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BBEOEHWNE

AKTyanbHOCT®Db TeMb CoOEBgeaRagOB@EE NANpPEe AN pU
POMBILWAEHHGceTCMN eguwIesH U9 39 KONOTrMYyeckKkonm 6es3on
Haapomoolidr myueckohn ouyumcTknm ( CAHEEKO HCUTECHYT HL
praHmMyecKkKux 3arpsas3HeHUN [0 ypoBHSABaH@Mmy
HauyuunmmKeailiadyeim aBnAaeTcA obecnevyeHwune n X p
KcnanyaTtauum U” C HIHBIEXH Iten Tyvaalwmai . a Blanpim ee  p e

OHUWUTOPUHT cocTo0aHMAa CABO. OcobeHHOCTbt C

L

Ta XapakTepUCTUK HEeYCTONUYUBBLIX OUOXUMU
HUMYEeCKUMU NapaMeTpPaMRAO@ETAAKDPPEKTHOME .

AyeT paccMaTpuBaTb Kak C/NOXHbBIW 6GMOTE

I

YEeHUN dPdUu3InyecekKm x, TEXHMUYECKNUX N BUMOXMN
a3/TMYHble 06O0OOWEHHbBIE CDZRWOMHNAOPDAEORMIT aa ®1
peagnonaraeTcsd, 4TO MOHWUTOPUHTI COCTOAHMNSA

paMKax KOTOpPOro ocyuwecTtB/1deTCcsa COBMecCT
porHosmMmpoBaHMa WU AMaAarHOCTUKKN oO0b6BOOWEHHOT
ObekTa.

Boic 0K af C FOPyYHKKTUYMPOHHOA /1 b H a A CNOXHOCTHWDb
MOTEeEXHMYecKNx o06BEKTOB U OTCYyTCTBMUE NOANL
MX nNpoLeccoB C yyeToOM COCTOAHMA OGBuMmoOoMacC b
OBpPEeEMEHHBLIX ULUWPPOBEXINEEXNAQNOBHDANO UMOHUTODP
EeNCTBYWOWMNX NPOMbWNEHHBX CcCUCTemMax aHaspoc

MoaToMy pa3pab-ankapuUMMMESIEECHK®O I 0 ob6ecn:
OCTOSLHICST € Mbl aHa9IpPoOOHOI 6Mnommsa N YPBOPKVANIP 0 K
eanMsayunm oenygBAPBHDBXO ynpaB/ieHYECKMUNX B O3
opoaoepXaHune TpebyeMor o KayecTBa OYUCTKMU I

HewTaTHbBE N aBapUNHHEBDAGTCYAABHD I A9 P RIS W
oTopon NMO3BONNPhenMDBBIBAC B b pab6orT bl, a
KONOrmyecekKyito 6e3onacHOCT®SGb NOKanhbHBbIX 0

peanpuaTtunnm.
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CTeneHb pa3paboTaHHOCT NBomeMK a M C awad & ML
obecnevyeHwunsn MOHUTOPUHIa nu aHanuwtsao N0 0 @ W e
OYNUNCTKM K aKkK C /1 0 XH blX OGMNoTEeXHMUYECKMUX ob6be
cneymanumcrtToB B Ob6nacTtum npoueccoB aHaapob
onnmcaHuma OGUMOXUMMMYECKUX NpouyueccoB aHasaIpoObOH
CBKantwxHloZ]o, A .BaB un nAy4,a R.Molettal5, 6], D. Batstone [7],
G. Kiely [8], I. Angelidaki [9], H.Siegrist[ 1 0] ,Xe HMl1H, G. Lyberatos[12, 13],

D. T. Hill [14], C. L. Barth [14]. , Ha OCHOBEe KOTOpPpbIX O6bl1anm p:
aHasapobHoOr o 6-pldlkéchuva. AMDIWHackK o, NpPpuBE[EHHbl¢
yynTtTbBatwT cCoBMeCTHOE BAUSAHMNE 6GMOXMKNM
rmaopoagvMHaMMYECKNUX M CUCTEMOTEXHMUYUYECKNUX NFf

B p a 6D I BRatstone, J.-P. Steyer, L. Lardon, K. Boe, I. Angelidaki, V. Alcaraz-
Gonzalez, M. Hansson [17 -2 3 ] M3yvyawTca wmn3ImMepaemMble nape
OpPpoOXeHNA, NHBETCYMHMIENIO O C 0 CB oma o omXiaoxMcNadsan,bl .
A. Hill, H.Haimi[24-2 7 ] nNpusBep[evHesrt O AP B BIEe U npwnuoop bl
napameTpoB npouyéeumd, h. LardBn, JpPaSteyerT Ea Kk Carasco [21, 26, 28]
pa3pabaTbBawTCcad anropuMuTMbl MOHUTOPUHTI A CC
NPUUYUH pgecTabunmsaayuumm nNpPpoLECCOB OYMUCTKMU
npouecca. OpHaAaKO MeTOAONOINrMA CUCTEMHOT O &
CMAMT 8 NPUBEAEeHHbBLIX MccnepgoBaHMAX MUCNONb3y.

MpUMEHUWTEeNbHO K peweHUWO 3ajgay MOHWUTOP!
TEXHMWYECKNUX CcucTemM B nNpouecce UX 3KCNONya
KONNekKTunWBOB HayyYHoW [JuwopwuesBrap o dM.HOAMH B ¢
TeopeTunmyeckune ocCBOPBOQOKAAWWABDITé/BiIB; v PE28-21],
MABupriedal , A3alE83] , ANaodcnend®4ja, H.ABAe p K3b]H a
AKodpma & ] m Apyr unx POCCUNCKMNX m 3apyben
npakTunyeckKkmne pe3ynbTaTtTb NOGRWKEHDLCORTP IO M E M
TeXHuMyeckuxMIOuygmemb BIEC.0 KBo. n ¢38,8 8] . Paspabar
BHeapsAeTCcs MeTO[ONOrMSA UHTEeNNekKTyanbHOT O
MNPUHATMNA peweHNIN B paboTax B 1©. 0y L m¥3% )4 e
ONNapuni4les2] ABbA.wn bi[d3p484 ] 1 E.e ME3xd4 ] Ca aA[ASh


https://www.sciencedirect.com/science/article/abs/pii/S0957417401000458#!

Mcnonb3oBaHMWEe YKa3aHHBLX nNoAaxopnoB A4
cuMctTemM XxXxapakTepusayeTcs OTCYTCcCTBUEM O06LWMX
OUBCCONPOUCXO/AS WK X B GunopeakTopax pa:

p
cooTBeTCTBYLOWNX MMUTalUuWMWOHHBbBIX MOAG]’IGVI anA
n

(@]

CTeMb U BbpPpaboOTKWU peKoOMeHAAUWN NO NPUHS

BonpocaM ynpaB/ieHMUS 6GUVOXMPAMHMIBLHKANIMA  H.

nocBAWeHb paboThH B. B. Kadaposa [46], A. H.
[ 11] . YnpaBneHne npoueccom O6MONOrmMYecKOI
HabnwpatTenem COCTOSAHUN paccuBrTpnBa®Wrin BB B:
2013 [ S5 unHG.EpEagKHe®Blo B SHMEPUVUEBRWKEHbB NpUME
Henpepb,bBHbX HeNnWnHEMWNHBbIX perynartopos H a
arperMpoBaHHbBX perynaTtTopos, NMoNy4yeHHbBE B
COCTOS/HM WY aac T H bl X MO adenei npouyeccos, CYy Lt
MaTeMaTMyYyeCcKOro onuMcaHMWsa OT U3IBECTHDBX MO/
Takmm obpas3omM, B COBpPEeEMEHHbBIX YyCNnNoBMUAX
MOCBSALUEHHBbIX paspabna e T emo4aEe@IbaHIoe 4 € H U A

coctToAaHnma CABO pgnsa BblHeceHWUA 06O0CHOB aAHHBbIX
TpebyeMOoOr o KkayecTBa OYMCTKWU U nNpepoTBpaLl
ob6bbeKkTa B HexXenaTenbrRaWaYy a ol BPRIO Si3H TV NT COTFHCBOM A &/
CAB® aguncceprtaumMum B O06We M O@MDOYEaHE bIRO € WOKAE TOM|
XapakTepunsymwrTtcs B3auMMOCBSA3aHHOI coBOKYDHN
OMNoXumMmMmMyeckKkmMx napameTposB.

Ubenb v 3apgaywu Lpkecncbn egpamocecaeHpUtsa. 4L M O HHOT O U C
B MNOBbLWEHUN KayvyecTBa @MYHKLMUOHMPOBAHMUA CMU
MNPOMBbBIWAEHHBIX CTOYHBIX BOJA -A3ATOPRAT MPABLXKRO@O D
CMCTEeMbl MOHWUTOPMUHI A COCTOOKHIUD PaOTNeXTHMMESI

Ana pocTuUuXeHMA NoOcCTaBNEeHHOW U es3nang aHemw 6 X

1) mccnepgoBarThb ocobGeHHOCTM MOHUTOPUHT a
OMoTexXxXHMYEeCKOToOo ob6bbekTa, B KOTOPOM 0 [
OGMOXUNUMMUY E CKUIEEC KUMN ET EMXPHO L, € C C bl ;

2) pa3paboTarThb n mccnepoBarThb 060060WEHHY

aHasapobOGHOW OGMONOTNTMYEeCKOMW OYMUMCTKMU CTOMYHDBIX
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3y pas3paboTaTtTb anNnropmtTmb MU NpPOrpamMMHOEe
CTOSAHMIE @8M@83pROOHOMW OGMONOTMUYECKOM OYUCTEK

4) NPUMEHMUTHL pa3paboaAaAHOEpRT MMOBEKBE&O U
ecnevyeHune AN A KOHKPEeTHOI CABO Ha OCH
opeakTopa npeagnpuaTmnsa NUWEBON NPOMbLWAErE

O6bekKT Mcc/ceMce BRAHAaRa3aIpPoOOHOM O6GMONOTNMYec
MOogenum MUX oNUCaHWN4.

MpegomeT Mccmaepesmammaecknme wmopgenum CABO,
OOWEHHOrIoO COCTOHAHMSA aHasIpPoObBHOro 6GUMOpPpeac

Hay4YHYy 0 HO@BW3TkY COCTaBNAIT.

1. 0606WeHHasd MaTemMaTunyeckas MOA4Aenb a
MCblBaWIKAaENOKEBbLIN OMWOTEXHIDTEMKHIAMWADGL K DT
eToMm B3aMMHOT O BNUWAHMNS rmagpognHamMmyec
OXMUMUYEeCKOT O npe o6 p aB3eouBeacHTUBA  azHaar appso3 GHHAOHNLL
3 1M Y HBbIX TMUNOB MCNONb3yeMoOT O obopypaposBe
cneposaHne CABO.

2AnropuTMMUYecKoe U nNporpammmioBanibecnen

CABO, oT/nMYyawweecHs yyeToMm M3 Me HeeBHsmM3da H R 8l

X
T

A
0

H

7
e
P
6

a

O O 9 = o

3HepgeAaTenNnbHOCTbLW OGMOMACcCHI, C OAHOW <CTC
XHUYECKNUX NOoOACUCTEM OUYUCTHBLIX COOPYXeEHMU
yr oi; M nNpUMeHSAeMOoOe Ha 3a&af-akOoKHIVPTOOSPKUTHI
06 We HHOTWAHMMA C Lenbl CBOEBPEeMEHHOTr o n
npaBNeHHbBX Ha nNopgpepxXxaHme paboTocnocobF
3.CTpykTypa npepgnaraemoinh TeXHONOrMmMm MOH
KUMOHHOT O 6OMOpeakKkTOpaeMm oMKW LWAEC @ LW}
CTeMb NO WU3IMEPEHHBM 3 HaYeHMWAM B3 aWMMOCHE
pamMeTpoB B KaXAgoWn ceKUMM C yyeToOM MHOT
NoNb3yeTcs COKpPalweHHbl Habop AN &I HQ@C
NONb30OBaHWEM KpUTEepUeB MUHMUMANAbHOMN CTOV
TeopeTunmyecKkasa 3 HaodumMoOCTWo T B aHpoaBzopiia 6 @ G & @ L
TeMaTunyecKOI Moagenu cmcrtemMb aHasapoobOHO

HCTPYKTUWUBHOM YypPOBHE bopManbHO OnNMunCBLB
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bnoxmmMmmyeckme npouyeccbobl, BANmawuwme Ha pabo
anr opuT MbM HMOaH MOT@MPO6 WEeEHHOT O cocToaHMA CABO
o6bbekTa.

MpakKTMyecKytw 3HaAaYmmocTb paboThb cocCcTasn

1) anropuTMb W peanunsytkuwee unx nporpamil
0606OWEHHOTIO COCTOSAHMA OMOTEXHMUYECKMUX TNKoug,C
no3BONSsKWWMNE COKPAaTUTb YMUCNO NpPpOBEpPSAEMbX
MUHMUMANbHON CTOMUMOCTMU WU MaKCUMaNnbHOMW WNUHCDC

2) nNporpamMMHOE€ 06€ecn eNnuVENHTVAEL, U O H DT W T U KMOO
CUCTEMOTEXHUYECKUX U aHaAaIpPOBHmEP ARMGEINE A
pesynbrtTaTtam M3 MepPpeHNmn, XapakTepusaywouwmm
GMOTEXHMYECKOrIo 0o6beKTa.

3) CTpYyKTypa 7 nporpamMmMmHO e obecneyvyeHmuEe

CeKLUMOHHBM 6MnOpPpEeakKkToOpoOM, o6ecnevynBatwwue

o
L

MCTKMW C HaumbGonbwenmw 23HepPprosdPPeKTUBHOCTb K

MeTopaonor us4 7 Me T o albn A ucpceueesHorBsia H M ® C T a

AncceprtTayumoHHOINIo wuccnepgoBaHKA McnNonb30Ba
aHanumsa KWHEeTUKN pas33BUT LT OMUOKMPEOHBHHLIOXIA  MMPOONLYye T
GMOTEeXHMYEeCKMUX cmcrtemax, MaTeMaTun4yecko
MOoOAenunpoBaHMUMSA, MeTOj bl TEXHMUYEeCKOI awnar H

MeTofONOrMAa MU TEXHONOTIMUU KOMNOEGKEKWDOB. MB¢
pa3paboTaHHBX anropuTt MoB npoBoagunnaceb C
MATLAB, MathCad.

MonoxXxeHMda, BbBHOCWUMbBIE Ha 3aWNTYy.

1. O6bobweHHas+ MaTemMaTuyeckas MOAenb a
onnmcolBawwasa ero KakK CJ/TOXHbBWA OMOTEeXHUYECKYV

2. AnrTopuTMMYREEO@Ea MIMH O € obecnemMeHa N oA
MoagenunpopprHywMmoHmnposaHnma CABO

3. CTpykKTgpRaoOnormm o0OOWBIUEBPWIOT & COCTOSHAHMU
KOHCTPYKULUMWEN CEKLUUMUOHHOINO 6GunopeaktTopa.

CTeneHb JoCToOBepHOCTMUPpE3IW Nb a BoaEaOBESDP H

ChPOopMYy NMPOBAHHBX HAYUYHBX MNONOXEHWUN, OCHOI



10

noagTBepXpaeTcsa COrnacoOBaHHOCTbLI TeOoOpeTUNUUYE
MOAe nnpoBaHUS, KauyecTBEHHGBbM 7 Konueeegx
mccnepoBaHUM U SKCNeEepPUMEHTANbHbBX AaHHBLX,
APYT UMM mccnepoBaTtTensamMmu, a TakxXe npack
mccnepoBaHUM.

OCHOBHUBbIE NoJioXeHMWHA n pe3ynbTaTb gnMccep

=

o6CcCyXHanikaw gy wown X Hay 4HBbRAX MeoxadyeHpaepHoLaMHARD
npakTunyeckasas KOHPepeHUMA «HeTpaagMWUMWOHHEBIE
anbTepHaTMnBa NepBUYHBIM KUCTEBY HMKaEeM A3 OALrlv |
Vi BceykKkpawuH@KXETCMHHASY YHOH hepeHUNMA «buortext
anpens 20KLwReB) ;, VI I BceyKipakHUKHESL K HAB Y K|
«bnotexHonorunma XXI ctTonetTmna» (24 anpensa :
2015, 2017, 2019, 202Cep@OQCUK cCK-A A BH a1\Hea

OHMepeHUUNSH no MMUTAULUWOHHOMY MOAEenNuWpoBa

=

NPOMbIWLWAEHHOCTHN «WNUMUTaLNOHHDRpP aoskmMghpROAE a H
(20-:22 0Kk T aB®Ha, CaH-KeTepbyplrnternational éntifit f e
Readings 2021 (MSR-2021) 4-8 October 2021, Novosibirsk, Russian Federation.

AnccepTayums B NONHOM 06beMeX HIWKEIGAKILXE ad

cne ORVEE PAHleTEaBYDT , 202 2; K adgepgp bl K O |
nporpamMmmMHOM N H X eCHaeHpKIeUT e &/ VAP, , 202 2. Hay!
noagaepXaHb T paH-0800M47RA2BGAI22)Ne 2 0

Peanusaumuas n BHeApeHPVree3 y Npersayr/bb T a4TUOCEC.
mccnepoBaHH MCNONb30BaH bl npw pa3paborTk
OYUNUCTHBIX C O OppayMKKeaHxXV 1 B bBMN O TH € H 1 A nNpoeckKTa n
«KomMmnnekcHasd nepepaborTka MMUHepanbHOT O,
nonyyeHumemM @QMYHKLMOHANbHBLX MaTepumanoB C 3
Konorumn 7 9KONTOr nMnyecekKmx npa®mea g N BXOVCN DY
rocypapcTBeHHOrNo yHuBepcuterTaPoxyRO™MaRKy w
BHeagpeHb B yuyebHBLW Nnpoyuecc nNoar oToBKM 6O6ack
TEXHONOIMN M NPOrpamMMHON WHXEHEPpPMUMU MuUoUceycaKa
npunoopoctTpoeHna-nNere¥pblypr , CankmBAAANCD np
MarmcrTepcKux agucceprtauyunini.
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JTV 4 H bl BKNnNaQopBYDODPpPRpOBKAaA 3apjgaduy, OCHOBH

BblBO/gOB mccnegoBaHMAa, TeopeTnmyeckKkunme enblnp

na3

T

| n

ro

O

Mn

(@]

o

NOXeHb aBTOPOM CaMOCTOATENbHO.
NMy6nukdlopn memMe paAumcceprtauumum onyoGAMKOBAHE

B XYypHanax, BXO0OASWUX B NepeyeHb peLlLeH3syV

eneHwn KaHaounpgarta HayK, H a COMcCKaHME Y U et

4
O6bITb ONYyOGNMKOBAHbBL OCHOBHbDBE HagueBbBACKHPEBYE
C
B

bunoénmnorpadpunueckytw u peddpepaTtTmBHytw 6aszy !
dex Ha nnatdgopmpeaWeidT oHa Smto eecxBayge I'veonpe
cygapcTBeHHOW permcrTpaynmm nporpamMmmmbl Ans
CTpykTypa U oTbekammr pmeéO@OATTHBHLI COCTOUT U3 BIE
McKa COKpaweHUWUW MU YCNOBHBIX oO06O03HaAa4vYeHUV

oepxauwer o 182 HapMep XBaHWMWUG4 W6 WRN o06bBbeE

paboe®2ZiicTpaHny. Pab6oTta BKnNnwyaeT B cebsa 60

B O
np
0y

np

BnepBoi nrp/oaBeEeeH aHanNnwmua3 CTPYKTYypb, O0CO
JOOTBeaeHNS " BOAOOYUCTKMU. NaHa Xxapa
OM3BOACTBEHHBbIX CTOUYHDBIX BOA, BblienewHa

MCTKMU K a K OCHOBHOM KOMMHMHE HT P eq@UIPUTAH b

OMbIWLNTE@HHOCT MK, paccMOTPpEHbI ocob6eHHOCTM

ObocHOBaHa akKTyanbHWCTeRAIHAPAAOD DK @ o6e

He
ocC
ocC
3a
M a
6w

oOC

60
on
X U
co

no

NPepbLBHOIO MOHWTOPUHIAa cucTemMb aHaapob
obeeTun aHanlMmsa ee COCTOHAHMA Ha BCeXxX 3T
HOBHbDBE MNoOKa3aTewHRA IPPPEHKT DB HOCPODTEVE EKIE 511 LB IMe
K O H bl by HK U1 € AB.PoMBGACHCUHAO B a H a HeobXonmumc
TemMaTuWnyeCcKOI MO 4 e n ,c o BMECTMHOTE N BI PO M K a |
OXMUMMYECKMUX MNpoyueccoB Npu aHasapobHoNn ©C
HOBbI CUCTEeMbl MOHWTOPWUHT a.

BoBTOoOpoihn praspmedMaTremMaTmnyeckasa Mogenb aH
nee o6buwero XapakTeupme oL N ccspP)a,BHE B A BP XA
mcaHwue bPnsmueckmnx 7 OMOXUMUNHEBOCCKUMEKE H @
3HefpeATEeNbHOCT MU MUWKPOOGHO @&/ rnoopnuyT/IVAOLBA U M O
CTOAHURANSCABOPOKOT O Knacca KoQhopmypiBia H (

Kas3aTenei npouecca aHas3pPobBHOTo 6pPpoOXeHMU
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npouyuecce agnurtenbHoOon akcnnyaTtauyuunm CABO, n
oueHMBAaAaHUA ANA BbABMNEHWA PaAaHHUX MNPU3HAKOE

B TpeTbenn panameedHbll OPUT Mbl oueHNBGAB@ C

MCNONb30OBaHMEM M3 MepsaeMblX napamMeTpoB C (
nonyvyaemMb MU NO UMUTALUWMOHHOWN MOpLenNnwu. Bblge
3aBMCUMOCTMU 0T aHaspoO6HPGCIBAaWkO MBS H bl C

MUWKPOOPraHmM3aImMoB B aHaapobHOM OMOpeaKkKTOpe
MMMUTAaUMOHHOT O MOAe/TnpoBaHMUSH anA pa3pabo-
CABO. PaspabortaHa uMMuTauMmMoOHHaAasa MoOAeNnb ACH
oyueHumBaTtTb (HabnwpgartThb) napamMeTpb CUCTEMB
PaccunmtaHb MOAgenbHbe 3HavYeHWda A[guMmarHocTMWUMy
COCTOSAHUNW, chopMy ninupoBaHb TpebGoBaHMA K a.

0
aHanns yccTToi@maBOUOHAPHBX COCTOSAHMINK Yy HKI
n

=

MO A4 e bnopmeaunwTeoepa m-eblmepeaareapa Paszpab
oueHMBAHMUSH COCTOSAHMNSH CUCTEeMbl aHaspPoOOHOI
Kpurtepmam HauMeHbLlWen aoHOOWpAVCATT M BMH OHCaTmb 0 /1 b U

BueTBepTopiasplaa@BeeT aHHbE aWT DM Bibsa 1T 0 d J
CUCTEeMbl OUYUMCTKWM nNpeagnpmaTma MONOYHON nNpoc
rmopuMmpHOr o CeKUWMOHHOrNro aHaapobHoOro 6uope
HoOcCcuT6Gmawmacc ol Ha OCHOBe aHanumsa <cyuwectT
BoigoeneHb OCOOGEHHOCTW NPUMEHEHWS anropuUTMC
CEKUMOHHOINIO aHaspobBHOro OGMOpPpeaKkKTmpaunrtaOope

COCTOSTHAKCSEOKBHVATH@ 3 PO6GHOT 0O 6GuUOpeakToOpa.
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cBOM

TOKCHKUMYecKNe

BOoOgaMM

OYUCTKMU,

3 TOM OcapjkKOoB,

cpegy.
oT

COCTasB "

(puc

ocobeHHOCTWM

conpsdaxeHa C

NPUPOAHEBIE

nNnponMcxXxoxageHwsa,

CoOCTaBa n

AHANN3 AHADPOBHOW CWCTEMbI
OBBEKTA MOHWUWTOPWHI A

cunc

CBOW

BelecTBs

nNnokKa3aTenu

AanbH

CT

HeboNnNb WKMeE

|

CTOYHbIE BOAbI

X033ACTBEHHO-
DbITOBbLIE

[pon3BOACTBEHHbIE l (

ATmocdepHbie l

(NPOMBILLNEHHLIE) (NOBEPXHOCTHLIE)

e OpraHu4eckue
BellecTea

e MUHEDANbHbIE
3arpR3HUTENU

« [AB

o OUOrEHHbIE
3arpRAsHUTENU

OpraHu4yecKkue * MHWHEpanbHbiE

BELlECTBa 3arpA3HUTENM
MUHEPANbHbIE « HETENPOAYKTI
3arpasHUTENH

AO0BUTHIE BELLECTBA
XUMUYECKHE
3arpasHUTENM
CornacHo rpukasy
Ne552 o1 13.12.16
MuHcenexosa PO

PncyHloKnaccumdpumkauus

mecmy

mun (no
| oGpalneaHun)

ocHOBHble
3azpasHumenc

CTOYHGUBIX

o4yl

TeM

mncno.

CTBa
a 7

-B |

eAaTenbHOCTWN ye

ceopy®sa& B A LWeHiia 3

ob6bes33zapaxus

enmuwe

O4YHDb

K OoJne

pacxoap:
N epRBOOMEPHEE AOBAIPAaKBTOCBAA H M € T
B 1o d.b0) B Ivi9-83).

B O[
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B 3aBucuMmMocCcTMNW OT NPUHLUNOB, MNOMOXEHHDBbX
BOAK,TOCO O bl awupTakyg e naT H a ME-XAMMUYECKM
bnonormyeyxwkolke 2f pucoBpemMeHHbIe CUCTEMb 04l
NPOMbBLWNEHHbBMN KoOMODNEeKcamu, nNpouM3IBOASA WNMU

KoOMOMHaAUNII pa3NMUYHBIX CNOoOCcCoO6GO0OB OYUCTKMU.

Cnocobbl OYNCTK MK
CTOYHbIX BOA,

-

M exaHuveck ast @ n3KK O-XrMmn4eck as Buonornyeck as
o4ucrka obpaboTka oumncrka

. AHaspobHaA ouncTKa:
dunbTpaums| |OTcTaMBaHne | Cenapauus S — SRR (0 ] A3poGHas ouncTka: -MeHee UHTEHCUBHas
CMoCoBbI : Cluene e -He 06PasyeTCst U3BLITOUHbIT
obpadoTka: - TepMOOGPaBOTKa, -BbICOKas1 CTeNeHb O4UCTKM AKTUBHBIA U
- pearenTHan - o6paboTka ~TPeGyeT NOABOARKMCIOPOMR. | |_nnoussopyrrcs Gror as
06paboTka; MVKPOBOSTHaMM; -CyLecTByeT npoG/iema -Tpebyer 06or pesa
-X/IOPMPOBAHUE; - dyioTauns; YTWMSANN VBLITOUHOMO | | yierimia /7 BLICOKIX
- KOArySALYS, aKTMBHOr 0 Una KOHLIEHTPALI
- MOHHOOGMEH: /A7 HEBBICOKWX 3ar praHEHNii
MeiNTe = ] -6osiee YCTOMBa K 3a/MOBbIM
SRR BbIBPOCAM 3ar PA3HEHMIA
-3HaUUTENbHbIE XOPOLLIO NEpeHocUT
KCN/yaralyoHHble

01T OBPEMEHHOE
SAbars) OTCYTCTBYE NUTAHWSA

PncyHoEnbcobb OYMCTKMU CTOYUYHBLIX B

Tunbl 3arpsas3HeHUNMN CTOUYHDBIX BOS obycnas/J
yTumunanumsauyuumu. MokasaTenwu OYMLWEeHHOLMW’ B O [ bl
LOKYMEHT abubmje im [36adB M CAT OT mMecTa cbpoca CT
BOO TpebyeT 3ayacTytlw MUX pas3pgenbHOro cb6op:

cuctTemMy TropoacKoViHd@®Hanuszauuum (puc

PncyH3c-O6luasga cTpykKTypa cuUuCTeMb BOJA
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Ocob6eHHDpPRMRBO®REHHON CUCTEeMb BOJOOTBE[EH

1) TeppunutopuanbHas pacnpepgeneHHOCTHb cu
MCTOYHNMKOB O6GBpas3oBaHUA BODYEBAHBDODANMNBENNOAE

2) HeobBX0oA4MMOCTHDb opraHusauumm NOKanhbHBbIX
CTOKOB nepepjg cbpocomM B KaHa/uMms3auunmw uam no
pa3nNuMyHOT O Ha3Ha4yeHMUA AN s paga npoMbll
ob6cnNnyxmwmxawpeagnpumaT uumn,;

3y pasnAamnmyuymnme MUCNONb3YyeMblXx TeXHONOrmMnu An
CTOYHBIX BOA, MHOrFroctTagMMHOCTbL WU NPOAONXNT

4 HeobXoOaMMOCTb HenpepbBHONO KOHTpPONA
YAOBNETBOpP HUMA HTOpeM@OomMa 0B, TakK W C TOYKMWN 3
cumTyauyumunmn.

AHanwns ALeNncTBYOWNX cmctTemM BOAJOOTB®@MAEF
CerogHAWHNWN pfeHb Ha Tepputopum PoccuNnCcKOV

* OONBWMHCTBO U3 HUX NEXGOBIDY@M;;,ycTape

* MHOT Ue CTaHUUM OY4MCTKUWA Ma NI RIIeKHTON
skKcnnyaTtauum;

* HepocCcTaTO4YeH YpPOBEeHbL aBToMaTMUu3lIauUMKU U
cyeTe, NpPuMUBOAMUT K HepooymcrtTKe cToOKa, yBen
B blO P O CposiB3 H3eaH U 1 ;

* 17% CTOUYHBIX BOpL CcbHGBpacbBawWTCA B OKPY X
12% — ypoBneTBOpPAWT BCeM TpeboBaHUAM, ycrT.
opmumanbHbBM/)AAaHHBM |

e f[ONA 3arpsAs3HEHHOCTWN NOBEPXHOCTHBLBX -BO
Me Téeypp r e cywecTBEeHHDO HUxe, yeMmM B Luesnom
peopraHunmsauyumein U MoagepHU3Iayumemw OUYUCTHBIX
COBpPEeMEHHbBLIX CUCTeM AguUucneTyepcKoOro ynpas/
cmcrtemMolm BOAOOTBREGAEHUMUS B 6 ekcanHea4w B a 10 WU X H
CUCTEMbl, MO3BO/MAIWMX onepaTwnuBHO O6Hapyx
npeanpmaTmnamMm permoHa HeOUYUMUWEHHOTNoO CTOKa.

. NNeHnHrpagckaa ob6nacTb, CcornacHo 68,Tu

BOwWANa B nepHHE HK BPammoo® Nbwe i 3arpsAas3HeHH:
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obycnoBNnNeHHOW B nNepBYyW o4vyepenab cbGpocammu
CTOKOB, MNOBEPXHOCTHBLIX BOJAg C CeNbCKOXO038AMNEC

B HacToOAwWee BpewmMd BonmnpocamM O3KO/MOT IweecC
BHMMaHME KaK Ha YpPOBHEe OTAhAeNNbHbLX nNpeagnpw
paMkax d@epgepanbHOW nNnporpammb «UYunmcrtasa BOfS
CTOYHBIX BOL, a 2021 roa B JleHUHTpapacKoOon c

Takoe cq@eEUTiIOLHWMaMY Nnpyert

. BO3HWKHOBEHMNE cneyunanuns3 mMmpoBaHHBbBIX n f
BHeApeHMUE COBPEMEHHLX CUCTEM OYUCTKMU: B e
3TOMW ob6bnacTtu gaBngawtTcsa MocBopgokaHanHWAMNaK,0
HIMGAr pocTpow cempBrurce .

. noBcemMecCcTHOEe SCADAecopcerHenve amcneTyepckod

cnmcrtemMamwmMwu BogoortTBeeageHMHd " BOAOOOYMNCTKMU.

B KPYnNHBbIX ropopgax, rge CUCTEMbl B O/
MOJAEPHMW3UPOBAH b c mMcnonb3oBaHMUEM coBpeEN
ynpaeimHe T€eXHONOrNIMYecKMUM NpouyeccomM, AOCTMUT

OY4MNCTKMU n HageXHOCTWMNA NADEBEBIbL HEOMH KO CT

coBpemRaERRKB MBBITIOMAT M3 UKW OHB T MDA @ B /MECHTVOST b 3 Y |
oOrpaHuMmyeHoO.

l12AHaMMEB06EeHHOCTEN NOKAaNbRAPIENEBOLEMBOHMHE X

BOf

NlokanbHbBE CTaAaHUUM OYMUCTKMWU MNPOU3IBOACTEBE
KOTOPbLIX SABNAETCS CHMUXEHMWE KOHUeHTpauumm 3a
B KaHanNuaauuwiko VA NBOHEEYPWBEHAKHbL pacnonoxe
npeanpumaTmnax, SABAAKTCHA COCTaBHOW YacTbHl
BOAOOUYMUCTKMNU MU OpUEHTUMpPOBAHBL Ha cneuyuunmduky

NokanbHaa cuMmcTemMa OYUCTKM CTOUYHBX BMDY

Kak NpaBMWUAO NPOTMUBOPEUYUBHLX TpebBoBaHWNI.
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1. CaHIMNBWE6][ pernamMmeHTNpPYyWT NokKkasaTenun c
cbpacbBaeMbX B MYHMUUMNANbHYW KaHanlusauui
KOTOPbLIX AONXHO ob6ecneymBaTbCsa BO BCeX pex

2. OpraHunsauymuns- npoygecca OYUCTEKMU n mcnoc
3aBUCAT OIX UGMUNHIBTC&KPOH® CcocTaBa nNnepepabarThbiB:
K 60NbLWOMY pa3HoOOOGpas3sInWow UCNONb3yYyeMblX np.
COOpPYXeHuin, Opuae HTmEpamapmKx CcH CTaBa CTOU
npeanpmaTtTunuda, nocTynawWwWmx B CUCTEMY OUYUCTK

3. MponM3IBOAUTENBHOCTbL NpPpeanpuUATMUSAS U HOI

MOTYT M3MEHATbLCHA B 3aBUCUMOCTWNU OT Ce€30HHEC
HepaBHOM6G6pPpAaABMBMEABNIO CTOYHBLIX BOA. Heob6xogawul
3a/1NO0OBbLIX N aBapUMWHBIX BbLIGPOCOB 3ar pAa3HeEeHUNR
Ha 3ajgaHHOEe KauyecTBO O4YUCTKM

4, OUNCTHbBIE COOPYXeHUA UMewT [LNUTEeNbHbIA
LecCATKBE TiedeHMUE KOTOPOrNro OHWU [JONXHB pabe
NOBbIWEHHBLE TpebGBoBaHWMA K HafAeXHOCTWU Kak
cmcrtTemMb ynpaBJ/ieHUA el. B npouecce 3kKcCcONI
TEXHONOBUMUPLIB,0O KTK aMPEB8BALA O6O0Nee XeCcTKUM
oyncTtTkn. Bce a3TO0O TpebyeT perynsapHoOnmn MOLECF

5. BaxHoe SHayYyeHwUe nMmetwrtT CTOMMOCTHEBIE r
3aTpaTb Ha CcCTpOMTEeNbCTBO W KOMNAeKTAaLWUI
SHaAavYIhH® N CcTeneHW onpepengwTcsa UX pa3mepa
HabnwpaeTcsda TeHAeHUMWA BoO3pacTaHMa 3KcNny
npu cTpouMTenbCcTBE.

OunmcrTHbBE COOpPpYyXeHWNAH OTHOCATCA K 4ymnmcny
CMcTem, TOM/bEX KaBapUKUHBIE cuUuTyauum n1mMbo nNUK
3HaAaYuUMTeNbHbLIM MaTepumanbHbBM ywepbam ¥ yxynau
CBoeBpemMeHHOe ob6cnyxXxumBaHMWe U AMarHOCTMWUKa
MOAepHM3ayuma obopypoBaBMAp PABEOBA3HUWKHOB

MpumepABlaplnd Ha OUYUCTHBLX COOPYXeEHMNAX nNp
Bawkupwmsa, B 2019 ropy npumBena K 3HaudyutTent

ropay B BpecTcCckKk eain aqie/pedToUt H @HBIHSHI X O P e 3 ep
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Mpouyuecc OoOYMCTKMNYGETOEWHbl XN opaopp 3(ypmes ae T C
anbl.

1. MexaHMyeckasa HewwWxDWCa Maa B OO0ONYpHARARER,

epacTBOPUMbBX nNnpumecelh U3 BXOMAHO-HAAK aIMOW TOE

becneynBawuwme BbIpaBHMBaAaHME obObBemMa U CcOCT

O O 43

CKONMTOBKW, OTCTOMHWUKWN U Apyroe ob6GoOpPpYyHaoOBE«E
2. Pusuxknommnyecpa@o,TE@@eannsyitwuasd coyerTadH
MUYEeCKNUX MeToOAOoOB OYUCTKWU Ana ypaneHps

oK a, BHeCeHUusH pear eHToB; BKNnwvyaerT Ny
epMOBbLIAEDPXKaA npwu MOBbLIWEHHOM N@N U e Hnm
bTpPpas3BYKOM) . B 3aBUCUMOCTMU 0T COCTat
nonb3oBaTbCsA Takoe TexHonNormyeckoe 060
TAHOBKMW, 9NnNeKTpoKoarynsaTtTopb W T.n.

3.BbMonormnyeckKasno®BWOITHKOALA S Y AaNopghbaHIBY ec

rpasHeHNnAa, coefUnHEeHNnAa a3oTa n doc po
KpoopraHms3 MOB. B cTpywyHYE®E )C MCCTNIEOMIbb 3 Oy YL I
mcTka U asapobHaa JooymMcTKa CTOKa.

AHaspobHasdapeawIMcsTykear C 4 a H a3 pwldmabsMmM Menxk p
cnopoga MW NO3BONSEeDPHEPRDEDBPORBRABL OBMEerCaA
MCTKW 3Heprumemn.

NMpmapobHON [MPOABWIOCKIEKH&M € O PT aHUUYEeCKOT O

POGHDBMU MUKpPOOPTraHM3IMmamu B NPUCHEPERB
3opacnpepapennMTenbHbe ycTpoihcTBa. Mpouec
eumnanmMsnpoBaHHXP eaalkiTa@PEaxa,X B KOTOPbX CO

nnyuyuwne ycinoBwus+- A nA4d AKTWUBHOMN XN3 HeaedrTeE

4. 0o04YMNCTKABOTOCH/HYbKALWLAS ANSA NOATF OTOBKM

BIGOP MCNONb3YyeMblXx Ha 3TOM 3Tane MeTOAOE
pPOMCXOXAEeHNA CTOUYHBLIX BOfSA, Tak ”“W OT Mec
OBEpPXHOCTHbBIe BOAbl, B®@HMESEAMb pPa3/TMUYHOT O HE

Ha ywmkde 4 oTpaxeHO MU Heobxoagummoe aAnsa 06

nomMorartenbHoe o6o0pyjgoBaHMUE: yCTaHOBEKMU
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HOBHbBLIX 3Tanax O4YUCTKM, M nNoagroToBKU N
MOoNb300CBaAHKNOEB B Ce€/NbCKOM X03AWCTBE.

Mpwn MCcCNnonNb30BaHMMN aHaAaIpPoOOHOI 6unonor un
TOPbLIW B 3HAUYNTENNbHOW CcTeneHU COCTOUT MU
NONb3yKTCHd KOreHepauWOHHbBIE YyCTaHOBEHWKT
TEennoBOWNn 3Hepr unu. HacocHble cTaHUuMm obec
CTOYHbBIE BOAbL NpeagnpuAaTUMNn pas3NTUUYHBIX OT

nMmyawTcsas NO coCTaBYy 3arlrpss3sHeHWNHE, UYTO O

NMpeanpuaTnsa NUUWEeBON, OGUMOTEXHONOTNIMUYECKDO
TAaKXe CeNbCKOXO03AWCTBEHHbBE XWBOTHOBOAUY

Abl C BbLCOKOW KOHULEeHTpauuwenm opraHumuyecetk

e Bom npo M bnup/UeEXHOHLOACT TC A nopdaagka 14% o060b
OMblWWIEeHHOro kKomnnekca Poccuninwckon odepep
NATUWBHOMN NMPpOMbIWAEHHOCTMU 72n. MATUM HO CPEQ

OHUEeHTpPUpPOBAaAHL B OCHOBHOM B K p VB H M bl
HTpanumi3oBaHHBLMNU CcUCTEeMaMMU BOAJOOTBEAEHMNS
pa3oBaHWE BbLCOKOKOHLEHTpPUPOBAHHBIX N0 O]
OYHBLIX BOJS.

B HacTosfswee BpemMsaA Ha Beagywux npeagnpwar

BOBapeHHbBEe 3aBOAb KoMmnaHuum «banTtwukan»,
MO aHWMN-b uw/BiamHH » | « aHOH» n ap. (Nnpwnnoxe
BpPpeMEeHHbe TEeXHONOIMMm OYUCTKWU, MOLEPHUNS3MN
OPYXEHNA PXKXKOUB@RTNAETHF@NAbHOCTb pas3paboTkmnu
ONOT MYecC KO YHBWE BKOWL N O EABONNA X 3 dphek T
Cnucrte mMbl aHaspoOBHOM 6unonorumnmyeckKkom oYV
0O6eHHOCTMUW KOTOPbLIX, TakKkue Kak:

1)ANWNTenNnb H3BKIAC NC/PYOXKT a Ly U 1 ;
2)BbIC OK a WYyBCTBUTENbLHOCTHDb K M3 MEHEHMU
BO3AEWNCTBUNR;

3)TpeboBaHME K TOMOlFIEeHHOCTMW CTOUYUHONW BOLM
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4)BbicOoOKasa 9HeprosdppPeK TMBHOCTbL 3a CcUyYyeT Wu
KONMYecTBO KOOTOpPMOET OV BEABMTMETE HHBbLIX L WKI
5\meblWleHHbBIW pPUCK [AA 3K OBI OCrMyyyeacek OaiB aopoucut
onpegensawT HbeHoReMXPePWLIMBOHCOTT O K OHTpPONA UX CO
MNPUHATNA peweHUNW NO TeXHUYecKOMY O06CNYyXWNE
CNOXHOCNWBOIMOKOMMNOHEHTHOCTb CMWCT, e M acswimcy
MCNOTb3YyeMblX TexXHONOrmax Ha OoTAeNibHbIX CT
39KONOrmyeckolm 6e3onacHOGRImaWE TAMOH M AX T WHI
CMNCTE®MK Ha YPOBHEe peHEREROWALETNBKbLIX HPEeYIDOU:
XapaKkTepHble AN A cmcrTemMb MBBBOPODAHDNU
MHOITOCBSA3HOCTb, MHOTOMEPHORA»BU/IHE&TI NHE B G T
OCNOXHOWNW TeXHNUYdawo inJl. Au c TR&keT mun rMpHyMe H[A T b
mcneyemMbe AN MOHUTOPMUHIAa MU OLEHMUBAHMA COC
HeobXxoaguMmMo paccMaTpuBaTb OCO6GeHHOCTMU QYHI

LMKDnNa.

13060ocHOBPEIO®BAHUN MOHOA O TEOMETD AHNA N NP

ynpaB/sieH4YeCKUX peweHMMN H a OCHOBHDbBIX 3T a

AaHaAaOYpPOOBHOMW OYUYUMCTKM

CncrtemMHBIN aHanuns CUCTeMbl aHasapoObBHOIW

uenecoob6pas3HO OCHOBbBLBATb HaT74WiDbage T O B € TKE

oflenpuUHATBLIM 3TanamM, nNpepycMOTPEHHDBM poOCCYV
[78-80] . K cumcTemMe aHasapobBHONW 6GMONOrmMmuyeckKkolm
MO AE€e/lb >MUWO3 HIEWHKH/DA , npeacTadikEHB. AN MaIOLLpaNAC Y |

cneuundpnuecekHmeo commpegensiomwme anropuT Mbl M
NoOAAEPXKWN NPUHSATUS pelwleHUNn.

1. OTcyTcTBME eAUWHbLX CTaHAAPTMW3UPOBAHHBbI
CylecTBY UM eE CUCTEMb aBTOMaAaTWU3UPOBAHHOT

OCOOGEHHOCTMN KOKKMNT UMD ple@K T OPA .



22

2. MpoponXxmnrtenbHOEe BpeMA BbIXO0Oga Ha ycTal
OYNUCTHBIX COOPYXEHUNMN, nepesanyckKke CcUCTeEeMb

PEMOHTHOBIX Mpnamb nocneaBapuUMHBIX CcCuUTyauunim.

M ogepHu3aums
Paspa6ot ka K oppex TpoBK# No pesynbTaram MHP
T pebosaHuit

- Koppex Tposka no

L pesynibTaram npoex TUPOBaHMS!
‘ [1poexT nposaHune

K oppexTMpoBk v no
L pesynbraram MHP
Peanu3auya

L akennyar aumsam - —J
COMpPOBOX JeHne  —

L YT nmsauus

PncyHic-Mohenb XMW3HEHHOTO UMKANa aHad3IpoObOHOI

PeMOHT 11 06cnyXuBaHve

3KenJyar aums U ConpoBoX AeHue

I —

HopmanbHas

pabora COCB
> L HenpepbiBHbINA |-

KOHTpO/b TC Texywuin Hanycko-
PEMOHT HarngaouHble paboTbl
KanutanbHbii >
PEMOHT Ha paspabotky

TpeGoBaHUIA
M ogepHuzaumsa —

ABTOMaTNYECK O
ynpasneHvne

r-—

PucyH6e-@TAn a3KcnayaTauUM MU CONPOBOXAEHIM:

aHaAaspoOBHOMW 6GMONOTNTrMYEeCKON oOuYMC

3amMeyalimea InpoMblWUWIEHHbBX YCTaHOBOK 3TO
HefeNnb O HECKONbKWX MecAUuesB, 4YTO <CcBA3at
nonynauyumum K ycnoBuaAmM B OGBuopeakxkTtToOope. B arT
LONYyCTUTbL BbHXOLa&OPA,C HEMA LOKACMEAMEY Tb BbCO
YyCNOBUAX HOPMaAa/IbHOINIO @EYHKULWOHWMWPOBAHMNSA. b
KcnnanyaTauumu CUCTeEeMB nmeer KayecTBO n

MHOKYfIAaHTa

NHOKYIBATHOT G6MonpenapaT, coaepxXawwin XusBble, cneuyumanbHO O
pas3BuBaeTCcsd NONYynNnAauMaVbHOMARKKEB BPOVNDARWEREOPBAUN O06CAY X



o

P

6
7

C

23

3. MoBblWeHHaHd YUYBCTBUTEeNBHKOOPBM KN BB®RBII
3 pencTBUNAaAM, npuMuBOAA WNX K npob6bneme noaj
OTAXEeHNWnmM BCero cpokKka akKcnayartauumm.

4, MapamMeTpunuyeckmnme GAnykKtTyaumm U NU3ZMEHEHMU
YC/NTOB/EHHBIX KakK ecTecTBE HMGMWYI ALPWN,e CT al
KpoopraHuM3IMOB K YC/OBUAM OKpyXawuwem cp
CoOpTMMEHTa NpoAYyKUUKM nNpegnpuatTuma MU COOT

5. Heob6xoagmnmocrThb pelweHNSH 3agadwu Henperfr

XIBHecnocobOHOCTHNW OuMmomMaccC bl, BbiABNEHMUSHA U C BC

J T = O
©Q T T o X

3

"

=

T T T 9 @ T

KpooOpraHmsMOB.
6. Bblcokasa cTeneHb WMUHEPTHOCTKU O6GMONOT MUYEC
Tepe paboTocnocobHOCTM, O OHa@IP Y 3KE H B13&B1 VKO
AAKHBE 3 HauyYyeHWEe UMeeT paHHSa AguMmarHOCTM
A3 pOOHOMW OYMCTKM U NPOrHO3 pas3BUTUA COC
7. Or paHMWYEeHHBINR Habop ynpasnastwmn x nape
OpoCTb NOTOKAa XWAKOCTW B Ounopeawmnmopea
3Ha4YeHNSH MOT VYT NPOTMUBOPEYUYUNTH dbnsnuye
rynatTopoB TeXHONOrMyYyeckKkunux npouyeccosB B
MBA3AaHHOCTb JIOKANbHBLX OYUCTHBIX COOPY XE
epompum, A THaK nagblBakwT OFfrpaHMYeHMA Ha wUcno
paMeTpoB.
8 HemonHaga HabnwpaemocTb O06bBEKTa, o06ycC/
oueccoB B CABO. M3 mMepeHUWIW nNnopgpawTCcd Ofr
Cy Wwmn X KOCBEHHYQ oHOo@sMHBmm lc mncT e Mbl. an
pakTepunusyitwWwmx npouyecc aHaapobBHOT OO C 6r
onMoHaTOB B O4YMWaemMoihn BoOpAge), pa3paborTa
ebywwne nepmoagmyeckoro otTbopaHm@POG®G me M
eanpunaTun.
MpunBepeHHbe O0OCOOGEHHOCTWN CUCTEeMb aHaa3pooCc
pa3NuMUYHbIX 3Tanax XW3HHH Ul B aymekima CUIL &
B HacTosAawee BpemMa Hawmbonee pawdHmMPEO ccrypear

HUTOPUHT a CABO ABNAEeTXTWCT 8M e AF € HpMaeM K &SX
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cneTyepcKkoro ynpaBneHwus, B KOTOPbLIX OC
dopmMayumMm O COCTOSSHMUUM CUCTEeMb aAuMmcneTuyepy

OCHOBHOW HemecCTRBYBKMNX KN ABXTOOAVABT M3 al UM

KnwyaeTca B cna6oih ®opmanumsauuum OCHOBH
eacTBUE, 3HaAaYNUTENbHAas yacThb MHTYUTUB ¢
PaHMYEHHOTIo KonumuecTBa WMUHPOPMATMUBHDBIX &

B pa6boTa40][ 3RnA C /1 0 XH blX TEeXHMNnYecKkKHMUxX C
TennekTyanbHOT O MOHUTOPUHT a, coyeTawdu
CNepTHBX 3HAHWUW MU MeTOAOB MaTeMaTUmyecKo:l
paBNneHYecCKMX peweHWWw . c Mipmveieam T e/HEL p 0 6

MCTKMWU, npoyecc MOHUTOpPWUHTIa cCcOTl nNayHiwe y K &

Cucrema MOHUTOPUHT a un
ynpas/iedns

Cucrema aHaspo6HO -
610/10r NYECK O OYNCTK I /
CTOYHbIX BOA, [HaHHble o _ Basa sHaHWit /W
— Il e TR T coct oAHun TN e
NPUHATUSA ‘\\
\ peLeHunii / \
faHble o AHa/mM3 n ‘ NpUHUMaloLLLee ‘
CB COCT 0AHMN, obpaGoTka | pewenne |
arperar oB [aHHbIX \ |

/
/
/
|

JNnup,

LlenocTHbIi 06pas \\ /’

obbexTa

JaHHble 0
COCT OSHUN

WHXX eHEpHbIX CeT el R —
e
/ Cucrema / Cucrema
| aBTOMaruMyeckoro | [ TexHuueckoro )
\\ynpaBnW WW(MW
AY 1 T
TO

PncyHo« CTlpyKTypa CMNcrTemMbl MOHUTOPWUHT a n

6nonormyecekKkolm OYMNAYKHM BTOUAHRUINBOBEAaHHOEe Y

TexXxXHunyeckoe 0 b6-ecamyorimHeaasH mBeo, g aC B

PaspgpeneHnme Ha Trpynnbl 2N1€eMeHTOB CUCTeEME

dbyHKkUMOHUpPOBaAaHUa CABO, NO3BOMTUT MPpANTDPM

COCTQFIHB/Itﬂ,U,GﬂVITBOCKTﬂOﬁFICHGWHVIGPOLLI,VIG MeCTO npun C

cneagywowux rpynn.

1. ArperaTppeagecavmecunToenayowcwremmHnTENN,

HaKonwumTtenwu 6unor asa, KoredepauwnwoHHVHblIe yCT

TEeEXHN4YecCcKINMM CoOCTOAHNMEM KOTOZPpPBLBIX noagpas3ymmMe
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6oTOCNOCOOBHOCTHGWDb (uenocTHOGE®®6 N e urveBpameELUTeNr Y
MCTKW CTOUYUHBLIX BOAg MU BCMNOMOT aTe/ibHbIe CTE&
2. NHXeHepHbBIE CceTWun, BKNnw4yawwme B TOM YMUC
aHuwuwu, aneKkTpoobopyapoBaHUE, obecneymnsa
ynnbo oOoO6OpypOBaHUPUNBAEBIWO®TKAYABHbBCMNOCOD®E
TpaHeHMUSA.

3. bnopeakVvY@apneHne opraHmyeckwumx 3arpasH
omMacc bl B GencoTpbe a KTH DB a TEXHONOTNIMNYEeCKDO
ONOrMYeCcKOM OUYMCTKM CTOUHBXHB®OAECAHATEeoOP!
3KcCnepumMeHTaNNnbHBLE mccnepoBaHUs cocToA
XN Ma X pa6boTb CWUCT®EMBbI, pa3pabaTbBawTC A

engcTBa KOHTPpPONOA nokasaTenem TeXHOoONnNor-mu

Takum 0 6CpHao3BOHMLIM 03 e Me HToM CABO, B Hauno
6oTOCNOCOOHOCTbL BCeWw cCcuUMCTeMbl MU onpepmpern
naeTcsa bladaopoedHTop MiiBcoasedbawupcobeHHOCT
XHMYeCcCKON cumomemByearman m MoOagYNMHEHHON 3¢
3Tomy CABO cnepyeT paccMaTpumuBaTtTb KakK cC/J
HenpepbMBMHHBLIWMT OPUHT COCTOSAHMSA aHasapoObOHOT
HTPO/NMTb a@aKTWMUBHOCTMW W XMW 3INHOE3ABEO/TTUETI b HOC T U €
e CBEBPEMEHHO MNPUHATbL PpPewleHMWe nNO CcOXpal
AoepXaHWI HauMAayyYywnmx ycnoBuW Ana pa3BUTY
e NpeagynpeagunuTtTesb BO3HWUKHOBEHMUE aBapwumHBbIX
CTeMbl, CBSA3aHHbBIX C YTHeTEeHWNUEM MUKPOOPT &
e obecneuynTb 6Ge3oO0onNacHOCTbL Npouecca oOo4YMuUC
cnydae paHHeTr o O6GHapyXeHMNH4 OTKNOHEHMUNI
HKUMWOHMUPOBAHNSA.

Ha OCHOBE aHanusa ocobGeHHOCTEN XMW 3 H
ONTOrNr MYeCcCKOMN OUYMCTKMU @BTaqquaHbnxX HBep 6CACMOBPaMDYI/I
CTOSHMUA CUCTEMb aHaAasIpPoOOBHOW OGBMONOT NYECKC
l)onepaTWMBHDBW K OHTTPEOXTHLO NMOA MHMECTKPA B N P O U

pameTtTpoB CABO B peanbHOM pexumme GYHKLUUC



26

2JnocTpoeHne KOPPEKTHOW OLEHKMWU COCTOSAHMU
3J)JOoOTHeceHMEe HabnwpaemMoOr o COCTOSAHMUSA GIKCT
BUALCRTOAWME BOEB P E OBELHAHBOA @ KU MO B pa6éorTbl, K
npuBecTW B aBa,pum HOEIN CCIMPTyBAHIONMONT e U N o AaCUCTe
ANpPOrHO3 pas3BUTMUA COCTOSAHUA CUCTeEeMb A7
ee a3Kcnnyatauyuunun, TEXHNYEeCKWMNY LoeGhon oM I BD B H
ynpaBnsawuer o 5, B oO®BQuedicarB/mBEOTHIYEKE H U e Tpebye
PYHKUMNOHUPpOB aMHwWIN n CAaigolniepa m epBeHIDAON He 0 6 X 0 4 U
Bblbopa: TeXHMYeckKoro obcnyxumsaHwmas, pemMOoH
cmaMaye B Xe/jJlaemoe wucnpasBHoOe w©n paboTocnoco
be3gencrtTBuM ABNAaeTCH JOonNycCcTuUuMOIW peakuune
pa6boTtTocnocobHOE COCTOSAHME CUCTEMbl, ob6ec
CTOUYHBIX BOL.
B npoueccenpgawcernyparaymm cuMcTeMb O4UYUCT
MOHUTOPUHTIaAa U uUMewweunmcsa 6Gas3bl 3HAHUPE WBEASE
1o HeobXxoagMmmMmocTMN KOPPEKTMUPOBKMN TexHo
npoPunakTmnmyecKkoro ob6bcnyxuepapBpnmamnys3 A@B NT AQO
obopypoBaH®A4;
2JO0 Heob6XO0OAMMOCTM MOAEepPHMUM3IALUU CUCTEMB,
npeaynpexageHMnM CHUXEHMHA KadecTBa O4YMuc
A )HanpaB/ieHHbe Ha CHWUXEeHUWUUN BEepPpOATHOCTMWU
550 NpUMHATMUM Mep NO HegonyuweHwnWtw cbpoca
OQdpde kK TuNBHOGCNTUL3 a [ U U anr opuT MYy B P avBO/HERHTUEAT la
skcnny &AbPramm pas My o 3aBuUCUT OT KavyecTBa al

CMNCT®EMbBbl.

lddopmManmnmsauunda NMOHDWBIEPEUOHTITED A HU A CUCTE MbI

6GMONOTr MNYEeCKOI OYUCTKMU CTOYHBbBIX

CABO npeagcTtTaBnsaeT COOGOMW CNOXHbBLAKA pgUHAMMNU
Onpepeneliape cAndXHbM AUHaMUyecKUM O06O6bBecxk

XapakTepumsaywmwmimcsa cBONCTBaAaMW: aln)p MOTPHYTIC ME
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ANSA NOCTPOEeHMWSs agekKkBaTHONWN peanbHOMY o06belt
C/TOXHBINR 06bekKkT) MONHOT O aHannmTuMn4yeckKkoro
Moaenemnm o namcHaaHwmsY, e cX)ad HeCcTaUuUWOHAPHOCEHNE
npouyecca

CywecTBYEe€T HECKONbKO YypOBHEW oNuMCaHUSH
ABa npepcrtaB/lieHNSd.

3amMeyvyaguB dlanbHenwemm M3 NOXeHUMN oy pewm
O60O3HaAa4YeHNSA:

e AJa(NpPpaAMON NONY XKAPHB®IFIAH aupenpirs) BEeKTOPOB,;

-A<n>,a<m>(noACTp0qu||7| MHAOEeK-C BEKFQ@RAAE M@P HYC

BeKTopa, KoTopasd B KOHTeKCTe wu3naraewnw
e A(npamoi wpwnopr, HeEXMWpPHOe Hauve@PaamHaees
MHOXeCTB,;

e Aa(Kypcusungmablnanun Kupumnnuubsl) uanm o
perumMcTp Anda —péesemMerH@RKBXaNnAapHbBX BE
s A=(apa, .asp)—-NepeyvymnmcneHnme 3/AeMeHTOB BeKTOPp

e A={aja, .z}-nepeyvymnmcneHnMe 3/1eMeHTOB MHOXEe

A={a}-ykaszaHue, 4YyTO0O MHOXecTBO A <copge
nepemMmeHHOLMU’

Ana paccwmMoTpeHusa mopgenunm CABO KaKkg cypaome
TEeOopevmHxX¥e CTBEeHHBbI noaxon, CoOMmaI@m ey eKMobTiio

MoOXeT 6blTb (GopManusaoBaH B BuAae ynopsagouert

M, 0= ( )
(1.1)
roey — oneparTop npeobpasoBaHNygz 2BX(OQ@HWET a B
XapaKTepuMCcCTUKMW CTOYHOWN BOABHI, nopgpawwencas

BO3AaeWcTBUN) B B blX OYA H bAen AN €CPOECM EOHAHHMEB M M\ €

w

pewmeHn, B KeO THoapObn to g a e 1gcTa X aZ6-b¥e)KzZTy, X —Be K T o p
BXOAHBIX, BbBXOAHbBX nepemeHHZBx}, Yr{yh X=Hxe, it} -H bl X

(@]

ooTBeEeTCTBYyWOWNeE MHOXe€eCTBa 3 HauYeHunim BeKT

oy}

eKTOpa nepemMeHHDbX COCTOAHMA n MOMEHTOB B
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MHOXecCcTBO T ecThb NOAMHOXecCTBO MHOXecCcTBa
OeCKOHEeUYHbNn YynemnmepB@dsl ocCwu). 3npecob HamM
z=z(t),y (@), x=x(),t T, TakKk Kagwoepewawmaunb-emaxecrT
BO3MOXHbBIX 3HaudYeHWnXs8{EMWT0P.a COCTOAHMNNR,

OnpepenelHonge clo.cZroasHumem CABO OGaykaexm nNMeopHeNM

xi(t),izl,n, M3 MEeHSHAWUNXC A B O BpPpEeEMEHMU noanp BNW.

BHYTPEHHMUX BO3MYLWEHUN, KOTOpPble MNOJTHOCTHDbL I
npocTpaHCTBE COCTOAHMUN B HEKOTOPbLAMERIWMIEX
COCTOAHMUSA B KaXabint TM@epMmp yBepre MB @ K TX@)Pp= ¢
(Xe(®), x2(t) ,xa(t) ) "'"» {xnepaTtop TpaHCEP®MH mLprooeMa BM®H H 1N
CAB® aguncceprtaumum B o06LUWeMO@MDYEAHE bIRO € OKAE TOM|
XapakTepusywTcaAa B3aMMOCBSA3aHHOI CoBOKYRH
GMoXMMMYyecKNMXx napamMeTposB.

OnpepgeneMwuen Tlo pBUHT COCTOSAHWA/NGCHKKEBIR MBID @
paMKamxo plwgd O oOocyuwecTtBNnageTcCH COBMeCTHOE® p e
AMNarHoBTNPOARHO3MNPOBAHWHB@AHOIO COCTOSAHMUSA cno
o6ObeKT@me3ynNbTaTb KOTOPOT O ABNAKWTCA OCHOE
ynpaB/neHYecCKMX peLHaNHON NP eNkat M & 6 ey THe&X W&l O H M p Q
ynpasneHumsa Cc TpebyeMbM KayecTBOM.

B paHHOWNapabaoTEpBrHO3IMpPOBaAaHNUA He .6blna

3amMevyadflena 1.cnoXHBbIX AMnHaMMmuyeckHmx 006 bek
CUCTeE€eMbl BXOA4AT NMOACUCTEMbBIMA MOHMETOKMaEH T an
ynpaBnsawuwmx BO3AeNCTBUIMN HaAa OCHOBE faHHBbX

C TOUYUKMU 3peHUua obecneuvueHumus paboTocCcnooc

npaB/lieHWAa B nNpoyecce a3KcnnyaTtauunwu, Hauno
obobweeaoeoAaHME X(tt nc Tae MBle KOTOpas4 obnacrTb
KOTOPOMY OHO nNpuHapgnexunrt. NcXaemsa4yaamnimTB
COCTOXICHMIANACHO HEeKOTOPOMY OTHOWEHVN®Y ORGB B
pa3ounrto H a Henepeaocekwad@®necsa -nd,qmvms OAHOS3
cooTBeTcTBME (OBuMmekUuNI) KOTOPOMY 1) QC T3anBenm
KoOToOpoOTro conocTaB/eHbl pas3/inyHbM BULAM
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NO3BONAWNWUMMY dTXb O4PYT OT ApyTra, M oxBart bl
CABO, KakKk cTauMOHaAapHbLE, Tak WU nNnepexopfHbE
OnpepeneBummge clo.catT.o o mmsw OQARBE®H O Xe TOBM WeadkH
COCTOSAHWUNK, O KOTOPbLIX MOXPE WEHME , N [T 0 HIFTEEW Ga
nNPOBOAMMOTIO KOHTpPpONA W ynpaBneHuna [ 82].

B MHoOXecCcT,Bd}QB3bi@enmMm NoagMHOXeEeCTBO CTalL
St:{Sti|i 4,m}, St CBOMCTBAa KOTOpPbLIX 39KCNepTHO'tOM[

MpPwW4yMKUHHEO4 C TBEHHBIeE B3anMMOCBA3IU MeXAYy HUMMU
MOHUWUTOPUHT a.

fTocCKONbKY He BCe nNepemMeHHbE, RN preq@emat
HenocpeagpcTBEeEHHOMY HabnwageHW NPU MOHUTOPL
MMeTb Aeylo C NU3IMEeEPHENBMIKTRBFIAMEAT Bamayyn K
CABO no M3mMepeHHBM 3HayYyeHMAM nNnapamMeTposB
cocmaawbbekTa OAHOMY U3 3ajaHHbLX BUWAOB C

Torpa Hapdaapy ¢ onumcaHumem CABY , Kk &K MOH:
o6bbekTa MoHwWTOARKHEIOT 0SHNA, OypemM npepcrTas)
MoaoemNw NapgaBaemMoin ynops4apa2e 680e8d,82M MHOXeECTB

NQA:<SL ,L,P, % (1.2)

rae={ |j XK}-mHoxXxecTBO AMArHOCTHUYECKNUX NPU3H
Ha6n+o,qae|v|00TbL:{d;j‘MQ,_m;q'Mﬁ;} — MHOXEeCTBO MHT e

BewecTBEHHON YMEIAOBMBIA KOCTW,pblkammpaaeT aguarl

B CcoOcCTG6ta Stnivelm, j Ek; P={P(St)] P(St) 4} - mHoxec T

i=1

i
BepodATHOCTEMW BU/AOBSt COL T—00ATHOVOVD a &K H 1 e, no
KaXfporo npussakaxjgom U3 B U 0SB 3 &ML ETTOCGH 1 ]
3HayedHum

Mpoyuecc aHanumsa cocToaHuMa CABO 3 ammmwxa

napamMeTpoy=@WwWS IT.8)Mb, NPOBEeAEeHWUMNW NPOBEPOK [

< ij 1, KoTopbe COOTHOCST MU3IMepeHHbBIeL, 3 wma
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A UEBEe UMEHHOWIIeOC TCBOaC T O A HUMU U CUCT € Mbl. dop

O N N C bl BKACepr TC e 20881

MI‘IA=<Y’

P, D), (1.3)

raoe-cur-mareépa nojMHOE-TD [WHMMKEC TKEBIDK [, bl 1 3

=

oTopor

w

o

=

3MepeH

0 c o= r=dmBESteMHOXeCTBO BUJOB CcOCT

ajgaHHBbIX MOAO€eJ/lbHBMMU 3 HaueHNnamm HoomKaer CHTOBCOT UmpL

peanbHOM COCTOSHUU O6BHEOKTMQ 2 TO Ayay, e TOMI

MNAs PrBEePuaRMHDCMEepa Ha. MHOXeCTBeEe

B npouyecce aHanmsa cCcOCTOAHMUA CABO, nyTe

npunmsHack
ware pe
6yaeTt B

3ame
anropur
MM B cwnu
BeposdaTH
onunmcaHwu

Tack,

KOMMY T a

0B, BblOMpawTcsda CcCOO0OTBeTCTByOAPERE 3
anunasauyama mwir o pambr/mMeopa T MeHbWweh MO LW
bl6bpaH e€eAMHCTBEHHBIN BUL COCTOSAHMA C
yadHneMHoxkbasBaq @) cyTwn npeagnonaraert
Ma UMWHTepBa/IbHOTO OLEeHUMUBAaAaHWUA Habnil
ny Heunms3bexXHOCTMWN WYMOB U3IMepeHUNUA n
OCTHbBIN XapakTep AUWHaAaMaKNUMCABPIABRY M A
e obbekTa M OoOnNUCaHWe nNnpoyecca nNpPpUt
npoyuecc BbpabOTKKNW peweHMsas O coOCT

TUBHOW yYim@B).pammb (puc

TxZxX Ny 1hst-¥.D

Y/

X 2.X/0

PncyHoKobm8TatTmnsHaa pgumarpamma peanumsauyunmu

O COCTOAHWUKM CUCTeMb aHaapobHON 6GwuoO

Ha ywk® Kk naccudbmkauummu COCTOAHMSA CABO

napamMeT

POB WU BbLPAaBGOTKWU peweHUsS o oppamMgnf

3aflaHHbBX BWAOB C OTT OCATHOMGIP achbeordtBseSt ¢ DB y

Takum opPpmaBaP@M0OTKA CUCTEMHCMOAWNEApP UWHBA

peleHMNS

cnepgywowunx 3apgauy
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1) chbopmMynumpoBaTb MaTeMaTMWyeCKytw Mopge b,
COCTOSAHMUSH npwu pas3naunuyHblX BO34AEeMNCTBMWUSFS
OTOOpaxdwue&- Y;

2) pa3paboTaTtTb KOMNWMIHE|YHOY) 0 MOmaemmba Up a b6 0Tk
MaTeMaTMnyecK  Olje MO egilaacyeTa MOJAENbHBbIX
NPM3IHAKOB B Bblfe/NNeHHbX A8 aHanmsa BN

) NrONYYUTH arperuvMpoBaHHYIO MO genb CABO
cooTBeTcTBUKN Cc lep(E3xycTaBneHunmamunm

4) chopmMy inpoBaTb pewawwme npaBunaa, KOTO,f

- , .St ;

5 paz3paboTaTtb anropumrtTmMmMbl Knaccudpumkauyuumum c
'Y SSt.

6) pp3paboTaTtb anropunt Mmbl p::StanDAc3 aywmenT 0OM -000Ly
ro -mo 2popja.

Ana peanunsauumu nNepBON —hpepNpappDAERNENMA B
mMmogenn CABO, npepgcrTaBuMM €ee Kak 00 b-eckarT ekmia
AVWHaMMyeckasa, nNpumyemM XxXxapakTtTepusytwwasacsa cC/J
HEeYCTOMWYMBBIX COCTOSAHMUN M NepexopeaPmue Pl xs
ABYyXCTaguMmMWHOTINo npoyecca aHaspobBHOTro 6P X
3gpecsHa6eHa B3aNMMOCBKEH TBBamad pge «X UWLWHUK

Kncnotor eHe 3ke pGpacuropvaaxcucupH )k MpB a4 yPx 1 (
MeTaHOT eHe3ke plt@Be(wxnraxcncupH wk FaB ( G) .

Kak wns3BecTHO, Ma T«exXMaLTsIeife TK &> OMID@EHY P 4
He3HayYynTeNbHOE WNW3IMEeHeHMWEe nNapamMeTpoB npas
M3MEHEeEHWI NOoOBefEeHNS .

3amMeyadrHnedebnpepeneHHoOoCTb B MaTeMaTWuue
Hepeagko 3apaeTcd B Gopme OnNpRHEUYIEHWMIA MaA|
o6bbekTa, HenmsobexXHO @nykKTyunpywowmx B O6MONO
«KCTbHKOBKMUWU» AWUHAMWNYMHXKIOEC TVB € HE 0 A e TMDKL®E N e I
HeonpepeneHHOCTb MWHTepBaAbHOINO TwWuna.

OnpepeneHonmcer ola. HoMEt) CR BB oG e AUMHaAaMWUUYeCK

COBOKYMNHOCTHDb onpex®dssduth bLX()ENNUYMHMEHEHMNE
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KOTOP blX noguYynmnHsaeTCA4 HEKOTOPOMY 3aKoOHY 9
X(t)=ft (X(to)), t>to, 3agecob peannmsoBaHHOMPepoebHKAOB

YypaBHEHMUAMMU, cocTasnawwumm cucrtemy O[Y:
x(t) =F(x(t).z(t),Par(t)).x "t 1,T,o),
y(t) =H(x(t) +(1).

r o) —He nNnunHEellH adly HEKEUKATAO, P OnNMCbiBawwasa XxXapakT

(1.4)

obob6WerBVWGTOAHMEA, npmyem A8 YyacTuW KoopAawm
mM3BecTH(bIMBEeKTOY P K LMKSA, onunceoBawuwaA Me X aHMW:

nepeMeBHYENOBMUAX HeonRagt) ePg e RH-oLagmT Op nap:

obbekTa, cpeaguMm KOMMNOHEHT KOTOPOT 0 GMOILYETH H
COCTOSAHMNA o BERMEHMBNEeHO ABMUXeHM®, ..mxa(th b p a
a3 oBOM nNpocTpaHCTBEe O0OObBEeKTa.

Mockonbky uUMeeT MecTo napaRaTRamt)ePg Kk am o

BCEBO3MOXHEB@4pemesmwmmHAwWTCA AudpdepeHUuMnanbH
x(t) F(x(t),z(t),Par(t)), x(t,) =%, (L5)

3amMeuyabHOmen clabdp @5 MoxeT uMMeTb WU 6onee

AMHaAMWKA M3IMeHeHMSs napamMeTpoB 3aBUCUT OT
Par =Par(t,x(t)),t  t,,T,).

B pelWcTBUTENbHOCTWNW NONHbLIW yuyeT 3N1€MEHT
UNC/NY B HECER/IBKOB@BNMOAXHKO, COTEH MNepemMeHH
Ha ob6buwee NnoBegeHWE CUCTEeMb yuyecTb BecCbMa

Ha cocTodaxipemM@CABPO OoOKasblBaTb BNAUMAHWUE BH
ynpaBneHuwe, NU3IMeHeHUWEe YyC/NOBWUW BHeWHeW cpe
XapakTepucTtTukKk obbekTa BCcneagcrtTBue Hemopgeny

Kak n B nwoobomn CNOXHOTMN cCucTemMeB N A6AC
GMNOXUMMMYECKMNeE npouyeccbsbl, HenocpeagcTBEHHON
JocTynHa TO/NbKO 4YyacTb XapaKTepuUCTUK Kak

(hopmMumpywwa®y ) BeRBE@P U BbIXOALHbBX nepemMgthHBbIX

SAdbaHacbeB B. H. YnpaBneHunme HeonpepesneHHbBMNUW cCcUCTemMaMu:
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O6o3Havuoam BeMgPemmnmiwvwTmeT nm, Yy@)T oC OCCTTPOYUKTT Y
opanHartT zB &®)T,opM®BC T Y NHbIX ans HabnwagpeHs
HTpoONnNda UMUAW Npu nNpoBefeHuMM nabdopaTtopHbBX
PaspaboTka CMCTeMb OOROHIRHE®ICATOAHNGA
ecneynBaeTca, Takum obpasomM, GopmMupoBart
l)Habopa Bblge/NNeHHbBX COCTOAHWUN ObBGBBeKTaA |
22 MMUHMManbHOrIro Habopa Haumbonee wUHGMGOpPpMa
ANA aHanms3a W onpepeneHnsa Bupga TeKy LeE

3 o6yuyatuwe i

=
oy}

bIOOPKWN;
) pncKpeTHOro nnaHa (nporpamMmmbl) nNnpoBe&yE
M KOpPppPpekTHOW o6paboTKunu pe3synbrTaTtToB 4.
gecrtabdbumnumsauMmpyrommx aHaapobHOe OpPOXeHMWu:e
5 ) pewatwwer o npasumnaa NPUHATRAA peweHuMmsa o0
PeweHne yKaszaHHbBX JOKanbHbBX 3ajgay CTEé
O6WeHHON MaTeMaTMUYeCKOWUW MOALE/ITM OCHDOBHBbIX
A3pPOOBHONW OYMCTKMU, NOCTpPOEeHNH MMUTaumnoH
AaTNCTMNY e CWENHXT OB K CHNae plrea O0O3CTHOOIBOE . N poOBejgeH
PYKTYypb TEeXHO/NTOrIMYyeckKkoro npouyuecca aHa?3
HUWTopWHisdse §38 2 0] (npmnnoxeHne 2) M aHanwu
a3 pOO6HBX 6wn BPplé7alk T(omppoven d¥BeBH, e 3) .
3amMeyalHnBakHo oTMEeTWUTGHL, npoBefgeHMWe HAaT
anor MyYyHbIXx 3apgauy, TpebyerT a) 3HayYnTenb
eMeHMN HabnwageHnsa 3 a XapakTtTepowm nepe x
HKLMWOHWMWpPOBAHMUSA,; B ) cyuwecrTBEeHHBbX Aono.

3aBapuMMHOCTM HaAaTYypPHOTO 33KCNepuMEHTa.

l5dopmMannsapypmBobuLueaaslXdGHHATEeMb aHaapob

OMNONOTrTMYEeCKOMN OUYUUCTKM

ansa CNOXHBIX TEeXHWUYEeCKMUNX CUCTeyMmouwunuiea KB u
X HMweea KT BB HMooTBeMcTBUKM C |

e paboTocnocobHOE,;
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*YyaCTMYHO paboTocnocobHOE,;
s HepaboTocnocobHOe.

Jagvwompepgespemm®dcT 0o CABKW ncpreads N g 0 WM X npa

MHTEepP@MEHUTENbHO K CUCTeMe aHaxpaxbHko no

T O <

OHUWTOPWUHIAa WU ynpaBneHwnsa.

OnpepenegwmadolocnoCcobHbBM OyagpemM cuyMmTartTehb
oTopoM OHa obecneuyunBaerT:

* 3apjaHHOeE KayecTBO OYMCTKM, XxXapakTeply
arpsgss3sHeHNNn B SewdiMUWeHHONW BoOAe

* 3ajaHHY NPOKV3BOAWT E /JOBIPEETEHL A0 MG TS HIEDXT V
oA, nNnocTynawwmx Cc nNpepgnpumaTmMmsa Ha OYMUCTKY

*3afjaHHY0 nNPON3IBOAUTENbHOVG b AOKBCRE MM H
aNnbHenwenWw KOreHepauumum cofgepxaHuma MeTaHa

HeBbinONHeHNE XOTS4 6bl OAHOW M3 C meetTpeeMiwm
aboTOoOCNOCOBHOIo COCTOAHMUSA.

OnpepenéemMae TLYyHO pa6boTocnocoOOGHbBM ©O6ypge
OTOpPOM KOHULeHTpauyumus4 3arpsasHeHNI B So& bl X
AoBnertTBopdaAerT YyCTaAaHOBI/T€HHBbBM TpeboBaHWSAM
PP TMPOBAHHBbBIX nokasarTen&id Vep €Hk)o T oHcanxoocaombr
eponyeniwmsiMm paboTO0OCNOCOOHOINoO cocTO8aHMA Aua

Onpepe BeHewWeaa 610.TOCNOCOOHBM cocTOAHMUEM C/
OTOPOM He obecneynBaeaemCHKBagaeHBeWKkBaEgesT

Pa6botTocnocob6HOCTGHDb CABO W &.6-1.8 mobncpreen e sos
aboTocnocob6HOCTbLbYHEK. nogcucrtem (puc

OTnunensHOIN OCO6GeHHOC ToLObKw 6 a8 ECHOACBTAOHSMHAN S

ABNAETCHA CylWeCcTBEHHOE BJWSNAHMWEC TYPCYKOTBYUpHbl L

=

oMaccb B aHasapobHoOM O6uoOpeakTOpeE. MonHy

paBMWnNno, He ygaeTcsda NOANYyUYUTb C NOMOLWbW nf
C yyeToM @meowpuwrepmMkamHasa pobHoOro 6uMmopeakxkTo

TPY KT WDHIawa Niodad 6 we HcHoocrToo CRIB pwie A.B): Sou —

TaToyHasa KOHUeHTpauums 3 8hpnSaBaAaHHUAAB MAHN.I

O

OHUEeHTpauuMsa 3arpasHeMgiinpoO UGB D WE@RROBHBOT
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bnorkgygpenHMm pacuyeTHbBN BbXOA 6 MQyFKaBAM YT

CTOYH

MHOXe

bl X BOS, nocTynawwmx c npeagnpun @k ¢a

CTBO 3HaAUYEeHNIM pacXopmga XKNAKOCT W, npe/

CH-copepXaHune mMeTaHa B 6unor ase.

CoctoaHunue | CABO

YacTunuyHO

Pa6~Tocnjoco
paboTtocnjoc

Hepab6oTocnocobHOE

Sout

PNcyHIG-CThyKTYypaboobayewwaH®DTOAHMUA CUCTE MBI

yacTwn
paborT
KoTop
akKTunBs
nonyn
CcocCToO
dbakTO
Ha

CABO

akcne

aHano

ONONOT NHLILKTOKIN

AONONNHeHUe K KnhaccunyeckKkomy pas3pgene
YWHO HepaboTocnocobHoe u HepaboToOCHnoO
ax0][,294ana9 aHaapobBHbLX ©OMOpeakKTOpOB 3,
biIX aea@rwwpagayns 6unomacc bl, YeMESHD
HOCTW MUKPOOPTIaHM3 MOB, YyMEHbBLWEHNEM
augumum un, B OTHoweHun CABO, npuBopagsauWwas
AHMNA OMOpPpeakKTOPE&NM@MOOBHAETITMY KO HEPHEBOIWT:
poB, Bbi3blBawWMXx pgerpapgaumni 6GumMmomaccCbl,
CeroAHAWHMN [JEemdT M AM @ HVETDERUEHENEa0 T © A H
nNPpPMUMEHAKWTCA MeTOAb MaTemMaTWuyeckK o026]o I
P THBIX D2k HMK 0[62p1a,60T KN HaKonJ/neHHblX
rmyHbx202r.ctem [ 18,
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1620hpeK TUBHIWEITIPOOHON OYUMCTKWNU NpPpOUM3IBOACT

O6bwenpuHATBIM aBNgeTCcCsd paccMoTpeHuUue 3@dPqd
KakK COOTHOWEHNA MeXAY B[BOCTUTHYTbBM pe3ynb’
ANnsa pocTuxeHusa pe3s3l§nbTarta pecypcamum [ 1

PesynbtTaTtTomM paboThb CUCTEBASBAAaaIPOOHON

* CHMUXEeHMNe KOHLueHTpauwmuunm 3arpsAasHeHUNn cToO

e obpaszoBaHue 6unor asa mli nnn BbipaboTKEe

nponmsBegeHHOro 6unor asa.

Ha pocTuMuXeHMe pe3ynbTaToB paboTb cuCT
CTOYHAa BOOg&8A DAEAgAWWEAA KanNnuTanbHbE 3aTpa
COOpPYXeHuUim, a3KcnnyaTtTayumoHHDBIE U BPEMEHHEbEe

Boigennm Haunmbo/ee 4naockTao3 aurcernions basdydeemkbren B H
O4Yuncikde, 116, 119-121].

1. CtTeneHb OYMCTKM CTOYHOM B O 4 bl Xxapack

St = (Sow Pt

3arpas3HeHunm MCXOOQHOT O == 106. T me Gie M e

in
KOHULeHTpauunsa 3ar ps3H 8u¥HAb) BK OCHTLOEUYHHTOPVA UBMGAA €3 &8
OYNWEeHHONW BOAEe I HESEQEPR/ODWIBAH HOE UCXO0OHOE
SotM NPOMEXYTOUYHbBIE OpraHumyeckume PwpoagykThb a
2. T'wppaBnunyueckoe BpemMa nnp eyamsulcRetantion Tane, 0 K

HRT) npepcrTtasnaerT cCpegHWW ANUWTEeNnNbHOCTHLb 0 |

Vv
FmTiirAW—o6beM bnoPeakkampa@aT b pas3baBneHUsa,

cCcToka B OnmopeakRTmpxefloeaaamedaBbHO BAUATHDL
npu CcTponuTenbCcCTBE CUCTEMb OYMUCTKMU. Bonb w
TpebyeT 6o0nbwero ob66bvbemMHRT@NO@Y@aA@Ee HWaiNe H b al
npuBoAaunNT K Heob6XoAMMOCT M MCNONb30OBAaHUSH

JONMNMONHWNT e /1 eH X4 NODKHMHIMBUKY 3 aTpart.
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3. Harpys3ka no opr aHQQrgadcd ead Ratg, OERE wWig apB Y T €

KONM4yecTBO 3alrpsas3HeHNn, obpabaTbBaeMb X B

BGJ‘II/IHI/IH@LRXF]S—K—, =S'”—Q
HRT

\%
4 . QHepronoTpebNeHNeacCTUbC T & W GIN JlyyvyauT TabLBraoe
OYNUCTKY. ansa 6OoONbWMHCTBA aHaspoObHDLBX cuc
3HayYeHMNdAa aHepronoTpebBnNneHmAa, TakK Kak umcnon

nepekpbBaeT pacxoagbl Ha ob6orpeenéwepreracKkcenp

S.NMpomsBoagnNTENBHOCTHDb CNMcCcTeMmbl no 6mnor as

nokaszaTensamu ek TUBHOCTMH OYMCTKM. r
NPON3IBOANUTENbLHOCTHb 6unorasa nu MeTaHa, oT
eaAunHNLYe obbemMa O6paboTaHHHBMMEMLUCET O WMRAKX bl B G
opraHmyeckoro 3arpsas3HeHNSn.

Kpunrtepwui MHTEeHCUBHOCTWU obpa3soBaHMNA, 6

oTpaxawwnim cTeneHb nNpeobBGpaszoBaHWUA OPprT aH

buopeakTopeQM & Pig MRL "BO), roe=(\V,S HRT, _ .B)-

max (Sin’ HRT’ max ? BO)

cpegHee 3 HadvyeHune MHTEeHCUWUBHOCTW BblXO0/A4a 6 1 C

Bpeme guns . (S, HRT,

7 max

in’ .B)—MaKkcuManbHOE 3HauyeHUe

GMNOT Adxa— MaKCUManNnbHaSs CKOpOCTHSb poepaiB, e T .

npeaenbHbLN BbLXKWI GmMoamBwEe BN XL 3ar psa3HeHUNI

6. Ha ocHoBe aHanusa ocobeHHOCTelW nNnpouye

CTOYHBIX BOA B OuMopeakToOpe, npeanar aeaAacaT
EG_Eheating

Eff =— KonunuecTBO O3Heprwuun, KOTOpYyt no
heating

6unor asak,=fagEeY, , rEpeypenbHasa TennortaV,cT 0|

NPON3IBOANT ETISME C TI B bnotraasyPpukilme H T nones3

KOreHepauvwoHH®He yENMHOBAKXK O fyemas Aaa 060

O6LL|,€M Cnyd4dae onpeagendaerTcCA KonmyecTBOM T
ycTpoihcTBa M onpepgensemMbmM U3 ypaBHEHUA TE
E :Ean'EGE' BE+CBOEI+ Eoc_ EC'I

heating
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r'AankONMYyecTBO TennorTbl; EdaK HBEW YesCcBT BaON NtaepnasmT
oTBOAOUTCSHA C BbpabEsFxoHMMebmBDaAaT@M;NOT bI, K
oTpaboTaHHWEsEMMEBESKMO NN YECTBO Tennort bl, KoTop
CO CTOYHOW BOAJOWMW WU BBLHOCUTCSHA EocOTYEMNUIEOHMHOOTIE
OKpyXatwwywE €pe/nawyecTBO TennorT bl, Bblge s lioL
3arpsas3HeHnMim M cuMmHTe3a 6uMmorasa.

TennoBORBK MPUIRARCKOI SHepruu, Bblg€e /e Mbl

3ayacTtTytrw gocTtTaToO4YHO an4d obecneyeHunsd S HepTr

W

ceill cumcTtemMb O4YUCTKMU. ToBbiWeHNE MOyt EETAT
nNydyweHMUe er o kiaawee ccToBgae pOKyaBHeM/AM uvee TaHa) Yy Me

UYNCTKY. CnepoBaTenbHOEf asprRaemeaHImepepapart

0 o <

KcnnyaTtTauuMum CUCTEMBI.
7. MNop KauecTBOM OYWUCTKMU CTOYHBIX BOA 6

3aflaHHOW ANA CUCTEMBI3 HKEOHHWIlEe HBE P @D Y MuUle B RO il

nokasaTenb KayecTBa OUYMCTKMU npepanar :
S. —(S,, P

QuaI:”‘(OUt °“t). AOCTUMWXeHNI 3afgaHHOTO KayecTBs
Sin_SHopM

3HayYeHna KoQuabdgvmlumeviam rnyob6xXe OCYlUeC BBO/MA €
opraHmyeckKkumux 3arpsgas3HeHWN, TeM Bblle KayvecT
Qual. OaHako MOBbLIWEHMUE KayecTBa O4YUCTKM M
nNo3aTOMY 9KOHOMMUYECKMN 6 0n1ee QualbcrTtopaeHVOM, T C @ C JC

e A HIQuake, 1+0.

8 MHTEeHCUWBHOCTHDb npouyeccos npwnu OYNCTEK

NPOM3IBOAMUTENLHOCTbLI CWUCTEMBI, OTHeCeHHOW
Qisi'outS
MHTEeHCUMBHOCTbL ypJanleHUH Opr aHuwuye Y ar g
V,

MHTEHCUBHOCTHSDb o6lga—\3/‘iosaH|/|ﬂ Guor asa

MepeyncrmprurEBIPUN 3 PPEKTUMBHOCTUNU, KauduecTBae
6 pOXerHwm3aB ONAIWT

* CpaBHMUTHL pas3nnyHBLbE TeEXHMYeckKkue n

nNnpoeKTNMNpPpoOBaHNMU cmctTemMm OYUNCTKMN,;
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e BblOpaTb M oO0O6OCHOBaAaT® KEPEODPBAMMVA YNgaH
OYNCTKWNW CTOUYHBLIX BOA B OMOpeaKToOpe,;

e cthopmynupoBarTthb T ak Ha3blBaeMble uernes:|
3KCcCnepTHO 3apaBaeMble @QYHKUMUM OT nepemmeH-H

OCHOBY aHaAaNMUWTUWUYEeCKOT OHILM HONIE®BAEe BKATKOMHOM. Yy N [

BaXHo, 4yTo anroputm H1@Lh W H eHAVHXOEN  MAPROVAMIET K
KOHCTpPpyMmpoBaHmnaopgapasepemymsas mowxerT rapamtmu
UesneBsBblX MaKpPpOCOCTOSAHMUMN (He npoTuBOpeEeUYaL,
pa3sMepHOCTWMSA,yn pamsmMOHMCcobniwageHNN OrpaHuuye
KOPPEKTHOCTbI TnNPUMEHEHMNH MeToga aHanurtTun
perynatopol®]. ( AKAP) |

dopmManunmsaymnd b eneB.BblX MaKpPpOCOCTOSAHMUI
skcnnyatauyuwyw g€EMb@cnonb3oBaTb Ccneppgyweynenm
O anb Hreaginupen MesH @AM OP U T Ma AKAP n ero pac w
HeonpepgeneHHOCTb+t0a/IB O MUIMNE H WHIKE NN He AH 0I122], a [
MO3BONAWNX aHanNnuMTUyYecKUmR CMUHTRBOTITrpeDn®p p
(aTTpakKTUMBHO nNpuTtTarumeBawwemM MHOXecCcTBEe COCT
annapata TpebywTtTcsa aHanutuuyedKn ( Dyl yEB e (
CoCTOGBGAmR®@, paBeHCTBO HY/ZNIK KOTOPpbXamw RIZNB

MHBaApMWaHTHBIE .MHOT OObG6pas3wuns

CamMo noHATWMWE «UHRZpwmprTDETAREX 9B Yfgpes
Xt(to, t) Kak oOTo6paxeHMa HKeYig /ob® 0 B0o c O (i), ©>00# wue
O3HavYyaeT 3A4e€ecCcb Cnegpy(He es -MWHBaKEILaHBTOH O e N0
K daszoBomylt,b h oT aaaiyam newbblx Anat>ex®X) .VMHbMNK
CnoBapo,M3BOTbHaAsa TpaeKkTOpPWUS,006nyEGOULKEW N MK O
MHOXEeGTHBEMIMNKOM €l npumHagnexunrt

Onpepenfelyjenee BlblM MaKpocCcOCTOAHMEM Oyfpewm
daszoBOT O npocTpaHCTBaAa CABO,((t)z@inaBakEmy K

(t)-ueneBas MakponepeMeHHaxa R {odbybHekkUT/ass YyonTp ac
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Mcnonb3yemMble HUXEe aNropuTcwmbieympaBAael K
ynpasnempegnonar atwrT coBhnajgeHune ypnap3avBepPeHHOUC
MaKkKponepeMeHHOI.

CtrayunmoHapHOE acMmmMnToTMyYecCKM! YyCTOMWYMNBO
CBOMNWCTBWHWB &@EWSHT [fUHAMUYECKON CUCTE MBI

Cornauvm@epretrTmnmuyeckon [2R]o pwmmp ayen/peaHBUWIe HKUMGIH
npocTpaHCTBE C OcC3TaofdaHHKHEBLIMEVBI 2B € pDa o T OO BNNAa
XenaembM TeXHONOlNIMYeCcKUM CBOWUCTBOM, €ecCTeo-l
aTTpPpakKTUBHOCTWU.

ChopmMynupyem ABYMEpPHbe “‘marpoagd@manp blg
no nepemMemHammMe p F(yppaac)x o, CTOYHOMW BOAbL B 61

1. OcCHOBHOWW ULeNnNbw (PpYyHKLMOHMPOBAaHMA 6BKUO

ABN1AeTCcCHs CHUWXEeHMUE KOHLULEeHTpaunmn oOopraHwumyecCKk

3ajfjaHHOT O HoOpMaAaTHBHROFIPpN 38a@RBHIKENATENbHO
npeobpas3sciBa®"HNRAA BP Gh-opraac3y.e TEHCoOleM KOoONuMuyecTB .
BO3MOXHO NONAYYMUTb M3 3afgaHHOTNIO Ccbpbd, ANnA
TO (GpopmManbHaa MoOAeNb Lenn ynpaBneHWUA n0pwun.
((t) Qual(t) % L6)
;) G, 6 0t -
2 . YBennmnueHwuune KonnmyecrtTBa rasa He

3Hepr o3 hoekff(t)n BCHMOCCTIRMM bIY IS MY E€eHNMA pacxopnos
dopmMannmsauymnsa uenesoro MaKpPpoOCOCTOSAHMUAE Q@3
npepnoXeHHbBIe KpUtTepumum KadvecTpBanpumeeepslog:o

J(t) Qual(t) & an
S(t) =Eff(t) max, t .

3. OaHUM ns3 OCHOBHBIX dbakTOpOB, OK a3
Xn3HepesastTenbHOCTMW aHasapobHOW OGBMUOMAcCCH 4B
BBICOKMUX KOHULUEHTPAUMVNINPXOPTIBARMOIBIEXUX RPCWMOXY "
npouyecca. an s aHaspob6GHOM 6unomacc bl M O X H
KOHUeHTpauunmn Oopr @&PH B Y epcakdbyoxd e K 1 C3/DHTE bnopea
HayuMHaerTCSH MHT MbMnpoBaHMe npoyecca O4YMUnc:

ynpaBneHus:
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((t) =Qual(t) %
S =Pt P 0t - (Pt) P}

4 . NTokanbHBLBE OYMUCTHGIBIE COOpPYyXeHWUus4 y C-

(1.8)

TeppuTopuun nNpemyp BATKHSD,M MBINTHEeTCA COKpaLwe
bnopeakTtTopa. CooTtTBeTcCcTBeWHHRTp, oy pe@gmemmawue |
bnopeakTtTopa, npm obecnevyeHWMNM 3apfpaHHOT O K
napamMeTpax CUCTeMb MOXeTn paEKcemanmrspPMBaThbCcCci

((t) =Qual(t) &

1.9
") =HRT HRT" 0, t 1.9)

ChopmMy numpoBaHHLBIE L eneB®E.9), BakimaAMET 00X &
3aKOHb ®MYHKLZOEMPpOBAKMMAIPOOHON OBMOMNOT NYeE
MO/TOXeHb B OCHOBY CWUHTe3a CUCRKERPRANP PB B @E

Onpepgen®HOmec TEMa Yy IFTaMBEC/TeHIAS cocTodawWwas-
nogcunmcrtemb (B YyacTHOCTWU, perynartopa) wnu o6
nogcucrtTeMb BXopagAar NMOACUCTE@Mbl M OWOIPT MOVPPUOHBN 8
ynpasnswuwmx BO3AgenlncTBUIN.

Llenbtw ynpaBneHma aHaspoOHOMLIOGn eapaakeTa ®

ecTabumnuszauma KOHULeHTpauuMuum opraHwm
bnopeakrtTopa Ha 3affaHHOM YyYypoOBHEe npuwu
pecTtTabywmBsympnpouecc OUYUCTKM,
eyBeNMyYeHme BbXOga O6GuMOrasza npu cC
OYUCTKMNU,
obecneuyunBaemMoim nocpencTBOM Hanmbonee npt

anropuTtMOB ynpaBaneHUSH.

l7CoBpemMeHHOEe COCTOSAHWUE MUcCCcCnNnepgoBakBKTO@amw

OCHOBHbBLE HanpaBNeHUWUSs UcCCNnepoBaHMUIMN

B ciempyxHOrROUNN. A. PacTpunrumHy) ob6bbekTtTa u
cnmcrtTemMHOr o aHanwusa, OueHMBAHMWUA COCTOHAHMUSA
CNOXHbBIX TexHMNYecekK™ x cmcrtem B cyuwecrTBY 0L

OTCYyTCTBYEeT
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M3BecTHO 60/1bUDE®B UYWMICPIDB MO , nocTtpoe

HenuHueimHblX Pa3HOCTHBIX nnwu ondhepeHynan

Pa3OMKHYTOM COCTOAHMNIZB-13Z)om yyumcne (Hanmnpwmn

NMepeyncHIawvag®BOAbl MCCNEegoOBaAaHUN B KOHTEK

GMnopeakrkTBHEBaE,HHbIEe o NPUMEHEHMUEM anroputmc
cmcrtemMamu, C yyeTom pa3Hoob6pasunsg npuHLL
3aBUCUMOCTXKUNMMUPKXWK® cocTaBa 3alrpsAas3HEeHMUI
npouecca npeanpuaTuum:

1) MCNONb3DPRAHUBRNA MakKcumymma MoOHTPAT K
ynpaBneHmsa no TemMnepaType (Hambonbwasga ne
Mmcnonb3oBaHMEM 6as3oBbXx M@BaodBne Kalhap@aep 1 4 9«

2) penenmnHoe ynpaB/leHMWe NO CKOpOCTWU BO
NotT-BanbTeppa ¢ ULeNbw BANUNAHUNUA U3ISMEHEHUNUA 4N
(A. H. KnpuvwhAd@Qs,np2v0 l1ddtom yTBeEepXpgpaeTcsa, 4T O
ycTonuyumBoCcTuuagm® pPlaacymaBymMBaemMoNn CNOXHOWU C

3) onTuManbHOEe ynpaB/leHWE NU3IMEeHEeHUEeM K
nogadyenhn Kumcnopopga B Mopgenum BYuBCTICMUPHE@BDP
Tex. Hayk, 2014

4) mccnepoBaHMNe BOPBOHKHMEACEIRAKDEA ynpasin
aHaNMTMWTNYeCcCKOrNro nNpoeKkTMpOBaAaHMUA arperunmposa
KeHennna ¢ npummeHeHunewm HENHKHellpyppnd®peabgbda
PNU3ImMUYHOCTHDB ynpaBneHMNsd nocpayien BB OB ME G
npakTMWyecKMW HenpocTo ocyuwecTtBuma u B(B3 HKB:
HeBUHUMWUBIH[S7] R® 1 DcHOBE 3TOTroOo X e MeTOAa K
paccMoOTpeHa BeKTOpPpHasda 3afjavya CcTabun /DmMH3easHLAal
TemMnepaTypb B 6uMnOoOpeaKkTOpe,;

5) AONCKpPpeTHOE onTuManbHOE ynpaBneHune
nogawWmMx BO3AYX B 0p40HOS3 0 H(HBusch, 20889133];0p ( M0 [

6) MWper ynwup(&.sANHLEOR J. Busch, 2008) [133] ¥ er o <cpas
amppurtmom (Nonlinear Model Predictive Con

MOHO); nNnokKkas3aHa €ero HeaganTWUBHOCTH®b;
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7) HenunHeMmHOe C /emp ale feBddid2@8) [133], TpeobyHK
Heob6bxoAaMMOCTbL JNUHeapu3auum MoOLEeTMNOOBEAEB:
pewatTcA 3agauywmu NOoONyyeHMUSH ONTWUMAINbHbIX
OTK/NTOHEHNUIW MU3IMepsaeMblXx B blX OAH blX 3HaAauYeHNIN’
BXOAOHbBX BO3OENCTBWUNM;

8) NMPC-y npaBneHMuMe aonA nNnnHeapndosaKIRA I
Weijers, 2000) [50]; HeTpyaoHO ybeaguTbeCAa, YT O JIMHeap
MMeTb Cepbe3HOe O06BOCHOBaHME Ha ycnoswusga y
OUeHKM n NPOrHO3MpPpOBAaAHMA COCTOSAHUN,; aB:’
ynpaBneHunme He®dM3INUNYHO,;

9) OABXYYK OHTYpPHOEe ynpaB/eHUE KUCTOPOJOM
pacxopy BO3AgyXa WU MWNOBOW C MMechie B4 , B OH3EB pyaudr
BO3MOXHYIW B3aMMOCBA3b MexXagy ynpannase (ol Ny
Xmyp, 2003, M[48,1;e H U e , 2009

10) ycnoswus4 YyCTOMUYMUBOCTMU (no NanyHoBy)
Mopgenenw paccmM@T Pu B akBTacHaM LK U i1, 197898 HK.aR.a
HakonneHMmsa nNpoAayKTa peakxKkuyunmu,;

11) ckonNnb3gawWwme pexummb no (HIKTbamR@3)B pa@es
XonpgpenHa, NwpeknuHra wn ITlmpe Cc yenbiw perynu

12 ynpaBneHMWH npouyeccom BMNOOYUYNCTKM C
cocTofAaHMKN [50]F(MK. Kno2808; p.V. Sundarapandian, 2011; W. Cao, 2003; E.
Bunciu, D. Sendrescu, 2011; J.L. Gouze, O. Bernard, M. Fruchard, 2002, 2009; J.L. Gouze, M.
Moisan, O. Bernard, 2006; J. Harmand, A. Rapaport, 2002; N. Meslem, N. Ramdani, 2011;
A.C.A. Veloso, I. Rocha, E.C. Ferrera, 2007) [50-55].

BoiBoagb noOoWwaempwBEe NONOXEHNA LUBREICTBY 30N
nocTpoaHpBBNAOWNX BO3AEeNCTBUIN NPpUMEHUTEnNDb
OblTb OMGOpMANeHbB cnegytwwmm obpasomMm:

1) HenocpeagCTBEHHOE KOPPEKTHOE TnNpPUMEHE
ONTUMAaNbHOT O ynpaBneHus B O3 M OOHIOM a 1M JOLBK
NUHeapus3oBaHHBLIX O6beKTOB co BCeMmu BblT €

NOGOYHBIMKU 3 hphekTamu,;
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2) BCe CcucTeMb 6MONOTrMUYECKON OYUNHTAKIMYUM
O3 My uUjeOH UMMA 4y nNapaMeTpoOB, AWHaAaMUKa Y MA@MH.

paBHeHMVI B 4HacCTHHBbBIX MPONM3BOAHDBbBIX, 4yTaO npwv

Knaccuyeckux anropumurtmMoB ynpaBneHusa, nunbo

pPpM MCNONb30OBaAaHMUU B peanbHOM pPeXUME BPEME
3) He cywecTtByerT YHMWBEPCaAaIb Hyonrpoa B JoEHLE

OHOBPEMEHHOWN OLEHKOW COCTOSAHMUA CNOXHOTO

pakTuyeckas ocywecTBUMOCT b ; yacTMUUYHas+

ONNYYEHHBIX ynpaB/neHUR,; yyeT HabGnwpgaemocT

perymosrtopHeaganTUWWBHOCTb camMor o ynpasiJ/ieH]I

MHeapus3aUUM NPU NONbLITKE yyecTb HEeNUWHEWHC

MoTmBayuma K NPUMEHEHUWIW MeToOpOoOBRHaAKAR w

aons peweHNA 3apgauwu yEGAB®nedmMmMc nobBEe KA O

n

ONOXEeHNAMMN:
1) nonNnyyeHHBEe cuUcCTeMb ynpaBneHua obecne
a) perynumpyemoe BpeMaA nNepexopHbX Nf

6) MaKcunmManbHYI Heprosdppek TMBHOC
camMmoopraHumsaumm obbekKkTa ynpaB/neHMWNSH;

B ) npefeNwOK@ewmanyYywOTb LeeBOro cocrT
pexmme (BbCOKasd TOYHOCTbLb oOoObecnevyewHyV

ry KomMneHcauuWlw BHEWHWX Hauxy[gwumx BC

2) ycnewHoOCTb NpeuefeHTOB peweHusa 3alflauv

MMMYHONOT KU®BK YXL 76 be8B oOonMuMcaHUNM KOT O P-blX

XeptBa» (ocHoBa npouyeccoB B CABO) ;

K

o

0]

C

n

3y cooTBeEeTCTBMUE nNpuHumnam GU3IMYECKON TEe
ayecTBa cneuyumanbHOro BUAa, 3aBunmcawer o o
ObeKkDa,npwBOAUT K ueneHanpaBneHHOMW cammo
becneynBaeT He cuUuoBOEe BO3gemctTBUE Ha 06
BOMWCTSB

4) BO3 MOXHIOHCATIBM T MH ECKOT O KOHCTPYUWUpPOBAHM

oNnyuyeHunem dopmpnvnpagnebpprameii CBSA3MU,;
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5  NOrMyHOCTb M WUHXEeHepHasda nNpocToTa wucT
OCHOBAHHOTIO Ha BapuMmauMWOHHOM NpPpUHUWNE.

O6bpeTeHnNe 06BEKTOM ynpaBeHWR2-128p napu @
3TOMY noxoAy onpepenNeHHGCEVNAPEKMYUWEe GAIEFO@ 4 A
(cwMm., HanpwunuR-M3]). o630pb B [

K OCHOBHbBLM Haumbonee unupemMHO ONKN3KIPNM MIEP
CMHTEe3a HenpepbBHbLX HENIMHEWUHBIX perynartTop
pexummMe ©“U Ha 6a3e KaTHVAPIOMBTaMHYVESAC KaoIT poe IMmyppooeB a H H bl
OOHAaKO NONYYEeHHbIX B YC/NTOBMUAX NONHOTIO ONWUC
npouyeccos, CywecTBEHHO OTNWYHBIX OT MOpAgen
MaTeMaTMyecKOro onuMmcaHwunsa) :

1) H.J. Tham, W. Cao, Y. C. Soh (H.J. Tham, K. B. Ramachandran, M. A. Hussain.
Sliding Mode Control for a Continuous Bioreactor. Chem. Biochem. Eng. Q., 2003);

2) A.H. NabyTwunH, B. IO HeBuuHMUBIH (perymn
peakTopa HenpepbobBHOrNo pgeuncrTBUA) ;

3) C. Ey wydH , E. K. ITpypaeBa (perynartop A4

B msnaraembx B Trnase 3 anropumrmMax aHaj
OTNUYUYUTENbHOW OCOG6GEHHOCTODbL I aABnNAeTcCA y U e
OfrpaHUYEeHHbB X IBHHBAMYMEHMBITEWLMNHBZEMOKSET OUHHOCT
Mogenm ob6bekTa ynpaBneHwusda, noMexXxnm OT OLWy

nepeMmeHHLBbIX.

18MNHOpPpMAaUMOHHOE B3aMMOfeboOBEREHDOBDILAGPNE

W ynpaBneHMuUSH

bPopmManumsauma 3aga¥aKppopasoaHuwSTvas NGARKRO.
CMHTEe3a CUucTeMb ynpaB/eHUWALIBH ANWLT @KA®OJ, AC
(1.10) , PYHKULMOHMPYWEro B YCANOBMUAX HeonpeaAa:!
M HenmoNHOTa oONMWCaHM4H

( )

, W HBAOCIMMIWILEE HBVHIAL.RBRPEVHCH v

(1.10)
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roeBekTop oueHhKW-PyHKIUANHH WOT, M3 MepsaeMblXx Te,
cocToOfAHUMANE,NEBAaA MaKponepemMeHHas,o nypcesjoesnwiee
Ha3bBaeMoOoOe LeneBOe MakpococTodAHUE ( MHOT OC
aTTpakKTUBHBIX CcBONCTB) YIF{x Pav, 6 brewk ¥ @ N pyanspraest
KOHCTPYKIOWOpPOro pA[JONXHa ob6ecneymBaTb acuhm
ynpasne®ums (UUk.nlbm Cc 3ajgaHHbLM BpemMeHeM nep:

................................................................

‘ Brrncnenne | x (1) Onennpane
MARPOIEPEMEHHON COCTOANTA ,
Wit )
( N B e Yozl
AZanT B HbIG CIIOKHBIIT |
—‘)I peryiaarop , .l OEBLEKRT ’ i

4 |
l Bosmymenna |

PncyHlo«kCTlpyKTypHaa cxemMa CcuUCTeMb apgar

Takunum obpasympaBnéduw@aamM COAEKA@bLIM 06 beKTOM

O4HOU C,T O PGiHAbl H e 06 X 04 M1 MblX n HeOoTIOXHBbIX
npegaBapuUMHBIX UMW aBapUUHBIX CHCTOSAHUN, KC
* KOPPEKTWUpPOBKa TEXHONOrMYyeckKkOoOro npoec

peunpKynayumMMmM CTOYHONW BOALI) ,

. BKNWYeHNE pPpe3epBHBLX MOWHOCTEMW,

e TexHMYyeckKkoe obcnyxmBaHMUe MU pPeMOHT 06
C APYTOW CWe/peoHaNnpaBneHHOex(thameAep@aeTa®ER
XapakTepucTuUK ULeneBOW cucTeMbl nocpepcrTBO
o6beKkTa, Takmumx K aK TemMneparTypa, pacxop
fob6baBneHMWe pear eHToOB.

MopgenaRoDOpPpUTMMYEeCKOE obecnevyeHMe nporp
cocCT oS HAIBAD n A KOHCTpPpyMnpoBaHMM4 3 dPdPe KT UBHDBIX
NOoOKanbHBLX 6MONOTrMYEeCKUX OYMCIyHHDEL)COOpPY Xet

1) Mmopgenso CTPYKTYPHBIX cBA3en napamMeTpo
(r n3a;sa
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2) obobweHHasas MaTeMaTMmyeckasas MopfedHb aHa
3) MnTaumMoHHasa Moaenb aHaspobBHOro 6MmoOQp
anropuT Mbl pacuyerTa NedrKka 3 acroecNTeons H VBSH Y TCPYECHTH
GMONOrMYecKOhn OUYUCTKWUW HaAa OCHOBe WBBMepsemMt
4 anropuTMb OLEHWUBAHMA COCTOSHWUA CUCTE

5 Mmoagenwn ynpaB/aneHMWSA Ha OCHOBE® obecne
COCTOSAHMOHUMBE&EH aHenNMHeMWMHONW apgpanTauunmmnmidk 3apga
M OHWUTOPUHT COCTOAHUS NHdopmaLms YnpasneHve
T—— MpuHATME pelleHnii
W3meperve AnpuopHas (3KkcnepTHas)
| o610 o __,| PBHHIX MII3HaKOB MHADPMALYA O AT OpUTMbI YNPaB/EHNS
nepemeHHbIX He)Kenare”b'jb'X COCTOSHMSIX 06BEKTA
v COCTOSHWIA K putepum Kauectea
OleHiBaHve K putepumn kauecTsa ynpasrieHus
Hen3MepsiembIx N cgn;%iimﬂ%%egia | MpuHsivie ynpagreHueckinx
NEPEMEHHbIX PEeLLIeHIA NO NPELOTBPALLEHNIO
+ OueHka pucka Xenaembie uenesble HeXerare/ibHbIX COCTOAHNA
6
Ou,eHKaopaKTlﬂgetzkoro_> HacTynsieHnst COCTOAHNA ODBexTa AJITOPUTMBI COT /1COBaHIS
COCTOSHMS 0GBEKTA HEXENATENbHOr 0
COCTOSHYIS Baza MPELEH/EHTOB YaCTHbIX OLIEHOK

PncyHla«kCTlpyK TypHasad cXemMa B3aumMoagemcTBUS
o6ob6bweHHOT oC ABOQE TWO AyHIMpAa B N e H U A

CxemMa cyaklgecTb OCHOBA O0OfBPAGPBYBOMKKW
peanuns3auuMmnm KaxXAgoro NONOXEeHWMUSA U UX UHPOpMS
npuemMnemMor o ynpaB/aneHUAa CNANOXHOW cuctemon C

* COKpauweHunme 3aTpaT Ha O6e3aBapuimHoe 06

e nNpepgoTBpawWweHMe Hexemiaim e NGABQ Xxa Cc TC Y
OOBHaAapyXeHMUA UX nNpepBecTHUKOB (NpPpU3IHaAaKOB) ;

* YyMeHbweHMe yuwepba OT 939KONOrMYecKMUX I

MHOMW cunutyauunun;
* MMUHUMUMMU3ALMKNI ANNTEeNnbHOCTM ynpasnas oL
nM3ImMeHeHNMa coctToaHuma CABO,;

* COKpaweHuwe BpemMeHUW peakKkyuumum onepaTwusBrt
nepcoHana Cc uULenbw Koppekuumm napameTpoB CHh
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BoiBOoAb K Trnase 1

l.MTpoBepeH aHannMs3 cuUmcTemM aHaspo@GMOBOM@MMU
ObeKTa MOHWMpPE@@EWIWINK&HA MOAE€/Ib €€ XWU3ZHEeHHOI

*NMPOMbIWAEHHbBIE CUCTEeMb 6MONOrMYyecKOoOMm O
060 CNOXHY IO, MHOT OK O MM COHAEOHT TE HX YH ko1 CH 18 OC THVEHMOYT , C
becnevyeHN4d bes3onacHoOCTMW®, H a [J0EepHOHIi0 C TH e O Bux
cywecTBNATb HenpepbBHbBN KOHTPONAb COCTOSAEF

e Hanbonee C/NOXHBbIM n HaumMeHee M3yudyeHH
OHUTOPWUHTIAa WU NOoOAAEPXKU TMNPUHATUA peweHNV
YN CTKW 9B N Abeld apae aakHTaospp 0 6 H

ecOBpemMBABBARKOAbL K MOHWUTOPMUHIY U aHanuns)
pegMeTHON o6nacTnW MCNONbL3YyKTCA HepocTarTc

2. ChopmMynupoBaHb TpeboBaHUA K CTPYKT)
OHUWUTOPUHIaAa NPU aHaAal3IIPOOBHONW OGMUONOTMUYEeCKON

3. O6ocHOBaHO NPUH-MA@A@BE CTEBEMHAHTOM KOO N0 4 X
6obwWeBaaOTOAHNA CUCTE MBI
4, O60cC HoaBI®& 06X 0B KNMBAMECTHOT O paccMoTpe
OXMMMUYECKMNUX npoueccos OYMCTKM CTOUYHBIX
3 paboTKKM 0606WEHHONW MaTeMaTMyYecKONn MOA:
Aenn HensamMepseMblX HenocpepagcTBEHWMDO B AP O
CTeMb ynpaBNneHWUdA U NPOEeKTUPOBAaHNUA CUCTE
opeakTopoB.
5. [ aH bl bopmMy nmnpoBKM OCHOBHBIX Kputep
HasapobOHOW OY4MCTKMU n o6boCcHOBAH Bblb6bODp M
becnevyeHnqa.
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r'’ABAMARTEMATNYHECKAA MOAOE/Nb AHA3SPObB

21 Mopagenb CTPYKTYPHbBLX CBsSs3eln napamMeTpoB

BMOPEAKTOPA

CornacHoOo -meopecMEOHHOMW08 84 xdqAy 1)2 B,

Bo3geNncTBUEM

JONYCTUMOT O

06
CAB@oXHO npepcrtTaBuTb B BUAe npeobpasoBar

ynpaas/J&HN daB biX O f& ¢

NOTOKUN OUYNWaHA N6BX@EBIE PN C RHJIIOSCHREM@Nb 3 Y E

Ha YHmKabk2o06o03HavYyeHnNin npuekferRapavanrnmas,

/

HenocpeaCWBMHMHEOHAIE CEC €N HE@ NP e pPblBHOT OT MDHMST C

BBeaAeHO OoObOmtmeasure, MM e@efloCTYNHBX ANA Hemno<€pE¢

()em (Uunmeasured).

Qin

A 4

Bin=(by, by, b3, bs)

Y

Bin=(6cs, 870, 8oxp, A6)

n
»

Sin:(Sin,SN_in,SAlc_in,Spear,Stox_in,pHin);

>

PncyHle-O6 4e e

CucTemMa aHaspobHOiA Xout
) P )

Tabnuml-a2 wm dppoBKa

XOUI(OB):(SOUI, Poul, Bout,Qout,eout)

O4YUCTKN

Xoutz(VG, CH4, COZ: H2)k

npeapacTaB/leHNa npouecca o4YywuUc

bnopeakTope

OOO0O3HaAWRRHMU

O6bo3HauvyeHMNe

3HayYyeHNWe napamerTp

S:(S,SN,Alc,Sp e éStox,pH),

BekTop KOHULeHTpauyuunumnm B eSWBog
—Ha BXoAe W BbIX0opge CWCcC,ISeV

Sin ,Sout, Sx KOHLEeH®BppwBabwYen 30He O6uMorg
S, SN, Salc, SPeaSto, PH—C OO TBETCTBEHHGC(
OpraHuMuyecekKumx BelwecrTB,
e TOYHOCTHb, KOHULeHTpauywus
TOCUYUYECKMUX Beuwec[SBN Wi KIS
PH)m

Qin, Qout Pacxopg CTOYHOM BOAbL Ha

aHaspPoO6HOUQN®AHUMC T K K




50

B = (b, b2, bs, bs, Vawm),

Bin, Bout, BX

BekxkTop nepemMeHHDbBX CBpBaueRE
BXOA€e WU BbXOoOAe CUCTeNM—B
pabouyelhi 30He O6GBUoOpeakToOpa.

bi—-npuBegeHHasa KOHUemFpBRem
aKTUWBHOCTMW bH w onvpancecebp, € H H a A
CKOpoOCTHb noTpeb/beHMPUEYH
yAaenbHasa CKopocTb O6pa3s33oB
Vem—0 6 beM 61 o mMac c k(b B, a:,0/peva

0=(8, 6r 960 «,p B

ein ,eout, ex

BekTop nNnokasaTeneih T e rmom6w
—Ha BXO0A4€e U BbIXop4e CMuC,Txeos
pa6boyenn 30He OGBMOpeaKToOpa

0, 6:08xp BACOOTBETCTBEHHDO, T
BOAbI, TennoHocuTend B T €
OKpyXawwenhnm cpepb U CKOPOC

CTOUYHOMAO B Myk,bl 0)d

Xout®=(Vs, CHs, CO2, H2)

BekTop BbXOAHbLX XapaekH:,E€pu
Hr-cooTBeTCTBEHHO, o6bem ¢

IMCTOYHBLIX BOJg B 4Yac, copae
rasa WM Bopgopopga B ,E0&PH, €0,
H2)m

Xout®© B=(Sout,Pout,Bout,Qout,Bou) [BE K TOP BbIXOAHBIX XapaKkKTepwu

Wx

Bek THO@PWCOTOKA XWJAKOCT,MWxBu

[0) FazocogepxaHue cpepjgbl B @
KonunuecTBO SHeprwumn, B bl
GMOXUMMMYECKOT O OnppreacHOMpHae3CoKB
B pe3ynbTaTte XusHepgBwsmTensob

P= BekTop KOHULEeHTpauumn ny

VFAmal,VFAac,VFApmp,VFAm) opraHumyeckKkoro 3arpsa3HeHWNH

VFApm=P—-0o6Wwasa KOHUeHTpauwuas
VFAac —K OH L, e HT p au n¥Apa-tKeoTHaLTeoHBT
nponwuoNMRAGS®KBQHLEHTpPpauuPvdy

x=(Bx,Sx,0x,Px, Wx,,E)

BekTop nepemMeHHblX
aHaspobGHOM

BHYTDpeE
CTOUYH b

OY4UNUNCTKMU




o1

MepemMeHHBbEe G-OMCOTKOasA3HamTsie /1 U (xapakTepucTmut
(n3mvMep/HemBeme psaemmbe), AN A KOTOPbIX 3afgaH
(H a n p nSg)eRdt), CHa(t), CO(1)).

MogmapamMeTpamMumakCABIDOHaMnNyYyecKOoOMPYPHIODB@HK IT@AY
BpemeHN, 6y Ace MO AIHOOHM MCATMObPF QPHARL M L M OHHO TMNOHMUME
B nNpaBOW YyacTuMm onNuMmcaHma cuctemhp ppohheapee
COCTOSAHMS nnwu MXC CHPYPOD3I NAUTBEAEWGHHBIOG bl e |
(XapakTepucTukwum, nepeMeHHbBE nNpun PUKCUPOB
NnpoLecCcCOB OTHOCMUTENbHO MNOHATWUA «MOHUTOPMULE

MapamMeTpb MOTYT 6blTb KKaaKX MaOHar /OVE3HHbYMEM

W

pemMeHMNn) , Tak MW 3aBuUucCcasWUMMU OT APYTrux ne

—~

napamMmetTpunmyeckmnme dnykrtyauyuumm) .
3amMeyaHBceoRy. Ino TeKCTYy Tawm, ranoe OTNWUUMN

M «napamMeTp» HENPUHLUWN WX/BEB3HBH,H bIMa 3 JTIRYPIMN H |

byagemMecnum S9TO0O He MCKaxXaeT CMbCNOBOW KOHTE

CocToMdQAMMBEOO e pXNUT KakK AOCTYNHbBE K U3 MEeGf
neEpemMe@dRapaNe T TT@RK) U Te, KOTOpPble HEeEBO3MODXH
npwu @ERBIPHOM M O HcuoT coTponsBHAUBSO . B Y aHCET VTH30M ET 1S, €
HenocpeppcamBEeHTHOBUNCHTaAUXKMO OHONW OGuMmomMaccb B pa
onpepenawT He TONbKO 3PPEeKTMBHOCTb OYUYMCT
peannms3oBbiBaTb CBOW @MYHKUNN.

Ha ocHoOBe aHanmsa wuccnepoBaHWUn ocobeH
nonynsauy W15, 16,7@72, 83-90, 102-117] BblAenumm C OER@KWMIEH C
Xns3HepeatTenbHOCTM OBMOMAcCChb, XapakTepusyitl

MycTb CcOCTOAHME OGuMOMaAcCChb RKapeawNe®@PWZOEH
B(t) = {bu(t), b2(t) , hit) } . B waiveveBE®BOpPa COCTOBGYy He W

Mcnonb3oBaTb CAefylWmne:
HnpuBepaenHHas koHueHTpauyuus bOFAGMYCeel) B
paBHas OTHOWEHUW Hab6GNAAaeMO@sv K O HOLIEMHATapeaM]

COOTBETCTBMUM c pacuyeTamMn CeunmxHBEBERATPIE@WMA.I

TeXHONOr MmyeckKor o PpeXxXxunmma pa6OTbI cncrTtTemMmb aH
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2)cTeneHb akTuBHOM: ()6 puomaeccoTHOWEHME

cCKopocTW pocTa nonynauuvmum Hd K Ma K CiaxMEBUTISH |

paccMaTpuBaeMoi rpynnbl MUKPOOPTFaHM3 MOB,;

JynpnBepeHHas ypapenbHas CkKop@ _T_b_n_gipue6n
YSmaxtCBM(t)

Kak Konuneaphean ctiypbpe6 ndaemMoe 6MO0OME@aTd NB TMH @
OTHECEeHHOEe K MakKkcumanbHOWU CY®POCTU nNnoTpec

AAnpuBepneHHas yaenbHas CKOpPOCTHS 06pa

b(t): 1 I:)(t)d,KalK KonanmyecrTBDO I'IpOB,yKTIQOVINBEBTOE
! Y C
Pmaxt BM(t)

bnomaccoi o KGaWHill&@ HBpay@aeEHeCceHHOe K MakKcC

npoumssBopgcTBAa NPOANYW&TOB MeTabonumsma
M3MeHeHME <CcOCTOMRMHMUMC XOygmra CEC bIOTBET Ha

pabouyyei 30HE bnopeakToOpapara g PCUTEROOWHEKOEM C T
2€% =(z{ RY),...z{ §B)), ynpasnaowmx B 08" & E20A"Y(1,.B, 3 I(Y)),

B O3 MY WA= ),... 2§ A1),
Z9(@) =S, ), z %) Rt z O pH,0), z EF BHY;
)= o4, ) e® 2 ) Ss= (0, ZPM= .0, 2% =,0).

3pembcnydyaiiHbe KonebapeiIMe HBHLAXA B HINME P, K C

roe:

3arpas&eHwmcxoga ¢ N YU OICNYAAMHbLIE Koneoa
OKpyXawwenh cpepgbl, HBKRpUMep, TemneparTypbl

Takum ob6pasom, ANHaAaMMKa BHYTPEHHETO
PYyHKULMOHAN OT nNNEEPPEENMHENHCHILEXH H bl X

EU =105, 270.2 0.7 0.2 0% 02 OF

B3ammMmocBA3b OAHOBPEMEHHO N PCOUTCETKEAMMUIMEXX HAL
ONOXUMMYECKNUX U GUu3myeckunux nNpoyaaRe X WHMEOGE
aHanumsa B3aWMOCBSA3 eI nepemMeHHBbX BHYTpPEeH:E
HeobOXoguMumMOCHMUMNLERPMODOBCA OYUCTKU C LenNnblH
B3ammMmoagemcTtTBUSA Me Xnagy nokkhano pwmmay HKneo g @ p € q

KOHCTPYKTUBHBIX U TeXHUUYRFecREBKTO@RPAMPAMOBP
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o6bopyaoOBRENHVBIAS,K TOP NapavMEepOer ae0do/ppPaoOBaAM
bunomacce B GuHopaamHap eO,VMarmeainckum X Y K a 3 biB a 101

3HauYeHMsa nepeMeHHSBbBX Ha pBaxbooayee i B3bDXHOEN €6 MCOMPCET

|
z Mpouieccs!, xapak Tepuaytoume coctostne | Y R ISt
| i TEXHIECK X NOACHCTEM CABO > AHa/N3 JNarHOCTUHECK X NPUSHAKOB = | ‘J M —Tr>
| — - <1 ~ | |
I | Pr K \duanueck e npoueccs K Ve, L I
i - Ve L L 0B)
| = =Quut g Broxummuyeck ve npoLiecchl | | Xoud
SN — | SoPoiee L
i W,
'”‘ : : )\ \ : {ipotiesce) : :SX | | Poct Gromacc Bou : I
Qin I T vapo- Wi MECCONEPEHOca I By N | |
— 7] [MHamnyeck ne (]! B LY | I
| I @ npouecchbl |" ol [ E | :
|
| : : Wx Ox : | Mpeo6pasoBaHue 3ar pA3HeH i : |
I L, il » !
einl I Term Mpouecchl J P! 3| Pasnoxenn O6pasoaHne—E—>| | I
| 7 > rennoneperoca [ Oout— | : BeLecTBa BeLLeCTBa [ :
I l—> | |
| | | | TepexopHa ] | I
| (. E T Sx noceayoULYIO CT a0 Px | |
| aH.6PO enutst G
R — i L
| ! G
| | - - _____1 | _ _! Xoul( )
o I

PuncyH2B32nmMmocBA3Ib CUCTEMOTEXHMUYECKMUX, |

npoueccoB B CABO

Ha ymkKeuBeTOM Bblge/ileHb pa3/inYHbLE YpPpoOB
aHaspoOBHOM bnopeakTtope. dPnsnmyeckKkmune npec
TenanonepeHoOC W TUnappogMHaMmyecKkme npouecc.t
poCcCT, pas3BuBwen peoOoM@TDEB @aHWMS ecw® NX 3 arlr past

1) TemMnepaTypHbBIO pverxourmoMm onpepgenseT BMULA
MUWKPOOPraHM3IMOB, CKOPOCTWNU OBMOXUMMYECKNUX T

2) MaccoobMeHHbBe npouyueccb oOocCcyuwecTBAAKT
KnetTkam W oTBepgeHunme PnpoayktToB MeTabonumsme

) cTpYyKTypa noTWKB BO mMupeaokKTTaape BAunaer
TennomMmaccoobMeHHBX npoueccosB, Tak UM Ha @
bnopeakTtTope.

B cBOW oOouyepegsb, obpas3oBaHHbLEe B pPpe3ynbT

HepEywsacTBYWT B (GU3IMYyecKWUX nNnpoueccax.



54

3amMeyargnbBaxHo OTMEeTUTb, 4yToO & [p N aie BH H
(pye @k 2) aHaapobHoOT O bnopeakmppaTp adAMETK
pacnpepgpenneHHYW CTPYKTYypY:

* CKOpPOCTH b N OTWxHaIE OMIMMOHKAOKCOTBMA B P a3 /1M Y H bl X
bnopeakTtTopa, M onpepenAaetTcsa KOHCTPYKTMWUBH
obpas3oBaHMAe WU OoOTBepgeHUdA ras3oBoOih @asbl;

* COCTOSAHME OBMOMBEEMOEe OBHOX@pEABD@PMUIYE:
MOMEHT BlIpeepMEEMH@UH H M1 3 MEMIAIOWM O [, BO3 JelWCcCTBUEM
MNW BHYTPEHHNUX BO3IMYLWEHNIN.

Mopenb B3auMMOCBSA3€eW nNpouULeccC o A)H am@P3or

=

naccundbnuyuynpamaTtbpeHmaTaewgaymn CMHTeEe3a <cuc

nepeMempi®ge c c a, XapakoGpesyeoaln@EAB @ ne gy oul

obpasom:

HnsmMepsdaemmble n Jawnuwne npAaMOenun @@ e AccBroal
o6bobweeaaoTrTodaHMA cuctTemMb (KOHUeHTpauunmsa BeLU
copepXaHue pas3IMYHBIX KOMMNOHEHT OMorasa u

2Jus3mepsaemble, HO Aawwne KOCBeHHO® apel
06006LUWe CHXTITO AHNA cmcTtemMb (KMUCNOTHOGHHE pAELW
6mnomMmaccsb B OYMWEHHONW BOAE) ;

JBblUMC oM@l MBaeMmble, , HROTT@pBae MBIPY AHO
M3MepUTHb, HO MOXHO NONYy4YnmTb Ha OCHOBE
OTAE€NbHBX BMUAOB NeTYyyYyunmxX XUPHBIX KMUCNOT, CK

dyHe M3 MepAaeMb & /TAReM@MBaHHHIbIE O KOTOPbX U :3
OAHAKO ANnNdA UMUX OLEeHKW B HEeKOTOoOpbX cnydyasax
(pacnpepeneHune KOHUeHTpauyuunwu pasnunuyHblX M |
bnopeakTtopa, KONMUBIELGOBO MIPKRBOTOIPHSBIKNI3 MO B,
6Gunomacchsbl) .

MapameTpbl, AOCTYnNHbBE AN8006@bGuUei®EME S H
CABO Bbiage neatHbRe,dB NT yyuTbiBatwwme O0COOGBEHHOC
bnopeakToOpe, a TakXe -VB3OMECBPOMKIH OB TANRApPaPY AL

nNpunNnoxeHunu
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CTpykTypHada wmaodgdend. A)pNCABRnNKAaAaK MHOT O ME
HecTaunmnobGrApPpAROEKRBNEBOBBEHOT A ecThb MOoOTMUBaAaUWNA /
MaTeMaTuMnyecKoOn wMopagenunm aHaspepiO HOpPp O D@Wee
( pywi 48, 1.9 M ocHoBa pAana dopmanusdauyuumm u pel
3apgau:

1) nocTpoeHne GopmManbHOW MOAeNnugnaamacalya
npouyeccos aHaspoOHBbIX bnopeakToOpoB pas3nun
BbTeCHUWTenemw wunum annapaTtToB C MNpUuKpPpenisnedH:
o6o0o6WEeHHON MaTemMaTMUYeCKON MOAEeNbK CUCMEM
ccblnaTbCca KWaxkM H@bO mMmeoke NGABO;

2) pa3paboTKa KoMMNONnekKkca anropuTt MoB AN A
OYNCTKWNW HaAa OCHOBEe UNU3IMepsAeMbX nNnapamMeTpoB V

3) hbopmManumsaywus LenecoobpasHbIX (xenaej
mHBapmaHtToB CABO «Kak ycCTOHWdYaaBabHXM CYONCPTa0BA/HEN
LOCTUXEHNSH;

4 paszpaboTKka MMMUTAaUMUOHHOW MOOgEenNU CUCTE,
c uenbio bopmMupoBaHwuA MMMV DD OMEe H@AO
Anar HOCTMUYECKMUNX N PMAO3JHEAKHM@AEC ,C U PIOKB @AWW 9 C O C T
oueHMBaKapakTepa WX UMU3IMEHEHWSA BO BpPEeMeHUu,;

5 (hop My nun ppoeBKacHwWeEHNoa UIMP O e K TMPOBAaHUWI aHa?

M cnomgobamMxXeHUsa XeslaeMblX COCTOAHMUIM 0O6bBEKT

22AHanNn3 MaTeMaTMWUYeCKUX MoAaenemnm aHas:s

Paszpab6boTka anropurtMoB aHanmsaa COCTOSH
OYMCTKW nNpepgnonaraeT BO3MOXHOCTHb H a 6swmqgaaexi
cocToAflMHAXMNYMNE OoObGBYyJYawWwWem BbIOOPKMNU) .

B Buagy paHee yKas3aHHbBX npob6newmomadMns
BbiW@GbL/TO nNnpusBepeHo o6OCHOBaHWMWE Heobxopgunumwmo
Moagenu, oTpaxatwuweim 3aAaKOHOMEPHOCT M nporT

aHaapobHOro 6GpoxXeHNMaA, KoTopasa COOTBETCTBOC
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1) nonHoOTa OoOTpawmeRARpaLBpPEPB B CcCuUctTemMe, L
npunemMnevMor paxppa@aTERB@QEMMXMOHMUTOPMUHTIA U Yy

2) apexkBaTHOCTb ONMWCAHWA BHYTPpPEeHHeEro coO
pa6boTe CuUCTEeEMBI, TakK W NPWU BO3HUXK HDBER & N N E
dbakToOPpHI, npuBOLgALWKE, C OAHOW CTOPOHBI, K
APYFIOWYTHETEeHNI MUKPOOPTraHW3 MOB,;

3) yueTrT BANUWAHUA BXOLHbBIX W ZBHOA3 WYy3LUYBEHHLEVHXN €B
GnomMmaccb B OMOpeaKToOpeanp oo KAHWMET KIIP OAUTE
4) oTpaxXxeHMWe B3ammMocBA3IUMU Habnwpaewmbx ©"
aAaHaAaQapPOOBHOINro 6GPOXeHMA M aHasaIpobHOMW OBMOMAaAcC
HeHabONnNwpaeMblx nNapamMeTppB Ha OCHOBEe U3 Meps

5  yYHMBepCcalbHOCTBEb MUOMPUPaABNMEAEbIX KOHC:"
AaHaAaOpPOOHBX OMOpPpeaKTOpPOB.

B OCHOBY nNpoekKTWMWpOBAaAHWUA COBpPEeMEHHbBLX at
Kak npaBuno ndoiADMd-keHpampabaoarsraHHasa MeXAYHa
IWA Task Group [15, 16]. Mo g e ADM-1:

Ynoagpob6HO onncolBaert OCHOBHGEBbIE n NMpoMe
opraHmyeckKkoro BewecTtTBa aHaoapobBHbBM O6UMOLEH
AaHaAaQ2pPOOBHOTIoO OPOXeEeHMNUSA;

WM pokK o mcnonb3yerT aMOUpPpUMYECKMN nonyu

napameT®pHasIpobHOrIro O6GPOXeHNSH, KOTOpble Han
pPpa3BUTNA KOHKPETHOW NOoONynauumMum MUKPOOPT aHMU
mccneposBaHMAax [ 6,10, 16, 11], 4yToO cBunperTe]
npoBegeHNI WCcwmeIgoBmHaenmauyumm Mx pes3ynbTarTto

dnpeagnonaraert, 4YTO npouecc aHasapobBHOT
TMna «unmpageanbHbN cMecuUuTenb» € MIHOBEHHEBIM
6nomaccbob nNno o0b6bemMy pabouyeihn 30HbB annaparta,;

AyuynmtolBaerT nepeHOeaksTeopeec T6Ba/BAaHTWB®B MU
AONYCTUMO ANS MoOoAeNnNun «umpapeanbHOTO CMEIWEHMNUS

5\He yuyuTbBaeT HanMmuyme 3aCTOMNHBX 30H MU

Gnomaccb B aHasapo6GHOM 6GMuOpeakToOpe, UTO X
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HM3KOMWN M HTTEEH C U BHEOpPCE Me WM B aH U A, ob6bycnoB/J
XM3HepeATEeNbHOCTMN MUKPOOBHOW nonynayuum,;

) TpebyeT YTOUYUHEHMA ANA MUCNONb30OBAHMWA
CMeCUuTensax WBIbUT eacrnHIaTpeaUT sgaxx.

B panbHelwen paboTe AN onNuMmcaHUa nNpouye
bnopeakTtTope a@EEMa@A@THET CPaccMOTpeHLuves p oMooHIce
6 p 0 xe M1 n ypaBHeEeHMUM KOHBEKTMUBHOT O M a
r’mapoguvnHaMMUKMNU rasmbkMme ®B 0 A PBLUCEP YUYeCcThb |
npouyeccos Ha MWUKPOOHYIW N O MNOYr/psauHMmII, 1 B @ 10 LI, & &
MaccoBBblIX, TEenNnNnNoBbX MNOTOKOB M HALP@MDHWEEINM
bunopeakToOope.

OrTmMmeTumMm, 4T O Clyley 86 80,0y WRwmm eafemaTmmyeckKwu
NMo3BONAIWT B 3yaunevMcorCbB 4 3 U M H GgxvescuryBeac K X ¥ MUK O 6
npoLeccoB, WU OpPUEHTUPOBAaAHbL Ha pas3NUWYUYHbBE K

Pa3pabarT sbBoabeuyeaHsH a A [13%13G] en/os3 B O T U T pa3pab
NOAXOAC &HWHWIMNpoLeCCOB B pa3/iIMYHBLIX O6MOpeack
3akoHOMepHOCTHN nNnpoyecca U BbpaboTaTb 4Yac

nNPpMUNMEHNMTENTbHDO K KOHKpETHOVI KOHCTpPYKLUUNUMN a

23dopmMannmsayumsa COBMEC TCH/AOCI TOE MOaTEECXMIGHTIHPEECHE IC 5K 1

bnoxmmMmyeckunxmMmaopenecawaspobHOro 6poO

Pas3pab6aTbBaeMas MaTemMaTunuyeckas MO e nt
Hamb6onee MNONHO oOTpaxaTb B3aWUMOCBSA3IUN PuU3
npoueccoB ANS pAanbHelWwero onpeageneHunsa Ha
aTanax NPpoeKTW mMBBRAIMMS , [ UJAO PHMaC/T U Y € C K U X M
COCTOSHWUN CUCTEMBI, pas3paboTKNW CUCTEMb M
OULEeHUBAHMUS HensmMepseMblX napameTpoB aHa
napamMeTpam, XapakKTepusaywuwnmmMm GPYHKOUWOBBPRBE
3TOTrO Heob6Xxoaum yuerT M3 MEeHEeHMUSH TEeXHMU

XnsasHeagedartTeabHOCTUbLIO 6Gunomaccbl, C O,EI,HO|7| CT
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TeXHNnN4YeckKumx noagcuMncrTeM OYNMNCTHHDBX COOpPYyXeHWu

opyromn.

PaccwmMaTpwal@sx c N O4YNCTKMU CTOUYHBX BOA B
Heob6XoA4MMO YUYMmTbiBaTb OCOOEHHOCTW nNno3TanH
rpynnamum MUKPOOPraHM3ImMoB OMoOMAcCHBbI. B np
OOHOI cTagumun  ABNAKTCSA CybcC Bp akToOHVe U HfOM ™G
opraHmyeckoe 3arpsas3HeHNe CTOYHOWU BOAbL A0

HecmMoTpAa Ha pas3HoobG6pa3une KOHCTpPYKUMN a
MOXHO npeacTaBUTb Yye®@& 3K)a K 0ecWHKaouCeTHbH Y(Kp Uycc T P ¢
CTOYHOWN TEBOMPLA, O NWEeHHON BOoAObl M 6unor asa.
pacnonaraeTtcsda akKTunuBHad MUKpodnopa, OK WCT
BOAbI. Kpome ToOT O, bnopeakTtTop MoOXeT ObITHDb
obecneynBawlwne pabo4yyt CcaT e mroeppaakimyBpayH 1 sn p -
M3MEePUTENTbHBIMMU npnobéopamu, B— YHCETKPOOTOCPTbBXa N
nepemMewWwnMBaHNA XUJLKOCTMN.

AHanns3 wMopaenein aHal88hoO6wWOHOBApPpEXKEHHKHA | a
K MopenupoBaHWIO npoyuecADM-1 v mepaa®p ewWmMe MO
pab6oTb aHasapobHOTO GnopeackTmp §® X CATOACAT VAT HOOH
npouyel[6, tlad6, 89, 91, 92]. Ha BXOA B bnopeakTop noAa
S9KBMUBaANeHTHOMN KOHLGGHTPpPRmmi 0i3 ar NHoX 0 e P B 0 1
norngowaeTcda FTpynnonMm KWUNOTOT €HH blB1uM vpkapsonoaprr
MMU O OpPraHWMYEemopR &g C TKAMBC/BAIEOMEBR XI®CKHBIVHEO 1 K O H L
YyKCYCHOIW Kncy¥mocypgicHas4 Kucnorta ABNAeTcCA
MeTaHOlIeHOB, KOHLEHTSpaLm ABzK our oppabBxn aBr abentogse
B KOHUelTpdYywn as Mano pacTBOpPMUM B XWMHAK OBC
o6bbeWeiepes rasooTBOgAWMeE ycCcTpoWmcTBaA. Ou
3arpsasHeHne, npepgcrtTaB/leHHOE CY MMQuwM O0ycKkTCcayTCC
K 1 c n aPgubl KoTopas-d He 0O JTXHa npesBblWaThb 3 a
TEeXHONOTNIMnMYeckunmm per NRum&dk KASMohuw.3 HavueHNma, T

AByXxXxcTagumwHbA npoueccC aHadpPoOO6BHGHB -®po:

P+Bo-Gunu MoxXeT O6bITb Mpeg@HaxKxneH Kack
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PucyH3c-Cx2MmMa npou ¢

PucyHic-Cx2mMa ABYXCT.

npeobpasoBaHNa 0] npouecca aHasapob6HO

sarpAsHeEHNA CTOHHOl gphrannyeckoro 3arpsas

bnopeaktope aHaapob6HOM 6Guope

Ctagunmn KNCnNnoTOoOrlr eHea3a " MeTaHOTlI eHe3a np

onpepgensatwT o6Wytw CKOpPOCTHD npea=zCX@HO] 6B
MHTEHCUBHOCTb U 3 PPeKTUBHOCTb OYUCTKMU, n c
6unorase, Mcnonb3yd pa3NuMyHble KOHCTPYKTMUBH
bnopeakTePa. NFAEHEHNA NOKa3aTEMOKBT UBIEMBAO
cTeneHMW cBUAeTeNbCcTBOBAaTb O HapyweHWun Te:
HeobGXoauMMOM MHPOpMayuuneim AN s NPUHATMNA p
pa6boTtTocnocobHOe cOCTOSAHMUE.

MccnepoBaHnga M MOAENUWPOBAHUEGHPA3I OLMNOPEX
npwse pqed &8 8-14, 1b, 16, 139-141] M cBOAATCHA K TOMY, |
B O BpemMeHMU KOHULeHTpauumn KaXpor o n 3 pac
ypaBHEHMNUEM MaccoBOT O banaHca annaparta,
TpHaxnopTa W pacnpepjgjeneHmsa BewecTtTBa WU 6UKO)

aHasapobGHONWN OGBMOMACCOWN:

MoT oK MoT oK CKopoegODPpPOCTHDb
CkopocThb

KOMMNOHEHT a, KOMMNOOHEHTa, O N OMDNKMU
HakonneHuna = - + - (2_1)

nocTtynatwuer o BbiXOAgsdaWero n 0oT6ppealsoes

KOMNOHEHTa
B 6uopeakToOp M3 6MnopeackToprO MIKOHIETH
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OAna OCHOBHBX MNapamMeTpoOB aHas3apoOBHOTOo 6]

banaHca M (GuU3IMYeorAaXYHOLPpUALEHOPp ™MB B

OO0 O 00O i)

- 3 1 3 1 1 (22)

B cucteme (Z—BBpapmgpgprrciipe eneHmMe KOHLE.!
YKCYCHOW KMWCNOT b, 6unor asa, KMUWCNMOTOrNrEeHHOMN
KOTOpPOE ONWUCBHLIBAETOCHSB EXT MBH®OH WA Bwaa comiex e W o
3aBUCKUT OT KOHCTpPpYyKuUuuUKn oO6GUnOopeakTop& fimfseoo
dy H K U mvp,e gosusen o N1 e TeMRnerpaarpyopo M HamMmyecKy
bnopeakTtTope, COOTBETCTBEHHOT 0 pPEBRBUI eHNG 1B LB [
KoTo@pmEegenaeTcda KOHCTDPWOMWEPHEMNM TW@PMAO THEHMN

PyHKUYMHmonpegenawtT OMOXMMMUYEeCKUE nNnpouye
CTOUYHBIX BOL: pa3fnoxXeHue rgpracpasaeDatwne
MUKPOOMONOTMYEDRKOW peaxuyumwnynayumim) MUB@IKOD
K1 = (U1, Yxi, Ksx 1, Kmx 1, Ks1, Ys1),  Kia= (P2, Yx2, Ksx 2, Kmx 2, Ks2, Ys2, Vin max, Km, Kim)
npeapcrtaBnawT cob6oMW Habop KMUHETMUMYEeCKUX e
XMN3HeaeAaATenNbHOCTMU COOTBETCTBEHHDO Kncnort
MUKPOOPTIraHMW3 MOB. QTN nNnapamvMeTpb 3aBucaTtT o
pa3BUTNA U XUBMH,e AR AHEMBMH/Ob Weld cBeneapdoael
6unopeaxkTopa, M ONpemMa/msa K3C 9C TIEMKTUMOPMIEYTEPCUKYME
PesaynbTar bl pas/nyHblX mccnepoBaHMIN KWNHE"

AaHaAaOPOOBHOM COpPpaXMBaHUN A0 EITPABIELYIEHKIO B0 N3PATNf
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MpepnoxeHHas bopmManbHaHs 3anunce MaTeM

BMECTHO paccMoTpeTb (MGuaumuyueckune M O6KMOXMNU
M aHas3poOOBHOWMW OGMONOTrMYECKONW OYMCTEKSE TCBT oM
omMaccsb no bnopeakTtTopy onncolBaeTcCHA n3B
TepumanbHOT O 6anaHca, LOMNONHEHHbBMMU KO
NbHeWwWwee nocTpoeHMUe MaTeMaTunUnyecKOI MO
OYHeHMUNafi-YH %I 1 in

OnpepeneMaeenaTmyeckKkytw wmMoagenb (2. 21) ,#u
MO JIHE&HHY K MCNOVBCMSBEHC T eH

1) ocobeHHOCTEeNn wMacconepeHoOoCca nuTtTaTen
BoOoAa OT HMUX NpoapyKToOB MeTabonuswma;

2) ocobGeHHOCTeWNXKPDEERAS APABBMITUNHAN UMUK P O
3) BAMWAHUNUA TUAaPOANHAMMYECKON OOCTaHOBK
4) pacnpepeneHunsa TemMnepaTyp no ob6bemy
5) BAMAHMUA KOHCTPYKTWMUBHBIX O0OCO6GeHHOCTEI

30BeM 00600OOUWEHHONW MOAeoipao va HeaysgeoM HOOOr 003 Hoan
24Pa3paboTka o606WLMeHHON MOpgenunm aHasp
MacconepeHOC BewecTB B adlaxpaEHEM O@N aif

wecTB B aHaapobHOM 6GuMUOpeakToOpe mAppAEeNa

oOrpaHumydyumBaceT CKOpPOCTH®b npouyececa O4Y4UMUCTKMUN

opeakTopa MNONOXWUM ypaBHEHUWUE KOHBEKTIMUBHHI
NMONMTHEHHOEe KOMMNOHEeHTAaMW, YUuUuTbBaAaWWUMU K.I
OpHIAYEeCKOrNro 3arpsa3HeHNsas CTOYHBM BOABL aHas?’
2 2 2
C - C C @ C
WCW)=R —7 w5 45 W W W,
y z X y z
dC ‘C C *C 0 c C
_=DC —2 -I_Z #2 WX_ V\/')I/h W 42L rl rzT (23)
dt X y Z X y Z

roBc—kKkosdpdpuuyumeHT MoOnNnekynapHOB xwmgxidy, dmw, — B e
cocTaBnawwme cKopocWmoneoopawn bKa@HOK,Zb)ea m
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HueHTpaumsa paccManmnpPmEXxOPO®ICAT VB EO®T BEA,C T |
obpas3oBaHuMAa paccmMaTpuBaemMoro BewecTBa &
YpaBHeHMUe wMacconepeHoca (2. 3) O GBJ1 XTHpOY T
wecrTB, yyacTBywOWNxXx B mnpouecce aHaapoobH

TOPbLIX CywecTBYWT 3TN BewecTBa (XMAKOCTHb

€ETOYHbBIX OObeagUMHEHWNWN, TaKWUX, Kak O6Gunonaert
ocywecTBnaeTrTcAa, ypaBHeHWUe (2.3) cBOAOWUNT
dC_D ‘C C C . 2.4)
—Q— =0 —7 5 - 1 T2 :

dt x>yt 7

Ana ras3oBoin Gaszbl, Mano pacTBOPMMON B C
Mepe ob6pa3oBaHMWUA, UCNONBAOBaAaAReOPpPARBHE

mMcaHMea npoyuecca B KNEeTOUYHBIX CTPYKTypax.
CocTaBnuawmypepaBsHeHun (2. 3) m (2. 4MH eyTUK
OXMUMMYEeCKUX nNpeobBpas3oBaHUMW OpraHmyecskKo
ammocBHA3aHHDBE Npouyeccb:

s XN3MeAaTeNbHOCTb (MPYHKUMOHMUPOBAHWUE, Ppo
e pa3nnoXeHNUEe CNOXHbBLX OpraHMYecKkUx Bewec
OXMUMMYUYECKON peakxkuywunmn,;

e ob6pas3oBaHuUe (CUHTeEeS3) HOBbLIX BewecTB B
r'Pss3HEHNSA CaT30PHOHOOHIO B 00MbD MaaHC C O W .
PaccmMmoTrTpum 60nee noagpobHO oOCoObGBEeHHOCTM
OXMWUMMUYECKUNUX nNpoyeccoB B aHasaIpobOBHOM OMOCF
Xn3sHepgpeAaATenbHOCTHSHb ((byHKUMOHUPOBAHMUE,
HueHTpauwus MUKPOOPTraawmsmBBO COTMLO M@ B B 81 4 enn

CTeMb K OYNCTKKa NBTAOKHHEWIAIP & B T, 61 p YACHTanIKpaoNOVH

OXeHWus, OKas3bBawWMMM BAUSHUE Ha aKTMUB
nawTcsa TemnepaTypa, KWCNOTHOCTbL cCpegsa,
KCUYEeCKIMUX BelWwecTB, MHTrMb6unpoBaHue <cybe
ouecca.

B oTnvMeI®e MECHOHCLIXO A HM A 6GumomMacchb, TakKunx K
TUBHOCTMN, yAenbHbEe CKOpPOCTMWU noTtTpeb6neH
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MeT ab o N un3evpae 4 Me/peHIEGHHpbYEX a loWe i cpeabl noAapa
KOHTpPONKW NpWM 3KcnayatTaumm cumcrtem aHaspoobF
Pas3pabaTbhBaemMasa MaTeMaTumyieckas Mopagensb
CcCTeneHW oOKa3bBawwme BAUMSAHMUeaHwHacDODBmamMACO PP
npouecca aHaspobBHOW OUMCTKMU, a TakxXe ems wm

6 nmo MaBc C bl

KnHeTtTunka POCTa MAKPOOPTIaHMW3 MO B Ka)i(ﬂ,OVI

dB
OnNnunmcaHa yepes M3 MeHEeHMWE KOHLI,—gt—HBI'paﬂ,BIMCI/ﬁNI’I(I:

yAenbHOIW CKOPOCTMU plpcya@lelUHEBBMACCH OPOPCTI T (
61nomMakg c @[, 8 11,12, 139, 142-145]:

L= B kB,

PacnpepgeneHume KOHUEHTpauumm 6 utomraac Ckbll eBT
arperatToB M UNUCNONb3yeMOW TexXxHONOruMuMm aHan?3
cMmecunTenemw NpuMeHMMaAa MOAE€Nb KOHBEKTMUBHOTC

f=w, 2 w2 wbB
X y z

ansa bnopeakTOpoOB C NPUKPENAEHHOIN H a
pacnpepgeneHme KOHULUEHTpPpaAaUuUN pas3nNMUUYHBIX T pPpYyI
nmMmntTupytwuwero cybecTtpata n B obwem cnyBae
BO BXOBiwBe&IM om@m| WNn oT oK e MUAPIKBHEZFIAT]:[ 6,

f3 :QD(Bin -Bout)’ r3 =B k_dB’

dB
EzQD(Bin -Bout) B kdB-’ (2-5)

—-_

L@ —CKOpPOCTHDb pa36aB'1n@DH=|%%, QEPRAGIX O YA TOUYHDC

bunopeackiawpyeobmem 6MOPFeakToOopa, M
Boipaxettbyengf@2meHN MO TakxXe W [ ACAMecmcT Teale
AONYylUWEeHUUN O paBHOMEPHOM pacnpepgeneHumm 6uc

B ob6bwemM cnyyae, ypAenbHasa CKOPOCELHH ..pwcCT

aBUCUT 0T JOCTYNHOCTMW JCYN M vHTaunpuyudtmuge r aly rcu

w

=

McnoTmHkbcTeaMn epaewpibiln T. 4.
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Mopgenb KUWUHETWUKIDPDO OMas ceBlapoamcxogsa U3
KOTOpble YyUYMTbiBalkT OCHOBHbLE NapaMeTpb aHas:s
6nopeacx Tl4Rpldd). [ 12,

1. BnunauHne MaKcumanbHOLMW yA€enbHOI ckKop
KOHUeHTpaumm numMuTtBpoiesads cyoge paTBoHO,
1959 m T1T.n.), a TakK Xe YypoOBeHb pgerpapgaumy

_ S
maXS+KS’

Fr'fenx HMaKcUManbHasas ypaenbHas CKS KO-€IM®C TPOOSCHT
NoTyHacbLUWeHNSA, paBHasad KOHULeHTpauyuumm cyo6bCT
MUKPOOPFraHMW3MOB paBHAEeTCSH xAkOMOBUHE OT Mac

2. 3amMegneHM&#KPOOPRAHM3IMOB Ha MNPOTAXEHMU
MoagunpnumpoBaHHada Beprtepom, 1983).

3. BanmdaHue MHT NGMUpPOBAHMUSA npouecca pocT
cyb6cTtpata (XonpgadH, 1930, Be 606, 196 3, AH O
1977, Xpewncmedlm, 1988 v aAp.) ®” npoAayKTaml

Xoncbepr, 1967, Anba wm coaBT. , 1968, bas
Larnei wnu XHwensya4ay, 1983, XaH wn JleBeHcnem
19681 4p]1
_ S
~ max —Sz’ (26)
S+K; +—
K.

rgle—-nocrtofaHHaAasa MHrmébupoBaHuda cybcecTpaTom,

4. 3aBUCUMOCTHDb ygenbHOIW CKOpOCTM pocTa
(Mntcpop e p, 1991) .

5 BanmaHne MeXBUOOBON KOHKYPpPeH[BHM B Kne

6. BanmaHnume TemnepaTypb npouyecca (WHT pax
CnHknep wn KpwucrtahbhH ARIAI] tPpe8ANar d&mrTtopmEe L0

ANsSs yuyeTa BANUSAHMUA TemMnepaTypb Ha CKOPOCTE

( (=) 2.7)
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rné—pabovyaa TemMnep@myfPa -—opomBetTaJBeHHO M

M a

no

20

K O

MO

4O o
K W1

=<
s O ® ®d O T

KcCumManbHasas TemMnepaTypa, npuM KOTOPON MO
nynahwmenr 03 ppmumeHTb, onpepgensemMmbe 3KCNEGFf
7. BnnaHnune kKupHrteeHec IVMHKenmnagakm ©“U CcoasBT
02 wn agp.), KOTOpPOEe YUYNUTHLIBAaATICEN UYERPEEe] e
SdhdpmumeHTa yagaenbHoOMW cKOPpPBOETM pocTa MUKC

1+2 100-5(pHmax_pHmin)
pH — 1+10(pH_pHmin) _H._O(pHmax_pH) )

(2.8)

€Hpax W PHmin —BE€PXHAA U HUXHAA pHpaBUIKDTOPAM:
OpoCTb poOCTaAa MUKpPOOPraHmsImoB Y O6o0nbuwe
rmonmpoBaHmMAa.

Ana onucaHMAe KMUHETUKKUMW pocTa MUKPOOBHOLM
Aenb OQHAoptCaa(uRy.kdb ) ¥ H ryn4ommTpeOBB & H U € KoMMNO
NONHEHHY W KOMIRHSBHT, amw3IBd.aAAWN MU Yy yYGuc T |

cnoTpdbXxepKocTKN B pabouyenm 30HEe OMOPeackToOf

( (=) (2.9)

B aHaspobHoOM 6GunuopeaktTope, mcxopa w3 4
y nn bl MUKPOOREMEHMIOT OO B H bl ¢ BiovH L @e T Q& IQ N €
HueHTPBayKoMHueHTpayms aKTMWBHBLBIX MUKpoOooOPpT
HAaeTCdA B nNpouyecce aHaapobBHOrNro 6GpPpoOXeHMNH
wecTtB. CxemMaTmuyecku, [fNA NOCTOAHHON Tew
HueHTpauunmu MWK POYTPU a HIVB3MMKOEBH M S OB X UK DT [T M

OpeaxbTTOEEE MMEeRHO npeagctaBWRB)b B BUge (pwu


file:///E:/Ð�Ð°Ñ�Ñ�Ñ�%2001.06.2021/Ð�%20Ð»Ð¸Ñ�ÐµÑ�Ð°Ñ�Ñ�Ñ�Ñ�/Ð­Ñ�Ñ�ÐµÐºÑ�Ð¸Ð²Ð½Ð¾Ñ�Ñ�Ñ�/ph_T.pdf
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-

OHOMACCH

Memanocenm

Kuciromozenm

YACHBHER KOHUCHTPAINKA

S

o d
et

PucyHoumsmeHeHNnNe yaeNbHON KOHUEeHTpauumm K

bnomMmaccb B aHasps6GmemHGmemeakTOp

PasznoxeHue BeuwectTB ( aleampre@umeimite 6N T KA
KOMNOHEHTH cybcTparTa obecneynmBamwt SHeprT
HOPpMANbHOMN XMW3HEeAaeATeNbHOCTW WU pPa3 MHOXEH

KOMNOHEHTH cyobtcpana pazea&iddjpo cCkedXp o[cG,b N

KOMI'IOHeHTar‘l:C%—SGCIVITOp)KaHToa onmnmcartb K a K
t

r

_ds L ds
odt o, dt o dt o
ds
3 e :B——cnaraelvloe, UNTbBawlWe e M3 MeH®EH
ACCdk 77y, y "

cyeT QGpopMUPOBAHWUA KNETOYHONW Maccbl;

ds

" =BK, —Cnharaemoe, YyYynuThbiBawilee U3IMEeHEeHMUEe
E

npeo6Gpas3oBaHMA B OSHeprunuiw B pes3ynbTaTe pas:

&S _gyp S

= = . ———-CnaraemMoe, yuuTbiBatlee W3MEeHEeH
dt . Kg +S

cueT ero npeo6pasoBaHUA B NpoaykTb MeTaboc

Yy Ky  Kix Ks—k mHeTuuecknue npe@edmemue, smnupuuy

CkopocTb nNnoTpebneHMmss KOMNOHEeHTa cyb6cTp

r1:B v '*st 'Knx w Lo ° (2.10)
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O6bpasoBaHuUe npoaykToB MuUuXIPHOOO HOT DO MEE a
aHasapobHoM OumMopeakTOpe AnNnd OAHOIM n 3 rpy
MeTabonumamMa, TOTl ga MKT gqmeisn baHpbyM LOBAE af @ey TNBIGHN
CKOpPOCTb O6pasoBaHMA KOMMNOHEHTAaA MOXET p@u
«nNnpepgwecTBEeHHNKa» o n s obecnevyeHNn4d SHeprT
BewechBakoTopoe obpasyeTcs B p e 3Sy /1 bKTuaHTeeT

npeobpasoBaHmga 6yapetT MmeTb BUALA:

ds  ds S
+ Y:SB KSX Iﬂr-wX

r, = — _—
S | ' K +S

(2.11)

Mpouecc o6pa3oBaHMe OMOrasa 4YyBCTBUTE
Hanbonee nonBoBWMOYNaEMIB®aH YTO OCHOBHBMU KC
MeTaH U yrnekuneGaeH+CO.Lx,0 progrwe m 6 pa3 oBaHUSH
K 1 cC nié 8]bl

B> Kin_, (2.12)
K,+S K, 6

e =V

Yrnekuncnelh ras3 o6pasyeTcsa Kak U3 T Nt
YKCYCHOW KWCNOTb Ha 3Tane MeTaHOreHesa.

yrnexkumcnagro rasa

M
rch :( 1BlY co s +szY ZC)) .MCOZ ) (2.13)
B

r AlcooMMg—MONApPHbBLIE Maccb yrnekmcnoro rasa Wu

B o6ob6bweHHOW ™Moagenun aHaapobHoro O6Gunope
aHasapobHOTN o ©6po0Xerdmray pcaoBCHTeaHB(NZA. 1QUM.eR pe anar a
ypaBsBHeHuavwu( Bnpad) (2T7Td0pa Ha cTagpumum KUCANOT
rNMOKO3bIMBKBOM@MBONOrN MY4EeCKOW peakuyuumn

s =hs(B,S,K,) =

S

=B, L1 Kk ,
1 Y, . Ex 1 Kn_{leSI_FS

s =0, (2.14)

KoHueHTpauwus YKCYCHOI KMcnoTb Ha cCcTa

cooTBEeTCTBMWUMU c YypPpaBHeEHMNeMM
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rZP:rZP(Bl’S’Kl) »
S (2.15)
+S

:YSl Bl KSXl I‘n)-('-l K

su

aons cCTapguun 3 ale TYaVHEOHT bellHeeH U e KOHLULEeHTpauuu
cooTBeTCTBYywWee yBe/NMWYeHUEe KOoOHULeHTpPpauum ¢

e =0 (B, P.K,) =

. (2.16)
=B -2 kK ————————
2 Yx2 — Kﬂtszz-"P
e :rch4(Bz,P,K2) "rzcoz(Bl’S!Ksz’P’KZ) -
P Kim —M : &
=v_ B, K TP K P (+1Bchozs ZB-EYCOZP) MC: :

Ffr'mppognmHammkKka B aHasapPooObeMHOBOpPeapoOOPpeE
KOHBEKTUBHOT O MacconepeHOCa B aHaapo
rmagopogMHaMMyecKuMMNM XapakTepucTumKkamMm nNoTOK
onmnmcaHwms rmaopogmHamMmnyeckKkom 0O6CTaHOBK MU E
Hepa3pbBHOCTMW NOMYKIFpPpOBHEE NN n agBHMOBKECERaM A [ /Hsa
xnmaokoctmB8l: (2. 19) |

d_+ L & —-IWLZ 0 2.18
dt X y Z ’ (218)
aw, _ p W
dt X §
dw P
y = Py
dw p
7 p=ras . ZHV
dt z J ‘

roe xpyFzpt\—nmnotHocCcTb WyxWaW.ecoa@agT7aBngwowme CKOP

XNMAKOCTHU NO OoOpaAMaKOPUMMPPYLULMEHT KUuHemMarT .l

— 2WX 2WX 2WX
XU Ko cW s " +7 427 aHanor myHW,. an -+
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B

obycnosaeHbl

K aKkK

T aKk

"

Haltmuymeww

aHaoaoppodb. H@ma BDPOPHAERK TON O P e

HepaBHOMEPHOCTHb

KOHBEKTMUBHOMW (

TEeXHONTOlI nyecKOM

obopypgoBaHMUwM

X0powo

ypaBHEHUEM

K OHBeK TInyBpKa pox réBdaro o6 me H a

aay

Takunwm

2

o6bpasowm,

C yuyueToMm

MopAgenb

nponeaopeBKTOpeE

OMM

(2.20)

Bbllle M3 JTOXEeHHOT

npeagctaBnseT cC

ypaBHEHNN,

onmceoBatwWwmX

KOHBE@KTMWBHBbIN

B MOoOagenwu

rpynne

BewecrTB,

KNHETNMKY

MacCcCaoO

AN A
bnopeakTdRe 192. M

COOTBET QEECYIBLIAE I OMOBIEE /1 b

M N-RA70 6 1
rmapoguvnHamMmMmK u

8)Tennoo6bMeHHBX npoueccos

2 2 2
d_S:Ds _§ *_Sz" % Wx_s Wy"i Wzi Y
dt y z X y z
2 2 2
%_T:DP T2 *_Ij % WX_P Wyi \Nz4E e Bps
X y z X y z
dG _ ‘G G ‘G
W e Ty T
%: e’ i Wy & Wi i + B ledlBl’
X y z
% -W, > Wy > W " 2B, deBZ’
X y z
d W W, o w
—+ Lo+ 2 42 Q=
dt X y z
aw, _ p wWoowW W
- —+ LI X X ,
dt X X’ y? z
dw, _p Wy+ W, o
dt y x* y? z°
W 0 , , , (2.21)



https://ru.wikipedia.org/wiki/%D0%A4%D1%83%D1%80%D1%8C%D0%B5,_%D0%96%D0%B0%D0%BD_%D0%91%D0%B0%D1%82%D0%B8%D1%81%D1%82_%D0%96%D0%BE%D0%B7%D0%B5%D1%84
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%80%D1%85%D0%B3%D0%BE%D1%84,_%D0%93%D1%83%D1%81%D1%82%D0%B0%D0%B2
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OTnnmuumGio 6 e HHO MCANDACL2 11 ) oT M3 BEeCTHBbIX
cneagywouwmmMmm NONOXEHUAMN.

1. OMM CA¥YOnTbLIBAaeT OCHOBHbLE nNnpoueccbl, n
onpegensgwowmne ero KOHCTPYKTMUBHBIE U 3KcNAOy
npoekKTMWpoBaHNMSH cCMctTemM aHas3IpPoOOHOI 6nonor |

AT OPUT MOB Yy Mipa& B A G HpHRELCEKHANB cmcrtewmMe MOHMWT O |
OYNUCTHBIX COOPYXEHNMN.

2. OMM CABO onucbBaeT BHYTpPeHHee COCTOS
CTOUYHBIX BOfJ, OoOnNpepensaemMoe KOHUEeHTpauunmsammu
napamMeTpaMn, XapakKTepusyomwImeB aKTNUBHOCTHSb
3. OMM CABO oTpaxaerT BAMWAHNE BXO.AHBbIX
HuUeHTpauuMum oOpraHmMmyeckKkmMx BewecTB BO BXO
oka, TeMnepaTypb npouyecca, CcCKopocTwun pas

CTOAHWE TOW CMTPEUNVBLD, 4, NYT K BO3MOXHOCTMU NnocCcT

I O O
® o 4 o

HabnwpaeMbXx nNapamMeTpoB Ha OCHOBEe U3 MepE
4. HayanbHbBEe WU T pPpaHWYHbBIE ycnoBuUua ANA P
KOHKPEeRa@mBATPYKLUKMEIN n NMNPUHLUANTIKOIMO PAELNCTTBA $
mcnonb3o0oBaTb ee A9 pa3NMUYHBIX KOHCTPYKTMNRB

55.0MM CA®S®naeTcs OCHOBOWNW TnM-loMAPIEWOKH M

CABO, BKNWYEeHHOMN B pa3pabaTbBaemMyltl garn
0606 We HHMaTTO A HUSA CABEO, MOCKONbKY Hapagy
OGMOXMMMYECKNUMU XapaKTepucTukamu, cogepxwu

napameTpb CABO (kak Px,demi)HEe HTbl BeKTOpPOB
e p—-fpaBneHNne Bin—PECCTXeONMIe , HaCcoOCHOTr dN-nbé6oneyps
MOWHOCTb MexaHMW4YecCcKOro nepemMewnmBawuwer o ycC
XU oK odTwn
e Ba-TemMmnepatypa M TemMnepaTyponpoBOAHOC
* KOHCTPYKTUBHDBLE n&KpaveppHiedAONLAMb Hay a.
ycnosuda MU BO3MOXHbLEe ynpoweHua cucrtemnb (2.
YKaszaHHBE OCoObGeHHOCTM Moaenwu (2.21)

M OKCO /1 b K Y No3BONAKT MmMcnosib30BAarThLb ee O ns4d 6 0
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MpuMMeHUNTENbHO K onpefgeneHHGBbBM KOHCTQPY
anor M4yHhbe (2.21) Y2A%B.He Kiax mMpBevn@L U
WeHMWe 3aTpy/nHEeHHOO, VH/TUO HNEPBAOB3OMNIOMKT K H e 0 6 X
CNEeEHHbBIX MEeTOoOA[OB U NOCTPOEHUA UMUTAULMUOHE
Ha ocHoBe aHanmi3a 006006WEHHON MaTemMaTMWny
epywowmne 3apgavu.

1.OnpepeneHne HeoOXOoAauMBIXAeEe ¥WaTPEIBIN A OALUM X
TOMAaT W 3 MapBOTBOAVMHAHTOMrYoe/C K OT O ynpaBneHIWs s na Hlgask
* M3 MeHAA TemMnepaTypy B pabouyuelh 30He O
eobpas3oBaHMUA 3alrpsA3HEHUN MUKPOOBHON nNnony
*M3MEHEeHUNE paoOXMoan gxwKILmare M aHad3aIpPoOOHOM
paBnAaATb BpemMeHeM npeb6bbBaHMWMA CToOKa Ha o0
eneHb pas3/IOXeHUA OpPpraHMyeckKkmx 3arpsasHert
*BBeeHNE peareHTOB Ha -B8MOPEAT@RAL H GIX
3BO(NME@W OTKJ/OHEHMWAX 3HaYeHUN KOHTpoOAAUp
ouecc OYMUCTKMU.

2CnHTeE3 cmcrtTemMb aBTOMaAaTMyecKOro ynpas
LAaHHbBIX ynpasBinsgwUWeX em eHHIANBAUHLE3WYLbKXW N 1 C N C
21) B [Oxeanuse cOTOBbee KMIOA Yy nNpaB/neHNsd.
3Boi6b6oOop MnepeamenspHobUXe CCa, 3 HauUYUMbX A8 0T
CTOSAHMA cuUucTemMb 6naropgapsa ydyeTy BIAUAHMNMS
oyuecc OYUCTKW ANA WMPOKOTNoO Knacca KOHCT
4 MNM@eTpoeHne cUMCTEMb MOHUTOPUHTIaAa CcOCTOHA

9 COOpPYXeHUW aHaapobHOMW GMONOTrMYyeckKkoWU o

AHMAMM MU MHGPOpMaAaumMmem, HAKONNEHHON B nNpoc
MCTKMWN,

5Boi6op osddpEekpaBeikbiMii npun ynpaBaeHUNM Te
OFrHO3 pas3BUTUA COCTOSAHMA CUCTE MBI, oueH
Tyauunmih, TakKwumx, Kak MNWKOBbLIE Harpys3kK#M, a
MAHNA 3TUX PaKTOPOPRPYHIPWMUN PaBPAPOOGHK @I OK O

OeKTUMpoOBaHWMUMNM.

Ha ocwmaomBemaTunuyeckonm mMmogenunm OMM CABO 06
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* OLEeHUWBAHNWE HEMBAMMEOTAEAMBLX XapaKTepunsyidu

e hbopMuUpOBaAaHUERNAH MDETETaM Y4YecCKMUX NPpM3HAaAKOB
anroputmMoB aHanusa cocTmsEG@ABOaBagpobMONn C

OAHMM N3 Ccepbe3HbX YCNOBWUMN MNPUMEHEHMWUH
ABNAETCAC PAPIMHMIIEPHOBAAMMBIKLBIX W T paHNYYHbBHKO ryoc
KOHCTPYKTMUBHOTIO peweHMA aHasaIpobBHOro O6MUOPE
TpebyerT npoBeneHNSH paga nab6oparTopHBbIX n (
NPUHLWNOB Teopuu-marccpodmse H HE@RXIT TaipoLeccoB .
ynpoweHun w. pbbeyaweepme M3 HUX NOKaszaHb H
bnopeakTopoB -COAUBEBTUMPWHB@HHON bnomaccoi

HENOABMUXHBLX HOCUTenax 6uMmomMaccoll.

2506 06weHHas MaTemMaTuMnmyieckas MoOoAenNb aHadp

CeaunMeHT U bupavHH CiD i

KnabmopeacmMegmBE eNeil EoeAmMVESDMPIOB AaHBOWN
BUAE AKTUBRAPMNO H@B@anbLwoim NPON3IBOAUNUTENbHC
S9KOHOMMUYECKUMUMNW NoKaszaTenamMnm WU  UOCUIMOCNTbKIWY HOCT T
BOAb CT@OmMaEHEHO, a Takxe npu obpaboTKkKe OTf(
aspauuMm Ha TOPOACKMUX OUYUCTHBIX COOPYXEHMUNSHX

B 6 u o p ecawercompTee n e , Kak OpraHumuyueckoe Bel
paBHOMEpPHO pacnpepgeneHb N0 paboyemMyMvwo o bt
nopaeTca cyob6bcQptah7 e€opBexNOpamMuMelnn nurtTatTenbl
Sin(t) m oO6uBdtlaccuw oTBOAUTCHA TakKoe Xe Konauue
obecnevyeHMAa nNepemMewnmnBaHMA cpeabl KOHBeKLULM
AV dPPY 3MOHHBIMMU. ObecnedvyeHNne roMOr eHHOCTV
KOHBEKUMOHHYIW coOcCcTaBnsawwya B pOWMOEEaAK MATE

GanaHCOBOTI O Yy pasBHeH ufgt), f{(t2 fd)) .x aTpoarkarae pduys Hy Kk |
m oTBOpA cybcTpaTta, 6uomMacchb MU npopaykTtoB €

10=20(s,0 50). £0=22(e,0 20). 0= po,
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paborT bl

bnopeakTopa

6e3 pey

NPOAYKT peakKuUuMmnm He BHOCUTCHA B 6GumopeakrtTop,
Torga cuctemMa (2.21) npumeT BUA:
ds(t) _ Qu(t) 1 S(t)By(t)
= =22 (S, (1) S()) —o= Ot
Gy (S SO) g K RO BOUSK
dt V 1 max1 S(t)2 di=1 '
Ksi +3(1) "‘T
dP(t) _ Qu(t) S(t)
= == P(t B,(t) K —
dt V ( ) \4§1 1( ) SX1 X1 KSl +S(t)
P(t)B,(t
- m;axz"'Kmxz (D8, I)D('[)Z —B()t K,
v Ko +P(1) +
dB,(t) _ Q.(t) P()B,(t)
= =SB (t ——=2 k. B (1),
dt V 2() max 2 K32+P(t) d2 2()
dt nmXTITK, +P() K, 4P(b)
S(®)B,(t) P(t)B,(t) Meo,
max1 K51+S(t) CO,S max 2 K52 +P(t) CO,P MB )
(2.22)
2606o06weHHas MaTemMaTumyeckasa MOAEeNb aH:

NnpUKpPpenseHHOLMU

PaccmMoTpuwm

bnopeakTtTopa
MNOCKOCTHBbIX
O4YMcTKE

(coipoBapeH,

CTOYHBbBIX

Ha

NPUMEHEHMNE

HOC napebr K X 1 BKHOOT BOFNEBICKOAB @ H a

BOOg nNwuiuwesBom

npeaganpunaTtumn

NpomMblwae H[EBBl.c T e i

B KayecTBE

BblMmMOJ/THEHHYIO

HanpuvmephapaonooeobHNe,

HocuTenemn

n a3 NMonnwnmepHLBX

HenopagBMW>XHBbIX

0O606WEHHOWN

MasconepepabaDms

obnomaccsbs B

NI1TOCKOCT

MaT

npume

npoMblw/gTe HHOC

noagobo6

MaTepumanoB U

nmeyeaxh, 1 darpy3s3ka TWu

(2. 21) BhITELHWT B A@UWEMETEKHTHO@MO BH |

~

C
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[ 26] m [opyrune. Bnokn 3arpys3ku Hocurtenem
KaHaibl, npoyeccb B KOTOPbLX WMUWAEHTWUYHDB U O
pa6boyell 30He OMOpPeaKTOPOB TakKohn NHKIOWOMRBRW!I
ycTpoucTBa, a ocob6eHHOCTM XM3HepeAaATenbH
gonyckatwrt pe3Koro M3 MeHEeHMUH TemMneparTypH
TemMnepaTtTypy B pabouyehnw 30H€e NOCTOHAHHOWN MU
XMNAKOCTMUKRAQ apmwgeccCb TennoobmMeHa He3Ha4yYunT

ana MaTemMaTMnmyeckoro onuncaHwuasA bnopeac
GBnomaccbob [JOCTAaTOYHO paccMOTpPeTb OAMHYHKAEaB:
6, M MacWwT abupoB aeTabk TPoeps3.y wHke Hrwcpwma 9 6 BIo T

o6o0o3HaxgRHUKMOOpP AUNHATD-bHeA YoAUTIO; K depAa@EBaDAHNE
HOCUTEeNAMU MHU-KTPOOIJUAMOHPabl ; 6 U b ApI@GiaKWa 5 2Wn p % Ha

HadyanbHasa KOHUeHTpPpauybBgIg:rSatPRu+r8 82 a8NMEA@UYBOET D

CTOKAa Ha BbXOoA&cWHbEMOPOEPOBOBaAHHOTI O O6MOT

)
CToMHaN
LISN 8

HOCHTEAN
Ouomacest

—
—~—

Buonsenxa

PuncyHée-Pa2uyeTHas cxemMa kKaHana aHaapo

PaccmMoTpum e neBwnOHbli KaHan, obpaszoB
HocuTenamMm 6Guomaccbl. B HMXHee ceuyeHNOMUEKa
cpeagHEeNn KOHULUEHTPSUMEBON NBap ¢ 5B0HEmaHakeH ncid/ nc
XMAKOCTb B3aummopgeWwcTBYET C MUKPOOPTBuHMB3 M«
3a CYeT Yyero KOHUEeHTpauumsa 3arpsas3HEeEHWUNR Yy ME
paB%arar.Pabouaa wulpomm@me Kea/HAaenTac 920 DEAX LY O A-H @

HocuUuTenamMm 6GuomMacchb Ukpda2urHON O6GMONNEHKMN
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YCnNnoBHO, M O XX H 03 OBHbbj €GMMOTPbE aTKpTMO pa C X ap ack
npoTeKaHMA aHasdaIpoOPYHARRKO O6poxeHuma (pwuc

1. B nepBonn yHae7 a)puncpeobnagaet npouecc
obpas3oBaHHOINIo 6unmorasa nNnpeHeoGpPeXMTEeNbHO ME

2. Bo BTOponhn ysok.e76()pucpoyeccb KmMmcnoTor
paBHOCWUNbHB, YyBenNMYMBaeTCsa KOHULeHTpauusa Yy
TO BIpPp&KMK KOHUeHTpPauuMma T NHWKO3bl YyMeHbLlaeTC:

3. B TpeTb(epwies®@xkH®e6) OCHOBHOE OpPraHMUeEcCKo-C
npeagcTaB/IeHO NPOMEXYTOUYHbBMU nNpoAayKTaMu &
MeTaHa B 6Morase mMakKcumanbHa.

3amMeyaldBenRgoyuecce MeTaHOreHesa Ha TnNOB:
My 3 blp b KYYM €erHab3uga, oWMe naowagb KOHTakTa Ccyo6cCcT|
M CKOpOCTb MacconepeHoca. OTopBaBwWKMKACA MU
CBOEM nNyTMW MecC THH YOO TTOyKpad yMimmBkaalamT u , Ha MecC:-
noBepxXHOCTNW OGUMUONNEHKUW ycTpemMnsaeTrTcsda nopuw
CKOpPpOCTb U 9dPpPeKTUBHOCTbL Npouecca Agerpaajga

M BbipaboTKnMm 6GMOTr asa.

Stz) & P(z) §

AP(z

Sil

a
PeyHokCfemMa npouLeccoOB MacconepeHoOoCca B LW

bnopeakTopa C NNOCKOCT-HBO NH azvaar pey—3KK aaH/& i@y o |

KaHaABR ; K BH L KaHalmna
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OnpepeHaAMM NbHbBX WU T PaHUWUYHBIX YyCcnoBUK A

—~

2.21) npumMeHUTEeNbHOKRMNOHMAaAapeRKEBD P Y POOCBHAOUBAAD
Ha MNONOXEeHWSsX

. no OKOHYaAaHNM nepunopga 3anycka 6 1” (
NPOM3IBOACTBEHHOINIO @MWMKBaAaAKWYMOKXKKA@A CUDWATHL

. aSs _dP
K a X/ o i Koopp,MHaar{HO,gt—M@,peaKTopa

. nepeHOC BeuwecrTBa B XNAoKOCT WX 1o Ozy e

cocTtTaBndawwnm e %Q—H;LI.OG&HBTH[]:HLIHWVIHIO;

. NPW HU3BKUX CKOP@EEDEX UABIDXOKNA MERT

nW, W,. Cneposatenb@®omMaccoonepBRHOC OCYyLlWECTSB.

d’s ds
MONEeKY napHOM ,qm@zqeypep,aTBomo[kagng@,é/\k&vTﬁ, v

BEnomacca B 6GuMuOoOpeakTope 3aKpenneHa Ha |
MUWKPOOPTraHM3IMOB B XUAKOCTWU nNpeHebBpexXxunurtTer/

npeo6pas3oBaHMA oOpraHMyecKUX BewWecTB MNPOMU

cnara(elmrp)es ypaBHeHuun (2.3) pONXHO O6bITb 3arl

(C-C)dc-koHueHTpaumsa BelWEEPRABHBB KAUWADCR @

BewecA-paowasb O6PoemoiedEmwmUuMMeRgGamaccmmbec. N c x

nogob6GMAa MaccoOObOBMEeHHBX npouecBomp e Kxe3dsA38HIM L |

Nu,D . .

Kak ==, rme— NvudPpy s MOHHBIA Kputepuinh Hycce
2LW § §

3aBucumoc ugFaRe&gi,a rREBe—— —kputepui PBrHI-T-I—BFI—b,EI,

AVNAPPY3IMOHHBIA KpuwrepnddohlipnpaedgT NTEWHEMAaTNYecCK
aNM-NOCTOSAHHbBE, oOoNpepensdgemMble 3aIMOUPUYECKMNU.

AHanor N4YHoO, B 6MONNeHKY BewecTBO NOoCT

onuceeaemoil codIHdo)ie Huewm
A
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B pe3ynbTarte, O n4d NoTOK a XKNOKOCTMNU B K ¢

KOHULEeHTpPauundB ByecUIeACHTOBBM BIIE MC A pPeXume npume

2

Dc—?—Wz—C = (C &) dA. (2.23)
X A cA

1

v, sC* €X}A 1 w0

3peebobbeM XMAKOCTM B NONOBMUHE KaHana.

N3 nNpeanoONOXeHUSN naMMWHaAPHOCT MW NOTOKa

koMmnoHeHnT al, cxkpeomermetrca wn3Ciyprsa 88HM.ahda B[b

dw dP dWw
L= A const, A 0 W =0 z =0.
dx* i 7 e dx |, g

17
,ﬂ,ﬂﬂ namMmmHapHOT O MOTOKa XNAOKOCTMWN © MmMoOoCT

BepTuUKaNnbHaa cocTaBnsawwas ckoxpolFA A’ s u

CooTBeTCTBEHHO, cCcpepHAdA CKOpPOCTb NOTOKaAaA [
L L
w2 A B a2, as W
L, L, 3 217
CnepoBaTtTenbHO,
w , 3
= ==X 4. 2.24
’ 21° 2 (2:24)
C yyuetTom (2.24) ypaBHeHWUe (2.23) npeob
*C(x)z 3 W x (,Q¢ x1z
— = — ’ - (C d-A0,
2 2DC( Lz) . VDCA( G) (2.25)
3w 1
mnun, ob6ks T,qb/l B:fz_ (x) k(x> by,
C(x)z () x(,gx%
— = 2 - C G dA.
2 D. 2 VD, C &) (2.26)
Takunwm ob6bpasowm, pacuyeTHas MO e nb npou

bnopeakTtTope C 3aKpenneHHOW 6GuMmomMaccoil nNpwuN.
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2
S5 1 (s suuA o=

x> Dy z VDg,

1 —

LA 5678 £( B &) o=

1

5 (P PYA g BR,) a{r. K50 =
F"YA

’p P 1

-——— +— (P PHJA 0,=
x> D, z VD, *

1
LA

o (B..S, K, B, P K, )= G dA 6

—= (G dA 9

A

G
Vc
g(Blin - Blout) + maxlF— kd_lBl 0’ =

Qg

V 2in BZout) + max2F— BZ kd_sz 0, =

(2.27)

O6bo3HauYuUmMm iveprEBpPE@.Y@aBHEeHNA B cuUcCTemMe

Ona YypaBHEHMUSA 2.27.1, onnmcoBatwwer o
XnpKocTtwn, rpaHMYHBIE ycnoBuUd onpepenawTcCcA
dhas3 OuvoeMIMEEKHKCAT b M B CcepepguHe KaHan_i, £04 €

Zx:O,z
AonAa ypaBHeHwWa 2. 27. 2, onuncoelBawWwer o npeooby

YyCNOBUAMU SABASAKWTCSAS KOHULEHTpPaAaUWUU T NK 0-3 bl

XU AKOCTHDb M-nﬁ,quumdeKa:rO‘qTeaK Kak 3aKOH U3 MeH
=

FrNW0WKO3bl HAa TpaHUUE -BAAKECBb PAap&HEOE NREA K AB

peweHMNN c JoCTaTO4YHDO Ma J1 bl M war o CeTKMU

BewecTBa B bBWomalleed Kee HEAH U A 1R3LEKC T B A E BT pdad LW

1)-m

ware. MNonaras BXOoAAWWKA NOTOK XUAKOCTMU
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yCﬂOBVlﬂ Ol'lpep,eﬂFHOTCﬂ KOHLLeHTpaLI,VIeﬁ 3arpﬂ
|x,z:O:Sin'

Ha rpaHuue pas/fekma KAKxaodHHIGeMHOTNPMAEUHKSa T 10K O

6uonneHke| pasiip:=S*TaA8*AaBNAeTCA pPaBHOBECHC

rNWOK O3 bl Ha rpaHuMuye p-aB mle Mm@t bpa 3 P aGcucavirnosT g

XN AKOCTNW B Kabhanenouwppys @iddy oB NEBKMNPOM Cpe

KOHLEeHTpaumuSs BsEcuen TBBapesynbTaTe Macconepe
XNOKOCTU U OMbBaeMOMNn et 64O NalEBsKk e TyoCc ToaHHAA B
PaBHOBECHON W paBHa
S.L.+SL
L+L,

S* =
(2.28)

OAns BbOGOpPAa HauvaNbHbLX YyCNoBWUIK ANS pelweH
YeHUN zkBBHARODAMUEHTPALULUA BelwecTBA B XUAKOC
TOK MAgeanbHO TFromMoreHumsumpoBaH. OaHakKkoO,
CpaBHeHWIW C BbICOTONW 6GUOpeakToOpa, K OH
Hana. YuuTbBaWaHAaTd KOKEOHETMAHIENS MaKCUN

X€H®e€epPHbBIX pac4deToB TOYHOCTDbIO BOCMNO/Nb 3

=
»¥ T 9 O O o

cnpefpeneHns KOHLEHTPS LUMak €1 Cp eumipssH € K & HuLy

= 1" 1
3ar pﬂ3HeHI/Iﬁ‘XZ_OB:E((a'K20'ﬁ)®( g—aLz C+S, Ha rpaHuue pa
T 0

GMUON/TTEMEKVOGEL) KOHLEHTpPpaUNWSA T NWKO3b onp8gAae

S|, ,,=a’ € §&*. CoBMecCTHOEe pelweHUEe nNpuUuBeEe;JEeHH

KoadhpunuyudendmosBBO/TA€eT HaWTWUW HayvalNnbHbEe YyCNnos

1,5%2
Sl =77 (5*(0) 8,) 158, 055%(0)

AHanorMyHo onpepaensswTCss HayYyallbHWME N@HU
KOHULEeHTpauum YKCYCHOW KMUCcNnoTb (ypaBHeHMUH

P PeLp +PL P

z

=0.

X, z=0 -

=0, P|  =P*
! x=L,z L+ LF

x=0, z
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AHanwus mMoagenn, OMMuBeCEKkIFeOB M oYy, (RoZFJnsaerT
eaytwwne BbIBOADbLI

e Moaenb MOXe?2 /NOLNMTOBKEHA B OCHOBY MNPOEKTE
oOopeakTOpOB C N p W KBP eBNMGEEH HOPUIO NGNVEOHNKANC C O i

e B BMUAY pacnpepgeneHuns pas3AUUYHbBIX T pymn

necoobpas3HbM 4aBnAeTCcCd pasfjenne H,moeparomsogLe

371U Y HBbIX KOHTYpOB ynpaBneHMNs n MOHMUTO
OXeHWus4

e cuctTemMa ypaBHeHuUNn (2.27) MoOXeT O6bTb |
nenun 6GuopeakTopa Kak oOoOb6bekTa ynpaB/eHMN:

3 Mywwmaxto hak TopoB Ha 3PPeKTUBHOCTEL @QYHKLUMN
* BO3MOXHOCTMW aHanuTtTumyeckoro peweHwunma O
o6xoagumMocCTM pa3paboTKM anroputTmmMoB NMMU -

opeakTope.

BeiBoagbl K rnaBe 2

1. Paspa6oTaHa wMogenb CTPYKTYPHBX CBS:
pamMeTpoB npouyecca 6mnonormyecekKkolm O4Ync:-
A3POOHOTrO TOVMOUMER OIBRIAXH OMOT MYECKIMUX ocobeH
oyuecca OYUCTKM n KDACTIPYROMBIHPEMO P e LU
3BONgtUWasA BbloenntThb KOHTpPONMUPYEMBlE np
o6bweeaeaoT oCcAMHCNTAE Mbl aHaa3IpobHOW OMONOT MY ecK
2. PaszpabortaHa o6obuweHHaa MaTemMaTuyeck
L @BIpaOHOHOM OMOpPpeakTOopEY C TKEOM 00TPEAXFHINEHIBESHCEK GHRE)
OXMMMYEeCKMEe npouecchb, YuymTtTbBaeT UX B3al
Aenb BKNWYaeT KOHCTPYKTMWUBHbBLE napameTpbl
4yalnbHBbBIX MYyCPABMMAHBIXYMTO NO3BONAEOTONKWLAEAD
HCTPYKUUN aHasapobBHbBX 6MOpeaKkToOpoOB, a yu
MCTKW NO3BONAEeT nNpoBecTuM BbLOOP UM aHa”Ml

6nwpaemMor CGABOCTOAHMSA
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3. NlonyyeHHasa ob6ob6WeHHada MaTemMaTuyecka

HUTOP@mMOIGBeaaoT oOGAHBAMBIP N JONONHEHUN ee 3IKCI
dbopmauynei, HakKkonneHHOW B MnNpouyuecce 3kKcnN
3BONAtWe W B bMOMBOHALT &  [PRJDABEHKWSAT paB /1 e H U U Te
oyueccowm, CTPOUTH MpPpor HO 3 pPpaBBBT UFNCE A (
SHUWKHOBEHNUU BHewWTaAaTHBLX CcuUuTyauumm, Takwmx,
r'PA3HEHMNWKN YN BLIBNMAIKS Hee 3 T UNXp U@ apkar3oppacbso T K e

A9 poObBHOro 6GMHMoOpeakToOpa U ero NPoOeKTUPOBE

4, AHMMTNYECKOE €6 PARERAWDOT MIEMOIMEenHOIn [
hbhepeHUManb BEAXT PYRIHERHHEBIWOEB MDD K HEeobXo4unmMmc
ropuT MOB UYNCNEeHHOT O peaewmmia. OWMpmeanT
ccMaTpmBaTbCsd Kak cucTtTemMa C pacnpepgenet
5 O6obweHHaa MaTemMaTuyeckasa mMogenb aH
YHa/bHbBMMU 7 Fr'PaHUYHBMU YyCnoBuamMm, a T
HKPETHON KOHCEPYBHMB/NIHIMDBBA@AMATALMWOHHOE
opeakTopa B 3ajaHHbLX YyCNOBWUAX 3Kcnnyart:
3paboTKNn nNporpamMMbl OLEHMWBAHWUSA COCTOSHMS

. B peanbHOM pexXume @HEMH ePWEBTHEOME. K OHTPpPC
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FTABA 3 AN OWOHWBLDOP MHIBAOB ILEHHOT@CTOAHMA
CUCTEMbl AHADOPOBHOW BUOMNOTMUYECKOWM OYl

3.1 Oco OMHHWTCOTMMM HT a ocGoocOTUpEAHHHOAT cC M C T e M a

ONONOTMYECKONM OUYUUCTKMU

BoononHeHMe K 06 LWe N PCMOHCATT OXAVHM M 13X A (eor/wea HElE)H
pa6boTtTocnocob6HOE, yacTUWYHO paboTtocnocobBHO:
mccnepoBaHUM npepgnaraeTtTcsda AONONHUTENbHOO O
npu 9TOoOM ayMegnyenomacco paccmaTpuBaeTcHd

Pa6botTocnocobHOCTHSDb CUCTeMbl aHaspoOOHOI
onpepgensdeTtTcda paboTocnooa®keadcT B RyOREBKEX @B C

OCHOBMB@OIPOOHON OUYUMCTKMU SCTOMWO®MBXI VBUYOEAC K UE
XapakTepunsywuwmecsa BbLCOKOW MUHEPTHOCTbW UK
bakToOoOpoB, Bbi3blBawWMXx ee pgerpapjgauunio. Mapa
cnmcrtemax onpepjgensdis Ccsy,cC N aEAWSOXTIPTRABMHIEDX M1 U C C
BO3MOXHOCTMW UX HENpPEepbBHOINIO KOHTPONA CVY LLE
CornacHoO onpeé&-aense HwWmAM T U HO pa6oTocno
HueHTpauma 3arpAs3HEHUWN B BBLXOLHOM MNOTO
TAaHOB/I€HHBIM Tpeb6boBaHUAM, npwu 3TOM o p

AONYyCTUMbBIX ANnNsS paboToCcCNoOCO6HOTNO KOOGCTE O S

o I <
® ® O O

TYUYunx Xupurhex xarcowerhi 3 0He O6GunmopeakTtopa M
MHTEeHCUWBHOCTMU BbXOAa O6Morasza, ofHaAaKO 3apje
B paape cnyyaeB B HepaboTocnocoObB6HOM coOC
CUTYyaupuai3,aHHbIX C BbBXOAOM M3 CTpPpOA conyTcCT
HemcnpaBHOCTM TUNOBOT O obopypagoBaHmM4
BbAB/NAWIBACTHLBMMU mMeTo4amu 7 B KOHEUYHOM
ShpeKTUBHOCTMN nNpoupecca OYEUXCHTOKMOT N& e CK@IT O
paMkKkaXxXx fgaHHOW paboOTbl BANMAHMUE S3TUX HewUuwcnpe
Hanb6bonee CNOXHOW M Mano MU3IYUYeHHOW npwuu
OUYNCTKWN HABpyaIeEEAe HOPMaNbHOW XWU3HepeAaATeE:]

PpasBUTMNS nonynauunwu " nerpapgauyuunsgla mMeopga
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KPOOPTFraHW3 MOB O KBAae3HbHBOAEKD TB JHUESKRHOMWIED @CBVC3TIMKEO I |
opeakTope WU YyCNnoBUSA nNpoBefgeHUWUsSs TeXHOr
CKONbKMUX rpynn MUKPOOPT aHW3 MOB, oCy ue
FraHMYeCcCKNUX 3arpsA3HEHWUN C T O UBHMOTIAE /IBbOHABbK UK

pyXatuweim cCpeaAabl, obycnasnuBaertT OCOOG€eHH

O 0 O T o =
X T ® =S =

=

oMaccb B BUAYy [AeNncTBMA pa3ITUWYHBIX Her artTV
Ha HauyanbHBX 3Tanax pgerpajgauumm 6GMmoMac-
MUKPOOPTIacmaMbB@@TCSA Ha KayvyecTBe OYUCTKM.
n ycTpaHeHMne NPUWYNH yrHervteHwunsd MUKPOOBHOHI
napamMeTpoB TexHONOrmMyeckoro(mpokepretcteapmwane
pabombNaBAQT pPaBTOH3ICOW HAK TY B XKW 3 He e SH &ML MAC T bl
npepjgomenmar @AW OTOCNOCOOBHOCTN CUCTEMBbI.

PaszBuBatwwmnincs npouyecec Aerpajauun Xu m K
nokasaTenetm 3, ® K TuMaBCATOHEIOVICKIEVK, &8 4 € C T B a Qualy B c T
Yy M€ H b laeHme pxXaHuGHevebtmaotmaa 3 e HC MBHOCTMW Blpab

HasTowm 3Tane nonynauuns MUKPOOPTraHMU3M
3HauYMTEenbHOI 0 e & jiHaeupranb,0 T 8 6IB BIB @O H 0 € ®@ocC
Heob6XoAMMOCTHDb npoBepfeHMUHA C NIBOOKH®ITXa H OMBE/IPEOH
pa6boToCcnocoOBGHOCTWU.

CocTOdaAHME bnomMmaccse dAaBnNdAeTcHd BaXHenuwei
CABO, BbBICOKO 4H4YyBCTBMUTENbHOW KaK WMU3IMEHEHMUK
yncne aBapUMUMHOMY, TaK WU HeUCNpPaABHHBXC TOMPTYE

B npunoxeHum 20CHDBEHMET pdeaHkbr 0 p bl B bl3 blB &
Gunomac c bl npwu aHadsp.o6 H'bpw GOPTOCKYETHCUTUB U U S E
TEXHONOINIrMYEeCKOro pexuma O4YMCTKMU (3annoshbl
KOHUEeHTpauyuuwn, BH&MXC bl B €TWEKCCTIBY U T.n.),
cBUMAeTenNnbCTBYET O HeumMcnpaBHOCTSHAX TexXxHMUUYEC
)Hanumunme MNOBbLIWEHHONW KOHLEHT p-aHuenmmc N@ @B, &

ycpeagHuTtenenm, ob6RpypoOoBaAKDA POPAKGOTKMN
2JHefpoCTaAaTOYHOE NHA@QUOEBRP OBHMATIC biIHA C 0 C H C
Tpyb6bonpoBoagos, ycpeaoHUTexIemMn Yy ec&omy Am

CTOUYHBLIX BOJ, 3aumnpuBaHme 6GuUopeakToOpa
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ypa3spyweHne KneToeHwemMxnNn@apleo@mrwBHAaAaCOCH

oO6poy oBaHMUA MeXaHMWUYEeCKOW OYUCTKMU

4)B bIX 0L n 3 TeMnepaT-ypROICOpP a@BedIic ma Te

obopyapBaHwmusA

5\ HepgocTaTO4YHOGHRTLO CB@BNE K WM CT-OM @& @ N pBaoBaH

HacoCHOro ob6bopypoBaHuda, 3amnumBaHMe 61
NMOTOXeHHbe B falbHelnwemM MccnepgoBaHUWUM B 0C

B HacToAwee BpemMA npoBoOAATCSHA wuccnepnos
OPOXEHWRACTMHMOETN, AaHaA3IPOOHOW OGOMOMACCBbI:

. B paboT¥®X06] [ aHanum3aunmpyltrTcs OCObGeHHO
AHA9IPOOHBLX MUKPOOPraHM3IMOB U UX TNpPUMEBDE
pa3/ITMYHOTNIoO NPOUCXOXAEHUSd,;

. paspabaThmB@EMOOCIHYEeCKN aKTUWUBHbLE YBP6AB:!
AKTUBHOCTbL aHaosp3dm6klon OGMUOMaAacChb [

. YCOBEPWEHCTREYWBTOPYKLUMUM aHaa?poOHbIX
[101, 113,114, 117, 156];

. 60NbUBDHENMAHNE yagensaeTtcsA MeTogawm at
aHasoapoOHOT Ad7-ApoxepAada kKpO6O0OTKEe NPUOBOPOB HeERN,
napame23, p4pl62-164];

. B pao6ds26,%65] [ NoK a3 aHOCTOWHO € 6MnmomMac
oueHMBaAaTb NO KOCBEHHBM napamMeTpam, nopgapgat
OpoOXeHNH

MapameTQpbl, XapaxacepmBswyeowBbér oi@)aB e bl No 4N e
HenocpeacCcTBEHHOMY NPpUOBOPHOMY M3 MEepeHNIH
mccnepodloKm\sxa.Tenu OMNOXUMMYECKMNUNX npoyecec
Onmopeabs, TocpkEO pOCT b A€ rmpranma uivovy wiys DBae3He € e
bs, bs Hy XgatwTca B HabnwpgatTenax COCTOSAHWNS, |
kKcnnyartauumm HenocpepgcTBEHHO.

Habnwpgartenb ac/orCOTpOMITHM 4 Q U(ek maB@E M e C K ” C
HekoTopadad dGyHKUMSA (KakK nNnpasBWuIlo « LIEeMHHVEBAaHTa@AT
M3 MepsaeMblX nokasaTeneim, nog KOTOPbIMMU 3

npumBegeHHbe B T A. 2 U NPUNOXEeHUMN
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OnpepeneHag BaGnwpaoernem CABEO 6GyaemM N
KOMNbITEPHYW MUNAUW aHaAaNUTUUYEeCKYIL), BCTpawue
ynpaBneHumsa o6bekKTOM UM obecneyumBatwwytr non
BpeMeHN 06O MU3IMEHEeHWUWAX OolLeHUBaewMb(xperemmpw
nepemMeHHGBIX) .

3aecb ANA NONyyeHUA OLEHOK npouecca [e¢

mcnonb3oBaTbCA MMUTaUWOHHAaS4 MOpAgenb, noc
aHasapoObBHOT OO bnopeakToOopa (2.21) , oOoTpaxalt
amwagp obHONW 6GMONOTMYEeCKOM OYMCTKWU, Tak ”n 3T

32 AHanwm@ob6uwewwemro aHNAE CABOOM BO3MOXHOMN

OnmomMaccC bl

Bboi6op Anar HOCTUMUYECKMUX N povo30HOALKEOHBHOOCITPONSA H
CABO ¢ y4yeTOM BO3MOXHOWN. [ouearr pHaogcarumive ¢ & un aam
Ha3blBalwT nNokas3aTenu CcBOWCTB O06bBEeKTa, AoOC
onpepeneHunsd BULAa ero coCcTOAHMNA [ 82] . 3a
ABNAeTCA onNpepeneHnMe MHOXecTBa N3 MECpESIMEB:

NONHY Hab6GnNwagae VOGO C3Ta0L@AHAHALDXA HM e 06 bek T

HabnwpaemwmbmMm, ecnun [T VNP3 JEMWUN MOOCCT O AHMNSA
aomarHoOCTMYEeCKNUX NpumusHakoB [ 82]. C 3KOHOMUWU
n KOTOMBMEOLWeH BUL COCTOAHMA Oob6bdlpead,n1alg @l

0
neagywowmn anr vmmHwW aB b @ opmamarHBAO6OpPRAYECKUX
H

v O

a nonesoedb we eaor oOGAHBMGANT OpuTMmM 3. 1) .

Anroput mBbod.olp. MUWHUMANb K{ORAAO H OHCarnoupeac K N x

o6ob6bweaaoTr OGAIBM yyeTOoOM BO3MOXHOW pagerpaganuy

BxomepemMeHHbe cocToaHMma CABO, L, 0COB) ynHBbI

Warwmn anropuntma [ModcHeHnU 4
War dPbpmannszayuma BGABO®. c/PopmMannmzoBarThb B
H a OCHOBE CTpYy
cocTOLAIBD Y Hkc 38
BblAB/EHHBbIX npuuy

bnomacchbl.
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Wa r DnpepeneHune AnangOnpepgenntb pAuan

ne peMeHHblX ,c 08
nepemMmeeaaexoAdaHNA B XODLAWH ygcTHOCT U

No3BONSA WM E
Habnwapaemoe CAB®]
O/4HOMW3 3afjaHHDBb
COCTOSAHMWIN

War dopmMmmpoBaHmne Bbi6bopfNpoBecTwMu pacuy

. |MMMTaAaUMOHHOW M

cocTOGAM@a MMMUTAULUMUOHHOMW’ Pa3NuuHbIX 3Haye
cmcTemMb C Lenbio
BblO6OpKNW HabGnwgas-
CABO

War do0op MyoilsiKR e Wa wwUp asmnsjPas3 ®mMTMHOXeEeCTBO
Ha Mopgenu Habntiwp

OTHEeCEeHNWw HAadoaoiEEHION ®O|CAEOH a BoigeneHH

3afaHHbBIEOBMOQEHEUI cocTosaHNMN B co
AManas3oHaMu 3Hawu

War Klac kwdma 6 110 /xa eCMobC TVIO3 6 MO Ma C C bl "

XapakTepunsywuwmx
paboTocnoco6H oS&tT
Qin, Ve, CHs( onpepneneH
War Onpeagqrmeamanas amayqgOnpegenntTesb awnan

agnar HocTtTnmyeckKmmx
anar HocTtTunydyecekKmMmx NPUW3IHaAaK cpucTemMb B pas3nunuy

COCTOSHMUN chopmMmpoBaTb Tah
CABO C Yy 4 €

XmM3HepeAaTe/NbHOCT
OCHOBE€ O aHHBbIX
MoagesninnpoBaHMA4A.
War 7Bbi®p MWHWUM@T® W aba¢BboiGparthb MUWHNMA J

onar HocTnMmMyeckKmmx
anar HocTtTunydyecekKumMmx npasamgdg,qt

NONYy4YeHHON BbLOOPKMU.

MManbH bl no

3alaHHOMY KpuTepuiw. KpunTtepuio (N
CTOMMOCTHDb nposBe

MaKcumManbHasa WHC(

NoO3BONAKWWNMR n

Habntompaecmoc TOAB @

O4HOMY ns3 3ap

COCTOSHUN.

War MN.oB&@8pH ay mMMHNEHM MaibHO

agnar HocTtTunydyecekKmMmx MPWUW3HAkck

BoixXoMm:HMMaAaNbHBN Habop AuMar HOoC T KLWeCTKBGRAEBC
ONTMUMaNbHLIW NO BbLOPAaHHOMY KpUTepumw

Ha ocHoBe 3AMowemMTMATDL CcPopmMupoBaHBABOp
K a K obbekTa aHasnAmMmsa CcOCTOAHMUA, cogepxa

npnsHalkaokBaso 0 € N b MO XeT O6bITb MCcCNoOJb3 0O0OBaHa
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noaaepXKMnu NPUHATMUA peusCADANG M CIT@EWMEH NMIbIKI
ynpaB/aneHNsa cuMcTeMONn aHasapobHON 6GMONOT MYec

Knaccundpmnkauynse COCTOSAHWNI artHasIpooOHOB ® |

yrHerteHunsa .OKnaokma © il O mMokKkasaHO paHee, 00
Knaccunohperag@auT O AHNUNK C/HEXKHKHIX TCeCHIE M, K KO
CMCTEeMbl aHaspobGHOW 6GMONOTrMYEeCcCKONW OUYUCTKMU
CMcTemMbl UM aHanNnuMi NPUUYUH NoTepunm pabBoToCNnOC
OCHOBHOM nogcuMcTemMoOMNn CABO, B Hawnoon
pa6oTocnocoGEACOMOPEBRATO®P. Ha ocHoOBe Bblf
HeMmcnpaBHOCTEI TEXHMUYUYECKIMUX nogcucrTewm,

YWYBCTBUTENbHOT O anevMémDMackwopeakhopma p oB
St={St|i 416}BM OB cOCTOAHMAGOMaulrp aGeDppug¢rTa Bp

(I'IpOl/I3BO,Cl.HI:>Ie no BpeMeHMU OCHOBHBbBIX NMOKas3arT €

Taobnulk-K nadccuvd@nmmBaQpoocBT O A HMUMW aHasapobHC

yyueToM fAenpmaacd

O6o3Haylpymma TOAHNIN BngocTtToAaHMA
BUAa
COCTOSAH

Sty PanboTocnocobHOE PanboTocnocobHO
HOPpManNnbHOW AKTUWUBHO|HOPMANbHOI G
Onmomac cC bl

Stp PaboTocnocobHOE BospgencTtBMUE

C
NPpU3HaAaKaMWU f[edcaTiabiejKk oOHLeHTpauum c

K

K

aHasapobGHONW OGOMOMaAcCC| MpU3IHaAKaMU
bnopeakTtTopa
Sts HepgoctaTtTouduHOE
Sty PaspyuweHwne

arperartoB

Sts Bboixop n3 Tew
pexnma
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Ste [TfoBbLIWEHHABRPY 3 K
CTOYHONW BOAE
Sty YacTmuHo paboTocnolBoapgenncTtBMUE
npuM3HaKaMu pas3BUBIAKOHLEHTpauum
aHaapobOHONW OMOMaAcCcCcC|NpU3IHaAKamMu
bnopeakTtTopa
Sts HepocTtaTouduHOe
Sto PaspyuweHwne
arperarTtos
Stio Boixopg n3 TeMm
pexunmma
Stu [MToBbLIWEHHA AH H 8
CTOUYHON BOAE
Staz Hepab6oTtTocnocobwee Bo3spgenncTtBMueE
3HaAaYNTEeNbHON ag@aPPAKOHUEeHTpPpaUNIM
6Gnomacc bl npmMsHakKkamwu
bnopeakTtTopa
Stz HepocTtaTouyuHOEe
Staa PaspyuweHwne
arperarTtos
Stis Bboixop n3 Tew
pexunmma
Stie [ToBblIWEHHas+« H &
CTOYHON BOAE

OCHOBOW NpMUBEeJEeHHOT O paFBE/RETIEN EHD HIEL
6unomaccbl, napamMeTpb KOTOpPOW He MOTryT ObIT
Pa3/TMYHBLIX COCTOSAHMAX CUCTEMb MOTyT ObTDB
MoOao@oBaHUA npouyueccoB CABO

OnpepeneHne AManas3OHOB Be@®aeeWiis npaap3aiv
COCTOSA®WCHUT.0O A HMNE 6unomac cC bl XapakTeppsyetithasa
nogjgawwmxca nNnpaMomMy HabnwgeHunww B npouyecc

BeEKTOpP coOCTOBHMA OMoOMAaAcC bl
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OAnanazs@aB eHNA 0N apaNBearIpso Bp aB3ENKUTYOHpPOa C T e T
GMnomMaex®b OAUWH U3 0 3031CAB bIXT HACECABHWIBSAK [CHOE M G 1 O
CAB©O OogHOMY M3 3afaHHBLX BWUAOB COCTOSAHUI.

B mM3BeCTHbBIX MUccnepoBaHMWAX BblgeneHune n
OA4HaAakKoOo, 0606wasna 5 Hd6:88-640é] , p anbpoeTme Wy WYy O Yy C
KnaccumpnkKkayumw COCTOAHUN OGBMOMAC C b

s HOpPpManbHOE p OHBOWT UNEO N IMKBAHOAM e HB 8 /1 1B C € X
B e K TBobizd0%;

e HayafNnbHbLW Nnepumopng AgerpagayuuniiH amMUKpPODO HD N
BeKTBWp=b0% n xoT14a9 6b 550%hicci0%; M3 HMUX

e pa3BUTaAaa Agerpapgpauuvsa  MIBKHEOGEHMMAB,IBEMRY oM L
X0TA ©6bl O0A4AHOIb70%;3 HUuX 50%

*3HauyuMTenNnbHasa pfgerpapgauymns 3VHISKUPEHOI®ISO & MOEBIO T
B e K TBy p<a50%.

BoigeneHne HabGNO4ae bl XN P aVEOEHMETT OQPA/BHC T O 51 H

bnpoeak TApAa HabnNnwpeHmMsa 3a cocToAHUMUEM O6UMoOp
CTOUYHDBIX BOA pas3paboTaHb npubopbl Hemnpepb.bl
(pacxopomMmeTpbl, pH-@1 @ M @ B8HT a4/UK3Ma T 0 P bl ) aBTC
NPOBGOOTOOPHMUMKM C pAaNbHeWwWMMm nonyasTomMarTMu
nabéopaToOpHbLX MccnepoBaHUM nNnpob, TpeobdyLWNX
obopypoBaHHOW nabopaTtopuwmu.

CpeAn [AOCTYNHBX KTmabepeppyuwOWCTOAPE&ME NCT
OYNUCTKM (npPpun,nowaHwWec Ho B e Mojagenn CTPYKTY|

aHaapoOGHOM OyHd&keZpuwnr2d @lmc v aHBABERN OMMAOen
napameTQpbl, KOTOpPHY& aBBBRT b K 6 @B & H KX oospHproeb HG
onVcawpwmasegeHO BOLONPUTOXEHNMN

Ana BuUGHAOOWEeP MAaTUBHLBINPAPMIHAROPMUHI pe @8IO,TQT |
LONXHB ObITb W3 BENTCMMEHPLIA MBEHTAPHOEBH UCIN C T @ MBI H B Bl B @ B
COCTOAHMKW. OpfHAKO nNpoBefjeHUE IKCNepUMEeHTS:
OGMNONOTrMYyecKOMW OUYMCTKWU OrFrpaHMuyumBaeTCa BBU[L

1) CABOnpepgcrtaBngatrT cob6oi JoporocrtosdaLw

3HAUYNMTEeNbHY NAowWwWaab NOCTPOMKM,;
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2) 3anyckaunpemema pabotrb CABO cBSA3adHHbl
npouyueccamMm, o0OYyCNOBNEHHBMNU cHneUUNPUKON XNS3

3) HaTypHOe wMoOpgennMmpoBaHWEe COCTOSAHWUNK 3H
aBapUMHBIX CcCUTyauUN MOXeT MNPUBEeCTU K 3KONC

4 MHOrume napameTpb, XapakTepunsywuwme c(
6nomacc bl, He nopgnexaT NpPpAaMOMY UWUAKW pgaxe 7
BNUAWT H a pa6boToCcCnoCcoObBGHOCTHDb CUCTEeMBl; |
MaTeMaTMW4yeCKOWN,n an MBU TNaOLUCWIOEHOHCOTVB UMIO e N U, KO T
n x 3HaAayYeHN4d B pas3/nuyHblX COCTOSAHMEAX CWnC
3KcCnepumMeHTa.

Takunwm 0 6ppazxs pamGao/Trkeap U T MO B MMUTaAaUUOHHOT
MpoB e MeMHCWIee HOHKKOCIMeE PUMEeHTa Ha KOoOMBBMEEREMHORB [
€eAOUNHCTBEHHGBbBIM a /QBEOTCET [y HIBHBIVIe B 61 M anA WTHOBMHG
3aKOHOMPRAOGOTABO B/BLEAHBIBSH a U¥ M bl H € 3 HXaM™ & MaID P
npoyuecca, OULeHMUBaAaHMWA HenocpeacTBEHHO HewuUs3

PesaynbTaTb3pagaBmbdBnapaMeTpPOB aM@BDITPMHO®BH
MMUTAUNOHHOWBW NTMOBEO®BMOXHDBIX 3 HadYyeHUWUUW nNnapamMe
peann3oBaHO YN CNeHHHye K tMmo@HEmd ba8eHmoen b 3 0 B
nNoAXOpn[OB AaMAaNMALUBREBHOT O MOAEeNnNnpoBaHMWSH
o6bobweHHoOoro coctoaHma CABO B npouecce 3K
bnsmueckunmx M OGMOXUMMMYECKUX NpouLeccoB, He

M3 NOXMM OCHOBHBE NONOXEHWSA ,NMUANBE BAUNOHE O
oueHiw®obOUWeHEBOC DO AGHAMEAO Mo apo6BHOE onmcaHwue
MMUTAUUWOHHOW MoOpgenun C nNpumMepamMum ee MUCNONE

1. NMapameTp bl CUCTEMbl aHmMa®PEOOHOMHOHIBaoM@E T
MaTeMaTunyec K dASouMbAog, NFA, VEApop2CH4, CO2,Ve) , npwu np
aonyiuweHnsax apHAAIC3SkHA AR H MKW 6 a g aH HSikXkSids Hy@H, 8H 1 i
do/dt, Swx, NI B pes3synbmnanguJy ey S0 opaes3 qewHana a
BEKTOPOB WEHHBXOGABMO BK noyawwmx napameTBpl C
napamMeTpb 3PPEKTUBHOCTMU aHasapobHOTO 6po>

napamMeTpPpoOB CUCTEMbl.
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2. PaccmMmaTpunuBanmumescpgumar Apag3Hakunm B Bupge
NpuUuNOXEHUMN

3. Peanusauumu nNnonywseirHb X apoadoa0eOspeitiByl GI XK OBl H V
cooTBeTCTBUKM Cc npepctaBneHnmem CABQ N pmwmme
Ha&@blgeneHHble3d . (1T adowaugeHad NAGiC H o B e 3 H a4RuHQmiVe, N a
CHs, xapakTepunsywuwnx paboT ouam@paateH qQoTBB. BwEhCYK
bopMUpPOBAHMUM arperMmpoBaHHO@ (GONMYEI/VIP O BBALHLEE
Ananaszvadyamp@amMeT poBg /B KFTOP/ANYHBX CcoaTODaKU
pe3yBRHATIN3 a 202 WBX N poaBupeaBWM MAPBUNUH [LerT [
MUKPOOPTraHM3 MOB .

4, CMeHa COCszoﬂtiHi:{AfGl‘/'l B npouyecce aKcnny

NPOUNCTXBEMW TBETCTBUMK Y& 03H)p,adoap g MeEP CBSA3MN
KOTOM®DITY T CANYXUOMBA OCMHIOHBDOTN A B @F BUE & @ el AMEOM bl

pa6boTocnocoOmMP® QAGTIOAHMBE NPUUYMHAX A[erTr pa

MorHocT bto
paboT 0CNOCco6HO

BeposiT HOCT b
nepexoga 0.05-0.15

€ COCT OsH1e

HopmarbHas

aKT UBHOCT b
6romacch!

BoccraHoBMeHme paboToCcnoco6HOCTH

BeposT HoCT b
nepexoga 0.02-0.05

paboT 0Crnoco6HO
€ COCT osiHVe
Aerpagaummn
6romaccs!

Mo/HOCT bo

__ BeposT HOCT b
nepexopa <0.02

Yact niHo
paboT ocrnoco6-
HOE COCT OsiH1E

Jerpagauys

6riomacch!

CHWXeHre paboTocrnoco6HOCTY

Hepabot ocrnoco6-
HOE COCT OsiHVE
3HauuT erbHan

Jerpafauma
6romacchl

<

i i i |
Meperpyska % Hepoct ar o % : % | FoBbILLIEHHaA
no opraHuke | K I ] Harpyska Ha
"B * Briomaccy no
CT O4HOV
BOAE

PncyHlck pd3g mM3mMeHeHMA paboTocCcnocobBHOCTUV
XM3HepeatTenbHOCTU 6GMOMACcCC b

Ha ywmBBoToOOpaxXeHa XxapakKkTepHasa KapTWUHa

CABQpm3 Me HeHMCATXO B @ U K N $t7>8te»»>St11->Stig, K Or ga M Me e

yBenNnuyeHme Harpys3kKmnm Ha 6 wmoopleyadkeTHoHpa aAnonpaT

HUNCNEeHHOTro B3KCcNnepumeHTa Ha p a 3Bp apbaocTcavHaHTOPIAN
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npumMmepe HabnwpaeTca YyxyQualle HME®C KKOA/HLEKCYT BHaE O
JOCTaToO4YHOEe BpemMs BboepPXKW CTOUYHOMW BOLASLI.
3arpsasHeHNnm’ napgaertT yaoenbHas npomsBoOoOaANTE
aHasapobHOT O GpoXeHUSA cMeuwaerTcH4 B CTOpPOH
COCTOSAHMA NpKBEAERNKK p3aabouyei cCpeaAabl B G

BOCCTaHOB/1eHMUWA pa6OTOCI'IOC06HOCTI/I CMNCT®EMBbl.

12 TSt T 5 *“ 12 g T 1 & o | T
St St St St =
1 Ve, Sy 18 < St, Sty St Sl 1 _}g 1600} St S Sty St
2 1 I 15 | | I | = | | |
& I [ .
2 | * | | | ‘ £ 1400 | | |
2 | 5 4 | | © 1o r
o I - Y [ 1 & 1200 I |
5 [ [3) & | | | | 8 | | |
3 z 10 { I N % 1000 L
& 09 8 I | ISt 1o
10 | | | | B | | |
9 T I | © 800 |
08 2 as | | | 7‘ rcx | |
g I I I ‘ g 600 | | |
07 ] 9 | | | o 1 1 1
0 2 4 6 0 2 6 0 2 4 8
L. cyT t, cyr t, cyT
5 st, St St Styg
‘= T T T ] 40 | T | T
N o 12 [ | | | St, 181 St,1 Ste
3 :;f l l l | NW
o e 1 { -
2 ; 1 | : l | OO » | | :
=~ v A -
m 1 o
B e o8 | | ' 1 2 1 | |
& = | [ Z‘,’O | | |
3 06 [ J i 1o |
e E [ J .‘c" (I |
o T I I I i 1o I
& 504 I I I ' - 25 o |
b I
— o | | ‘ I | |
g | * 02 | I | |
2 4 el NI TR IR —— 20 - 1
& o 2 4 0 0 2 4 8 0 2 4 6
» L, cyr L, cyr L cyr
PncyH2e-OcBoBHbLE nmapamMeTpb aHaspobHoro 6po

CABO no St-RrY-PAMp»>Sts

dopmMupoBaHue MaTp@QABOcocyeegmmpiM BO3MODX
bnomvMakKawmBrnpgocTiO@ANBOO pes3ynbTatTamM MOAENU,|
Habopowm BeEKTOpPOB Habntwpgae MmblX COCTOSAHMNIK.
Anmar HoOoCTMUYECKMNX NpM3HAaAKOB H a OCHOBE pes
npoBoaguMnocbL 83aloB mMmeeTsoygbkTea T[e, N O JAY uveoHdaA Barax e
obbekTa aHanmsa COCTOSAHMNSA, npeagcTaB/ieHHa:
ABATHOCTMYEeCKMUMN np3R)3Hakamm (Tabnwuuya

PaspaboTka cuMmctTemMb MOHUTOpPpUHIa o0606uwWe
apblboOop MUHMUMANbHOT O KHMAXO OMppAKN 30HMAAKIOHBO;C TAW)4Y eg a
npoBefeHNSH npoBepoOK Habopa AnarHocTuYyec
npoBepoOK.
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Tabnu2t-Ar per mpos aHHABIK ao Aed/bbe KT @ C B 6 AL H

N3 mMepsa(Bep
napammosarT
H O (¢ do
T b | Sout Si nxnfSi nenQin/V 0 dt C: N| Stx | Vo CHa CO2 H2 VFAwta | VFAAc VFAProp Snha+ | pH Alc TSS
Bupg C 0 (
coCT AHT O 4
HUS
P o TR T8 u 6 T6 | T T8 To Tho TaL Th2 Th3 Tus4 Tts Te Th7 Tus Tho

Pa6oTocnoco6Hh

e

(0.1;0.5)

(0.01;0.22)

(0.6;0.87) |(0.12;0.34)|(0.01;0.03)

(33;37) (10;30) | (0;0.1) [(10;13)
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PopmMmpoB@AMmMIEMATbHOT O Habopa onar HDTS n
aHaA@BBCTOLABD Cc yaueeaTpoangauuum . B nmawayCeH H O W

pe3ynbTaToB MMUTaAaUMBHAEDT WL e 0 CABOP seHay&l) n @ n s

KaXpagor o AM&FHOCTM%GCKO*O npwasane alalnas

L= L,-‘i 116;] F1I9 B 03 MO XH bIX 3 H aBUVe[HA/BIO C T AGMC T e M

St St, St H{St|i 16}
Avnanas3oHb 3HayYeHWNW OAHOTO W BMQQQ@® C X B A A
MOTyT coBRnapjgaTb WKW B4 accarynyyaHeo, MKeopreacae K@Eauim AbOCH
COCTOAHWUW AManas3oOHb 3HayYeHUWUN NMpuUu3IHaAaKa COE
BUKBOCTOAHMUA He pas3/IMyYymMMbl MO YyKasaHHOMY n
3agauen YMEHbLWEHNSA UHaAZTRED OO BHMARA { AB N A e
onpegeneHne MUHMUMANIbHOINIO HabGopa AuVarBWEHT
cocToOELABMoONnapHO pas3nunymn mbl. Takux HaoB pao
HacTodAWwWeM nNOooo@ARM@MBPEBAMBRNIbHO BbbObuMpaeTcCsH

* MUHMUMAINbHBLIN Habop AMnarHOCTMUYECKMUX
MUHMUMANbHYW CTOMUMOCTbL NpoOBefeHUSA NpPOBEPOK

* MUHMUMAINDbHBLIN Habop AMarHOCTMUYECKMUNX
MakKcumManbHYtO MHPOpPpMATUBHOCTbL aHanwmsa.

MM HMUMaANbHBLBWR Habop nNpM3HAaAKOB, Oma e q
onpepgenanca NOoO COKpauweHH®ME6 187hr opodT mMmpc HO6 .
onpepgenanncse T EMMBKIABALEE (MHOKMPKLIDT A MaT p u L bl
pa3auMnymmocTmnN npepcrtaBnaeT Cco060W 6 UCHOACPTHAYBH
ANna [OBYX pas3/inyHblX CTPOK MaTpuUuubl COCTOS
pas3naunmynmmocTMn npupaBHMUBAaAeTCH 0 B cnydyae,
cooTBeTCTBYyWOUWeEMY nNpu3HakKy, U 1 B NPOTUBHC

3amMmeyaHneHSSBTHO, 4YTO Hanwyuney DG IMY WLE b X
mccnepyemoro ob6bbekTa npusBepeTrT K Habopy ©6
Kpunrtepwuto MUHUMANbHOT O ymcna Owmnob oKk H a
HeonpepjgpeneHHocTen) , M panbHenwasd 3afjauva
nonyyeHHoro Habopa pagng BbHeceHUWda Haunmbonee

BbIO6OPKMW) MUTOrNIOBOINO peweHMmss o BuUAE COCTOSAE
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CToMMOCTb nNPOBEPKWU MNPU3IHAKOB paccyunrtebl
CTOMMOCTMWN -HBMEP@ANBABHOIN alymayeadiT MB,E PR & o
CTOMMOCTWN peareHTOB Ha npoBepgeHume 1 npoBeE
annapaTte, Heob6XoaAMMOCTW nNpoBefeHUA nabope

B Habop npusHakKkoOB, obecneynBawWmMx Mack
BK/TIOYR NTUE npmsHaKM=mﬂjqumamwmmbm npu oot

npoBefeHMN NPOBEPOK B HaumbonNnbwem cTeneHHU
aHanmsa coCTH6EBHOR cunucTe Mbl

Ana peweHMda 3ajfjadyun Bblbopac MMWEMRAM® HOPD 10
aHanunsza €aGODoapumager papacmHie ThV OWBIENTUC e a N1 un -
MATLAB (npunex®Hun NonyyeHHBLBE B pe3ynbTarTte

AVnarHOCTMYECKUX NPU3HIBAB.0B nNpuBegeHb B Taoc

Taobnumdyr-MmBummanbHbe HaboOpb AMATHOCTMUYECKMN:

oueHMBaHUSA o6o6UWEHHOIro cocTossHUA CAB

OU3 UTKEOX HM Y eC | BUuOXUMMUYECKN
napamerTp bl napameTpbl

Mo cToummocTwu nfQinb Ve, pH, Sout, CH4, TSS

Mo MHMopMaTUBHCIGQINHO Ve, VFAwtal, Sout, CHa, TSS

TakuMumMm ob6mRAB@AMANBHBIA HaboOop AMaroHOOTILE HEH
coctToAaHma CABO npwn pgerppgoagoaoae 6ap®mapoblH
O4YnMcTKW BOWAM 7 napamMeTposB, Ha OCHOBe MU
NPUHATSL peweHne 0 H a ec/mie oy seeevintbaMb 0 p BI C TAOVSIaHT UH
NPU3IHAKOB,bleONMTMMAGTNBHUMOCTMN NPOBEPOK U nNO
OAOHWUM NapamMeTpoOM,

MoNy4yeHHBW MUHMUMANbHBLWA Habop ApUMaAarHOCT
CTOMUMOCTM npoBEepoOK, He Bcerga MnNOMHO 0T |

CMCT®EMbl.
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Tak, n o pHeB3 gxTweumb 6y Ppdhepes3 nMpoBaHHDBIX O6UMOPE
nnn -preBAkTopax, He MOXeT KOCBEHHO VYKa3blBa
K N c NIAT

CHUMUXeHMNeE copepxaHunaCHue Tawvaun se corvBoar as®p
bnor&angpoaBNATCA NpPpU YyXxXe pas3sBuBwemMcsa np
ABNAKWTCA pPpaHHUMU UMHAMKaAaToOopamMu petiFadbnnumse

B TOoO Xe Bpewmsa, nonaBwMm B MUHUMANbH DI
obecummBalWMNN MaKCUMaAaNnbHYI WHOPOpP MEAWM & 10 ® B &
KOHLEeHTpauunma neTyudymx XMUPHBIX KUCNOT) B CC
opr aHOLR,e XO0Thb n nos3BonNsaerT BblABUTHb Haua.
aAaHaAaspPoObBHOTro 6pexeoMGIQpaoONpPEP@6y AanbHEeWWUM
mccnepoBaHM.

3.3 AnropuvambobHaerWETOBAE® yuyeToOM pgerpe
6unomac C bl

CBOeBpwaMme yig N - ny

M0
W4 a
10V
YFA THya4y N B € MOUOPHHSbLXH U K
pa3paboTaHO Hapf[3B@RH 63 164 a1 ulhpkmoBp a3 paboTKe a
06 06 We BOHCOTTOOXCHA® y4yYeTOM BO3MOXHOW mEed/pagraal
MCcCnonb3oO0 , , np
AT C

K@9r @2AABOCI6B].r 1 1 |
OCHOBHbBIE TpebGoBaHMWUA K a /oroéoopdnLTe MHEHME XT 00 LA eH |
CABO.Mcnonb 3 oaB/AMHUENT MO B oueHnNB@GAHB@AC cywam
Xn3HepeatTenbHOCTM GuUuoMaccb NO3BONAT onepa
TEXHMUMYEeCcCKOro BMewaTenbcTBaA (TexXHMYecCcKOT O

TeXHONOrMyeckoro npouecca) W [AONXHb Yy 0B/
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cmem ukomm OGMONOTrmMyeckmx npoueccosB, Tak Wu

OY4UMNCTHHBIX COOpPYyXeHMun4ax
HenpepmdmBB HLAIGICW €K (OHTAPIG/HO I 0

M3MepeHMﬁ C war oM, MeE I

l)obecnevyeHune

AnckpeTusauumeim
2) KOHTpONBHEZAp®@MIORABa Hanbonee
hbakTOpPOB 3/1eMeHTa CUCTE

CNOXHOTO

BAMWSHMWIO pasnmnmyHbBIX
AONUW NabopaTOPHbLX MUcCcCcnNnepgoBaH

CoOCTOAHNMA " NOoKa3arT €

3) CHUXeHMNe

4) NnPOorHo3 pas3BUTMNS

3TanaMm MoOHUToOpUuHIra CABO aBnAalw

BaXHbMu

. BbasBNewHazramwmeih MOACUCTE Mb

II. BbAB/T @RMGMXN Y U H CHUXEeHN4A pa6oTocCcnof

nogpgcumcrteme.
lsreop a3iwacnHaO BaHAH a A3 € BIPEMEB MU Y €
OCHOBHBbBX Napamed -y cwmp d eHkl
O cocCc)TosHMUN O0O6ODBEKTa

HgpegyabHa@aHTwWB pac

PeweHwne
npe o6 bl BHRHKMEAKH @A
Anr op32T M3 Degalie HHNe

PeweHne 2sagamE@madBaHO

rmaoppaBnmnyeckolMRInaoppé&sBAHUEM MeTOAMUKAM:

-C Mcnonb3o0BaHMUEM paccliMDXMBAAEDONO HMOELE

TexXxHonormyeckor oHRpue XuMma 3 HauyueHWNA

-OCHOBaHHOe Ha ruagpasBniHRTec K om
MMUTaUUOHHOIW

pacuyeTe

-pacCcy4YuMTaHHOT O H a OCHOBE€

3 Hay &#HRTu. n



, |ma
, VBNOOQ L@ @B N BHIDMOpPEPKTOpPE
3.0npepenaeTtcsd BHRTe MA OCHOBEUW YNCNEHEBEDE D
(2. 2 - - B A

O H f
peakTopa.

ANrTopuuTmMHSB8N 123 pa6otocnocob6HocTtTmnu CABO c E
HabnwpaeTcda OTKas

BxoagunsmepeHH©bBE 3H YD Su, H, QinaQauapsize p 4 0 B
Ecnl@in_Qout| QM pEP pHp

D= {Hanuune npoTtTeyvyek OuMoOpeakToOopa uuAKN 0
WHAYE E|QA®Q, QW P Py

D= {Hanmuune 3amnumBaHusa OnMopeakTOpa}
MHAYE

1. Paccuunutatb HBTY mmDa emvsomeavm & i A & BSH,Qin C Yy YU erT
PpeEXNMMODBOMONXKNUTENbHOCTHN 3KcnnyaTauunmm G

2. Paccu#mRTamae M3 MepeHHBLM napamMeTpamM pabc
Ap 1 Qin.

3. PaccuyHRTaTbL Mcnonb3oBaHnmemM pas3paboTaHH
MOogenumpoBaHMA N0 U3 e BupHEQW. NmapamerTpe

4. ECNTHRTr =HRTM WHRTM=HRTUW Sout™> Siop m

D= {HopmanbHaa paboTa O6MOpeakKkTOp:
MHAYE EHRTFHAHRTMW HRTM<HRTUW Sout<Shopwm
D= {HepoctTatTouyuHoe BpemMsD=0(dpPEBamoimke

bnopeakTtTopat
MHAYE EHRIFKMHRTMW HRTM=HRTuM Sout>Skopm

D= {OtTka3 HacocHOrobDebd Oy x@msa HIWI]

Tpyb6onposBopga} WIWN TC = {Hanuuuue n
MHAYE EHRIFKHRTM W HRTr=HRTUW Sout> Sk o0 p m

D = - , , , T U

) © H

) pexXxumuma OoO4UYUCTKM}
MHAYE EHRTFHHRTMW HRTr<HRTY
D= {Aerpapgauma 6Gumomacchbl}
MpoBecTNn U3 Mep &yVWAuwlTESp amMe T poB
OnpepgennTb NPUYUHB [er papomcy BK) 6 Ko
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MHAYE EHRTFMHRTMW HRTM=HRTU W Sout > Sk o pm
D= {N3MeHeHUEe GMU3IMNYEeCKUX CBOMNCTHSB
MHAUYE
D= {OmKk@AbBO, Bbil3BaHHbDBE pfedekTamMNn
KOHEL ECAOW
KOHEL ECAOW
Bnsyanwad& gl HIMPAM H A TN E peweHunA

Boix Per:weBPDaeBnge cOAB®AHMNA

B anroppsPMpRopM.32MEpPEHHOE WU MaKCuUuManbHO
XNAKOCTbI B 6O6uMOpeakKkToOoOpe COOTBETCTBEHHO.

Takumum ob6Gpasowm, o6