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9KCTPEMAJILHOE YIIPABJIEHUE HECTAIITMOHAPHBIMU HEJIUHEWHBIMUA
OBBEKTAMMU ITPU 'OPU30OHTAJIBHOM JIPEU®E CTATUYECKOU XAPAKTEPUCTUKU
CO CMEINAHHBIM BXOKAEHUEM BPEMEHU B MATEMATUYECKOE OITMCAHUE

3o0T10B A.B.

OI'BOY BIIO «BsTckuii rocyrapcTBeHHBIH yHUBEpcUTeT», Kupos, Poccus
(610000, r. Kupos, yi1. Mockosckas, 36), e-mail: zotov.aleksandr.vikt@yandex.ru

Crarbsi MOCBSIIIEHA ONPEIETICHHIO COOTHOIICHHUS TapaMETPOB B MATEMATHYECKOM ONMCAHNH OOBEKTa YHPABJICHHS C
IKCTPEMAJIbHOM CTaTHYECKOH XapaKTePUCTUKOM M MapamMeTpoB MHTETPaIbHOTO KPUTEPHs KauecTBa (XapaKTepH3YIONIEero
Pacxoz pecypcoB), PU KOTOPOM JIOCTUIAETCsl aCHMITOTHYECKAst YCTOHYHBOCTD OOBEKTA YIPABICHHS B TOUKE IKCTPEMYMa.
3ajiaua peraeTcst 3a CYET HaXOXKJIEHHsT 0CO00T0 yIpaBieHus (IPUMEHNTENBHO K TIPUHIMITY MakcuMyma [loHTpsiriHa) n3
TIPUMEHEHNUST YCIIOBUI OOIIHOCTH MOJIOXKEHHUS JUIsL HEJIMHEHHBIX 00BEKTOB B PACIIMPEHHOM IPOCTPaHCTBE KoopauHar. C
HOMOIIBIO KaYeCTBEHHO Teopun TU(GepeHINaTbHBIX YPaBHEHNH UCCIIEIOBAHbI COCTOSHUSI PAaBHOBECHS! (0COOBIE TOUKH)
CHCTeMBI T PepeHITHATBHBIX YPAaBHEHUH, XapaKTEePH3YIOMNX 00BEKT yrpaBieHus. [laHbl peKoMEeHIAINH 10 BEIOOPY MH-
TErpaJIbHOTO KPUTEPHsI KauecTBa, MPH KOTOPOM HaiiJIeHHOe 0co00€e YIpaBIeHUE SIBISIETCS] KCTPEMAaJIbHBIM, T.€. TIePEBOIUT
OOBEKT yIpaBJICHHS IO ACHCTBHEM JAaHHOTO 0COOOTO YIPABJICHHS B TOUKY SKCTPEMyMa CTAaTHYECKON XapaKTePHUCTHKH.
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Article is devoted to the definition of the relation of parameters in the mathematical description of the control object
with extreme static characteristic and parameters of integral quality criterion (characterizing the consumption of resources)
, at which the asymptotic stability of the control object at the extremum point. The problem is solved by finding a special
control (with respect to the Pontryagin maximum principle) from the application of the conditions of general position for
non-linear objects in the extended space coordinates. By using the qualitative theory of differential equations investigated
the equilibrium state (singular points) of system of differential equations describing the control object . Recommendations
are made on the choice of the integral quality criterion , at which the found special control is extreme, that is moves to
control object under the influence of this special control in extremum point on the static characteristic.

NJAEHTU®UKALUSA TAPAMETPOB ITPOLECCA ITPON3BOJACTBA IPEBECHBIX
HEJJIET HA OCHOBE AKTUBHBIX IPOU3BOACTBEHHbBIX OKCIIEPUMEHTOB
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[IpencrapieHsI pe3yIBTaThl MATEMATHUECKON HACHTU(UKAIIMH BBIXOIHBIX IIETIEBBIX (PYHKIHIA Mporiecca MpOU3BOJICTBA
OMOTOIIMBA B BUIE TIEJUIET U3 OTXO/IOB IPEBECUHBL. BbUT pa3paboTaH II1aH aKTHBHBIX MPOU3BOJICTBEHHBIX SKCIIEPUMEHTOB C
Y4ETOM Crien()IYecKuX 0COOCHHOCTEH MPUMEHSEMOT0 MPOMBIILIEHHOTO 000pYIOBAHHS, TEXHIIECKOH XapaKTePUCTUKH, a
TAKOKE OTPE/ICTICHHBIX CBOMCTB ChIpbsi. Ha OCHOBE aKTMBHBIX TIPOM3BOACTBEHHBIX SKCIIEPUMEHTOB TIPH JIOCTATOUYHO IIMPOKOM
BapEUPOBAHUN PEKIMHBIX MTAPAMETPOB TOTy4YeHa 00bEKTHBHAS HH()OPMAIIUS O BEIXOIHBIX [IEIEBBIX (DYHKIHSX WA TEXHUKO-
SKOHOMHMYECKHUX OKAa3aTelIsIX paccMaTpuBaeMoro nporecca. [Ipu 31om Obut yuTeHbI TapaMeTpbl, 00bEKTHBHO U3MEHSIOLINE-
Csl TT0 BEPOSTHOCTHBIM 3aKOHAM B PeasIbHBIX IOCTATOYHO IMPOKUX Jrara3oHax. [lomydeHHble ypaBHeHH H3MEHEHHUS SHEPIo-
€MKOCTH M MEXaHUYECKOI MPOYHOCTH TEJUIET, TEMIIEpaTypbl MaTPHLIb, IPOU3BOAUTEIFHOCTH MIPHUMEHSIEMOT0 000pYIOBAHMS,
ce0ECTOMMOCTH BBIITYCKaeMOI TIPOTYKIIHH OKa3aJIHCh TOCTATOYHO a[ICKBATHBIME PEATbHOMY TIPOIECCY MPH CPEIHEH OmmoOKe
0,562 % 1151 Beeii cepun SKCIIEPHUMEHTOB TS BCEX BBIILICYKA3aHHBIX LENeBbIX (DyHKIMA. DTH ypaBHEHUS JAI0T BO3MOKHOCTh
TIPOBOJIUTH OTHOKPHTEPHAITBHYIO I MHOTOKPHATEPHAITBHYIO ONTHMH3ALMH TS OBBIIICHUS SP(EKTHBHOCTH TIporiecca mpo-
M3BOJICTBA MEJUIET, TIPOBEJCHNS TEXHUKO-3KOHOMUYECKOTO aHAIM3a B IIPOU3BOACTBEHHBIX YCIOBUSX C LIEJbIO ONTUMH3ALUN
TIPUMEHSIEMBIX PEKIMOB H CO3/IAHHS MaTEMAaTHYECKOTO aIapara sl CHCTEM aBTOMATHIECKOTO YIPaBJICHHUs 000pyIOBAHHEM.

IDENTIFICATION PARAMETERS OF PRODUCTION WOOD PELLETS PROCESS
BASED ON ACTIVE PRODUCTION EXPERIMENTS
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The results of mathematical identification of output objective functions of the process of biofuel production in
the form of pellets from waste wood are presented. Plan of active industrial experiments was developed, taking into
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account the specific features of the used industrial equipment, technical specification, as well as certain properties
of raw materials. Based on active industrial experiments with sufficient variation of operating parameters, objective
information about the output objective function or technical and economic parameters of the process was get. At the
same time, parameters, objectively changing according to the laws of probability in real rather wide ranges, were
considered. The resulting equations of energy intensity changes and mechanical strength of the pellets, the temperature
of the matrix, the performance of the used equipment, production costs were quite adequate to the real process with an
average error of 0.562 % for the entire series of experiments for all of the above-mentioned objective functions. These
equations make it possible to carry out single-criterion and multi-criteria optimization to enhance the effectiveness
of the production process of pellets, feasibility analysis in industrial environment to optimize the possible modes and
create mathematical apparatus for automatic control systemsequipment.

PEIIEHUE IIPOBJIEMbI YIIPABJIEHUSI KPOBJIEH ITPU MMOJI3EMHOM PA3PABOTKE
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TalMBIIBIPCKOE KAMEHHOYTOIEHOE MECTOPOXK/ICHHE PacIOIOKeHO Ha ceBepo-3amnane Pecrybmukm Caxa (SIky-
Tusi). banmaHcoBble 3amackl yIiis TOr0 MECTOPOKICHHUS COCTABISIOT Mo KareropusiM A+B+C1 162956 Tric. T, 10 Ka-
teropun C2 B xonmuuectBe 160100 Thic. T. Yrin kamenHble, Mapku Jl. YTodbHBINA IUIACT MOLIHOCTBIO OT 1M 110 4M
3aj1eraeT MoJIOTOo C YIJIaMU MaJIeHuUs J10 5°, KPOBIIA IUIacTa MpeJICTAaBICHA CEPhIM ITECYaHUKOM, 110YBa COCTOUT M3 IeC-
YaHO-IIIMHKUCTOrO ciaHa. KOHTaKThl yroJIBHOTO IUIacTa Kak ¢ KPOBJIeii, Tak 1 MOYBOil 1OBOJILHO pe3kue. Temmneparypa
BMELIAIONINX NOpoJ cocTaBisieT -5° -8°. PaccTosiHue oT miacta 10 moBepxHocTu cocrasiseT oT 0 go 200 m. [nsa
OCBOEHHS YKa3aHHOTO MECTOPOXKICHHS HEOOXOIMMO pelaTh HEebIH Psi CIIOKHBIX BonpocoB. OnHOM U3 IpoliIeM sB-
nsieTcst CIOXKHOCTE B ynpasieHnu kposieid. B UTJIC CO PAH paspaboran crocod ynpaBieHHs TPyIHOOOpYIIaeMOit
U TPYIHOYIPABIAEMOIl KPOBJICH, 3aK/IIOYAIOLINIICSA B TOM, YTO HA IIOBEPXHOCTH HaJl BHIPAOOTaHHBIM IPOCTPAHCTBOM
MOHTHPYIOT BUOPATOPHYIO YCTAHOBKY, C IIOMOIIBIO KOTOPOH OCYIIECTBIISIIOT MEPBUYHYIO 1T0CAAKy KpoBiH. OHOBpe-
MEHHO ¢ PabOTOH BUOPATOPHON YCTAHOBKH BEAYT AMCTAHIIMOHHOE HAOIIONCHHE 3a CMEIICHHEM TOPOJ] KPOBJIH.

SOLUTION OF ROOF CONTROL FOR UNDERGROUND MINING OF TAYMYLYRSKOE
COAL DEPOSIT IN REPUBLIC OF SAKHA (YAKUTIA)
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Institute of Mining matter in the North regions named after N.V. Chersky and related to the Russian Academy of
Science Siberian Branch (IGDS SO RAN), Yakutsk, Russia (4112, Yakutsk, Lenin Avenue, 43),
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Taymylyrskoe coal deposit is located in north-west of Republic of Sakha (Yakutia). Coal reserves are by category
A+B+C1 162956 thousand t, C2 — 160100 thousand t. The grade of coal is D. Coal seam lies gently dipping with angles
up to 5°, roof seam is represented in gray sandstone, the soil consists of sand-shale. Contacts of the coal seam as a roof,
and the soil are quite sharp. The temperature of the surrounding rocks is -5 © -8 °. The distance from the formation to the
surface is from 0 to 200m. It is necessary to solve a number of complex issues for mining of Taymylyrskoe coal deposit.
One of the problems is the difficulty in roof control. The method for roof control breaking bad and poorly managed is
developed in Institute of Mining matter in the North. The method consists in the fact that vibrator unit through which
primary landing roof made is mounted on the surface over goaf. Remote monitoring of the displacement of the roof
rocks are carried out at the same time with the work of dipole installation.
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B crarbe n3noxkeHbl pe3ysIbTaThl aHalN3a 0TKa30B U HercnpaBHOcTel aBToOycoB JInA3. VcenenoBanus poBo-
ek Ha 6aze OO0 «ABroOycHbIN mapk» I. Benukuit HoBropoa. AHanu3 mpoBOJHICS € LEIbIO BBIBICHNS NPUUUH
OTKa30B aBTOOYCOB Ha JIMHHUH, HEBBIXOJIOB Ha JIMHHUIO, @ TAKXKE 3asBOK HA TEKYIINI pEMOHT. AHAJIN3 BKIIIOYAJ B CeOs:
00paboTKy MCXOIHBIX JaHHBIX 00 MccaeayeMbIx aBToMoOmIax 3a nepuon ¢ 2011 mo 2013 roa. IlpoBeneHHslil ananus
TI03BOJIHIT OTIPEAEIINUTH CUCTEMBI U arperarhl, 0TKa3bl KOTOPBIX HAaHOO0JIee YaCTO CTAHOBIIINCH IPUYMHON OTKa3a aBTo0y-
COB Ha JIMHUH MJIM HEBBIXO/Ia aBTOOYCOB Ha JIMHUIO, YTO JAJI0 PEAJIbHYI0 BO3MOXKHOCTD JUIsl BBIPAOOTKH PEKOMEHAAIINH
pykoBozcTBy OOO «ABTOOYCHBIH ITapK» MO COBEPIICHCTBOBAHUIO CHCTEMBI TEXHHYECKOTO 0OCITY)KUBAHUSI U PEMOHTA
aBToOycoB JInA3.
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