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Pestome: B cmammi pozensnymo imimayiiny mooenb OMbHUYi WAXMHOI GeHMUNAYIUHOI Mepedici ma 30iliCHeHO
iMimayitiine MOOeN08AHHS NEePeXiOHUX Aepo2az00UHAMIYHUX NPoYecie 3MiHU KOHYeHMpayil mMemaHy 8 OLTbHUuyi npu
3aCMOCy8anHi NO3UYIUHO20 Ma eKCHOHEHYIANbHO20 Kepylouo20 6NIUBIG. 3anponoHOBAHO HeupoMepedcesuli Memoo
Gopmysanns Kepyrouux 6RAUBIE WLIAXOM HABUAHHA HEUPOHHOI Mepedici Ha HAOOpi ONMUMANLHUX KepYIOUUX 6NIusie.
Busnaueno kpumepii ma po3pobieno aneopumm Qopmysants ONMUMAIbHUX KePYIOUUX 6NIUGI6 AK 6UDIPKU HAGUAHHS

Hetpounoi mepedxci. Ilposedeno

iMimayitine MOOen08aHHs GUKOPUCMAHH KePYIoYux 6Nniueie,

cghopmosanux

HEUPOHHOIO Mepedicero, Md OYIHEHO 3HUIICEHHS GENUYUHU KOHMPOLbOBAHO20 NAPAMEMpPY 8 cepedosuwyi OinbHUYI

waxmHoi 6eHMUNAYIUHOL MepediCi.

KuarouoBi cioBa: gopmysanns Kepyrouux 6nausis, NpoGimpIOSaHHs 2ipHUY0000YEHOI OLIbHUYI, HEUPOHHI Mepexci,

KOHYeHmpayis MEmamy.

BCTYI

[IpoGiieMa KOHTPOJIIO JOMYCTUMOI KOHIIEHTpAIT
HeOe3NeuHuX rasiB, Takux sk meraH CHy Ta wagHuii
ra3 CO, € Haa3BUYAlHO  aKTyaJbHOI B
ripHIY0J00YBHUX n1axrax. I'ipandonobyBHa
MIPOMHCIIOBICTh € HaWOUIbII HEOE3MEUHOI0 TaTy33i0
B r00ii kpaini. Hanpuknan, cratuctuaHuii anamis
mokazaB [1], mo g HAWOIIBIMHMX KpaiH, sKi
noOyearoTh Byriuig, B 2001 poIi KiUIbKiCTh
HEIIACHUX BWITAJKIB Ha MUIBHOH TOH JOOYyTOrO
Byrimisa ckimamae 6.63 mrs Kuraro, 0.83 mmsa Pocil,
0.48 nmna Immii ta 0.02 mis Ascrpanii. Tomy
po3poOKka KOMIT'FOTEpPHHUX CHCTEM, W0 37aTHi
KOHTPOITIOBATH napaMeTpu aeporasoBoro
CepeloBUINa MIAXTH y CKIadi  BiIMOBITHOI
ABTOMATU30BAaHOI CUCTEMH KEpPYBaHHs, BCE IIE
3aIUIIAEThCS aKTyallbHOIO 3amadero. [lpm 1mpomy
JIOTIUTBHO 3a0e3MeYNTH aNalTHBHE KepyBaHHS [2]
IPOIECOM  TPOBITPIOBAHHSAM  JJII  CKOHOMIYHO
BHUTIIHOT Ta INBHIAKOI peakiii CHUCTEMH B YCix
MOJKIIUBUX CUTYAaIlisX.

JIoLiNnbHICTD 3aCTOCYBaHHS METO/IB
aJalITUBHOTO KEPYBAaHHS 3yMOBJICHA CTOXACTHYHUM
XapaKTepoM aepora3oBHUX TIPOINECIB Yy MIaXTHHUX
BEHTWIAIIMHUX ~ Mepexkax  (LIIBM),  3wmiHOMO
rommosiorii  IIIBM,  3Ha4HOI  PO3MOJIICHICTIO
KOMIT FOTEpHOI CHCTEMH 300py JaHHX Ta BEIUKHM

YHCIIOM CEHCOPIiB BUMIipIOBAIBHOI mifcucreMu [3].
AeporazoguHamivni mporecu [1IBM, sk mpaswuiio,
pO3TIANAIOTECS K O0’€KTH 3  PO3MOAUICHUMHU
nmapaMeTpaMu, B SIKMX JWHaMika 3MiHA BUTpaT
TOBITPS OIMUCYETHCSI CHCTEMOIO JH(EpPEHITIaTEHIX
PIBHSHB B YaCTKOBUX MOXiAHMX [4-5]. B mux ymoBax
JIOCTATHIO alalTUBHICTh 3a0e3MevyIoTh
HelipoMepekeBl MeTOIW 3aBIsSKH J00pe BiIOMUM
y3araJpHIOIOYNM Ta allPOKCUMYIOYUM BIIACTHBOCTSIM
Helponnux mepex (HM) [6-7].

HefipomepexeBi  Meromm  kepyBaHHS — [8]
3a0e3MeuyIoTh Kpalmie KepyBaHHS IMPH 3MEHIICHHI
CKJIaJJHOCTI ~ MAaTE€MaTUYHOTO  ONKHCYy  MpOIECY
KEepYBaHHS IUISXOM MPEACTABICHHS HOTO y BHUIJISI
HeHpoMepexeBoi MoielTi. 3a paXyHOK BIIACTHBOCTEH
CaMOHaBYaHHs Ta caMoajanTaiii HelpoMepekesi
METOJM KEpyBaHHS 34aTHI 3a0e3Me4uTH  Kpaili
pe3ynbTaTH B TOPIBHSAHHI 3 I1HIIUMHU BiJOMHMH
Meromamu. HelipoMepeskeBi MeTOOW KepyBaHHS
OCTaHHIM YacoM IIUPOKO BHUKOPHCTOBYIOTBHCS Y
PI3HOMaHITHUX TpPeIMETHUX 00JacTsAX, 30KpemMa y

mitakoOymyBanHi  [9], wemmiiamx [10] Ta
pobortorexuiuaux [11] cucremax.
OpnHak, BUKOPHUCTaHHS HelpoMepeKeBoi

cucteMu KepyBaHHS B ymoBax [1IBM, Tak camo sk i
TpamuIifHUX cXeM KepyBaHHs Ha ocHoBi I1, TTI, ITIJ]
KOHTPOJIEPIB, MIPU3BOIUTH 110 3HaYHOI'O
NePEBUILCHHS JOIy CTUMOT rpaHmLi
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KOHTPOJLOBAHOTO TapaMeTpy ITiJl Jac MepeXiTHOTO
mpoIrecy, 30KpeMa  JOMyCTUMOI  KOHIIEHTpaIli
Merany B IIIBM [4]. Lle 3yMOBIEHO HasBHICTIO
JOJJATHOTO 3BOPOTHOTO 3B’SI3Ky, IO ITiJICHITIOE
aMILTITYly KOHTPOJILOBAHOTO MapaMeTpy y IeKiibKa
pasiB. Y TakoMy BHNaAKy JOLUIBHO (DOpMyBaTH
TaKAi KepyrouWid BIUIMB, SIKHA OH BiONOBiNaB
mapaMeTrpam 00’eKTY KepyBaHHS npu
(YyHKLIOHYBaHHI MiJCUCTEMH KepyBaHHS 0e3 i
3BOPOTHOTO 3B’S3KY.

Tomy wmeToro maHoi cTaTTi € po3poOka Ta
JOCIiPKEHHSI HEHpOMEpEKEeBOTO METOIY
(hopMyBaHHS KEPYIOUYHX BILIUBIB JUII KOMIT IOTEPHOT
CUCTEMH, IO KOHTPOIIOE MapaMeTpH aepora3oBOTo
CepeIOBHINA IIaXTHOI BEHTHIIAIHOT MEePEKi.

1. IMITALIMHA MOAENb AINbHULI

LBM
OcHoBHe npwusHaueHHs [[IBM — 3a0esneuntw,
3TiTHO 3 BUMOTaMH Oe3Iek, pEXKUMHU

NPOBITPIOBaHHS IUIBHUIL MIAXTH B YMOBaX BHCOKOI
IHTEHCHBHOCTI J00yBaHHSA BYTruUuil. ToMy MeTox

(bopMyBaHHSI ~ KEpYyIOUHWX  BIUIMBIB  JOIIIBHO
pO3rIsiHYTH Ha mnpuknan gauoibHuini  [IBM 3
BUKOPHUCTaHHSAM 1i  imiTamiiiHoi wmopmem. s

o0y I0BY iMITaliifHOT MOZIEITi AOIIIBHO PO3TIISTHYTH
ONHY 13 HAWOUIBII  PO3MOBCIOKCHUX  CXEM
NpOBITPIOBaHHS  BHAOOYBHOI  mimpHumi [4] 3
TPbOXCTOPOHHIM  MPWISATAHHAM  BHPOOJICHOrO
mnpoctopy (3 TpAMAM XOIOM BHIOOYTKY) IO
BIIKATHOTO INTPEKYy, JaBH Ta BEHTWISALIHHOTO
mrpeky (puc. 1).

BinkaTHuii mrpex

l\L
I L
Bupobnenuit Jlasa
pocTip
0,
3aciiHka va \
Qm ! Bentwaniiauii mrpek

Puc. 1 — Cxema npoBiTproBaHHsI BUA0OOYBHOI AiTbHULI
3 TPHCTOPOHHIM NPWJIATAHHAM BHPOOJICHOT 0
NpoCTopYy.

BunoOyBHa minpHHLS SIK 00’€KT KepyBaHHS B
LIJIOMY OIUCY€EThCH Au(epeHIiaTbHIM PiBHIHHSIM
[4] TmepeximHOTO  aepPOAWHAMIYHOTO  IIPOIIECY
(dbopMyBaHHS TIOTOKYy TOBiTpS (@ Ha BXOmi
BIIKATHOTO IITPEKy IIiJ [i€r0 nempecii H , 1o
CTBOPIOETHCS BEHTHIITOPAMH TOJIOBHOTO
NPOBITPIOBAaHHS Ta aepoAWHAMIYHMMH OIIOpaMH

BJIACHE JUTHHHIII R Ta 3aCiHKH RR , SKa PETYIIOE
BIJITIK TIOBITPS 3 BEHTWIALIHHOTO MITPeKy (puc. 1)

d 1
D _(t-r-0l0]-rr-0[0). (1)
d k

ne ksz'l KoeilieHT iHepUidHOCTi, SKUH B

CBOIO HYEpry BHU3HAYAETHCS TYCTHHOKO TOBITPI O,

JOBXMHOK JOUIBHUII [ Ta  €KBIBAJIEHTHUM
Tepepi3oM IITBHHUII S .

Heb6esneuny KoHIEHTpallilo MeTaHy y atMocdepi
BUIOOYBHOI AUIBHHLI CTBOPIOIOTH AEOETH METaHy
OKpeMHX KOMIIOHEHTIiB MiJIbHHIN: BHUPOOJIEHOTO
MPOCTOPY, JIaBH Ta BEHTHIALINHHOTO mTpeKky. OaHak
MpOIEC TPOBITPIOBAaHHS 3MIHIOE  KOHIICHTpaIlil
METaHy B IUX KOMIIOHeHTax. ToMy i CTBOpEHHS
iMmitamiitnoi mopmemi ginmpHuni I1IBM  HEoOxigHO
CTBOPDHUTH IMiTamiiiHi MoOjeNi, SKi ONHCYIOThH
MUHAMIKy Ae0eTy Ta BUTpPATH METaHy B KOXXHOMY
KOMTIOHEHTI.

Mopnens aeporazoBoro cepeoBHIIa
BUPOOJICHOTO  TPOCTOPY IOBHHHA  OIMCYBaTH
nepexiani aepoanHaMIvHI MPOIIECH, o

BiZIOYBAIOTHCS B TIPOCTOPI, SIKUH 3aJIMIIAETHCS TTiCIIS
noOyBaHHsSI BYTINBHUX IUIACTIB 1, TaKUM YHHOM,
MEPETBOPIOETRCS Yy (QUNIbTpaliifHe cepeloBHILE.
QDinpTpamiss  MOBITPSHOTO  IMOTOKY  BHHHKAE
BHACJIIJIOK TIPOCTOPOBO PO3MOIIICHOT Pi3HUII THCKIB
MDK IOTpEeKaMH, a TaKoXX NPUCYTHIM HETiHIHHUM
aepoIMHAMIYHUM OIIOPOM BHUPOOJICHOTO IPOCTOPY.
Junamika nebery wmerany (@, 13 BUPOOJIEHOTO

MPOCTOPY OMUCYETHCS MOACIUTIO [4]

4o @)

do
T —==+0, = + R
" 0,=0 A

dt

ne T, — moctiiiHa vacy, (,, — IOYaTKOBHUH 00 €M
METaHy y BHPOOJIEHOMY HpOCTOpi, B — NMUTOMHI

aepoAMHAMIYHHI OTTip BUPOOIECHOTO MPOCTOPY.

Omnak  3anexHicTh (2) depe3  HAsBHICTH
OCTaHHBOTO 4JICHa € HE3pYYHOIO Uil TO00YI0BH
iMiTarifiHoi Mopmeni 1 TOMy JONUIBHO Oyne
MPOIHTETPYBaTH OOHWABI YacCTHHU 1 T030aBUTHCH
mudepenuiany npu Q°

B

! :
0.=7 [©,, -0, + 0 3)

MertaH, 110 BUXOJHUTh 3 JUKEPEN Y BUPOOICHOMY
MPOCTOPI, 3MIMIYEThCS 3 MOBITPSHUMHU IOTOKAMH,
0 TPHUBOIUTH 1O YTBOPEHHS HA BCifl JOBXKHHI
BEHTWJIALIKHOTO IITPEKYy MPHUTOKY MOBITPSHO-
METaHOBOi Cymimni (, 3 KOHIEHTPALIE) METaHy
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C,. /JluHamika 1LbOrO MPOLECY  OHUCYETHCS
ndepeHIitHIM piBHSHHSIM [4]
dc 1
r=—I(0,-(,+0,)-C, ), 4
i~y 2@, (4)
ne V,, — 06’eM BUpOOIEHOrO IIPOCTOPY.
JlaBa NPE/ICTABIISE co00r0 micie

Oe3nocepeqHporo n1o0yBaHHs Byrimis. Kyt Haxumy
JIaBM BINMOBifa€ KyTy 3alliTaHHS IUTACTy BYTiJUIA.
Mopens aepora3oBoro ceperoBHUINA JIAaBH ITOBHHHA
BpPaxOBYBaTH HECTAIIOHAPHICTh MPOIECY HACHUCHHS

atMocepr  JTaBM  METaHOM 1 MOXe OyTH
TIpeACTaBIICHA HACTyTTHUM mudepeHITITHIM
PIBHSHHSM [4]

dc 1

Tt]:?(Qm/ -, +Qm/)'C/)7 (5)

1

ne V, —o0’em naBu, Q

. —00’eM MeTaHy B JaBi, Q,
— 00’eM TIOBITpA B NaBi, C, — KOHIEHTPAIlisl METaHY

B atMoc(epi 1aBu.
[Iputik TOBITPSIHO-METaHOBUX Ccywmimedl Q3

'
BUPOOICHOTO MpocTopy Ta O, + Q,, 3 JIABU BUKIINKAE
y BEHTWISIIHHOMY — IITPEKyY (bopmyBaHHS
pEe3yABTYIOUOTO0  TMOTOKY  TOBITPSHO-METaHOBOI
cymimi Q, 3 KOHIEHTpamiero metany C,. Moxaenb
aepora3oBOro CepeOBHUIIA BEHTHISAIIHHOTO MTPEKY
MOXe OyTH ommcaHa HACTYIHHM TUdEpeHITIHHIM
PIBHSHHSAM [4]

dc, 1
T;h = V_(de +0,,-(©0+0,,+0,.)" Csh)’ (6)

sh
ne @, — 00’eM MeraHy, M0 TIIOCTyIae 3
BHPOOJIEHOTO TIpocTopy, O, — 00’€M MeTaHy, IO

rnoctynae 3 JaBH, V, 00’eM BEHTWISLIHHOTO

IITPEKY.

2. NOPIBHAHHA NO3ULIAHOIO TA

EKCMNOHEHLUIANIbBHOIO KEPYIO4YUX

BMJIMBIB HA IMITALIAHIA MOJENI
ANbHUUI LLBM

Ha ocHOBi HaBemeHmx y 1. 2 BupasiB (1-6)
po3pobiieHo imitaniitny moxaens ainpHuLi [IBM y
cepenoumi Simulink makery MATLAB. I'padiku
MEPexXiTHNX  aepONWHAMIYHUX TPOLECIB  3MiHU
3HA4YeHb KOHLEHTpalii MeTaHy y BHPOOJICHOMY
npoctopi C,,, y BEHTWIALIAHOMY mTpeky C, Ta
naBi C, HaBeJeHO Ha puc. 2 (0, B, T' BIAMOBITHO) MPH
rmoJadi Ha BXiM IMITAIiHOI MOZENI KEpyIoUoTo
BIUTUBY, IO 3MIHIOETHCSA IO TMO3UIIHHOMY 3aKOHY

(muB. puc. 2a). [lepexigauii IpoIiec MOYMHAETHCS HA
20-Ti#f CeKyHAl 3 TOYaTKOM IiTHIMAHHS 3aCiiHKH
(IpOBiITpIOBaHHS). Pexum MPOBITPIOBAHHSA
NOYMHAETHCS. TIPH 3HAYCHHI KOHICHTpalii MeTaHy
C,, y BUpOOJIEHOMY TIpoCTOpi 6im3bKo 2.5%, 1m0 €

BHOYXOHEOE3eUHNM. B MOMEHT  I0YaTKy
MPOBITPIOBAHHS yepes HECTaIliOHAPHICTh
aeporazoBUX IIPOIECiB Ta HAABHICTh ‘‘3aCTIHHUX

”, J€ HaKOIHMYyEThCS METaH, KOHIICHTPAIlisA

30H”,
metany C, 'y BHPOOJEHOMY HpPOCTOpPI J0cCATae

3Ha4eHHs Onm3bko 11%, mo y Ginbiue HiX 4 pasu
MIePEBUIIIYE TOoIycTUMy HOpMy. [lepeximHuii mporiec
TpuBae Onm3pko 10 cekyHA, Mpu SKOMY 3HAa4eHHS
3HWXKY€ETbCS A0 gomyctumoro 2.5%. Yepes 30
CEeKYHIl KOHIICHTpAIlsI 3HWXKYETHCS N0 pPOOOUYOTO
3HaveHHs (< 1%) 1 mepexigHuil mpolec NepexoIuTh
B ycraneHudt pexum [12]. Tak camo, B MOMEHT
MOYaTKy NPOBITPIOBAHHS KOHLEHTpAlis METaHy Y
BEHTWIILIHHOMY mTpeky C, [Aocsrae 3HauYeHHS

0sm3bko 3.5%, 1m0 Ha 1% OinbIle Bif TOMYCTHUMOTO.
Tinbkn KOHIIEHTpAIlisi MeTaHy y JaBi C, B MOMEHT

MOYaTKy MPOBITPIOBAHHS 3MEHIIYETHCS JI0 BiIMITKH
3HAYHO HUXKYOI Bil JOIYCTHMO].

CyTtTteBa HENiHIHHICTh MepexiTHnx
aepoauHaMIgHUX mporeciB B mimpHUI IIIBM Ta
HasBHICTh THMYacOBOTO JIOJJATHOTO 3BOPOTHOTO
3B’M3Ky MpPHU3BOIATH JIO IIIKOBOTO 30iJbIICHHS
KOHTPOIIbOBAaHOTO  TapaMeTpy — KOHIEHTparlii
METaHy IPH BUKOPUCTAHHI MO3ULIHHOTO KEPYIOYOTro
BIUTUBY (pi3KOMY MiAHATTI 3achiHku). Y pobortax [4,
13] mokazaHo, IO 3MiHA IIAHATTS 3aCIiHKH II0
EKCIIOHCHIIIaIbHOMY 3aKOHYy Ha aieHuili I[1IBM
JTO3BOJISIE YHUKHYTH MKOBOTO 3HAYCHHS
KOHIIeHTpalii MeTany. ToMy JOUIIBHO Hamami
BU3HAYUTH TapaMeTpH, M0 OyAyTh OMUCYBaTH
npoiiec (bopmyBaHHs €KCIIOHEHIIIATBHOTO
KEepPYIOUOTO BILTUBY.

B pe3ymbrari momepemHbO TPOBENCHOI cepii
EKCIIEPUMEHTAIBHUX JOCHIHKeHb Simulink-moneni
mimeHuni  IIBM  BusiBnieHo, mo (opMyBaHHS
KEepPYIOUOTo BILTUBY (pHC. 3a) 3TiJHO 3 BUPa30oM

y(t)stt+K-(1—e’D’), (7)

ne Fst — koedilieHT 3mimmeHHs, K — KOeQillieHT

MpOMOPIiHOCTI, D — TOKa3HUK MIBUAKOCTI
HapocTaHHA (YHKINI, TO3BOJSE YCYHYTH ITIKOBE
30iMbLICHHS  KOHUEHTpauii ~ merany C, Y

BupoOyieHoMy mnpoctopi go 3.12% (puc. 30), a
KOHIIeHTpanii MeTraHy C, Yy BEHTWIALIHHOMY
mrpeky 1o 1.14% (puc. 3B). KoHuenrpauisa Metany
C, y naBi Tak caMo, K 1 TpH TO3HUIIHHOMY
KepyIoUuoMy BIUIMBi, HE TIEPEBHIIYE IOIYyCTHMHX

3HaueHsb (puc. 3r).
Takum uwmHoMmM, Meroro HM € ¢dopmyBaHHS
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Kepyrodoro BIUMBY Bumay (7) B 3aleXHOCTI BIf
reOMETPHYHUX Ta (QYHKUIOHAIGHUX TapameTpiB
mumpHumi IIIBM 3 Meroro  3a0e3meuyeHHs

100

[e ] ©
o o o
T T
I I \

A O o
o o
T T
I I

Binkputtst 3acninku, %
N w
e ° o
L

=
(@)
\

10 20 30 40 50 70
Yac, cekyHau

o

0.04 \ \ \

0.035¢

0.03}

0.025¢

0.021

0.015¢

0.01

Konuenrpais merany Cq,, X 100%

0.005

0 10 20 30 40 50 60 70
Yac, cexyHau

B

KOMH’IOTCpHOIO CHUCTEMOIO OCHOBHOTI'O
KOHTPOJIbOBAHOI'0 IapaMETpy — HC ICPCBUILCHHSA
A0IyCTUMOT' O 3HAYCHHS KOH]_ICHTpaLIﬁ MCTaHy.

0.12 "

0.1r

0.08

0.061

0.04r

0.02r,

Konnenrpariis merany C,,, x 100%

0 10 20 30 40 50 60 70
Yac, cekyHau

)

Konnenrpauis meramy C;, x 107 x 100%

0 10 20 30 40 50 60 70
Yac, cexyHau
T

Puc. 2 — Ilo3uniiinuii kepyounii BILIUB (a) Ta nepexiaHi nmpouecu 3MiHM KOHUEHTpauii
merany C y BUPOGIeHOMY IPOCTOPI (0), koHuenTpamnii Merany C y BEHTHIAUiHHOMY IITPeKY (B)

Ta KoHUeHTpaunii Metany C, y Jaasi ().

3. PO3POBKA HEMPOMEPEXEBOIO
METOAY ®OPMYBAHHA KEPYIOUYUX
BrniuBIiB

B momepenHboMy po3aiiai BHU3HAYCHO, IO TPHU
napameTpu Fst, K Ta D ONUCYHOTb KEpyHOUYUi
BriuB BUny (7). Tomy mist hopMyBaHHS KEPYIOUYOTO
BBy HM MoBUHHA MaTu TpU BUXOJH, OKpPEMUI
BHUXiJ] Ha OKpemmii mapamerp. llpm 1upomMy Ha
MepexifiHi aepoAMHAMIYHI TPOLECH B JUIBHHUII
[IIBM BmuimBawTh Taki MmapamMeTpu sK Ienpecis
BEHTWJIATOpa H , 06’€M BUpOOJIEHOr0 mpocTopy V,

00’eM BEHTWIALIMHOrO IITpEeKy V, Ta 00’e€M JaBu

V.. IlpoBemeHa cepis MJOCHDKEHb HIISIXOM

IMITALIiHOrO MOJENIOBAHHA IIOKa3aja, I0 3MiHa

00’eMy BEHTHIISIIITHOTO ITPEeKy V, Ta 00’eMy JlaBU
YV, B IMiTamiiiHii MoJeNni Maio BIUIMBAaE Ha

XapaKTePUCTUKU TIEPEXiAHOTO TMpOoIecy, B TOH Hac

AK JBa IHIIMX TapameTpu — H Ta V, 31iHCHIOITH

3HAYHUH BILUIUB.

Takum 4YHHOM, HOUINEHO CQOPMYBaTH 3amady
st HM sk dopMyBaHHS ONTHMAIBHOTO KEPYIOUOTO
BBy Buay (7), IO OMNHCYETbCcd TpboMa
napamerpamu 5! | K ta D | Ha OCHOBI TibKH IBOX

BXimHux mapamerpiB aineHuui [IBM H Ta V‘Y’.
Tomy HM, mo Oyne 3milicHIOBaTH Take HOpMYBaHHSI
(puc. 4), TMOBMHHA MaTH [Ba BXIIHUX Ta TpHU
BUXiTHUX HelpoHH. B sxocti HM mns ¢popmyBaHHs
KepYIOUNX BIUIMBIB JOIIIFHO BHOPATH apXiTEKTypy
0araTopiBHEBOTO MEPCENTPOHY 3  HEITIHIHHOIO
¢byHKUi€I0 aKkTHUBalii HEHPOHIB CXOBAaHOTO PiBHA,
TOMy 1IN0 ISl apXiTeKTypa € TMpOCTOI0, Ao0pe
BUBYCHOIO Ta Ma€ XOpOIIi  y3araJbHIOKYi
BJIACTUBOCTI [7].

Buxin KOXKHOrO HEWpOHY MOIEPEAHBOTO PiBHS
HM 3’ennanuii cuHamcamMu i3 BXOJaMH  BCiX
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HEUPOHIB HACTYITHOTO PIiBHSA, TOMY BHKOPHUCTaHHUI
NEPCEeNnTPOH  Ma€  OJHOPIAHY Ta  PEryJsapHY

cTpykTypy [14]. Buxinue 3nauenns ’ -ro meiipony
OCTaHHBOTO PiBHA (pHC. 4)

N
Y, =F3[ w,h, _Tjj’
i=1

ne N — KiIbKiCTh HEHPOHIB CXOBAHOTO PIiBHS, W, —

BaroBuil Koe(iIlieHT Bim i -TO HEHPOHY CXOBAHOTO
PiBHS 1O j-TO BUXIHOTO HEHWpOHYy, h — BHXIiJHE
3HAYEHHsA -0 HEHpOHy CXOBaHOro piBHA, T, —
Hopir j-ro BHUXIMHOTO HeHpoHy, F, — (yHKIis
aKTHBALlii HEWPOHIB BUXIIHOTO PiBHSI.

BuxinHe 3Ha4YeHHS i-TO HEHPOHY CXOBAHOTO

10 T

Biakpurrs 3acminku, %
N w B (o)) [=2] ~ @ ©
O © © © 9 O o

=
o

o

20 30 40 50 60 70

0 10
Yac, cexyHau
a
0.012 : : : : :
X
(=3
=
. 0.01
-
v
O
2 0.008
1
=
o
=
= 0.006
=
<
(=9
=]
§ 0.004
o}
=]
7
0.002 1
0 | | | | ! |
0 10 20 30 40 50 60 70
Yac, cekynau
B

piBHSA
M
hi :F2 Zwmixm _T: >
m=1
ne M =2 — xinekicts BxoniB HM, w, — Barosi

KoeQiIlieHTH BiJ] m -TO BXiIHOTO HEHPOHY JO i -TO
HEHpPOHY CXOBAaHOTO DiBHA, X, — BXiJHI 3HAYCHHS,

L _ mnopir ! -ro HefipoHy CXOBaHOTO piBHS, £,
(GyHKIIS akTHBAIlil HEHPOHIB cXoBaHOTO piBHA. JlJis
HaBuaHHs HM BUKOpUCTaHO alrOPUTM 3BOPOTHHOIO
nomupeHHss noMuwiku [14] Ta Horo mommdikariii
3rigHo 3 MetogoM JleBenOepra-Mapksapara [15].

0.035 : : : : : :

0.03

0.025¢

0.02

0.015

0.01

Konnenrpauis merany Cvp, x 100%

0.005 b

0 0 10 20 30 40 50 60 70

Yac, cexyHIu

Konuenrpauist merany Cl, x 100%

\ \
0 10 20 30 40 50 60 70
Yac, cexynan

r

Puc. 3 — ExcnoneHuiaibHuii Kepyouuii BILIMB (2) T2 nepexiiHi npouecu 3minn konuenrpauii merany C y

BHpPOOJIeHoMYy npocTopi (0), KoOHIeHTpanii MeTany C, Yy BEeHTHISINIHHOMY IITPeKy (B)

Ta KOHUeHTpanii MeTany C, y Jaasi (1).
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Puc. 4 — Crpykrypa HM st opmyBanHst
ONTUMAJILHUX KePyIOYMX BILUIMBIB.

HM w™oxe QopMyBaTH oNTUMaIbHI KepyrOdi
BIIJTUBHU TiJ'IBKI/I HAaBYMBIINCh Ha OIITUMAJIbHUX

HaBYAILHUX BEKTOpax. Tomy pgami  JOUiIbHO
BH3HAYUTH KPUTEPii, IO OMUCYIOTHh ONTUMATBHHUN
KepyIOUHWd BIUTMB 1, BIAMOBITHO, BH3HAYAIOTH
nporiec  (GopMyBaHHS ~MHOXHHH  ONTHMATbHHUX
BEKTOpiB st HaBYaHHS HM.

Jns  BHU3HAYECHHS KPUTEPII0  ONTUMAILHOCTI
KEepPyI4oro  BIUIMBY  AOIJIBHO  CKOPHUCTATHCS
rpagiuHOO IHTepIpeTari€ro MepexiTHoro

aeporazoAMHaMIYHOTO Tporiecy Ha AinbHuLi [1IBM.
JlJis npoBeCHHS aHaJli3y 1 MOAAJBIINX YUCEIbHUX
JOCHIPKEHb  JTOUUTBHO PO3MIISIHYTH —TEpexXiaHuii
AepoJIMHAMIYHMNA TIpOIleC 3MIiHM  KOHIEHTparlii
meTany C, 'y BHPOOJEHOMY HPOCTOPi, OCKiIbKH

aHaui3 YHCIOBUX XapaKTEePUCTHK 3MiHH
KOHIEeHTpauid merany C, T1a C, 1pu (popMyBaHHI
MTO3UIIIITHOTO KEePyI4Oro BIUIHBY (pHUC. 2) MOKa3aB,
0 TIJABMINCHHSA KOHIEHTpauii wmerany C, €

HaNOLIBII HEOE3IIEUHUM.

OCHOBHHUM KpUTEpieEM OITUMAJIbLHOCTI
KEepYI0YOro BIUTUBY MOBUHHO OYTH HE MEPEBUINICHHS
KOHIICHTPAIII€El0 METaHy IEBHOTO JIOMYCTHMOI'O
3HAYCHHS TIPY MOJIa4i TAKOTO KEPYIYOTo BIUIMBY Ha
BXif imiTamiiiHoi mozenmi. Ha puc. 5 me 3HaveHHs

MO3HAa4YEHO 3MiHHOIO Coua - OGuucnenHs
JOMyCTUMOTO  3HA4YEHHS  HE  IEPEBUILCHHS
KOHLEHTpalli MeTaHy IOBHHHO OOMEXYyBaTHCS

MIEBHOIO BEIMYMHOI0. [IpOrIOHy€eThCS BU3HAUUTH 11
Kkputepiil sk He mepeuuieHHs 10%-To 3pocTaHHS
3HaueHHS KOHIEHTpamii C, B MOMEHT IOYaTKy

4

MIPOBITPIOBAaHHS 3T1THO 3 BUPa30M

C <C

WMAX = “\pSTR

+0.1-C o » ®)

ae C — 3HA4Y€HHA KOHIEeHTpamii merany C, B

WSTR
MOMEHT IIOYaTKy MIPOBITPIOBAHHS.

I[Ipu BHU3HAYCHHI ONTHMAJIBHHX  KEPYIOUYHMX
BIUTMBIB IOBUHHI TaKOX OIIHIOBATUCS HACTYIIHI
IIOATKOBI XapaKTePUCTUKU NePEXiTHOTO
AepPOIUHAMITHOTO TPOIIECY:

ZRET = t(CvaTR) - t(CvaET) (9)

- 4ac “IOBEPHEHHs™ 3HAYEHHs KOHUeHTpauii C, 10

o4aTkoBoro C Ileit yac He MOBUHEH CYTTEBO

wpSTR *
BIIPI3HATHCS Big dYacy, IO OTPUMYETHCA IPH
3aCTOCYBaHHI MO3MIIHHOTO KEPYHYOro BIUIUBY, JI€
BiH € IOCUTh MAJIUM, Ta

C

<
VPEND VpALW
- 3HAYCHHsS KOHIIEHTpALil METaHy IO 3aKiHYCHHIO
nepexigHoro  mpomecy  C, HE  TIOBHHHO

WEND
MEPEBUIIYBATH BCTaHOBJICHY Oe3neuny
KOHIICHTpAIlIf0 MeETaHy Uil BYTLUIBHO-TOOYBHHUX
maxTt C ., <1.5% [4].

pALW =

0.035

— Copmax
0.03

0.025 ——— \

/ /4 trer \ b CvaET
D >
0.02 7
{ Cpstr \
0.015

0.01
oI

VpEND
0.005

Konuentpauist merany Cvp, x 100%

0 10 20 30 40 50 60 70
Yac, cexyHau
Puc. 5 — I'padiuna inTepnperanisi mepexigHoro
aepoaAMHAMIYHOI0 mpouecy A8 BU3HAYEHHS
KpHUTEPi0 oNTHMAJILHOCTI.

Busnauenns kpurepito (8), IO TOBHHEH
3a0e3mevyyBaTucs Npu  (HOPMYBaHHI  MHOXWHH
HAaBYAJILHUX BEKTOPIB, TO3BOJWIIO 3alpOIOHYBAaTH
BIITOBITHUH y3aradbHCHHWH anroput™m (puc. 6).
ANTOpUTM MONATaE y BUKOHAHHI TOJOBHOTO ITUKITY
3MIHH BXIOZHMX 3MIHHHX [JI9 MOJEIIOBAHHS:
nenpecii BeHTHIATOpa H Ta 00’€My BHPOOIIEHOTO
npoctopy V,, . Ha koxHil iTepamii roJoBHOro UKy

3MIHIOIOThCSI Tapamerpu Fst, K Ta D pans
dbopmyBanHs kepyrodoro BBy (KB) 3rimao 3 (7)
Ta BiIOyBa€ThCs nepeBipka YHUCIIOBOI
MOCTIIOBHOCTI, IO OMHUCYE KEPYHOUUH BIUIUB, Ha
JIOTYCTUMICTh. LIs mepeBipka mossrae y BU3HaYCHHI
MaKCHUMaJIbHOTO 3HAYCHHS aMIUNTyAd YHCIOBOi
MOCITITOBHOCTI KEPYIOYOTO BIUIUBY, SIKE HE TIOBHHHO
nepesuntysatu 100%. Ilpu nepesumenni 100%-ro

bap’epy ITOTOYHUH Kepyouni BILTNB
kinacuQikyeTscsl SK HegonmycTUMuid. B iHmomy
BUTAAKY, C(OpPMOBaHA YHUCIIOBA IIOCIIJIOBHICTh

KepyIOUoro BIUIMBY TOMAEThCS Ha BXin Simulink-
mopeni [IIBM. B pe3ynbrari BUKOHAHHS iMiTaliiHOT
Simulink-momenri B pobOouoMy  cepemoBHIIi
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MATLAB crtBoprorotecst 3Miaai Cvp ta Csh, 1m0
MICTATh YHCJIOBI IIOCHIZOBHOCTI 3MIHM 3HA4YeHb
MeTaHy (TpUKIaj Bizyamizamii sIKMX HaBeJeHO Ha
puc. 30 ta puc. 3B BiamoBigHo). Ilo uwmcnoBii
nociaiioBHocTi  Cyvp  3HAXOAUTHCS MaKCHUMallbHE
3HAYCHHS, 110 1 Oyae mapameTpom C, Y BHIIagKy

VpMAX *
IificHOCTI yMOBH (8) 3HAXOAAThCS BUXITHI 3HAYECHHS
imitanitinoi Simulink-momemi C, ., t,, Ta C,,..

Ta 30epiraroTbes y BuxigHomy ¢aiini. [pu npomy
mapamerp f,,, BH3HAYAETHCA 3TiTHO 3 BHpa3zoM (9), a

mapamerp C,,.., WO OIHNCYE MaKCHMaJbHE

3HAYCHHS KOHIEHTpALlii METaHy Y BEHTWISLIHHOMY
LITPEKY, BU3HAYAETHCS AHAIOTIYHO N0 TMapaMeTpy
C,vux - 110 3aBepIICHHI KOXKHOIO LMKIY 3MiHH Fist,

K Ta D 3mIHCHIOETBCS COPTYBAHHS OTPUMAaHUX Y
[UKJII BEKTOPIB KEPYIOUMX BIUTUBIB 110 3HAYCHHIO
MiHiManbHOTO C

VpEND *

OpuH i3 10 kpamux BEeKTOPIB, 10 3HAXOAUTHCS Y
BEpIINHI ITOCOPTOBAHOTO CITHUCKY, IHTEPIPETYETHCS
SIK ONTHMAJbHHUN IS IOTOYHUX 3HAYCHb Jenpecii
BEHTWIATOpa H Ta 00’eMy BUPOOJIEHOTO TIPOCTOPY
V., 3amucyeTbcs y BHUXIAHUN Qain, 1 LUKI

w2

IMITAIIITHOrO MO/ICITFOBaHHS TOBTOPIOETHCS.

4. PE3YNbTATU IMITAUINHOIO
MOZAEJNIOBAHHA

3 BuximHOTO (haiiimy, OTpUMAHOTO B Pe3yINbTaTi
IMITaIifHOTO MOJICITIOBaHHS, chopmoBana
HaByYaibHa BUOipKa A HaBuaHHa HM posmipom 77
HaBYAIIbHUX BEKTOPIB. Jlost JOCITIKEHB
BHKOPHCTAHO OaraTOpiBHEBHI TEPCENTpPOH 3 2-Ma

HeifipoHamu  BximHoro pieHsA, 30 HeiipoHamu
CXOBAHOTO DiBHA Ta 3 HEHPOHAMHU BUXITHOTO PiBHS.
KinpkicTe  HEHpOHIB CXOBaHOTO piBHA  Oyia
BU3HAUCHa B  PE3YJIbTaTi EKCIIEPUMEHTAIBHUX

JOCTIIKEHb, 10 OyJIM MPOBEACHI HA MOJENAX 3 25-
ma, 30-ma, 35-ma ta 40-xka HEHpPOHAMU CXOBAHOTO
piBHs. HelipoHN CXOBaHOTO PIBHS Majadl CHTMOIIHY
(GYHKLIIO akTUBalii, HEMPOHU BUXIAHOTO PIBHI —
niHiHy ¢yHKito aktuBanii. HM Bummacs 800 emox
HaBYaHHA [I0 3HAYEHHS CepeaHbOKBAIPATUIHOL
nomwiku 8-107. 3Hauenus CEpPEeIHBOT0 BiTHOCHOTO
BIIXWJICHHS TIPOTHO3Y [UISi BEKTOPIB HaBYaHHS
cragoBuin 2.36%, 2.03% Ta 7.5% nnsg xosKHOTrO
Buxony HM BinmoBigHo. [Iporpamue 3abe3nedeHHs
HelipoMepexeBoro opMyBaHHS HaOOpy Kepyrouux
BILTHBIB OyI110 po3pobiieHo B cepenosumnii MATLAB.

Jost OIIIHKA  PE3yJIbTATIiB IMITaIifHOTO
MOJIETIOBAHHS JIIOLIBHO MOPIBHATH BUXIJ
imiTariitaoi Simulink-moneni HIBM B pexumax (i)
BHKOPHUCTaHHS Kepy4doro BILIBY o
EKCTIIOHEHIIAILHOMY 3aKOHY, copmoBanoro HM Ta
(i1) BUKOpHCTAaHHS MO3ULIHHOTO KEPYIOUOTO BILUIHBY.
[Ipu 11bOMY YHCIIOBOIO IHTEPIIPETAIIIEI0 PE3YIBTATIB

TOPIBHAHHA JIOUIIBHO 00paTu BenuuuHu AC, Ta
AC

" IS BUPOOJICHOTO IpOCTOpY Ta

BEHTUJIALIIHOTO LITPEKY BIAIIOBIAHO, 110
3MIHIOFOTHCS 3TiTHO 3 BUpa3amu (IMB. puc. 5)

ITouaTok

| [Himiamizamnisa 3MiIHEIX |
I
Lyki1 3MiHM 3MIHHHX
H=1000:200:3000
V,,=100:100:700

|
=1
ImKT 3MiHH 3MIHHHAX
Fst=10:5:30, K=50:10:100

D=10°:10"*1.5-10"

|
| ®opmyBanns KB 3riguo 3 (7) |

KB
JIOTTyCTUMUI?

Bukonanss imitTaniisoi Moaeni

Busnauenns C

vpMAX

Ymoga (8)
nmivicaa?

Busnauenss f4zr, C x> Conp

3amuc BEeKTOpY MapaMeTpiB
Fst,K,D norounoro KB

3aBepIIeHHAS TUKITY
Fst, K, D

Coprysanns BekTopiB KB no
MiHiManbHOMY C, vy
30epekeHHST ONITHMAaIFHOTO
BEKTOPY ISt OTO4YHUX H,V,,

\\3aBepmeHH${ uukiy H, VW)

Puc. 6 — Y3araabHenuii aroput™ popMyBaHHs
MHOKUHHM HaBYaJIbHUX BekTOpiB KB.

ACW = CvaAX - CvaTR » AC, =C 0 —Coen
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K Taki, IO BimoOpakaroTh BIHOCHE 3POCTaHHS
BIJITIOBITHUX KOHIICHTpAIliii METaHy 3 MOYaTKOBOI'O
3HauYeHHs (y MOMEHT IOYaTKy MpPOBITPIOBAHHS) 0O
MaKCHMaJbHOTO TIKOBOTO 3HA4YCHHS, IO MpHiiMe
KOHIICHTpAIlisl y BIAMNOBIAL Ha 3aCTOCYBaHHS
HEUPOMEPEKEBOTO EKCITOHCHIIIaTBHOTO qu
MTO3UIIIITHOTO KEPYIOUOTO BIUIHBY.

Hapuena HM Buxopucrana mias (opMyBaHHS
KEePYIOUUX BIUIMBIB i 60 BEKTOpIB 3 TaKUMHU
3HAYEHHSIMH Jenpecii BeHTWwIsATopa H Ta 00’emy
BHPOOJICHOTO TPOCTOPY V, , IO HE BXOIWIU Y

v 2
BuOipky HaBuanHa HM. Koxen 3 cdopmoBanux
Kepylounx BIUIMBIB OyB MoJaHMKH Ha  BXiA
imitamiaoi Simulink-monemi IIBM 1 misg KoHOTO
BEKTOpY OyJIW OTpHMaHi 3HA4YCHHS MaKCHMAaJIbHOT
KOHIIEHTpalii MeTaHy y BHUpPOOJIEHOMY IPOCTOPI
C,.x Ta BEHTWIANIHHOMY mTpeky C,.. . Posmonin

0.6 i
0.5 I
0.4

0.3

0.2

3pocranns koHueHtpauii ACvp, %

0.1

OO 10 20
Howmep Bekropa KB

3pOCTaHHs KOHLEHTpawil merany AC, Ta AC,, TIpu

rnojadi Ha BXin iMitauigoi Simulink-mozxeni IIIBM
HEHPOMEPEKEeBOr0 EKCHOHEHLIANEHOTO KEPYHUOoro
BIUIMBY B 3QJ€XKHOCTI BiJl HOMepa BeEKTOpa
KepyIoUoro BIUIMBY, HaBeJeHO Ha puc. 7. Po3momin
3pOCTaHHs KOHLEHTpauii metany AC, Ta AC,, TIpu

noaayl Ha Bxij iMitauiiinol Simulink-moxem IIIBM
MO3UIIITHOTO KEPyIYOro BILIUBY B 3aJIEKHOCTI BiJl
HOMeEpa BEKTOpa KEpyUoro BIUIMBY, HABEJCHO Ha
puc. 8. Amnamiz puc. 7 Ta puc. 8 mMOKazaB, IO
3pOCTaHHs KOHLEHTpawii merany AC, Ta AC,, TIpu

BUKOPHCTaHHI HEHPOMEPEKEBOIO
EKCITOHCHITIAJIbHOTO KePYIOUOT0 BIUIUBY Ha MOPSIOK
HWOKYE BiJl 3pOCTaHHS BIAMOBIJIHUX KOHIICHTpAIIN
Opd  BUKOPHCTaHHI  MO3MIIHHOTO  KEPYHUYOTro
BILIMBY.

o
)
131

©
N}

o
[N
13}

3pocranns koHueHtpaii ACsh, %

0.05 I I

0 10 20 30 40 50 60
Homep BexTopa KB

Puc. 7 —3pocranus konnenrpauiii merany AC, ta AC,, npu HefipoMepe:keBOMY €KCIIOHEHUiaJbLHOMY

Kepyl4YoMy BIJIMBI.

=

@

(o2}

3pocranns konuentpauii ACvp, %

Howmep BexTopa KB

w

w

N

N

=
m

3pocranns koHuentpauii ACsh, %
[

Puc. 8 — 3pocranust konuentpauiii merany AC, ta AC,, Npu No3uUiiiHOMY Kepy0uoMY BILIHBI.
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BUCHOBKMU

B a”ii CTarTI 3apONOHOBAHO
HellpoMepexxeBUi MeTof (OPMYBaHHS KEpyHOUHX
BIUIMBIB I OUIBHHII IIAXTHOI BEHTWIALIHHOI
Mepexi IIISIXOM HaBYaHHS HEWPOHHOI Mepexi Ha
Ha0opi  ONTHUMAPHUX  KEPYKUYHWX  BIUIUBIB,
OTPUMAaHUX B Pe3yJIbTaTi MOJIECIIOBAHHS TIEPEXiTHUX
aepora3oJJMHaMiYHUX TPOLECIB B  CEPeIOBHIII
OinpHUOI. BuKOpHCTaHHA  KepylO4HMX  BILUIHMBIB,
chopMOBaHUX HEHPOHHOIO MEPEkKEI0, J103BOJISIE
HiABUIIUTH  e(EKTUBHICTL OOpPOOKM JaHUX B
KOMIT IOTEpHill cHCTeMi, 110 KOHTPOJIIOE MapaMeTpH
CepelloBHIa I[IAXTHOI BEHTWIALIHHOI Mepexi, Y
BUTJISIAI  3HWDKEHHS Ha  TOPSAAOK  BEJIMYUHH
3pOCTaHHs KOHIIEHTpAIlil METaHy y JUIGHHII ITif] yac
MIEPEXiAHOTO TPOIIECy .
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Abstract: A simulation model of a section of mine ventilation network is considered in this paper. The simulation
modeling of transient aerogasdynamic processes of methane concentration changing is fulfilled at applying position
and exponential control influences. There is proposed a neural-based method of control influences forming by neural
network training on the set of optimal control influences. There are defined a criterion and developed an algorithm of
optimal control influences forming as a training set of neural network. The simulation modeling of applying of control
influences formed by neural network is fulfilled and decreasing of control parameter in the section of mine ventilation

network is estimated.

Keywords: control influences forming, coal mine ventilation, neural networks, methane concentration.

A problem of allowable concentration control of
dangerous gases CH4 and CO is very urgent in coal
mines and other closed environments due to safety
of the people working in such areas. Therefore the
development of a computer system which can
control the parameters of acrogas environment of a
coal-mine within appropriate automated control
system is a crucial research issue. In the paper it is
considered a simulation model of Mine Ventilation
Network (MVN) which described as a set of
differential equations [4]:

Z_?:%(H ~R-Q-|Q/-RR-Q[Q))

T =¢(Qm—<Qm +Q,)-C,).
v -@ra.-c).

% :V_th(de +Que ~(Q+Quy +Qu)-C.)

where Q is an airflow, H is a depression, R and
RR are aerodynamic resistances of MVN section

B . . .
and the gate, k = pT is inertia coefficient, Q, is a

methane debit from mined-out space, Q,, is a debit

of air-methane mixture on the all length of
ventilation drift, C C,, C, are methane

vp 2

concentrations in mined-out space, longwall and

ventilation drift, V. are volumes of mined-out

vp
space, longwall and ventilation drift, Q,, is a volume
of the methane in longwall, Q, is a volume of the air
in the mixture, Q, is a resulting flow of air-methane
mixture in the ventilation drift, Q , is a volume of
methane gets out from the mined-out space, Q,, is a

volume of methane gets out from the longwall.
Taking into account these expressions it is
developed a simulation model of MVN section in
Simulink environment of MATLAB. The plots of
transient aerogas processes of methane concentration
changing C_, C, and C, are depicted on Fig. 1 (b,

¢, d respectively) at applying position control
influence (Fig. 1a) to the input of simulation model.
In the beginning phase the C methane

vp
concentration is sharply increasing to 11%
(overperforming the allowable level in 4 times) due
to non-stability of aerogas processes and availability
of “dead spaces” with huge methane debit.

The authors of [4, 13] has showed, that
exponential lift of the gate allows avoiding peak
concentration increasing. The preliminary researches
of Simulink simulation model of MVN section
showed that forming control influence (Fig. 2a)
according to the expression

y(t)=Fst+K-(1-e™), (1)
allows avoiding peak concentration increasing of

vp 2
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C,, methane concentration to 3.12% (Fig. 2b) and
C,, methane concentration to 1.14% (Fig. 2c), where

Fst is the offset value, K is the proportionality
coefficient and D is the rate of function change.
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Fig. 1 — Position control influence (a) and transient
processes of methane concentrations changing in
mined-out space C, (b), ventilation drift C (c) and

longwall C, (d).
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Fig. 2 — Exponential control influence (a) and transient
processes of methane concentrations changing in

mined-out space C, (b), ventilation drift C (c) and
longwall C, (d).

Therefore, taking into account the analysis above,
the goal of the neural network (NN) is to form the
control influence (1) depending on geometrical and
functional parameters of MVN section in order to
provide allowable value of methane concentration.
The three parameters Fst, K and D describe
control influence (1). Therefore NN should have
three outputs for forming control influence, each
output for each value. At the same time such
parameters as H , V,, and V, are influencing on

vp 2
transient aerogas processes in MVN section. The
preliminary research of Simulink model of MVN

section has showed, that changing V, and V, is less

influencing on transient process characteristics,
while the influence of H and V, is considerable.

Therefore NN should form optimal control influence
described by three parameters Fst, K and D on the
basis of two input parameters H and V, . The model

of multilayer perceptron with non-linear activation
function of hidden neurons could be chosen for
fulfilling this task since it simple, well-know and it
could provide good generalized abilities [7].

The NN could form optimal control influence
only in a case if it will be trained on optimal training
vectors. The graphical interpretation (Fig. 3) of
transient aerogasdynamic process in MVN section is
used in order to define the optimal criterion of
control influence. The main optimal criterion of
control influence should be safe increasing of
methane concentration till some allowable value at
applying of such influence on the input of simulation
model. It is proposed to calculate this allowable
value as 10% growing of C, methane concentration

after starting ventilation process
Coomnx <Cir +0.1-C 1o 2)

VOMAX = “vpSTR
is the C, methane concentration in the

where C

VpSTR

moment of ventilation starting.
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Fig. 3 — Graphical interpretation of transient
aerogasdynamic process for optimal criterion
definition.

The following additional characteristics should
be estimated at definition of optimal control
influences:

teer =1(Chsre) —1(Coer) 3)
is the “returning” time of concentration value C to
it’s beginning value C,. , and

CvaND < CvaLW
is an inequality showing that methane concentration
in the end of transient process should not
overperform allowable safe methane concentration
for coal-mines C, , <1.5% [4].

VPALW =
Definition the criterion (2), which should be
provided at forming the set of training vectors,
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allows to propose general algorithm of such
forming. The algorithm consists in execution of the
main cycle of changing input variables H and V, .

On each iteration of the main cycle the parameters
Fst, K and D are changing in order to form
control influence (1). On each iteration the
Simulink-model is simulated and the variables Cvp
and Csh are created in “Workspace” of MATLAB,
which contain numeric sequences of methane
concentrations changing. The maximum value of

Cvp numeric sequence is treated as C,,,, . If
t

of Simulink-model is calculated and

condition (2) is valid, the output values C
and C
saved in output file. The parameter t., is defined

VPEND 2 RET

shMAX

according to the expression (3), the parameter C_,,,, ,

which describes maximum methane concentration in
ventilation drift, is defined similarly to C,,, . After

each cycle of Fst, K and D changing, all gained
vectors of control influences are sorted by minimum
value of C One of the 10 better vectors, which

VPEND *
are placed on the top of sorted list, is treated as
optimal for current values of fans depression H and
volume of mined-out space V, and it is saving to the

output file. Then the simulation cycle is repeated.

As a result of execution of this algorithm, the 77
vectors of optimal control influences for different
parameters of H and V, are formed as a training set

of neural network. The multilayer perceptron with 2
input, 30 hidden and 3 output neurons is used for the
research. The number of hidden neurons is defined
experimentally based on the results obtained with
NN model of 25, 30, 35 and 40 neurons in the
hidden layer. The neurons of the hidden layer have
logistic activation function and the neurons of output
layer have linear activation function. NN is trained
800 epoch till Sum-Squared Error value E=8-107.
The average prediction errors within the training set
are 2.36%, 2.03% and 7.5% for each NN’s output
respectively.

In order to estimate the results of simulation
modeling, the output of Simulink-model of MVN
section is compared in two modes: (i) within usage
of exponential control influence formed by
previously trained NN and (ii) within usage of
position  control  influence. The  numeric
interpretation of the results of comparison should be
the values AC, and AC, for mined-out space and

ventilation drift respectively
AC,=C -C AC,, =Cyu — Cos »

vp VPMAX
because these values show relative growing of the
appropriate methane concentrations from the
beginning value (when ventilation is started) to the
maximum peak value of the transient process formed

VpSTR

as a result of both control influences applying
(exponential control influence formed by NN or
position control influence).

After training the NN formed 60 vectors of
control influence for H and V,, input parameters

which are not used during the training. Each formed
control influence is applied to the input of the
simulation model and the maximum methane
concentrations C and C are collected.

VPMAX
Distribution of the methane concentrations growing
AC, and AC, among number of vectors of control

shMAX

influence at applying exponential control influence,
formed by NN model, is depicted on Fig. 4.
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Fig. 4 — Methane concentration growing AC, and AC_

at applying neural-based exponential control influence.

Distribution of the methane concentrations
growing AC, and AC, among number of vectors of

control influence at applying position control
influence is depicted on Fig. 5. The analysis of the
both results shown, that growing methane
concentrations AC, and AC, at applying

exponential neural-based control influence is less in
10 times than growing methane concentrations AC,

and AC,, at applying position control influence.
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Fig. 5 — Methane concentration growing AC, and

AC, at applying position control influence.

The neural-based method of control influence
forming for section of mine ventilation network is
proposed in this paper. Neural network is trained on
the set of optimal vectors of control influences
obtained by simulation modeling of transient
aerogasdynamic processes of methane changing
using the Simulink-model of the section of mine
ventilation network. Usage of control influences,
formed by neural network, allows increasing the
efficiency of data processing in the computer system
which controls parameters of mine ventilation
network by decreasing in 10 times of methane
concentration growing during transient process.
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