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IHPAKTHYECKOE 3AHATHUE Ne 1

OcHOBBI Cco3aaHus 0JI0K-CXeM AJITOPUTMOB IJIA ABTOMATU3UPOBAHHbBIX
CHUCTEM YIIPpaABJICHUSA

H@]lb pa60mbl.' O03HAKOMUMBCS C OCHOBAMU CO30AHUS ajleopummoe 05l
asmomamusupoeaHHO20 NPOEKMUPOBAHUAL.

KpaTKI/Ie METOANYICCKUEC YKA3aAHUHA

AJTOpUTM — KOHEUHbIH HAa0Op MpaBUi, TMO3BOJISIOMIUNA YHUCTO
MEXaHWYECKHU PEIIUTh MOCTABJICHHYIO 33Jauy. AJITOPUTM JIOJKEH 00JaaaTh
CJIEAYIOIMMU OCHOBHBIMU TPEOOBAHUSIMH

1. MaccoBocThi0  (MacCHBHOCTBIO) —  HCXOJHBIC  JaHHEIE,
MU3MEHAIOIINECS B ONPEACIICHHBIX NpeAenax, 3aJaHHbIX MOCTAHOBIIMKOM
3a7]a4d, HE JOJDKHBI HAPYIIATh IEMCTBUE AIITOPUTMA.

2. JleTepMUHUPOBAHHOCTHIO — TMPOLECC MNPUMEHEHUS] TMPaBWI K
MCXOJIHBIM JTAHHBIM JIOJKEH OBITh ONpEEieH OJIHO3HAYHO.

3. Pe3ynbTaTMBHOCTBIO — HA Ka)KJOM IlIare ajiropurMa M3BECTHO, YTO
CYUTATh PE3YyJAbTAaTOM IIpOLECcCa W OKOHYATENBHBIA pE3yJbTaT JOJDKEH
[I0JIy4aThCs I10CJIE KOHEYHOTO YMCJIa 11aroB.

OCHOBHBIM CBOMCTBOM aJITOPUTMa SBIISIETCS PE3YJIbTATUBHOCTb.
OCHOBHBIM  3TAallOM  COCTABJIEHUS AJNTOPUTMA  SIBISECTCS  TOJIyYEHHUE
3aKOHOMEpPHOCTEN uccaexyeMoro siBiaeHus. Haumbonee pacnpocTpaHEeHHBIM
METOJIOM BBISIBJIEHUSI 3aKOHOMEPHOCTEH SBISETCS COCTaBJIEHUE TaOJIULl C
BBIJICJICHUEM  IIOBTOPSIOIIMXCSA  JIOTMYECKUX  3aBUCUMOCTEM  WIHU
MaTeMaTUYECKUX BBIYMCICHUN.

ANropuTMBI, Kak NpPaBWIO, MPEACTABISIOT B BHIE OJOK-CXEM.
KonnuectBo 0JIOKOB CXEeMbl 3aBHCHT OT CTENEHHU JETajlu3allud olepanui
[IPY PELICHUU paccMaTpUBAEMOM 3alayu. bosbIIoe KOJIMYECTBO 3JIEMEHTOB
OJIOK-CXEeM 3aTpyAHseT MOHMMaHHWE alroputMa B nenoMm. HemoctaTtouHoe
YUCJIO JIEMEHTOB JIEJIAET AIITOPUTM HETIOHATHBIM.

[Tpu cocTaBieHHH OJIOK-CXEM aJTOPUTMOB MPUMEHSIOT MOIYJIbHBIN
npuHiun. OH NpeaycMaTpuUBAaeT BO3MOXHOCTb IIPEJICTABIICHUS JIOOOro
OJI0Ka B BUJI€ CAMOCTOSITEJILHOTO aJrOpUTMA.

[Tpu BBIMOIHEHUHU CXEM aJTOPUTMOB U NMPOTrpaMM OTIETIbHbIE PYHKIIUU
JITOPUTMOB U MTPOTPaMM C YYETOM CTENECHU UX JAETATU3ALNN 0TOOpaxaroTcs



B BUJIE YCJIOBHBIX rpaduyeckux o0o3HaueHuii-cumpoiioB o 'OCT 19.0.03-
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Ilepeuenb, HaMMEHOBaHHE, OOO3HAUYCHUE M pa3Mepbl 00s3aTEIbHBIX
CHMBOJIOB M OTOOpa)kaeMble MMU (PYHKIIMU B aJrOPUTME M IIpOrpamme
00pabOTKHU JAHHBIX MPEJCTABJICHBI B TA0. 1.

Tabnuua 1.1. HaumenoBanue, 0003HaueHUE CUMBOJIOB U OTOOpakaeMble UMU (PYHKIUU

O0o3HaueHue u
HaunmenoBanue OyHKIUSA
pa3Mepbl, MM

: BeInonHeHue onepauny WK rPyHIbl
1 1 1 omnepanui, B pe3yjabTaTe KOTOPBIX
_!_ U3MEHsIETCS 3HaueHue, popma
t NPEACTABIEHUS WIIN PACIIONOKEHUS
JAHHBIX

1. ITporecc

Br16op HanpaBiieHUs BBIMOTHESHHUS
- - aNIropuTMa WU IPOrpaMMBbl B
3aBUCUMOCTH OT HEKOTOPBIX

b NEPEMEHHBIX YCIOBUU

2. Pemenue

0,252

[IpeoOpa3zoBanue JaHHBIX B (hOpMY,
MIPUTOIHYIO JIJIs1 00pabOTKH (BBOJ),
WM OTOOpaKeHUE PEe3yIbTaTOB
2,252 | 0OpabOTKH (BBIBON)

3. BBoa-BBIBOJ n

VYkazanue IMOCJICA0BAaTCIbHOCTH

4. Jluaus moToka N
CBsI3€H MEXK]1y CUMBOJIaMHU

Hauano unu okoH4YaHue IByX WIH
00J1ee OTHOBPEMEHHO BBITIOIHIEMBIX
onepauui

0,252

5. IapamnenbHbie
JNEUCTBUS




O0o3HaueHue u
HaumenoBanue OyHKIUA
pasMepbl, MM

CBs3b MCKY 3JICMCHTOM CXCMBEI U

NOSICHEHHEM
6. KommeHTapuii "
o b hmin
b p=0,252 | Hadalslo, KOHeEL, NIpepbIBaHUE
|
j_ﬁk R __9_ npoiiecca 00pabOTKH TaHHBIX WU
7. Ilyck - octaHoB > - BBIIIOJIHEHUS IPOrPaMMBbI
L
=
@ 0,52 YKa3aHue CBA3U MEKIY

MMpCPpBAHHBIMUA JIMHUAMU I10TOKA,

8. COQ}IHHHTGHL CBA3bIBAIOIIIMMHKU CUMBOJIaMH

Pasmep a nomken BeiOuMpaThes u3 psaa 10, 15, 20 mm. [Jomyckaercs
YBEIIMIUBATEL pa3Mep a Ha 4mcio, kpatHoe 5. Pasmep b pasen 1,5a.

IMopsi10K BBINOJIHEHUSI PA0OTHI

1. s 3aJlaHHOM IIPETOIaBaATEIIEM 3aJla4yu COCTaBUTH
MaTEMaTHYECKYIO0 MOJIENb €€ PEIICHHUS.

2. PaznenuTh penieHre 3aa4i Ha OCHOBHBIE ATAIlbI.

3. Onpenenutb OCHOBHBIEC OJIOKH COCTaBJISIEMOIO aJlTOPUTMA.

4. TTocTpouth OJIOK-CXEMY COCTABJISIEMOTO aJTOPUTMA.

Copeprxkanue oTyera

1. MaremMaTnueckast MOJICITb PEIICHUS 3aaYH.
2. OCHOBHBIE ATaIbl PEIICHUS 3aIa4H.

3. biok-cxema aiaropuTMma.

4. BeiBOBI 11O padoTe.
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KOHTpOJII)HI)Ie BOIIPOCHI

Yro Takoe anropurm?

Kakue TpeboBaHus PEabABIAIOTCA K aITOPUTMY?

Kakue HanpaBieHus: TMHUN TOTOKA MPUHUMAIOT 3a OCHOBHbBIE?
Korga nHanpaBieHue JMHUM TOTOKAa O0O3HA4YaTh CTPEJIKON HE
00s3aTeIbHO?

Kakue ocHOBHBIE OJOKHM HCHOJIB3YIOTCS MPU MOCTPOEHUM OJIOK-
cxem?

Kakoe MuUHMManbHOE pacCTOSHUE MEXy CUMBOJIAMU CXEMBbI?
Kakoe MuUHHManbHOE pAacCTOSHUE MEXIYy MapauiebHbIMU
JVHUSIMU MTOTOKa?

Kak Ha3bpIBaeTCs CBSI3b MEXIY DJIEMEHTOM CXEMbI U OSICHEHHUEM?



MMPAKTUYECKOE 3AHATHUE Ne 2

O YHKIINOHAJIBHBIE CXEMbI ABTOMATU3ALIUHU
TEXHOJOI'MYECKUX ITPOLECCOB

H@]lb pa60mbl.' O3HAKOMUMbCA C OoCHoeaMUu CcO30aHUs
QbyHKl/}UOHCl]leblx cxem asmomamusayul mexHojlocUYeCKUx npoyeccos.

KpaTKI/Ie METOANYICCKUEC YKA3aAHUHA

DyHKIIMOHATBHAS CXE€Ma AaBTOMAaTHU3alMU SIBISIETCS OCHOBHBIM
TEXHUYECKUM JOKYMEHTOM, ONPECIAIOIINM (GYHKIIMOHAJIBHYO
CTPYKTYPY M OOBEM aBTOMATHU3ALMH TEXHOJOTUUYECKUX YCTaHOBOK,
OTACIBHBIX MAIIMH, MEXAaHW3MOB M arperatoB, BBINOJHSIOIIUX
TEXHOJIOTUYECKUH MPOIECC.

DyHKIIMOHATLHAS CXEMa AaBTOMAaTH3allMU TMPEACTaBIIAET COOOM
yepTek, Ha KOTOPOM CXEMaTHYECKH, YCJIOBHBIMH O0O3HAYEHUSIMU
U300paKEHBI:  TEXHOJOTUYECKOe  00OpyJAOBaHHE, KOMMYHHUKAIIUH,
OpraHbl  yOpaBJIeHHsT W  CpEICTBa  aBTOMaTU3aluu  (MpUOOPHI,
PEryJSTOPHI, BEIUUCIUTEIIbHbIE YCTPOMCTBA, 3JEMEHTHI TEJIEMEXaHUKH)
C YyKa3aHUEM CBS3eM MEXIy TEXHOJIOTMYECKUM OOOpYJOBAaHUEM H
AJIEMEHTAMU AaBTOMATHKH, a TakKXe CBSI3€M MEXKIY OTIAECIbHBIMU
AJIEMEHTAMH aBTOMATHU3alUH.

BcenomorarenpHble  yCTpOWCTBA, TaKHE KAk PEOYKTOPbl U
GuabTpel  JUISI  BO3AyXa, HWCTOYHUKU TMHUTAHUS, aBTOMATUYECKUE
BBIKJIFOUATENIM U NPEAOXPAHUTENMN B LEIMAX NUTAHUA, COCAUHUTEIbHBIC
KOpOOKM W  JIpyru€ yCTpOMCTBA M MOHTAXHbBIE D3JIEMEHTHI, Ha
(GYHKIIMOHAIBHBIX CXEMaxX aBTOMAaTH3aIlMU HE MOKAa3bIBAIOTCSI.

Jist  CIIOXKHBIX  TEXHOJOTMYECKHUX TPOILECCOB €  OOJIBIIUM
00bEMOM aBTOMATHU3AIIMM CXEMbl MOTYT OBITh BBITIOJHEHBI Pa3EiIbHO
[0 BUJIAM TEXHOJIOTUYECKOTO KOHTPOJIA M YIPABICHUA, T.€. OTIEIBbHO
BBIIMIOJIHSAKOT CXEMbl ABTOMATUYECKOIO YIPABICHUS, KOHTPOISA U
curHanu3anuu. [l OOBEKTOB ¢ HECIOKHBIMU TEXHOJOTHYECKUMHU
mpolecCaMM M NPOCTBIMM CUCTEMAaMHM  KOHTPOJISL  YIPAaBJICHHUS
(GYyHKIIMOHAIBHBIE CXEMbl aBTOMATH3allMM MOTYT HE COCTaBIAThCS. Mx
3aMEHSFOT MEPEUYHSAMU CHUCTEM KOHTPOJIA, pEryJIMPOBAHUS,
YIIPABJICHHUS Y CUTHAJIM3ALNU.



[IpounTaTh (PYHKIIMOHAIBHYIO CXEMY AaBTOMAaTH3alMHd O3HAYAET
ONPEACINUTD U3 HEe:

1) mapamerpbl  TEXHOJOTMYECKOrO  MpOLECCa,  KOTOPBIE
NOJIEKAT aBTOMATHYECKOMY KOHTPOJIIO U PETYJINPOBAHUIO;

2) HaJIM4ME 3alUThl U aBapUMHON CUTHATIU3AIINY;

3) NpUHATYIO OJOKUPOBKY MEXAHU3MOB;

4) opraHu3anuio MyHKTOB KOHTPOJISL U yIPABJICHUS;

5) (QYHKUMOHANBHYIO CTPYKTYPY KaXIOro Yy3Jla KOHTPOJIA,
CUTHAJIN3aLlH, ABTOMAaTUYECKOTO PETYJIUPOBAHUS U YIIPABIICHUS;

6) TEXHUYECKUE CpEACTBA, C MOMOIIBI KOTOPBIX pEHIAeTCs
TOT WX WHOM (PYHKUMOHAJIBHBIA Yy3€J KOHTPOJS, CHUTHAIU3ALUU,
ABTOMATUYECKOTO PEryJMPOBAHUSA W YIPABICHUS.

YTtoObl mnpouyuTaTh (PYHKUHOHAIBHYIO CXEMYy aBTOMATHU3allMH,
HEOOXOAMMO 3HATh MPUHUUIIBI MTOCTPOCHUSI CHUCTEM TEXHOJIOTHYECKOTO

KOHTPOJIS U yHIpaBJICHUS U YCIIOBHBIE  M300paKEHUs
TEXHOJIOTMYECKOTO  00OpyJOBaHUs, TpPyOOIPpOBOIOB, NPHOOPOB U
CPEACTB aBTOMAaTHU3ALINHU, (YHKIIMOHAIBHBIX CBA3EH MEXIY

OTIETLHBIMA TNpHOOpaMU W CPEJACTBAMH aBTOMATH3aIlMH, a TaKXKe
UMETh TMPEJCTABICHUE O XapaKTepe TEXHOJIOTHYECKOro Ipoiecca u
B3aUMOJCHCTBUM OTAEIbHBIX YCTAHOBOK M arperaToB TEXHOJIOTHYECKOTO
000pyI0BaHHUS.

N3o0paxeHrne KOMIUIEKTOB MPUOOPOB U CPEJCTB aBTOMATH3ALIMU
Ha (PYHKIMOHAJBHBIX CXEMaX MOXET OBITh BBIMIOJHEHO YIPOIICHHBIM
WIM Pa3BEPHYTHIM CIOCOOOM. YMPOIIECHHBIA CHOCO0 MNPUMEHSIOT B
OCHOBHOM Il M300pakeHUs1 MpuOOpPOB U CPEACTB aBTOMATH3allMU Ha
TEXHOJIOTMYECKUX cxeMmax. [Ipu ympouieHHOM crnocobe Ha cxemax He
MOKAa3bIBAIOT TEPBUYHBIE HU3MEPUTEIIbHBIE Mpeodpa3oBaTesii U BCIO
BCIIOMOTaTeJIbHYIO allaparypy.

[Ipubopbl ¥ cpencTBa aBTOMAaTH3allMM, OCYIIECTBISIONIINE
CJI0KHBIE PYHKIMH (KOHTPOJIb, PETYJIMPOBAHUE, CUTHAJIM3AIUIO U T.11.) U
BBITIOJIHEHHBIE B BHUJIE OTACJIBbHBIX OJIOKOB, HM300pXKAIOT OJHUM
YCJIOBHBIM  TpaduueckuMm  oOo3HaueHueM. Pa3BepHyThii  crioco0
MPUMEHSIOT JJIsl BBITIOJIHEHUSI (DYHKIIMOHAJBHBIX CXEM aBTOMAaTH3alluHu,
KOTJa KaXKJIbIi MprOOp Wik OJOK, BXOJSAIINN B €AUHBIA H3MEPHUTEIBHBIN,
PEryIUPYIONIUN WM YIPABISIOMINN KOMIUIEKT, MOKa3bIBAIOT OT/IEIbLHBIM
YCJIOBHBIM TpauueckuM n300pakeHUEM.



HOpﬂI[OK BBINNOJIHCHU A paﬁoTbI

1. [ns  3amaHHOrO  MpemnojaBaTelieM  TEXHOJIOTHMYECKOTro
oObekTa  (IPOM3BOACTBA) pa3paboTaTh  (PYHKIMOHAJIBHYIO  CXEMY
aBTOMaTHU3allUU C COOTBETCTBYIOIIUMU  U3MEPUTEIHHBIMU
npeoOpa3zoBaTessiMU, MPUOOPAMU U CPEICTBAMHU aBTOMAaTHU3AIUH.

2. Jate mogpoOHOE onrcanue pa3pabOTaHHON CXEMBI.

3. Be16op npubOopoB U Cpe/ICTB aBTOMATU3AIMHA 00OCHOBATb.

Copeprxkanue oTuera

1. bBraok cxema U3y4yaeMOro TEXHOJOTHYECKOro OOBbEeKTa
(MpOU3BOJICTBA).

2. llepeueHb HU3MEpUTEIBHBIX IpeoOpazoBaTeneil, MpuOOPOB U
CPEACTB aBTOMAaTU3AlIUH.

3. @OyHKIMOHAJIbHAS CXeMa aBTOMAaTHU3al1U.

4. BpiBOJBI IO paborTe.

KoHTpoJbHbIC BOIPOCHI
1. OcHOBHBIE BHABI HM3MEPUTEILHBIX IpeoOpazoBaTeel u

npudOpoB, TMPUMEHSEMBIX I AaBTOMATH3allMd TEXHOJOTUYECKHUX
HPOIIECCOB.

2. IlpaBuia WCIIOJIb30BaHUS pPa3BEPHYTOTO crocoba
cOCTaBJieHUs (PYHKIIMOHAIBLHBIX CXEM aBTOMAaTHU3AIINH.
3. IlpaBuia VCIIOJIb30BaHMS YIPOILEHHOTO crocoba

COCTaBJICHUS (PYHKIIMOHAILHBIX CXEM aBTOMAaTHU3AIINH.
4. Yro  omnpepensercs U3  (QYHKIUOHAIBHOM  CXEMBbI
aBTOMaTHU3aIAN?



IMMPAKTUYECKOE 3AHATUE Ne 3

IHOCTPOEHHUE ACY TII C UCI1IOJIb3OBAHUEM
MUMKPOITPOIIECCOPHOM BBIUMCJUTEJbHON TEXHUKHA

Llenv  pabomovl:  03HAKOMUMbBCS €  OCHOBAMU  NPUMEHEHUs]
MUKponpoyeccoprou eviyucaumenvrou mexuuku oaa ACY TII.

KpaTKne METOANYICCKUEC YKA3aAHUHA

MukpomnponeccopHasi CUCTeMa BbBINOJHSAECT (PyHKIUMU cOopa
JTAHHBIX, peryJIMpOBaHUs W YNOpaBJEHUS, BU3yAIM3allMd BCEH
uHpopmaiiu 0a3bl  JAHHBIX, M3MEHEHHUSI YCTABOK, IIapaMeTpOB
aJTOPUTMOB Y CaMUX aJITOPUTMOB, ONTUMHU3ALMM U T.A. Vcronap30BaHue
MUKpOIponeccopoB (B ToM uucie MuUkpoIBM) muga pemenus
NEPEUYMCIICHHBIX 33/1a4 JA€T BO3MOKHOCTb JIOCTUYb CJIEIYIOLINUX LEeH:

a) 3aMEHUTh AHAJIOTOBBIE TEXHUYECKHE CPEACTBAa Ha LU(PPOBbHIC
TaMm, TJ€ Mepexoa K IU(PPOBBIM CPEACTBAM TMOBBIIIAET TOYHOCTD,
pacmupsieT (QPyHKIHUOHAIBLHBIE BO3MOXHOCTH U YBEIMYMBAET TMOKOCTH
CUCTEM YIIPaBJICHUS;

0) 3aMEHUTh TEXHUYECKHE CPEACTBA C MKECTKOW JIOTMKON Ha
IporpaMMHUpPYyEMBIE (C BO3MOXHOCTBIO HU3MEHEHUS MPOrpaMMbl)
YCTPOMCTBA, UM MUKPOKOHTPOJLIEPHI;

B) 3aMEHUTb OJHYy MHUHHU-ODBM cucremMoll u3 HECKOJIBKUX
MUKpOOBM, korma HEOOXOIMMO OO0ECNEeYuTh  JICLEHTPAIU30BAHHOE
YOPAaBJICHUE TPOU3BOJCTBOM WJIM TEXHOJOTMYECKHAM IMPOLECCOM C
MOBBIIICHHON HAJEKHOCTbIO WU >KMBYYECTHIO WJIM KOTJA BO3MOYKHOCTH
MUHU-DBM MOJHOCTBIO HE UCTIOIB3YIOTCS.

B pacnpenenennbix ACY TII npuHSATBI B OCHOBHOM TpH
TOMOJIOTUYECKHUE CTPYKTYpPbl ~ B3aWMOJICUCTBHS MOJCUCTEM:
3Be3iooOpasHas  (paavanbHasi); KoJyiblieBas  (MeTjieBas);  IIMHHAs
(MarucTpasibHast) Wik UX komOuHanuu. Opranuzaius CBs3U ¢ JaTYUKaMU
U UCIIOJHUTEIbHBIMU yCTPOMCTBAMH HOCUT WHIWBUIYaJIbHBIH U
NPEUMYIECTBEHHO PaIMAIBHBIN XapaKTep.

PaguaneHas cTpykTypa B3aMMOJEWCTBUS IOJCUCTEM OTPAKAET
TPaAUIIMOHHO MPUMEHSBIIMICS CHOCOO COEAMHEHUS YCTPOUCTB C

10



BBIJICJICHHBIMM ~ JIMHUSIMA ~ CBS3M M XapaKTEPHU3YETCs CIIECAYIOIIUMHU
OCOOEHHOCTSAMM:

a) CYLIECTBYIOT OTAEJIbHBbIE, HE CBS3aHHbIE MEXIy COOOM
JUHUH, OOBEAUHSIOIINE LEHTPAJIbHYIO MOJACUCTEMY C JOKaJIbHBIMU
CHUCTEMAaMH aBTOMATHKHU;

0) TEXHMYECKH MPOCTO PEATHUIYIOTCS YCTPOMCTBA CONPSIAKEHUS
JIOKaJIBbHOW aBTOMATUKU. LIeHTpalbHOE YCTPOMCTBO CBSI3U IIPEICTABIISET
co00i1 HabOp MOJTyJIEH THUIIA 110 YKCITY JUHUM JTUOO0 JOCTATOYHO CII0KHOE
YCTPOMCTBO MYJIbTUILIEKCUPOBAHUS KaHAJIOB Mepe1adur UHPOpMALIIH;

B) o00€ecClmeunBarOTCsl MaKCHUMalbHble CKOpPOCTH oOOMeHa Mo
OTIENbHBIM JIMHUSIM TIPU JOCTATOYHO BBICOKON MPOU3BOJUTEILHOCTU
BBIYUCIIUTEIIbHBIX YCTPOMCTB;

KosnblieBass M MIMHHAS TOMOJIOTMM B3aUMOJCHCTBUS ypOBHEM
UMEIOT Psi/i IOCTOMHCTB 10 CPABHEHUIO C PaIUAJILHOM:

a) paboTOCNOCOOHOCTh TMOJCUCTEMBI CBSI3M, BKJIIOYAIOIIEH B
ce0s KaHal W  YCTPOMCTBA CBSA3U, HE 3aBUCUT OT MCIPABHOCTHU
TEXHUYECKHUX CPEACTB HAa YPOBHSIX aBTOMATU3AIINY;

0) UMEITCS BO3MOXXHOCTA TOJAKIIOYEHUS JIOMOTHUTEIbHBIX
YCTPOWCTB M KOHTPOJS BCEH MOJICUCTEMBI C TOMOIIBIO CIEIUATIbHBIX
CPEACTB;

B) HEOOXOJWMBI 3HAYUTEIBLHO MEHBIIHME 3aTpaThl KaOeIbHOM
IPOAYKIHUH.

CpaBHHBasi KOJIBIIEBYIO U IIMHHYO TOMOJIOTUH MOJICUCTEMBI CBSI3H,
cienyeT OTMETUTh, YTO OpraHu3alMs KOJIbLUEBOW CTPYKTYpbl MEHEE
JOpOrocrosas, 4yem muHHasg. OQHako HAJEKHOCTh BCEU IOACUCTEMBI
C KOJBLEBOW CHCTEMOW CBSI3M OIPEACISIETCS HAJEKHOCTBIO KaKI0TO
YCTPOMCTBA CONPSIKEHUS U KaXKIOr0 OTPE3KA JIMHUM CBSI3H.

PaboTrocniocoOHOCT,  (U3MYECKOro  KaHajga Mmepenadyd i
IMIMHHOM apXWUTEKTYypbl C TpaHC(HOPMATOPHOM pa3BA3KOW HE 3aBUCUT
OT HMCIIPABHOCTU YCTPOMCTB COMNPSIKEHUS, OJHAKO, KAK W JJISI KOJbIIA,
BBIXOJ, M3 CTpOSl JIIOOOrO YCTPOICTBA COMNPSDKEHUS B HAUXYJIIEM
Clly4ae MPUBOAUT K TMOJHOCThIO AaBTOHOMHOM paboTe OTKa3aBIIEro
y3Ja TOJCHUCTEMbI, T. €. K MoTepe GyHKUUU YIOpaBiIeHUS OT YPOBHS
IIIT aBTOMaTHKOM OTKA3aBIIETO y3JIa.

SBHBIM METOJIOM TIOBBIIICHUS J>KUBYYECTH BCEH CHUCTEMBI
aBTOMAaTHKM B CIlydae OTKa3a YCTPOMCTB COIVIACOBAHUS B IMOJCHCTEME
CBSI3U SIBIsIETCS AyOJIMpOBaHUE YCTPOMCTB COIVIACOBaHUS B  y3jax
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OACUCTEMBI. B KOJIBLEBONM  CTPYKType Takou  IOAXOH  YXK€
NOJpPa3yMEBAETCAd MPU OPraHU3alUMd JIBOMHBIX KOJEl U OOXOJHBIX
nyTed. Eciaum HageXHOCTh HENMPEPHIBHOTO (M3MYECKOTO KaHajaa IS
HWJKHEW  TOIIOJIOTMA  HE  BBI3BIBAET COMHEHUK, TO BO3MOXKHO
OyOIMpOBaHUWE TOJBKO YCTPOMCTB COHOpPsDKEHUST 0O€3 MPUMEHEHHS
PE3EPBHOTO MaruCTpPAIbHOTO Kadesl.

IHopsiiok BbINOJTHEHHSI PA00ThHI

1. [nsa  3amaHHOrO  MpPENOAABATEIEM  TEXHOJIOIMYECKOIrOo
o0ObekTa  (IPOU3BOACTBA) pa3paboTaTh  (QYHKIMOHAIBHYIO  CXEMY
noctpoenuss ACY TIL.

2. Jdate nogpoOHOE onurcanue pa3padOTaHHON CXEMBI.

3. BriOpatb cooTBeTcTBYIOIIYIO CTPpYKTYpY ACY TII.

Copepxxkanue oTuera

1. brmok cxemMa M3y4aeMOro TEXHOJOTHMYECKOTr0 O0O0OBEKTa
(MpOU3BOJICTRA).

2. @OyHkuroHanbHas cxema noctpoenust ACY TII.

3. Cxema ctpyktypsl ACY TII.

4. BpIBOJIBI IO paborTe.

KoHTpoJsibHbIE BONIPOCHI

1 OnuiiuTe U3BECTHBIE BAM BapUAHTHI TOMOJIOTHH pacipeaeIeHHbIX
ACY TIL

2 B ueM paznuune MEXy aCHHXPOHHOM M CHHXPOHHOU mepenauei
JTAHHBIX ?

3 JlaliTe  KpaTKyl0O  XapaKTEPUCTUKY  TMOCIEI0BATEIbHBIM
untepdeiicam ACY TII.

4 JlaliTe KpaTKyl0 XapaKTEPUCTUKY MapajUieIbHbIM HHTepdeiicam
ACY TIL
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IMPAKTUYECKOE 3AHATHE Ne 4
OCHOBHBIE ®YHKIIUU ACY TII

Llenv  pabomvl:  03HAKOMUMBCSL € OCHOBHLIMU  (DYHKYUAMU,
peanusyemoimu ¢ ACY TII.

KpaTKne METOANYECCKHUE YKAZAHUSA

Peanuzanmss nenern B koHKpetHbix ACY TII  gocturaercs
BBITIOJTHEHUEM B HUX OMNPEICICHHOW IMOCJIECIOBATEILHOCTU OINEpaluidi u
BBIYUCIIUTEIIBHBIX TPOIEAYpP, B 3HAUUTEIBHON CTENEHU THUIIOBBIX IIO
CBOEMY COCTaBy M TIOTOMY OOBEAMHAEMBIX B KOMIUIEKC THIIOBBIX
bynkuuit  ACY  TII. ®ynxkuumun ACY TII noapazaenstorcss Ha
ynpasJiistoniie, "HGOpMallMOHHBIE U BCTIOMOTaTeIbHBIE.

VYnpapnstomue  yakuun  ACY  TII — 910  QyHKIMH,
pe3yJbTaTaMi  KOTOPBIX  SIBJSETCS  BbIpabOTKAa M peanu3arus
YIPABJISIOMINX BO3JAEHCTBUIN Ha O0BEKT ynpasieHus. K ympapisionium
dbynkuusm ACY TII otHOCSTCS:

- peryiaupoBaHue (CTaOWIM3anus) OTACIBbHBIX TEXHOJOTMYECKHUX
NIEPEMEHHBIX;

- OIHOTAKTHOE JIOTMYECKOE YIPABJICHUE ONEpalUsIMU WU
arrmaparamus;

- POrPaMMHOE JIOTUYECKOE YNPaBJICHUE TPYIIION 000pYy10BaHMUS;

- ONTUMAJIBHOE  YyOPAaBIICHUE  YCTAHOBUBIIMMUCS WU
NEPEXOHBIMU PEKUMAMU WITA OTAEIBHBIMU CTAIUSIMU IIPOLIECCA;

- aJlaTUBHOE YIPaBJICHHE OOBEKTOM B II€JIOM, HalpUMep
YIIPaBJIEHUE YYACTKOM CTaHKOB ¢ YUITY.

Uudopmanmonnsie ¢ynkuuun ACY TII — 9310 PyHKUUH
CHUCTEMBbI, COJICp’)KaHHEM KOTOpPBIX SIBIFETCS cOop, 00paboTka W
npeacTtaBieHue uHpopmanuu o cocrtosHun  ATK oneparuBHOMY
NepcoHaly WM TiepeAadya dSToM uHOpMammu i MOCIEAYIONICH
oopabotku. K nunpopmanmonusim pyukimsim ACY TII otHocsTCS:

- LIEHTPAJIM30BAaHHBIA KOHTPOJIb U W3MEPEHHUE TEXHOJOTMYECKUX
apaMeTpOB;

- KOCBEHHOE U3MEPEHUE;
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- BBIUMCIICHUE NapaMeTpoB IMpouecca (TEXHUKO-3KOHOMHYECKUX,
BHYTPEHHUX MEPEMEHHBIX);

- (opMupoBaHHE M BbIJJaya JAHHBIX OMEPATUBHOMY IE€PCOHATY
ACY TII wmm ATK; mnoaroroBka u mnepenaya HHGPOpMAIMU B
CMEXHBIE CUCTEMBI YIPABJICHUS;

- 0000mieHHas oneHka W npoBepka coctosHud ATK u ero
000pyI0BaHUS.

OTnnunTenbHass 0COOEHHOCTh YIPABISIOMNUX U HH(OPMALIMOHHBIX
dbynkuuit ACY TII:

— WX HANpaBJICHHOCTh HAa KOHKPETHOro MOTpeouTens (00OBbeKT
yIpaBJ€HUsA, ONEPATUBHBIN NEPCOHAN, CMEKHBIE CUCTEMbBI YIIPABIICHUS).

Bcnomoratensubie pynkiun ACY TII coctosT B obecrieueHUn
KOHTPOJISI 32 COCTOSIHUEM  (DYHKIIMOHUPOBAHMS TEXHUYECKUX U
IPOTrPaMMHBIX CPEJICTB CUCTEMBI.

Pa3BuTHEe 3KOHOMHKO-MAaTEeMaTHYECKUX METOJOB YIPABICHUS C
MIMPOKUM HCIIOJIb30BAHUEM COBPEMEHHON BBIYMCIUTEILHOW TEXHUKU
MO3BOJIUJIO CYIIECTBEHHO OOJIErYUTh PadOoTy ornepaTopa Npu YIpaBJICHUH
CJIOKHBIMU TEXHOJIOTUUECKUMH OO0BEKTaMHU. B pe3ynbTaTe MOSABUIUCH
YEJIOBEKO-MAIIMHHBIE  CHUCTEMbl  YOPABICHUA  TEXHOJIOTHYECKUMU
mpoleccaMu, B KOTOPBIX 00paboTka uHbopManuu U (PopMUpOBaHUE
ONTUMAJIBHBIX YIPABJICHUIN OCYIIECTBISIOTCS YEIOBEKOM C MOMOIIbIO
YIPABJISAIONIEH BBIYUCIUTENBHON MamuHbel (YBM).

YBM B 3TOM  ciy4dae  SBJISAETCA  MHOI'OKAaHAJbHBIM
UH()OpPMaLIMOHHO-YTIPABISIOIIUM YCTPOMCTBOM B CUCTEME
aBTOMAaTU3UPOBAHHOI'O YIIPABJIEHUS TEXHOJOTMYECKUM IpoueccoMm. B
3aBUCUMOCTH OT pachpefeicHuss UHPOPMAIMOHHBIX W YMPABISIOMIUX
bynkuuit Mexxay dyenoBekom u YBM, mexny YBM u cpeactBamu
KOHTPOJII M  PEryJIMPOBaHUS  BO3MOXKHBI Pa3IUYHbIE MPUHIUIIBI
noctpoenuss ACY  TII.  HawuOonbinee  pacrnpocTpaHeHUE B
MPOMBIIUIEHHON MPAKTAKE HANUIM TpW MNOpuHIuna noctpoenus ACY
TII:  wentpanuzoBannsie ACY TII, ACY TII ¢ cynepBU30pHBIM
YIIPABICHUEM U JICLIEHTpaau30BaHHbIe pacnpenesieaabie ACY TIIL

TunoBast ctpykrypa nentpanuzoBanHo ACY TII Bkimouaer B
cebst ycTpoiictBO cBsizu ¢ oobektom  (YCO) wu  YBM,
OCYHIECTBIIAIOUIYK)  LIEHTPAJIM30BAHHOE YIPAaBJICHUE  OJHUM WM
HECKOJIbKUMH TEXHOJIOTMYECKMMU TpolreccamMu. HaaexHOCTh Bcero
KOMIUIEKCA OIpeNenseTcss B 3TOM ciydae HaaexHocThio YCO wu
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VYBM, u npu BbIXOAE HX U3 CTPOSl HOPMaJbHOE (DYHKIIMOHUPOBAHUE
TEXHOJIOTUYECKOT0 000PY/10BaHUsI HEBO3MOXKHO.

XapakTepHblM  npumepoM  leHTpanuzoBanHon  ACY  TII
ABJsieTCsl cuctemMa, YBM KOTOpol HEMOCPEICTBEHHO BhIpaOAThIBAET
ONTUMAJIbHBIE  PETYJHUPYIOIIHE  BO3JACUCTBUS HU  C TOMOIIBIO
COOTBETCTBYIOIINX npeoOpazoBareneit nepenact KOMAaH/IbI
yIIPaBJICHUS Ha WCHOJIHUTEIbHBIE YCTPOMCTBA (MexaHU3MBI).
HentpanuzoBanneie ACY TII, YBM koropsix paboTaroT B TaKoM
pEXKHME, Ha3bIBAIOTCS CUCTEMaMHU C HEMOCPEICTBEHHBIM WM IPSAMBIM
nudposbM ynpasienueM (I1LY).

B ACY TII ¢ IIIIY omeparop I0KEH HMETh BO3MOKHOCTH
U3MECHSTh YCTaBKHU, KOHTPOJUPOBATh U30paHHbIC TIEPEMEHHBIE,
BAPBUPOBATh JIMANIA30HBI JOMYCTUMOTO W3MEHEHHSI TEPEMECHHBIX,
U3MEHATh MMapaMeTpbl HACTPOWKH M HUMETh JOCTYN K YIPaBIISIONICH
porpaMme.

I'maBubii HepocTaTok cuctem ¢ IIIY 3akirodaercss B TOM, 4TO
npu orkasze B padbore YBM o00bekT TepsieT ynpasieHue. HecMmotps Ha
BBICOKYKO HAJEKHOCTb BCEX CPEACTB CHCTEMBI, OTKa3bl B YBM
BO3MOXKHBI, M 3TO OOCTOSITENIHCTBO HEOOXOAMMO O0CO00 YUYUTHIBATH
npu nnoctpoenuu ACY TII c TILLY.

bonee muUpOKUMU BO3MOXKHOCTAMU M JIy4lI€d HAJIEKHOCTHIO
oonagaror ACY TII, B KOTOpPBIX HEMNOCPEICTBEHHOE PETYJIUPOBAHUE
oobektamu TII ocymectBiasitor JIP, a YBM Beimonsser GyHkiuu
«COBETUMKA» B TAK HA3bIBAEMOM CYIIEPBU30PHOM PEXKUME.

OcHoBHasg 3ajada CyIIEPBU30PHOTO yYIIPaBJICHUS —
aBTOMATUYECKOEe  TMOJJEpKaHUE Iporecca BOMU3M  ONTUMAIbHOM
paboueii Touku. Kpome Toro, cynepBU30pHOE yHpaBiCHUE MO3BOJSET
ONEPaTOPy-TEXHOJIOTY VCIOJIb30BATh IJI0XO dbopmannzyemyto
uH(pOpMaIMIO O X0/I€ TEXHOJIOTHYECKOIo Mpolecca, BBojg yepe3 YBM
KOPPEKLUIO YCTAaBOK, MAapaMETPOB AJITOPUTMOB PETYJIUPOBAHHUS B
JIOKaJbHbIe KOHTYphl. Hampumep, omepatop BBOAUT HEOOXOIUMBIE
U3MEHEHUS B YIIPABJIEHUE MTPOLECCOM IPU MU3MEHEHHUH CHIPbSI U COCTaBa
BbIpaOaThiBAEMONl MPOAYKIHUH. ITO TpeOyeT OmnpeneaeHrus HOBBIX
3HaYeHUN KOP(DPUIIMEHTOB ypaBHEHUM MaTEMaTUYECKOM  MOJIETu
0o0OBbEKTa yMpPABJICHUSA, YTO MOXKET BBIMOJHATHCA JIIOOOH Jpyroi
BHemHern DBM wunu camoit YBM, eciiu oHa He 3arpy’keHa.
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HOpﬂI[OK BBINNOJIHCHU A paﬁoTbI

1. I[J'IH 3aJaHHOI'O npernoaaBaTCiicM TCXHOJIOTHMYCCKOI'O

o0bekTa (mpousBoAcTBa) pazpadorarb Qpynkuuun ACY TII.
2. Jdate nogpoOHoe onucanue pazpadoranHbix pynkuuii ACY TIIL.
3. BriOpatb cooTBeTcTBYIOIIYIO CTPYKTYpY ACY TII.

Copepxkanue oTyera

1 binok cxema U3y4aeMOro TEXHOJOTMYECKOT0 OOBEKTa
(IpoU3BOJICTBA).

2. ®yunknuonansHas cxema nocrpoenust ACY TII.

3. Cxewma ctpyktypsl ACY TII.

4. BpiBOJIBI IO paborTe.

KoHTpoJibHBIE BONIPOCHI

1 Onuiute U3BecTHbIE BaM BapuaHThl octpoeHust ACY TII.
2 B dyem paziaudue MexJay aCHHXPOHHON M CUHXPOHHOH mepenayei

JTAHHBIX ?
3 JlaiiTe  KpaTKyl0  XapaKTEpUCTHKY  IOCJIEAO0BATEIbHBIM

untepgeiicam ACY TII.
4 JlaliTe KpaTKyl0 XapaKTEPUCTUKY MapajUieIbHbIM HHTepdeiicam

ACY TIL
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IMPAKTUYECKOE 3AHATHUE Ne5
ONPEJEJIEHUE MMOKA3ATEJEN HAJEXKHOCTH ACY T

B coorBerctBum ¢ 'OCT 27.002-89 miist KOJIMYECTBEHHOU OLEHKU
HAJEKHOCTH TIPUMEHSIOTCS KOJMYECTBEHHBIC TIOKA3aTelId  OIEHKHU
OTJICTILHBIX €€ COCTABJISIOIINX CBOMCTB: 0€30TKA3HOCTH, JOJTOBEYHOCTH,
PEMOHTONIPUTOTHOCTH M COXPAHIEMOCTH, a TakKXe HCIOIb3YIOTCS
KOMIUICKCHBIE ~ TIOKa3aTeld,  XapaKTepHU3yIollhue  TOTOBHOCTh U
3(pPEeKTUBHOCTh MCIIOJIB30BAHUS TEXHUYECKUX OOBEKTOB M CHUCTEM (B
YaCTHOCTH, JIEKTPOycTaHOBOK U COC).

OTH TIOKa3aTelIW IO3BOJISIIOT TOJIyd4aTh PacueTHO-aHATUTHYECKHE
OIICHKM KOJIMYECTBCHHBIX XapaKTEPUCTHUK OTJACIbHBIX CBOWCTB M
HAJISKHOCTH B IIEJIOM TPH BBIOOPE MEXKIY Pa3IMYHBIMH CXEMHBIMH M
KOHCTPYKTUBHBIMU BapuUaHTaMH oO0O0pyJoBaHUs (OOBEKTOB) MpU HUX
MPOCKTUPOBAHUM, IIPOM3BOJICTBE, HCMBITAHUSAX H B  YCIOBHAX
sKcIuTyaTanun. KoMIiekcHbIe rmoka3arean HaJe)KHOCTH UCIIOIb3YIOTCS B
OCHOBHOM Ha HCHBITAHHMSIX W TIPH SKCILTyaTalldd, YTOOBI TOJYYHTh
OLICHKY Y BBIMOJHUTh aHAJIU3 COOTBETCTBHS  AKCIUTyaTallMOHHO-
TEXHUYECKUX XAPAKTEPUCTUK TEXHUYECKUX OOBEKTOB (YCTPOICTB)
3aIaHHBIM TPeOOBAHUSIM U TTapaMeTpam.

BepostHocTh Oe30Tka3HO# paboThl P(t) — 3TO BEpOATHOCTH TOTO,
YTO B MpeJenax 3aJJaHHOr0 MHTEpBaja BpEMEHH TPH 3aJaHHBIX YCIOBHUIX
paboThl OTKa3 OOBEKTa HE BO3HHMKAET. JTOT IOKAa3aTellb MOXXET OBITh
OIPENICIIEH CTATUCTUYECKON OLIEHKOW KaK

P(t) = N, -n() (1)
0
rae N, - Y9UCIIO OAHOTHUITHBIX OOBEKTOB (JIEMEHTOB), MPOXOIHMBIINX
WCTIBITAHUS MJTU )K€ HAaXOJISAIIUXCS 10 KOHTpojeM). [Ipu 3ToM Bo BpeMs
UCTIBITAHUIN OTKa3aBIINI 00BEKT HE BOCCTAHABIIMBACTCS W HE 3aMCHSCTCS
UCTIPaBHBIM;
Nn(t) - urcio oTKa3aBIIUX 0OBEKTOB 3a BPEMS t.
CraTucTHUYeCKas OIICHKA JIJIsl CPeIHEH HapabOTKH 70 0TKa3a OIpe-
nensiercs o gpopmyse:
Tep = Ztip/n, 1 (2)
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rae ti, — Bpems paboTsl o0opynoBanus Mexay (i-1) u iI-m oTkazamu
000py1I0BaHUS;

N - 4YUCIIO OTKAa30B.

Cratuctuyeckas OlleHKa MHTEHCUBHOCTH OTKa30B UMEET BU/I:

A1) = no/k-At, (3)

r7e Np— YKUCI0 OTKA30B 3a Bpems Atf;

K — grciio oTkazos.

CrarucTruuecku cpeAHsisi HapaOOTKa Ha OTKa3 o0ObekTa (HapaboTka
Ha OTKa3) OIpeAensercs Kak OTHOIIEHHE CYMMapHOW HapabOTKu
BOCCTaHaBJIMBAEMOr0 OOBEKTa K YHUCIY OTKa30B, MPOUCIICAIINX 3a
CyMMapHYIO HapaOOTKYy:

n
2ot
Tep -1

()’

rae tj - HapaObotka Mexnay (i-1) u 1-M oTKazamu, u;
n(t) - cymmapHOe 4HCII0 OTKA30B 32 BpeMms t.
[TapameTp MOTOKa OTKA30B WJIM YAEJIbHAsA MOBPEXKIAEMOCTh TAKXKE

XapaKTepU3yeT BOCCTAHABIIMBAEMbI OOBEKT M MO CTATUCTUYECKUM

JaHHBIM OIPENEISAETCS ¢ TOMOLIBIO (POPMYJIBI

oft) = n(t;) ?(tl)’ 5)
2 1
riae n(ty) u n(ty) - KOJIUIECTBO OTKA30B 00BCKTA, 3a(PUKCUPOBAHHBIX
COOTBETCTBEHHO, 110 UCTCUCHUH BPEMEHU t; U t).
CpenHee BpeMsi BOCCTAHOBJICHUS - 3TO MAaTEMaTHUUYECKOE OXKUIAHHUE
CIIy4yallHOM BEJIMYMHBI - BPEMEHHM BOCCTAaHOBJIEHUSA PabOTOCIOCOOHOTO
COCTOSIHUSI 00BEKTa IMocie oTkaza. OHO ompeAenseTcss MO JaHHBIM

3KCHHyaTaHHH N HAXOJHUTCI B HacCax
n
2t
_i=1
Tcp.B =1 > 1 (6)
n
1€ n - 4ucliio BOCCT&HOBHGHHﬁ, paBHOC YHCJIY OTKA30B,
ti - Bpems, 3aTpadyeHHOE HAa BOCCTAHOBJICHUE (OOHApY)KEHHUE, TTOUCK
PUYMHBI U1 YCTPAHEHHUE OTKA3a), B Yacax.
I/IHTCHCHBHOCTB BOCCTAHOBJICHUA - J3TO OTHOHLOICHHC YCJ'IOBHOI\/’I
IINIOTHOCTHU BCPOATHOCTHU BOCCTAHOBJICHUA pa6OTOCHOCO6HOFO COCTOSAHUA
00BeKTa, OMPENCICHHON I pacCMaTpUBAEMOI0 MOMEHTa BPEMEHHU TP

(4)
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YCJIIOBUHU, YTO OO 3TOI'0O MOMCHTA BOCCTAHOBJICHHUC HC OBITO 3aBCPIICHO, K
MPpOAOJKUTCIbHOCTH 3TOIr0O HHTCPBAJIA.

CraTtuctuueckas OLCHKA 2TOI'0 ITOKAa3aTCIsl HAXOJUTCA KaK

1, (At)
M(t)_—NH.cp N (7)

rne ng(At) — KOTUYEeCTBO BOCCTAHOBIICHUN OJTHOTHITHBIX OOBEKTOB 32
UHTEpBan At;

Ny cp — CpPEHEE KOIMYECTBO OOBEKTOB, HAXOAAIIMXCS B HEBOCCTA-
HOBJIEHHOM COCTOSIHUM Ha MHTepBajie At.

KoapuuneHT roToBHOCTH XapakTepu3yeT rOTOBHOCTh OOBEKTa K
BBIMIOJIHEHUIO CBOMX (PyHKUMA. OH mpeactaBisieT coOOW BEPOSATHOCTH
TOTO, YTO OOBEKT OKaXKETCS B PabOTOCIIOCOOHOM COCTOSIHUM B JIFOOOH
OPOU3BOJBHBI MOMEHT BPEMEHH, KPOME IUIAHHUPYEMBIX MEPUOAOB, B
TEYEHUE KOTOPHIX MPUMEHEHUE OO0BbEKTa 1O Ha3HAYCHUIO HE
OpeAyCMAaTPpUBAETCA. JTOT IOKa3aTelb OJHOBPEMEHHO OILICHMBAET Kak
CBOMCTBO pabOTOCIOCOOHOCTH, TaK U CBONCTBO PEMOHTONPUTOAHOCTH
oObekTa. Paccmorpum  onpenenenue ko3 PUIMEHTa TOTOBHOCTH
COIJIaCHO

OH onpenensieTcss OTHOLIEHHMEM BpPEMEHHM  HAxXOXICHUS B
padOTOCIIOCOOHOM  COCTOSSHUM K CyMME BpPEMEH HaxOXKJCHHS B
paboTOCTIOCOOHOM COCTOSIHUM M IIPOCTOE 32 PAcCMaTPUBAEMBIN MEPUOJ
BpemeHu. Mcxond U3 3Toro onpeneneHus s OJHOIO0 PEMOHTHUPYEMOTO
00BbeKTa KOA(DPUIIMEHT TOTOBHOCTH PACCUUTHIBACTCS KaK

n

2t

i=1
n n '
Dt 2T
i1 i

Koaddumment TexHumueckoro wucnoiab3oBanus Krpy  paBeH
OTHOIIICHHUIO MAaTeMaTUYEeCKOIO0 OXKHUJIaHUS CYMMapHOIO BPEMEHH
npeObIiBaHusl 00BEKTa B PA0OTOCIIOCOOHOM COCTOSIHUM 32 HEKOTOPBIi
MepHoJ, SKCIUTyaTallid K MaTeMaTHYECKOMY OXHIAHUI0 CYMMapHOIO
BpEMEHU TMpeObIBaHUS OOBEKTa B PaOOTOCIIOCOOHOM COCTOSIHUH H
IIPOCTOEB, OOYCIIOBJIICHHBIX TEXHUYECKHUM OOCITY’KHBAaHUEM M PEMOHTOM
3a TOT K€ MEPHUO/ IKCILTyaTaIuu:

Kr:

(8)
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>t
- n = n ! (9)
;ti +§ri +;’tj

rje tj - BpeMsi coxpaHeHus pab0TOCIIOCOOHOCTH B 1-M ITUKJIE
(G YHKIIMOHUPOBAHUS OOBEKTA;

Ti - Bp€Ms BOCCTAHOBJICHUS (PEMOHTA) MOCJIE 1-TO OTKa3a 00BHEKTa;

Tj - JUINTEIBHOCTH BBINOJIHEHUS j-H NPOQHUIAKTUKH, TPeOyromen
BbIBOJIa OOBEKTa M3 PadOTAIOUIEr0 COCTOSHUA (MCIOJIb30BaHUS TIO
Ha3HAYEHUIO);

K

T

N - 4ucno paboyux IUKIOB 33 PacCMaTpUMBAEMbI TEpPHOJ
AKCIUTyaTalluu;

M - YUCJIO OTKa30B (BOCCTaHOBJIEHUM) 3a pacCMaTPUBAEMBIM
IIEPUOI;

K - gmucio mpoduinakTuk, TpPeOYIOIMHMX OTKIIIOUCHUS OOBEKTa B
paccMaTpuBaEMBbIN IEPUOA.

IHopsinok BbINOJHEHHUS PadOTHI

1. [ns 3amaHHOrO MpenojaBaTesieM CcocTaBa IOKaszaTesen
HAJICKHOCTH IPOU3BECTH Pa3JieJICHUE UX HA OCHOBHBIE TPYIIIHI.

2. Jns KaxIoW U3 TpyNN [oKa3zaTreled MPOBECTH aHAIU3
HE00XOAMMOM UCXOIHOM MHPOpMALINH, TPEOyeMOM IJIs UX pacyeTa.

3. Ilo 3aiaHHBIM MpEnoAaBaTEIEeM UCXOJHBIM JAHHBIM ONPENEIUTh
MOKa3aTeIu HaJACKHOCTH.

4. IToBToputh m.1.1-3 117151 pyroro cocraBa 000OPyAOBAHUS.

KoHTpoJibHBbIE BONIPOCHI

1. HazoBuTE OCHOBHBIE TTOKA3aTEIN O€30TKA3HOCTH.

2. HazoBuTE OCHOBHBIE TTOKA3aTEIN JOJITOBEUHOCTH.

3. HazoBuTe OCHOBHBIE TTOKA3aTEIN PEMOHTHOIIPUTOTHOCTH.

4. Kak paccunutbiBaeTcsi KOOOPHUIUEHT TOTOBHOCTH?

5. Kak  paccuutbiBaercss  KOIGOUIIMEHT  TEXHUYECKOTO
UCIIOJIb30BaHMUS ?

20



IMMPAKTUYECKOE 3AHATUE Ne6
MOJIEJIN OTKA3O0B ITPOCTBIX CUCTEM ACY TII

IIpocreiieil TEXHUYECKOW CUCTEMOW IMPU PACCMOTPEHUU TEOPUU
HAJIG)KHOCTHU SIBJIIETCSL CUCTEMa, B KOTOPOM OTKa3 JIOOOro 3JeMEeHTa
BBI3BIBAET OTKAa3 BCEH CHUCTEMBI, M MPU ITOM OTKa3 JIFOOOr0 JIEMEHTa HE
MU3MEHSET HAJIEKHOCTH Jpyrux. C TOUKH 3pEHUS] TEOPUM HAACHKHOCTH B
CHUCTEME, TJIe 0TKAa3 JIIOOOTO U3 AJIEMEHTOB MPUBOJUT K OTKA3y CUCTEMBI,
AJIEMEHTHI BKJIFOUEHBI MO OCHOBHOM CXEME WM IIOCJIEN0BATENbHO. B
MOHATUHU OTKa3a 3aJI0KeH (DU3UUECKUN aHAJIOT 3JIEKTPUYECKON CXEMBbI C
MocjIeIoBaTeIbHBIM BKIIFOUCHHEM DJIEMEHTOB, KOrja OTKa3 Jr00ro u3
3JIEMEHTOB CBSI3aH C Pa3pbhIBOM LICTIH.

Ota cuctema OyJeT HaXOIUThCA B paboyeM COCTOSIHUHU, €CJIU BCE
AJIEMEHTHI OJTHOBPEMEHHO HaxXOHsTCA B padoyeM cocTostHUM. CII0XKHOE
coObITHE WM paboTa BCEX AJIEMEHTOB CXEMbI COCTOMT B COBIIQJICHUHU
PabOTOCIIOCOOHBIX COCTOSIHMM Ka)XIoTro 3jieMeHTa. [Ipumenss teopeMy
YMHOXXEHHUSI ~ BEPOSITHOCTEW  HE3aBHUCUMBIX  COOBITHH,  IOJIy4Yaem
BEPOSATHOCTh O€30TKa3HOM paboThl paccMaTPUBAEMON CHCTEMbI Kak
MPOU3BEICHUE BEPOSTHOCTEN O€30TKa3HOM pabOTHI BCEX DJIEMEHTOB:

Pc = P1- P2 P Par--. Pn = TPy, (1)
rae 1 =1, 2,..., n — DJIEMEHTHI B IOCJICIOBATEILHO COSAUHCHHON CHCTE-
ME€;

Pi — BEPOATHOCTh OC30TKA3HOW PadOTHI I-ro dJIeMEHTA.

BeposaTHOCTE COCTOSIHHMSL OTKAa3a B TAKOM CUCTEME OINPEACIAETCS
KaK BEPOSTHOCTh COOBITHSI, MPOTHBOIOJIOXKHOIO paboueMy COCTOSHUIO,
o ciaeayriiei gpopmyie

Qe =1-pc=1-TIIp;, (2)

Ha mnpakTuke BEpOATHOCTH COCTOSHHS OTKa3a B IIOCJIEHOBATEIBHO
COCAMHECHHON CHCTEME OMpPEACsIeTCs KaK BEPOSTHOCTh OTKa3a XOTS Obl
OJTHOTO 3JIEMEHTA, KOTOpask OMPENEIIeTCsS C UCIOJIb30BaHUEM (HOPMYIIbI
TUTs1 BEPOSITHOCTEN CYyMMBI COBMECTHBIX COOBITHH:

= 20 - Zqij + Zqiilk - --- ~()n" " qig0k- (3)
I[J'IH OCHOBHBEIX JJICMCHTOB BHCKTpI/I‘-ICCKI/IX CUCTEM BGpO}ITHOCTI/I

BO3HMKHOBEHMSI OTKa30B ropasno menbiie 1 (tabdn. I1.1), moatomy mpu
ONPEACICHUN COCTOSIHHSI OTKa3a M3 N IMOCJIEIOBATEIbHO COEIMHEHHBIX
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AJIEMEHTOB BTOPBIM, TPETHbHUM U MOCIEIYIOIIMMHU CJIaraéMbIMU TpPaBOU
4acTH paBeHCTBa (3) MOXKHO IpeHeOpeub, KaK YuciaMu 00jee BHICOKOrO
nopsjaka mainocTd. [losToMy B MpakTHUECKUX pacyeTax HaJeKHOCTU
UCIIOJIb3YIOT CIEIYIONIYI0, OoJiee MpocTyto GopMyIy:
Q.= Z:qi- (4)

[Ipu mocienoBaTeIbHOM  COCAMHEHUH  DJIEMEHTOB  CHCTEMBbI
BEPOSITHOCTU  O€30TKa3HOM padOThl BJIEMEHTOB  IEPEMHOKAOTCA,
MOTOMY TPHU DKCIOHEHIIMAJIBHOM 3aKOHE pacmhpeneiacHus (mepuo

HOpPMaJIbHOW DJKCIUTyaTalluk, WX A = CONst), oOmias BEpOATHOCTh
COCTOSIHUSI OTKa3a OMPEICTUTCS KakK
— ot _ _-oC,

pe=e " =e" ()

OTCIOJIa CJeayeT
¢ = z:Q)i | (6)
T.C. TIPU TIOCJICJIOBATEIIbHOM COSAMHCHHUHM TapaMeTphl MOTOKAa OTKAa30B
CKIIAABIBAIOTCS, WM  4YeM OOJIbIlIEE YUCIO DJJIEMEHTOB N COEIUHEHO
MOCJIEIOBATENIbHO, TeM OOJIbIIIE TapaMeTp IMOTOKa OTKA30B CHCTEMBI W
TEM MEHBIIIC BEPOSITHOCTh €€ HaIC)KHOU PabOTHI.
Mooenv omrazos 6 napannenvHol cucmeme

BeposiTHOCTh Haie)KHOM pabOTHl TaKOW CHCTEMBI HaMOOJIEEe MPOCTO
ompeAeIsieTCs 4Yepe3 3HaueHHWE BEPOSTHOCTH MPOTUBOIOJIOKHOTO
COOBITHS, T.€. BEPOSTHOCTh COCTOSIHHUS OTKa3a CHCTEMBI, KOTOPOE
HACTYIUT TOTJIa, KOTJa BCE OJJIEMEHTHI, BXOJSIIME B HEE OTKAXYyT
OJTHOBPEMEHHO. BeposSTHOCTh COCTOSIHUSI OTKaza IpH ITUX YCIOBHSIX
ompeAeisieTcss Kak IMPOM3BEICHUE BEPOSITHOCTEM OTKaza paldOThl BCEX
2JIEMEHTOB:

Jc = 01 G2 O3 da-Gs.... O = 110G, (7)
rne | = 1, 2,..n — »3JeMEHThl B pacCMaTpUBAEMOil IapajlieiIbHO
COCJIMHEHHOM CHUCTEME;

Qi — BEpOSITHOCTH 0€30TKAa3HOM paOOTHI I-T0 3JIEMEHTA.
BepositHoCcTh paboyero COCTOSTHUS paccMaTpuBaeMoit
napajjieIbHON CHCTEMBI ONpPEACIsIeTCs KaK BEPOSITHOCTh COOBITHS,
MIPOTUBOIIOJIOKHOTO COCTOSTHUIO OTKa3a:

Pp.=1-0g.=1-TIlq;. (8)
I[JIH CUCTEMBI U3 I[ByX HapaHHeHBHO COCIMHCHHLBIX B JIOFI/I‘ICCKOfI

CXEME HaJIeKHOCTH DJIEMEHTOB BEPOSTHOCTh O€30TKa3HOM paboThl B
TE€YEHHE OJTHOTO T'OJIa COCTABUT
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Pe=1-(1-p)(L-pz) = pi+ps-prpa=e®-el®*?. (9)
ECJ'II/I HapaMCTpBI IIOTOKa OTKa30B JJIEMCHTOB, COCTAaBJIAIOIINX
CHUCTEMY, PaBHBI ®; = My = ®, TO:
p.=2e"- %, (10)
I[JIH I[BYX DJICMCHTOB B Hapanneanoﬁ CXEMEC€ HAJCKHOCTU CpCHHHH

HapaOOTKa Ha OTKa3

Tep =+ m (11)

'
(1)1 0)2 0)1 + (1)2

Ecmun 1= wy; =, TO
Tep=2-2, (12)
® 20
Ilon mapamerpoM TOTOKa OTKa3oB rpynmbl  3ieMeHToB  COC,
COCIMHEHHBIX TMapajuleIbHO B JIOTUYECKOM CXEeM€ HaJIeXKHOCTH,
MOHUMAIOT COOBITHE, 3aKJIFOYAIOIIEECs B COBIAJICHUU BBIHYKJICHHBIX
IPOCTOEB BCEX BJEMEHTOB Tpynnbl. J[Jis cuCTeMbl W3 ABYX 3JIEMEHTOB
napamMeTp nOTOKa OTKa30B
®¢ = 01°02 + 02, (13)
rI€ ®; U O — MapaMeTpbl OTKA30B MEPBOIO U BTOPOTO 3JIEMEHTOB;
J1, 02 — BeposATHOCTH (KOA(DPHUIIMEHTHI) BEIHYKJACHHOT'O IMPOCTOS.
B (3.26) niepBblii COMHOKHUTENH COOTBETCTBYET CIIyHat0 HAIOXKEHUIO
OTKa3a MepBOro 3JIEMEHTA Ha BBIHYXJEHHBIA MPOCTON BTOPOTO, a BTOPOH
HA000POT — HAJIOXKEHUIO OTKa3a BTOPOTO 3JIEMEHTA Ha BBIHYXICHHBIN
IIPOCTOU MEPBOTO.
YT0OBI HAWTU BpEMsI BOCCTAHOBJICHUSI 3TOM TPYIIbI, ONIPEACIUM BeE-
POSITHOCTh UX OJTHOBPEMEHHOI'O OTKa3a:
OJc = (1 Q2. (14)
[Io wu3BECTHBIM 3HAYECHUSAM MapaMeTpa I[OTOKa OTKa30B U
BEPOSITHOCTU OTKa3a, MCHOJb3ys BbIpakeHue (3.25), HaligeM Bpems
BOCCTAaHOBJIEHUSI CUCTEMbI Igc M TPU OJMHAKOBBIX MapameTpax
AJIEMEHTOB MOJIYYUM
TB.C. - qc/(DC - TB/Z! (15)
rae T, - BpeMsi BOCCTAHOBJICHHS OJTHOKO AJIEMEHTA.
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HOpﬂI[OK BBINNOJIHCHU A paﬁoTI)I

1. Jnga 3amaHHOM NpenoAaBaTelIeM MOCJEIOBATEILHOM CXEMBbI
ONPEIEIUTh MTOKA3aTENN HAJEKHOCTH OTIACIbHBIX 3JIEMEHTOB.

2. Jlamee ompenenuTh ~ 0o0IME  IOKAa3aTeid  HAACKHOCTHU
paccMaTpUBAEMOM MOCIEA0BATENBLHON CXEMBI.

3. na 3amaHHOM MNpenoAaBaTeieM IMapaUICIbHOW  CXEMBI
ONPEIETUTh MTOKA3aTENN HAJCKHOCTH OTACIbHBIX JIEMEHTOB.

4. Jlanee omnpenenuTh  OOLIME  TOKa3aTeNIM  HAJEKHOCTH
paccMaTpuBaEMOM MapaieIbHOU CXEMBI.

KoHTpoabHBIC BONIPOCHI

1. Uemy paBHa cymma BEpOSITHOCTEN COCTOSIHUM 00beKTa?

2. Kakume coueraHus BEpOSITHOCTEH COCTOSSHUM  OOBEKTOB
XapakTEPHBI 1JI1 MPOCTEUIIEH TPYIIBI U3 JBYX JIEMEHTOB?

3. Kornma cucrema u3 IByX IOCJE0BATEIIbHBIX 2JIEMEHTOB OyAeT
HAXOJAUTHCS B pA0OTOCTIOCOOHOM COCTOSTHUM?

4. Koraa cucrtema 13 ABYX MOCJIE€I0BATEIbHBIX 3JIEMEHTOB Oy/eT
HaXOJUTHCSI B HEPAOOTOCIIOCOOHOM COCTOSIHUU ?

5. Korna cucrema u3 IByX NapajijieibHbIX 3JIEMEHTOB OyeT
HAaXOJAUTHCS B pA0OTOCTIOCOOHOM COCTOSTHUM ?
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ITPAKTUYECKOE 3AHATUE Ne /7
PACYET HAJIEAKHOCTHU DJIEKTPUYECKOM CXEMBbI

Ilenvy pabomwr. o3HakomaeHue ¢  npogedeHuem  pacuema
HAOeHCHOCU INEKMPUHECKOU CXeMbl NPOMBILUIEHHO20 NPEONPUSNUSL.

Jns pacdyera HAOEKHOCTH CXEMbl IPUMEHSEM AaHAJIUTUYECKUN
meron. CuurTaem, YTO TMEPEPHIB B AIEKTPOCHAOKEHUM BO3HUKAET MPU
OTHOBPEMEHHOM OTKa3e OOOMX IUenel MNUTaHus, 4YTO MNPHUBOAUT K

MCUYE3HOBEHUIO HanpspkeHus Ha mmHax 10 kB. CocraBisieM nornueckyro
CXeMy HaJie:)kHOCTH (puc.l).

Q1 Qs
B} BJL>
Q5] Q82
Q2 Q6

I I
T]_ T:

I I
Qg, Q7

|

Puc.1. Jlornueckas cxema HageKHOCTHU

JIns  Kaxaoro u3 JJIEMEHTOB CHCTEMBI  JJIEKTPOCHAOKEHUS
TOTOBATCS CIIEIYIOIIHME NCXOJIHBIE IAHHBIC: TTapaMeTp MOTOKA OTKA30B (,
l/rom; BpeMs BOCCTAaHOBJICHHS TMoOclIe oOTkKaza Tp (IIMTEILHOCTH
aBapuUUHOTO PEMOHTA), Yac; YacToTa IUIAaHOBBIX PEMOHTOB W, l/ron;
MPOJOKUTEIBHOCTD MJIaHOBOTO peMoHTa Ty, yac.
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BepositHOCTh ( 0TKa3a ajaeMeHTOB paccmarpuBaemoit COC (kpome
BO3IYIIHBIX JTUHUN) ONPENEseTCs 10 Cleayouen popmyiie:

q = o*Tp/8760, (1)
rjie o — M[apaMeTp MoToKa OTKa3o0B, 1/roxn;

Tg— cpenHee BpeMs BOCCTAHOBJICHUS, Yac.

J{71s1 BO3AYILIHBIX JIMHUW BEPOATHOCTD (] OTKa3a OIPEAEIIAETC KaK

g = o-L-Tg/(100-8760), (2)
r7e O — IapaMmeTp Motoka oTka3zoB Ha 100 kM aymHbL, 1/Tox;

L — mymHa muHUH, KM;

Tg— cpenHee BpeMs BOCCTAHOBJICHUS, Yac.

BepositHOCTB dn IIAHOBOT'O OTKJIIOUCHUS 3JIEMEHTOB
paccmatpuBaemoit COC onpeaensieTcs mo cieayoiiei gopmyire:

O = w Tr/8760, 3)
I7ie WL - 4acToTa MJIaHOBBIX OTKIIIOYEHUH, 1/roxm;
T — cpenHee BpeMs MJIaHOBOT'O OTKJIIOUEHUS, Yac.

Pe3ynbTathl pacuera BeposiTHOCTEN (| ¥ (i MpUBEJIEHBI B Ta0J1.6.2.

PaccuuTaem mapameTpbl MOTOKa OTKAa30B Wi, Wcy; U BEPOSITHOCTH
Jc1 ¥ (e KoM u3 1nenei paccmarpuBaemon COC.

O =W = O1 T TO3 T 04 + 05 + 0, (4)
r7ie O — apaMeTp MOTOKa 0TKa30B BhIKItoUatene Qi, Qs;

7 — MapaMeTp NOTOKA OTKa30B BO3AYIIHbIX JIMHUM BJI;, BJIy;

3 — TapaMeTp MOTOKa 0TKa30B pazbeauHutenet QS;,QS,;

W4— TIapaMeTp MOTOKa OTKa30B BhIKItouarenei Qo, Qs;

5 — TTapaMeTp MOTOKa 0TKa30B TpaHcPopmaTopoB T1,T5;

g — TTapaMeTp MOTOKA OTKA30B BhIKIIoUaTeneit Qsz, Q.

Jc1 =0c2 = Qi+ 02 + 03 + 04 + Qs+ e, (3)
rie (; — BEpOATHOCTh OTKa3a BeikItouarene Qi, Qs;

J2 - BEpPOSATHOCTh OTKa3a BO3AYIIHbIX JUHUU BJI1, BJIy;

(3 - BEpOATHOCTh OTKa3a pazbeaunutenein QSq,QS,;

J4 - BEPOATHOCTh OTKa3a BhIKItoUaTeneit Qy, Qg;

s - BEpOSITHOCTh OTKa3a TpaHcPpopmatopoB Ty, Ty;

(s — BEpPOATHOCTH OTKa3a BhIKIIOUateneit Qsz, Q7.

Paccuutaem mapameTrp MNOTOKa OTKa30B ®'c; MEPBOM LEOU H
BEPOSITHOCTh OTKa3a IEepBOM Iiemd  ('c; C Yy4E€TOM  BEPOSTHOCTH
MJIAHOBOTO PEMOHTA BBIKTIoUatemst Q; Kak

®'ci = Oc; + Ho1 . (6)
Oct = 9cr tOnqr- (7)

26



OnpenenuM BepOSITHOCTh O0TKa3a CUCTEMbI AJIEKTPOCHAOXKEHUS (e
KaK BEPOATHOCTb COBIIQJICHUS AaBAPUMHOIO WJIM IUIAHOBOT'O MPOCTOS
IIEPBOM LIENU C aBAPUNHBIM IIPOCTOEM BTOPOM Lienu. s 3TOro Haxoaum
POU3BEICHUE BEPOSITHOCTEN ('ci U (o Kak
Jcoe = 'crrlea -
[TapameTp NOTOKa OTKAa30B CHUCTEMBI 3JIEKTPOCHAOKEHHS Ocrc
OMpEeNIeTIUM 10 CAeAyromei hopmyre:
®coe = O ¢z + Oc2'fcr, (8)
B ¢dopmyne (8) mepBblii uleH COOTBETCTBYET HAJIOKEHHUIO OTKa3a
IIEPBOM LIENA HA IPOCTOM BTOPOW LENH, BTOPOM YJIEH — HAJOXKEHUE
OTKa3a BTOPOM LIENHU HA IPOCTOU MEPBOM.
Bpemss  mepepsiBa syiekTpocHaOxeHuss Tpgp (B 4Yacax 3a Toj)
ONpPEAEIUM Kak
Triep = Qeace -8760/mcrc (9)

Iopsinok BHINOJIHEHHUS PadOTHI

1. I[J'ISI SaHaHHOﬁ IpernoaaBaTeyieM CXCEMbI ITOATOTOBHUTb HCXOIHYTO
I/IH(l)OpMaI_II/IIO JJIA OTIPCACIICHUA MoKa3areneu HaACKHOCTH.

2. OnpeneJme I10Ka3aTCJIn HAACKHOCTH paCCManHBaeMOﬁ JIMHUH.

3. OHpe,Z[eJII/ITB IIO0Ka3aTcJIn BOCCTAaHOBJICHUA.

KoHTpoJ/ibHbIEC BONIPOCHI

I. Ha yeM oCHOBaH aHAJIMTHUYECKHUN METOJ pacyeTa HaJACKHOCTH
AIEKTPOCHAOKEHU S ?

2. Kak mpuMeHsieTcsl aHaTUTUYECKUI METOJ] pacueTa HaJIeKHOCTU
AIIEKTPOCHAOKEHUS?

3. Korma menecoobpa3HO TPUMEHSTH JIOTHKO-BEPOSITHOCTHBIN
METOJ] pacueTa HaJIe)KHOCTH IJIEKTPOCHAOKEHUS?

4. Kak cocTaBiisieTcs JIOTHYEeCKasl cxeMa HaJIeKHOCTH?

5. Kak y4uTBIBAalOTCA IUIAHOBBIE PEMOHTBHI B JIOTUYECKOU CXEME
HaJIe)KHOCTH?
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IMMPAKTUYECKOE 3AHATUE Ne8
CrangapTHble cpecTBa pelleHrs] ONTUMHU3AMUOHHBIX 32124

Llenv  pabomovl: o03HAKOMUMbBCA C  HA3HAYEHUEM, OCHOBHbIMU
NPpUHYUNAMu  pabomsl CMAHOAPMHBIX CPeOCme ONMUMUIAYUUOHHBIX
3a0ad.

Kpatkue MeToauveckne ykazaHus

B nporecce mpoeKTUpOBaHUS MPOCKTUPOBIIUK  HEHU3OEKHO
CTAJIKUBAETCA C  HEOOXOAMMOCTHIO  TMPUHSATUS  OMPEIACICHHBIX
TEXHUYECKUX PElIeHUI. JTa 3a/1aya BOBHUKAET B TOM CJIy4ae, €CJIM €CTh
11€JIb, KOTJIa BO3MOYKHBI PA3JIMYHBIE CIIOCOOBI €€ TOCTHXKEHUS U UMEETCS
pan  gakTopoB, OINPENENSIONIUX IIEHHOCTh BapuaHToOB. llenpio B
MPOCKTHOM TMPAKTUKE Yallle BCEro SBJSETCS CHUIXKEHHE TIPUBEIACHHBIX
3aTpaT. s mpaBuIbHOTO BBIOOpA PEIICHUS IIUPOKO  HMCIOJIb3YeTCs
TEOPHs ONITUMHU3AIINH.

Ontumuzanus — NpoIecc OnpeacsiCHUus MapaMeTpoB, MPUBOISIINX
K 3KCTpEMaJIbHOMY 3HAYEHHIO ONTUMHU3UPYEMOIO MapameTpa. 3ajaya
ONTUMU3AIMN MOKET ObITh MPEJCTABIICHA B BUJIE

F = min f(x), (1)

rae F— HekoTtopas QyHKIIMA, Ha3bIBaeMas 11eJIEBOM;

X — HE3aBUCHUMBIC MEPEMEHHbBIC, KOTOPBIE OMPEICISIOT COCTOSHUE
POCKTUPYEMOT0 0OBEKTA.

B oOmem Buae 3agadya ONTUMHU3ALMU 1EJIEBOM  (PYHKIUH
dbopMupyeTca Tak: HAUTH 3HAYECHUS MapamMeTpoB {Xi, Xa, ..... Xp}, IpHU
KOTOPBIX (YHKIIUS

F=1(Xy, Xo, ..... Xp), (2)

MPUHUMAET MUHUMAIIbHOE WJIM MAKCUMAJIBHOE 3HAYEHUE MTPU HEKOTOPBIX
(G YHKIIMOHATBHBIX OpTaHUYEHUSIX.

MoryT ObITh MUCTOJIb30BAHUS W3BECTHBIE KJIACCUYECKUE METOMbI —
METOJT HEOIIPEIEIICHHBIX MHOXUTEINEN Jlarpanka, YMCICHHBIE METOMIBI U
METO/IbI IMHEMHOTO ¥ HEJTMHEMHOTO TPOTPaMMUPOBAHUS.
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PazButue COBPEMEHHOW BBIYUCIUTEIBHON TEXHUKU I103BOJISAET
IPOU3BOAUTH PEUICHHUE TAKUX 337124 JOCTATOYHO MPOCTO.

Tak, B IIHUPOKO PACHPOCTPAHEHHOM TaOJIMYHOM MPOLIECCOPE
(3nekTpoHHBIX Tabmuiax) EXxcel moumck omTmMmM3Mpyromero pemneHus
IPOU3BOAUTCSA B CIEAYIOIIEM MOPSJIKE.

1. B mento CepBuc BoiOepuTe komanay Ilouck pemieHus.

2. Ilpm mnepBoHAUaIbHOM OOpAllEHUH K HWHCTPYMEHTY IOMCKa
peuieHus B riaaBHOM MeHIO CepBHC MOXXKHO HE OOHApyX UTh ONEpanuu
IHouck pemeHusi. OTO O03HAYAET, YTO KOMIIOHEHT IIOMCKA PEIICHUS B
nporpamme MS Excel He ycrtanoBieH. J[Jisi yCTaHOBKHM KOMITOHEHTa
HeoOxoaumo BbIOpath B MeHIO CepBuc komanay Haacrpoiikm u B

OTKPBIBIIEMCS IMAJIOTOBOM OKHE YCTAaHOBUTH rajouky B ctpoke Ilomck
peuieHusi, pucyHok 2.1.

Hancrpoiku @

AocTymHoie naacrpo&n:

s s ]
|_|Macrep noacranosok

el o g
| |Naxer ananuza

| —

Mo < No Wy
PRI NPT LY | ABTOMaTHIAUMA, ..

Nomox pewesms

MHCTDYMEHT ANA NOHCKE PEWEHMA YDABHEHN H 33284
oNTrMHEaus

Pucynok 1. JInanoroBoe OKHO yCTaHOBKHU JTOMTOJTHUTEIbHBIX KOMIOHEHT
MS Excel
Jns  pemieHuss 3aJad  ONTUMM3AMU  ONPEACIEHHOIO  Kjacca
He00X0MMa YCTaHOBKA KOHKPETHBIX MMapaMeTpOB MOKCKaA peieHus. s
ATOTO HY>XKHO HaXXaThb KHOMNKY [lapaMeTpbl U 3alI0OTHUTh HEKOTOPBIE OIS
okHa «IlapameTpbl moucka peueHus» (PUCyHoK 2.2).
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[lapameTpbl NOMCHA pe e HUA

MakcHManeHoe BpeMa: 100 CEKYHA [ OK J
MpeaensHoe YMCNo UTepauui: | 100 [ OTMEHa ]
OTHOCHTENBHAA NOrpeWwHoCT: | 0,000001 [ 3arpysvTe MOAEND, .. J
AonyCcTMMOE OTKNOHEHKWE: ‘ 5 f% [ COXpaHTE MOAEND. .. ]
CX0AUMOCTb! |0,0001 [ Cnpaeka ]
NHelHaa Moaens [] AsTomaTmueckoe MacwTafMposaHHe
[JHeoTpruaTeneHsle sHayerma: || MokasbiBaTh pESYNETATEI MTEPAUMH
OUeHKK PasHOCTH MeToa NoMcka

(5) nuHefiHanA (3) npaMble (%) HeroToHa

() kBaapaTHyHaa () ueHTpaneHble ) CoNpAMEHHBIX CPaAMEHTOB

PI/ICYHOK 2. JII/IaJ'IOl"OBOC OKHO «HapaMeprI ITOHUCKaA PCILICHU»

[Tapamerp «MakcuMaibHOE BpeMsi» CIY)XUT ISl Ha3HaAYCHUS
BpeMEHHU (B CEKYHJax), BBIACIAEMOro Ha peunieHue 3aaauur. B mosne
MOXHO BBECTH BpeMs, He mpeBbimaromiee 32 767 cexkyHn (OGonee 9
4acoB).

[Tapamerp «llpenesbHOEe YHCJIA0 HUTEPAUMH» CIYKUT IS
YOPaBJICHUST BPEMEHEM pELICHHS 3aJayd IIyTeM OIPaHWUYEHUs 4YuCia
MPOMEXYTOUYHBIX BBIYMCIEHUN. B T101€ MOXHO BBECTH KOJUYECTBO
uTepaluii, He mpeBbimaroniee 32 767.

[TapameTp «OTHOCHTEJIBbHASI OTPEHIHOCTDY» CIYXKHT ISl 3aJIaHUS
TOYHOCTH, C KOTOPOW OMPEAEISAETCS COOTBETCTBHUE SUYEHKHU ILIEIEBOMY
3HAUYCHUIO WM MPUOJIMAKEHUE K YKa3aHHBIM rpaHuuaM. [lose momxHO
coaepkaTh ynciio u3 uHTepBasia or 0 mo 1. UeM MeHblIe KOIUYECTBO
NECATUYHBIX 3HAKOB BO BBEJCHHOM YHCJIE, TEM HUKE TOYHOCTh. BhIcOKas
TOYHOCTh YBEJIIMYUT BpeMs, KOTOpoe Tpedyercs mJii TOro, 4YTOObI
COMIEJICS MPOLECC ONTUMHU3ALINH.

[Tapamerp «/lomycTHMOE OTKJIOHEHUE» CIYXKUT Ui 3aJaHUs
JIOMyCKAa Ha OTKJIIOHEHHE OT ONTHUMAJIbHOIO PEHICHHS B LEIOYUCIECHHBIX
3amadax. Ilpm ykazaHuu OONBIIET0 JOMyCKa TMOWCK  PEIICHUS
3aKaHIMBAETCS OBICTpEE.

[Tapamerp «CX0AUMOCTB» TPUMEHSETCS TOJIBKO MPHU PENICHUH
HEJIMHEMHBIX 33]1a4.
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VYcranoBka  ¢uaxkka «J/ImHelHasm  MoJedab»  oOecrneyuBaeT
YCKOPEHHUE ITIOWCKA PELICHUS JIMHEMHOW 3aJ1a4d 3a CUET NPUMEHEHUS
CUMILIEKC-METOA.

YCTaHOBJIEHHBIE 110 YMOJIYAHUIO 3HAYECHUS IMAPAMETPOB IMOAXOIAT
Uit OOJIBIIMHCTBA permaeMbix 3aaad. OcTtaBuM HUX 0€3 H3MEHEHHH,
OTMETHUB TrajIouKou «/InHerHas MoJeJIby.

3. B nosie YCTaHOBUTDH LEIEeBYI0 S4eHKY BBEAUTE apPEC WIH UMS
AYEUKHU, B KOTOPO HAXOAUTCSA (POpMyIia ONTUMHUZHPYEMOI MOJIEIIH.

4. YtoObl MaKCUMHU3UPOBATH 3HAYEHUE LICJIEBOM SYEHKH MyTEeM
U3MEHEHUS 3HAYECHHUM BIIUSIONIUX SYECK, YCTAHOBHUTE NMEPEKI0YaATENb B
MOJI0KEHNE MAKCHUMAJILHOMY 3HAYEHHUIO.

5. UtoObl MHHMMHU3UPOBATh 3HAYEHHE LIEJEBOM SUYEHKU MyTEM
W3MEHEHUS 3HAYECHHUM BIIMSIONIMX SYEEK, YCTAHOBUTE MEPEKI0YaTeb B
MOJI0KEHUE MUHUMAJIbHOMY 3HAYEHMIO.

6. UToObl yCTAaHOBUTH 3HAYEHHWE B IICICBOM SUYCHKE pPaBHBIM
HEKOTOPOMY YHUCIy IIYT€M HW3MEHEHHS 3HAYCHUW BIMSIONIAX SYEEK,
YCTAaHOBUTE MEPEKII0YATENh B MOJIOKCHUE 3HAYEHMI0 W BBEIUTE B
COOTBETCTBYIOIIIEE T0JI€ TPeOyeMOoe YUCIIO.

7. B none W3MeHsAs sA4YeKM BBEIUTEC HMEHA WIM aapeca
U3MEHAEMBIX SYEEK, pa3leissd HX 3amsIThiMA. V3MeHseMmble s4ernKu
JOJKHBI OBITh TPSMO WA KOCBEHHO CBSI3aHBI C LIEJIEBOM SIYCUKOM.
Jlonmyckaercst ycraHoBKa /10 200 U3BMEHSIEMBIX STYEEK.

8. UroObl aBTOMATHMYECKH HAWTH BCE SYEHKH, BIIMAIONIAE Ha
dbopmyny Mojienu, HaxkMuTe KHOTIKY TIpeamnmosoxuTh.

9. B nome OrpanuyeHusi BBEOUTE BCE OrPAaHUYCHUS,
HAKJIAJIbIBAEMbIE HA IMOUCK PEIIEHUS.

10. Haxxmute kHONKY BBIMOJHUTBL. UTOOBI COXpaHUTh HAJCHHOE
pellIeHUEe, YCTAHOBUTE MEPEKIIIOYATEND B JUATIOTOBOM OKHE Pe3yiibTarsl
MOKMCKA pPeleHud B 1ojoxeHne CoOXpaHuTh HAHICHHOE pellieHue.

Ha skpane mnosBuserca okHO «Pe3yabrarbl moucCKa pelieHUs»,
MPEJCTABICHHOE HA PUCYHKE 3.
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Pe 3y/bTarThl NOHCHa pelie HUA @

PelweHue HanaeHo, Bce OrpaHu4eHra 1 YCnoena
ONTHMaNEHOCTH BBINONHEHDBI. Tvn oT4eTa

PesynbTatel
| ¥CTOMYMBOCTE
Mpeaensl

(3){CoXpaHnTL HaMAEHHOE pelleHHe:

() BOCCTAHOBMTE MCXDAHBIE 3HAHEHHA

[ OK ] [ OTMEHa ] [ COXPaHNTE CUEHaPKH, . . ] [ Cnpaeka ]

Pucynok 3. JluamoroBoe okHO «Pe3yabTaThl IOMCKA PEIICHUSD)

NHornpa mpu pelieHud ONTUMU3ALMOHHBIX 3a7ad  XapakTep
BBIBOJIMMBIX B JHAJIOTOBOM OKHE «Pe3yjabTaThl MOMCKA pelieHus»
cooOuieHnid moxer ObiTh Jpyrum: «lIlomck He MoxkeT HaHTH
NMOAXOASIIEro pemeHus» Wi «3HAYeHUs LeJeBOH sAYeiiKu He
cxoasaTcs». BhIBOJ Takux COOOIIEHHWM HE BCErja CBHUACTEIBCTBYIOT O
XapakTepe ONTUMAIBHOTO PEIICHUsS 3aJayd, a Yaile O TOM, 4TO IIpHu
BBOJIC YycJoBMM 3agauu B Excel ObuM gomyliieHbl OMIMOKU, HE
no3possitomrie  Excel HaliTh onTtumanbHOE pelieHue, KOTOpoe B
NEHCTBUTEIILHOCTH CYIIIECTBYET.

Ecnu pemeHne ONTUMHM3AIMOHHOW 3aJayd HAWJIEHO, Mbl MOXEM
COXpPAaHUTh €r0 B siUeiiKax 3KpaHHOW (POpMBI M MPOCMOTPETh TPU THUIIA
otyeToB «Pe3yabrarhy, «YcroyuBoCThY, «lIIpemeabn», KOTOpbIE
npearaet Excel s ananmuza mosiydeHHoOro pemieHus. Haxmem B
TAAIOTOBOM OKHE «Pe3yabTraTrhl moucka pemeHusn» kHonky OK wu
COXpaHUM PEe3YyJbTaThl PEIICHUS B 3KpaHHOU (Popme.

11. YtoObl BOCCTAaHOBUTH MCXOJHBIC JaHHBIC, YCTAHOBUTE
MIEPEKIII0YaTENb B MOJOKEHNE BOCCTAHOBUTH HCXOHbIE 3HAYEHUS.

Pemrenue 3axa4 JJMHEHOI0 MPOrPAMMUPOBAHUS
O6mas 3agavya JUHEWHOTO MPOTPAMMHUPOBAHHMS COCTOMT B
MUHHUMU3ALUHA (MAKCUMU3AILMK ) TUHEHHON (PYHKIIUU
Z=C1X1+CoXot ... tCpXy 4)
OT N  NOEePEeMEHHBIX  X1,Xp,...,Xp,  YJAOBJIETBOPSAIOIIMX  YCIOBUSIM
HEOTPULIATEIIBHOCTH
X123 0,X3 0, ...,.X.> 0 (5)
1 M JIMHEHHBIM OTPaHUYCHUSAM
Ay X1tapXot ... FaXek (5,%)by,
A1 X1HaxnXot ... TaxXnk (5,%)by,
............................................. (6)

am1X1+am2X2+ cee +aman£ (:,3)bm.
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Jnst TOro 4roObl PEMNTh 3ajady JIMHEHMHOTrO MNPOrpaMMUPOBAHUSA B
TabauyHoM penakrtope Microsoft Excel, HeoOxonumo mnpuiepKUBaThCS
CJICYIOLIETO IJIaHa JEUCTBUM.

1. BBecTn ycjaoBue 3a1aumu:
a) co3/1aTh SKPaHHYIO (hOpMy JJ1s1 BBOJIA YCIIOBHS 3a4a4M:

* IEPEMEHHBIX,

* [1eJIEBOM (PYHKIINH,

* OrPaHUYECHUN,

* [PaHUYHBIX YCJIOBUI;
0) BBECTU UCXO/HBIC JAHHBIC B IKPAHHYI0 opmy

* K03((HULIMEHTHI 11eJIEBOM PYHKIINH,

* K03((HUIIMEHTHI PU MEPEMEHHBIX B OTPAHUYCHUSIX,

* PaBbI€ YACTU OTPAHUYECHHUI;
B) BBECTH 3aBHUCHMOCTH W3 MaTEMaTHYEeCKOH MOJCIH B JKPAHHYIO
dopmy

* popMyy 715 pacyeTa 1eeBOl GyHKIIUH,

* opMyJIBI 17151 pacyeTa 3Ha4YCHUM JIEBBIX YaCTEH OrpaHUYEHUN;
r) 3a1aTh 1eneByio GyHKIuo(B okHe ""Tlouck pemenus'):

* [IEJIEBYIO STYEHKY,

* HanpasieHue ontumusauuu L{D;
1) BBECTU OrpaHUYCHUs] U TpaHuuHble YycioBusi(B okHe '"Tlouck
pemenus"):

* SYEUKN CO 3HAYCHUSIMU [IEPEMEHHBIX,

* TPAaHUYHBIE YCIOBUSA IS JOIMYCTUMBIX 3HAYEHUN IEPEMEHHBIX,

* COOTHOILLIEHUSI MEXy IPABBIMU U JIEBBIMH YACTSIMU OTPAaHUYEHHUM.

2. Pemurh 3a1a4y:
a) yCTaHOBUTh mapaMeTpbl pemeHus 3agaun (B okHe ''Ilomck
pemenust"),
0) 3amycTuTh 3ajauy Ha perieHue (B okHe ""Ilouck pemenusn’");
B) BBIOpaTh opmar BbIBOAa pemicHUs (B okHE ''Pe3yjabTaThl moucka
pemenus'").

Ilopsiiok BbINOJIHEHNSI PA0OTHI

1.1 3amaHHOrO TpemojaaBaTeieM 3aaaHusi  chopMupoBathb
ONTUMU3ALNOHHYIO 33/1a4y.
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2.IIpou3BecTr TOWCK ONTUMHU3HUPYIOMIETO 3HAYCHUS B TaOTMIHOM
nporueccope Excel.

3.IlpousBecTn TMOWCK ONTHUMU3HPYIOMIETO 3HAYCHUS B CHCTEME
Hay4YHO-TeXHUYECKUX pacueroB Octave.

4.CpaBHHTH MOTydYEHHBIC PE3YJILTATHI U CIETIATh BHIBOIBI.

Copepxkanue oTyera

1. 3aganue Ha BBIMOJHEHUE PAOOTHI.

2.DopMyIMpOBKa ONITUMHU3ALMOHHOM 3aJa4u.

3.Pe3ynapTarhl pelieHUs 3ajadd, MOJyYEHHbIE B TaOJIMYHOM
nporeccope Excel.

4.Pe3ynbTaThl pelICHUs 3a/layd, MOJyYeHHbIE B CUCTEME Hay4HO-
TexHu4yeckux pacueton Octave.

5. BeiBojibI 0 pabore.

KoHTpoJibHBIE BONIPOCHI

1.OcHOBHBIC METOABI ONTHMHU3AIMUA TPOSKTHBIX PEIICHUH, HUX
JOCTOMHCTBA M HEIOCTATKU, 00JIACTH MPUMEHEHHUSI.

2. Tlopsimok pelieHHs ONTHMHU3ANMOHHBIX 3a/a4 B TaOJMYHOM
npoueccope Excel.

3. Iopsimok pemieHuss JWHEHHBIX ONTHMH3AIMOHHBIX 3a/a4d B
CHUCTEME HayJYHO-TEXHHUECKHX pacdyeToB Octave.

4. TTopsimok pemieHusT HEJTWHEHHBIX ONTHUMH3AIMOHHBIX 3a/1a4 B
CHUCTEME HayJYHO-TEXHHUECKHX pacdyeToB Octave.
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