIOHCHHE | BapHALUK e,,M/c e, %
OIITHMU3a- o, M/c V,%
IIMH OTTBITA
Y. wlc
1 2 3 4 5 6 7
1
2
15
N
2.0 =
i=1
N
20
2 _ i =
we =N

2. OnieHKa OJTHOPOTHOCTH JAUCTIEPCUI MPOU3BOIUTCS 1O KpuTeprto Koxpe-
Ha [2,3]:
2
i max

ZN:O'iZ |
i=1

Cpenu Bceil COBOKYMHOCTH PACCUMTAHHBIX MOCTPOYHBIX AUCIEPCUM BHIOU-
paeTcs MakCUMallbHas O, ¥ OepeTcs OTHOLIEHHE JaHHOM JUCIIEPCUH K CyMMe

I max

o)

G

p

9)

N

BCEX MOCTPOYHBIX IUCIEPCUN Zof, T.€. OIPEHEISIETCS PACYETHOE 3HAYCHUE
i=1

kputepus Koxpena.

C kpurepuem Gp CBSI3aHBI CTENEHN CBOOOBI: M uncautens 1, =M—1,
IUI 3HAMEHATess f2 = N . Jlna 3amanHOl TOBEpUTENIBHON BEPOSATHOCTH @ MO
snauenmsm 1, u f, ompenmensercs kputnueckoe TaGnMuHOE 3HAYCHHE KPUTEPHS
Koxpena G, (tabn. 1 mpunoxenns), ¢ KOTOPHIM CPAaBHHBAIOT pacyeTHOE. B
HamieMm ciydae, npu M=3 u N =15, ra6muunoe sHaucHue G, =0,432.

Ecmu semonaserca yenosue G, <G, |, To ¢ BEIOpaHHBIM YpOBHEM CTaTH-

CTUYECKOM 3HAUMMOCTH O (C JOCTOBEPHOCThIO 1—0l) BCE OCTPOYHBIE TUCTIEPCUU
MPU3HAIOTCS OJTHOPOIHBIMU. B TPOTUBHOM CiTyuae TUIoTe3y OTBEPraroT.
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3. Ompenenenne KodHPUITUESHTOB YpaBHEHUS PETPECCUU IO MATPHUIIE TJIa-
Ha bokca-beHknHa Tpex(pakTOpPHOTO 3KCIEPUMEHTa MPOM3BOJUTCS IO CICIYIO-
MM BBIpaskeHusM (Tab:1. 8, cronden 5) [2, 3]:

b, = %(75 + Vo + Vis), (10)
Q=é®+%—%—m+m+%—%—%) (12)
m:gm—%+%—m+m+mfﬂfvﬂ, (12)
m:gm—%+%—%+m—mﬁmfvﬂ, (13)
b12:%(71_72_73+y4), (14)
bm=%wfﬂn—n+vQ, (15)
b,, = %(Yn ~ Vi = Vs + Vur), (16)
c-1($y-m) -
b,=C- 0,252 Y. (18)
b,=C —O,ZSZ:: Y. . (19)
b, =C- 0,252: Y. (20)

[Tonyyennbie 3HaYeHHs KOI(D(UIIMECHTOB ypaBHEHHUS PErPECCHH BHECTH B
tabu. 10.

4. OIEeHKON TeHepalbHOW JUCIEPCUU BOCIIPOU3BOIMMOCTH, XapaKTepU3y-
IOIIeH TOYHOCTh OJHOTO HM3MEPEHHS, SBISAETCS CPEIHSAA M3 BCEX MOCTPOUYHBIX
aucriepcuii. Jlucnepcusi BOCIPOM3BOIUMOCTH OTKJIMKOB (JIMCIIEPCHS MapaMeTrpa
ONITUMHM3ALIMH) onpeaeauTcs mo Gopmyite [2,3]:
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060(} = . (21)

5. Cpennee KBagpaTUYeCcCKOe OTKJIOHEHHUE Ui KOA(D(PUIIMEHTOB ypaBHEHUN
perpeccuii onpenenurcs mo Gopmysie [2,3]:

O_2

G - — 80C - 22
L=y @2)
6. 3HauYUMOCTh KOA(PUIIMEHTOB PErPECCHH IPOBEPSIOT C IMOMOIIBIO KpPHU-
tepus Cterofenra [2,3]:
bl

|
o. (23)
b
[Tommyuennsie o Gopmyne (23) manHble 3HaUeHUH Kod(hPuirenToB CTbio-
JEHTa JUIs KaXa0ro Koa(ULreHTa perpeccuy CpaBHUBAIOT ¢ TaOJIMYHBIM 3HAUE-
HUEM, KOTOPOE OINpPENEISIETCS 0 3aJaHHOW JOBEPUTEIBHON BEPOSITHOCTH O W

ypcny creneneit ceodoasr f = N(m—1) [1]. [Ipu ypoBHE cTaTHCTHYECKON 3HA-
yumMoctu O = 0,05 u unciue crenenei ceodoasl f =15 (3 — 1) = 30 (mns mmana
Bbokca-benkuna) onpenennm TabindHoe 3HaueHHe Kodddunuenta (tadmi. 2 mpu-
noxxenust). Ono pasuo {, . =2,04.

Ecnu pacdeTrHoe 3HaUueHHME OOJBINE TAOJIUMIHOTO, TO MOKHO TOBOPUTH O 3HA-
YUMOCTH KO3 HUIMeHTa, HE3HAYNMBIE MCKITIOYAIOTCS W HE WCIONB3YIOTCS TPH
COCTaBJICHUH YPaBHEHUS PETPECCHUM.

Tab6mauma 10

3HadyeHUs K03 PHUIMEHTOB perpeccun 1 3HaueHuit kputepus Ctorofenta [2, 3]

O6o3HaueHue 3HaueHue PacuetHoe 3HaueHue kpu- | TabnauuHoe 3HaUe-
roogpdurenToB | K03¢pHUIMEHTOB pe- Hue kpurepusi Ctb-

TEPpHUA CUTh H t
perpeccuu rpeccuu epus CTIOZIEHTa i

ronenTa {

mabu

2,04
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7. CocCTaBHTh YpaBHCHHS PETPECCHH, MTOACTABIAA B hopmyiny (2) 4rciioBbIe
3HaueHus kodpduireHToB perpeccuu. [lomydum mMoens ucciaeayeMoro npoiec-
ca. Hanmpuwmep,

Y pouee = 2:3633+0,7205x, +0,2779x, +0,1538x,x, —00433x; —0,0209x; +0,0136x; -
[To mosyyeHHOMY ypaBHEHHUIO PErpecCHMU pacCUUTaeM 3HA4YeHHs Iapamerpa

OIITUMHU3AIIUHU IIO0O MOIACIIU ypl- N BHCCCM OTH 3HAUCHUA BO BCHOMOF&TGJ’ILHYIO
tadim. 11.

Tabmuma 11
I[OHOJ'IHHTGHBH&H T36HI/IHa AJI1 pacdcTa aACKBATHOCTH MOACIIN
Homep | Cpennee 3uade- 3HavcHHE Jucnepcus OTHOCHTEbHAS
OIBITa | HHE MapaMeTpa napameTpa ol = (V. -y )2 M/c. MOTPELTHOCTD
ONTUMU3AIIIU ONTUMU3a- ! pl MOJICIH
(110 BKCTIEpUMEH- | IMH, PaCCUH- ‘y - ‘
Pi
TaJIbHBIM JIaH- TaHHOC 110 y -100°
HBIM) yi . M/c mozxem y . i
1
15
- N
2.0
i=1
- N :
Z Y i

F == (24)

J{ns BBIYKCIICHUS AUCIIEPCUU AJCKBATHOCTHM HAXOJUM CYMMY KBaJpaTOB
OTKJIOHCHUM PACUYETHBIX 3HAYCHHMH MMapamMeTpa ONTUMM3AIMU OT IKCIEPUMEH-
TaJdbHBIX 3HAYECHUM BO BCEX TOYKAaX IUIaHA. AJICKBATHOCTh MaTE€MaTHUYECKOM MO-
JeJIM OMPENEIIIEM, CPABHUBAS AUCIEPCHUIO BOCIIPOU3BOAUMOCTH C JTUCIEPCUEH
aJICKBaTHOCTH.

9. Jlucmepcuio aaeKBaTHOCTH paccuuThiBaeM o gopmyie [2, 3]:

0w =—" Z( Yi — paclu ) ) (25)

rae | — uncso 3HaunMBbIX Koaq)(bHuHeHTOB perpeccumu.

Jnst 3amanHON OBEpUTENBHOM BeposiTHOCTH ¢ 1o 3HaueHusiM f, =N —1 u

f, = N(m-1) onpenensercst Tabimunoe 3HaueHue kputepus Oumepa F,. Ecim
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F. <F,, To nosnydeHHas perpeccnoHHas MOJAEIbL C NMPUHATBIM YPOBHEM CTaTH-

CTUYECKOU 3HAYUMOCTH O aJICKBAaTHA dKCIIEPUMEHTAIIbHBIM JTAHHBIM.

10. Ecnu monens afekBaTHa, TO OCYIIECTBIIIEM MEPEXo]] OT 0e3pa3MepHOro
MOJIMHOMA K pa3MEpHOMY NOJIMHOMY. [[1s1 aTOr0 B 6€3pa3MepHbIii MOJUHOM TOJ-
CTaBUM BBIPKEHUS I KOAUPOBAHHBIX (DaKTOPOB, MOCIIE YETO PACKpPhIBAEM BCE
CKOOKM Y TIPUBOJMM IOJOOHBIE ClIaraeMble, MOJYyYUM YpaBHEHUS B HATYpaJbHOM
BUJIE.

Hanpumep,

U3 =06315+00770 v, —0,9983 I, +06408 v, -1; —00012 v? —130625 12 +00136 w°.
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WHIUBUIY AJTBHBIE 3AIAHUS

VYyebHas rpyrmna MarucTpaHTOB paszfieiseTcs Ha aBe noarpymmbl. OnHa

MOATPYIINA BBITOIHSIET 3aaHue mo tadu. 12, a, BTopas — mo 12, 6.

Taomuma 12a

BapuanT 3HaueHUs1 OCHOBHBIX (DAKTOPOB U YPOBHEHN MX BapbHUPOBAHUS

HaumenoBanue dakxropa O603Ha YpoBHHE (haKTOPOB NutepBan

Y €IMHUIIBI U3MEPECHUS N HIDKHUI OCHOBHOM BEPXHMI1 BapbUPO-
(-1) (0) (+1) BaHUs

U, - CKOpOCTh BO3[yII-

HOTO TIOTOKa B YCKOpPH- Xy ! 12 19 5

Tele, M/C

|, - mimMHa yckopwurels,

7 AU YEOP X, 0,08 0,10 0,12 0,02

M

(D - yrioBas CKOPOCTh

BBICEBAIOIIETO  JIMCKa, X3 1 3 5 2

pan/c

Bapuant 3HaueHUst OCHOBHBIX (DAKTOPOB
Y YPOBHEHN UX BapbUPOBAHHUS

Tabmuua 126

HaumenoBanue ¢axropa O603Ha- YpoBHHU (hakTOpOB WNHuTtepBan

W €IUHHULBI U3MEPEHUS qeHMe HUKHUI OCHOBHOU BEPXHMI BapbUpO-
(-1) (0) (+1) BaHMS

U, - CKOpOCTh BO3yII-

HOTO TIOTOKa B YCKOpPH- Xy 12 15 18 3

Tele, M/C

s - Aia X, 0,06 0,09 0,12 0,03

YCKOPUTEIISI, M

() - yrioBasi CKOPOCTH

BBICEBAIOIIETO  JIMCKA, X3 2 4 6 2

pan/c
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HPUJIOKEHHUE

Tabnuma 1
Kputnueckne 3nauenns nisa kpurepus Koxpena
Yucio us- Yucro creneneii cBo6oabI, f =m—1
MEpeHHH, n=2 n=3 n=4 n=>5 n==6
f,=N 1% 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
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Tabmura 2

Kputnueckue 3nauenus kodpdunuenta Crprogenta (t-xpurepusi)
JUISL PA3IMYHON JOBEPUTEIBHON BEPOSITHOCTH O
U 4uciia crereneit cBooosl f

f a
0.80 0.90 0.95 0.98 0.99 0.995 0.998 0.999
1 | 30770 6.3130 127060 | 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 | 16377 | 235340 3.182 4.540 5.840 7.458 10.214 12.924
4 | 15332 | 213180 2776 3.746 4.604 5.597 7.173 8.610
5 | 14759 | 2.01500 2570 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 | 14149 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 [ 13830 1.8331 2.2622 2.8214 | 3.2498 3.6897 4.2968 4.780
10 | 1.3720 1.8125 2.2281 27638 | 3.1693 3.5814 4.1437 4.5869
11 | 1363 1.795 2.201 2718 3.105 3.496 4.024 4.437
12 | 1.3562 1.7823 2.1788 26810 | 3.0845 3.4284 3.929 4.178
13 | 1.3502 1.7709 2.1604 26503 | 3.1123 3.3725 3.852 4.220
14 | 1.3450 17613 2.1448 2.6245 2976 3.3257 3.787 4.140
15 | 1.3406 1.7530 21314 26025 | 2.9467 3.2860 3.732 4.072
16 | 1.3360 1.7450 2.1190 25830 | 2.9200 3.2520 3.6860 4.0150
17 | 13334 1.7396 2.1098 25668 | 2.8982 3.2224 3.6458 3.965
18 | 13304 17341 2.1009 25514 | 2.8784 3.1966 3.6105 3.9216
19 | 13277 17291 2.0930 25395 | 2.8609 3.1737 3.5794 3.8834
20 | 13253 1.7247 208600 | 25280 | 2.8453 3.1534 3.5518 3.8495
Tabmuma 3
3nauenus F - kputepus Ouimepa
pu 5%-M ypOBHE 3HAUUMOCTH
f,=N—I 1 2 3 4 5 6 8 12 24 %
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 [ 1945 | 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 | 436
6 599 | 514 | 476 | 453 | 439 | 428 | 415 | 400 | 384 | 3,67
7 559 | 474 | 435 [ 412 | 397 | 387 | 373 | 357 [ 341 | 3,23
8 532 | 446 | 407 | 384 | 369 | 358 | 344 | 328 | 312 | 2,93
9 512 | 426 | 386 | 363 | 348 | 337 | 323 | 307 [ 29 | 271
10 496 | 410 | 371 | 348 | 333 | 322 | 307 | 291 | 274 | 254
11 484 | 398 | 359 | 336 | 320 | 309 | 295 | 279 | 261 | 240
12 475 | 388 | 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 | 258 | 270 | 253 | 235 | 213
15 454 | 368 | 329 | 306 | 290 | 279 | 264 | 248 [ 229 | 207
16 449 | 363 | 324 | 301 [ 285 | 274 | 259 | 242 [ 224 | 201
17 445 | 359 | 320 | 296 | 281 | 270 | 255 | 238 | 219 | 196
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
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22 4,30 3,44 3,05 2,82 2,66 2,55 2,40 2,23 2,03 1,78
23 4,28 3,42 3,03 2,80 2,64 2,53 2,38 2,20 2,00 1,76
24 4,26 3,40 3,01 2,78 2,62 2,51 2,36 2,18 1,98 1,73
25 4,24 3,38 2,99 2,76 2,60 2,49 2,34 2,16 1,96 1,71
26 4,22 3,37 2,98 2,74 2,59 2,47 2,32 2,15 1,95 1,69
27 4,21 3,35 2,96 2,73 2,57 2,46 2,30 2,13 1,93 1,67
28 4,20 3,34 2,95 2,71 2,56 2,44 2,29 2,12 1,91 1,65
29 4,18 3,33 2,93 2,70 2,54 2,43 2,28 2,10 1,90 1,64
30 4,17 3,32 2,92 2,69 2,53 2,42 2,27 2,09 1,89 1,62
35 4,12 3,26 2,87 2,64 2,48 2,37 2,22 2,04 1,83 1,57
40 4,08 3,23 2,84 2,61 2,45 2,34 2,18 2,00 1,79 1,51
45 4,06 3,21 2,81 2,58 2,42 2,31 2,15 1,97 1,76 1,48
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