NOCTPOEHWUE U AHAIN3
KOHTPOJIbHbIX KAPT

9.1.CyLI.|HOCTb U TUNbl KOHTPOJIbHbLIX KapPT

KoHTponbHble kapTbl (KK) cumMTaroT ogHMM n3 Hanbornee BaXKHbIX UHCT-
PYMEHTOB CTaTUCTUYECKOro yrnpasneHus kadectBom. OHM nmpencTas-
NS0T cobon OTHOCMTENBHO MPOCTOEe rpadmyeckoe CpPeacTBO OLEHKM
yrnpaBnsiemoctn (ctabunbHOCTM) npouecca No pesynbTaTamMm cpasBHe-
HUSI OTAENbHbLIX U3MEPEHUI C 3a4aHHLIMU KOHTPOSIbHLIMU FpaHMLAMM
(puc. 9.1).

HAPYLUEHKSA COOTBETCTBWA

|- == BEpXHSS KOHTPONbHASA rPaHULA

LleHTanbHas NuHus
— npouecca

BbiGopoyHoe 3HaueHue

Xapakrepuctuka

— o —— e — HwkHas KOHTpONbHaA rpaHuua - -— -

1 4 0 15 20 24
Homep BbIGOpKU
Puc. 9.1 O6wunin BUO, KOHTPOSbHOM KapThl

O6LWwwuiA Nogxod K NOCTPOEHMUIO PasfMYHbIX KapT CBOAUTCS K crie-
AyloLiemy:

1. MpoBoasTcA nocnegoBaTteribHble U3MEPEHUS 3HAYEHUIN KOH-
Tponupyemoro rnokasaTens.

2. VamepeHus rpynnupytoTca B BblGOPKM, COCTOALLME U3 He-
CKOMNBbKMUX U3MEPEHMUIA.
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3. [Ons kaxgow BbIOOPKM paccyMTbIBAETCS HEKOTOpas YncroBast
XapaKTepucTuka, aHanmM3 KOTOPOW MO3BOMSET OLEeHUTb COOTBETCTBUE
npouecca onpegeneHHbiM TpeboBaHMAM. BaxHO umeTb B Bugy, 4TO
XapakTepucTuka npegcraBnsieT cobor He abCoMTHbIE 3HAaYEHUUN KOH-
TPONMpPYyeMoro nokasatensi kadyecTBa, a CTaTUCTUYECKYI OLEHKY ero
N3MEHYNBOCTW.

4. YcTaHaBnNuBaKlTCS LEHTparbHasi UNu cpedHss NUHWA Mnpo-
uecca (CL - center line) a taike BepxHsasa (UCL - upper control limit) 1
HWxHAS (LCL - lower control limit) KOHTpOnbHbIE rpaHuLbl Ans aHanu-
31MPYEeMON YUCIIOBOW XapaKTepUCTUKU.

5. Ecnu uyucnoBas xapaKTepucTUKa BbIXOAWUT 3@ KOHTPOIibHblEe
rpaHuLbl, NN B PacnonoXeHnn Tovek HabnoaaTcs HEeKOTopble TEH-
neHuun (oHM ByayT pacCMOTPEHbI HUXKE) TO AenaeTcs BbIBOA O NoTepe
KayecTBa Ha COOTBETCTBYIOLLEN BbIOOPKE.

Habrntogaemble Ha KOHTPOJBbHBIX KapTax OTKIIOHEHNS N3y4aeMoMn
XapaKkTepucTukn (Hanpumep - nokasaTensl kadecTBa) MPOUCXoasaT nog
BO30ENCTBMEM Pa3fIUYHbIX NMPUYNH, KOTOpPbIE MOTYT ObIThb Kraccuduum-
poBaHbl Ha ABe rpynmnbl: 00Obl4HbIE U 0cobble. K 0BbIYHBIM MprynHam
OTHOCAT eCTeCTBEHHble BO3MYLLIEHUS, Takne Kak Bnbpaumum, konebaHums
NUTAIOLWMX HaMpsKEHWI, TeMnepaTtypbl, BRaxHOCTM U T.n. Ocobbimu
npuyvHaMn ABNSIOTCA BO3MYLLEHWSI, KOTOpblE MPOSIBASOTCA NpU Ha-
PYLIEHUN YCINOBUI HOPMAasbHOW OpraHvM3auun U HOpMarsbHOro Ocy-
LiecTBNeHUs npoLiecca (casur Lwkansl uamepuTensHoro npubopa, pas-
nagka vnu noromMka TexHonorndyeckoro obopyaoBaHusi, HECOOTBETCT-
BME CbIpbS WM KOMMMEKTYIOWMX TEXHUYECKUM YCIOBMAM MO HOMMU-
HaNbHOMY 3HAYEHUI0).

CpefgHast NHWSA 1 TpaHuULbl perynvpoBaHusi otobpakatT 3ako-
HOMEpPHOCTN Bapuauun KOHTPONIMPYEMOW XapakTEepPUCTMKA MNpu HOp-
ManbHOM OCYLUECTBMEHUM Mpouecca, T. €. Mpu OTCYTCTBMM OCODbIX
npuuvH. OpavHaTta cpegHer NMHMM COOTBETCTBYET CTaTUCTUYECKOW
OLEHKe MONOXEHUs!, @ KOHTPOrbHbIE FPaHULbl — HanbornbLlemMy U Hau-
MeHbLLeMy npeaenam ob6bekTUBHO NPUCYLLEro el UHTepBana Bapbu-
poBaHus. Ecnn oueHKy NONoXeHUs1 KOHTPOIMPYEMON XapaKTEPUCTUKK

YCINnoBHO 0003HaunTb Kak X, a cTaHgapTHOE OTKIOHeHue OaHHoM

OLUEHKHn KOHTpOJ'II/IpyeMOVI XapaKTepUCTUKN KaK %( , TO MOXXHO 3anuncaTtb:

CL=¥; (9.1)
UCL, =X+&,S,; (9.2)
LCL =X -¢&.s,. (9.3)
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rae &, v &, - KoaDUUMEHTBI, 3HAYEHUSI KOTOPbIX 3aBUCST OT [OBEPU-

TENbHOW BEPOSATHOCTM M OCOBEHHOCTEW pacnpefeneHnss KOHTPOnu-
pyeMon XapaKTepUCTUKM.

OcHOBHas uUenb MCNOMNb30BaHUS KOHTPOSbHbIX KapT — obHapy-
XWUTb U OTAENWUTb Cry4YalHble OTKIOHEHWS, CBSA3aHHbIE C OObIYHBIMU
nNpuYMHaMK, OT OTKIOHEHWI, BbI3BaHHbIX 4ENCTBMEM OCODbIX MPUYMH.

OCOBEHHOCTU KOHTPOJIMPYEMOI'O MNMOKA3ATENA
l

[
KOJIMYECTBEHHbIA MPU3HAK ANTbTEPHATUBHbIV MPU3HAK
(HenpepbiBHas BennunHa) (OvckpeTHas BeNNUYNHA)

C-kapra
"ucnosble U-kapra
XapakTe

PUCTUKM Np-kapTa
p-kapra

Puc. 9.2.Knaccudvkaumsi KOHTPONbHbIX KapT No TUny
KOHTPONMPYEeMOW BEMNNYMHbI

BnepBble aTOT MHCTPYMEHT Obin npeanoxeH B 1924 roay YonTte-
pom Llyxaptom (Shewhart), HO k HacTosiLemMy BpeMeHu pa3paboTaHo
BonbLIOe KONMYECTBO KOHTPOMbHbLIX KapT. B yacTHocTW, No HasHade-
HUO OHU gensTcs Ha Tpu Buaa: KK WyxapTa, npyemoyHbie n agantme-
Hble. ViMeeTcs Takke Krnaccudukauus B 3aBUCUMOCTM OT OCOOEHHO-
CTe KOHTponupyemon BenuumHbl (puc. 9.2).B gaHHOM cniyyae nopg
OCOBEHHOCTAMN MMEETCS B BUAY TUM KOHTPOJNIMPYEMOW XapaKTepucTu-
KM Kak Crly4anHoWn BENUYUHbBI — HEeNpepbIiBHAA UMM ANCKPETHas.

HanoMHuM, 4YTO OuCKpeTHas cnyyamHas BenuuvHa MpuHUMaeT
nnwb OTAenbHbIe, U30NIMPOBaHHbLIE OOHO OT APYroro 3HadyeHus. Takum
cBOMCTBOM obrniagatoT atpnbyTuBHble NpU3Hakn (LBET npegMeTa, copT
npoaykuum, roaHoe unu 6pakosaHHoe usgenuve u T. a.).

HenpepbiBHasa criyyanHasa BenvyuHa npMHMMaeT nobble 3HavyeHus
N3 HEKOTOPOro CBOMCTBEHHOIO € YNCMOBOro MHTepBana. Takum CBOK-
cTBOM 0B6nafalT KONMYecTBEHHbIE NPU3HaKN (MexaHU4Yeckme CBOMCTBaA
MaTepuana, dakTmyeckne pasmepbl NPoayKLMU, NPOU3BOANTENBHOCTb
arperara npu obpaboTke KOHKPETHOrO Npodunepasmepa u T. 1.).

MosicHMM 0COBEHHOCTHM KapT, yKasdaHHbIX Ha puc. 9.2.
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X-kapta. OTOOpaxaeT N3MEHYMBOCTb BbIOOPOYHbBIX XapakTepu-
CTUK MONIOXEHWs nokasaTens kavecTBa (cpegHero X unu meamadsl

X ). Mo3BonsieT KOHTPONMPOBAaTbL CMeLLeHUs aKTUYecKUx nokasaTe-
new oT LIeneBoro 3Ha4yeHus.

R-kapta. OTo6pakaeT M3MEHUMBOCTb haKTUYECKOro MHTepBana
BapbupoBaHus (pasmaxa). [o3BonseT KOHTPONMpoBaTb COOTBETCTBME
pasmMaxa nomnto gonycka.

S-kapTa. OToGpaaeT M3MEHYMBOCTb BbIBOPOYHOrO CTaHAapT-
HOro OTKITOHeHUS. [103BONAET KOHTPONMPOBaTh AUHAMUKY CTEMNEHU N3-
MEHYMBOCTM aHanM3npyemoro nokasarens.

SZ-KapTa. OTtobpaxaeT M3MeHYNBOCTb BbIDOPOYHOM Ancnepcun.
Mo3BonsieT KOHTPONMPOBAaTh ANHAMUKY CTEMEHN U3MEHUYNBOCTU aHanu-
3MpyeMOro nokasarens

C-kapta. OTo6paxkaeT M3MeHYMBOCTb Yncna gedektoB (B nap-
TUK, B A€Hb, HA OOMH CTAHOK M T.M.) B TeX Criy4yasx, korga obHapyxe-
HWe gedekTa ABNSETCA peakum cobbiTnem

U-kapta. OToGpakaeT M3MEHYMBOCTb OTHOCUTENIBHOM YacToTbl
nedektoB (T.e. OTHOLLEHUNA Yncna obHapyKeHHbIX AedeKTOB K YnUCny
NPOBEPEHHbIX €AUHNL, MPOAYKUMM) B TEX Criyyasix, koraa BepOosTHOCTb
nedekta sBndeTca pegkum cobbitmeM. YOobHO Mcnonb3oBaTb npwu
aHanuse NapTun pasnuyHoro oobLema.

Np-kapta. OTOGpaxaeT M3MEHYMBOCTL YMcna AedekToB, Korga
obHapyxeHue gecbekta He sIBNsieTcs pegkum cobbiTeM (Hanpumep,
npoucxoguT 6onee Yem y 5% NpoBEePEHHbIX eANHUL, MPOAYKLUN).

P-kapTa. OToOpaxaeT M3MEHUYMBOCTL MPOLIEHTa OOHapYKEHHbIX
OedekTHbIX n3genun (B pacdete Ha NapTuio, B eHb, Ha CTaHOK U T.4.),
Korga obHapyxeHvne gedekTta He ABMSeTCs peakMuM COObITUEM.

B nutepatype, NOCBSILLEHHON YNPaBEHMIO KAYECTBOM C NpumMe-
HEHMEM KOHTPOJbHbIX KapT, YKa3blBalOT Ha criegylolmne OOCTOMHCTBA
KapT Mo anbTepHaTUBHOMY NPU3HAKY:

1. OTobGpaxaloT COCTOsiHME MPOM3BOACTBA C y4eTOM BCEX ac-
MeKTOB KayecTBa aHanM3npyemon npoayKLmm

2. WNHorpa no3BonsitoT 060NTUCh 6€3 NpUMEeHeHNs1 OPOrnx ToY-
HbIX NPUBOPOB M ANMTENBHBIX U3MEPUTENBHBIX NpoLeayp.

3. bonee nMoHATHBI MeHeaXepam, KOTOpble He pasbupatoTcs B
0COBEHHOCTSAX CTaTUCTUHECKUX XapaKTEPUCTUK.

MpUMEHNTENBHO K KapTam Mo KOJIMYECTBEHHOMY MPU3HaKy Yyka-
3bIBalOT, YTO OHM ABNSTCA Hambornee 4yBCTBUTENbHLIMU WUHOWMKATO-
pamMu yxyalweHUst KadecTBa 1 NpeaynpexaalnT 0 BO3MOXHBIX npobne-
Max 3aJornro 4o TOro, Kak B npoLiecce nNpovM3BoACTBa pe3ko Bo3pacTeT
nonst 6pakoBaHHbIX N3Oenun.
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9.2.NocTpoeHue kapthl X — R

KapTbl No KoOnNM4YecTBEHHOMY MpW3HaKy MOryT oTobpasutb u3-
MEHUYMBOCTb Ka4yecTBa, Kak Mo pa3bpocy, Tak 1 Nno nonoxeHuto. Moato-
My UX CriegyeT aHanuaupoBaTb MOMapHO: ofHa KapTa AJ1s XxapakTepu-
CTVKM pasbpoca u apyras — A5 XapakTepucTuky nonoxeHusl. Hamto-

nee 4yacTto ucnonb3yetcs napa kaptT X u R, roe X— ato cpeaHee
3HayeHMe HebonbloOW noarpynnbl  AaHHbIX (Mepa NonoXeHus),
R — aT0 pasmax sHauyeHui BHYTPUM Kaxkaou noarpynnsl (Mepa pas6po-
ca).

PekomeHayeTcs cregylowmin  NOpSAoK  MOCTPOEHUs  KapThbl
X - R:

1. OtobpaTb BbIGOPKY O0OBLEMOM n; =4-5, npon3BeCcTn namepe-
HWSI U pacyeThbl BbIDOPOYHbIX 3HAYEHWI.

2. J10BECTM YNCNIO eAnHMYHBIX BbIGopok 4o K =20-25.

3. Bblumcnntb obuiee cpep,Hee X 1 cpegHuii pasmax R :
X = —Z X (9.4)

=_1
R=-)> R, (9.5)
k<’
roe )_(j 7] R]- - cpegHee n pasmax j - BbIGOPKMY:

| =—Z X ; (96)
] i=1
Ry = Xoax; = Xin.j s (9.7
4. Paccuntatb BepxHue (UCL) u HwkHue (LCL) rpaHuupbl pery-
NMPOBaHUS:

LCL, =x-AR; (9.8)
UCL =X+ AR; (9.9)
LCL; = D,R; (9.10)
UCL, =D,R. (9.11)

roe koatppuumentsl A,, D, u D, BbiGupatotca B 3aBucumoctvt ot
obbema oTaenbHOM BbIGOPKMN B COOTBETCTBUM C Tabn. 9.1. Ecnu obbem
€[MHNYHOW BbIGOPKU n; < 7, Heobxoaumo npuHumats D, =0.
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Tabnuua 9.1
3HaueHus1 K03 PULIMEHTOB ANs1 pacyeTa

rpaHuy perynmposanus kapt X n R

n 2 3 4 5 6 7 8 9 | 10
D, |327|257|228|211|200 192|186 |1,82|1,78
D, * * * * * 10,08|0,14 /0,18|0,22
A, 1188|1,02]073|[0,58)0,48|0,42 0,37 |0,34|0,31

5. PaccuuTtaTtb 1 HaHecTu Ha KapTbl cpegHue nuHum (CL) 1 rpa-
HUUbI perynupoBaHnsa. [na kapTbl CpegHVX 3HAYEHUA CPEeaHss NUHUS

coenapaert ¢ obwwm cpeginm (CL, = X)), a ans kapTbl pasmaxoB — co

cpegHum pasmaxom (Clg = R). HanomHuwm, 4To obliee cpeaHee u

cpefHu pasmax paccuuTtbiBaoTca no gopmynam (9.4) mn (9.5) coot-
BETCTBEHHO.
6. OTOOpasuTb Ha KapTe BbIGOPOYHbIE 3HAYEHMS.

9.3.MocTpoeHue kaptbl X — R B MS Excel

PaccmoTtpum noctpoenue kapthl X — R, otoBpaxatoluein pesyrb-
TaTbl MOHUTOPWHIA 3a TOJLLMHON ropsiyekaTaHbIX MONoc, npokaTbiBae-
Mbix Ha LLICITI 2000 Ha HOMUHanbHbIE pa3mepbl 2,5%X1250 mmM. Ycno-
BMSI NPOBEAEHNST MOHUTOPUHIA U pe3yrnbTaTbl KOHTPOMNS NpUBEAEHbI Ha
puc. 9.3, rae M3obpaxkeH KOHTPOIIbHbIA JINCTOK, SBMSIOWMUACA OCHOBa-
HMEeM AN MOCTPOEHUS KOHTPOMbHOW KapTbl. 3aMeTnM, 4To hopmMa KOH-
TPONBHOTO NMCTKa He CTaHAApTU3MPOBaHa U MOXET OoTnmMyatbCcs OT
MCMNOMb30BaHHOW B AAHHOM Mpumepe.

HomuHanbHoe 3HauyeHue (siuenka C6), HkHAA (LSL) n BepxHsis
(USL) rpaHuubl gonycka Ans aHanuM3upyemoro npusHaka 3aHOCHATCS B
savenkn C7 n C8 ¢ knaBuaTtypbl Ha OCHOBaHWM HOPMAaTMBHOMO AOKYMEH-
Ta, KakoBbIM Ans gaHHoro cnyyas siensetca FTOCT 19903.
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A [ B [ D E F [ 5 [ H ] 4 K

1 |Kommponemasakapra ¥ -R e
2 |Le nnu-10 HacToTa KoHTRONA 1B 2 4aca

3 |Mpogyryaa nonoca mk 2 51 250 Cfvem Enbopok B

4 |MpMsHak TonuwwHa | Mepmog, H 01.075 .06-065.0:5.06

5 |Cregpdrkaupaa T 19905 K10 KOHTROMMpOEEn MITY ¢

E |HonmHan H 250 P acqeTsl Mponseen PymmHUE B

7 |HusHAaa m. pomycka LSL 2,32 inm X apSKTERHMCTHES I R

& |BervcHas . ponycrs LSL 2 B i CreaHan naHMa;  CL 250: 0.0
] BepsHaa mpaHrua | UCL 2B 043
10 HuwHaa paHmnuyg ;. LCL 235 0m
11 AG 0558 -
12 D3 - a,m
13 O - 21
14

15

16

17 Mz HabnwogeHna

18 Aara BRema | i T 3 3 3 5 T R
19 | 10 1 223 243] 245 245 243)11199 240] 0x
0 | 12 2 255 2581| 255 258 2471267 253 012
21 | 01.032006 14 3 241 2B0] 236 251 254124 243 024
2 | 16 4 237 2585| 250 244 25211238 243 019
23 18 a2 2954 247 234 248] 2682|1246 249] 028
2 | 10 ] 235 298| 252 243 2359|1245 250] 024
25 | 12 T 247 285] 245 23] 240) 1260 252 02
% | 02032006 14 3 251 262 253 258 25912853 257 oM
7 16 E] 258 256] 240 254 2541264 253 015
3 | 15 10 241 253 258 240 2a2] 1244 249] 015
2 | a 1 260 256] 244 242] 246) 1245 250] 018
0 | 2 2 249 235] 249 247 2611242 243 0%
31 | 03.03.2006 4 3 257 248 247  239] 255[1246 249] 018
32 | 5] 4 244 246] 239 248] 2511229 246) 012
33 18 13 2954 247 241 252 245)1238 243 012
_H | 10 16 248 243 242 248 243|1225 245 o008 |
35 | 12 17 257 2B6| 250 248] 2585|1275 2550 049
3 | 04.03.2006 14 18 258 245] 2gE2  238] 2A7[1Z2E0 252 024
E 16 19 245 254] 245 246 2E3[ 1252 250] 015
i) g 20 239 248| 256 246] 2256|1245 2:50] 047
3 | a 21 287 238] 250  245] 240]1240 243 028
40 | 2 22 246 250] 255 27| 2594|1276 253] 024
1 | 05.032008 14 23 235 281 244 243] 252[1234 247 07
42 | 16 24 247 2B0] 243  248] 2411240 243) 019
43 15 25 2400 277 263 M| 241[12H1 252 037 |
4

pasmax). [ns 3Toro Mcrnonb3yeM COOTBETCTBYIOLLME CTaTUCTUYECKUE

Puc. 9.3. dparmeHT paboyero nnucta MS Excel ¢ ncxogHsiMy faHHbIMU

CHavyana Heobx0aMMO 3anofHWUTb SYEerku C pesynbTaTtamMu Ha-
6nopeHni (D19:H43), a 3aTeM NpPou3BECTU BblYUCMEHMS B cTOnbLax
2 (cyMma 3HaveHWin No OTAEeNbHOM BbLIGOPKE), a Takke aHanusupye-

MbIX XapaKTepPUCTUK - Xi (BbIBOPOYHOE cpenHee) n RJ- (BbIBOPOYHBIV

Ana NnoCTpoeHUA KOHTPOJIbHbIX KapT

dyHKuun. Hanpumep, onsa seidopku 1 (ctpoka 19):

=CYMM(D19:H19)
=CP3HAY(D19:H9)

B svenke 119
B siyenke J19
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B A4emnke K19 =MAKC(D19:H9)-MWH(D19:H19)

[anee HeobGxoanmMo BbIMMCNTL koopauHaTel cpegHen (CL), Bepx-
Hen (UCL) n HwkHen (LCL) KOHTPOMbHbIX NMMHMIA Ons obenx xapakrte-
puctuk. CHavana Heobxoammo BbiGpaTb M3 Tabn. 9.1 COOTBETCTBYHO-

wye 3HaveHust koadpcuumentos A,, D, D, v BBecTv ux ¢ knaBua-

Typbl B averkn J11:K13. 3atem B fAverkax J8:K10 3anporpamMmmupo-
BaTb:

B siuenke J8 =CP3HAY(J19:J43)
B AYenke J9 =J8+J11*K8

B sAiyenke J10 =J8-J11*K8

B sAvenke K8 =CP3HAY(K19:K43)
B siYenke K9 =K8*K13

B si4enke K10 =K8*K12

[ns nOCTPOEHUS KOHTPOSIbHBIX KapT PEeKOMeHAYeTCs NPUMEHUTb
aunarpammy Tvna «lpaduk» (puc. 9.4).

LM!N!O!P!Q!R!S!T!U!V!W!X!Y!Z!AA AB

2 s
22'70 |

2 ;2,65’

Z §2,50—_’__—_______—__UC%
1

7 e 2,55 |

o ¢ c
2,50 4 _

> H R YV e e

1 & 2451 |

2 “

3 o 2,40 4

S 3 A ——————— o) I

= éz,ssf |
o

30230

8 1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25

9

0 Bbi6opka

21

22 ncal il oool I 2ol aaal aal i ol T i
0,45

23 ! ______________UCLR

24

25 0,40 +

1261 || = E

> %0'35

28 3 0,30 1

9 S

1 g

> EO,ZO’Q i\ﬁ /\ OCLR

3 3 ~

7 2 015

2 & 010

7 0,05

B

9 0,00 +—=———r — —_— e e e e r—

;2 1 2 3 45 6 7 8 9 101112 13141516 17 18 19 20 21 22 23 24 25

42 BbiGopka

43 oo nea) i T o =] oo T T T T

Puc. 9.4. KoHTponbHble kapTbl A4S cpegHero (a) u pa3maxa (6) ToNWwmHbI
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M3MeHYMBOCTb CpedHero 3HayeHust TOMWMHbI Ha X-kapTe OoTo-
OpaxaeTcs psigOM [aHHbIX, ANs KOTOPOro nogmnucu no ocu abcumce
3agaHbl cebinkon C19:C43, a no ocu opamHat — cebinkon J19:J43. Us-
MEHYMBOCTL pa3maxa TOSWUHbBI Ha R-kapTe oTobpaxaeTcs psaoMm, ans
KOTOPOro nognmcu no ocu abcumucc Takue xe, kak U Ha X-kapTe, a no
OoCu opamHaT 3agaHbl ceblnkon K19:K43.

[na oTobpaeHnst Ha KOHTPOSbHbLIX KapTax OCOObIX JIMHWUA HeoO-
XOAMMO MOCTPOUTbL BCMOMOraTenbHyto Tabnuuy, koTopas Ha puc. 9.4
CKpbITa 3a AnarpaMmmamu, HO nokasaHa Ha puc. 9.5. 3gecb B ctonbuax

M, N 1 O 3sanucanbl koopanHatel CL,, UCL, n LCL,, a B cTon6uax
P, Q n R - koopaunatel Cly,
UCLg v LCLg. 3naverus ykasan-  [TE-— T =
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cL,
OaHHbIX, Y KOTOpPOro noAnuMcu no
ocn abcumcc u opavHaT 3adaHbl
ccbinkamn C19:C43 n M19:M43.

9.4. AHanNu3 KOHTPOJNbHbIX KapT

Puc.9.5.BcnomoratensHaa  Tabnuua
onsa otobpaxeHuss Ha KOHTPOJIbHbIX
KapTax 0cobbIX TMHWI

AHanu3 KOHTPOIbHOW KapTbl MPON3BOANTCS AN TOro, 4Tobbl 06-
HapYyXWUTb NPOSBNEHMs OCOBbIX NpuyuH. [pudHakamn nposiBNEHUs
0COBbIX MPUYMH ABNAOTCS:

1. Toukn Bbiwe UCL unu Huxe LCL.

2. [OnuHHaga cepus Todek (7 u 6onee) Bbiwe unu Huxe CL.

3. Bospacralowas wnu ybblBalowas OfMHHas cepus  Toyek
(TpeHn).

4. VHble NposiBNeHna HeCny4anHoCTK:
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- cywecTtBeHHO 6onee 2/3 Touyek pacnonoXeHbl B cpeaHen
TpeTtu obnactn mexay UCL n LCL (cocpenoToyeHbl B6GNn3m
cpeaHen nuHmm CL)

- BOnm3u CL cocpenoToveHbl CyLLeCTBEHHO MeHee 2/3 Tovek

- OuYeBMAHble TPeHAbl B Npedenax KOPoTKNX cepun

- UUKIbl TPEHOOB

- MOBTOpPSIOLLMECS Pa3nuyns pesynbTatoB B npegenax oT-
OenbHbIX BbIBOPOK (Hanpumep, nepsoe Bceraa bonblie oc-
TanbHbIX).

Cutyaums, npu KOTOPOW Ha KOHTPONbHOW kapTe OBHapyXMBaloTCA
TOYKW BbILLE UMW HUXKE KOHTPOIbHbIX JIMHWIA M300paxeHa Ha puc. 9.6.

v M v
UCLX"'/:/\ """""""" UCLR""""""/\"/A\""
A PA_AA AN A4

XNV VI VY RNV MAVARANV/
O Y LCL, [""7"777 -

Puc. 9.6. Mpumepbl KOHTPOMbHLIX KapT cpedHero (a) u pasmaxa (6) ¢ BbIXO4OM
XapaKTepUCTUK 3a KOHTPOMbHbIE FPaHULbI

MpumeHnTENBHO K X-KapTe npuvyYMHamMu paccmaTpuBaemMon cu-
TyaLumn MoryT ObITb:
1. KoHTpombHas rpaHuua nnvM HaHeCEHHbIE TOYKM OLLUMOOYHbI.
2. LleHTp Bapuauum cmecTtuncst otTHocutenoHo CL nmbo B aTou
TOuYKe (BO3MOXHO, YaCTHbIV cryyan), MMbo Kak YyacTb TpeHAaa.
3. WNameHunacb usMepuTenbHas cuctema (Hanpumep, Opyrown
npunbop M KOHTPONep).
Ecnn nmetloTcs TOUKM, pacnonoXXeHHbIEe 3a HMKHEN KOHTPOSTbHON
rpaHuue Ha R-kapTe, TO BO3MOXHbIMU NPUYUHAMU MOTYT ObITb:
1. KoHTponbHas rpaHuua nnv HaHeceHHasi To4ka OLIMOOYHbI;
2. Pasbpoc pacnpegenerus ymeHbluuncs (T.e. ctan nyyiwe);
3. WNameputenbHas cuctema usmeHunachb (BKMYas penakTupo-
BaHWe UM UCKaeHne AaHHbIX).
B cnyyae obGHapyxeHusi TOYek 3a BepxHen rpaHuuen R-kapThbl,
HeoOX0AMMO NPOBEPUTL CrieaytoLlee:
1. HeBepHO BbIYMCMEHbI KOHTPOSIbHbIE TPaHULbl UM HaHECEHbI
TOYKY;
2. Pasbpoc pacnpegeneHusi ygenuuuncs (T.e. yxyawmuncs) nmbo
B O HOW TOYKe, NMNBO Kak 4acTb TpeHaa;
3. VsmeHunacb wnsMeputenbHas cuctema (Hanpumep, Opyrou
npubop M KOHTponep);
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Puc. 9.7. MNpumepbl KOHTPOMbHBLIX KapT cpefdHero (a) u pasmaxa (6) ¢ ANWHHBI
MW CEPUAMMN TOYEK

4. WameputenbHaa cucTeMa noTepsana Haanexallyio paspe-
LLAIOLLYI0 CNOCOBGHOCTb.

Ha puc. 9.7 npmBeaeHbl pMMepbl KOHTPOSbHbIX KapT C ANUHHBIMU
cepusamMu Touek. Ecnu anuHHasa cepus obHapyxeHa Ha X-kapTe (puc.
9.7, @), 3T0 MOXET O3Ha4yaTb cregyLlee:

1. CpegHee npouecca N3MeHUIoCb 1, BO3MOXHO, Takoe M3MeHe-

HWMe NPOAOIKaEeTCH;

2. Tllpousownu M3MeHeHus1 B U3MEPUTENbHON cucteme (apend,
CMeLLeHVe HAaCTPOMKK, YXyOLWeHne YyBCTBUTENbHOCTM U T.1.).

Mpn oBOHapyXeHUM ONIMHHOW CEePUN HUXKE KOHTPOSbHOW JIMHUKN Ha
R-kapte (puc. 9.6, 6) Heobxooumo MMeTb B BUAY, YTO 3TO ABNSETCH
cneacTBMEM CrieyHoLMX NMPUYNH:

1. Tlpousowno ymeHblUeHne pa3bpoca (HaCTPOEHHOCTb YnyyLuu-

nace), 4TO SIBNAETCH MNOJNIOXMTENbHbIM pe3yrnbTaToM, Hanpu-
Mep, BbIMNOSTHEHHOIO paHee YCOBEPLUEHCTBOBaHWS NPOLIECCOB.

2. [lpousowno nameHeHne B U3MEPUTESTLHON CUCTEME, KOTOpoe
MOXET CKPbITb UICTUHHOE U3MEHEHNE HACTPOEHHOCTMW.

[OnunHHas cepusa Ha R-kapTe, pacnono)XeHHas Bbllle cpegHen nu-

HUW, MOXXET CBMAETENbCTBOBATL O CrieAyloLLEM:

1. Tpousowno yBenunyeHue pasdbpoca (yxyaLleHne HaCTPOEHHO-
CTW) B CBSI3M C BPEMEHHbLIM AEACTBMEM OCOObIX MPUYUH (HEUC-
npaBHOCTb 060pyAOBaHUS, yxyalleHne cTabunsHOCTU CBONCTB
mMaTtepuana u 1.4.).

2. [llpousowno nsameHeHve B M3MepUTENbHOW cucTeme (Hanpu-
Mep - NPUMEHANCA HOBbIV Npnbop unu paboTtan HOBbIN KOH-
Tponep).

Ha puc. 9.7 npmBeaeHbl NpUMepbl KOHTPOSbHBLIX KapT ¢ 6onbLMM
KONMM4YecTBOM Touek BONM3M cpeaHen nuHum (prc.9.8, a) unu B6nusn
rpaHuy (puc. 9.8,6).

B Takon cutyauum B nepByl odepedb HeEOOXOOMMO MpPOBEPUTH
NpaBuUibHOCTb HaHECEHWs CpedHen NIMHWUM U TpaHuL perynmnpoBaHus.
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Puc. 9.8. MprMepbl KOHTPOSbHBIX KapT C BOMbLUMM KONMMYECTBOM Toyek BONu3n cpea-
Hel NHWUK (a) nu B6NM3n KOHTPOSbHBIX rpaHuL, (6)

Ecnn oHM HaHeceHbl MpaBurbHO, a TOYKUM COCpPedoTOYeHbl BONU3M
cpeaHen NMHUK, TO NPUYUHAMU STOrO MOrYT ObITh:

1. B kaxgon eamHUYHOW BblBOpKE CUCTEMATUYECKU CMeLLMBaloT-

Cs1 HecTpaTUMMUUPOBAHHbIE AaHHbIE.
2. [aHHble Obinn OTpeakTUpOBaHbI
CocpenoTOYEeHHOCTb TOYeK BOMM3M KOHTPOJSbHBLIX FPaHuL O3Ha-

YaeT, YTO B KaXKOOW €AMHMYHOW BbIODOpKE CMeLLUMBaKTCA HecTpaTudu-
LUUPOBaHHbIE AaHHbIE.

Crtpatndukaumsa paHHblX npeacTaBnseT CobOM rpynnMpoBKY
(paccnauBaHmne) CTaTUCTMYECKUX OaHHbIX B 3aBUCMMOCTU OT YCMOBUN
UX Nony4yeHus 1 nocneayoLlyo o6paboTky AaHHbIX U3 KaXOoW rpynnbl
B oTgenbHocTu. [Npn uccnegoBaHMM MNPOM3BOACTBEHHBLIX MPOLLECCOB
pekoMeHaylT cTpaTtuduumpoBatbh AaHHble MeTogom «5M». B cooT-
BETCTBMM C HUM [JaHHble 064a3aTenbHO OOMKHbI ObiTb CrpynnuMpoBaHbI
no crneayLwum Npru3Hakam:

Man (4enosek, onepartop)

Machine (obopynosaHue)

Material (maTtepuan, cbipbe)

Method (cnocob o6paboTku)

Measurement (cnoco® M3MepeHus, COCTOSHWE U3MepUTEllb-
HOW CUCTEMBI).

9.5.0c06eHHOCTU KOHTPOJIbHbLIX KapT APYruxX TUNOB
9.5.1.KapTbl MmeauaH u pasmaxos (Me— R)

B pOaHHOI nape KapT B KayecTBe XapaKTEPUCTMKX MONOXEHUS
aHanua3upyeMoro napameTpa MWCronb3yeTcs BblGopodyHas MeavaHa
Me, npuyem Ha kapTe OTMEYalOTCH Takke BCe MHAMBMAOYanbHbIE 3Ha-
yeHus (puc. 9.9). HecmoTpsa Ha To, YTO MedMaHbl CTATUCTMYECKU He
cTonb 3PPeKTUBHbI, KaK BbIOOPOYHbIE cpedHue, kKapTa MeauaH NpuBo-
OWT K aHanorMyHbIM peLleHnam 1 UMeeT HeKOTopble NperMyLLEeCTBa:

112
@I'BOY BIIO «MI'TY um. I'.U. Hocosa»,
© Pymsnyes M., Pyuuncras H.A. (enasvt yuebrnozo nocobusi)




7_ —_—— e = —

- LCLMe_X_

MHﬂMBMﬂyaﬂbele 3Ha4yeHnsa MeawnaHb!

T T T T T T T T T T T T T T

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Puc. 9.9. Kapta megnaH

- BblYMCANUTL MegunaHy no dpopmynam (3.2) nnu (3.3) 3Ha4mTensHO
npotue, 4em BbIGOPOYHOE CpeaHee;

- KapTa MeguvaH B Buae MHOMBMAYarbHbIX 3Ha4YEeHWU NokasbiBaeT
pa3bpoc pes3ynbTaToB npoLecca, a B Buae BbIbOPOUHbIX MeamaH oTo-
BpaxaeT TekyLLylo N3MEeHYMBOCTb MpoLiecca;

- KapTy MeguaH MOXHO UCMnonb3oBaTh ANS CPaBHEHWUS pesynbTa-
TOB HECKOMbKMX NPOLECCOB UMM OAHOro npouecca Ha nocnegosatenb-
HbIX CTagusIX.

Tak Kak pacnpegeneHvne meamnaHbl OTNMYaeTCcsa OT pacnpegene-
HVSA cpedHero BbIBOPOYHOro, ocobble NMHUKN Ha KapTe MeanaH paccyu-
TbIBAOTCA crneaylowmnm obpasom:

- k
CL= Me:%Z Me, (9.12)
j=1
LCL,, =Me- AR; (9.13)
ucCL,, =Me+AR; (9.14)

3HayeHus MHoxuTenst A, BbiGupatoTcs U3 Tabn. 9.2.

Tabnuua 9.2

3Ha4yeHNss MHOXUTENSA ons pac4yeTa rpaHul, perynmpoBaHua
Ha KapTe MmeanaH

n 2 3 4 5 6 7 8 9 10

A, | 118|119 |080 | 069 | 0555|051 | 043|041 | 0,36
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KapTa pa3amaxoB CTpouTcsi Tak xe, kak u ansa napbl X — R. lMo-
noxeHve cpefgHen nuHUM onpegensdetcs no copmyne (9.5) a rpaHuLbl
perynupoBaHusa — no gopmynam (9.10) u (9.11). Mpu 3TOM MHOXUTENM

D, n D, Beibupatotcs B cootBeTcTBUM C Tabn. 9.1.

BbickasbiBalOTCA creaylolmne pekoMeHaaunmn rno nocTPpoOeHU 1
npumeHeHno Me — Rkapr.

1) Ana kapT meanaH 3HaveHWe NpepnoyvTUTENbHbI HeYeTHble
o6bembl noarpynm.

2) MoXHO CTpoUTb TONBbKO OOWH rpaduk, MpuM 3TOM Npegensbl
WKanbl yCTaHaBMMBalOT TakMMm 0Opa3oM, 4TOObl ObLIM  BKIHOYEHDI
OonblUMe 3HAYEHMS U3 CrIeAYIOLLMX:

- npegensl Nonsi 4onycka Mnioc 3HaYeHUss M3MEpPEHUn, Bbllles-
Lme 3a 3TV npegenbl, Unm

- pasHOCTb Mexay OonbwmMM U MEeHbLUMM WHAMBWUAOYanbHbIMU
N3MepPEHUsIMU, YMHOXEHHasn Ha koadpduumneHT ot 1,5 go 2. kana Ha
KapTe 4oMmKHa COOTBETCTBOBATbL LUKane npuodopa.

3) MHomBmayanbHble 3HaAYeHUst NS Kaxaon nogrpynnbl HaHO-
CSTCA MO BEpPTMKANbHOW NMHUW, @ MednaHa Kaxaow nogrpynnsl (cpea-
HSAS TOYKa UK, Npu YeTHOM o0beMe BbIOOPKU, cepeanHa Mexay BHYT-
PEHHMMW To4ykamK) BblgenseTcs B BuAe Kpyxka. Megmanbl nogrpynn
COEVHAKTCA JTOMaHON NMMHMEN.

9.5.2.KapTbl cpeaHux apudmeTU4ECKMX U
CTaHAAPTHbIX OTKMOHEeHun (X — S)

KapTtel X — S, kak u kapTel X — R, Bcerna npumensiiot napamm.
KapTbl pasmaxoB NMPUMEHSIIOT Yalle, Tak Kak pasMax fnerko BblYUCIUTD
N OH 3acpbekTnBEH Npu Manbix o6bemax noarpynn (MeHbLmx 9). Bbibo-
pOYHOE CTaHOAPTHOE OTKMNOHeHMe S ©Bonee 3adEKTUBHLIA MOKa3a-
Tenb M3MEH4YMBOCTM NpoLiecca, 0COBeHHO npu BonblmMx 06bemax Bbl-
Bopkun. Ho ero cnoxHee BbIYUCINTL U OH MEHEE YYBCTBUTENEH Npu 06-
Hapy>XeHUn O0COoBbIX NPUYMH N3MEHUYMBOCTU B OAHOM Touke. OBbIYHO
S-KapTbl NpuMeHsloT BMecTo R -kapT, korga BbINONHAIT crieayloLLme
yCnoBwusi:

- OaHHble onepaTMBHO 0OpabaTbiBalOT KOMMBLIOTEPOM;

- 418 BblMUCIEHUS S MPUMEHSIOT KarbKynsaTopbl, YTO YOOOHO B
noBceaHeBHON paboTe;

- UCnonb3ytoT 6onblUne 00 beMbI BbIOOPOK.

Tak kak pacrnpefeneHme CTaHOAapPTHOrO OTKIIOHEHUST OTNMYaeTcs
OT pacnpegeneHnsi pasmaxa, ocobble NMHUKM Ha S -kapTe paccyuTbiBa-
I0TCS cneayowmum obpasom:
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Cly=s= > ( -xF: 919
nk iz

LCL, = B, (9.16)

UCL, = BsS. (9.17)

3HaueHust mHoxwuTenein B, n B, Bbibupatotcs us Tabn. 9.3

Tabnuua 9.3

3HauYeHVst MHOXUTENS AN pacyeTa rpaHuny, perynmpoBaHms
Ha kapTe BbIBOPOYHbIX CTaHAAPTHBLIX OTKIOHEHWIA

2 3 4 5 6 7 8 9 10

] ] ] - 1003|012 019 | 0,24 | 0,28

3,27 | 257|227 209|197 |188 | 182 | 1,76 | 1,72

& || P>

266 | 195|163 | 143 (129|118 | 1,10 | 1,03 | 0,98

Mpumeyanue. Mpu N < 6 KOHTPOrbHas rpaHuua LSL§ He cTpouTcs

MonoxeHne cpegHelm nUHUM Ha X-KapTe onpegensietcs Mo
dopmyne (8.4), HO rpaHuUbl PErynupoBaHuUs pacCYMTbIBAKOTCA MO
dopmynam (8.18) n (8.19):

LCL, =X - AS; (9.18)

UCL, =X+ AS, (9.19)
rae MHOXuTtenb A3 Bbl6|/|paeTCF| B COOTBETCTBUK C Tabn. 8.3.

9.5.3.KapThbl MHAUBMAYANbHbLIX 3HAYEHUIA N CKOMNb3ALLMX
pasmaxoB (kaptbl X— MR)

Takme KkapTbl Uenecoobpa3HO MPUMEHSITb B  CregyloLnX
cnyyasx:

—MU3MepeHuns nokasaTens KayecTBa ABMAIOTCH AOPOroCTOAWMMU
(Hanpumep, MoryT BbITb Npon3BeAeHbl TONbKO paspyLlalwum UcnbITa-
HUEeM eOUHULBI NPOAYKLUMN);

- pesynbTaT npouecca B Nnobor MOMEHT BpeMEHU OTHOCUTENBbHO
ofHOpOAeH (Hampumep, pe3ynbTaT aHanM3a XUMWU4YEeCKOro pacTsopa),
yTO (hbakTU4eCKM JaeT pasmax, GrM3KUI K Hymo;

—NPOV3BOACTBO He ABMSETCH MaccoBbIiM (MPOAYKUUSA TeCTUpyeT-
CS1 NOLUTYYHO);
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—aHHble MOryT GbiTb MOMYyYeHbl TOMNbLKO MO UTOram onpeaerneH-
HOro nepvofa BpeMeHu (Mo OKOHYaHUM CMEHbI, CYTOK, MecsAla v T.4.).
WHavBuayanbHble 3HAYeHUs MPeACcTaBnsitoT cobor pesynbTaTthl

€[VHNYHBIX UCTbITaHui X, . Ckonb3asiwmii pasmax (MR - moving range)

npeacTaensieT coboil pasHOCTb ABYX MOCNeAoBaTeNbHO MOMYyYeHHbIX
nHONBUAYANbHbI 3HAYEHMWIA:

MR =[x = X_. (9.20)
[ns kapTbl UHAMBUAYANbHbIX 3HAYEeHUA 0cobble NMHUK onpege-
NATCA cnegylwmmM 0dpasom:

1
CL=X==)X; (9.21)
n=
LCI_X =X- EZMR; (9.22)
UCL, =X +E,MR; (9.23)
roe WQ - CPEAHNI CKOMb3SLNA pa3mMax:
- 1 &——
MR=——> MR . (9.24)
n-17=
EZ- MHOXMWTEIb, 3HAYEHNE KOTOPOro NMPMHUMAETCS Ha OCHOBaHWM
Tabn. 9.4.
Tabnuua 9.4

3HauYeHVst MHOXUTENS AN pacyeTa rpaHuny, perynmpoBaHmus
Ha kapTe MHAMBUAYaIbHbIX 3HA4YEeHWI

n 2 3 4 5 6 7 8 9 10

E, | 118|119 080|069 | 055|051 |043| 041 | 0,36

Ona kapTbl CKOMb3ALWMX Pa3MaxoB MOMOXEHUe cpeaHein NUHUK
onpenenseTcsa BeNMUYNHOM cpedHEero CKonb3sLLero pasMmaxa:

CL, = MR, (9.25)

a rpaHuubl perynmpoBaHus BbIYUCIISIOTCA MO crieayowmm dhopmMynam:
LCL, = D;MR; (9.26)
UCL,, = D,MR, (9.27)

roe MHOXUTenn D3 n D4 NPUHNMAaKTCA B COOTBETCTBUN C Tabn. 9.1.

Mo oTHoweHnio k kaptam X—R kaptel X— MR o6napator
cnefyroLwmnmMm ocobeHHoCTAMM:
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—KapTa WHAMBUAYaANbHbIX 3HAYEHUN MeHee YyBCTBUTENbHA K
N3MeHEeHUsIM npolecca nog AencTBMEM 0COBbIX NMPUYNH;

—MNpY HECUMMETPUYHOM pacnpeaeneHnn MHTepnpeTauus Takmx
KapT 3aTpygHuTensHa. B aToM cnydae npaBuna, yka3aHHble Bbllle Anis
X kapT MOryT gaBaTb MpPU3HaKW OCOBbIX NPUYMH, OaXe ecnin OHW OT-
CYTCTBYIOT;

—KapTa MHAMBUAOYanbHbIX 3HAYEHWA HE BOCMPOM3BOAWT MOBTO-
pPSEMOCTb NpoLuecca OT O4HOM €4MHULLBbI MPOAYKLMM K APYrov eanHuue.
Ecnn yyeT NOBTOPSEMOCTM UMEET BaXHOE 3HAYEHWE, PEKOMEHAYIOT
ucnonb3osatk kapTel X — R npu o6beme BbiGopok N=2-4, naxe ecnu
BbIGOPKM MOTYT BbITb OTOOPAaHbLI TONBKO Yepes3 ANUTESNbHbIE NMPOMEXYT-
K1 BPEMEHMU.

[nsa kapTbl MHOMBMAYANbHBLIX 3HAYEHUI LKAy BbIOUpaOT Taknum
06pasom, YToObI ObINN BKOYEHBI OOMbLUNE 3HAYEHUST U3 CIEAYIOLLNX:

- Npepgenbl Nonst Aonycka nrc 3Ha4YeHns U3MePEHUiA, BbilleaLume
3a 3TU Npegensl;

- pasHOCTb Mexay HaumbonblMM WU HauMeHbLUMM WHAMBWUAOYanb-
HbIMW 3HAYEHMSIMUN, YMHOXEHHast Ha koadpmumeHT oT 1,5 o 2.

Wkana ansg MR -kapTbl gormkHa GbITh Takon xe, Kak 1 Ans KapThl
NHAMBUAYANbHbIX 3HAYEHWUNA.

9.5.4.KoHTponbHas KapTa Aosie HeCOOTBETCTBYHOLLUX
eavHuy ( P -kapTa)

Kapta oToGpaxaeT W3MEHYMBOCTb [ONM HECOOTBETCTBYHOLLMX
evHuy, (ypoBHsi Gpaka) B KOHTPONIMPYEMOW rpynne:
_ b
P, =—, (9.28)

n;

roe pnj- YNCNO HEeCOOTBETCTBYHLMX eaunHUL, npoaykuunm B rpynne

obbemom N i

KoHTponupyemas rpynna mMoxeT ObiTb BbIGOpKOW onpeaeneHHo-
ro obbema, oTbmMpaemasi, Hanpumep, ABaXabl B Ae€Hb; YacTbio NPOAYK-
UuK, BbINYLLEHHOW 3a onpedeneHHbli NMPOMEXYTOK BpemMeHu u T.4.
MOXXHO KOHTpPONMpPOBaTb OOWH MMM HECKOMNbKO MokasaTenen kavyecTea.
Ho B ntobom cnyyae Heobxoanmo, 4YTobbI

- KaXOyl KOMMOHEHTY, YacTb WNX u3genue nocrie npoBepKu
MOXHO ObIfIO 3anncaTb kak COOTBETCTBYIOLLYIO UM HECOOTBETCTBYHO-
LWy, OaXe ecnvm B MOCregHeM cryvae efvHuua Npoaykuum umena
HECKOINbKO KOHKPETHbIX HECOOTBETCTBUM;
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- pe3ynbTaTbl KOHTPOSIS MOXHO ObINO CrpynnUMpoBaTh B COOTBET-
CTBMU C ONpefenieHHbIMU KPUTEPUSIMU U HECOOTBETCTBYIOLLNE €OUHM-
Ubl MOXHO 6bIN0 BbIpa3uTb B BMAE Aonen oT obbemMa noarpynnbl.

YTto6bl Gbina BO3MOXHOCTE OGHAPYXMTb M3MEHYMBOCTL MpoLec-
ca Mpu KOHTPOSe Mo anbTepHaTMBHOMY MpU3HaKy, B noarpynne xena-
TENbHO UMETb HECKOJSIbKO HECOOTBETCTBYIOLIMX €AuMHUL (NPeanoyTu-
TenbHO NP> 5). MNoatomy o6beM noAarpynn AOMKEH COCTaBnATbL oT 50

no 200, a npu HeobxoanmocTn — n Gonee. Npn HN3KOM YpOBHE HeCo-
oTBeTCTBMI ycrosue NP> 5 orpaHunymsaeT obnacTtb NPUMEHEHUS KOH-

TPOSbHbIX KapT AN anbTePHATMBHOIO Npu3Haka 1M3-3a HegomnycTUMoro
yBenuyeHns obbema BbIGOpok. UToObl yNOBUTL BCE BEPOSITHLIE UCTOY-
HWKN M3MEHYMBOCTMW, YACIO NOATPYNM AOIMKHO ObITb HE MeHee 25.

Bonblwon obbem noarpynnbl MOXET ObITb HEAOCTaTKOM, ecrnu
Kaxkgas nogrpynna CoOOTBETCTBYET ANMTENIbHOMY MPOMEXYTKY Bpeme-
HU. lo3TOMy BO3MOXHO WCMONb30BaHME MOArpynn HEeOAUHAKOBOro
obbema, HO pekoMeHAyeTCs, YTOObl 00bEMbI NOArPYNN OTNMYANIUCL He
Oonee yem Ha * 25%. OpgHako pekoMeHOyeTCs COCTaBMsATb MiaH Ha-
onogeHnit Takmm obpasom, 4Tobbl 06BEMBI BCEX MOArpynn Obinm oan-
HaKoBbIMU.

YacTtoTta cbopMmpoBaHns noarpynn JormkHa ObiTb CONOCTaBUMOWN
C nepvoaamm NpPou3BOACTBa, YTOObI NoMoraTb NPOBEAEHUNIO aHann3a u
YCTPaAHEHMIO HalWOeHHbIX NpudnH. KopoTkne uHTEepBanbl BpeMeHU Mo-
3BOMAKT YCKOPUTL OOpaTHY0 CBS3b, HO MOTYT BbI3BaTb MPOTUBOPEYNS
¢ TpeboBaHveM BonbLmnx 06beMOB NoArpynmn.

Ocobble nMuHWM Ana P -KapTbl paccyYUTLIBAOTCHA CneayloLwwmm

obpasom:

o _npt.tnp +ngp
cL=p n+..+n+..n (9:29)

LcL, = p-3¥ PP/ PlL-P). (9.30)
Jn

—Vp(lp) (9.31)
vn

roe N - o6bem nogrpynnbl NPy YCroBMM, YTO BCE MOArPYMMbl MMEHT

0VHAaKOBbI 00BbEM.
Ecnn mncnonb3yoTcs noarpynnbl pasnuyHoro obbema, Ho Bbl-
MosiHsIeTCs ycrnoBume, YTo oObeMbl MOArpynn pasnuyatrTcs He Gonee

YyeM Ha = 25%, 10 B (9.30) 1 (9.31) goNyCTUMO NPUMEHATHL CPEOHUN
ob6bem nogrpynnebi:

UCL

p

p+3

118
@I'BOY BIIO «MI'TY um. I'.U. Hocosa»,
© Pymsnyes M., Pyuuncras H.A. (enasvt yuebrnozo nocobusi)



1 k
n=n==->n,. (9.32)
k&

Ecnn obbembl nogrpynn pasnuyatotca 6onee, yem Ha 25%, TO
ONs KaxOgow noarpynnbl HeobxoauMmo paccunMTatb UHAMBMAOYasbHblE
KOHTPOSbHbIE FpaHu1LbI:
— AAPpl-p
LCL,; —B—p( P) ; (9.30)

n,

UCL, = |‘o+3—“5\(/17n_5), (9.31)
j

B Takom crnyyae KOHTpOIfbHbIe rpaHuLbl Ha [P -kapTe CTaHOBATCS
cTyneHyatbiMm (puc. 9.10).

I
o

10

1

(N TR T Tl T T - H B T =i 0 B N 1 -0 I o 0 N D O I

g 5 10 15 20 25

Puc. 9.10. MNpumep P -kapTbl Ans COBOKYMHOCTM MOArPYMn ¢ CyLLECTBEHHO
pasnuyHbiMu o6beMamu

I'Ipvl Manblx P uvnu N 3HadYeHus HWKHEN KOHTpOJ‘IbHOI7I rpaHnLbl
CTaHOBATCA OTpulaTenbHbIMW. B Takom cnydyae npuHUMaeTcA

LCL, =0.

BepTukanbHas wkana ans gonen (Mnu npoueHTOB) HECOOTBETCT-
BYIOLLMX €AMHUL, JOIDKHA cogepaTb MHTepBan OT Hyns 40 Hanbonb-
Lero 3Ha4eHusi OONM HEeCOOTBETCTBYIOLUMX €OUHUL, OTMEYEHHOro B
NCXOAHbIX AaHHbIX, YMHOXEHHOro Ha koadduumeHT ot 1,5 go 2. 3Ha-
YeHUs1 p ONs KaXkOoW noarpynnbl HAHOCATCA B BUAE TOYEK U COEOMHS-
HOTCS TIOMaHOWN NIMHUEN.
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9.5.5.KoHTponbHas kapTa YMcrna HeCoOOTBeTCTBYHOLMX eAUHUL,
(NP- kapTa)

Kapta NP otoGpaxkaeT M3MEHYMBOCTb YMCria HECOOTBETCTBYHO-

WMX eOVHUL, B KOHTPOSIMPYEMbIX MapTUsix npoaykuun. Kak v npu no-
CTPOEHUM ]I -KapTbl YACIIO HECOOTBETCTBUM B €AMHMLE NMPOAYKLUUM HE

MMeeT 3HA4YeHUs, HO Ha Hee HaHOCAT AENCTBUTENbHOE YMCINO HEeCoOoT-
BETCTBYIOLLMX €OUHUL, @ He X JON B noarpynne. PekomeHayeTtcs K
NPUMEHEHNIO, KOrda OeWCTBUTENbHOE YMCIIO HECOOTBETCTBUMI Bonee
BaXXHO UNW €ro npotue nonyyYnTb, Yem A0 HECOOTBETCTBYIOLLNX eau-
HUL, a TaKKe, ecriv pasmep BblIOOPKN MOCTOSAHHbLIN.

Kak n npu noctpoeHum P -kapTbl, nepuoa otbopa nogrpynn
[OomkeH ObiTb COMOCTaBMM C nepuogamu npovM3BOACTBA M CUCTEMaMM
obpaTtHomn cBs3n. Bbibopkn AOmKHbBI ObITb 4OCTATOMHO BOMbLWIMMUK, YTO-
Obl OOHapYXWUTb HECKONbKO HECOOTBETCTBYHOLUMX E€OUHUL, B KaXKOoM
nogrpynne. MNpuHUuNManeHoe OTNUYME 3akmiovaeTcsd B TOM, 00bEMbI
noarpynn AoSmMkHbl ObiTb OANHAKOBBI.

Ocobble nuHUM ans NP -KapTbl paccyMTbIBAOTCS CneayoLmnm
obpasowm:

+...+np. +...
ClL,=mp= i Ep‘ LY (9.32)

LCL,, =mp—3ymp(l-Pp); (9.33)
UCL,, =mp+3ynp(l-p). (9.34)

roe NP - cpegHee YNCro HECOOTBETCTBYIOLLMX eOUHWL;

K - uncno nogrpynn.
9.5.6.KoHTponbHas kapTa 4yMcna HecooTBeTcTBUM ( C - KapTa)

KapTa gaHHoro tuna otobpaxkaeT M3MEH4YMBOCTb 4YMCria HECoOoT-
BETCTBMI B KOHTPONMPYEMOW NapTuu, T. €. y4uTbiBaeTcs obLiee 4mcno
HECOOTBETCTBMA B KaXAOW efuHuue npogykumn. PekomeHayeTcs K
NPUMEHEHNIO B CrEAYIOLWNX Cry4Yasax Koraa:

- HECOOTBETCTBUSA MOryT ObITb pacnpenenieHbl No MOBEPXHOCTU
unm obbemy npoaykumm (Hanpumep TpewuHbl Ha 6GonTte, Nysbipy B
CTEKIIE WM TOYKM TOHKOW M30MAUMM NPOBOAA) M KOorga MOXeT ObiTb
BblYMCIIEHA CpeaHAsa A0Sl HECOOTBETCTBMI (HanpumMep YMcno TPeLuH
Ha 100 M° NMOBEPXHOCTMN);

- B OOHOW KOHTPOMMpyemon eauHule MOoryT 6biTb OBHapyXeHbl
HECKONbKO HECOOTBETCTBMI (Hanpumep, KOHTPONb Ha aBTOPEMOHTHOM
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NpeanpusTUN, TOe Kaxabl OTAENbHbIA aBTOMOGMIb MOXET UMETb Of-
HO UIIN HECKOJSbKO HECOOTBETCTBUI).

O6beMbl KOHTPONMPYEMbIX noarpynn (YNCno eguHuy, nnowiagb
MaTepuwana, AnuHa npoesoda U T.4.) 06s3aTenbHO AOIMKHbI ObITh paB-
HbelMu. B npoTvBHOM crnyyae gaHHble GyayT oTpaxaTb He W3MEeHY-
BOCTb kayecTBa (4acTOTy MOSsIBNEHMSI HECOOTBETCTBUI C), a M3MeHe-

Husa B 0O0beme noarpymnn n;. Ha kapTy HaHOCSAT YMCIIO HECOOTBETCTBUM
C B Kaxkgow nogrpynne.

Ocobble nMMHUK Ans C-KapTbl PACCUYMTLIBAIOTCS CrnieayoLwmum o6-
pasoM:

Ces GG TG

cL, > (9.35)
LCL, =¢-3Vc; (9.36)
LCL, = -3Vt (9.37)

roe C - cpedHee 4nCno HECOOTBETCTBUNM;
K - uncno nogrpynn.

9.5.7.KoHTponbHas KapTa Yyacna HeCOOTBEeTCTBMI Ha eAUHULLY
npoaykuum (U - kKapTa)

KapTa gaHHoro tuna mcnonb3yeTcs Ans oTobpaXeHus yucna He-
COOTBETCTBMIA HA YYETHYIO KOHTPONUPYEMYIO eOuMHMLY B MOArpynnax,
KOTOpble MOTYT UMETb Pas3nnyHble 06beMbl (MM KONMYECTBA KOHTPO-
nupyemoro maTepuana):

u =

, (9.28)

> |_o

i

PaccmaTpuBaemas kapta nogobHa C-kapTe, HO YUCNO HECOOT-
BETCTBUM NOACHUUTBLIBAIOT HA eavHuuy npoaykumi. M U- kapTta, n C-
KapTa NpUMMEHSIIOT B OOHMX M Tex e cnyyasx. Kpome Toro, U- kapty
MOXXHO NMPUMEHATb, €CNK NOArpynna coaepXuT bonee oaHON eanHNLbI
npoaykuun (4Tobbl caenatb OTYETHOCTb Bornee 3Hayumon), a Takke
ecnun o6beM BbIGOpKN MeHseTCA. MiHoraa yyeTHas eguHuLa nNpoaykumm
oTNnM4aeTcst OT NPON3BOACTBEHHON eaAnHULBl. Hanpumep, B oTyeTax no
yMcny HecooTBeTCTBMI Ha 100 eguHML NPOAYKUMM YY4ETHOW eauHuLEen
ansetca 100 Npou3BOACTBEHHbIX eAuHUL, U N NOoKasblBaeT CKOMbKO
COTEH eanHWL, NPOAYKLMN NPOBEPEHO.

O6bembl BbIOOPOK HeobA3aTenbHO MOCTOSsIHHbI OT MOArpynnbl K
noarpynne, XoTa nogaepxaHve ux B npegenax 25 % Bbille UK HUXe
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cpegHero ynpoLiaet BblYMCNEHNE KOHTPOJIbHbIX rpaHuu,.
Ha kapTy HaHOCAT YMCMO HECOOTBETCTBMI Ha €AUHULY B KaXXOOW nog-
rpynne.

Ocobble nuHUK ana C-kapTbl, NpY yCroBun, 4To 0Bbembl noa-
rpynn pasnuyarTcs He Oonee yem Ha +25%, paccumTbiBalOTCA Crie-
ayowum obpasom:

q+...+Cj +...C, _

CL,=Uu= o, : (9.35)
LCL, =U_3E; (9.36)

_ u
UCLu =u+ ﬁ , (9.37)

roe U - cpegHee YMCIo HECOOTBETCTBUIA Ha eauHULY NPOAYKLWN;

N- cpegHwii o6beM noarpynnel. PaccuntbiBaetcs no dopmyne
(9.32).
Ecnn o6bembl moarpynn pasnuuyatotcst 6onee yem Ha 25%, TO
ONS Kakgow noarpynnbl HeobxoAMmo paccuuTatb UHAMBUAYalbHble
KOHTPOMbHbIE rPaHnLbI:

LCL, =u-3 ni; (9.38)
J

_ u
UCL, =u+3 —. (9.39)
J
B Takom cny4yae, Kak U Ha p -KapTe Oona noarpynn cywecTtBeHHO

pasnu4yHoro obbema (puc. 8.10), KOHTPOSbHbLIE FPaHWLIbI HA CTaHOBSAT-
ca cTyneHyaTbiMu. MNprMeHeHne Noao6HbIX NEPEMEHHBIX KOHTPOSbHbIX
rpaHnL, MOXET BbI3BaTb OLUMOKM MPWU aHanM3e KOHTPOMbHbIX kapT. lo-
3TOMY pEeKOMEHAYeTCsl  UCMonb3oBaTb  NOArpynnbl  OAMHAKOBOrO
obbema.

9.6.PekomeHaaLmm no BbIGOPY KOHTPOSbHLIX KapT

KOHTpOJ‘IbeIe KapTbl Ona KONM4eCTBEHHOIO Nnpu3Haka npuMeHAarT
B TeX cny4dadXx, Korga npun permcrtpaunmn gaHHbIX (*)I/IKCI/IpyPOT N3MepeH-
Hbl€ 3Ha4YeHUA XapaKTepuUCTUK npouecca. KOHTpOJ'IbeIe KapTbl Ana
KONMM4eCTBEHHOIo npmn3Haka npeano4vTuTeribHbl NoO cneayvwmmMm npuyn-
HaM:
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1. YncneHHoe 3HayeHue (Hanpumep, AMameTp paBeH 16,45 mm)
cogepxut bonblle MHgopMauun, YeMm perncrTpauus anbTepHaTUBHbIX
CcoObITUI «da-HeT» (Hanpumep, AMameTp BHYTPU MOMs Jonycka Wnu
BHE Moris JOMnycka).

2. Obwume 3aTpaTbl HA M3MEPEHUS B HEKOTOPbIX Crlydasix OKasbl-
BalOTCS HWXKE, XOTHA MOSyYeHne OOHOro OTAENbHOr0 M3MEpPeHUs JOpo-
Xe, YeM nony4vyeHue eamHuLbl JaHHbIX B BuAe «ha-HeT», Tak Kak Aans
nony4YeHns 0OCTaTONMHOM WHopMaLMM O Mnpouecce 3adacTyio Tpeby-
€TCs U3MEPUTb MEHbLLEE YUCIO eaMHML, NPOAYKLUN, YEM MPU KOHTPO-
ne no anbTepHaTUBHOMY MPU3HAaKY.

3. bnarogaps MeHbLUeMY 4uCry eAuMHUL, MpoayKuuW, noanexa-
LLUMX KOHTPOJIIO, COKpaLLaeTCss BPeEMS MeXAy WM3roTOBIEHWEM MPOAYK-
LU 1 KOPPEKTUPYIOLWMMMN OEACTBUSIMA, €CIU MO pe3ynbTaTtam KOHTPO-
NS OHN HEOOXOAUMBI.

4. Yny4dweHue npouecca MOXeT ObiTb OLEHEHO KONMMYECTBEHHO,
Jaxe ecnv Bce uHAMBUOYyarnbHble 3HAYEHUS fexaT BHYTPU YCTaHOB-
MNEeHHOro gonycka. OTO BaKHO Npw NpoBeAeHNM aHanns3a u ganbHewnwe-
ro HemnpepbIBHOrO COBEPLUEHCTBOBAaHMSA npouecca.

5. C nomoLLbio KOHTPOSIbHbIX KAPT MO KONMYECTBEHHOMY NPU3HAKY
MOXHO 0BBbACHUTL NOBEAEHNE NpoLecca kak no pasdpocy (M3meHeHue
OT €O4MHULbI K eQuHULE), Tak U NO PacrnosfioXeHU0 YPOBHSA MpoLecca
(cpegHemy npouecca). bnaropgapsi 9ToOMy KOHTPOnbHbIE KapTbl NO KO-
NMYECTBEHHOMY NPU3HAKY MOXHO aHanu3upoBaTb MOMapHO: OA4Ha Kap-
Ta Ans cpefHero npowecca, apyras — Ans pasbpoca.

KoHTponbHble KapTbl AN anbTepPHATUBHBLIX MPU3HAKOB MOryT UC-
nonb30BaTbCs MO CMEeAYLWUM NPUYMHaM.

1. AnbTepHaTMBHbIE AaHHbIE MOXHO MOMy4YUTb B pe3ynbTate pa-
00Tbl NOOro TEXHNYECKOTO M agMUHUCTPATUBHOIO npouecca. Camas
TpyaoHas 3agaya npu 3ToM — co3faTb TOYHble paboune onpepeneHns
HECOOTBETCTBUS (4TO 3TO TaKoe, Kak M3MEpPUTb, NPU KakUX YCIOBUSX U
T.M.).

2. Mony4eHne anbTepHaATMBHLIX OaHHbIX (MPU KOHTPONE, PEMOH-
Te, COPTUPOBKE U T.M.) He TpebyeT JONONMHUTENbHbLIX 3aTpaT; Heobxo-
OMMO TOIbKO HAHECTU 3TW AaHHbIE Ha KOHTPOSbHYHO KapTy.

3. Heobxoguma onepaTMBHOCTb, MPOCTOTa U HEOOMbLUWE 3aTpaThI
npu cbope AaHHbIX, HanpMMep € MCMNoNb30BaHNEM MPOCTbIX Kanubpos
(Tvna «ga-HeT»), He TpebyeTcs cneumanbHOro ooy4eHus.

4. OT4yeTbl ONA pyKoBoACTBa codepaT anbTepHaTuUBHblE OaH-
Hble. Hanpumep - NpoueHT n3genuii, MPUHSTLIX C NepBOro npeabsene-
HWsi, 06bem Bpaka, YMCro OTKIMOHEHWI NpU NPOBeEpKe KadyecTBa usge-
i n matepuanoB. KoHTponbHble KapTbl MOryT ObiTb MOMe3Hbl Mpw
aHanmae aTux oT4yeToB, Bnarogapsi BO3MOXHOCTM pa3nuyaTb U3MeHYU-
BOCTb OT 0ObIYHBLIX U OCOBbLIX MPUYKH.
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5. lMpu BBEOEHMN KOHTPOMbHbLIX KapT B OpraHv3auuvM BaXKHO Orl-
pefenvTb nepsooyepenHbie Mpobnembl M MCMONb30BaTb KapTbl Tam,
roe oHu Haumbornee Heobxoaummbl. CurHanbl 0 Npobrnemax MoryT MCxo-
OWTb OT CMUCTEMbI YNpaBIieHNs U3gepXkkamu, NpeTeHsnn notpedburtenen
n T.N. NpyMeHeHne KOHTPOrbHbLIX KapT ANS anbTepHaTUBHbBIX MPU3Ha-
KOB MO OCHOBHbIM MOKasaTensM KayecTBa MpOAyKUMW MOXET ykasaTb
Ha BO3MOXHOE MCMOSIb30BaHME KOHKPETHbLIX KapT AN KONMYeCTBEHHO-
ro npu3sHaka.

Anropytm BblbOpa TWNa KOHTPONbHOW KapTbl Wu30bpaxeH Ha
puc. 9.11.

OfPENENMUTE XAPAKTEPUCTUKY,
AN KOTOPOV HY)XXHA KAPTA

ISHOTCA
LOAHHBIE
KOMUHECTBEHHbIMA?

PAMEHVTE
U KAPTHI

il

NPUMEHITE np MPAMEHITE o
VW p KAPTH WM U KAPTBI

NPOLECC

HOPO/IEH 1O
TPYPOLE WK HETOAXOLs|
PA NOAFPYIIN,
HAMPUMEP, XVIMUHECKAS

NPUMEHWTE
[ KAPTY MEQMAH

KPACKM A TN

o MPUMEHIATE X-R
KAPTY
NPAVEHITE KAPTY

MHAVBUAYATIHGIX
SHAUEHW X-MR

MPUMEHVTE X-R
KAPTY

[MPYMEHMTE X-s
KAPTY

Puc. 9.11. Anroputm Bbibopa Tvna KOHTPOSIbHON KapTbl
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9.7.KOHTpOJSIbHbIE BONPOCHI

1. Yto npepcrtaBnsieT cobow KOHTporbHasa kapta? Wsanoxute
NOpsiAOK NOCTPOEHUST KOHTPOMBbHOW KapThl N HA30BUTE €€ SNEMEHTHI.

2. TosAcHuTe 0OWMIN Noaxon K onpenerieHnto MONoXEHNs LieH-
TparbHOW NMNHUN Y KOHTPOSbHBLIX FPaHWUL, Ha KOHTPONBLHOW KapTe.

3. YKaxute OCHOBHble TUMbl, NPeMMyLLLeCTBa U HEAOCTATKN KOH-
TPOMbHbIX KApT MO KONMYECTBEHHOMY MPU3HAKY.

4. YKaxuTe OCHOBHblE TUMbl, NPENMYLLECTBA U HEOOCTATKM KOH-
TPOMbHbIX KapT NO anbTepHaTUBHOMY MPU3HAKY.

5. MNepeuncnute npmnsHaku NposiBNeHnUs 0cobbIX NPUYMH Ha KOH-
TPOnbHbIX KapTax.

6. Kak MOXHO MHTepnpeTupoBaTb dhakTbl PachONOXEHUS TOYEK
BHE KOHTPOJSIbHbIX rpaHuL, Ha X-kapTte?

7. Kak MOXHO WHTeprnpeTupoBaTb (dakTbl pacrnonoXeHns Toyek
BHE KOHTPOfbHbLIX rpaHnLl Ha R-kapTe?

8. Kak MOXHO WHTeprnpeTupoBaTb [AJIMHHbIE CEepuM TOYEeK Ha
X-kapTte?

9. Kak MOXHO WHTepnpeTupoBaTb [AfIMHHbIE CEepuM TOYEK Ha
R-kapTe?

10.Kak MOXHO UHTepnpeTupoBaTh (hakT pacnonoxeHuns 6onbLuo-
ro Konnyectsa Tovek BO6MM3U KOHTPOMbHbLIX rpaHuL unu s6nuaun cpeg-
HEen NMHUN?
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