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Kpatkuit 0630p Penusa:

«Pa3paboTka anroputmMoB

YNPaBNeHNs NPoL,eccoM GnoTauum
Ha OCHOBE CUCTEeMbl MALLMHHOIO 3peHus
C BOSMOXHOCTbIO M0JTy4YeHUs '
KOHLIEHTPATOB 33[aHHOr0 Ka4yecTBa»



NCMNbITAHWUA CUCTEMbI M3 NPOBEJIEHbI HA O[1HOX
U3 QABPUK, NEPEPABATBIBAIOLLIMX MEQHBIE CYNIbOUOHBIE
PYZibl PAS/TNYHBIX MECTOPOXAEHWNA

ME[HbIE PY/ibl, COAEPXALLME OT HECKONbKMUX
NECATbIX NONEW NPOLIEHTA 10 HECKONbKUX
NPOLEHTOB MEJMX, OTHOCATCH K
TPYOHOOBOTrATUMbIM U XAPAKTEPU3YHOTCS
MHOrOCOPTHOCTbH), HEPABHOMEPHOM
BKPAM/MEHHOCTbH, TECHON ACCOLMALIUEN
CYNb®UA0B, PA3HOOEPA3VEM

®OPM BbIAENEHWUIA MEOW

locnenoBaTenbHO nepepabatbiBalOTCS Ha JaHHOM
0@ no pa3BeTBNEHHOM FMOKON KONNEKTUBHO-
CENeKTUBHOM CXeMe, C NO3TaNHbIM PacKpbITUEM
(GNOTUPYEMbIX MEIHbIX MUHEPANOB 11 X BbIBOLOM
MEX[ly CTafMSMU U3MENIbYEHUS B KOHLIEHTPATbI
1-01 1 2-01 ME[IHbIX «F0I0BOK», ABNAOLLMECS
Hanbonee boratbiMi MO CONEPXaHMI0 Meay

HauMeHoBaHue nepepabaTbiBaeMbIX py

«MepHag pyna 1»
«MepHag pyna 2»
«MefiHad pyna 3»
«KonuepaHHas MefHas pyna»

Onepauum «ronoBoK» Hanbonee
LienecoobpasHbl 19 cbopa AaHHbIX
TEXHOMOrMYECKMX NapamMeTpoB

W napamMeTpoB paboTbl 060pyLOBaHMS,

WX nepefiaymn B cucTeMy a5 06paboTku

C LIe/Nbi0 NPOTHO3MPOBAHMS U YNPABEHNS

@PUBC

0,85-1, 0,/5-1,09
1.35- 2,74 0,28-0,65
0,74-1,08 04-10

0,98-0,62 0,41-0,56

OnTUMM3aLmMs NpoLiecca C HavanbHbIX
CTafNin MaKCUManbHO NpeaoTBpaLLaeT
HapyLLeHWe KOHANLMIA TOBAPHOIO MEHOM0
KOHLIEHTPATa, a Takxe NoTepu B
W3BNEYEHNI BBUIY MUHUMU3ALIAN
HapyLLeHui 1 6onee onepaTMBHOMO
pearMpoBaHus Ha HUX

Maccosag nong, %
e




NOPALOK NMPOBEAEHHbIX PABOT

MepBas u BTOpas MeAHble «r010BKM» NPoBoaATCcs BO ¢pnotomawmHax OM-1u B OM-2 Ha
CNMBAX FMAPOLUKNOHOB MEJIbHUL, BTOPOM U TPETbEMN CTaNI N3MENbYEHUS COOTBETCTBEHHO.
XBOCTbI 1-01 MEJHOM «TO/I0BKU» NOAAIOTCA HA TPETbH CTALMI0 U3MENbYEHUS. XBOCTbI 2-01
Me[HOW «rONOBKU» HaNpPaBnaoTCA B AanbHenlune onepauuun. KoHUeHTpaTbl 1-01 1 2-0i
ME[HbIX «T0JIOBOK» HANPaBAAOTCA B FOTOBbIA MeHbIN KOHLEHTPAT Ha CryLLEeHue

02 o7 03 N4 04 o7 05 N4 06 N4

Pa3pabotaH nnaH Y3/bl CUCTEMDI MpoBeaeHbl 0NpoboBaHMs lpoBeneHa aHanuTuka PaspaboTaHa Moaenb PaspaboTaHbl anroputMbl
MeponpusaTUm no M3 pa3MeLLieHbl ¢ ot6opom npob [aHHbIX PE3yNbTaToB MPOrH031pOBaHMS ynpasneHus NpoLeccoMm
pa3paboTke anropuTMoB B OMTUMANbHbIX NPOAYKTOB GnoTaumm - 0npo60oBaHMs 1 apX1BOB W NoAAepXaHus Ha ocHose CM3

ynpaBeHus NPOLECCOM MecTax MNOWCK 3aBUCUMOCTEN cuctem M3 n ACCYTI COLEPXaHUs Meau C BO3MOXHOCTbIO NMOAYYEeHNs
GnoTauumu ¢ NpoBeaeHeM namepsieMbix CM3 habpuky B KOHLiEHTpaTax KOHLIEHTPaTOB 3aAaHHOro
onpoboBaHus NapameTpOB W WX BIUSIHWS «r0NOBOK» KayecTBa

Ha npouecc

P




OB0CHOBAHWE AJITOPUTMA YNIPABJIEHW4 NMPOLIECCOM.

TEKYLLIEE MONOXEHWE AEN

ToBapHbIN MEAHbIN KOHLEHTPAT BKNOYaET

*  KOHLIEHTPATbl 1-01 W 2-0M ME[IHbIX «F0/I0BOK»

*  MefHblil KOHLEHTPAT (BTOPOW UK TpeTbeil MegHoI
NepeyncTKu), Nonyyaemblit B MeAHOM Lukne dnotaLmm

ConepxxaHue u ussneyeHme Meam B KOHLLEHTPATDI

1-0i1 1 2-01 MeAHbIX «rOMI0BOK» PernaMeHTupyerTcs.

[pu HepopaboTKax B LMKNE «r0/I0BOK» Ka4ecTBO TOBAPHOIO
KOHLLeHTpaTa Ao6bupaeTcs B MEIHOM LIUKIIE, YTO
TPYAHOLOCTMXMUMO 6e3 noTepb Meau ¢ xBocTamu. MonyyeHue
HEKOHAMLMOHHBIX KOHLIEHTPATOB U NOTEPU B U3BNEYEHUU
NPUBOAAT K CHUXXEHUIO Npubbinn npeanpuatus

2eCu=35-45%

<
<«

ToBapHbIN
MegHbin D,

KOHL|eHTpaT

£
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KoHueHTpat 1-om Cu
«T0N0BKN»> 167%

KoHueHTpart 2-ou Cu
«[ONOBKW» > 16%

o KOHLEHTpaT MefHoro

01

Pacxofbl peareHToB 1 NpoYne napameTpbl
3a[1aK0TCs 1 0BEeCcneYnBatoTCs COrnacHo
pernaMeHTy n U3MeHdoTCa NnLlb B Clydae
HEBO3MOXXHOCTM 0BECneynTb KauecTBo
KOHLEeHTPaToB perynMpoBaHuemM YDOBHeﬂ

umkna> 15%

02

Bo3ayx B onepaumax MefHbIx
«TO/I0BOK» He UCMonb3yeTcs
N9 PerynMpoBaxug npoLecca
BBIJY PE3KOTr0 ero BAUSHUA Ha
BbIXO/,



OB0CHOBAHWE AJITOPUTMA YNIPABJIEHW4 NMPOLIECCOM.
TEKYLLEE NMOJIOXEHWE AEJ

Obecneyenue pernaMeHTupyeMbiX TeXHOJ1I0rM4eckKux noKasaresien LMKNa MeAHbIX «r0/I0BOK»:

TpebyeMble cofepxanus Meau
B 1-0M 1 2-01 «r0/I0BKaX»
3a/1al0TCS TEXHOIOroM UCX0as
U3 MapaMeTpoB pyabl

02 N4

06ecneynBaloTcsl pyYHbIM
PerynMpoBaHneM ypoBHeii BO
dnoToMawmnHax ¢/m Nes0 1 NeH6

03 N4

0bpaTHOW CBSA3bIO
Cnyxart nokasanus ACAK
C MCKPETHOCTbIO 20 MUHYT

@PUBC

04 N4

3BNeYeHue oLeHnBaeTcs
CYObeKTUBHO N0 HabntoaaeMbiM
BM3Ya/bHO NapamMeTpam NeHbl
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ABTOMATWYECKOE YMPABJ/IEHUE YPOBHEM Ny/blibl
WU MNEHOCHbEMA C NPUMEHEHWUEM CUCTEM AACYIN-PB U CM3

TekylLas pyna: MeaHas pyna 2
30 10

Mpu 06paboTKe MaccUBOB faHHbIX HA OCHOBAHWUM YPOBHS NEHbI,

n3MepsemMoro cuctemMon M3 u ypoBHs NyNbnbl OT NEPEIUBA, - # ®
. - (=
onpeaenéxxoro cuctemoit ACCYT-PB, paccuuTan nokasatens 2 N R A 2
neHocbeMa B
s v Farddard iutie'asaardi
Ha npumepe OM-1 BbIiBNIEHA 3aBMCUMOCTb MEX[Y COAEPXAHNEM g
X 6 56
Meau B KoHLeHTpaTe (no AaHHbIM ACAK) v NpoLeHTOM BbIX0aa NeHbi — ACAK — Yposets nynsmo

Ha[, NepennBoM 0

0
05:53 06:26 06:59 07:32

AHanu3 apxuBHbIX IaHHbIX NOATBEPXOAET 3aBUCUMOCTb Mexay
YPOBHEM NyNbMbl U Ka4eCTBOM KOHLeHTpaTa OM-1. lpu NOHMXEHMM
YPOBHS Ny/NbMbl COOEPXaHe KOMMNOHEHTOB YBENUNBAETCY,

NPY NOBbLILLIEHUN YPOBHS — MOHWUXAETCH

35

25

% NeHocbEMaA

YéTKas 3aBMCMMOCTb MeXY coepxaHuem meau (no ACAK)

M YPOBHEM Ny/NbMbl BO GproToMallnHe OM-1He BCerga 0ueBnaHa,
B KaKMX-TO C/y4asix ypOBEHb MEHSINCS B CBS3M C KaUeCTBOM 16 ]
npouecca Ha OM-2, a B Kakux-T0 HabNAanuch Apyrue HapyLLeHns

npouecca unn paboTbl 060pynoBaHNS

CopepxaHue Mean B KOHLIEHTpaTe, %

17.5 19 205 225 240
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PE3Y/IbTATbI AHAJIN30B NPOB KOHLIEHTPATOB NMEPBOW MEQHOM
«[0J10BKWU» U CPABHEHWUE C JAHHbIMUW ACAK

30

24

% COLEpXaHug Mean

TekyLas pyna: MefiHasd pyaa 2

0-0-0-0-0-0-0-0
» 9000

— ACAK  — XuMuyeckuit aHanus

13:58 14:09 14:20 14:31 b2 14:53 15:04 15:15 15:26 15:37

[Tpo6bl KOHLEHTPATOB HA XUMUYECKMNIA aHaNn3
0T6Mpanncb BPYYHYIO B TEYEHUE 3-5 MUHYT
C MHTEPBA/IOM BPEMEHM B OOHY MUHYTY

B cpeaHeM, Kaxaon npobe NpuHATO COOTBETCTBUE
9-TW MUHYTaM CTabUILHOro NPoLecea

x
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PE3YJIbTATbl AHAJIW30B MPOb KOHLEHTPATOB MEPBOW MEJHOW
«[0J10BKWU» U CPABHEHWUE C JAHHbIMUW ACAK

TekyLas pyna: MefiHasg pyaa 1

— ACAK  — XuMuyeckuit aHanus

% COLEpXaHug Mean

09:37 09:48 09:59 10:10 10:21 10:32 10:43 10:54 1:05 116

B cBS3K C ManbiM Ang Habopa CTaTUCTUKM
KONMYecTBOM 0TOOPaHHbIX NPo6 3a nepuwop,
onpo6oBaHKs

B paspaboTke mMopenen nporH03a Ucnonb30Banuch AaHHbIe CUCTEMDI
ACAK npoayKToB nNepeoi v BTOPOW MeHbIX «T0/I0BOK»



, , @PUBC
PE3YJIbTATbl AHAJIW30B MPOb KOHLEHTPATOB MEPBOW MEJHOW
«[0J10BKWU» U CPABHEHWUE C JAHHbIMUW ACAK

TekyLas pyna: MefiHas pyaa 3
30

24

— ACAK — ! XuMuyeckuin aHanus

% COLEpXaHug Mean

09:26 09:37 09:48 09:59 10:10 10:21 10:32 10:43 1N:54 1:05

MpoBenéHHoe onpoboBaHMe NoOKa3ano pacxoxaeHue

0 0 0
naHHbIX ACAK (cunuit TpeHa) n pesynbTaToB XUMUYECKUX 11.45% 6,107% 2,00%
aHaNU30B [KpaCHbIVI TpeHﬂ] NPV UCCNEA0BAHMSX I1p06 CpeaHee NpoLEeHTHoe CpeaHee KBaapaThiHoe CpenHss abcontoTHas
oTKNOHeHue (MAPE) oTknoHeHue (MSE) olubka (MAE)

KOHLLEHTpaTa NnepBon «MeHOW» roJI0BKM
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UCTOYHUKW OAHHbIX 0719 PASPABOTKW MOAENEN
[MPOrHO3MPOBAHUSA KAYECTBA KOHLIEHTPATOB

Cuctema MaLmHHoro 3peHus (CM3)
NpefocTaBseT ceayloLLue napameTpbi
C MUHYTHOW JUCKPETHOCTbIO

02 N4 03
KonnyecTro PacnpeneneHue CKOpOCTb NeHbl, YPOBEHb MeEHbI LiBeToBbIe
nysbipeit (o6Lee nysbipei no pasaMepam: MM/ceK Ha[, NepenuBoM, MM XapaKTepuUCTUKK
0010 MM (Menkue) neubl (HSV, RGB)

Ha U306paxeHnm)

0710 00 100 MM (cpeaHue)
« cBbile 100 MM(60nbLLe)




, @PUBC
UCTOYHUKW OAHHbIX 0719 PASPABOTKW MOAENEN
[MPOrHO3MPOBAHUSA KAYECTBA KOHLIEHTPATOB

[aHHble ACAK ¢ 20-tu 02 [laHHble 03
MUHYTHOM AUCKPETHOCTbIO XUMUYECKUX
. - aHanu3oB
YPOBEHb MY/IbMbl HUXE NEPEennBa B Kamepe * [aHHble ACAK KoHLIEeHTpaTa 1-01 MEAHOW «TOM0BKM»
Mo/I0XeHNe I0HHbIX 3aTBOPOB * flaHHble ACAK KOHLEHTpaTa 2-01 MeJHON «rO/I0BKM» 0TO6paHHbIX NP06

U3 adpX1BOB UCK/THOYEHbI JlaHHble ang 06yqum|

NaHHblEe 3a nepuoabl MOpenu paspesieHbl Ha
3a(DMKCHMPOBAHHbIX CNy4aeB BHELUTATHbIX *  06yyatoLLyto BbIHOPKY, N0 KOTOPOK
CUTYaLMI, HapyLLEHWA paboTbl 060pYI0BaHMS Mopenb By[eT CONOCTaBNATb BXOLHbIE
W TEXHONOTMYECKOT0 npoLecca, cboes nofayn [aHHbIE BbIXOLHbIM

peareHToB 1 pexunMa n3MenbyeHund, a Takxe . TECTOBYIO BbIBOPKY, N0 Helt Mofenb
nepuoabl cboes B paboTte cucrem ACAK NpoBEPSEeT KaYecTBO 06yYeHNs

no UCNoJib3yeMbIM TOHKaM




BU1bl MOJENEN NPOrHO3MPOBAHUS KAYECTBA
KOHLEEHTPATOB W OLEEHKA UX TOYHOCTW

[porHo3upoBaHue CoaepXXaHus Meam No napaMmeTpam NEHHOro NPOAYKTAa,
usmepsiembiM CM3, B pexxume peanbHOro BpeMeHu no3eonsieT Co34aBath
anropuTMbl ONEpaTUBHOrO ynpasneHus ¢pnotauuen

Ha 0CHOBE HaKOMEeHHbIX AaHHbIX CO30AETCA MOENb MALLUHHOIO 06yqe|-|vm, BbIXOAOM
KOTODOPI ABNAETCHd COoepXxaHue Meaun

@PUBC

01

|/|CI10ﬂb3YIOTCFI [pOrHO31MpOBaHNe COMEPXKaHNe Meam B KOHLIEHTpaTe
no 1306paxeHnsM. Kaxmomy n3obpaxeHuio

[Ba BU[a M0119ﬂ9|7| NpUCBaMBaN0Ch OnpeaenéHHoe YCpeaHEHHoe
cofepxaHue Mean (o AaHHbIM XUMUYECKMX
aHanu3oB unn ACAK)

02

[TPOrHO3MPOBaHNE COAEPXaHUa Mefl B KOHLEHTpaTe

Nno LM@pPOoBbLIM NapaMeTpaM NeHbl - pasMepy ny3bipen,
CKOPOCTU, YPOBHIO NEHbI. EXXEMUHYTHOMY apXuBy, Kak cpesy
npoLecca, NpucBanBanuCh MHTEPNONNPOBAHHbIE AaHHbIE
XMMUYecKnx aHannsos unu ACAK
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BU1bl MOJENEN NPOrHO3MPOBAHUS KAYECTBA
KOHLEEHTPATOB W OLEEHKA UX TOYHOCTW

Cnocobbl OLEHKN TOYHOCTU NPOrHO3a NOCTPOEHHbIX MOAenen

CpenHss abconioTHas ownbka (MAE) - cpegHee

01 3HQUYeHWe OT BCex OLLNBOK, NOKA3bIBAKLLNX OLEHKY
67M30CTU NPOrHO3NUPYEMbIX SHAYUEHUI K
GaKTNYecknM

OLEHKa CPedHero KBafpaTUYHOro OTKIOHEHWS

0? (owwmbkm MSE) noacseyunsaet 60bLLMe OLLMOKY
W MIPUMEHSETCS B CMy4asiX, T1e OHW KPUTUYHbI, MOMOras
BbIBPATb MOJENb, AAOLLYI0 MEHBLUEE UX KOMNYECTBO

03 CpenHss npoLieHTHas oLuneka (MAPE) - oueHnBaet
Ha CKOMIbKO BEANKA [ienbTa Mexay GakToM 1 NporHo3oM

MAE * | |PeasibHOE 3HaYEHHE — MPOTHO3UPYEMOE 3HAYEHHE

n

I (PeasbHOE 3HAYE€HHE — MPOTHO3UPYEMOE 3HAYEHHE)?

MSE =
n

n
MAPE 1 z |PeasibHOE 3HaYeHHE — IPOTHO3UPYEMOe 3HaYeHH e

n

- PeasibHOe 3HayeHUe
L=
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OBPABOTKA UCXOOHbIX JAHHbIX U COCTAB/IEHUE OBYYAKOLLIMX MOOENK
[MPOrHO3WPOBAHUSA CM3 BbIEOPOK

Cnocobbl ¢pukcaLumuu npo6 nepexoHbIX NepMOA0B npoLecca ang 06yuyeHns pasnuuHbIx BUAOB Moaenen

° UCK/KO4YeHue, ang 06yqe|-|ms:| UCNONb3YKTCA JaHHbIE YCPEAHEHHbIX r|p06 TONbKO Ha CTABUNbHbIX y4aCTKax npotecca

*  JINHEeNHas MHTepnosALmS, C NpeobpasoBaHui AUCKPETHOCTM 0THOPa YCPEAHEHHOW NPO6bl B MUHYTHBIE MHTEPBASbI,
COBMECTUMbIE C JaHHbIMK cucTeMbl M3 u ACCYM-PB (ans Moneneit nporHo3unpoBaHins no n3o6paxeHinsM He
noaxoauT)

Mpu GOPMUPOBAHMH BLIGOPKN ANS MeTop ucknoueHus npob nepexoaHbIX NepUOA0B nNpoLecca

06yyeHus mopenei pukcupyrTcs
nepexogHbie Nepuoabl npouecca,

° HefoCTaTokK - YMeHblLLeHne BbI60pKl/I ong 06yLIeHl/I$I, BCneacTene 4ero - CHuUXeHne TOMHOCTK NPOrHo3a

°  MPeuMYLLECTBO - COMIePXaHne YCPeaHEHHO Npo6Gbl COOTBETCTBYET KaXAOMY NOMUHYTHOMY U306PaXEHMI0
WY NOMMUHYTHBIM apXUBHbBIM JaHHbIM

XapaKTepusyiouwimecqd USMEHeHUIMHU
pexuma u, BCneactene 31oro, Kayectea
N Ko/inyecTBa NEeHHOro NPoAykTa,

° UCNONb30BaH And 06yqu|/|9| Mogenen NPOrHO3MpPOBAHMA MO CDOTOI/I306pa)KeHI/I9IM MeHHOoro cnogd

NOCTyNnaroLero B KOHUEHTPAT, O KOTOPbIX
CBMOETEeNbCTBYHOT aHHblEe COCEeHUX

npo6 ACAK, otnuyaloLnecs no * HEM0CTATOK - I0MYLLEHWE, YTO POCT UM CHIKEHNE KAYECTBa KOHLIEHTpaTa NPOUCXOAMT PABHOMEPHO,
cofepxaHuio 6onee ueM Ha 8-15% oTH YTO B PeanbHOCTM He COOTBETCTBYET [Ie/CTBUTENbHOCTH
* MPeMMyLLeCTBO - NPY Manoit BbiBOpKe, MOfenn 6onee BapuaTuBHbIE B NPOrHO3e CONEPXaHMs

MeTof MHTEpNONaLMM IaHHbIX COCEHUX NPO6 NepexofHbIX NepuoaoB npolecca

*  MCMONb30BaH AN 06ydeHus Moaenei no LMPpOBbIM NapamMeTpam NneHbi

° oo
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OBYYEHWE MOAENEN MPOrHO3UPOBAHNS

Mogenu nporHo3a no U306pakeHmam

ONPeaenéHHbIX XMMUYEeCKUMN aHanm3amu
nn ACAK yCpeaHEHHbIX COaepXXaHnid Mean
(MHTepBanbHbI MeTop)

L1191 3a[1a4n perpeccun (BbIXoa Moaenu -
HenpepbIiBHOE LM(POBOE 3HayeHue)

TeKyLlero npotecca 1 NporHo3npoBaHKa
Nno HUM coaepXaHnd Mefan Ha OCHOBE
X BU3YaNlbHbIX XapPaKTepPUCTUK

04 N2 05 7

[epexonHble nepnojbl NPoLLEcca UCKIIIYEHbI BBeaeHue B 06yyatoLLyio BbIGOPKY

. HEKOTOpPbIX MOJJ,BJ'IBVI OaHHbIX
W13 06y4eHms UCKMIOYeHbI coceaH1e NPo6bl, OTIMYAIOLLMECS B HUKHUX PErucTpax copepXaHuit (Mpn coaepxaHnax
Meau MeHee 15% B KOHLEHTPaTe) No 0THOCUTENbHOI pasHuLe Bonee YeM Ha 15%, B BepXHUX (Npu ComepXaHusx Meau M0 CKOPOCTY CXOAA NMeHbI 1 YPOBHS My/bribl
6onee unn paeHo 15% B KoHLiEHTpaTe) - Gonee, YeM Ha 8% NOBbICKNO Ka4eCTBO NPOTrHO3MPOBAHNS




OBYYEHWE MOAENEN MPOrHO3UPOBAHNS

Mopenu nporso3a no umdpoBbIM NapamMeTpaMm MeHbl

B 06yyeHun ncnonb3oBaHbl PacCYMTaHHbIe
napameTpbl NeHbI

pa3Mep ny3blpbKOB U NX KO/IMYECTBO
CKOPOCTb CX0aa MeHbl

YPOBEHb MNeHbl Hafl nepeinBom
MapaMeTpbl UBETHOCTU

B 06yyeHuu ncnonb3oBaHbl napaMeTpbl paboTbl
cuctembl ACCYI-PB

YPOBEHb NMy/bIbl
MONOXeHWe A0HHbIX 3aTBOPOB

[pn UCNONb30BAHNM METOAA IMHENHON
WHTEPNONSLUMM MHTEPBANA AMCKPETHOCTb 0THOPa
YCPEOHEHHON NPobbl NPeobpasyeTcs B MUHYTHbIE
WHTEPBa/Ibl, HEOBX0ANMbIE AN NOCTPOEHNS
COBMecCTHOro ¢ CM3 mMaccuBa AaHHbIX

To ectb, ecnu B 0 MUHYT MMeeTcs 3HayeHue 10,
a B 20 MUHYT - 3HaueHue 30, TO MPOMEXYTOYHbIE
MWHYTbI AOMO/HAKOTCS 3HAYEHUIMMU:

nepeas MUHyTa - 11
BTOpPas MUHYTa - 12 U T.0.
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YCPEOHEHWE NOMWHYTHBIX NPOTHO3HbIX JAHHbIX

TekyLas pyna: MefiHasd pyaa 2

=
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[eb)
= 18
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[eb]
(=g
o
o
N
— Mopenb Xumug 1 - --  Cpe[HeB3BeLLEHHOE 3HayeHne Moaenu XuMun 1
0
13:03 1314 13:25 13:36 13:47 13:58 1409 1420 1431 k2

[ina Moaeneit NporHosa no n3o6paxeHuam 10 5. .,
C UCKNIOYEHWUEM NepexoaHbIX NepuoaoB Boy = ‘10 Lt
Zl:l ll ' Ul

PesynbTaToM paboTbl MOAENN SBNAETCA eXEMIUHYTHbIA NPOrHO3 (3eNéHbIi TpeH)
1; - YpOBEHb NeHbl, U; - CKOPOCTb CXOAA MeHbl, B; - MUHYTHOE MPOTHO3HOE CofiepXaHue Mefu.

; BIIPOLEHTAX

[POrHO3HbIE 3HAYEHNS YCPEOHAKITCS B YCIIOBHYO CPEHEB3BELLEHHYIO Npoby
3a 3a/iaHHblil nepuop, BpeMeHu (MyHKTUPHbIA KOPUYHEBbIIA TPeH )

° s v
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YCPEOHEHWE NOMWHYTHBIX NPOTHO3HbIX JAHHbIX

Pe3ynbtaTtoM paboTbl MOAENN ABASETCS eXXEeMUHYTHbIN MPOrHo3, YCpeaHEHHbIN
3a 3a[1aHHbIN MPOMEXYTOK BPEMEHH

[ng Mmogenen nporuosa _ N B

no uMdpoBbIM NapameTpam Pcu = —5 3 B IPOLEHTaX

NeHbl C MHTEPonaLUMen

nepexoaHbIX NepuoaoB
CpenHee CKONb3sLLEe 3Ha4YeHue MepauaHa
OTHOLUEeHne CyMMbl nNpeablayLmx yepeaHdaeMblX jendiiee nopoBHy H860p JaHHbIX 3HAYEeHKe,
3HaYeHui Bi K UX KO/IMYEeCTBY, HEJOCTATOK - bonee npennoyTuTenbHa Npu Hanu4ne
NCKaXaeTcs BbIbpocaMm 3HaYeHui HECUMMETPUYHbIX IaHHbIX 1 BbIBPOCOB
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MOJE/b, OBYHEHHAS HA JAHHbIX XUMWUYECKMUX AHAJIU30B

30

24

% COLEpXaHug Mean
N

TekyLas pyna: MefiHasg pyaa 1

— ACAK ——  XUMWYECKMN aHanua - -+ Mopenb Xumus
1216 12:29 1242 12:55 13.08 13:21 13:34 13:47 1400 1413

Mopenb 06y4eHa Ha pesynbTaTax XMMUYECKNX aHannsoB 96-Tu
0TOBPaHHBIX B Nepros onpoboBaHus npo6

+ Kaxnoi npobe NpucBOEHO 9 MUHYT CTAabUNBHOMO NpoLecca
* Bcero ncnonb3oBaHo 864 N306paxeHuit neHbl

* Ha 795-Tn 13 HKX MO[IENb NPOrHO3WUPOBaHKS 0byYanach

*Ha 69-T1 13 Hux (cnyyaiiHas BbI6opka) MOAENb TeCTUPOBanach

* MUHYTHblE NPOrHO3HbIE 3HaYeHNs (Ha 06yyaloLLieil BbiGOpKe) yepeaHeHbl
3a 3aflaHHbIl nepuop (B aaHHoOM cnyyae, 10 MuHYT)

* Mogenb He TeCTMpOBanach Ha HOBOM BbI60pKe B CBA3K C TeM,
4YTO N9 NOA06HOro TeCTUPOBaHUs HYXXHO NOBTOPHOE 0I'Ip06OBaHVIe




MOJE/b, OBYHEHHAS HA JAHHbIX XUMWUYECKMUX AHAJIU30B
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12:53 13:06 1319 13:32 13:45

TOYHOCTb NPOrHO3MpOBaHMA COAEPXXaHNS Meay B YCOBHO
ycpeLHEHHOM 3a 10 MMHYT Npo6e KOHLEeHTpaTa 1-0i «r0N0BKMU»
He3aBucHMO OT pyapl (06yyatowlas BbibopKa, 3eNEHbIi TpeHn)
OTHOCUTEJIbHO JAHHbIX XUMUYECKUX aHANU30B

O-O-O-0-0-0-0-0-0
900000000

13:58

5,59%

cpeaHee NpoLeHTHoe
0TKOHeHue (MAPE)
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TekyLas pyna: MefiHas pyaa 3

_____
....................
O -O-O-0-0-0-0-0-8
LA A A A A a a ol

— ACAK ——  XUMWYECKMN aHanua - -+ Mopenb Xumus

141 1424

1,06%

cpeaHss abcontoTHas
oLn6Ka (MAE)

14:37 14:50

OtHocutenbHo ACAK

He onpefeneHa Beuay
pasHuLbl B crocobax
0THopa N METO[AaX aHanNn3a
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MOJE/b, OBYHEHHAS HA JAHHbIX XUMWUYECKMUX AHAJIU30B

TekyLas pyna: MefiHasd pyaa 2

% COLEpXaHug Mean

— ACAK ——  XUMWYECKMN aHanua - -+ Mopenb Xumus

13:45 13:58 14N 1424 14:37 14:50 15:03 15:16 15:29 15:42

ToyHOCTb MoAenu Ha 69-Tn U306paxeHusx,
UCKIIOYEHHBIX U3 06y4eHns (MUHYTHbIE
NPOrHO3Hble CoAepXaHus 6e3 ycpeaHeHus)
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MOZE/N, ObYYEHHBIE HA JAHHBIX ACAK

TekyLas pyna: MefiHas pyaa 3

30

24

% COLEpXaHug Mean

— ACAK - -: ACAK c ynaneHuem 1

1819 18:30 18:41 18:52 19:03 19:14 19:25 19:36 19:47

Mopnenb ACAK_1. B 06y4eHun MCnonb3oBaHa TOYHOCTb NPOrHO3a Ha
Mopenu nporHosa - .
nepsas Bbibopka 13 816 npob ACAK ¢ o6yuatoLLeit Bbi6opke (BepXHuit
Nno U306paxxeHnam . .
UCKITIOYEHWEM NEePexoaHbIX NepruoaoB PUCYHOK, 3eNéHblil TpeHn)




@PUBC
MOZE/N, ObYYEHHBIE HA JAHHBIX ACAK

TekyLas pyna: MefiHasg pyaa 1

30

24

% COLEpXaHug Mean

— ACAK — ACAK cypnanennem 1 --- ACAK ¢ ynaneHvem 2

07:36 08:47 07:58 08:09 08:20 08:31 19:25 08:53 09:04

Mopenb [loo6yyenHas Mogenb ACAK_1 Ha BTopoil TOYHOCTb NPOrHO3a Ha

ACAK 2 BbIGOPKE AaHHbIX 13 600 Npob o6yJatowuieit Bbi6OpKe (HIKHM
PUCYHOK, 3€NEHbIN TPeH)
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MOZE/N, ObYYEHHBIE HA JAHHBIX ACAK

Mopenu nporio3a no umgpoBbiM NapamMeTpaM NeHbl

Mopnenb ACAK_T: B 06yyeHMn ncnonb3osaHa Bobibopka u3 15000 CTpoOK MHTEpnoAnpoBaHHbIX AaHHbIX ACAK. Bce pyab!
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TOYHOCTb NPOrHo3a Ha 06yyaloLLei
BblBOpKe (BepXHMIt PUCYHOK,
3eNéHbIN TpeHa)

TOYHOCTb NPOrHo3a Ha o6yyaloLLei
BblBOpKe (BepXHUIt PUCYHOK,
3eNéHbIN TpeHa)




MOZE/N, ObYYEHHBIE HA JAHHBIX ACAK

Mopgenu nporHo3a no undpoBbIM NapaMeTpam NeHbl

Mopenb ACAK_2: Mopenb Ha Bbibopke 13 23000 cTpok
WHTEPNONMPOBaHHbIX JaHHbIX Npob ACAK. MefHas pyna 2

TOYHOCTb NPOrHO3a Ha 06byyatoLeil Bbibopke
(BepxHuit pucyHok, 3enéHbiil Tpexn)

21 4
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19 1

18 4

17 1
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15 1

14

@PUBC

Wik \1.
\ﬂ | | ‘\l m,,\ |

I

W *’}W[ . 4} ,ﬂ

—— Mpordo3
—— Mefb no ACAK

T T T T T
112321 11-2400 11-24 03 11-24 06 11-24 09

T T
11-2412 112415

T
11-2418




@PUBC
KOMBUHWPOBAHHAA MOJEJb MPOTHO3UPOBAHUA

TekyLas pyna: MefiHasd pyaa 2
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)
= 18
g
S
V)
=
) — ACAK —— Xumuyeckuit aHanus  ~ = - ACAK 1 Xumuq
SN 6
0
13:33 13:46 13:59 1412 14:25 14:38 14:51 15:04 1517 15:30
Mopaenb 0byyeHa Ha faHHbIX 780-Tu Ha 69-T1 cHuMKax (cnydaitHas BbIGOpKa, MWHYTHbIE 3HaYEHMs Mogenb He TeCTUPOBaNach Ha HOBOW
npo6 ACAK 1 pesynbTaTax x/a 96-Tu 8%) Mofenb TecTMpoBanach (Ha obyyaloLLieit BbIBOPKE) BbIBOPKE OTHOCUTE/bHO X/a B CBSA3N C
0T06paHHbIX B Nepuop onpobosaHis npob OTHOCUTE/IbHO XMMWUYECKIX aHaNN30B ycpeaHeHbl 3a 10 MUHYT TeM, UT0 A1 Noao6bHoro
TECTUPOBAHMNS HY>XXHO NOBTOPHOE
onpoboBaHKe.



KOMBUHWPOBAHHAA MOJE/b MPOTHO3UPOBAHUA

T
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TekyLas pyna: MefiHasg pyaa 1

% COLEpXaHug Mean

12:29 12:42 12:55 13:09

TOYHOCTb NPOrHO3MPOBaHUS COAEPXKAHUS MEAMU
B YC/I0BHO ycpefH&HHoH 3a 10 MMHYT npobe 1-oi
«r0MIOBKU» He3aBuckMO oT pyabl (o6yyatolas
BblBOpKa, PMONETOBbIN NYHKTUPHBINA TPEHA)

13:21

13:47

OTHOCHUTENbHO AAHHbIX x/a

3,9%

cpedHee
NpOLEHTHOR
0TKNoHeHne (MAPE)

+0,7%
cpenHsa
abCconoTHas
oLn6Ka (MAE)

—_——— - — 0.0 .6-0-0-8-0-0.

— ACAK —— Xumuyeckuit aHanud — =~ ACAK n Xumug

14:00

1413 14:26

OTHocuTenbHo ACAK

9,3%

cpefiHee
NpOLIEHTHO®
0TKNoHeHne (MAPE)

+1.7%
cpenHss
abCconoTHas
oLnbKa (MAE)



@PUBC
KOMBUHWPOBAHHAA MOJEJb MPOTHO3UPOBAHUA

TekyLas pyna: MefiHas pyaa 3

30

24

__________

_________

— ACAK —— Xumuyeckuit aHanud — =~ ACAK n Xumug

% COLEpXaHug Mean

09:51 10:04 10:17 10:30 10:43 10:56 1:09 n:22 1:35 N:48

ToyHOCTb MOAENM Ha 69-Tu n306paxeHusx,
MCKAIOYBHHBIX U3 0By4eHns (MUHYTHbI 131% MAE
NPOrHO3HbIE COAiePXaHus 6e3 ycpenHenus)
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BbIBO/1bI N0 PE3YNIbTATAM UCCNEOBAHMIA

Co3aaH u 0b6yyeH pag,

NPUHLMNNANIBHO Pa3HbIX Moaenei
MALUUHHOro 06y4YeHus

MepcnekTMBHLIMU AN pa3paboTKu U BHEAPEHUS ABASIOTCS
Mopenu, 06y4YeHHbIe Ha AaHHbIX XMMUYECKUX aHANTU30B, T. K.
WCK/TIOYAKT NOrPELLHOCTb aHanKu3a npobbl C MCNoNb30BaHUEM
ACAK. Ho nonyyeHue gaHHbIX XMMUYECKNX Npob sBngeTcs
Haubonee Tpya03aTPaTHbIM, NO3TOMY KOMNPOMUCCHBLIM BapUaHTOM
MOXET 6bITb KOM6UHALMS ucnonb3oBaHus ACAK u xumuyeckoro

dHa/lu3a

NMPOrHO3MpOBaHME COAEPXaHNg MeEN MPOrH03nMpoBaHne
HenocpeacTBEHHO N0 1306PaXEHMIO NEHbI M0 pac4eTHbIM NapaMeTpaM MeHbl

BaxHbIM npeacTaBngeTcs 06beM 0bydatoLLeit BbibopKu. [Ing npeacTaBUTeNbHOM
BbI6OPKM HEOHX0OMMO Npon3BecTh He MeHee 300 oTBopoB NPO6 1S Kaxoon
TEXHONOTMYECKON TOYKM B TEYEHWUN HE MEHee 3-X MecsLeB

CospgaH anroput™ NoaaepXaHus onTManbHOro YPOBHS NEHOCHEMA
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MEPCNEKTUBHbIE HANPABJTIEHUS UCNOJ/Ib30BAHUS CUCTEMbI
M3 B YMPABJIEHWUU NMPOLECCAMU MJIOTALINK

3onotocoaepxatuye Monumetannuyeckue
CynbguaHbIe pyapl S PyAbl

O6paTHas ¢hnoTaunusg MarHeTUToOBbIX
W reMaTUToBbIX pyA, A0BOAKA
Xene3opyaHbIX KOHLEHTPaToB

MepHo-
HUKenesble pyabl

MegHo-

MefgHble bl
i} PYA MOSIMbIeHOBbIE PYAbI
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MPEUMYLLECTBA BHEAPEHUA CUCTEM MALLWUHHOIO 3PEHUA
oNg onTUMMU3ALMN ONOTALMOHHBIX MPOLECCOB HA 0O

°  CHWXEHWE NoTepb LIEHHbIX KOMMOHEHTOB, ONTUMU3ALIUA LIMPKYNSLIMN NPOMEXYTOUHbIX MPOAYKTOB, Y/ydLlieHie KayecTsa
HenpepbiBHblit KOHTPO/b KOHLIGHTPATOB 3a CYET CBOEBPEMEHHbIX KOPPEKTUPOBOK HAPYLLIEHNI B HYXHOI TOYKe npoLiecca

NnapaMeTpoB NeHHOro cjog ° 0ONTMMKU3aUnd pacxoaoB peareHToB [CBOGBpeMeHHOB pearnpoBaHne Ha HapyLleHue npoLecca, Tpe6y+0ume N3MEHEHNU]

no Bcemy GpoHTY poTauuu peareHTHoOro pexumma)
[KaMepa 34 KaMBPOVI, * CHWXeHne BIngHnd 4enoBe4yeckoro dJaKTOpa [HEOﬂbITHOCTb, OTCYTCTBME Ha pa6oqu MecTe B KpUTU4eCkne MOMEeHTbl, NoTepu
Kackap 3a KaCKaJJ,OM] BPeMeHW Ha NMoncK pemeva 1 PY4HOE perynnposaHune, n T.ﬂ,.]

* CHMXeHKWe Tpyao3atpaT, BEpOATHOCTU TEXHO/IOTMYECKNX cboes, BeAyLKnX K NoTepam

*  NpaMoe usMepeHne 6es 0T60pa 1 aHannusa nNpood, NoNyYeHne NPOrHO3a KOMMNOHEHTA B OHMAIH-PeXMMe,

*  CHWXEHWe 3aTpaT Ha YCTaHOBKY 1 06CnyXunBaHue cucteM ACAK

MporHosupoBanune” *  ONTMMM3aLMs TEXHONOMMYECKIX NoKasaTenei (copepxaHne GnoTMpyeMoro KOMNOHEHTa B NeHHOM NPOLYKTe U U3BNgYeHIe B Hero)
KaiecTea NeHHOro *  ONTMMM3ALVS PEAreHTHOrO pexuMa

HpOD,YKTa W BOSMOXHOCTb ° CHWXeHKWe Tpyao3atpaT Ha KOHTPO/b, ynpas/ieHne u perynuposaHune npoLeccoM, BEPOATHOCTU TEXHOI0TNYECKNX CGOGB, BeayLKnX K noTepam
NnoslyYyeHnsa KOHLeHTpaTa

HY)XHOro KayecTBa Mofenu NporHo3MpoBaHNs CoepXKaHus KOMMNOHEHTOB BO3MOXHbI MPU HaNnnumMm KOPPEensaummu Mexay napaMeTpami LUBETHOCTU M PacrpeneneHnem nysbipbkoBs Mo

KPYMHOCTY C COAIEPXaHNSIMM B KOHLIEHTPaTE (I0TUPYEMOr0 KOMNOHEHTa ((hnoTaLmns 3010T0CONepXaLLMX CyNbGUAHBIX Py, PYA YEPHbIX METANNOB, MEHbIX,
MOAUMETANNNYECKMX, MeAHO-MOMBAEHOBbIX ¥ NPOYMX pya). PaspaboTka NofoGHbIX MOAENeit Haubonee akTyanbHa B Cy4adx, Fae CNOXHO UK HEBO3MOXHO

onpeneneHue cofepxanuit onepatMeHo cucteMami ACAK. [ins paspaboTku Moaeneit TpebyeTcs onpobosaHue




@PUBC
MPEUMYLLECTBA BHEAPEHUA CUCTEM MALLWHHOIO 3PEHUA
oNg onTUMMU3ALMA ONOTALMOHHBIX MPOLECCOB HA 0O

Bbigava pesynbTaToB B
peanbHOM BpeMeHH 6e3
3anasgblBaHNM.

° apxuBupoBaHue: y,D,06H09 XPaHeHne 1 aHann3 NCToOPUYeCKnX AaHHbIX
° 0MnepaTtMBHOCTb pearnpoBaHng Ha N3MEHEHWS NPoLecca

B03MOXHOCTb yCpegHeHuUs .
° ynyylleHne TexHONOrn4yecKnx nokasareneun no onepaunaM u B TOBAPHbIX NPOOYKTaX

[NAHHbIX U TMBKOCTb
yCpeLHeHus

* BO3MOXHOCTb ,D,OOﬁyquMFI, HanpuMep, npu cMeHe pya [I'IDOBGCTM onpoﬁosaHme] nnn BHeceHne ynquueHMVl, 38¢MKCVIDOBaHHbIX
C ONbITOM 3KCMJ1yaTaunn CUCTEMbI - /19 NOBbILLEHNS TOYHOCTK NPOrHO3a U BO3MOXHOCTEN ynpas/ieHund, B TOM Yucne
dBTOMAaTU3NPOBAHHOI0

° 3gHa/iM3 apXMBOB NO3BOINT HAXOAWUTb HOBbIE 3aKOHOMEPHOCTU C BO3MOXXHOCTAMI BHOCUTDL YnydLllatoLLne anropuTMbl MPOrHosa
N ynpas/ieHnd B CUCTEMY

ApanTUBHOCTb

Mogeneu




YHWUKANTbHOCTb CUCTEMbI MALLINHHOIO 3PEHUS PUD

MapameTtpbl,
usmepsiemble CM3

YpoBeHb NeHbl CKopocTb
BbilLie Nepenuea CX0/a NeHbl

JaTtyuk
YPOBHSI NeHbl

MonaepXaHye NeHOCbEMA CTano BOSMOXHbIM

33 CYET OCHALLIEHMS BULEOY3NOB HALLEN CUCTEMbI
M3 natyvkamm neHbl, M3MEPSHOLLIMMM BbICOTY
MEHHOr0 CNOS BbILLE FPaHuLbI Nepenvea. aHHbIn
(QYHKUMOHanN OTCYTCTBYET y NOAO6HBIX paspaboTok
Apyrvx npouseoaumteneit. OH HaCTPanBaeTCs Ha
CTaamsx Nycko-HanaaoyHblx pabor, He Tpebyet
06Yy4YEeHNs 1 OTHOCKTENBHO NPOCTHIM METOAOM

B KOMM/NEKCE C NOKa3aHWAMM YPOBHS Ny/bbl
NO3BOANSIET OLEHNTb HE TONbKO Hanuume
NEHOCHEMa, HO W MPOLEHT CHUMAEMOM MeHbl

0T 061LLieN e€ TONLLMHbI

[lapameTpbl
LIBETHOCTY MEHHOro
cnos

OcobeHHOCTH
aHanu3a neHHoro cnos

MPOrHo3MpoBaHHMe KauecTsa NPoTeKaHns
npoLecca no LIBETOBbIM XapaKTepucTHKam
NeHbl 1 KPYNHOCTW W pacnpefeneHuio B Hei
My3blpbKOB CTAN0 BO3MOXHbIM 33 CYET
aHanu3a Bcei NOBEPXHOCTY NeHbl B 30He
BMOMMOCTY KaMepbl, a He BblENEHHOr0 eé
y4acTKa, Kak, Hanpumep, B cucTemMax M3
npou3soacTea OQutotec v apyrux aHanoros

@PUBC

KonuyecTso 1 pasMepbl My3bipbKOB
C 3a[1aBaeMbIM pacnpefeneH1eM
Mo KnaccaM KpynHocTu

OcobeHHoCTH pacuéTa
BEKTOPHOMN CKOPOCTH

CKOPOCTb NeHbl PAaCCUUTHIBAETCS aHaNN30M
NOCNEL0BAaTENbHOCTU U306 paXEHNN 1
BbIYMCTIEHNEM GBI KOHTPO/bHbIX TOYEK.
ConocTaBneH1eM BenYMHbI CBUra 11 YacToTbl
KazpoB (Bpems Mexay u3obpaxeHusamm)
PaCCUMTbIBAETCS CKOPOCTb IBVXEHIUS NOTOKa
neHbl. [Ing KoMNeHcaLuu TypByneHTHoCTH
MCNONb3YIOTCA U306PaXEHMS CO CMELLIEHNEM
TONbKO B CTOPOHY Nopora (BeKTopHas CKopoCTb).
BennunHa ckopocTY YCPeaHASTCA 3a NOCNeaHMe
1000 n306paxeHuit (npuMepHo, MUHyTa)
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CMNACUB0 3A BHUMAHUE



