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The article considers the problem of decision-making on air quality management in the public health monitoring system.
In the absence of complete information it is proposed to use the method of direct assessment to determine the groups of control
actions and their relative effectiveness. Presenting the results of the processing algorithm of the expert survey for the purpose
of management decision-making in the field of environmental improvement.

Based on the efficiency values using the method of direct evaluation (taking into account the expected decrease in the
concentration of contaminants, minimize the amount of resources required to perform specific activities and implemented for
the shortest possible time) carried out the formation of groups of control actions and make recommendations on air quality
management.

The objective evaluation of the effectiveness of measures for air quality management is to find alternatives, ie, control
actions, providing reduction in the concentration of pollutants in the atmosphere. Groups of control actions submitted to a set
of measures, ranked according to effectiveness, and selected depending on the level of contamination in monitoring points
(high, medium, low).

The use of new information technologies and the creation of an algorithm for decision support in the problem of air
quality management will allow to achieve a qualitatively new results in the field of environmental security in large cities

Key words: expert assessments, the effectiveness of control actions, decisions
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In the article the question of development of the module parametric build solid models for the graphic editor AutoCAD
2015. In the basis of development is a universal algorithm of transforming geometric models in a parametric, based on analysis
of the. DXF files. The proposed approach enables the decomposition of complex solid models and generate a parametric
description of the individual graphics primitives included in the model.

The module is designed to extend the capabilities of parametric solid modeling, implemented in the graphic editor
AutoCAD dynamic blocks. The main disadvantage of this tool is to support only surface models. Create parametric solid
models using dynamic blocks in AutoCAD 2015 is not provided.

The program is executed using the application programming interface of the graphic editor AutoCAD and is
implemented as a module of a universal automated information system. The module allows you to parameterize the finished
solid models to make them easier to reuse. The application generated using the module of parametric models makes it possible
to carry out analysis of various constructive schemes and to avoid fundamental design errors. The design of the system is
maximally implemented the principle of modularity, which allows, as necessary, to expand its functionality without significant
adjustments of previously created modules

Key words: solid model, parameterization, algorithm, AutoCAD
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NEURO-FUZZY FORECASTING OF FIRMNESS OF THE REINFORCED CONCRETE
MATERIALS
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The article considers the possibility of applying modern forecasting techniques as an element of a quality management
system. The object of research is a quality control system for the production of reinforced concrete products. To solve the
problem, it was suggested to use the modernized E. Deming cycle with the prediction of the P & P-D-C-A state. The
mathematical toolkit of artificial fuzzy neural networks with backward propagation of architectural errors of the form ANFIS
and TSK is applied. The analysis of the factors influencing the strength of concrete is carried out. As input characteristics, the
sand size modulus was chosen, the number of plaque and needle-shaped grains in the rubble, the bulk density of cement, the
ultimate strength of the cement stone. As output parameter arithmetic mean value of the destroying influence by results of three
experiments is used. The electronic database in the environment of MS Access on the basis of these registration logs of
laboratory of incoming inspection of the enterprise is created. Two groups of tuples are created: for a training of an indistinct
neural network and for check of the trained network on adequacy. The mathematical model showed the efficiency when testing.

The average error value was 9.6 kg/fim? or 2%

Key words: Quality control system, fuzzy logic, neural networks, forecasting, production of reinforced concrete products
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The quality of the products is one of the most important criteria of efficiency of any enterprise. That the quality
and safety of products determines the degree of survival of the enterprise in the conditions of market, growth of production
efficiency and economy of all resources used in the enterprise. Increasing the technical level and product quality determines
the pace of technological progress, and increasing the efficiency of production in General, has a significant impact on

intensification of the economy, the competitiveness of goods.

In this article, as the investigated object is considered potentially dangerous, the curing process for tire

production.

The paper presents the technological process of vulcanization of the tire, and analyzed the parameters that affect
the quality and safety of products. As a way to improve the quality and safety of products offered to develop a machine to
predict the quality of products which allows you to get most appropriate results compared to traditional mathematical

models and control algorithms.

Due to the necessity of use of the device in relation to the curing process to predict the quality and safety of future

products and reduce economic costs

Key words: forecast, dangerous production, curing
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d30dd tflzdzwiststsO.

IOy NS ov disHie- Bowizesiste0 ffs diJ-
SSHEZ Y 1 BlsR0-G2,jts0 s jHis0adkw jsiv o odHj [2]



P=A(q,d)§+d4°B(g,d)d+C(q, d), (2

zZry

Oé
7777
X

. 1. o istow findd0 dsoddtizzssisd PUMA-560
GHJ P T oJSktste-MistsizBjy 6OLB L0 n BB jhh A
flolez;

A(q,d) T gObtedy0 0LA 0 n3n dizjteydd fd-
s g™

q=1[qy,...,q,]° T aSkiste-MststB jy 0LG O N
BB jhh A CBBeHJTGO0L;

d T ojSkste, fisHite®0Pd? ¢ jsdstedyinSdd d
HAGORAY NS YO0 iste™  Br0GALEO  (Hdzdd
Lot Jo, d30MN*, isBiws" dijeydd d k.H.);

G=T4,..,4 1°7 ojClsste-fsszajy 60LEtd n
iz Ciste jdzd? sBESBP Jhtzn CisiieHdw01S;

4°=[d,....4,] T oJSkste-stE0 OLBEO n
hetsteshis 2 tBBM jhdkn CiteHd®ROL;

B(qg,d) T dObtedy0 teOLgjted n3n3n, ydisr-
o0show 9 0ddssotdvdd] Lo b jo;

d=[d,..,4,1°7 ojCsste-issizajy EOLB L0 n
heteshisj? sBseP jhkm CsteHd®Ol;

C(q,d)T 9 jSktste-histsizB Jy fcfdz 5w jfnisd].

rd&0dsdy oW disHjz+ tftedfotsHO HfishstsWddzts-
Gfs S5C0 HEW Yt jo3d P dtdW Lo w0 d30umdtlzaWiststsO )
b jietsd | Wistedgdtetso00m+ o odHyj [3]:

¥, =Di(@)y th(g)V; + fi(@) M, (3)
GHJ Y;, ¥, T 8jShists Mshisswddw i-6t tfecfosHO d Jets
tfjtco0w tfiesdLotHEOW gt ote jdi3 kd|;

Di(gi) T dsOlstecfy0 fsHidils ™

bi(gi) T 9jSktts tfic joBte0LBo0RdY Ltfle0odzVEs-
h jots dck0o;

Ui T tfe0adveshd? ekt &0 tedotsH i-2
CBisteHdOs T

fi(qi) T 9Cktsts tfis jsBieOLEo0hkdY G0ctlzLEd;

Mgi T GOGtlzLSO 10 o0&z i-65 HodeOls jdiw.

usosCizfBshis 0otk jud2 HABOBSH d3jn0-
Gudnes? yomisd tsesksd d HAROBqUINSdn BBHJ-
€2 dhtskddsjzidra  tfedotHte s jHijs0adW jis
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BB tfehkbzes HAGOGIYINSEZE dsHjk+ d3Oddtiz-
wistste® COC tsBd jCIsO Iztfte0odz jdadw.

IBHiedese0kdd HAROGSH BOGIYzEvissisd
APUMA-560 tfissosHdsh o fidhisikgi MATLAB f
Y Yiesct0ddhkises fitejHiiso0 [4] o fistise is-
fisodd fts fzjHizts P dds Odzetstedlsdtsds.

1. dotudidi! S jBosduinSdd d Hdeokdul-
edd Hot0B st ds0mdYzaWssi0: Stedydhises fisd-
i g? Ysroddshisd n, sdf* fisyzjeded? 3;, st-
s @sCOZAGY A fdhsjl CateHA®RO Xi, Vi, Zi, JHd-

GouBrj ojCksr & SN2 fSuLiBika?, tOHd)-

BJSBBET T, T, GOUNT m, d HOOCHOLIGY

BOktecfy ™ J; dizdeydd Lo i jo.

2. dosHdid+ fots0d jister A jChtsistiiedotHEs:
Bk dideydd J, Westej? Hadek jizj2, CW-
wydduls™ sty dskod-ashsd s BEBGSE K
d tessdos-G ra Kei, diHizSsdadshisd L; d 0Skde-
G J hstssdodtdy R; Westek A 2.

3. JotHdidi! foL0d T st Bz jdsts? Isted j&-
bstedd: Sskdydhisets fisitfikd? YsHadMdshisd n,
iy st R SsYiS m, L0y jidw BB jhkr e
CEBEHAROIS Guosi © SYSEl TR SEYSOR, dOCHIdOEGS-
Histfizilscl ™ j fiSHstetshisd SststsHolls ¢, , OudE--
%¥ § LBOyjiedw BB jhk Y~ CosiHdBG0ls o dn hSs-
tesfisd2 ai(0), d; (0).

4. Noeteideso0tdhn! ol LOHOGRY - LEO-
Y2 YitejBinind? guai(t), MBS d,,; (1)
d St jzd? g, (t) sBEBM jhkrn CisteHdd0k.

5. tomhydlsredkdit How0d st  d3Oktedy
00t ik HAEOBASY (2) dijRsHY dL o St ks j-
Czhdn Lioyikd? sesBh jhhra CosteHdROs q o
nesteshs2 . e Assh Zydlsro0ddi! eLOddEs-
ozdWidj Lojh+do [ds0ltedyd B(q,d)], ctOodlsOyd-
stz § fefz™ [ojSbtste C(q,d)], Lzt dedd d3iscs jaa-
s dizdteydd died Hod>Jidd tsBEiSO [0 d30tedyd
A(g,d)].

6. JHtejHjtvedi ojChkiste Py ISteiBlziBr
LEOYjhd? BB jhkrn fidk o fsykjdiddvn do-
Goflzawissts0, 0 506> oSkt ktc0atwshdn Ists-
Cso | d G0ewyjhd? U.

Riftfstddls iz b2 teso ji! il ik gishstets-
dt &0 shbsej M jhlsd disHEE R Etfte0od jhdv Ctsts-
HAROKOM, COMHY2 dL SBbiiern di3ddls o Mosid
fshis0e]  PIC-BdCesCaiesttjt o Pdtsisds-
distilzz k2 ticjsBeOLto0l !, Bt jydeow
G jtfshte jHiise jhds j ydWissetsj ktteOad jidj Hodc0-
itz jd3 shisswiasets ssC0.

JCteCisbststE jis SOMHSD CESEHAROST or -
fstdvjs WedSydd medodde0tsh jots Ektes2hso0,
Costete jSlsdtelz= P jots  Izfistets2Miso0,  Eflstes2fso0  HEwW
sBEOBEISS qaWstdkoydd i) dastze2hgses HOkydGo
hSeteshisd d gl jaydsdjstdyihses HOkydSoO tis-



usy jedw. i tisLesdw jis tsjoddLse0is! fsLdydisd-
G4 d Sodlizteds ] Ets0ot jkdj GOGdza ssbsds.

NSy sBOLGT j oLBs>Gshisd ddSEstis-
st fidhsiBr 0t jidw Godgdtziisstssds
APUMA-5600: Etts0atzjkdj Hodc0k jivgd SoisteHd-
GOls s dials jisW j2Mz RS-485 dizd] ) isdssFres Hefiy-
Cejlstz~ d 0k0Esese - Mdckodse; MisOBdhdLOydw
hCteshisd ote0P jlzdw COMHIsEs HodeOls jiw &0 LO-
HOGG0 Iztetsadj; isteOBBISCO LOHOMGRE? Isted jSiststec(d
HodXM JudW f) dhtfsiz-Lse0hkdjd hdekodse HOkydSEe
stz Jiadw; tietset0dsd3iz0w Gomsts2¢0 Yok0ds st
IR tojelwisststse s s jisW 2z RS-485.

0 tjwosd U0 difkjHse0kd? tYjkde-
(s ekdwizdj fistelzClsizte™ of HOLORjstetso BisHEzd 2
tfsOot jdw CistsHAROSOBA 10 Hs0L0k jid WizkS-
Ydetdisso0tdw 1z ShtstftdosHEe.

A e pidazj misOdidLoydd fSsteshisd &Oddizy-
Ndj MsOsqudnSdd d HBOGuinCdd ~OBOSsjid-
fisdSd tsizizy ik tfted ttecOhdLOYdd BBisOEE2 fHow-
Ld s Mdek0k0d diyzehises HOLYJSO. IHed ots0-
P ikdd CiteHdh0l BOGdtlzdvistssd o o jtelsd SOk -
Gl &otie0otzikdd d dLBikjedd dsBidssse, tBE-
ot jadk - Ndizokd ctadisOydd, sls BOShdd30w- -
Gisets L0y jkdv HEs dlzdv HishisdcOkom! fisOBdidLO-
ydv dn hesteshisj?2 &0 ktejBkzjg = ketodva tfied
tstfte jH joz jozdz = GOMtes2C0R IR -6 jolziwiststeso.

0 olsttesdy A0t tssotsHdkdn difiytz jHEs00-
AW o tejddzj hsteOBESCH LOHOGHE? Isted jChststedd.
ade0kr LOHOGAW SBBBP jhzrn SBBteHHROs |O-
Gdtlzawisstsd Wistelzdteso0ddi &0 shtse,j OLeOBE-
sOdGhses 0ueshdlsd0 dils st ydd [5].

A fsske jishisodd f steiBso0ddwdsd € Iste0jSlsts-
o OGCtlziviststesd, sV du SHOwEOHYOI
OnlkCse, Wistedsdieso0diw domnfde LOHOGRY A L&O-
Wik sBEBP jira CEBEHAGOS Guowi © SHsiEGr A
bsySon. Asteldieso0idy fdetkowse LOHOGAW i jij-
&P iR CssieHdB0ls GpHE SYsteiT B SsyCokd
shizb jijsotasit s gssHE SzaduinSdR ftfao2-
tiso [6], [7] ) st £OLE0BESOHEE Hesct0d-
B* distetfsivydd.

SOMHT2 yOMissS Iste0 jClststeddf teOLB0OEMW E&O
m otsjlsjhlkrn dhksjteoddse g HEZ sHistedrad
ssySOBd. Uts0JClsttedw RO Yzawsstd Wistsddtss-
900 f 2y jlstsds Mz iz P seteddady jhd.

1. viised] Gitfte e odzshisd d tfedBld>] joadW
Czedy htsets fYk02d0 (hdekok0 LOHOGAW {jts jdz -
h jzdw) o stfistel A syLon:

Pi,s3(ts) = Pi,s+1,3(ts)'
F>i,13(t0) = qi,O' Pi,s3(ts) = qi,s' S :1'2""' m,

GHJ 1 T Gbgie tBEBM jhus? CobisHhROsT &odkd-
dwiststs0;

S T Gt jte s Sz jots ots jds jhdisets ddzls jtso0dz0
(5 j>{HEz ttfistat 3] suSOcRd.

$=12,..,m-1,
(4)
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2. Lised Gt jierotshisd tjsos? HisdL-
osHESD s olejdjld S CkadyifCses fYk02h0
(NcGOEO LOHOG™ SSEEhlsd) o Sl R BSyCOn:

P (t) =P (), $=12,..., m-1 (5)

3. vizsodw & itftsjerodtshisd olsstes? iesdL-
otHES2 ts otejdsjkd ®s CEBdyihStes MYz024k0
(Mdctz0k0 LOHOGAW EZnStts jiedW) o ttfisted ™ IssySon:

Pot)=P..,t), s=12,..,m-1 (6)

stetszj Istsets, Bt judoddsh! o tfishd jhdj
c0hdukY R Zhdsed? HEw CtEshisd o ENCHtsjadw
GOVOL of Sty oSO kts0 jClststedfd:

F.;i,13(t0) = ISi,m3(tm) =0, (7)
P s(t) = P,(t,) =0. (8)

JHEGBote jB ikus] o sty ikdl Zhised? (7) d
(8) tjoLsES Yod diseLse0kdd sst-Ss Sk-
BAUJNCAR MYk02hse: SCLOhdyitd? %0 stk jShis-
s sCOLro0 st BSEAN], Yk S jHiEv ke
YO0k jistetso. IsAstsilz LOHOYO ddals jtetfsizvydd tej-
hogom! f) cte0ddukr & Ehksedvhd (7), O otLbd-
coshdj tftod sty Gitklzzjorj EnSte jddv khste0-
wwizofin lzisjds HisBOO W tO Yjteotsds o YishijH-
(2o dzls jteo0tz0n Ysudisdse gwistsets HisteWHEO.

it Wistddte0ndw kBl ks Iste0 jCists-
tefd 8 HOYO LOHOE PR osLH j2fisod? &0 ditfsizdd-
bdtdGY j tfedosHY shizh jfisodwi0f o tsj>dd] ted-
O+ datsets ots jaz Jded. O tedf. 2 f tecfh. 3 tfte jHsO0d j-
Gr ofewor ™ LOHOGAW tJkjBdP Jkd? (Sedord 1) d
WOSkduntdd ddteddd™ dndv (Sedorj 2) flsjtfidi2
fsHod>dshisd  GORdtzasstd, HodcOshdahw o
9 Jtelsg SO dztsti; G0teatzitdd.

o). 2. e s jdacs ™ j HOOtOMES T LOHOGEY R of WOG-
sfudhSdr iteddsdM ded bstejis1 J2 filsjydd Y-
HOC{tSAIsq d0dtlziistsisd



. 3. A jh kT j HAOCEOdd T LOHOGRT T d WOS-
sfudnSdn Yt dM Jdd2 gwiss? fisjtf jied YisHod> -
tshsef G5OGClzizvstsis

105 e=yjedd

RMYEEILEo0GA] dBSEHO 3 A HlsEH0-G 2, j0
sBJhtjudedds orydhkdisje-dizes AWW Clsdodzshis
zte0ot jzd2, ewLre0shdn EtfcOedwshdy dsd.id-
s o fsyzjbdedva 1) CkjBoduintddd, H@odd-
YNSddsd Hoe0dise0dd Lojede d tfjtejdsddd ™ dsdf
hshisswidw d0ddtlzawissts0.

TiLzs0ls T ACHH jisol jlsOdd v iz jHis-
002 fsCoLr a0l orisClzts stydthist BistoBEls-
Qo LOHOBG Y T Ists0 jSlststsq[2 tsSBISSO © Izsodwn H -
fisodv HAGOGAUINSOR AWWjClsse, fewLohGr e f)
ZhCite jdadz ©ds HoOX Jhd i Lojh1do d oLOddzsoddw-

G jds StsteHd®0ls, 0 50> cteOadsOydistd = fidt o
3503 Jdalsts.
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MICROPROCESSOR CONTROL SYSTEM FOR "PUMA-560" MANIPULATOR

V.A. Medvedev

PhD, Associate Professor, Voronezh State Technical University, VVoronezh, Russian Federation,
e-mail: va.medved60@yandex.ru

In article questions of development and research of executive and tactical levels of a microprocessor control system by
manipulator "PUMA-560" are observed. The calculated scheme of the manipulator is developed. The mathematical description
of the manipulator and executive drives as object of control is determined. The algorithm and the program of simulation of ex-
ecutive system of the robot in system MATLAB are developed. Simulation of dynamic regimes of manipulator "PUMA-560"
with direct-current drives is lead.

The executive level of a control system is developed on the basis of six modules executed on the basis of PIC-micro-
controllers and providing immediate digital control by motors of the manipulator according to a principle of subordinated regu-
lating. Control by coordinates is carried out on interface RS-485, and also with the help of discrete and analogue signals is
stipulated. The speed hold of twirl of each actuating motor at the given level, and also improvement of a set trajectory of the
tool with use of signals of position sensor is provided.

The tactical level of a control system is developed on the basis of a personal computer. Signals of the job of a positions,
speeds and accelerations of coordinates of the manipulator on the method of cubic splines are generated. Algorithms and pro-
grams of interpolation of a path and formation of control signals are developed at consecutive and parallel moving of coordi-
nates of the manipulator. Experimental researches of the robot in a regime of stabilization of speeds of coordinates and in a re-
gime of improvement of a set trajectory of the tool are lead
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The article is devoted to the development of a control system for a robotic complex for complex environmental
conditions. As the object of management, the RTK was considered for repair work at the nuclear power plant. The technical
design of the main subsystems of the RTK is described. Due to the harsh specific working conditions, RTK must have great
reliability, therefore, the principle of hybrid parallel neural control is taken as the basis of the control system architecture
within the framework of the article. A typical scheme based on this architecture is considered and processed in accordance
with the realities of the control object. 3D neural network of the neurocontroller was developed and described by spatial
layers. The approach to the development of control systems described in the framework of the article makes it possible to
achieve significant optimization and stability of the entire operation of the system, and the use of an "ordinary" controller
paired with a neural controller increases the reliability and fault tolerance of the control system and the RTK as a whole

Key words: neural control, robotics, extreme conditions, neural networks, optimization
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The number of organic compounds exceeded 40 million and increases each year by 300 thousand. To ensure the
fire safety and technological calculations of processes of production, for storage and transportation materials needed data
rates fire and explosion hazard substances. Therefore, development of a method of forecasting fire danger indicators and
thermodynamic properties of substances, based on the minimum amount of experimental data, is an important task. In this
article at various temperatures were measured vapor pressure and density of the liquids in the homologous series of n-alkyl
propanoates and n-alkyl butanoates. Based on experimental data and using the standard of ideal gas (taken at the tempera-
ture and volume of liquid) calculated the values internal energy, entropy, and Helmholtz energy. The analysis determined
that values of thermodynamic functions are linearly dependent on the molecular weight of the substance in the homologous
series. Analysis of published data established as a linear dependence of the flash point of substances of molecular weight
substances in the homologous series. Considering the tendency of change these properties is established that the flash point
of substances linearly dependent on the value of the energy of Helmholtz of substances homologous series. The corre-
sponding equations were obtained

Key words: flash point; internal energy; entropy; Helmholtz energy; equation of state
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