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IHPAKTUYECKASA PABOTA

HEJIb PABOTBI — npuobperenne CTyleHTaMd KOMIETEHUMH 10 MpUMe-
HEHUIO METOJAMKH MPOBEICHUS SKCIIEPUMEHTa U 00PaOOTKH IKCIIEPUMEHTATBHBIX
JAHHBIX C UCITOJIb30BAHUEM HEKOMIIO3MLIIMOHHOIO TPEXYPOBHEBOTO IIJIaHA BTOPO-
ro nopsiaka bokca-benkuHa.

1. OBIIME ONIPEAEJIEHUSA

B OGonpmuHCTBE CIIy4acB LCJIbIO HMCCIICAOBAHUA ABJIICTCA ITOJIYUYCHHC Ma-
TCMATHYCCKOI'O OIMMCAHHA HM3y4aCcMOI'0 IIpOoILCcCCa. YacTo u3-3a CI0KHOCTHU IIpo-
necca Ui MaJioro o0beMa I/IH(bOpMaI_[I/II/I HCU3BCCTHYIO 3aBUCHUMOCTDb HCCIICOYC-

Mo¥i BemauHEl § oT K He3aBHCHMBIX (haKTOPOB MPEJICTABISIOT MOTHHOMOM [1]:

k K k
_ 2
=P+ 20X+ D BxX + 2 Bx 1)
i1 = i1

B sTOoM ciyuae HEOOXOAUMO OIpeNeNUTh KOI(GUIIMEHTHl YpaBHEHHS U OlLie-
HHUTb MX 3HAYUMOCTh. 110 pe3ynbTraTamM OINBITOB MOYKHO OIPEAENIUTH TOJIBKO BHIOO-
pounble KodpduumenTsr perpeccun bbb, ;b ..., KOoTOpBIE sBIAOTCS ML
OLICHKAMH T€OPETHIECKUX Koodputmentos B, B, B, ,f;; ... monunoma (1).

VYpaBHEHHE perpeccuy, MOJyIEHHOE 10 Pe3yIbTaTaM 3KCIIEPUMEHTa, UMe-
et Bun [1]:

y =byX, +Zk:bixi +Zk:bi,jxixj +Zk:bi,ixi2 T (2)

ij=1
rae Y — BbeiOOpoYHas olleHKa GYHKIIMU OTKIIUKA ¢ | K — uncno cron6nos B mat-

pulLEe TUTaHUPOBAHUS dKCIEpUMeEHTa; Xy =1.

Ecnu Ha ocHOBe anpuopHON HMH(POPMALMHM U3BECTHO, YTO HCCIEAYEMBbIN
IpoLEeCC MOKHO € JOCTATOYHOW TOYHOCTHIO OMUCATh MOJMHOMOM BTOPOTO TO-
pAaKa, TO AJIsl MOJYyYEHUS MOJENIM HEKOMITO3WLIMOHHBIE TIJIaHbl B psAJIE CIIy4aeB
palMOHANIbHEE I[EHTPAIbHBIX KOMIO3ULMOHHBIX IIJIAHOB BTOPOTO MOPSAKA, B
Cllyyae HeaJICKBAaTHOCTH IMOJMHOMA BTOPOTO MOPSIAKA MEPEXOIAT K IIAaHUpPOBa-
HUIO TPETHETO MOPSAAKA U OMKCHIBAIOT UCCIEYEMBbIN MPOLECC TOJIUMHOMOM TPETh-
€M CTEIICHH.

bokcom u benkunbim a1 uncia ¢GakTopoB OT 3 10 / MPEJIOKEH 1EHHBIN B
MPAKTUYECKOM OTHOIIIEHUU KJIACC HEKOMITO3UIIMOHHBIX IJIAHOB BTOPOTO MOPSJIKA.
OTU JIaHbl TPEACTABISAIOT COOOW OMpe/eNieHHbIE BHIOOPKH CTPOK M3 IMOJHOTO
daxropHoro sxcnepumenta (IIDD) Tuna 3% (rae k=3), rae kaxplii pakTop Baph-
upyercs Ha Tpex ypoBHsx: +1, 0, —1, a B HEHTpaJIbHBIX KOMIIO3UIIMOHHBIX POTa-
TaOEJNbHBIX TJIaHAX BTOPOrO MOpsAJKa (PaKTOPhl BApbUPYIOTCA HA MATH YPOBHSX.



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

HekoMITo3uIroHHbIE TUTaHBI XapaKTEPU3YIOTCS HAIMIUEM B CTPOKAX MaT-
pUIBl TIAHUPOBAHUS OOJBIIOrO0 YHWCiIa Hyned (T.e. (aKTOPOB HA OCHOBHOM
YPOBHE), B pe3yJbTaTe YEro CYIIECTBEHHO YMPOIIAETCs BRIUUCICHUE KOdPuiiu-
€HTOB PErPECCHH MOJICIIH.

Hexomno3uruonHsie miiansl ais 3, 4, 6 u 7 pakTopoB TpeOYIOT MOCTaHOB-
KA MEHBIIIETO YUCJIA OMBITOB 10 CPABHEHHUIO C COOTBETCTBYIOIIUMHU poTaTabesb-
HBIMU [ICHTPAIBHBIMH KOMITO3UIIMOHHBIMH IIJITAHAMU BTOPOTO Topsiika (Tad:. 1).

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

Yucno paxTopoB 3 4 5 6 7
HexoMOo3uIMoHHBIN TUIaH 15 27 46 54 62
(BEIOOpPKA U3 TIaHa THIa 3X)

LleHTpanbHBIF KOMIIO3UITNOH- 20 31 32 58 92
HBIA pOTaTaOeNbHBIN IUIaH BTO-

poro mopsiika

X3

13(0;-1;+1)

8(-1;0;+1)
4(-1;-1:0) 6(+1;0;+1)
71
/ 11(0;41;+1) / 2(+1;-1;0)
@ - I
5;10;15(0,0,0) X1
pritio 14(0;-1;-1)

1 L

E

9(-1;0;-1) 1(+1;+1;0)

7(+1;0;-1)
12(0;+1;-1)
X2

Puc. 1. HekoMmO3UIIMOHHBIN TPEXypOBHEBBIN IIJIaH BTOPOTO MOPSIIKA
bokca-benkuna (s Tpex hakTopoB)



Martpuna mnnaHa bskcrepuMmeHTa bokca-benkuna, wn300pakeHHOro Ha
puc. 1, npeacrasneHa B Ta0. 2.
Tabmuma 2
Martpuiia HeKOMIIO3UIIMOHHOTO TIJIaHa BTOPOTO MOPSAKa
1715 Tpex GaxTopoBs (BEIOOpKA U3 maHa skcnepumenta 3°) [2]

Howmep @DaKTOpHI U UX B3aUMOJICHCTBUS OTKINK

ombrta | Xo | X, | X, | Xy | XX, | X%, | X%, | x2 | xZ | x? y
1 +1 | +1 | +1 0 +1 0 0 +1 | +1 0 Y,
2 +1 | +#1 | -1 | O -1 0 0 | +1 | +1 | © 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 | 41 | 0 | 41| © +1 | 0 | 41| 0 | 41 | Y,
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 [+ | 0 | +1 Yo
10 +1 0 0 0 0 0 0 0 0 0 Yio
11 +1 0 +1 +1 0 0 +1 0 +1 +1 Yiu
12 +1 | 0 | +1 | 1 0 0 -1 0 | +1 | +1 | Yo
13 +1 0 -1 +1 0 0 -1 0 +1 +1 Yis
14 | 1| 0 | -1 | 1| o0 0 1| 0 | 41 | 41| Y,
15 +1 | 0 0 0 0 0 0 0 0 0 Yis

HekoMmo3uIMOHHBIN MJIaH BTOPOTrO MOpsJiKa JJIs TpeX (PakTopoB Mpemdy-
cMaTpuBaeT nposeneHue 15 onbiToB (15 cTpok B Marwuile IiiaHa), MPUYEM TpU
ombita (Tadm. 2, onbitel 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 (HaKToOpoB OT TPEX JO0 CEMU MMEIOT BBICOKYIO CTENEHb OPTOTOHAJIBHOCTH:

TONBKO CBOOOAHBIT wieH D, u kodbdumueHTs bij MpU KBAJAPATHUYHBIX UYJIEHAX

KOpPPEIUPOBAHBI IPYT C IPYTOM.

[Tpu ueThIpex u cemu pakTOpax yKazaHHbIE TUIAHBI ABISIOTCA poTaTadeb-
HBIMH, @ MIPU JPYroM Yucie (PaKTOPOB 3TH IJIAHBI ABJSIOTCS MOYTH POTATaAOEb-
HBIMU.



INPUMEP.

L]env pabomsi — NOBBIIIIEHUE KAYECTBA MOCEBA MPOMAIIHBIX KYJBTYP IMHEB-
MAaTUYECKUMH CEesSJIKaMH ITyTeM YCTaHOBKHU CEMSIIPOBOJIOB, OOCCIECYMBAIOIINX
YOPABISIEMOCTh JIBIPKCHHEM CEMsIH OT BBICEBAIOIIETO armapara A0 JHa 00po3/s
[3].

Obvexm ucciedosanuss — TEXHOJIOTHIECKUN MPOIIECC OAHO3EPHOBOTO BHI-
CceBa CEMSH MPOIAIIHOW KYJbTYphl (KyKYpy3bl) allllapaToM ITHEBMATHYECKOIO
JEUCTBUS C CEMSTTPOBOJIOM.

Ilpeomem uccnedosarusi — 3aKOHOMEPHOCTH JBWKCHHS CEMSH B CEMSIIPO-
BOJIC YCOBEPILICHCTBOBAHHOI'O IMHEBMATHYECKOI'O BBICEBAIOIIETO ammapara IMpo-
MaIIHOM CEsUIKU.

OCHOBHOMH 33/1a4€il SKCIIEPUMEHTAIBHBIX UCCIIEA0BAHMS SBIISIIOCH OIpeie-
JICHUE CKOPOCTH CEMSH Ha BBIXOJE M3 CEMSIIPOBOJAa BBICEBAIOLIETO arrmapara
(puc. 2, a, no3. 3).

1 — npsAMoNMHEHHBIN y4acToK;
2 — HarHeTaTeJbHBIN YJacCTOK;
3 — YCKOPHUTEIbHBIN y4acTOK

7)) 0)
Puc. 2. DxcniepuMeHTaNbHBIN CEMSIPOBOJI C YCKOPUTEIEM CEMSH
K cesike TouHoro BeiceBa (Tuna CYITH-8A) [3]

CKOpOCTh U3MEPSETCSI C TOMOIIBIO CHEIUATU3UPOBAHHON CUCTEMBI U3MeE-
pEHUsI CKOPOCTH CEMsSIH Ha BBIXOJIE U3 CEMSIIPOBOAA, COCTOSLIEH U3 IBYX (OTO-
anektpuueckux (puc. 2, 6; puc. 3, mo3. 2 u 3) gaTyMKa, yCTAHOBJICHHBIX Ha pac-

CTOSIHHNU La Apyr OT Apyra 1o XoAy ABMXKCHHA CCMCHHU, U 0J0Ka YIpaBJICHUA,

MOJIAOILEr0 UMITYJIbC Ha NMEePCOHATIBHBIA KOMITBIOTED, AJIsi 00pabOTKU U BU3yalU-
3alUU Pe3yibTara.



Puc. 3. DKcriepuMEHTAIbHBIN CEMSPOBOJ ¢ AaTurkamu [3]:
1 — KCTIepUMEHTANBHBINA CEMSITIPOBOJ; 2 — MIEPBBIN JATUHK;
3 — BTOpO#i JaTuuK; 4 — OJIOK yIpaBiIeHUS

Ha ocHoBaHuu aHanu3a anpuopHOM MH(popMauuu BbIsABIEHO 11 daxTo-
POB, BIMSAIONIMX HA MapaMeTp ONTUMH3aUUU Y (CKOPOCTh CEMSIH Ha BBIXOJE C

ceMspoBoza — U, ). IIpoBesieH aHamus creneneil BIusHus HaKTopoB Ha Pe3ylb-

TaT, MX PAH)KUPOBAHUE U BBISBJICHBI 3 OCHOBHBIX (pakTopa Xxi,X, U X3 (Tadin. 3).

Tabnuna 3
OcHOBHBIE (haKTOPHI M YPOBHHU UX BapbUpoBaHus [3]
Haumenosanue O603Ha- YpoBHU (haKTOpOB Nurepsan
(hakTopa U eAMHUIIBI HIOKHU T OCHOBHOU BEPXHHI BapbUpO-
YeHUE
U3MEpEeHus (-1) (0) (+1) BaHUs
U, - CKOpPOCTH BO3/yII-
HOTO TOTOKAa B YCKOPH- Xy 8 14 20 6
Tene, M/C
|, - mHa yckopuTens,
o 7 LTI YEROP X, 0,08 0,12 0,16 0,04
M
(U - yrioBas CKOpPOCTb
BBICEBAIOIICTO  JIHCKa, X3 2 3 4 1
pan/c

[TapameTpoM ONTHMH3ALNY SBISIETCS CKOPOCTh CEMEHHU Ha BBIXOJIE U3 Ce-
msimpoBojia (U,3) (puc. 2, a, mo3. 3), s onpeaeicHus 3HAYCHUH KOTOPOTO ObLIT

MPOBEICH TPEX()PAKTOPHBIN SKCIEPUMEHT C UCIIOJIb30BAHUEM HEKOMITO3ULIMOHHO-
ro TPEXYpPOBHEBOTO IJIaHA BTOPOTO nopsiika bokca-benknHa, MaTprna KOTOporo

npejcTaBiieHa B Ta0JI. 2.



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

Howmep L L L Cpennsis| Hucnepcus |Cpenne-|Koadgu-| Abco- | OtHOCcH-
OTTBITa 1 2 3 CKO- o wmlc KBajpa- | IHMEHT | JIIOTHAs | TeJbHas
pocThb T Thde- |BapHaruM| ommOKa | ommoKa
ceMsIH CKO€e V, % e,,M/c &, %
L OTKJIO-
' HEHHUE
m/c o, M/c
1 2 3 4 5 6 7 8 9 10
1 3,489 | 3,491 | 3,513 | 3,498 0,0001773 | 0,0133 | 0,4100 | 0,0330 | 1,0168
2 2,691 | 2,643 | 2,682 | 2,672 0,0006510 | 0,0255 | 0,9549 | 0,0633 | 2,3681
3 1,784 | 1,801 1,79 1,792 0,0000743 | 0,0086 | 0,5315 | 0,0214 | 1,3182
4 1593 | 1576 | 1,591 | 1,587 0,0000863 | 0,0093 | 0,6069 | 0,0230 | 1,5051
5 2,314 | 2,319 | 2,303 | 2,312 0,0000670 | 0,0082 | 0,3439 | 0,0203 | 0,8529
6 3,21 3,129 | 3,151 | 3,163 0,0017543 | 0,0419 | 1,3242 | 0,1039 | 3,2840
7 3,211 | 3,101 | 3,171 | 3,161 0,0031000 | 0,0557 | 1,7614 | 0,1381 | 4,3683
8 1652 | 1,712 | 1,672 | 1,679 0,0009333 | 0,0306 | 1,8196 | 0,0758 | 4,5125
9 1,651 | 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
5 o’ =0,00063| - - - -
KCIIEPUMEHTAJIbHBIC Pac-

JIAHHBIE yeTHas | 2XAPAKTEPUCTUKH CPEIHEN CKOPOCTH CEMSH Ha BbI-
XOJI€ U3 CEMSIPOBOAA

Pe3ynbTaTel MPOBEICHHBIX B TPEXKPATHOI MOBTOPHOCTH (V;, U,, U3) 3KC-
nepuMeHTOB 1o iaHy bokca-beHnknna npuBeneHsl B Tadu. 4 (ctosodusr 2,3,4),
BBIYUCJICHA CPENIHSISI CKOPOCTh CEMSH (Ucp) (cronbery 5). Paccuntansl xapakre-

PUCTHKHA CpCI[HGfI CKOpPOCTH CCMAH HA BBIXOAC U3 CCMAIIPOBOJA ITO CTPOKAM MaT-

2
pUIBl TUIAaHUpOBaHUs: auctiepcust O ; cpeaHEKBaJApaTHICCKOE OTKIOHCHHE o
K03 dunEeHT Bapuauu V ; abCOIIOTHAs OITMOKA e, ; OTHOCUTEIbHAS OIINOKA &

(tabm. 4, cronbipl 6-10). MeTouKa pacueTa XapaKTepUCTHK MapaMeTpa ONTHMH-
3alid TPUBEACHA B paszzeiie 2 «MeTOANKH MPOBEICHUS KCIIEPUMEHTa U 00pa-
OOTKH 3KCIIePUMEHTAIbHBIX TaHHBIX» ((popmyisr (3)-(8)).

OreHKa 0JTHOPOTHOCTH TUCTIEPCHUI TTPOU3BOIMIIACH 10 KpuTeprio KoxpeHa
(popmyna (9)) [2]. Pe3ynapTaThl MPOBEPKH THIIOTE3BI OJHOPOIHOCTH IUCIICPCUI
MOATBEepAWIU TIpU 5% ypOBHE 3HAYMMOCTH, IOCTOBEPHOCTh MOJTYUCHHBIX 3HAYC-
HUI TapaMerpa ONTHUMH3AINHA U OTCYTCTBHE T'pYOBIX OIIMOOK NPHU MPOBEACHUU



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

2
npousBoauMocTH ( O 4, =0,00063, paccunrana mo ¢popmyie (21)) sBasiercs cpen-

HUM TI0 BCEM ONBITaM C AUCIIEPCUCH, XapaKTepU3yeT BHYTPCHHIOIO CTAOMIBHOCTb
U YIIPABJISIEMOCTh HCCIEAYEMOTO O0OBEKTa.

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

Tabmuna 5
3HaveHus k03P uImeHToB perpeccun 1 3HaueHu# kputepus CteroaeHTa [3]
O603HaueHue y
ko3 purmeHToB
perpeccun 3HavycHue PacuerHoe 3HaueHue kpu- | TabauuHOE 3HAYE-
KO3 (UITUEHTOB pe- tepust CThrofieHTA t, Hue kputepus Ctb-
rpeccuu I0JICHTA tma6,’1
1 2 3 4
bO 2,3633 626,5429 2,13
bl 0,7205 191,0116
b, 0,2779 73,66739
b, 0,0014 0,364526
by, 0,1538 40,76063
b3 0,0002 0,066277
b,s 0,0015 0,397665
by, 0,0433 11,48809
b, -0,0209 5,54521
bas 0,0136 3,601075

st ko3 duunenToB perpeccun (cM. TabJd. D) cpeiHee KBaJpaTUUYECKOE

otknonenne Oy, =0,0037 (popmyna (22)). 3HaunMoCTs KOIDPUIIEHTOB perpec-
CHH MPOBEPEHA ¢ TOMOIILI0 KpuTepHs: CThIOICHTA t, (bopmyna (23)), Tabinu-

HOE 3HaueHue kotoporo npu o =0,95 cocrapiser tma@, =2,12. V3 nosry4yeHHBIX

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

D23 menbime TabnmunOro 3HAYCHUS kputepusi CTbrofeHTa tma@l , TOTJ1a MOYKHO
OPUHATH 3TH KO3PPUIUEHTH HE3HAYUMBIMH.

C yueToM 3HAYEHUI U 3HAYUMOCTU KOI(PPHUIIMEHTOB PErpecCuu MOoJydeHa
MOJEJIb MPOLECCa BbICEBA CEMSIH KYKypy3bl C NPUMEHEHHEM CEMSIPOBOJA C




YCKOPHUTEJIEM, YPaBHEHHE PErpecCHd KOTOPBIX XapakTEPU3YeT 3aBUCHUMOCTH
Y ot aktopoB X;,X, u X;.
y=2,3633+0,7205x, +0,2779x, + 0,1538x,x, —0,0433x” —0,0209x; +00136x; .
VYpaBHEeHHE yCTaHABIMBAET 3aBHUCHUMOCTh MEXIy MapaMeTpOM ONTHMH3a-

MM — CKOPOCTBIO CEMSH Ha BBIXOJAE M3 CEMINpoBoaa ¢ yckoputeineMm () ) oT
CKOpPOCTH BO3JYIIIHOTO MOTOKA X; JUTUHBI YCKOPHUTENS CEMSIPOBOaAa X, M YIJIo-
1

BOW CKOPOCTH BBICEBAIOILIETO JUCKA X3 .
YPaBHGHI/IG PETrpeCCuU IOCJIC PpAaCKOOAUPOBAHUA UMCCT BHU !
V.3 =06315+00770 v, —09983 I, +06408 v, -1, 00012 v? -130625 12 +00136 w°.

AJIEKBaTHOCTh 3TOM MAaTEMaTWYECKOM MOJIETU MPOBEPEHA IO KPUTEPHUIO
dummepa (popmyna (24), Bropoii paszznen). YcraHosneHo, uro F,<F, .. (1,85<2,3),

CJIEZIOBATEIILHO, TIOJYUYCHHAs: MaTeMaTHIeCKast MOJIENb — afekBaTHa [3].

2. METOIUKHU ITPOBEJEHUSA DKCIIEPUMEHTA
N OBPABOTKHU SKCIIEPUMEHTAJIBHBIX TAHHBIX

OKCIEPUMEHT 0 HEKOMITO3UIIMOHHOMY TPEXYpPOBHEBOMY IUIaHY BTOPOTO
nopsanka bokca-benknna Oyaer mpuBoauThesa B iabopatopuu «Q-daktop» Ka-
denpsl «YnpapiieHHEe Ka4eCTBOM», Ha JaOOpaTOpHOM 000PYIOBAHUU U C UCTIONb-
30BaHUEM HU3MEPUTENbHBIX MPUOOPOB J1a0OpaTOPUH, ONMHUCAHUE KOTOPBIX MPUBE-
JI€HO HIXKE.

L]env sxcnepumenma — NMOBBILIEHUE KAaueCTBa MOCEBA MPOMNAIIHBIX KYJIb-
Typ MHEBMAaTUYECKUMH CESUIKAMH ITyTEM YCTAHOBKH CEMSIPOBO/Ia C aBTOMATH3U-
POBAHHON CHUCTEMOW KOHTPOJS W yNpaBIEHUS KaueCTBOM BBICEBA MPOMAIIHBIX
KYJBTYP.

Ob6vexm uccnedo8anus — TEXHOIOTUIECKUI TPOIECC OJHO3EPHOBOTO BBI-
ceBa CEMSH MPOMAIIHON KyIbTyphl (KyKypy3bl) ammapaToM THEBMAaTHYECKOTO
JNEUCTBUS C aBTOMAaTU3UPOBAHHOM CUCTEMOM KOHTPOJIS U YIIPABJIEHUs KaUeCTBOM
BBICEBA MPOMAIITHBIX KYJIbTYP.

IIpeomem uccnedoganus — 3aKOHOMEPHOCTH JBUKEHHSI CEMSH B CEMSIPO-
BOJIE C aBTOMAaTU3UPOBAHHON CUCTEMON KOHTPOJIS U YIpaBICHUsI KaYe€CTBOM BblI-
CeBa IMPOIMAIIHBIX KYJIbTYP.

2.1. ObopynoBaHue 1 NPUOOPHI /151 MPOBEIEHUS HCCIIe0BAHUI

DKCIepUMEHTAIbHBIE HMCCIIEIOBaHUs IO OMNPENCICHUI0 KaueCcTBa BbICEBa
CEMSIH MPOMAIIHBIX KYJIbTYpP CESUIKOM C aBTOMATHU3MPOBAHHOW CHUCTEMOM KOH-
TPOJISL U YIpaBJICHUS! KAaUeCTBOM BBICEBA BBITIOJIHSIOTCSA HA JIaDOpAaTOpPHOU ycCTa-
HOBKE, ITPE/ICTABICHHON Ha puc. 4.



JlaboparopHasi ycTaHOBKA BKJIOUaeT (puc. 4):

—pamy | 11 KpensieHHs: Ha HEW KOMIUIEKTYIOIUX Y3JIOB;

— DJIEKTPOMEXAHWYECKHUM TTPUBOJ BBICEBAIOIIETO aIIapara C 3JIEKTPOIBUTa-
TEJIeM TIOCTOSTHHOTO TOKa 2, YaCTOTHBIN MTpeoOpa3zoBatens 4, MpUBOIHAS LIETh 3,

— AKCHEPUMEHTANIbHBIN BBICEBAIOIIUN anmapar 9;

— BAKYyMHYIO YCTAHOBKY / C PETYJISATOPOM Pacxojia BO3AyXa;

— BO3/IyXOHArHeTarllee yCTpoicTBo (KoMiipeccop) 8 ¢ perynupyemoil mo-
Jla4yeu BO31yXa;

— CHCTEMY M3MEPEHHS] CKOPOCTU CEMSIH, BKIIFOYAIOILIYIO: TATYUKU U3MEpe-
HUsL 9 CKOPOCTH CeMsIH Ha BBIXOJI€ U3 ceMspoBoja 6, OJIOK yrnpaBiIeHHs aT4yu-
kamu (Ha ()OTO HE yKa3aH); epCcoHaIbHBIN KommbioTep 10.

XapakTepucTuKa OCHOBHOTO 000pY0BaHUs J1abOpaTOPHON YCTaHOBKH:

— mpeoOpas3oBaTelib YacTOThl: HOMHUHAJIbHAs MOIIHOCTh JBUTATENs —
2,2xBT, HOMUHAIBHBIA BBIXOJHOM TOK — 5,5A, BBIXOJHOE HANpPSIKEHUE — TPEX-
¢aznoe, or 0B mo HanpspkeHus mUTaHud, BeIxoaHas yactota — 0,1-6000'm, Hecy-
mas yacrora [IIUM — 1-15kI'1;, HOMHHaNBHOE HaMpsDKeHWE MuTaHust — 3 a3kl
380-480VAC, 50/601;

— Kommpeccop: MouHocTh — 1,5 kBT, 00bem pecuBepa — 50 11, mpou3Boau-
TEIBHOCTH — 185 J1/MUH, MaKCUMaTbHOE TaBJICHHE — 8 aTM, KOJTMIECTBO 00OPOTOB
— 2850 06/MuH;

— 3JIEKTPOJIBUTATENIb MTOCTOSSHHOIO TOKA: HOMUHAJIbHASI MOILIHOCTb JIBUTa-
Tens — 2,2kBt, wactora — 50 I'u, Hanpspxkerune — 220, 380 B.

DNEeKTPOMEXaHUYECKUN MPUBOJI YCTAHOBKU MO3BOJSET MOIY4YaTh PEryJiu-
pPYEMYIO YacTOTY BpallleHUsI BBICEBAIOILIETO AMCKA anmnapara B npegenax ot 0 1o
100 06/muH. Mexannueckasi 4acTh NMPUBOJA UMEET MPUBOJHYIO 1eMb U3 64 3Be-
HBEB W 3BE3I0YKH BaJia ammapara ¢ IMIECTHAANAThIO 3yObsiIMHU, TO €CTh OJUH 000-
pPOT LIETH COOTBETCTBYET UETHIpEM O0OpOTaM Baja ammapara. Takoe COOTHOIIe-
HUE TIO3BOJIAET MPOU3BOJIUTH OTCUYET UKcia 0OOPOTOB BaJia ammnapara npu MmpoBe-
JICHUM OTBITOB MO0 KOHTPOJIbHBIM METKAM Ha L€ MIPUBOJIA U paME€ YCTAHOBKH.

BakyymHass ycTaHOBKa MNpeaHa3HAY€HA [Jis IMOJIYyYEHUS PEryINPYEeMOTO
pa3pexeHus B BAKYYMHOM kamepe anmnapara B npejaenax ot 1,8 no 6 klla, B 3aBu-
CHMOCTH OT MOJIOKEHUS PEryJisiTopa pacxo/ia W 3arpy3Kd BBICEBAIOUIETO JHMCKA
CEMEHaMHM.



Puc. 4. JlaGopaTopHasi ycTaHOBKa JJIsl MCCIIEI0OBaHUN
ITHEBMAaTUYECKUX BBICEBAIOIIUX aAMIapaToB

B kayecTBe 00BEKTa HMCCIEIOBAHUS HMCIOJB3YETCA SKCIEPUMEHTAIbHBIN
BBICEBAIOIIIMN anmapaTr ¢ aBTOMaTU3UPOBAHHON CUCTEMOUW KOHTPOJISI U yNpaBlie-
HUSI KAUECTBOM BBICEBA CEMSIH MPOTMAIIHBIX KyIbTyp (pUC. 5), KOHCTPYKIHS KO-
TOPOTO 3amaTeHTOBaHa [4].

[THeBMaTHUeCKUil BhICEBAIOMINN ammapaT (puc. 5) comepkut kopmyc 1 ¢
CEMEHHOU Kamepou 2 u KaMepol pa3pekeHus (Ha 4epTeKe HE MOoKa3aHa), MEXy
KOTOPBIMU Ha FTOPU30HTAILHOM Bajly 3 YCTaHOBJIEH BBICEBAIOLIMI TUCK 4 ¢ mpu-
CachIBAIOIMMU OTBEPCTUAMM 5 M IUIACTUHYATBIA OTpakaTellb I yIaJeHUs
«JTMIIHUX» CEMSH 6, MPUMBIKAOIINI K TOPLIEBON IJIOCKOCTH BBICEBAIOILETO JMC-
Ka, Ha TOPU30HTAIBHOM Bajly 3 KOTOPOI'O YCTAaHOBJICHA LIEHTpaJbHAasl pPE3UHOBAS
BOpOIIMIKA 7. B HUKHEN 4acTH Kopiryca | BBICEBAIOILIETO anmnapara 4epe3 KpoH-
mTerdH 8 xomyToM 9 kpenutcs cemsmnporoa 10, mpencrapistomumii coooit TpyoKy
KpPYIJIOTO CEYEHHS] U MMEIOLIMN TPYU y4acTKa: MPSAMOJUHENHBIN 11, kpuBoIHHEN-
HbIM 12 1 yckopurenbHbId 13.



Puc. 5. OkciepuMeHTaIbHBIN BBHICEBAIOIINIMA armapar
C aBTOMAaTU3MPOBAHHON CUCTEMOM KOHTPOJISL U yIIPABIICHUS
BBICEBOM IMPOMANIHBIX KYJIbTYp [4]

Ha yckopurensHOM yyacTke ceMsanpoBoaa 13 pacrnosioxkeHsl nepsbliid 14 u
BTOPOI AATYMKHU 15, Ipy 3TOM BBIXOJIbI IEPBOTO U BTOPOTO AATYMKOB COEAMHEHBI
C COOTBETCTBYIOIIIMMH BXOJaMHU 0JI0Ka MOHUTOPUHTA U KOHTPOJIs 16, HAa KOTOPHIN
MOCTYIAET CUTHAJ C JAaTYMKa CKOPOCTU MOoceBHOTO arperata 17. Takxe B Hauamne
YCKOPHUTEIBHOIO YYacTKa CEMSIIPOBOJIa YCTAHOBJIEH OJIOK YNpaBIEHUs BO3IYII-
HBIM TIOTOKOM 18 (IpoccenbHas 3acliOHKa, COoeprKallas KOpIyc, B KOTOPOM pas-
MeIIeH TOBOPOTHBIN JUCK, COSTMHEHHBIN C CEPBOTPUBOJIOM).



PaboTa mHEeBMaTHUECKOTO BBICEBAIOIIETO ammapara OCYIIECTBISIETCS clie-
OyromMM o0pa3oM: ceMeHa U3 OyHKepa (Ha PUCYHKE HE MOKa3aH) MOCTYMaloT B
CEMEHHYIO Kamepy 2 kopmyca | BbIceBalollero ammapara, U3 KOTOpou moja aei-
CTBUEM DPa3pekKeHMs, CO3/1aBAEMOr0 B BaAKyyMHOI Kamepe (Ha PUCYHKE HeE IOKa-
3aHa), MPUCACHIBAIOTCS K MPHCACBHIBAIOIIMM OTBEPCTHSAM 5 BBICEBAIOUIETO JMCKA
4. Bpamasicb BMECTE ¢ BBICEBAIOIIUM JUCKOM 4, CEMEHA U3 CEMEHHOI Kamepsl 2
NEPEHOCATCA K IIACTUHYATOMY OTPaXaTemro 6, MoJ IeHCTBUEM KOTOPOTO «JIHII-
HUE» MPUCOCABIINECS CEMEHA BO3BPAIIAIOTCS OOPATHO B CEMEHHYIO Kamepy 2.

Jlanee ceMeHa TPaHCIOPTUPYIOTCS BBICEBAIOIIUM JUCKOM 4 B 30HY cOpa-
ceiBaHusl. Cxopsiuiee ¢ BBICEBAIOIIETO JIUCKA CEMS YKIIAJbIBAETCS HA BHYTPEH-
HIOIO0 TIOBEPXHOCTh ceMsmnpoBoaa 10 Ha mpsMoauHerHOM ydacTtke 11 ¥ cKoIb3UT
0 HEMY Kak [0 HAKJIOHHOM IUIOCKOCTH IO KPHUBOJIMHEMHOro ywactka 12. Ha
KPUBOJIMHEMTHOM y4acTke 12 ceMsi ABUXKETCA MO KPUBOJMHENHON MOBEPXHOCTH
MIOCTOSIHHOTO pajuyca J0 TeX MOp, I0Ka BEKTOP CKOPOCTH HE MPUOOPETAET TOpU-
30HTAJIbHOE HampasiieHue. [Ipu BbIXOAE W3 KPUBOJIMHEWHOIO ydacTka 12 cemsi-
npoBoaa 10 co ckopocThio VK, ceMsi POJOJIKAET JBHXKEHUE MO YCKOPUTEIBHO-
My y4dacTKy 13, HapamuBasi CBOIO CKOPOCTb 33 CUET CHJIbl BO3AYUIHOTO MOTOKA.
Cuna Bo3aymHoro nmotoka FBl Ha yckoputenbHOM ywacTtke 13 cemsimpoBoaa
ONpENENSIeTCs CKOPOCThIO BO3AYIIHOTO MOTOKA, U3MEHEHUE KOTOPOrO MPOUCXO-
IUT 3a cuéT OJIOKa ympaBJIeHHs BO3AYyIIHBIM MOoTOokoM 18. Ha yckoputenbHOM
ydacTKe 13 ropH30HTAIBHO JBMXKYLIEECS CEMS C IMIOMOIIBK BO3AYIIHOIO NOTOKA
Pa3roHsieTCss 10 CKOPOCTH, PaBHOW MO BEIMYHMHE CKOPOCTH IOCEBHOIO arperara
Va. PerynupoBka BO3IyIIHOTO 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 PABHOMEPHOCTU 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 TOCEBHOTO arperara Va omnpexensercs aaTuukoM 17. JlaHHbIe 3HaYe-
HUS OCTYNAlOT B OJIOK MOHUTOPUHTA U KOHTPOJISL 16, B KOTOPOM OCYILIECTBIISIET-
Csl CpPaBHEHUE CKOPOCTEW M BBIPAOOTKA YIPABIISIOLUIETO BO3IECHCTBUS ISl CEPBO-
MIPUBO/IA IPOCCEILHOM 3aCIOHKH (OJIOK yIpaBIeHHs BO3AYITHBIM MOTOKOM) 18.

Jlst BU3yanbHBIX HAOJIOMEHHI 3a MPOIECCOM BhICEBA CeMsiH (HCccleoBa-
HUM), a TakKe 11 GOTOCHEMKH €ro JTaroB U (PparMeHTOB KOHCTPYKITMH arlrapa-
Ta HEKOTOPHIE CTEHKH U TIEPETOPOJIKH KOPITyca arrapaTa 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 XoAy ABMXKEHUsS ceMeHU. Kaxaplii JaTYUK COCTOMT M3 MH(PPAKPACHOTO

u3nyyarens U poronprueMHUKa, pa3MEeIleHHbIX HAMPOTUB ApyT Apyra. s atoro
B CEMSIMPOBO/IE BBICBEPJIUBAIOTCS OTBEPCTHS, B KOTOPbIE€ BCTABIAIOTCS (DOTOIIIEK-



TPUYECKHUE TaTIUKH (pHC. 6).

Puc. 6. CemanpoBos ¢ 1aTYNKaMU JIBUKEHUS:
1 — cemsmpoBog; 2 ¥ 3 — TaTYUKH JIBHXKCHHUS;
4 — GIOK yIpaBlIeHHsI 3aCIOHKOMN

B sTOoM Tume 1aTYMKOB NpUEMHUK 2 U U3JTydaTenb 1 (puc. /) pacrosioKeHbl
HAIpOTHUB APYT Apyra TakKuM 00pa3oM, YTO CBETOBOM MOTOK U3 M3Ty4yaTelis Mmomna-
JlaeT HETOCPEICTBEHHO B npueMHuK. [lonoxenne oobekTa 3 ompeznensercs, Ko-
r71a OH MEPEKPBIBAET Jyd OT u3iydarens | B npuemHuk 2. Hactpolika B3anMHOTO
PacToIOXKEHHUS JATYNKOB 3aKIIFOUAETCS B TOM, YTOOBI MAKCHMAJIbHOE KOJTUIECTBO
cBeta 6 , OT m3mydarens 1 momanano Obl B IPUEMHUK 2.

Puc. 7. Cxema paboThl POTOINEKTPUIECKUX TATUUKOB!
1 — uzny4arenpb; 2 — IPUEMHHK; 3 — 00BEKT; 4,5 — HICTOYHHK MUTAHUS;, 6 — CBETOBOM MOTOK

Pacuer nnTepBanza BpeMeHN M CKOPOCTH CEMSIH Ha BBIXOJIC U3 CEMSIIPOBOIA
OCYIIECTBIISIETCS 110 aITOPUTMY, HAITMCAHHOMY JJIsI TIEPCOHAILHOTO KOMITBIOTEpA
10 (cm. puc. 4). PesynpraThl 00pabOTKH JaHHBIX BBIBOASITCS HA MOHUTOP MEPCO-



HAJIBHOT'O KOMIIBIOTEPA.

CKOpocCTh BO3AYIIHOTO OTOKA HAa BBIXOJE M3 CEMSIPOBOAA OMpPEEseTCs
anemomerpoM AIIP-2 (puc. 8): w3MepHTENnbHBIM JUaANa3oH (TemIepaTrypa):
0-50 °C; usmepuTenbHbIil nuanazoH (ckopocts Betpa): 0,4—30m/c; TOYHOCTD HU3-
Mepenusi (temnepatypa): +1,2°C; TOYHOCTH H3MepeHHUsI (CKOPOCTh BETpa):
+(3% +0,2m/c); paspemenue (Temmneparypa): 0,1°C; paspemienue (CKOPOCTh BET-
pa): 0,1m/c.
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Puc. 8. Anemomerp AIIP-2
2.2. MeToauka npoBeieHUs IKCINEPUMEHTAIbHBIX HCCJIe10BAHMI

1. Ompenenuth 1edb, 00BEKT, MPEAMET UCCICAOBAHUS W TapaMeTp OITH-
MU3AITIH,

I]env pabomsi — MIOBBINIEHUE KaYECTBA MTOCEBA MPOMAIIHBIX KYJIbTYp MTHEB-
MaTHYECKHUMH CESIIKAaMHU MyTeM YCTaHOBKH CEMSIPOBOJOB C aBTOMAaTH3MPOBAH-
HOM CHCTEMOW KOHTPOJISL U YIIPABJIECHUs KAYECTBOM BBICEBA.

Obvexkm uccnedosanus — TEXHOJIOTUYECKUI MPOLECC OJHO3EPHOBOIO BbI-
CeBa CEeMsIH MPOMANTHOW KyJIbTypbl (KyKypy3bl) ammapaToM ITHEBMATHYECKOTO
JIEUCTBUS C aBTOMAaTU3UPOBAHHON CUCTEMON KOHTPOJISI U YIIPABJICHUS KaueCTBOM
BBICEBA MPOMAIIHBIX KYJIBTYDP.

Ilpeomem uccnedoeanus — yCTaHOBIICHUE 3aKOHOMEPHOCTH U3MEHEHUS CKO-
POCTHU CEeMSIH Ha BBIXOJI€ U3 CEMSIIPOBOJIa C aBTOMATU3UPOBAHHONW CHCTEMOM KOH-
TPOJIA M yNPABIICHUS KaYECTBOM BBICE€BA MPOMAITHBIX KYJIbTYpP B 3aBUCUMOCTU OT
3 OCHOBHBIX (DAKTOPOB.

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

2. BpiOpath 0OOpymoBaHME W MPUOOPHI JUIS MPOBEICHUS HCCICIOBAHHMA
(cm. myHKT 2.1).

3. BriOpats ocHOBHBIE (hakTOphI (3 (hakTOpa) M UX YPOBHH BapbUPOBAHUS
(3 ypoBHSI) 7151 IPOBEJIEHUS SKCIEPUMEHTOB B COOTBETCTBUH C UHIMBUIyaIbHBIM
3aganueM (tabim. 12, a, 12, 6) u 3amonauts Tadi. 6.



Tabnuua 6
OcHOBHBIE (PaKTOPHI M YPOBHU HX BapbupoBaHwUs [3]

HaumenoBanwue ¢akropa O603Ha YpoBHH (pakTOpoB WNHuTtepBan

Y €IMHULBI U3MEPEHUS JON HUKHUN OCHOBHOM BEPXHHUUI BapbUpO-
(-1) (0) (+1) BaHUs

U, - CKOpPOCTb BO3/yLI-

HOI'O0 IIOTOKa B YCKODH- Xy

Tele, M/C

|, - mmHa yckopuTtess, X

M 2

(VU - yriIoBas CKOPOCTh

BBICCBAIOIIICIO  JHUCKa, X3

pan/c

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

5. IIpoBectu Tpex(hakTOpHBIN 3KCIEPUMEHT 1O M1aHy bokca-benkuna co-
riacHo matpuue (taba. 2) ¢ M -KpaTHOW MOBTOPHOCTHIO KaXKAOI'O OMNBITA (Kax-
JOW CTPOKM MaTpullbl). B Hauane nmpoBefeHHs] SKCIIEPUMEHTa HEOOXOAUMO BBbI-
CTaBUTb BCE (PAKTOPHI HA YPOBHHU, COOTBETCTBYIOIINE HOMEPY CTPOKU MaTpPHUIIbI, a
YHCIIOBBIC 3HAYEHUS YPOBHEH B COOTBETCTBHUH C TalII. 6.

ITepserii akTOp (U, - CKOPOCTH BO3IYIIHOIO IIOTOKA B YCKOPHUTEE, M/C) Ba-

pBUpYETCS MyTeM PETYIHPOBKH MOJA4YH BO3TyXa BO3MyXOHATHETAOIIUM YCTPOM-
cTBOM (KoMmIipeccopoM) (puc. 4, mo3. 8) B quana3oHe BapbUPOBAHUS TOr0 (akx-
Topa.

Bropoit dakrop (I, — mmmMHA yCKOpPHUTENs, M) U3MEHSIETCS TMYyTEM CMEHBI
ydacTka |, pa3mu4yHON JJIMHBI CEMSIIPOBOJIa B COOTBETCTBUU C YPOBHSIMU Bapbu-
pOBaHUS.

dakrtop 3 (yriaoBas CKOPOCTh BBICEBAIOIIETO AMCKA X3 ) BBICTABJISICTCS Ha Jia-

OoparopHoii ycTaHOBKe (puc. 4) B CeayOMIEH MOCIEA0BATSIbHOCTH:

— BKJIFOUHTH YIIPABJISIOLIEE yCTPOMCTBO B ceTh 320 B;

— JI0KIAThCS OSIBJICHUS HAa IHUCIUIEeE TpeoOpa3oBaTess 4acToThl (puc. 4,
1o3. 4) craproBoro 3nauenus: R 0,0;




— ¢ momonibio KraBuy «Modey yctaHoBUTE pexuM «Uy - BBIOOp Komude-
cTBa 000pPOTOB (OJHOKPATHOE Ha)KaTHe Ha KiaBuiny). KomndecTBo 000poTOB CO-
OTBETCTBYET YIJIOBOM CKOPOCTH BpallleHHUsI BBICEBAIOLIETO JMCKA, KOTOpas sBJIs-
eTcs pakTopoM BapbHUpoBaHUS (TabII. 7).

Tabmuma 7
CooTBeTcTBHE CKOPOCTH ABUKCHM: allliapaTta U CKOpPpOCTH,
yCTaHaBJIMBA€MOU Ha JJaOOPaTOPHOM CTEH/IC
CKopocCTh ABUKEHMS alnapa- | YTJIOBas CKOPOCTh BbICE- CxopocTh Ha 1a60paTOpHOM
Ta, KM/4 (M/C) BAIOWIETO JMCKA, Pajl/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 5,5 52
15,8 6 o/

3HaueHHE YTIOBOM CKOPOCTH BBIOMPAIOT C YYETOM CTPOKM MAaTpPHULIbI
(Tabi1. 2) ¥ BO3MOXKHBIX 3HAYCHHUI YPOBHEH BapbupoBaHus (Tadi. 6).
«U» 31 — coorBeTctByeT  00OpOTaMm AMCKa U €ro CKOPOCTH Bpalle-
HUS),

— kaBuIamMu ¢ « Ay (yBenmuuenue) u « ¥ » (yMEHBIIICHHE) YCTAHOBUTH He-
00X0IMMO€ KOJIMYECTBO 000p0oTOB: Hanpumep, ¢ «U» 31 cauzunu 1o «U» 27;

Ahl\‘d weo-u




— Haxxatuem kHONKH «RUN» ocymiecTBisieTcst MycK JBUTATeNsl, KHOMKA
«STOP-RESET» ocranaBnuBaet paboTy ABUTATES.
6. DKcCnepuMeHT MPOU3BOIUTCS CIAEAYIOMUM 00pa3oM:
— HACTPOCHHBIN Ha pabOTy BBICEBAIOIIMK ammapar BKIOYAeTCs 0€3 momadu
BaKyyma Ha aIlapar;
— C TIOMOII[BIO TIPe0Opa3oBaTesisd YaCTOThl YCTAaHABIMBACTCS YacTOTa Bpalle-

HHA BBICCBAIOUICTO AUCKA aIlllapara (xg — YIi10Basg CKOPOCTH BBICCBAIOIICTO OHC-

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

— BKJIIOYAETCS BaKyyMHas YCTaHOBKA M BaKyyM OIPEICIICHHON BEIMYHMHBI
110/1a€TCS Ha BHICEBAIONINI anmapar;

— COTJIaCHO MAaTpHIle TUIAHUPOBAHHUA dKCIepUMEHTa (Tabi. 2) ycTaHaBIUBa-

IOTCSI OCHOBHBIE (DAKTOPBI. x; — CKOPOCTh BO3JyLIHOIO IIOTOKA U, , IIOJaBa€MOI0

B YCKOPHUTEINb CeMSIIPOBOIA; X, — IIHHA YCKOPUTENs ceMsmpoBoaa | Ha coot-
BeTcTBYIOIIME ypoBHH (+1;0; —1) (Tabd. 6);

— mocie cTaOuIN3aluy MpoIecca BbICEBA CEMSIH BKIIIOUAETCS CHElUalIbHAs
nporpamma Ha 11K u npoBogutcs 3amep ckopoctu 100 BBICESHHBIX CEMSH CHCTE-
MO U3MEPEHUsI CKOPOCTHU ceMsH (puc. 4);

— OIpEeJETIeHNE CKOPOCTH CEMSIH Ha BBIXOJIE U3 CEMSIIPOBOJA C YCKOPUTEIEM
(puc. 4) ocyuiecTBisieTcsl JaTYMKAMU, YCTAHOBJIEHHBIMHU Ha BBIXOZE U3 CEMSIPO-
BOJIA,

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

7. llomy4yeHHbIE B X0Ji€ KCIIEpUMEHTA 3HAUEHUS MapaMeTpa ONTUMU3ALNN

(pyukuym otkiauka) (Y, Y,i, Ys ) 3aHecTd B cBoaHYO Tabuiy (Tad. 8).

Tabmuna 8
Pe3ynbTarhl 3KCIEpUMEHTATBHBIX JaHHBIX

I T 2 e
ombita Y. M/c
1 2 3 4 5
1 y, =...
2 Y, =...
15 V.=




2.3. MeTOIll/IKa OﬁpﬂﬁOTKI/I IKCIICPUMEHTAJbHBIX NaHHbIX

[Tocne mpoBeneHNsT aKTUBHOTO AKCIIEPUMEHTA, MOTYYEHHBIC YKCIICPUMEH-
TajbHBIC NaHHbBIE (Tabm. 8) moaBepraroTcs oOpaboTKe, U IS KaXJIOTO I-TO OIbITa
(i=1, ..., N) onpeznenstoTcsi: cpeaHee 3HAYCHUE, CPEITHEKBAIPATHYHOE OTKIOHE-
Hue, Kod(h(UIIMEHT Bapuauu, abCOIIOTHAs OMIMOKa CpelHed MoJaun CeMsH, OT-
HOCHTEJIbHAs olrOKa ombita (Tadsm. 9) [2, 3].

DKCcnepyuMeHTaIbHbIE JJaHHbIE 00pabaThIBAIOTCS B COOTBETCTBUM CO Clie-
Ayromei MeToauKoit [2,3].

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

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

Sy

Yi — (3)

— nucnepcus (Tadu. 9, cronbdern 3):

D*(y. . 4
(y)="—— (4)
— CpeIHEKBapaTHIHOE OTKIIOHEeHUe (Tabi. 9, cTtonber 4):
o =D*(y;); (5)
— ko3¢ dunment Bapuanum (Tad. 9, cronbderr 5):
o
Vv =2.100, ©)
Yi
— abcomoTHas omMbKa cpeHel momaadn ceMsH (Tadu. 9, cronberr 6):
t .o 43-0
e =—“4—=— =2480 - 7
Jm V3 ’ )
— OTHOCHUTENbHAsS omuoKa onbITa (Tadn. 9, cronber 7):
e
6':?0'100, 0/0 (8)

Yi
rae Y, — cpelHee 3HaueHMe MapamMeTpa ONTHMH3ALMU B I-ii CTpOKE MaTpHUIbI

wianupoBanus 1o 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 02 HYECKOe HEHT ommoKa 51 omrOKa
napamerpa i M/ OTKJIOHEHHE | BapHaIlin e,,M/c £, %
OINTHMH3a- o, M/c V,%
IIMH OTTBITA
Y. mlc
1 2 3 4 5 6 7
1
2
15
N
2.0 =
i1
N
200
O_KZM — =l =
N

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

-~ .
Zo'iz
i=1

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

I max

(o}

G

p

©)

N

BCEX MOCTPOYHBIX JMCIEPCHHA Y 07, T.e. ONPEAEISCTCS PACYCTHOS 3HAYCHHE
i=1

kputepus Koxpena.

C kpurepuem Gp CBSI3aHbI CTENEHH CBOOOMBI: /s unciutens f, =M—1,
mis 3uamenatens f, = N . Jlnst 3amannoil 10BepHTEIBHOIN BEPOSTHOCTH ¢ MO
snauenmsim 1, u T, ompenmensercs kputnueckoe TaGnmuHOE 3HAYCHHE KPUTEPHS
Koxpena G, (tabn. 1 mpunoxenns), ¢ KOTOPHIM CPaBHHBAIOT pacyeTHOE. B
Hamem ciydae, npu M=3 u N =15, ta6anunoe 3naucHue G, =0,432.

Eciu Bemonnserca yenosue G, <G, | To ¢ BEIGpaHHBIM ypOBHEM CTaTH-

CTUYECKOM 3HAUUMOCTH O (C TOCTOBEPHOCTHIO 1—0) BCE MOCTPOUYHBIE AUCHEPCUH
IPU3HAKOTCS OJHOPOJHBIMU. B MPOTUBHOM cilyyae runoTe3y OTBEPraroT.



3. Ompenenenne KodHPUITUESHTOB YpaBHEHUS PETPECCUU IO MATPHUIIE TJIa-
Ha bokca-beHknHa Tpex(pakTOPHOTO 3KCIEPUMEHTA IMPOM3BOJUTCS IO CICIYIO-
MM BBIpaskeHusM (Ta0i1. 8, cronden 5) [2, 3]:

b, = %(75 + Vo + Vis), (10)
bﬁé(yﬁyz—%—yﬁye+77—V8—Vg), (11)
b, Z%(Vryz+Y3—V4+V11+V12—Y13—714), (12)
bsZ%(Vs—yy+78—V9+V11—Y12+V13—714), (13)
b12=%(vl—72—73+v4), (14)
b, =%(76 ~ Y, = Vs + %), (15)
b,, = %(711 ~ Vi = Vs + Vaa), (16)
c =%(Z g —7boj, )
b,=C —0,252 Y. (18)
b,=C —0,25221 . 19)
b, =C —0,252; y 20)

[Tonmyyennbpie 3Ha4YeHUsT KOIDDUIIMECHTOB ypaBHEHUS PErpecCUU BHECTH B
ta6i. 10.

4. OIeHKO! TeHepallbHOW JUCIEPCUN BOCIIPOU3BOJIMMOCTH, XapaKTepU3y-
IOIIeH TOYHOCTh OJHOTO HM3MEPEHHs], SBISACTCS CPEIHsSST M3 BCEX MOCTPOUYHBIX
aucriepcuid. Jlucnepcusi BOCIPOU3BOIUMOCTH OTKJIMKOB (IIMCTIIEPCHs MapaMerpa
ONITUMHU3AIMH) onpeaenuTcs mo Gopmye [2,3]:



G@OC = . (21)

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

G — GBOC 22
R e (22)

6. 3HauUMOCTh KOA(PUIIMEHTOB PErPECCHH MPOBEPSAIOT C IMOMOIIBIO KPHU-
tepus Cterozenra [2,3]:
|

: o, - (23)

[Tomyduennsie o dopmyne (23) mannapie 3HaYeHUH Kod(ddumueHToB CThIO-
JEHTa JUIs KaXa0ro Koa(ULreHTa perpeccuy CpaBHUBAIOT ¢ TaOJIMYHBIM 3HAUE-
HUEM, KOTOPOE OIpeNessieTcs] M0 3aJaHHOW JTOBEPUTEIBLHOW BEPOSTHOCTU O U
upcny creneneit ceoooxsl f = N(m—1) [1]. [Ipu ypoBHE cTaTUCTUUECKOM 3HAa-

ypmoctd & = 0,05 u umcne crenenei ceodoxsl f =15 (3 — 1) = 30 (s miana
Bokca-benkuna) onpenenum TabinyHoe 3HaueHHe Kodddunuenta (tadi. 2 mpu-
noxenust). Ono pauo t, . = 2,04.

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

Tab6mauma 10

3HavyeHUs KO3(PPHUIIMEHTOB perpeccuu u 3HaueHui kpurepus CtoroaeHTa [2, 3]

O6o03HaueHue 3HaueHue PacuerHoe 3HaueHue kpu- | TaOnuuHoe 3HauUe-
roapduimeHToB | K03pGUIUEHTOB pe- Hue kpurepust Ctb-

TEpUA UThb HT t
perpeccun rpeccuu epus CThIONIEHTa. i

tonenta L, ..

2,04




7. CocCTaBHTh YpaBHCHHS PETPECCHH, MOACTABIAA B hopmyiny (2) urciioBbie
3HaueHus korpduireHToB perpeccuu. [lomydum Mojenb ucciaeayeMoro npoiec-
ca. Hanmpuwmep,

Y pue = 2:3633+0,7205x, +0,2779x, +0,1538x,x, —0,0433x; —0,0209x; +0,0136.x; .

[To momyyeHHOMY YpaBHEHUIO PETPECCHMU PACCUMTAEM 3HAUCHHUS MapameTpa

ONTUMU3ALMA IO MOAEIHN ypl. W BHECEM O5TH 3HAYCHHS BO BCIIOMOTATCIBHYIO
Tabn. 11.

Tabnuma 11
I[OHOJ'IHI/ITGJIBHEIH T36HI/IH€[ AJI1 pacdcTa aACKBATHOCTH MOACIIN
Homep | Cpennee 3Haue- 3HaueHue Hucnepcus OTtHocuTenpHas
OIBITA | HUE ITapaMeTpa rapaMmeTpa ol = ( V.-V )2’ M/C. IIOrPEIIHOCTh
ONTUMU3AIIIU ONTUMU3a- ' ' P MOJICIH
(o 3KcIIepUMeH- | MU, paccyu- ‘yp. -y, %
TaJbHBIM JIaH- TaHHOE MO 6=——-100

HBIM) Y. M/C mozenu Y i

pacyi

15

Zaf =

- N
1

) m &, 27,
O w =72(yi - ypa(:wi)
N_ i=1

8. AJEeKBaTHOCTH MOJYYCHHOW MOJIENN TIpoBepsieM 1o F — kpurepuro [2,3]:

Fo=—. (24)

JInisi BBIYMCIICHUSI TUCIIEPCHH aJeKBAaTHOCTH HAXOIUM CyMMY KBaJlpaToB
OTKJIOHEHUI pacUeTHBIX 3HAYCHWI MapaMeTpa ONTUMU3AIMH OT JKCIICPHUMCH-
TAJIHBIX 3HAYEHHUI BO BCEX TOYKAX IUIaHA. AJICKBATHOCTh MaTEMaTHYECKOW MO-
AeNH OompeaessieM, CpaBHHBAs TUCIIEPCHUIO BOCIPOM3BOIUMOCTU C JHCIIEpCUEH
aJIeKBaTHOCTH.

9. Jlucnepcuro aJeKBaTHOCTH paccYMThIBaeM 1o gopmyiie [2, 3]:
, m

N
O w = N—Z( yi - ypac’lli )2 ) (25)

rae | — uncno 3HaunMbIX K03(QOUITUCHTOB PErpEeCcCH.
JInist 3aiaHHOM TOBEPUTEIBLHON BeposaTHOCTH ¢ 1o 3HaueHusMm f, =N —1 u

f, =N(m-1) onpenensercst TabnuuHoe 3HaYeHUEe kputepuss Ouimepa F,.. Eciou



F, <F,, To noixy4yeHHas perpecCMOHHasi MOJENIb C MPUHATBIM YPOBHEM CTATH-

CTUYECKOM 3HAYMMOCTH Ol aJICKBaTHA YKCIIEPUMEHTATBHBIM JaHHBIM.

10. Ecnu mopmenb ajiekBaTHA, TO OCYIIECTBIISIEM MEPEX0]l OT Oe3pa3zMepHOTo
MOJIMHOMA K pa3MEpHOMY TOJMHOMY. [[71s1 aTOTO B O€3pa3MepHBIi MOJUHOM TO-
CTaBUM BBIPAKEHHUS JJISI KOJUPOBAHHBIX (DAKTOPOB, MOCIE YEro pacKpbiBaeM BCe
CKOOKM ¥ TIPUBOJMM TIOJIOOHBIC ClaraeMple, OJyYUM YPaBHEHUS B HATYPaTbHOM
BUJIE.

Hanpumep,

03 =06315+00770 v, —0,9983 |, +06408 v, I, —00012 v? —130625 12 +0,0136 °.



NHINBUAYAJIBHBIE 3AJTAHUSA

Y4eOHasi rpyma MarucCTpaHTOB pa3feisieTcss Ha aBe moarpymmbl. OmHa

MOATPYIIA BBITOJIHSACT 3aaHue 1o Taodu. 12, a, Bropas — o 12, 6.

Taomuma 12a

BapuaHT 3Hau€HHsI OCHOBHBIX (DAKTOPOB 1 YPOBHEW UX BapbUPOBAHUS

HanmenoBanwue ¢akropa O603Ha1 YpoBHU (haKTOPOB HNutepsan

W €IUHHULBI U3MEPEHUS CHIE HIKHHUI OCHOBHOU BEPXHHI BapbUpO-
(-1) (0) (+1) BaHUs

U, - CKOpOCTh BO3[yII-

HOTO IOTOKa B YCKOPH- X1 ! 12 19 5

Telne, M/c

|, - mimMHa yckopuTes,

s 7 TS YEOP X, 0,08 0,10 0,12 0,02

M

() - yrioBasi CKOpPOCThb

BBICEBAIOIIETO  JIMCKa, X3 1 3 5 2

pan/c

Bapuant 3HaueHMsI OCHOBHBIX (PAaKTOPOB
Y YPOBHEUN UX BapbUPOBAHUS

Tabomuma 126

pan/c

HaumenoBanue ¢aktopa O603Ha- YpoBHH (pakTOpoB WNHuTtepBan

W €IUHHULB] U3MEPECHUS qerme HIKHHAI OCHOBHOU BEPXHHI1 BapbUpoO-
(-1) (0) (+1) BaHUs

U, - CKOpOCTh BO3[yII-

HOTO IIOTOKa B YCKOPH- Xy 12 15 18 3

Tene, M/c

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

YCKOPUTEISl, M

(VU - yriioBass CKOPOCTh

BBICEBAIOIIETO  JIMCKa, X3 2 4 6 2
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HPUJIOKEHHUE

Tabnuma 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




Tabmura 2

Kputnueckue 3nauenus kodpdunuenta Crprogenta (t-xpurepusi)
JUISL PA3IMYHON JOBEPUTEIBHOM 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 | 31123 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 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 2.5668 | 2.8982 3.2224 3.6458 3.965
18 | 13304 1.7341 2.1009 25514 | 2.8784 3.1966 3.6105 3.9216
19 | 13277 1.7291 2.0930 25395 | 2.8609 3.1737 3.5794 3.8834
20 | 13253 1.7247 2.08600 | 25280 | 2.8453 3.1534 3.5518 3.8495
Tabmuma 3
3nauenus F - kputepus Oumiepa
pu 5%-M ypOBHE 3HAUUMOCTH
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 [ 1945 | 19,50
3 10,13 | 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 | 48 | 468 | 453 | 436
6 599 | 514 | 476 | 453 | 439 | 428 | 415 | 400 [ 384 | 367
7 559 | 474 | 435 | 412 | 397 | 387 | 373 | 357 [ 341 | 323
8 532 | 446 | 407 | 384 | 369 | 358 | 344 | 328 [ 312 | 293
9 512 | 426 | 386 | 363 | 348 | 337 | 323 | 307 [ 29 | 271
10 49 | 420 | 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 | 2,9 | 28 | 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 | 2,70 | 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 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 2,12 191 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




CocraBurenu: 3yopwmna E.M., Jlumutpor B.I1.
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