
- -

ISSN 1998984-9
 

AH KT -n ETE P6 y prCKOrO 
OCYAAPCTB EHHOrO 
EXHOnOrH4ECKOrO 
HCT HTY TA 
(TEXHM4 ECKOr O YHMBEPCMTETA) 

~~A OCHOBaHMA ~182 8 



Y,D,K 004.514 

A.v. Chernikova, J.S. Zhukova 

ANALYSIS OF THE 
EFFECTIVENESS OF 
OPERATOR INTERFACES 
OF TH E AUTOMATED 
CONTROL SYSTEMS 
OF TECHNOLOGICAL 
PROCESSES 
St. Petersburg State Institute of Technology (Technical Uni­
versity) , Moskovsky Pr., 26, St Petersb urg, 190013, Russia 
e-mail: anna_sher@rambler.ru 

Here it is viewed an approach to the quantitative assessment 
of the technological inter faces quality, included in the struc­
ture of the automated contro l systems of the technological 
processes, using GOMS model; a comparative analysis of 
the techno logical inter faces of various developers was done 
on indicators, such as velocity and sym bol efficiency, when 
solving one-type issues; special recommendations were giv­
en to improve interfaces efficiency to provide required quality 
of the tec hno logical processes co ntro l. 
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coefficient of symbol efficiency 

3epepeKTl1 BHOCTb np0l13BOAcTBeHHbix npoueccos 3a­
BI1CI1T OT pHAa epaKTOpOB, B TOM 4l1Cne OT npaB l1nb HO ~ opra­
Hl13al..\l1l1 pa60Tbi oneparopos aBTOMaTl13l1pOBaHHbiX CI1CTeM 
ynpasneaas TeXHOnOrl14eCKl1M l1 np0l..\eCCaMI1 (ACYTn). 

OWl16Kl1 onepar opos B npOMblwne HHblX CI1CTeMax 
Moryr cny>KI1Tb np 11 4 11 HO~ aBapl1HHblX C I1Tya l..\ l1 ~ , I1MelOU.\ I1X 
HenocpeAcTBeHHoe OTHOWeHl1e K 3KOHOMl14eCKl1M nOTepHM 
11 yrposau 6e30naCHOCTI1 . nOcneACTBI1H aBapl1iil, BbI3BaH­
HblX HeKa4eCTBeHHbiM onepaTOpCKI1M ynpaaneuaew, conPO­
B0>KAaIOTCH 60nbWl1M yU.\ep60M AnH 3KOnOrl1l1, lKl13Hl1 11 JAO­
POBbH n lOAeiil. B TO lKe BpeMH ycnOBI1H pa60Tbi oneparop a, 
ynpaan mouiero Kpa~ H e cnOlKHblM, I1HepI..\110HHbIM, orpOMHblM 
no KOnl14eCTBY Al1HaMl14eCKl1X napavetpoe 06be KTOM, HBnH­
IOTCH secsv a cnel..\ l1epl14eCKI1MI1 . 

TeXHOnOrl14eCKl1H(onepar opckaji) I1HTepepeHC- BalK­
HblH 3neMeHT CI1CTeMbl ynpaaneaas, nocpeACTBOM KOTOpOro 
oneparop nony-iaer npaKTl14eCKl1 BCIO I1HepOPMal..\ l11O 0 rex ­
HOnOrl14eCKOM npouecce 11 ocyuiecr enser ynpaaneuae 11M. 
L-1HTepepeHCbl, KaK npaswio, nocrpoesu B COOTBeTCTBl111 co 
CTPYKTYPHblMI1 3neMeHTaMl1 r exuonora-reckoro npouecca 11 
I1X B3aI1MOCBH3HMI1. L-1cnonb3YH 60nee coaepureunsie I1HCTpy­
MeHTbl 11 TexHonorl111 ueneopaesrapoeaaaoro Al13aHHa (Goal­
orient design): 3epepeKTl1BHylO crpyxrypy OKOH, OnTl1MM bHOe 
I1CnOnb30BaHl1e I..\BeToB, pal..\110HMbHblHxapasrep aBapl1 iilHOiil 
I1HepOPMal..\l1l1, MOlKHO nonY4l1Tb He r onsxo 3KOHOMl14eCKl1iil 
3epepeKT, HO 11 YBenl14l1Tb 6e30naCHOCTb np0I13BOAcTBa. 
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Peccu empueeemcs nodxod K KOnU'IeCmBeHHou ol{eHKe «e­
uecmee meXHOnOZU'IeCKUX unmeptbeticoe, BxodRl1.{UX B co­
cmas eemovemusupoeennux cucmeu yttpeenenu« mex­
HOnOZU'IeCKUMU npoue cceu u. c ucnonesoeenueu Modenu 
GOMS; npo eeoe« cpa BHumenbHblu enen us meXHOnOZU'Iec­
KUX unmeixpeticoe pa3n U'IHbIX pa3pa60m'lUKOB no nOKa3a­
menst« 6blcmpodeucmBue U CUMBonbHaR 3cjJcjJeKmuBHocmb 
npu pe tuenuu oonomunuu x seoe«; oeomc» peKOMeHdal{uu 
no nOBblweHUIO 3cjJcjJeKmuBHocmu unmeptbeii coe dnR oeec­
neuen u« Ka'leCmBa ynpe enenu» meXHOnOZU'IeCKUMU npo­
l{eccaMu. 

KnlO4eBbie CIlOBa: TeXHOnOrl14eCKl1 iil (oneparopcxaa) I1H­
r eprpeac, MOAellb GOMS, K03epepl11..\l1eHT CI1MBOllbHOiil 3ep­
epeKTI1BHOCTI1 

,D,nH 06eCne4eHl1H HaAelKHoiil pa60Tbi onep aropos 
ACYTn He06xOAl1MO Y4l1TbiBaTb MHOlKeCTBO epaKTOpOB, B 
TOM 4l1Cne 11 Al13aiilH 4enOBeKO-MaWI1HHoro I1HTepepeiilca. 

KpOMe r oro, pesynsrar u Ol..\eHKI1 3epepeKTl1BHOCTl1 
I1HTepepeHCOB Moryr 6blTb I1CnOnb30BaHbi npa nOCTpOeHl111 
KOMnblOTepHblX r peuaxepoa AnH 06y4eHl1H oneparopos 
TeXHOnOrl14eCKl1X npoueccos [1] . 

0 AHI1M 113 nOAxOAOB K KOnl14eCTBeHHOMY aHMI1­
3y I1 HTepepeiilcOB HBnHeTCH MOAenb GOMS, paapatiorau­
HaH KapAOM, MopaHOM 11 HblO3nn OM B 1983r. [2]. Monens 
GOMS (the model of Goals, Objects , Methods and Selection 
rules) n03BonHeT npencxaaars . CKonbKO BpeMeHI1 nosano­
6l1TCH nonsaosar eru o AnH BblnOnHeHI1H HeKoTOporo Ha60pa 
AeiilcTBl1 iil. Ha ee OCHOBe MOlKHO npOBeCTI1 aHMl13 eapaau­
TOB I1HTepepeHca nonsaoaar ena C T04Kl1 3peHl1H 6bICTpO­
AeiilcTBI1H. 

,D,nH pa3nl14HbiX nonsaosarenea BpeMH aunonae­
HI1H roro I1n l1 I1HOrO »cecra MOlKeT Cl1nbHO OTnI14aTbCH, HO 
AnH CpaBH I1TenbHOro aHanl13a Bapl1aHTOB MOlKHO npl1Me­
HI1Tb Ha60p craunapruux I1HTepBanoB. 

Hl1lKe npl1BoAI1TCH nepe-reus onepauaa C 0603Ha­
4eHl1eM 11 BpeMeHeM I1X BbInOnHeHI1H, nony-reuasrx C nOMO­
U.\blO naeopar opaux I1CCneAOBaHl1iil [2]: 

HalKaTl1e KnaBI1W I1 K = 0,2 c; 
YKa3aHl1e n0311 1..\11 11 Ha sxpaae MOHI1TOpa P = 1,1 c; 
nepeMeU.\eHl1e pyKl1CKIlaBl<1arypbll<1n11 06paTHo H =0,4c; 
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MeHTan bHaH nOArOTOBKa non ssoaar enn K cneAYIO­
lLleMY wary M = 1,35 c. 

Paapafiorxa MOAenH GOM S Ha4V1HaeTCH C nepesac­
neHV1f1 onepauaa (>KeCToB), xoropsre COCTaBnfl lOT AeMcTBHfI 
oneparopa. Bonee CnO>KHbIM f1 Bn~eTC fI onpeneneane T04eK, B 
KOTOpblX nonssosareru, OCTaHOBHTCH, 4T06bl Bbrnon HHTb 6ec­
c03HaTenbHYIO MeHTanbHYIO onepaumo. fl paawta paccr aaos­
KH MeHTanbHblX onepauaa npencraaneuu B nnreparype [2]. 

Heo6xoAHMbiM ycnoBHeM nocrpoeaas npocroro H 
6blcTporo oneparopcxoro HHTepepeMca f1 BnHeTCfI BBOA-Bbl­
BOA MV1Hl-1Man bHoro KonV14eCTBa HHepOPMa4HH, xor opoe r pe­
6yeTcfI Anfl peureaua 3aAa4H. 

,L:\nH 4HcneHHoro auan asa nonsaoaarensc koro HH­
r eprpejic a ,[\>Keep PaCKHH, aMepHKaHCKHM cneuaanucr no 
KOMnblOTepHblM l-1 HTepepeMcaM, l-1 HH4l-1aTOp npoexra MaKHH­
TOW, ssen noanrne K03epepl-14HeHTa (E) cHMBonbHoM 3epepeK­
THBHOCTl-1 HHTep epe~ ca [2]. OH onpenens er ca OTHoweHHeM: 

rne Smln - MHHHManbHoe KonH4eCTBOCHMBonOB, He­
o6xOAHMbiX AnH pewe HHH 3aAa4l-1 ; S - KonH4eCTBO CHM BO­
nOB, V1cnonb 30BaHHblX V1 HTe p epe~COM . 

B AaHH O~ paeor e npOBeAeHO cpa aseuae HeCKonb­
Kl-1X BapV1aHTOB l-1HTepepeMCOB ACYTn no 6 b ICTpOAe~CTBH IO 

l-1 3Ha4eHV11O K03epepl-14l-1eHTa CH MBonbHO ~ 3epepeKTHBHOCTV1. 
n pV1 04eHKe 6bICTpOAeMCTBl-1Hpaccaarpasanacs 3K­

paHbl, C nOMolLlblO KOTOpblX onepar op V13MeHfleT BenH4HHbi 
peryn npyiouiax B03AeMCTBHM l-1 pe>KHMbl pa60Tbi aBTOMaTH ­
4eCKV1X CH CTeM perynapoaaaaa (ACP). 

B Ka4eCTBe npl-1 Mepa paCCMOTpHM BBOA onepaTO­
pOM 4HcneHHbiX 3Ha4eHHM perynapyiouiero B03AeMCTBHfI B 
pe>Kl-1Me PY4HorO ynpaan exaa CTeXHonorH4eCKOMxnaaaary­
psr, 3KpaH oneparo pa npenc raaneu Ha pacysxe 1. 

AHanV1 3 HHTepepeMca no MOAenl-1 GOMS npOBOAHn­
CH npn cnenyicuiax AonYlLleHl-1HX: 

onepar op BBOAl-1T 3Ha4eHV1H ronsxo C nOMolLlblO 
xnaaaarypu Hn l-1 rpaepV14eCKoro YCTpO ~ C TBa BBOAa (rYB); 

3Ha4eHHH nOnO>KeHl-1f1 perynnpyiouiero oprasa no­
n O>Kl-1TenbHble, HMelOT ABe 4HepPbl AOAeC~TH4Ho ro pasnena ­
rena H OAHy nocne; 

pe>Kl-1M ynp aaneuna ACP 3aAaeTCfI CHMBonbHOM 
nepeMeHHoM. 

y posem,HaJlOflHOffi MEmo

S DIU11<3
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Puc.1 3KpaHACP ypOBHH B HanopHoMHUjuKe 

6yMazoaenamenbHou MaWUHbl 

nOcneAOBaTenbHOCTb paapaoonoi MOAen H GOMS , 
Onl-1CblBalOlLleMAeMCTBV1f1 onep aropa, npencraaneaa Hl-1>Ke. 

H - nepeMelLleHV1e PYKV1 KKnaBH aType; 
HP - nepeveuieuae xypcopa K KnaBHWe MAIN IN­

DEX ; 
HPK - Ha>KaTHe KnaBl-1WH MAIN INDEX; 
HPKP - nepeveuieane xypcopa KKnaBHWe T; 

HPKPK - Ha>KaTHe KnaBl-1WH T; 
HPKPKP- nepeaeuieuae kypcopa KMeHIO HMeHH ACP; 
HPKPKPK - Ha>KaTl-1e KnaBHWH V1MeHH ACP ; 
HPKPKPKP - nepeveuteuae xypcopa K norno pery­

n apyiouiero B03AeMCTBl-1H; 
HPKP KPKPH - neperaeuieuae pyKH Kxnaauarype: 
HPKPKPKPHKKKK - BBOA C knaaaarypst 4eTbipex 

Cl-1MBOnOB peryn apyiouiero B03AeMcTBHfI; 
HPKPKPKPHKKKKK - Ha>KaTHe KnaBHWH Enter 
,L:\anee, B COOTBeTCTBl-1l-1 C npaBl-1naMH paCCTaHOBKH 

onepar opa M, OCTaeTCH cneAYlOlLlaH sanacs: HMPKMPKMP­
KMPHM KKKKMK. 

n ocne 3aMeHbi CHMBonOB Ha BpeMeHHble l-1HTepBa­
n bl HMeeM 04e HKY BpeMeHl-1 BblnOn HeHHfI onepar opora pac­
craarpaaaesusrx AeMCTB l-1M: 

H+M+P+K+M+P+K+M+P+K+M+P+H+M+K+K+K+K+ 
M+K=1 4,9 cek 

PaCCMOTpHM ABa APyrl-1x aapaaura aHanOrl-14Hb1X 
TeXHonorH4eCKHX l-1HTepepeMCOB. Pe3ynbTaTbi KOnl-14eCT­
BeHHoro aa an asa 6bICTpOAe ~CT BHfI HHTepepeMca ACP AaB­
neHHfI napa (Pl-1CYHOK 2) H r exuonorav eckoro l-1HTe pep e~ca 
ACP pac xoaa OTxoAoB (pHCyH OK 3) npencraaneuu B Ta6­
nuue 1. 

Puc.2 3KpaHACP oeenenu» napa 

FIC21NJ17 

: PACXO/l OT X0l1011 

! P 
2000 

HJM 

3,[1 800 I/min 
DLIX 28.4 % 

Puc.3 3KpaHACP pecxooe otnxoooe 

Ta 6n U!~a 1. xeoexmeoucmuxu6b/cmpOaeucmBuHUHmepepeUCOBACP 

NQ 
n/n 

Halol MeHoBaHloI e 
CIoICTeMbl 

MOAellb GOMS 101 

BpeMR BblnOllHeHIoI R 
3BAayIoI • 1oI3MeHeHIoIe 

perYll lol,PYIO ll.\erO 
B03Ae lol cTBIoIH , C 

MOAellb GOMS 101 

BpeMR BblnOllHeH IoIR 
3BAayIoI - 1oI3MeHeHIoI e 

pe>KIoIMa ACP, C 

1 ACP ypOBHR 
B aa nopaou 

Rll.\IoI Ke 

HMPKMPKMPKMPHMK 
KKKM K 

14,9 

HMPKMPKMPKMPMK 
12,35 

2 ACP AaBlleHIoI R 
napa 

HMPKMPPHMKKKMK 
9,35 

HMPKMPKMK 
7,25 

3 ACP pacxoaa 
OTxoAoB 

HMPKMPKPHMKKKMK 
9,55 

HMPKMPK 
5,7 
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np\i1 aHM\i13e C\i1 MBOn b HOI1 3epep e KT\i1 BHOCT\i1 r ex­
HOnOf\i14ecKoro \i1 HTe p epe l1Ca A CYT n Y4\i1Tb1Bam1Cb Cn e AY­

1O~\i1e Aony~ eH\i1H: 

Ol..\eH\i1BM IIICb epYHKI..\ \i1 \i1 KOHT p On H \i1 y n p a an e u a s , 
npenycvorp eaaue B p a CCMaTp \i1 Bae MOI1 C\i1 CTe Me aBTO­
MaT\i13al..\\i1\i1 ; 

P\i1 CYHK\i1 TeXH On Of \i1 4 e CKOf O n p ouec c a , Me HIO, a 
TaK>Ke nOCT OHHHbl e Te KCTb l , B TOM 4 111cn e \i1 0 603Ha 4eH\i1 H 
pa3M e pH OCTel1 TeX HOn Of\i14eCK\i1X nap aaetp o a, C\i1 MBOna­
M\i1 He C4I11Ta n\i1Cb; 

Ka>KAaH l..\\i1eppa \i1 A e CHT\i1 4H bll1 paanenarens Te­
KY~\i1 X 3Ha4eH\i111 TeX HOn Of\i14 e CKOf O napauer pa C4 \i1TanCH 
oTAenbHblM C\i1M BOn OM; 

Ka>KAaH 6yKBa 060 3H a4e H\i1 H p e >K \i1 Ma AC P C4\i1Ta ­
nacs oTAenbHblM C\i1MBOn OM; 

Ka>KA aH I..\BeTOBaH n03\i1I..\\i1H , orpaxaiouias COCTOH­
H\i1e TeX HOnOf\i14e CKOf O 06beKTa, c-urr anacs Ka K 0A\i1H C\i1 M­
Bon. 

Ilpa o u eu xe M \i1H \i1 MM bHOfO KOn\i14eCTBa C\i1 MBO­
nOB, He 0 6xOA \i1MbIX An H p e ur euns sana « ynpa aneu as npo ­
l..\eCCOM , n p \i1H\i1 MM OCb BO BH\i1 MaH\i1e cn e nyiouiee: 

KOn\i14 e CTBO Bb IBOA \i1 Mb IX l..\\i1 epPOBbI X 3Ha 4eH\i1 11 
TeXHOnOf\i14e CK\i1X napauer pos AOn >KHbl COOTBeTCTBOBaTb 
nOfpeWHOCTHM \i1X \i13Me peH\i1I1; 

Hel..\eneco 0 6 p a 3HO Ay 6n \i1pOBaTb 3aAaH \i1 H AC P Ha 
TeXHOnOf\i14eCKO M s xpau e , TaK Ka K OH \i1 \i1 Me IOTCH Ha a xp a ­
Hax y npaaneaa» ACP, a xotrr poru, COOTBeTCTB \i1H napa uer­
pa 3aAaH\i11O ocyuiecr anaerca C\i1 CTe MOI1 aBTO MaT\i13 a l..\ \i1 \i1 C 
BblB OAOM npeAyn p e>KAeH \i1I1; 

3Ha 4eH\i1H A aB n e H\i1 11 napa AOn >KHbl BbIBOA \i1 TbCH B 
eA\i1H\i1l..\ax C\i1 CTe Mbl C lI1 ( x fla) , n p a 3TOM COKp a~a eT C H 4 \i1C­
no C\i1M BOn OB ; 

He l..\ene c o 0 6 p a 3HO Ay6n \i1 p OBaTb run 6nOK\i1 pOB K\i1 
np\i1BOAOB Ha Te XHOnOf\i1 4 e CKOM sxpa u e , Ta K Ka K OH\i1 BbIBO­
AHTCH B CTp OKe n p e A y n p e >K,qe H\i111 \i1 Ha cneuaan a aa poaa a­
HblX axpaaax ynpa an e u aa np \i1 BOAaM\i1; 

aeu en e c o o e p a auo Ay 6n\i1p OBaTb COCTOHH\i1 H y p o a ­
HH B BOA OOTA en \i1 TenH X l..\ \i1 epp a M \i1 , AOCTaT04HO I..\Be TOBOI1 
C\i1fHM\i1 3al..\\i1\i1. 

Hel..\eneco0 6 p a 3HO Bb IBOA \i1Tb 4 \i1 CneHHb le 3Ha4 e­
H\i1H nOnO>KeH\i1H sanopuux Be HT\i1nel1 B B\i1Ae np0l..\e HTOB 
OTKPbIT\i1H (100% \i1 0%), A o c TaT0 4 Ho uaeroaoro orotipaxe­
H\i1H \i1X COCTOHH\i1H (OTp bITo / 3aKp bITo ). 

B Ka4eCTBe n p \i1 Mep a paCCM OTp \i1 M n o cn eno s a ­
TenbHOCTb pacsera K0 3epep\i1 l..\ \i1 e HTa C\i1 MBOnbHOI1 3 ep­
epeKT\i1BHOCT\i1 TeX HOn Of \i14e CKOfO \i1H Te p epe l1Ca ACY n a ­
pO-KoHAeHCaTHOI1 C\i1 CTe MOI1, 3 Kp a HHa H epo pMa KOTOPOf O 
npencrasn ea a Ha p\i1cYHKe 4 , a ere xapaxr epacr axa B Ta6­
n\i1l..\e 2. 

Puc .4 3KpaH ACY napo-KOHaeHcamHou cucm eMbl (BapuaHm 1) 

Ta6nUl.ja 2. xeoexmepucmueu 3KpaHa 
napo-KOHaeHcamHou cucmeuu (BapuaHm 1) 

<l>YHKl\HH ACYTn 

KOIl-BO 
n03H­
l\H~ Ha 
axpaae 

TeKYU\He 
3Ha4eHHil 

napaaerpoa 

KOIl-BO 
CHMBO­
1l0B Ha 
3KpaHe 

B03­
MO >l<Hbl~ 

MHHHMyM 
n03H4H~ / 
CHMBOIlOB 

IIIHAHKal\HIl: 
AaBlleHHIl napa , 
TeMneparypbl 
B xonnexrope 

1 
1 

577 «na 
192 °C 

3 
3 

3/3 
3/3 

IIIHAHKal\HIl: 
AaBlleHI111 napa 
4 rp ., per. KIlanaHOB, 
pe>l<l1MaACP 

1 
2 
2 

314 Kna 
29 % H 57 % 

A,C 

3 
4 
2 

3/3 
4/4 
2/2 

IIIHAHKal\ HR: 
Aa Bll e H H ~ napa 
1 H 3 rp ., 
per. KIlanaHOB, 
pelKHMoB ACP 

2 
2 
3 

36 Kna, 33 
Kna 

23% H 28/ % 
A,C,A 

4 
4 
3 

4/4 
4/4 
3/3 

IIIHAI1 Kal\ I111 : 
AaBlleHI111 napa 
2 rp ., per.xnanaaa, 
pe>l<l1MaACP 

1 
1 
2 

45 «na 
8 % 
A,C 

2 
1 
2 

2/2 
1/1 
2/2 

IIIHAI1 Kal\I111 : 
nepenana AaBll eHI1 11 
1 rp ., per. xnanaua, 
pelKl1Ma ACP 

1 
1 
1 

28 «na 
7 % 
A 

2 
1 
1 

2/2 
1/1 
1/1 

IIIHAI1 Kal\ I1 11 : 
AaBlleHI111 napa 
CyKHOCyWl1llbHaR rp., 
per. KIlanaHO B, 
pe>l<l1 MaACP 

1 
2 
1 

36 Kn a 
0%110 % 

A 

2 
2 
1 

2/2 
2/2 
1/1 

IIIHAI1 Kal\ l111 
pacxonos KOHAeHcaTa 2 7,9 11 7,8 6 6/6 

Cl1rHaIl I1 3al\ l111 
COCTOll HI1 11 HaCOCOB 
KOHAeHcaTa 

2 CI1HI1~ (BKIl.) 
6ellbl~ (BbIKll) 

2 212 

CyMMapHoe 
KOll11 4eCTB O 

29 48 48/48 

PaCC4 \i1Ta e M 3Ha4eH\i1e K03ep ep\i1l..\\i1eHTa C\i1MBOnbHOI1 
3 epepeKT \i1BHOCT\i1 a xp a a a E, e cn a M\i1H\i1MMbHOe KOn\i14eCT­
BO C\i1MBOnOB, He 0 6xOA\i1MbIX,(\nH p e uieaua 3a,qa4\i1, Smin= 48 
\i1 KOn\i1 4eCTBO C\i1 MBOnOB , \i1 CnOnb30 BaHHbIX \i1HTe pep eI1COM, 
S = 48: 

PaCCMOTp \i1 M pesynsraru KOn \i1 4eCTBeH Ho ro aHM\i13a 
C\i1MBOn bH0 I1 3 epepeKT\i1 BHOCT\i1 aHMOf\i14HOfO Te XHOnOf\i14eC KO­
ro IIIHTe p epe l1Ca napo-KoHAeH CaTHOI1 C\i1 CTe Mbl, BbInOn He HHO­
ro A PYf \i1 M p a3p a60T4 \i1 KOM, npencrasneaaoro Ha p\i1CYHKe 5. 

Fi l [iil1 ' r,;.,n;l":: ~1f~J ~ foGl 
Puc.S 3Kpa H ACY nepo-xonsencemnoi) cucmeuu (BapuaHm 2) 
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5 
II. It1H<l>OPMAL\1t10HHbI E CIt1CTEMbl. ABTOMATIt13AL\It1>l It1 CIt1CTE Mbl ynPABnEHIt1>l 1t13BecnlH Cn6rTlt1(TY) N230 2015 

'a 
1) 3 Ha 4e HIt1e K03epeplt1 1.\It1 e HTa C It1M BOnbH O ~ 3ep epeKT I1B­

HOCTI1 B 3TOM n pl1Me p e: 

E = Sn.';I{, = 47(21 = 0,37. 

O CHOBHble n pl1 41t1H bi CHI1>KeHI1>l K03epepl11.\l1eHTa 3ep ­
epeKT It1BHOCTI1 r exaonora vecsoro sxpaua cneAYIO lL\lt1 e : 

I1CnOn b30 Ba Hl1e He3Ha4a lL\I1X 1.\l1epPOBb iX 3HaKOB, He 
COOTBeTCTBYIOlL\I1X T04HOCTl1 11 3Me p e Hl1H na passerpoa - Te M­
neparyp napa It1 KOHA e Hc aTa; 

He 0 6 0 CHOBa HHo e A y6n l1poBa Hl1e It1 Hepo p Ma l.\l111 0 
nap auer pax r exaonoraxeckorc p e>KI1Ma - y pO BHH B BOA OOT­
Aenlt1TenHX It1 3Ha4e HIt1 ~ aanaiouiax B03Ae~CTB I1 ~ ; 

He060 CHOBaHHb l ~ Bbl60 p eAI1 H11 l.\b l 113MepeHIt1H A a B­
neHIt1H napa ( 6 a p) , 4TO npl1BOAI1T K YBenl14eHl11O KOnl14eCTBa 
BblBOA I1MblX CIt1 MBOn OB. 

,D,nH C03AaH l1H npocroro It1 6 blCTp o ro I1HTe p ep e ~ca 
MO>KHO socnoru.aoear scs npl1Hl.\l1nO M « 6 p 11TBa OKKaMa», 
cepopMyn l1pO BaHHblM aHrnl1 ~ CK I1 M epl1n Oc o epOM Yl1n bHMOM 
O KKa Ma euie B 14 aexe. n p l1Me HI1Te nbHO K oneparopcsovy 
It1 HTe p epe~cy OH 03Ha4aeT : n lO6 a H sana-ra KOHTponH 11 yn ­
paBneHI1H TeX HOn Orlt14e CKl1M npoueccov Aon >KHa peui arscs 
Hal1Me Hb WIt1M 4 l1CnOM Ae~CT BI1~ ; A BI1>Ke HI1H «ypcopa 11 rnaa 

1 0~ 
CT­
48 

3M, 

~ 3a 

:KO­
HO­
l. 

oneparopa A On >KHbl 6blTb c BeAeHbl K MI1HI1MYMY; He cneAY­
eT aoanarar s aa oneparopa TO, 4T O MO>KeT cnenan- KOM­
nsjor ep. 

BblBOAbl 
Peaynsrar s: Cpa BHI1Ten b HOro aHMl13a 3epepeKTIt1B­

HOCTI1 It1 HT ep epe~C OB A C YTn noaasuaaior, 4TO BpeMH , sar pa­
4 l1Ba e MOe oneparopov npa paeore B pasuu x I1HTepepe~cax 
npa Bb1n On He H11 1t1 0AI1 HaKOBblx cueaapaee, MO>KeT OTnIt14aTb­
CH B He CKon b KO pas, Kp OMe roro , MO>KHO Ha 6n lOA aTb CYlL\eCT­
Be HHo e CHIt1>Ke Hl1e C I1 MBOnbH O~ 3 epepe KTl1BHOCTl1 I1 HTepepe~­
ca. C03AaBaH I1 HTepepe~c , cnenyer Ol.\eH I1BaTb noxasarena 
Ka 4e CTBa, rorn a I1X Y4 eT n03BOn l1T YMe Hb WI1Tb 41t1 CnO OWI1­
6 0 K B paeore oneparopos ACYTn 11 nO BblC It1Tb 3epepeKTI1B­
HOCTb n p 0 I13BOAcTBa. 
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