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BBEJAEHUE

B coBpeMeHHBIX ycCIOBUSAX OakajnaBpbl pas3IMYHBIX NpoQuUiIeH U HalpaBiIeHUN
JESITEIbHOCTH, B TOM YHUCJIE€ U padoTaroniye B cepe IHEPreTHKH, JOJDKHBI 00J1aaTh
CUCTEMHBIM MBIIUIEHUEM. be3 HEro HEBO3MOXHO OCYIIECTBIISATh OLIEHKY 3P (PEKTUBHOCTH
(GYHKIIMOHUPOBAHUS CIOXKHBIX SHEPreTHUECKUX CHUCTEM U (POPMHUPOBATH ONTHUMAIIbHBIC
ITOPUTMBI YIIPABJICHUS 3TUMU CUCTEMAMH.

B Hacrosimiem yueOHO-METOIMYECKOM MOCOOUH MPEACTABICHBI OCHOBHBIE MTOHATHUS U
OIIpE/ICNICHUSI TEOPUH CIIOXKHBIX CHCTEM, JNaH OOMMH IMOAXOJ K H3YYEHHUIO IPOLECCOB
¢yHknuoHupoBaHMs cucteM. [lpoBeneHa kiaccUpUKaus CHCTEM IO Pa3IMYHBIM
IIpU3HaKaM. PaccMOTpeHbI 3a7aud MOJACIIMPOBAHUSA, KAaK Ba)KHEHMIEr0o MeETOoJa aHaIn3a
sHepreTuueckux cucreM. Oco0oe BHUMaHHE yIEJIECHO MOAEIUPOBAHUIO CUCTEM MacCOBOIO
oOCny>KMBaHUS, IOCKOJbKY OHHM HAlUIM JOCTaTOYHO IIMPOKOE MPUMEHEHUE B
DHEPrETUYECKOU OTPACIIH.

ABTOp mocTaBWI mepes coOOM 3anayy — HM3J0KUTh B JIAaHHOM IOCOOWHM OCHOBBI
COBPEMEHHBIX 3HAHUI MO0 CHCTEMHOMY aHaJU3y B SHEPreTHKE, MO3BOJISAIONINE OaKkamaBpam
NpUOOPECTU HABBIKU JIETAIbHOTO M3YyYEHUS U KOPPEKTHOM OLIEHKH 3(PPEKTUBHOCTH
(YHKIIMOHUPOBAHMSI CJIOKHBIX YJHEPIE€TUYECKUX CUCTEM.



CJIOBAPH OCHOBHBIX TEPMHWHOB

Aoanmuenocmsv cucmemsl — 3TO CBONCTBO, XapaKTEpU3YIOIIEe CIOCOOHOCTD
CUCTEMbI HOpPMaJbHO (B COOTBETCTBHM C 3aJaHHBIMHU TNapameTpamu) (PYHKIIMOHHPOBATH
Opyd U3MEHEHHHM TlapaMeTpOB BHEIIHEW Cpelbl, NPHUCHOCOOISIEMOCTh CHUCTEMBI K
HU3MEHEHUSIM.

AHnanuz — JeATENbHOCTb, MNpEAUPHUHUMAaeMas JUisl TOro, 4YTOOBI OINpPEAEIHTh
(BBISICHUTB) NPUTOTHOCTb, aIEKBATHOCTh U PE3YyJbTaTUBHOCTh PACCMATPUBAEMOI CUCTEMBI
B JIOCTH>KEHHH IIOCTaBJIECHHBIX LEJEH MyTeM €€ JEJICHUS Ha OTIECIbHBIE MOACUCTEMBI U
AJIEMEHTBL.

Buewnaa cpeda cucmempl — BCe TO, YTO HAXOAUTHCA 3a MpEJEIaMU CHCTEMBI, HO
OKa3bIBa€T Ha HEE TO WIM HMHOE BIMSIHHUE (YpOBEHb Pa3BUTHSI TEXHOJOTUH, Ipyrue
CUCTEMBI, UHPOpMaLKs, SHEPTE€TUYECKHE PECYPCHI U T.I1.).

Buympennaa cpedoa cucmembl — CTPYKTypa CHUCTEMBI, OOECIEUHMBAIOLIAs
3¢ dexTuBHOE ympaBiieHHE BCEMHU (YHKIHMOHAJIBHBIMU IIOJICMCTEMaMH M 3JIEMEHTAMHU
(TeXHONOrMYECKass  OCHAILIEHHOCTb,  JHEProOOECHEUYEHHOCTh,  HMHTEJUIEKTyaJIbHBIN

NOTEHLKAJ [IepCOHaja, KaueCTBO (PYHKIIMOHUPOBAHUS MOJCUCTEM U JIIEMEHTOB U T.I1.).

Bx00 cucmempl — KOMIIOHEHTHI, IOCTYIAIOIINE B CHCTEMY: CBIPHE, MaTepHUalbl,
KOMIUIEKTYIOIIME HW3JEIHs, Pa3InyHble BHJbI HHEPrHHM, HOBOE OOOpYyAOBaHHUE, KaJIphl,
JIOKYMEHTBI, UH(pOpMaLUs U T.J.

Buixo0 cucmemut — BbiTycKaeMas IpOAYKIUs, YCIYTH, HOBIIECTBA U HOBOBBEACHMUS,
BBIXO/IHBIE KOOPJIMHATHI, TPUOBLIb U T.II.

Jlekomno3uyusa — pas3fcieHUE CUCTEMbl Ha 4acTu (MOJACUCTEMBI U DJIEMEHTHI) U
MOCJIEYIONIEE M3YYEHUE OTUX YacTeld ¢ LEJIbl0 BBIIBICHUS WX BIUSHUSA HAa
3¢ PEeKTUBHOCTH (YYHKIIMOHUPOBAHUSI CUCTEMBI B IIEJIOM.

Junamuueckana cucmema — CHUCTEMA, NAPaMETPbl, CTPYKTypa M XapaKTEPUCTHKU
KOTOPOM MEHSIOTCS BO BPEMEHM KaK HENPEPBIBHO, TaK U JUCKPETHO.

Hepapxuueckan (mMHo2oyposnesasn) cmpyKkmypa cucmemsl — CTPYKTypa,
noyiyyaemasi B pe3yJibTaTe JEKOMIIO3UIIMU CUCTEMBbI B MPOCTpaHCTBE. Bce aneMeHTh u
CBSA3U MEX]y HUMH CYIIECTBYIOT B ATHUX CTPYKTypax OJAHOBPEMEHHO (HE pa3HECEHbI BO
BPEMEHN).

Mamemamuueckaa Mmodenb cucmemvl — TPUOIMKEHHOE OIMCAHUE KaKOH-JINOO
CUCTEMBI, BBIPAKEHHOE C MOMOIIBI0 MaTEeMaTUYECKOM CUMBOJIMKH, T.€. B BUIE (popmy,
YpPaBHEHUH, HEPABEHCTB, JIOTUYECKUX YCIOBUU U T.II.

Mooens cucmemul — cienuanbHbIA 00BEKT, B HEKOTOPBIX OTHOIIECHUSIX 3aMEHSIOIINN
OpUTHHAJI (CaMy CHUCTEMY).

Mooenupyemplit ancopumm — NOCIEIOBATENBHOCTD ACUCTBUMN, TPOU3BOAUMBIX JIJIS
BBIYUCJICHUSI 1O TEM WM HMHBIM MAaTEMAaTHUYECKUM BBIPAKECHHUSIM W NPUBOASAIIUX K
PELIEHUIO TOCTABICHHON 3a/1a4H.



Haoesxcnocmob 3nepzemuueckoil cucmempl XapakTepu3yercs ee 0e30TKa3HOCTHIO,
JIOJITOBEYHOCTHIO, PEMOHTOIIPUTOTHOCTHIO M COXPAHHOCTBIO CBOMCTB KaueCTBA CUCTEMBI B
TEUEHHE 3aJJaHHOTO IEPHUOJIa BPEMEHH.

Onmumuzayus cucmemsvl — TIPUJAHUE CHCTEME TEM WIM HHBIM CIIOCOOOM
HaWJIyYIINX KaueCTB B KaKOM-HHOY/Ib OINPENIEICHHOM CMBICJE, HalpuUMep B TOUYHOCTH,
OBICTPOICHCTBHUH, PACXOIE PHEPTHH U T.II.

Iloocucmema — dYacTh CHCTEMBI, COCTOAIIAs OoJce YEM H3 OJHOTO DJICMEHTA,
pelaroiiasi BIOJIHE OINPENICNICHHbBIC YacTHBIC 3a/lauyd, OO0ECHEeUMBAIOIIUE JOCTHKECHUS
MOCTaBJICHHBIX TIEPE/] CUCTEMOMH I1eTIeH.

Ilpouecc — COBOKYIMHOCTh B3aMMOCBSI3aHHBIX M B3aMMOJICHCTBYIOIMX MEXy COOOM
orieparuii (TEXHOJIOTHYECKUX, TPYAOBBIX, (PMHAHCOBBIX U T.II., NMIPEOOPA3YIONIUX BXOIbI
paccMaTpUBaEMON CUCTEMBI B €€ BBIXO/IbI).

Pazeumue cucmemut — Ipo1IeCcC COBEPIICHCTBOBAHUS CUCTEMbBI HA OCHOBE MU3YUYECHUS
MEXaHM3Ma KOHKYPEHIIMH, 3aKOHOB BOCIPOU3BOJCTBA, pa3BUTHUS MOTPEOHOCTEH,
SKOHOMMH BPEMEHU U JIp., 00ECIeUNBAIONINNA BbIKUBAHUE CUCTEMBI.

Céasu (6 cucmeme u ¢ HewtHell cpeooit) — NHOOPMALIMOHHBIC, YHEPTETUUECKUE U
JOKYMEHTAJIbHBIE IIOTOKH B CHCTEME MEXIy €€ KOMIIOHCHTaMH JUIS TPUHATHS U
KOOPAWHAIIUKM BBITIOJHEHUs YIIpaBlIeHUEeCKUX pemennii. MHbopmaius gomkHa OBITh
HE00X0AMMOro 00beMa 1 Ka4eCcTBa, B Hy’)KHOM MECTE U B HY’KHOE BpeMS.

Cemesasa cmpykmypa cucmemsl (cems) — CTPYKTypa, TojiydyaeMasi B pe3yJibTare
JEKOMIO3UIIUA CUCTEMBbI BO BpeMeHHU. Takue CTPYKTYpbl MOTYT OTOOpa)aThb MOPSIOK
JIEUCTBUM TEXHUUECKOM CUCTEMBI MJIHM ATAIlbl ACSITCIbHOCTH YeJIOBEKA.

Cucmema — COBOKYITHOCTh B3aHMOCBSI3aHHBIX M B3aUMOJICHCTBYIOIIUX MEXKITy COOOM
AJICMEHTOB, TpPEJIHA3HAUYCHHAS U1 JIOCTHIKCHMS TIOCTABJIICHHBIX IICJICH IMyTEeM peIIeHUs
KOHKPETHBIX 3a7a4.

Cucmema maccoeozo oocayrwcueanua (CMQO) — HekoTopas CHCTEMA,
obecrnieunBaromias BCE BHJAbl OOCIYXHUBAaHUS: MPOU3BOJCTBEHHOI0, TPAHCIIOPTHOTO,
(hUHAHCOBOTO, OBITOBOTO U T./I.

Cucmemnulit cunmes (cucmemHoe npoeKmuposanue) — pa3padboTKa CIIOXKHBIX
ONTUMAJIBHBIX CHCTEM W3 MHOXKECTBA aJbTEPHATHBHBIX KOHKYPHUPYIOIIUX DJIEMEHTOB,
CBSI3€U U CTPYKTYD.

Cmamuueckaa cucmema — CUCTEMa, NApaMETPhbl, CTPYKTypa U XapaKTEPHUCTUKU
KOTOPOM HE MEHSIIOTCSI BO BPEMEHH.

Cmpykmypa cucmempl — YHOPSJIOYEHHAs] COBOKYIMHOCTh 3JIEMEHTOB CHUCTEMBI U
cBsi3e Mexay HUMHU. KOIW4ecTBO AJIE€MEHTOB CHUCTEMbl M HMX CBSI3€H JIOJDKHO OBITh
MHHHMAJIbHBIM, HO JOCTAaTOYHBIM JIJISI BBIIIOJTHEHMS TJIABHOM I CUCTEMBI.

Cocmosanue cucmemsbt — ’TO MTHOBEHHAs ee Gororpadus wim «cpes3», OCTAHOBKA B
ee pa3BuTUU. COCTOSIHUE CUCTEMBI )KECTKO MPUBSI3aHO K KOHKPETHOMY MOMEHTY BPEMEHH,
B KOTOPOM OHa pacCMaTpUBAETCHI.



Dynkyuonuposanue (nogedenue) cucmempl — 3TO MPOLECC MEPEXOIA CUCTEMBI U3
OJIHOTO COCTOSIHUS B Jipyroe. OyHKIIMOHUPOBAHUE CUCTEMBI XapaKTEpU3YET €€ JIBKECHUE,
KaK B IPOCTPAHCTBE, TaK U BO BPEMEHHU.

Inemenm cucmemvl — HEACIUMAs COCTABHAS YaCTh CUCTEMBI.

DHnepzemuueckaa cucmema — 3TO CIOXKHAS TEXHUYECKAass CUCTEMa, COCTOSINAS B
o0111eM cllydae U3 TpeX MOJCUCTEM: TeHEpUPYIOIIEH, repeaaroiieit (pacnpeaeauTeaIbHOMN)
U TIOTPEOUTETHCKOM.

Ippexkmusnocmsy cucmemuvl — CIOCOOHOCTH CUCTEMBI PEIIATh TTOCTABJIICHHBIE TIEPE]
Hel 3a1aui.



1. CYINIHOCTB CUCTEMHOI'O NIOAXOJAA K AHAJIN3Y
JHEPITETUYECKHUX CUCTEM

1.1. Houamue cucmemeoi.

Cucmema TIpelCTaBIsET COOOWM OIpENeICHHOE MHOXKECTBO B3aMMOCBSI3aHHBIX U
B3aMMOJICHCTBYIOIINX MEXIy COOOW SJIEMEHTOB, NpEIHA3HAYCHHOE MJIi JOCTHKEHUS
OTIPEICTICHHBIX TICJICH U PEIICHUSI ITOCTABJICHHBIX 3a/1a4.

[lon snemenmom TOHMMAETCA HEJENMMas COCTaBHAas YacTh CJOXHOIO IEJIO0ro, B
HAIIEeM CIy4ae CHCTEMBI.

[IpumepoM cHuCTEMBI MOXKET OBITH TPYIIA CTYIEHTOB, a JJIEMEHTOM (HEIEeTUMOM
YaCThIO TPYIIIIBI) — CTYJICHT.

OO6mmit Buj J1I000H CUCTEMBI, B TOM YHUCJE M DHEPreTHUYECKOU, rpadudecKd MOKHO
MPEJCTAaBUTh CIeAYIOMUM o0pa3om (puc .1.1).
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Puc. 1.1. O0Owmuii BUI CUCTEMBI.

[IpencraBneHHas cuctemMa COCTOWT W3 N DJIEMEHTOB, CTPEJIKAMHU TIOKa3aHbI CBS3H
Mexay saemMeHTaMH. CBsI3U MOTYT OBbITh NpAMbIMU U 0OPAMHBIMU, OOHOCHOPOHHUMU U
08ycmopounumu (63aumubimu). IlpsiMble CBSI3M HMMEIOT HAIpPaBIICHHE OT «BXOJa» K
«BBIXOJY» CHCTEMBI, 0OpaTHBIC OT «BBIXO/a» K «BXOIY.

| — MOPSIIKOBBIN HOMEP JEMEHTA CUCTeMBL: 1 =1, 2, ..., N.

B oOmem cnydae CBs3W B CHUCTEME TIPEACTABISAIOT COOOW  HEKOTOpHIE
nH(OpMAIMOHHBIC, YHEPTETUUECKUE U JOKYMEHTAIbHBIC MMOTOKH, MPEAHA3HAYCHHBIC IS
MPUHSATHUS U KOOPJIWHAIIUN YIIPABICHUYECKUX PEIICHHM.

B cucreme, npexacraBieHHoi Ha puc. 1.1 mexny snementamu 1 m 2, 2 u 3 —
JIBYCTOPOHHHE CBSI3U, MKy deMeHTaMu 2 u 4, 2 1 5 — OIHOCTOPOHHUE.



JIro6ast cucteMa UMEET «BXO» U «BBIXO, BHYMPEHHION U 6HEUHION CPELY.

Buympennss cpeda cucteMbl — 3TO BCE TO, YTO HAXOJUTHCS BHYTPU CAMOW CHCTEMBI.
Ona obOecrnieyrBaeT B3aUMOJCHCTBUE MEXIY OTACIbHBIMU 3JEeMEHTaMU U (popmupyer
CMPYKNnyp)y CUCTEMBI.

CTpykTypa CHCTEMBI TIPEACTABISICT COOOH COBOKYIMHOCTh HEOOXOIAMMBIX H
JIOCTATOYHBIX JJIsI TOCTUKEHUS LETU CBSI3EU MEXKy DJIEMEHTaAMH.

«Bxo0» cuctemMpl TpeacTaBiIeT COOOHM COBOKYITHOCTh BXOJHBIX PECYpPCOB,
o0ecneunBamIIUX npoyecc @QYHKYUOHUPOBAHUs CUCTEMBL. Pecypchl MOTryT OBITh
MamepuanibHuIMuU, QUHAHCOBbIMU, MPYOOSbIMU, UHMELIEKMYALIbHLIMU, IHEP2emuidecKumu
U UHPOPMAYUOHHBLMU.

«Bvlxo0» CcuUCTEMBI TPEJCTaBIsET pe3ysbTaT ee (YyHKIHOHUpOBaHUS (00BeM
BBIITyCKAa  NPOJYKIMH,  DHEProoOECHEYCHHOCTh  TEXHOJOTMYECKUX  IPOIIECCOB,
SKOHOMHUYECKass  3PQPEKTUBHOCTb  NPEANPHUATHSA,  MOBBILIEHWE  KBaJdu(UKaIUU
YHEPIreTUIECKOTo MepcoHaa U T.1.).

Buewmnsas cpeoa cucreMbl — 3TO BCE, YTO HAXOAUThCS 3a €€ Mpeaenamu u
MPEICTABIISIET COOOM COBOKYMHOCTh APYTMX CHUCTEM, OKA3bIBAIOUIUX BIIMSHHUE Ha MPOIECC
(GYHKIMOHUPOBAHUS paCCMATPUBAEMON CHCTEMBI.

Hanpumep, ctpana Poccus — 310 cucteMa, BHEIIHENW Cpeor ISl KOTOPOU SIBIISIFOTCS
BCE OCTAJIbHBIE CTpaHbl MUpa. PazBuTHE BHEIIHEH Cpe/bl MOATATKUBAET CaMy CUCTEMY K
Pa3BUTHIO.

OOuuit BUJI CUCTEMBI, MIPEJCTABICHHBIA HA puc. 1.1 mpeacTaBiseT Mo CyTu jena ee
CMPYKIMYPHYIO CXeMY.

Kpome 351eMEHTOB MOXHO BBIJICIUTH HEKOTOPBIE YACTU CHUCTEMBI, COCTOAIINUX Ooee
YeM M3 OJIHOIO JJIEMEHTAa, T.€. U3 HEKOTOPOM COBOKYMHOCTH 3JEMEHTOB. DTH 4YacTH
CHUCTEeMBI Ha3BIBAIOTCA noocucmemamu. Hampumep, anmemenTtsl cuctemsl 1, 2, 3, 4 u 5
(puc. 1.1) MOXXHO O0OBEIUHUTH B JIBE MOACUCTEMBI (puc. 1.2).
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Puc. 1.2. YacTb cucTeMbl, COCTOSAIIAS U3 JIBYX ITOJICUCTEM.

Ecnu B kauecTBe CHUCTEMBI PacCCMOTPETh 3HEprocuctemMy JIeHMHIrpaackoi o0JIacTH u
MPEANOJIOXKNUTh, YTO HEACIMMBIMU YacTAMH (3J€eMEHTaMH), B HEH SBISIOTCS
TpaHcpopMaTOpHbIE TOACTAHIIUU U COSTUHSIONINE UX JIMHUU AekTponepeaaun (JISII), To
noacuctemMamMu 1 u 2 Ha puc. 1.2 MOryr OBITb HIHEPrOCHUCTEMBI JBYX pPaillOHOB
Jlenunrpaackoi obmacTu.

Ecniu  npuHATE 32 CHCTEMY  DHEPreTHYECKOE  XO34WCTBO  NMPEANPHUATHS
arponpowmbliieHHoro komiiekca (AIIK), To ee moxcucTemMmaMu MOTYT OBITh:

1. COBOKYITHOCTh HEPTETHYECKOTO 000PYA0BAHMUS;

2. IEpCOHAJI SHEPTETUYECKOU CITYKOBI.

DHepreTuveckoe
XO0351CTBO
npeanpustus AIIK

2. Ilepconan
SHEPreTUYECKON
CITYKOBI

1. DHepreruyeckoe
obopymoBanue

Puc. 1.3 CtpykTypa 3HEpreTH4ecKoro Xo3simcTaa.

DneMeHTaMu nepBoﬁ IMOACHUCTCMbI  ABJIAIOTCA  OTACIBHBIC  SHCPICTUYCCKUC
YCTaHOBKH, 06€CHCIII/IB8,I-OHII/IC TCXHOJJOTHYCCKHUEC IMPOUECCChI Ha MMPpCAIIPUATHH,
DJICMCHTaMH BTOpOﬁ MMOACUCTEMBI — OTACIBHLIC CIICHUAIMCTBI OHCPICTUYCCKOT'O HpO(bI/IJIH.
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Cucrempl, Tpe/CTaBIEHHBIE B MEPBOM W BO BTOPOM IMPHUMEPE MOXKHO OTHECTH K
KJjaccy norpeourensckux sueprocucreM (I13C).

Crtporo roBOps, JHEPrOCHUCTEMAa CTpaHbl WJIH pPETHOHa MO (YHKIMOHATHLHBIM
NpU3HAKaM MOXET OBITh pasielicHa Ha TPH IMOJCUCTEMBI: TCHEPUPYIOIIYI0, TICPEIAIOIIyI0
U pacIpeeIuTeNbHYI0, TOTPEOUTENbCKYIO.

JleneHue cUCTeM Ha MOJICUCTEMBI, a MTOJICUCTEM Ha AJIEMEHTHI BEChbMa OTHOCUTENBHO.
Bo BTOpoM npumMepe 3HepreTudecKrue yCTaHOBKH, 0003HAUYCHHBIE KaK JICMEHTHI CUCTEMBI,
B CBOIO OYe€penb MOTYT SBJISTHCS JOCTATOYHO CJIOKHBIMH cucTeMaMu. Hampumep,
CHUCTEMa aBTOMATHU3MPOBAHHOTO JJIEKTPONPUBOJA, KaK Pa3HOBUIHOCTh IHEPTETUUYECKUX
YCTaHOBOK, SIBJSICTCS CJIOKHOW TEXHHYECKOH CHCTEMOH COCTOsIIed U3 JaT4UKOB,
yCHIIUTENEH, mpeodpa3oBareie, SIEKTPUYECKUX MAIIUH U T.J1. DJICKTPUUECKYIO0 MAIIHHY
TaK)ke MOXKHO pacCMaTpUBaTh M KaK AJIEMEHT CHCTEMBI (€€ HEeIETMMYIO 4acTh), TaK U KaK
CIIOKHYIO TEXHHUYECKYIO CUCTEMY, COCTOSIIIIYIO M3 CTaTopa, poTopa, Bajia u T.1.

[TogBomst WTOT BHINIECKA3aHHOMY, HEOOXOJUMO BBECTH TIIOHATHE «YPOBEHb
oexomnozuyuuy. llog NEKOMIO3UIMEH CclelyeT MOHMMATh pa3/elicHHEe CHUCTEMBl Ha
COCTaBHBIC YacCTU (MOJCUCTEMBI U DJIEMEHTHI), U MOCJIEAYIONIee U3YyUYEeHUE ITUX YacTel ¢
[EJIBIO BBISBIICHUS UX BIUSHUA Ha 3)PEKTUBHOCTh (DYHKIIMOHUPOBAHUS CUCTEMBI B IIEJIOM
[1, 2].

Vposenv Oexomnosuyuu omnpenensier TOT Tpenen, HIKE KOTOpOTo JalibHEHIee
pas3JesieHne CUCTeMBbl Ha JJIEMEHTapHbIE YacTH HelenecooOpa3HoO B paMKaxX pelIeHUs
MOCTaBIeHHOW 3amauu. [Iporecc AEKOMIO3UIIUK SBIAECTCS HEOTHEMJIEMOW YacThIO
CHUCTEMHOTO aHaJIn3a.

1.2. Knaccugpuxayus cucmem.

JIns BBIICNICHUS KJIACCOB CHCTEM HCTIOJIB3YIOTCS CIASAYIONINEe KiIacCHU(pUKAIMOHHbBIC
npu3Haku [2, 3]:
1. Tlpupona 371eMEHTOB.
[IpoucxoxaeHne CUCTEMBI.
JIMMTeNbHOCTD CYLIECTBOBAHUS.
MN3MeHYnBOCTH CBOMCTB.

a N

CreneHb ydacTusi 4YeJOBEKa B pealu3all YIPaBISIIOMIMUX BO3IEUCTBUN
CHUCTEMBI.
1. Ilo mpupose 31IeMEHTOB CUCTEMBI JIETISATCS HA PeasibHbIE U aOCTPaKTHEHIE.
Peanonvivu  (puzuueckumu) cucteMamMu SIBISIOTCA CUCTEMBI, COCTOAIIME W3
peabHbIX MaTepUalbHbIX OO0BEKTOB (dJeMeHTOB). Cpeau HUX MOXKHO BBIICIUTH
MexaHudeckue, 2uopasiuyecKue, NHesMamuyeckue, 3JleKmpuyecKue, 3Hep2emuiecKue,
ouonocuyeckue, coyuanbhsie U T.I. CUCTEMBI.
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K mexaHmdeckoi cUCTEME MOXHO OTHECTH MOTOOJIOK isi 0OpaOOTKH TMOYBHI, K
ANEKTPUUECKON — TpaHCPOpPMATOp, K SHEPTETUUECKON — CUCTEMY 000rpeBa JKUIIOTo JoMa,
HE3aBUCUMO OT TOTO KaKyIO SHEPTHIO OHA MOTPEOIseT.

Abcmpaxmubie CUCTEMBl COCTABJISIOT 3JEMEHThI, HE UMEIOIINE MPSIMbIX aHAJIOTOB B
peasibHOM Mupe. [IpumepaMu aOCTPaKTHBIX CUCTEM SIBJISIIOTCSI CUCTEMBl YPaBHEHUH, UICH,
IJIaHbl, TUMOTE3bl, TEOPUU U T.A. K KOHKPETHBIM MpUMEpPaM TEOPUl MOKHO OTHECTHU
TEOPHI0 OTHOCHUTEILHOCTH, TEOPUIO 3JIEKTPOMArHUTHOTO MOJIsI, SKOHOMUYECKYIO TEOPHUIO
U T.I.

2. B 3aBUCMMOCTM OT CBOErO0 MPOUCXOXKICHUS BBIICISIOT ecmecmeenHvie WU
UCKYCCMBEHHble CUCTEMBL.

Ecmecmeennbie cuCTeMBbI SBIISIOTCS TPOAYKTOM Pa3BUTHUS IPUPOJIbI U BOSHUKIN O€3
BMeEILIATEIbCTBA YesioBeKa. K HUM MOXHO OTHECTH KJIMMAT, MOYBY, KUBBIE OPTaHHU3MBI,
COJHEYHYIO cucreMy u T.. [losiBlieHME HOBOM €CTECTBEHHOM CHCTEMBI SIBIISECTCS
JOCTAaTOYHO PEAKUM SIBJICHUEM.

Hckyccmeennble CUCTEMBI — 3TO PE3yJIbTAaT CO3UAATENBHON IESITEIbHOCTU YEJIOBEKA.
C TedyeHrEM BpPEMEHM KOJWYECTBO TAKUX CUCTEM IOCTOSHHO yBennuuBaercs. IlocTosHHO
MOSIBIISIFOTCSI HOBBIE MEXaHUYECKUE, TEXHOJIOTMYECKUE, JHEPTETUIECKUE U IP. CUCTEMBI.

3. Ilo AnUTENbHOCTH CYLIECTBOBAHUS CUCTEMBI MOJPA3AEISAIOTCS HA NOCMOSHHbIE
U 8peMeHHble.

[IpuHsATO CUMTAaTh, YTO K TMOCTOSIHHBIM OTHOCSITCSI €CTECTBEHHBIE CHCTEMBI.
[IpuMepoM NOCTOSIHHOM CHCTEMBI MOKET OBITh TaKasi €CTECTBEHHAs! CUCTEMa, KaK KIMMaT
Cankr-lleTepOypra (MOPCKOM ¢ BETPOM U JOKJISIMH).

K nmpumepam BpEMEHHBIX CUCTEM MOXHO OTHECTH TaKW€ MCKYCCTBEHHBIE CHUCTEMBI,
KAaK IapoBO3bl U MapOXO/bl, PAAUOIIPUEMHUKHN U TEIEBU30PBI HA JIEKTPOHHBIX JamIax U
T.II.

4. B 3aBUCHMOCTH OT CTENEHUM H3MEHYMBOCTU CBOMCTB CHCTEMBI JEIATCS Ha
cmamuyeckue 1 OuHamuieckue.

K cratudeckum cucreMaMm OTHOCSITCS CHCTEMbI, XapaKTEPUCTHKU KOTOPBIX He
MEHSIOTCA BO BpeMeHHu. Hampumep, BEHTWIATOpP, BpPAMAOLIANCA C TOCTOSHHOMU
CKOPOCTHIO (N, = CONSt), mpeacTaBsieT COO0M CTAaTHUYECKYIO CHCTEMY.

B oTinune OT CTaTUYECKHX CUCTEM B JMHAMHYECKUX CHCTEMAX XAPAKTEPUCTUKU
MEHSIOTCS BO BPEMEHHM Kak HENPEPbIBHO, TaK U JTUCKPETHO. ABTOMOOWIb B pEXKHME
pasroHa U TOPMOXKEHHS, BEHTWISITOP B PEXUMaX BKIIOYEHUS M BBIKJIIOYECHHS, MOXKHO
paccMaTpuBaTh Kak JMHAMUYECKUE CUCTEMBI.

5. B 3aBUCHMMOCTH OT CTENEHM Yy4yacTus 4YeJIOBeKa B pealu3aluy YIpaBIEHUS
CUCTEMOW, CHCTEMBI NOAPA3IACIAIOTCS HA  MEXHUYecKue,  4en08eKo-MAauluHHble
(apeamuyeckue) N Op2aHu3ayUoHHbLE.

K mexnuueckum cucremam OTHOCSATCSI CHCTEMbI, KOTOpble (YHKIMOHHPYIOT 0e€3
Y4acTHsl 4YeJIOBEKa. OJTHU CHUCTEMbl HMHOTJA Ha3bIBAIOT aBTOMAaTWYECKUMH. I[Ipumepsl
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TEXHUYECKUX (AaBTOMATHYECKUX) CHCTEM: aBTOMMIJIOT, aBTOOTBETUYHK, POOOTHI PA3IUIHBIX
Ha3HA4YeHUH U T.I.

K uenosexko-mawunnviv cucTeMaM OTHOCSATCS aBTOMATH3UPOBAHHBIE CHCTEMBI
ynpasieHuss (ACY) pasznuuHoro HaszHaueHus, Harnpumep ACY TEXHOJIOTHYECKUMU
nporieccamu  (ACYTII). B »Tux cucremMax 4eJlIOBEK TECHO B3aUMOJIEUCTBYET C
TeXHUYCCKUMH YCTPONCTBAMH, MPUYEM OKOHYATEIIBHOE PEIICHWE TakKe NPHHUMACT
YEeJIOBEK.

DpraTudecKkue CUCTEMbI HAllUTH CBOE MTPUMEHEHNE Ha O0BEKTaX, T/Ie BMEIIATEIIbCTBO
oriepaTopa B paboTy 00BEKTa SBISETCA HA CETOJIHSIIHUN AE€Hb HEOOXOIUMBIM YCIOBUEM
obecrieueHUsT HAACKHOM pabOTHl JTaHHBIX O00BEKTOB. [IpuMepaMu YenOBEKO-MAIIMHHBIX
(3praTuyecKkux) CUCTEM MOTYT OBITh YHEPrOTEXHOJIOTHYCCKUE CUCTEMBbI IOTOYHBIX JIMHUI
pa3IUYHOTO  HA3HAYCHHWS, CHUCTEMBI  YIPAaBICHUS  DHEProOJOKaMH  Pa3TUIHBIX
AIEKTPOCTAHIINN, CHCTEMa YIIPABICHUS CAMOJICTOM, TUCIIETYSPCKHUE CITYKOBI a3pOTOPTOB,
BOK3aJI0B, SHEPTOCHUCTEMBI | T.II.

K opeanuzayuonnviv cuctemMamM OTHOCSTCS CONHMAIBHBIE CHUCTEMBI — TPYIIIHI,
KOJIJISKTHBBI JIFOJIeH, OOIIECTBO B IeJOM. B 00acTH SHEPreTHKH K OpraHU3aIllMOHHBIM
CUCTEMaM MOXXHO OTHECTH KOJUJIGKTHUBBI JHEProcHaOXalolUX OpTraHu3aluil U
DHEPIreTUYCCKHUX CIY>KO Pa3IMUHBIX TPESATPUATHH.

1.3. Cymuocmb, ueiau u 3a0auu CUCIEeMHO20 AHAIU3A.

Ilox cucmemnvim ananuzom TPUHATO MOHMMATh LEICHANPABICHHOE KOMIUIEKCHOE
WCCIIEIOBAHUE CIIOKHBIX CHCTEM C LEJIbK0 ONpPENCIICHUS HalpaBJICHUW, NyTer
COBEPILIEHCTBOBAHMS U PEAM3aLMU IMPOIECCOB, MPOTEKAIOIIMX B CHCTEME, BBIPAOOTKY
HOBBIX MPHUHIUIIOB MOBBIIICHUS KAYeCTBA PEIlacMbIX 3a1a4 [3].

JUis  HMCYEepNBIBAIOLIETO MPEJICTaBICHUS CHCTEMbl HEOOXOAMMO COBMECTHOE
UCIIOJIb30BAaHUE MAKpPO- U MUKPONOOX0006, ONHUCHIBAIOIIEE BHEIIHWE M BHYTPEHHHUE
B3aMMOJICHCTBHUS.

IIpu maxponooxode aHanu3upyeTcsi MOBEACHHUE CHUCTEMBI KaK €IUHOrO ILIEJIOro IO
OTHOUIEHUIO K BHemHeil cpene. Ilpu 3ToM riiaBHBIMH (PakTOpamMu SIBISIIOTCS 1I€JIEBOE
Ha3HAuY€HHE, 337a4d U YCJIOBHUS €€ (PYHKUMOHUPOBAHUS, KpUTEpUU SPPEKTUBHOCTH,
HAaKJIaJbIBAEMbI€ OTPAHUYCHHSI HA €€ MOKAa3aTeNly KadecTBa. DTOT MOAXOJ CBOAMUTHCH K
ONMCAHUIO CBA3U «BXOJ — BBIXOJI» CHCTEMBI M HE COJIEPKUT HUKAKUX CBEICHUH O
BHYTPEHHEM MEXaHHW3Me MpeoOpa3oBaHMsl MEPEMEHHBIX YIPABJICHUS B IEPEMEHHbIE
COCTOSIHUS.

Mukponooxo0 oOCHOBaH Ha BHYTPEHHEM KOMIUIEKCHOM OMNMCAaHUU CHUCTEMBI,
ONPENEIIAIOIIMM BHYTPEHHEE COCTOSIHUE CHUCTEMBI. IIpm 3TOM mNpeaMeTroM IeTalbHOTO
UCCIICIOBAHNSl CTAaHOBATCS BHYTPEHHHUE XAPAKTEPUCTUKU CHCTEMBI — B3aHMOJIECHCTBUE
MOJICUCTEM M 3JIEMEHTOB MEXy COOON U YCIOBHM UX (PYHKIIMOHUPOBAHUSA. MHUKPOMOIXOT
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IpeJoiaraeT UCCiaeI0BaHNe U MOCTPOCHUE BHIOPAHHOW CTPYKTYpHI, U €€ peanu3aluio B
BU/JIE TEXHUUECKUX CPEACTB, MPUJIAIOIINX CUCTEME TpeOyeMble KauecTBa.
OO6o0011ast BHIIIECKA3aHHOE MOXHO CJieJaTh BBIBOJ O TOM, YTO CHCTEMHBIA aHaIu3
HampaBjieH Ha OIEHKY 3((PEeKTUBHOCTH (PYHKIIMOHUPOBAHUS CUCTEMBI MO PA3THUUYHBIM
MOKa3aTelsM.
@opMHUpOBAaHME OCHOB 3HAHMA M  METOJOJIOTMM HPOBEIECHHUS CUCTEMHBIX
WCCJIEI0BAHUI NPUMEHHUTENIBHO K SHEPreTUYECKUM CHUCTEMaM M MPOLEccaM JIOCTHUTaeTCs
pELIEHUEM CIIETYIONINX 3a/1a4u:
— U3YYEHHUE CYIIHOCTH CHCTEMHOTO MOAXOJA, OCHOBHBIX MOJIOXKEHUN CHCTEMOJIOTHU
¥ OCHOBHBIX ATalloB MPOBEACHUSI CUCTEMHOTO UCCIEA0BaHMs (aHaIu3a U CUHTE3a)
B DHEPIETHUKE;
— NPUBUTHE YMEHHUI U HABBIKOB METOJOJIOTMHU MPOBEICHUS CUCTEMHOIO aHalu3a U
CUHTE3;
— O3HaKOMJIEHHME C  (OpMaJIbHO-JIOTUYECKUM  allapartoM U METoAaMH
MOJICJIMPOBAHUS NIPU MPOBEJECHUU CUCTEMHOTO aHAJIM3;
— W3yYEHHE  OCHOB  HAyYHO-TEXHMYECKOIO  TMPOTHO3UPOBAHMS  Pa3BUTHSA
YHEPreTUYECKUX OOBEKTOB KaK CUCTEM.
CucreMHBIi aHANU3 B HHEPreTHKE OPraHMYECKU CBSI3aH C PSAIOM OOIIEHAayYHBIX
OUCLMIUIMH W Oasupyercs Ha oOUIell Teopuu CUCTEM, TEOPUH AIIEKTPOTEXHUKHU,
TEIUIOTEXHUKH, YIPABICHUS, YKOHOMHUKH, BBIYMCIHUTEIBHON TEXHHKA U CIHEIHAIbHBIX
AHEPrOTEXHUYECKUX JTUCIUTUINH (amexTtpo-, TEII0- U ra3oCHa0XXeHHH,
ASHEProTEXHOJIOTUH, 3HEProodOpynoBaHMM W Jp.). Kpome 53TOro CuCTeMHBIN aHamu3
0asupyercs Ha METOJIOJIOTMM MaTEMAaTUYECKOTO U SKCIEPUMEHTAILHOIO MOAECIUPOBAHUS
C MCIOJIb30BaHUEM KOMITBIOTEPHBIX HHPOPMAIIMOHHBIX TEXHOJIOTHUH.
Cucmemubvili  ananu3 6 dHep2emuke — TEXHOJOTUS CHCTEMHOIO IOAXoJa K
HCCJIEIOBAaHUIO SHEPTETUYECKUX OOBEKTOB KaK CUCTEM.
B Hacrosiiee BpemMs B apceHalle CHCTEMHOIO aHaJIW3a HaxoIAT INPHUMEHEHHE
CJIEIYIOLUE epYnnbl Memooos:.
1. AnanuTuyeckue MeTOAbl (TEOpUS MHOXKECTB, rpadoB, MAaTpUL, TPUHITHS
pelIeHuid, ucclieIoBaHus onepaluii, nHpopMaIu 1 T.1.).

2. DBPUCTUYECKOE MPOrpaMMUPOBAHUE, OCHOBAHHOE HA MPUHIUIAX SKCHEPTHON
NEeATENbHOCTH YEJI0BEKa.

3. UmutarmmonHoe MoJeIMpoBaHHWE (3aMeHAa peajbHOM CHUCTEMBI Ha  €¢
HCKYCCTBEHHYIO MOJIEb U MPOBEIECHUE DKCIIEPUMEHTOB C HEM).

4. Meronpl uaeHTHPUKAIUU 00beKTa (TUIAaHUPOBAHKUE IKCIIEPUMEHTOB Ha peaJbHOM

00BbEKTE).

OO6OO0LIEHHBIN aNTOPUTM CUCTEMHOT'0 aHaju3a COCTOUT U3 HIECTH B3aMMOCBSA3aHHBIX
sTanoB (cM. puc. 1.4). [4]
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Pe3ynbTathl cucTeMHOTO aHajaM3a MO3BOJSAIOT MEPEHTH K CUCMEMHOMY cunmesy, T.e.
pa3pabOTKe CIOKHBIX ONTUMAJIbHBIX CUCTEM, COCTOSIIUX U3 MHOXKECTBA aJIbTEPHATUBHBIX
KOHKYPHUPYIOIIUX O3JEMEHTOB, CBsi3ed M CTPYKTYp MNpU HAIMYUU OIPEIACICHHON
UH(GOPMAIITMOHHON HEOIpeIeIeHHOCTH. [IoHsATHE «CUCTEMHBIN CUHTE3» UHOTAA 3aMEHSIOT
MOHSTHEM «CHCTEMHOE MMPOCKTUPOBAHUE.
Kaxk npaBuio, cHCTEMHBIN aHAIN3 BKIIOUYAET B CE0S U3yUeHUe CIOHCHBIX CUCEM, O
KOMOpPbIX yeau U 3a0avu yice nocmaegiensi. B 3TOM cMbIcie OH MpEeACTaBisieT coO0i
METOJOJIOTHIO pEIIeHUusT TpoOJeM, OCHOBAaHHYI0 Ha CTPYKTypH3allUd CHCTEM U
KOJIMYECTBEHHOM CPAaBHEHHMH aJIbTEPHATUB (BO3MOKHBIX BAPUAHTOB).
C TOYKM 3peHUS CHUCTEMHOIO aHallu3a 3JHepeemuyecKue CUucmemvl TO IENISIM U
3a71auaM TOAPA3ICIIAIOTCS Ha mpu 0CHO8Hble pynnbl (nodcucmemst) [4]:
— JHep20UCmoyYHUKY (npeobpasoeamenu 3Hepeuu), K KOTOpbiM MOHO oTHecTH ['OC,
TOC, ADCur.n.;

— 2Hepeompancnopm (dHepeocemu), HAPUMEP AIIEKTPUYECKHE U TEIUIOBBIE CETH,
ropsiuee BOJIOCHA0KEHUE U T.11.;

— nompebumenvckue SHepeonpeobpazoeamenu, KOTOpPbIE BXOJIAT B COCTaB
TEXHOJIOTHYECKOTO0  O0OpyJOBaHHWS, TEM CaMbIM OOCCIeYHMBasi IPOIECCHI
MIPOU3BOJICTBA U/WUJTK TIEpepabOTKU MPOAYKIIUH.
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1. O6cnenoBanue u aHanu3 GyHKIHOHUPOBAHUS
CUCTEMBbI

2. ITocTaHoBKa 1LieNIel U 33724 TOBBIIICHUS
s dexTrBHOCTH HYHKIIMOHUPOBAHUS CUCTEMBI

3. Bei6op kpurepueB 3pPEeKTUBHOCTH U
OCHOBHBIX TOKa3aTeleH

4. ®opmanu3zanus 1 alropuTMHU3aLMs 3a1a4 U
MPOIECCOB (PYHKIIMOHUPOBAHHSI CUCTEMBI

A 4

5. IIporpamMupoBaHuE U MOAETUPOBAHUE 3324
U TIPOIIECCOB (DYHKITMOHUPOBAHUS CHCTEMBI

6. AHanu3 U OLIEHKA pe3yJIbTaTOB

Puc. 1.4 OG001IEeHHBIN aITOPUTM CHCTEMHOTO aHAJIN3a.

OHepeomexHono2uieckol oazoti 8 cghepe 9HepeemuKu ABJISIFOTCS
MmenJioaHep2emuyecKue YCmaHo8Ku U 2J1eKmpooobopyoosanue.

K TemnosHepreTnyeckuM yCTaHOBKaM OTHOCSITCS: KOTJIOArperarsl Ui MpOU3BOICTBA
ropsiuel BoJbI U mapa, TeIIOTeHEPaTophl sl HarpeBa Bo3ayxa, padoTaronye Ha MasyTe,
MPUPOTHOM Ta3e, yIiie U APYyTruX BUAAX TOIUIHBA.

Pasnmuyaror  crnemyroomue  BHABI  JIEKTPOOOOPYIAOBAHMSA:  DIEKTPOIBUTATEIH,
AJIEKTPOHArpeBaTeNld, OCBETHTENbHBIC M OOJIydaTelbHbIE YCTAaHOBKH, TpaHC()OPMATOPHI,
amnmapatypa yInpaBJIeHUS U 3alUTHl U T.1.

OneHka pe3ylbTaTOB aHajiM3a SHEPreTHYECKHMX CHCTEM HOCUT KOMILICKCHBIN
XapakTep, T.€. BKIIIOYAET B ce0s OIeHKY BIUSHUS HA () (PEKTUBHOCTH (DYHKIITMOHUPOBAHUS
CHUCTeMbl Kak ()aKTOpOB BHYTpEHHEH, Tak W BHEIIHeW cpenbl. Hampumep, aOcomoTHO
HaJEXXHO padoTarolre noTpeOUuTeabCKIe dHepronpeodpa3oBaTesivi He CMOTYT 00€CTIeUnTh
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s dexkTuBHOE sHEeproobecrneyeHue, eciu MOCTaBIIUKU HEPropPeCYpPCOB
(?HEPTrOMCTOYHUKH M DHEPTeTHUECKHE CeTH) OyayT paboTaTh C IepeOosIMHU.

1.4. Cmpykmypa cucmemol u ee 6uowl.

Cmpykmypa cucmemvl — 3TO COBOKYIHOCTb AJIEMEHTOB CHCTEMbl U CBSA3EH MEXKIY
HUMU.

CTpYyKTypBI CUCTEMBI TIOPA3ICIIAIOTCS Ha JIBa OCHOBHBIX BHJA [7]:

1. CeteBas cTpyKTypa.
2. Uepapxuueckasi CTpyKTypa.

Cemesas cmpykmypa WIA cemb TPENCTABISAET COOOM NTEKOMITO3UIIMIO (pa3esieHue)
CUCTEMBl BO BpEMEHH. TakKue CTPYKTypbl MOTYT OTOOpakaTh TMOPSAOK JEUCTBUS
TEXHUYECKON cHucTeMbl (TenedoHHash CeTh, DJJIEKTpUYECKas CeTh, TEIUIOBasl CETbh,
KOMIIBIOTEpHAasi Ce€Tb M T.I.), ATallbl JACSATEIbHOCTU 4YeJoBeKa (MpU MPOU3BOJICTBE
MPOIYKIIMA — O3TO CETEBOH TpaduK, MPHU MPOCKTUPOBAHWHM — CETEBas MOJIEIb, IPH
IJITAHUPOBAHUM — CETEBOM (1I€JIEBOIN) IJIaH U T.11.).

CeteBylo CTpYKTypy Trpaduuecku MOXKHO TMPEICTaBUTh CIEAYIOUIMM 00pa3oM
(puc. 1.5).

Puc. 1.5. CereBas CTpyKTypa CUCTEMBI.

[lopsimok nelcTBUil B CTPYKType 0003HAUMM Kpy>KKamu ¢ Homepamu (0T 1 mo 8).
CtpykTypa BKIOHYaeT B ce0f 8 CoOCTOsHMIA (ITAamoOB JACSITENBHOCTH). JIEMEHT,
0003HAYAIOIINN COCTOSTHUE CUCTEMBI B CETEBOM CTPYKTYpE Ha3bIBaeTcs y3n1om. CTpenkaMu
1-2,1-3, ..., 7-8 0003HaYUM TIepPEXO bl CUCTEMBI U3 OJTHOTO COCTOSIHUS B APYTOE.

CereBble CTPYKTYyphl HCHOJB3YIOTCS B TeX CIydasx, KOTJa CHUCTeMY YyAaeTcs
0TOOpa3uTh Yepe3 ONHCAaHWE MATEePHATbHBIX W HMH()OPMAIMOHHBIX MPOIIECCOB,
NPOUCXOMMAIIMX B HEH, T.€. MPEJACTABUTh MOCIEAOBATEIILHOCTHIO U3TOTOBJICHUS JETANIEH,
cOOpKM M3MENINi, TepEMENIECHUSI SHEPTETUYECKUX MTOTOKOB, MPOXOXKIEHUS TOKYMEHTOB B
AIIEKTPOHHOM BHUJIE U T.JI.
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VY3nom 1 Ha puc. 1.5 moxkeT ObITh 0003HAYEHO HAYall0 MPOU3BOACTBA KAaKOTr0-1H00
U3JENUd, y3J1aMu 2, ..., 7 — U3rOTOBJICHUE OTIEJIbHBIX AJIEMEHTOB W3JEHs, y3J1I0M 8 —
OKOHYAaTeJIbHasl COOpKa U3/EIIHS.

B sHepreTuke npuMepoM CeTeBOM CTPYKTYpBHI, IPEACTaBIEHHON Ha puc. 1.5, Moxer
MOCITYKUTh TPEXKAHAJIbHASI CHCTEMA SHEPro00eCIEUeHHSI TPETPUSITHS.

Hepapxuueckas (mHo2oypoenesas) cmpykmypa NpeCcTaBiIsieT cCOO0H JEKOMITO3HUIINIO
CUCTEMBI B IPOCTPAHCTBE. Bce 31MeMEHTHl M CBS3M MEXKIYy HUMHU CYLIECTBYIOT B 3THX
CTPYKTypax OJHOBPEMEHHO (HE pa3HECEHBI BO BPEMEHU).

K wuepapxuyeckoil CTpyKType MOKHO OTHECTH CTPYKTYpPY YIPaBJICHUS y4eOHBIM
IPOLIECCOM JIFOOOr0 YHUBEpCcUTETa. B kauecTBe mpumepa MpeAcTaBUM TAKYIO CTPYKTYpPY
JUI1 KOHKPETHOTO HEOOJIBIIIOTO YHUBEPCUTETA, UMEIOLIETO PEKTOPA, 2-X MPOPEKTOPOB, 3-X
JCKaHOB M 7-X 3aBeAyronmx kadenpamu (puc. 1.6).
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> 2 kad. 1 kad. 2 kag. 3 kad. 4 kad. 5 kad. 6 kad. 7
e
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o >
A A 4 A A A 4 A A

VUEBHB U HOPOILECC

Puc. 1.6. [Ipumep uepapxuueckoil (MHOrOypOBHEBOMI) CTPYKTYPhl YHUBEPCUTETA.

JlaHHasi CTPYKTypa YIpPAaBICHHs SBISACTCS TPEXYPOBHEBOW, MPHUYEM KOJIUYECTBO
DJIEMEHTOB Ha TIEPBOM, BTOPOM U TPETbEM YPOBHE SBJSICTCSA TOCTOSHHBIM. B 00miem
cllyyae KOJHMYECTBO D3JICMCHTOB MOXKET MEHSATHCS Ha BCEX YPOBHSX, B pE3yJIbTaTe
PECTPYKTYpHU3ALUH.

B sHepreTuke K nepapXu4eckoi CTPYKType MOKHO OTHECTH CTPYKTYPY YIpPaBICHHS
sHEeproodecneueHneM Jroodoro npeanpusitus (puc. 1.7).
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Puc. 1.7. Ilpumep uepapxuyeckoil CTpYKTYphl yIIpaBJI€HUs 3HEproodecneueHueM npenpusTHs.

Ecnu cereBas CTpyKTypa ONKCHIBAET TUHAMHUKY CHUCTEMBI, T.€. IPOLIECC €€ ABUKEHUS
BO BPEMEHM, TO HEPAPXUYECKAS CTPYKTYpPa OMMUCHIBAET CTATUKY CHUCTEMBI, T.€. CUTyalHIO,
KOTJ|a €€ TapaMeTpbl U CTPYKTYpa HEU3MEHHBI B TEYEHUE HEKOTOPOTO MEpUoJa BPEMEHH.

1.5. Ocobennocmu snepzemuueckux cucmem

OHepeemuuecxas cucmema (IC), KaK CIOXKHASA TEXHHUYECKas CHUCTEMa, UMEET Psij
OCOOCHHOCTEH, KOTOpBIC CJICIyeT YYHUTHIBATH TIPU PACCMOTPEHUH BOIIPOCOB €€
MEPCIIEKTUBHOIO  Pa3BUTHS, OpraHW3allid OKCILIyaTalldd W yhpaBieHus. Jlanee
MPUBOUTCS KPATKHK aHAIN3 HauOoJiee XapaKTepHbIX 0COOeHHOCTEH. [5]

Vuukanonocmo. Kaxnas OC MOXKET comepikaTbh B CBOEU CTPYKTYpE ONPENCICHHOE
YUCJIO SHEPrOTEXHOJOTMYECKUX MOTOYHbIX JuHUK (DTJI) ¢ pa3auuHbIMU TUNIAMHU
HHEPreTUUECKOro o0OpynOBaHUs, CIOco0aMU M CXEMaMH YIpaBJICHHS W 3aluThl. B
pesynpraTe Kaxayilo DC MOXHO MPEACTaBUTh KaK YHUKAJIbHBIH OOBEKT PacCMOTPEHHS,
YTO HAKJIAIbIBAET OlPAaHWYEHUs HAa  MCIOJIb30BAHME METONOB  MCCIENOBAaHUA,
OpUEHTHPOBAHHBIX HA OJHOTUIIHBIE CEpHUIHBIE OOBEKTHl. BO3HHMKAIOT OIpeeIIeHHbIE
TPYAHOCTHU B CONOCTaBJIEHNHU pa3HbIX JC M0 MoKa3aTensiM KauecTBa (PyHKIIMOHUPOBAHUS.
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Heoonopoonocms a1emenmos. B cocraBe DC comepKuTCs OOJBINIOE YHUCIIO
0o0OpyIOBaHUSI pa3HOTO THUIMA ¥ BUAa (TETUIOTEXHUYECKOE, DSJIEKTPOTEXHHUYECKOE,
AIIEKTPOMEXAaHUYECKOe, M JIp.), KOHCTPYKIIMHA U COOPYKEHUH C OTIMYAIONUMHUCS
MIPOU3BOACTBEHHBIMHU XapaKTEPUCTUKAMH U CPOKAMHU IKCILTyaTaI[|H.

Boszmoorcnocmo 0exomnozuyuu (paznenenus OC Ha MOJICUCTEMBI U 3JIEMEHTHI). B
KadecTBe MpUMeEpa MPUBEIAEM MEPBBIH YPOBEHB JEKOMITO3HIINH YHEPTETUUECKON CHCTEMBI

(puc. 1.8).

_____________________________ 1
I
| ODHEPITETUYECKASA CUCTEMA I
I I
| I
| [Toacucrema |
I [Toacucrema Hepeaun 1 [Moncucrema |

MIPOU3BOJICTBA — P — noTpeOIeHus |
| pacnpezeneHus

SHEPIUu SHEPTHUH |

| SHEPTHH
I I
I I
_____________________________ J

Puc. 1.8. OcuoBuble oacucteMsl IC.

Brigenenne mnoacucteM  SBISIETCA BaXXKHBIM — METOJOJIOTMYECKMM  MOAXOJIO0M K
HCCIIEIOBAHUIO CJIIOKHBIX CHCTEM, B TOM YHUCIIE U JHEPIE€TUUYECKUX, MPU PELICHUU 3aJa4
[eJICHATIPABJICHHOTO YIIPABJICHUS UX (DYHKIIMOHUPOBAHUEM U PA3BUTHUEM.

Hepapxuunocmo cmpykmyput u ynpaenenus. IC 10 CBOEH CTPYKType, OpraHU3aluu
JKCIUTyaTallud ¥ OpUHOUIIAM  YIOPAaBICHHS  OTHOCATCS K  HMEpapXU4ecKOu
(MHOTOYpOBHEBO#) cucteme. [6] OOBIYHO BBIACHIAIOT CICAYIOIINE HEPAPXUUCCKUC
YPOBHM:  JHEpreTudyeckoe  oO0opyAoBaHUE  (JIEKTPONPHUBOJAA,  TEIJIOT€HEPATOpHI,
SHEPIrOCEeTH U JP.), FHEPTOOOBEKT (HAIIPUMEP, PHEPrOTEXHOJIOTrMYECKasi TOTOYHAS JTUHUS)
Y QHEPrOCHCTEMA KAK €IMHBIN TEXHUYECKUN KOMIUIEKC. /{7151 Ka)K10ro ypOBHS CYIIECTBYET
PAIl XapaKTEePHBIX MEPEMEHHBIX, 3aKOHOB M MPUHIIMIIOB. Hepeako ypoBHU paccMOTpeHUst
OC CcOBMEMAIOT ¢ YPOBHSMHU YMPABICHUS U B 3aBUCUMOCTH OT 3TOTO OMPENETSIOT 00heM
¥ COCTaB HEOOXOIMMOM MHGOPMAIINH JIJIsl TPUHATHUS PEIICHUN Ha JaHHOM YPOBHE.

Beposmnocmuas npupooa nosedenus OC. llpu wusydenun mnoseaeHuss IC
MPUXOUTCS CTAIKUBATHCA C PA3IMYHOTO pOJia HeopeaeleHHOCTIMU. Tak, Hanpumep, Bce
pemieHus (Kak MPOEKTHbIC, TaK M JKCIUTyaTallMOHHBIE) YYUTHIBAIOT HEOMNPEIEICHHOCTD
Harpy3ku M TreHepanuu B cucreme. lIMpoKuM CHEeKTp HEONpeneIeHHOCTEM BHOCAT
BO3/ICICTBUSI BHEIIHEH cpenapl Ha 3ieMeHThl DC (Hampumep, U3MEHEHHUE NapaMeTpoB
MPOM3BOJCTBEHHOIO  MpoOIlecca), MO3TOMY  TMpeACKa3aHue  TMOBENEHUs  PabOThI
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SHEPreTUYECKOro OO0OpPYAOBAaHUSA U CHCTEMBI B I[EJIOM HMMEET CMBICI TOJBKO B paMKax
BEPOSITHOCTHBIX ~ Karteropuil. JIroOOMy TeOpeTHYecKOMY aHaldu3y, CBSI3aHHOMY C
UCCJIEIOBAHUEM CJIOKHOM CHCTEMBbI, B TOM YHCJI€ U B c(hepe dHEpreTUKU, Kak MpaBuio,
IPEIIECTBYET HAKOIJICHUE CTATUCTUYECKOT0 MaTepHalia, XapakTepU3yIOIIEro MoBeIeHUE
CUCTEMBbl B pEaJbHBIX YCIOBUSX. TpeOyroTcsi Takue aJeKBaTHbIE MPUPOJIEC MOBEACHUS
CUCTEMBbl METOJbl HCCJIEJAOBaHUSI M MaTeMaTHYECKHM ammapar Kak: METOJIb
MaTeMaTUYECKOW CTATUCTUKHU, TEOPUS CIyYalHBIX MPOILIECCOB, TEOPHUS HEONPEICTEHHOCTH

U IpyTue.

Aoanmuenocms Kk 6030euicmeuam. B mpouecce pabotei OC moaseprarorcs
BHYTPEHHUM M BHEUIHUM BO3JIECHCTBUSAM, MPUBOASIIUM K CTPYKTYPHBIM U PEXKHUMHBIM
M3MEHEHUSIM COCTOSIHHMSI CUCTEMBI. DTO BBIHYXKJAET MPEAyCMaTpUBATh Pa3IMUYHbIC BHJIbI
pe3epBUpOBaHUs (TOIIIMBA, TEHEPUPYIOMIEH MOITHOCTH, MIPEOOPa3yIONUX U MEPEAAIOIINX
SHEPTHUIO AIEMEHTOB U Jp.) B PE3yJIbTaTe Yero CUCTEMa CTAHOBUTHCS MPHUCIOCOOICHHON
(ycToilunBOi) KO MHOTMM BoO3aeWcTBUsAM. [loaToMy mnpu oOTKaze OJHOTO WM Jaxe
HECKOJIBKHX 3JIEMEHTOB COXpaHsAETCS pabOTOCIOCOOHOE COCTOSIHUE CHUCTEMBI, OJJHAKO Ha
KaKoe-TO BpeMs BO3MOXHBI HM3MEHEHHS HEKOTOpPBhIX paboyuxX XapaKkTEepUCTUK U
apaMeTPOB B OT/AEIBHON €€ YaCTU WIH Y OTAEIbHBIX 3JIEMEHTOB CUCTEMBI.
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2. COCTOSHHUE, ®YHKIIMOHUPOBAHUE U PASBUTUE CUCTEMBbI

2.1. Cocmosanue cucmemol.

Cocmosinue cucmemvl XapaKTEPH3yeT MTHOBCHHYIO ¢¢ (oTorpaduio WIH «Cpe3y»
CHUCTEMBI, OCTaHOBKY B ee¢ pa3BUTUU. COCTOSHHE CHCTEMBI >KECTKO MPHUBS3aHO K
KOHKPETHOMY MOMEHTY BPEMEHHU U XapaKTePU3yeT €€ CMAamuKy.

CocrostHuE CI0KHON CUCTEMBI, BKIFOUAIOIICH OOIBIIIOE YUCIIO B3aUMOICHCTBYIOITIX
MEXIy COOOM JIEMEHTOB, 3aBUCUT OT COCTOSTHUS KAKIOTO U3 ITUX JIEMEHTOB.

CocTosIHAE CUCTEMBI, COCTOSIIICH M3 N JIEMEHTOB B j-bIii MOMEHT BPEMCHH, B OOIIIEM
BHJIC MOKHO TIPEJICTaBUTh CIICTYIOIIMM 00pa3oM:

S] =S] (511,52],,511,,571]), (21)

rae |1 —HoMmep anmeMeHTa cucteMsl (=1, 2, ..., N);
] — HOMEp MOMEHTa BPEMEHHU, B KOTOPOM (DUKCUPYETCS COCTOSIHUE CUCTEMBI;
Sij — cocTosiHME i-0T0 3JIEMEHTa CHCTEMBI B j-bIif MOMEHT BPEMEHU.

IIpumep: llpencraButh oO0lIEE MATEMAaTUUYECKOE BBIPAKEHUE [JIS1 ONPEAEICHUS
COCTOSIHUSI CHCTEMBI, BKJIFOUAIOIIEH B ce0s MATh 3JeMeHTOB (puc. 2.1) B TpeTHil MOMEHT
BPEMCEHH.

CHUCTEMA

«BpIxom»

«Bxonm»

»
»

— | ——————
y
[HEN
A 4
S

|

A 4
N
\ 4
o1

[—=—-—-

Puc. 2.1. [Ipumep cucTeMBI, COCTOSIIEH U3 MATH AJIEMEHTOB.

JUIst HArJaQHOCTH TPENCTaBUM IIKATy BPEMEHH C HOMEPAMH TOYEK, B KOTOPBIX
OLICHUBACTCS COCTOSIHUE CHCTEMBI (pHC. 2.2).

| | é | 1 | t

Puc. 2.2. Illkana MOMEHTOB BPEMEHH JIsl aHAJIN3a COCTOSTHHS CUCTEMBI.
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Kak BumHO u3 puc. 2.2, cymecTByeT M BO3MOXHBIX MOMEHTOB BPEMEHH aHaJIM3a
coctossHUs cucteMbl. Hac Oynmer uHTepecoBaTh mpemuti MOMEHT BpPEMEHH.
Bocnonb3oBaBuirch Beipaxkenuem (2.1) moinydum:

S3 = S35 (81,3, 523, 53,3, 54,3, S53) (2.2)

rme Sz — COCTOSTHUE CHCTEMBI B TPETHH MOMEHT BPEMCHU;
S13, S23, ..., S53— COCTOSIHHE KaXKIOTO W3 IISITH JICMEHTOB B TPETH MOMEHT
BpPEMCHH.
AHAJIOTMYHOE BBIPOKEHHE MOXKHO 3aIlUcaTh JIJIS CUCTEMBI, COCTOSINEH U3 JII000ro
YHCIIa DIIEMEHTOB.

2.2. DyHKUUOHUpPOBAHUE U PA3BUMUE CUCH EMBbL.

DyHKYUOHUPOBAHUE (noBedeHue) CUCTEMBl — 3TO MPOIECC IMepexoja CUCTEMBbI U3
OJTHOTO COCTOSIHUS B JIpyroe. OYHKIIMOHUPOBAHNE CHCTEMBI XapaKTePU3YET €€ OUHAMUKY
(0suoicenue).

BosBpamiasice Kk ImKalie MOMEHTOB BPEMEHHM, TMPEACTAaBICHHOW Ha puc. 2.2,
(YHKIIMOHUPOBAHHUE CUCTEMBI MOKHO PACCMaTpHUBaTh KaK MOCIIEOBATENbHBIN epexo U3
OJIHOM TOYKHM IIKaJbl B APYTYIO, T.€.:

5125,
S, =83

......... 23)

[Ipu ananuze GyHKIIMOHUPOBAHUS JTOOOH CUCTEMBbI HEOOXOIMMO 3a/1aTh HaYaJIbHBIC
YCJIOBHS, T.€. COCTOSIHMSI BCEX €€ DJIEMEHTOB B HayajdbHbIH MOMEHT BPEMEHH (B TOYKE
OTCYETA).

I'padpuaecku nportecc GyHKIIMOHUPOBAHUSI CUCTEMBI, COCTOSIICH U3 TPEX AIEMEHTOB,
MOJKHO TIPEJCTaBUTh B BUIE hazosotl mpaekmopuu (puc. 2.3).
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Puc. 2.3. ®a3oBas TpaeKTOpUsI JBUKEHHS CUCTEMBI.

ITo ocsim koopauHAT X, Y, Z OTKJIAJBIBAIOTCS 3HAUYECHUSI COCTOSHUI COOTBETCTBEHHO
1-ro, 2-ro u 3-T0 37IEMEHTA CUCTEMBEI.

HavanbHpIM yclioBHSM (YHKIIMOHUPOBAHUS (JIIBMOKEHHUS) CHUCTEMBI COOTBETCTBYET
Touka S;. CTpelnka IIOKa3bIBaeT HaNpaBjCHUE JBMKCHUS CHCTeMbl. Touka Sp
COOTBETCTBYET OKOHYAHHIO aHaiM3a Iporecca (yHKIIMOHUPOBAHUS CHCTEMBbl. TOYKH Ha
OCSIX KOOPAWHAT Sp1, Sp1, S31 COOTBETCTBYIOT HAYaIbHBIM YCIOBHAM (DYHKIIMOHUPOBAHUS
COOTBETCTBEHHO 1-T0, 2-T0 U 3-r0 3JIEMEHTOB CUCTEMBI.

PaccmoTpum B Ka4ueCTBE npumepa CUCTEMY 3JIEKTPOCHA0KEHUS
CEeNBXO3MPENPHUATHS, BKIIOYAIONIYI0 B ce0si Tpu TpaHC(HOPMATOPHBIX MOJCTAHIIUU (T.€.
Tpu diaeMeHTa). IlockoybKy mporecc GYHKIIMOHUPOBAHUS CHCTEMBI IIPOTEKAaeT BO
BPEMEHHM, MOKHO 3aMUCaTh CIEAYIOIIEE BhIpaKCHUE:!

Sac(t) = Sacl Stra (8), Stz (8), Stz (8) 1, (2.4)

rne  Syc(t) — 3aBHCHMOCTB COCTOSIHUN CHCTEMBI DJIEKTPOCHAOXKESHHS OT BPEMCHU;
Srm(),  Spp(t), Spp(t) —  3aBHCHMMOCTB  COCTOSHMH — OTJEJIBHBIX

TpaHC(HOPMATOPHBIX TOJICTAHIIMNA OT BPEMCHHU.

Bripaxxenue (2.4) mo cyTu niena OMUCHIBACT Mpolece PyHKITMOHUPOBAHUSI CUCTEMBI
AIEKTPOCHAOKEHUS BO BPEMEHHU.

JIist maHHOTO TpUMepa MOXKHO TIPENICTaBUTh (Pa30BYI0 TPACKTOPUIO JIBHKCHUS
CUCTEMBI, aHAJIOTUYHYIO, MPEJICTABIICHHOM Ha puc. 2.3.

B kadectBe npyroro mnpumepa paccMOTpUM IpoiiecC (PYHKIIMOHMPOBAHUS CUCTEMBI
sHeprooOecneueHus: TexHojorndecko morouno nauHuu (DOTJI), cocrosield u3 mATH
AJIEKTPONIPUBOIOB (dIIeKTpoMexaHrudeckux nojacuctem) D11y, OI1,, ..., OIls (puc. 2.4).
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Puc. 2.4. CtpykrypHO-(hyHKIIHOHaIbHAsS cxeMa cucteMbl JOTJL.

B asTromM cioydae MaTeMaTH4ECKOE  BBIPDAKCHHME, ONMCBIBAIOIIECE  IIPOLIECC
(YHKIMOHUPOBAHUS CUCTEMBI, UMEET BU/I:

Ssotn(t) = Ssoral Sam1 (t), Sanz (), ..., Sans () 1, (2.5)

rae:  Som(t), Som(t),..., Ssps() —  3aBHCHMOCTH  COCTOSIHHET — OTICNIBHBIX
3JIEKTPOIIPHUBOIOB OT BPEMEHHU.

Crtporo roBopsi, B 000ux mnpumepax (yHKIMOHAJIBbHOE HA3HAYEHUE MOJICUCTEM U
AJIEMEHTOB (HEEINUMbIX YaCTE) CUCTEMbI COBMA/IAET.

Ilon pazeumuem cucmemol cinenyer NTOHUMATh TO, YTO IIPOUCXOJUT C CUCTEMOM IIPU
M3MEHEHUU €€ Leseil. XapakTepHOW 4YepTol pa3BUTUSL ABISETCS TOT (akT, dYTO
CYILECTBYIOIAsl CTPYKTYpa MEPECTAET COOTBETCTBOBATH HOBOU LIEJIH.

[Ipeanonoxum, uro HOBOM 1enbto cuctembl DOTJI, mpeacraBnenHoi Ha puc. 2.4
ABJISIETCSl  NOBBIIIEHHE €€ HAJeXKHOCTH 3a CYET MapajuleIbHOIO  BKIIFOUEHHS
anektponpuBoioB Dllg u OI1; (puc. 2.5).

PasButas cucrema DOTJI

Ol OIl;

«Bxom» «Br1xom»

Olls —r—*

A 4

oI > OIl, > OIl; » Oll,

.

Puc. 2.5. CtpykrypHO-(hyHKIIHOHAIIbHAS cxeMa pa3BuTon cuctembl DOTJI.



26

CpaBHeHUE cxeM, MPEJICTaBICHHBIX Ha puc. 2.4 1 puc. 2.5, MO3BOJISET CAEIATh BHIBO/L
0 TOM, YTO Pa3BUTHE CUCTEMBI CBS3aHO C U3MEHEHUEM €€ CTPYKTYpHI, a, CJIeI0BATEIbHO, U
npouecca (PyHKIIMOHUpOBaHUA. Pazeumue cucmemvl, Kak npasunio, HpUeoOUm K
nogvlueHUio ee dhdexmusHocmiu.

2.3. Pextcumul (hynKyuoHuposanusa snepzemuieckKux CUcCmem.

Kak Obu10 oTmMeueHo B 1m.2.2 moja (PyHKIMOHHUPOBAHHUEM CHCTEMBI MOHMMAETCS
IpolLecC €€ IMepexoJa U3 OAHOro cocTosiHus B Japyroe. CTporo roBopsi, IMpoOILECC
(GYHKIIMOHUPOBAHMS TOJIPa3yMeBaeT KaK MEPeXoJl CUCTEMbI U3 COCTOSHUS B COCTOSIHHUE,
TaK 1 HaX0KJICHHUE €€ B OIPEIEICHHOM COCTOSHUU.

B cBs3M ¢ BBIIIECKAa3aHHBIM PA3IUYAIOT YCMAHOBUBUIUECS U NEPEXOOHBIE DEHCUMbL
paboThl SHEPTrETUUECKUX CHUCTEM.

[lox ycTaHOBHUBIIMMCS PEKUMOM padOTHI MOAPA3ZYMEBAETCS PEKUM, IMPU KOTOPOM
napameTpbl U XapaKTEPUCTUKU CUCTEMBI, a, CIEJA0BATEIBHO, U €€ COCTOSIHUE HE MEHSIOTCS
BO BpeMeHU. Hampumep, BpallleHue 3JIEKTPOJBUTATENEH B CHUCTEME 3JIEKTPONPHUBOMAA
(2JIEKTPOMEXAaHUYECKOM CHUCTEME) KaKoro-iubo MPOU3BOJICTBEHHOTO MEXaHHU3Ma C
MOCTOSIHHOW YTJIOBOIM CKOPOCTBIO (@ = CONSt) mpenmnosiaraeT MOCTOSTHHYIO MOIIHOCTb U
IIPOU3BOAUTEIILHOCTD ATOTO MEXAHU3MA.

[Tpumepom nepexoaHOro pexumMa padoThl SBISETCS yCK, OCTAHOBKA WJIM U3MEHEHUE
CKOPOCTH BpalleHus 3JieKTponpuBoja (w # const). [Ipu u3MeHeHnn CKOPOCTH BpalleHUs
ANEKTPOINPUBOAA MEHSETCA TaK)KE€ MOILIHOCTh M MPOU3BOJMUTEIBLHOCTH NMPUBOJUMOIO B
JBKEHUE MEXaHU3Ma, a, CJIEI0BATEIbHO, U COCTOSIHUE 3JIEKTPOMEXAHUUECKOU CUCTEMBI.

OTO MOXHO NPOWJUIIOCTPUPOBATH HA OCHOBE aHajiM3a OCHOBHOTO YpaBHEHUS
JIBYKEHUS JIEKTPOIPUBOAA:

d
]Zd_(: = M,ZLB. - MC.’ (2-6)

o 2.
rac \]z — CyMMapHbIM MOMCHT MHCPIMH JABUTATCIIA U MEXAaHU3MA, KI'XM

@ — yTII0Basi CKOPOCTh BPAIIEHHUs JICKTPOIIPUBO/IA, PaJl/C;
M, — MOMEHT, CO3/1aBa€Mbli dJIEKTpoaBUraTeaeMm, Hu;
M. — MOMEHT CONPOTUBJIEHUS TPOU3BOACTBEHHOIO MeXaHn3Ma, Hwm.

B kaudecTBe Apyroro mpumMepa MepexoJHOro peXuma paboThl MOKHO MPEIOKHUTDH
HarpeB 3JIEKTPOTEPMHUUECKON CUCTEMOM HEKOTOPOH cpelibl (BObI, BO3AyXa, MOYBBI U T.I1.)

MaremaTudyecku  Mpolecc  HarpeBa  cpeabl  (BEImIecTBa) JO  HEKOTOPOTro
YCTaHOBUBIIETOCSA 3HAUEHHSI MOKHO MPEJCTABUTDH CIAEAYIOIIUM 00pa3oMm:

dt
T, - + T = Tyer, (2.7)
rac TH — IIOCTOsAHHAasA BPEMCHM Harp€Ba — BpEMs, B TCYCHHC KOTOPOIo

TEMIIEpPaTypa HarpeBaeMou cpefibl OT 7 = () JOCTHIIIA OBl YCTAHOBHBLIETOCS 3HAYEHHS Ty
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IIpru IMOCTOSIHHOM KOJIMYCCTBE TCILJIOTHI, co3zxaBaeMop”1 BHGKTPOTepMI/I‘leCKOﬁ CUCTEMOM

(Q = const) u 0TCYTCTBUH TEIUIOOTAauU A B OKPY’KAIOIIYIO CPELy, C;

dt

T,; — MIHOBEHHOE 3HAYCHUE TEMIEPATyphl HarpeBaeMou CpelIbl U €ro

npou3BoaHas no Bpemenu t, °C, °C /c;
Tyem — YCTAHOBHBLIEECS 3HAYCHUE TeMIEpaTypsl cpensl, °C.

Cc
TH = Z’ (2.8)

rne C — TemIoeMKoCcTh cpeabl (BeliecTBa), T.€. KOJUYECTBO TEIUIOTHI,
HE00X0MMOe IS TIOBBILIIEHUST TeMIIepaTyphl cpeasl (Bemiectsa) Ha 1°C, Ix/°C;
A — rtemnooTnaya cpeabl (BELIECTBA) — KOJIMYECTBO TEIUIOTHI, OTAAaBacMOE
HarpeBaeMoil cpeoil (BEUIECTBOM) B OKPYKAIOIIYIO Cpely B €IWHUILY BPEMEHH MpU
pazHoctu Temmepatyp B 1°C, JIx/(cx°C).

C maTemMaTH4ecKOl TOYKH 3pEHHs pa3HULA PEeXUMOB (DYHKIIHMOHHPOBAHUS CHUCTEM
3aKJII0YAETCS B TOM, YTO YCTAHOBUBLIMECS PEKUMBI ONMUCHIBAIOTCSA anreOpanvyeckKuMu, a
nepexo/iHbple — U PepeHnanbHbIMU YpaBHEHUSMM.

[Tpoananusupyem ypaBHeHue (2.6):
1) Tlpu mycke 3J€KTPOABUTATENSI MJIM U3MEHCHUH CKOPOCTH BPAIICHUS C MEHBIIIEH

dw
Ha 6onbmy}0 - E > 0, IPOUCXOOUT YBEIUMYCHHE CKOPOCTH BpalllcHU

ANIEKTPOABUTATENSL O, a ClIeoBaTebHO U ero MmoiHoctu (P, = M,, X ®) Ao
HEKOTOPBIX YCTAHOBUBIIMXCS 3HAUCHUH ) U P)n. (puC. 2.6 a 1 6).

>
>
N
>

yeml

a)

Puc. 2.6. U3meHeHne CKOPOCTH BpallleHUs AIEKTPOJBUTATENS: a) — IIPU ITyCKeE 3JIEKTPOIIPUBO/A,
0) — IpH yBEITMYEHNUH C MEHBIIEH (V)¢ HA OONBIIYIO Wyem2.

2) Ilpy ocTaHOBKE OJCKTPOJABUTATENIS WM H3MEHCHHH CKOPOCTH BpAICHUS C
OOJBITIEH HA MEHBIIIYIO — MPOUCXOUT YMEHBIIICHUE CKOPOCTH BPAIICHHS 10 HYJIS
(puc. 2.7.a) uny 10 HEKOTOPOTO MEHbIIIETO 3HaYCHMSI (puc. 2.7.0).
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3
>
N
>

ycm

a)ycm4

\4
—

a)

Puc. 2.7. U3MeHEeHHE CKOPOCTH BPAIICHHSI 3JICKTPOABUIATEIS: a) — [P OCTAHOBKE (TOPMOXKCHHH ),
0) — IpH yMEHbIIEHUU C OOJIBIIEH yc/n3 HA MEHBIIYIO Wycma.

AHalIU3 TMEPEXOJHOTO PEXHUMa BIECKTPOTEPMUUECKON (dIEKTpOHArpeBaTeIbHOMN)
CUCTEMBI, OINHCHIBAEMOI0 YypaBHeHUeM (2.7) mpuBeAeH Jajee B M. 3.2 HACTOSIIETO
nocoous.



29

3. MOJAEJUPOBAHUE DHEPTETUYECKUX CUCTEM

3.1. Obwue ceedenus 0 mooensax u MooeaIuposanHuu.

[IpoekTupoBaHue U CO3JIaHUE PEAIbHBIX CHCTEM PaA3IMYHOTO HA3HAYCHUS, B TOM
YUCJI€ W DHEPreTUYECKUX, KaK TPaBWIO, HAYMHAETCA C pa3pabOTKU HUX Mojelen
(MonmenupoBaHHs). OTO TO3BOJSIET CYHIECTBEHHO COKPAaTHTh MaTepuajbHblE U
(¢buHAHCOBBIE 3aTPATHI HA CO3JAHUE ITHUX CUCTEM.

Mooenv cucmemvl — 3TO CHEUHMATBHBIA OOBEKT, B HEKOTOPHIX OTHOLICHHSX
3aMEHAIOMUNA opuruHan (camy cucrtemy). [IpuHIUNHATBHO HE CYHIECTBYET MOJEIH,
KOTOpasi MOrJia Obl OBITH MOJIHBIM KBUBAJIEHTOM OpUTMHAja, OHA JIMIIb C ONPEIeICHHON
CTENEHbI0 TOYHOCTU OTPAKAET HEKOTOphle (OCHOBHBIE) €ro CTOPOHBI (TapaMeTpsl,
XapaKTEPUCTHUKH ).

Monenu moapasnessroTcs Ha 1Ba OOJBIINX Kiacca: guzuieckue U UHGopMayuoHHble
(abcmpaxmnote) [7].

Quzuueckue mooenu HOPMUPYIOTCS U3 COBOKYITHOCTH MaTEPHAIBHBIX 00BEKTOB, KaK
MIPaBUJIO, MEHBIITUX Pa3MEPOB.

Hanpumep, npu mpoeKTHUpOBaHMM CaMOJIETa CO3/AAI0T €ro (PU3MYECKYI0 MOJENb (B
JECSITKU pa3 MEHBILIEro pa3Mepa, YeM OpUruHai), U 00JyBalOT €ro MOTOKOM BO31yXa B
a’poarHamudeckoil Tpyoe. Takum oOpa3om, co3aBas yciuoBUs OJU3KHE K peaabHbIM MPU
nosnete camouiera. [lpu npoektupoBanuu ruaposiekrpoctaniuii (I'29C) Takxke co3naroTcs
dbuznueckne MOJENU BCEX €€ DJIEMEHTOB, U B CHEIHAIbHBIX OacceiHax (HOpMUPYIOTCS
MOTOKHU BOJIBI OJTM3KHE PEaIbHBIM.

Hngpopmayuonnas (abcmpaxmuas) modeib — 3TO ONMUCAHUE PEATbHOM CHUCTEMBI Ha
KaKoM-J1100 si3bIKe. AOCTPAKTHOCTh MOJENIN MPOSBIIAETCS B TOM, YTO €€ KOMIIOHEHTaMU
ABIIIOTCS TIOHSATHS, a HE (PU3MYECKHE DJIEMEHTHl (Hampumep, CIOBECHOE OIMCaHUE,
4epTexku, Tpaduku, TaOIUIBI, ATTOPUTMBI WU MPOTPAMMBbI, MATEMATUIECKUE OTTUCAHUS).

Cpenu aOCTpakTHBIX MOJENEH BBIACISAIOT OYEHb BAXHYI Pa3sHOBUIAHOCTD —
Mamemamuyeckue mooenu, PEICTABISIONIIEe cOO0H COBOKYITHOCTH (OpMYJ, ypaBHEHUI
Y JIOTUYECKUX YCIIOBUM, TIO3BOJISIOIIUE OMMCHIBATH MPOIIECCHI B PEANbHBIX CHCTEMAX.

B 3aBHCHMMOCTH OT XapakTepa H3y4aeMbIX IMPOIECCOB B CHUCTEME BCE BHIBI
MOJICIIUPOBAHUSL MOTYT OBITh pa3/ieJieHbl Ha JETEPMUHUPOBAHHBIE W CTOXACTUYCCKHE
(BEpOATHOCTHBIC), CTAaTHYECKHUE W JUHAMUYECKHUE, JUCKPETHBIC, HEMPEPHIBHBIC U
JMCKpPETHO-HenpepbiBHBIC [8, 9].

Jemepmunuposannoe MOJEIUPOBAHHE OTOOpPa)KaeT MPOILECCHl, B  KOTOPBIX
[IpeJIaraeTcsi OTCYTCTBUE BCAKUX CIIyYalHBbIX BO3JIEUCTBUM.

Cmoxacmuueckoe (8eposimHoCmHOe) MOJICTIMPOBAHUE OTOOPaKAET BEPOSATHOCTHHIC
npouecchl U coObITHs. B 3TOM cnyuyae aHanu3upyeTcs psii pealu3aiuil caydyailHOTro
npolecca, M OLEHUBAIOTCA €ro BEPOSTHOCTHBIE XapaKTEPUCTHKH (MaTeMaTHUECKOe



30

OKUJAaHHUE, TUCTIEPCHs], CPETHEKBAIPATUUECKOE OTKIOHEHUE, KOPPESALHOHHAS (QYHKIHS
u ap.).

Cmamuueckoe MOAETUPOBAHUE CIY)KUT JUIsl ONMCAHMS COCTOSHUSL OOBEKTa B
YCTaHOBUBLIEMCSl PEXHME, a OuHAMUYecKkoe MOJEIUPOBAHUE OTPAXKAET IIOBEJICHUE
00BEKTa BO BPEMEHU.

Luckpemnoe MOEINPOBAHUE CITY>KUT JJIsl OIIUCAHMSI IPEPBIBAIOILUXCS IIPOLIECCOB, a
HenpepvigHoe  MOJEIMPOBAaHUE, COOTBETCTBEHHO, IPUMEHSETCS Ui ONHCAHUSA
HENPEPBIBHBIX TMporeccoB. KoMOMHANMIO AMCKPETHBIX M HEMPEPBIBHBIX MPOLECCOB
OTpaXXaeT OUCKPEemHO-HenpepbleHoe MOJEIIUPOBAHHUE.

B kauectBe mpumepa pazpaboTaeM MaTEMaTHUECKYI0 MOJENb 3JIEKTPUUYECKON LIEeNH
MOCTOSIHHOTO TOKAa C aKTUBHBIM COIPOTUBJIEHHEM. [Ipu 3TOM paccMOTpuUM JBa BapuaHTa:
BapuaHT «A» (puc. 3.1.a) u Bapuant «b» (puc. 3.1.0).

Bapuanm «A» npenmonaraer u3MEHEHHE muTawpmiero Hampskenus U npu
MOCTOSIHHOM 3HAY€HUH aKTUBHOTO CONMPOTUBIEHUS R.

Bapuaum «b» npennoisaraeT JUCKPETHOE WM HENPEPHIBHOE M3MEHEHHUE 3HAYCHMSI
aKTUBHOTO COINpPOTUBIEHUS R Mpu MOCTOSHHOM (HEM3MEHHOM) 3HAUYEHHUU MUTAIOLIETO
LEIb HAMPSKCHHUSL.

a) 6)

Puc. 3.1. K pa3zpaboTke MmaTeMaTH4ecKoil MOJEIN 3JIEKTPUIECKON [ENH MMOCTOSHHOTO TOKA:
a) BapuaHT «A»; 0) BapuanT «b».

OcHOBOI1 MaTeMaTHYECKUX MOJIENe B 00X BapHaHTAX SBIISIOTCS (POPMYIIbL:

U
I = E, (3.1)
P=UxI, (3.2)
rae | — HCKOMBIIT TOK, TPOTEKAIOIIHNI B 1IETIH, A
U, R — BeIuuyuHbI NUTAIOIIETO HANPSHKCHUS W COMPOTUBIICHHE IIEMHU

COOTBETCTBEHHO, B, OMm;
P — BenmMurHa MOIIIHOCTH, BbIJEsieMasi HA aKTUBHOM CONPOTHUBJIEHUH, BT.
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[IpencraBuM MaremMaTHUeCKHE€ MOJAENW ILenu B Buae GOpMysl U MOAETUPYIOLINX
QJITOPUTMOB.
PacueTHble popMyibl U1l BAapuaHTa «A»:

h=? (3.3)
P,=U; x I, (3.4)
PacueTHEIE (I)OpMy.TII)I AJIs1 BapHaHTa «by»:
h=% (3.5)
P,=UXI, (3.6)
rac | — IIOPpAAKOBBIC HOMCpA HCXOOHBIX M PACUCTHBIX 3Ha‘leHI/Iﬁ BCIINUHUH

HaIIPpsKCHUA, COIIPOTUBJICHUA, TOKA 1 MOIITHOCTH.

[log mooerupyrowum ancopummom ciaeayeT TOHUMATh IOCJIEIOBATEILHOCTD
JEUCTBUN, TMPOU3BOJUMBIX JJiIsi BBIYUCICHUS IO TEM WJIA HHBIM MaTEeMaTHYECKUM
BBIPQXKEHUSIM U TPUBOJAIIMX K PEIICHUIO TOCTaBJICHHOM 3aJayd B BUJEC TMOJyYCHUS
KOHEUHBIX PE3yJIbTaTOB.

B Mopenmupyrommx anroputmax sl pelIeHUs 3ajad  aHaiauza (MpOoBEACHUS
MCCIIEIOBAHMI) YacTO MCHOJIb3YIOTCSI MAaCCHBbI OJHOMMEHHBIX WCXOJHBIX JaHHBIX,
MO3BOJISIIOLIME MPOU3BOIUTH MHOTOKPATHBIE BRIYUCIICHUS B IUKJIaX.

Moaenupyomye ajJlropuTMbl JUisl PEIIeHUs 3a7adyd 10 BapuaHTtaM «A» u «b»
MpeICTaBIICHBI Ha puc. 3.2.

HexoTophblie nosicHeHHs K allrTOpUTMaM:

1. Oba anropuT™Ma MMEIOT HUKIUYECKYIO CTPYKTYPY, MO3BOJISIONIYIO0 MPOU3BOIUTH
MHOTOKpATHbIE BBIUMCICHUS 1O OJHMUM U TeM e (opmynam. B Hamem ciyyae
BBIUMCIICHUS TIPOU3BOIATCS MATH pa3 (MmapaMeTp HUKIa | MEHSAETCS OT OJTHOTO JI0 TISTH).

2. B 650kax «2» anropuTMOB BBOJSTCS Pa3NYHBIC MAaCCUBBI MCXOJIHBIX JIAHHBIX (B
BapuanTe «A» — MmaccuB U, B Bapuante «b» — maccus R).

[To pa3paboTaHHBIM MOJIETUPYIOIMIUM AJITOPUTMAM COCTABIISIOTCS TIPOTPaMMbI Ha
KaKOM-JTUOO aJITOPUTMUYECKOM SI3bIKE WJIM HCIOJB3YIOTCS CTAaHJIAPTHBIE MPOTPaMMBbI,
€CJIM OHHU CYIIECTBYIOT. Jlamee mporpamMmbl peanu3yroTcs Ha KommbloTepe. PesynbraTs
MOJICTUPOBAHUS MOTYT OBITh MPEJICTABIICHBI B BUE TaOJIUIl WJIA TPadUKOB.
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Bapuant «A» Bapuanr «b»

C 1. Hayano ) ( 1. Hagamno >
2. Bron R, 2.Bon U,
maccuB U MaccuB R

4. L=U/R 4. L=UR
Pi=U; x| P=UxL

5. BeiBOI 5. BeiBox
Uil Iil P| Ri’ Ii’ Pi

Y

C 6. Konern > ( 6. Konerg )

Puc. 3.2. Monenupytomiye alropuTMbl pellieHns 3aJaui 110 BapuaHTaM «A» u «by.

[IpeacraBum pe3ynbTathl A1 BapuaHnTta «A» rpu ycnoBuu R = const = 10 Owm.

Tabnuna 3.1 Pi, Bm N i, A . P=f(U,1)
i L];i ,IAL g; 5000
n 520 i 4840 4000
, 190 19 3610 3000
; 160 16 2560 2000
. 30 1 1690 1000
5 100 10 1000
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AHaNIOTHYHBIM 00pa30M MOXHO MpPEICTaBUTh pe3yibTarhl ais Bapuanta «b». Kak
HarsigHO BuaHO w3 puc. 3.3 3aBucumocTh | = f(U) HocuT nuHedHBI XapakTep, a
3apucuMocTh P = f (U, |) — HelIMHEeHHBIA.

B cooTBeTcTBUM B IPEIOKEHHON BBILIE KIaccU(pUKaIMe MaTeMaTHuecKas MOJIEb
ANEKTPUYECKON LIENU SABIISIETCA JETEPMUHUPOBAHHON U CTATUYECKOM.

[IpencraBieHHBI MPUMEP MOXET CIY>XKUTh OCHOBOM /Jisi MPUOOPETEHUS HABBIKOB
pa3pabOTKM  MaTeMaTHYEeCKHMX  MOJENeH  YCTAHOBUBIIUXCS  PEXKUMOB  PabOTHI
AIEKTPOHArPEBATEIBHBIX CUCTEM.

3.2. Mooenuposanue ounamuueckozo pexcuma padomaol 1J1eKMpPoOHAZPEBaAMeNbHON
cucmembl.

Kak yxe Obu1o mokaszano B 1. 3.1 mporiecc HarpeBa (IMHaAMUYECKUN PEXUM padOThI
AIIEKTPOHArPEBATEIBHOW CUCTEMBI) OMUCHIBAETCS NTU(PPEepeHIIMaIbHBIM YPABHEHHEM BHUIA
(2.7), npencraaustoiiee coO0i IMHEMHOE ypaBHEHUE MEPBOTO Mopsiaka. Takoe ypaBHEHUE
MMEET AaHATIMTUYECKOE PELICHUE CIEAYIOLIETO BUAA:

T =1y (1 —e /TH) 74 e7/TH, (3.7)

A€ 7o — HadaJbHAs TEMIIEpaTypa HarpeBaemMon cpensl, °C;
Tyem — YCTAHOBMBILASICA TEMIIEpATypa HAarpeBacMoOM Cpenbl, T.€. TeMIIEpaTypa

710 KOTOpOH He0OX0 Mo HarpeThb cpenay, °C;
t — Texyliee BpeMs Harpesa.

[Ipeanonoxxkum, uyto BblpakeHue (3.7) mpencraBiser coOOW  pacUETHYIO
MaTeMaTUYECKYI0 MOJIENb MPOIECca HarpeBa BO3/AyXa B HEKOTOPOM MOMEILEHHUU.

[locTosiHHass BpemeHM HarpeBa 1y B JAaHHOM Cly4yae SBJISETCS HEKOTOPBIM
0000IAOMIMM [TapaMETPOM, XapaKTEPU3YIOIIMM KakK caMy »3JIEKTPOHArpeBaTeiIbHYIO
CUCTEMY, B YACTHOCTH €€ MOLIHOCTb, TaK U 00BbEM HarpeBaeMoro Bo3ayxa.

[lon maccusom dannvix B nanbpHeMeM OyaeM MOHUMATh HEKOTOPbIE COBOKYITHOCTHU
OJIHOMMEHHBIX BEJINYUH.

[TpumeM crnenyromye MCXOIHBIE JAHHBIE IS MOAEIMPOBAHMA: Tg , MACCHUB Tycy,
MaccuB Ty.

[Mpennonoxum, uro umeercs 3aBucUMocTb 15=f(P), rne Ty — nocTosiHHAs BPEMEHU U
P — MOIITHOCTB 3JICKTPOHATPEBATEIBHOM CUCTEMbI COOTBETCTBEHHO (Tab. 3.2).

MopenupoBanue OyjaeM MPOBOAUTH Il 3-X 3HAYEHUM  yCTaHOBUBIIIEHCS
TEMIEPATYPHI Ty j (TA0MI. 3.3).



Tabmnura 3.2

i Pi Thi
kBT MHH
1 5 4
2 4 5,2
3 3 6,5
4 2 8
5 1 10
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Tabmuma 3.3
j Tyem ]

°C

1 20

2 25

3 30

B pe3ynbrate MoAenupoBaHus MOJy4aeM KPUBYIO HarpeBa Juisl JAHHOTO IMOMEIICHMUS,
T.€. 3aBUCHMOCTb TEMIIEPATyphl OT BpeMeHHu Harpesa 7 = f(t).

KpuBas HarpeBa mpencraBisger coboil rpaduueckoe H300paKeHUE pPEIICHUS

muddepennmansHoro ypasuenus (3.7).

[TpencraBUM MOJCIHMPYIOIIMKA AJITOPUTM JIJIl aHAW3a JHHAMHYECKOTO peXuma
n3ydaeMol cucteMsl (puc. 3.4).

[TosicHenus k anropurmy:

1. JlaHHBIA anTOPUTM MPEACTABISAET COOOU aneopumm ¢ GLONCEHHbIMU YUKIAMU,

IpUYEM IUKIT [0 TapaMeTpy | BIOXKEH B LUKJI 11O MapameTpy I.

2. 1yt o mapamMeTpy | ABISCTCS 6HewHUM, TIAKIT TI0 TApaMETPy | — 6HYMPEHHUM.
3. BHyTpu BHYTpEHHETO IIUKJIA €CTh 8emaieHue, CO3JaBaeMOe JJOTUYECKUM OJIOKOM

«8», xoTopoe GOpMUpPYET UMKI, TMO3BOJSIONIMA MOJHOCTHIO CMOJAETUPOBATH

KpUBYIO Harpena.

4. NHrepBan BpeMeHu At sBIsSeTCs wazom Moldeaupoeéanusi W BbIOMpAETCS

cieayromnmm oopazom [3]:

(3.8)
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C 1. Hauano )
2. BBox 79 , MaccuB
Tyem, MACCHUB Ty At.

Y

f
v

v

A\ 4

6. Tij = Tyerj (1 — e /THI) 47y @7t/ Thi

7.B
9. t—rAs / - -BIBOI[ /
Lt T

8,
Tij < Tyem |

T

Ja

HET

A

C 10. Konen )

Puc. 3.4. Monenupyronumii anroput™m peuenus auddepenunansuoro ypasuenus (3.7).

[TpencraBumM rpadudecku HEKOTOPBIC PE3YIbTAThI MOJEIUPOBaHUs (puc. 3.5).
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0 2 4 6 8 10 12 14 16 18 20 T, mun

Puc. 3.5

Kpussie HarpeBa 1, 2 1 3 COOTBETCTBYIOT HarpeBy Bo3/yxa B momenieHuu ot 7o = 0°C
1O Tyem,= 25°C dIIEKTpOHArpeBaTEeabHBIMU CUCTEMAMH MOIIHOCTBIO P =5, 3 m 1 kBT (cm.
taoi. 3.2). Kak cieayer U3 TCOpUU aBTOMATHUYECKOTO YIIPABICHUS BPEMs TUHAMHUECKOTO
pexuMa (repexoHoro mpoiiecca) cucteMsl t,, = (3+4)7, rae T — NOCTOSIHHAsT BPEMEHHU
CHUCTEMBI, B HaIlleM cjydae 5TO IIOCTOSHHas BpeMEHM HarpeBa Bosayxa (7=Tp).
I'padmueckn mocTossHHBIE BpeMeHW HarpeBa Ipy;, Iyz; U Tys ONpEACHsIThCA Kak
KacaTelibHbIe K KpUBBIM Harpera 1, 2 u 3.

Bcero B mpoiiecce MoAeIMpOBaHUS MOJIYy4aeTCd CEMEUCTBO M3 15 KpUBBIX Harpesa
(Mo 5 KpHMBBIX Ha KaXAyl M3 3-X YCTAHOBMBIIUXCS TEMIIEPATYD Ty.y). PE3ylIbTaThl
MOJICTUPOBAHUS TIO3BOJIIT BBIOpAaTh ONTHUMAJIIBHOE YIPABIEHUECKOE pPEIICHHUE 10
CO3JIAHUIO WJIM PEKOHCTPYKIIMHU DJICKTPOHArPEBATEILHOM CUCTEMBI. B HameMm ciydae 3To
MOXET OBITh BBIOOp  ONTUMAJIBHOTO  COOTHOILIEHUS  MEXAY JUHAMHUYECKUMU
XapaKTEPUCTUKAMU CUCTEMBI M €€ SHEPTOCOEPETAIONIMMHU IMOKA3ATEISIMHU.
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3.3. Mooenuposanue cepeucHvix 4eHmMpPO8 8 IHEP2eMUUECKOUl chepe.

B coBpeMEHHBIX YCIOBHUSX Ha MHOTHUX TMPEANPUITHSIX, B TOM 4YHCIE U B
arponpomMsbinuieHHoM komiuiekce (AIIK), skcmmyaTupyroTcst clokKHbIE SHEPreTUYECKUe
cucteMbl. OOCITy>)KMBaHUE U PEMOHT TaKUX CHUCTEM CHJIAMHU SHEPTEeTUYECKOIro MepcoHaia
OpEeNNpHUsITHiA HE BCEra BO3MOXKEH. B CBS3M ¢ 3THM, MOCTaTOYHO MEPCHEKTUBHBIM
HAIpPABIICHUEM SIBJISIETCS CO37]aHHE CEPBUCHBIX LIEHTPOB IO OOCIYKUBAHUIO U PEMOHTY
CJIO’KHOTO Y3HEPTEeTUYECKOT0 000pYAOBaHUS.

B cootBeTcTBUM ¢ Kiaccudukanuend cuCTeM, NMPUBEICHHON B [2], BhIICHA3BAaHHBIC
CEPBUCHBIE IIEHTPHI MOKHO OTHECTH K cucTeMaMm MaccoBoro oociyxusanus (CMO). [lox
MaccoBbIM  OOciyxuBaHueM  [3]  NOHUMAKOT  BCE  BUABl  OOCITY)XUBaHUS:
IIPOU3BOJCTBEHHOIO, TPAaHCHOPTHOTO, (PMHAHCOBOrO U ObITOBOro. B Hamem ciyuae
CEPBUCHBIE LICHTPHI OCYIIECTBIISIIOT 00CITYKUBaHUE TPOU3BOACTBEHHOTO YHEPTETUYECKOTO
o0opynoBanus npeanpusatuid AITK.

[Ipu monenupoBanru CMO HE0OXO0AMMO pa3andaTh CAEAYIOIMINE MOMEHTHI:

1) Koro (4T0) 00CITy)KHBaIOT?

2) Kto (4to) obcimyxuBaet?

3) Ilo kakuM mpaBUIIaM MPOUCXOJUT OOCITYKHUBaHUE?

BBesemM 0CHOBHBIE OTpe/IEIeHHs] TEOPUU MAacCOBOTO 0O0CTyKuBaHus [3]:

1) Tpebosanue — 310 3ampoC HA YAOBICTBOPEHUE HEKOTOPOU MOTPEOHOCTH (B HAIIEM
cllydae TOTPEOHOCThIO MOXET OBITh PEMOHT PHEPTETHYECKOro 00OpYAOBaHUSA).
Bmecto TepmuHa «TpeOOBaHME» HWHOTJA WCHOJB3YIOT TEPMUHBI «KIUECHM,
«BAABKAY, «BbIZ0BY;

2) Obcnyscusanue — 3TO yIOBIETBOPCHHE JTOM MOTpeOHOCTH. B 00IemM ciydae
MOMEHTBI TIOCTYIUICHHS TpeOOBAaHWM CIIy4allHbBI, T.€. hakm nosgieHus
mpebosanus — cryyaiHoe coovimue,

3) IlociemoBaTeabHOCTh 3THUX COOBITHH OyneM Ha3bIBATH NOMOKOM Mpebosanull.
[locTtynuBmre TpeOOBaHMS HYXAAIOTCS B  OOCIYXMBAHMHM  KAKUM-TTMOO
YCTPOWCTBOM WJIM YETOBEKOM.

4) [lpubopbl — 1TO TEXHUYECKHE CPEIICTBA, OCYIIECTBIIAIONINE OOCITYyKUBAHUC
TpeboBanmii. BMecTo TepMuHa «puOOp» MHOTAA UCTIONIB3YETCS TEPMUH «IUHU)
WJTN «KAHADY;

5) INotok TpeOOBaHMIA, MOCTYMAIOIINX B OOCIYKHMBAIOIIYI) CHCTEMY, Ha3bIBACTCS
BX00SUUM (6XOOHBIM) NOMOKOM;

6) ITorok O0OCIy)XKEHHBIX TpeOOBAaHMMH, MOKUIAIOIIMX CHCTEMY, Ha3bIBaeTCs
BHIXOOAUUM  (8bIXOOHBIM) nomokom. BXomHele M BbIXOJAHBIE moToku B CMO
0003HaYa0TCSI CTPEIKAMU;

7) IlepBomnpuurHy BO3HUKHOBEHHs TpEOOBaHMIA, HE3aBUCUMO OT WX (U3NIECKON
MIPUPOILI Oy/IeM Ha3bIBATh UCTMOYHUKOM.
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OO0cy)KeHHBIC

TpeOoBaHUs

(3as1BKM)

Puc. 3.6. O6006mmennas crpykrypa moaenn CMO.

Ucrounnkamu TpeboBaHuil B chepe dHEPTETUKU MOXKET OBbITh BBIIICIIIEE U3 CTPOS
AIEKTPOOOOPYIOBAHNE HA TOM I HHOM TIPEIIPHUSATHH.

[Tockonmpky OOCIyXKHMBarOIIMEe MPUOOPHI HMMEIOT OTPAHUYCHHYIO MPOITYCKHYIO
CIIOCOOHOCTB, 8 0OcayIHCUBaowell cucmeme MOTYT BOZHUKATh oyepeou U3 TPeOOBAHUM.

ITockonbKy BpeMsi 00CITyKUBaHUSI KOHKPETHBIM MPUOOPOM 1,5, SBISETCS CIIydaliHOU
BEIMYMHOM — TpeOOBaHUAM TMPUXOAMUTHCS  OXKHUIATh TOKa HE OCBOOOIUTHCSA
oOcmy>kuBaroiuii mpudop. B aToMm ciryyae TpeGoBaHUs HAXOIATCA B Hakonumeie, 00pasys
OJTHY WJIM HECKOJIbKO ouepeneit (1-2, 2-2, 3-2, puc. 3.6).

BBeneM nonsiTie — epems Haxooicoenuss mpebosanus (3aneku) 6 cucmeme (Le,enm).

tCI/ICT. = to'{. + tO6CJI.1 (3-9)

rie t,.. — BpeMs HaXO0XKJICHUs 3asiBKU B OUEpe/Id, Yac;
t,6c:. —BpEMSI 0OCITY>KMBaHUS 3asBKH, Yac.

AJTOPUTM TIOCTAaHOBKM TpeOOBaHWN B ouepelb OyJeM Ha3bIBaTh NPAGULIOM
Gdopmuposarus ouepeou, ANTOPUTM B3aUMOJCHCTBUS OOCITY)KHBAIOIIUX TPUOOPOB C
OUePENbI0 — NPABULOM OOCTYHCUBAHUS VT OUCYUNTUHOU OOCTIYHCUBAHUSL.

Bocronp30BaBmINCh  M3JI0KEHHBIMH ~ BBIIIE  OCHOBAMH  TEOPUHM  MAacCOBOTO
oOCTy)KHBaHUS, ITOCTPOUM a0CTPAKTHYIO MOJEIIb CEPBUCHOTO IICHTPA MO OOCTYKUBAHHIO
U PEMOHTY CHJoBOro aiyekTpoobopyrnoBanus (CD0O) (2/IEKTPONPUBOIOB Pa3IMYHBIX
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MIPOM3BOJICTBEHHBIX MeXaHU3MOB) Tpex npeanpustuii AIIK. AGctpakTHyIo Moenb Oyaem
dbopmupoBath B BHje (GYHKIMOHAIBHOM cxembl (puc.3.7). Ilpeamonoxum, YTO
oOcy>KuBaroIasi CUCTEMa COCTOUT U3 IECTH OOCTY>KUBAIOIIUX MTPUOOPOB.

= TT————~—~—~"~>""~>"""~>"™""™>"7""™""7""7™"™7"7 T 07 I
| Bemmenmee u3 crpos : CepBUCHBIH LIEHTP I Bhixont (cka I
: HCB(; I:; :;;KIX)FI\I/IK I (obcmyKUBarOIast CHCTEMA) | OTPEMOHTHPOBAHHOTO M :
| e oy TR T—————————— 1 obcryentoro CI0) (4) |
| Hakonurens (2) [Tpubopsr (3) |

Puc. 3.7. Moaenb cepBucHOTrO 11eHTpa 1o oociyxkuBanuio CI0.

[TockoBKY CEpBUCHBIA IEHTP OOCTYXHMBaeT KOHEYHOE YHUCJIO KIMEHTOB (B HAIIEM
ciyqae Ttpex — 1-1, 2-1, 3-1) ero moxno otHectu Kk CMO ¢ kouneunvim uuciom
mpebosanuti [1, 3]. Takue CHCTEMBI SBISIOTCS 3AMKHYMbIMU, TTOCKOJIBKY TpeOOBaHUS
MOCJIC 3aBEPIICHHS] OOCTYKMBAaHMS BO3BPAIIAIOTCS B MCTOYHHUK, TJE OHHU MPEOBIBAIOT B
TeUYeHHEe HEKOTOpOro BpeMeHH t,,;, 3arem cHoBa Bo3Bpamatrorca B CMO. HaszoseM t,,;
spemenem 6e30mKa3HoU pabonvl 000PYO008aAHUSL 00 CeOVIOWe20 00CTYHCUBAHUSL.

PaccMmoTpuM Be BO3MOKHBIX CUTYallMM B pad0TE CEPBUCHOTO LIEHTpA.

1) TpeOoBaHue BO3HHMKAaeT B pe3ysbraTe IiaHoBoro oociyxuBanus COO. B atoi
curyanuu t,,; = const, t...,= var. 9To oOBACHAETCSA TEM, YTO ILUIAHOBOE OOCIYKMBaHHE
IPOU3BOAMUTECS YEPE3 ONPEAEICHHBIN Nepuol paboTsl obopynoBaHus (t,,,= const), a
BpeMs OOCITYXMBaHUS 3aBUCHT OT KBamudukamuu mepcoHana (i, = var) u JJIUHBI
ouepenu B Hakonurene (,, = var).

2) TpeOoBaHMe BO3HHMKACT B pE3yJIbTaTe BBIXOAA U3 CTPOSI TOTO WM HWHOTO
oOopynoBanusi. B aroil curyanuu, Kak BpeMs O€30TKa3HOW paloThl, TaK U BpeMs
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oOcmykuBaHUs (PEMOHTA) U OXKUAAHUS B OUEPEU SBISIOTCS MEPEMEHHBIMHU BEIMUNHAMU
(t,u6= var, t,, = var, t,, = var).

[IpeacraBuM rpaduuecku Mojenb mporecca odbciayxuBanHusi enuHuibl COO B
cepBHCHOM 1ieHTpe (puc. 3.8).

[Tpenmpustue AIIK | CepBucHBIN LEHTP |
be3oTkaznas padora Oxunanue B
> OO6cyxuBanue
equaunel COO ouepenu
. AN J\. J
Y Y Y
tpa6. toq. to6c,1.

Puc. 3.8. Mogenb o6cnyxuBanus enuauiibl CO0O B CEpBUCHOM IIEHTPE.

Crpenxoit Ha puc. 3.8 o0o3HaueH BO3BpaT OOCITYKCHHOW (OTPEMOHTHPOBAHHOM)
eAUHUIBI 000py10BaHus 00paTHO Ha npennpusitue AIIK.

[TockonpKy MoOjenb, MpeAcTaBiIcHHAas Ha puc. 3.8 peanu3yeT 3aMKHYTHIA IMPOIIECC
o0CITy’)KUBaHUS, T.€. OOCIYyXKHBAaHHE IIPOMCXOIUT HEMPEPHIBHO IHMKJI 32 IUKJIIOM,
UHTEPBAJIbI BpEMEHU 1,45, toy U ty5., B KaXKIOM LUKIIE OyIyT pa3IMYHBIMHU (CIy4aliHBIMH).

B cBsi3u ¢ 3TMM HEOOXOJMMO TOBOPUTH O MaremaTudyeckux oxujaanusx (MO)
UHTEPBAIIOB BPEMEHHU 1,5, toy, ¥ ,6., 3@ ONpENENEHHBIN NIEpUO paccMOTpeHus 7.

n
- .t ,
MO|[tya6] = %ﬁ’am (3.10)
_ ?=1 tO‘-I.i (3 11)
MO|[t,,] = — .
_ ?:1 Losen.i (3.12)
MO [to6cn] - n '

rae N — KOJWYECTBO MHTEPBAIOB O0€30TKA3HBIX padOT, HAXOXKJICHUN B OYEPEIU U
oOcmy>KuBaHUH 3a paccMaTpuBaeMblil meproa 7
| — HOMEepa COOTBETCTBYIOIIMX HHTCPBAJIOB,
toa6.is Lowis Logeni. — JUTMTEIIEHOCTH COOTBETCTBYIOIINX MHTEPBAJIOB.
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[TockonpKky BpemMeHa OOCTYXUBAaHHMSI W HAXOXIEHUS B OYEpPEOU SBISIOTCS
napamMeTpaMu ~ BHYTPEHHEM  Cpellbl  CEpBHCHOTO  IIEHTpa, OCHOBHOM  3ajaueit
MOJICTTUPOBAHUS SIBJISIETCS CBEJICHUE UX MAaTEMaTUUYECKUX OXKUAAHUN K MUHUMYMY.

MO[tosen] = Min{MO[t,seql}, (3.13)

MO[t,y] » min{MO[t,,]}. (3.14)

B koHeuHOM cueTe, 3TO MPUBENET K YBEIWYEHHUIO NPOIYCKHOM CIIOCOOHOCTU H
BO3MOKHOMY IOBBIIIEHUIO TPUOBLIN CEPBUCHOTO LIEHTPA.

B cootBercTBUM ¢ mpeajoxkeHHOW B 1. 3.1. kiaccudukanyei Mojlielb CEpBUCHOTO
LIEHTpA ABJISAETCA BEPOATHOCTHOW, TMHAMUYECKON U JUCKPETHO-HENPEPHIBHOM.

Bmecte ¢ Tem mia oGecneuenuss 3¢@GekTUBHON pabOThl MO  0OCITYKMBAHUIO
HHEPreTUUECKOro 000pyI0BaHMsl, 3asBKM HEOOXOIMMO BBIIIOJHATH HE TOJIBKO OBICTPO, HO
U KauyeCTBEHHO. B mNpOTHBHOM cllydyae KOJMYECTBO KJIMEHTOB OylIeT CHUXKAThCs, a
KOHKYPEHTOCIIOCOOHOCTh CEPBUCHOTO LIEHTPA — Ma/1aTh.
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4. OCHOBBI OIITUMHN3AINA DHEPTETUYECKUX CUCTEM

4.1. Texnuko-’konomuueckue mpeﬁoealmﬂ K HepcemuidecKum cucmemam
U ypoérnu ux onmumusauyuu.

DHepreTUUYEeCKUM cUCTeMaM B Tpolecce MX (PyHKIIMOHMpPOBAHUS MPHUHATO JaBaTh
CIEIYIOIIUE OYeHKU: SKOHOMHUYECKYI0, JHEPreTUYECKYI, HSKOJOTMYECKYI0 U JpYyTHE,
OTpeNesieMble  COOTBETCTBYIOIIMMH  KpuTepusimMu  dddexktuBHocTH. B ycrmoBusx
PBIHOYHOW  AKOHOMHKH  OOOONIAOIIMMH  KPUTEPUSMU  ONECHKH  3(PHEKTHBHOCTH
DHEPTETUYECKUX CHCTEM BBICTYIAIOT, KaK MPABHUIIO, TAKME SKOHOMUYECKUE KPUTESPUHU KaK
npuodbLLIL U PEHMAOEIbHOCMb.

Chopmynupyem  Hauboiiee BaXKHBIE  MEXHUKO-IKOHOMUYECKUe  mpebo8aHusl,
MPEABSBISIEMbIE K DHEPTETUUECKUM CUCTEMAM:

— ONTHMAJILHBIC PEIICHUS U OTpeeIeHIE YIKOHOMHUECKUX TpaHuIl 3PPEeKTUBHOCTH

ucnoas3oBanusa JC;

— 1enecoobpasHas crienuanu3anus u yaudukanus JC, cBsi3aHHas ¢ MEePCIEKTHBAMHU

Pa3BUTHS IPOU3BOJICTBA;

— YCTaHOBJICHUE HOBBIX ITyTE€H COBEPILIEHCTBOBAHMS TEXHOJIOTUN U KOHCTPYKTUBHBIX

penieHuii npu pa3zpadboTtke u 3kcruryaTanuu JC;

— ONTHUMAJILHOE UMITOPTO3aMEIIICHNE u OCBOGHHE OTEYECTBEHHOTO

HHEPTrOMAITMHOCTPOCHUS U JIp.

JIIs  COBpEMEHHOTO TIepHOJia Pa3BUTHsI DHEPrOMAIIMHOCTPOCHHUS XapakTepHa
TEHJEHUHUS PA3BUTHUS TEXHUKO-2KOHOMUUYECKHUX UCCIEAOBAHUIN C onmumusayueri 3HaueHull
MeXHUYecKux napamempos, pPAyUuOHAIbHO20 6UOd MEeXHOJI02UYeCKOU cXeMbl U MUnos
000py0o6anus Ha CTAIUU UX TPEIIPOECKTHON pa3pabOoTKHU.

[Tpu >TOM BBIACTSIOT mpu uepapxuueckux yposts onmumusayuu IC [4]:

— BBIOOp NpuHIMMA aAercTBUS IC, e 2JIEMEHTOB U TOJICUCTEM;

— MouCK Haumyumied cTpykTypbl DC B pamMkax BBIOpaHHOTO MPHUHIUINA JEHCTBUS

(3amaya CTPYKTYPHOU ONITUMH3AIINH);

— ONpeACIICHHE HAWTYYIUX 3HAaYE€HUH MapamMeTpPOB BBIOPAHHOW CTPYKTYpHI (3a1adya

napaMeTpuYeCcKol ONTUMU3AIINN).

Pemenne kaxmod 3amadd Ha3bIBAKOT KOMNAEKCHOU OnmMuMusayuel CmpyKmypol,
cocmasa u napamempos IC.

[IpeacraBum Onok-cxemMy 00O0OIIEHHOTO anroput™a ontumuzanuu JC MO ypOBHSIM
(puc. 4.1).

[TosicHeHUs K anropuTMy.

[IpencTaBineHHBI  ANTOPUTM MPEAIOJaracT IIECTh JTAloOB pEIICHUS 3aJadyu
ONITUMH3AITUH.
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1. ITocTaHOBKA 3aJa4y OIITUMHU3alIuH1

A 4

2. PazpaboTka MmaTeMaTHYECKON MOIETH
ONTUMHU3HPYEMOUN CHCTEMBI

\4

3. IlepBelii ypOoBEHb ONITUMH3AIMH (BBIOOD
ONTUMAJILHOTO IPUHIMIA AEHCTBUS CUCTEMBI)

A 4

4. Bropoli ypoBEHb ONITUMU3AIUN
(cTpyKTypHasi ONTUMU3ALINSA)

\4

5. Tpetuil ypoBeHb ONTUMHU3ALINH
(mapameTpuyecKkasi ONTUMU3AIHS )

l

6. OKkoHYATEIBHOE MMOCTPOCHUC OINTUMAaJIbHOM
CUCTCMBI

Puc. 4.1 O0o0menHbIi anroput™ ontumuzanuu IC Mo ypOBHSIM.

[Ipouecc onTMHU3aUKU HA KaXXJI0M ypOBHE (3-Hii, 4-bIif U 5-bIil 3Tarnbl) ONMUCHIBAECTCS
HEKOTOPBIMU HUKINYECKUMH aITOPUTMAMH, IAPAMETPAMU LIUKIIA B KOTOPBIX SBIISFOTCSA:
— Ha IIEpBOM YPOBHE — BapUaHT IIPUHLINIA ICVCTBHUS;
— Ha BTOPOM YPOBHE — BapHaHT CTPYKTYpbl CHCTEMBbl B paMKax BbIOpaHHOTO
MPUHLINIIA IEUCTBUS;
— Ha TPEThEM YpPOBHE — NepeOupaeMble 3HAUEHHS MMapaMeTpPOB CHCTEMbl B paMKax
BBIOPAHHOMN CTPYKTYPHI.

3aBepmaromuii 6-0¥ 3Tanm ONTUMH3AIMU MPEATNOIAracT OKOHYATEIbHYIO MPOBEPKY
CUCTEMBI Ha ONITUMAJILHOCTH TI0 BCEM TPEM YPOBHSIM.

Haubonpmuii 3¢ et naet nepBbiii ypoBEeHb, CBSI3aHHBIA C MMOMCKOM HOBBIX, OoJiee
paIrioHaIBHBIX PUHITUIIOB PAOOTHI U TEXHUUYECKUX Hlel. B MeHbIei mepe maroT a3 dext
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METObl CTPYKTYPHOM ONTHUMH3ALMHU, €II€ B MEHBIIEM — METOJbl MapaMETPUYECKOU
ONITHMU3AIIHH.

Hocmamouno  nonmo U NpasuabHO  A0OAA  IHEpeemuyeckas — cucmemd
xXapaxkmepuszyemcsi mozod, Ko20a y0aemcs GblACHUMb, OM KAKUX YACMHBIX noKazameineu
Kauecmea (Kpumepues 3¢hghekmugHocmu) cucmemul 3a8UCUM OCHOBHOU Pe3yIbmMUpyIouuli
(obobwarowuti) noxkazamenv IPpgexkmusnocmu. Kax yxke OBUIO CKa3aHO BBIIIE
o0o01marommM mokazareiaeM 3PGHEKTUBHOCTH SIBISETCS IKOHOMHUYECKUN TTOKA3aTelb.

4.2. Memoowvt onmumuzayuu IHep2emuydecKux cuchem.

3ajaya  ONTUMHU3AIMHK TIO0 33JaHHOMY Ppe3yJbTUPYIONIEMY HKOHOMHUYECKOMY
KpPUTEPUIO dPPEKTUBHOCTH 3, Ha3bIBAEMOMY LIeNIE€BOM (pyHKIMEH, GOpMHUpYETCsS B BUIE

[4]:
HITH (4.1)

rne  Ji, ..., Ji, ..., In — YacTHble Kputepuu 3>P(HEKTUBHOCTH, 3aBUCUMBIC OT
MapaMeTpOB CUCTEMBI,
| — HOMEp YacTHOTO KpuTepus d3PPEKTUBHOCTH.

K wacmnvim kpumepusam a¢pgpexmuenocmu YHEPreTUHUECKUX CUCTEM MOXKHO OTHECTH
HAOEIHCHOCMb, YRPAGIAeMOCHb, PEMOHMONPULOOHOCb, dHEp2ochepedxceHue U T. .

[Tockonbky nr000W YacTHBIA KpuTepuil s3PdexkTuBHOCTH J; sSBIsSETCA (DYyHKIHEH
rapamMeTpoOB CUCTEMbI U BPEMEHHU €r0 MOXKHO MPEACTaBUTH B OOIIEM BHJE CIEAYIOIIUM
oOpazom:

J;(t) = F(al,...,aj, ey Uy t), (4.2)

rae 0, ..., Oj, ..., Oy — ITaPAMETPbI CHCTEMBI;
M — YUCIIO MapPaMETPOB CHCTEMBI;
] — HOMep mapameTpa CUCTEMBI.

Ecnu B xauecTBe pe3ynbTupyromniero kputepust 3GPexKTHBHOCTH (PYHKITMOHUPOBAHUS
OC npuHATH DHEPrOEMKOCTh MPOAYKIMH J,, TO 3ajadya ONTUMH3AIUU OyJeT
OTpeNeNAThCS, Kak 3, — Min/3,], eciu B kayecTBe Pe3yIbTUPYIOLIETO KPUTEPHUS PUHSATH
peHTadenpHOCTh R, TO 3a1aua onTuMu3anuu OyeT onpeaensathes kak R — max|[R].

B osHepretmke 3amauyd  ONTUMH3AIMM  CJIOKHBIX CHCTEM WM  IPOIECCOB,
chopMyIUPOBAHHBIE MAaTEMAaTUYECKHU, B OOIIEM cllydae MOTYT ObITh OOBEAMHEHBI MO
OOIIMM Ha3BaHUEM HeluHeliHo2o npocpammuposanus [4]. 3agaum  HETUHEHHOTO
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MIPOrpaMMUPOBaHUs MpPU ONTHUMHU3aUMU 3Heprerndeckux cucrem (OC) mpeamnonararoT
UCIOJIb30BAaHUE JIBYX OCHOBHBIX IPYIIIl METOOB:
— I'paJUEHTHBIE METOBL;

— MCTO/JbI HAIIPABJICHHOT'O ITOUCKA.

I'paouenmnovle memoowvl TPEIAINONATAIOT ONPEACICHUE YACTHBIX IMPOHU3BOJIHBIX OT
pa3IMYHBIX IOKa3aTelleld KayecTBa CHCTEMbI B aHAJIMTUYCCKOM BHJIE, YTO B OTACIbHBIX
CllydasX CBSI3aHO C OOJBIIMMH MATEMATHUYECCKUMH TPYAHOCTAMH. ODTO IMPUBOAMT K
3HAYUTEIILHOMY BpEMEHH IMOATOTOBKHM 3ajad K pemienuio. [TogroroBuresabHas pabora npu
ONTHMHU3AIINK 10 YACTHOMY KPUTEPHUIO, IIPEACTABICHHOMY BhIpaykeHHEM (4.2), COCTOUT B
ONpENENeHNN YacTHBIX Hpou3BOAHBIX OT (ynknmu F = Flay, ..., o ..., om t) n
OPUPABHUBAHUN WX K HYJIIO, YTO SBJISIETCS YCIOBHEM JSKCTpeMyMma (MakCHMyMa HIIH
MuHIMyMa) auddepermupyemoit pynaxrmm F [10].

oF oF oF

—=90,..,—=0,..,—=0. 4.3
da, da; da,, (43)

I'paouenmom pynkuuu F sBisieTcss BEKTOpHas BEJIMYHMHA:

ir= 1ok i oF . oF @.4)
radF = Kj—+ . + K,—+ .. + K, —, |
g da, 7 0q; M 0a,,

e Ky, ..., Kj, .., Ky, — enuHuYHBIE BEKTOPHI, TI0 KOTOPHIM OTCUYHUTHIBAIOTCS
BEJIMYMHBI Oy, ..., Oj, ..., On.

B Touke 3kcTpeMyma rpaiueHT paBeH HYJIIO:
grad F = 0. (4.5)

3aaua MoKucKa IKCTpeMyMa rpaJiueHTHBIMUA METOaMH pa30UBacTCs Ha JIBE 3aa4U:
— OMNpENEIICHUE IPAJUEHTA;

— Opranus3anusa ABMXKCHHA B TOUYKC OKCTpEMYyMa.

[Tpumep: Chopmynupyem 3amady ONTHUMH3ANUUA DJIEKTPOHATPEBATEIHLHON CUCTEMBI
M0 TaKOMy YacTHOMY KpUTEPHIO, KaK JHeprocoOepexxkeHue (obOecredeHrne MHUHUMYMa
pacxona anektpudeckoi a3Heprun Whin). MateMaTuuecku pacxo/1 3JIEKTPOIHEPTUA MOKHO
MPEJCTaBUTh KaK (DYHKIUIO ABYX NMEPEMEHHBIX:

W= WP, tyr), (4.6)

rae P — MOITHOCTB AIEKTpOHArpEeBaTEIBLHON CUCTEMBI, KBT;
t,cn — BPEMS HarpeBa 10 YCTAHOBUBLIEHCS TEMIIEPATYPEI Ty, MUH.

KpuBble HarpeBa HarIsiIHO MpeACTaBIeHbI B 11.3.2 HacTosero nocoous (puc. 3.5).
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®ynkmuro W(P, t,,,) rpadudeckd MOXHO NPEICTaBUTh B BHIE HEKOTOPOIl
MIOBEPXHOCTH B TPEXMEPHOI cucteMe koopauHar (puc. 4.2).

W A
W(P, tyer)
Whint——————— |
_ I .
_ 0 K, > : ,E > P
K | //
I /
| d
| /
N | 7
t yer o _y/

yer

Puc. 4.2. I'paduueckoe npexacrasienue pyakuun W(P, t,c,).

Munnmym ¢ynknmu W cooTBeTCTBYeT ToUKe Ha oBepxHocTH ¢ koopaunatamu W(P™, t.,,).

Heo6xoaumbiM ycioBuem Munnmyma ¢yskmuu W(P, t,,,) aBiseTcs paBeHCTBO HYIIIO
JIBYX YaCTHBIX MTPOU3BOJAHBIX U TPAJUCHTA.
oaw ow —Jow — Jdw

— =0 =0; grad W = K,—+K =
oP Otyer YoP T T 0ty

0. (4.7)

Hocrarounsm ycnoBueM Muaumyma ¢yaxuuu W(P, t,.,) aBiseTcs:
2w 0 2w
’ 2

0P? Otyer

> 0. (4.8)

Kax yxe Ob110 cKka3aHO paHee Takas (opMyJIMPOBKA 3a7a49d ONTUMHU3AIMN BO3MOKHA
B cinydae gupdepennupyemoctu ¢pynkuuu W(P, t,.,), T.e. BO3MOXKXHOCTH ONPEAENCHUS
YaCTHBIX TIPOU3BOIHBIX B AHAIUTUYECKOM BHJIC.

Memoowl nanpasnenHoco noucka He TPEOYIOT PETYISPHOCTA WM HENPEPHIBHOCTU
GYyHKIMIA ¥ CYyIIECTBOBAaHWS WX IPOM3BOAHBIX, ITO3BOJISIOT TIPOIIE YYHUTHIBATH
orpanndcHUs. CyYIIECTBEHHBIM HEJIOCTAaTKOM JTOW TPYNIBI METOJOB  SBJISETCS
HEONPEICTICHHOCTh PEIICHUS TTPU HATMYUH JIOKATBHBIX SKCTPEMYMOB (DYHKITHH.

Cpeau  METOOB  HAMPABICHHOTO  TIOWCKA  CJIEAYET  BBIACTUTH  Memoo
noxoopouHamuo2o noucka (memoo Ilaycca-3eidens) [10]. Merton 3akirodaercss B
IOOYEPEHOM H3MEHEHUHM [apaMeTpoB CHUCTEMBI 01, A2, ..., &, ..., Op. CHadama
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(UKCUPYIOTCS BCE€ IapaMeTphl ay, ..., G, ..., Om, & HAPAMETP 01 U3MEHAETCS TaK, YTOOBI
oOpaTwiiach B HyJIb COOTBETCTBYIOIIAs cocCTaBisitomias rpagucHra (OF/0a; = 0). 3atem
M3MEHSIETCS TTapaMeTp 0, MPH (PUKCHUPOBAHHBIX OCTAIBHBIX MapaMeTpax J0 OOpalieHus B
Hynb OF/Oa, w T.1. Tlocie u3mMeHeHUs: mapameTpa o, oOpamaroTcs OmsATh K o5 U Jajee
MOBTOPSIIOT BECh LIUKJI CHOBA. DTOT MPOLIECC MPOJOIKACTCS 10 TeX MOp, MOKa HE OyaeT
JOCTUTHYTA TOYKa dKCTpeMyma F,.

\ 4

YCT

Puc. 4.3. I'paduueckas uHTEpIIpeTalivsg METO/1a TOKOOPAUHATHOTO MTOUCKA SKCTPEMyMa
(meton [Maycca-3eitnens).

3amTpuxoBaHHasi 00JIaCTh  MPEJACTaBISIET COOOM  MPOCKLIHUIO TOBEPXHOCTH,
onucsiBaemoil pynkuueit W (P, t,.,,) Ha mI0CKOCTh ABYX YHPaBISIOMIUX MapameTpoB P u
tyem (puc.4.2).

ITouck skcTpeMyma HauYMHAETCS B TOYKE «1», NBMIKEHUE M3 TOUYKU «1» B TOUKY «2»

o . 0w
€CThb HUYTO MHOE KaK ONpPEENICHUE YACTHOH MPOU3BOIHOH —~ 1pH t,.n = CONst. B Touke

ow
«2» BBINOJIHAETCS YCJIOBHUE T 0, d¢ukcupyercss koopaunara P (P=const) wu

OPTraHU3YyeTCsl BBIYUCIICHUE , T.. IBWKEHHE U3 TOUKHU «2» B TOUKY «3». B Touke «3»

0 ycT

BBITIOJIHACTCA YCIIOBUC = (0 ¥ aHaJIOTMYHBIM 06pa30M OpraHu3yCTCA ABUKCHUC B

Otyer
TOYKH «4» U «5». Touka «5» gBAsSETCA TOYKOW IKCTPEMyMaA, B HAIIEM CIIy4ae TOYKOU
muHuManeHoro 3HaueHust W(P, t,.,). Toukn 2, 3, 4, 5 ABIAIOTCA TOUKaMH NEPECCUCHUS
JUHUM HANpPaBJIECHHOTO IOWCKA, C JUHUAMHM IMOCTOSHHOTO 3HAYEHUS ONTUMHU3UPYEMOH
byHKIMH (TUHUSMA YPOBHS).

BonpmiiMy  MOTEHIHAIBHBIMU ~ BO3MOXHOCTSIMA ISl ONTUMH3ALUUA  CIOKHBIX
OSHEPreTUYECKUX OOBEKTOB W CHUCTEM OOJIAIAlOT Memoobl meopuu NIAHUPOBAHUS
akcnepumenmos [3, 4].
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IInanuposanue sxcnepumenmog — IUAPOKO HUCIIONb3yeMasl NPOLeaypa B HAYYHBIX
UCCIIEJIOBAaHUSIX, B YACTHOCTU B IPOIECCE HAIaAKU U O00CIeNOBaHUM (ayauTe)
JHEpreTudecKkux cucrem. IIpu HCIoab30BaHUM 3TUX METOAOB NPUMEHSIOT NACCUSHbIE U
aKkmuenble DKCIEPUMEHTHI. lIpu mpoBeneHUM naccuenoco sKcnepumenma HUAKAKUX
I[EJICHANIPABICHHBIX JCHCTBUM MO MPUAAHUIO BXOJHBIM BO3ACUCTBUAM ((akTopam)
HY>KHBIX 3HAQU€HHMI He coBeplaroT. [I[puMepoM MaccMBHOrO 3KCHEPUMEHTA MOXKET OBITh
coctaBlieHHe Tpaduka Harpy3ok. PemieHue 3Toi 3ajaud, Kak MpPaBUIIO, TMPEIIECTBYET
IIPOLIECCY ONTUMM3ALMKU YHEPIETUYECKON CUCTEMBI M0 KPUTEPUIO MMUHUMYyMa OIUIATHI 32
HOTPEOJICHHYI0 JHEPrut0. Akmusenoe TIUIAHUPOBAHUE HSKCIIEPUMEHTOB  IO3BOJISET
MUHHMMHU3UPOBATh  KOJIMYECTBO DKCIEPUMEHTOB, OINTHUMAJIbHO HCIIOJIb30BaTh  BCIO
COBOKYITHOCTbH (DAKTOPOB BO3JICHCTBUS HA CUCTEMY.

Haunbonee mnpocTsIM BapuaHTOM BEpPOSTHOCTHOW ONTHUMHU3ALMH SHEPreTHYECKUX
CUCTEM SIBIISIETCS ONTHUMU3ALMS C HUCIOJIb30BAHHEM HAHOOJIEe MPOCTBIX BEPOATHOCTHBIX
XapaKTEPUCTHK IMApaMETPOB CHUCTEMBl — HMX MaTEMaTHYECKUX OXHIAHUA (CpeaHuX
3HaueHuit). [loaTroMy mpexze, yeM pemars 3a7ady ONTUMHU3ALMN HEOOXOIUMO MOIYYUTh
3T XapaKTEPUCTUKHU C OMOIIBIO OOBIYHOIO BEPOSITHOCTHOI'O MOJIETUPOBAHUS CUCTEMBI.

IIprMEHUTENBHO K PACCMOTPEHHOMY BBILIE IIPUMEPY, C IIOMOIIBIO BEPOATHOCTHOIO
MOJEIUPOBAHUs JIEKTPOHAIPEBATEIBHON CUCTEMBI IOJyYUM MAaTEMAaTUUECKUE OKUIAHUA

MorHocTH P 1 BpeMeHM Harpesa 10 YCTaHOBHMBIIEHCS TEMIIEPATYPHI tycr-

n
. 1
n .
=1
n
. 1
yCT E Z tyCTi'

i=1
rae N — KOJWYECTBO OOpaOOTaHHBIX CIy4YalHBIX 3HAYEHUN MoOIIHOCTU Pj; u

(4.9)

(o
I

BpPEMEHHM Harpesa i, (Benn4yrHa BEIOOPKN);
| — (MOPSAKOBBII ) HOMEP CIY4YaliHOW BEJTHYUHBI.

OntumMusupyembiii kputepuil 3QQGEeKTUBHOCTH (PacXo]] AJIEKTPUUECKOW SHEPIHH)

TaKke OyJeT MpeJCTaBlICH B BHIEC MaTeMaTHueckoro oxumanus W . Beipaxenue (4.6) B
ATOM CiIy4ae NMpuoOpeTaeT CICAYIOMIMI BU/I;

W= W(P, ) (4.10)

Jlanee MOXHO MPUMEHSATH MEPEUUCIICHHbIE BBILIE METOJbl ONTHUMM3AIMUHU, KAK U B
ClIy4ae ¢ JeTEpMUHUPOBAHHBIMU BEJIMYMHAMU U IPOLIECCAMMU.

B nenom mpoGrnema pemieHus ONTHUMM3AIMOHHBIX 334a4 B ClOkHBIX DC Tpelyer
ucnonp3oBanuss OBM u moka HemoctaTouHo (opManu3zoBaHa. MHOroe 3aBUCHUT OT
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rTyOWHBI 3HAHUSA PEaJbHBIX SHEPTEeTHUYECKUX MPOIECCOB M Pa3pabOTKH MPOTrPAMMHOIO
IPOJYKTA.

B cBsA3M ¢ TeM, YTO CTPOro roBOpsl, MPAKTHYECKH BCE MPOLECCHI U IapameTphbl B
cioxkHBIX DC HOCAT CIly4aliHBIA XapakTep, M MOJYyYEHHsI JOCTATOYHO JOCTOBEPHBIX
pEe3yJIbTaTOB  CIEAYET MPUMEHATb Ccmamucmuieckue (6eposimHocmHble) Memoobl
uccnedosanus. 1Ipu NCIOIB30BAHUN 3TUX METOAOB PE3YJIBTAThl MPEACTABIIOTCA B BUAC
MAaTeMaTUYECKUX OXKUIAHUM, NUCIEPCUM, CPEIHEKBAIPATUYHBIX OTKIOHEHUU M JIPYTHUX
BEPOSATHOCTHBIX XAPAKTEPUCTUK.

Cmamucmuueckas (8epoAmHOCMHAsL) ONMUMU3AYUSL  IHEP2EMUYECKUX CUCMEM,
[PEANONarapias yYCTaHOBIEHUE CTAaTUCTUYECKOM CBSI3M MEXIYy HCCIEAYEMbIMHU
IIEPEMEHHBIMU U [apaMeTpaMu CUCTEMbI, OCHOBAHA HA HCIIOJIb30BAaHUU TPEX OCHOBHBIX
METOMOB:

— KOPPEJSILIUOHHBIN aHAJIU3;

— PETPECCHOHHBIN aHAJIN3;

— JUCIEPCUOHHBIN aHAJIU3.

Koppenayuonnoiii  ananu3 TO3BOJSET YCTAaHABIMBATH JIMHEWHYIO TPUYMHHO-
CICICTBCHHYIO CBSI3b MEXKIY CTaTUCTUYECKHMMH IapaMeTpaMd M, KakK IIpaBuilo,
WCITOJIB3YETCSl TP HAMYUU CBSI3M MEXAY CTPYKTYPOM W BBIXOJHBIMU TapaMeTpaMu
CUCTEMBI (HampuMmep, BIHUSHHUE TEPMOPETYJSTOpa aBTOMATHU3UPOBAHHOTO OOBEKTa Ha
pacxoj1 SHEprum).

Pecpeccuonnwiii amanuz TPUMEHSIOT TMPU OTCYTCTBUU aANPUOPHON MPUYHHHO-
CJICICTBEHHOW CBSI3M MEXAYy TMapameTpamu (HampuMep, CBSI3M CpPOKa  CITykKObI
YHEPTETUYECKOTO 00BEKTa OT UCCIICAYEMBIX ITApaMETPOB BO3ACHCTBHUS HA HETO U Jp.).

Jucnepcuonnwiii ananuz TPUMEHSIOT OOBIYHO, KOTJa HE3aBUCHUMAasi TIepeMeHHasi He
U3MEPSIETCSI, XOTS MOXKET NPHHUMATh pa3juvHble 3HA4YCHHS (HAmpuUMep, BIUSHUC
YeJI0BEeKa-onepaTopa Ha TOYHOCTh MOJJEPKaHUus pekruMa paboThl U pacxoja dSHEPTUM Ha
HEABTOMATHU3UPOBAHHOM OOBEKTE).

BriienasBanHbie METOIBI MOTYT OBITh C YCTIEXOM HCIIOJIB30BAHBI TP OOOCHOBAHHH
CUCTEMBl ~ MEPOMPUATHA TIO  DHEProCOCPEIKEHUI0,  TOBBIMICHUIO  HAJEKHOCTH,
PEMOHTOIIPUTOTHOCTH M OE30MMaCHOCTH B TPOIECCE MPOCKTUPOBAHUS W DIKCILTyaTaIHH
DHEPTETUYECKUX CUCTEM.
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KOHTPOJIBHBIE BOITPOCHI

1. JlaiiTe onpeneneHrue CUCTEMbI M IPOKOMMEHTUPYUTE €TO0.

2. Yro Takoe «BXOM» U «BBIXOJ» CUCTEMBI?

3. JaiiTe onpezeneHus U XapaKTepUCTUKUA BHYTPEHHEHN 1 BHEIIHEH Cpefibl CHCTEMBI.

4. Yro Takoe nekomno3uius cucrembl? IlpuBenure mpuMepsl JTEKOMIIO3HUIIMH
CUCTEM.

5. IlpuBenute kiIaccupUKALMIO CHCTEM IO pa3IUYHBIM Tpu3HakaMm. Jlaiite
XapaKTePUCTHUKY PealbHbIM U a0CTPAKTHBIM, ECTECTBEHHBIM U HCKYCCTBEHHBIM CHCTEMaM.

6. JlaiiTe XxapakTEepUCTHKy CTAaTUYECKUM U JUHAMHYECKUM, TEXHUYECKUM,
APraTU4eCKUM U OPraHU3allMOHHBIM CUCTEMaM.

7. OxapakTepusyiWTe Makpo- M MHUKpPO- IMOAXOJbl MpPH OMNHCAHUU CIIONKHOU
SHEPreTUYECKON CUCTEMBI.

8. IlpencraBpTe W TPOKOMMEHTHPYHTE OOOOIICHHBI aJrOPUTM CHCTEMHOTO
aHanIu3a.

9. JlaiiTe ompeaeneHue CTPYKTYpbl CHCTEMBI. PaccCMOTpHUTE Ha MpPUMEpPE CETEBYIO
CTPYKTYPY CUCTEMBI.

10. [latiTe ompeneneHue CTPYKTypbl cHUCTEeMBl. PaccmoTpure Ha mpuMepe
UEPAPXUUYECKYIO (MHOTOYPOBHEBYIO) CTPYKTYPY CUCTEMBI.

11. JlaiiTe  ompeneneHre TOHATHIO «COCTOSIHME cucTeMbl». Hanummre u
MIPOKOMMEHTUPYHTE 00111€€ MATEMAaTUYECKOE BbIPAKEHNE COCTOSIHUS CUCTEMBI.

12. TlpeacTtaBpTe CHCTEMY, COCTOSIIIYIO M3 KOHKPETHOTO YHCIA JJIEMEHTOB, M
HaIMIIUTE MATEMATUYECKOE BBIPAKEHUE COCTOSIHUSI 3TON CUCTEMBI.

13. JlaiiTe ompeneneHue MOHATHIO «(PYHKIIMOHHUPOBAHUE CUCTEMBD», M300pazute u
POKOMMEHTHPYITE (Pa30BYI0 TPACKTOPHIO €€ IBUKEHUSI.

14. TlpuBeaute npuMep (PYHKIIMOHUPOBAHUS IHEPTETUUECKON CHUCTEMBI, COCTOSIIEH
HE MEHEe YeM U3 TPEX MOJCUCTEM WJIU JIEMEHTOB.

15. HazoBure u  fgailTe  XapakTepUCTUKY  pekuMaM  (QYHKUHOHUPOBAHUS
DHEPreTHYecKkux  cucreMm.  [IpokomMmeHTHpyHTE  peXuMbl  (PYHKIIMOHMPOBAHUS
AJIEKTPOMEXAHUYECKON CUCTEMBI.

16. Ilpoananusupyiite MEePEXO0/IHbIC PEKUMBI (GYyHKIIMOHUPOBAHUS
ANEKTPOMEXAHUYECKON CUCTEMBI (CUCTEMBI AJIEKTPONPUBOAA).

17. llpoananu3upyite TMEpEeXOMHON pEeKUM pabOThl  DIEKTPOHATPEBATEIHLHOMN
CUCTEMBI.

18. Jlaiite oOmee omnpexaenenue wmonaenu. Oxapakrtepuszyite Qusnyeckue u
a0CTpaKTHBIC MOJICTTU CUCTEM.

19. Jlaiite = ompeneneHue MaTEeMaTUYECKOM MOJAEIM W TOPUBEAUTE MpPUMEP
MaTeMaTUYECKOr0 MOAECIUPOBAHUS FIEKTPUUECKON LIETIH.
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20. JlaiiTe onpeneneHre MOJCIUPYIOLIEMY aITOPUTMY U MPUBEAUTE MPUMEPHI TAKUX
QJITOPUTMOB.

21. IlpencraBpTe ¥ NPOKOMMEHTHPYMTE  MaTeMAaTU4YeCKyld  MOJEIb U
MOJICIMPYIOIIMNA aJITOPUTM aHAJIM3a JUHAMUYECKOTO pPEKUMa 3JIEKTpOHArpeBaTEIIbHOM
CUCTEMBI.

22. Ilpoananu3upyiite  pe3ylbTaThl  MOJCIMPOBAHHS  JIIEKTPOHArpeBaTEIbLHOU
CUCTEMBI.

23. JlaliTe =~ XapaKTepUCTHKYy  CEPBHCHOMY  IIEHTPY TI0  OOCIYXHBaHHUIO
HHEPreTUUECKOro 000pyI0BaHus, Kak CUCTEMbI MaccoBoro oociayxuBanus (CMO).

24. IIpoKOMMEHTUPYUTE OCHOBHBIE ONPEJEIICHUS TEOPUU MACCOBOTO OOCITYKMBaHMUS.

25. IlpencraBpTe 00001IEHHYIO CTPYKTYpY Moaenn CMO u npoKkOMMEHTUPYHTE ee.

26. [Ipoananu3upyiite Mojaens (GYHKIIMOHUPOBAHHUSI CEPBUCHOTO IIEHTpa IO
00CITy’>KUBaHUIO CUIJIOBOTO 3JiekTpoobopyaoBanus (CI0).

27. Ilpoananu3upyiite Moenb oociyxkuBanus equHUIB COO B CEpBUCHOM LIEHTPE.

28. Uem 3aBepmiaeTcsi TPOIECC MOACITUPOBAHUS  CEPBUCHOTO IIEHTpa IO
ob6cnyxuBanuo CO0?

29. ChopmynupyiTe TEXHHUKO-DKOHOMHUYECKHE TpeOOBaHUS K HHEPreTUYECKUM
CUCTEMaM.

30. Ha3oBuTe 1 0XapakTepu3ynTe METOIbI OMTUMU3AINHA YHEPTETHUECKUX CHCTEM.
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