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BBEJAEHHUE

B coBpeMEHHBIX YCIOBHUSIX MArUCTPhl pa3WYHbIX Tpoduieit u
HaIlpaBJICHUH NESITEIHPHOCTH, B TOM YHUCJIEe U paboTaroIue B chepe IHEPreTUKH
U DHEPrOTEXHOJOTHUM, JOJKHBI 00J1alaTh CUCTEMHBIM MBbIIUIeHHEM. be3 Hero
HEBO3MOKHO IrPaMOTHO OCYIIIECTBIATH OLIEHKY 3¢ heKTUBHOCTH
(YHKIIMOHUPOBAHMS CJIOXKHBIX DHEPIeTHUYECKUX M DHEPrOTEXHOJOTHYECKUX
cucTeM, pazpabaTbiBaTh MojeId U (HOPMUPOBATh ONTUMAIbHBIE AJITOPUTMBI
yIpaBJIEHUS STUMH CUCTEMaMHU.

B Hactosmem y4deOHOM TOCOOWMH TPEICTaBICHBI OCHOBHBIC TOHSITHS M
OTpeNIeTICHNs TECOPUM CJIOKHBIX CHUCTEM, JaH OOIMMA TOAXOJ K H3YUYCHHUIO
npoiieccoB (yHKIMOHUPOBaHMS cucTeM. [IpoBeneHa knaccudukamus cUCTEM
0 Pa3IMYHBIM MPU3HAKaM. PaccMOTpeHbl 0COOCHHOCTH M OCHOBHBIE CBOMCTBA
SHEpreTrudeckux cucrteM. Jlanbel omnpeneneHuss GyHKIHMOHHUPOBAHUIO U
Pa3BUTHIO CHUCTEM  DHEProoOECIEUeHHs, PACCMOTPEHBI  PEXKUMBI X
¢byHKIIMOHUpOBaHK. PaccMOTpeHbI 3a1a4i MOJICTMPOBAHUS, KaK BaKHEHUIIIETO
METO/la aHaIN3a SHEPTEeTUYECKUX U dHEProTexHojornyeckux cuctem. Ocobdoe
BHUMAaHHUE VYACJICHO MOJICIUPOBAHUIO HHEPrOTEXHOJIOTHYECKUX TMOTOYHBIX
JUHUA HW CHCTEM MacCcoBOTO OOCTy)KMBaHUS, IIOCKOJIbKY OHH HAaIUIA
JOCTaTOYHO HIMPOKOE MPUMEHEHHE B DHEPreThuueckoil oTpaciu. B mocobuu
chOpMyJIUPOBAaHBl  TEXHUKO-JKOHOMHUYECKHE TpeOOBaHHUA K CHCTEMaM
APHEProoOCeCIeUCHUST  TPEANPUITHH, PACCMOTPEHBI  OCHOBHBIC  METOJBI
ONTHUMU3AIMU OTUX CHUCTEM, B TOM UHCI€ U BEPOSITHOCTHBIC, C
WCIIOJIb30BaHUEM KOHKPETHBIX TPUMEPOB.

Kommnerenun oOyuyaromerocsi, ¢GopMUpyeMble B pPe3yibTaTe OCBOCHHS
MaTepHuajoB JAHHOTO y4eOHOTO MOCOOUS:

— FOTOBHOCTh  JISCTBOBaTh B HECTAHJAPTHBIX CHUTYallUsIX, HECTH

COIIMAIBHYI0 U JITHUYECKYIO OTBETCTBEHHOCTHh 3a MPHUHATHIE PEIICHUS

(OK-2);

— TOTOBHOCTh ~ PYKOBOJUTH  KOJUIGKTUBOM B  cdepe  cBoei
npodeccuoHaIbHOM  NEATENbHOCTH,  TOJEPAHTHO  BOCIpPUHUMAs
COLIMANIbHBIC, ITHUECKHE, KOH(PECCUOHAIBHBIC U KYJIbTYPHBIC Pa3TUUIMS
(OIIK-2);

— CIIOCOOHOCTD CaMOCTOSITEILHO npuoOpeTraThb C MOMOIIIBIO

WH(POPMAIIMOHHBIX TEXHOJOTUM W HCMOJIb30BaTh B IPAKTHYECKOU
JeATEIBHOCTH HOBBIC 3HaHUSA U yMeHwus (OIIK-3);
— CMOCOOHOCTh M TOTOBHOCTh OPraHU30BBIBaTh Ha mnpennpustusx AITK
BBICOKOITPOU3BOJIUTEIBLHOE HCIIOJIb30BAaHUE U  HAJECKHYIO paldoTy
CHOXHBIX TEXHUYECKHMX CHUCTEM JUIsi TPOU3BOJICTBA, XPaHCHUS,



TPaHCTIOPTUPOBKHU U MEePBUYHOM nepepadoTKH MPOAYKITUU
pacTeHUEBOACTBA M KkuBoTHOBOACTBA (I1K-1);

— CMOCOOHOCTh M TOTOBHOCTh TIPUMEHSTH 3HAHHUS O COBPEMEHHBIX
MeTonax uccienoBanui (ITK-4).

ABTOp TOCTaBWI Tiepes coOOM 3aady — U3JIOKUTh B JAHHOM IOCOOMU
OCHOBBI COBPEMEHHBIX 3HAHUM IO CHUCTEMHOMY aHajlu3y B DJHEPreTHKE,
MO3BOJIAIONINE OYyIyIIMM MarucTpam MpUOOPECTH HABBIKM JETaIbHOTO
M3YyUYCHUSI W KOPPEKTHOM  OIEHKH  3(PPEeKTUBHOCTH  MPOIECCOB
(YHKIIMOHUPOBAHUSL CJIOKHBIX CHCTEM DHEProoOEeCreueHus. ITU HaBBIKU
MO3BOJIAT OOYYAIOMIMMCS OCYIIECTBIISITh PEKOHCTPYKIHUIO CYIIECTBYIOIIUX U
MIPOEKTUPOBAHUE HOBBIX, 00JIE€€ COBEPILICHHBIX CUCTEM.



1. CYIIHOCTBH CUCTEMHOI'O IOAXOJA K AHAJIN3Y
SHEPI'OOBECHEYEHUA NPEJNPUATUI

1.1. Ilpeonpusamue KaK c1oxcHan op2anu3ayUoHHaAA CUCHEMA

Haunem ¢ omnpeneneHuss cUCTEMBbI, KAK OCHOBHOT'O TOHSTHS CHUCTEMHOTO
ananu3a. Cucmema TpeNCTaBISIET COOOW  ONpeNeIeHHOE MHOMXECTBO
B3aMMOCBSI3aHHBIX W  B3aUMOJICHCTBYIOIIIUX MEXIYy COOOM 3JIEMEHTOB,
MPEIHA3HAYEHHOE [JI1 JOCTHIKEHUS ONPENCICHHBIX UEIe W PEUICHUS
ITOCTABJICHHBIX 3a/1a4.

Ilon sremenmom TOHMMAETCsl HEAEAMMAas COCTaBHAs YacTh CIOKHOTO
LIEJIOT0, B HAIIEM CJIy4Yae CHCTEeMbl. HememumocTp »3JIeMEeHTa NOHATHE
OTHOCHUTEJIBHOE, OHO 3aBUCHUT OT IIyOWHBI UCCIIEAOBAHUS CAMOW CUCTEMBI.

[IpumMepoM CHUCTEMBI MOXET OBITh JJIEKTPONPHUBOJ BEHTUJIAIIMOHHOMN
YCTAaHOBKH, a 3JICMCHTOM (HEJCTUMON €ro 4acThio) — DJICKTPOJBHTraTelb. B
CBOIO OYepedb OJJCKTPOABUTATENh CaM TMPEJACTaBISIET COOOW CIIOXKHYIO
DNEKTPOMEXAHUYECKYI0 CHCTEMY, COCTOAIIYK) W3 MHOYKECTBA 3JIJIEMEHTOB
(craTopa, poTopa, Baja u T.1.).

OO6mwmit Bua J1000M CUCTEMBI, B TOM YHCIIE M OPraHU3AIMOHHOM, KaKOBOMH
ABJISIETCSL TIPEANPUATHE, TpadUueCKh MOXKHO TMPEICTaBUTh CIEAYIOIIUM
obpazom (pucyHok 1.1).

NPEAIIPUATHUE
(cnoxHass opraHu3alUOHHAS cUcTeMa)
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Pucynok 1.1 — OOmmuii BUA MpEeANPHUSITHS KaK CUCTEMBI

IIpencraBiieHHas cucremMa COCTOUT U3 N JEMEHTOB, CTPEJIKAMHU MOKa3aHbI
CBSI3M MEXKIY DOIEMEHTaMU. OJEMEHTAMHU MPOMBIIUIEHHOTO MPEINPUATHS
MOTYT OBITh, HallpUMep, IieXa Pa3IuyHOTO MPOU3BOJCTBEHHOTO HAa3HAYCHUAI.



MexsneMeHTHbIE  CBA3M  MOTYT  OBITb  mpAMbIMU U 0OPAMHBIMU,
OOHOCMOPOHHUMU W 08YCMOPOHHUMU (83aumHbiMu). TIpsiMble CBSI3U HMMEIOT
HaIpaBJIEHUE OT «BXOJa» K «BBIXOAY» CHCTEMBI, OOpaTHBIE OT «BBIXOAA» K
«BXOJIY».

| — MOPSAAKOBBIM HOMEp 3JIEMEHTa CUCTeMbI: 1 =1, 2, ..., N,

B oOmeM ciydae CBsS3M B CHCTEME IMPEACTABIISIOT COOON HEKOTOpPHIS
uH(pOpMallMOHHBIE,  DHEPTETHUYECKHE U JOKYMEHTAJIbHBbICE  IOTOKH,
MpEeHAa3HAYEHHbBIC I PUHATHS U KOOPAUHALMY YIIPABICHYECKUX PEIICHUN.

B cucreme, npeacrasiennoit Ha puc. 1.1 mexnay snementamu 1 u 2, 2 u 3
— IBYCTOPOHHHUE CBSI3U, MEXKy dJIeMeHTaMu 2 U 4, 2 1 5 — OTHOCTOPOHHMUE.

OcHOBHBIMU (PYHKIIUSIMU OOPATHBIX CBSI3EH SBISIOTCS:

— MPOTUBOJCHCTBUE TOMY, UTO JE€JaeT camMa CHUCTeMa, Korjga ee
napaMeTpbl BBIXOASAT 3a YCTAHOBJIEHHBIE MpeAesbl (Hampumep,
pearupoBaHue HA CHIDKEHUE HAJIE)KHOCTH SHEProodecreyeHus);

— KOMIICHCAIMsl BO3MYIIEHUN W TMOJJEPkKAHUE COCTOSIHUS YCTOMUYMBOTO
paBHOBECHs  CHUCTEMbl  (Hampumep,  HEMoJIaAKu B pabote
HSHEPreTUUYECKOTO 000PYI0BaHUA);

— (opMupoBaHHUE YMPABISIONIMX BO3JICUCTBUM Ha OOBEKT yIpaBIICHUS
MIpU PE3KOM M3MEHECHHMH XapaKTepa MpsiMON CBsA3U (HampuMep, BHECEHUE
U3MEHEHUN B MPOU3BOACTBEHHBIN MPOIECC BCIEICTBUE YCTAHOBJIEHUS
00Jiee BRICOKOM 1IE€HbI HA SHEPTOHOCHUTEIHN ).

JIro0ast cuctemMa MMEET «BXOI» M «BBIXOI», GHYMPEHHIOIO U GHEUHIOH
cpeny.

Buympennsa cpeoa cuctembl — 3TO BCE TO, YTO HAXOAUTHCS BHYTPU CaMOM
cuctembl. OHa o0ecreuynBaeT B3aWMOJICCTBUE MEXAY  OTIACIbHBIMU
AJIeMEHTaMu U POpMUPYET cmpyKkmypy CUCTEMBI.

B o0OmeM ciydae, BHYTpEHHHUE DJJIEMEHTHI CHCTEMBbI B3aUMOJICHCTBYS
MEXIy CO0OH [arT WJIM HE Mal0T CHUCTEME BO3MOXHOCTh A()PEKTUBHO
paboTars.

CTpyKTypa CUCTEMBI MIPEJCTABISAET COO0M COBOKYITHOCTh HEOOXOIUMBIX U
JOCTATOYHBIX JIJIs TOCTHXKEHUS 1IEJIA CBA3EH MEXTY dJIEMEHTAMH.

«Bxo0» cucTeMsl NpeacTaBiisieT cO000 COBOKYITHOCTh BXOJIHBIX PECYPCOB,
o0ecneunBarolnX npoyecc QYHKYUOHUPOBAHUsT CUCTEMBbI. Pecypchl MOryT
OBITh MamepuanbHuIMu, QUHAHCOBLIMU, MPYOOBbIMU, UHMENIEKMYANbHbIMU,
Hep2emuyecKUMU U UHHOPMAYUOHHBIMU.

«Bvixoo» cucTemMbl TpEACTaBISIET pPe3yabTarT e¢  (YHKIIMOHUPOBAHUS
(0oObeM BBIMyCKAa MPOAYKIIMH, DHEPrOoO0ECIEUeHHOCTh TEXHOJIOTHUYECKUX



MPOIIECCOB, dJKOHOMHUYECKass dS(PGEKTUBHOCTb MNPEANPUATHS, TOBBIIICHNUE
KBaJIM(UKAIIMY YHEPTETHUSCKOTO TIepCcoHalIa U T.1.).

O0o001as BelllIECKa3aHHOE, JII000€ npeonpusmue MOKHO MPEJICTABUTh KaK
CJIO’KHYIO OpPTaHM3alMOHHYIO CUCTEMY, MTPeoOpa3yoIIy0 BXOIHbIE PECYPCHI B
MOJIE3HYIO MPOAYKIIUIO UJIU YCIYTH.

Buewnsia cpeda cucteMbl — 3TO BCE, YTO HAXOJUTHCS 32 €€ MpejesiaMu U
MpeACTaBIsieT COOOM COBOKYMHOCTh APYTMX CHUCTEM, OKa3bIBAIOLIUX BIIMSHUE
Ha mponecc (YHKIIMOHUPOBAHUS paccMmaTpuBaeMol cucteMmbl. [lo cremenu
BIWSHUS HAa JaHHYI0 CHCTEMY pa3JIMYalOT BHEHIHIOI Cpeay MpsSIMOTo Hu
KOCBEHHOTO BO3JIEHCTBUS (MHUKpocpeay H Makpocpeny). JliobGas cucrema,
B3aMMO/JICUCTBYIONIAsl C BHEUIHEW CpeNod, HOCUT Ha3BAHUE OMKPbIMOU
cucmembi.

Hanpumep, crpana Poccust — 310 cucteMa, BHELIHEW CPenou i KOTOPOU
ABJISIFOTCSL BCE OCTaJbHbIE CTpaHbl MHpa. Pa3BUTHE BHEWMIHEH Cpejbl
MOATAJIKUBAET CaMy CUCTEMY K Pa3BUTHIO.

B coorBercTBUM ¢ wmMeromiciics kiaccudukanuen [7], npeonpusmue
Makxice MOJICHO OMHecCmu K OMKPbImMOU NpOoUu300CMBEHHOU cucmeme,
XapaKTEPU3YIOIIENUCd  B3aUMOJECHMCTBUEM  C  BHEIIHEWM  Cpelod W
YAOBJIETBOPEHUEM TMOTPEOHOCTEH € TOMOIIBIO MPOU3BOAMMBIX TOBapOB U
YCIHYT.

Buemusas wMukpocpena Jr000To MPEANpPUSITHS, HE3aBUCUMO OT €ro
(YHKIIMOHAILHOW  HANpaBJIEHHOCTH, BKJIIOYAeT B Ce0S MOCTABIIHMKOB,
MOTpeOuTENE, KOHKYPEHTOB, BHEIIHSAS Makpocpela — SKOHOMHUYECKOE
COCTOSTHUE CTpaHbl WJIM PETHOHa, HAy4YHO-TEXHUYECKUN YPOBEHb OTpACIIH,
YpPOBEHBb 0€3pa0OTHUIIBI U T.JI.

[Ipennpusitue ynoBIETBOPSET CBOM MNOTPEOHOCTH, uepras pa3IuYHbIC
pecypcel M3 BHEIIHEW cpeabl (MartepuanbHble, (UHAHCOBBIC, JIIOJCKUE,
AHEPreTUYecKue, MHPOPMAIIUOHHBIE U JIP.).

OO6mwmit BUjJ cUCTEMBI, MOKa3aHHBIM Ha pucyHke 1.1, mpencraBiser 1o
CYTH JIela €€ CIPYKMYPHYIO CXeM) .

Kpome »51eMEHTOB MOMXKHO BBIJEIUTh HEKOTOPHIE YAaCTH CHCTEMBI,
COCTOSIIITUX 00JIee YeM U3 OJIHOTO DJIEMEHTA, T.€. U3 HEKOTOPOW COBOKYITHOCTHU
AJIEMEHTOB. JTH YacCTH CHUCTEMBI Ha3bIBAIOTCS noocucmemamu. Hampumep,
aneMeHThl cucteMbl 1, 2, 3, 4 u 5 (pucyHok 1.1) MOXXHO OOBETUHUTHL B JIBE
MIOJICUCTEMBI (PUCYHOK 1.2).

ITo cBoemMy (PyHKIIMOHATHPHOMY HA3HAYEHUIO CHUCTEMBI IMOJPa3ACIISIOTCS
Ha: SKOHOMHUYECKHUE, COI[MAJIbHO-?KOHOMUYECKHE, MOJIMTUYECKUE,
TEXHOJIOTMYECKHE, SHEPreTHUECKUE, UHPOPMAIITMOHHBIEC, OMOJIOTUYECKHUE U JIP.
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Pucynoxk 1.2 — YacTb cuctemsl, COCTOSMIAS U3 IBYX MOJICUCTEM

Ecnu B KauecTBe CHCTEMBI PACCMOTPETh dHEprocucremy JIeHHMHrpaIcKon
00JIaCTH U MNPEAINOJI0KUTh, YTO HEACIMMBIMU 4YacTsIMM (JIEMEHTaMM), B HEH
ABJISIIOTCSL  TpaHC(OPMATOPHBIE TMOACTAHIMM UM COCAUHSAIONIME WX JIUHUU
anektponepenauu (JISII), To moacucremamu 1 u 2 Ha pucyHke 1.2 MOryT OBITH
HSHEPrOCUCTEMBI IBYX PalOHOB JICHMHTpaJACKOW 00IacTH.

Ecnu uexa mnpeanpusaruss TpeACTaBUTh B BHJE €ro MOACUCTEM, TO
AJIEMEHTaMU 3TUX MOJCUCTEM MOTYT ObITh SHEPrOTEXHOJIOTNYECKUE TTOTOUHbBIE
muaun (DTJI), pacnionokeHHbIE HA TEPPUTOPUSX ITUX LEXOB. Bmecrte ¢ Tewm,
OTJI caMu 1o cebe SIBJISTFOTCS IOCTATOYHO CIIOKHBIMHU
HSHEPrOTEXHOJOTMYECKUMH CUCTEMaMHU, BKIIIOYAIOIMIMMU B c€0sl pa3yinuHbIC
THUIIBI 000PYIOBAHUSI.

[IpuHsB 3a cCUCTEMY PHEPreTUUECKOE XO3SUCTBO JIFOOOTO MPEANPUITHUSI, €€
MOJACUCTEMAaMU MOTYT OBITh:

1. COBOKYITHOCTh YHEPTETUYECKOTO U DHEProTeXHOJOTHYECKOTO
000pyI0BaHMUS;

2. TIepCOHAJ SHEPTETUUECKON CITYKOBI.

BrimmieHa3BaHHbIE TIOACHUCTEMBI HAaXOIATCS MEXAY €000l B TECHOM
B3aUMOJICHCTBUM, TIPUYEM BTOpas SBIAETCS OOCITy>KUBAIOLEH, a mepBas —
00CTy’)KUBaEMOM.
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DHEPreTu4ecKoe
XO034KUCTBO NMPEATIPUATHS

Y A 4

1. DHepreTuyeckoe u 2. Tlepconan
SHEPrOTEXHOJOTUIECKOE JHEPreTHYECKON
obopynoBaHue CITyKOBI

Pucynok 1.3 — CTpykTypa 3HEpreTHYeCcKOro X03HCcTBa

DJleMEeHTaMH NEPBOM MOJCUCTEMBI SIBIIIOTCS OTJEIbHBIE SHEPreTUUYECKUE
YCTAHOBKHU, 00€CTIEYMBAIOIINE TEXHOJOTMYECKHUE MPOLIECChl HA MPEANPUITHH,
AJEMEHTaMU  BTOPOM  MOJCUCTEMBI  —  OTJEJIbHBIE  CHEHHAIUCTHI
HHEPTETHYECKOTO MPOUIIS.

CucrteMbl, TpeACTaBICHHbIE B MEPBOM W BO BTOPOM MPHUMEPE MOXKHO
OTHECTH K KJIaccy norpeoutenbckux sneprocuctem (I15C).

Ctporo  TOBOpsl, DHEProCHUCTEMA  CTpaHbl WJIM  PErMoHa IO
(GyHKITMOHAJIBHBIM TPU3HAKaM MOXKET OBITh pa3/ielieHa Ha TPU IMOJCUCTEMBI:
r€HEPHUPYIOIIYI0, IEPEAAIOIIYIO U PaCIPEAETUTENbHYI0, TOTPEOUTEIBCKYIO.

B  npuBeneHHbIX ~ mpuUMeEpax ~ SHEPreTUYECKWE  YCTAHOBKM U
TpaHcopMaTOpHbIE MOACTAHIIUM, 0003HAYEHHBIC KAaK AJIEMEHTHI CUCTEMBI, B
CBOIO OYEpedb SABJISIOTCS JIOCTATOYHO CIIOXKHBIMH cuctemMaMu. Hampuwmep,
CUCTEMa aBTOMATHU3MPOBAHHOTO BJIEKTPONPHUBOJA, KaK Pa3HOBUIHOCTH
DHEPreTUYECKUX YCTAHOBOK, SIBISETCS CJOKHONW TEXHMYECKOW CHUCTEMOMU
COCTOSIIIEM M3 JIaTYUKOB, YCHIIMTENEH, MpeoOpa3zoBaTeiel, SIEKTPUUYECKUX
MamuH U T.4. Kak yxe OblJI0 CKa3aHO paHee, SJIEKTPUUECKYIO0 MAIIMHY TaKKe
MOHO paccMaTpuBaTh W KaK »JJEMEHT CHCTEMBbl »JJEKTponpuBoAa (ee
HEJICTMMYIO 4acCTh), TaK U KaK CJIOKHYI0 TEXHHUYECKYIO CUCTEMY, COCTOSIIYIO
U3 cTaTopa, poTopa, Bajia u T.1.

[TonBos UTOT BBIIIECKA3aHHOMY, HEOOXOMMO BBECTH TOHATHE «)POBEHD
oexomnosuyuuy. Ilog agekoMmo3unuend ciaeayeTr IOHUMaTh pa3JeieHue
CHUCTEMBbI Ha COCTaBHBIC YacTH (MOJCUCTEMBI U DJIEMEHTHI), U MOCIEAYIOIIee
M3YUYCHHE 3THX YacTeW C IEJIbIO0 BBISABICHUS UX BIUSHUA Ha 3(PGHEKTHBHOCTH
(GYHKIIMOHUPOBAHMSI CHCTEMBI B 11e10M [1, 4].

Yposenv Oexomnosuyuu omnpeAenseT TOT Mpeles, HUKE KOTOPOTo
JanbHEHIIee pa3iesieHe CUCTEMbI Ha 3JIEMEHTapHbIE YaCTH HEIEIeco00pa3Ho
B paMKax pelIeHusi MNocTaBlieHHOW 3agaun. Hampumep, nns oOecrnedeHus
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MPEANPUATHS  HEOOXOAMMOM  AJICKTPUYECKOM MOIIMHOCTBIO COBCEM  HE
00s13aTeIbHO 3HATh KOHCTPYKTHUBHBIEC 0COOECHHOCTH MMUTAIOLIETO
TpaHchopmaTopa, a Ipu pelIeHUH 3a7ad HaJACKHOCTH YHEProo0eCIIeUeHUs 3TH
3HAHMUS BaKHBI.

IIponiecc MEKOMITO3UIMU SIBISETCS HEOTHEMJIIEMOM 4YaCThlO CHUCTEMHOTO
aHaJIm3a.

1.2. Cywgnocms, yenu u 3a0auu cucmemHo20 AHANU3A 8 IHEP2EMUYECKOTU
chepe

[log cucmemuvim ananuzom TPUHATO TOHUMATH LEJIEHANPABICHHOE
KOMIUIEKCHOE HCCIIEIOBAHUE CIIOXKHBIX CHCTEM C IENbI0 OMNpPEACICHUs
HalpaBJI€HUW, MYyTEl COBEPIICHCTBOBAHUS W pead3alllMd  IPOLECCOB,
MPOTEKAIOIUX B CHUCTEME, BBIPAOOTKY HOBBIX MPHUHIIUIIOB TOBBIIICHUS
KayecTBa pemiaeMbix 3agad [8]. DTo ompeneiieHWe B TOJHOM 0O0beMe
CIIPaBEeIMBO U JJI MPOIECCOB YHEPTO00ECIICUEHUS MPENTPUATH].

JIs ucYepmbIBAIONIETO0 MPEACTaBICHUS CUCTEMbI JHEProoOecreueHus
HEOOXOJUMO COBMECTHOE HCIIONIb30BAHUE MAKPO- U  MUKPONOOX0008,
OMUCHIBAIOIIEE BHEITHUE U BHYTPEHHHUE B3aUMO/JICUCTBUS B CUCTEME.

[Ipu makponooxooe aHanmu3UpPyeTCs MOBEICHUE CHUCTEMbl KaK €IMHOTO
LIEJIOTO MO0 OTHOLICHUIO K BHEIIHEHW cpefe. B 3ToM ciiydyae npu aHaiinsze
IJIaBHBIMH (DAKTOpPAMHU SIBJISIIOTCS [I€JIEBOE Ha3HAUYECHUE, 3aJladyd U YCIIOBUS €€
(GYyHKITMOHUPOBAHMUS, KpUTEPUU 3 PeKTUBHOCTH, HaKJ1aJbIBaEMbIC
OTpaHUYECHUSI HA €€ TO0Ka3aTelid KayecTBa. OIJTOT IMOJIXOJ CBOIUTHCS K
OTMMCAHMIO CBSI3U «BXOJ — BBIXO/» CUCTEMbI U HE COJAEPKUT HUKAKUX CBEICHUN
O BHYTPEHHEM MEXaHM3ME€ IpeoOpa3oBaHUs TEPEMEHHBIX VYIIPABICHUS B
MEepEeMEHHbIE COCTOSIHUS. [IpUMEHUTENBbHO K CHCTEME HHEpProoOecreyeHus
3IECh peUb UJAET O HAJIE)KHOCTH PHEProoOECIeUeHUs, KaueCTBE MOCTABISIEMON
SHEPruu, ya00CTBE 00CTYKMBAHHS U PEMOHTA 000PY/I0BaHUSA U T.]I.

Mukponooxo0 OCHOBaH Ha BHYTPEHHEM KOMIUIEKCHOM OMNUCAHUU
CHUCTEMBI, OIPEACISIIONIUM BHYTPEHHEE COCTOSIHHE CHCTeMbl. [lpu sToM
OpeaMeTOM  JIeTaJIbHOTO UCCIICIOBAHUS CTAHOBSTCA  BHYTPEHHUE
XapaKTePUCTUKU CUCTEMBI — B3aUMOJICHCTBHUE MOJCUCTEM U SJIEMEHTOB MEXKITY
coboi M ycCloBUU HX (PYHKIIMOHUPOBAHHS. MHUKPOMOAXOJ MpEearnoaraet
UCCIIEIOBAHHUE U TTOCTPOCHHUE BEIOPAHHON CTPYKTYPHI, U €€ pealu3allfio B BUJIC
TEXHUYECKUX CpPEACTB, NPUAAIOIMMNX cUcTeMe TpeOyembie KadecTBa. K
MHUKPOTIOIXOJy B JHEPreTUUEeCKON cdepe MOKHO OTHECTH COTJIACOBAHHOCTH
MapaMeTPOB MUTAOMIEW CETH MOIIHOCTSIM SHEPreTUYECKUX YCTAHOBOK, a MX
MOITHOCTEN — TPEOOBAHUSAM TEXHOJIOTMYECKOTO IMpolecca.
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0060011125 BBIIIECKA3aHHOE MOKHO CAEJATh BBIBOJI O TOM, YTO CUCTEMHBIH
aHaJM3 HampaBJ€H Ha OLICHKY 3()PPEKTUBHOCTH (PYHKIIMOHUPOBAHUS CHUCTEMBbI
M0 Pa3IMYHBIM TOKa3aTessiM (KpuTepusM). B sHepreTuueckoit cepe Takumu
MOKa3aTeIsIMAU MOTYT OBITh: cmeneHb o0becneueHHOCmU HeoOX00UMbIMU
MOWHOCMAMU NPOU3800CMBEHHBIX npoyeccos, HAOEeHCHOCHb
9Hepeoobecneuenus, IHePeOeMKOCHb NPOOYVKYUU U M. O.

dopMupoBaHHE€ OCHOB 3HAHUN U METOJOJIOTHU TMPOBEIACHUS CUCTEMHBIX
UCCIIEAOBAaHUN MPUMEHUTEIBHO K DHEPTreTUYECKUM U YHEPTOTEXHOIOTHUYECKUM
CUCTEMaM M MPOLECCaM JIOCTUTAETCS PEUICHUEM CIEAYIOLIMX 3a1a4:

— W3YYCHHE CYIIHOCTH CHUCTEMHOIO TIOJIX0/Ja, OCHOBHBIX ITOJIOKCHUH
CUCTEMOJIOTUM ¥  OCHOBHBIX JTallOB IPOBEACHUS CHUCTEMHOIO
UCCIIeIOBaHus (aHAIM3a U CUHTE3a) B DHEPTETHKE;

— NMPUBHUTHE YMEHUN W HaBBIKOB METOJIOJIOTHU IPOBEIACHUS CHCTEMHOTO
aHalu3a U CUHTE3a;

— O3HaKOMJICHHE ¢ (HOPMaAIBHO-JIOTHYCCKUM aIllllapaToM H METOoAaMH
MOJICIIMPOBAHHMS TIPH MPOBEICHUN CUCTEMHOI'O aHAJIN3a;

— M3YYCHHE OCHOB HAyYHO-TEXHUYECKOTO TPOTHO3WPOBAHUS Pa3BUTHUS
YHEPTETHUECKUX M DHEPTOTEXHOJOTHIYECKUX 00BEKTOB KaK CUCTEM.

CucTeMHBIM aHaIW3 B DHEPreTMYECKOW cdepe OpraHuyYecKu CBs3aH C
psAIoM OOIIEHAYYHBIX JTUCIHUIUIMH M Oa3zupyeTcss Ha OOIIEH TEOpUH CHUCTEM,
TEOPUU  DJICKTPOTEXHUKH,  TEIJIOTEXHUKH,  YIPABJICHUSA, HOKOHOMUKH,
BBIYUCIUTEIBHOM TEXHUKU W CHEHHAIbHBIX SHEPrOTEXHUUYECKUX AUCIUTUINH
(3JIeKTpO-, TETI0- U ra3ocHa0KeHUH, SHEPTOTEXHOJIOTHH,
sHEprooOOpyAOBaHUM H 1p.). Kpome 3Toro, xapaxmepuou yepmot
CUCMEMHO20 AHAIU3A ABNAEmcsl mo, 4mo OH 0asupyemcsi Ha Memooo02uu
Mamemamuiecko20 u 9KCNEPUMEHMATIbHO2O MOOenUpoBamsl c
UCNONb308AHUEM  KOMNBIOMEPHLIX  UHGOPMAYUOHHBIX — mexHonoeuu. Jns
MOJIYYEHHS JOCTOBEPHBIX PE3YJIbTATOB aHAIN3a MOJICIIMPOBAHUE TOJIKHO OBITh
BEPOSATHOCTHBIM, T.€. JIOJDKHO YUYWUTHIBATh MHOTOYHUCJICHHBIC CIy4aliHbIE
(akTopHI.

CucmeMmHblll aHAIU3 8 IHep2emuKe — TEXHOJIOTHUSI CUCTEMHOTO MoJxoAa K
UCCIICIOBAHUIO AHEPreTUUECKUX M DHEPrOTEXHOJIOTMUYECKUX OOBEKTOB Kak
CHUCTEM.

B Hacrosimiee BpeMss B apceHale CUCTEMHOTO aHaau3a HaxOoHsT
MPUMEHEHUE CIIECYIONINE epynnbl Memooos:

1. AnanuTUyecKkne MeToAbl (TEOpHsi MHOXECTB, TpadoB, MaTpHII,

INPUHATUS PEIISHUH, NCCIIeOBAaHUS Onepaluii, *HPopMaIuy U T.1.).
2. DOBpPUCTUYECKOE MPOTrPaMMHUPOBAHHUE, OCHOBAHHOE Ha MPUHIUNAX
AKCIEPTHOM AEATEIIBHOCTH YEIOBEKA.
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3. UMmuTanimoHHoe MOJIeTMpOBaHUE (3aMeHa peadbHOM CHCTEMBI Ha €e
MCKYCCTBEHHYIO MO/JIEJIb U IPOBEAECHUE IKCIIEPUMEHTOB C HEM).

4. Metoabl uneHTudUKaIu 00beKkTa (IJIaHUPOBAHUE DKCIIEPUMEHTOB Ha
peaibHOM OOBEKTE).

OCOOEHHOCTBIO  HWCMOJIB30BAHUS  AHAIMUTHYECKUX  METOJOB  TIPH
MOJEIIMPOBAHUN CUCTEM COCTOUT B TOM, YTO OHY IPUMEHHUMBI TOJILKO B CJIy4ae
HEU3MCHHBIX  (DYHKIIMOHAJIBHBIX COOTHOIIEHWM OCHOBHBIX IIapaMETPOB
CHUCTEMBI B TEYCHUE PACCMATPUBAEMOI0 MIEPUOTA MOIEITUPOBAHYS.

JpyrumMu cioBamu, aHAUIMTHYECKUE METOAbI IMMPUMEHUMBI MPU HAJTUYUU
SIBHBIX 3aBUCUMOCTEN MEXKY YCIOBUSAMU PEIICHUS 3a7a4U U €€ pe3yJibTaTaMu
B BuC (hopMyJI, TpaUKOB, JOTHUYECKUX COOTHOIICHUU M AP. DTH 3aBUCUMOCTH
SBJISIFOTCSL TUIOBBIMH, OOBEKTUBHO CYILIECTBYIOIMIMMU U BbIPAOOTaHHBIMU
TEOpUEH M MPAKTUKONW B TeYEHHE MHOTrux JjerT. OOmui BUJ aHATUTUYECKOM
3aBHCHMOCTH, OTIMCHIBAIOIIEH Mporiecc (YYHKITMOHUPOBAHUS CHCTEMEL.

R(t) = Flx1(t), x5(t), ..., x,(t), a1 (), a5 (t), ..., am (B)], (1.1)
rae  R(t) — pe3yabTar QyHKIIMOHUPOBAHUS CHCTEMBI,

X1(t), Xo(t), ..., X,(t) — BXOHBIC BO3JICHCTBUS HAa CUCTEMY;

ay(t), (), ..., om(t) — mapaMeTpbl CUCTEMBI.

K uMuTaiimoHHOMy MOJETUPOBAHUIO OOpAIAOTCA MPU HCCICTOBAHUU
CIIOKHBIX CJIA0OCTPYKTYPUPOBAHHBIX CHUCTEM, B KOTOPBIX IPUCYTCTBYIOT
MPUYUHHO-CIIC/ICTBEHHBIE  CBA3W,  PA3JIUYHOTO  poOJila  HEJIUHEWHOCTH,
CTOXacTUUYECKHE (CilyyaliHbIe) IepEMEHHBIE.

DOBpUCTUYECKOE TMPOrpaMMHUpPOBaHUE Oa3WpyeTcsi Ha UCIOJb30BAHUU
WHTYUTUBHOTO METOJa — METOJa, PEIICHUS B KOTOPOM MOTYT BBITEKaTh W3
MPaKTUKU MPOILIbIX JCHCTBHI, KOTOpas cebs ompaBiaia B OOJBIIMHCTBE
CITy4aes.

Mertoapl uaeHTUGUKAINKU TpeanonaraloT (GOpMUPOBAHUE CIEIUATBHBIX
BO3JICHCTBHI (TECTOBBIX CUTHAJIOB), KAK HAa BXOJE MCCIIEAYEMOT0 O0OBEKTa, TaK
U Ha €T0 BBIXOJIe. DTO, B CBOIO OUYEPEh, TO3BOJISIET ONPEICIUTh ONTUMAIIBHYIO
B HEKOTOPOM CMBICII€ MOJIEb, TOCTPOEHHYIO MO PE3ybTaTaM HAOIIOJICHUS 3a
BXOJHBIMU W BBIXOJHBIMU MEPEMEHHBIMH OOBEKTa. Mcmosib30BaHME METOJI0B
UJECHTU(PUKAIUA TIO3BOJISIET CYHIECTBEHHO COKPAaTUTh BpPEMsSI U CTOUMOCTh
MPOBEICHUS IKCTIEPUMEHTOB.

DBPUCTUYECKHE METOABl U METOAbl MACHTU(DUKAIIUKA C YCIIEXOM MOTYT
ObITh KCIOJIb30BAHBI TOJBKO CHEHHUAIMCTAMU, WMEIOIUMHU OOJIBIIOW OIBIT
pabOThI MO UCCIEAOBAHUIO TE€X UJIM UHBIX CUCTEM.

OO6OOIIECHHBI aITOPUTM CHCTEMHOI'O aHalii3a COCTOUT U3 IIeCTH
B3aMMOCBSI3aHHBIX 3TarnoB (pucyHok 1.4). [10]
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1. Ob6cnenoBanue u a3 QYHKIIMOHUPOBAHUS
CHCTEMBI

y

2. ITocTaHoBKa 1ieNIel U 33724 TOBBIIICHUS
s exTrBHOCTH HYHKIIMOHUPOBAHUS CUCTEMBI

y

3. Bri6op kputepueB 3pPeKTUBHOCTH U
OCHOBHBIX ITOKa3aTesIen

y

4. dopmanu3anus U aIroOpUTMHU3AIMS 337129 U
MpoLeccOB PYHKIIMOHUPOBAHUS CHCTEMBbI

5. IlporpammupoBaHue U MOJEIMPOBAHUE 33/1a4
U TIPOIECCOB (DYHKITMOHUPOBAHUS CUCTEMBI

A\ 4

6. AHanu3 U OIIEHKa pe3yJIbTaToB

Pucynok 1.4 — O00O01IeHHBIN aITOPUTM CUCTEMHOT'O aHAIN3a

[IpokoMMEHTHpYEeM HEKOTOPHIC ATATIBI MPECTABIICHHOTO AJITOPUTMA.

Ha 3™ orame anropurMa IpOU3BOIUTCSA BHIOOP OOIIMX M YaCTHBIX
KpuTeprueB A(OPEKTUBHOCTH CHCTEM DJHEProCOSPeKCHUS NPEANPUITHH K
JaCTHBIM KPUTEpPUSIM B JIAaHHOM ClIydae CJIEAyeT OTHECTH HaIeKHOCTh
(yHKIIMOHUPOBAHMUS YHEPTETUUECKOTO U YHEPTOTEXHOJIOTUYECKOTO
0o00Opy/IOBaHMS W DSHEPrOEMKOCTh BBIMyCKaeMoW mpoaykuuu. OOmmmu
KpUTepUsIMH d(HPEKTHBHOCTH SIBJISIOTCS TaKME IKOHOMUYECKHUE KPUTEPHUH, KaK
qUCTask MPUOBLUIb OT peaIU3alliU MPOAYKIIMN U PEHTA0ETFHOCTh TIPOU3BOICTBA.

[Mox popManu3aiueil U aropuTMHU3ALKEN 3a1a4, OCYIIECTBIsSEMEIE Ha 4°
JTame IOHMMAeTCs TMPEACTaBICHHE HMX B BHJIE HEKOTOPHIX (hOpPMaTbHBIX
CUMBOJIOB (ITIOCTOSIHHBIX, TIEPEMEHHBIX, (OpPMYJ, MpaBui MPeoOpa3oBaHUs U
T.1.) 1 GOPMHUPOBAHHUE TTOPSIKA paOOTHI C STUMH CUMBOJIAMH.

Ha 5°" srame ocyluecTBiseTcs NpeacTaBleHHe pa3paboTaHHoro Ha 4°"
JTame ajJropuTMa C TMOMOIIBI0 KaKOTO-JTHOO SI3bIKa MPOTPAMMHUPOBAHUS U
MPOBEJICHUE PACUETOB ISl KOHKPETHBIX UCXOIHBIX JTAHHBIX.
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Pe3ynbTaThl CUCTEMHOrO aHajau3a IMO3BOJSIOT MEPEUTH K CUCMEMHOMY
cunmesy, T.C. pa3paboTke CJIOKHBIX ONTUMAJIBHBIX CUCTEM
ASHEProoOeCcHeyYeHus,  COCTOAIMX W3  MHOXKECTBA  aJIbTEPHATUBHBIX
KOHKYPHUPYIOIIUX 3JIEMEHTOB, CBS3EH U CTPYKTYP MPU HAIMYUU OMPEAEICHHON
nHpopMaIrmoHHON HeonpeaeneHHOCTU. [[oHsITHE «CUCTEMHBIN CHHTE3) WHOT 1A
3aMEHSIOT TIOHATHEM «cucmemHoe npoexmuposarnue». OCHOBHbLIM YenesbiM
Ha3HayeHuem  CUCMEeMH020 Nnoo0xo0ad K NpPOeKmupos8anulo  SIBISETCS
COKpalleHUE MepHoja MEXKAY MOMEHTOM BO3HHKHOBEHHS MOTPEOHOCTH B
CO3/IaHUU CUCTEMbI 1 MOMEHTOM BBOJIa €€ B IKCILTyaTaIluIo.

Kak mpaBuio, CUCTEMHBIN aHAIU3 BKIIOYACT B CEOSl u3yueHue CLOHCHbIX
cucmem, Ol KOMOPBIX Yeau U 3a0aqu yyice nocmaeienvl. B 3ToM cMbICiie OH
MPEJCTaBIsIET COOOW METOJO0JIOTHIO pEIIeHUs] MpoOJeM, OCHOBaHHYIO Ha
CTPYKTypu3zauuu cucteMm ((pOopMHUpPOBAHUE CTPYKTYp) U KOJUYECTBEHHOM
CpPaBHEHUU alIbTEPHATUB (BO3MOKHBIX BAPUAHTOB).

C TOUYKM 3pEHHUS CHUCTEMHOTO aHalu3a JHepeemuuecKue cucmembvl TI0
LEsIM M 3aiauaM MOJPa3eIISIOTCS HA mpuU OCHOBHbIE 2PYNnbl (Noocucmemsl)
[10]:

— anepeoucmounuku (npeobpazosamenu suepeuu), K KOTOPBIM MOKHO

otHectu I'DC, TOC, ADCurt.n.;
— sHepeompancnopm  (3Hepeocemu), HAIpUMEp  DIICKTPUUYECKHE U
TEIUIOBBIE CETH, TOpsUEe BOJOCHAOKEHUE U T.]I.;

— nompeoumenvcKue dHep2onpeoopaszoeamenu, KOTOpble BXOJAT B COCTaB
TEXHOJOTMYECKOT0 000PYAOBaHUs, TEM CaMbIM O0€CTIeUrBasi MPOIIECCHI
MPOU3BOJACTBA W/UIU NIEPEPa0OTKHU MPOAYKIUU.

[ToTpebutenbckue HSHEpromnpeodOpazoBaTed B JajbHEMIIEM Oyjaem
Ha3bIBaTh AHEPrOTEXHOJOTHYECKUMU CHUCTEMaMH. OKoHYaTENIBHO
KJIaCCU(PUKALIMIO DHEPIreTUUYECKUX CUCTEM MPEACTABUM B BUAE (PUCYHOK 1.5).

OHepreTu4ecKue
CHUCTEMBI
A A A
OHEpProTpaHcIopT DHEeproTexHoJ0rny
DHEProuCTOYHUKHU
(aHEproceTH) €CKHE CHCTEMBI

Pucynox 1.5 — Knaccudukanus sHEPreTHYeCKUX CUCTEM
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duepeomexuonocuueckoi 606azou 6 cghepe IHepeemuKku  SBIAIOTCSA
menyiodHepeemuyeckue YCmaHo8Ku U 31eKmpoobopyoosanue.

K TemnosHepreTHyeckuM YCTaHOBKAM OTHOCSATCS: KOTJIOArperarbl Jis
MIPOM3BOJICTBA TOPsYEH BOJBI U TIapa, TEIJIOTCHEPATOPHI AJI1 HarpeBa BO3AyXa,
paboTaroniye Ha MazyTe, IPUPOIHOM rase, yriie U IpYrux BUJax TOILIMUBA.

Pasznuuaror cnegyroniye BUAbI SIEKTPOOOOPYAOBAHUS: AIEKTPOIBUTATEINH,
AJIEKTPOHATPEBATENIM, OCBETUTEJbHBIE M  OOJIydaTelbHBIE  YCTAaHOBKH,
TpaHc(hOpMaTOphl, arapaTypa yrpaBieHUs U 3alUTHI U T.I.

OneHka pe3ynbTaToOB  aHajiM3a JHEPreTUYECKUX  CHCTEM  HOCHUT
KOMIUIEKCHBIM XapakTep, T.€. BKJIIOYaeT B ce0s OIEHKY BIUSHHUS Ha
3 PEeKTUBHOCTh X (DYHKIIMOHUPOBAHUS CUCTEMbI Kak ()aKTOPOB BHYTPEHHEH,
Tak M BHEIHeW cpenbl. Hampumep, abCOMIOTHO HalexHO pabdoTaroiue

OTPEeOUTEIIbCKUE SHEProIpeoOpa3oBaTEIN (9HEProTEXHOJOTHUCCKUE
CHCTEMBI) HE CMOTYT oOecmednTh d3PGEKTHBHOE dHEproodecreUcHre
TEXHOJOTHYCCKUX  TIPOIECCOB,  €CIM  IIOCTABIIMKH  J3HEPropecypcoB

(PHEPrOMCTOYHUKHU U YHEPTETHUECKHE CeTH) OynyT paboTath ¢ rnepedosimu.

1.3. Cmpykmypa cucmemuot IHep2oodecneuenusn u ee 6uobl

Cmpykmypa cucmemsl — 3TO COBOKYITHOCTb 3JIEMEHTOB CUCTEMbI U CBSI3EH
MEXI1y HUMHU.

CTpyKTypBI CHCTEMEBI MTOAPAa3ICISIOTCS Ha IBa OCHOBHBIX Buja [18]:

1. CeteBas cTpyKTYypa.
2. epapxuueckas CTpyKTypa.

Cemesas cmpykmypa WIN cemb TPEICTABISIET COOOM JEKOMIIO3ULUIO
(pa3ziesieHHe) CUCTEMBbl BO BpPEMEHH. Takue CTPYKTYpbl MOTYT OTOOpaKaTh
NOPAJIOK JIEUCTBUSI TEXHUYECKON cUCTeMBbI (TenedOoHHast CeTh, JIeKTpUIecKas
CeTh, TEIUIOBAsl CETh, KOMIBIOTEPHAs CEThb W T.I.), ATalbl ACSITEIbHOCTU
yesoBeka (Mpy MPOU3ZBOACTBE MPOAYKIMU — 3TO CETEeBOM rpaduk, mnpu
IPOEKTUPOBAHUU — CETEBAsi MOJIEIb, IIPH IJIAHUPOBAHUM — CETEBOM (1LI€JIEBOI)
IJIaH U T.[.).

CereByl0 CTPYKTypy Tpaduueckd MOKHO TMPEICTABUTH CIEAYIOIINM
oOpasom (pucyHok 1.6).
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Pucynok 1.6 — CereBasi cTpyKTypa CUCTEMBI

[Topsimok AeicTBUM B CTPYKTYpe 0003HAYUM KpyKKamMu ¢ HoMepamu (oT 1
no0 8). CTpykTypa BKJIIOYaeT B ceOsd 8 cOCTOSHUM (dTamoB ACATEIBHOCTH).
DneMeHT, 0003HauYalIUMid COCTOSHUE CHUCTEMbI B CETEBOM CTPYKTYype
Ha3piBaeTcs y3zrom. Crpenkamu 1-2, 1-3, ..., 7-8 o0003HAYUM MEPEXOIbI
CUCTEMBI U3 OJHOTO COCTOSIHUS B IPYTOE€.

CeTeBble CTPYKTYpbl HCHOJIB3YIOTCS B TEX CJydasX, KOrja CHUCTEMY
yAaeTcsi OTOOpa3uTh dYepe3 OMHCaHuE MaTepPHANTbHBIX M HH(POPMAIMOHHBIX
MPOIIECCOB, MPOUCXOMSIIUX B HEW, T.e. MPEACTAaBUTh MOCJIECIOBATEILHOCTHIO
U3TOTOBJICHUS JIeTaJIe, COOPKU U3MEIUM, TEepPEeMEIICHUs DHEPTeTHYCCKUX
MOTOKOB, TPOXOKJACHUS JOKYMEHTOB B 3JIEKTPOHHOM BHUJIE U T.J.

V3nom 1 Ha pucynke 1.6 MoxeT ObITh 0003HAUEHO Hayajo MPOU3BOJICTBA
KaKOTro-IM00 U3Jeus, y3JIaMu 2, ..., 7 — U3TOTOBJICHUE OT/ACIbHBIX JIEMEHTOB
U3JIENHS, Y3JI0M § — OKOHYATEIbHASI COOpKa U3EITUSL.

B oaHepretuke mnpUMEpOM CETEBOM CTPYKTYphI, MNPEACTaBICHHOW Ha
pucyHke 1.6, MOXeT MOCITYKUTh TPEXKaHAJIbHAs CUCTEMa SHEProoOeceyeHuUsI
OPEeANPUSITHS, TIPU 3TOM y3JaMu 2, 3, ..., 7 MOTyT OBITh TpaHCHOpPMATOPHBIS
noactanuuu (TTI).

Uepapxuuecras (mHoeoyposnesast) cmpykmypa TPEACTaBIsAET COO0H
JEKOMIIO3UIIMI0O CUCTEMbl B MPOCTPAHCTBE. Bce 3JI€MEHTHI U CBS3U MEXIY
HUMH CYIIECTBYIOT B A3THUX CTPYKTypax OJIHOBPEMEHHO (HE pa3HECEeHBI BO
BPEMEHMU).

B sHepreTuke K HEpapXUUECKOU CTPYKTYpE€ MOXKHO OTHECTH CTPYKTYPY
yIpaBIICHHUS YHEProoOecneueHueM J000ro npeanpusaTus (pucyHok 1.7).



18

W)

m R .

% % I'naBHBIN

= SHEPTETHK U €T0

= 8, 3aMeCTUTEIIb

: €

—

T =

% % PykoBoauTens PykoBoautenn PykoBoauTens PykoBoauTens
S § IIEKTPOTEXHUYECKON CITY>KOBI CITY>KOBI CITyKObI

g e CITYKOBI TEIUIOCHAOKEHUS BOJIOCHAOKEHUA razupuKanm
& >

W)

T =

2 B y Y

g B

%g COIEOQUAITNCTB COOTBETCTBYIOIOINUX CIHIVYXHb

Sl =Y

N B

s >

OHEPITOOBECIHEYUEHME IHNPEAINPUATHNA

VYnpasnsieMbiit
mporecc

Pucynok 1.7 — Ilpumep nepapxudeckoil CTpYKTYpbl YIPaBJIE€HUS IHEProoOeCIeYeHUEM MTPeATPUATHS

Ecnu cereBas cTpyKkTypa ONMUCHIBAET IUHAMUKY CUCTEMBI, T.€. IIPOLIECC €€
IBUXEHHUS BO BPEMEHM, TO HEpPAPXUUYECKas CTPYKTypa OIMCBHIBAET CTATUKY
CHUCTEMBI, T.€. CUTYallMIO, KOrJa €€ mapaMeTpbl U CTPYKTypa HEU3MEHHBI B
TEYEHHUE HEKOTOPOIO IEPUOAA BPEMEHU.

Uro Kacaercs uepapxuueCcKOl CTPYKTYPbI, TO B ONPEAECICHHBIE MOMEHTHI
BPEMEHM B  HEHM  MOXET IPOUCXOAUTh  pecmpykmypuzayusi,  T.€.
L[EJICHAIIPABJIICHHOE U3MEHEHUE CTPYKTYPBI NPEANPUATHS U BXOIAILIUX B HETO
AJIEMEHTOB B CBSI3M C BO3JICUCTBUSMU, OKa3bIBAEMbIMU (DaKTOpaMH BHEIIHEH U
BHYTPEHHEU CPELBI.

B mpouiecce pecTpyKTypH3auy MOKET IPOUCXOAUTH COBEPILICHCTBOBAHUE
CUCTEMBbI yIIPaBJICHUS NPEANPUATAEM, U3MEHEHUE (DMHAHCOBO-3KOHOMUYECKOM
MOJINTUKU, CHUCTEM MAapKEeTHHra, cObITa U YIpaBlICHHS TMepcoHaioMm. B
3aBUCUMOCTH OT LIE€JIEBBIX YCTAHOBOK WM CTPATETHM PAa3BUTHUS IPEANPUATHS,
PECMPYKMYypu3ayusi Cucmemvl YApAGIeHUus dHep2oobecneyeHuem ModHcem
ObIMb ONEPAMUBHOU UIU CINPATNESUYECKOU.
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OnepartviBHAasE  pecTpyKTypu3alus IMpeciaeayeT Takhe Uelad, Kak
BO3MO>KHOCTb (ruHaHCOBOTO 03JI0POBJICHUS 151 yIYUIICHUS
MJIATEKECIOCOOHOCTH MPEANPUATHS, CTpaTerhuueckas — HalpaBlieHa Ha
YJIYUILIEHUE TPUBJIIEKATEIbHOCTH MPEANPUATHS JJIs1 UTHBECTOPOB U PACUIUPEHUS
€ro BHEIIHETO (PMHAHCUPOBAHUS.

1.4. Ocobennocmu u ocrosuble ceolicmea IHepzemuuecCKux cucmem

Ounepeemuueckas cucmema (2C), Kak CIOKHAS TEXHHUYECKas CHCTEMa,
UMEET psAJl 0COOCHHOCTEH, KOTOphIE CIEAYET YYUTHIBATH MPU PACCMOTPEHUU
BOIIPOCOB €€ TMEpPCIEKTUBHOIO PpAa3BUTHS, OpPraHU3allMu JKCIUTyaTallud U
ynpasieHus. Jlanee NpUBOAMTCS KpaTKUM aHaIu3 Hanbojee XapaKTEepPHBIX
0COOCHHOCTEH 3THX cucTeM. [16]

Yuuxkanonocms. Kaxpgags OC MOXKET coaepkaTb B CBOEHW CTPYKType
ONPEACICHHOE YHUCIO JHEProTEXHOJOTHMYECKUX MOTOYHbIX JuHUN (OTJI) ¢
pa3IMYHBIMU TUIIAMH YHEPTeTUUECKOT0 000pyA0BaHMS, CTOCOOAMH M CXeMaMu
yopaBiieHus: U 3anuThl. B pe3ynbprare kaxayro IC MOXKHO MPEICTaBUTh Kak
VHUKAJIbHBIH OOBEKT pPacCMOTPEHHUs, YTO HAKJIAJAbIBA€T OrpPaHUYCHUS Ha
UCIIOJIb30BAHUE METOJIOB MCCJIEJOBAaHUSI, OPUEHTUPOBAHHBIX HA OJHOTHUIIHBIC
cepuiinbie 00beKThl. BO3HMKAIOT ONpeeieHHbIE TPYAHOCTH B COMOCTABJICHUU
pazHbeix JC No nmokazaTessiM KauecTBa (DYHKIIMOHUPOBAHUS.

Heoonopoonocms osnemenmos. B cocraBe DC coaepxkuTcs 00JblIoe
YuCJI0 OO0OpYIOBAaHMS Pa3HOrO0 TUMA W BUJA (TEIJIOTEXHUYECKOE,
ANEKTPOTEXHUUECKOE, JJIEKTPOMEXAaHUYECKOEe, U Jp.), KOHCTPYKIUU U
COOPYEHHI C OTINYAIOMIMMUCS MPOU3BOJACTBEHHBIMU XAPAKTEPUCTUKAMHU U
CpPOKaMHM IKCILTyaTaluu.

Boszmoorcnocms  dexomnosuyuu  (paznenenuss OC Ha TMOJICUCTEMBI H
aJeMeHThl). YMCcao ypoBHEH JEKOMIIO3UIIMU OIPEAENISIeTCs IOCTaBICHHOMN
3aJa4eil MCCIEAOBAaHUS CHCTEMBI, a MMEHHO TJIyOMHOW wuccienoBaHus. B
KauecTBE NpUMepa NPUBEIEM pe3yJbTaThl MEPBOTO YPOBHS JIEKOMIIO3UIIUU
HHEPreTUYCCKON CUCTEMBI HEKOTOPOI'0 perroHa (pucyHok 1.8).

He BbI3BIBaeT COMHEHHMS TOT (DAKT, YTO NPEACTABICHHBIE HAa PHUCYHKE
MOJCUCTEMBbl MOTYT TaKXke ObIThb MPEIMETOM HccliienoBanus. HeoOxoauMbiM
YCIOBHEM TAaKOTO WCCIICIOBAHUS SIBIISIETCA TPOBEICHUE BTOPOTO YPOBHS
JEKOMIIO3UIINH.
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Pucynok 1.8 — OcHOBHBIE 10ACUCTEMBI SHEPTETUYECKON CUCTEMBbI

Boiienenne moacucTeM SBISETCS BaXXHBIM METOJIOJIOTHYECKUM MOIXO00M
K HCCJEIOBAHUIO CJIOXKHBIX CHCTEM, B TOM YHCJI€ W DHEPTreTHYECCKHX, MPH
peIIcHUH 3a7a4 IeICHAPaBICHHOTO YIIpaBieHus UX (YHKIIMOHUPOBAHUEM U
Pa3BUTHEM.

Kak yxe ObUIO OTMEUEHO paHee, MOACUCTEMa MOTPEOJICHUs SHEPrUuu
npeAcCTaBiIsieT  coOOW  DHEProTEXHOJIOTHYECKYIO CUCTEMY (OTC),
00€CTIeYnBAIONIYIO BBHITYCK MPOIYKIIMKA Ha J000M mpeanpustun. MmeHHO
ATUM CHCTEMaM YJIeJIIeTCsl OCHOBHOEC BHUMAHHE B TAHHOM Y4e€OHOM TTOCOOHH.

DddexktuBHOCT, GyHKIHOHMpOoBaHUSA JTC, SBIAIOMICHCS KOHESYHOM
noacucteMoit DC (pucyHok 1.8), B o01IeM BHUjE ONpEaesIeTCs CIeAyIOIMUM
obpazom

I31c(t) = F[3ma(t), Inmp (B)], (1.2)
rne  Ipmo(t) — 3bOEKTHBHOCTD TTOACHCTEMBI TIPOU3BOICTBA SHEPTHU;

Onrp(t) — 5bPEKTUBHOCTS MOJACHCTEMBI IIEpeAaydl M PaCHpEACICHUS
SHEPTHH.

C maTtemaTuHyecKkoil TOUKM 3peHus BbipaxeHue (1.2) npeacrapiser coOoi
CJIIOKHYI0 (DYHKIIUIO BPEMEHHU.

Hepapxuunocme cmpykmypol u ynpaeienus. IC 1O CBOEU CTPYKTYpE,
OpraHM3allMy JKCIUTyaTallud MW TPUHIMIIAM YMOpPaBICHUS OTHOCSTCS K
uepapxuuecko  (MHoroypoBHeBoi) — cucreme  [14].  Ilpm  omeHke
(GYHKIIMOHUPOBAHUSI TaKUX CUCTEM OOBIYHO  BBIJCISIOT  CIEAYIOUIUE
HepapXuiyeCKUe YpOBHHU: JHEPreTUUecKoe 00O0pyaoBaHHE (IEKTPOIPHUBOJIA,
TEIUIOTEHEPATOPhl, DHEProceTM MW  Jp.), DHEProoObEKT  (Hampumep,
HSHEPrOTEXHOJIOTUYECKAss MOTOYHAS JIMHUS) W DHEProcucTeMa KakK eJUHbIN
TEXHUYECKUA  KOMIUIEKC.  [IpUMEHUTENbHO K  IPOU3BOJCTBEHHOMY
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NPEANPHUITHAIO SHEPTOCUCTEMA, KAK MPABUJIO, MTOIPA3CIACTCA HA BHYTPEHHIOKO
W BHEIIHIOKW. [l KaXI0oro ypoBHS CYIIECTBYET PsAJ  XapPaKTEPHBIX
MEPEMEHHBIX, 3aKOHOB W NpuHIMNOB. Hepenko ypoBHu paccMorpeHusi IC
COBMEIIAIOT C YPOBHSIMHU YIIPABJICHUS U B 3aBUCUMOCTH OT 3TOTO OINPEACISIOT
00beM M COCTaB HEOOXOAWMOW HWH(pOPMAIUKM JJisd MPUHATHS PEIICHWH Ha
JTAHHOM YPOBHE.

Crnenyer UMeTh BBHUJY, YTO MPOLIECC YIpPaBJIICHUS Ha JaHHOM YPOBHE
o0ecreunBaeTcss C TOMOIIBI0 HSHEProTEXHOJIOTUYECKOTO 000pYyHIOBaHUS
HU3IIET0 YPOBHS, HAIPUMEP YIPABJICHUE MOTOYHOW JTMHUEH OCYIIECTBIISCTCS
AJIEKTPONPUBOJAAMU OTICIBHBIX €€ MEXAHU3MOB.

Beposmuocmuas npupooa nosedenus IC. 1lpu nzydenun noseaeHus IC
MPUXOJIUTCS CTAJKUBATHCS C PA3JIUYHOTO POJIa HEONPEACICHHOCTSIMU. TakK,
HampuMep, BCe pemieHus (KaKk MPOEKTHbIe, TaK M HAKCIUTyaTallMOHHBIC)
YUYUTBIBAIOT HEOMPEICICHHOCTh HArpy3Ku W reHepauuu B cucreme. Ilupokuii
CIIEKTP HEOMNPEJCICHHOCTEW BHOCAT BO3JCKHCTBHS BHEIIHEHM CpEeabl Ha
aneMeHTel OC (HampuMep, HW3MEHEHHE IapaMeTpoOB MPOU3BOJACTBEHHOTO
pouecca), MO3TOMY TMPEICKAa3aHUE TMOBEACHUS pPadOThl 3HEPreTHYECKOro
0o0OpyZOBaHMSI W CHUCTEMbl B II€JIOM HMMEET CMBICI TOJBKO B paMKax
BEPOSATHOCTHBIX KaTeropui. JIroOoMy TeopeTHIeCKOMY aHAIHM3Y, CBI3aHHOMY C
HCCJICIOBAHUEM CJIOKHOW CHUCTEMBI, B TOM YHCJIE U B chepe DHEPreTUKU, KaK
NpaBUjIO, TMPEAINIECTBYET  HAKOIUICHME  CTAaTHCTUYECKOrO  Marepuaa,
XapaKTEepU3YIOIIEro MOBEJACHUE CUCTEMBI B pealIbHBIX YCIOBUSX. TpeOyroTcs
TAaKUE AJICKBATHBIC NPHUPOJIC TMOBEJACHUS CUCTEMbI METOAbI MCCIEIOBAHUS H
MaTE€MaTUYECKUN amnmapar Kak: METOAbl MATEMAaTUUYECKON CTATUCTUKHU, TEOPHUS
CIIy4YalHBIX MPOLIECCOB, TEOPUS HEONIPEAECTCHHOCTH U JIPYTHE.

Hawnbomnee nmpocToil BapuaHT BEpOATHOCTHON MOJAEIH (PYHKIIMOHUPOBAHUS
OC MOXHO MPEJCTABUTH B BUJIE

MO[R(6)] = F{MO[x1(8), x2(¢), ..., xn ()], MO[ a1 (), a2 (O, ..., arn (D]}, (1.3)

rne MO [R(t)] — maTemaTudeckoe oKuaaHuE pe3ysibTata PYHKITMOHHPOBAHUS
CUCTEMBI;
MO [x1(1), Xo(t), ..., Xa()], MO [a1(t), ax(t), ..., am(t)] — MaTemaTHueCKHE
OKUJaHUS TapaMEeTPOB CHCTEMBbl W BXOIHBIX BO3JICHCTBHA Ha Hee
COOTBETCTBEHHO.

bonee yriyOieHHbIE BEPOATHOCTHBIE MOACHH  (PYHKITMOHUPOBAHUS
CHUCTEMBI CTPOATCSA Ha YPOBHE CPEIHEKBAAPATUUYECKUX OTKIOHEHUU U 3aKOHOB
pacrpesiesieHUs] UCIHOJb3yeMbIX BEIWYUH (BO3ACHCTBUM, NapaMETpPOB W
pe3yJIbTaTOB).
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Aoanmusnocmu k 6030eticmsausam. B npouecce padotsl IC moaBepraroTcs
BHYTPEHHUM W BHEIIHUM BO3JEHCTBUSAM, MNPUBOJAIINM K CTPYKTYPHBIM H
PEKUMHBIM  M3MEHEHHMSIM  COCTOSIHMSI ~ CHUCTEMbl.  ODTO  BBIHYXKJIAET
NpeaycMaTpuBaTh  Pa3JIMYHbIC BUJIBl  PE3EPBUPOBAHUS (TomnuBa,
TCHEPUPYIOIMIEH MOIIMHOCTH, MPeoO0pasyomux U TNEPEeAAoNUX HIHEPTHIO
AJIEMEHTOB U JIP.) B PE3YJbTATE YEro CUCTEMA CTAHOBUTHLCS MPUCTIOCOOICHHOM
(ycTOMUYMBOM) KO MHOTUM BO3A€UCTBHUAM. [lo3TOMY npu OTKaze OJHOrO WU
Jake HECKOJIbKUX DJJIEMEHTOB COXpaHseTcsa paboTOCIOCOOHOE COCTOSTHUE
CUCTEMBbI, OJIHAKO Ha KaKOe-TO BpPEMsSI BO3MOXKHBI H3MEHEHHUSI HEKOTOPBIX
pabounx XapakTepUCTUK U TapamMeTpoB B OTACIbHOW €€ 4YacTu WU Yy
OT/ICJIbHBIX 3JIEMEHTOB CUCTEMBI.

Henpepvignocms  pazeumus, 00HOGNeHUsI U  COBEPUIEHCNBOBAHUAL.
OTtMeueHHast 0COOEHHOCTh 00ECIIeUNBACTCS BBHITTOJIHEHUEM PEMOHTHBIX PadoT,
CBSI3aHHBIX C COCTOSIHUEM 3JIEMEHTOB CUCTEMBI, BBIBOJOM M3 HKCIUTyaTalluu
BBIpA0OTABIIUX CBOW pecypc M BBOJOM HOBBIX JJIEMEHTOB, BHEIAPEHUEM
MPOTPECCUBHBIX TEXHUYECKUX U TE€XHOJIOTHYECKUX peuIeHui,
COBEPIICHCTBOBAHUEM METOJIOB YIIPABIICHHUS MPOIIECCAMH YPHEPTro0oOeCTICUCHHUS.
I[Ipu »srom DOC He TpephIBaeT BBHINOJIHEHUE CBOUMX (YHKIUA 1O
YAOBJIETBOPEHUIO TOTPEOHOCTEN B SHEPTUU MHOTOUUCIIEHHBIX MOTPEOUTEIICH.

BaxxHelmuM acrekToM CHUCTEMHBIX WCCIECIOBAHUU SIBIISIETCS W3YYCHUE
OCHOBHBIX CBOMCTB CJIOKHBIX CHCTEM. Takoe W3ydeHHUE HDHEPrOCUCTEM
MO3BOJISIET HAWTH XapaKTepHble 0000IIaoIINe CBOMCTBA (DYHKIIMOHUPOBAHUS
Y COOTBETCTBYIOIINE CTPYKTYPhl CUCTEM JIAHHOTO BHJA. 3HAHHE 3TUX CBOUCTB
MO3BOJISIET OTYETJINBO chopMyIupOBaThH 3a1a4y KOMIUIEKCHOTO
HSHEPrO’KOHOMHUYHOTO M 3HEpProOe30NnacHoro oolecnedyeHus MoTpeduTenen
pPa3JIMYHBIMU BUIAMU SHEPTUH, A TAKXKE CO3/1aTh PAIMOHATIBLHBIC METOAUKH JJISI
HAay4YHO-O0OOCHOBAHHBIX PEIICHUMN.

ITepeuncnum OCHOBHBIE CBOMCTBA DHEPreTUYECKUX 151
YHEPrOTEXHOJIOTUYECKUX CUCTEM:

1. CBOUCTBO yenrocmuocmu ONPEACTACTCS HAUIMYUEM Y CHCTEMbI TaKHX
CBOWCTB, KOTOPBbIE HE MPUCYIIH €€ OTICIbHBIM 3JIEMEHTaM (UTO
OpuaeT CHUCTEME HOBBIE KauecTBa 3a CYET CHHEPreTHYECKOTO
addekra). CymHOCT, CHHEpPreThuueckoro sddekra 3akiaoydaeTcs B
NOBBINIEHUN  3P(PEKTUBHOCTH  (PYHKIIMOHUPOBAHUS  CUCTEMBI B
pe3yJibTaTe COSIMHEHUS, UHTETPAIluH, CIUSHUS OTJICJIbHBIX €€ YacTeHu.
Y oaHeprocucTeMbl HOBBIM Kaue€CTBOM MOXET OBITh OO0BEIWHEHUE
rpaUKOB SHEPreTUUECKUX HArpy30K OT/IEJIbHBIX MOTPEOUTEIIEH.

2. CBOWCTBO yenesoll co2naco8anHocmy OTPakaeT COBIIAJICHUE IIJICH
(MHTEpECOB)  MPOM3BOJUTENICM  DHEPrUH,  DHEProcOeperarommx
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OopraHu3anuil u 3Hepromnorpedurtencii. KoneuyHou 1eap0 KOMILIEKCHBIX
UCCIICIOBAHUN DHEPrOCUCTEM SIBISETCS JOCTHKEHUE ONTHUMAJIbHBIX
OpONOpLMI B pacHpelieieHUH PECYpCOB  MEXKAY  OTIEJIbHBIMU
MOJACUCTEMAaMU SHEPTOCUCTEMBI.

3. CBOMCTBO 9KOHOMUYECKOU YCMOUYUBOCMU — DTO CBOWCTBO CHUCTEMBI,
IpU KOTOPOM JIOCTAaTOYHO CYIIIECTBEHHBIE U3MEHEHUSI B €€ CTPYKTYPE,
COCTaBE JJIEMEHTOB M 3HAYEHUAX HMX IMAPAMETPOB XAPAKTEPU3YIOTCS
MEHBIIMMUA W3MEHEHUSMU CYMMAapHBIX 3KOHOMHYECKHX 3aTpaTr. IJTO
CBOWMCTBO BAXXHO IS M3YYEHHUS CWJIbl TIPOSIBJICHUS CBOMCTB
HEOMNPEJEIEHHOCTH ONTUMAIbHBIX PEMIEHHUM, CTPYKTYPhI U TapaMeTPOB
CHUCTEMBI. DKOHOMUYECKAS YCTOWYHUBOCTD CHUCTEMBI
sHEeprooOecHeYeHusl  MPEANPUITUS  O00ECleUnBaeT  CTaOUIJIbHYIO
OPUOBUIBHOCTh 3TOTO MPEANPUITUS U HOPMAJIbHBIE YCJIOBHUSA JJISI €r0
YCTOMYMBOTO SKOHOMHYECKOIO POCTAa HA JUIUTEIbHYIO MEPCHEKTUBY C
y4€TOM BOKHEHIITUX BHYTPEHHUX U BHEIIHUX (PAKTOPOB.

4. CBOWCTBO  9HEP2OIKOHOMUYHOCMU — 3TO  CBOWCTBO  CHUCTEMBI
OCYILIECTBIIATh CBOM (DYHKIIMM C MUHHMAJIbHBIMH 3aTpaTaMHU PECYpPCOB
pu 3aJaHHBIX orpaHuyeHusix. Ha moBsieHue sHEprodHeKTuBHOCTH
SHEPrOCUCTEM  BCErjJa HANpaBJIEHbl OCHOBHBIE  YCWIMS, Kak
pa3pabOTUUKOB 3TUX CUCTEM, TAK U SHEPTONMOTPEOUTEIIEH.

5. CBoiicTBO  3HepeobezonacHocmu  — 3TO  CBOWCTBO  CHUCTEMBI
AHEpProoOecHeyYeHrsl  BBIMOJHATh  3aJaHHble  (DYHKIHMH, Kak B
HOPMaJbHBIX, TaK MW B AaBAPUUHBIX YCIOBUSAX HSKCIUTyaTalluu.
DHepro6e30nacHOCTh obecrieuynBaeTcs  THOKOCTBIO CHUCTEMBI,
HEOOXOIMMBIMU  pE3€pBaMH, 3allacamMu, OpraHu3allud IJIaHOBO-
npeaynpeauTEIbHbIX PEMOHTOB U AKCILTyaTalluk 000PYA0BaHUSI.

KOHmPOJl bHblE 60NPOCHI

1. JlaiiTe onpeaesieHue CUCTEMbI 1 TPOKOMMEHTUPYHTE €To.

2. UTo Takoe «BXOI» U «BBIXOI» CUCTEMBI?

3. MlaiiTe onpenesieHus U XapaKTEPUCTUKA BHYTPEHHEN U BHEILIHEU CpPeIb
CHUCTEMBI.

4. Yro Ttakoe gexkommnosunus —cucrembl?  IlpuBeaure  mpuMepsl
JEKOMIO3HIIUU CUCTEM.

5. OxapakTepuzyiTe Makpo- U MUKPO- OAXOAbI IPH OMUCAHUU CIIOKHOM
SHEPTETUYECKON CUCTEMBI.

6. IlpencraBbTe W  TPOKOMMEHTHUPYHTE  OOOOIIEHHBIA  AJITOPUTM
CUCTEMHOTO aHAJIMU3A.
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/. JlaiiTe ompeneneHrue CTPYKTYpPbl CUCTEMBbI. PaccMOTpuTe Ha mpuMmepe
CETEBYIO CTPYKTYPY CHUCTEMBI.

8. Malite ompenesieHUE CTPYKTYphl CUCTeMBbl. PaccMoTpuTe Ha mpumepe
HEpPaApPXUYECKYI0 (MHOTOYPOBHEBYIO) CTPYKTYPY CHCTEMBI.

9. HazoBute M  NOPOKOMMEHTHUPYHTE  XapakTepHbIE  OCOOCHHOCTH
SHEPTreTUYECKUX CUCTEM.

10.Tlepeuncnute OCHOBHBIE CBOMCTBA CUCTEM IHEPTO0OECIICUEHUA.
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2. COCTOSHME, ®YHKIIMOHUPOBAHUE U PABBUTHUE
CUCTEM SHEPI'OOBECIIEYEHUA

2.1. Cocmosanue cucmemol

Cocmosanue cucmemvl XapaKTEPU3yeT MIHOBEHHOE €€ IOJIOKEHHE
(dboTorpaduro) MM «cpe3» CHUCTEMBI, OCTAHOBKY B €¢ pa3BHTHHU. Jpyrumwu
CJIOBaMM, TIOJ COCTOSHHUEM CHUCTEMbI CJEAyEeT IOHUMAaTh COBOKYIHOCTh
CYIIECTBEHHBIX CBOWCTB W TapaMeTpoOB, KOTOPHIMU CHUCTeMa oOO0JagacT B
KaXblii MOMEHT BpeMeHHU. [Ipeanosioxkum, 4To cuctemMa — 3TO MaTepUaIbHOE
TeJ0 B BUJE Iapuka (pucyHok 2.1).

Sy(t) S,(t,) S(t) Sty

P

1
4

PI/ICYHOK 21-K OIIpCACIICHUIO COCTOSHUSA CUCTCMbI

B ucxoaHOM NONOXKEHUHU IIAPUKY COOTBETCTBYET COCTOSHHE TTOKOS
(coctostnue S;, cooTBercTBylomiee BpemeHu tp). Ilocie Tomuka 1apuK
MOCJIEIOBATEIbHO 3aHUMAET HEKOTOPHIE TMOJIOKEHUS, COOTBETCTBYIOIINE
cocTosHUAM Sy(t2), Sa(ts), ..., Si(tj), Sj+i(ti+1), ..., Sm(tm). MHTEpBan BpemeHn
[ty, ..., tn] sBIsIeTcs WHTEpPBAJIOM PacCMOTPEHHsSI TIpoIecca JIBMIKCHUS
CHCTEMBEI.

Hanpumep, cocrosHue aBuraresisi, Kak 3JEKTPOMEXAaHUYECKOU CUCTEMBI
ONPENECIACTCI MTHOBEHHBIMHM 3HAYEHUSIMH €TI0 MOIIHOCTH, TOKAa U YaCTOTHI
Bpamenuss poropa Pj, I, nj. CocrosHMe CHCTEMBI KECTKO INPHUBSA3aHO K
KOHKPETHOMY MOMEHTY BPEMEHHU U XaPAKTEPUZYET €€ CIMamuxy.

CocTosgHME CIIOKHOM CHCTEMBI, BKJIIOYAIOMEM  OOJBIIOE  YHCIIO
B3aMMOJICUCTBYIOINX MEXIy COOOM DJIEMEHTOB, 3aBUCHT OT COCTOSIHUSA
Ka)KJ0r0 U3 ATUX YJIEMEHTOB.

CoCTOsSIHME CHCTEMBI, COCTOSIIEH M3 N 3JIEMEHTOB B j-bIii MOMEHT
BpEMEHH, B 0OIIIEM BUE MOKHO MIPEJACTABUTH CISTYIOMINM 00pa3oM:

S] =S] (51]152]rrSl]riSn])1 (21)
rae | — HoMmep ajeMeHTa cuctemsl (i= 1,2, ..., n);
] — HOMEp MOMEHTa BPEMEHHU, B KOTOPOM (UKCHPYETCS COCTOSHHE

CHUCTEMBI;
Sij — COCTOsIHHE I-0T0 AJIEMEHTA CHCTEMBI B |-bIif MOMEHT BPEMEHHU.
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BennuuHel S ABIAIOTCS INapaMeTpaMHM COCTOSHMA CUCTEMBI B LIEJIOM,
BEJIMYUHBI Sj j — MapaMeTpaMHu COCTOSHHMA DJEMEHTOB cucTeMsl. IIpumepom
COCTOSIHUSI CUCTEMBI W3 DHEPreTUUEeCKOW cdepbl NESITEIbHOCTU MOXKET ObITh
MOIIHOCTh JHEPreTUYECKOM YCTAHOBKH HEKOTOPOr0 MNPOU3BOACTBEHHOTO
00BEKTA B j-bIii MOMEHT BpeMeHH Pj:

Pj == P] (Plj'PZj' ...,Pij, ...,Pnj), (22)

rne Py, P2 ..., Pij ..., Pnj — MOIIHOCTb OTAEIBHBIX E€IUHMIL
SHEPIeTUYECKOTO 000PYIOBAHUS.

Ilpumep: TlpenctaBuTh o0O0IIEe MaTEMaTHYECKOE BBIPAKEHHUE IS
OTPE/ICICHUS MOIIHOCTH DHEPIeTHUECKON YCTAHOBKH, COCTOSINEH W3 IATH
DJIEMEHTOB (EIUHHI] SHEPreTHYECKOro OOOPYIOBaHMS) B TPETHH MOMECHT
BpeMEHHU (PUCYHOK 2.2).

| |
| |
| |
|
I o 1 o 4
| |
| 4 4 7'y I 5
«DBbIXOI»
«Bxony» I 3 * | >
—_—>
I |
| v y A |
| |
, M 2 » 5 |
| |
U 1

Pucynok 2.2 — [Ipumep cuctemsl, COCTOSIIEH U3 MSATH IEMEHTOB

JIJIsl HATJSIHOCTU TIPEJCTaBUM IIKally BPEMEHHU C HOMEpPAaMH TOYEK, B
KOTOPBIX OIICHUBACTCS COCTOSTHUE CHUCTEMBI (PUCYHOK 2.3).

PI/ICYHOK 2.3 — IlIxana MOMEHTOB BPEMCHH IJId aHaJIn3a COCTOSHHUA CUCTCMBI

Kak BumHO u3 pucynHka 2.3, cymecTByeT M BO3MOXKHBIX MOMEHTOB
BPEMEHU [UJIsl OCYILECTBJIEHUS aHalM3a COCTosiHUsA cucrembl. Hac Oyner
MHTEPECOBATh mpemuii MOMEHT BpeMeHU. BocCnonb30BaBIIMCH BBIPAKEHUEM
(2.2) nomyuum:
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P; = P (P1,3»P2,3:P3,3»P4,3»P5,3)’ (2-3)

rae Pz — MOIIHOCTh SHEPreTHYECKOM YCTAaHOBKH (CHCTEMBbI) B TPETUH MOMEHT
BPEMCHU;
P13, P23 ..., P53 — MOIIHOCTH KaXA0ro W3 IATH 3JIEMEHTOB (€QUHULL
HSHEPreTUYECKOTO 000PY/I0BaHUS) B TPETUI MOMEHT BPEMEHHU.

AHaATOTUYHOE BBIPAKEHUE MOYKHO 3aIUCATh JJII CUCTEMBI, COCTOSIIEN U3
J1000T0 Yucia 3JIEMEHTOB.
Paznuuaror ycmouiuueoe u  Heycmouuugoe - COCMOAHUE — CUCTEMDL.
Y CTOMYUBBIM SBIISIETCS TAKOE COCTOSIHUE CUCTEMBI, IPU KOTOPOM MPOUCXOIUT
€€ BO3BpAaT K IIPEKHEMY PABHOBECHOMY COCTOSHHUIO TIOCJIE YCTPAHEHUS
BO3MYIIAIOIIETO BO3JCHUCTBUS BBIBEIIIETO €€ M3 3TOro cocrosgHud. [lpu
HEYCTOMYMBOM COCTOSIHUH TAKOTO BO3BpaTa HE MPOUCXOIUT.
[IporwiuTrOCTpUpyEeM  BBIICHA3BAHHBIE COCTOSIHASI CUCTEMBI Ha JBYX
npuMepax (pucyHok 2.4):
1)Cocrosiane «A»: «lllapuk B sMe» - yCTOHYHMBOE COCTOSIHHE (IOCIE
YCTPAHEHHUS] BO3MYILAOMIETO BO3ACHUCTBUSA IIAPUK BEPHETCS HA MPEKHEE
MECTO — B PaBHOBECHOE COCTOSIHUE);
2)Cocrosiane «by: «Illapuk Ha Oyrpe» - HEYCTOMUNBOE COCTOSTHUE (TIOCITe
YCTpaHEHHS] BO3ACHCTBUS IIAPUK CKATUTHCS C Oyrpa — HE BEpPHETCA B
PABHOBECHOE COCTOSIHHE).

y y
A A

a) 0)

Pucynok 2.4 — Unmioctpanus K ycTOHYUBOMY U HEYCTOMYHUBOMY COCTOSIHUIO CHCTEMBI:
a) YCTOMYHMBOE COCTOSTHUE «A», 0) HEYCTOMUYMBOE cocTOosTHUE «b)»
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2.2. (Dynxuuouupoeauue u pazeumue cucmem auepzooﬁecneueuu}l

Dyuxyuonupoganue (nogedenue) CUCTEMBI — 3TO TMPOILECC MNEPEXOA
CUCTEMbl U3 OJHOIO COCTOSIHMS B Jipyroe. OYHKIMOHUPOBAHUE CHUCTEMBbI
XapakTepu3yer ee ounamuxy (Osuodicenue) W TpeICTaBIsIET coOOHM mporiecc,
MPOTEKAIOIIHNI KaK B TPOCTPAHCTBE, TaK U BO BPEMEHH.

Bo3Bpamasgce K 1mIKajge MOMEHTOB BPEMEHH, IIPEACTABICHHOW Ha
pucyHke 2.3, (yHKIIMOHHPOBAHHE CHCTEMBI MOXKHO paccMaTpuBaTh Kak
MOCJIEA0BATENIbHBIN NEPEXO/T U3 OJHOM TOUKH IIKAJIbI B APYTYIO, T.€.:

(2.4)

[Ipu ananuze QyHKIMOHUPOBAHMS JIFOOOW CHCTEMBI HEOOXOAMMO 3a1aTh
Ha4yaJIbHbIE YCIIOBUS, T.€. COCTOSIHUS BCEX €€ JIEMEHTOB B HaYaJIbHbII MOMEHT
BPEMEHHU (B TOUKE OTCUETA).

[TepBUYHBIM TOTYKOM ISl PYHKIIMOHUPOBAHUSI CHCTEMBI MOKET OBITh KaK
BO3/JCUCTBUE HAa HEE BHEIIHEW Cpelbl, TAK U CTPEMJICHUE CaMOW CHUCTEMBI
NOCTUYb HEKOTOPOTO MPEANOYTUTEIIBHOIO COCTOSHUS, YTO 3aCTaBJsIET €€
BO3/ICMCTBOBATh HA BHEIIHIOK CPENY.

B3anmopelicTBiue cHUCTEMBbI C BHEIIHEH CpeAao co3JaeT MpoOIIEMHYIO
CUTYyallMI0 JJIS CHUCTEeMbl, KOrja el Hago Jaub0 TOJYMHUTBCS Cpele
(mMprCIOCOOUTHCS K HEM ), TMO0 aKTUBHO €€ MpeoOpa3oBaTh.

[Tockonpky mponecc (PYHKIHMOHUPOBAHUS CHUCTEMBI  MPEANoJaraet
pacxXo0BaHUE €€ PECYypCOB, BBIBEIACHUE €€ N3 PABHOBECHUS JIEUCTBUAMU
BHEIIHEW Cpeabl MOXET MPUBECTH K CYLIECTBEHHON II0TEPE PECYpCOB,
pa3pylLICHUIO CTPYKTYPBI, TOTEPE QYHKIIHIA.

Bo3MokHOW MpOOIEMHON CUTyallueid MOKET ObITh YMEHBIICHHE TPaHMI]
CUCTEMBI, YTO B CBOIO OU€pEb IMOBJIEYET 3a COOON MOTEPI0 WM COKpPAILCHUE
ee (YHKIIMOHAIBHBIX BO3MOXKHOCTe. Hanpumep, BrIxod U3 cTposi kKabenbHOH
JVUHAM OCBETUTEIIBHOM CETH MOXET IPUBECTH K YMEHBIICHUIO IUIOLIAIH
OCBEIIIAEMOU TEPPUTOPHUH IIPOU3BOJICTBEHHOTO IIPEAIIPUATHSL.

[Iporiecc pyHKIMOHUPOBAHUS CUCTEMBI, COCTOSIIIIEH U3 TPEX AJIEMEHTOB,
OMUCBIBAETCS B BUAE HEKOTOPOU CI0KHOU (PYHKIIMU BPEMEHH.
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S(@) = S[$1(1), S2(0), S3(2), 1, (2.5)

rae  Si(t), Sp(t), S3(t) — mpomecc ¢yHkumoHmpoBaHus 1-ro, 2-To H 3-TO
9JIEMEHTOB CHUCTEMBI COOTBETCTBEHHO (MHIEKCHI JTHX (YHKIUH HE
CJIeAYyeT MyTaTh C UHAEKCAMU B BhIpakeHUU (2.4), KOTOpble 0003HAYAIOT
HOMEp TOYKH Ha YMCJIOBOM OCH).

DTOT mporecc MOXHO HATJISAIHO MPOWLIIOCTPUPOBATh B BHIE (a30BOM
TpacKTOpuH (PUCYHOK 2.5).

Pucynok 2.5 — ®azoBasi TpaeKTOpHS IBHKEHUSI CHCTEMBI

[To ocam koopauHAT X, Y, Z OTKJIAABIBAKOTCSA 3HAYCHUS COCTOSHUM
COOTBETCTBEHHO 1-r0, 2-10 M 3-r0 3J1€MEHTa CUCTEMBI.

HavanbHbiM  yClIOBUSIM ~ (pYHKIITMOHUPOBAHUS  (ABMIKCHHUSI) CHUCTEMBI
cooTBeTCTBYyeT Touka S;. CTpenlka mOKa3bIBaeT HAIPaBIICHUE JIBIKCHUS
cucteMbl. Todyka S, COOTBETCTBYET OKOHYAaHHMIO aHajlW3a IIpoIecca
(GYHKITMOHUPOBAHUS CHUCTeMBbl. TOYKM Ha OCSIX KOOPAWMHAT Sip, Sp1, O31
COOTBETCTBYIOT HaYaJIbHBIM YCJIOBUSIM (PYHKIIMOHUPOBAHUS COOTBETCTBEHHO
1-ro, 2-T0 1 3-r0 PJIEMEHTOB CUCTEMHEL.

PaccMoTpuM B KayecTBe TpUMeEpa CHUCTEMY  DJIEKTPOCHAOKEHUS
CENIbXO3MPEANPUATHS, BKIOYAIOIIYI0 B Cce0s Tpu TpaHCHOPMATOPHBIX
noAcTaHuuu (T.e. Tpu 3aeMeHTa). I[lockonbky mporiecc (GyHKIIMOHUPOBAHUS
CHUCTEMBI MMPOTEKAET BO BPEMEHU, MOYKHO 3aUCATh CICIYIONIEE BEIPAXKCHUE:
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Sac(t) = Sacl Stra (8), Stz (8), Stz (8) 1, (2.6)

rae  Soc(t) — 3aBHCMMOCTh COCTOSIHUM CHCTEMbBI DJCKTPOCHAOMEHHS OT
BPCMEHU;
Stm(t), Stm(t), Srm(t) — 3aBHCUMOCTh COCTOSHHH  OTHEIbHBIX

TpaHCPOPMATOPHBIX MOJICTAHIIUNA OT BPEMEHHU.

Bripaxxerue (2.6) mo cyTu aenna OonmMchIBaeT Mpoiecce PyHKITMOHUPOBAHUS
CHCTEMBI DJIEKTPOCHAOKEHUS BO BPEMEHH.

Il maHHOrO IIpUMEpa MOXKHO IIPEJICTaBUTh (Pa30BYH) TPACKTOPUIO
JBIDKCHUS CUCTEMBI, aHAJIOTHIHYIO, TIPEICTaBICHHON Ha pUCYHKE 2.5.

B kadecTtBe npyroro npumepa pacCMOTPUM Tporiecc PyHKIIMOHUPOBAHUS
CHCTEMBI JHeprooOecneyeHuss TeXHoJorundeckoi morouno muaum (D0TJ),

COCTOSINCH M3 IATH D3JICKTPONPHUBOAOB (IICKTPOMEXAHHUYCCKUX ITOACHUCTEM)
DIy, BI1y, ..., DIl (pucyHok 2.6).

Cucrtema D0OTII

«Bxonm» «BpIxoa»

A 4
A 4

QO
=
v
v
QO
=

oI, Oll; Ol

Pucynox 2.6 — CtpykTypHO-hyHKIIMOHATbHAs cxema cucteMbl DOTJI

B sTOoM ciydyae mMaTeMaTM4eCcKO€ BBIPAKEHHUE, OINMCHIBAOLIEE MPOLIECC
(YHKIIMOHUPOBAHUSI CUCTEMBI, UMEET BU/I;

Ss0tn(t) = Ssoral Sama (£), Sanz(t), .., Sans (0) 1, (2.7)

rae Som(t), Ssma(t),..., Soms(t) — 3aBHCHMOCTH COCTOSIHUN — OTHCIBHBIX
3IIEKTPONPUBOIOB OT BPEMCHH.

Ctporo roBopsi, B o00oux mpumepax (YyHKIIMOHAIbHOE Ha3HAYCHUE
MOJICUCTEM U 3JIEMEHTOB (HEAEIUMBIX YacTE) CUCTEMBI COBIIAAAET.

Ilon paszeumuem (3680110yueli) cucmemvl CIEIyeT TMOHUMATh TO, YTO
IIPOMCXOIUT C CUCTEMOM INpPU U3MEHEHHM €€ Lelie. XapakTepHOM 4YepTou
pa3BUTHUSL SBISAETCS TOT (PAKT, YTO CYHIECTBYIOIIAS CTPYKTypa IEpPECcTaeT
COOTBETCTBOBAaTbL  HOBOW  Lenu. PasHuma  MexXZAy — pa3BUTHEM U
(PYHKIMOHUPOBAHUEM 3aKIIFOYAETCS B TOM, YTO IPH Pa3BUTUU KAYECTBEHHO
MEHSETCSl CTPYKTypa CUCTEMBbI U1 00bEM LUPKYJIUPYIOUIEH B HEW MH(pOpMaLH,
a npu PyHKUMOHUpPOBaHUM — HeT. HoBas (ycoBepIIEHCTBOBAaHHAsI) CTPYKTYypa
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CHUCTEMBbI 0053aTEbHO JOJDKHA MPHUBOJAUTH K TOBBIMICHUIO 3(()EKTUBHOCTH,
KaK YHEPreTUYECKOU, TaK U SKOHOMUYECKOM.

PaccmoTpuM nporiecc pa3BUTHSL CUCTEMBI Ha JIBYX KOHKPETHBIX ITPUMEPAX.

[Mpumep 1: [TpenmonoxuM, 9To B HAIICH MOTOYHOW JIMHUN (PUCYHOK 2.6)
anektponpuBona Oll, u D3Il pabotatoT B 0COOBIX yclIOBUSX (BO
B3PBIBOOMACHBIX Ta30BbIX CpeaxX WJIW MbUILHBIX NoMmelieHusx). HoBoil 1enbio
cucreMbl DOTJI B 3TOM ciydae BISETCS MOBBILMIEHUE HAJACKHOCTU MMOTOYHOU
JIMHUHU. JTa 1eJIb MOXKET OBITh JJOCTUTHYTA MyTEM MapajyieIbHOTO BKIIOUYCHUS
JOTIOTHUTENIbHBIX 3J1eKTponpuBo10B Dl u D17 (pucyHok 2.7).

PasBurasg cucrema DOTJI

«Bxonm» «BpIxoa»

! |
; !
I |
| 9H6 3H7 :
; !
I |

Pucynok 2.7 — CtpykTypHO-(pyHKIIMOHAIbHAS cXxema pa3BuToi cucteMbl DOTJI

CpaBHeHHME cXeM, MPEJCTABICHHBIX Ha PUCYHKaX 2.6 U 2.7, MO3BOJSET
MOJATBEPAUTH BBIBOJI O TOM, UTO PA3BUTHE CUCTEMBI CBSI3aHO C U3BMEHEHUEM €€
CTPYKTYPBHI, a, CJIeIOBaTEILHO, U TIpoliecca GyHKIITMOHUPOBAHUS.

[Tpumep 2: PaccMOTpuUM CHCTEMY IHEProCHAOXKEHUSI, OCYIIESCTBIISIONIYIO
NMATAaHUE TpeX OJHepromoTpedoutTenen Tperbed kareropuu I[I;, Il 1l3
(mormyckaeTcs mepephIB B 3JIEKTponuTaHuu 10 1 cyTok). Takas cucteMa MOXKeT
OBITh Pa30MKHYTOM, T.€. UMETh OJMH ncTouHUK ntutanus UII (pucyHok 2.8).

181 1 2 3
O

I, IT, I3

Pucynox 2.8 — PazoMkHyTas cuctema 31eKTpOCHA0XKEHHS
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[Ipr AOMOJHHUTENHLHOM TOAKIIOYEHUN K ITOM cucTeMe moTpedutens Iy
MEPBBIA WJIM BTOPOM KaTeropu (MO OTHOIIEHHI0O K KOTOPOMY OTBOJUTCS
MHHHUMAaJIbHOE BpeMs IlepepbhlBa B DJICKTPOIMTAHMM), PA3OMKHYyTas CHCTEMa
AIEKTPOCHAOXKEHHUS JOJKHA OBITh ITpeoOpa3oBaHa B 3aMKHYTYIO, T.€. Pa3BHUTa
(pucynok 2.9).

120001 1 2 3 4 UlI,
O O

I1, IT, I3 I,

Pucynok 2.9 — 3amkHyTas (pa3BUTast) CUCTEMA AJIEKTPOCHAOKEHHUS C IBYCTOPOHHUM MTHTaHUEM

Pazsumue cucmemvl Hezasucumo om ee HA3HAYEHUS, KAK Npasullo,
npusooum K nosviuenuro ee 3pgexmusnocmu. 1o UCTEUEHUH HEKOTOPOTO
BPEMEHHM pa3BUTHUS, CHCTEMa, KaK IIPaBHIO, IIEPECTaeT COOTBETCTBOBATH
HOBBIM 1IEJISIM, 1 IPOIIECC PA3BUTHUS TOJDKEH OBITH MPOIOIKEH.

2.3. Pexrcumol pynkyuonuposanus cucmem Inep2oodecneuenus

Kak Obuto oTmMeueHo B 1.2.2 m1oj (YHKIHMOHUPOBAHUEM CHUCTEMBI
MOHUMAETCSl MPOIIECC €€ MEepexo/ia U3 OJHOrO0 COCTOssHUA B npyroe. Ctporo
roBOpsi, mpoliecc GyHKIIMOHUPOBAHUS MOAPA3YMEBAET KaK MEPEXO0J] CUCTEMBbI
U3 COCTOSIHUSL B COCTOSTHUE, TAK U HAXO0XKIECHUE €€ B ONPEACICHHOM COCTOSTHUMU.

B cBsi3u ¢ BBIIECKA3aHHBIM PA3IMYAIOT YCMAHOBUBUIUECS U NEPEXOOHDbLEe
pedrcumbl PabOTHI CUCTEM HEPTOOOECIICUCHUSI.

[Ton ycTaHOBUBIIUMCST PEKUMOM PaOOTHI MOJIPA3yMEBACTCS PEXUM, MPHU
KOTOPOM MapaMeTpbl U XapaKTEPUCTUKU CHUCTEMBI, a, CJIEIOBATEIBHO, U €€
COCTOSIHUE  HE€  MEHAKTCI  BO  BpemMeHd. Hampumep,  BpauieHue
AJIEKTPOABUTATENEA B CHCTEME DJIEKTPONPUBOJA (PIEKTPOMEXaHUUYECKOU
CHCTEME) KaKOro-aubo IPOU3BOJCTBEHHOIO MeEXaHH3Ma C TOCTOSHHOMN
YIJIOBOM CKOPOCThIO (@ = CONSt) mpeamonaraeT MOCTOSHHYI) MOIIHOCTh U
MIPOU3BOJUTEIBLHOCTh 3TOTO MEXaHU3MA.

I'padyueckn  yCTAaHOBUBIIMHCS  PEXKUM  pabOTHl  BIEKTPONPUBOJIA
BEHTWIATOpHON ycTaHOBKU (BY) MOXHO mnpeACcTaBUTh B BHJIE TOYKHU
IIEpECEYEHUS MEXAHUYECKOU XapaKTEPUCTUKHU ACHHXPOHHOTO

anektpoasuraresnss (MX][) u MexaHUYeCKON XapaKTEpUCTUKH BEHTUISTOPA
(MXB) (Touka 1, pucynok 2.10).
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@,00/MuH MXB

A

MXJT

Pucynok 2.10 — K onpezenenuto ycTaHOBUBILIETOCS pexuMa pabOTHI.

O6o3nauenus Ha pucyHke 2.10: @y — CHHXpPOHHAasl CKOPOCTh BpaIllCHUS
ANEKTPOJBUTATENs (CKOPOCTh COOTBETCTBYIOIIAA PEXKUMY XOJIOCTOIO XOJIad);
@1, M; — ckopocTh BpailleHusi ¥ MOMEHT BY B ycCTaHOBHBIIEMCS PEXUME;
My, My — MmyckoBOW MOMEHT OJJEKTpOJBHUTaTedsi WU MOMEHT TpeHus BY;
Mg, g — KpUTHYECKUH (MAaKCUMAJIbHBIN) MOMEHT SJEKTPOJBUTATENS U
COOTBETCTBYIOIIIAsI EMY YIIIOBasi CKOPOCTb.

[IpumepoM TiepexXOAHOTO peXuMa padoThl (peXuMa MpU KOTOPOM
napaMeTpbl M XapaKTEPUCTUKH CHUCTEMbI MEHSIIOTCS BO BPEMEHM) SIBJISIETCS
MyCK, OCTAHOBKA WJIM U3MEHEHUE CKOPOCTHU BpAIllCHUS JIEKTPoInpuBoaa (w #
const). Ilpu u3MEHEHMM CKOPOCTH BpaIlleHUs] AJIEKTPOINPUBOJA MEHSETCA
TaKX€ MOIIHOCTh M MPOU3BOJUTEIIBHOCTh MPUBOJAUMOIO B JIBUKEHHE
MEXaHHU3Ma, a, CJIEJIOBATEIbHO, U COCTOSHUE AJIEKTPOMEXAHUYECKON CUCTEMBI.

DOTO MOXHO NPOWUIIOCTPUPOBATH HAa OCHOBE aHaIW3a OCHOBHOTO
YpaBHEHUS JBUKEHUSI SJIEKTPOIIPUBO/IA:

dw

]ZE = M;[B - Mc; (28)

rae  Jy — cyMMapHbIA 2MOMeHT VHEPLUHUU JBUTATENISI U IMPOU3BOJICTBEHHOTO
MEXaHU3Ma, KI'XM";
@ — yTJIOBas CKOPOCTh BpaILCHUS JICKTPONPUBO/IA, PaJi/C;
M ; — MOMEHT, CO31aBaEMBIN dJIEKTpoaBUrareinem, Hw;
M. — MOMEHT COINPOTHUBJIEHUS MPOU3BOJICTBEHHOTO MEXaHu3Ma, Hw.

B kadecTBe npyroro mnpumepa MEPEXOJHOTO peXHUMa PAOOTHI MOXKHO
MIPEIJIOKUTH HArpeB AJIEKTPOTEPMHUUECKON CUCTEMOU HEKOTOPOU Cpeibl (BOIHI,
BO3/yXa, OYBHI U T.I1.).
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MaremaTuueckd TPOIECC HarpeBa cpeanl (BEIecTBa) 0 HEKOTOPOTO

YCTaHOBUBILIETOCS 3HAYECHUS MOYXHO PEACTABUTH JUHEUHBIM
muddepeHIaibHbIM YPaBHEHUEM MIEPBOTO MOPSIIKA'
dt
TH—t+T=TYCT, (2.9)
rae T, — NOCTOSIHHAasT BPEMEHM HarpeBa — BpeMs, B TEYEHHUE KOTOPOIO
TeMmrepaTypa HarpeBaemMoul cpeasl or t = ( jgocturia  Obl

YCTaHOBUBILETOCS 3HAYEHUS Tyer IIPU ITOCTOSTHHOM KOJIMYECTBE TEILIOTHI,
co3/IlaBaeMOM dJIeKTpoTepMudeckor cucremort (Q = Const) u oTCyTCTBUHU

TEIUIO0TIau A B OKPYKaIOIIyI0 Cpeay, C;
dt o
T, —~ — MTHOBEHHOE 3HAYCHHE TEMIIEPATyphl HATPEBAEMOH CPEJIbl M €ro

npousBoHas 1o Bpemenu t, °C, °C /c;
Tycr — YCTAHOBUBIIIEECS 3HAYEHUE TEMIIEPATyphl cpesl, °C.

TH = — (210)

raie C — TermmoeMKocTh cpenbl  (BemecTBa), T.€. KOJWYECTBO TEIIOTHI,
HEO0O0XO0IMMOE JIJIs TIOBBILICHUSI TEMIIEPATYPHI cpenbl (BemecTBa) Ha 1°C,
Jx/°C,;
A — Terootnayda cpefpl (BElecTBa) — KOJIMYECTBO TEIUIOTHI, OTAABAEMOE
HarpeBaeMou cpenoil (BEIIeCTBOM) B OKPY’KAIOIIYIO CpPeay B €AUHHUILY
BpeMeHH npu pazHoctu temneparyp B 1°C, x/(cx°C).

C MaremMaTU4e€CKOM TOUKHU 3PEHHS Pa3HUIIA PEKUMOB (PYHKIIMOHUPOBAHHUS
CHUCTEM 3aKJIIOYaeTCs B TOM, YTO YCTAHOBHUBIIMECS PEXKUMBI OINKMCHIBAKOTCS
anreOpaniyecKuMu, a TepexofHble — aud@epeHIranbHBIMA W HHTErpo-
mudpepeHIaTbHBIMA YPABHEHUSIMU.

[Tpoananusupyem ypaBHenue (2.8):

1) Tlpwm mycke 3IEKTPOABUTATEISI WIIK U3MEHEHUU CKOPOCTH BPAICHUS
dw
dt
BpaHICHI/ISI BHGKTpOI[BI/IFaTeJIH @, a CJIeaoBarcJibHO MW €ro0 MOIIHOCTH

(Pw =My X @) 10 HEKOTOPBIX YCTAHOBUBINUXCS 3HAYEHUH @y U Py
(pucyHok 2.11 a u 6).

2) Tlpu oOCTaHOBKE OJJICKTPOIBUTATENSI WM HM3MECHCHHH CKOPOCTH
BpallleHus: ¢ OOJbIIeld Ha MEHBIIYI0 — MPOUCXOJIUT YMEHBIIECHHUE CKOPOCTH
BpaleHus 10 HyJs (pucyHok 2.12.a) unu 10 HEKOTOPOTr0 MEHBIIIEro 3HAYCHUS
(pucyHok 2.12.6).

C MEHbIIEe Ha OOJbIIyI0 — > (0, OpOUCXOOUT YBEIMYEHUE CKOPOCTH
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Pucynok 2.11 — Mi3MeHeHne CKOpOCTH BpaIeHHs SJIEKTPOABUTATENS: a) — PU IYCKE AIEKTPOIPUBO/IA,
0) — Ip¥ yBEJMYEHUHU C MEHBIIEH ()¢, HA OONBUIYIO Wyem2.

N

>
3
>

| a)ycm.?

yem

wvcm4

\4
—

a)

Pucynok 2.12 — MI3MeHeHne CKOPOCTH BpAIICHUS AIEKTPOABUTATENS: a) — P OCTAHOBKE
(TopMOKeHHNH), 6) — IPU YMEHBIIEHUH C OONBIIEN )3 HA MEHBIIYIO ycm4.

AHnanus epEX0HOTO pexruma AIEKTPOTEPMHUUECKON
(3JICKTpOHArpeBaTeIbHOM) CHCTEMBI, OIIMChIBAEMOro ypaBHeHHEM (2.9)
MPUBEACH Aajee B M. 3.2 HACTOAIIETO MOCOOus.

Knaccudukamus  pesxxumMoB  pabOTBI  CHCTEM  DHEProoOecIieueHHs
J0CTATOYHO OOImMpHas. B 1aHHOM y4eOHOM MOCOOMY OTPpaHUYMMCS JACICHUEM
PEXKUMOB (DPYHKIIMOHUPOBAHUS BBIIICYKA3aHHBIX CHUCTEM B 3aBUCUMOCTU OT
TpeOOBaHMI TEXHOJOTHMYECKOTO Mpoliecca (crocoda yrnpaBiIeHUS CHCTEMOM).
[To sToMy mpu3HaKy, PEXUMBI pPaOOTHI AJIEKTPOINPHUBOJOB BEHTHIISITOPOB,
HACOCOB, OOJIBIIIEN YaCTU KOPMOIPUTOTOBUTEIIHHBIX MAIIMH MOYKHO OTHECTH K
NPOOOANCUMENLHBIM (ONUMETIbHBIM,).

[lo ompeneneHuto, MPOAOIKUTEIBHBIA PEXUM paOOThl MPU HU3MEHHOU
Harpy3ke Py, IIUTCS CTOJBKO BpPEMEHHU, 4YTO TeMIlepaTypa BCEX dYacTeu
DJIEKTPOABHUIaTeNsA JOCTUIaeT HEKOTOPOM YCTaHOBMBILEHCS TEMIEPATYpPhl T

(pucynok 2.13).
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PI/ICYHOK 2.13 — 3aBucHMMOCTh MOIITHOCTH Ha BaJly 3JICKTPOABUTATCIIA Pu TEMIICPATYPBI T OT BPEMCHU
B IIPOAOJIZKUTCIIBHOM PCIKHUME pa6OTI>I

Ecnnm TeXHOJIOrHyeckuil mpolecc HE SBISIETCS HENPEPbIBHBIM, T.€.
paboune LMKIBI B HEM YepeAylTcs ¢ mnay3aMu (OTKpPHITHE U 3aKpbITHE
pa3INYHBIX 33JBU>KEK, BOPOT U 3aTBOPOB, MOJBEM M INEPEMEIICHUE I'PY30B U
T.1.), B 3aBUCUMOCTU OT BpPEMEHHU pabouero mukia t; m mayssl t;, pexXuMBI
()yHKLIMIOHMPOBAHMUSL ~ SHEPrOTEXHOJOTMYECKUX  CUCTEM  MOTYT  OBITh
KPAmKOGpeMeHHbIMU WA NO8MOPHO-KPAMKospeMenHbiMu. 1'padudeckn 3Th
PEKUMBI MOKHO TIPEJICTABUTH CIISAYIOMNM o0pa3om (pucynku 2.14 u 2.15).

P A
P,-—-
P .
0 T ”
It |
T A I I
| |
| |
kAt =
\4 | |
I I
| |
. . —
0 i i

Pucynok 2.14 — 3aBHCHUMOCTB MOIITHOCTH Ha BTy 3JIEKTPOABUTATENS P 1 TeMIeparypsl T OT BpeMEHU
B KPaTKOBPEMEHHOM PEKUME pabOThI
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Pucynok 2.15 — 3aBHCHMOCTB MOIITHOCTH Ha BTy 3JIEKTPOJBUTATENS P 1 TeMIiepaTyphl T OT BpeMEHU
B IIOBTOPHO-KPATKOBPEMEHHOM peXUME PaOOTHI

ITosscHenus k pucyHkaM: tp — Bpems paOboTsL; t; — Bpems mayssl; t;; — Bpems
LHKJIA; T, — yCTAaHOBMBIIAACH TEMIIEPATYPA; T, — TEMIIEpaTypa OKPYKaroLIeH
Cpelpl.

JIBurarenu, npeaHa3zHaYeHHbIE JJIs1 KPAaTKOBPEMEHHOTO peXuma padoThl,
BBIITYCKAIOTCSI ¢ HOPMUPOBAHHON MIHUTENBHOCTHIO padotsl 10, 30, 60 u 90
MHHYT.

N3 mnpencTaBleHHBIX PUCYHKOB BHJHO, UYTO pa3HUIA  MEXIY
paccMaTpuBa€MbIMH PEXMMAMHU B TOM, YTO B HOBTOPHO-KPAaTKOBPEMEHHOM
peKUME 3a BpeMs Tmay3bl [; Temmeparypa dYacTel OJJIEKTPOIBUTaTess He
YCIEBAET IOCTUYb TEMIIEPATYPhl OKPYKAIOILIEH CPEIBI.

ITOT pPEXKUM XapakTepusyercs OTHOCUTEJIbHOU BEJIMYUHOU
MPOJOKUTEIIBHOCTH BKIIFOUCHMUS.

B = . 100%. (2.11)
tp +
OCHOBHBIMH ~ 3HayeHussMH [[B, Ha  KOTOpbIE PAacCCUUTHIBAIOTCS
BBIITYCKa€MBbIE 3JIEKTPOABUTATENM, ABISIIOTCS 25% 1 40%.
B 1NOBTOpPHO-KpPAaTKOBPEMEHHOM pEXKHUME pPabOTAOT MPAKTUYECKH BCE
ANEKTPONPUBO/IA TOTBEMHO-TPAHCIIOPTHBIX (KPAHOBBIX) MEXaHU3MOB.
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I(onmpwl bHblE 60NPOCHI

1. JlaiiTe ompeaeieHUE TOHITHIO «COCTOSHUE CHCTeMbl». Hamuimmure u
MPOKOMMEHTUPYHUTE 00111e€ MATEMATUUECKOE BHIPAKEHUE COCTOSIHUSI CUCTEMBI.

2. IlpeacraBbTe CUCTEMY, COCTOSIIIYIO M3 KOHKPETHOTO YHCJA 3JIEMEHTOB,
Y HAIIMIIIATE MATEMATUYECKOE BBIPAKEHUE COCTOAHUSA 3TOU CUCTEMBL.

3. Jaiite ompeaeraeHue TMOHIATHIO «OYHKIIMOHUPOBAHUE CUCTEMBI»,
n300pa3uTe U MPOKOMMEHTUPYUTE Pa30BYIO TPACKTOPUIO €€ ABUKEHUS.

4. TlpuBeaute npumep GYHKIIMOHUPOBAHUS DHEPTreTUYECKOW CHUCTEMBI,
COCTOSIIIEN HE MEHEE UEM U3 TPEX MOJACUCTEM HUIIU DJIEMEHTOB.

5. Jlalite ompeneneHUE TMOHATHUIO «Pa3BUTHE CUCTEMB». B uem
3aKJII0YAETCs CYIIECTBEHHAs Pa3HUIA MEXIY MPOCTHIM (DYHKIIMOHUPOBAHUEM
CHUCTEMBI U €€ Pa3BUTHEM.

6. HazoBute u pnaiTe XapaKTepHUCTHKY peXUMaM (PyHKIIMOHUPOBAHMUS
HPHEPTETUUECKUX CHUCTeM. [IpokoMMeHTHpYyHTe pexuMbl (HYHKIIMOHHUPOBAHUS
AJIEKTPOMEXAHUYECKON CUCTEMBI.

7. Tlpoananu3upyiiTe  TEPEXOAHBIE  PEKUMBI  (PYHKIIHMOHUPOBAHUS
ANEKTPOMEXAHUYECKON CUCTEMBI (CUCTEMBI JIEKTPOIIPHUBOIA).

8. Ilpoananuzupyiite MEPEXOJHOU peXKUM paboTHI
AJIEKTPOHArPEBATEIIBHON CUCTEMBL.

9. Ilpomemute CpaBHEHHE KPaTKOBPEMEHHOTO 17| MTOBTOPHO-
KPaTKOBPEMEHHOT'O peKUMa PabOThl CUCTEMBI AJIEKTPOIPUBOIA.
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3. MOAEJMUPOBAHUME CUCTEM DHEPI'OOBECIIEYEHUA

3.1. O6wue ceedenusn o mooenax u mooeauposanuu

[IpoekTupoBaHKE U CO3JaHNE PEATbHBIX CHCTEM Pa3IMYHOI0 Ha3HAYCHUS,
B TOM YHCJE U CHUCTEM DHEProoOecreyueHus, Kak IpaBUIO0, HAYUHAETCS C
pa3paboTKu HMX Mojeiell (MoaenupoBaHus). DTO TMO3BOJSET CYIIECTBEHHO
COKpaTUTh BPEMEHHbBIC, MaTepHalbHble U (DMHAHCOBBIC 3aTPaThl HA CO3JaHUE
HTUX CUCTEM.

Mooenv cucmemul — 3TO CEUATBHBIA 00BEKT, B HEKOTOPHIX OTHOIICHUSX
3aMEHSIOMMK OpurHHAI (camy cucteMy). [IpuHIMNHANPHO HE CYIIECTBYET
MOJIEJIM, KOTOpasi MOryia Obl OBITh TOJHBIM SKBHBAJICHTOM OpHUTHMHANA, OHA
JIUIIBL C OMPEIETICHHON CTETIEHBI0O TOYHOCTH OTPa)KaeT HEKOTOPhIe (OCHOBHBIC)
€ro CTOPOHBI (TTapaMeTPhl, XapaKTEPUCTHKHU, PEKUMBI PAOOTHI U T.J1.).

Mopgenun moapa3faensoTcs Ha JBa OOJBIIMX Kiacca: @uuueckue W
ungopmayuonnsvie (abcmpaxmusie) [18].

Quzuueckue mooenu GHOPMUPYIOTCS U3 COBOKYIHOCTH MaTEpUATIbHBIX
00BEKTOB, KaK MPABUIIO, MEHBIIINX PA3MEPOB.

Hanpumep, mpu mpoOeKTUPOBAHHUU CaMoOJieTa CO3/Ial0T €ro (PU3nYecKyro
MOJIeb (B IECSTKU pa3 MEHBIIETO pa3Mepa, YeM OpPUTHHAN), U 00JYBaIOT €ro
MOTOKOM BO3JyXa B a’poauHamuueckoil TpyOe. Takum oOpaszom, coszmaBas
ycioBHsl ONM3KHE K pealbHBIM IMpHU TojieTe camojera. [Ipu npoexktupoBaHuu
ruaposnektpoctaniuii (I'9C) takxe co3naroTcs (U3NYECKUE MOJIENU BCEX €€
AJIEMEHTOB, M B CHEIHAIbHBIX OacceiiHax (OPMHUPYIOTCS TIOTOKH BOJBI
OJIU3KHUE PEaTbHBIM.

Hugpopmayuonnas (abcmpaxkmmuas) mooenb — 3TO OINHUCAHUE pPeaTbHOM
CHUCTEMBI Ha KaKOM-JHOO0 s3bIKe. AOCTPAKTHOCTh MOJIEIH MPOSBIISIETCS B TOM,
4TO €€ KOMIIOHCHTAaMU SBIIAIOTCS TOHSTHS, a HE (PU3MUECKHE DIEMEHTHI
(Hampumep, CIOBECHOE OMHUCAHUE, YEPTEXH, rpaduKu, TaOJIUIIbl, aIrOPUTMBI
WM TIPOTPAMMBI, MATEMaTUYECKHUE OTHCAHU).

Cpenu aOCTpaKTHBIX MOJCNICH BBIACISIOT OYSHb BaXKHYIO PAa3HOBUIHOCTH
— Mamemamuyeckue mMooeau, IpeaCcTaBsIoNne co00il COBOKYITHOCTh (popMy,
YpaBHEHUM W JIOTUYECKUX YCJIOBUMU, TMO3BOJISIONINE OMHUCHIBATH IPOIIECCHI B
peaIbHBIX CHCTEMaX.

B 3aBucuMocTH OT XapakTepa H3y4aeMbIX MPOIIECCOB B CHCTEME BCE BHJIBI
MOJICIUPOBAHUSI MOTYT OBITh pa3feieHbl Ha JIeTePMUHHUPOBAHHBIC U
CTOXacTHUeCKHue  (BEPOSATHOCTHBIC), CTaTHYSCKHME W  JUHAMHYCCKHE,
IUCKPETHBIC, HEIIPEPHIBHBIC M TUCKPETHO-HENpepbiBHbIC [17, 7].

Knaccudukarmuss MaremMaTHYeCKHX MojeNield  JTOCTaTOYHO  HATJISIHO
MpeJicTaBlieHa Ha puUcyHKe 3.1.
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MaremaTuueckoe

MOJCIINPOBAHUE
Y A
Croxactuueckoe
JleTepMuHUpOBaHHOE
(BEpPOATHOCTHOE)
Cratuueckoe Junamuueckoe
JuckperHo-
JluckperHoe HenpepsiBHOE
HENPEPBIBHOE

Pucynoxk 3.1 — Knaccudukanus mareMaTHUeCKUX MOJeNei

Lemepmunuposannoe MOIEIMPOBAHUE OTOOPAkKAET MPOLECCH], B KOTOPBIX
npeanosaracTcs  OTCYTCTBUE  KaKMX-TUOO  CIIy4yalHBIX  BO3JCUCTBUIA.
JleTepMUHUPOBAHHBIE MOJICJIM XAPAKTEPUZYIOTCS TEM, YTO 3HAHUE UX
[MapamMeTpoOB B HEKOTOPOM HHTEpPBAJIE BPEMEHU MO3BOJISIET MOJHOCTHIO
OIPENECINTh NUHAMUKY 3THUX MOJICJIIEM BHE ATOr0 HMHTEpBaiia. Eciau moxaenu
ATOr0 THUMA JOCTATOYHO MPOCTHI, UX MOXKHO HCCJIEIOBATh AHATUTHUYECKUMU
METOJaMH.

Cmoxacmuueckoe  (6eposimnHocmHoe)  MOJCIHUPOBAHHE  OTOOpaKaeT
BEPOSTHOCTHBIE TMPOLIECCH U COOBITHS. B 3TOM cilyuae aHanusupyercs psj
peanu3anui CIy4YanHOTO Mpolecca, M OLECHUBAIOTCS €ro BEPOSATHOCTHBIC
XapaKTEPUCTUKHU (MaTeMaTH4ECKOE O0XHUJIAHUE, JIACTIEPCHS,
CPEIHEKBAIPATUYECKOE OTKJIOHEHHE, KOPpeIAlMOHHas QYHKIUA U 1p.). DTOT
TUN MOJCJIUPOBAHUS TIO3BOJISIET 00Jiee TOYHO BOCIIPOU3BECTH MPOIIECCHI,
MPOUCXOISIINE B peAIbHBIX 00BEKTaX.

Cmamuueckoe MOJICIIUPOBAHUE CIYKUT JJI1 OMNUCAHUA COCTOSHUS
00bEKTa B YCTAaHOBUBIIEMCS PEXKHUME, a OuHaAMUYyeckoe MOJACIUPOBAHUE
OTpakaeT MOBEJECHHE O0BEKTa BO BPEMEHM, T.€. OINHUCHIBACT MEPEXOMbl U3
OJHOTO YCTAaHOBUBIIIETOCS PEXKHUMA B IPYTOHU.

JluckpemHnoe MOJEIUPOBAHUE CIYXKUT JJISI OIKUCAHUS IPEPHIBAIOIIUXCS
IPOLIECCOB, a HenpepvigHoe MOIEIUPOBAHUE, COOTBETCTBEHHO, NMPUMEHSETCS
IUI. OMMCaHUsSl HEIMPEPBIBHBIX IPOLECCOB. B IUCKpETHOM MOIEIMPOBAHUU
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(GYHKIIMOHUPOBAHUE CHUCTEMBbI  MPEJCTABISIETCS KaK  XPOHOJIOTrhYecKas
MOCJIEIOBATEIbHOCTh COOBITUH. MOMEHT BpeMEHH, B KOTOPBIM MPOUCXOIUT
coObITHE, 3HAMEHYeT COOOM M3MEHEHHE COCTOSHHUS cucTtembl. KomOMHaIWiO
JUCKPETHBIX U HEMPEPBHIBHBIX MPOLECCOB OTPAKAET OUCKPEMHO-HENPEPLIBHOE
MOJEIUPOBAHHUE.

B kauwectBe mpumepa pa3paboraeM  MaTEMaTHYECKYK0  MOJEIb
ANEKTPUYECKON IEMU MOCTOSHHOTO TOKA C aKTUBHBIM CONpOTUBIEHUEM. [Ipu
ATOM PACCMOTPHUM JIBa BapuaHTa: BapuaHT «A» (pucyHok 3.2.a) u BapuaHt «b»
(pucyHok 3.2.0).

U =var |:| R = const U = const H R =var

Pucynoxk 3.2 — K pa3paboTke MmareMaTHueCcKOl MOJIENHN 3JEKTPUUECKOH 1IeMH MTOCTOSHHOIO TOKa:!
a) BapuaHT «A»; 0) Bapuant «by».

Bapuanm «A» npenmnonaraeT M3MEHEHNUE NUTAIOLIEro HanpsokeHus U mpu
MIOCTOSIHHOM 3HAUY€HHH aKTUBHOT'O CONPOTHUBIICHUS R.

Bapuanm «b» npennonaraet AUCKPETHOE WIM HENPEPHIBHOE W3MEHEHUE
3HAUYEHHUS] AKTUBHOTO CONPOTHUBJICHUS R TpU MNOCTOSSHHOM (HEHU3MEHHOM)
3HAQYEHUH [UTAIOIIETO LENb HANPSKEHUS.

OcHOBOM MareMaTH4eCKUX Mojeslell B 00eux BapHaHTax SBISIOTCS

(hopMyJIbL:

U
[ =—, 3.1
= (3.1)
P=UXxI, (3.2)
rae | — uckoMblid TOK, MPOTEKAIOIINM B LIENH, A;

U, R—BeanuuHB MNUTAIOLIETO HAMNPSKEHUS W COMPOTHUBIICHUE IIEMHU
COOTBETCTBEHHO, B, OMm;
P—BCJ’II/I‘-II/IHa MOIIIHOCTH, BbIACIIEMAsA HA AKTHUBHOM COHpOTI/IBHCHI/II/I,

Br.

[IpencraBuM MaTeMaTHYeCKUE MOJIeNd 1end B Bujae GopMyn U
MOJIEJIMPYIOLINX AJIITOPUTMOB.
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PacueTtHbie hopMyIIbI 711 BapuaHTa «A»:

U
[ = —, 3.3
= (33)
Pi = Ui X Ii! (34)
PacueTtHbie hopMyIbl 4151 BapuaHTa «by:
I; = v (3.5)
P Ri’ .
Pi =U X Ii’ (36)
rae | — DOpSAKOBBIC HOMEPAa MCXOOHBIX M PACUYCTHBIX 3HAUCHUN BEIWYUH

HaIlpsKCHUs, COIIPOTHUBJIICHUA, TOKA U MOIITHOCTHU.

[Tox MOOENUPYIOUUM aneopummom ciemyer MOHUMATh
MOCJIEIOBATEIIBHOCTD JICUCTBUH, MPOU3BOAUMBIX JJISI BBIYUCICHHUS IO TEM WA
WHBIM MAaTEMAaTHYECKUM BBIPAXKEHUSIM UM TOPUBOASAIIMX K  PEIICHHUIO
MOCTaBJICHHOH 3a7a4M B BUJIE MMOJTYUYCHHS KOHEUHBIX Pe3yibTaToB. PazpaboTka
QNTOPUTMOB  SIBJIICTCS JIOCTATOYHO CJIOKHOM M KPOMOTIWBOW pPabOTOM,
TpeOYIOIIeH onpe/IeIEHHBIX HABBIKOB.

B Monpenupyronux aaroputMax Uil pelIeHus 3a/1a4d aHaim3a (IpoBeIeHUS
UCCIICIOBAHUIN) YacTO MCIOIB3YIOTCS MACCUBbl OOHOUMEHHBIX UCXOOHBIX
OaHHbBIX, TIO3BOJISIONINE MPOU3BOIUTh MHOTOKPATHBIE BBIYMCIICHUS B ITUKIIAX.
B 3aBHCHMMOCTH OT OpraHu3alMM BBIYUCIUTEIBLHOIO IPOIecca aJrOpPHUTMBI
MOJICIMPOBAHUSIM MOTYT OBITh JTUHEHHOM, BETBSIIEHCS (Pa3BETBIISIONICICS) U
UKJIMYECKON CTPYKTypbl. Kak mpaBuio, anroputMmbl H300pakarOTCs B BUJIC
OJIOK-CXEM.

Mopenupyromuye aJrOpuTMbI TS PEIISHUs 3aJaud 110 BapHaHTaM «A» U
«b» mpeacTaBieHsl Ha pUCYyHKE 3.3.

HekoTopreie MOSICHEHUS K aJITOPUTMAaM:

1. ObGa anropuT™Ma HMEIOT IUKIMYECKYIO CTPYKTYpPY, IO3BOJISIONTYIO
IPOU3BOJUTH MHOTOKPATHBIC BBIYKMCICHHS IO OJJHUM M TeM ke dopmynam. B
HallleM CcJIydae BBIYHMCICHHUS IMPOU3BOJATCSA IATH pa3 (mapaMerp LUKIA |
MEHSETCSI OT OHOTO JIO TISATH).

2. B 610kax «2» ajaropuTMOB BBOJATCS Pa3IMUHBIE MACCHUBBI MCXOJHBIX
naHHBIX (B BapuaHTe «A» — MaccuB U, B Bapuante «b» — maccuB R).
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Bapuant «A» Bapuanr «b»

C 1. Hayano ) C 1. Hagamno )
2. BBox R, 2.Bon U,
maccus U maccuB R

4. 1i=U/R 4. |i = U/R;
Pi=U x| P=UxL

5. BeiBOI 5 BI)IBOII
Ui, Ii, P; R, L, P

A

C 6. Konen ) C 6. Konery )

Pucynok 3.3 — Moaenupyromnie anropuT™Mbl pEIIeHHs 3a/1a9u 110 BapruaHTaM «A» U «by»

[Io pa3paboTaHHBIM MOJACIUPYIOUIMM  aJITOPUTMaM  COCTAaBIISIOTCS
IPOrpaMMBbl Ha KaKOM-JIH60 anropurMmudeckoM sisbike (BOMCUK, ®OPTPAH,
PL-1, IIACKAJIb u ap.) Wi UCHOJB3YIOTCS MAKEThl MPUKIAJAHBIX TPOTrpaMm
(moamporpaMm), €clii OHM CYIIECTBYIOT. Jlajmee mporpaMmbl peaiv3yroTcs Ha
komnbroTepe. Haumbonee yno0HON ¢opmoil mnpencTaBieHHs pe3ybTAaTOB
MOJICIUPOBAHUS SIBIISIOTCS TAONUIIBI, TpadUKU U IUArpaMMBbl.
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[IpencraBum pe3ynbTaThl pacyeTa Il BapuaHTa «A» TpPU  YCIOBUHU
R = const = 10 OM B Tabauunoii (Tabauna 3.1) u rpaduyeckoii (pucyHok 3.4)
dbopmax.

Tabnuma 3.1 — 3aBUCMMOCTD TOKA M MOIIIHOCTH B 3JIEKTPUUECKOM LIENH OT MUTAIOLIETO HAMPSKEHUSL.

i 1 2 3 4 5
Ui, B 220 190 160 130 100
li, A 22 19 16 13 10

P;, Bt 4840 3610 2560 1690 1000
Pi, Bm |i, A
N A
se00 -y I=f(U)
4000 o9 b oS
| 9 i
3000 | |
I ST i~ | |
| |
2000 B ! | | |
T e —— | i i i
1000 p--—————f---"-—2 ! ! ! !
| I | | I
| I | | I
| I | | I
: : : : N
0 50 100 130 160 190 220 U, B

Pucynok 3.4 — I'padmueckas untepnperanus 1=f (U) u P=f (U,I)

AHaJIOTHYHBIM 00pa30M MOYKHO TPEACTAaBUTh PE3yJIbTAThl ISl BapHaHTa
«b». Kak wmarmsamno BugHo m3 pucyHka 3.4 3aBucumocth | = f(U) mHOCHT
JMHEHHBINA XapakTep, a 3aBucumoctb P = f (U, |) — HenmuHeHHBIH.

B COOTBETCTBUHU B MPEIJI0KEHHOU BBIIIIE KJaccupukamnnen
MaTeMaTH4ecKasi MOJIEIb MIEKTPUICCKON IETH SIBISETCS AETEPMUHUPOBAHHON
U CTaTUYECKOM.

B xauectBe apyroro mpumepa MpeACTaBUM MaTEMaTHYCCKYH0 MOJICThb
YCTAHOBUBILIETOCA peXuMma paldoThl 3jiekTponpuBoga BY (rpaduueckas
MHTEPIPETAIUS PEeKUMA MPEJICTaBICHA HA PUCYHKE 2.6 HACTOSIIETO MOCO0us).
Mogens nipeacTaBisieT co0oi cuctemy anredpandeckux ypaBHeHui (3.7).
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2M

ATS Sk
TS
Mg = My + Ky, * 08
Mﬂ = MB (37)
rne S = wz)_w — CKOJIb)KE€HUE aCUHXPOHHOI'O DJICKTPOABUTATEIIS;
0

Wo—w
Sk = 0 K_ BCIIMYMHA KPUTHYCCKOI'O CKOJIBKCHM .
K w
0

Pemenne cucteMbl ypaBHEHUN ITO3BOJIAT MOJIYYUTh TOUYKH IEPECEUEHHUS
MEXAHUYECKUX XapaKTEPUCTUK BJEKTpoaBuraTens u BY, xapakrepus3yrommx
YCTAHOBUBIIUECS PEKUMBI PAOOTHI JICKTPOIPUBO/IA.

[IpenacraBneHHble MPUMEPHI MOTYT CIY>KUTh OCHOBOM JJIsl IPUOOPETCHUS
HaBBIKOB  pa3pabOTKU U peaju3allid  MaTEeMaTH4YECKUX  MOJIeNieH
YCTaHOBUBILIUXCS PEKUMOB paboThI Pa3INYHBIX BHUJIOB
DHEPrOTEXHOJIOTUYECKUX CHUCTEM, TAKHX KakK »JJIEKTPOIPUBOAA IOTOYHBIX
JVMHUN,  BJIEKTPOHArpeBaTEJIbHbIE  YCTAHOBKH, CHUCTEMBl  OCBEHICHUS
IIPOU3BOJICTBEHHBIX TOMEIICHUN U T.1.

3.2. Mooenupoeanue OuHamuuecko2o pexcuma padomal
INNEKMPOHAZPECAMEIbHOU CUCHIEMbL

Kak yxe Obu10 mokaszaHo B 1.2.3 mpoluecc HarpeBa (IMHAMUYECKUH pexuM
paboThI AJIEKTPOHArpeBaTEIbHON CUCTEMBI) OTMCHIBAETCS
muddepeHmanbHpIM - ypaBHeHUeM Bujaa (3.8), mpexacTamisioniee coOou
JIMHEWHOE YpaBHEHHUE IIEPBOr0 IMOpsaka. Takoe ypaBHEHHUE UMEET
aHAJIUTUYECKOE PEIICHUE CIEAYIOIIETO BUIA:

T =1y (1— e H/TH) 74 e7/TH, (3.8)

rI€ 7o — HadalibHasg TEMIEpaTypa HarpeBaemoi cpenbl, °C;
Tycr — YCTAHOBUBIIAACSA ~ TEMIIEpaTypa  HAarpeBacMoOM  Cpeabl,  T.€.
TeMmIieparypa Jio KOTopoit HeoO0XoauMo HarpeThb cpenay, °C;
t — Tekylee Bpems Harpesa.

[Ipennonoxum, yto BbIpaxkeHue (3.8) mpeAcTaBisieT COOOM pacUETHYIO
MaTEMaTHUYeCKyl0 MOJelb IIpoliecca HarpeBa BO3JyXa B HEKOTOPOM
MTOMEIICHUH.

[TocrosiHHas BpeMeHU HarpeBa 7y B JAHHOM CITydae SIBISETCSI HEKOTOPHIM
00001IarIITUM mapaMeTpoM, XapaKTEPHU3YIOITUM KaK camy
anekTpoHarpeBatenbHyo cucteMy (QHC), B 4acTHOCTH €€ MOIIHOCTb, TaK H
00bEM HarpeBaeMoro Bo3ayxa.
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B3anmocCBsi3p MEXAy YCTAaHOBUBIICKWCA TEMIIEPATYPOH OKPYKAIOIIEH
Cpelbl W IOCTOSSHHOM BPEMEHM HArpeBa MOXKHO NPEACTABUTH CIIEAYHOIINM
obpazom

Ty ~ 2T (3.9)

Mojenupyromuii - anropuT™  JUISI  AHAJIW3a JUHAMUYECKOrO peXnma
paccMaTpruBaeMoOi CUCTEMBI IPEICTABUM Ha PUCYHKE 3.5.

[TosicHeHHUs K alrOpuUTMY:

1. laHHBIN aNroOpuUTM MPEACTABISET COOOH aneopumm ¢ 6ROHCEHHbIMU
Yukaiamu, TIPUYEM [HKJI 10 [apamMeTpy | BIIOXKEH B IHKI II0
napamerpy |.

2. lluxkn mo mapameTpy | SBISCTCS 6HEwHUM, LUK 10 TapaMeTpy |
— BHYMPEHHUM.

3. BHyTpu BHYTpEeHHEro IIMKJIa €CTb BemejeHue, CO3JaBacMOoe
JIOTUYECKUM OJIOKOM «8», KOTOpoe (POPMHUPYET LUK, MO3BOJSIOMINN
MOJIHOCTBIO CMOJEIUPOBATh KPUBYIO HArpeBa.

4, NutepBan BpeMeHH Al SBIsI€TCS wazom mMooenuposanus U BbIOUpaeTcs
cieayromumM odpasom [8]:

(3.10)

JId mony4eHus: TOCTOBEPHBIX PE3YIbTATOB MPU MOACITUPOBAHUN CUCTEM,
OMHUCHIBAEMBIX  CIIO)KHBIMM ~ MaTEMAaTHYECKUMU  BBIPAKCHUSIMHU,  BBIOOD
BeIMYMHBI Al omnpenensercss ONbITHBIM IyTeM (Ha OCHOBAaHMHU CpPaBHEHUS
PE3YILTATOB IIPH PA3IUYHBIX BeIMYUHAX At).

B HameM KOHKpETHOM cllyyae MPUMEM CIEIYIONIUE HWCXOIHBIE JTaHHBIC
I MOAEIMPOBAHUSA: Tp, MACCHUB Ty, MAacCUB Ty (NOJ Mmaccusom OaHHbIX
MOHUMAETCSl HEKOTOpasi COBOKYITHOCTh OJHOMMEHHBIX BEJIUYHH).

[TpenmosoxuMm, uto umerotes 3aBucuMmoctu 1y = f (P) mis Tpex 3HadeHHid
YCTaHOBMBILIEHCS TEMIIEPATYPHI Tyerj, IHA€ Iy — MOCTOSAHHAA BPEMEHU H
P — momHocte DHC cootBercTBeHHO. Kakaas 3aBUCHMOCTBH IpeCTaBiIcHA
IIITHIO TOYKAMU B BHUJE€ TAOJIHIEI 3.2.
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1. Hagamo

2. BBox 79 , MaccuB
Tyer, MACCHUB Ty At.

~
\—/

‘
;

v

v

6_ Tl] = TYCTj (1 f— e_t/THi) + TO . e_t/THi

9. t=r+At / 7 BHBOH /
Lt T

8.
Tij < Tyerj

Ja

C 10. Konen )

Pucynok 3.5 — Moaenupyromuii airOpuT™ aHajin3a JuHamuyeckoro pexunma JHC
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Tabnuma 3.2 — Vicxonuble nanHbie A moaenupoBanus JHC.

[ 1 2 3 4 5
Pi, kBt 5 4 3 2 1
Tri, MUH 4 5,2 6,5 8 10
] 1 2 3 — _
Tyerjy °C 20 25 30 - -

B pesynbTaTe MOACIMPOBAaHUS IMOJIydaeM KPUBBIC HArpeBa IS JTAHHOTO
MIOMEIICHUS, T.€. 3aBUCUMOCTh TeMIIepaTyphl OoT BpeMeHu HarpeBa 7 = f (1)
(pucyHok 3.6).

A
T,
°C
30 1
25 1
20 1

15

10

} : - H3 L HS ! ! ! ! ! 3

T T T T T T T >

0 2 4 6 8 10 12 14 16 18 20 T, mun

Pucynok 3.6 — PesynbTarsl MmogenupoBanust JHC

Kpusbie HarpeBa 1, 2 u 3 cCOOTBETCTBYIOT HarpeBy BO31yXa B MTOMEIICHUHU
oT 79 = 0°C 10 7y = 25°C 2€KTpOHArpeBaTeNbHLIMA CHCTEMAaMHU MOIIHOCTEIO
P=35,3nu1 Bt (cm. Tabn. 3.2). Kak crneayer u3 Teopur aBTOMATHYECKOTO
yVIOpaBJICHUS BpeMs JAUHAMHYECKOTO pexuMa (MEPEeXOJHOro IMpoliecca)
cucremnl t,,~(3+4)7, rne T —nOCTOSIHHAs BPEMEHH CHUCTEMbI, B HalleM
cllydae 3TO TIOCTOSSHHas BpeMeHHM HarpeBa Bosayxa (7 = Ty). I'padmueckn
IIOCTOSTHHBIE BpEMEHU HarpeBa [p;, Ty3; M Tys ONPENEHATHC KAK KacaTelIbHbIC
K KpuBBIM HarpeBa 1, 2 u 3.

Bcero B nponecce MOIEIMPOBaHUS MOTYYAETCS CEMENCTBO U3 15 KpUBBIX
Harpesa (10 5 KpUBBIX Ha KaXyI0 U3 3-X YCTAHOBHUBILIMXCS TEMIIEPATYP Tycy).
Pe3ynbTaThl MOJICTTUPOBAHUS MO3BOJISIT BBIOpATh ONTUMAJIBHOE
VIOPaBJICHUYECKOE  PEIICHWEe MO0  CO3J[aHUI0  WIM  PEKOHCTPYKIIUU
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AJIEKTpOHArpeBaTeIbHOM CUCTEMBI. B HaleM ciiydae 3TO MOXET OBITh BBIOOP
ONTHMAJIbHOTO COOTHOLICHUS MEXKAY JUHAMUYECKUMH XapaKTEPUCTUKAMH
CUCTEMBI U €€ YHEProcOeperaroMMy MOKa3aTEIIMHU.

3.3. Bepoamnocmuoe mooenuposanue IHEP2oOmexHon02UUeCKux
ROMOYUHBIX IUHUTL

Duepeomexnonocuyeckue nomounsie aunuu (ITJI), mpeHaA3HAYCHHBIC IS
MaCCOBOTO BBIITyCKa KaKOTro-THO0 BHJa MPOAYKIIUH, SBISIOTCS BaXKHEHIITUMH
Pa3HOBUJHOCTSIMU  CJIOKHBIX TEXHOJOTUYECKHX CHCTEM, palboTalolmux B
YCJIOBUSAX  BO3JICUCTBUS ~ MHOTOYHUCICHHBIX  ClIy4yalHbIX  (haKTOPOB.
OTAMYUTENHPHOM  OCOOEHHOCTBIO  JITHX  CHCTEM  SBJISICTCS  OOJIBIIIOE
pa3zHooOpa3ne HCIOJIB3YEMOr0 B HHX TEXHOJIOTHYECKOTO O0OPYIOBaHUS U
JOCTATOYHO CJIOXKHBIC CBSI3U MEXIYy STUM o0opyaoBanueM [2].

Hcxonst W3 BBINMIECKA3aHHOTO, CIEAyeT, 4To Haubosiee 3(DPEKTUBHBIM
METOJIOM, TMO3BOJIAIOIIMM JeTanbHO ucciuenoBate JTJI, saBasercs memoo
BEPOSIMHOCMHO20 MOOEIUPOB8aHuUs, KOTOPbIM HWHOTAA Ha3bIBAlOT METOJIOM
CTAaTUCTUYECKUX HWCIbITAHUM uWin MeTogoM Monte-Kapno. Itor Meron
MO3BOJIET UCCIEA0BATH JIOOYI0 CUCTEMY SHEProo0eceyeHus: B caMoM OO0IeM
BUJIC IS TIPOU3BOJIBHBIX 3aKOHOB PaCIHpeIeNICHUs] CIIyYallHbIX BEJIMYHMH, KaK
Ha BXOJI€-BBIXOJIC, TAK U BHYTPU CUCTEMBI.

B oOmiem ciydae miisi MOACIUPOBAHUS CIIyYalHBIX BO3JICUCTBUN HA Ty WU
UHYIO CHCTEMY HCHOJIb3YIOT CiIydyailHble COOBITHS, JUCKPETHBIE U
HENPEPHIBHBIC CIyYalHbIE BEJIMUYMHBI, BEKTOPHI U Mpoliecchl. JIJis 3Toi 1enu B
CpPEJCTBAX BBIUMCIUTEIBHON TEXHUKH CYIIECTBYIOT CHEIHUAIbHBIC TaTYUKH
(renepatopbl) ciaydadHbIXx — uucesl. (OCHOBHBIM  HEIOCTaTKOM  METOJa
BEPOSITHOCTHOTO MOJICJIMPOBAHMS SIBJISICTCS. YACTHBIM XapaKTep MOJy4aeMbIX
pE3YJbTaTOB, HE PACKPBHIBAIOIIMN OOIIE 3aBUCUMOCTH MEXIY OTIEIbHBIMU
XapaKTepUCTUKAMU U IMapaMeTpaMH CUCTEMBI.

OOBEKTOM HAIIero pacCMOTPEHUsI OyAET HEKOTOPHIM MPOU3BOIACTBEHHBIN
1ex, BKIIOYAKIUMA B ceOs aBe mapamienbHo padotaromme IOTJI u
BBITTYCKAIOIIHNE OJTMHAKOBYIO MPOIYKIIHIO.

IIpennonoxum, uto kaxaas ITJI Bkirouaer B ceOs N mociaea0BaTEIbHO

OCYIIECTBIISIEMBIX AHEpProTexHoyiorndeckux mpoueccoB — DTIlyy, ..., OTIIy,,
OTIlyy, ..., OTIIy,.



Pucynok 3.7 — CtpykTypHas cxema IpOM3BOJICTBEHHOI'O 11eXa

raie Cy, C,, IIy, I, — 00bEMBI CHIpbSI U TOTOBOW MPOJIYKIIUU ISl TIEPBOU U
Bropoit DTJI coorBercTtBeHHO; Cyj, Csij — HEKOTOpPOE MPOMEKYTOUHOE
COCTOSSHHE  CBIPBS,  HAXOMSIIETOCs B CTaAuW  IepepabOTKH
(monydadbpukara) nis neppoit u Bropoit DTJI.

[TapamienbHO paboTaroNIUe JMHUN CYIIIECTBEHHO MOBBIIIAIOT HAICKHOCTD,
a, CJICIOBATEIIbHO, M ITPOU3BOIUTEIILHOCTH 1exa [12].

Ilensto wuccrmemoBanusl OyAeT OIeHKa TMOBBIMIEHUS A()PEKTHBHOCTH
(yHKIIMOHUPOBAHMUS 11€Xa BCIACACTBUE 3aMEHbI OJTHOU MOTOYHOU JIMHUM JIBYMS,
paboTtaronuMu mapaiienbHo. [lpu 5ToM cymMmapHas NPOU3BOIUTEIBHOCTD
JUHUN B 00EUX BapuaHTaX OJIMHAKOBAI.

YuuTeiBass BEpPOSTHOCTHBIN XapaKTep TMPOU3BOJCTBEHHBIX MPOIECCOB,
MPOTEKAIOIINX B MOTOYHBIX JUHUAX, B KAY€CTBE OCHOBHOTO 3KOHOMHYECKOTO
kputepus d3¢dexkTuBHOCTH GyHKIUOHMpoBaHusa OTJI ciaexyer NpHHATH
mMamemamuyeckoe OMCUOAHUE OMHOCUMENTbHOU BEIUYUHbI  KOMNEHCAYUU
HeOONOYUeHH020 00X00a Om peanuzayuu OONOJHUMENIbHO HPOU3BEOEeHHOU
NPOOYKYUU.

MO % -100% = MO % .100%, (311)
oTT1 Ham

riae /{rr7— J0XOM, TIOAYYEHHBIM OT pealu3allud pealbHOro 00beMa
MPOU3BOJMMON NPOAYKIUU OJHOM HHEPrOTEXHOJIOTMUYECKOU JIMHUEHN
(OTID);
AJ[57;7 — BeIUYMHA KOMIIEHCAIIMA HEIOMOJYYEHHOTO JI0X0Ja, 3a CUeT
peanu3aiuyd  JOINOJHUTEIBHO  IPOU3BEACHHOW  MOPOAYKUHMH  IIpHU
(G YHKIMOHUPOBAHUHU JIBYX JIMHUM,
1157 — 06beM IPOAYKITMHU, BBIMTyCKaeMblii ogHOM DTJI;
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All57; — xoMmieHcanusi oO0beMa HEIOBBIMYIICHHON TPOAYKIIUM TIPU
(GYHKITMOHUPOBAHUY JBYX JTMHUH.

KomneHcaruss o0beMa HEIOBBINYIICHHONW MPOAYKIIUM OO0eCeYrBaCTCH,
Hapsay C mapauienbHbiM BkIOueHueM OTJI, moBbimeHueM 3¢ ¢heKTUBHOCTU
(YyHKIIMOHUPOBAHUS OTACJIBHBIX SHEPreTUYECKHX YCTaHOBOK (DY) obenx
MOTOYHBIX JUHUN. BaxkHEHIINMHU MOKA3aTeIIMH TEXHUYECKOM 3(PHEKTUBHOCTH
oraenbHEIX DY u OTJI B nmeiloM SIBIIIOTCA WX HAIEKHOCTH U
PEMOHTOINPUTOTHOCTb.

@®opmyna (3.11) copaBegmuBa i 000r0  4YMcia MHapauiesibHO
paboTarONIMX MOTOYHBIX JUHUN U B OOIIEM Cilydae MpUOOpETaeT Cleayomui
BU/I:

MO % 100% =M0{%} 100% (3.12)

rae /[, AJl— noxon, NMOJy4YeHHBIM OT Peanu3aluy NPOAYKLUWH, U BEIUYMHA
KOMITICHCALIMU HEJIOMOJIYYEHHOTO 10X0/1a IPOU3BOACTBEHHBIM LIEXOM;
I, AIl — o6t 00bEM BBIIYCKaeMOW MPOIYKIMH U €ro KOMIIeHcalus
COOTBETCTBEHHO.

C MmaremMaTHYeCKOM  TOYKH  3pEHHUS  OLUEHKY  HAJACKHOCTH U
peMoHTonpurogHoctd  OTJI MOXHO OTHECTM K 3aJadaM  MacCOBOTO
oOciyxuBaHus. B Teopuum MaccoBoro oOcCioyXHMBaHHMS [D] IOKazaHO, 4YTO
MPOMYCKHAsI CIOCOOHOCTH (B HAIleM ciiydae — Mpou3BoAuTeNbHOCTh JDTJI) u
IPYTU€ XapaKTEPUCTUKU CUCTEMbI MAaCCOBOTO OOCIIY>KUBAHHUSI CPABHUTEIBHO
MaJi0 3aBHUCAT OT BHUJA 3aKOHA pacHpeieseHUs BPEeMEHU OOCITyKUBaHUA, a
3aBUCSIT, TJIABHBIM 00pa3oM, OT €ro CpeIHEero 3HAYEHUs, T.€. MaTeMaTUYECKOTO
oxuaanusa BpemeHu oociyxuBanus MO, .s. [IoaTOMY Uailie BCero noyib3yroTcs
JOMYLIEHUEM, YTO 8peMsl OOCAYHCUBAHUSL PACHPEOeNeHO NO NOKA3AMeNbHOMY
3AKOHY.

CnenaB JoNylIEHHE O MYaCCOHOBCKOM XapakTepe NOTOKa COOBITHMA,
MPOUCXOAIINX B TMOTOYHBIX JUHUSAX, U COOTBETCTBEHHO O MOKA3aTEIBLHOM
(9KCITOHEHIIMAILHOM) 3aKOHE pPaclpelesieHUs BPEMEHU HX OOCITYy>KUBaHUS U
PEMOHTa, UISI pEUICHUS BBINIEYKA3aHHBIX 33Ja4 MOXHO IPUMEHUTH
MaTEeMaTUYECKUH anmnapaTr MapKOECKUX CIY4atuHbIX NPOYECCOos.

CnyyaliHBI TIpOIIECC SIBJSETCS MapKOBCKHUM, €CIU JJIS JITFOOOr0 MOMEHTa
BpeMEHU tj BEPOSITHOCTHBIE XapaKTEPUCTUKHU Tpoliecca B Oyayiiem (T.e. JJs
MOMEHTOB BpeMeHHU ti1, li+p, ..., lj+n) 3aBUCAT OT €ro COCTOSIHHSI TOJIbKO B
MOMEHT BPEMEHH {j U HE 3aBUCAT OT TOrO, KOTJa U KaK CUCTEMA IIPHUIILIA B 3TO
coctosiHue [D5]. MHbIMH clloOBaMH, 3TO TPOIECC, HE YUYUTHIBAIOUIUN
«IIPEBICTOPHION.
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Jlns  pemieHus TIOCTABICHHOM 3aJadd IE€JIECOO0pPa3HO HCIOJIb30BaTh
MapKOBCKHE CIIy4alHbIE TIPOLECCHI C JUCKPETHBIMHU COCTOSHUSIMH U
HENPEPBIBHBIM BpeMeHEeM. MICXO0IHBIMU TTPEANOCHIJIKAMY PU PEIICHUHN 3aa4u
OLEeHKHU HaAexKHOCTH DTJI ABIAIOTCS CIEAYIONME COCTOSIHASL CUCTEMBI:

1. Kaxnas notoyHas JuUHUS B JIOOON CIydailHbIi MOMEHT BPEMEHH
MO>KET BBIMTH U3 CTPOS.

2. Tlocne BpIXOAa JTUHHUM U3 CTPOS MTHOBEHHO HAaUYMHACTCS €€ PEMOHT,
MIPOJOJKAIOIINKCS CIIYYalHOE, 3apaHEE HEM3BECTHOE, BPEMSI.

O0603HaYNM YETHIPE BO3ZMOKHBIX COCTOSIHHSI CUCTEMBI, COCTOSIIIIEH U3 IBYX
napasienbHo padboratomux ITII:
Sp — 06e OTJI ucnpaBHs;
S; — mepBast TMHUS PEMOHTUPYETCS, BTOpas UCIIPaBHA;
S, — BTOpast IMHUS PEMOHTHPYETCS, IepBasi UCIIPaBHA;
S3 — 00€e TUHUN PEMOHTUPYIOTCH.

ITepexoibl CUCTEMBI U3 COCTOSIHUS B COCTOSIHUE MTPOUCXOIUT MPAKTUUECKHU
MTHOBEHHO, B ClIy4yalilHble MOMEHTBI BPEMEHHU BbIXOJAa U3 CTPOSI TOM WA MHOU
JIMHUM WJIM OKOHYAHUS MPOIIECCa UX PEMOHTA.

[Ipu aHanmuze Cciy4yalHBIX TMPOIIECCOB C JUCKPETHBIMH COCTOSIHUSAMU
yI00HO MOJIb30BAThCS HEKOTOPOM TE€OMETPUUYECKOM CXEeMO#, Ha3bIBaeMOM
epagom cocmosanuu. Jns Hamiero ciydasi rpad COCTOSSHUM OyJIeT UMETh
cienyronmi Buj (pucyHok 3.8).

So

M A2

Sl SZ

A2 M

M2 M1
S

Pucynok 3.8 — I'pad coctosiHuii nporecca GyHKIHMOHUPOBAHUS CUCTEMBI, COCTOSIIEH U3 IBYX
napajuienasHo padotarorux ITJI

Crpenka Ha cXeMme, HampaBjeHHAas M3 COCTOSHUS Sg B S;, O3HAYaeT
nepexo] B MOMEHT OTKa3a KakKoro-imOo y3ja B NEPBOM MOTOYHOM JIMHUM.
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Crtpenka, HanpaBlieHHas 0OpaTHO, U3 COCTOSIHUA S; B Sy — MEpeXoj] B MOMEHT
OKOHYaHHsSI PEMOHTa JTOro y3ia. HampaBieHuss OCTaJbHBIX CTPEIOK
OOBSICHAIOTCS aHAJIOTUYHO.

NHTEHCUBHOCTh MOTOKOB COOBITHM, MEPEBOASIIMX CHUCTEMY M3 OJHOTO
COCTOSIHUSI B JIpyroe, OyJeM BBIYHMCISTH, MpEroaras, 4YTo CpeaHee BpeMs
pemonta OTJI He 3aBUCHUT OT TOrO, PEMOHTUPYETCS OJHA JMHUS WIH 00€
OJIHOBPEMEHHO. JTO CIPABEIUBO JJIS CIIyYasi, €CJIM PEMOHTOM Ka)XKJA0U JIMHUU
3aHATHI OTJEIbHBIE OpUTaIbl CICIIUATUCTOB.

Haiinem Bce MHTEHCHBHOCTH IMOTOKOB COOBITHM, MEPEBOASIIUX CHUCTEMY
M3 OIHOTO COCTOSIHHS B Jpyroe (A1, Ay, p1, Mp). IHTEHCHMBHOCTH ITOTOKOB
COOBITUH A1 W Ay, TPEACTABIAIOIIMX €000l 06e30TKa3Hyl paboTry
COOTBETCTBYIOIIECH JIMHUHU, MOKHO OMPEACIUTh CIAETYIOMNUM 00pa3oM:

1
b=
v (3.13)
1
dp=
tcp.ﬁ.p.Z

rae 1.5, — cpeanee BpeMs 0€30TKa3HOM pabOThI NEPBOW JIMHUM;
tep.6,p.2 — CpeltHEE BpeMs 0€30TKa3HOM pabOThI BTOPOM JIMHHH.

AHaJIOTUYHBIM 06pa30M onpeacisicM MHTCHCUBHOCTHU ITOTOKOB coOnITHI
WU 1 Hp, XapaAKTCPUIYIOIIUX ITPOHECCChl pPECMOHTA COOTBGTCTBYIOHIGﬁ JIMHUMN:

1
M=
tcp.p.l
1 (3.14)
My =77
tcp.p.Z
rne Uy, lpp2 — cpeaHee BpeMs DPEMOHTA IEPBOM M BTOPOM JIMHHUU

COOTBCTCTBCHHO.

[TogBos WTOr BBINIECKA3aHHOMY, MOXHO YTBEPKIATh, YTO IEPEXOL
CUCTEMBbl U3 COCTOSIHUS Sy B COCTOSHUE S; ONpENeNsieTCss MHTEHCHUBHOCTHIO
IIOTOKa COOBITHH Aj, M3 COCTOSIHHS Sy B COCTOSHHE S, — MHTEHCHBHOCTBHIO
NoTOKa COOBITUM Ay. OOpaTHbIE NEPEXObl ONPENAECHAIOTCS UHTEHCUBHOCTIIMU
IOTOKOB COOBITUM 41 U [{; COOTBETCTBEHHO.

HNmest B cBOEM pacHOpsKEHUM Pa3MEUYeHHBIN Ipad) COCTOSHUM CUCTEMBI, B
HallleM CJIy4ae MPOU3BOACTBEHHOIO 11€XA, MOXKHO IMOCTPOUTH MATEMATUUECKY O
MOJEJb Mpouecca €€ PyHKIUOHUPOBAHUS.

IlocTpoeHne MareMaTHYEeCKOM MOJEIM B HAIIEM KOHKPETHOM Cilydae
NpeACTaBiIseT  CcO0OM  MOJydYeHHME  MAaTeMAaTHYEeCKUX  3aBUCHUMOCTEH,
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TO3BOJISIONIUX OIMPEACINTh BCe geposimuocmu cocmosnuii cucmemol Pi(t) xax
@YHKYUU 8peMeHU.

BepositHOCThIO I-r0 cocTosiHus Pj(t) Ha3bIBaloT BEpOSTHOCTH TOr'O, YTO B
MOMEHT BpemeHH t cucrtema OyJeT HaXOAWThCA B cocTosHuM Si. [Ipm 3ToMm
OYEBHUIHO, YTO IS JIIOOOTO MOMEHTAa BPEMEHHM CyMMa BCEX BEPOSTHOCTEH
COCTOSIHAM PaBHA CIUHMUIIE:

i P() =1 (3.15)

rac | — HOMCP COCTOSAHUSA CUCTCMBI,
N — YMCJI0 BO3MOXKHBIX COCTOSIHUM.

Jlis HaxoxJeHus Bcex BeposTHocTel coctosHus Pj(t), kak ¢GyHKImiA
BPEMEHHU, COCTABJIIOTCS W pemiaroTcs ocoboro Buaa auddepeHimanbHbie
ypaBHeHusi (ypaBHeHusi KosmoropoBa), B  KOTOPbIX HEU3BECTHBIMU
(GYHKITUAMU SIBJISIIOTCS] T BEPOSITHOCTH.

OO6mue mpaBuiia COCTaBICHUSI dTUX YpaBHEHUH MpencTaBieHsl B [5, 6]. B

JICBOM 4acTHu KaXJA0I'0 YPaBHCHHU:A 3alIMCBIBAKOTCS ITPOU3BOJIHBIC BepOHTHOCTeﬁ

BCEX BO3MOXKHBIX COCTOSIHUM CHCTEMBbI (%j HpaBBIe qaCTu ypaBHeHI/Iﬁ

NPEACTABISAIOT COOOM CyMMBbI MPOU3BENICHUN BEPOATHOCTEW BCEX COCTOSIHUM,
U3 KOTOPBIX MAYT CTPEJIKM B JAaHHOE COCTOSIHUE, HA WHTEHCUBHOCTH
COOTBETCTBYIOIIMUX  TIOTOKOB  COOBITMH, 3a  BBIUETOM  CyMMapHOU
MHTEHCUBHOCTH BCEX MOTOKOB, BBIBOJSIIUX CUCTEMY M3 JTAHHOTO COCTOSIHUS,
YMHOXCHHON Ha BEPOSTHOCTH JAHHOTO I-TO COCTOSTHHS.

[lonb3ysich 3TUM TPaBUIIOM, COCTaBUM cHUCTeMY IU(depeHINATBHBIX
ypaBHenui (3.15) mis Haimero KOHKpETHOTO ciry4das (pucyHok 3.8):

oP,

8_t0 = P+ 11,P, = (A4 + 4,) Ry

oP,

8_tl = 4Py + 14,P = (A + 1) P,

. (3.16)
a—t2=/12|30 + Py — (A + 1),

oP.

8_,[3:}“2P1 + 4P, — (14 + 11,) Py

Hnst pemienns cucrtembl auddepeHuuansubix  ypaBHeHud (3.16) wu
HAXOXICHUS  BEPOSATHOCTEW  COCTOSHUKW  pPACCMATPUBAEMOU  CHUCTEMBI

HEOOXOUMO 3aJ1aTh HadvajabHbIC YCIIOBHSA. YJIOOHEEe BCEro peliath UX IMpU
HavanmbHBIX  ycrmoBusax — Po(0) =1, Py(0)=0, Py0)=0, P30)=0,
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COOTBETCTBYIOIIEH CHUTyallud, KOrJa B HaYaJIbHBIM MOMEHT 00€ JHHUU
VCIIPABHBI.

CucteMbl JUHEHHBIX AUBPEepeHINANTBHBIX YPAaBHEHUU C MOCTOSSHHBIMU
Kod(ppuimeHTaMn HMMEIOT aHATUTUYECKOE pelIeHUe, KOrja HX YHCIO He
npeBocXoautT Tpex. Ecnu ypaBHeHuM Oousbllle, HMX OOBIYHO pEIIAOT
YHCJICHHBIMA METOJIaMHd C HCIoJIb3oBaHueM OBM. B HacTosmiee Bpems
MMEETCS MHOTO CTaHAApPTHBIX MPOTpamMM, pEaNM3YIOIIUX  Pa3IU4HbIC
YyuCJIeHHbIe MeTOAbl. OIHUM M3 HamboJiee TOYHBIX U YacCTO MCIOIb3YEMbBIX
YUCJICHHBIX METOJIOB siBisieTcst MmeTo Pynre-KyTra.

Takum oOpa3zoMm, pemass cuctemy ypaBHeHui (3.16), Haiinem Bce
BEPOSITHOCTH COCTOSTHUM paccMaTpUBAEMON CHCTEMBI KaK (DYHKIIMA BPEMEHH.
Tak kak 23Ta cucTema, MNOPEACTaBIAIOmAas COOOM COBOKYIMHOCTh JIBYX
napajuiebHO PadOTAIIINX TEXHOJIOTUYECKUX IMOTOYHBIX JIMHUN, padoTaeT
JOCTATOYHO JIJIUTEIIBHOE BPEMsS, BO3HHUKAET HEOOXOJAMMOCTHh OTBETUTH Ha
CIEAYIOIIUA BOMPOC: 4TO OyJET MPOUCXOJIUTH C BEPOSTHOCTSIMU COCTOSHUM
HaIlleH CUCTEMBI, €CITH BpeMs paboThl yCTPEMUTh K 0€CKOHEUHOCTH (1— 0)?

P =Ilim F:io(t)’ (3.17)

t—

rne 1=0,1, 2, 3— HOMEep COCTOSHUN CUCTEMBI.

Ecim mpenen B Beipaxkennn (3.16) cymectByer W HE 3aBHCHUT OT
HAYaJIbHOT'O COCTOSIHUS CUCTEMBI, BEpOATHOCTH Py, P1, Py, P3 OyayT sBisiThCS
QunanvHviMu 8eposmuocmamu cocmosnull (HUHANTBHAS BEPOSITHOCTh — 3TO
BEPOSITHOCTh, XapaKTEPHU3YIOIIash YCTAHOBUBIIUICS PEXUM pabOThl CUCTEMBI).
OueBUAHO, UTO CyMMa 3THUX BEPOSITHOCTEH Takke OyJeT paBHA €AUHUIIC:

iF’i =1 (3.18)

N3 Teopum ciiydaliHBIX MPOLECCOB CIEAYET, YTO €CJIU YUCIIO COCTOSTHUU
CHCTEMBI KOHEUHO U B OOIIIEM Cllyyae paBHO BEJIUYMHE N, U U3 KKIOTO U3 HUX
3a KOHEYHOE YHCJIO IIaroB MOXHO TEpPEeWTH B JIIO00E APYroe COCTOSHHE, TO
(bUHaTBLHBIE BEPOSATHOCTH COCTOSTHUM CYIIECTBYIOT.

Hanum 00bsicHeHUs1 (UHAIBHBIM BEPOSATHOCTSIM cocTosiHui. [lpu t—oo B
CUCTEME S YCTaHABJIMBAETCS TMpPEICIbHBIM CTAllMOHAPHBIM PEXHUM, B XOJI€
KOTOPOr0 CHCTEeMa CIy4alHbIM 00pa3oM MEHSIET CBOM COCTOSIHHMSI, HO HX
BEPOSITHOCTh YK€ HE 3aBUCUT OT BpeMmMeHH. TakuM o0pa3oM, (PUHAIBHYIO
BEPOSTHOCTh I-TOI'0 COCTOSIHHSI CHCTEMBI MOXKHO OIIPEICIUTh KaK CpeaHee
OTHOCUTEJILHOE BpeMs IMpeObIBaHUS CUCTEMBI B ATOM cocTosiHuM. Hampumep,
CUCTEMa S HMeEeT YEeThIpe COCTOSHUSA o, Si, Sy, S3 M uX (QuHAIBHBIE
BEPOSATHOCTH COOTBETCTBEeHHO paBHbl Py = 0,5, P, = 0,2, P, =0,2, P; = 0,1.
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DTO 03HAYAET, YTO B MPEJECIBHOM CTAIMOHAPHOM PEXKUME CUCTEMA B CPEIHEM
MOJIOBUHY BPEMEHU HAXOJUTCA B COCTOSHUU Sp, IBE JECATHIX — B COCTOSHUU
S1, IBE NECATHIX — B COCTOSIHUM Sy U OJIHY JIECSATYIO BPEMEHHU — B COCTOSIHUM S3.

Tak Kak BEpPOATHOCTH COCTOAHMUA IIpU t—00 TOCTOSHHBI, TO HX
MIPOU3BOJIHBIE PABHBI HYJIO. DTO O3HAYAET, UTO JIJIsl OnpeenaeHus (GUHATbHBIX
BEPOSATHOCTEH HYXHO BCE JIEBble YacTH B ypaBHeHUsX (3.16) mpupaBHATH K
HYJI0O M PEUIUTh TMOJYyYCHHYIO CHCTEMY Yyxke He auddepeHiuanbHbIX, a
JMHEWHBIX areOpanvyecKux ypaBHEHUN.

ITocne HecnmoxkHBIX MpeoOpa3zoBaHuil cuctembl ypaBHeHui (3.16) cucrema
JUHEWHBIX anreOpanyecKuxX YpaBHEHHH isi (UHAIBHBIX BEPOSTHOCTEH
COCTOSIHAM HAIIEW CUCTEMBI IIPUMET CIEIYIOIUNA BUL:

(4 +4,)P = 1P + 1, P,

ﬁ (A, + )P = 4P + 1, Py
(4 + 1,)P, = 4, + Py -

(1 + 1,)Py = 2,P, + A,P,

(3.19)

Kax BunHoO, Bce ypaBHeHHs cucTeMsbl (3.19) sSBistoTCs 0MTHO3HAYHBIMH, T.€.
HE UMEIOT CBOOOHOTO YJieHA U 3HAYUT, HEU3BECTHBIC OMPEIEISIFOTCS TOJIBKO C
TOYHOCTBIO  JI0  MPOW3BOJIbHOrO  MHOXuTens.  [lostomy  criemyer
BOCITIOJIb30BAThCS TaK HAa3bIBAEMBIM HOPMHPOBOYHBIM ycioBueM (3.20) u ¢ ero
MIOMOIIBIO PEIINTh CUCTEMY YPaBHCHUH.

P+BE+P+PF =1, (3.20)

[Ipu 3TOM OIHO JII000€ U3 ypaBHEHUM CHUCTEMBI MOKHO OTOPOCUTH (OHO
BBITEKAET KaK CJICJICTBUE U3 OCTATbHBIX).

[IpeanosnioxkuM, YTO CHUCTEMA, COCTOAIAs U3 JABYX IMapauiesIbHO
paboratronux  OTJI  umeer  ciedyroue — KOHKPETHbIE — 3HAYEHUS
MHTCHCUBHOCTEH MOTOKOB COOBITHH Ay = 1, Ap = 2, w3 = 1, up = 3. Pemmum
cuctremy ypaBHeHudt (3.19), oTOpocuMB dYETBEpTOEC ypaBHEHUE CHUCTEMBbI,
3aMeHUB ero Ha HopmupoBouHoe ycioBue (3.20). Cuctema ypaBHEHUU
MpUOOPETAET CIAEAYIOMIUMN BU/I;

3P, = 2P, +3P,

4P, = P, + 3P,

4P, = 2P, + 2P,

P,+P+P,+PF =1
PemmB cuctemy ypaBHEHUH, ITOTYUYHM CIICAYIOIIHE 3HAYCHUS (PUHATBHBIX

BeposTHOCTEM cocTosiuuit: Py = 0,4; P, =0,2; P, = 0,27; P; = 0,13.

(3.21)
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[IpokoMMeHTHpYEM  TOJIyYEHHbIE  pe3yibTaTbl. B mpenenbHOM
CTAallMOHAPHOM peXuMme Hama cucrema B cpeaHeM 40% BpeMeHu Oyaer
HaXOJUTHCSI B COCTOSIHUU Sy (00e nuHuuM uctpaBHbl), 20% — B COCTOSSHUM S;
(mepBasi JIUHUS PEMOHTUpPYETCS, BTOpas padbortaeT), 27% — B COCTOSIHUHU S;
(BTOpast TUHUA PEMOHTHUpYETCs, mepBasi paboraer) U 13% — B cocTosiHUU S3
(o0e nIMHUM HE WCIpaBHbI U HAXOJATCS Ha pemMoHTe). Ha ocHoBaHuu
MOJYYEHHBIX PE3yJIbTATOB MOYKHO MOJIOWTH K OLIEHKE CPEJIHEN SKOHOMUYECKOM
3¢ PeKTUBHOCTH (PYHKIIUMOHUPOBAHUS TMPEANPHUATHS, a UMEHHO OIPEICIUTh
HEKOTOPBIN cpeanuit noxona (/[) oT peanu3anuy NPOIYKIIMH, MPOU3BEACHHOMN
obonmu DTJI npennpusarus.

Bocronp30BaBIINCE MPEMIOKEHHON BBIIIE METOAUKON, CPEIHUU JTOXON
(MaTeMaTU4YECKOE OXHUJAHHUE JI0X0Aa) OT pealu3aluyd TPOAYKIIMU MOXKHO
ONPEJEIUTh CISAYIONIUM 00pa3oM:

MO[Z]=P, -MO[ /7, ]+ P, -MO[7,]+ P, -MO[1, ], (3.22)

rne MO[/,), MO[/), MII[/J,] — maremarndyeckue OXHUIAHHS JOXOJ0B
IIPOM3BOJCTBEHHOrO Ii€Xa MpPH HAXOXICHHHM IIOTOYHBIX JIMHUN B
COCTOSIHUSAX Sg, S1 M S, COOTBETCTBEHHO.

B kauecTBe npumMepa npeanosokuM, 4To 1eX B COCTOSIHUU Sy (00e TMHUU
UCIIPaBHbI) MPUHOCUT B TEUEHHE HEKOTOPOTO pacCMaTPUBAEMOI0 MPOMEKYTKA
Bpemeru goxon MO[/] = 10 ycnoBubix emnuHuUIl (y.€.), B COCTOSHUH S; —
noxon MO[/[]=6y.e., B cocrosauun S, — poxom MO[/],]=4ye., B
COCTOSIHMH S3 — HE TPUHOCHT HHKAaKOTO Aoxoja. Mcrnoms3ys dhopmyy (3.22)
OKOHYATEJIbHO MOJTYYHM:

MO[4]1=04-10+0,2-6+0,27 -4=6,28 y.e.

HNcxonss w3 BBINMIEU3IOKEHHONO BHUIHO, YTO IMpemjiaraeMas METOAUKa
MO3BOJISIET peIIaTh 3aJaud TOBBIMICHUS SKOHOMUYECKON 3Gh(PEeKTUBHOCTH
pa3IUYHbIX Tpeanpusatuil, umerommx JTJI.

[TockonbKy nporiecchl, mpotekatoriue B ITJI HeoOxoauMo paccMaTpUBaTh
Kak B IIPOCTPAHCTBE, TaK W BO BPEMEHHU, METOAUK BEPOSTHOCTHOIO
MOJEIUPOBAHUS  MPOCKTUPYEMBIX TOTOYHBIX JIMHUKA  Oa3upyercss Ha
MCIIOJIb30BaHMM CHCTEMHO-IIpoIiecCHOro moaxomaa [11].

3.4. Mooenupoeanue cep8ucHvlX 4UeHMPOE 8 IHEPZeMUUECKOIL chepe

B CcOBpeMEHHBIX YCIOBHUSX HA MHOTHUX MNPEANPUATHAX IKCIUTYATUPYIOTCS
CJIOKHBIE DHEPreTUYECKHUE 17| DHEPrOTEXHOJIOTUYECKUE CHUCTEMBL.
OOcny>XMBaHUE U PEMOHT TaKUX CHUCTEM CUJIaMU SHEPreTUUYECKOTO MepCcoHala
NPEANPUITAN HE BCErga BO3MOXKEH. B CBI3M €  3TUM, JOCTaTOYHO
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MEPCIEKTUBHBIM HAMPABICHUEM SIBJISIETCS CO3/IaHHE CEPBUCHBIX ILEHTPOB IO
OoOCITy>)KMBaHUI0O U  PEMOHTY  CIIOKHOTO  OOOpYJOBaHUA  CHUCTEM
AHEProoOecneYeHHus.

B coorBercTBHM ¢ KiaaccHUKalMEeH CHCTeM, IpuBeAcHHOW B [4],
BBIIIICHA3BAHHBIE CEPBUCHBIE IIEHTPHI MOKHO OTHECTH K CUCTEMaM MacCOBOTO
oocnyxuBanus (CMO). Ilog MaccoBeIM 0OCITy>KMBaHHEM [8] MOHUMAIOT BCE
BUJIbI OOCITYKMBaHM: TPOU3BOJICTBEHHOTO, TPAHCIOPTHOTO, (PMHAHCOBOTO U
ObiToBOro. B  Hamem ciaydae CEpBHUCHBIE ILEHTPBl  OCYHIECTBISIOT
oOCITy’)KMBaHHE  IPOM3BOJICTBEHHOTO  JHEPrEeTHYECKOr0  000pYyHIOBaHUS
MPEANPUATHM.

I[Ipu wmonenmupoBanun CMO HEOOXOAMMO pa3nuyaTh CIEAYIOIIUE
MOMEHTHI:

1) Koro (uTo) o0cimyXuBaroT?
2) Kto (uT0) 0OCy)HBacT?
3) Ilo kakuM IpaBUIIaAM MPOUCXOIUT OOCTYKUBAHUE?

BBelieM OCHOBHBIC ONPE/ICIICHUST TCOPUU MacCOBOTO 00CTyxuBanus [ 8]:

1) Tpebosanue — 310 3ampocC Ha YIOBICTBOPEHHUE HEKOTOPOH MOTPEOHOCTH
(B HameM cioy4ae  TOTPEOHOCTHIO  MOXET  OBITh ~ PEMOHT
ASHEPreTUYECKOro 00opyaoBaHus). BmecTo TepMuHa «TpeOOBaHUE»
WHOT/Ia UCIIOJIB3YIOT TEPMUHBI «KIUEHMY, K3ASIBKAY, «BbI308Y;

2) Obcayacusanue — 3TO yAOBIECTBOPEHHE 3TOM moTpeOHOCTH. B 00Imem
Cllydae MOMEHTBI TIOCTYIUICHUS] TPEOOBaHUW CIy4aillHbI, T.e. ¢hakm
nosenenus mpeboanus — ciyyainoe coovimue,

3) IlocaenoBaTeIbHOCTh ATHX COOBITHH OyJeM Ha3bIBaThb HOMOKOM
mpebosanuii. [locTynusiire TpeOOBaHUS HYXAAIOTCS B 00CTY>KUBAHUU
KaKUM-JTHOO0 YCTPOMCTBOM HJIH YEIIOBEKOM.

4) Ilpuboppr — STO TEXHHYECKHE CPCACTBA, OCYIICCTBISIOIINC
oOciykvBaHue TpeOoBaHuil. Bmecto TepmMuHa «mpuboOp» UHOTAA
UCIIOJIB3YETCSl TEPMUH «IUHUSD WA «KAHALY,

5) [loTok TpeOOBaHMIA, IMOCTYIAIONUX B OOCITYKHUBAIOIIYI0 CHCTEMY,
Ha3bIBACTCS 8X00SAUWUM (BXOOHBIM) NOMOKOM,

6) I[ToTok 00CTyKEHHBIX TPeOOBAHUM, MTOKUIAIONIUX CUCTEMY, Ha3bIBACTCS
BLIX00AUWUM (8LIXOOHBIM) NOMoKOM. BXOIHBIC U BBIXOJHBIC MOTOKH B
CMO 1npeacTaBisItlOT €000 MOTOKM  CIIyYalHBIX COOBITHMH U
0003HAYAIOTCS CTPEIKAMU;

7) IlepBonipyurMHy BO3HHUKHOBEHHS TpPeOOBaHWM, HE3aBHCUMO OT HX
bu3nYecKoil MpUpPoIbl OyAe€M HA3bIBATh UCHOUYHUKOM.
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OddexktuBHocTh GyHKIMOHUPOBaHUST CMO onuchIBaeTCs ClEAyIOIMUMU
MOKa3aTeIISIMU:

— NPONycKHas cnocobHocmb CHCTEMbI (CpeaHee KOJMYECTBO 3asBOK,
00CITy’)KMBAaE€MbIX B €IJUHUILY BPEMEHH);

— koagppuyuenm ucnoavzosanus CMO (cpemHee YHUCIO  3aHATHIX
KaHaJIOB);

— Kauecmeo 00cnyxcusanus 3aABOK (BEPOSATHOCTb MPOCTOSI CHUCTEMBI,
BEPOSITHOCTh OTKa3a B OOCIy)XMBaHHM, CpEIHEE YHUCIO 3asiBOK B
odepeau U ap.).

Haubonee mnpocTteiM BapuantoM npu wuccienoBanuu CMO sBasercs
JOMYIIEHUE O TOM, UYTO CIy4YalHBIA MOTOK COOBITUM SIBISICTCA NpOCMEuuuUM
(WM cmayuoHapHulM nyaccoHO8CKUM) IOTOKOM. Ha3BaHue «I1yacCOHOBCKHUIN»
CBSI3aHO C TE€M, UYTO YMCJIO COOBITUM, TOMAJAIOIINX Ha JIF000W (DUKCUPOBaHHBIN
UHTEPBaJ BpEMEHHU T OyJIeT pacnpe/ieicHo 1o 3akony [lyaccona [5].

(A0)™
Pm(T) = —e_’h" (323)
m!
rne  Pp(7) — BepoaTHOCTH TOro, 4TO 3a BpeMs T NPOHU30HAET POBHO M

COOBITHI;
A —IUIOTHOCTh  MOTOKa  COOBITUM  (CpeaHee  YHCIO  COOBITHH,
NpUXOsIIeecs Ha €IUHUILY BPEMEHH ).

Cinenyer OTMETUTb, YTO JUISI CTAalMOHAPHOTO IIOTOKAa XapaKTepHa
MMOCTOSIHHAA MJIOTHOCTh HA PAaCCMAaTPUBAEMOM MHTEPBAJIE BPEMEHHU.

['padyueckn cTanuMOHApHBIA MYaCCOHOBCKUW TOTOK COOBITUA MOKHO
IPEJICTAaBUTh B BUJIC TOYCK Ha YHCIOBOM ocH (pucyHOK 3.9).

T
A
0 Ve \ t

I I

Y

PI/ICYHOK 39— Fpa(pnqecxaﬂ HUHTECpIIPpETAlNA CTAIMOHAPHOT'O ITYaCCOHOBCKOI'O IMTOTOKA

MareMaTuyeckoe OXXKHJAaHHUE YHuCiIa COOBITMH Ha HWHTEpBaJie T MOYKHO
OTIPEACIUTH CIACAYIOMNM 00pa3om

MO[m] =A-1. (3.24)

Kaxnas CMO o0beaunsieT B cede HEKOTOPOE KOJHWYECTBO MapasliebHO
paboTaronmx TEXHUYECKHUX YCTPOWCTB Ha3bIBAEMBbIX KaHanamu
00CTYIHCUBAHUSL.
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O6oOmennast  cTpyktypa  moAenu  (yHkuuoHupoBanus  CMO
npeacTanieHa Ha pucyHke 3.10.

| Ucrounuku (1) | OO6cmyxrBaromas cucreMa
: L Haxommmrens (2)
| ro T T T
I I 1-2
I I
L :: F—— O00O0
I I
I I
I I
I I
I I
I 2-2 OOciryXeHHbIE
: : O O O O TpeOOBaHUS
| | (3asBKH)
I I
: 3-2
I
| 1 » O00O0
I
goe
I I
I I
e 4 _

Pucynox 3.10 — O606menHas ctpykrypa moaenun CMO

IIpencraBnennas moaenb CMO sBisieTcs NMATUKaHAIbHOW. VcTOUHUKAMHU
TpeOoBaHMil B cdepe DHEPreTUKH MOXKET OBITh BBIIIEAINEE U3 CTPOs
AIIEKTPOOOOPYI0BAHUE HA TOM WUJIM UHOM MPEATPHUSTUH.

[Tockonbky  oOcCHyXHuBaroOImKe MNPUOOPHl  HUMEIOT  OIPAaHUYEHHYIO
MPOMYCKHYIO CIIOCOOHOCTb, 8 0OcCnydcusarowel cucmeme MOTYT BO3HUKATh
ouepedu 13 TpeOOBaHUM.

[TockonbKy Bpemsi 0OCTYKMBaHUSI KOHKPETHBIM MPUOOPOM to5., SBIISIETCA
CIy4yallHOM BEJIIMYMHOW — TpeOOBaHUAM MPUXOIUTHCA OXKUJATh IOKa HE
O0CBOOOIUTHCS OOchmyXuBawImuii mnpudbop. B s3toM ciyyae TpeOoBaHus
HaxXOAATCS B Hakonumese, o0pa3ys OAHy WIH HECKOJIbKO ouepenert (1-2, 2-2,
3-2, pucynok 3.10).

BBeneM noHsATHE — 8pems HaxoxcOeHus mpebosanus (3asa6Ku) @ cucmeme
(tCI/ICT.)'

tCI/ICT. = toq. + to6c11.’ (325)

rae  l,y — BpeMms HaXOXJICHUs 3asBKU B OUEPE/IN, Yac;
to6en. — BpEMS 0OCTy)KMBaHUS 3a5BKH, 4ac.
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AJTOpPUTM MOCTAHOBKHU TpeOOBaHUM B o4yepeab OyJeM Ha3bIBaTh NPaguUiom
Gpopmuposanusi  ouepedu, ANTOPUTM B3AUMOJICHUCTBHS  OOCTYKHBAIOIINX
NpuOOpPOB C OYEPEAbID — NPaABUIOM OOCAVICUBAHUS WA  OUCUUNTIUHOU
00CIYIHCUBAHUSL.

Bocnonib30BaBIINCh W310KEHHBIMU BBIIIE OCHOBAMH TEOPUU MaCCOBOTO
00CIIy)KUBaHUsI, TTOCTPOMM aOCTPAKTHYIO MOJEIb CEPBUCHOIO IIEHTpa IO
OoOCITy>)KMBaHUI0O M PEMOHTY CHJIOBOro sJjekTpoodopyaoBanus (C20)
(3JIEKTPONPUBOJIOB  Pa3IMYHBIX  MPOU3BOACTBCHHBIX MEXaHU3MOB) TpeX
npeanpuaruii. AOCTpakTHYIO Mojelb OyiaeM QopMupoBatb B BHJEC
¢yHkuroHanbHoM  cxembl  (pucyHok  3.11).  Ilpeamosnioxum,  4TO
00CITy»KHBAaKOIIasi CUCTEMA COCTOUT U3 IIECTU O0OCTYKMBAIOIIUX TPUOOPOB.

QT r———~—~>"~"~"7"~"7/"~>"7"777/77 7= T 7 I
| Bemuenuee u3 crpos : CepBUCHBIH LIEHTP | Beixo (cKian I
: CD0 na Kamiorn[aK I (06CTyXKUBAKOIAs CUCTEMA) | OTpeMOHTHPOBAHHOTO I :
I Hp;i:gg;;iﬁ M Hacommrens () B 1 obenyxkennoro CI0) (4) |
| Hakonurens (2) [Tpucopsr (3) |

Pucynok 3.11 — Mojenb cepBUCHOTO LIEHTpa Mo oocnykuBanuio CI0

[ToCKONBKY CEpBUCHBIN HEHTP 0OCIYKUBAET KOHEYHOE YHUCIIO KIMEHTOB (B
HameMm ciydae tpex — 1-1, 2-1, 3-1) ero moxHo oTtHecTH K CMO ¢ koneunwvim
yuciom mpeboganuu [1,8]. Takue CHCTEMBI SBISIOTCS 3AMKHYMbIMU,
IIOCKOJIBKY TpeOOBaHMs MOCJE 3aBepUIEHUSI OOCIYKMBAHMS BO3BPAIIAIOTCS B
MCTOYHMK, I'Jle OHH NIPEOBIBAIOT B TEYECHUE HEKOTOPOrO BPEMEHHU ly5, 3aTeM
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cHosa Bosspamiarorcst B CMO. HasoseM t,,6. spemenem bezomxasnou pabomul
000pY008aHUsL 00 Ce0VIOUe20 00CIYHCUBAHUSL.

PaccMoTpuM J1B€ BO3MOXKHBIX CUTYyallid B pabOTE CEPBUCHOTO LIEHTPA.

1) TpeboBaHKe BO3HUKACT B Pe3yJibTaTe IIaHOBOTO oOcyxkuBanust COO.
B oot cutyanmn ty,5 = cONst, te,e, = var. O1o 00bACHAETCS TEM, YTO INIAHOBOE
00CIIy)KMBaHUE TPOU3BOJUTHLCS Uepe3 OINPENENICHHBIM Mepuosi padoTh
obopynoBanus  (ty,5. =cONst), a Bpemsa OOCIy)KMBaHUS  3aBUCUT  OT
kBanudukaruu mepcoHana (lyge, = Var) W JUIMHBI OYEpear B HAKOIMTENE
(tou, = var).

2) TpeOoBaHHE BOSHHKACT B PE3yJIbTaTE BBIXOJIA U3 CTPOSI TOT'O MM MHOT'O
obopynoBanus. B »Toil cuTyammu, Kak Bpemsi 0€30TKa3HOM pabOThI, TaKk U
BpeMsi OOchnyXuBaHUA (PEMOHTA) W OXHUIAHUS B OUYEpEIU SIBISIOTCA
NIEPEMEHHBIMU BeTUUUHAMU (46, = Var, toge, = Var, ty, = var).

[IpencraBum rpaduyecku MOJENb Mpolecca OOCTYKHMBAaHUS €IUHUIIBI
CD0 B cepBuCHOM IIeHTpe (pucyHOK 3.12).

[Tpenmpustue AIIK | CepBuCHBII LEHTP
bezoTkasznas padota Oxunanue B
> OO6cayxuBaHue
eauauibl CO0 ouepeau
. J\. \ J
Y Y Y

tpa6. toq. 1:o6cn.

Pucynok 3.12 — Mognens obciyxuBanus enuaunbl CO0O B cepBUCHOM LIEHTpE

Crpenkoit Ha pucynke 3.12 o0o3HaueH BO3BpaT OOCITYKCHHOM
(OTpEeMOHTUPOBAHHON) €TUHUITEI 000PYAO0BaHMS OOPATHO HA MPEATPUSITHE.

[lockonbky MoOJEb, NpeacTaBieHHas Ha pucyHke 3.12 peanusyer
3aMKHYTBIA MpolecC O0OCIyKMBaHMS, T.€. OOCIY)XHBaHHE MPOUCXOIUT
HETPEPHIBHO LMKII 38 LUKIIOM, MHTEPBAIIBI BpDEMEHH {55, Loy M {o6c, B KAXKIOM
uKJIe OyAyT pa3iuyHbIMU (CIIy4yalHbIMU).

B cBsi3u ¢ 3TUM HEOOXOJMMO TOBOPUTH O MaTEMaTHUYECKHX OXXHIAHUSIX
(MO) wuntrepBanoB BpeMEHU s, lo U 1o, 32 ONpEneNeHHbIH NEpHO

paccMoTpenus 7.
n

oy
MO[tpa6.] = %pa@l’ (326)
MO[t,,] = 2i=Liort (3.27)

n
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n

MO[to6cn.] = %r (328)

rie N — KOJHUYECTBO HWHTEPBAJIOB OE30TKAa3HBIX paldOT, HAXOXKIACHUN B
ouepenu U 00CIyKUBaHUM 3a paccMaTpuBaeMbiil nepuo 7,
| — HOMepa COOTBETCTBYIOIINX HHTEPBAJIOB;
thac.ir Towir Topeni. — JIMTEIBHOCTH COOTBETCTBYIOLINX HHTEPBAJIOB.

[TockosbKy BpeMeHa OOCTY>KMBAaHUSI U HAXOXJCHUS B OUYEPEU SIBJISIIOTCS
rapamMeTpaMyu BHYTPEHHEW CpeAbl CEPBUCHOIO LIEHTPA, OCHOBHOW 3aJ1adei
MOJICIMPOBAHUST ABJSETCA CBEJICHUE HX MATEMAaTHYECKUX OXHUJAHUU K
MHUHUMYMY.

MO [tO6CJI] - min{MO [to6cn]}l (329)

MO[t,,] » min{MO[t,,]}. (3.30)

B KoOHeEYHOM cuere, O3TO NPUBEAET K YBEIMYECHUK) MPONYCKHOU
CIIOCOOHOCTH ¥ BO3MOYKHOMY IOBBIIICHUIO NPUOBLUTA CEPBUCHOTO IIEHTPA.

IIpencrtaBuM [Ba KOHKPETHBIX MOpUMEpAa MO PaACUETy MaTEeMaTUYECKUX
0>KUJJAaHUM BPEMEHU HAXOXKJICHUSA 3asIBOK B OUEPEISIX.

ITpumep 1. Cpeanee 4yucio 3asgBOK, MOCTYIAMOIIMX HA OJHOKAHAJIbHBIN
CEpPBUCHBIN IIEHTP B TeueHUe pabdodero jaHA (7 = 8 4) paBHO 12. [leHTp MOXKeT
0o0CIIy)uTh 3a BpeMsl T Toiabko 10 3asBok. Ilpenmnonoxum, 4TO CEpBUCHBIN
ueHTp oTHocuTcss kK CMO ¢ oxkugaHueM, T.€. €CIM KaHall 3aHAT, TOCTYIHUBIIAS
3asiBKa HE MOKHUJAET CUCTEMY, a CTAHOBUTCS B OUEpPEIb U OXKHUIAET, ITOKA OH
ocBoOoauTCA. OnpenenuTh MaTEMAaTUUYECKOE OKHUIaHUE BPEMEHU HAXOXKICHUS
3asBkH B ouepeau MO[t,, ] k koHITy pabodero aHs.

Brenem nonsatust pedyemoit (keaaeMoi) U JelCTBUTEIBHON MPOMyCKHOMN
CIIOCOOHOCTH KaHaja 00CIIy)KUBAHUSA Oy ¥ .

MO MO
qu = [ml]; qn = M, (331)

T T

rie MO[m;], MO[m,;] - wmaTemaTH4ecKue OXUAAHUSI TPEOYEeMBIX H
JICHCTBUTEIBHO 00CITY>KMBAaEMbIX 3asIBOK B TCUCHHE pabOYero JIHSI.

10

12
drp =§: 1,5 1/‘-1;' dpy ZEZ 1,25 1/q.

DTO TOBOPUT O TOM, 4YTO IO HCTEYEHMM 1 dYaca, BpeMs OXUJaHUS B
odyepeau yBenauuyuBaercs B cpeaHem Ha 0,254 (15MuH) criemoBaTenbHO, K
KOHITy pabo4ero JHs cpeHee BpeMsl OKUJaHHS B OUepeau COCTaBUT

MO[t,,]=0,25 - 8 =2 u.
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IIpumep 2. PaccMOTpuM JBYXKAHAJIBHBIA CEPBUCHBIA UEHTP. [lepBbin
KaHaJ 3aHUMAeTCsi  OOCITY>KMBaHUEM  DJIEKTPOJIBUTaTesiei, BTOpPOH —
00CIIy>KHUBAaHUEM DJICKTPOHATPEBATEIbHBIX YCTAaHOBOK. CpeHEE UUCIIO 3asBOK,
MOCTYMAIONIMX Ha MEPBbIN KaHall B TeueHue padouero aHsA (r = 8 4) paBHO 15,
KaHaJ MOXET OOCHyXHUTh 3a BpeMsa Toibko 12. Kak um B mpumepe 1 —
cepBUCHBIN LIEeHTp oTHOCHUTCA K CMO ¢ oxunanuem. CpellHEE YHCIIO 3asBOK,
MOCTYMAKOIIEE HA BTOPOW KAaHAJ B TEUECHUE BPEMEHU T = & 4, PaBHO &, KaHal
MOXET OOCITyXUTh 3a 93TO BpeMs TOJbKO 6 3asBok. OmnpenenuThb
MAaTEMATUYECKUE OXKUJJAHUS BPEMEHH  HAXOXJCHHUS  3aiBOK B
cooTBeTcTBYIOMUX ouepensx MO[t,.1], MO[t,.] k KoHIy pabodero maHs.

AHasiornyHo mnpumepy 1, ompenenum TpeOyemyr0 U AEHCTBUTEIbHYIO
MPOMYCKHYIO CIIOCOOHOCTh 00E€UX KaHAJIOB

ooy = MO[my,] _ MO[m,,] _ MO[m,,] MO[m,,]
™1 = T - -

(3.32)

ydn1 = ’ quZ - yqp2 = T )

T

rie  MO[my;], MO[m,,], MO[my,], MO[my,] — mMaTemaTHueckue OXHUIaHUS
TpeOyeMbIX M JCHCTBHTEIBLHO OOCIYKHBAaGMbIX 3asBOK IIEPBOTO U
BTOPOI0 KaHajia COOTBETCTBEHHO.

T T

15 12

Gopr =5 =188 Vs g =5 =15 /s,
8 6
Arp2 :§= 1 1/‘{; dn2 :§= 0,7 1/‘1

Jlns mepBoro kaHana oOCIY>KMBaHHSI MO MCTEUEHHM OJHOTO 4aca Bpems
OXHUJaHUA B oOuepenu yBenuuuThcsi B cpeaHem Ha (0,38 daca (22 MuH),
CJIe0BATENIbHO, K KOHITY pabo4ero JIHs BpeMsl OKHUIaHUS B OUE€PEId COCTaBUT

MO[t,q1] = 0,38 - 8 =3,04 u.
Jlnst BTOporo kaHaja OOCIy»KHMBaHUSI, MPOBOJSI AHAJIOTMYHBIE PACUETHI
MOJTy4YUM

MO[t,o] = 0,3 - 8 = 2,4 u.

[IpoBeneHre aHAJOTHYHBIX PAacUeTOB IMO3BOJISICT MPUHUMATh B3BEIICHHBIS
peIIcHUsT 1O ONTUMHU3AIMU  Mpoliecca OOCITy)KMBaHMSI W PEMOHTA
AJIEKTPOOOOPYI0BAHUSI.

B cootBercTBHM C mpemioxkeHHoW B m. 3.1. kimaccudukammendn Mojeib
CEPBUCHOTO IICHTPA SIBISETCS BEPOSTHOCTHOW, TUHAMHYECCKON M JUCKPETHO-
HEPEPBIBHOU.

Bwmecte ¢ TeM n1s o6ecnieueHus 3¢ HEKTUBHON pabOThI IO 00CTYKUBAHUIO
AHEPreTUYECKOTO 000pYAOBaHMS, 3aIBKU HEOOXOJAMMO BBITMOJHITH HE TOJIBKO



65

OBICTPO, HO M KayeCTBEHHO. B MpPOTHBHOM CiIydae KOJIMYECTBO KIMEHTOB
OyJeT CHUXKATHCS, 2 KOHKYPEHTOCTIOCOOHOCTh CEPBUCHOIO IIEHTPA — MaJIaTh.

KOHmPOJleble eonpocsl

1. JlaiiTe obmee onpenenenue Moaenn. OxapakTepusyute GU3ndecKue u
a0CTpaKTHBIE MOJICNIA CUCTEM.

2. Jlaiite ompeaeneHUe MaTeMaTHYECKONM MOACIHM M KJIacCUPUIUPYUTE
UX.

3. IlpuBenute IpUMeEp MaTEMaTH4YECKOTO MO/ICJIMPOBAHUS
BJICKTPUYECKOU 1ICTIH.

4. JlaliTe omnpeaciaeHUE MOJCIUPYIOUIEMY alrOpUTMy W TNPUBEIAUTE
MIPUMEPHI TAKUX aJITOPUTMOB.

5. IlpencraBbTe MW NPOKOMMEHTHUPYHTE MaTEMaTHYECKYH0 MOJACIHb W

MO/JICJIUPYOLIAN aNTOPUTM aHaJIn3a JTVHAMAYECKOTO pexuma
AJIEKTPOHArPEBATEIIBHON CUCTEMBL.
6. Ilpoananuzupyiite pe3yJIbTaThI MOJICTUPOBAHUS

AIEKTPOHATrPEBATEILHON CUCTEMBI.

/. HazoBute kputepun O1eHKH 3()PEKTUBHOCTH YHEPTOTEXHOIOTUUECKOM
norouHoi muauU (DTJI).

8. B ueM cymniHoCcTh BEpOsSTHOCTHOTO MoaenupoBanust ITJI?

9. JlaiiTe XapakTepUCTHKYy CEPBHCHOMY IIEHTPY IO OOCTYKHBAHUIO
AHEPreTUYECKOTO O00OpYAOBaHUs, KaK CHUCTEMBI MAacCOBOTO OOCIYyKHWBaHUS
(CMO).

10.TIpokOMMEHTHUPYITE OCHOBHBIE OIpEIEICHUs TEOPUH MaCCOBOTO
00CITyKBaHUSI.

11.]JlaliTe XapakTepUCTUKY MpocTelieMy (IIyaCCOHOBCKOMY) TMOTOKY
CIy4alHBIX COOBITHA.

12.TlpeactaBpTe  0000mIEHHYIO  CTPpYKTYypy Moaeau CMO wu
IIPOKOMMEHTHUPYHUTE €€.

13.TIpoananu3zupyiite Mojeab QYHKIIMOHUPOBAHUS CEPBUCHOTO IIEHTPA MO
00CITy>KHBAaHUIO CUIIOBOTO IeKTpoobopyaoBanus (CI0).

14.TIpoananu3zupyiite Monenb oOciayxxkuBanusi eauHunsl COO B
CEpPBUCHOM IIEHTpE.

15.Yem 3aBepmiaeTcss MpOIECC MOJICIUPOBAHUS CEPBHUCHOTO IIEHTpPA IO
oocnyxuBanuro CO0?
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4. OCHOBBI OIITUMM3ALINU DHEPTETUYECKUX CUCTEM

4.1. Texnuko-’xonomuuecxkue mpeﬁoeauuﬂ K 9HepzczemudecKkum cucmemam
U YypO6HU Uux onmumuzayuu

DHEpreTUYeCKUM CUCTEMaM B Mpolecce Ux GyHKIIMOHUPOBAHUS TIPUHSTO
IaBaTb  CIEAYIOIIME  OYEHKU: SKOHOMMYECKYIO,  JHEPreTUYECKYIO,
AKOJIOTUYECKYI0 U APYTHe, ONPEeNesIIeMble COOTBETCTBYIOIIMMU KPUTEPUSIMU
s dextuBHOCTH. Yalne Bcero Mbl MMEEM JI€JI0 C MHOTOKPUTEPHATBHOCTHIO.
Bcerpa cnenyer noMHUATH O TOM, YTO JI€JI0 HE B KOJWYECTBE KPUTEPHUEB, A B
TOM, YTOOBI OHU JIOCTATOYHO IOJHO OTPAXKAJIM OCHOBHYIO 1I€JIb CUCTEMbI. B
YCJIOBUSIX PBIHOYHOM SKOHOMHMKH OOOOIIAOIIUMU KPUTEPUSIMU  OILICHKU
3 (PEKTUBHOCTH HHEPIETHUYECKUX CHCTEM BBICTYIAIOT, KaK IMPABWIO, TaKUE
SKOHOMHUYECKUE KPUTEPUH KaAK NPUObLIL U PEHMAOeIbHOCHb.

Chopmynupyem HauOoee BAKHBIE MEXHUKO-IKOHOMUYECKUe
mpebosanus, NPEAbSIBIsEMbIE K d3HEpreTudyeckuM cucrtemam (IC):

— ONTHUMAJbHBIE PEIICHUS WU ONPEACICHUE SKOHOMUYECKHUX TPAHHUII
s dexTuBHOCTH HcTIoNb30Banus IC;

— nenecooOpa3zHas crneruanu3anus u yHuduxanus OC, cBsA3aHHAsA C
NEPCIeKTUBAMU Pa3BUTHS TPOU3BOJCTBA;

— YCTAQHOBJICHUE HOBBIX IIyTE€d COBEPUICHCTBOBAHUSI TEXHOJIOTUH H
KOHCTPYKTUBHBIX PELICHHI TpU pa3paboTKe U 3Kkciuryaranuu JC;

— ONTUMaJIbHOE MMIIOPTO3aMEIICHHEe M OCBOCHHE OTEUECTBEHHOIO
ASHEPrOMAITUHOCTPOCHHUS U JP.

JInst  COBpeMEHHOro TEepuoJa Pa3BUTHS  SHEPrOMAIIMHOCTPOCHHUS
XapakTepHa TEHJICHIUS PAa3BUTHS TEXHUKO-DKOHOMUUYECKHUX HCCIICAOBAHUM,
CBSI3aHHBIX C  OnMmMUMU3AYUEU  3HAYEHUU  MEeXHUYeCKUx napamempos,
PAYUOHATBLHO20 6UOA MEXHOTOSUYECKOU CXeMbl U Mmunog 000pyo0o8anus Ha
CTaJIMU UX MPEINPOCKTHON pa3pabOTKH.

[Tpu 3TOM BBIACTSAIOT mpu uepapxuueckux yposus onmumuzayuu IC [10]:

— BBIOOp ONTUMAJIBHOTO TpuHIMNA nelctBuss DC, ee 3JIeMEHTOB U
MOJICUCTEM;

— MOUCK Hamdyuiier cTpykTypbl DC B paMKax BbIOpAHHOTO MPHUHIIUAIA
NEeUcTBUSA (3a1a4a CTPYKTYPHON ONTUMU3ALNN );

— ONpeieJieHHe ONTUMAalbHBIX 3HAYEHUM TapaMeTpOB B paMKax
BBIOpaHHOM CTPYKTYpHI (3a/1aua mapamMeTpruueckoil ONTUMH3ALINH ).

[TocnenoBarenbHOE  pELICHHE  BBIICHA3BAHHBIX  337a4  HAa3bIBAIOT
KOMNJEKCHOU onmumusayueu cmpykmypuol, cocmasa u napamempog IC.

[IpencraBumM OJ0K-cXxemMy 00OOIIIEHHOTO anroputMa ontTuMuzanuu IC 1o
ypoBHsIM (pucyHOK 4.1).
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1. ITocTaHOBKA 3aJa4y OIITUMHU3alluHn

A 4

2. PazpaboTka MmaTeMaTHYECKON MOIETH
ONTUMHU3HPYEMOUN CHCTEMBI

\4

3. IlepBelii ypoBEHb ONTUMH3AIMH (BBIOOD
ONTUMAJILHOTO IPUHIMIA AEHCTBUS CUCTEMBI)

A 4

4. Bropoli ypoBEHb ONITUMU3AIUN
(cTpyKTypHasi ONTUMHUBALINSA)

\4

5. Tpetuil ypoBeHb ONTUMHU3ALINH
(mapameTpuyecKkasi ONTUMU3AIHS )

l

6. OKkoHYATEIBHOE MMOCTPOCHUC OINTUMAaJIbHOM
CUCTCMBI

Pucynok 4.1 — O6061meHHbIH anroput™M ontTuMu3anuu IC Mo ypOBHAM

[TosicHEeHUs K alropuTMmy.

[IpencraBineHHbId  aNTOPUTM MPEANONATAET IIECTh JTANOB PELICHUS
3a1a4M ONITUMHU3ALIHAH.

Ha BTOpOoM JrTame npeACTaBICHHOTO QJITOPUTMA  OCYIIECTBISETCS
NOCTPOEHUE MATEMATUYECKON MOJENH yKE CYLIECTBYIOIIEH CUCTEMBI, KOTOpas
N0 KakuUM-IHOO KpUTEpUSIM HE YJOBIETBOPSAET MNPEABABIAEMBIM K HEU
TpEeOOBAHUSIM.

[Ipouecc onTumMu3anvu Ha KaXXJI0M YpPOBHE (TpPETHiA, YETBEPTHIN U MATHIN
JTambl)  OMNMCBHIBAETCA  HEKOTOPBIMH  LUKJIMYECKUMU  aJIrOPUTMaMHU,
napaMeTpaMu LUKJIa B KOTOPBIX SBIISIIOTCS:

— HAa IEPBOM YPOBHE — BAPUAHT IPUHLINIA ACHCTBUS;
— Ha BTOPOM YpPOBHE — BapHaHT CTPYKTYpbl CHUCTEMBI B paMKax
BbIOPAHHOTO IPHUHIIMIA IEHCTBHUS;
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— Ha TPETHEM YPOBHE — MepeOupacMbie 3HAUCHUSI TapaMETPOB CUCTEMBI
B paMKax BBIOPaHHOW CTPYKTYPHI.

3aBepuraroniui IIECTOM aTan ONTHUMU3AIUU npearnoaraet
OKOHYATEJIbHYI0 TPOBEPKY CHCTEMbl Ha ONTHUMAJIBHOCTh IO BCEM TpEM
YPOBHSIM.

Haubonpmmii 3¢pekT gaeT mnepBblil ypOBEHb, CBA3AHHBIM C TMOUCKOM
HOBBIX, 00Jiee paIMOHAJIbHBIX MPUHIMIOB PabOThl M TEXHUYECKUX uaeh. B
MEHbIIIEH Mepe AaroT (PPEeKT METOABl CTPYKTYPHOM ONTHMHU3AIMH, €IIe B
MEHBIIEH — METOJIbl TAPAMETPUYECKON ONITUMU3ALIHH.

PaccmoTrpuM mporiecc MHOTOYPOBHEBOM ONTHUMHU3AIMU  Ha TPUMEpE
CHUCTEMBI JICKTPOIPUBOJIA JUISI KOHKPETHOT'O MPOU3BOJICTBEHHOTO MEXaHH3Ma.
Ha mnepBoM ypoBHE HEOOXOIWMO ONTHUMHU3MPOBATH TNPUHIMUI JICHCTBUS
anekTpoasurarens. [IpoBeneHHbIe UCCIENOBaHMS TTOKA3alH, YTO ISl JAHHOTO
MEXaHW3Ma  ONTUMAJbHBIM  SBISICTCS  ACHHXPOHHBIM  JIBHTATellb  C
KOPOTKO3aMKHYTBIM pOTOpOM. BTopoii ypoBeHb (YpPOBEHb CTPYKTYypHOU
ONTUMU3AIIMY) HANpaBJICH Ha BBIOOP ONTHUMAIBHON CTPYKTYPBI CHCTEMBI
yIOpaBJICHUS DJEKTpOABUTATEIeM. B 9acTHOCTH, JJII MUHHMH3AIUA TIOTEPh
DHEPTMM W TIOBBIIMICHHWS YCTOWYMBOCTH DJIEKTPOIPHUBOJIA IIEI€CO00pa3HO
UCIIOJIb30BaTh CUCTEMY YTMPAaBJICHUS C OOpaTHOM CBS3BIO MO CkopocTu. Ha
TPEThEM YpPOBHE OCYIIECTBJISETCS BBHIOOp ONTUMAJBHBIX ITApaMETPOB
OTHIENBbHBIX OJJIEMEHTOB B paMKax BBIOPAaHHOW CTPYKTYpbl CHCTEMBI
yIpaBJICHUS.

Jlocmamouno  noamo U NpasuibHO  I0OAS  dHepeemuvecKkas
(3HEP2OMEexXHOI02UHEeCKAsl) CUCEMA XapaKkmepus3yemcs mozod, Ko20a yoaemcs
BbISICHUMb, OM KAKUX YACMHBIX Hnokaszameneu Kaiecmea (Kpumepues
agexmusnocmu) cucmemvl U 6 KAKOU CMENEHU 3A8UCUM  OCHOBHOLL
pesyrvmupyrowuil (0obobwarowuti) nokazamensv 3¢gexmusnocmu. Kak yxe
OBLJIO CKa3aHO BbIIE O0OOMIAIOIIMM TOKa3aresieM 3(P(EKTUBHOCTA CHUCTEM
AHEPTO0OCCIICUCHUS SABISICTCS PKOHOMUYECKHUH TTOKa3aTelb.
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4.2. Memoowsl onmumu3ayuu IHepzemuueckKux cucmem

3anmaya ONTUMU3ALNH o 3aIaHHOMY PE3YIBTUPYIOLIEMY
SKOHOMHUYECKOMY KPHUTEPUIO S(PQPEKTHUBHOCTH 3, HaA3bIBAEMOMY LIEJEBOM
dyHkmei, Gopmupyercs B Buje [10]:

3p = 3p(31’ vy iy ey D) = max[3p],
WA (4.1)
3p = ap(al)""ai""’an) - mln[ap]’

rae I, ..., i, ..., Iy — YaCTHbIC KpUTEPUH F(D(HEKTUBHOCTH, 3aBUCUMBIC OT
CTPYKTYpPHI U TapaMETPOB CUCTEMBI,
| — MOPSIIKOBBIN HOMEP YaCTHOTO KpUTepus 3 (HEKTHBHOCTH.

K uwacmuoim  xkpumepusam  s¢pgpexmusnocmu  IHEPreTUUYECKUX U
HPHEPrOTEXHOJIOTMYECKUX  CHUCTEM  MOXKHO  OTHECTH  HAOEMHCHOCHb,
YAPABNAEMOCHb, PEMOHMONPULOOHOCHb, IHEp2ochepediceHue U T.JI.

[Tockonmbky mr000K dYacTHBIM KpuTepud SG(PEKTUBHOCTH O; SBISCTCS
GyHKIIMEH mapaMeTpoB CUCTEMBI U BPEMEHH €T0 MOKHO MPEJICTaBUThH B 00IIEM
BUJIE CIICIYIOIIUM 00pa3oM:

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

Tae 04, ..., Gj, ..., Om — HAPAMETPBI CUCTEMBI;
M — YHCIIO TApaMETPOB CUCTEMBI;
] — HOMep TapaMeTpa CUCTEMBI.

Ecnu B KkauecTBe pe3ynbTUpYIOIMIETO KpuTepus 3S(PGEeKTUBHOCTHU
dynkuonupoBanuss JC NPUHATH SHEPrOEMKOCTh MPOAYKIMHU Iy, TO 3ajaya
ONTUMM3AIUU OyJeT OINpeAeNaTbcs, Kak J; — Mmin[d,], ecnu B kadecTBe
PE3YJBTUPYIOIIET0 KpPUTEpUs TPHUHATH peHTa0enbHOCTH R, TO 3amada
ONTUMHM3AIUHU OyIeT onpeaesaThes kak R — max[R].

B sHepretuke 3amaud ONTUMU3AIMUA CJIOXKHBIX CHUCTEM WJIM TMPOLECCOB,
chopMyIupOBaHHBIE MaTEeMaTHYECKH, B OOIIEM cjiaydae MOTYT OBITh
oOBEAMHEHBI IO OOIIMM Ha3BaHUEM Helunelinoeo npozpammuposanus [10].
3ajauu HEIMHEHHOTO MPOrPaMMUPOBAHUS TIPU ONITUMHU3ALUY SHEPTreTUUECKUX
(aHeproTexHojorndecknx) cucrem (DC) mpeamnonaraloT UCIOIb30BaHUE JIBYX
OCHOBHBIX TPYIII METO/IOB:

— IpaJlueHTHBIC METOJIbI;
— METO/Ibl HAMPABJICHHOTO TTOUCKA.

I paouenmnvie  memoOv:  TPEANONATAOT  ONPEIACICHHE  YACTHBIX
MPOM3BOJHBIX OT  PA3JMYHBIX  [IOKA3aTeJIeM KayecTBa CUCTEMBI B
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AQHAJIUTUYECKOM BHJE, YTO B OTACHBHBIX CIy4dasx CBSI3aHO C OOJIBITMMU
MaTEMAaTUYECKUMHU TPYAHOCTSIMU. ITO MPUBOAUT K 3HAYUTEIBHOMY BPEMEHH
MOJIrOTOBKHU 3a7a4 K perieHuto. [loaroropurenbHas padoTa Ipyu ONTUMHU3ALMT
[0 YaCTHOMY KPHUTEPHIO, MPEICTABICHHOMY BbIpakeHueM (4.2), COCTOUT B
OIpPEJICIICHNH YaCTHBIX MPOU3BOAHBIX OT pyHkuu F = F(ay, ..., @y ..., Om, D) W
MIPUPABHUBAHUU UX K HYJIIO, YTO SBJISETCS YCIOBHEM dKCTpeMyMa (MakcuMyMa
WK MUHUMYMa) auddepennupyemoit pyrakmuu F [3].

OF _, OF _ OF i
da, 0, 0dm (43)

I'paouenmom byukiuu F saBiseTcs BeKTOpHas BEJIMYMHA:

ir=52, 4 o 4.4

rad F = Kj—+ ... —t .. —, .

g L oa, 7 0q; M oa,, (44)

rae Ki, ..., Kj, ..., Ky — eAMHUYHBIE BEKTODBI, 110 KOTOPBIM OTCUUTHIBAIOTCS
BEJUUHHBI Oy, ..., Gy -- ., Oy,

B Touke s3xcTpeMyMa rpaJiIMEHT PaBEH HYJIIO:

grad F = 0. (4.5)

3ajgaya MOMCKA 3KCTpEMyMa TpaJUCHTHBIMU METOJIaMu pa30uBaeTCs Ha
IIBE 3a/1a4H:
— OIpPEAEIEHNUE TPANUECHTA;
— OpraHu3anys IBWKEHUS B TOUKE IKCTPEMYMa.

[Ipumep: Chopmynupyem 3amady ONTHUMHU3ALMM SJIEKTPOHATPEBATEIBLHON
CUCTEMBl IO TakKOMY YAaCTHOMY KpUTEpPHUIO, KaK »JHeprocoOepexeHue
(oOecrieueHre  MHUHMMYyMa pacxojga  dJekTpudeckodt  sHeprum  Wpyp).
MareMaTruecku pacxoj JIEKTPOIHEPTUU MOKHO MPEACTaBUTh Kak (yHKIIHIO
JBYX MEPEMECHHBIX:

W= WP, tyr), (4.6)

rie P — MOIIHOCTH 35IeKTpOHArpeBaTeibHON CUCTEMBI, KBT;
t,cr — BpEMs HarpeBa 10 YCTaHOBMBILEHCS TEMIIEPATYPHI Tycy, MUH.

HNcxonubIMU JaHHBIMM JJIsi PEIICHUS ITOCTAaBJICHHOM 3alaud SABISIOTCS
KpUBBIE HArpeBa (3aBUCUMOCTHU TEMIIEPATYPhl OT BPEMEHH ), KOTOPHIE HATJISIAHO
IIPeICTaBICHBI B 11.3.2 HACTOSAIICTO 0COOus (pucyHoK 3.5).

dynknuto W(P, t,.;) rpapudecks MOKHO IIPEACTaBUTh B BUJIE HEKOTOPOH
MIOBEPXHOCTH B TPEXMEPHOM CHCTEMEe KOOpIUHAT (PUCYHOK 4.2).
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W(P, tyr)

Whint———————

=I
AN
AN

yeT

Pucynok 4.2 — I'paduueckoe npencrasinenue Gy W(P, ty)

Munnmym Gyrkunu W cooTBeTCTBYeT TOUKe Ha oBepxHocTH ¢ koopauHatamu W(P™, t'yer)

Heob6xonumeiM  ycnoBueM wMmuHumyma ¢yskuun W(P, t,.,) saBagercs
PaBEHCTBO HYJIIO JIBYX YaCTHBIX ITPOU3BOIHBIX U IPAJUEHTA.

W _ W KaW+K_aW
P oty 1P " 2 at,

0. (4.7)

JocTtaroynsiM ycnosueM Muaumyma ¢ynkunua W(P, t,.,,) apasercs:

0:W 0 0:W
dP2 " Oty

> 0. (4.8)

Kak yxe 0110 cka3aHO paHee Takas (popMyIUpOBKa 3aa4l ONTUMHU3AIUN
BO3MOXKHa B ciydae aunddepennupyemoctn dynkmun W(P, t.,), T.e.
BO3MO>KHOCTH OTIPEICIICHUs YaCTHBIX ITPOU3BOIHBIX B aHATUTHIECKOM BHJIC.

Memoowt Hanpaénennoco noucka He TPEOYIOT PETYISIPHOCTH WM
HEMPEPHIBHOCTH (PYHKIMK M CYIIECTBOBAHUS WX IPOU3BOJHBIX, MO3BOJISIIOT
IPOIIE YYUTHIBaTh orpaHuueHus. CyIeCTBEHHBIM HEIOCTATKOM 3TOW TPYIIIIBI
METOJ/IOB SIBJISIETCS HEONPEACIICHHOCTh PENICHUS IMPH HAJWYUU JIOKATbHBIX
AKCTPEMYMOB (PYHKIINH.

Cpeny METOMOB HAMNpPaBJICHHOTO TIOWCKAa CJIEAYET BBIACITUTh Memoo
noxkoopounamuo2o noucka (memoo I aycca-3etidens) [3]. MeTon 3akitodaercs
B II00YEPETHOM HM3MECHEHHH IapAMETPOB CUCTEMBI O, O, ..., O, ..., Om.
CHayana QUKCHPYIOTCA BCe MApaMeTphl dp, ..., &, ..., Om, a TApaMeTp
HU3MEHSCTCS TaK, 9TOO0BI 00paTHUiIach B HYJIb COOTBETCTBYIOIIAs COCTABIISIONIAS
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rpaauenta (OF/0a; = 0). 3aTeM U3MEHSETCS MapamMeTp o, P (PUKCHPOBAHHBIX
OCTAJIbHBIX TTapamMeTpax 10 oopaiieHus B Hys1b OF/Oa, u T.1. Ilocne uamMeHeHus
napameTpa oy, oOpalarTcs ONATh K ¢y M Jlajee MOBTOPSIIOT BECh ITUKI CHOBA.
OTOT mpolnecc MpoaoJBKAeTCs J0 TeX MOp, MoKa He OyAeT JOCTUTHYTa TOuYKa
sKcTpemyma Fs.

\ 4

0 t

YCT

Pucynok 4.3 — I'padpuueckas unTepripeTanyst METo/1a HOKOOPANHATHOTO [TOMCKA SKCTPEMyMa
(meton Naycca-3eitaens)

3amTpuxoBaHHasi 00J1acTh MPEACTaBIsAECT COOOM MPOEKIUIO MOBEPXHOCTH,
onuceiBaeMor ynkuuein W (P, t,;) Ha IIOCKOCTh ABYX YNpPaBIAIOLINX
napameTpos P u ty., (pucyHok 4.2).

[Touck 3xcTpeMyMa HauMHAETCS B TOUKE «1», IBUXKEHUE U3 TOUKU «1» B

o . OW
TOYKY «2» ecThb HUUTO MHOE KaK onpecaACIICHUC YaCTHON IMPONU3BOAHOHN 5 Ipu

t,er = CONSt. B Touke «2» BBIOIHAETCS YCIOBUE T 0, duxcupyercs

koopauHata P (P=const) u opranusyercs BbIUHUCICHUE , T.€. IBIJKCHUE U3

d ycT

TOYKU «2» B TOYKY «3». B Touke «3» BBIIOJIHAECTCS YCIOBHUE =0 mu

Bt yer
aHAJIOTUYHBIM O00pa30M OpPraHU3yeTCs JBHKEHUE B TOUKHU «4» U «5». Touka
«S5» SBISIETCA TOYKOW 3KCTPEMYMA, B HAIIEM CJIy4ae TOYKOW MUHUMAIBLHOTO
sHauenuss W(P, ty.,). Touku 2, 3, 4, 5 ABIAIOTCA TOUKaMH IE€PeCEUEHUs JTMHUU
HAIPaBJICHHOTO TTOUCKA, C JIMHUSMU IMOCTOSIHHOTO 3HAYEHUSI ONTUMU3UPYEMON
GyHKIMY (TMHUSMHU YPOBHS).

bonbmmMu  MOTEHIIMATBHBIMM ~ BO3MOXKHOCTSAMHM IS ONTHMM3AIMU
CJIIOKHBIX IHEPreTUYECKUX OOBEKTOB M CHUCTEM OOJIAJIal0T Memoovl meopuu
naanuposanus sxcnepumenmos [8, 10].
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I Inanuposanue skcnepumenmog — MWUPOKO HUCIOJb3yeMas IMpoLeaypa B
HAyYHBIX MCCJIEAOBAHUSAX, B HACTHOCTH B MPOLIECCE HAIAIKU U 00CIeI0BaHUHU
(aynuTe) SHEpPreTHYEeCKHMX CHUCTeM. [Ipu HCIONB30BAaHUU OSTUX METOJOB
MPUMEHSIIOT NACCUBHbIE U aKmueHble SKcrepuMeHThl. [lpu mnpoBeneHuu
NACCUBHO20 OKCNepuMeHma HUKAKUX 1EJCHANPABICHHbIX JIEUCTBUI 1O
NPUJAHUIO BXOJHBIM BO3JCHCTBUSAM ((akTopaM) HYKHBIX 3HAYCHHUN HE
coBepiaroT. [I[pumMepoM MacCMBHOTO AKCIEPUMEHTA MOXKET ObITh COCTABICHUE
rpaguka Harpy3ok. PemenHue 5TOW 3amaud, Kak MPaBHIO, MPEIIIECTBYET
MPOIECCY ONTUMM3AIMU IHEPTETUUECKON CUCTEMBbI MO0 KPUTEPUID MUHUMYMa
OmiaThl  3a  MOTPEOJICHHYIO  DJHEpruto.  AxmueHoe  TUIAHUPOBAHUE
HKCIEPUMEHTOB TMO3BOJISIET MUHHMHU3UPOBATHh KOJMYECTBO SKCIIEPUMEHTOB,
ONTUMAJIBHO HCIO0JIb30BaTh BCHO COBOKYMHOCTH (DAKTOPOB BO3ACHCTBHUS Ha
CUCTEMY.

Haunbonee  mpocTbiIM  BapuaHTOM  BEPOSTHOCTHOM  ONTHUMHU3AIUU
HSHEPreTUUYECKUX CUCTEM SIBJISIETCS ONTHUMM3AIMUS C UCTIOJIb30BaHUEM HaunboJiee
MPOCTBIX BEPOSITHOCTHBIX XapaKTEpPUCTUK MapaMeTpOB CHUCTEMBI — UX
MaTeMaTUYECKUX OXUJaHuil (cpegHux 3HauyeHuil). [loaTomy mpexzae, yem
pemiaTh 3aja4y ONTUMM3AIMU HEOOXOIUMO TMOJIYUYUTh ITH XaApPAKTEPUCTUKHU C
MOMOIIBI0 OOBIYHOTO BEPOSITHOCTHOT'O MOJEIUPOBAHUSI CUCTEMbI, OCHOBHBIM
HEJIOCTaTKOM KOTOPOTO SIBIISIFOTCSI OOJIBIINE 3aTPaThl BPEMEHU JJISI OJTYYEHUS
pe3yiabTaTa ¢ IpUeMIIEMON TOYHOCTBIO.

[IpuMEHUTENBHO K pPacCMOTPEHHOMY BBIIIE MOPUMEPY, C TMOMOIIBIO
BEPOSATHOCTHOTO MOJICIMPOBAHUS JIEKTPOHATPEBATEIBHON CUCTEMBI MOJYYUM
MaTeMaTHUeCKHEe OXKHIAHUS MOIIHOCTH P W BpeMeHHM Harpesa Jio
YCTaHOBHBIIEHCS TEMIEPATYPHI fycr.

n
. 1
n .
=1
n
. 1
yCT E Z tyCTil

i=1

(4.9)

(o
I

rie N — KOJIMYECTBO OOpa0OTaHHBIX CIy4YalHBIX 3HAYEHUW MOIIMHOCTH Pj u
BPEMEHHM Harpesa i,.,i (BeaIMunuHa BEIOOPKH);
| — (MMOPSAKOBBIN) HOMEP CITyYafHON BETUIHHBI.

IIpunsiB BenuurHy BeIOOpKH N = 10, mpeicTaBUM MOJYUY€HHBIE CITydailHbIe
3nauenus P u t,.,,i B Bune Tabimnst 4.1.
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Tabnuna 4.1 — Beroopka cirydaitHbIX Benu4uH Pj 1ty i

[ 1 2 3 4 5 6 7 8 9 10
KI?3“T 1,83 1,94 2,12 2,07 2,19 1,89 2,02 2,24 2,12 191
tyemi, 3,5 3,2 2,9 3,0 2,8 3,3 3,1 2,9 2,7 33

MHUH

Bocnonp3oBaBmucs ¢Gopmyiaamu (4.9) moayduM pe3yibTaThl pacueTa
MaTeMaTHYCCKUX OKUIaHHH

P = 2,03 kBrT; fYCT = 3,07 MUH.

[TonydyeHHbIE BETUYUHBI CIEAYET PACCMaTPUBATh, KAK KOOPJAMHATHI TOYKU
Ha MOBEPXHOCTH (PUCYHOK 4.2).

Ontumuszupyembiii  kputepuid 3¢ (PEeKTUBHOCTH (pacXoj JJIEKTPUUECKOM
SHEpTuHN) TaKkxke OyJeT MpeCTaBlIeH B BHAE MaTeMaTHIecKoro okupanus W.
Bripaxenue (4.6) B 3TOM citydae MpuoOpeTaeT Caeayomui BUI:

W= W(P, i) (4.10)

Jlarnee MOXXHO NMPUMEHSITh NMEPEUUCIICHHBIC BBIIIE METObI ONTHMU3AIINH,
KaK ¥ B CJIy4yae ¢ JIETCPMUHUPOBAHHBIMHU BEJIMYMHAMHU U TIPOIIECCAMH.

B nenoM nmpoOisiema penieHus: ONTUMHU3AIMOHHBIX 3a7lad B CHOXKHBIX DC
TpeOyeT  COOTBETCTBYIOIIMX  HABBIKOB  HUCHOJb30Banus  OBM, a
MOATOTOBUTEIbHAS paboTa 1Mo ¢opMaIu3aluy IpoIeccoB TpedyeT JOCTaTOYHO
BBICOKOM KBajdu@ukanuu. MHOroe 3aBUCHUT OT TJIyOHMHBI 3HAHUS PEATbHBIX
DHEPreTUYECKUX M DHEPrOTEXHOJOTUYECKUX TIPOIECCOB U  pa3pabOTKH
IPOTPaMMHOTO MPOYKTA.

B cBsa3u ¢ Tem, 4TO CTPOro TOBOps, MPAKTUYECKU BCE MPOLECCHl U
napaMeTpbl B CHOKHBIX DC HOCIT CIIydyalHBIM XapakTep, Jis TOJIydYeHUs
JIOCTATOYHO JJOCTOBEPHBIX PE3YJIbTATOB CIEAYET MPUMEHATh CIAmMuUcCmuyecKue
(6eposmuocmuvie) Mmemoowvl ucciredosanus. IIpu  HUCIOIB30BAHUU ATHUX
METOJIOB PE3YJbTaThl MPEACTABIISIIOTCS B BUJIE MAaTEMAaTHUUYECKUX OXXHUIAHUM,
JTUCTIEPCUM, CPEAHEKBAJAPATUYHBIX OTKJIOHEHUM W JAPYTUX BEPOSTHOCTHBIX
XapaKTePUCTHK.

Cmamucmuuecxkas (8epoOsmMHOCMHASL) ONMUMUAYUS  DHEPSeMUUECKUX
cucmem, TIPEIINOJIATAIOMIAS YCTAHOBJICHUE CTAaTUCTUYECKOW CBA3U MEXKIY
UCCIIEyEMBIMH TEPEMEHHBIMH W TIapaMeTpaMu CHUCTEMbl, OCHOBaHAa Ha
MCIIOJIb30BAHUH TPEX OCHOBHBIX METOIOB:

— KOPPEJISIIMOHHBIN aHAJIU3;
— PErpeCCUOHHbBIN aHAIU3;
— JIUCIIEPCUOHHBIA aHAIU3.




75

Koppensayuonnwviti  ananuz  MO3BONSAET  YCTAHABIMUBATH  JIMHEWHYIO
MPUYUHHO-CIIEICTBEHHYIO CBSI3b MEXKAY CTATUCTUYECKUMHU MapaMeTpamu H,
KaK MpaBUJIO, MCIOJB3YETCS MPU HAIUYUM CBSI3U MEXKAY CTPYKTYpou H
BBIXOJAHBIMU MapaMeTpaMu CHCTEMBI (HAIPUMEpP, BIUSHUE TEPMOPETYIISITOpPA
aBTOMATHU3UPOBAHHOTO OO0BEKTa Ha pacxon dHepruu). KoppensuuoHHBIN
aHalu3 MOXET ObITh C YCIIEXOM HCIOJb30BaH [JIsi  HUCCIIEIOBaHUs
B3aMMO3aBUCHUMBIX TIPOILIECCOB TIOCTAaBKH M TMOTPEOJEHUS SHEPreTUUECKUX
pecypcoB.

[IpumMeHUM 3JIEMEHTHI KOPPEJSIIUOHHOTO aHAIN3a K BEPOSTHOCTHOMU
MOJCJIM DJIEKTPOHArpeBaTeNbHOW cHUCTeMBl. [l sToro cdopmupyem wu3
BBHIOOPKH CIIy4aWHBIX BEIMYMH Pj KyCOYHO-JIMHEHHYIO amnlpOKCUMAIIUIO
ciydaitHon pynkuu Bpemenu P(t) (pucynok 4.4).

25 T—————-
2,4

2,3

2,2
2,1

2
1,9

1,8

3navenue MomHocTH P; , KBT

1,7

1,6

1,5

o

= —
N

w

D

(6]

(o))

~

0o - ——
Vo]

S

[y

[N

Bperl HarpeBa 10 YCTAaHOBHUBIIET0Cs 3HAYCHUSA tycmi » MUH

Pucynok 4.4 — Kycouno-nuHeiinas annpokcumManus Gpyukiun P(t).

Jlis  cranmoHapHOro ciydaitHoro mponecca P(t) koppensmnmoHHas
GyHKIMS TpeAcTaBisieT Cco0OM cpelHee 3HAYEHHWE 10 BpPEMEHU OT
npomsBeneuus P(tj) u P(ti+7) [10]

R(t) = P(t;)) + P(t; + 1), (4.11)

rae 1 =tj41 - {j — nmpupamieHue BpeMEHH Ha BCEM HUHTEPBAJIE PACCMOTPEHMUSA
cirydaitHoro mporiecca P(t).

Koppensauuonnas (QyHKumMs omnpeaesieT 3aBUCUMOCTh  CIydailHOM
BEJMYHMHBI B TIOCIHCAYIOIMA MOMEHT BpemeHu P(tj+7) oT ee¢ 3HaucHus B
npeIecTByonmii MoMeHT BpeMeHu P(tj). 3To ecTh Mepa CBSI3U MKy HUMHU.
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PaccuntaeM u MOCTpOMM KOPPENALHMOHHYIO (YHKIMIO ISl CIy4ailHOTO
Ipouecca, IMPEeICTaBICHHOr0 Ha pucyHke 4.3. J/laHHble pacuera CBEJAEM B
Tabnuiy 4.2.

Cnemyer oOTMeTHTb, 4TO KoppemsiuumoHHas ¢yHkmus Rp(r) ms
HECITyYalHbBIX (PETyJIsIpHBIX) QYHKIIMH BPEMEHU TOXKACCTBEHHO PaBHO HYIIIO.

Tabmuma 4.2 — PacueT KoppeasiinoHHON (QyHKITUH.

T 0 1 2 3 4 5 6 7 8 9

Rp(1) 3,35 1,78 1,94 1,9 2,0 1,73 1,84 2,05 1,94 1,74

pp(T) 1 053 | 058 | 057 | 06 | 052 | 055 | 061 | 058 | 0,52

[Ipu t = 0 xoppensimonHas GyHKIHS JaeT CPEIHUM KBaapaT CIydyalHOU
BEJIMYMHBI

R,(0) = P(t) - P(t;) = P, (4.12)

Koppensaiunonnyto cBsA3b B CIy4alHBIX IIpoIlleccax yJI0O0Hee OICHUBATh
HOPMHMPOBAHHOH KOppeIAUuoHHON GyHKIUeH py(r). B Hamem ciydae oHa
Oyner paBHa

Ry(@)
p?
Y 100cTBO 3akitodaercs B ToM, uto Beeraa p(0) = 1.

I'pauueckyro 3aBUCUMOCTb pp(7) MOCTPOMM MO PACUETHBIM TOYKAM
TabmuIet 4.2 (pucyHoK 4.5).

pp(1) = (4.13)

12 r=———7———7 =7 I I R | I

W KOpPEISIIIMOHHON

bynxumn py()
[ [ [N I

3Hayere HOPMUPOBAHHO

IMpuparnieHne BpeMEHH Ha BCEM HHTEPBAJIE PACCMOTPEHHUS CITyIaiiHOTO
npouecca P(t) 7, mun

Pucynox 4.5 — HopmupoBanHas koppensiiuonHas GpyHKIus pp(7) cirydaiinoro npornecca P(t).
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Ha pucynke 4.4 mnpenacraBieHa 10 CyTH JieJla KyCOYHO-JIMHEWHAas
amnpokcuMarus  pp(7), nmoJiydeHHass B pe3yibTate  00paboTKH
AKCIIEPUMEHTAIbHBIX TaHHBIX.

Pecpeccuonnviti  ananuz TPUMEHSAIOT TPU OTCYTCTBUH  AIPUOPHOU
MPUYUHHO-CIIEICTBEHHOW CBSA3U MEXAY MapameTpaMu (HarpuMep, CBsI3U CPOKa
CITY>KOBbI SHEPreTUUECKOr0 OOBEKTA OT UCCIIEIYEMbIX MapaMeTPOB BO3JACHCTBUS
HAa HEro " Jp.). PerpecCMoHHOM MOJENbI0 Ha3bIBAIOT (HYHKIIMOHAIHHYIO
3aBUCHUMOCTb, OTpa)alolllyt0 HauOojiee CYIICCTBEHHbIC CBONCTBAa OpUTHMHAJA
(PHEPreTUYEeCKOW WJIM IHEProTEXHOJOTMYECKON CHUCTEMBbI) M HCKIIOYaronien
Bce npoune (akTopel. Hampumep, uisi TOCTPOCHHS  IPUEMIIEMOM
PErPECCUOHHON MOJIETM TOTEPh YHEPTUU B DJIEKTPUUECKON CETH JOCTATOUYHO
y4€CTh OJIMH HanbOoJiee BAXKHBIM (PAKTOp — BEIMYMHY CYMMapHOTO OTIyCKa
SHEPIuMu.

OcraHoBuMcsi Ha 0a30BbIX TOHSATHUSAX, Ha KOTOPBIX  CTPOUTCS
perpeccuoHHbld aHanu3. [lpu pemieHun 3a7a4 TEOPUM BEPOATHOCTH H
MaTeMaTUYE€CKON CTATUCTUKUA BO3ZHUKAIOT CUTYAIMHU, KOT/Ia OJJHOMY 3HAYCHUIO
apryMeHTa MOXET OTBE€YaTh HECKOJIbKO 3HAYEHUM (PDYHKIMH, MPHU STOM 3THU
3HAYEHUS SIBISIOTCA CIydaHbIMHM. B 3TOM cllyyae MOXKHO YCTaHOBUTH
BEPOSATHOCTHYIO  (CTaTUCTUYECKYI0) 3aBUCHMOCTb CpPEIHEro  3HA4YCHUs
(MaTeMaTUYECKOTO OKHMAAHUA) ITUX (QYHKIMKA OT 3HaUYCHUS aprymeHTa. Takas
3aBUCHUMOCTh HOCUT Ha3BaHHe pecpeccuu [19].

ChopmupyeM 3amadqy perpecCMOHHOrO aHajdu3a Ha MOpUMEpPEe YyKe
paccMaTpuBaemMoil  paHee  ayekTpoHarpeBatenbHoiM  cuctembl  (DHC).
[Ipenmnonoxum, 4To Uil KOHKPETHOTO 3HAYEHHUS MOIIHOCTHU AJIEKTPUUYECKOU
cucTeMbl HarpeBa Boabl P; =2 kBT B 3aBUCUMOCTH OT TeMIIepaTyphl
OKpY>Kalolllel cpeabl SKCIEPUMEHTAIBHBIM MyTeM MojaydyeHo 10 3HayeHui

BPEMEHU HarpeBa BOJbLI 0 YCTaHOBUBIIEHCSA TeMmeparypbl tyeri, ..., fyerio.
Perpeccueit B 1aHHOM ciiydae OyJIeT BhIpaKeHHUE
tyer = (P, (4.14)
e tyCT 1w 'tyCT10 ~
rae lyer = n —  MaTeMaTU4YeCKOE€  OXHUJAHUE  CIIyYalHBIX
NepPEeMEHHBIX tyei, 1 = 1, ..., 10.

Hawunbomnee npocToit MOAEIbI0O B PErPECCHOM aHaW3e SBISETCS JTUHEHHAs
MOJIEIIb IEPBOTO MOPSAIKA

fYCT — ﬁo + IB]_P + €. (415)

bynem cuutath, uto BenuunHa P (3Hauenwe wmomHocTH OHC)
ompeaensieTcs 0e3 omubku, Sy M f; — mapaMeTpbl MOJEIH, € — OIIMOKa,
pacrmpeieieHue KOTOPOM MOJYMHAETCS HOPMajJbHOMY 3aKOHY C HYJIEBBIM
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CPEIHUM 3HAQUYEHHUEM H  IOCTOSAHHOW JHUCIIEPCUEHN o’ (rne o -
CPEIHEKBAIPATUUECKOE OTKJIOHEHHE). 3HAUYCHHS MapaMeTpoB fy U [ 3apaHee
HEU3BECTHBI M UX HYXHO ONpPEACIUTh W3 Habopa 3KCHEPUMEHTAIbHBIX
sHayeHuit (Pj, t,cni), 1= 1, ..., N.

Jlucnepcuonnsiti  ananuz TPUMEHAIOT OOBIYHO, KOTJa He3aBUCUMAas
MepeMEeHHas HE U3MEPSAETCS, XOTA MOXET NMPUHUMATh Pa3jIMuHbIC 3HAUYCHUS
(HampuMep, BIMSHUE YEJIOBEKA-OMEPATOPA HA TOUHOCTh MOJJAEPKAHUS pEKUMA
paboThl W pacxojla SHEPrud Ha HEABTOMATU3WPOBAHHOM 00bekTe). B
3aBUCHUMOCTH OT KOJInuecTBa (haKTOPOB, BIUSHUE KOTOPBIX UCCIEAYETCS B TOU
WIM WHOW CHCTEeME pa3auyaroT OAHO(PAKTOPHBIM H MHOTO(aKTOPHBIN
OUACTIEPCUOHHBIN aHAJIN3.

ITon naucmepcueit B TEOpPUU BEPOATHOCTEH TMOHUMAETCS KBajpar
OTKJIOHEHHSI CJIyYallHOM BEJIMYMHBI OT €€ MAaTEeMaTUYE€CKOIO OXKHJIAHUS.
Hcnonw3ysa BeIOOpKy Pj (Tabmmima 4.1) moxyduM BbIpakeHUE I JUCIIEPCUU
BeJIMInHBI MontHocTu DHC

10
Np = Z(Pi — B)". (4.16)

Bennunna o= \/I[p HA3bIBACTCA CPEIHEKBAJAPATUYECKUM OTKJIOHECHUEM
CIIy4allHOM BEJIMYUHBLI OT MATEMATHYECKOIo OXuaaHus. Bemwuunel [p u oy
XapaKTEpU3yIOT CTENECHb PACCEMBAHUS CIIyYallHOM BEIWYUHBI. AHAJTOTUYHBIE
BBIPAKEHUS MOXKHO 3aIKCaTh JJIs BBIOOPKH ty,i (Tabnuma 4.1)

10
~ 2
'[ltYCT = Z(tyCTi - tYCT) ’ (417)
i=1
10
~ 2
O-tyCT = z(tYCTi - tyCT) . (418)
i=1

CyTh AMCHEPCHOHHOTO aHajl3a CBOJAUTCS K W3YUYEHUIO BIIMSIHUS OJHOMN
WJTH HECKOJIBKUX HE3aBUCUMBIX CIIYYalHBIX MEPEMEHHBIX, 0OBIYHO MMEHYEMBIX
(pakropamMn, Ha 3aBUCHMYIO IlepeMeHHyI0. B HameM npumepe P; m i
ABJISIIOTCS ~ He3aBuUcMMbIMU, W; — 3aBUCHMOM TIEpEeMEHHOH, a cam
JTUCTIEPCUOHHBIN aHAIHN3 — TBYX(aKTOPHBIM.

BrlimenasBanHbple METOJIBI MOTYT OBITH C YCIIEXOM HKCIOJBb30BaHbI TPHU
000CHOBAaHHHM CHCTEMBI MEPOIPHUATHH MO IHEProcOCPEIKEHUIO, MOBBIIICHUIO
sHeprod’pHEeKTUBHOCTH, HAAC)KHOCTH, PEMOHTOIPUTOTHOCTH U 0€30MACHOCTH
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B IPOLECCE NPOEKTUPOBAHUA M  IKCIUIyaTallUM DJHEPIETUYECKUX U
DHEPrOTEXHOJIOTHYECKUX CUCTEM.

4.3. Peuienue onmumu3ayuoHHbIX 3a0ai IHEP200OecneueHus nPpeonpusmuil

OHEProMeHeHKEPhl  Pa3IMYHBIX MPEANPUATHH, B TOM UYHUCJIE U B
arponpombiiieHHOM  kKomiwiekce  (AIIK), mOCTOSSHHO ~ NPUHUMAIOT
yIPaBJICHYECKUE PEIICHUS I10 DOHEProo0eCleyYeHnI0 IPOU3BOJICTBEHHBIX
MpPOIECCOB M O00BEKTOB. JJII MNPUHATHA OTUX PEHICHWH HeoO0xoamMa
cienytomias uHdopmanus [11]:

— O COCTOSSHMHM PBIHKOB CBIPhS, DJHEPreTHYECKOro 0oO0OpyaOBaHUS,
SHEPreTUYECKUX M TPYIOBBIX  pecypcoB  (MapKEeTHHIroBas

uHpopmarus);

— 00 PHEPronoTpedIeHUH PA3TUYHBIX BUIOB SHEPTOTEXHOJIOTUUECKOTO
obopynoBanus (3TO);

— 00 ypOBHE IKCIUTyaTallUOHHOW HAJEKHOCTH M PEMOHTOIPUTOTHOCTH
9TO;

— 0 KBIM(PUKAITMOHHBIX BO3MOXXHOCTSIX IEpPCOHANa YHEPreTHYECKOM
CITYKOBI.

BrimenepeuuncieHHbIC BH/JIBI uHbOpMaIUn CUTHATM3UPYIOT

PHEproMeHeKepaM O TpobiieMax, BO3HUKAIOIINX B MPOLECCe IKCIUTyaTaluu
9TO.
Kak noxazano B pabore [10], ucxoanas uHdopmaius o nmapamerpax u
pexxumax paboTel DTO MO3BOJIIET PEIIUTH JIBE€ OCHOBHBIE MPOOIEMBI:
— MPOU3BOACTBEHHYIO (TEXHOJIOTHYECKYIO), CBSI3AHHYIO C
onTUMU3aImen pexxumoB padotel ITO;
— KOMMEPYECKYI0, CBSI3aHHYIO C COBEPIIICHCTBOBAHNEM IKOHOMHYECKOM
JESTEIbHOCTH TIPEANPHUSTHA.

OO0O0OIIECHHBI aNTOPUTM MPUHATUS M PpeATM3alUU  YIPABICHYECKUX
pelIeHn, B TOM YHUCJE U B chepe IHEProoOeCreueHus NpenpusITui, MOXKET
OBITh MPEJICTABIICH B CIICAYIOMEM Bue (PUCYHOK 4.6).

Kak yxe ObUIO ykazaHO BbIIIE, B mpoliecce skciuryatanuu 9TO moryt
BO3HUKHYTh KaK MPOU3BOJICTBEHHbBIC, TAK U IKOHOMHYECKHE (KOMMEpPUYECKHUE)
po0JIeMbl, MPUUEM BTOPBIC, KaK ITPABUIIO, 3aBUCST OT MEPBBIX.

Bce mpoOiiemHble cuTyanuu, BO3HUKaromue npu skcmutyaramuun IOTO,
MOYKHO Pa3JieIUTh Ha TPU TPYIIIIbI:

— MpOOIEMBI, CBSI3aHHBIE C HEJJOCTATOYHBIM (PUHAHCUPOBAHUEM;
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— MpoOJIeMBbl, CBSI3aHHBIE C  KAa4eCTBOM  pabOThl  MMEIOIIETOCs
0o0opyioBaHUs (SHEPronoTpedIeHre, IKCILTyaTallMOHHAs HAJACKHOCTh
¥ PEMOHTOIIPUTOTHOCTh, KAYECTBO MOHUTOPUHTA);

— NpoOJIEMbI, CBSI3aHHBIE C YyPOBHEM KBadu(UKaIMK MepcoHaia
AHEPreTUYECKOMN CITYKOBI.

1 3 Ornenka 4
Omnpenenenue
BrrisiBrieHue [Ipobrema HETaTUBHOTO L
P pecypcHBIX
npobiem BbIsIBJICHA? BIIASTHUS N
BO3MOXKHOCTEH
TIpoOIEMBI
A
HET A
Pa6ora B
OOBITHOM P 8
(mrTaTHOM) A .|  BbuiBienue
Ll
pexxume TIPUYIHH
A
HET
7 6 peammanus >
na . Pa3paboTka
[Tpobnema P pelIeHuit u P
< < IJIaHa <
pemena? KOHTPOIb HX .
MEpOTIPUITUI
BBITOJTHECHHS

Pucynok 4.6 — Anroput™ NpUHATHS U pealin3alliy yIPaBIeHUYECKUX PELICHUM

Kak cnemyer u3 pucynka 4.6, sHeproMeHeIKepbl, OLICHUB HEraTUBHBIC
BJIUSIHUSI BO3HUKIIMX NPOOJEM, ONPEAEISIOT PECYPCHbIE BO3MOXHOCTHU
NPENIPUATUSA. OTH BO3MOXXHOCTH OIPENEISAIOTCS HAa OCHOBAaHWM AaHaIW3a
pecypcHOro ImoTeHIMana mnpennpusatus PrI(t), sBasiomerocs HEKOTOPOi
CJIOKHOM (DyHKIIMEH BpEMEHHU

PII(t) = F[IIX(t), UK (t), DC(1)) (4.19)
rae IIX/[(t) — cocTossHUE IPOU3BOACTBEHHO-X03SMCTBEHHOMN ACATEILHOCTH.

11X][(t) HanpsAMYTO 3aBUCHUT KaK OT KOHKYPEHTOCIIOCOOHOCTH MMEIOIIETOCS
OTO, Tak W OT KayecTBa MEHEHKMEHTa U KBaTU(HUKAIIMU OOCIYKHUBAIOIIETO
nepcoHaa.

OcHOBHOW 3aadel, pemaemMon sHepromenekepamu npeanpudarus AlIK,
ABIIIETCS TTOJJIEPKAHUE HA JOJHDKHOM YPOBHE DHEPTreTUUECKOM COCTABIISIFOIIEH
pecypcHOro moTeHImana npeanpusatus PII(t), Ha3piBaeMO# SHEPreTHYECKUM
noteHiaaom I1(t). Tlonmepxkanue III(t) Ha JODKHOM YpOBHE O3HAdaeT
BBITIOJIHEHUE CIIEAYIOLIETO HEPABEHCTBA!
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2r1(t) > 21, (4.20)

rae Ol — HeKoTOpoe KPUTHUYECKOE (momyctumoe) 3HA4YCHUE
OSHEPreTUUECKOTO MOTEHIMaNa, O00ECIEUYUBAIOIIETO HOPMAJIbHBIA XO[I
IPOM3BOJICTBEHHOT'O MIPOIIecca.

XoJ TPOU3BOACTBEHHOTO IMpollecca CUUTAETCS HOPMaJbHBIM, €CIU OH
o0OecrieunBaeT HEOOXOAUMYIO MPUOBUIL OT pealu3alud MPOU3BEICHHON
MPOAYKIIHH.

Hanee d¢opmupyercs pabouas rpynma s pelieHds TOM HWId HHOMN
npoOJieMbl, COCTABJISETCA IUIAH  MEPOMNPHUSATUNA, YTOUYHSETCS  COCTaB
VCTIOJTHUTEIIEH.

PesynpTaT peanuzanuu ynpaBiIC€HYECKUX PEIICHUH MOXET HMETh JBa
BapHaHTa:

— npobieMa pelieHa, T.€. MOXHO MPOJOkKaTh pabOTy B OOBIYHOM
(LLITATHOM) PEXKUME;

— mpobJsieMa He pelieHa, T.e. paboTa HE MOXKET OBITh MPOJOTKEHA B
O0OBIYHOM (IITATHOM) PEKUME.

Bo BropoM ciay4yae HEOOXOAMMO TMPOBECTH TINATEIbHBIM aHalU3
pEe3yJbTaTOB  pealiu3allui  yIPaBICHUYECKUX  PEIICHUH U BHECTH
COOTBETCTBYIOIIHNE KOPPEKTUPOBKH.

KoneuHo, npu BBIOOpE YyHpPaBIEHYECKOT'O PEIICHUS SHEPrOMEHEKEpbl
MOTYT JIEMCTBOBATh MHTYUTHBHO, OMHUPAsACh HA OMBIT M 37IpaBbiii cMmbici. Ho
ropazno yboeaurenbHee OyayT pelIeHWs, €CJIM OHU  MOJKPEIICHbI
MaTE€MaTHYECKUMHU pacuyeTaMM, 4YTO TO3BOJMUT H30€XKaTh JJIUTEIBHOIO U
JOPOTOCTOSIIET0 MOUCKA HYKHOTO PEIICHUS «HA OIILYIIbY.

IIpumep. PaccMOTpuM MOPOU3BOJACTBEHHYIO ACATEIBHOCTH HEKOTOPOTO
nepepadateiBatomero npeanpusatas AIIK. IlorpeOHocTH mnpeanpuaTtus B
SHEpPropecypcax KakJIoro BHIAa COOTBETCTBEHHO PAaBHBI di, dy, d3 YCIOBHBIX
equaun;  (y.e.).  CymecTByeT  IATh ~ HMCTOYHHKOB  DHEProOpecypcoB,
PACMoOJIOKEHHBIX OT TIPEANPUATHS Ha OINPEACICHHBIX PACCTOSHUAX U
OTIYCKaeMbIX MO pa3HbIM Tapudam. EnuHuina Buga 3HEPropecypcos,
NoJIydaeMas NPeANPUATHEM OT UCTOYHUKA Hj, o0xomurcs npeanpuaruio B Cj

pyOneit (nHmekc | — BHUA 3HEpropecypca, WHICKC | — HOMEp HCTOYHHKA,
(tabauua 4.3)).



Tabmuia 4.3 — CTOUMOCTh SHEPrOpecypcoB

Bux VICTOYHHKH SHEPTOPECYPCOB
3HEpropecypca 8 U, U, U, Hs
I Cu Cr2 C13 Cua Cis
e/ Ca Ca2 Ca Co Cos
I3 Ca Cs C3s Ca Css

Bo3moxkHOCTH OOecrnedeHus: PHEpPropecypcamMu ¢ KaKJI0ro HCTOYHMKA
OTpaHUYCHBI ero MIPOU3BOJACTBEHHOM MOIITHOCTBIO: HMCTOYHHUKHU
sHepropecypcoB My, U, Uz M, HUs moryt natk He Oozee by, by, D3, Dy, bs
KOJMYECTBA BHUIOB JHEpropecypcoB. TpeOyercs COCTaBUTh TakOW IIJIaH
oOecrieueHus IPEeANPUITHS YHEPTOpECypcaMu (0T KaKOTrO MCTOUYHHMKA U KaKoe
KOJIMYECTBO BHUJIOB DJHEPrOpPECypcoB TMOIYUHTh), umobOvbl nompebHoCmu
npeonpusimusi 8 Hux Ovliu obecneyeHbl NpU MUHUMATbHBIX PAcxo0ax
9HEpPeopecypcos.

[TocTaBmeHHyI0 3amady ONTHMH3AIMM IIPOIlEcca DHEProoOecreYeHuUs
npeAnpusITUs OylneM pemiaTtb MemoooM JAUHEUHO20 NPOSPAMMUPOBAHUSL.
O603HaYNM Xjj — KOJIMYECTBO dHEPropecypca i-ro Buaa, MOIy4E€HHOTO OT |-TO
MUCTOYHHMKA CHaOXeHus. TakuM 00pa3om, MoJyqdrM 15 371eMEHTOB pPEIICHUS:

Xll’ X12’ X13’ X14’ X15

N

X21’ X22’ X23’ X24’ X25 (421)

\X3l’ X32’ X33’ X34’ X35

DNEeMEeHTBI PEelIeHUs MPEICTABISIIOT COO0M MaTpHIly, COCTOAILYIO U3 TPEX
CTPOK U MSTH CTOJIOIOB.

BBenem orpaHnueHus 1o noTpeOHOCTSIM B dHEpropecypcax di, dp, ds, T.€.
IPUMEM YCJIOBHUE, UYTO MNPEANPUITHE TMOJIYYUT HYKHOE €MY KOJIMYECTBO
HSHEPTOPECYPCOB KAXAOT0O BUJA, T.€. POBHO CTOJIBKO, CKOJIBKO €My TpeOyeTcs.
[Tonyunm cuctemy JIMHEHWHBIX aNreOpandecKux YpPaBHEHUM, KOTOPbIE HYKHO
PEILIUTh.

Xjp + Xpp T X3+ X, t X5 =
Xop T X500 T+ X553+ Xy + X35 =Q, (4-22)
X311 X35 T X33+ X34 + X35 = a3

Jlanee 3amuiieM CHUCTEMY HEPABEHCTB-OIPAHUUYEHUM, BBITEKAIONIUX U3
MPOU3BOACTBEHHBIX MOIIIHOCTEN NCTOYHUKOB SHEPrOPECYPCOB:
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X;q + Xop + X5y Sy

X;p + Xpp + X5, b,

X13 + X23 + X33 S b3 (423)
X14 + X24 + X34 S b4 l

/\

| X5 + Xp5 + Xg5 < b,

W nakonel, 3amuiieM CyMMapHbIe pacXxoJibl Ha SHEPropecypchl, KOTOPHIS
MBI XOTUM MUHUMHM3UPOBATh. Y UUTHIBas JJaHHBIE TaOIHIIbI 4.3, MOJTYUYHUM:

3 5

W = Z ZCU’ X; = min, (4.24)

i=1  j=1

rie W — nokazatens 3(PGEKTUBHOCTA DHEProOOECICUCHUsT MNPEATPUSITHUS
AIIK.

Ilepen HamMu moOCTaBlieHa 3ajaya JUHEWHOTO MPOTPAMMHUPOBAHUS: HAUTH
TaKME HEOTPULATENbHBIE 3HAYEHUs NIEPEMEHHBIX Xjj, KOTOPBIC yIOBIETBOPSIIA
Obl MaTeMaTH4YeCKUM BhIpakeHUIM (4.22) u (4.23) u oOpainair Obl B MUHUMYM
UX JTHHEWHYI0 QyHKIUIO (4.24).

Hamu paccmoTpena 3amaua misi JETEPMUHUPOBAHHOTO Cllydas, KOTAa
nokazatresib 3¢dektuBHocT W 3aBUCHUT TOJIBKO OT JABYX Ipynn (DaKTOPOB:
3aJlaHHBIX, 3apaHee W3BECTHBIX di, dy, A3 W DIEMEHTOB pelieHus Xj. B
pealbHbIX YCHOBUAX JedaTenbHOCTh mnpennpustuii  AIIK  moaBepikeHna
BO3JICHCTBUIO pPsifla CIy4yalHbIX (PaKTOPOB, UTO MEPEBOJAUT 3ajady BbIOOpA
pelieHuii B JApyroe KadyecTBO: OHa IIpeBpalllaeTcs B 3ajady BbIOOpa
YVIPaBICHUYECKUX PELICHHI B YCIOBUAX HEONPEICTICHHOCTH.

MUHUMUZUPOBATh CIIYyYallHYH0 BEJIMYMHY HEBO3MOXHO. [lpu mrodom
PELLIEHUN OHA CYUTAETCA CIIyYaHOM.

B sTtoM ciydae dopmynupoBKa Haiiei 3agadyd OyJeT Claeayrolei: HauTu
TaKM€ HEOTPULATENbHBIE 3HAYCHUS IEPEMEHHBIX X;; (MaTeMaTHYECKUX

OKUJAHUH Xj)), 4TOOBI OHHU yJOBJIETBOPSUIM OrpPaHMYEHHSIM-HEPABEHCTBAM
(4.22), (4.23) u BMecTe ¢ TeM, IO BO3MOXHOCTH, OOpamai B MHHUMYM
JUHEHHYIO (DYHKITHIO 3TUX TIEPEMEHHBIX.

B nmrepaTtype 1TO HCCIEIOBAHHUIO OIEPAMA PEKOMEHIYIOT 3aMEHSTh
ciyJaiHbie (PaKTOPHI X CPEAHUMU 3HAUYCHUSIMH, €CJTU OHH MAJIO OTKJIOHSFOTCS
OT CBOMX MaTEMaTHYECKUX OkupaHui. Torma 3ajgada CTAHOBHUTCS
JACTCPMUHUPOBAHHON M MOXKET OBITh pelieHa OOBIYHBIMA METOIaMH.
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I(onmpwl bHblE 60NPOCHI

1. Chopmymmpyiite TEXHUKO-2KOHOMUYECKHE TpeOoBaHUS K
SHEPreTUYECKUM CHUCTEMAM.

2. HazoBuTe W MPOKOMMEHTHPYHTE HEPapXUI0 YPOBHEH ONTHUMU3AIUU
CHCTEM DHEProo0ecIedyeHusI.

3. Kakoii ypoBeHb ONITUMHU3AIUY JIa€T HAHOOJIbIIUN 3PDEKT 1 mouemy?

4. HazoBuTe U OXapakTEPU3YWTE METOAbl ONTUMHU3ALNN IHEPIETUUECKUX
CUCTEM.

5. IIpoxoMMmeHTHpYiTE 000011IEHHBIH aJrOPUTM ONTUMU3ALUN
HSHEPreTUUYECKUX CUCTEM.

6. OnuiuTe mpolecc ONTHUMHU3AIUU DJICKTPOHArPEBATEIbHON CHCTEMBI
METOJIOM HampaBJIECHHOI'O MOUCKA.

7. JlaliTe XapaKTEpUCTUKY T'PAJIUEHTHBIM METO/IaM ONTUMH3ALIHH.

8. B 4yem CymnIHOCTh CTaTHUCTHYECKOW (BEPOATHOCTHOW) ONTUMH3ALNH
CHUCTEM dHeproodecrnedyeHus?

9. Ha yem 6a3upyeTcs METO KOPPEISIIITUOHHOTO aHaIn3a?

10.OxapakTepuszyiTe METOABl PETPECCHOHHOTO U  JUCIIEPCHOHHOTO
aHasu3a.

11.TIpeactaBpTe W  OPOKOMMEHTHUPYHTE  @IrOPUTM  MPUHITUA U
peanu3anyy yrpaBJieHYECKUX PEIICHUN B SHEPreTUIeCcKou cdepe.

12.TIpuBeaute U MIPOKOMMEHTUPYHUTE npuMep perieHus
ONTUMH3ALMOHHON  3aJa4yuM  JHEProoOECIeueHUs  nepepadaThIBAIOIIETO
npennpustus AIIK.
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I'’IOCCAPUM

Aoanmugenocms cucmempl — ITO CBOWCTBO, XapaKTEPHU3YIOIIEE
CIIOCOOHOCTh ~ CHCTEMBI HOpPMaJIbHO (B COOTBETCTBUU C  3aJIaHHBIMU
napamerpamMu) (QyHKIMOHUPOBATh MPU HM3MEHEHUU I[apaMEeTPOB BHEUIHEH
Cpeibl, TPUCTIOCOOIAEMOCTh CUCTEMbI K U3MEHEHUSM.

Ananu3 — NeSTEILHOCTD, NPEANPUHUMAaEMast 1Jisl TOTO, YTOOBI ONPEICIUTD
(BBISICHHUTD) MPUTOJHOCT, aJIEKBaTHOCTD u PE3YJIbTATUBHOCTD
paccMaTpUBAaEMON CUCTEMbI B JOCTHKEHUH IOCTABJIEHHBIX LIEJIEH MyTEM €€
JICJICHUSI Ha OT/ICJIbHBIE TTOJACUCTEMbBI U DJIEMEHTHI.

Bepwtmuocmﬂoe (cmoxacmuuecxoe) MO@@JZUPO(%IHMB — MCTO
HOBBOJ’IHIOIIII/Iﬁ ucciacaoBare CUCTCMYy B CaMOM O6IIICM BUAC  JIA
IIPOMU3BOJIbBHBIX 3aKOHOB pacipcaciICHUA CﬂyqaﬁHBIX BCJIMYHUH,

XapaKTEPU3YIOIIHNX BHYTPEHHIOIO CPEY CUCTEMBI, €€ BXOJ U BBIXO/I.

Buewnaa cpeoa cucmemwvt — BCE TO, UTO HAXOOUTHCA 3a MpeEIeIaMU
CUCTEMBbI, HO OKa3bIBAET HAa HEE TO WJIM WHOE BIMSHUE (YPOBEHb DPA3BUTHUS
TEXHOJIOTUM, APYTMe CHUCTEMBI, MH(OpMaLHUsd, 3HEPreTUYECKUE PECYpPCHl U
T.IL.).

Buympennasa cpeda cucmemst — CTpyKTypa CUCTEMBI, 0O€CIEeUnBaIOLIAs
s pekTuBHOE yIpaBieHUE BCEMU (YHKIUOHAIBHBIMU TOJCUCTEMAMHU H
AJIEMEHTaMU  (TEXHOJOTMYECKass OCHAIIEHHOCTb, 3JHEProo0eCeUYeHHOCTb,
MHTEJUICKTyallbHBIM TMOTEHIMAN IMepcoHana, KauecTBO (YHKIIMOHHUPOBAHUS
MOJICUCTEM U DJIEMEHTOB U T.I1.).

Bxo0 cucmembr — KOMIIOHEHTHI, IOCTYHAIOIIUE B CHCTEMY: CBIPbE,
MaTepHuaibl, KOMIUICKTYIOLIME W3JENINs, Pa3IMYHbIe BUJIbI DHEPTrUU, HOBOE
00opy10BaHUE, Kaapbl, JOKYMEHTHI, THGOpMALU U T. 1.

Boixo0 cucmemwvt — BpIlycKaeMas NPOAYKUHWSA, YCIYTHM, HOBUIECTBA U
HOBOBBEJICHUSI, BBIXOIHBIE KOOPJIUHATHI, TPUOBLIb U T.II.

I'pagp cocmosanuit cucmempl TIOKA3bIBAET BO3MOXKHBIE COCTOSHUS
CUCTEMbl W HAIPABJICHUS BO3MOXHBIX IEPEXOJIOB CHUCTEMBI M3 OJHOTO
COCTOSIHUS B JIpYyTO€.

/lexomno3uyua — pa3feieHue CUCTEMbl Ha YacTH (MOJICHUCTEMBI U
AJIEMEHTHI) U MOCJIEAYIONIEE U3YYEHUE ITUX YaCTe C LENbI0 BBISBICHUS HMX
BIUSIHUS Ha 3P(HEKTUBHOCTD PYHKIIMOHUPOBAHUS CUCTEMBI B IIEJIOM.

/Jlemepmunupoeannslii npoyecc — 3To NPOLECC, KOTOPBIM MOKHO ONUCAThH
MaTeMaThuueckuMu Gopmysiamu (T.€. MOXKHO TOYHO OINPEIAETUTH MOJO0KEHUE
CUCTEMBI B JTI000H MOMEHT BPEMEHH).
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Jlunamuueckan cucmema — CHUCTEMa, TIApaMeTpbl, CTPYKTypa H
XapaKTEPUCTUKU KOTOPOW MEHSAIOTCS BO BPEMEHHM KakK HEMPEPBIBHO, TAK H
JTUCKPETHO.

Jucnepcuonnvtii ananu3 — METOJ B MATEMATUYECKOM CTAaTUCTHKE,
HaIlpaBJICHHBIA Ha IOUCK 3aBUCUMOCTEW B SKCIEPUMEHTAIbHBIX JIAHHBIX
MyTEM MCCIAEJOBAHUS 3HAYMMOCTH pPa3IMUUM B CPEIHUX 3HAUYCHUSIX
(MaTeMaTHYECKUX OKUIAHUSX ).

Jucnepcus — >TO KBaJpar OTKJIOHECHUSA CIy4YalHOW BEJIMYUHBI OT €€
MaTeMaTUYECKOTO OXKHUJIaHMUS.

Hepapxuueckasa (MHO20ypOBHEBAs) CIMPYKMYPA CUCHEMBl — CTPYKTYPA,
nojaydyaemas B pe3yJbTare JIEKOMIIO3UMLMHM CUCTEMbl B TpoCTpaHCTBE. Bce
AJIEMEHThl M CBSI3U MEXJYy HHUMHM CYHIECTBYIOT B 3THUX CTPYKTypax
OJTHOBPEMEHHO (HE pa3HECEHbI BO BPEMEHH ).

Koppenayuonnviii ananuz — BEPOSITHOCTHBIM METOJ HCCIENOBAHUSA
CHUCTEM, TMOCTPOCHHBIN Ha BBISIBICHUM B3aUMOCBSI3M MEXKIY CIydailHbIMU
BenuuruHaMu ((pakTopamu), KOTOpbIe 00pa3yrOT HEKOTOPBIM peabHbBIN MPOIIECC
B CUCTEME.

Koppenayusa — cratucTudeckas B3aMMO3aBUCUMOCTh JABYX U 0Ooiiee
CIy4YalHBIX BEJIWYUH. MaTeMaTu4ecKoOu MEPON KOPPEISIIAN ABYX CIIyYalHBIX
BEJIMYUH CIIYKUT KO3DPUIHUEHT KOPPEISALIUH.

Mamemamuueckaa mooenb cucmempl — TPUOIKEHHOE OIUCAHUE
KaKOW-TM0O CUCTEMBI, BEIPAXKEHHOE C TOMOIIBI0O MAaTEMaTHYECKON CUMBOJIUKH,
T.€. B BUJe (hOpMyJI, ypaBHEHUI, HEPABEHCTB, JIOTUYECKUX YCIOBHI U T.II.

Mooensv cucmemovt — CnelUAIBHBIA O0BEKT, B HEKOTOPHIX OTHOIIECHUSIX
3aMEHSIOIIMA OpUTrHHAJ (CaMy CUCTEMY).

Mooenupyemotii  anzopumm  —  TOCIENOBATENBHOCTh  JEHUCTBHM,
MPOU3BOJAUMBIX JIJISI BBIYUCICHHUS 10 TEM WIM HHBIM MaTeMaTUYECKUM
BBIPAKEHUSIM U MPUBOJIAIIUX K PELUICHUIO MOCTABICHHOMN 3aa4H.

Haoexcnocms  Inepeemuueckoii  cucmemupl  XapaKTEpU3yETCsl €€
0€30TKa3HOCThIO, JOJTOBEUYHOCTHIO, PEMOHTONPUTOHOCTHIO M COXPAHHOCTHIO
CBOMCTB Ka4e€CTBA CUCTEMbI B TEUCHUE 3aJJaHHOI0 MEPUOoJa BPEMEHHU.

Ocpanuuenusn cucmemsl — BCE TO, UYTO OINPEACISET YCIOBUSI €€
¢yHKIMOHMpOBaHUS  (peanu3anuio mpouecca). OrpaHuyeHus  OBIBAIOT
BHYTPEHHUMHU U BHEITHUMU. OJTHUM W3 BHEUTHUX OTPAHUYCHUU ABISECTCS LEIb
(GYHKITMOHUPOBAHUS CUCTEMBI. [IpruMepoM BHYTpPEHHUX OTPAaHUUYCHHUN MOTYT
OBITH peCYpChI, 00ECIIEUNBAIOIINE PEATN3AINIO0 TOTO UM HHOTO Mpoliecca.

Onmumu3zayusa cucmemsl — IPUJAHUE CUCTEME TEM WM UHBIM CIIOCOOOM
HAWJIY4IIUX KadyeCTB B KaKOM-HHUOYIb OMpPEACICHHOM CMBICIIE, HAlpUMEp B
TOYHOCTH, OBICTPOJICUCTBUH, PACXOJE YHEPTUH U T.II.
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Hapamempuueckas onmumu3zayusa — 3T0O ONPENIECICHUE PsAJla TapaMeTPOB
CUCTEMBI B paMKax BBIOPaHHOUW CTPYKTYpbl, 00€CTICUMBAIOIINX MaKCUMAIbHYIO
3 PeKTUBHOCTH €€ PYHKIIMOHUPOBAHUSI.

Iloonpouecc — >To TpyIia onepanuii B COCTaBe mpoiiecca, 00beAnHCHHAS
TEXHOJOTUYECKH WJIM OPraHU3aluOHHO.

Iloocucmema — 4YacTb CUCTEMBI, cocTosijass 0OoJjiee 4YeM U3 OJIHOTO
AJEMEHTa,  pellalmlas  BIOJHE  ONPEICICHHbIE  YacTHbIE  3a/ayd,
o0ecreunBaroue JOCTUKEHHUS MOCTABIICHHBIX TIEPE CUCTEMOM 1IeNIei.

Ilomenyuanvnaa r¢ppekmuenocms cucmempl — CiOCOOHOCTh CHCTEMBI
MOJIy4uTh TpeOyeMbIi pe3yibTaT MpU HIACaTbHOM CIOCO0€ HCMOJIb30BaHUSA
PECYPCOB U B OTCYTCTBUHU BO3/ICUCTBUSI BHEIIHEN CPEIBI.

Ilomok cayuaiinplx codvimuii — 3TO NOCIJIEIOBATEIBHOCTh OJHOTHITHBIX
CIIy4YalHBIX COOBITH, CIEAYIOLIMX OJHO 3a APYTUM B CIIy4yaliHbIE MOMEHTBI
BPEMEHU.

Ilpaguno (Ooucyunauna) ooé6cayrncueanuas 6 CMO — anrropurm
B3aMMOJICHCTBUS OOCTY>KMBAIOIIUX MPUOOPOB (0OCITYKHMBAIOIIETO MEPCOHANA)
C o4epeiblo U3 TPEOOBaHMUII (3aIBOK).

Ilpouecc — COBOKYIHOCTb B3aUMOCBS3aHHBIX U B3aUMOJICUCTBYIOIINX
MEXIy cOo00¥ omepanuid (TEXHOJOTHUYECKUX, TPYAOBBIX, (PMHAHCOBBIX H T.II.,
peoOpa3yoIIMX BXOAbl PACCMATPUBAEMON CUCTEMBI B €€ BBIXO/IbI).

Paenosecue cucmemwvt — 3TO CHOCOOHOCTH CHUCTEMBI B OTCYTCTBHE
BO3MYIIAIOMINX BO3ACUCTBUM (MM TpPU TIOCTOSIHHBIX  BO3JICUCTBUSX)
COXPAHSATh CBOE COCTOSIHUE CKOJIb YTOJIHO JIONTO.

Pazeumue cucmempl — IPOLIECC COBEPIIEHCTBOBAHUS CHCTEMBI HA OCHOBE
M3YyUYCHUS] MEXaHU3Ma KOHKYPEHIIMH, 3aKOHOB BOCIPOU3BOJICTBA, PA3BUTHS
MOTPEOHOCTEN, PKOHOMHHM BpPEMEHHU U [Ip., O0ECIEeUMBAIONIUN BBIKHUBAHUE
CHUCTEMBI.

Pezpeccuonnvlit ananu3z — BEPOATHOCTHBIM (CTAaTUCTUYECKUN) METOJN
WCCIICIOBAHUS BJIMSHUS OJHOW WMJIM HECKOJIbKUX HE3aBUCHUMBIX TEPEMEHHBIX
Ha 3aBUCUMYyI0. He3aBucMMble TIEpEMEHHBIE Ha3BIBAIOT perpeccopamu,
3aBUCHMBIE TIEPEMEHHBIE — KPUTEPUATHHBIMU.

Pecpeccuss — OTHOCTOPOHHSSI BEPOSITHOCTHASA CBSI3b, YCTAHABIMBAIOIIAS
COOTBETCTBUE MEXK/Y CIIYYAMHBIMU IIEPEMEHHBIMHU. [IpHU perpeccuoOHHOM CBS3U
(B OTAMYME OT YUCTO (PYHKIIMOHAIBHOM 3aBUCHUMOCTH), OJHOMY U TOMY XK€
3HAQYCHUIO apryMeHTa B 3aBHCUMOCTH OT CJy4Yasi, MOTYT COOTBETCTBOBAaTh
pa3JIMYHbIC 3HAYCHUS (DYHKIIUH.

Pecmpykmypuzauyusa cucmemsvl — WU3MEHEHUE CTPYKTYpPhl CUCTEMbI B
LEAX COBEPIICHCTBOBAHUS CHUCTEMBbl €€ yIOpPaBICHHS, MPUBOASAIIEE K
MOBBIIIEHHIO 3(PHEKTUBHOCTH €€ (PYHKIIMOHUPOBAHUSI.
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Camoopzanu3yrowaaca cucmema — 3TO CUCTeMa CIIOCOOHAsI MEHSTh CBOU
napamMeTpbl, CTPYKTypy H ainroput™ ¢GyHKIMoHupoBaHus. CBolicTBaMu
caMOOpraHu3aluu SBJISIIOTCS aJAalTUBHOCTh, CAMOOOYYaeMOCTb, CIIOCOOHOCTD
K pacloO3HABAHUIO CUTYaIINH.

Ceazu (¢ cucmeme u c 6HewiHell cpeodoli) — WHHOPMAIMOHHEIE,
DHEPreTUYECKUE U JOKYMEHTAJbHbICE TIOTOKM B CHCTEME MEXKIYy €€
KOMIIOHEHTAMU JJIsl IPUHATUS U KOOPJUHAIMU BBINOJHEHUS YIIPABICHUECKUX
pemennii. Uadopmanms nomkHa OBITH HEOOXOAMMOTO 00beMa M KayecTBa, B
HY’KHOM MECTE U B HY>KHOE BpEMSH.

Cemegasn cmpykmypa cucmemsl (cemb) — CTPYKTypa, Ioiiydyaemasi B
pe3yJIbTaTe JIEKOMIIO3UIIUA CHUCTEMBI BO BpEMEHHU. Takue CTPYKTypbl MOTYT
OTOOpaXkaTh TMOPSAJOK JIEMCTBUM TEXHMYECKOW CHUCTEMBbl WJIM  OTallbl
NEATEIIbHOCTH YEI0BEKa.

Cunepzemuueckuii  3pgpexm  —  moBeimeHHEe  3GPEKTUBHOCTH
NEATEIbHOCTH B PE3yJIbTaTe COCIMHEHUS, MHTETPALMM, CIUSHUS OTICJIbHBIX
yacTell B E€OUHYI0O CHUCTEMy 3a CcueT T.H. CcucteMHoro sddexra
(3MEPIKEHTHOCTH ).

Cunme3  (npoekmupoeanue) cucmemsvl — ITO  OINPEACICHUE
KOH(UTypanuid cucTeMbl, TpeOOBaHHI, KOTOPHIM OHA JOJIKHA YJIOBJIECTBOPSATb,
M 33JaHW€ OCHOBHBIX MapaMETPOB, YJOBJIETBOPSIOMINX MPEAbSIBISIEMBIM K
CHUCTEME TPEOOBAHUSIM.

Cucmema — COBOKYIHOCTh B3aMMOCBSA3aHHBIX U B3aMMOJICUCTBYIOIINX
MEXly COOOHM 3JIEMEHTOB, MPEIHA3HAUYCHHAS JIJI TOCTHXKEHUS MOCTABJICHHBIX
1eJie MyTeM pelieHus: KOHKPETHBIX 3aad.

Cucmema maccoeozo oocayymcueanus (CMQO) — HEKOTOpas CHUCTEMA,
obecnieunBaromasi  BC€  BUIbl  OOCIY>KHMBaHHS:  MPOU3BOIACTBEHHOTO,
TPAHCIIOPTHOTO, PUHAHCOBOTO, OLITOBOTO U T./I.

Cucmemnwlit cunmes (cucmemmnoe npoeKkmupoeanue) — pa3padoOTKa
CIOKHBIX  ONTHUMAJbHBIX CHCTEM W3  MHOXECTBAa  aJIbTEPHATUBHBIX
KOHKYPHUPYIOITUX JIEMEHTOB, CBSI3EU U CTPYKTYP.

Chyuaiinwtii npoyecc (6epoamHoCmHbLIL RPOYECC, CAYYAUHAA PYHKYUA,
cmoxacmuueckuii npouecc) — DOTO CEMEUCTBO CIIy4yalHBIX BEJIWYHH,
WHJIEKCHPOBAHHBIX HEKOTOPHIM MapaMeTpOM, Yallle BCEro HUIPAIOIIUM POJIb
BPEMEHU UJIU KOOPUHAT.

Cmayuonapuulit cayyaiinslii npoyecc — 3TO CIyYalHBIA Tpolecc, y
KOTOPOTO BEPOATHOCTHBIE XapPaKTEPUCTUKU (MaTeMaTUUYECKOE OXKHAaHUeE,
JUCTIEPCHS U JIP.) HE 3aBUCAT OT BPEMEHHU.

Cmamuyeckaa cucmema — CHUCTEMA, MapaMeTpbl, CTPYKTypa H
XapaKTEepPUCTUKHU KOTOPOIl HE MEHSIOTCSI BO BPEMEHM.
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Cmpykmypa cucmembl — YIOPSJOYEHHAS COBOKYITHOCTh 3JIEMEHTOB
CUCTEMBI U CBSI3€l MexQy HUMHU. KOJHM4YEeCTBO 3JIEMEHTOB CHUCTEMBI M HX
CBSI3eM JIOJKHO OBITh MUHUMAJbHBIM, HO JIOCTaTOYHBIM [IJI1 BBIMOJHEHUS
TJIABHOM LEJIA CUCTEMBI.

Cmpykmypnasa onmumuzayus — 3TO METOJ MOCTPOCHUS TaKOM
CTPYKTYpPhI KakK CIOCO0a COEMHEHHSI 3JIEMEHTOB B CHCTEMY, KOoTopas OyJer
MakcuMaidbHO J(G(EKTUBHOM C TOYKM 3pEHUA 3apaHee IOCTaBJICHHOMN
MPAKTUYECKOM 3a/1aud U MPH 33JJaHHBIX U BCET/la OTPAaHUYEHHBIX pecypcax.

Cocmosanue cucmempl — 3T0O MTHOBEHHas ee ¢GoTorpadus WU «Cpe3»,
OCTaHOBKa B €€ pa3BUTUU. (COCTOSIHUE CHUCTEMBI JKECTKO IPHUBI3AHO K
KOHKPETHOMY MOMEHTY BPEMEHH, B KOTOPOM OHA pacCMaTPUBAETCA.

Ycemanoeuswuiica pexcum pabomel — pexuM, IpU KOTOPOM TapaMeTPhl
Y XapaKTEPUCTUKH CHUCTEMBI, a, CJIEIOBATEIBHO, U €€ COCTOSHUE HE MEHSAIOTCS
BO BPEMEHHU.

Ycemontuueocmes cucmempt — 310 CIOCOOHOCTH CUCTEMBI BO3BpAIAThCS B
COCTOSIHME pPaBHOBECHS IOCIE TOTrO, KaKk OHa OblIa M3 3TOTO0 COCTOSIHHS
BBIBE/ICHA TI0J BJIUSHUEM BHYTPEHHUX WJIM BHEIIHUX BO3MYIIAOIINAX
BO3/ICUCTBUN.

QDunanvuaa 6epoOAMHOCHb COCHOAHUA CUCHEMbl — BEPOSATHOCT,
XapakTepU3yIollasi COCTOSSHUE CUCTEMbl B YCTAaHOBUBIIEMCS (CTAllHOHAPHOM)
pexXUME.

Dynkyuonuposanue (noseoenue) cucmemvl — STO TPOLECC TEpexoaa
CHUCTEMBl M3 OJIHOTO COCTOSIHHS B Jpyroe. DYHKIIMOHUPOBAHUE CHUCTEMBI
XapakTepu3yeT ee IBUKEHUE, KaK B IPOCTPAHCTBE, TaK U BO BPEMEHU.

Ilenesan  ¢ynkyua — MaTEeMaTUUYECKOE  BBIPAKEHUE  KPUTEPUS
3¢ PekTUBHOCTH (YHKIIMOHUPOBAHUSI CUCTEMBI.
IKonomuueckana  IPpekmuenocmsv  cucmemvbl  —  T0KaA3aATElb,

ONpeAeIsIEMbld  COOTHOUIEHHEM HKOHOMHYECKOro »ddekra (pe3ynbrara)
JOCTUTHYTOTO CHUCTEMOM, MW 3arpar, TMPUBEAIIUX K JToMy 3hPekTy
(pe3yabTary).

Inemenm cucmemul — HEJCIMMAsI COCTaBHAS YaCTh CUCTEMBI.

Imeporcenmnocmey (cucmemuslii Iphexkm) — Haauuue y Kakou-1mbo
CHUCTEMBI OCOOBIX CBOMCTB HE MPUCYIIUX €€ MOJCUCTEMAaM U DJIEMEHTaM.

Inepeemuueckan cucmema — 3TO CIOXHAs TEXHHUYECKAsl CHUCTEMA,
cocTosilass B OOIEeM ciydae U3 TpeX TMOACUCTEM: TEeHEPUPYIOIICH,
nepeaaronieit (pacnpeaeauTeIbHON) U MTOTPEOUTEIbCKOM.

Ouepzemuveckaa IPppexmuenocmsv cucmemvl —  BO3MOKHOCTH
UCIIOJIb30BAHUST CUCTEMOM MEHBIIEr0 KOJIMYECTBA SHEPTUU ISl JOCTHKEHUS
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TOTO K€ YPOBHS OHEProoOECHeYeHUs  pa3IMYHbIX OOBEKTOB  WJIU
TEXHOJIOTHYECKUX MPOIIECCOB.

IHnepeomexnonocuveckasa cucmema — DOSTO CHCTEMA, OPraHUYECKU
CBA3BIBAIOIAS] DHEPTETUYECKYIO U TEXHOJIOTHYECKYIO TMOJCUCTEMBI C IIEJIbIO
obOecrieueHusi HanboJiee BHICOKOM SKOHOMHUYECKON 3((HEKTUBHOCTH Mpolecca
MIPOM3BO/ICTBA MPOIYKIIUHA U YCITYT.

IHnepzomexnonozuuecxkan nomouHas JIUHUSA — KOMILIIEKC
B3aMMOCBSA3aHHOT'O SHEPreTUYECKOr0 M TEXHOJOTHYECKOTro 000pYyI0BaHMUS,
paboTarIIero  COrIacoBaHHO C  3aJlaHHBIM ~ PUTMOM TI0  €IMHOMY
TEXHOJIOTHYECKOMY TIPOIIECCY.

Ippexkmuenocms cucmemvr — CHIOCOOHOCTH CHUCTEMBI  peIlIaTh
MOCTaBJICHHBIE TIEpe ] HeH 3a1aun.
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