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Tlo 5>THM JIaHHBIM HA OCHOBAHHM IPABUJI CTATHCTHKH MOKHO
cKasath, uTo B 2/3 ciyuasx (68 %) 3HauCHMs NPOM3BOAMTEILHOCTH
BuOpOI03aTOpa BapbupyioTes B npeaenax 2,45+2,50 %, a B 95 %
ciyuaes — B npezenax 2,43 +2,52 %.

TaGnuyal
Pe3yiIbTaTsl KCHIEpMEINTa  pactieTon
. Orwioneiie Kak- Krapar
& TipomsBoiTenBIoCTs 21070 3MCpers oo
HMEPE- | pyGponosatopa x,,r/c | OT cpemniero ma-
st wemns d,
T 250 0,02
2 2,52 0,04
3 247 0,01
4 248 0,00
5 2,50 0,02
6 251 0,03
7 2,50 0,02
8 249 0,01
9 246 0,02
10 244 004
Cywva 248

BBIIOIHUM TIPOLE/YPY BbISBJICHHS M OTCEUBaHUs IPYObIX 110-
rpemHocTeii. B kauectse rpy0oi MorpemHocTH NPUHAMAEM BETHYH-
Hy 2,44 (MMHMMANbHOE 3Ha4YeHHE BHIOOpKH, cM. Tadn. 1). HauGos-
umiee  OTKJIOHEHHE, paccuntanHoe no dopmyne (6), cocraBut
d e =0,04. Cratuctuka t no (7) pasua t =1,66 . C nomomusio Tad-
Jmubl pacnipeaenenus CTbiofenTa (CM. IPUIL 2) HPH yPOBHE 3HAYM-
moct p =0,05 u umcre creneneii coGoabl f =8 Haxomum Tabyim-

posanHoe 3HaueHne kpurepus CTbIOEHTA T(sy,5) = 2,01 . Ucnonssys
dopmyiny (8), BbIYHMCISEM NPOLEHTHYIO TOUKY (-pacrpe/ie/icHus
T(soui0) =5,22. Tlposepsis  yciosue (9), ycrauapiuBaem, 4TO
T <T(s0,4)-CriesioBarenbuo, Benuuuna 2,44 He snsiercs rpydoi mo-

TPELIHOCTBIO M OTCEHBAHHIO HE MOUICKHUT. AHATOIHYHO MOKHO yGe-
JIMTBCS B TOM, YTO MaKCHMAJIbHOE YMCIIO 2,52 paccMaTpUBaeMoil Bbi-
BOpKH TaKKe HE ABIAETCS rPYOOi MOrpelHOCTbIO.
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image8.png
TIpoBepHM THIOTE3y HOPMANLHOIO PACHPEAICHHS JKCIEPH-
MEHTA/IBHBIX JAHHBIX pOLECCa BHOPOJO3MPOBAHMS Caxapa-ecka
(em. Tabu. 1). Qnst otoro no popmymnam (12), (11) u (14) Beruucisem
BTOPOIL, TPETHil 1 YCTBEPTHIl LEHTPAIBHEIE MOMEHTEI /1, = 5,9010™;
my=4,3110° m, =6,59107.

Tlokasatenn acUMMETPHM M JKCLECCa, PACCUUTaHHbIE 110 (op-
mynam (10) u (13), coorsercrBenso pasubl ¢ = 0,30 u g,= -1,11.
TIpeABAPUTENLHO MOKHO CHC/ATH BBIBOJ O TOM, YTO JUIS SMITHPHYC-
CKOT'0 PACIpPEEICHHs XapAKTEPHBI ACHMMETPHS! i JKCLECC.

C nomousio Beipakenuii (15) u (16), onpenenseM HecMeIEHHbIC
OLICHKH [OKa3aTesielt acummeTpun u okeuecca G, =0,36u G, =-0,98.

Cpe/iHeKBaipaTHUHbIC OTKIOHCHHUS, HalJCHHBIC 110 hopMyIam
(17)  (18), pasier Sg, = 0,17 1 S5, = 1,33.

3artem nposepsiem ycnosus (19) u (20). Tak Kak OHHM BBINONHS-
1otest (0,36] 30,17 u }0,98] <51,33), 1o runoresa HOPMAILHOIO
pacrpeiesieHust MOKeT ObITh IIPUHSATA.

Tlo Tabnuue pacnpenenenns CTeiofieHta (cM. Hpui 2) npu
ypoeHe 3Haunmocti p =0,05 u uncne crenexeil cBo6oabl f =9 Ha-
Xozum TabnuuHoe 3HaueHue kpurepus Crplofenta ¢, = 1,8331. AGco-
JIOTHAS OLIMOKA JUIsl CPEHEr0 apH(METHIECKOro 3HAYCHHsI, PACCUH-
TanHas 10 dopmyse (21), cocrasuser & = 0,0139 r/c. Ilo popmyne
(22) onpesensieM OTHOCHTENbHYIO OMIMOKY cpeaHero apupmernue-
CKOTO 3HAYCHHs IPOU3BOJMTENLHOCTH 103aT0pa d,,,, = 0,56 %.

Taku 06pa3oM, ¢ J10BepUTEILHOI BeposTHOCTh 95 % (YpoBeHb
3HaunmoctH p =0,05) 3HauCHHs HPOU3BOAMTENBLHOCTH BUOPOI03ATO-
pa 1o caxapy-lecky npu uacrore Kosnedauuii Bu6posnorka 30 'y Gy-
JIyT HAXOJITHCS B J10BEPHTEIbHOM HHTepBasie x +0,0139 r/c.

3ananue

Tlposectu npeaBapuTebHyi0 06pabOTKY IKCIEPUMEHTANLHBIX
JaHHbIX (Tabu. 2), POBE/Isl BHIYMCICHHS BEIGOPOUHBIX XaPAKTEPUCTHK
OMIMPHUYHOrO Paclpe/ielienus, oTces rpyObix norpeusocteii u mpo-
BEPKY THIIOTE3bI HOPMAILHOTO PACHpe/eeHHs. Y POBEHb 3HAUHMOCTH
CTaTUCTHYECKUX KPUTEPHEB IIPUHATL p = 0,05.
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Tatnuya 2
Mexojuble 1annbie L1 pacuera

Ne Bapuant
e |y 2 3 4 5 6 7 8
petin

1| 8310 5831 | 7521 | 0,20 | 43.21 | 8781 | 63.01
27031 5542 | 73,40 | 0.61 | 40.20 | 8920 | 68.10
3 7662 5663 | 7577 | 0,05 | 49.73 | 8644 | 69.21
1 | BB 56,77 | 75.08 | 025 | 4645 | 87,60 | 60.55
5 [ 765 5691 | 72.91 | 034 | 42.90 | 8840 | 60.61
6 [ 80.30 5535 | 66,05 | 042 | 40.80 | 8021 | 64.33
7 [ 8542 66,01 | 7522 | 040 | 3691 | 84,25 | 7041
8 [ 6949 57.09 | 7631 | 028 | 39.82 | 90,33 | 58.18
9 [ 6640 35692 | 74.08 | 034 | 4321 | 89.11

10| 8501 5638 | 78,10 | 028 | 44,99 | 88,31

1| 8022 36.15 045 | 40.15 | 88,12

12| 8108 54,18 048 | 40,68 | 8748 | 687
13| 78,00 56,88 044 | 3948 | 89,45 | 69.33
14| 85,04 57.14 | 7548 | 043 | 39.89 | 8846 | 68.14
15| 8754 35512 | 75.60 | 048 | 41.04 | 88,93 | 69.46
16 | 8245 5589 | 74,18 | 044 | 40,55 | 8745 | 70,01
17_| 83.16 57.14 | 7506 | 045 | 41,07 | 8846 | 68.17
18| 84,01 55.66 | 75.88 | 047 | 39.88 | 88,03 | 68.93

KoHTpo.bHbIe BONPOCH

1. B ueM 3aKiiouaercs npeiBapuTeibHas odpaborka dKenepu-
MEHTAJILHBIX JaHHBIX?

2. Uro rakoe rpy0bie norpemnoct usmepenni? Kax u nodemy
OHU HOABJISIOTCA?

3. Uro oTparkaer 3aKOH HOPMAJILHOIO pachpeiencHus?

4. Yo xapakTepusyloT NOKa3aTe/IM aCHMMETPHH U JKcliecca?

5. Kak npoBojtat orce rpyObiX NOrpelHocTeil ¢ HCoib30Ba-
uuem kpurepus Crblojenra?

6. UTO 1NOKa3BIBAIOT JIOBEPUTE/IbHAS BEPOATHOCTH U YPOBEHD
3HAYUMOCTH?

7. Kak paccuuTaTh BEIMYUHY JIOBEPUTEILHOIO HHTEpBAIA JUIst
CITy4aiiHO# BeIHYHHbI?

8. Kak u3MEHHTCs BEIMYHHA JIOBEPUTEIBHOIO MHTEPBAJA MPU
YBEIUUCHUHU JIOBEPUTEIBHOI BEPOSTHOCTH?
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TMpakTHyeckas padora Ne 4
OJHO®AKTOPHBI TUCIIEPCUOHHBII AHAJIN3

Uens paoTel: 1) 03HAKOMHTB C METOAOM OJHO(AKTOPHOrO
JIUCIIEPCHOHHOIO aHANM3a; 2) OBJIAJETh MPAKTHYECKUMM HABBIKAMH
AHaJIN3a TEXHOIOTMYECKHX MPOLECCOB METOIOM OJHO(AKTOPHOrO
JICTIEPCHOHHOIO AHAH3.

Pexovendyemas umepamypa: [5, 7, 11].

Teopernyeckue cBeieHus

B npou3BOJCTBEHHOM IIPAKTHKE 4ACTO BO3ZHHKACT ClIEylOMas
3ajiaua. AnnapaTuuku, paboTas Mo CMEHAM Ha OJ{HOM M TOM JK€ arna-
pate WM arperare, NPOM3BOMAT XJ1e0OOYJIOUHbIE WM KOHJMTEPCKHE
M3ENMS ¢ PA3IMUHBIME KAueCTBEHHBIMM ToKasatessiMu. Heobxomumo
BBIICHUTb, YTO SIBJISACTCS NPHYMHOIN MOSBICHUS HEY/IOBICTBOPUTCIb-
HBIX PE3yJIbTATOB: HECOBEPLICHHAS KOHCTPYKIS AIlapaTa Wik arpe-
raTa, HE MO3BOJISIOIIAs JOOUTLCS XOpOLLEil BOCIPOH3BOAMMOCTH, MIIH
Heo/IMHaKoBasi paboTa annapaTiuKoB.

AHaJIOrHYHAs 3371348 BO3HUKACT, HAIPUME, IIPH BBIPAGOTKE 011~
HOTO acCCOPTUMEHTA XJIeGOOYIOUHBIX WIM KOHJIMTEPCKHUX M3ICNuil Ha
HECKOIBKMX MOTOYHBIX NHMHHUSX. Tpedyercs ycTaHOBHTb, OJHOTHITHBI
JIH [IOJTy4aeMble M3E/IHs 110 CBOMM TOKA3aTEIAM KauecTsa, T. €. Olle-
HUTH, CyLIECTBEHHO JIM BO3JICHCTBYET (aKTOp MHMBUTYaIbHOCTH 060-
PYIOBaHHs Kaxk/I10i IOTOYHOH JIMHUM Ha KAYECTBEHHbIC I0KA3ATE/IH
X31€600y IO HBIX HII KOHMTEPCKUX H3/IeIHit.

PaccMOTpeHHbIC M AHATIOTHYHBIC 3J[a4H PEIAIOT C IPHMEHEHH-
€M CTAaTHCTHYECKHX METOJIOB JIMCIIEPCHOHHOIO aHaiu3a (OjHO- Il
MHOrOpaKTOPHBIH UCIIEPCHOHHBIH aHATH3).

TIpoBesienne JMCIEPCHOHHOTO aHAIH3a BOSMOYKHO, €CIIH PE3YJib-
TaThl HAOJIO/ICHHI SIBIISIOTCS HE3ABUCHMBIMH CITy4aiHbIMU BEJIMUHHA-
MH, NOI4MHAIOUMMHCH HOPMATBEHOMY 3aKOHY PACIpEIC/ICHHS C Ol
HAKOBBIMHU JWCTIEPCHSAMH.

JIMCIepCHOHHBII aHAIM3 OCHOBAH HA CBOMCTBE aIMTHBHOCTH
JICTICPCHH, T. €. Ha TOM, 4TO MOJIHAs TUCTIEPCHs HHTEPECYIOLIEro 1o~
KasaTells PaBHA CyMME COCTABJISIOLIMX €€ YACTHBIX JTUCTIEPCHIA.
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3azaua opoakroproro mucnepeuonnoro anamsa (OHA) cra-
BUTCs Crieityiommm o6pasom. Tlycts usyuaercst Biusiue (akropa x Ha
TEXHOJIOTMYECKHIi 1POLec WJIM HEKOTOpbIil nokasatens kayectsa. B
npouecce dKcrepumenta (Gakrop HOAIEPKUBAIOT HA u yposHsx. Ha
K&KI0M ypoBHE (akropa MpoBOAMTCs m AyGuupyroumx (napauiesis-
HBIX) OIBITOB. Pe3yibrathl 0AHO(GAKTOPHOrO JKCIEPUMEHTA U3 uXim
Ha0JIO/ICHHI IPECTABIAIOT B BUE MATPHLL! HaGmoaenuii (Tabu. 1).

Tabmuya 1
MaTpuua oan0(aKTOpHOro JKCIEPUMENTa
VpORCHE BapERpOBaNIET Tlapa/uicab i onsT
daxropax T 2 T m
1 i Y Vim
2 Yu Yom
J Yit 2 it Yim
u Yul Vi Yul Yum

B Tabu. 1 npunstel cieyioume 0603HaueHusL: j — OPSIKOBbIH
HOMEp YpOBHs BapbupoBanus pakropa x (j = 1, 2,..., u); [ — nopsixo-
BBIH HOMEp MapaJUICIBLHOIO OMbITA B CEPHH HA KAkK/IOM j-oM yposHe (/
=1,2,..,m); y,; —3nauenne QyHKUMH OTKIHKA, NOIY4EHHOE B [-OM

NApAILIEILHOM OIBITE Ha j-OM YPOBHE BapbHPOBAHHs (PaKTOpa.

Tlpu pacnonoxenuu Habmonenuii (cm. Tabu. 1) ux paccesnue
MLy cTonbuamu ofyclnoBIMBacTcs OMMGKOH BOCIPOM3BOMMOCTH,
a paccesHHe MEKIY CTPOKAMH — JONOIHUTEILHBIM JACHCTBHEM U3y~
4aemMoro (paxropa.

Paccesinue OTe/IbHBIX HAGMIONCHUH OTHOCUTEIBHO OOLIEro
cpesiHero oGyCIOBJIEHO JielCTBUEM KaK CilydaifHbIX NPHYUH, TaK U
BiusiuueM Qakropa x. Jleficrue dakropa ciyuaiiHocTu nposiBisercs

B paccessHuH (¢ OLEHKOM aucnepenu Sf ) naGmosienuii cepuit napai-
JICTBHBIX OIBITOB Yj1 HA KA/IOM YPOBHE X, BOKPYT' CPEHEro aphdme-
THYECKOrO Y, , CBOCH cepHH.
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Bumsine ke (pakropa x (¢ oueHKoii aucrepenn Sy ) BbIshiBacT
IOBBILICHHOE PACCESHHE CPEAHUX apU(METHIECKUX ) ; cepuil OTHO-

cutenbHo obuiero cpejero. Takum 0Gpa3oM HMeeM PaBEHCTBO

(]

rae Srf — olleHKa «obuiei» aucnepenn; Sf — OLlEHKa OCTAaTOYHOH

JWCIIEPCHH; Sf — OLICHKA JIMCIIEPCHH «MEXKJLY CCPHAMI).

TIpu obpaborke pesynsratoB OJIA HpenBapuTENLHO OHpEie-
JSIOT:
CcyMMBbI HaGm0IeHHiT 110 cepusiM

Y=y @
&

CcyMMy KBajipaToB Bcex M = um nabimoaenuit

3)

CYMMY KBAJIpaTOB HTOIOB [0 CEPUSM, MOJCICHHBIX HA YUCIIO HAB/II0-
JICHUH B CepUH,

“)

. 5)
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3ateM Onpenessior «obulyI0» CyMMY KBajIpaTOB OTKJIOHEHMH
OTACNbHBIX HaOMmoOAeHHIT Y j; OT 06uiero cpeanero

$0=0, -0 ©)

Oua xapakrepusyer paccesnue Habionenuii B pesyibrare jeii-
crBust 060X (PAKTOPOB, KAK CIY4aiiHOCTH €, TAK U H3Y4AEMOIO X.

CyMMy KBA/IpaTOB OTKJIOHEHUH «BHYTPH CEpHUil», T. €. CyMMYy
KBAJPaTOB PA3HOCTEH MEKy OTJACILHBIMH HAOMIOJCHHAMH ), H

CPC/IHUM ¥, COOTBETCTBYIOMICH j-ii cepuu onpeensior o Gopmyne

S, =0 -0, (G

OHa XapaKTEpU3yeT OCTATOMHOE pAcCesHHE ClydaiiHbIX Mo-
TPEIIHOCTEH OIBITOB, T. €. HX BOCHPOU3BOAUMOCTD.

CymMy KBaapaTOB OTKIOHCHHH «MEXKY CEPHAMH» WJIM pac-
CeMBAHHUE 10 YPOBHSIM (DAKTOPA X, T. €. B3BCLUICHHYIO C y4ETOM YHCIIA
m mapaielbHbIX HAOMONCHUIH B KaXI0il CepuM CyMMY KBaJpaToB
pasHocTell MKy CPEHUMH ¥, OTACIbHBIX Ccepuil n obwum cpei-

HUM 110 BCeil COBOKYNHOCTH Habmojienuii onpeensior o Gopmyie
5,20, -0 ®)

CymMbl KBajipaToB oTKIOHEeHUIT (6) — (8), Ae/ieHHbIE HA COOT-
BETCTBYIOLME YMCIIA CTeNeHel cBOGO/IbI, JAI0T TPU OUEHKH JIHCIep-
cui, BXoAsUKX B BhIpakenue (1):

ouenKa ofuei ucnepenn S 10 BCEM um HaBIIOICHHAM

©)

um —

C YHCIIOM CTereHeii cBobOab f, =um
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OLICHKA JMCICPCHH «BHYTPH CEPHii», WM OLECHKA OCTATOYHOI e~
nepcnn S, HAXOMAT KaK CpEHee M3 BHIGOPOUHBIX AMCHIEPCHE 1O
KaskJ10i CEpHH B OTACILHOCTH

(10)

(m —IJ;
OLICHKA JWCTIEPCHIT «MEKLY CCPUAMM»

€ YHCIIOM CTerneHel CBOGob! f,

an

C YHCIIOM cTeneHei cBoboasl f, =u —1.
Yucna creneneii cBOGO/BL 1OIKHbI Y/IOBIETBOPATE COOTHOLIE-
HHIO f, = f, + f,, KOTOPOE HCIIOIB3YIOT JUIs IPOBEPKH.

Beinonnenue 0iHo(GaKTOPHOro JMCIEPCHOHHOIO aHAIM3a 3a-
KITIOYACTCs B CPABHEHHH OLICHKH JUCIIEPCHH, BbI3BAHHON H3y4aeMbIM

(haKTopom M3MeHuMBOCTH S, M OLEHKM OCTATOuHOI Aucnepcnn S,
HMeloLIeil MECTO yiKe MOC/Ie TOro, Kak BiIHsHHE (akTopa x Gbi1o yeT-
PaHeHo (3a cueT pasioKeH s oUeHKH obueil aucnepeuu Sé Ha He3a-

BHCHMBIE COCTABJISIONIME) H O0YCIOBICHHOH HCKIIIOUUTENBHO Cilyyaii-
HBIMH IIPUYHHAM.
Jlist Toro 4ro0s! BiausiHHE (paKTOpa X OBLIO MPH3HAHO CYLIECT-

BEHHBIM, HEOOXOJMMO M J0CTATOMHO, YTOObI OLEHKA JAMCIEPCHH S‘Z

3HauMMO oTyHuaack ot S . TIpoBEpKy HyNIb-THIOTE3BI 06 OHOPO-

HOCTH DTUX BBIGOPOUHBIX /MCIEPCHH OCYIIECTBIISIO
kputepus Duiepa:

¢ HOMOLIBLIO

(12)
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Bimsnue dakropa x Ha U3yuaeMblil npouecc NPU3HAIOT Cyie-
CTBCHHBIM, CCIIH BBIIOIHACTCS YCIOBHE

F,>F, 13

rae Fr — Tabnuunoe 3uaueHue kpurepus duumiepa A IPUHATOrO
YPOBHsI 3HAYHMOCTH p M YHCJIA CTEIeHeH cBoGomsl f1 =fy =u —1 1

f2 =fe =ulm 1) (cm. npus. 2).

Eciu sxe yenosue (13) He Bbinonusercs, To BausHue pakropa x
Ha M3y4aeMblil MPOLECC MOKHO MPU3HATHL HECYIIECTBEHHBIM. B aTOM
cilydae Bce pe3sylibTaThl HaGIIO/ICHUI IPHHA/UICKAT OJIHOH reHepaib-
HO#i COBOKYITHOCTH, PACHPEIEIEHHOH HOPMAJILHO.

Criestyer uMeTh B BUJL, YTO JMCIIEPCHOHHBII aHanu3 Habmosie-
HUI SKCIIEPUMEHTA 1103BOJISICT OLIEHUBATH BIMsAHUE (YAKTOpa JIMUIbL B
LIE/IOM H YTO BBIBOJIbI, IIOY4EHHBIC C €rO OMOLIBIO, OTHOCATCS TOMb-
KO K IAHHOMY 9KCIICPHMEHTAILHOMY MATEpHaJly IIPH JAHHOM ero che-
remaTusauuy. Tak, HAIPUMEP, NPH M3MEHCHUH MANA30HA BAPHHPO-
BaHMs M3ydaeMoro (pakTopa WM OCHOBHOH (6a30BOI) TOUKH OLEHKA
BITHSIHHS! TIOCIIE/THETO MOYKET H3MEHHTHCS.

TMpumep

OCHOBHBIM CHIPbEM MAKAPOHHOIO IPOM3BOICTBA SIBIETCS My-
Ka U3 TBEP/IOH M MATKOH CTEKIOBMHOMN MIICHUIBI — KPYIIKA U HOJIy-
kpynka. K coxajienuio, 3-3a HEIOCTATOUHOrO BHIPAMBAHHS 3EPHA
IIICHALBI TBEPABIX COPTOB H, COOTBETCTBEHHO, HEIOCTATOUHOTO PO~
M3BOJICTBA MAKAPOHHOI MYKHM M3 HETO, IJIaBHBIM 00Pa3’oM, 3-3a KO-
HOMHHYECKHX (DAKTOPOB JIONYCKACTCS NIPHMEHEHHE MILICHHYHOM  XJle-
BorekapHOii MyKH 0OLIEro MOMOJIa, a B MOC/IEIHEE BPEMs! MIICHHYHO#
MyKH OGLIEro HA3HAYCHHUS! JUIsl BBIPAGOTKH MaKaPOHHBIX M3/IC/IHIA.

Bwmecte ¢ Tem, Ha arpapHoM peiHke Poccun B rocienee Bpems
[IOSIBJIACK TIOKPYIIKA, TIOJY4CHHAs 10 COKPALICHHOI CXeMe IToMONIa
u3 3epHa HOBBIX copTos muenuisl Crenb 3, Crens 5 u np., KoTopas
TAK XKE MOXKET ObITh HCIIONB30BAHBI IIPH [POM3BOJICTBE MAKAPOHHBIX
M3JICIHid.
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B cBsI3H € HTUM BO3HUIKIIA HEOOXOMMOCTD B M3y4CHHH BIUSHUS
PA3NMUHBIX COPTOB MYKH Ha YHEPrOEMKOCTh IIPOLIECCA 3aMeca MaKa-
POHHOrO TECTA, KOTOPBIil SIBISICTCS OCHOBHBIM TCXHOIOIHYECKHM
POLIECCOM H NPEIONPEAEISET KAYECTBO FOTOBOM IIPOAYKIIHH.

B kauectse 00beKTa MCCIIE0BAHUS HCIOJIL30BAIN MaKapOH-
HYIO [IONYKPYIIKY, TOJIy4CHHYIO 110 COKDALICHHOH CXEME IIOMO/Ia U3
3epHa HOBBIX coproB nuenuust Crens 3, Crenb 5 ypoxkas 2002 u
2003 r, B CPaBHEHHH C MAKAPOHHOH KPYIKOH W3 TBEPIOH IICHHIbI
(xoHTpOINB 1) 1 XJIE60NEKAPHOH MYKOH M3 MATKOH IMIICHHIIbI BLICIIErO
copTa (koHTpoIb 2) (tabu. 2).

B kauecTBe HE3aBUCHMOIT MEPEMEHHOM X ObLI IIPUHAT COPT My-
KH, HCIIOJIB3YEeMOii JUIst 3aMeca TecTa. B xoze akcnepumenTa pakrop x
BapbHpoBaics Ha u = 14 ypoBusx. B kauectBe (yHKLUMM OTKIHKA Y,
XapaKTepH3yIOLIeil YHEPro3aTpaThl MPH 3aMECE TECTa HCIONB30BAIH
yaenbHyio pabory 3ameca tecta (kJhx/kr). [Tpu Kak10M ypoBHE Bapb-
upoBanus aKTOpa NPOBOMIIU M = 2 NAPAUIEILHBIX ONbITA.

TIpesicTaiensl 3Hauenmst y/ieNbHOI paboThI 3aMeca TeCTa B JIBYX
napajIeIbHbIX OnbITax (m = 2) npH Beex ypoBHsX (u = 14) BapbupoBa-
Hust pakTopos (cMm. Tabi. 2).

B jlasibHeiiiem HCHONb30BaHbL cliejyiouue 0003HaYeHHUs: 110~
PALKOBBIH HOMEp ypOBHs Bapbuposanus akropa —j (j = 1, 2,..., u);
[OPAIKOBBII HOMEp NAPAJLIC/ILHOTO ONBITA B CEPHH HA KAXK/IOM j-OM
ypoue — [ (I=1,2,...,m).

BbINoOIHUM CTATHCTHYECKYIO 0OpabOTKY pe3yNbTaToB dKCrie-
PHMEHTA C IOMOLIBIO OAHO(AKTOPHOIO IUCIIEPCHOHHOTO aHAIN3A.

TpenBaputensHo 1mo Gopmyie (2) paccuHTbIBACM CyMMy Ha-

Gmozienuii 1o cepustm Y, n kpajpar Habmojenuii B napaiebHbIX

onsitax yj (cM. Tabi. 2).
Cymma kBajipaToB BeeX M = um HabnioieHuii, paccunTaHHas
1o dopmye (3), cocrapisier

0, =) ) v} =452147,24.

IENE]
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Otpagora peryin

108 omoaKTopuoro ucnepen

Tutnuga 2
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CymMa KBajJIpaTOB MTOrOB HO CEPHAM, MOICICHHBIX HA YMCIO
nabmozienuii B cepuu, onpesensem 1o gopmyie (4)

“
Q, :Z;Y, =452146.6,
Iz

3HAYCHHs KBAJPATOB CYMM HaGIIO/ICHHIT 110 CEPUsIM, TOJIC/ICHHBIX HA
4HCII0 HABIIOCHUH B CEpHU, ITPE/ICTABICHBI (CM. Tad. 2).

Tlo popmysne (5) onpenensiem Ksajapat oOUIEro HTOra, moje-
JICHHBII Ha YMCIIO BCEX HAOIIOICHUIA,

2

(35238)* =443470,23.

L
142
JManee no popmy:am (6) — (8) paccuutbiBaeM cymmbl So, S; 1 S,.

S, =0, — 0, =452147,24 - 443470,23 =8677,01.
S, =0, —0Q, =452147,24 -452146,6 =0,64..
S, =0, -0, =452146,6 —443470,23 =8676,37.

3arem 10 dopmynam (9) — (11) onpexensieM OLCHKH aucIep-
cuit:

of1was OLeHKa JUCIIEPCHH BOCIPOU3BOAUMOCTH S; O BCEM um Ha-
Guosenusm

2 S, 8677,01 32137
2!

C 4HCIIOM cTerneneit cBoboabl fy =um —1=28 -1=27;

0CTATOYHAs OLEHKA IMCTIEPCHH BOCIPOU3BOAUMOCTH S
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0,64

:142—1

¢ unciom creneneii ceoGomst £, =ulm ~1)=14(2 1) =14;

,045

olenKa BbIGOPOUHOI AUCTIEPCHH PACCEHBAHMA «MEKLY CEPUAMU» Sy

8676,37

=667,41

C YHCIIOM cTerneneit cBoboasl f, =u —1=14 -1=13.
Jlist Toro 4ro0s! BiausiHHE (paKTOpa X OBLIO MPH3HAHO CYLIECT-
BEHHBIM, HEOOXOJMMO M J0CTATOMHO, YTOObI OLEHKA JAMCIEPCHH S‘Z

3HAYUMO OTJIHYAIIACH OT Sf . TIpoBepKy HyJIb-rHIOTE3bl 00 OHOPOJI-
HOCTH THUX BBIGOPOUHBIX JMCHIEPCUH NPOBOUM C MOMOLIBIO KpUTE-
pus @umepa (12)

F Si 667,41
0,045

LS

=148314.

TabnuuHoe 3HaueHne kpurepus Puumepa (cM. npuir 2) wis
NPUHSATOrO YPOBHS 3HAYMMOCTH p = 5 % U uucIa creneneit cBo6obl
YHCITUTENIsS fi=fi=u-1=14-1=13 u 3HAMEHATEIs
(m =1)=14(2 ~1) =14 cocranser F, =244.5.

TIposepka ycious (13) nokasana, uro F, > F,, ciiejoBateibHo,
1pH JI0BEPUTENBLHOI BepostHOCTH 95 % Bimsinue pakropa x (BH My-
KH) Ha YHEPrOEMKOCTh IPOLECCA 3aMeca MAKAPOHHOIO TecTa (yaeib-
Hyto paGoTy 3aMeca TecTa) CIE/lyeT IPU3HATL CYIIECTBEHHBIM.

3ananue

B 11aGopaTopHBIX YCIOBHSX M3YdalM BIMAHHE BMIA MyKH Ha
CTPYKTYPHO-MEXAHHUCCKHE CBOHCTBA MAKAPOHHOIO TECTA.
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B xo/1e 01HOpAKTOPHOrO JKCIEPUMEHTA HE3ABUCHMYIO Hepe-
MeHHYIO X (BUJl MYKH) BapbHPOBAJIM HA TPeX ypoBHsX (1abi.3). B ka-
uecTBe (YHKLHHN OTKIMKA y IPUHSIIN IIPEIE/ NPOYHOCTH MAKAPOHHO-
ro Tecta npu pactsikenny (kITa). TIpu Kax/10M ypoBHE BapbHPOBAHUs
(akTOpa ONBITHI IPOBOIUIIM B ISATHKPATHOMH MOCIIEI0BATELHOCTH.

BbINonHUTL CTATHCTHYECKYIO 00paboTKy pe3yibTaToB OAHO-
(aKTOPHOr0 IUCTIEPCHOHHOTO AHAITH3A.

Tatnuya 3
Marpuua omnogaktopuoro Jkcnepumenta
Vposeis | Buaucnic paktopa TlapanicibHbIi ombIT
BapLUPOBAMIL (BU MyKH 1 2 3 4 5
axropa x 13 e
Thepioit 773 | 990 | 454 | 463 | 479
2 Markoll 52,1 | 520 | 559 | 478 | 534
crexnosmoli
3 Markoit 772 | 92 | 784 | 3.0 [ 779

KoHTpo.bHbIe BONPOCH

1. Kakum yclOBHSIM JIOJIKHBI Y/IOBJIETBOPSTE PE3yJbTaThl Ha-
Guosenuit cirydaiiHoil BeMUMHBL JUlsl IPOBE/CHHS! IMCIIEPCHOHHOIO
ananuza?

2. Kak ¢opmupyercst Matpuiia HaGIIO/ICHUIH JUIs IPOBEICHHS
01HO(AKTOPHOrO IUCIIEPCHOHHOrO aHau3a?

3. B ueM 3aK1I04a€TCsl OCHOBHAs Hjlesi 0/IHOAKTOPHOIO Jc-
TIEPCHOHHOTrO aHau3a?

4. Kakum 00pa3oM yCTaHaBIMBAKOT CTENCHb BIMAHUS KOHTPO-
JmpyeMoro (Gakropa Ha H3ydaeMblii nporecc?

5. Kaxoro Tuna npakTuueckue 3a1auu oGbIMHO PELIAloT METo-
JIOM 0/IHO(AKTOPHOI0 IUCHIEPCHOHHOrO aHan3a?

6. Buusier Jin M3MEHEHUE IMAIA30HA BAPLUPOBAHMS H3y4aeMO-
ro (Bakropa Ha pe3yJbTaThl 0HOPAKTOPHOrO JUCIEPCHOHHOIO aHA-
nmza?

7. W3 KakuX COCTABJIIONIMX CKJIA/BIBACTCS OLlEHKA «O0uieH»
JWcHepeuu cirydaiinoi Besuunnb?

8. Kakoii cTatucTHyecKuii KpUTEPUI MCIIONBL3YIOT [Ulsi OLCHKH
BIHsAHMS (JAKTOPOB HA M3ydaeMbIH TEXHOIOIHYECKHIA poiecc?
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TMpakTyeckas padora Ne 5
MHOT'O®AKTOPHBIN JIUCIIEPCUOHHBIA AHAJIN3

Uens padoTbr: 1) 03HAKOMHTE C METOAOM MHOrO()aKTOPHOro
JIUCIIEPCHOHHOIO aHANM3a; 2) OBJIAJETh MPAKTHYECKUMM HABBIKAMH
AHaJIN3a TEXHOJIOTHYECKHX [POLECCOB METOIOM MHOrO(AKTOPHOro
JICTIEPCHOHHOIO AHANH3.

Pexovendyemas aumepamypa: [4, 8, 11, 12].

Teopernyeckue cBeieHus

PeasibHBIC TEXHOJIOMHYECKHE TPOLIECChI MTHILEBBIX TPOU3BOACTB
NPOTEKAIOT B yCIOBHSAX BO3ACHCTBHSA ABYX M Gosee (pakTopoB, BIIMsi-
HHE KOTOPBIX, B PsijIe CIIy4acs, NPHBOJMT K HECTAGHIILHOCTH MPOTEKa-
HUs! TEXHOIIOMHYECKOrO IIpoLiecca.

Tycts B NpejblayIIeM NPUMEPE C AHAIH30M BIHSHHS KBATH-
(ukauuu oneparopa (pakTopa x;) Ha BIAKHOCTH IPOLYKT BCE OKA-
3aHHS CHUMAJIMCh B Pa3iMuHOC BPEMs CYTOK (B IEPBOM, BTOPOH
TpeTbeii cMeHe — (akTop x;). B oToM ciyuae Tpebyercs BBISCHHTD,
00YCIIOB/IMBACTCS JIM PACCEHBAHUE MOJYYCHHBIX 3HAYCHUH BJIAXKHO-
CTH TPOJyKTA M MX CPEAHHMX 3HAUCHHIl B 'PYIIAX PasiHdHEM B KBa-
Jn(UKAMAX onepaTopos ((paxropa x|) MM PA3IMUHEM MEKLY Bpe-
MeHeM CYTOK ((hakTop x,).

PaccMOTpeHHbIE U AHANIOTMYHBIE 33/1a4M MOIYT ObITb pElICHbI
TAKIKE C IPHMEHCHUEM MCTOJIOB JIMCTICPCHOHHOTO aHAJIH3a.

3ajiaua MHOroakTopHOro jucrepcHonHoro anamusa (MJIA)
dopmysmpyercst cieyiomum 00pasom (Ha NPUMEPE 3a/aui ¢ JIBYMs
(axropamut). TlycTh M3ydyaercs BIMSHHE HA TEXHOIOrMYECKHH mpo-
LlECC /IBYX OJIHOBPEMEHHO jieiicTBylommx Bakrtopos xi 1 x2. Ilpescra-
BUM B TabI. 1 pesynibratsl SKCriepuMenTa, cocrosuiero u3 M =uu,m
HaboeHHil Yy, T/1€ j — NOPAIKOBBI HOMEP YPOBHS BaPbHPOBAHUS
axropa x1 (j =1, 2,..., t1); g — NOPSJAKOBLII HOMEp YPOBHS BapbHPO-
Bauus pakropa x2 (g = 1, 2,..., t2); [ — nOpsKOBLIH HOMEp mapaji-
JIEIBHOTO OMBITA B CEPUH HA KAKJIOM jg-OM COMETAHHH YPOBHCH
aByx daxropos (/= 1,2, ..., my).
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Tabmuya 1
Marpuua aByxgaxToproro Jcenepumenta

Howiep / yposiia Honep g ypOBili BapbHpOBaIIET
BapbHpoBaIs dpaxcropa x,
tpaxropa x, T 2 - < B s
i o Vgl Yuar
Yz Yin Yy Yz
| . . .
Yo Yigi Yt
Vi Vi Vign Vi
Yy Y2t
Yoz Y Yux
2
Yot
in Vam Vi
Vjtt Vigl Yiu21
iz Yig2 Yiu22
/ Vit Vot Vi Yt
Yitm Yidm gm Yium
Yurnn Yui2t Yurg Yutu21
Yuti2 Yu22 Yulg2 Yulu
u . .
Yurit Yurzi Vurgl ‘ulu2l
Yutin | Vi Yutgn Vution

Tlpu yka3aHHOM PacroNOKEHUH HAOIOJCHUIl MX paccesHue B
K&XK/10 CEPUH OTHOCHTEIILHO CPEIHErO TOil XKe cepuu 0BycIoBICHO
JIEHCTBHEM TOJILKO CITydalHBIX NpUunH. Paccesuue caMux cpeiHux B
CepUAX 110 BCEM BO3MOKHBIM COYCTAHHAM YPOBHEH X| M X, BOKpYT
obuero cpeHero noMumo (Gakropa cily4aiHOCTH BBI3LIBACTCS BIIUsI-
HueM (akTopa B3aHMOACHCTBHS XX,
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Kpome 5THX (aKTOpOB Ha PACCERHUE CPEIHHX 110 CTPOKAM OKa-
3bIBACT BIMSAHHIE TONBKO OJMH (DAKTOP X;, & HA PACCESHHE CPEIHHX 1O
cronbuam — ToNbKO OXHH (aKTOp X,, TaK KaK BCE YPOBHH JPYroro
(akTopa B KakKIOM H3 ITHX CIIY4aeB OCPE/IHCHDI.

Takum 00pa3oM UMEEM PaBEHCTBO

S =S} +S; +S7 +S] (1)

e — OLIEHKa «OOIIEH JHCIIepCHID, — OLIEHKA OCTaTO4HOIM
Sy G s?

aucriepeun; S, i — OLEHKA JMCIIEPCHH PACCEHBAHHS «MEHKILy CTPOKa-

Muy; S

— OLEHKA JINCIIEPCHH PACCEHBAHHS «MEKIY CTONOLAMUY;

S2,, — ouenka JIMCTIEPCHH PACCEHBAHUS «MEKILY CEPHAMM.

TlIpu obpaborke pesynbratoB MIIA npeaBapuTeibHO OHpesie-
JSIOT:
cyMMbI Hamoenuii oTkinka ¥ 1o crpokam 1 Y, 110 cronGuam

PHRIE PIHIAPE ®
Zz 2.2

CyMMy KBaJpaToB Bcex M =uu,m nabmonenuii

0=3330 @

IERERE]

CYMMY KBaJIpaTOB MTOIOB (CyMM) IO CTPOKAM, [CICHHYIO HA 4MCIO
Habmoienuii B cTpoke,

H “)
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CyMMy KBaJPATOB HTOrOB (CyMM) 110 CTONOLAM, JCICHHYIO HA YHCIO
Habuo/1eHuii B crondue,

S 6]

P

uym

CYMMY KBAJPAaTOB MTOrOB (CyMM) IO CEPHSIM, JCICHHYIO HA YMCIO
HalmoieHuii B cepun,

DU ©

KBajipat o0Lero utora (CyMmbl), JelieHHbIi Ha YKCIIO Beex Habmoe-
Huii,

1w

(G

j=

3aTeM OnpeEsIOT CyMMbI KBAAPaToB So, Si, S, L S, 1 S,

«O0uwas» cymMMa KBajIpaToB, XapaKkTepU3yIollas paccesHue or-
JCNbHBIX HAOMIOACHHUI Y jo/ B OOLICH COBOKYITHOCTH 33 CHCT BIHAHUS

BCex (hakTopoB
Sy =0, ~0s. ®)

CyMMa KBajIpaToB OTKJIOHEHUIl «BHYTPH CEpHil», Xapakrepu-
3YIOLLast PACCCHBAHME OTCILHBIX HAOMONCHHI Y jo/ B CCPHAX TOMb-

KO 3a cyeT BiMsiHUsA (aKTopa CydaHHOCTH, TAK KAK HA MPOTHKCHHH
cepuit (JaKTOphI X| U X2 OCTAIOTCS HEH3MEHHBIMH

S =0 -0, ©)
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CymMa KBaJIpaToB OTKIOHEHMIT «Mexkay crpokammy. Cymma
S, /(uzm) XapaKTEPU3yeT PACCESHHE CPEIHUX MO CTPOKAM B pe-

syibrate jeiictBus (akropa ciydaiinoctd, dakropa x; M (axropa
B3aUMozeHCTBHA

Sy =0, ~0s. (10)

CymMa KBaJIpaTOB OTKIOHEHHIT «Mexy cronbuammy». Cymma
S./ (u,m) xapaxrepusyer paccesmme cpemux 1o cronGuam B pe-
syibrate jeiictBus (akropa ciydaiinoctH, daktopa x; M (axropa
B3aUMozeHCTBHA

S, =05 ~0s. an
CymMa KBaJpaTOB OTKIOHEHMH «Mexy cepusmu». Cymma

S, /m XAPAKTCPU3YCT PACCEAHHE CPEHUX V' o CCpUil B pesy.ibTaTe

JeiicTBust pakTopa CiydaiiHOCTH 1 (PAaKTOpa B3AHMMOICHCTBHS.
Sy =04 +05 05 ~0s. (12)

Kasias u3 yKa3aHHbIX CyMM KBA/JPATOB, IO/JIC/ICHHAs HA OTBE-
ualowee eii 4ncio creneneii cBOGO! fi, fo s frx s fuys fux, » AaeT
OLIEHKY COOTBETCTBYIOMIEH ucniepeun, Bxoasiei B hopmyiy (1):
OleHKa «001Iei» aucnepenu 1o BceM M = uju,m HabIoACHHIM

(13)

€ YHCIIOM CTeneneit cBoboubl fi =uju,m =1=M ~1;
OLICHKA JIMCIICPCHA PACCEUBAHMS BHYTPH CEPHIl», HIM OLICHKA 0CTa-
TOYHOH JcrepeHn
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ity (m=1);
OLICHKA JAUCTICPCHH PACCEHBAHMS «MEK/Y CTPOKAMI»:

C YHCIIOM CTereHeit cBoGoIbI f,

© uncsom creneneii ceoboasl f, =u; ~1;

OLICHKA JIUCIIEPCHH PACCEHBAHMS «MEXKJLY CTONOLHAMUN»:

C YHCIIOM CTerneHeil cBoboabl f, =u, —1;

OLICHKA IUCTIEPCHH PACCCHBAHMSA «MEIHK/TY CCPHSIMHI»:

© ynesoM creneneii cBoGoaB! f ., [u, —1”142 —lJ.

(14)

(15)

(16)

a7

TIpaBuIILHOCT MOZICYETA YHCTIA CTENEHEH CBOGOIBI ITPOBEPSIOT

© NIOMOILLBIO COOTHOWEHHS fo =f, + f + [ + fo., -

AHaNN3 CYLIECTBEHHOCTH BIMAHUS (aKTOPOB X1, X2 M X B3aH-
MOJICHCTBHS X1X; IPOM3BOJAT HA OCHOBaHMM Kputepus Duuiepa npu

BBIOPAHHOM YPOBHE 3HAUMMOCTH p.

Jlist OLGHKH CYIIECTBEHHOCTH BIIMAHMSA KaXkJI0ro Qakropa B
OT/ENBHOCTH PACCUNTEIBAIOT COOTBETCTBYIOIIME 3HAUCHUS KPHTCPHCB

Duuepa:
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(18)

Eciu Beinonusiercs ycnosue F, > Fy, To Biusuue pakropa Ha
M3y4aeMblii IPOLECC NPH3HAIOT CYIIECTBEHHBIM.

Jlist OLEHKH CYIIECTBEHHOCTH BIIMSAHHS B3aUMOJCHCTBHS X\X)
PACCYMTHIBAKOT 3HAYCHHE KpUTEPHs DHuep:

(19)

Bimsnue B3aumojelicTBus X1X, Ha M3ydaeMblil npouecc npu-
3HAIOT CYIIECTBEHHBIM, €CJIH BBIIOJIHSETCS yeioue F > Fl.

TMpumep

CMelmBaHme ChITY4UX H JKHIKHX PELENTYPHBIX KOMIIOHEHTOB
B OPOLIKOBOH TEXHOIOIHH NOMA/IHBIX KOH(ET ABIACTCS OJHMM W3
OCHOBHBIX TEXHOJIOTHYECKHUX IPOLECCOB. XapaKTEPUCTHKO IpoLecca
CMEIIHBAHHA TIOMAIHOH MACChl SBISIETCS YHEPIOEMKOCTh MPOLECca,
T. €. BE/IMYUHA YAe/IbHOIH PaGoThl cMelMBanus. 3HaUeHUE OCIe/IHEH,
KaK H3BECTHO, 3aBHCHT OT PEIENTYPHOrO COCTABA MOMAJIHOH MacChl,
KOHCTPYKLMH KaMEpbl CMEIINBAHUS, KOHQHUIYPALMH MECHIILHBIX Op-
TaHOB M MX YACTOTHI BPALICHHS.

TpesBapuTeIbHBIC YKCIIGPUMEHTBI [OKA3aIIH, YTO MPH TEPHO-
JIMYECKOM CMEIHBAHHH MOMAJIHOI MacChl BEIMUHHA 3aTPAT MEXaHH-
4ECKOI YHEPrUM 3HAYMTEILHO H3MEHSACTCS IIPH U3MCHEHHH YCIOBHil
JI03UPOBaHMs — CrIOCOGA U TOCHE/IOBATEBHOCTH T0JIAYH KUIKUX U
CBIIYYHX PELENTYPHBIX KOMIIOHEHTOB B CMECHTEIb.

OJHAKO NPE/BAPHTEILHBIC IKCIICPUMEHTHI HE MO3BOIWIN OJI-
HO3HAYHO CKA3aTh, YTO ABJIACTCH NPHUMHAMH 3HAYMTEIBHON HECTa-
OUILHOCTH  y/Ie/IbHOI PaBoThl CMEIIMBAHMS — HEKOHTPOIMpPYEMbIE
M3MCHEHUS TEXHONOTHYECKHX APAMETPOB CMELUMBAHKSA, CIIydaiiHbie
OWNOKH M3MEPEHHIT WJIM M3MCHCHHs YCJIOBHil JI03MPOBAaHUs peLieri-
TYPHBIX KOMIIOHCHTOB.
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B cBasu ¢ 5THM ObUIM IIPOBE/ICHBI JIONOIHUTENLHBIE JKCIIEPHU-
MEHTBI, B XOJIE KOTOPBIX NEPHOIMUYECKHM CIIOCOGOM ITyTeM CMEIIHBA-
HUS KUJIKHX H CBIIly4HX KOMIIOHEHTOB B YHHBEPCAJILHOH CMECHTEIb-
Ho-popmytouieii Mauue (YCDY) roroBuin noMaHyio Maccy Ha
OCHOBE MOPOLIKOOGPA3HOr0 caXaponaTouHoro nomypabpukara.

B KauecTBE MEPEMCHHBIX, BIHSIOUMX HA YHEPrOEMKOCTb IPO-
Lecca CMEWIMBAHMS ObLIM NPHHATHL: CHOCO0 JO3HPOBAHMA ChITYHHX
KOMIOHEHTOB (X)), CIIOCOO 103MPOBAHMS JKH/IKHX KOMIOHEHTOB (X2).
B kauecTBe BBIXOJHON BENMYMHBI HCMONB30BAIN YJACIbHYIO padory
cMerunBanus y (kJDK/Kr).

Tlomasnyio mMaccy ¢ MaccoBoii joieii Biaru 9 % roroBuwiu B
VYC®V B teuenue 10 MUH NPH YACTOTE BPAIICHUS MECHILHBIX Opra-
1o 100 mun™. Kasiii u3 (akropo BapspoBalics Ha JBYX YPOB-
HSIX: yPOBEHD | — MTHOBEHHOE BHECCHUE BCETO 3aJaHHOrO KOIMYCCTBA
TBEpI0ii (3KU/IKOMH) (asbl; ypOBEHb 2 — 103MPOBAHUE BCErO 3a/laHHOTO
KONMYECTBA TBEPIOH (KMIKOIT) (pa3bl B TCUEHHE NPOIOIKHTETLHOCTH
cMmemmBanus (10 mun). B xoze cMelMBaHUS PELENTYPHBIX KOMIIO-
HEHTOB H3MEPSITH YIEbHYIO MOIHOCTH cMetuiBanys. [1o OkoHuanum
CMEIIMBAHMS OIPEACIISIIN YEIbHYIO paboTy cmetuBanus. TIpu kak-
JIOM COYETaHUH yPOBHEil BapbUPOBaHUs (JAKTOPOB ObLIO MPOBEIEHO MO
TPH TapaJUIe/bHBIX ONbiTa. B 1abil. 2 NpeicTaBieHbl 3HAUCHUS y/eib-
HO#t PabOTHI CMEIIMBAHMS, TIO/YYCHHBIC B NAPAIUIE/LHBIX OMbITAX.

Tatnuya 2
Marpiua AsyxakTopioro sxenepumenta
FloMep j ypoBiis Bapbii- Hovep ¢ ypoBiis BapsipoBaiiis GaKropa x;
posarits axropa xi 1 2
7402 628.7
1 7420 630.0
7449 636.6
3923 310.0
2 390.7 3104
3980 3116

CrarucTiueckylo  00paboTKy OKCIEPUMEHTANBHBIX JAHHBIX
NPOBEIEM C TOMOIIBIO METOJIa MHOTO(AKTOPHOrO JIHCIIEPCHOHHOIO
ananmsa (MJIA).
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Jlnst atoro 1o Gopmystam (2) onpezensieM cymmy Y 1o crpokam
U1t KaX/10r0 YpoBHsi (hakTopa x,.
Jlnst yposnsi j = 1

=33 0, 74024742,04744.9+628.7+630,0+636,6=4122.4

e

Jnst yposnsi j =2

2 3
=33y, , =392.3+390.74398.0+310.0+3104+31 L6 =2113.
P
Onpeznensiem cymmy ¥, 1o cronGuam Juis Kasioro yposis
(axropa x,.
Jnst yposus g = 1

722‘}'”, =740,2+742,0+744,9+392,3+390,7+398,0 =3408,1 .

IENE]

Jlnst yposus g =2

e
V=33 y 2 =628,7+630,0+636,6+310,0+310,4+311,6 =2827,3.

JENE]

Tlo dopmysne (3) paccuMThiBaeM CyMMY KBAJPATOB BCEX Ha-
Gmonennii

a ZZZZy 2 236052518,

IEYERE]

CymMy KBaJpaToB MTOrOB (CyMM) MO CTPOKAM, JICICHHYIO HA
umcio Habmozenuii B cTpoke, onpejensiem 1o (4)
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< 1 B
Y} =—[4122,47+2113% |=35764918..
o 2-3;’ 2-3L

Pacuer cyMMbI KBa/[paToB HTOroB (CymMM) 110 CTOAGLAM, JielieH-
Hoit Ha umcIio HaGmoaeHuit B cronbue, nposoaum 1o (5)

Lya_ 1 B >
=—|3408,1" +2827,3" |=3268128,5 .
& E Zﬁ ZSL

Tlo dopmyne (6) BeruMCIIsEM CyMMY KBaJIpaTOB HTOIOB (CyMM)
110 CEpUsIM, JIJIEHHYIO Ha YMcII0 HaGmoenuii B cepun,

s
182 1 \
0, ;32 Sy ] —,3(2227,12+1 1817+1895,37 49327 36051738

el =

Kgajpat obuiero urora (cymMmbl), Jie/IeHHBII Ha YHCIIO BCeX Ha-
Gmiosienuii, onpeensem 1o gopmyie (7)

L (4122442113 =3240017,7.

Tlo dopmyxnam (8 — 12) onpezesnsieM CyMMbI KBa/[paToB OTKIIOHE-

it
S, =365234,1; S, =78;
S, =336474.1; S,, =281108; S, =5712.

Yucnio creneneit cBoGoIbI:

fo =M ~1=wuym -1=2 2 3-1=11;
S, =y (m ~1)=22(3 -1)=8;
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Foe =l =1, 1) =(2-1)l2-1)=1.

Ouenku swicnepenii onpenensem no popmysnam (13 — 17) kak or-
HOLUIGHHE KaX/IOH CYMMbl KBaJIPATOB OTKIOHEHHH K COOTBETCTBYIO-
LeMy YHCILy cTeneHeit cBoGob:

S =332031:  S7 =3364741; S =281108;

S2=9,75; S3, =5712.

JUisi OLICHKH CYIIECTBEHHOCTH BIMSHUS (DAKTOPOB X1, X, M MX B3aH-
MOJIGHCTBHS X\X, Ha BBIXOIHYIO BeIHUHHY Y 110 (opmysam (18 — 19) on-
pejienseM paceTHbIe 3HaueHus KpuTepnes duuepa:

52
Fy = BT o0 06,
TS, ST
52

Fp =2 =28108 901,
"os, 5712

5712 _
Fyp =5 =75 =588,

TaGnuuHoe 3HAaueHHs Kputepus DuiIepa NPH yPOBHE 3HAUM-
moctn p = 0,05 u uncne creneueii cBoGousl f, = f,

=1 cocrapnusier F; = 161,0 (cm. npuit. 2).

CpaBuuBaeM pacueTHbIC 3HaueHHs Kputepus Duiepa ¢ Tad-
JMuHBIM: Fp > Fru Fp < Fy, cliejloBatenbHo, Biusinue pakropa xi
ClIEyeT NPH3HATH CYIICCTBECHHBIM, @ BAHAHMEM (aKTopa X2 MOKHO
npenedpeus (tadn. 3).
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Tatnuya 3

Pe3yiIbTaTEI MEOr0hAKTOPIOr0 ANCIIEPCHONIIO AnamI3a

Bxomman 3nascine Kpitepis Duuicpa Bisiiiic na BLXOYIO
nepevennas | pacuetioe Tabmuroe Bemiiiy
B 589,06 61,0 Snauinioe
o 2901 61,0 Hc smauinioc
T 58.58 532 Snaunioe

Bumecte ¢ TeM peallbHblil IPOLECC CMEIMBAHMUS IPOTEKACT IIPH
COBMECTHOM BJIMSHHH ()aKTOPOB X M X, (OIHOBPEMEHHOE JI03HPOBA-
HUE CHITYYUX M HKUJKUX KOMIIOHEHTOB), B CBSI3H C 4EM K PACCMOTpe-
HHIO CIIE/LyeT IPUHSATh X COBMECTHOE BIIMSHHE X,

TaGnuuHoe 3HAaueHHs Kputepus DuiIepa NPH yPOBHE 3HAUM-
moct p = 0,05 u umene cremeneii ceobousl f =f,, =1 n

fy =f, =8 cocrasuser F; = 5,32 (cm. npu. 2).

CpaBuuBaeM pacueTHOE 3HaueHusi Kpurepus Puiuepa ¢ Tad-
JIMYHBIM: Fpiz > Fy, CIIEIOBATENBHO, BIMAHHE B3aUMOACHCTBHS (ak-
TOPOB X|X; CJICAYCT PU3HATH CYLICCTBEHHBIM.

Takum 06pas’oM, pe3yibTathl ABYX(HAKTOPHOrO MCIEPCHOHHO-
O AHAIM3a TO3BOJAIOT CAEIATh BHIBOJ O TOM, YTO CIIOCO0 A03HPOBA-
HHsl KHJKHX M CBIIYYHX PELCHTYPHBIX KOMIIOHCHTOB B CMECHTENb
TPH TIEPHOIMYECKOM CI10cO0E NMPUIOTOBICHMS TOMAJIHOH MacChl Mo-
POLIKOBO#H TEXHOIOIHH CYUICCTBEHHO BIMSCT HA 3aTPAThl Y/EIbHOMN
paboThl cMelMBaHUs. YKa3aHHbIH (aKT CIEIYCT yUUTBIBATE B IPOU3-
BOJICTBEHHBIX YCIOBHSX [PH IPUIOTOBICHHA TOMAJHONH MACCHI 1O~
POLIKOBOI TEXHONOTHH.

3ananue

Heo6X0MMO OLEHUTh BIMSHME CTCKIOBHIHOCTH 3€pHA Iliie-
HUIbI U MEXaHHYECKUX (aKTOPOB (KOMOMHALIMHM CHCTEMbI [OMOJIA) HA
BBIXOJ MYKH BBICOKHX COPTOB.

Crexs10BHHbIH (aKTOP X; BAPLUPOBANICA HA JBYX YPOBHAX: HA
nepBoM ypoHe (j = 1) cTeKoBHHbI (akTop Men 3Hauenne x; = 40
%, Ha BTOpoM yposHe (j = 1) — x; = 58 %. CopToBoii nomoi x, Gbut
Tpex pazHouaHoctell. JUist Kaxoi koMOuHALMK YpOBHE BapbHPO-
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BaHUs (AKTOPOB OBUIO BBIIOIHEHO 1O TPH IOBTOPHBIX HAO/IIOACHHS
BBIXOJ1a MyKH y, %, 3HAYCHUS KOTOPBIX NpEICTaBIICHbI B TablL. 3.

BbInonHuTh CTATHCTHYECKYIO 00paboTKy pesynbTaToB MHOIO-
(AKTOPHOro JHCIEPCHOHHOTO AHANM3A, OLCHMB BIMAHHC KAXIOrO
(akTopa Ha BBIXOJI MYKH BBICOKHX COPTOB.

Tatnuya 3
Marpiua AByx(aKTopioro sKenepumenta
Howiep / yposiia FHoNep g ypOBIT BapLHpOBAIIET
BapbHpoBaIs axropa x,
dpaxcropax, T 3
247 248 2038
1 2.5 25.0 208
25.0 25.1 2038
259 259 213
2 26,0 263 214
26,0 263 217

KoHTpo.bHbIe BONPOCH

1. Kak (opmupyercst Matpuiia HaGIIO/ICHUH U1 IPOBEICHHS
MHOrO()aKTOPHOIO JMCIIEPCHOHHONO aHaH3a?

2. Ha kakue COCTaBIAIONME PACKIIA/ILIBACTCS OLEHKA «obLieit
JWcHepeHi» B BYX(PaKTOPHOM JMCIIEPCHOHHOM aHau3e?

3. Kakum 06pa3oM MPOM3BOJIAT OLECHMBAHME CYLIECTBEHHOCTH
BiMsiHUSL (DAKTOPOB M3MEHUMBOCTH M MX B3aMMOJICHCTBHS B MHOrO-
(aKTOPHOM JIHCTIEPCHOHHOM aHaH3e?

4. Kak B 1BYX()aKTOPHOM JUCIIEPCHOHHOM aHain3e Gopmupy-
10TCSl OLIGHKHU JIUCTIEPCHi paccenBanuii: «oOuIeroy, «BHYTPH cepuii»,
«MENKLY CTPOKAMMY, «MEXKLY CTONOLAMUY, «MEKITY CEPUAMUN»?

5. B ueM 3aKI1I04a€TCs OCHOBHAS MJIEs METO/IA JIMCIIEPCHOHHO-
ro ananuza?

6. Bumsier I M3MECHEHHUE [IMAIA30HOB BAPLUPOBAHMS H3yuae-
MbIX (DAKTOPOB HA PE3yJILTATBI MHOrO(AKTOPHOIO JHCHIEPCHOHHOrO
ananuza?

7. U3 KakuX COCTABJIIONIMX CKJIA/BIBACTCS OLlEHKA «O0uieH»
JWcHepeuu cirydaiinoi Besuunnb?

8. Kakoii cTatucTHyecKuii KpUTEPUI MCIIONBL3YIOT [Ulsi OLCHKH
BIHsAHMS (JAKTOPOB HA M3ydaeMbIH TEXHOIOIHYECKHIA poiecc?
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TpakTyeckas padora Ne 6
TIOJIHBIN ®AKTOPHBIN IKCIIEPUMEHT

Lesb paboTh: 1) 03HAKOMUTL C METOJOM [LIAHUPOBAHHS JKC-
TEPUMENTa; 2) OBJIAJICTh NPAKTHYECKUMH HABBLIKAMM CTATHCTHYECKOH
00paboTKH Pe3yNbTaTOB MJIAHUPOBAHUS KCIIEPUMEHTA.

Pexovendyemas sumepamypa: [1, 2,7, 11].

Teopernyeckue cBeieHus

Meton nonuoro gaxropuoro skenepumenta (II®3) nossonsier
TOJIy4HTh MATEMATHYECKOE ONMCAHHE HCCIIEYEMOro MPOLECca B HEKOTO-
Poit JIoKaILHOM 00NacTH (PAaKTOPHOrO MPOCTPAHCTBA, JIGKALICH B OKpecT-
HocTH BbIGpaHHOli ToukK 0) ¢ KOOpAMHATAMH ( Xy , Xgp 5e-rs Xg, ) (PHC. 1).
Tlepenecem HauasIo KOOPAMHAT (PAKTOPHOIO POCTPAHCTBA B TOUKY 0.
C 5T0if LENBIO BBEJIEM HOBBIC TIEPEMEHHbIC Xj, HA3LIBACMBIC KOIHPO-
BaHHBIMH TIepEMEHHBIMH. DYHKUMIO OTKIIMKA B OKPECTHOCTH HOBOIO
Hauaja KoOpiMHat pasioxkum B psit Teiiopa:

V=B + BN B, + X, F B XX,
1)

et Bl X X, B X+ By Xs o+ X +

rie By =(0,...0) 3HAYCHHE
(DYHKIMH OTKIIMKA B HAaje KOOp/H-
ol oy
nat; B, :fﬂy H '
ox, oX,0X,
s o
10%y
B = UT. L

T2ax?

Meron TIDD ciyxut s 1o-
JIy4EHHsS MATEMATHYCCKOIO OIMCaA-

X x
HUs rpouecca B BHJAE OTpe3Ka psajaa Puc. 1. Beenenne
Teitnopa (1). KO/IMPOBAHHHBIX TIEPEMEHHBIX
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Tlpu 5TOM, KaK MPaBUIIO, OIPAHHYMBAIOTCS JIMHEHHOM YacTbIO
PA3NIONEHUS U WICHAMH, COICPKALMMH NPOU3BE/eHUs (AKTOPOB B
nepsoit crenenu. Takum 0Gpa3oM, yJaeTcs HAXOJUTb YPABHEHUE JIO-
KaJIbHOIO YYacTKa IOBCPXHOCTH OTKIMKA, CC/IM €ro KPHBH3HA HE
CIMLIKOM BEJHKA.

Crieftyer OTMeTHTb, 4TO KOI()ULMEHTEI MCKOMOTO YpaBHEHHs
OIPEEIAIOTCA HA OCHOBE YKCIIGPUMCHTAIBHBIX JAHHBIX H, CIIE0BA-
TENBHO, HECYT Ha cebe OTMEYaTOK MOrpelIHOCTEH HKCIEPUMEHTA.
Y1o6bl 1014EPKHYTH ITO OGCTOATENLCTBO, B yPABHEHUU BMECTO CHM-
BOJIOB [ , 0003HAYAIOMIMX HCTHHHBIC 3HAYCHHS KOX(DDHIIMEHTOB, ITHLIYT
b , 10/[pa3yMeBast 110J] HTUM COOTBETCTBYIOLINE BLIGOPOUHBIC OLICHKH.

Wrak, ¢ nomompio ITOD MulyT MareMaTH4YecKoe ONHMCAHHE
npouecca B BUJIC YPABHEHHUS:

Y =by tb X 40, Xy +o kb, X, b X\ Xy kb)), XX, (2)

KOTOPOE HA3bIBAIOT yPABHCHHEM PErPECCHH, 4 BXOMALIME B HEIO KO-
o duirentsl — ko3 duiHenTamu perpeccut (uHeiHbIE YPPEKTHI).

Peuienue 3ajaui MJIAHUPOBAHMS JKCIICPUMEHTA HAUHHAIOT C
BBIOOpA 0BNACTH DKCHEPHMEHTA, B KOTOPOH YCTaHABJIMBAIOT OCHOB-
HBIC YPOBHH M HHTEPBAJIBI BAPLUPOBAHUS (AKTOPOB.

OCHOBHBIM, WM HYJICBbIM, YPOBHEM (hakTOpa HA3bIBAIOT €ro
3HAUEHHE, IPHHATOE 33 HCXOJIHOE B ILIaHe dKcriepumenta. Coueranne
OCHOBHBIX YPOBHEii IPHHHMAIOT 33 HCXOIHYIO TOUKY JUIA IOCTPOCHHS!
IUIaHa JKCIIEPHMEHTA, COCTOSIUEr0 M3 JKCIEPHMEHTATLHBIX TOUCK,
CHMMETPHYHBIX OTHOCHTE/IBHO L{CHTPA ILIAHA.

MHTepBanoM BapbUpoBaHHs (DAKTOpA HA3BIBAIOT 4MCIO (CBOE
Juist Kax/10ro dakropa), npubasiieHne KOTOPOro K OCHOBHOMY YPOB-
HIO JIA€T BEPXHUH YPOBeHb (JaKTopa, a BHIMUTAHUE — HUKHUI.

Jlnst yno6ersa BbIMMCIICHHH KOY((UIHMEHTOB perpeccun Bce
akroper B xoze TIDD BapbHPYIOT Ha JIBYX YPOBHSX, COOTBETCTBYIO-
LUX 3HAYCHUSM KOJIMPOBAHHBIX TepeMEHHbIX +1 1 — 1.

Konuposauubie 3HaueHus (HaKTopa ONpeAe/IsioT MO BBIPAKEHHIO

3)
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IJle X; — HATypasIbHOE 3HaYEHHE i—T0 (PaKTopa; X; — HaTypabHOE 3Ha-
ueHne i—ro (paKTopa Ha OCHOBHOM YPOBHE; €; — HHTEPBAIl BAPLHPOBA-
Hust i-T0 (akTopa.

Takum obpaszom, TIOD Ha3bIBACTCH CHCTEMA OMBITOB, COJEP-
JKallasi BCE BO3MOXKHBIC HENOBTOPAIOLIMECS KOMOMHAUMH ypOBHEH
BapbUPOBaHHs (PAKTOPOB.

Yucno onbitos TIOD onpenensercs BbpakeHuem

N =2", “)

rjie n — 4ucio GakTopos.
Jlnst TI®D THna 2° ypaBHEHHE PErPECCHH UMEET BUJ

V=by +b X, +b X, +b,X X, . )

Tlonublii akTOPHBIH IKCIIEPUMEHT OCYIIECTBIISIOT C HOMOLILIO
MaTpHLbI ILIAHKPOBAHHS, BU KOTOPOil uisi iByXdakropuoro TIdD
Tuna 2° npusesien B tabu. 1.

Tabnuya |
Matpuua mianuposanns
Ne onsira X X XX .
T T T B m
2 +1 -1 -1 y2
3 -1 + -1 Vs
4 +1 + +1 Vs

Tpaduueckas wuHTeprpera-
1Hst N0JHOro (PaKTOPHOrO JKCre-
puMenTa THIA 2° NpEJCTaBlIeHa Ha
puc. 2. Kak BujHo, cMm. puc. 2,
OMBITHI, MPUBEACHHbIC B Tabi. 1,
COOTBETCTBYIOT Ha  (haKTOPHOI
ILIOCKOCTH BEPLIMHAM KBaJpaTa ¢

Puc. 2. Tpaguueckas LICHTPOM B HAYAJIC KOOPJMHAT.
MHTEPIPETALs TIONHOrO
(haKTOPHOTO FKCTIEPUMEHTA THITA 2°
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TMpakTryeckas padora Ne 3
MPEIBAPUTEJIBHASI OBPABOTKA
DKCIEPUMEHTAJIbHBIX JAHHBIX

esb paboThI: MPOBECTH CTATHCTHYECKYIO 00PabOTKY pesyiib-
TATOB U3MEPCHUI.
Pexovendyemas sumepamypa: [1, 2,7,9, 11, 12].

Teopernyeckue cBeieHus

Tpensapurensnas 06paboTka pesyabTaToB U3MEPEHHIT WM Ha-
OumozieHuii HeoOX0MMMa JUIst TOro, YTOOBI B JaJIbHEHIIIEM ¢ HaHOOIIb-
el 2QPeKTHBHOCTBIO, @ IIABHOE KOPPEKTHO HCIIOIBL30BATH CTATH-
CTHYECKHE METOJIbI /ULl [IOCTPOCHHSI IMITHPHUECKHX 3aBHCHMOCTCHH.

OcHosHast 3a1a4a 06paboTKH — JTO OTCeHBaHHE IPyObIX 10-
rpelHocTell u3MepeHHs (CUIILHO BBIICISIOLMXCS 3HAYCHUH) M 110-
TPEUIHOCTEH, HEH3MEHHO MMEIOIMX MECTO IPH TPOBEICHHH JKCIIe-
PHMCHTA.

T'pyGbie MOrpemHocTy u3MepeHusi (AHOMaIbHbIC, WIIH CHILHO
BBUICISIOUINECS, 3HAYCHHS) O4CHB ILIOXO MOUIAKTCS ONPEICICHHIO,
XOTsl KayKJIOMY DKCIIEPHMEHTATOPY SICHO, YTO HTO TAKOE.

JIpyruM BaKHBIM — MOMCHTOM 00OpalOTKH JaHHBIX SBISETCS
[POBEPKA COOTBETCTBHS PE3y/ITATOB H3MEPEHHS 3aKOHY HOPMAJILHO-
ro pacnipeaenenus. Eci oTa runoresa He NPUHMMACTCA, TO CIELYET
HaiiTH, KaKOMY 3aKOHY PACIpEIE/ICHHs TOIUUHSIOTCS JKCIIEPHMEH-
TAJIbHBIC 3HAYCHHS H, CCIIM 9TO BO3MOKHO, IPUBCCTH PACIPE/ICICHIE
K HOpMAJIEHOMY. TONIBKO [0C/IE BBIIONHCHHS IEPCYHCIICHHBIX BBILLIC ONle-
PaLHii MOKHO NEPEHTH K OCTPOCHHIO IMIIMPHUYECKUX 3ABUCUMOCTEH.

OBpaboTKy KCHEPUMEHTANILHBIX JIAHHBIX HAYMHAIOT C pacuera
XapAKTEPUCTHK IMIUPHYECKOrO PACIPEACICHUS.

Tlycrs umeercst psii HaGmosienuii x,, X,, ... X, ClIy4aiHOH Be-
nuunHel X (BeIGOpKa oObemom # ). Cpenuee apudmernyeckoe 3Ha-

YeHHEe X HAO/II0JaEMOH BEIMYHMHBI ONIPEACIAIOT 110 (opMyIie
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VpasHenne perpeceun jutsa [IDD Tima 2° nveer s

Y =by b X, + b, X, +b, X + b, X, X, +
. ° 6)
b X, Xy + by XX, + b X X, X

B 1alu1. 2 npHBECHBI YCIOBHS OIBITOB MONHOIO TPeX(hakTop-
HOTO IKCHEPUMEHTA. DTH OMBITEI COOTBETCTBYIOT B (JAKTOPHOM MPO-
CTPAaHCTBE BEPIIMHAM KyGa ¢ LCHTPOM B Haua/le KOOPJMHAT.

TaGnuya 2
Marpuna naaumnpoauns

N Dy
omara | K| X | X | KK XK | ofua

I -1 -1 -1 +1 +1 +1 -1 »

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

N T S U N A RS -1 +1 e

A S U T S I S O B 21 0 "

I S R S T O IS N -1 +1 s

6 -1 | -1 +1 -1 -1 Ve

F S O T U e Y A R +1 -1 Y

L I S O I W IS W S +1 41 "

YHCIIO CTPOK B MATpHIE IUIAHUPOBAHMS PABHO KOJIHYECTBY
onbiToB. 3nakamu +1 u — 1 npencrasiensi 3HaucHus (akropos Ha
BEPXHEM M HMIKHEM YPOBHSX. 3HaueHHsi (DYHKIUMHM OTKIHKA (BBIXOJI-
HOTO NapameTpa), MoJIy4EHHBIE 110 PE3yJILTATAM OMbITOB, 0003HAUCHBI
KaK yi, ¥2, y3, ya 0 T2 TIpu yBenuuenny uucia Gpakropos KOJIMUECTBO
BO3MOMKHBIX COYETaHHIl ypOBHEil pe3ko Bo3pacTaer.

OCHOBHOI NPUEM NOCTPOCHUS MATPULLI [UIAHUPOBAHHS THIIA
2" Gasupyercs Ha cMeHe 3HakoB (Tabu. 3). B nepsom cronbue (X))
3HAKH HIYT MONEPEMEHHO, BO BTOPOM (X;) OHM uepejyioTes uepes 2,
B TperbeM (X3) — uepes 4, B uerepToM (X;) — yepes 8 M T. 1., T. €. IO
CTereHsAM JBOHKH.

MOXKHO BBIBECTH OCHOBHBIC MPHHLIMIILI TIOCTPOCHHS MATPHIL[
TI®D (cM. Tabn. 1 — 3): ypoBHM BapbHpOBaHUs NEPBOro dakropa ue-
PEJIYIOTCA OT OIBITA K OIIBITY; YACTOTA CMCHBI YPOBHEI BapbHPOBAHHS
Ka)KJI0r0 MOCyIe/yiomiero (hakTopa B/BOE MEHBILIE, YEM Y IPEIbTILEro.
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Martpuua rianuposanms [0 obniajiaet cie/ylonmmu cBoficTBamu:

x
X, = @)
=
N
YX; =N. (8)
=

N
YX,X,, =0 (el #m), ©
=

rae N — YHCII0 ONBITOB MOTHOrO (PAKTOPHOrO IKCIIEPUMEH! HO-

Homep (akropa.

CBOHCTBO, BBIpaXKEHHOE ypaBHEHHEM (9), Ha3bIBACTCS OPTOro-
HanbHOCTBIO. TTodTOoMy roBopst, uro marpuua 1D oproroHanbHa.
Caoiicta (7 — 9) 1103BONSET BBIYUCIATE KOIDPHUHMCHTBI PErpeccuu
110 POCTHIM (hOPMyJIaM HE3ABUCHMO JIPYT OT JIpyra.

Tatua 3
Marpuua naanuposanms
Thman 2 S
X Thman 2 YA
Ne oneira - oTKImKa
Thman 2 "
X X X X, Y
T -1 -1 -1 -1 i
2 +1 -1 -1 -1 ¥
3 -1 +1 -1 -1 ¥
4 +1 +1 -1 -1 i
5 1 T +1 -1 s
6 +1 -1 +1 -1 e
7 -1 +1 +1 -1 v
8 +1 +1 +1 -1 s
B -1 T T +1 ¥
10 +1 -1 -1 +1 Yo
11 -1 +1 -1 +1 yu
12 +1 +1 -1 +1 Vi
13 -1 -1 +1 +1 »ia
14 +1 -1 +1 +1 Vis
15 -1 +1 +1 +1 ns
16 +1 +1 +1 +1 Yo

Tlocne BeIGOpPa MIaHA YIKCHEPUMEHTA, OCHOBHBIX YPOBHEH M MH-
TEpBAIIOB BAPLUPOBAHMs (JAKTOPOB IEPEXOMIAT K IKCIIEPUMEHTY B CO-
OTBETCTBHH C COCTABJICHHON paHee MATPULCH IIAHUPOBAHHS.
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Y00kl KOMIEHCHPOBATH BIMAHHE CIIY4AHHBIX MOIPEIIHOCTEH,
K&XK/IbIH OIBIT PEKOMEH/IyeTcst NOBTOpUTh Kk pa3. OBbuHO umcio k
napauIeNbHbIX ONMbITOB IIPUHUMAIOT PaBHbIM 2 — 5 (1afu. 4).

Tabnuya 4
O6pasoTka pesyasTaton 193 Tina 2
R R Y A 5,
T T ST [T o | - Vi m )
2 +1 -1 -1 yai Yk y2 S
3 -1 +1 -1 Yir . Vik Vs Sy
1 T L. Vi Ve S,

Jlnst Kak10H cepuil Mapajuie/bHBIX ONBITOB HAXOIAT CpeiHee
apu(MeTHIecKoe 3HaYeHHE (PYHKIMH OTKIHKA

|
Vi ;Z}’fn (10)

rae k — 9MCIIO IAapaJLIeIBHBIX ONBITOB, IPOBEICHHEIX B OAHHAKOBBIX
yCoBusX; j — HoMep onbita (j=1, 2, ..., N); i — HOMEp napauIenLHOro
omsita (i=1, 2, ..., k).

3atTeM BBLIYHCIISIOT OLEHKY JIMCIIEPCHH JUIsl KaXI0H cepuu na-
PAJLIEBHBIX ONBITOB

Vi —,{v,l . (11)

i

OwmbKy oIbiTa ONPENENsIoT 110 Gopmysie

(12)
JUiist poBEPKH BOCHPOM3BOAMMOCTH OIBITOB HAXOAT OTHOLIE-

Hue HauGobiIei U3 OLEHOK JMCHEPCHil K CyMME BCEX OLEHOK JiC-
nepeuit (pacuernoe 3uaueHue kpurepus Koxpena):
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(13)

]

TaGynuposauuble 3uauenus kputepus Koxpena G, npusesienbt
B npuit. 4. Jlns naxox/enus G; HeoOX0MMO 3HATH yPOBEHb 3HAYM-
MOCTH p, ofliee KONMHYECTBO OLEHOK auciepeuii N u uucio creneneit
CBOGOIBI f; CBA3AHHBIX C KayK10 13 HUX, puseM = k- 1.

TIpu BBINIONHEHHH YCIIOBUS

G, <G, (14)
ONBITHI CYMTAIOTCS BOCIPOM3BOJMMBIMH, a OLCHKH JICIIEPCHI — 0J1-
HOPOJHBIMH. ECIIM ONBITE HEBOCIIPOM3BOIMMEL, TO MOXKHO IONBITATE-
c JIOCTHTHYTh BOCHPOM3BOJIMMOCTH BBISBJICHHEM M YCTPAHCHHEM
HCTOYHHMKOB HECTAOHILHOCTH DKCIIEPUMEHTA, A TAKKE HCIIO/Ib30BAHH-
em Gosiee TOYHBIX METOOB M CpeicTB u3mepenuii. Hakouen, ecim
HUKAKUMH CIOCOGAMHM HEBO3MOXKHO JIOCTHIHYTh BOCIPOM3BOAMMO-
CTH, TO MATEMaTHYECKHE METO/IbI TUIAHHPOBAHHS K TAKOMY JKCIIEpH-
MEHTY NPUMEHSAT HEJIb35.

UroObl B M3BECTHON Mepe KOMIECHCHPOBATh CHCTEMATHYECKHE
[OrPENIHOCTH YKCIIEPHMEHTA, HCIIONB3YIOT IIPHEM, HA3BIBACMBIi paH-
nomusatueii. OH 3aK/I04AETCsl B TOM, YTO OINBITHI HPOBOJST B CIly-
4aiiHOH MOC/IEI0BATE/ILHOCTH, KOTOPasl YCTAHAB/IMBACTCSA C MIOMOLIBIO
Tabuuipl ciyyaiinbix yncen (npun. 5). Iycrs, nanpumep, Tpebyercs
PaHJIOMH3HPOBATH BO BPEMEHU 6 OMbITOB, 0003HAUEHHBIX Luppamu I,
11, ..., VL. TToctaBuM UM B COOTBETCTBHE 6 I1OCIIE10BATEIILHBIX YHCEI,
B3STBIX B 1I000i1 CTpoKe MK B J11060M cTonbLe TabIuibl CM. TPHIL. 5.
TIpu 5TOM HOBTOPSIOLIMECS YUCIIA CIIE/YET OTOPOCHTH.

MoryT GbITh 110/1y4€EHBI CIIE/YIOLIME Hapbl:

1-60 wv-1s
1m-12 V-34
- 05 VI-30

Pacnonoxkus ciyyaiinbie uMclIa B NOPS/KE BO3pacTaHus (WM
yOBIBAHMS), HAMIEM MCKOMYIO IOCIEIOBATEILHOCTh PeaIH3aLiU
onsrros: 1L 11, IV, VL, V, I (unu 1, V, VL, IV, 11, III).
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Eciii ycTaHOBIIEHO, Y4TO OUEHKH JUCTIEPCHii OHOPOHBI (YC10-
Bue (14) BBINONHACTCS), TO OUEHKY JMCIIEPCHH BOCHIPOH3BOAUMOCTH
IKCHEPHMEHTA BLIYHCIIAIOT 110 hopmysie

RSP
> 15)
=

N

Ha 0CHOBaHMH NOJIHOrO (DAKTOPHOTO SKCHCPUMEHTA OMpese-
JSIOT KOX((UIHEHTBI ypaBHEHHs perpecchH (2) 1o Gopmyam:

b=t 16
an

(18)

Hekoropbie 13 KOI()PHUHEHTOB PErpeccHH MOTYT OKa3aThCs
NPEHEOPEKUMO MAILIMM — HE3HAYMMBIMH. UTOObI yCTAHOBUTD, 3HA-
4UM KOYPQULHMEHT UM HET, HEOOXOAMMO HPEXK/IE BCEIO BBIYMCIHTE
OLIEHKY JIUCIIEPCHH, C KOTOPOIi OH HAXOAUTCS

(19)

Curenyer oTMeTuTh, uTo ¢ nomoubio IIMD see kordduumentsr
ONPEJIENAIOTCS C OMHAKOBOM MOrPEUIHOCTBIO.

3HAUMMOCTh KaXJI0r0 KOX(PQHIMEHTA ypPaBHEHHs PErpeccHu
YCTaHABJIMBAIOT € MOMOLIBIO Kputepust CTBIOJICHTA, BHIYUCIISS €ro
PACUCTHOE 3HAUCHUE

.= , (20)
s
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rae b — KodpUUHEHT YPaBHEHUS PEIPECCHH, Ul KOTOPOrO yCTaHaB-
JIMBACTCS 3HAYHMOCT.

Kaskzi0e paccuMTaHHOE 3HAYECHUE £, CPABHHBAIOT C TAGIHYHBIM
3HauenneM kpurepust CTbIOJICHTa £ (CM. IIPHIL 3), KOTOPOE BHIGUPAIOT
JUISt 33[IaHHOTO YPOBHS 3HAUUMOCTH p IIPH YHCIIE CTeneHel cBOGOIbI
f=Nlk-1).

Eciu BbINOJHSETCS YCI0BHE
ty =t @n

10 Kod(uient cuntaercs 3HaUMMbIM. B npotiBHOM ciyuae kodd-
(MLMCHT PErpeccMi HE3HAYMM, M COOTBETCTBYIOUIMI WICH MOXKHO
HCKIIOYHTh U3 yPABHEHHS PErPECCHH.

TonyuuBs ypaBHEHHE PErPECCHH, CIIEIYET IPOBEPUTH IO ajleK-
BaTHOCTL C MOMOUILIO Kputepus Duilepa, KOTOpbIi npeacTabiser
coboii oTHOMICHHE

22)

KaK

N
S2 ﬁz[}*; (6.23)

=

rae y;, ¥ — YKCHEPUMEHTAILHOE H PACUCTHOE 3HAUCHHS (yHKLHH

OTKIIMKA, MONYYCHHBIC B j-TOM OIIBITE; B — KONMYECTBO KOd(pHLIHCH-
TOB B YPABHEHMH PErPECCHH.

TIpu BBIYMCIICHMM PACYETHOrO 3HAUYCHHUs KpuTepus Duiepa no
opmysie (22) B uHCIHTEIE YKA3BIBACTCS OONbIIAs, @ B 3HAMEHATENE —
MEHbIIIAst U3 OLEHOK JIMCIIEPCHIi.

VpaBHeHHe PErpeccHH aJIeKBATHO OMHCHIBACT PE3YJIbTAThl IKC-
[IGPHMEHTA, CC/IH BBIIOHSCTCS YCIOBUES
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F,<F, (24)

rae Fr — rtabnuunoe 3HadyeHue kpurepus Duiiepa JUisi PUHATOrO
YPOBHsI 3HAYMMOCTH p U YHCJA CTCHCHEH CBOOOABI f, YMCIMTEIS U
f, 3uamenatesst (eM. npuiL. 3).

Eciu runoresa 06 ajeksatocTu otBepraercs (ycnosue (24) ne
BBINOJIHSETCS ), HEOOXOAMMO repeiitn k Gosiee cnoxHoii popme u (ec-
JIH 9TO BO3MOXKHO) NPOBECTH IKCIIGPHMEHT ¢ MCHBIIMM HHTCPBAIIOM
BapbUPOBaHHs (PAKTOPOB.

TMpumep

Jlist OCTPOCHUST MATEMATHYECKOH MOJIENH, OTpaskaiouleii 3a-
BHCHMOCTh 00BEMA TECTA B MPOLIECCE BBINECUKH ) (em’) ot BiIaKHOCTH
Tecta x; (%) M IPOIOIKUTENBLHOCTH PACCTOMKH X, (MUH), ObUI IpoBe-
JieH noMHblil akropHblii okcriepumMent (Tadit. 5 u 6), B X0i€ KOTOpOro
Kkl OnbIT 1yGaupoBaiu 5 pas.

Tatnuya 5
Xapakrepucrukn nanuposams
Tlapavietput 1% o i
OCHOBION ypoBCID 6.5 24,0
HiTepean BapbipoBaris 05 8.0
Bepxiii yposeits 47,0 32,0
Hutiii yposerts 46.0 16.0
Tatnuya 6
Marpuua 0D

hy
omra | X | X yit o s s Vs

T T[T | 63 639 64,0 631 634

2 H| -1 |00 69.8 697 69,9 69.8

3 S|+ | 879 877 87.7 87.8 87,9

4 41| 41| 943 945 9422 942 94,1

Tlpu 06paboTike IKCIEPUMEHTAIBHBIX JAHHBIX JUIS KAX/I0H ce-
PHH napajieibHbIX OMbIToB 110 opmysne (10) onpenensem cpenuue
apumeTHueckne 3nauenns GyHkiun oTkimka (tabt. 7). s nepsoi
CepHH IIAPAIUICIBHEIX OILITOB
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-1
» :g(és,s +63,9 +64,0 + 63,1 +63,4) =63,58,

JUIS OCTAJIBHBIX — CPEHEe 3HaueHHE (YHKIMH OTKIHKA BBIYHCIISACM
AHAJIOTHYHO.

Tabnuya 7
PesyanTaThl 06paGOTKH MATPHIL IIANNpOBAA
L3 x| % x| 7 57 s, V'
omyra
1 -1 -1 +1 63,58 0,13 0,36 63,47
2 +1 -1 -1 69.86 0,28 0,53 69,83
3 -1 +1 -1 87.83 0,29 0,53 87.81
4 +1 +1 +1 94,22 0,13 0,36 94,17

Ouenky jwicrepeuii JUist Kaki0i CepUH NapaLielbHBIX ONbITOB
BeranciseM 1o Gopmyie (11). Jlis nepsoii cepun:

%[(53,5 —63,58) +(639 —63,58) + (64,0 ~63,58) +

+(631-63,58)" +(63.4 —63,58}2] =0,13,

Jlajiee BCE BLIYMCIIACM aHAIOrnyHO (cM. Tabit. 7).

Owmbky Kax/10ro onbita onpeessem no gopmyie (12).

Yro0bl IPOBEPHTH BOCIPOM3BOIMMOCTS ONBITOB 110 (opmyse (13),
onperesisieM pacuerHoe 3HaueHue kpurepus Koxpena:

0,29

G =—— =
0,13+0,28+0,29 +0,13

0,35.

Tabnuunoe 3HaucHue kputepus Koxpena npu ypoBHe 3Hauu-
moct p = 0,05 u uncre creneneii cBodous! f = k =4 (cm. npuit.
4) pasuo G, = 0,6841. CpaBHeHue PacueTHOro U TabJIMYHOrO 3Haye-
uust kpurepus Koxpena nokaseiBaet, uto yciosue (14) Beimnonusiercs,
CIIEIOBATENBHO, OUCHKH JICIIEPCHIi OXHOPOHBI, @ ONBITEI ABJIAIOTCA
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BOCIPOM3BOTUMBIMH.
To popmysie (15) BRIUKCIIEM OLEHKY THCIIEPCHH BOCIPOH3BO-
JIMMOCTH JKCIIEPHMEHTA:

(0,13 +0,28+0,29+0,13) =

Ha 0cHOBaHHH PE3yJILTATOB MOMHOIO (JaKTOPHOIO HKCHEPUMEHTA,
ucnonb3ys Gopmyinst (16 — 18), HaxoauM KOXPYUIHEHTE! ypaBHEHHS
perpeccuu:

%(5984+7346+9144+9054) 78.82;
B %( 59,84 +73,46 —91,44 +90,54) =318;
b, %( —59,84 —73,46 + 91,44 +90,54) =12,17.

3HAUMMOCTh ITHX KOYDQHLIMEHTOB ONPEEIAEM 110 KPHTEPHIO
Creiozienta. Jlst otoro no popmyse (19) paccuursiBaem omubKy npu

naxoxienun kodduumentos S; = 0,05. 3atem no dopmyre (20)

BBIYHCIIAEM JUIS KKIOr0 KOO ULIHEHTa PACYETHOE 3HAYCHUE KPUTE-
pust CrolosienTa;

Tabmuunoe 3uauenue kpurepus CTbIOICHTA IPH YPOBHE 3HAYUMO-
cru p = 0,05 u uncne creneneii ceoGoawl = N(k — 1) = 16 (cm. nput. 3)
paBHoO # = 1,7459. CpaBHeHue Kax/I0r0 PacYCTHOrO 3HAUCHUS KPUTE-
pust CrlozieHTa ¥ TabJIMYHOrO I0KA3bIBAeT, YTO ycioBue (21) wis
BCeX KOYPPUUHMEHTOB BBIIOIHIETCSH. ITO FOBOPUT O 3HAUUMOCTH pac-
CUMTAHHBIX PErPECCHOHHBIX KOd(duumenToB. Cle0BATENBHO, ypaB-
HEHHE PErpecci MOXKHO NPE/ICTABHTD B CIICYIOLIEM BUJIC:
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¥ =T7882+3,18X, +12,17X,.
JUist POBEPKH aJICKBATHOCTH YPABHEHHS PEIPECCHH BHIYHCIIs-
€M pacyeTHbIC 3HAYCHNs (DYHKIIMH OTKIIMKA:

VP =78,82 +3,18(~1) +12,17(~1) =63,47;
VD =78,82 +3,18(+1) +12,17(~1) =69.83;
VD =78,82 +3,18(—1) +12,17(+1) =87,81;
VD =78,82 +3,18(+1) +12,17(+1) =94,17.

Tlo dopmysie (23) BbUMCIAEM OLEHKY JMCIEPCHH aJICKBATHO-
cru:

s? :i[(élﬂ —63,58)" +(69.83 ~69.86) +

'

+(87,81 87,83 + (94,17 —94,22)2] =0,016.

Pacuernoe 3nauenne kpurepus Puiiepa onpesensem no Gpop-
myse (22):

Fo 02 _
" 70016

12,5,

TabGmuuHoe 3HaueHHe Kputepusi DuLEpa MPH YPOBHE 3HAUUMOCTH
p = 0,05 u uncre crenexeii cBobous! wucmrens f; = N(k— 1) = 16 u 3na-
menarens  =N—n—1=1 (cm. npun. 3) paro F, = 245,20. Cpasre-
HHE PAaCYETHOro M TaBIMYHOr0 3HaueHUs KpuTepus Duiepa nokasbi-
BACT, YTO YCIOBUE (24) BBINOMHACTCS, YTO TOBOPHT 00 aJICKBATHOCTH
IOJY4CHHOTO YPABHCHUS PErPECCHH.

3ananue

Boinonuuts 00paboTKy IKCHEPUMEHTAILHBIX JAHHBIX, MPOBE-
PHB BOCIPO3BOJMMOCTh OIBITOB, BEIMHCIMB KOI(DQUUHEHTE! ypaBHe-
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(]

2

Bennuuny

3)

Szzli

n-li3

HA3bIBAIOT BLIGOPOUHOI Jicriepeuei ciyuaiitoil BeuuMHbL.
BrIGOpouHOE CPE/IHEKBA/PATHYHOE OTKIIOHEHUE S HAXOJAT 110

opmyse
S =45, (4)

BeiGopounoe 3nauenue kodpuuuenra sapuaunn K (%), ss-
NsIoLeecs Mepoil OTHOCHTEBHOH M3MEHYHBOCTH HaOIO1aeMOH Ciy-
4aiiHOH BETMUMHDL, BLIMHCIIAIOT CIIEIYIOLIMM 00pasoM:

K =3100. 5)

X

Tlocienuuii napamerp UMeeT BaHOE 3HAUCHUE, TAK KAK 110380~
JIAET CY/MTh O XapaKTepe PaclpeiesiCHus iy aiiHoli BeIMuHbL.

Tlocne 5TOro MPUCTYNAIOT K OTCEBY IPYObIX MOIPELIHOCTEH.
Hmeercs Goiblloe KOIMYECTBO PA3IMMHBIX PEKOMEHIAUMI s HC-
KioueHHs rpyObIX norpemHocteil Habmoaenus. Hanpumep, merox,
OCHOBaHHbIi Ha Hcnonb3oBanun kpurepus Croiogenta. OrceB rpy-
OBIX TOrPELIHOCTEH B 9TOM CIIydae MPOBOAT B HECKOILKO JTAIOB.
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HHsl PErPECCHH, NPOBCPUB HX 3HAUMMOCT M YCTAHOBHB aJICKBAT-
HOCT IIOIy4CHHOIO YPABHCHH.
Bapuanr 1

Mopenupyertest npouece Gpoxenus Tecra. B kauecrse Qynxumun
OTKIIMKA ) IPUHSAT yelIbHbIH 0GbeM xi1eba (CM3/100 T); B Ka4ecTBe He3a-
BHCHMBIX (DAKTOPOB X| — KOJIMYECTBO BHOCHMOrO caxapa (%); X, — KOIH-
YECTBO CHIBOPOTOYHO-OENKOBOrO KOHUEHTpaTa (%), BHOCHMOIO B TECTO
npu ero 3amece (Tabu. 8 - 9).

Tabmuya 8
XapaKTepHCTHKH NIanupoBanust
Tlapavietp % %
OcHoBHOIH ypoBeHE 2,50 5,505
Hirepsan Bapbposaris 1.49 2,675
Bepximii yposeh 3,99 818
Husktmii yposers 1,01 2.83
Tabnuya 9
Marpuua naanuposanns
o onbita X X o v
T -1 -1 359,670 358,611
2 +1 -1 384,416 388,787
3 -1 +1 368,422 369,052
4 +1 +1 395,601 395,637
Bapuant 2

Mogenupyiorest CTPYKTYPHO-MEXaHHUECKHE CBOHCTBA sKeeli-
HOM Macchl. B kauecTBe (DyHKIHMH OTKIMKA y NPHHSTO NpEIeIbHOE
HANpsIKEHHE CABMra jKenelnoil Maccsl (kI1a); B kauecTBe HE3aBHCH-
MBIX (pAaKTOPOB X| — MaccoBas 0151 araponja (%); X, — MaccoBasi J0/s
skenatuua (%) (tadn. 10 - 11).

Tabnuya 10
Xapakepucrukn nanuposams
Tapaverp >, % %
OCHOBION ypoBeID 30 2,25
HiTepean BapbipoBaris 05 0,75
Bepxiii yposeits 3,50 3,0
Hutiii yposerts 250 150
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Tabnuya 11
Matpuua naaunposamis

oA B9 b v "
T -1 -1 1,743 2,349
2 +1 -1 6,015 5,493
3 -1 +1 1,503 2,081
4 +1 +1 7,426 8,412
Bapuant 3

MogenupyioTest CTPYKTYPHO-MEXaHHUECKHE CBOHCTBA sKeeli-
Horo MapMeniajia. B kauectse (yHKUMH OTKIMKA ) NPUHATO IPE/IETb-
HOE HaNpsKeHME CiBHra »keneiinoro mapmenana (kIla); B kauecrse
HE3aBHCHMBIX (JAKTOPOB X| — MaccoBast 101 sxkenatuna (%); x; — ex. pH
AKTHBMPOBAHHOI Bo/tbl (Tabi. 12— 13).

Tabnuya 12
Xapakrepucrukn nanuposams
Tlapavierp 1% . enpH
OCHOBION ypoBCID 0,50 2,15
HiTepean BapbipoBaris 025 0,25
Bepxiii yposeits 075 2,40
Hutiii yposerts 025 1.90
Tabnuya 13
Matpuua naaunposamis
orua X X, m v
T B Bl 0,135 0,105
2 41 - 0,991 0970
3 -1 +1 0,015 0,015
4 41 +1 0.29 0230

Bapuant 4

Mogenupyrotest PU3NKO-XMMHYECKHE CBOHCTBA MapMelaHOH
Macchl. B kauectse (QyHKUMM OTKIMKA Y NPUHATA KUCIOTHOCTH Map-
Menajoil macebt (e, pH); B kauecTse He3aBUCHMBIX (aKTOPOB X
MaccoBas o1 kenatuna (%); x2 — ei. pH aKkTMBHPOBaHHOH BOJbI
(1abn. 14 - 15).
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Tabnuya 14
XapaKTepHCTHKN IIANHPOBANHS

Tlapavierp 1. % 2, en pH
OCHOBION ypoBeitD 0,50 2,15
HiTepBan papbipoBaris 025 0,25
Bepxiii yposcits 075 2,40
Hutiii yposerti 025 1.90

Tabnuya 15
Marpuua naanuposamns

e onita X X I V"
T -1 -1 3,701 3,860
2 +1 -1 3,450 3,463
3 -1 +1 4,150 4,197
4 +1 +1 3,701 3,860
Bapuanut 5

B 3a/1aHMK MOJICIMPYIOTCS CTPYKTYPHO-MEXaHHYECKHE CBOHCT-
Ba nomajHoit koudernoit maccel. B kauectBe (yHKuMM OTKIMKA y
npunsta s(dexrrBHas BA3KOCTb nomaHoi Macesl (kIlac ); B Kaue-
CTBE HE3ABUCHMBIX (JaKTOPOB X| — TEMIICPATYPA YBAPUBAHUSA IOMA/I-
noro cupona (°C); x, — MaccoBas JOJs NATOKH MO OTHOLICHHIO K
caxapy (%) (tabn. 16— 17).

Tabnuya 16

XapakTepueTin nuanuposans

Tlapavietp ¥, °C %
OCHOBHON ypoBCHh 1120 150
irrepsan Bapsupoparis 20 10,0
Bepxuit yposers 1140 250
Hupxanii yposers 1100 50

Tabmua 17
Marpuua naanuposamns

e onmira X pY m v
T 1 Bl 76,69 76,27
2 +1 -1 43,03 4477
3 -1 +1 45,71 4597
4 +1 +1 43.03 43,04
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Bapuaut 6

Moge/nupyioTes CTpyKTypHO-MEXaHHYECKHE CBOMCTBA  Kekca.
B kauecTBe (YHKUMH OTKIMKA y NIPHHATA NOPHCTOCTH Kekca (%); B
KAueCTBE HE3aBUCHMBIX (DAKTOPOB X1 — KOJIMYECTBO MOPOLIKOOGPa3-
HOro s6/104H0-aTo4HOro0 noypadpukara (%); X2 — BIAKHOCTb TECTA
(%) (tab. 18— 19).

Tabnuya 18
XapaKTepHCTHKN IIANHPOBANHS
Tlapavierp 1. % %
OCHOBIOM ypoBCID 225 370
HiTepBan papbiposaris 124 21
Bepxinii yposcith 349 39,1
Hutiii yposerts 10.1 349
Tabnuya 19
Matpuua mianuposanus
onbita X, X, " Vs
T B Bl 38,0 30.1
2 4 - 56,0 56,5
3 -1 +1 430 442
4 +1 +1 540 543

Bapuaut 7

MogenupyioTest CTpyKTYpHO-MEXaHUUeCKHe cBoiicTBa Kekea. B
KadecTBe (YHKUMH OTKIHMKA y IPUHATA 00Mas AedopMariisi MsKHIIA
Kekca (e1. npudopa); B KauecTBE HE3ABUCHMBIX (DAKTOPOB X| — KOJIH-
YECTBO OPOIIKO0GPa3HOro s61104H0-naTouHOro noityhadpuxara (%);
X2 — BIaKHOCTB Tecta (%) (tabm. 20 — 21).

TaGnuga 20
XapaKTepHCTHKN IIANHPOBAHHS
Tlapavierp 5, % %
OCHOBION ypoBeitD 225 370
HiTepBan papbipoBaris 124 2,
Bepxinii yposcith 349 39,1
Hutiii yposerts 10.1 349
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Tabnuya 21
Matpuua naaunposamis

Ne onsita X X, 7 "
T -1 -1 69,0 68,3
2 +1 -1 702 715
3 -1 +1 68,2 69,0
4 +1 +1 72,5 72,6
Bapuant 8

B 3a/1aH1u MOJICIMPYIOTCS CTPYKTYPHO-MEXaHHYECKHE CBOCTBA
Msikuima xineba. B kauectse QyHKUMH OTKIMKA y npuHsta obuwas je-
dopmaims ckatHs MaKuIa Xineba (ex. mpubopa); B KaueCTBE HE3ABH-
CUMBIX (JaKTOPOB X — TBEPIOCTh KHPOBOIO NPOJYKTa (%); X2 — KO-
4ECTBO KMPOBOro npoaykTa (%) (tabin. 22 —23).

TaGmua 22

XapakTepHeTHRH nuARKPOBANNS
Tlapavierp ET

Yo Y
OCHOBHON YpOBeHh 50 53
HiTepBan BapbipoBaris 350 45
Bepxintii ypoeith 70,0 10,0
Hutiii yposerti 0,0 10
Tabnua 23
Matpuua mianuposanus
Ne onbita X X i 7y

T T T 795 T8TS

2 41 -1 1729 1769

3 -1 +1 1695 169.9

4 +1 +1 156.0 156.2

KoHTpo.bHbIe BONPOCH

1. Yo Takoe OCHOBHOH YpOBEHD M MHTEPBAII BAPLUPOBAHUs (akropa?

2. Kak npoBOAAT JKCIEPUMEHT COIJIACHO MATPHLE IUIAHHPOBA-
Hus?

3. Kax 1poBepHTh BOCIPOU3BOAMMOCTD OIBITOB 11pu [IDD?

4. Kak yCTaHOBHTb 3HAYNMOCTb KOD((HIHMCHTOB ypaBHEHHs
perpeccun?

5. Kax ycTaHOBUTH a/ICKBATHOCTh YPaBHEHHs perpeccun?

6. C KaKoil Le/IbIO M KaK NPOBOJIAT PAHIOMU3ALMIO ONLITOB?

7. Kak BoIMHCISIOT KOX(PUUMEHTBI ypaBHEHHS perpeccHn?

8. Kak BBINONHSIOT [I0CTPOCHHE MATPHLIbI IUIAHUPOBaKHs THITa 27

71




image3.png
TlpenBapuTenbHO BHIMUCIAIOT HanGonblee oTkiIoHenne d, .
CITy4aiiHOl BENUYMHDL X, (rin] OT CPEAHErO 3HAYCHHUS
d,

max. =[Ximax min) ~| ©6)

M CTATUCTHKY T 110 (hopmyrie

(G

3arem 110 Tabnuue pacnpenenenus Crbiofenta (npuit. 3) onpe-
ukH {-pacnipeenenns CTbIOACHTA f[,, , o) IIPH
3a/IaHHOM YPOBHE 3HAYUMOCTH p M JUls 4YMCIa creneHcii cBoGoabl
f=n-2.

Tlocrie 5T0ro BLMHCIISIOT COOTBETCTBYIOLIME TOUKH {-DACIIPEICIICHHS

Hyma)¥n =1

JIIISIOT HPOLEHTHBIC 1

T(pm) ®)
n 2) +
Jlasiee npoBEPSIOT yCIIoBHE
T 2T (o) ©)

M IIPHHUMAIOT OKOHYATEILHOE PEllicHHE 00 OTCeBE IPyBOii NorpenHocTH
(cyyaiiHOM BEIMUMHBL X, (1) )> €CIH YeIIOBHE (9) BBITOMHSIETCS.

Tlocinie 9TOro 1MepecUNTHIBAIOT XaPAKTEPUCTHKH X M S JUIsl HO-

BOrO MAaccHBa JAHHBIX (6€3 OTCESHHOrO 3HAYCHUS X, ) pu 00b-

max i)
eme BbIOOpKH 71 —1, a 3aTeM MOBTOPSAIOT NPOLEAYPY pacyera no dop-
Mmynam (6 — 9) juist ciiejtyrouero o abeoMIOTHON BeMUMHE HAHGOIb-
1ero oTkioHenus d, . .
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JUist CTATHCTHYECKHX METOJIOB MOCTPOCHHS IMITMPHUECKHX 3a-
BHCHMOCTEH OUEHb BaXKHO, YTOOBI PE3y/bTaThl HAO/IOACHHMI MOI4H-
HSUIHCh 3aKOHY HOPMAJILHOrO PACHpEIElCHHs, OITOMY Takas Mpo-
BEpKa — OCHOBHOE COJIEpIKaHUE MPeBaPUTE/IbHON 06paboTku dKere-
PHMCHTAIILHBIX JAHHBIX.

TUroTe3sy HOPMAJILHOTO PACHPE/IEICHUs TPOBEPAIOT MO MOKa-
3aTeIlsIM ACHMMETPHH H JKCIecca.

Tlokasareib aCHMMETPHH BLIYHCIISIOT 110 hopmysie

(10)

rae  my M m, — TPETHii U BTOPOH LEHTPAILHBIE MOMEHTbI COOTBET-
CTBEHHO, PACCUHTHIBACMBIE 110 (hOPMyJIaN

H an

m, > (12)
1
Jist cuMmeTpudHBIX pacipenenenuit my;=0u g, =
Tlokasarelb JKclecCa PACCUUTHIBAIOT 110 hopmyJie
m
g =53, (13)
(my)
rjie m, — 4YEeTBEPTHIi UEHTPAILHBIH MOMEHT, BBIMUCIISEMBIH KaK
(14)
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Tlociie 5TOro HAXOAT HECMEIICHHBIE OLEHKH [UIsl IIOKasaTenei
ACHMMETPHH M KCIiecca:

(15)

(16)

CpeHEKBAIPATHYHBIC OTKIOHEHHS HECMEIICHHBIX OLCHOK JULst
ToKa3aTesIei aCHMMETPHU H JKCLlecca HAXOAAT 10 hopmyiam

17
(18)
3aTeM NpOBEPSIOT yCIIOBUS:
|G| <3S5,: (19)
|G,| <55, - (20)

Korja OHM BBINONHAIOTCS, TMIOTE3 HOPMAILHOIO pacnpese-
NeHust MOXKeT ObiTh npuHsTa. Eciiu oHa HE NPMHUMAETCS, TO JaHHOE
IMIIHPHYECKOE PACTIPEIEIICHHE HE MOMHHSACTCS 3aKOHY HOPMAILHOTO
pacrnpejie/ieHHst i ero CIe/lyeT IPUBECTH K HOPMALHOMY, HCIIONb3Yst
M3BECTHBIE MPEOOPA3OBAHMS.

Tlocne uckioueHns rpyBdbiX MOrPEMIHOCTEH U MPOBEPKU IUIIO-
Te3bl HOPMAJILHOTO PACIPE/IEICHHs BBIYUCIAIOT aGCOMOTHYIO OmnG-
KY O JUIsi CPE/IHEro apu(METHIECKOro 3HaUCHUs!

@n
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rje t, — Tabnuunoe 3HaueHne kpurepus CrbiogenTa (cM. npui 3) npu
BBIOPAHHOM YPOBHE 3HAUMMOCTH p M 4HCJIE cTeneHeil cBoGOMIbI
f=n-1.

Pe3ysbTaThl BBIMMCICHHS CPEIHErO apupMETHYECKOro 3Haue-
HUsl DU BHIOGPAHHOM 3HAYCHMH YPOBHS 3HAYMMOCTH NPEACTABIAIOT B
BUJIC JIOBEPHTEIILHOIO MHTEPBANA X £ .

OTHOCHTENIBHYIO OMHOKY O, CPEIHEro apH(METHYECKOro
3HAYCHHS, T. €. OTHOLICHHE aGCOMOTHON OMMOKH O K onpe/ensemMoil
BEIMYMHE, BHIPAXKAIOT B POLICHTAX
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TMpumep

B n1aGopaTopHbIX yCIOBHAX M3ydalu npouecc BUOPOI03MpoOBa-
HHsl caxapa-Tiecka. B Xxojie dKCIIepHMEHTa METOIOM KOHTPOIBHBIX
B3BCIIMBAHMI  ONpPEEIAIN  POU3BOIUTENLHOCTE  BHOPO03aTOPA.
Konnuectso usmepennii (06bem BbiGopku) n =10. Dkcnepumen-
TaJlbHbIC 3HAYCHHS POU3BOIMTEILHOCTH BHOPOJI03aTOPA 10 Caxapy-
necky npu yacrore konebauuii BuGponorka 30 ' npejcraBlicHs! B
Tabi1. 1. BeIONHUM 1IPeBAPUTENLHYIO 00PABOTKY ITHX JaHHBIX.

Tlo dpopmyne (1) BbiumcseM cpenee apuMeTHuecKoe 3Haue-
nue X =2,48. TpeasaputenbHo paccuntas 110 Gopmye (2) oTkiIOHE-
HHE KakKJ0ro M3MEPEeHHst OT cpejHero 3nadenus (cMm. Tabn. 1), mo
dopmyne  (3) HaXoAMM  IMCHEPCHIO  CIYYaiiHOH — BEIHUMHBI
5% =0,00059. Tlo Bepakeniio (4) BhMUCISEM BEIGOPOUHOE cpesiHe-
KBajpatHuHoe orkinoHenne S =0,024. Kooduumenr sapuaumu,
paccuntanubii 1o popmyie (5), pasen K =097 %.

CrienioBate/ibHO, aBCOMIOTHAS BENMUHHA KBAJAPATHUHOH OLIMOKH
ONpeJIe/IeHHs! TIPOU3BOIMTEILHOCTH BUGpoo3aTopa cocraysier 0,024 .
Takum 06pa3oM, UMEEM CPE/IHEE 3HAYCHUE IPOH3BOAUTENLHOCTH BUG-
ponosaropa 2,48 r/c, cpemexsapaTuunoe orkionenue 0,024, koa-
ument Bapuaruu 0,97 %.
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