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METOZUKA TTOCTPORHMA KOHT POJBHO-
AUATHOCT MY ECKX TECTOB L JHUBEPCATBHbL
0JHOPOZHNY, CTPYKTYP

D

,8.0paarnmusunn, B.B3.4rHaTyueHx0

HHCTHTYT aBTOMATHRYN U TEIEMEXAHUKI
/TeXHUYECKO!! RHOCDHeTVRN,

liocksa, CCCP

OZHODPOZH:E CTPYKTYPH MPEjiCTABIAAKT HOZHI KISCC CXEM, COCTC-
AUMY ¥3 ONHOTHIHLX 3JIEMEHTOB, COE MHEHHLX rﬁ;;, Cco00i OZUE
KOBHM 00P&30M ¥ NPOrPaMMHO HACTPEUBAEMLX HA BMIONHEHHE Tpely-
cMuX JyHKUOVHE., B pesympTaTe uCClEAOBAaNMii, NMPOrE€AEHHHI B UHCTI-
TyTE 2BTONATUKA M TelAcMeXaHHUKN /TeXHUUECKO! xuGepremuin/, a
TaKie B pAZe APyrux oprasmsaumit 3 CCCP y 3a pyGeiou, ycTa.0B-
leHO, UYTO OZHODOZH:E HACTPANBAEMHE yHUBEDCAJbBHLNE CTPYKTYpPH
' ABIAKTCHA OZHNMM U3 Hauoonee SEHEKTUBHHX ¥ NMEDPCTHEKTVLBHHX CPEiCTB
peanuszlyy Ha MHTEPPAaJbHHX CXeMaX /OCOOEHHO Ha OOMBLUX MHTED-
paibHEX cxeMax - -BUC/ nudpoBHX ycTpOiicTB @BTOM3THKI, TeENe-
MEXAHYKN ¥ BHUMCJNTEABHON TexHuxn. OCHOBHHME ZOCTOMHC TBAMY
OZ{HOPOZHLX HACTP2MBAEMHX MUKDPOJJieKTDOHHHX CTPYKTYD ¥ JCTDOICTR
peani30BaHHNX HA XX OCHOBE, f#BIAKTCA: JHHBEpCAibHOCTE, I'MG-
KOCTh, 2KOHOMWYHOCTH, HaZELHOCTH U ZUBYyUECTH, BHCOKAf IpPON3—
BOANTEABHOCTh, TMEXHONOLCMYHOCTH M3LOTOBJCHNMA, BHCOKHY yDPOBEHD
CTAHZAPTH3AINY ¥ HHU3KAA CTOMMOCTBH.

5 HacTofuell paboTe MH XOTHM NMOKA23Th, YTO DCLYNADHOCTD
O/{HODOZHUX CTP jKTYDP NPUBOAHT K cymec BEHUHOWKY YyNPONEHND MEeTO-
ZOB IIOCTpOEliNs KOHTPONBHEX ¥ ZAMAIlHOCTHYECKNX TCCTOB, a TakKie
K DE3HKOMY YMSHBUEHHID BDEMEHN IPOBERKI yCTpoAcmq peanusyeMux
B 3THX CTPYKTypax.

llpezmonsraeTcs, 4To cXemMa JIKRCOIO KOHEYHOrO 2BTOMATa, pe-
dnM30B3HHEOIMO B OZHODPOZHON CTDyRILyLE, OYHKLEOHUD/ET HCIPABHO,
eCi¥ MCNP23HH T€ (YEEUZUHANBHHE SJCHEHTH CTPYHETYDH, KOTUpHE

HCIONB3YITCA ZNfA NOSTPUCHNA 384XHHOL cXeMi. Torfa KOHTPOND
UCHPABHOCTY M LNAPHOCTHLA HENCI{PaBHOCTHM MNic00il peaii:30BaHiHOil

B OZHOPOIHOi CTPYKTYDE CXEMU CBOAMTCH K NPOBEPHE SNEMEHTOB,



00pasyRIUX CTPSRIYPY. TaKk KAk (yixuMOHRIBHUE AYE Ky OZHODOZHOI
TPYRTYPH OZHOTHMIEH 1 HME KT OXHHAKUBLHE CBAZK MEsZy coluil, 'To

Co-iaCOpH U3 KOHTPONBHOIO ¥ ANAPHOCTHUSCHEUPO TECTZ Il UZHO-
ZHO! CTDYKTYDH B IEJIOM HBIAAKTCH COBOKYMHOCTAMH TeCT—Hao‘opos'
s Tecra QA0 QYsKUNOHAABHOL AvelKu /aneMenTa/ 2TOH CTPYKT/Du.

a1

v

Te
Do

SOCCMATDHBANTCA T&XME CTDYKTYpPH I3 PAUOTH 1 s B KOTOpHX
SNISMEHT €CTh KUH ¢ K BXozeuu m
@ BuXozami, MNpMUEM MaMATH BKINYE:32 B CXEMy 2BTON4ATE TAK,

4TO MOEET OuTH HCIOAB30BAHA TUNBKO XAA HACTPOHEN SIcCMEHTA.
U3 o0uero yucna K BXOZOB, P BXOZOE COOT! JETCOBYET MoulSleMed
HHM CBAI3AM, T.6. OTOXZASCTBIAKTCH C DjPUX SIEMCHTOB
CTPyKT ypH. UcrTailbHie A=@ BXOZOB HBAAKLTCA YiIpaBIASOUENE U
{CMONB3YRTCA AN NMOZAYY CULH2IOB HACTPOLXN H3BHE.

fna zamarEoro (K,@) -nommczuna - Jyin
CTPYKTYDH — MOXIHO noquozws 1o ueronnxe 23
/c':e:iemipmm/ MPOBEPOUHII TCCT #Micn  TO 1LaLI01
MEHTZ2,. lUycTh uMHEHMHATBHuUN TECT [Imin 10 o HOMY
HT U3 A TecT-HAGODOB:

/7mm-f Z’g ¢ o th JL/

B 0zHODOZHON CTDYKTyPE HADYSHLUME EEBOZSHIH B ciyuee
i34 zie:-:u'rop*.:e BXOZH N Kp&i 5UX no-—

lampurep, B
L.‘.,Topo,» uMeeT
MOEET OuTH Nepeial

Zm+2m,

X0708, puc.l.

tlocgon

B COCTEEICT
,}';ZOG;iO paccuartd

T
JYHKITH
2o :

QHANBIL SAGMEHT OJIHODOZHOI CTPyKTYDPU XAK COBOKYIHOCTD HACI-
o . LEA LA S
TUYHHZ DISMEHTAPHHX MepeiakinX KaHaI0B /B32ui0ZelCTIDYRNNL Me.

ay cw‘_; zzn_; 2pn <JJIb»LCxiT“/, YKCJH0 KOTOPHX PaBiO /0=7 o fax,
TYHKOUOHANBHY BIEMEHT CTPYKTyDH, u200paze v f .
{QHALOD..

paccrarTpuBaeTcd neK COBOXYIHOECTE
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70B/. lpeaAnonaragTcA, YTO BHXOZ BIELEHTAPHOI'O Karala F
JaHHOL fuelixy ABAASTCH BXOZOL TAKOTO xe kauama - f¢ cocei-
Hell Aveliru.
Beejieu onpe,ensiua IAf TeCT-HAGOPOB, ﬁonaeaem;zx #a co-
censme sueucnt A n 8 ,cnﬂ;mwe Mo £ -My EKaHauy,
UycTh Ha BXOAM dicMenTa @ MNOZALH CUPHANM /6’,,..61., ép,
6;,, o @ | cooTseTcTByLINE TECT-HAGODY T U3 /1/ Z7Zecs
€ npurnacT 3Hauenme O yumm Lj @y - curHza Ha ( -u
p-nioze /T.e. CuPHaid HA ~BXOJe (¢ -0 BJIEMeHT2p:i0r0 KaHaia/,
G/m - CUTUHall Ha (Ibd} M jUEpaBiAAbUued /HacTpoucunoM/ BXOIE.
Eeuy sucuext @ VCHDAaBeH, T0 HZ BHXOZAX €r0 MOABIALTCA CUr-
sanl (Ghnty6 buni .. Clun p) . Bemy ie ¢ =i vanan snenciza @

HeUuCipaBCil, HEICIIPaBeH \i:yllKl’,IIUh..Iu Lt JJTCLIE)uT a B ue-

Auvii, B8 ¢ =} BHXOJE &I0 MOFBHTCH CHIH éinx; ;

Dysen nasusars TC‘CT—”dOOp [éy,.,é’z... 5,,4, 6’¢/ , noza-
paenull na suacwenr € (SCTULEN MO ¢ -y HaNpaBieHmL /Ka-
aany/ ¢ wecT-HaGOPOK /g’,,,,..é;,., g"ﬁ, ,,,g:/ﬂ , M0ZaBacMM

B2 BNSNEHT @ , €C/I 3HGUEeHme Gy HE € - BHXOZE UCIpPaB-
HOI'O 3J7eMeHTa & « COBHAZAEET CO 3HaUEHMEM CUIHAIA h_. BxOJE ¢
¢ -Tu KaHazla c‘w‘x”"Tu € s recr-i agdope /6',." ¢~-6;o,,,.,€z

T.€. ég’,“ —G/, . UbeB..JLIO, UTO DM G gwe ;ég eCr-
560D /61..&.-6'/,4.,.. e BouGLE He MOHET GHTH NDUMEHEH X
aneueury € .

, Hanpuuep, H3 SUEHMGHT @ JBYHaNDPAaBAEHHOH OZHU
KDY Pil, pm.a , lozaeTes TeCT-Ea60p /(166/ = Oul
iD} STull HA TODMIOHTEHBHOM BHYXOZS HCIDABHOIO 2IEMEHTa &
[[yCTh MUABNACLCH CHUIHAN df’«x =0, luria a2 sacueHT €
HuxeT CHTH NMOZAH TOJBHO TaKOi TecT-HA00D, KuTOp:L ABAfETCHA
MHM C /é,éé) T.e. MMELNHI BHAYEHME CulHana
HA CODPMBOHTAIBHOM BXOZe. Leiunm KauZnil us TecT-Ha00-
poe & 1 z‘ ABIACTCA COBMECTHMHM C ApyrPmi, TO 9TH - ABa TECT-
Hatopa GyZeM HA3UBATH® B3aNMOCOBLEC THM:IMIU. -
B vacTHO Ciiyuae COBMECTHMEHE TEeCT-HAUOPH MOLYT  COBMIA-
IpHLED, /d,(d)) /51553}‘:-00{ , ka
COCEiNNX MO BepTHXANN, Duc.Z2. Taroil TecT-

STTT e M AYTAAATITA et
adb CalDOCUBEICOC LI L »

4 «)€
coBuMesCcTHii TecT-HAGOD /{,&6?414/)

1)
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nozaBacuuil Ha ouaemeHT € s CONDAXEHHNM MO ¢ -MYy H2NDIBACHUD
/1asai;/ ¢ TecT-nacopot /Gy 6 v s« 68)% |, nomasaemm
Ha 37NeMeHT @ , €Clil usuese e BHAueHUA CuLHAIA (é',“'/ﬁa
g}“u' / H& ¢ -M BHXOZe anemenTa G , U3-3a, HENCIDABIOCTH
MOCLEGAHEIO, IPMBOANT K L3MEIEHND CHPHAA3 éia,c,' /Ha Zagm' /
Ha ¢ -M BHXOJle BIEMEHTa £ .
CUDHATL dz,u'smu éﬁk{ y COOTBETCTBY KNl MCODP:BHOCTU WM
HEHUCNMPABHOCTH 2JcMEHTa @ , MOXeT OuTH NMepeiaH HA Hapy®Huil
* BHXOZ CTDYKTyPH TOABKO B TOM Ciyyae, €CIM K KaxZouy MOCHeny-
BUEMY SHCMEHTY N0 ¢ -My HAMPABISHHO OT SHCMEHTa & IpUMEeHEH
TeCT-HA00p, COMpAACHHuY C TeCT-Ha0OpOM, MOJAHHHM Ha MPeZuAy-
Duii 3ICHEHT.

COBOKYNEOCTS TeCT-HAGOPOB [ ((6rube) 3 (Grthts ,‘../4,,..&7{],
RAEAHL 713 KOTOPHX ABAASTCH COMPAXEHHHM IO & -My KaHaly C Lpenh-
Ayl TSCT-HACODOM, & NepBiil TecT-HaGop — C NOCIENHWM, OYAEM
H33HBaTh [1CPUOJZIOM TecT-HaGopa. :

3 4YacTHOW CIyyae CONpAXEeHHHE TECT-HAGODH MOI'yT COBNAZATS §
Taxie TecT-Had0pH OGyZeM HA3HBATH CAMOCONDPAXEHH:MU /NepHOZ
COZEpPXUT OAMH TecT-HAOOp, C=L/.

benu nepuoz ¢OoZepEUT ABA TecT-Hadopa / T =2/, TO 3TH
78CT?-Ha0OpH OyZeM Ha3.BaTh B3AUMOCOIDPAXE HHHMU .

CormacHo cBoOiicTBaM OZHOPOZHHX CTPYKTYD, {y EKIL1O Ha TB HEili

(4]

H0il CUPHET Eéwa; TORBIAETCA HE HA ULHOM, & HA HECKONBKUX
5UX078%, COOTBETCTBYLUMX DABMMYHHM KAHAJIAM /CBOHCTBO DasMHO-
LCHN BUXOAHOIO CHIHana (Y HKIMOHAJBHOPO 37IEMEHT3/,T.e. 00ec-
teunts 6, = Géux . .

dyces Ha BicMEHT & , KOTOpui HECTPOEK T3K, YTO dh‘,'.—gg:-
MOZaH TecT-Halbop & us /1/. Bcnx x cocejHeMy.C HMu /MO Ha- S
{IpaBJieHUID / / SieMeHTy @ .IpuUMEHEH TecT-HaGop F i Taxoii,
YPO UBMEHEHNE B3HAUGHNA CHLHAJA 6}«,{_:{3«4:1. 6;5" /Ha BXO-
A€ J/ -TO Hauais. SIENEHTH C / iHa g;,d_.g&/., i/.‘ npuBO-
AMT X UBlCHEeHMD 3HAYEHMA BLXOZHOIO CHIHeja 2hemMeHTa € -
gzt. Ha 2;.,/, 00 GyzZéM [OZODUTB, YTO TeCT-HA00p I ABAA-
8TCA CONPSeHHENM C £/ Ha NepeCexapuuXCA HampasieHuAx / ¢
u / /. Yorzi 3aZauy KOHTPOAA /OCHAPY:eHMA (aKTa HEUCHPaBHO-
cTh *1/ 57EMEelTOB OZHOPOZHOL CTDYKRTYPH yAOOHO MpE.CTEBITD
BBUZY OJHA LN HECKUNIBKO HEKOMIIEHCHDY-




K8K [POBEPKY KaHaLOB CTPYKTYDH ha TecT-Hadopax ks /I/ ¢ oxio-
BPEMENHOIl MoZavell CONDAXECHHUX TECT-HAGODOB HA SIcMSHTHL, Lac-
NOJONE HENE MEHAY [POBEDACMEMY SNEMEHTAMM I HADyKHHMI BUXOAJ—
uM. Hantonce yAOCH:MU COMNDAAGHHHMM TECT-EACOpaM: A BAAKT :
TECT-HaGOpH , COOTBETCTBYKLME BHIOJHEHUL 2IEMEHT2MY cwpgnTy—
DH COGMKHNMTCIBHHX (virnuii.

carava ﬂddPHOCT IKH HENCIHPaBHOCTH 3aKikuaewcs TOPZa B Ol-

I2HI MeHee UeM ABYX KUODAMHAT HENCIIP2BLOIO 3iSMEHTE
TaKEM 00pasoM, X 357aue KOHTPOAA JaHHOIO 3ie-
AByX NepecCexarlmXca HANpaBleHuax /xa#d: 3x/.

YeM ueHBLE TECT-HAC0ODPOB B NEPUOZE, TEM ME:ible BDEMSEK
/TaxT0B/ TpeljeTca ANA MPOBEDKYM DSAEMEHTOB CTDYKTYPH LS Aak-
HOM TeCT-HAOODe. lelicTEMTeNbHO, ecnu JauHuil TecT-HaGOp SBIA-
eTCA CANOCONMPHIEHHIM, TO Ha HEM MOPYT GuTh OZHOBPEMEHHO /3a
oZusE Tart/ NPOBELCHL BCE SJCHCLTH CT NMEPBOTO 40 Kpaliero /umue-
Kiero HapjiHHi B BHX0Z/ 1O L -My thpaBuennm. danpmaep,
ZJS CTPYRTYDPH DpuC.L, 38 OZMH TAKT MOPYT CNTH MPOBEPEHH KaHa-
or I Beex anemeuToB NMepz3oil CTPOKM, HEBABUCHMMO OT WX UNCHS.
fenm R TOuy ®e ZaHHWY TecT-HAOOD DEMEHTa CTDPYKTYDPH gBIACTCA
CAMOCOBMECTHMEM I NO APYyrMM Kadaiau, TO 34 OXMH TAKT MOLYT
§UTE IDPOBEDEHH Bee ¢ —-€ HaHalil BCEX SAEMEHTOB CTDJKT/pH.

\CTY ] 1. TecT-xabop ¥ us /L/, ABIAETCH B3ANMOCONPS-
-1y xaHany/ ¢ LpyruM TECT-HAGOPOM t us /1/,
[l MOJOEYHH /C TOYHOCTBK A0 GOABLEro ueioro/ sie-
YeHTOF 34 UAMH TaKT IPODEpIKTCH Ha JAHHOM TecT-iadope %

8 [OJOBNIA - HA B3AMKOCOMpPAXEHHON C HuM TecT-Hadope ¢ , a
B CIeylicH TEKTS - Hao60poT. Ecay xe TecT-Haloop ¢ , ssamio-
con; 1H~. ¢ ZoHHUM, HE BXOANT B MuHmManbHuil Tect /I/, TO

v—.-

nposepKa ( -% %auaion Ha J@HHON TECT-HAGOPE OCYLECTBIAETCS
34 7Ba pzuovmx 2KT8.
Lzgrmy 00pasor, BpEMA NPODEPKN BTMEMEHTOS CTRYKTYPH HR Mi-

'umfa;Lﬁom ecee /I / 22B4CUT OT UYNCAS TeCT-HAGODOB B NSpUOTE,
[HOM J7Afl KAnAOP0 13 TECT-HAGODOB 37ICMEHT3PHOrO TSCTA

; ’
0U'0 TeCcT-HAG0pA ¢'n3 /1/ conpsuweHHHE IO ¢ =My
C pouM o6pasomM: &/B Taommuy

TeCT-HAUODPY  HAXO0Z nSAy

* /o.s. THg ( -0O BuxoZa Avelixm/ min




B GOpMyN5H0E BupaseHNe wyhKmu A NOZCTAaBIAEM 3HAUEHNA

/: ikl )= 4+ BoOUPeRSTTEH Ggm, =y 3 DU Glon= gl
i mec4-Ha00p ABARCTCH CAMOCOBMECTMMHL; O/ eCik TecT-

! FBAAETCA CAMOCOBMECTIHM, TO MPOZ§PAKT, HABIAETCH

CaMOCONPAAISHHAY MOZCTABAAELT B TACAKLY MCTUHHOCTY MK

3 :;pz;:mao: Bupaienus f 3HaveHusA /d,,,, 6: v (,’9 ; ecax

mpH 3T0M lLieeM 44‘,‘ , TO Z3aHENI TecT-2al0p Az.feTCcA Cano-
co e B/ ecny ZaEn:i TeCcT-Had0p He ABINETCS CaMo-
co /'fc { -uy xauany/, TO u2 TSOIMLH KCTH ‘noc'rgr A

SEpanT DOMUNHANME BXULHMX CHPHATOB [6rn €cm G
[(f...é w 6a)"seuey IRE RUTODHX & _(, "Gy . 3tH rouGK-
HUDll COOTEETCTEYET TECT-HAOODAM {, y+r+s COBMECTLMIM C Z3H~
HUM TscT-1aGopou &¢ 3 I/ u3 TECT-HAGODOB f, i «+  BHOUDAEH
TaK3 'rec"-aadoow(d,.«(u--df) =f; fo’«-.éu..(} e 00
oTcg 1% 6t = i =6 . lorza ZagHuf Tecm-aacop Z; aBma-
CA BCaAy#OCOBMSCTHLIM C TECT-Hal0DakK { {,m s A/ u3
"gCT-Hat0 OB z{ r, ,w BHOHDEEY B3AKMOCONDAZEHHEE C ZAHHIM
scr-1200n0L f,‘ , LIA Yerc MO aHAaJOryM C NyEkToM /6/ noi-
CTaBAACN I TAaCAULYy HCTHHHUCTH UK B LLOQL"JH:HOG BHpaxeHNe

¢ 2lHayeHuA /"""é"ék) [41-'6(:--5: 5 /dr"'g("-(k)

(47}
+)

(\)

.T0 COOTEETCTBYET o= Z" Sl t E¢ ém-dh eciy mpu -
sron_sHiuenne A WMBuEHIETCA HA NDOTHBOMONOZHOE /T.€. Vie-

é(u..', - R € #uxc, COOTRETCTIENHO/, TO COOTHET-
CTBYLLL. TeCT-HaC0p ABAAETCHA BIAKLUOCONDAZEHHsM ¢ %' § e/ ec-
Tii e OCHADYEHO HHl OZHOPO TeCT-5300PA, BIAMHOCOMPAEHHOTO
ASEIZM , TO L3 TeCT-HACOPOB £t coBMecTIMEX ¢ i ,
BUCIDaeY CONPA:EHHM! C ZAHHIM TECT-HaGoD z‘”” 4 (( (,L” s
ANA KUTCDOTO Ggue# 6 i AATEE HAXOMU $ECT-EACOP
=61 wlcve )’”” , compaxeEHul ¢ recT-zacopor £ , amsm
HOTODOPO G'gmgs =6 3 ECII TAKOZOTO He OGHAPYLEHO, TO .MO-
4CE NpOZONEAeTH CpeZu TecT-Hacopos tema £ | u rax 10
Tex mop, Moxa HE CjieT OmpIzeden TecT-1aGop, CompAmemHkl c
FHHH ‘_.tmﬂ K0T pOro “‘z(’-dt y T.6. NOKa He OyZeT Haii-
H N2 ,107 CONMDS:EHHLX TSCT-HAGO0POB. Ha IpaxTMRE, ANA AYEel
CTHLIT OZHODOZHUX CTPYKTYD, NEDUOA TECT-HAG0DOB COCTOHT
0jies 4Ye¥ U3 Tpex TeCT-HAOOpPOSB.

Aas soro, uYTOGH KORTLOCI/BIEE TeCT-HAUOD £; Gun Or ozHO-

o

td

"N
v
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BPEMEHHO 1 AMArHOCTNYECIUNM, HEOOKOAUMO OTHCKATE TECT-HAGOD
t , compsueHEHI C ZAaHHHM HA KaKOM-iuGO HanpaBneﬁnﬁ, nepece-
KALEEMCH ¢ { -M HANPABJCHMEM j OZEOBPEMEHHO C MOjauel ZAEHOTO
TeCcT-Hadopa f( HA BNEMEHTH, CBA3AHHUE (¢ -M 'KAHaNOkK, BHOpaH-
Huil coNpAseHHANN TeCcT+HA00p t NOZAeTCs Ha COCEZHUE 3iISMEeHTH.
Hampumep, C Le.b® O0HapyieHMA 0GeuX KOODAMHAT HEHCIPUEBLOIO
smepenta l-il crpokm, pmc.l, mposepsanume TecT-HAGOpH us /1/
mojakTcA Ha S;emenT:y I-if crpuxm / oGecneuusas nepezavy cur-
HAQJIa MCHPABHOCTH WJ¥ HEMCID3BHOCTV 3THX SJIEMEHTOB Ha Hapy.-
Bxff BuxoZ «xamama I/, a Ha snemenTw 2-% CTpokM, 2 Takie ua
SIEHMECHT: BCEX APYLUX CTPOK MOZASNTCH TECT-HAGODH, CONDSHEE-
Hele C. JIHHM chm~ﬁadopoﬁ no xaHany 2, oGecneyBas nepezne

Uy CUlHANA HEKCNPABHOCTN OTHA3aBLELO 3nemeHTa 1-ii cTpow

Ha BEpTHHANBHHE BHXOZH BJICMEHTOE HUiHel CTDOKH.

UueBiZH0, YTO Han0ojee 3 {eX TUBHHME KOHTDOHLHO-LME?HO—
CTHYECKUMM TecT-HAOOpaMu ABAAKNTCA TeCT-HAaCOpH, €aMOCOI pAieH-
Hile HA ZBYX NEPeCeKabiuxCs K halaX /HanpaBieHusx/; Ha of-
HOM T2KOM TeCT-Hadope MOTUYT OLTh OZHOBDPEMEHHO /3a 0ZmMi Taxt/
NpOBEPel COOTBETCTBYLINE KAHAJNH BCEX 3JEMEHTOE CTDyKIYDH,
YTO N03B0JASET OCHADPYXUTH HE TUMBKO (AKT HEUCIP2RBHUCTH CTDYH-
TYPH, HO ¥ KOODAMHATH HEHMCIPABHOTC Z7EMEHTA.

Crasaxnroe Bume uOGyCNOBNNBAET CASZAYBIHEI aIlODUTM IIOCT-
POEHUA KOHTPOABHO~-AMAL HOCTUUECKNX TECTUB 4Jif OZHODOZHO!
CTPyKTYpH /cnocoG I/:

I, ilo weTozZuxe 2,3 ONpeAeNAeTCHA MHOKECTBO MKHMEEBHHX
KOHTDONBHHX TECTOB JjfA KaHAJIOB (QYHKUIOHAIBHOLO 3dJISMEHTE
CTPYyXTypd. [aA K2LZOrC TeCT-HAOOpa MUMIMMAIBHOMO TeCTa CO-
cTaBifeM MUHHMAJIBHHI MEepHojs CONPAKEHHHX TEeCcT-Ha00POB, Biil-
yapuni zaHHHl TecT-HAG0D.

2. (13 MiOMESCTBA MMHIMANBHHX KOHTDOIBHHX TECTOB 3IEMEH-
T3 CTPyKTyPH BuOMpaeTcs oneMenTapHHi TecT, COZepxamui Ham-
GOnBiEe KOALYESCTBO TeCT-HAOOPOB, CAMOCOMPAXEHHHX Ha ABYX
nepecerawruxed xananax /HanpaBierusax/. KodTpomb u AuMarsoc-
719 HEHCNpaBHucTell CTDJYHTyPH BHIUJHACTCS MpH NOZaye KaxZo-
PO M TuKMX TCCT-H200pOB OXHOBPEMEHHO / 3@ OZMH TaKT/ AIA
BCEX 3ISMEHTUB CTPYKTyY PU.

. lns xexroro mecrT-zacupa T /BHGPIHEOTO MO M.2 Bie-

(]



10

MEHTADHOTO TeCTa/, CaMOCOMDAXEHHOO IMLB MU OFHOMY ¢ -My
XaH3ly, oOpelensfeM TECT-HA00D t » CONMDAXSHHHN C I3HHHM HA
XaKOM—-aIi0u HANPaBIleHUH /: , NMepecexannsMca ¢ L -1 H2MpaBie-
HueM. SHASNSSTCA PPYNMA ¢ -X HAHANOB BNEMEHTUB, XOTUDHE
HACTPaWBakNTCA TaK, 4TO 6§h1[==63a4/ /Banpuuep, 3 CTDYKTYpe
H8 puc. L BuAeNsgeTCA OZHA CTPOKA 3.4SMEHTOB, KOTODHE CBA3AHH
KaHaiamMun I ¥ HACTPOSHH TaK, UTO G éux ¢ =6 &2 /. Ha Bu-
JelieHAji0 [PyONY SJIcMEHTOB NMOZaeTcH TceT-~Hadop U¢ , Cauo-
COnmpAXEHHNI 10 ¢ -My KAHANy, 3 Ha BCE OCTANBHHE OIEMEHTH
CTPYK®ypP: MOZzKTCHA TECT—HAOOpH 5 3 B CIyyYae HENCHPaBHOCTH
OLHOIC HINM HECKONBKUX I JISMEHTOZ U3 BHACNEHHO! TpPYNmi, CHI-
H3M: HENCMPLBHOCTH NMOABISKTCA HA BAPYXHOM BHXOZE { -r0 xa-
HalNa ¥ KA OFHOM NIV HECUONBKUN HADJAELX BUX0AX caaaxos‘j .

4, llpoBepxa ©muzene HHOW TCPYHNH (- X KAHAJNOB HA OCTaIlb-
HuX TecT-Halopax /u3 TecTa,BHODPAHHOTO 10 M.2/ OCYHECTIIfA-
@TCA N0 aHalorui ¢ m.S.

IlpoBepra M0 M. S U 4 OCYLICCTBAASTCA OTACABHO ANA Kak-
ZOH PpyNNEH BJIEMEHTOB CO CBASAHH.LMI [ -un xaHanaMu /Eansu-

Mep, AAA CTPYyKTJPH HA pHC.L = OTZAESNIBHO ZJNA KALAOL CTPOKY
3neueHTo3/ .

AHQMODHUHEM 00DasoM OCYUEeCTBIAETCA MDOEEPKA SNEMEHTOB
CTPJKTypPH MO BCEM OCTANBHHM Ka:zalaM. :

O6uce UICHO KOHTPONBHO-AMACHOCTUUECKUX TECTOB /fm;-,
a TaKie Bpeud MPOBEepKy I ZMAalHOCTHMXN HeucnpaBHocTell /unciao
TAKTOB 150 opozaoﬁ CTPYyKTypH Mo ciocoly I cmfsany c
Ync/IOM (yHKUNMOHAJBHHX SNSMEHTOR /3McMEenTApHHX Kaxa:u0B/ B
CTPYHXTYype CIezyWmeil 3aBLCHMOCTHR:

(ﬂ"-f =/) < Z'{%}+/[$'{I£'f”-’2}/”74+”73*m+’”f) 8

raes: ( - YyCIO TeCT-HabopoB B MuHHuanmpHOM Tecte /I/, ca-
MOCOTPAKSHHHX HA ZBYX MEePEeCeKaKHUXcA HaNpasie-

A HIAAX § d :

Z%?}— YLCNO NMap MepeCeKarunxcAa KakaloB /HampanieHui/,
ORpyrACHHOE 10 Chumaiimero GOmbLero neiaoro /Ha-

)YKTYPH HR puc.l, e p=4, {§}=
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]
= uucuo TUCT-HIGOPOB. B3auMoconpaxesHux / € =2/ no
(- My KaHaly, KaxAWil 13 KOTODHX BXOXIUT B/I/,
(-— YlCHO TECT-HAGOPOB u3 /I/, COMpaxe: iux MO ¢ -My
Kauaiy ¢ nepuoZoM us 22 HaGopes
fﬂb; ¢-ﬂ%uﬁz; YACHO TPYNN CBASAHHLX 3NEMEHTAPHHX KakaloB I-ro,
2=P0yeeey £ =PO; .o p-ro HanpaBieHuli /Hanpurep, B
cTpyxType Ha puc.l mmeerca My ppyun /cTpor/ CBR3AH-
HUX KauanoB Hanpasieuus I, A rpynn /crondios/
CBASAHHLUX KaHaJNOB HAanpazB.ehua 2,

SaBlCIIMOCTE BPEMCHN MPOBEDKN OZHODPOAHOU CTPYyKTYpPW OT
YUCNA BNEHMCHTOB B CTPYKTYPE MOLHO UCKMIUKTD,y €CTH O AOBPe-
MEHHO MpOBEPATH Ha CONPAKEHHuUX /Mo A -My Kanrauy/ TecT-HAGO-
pax He OZHY rpymnmy /cTpoxy, cTonGel/ dneMEHTOB, & BCE Takue
PPYNNL MM ONpejienelnyl YacTh oOWero yucia ux /Hampuuep
NoJiOBMHY/ HE3aBLCUMO OT YHCHY 3JEME8HTOB B CTPYKTYpPE ; NIWb
nocze @uicaliil HeUCNMPABLOCTY HA KAKOM-JKCGO HIDyiHOM BHYO=-
Ae ( -ro KaHaja Ha dJNEME HTH HOA3IeTCH KOHTPOJbHO-INAIHOCTH-
yeckuit TecT no cnocody I, mosBosanuuil OGHAPYXEHTE BTODPYI
KOODZAMHATY HEMCIIPABHOIO SJCMENTA.- B COOTBETCTEUN C YKASaH-
HHMIK COOOpUXEHUAMM, NPCANAraeTcs cuexyouuii cnocud KOHTPOAA
MCNPaBHOCTH M ZMaPHOCTMKM HemcnposiocTel OZHOPOZHOU CTPYK-
Typu /crnocod I/,

I. Bunoansibrca onmepaimm no n.I cnococa 1,

2, ls MHOXcCTBA MHMHMMAJBHHX TECTOB 3NEMENTd CTDYKTYPH
BHOYPAETCA TaKoil 2JeMe HTApPHAEl TecT, KOTupuil COAepEMT Hau-
CONBliee KOAMYECTBO Map B32UMOCOBMEC TMMHX /uo‘/ -Ny Kauaxy/
recw—aaoopon, KUXZN4 M3 KOTOPHX ARAAETCA CAMOCOMNPSESHHHM MO

¢ -My Kahanay. EBcun TaKOBLX TECTOB HCCKUABKO, TO 1i3 HUX Bi-
O¥pacTCA MMHMNMANBHHA TecT, coZepxaumil nauGnibliee KomuyecTsO
TeCT-Ha00pOB, CaMOCONPAXEHHUX Ha ZABYX Mepee(akiMXCA Hampan-
TIeHUAX

8. llpomepka f-—x KAHQJIOB BCEX BJIEMEHTOB OJHODPOZMOii
CTPYKTYPH HA KaxAOH Mape B3aMMOCOBMECTMMHX TECT-HAUOPOB,
yKasaHHUX B N,2, BUMONYAETCA 33 ABA TAKTA ; MpU STOM Ha BCE
Apyrue Kaxanu HIEeMEeHTO3 CTPYKTYPH NMOZANTCA HACTpPUEUHUE
CHUPHANH, O6ecneunBaklye COEMECTMMOCTH BXOZOB M BHXOZOB 2TIX
KaHaJoB. AHAJOIMUHLM 0ODPA30M OCYUECTBIAAETCH MpPOBEPKA BCEX
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OCTaxLHJx HaHAN0B.

4, 3Za [1 TAKTOB OCYLECTBIACTCH ~yv‘etjf BCEI KAHANIOB

 BCEX 3JIEMEHTOB CTD/KTypH Ha K=uZ0L TeCT
HONM HAa JZBYX HANDABACHUAX.

54 ¢ TAKTOB NPOBEDAKNTCH

+3
I
;_,
(®
O
<
<
>
1
(9]
foir
!

Ui
-
o8

Lo
o
w

1 ~ T ' T e o . - o
TOB CTPYKTYPH HE KA 0N U3 OCTABUIIX 247e
- BCE OCTIABHHE KAHATH.

YjCI0 KOHTDONBHHX TECTOB /ﬂé i
TAKTOB 4/’/'no criocoly I jig 0ZHEODOKH
UyCAON (YHRUMOHAABHHX 3JMEMEHTOL UMDEHEAECTCA Bipass el
(Me=W)ElLfe (" 2+ z},o il
rie 2' - 0o0Lee YHCJO BCIOMOIaTCIBHHX TE&CT-i{200D03 f&w :
N0/laBacMsX Ha SISMEHTH Mewdy My -0l ﬁ&rrz) =il 5 -
KGHANOE, NMpPOBEDAEMLX Ha JAHHOL TeCT-Eusope é{ ; ecin ¥ Me
ABIACTCHE CAMOCOBMECTHMHN M0 KAKOLY-ILU0 ADJrony //f -uy/ xa-
Haly, Kpoue ( =[O, MIN B3IMMOCOBMECTINMEN MU [.2, TO OTLCHI-
BAKTCH TECT-HAGODH Fda » : KOTL
AAKNTCA COBMECTHMMHME C T(
clyzaT, TaKuM o0pasou, ZiAA "pa
f[ He MOZeT GHTH IOZAaH Ha COC
BASAHELMI ( -M¥ KaHAZaMU.

8a A/’ TaxTOR OGHAp,AMBAWTCA IMLB MO OFHOU KOODIUHATE KAXIOL

HEHCTIPUBHOCTH. AIA onerJ-e A BTOPOL HOODALHATH
HOT'O /:3 TeCcT-Hatope zy' # { -ro xaua:
NCMONB3YeTCH KOHTPONBHO-ZUACHOCTHYECK! TSCT, COOT
uMil IPOBEpKE /HA TOM xe TeCT-Ha00De Giprprio

/M -0¥ rpymnnd mo unouuuy I, Tarum 35>;hcu,
KOHT)OS HO~AUATHOSTHYECRIK TSCL0B /‘/1/0
pOAHO. C¢TD,/KTYPH MO cmocoly [T pasuo:

/i/k.f = /%:.], +/‘/a’z~ f/-ﬁf ; /4

U3 KOTOpuX npm noasacxuu ,§ HSUCIDPAZHOCTE! B CTD HIype HC-
nonbajetca mub Me+§ TECTOB, GO KauAlA HOLCH T Tpe-
OyeT OpuieHEeANs INHE OZHOIO -
HUS BTODO: XOODAWHATL HENCIPaBHOIO 0=

il divaiildd few

HOJMHUTEC/IBHL TUET, Te€s

mAD

. e e Pl = g
AMAPHOCTUXA nX ocyuecTBadetcs za A '+S razros.
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{pyue phl MOCTPOCHNA TECTOB AL OZHODOZHHY CTPyKTYp. kamopn-
Ta PHAA DElETHA

JNEeMEHTH MA8K0DUTA DHOIL peuamuf VHEBEDCANBHOL B KIacce
NepexanyaTeAbHNX (yHKLML, nMexT N[O  Tpu BXoZa /puc.3/
TOPUBCHTANBHEE U BEDTHXAJABHHE BXOZH I BHXOXZH 3JIEHSHTOB BH-
apYLy TONBKO Yy KpallHyi /UpaBHX ¥ EMXHKX/ SISMEHTOB,
TODZE KAE LEeHTPANbHHE /ynpzmm:w"/ BYOZH fAIBNAKTCH BHELHEMMH
LNS BCEeX DJIEMEHTOB CTDYKTjpH. SJHACMSHT KMEET IWIb OZWH /p33B
Bifnniica/ BUXOZ, YTO COOTBETCTEBYET' K&q, -(f@,

Ng 3NeuMEeHTa DEWETHM, DEalnsyBUero uymurm/ =AL+*AC+BC,
DHC. %, HAXOZWL MHOXEC TBO MUHNMAIBHHX KOHTDOIBHHX TECTOB IO
vecomue 23 .
2/7,,,,,,(6,-45 863#-, 010,I0I,0II,0017 v /C10,001,0I1,II0/V

v /101,001,100,110/ ¥ /0I0,100,0I1,110/¥ /5/
V/OIU,.LCJ.,.LDO,I.LQ/ V/UUI,OII,_.LOI,IIO/,

CormacHo mn., I i 2 cmoco6a I, us uHORecTBa /5/ MMEMMANBHEIX

[Twisy /48C/ = 0I0,I0I,0IT,uul, /6/
coZigpialul IBa CAnOCONDEHeHHNX NO A5y KazajaM TecT-Hadopa
0I0 : IUI. (i

Tax, npu A= 0, B=I, C= 0 umeer 64w =/=a , TeCo

6¢=¢3 =6 bx , 1 mecT-Hatop OIO0 dABumeTcA CaMOCCBMEC THMHM
no nazangu A u C, a nocxonpky NpY H3MSHEHMM CUTHAlA Ha BXO-
re A uan C mueen f’=1= 6 b, 70 TecT-naGop OIC sBuameTCA I
CaMUOCONPANCHHEM [0 2TUM KaHaIaM.

{OHTPONB ¥ AWADHOC XA HEKCHDABHOCTSH SHEMEHTOE Manoph-
TApHOL peLeTEM pasuepou 4x4 ma wecr-zadope CIO, opme.5 a,
BUMONHNETCH 38 OIUH TAKT [y TpH MOZaYe CUTHEJNE U HA HAPYE-
mie BxoZW A u C xpallimx SIeMEHT® CTPyXTypH # cursaza 1 - Ha
UEHTpaIBHLE BXOJH BCEX BJGMENTOB. LD HEICNPaBHOCTH KAKOro-

x

1

6o SneMeHTa,~ HANpUMep, dleHeHTa /U,2/ - Ha el'o BuXOZe mof-
ecTe U3 700Z@ B COOTIETCTEEN C BHXOZHOM
a / AB+AC+BC/ wmsmeusnwTes Ha I BHX OZHHE
y PUX paCIOJIC e HHLX NpaBee n HHEe

SufArTCA 00€ Ko0D-

A i AR
13011,y 32 OJkH




14

T3KT ZE 2CE DUEME HT CTPYXTYPH MPOBEPAKTCH HA TECT-HACOpE
101, p8e 50,
tecr-nagop OLI mz BuGpanHoro Tecra /G/ aABIfeTCH CoMOCO-

[pEreHHHN TI0 PopueoHToBHOMY xasany /C/, T.K. npu A= O,
s=C=I mucew f=Glmx=4=C ,a npn vamencumu C ma U nueen

Z:E ¢un=0 . oM. B cnocoGa I mozaem recr-iadop OII na Bce
7 e HTY nepsuli cTporu, puc. 58, Ha siecmenry 2-I cwpbxn,
¢ TaKxe Ea OCT3JIbHHUE BJEMEiLT: CTPYKTy/PH NOJEETCH CaMOCONps-
wonaull Tecr-uabop IVl, sBaswumic: CONPAHEHHHM N0  BEpPTHKALB-
icuy kanany ¢ OII. Yawim oGpazou, gpnﬂou TAKTe 7; npoyr3so-

JMTCS Hpoeepra Ha rmecr-sacope OLI scex snementon I-olt crpo-
K1, B TaxTe 72 - BCEX 3neuesTOB Z2~ii CTpPOKM, puUC. 5r. lpu
oTHasé, HANpH €p, DdieuenTa /2,2/ Mo ero BHXOZe NORBKUTCH CHUD-
nan O smecro I§ aru npusoamr it nospresup curaana O /Buecto
1/ Ha BUXOZAX BCEX BISMEHTUD MOUBEE M HMuE HENCIPABHOLO,
oOH2pyxnBas v0e KOODPZMHATH HEUCIIPABHOIMO SNEMEHTa., AHaloruy-—
Hi'M 00pu30M B TUKTAX (5 ¥ 72 NPOBEPAKNTCH HA TecT-HACope
vll oacmerTH S- # M 4=f CTpUK.
LOQH(AFML TecT-3a00p ua /6/, Oul, fBAfETCA CAMOCOIPAXKEHHHM
no BeoTHKabHONY xanany /A/. lio m. 3 crnocoSa I, sa ozun
naxT lp Ha 270N TECT-Ha00pe NPOBEPHAKTCA 2NEMCHTH L-Dd
cToACua /puc. 51/ 3 Ha BCE CCTUlIBHHE SJAEMEHTH NOASETCH CAMO-
conpsxenHal Tecr-Hactop OIO, mBaawpumiicA conpszensuM ¢ OUL
llv COPUBOHTAABHOMY KaHaly. B TaxTe 73,73, T1w IIpuBE pAikT-
cs ka TecT-xaGope OOl saemenTH 2-ro, 3-ro m 4-ro cTonGIOB.
TarkuM o0pazox, 3a 10 TaxkTOB Bce SNEMEHTH MaxOpuTapHONl pe-
NETKY pasMepoM 4x4 npoBepakwCA Ha BCEX TECT-HAa00pax Tecra
/6/ ¢ vlpeZielie KMEN VOGKX KOOPAMHAT UTKA3ABUMX BNEME:N10B.
TucTPOMK ZAsl TOW &€& CTPYKTYPH KOHTPOJNBHUE TESTH /V;
no cnoccely Il. Cormucuo m.2 cnoco6a I BuOMpuaeM M3 MEOXECT-
B2 /5/ MEHMMQJIBHUX TECTOB MAKXODUTAPHOIO BIEMEHTA TECT

[Imin/ABC/ = /010,001,0II,110/ /7/
T,X. OH COAEDHMT N&py B3aLMOCOBMECTHNMHX MO [OPUSOHTANBHOMY
xanany tecr-nadopor - O00L y IIO, xawamii 12 KOTOPHX ABAAGTCH
CaMOCONPHLEENLY 110 BEPTHRAIDHHOLY KaHaIY.
o Tagre J4  Ha Tecr-magope 00I NpOBEPAKTCH BCE ie-
MEHTH HCYETHMX CTCIONOE /CM. 3&uTPUXOBAHHNE NO puC.6 a
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SHeMEHTH/, a uHa Tect-nacope .II0 - smemenTH YEeTHHX CTOACLOB §
yDEEeM . TaKTe 7; ~ 13060poT /puc.6,6/.
TERTE 7; BCE 2IelEHTH CTPYKT/DH NDOEEPAKTCA HA TeCcT-
;;dope 0I0 /puc.5a/. 3 Takre J4 5reuerTd Heue THHX CTDOK
CPALTCS HE CAMOCOMPLEHNOM /O TOPMBOHT2IBHOMY KaHaly/

pHC. On, npn oToMHa SIEMEHTH UYETHIX CTPOK
cliouoraTeubHul TscT-zadop LUV, He BXOZAUmA B /7/
OBMECTHMHA C OII 3 maKTe Z} Ha TecT-Haoope OII

15056 pHAKTCA SNEMEHTH Ye THHX CTPOK, puc. 6 r. B criyuae orka-
za, Hampum..sp, oicueHTa /2,2/ Ha mecT-HaCope OII, curman:
HENCHPaBHOCTH /0603Haue HHHY Ha puC. 6 I' B CHOOKAaX/ NMOSBNT-
Cfl H3 BUXOZC Z=i CTPOKM. /ANA ONpeZeleHMA BTODPOf KOODAMHATH

CHpaBnOPO SACMEHTA HA CTPYKTYPY MOZASETCH- KOHTPONBHO-Z U~
CTHYECLUL TECT, COOTBETCTBYKIMI NMPOBEDKE BIEMEHTOB 2-i
pory Ha Tox we Tecr-Hadope OIL mo cmocoGy I, puc. 5 r.
Taxum 00pu30i, MAKOPUTHDHAA pelieTHA MPOBEPEHA 38 5 TAKTOB,
npuyel BpeMA NPOBEpKu n0 crnocoly [ He 3aBucuT OT pasuepa
DELIE THN

U410DOMESA CTDYKTYpPA, YHMBEPCAAbHAA B KJacce
HOHEEUHHX aBTOMaTOB

locTponu KOHTPOJBHHE TECTH /Zé/cnocod I/ nns uyeTHpex-
EampaB.eEHOI cTpyxrypufpasuepou M7, XMz , puc.l. PyHrumo-
HanbHAS CXema OJHOrC xaumaza £ aueltknm CTPYKTYDH /U3 YeTH—
pex/ uscGpawera #a puc. 7, rae A,B,C, D - HapykHHe BXOJAH
yopaenenna /a@acTpoiixn/ auelinamu maustm /rpurrepamn TPS u
TPL/, X - pcouni zxox /p-sxoz/ , F - muxox xamaza. Ha
BHXOZE KaHala peannsyerTcs {yHRUHA

F=X®Yres +4101 /8/

rze cuuBonon @  o6ozHauena (yEKUMA "CHIOXEHHE MO MOZYIK

llpn cocTas.enny KOHTPOABHOI'O TeCTa Haj /8/lnpeznonapa—
B TeusHue BCErO TaxTa I IDPOEE DKM KaHala

nrHanx cépoca TPUILTEDPOB OTCYTCTBY-
curgans Ha sxogax C u D
OZOMLMTEIBHOCTE STHX CUI'HANOB
Ie TPLIrepa ZAOMECE QUKCIIPOBATE-

R
‘ "
—
3
.
W
-
‘C)
3
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ciFOCTOHnHuﬁ curtan / Ymw = O umn Yre¢ = 1/. lpu yrasanHwX
OrpPaHUYEHUAX, OTBAEKAACH OT ANUTEABHOCTH CUIHII0OB HA BX0ZaX
B,C u D, 3Haverus Yes u Yrpg4 wozHO ompefenuTs xak

Yrer=BC , Yrer=8D 197 |
{lozcrasnas /9/ B /8/, nonyuaem:
F=[x@®(8C)]+BD /10/

UZHNM U3 O7EMEHTaPHHX TeC TOB ZJA CXeMH, peamusybuiedl QyHKIuD
/L0/, siBiIAeTCs TecT:

ﬂmﬁ/A’BCD/- IIIv,0II0,II00, OUII,CIOI {IE/
cu.Ta6anny, I, rze TecrT-zadopu I u 2 ABAAKTCA B3aUMMOCOINpHieH-
HiMHI, @ TeCT-HAOOpH 3 u 4 - CaMOCONDA®ES HHLMMU.

Tacmuua I
¥en/m| X| B|C1D F
I 3N R B e 0
2 O]J]I I }O 33
3 I} I10°T0 i 4
4 Gy 3I0E 0
5 0 | I F0sEE i

Dy HKUMOHANBHbY S57IeMEHT CTPYKTYPH ABIAETCA COBOKYNHOCTHI
YETHPEX OFMHAKOBUX KAHAZOB F1+F4 ,puc.8. Torza mect-Hagdop
O OKA3:HBAETCH CAMOCONpPSAXSHHEM HA JKOO0il mape MepeceKawmuxcs
8HEJIOB.

TaxuM 0Gpas3ocmM, padQTa (YHHLIOHAIBHOI'O 3JNEMEHTA CTDYKTYPH OMi-
CHBAETCA CUCTEeMOil YeTHpeX ypaBHEHMIi:
- +*

Flod)=[Flad1) 1) (Gg1) s (41 @ Sres * et
Blij]-X@Yms 9wz X /12/
Fs(if)= X@Yres +%p3 "
Fali])= X® Yres+Yrr4
{IpoBepKa HCHPaBHOCTH CTPYKT/pH CBOZUTCHA K NPOBEDPKE BCEX Bie-
veHTApHUX KaHa®oB F BCEX SNEMEHTOB CTDPYKTYpH MO TecT-Hadopau
Tadn.l, ecim IpH 3TOM MPOBEPAETCH TAKAE M MDPIBHABHOCTH BHION-
qeuusi xoH"pHEmMM X B ypaBMGnAHY JE2 /5

3 cooTse7cTBMY C NN, o ¥ 6 cnocoba I, Ha xanazmH /;
270 cTponn mozaercd I-ii TecT-Ha-
..... MOCOMpAeHHNE ¢ I-u

€X HEeUeTHLX SJcMeH

TTITC
n 1 o o | &1 >
0 L1iU, 2 YEeTHIIX olCNEelT

B

tD «Q
=
e}
t
I
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Tec":-:rxacopo:; UIIO, pmc. Ya. Ha BCe OCTAnbENE KaHAJM //S :’-F4/
HQUOr0 2neMeHTa MozaerTcs TecT-radop VIII /conuecTmenit ¢
IIIO/ unp IIII /cosmecmuinit ¢ UIIU/, uTO COOTBETCTByET 3amu-
paHuHR 3TEX X' 4aNoB. [Ipn oTHase Kasana Ff ﬁ:a;cupo—méo us Sne-
NCLUTOB CTPYLTYDH HI TECT- -:aGon.::: L unu 2, CHIHEN HEeWCIDIBHO-
TI NepeZaeTcs Ha [ODHMBOHTIJNbHHY BHXCZ COUTSETCTBYLNEH CTDPO~

cw

—t
=

v
=
".'J
= .

Opueem:, uTo 3 Tanre /Jy MDOECDACTCA KOH"RHEINA

/B UCTHIX BNEuEHTIL KAWAOU crpoxm/ uz TecT-HAGODE //', EF)_
=/0I11/* , 7.e. H2 OZHOM M3 AETH TeCT-i 1a00p0B, MO HOTODHM
nmpopepseTcs cxema "" Ha gemiipe BXOZa: /OIII,I_UII TELO.
IIII, II0I /. llocne OxOHYasus TaKTa /7 , TaK #e, XaK ¥ Ho-
CNS OKOHUAEKA ZAxACLO M2 NOCLELYyHUNX TaKTOR, HA BCE AYeHRu
>f culHax & /mpu B=C=D=0/, ;‘:uTopa;; MPUBOAUT
£ 3 HCXOJHOE cocTosine, rae Yrp= 0,

G TecT-Haoope L mpozepmuTes xamamd  fg

@THIL, 2 HA TecT-HA0QDPEe 2 - HEeUEeTHHX SASMEHTOB X8#ZOI CTpo-
raxtax f3FJp  anaiopmuEEM 0GpasOM 1pOBEpA TC; HA TEX

E+Fs . s pixre /9 wasaml fr o
/KTYDH TPOBEDALTCS HA CaMOCONPHIEHHON
unxed xaesnos/ pecr-xadope 1100, puc.98;
/5,/-"4/u IEMEHTOD TMOZ2eTCA BCHOLOraTENb-
wrax Jpp u lgr wauamn Fru A

caL 0COMPHL SHHON /N0 OXHOLY .\aﬁany/ TeCT-HA-

. I, puc. 93. B ranvax Jp =Ty Ha Tex e

n 4% mpoBeDpAETCH Apyras Mapa KaHanoB- f3

Lna mocuezgero B Taon. I Te ps CIOL me cyuecTsy-
o7 MeDUOJS COMDS.cHHNK TeCcT—Hul «H. KOMOMHZINA BXOZ-
s B= D { COOTLeTCTBYyET 3ANMPIHND KaHazZa, T.e.
ICHLNI SilauUeHNe H3 BUNOJE er0 OT 3HAUGENA
TyYae MCHONB3Yelr TEGT-HA00p, CO-
333MOCOBMECTH: C LG HHHM TIO
| nueeT MepHOZ CUMPRiLHNA MO " -uy
CHTH3T HEUCMPABHOC { -ro Kazama
! gianas 1 U MOZL—

THHX
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SiBMEHTOB HEUETHHX CTDPOK, DUC. Or, HA KAHAMMN Fz uerux
SJICMEHTOB BCEX CTPOX MOAZNTCH B3ANMOCOMPAXEHHEE /N0 INGOUY
baHOMy KaHaly, B TOM uncie xaHany Fz / mecr-maGopu IIIO g
OL10 /I-i u 2-i mo radm. 1/ recr-madop IIIO0 sBnmeTca comps-
“GHHHM } B33UMOCOBMEC TUMHM IO  XaHAILY Ft ¢ namEsM TecT-
#agopou CIOL, Ha HeueTHHE 3NEMEHTH UCTHLX CTPOX MOZAETCH HA-
20li-mn60o TecT-Ha00p, B3ANMOCOBMEC THMHI MO KaHady /; C TecT-—
zadopou OITO0. Cmrmanm sencmpasuocTy xasana fy Kakoro-mmeo
sacments /U-BMecTo I/ mepezaeTca Ha HapyiHuil BHBOZ xauama /2.
orpuHHM 06Pu30L, B NOCHASAYRUMX TakTax /76 +/3 HA TecT—
nadope OIOI mposermwrca xmauanu f+F4  Beex Ipyrux srncueH-
T0B.

BpeMda mpoBEpEYM CTDYKT /DU MOXHO JMEHBUMTH, €CJil COBMEC-
TUTH NPOBEDKY HAHANUB CTP yKTypH Ha mecr-gadopax 1,2 n 5 rak,
¥aK 3TO KB0CDPaXEHO Ha puc. 2 Iy B OZHOW TAKTE HA TECT-HAGO-
pe OIOI mposepawTCA KzHalMy f7  HGUCTHHX SHEMEHTUB HEUETHUY

B3aUMOCONpmsc HHEX TecT-xadopax IIIO n UIIO -
i mi Fe UETHHX BIEMEHTOB HEUETHHX X USTHHX CTPOK COOTLET-
CTBEHHO., B 5TOM cnyuyae BCA CTPYKTYypa,HE3a8BUCHMO OT €e pas-
Nepa MyXxfl, , MOEeT OuHTH NPOBEpexHa 3a 22 TaKTa ; OYEBIUAHO,
YTO [DKH 3TOM [IPOBEpPAETCHA TAK:E MCIPABHOCTE cXxemu "' ¢ BHXO-
ou N 1zuf ®augoro dIeMeHTa.

UueBi4HO, YTO BpEMA [1DOBEDKU A CTPYKTYpH HE M3MEHAET-
s%, cCun BxoZd 3,C n Dy+D4 He ABUANTCH HAP EHUMI IUIA #QKAOL
avellgy /xax mpezmoiaraiock paHee/, & ABIAKTCH KOODIMHATHIME
YyODABARALIMLY WHEAMY, KA 3TO NOKa3dHA HA puc..LU I SleMeH-

T0B L -ii CTPUKH.
BEHBO 44

LOHTNONP HCIPABHOCTH M. ZMATHOCTHKA HEMCNPAB#OCTEH 0ZHO-
COMHOL CTDyKTyPH, 4 CHeZO BATE/BHO, NPOBEPKA CXeu: THOUro Xo-
HSYHOTO SBTOMATA , DEalus yexoro HCTpyKType, BECEHNA yOpOUueT-
Cfl N0 CPABHEHMYL C KOHTDONEM HEDEDYNADHHA CXeM /TeX = noHeU-
HuX azrouatoB/, T.K. CBOZMTCA X MOCTPOEHUO KOHTDOIBHO-AHALHO-

CTHYSCHUX TECTOB JIA OZHOTUIHLX SIEMEHTOB C PEr  IADHHMYU CBf-
sAME, 4¥C70 KUHTDOABHHX } KOHTPOIBHO-ZMAPHOCTHYECKUX TECTOS,
sTACMHX DAcCMOTPCHH.MU clluco0aMu, a TAaKie BPEMA MDOBED-

(M CTDYRTYPH /Q“CAU padouux TaxToB/ cna0Q 34BACHT UIK He 3a-
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HCHT COBCEM OT uiicla 3IeMEeHTOB /pasmepa/ CTPYKTYDH, T.€.

T CJOxHOCTH CXEMIl KOHEUYHOIO aBTOMAaTa, peanu3yeMoro B OZHO-

pozuofl CTpyRTYDE.

i WEPATTYPA

i B 2k P d i
H.2., AGpamoBa H.A., baCnuema E.B., lrzary-

ll1XpO3NEeX TPOHNKA ¥ OZHODOZHLE CTDYKTYDH ZAAR
IOCTROGHNS JNOPHUECKHX W BHUICIJMTeABHHX ycrpoiicTB. "Hay-
.C:", ..;., lqbb.
. Hernc A.A., fiomoncru# C.DB. Joruueckue cnocoGu KOHTDPONN

ISCKMX CXeM., IDpyZH MaTeMaT.HH-Ta MM.?TGHQ‘IOB&,

il 5.8., llapxouesro il U., Corouonar E.C., lexuu-

ANACHOCTHKE KOMOMHADMVHHLGX yeTpokcts. CO.'AGcT-
\KTHA® U CTp /KT jpHAs Teopus per’eiiHuX ycmpoﬁcmsf
i, gl 1966, :
« Canaday R.H. Two-dimensional Iteratiwe Logic. Proc. of
the 145 Fall Joint Computer Conference, AFIPS, vol.27,
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0 NOCTPOEHMM MPOBEPANUMX TECTOB [JIA AMCKPETHHX
YCTPQUCTB C SJIEMEHTAMIA 3AIEPKKU

Bonkos A.®., BacumseB H.H., Bezemenkos B.A.,
Tlerpos B.A.

(HCTHTYT ABTOMATHKA U TeJNeMEexaHUKM (TEeXHUUEC -
KO KMOEPHETMKH )

MockBa (CCCP)

I.BBegenue

HemocpezcTBeHHOE NPUMEHEHUE KIACCUYECKOTO MeToza Io-
CTPOCHUA TECTOB™ — C MOMOWHD TaONUL GYHKOMA HeUCNPaBHOCTEU
BCero ycrpoficTBa = OPUBOAUT K TPYAOEMKUM, I'POMOSTKAM METU=
A8M~. UrpaHuYeHu€ YUCHIA 4 XapaxTepa MposBIEHUf OZHUBPEMEH=
HO CymNecTBYDuuX HeuCNPaBHOCTENM ¢ yuc+OM HANPaBIEHHOCTU
AeitcTBusf GECKOHTAKTHHX 3IE€MEHTOB M03BONAET UCMOMB30BATH GO—
nee 3pPexTMBHHE ONOYHHE METOZH CUHTEe3a E€ZMHUUYHHX [POBepsAl-
MUX TECTOB.

B naHHOM ZOKJNaze paccMaTpuBaeTcsd ONOYHHA cmocol mo -
.CTPOEHUA EZUHUUHOIO OPOBEPANNMEr0 TecTa AJNA AUCKPETHHX
ycTpoitcTB ¢ smeMeHTaMM 3aZepEKA. BHOOD TakoOit MOZEeaM B Ka—
yecTBe OO"eKTa aHamu3a OO"ACHAETCHA TeM, UTO

a) 3HauMTeNBHAA YacTh CXeM ycrpolicrBa ynpaBiaeHua LUBM
YyAOBICTBOpAET TaKoit Mozenu,

0) mepexozHH# XapakTep aHAXU3UpyeMOit uonenn(om KOMOU-
HAOWOHHHX YCTPOACTB K yCTpoO/icTBaM C 3NE€MEHTaMU nauarn}no-
3BONAET MCIONB30BATH METOAH MOCTPOEHUA TECTOB AJAA KOMOMHA-
OMOHHHX yCTpOilcTB 31405 4 yuecTh crnenu@uKy MHOI'OTAKTHHX
ycrpoftcrs, .

: B) BKJIDYEHHE B COCTAB IpPOBEpAEMHX YCTPOHCTB ADPyTUX
9MeMEHTOB NaMaATH (TPUrrepoB, OCPaTHHX CBA3elt) He OTMEHUT,
a JIUmp BUZOU3MEHUT [pEZIaraeMuHit ajlTOpUTM.

QYHKIMOHUPOBAHME 3JeMeHTa 0e3 (uKcauuu BHYTPEHHEI'O
COCTOAHNUA, BXOAANEI0 B COCTAB aHAJIU3MPYEMOrO yCTpOHCTBA,
MORHO ompezienuTs Qopmynoft
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W — )(<L(1)LLZ)..,) a'm)'t’t’) (I)
rie W - mepemeHHas Ha BHXOZE BAEMEHTa, LL1 yres) Um- nepe-
MEeHHHE Ha BXOZAaX dIeNeHTa, T - BOIMUMHA 38ZCDEKH MEXKLy Ha-
MEHE EU MU CL, ey Wy 4 W . loABreHMe OZHOA U3 BOBMOXHHX
HENCHpPaBHOCTEH NpUBEZET K M3MEHEHHMD IOI'MYECKON HIM BPEMEH -
HOl XapaxTepUCTHUKHE BSIEMEHTa X OyZeT OOHAPYXEEHO B Tgu cayvae,
eclu cymecTByeT Takoil HaGOp BXOZAHHX IepeMEeHHHX LL, St foreTexicy

LLmo ¥ TaxKoi MOMEHT BpEMeHM to, AAf KOTOPHX OOpamaeTcs
B EAMHANY QYHEOUA TecTa
o (4} ¥/ 0 ©
=W, um)  ®W L. )

8:;‘& Wl 5., “m t~ 13 )LL”’ t,—t,(a)
rae @ - cuusoxm cmozerua mo mod 2 , W - ypasHemue
GyHKUMOHMDOBAHUA SIEMEHTA ¢ 3afaHHON! HeMcHpaBHOCTHN. [IpoBe-
pADIMe TECTH OTASJBHHX SJAEMEHTOB ILEeJeCcO00Pa3HO -IOAYdYaTH IKC-
NepuMEHTaNbHNM NyTeM: BHOCA HEMCOPABHOCTM B DAEMEHT, CTPOSR
TalbIMON QYHKOU# HeucmpaBHOCTER ¥ NMOnydas HA MX OCHOBe TaGAu-
oy TEecTOB.

OycTs mpoBepdeMHNl SNEMEHT CBA38H C OZHUM N3 BHXOZHHX
¥y310B yCTpoiicTBA 4epes TI'PyNOy 3A€MEHTOB, PYHKOWOHUPOBAHEE KO-
TOPDHX ONpezZeAfeTCA YPaBHEHUEM

3.4, e F(Zr,t-€1 >, Wegy 2";t"‘7v)t'23 Pl

Torza QyHKUmu®D TEecTa AJMA OCHADYKEHUA HEHMCHPABHOCTH 3TOr'0 3ae-
MEHTA [I0 BHXOZY g MOXHO OpeZCTaBUTH B BHJE NPOM3BEZECHUSA

ByX QYHKOUR
ABYX QYHKID :

T e PR ?w,ﬁ-z-; . (4)
QyHKOUA TecTa ’%—’L’-‘Z’, 43 (2) onpernenseT yCAOBUA OCHADYEEHMA
uevxcnpasnoc? npu OpOBepKEe BHXOZA HEUCIPABHOI'O 3IEMEHTA.
OyHKLUA ‘f‘w’ € -2, oupezeNseT YCIOBUA NepeHoca TOYKM KOHTPO-
a8 ¢ BuXuua sneueHTa W  Ha BHXOX § , CBAGAaHHHHA C BHXO-
0¥ W  HEMOCDeACTESHHO MNM Yyepe3 pAZ NPOMEXYTOUHHX 3JeMeH-
T0B, BEINUGHHHX NPON3BONBHHM 00pa3oM, ¥ HasuBaeTcd QyHKOHEH
YYBCTBUTEABHOCTY BHXOZA g K U3MEHEeHup nepeuerHod W ., Qop-
KaTBEO QYHKIUS YYBCTBUTEXBHOCTH ONpezenfeTcd CASAYOmMM olpa-
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30M: ¢ —
PW'b t F(Z1 t't;)"‘}w-t’)"‘ né“h)t Lo A

@F( 77*'2?)"'7“’15 ?’)"';Zn -7, ){___(_ 5)

rze. Wt_o_.z,\W(u“..,, ,,,) -
C moMousm GopMyaH (5) MOXHO nanrn QYHKOME YYBCTBUTEIBHOCTH

Ans SNEMEHTOB ADOOro TUma. Hanpusep, AAA WUPOKO pacHpOCTPaHEH-
HHX JIOTMYECKHX SAEMEHTOB Tuna Mau (wiu-HE), 0 (U-HE) Qynrmum
YYBCTBUTENBHOCTH MO ( = My EXOAy EMeDT BHZ (ZAA N BX0OZO-
BHX BJEMEHTOB):

AN  UAU-HE
o= =Zx,% T n/V 3 TR xn maee)

¢ L
fns moBTOpUTENs, MHBEPTOpDA, IMHUM 3aZepEER Y =4.

Kax BuzHO 3 3THMX QOpPMynN, pemeHHe ypPaBHEHHSA Y’ t—g‘-i
nossonfeT HaltTM TaKMe 3HAUEHUS NEPEMEHHNX HA ADYTUX BXOAAX
3NIEeMEHTa (CXeMh), OPH KOTODHX 3HAUEHUSH é/ OZHO3HAYHO ONpe-
IenAnTCA 3HAUEHAAMU W

5,5 o Wt-:z'-«;o o 5¢ 3 Wé—c'-r, .

byzeM roBOPUTH, YTO MEXZYy y3maMu W H g/ cymecTBye?T
YYBCTBUTENBHHA MyTH, €CHM U3MEHCHHe 3HaueHUA W 00A3aTEIBHO
NPUBOZUT K M3MEHEHHD 3HaAuYeHUs g/ . Gopuyna (5) ompezmenser
YCIOBUA CYMEeCTBOBAHUA UYBCTBUTEABHOI'O OYyTH MEXLYy W X éy .
Ans ompezneneHus 3TUX YCHOBHM HEOOXOZAUMO DEUUTh ypaBHEHUE (5),
4TO MOXET OKa3aThCA JOCTATOYHO TPYAOEMKUM OPM yBEJIUUECHUUM pas-
MEPOB CXEMH,

B cBA3W ¢ 3TUM OHJA MpOaHANU3UPOBAHA 3aBUCHMOCTH MEXALY
CTpyKTypo#t ycrpoitcTsa, peanuayniéro ypaBHeHue (3), 4 cBoiicT-
BaMM QYHKUUM YYBCTBUTENBHOCTU. JTOT aHaNN3 MOKasaldl, 9TO0 QyHK-
I4A YYBCTBUTEABHOCTU NEMOYKU [OCNEZOBATENBHO COEZUHEHHHX B3je-
MEHTOB PaBHA NpOM3BEZEHUD QYHKOUA UYyBCTBUTEABHOCTH OTZEABHHX
9JIeMEHTOB 3TOK nemouxku. CrezoBaTeNbHO, YCHOBUA CyNECTBOBAHUA
YYBCTBUTENBHOTO NYyTH, MNPOXOAAMEr0 Yepes LEeMNOoYKy MOCIesoBa-
TENBHO COENVHEHHHX SJIEMEHTOB, MOXHO HOXYYUTH C IOMOMBI HEMpPO-
TUBOPEYABOI'0 0O"eZuHEHUA YCIOBUM CYMECTBOBAHUA OTAENBHHX
Y4acTKOB 3TOIC NyTH, ONPEZEAAEMbHX KAXAHM 3JEMEHTOM UENOYKU.

HaznuHne HECHONBKUX MyTe# pacnpocTpaHeHUs CHUTHama OT ys-—
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1a W K y3ay g/ MOXET NPENATCTBOBATH peanusanuu BHOPAHHOIO
YyBCTBUTEABHOI'O OyTH. B CBA3KM C 3THUM OZHOX H3 00A3ATENBHHX
qacrell mpeziaraeMorv Hawd aAropuTMa HOCTPOEEUS EZMHUIHOLUL
OPUBEDADWErO TECTa HBIACTCHA AHANA3 YCAUBUA DEaNU3yEMOCTH BH~
OpPaHHUIV 4yBCTBUEENBHOT'O MyTH.

lI. buouHH cnOCO0 MOCTPOEHAs EAMEMYHOI'G OPOBEPHNMErO

TecTa AJaf NUCKPETHHX xCTDOﬂCTB C _SJEeMEHTaMU 387CpE-
KH

lpeanaraeuMuii aArOpUTM WCHONB3YET JOKANBHHE XapaKTepuCTU-
KM OTZEJNBHHX 3JEMEHTOB ycTpoiicTBa: TAOAMOH TECTOB, ypPaBHEHUT
QyHKIMOHMPOBAHUSA, BENUYMHH 3aZCPXKH, QYHKUMX YYBCTBHTENBHO -
cTH, TaOmMUH cBfAsell ¢ Onuxaitmumm sxeMeHTaMm ycTpoiicTsa mO
BXOZaM ¥ BHXOAY = ¥ COCTOUT M3 HECKONBKMX HacTeil:

I) paHERUpDOBaHUE CXEMH;

2) mocTpoeHHe NEePBUYHOE TACAHIH TECTOB;

3) mOCTPOEHHME YYBCTBHTEIRHOI'O OyTH;

4) oCHapyxeHWEe M aHAJN3 BIMAHMA NapalAeNbHEX HyTeil;

5) Y"pacuuperue" UyBCTBUTEIABHOI'O HYTH;

6) ZoompezeneHne BXOXHHX MEPEMEHHHX;

7) moonpezencHue MOMEHTOB M3MEHEHHH NEPEMEHHHX;

8) MUMHUMEA3AUUA OOmEeR AAMHH TECTa.

Cozepxakue Kaxzoll yacTH pacCMOTDUM Ha mpumepe ycrpoilcr-
Ba, QyHKIMOHAJBHAA CXeMa KOTOPOro NMpuUBEZeHA HA DHUCYHKE.
JCTPOiCTBO NMOCTPOEHO HA BAEMEHTaX, Peald3yDmuX KOH"WHKIHED
(0603HAYEHH /\ % nudbnxnnn (V: ), msBepcun (UHy) u sazepxz-
Ky (BeauuuHa aanepmxn T, BHOpaHa MDPOM3BONBHO M YKa3aEa B 0T~
HOCUTEABHHX ©ZUHANLAX).

{. llenrsp mepBOi YacTH aaropuTMa ABAAETCH NPMCBOCHHE BH-
XOZHHM Y3JaM 2JIEMEHTOB HOMEPOB, BO3pacTabiuXx B HNOpAZKe cpada-
THBAHMA STUX SIEMEHTOB NpU OZHOBpeMeHHO! mozadé BXOZHHX nNepe-
MEHHHX Ha y3IH 1,2, ... , /7 . OdepezHolt HOMep m+i,.,.,m+n,
rze N - 4YuCIO 3IMEMEHTOB B yCTpolicTBe, OyZeM NpMcBauMBaTh BH -
XOZy TOTO 3IeMeHTa, BCE BXOZH KOTOPOro- yXe¢ NPOHYMEPOBAHH M ZJf
KOTODOT'O MAaxcuUMAaNbHAA BENWUMHA 3aZE€PEKH CpACaTHBAHMA UMEET Ha-
UMeHBliee 3HAUEHUE (Hampumep, AAdA y3ua 9 Zc =6, a Aad ysna

10 ZT; =976).
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2. Uensb BTOpO#t YacTM aaropuTMa ABAAETCH 3AMOMUHAHUE
MCXOZHOR MHQPOpMAUMM OC AHANU3UPYEMOM ycTpoiicTBe B BUZe,yLOO~
HOM ZJIf DOCTDOEHHs MPOBEPHDUWEr0 TecTa ¢ moMoupm UBu. Sra uH-
fopManus olOpas3yeT NEpBUYHYW TACIULY TECTOB, KOTOpAH COZEPRUT
Ta0NUOH TECTOB OTZAENBHHX 3JIEMEHTOB, Da3MEWEHHHX B COOTBETCT-
BUM C NONOXEHMEM 3TUX DIEMEHTOB Ha cxeMe ycrpofictsa. [locuez-
HU# cTon0en Talhuld COAEPEAT CDEeZEHAR O TUlIe IOrdYecKOoro
SJeMEHTa U BENAYUHE B8ZAEPHKM B BHOPAHHHX OTHOCLTEIBHHX €jUHU—
nax ('7; )o SalloNHeHMe TaOAUOH NMPOU3BOZUTCH B NOPAZKE yBEIU-
YeHUs1 HOMEPOB BHXOZHHX y3IOB 3JEMEHTOB. 4acTh MEepPBUUHOU Tal-
IUOH 7Zad ycTrpoitcTBa, DOKA3aHHOTO HA puc. I, NpezcTasicHa B
radn. I. YKa3aHHHE TECTH OCHADYXUBAWT BCEBO3MOXHHE JIOrA4eC -
K€ HEe}UCHOPABHOCTU OTAENBHHX BIEMEHTOB, T.E. TAKUE (QuU31YECKUE
HEUCHPABHOCTU, KOTOPDHE Ha BHXOZLE JJEMEHTA MPOABIANICH TaK,
KaKk eciu OH Ha OAUH MIM HECKONBKO BXOZOB 3MEMEHTA OHIU IOCTO-
fAHHEO mozaHH O unu I.

Tagauna I
my ; : Tun axe-
5 3M8: T12t3b4)15868 7819 I04II 128 I34I41I5¢ wuenTa
poK :
‘ (T;)
I 0 I ul- (&)
> I 0 T
A 0 212 i, (2)
5 I 0|I K
: TR st )
8 I|] [0] | I
10 : I ie (1)
I 0 il |0 I
I2 I It 1
13 I I/ 0 |0 i (2)
14 I 0| I 0
15 0 I|1I 0

Ananua TecToB, NMPEACTAaBAEHHHX B Tadnuue I, MOKA3HBAET,
UYTO KaxZH! 43 TECTOBHX HAGOPOB ANA 3MeMeHTOB Tuna A(A-HE),
uJd(Mun-HE) MoxHO 3amucaTs B BUAE
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TIe 2 - 3HaueHMe ¢ -T'O BXOJa, Heotaxozmuoe zma OOHapyxe=-
HAA JIOTUYECKON HEMCNPABHOCTH STOI'O BXOZA, 50 b (1N'g:0:91%8;1
YyBCTBUTENBHOCTH BHXOZA J -T0 3JIEeMeHTa K usueﬂeuuan nepe -
MEHEHO# Ha ( =-0OM BXOZE.

3. IpeThs YACTH aArOpUTMA AaeT BO3MOEHOCTH NOCTDPOMTH
O4MH ¥3 BO3MOXHHX UYBCTBATENBHHX mMyTeit ZnA ovuepeZHON# CTPOKM
O2pBUYHOK TaGIUNH. JTO MOCTPOEHME, & TAaKEKe Pe3yabTaTH BHMIOI-
HEHU g NOCTEZybuMX dacTelt anrropuTMa OyZeM MNPOBOZUTH BO BTO -
pUuHO# TadIUIE TECTOB. BropuuHAH TAONMLA TECTOB, Kpome (Mm+n)
CTONOLVB, OCO3HAYEHHHX HOMEpPAMH Y3NOB CXEMH, COZEDXAT CTON-
0eln HOMEPOB TaXTOB, Urpawmui pordb BPEMEHHOW MKANH TecTa, M
cTonlden ¢ HoMEepaMy CTDOK U3 HNEpPBUYHON TAGIHAIH.

BospueM U3 mepBUuHONl TAGHMOH OYEPEZHYD CTPOKY L = TO
9JiemeHTa ¥ NepenyueM 3HAUEHUA €€ BXOZHHX népeue?auux B CBO -
GOZHYD CTPOKY C HOMEpOM Q: BTOPUYHOK TACHMLH, & BHXOAHYD
nepemessyn Y; - Ha Ti CTPOK HUEE. AUA HOCTPOEHUA yUaCT—
Ka YyBCTBULE€IBHUIO 1yTh, NPOXOZAUETO UEPe3 3IEMEHT, CBA34H-
Eull mo Bxozy ¢ ysmo Y. , Ha#zeM B mepBUUHON Tadaume Ta~
XyD CTPOKy, KOTOpas B CTONOLUE Y COZEPEAT 3HAUEHHE 2,
coBnazapmee CO 3HaueHHEM Y, B BHOpDaHHO# cTpOKe, a cozep-
ZUMOE ZDPYTUX CTONOLOB COBNaZaeT ¢ (QyHKOUel! UYYyBCTBUTENBHOCTH
no sxony Y. . Copepzumoe HaWZeHHO# CTDOKM mepemumed™ B
CTPOKY C HOMEpPOM ('ai-f»'c"é) BTOpUYHOfl TaGnuOH, CZBUHYB 3HAUE -
HEe BHXOZa g, Ha 2:1 crpox BHH3. Ecum jJ; He ABAACT-
Cf BHXOJHHM yB3IOM yCTpOicTEa, TO NPOAOAXMM NOCTPOEHUE UyBCT-
BUTENHHOTO NyT¥, HAXO0AA B nepBuyHoffl Tacnune QyHKUND YyBCTBH-
TEJIBHOCTY 3JEMEHTa, HOCACAYDWETO AIfA ;,/J .

B Tadn. 2a MOKa3aHO HOCTPOEHUE OZHOIr'O U3 BapHAHTOB UyB-
CTBUTEIBHOrO NyTw Ana 2-off crpouxm Tada. I. 3

4, byzmex TOBODUTH, YTO MEXAY Y3MaMu ki K AN
eCTh NeTIU (napainezbHO BKINYEHHHE TPYNIH 27IEMEHTOB), €CIH
MOEHO MOCTPOMTS 733 (vin Gonxpwe) MyTH pacnpocTpaHEHHUA CHI'Ha-
X|a 0T L K s KOTOpHE OyZyT OTAMYATBCA XOTA OH OZHHUM
3IEMEHTOM NyTHu. [IpUMMEpOM TaKuX y3A0B Ha cxeue(pnc.) ABIANT~
ca 8 u I3, ¢ u IS,

3MEMEHTON OG"ezVHEHNSs Ha30BeM TOT 3neMeHT ycrpolicTsa,
BHXOZHO!l y3en KOTOPOT'0 COBN&ZaET C KOHEUHOW TOYKOH MeTiu.
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Tadxmua 2
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Ina raxzoff BeTBM NETHM MOXHO ONPEXENUTH:
a) YeTHOCTH uucma uEBepcult (Pasy pacnpocwpanerma)
~ curHaza B; ,

06) cyuMMapHOe BpeMd 3aflepEKM CUI'Haza 7: s IpUYEM HMH =
1ekc 1 Bcerza OyzeM OTHOCHTH K BeTBM, JZJIA KOTOpOid B udacTé 3
AITOpATMA OHJI MOCTPOEH UYyBCTBUTEABHHNA MyTH.

Eexu € 1=€L s TO ZBE BETBU NeTaAM OyZeM Ha3HBATH CUHPa3-
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HHMA; B OPOTHBHOM CIy4ae — NPOTHBOJa3HHMM. :

llocnre oGHapyxeHus neTau, Yepe3 OAHY K3 BETBEM KOTOpOi
NPOXOZUT YYyBCTBUTEABHHWHA OyTH, HEeoOXOzuMO ZAA BerBel sroft mer-
XN ONpeZenuTs pPasHOCTH (7;-7'2') CYMMADHHX 387ieDXeK CHI'HAIA.
Eczu ara pasEocTs paBHA HyID, TO HEOGXOZUMO BHACHUTH COOTHO-
werve (a3 mepezasaemux cursanos (€,~&;). Ecam BeTsu merau
cuHpPa3HH, TO HYXHO HalTM QYHKLMD UYYBCTBMUTEABHOCTH 3NECMEHTA
o6"enuHeHUA 'Y’,’ » K OZHOBDEMEHHOMY CUH(a3HOMY A3MEHEHHD
ABYyX €I'0 BXOZHHX NEPEeMeHHHX. Ecau %,‘Z#O s TO OOCTPOECHHHH
YyBCTBUTEABHNA OyTh AONXEH OHTH CKODPSKTHPOBaH. JlAA SIeMEeH-
T0B 00"ezmHeHus Tuma U (W-HE), WA (MAu-HE) ara xoppermus
CBOZMTCA K TOMy, YTO 3HaUeHHME NepeMeHHO#, mOXyueEHOe Ha BHXO-
Ze nepBod BeTBHM, NEpENHCHBAETCA B CTOACEN, COOTBETCTBYDMUiA
nepeMenHOff Ha BHXOZe BTOpOll BeTBH. : _

Ecav BeTBH NeTId OPOTHBOPASHH MAH ‘(’,‘ZEO s TO HEOOXOZM-
MO ONOKMpDOBATH PACHPOCTpaHEHHMEe CMUr'Hama mo 2-off ‘BeTBU. Jas
9TOr0 Kaxzaf 43 BeTBell NMeTAM ZOIXHA COZEPXATH SIEMEHTH (uKCa-
MK, T.€. SMEMEHTH, NO3BOAANMUE (QUKCHPOBATH HA BHXOZE ZaHHOH
BETBHM 3HaueHHe OepemeHHoft, ompezexseMoe QyHKmueidl YyBCTBUTEND—
HOCTH 3MeMeHTa OC"egUHEHMA.

lipu (T1—‘l}_( =AT>(Q BeTBM HETAH MOXHO CUMTATH HOHYHTMPYR-
UM, ¥ 3= YacTh AQATOPUTMA HEOOXOZAUMO MOBTOPHTH ANA YYyBCT—
BHTEIBHOTO NyTH, OPOXOAAMErO 4epe3 BTOPYyD BETBH NETAHM.

Ta6auua 26 oTauvaeTcA OT Tadn. 2a TeM, YT0 ZA00aBACHH
3amucu, Ompeié iIom@e UyBCTBUTENBHuHA myTs uepes ysaH 8,9,II,
I3 ¢ BpemeHeM '7'2_29<'T‘1=ii . 3amucu, ompezensomue mepBult
¥ BTOPOA UYBCTBUTEHNBHHE MyTH, MOAYEPKHYTH OZHOM ¥ ZAByMA 4ep—
TOUKAaMH, COOTBETCTBEEHO. Hpome Toro, I B xaerxe II-ro croxsc-
na # I0-oft crpoku 3aumeHera Ha 0, B3ATHi U3 8-0f CTPORM AAA
TOr0o, YTOGH yNPOCTUTE aTam Aoompezexerud.(ludps co sBe3zou-
KaMy OYAYyT OO"fACHEHH B OyHETE 5).

5. UsueHerus seawdus T BNEMEHTOB 38ZGDXKM, BH3BAH-
HOE WX HeucIpaBHOCTHD, OyZeT OPUBOAUTE K TOMy, YTO NpaBHAB=
HOE 3HaueH{e BHXOZHON mepeueHHO#l OyZeT MOABIATHCA HA KOHTPO-
NApyeuoM y3Je B MOMEHT BDEMEHH € , Be coBnazapmuil ¢ HyXHHM
uowerzou T, . Ouxcanua sEauenufl Buxomsoli mepewemmonm £ (€)
B MOMEHT (tof 4{) 4 CpaBEEHu€ 3TOI'0 SHAYEHu C BeIAINHON

. o~
{(éﬂ NOJBOXAKT NPOBEPUTH NPABUIBHOCTH BENMUuH ¢C;
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a5 TeX oleMeHTus 33ZePEKM, KOTODHE BONAM B ZAHHHE YyBCTBU-
TeNBHHA OYTH.

Tect, xapakTepuayomuil MOCTPOESHHH! YyBCTBATENbHHHA MyTH,
MOZHO NmpeolpasoBaTh TaK, YTO OH MO3BOAMT HE TOABKO MOAYYUTH
KaYeCTBEHHH! OTBET: SIEMEHTH 33ZEPEKM MCHPABHH MIM HET?, HO
4 OLEHATH KONUYECTBEHHO BENMUYMHY CYMMADHOI'O W3MEHEHWSA UX Be-
I4YME 3a7epEKU. [IA 3TOro mpoBezeM "pacmMpeHde’ UyBCTBUTEIB-
HOr'o myTH.

IycTs 44CIO TAKTOB C'L ABNACTCA MAKCUMANBHHM 3HAUECHUEM
AOMyCTHMOTO OTKJAOHEHHS CYMMapHOi# BeluuuHH 3azepxku. Torza,
HaypHag CO CTPOKH C HOMEpOM (G + 2 ), MOBTOPUM 3amUCH, COOT=
BeTCTByOUMEe PYHKIMAM UYBCTBAUTEABHOCTH OTAENBHHX 3NEMEHTOB,

pa3 BBepx u «{ pa3 BHM3, NpK BTOM B HUEHUX CTDPOKAX B
cron6en Y, OyAeM 3amucHBaTh 3HAYEHUR 5’,;0 s @ B BEDXHEUX
CTPOKaX — 3HaUeHKE 550 . [Ipn 3TOM CTONOHH BXOZHHX NEPEMEH=-
HHX, OTHOCAmMMECH K ¢ CTPOKaM, nrexamuM Bume &, -o#t CTpOKH,
OCTABUM HE3aNONHEHHHMH, & B 3T Xe CTONCOH HUZHMX &L CTPOK
mepenumeM 3HAYeHUA NepeMeHHHX #3 & -oif CTDOKHU.

B raGauume 20 3TO NOCTPOEHME BHIOONHEHO AAA YYyBCTBUTENB~
HOrO NYyTX C MEHBUUM BPEMEHEM 3aZepEKHM IpH d=1 (§06annen-
HHEe Ha 3TOM 3Tale 3HAUEHUA OTMEYEHH 3BE3Z0YKaMU

SHaueHUsA NEepEeMeHHHX, DpacuXpAnmHAe qyncumenhnuﬁ nyTs,
puKCUPYOT MOMEHT tc, U3MEHEHUs NEePEeMEeHHOW Ha Buxoz:e Kaxzo-
o 3JeMEHTa 3aePXKé (TpaEHua MEEAY y‘ ' }/‘ ) u coxpa-
HANT NOCTOSHHHMM 3HAYEHHA NEpPEeMEHHHX, ONpeZeNfabmuX YyBCTBH-
TenpHuit MyTh, B TeueHMe WUHTEpBana BpeMeH: ( fo gl o to ~el ).
3 pesyapTaTe 3TOr0 M3MEHEHUEe 3HAUEHUA T‘ OZHOT'O U3 BIEMEH-
703 3azspIxd, BXOZSMEro B YYyBCTBUTENBHH! OyTh, HA BGJ’M‘IMH]

{:r 0y (< OyZST NDUBCAATE X CABUTY MOMEHTa U
M3MEHEHUA BHXO OA BENAYUHH OTHCCUTEIBHO MOMEHTa 'to Ha Ty
xe Benuumny +¢T; . Cpaaenue ssauemus F (T +el) co 3Ha-
YeHUEM, COOTBETCTBYOMUM UCHPABHOMY yCTPOHCTBY, MO3BOJAET OT-
BETUTH Ha BONpOC: HE MPEBHNADT JU M3MEHEHUs BEAUYUE 3a7EPEKY
ZONmyCTUMHX npezenoB? Eciyu 3TU 3HAUEHMA COBNAzainT, TO - HET,
B MDOTHBHOM cIydae - Za, NpeBHUIADT!

6. YyBcTBUTENBHHA NMyTH, MONyUYSHHHH B PE3yAbTaTE BHIOI-
HEHNA MpEeIHAYUUX YACTEHA aAropuTMa, ONpEAeAfeTCA 3HAUSHUAMH
BXOZHHX NMEpPEeMEHHHX 3NEMEeHTOB, 0Cpa3ynmuUX 3TOT MyTh. 4acTs
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9THX NMEePEeMEHHHX NOCTYNAeT ¢ BHXOZOB ZPYyIUX 3NEMEETOB yCTPO#=
CTBA W, CIAEZOBATENBHO, HE MOXET OHTH OOZAaHA M3BHE. HasHaue -
HiAEM 6-0if YacTM ajropuTMa ABIAETCH AOONpeZeleHHe 3HaueHui
BXOZHHX MEPEMEHHHX yCTPOACTBA, HEOOXOZMMHX ZAS MOZAYK COOT—
BETCTBYRMUX 3HayeHull MEepeMEeHHHX Ha BXOZH 3NEMEHTOB, 00pasy-
DOUX YyBCTBUTEABHHA UYyThe. Tak Kaxk Zug CONBHUACTBA JIOTMYEC -
KUX 3JIEMEHTOB OTCYTCTBYNT OZHO3HAYHHE 3aBUCUMOCTH BXOZHHX
MEPEeMEHHHX OT BHXOZAHHX, TO OPOLECC ZAOONpEZEeNeHHA MOKET IpH-
BECTM K MPOTUBOPEYUBOMY pPE3yABTATy, U MOTpelOyeTcs BHIONHUTH
nepeGop HEKOTOPOrO YuUCHa BApUAHTOB ZOONPEAEHEHMS, MPEXAE
yeM OYyAeT MONy4YeH YZOBASTBODUTENBHHA pe3yabTaT.
lioonpesenenne 3HaYeHui BCeX MEDEMEHHHX, HEOOXOZMMHX
ANA 00pa3oBaHNA YYyBCTBUTENBHOI'O MyTH, HAUUHAETCH C DIEMEH-
Ta, COOTBETCTBYWNUEr0 3QMOJHEHHOMY CTONOLY ¢ HAaMCONbHMM HOME-
pOM B CTPOKE ¢ HauGOXBNUM HOMEDOM TaKTa. llocae zoompezeneHms
BXOZHHX IEePEeMEeHHHX IJIf OCTaBEMXCH SIEMEHTOB 3T0iff Xe CTpORM
B NOpAZKE yOHBaHUA HOMEPOB UX BHXOZOB HEpEeXOfAT K 3JeMeHTaM
Onuzailme#® cTpoKuM, ompepeisomeit 3HaUYeEMe XOTA OH OZHO#t M3 nme-
PEMEHHHX C HOMEpOM M+4., veeyMtN . TaruM 00pasoM, Ha
aTamne poonpeZeneHus BTOPUYHAA TAOGAMHa NpocMaTpUBaeTCs cIpaBa
HaJIeBO M CHU3Y BBEPX A0 TeX IOp, NOKa He OCTAHETCA HHU OZHOTO
3HaUeHUs NEPEMEeHHHX ¢ Homepawn m+4,...,M+h , Koropoe
HE OnpezendAeTCs 3HAUGHUAMM NEPEMEHHHX C HomepaMu (I,2, ceo 4
m ).

Jinsg BHOOpa OZHOI'O U3 BO3MOEHHX BADHAHTOB ZAOOHpPEAENEHUS
CP3aBHUTENBHO NPOCTHM ABIAETCA CHOCOG, NP KOTOPOM BHOMpaeMHe
BXOZHHE NepeMeHHHEe COBNaZanT CO 3HAUCHURMM 3THX K€ NEPEeMeH-
HHX B OXuzalimux Bepxseit mam HuzHeldl cTpoxax BTOPUYHOE TalHU~
UH. B raGrume 3 npezcTaBieHH Pe3yJABTATH ZOOHPEZAENCHHSA Ang
ZaHHHX TAGIMIH 26, HOMEpa CTPOK KOTOpofl ZaHH B MEPBOM CTONC-
Oe B CKOOKaX.

7. Cpexu cTONGLOB BTOPUUHO! TAGAMON BHACHMM re; KOTOpPHE
conepxaT O n I, paszeseHHHe IPYNNOA OYCTHX KAETOK * , 1 3amon-
HUM [OJOBUHY MyCTHX KJIETOK, Mpuiaerapmux K Hyzesoft sammcm, U,

x) SToT cayvail MOEET MMETH MECTO NpPU MOCTPOCHMH TECcTa .
IAf YYBCTBUTEABHOI'O MyTH, COAEPRAWEr0 METIAD C MPOTHBOPa3HH-
MM BeTBAMHU.
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a8 OoCTaBmUECH KIETEM - SZUHMIAMU. ns TOT0, YTOOH TaKO0e Z00m~
pezeneEne He BHECIO MPOTMBOPEUYMBHX ZAHHHX B TAaGIUIy, OPOBE-
ZeM 3aNONHEHHE OYCTHX KIETOK B CIEAyDHmEM nopanue?

a) 3aMONHMM OZMH M3 MHTEDBANOB B COOTBETCTBUA C yKa3aH-
HHM BHEE (DaBUIOM, NpMYEM B KayecTBe OYEPEeAHOr0 MHTEpBaNa
BHOMpAEM TOT, KOTODH# HAXOZUTCH B cTONOHE C HAMOOLBluk HoME-
pou;

0) BHNOIHUM ZooNpeZeleHUe BXOAHHX NEPEMEHHHX.

;?\\\fszzt If2 t3 t4 § 5¢ 64 7} 84 9
TaKTa

(I)
(2)
(3)
(4)
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(6)
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8. Bropuunaa Taonuua, HOAyYEHHARA B PE3yABTATE BHIONHE-
HUA ZoonpeZeneRus 3HAUeHU#l BXOZHHX MEPEMEHHHX X MOMEHTOB UX
I0Za4M, COZEPEUT COXBMOE UMCIO MYCTHX KIETOK. CoZepxaHue
9TUX KJETOK He UMEeeT 3HAYEHUA AJNA NPABUNBHON peannsauuy 4a-
CTM TecTa, CBA3AHHO! ¢ BHOPAHHHM YyBCTBUTEABHHM NyTeM. [loaTo-
My 3aNONHEeHMEe NYCTHX KIETOK BTOPUYHON TAGANUH MOXKHO BHIOJHUTE
C pPa3nUYHHMU LEXAMM, OZHO# U3 KOTODHX MOXET OHTH MUHUMU3ALUSA
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-o0me#t ZANMEH TecTa OpY OC"eAMHEHMHM OTZEABHHX JacTeil TecTa.
90QEeKTUBHOCTS PA3NMYHHX CIIOCOOOH MUHVMM3ALMM 3aBUCUT OT 0CO-
GeHHOCTel CTPYKTYypPH TOr'0 ycTpolicTBa, KOTOpPOEe OpraHM3yeT mo-
Zauy HaGOpOB NPOBEPADWETO TecTa. [I09TOMY B AaHHOM ZOKIAZe
BONPOCH MMWHUMMU3AUUM HE DacCCMATPHBANTCH.

PaccMoTpeHHHl anxTOpuUTM NOCTPOEHMA EZMHAYHHX MPOBEpAD-
OUX TECTOB AJNA MHOT'OTAKTHHX ZUCKPETHHX YCTPO#CTB HO3BOAAET
NONYYUTH TECTH, FapaETUpybmue oCHApyxeEuMe HeucmpaBHocTelt,
NPUBOAANMUX K M3MEHEHUD JOTUYECKUX MIM BPEMEHHHX XapaKTepuc—
THK OZHOI'0 43 3JEMeHTOB. ycrpoiicrBa. K zocTomHCTBaM OmMCcaH-
HOTO aJropuTMa CIeAyeT OTHECTH TO, YTO IPY MOCTPOEHUU NpO-
BEpADMEr0 TecTa He TpeGyeTcHA WCIOAb30BaHHE TACHUIH QyHKIuMi
HencnpaBHocTell Bcero ycrpoiicrsa. CaezCTBHEM STOTO ABAAETCH
CpaBHUTENbHAA NPOCTOTA M yAOOCTBO pearusaluy NPeANaraeMoro
aNropMTMAa HAa BHYMCAMTENIBHHX MamUHAX.
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TEOPYA BOIPOCHVKOB ¥ SAIAYM TEXHUYECKOH! IMATHOCTUKU
Mapxomerxo II.II.

MHCTUTYT ABTOMATVXI ¥ TEJIEME
/TEXHUYECKO:. KMBEPHETMKM}AHMKM

MOCKBA
cccp

B Hayke ¥ TeXHUKE 9acTO BCTpevawTCd 3aJaydl, pemeHEe KOTO-
PHX OpeJCTaBJAeT COCO# HEKOTOpHE CJIOXHHI SKCIEpPMMEHT IO pacmo-
BHABAHND 3JIEMEHTOB /COOHTH#/ KOHEUHHX MHORECTB IyTeM pasCueHui
IOCJIeIHAX Ha KJaccCH. [IpiMepoM TakmX 3anad MOTYT CJIYXWTH 3aIavd
NOCTPOEHNA NPOr'paMM NPOBEDKE OCBEKTOB ROHTPOJA M3 OCGJACTH TeX-
HUYECKO#l IMArHOCTHMKM, 3224l KONWMPOBAaHUA COOCMEHuM# #3 o6nacTu
CBfI3K, 38IaY¥ CHHTE3a CTPYKTYP PeJeiHHX yCTpOiCTB, 321a9H TH-
na 3a7ad [0 yraiuBaHUKW 3aMyMAHHOT'O YMCJA ¥ JIpyTrHe. XapaKTepHHM
ABNAETCA TO, YTO B YCHOBUAX TAKHX 3a0ay¥ I'OTOBHI HDOJHHE SKCOe-
PUMEHT , ‘OCeclevuBapii Tpelyemyo IVIyOMHYy pacno3HaBaHWsl, OOCHY-
HO OTCYTCTBYET H JOJIEEH KOMIIOHOBATHCA B BHIEC COBOKYNHOCTE#X 1
NOCJNEOBATENbHOCT il peanNn3alyy 3aJaHHHX YaCTHHX SKCIEpPUMEHTOB.
Kpome Toro, 5TH 3amauM, Kak NpPaBMIO, UMERNT MHOI'O pemleHmit, cpe-
IV KOTOpPEX HANO BHOMpPATh B HEKOTOPOM Ha3sHAYEHHOM GMHCJE ONTH-
MaJbHOE peleHue., ;

B morneze paccmMaTpHBAlOTCS BONPOCH HOCTPOEHUA ONTHMAJBHHX
SKCOEpUMEHTOB HAa KOHEYHOM MHOXECTBE COCHTH C TOUKHM 3pEHHa Te-
OpHIl BONIPOCHMKOB, KCCJHEILYRTCA CBASU NOCJenHe#l C IMHaMHUYECKIM
IporpamMi¥poOEardeM U METOIOM BeTBeit M rpaHmm., Padora GasupyeT-
CA He BHIIOJHEHHHX HmcapomI u Hmdeﬁﬁsz KCCJeIOBAHMAX YacTHOT'O
BHIa BONPOCHUKOB /C DABHHMY IIEH&MH EONPOCOB/.

; I. [ocTaHOBKa 3anadm
VveeTca koeeunoe mHOmecTBo £ , cocrosmee u3 NV 3jeMeHTOB
[P0 t=1,2, «.., ¥V . Bynem 3JeMeHTH 4 € £  HasumaTh COOH-
TRAMK., Ka®moMy COOHTHR y£2£? NIPUNNCABC NOJIOXUTEJNBHOE  YMCJIO
wv(y), HasuBaeMoe aCCONOTHEM BECOM COOKTHSA 7/ ¥ XapakTepnsy-
pIee 3HAUMMOCTE NOCJEIHEro. SalUKCHPOBAHO pa3freHue MHOXECTBa

E ma A xnaccos E;u. 1% /E/u/</\/ , M =1,2, veesA. Eomm
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YECHO KNACCOB DaBHO WMCIy COOHTHHA, A = NV T | Ey,,[: I nna Bcex M,
TO PacCMaTpUBaeTCaA 3alava NOJMHOM WMUeHTUOUKAIWA, KOI'Na HOJHHE K-
CIEPAMEHT NOMXeH OCeCHeunTh PACHO3HABAHME KAXIOr0 ONHOI'O COCH-
T cpenn Beex mpyrmx . Npm A<N m [Eu[>1 xora 6 mia omHOTO
M TMeeT MecTO 3afava HemoJHO# KieHTHpEEanuy, Tpedywomas TONb-
KO pacno3HaBaHWA JpCOO# mapH COOHTHI, IPUHAIJICEAUMX Pa3HEHM KJIac-
cam £,. :

3alaHo0 TaKke MHOKECTBO / pasCueHnmit & 3 /' R S L
|T| , mmomectsa £ ma ®aaccH. OnemenTs # € 7 HasoBeM BOIpOCa-
un. Umeao a(t), 2 = a(t)<N, rraccos /:}/é}, J&b= 1, 3, 83,
a(t), B pasbuenum t € 7 HasuBaeTcA OCHOBaHWeM Bompoca ¢ . Ipu-
3HAKA, TO KOTODHEM BHIEJANTCA KJAACCH COOHTHHA B pasCuenmz £ €7
HASHBALTCA OTBeTamyu /mmm mcxozamu/ Bompoca € . Kammomy Bompo-
¢y ¢ €7 OpENHECAaHO MOJOEATENBHOE UHCHO C (- ), nasHBaemoe HEHOH
Bonpoca T ¥ XapakTepWsyomee 3aTPaTH HA peaym3alEbd COOTBETCT-
By®OIETO p230meHud.

Pacmnpmv 3aJaHEOE MHOXECTBO / BOIpPOCOB CJHSIYWNUM €CTeCT-
BEEHHEM 00pa3oM. (O6pasyeM CHCTeMy MHOXECTB, 2JIEMEHTaMH £ xoro-
poft ABJIANTCA MHOXECTBO £ , KJACCH E)«/{) , @ Takxe He OyCTHe
KJACCH BCeX BOBMORHHX Nepecevderuit pascmemmit ¢ € 7 ., Ilpm sTom
KaxIOMy BOIpOCY 27 € 7 COOTBETCTBYeT COBOKYIHOCTH DasCueHmM ‘f/'
mHoxecrs & Ha RIACCH é}@):%)ﬂé‘ ,J{?): 5499 ...,4/‘7}/.
rre af’ ‘g)— 9UCJO0 KJIACCOB B pasdmesmm 7, , OueBHIHO a[g/")éd/?f.
Mpmaem ¢(° %;) =c/ 1?/) . PazOuemue 7 Oylem Takxe Ha3HBATH BO-
IpOCOM @O OCHOBAHHD a/’t') 7 ¢ meHot ¢/ o), Odpasyem pacmm-
DPEHHOE MHOXECTBO g BONDOCOB W3 BCeX ¢ , IJIA KOTopsx 2(%)2Z.
Taxk xax npn & = £ mvxeem‘?: i] SGITTET

CnoxHEil SKCIEPEMEHT 1O MISHTUPMKANME COOHTHI MHOXecTBa £
C TOMOWBD pa3CueHmi NOCHENHErO HA KJACCH MOEET OHTBH NpPEACTaB-
nenl opmerTmpoBamEEM rpagom § = (RUE, T, ) Buma mpamepesa
C KODHEM X, L BHyTpeHHEE BEpUEHH M KOpeHs rpafa G olpasy-
oT mHozecTso () BONDOCOB ; IyTW, MCXOLAUME F3 BEDUUHH X €& ,
H23HBADTCA UCXOIAMA BONpOCAa X , & X WHCHO A[(x),2%a(x)< /N, -
OCHOE@HMEM BOODOCA X ; KAXNOMy BONPOCY .J [pHINCAHA NEHA C[~¢O
B szamavax mosmo# MNSHTUPEKAIMA KOHEYHHM Bepmueam rpata G co-

X/ KoHeuHkit rpad { X,/j HA3HBAETCH NPAlePEBOM C KODHEM X €X |
ecan: I/ B KexXIy® BeDUVHY # X, 3aXOIWT TOJBKO OIHA Iyra, 2/ B
BEDUUHY Xo He 3aXOIUT HE OnHa Ayra m 3/ rpad (X, r) He comep-
RUT KOETYDOB.
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NOCTARJNEHH COOHTEA ¥& £ W NpUIHCAHH Beca w(y) . B cayuae memos-
HOY WIEHTWIWKAIMN COCHTH MEOXecTBA £ KOHEUHHM BepIEEaM T'pa-
#ta G comocraBnenn v, A £V <N, nopmmomects L S£,, k=1,
2, eeey V , IPHUEM kg Ex = £ , u npunucann Beca w(4)=2_wly).
I'pap ( HasHBaeTCH BONDOCHHKOM mig £ X/, i

OTHOCHTEJNBHO BepmiEH 2 € 2 = (QUVE rpafa & Gyzem pas-
JMuaTh MHOXeCTBa /2 - ee mocremomarenedt, / 2 \2 =/z2u/{r3)l.. -
ee nOTOMEOB, /"2 - ee NpeImecTEeHHMKOB ¥ / 'z \2Z =/Zvl 2
ee IpeNKOB. BMECTO aGCOJNOTHHX BECOB wzy)coduwnﬁ yIoGHee paccma-
TPEBATH WX OTHOCHTEBHHE Beca p(y) = —WQ—) , TIe W= 52; w(y) Bazu-
BaeMHe Iajble IDOCTO Becavm. Becom mompoca X € R ‘Hasupaercs
BemumEa P(%9) = 762,_?,7g P(y) . Tleno# nyTm m3 o B 2 € Z gasmpa-
eTCA CYMMA ¢ (%0, 2) = 2z el%); llera myrn m3 X, B/éf
X2paKTepu3yeT 3aTPATH HA HIEHTHJWKAIMD COCHTEA ¥ .

Ha EONDOCHEKE MOTYT OHTH NEepeHeCeHH BCe NpeCTABJANIME Ipa-
KTWUECKUA MHTEpEeC XapaKTepUCTUKE ONMCHBAEMHX UMM BKCIEDEMEHTOB.
OmHO% ¥3 NOCTATOYHO OCMEX M B TO Xe BpeMd NPAKTHYECKA IOJE3HHX
XapaKTepHCTHK BONPOCHEKA SBJAETCA” HEeHa ero o6xoja, ompenesse-

Masgd BHPaESHHAMH: :
C (£ = ,%E oy Py =o’¢,%a G el

X COOTBETCTBYyPIASA CpPeIHEB3BEMEHHHM 3aTpaTaM Ha HISHTRPHKAIZD
COGKTHE 0O BONPOCHUKY B HEJOM. JJIg BONDOCHHKOB C DABHEMA IeHa-
ME Bompocos 3 /I/ nonyqaeTCﬂI IJmHEa 00XOfa BONPOCHHKA, OTBE-
Yapmad, Haopumep, cpelHel mimHe KOZOBOE KomOumHamum B Kojax Hes-
HOHa-QaHO WJH CpejHeMy 9YHCJy Olepamvi B 3amavax COPTHPOBKH. Ec-
JE IeHa BOIpPOCAa eCTh CTOEMOCTBH /Bpems/ Deaymsalyl OTHeJBHOH
IPOBEPKHA, & BEC COCHTHA - BEPOATHOCTH NCIPABHOI'O WJIK HEHCIpaB-
HOT'O COCTOSHEA OGBEKTa KOHTDOJA, TO /I/ IaeT CpeiHDD CTOMMOCTH
/cpenHee BpemA/ OmpelejeHns COCTOSHHA B YCJOBHOI MOCHENOBATEJb—
HO{l mporpamme NIpPOBEPEKX.

{lpr OIHEX M TeX Ee MHORecTBax £ =& 57—; BOOGme T'OBODA,
MOTYT GHTE HOCTDOEHH Da3HHE BONPOCHEKM IJA £ , pasizyapmuecs
MeRIy COOO# COCTABOM I HOCJEINOBATEJHHOCTAMA peajr3alld BOHIpPO-
COB 7 NMenmue Da3HHe IeHH 00XOma. BONPOCHMK I £, oGraman-
mzli MAHEUMAJBHOL IIeHO¥ o6Xoma, OyIeM Has3HBATh ONTHMAJNBHEM. B
IOKJANe KCCISHYDTCA CBOLCTBA ONTYMAJBHHX BOIPOCHUKOB ¥ METOIH

X/ B nambheiileM, eCJE CHENMAJBHO He OTOBOPEHO OCpaTHoe,
paccMaTPEBARTCA BOUDOCEURY IJIA 34I8Y JOJHOY MIeHTAPHKauui.
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TOCTDOEHUA NOCJHEIHEX,
2. OnTUMasNbHHE BOIDOCHEKY
Ha ocHoBe 1peoGpasorammii samammoro Boupockmxka G mig £ ,
VHEEDASHTHEX OTHOCHTENHHO WHCAA & €0 BONPOCOB [O OCHOB2HND
a, ,m€M, u uncaa §¢ €ro BOUPOCOB C meHol C¢ SEeE JNY
HEeKOTOpHE YHCJOBHE MHOXECTBa/, MOKA38HO™, UTO ONTHMAJIBHEH BO-
TIPOCHMK, DO3BOJAMmuY zmeHTHdmImpoeaTs A COCHTHH C IOMOWBD
”%-1 7,.. = eZ:-Z 4¢ BOMPOCOB, MMENMAX OCHOBAHAA 4, % Oesn S,
eCTh NpANepeE0 C KOPHeM & , B KoTopoM A 1%-7 ;,,(ﬂ...—f) +7,
7 T2Koe, 4YTO er0 BEepmuHaM, DPACIOJOREHFHM b HeyOHBaWHEM NODAI-
Ke OTHOCHTEJBHHO WX PAHI'OB, NPANZACAHH BeCA E HEBO3DECTAammeM 10—
pPAIRE, a HeHH BeOyUX K HUM OyTe#t - B HeyOwBawuey MNOPANKES, NpU
9TOM BONDOCH pACHOJaralTCA B HEBO3PACTANMEM NOPANKS OTHOCUTESJb—
HO X LEH ; CPeI¥ BCEX BEpmVH, HMEKINX TAKyl ®e IeHYy BeLymiX X
HuM OyTell, Kak ¥ MoCJelnoBaTeJW BOI JOCaZ [IC OCHOLAEND & , HeT
HE OJNIHO#, BeC KOTOpOil IpeBHmAeT CyMMy BeCOB IDyTHX & BepumH
¢ Toil ®e HEHOi BemymAX K HEM [yTei.

lycTs W3BECTHO, YTO LA MOCTPOEHHA BONpocHuxa & miad &
HEOOXOIUMO ¥ WMVMEETCA £m BONDOCOB IO OCHOEAHMD 4m , 77 € AT
CpeNV KOTODHX £, BOIPOCOB HMENT IEHY &, £€ £ | Torma ¥z
IPWBENEHHOr0 ONDENCJIeHNA BHTEKAeT CJeIyNmuil anropuTd /Has30zZen
ero A I/ noCTpOeHAS ONTHMAJLHOI'O EOMPOCHHKA.

O6pasyev cnucox I pacnoJIOXeHEHX B HeyOHWBamUEM LOPANKE Be-
coe p(¥), ¢=1,2, ...,V u cumcor 2 nap /%, g/, pac-
[CJOXSHHHEX B HeyCOHBaNIEM nopsAnke OCHOBaHNI K}/' y / e B
,..%1 9m = IG’/ BOIIPOCOB ¥ DPAaCHOJOXEHHHX B HEBO3pacTawmenm [0pAI-
ke UeH & , / = 1R ey %jg = |®| Boupocos. BuuepkrHem
#3 COUCKa 2 mepsByb napy / & , ? / ¢ HauMeHBWMM OCHOBaHNMEM X
OTHECeM €& K BONIpoCy J;:/ . BuuepkHeM m3 crucka I %‘ NeoBHX /Ha-
IMeHbuVX/ BECOB 7 NDHUINmWEN KX 4/ TOCJAENOBATEJLIN BOUDOCA z .
Onpezesum Bec ,0(’{,) Bompoca X' 1 BHECEM ero B CHUCOK e
COXpaHEHWeN. B MOCJEeITHEM HeyOHBaWWET'O HOPANKA DACiIONOXEHUA Be-
coB. CHOBa OOparrMcs K CHUCKY 2 ¥ BO3bMEM ero NepBYD EeBHYEDK-
HyTy® napy / d/‘. g / ¥ T.I. Bylem NOBTODATH ONWCAHHUE ONEpa-
mua 1O TeX NOop, NOKa He OymeT BHUEDKHyTa U3 CIUCKA 2 HOCHEIHAR
napa /a/@/, Crz/ / C HanGOJHUVM OCHOESHKEM ¥ HaUMEHbLEeL UeHOL
BODOCA ; MW BTOM ¥3 cmucKa I OyIyT BHUEDKHYTH NOCHeIHHE 4&/af
BECCB.

Y3JoxeHHaA NpoLleNypa OpocTa, IOuTY He TpelyeT mepedopa Ba-



41

PHWAHTOR 7 TI'apaHTHPyeT, YTO IOJYYEeHHHH BONDOCHWK OYIEeT WMEeTh Le-
Hy 06Xoma, He UpEBHUANYH LEHy JOOTO K3 BONPOCHAKOB LA £ , co-
Jepxrauyx 7"' BOIIPOCOB 1O OCHOEQHED &, ¥ Zc BOIIPOCOB C HEHO# G.

PeasnsyeMHM BONDOCHHKOM HA30BEM BOIDOCHUK, Y KOTOPOTO KaX-
muit Bonpoc u3 (J gBAAETCH BOMDOCOM W3 B3aJAHHOTO MHORECTBA 7
BOIPOCOB, TO eCTh IJA KAKIOTO Bompoca X € & mHajimercs Taxoit
pompoc T€ I, uro @)= al?) , (= (T ulzNE =§)/¢m
xaxmoro 2 € /x , wm, ropoue, BOIDOCHAK, y KoToporo X<,
Acno, uro asroput A I He Bcerza BeleT X NOJNYYEHMD ONTIMAIb—
HOTO peaim3yemoro BompocHmra. Yeaoene X €T Beermz coGmmuaer—
CA InA 38724, ¥ KOTODHX MHORECTBO & COIEPRAT BCE BO3MOKHHE Dpasz-
Guerns Ha mHO®ecTBa £ Ha a/-zj= 4 = const xnaccoB, NPUYEM LEHH
BCeX Dpa3CreHni ONMHSKOBH, t‘[i7 =¢ = const [ipmvepamMr TakKuUX
3a5ay ABJANTCA yOOMAHYTHE BHIE 38729V KOLUDOBAHEA I CODPTUPOB-
xu, HeTpyIHO MOKasaTh, YTO U3 ONMCAHHOT'O &JTODUTMA OOCTDPOEHHA
ONTYUMAJBHHX BONPOCHUKOB C HEPABHHME OCHOBAHUAME ¥ I[EeHaMé BOMNpO-
COB, KakK YacCTHHI! cJjy4ail, BHTEKaeT aJTOPHTM [NOCTDOSHEA ONTAMATE-
HHX BONDOCHAKOB C DABHHME IEH2MF BOODOCOB™, NPeICTaBIARIME co-
60 oCoOmeHue n3BeCTHOI‘O4 QUTODZETMa TOCTDPOEHUA HEM3OHTOUHHX KO-
IOB.

[IoCTpOeHVe OOTYMANBLEHX DeaNu3yeMHX EOUDOCHUKOB UDPH HRUMYKY
OT'paHUYEEN! Ha 348IaHHOE MHOXECTBO - £ BOIPOCOB paccMmaTrpuBaeT-
CA HERe. 316Ch OTMETIM, UTC eCJN U3 B32NaHHO0TO MEOKeCcTBa J BO-
IIDOCOB Budpa'rb,,%,ym BOLPOCOB C K2K MORHO CoJiee BHCOXAMME OCHO-
BQHEAME &m ¥ “ZL 4¢  BOUDOCOB C KaK MOKHO 6oJiee EU3KKMMU LeHa-
M# €, , TO I2Ha OCXONa TOCTPOEHHOI'O IO ONNCABRIOMy aJTOPUTMY
ONTEMAJBHOTO /He 00A32TeNbHO peasmsyemoro/ BONDOCEMKE IpENCTaB-
J2eT CoGoii HUEHON TDaHANY LeHH O0GXOZa BONDOCHEKOB maa £ . 3ra
BURHASA PpaHyIlea CPABHATEJBHO JIETKO BHUKCJIIETCA B Iporecce paco-
TH anropuTva A I ¥ NOCTEREME, KOTIA IJA HOCTDOEHHOTO ONTHEMAJb-
HOTO BOIPOCHNK2 BHIOJHSETCHA YCJIOBUE C?Ef/_: 3HaHne nuxsell rpa-
HUNH JaeT BO3MORHOCTDH OLEHUEATH KaYeCTBO BOINPOCHEKOB, IOIyYeE-
HHX "mpulmikeHnEMu" METONEMZ, ¥ NO3BOJIET OPrarn30BaTh HOCTDO-
eHHUE ONTHMANBHHX DEeajV3yeMHX BONDOCHKKOB METOIOM BeTeell M rpa-
HEI.

3. PEeKyDDEHTHOE EHUHCJCHVE IIeHH o0Xona

Bymem 0Go3Ba=aTh BEpWIHH BONPOCHEKa NBYMSA HHICKCaMH [Z,S] 2
TIe Z - DaHr Bepum¥HH, a S oOnDperneJdeT ee IOJOXSHME CpenE Ioy-
rEx pepuwH para Z .. lyers G = (2, ) - popocrmk wis £ =
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2,5 - ero Bepuzna. [IOIBONPOCHEKOM C KOpHeM 2, Bonpocnmca G
aBaserca rpad G, s -(Z,,, u), rae L= /—z,, = 2 ot
oToGpaxenme /2 s OnpENENEHO CHEAYDmAM OGpa3OM: /;52 =/2NZ;.
loBOTPOCHUK C; s ABJAETCA BONPOCHAKOM IJIS fu S 2, NE

Do Bepmuna Zy € Zzs, TO ee BeC B BOOPOCHEKE G
ects p(w¥) , a ee, oTHOCHTeJbHHI Bec B Bompochuke G z¢ paBeH
Prs (wt) = (ﬁ = . llycTs, Kpome momsompockmka G.s , mMe-
eTcA BONDOCHER C;s Mg £3s . Ouepamia MONCTAHOBKE HOZBOIpPO-
cHAKOB B Bompochmre G s E onpenenser HoBuii BompocHur G
mia £, nomyuaemsi u3 G myTeMm saMeHN NONBONPOCHEKA &s BO-
apocamkoM Ges C HOCJELYOIZM IEPECYETOM BECOB BEDIMH MOCISHHE-
ro yMHOReH:ueM uX Ha P(%3).

CorzacHo /I/ naa mers odxoma &, s mMeeM:

Coo =C(3s,52)= 2 (35, 4) Pus (1. 12/

g
BuecTo /2/ MORHO 3amuCaTh

Lo ,-GZE,S[C (2%,/5) ’ C(’3¢527'/"2,s 4/) }%;s"(zcs)'/”;s/;‘)-/s/

4
amedas, UTO:
a(Z,s)

5‘55:"(:/4 Ez,,;,, J [zs Ci/:/az*flh //)'/oz,s (focﬂ))
c/z,,,l”,/) 2 6(32,5,;) - (%),

2; PLY) = pley7) g pliegn) = p(39),

/6 tz";” g(‘fhélizs

n yunTtunasg /2/, u3 /3/ moiayuaem:

Czs:c[il‘,5 + 2 /015(?"6”}"6244»- /4/

Zosgm €2
CremoBaTesbHO, IEHa odxona (} s OIBONPOCHNAKA Czs paHra

Z DpaBHa& CyMMe MHEHH C(Zz,s) ero KOpHA Z;s ¥ B3BeMEHHO#l cymM-

MH IeH 00xoma Cz+z, UONBOMOOCHUKOB [ 2¢7 » DPaHra Z+ I, xop-

HIA 2,4,, »  KOTODHX SBJIANTCA NOCJENOBATEJIAMH KODHE Zz s .
emn o= 4 € E ,r0l2= @ uus /4/ cremyer:

AW T = <(y) = o. /5/
Popuysn /5/ u /4/ 103BOJANT DEKYPPEHTHO BHUMCIATH HEHy OG-
xoma Jwboro nomeonpocunka Gzs  pompocHmka G, B TOM umC-
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Je IeHy 00xoIa Camoro G : f
e laileil) e i i Y

JioraxeMm, cnexyﬂz, cJeIynmee yTBeDEIEHELEe: ONTUMAaJBHHI BO-
IOPOCHYK COCTOUT U3 ONTYMAJIBHHX [OTBOIPOCHUKORB.

Mycts G - ONTUMAJLHHE BONPOCHZR. .IpeNOJORMM, uTO B G
eCTh HEONTUMANbHHI momponpocEmk Gis ¢ meHoit odxoma C;'S . Tor-
Ia CYymeCTEYeT ONTEMEJLHHI BONDPOCHEE & ,, s OIS /:'3 < C merof
ooxoma Cgzs , mpuuem ;

e TR /7/

dycrs z - MUEZMANBHEY DAHT' HEONTUMEJbHHX NOXBONPOCHZKOR
B ( . Ecam z= 0, TO HEONTEMANBHEN ABJIRETCA BOmpocH®r &
YTO HEBOBMOKHO 1O YCJOBYM. [IpEMEM, UTO IJT BCSX w< 2 , 0<l £,
/ Ty - MAKCEMaJbHE{l DaHr BOMPOCHWKE/, BCE HOIBOIDOCHERE Gu¢ B
(; OUTWMAJbHH. BHIENUM IOXBONPOCHER Giz-1,# C KODHEM 2, ,4¢€
er '5;,. 9TOT MOIBOIPOCHMK ONTUMAJBHHEE 1 corJacHo /4/ mMeeT me-
Hy ofxona C

i : L_____ . 2 n). :
C‘Z_# = c(‘z,_#) + Pry t 29 Cz,s #Zz,n 6/‘2,-#\3;,/:2 7 ¢ (37 Cs0- /8/

B BompocHmke G?—f,t‘ BHIIOJIHAM TONCTZ2HOBKY NOIBOIPOCHUEA C;:
BMECTO G;; s . Jl1A 00JyUaeMoro HOBOTO BompocHEmEKa & Z.,, # UMeeM:

’ I'd
Cl-g,_c = C(£’~$1‘) */’?—7{ {z,s)-(;s +ZL__-_ Pz.;é[’;”)' (";,,- /9/
on € /‘.3,,,4\2;_s
Cpasumsas /8/ u /9/, B cuny /7/ noaydaem:
C;’,-ft- < Cz-gf /IO/
YTO HEBEDPHO, TaK KAK Gr.,« ONTHMAJBHHE 0O NDPELIOJOKEHAD. JT-
BEDRIEHAE IOKA3aHO, IPHYEeM OHO CIPaBeILJIMEO TaKKe IJI1 ONTEMAJb-
HHX DEanu3yeMHX BOIDOCHUKOB.
4, OnTmvasbHEES Deajr3yeMEe BONDOCHUKHA

[dycTs E” - MHOEECTZO BCEX BOBMORHNX Pa23JIYHHX HelyCTHX
IOMHORECTB rf) MHOZsCcTBa & , COJZepxamnx r?~é-/‘/ coOuTuit, IIpu
’7% 2 OymeM HA3HBaTh NONYCTUMENM IJIA &5 BOIIPOCOM Z € 7§anaﬂﬂoe
pasfueHne I0IMHORECTRa c; na 4(7) o~ 64/275'7, maccont;;,,,
Wi B s iy 61[7). MEO®ECTBO NONYCTHMEX IJIA Pk BOIIPOCOB
0603HAYIM %— . Ecam m; = I, TO npmveM f: P Tor,naé%(/f,z'—
eCTh MHOEECTBO IOMyCTMMHX BOIPOCOB, KOTOpOe HaswpaeTcs COBMe-
CTUMHM, €CJH IJA Hero CymeCTBYeT XOTA OH OINH peati3yevMel BO-
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IPOCHHER IJIA £ . Hazosem cutyanuei napy ( " 77 A NODPAIKOM
CHTyanM# - YHCJIO h; 9JIEMEHTOB B / g

Bume 0TMEY:JIOCH, YTO NpPY HAJWYMYN OI'DAHWYEHHI Ha MHOXECT-
Bo 7 8allaHHHX BOMNPOCOB aaroput™ A I MOXeT HaTh ONTUMAJBbHHI
peayu3yeMuil BONPOCHHK TOJBKO CJydYaiiHO - TOrna, KOIZa BCE BOIPO-
CH XOTA OH ONHOT'O ¥3 BCEX BO3MOEHHX IO QJT'OPUTMy BapHUaHTOB OKa-
XyTCA HOUyCTMM:MHU. VajomxmM oCmuii asroput™ A 2 HOCTPOEHHA Om-
TEMEJIPHHX ~peaJl3yeMHX BOIPOCHUKOB, Oasupyomuicd Ha Opounenype
DPEKYPPEHTHOT'O BHYUCJEHUA LIEHH 00XOI2 BONPOCEHUKA.

lIycTs 3’, - MHOZECTBO BCEX DPEalE3yeMHX BONDPOCHHKOB Mg &
¥ IJS COBMECTUMOTO MHOXecTa I IONYCTWMEX BONPOCOB, a 3 -
MHOXECTBO BCEX /peanr3yeMux/ NONEOTPOCHUKOB YKA3aHHHX EOIPOCHH-
x0B 3 ¥, . BoswomHO# cuTyanmeil HasoBeM CHTyalnuo, KOTOpO# co-
OTEETCTBYST peaJM3yeMHi HOIBONDOCEMK M3 o 9 BosmMoRHEME IOMy-
CTEMEME EOUIPOCEME HA30E€M BONPOCH Peau3YeMHX EOLDOCHUKOB K3 - ¥
|/HO%2CTBO BO3MOXHEX X_JONyCTHMEX BONPOCOB oGozHaumi 7 .

xIYCTb ( 5 ? j— BOBMOXRHaA CHUTyalUUd NOPAXKA 77" . Eciam
( £ 7 ) Bcamo,xhaﬂ cuTyanza nopin<2 I, TO COOTBETCTBYMIUML
el pea.n,myemw [IOIBOIIPOCHUR FBJAETCH BHpOJKJIeHHHMx/ 7 [O3TOMY
OUTUMAJIBHEM C LEHOW ofXona

& ¢ .
[o (4}/ ?):Co//b'; ¢)=0}/ ://2/"'1 /V /II/
’ IpenmosoRuM Temepb, 9TO IJIA XamRIOi BO3MOKHON CUTYAalXN (c‘;,

e ) (IOpAOKE My , 7 £/ < o5 <€A , y®e NOCTPOEH COOTBETCTBY-
ouAil el ONTUMEJBHEY peaymu3yeMH! NOINBONPOCHMK. BO3bMeM Bosmom-xym
curyammn ( & Zv') BOBMORHNI: NOMYCTUMHE IJIA é) Bonpoc T 110
ocHozaHun (7 o) ecTh pasCreHne c; Ha a[i) HellepeceKanluxes &
HENYCTHX TNOIMHOXECTB &,» , KAENOE 13 KOTOPHX MMEET YUCJIO BJe-
MEHTOB /”7,,n < *’j/ . o yCAOBUD I KaxIoll #3 BOBMOXHHX CHUTY-
amait ( {/, /,n) y&e noc'rpoeﬂ ONTUMEJEKHE! peaNk3yeMHi HOIBO-
1pocHuK., Torga ONTUMAaNIbHHM peemnsyemm HONBOIPOCHUKOM, COOTBET-.
CTEBYOWIM BO3MOXHO# CHUTyamuu (f g ) , OyIeT IONBONDOCHUK,
7 KOTOPOIo LcHa 00XOIa MUHNMAJbHA: e

Co (5, %) 22 [+ 2 P Co G, 112/

e PR
= L_L_____,—eé"’ &
> Pl

J€
X/ By Bupo MerH HAsHBasTCA BOMDOCHR IAA OTHOTO COGKTHA.

r33\h
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HeTpynHo BAIETH, 9TO DEKyPPEHTHOE COOTHOmeHme /I2/ mper-
CTaBJAET COCOH (QYHKIMOEAJIBHOE ygaaneane INHAMIYECXOr0 IpOorpam-
MZDOB2HUS C OmepaTopo:i MUHEMyMa“™. Takmv oOpasom, Opomenypa OOo-
CTPOEHENA ONTHMAJIBHHEX DeaJl3yeMHX BOIPOCHEKOB MO aJTOpuTMy A 2
COCTONT B DacCMOTDEHZN BCEX BO3MORHHX CHTyammii HoOpsmxa 7y, Ha-
upHasg OT m; = 1 » KoHYaa m,= N , U B IOCTDPOEHHE COOTBETCTBY-
OIIIX EM ONTEMAJBHEX peaJl3yeMHX MOINBONPOCHMKOB. JICKOMHE BOIDO-
CHHK COOTBETCTEyeT BoawoxHoil cmryammx (£, ') .

Anroputm A 2 NO3BOJAET CTPOHTH DealE3yeMHe BONPOCHUKH,
ONTYUMaJbHHE He TOJBKO B CMHCJE MAHEMYMA NEHH OOXOIa; HO TaKke

OTHOCHTEJBHO JPYyTrux LeJeBHX (yHKRIMi ONTHMMASAIME, NAEeT BO3MOR-
HOCThH [OJy4YaTh KaK ONHO, TAK ® BCE DENEeHMA, MOXKET GHTH JeI'KO
MOIVGUIMPOEAH N7 pelleHus 3anay HemOJHOH MueHTHfmKarmu. Hemo-
CTATXOM 9TOTO AJTOPHTMA ABJAAETCH GOJBUOE UACJAO BHYMCJHATEJBHHEX
omepauuii, ompeneJisaeMoe B XyIUeM CAyYae 2‘([77 X/  oGpamenus-
Mz x Gopmyae /I2/. llepefiiem K paccMoTpeHEP airoputma 473 , mpen-
CTaBJAnmEr0 cOCO¥ mpomeXypy MeTona BeTBei M rpasuil’ X HCOOJb-
3ywimero aaroputy A I IS BHYHNCJCHHA HEXHE# T'DAaHWIH IEHH 00X0-
Ila BOTPOCHWKA. B ONACAHHOM B2pPHAHTE AJTOPHTM 4 2 CTPOZT UCKO-
MH# BOIDOCHZK B HANpaBJEHAX OT €r0 KOHEYHHX BEpPHVMH K KODHD <%, .
AnropuTvM A 3 M3JIOKVM B BapHaHTe, KOTJ2 IOCTPOEHWE BONPOCHHKA
BeneTcsA, HaoC0pOT, B HaNpaBJIEHHH OT KOPHA X, K €0 KOHEUHHM
BEpIVHaM,

ycrs mmeercs npamepeBo (, C KODHEM Xo , peausypmee BO-
mpocEnk ( mna £ . Bumesmm B ( mommpamepeso G, € G ¢
KODHEM X, , BXOIANEM B MHOXECTBO (), BHYTDEHHEX BEpNEE X, , I
¢ mEOReCcTBOM £, KOHEUHHX BEpmEE Y, . Kpome mommpanepera G,
IpPaIepEeR0 G comepruT | £;| nommpamepepnes q7; c xopHﬁMM}&Géi.
peasu3yUEX COCTEBETCTBYOmEE M /B TOM YHCJE, BO3NMORHO, BHDOA-
IeHuHe/ NONBONDPOCHAKA C;; mia &y, , .puueM z(ejEE”= £ ., lleny
o6xonma BorpocHmka G NOXHO IPeNCTABATH B BLEEE: ?

Cln E) = > plw)-cle)+ 2 pls). Cyo /157
X, € @, }zéEz
I’Jlecf’( J2) = 55:6:2_ P(y) 1 Cyz - IeHa 00xXoja MNOXBOIPOCHA-
kKa Gy, » 7? .’
]OnpeneJmM HaUuaJbHYL BO3MORHYD CHTyaIub ( 5/- 3 7 a2 T) no-
parxa NV . B xaueCTBe NEDPEBOTO EBOIPOCA Xo HCKOMOTO ONTHMAJBHO-

X/ B pame cayuaeB BO3MORHO yMEHBIEHHE UMCJIa omepamnii 32
CueT NpeNEapNTEsBHOTO ONDESIeJeHNs BCeX BO3MORHHX CHTyaumii.
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IO PeaJM3yeMOr0 BOLDOCHAKA MORET OKasaThCH JWGoil Bompoc € 7 |
TO eCTh HMeeTca /TY BapuaHToOB /BeTBeil Iepesa pemeanm/ Ina xax-—
IOTO BapUaHTa ompejesuM BOsMOxENe curyammu (E/n ) 0o an-
roputMy A 1 0OCTpPOMM ONTEMANBHHE /B OCleM Ciyuae Hepeaﬂmaye-
MHe/ OONBOMNPOCHUKH, COOTBETCTBYWUME Kamxou TaKoi cuTyauur, u
Haiimem mHeHH ofxoma mociaemEax Co (é;n "n) . BaTeM COTJACHO
/13/ ompemesmv IIeHYy OOXOI4 BONDPOCHHUKA B nenom IJL1 KaxioTo Ba-
pUasTa E BHOEpeM I npononzeﬂqg pelieHusl BADHUaHT, KOTOpHA Iaer:

C ey )= prin [0+ > pu-Co (&0, 51 )] /¥

Ha cuaenyoumx marax OUMCAHHHE ONepamyuZ [OBTODPANTCA OpiMe-
HUTEJBHO K EO3MOXHHM CUTyalusM, BHODAGHHEM HA IpSIHIyLewn mare.
[ONOJHATENBEO} Omepanmeil Ipu 9TOM ABRJSETCHA ONEP2IAT CPABHEHNA
MUHEMAJIBHOM HEHH O0GXOIa BONPOCHUKE B IIEJOM, MOJYUYEH: 0L Ha NaH-
HOM mare, C IeHaMZ 00X0ha, HOJYYEeHHHMH Ha NOpeIHIyuyX marax. bc-
J¥ BapUeHTH JAHHOT'O uWara IanT OoJiee BHCOKYD IEeHy, 4eM KaKOi-Jili-
60 ¥3 EGPUAHTOB OPEIHIyMZAX WMaroB, TO LA ODPOIOJIREHUA DelleEund
*HOMpapRT nocJerHui., ONTUMAJIBHEM Deaji3yeMHM EOIDOCEUKOM OyIeT
IepBEE HOJYYEHHHZ II0 XOLYy pelleHUA PeayM3yemMHii BOIPOCHHK A

£

B GospmuHCTBe CJiydaeB METOX BeTBeil W IpaH#ll JaeT Coxpale-
HHe O0BeMa BHYACJMTEJBHHX ONepalliii IO CPaBHEHA® C MPONELypOil
IAHAMAYECKOT'O IPOTPaMMIDPOZaHUA U HABJAETCHA CTOJL Xe o0myM, Kax
7 OOCJenHAA.

5. 0 "npubJrxkeHEHHX" METOoJaxX TOCTDOSEUA
BOIDOCHNUKOB

{IpaKTMYeCKN BCeTIa MHOXECTBO COCHTHI £ wmomso mpemcra-
BATH Kax HOJHY® CHCTEMy COOKTHI, BEPOATHOCTY KOTCOPHX DPE8BHH LX
OTHOCWTEJBEHHM BecaM. J/CXOnd U3 3TOTr0, IOBOJLHO 4aCTO B IIpPOlie-
Iypax DOCTDPOEHHA BOIPOCHWKOB MCIOJB3YWT yCJAOBHYX SHTPOMKI DaH-
ra Z B xavecTBe (yHKUML NPENOOUTEHNA [pX BHOOpE DemeHud Ha
Ka®IOM mare. OTO COOTBETCTBYET MakrCUMM3aLM: HE KaxioMm iware dy-

HKIIA®
2 -____ fzs(z"'//”) Zo/a!s _—"Z—_/ /15/

né/-Z,s Prs (241,7)

TC ©CTh BHOODY TAKrOTO pa3CHeHHA IO0IMHOEESCTBa f?;s , KoTopoe
ofecneyruBaeT NOJy4YeHHe HanboJee OIM3KAX MERLY C000i BECOB BO-
1pocoe [z+4, »] , sBasomEXCA NOCJSIOBATEJsMH BOIDOCA [z-].
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JIpyroii "upuOanReHHO#"™ NpOIEAYPO#i NOCTPOEHHSA BONIPOCHWKOB,
TaKRe JacTO HCOOJb3YemMO#d B NPaKTUKe, ABJAETCA Npomenxypa, W3Be-
CTHag NOX HazpaHuWeM MeTona [leHHOHa-$aHO MIA NOCTPOEHEA KOIOB C
IepeMeHI0% JJMHO# KONOBHX ROMOMHammii, Coragcro 5Toif mpomexnype,
JYy4YlZM Ha KaxgoM mare fBJAETCA TarKoe pasCHeHue, KOTOpoe olec-
neynBaeT NO.ydeHUe Hamfosee CJU3KAX MEXILYy COCO# BECOB BONPOCOB
[?4ﬁ'il [P YCJOBHU COOJMIOIEHUA PACIONOECHASBECOB COOHTHE B He-
yOuBapiuieM /miM HepospacraomeM/ NOPATKE.

liccne0BaHUA CBOYCTB BOIPOCEMKOB, ONTUMAJBHHX B CMHCJE MU-
HIMyM2 LeHH UX 00X0I2a, & TaKke BONDPOCHUKOB, ONTHMMAJBHHX C HH-
JOpMaIIOHHOA TOYKW 3PEeHHs, NOKA3HBANT, YTO 00e yKa3aHHHE (yHK-
oUW OPENNOYTEHVA He IapaHTHPYOT MNOJYyYEeHHA ONTHMMAJNBHHX BOIPOCHM-
KOB J2Xe B CJydJae~’ “ BONDOCHHKOB C DaBHHMH IL[eHaGMH BOIDOCOB.
[lprueM, OPVHOUI MAKCUMAJV3AIWM YCJIOBHOR SHTDPONHE JaeT B OOMmEM
cayyae Gojee NaJieKHe OT ONTHMAJBHHX pemeHusd, 4em meTon [lexHHo-
Ha-®aHO. I3TO OOBACHAETCA TeM, 4YTO B IIepBOM ciydyae OoJiee I'pyco
HapymaeTcs CBOZCTBO ONTMMAJBHHX BONPOCHEKOB, COCTOAmEe B TOM,
YTO Cpely BCEX BEpIVH, MMENIHX Takyp Ee IeHy BeIyIMX K EIM Oy-
Teit, KaK ¥ OOCJeNOBATEJ¥ BONpPOCA OO OCHOBEHMD A , He JOJEHO
OHTDL HM OZHO#, BeC KOTOpPOfi mpeBHmAET CYMMy BECOB IPYTUX 4 Bep-
IKH C TOL Xe HeHO# BeAymMX K HUM nOyTed.

B 3arJmueHze OTMETVM, UYTO TEOPHA BOIPOCHHKOB IaeT BO3MOX-—
HOCTBH D2CCMATPHBATH CBOXCTBA BONPOCHMKOB, ONTYMANbHHX B CMHC-
Je MEHEMyMa WM MAKCEMyMA IPyTHX, OTJMYHHX OT YHOOMAHYTHX B IO-
KJane, UeJeBHX (YHKO@I ONTVMHA3AIME ¥ CJIYRHT Xopome#l OCHOBOH
I KIACCUEUKeNuy CIOXHHX SKCIEPEMEHTOB IO DaCHO3HABAHWD 3Je-
MEHTOB KOHEUYHHX MHORECTB, HE3aBHCHMO OT #X (HU3MYECKOro Comep-
XaHWS ¥ IPYTHX OCOCEHHOCTER.
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BIMAHUE NEPVOIMYHOCTA KOETPONA HA HAIEXHOCTD
BOCCTAHABIMBAEMNX YCTIPOJICTB

Tapras# A.Jl., Toronesckuit B.B.,, I'padoBeuxuit B,Il.
Hayuuni#f comeT no mpoGiemaM HazexsHocTH AH CCCP,
Mocksa, CCCP.

B ZokJaZe paccMaTpMBARTCA HEKOTODHE MOTOZH ONDEJieleHHA Xa-
PaKTEpHCTHK HAZEEHOCTY KOHTPONMPYEMAX BOCCTAHABIMBAGMHX YCT—
poiicT. [lpeznaraeute METOZW MCHONBSYDTCHA AAA DEmEHUS ZBYX Ipynm
3a7ad.

I

[lepBass rpynna 3azauy CBf3aHa C M3YUCHAEM XapaKTeDHCTHK Ha-
ZEXHOCTY 3MM30JUYECKH padoTapmUX /M0 BH30BY/ yCTPOHCTB, HO Ha-
XOZSNNXCH ZIMTENIhHOE BPEMA BO BKIDYSHHOM COCTOfHMM. Ompezens-
eTcAd BIUAHME NEPUOJUYHOCTH X XapaKTepa KOHTPONBHHX NPOBEPOR HA
padoToCnoCOGHOCTH ycTpolicTs, HaxozirTcs BepoATHOCTH TOro, YTO
ycTpoficTBO GyZeT WCIPABHHM B NDOM3BONBHHH# MOMEHT BpeMenM C ®
6e30TKa3HO NpPOpacdoTaeT B TEUYEHHe HpoMexyTka T — Sﬁ’(t,if)-
[Ipeznonaraercd, YTO KOHTPOIH PaGOTOCINOCOGHOCTH TAKEX yCTpo#cTs
He fBIfeTCA HENPEpPHBHHM, T.K. HENDEpHBHH{ KOHTPOJD JHOO HEBO3-
MOEEeH, JuO0 HelnelecoolpaseH.

[lpyuATHE ZOMymeEWs: NMPOMEXYTKN BPEMEHH MEXEZY OTKa38yy yCT-
poiicTBa ¥ BpeMs BOCCTAHOBIEHHA pacHpeAedApTCH IO SKCIOHEHIHAaNb~
HOMY 3aKOHy ¢ nmapamerpaum A M _m COOTBETCTBEHHO. KOHTPONE oCy-
mecTBAAETCH MPHOBEHHO, KOHTDOJBHAs amnmaparypa a0COJNTHO HaZex-
Ha.

[Ipn pemenuy 3To#f 3azay¥ DPacCMOTPEHH ABa CIyuas.

a) KOHTpONB ocymecTBASETCH Uepes ciHyuafiHHe MPOMEXyTKH BpeMe-
mu L,c, pacmpefieNeHHHe MO SKCHOHEHIMANBHOMY S8KOHY C MapaMeTpoM
o« (puc, Ia). KonTpoimpyemoe yCTpo#iCTBO, BKANUEHHOE B MOMEHT
Bpererr ¢ = 0, HaXOXWTCA B MCNDPABHOM COCTOFHHM Z0 MOSBNGHHA
OTKa3a cayvaitnoe Bpeus é' . Orras o6HapyEMBaeTcd TOJNEKO depes
cryuafiEMii MpOMEXYTOX BpeMeHH C,, B TOT MOMGHT, KOTZAa yCTPOACTBO
KOHTpoMIpyeTcs. llocne OOHEPYReHHMA OTKasa OH YCTDPaHAETCHA 3a CIy-
waiinoe Bpeua L,,, yCTPORCTBO BXJWNYEETCA ¥ NpoOLECC NOBTOPAETCH

CHOBa.
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TaguM 00pasoM KOHTPOJMpPYEMOE YCTPOiCTBO MOXET HaXOZMTHCHA
. B Tpex COCTOSHHAX:

cocTosigme I ~ yCTDOKCTBO HCIPABHO;

COCTOfiEME 2 =~ YCTPO#CTBO HEMCNPABHO M HE BOCCTAHABIMBAET-
csl;

cocTosfiEMe S - yCTpolicTBO HEMCHPABEO M BOCCTaHABIMBaETCH.

Cayuafimmit nponecc @yHKI#OHMPOBAHHUA KOHTPOJMPYEeMOTI'0 ¥ KOHT-
poasHOro ycrpoilcrsa, u3o0paxeHHH#i Ha puc. Ia, MOEXeT GHTH Omu-
caH clrexymme#t cmcTemoil ypaBHeHmii:

B'(e)=-2 /%I(f)’f/‘ 5 (¢
a,(f)z—o(e[f)"‘;‘e(t) (I)

B/(¢)=- p Ble)+x B (¢)

A6 K== — HHTEHCHBHOCTH KOHTDOM;

s

e — CpeZHee BpeMs MEeEAY KOHTDOJBHHMME IPOBEPHAME;
Bt ) 3{,5), @(f) — BEPOATHOCTH NpeCHBaHUE KOHTPOMMpPyeMoi
annapatypH B MOMEHT BpPEMEHM B COCTOSHMM
I,2 nm 3.
Cacrema ypassernufi (I) pemaeTeCs NPE HavalNbHHX YCHOBMSX:

R(o)=1, R(e)=AH(e)=0
7.8, NPAEEMAETCH YTO B MOMEHT BEKJINYEHES YCTpOiCTBO BCerga Ha-
XOZETCE B MCHPABHOM COCTOSHMH,

B pesynsTare pemeEHA CHCTOMH ypaBremuil (I), BHDaReHMEe AaAA
BeponrnocT® /(¢ ) - BepOATHOCTH 3acTaThH JCTPOACTEBO B MCNpaB-
EOM COCTOSHEN 3 IPOM3BONBHHI MOMEHT BPEMEHR s3amimeTcs B
BEAG S

- - '
Rle)= Tt A+ pA ¥ @)
+ A rf\ ﬂ"./w V(O("/“ A)a" 4'./“A J e-Cf_'_

(i) G p A (e p WA T
AR-opi e Vot~ pa-2)* = 4 md 1 .
(o<—f4-2)2- 4f,?+(«+/«+k)\(a—f-h)a—4ﬂa

- Dt
’
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e . .

C=XtM* A = Vot-p- 2 )%=y

2
9= ot pet A+ Uz pu-Q)P- 4
£ 2

HcKOMas BEPOATHOCTH ONDEZSNHTCH BHPAXCHHEM:

a — C_—AT

Ple,c)=p(£)e " . (3)

lipesensHHe CAyYalW ZAs BEPOATHOCTH /) (7).
Ia. Crarmonapﬂoe 3HaueHNe (Z—o< )

7
I o =,

rae 3€=%— ) 6’::—-2*-

2a. Korrpoas o:cyrcnyer ( tK=0°, = DEYR)

R () =
3a, Henpepumnm EOHTPOND (£,.=0 =02, t= 00)
1
Ko S5 T

6) KOHTPONH OCYmMECTBAAETCA NEPHOIMYECKN Uepes DaBHHE NPOMEXYTHH
BPEMEHHM IDPOZOJXATEIBHOCTED
Crnyuaiiauft nponecc GYHERIMOHMPOBAHWA KOHTPOJUDYEMOI'O M KOHT-
POJBHOIO yCTpoicTBA ZNA STOr0 Ciyyad M300paxeH Ha puc., 10 B Mo-
XeT OHTH OmMCaH cleZywme# CHCTeMo# pexyppEHTHHX alre0pandecKux
ypaBHEeHH#, COCTaBJGHHHX Ha OCHOBAEMY (BODMYyJIH NOJHO# BEepPOATHOCTH:

~

ple)=8e 4 B 2 (¥)

S ‘Dn-te-A“" é—fz(ﬁ) ;
P - Sl BT () (4)

ROl Iy
|
)
N
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B 9TMX ypaBHEHMEX NODUHATH CleAyvimde OCO3HAYEHUA:

B(¢) - BEPOATHOCTH TOr0, 4TO YCTPOHCTBO B NMPOMSBONBHHA MO-

ueHT Bpemenu T OyZeT HaXOZMTHCH B MCIPABHOM COCTOSHWHM; IDU —

EMMAeTCH, UTO A0 MOMEHTAa BDeMeRM L uMeJO MecTo /1 KOHTPONBHHX

NpOBEPOK §

¢t = MPOMEXYTOK BpPEMEHM OT MOMeHTa noclezHe#l ( /1-< ) KOHTPOIB-
HO# MPOBEDKW 70 PAaCcCMATPHBAEMOTO MOMEHTa BpemMemn T ;

f. = BepOATHOCTH MCIPABHOTO COCTORHMS KOHTDOMPYEMOTO yCTpOfi-
CTBa B MOMEHT BDEMEHN ( -< KOHTDONBHO# NDOBEDKH;

é =1-p; - BEPOSITHOCTH HEHCIPABHOT'O COCTOAHWA KOHTPOJM-
pyemoro ycrpoficTBa B MOMEHT Bpemer: (A ;

T ) - BEPOATHOCTH TOTO, YTO HEMCHPABHOE KOHTPONMPYEMOE yCT-
poitcTBO OyZieT BOCCTAHOBJIEHO ¥ He OTKaXeT CHOBA Ha IpoMe-
xyTxe Bpewemu ( O, 5  );

E[g’): £.— 'z({ ) -~ BEPOATHOCTH TOI'0, UTO HEUACHpaBHAsS KOHTPO=-

JmpyeMas anmaparypa He GyZeT BOCCTaHOBJEHA MM, OyZAyyd BOCCTa-

HOBJIEHa, CHOBa OTKAXeT HA NDOMEXyTKe BpeMeH:u ( O, { s

Pemenne cuCTeMd ypaBHeHuit (4) mmeeT cleXyomu#h BuZ:

P(t)_/u[e-;\g{—e_/uﬁ)—e_f‘?({—-e‘ﬂ)] e
T (e ) -a(t-e7) 5
o (1- e";“)(/ue_f‘%: Ae‘lg) _ ,\e'xiﬂe'fﬂ
—/u(f-e’f‘)—ﬂ{f—ém) M= A

n (5)

SHak "+" npu yeTHOM /1 , 3Har "-" mpm HeuyeTHOM /T
lckoMass BEpPOATHOCTH ONMPEZEAUTCH BHPAKEHUEM:

Plecl=Fltlec: -
lipezemsHuft cayvatt, Ippy 1”1 -0 « € =0

Pt M (3% e

" T pMU—e ) A (1-e %)

BmiAsMe XapakTepa KOHTDPOJA Ha BEPOATHOCTH O0E€30TKA3HOH pa-
GOTH YCTpOHiCTB, ZNA PACCMOTDPEHHHX BHUEe CIAyuYaeB, MIMDCTDPHDPYETCH
saBucnpocrivn A (€)wn A, (¢) , npercTaBleHHHMM Ha puc. 2.
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I

B npusozuuoli HUXe rpynne 3aZad pPacCMAaTpHBANTCH XapaKkTepuc-
TURM HaZEXHOCTHM YCTDPOCTB, AASA KOTOPHX NpW :BHNOJHEHWH Onpene—
JIEHHHX ycloBnil, ZoOmycraeTcs padoTa C mepepHBamMd, [lepepHBH MOTYT
OHTH BH3BAEH HEOSXOZMMOCTHW NPOBEZECHAS KOHTPONBHHWX IPOBEPOK M
BOCCTaHOBUTENABHHX DEMOHTOB. OCHOBHHM TpeOOBaHWMEM ZJA TAKUX yCT=—
poiicTB sABIAETCA TpeOOBaHNE O HEOOXOZMMOCTHM HepepaloTERM MEPOpMa—
UM 38ZlaRHOIO 00beMa 3a ONpeAeyeHHH# CpOK. 3aZaHHHKE O0BEeM HMH-
fopuam¥ pasCuBaeTCA Ha OTAENbHNE I'DyNNH, NepepaCOoTKa KOTODHX
OCymecTBAAETCA NOBTANHO. B KOBIE KaXZOroO 3Tama TeM, IMO0 MEHM
0o6pas3ay NPOU3BOZMTCSA KOHTPONH NMPAaBUIBHOCTH pPe3yAbTATOB PaGOTH
Ha aTane, HaxozATcA cleiypiMe XapaKTepUCTHKY HAZEXHOCTH TaENX
ycrpoiicTs: g

I. Beposrrocrs .92 (V%) nepepaGorks mmgopmamEm o6bewmou U
3a Bpeua ¢ >V (BpeMeHHas M3CHTOYHOCTH) Npu < .Dramax;

Z.MMmmwm%ommmeMﬁjnmmmT',mwuum—
ro Ha nepepaGoTky uHPopMammm o6bema U npm T  3sramax;

3. OnTumambHOE uMCJO 3TamoB 7, , HA KOTOpPOe HaZO DPa3CHTH
IMEN NepepaGoTkM mEdopuamum U, uroOH Bemrunua7[T]Guna suEm—
MaNBHOHR.

Onpezenenne STUX XapakTePUCTHK ZaeT BO3MOXHOCTH CBA3aTh Ha—
ZEKHOCTE YCTDPOHCTB ¢ HX MPOM3BOAMTEABHOCTED.

Sajiauy pemapTcA B NpeANONOXCHAH S
- NOTOK OTKA30B YCTPOHCTB mMyacCOHOBCKM#A ¢ mapameTpoM A ;

- Bpeua <, mpoBepru ¥ Bpemi C ¢ NPOBEPKHM ¥ BOCCTAHOBHTEIBHOIO
DEMOHTE NPUHUMADLTCA MOCTORHENMA M paBEHME o @ A COOTBETCTBEH-
HO, 38 WCKINYEHHEM CIeIMalbHO OrOBOPDEHHHX ClyuaeB, KOTZa 5TH
BeAUYKHN [PUHHMADTCA CIAyYafiHHMA ¢ MATeMaTUYECKHMN OXHAaHWAMMA
Ad uh.

Hume paccMaTpmBawTCA TPU CIyuYad PeNeHMsA MOCTaBileHHO#l 3azauM.

a) KoHTpomb ocymecTBAAETCA B KOHUE KaxZOro 9Tana CnendalbHH-
M aGCONNTHO HaZSKHHMM KOHTDOJNBHHMEM ycTpojicTBamM. B ciryyae BOs-
HIKHOBEHNA oTxasa (c60f) pesyinbTaTH BCEX STAanoB, NpeAmecTBYDNHEX
NMOSIBNEHNN OTKA30B TEPANTCA = OTCYTCTBYDT NPOMEEYyTOUHHe HaKO-
miTem (puc. 3a).

Taxuyu oOpasol, 3afaHHHi{ 00beM nEGopmamuu OyAeT NepepacoTaH,
ecJ 3a BpeuMA t ycrpolficTBo GyZeT padoTaThs yCNEmHO NMOZPAZ ' aTa~
noB.
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Npuwen T, = Ce =d/ ., BosMoHOe B TeueHHe BpPEMEHH  wucao
. 9TanoB OompeeisieTcA BHPaXeHHEM:

y
=iz ]

rae [x | - uemas wacrs x .

PaccumarpuBas NPOXOXZeHWe OTZEABHOI'0 dTama, KAk NCHOHTAHWE,
a WCNpaBHOE NPOXOXAGHHE OXHOTO 3Tala Kax coduTme A ¢ BepoAT—
HOCTBN P=& =, NpuXomuM K clexyvme#ft saziaue: HafiT BEpOATHOCTH
A (n) Toro, uTo cpemm /1 mcnuTaEmil GyZAeT MMETHCA XOTA OH OZHA Ce-
pug ¥3 ¢ NOCNEZOBATENBHHX HMCOHTAHWMH#, NMpPd KAXZAOM U3 KOTOPHX NpO=
usoiizer codurme ~ . Cepp 7 mocnezoBaTEeNBHHX YCIEWHHX MCIOHTAaHMR
OyZeM HasHBAaThH cepuedt - .

Cepnsa 92 COZEpEUTCH CpeA¥ /1 ucHHTaEui#t Imums B ABYX HECOB-
MECTHHX CIyYasx:
I) cepus % comepmMTCA CDeZM MEPBHX ( A-7 ) MCHHTaHMi;
2) cepus 9, BUepBHE MOABANACH HPH /? —OM UCIHTAHWH.
B cooTBETCTBHM C ITHMM:

R(n) =2 (n-1)+ My (n)
)

Tzie

[l,(n)=0
Fl. n)=-p" (n=1)
[, (n) =[1-Rn-7-1)]g p° (n>7,q=1-p). (8)

(n<)

YunruBas (8), ¢ momombp pexyppeHTHOR dopumym (7) mocuezoBATEIB-
HO MONMydYaeM:

gz(ﬂ‘f)zj(z(’z+k<):’32(1+xfi)7 (k=815 %)
(J?.[(’lf‘f) :QGE?*(.):P’Z{'I*‘C;[L' 7 ‘(_'P'Z_ & (24'- 1)%/32]}

{ CFra %

(9

HERES
8aBMCHMOCTE BEPOSITHOCTH IepepadoTKA MHPOpMAIyH ff { v, t )
OT BpemMeHM [ NpH DA3IMUHHX 3HAUEHUAX T MpeZCTaBIEHa HA DUC.4.
Jns onmpeZeleHMA MATEMaTHYECKOT'O OXMZAHUA BpEMeHH Nepepasor-
xu undopmamn ( T, u Tgazech NPUHUMANTCHA CHyuaiiHHMM BeIUYMHAMA)
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BBOJMTCH Clydaftmas BeIMYHEA:
XK‘—‘xx—-xx-, A= d, )

rze X,- MOMEHT OKOHYAHEf BOCCTAHOBIGHHS yCTpoficTBa mocrne
K =T0 OTE838, JMOO MOMEHT OKOHYaHHA mnepepaCoTKM HHPOpMa—

mwn (B mocnezmeM cayuae Ny., =X, .,=-=0 ).
Torza c:wqahoe BpeMA BHINOJNHEHHA 38ZAHHA ONPOACAUTCH:
X 2; Ay

a narenamqecxoe oxggmme BpeMeHN BHIOJHGHHMSA 38ZaHHA:
MITI == M(X ]
fcnonssys USBECTHHE METOAH HAXOXACHMA MATEMATHUECKOTO OXi-
A8HuA, HETDPYZHO oxoma!mno OOXyYHUTH:

g g=") -3Y -4Y
M[T]‘( A,ll)enur [e o +(1-e )ﬁ*—zJ . (10)
XapaxTep msMeHeEHS Maremarmueckoro oxuzamms M[T ]|z sammcmmocTn
OT TMCHA 9TANOB ¢ NpEACTABIEGH Ha DHC. 5.

OnTHMANEHOE YHCNO 3TANOB ., HAXOZAMTCA B3 ycnoma NOXyYEHNS WHHH-
MyMa MaTeMaTHUeCKOro OXWZaHWA, ompezelseMoro dopumyzoRt (10):

Retf 7 AN YRR
Va2 ad =TT A )
(11
Ecmm Ad uamo, 10 ¢ xopome#f TOYHOCTED MOXEO HDHEATS:
: S5
gt (12)

G) Pesymprary nepepaGOoTKM MEJOpMA¥®m Ha KAXXOM 3Tane mpoBeps-
prcA MOBTOpPEHMEM NepepaCoTEM B 9Tane L0 NOSBIGHMR XBYX COBIaza—
DOEX pesyABTaToB (He 0CA3aTeNBHO NOZPEXN).

CoBnazapimye pe3yABTATH CUNTAPTCH NpPAaBANBEHMH, CHenEaIbHEE EOHT-
PONBHEHe YCTpoiicTBa OTCYyTCTBYNT. B CiIyuae BOSEMKHOBEHES OTEA38
(c6os) Ba sTane OGSCHCHEBANTCA DESyNHTATH nepepacorTRRE HHHOpMAIMN
TONEXO HG& STOM 3Tane - NpeAnuiaraeTcs HamWyune HaxommTexefl MBEPop-
uanu¥. OpraEuWsamEs KaEno# NpoBepxd - BHBOJ ASREHX, CpaBHeHNe I,
B CIyYae HEOCXOZRMOCTH, BOCCTAHOBAGHNS® - 3aHEMAET BPEME DaBROE
A (pme. 36).

Kax BEAROC #3 puc, 30 Becs mu nepepeCoTER EEJOpPMANER COCTO~
BT u3 { WATEpB&NOB. Ha xaxjzOM EHTEphaxe ciydaliroce wEcEO pa3 (X0
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MOABJIEHAA XBYX COBNAZANNUX PEe3yABTATOB) MOBTOPANTCH BHUMCIEGHHSA
H8 OZHOM W3 3TallOE.

Ycnemras nepepaGoTka uHbopMammum oGBemoM U 3a BpeMa t npu
pa30uBKe 2TOr0 Oo0BeMa Ha ¢ 3TanoB ¥ OpM NIPOBEDKE DPe3yAbTaTOB
[IOBTODEHNWENM SKBUBANCHTHA TOMy, UTO CpeAH /L NpOBEPOR HEYCIHCMEHX
GyzeT He Gonee, 4eM /1-27, TaKk KaK Ha KaxOM U3 HHTEPBAJOB
HYXHO MMETH ABE YCIEmHHX NpPOBEPKM, TO €CTH Bcero 2 (um Ooxee)
yenemsHX OPOBEPOK. MCnonbays OMHOMMHAINBEH{ 3aKOH, MONYyUUM BEpPO—

arRocTs 7 (Ut ) B CIeZypmeM BHZE:
~ 4% .“Blf n-K
Plvt)= B ClheTufpe giin)
K=2% (IS)

MaTeMaTHUECKOE OXKUZaHNE BPEMEEH IepepaCOTKH HHPOpMAIMH MO-
XeT OHT® HaiileH0 ¢ yueTOM U3BeCTHOro PaxTa, UTO MATEMATUYECKOE
OEWZiaHNE YHUCJa MCIHTaHM# 70 MOABICGHUA HMCNHTAHUA C YCHEMHHM HC-
XO0ZOM C BEDPOATHOCTBD AL PpaBHO ;§ . HAcromoe MaTeMaTHUECKOE OXU-
ZiaHWe 3amMmeTcs B BUZE:

M[T]=2(v+zd)e

OnTUManBHOE YHUCIO STAlloB:

e e U \/_d—’zq (IS)

B) llocne xaxzoro srama ZelaeTcd a0COINTHO HafieXHasd MpPOBEPKa
cnelpaNbENM KORTDONBHHM yCTpoicTBoM (puc. 3B). [IpaBMIBHHE pe-
8yJABTATH NepepaCoTk¥ MHHOPMALMHM HA KAXAOM 3Tale COXPAHADTCA B Ha-
KOmATeNAX. Jina ycnemHoft mepepaCdoTR¥ MEHPOpMAIMu B TEUEHNE Bpeue-
m T HeoGXOZMMO, YTOOH M3 BOSMOXHOI'O 4mcia /2 3TamoB He Golee
n-"7 CHIM HeyCneWwHHMA, B COOTBETCTBAM C ITHM.MCKOMAs BEPOATHOCTH
onpezenuTCa cnenynmnu o0pasoM: ~

Rat)=2 e - %)

& ik e 7= 8 (16)

K—

MaTenaTHYeCKOe OZUZAHWE BPEMEHN HepepaCoTkY HHPOpMAIMM B
3TOM CJllyuae DaBHO: AV
M T (PP (17)

OnTuManbHOE YUCNO STANOB:

fdha o VE;? (18

AY
Tz

(14)
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BHBOAH

I. B zanHOll padoTe nmpezlaraeTcCs annapaTt, HOsBOAsAwEE# oGoc—
HOB&HHO NpPOW3BOJMTH ONEHKY HEKOTOPHX NapaMeéTpoB HaZeXHOCTH KOHT-
POJMPyEeMHX BOCCTAHABIANBAEGMHX YCTDPOHCTB B COOTBETCTBUH C 3SaJlaHHHM
PEEMMOM HCIOJNH30BAHAA U OOCAYEMBAHMA STHX yCTpOiicTB.

2. NpeznaraeuHnii annapaT NOSBOJAET PAnMOHANHHO OpPraHN30BHBATH
BPEMEHHYD JMarpyMMy MCHOAB30BaHAA YCTPO#CTB, UTO NPUBOZMT K 3Ha-
YUTENBPHOMY BHUTDHIM B HaZieXHOCTH. OTOT BHHEI'DHN NOJYyYaeTCH B pe—
syrsTaTe, BO-NEDPBHX, BPEMEHHO} M3OHTOYHOCTHE M, BO=BTOPHX BCIECZ-
CTBME Da30MBKHM 00mero o0beMa mepepaCOoTKH HHPODMAIWM HA STalH,
YTO MO3BONAET PAIMOHANBHO MCHIONB30BATH MMEDNMIICA DECYyPC BpPEMEHH
(B 4acCTHOCTE ¥ W3-3a TOrO, YTO PE3yJBTATH YCICHHHX STANOB HE
00eCLEeHNBARTC B MCNOABSYDTCA NPH BOSOCHOBJIEHHM paGoTH ycrpoficT=
Ba).

3. OmucamEHH#l DOZXOZ ¥ MOJNyUYeHHHWE pPEe3yABTATH HO3BOAANT BHOE-
paTh HEKOTOpHE XapaxTEePUCTHKH CHCTOMH KOHTDOAS - BUZ KOHTPOAS M
NEePUOJMYEOCTE KOHTPONR, OGecneuyMBapmie B3aZaHHHEe TPeCOBSHEA HO
HaZIeXHOCTH .

4, TlonmyyenHHe pesyNBTATH NOSBOJANT CBA3ATH XapaKTepPUCTHKH
HAZIEXHOCTH YCTpPOHicTB ¢ Taroff BaxHOR XaparKTepUCTHKO#f KaK MpOM3-
BOZUTENBHOCTE (CHCTpoZeficTBEEe HWJM NPONYCKHAA CIHOCOGHOCTS).

JlleiicTBUTENIHPHO, MOXHO BBOCTM Takyn XaparTEeDHUCTHKY ycrpoi#icrTsa,
RaK KO030dUIMEHT pealbHOX NpOM3BOAUTEABHOCTH, OHpeZelAeMHili OTHO-
meHEMeM YXCTOTO BPEMEHM, HEOOXOZMMO AJA NepepaCOoTKE HMHHOPMAIHE
o6pena U B NpeANONOEeHuM aGCOMDTHON HAZEXHOCTH YCTPOACTBA K Ma-
TEMaTHUECKONY OXMZAHUKN BPEMEHH IepepaCoTKM MHPopMammm ycTpo#cr-
Ba C yYeToM ero HEHAZeXHOCTHM, MOBTaNHO# DPaCOTH U BpPEeMeHHM, HeoO-
XOZVMOTO Ha KOHTPOJH M BOCCTaHOBIeHMEe., Kosjpdmnmenr peansHo#t mpo-
B3BOAUTEABHOCTY ZOIXSH ONPEAENATHCH ANA BaA8HHOTO 3HAUEHHWH BEpoO—
ATHOCTY HepepaCoTk¥ MHPOpMaIMM, 3HaHNE STHX ABYX XapaKTEPHCTHR
7aeT BOBMOXHOCTH, HampuMep, pemaTh BONPOC O BHOOpe HEOOXOZHMMOIO
6HcTpozeiicTBUA NpM NPOEKTHDPOBAHWMM IMPPOBHX BHUNCIMTEABHHX MANMH.
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s Introduction

The study of extremum control systems has proceeded in two
ways. FPirstly 'empirical' controllers, whose principle of operation

can be demonstrated intuitively, have been proposed and their perfor-

=3 Secondly,

18,20 ,21

mances have been studied under various conditions’
attempts have been made to find an 'optimal' controller for
various formulations of the extremum control problem. The second ap-
oroach is the more interesting but mathematical difficulties have so
far prevented much progress. The first approach has produced many in-

teresting suggestions for empirical controllers. The purpose of this

o

aper is to compare three of these empirical controllers by deriving
their performances in connection with the same plant; a plant for
which the performance of any controller is defined by the value of a
single dimensionless'variable, and for which the performance of an ap-

proximately optimal controller has been determined.

2% The extremum control problem

The problem considered here is defined in terms of the con-
tinuous-time plant shown in figure 1. The problem is to adjust the
plant input q so that the extremum output c¢ stays as near its mini-
mum value as possible despite the disturbance 2z, and the measurement

noise & on the measurable output y.

The equations for the plant are

c = A(z + q)2 = Ax’ (1)

:/:C-‘?—f (2)



63

where 2z and ¢ are stationary random variables of spectral density

w2

ﬁzz(w) = M H ¢§E(u) = N‘E2 (3)

The time average c¢ is used as the performance criterion for the vari-

ous controllers.

The performance of any controller used with the above plant

is given by the equation
c = A% = £ A,Nz,Ng5 ©1,y +uu Cn) (4)

where ¢, ... ¢, are the n controller parameters and the function
f(..) depends on the particular controller. The design problem for
any controller is to find the values of ¢y ... cn Which minimise K
for given values of the plant parameters A, N: ,>NE. The optimal
controller is that which gives the minimum of ¢ for any given A,
N, Nf'

Equation (4)-uses three kinds of units; input units, output
units and time. = is expressed in output units, A in (output
units) / (input units)?, N, in (input units) (time) 2, Ng in (out-
put units) (time)®.,  Buckingham's Il - theorem’® states that the number
of variables in equation (4) can be reduced by the number of kinds of
units (three here) by using dimensionless products, so that equation
(4) vecomes

me = f5 (0 = =) (5)
where suitable dimensionless products are here
L
me = x°\ NNg (6)
Ml{ eee lIn = suitable canbinations of
Cy esCny A, Nz, N ¢ (7)

[le is proportional to ¢t for any given plant and is a dimensionless
performance criterion, Equation (5) shows that the design of any con-
troller consists of choosing the values of Iy ... lIn which minimise
Me. The resulting value of II e gives. the comparison with other con-
trollers, the optimal controller having., by definition, the lowest

value of Te.
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The above plant does not contain any time lag. In a practi-
cal extremum control problem there are three essential elements2282182¢
a) A disturbance, or disturbances, which must be compensated

for by the controller
b) Measurement errors

¢) Plant dynamics, notably lags.

The neglect of lags in this continuous-time plant leads to a
requirement of infinite perturbation frequency for best performance.
It will be shown, however, that useful results can be obtained with

finite perturbation frequencies.

3, The Controllers

Four controllers are considered here, three empirical control-

lers and the approximately optimal controller derived by Roberts‘f

The empirical controllers are shown in figure 1 and are typi-
cal of some of those proposed in the literature ' '% ., All three act
by adding a perturbation of some waveform at the input then multiplying
the output by the same waveform in order to obtain an estimate of the
gradient of the extremum characteristic. A heuristic explanaticn of

the operation of these controllers is given elsewhere 5,7,% ,

The equations for the sine wave perturbation controller are

a =-u+ a cos at a8y
81 . x(3 + y)ces ot (9)
dt =

and for the square wave perturbation controller

a =-u+ap(t) (10)
U _ (B + y) p(t) (11)
dt X £ -
where p(t) is a square wave of unit amplitude and of frequency: f% Hz, -
2,19
The constant B added to the plant output has been shown ’ to be

useful for cancelling the mean value at the plant output when, as here,

no band-pass °3'9 or high-pass!® filter is used before the multiplier.

4

[t also allows plants whose extremum characteristic has a finite

F

'height', e.g.

c = Ax?® + B, (12)

in the same way as the plant considered here by a simple
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redefinition of B.

These two controllers are described by the four parameters
a, a, K, and B and there will therefore be fou; dimensionless vari-
ables on the righthand side of equation (5) for the performance.

Suitable dimensionless variables are

B N, 2
b= T U = ™1
(13)
=
a a [N Ne\s
R L = mr\7
Equation (5) thus becomes
ne = f£5 (M, Mz, M5, M) £ (1)

The third controller shown in figure 1 is similar to the
square wave perturbation controller except that a sample and hold unit,
sampling at the beginning of each perturbation cycle, is included after
the integrator. It has been shown5 that this eliminates the effect
of the mean value at the plant output, eliminating the need for the
constant B and so reducing the number of controller variables to

three; a, o and K. Thus equation (5) for the performance becomes

Me = f£y(Nlz, M3, M) (15)

where [lp, [l and [y are as defined above.

For these empirical controllers the design problem is to find
the analytic form of equations (14) and (15) and then to choose [, -ll2
s and Il so as to minimize Ile , The dimensionless variable I,
depends only on the perturbation frequency o and the plant parameters.
It is therefore a dimensionless measure of the perturbatioﬁ frequency.
Although equations (14) or (15) determine the value of Il for best
performance it is of practical interest to know the performance Ile
for other than optimal values of perturbation frequency, especially as
the optimal value turns out to be infinity. To provide for this, in
the following work Ils is considered as an independent variable;

i}

and a graph of Ile against IIs4 constructed. The minimum on the

) N, and 1II; are chosen to minimise Mle fqi given values of Ils

graph gives the absolute minimum I e obtainable and the optimum value

of Ig4. This graph is used in the comparison of the controllers.
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s The performance of the empirical controllers

4.1 The sine wave perturbation controller

The system of figure 1 with the sine wave perturbation con-
troller is a special case of that considered by Jacobs and Shering 2

whose results can be shown®® to give the analytic form of equation (14)

e ) e B

provided that Iy has the value

M o= 145 (1 +ﬁf,> (18)

this being the best value of II;j irrespective of the values of IIs

as

and l'l.,.

Equation (17) has been studied using a digital computer func-
tion minimisation routine. Various fixed values of the perturbation
fiequency [, were taken and the routine used to find the values of
M, and s which minimise Me. The results are shown in Table 1
and the graph of minimum e against Il is shown in figure 2.

These results suggest that minimum ITe is obtained when Il4 tends
to infinity, when the minimising value of Il also tends to infinity.

When M, tends to infinity equation (17) becomes

1/ 1 15 BN 2
el i o =k —
fle 2(1‘[4 +35 15 <H2 > + T, )

Minimum Jle is obtained when o, ~ ol
which gives g
3(1 )3 -
e -3(3)7 < v 9
1
with IIs = 1, Hz-( )? Nig andoillpsl e (20)

In order to verify these results an analogue computer simulation
of the system was carried out, to an accuracy estimated®® to be better than
e The system was simulated for various values of the perturbation fre-
quency Iy, the other parameters taking their best values, according to
Table 1 and equation (18). The resulting measured values of T[le are shown
on the graph of figure 2. These results suggest that equations (17) and
(18) are accurate for high perturbation frequencies, though becoming inac-

curate for values of [, 1less than 10.
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4.2 The square wave perturbation controller

The square wave perturbation system of figure 1 has been studiea®?
in the same way as the above sine wave perturbation system, and the re-
sults take the same form as those discussed above for the' sine wave pertur-

bation system, the equations corresponding to equations (17) and (18) being

““%(“%)(n‘fﬁ?)(“”“s{%:);”*) (21)

provided that Iy has the value

Iy =-3<1 +%22;) | (22)

Equation (21) was studied in the same way as equation (17); +the graph of
minimum [le against I, dis shown in figure 3 and the minimising values of
My, M and M3 in Table 2. These results were also .verified by analogue
computer simulation, and the experimental results are shown on figure 3.
As with the sine wave perturbation system minimum . le is obtained when I,

tends to infinity so that equation (21) becomes

< b
He:i(%f+ﬂ;<%‘z-) +ﬁ-n;%-‘-) (23)
minimum [le is obtained by setting ;%‘: = :—gj = O which gives
ﬂe:%(%);=1.191 (24)
TR TS e 2(%)’? I, and My » = (25)

4.3 The square wave perturbation controller with sample and hold

The system of ﬁgum 1 with the third controller asaspecial case
of the 'derivative sensing' system studied by Chang*. It has been shown®’
that Chang's results for this system, expressed in terms of the variables
used here, give the following equations for the best design and resulting

performance of the system:

n 1+ 2b
O e ety

[2p(1 - b2?)]5 (263
when [, = T&f—i , M5 = &13"'_1)1 : (27)

where b is an auxilliary parameter obtained from the perturbation frequen-

cy I by the equation
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e ) (28

For various valuss of [y, b can be found by solving (numerically) equa-
tion (28) then b can be substituted in equations (27) to get the minimis-
ing values of Il and IIs and in eqution (26) to get the minimum value of
[le for the given value of M. The results are given in Table 3 and the
graph of Ile against [ is shown in figure L. As with the other two
controllers it is seen that the minimum value of [le is obtained as Il
tends toinfinity. In order to verify the above results the system aas
simulated on an analogue:computer. The measured values of Ile for various
values of Iy, Il and Iz taking their theoretical values, are shown on
figure 4, along with the theoretical ones. As with the sine and square
wave perturbation systems, it is seen that the experimental results confirm
the theoretical values only for high perturbation frequencies, say for
My > 10,

When I, tends to infinity, the parameter b tends to unity and

the equations for the system become

3
Me = g(%) = aHon (29)

waith' Ix =4, Iz = 2(-;-)!‘114 and M4 > . (30)

5. _The comparison of the controllers

In order to facilitate the comparison the three theoretical graphs
of [fle against I, are plotted together in figure 5 and the three sets of

experimental results are plotted together in figure 6.

The first point of note is that the optimum value of perturbation
frequency Il 1is infinityf when all three controllers’ give the same perfor-
mance, given by Ile = %(%)3 = 1.191. This is identically the performance

obtained by Roberts'® for an approximately optimal controller.

For finite perturbation frequencies the experimental results have
shown that the theoretical curves are accurate only for perturbation fre-
quencies above Il = 10, This is the range of most interest, however, as
the performance rapidly gets worse as [I; is reduced below 10. Over this
range both the theoretical and experimental results of figures 5 and 6 show
that there is little difference between the sine and square wave perturba-

tion controllers, but that the controller with the sample and hold unit is
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noticeably worse - about 25% greater Ile at I, = 10. This latter con-
troller has the advantages, however, of eliminating' the need to know the
extremum height . By in equation (12), and of being simpler as there is no
parameter B to provide or to adjust. In addition.it can have practical
advantages such as allowing the multiplier to be replaced by a switch, or
of making fewer demands on the computer in a computer-controlled situation

as the input need only be adjusted twice per perturbation cycle.

In the formulation of the problem no dynamic lags were considered,
though these are inevitable in any practical situation. The may, however,
be sufficiently small so that the design procedures considered here can be
applied with little error. The graphs of figures 5 and 6 show that the
performance tends asymptotically to its best value as the perturbation fre-
quency increases. Thus a finite perturbation frequency can be found where
the performance is not much worse than the ideal, e.é. My = 10 when
e ~ 1.25 for the sine and square wave perturbation controllers and lles
1.57 for the controller with the sample and hold unit, compared with the
ideal e = 1.191. If the lags are negligible compared with this pertur-
bation frequency, then the design given above for this perturbation frequen-
cy can be used., The higher the value of perturbation frequency which can
be used and for which the lags remain negligible then the lower will be the

difference between the actual Ile and the ideal value.
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Tables of minimum Ie

for some given values of

4y together with the minimising values of Iz and [s
TABLE 1 Sine wave perturbation controller
My [100.0 80.0 40.0 20.0 10.0 8.0 4.0 2.0 1.0 0.8 0.4 0.2 0.1
e 1.191 1.19 1.192 1.203 1.26 1.30 1.59 2,28 3.8 4.6 8.7 16.9 33.5
Mz) 79.4 63.6 32,0 16.8 10.0 8.8 6.6 545 4.88) 4.77 4.57 4.49 4.46
M 1.001 1.002 1.012 1.085 1.43 1.65 2.99 6.36 15.2 120.6 54.6 150 421
TABLE 2 Square wave perturbation controller
M, {100.0 80.0 40.0 20.0 10.0 8.0 4.0 2.0 1.0 | 0.8 0.4 0.2 0.1
le 1191 1.191 15982 1.199 1.24 127 1.50 | 2.09 3.39] 4.07 Te57 14.7 291
M, [158 127 - 63.8 33.0 19.1  [16.6 [12.0 |9.76 | 8.61| 8.39 | 7.98 | 7.81| 17.75
Ms| 4.002 4.004 4.031 4.234 5.28 6.00 [10.4 [21.6 50.5 [67.9 [178 488 1365
TABLE 3 Controller with sample and hold
b 923 <905 .820 .676 469 <397 199 .082 030 .022 .007 002 .001
My | 98.75 79.24 39.76 19.96 9T 799 | 4.00 | 1.00 0.98] 0.8 0.37 0.16 0.1
Ile 14223 1251 1.274 12568 5T 1.67 2.29 | 3.69 6.78| 8.26 17.4 39.8 631
ol k652 132.5% 69.8 38.8 257 20.8 45T Sl 13.0 ]12.9 125 T 12.6 12.6
M5 4.167 4.210 4.43%9 4.959 6.26 T.04 112,71 6.4 68.7 192.9 (287 1002 2002

TL
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-RELIABILITY AND AVAILABILITY OF
ELECTRO-MECHANICAL EQUIPMENT USED IN
AUTOMATIC CONTROL OF TURBOGENERATORS

by T.A. Wesolowski Low,
Central Electricity Research Laboratories,
Leatherhead,
Surrey,

England.

1. INTRODUCTION

The Central Electricity Generating Board conducted in 1966/67 a
field experiment on the automatic control of a power system by means of a
central computer commanding turbogenerators to come t;-mbothiy up to target
powers in specified periods of time (Moran and Prewett 1969)1. Machine
controllers were designed to perform this control function. The objects of
the experiment were to demonstrate that the developed control system could
become a fully operational tool and to obtain data for future guidance.
Reliability of the control equipment was among the main topics on which
guidance was sought.

"The machine controllers are an equipment whose reliability and
availability may be usefully examined. Although they are prototype equipment
they were engineered to operational standards since they were used on the
actual power system whose secure operation had to be guaranteed. Despite
their complexity they were the first C.E.G.B. electro mechanical equipment
designed and manufactured to meet a specified quantitative reliability
target. They offer a possibility of an instructive comparison of the original
assessment with the observed facts. The analysis of their performance and
availability shows the value of full assessment carried out at the early
design stages. This analysis is based on an extension of a standard theoretica
method applied to a practical situation substantiated by experiences. The
analysis also provides bases for facts which may allow economic assessment of
the equipment.

2% BRIEF DESCRIPTION OF MACHINE CONTROLLERS

The machine controller is described fully elsewhere? and only a

short description of its construction and mode of operation is given here.
The machine controller consists of:
(i) Remote control cubicle for insertion .of operational limits and

general monitoring of equipment
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(ii) Interpolator for verification of the target powers commanded by the
central computer and for production of the control signal ;

(iii) Frequency controller for production of an input to the interpolator
proportional to the deviation of the power system frequency from the nominal
50 Hz. >

(iv) Rate limiter for protection of the controlled turbogenerator

(v) Speeder motor actuator for the control of the turbine steam valves
as commanded by the signal from the interpolator

(vi) Power supply and transformer tray units with protective tramsient
suppressing circuits.

’ The interpolator and the rate limiter consist of analogue
computing sections utilizing electronic and electro-mechanical components.
The other units and the logical parts of the interpolator are made up from
conventional discrete components.

Interpolation from the actually generated to the commanded target
powers is normally carried out in a 5 or 10 minutes period in a mode designated
as T-minutes operation. In addition half hourly targets are issued by the
central computer to the stations two hours ahead and are stored there
indestructively. Thus in the event of a breakdown of the T-minutes commands
(e.g. due to computer or telecommand equipment failures) the station can
operate on automatic control for two hours interpolating to meet 30 minutes
targets. In the existing designs of interpolators the 30 minutes facilities
provide a small amount of redundancy which does not improve noticeably the
reliability or availability of the interpolators as such due to the unavoidable
complications of the automatic switch-over circuits. However these facilities
offer the operators sufficient time either to repair the failed equipment
or to make arrangements for manual control of the power system. If the half
hourly mode of operation had not been provided as a reversionary mode the
power system would be inconveniently difficult to control and be in an
insecure state immediately after a breakdown of the commands.

3 PREDICTION OF RELIABILITY AND THE OBSERVED PERFORMANCE OF MACHINE
CONTROLLERS
The manufacturer of the equipment produced a prediction of the

mean time between failures of 26000 hours based on the information on the
proposed design which was available at the conclusion of the feasibility
studies. This prediction was very optimistic because (as is common
experience), the final product was at least twice as complex as visualised
at this early stage (Table 1). The useful outcome of this assessment was

that the manufacturer was reliability conscious with beneficial effects.
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In less than two and a half years 31 satisfactory complex equipments were
designed, produced, installed and commissioned.

The failure rate data used for prediction of reliability (Table 2)
are based on experience with large populations of electronic components ;
observed in power station applications. Where our experience was insufficient
data of "assumed" failure rates published by Green and Bourne3 (1966 - U.K.A.E.A.
were used. These "assumed" rates are estimates whick are claimed to yield
realistic predictions. It was found in our previous work that the assumption
of constant failure rate of both instruments and their components is valid
in practice, within the spans of the lives of the instruments. Thus a
summation of the failure rates of the components yields the failure rate of
the equipment in which they are used, provided it does not contain redundancy.

The calculations of reliability parameters are demonstrated by the
example of the torque convertor (used to compare the generated with the
interpolated powers). The torque convertor is a relatively new device with
no known recorded history. Its failure rate can be synthesised from its
construction (Fig. 1). It consists of a setting shaft which rotates in a
ball bearing and is mechanically coupled to a torque shaft by two spiral
springs. The torque shaft is suspended by two pivot bearings at its ends.
It carries five coils (frequency bias, torque motor, sensing and two current
coils). Each coil has two flexible connections coupling it with the outside
circuits. In addition the torque convertor has: three coils (ome excitation
and two voltage coils), seven resistors (one high stability carbon film,
two metal oxide and four special wire wound resistors), three capacitors
(miniature metallized polyester) and a permanent magnet all mounted in fixed
mechanical positions. The stressing of all the mechanical components is
very light thus during normal life of equipment the wear-out mechanisms will
be negligible. The predicted failure rate (Table 3) is 0.45 x 10_6 per hour

i.e. the predicted mean time between failures is 2.2 x 106

hours.

For the whole machine controller the predicted failure rate and
mean time between failures are 137.Z x 10°0 per hour and 7,300 hours
respectively. The expected number of failures among 31 controllers working
ddring an 18 months period is 41 - 70 at 95 percent confidence level., We
would expect between 16 and 35 failures due to the electronic components
and between 21 and 41 due to the electro-mechanical and mechanical components.
4, COMPARISON OF OBSERVED AND PREDICTED FAILURES

During the 18 months of observations there were altogether 141

occasions of maloperation of the equipment which the cperating staff thought

were due to the failures of the machine controlilers, Of these 71 i.e. 50 percen!
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were found to be due to other causes: e.g. wrong setting of controls,
incorrect instructions from the computer, genuine turbine faults, unidentified
faults etc. The incidence of such events being reported as failures of the
machine controllers diminished during 18 months from over 6 per month to

less than one per month.

The predicted number of failures of the electronic components
tended to be pessimistic, i.e. for most types the number of failed components
were equal or nearly equal to the lower predicted values. Jcints, plugs and
connectors are a notable exception with 14 reported against 1 - 11 expected
failures. However during the first seven months of the experiment (June -
December 1966) ten various connectors failed but only four during the
remaining 11 months of the experiment. For the remaining components there
is no indication of time dependent failures.

The mechanical components failed as often as expected with three
exceptions: cross shaft bearings (5 times), brakes (8 times against 1 - 8
predicted) and switches (8 times against 1 - 9 predicted). The cross shaft
bearings and brakes have been identified as faulty designs and could be
improved considerably. Only cam operated switches failed and stiffening of
their mountings would reduce considerably the incidence of failures.

The interpolator and power supply units were predicted to be
least reliable followed by the rate limiters. In fact 24 failures of the
interpolators (14 - 33 predicted),16 of the rate limiters (1 - 10 predicied)
and 5 of power supply units (10 - 26 predicted) occurred. The mechanical
design imperfections affected only the interpolators and the rate limiters.
If these imperfections were corrected then the predictions would represent
the actual performance for these and the remaining subunits.

Corrective modifications would result in a reduction of the
observed failures from 70 to 54 against predicted 41 to 70 and the observed
point estimate of the mean time between failures would.have been 7,700 hours
(with 95 percent confidence limits of 5,900 and 10,500 hours). We can see
that the predicted and observed mean times between failures (7,zooand 5740
hours) are comparable, and that the achievable reliability would be better
than the predicted (m.t.b.f. approximately 5 percent longer) if modifications
were carried out. This indicates that our failure rates data are slightly
pessimistic and that the predictions if carried out on the final design are
a useful and realistic guide to the potentialities of the equipment. The
same observations were made on all the control equipments used in the field
experiment including those installed in the area grid control centre and on

the investigations carried out by us on other instrumentation schemes.
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5.  AVAILABILITY OF EQUIPMENT

The theoretical and practical assessments of reliability can be

used for estimating the required maintenance - effort, the cost of spare
parts, and the calculation of the availability of the equipment. Thus they
can provide data for an economic evaluation of the equipment. The average
period of time spent actively by a specialist on repairing the machine controlle
was about 2 hours per fault. In the operational equipment the maintenance
would be carried out by a less well qualified technician engaged also on
other tasks. A whole day could be considered to be more realistic (but perhaps
pessimistic) assessment of the average time a machine controller would be out
of action following a failure. :

The availability of an equipment may be defined formally as the
probability that it will be operating satisfactorily at any point in time,
when used under stated conditions, where the total time considered includes
operating time, active repair time and any other "down" (non-operating) time
due to any causes vhat—so—everl'. The maximum achievable availability is
obtained if the down time consists only of repair time and is given by

BE
AH 0 +p

where 6§ = assessed mean life of equipment (= assessed mean time between

failures if the assumption of a constant failure rate is valid)
p = assessed mean time for repair. ‘

Thus for the machine controllers the observed availability was 99.583 percent,
the predicted 99. 672 percent, and if the modifications are carried out it
will become 99.689 percent. ‘These figures are more informative if we
express them as: 1 day in 239,304 and 321 days respectively, the machine
controller would not be available for the automatic control of the turbo-
generator. Alternatively we can say that on the average in the present
unmodified design 1} day and if modified just over one day (1.14) per year
would be required for repairs of machine controllers.
6. EFFECTS OF REDUNDANCY

If redundancy is present it will generally increase the

availability of the equipment to perform its functions, although it will
result in more failures of the components and longer maintenance pefiods.
In the machine controllers the redundancy was engineered only into the
interpolator by providing the facilities of operating it in either T or
30 minutes interpolation modes. These facilities were not provided to
affect the availability of the controllers as such, but to make the

operation of the whole power system convenient and secure. Consequently
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the redundancy introduced is not very effective in improving the availability
of the controllers themselves. However it is advantageous to analyse its

effects.
6.1 Brief Description of the Interpolator

Fig. 2 is a reliability diagram of the existing design of the
interpolator. The T and 30 minutes target powers (calculated by the
computer) are fed directly to the verifying blocks B (T minutes) and D2
(30 minutes), at the appropriate times. The cycle of operations is
commanded by the T-minutes clock-block A- which is controlled by the signals
from the computer. Block C represents those parts of the interpolator which
process the T-minutes data and pass them to block F consisting of the torque
convertor with its associated components. Block Z monitors Block B for the
correct T-minutes data. In the event of either the data being wrong or of
a failure of the block B the switch (S1A and S1B) is operated by block Z.
The 30 minutes clock-D1- and Blocks D2 and E which are the 30 minutes
equivalents of B and C are now in the active part of the system. Should the
30 minutes commands or D2 fail no input will be provided for block E, i.e.
the interpolation will be stopped and the turbogenerator will be operated
at the last target power. When correct T data is received Z switches the
interpolator back into its original mode. In addition a switch S2 for manual
control is provided.

The failures of the components of the switch (S1) and of its
energizing mechanism (block Z) can have the following effects on the
operation of the interpolator and machine controller:

(1) cause a switch over to 30 mins mode although T data are corréct
and Block B is satisfactory - "static failure" Z1, with a predicted failure
rate AZI

(ii) prevent a switch over to 30 mins mode when T data are incorrect
or when Block B fails, "dynamic failure" Z2 with predicted failure rate XZZ

(iii) cause a total failure.of the interpolator - e.g. stoppage or
interpolation to wrong target etc. - predicted failure rate AZ3'

Table 4 lists the predicted failure rates A sea-etes ‘of

A’ AB’
blocks A, B ... etc. The failure rate of block F' (XF,) includes the

failures due to its components and AZ3'

6.2 Mean Life of the Interpolator in the Automatic Control Modes

The interpolator will function satisfactorily during a period
of time o - t if the following conditions exist:

(a) Blocks A énd‘Ff are satisfactory;

probability RAF(t) = exp E-(XA - KF,)t; ROTRRE e Iy
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and (b) the redundant network of Blocks B, C, D1, D2, E and Z does not
fail.
Condition (b) will be satisfied if:

(b1) Blocks B, C do not fail, and if a static failure (ZI)of Block Z

does not occur during time o - t:

B,C,Z1
0 t

probability Rbl(t) = exp [-(AT + AZl)t] s vel(2)

where AT = AB + AC

or (b2) Blocks B, C, D1, D2, E and Z do not fail up to time ty (Z1 does
_ not occur) and at time ty static failure of Z (Z1) occurs and D1, D2, E

continue to operate satisfactorily until time t:
B,C,D1,D2,E,Z1

Cm= = = =
tan oo o=
(o

/

D1,D2,E
Cl + 5t1 t ot
T P = on
probability sz(t) Ayq €XP ( Asot) exp [ (AT + AZl)tl] dt1
2 ceea(3)

where x30‘= b1 + AD2 + AE'

or  (b3) Blocks B, C, D1, D2, E and Z are satisfactory up to a time ty

and if B fails at time & and if Z switches over to 30 minutes mode (is Z2
dynamic and Z1 static failures do not occur) and if Blocks D1, D2, E continue

satisfactorily until time t:

B;C,D1,D2,E,21,Z2
1 ]
' 13 D1,D2,E
) i .
3 t t] + 6tp t

AB exp L= A3O tl
kT + AZ

probability ij(t) = {1 - exp :-(AT + AZZ*Azl)t] }
ceea(8)

or (b4) Blocks B, C, D1, D2, E and Z are satisfactory up to a time ty

2 * g

when C fails, and Block B fails at time t, and Z will switch over to 30 mins
mode of operation (i.e. ZZ dynamic and ZI static failures do not occur)

and Blocks D1, D2, E do not fail before time t. The only restriction on ty
is that ty = £y < 30 mins i.e. that t, does not occur later than the duration
of the periods between the checks of close scrutiny of the whole system by
the control computer at the control centre. The failures of Blocks C and B

(in that order) will not have serious effects on the security or economy



84

of the power system due to the inertia of the whole system, its spare
generating capacity and periodic (T and 30 minutes) re-allocations of
loading of alternators as well as the actions of the control personnel.

The safety of the alternator is protected by such means as rate limiters.

B,C,D1,D2,E,Z21,22 € v
r S~ _3,T,D1,02,E, 21,22
| 1 3 3
| | : :\ﬂ.w.j_
] ’ [] (]
0 ty t) + 8ty ty t, + 6ty ¢t
Probability ¢ +0 5

Ry, (t) = A exp[ A3ot]/ exp (-A cl)f exp[ = (g + A5 + 25008, ]dtzdtl

S t3%%y veee(5)

Solving equations 2 - 5 shows that Rbb(t) is neg1131b1e in comparison with
Ry;(£), Ry, (t) and R 4(t). _
The reliability of the interpolator, i.e. the probability that

it will perform satisfactorily its function in the automatic mode is given by:

R () = Ryp(6) (R () + R ,(8) + R,(t) + R, (6))
= exp (=34 x 10 °t) + 0.564 exp (-37 x 10 °¢t) -
0.41 exp (=55 x 10’6t)- 0.154 exp (-51 x 10-6t)
Reliabilities predicted for 1 week, 1 year and 34 years (30000 hours) are:
RI(168) = 0.996, RI(8760) = 0,795, RI(30000) = 0.433 g

Instantaneous failure rate of the interpolator is given by:

e = l—lltti . gRé:)
i.e. for
-34x107% . -37x107%_, . -51x107%_,, -55x107%¢
e 10—6{ T +216”%7 -7.8e -22e }
I -6 -6 -6 -6
e-34x10 t+0.564e 37x10 t-0.154e-51x10 t-0.41e 55x10 't
This is a slow rising function of time. Its value is 251:10-6 per

hour at zero hours, 27x10‘-6 per hour at one year and 301{10-6 per hour at

three and g half years.
The mean life of the interpolator is given by
BI = / RI(t) dt = 34700 hours
o
Because of the slow rate of increase of the predicted instantaneous
failure rate at times earlier than the mean life it can be assumed in

practice that the interpolator has a constant failure rate
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AI = 1/6I =27 x 10-6 per hour.
The inaccuracies of the data used for predictions are greater than the error
introduced by this simplification.

The failure rate of the interpolator comnsisting of the T-minutes
system alone would have been AA + A; + AF =27 x 10-6 per hour, i.e. the
introduction of the standby 30 minutes system of operation with the necessary
additional monitoring and switching equipment has not resulted in an
improvement in the reliability of the machine controller as such. A
rearrangement of the interpolator in such a manner that Z would monitor and
select the complete T and 30 minutes branches (A, B, C and D1, D2, E) would
decrease the predicted failure rate from 27 x 10-'6 to 24 x 10-6 per hour. A
more noticeable improvement to approximately 14 x 10‘-6 per hour would be
obtained if it were possible to reduce the failure rate of Z by 10 (probably
impossible). -

6.3 Practicable Way of Improving Availability of Interpolators

The interpolators have been engineered so that to repair any of their
parts it is necessary to withdraw them completely from their active service. In
the proposed modification shown in its reliability block diagram Fig. 3 it
would be possible to remove either T' or 30' and continue working with the
remaining parts.

-Normally in the proposal shown in Fig. 3 the interpolator works
in its T-minutes mode. In the event of either (i) a failure of T' block, or
(ii) the incorrect T commands, block 30' is selected automatically and T' is
removed for repairs and returned into service as soon as possible. Block 30'
is treated similarly and it is assumed to have identical failure rate to
that of block T'.

The existing T and 30 minutes blocks have some self checking
circuits., Any additional complications which would have to be included into
each block (T' and 30') would not be likely to contribute to their failure
rates more than the dynamic failure rate (failure to switch-over when required)

of Z i.e. The probable contribution of these extra facilities towards a

Az
22
complete failure of the interpolator would certainly not exceed the value

of Z3 included in Apre These assumptions are justified by the simplification
of the switching functions, as compared with the present design.

ot = Agge = AL, = 20.6x107° per hour

A redundant network consisting of two identical switchable blocks

Thus we would have A

was analysed by Epstein and Hosford 1960°. Such network can be in three
states at any time t:

_State (2) in which both T' and 30' blocks are satisfactory; probability
P, (t);
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State (1) in which one of the blocks is satisfactory and the other being
repaired; probability Pl(t);

State (0) in which both blocks are failed and the network is in a
failed condition; probability Po(t).
The values of Pz(t) and Pl(t) are given by the following equations

1 slt Szt
Py(t) = EI:;; { Qqe +ut+ s) e = Qe tutsy)e

A

2
P, (®) ='s%_{e -
1752

-3\, + u) + /A%, + 6\, U+ u2
where s1 = z 3 &

-(3AT, +.u) - /k%, + 6AT, H o+ uz
2 2

u = mean repair rate of T' or 30' blocks.
The reliability of the interpolator is:
Ri(t) = {By(t) + Pl(t)} x RF,(t)
where: RF,(t) = exp (- AF,t)
and the mean life of the interpolator (i.e. the time to its complete failure)
is given by:
* 3AT' W )‘F' +u

8. =| (t) dt =
S e
o F

2
+ ZAT, + A

TI)‘FI Flu

which can range from 39502 hours for irrepairable blocks T' and 30' (u=0) to
69444 hours for infinitely short repairs of these blocks (u=w). For 200 hours

mean repair times, 8., = 68660 hours, for repairs of 24 and 10 hours it

becomes 69350 and 69434-hours.-

The repair durations are assumed in the above analysis to be
distributed exponentially, i.e. the likelihood of a repair being completed
increases with time. The experience with the machine controllers does not
invalidate the reasonableness of this assumption. (This subject is rather
complex).

Doubling of the mean life i.e. halving of the unavailability of the
interpolator would be achieved by introducing the operator into the control
scheme by requesting him to remove a failed part. His reactions and the speed

of repairs need not be fast to maintain this improvement.
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y CONCLUSIONS

Reliability predictions based on theoretical information on the
final design of equipment and on failure rate data of components available
to us now have yielded results comparable with observations.

The mechanical and electronic assemblies can be highly reliable
provided they are well designed, manufactured and stressed conservatively.

The extension of existing techniques for analysis of redundant
assemblies and its application to operational equipment indicates practical
ways of improving noticeably the availability of this equipment. In the case
of the interpolator this improvement does not require addition of new major
parts, demonstrating the usefulness of such analyses.
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Table 1: Comparisen of complexity of a machine e¢ontroller

envisaged at the conclusion of feasibility studies and

actually achieved

. .Components: .

Type . . No. Estimated | No. Used | Used/Estimated
Resistors fixed 426 966 2.3
Resistors variable 5 19 3.8 s
Capacitors 86 233 2,7
Inductors, coils 11 4 0.36
Transformers 19 26 1.4
Transistors 133 268 2,0
Diodes, rectifiers 97 387 4.0
Motors etc. 2 13 6.5

Note: Remote Control Cubicle is excluded from this table. Its
design was not epvisaged at the feasibility studies stages.

Table 3: Prediction of failure rate of torque convector

Conpinents Assessed/"A_s_gmd" failure rate
y x.107° per hour

Type : gg; d per component | per number used
Ball bearings 0.13% 0.13
Pivot bearings 0.013* 0.026
Spiral springs 2 0.0026* 0.0052
Connections (springs) 10 OA.013* 0.13
Coils 8 0.005 0.04
Resistors (W.W. special) 4 0.01 0.04
Resistors (general) 9 0.002 0.006
Capacitors 3 0.025 . 0.075

Total predicted failure rate

*U.K.A.E.A, Data

A = 0.4522x10"°

per hour

i.e. Predicted m.t.b.f. = /A, = 2.2 x 10® hours.

Total time in service accumulated in 18 months by 31 converters

T = 401760 hours. Probability of zero failures P(t-O)-exp(-)\pr)-O.83lt

Probability of 1 failure P(r-l)-(kpr/l!)exp(—kpr)-0.151.

i.e. Probability of not more than 1 failure =P(r<1)=P(r=0)+P(r=1)=0.985
i.e. 987 confidence that not more than 1 failure would occur. In fact no

failures were reported.
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‘Comparison of predicted and observed number

of failures of machine controllers

- -6 . |No. of failures of 31
Failure Rate x 10 = per hour |controllers during 18
Component months operation
Assessed/| Source |Predicted/| Predicted | Observed
Component| of Data.|Controller
Resistors fixed 0.002 CERL 2.2 0-3 0
Resistors variable 0.4 CERL 8 0-7 1
Capacitors 0.025 CERL 6.1 0-6 2
Diodes low signal 0.02 CERL 7.4 0-7 4
power : 0.1 CERL 6.9 0-6 5
Transistors (Si planar) 0.005 UKAEA 1.38 . 0-2 0
Transformers (windings) 0.004 UKAEA 0.42 0-1 0
Fuses 0.3 CERL 3 0-4 0
Lamps 0.2 CERL 8.2 0-7 4
Overload trips 0.3 Estimated 251 0-3 0
Joints, connectors 0.002 CERL 14 1-11 14
Other (whole modules) 2
Total electronic Components 59.7 16-35 32
Relays: coils 0.1 CERL} 57.2 13-32 6
contact sets 0.2 CERL
Switches: micro 0.1 CERL
dry reed 0.1 CERL} 11.7 1-9 8
standard 0.2 CERL
special 0.25 CERL }
Clutches, brakes 0.13 UKAEA 0.26 0-1 8
Windings, motor coils | 0.05 UKAEA 1.7 ! 0-3 3
Motors 0.13 UKAEA 1.8 : 0-3 2
Meters (various) UKAEA 4.8 0-5 3
Others:
Constructional 3
Cross shaft bearings
Total electro-mechanical and 77.5 21-41 38
mechanical components
Total machine controller 137.2 41-70 70
i.e. predicted mean time observed between failures = 106/ 137 = 7,300 hours

and observed mean time between failures (point estimate) = 5,740 hours

See Notes:
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Table 4: Predicted failure rates of interpolator

‘Block Al B|C Dl D2 E | Zl..Z2 Z3 B RS 30

Predicted failure

rate x 1078 per |5.3|7.2|4.7|5.3{7.2/4.6/2.2| 3.4/4.8{9.6|14.4{11.9|17.1

‘hour

(i) Valid for: temperature range 20-30°C, relative humidity <60%,
no vibrationms.

(ii) C.E.R.L. (Central Electricity Research Laboratories) data:point
estimates based on 50% confidence level limit for observations in various
power statioms.

U.K.A.E.A. "Assumed" data:yield reasonable predictionms. k

(iii)
Predicted number of failures:95% confidence interval limits quoted,

(iv)
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A COMPARISON OF SOME METHODS OF
MULTIPLEX OPERATION

by D.A. Lloyd and A.J. Dymock
Smiths Industries
Aviation Division
Chel tenham England

INTRODUCTION

In control system applications which demand & very high reliability
over a relatively short period of time, (for example, an aircraft
automatic pilot used for automatic landing), redundancy may be used to
obtain an improvement in reliability of many orders of magnitude com-
pared with a non-redundant system. Many authors1 have discussed

various forms of redundancy, and their influence on system reliability.

The object of the present paper is to discuss in more detail certain
problems in the design of such systems, in particular those concerned
with component tolerances, and the response of the system to faults.
It should be emphasized that this is only one aspect of the overall
problem; a system which is sub-optimal from the points of view consid-
ered'here may yet be preferred because of its advantages in other

respects.
The general problem considered may be defined as follows:

It will be assumed that there exist n signals x5 (i =1, 2,..n) of the
form xi =y + ei, where y is the value that would be taken by all n
signals in the absence of faults or component tolerances, and the

errors e, are assumed to be mutually independent random variables.

b3
The system output, Y, is a function, to be chosen, of some or all of

the signals x and should ideally be equal to y. The mean square

’
error in Y isia.userul basis of comparison in making this choice of
output, and one that is easy to compute. One is, however, also
interested in minimizing the likelihood of very large errors in Y, and
in minimizing the disturbance to the output that could result from the
occurrence 6f a fault (which may be regarded as causing a large and

rapid change in one of the quantities ei).

The achievement of the latter objective may be eased by the incorpora-
tion of logical elements which detect a faulty signal, and subsequently

_eliminate it from the computation of system output. The use of such
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logical elements (often termed 'active redundancy') also enables the
system to survive a greater number of faults, and still produce a
sensible output. The authors are aware that passive redundancy has
been used with some success at component level, where-the addi tional
logical elements necessary would add unduly to the overall complexity.
They consider, howevgr, that active redundancy has considerable advan-
tages when applied to large-scale systeni, and only this form of redun-

dancy will be considered here.

The general problem originally posed may then be divided into two
distinct portions:

(a) The design of the logical elements for the detection and
elimination of faults. This is discussed in sections 2 - 9

of this paper.

(b) The choice of system output as a function of those signals
which are accepted by the logical elements. This is discussed
in sections 10 - 12 of this paper.

FACTORS AFFECTING DESIGN OF LOGICAL ELEMENTS

It will be assumed in all that follows that there is no absolute stand-
ard by which it is possible to judge whether or not a particular signal
is faulty. Thué a faulty signal can only be identified as such by
comparison with other signals, or combinations of signals. Even in the
absence of faults, however, these signals will in practice differ to a
certain extent, due to manufacturing tolerances, and so there is a poss-
ibility of nuisance cut-outs occurring due to this cause. It is desired
to design the logic so that the probability of nuisance cut-outs is low,
whilst the probability of eliminating the correct signal when a genuine
fault occurs is high.

For a duplex system (n = 2) only one logical choiée seems possible: to
compare the two signals (x,, x,), and disengage both if they differ by
more than a pre-~determined limit (L).

For higher orders of redundancy, the comparator limits will have dif-
ferent significance according to the particular signals being compared,
and the nature of the comparator logic. In order to compare different
systems, therefore, in the subsequent analysis these systems will all
be assumed to have the same comparator limit setting in the duplex mode,

to which mode they all revert after a sufficient number of faults. 1Iu

general, the greatest disturbance to the system output, due to a fault
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which is not large emougn to cause disengagement, will occur when the
system is operating in the duplex mode. The above procedure is there-
fore approximately equivalent to comparing systems which permit the same
maximum disturbance to the system output. In these circumstances, it

is reasonable to compare them solely on the basis qf probabilities of

nuisance cut-outs.

Several possible triplex arrangements (n = 3) will be examined in some
detail. A similar analysis could be applied to syétems employing a

higher order of redundancy.

THE SIGNAL STATE DIAGRAM

For n = 3, it is possible to obtain a convenient pictorial representation
of the behaviour of the comparator logic. Since only differences between
signals are of interest, these may be expressed in.terms of the two
variables u = 2x; - (x;, + x) and v = (x, - X;) Jg'(these particular
functions were chosen as being statistically indépendent, and having

the same variance).

The (u, v) plane may then be divided into regions within which either
all signals remain engaged or one or more of the signals is disengaged.

The resultant diagram completely describes the comparator logic.

TWO SIMPLE TRIPLEX SYSTEMS

4.1 Comparison of Pairs of Signals

A particular signal, L) is disengaged if it differs from both the
other signals by more than L or, equivalently, if it differs from
the median of the three signals by more than L. Following a single
disengagement, the resultant duplex system is subsequently

~ disengaged if the remaining two signals differ by more than L.
The state diagram corresponding to this logic is shown as Figure 1.

4.2 Comparison with Mean

A particular signal, X590 is disengaged if it differs from X =
(x,+x,+x,)/3 by more than L/2. The criterion for duplex operation
is as in sub-section 4.1. The choice of L/2 as the comparator

limit in the triplex mode is determined by the facts that:-

(a) If the limit were greater than L/2, there would be a possibility
that the two extreme signal values could differ by more than L,

so that a subsequent single fault in the median signal could

result in a cut-out of the complete system.
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(b) The limit should be as large as possible, so as to minimize

the probability of nuisance cut-outs.

The corresponding signal state diagram is shown in Figure 2. (The
significance of the broken line will be explained in the next

section).
NECESSITY FOR WARNINGS

The signal state diagram also enables a pictorial representation to be
given of the effect of a fault developing in one of the signals. For
example, the arrows in Figures 1 and 2 show the result of a fault in
signal x,, starting from an initial state in which all signals are en-
gaged. In the examples illustrated, it is seen that the wrong signal
is initially disengaged (xﬁ rather than x,). This is clearly an unde-
sirable state of affairs, since it means that a single fault ‘can result

in the disconnection of the complete triplex system.

In order to avoid this possibility, it is necessary to introduce an
additional 'warning' state. Here the occurrence of a warning is to be
interpreted as indicating the existence of a latent fault somewhere
within the system, so that a single further fault could cause disengage-
ment of all three signals. There is not sufficient evidence of the -
location of this latent fault, however, for a particular signal to be

automatically disengaged.

For the system illustrated in Figure 1, a warning should be given if a

single difference exceeds L.

For the system illustrated in Figure 2 , a warning should be given if
any signal differs from the mean by more than L/2, and a particular
signal disengaged only if it differs from the mean by more than L. (The
'warning' area being bounded by the broken line in the figure).

~

AN 'OPTIMUM' SYSTEM

One might start from the condition that:

"If the system is initially in a state where all signals are engaged,
ind no warnings indicated, then a runaway of a single signal shall

cause that signal, and only that signal, to be disengaged".

one now attempts to construct the gignal state diagram, with u and v
as variables as before, the picture illustrated in Figure 3 emerges.
Starting from an arbitrary area within which all signals are engaged,

&nd no warnings given:-
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(a) Areas A may be reached by runaways of either of two signals. It
is therefore impossible to disengage any particular -signal, but a

warning must be given.

(b) Areas B may only be reached by runaways of ‘two signals, and this

should therefore imply disconnection of the complete system.

(c) In order to maximize the probability of having full triplex
integrity, the system should be designed so that the area within
which all signals are engaged and no warnings given extends over

the whole central hexagonal region.

(d) The remaining areas can only be reached by runaways of the specific
signals named. In order to maximize sensitivity to genuine faults,
disconnection of the appropriate signal should take place over the

whole of these regions.

It is seen that the final diagram is identical to Figure 1 (defined by
the system described in section 4.1), the latter being drawn for the

particular case in which all the comparator limits are equal.

3% CALCULATION OF PROBABILITIES OF NUISANCE CUT-OUTS

1t will be assumed that, in the absence of faults, the signals x, have
identical, though independent, normal probability distributions, with

mean zero, and variance 2.

The probabilities of disengagement and warning may then be computed by
integrating the joint probability density of u and v over the appropriate

areas of the (u, v) plane.

The resultant probabilities, for comparison of pairs, and comparison
with the mean, are plotted in figure 4, where the various probabilities

are defined as follows:

P, = probability of warning for comparison with mean

P, = probability of warning for comparison of pairs

P, = probability of cut-out of one signal for'comparison with mean
P, = probability of cut-out of one signal for comparison of pairs
P. = probability that all signalé are disengaged.

8. REPLACEMENT FOLLOWING A WARNING

It is seen from Figure 4 that the probability of errors due to random

tolerances resulting in the disconnection of a particular signal is
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CHOICE OF COMPARATOR LIMITS

The comparator limits must be chosen to provide adequate protecticn
against genuine faults, whilst giving an acceptably low probability

of nuisance cut-outs.

So far no mention has been made of the source of the errors du:¢ to tol-
erances. If these are regarded as being made up of a gain error plus

a datum error, then there is a strong argument in favour of varying the
comparator limits as a function of signal magnitude. For otherwise a
gain error is liable to remain undetected until large signals arise.
(As would occur in an aircraft autopilot during the final stages of

automatic landing).

If this is done, one must choose a suitable measure of signal magnitude.
The most suitable would appear to be the average of the two signals
being compared, this being unaffected by any errors in the remaining

signal or signalé.

Different system configurations may, of course, demand different forms
of variation of the comparator limits. For example, the form of varia-
tion suggested above would not be appropriate in the case where the sig-
nal being examined consists of the small difference between two large
signals, as will often be the case in feedback control systems. 1In
these circumstances the relevant variables for the determination of the
comparator limit would more likely be the magnitudes of the individual

signals, before differencing.

FACTORS AFFECTING CHOICE OF OUTPUT

No attempt has been made to determine an 'optimum' output since, as
explained in the introduction, there are many factors to be considered
in choosing the form of output, and the relative importance attached to

these will differ for different applications.

In the absence of faults, the quantities e (and hence xi) may be
assumed to have identical, though independent, probability distributions.
The determination of the output Y is then equivalent to the estimation
of the mean from n independent samples (xi) of a random variable. It

is known that for a large class of distributions, the minimum variance

n
estimate of the mean is the sample mean 1 ;::> N ; ‘and this is there-
| e xi
i=1

fore one obvious possible choice for the output Y
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small, compared with the probability that these tolerance errors will
merely result in a warning being given. If the three signals being
compared arise as the outputs of three independent sub-systems, this

implies a degree of uncertainty as to which single sub-system to replace.

This should not be interpreted as a failure to identify a faulty sub-
system. Rather is it a consequence of the fact that, with the assump-
tions made, it is relatively unlikely that there will be one faulty
sub-system, having a large error. It is more likely that two sub-systems
will both have moderately sized errors, of opposite sign.

In view of this it would be misleading, when considering the problem of
replacement following a warning, to consider the probability of replacing
the 'correct' sub-system. The relevant measure of success would be the
probability that, if a particular sub-system is replaced, the signal dif-
ferences in the resultant new triplex system will all be less than the
comparator 1imit, so giving full tripiex integrity. Since the most
likely situation is that in which both suspect sub-systems havemod-
erately large errors, of opposite sign, this probability may be quite
high, whichever of the two sub-systems is replaced. In order to maxi-
mize this probability, one should clearly replace that sub-system which

differs from the median (or mean) by the greatest amount.

A numerical example follows to illustrate this point. A value of (L/0)=4
has been used, and the comparator logic is assumed to be based on compar-

ison of pairs.

‘ Suppose x; = -0.5L, %, = -0.4L, X, = +0.5L. If x, is replaced (the
logical choice), a satisfactory triplex system will res&lt if the error
in the replacement lies between -1.4L and O.5L. The probability of this,
for L/o = 4, is 97.7%.

If x, is replaced, a satisfactory triplex system will result if the error
in the replacement lies between -0.5L and +0.6L. The probability of
this, for L/0 = 4, is 96.9%.

It is seen that, in this particular example, it makes little difference
which sub-system is replaced. Whilst this is not invariably true, the
example does indicate that perhaps less importance should be attached
to the relatively high probability of having a warning rather than a
definite cut-out than might appear at first sight.
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The presence of a fault may be regarded as causing one of the quantities
e, to have a large r.m.s. value, so that the above argument no longer
applies. Moreover, in these circumstances one is more concerned with
avoiding the possibility of’ the output having a -large érror. One poss-
ible approach (for n greater. than or equal to 3) is to eliminate the

two extreme values of x, in the computation of Y. If it is sufficient

to consider only the ef:ect of a single fault, then this procedure will
serve the same purpose as the logical elements discussed previously.
Normally this is not the case, but even so this procedure will then allow
a longer time lag to be introduced on the action of the comparators, so
reducing the probability of nuisance cut-outs due to high-frequency

noise and transient effects.

Many possible functions of the remaining (n - 2) signals might be con-
sidered for use as the system output. Two are considered in more de-

tail here.

(a) The median (for n odd) or mean of the middle two (for n even).

This has the desirable property of being an unbiassed estimate of y.

(b) The largest but one signal. Although biassed, this choice permits
a very simple means of rejecting a particular signal following
action of the comparators (by setting the rejected signal to 2
large negative value). Other choices of output may need a change

of logic following comparator action.

In analysing these various possibilities, it is necessary to make some
assumption as to the form of the probability distribution of the signals
X, - The relevant distribution here is the conditional distribution,
given that x; is acceptable to the comparator logic. It would seem
reasonable to assume that the original signals x1 are normally distrib-
uted. The effect of the comparator logic will be to reduce the probab-
ility of extreme values (ideally, giving an output with a truncated
normal distribution). Accordingly, normal and rectangular distributions

have been examined, as two extreme cases.

GENERAL EQUATIONS

Consider the fault-free case, so that all the signals x, may be assumed

i
to have the same probability density function, p(xi). Then the prob-
ability density functions of the quantities of interest may be computed

as follows:
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11.1 Mean

11

11

11

.2

.3

.4

= + L
Let s X X + + xn

and let the probability density function of s =‘ps(s). Then

n-1

ps(s) = J'E J’m....ﬁp(xl)p(xz)..sp(xn_l)p(s - in)dxldxe..

- =

1

The mean value of all signals x;

density function of m is given by
pm(l) = nps(nn)

Largest-but-one Signal

.dx

n-1

is m = s/n, whence the probability

Denote this signal by b. Then the probability density function of

b is given by:

() = n(n=-1) P*"2(b) 11 - P(®)} p(d)
where p(b) is defined as before and P(b) = Jb p(x)dax

Median (for n odd)

Denote the median by Z, and let n = 2N + 1
Then the probability density function of Z is:

L]
p,@ = BN 11 - r@ p
where p(2Z) and P(Z) are defined as before.

Mean of middle two signals (for n even)

Denote this quantity by Z and let n = 2N
Suppose the two middle signals are u, v (u<v).
Then the joint probability density function of (u, v) is:
2 (2N) ¢ N-1 N-1
£, v) = T oenT P W {1 P(v)} p(u)p(v)
for u<v, = O otherwise

whence the probability density function of Z = (u + v)/2 is:

P(2) = 2 ‘_J"Z f(u, 22 - u)du.

-
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Some particular cases

The preceding expressions have been evaluated for the cases where ‘the

parent distribution p{x) is rectangular and normal in form.

The resultant probability density functions are shown in figures 5(a),
(b), (c) for the case of a rectangular parent distribution (limits at

+1 and -1), and for n = 2, 3, 4.

The most important parameters of these distributions have also been
computed, and are tabulated below. Table 1 contains the results for
a rectangular parent distribution, and Table 2 those for a normal
parent distribution. The results are given in terms of the variance,

72, of the parent distribution. (Limits for rectangular distribution
are * o ﬁ )iz

TABLE 1
STATISTICAL PARAMETERS - RECTANGULAR PARENT
Function Mean Mean Square Variance
Duplex (n = 2) 2
Mean o 0.5° 0.5 ,
Largest-but-one -0. 580 o2 0.870
Triplex (n = 3) a
Mean 0 0.330° 0.330
Median (o} 0.60% 0.60% .
Quadruplex (n = 4)

Mean o) 0.250° 0.250°
Mean of middle two o] 0.40° 0.40°
Largest-but-one 0.350 0.60° 0.480°

TABLE 2
STATISTICAL PARAMETERS - NORMAL PARENT
Function Mean Mean Square Variance
Duplex (n = 2) 2
Mean (o] 0.5 0.50°
Largest-but-one -0. 5602 o® 0.680"
Triplex (n = 3) s
Mean o] 0.330
Median 0 0.450° 0.450°
Quadruplex (n = 4)
Mean 0 0.250° 0.25%
2
Mean of middle two (8] 0.3032 0.300,
Largest-but-one 0.300° 0.450° 0.360
References
p L S.I.T. symposium on "The use of redundancy in system design" =

London, 14th February, 1964.
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