RV
- INATNISKIE
RAKSTI

SCIENTIFIC
PROCEEDINGS
OF RIGA
TECHNICAL
UNIVERSITY

~ RIGA 2008

s m;‘
" W‘MW” *T?%%ﬁ
‘m

. ‘"?‘wnw

W‘W‘m ‘;«‘"m"nﬂ WM%:,‘;, %mm ré” w‘@ ‘
o

w
' MMW“W‘ Am‘wu

L
. mi .

nw

L
L v‘%‘ PW\

L
o M‘? N L

Mﬁ““ﬁ@ﬁ%“ mm
\wu

.
o ’JV *VJ%W‘S’ \ W@WW @a%

‘ h\ mw e w "
"W m@?“*\%ﬁw W‘@ m@“}lmﬁh@ WF’WM ﬁrﬂ M
e M‘ﬁv L mﬂ‘*l“”"‘f\%w%mﬁb
A EWW SN
' .

[ L

- ‘m* o
@ L ‘”ﬁ“nmmu

i

I n
h i i

vw w~ ‘www W F

. WW .

. \‘“m“m‘m :

V \
\“

. | Ww‘m
L

L

o

e L

M“ WHW m‘ﬂww‘w‘ L . W '&H

MW‘ L m%

|
‘ L u i
L i mm
«Pw M ,M o 'dw
W‘““ns\‘gﬁ;,vm L

- L

mw e *%EMWM
‘wea . QW‘

.

i
0 w‘m‘

MM L W‘;‘ww‘wﬁ‘mﬂw\\w%w%mwWﬂ

Aﬁu . @
M*J - ‘W“‘M . “‘“@‘*\ ‘““E Ll
w‘“\w . e
“ | ‘ | w . ‘“‘ﬁ
m L MW | “%"V
. rw‘“\u?f“nhy L Jﬁ
"Mww i S

u e W‘W “‘M‘ ‘m

"

- n

. o

‘w@ N‘

.

e m\‘@\e«w@;ﬁw

L
i .

L

L

o
o
L

|

e
u

L

L
W?ﬁ"“&"” H”«“ . M‘?&.,‘é'“wx"ﬁwymw L
e MWM L

L

i w
i
%"5“ , “ W L
"w
|
w
m,mm

M‘W“*‘“ﬁw m@ i % "y

Vmu\m il HWHV ‘w\:

L %W “\
w‘;“ﬁ
o MM«%

i
L
Y s »WW w@w

.

N T

L

""‘V

'\
m w

i
U Ll
i w ?c WMSW o ﬂ%mﬁ

.

u
w

Jh"‘““ L %\ i mwu i

Mym L \“4“:“ “w“mi www‘,‘mw{nn “ a w :“ Mw

mw |

w R Mﬁw‘w

Hw‘ 0 o

o L M‘#‘m'”“v:\?‘“w *Eg‘““:m WW

Mﬁw S m‘“ummﬁ% wr | W L wm
i uvmu“

i

,vam

L

L ‘m
L
L

R

’" m . n,“
. w i
| @a . CWi il me ‘ym i

. W@"* %%
L B N
M . %%Hﬁ W ”‘"‘H M»‘«%@MW%

"’LWME’ W

% »@ﬂ* )

mhm'u |

mm

N

R N
ww N WW’W L
% e mmmww«,ww

\ @Q WM
#@Mf

'!whwru\ ; hrw’mm" me

. L
o Ja:ﬂ%vx . M

. e

.
L L

L

o
L |

i

i
|
o . ”«H«‘wn‘nwwm

L
- \\wﬂw .

-

w‘a’th M‘ V m%

!
e i
L e
wv; L ““%?&;ﬁ;\aﬁwmwgn b .

L

‘“W‘M L

L A

i
L

i fE

L

i

s

i H?JM

L

o
WJ‘M@‘M‘““‘L‘"‘&W L

o ‘,HW
N

\ww ,W
.

| - |

L o \%‘J‘

.

‘)m i

uww
.

e

i
.

“mmmm‘%““

A

i
L

L ‘M‘WW w‘m‘

N
m u .

““ mm\m

- e

M L m\‘m“w

.

il M

L e@mw‘“ﬁ‘@“ﬁw .
A

‘\‘M‘WN

mw

“ W M s““iw“ . W«n

w ‘H N mw

m L ‘M\‘W%m‘% w‘ L

| i L %‘
;mw% Nz 7

w”wvw . %« "\W R
o

a

el i
%«Wu"w L ‘IM 1 ‘mwﬂww .

L
L
“,; . WW N

o

W

fg‘!vm\‘ me 'm iy \T"I} ‘\‘\wmw\
i M W "’ﬁ
W@% | MM

W e m\ «a‘m . W“Mv . M:&
- qﬁw“g{“ﬁ%
n“ % | uwmm

»W»ﬂ"ﬁ“ i M ﬂw“

w NWWT)‘
n cwa“ra«m n
A w Mw

. "’f

S w
m“ L

m e «‘

}S(u w\

W ‘M‘sm@u;ﬂm M“ v“ ‘uy
\ W‘ - me

W» o

e Wﬂ"% P

o h““ Wa‘h WMA .

Al “w v@ A
i i

L A ,g\ - m‘“& ﬁs"g,i'«“wh‘“
| M#\

i
L i
‘ﬂ h«v ?W J“;AWW

. uw

L
#v

|
w u i m! .

g

L

i o
L | L .
WMW m‘“m“% u‘“‘ﬁ“‘ﬁu:u‘w 1*““‘}"3 ‘\\;‘M‘JW\“‘E“ VW““W "w -

L
L

o ":V%\u% e WWW“‘"

-

o ‘MM

I W PR

i -
N

.
A L i yww .

o L

g Wy

w o
. W‘W‘ ‘Wyu wn% VH

W \‘mmuummun%unum

&
L is
L WL

e

i
|
N w’%

i v% d

i

L
L
i

L “)’“"“ e

i

e WWWW
T wm«m L
i e

n
| R
sty A e

s

e

L
. “mv L Bl
L e L

A i

;W‘W an - ‘%»vj::mwWWWUW
. o WH‘
S

N w ‘

L

G
R

MY‘“\ VV““ M
WP”MW . «Jv."“
mh\wwmw o hm‘w
L

‘H\“‘WGM\“‘

’1 il \
|

‘Q

‘ wuum . Hm‘m“ Wil n"uu‘h

»,

L
L

m%‘m “""‘é“ﬂw‘.i‘h“"‘ i m‘m

"« NWN i wm

.
L ‘« L L

M““W‘ Wé‘"‘"%w e Mﬂm*w

o mw i

L
‘“ \W“mm“
e

a

A m W

nf{" “
A"W‘wngmﬁﬁ%

L

M‘Csﬁq‘
W“Aﬂm%mm

L

e

o gm&w"“‘\“ w* ”"H

. \\\\L%u

- mme

b
u

‘“%%Q‘ﬁ ‘ﬁM
”‘
i

R

"'«* \% m
%“"”‘w w W»E« .%\Wm““ L 1@’»“ wvﬁ“w‘ﬂ‘q -

i WMMMM‘\‘W\ i

i
-
*m |

L

i

L
W Eﬁh‘u‘vmwﬁ" . \1”

L

‘W w 0

.

s

m L

L

L
L
i

i

i 4” W u
A

e
“ ‘ a

.

e

L
L
Y

e« L 4 ‘
. L «w
“’f\\w‘w‘«“‘a\m\%‘;w’g\‘h W . w% 1 fir i ) L N ‘J’m o a

@»«a‘%*% M

BRI
R
"‘m

\“ A il
Wum f“\s::mf@“r“‘“

o
L

L
L

L

:
f,gwmmww

'Elm iy o

AaRn

L
i % %ﬁw n@m e @“‘E@ﬁ@ %Mm nwa mm e
W«M & W;Yi n WW& Wu ww%‘;g L r%“%%%é .

“H‘%w
;ﬂr‘a\w’&‘k«

}c

- .
AR

.
. mh%\;&%:{m

3
e - |
L G wwﬂ«%ﬁ’:@:nwf‘?‘v
m%mwm . ) e \ e v% . J‘”M‘JW““

\‘ e
. w‘m m“
L | ‘nww
L m

i H‘ o J \ ! L

i“wu‘m’%‘u‘m -

N ‘sﬁ‘mm q]@

e «““‘V\w
| L
. m““f : | MM"'JW‘ " it ;‘:“ %,n *«‘

T L %«

RN n‘ww i L ,ﬁ i
‘"w““”“““*“‘*‘ i . :W: L Lm “r% "tf VKM *M ﬂm“m&’gg‘ww"wm“ﬁ‘ %,;q:‘!“ ‘m?\m@m@% ‘v
o S “M L BRI

m
uﬁ\“\

. “W‘W‘V“‘« J“H Wm
N H«u ‘
e W“

il N - o
i “‘”M“ . W"‘W i »«e@%“ﬁ‘mﬂé‘% ‘J“

Wu
o L

. . e e L “‘.“ . |
”“ ‘“H Nr &y %‘ o w W Tm‘w ﬁm %
. e L M o

L

W\‘r‘m “P« i ‘u* g ‘ﬁﬁ#‘u m‘ H ““M‘H““"")M gmwgnw% ,‘
. - w m e
o “m L "1‘ w } i L
W“,m ”@“m‘ﬁ‘lm‘“ﬁ@%"%"”WW‘: L v% Wmu‘w‘%\ wm L

o
L . .

A » g‘a\

“n | ‘
mm i ».,w
o il i A ww’w‘ i

i M e ‘ : S E‘MW
L H‘ L L N o ” W oy R
e W’WH Wwwﬁ@%wm W“‘ ‘”M \V@EMWWW
. w . ‘w L “vw\‘ - L . WMWW“
MARANANAN V“ L mw @w | ‘M N
AR
il gy uu

s wM M‘w wvuau%v‘wm .
:
i

M
L L “ . o
L H B W L m
N W ﬁw o Vw« e
L mu\wmwwww S L Mﬁ‘w““ . i ﬁW"
ngﬂ W p“ W”"m"a e M
‘?E@“ me L - L ‘W’“‘ 0
[ M@‘ w , i y wwuum m ‘M“m i

"‘w“w i o w«w wa‘,‘v‘w“‘lm”‘“

L i

Hﬁ%m\ L . o mwgw ”v‘ un\ . mww
l

o
W“w WWM‘ A\‘h \
J ] i

i
uwum . % ‘WWN - F W
L m

i

mr\ !‘ .
%MWEH\ 'ﬂw o

L

n L

Mm w .

. . "ﬂ““m
‘“‘Wd\ “ﬂg&; . r“ - W“M L
W L
““”mm‘ww

i |

| “ . L .

L . o WLH v‘ . . i ‘MWH

"fn‘ | L w:wu‘w‘w“‘mu@bm‘; o L WW%MW% “’“QF | V“ﬂ“\
L

L

m@m« y . e
L ; L . \ e

W
. Hw o
mvw . m

L
. u‘:“"“\"\::;r‘:h\\ o
- ““‘%!w\?vwlm“‘l‘?f“ﬂw

o
L
'““MM
. o v‘ym

;

o
o
I W\w‘a‘\ww;y‘ww‘ V ‘ﬁvﬁm’:
.
J@V?\‘Mv“vb‘m’k

L

‘t\”

n a‘w‘“ u‘w
w"whm ‘Wm

R
L uw‘uwuwm; ! . ‘ L
L ww‘““"‘*“"‘“‘“x bl L

i

L
-
0 WW "

i

ummm o

L




ISSN 1407-7345

RIGAS TEHNISKAS UNIVERSITATES
ZINATNISKIE RAKSTI

SCIENTIFIC PROCEEDINGS -
OF RIGA TECHNICAL UNIVERSITY

4. SERIJA

ENERGETIKA
UN ELEKTROTEHNIKA

POWER AND ELECTRICAL
ENGINEERING

23, SETUMS

IZDEVNIECIBA ,,RTU” RIGA 2008



Redkolégija:
Editorial board:

Galvenais redaktors
Chief Editor

A. Batauskas, KTU, Lithuania
L. Boronina, STU, Russia

N. Chuulangiin, MTU, Mongolia
V. Cuvidins, RTU, Latvia

R. Deksnis, KTU, Lithuania

J. Ekmanis, FEI, Latvia

G. Elizarenko, NTUU, Ukraine
J. Gerhards, RTU, Latvia

M. Kolcun, TUK, Slovakia

V. Kréslins, LEB, Latvia

J. Laugis, TTU, Estonia

T. Lehtla, TTU, Estonia

A. Mahnitko, RTU, Latvia

A. Sauhats, RTU, Latvija

A Melko, Latvenergo, Latvia

G. Morva, BTU, Hungary

V. Neimane, Vattenfal, Sweden

R. Neimanis, General Electric, Sweden
S. Paszek, STU, Poland

F. Profumo, TTU, Italy

I. Rapkis, RTU, Latvia

L. Ribickis, RTU, Latvia

L. Soder, KTH, Sweden

J. Stabulnieks, FEi, Latvia

L. Valdma, TTU, Estonia

E. Vanzovics, RTU, Latvia

A. Volos€uka, RTU, Latvia (Managing Editor)

Redkolégijas adrese:
Editorial Board Adress

Rigas Tehniska universitate

Kalku iela 1
Riga, LV-1658
Latvija

Phone: +371 7089923
Fax: +371 7089908
E-mail: rtuconference@eef.rtu.lv

© Rigas Tehniska universitate 2008



PREFACE

The materials in this edition of the journal ,Power and Electrical Engineering” are mainly
papers for the Riga Technical University 48th international scientific conference on "Power
Engineering" and "Electrical Engineering".

The conference took place from 13th to 15th October, 2008.

Editorial Board
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Beinarts L, Levéenkovs A. Izplidusas logikas kontroliera atbalsta modeléSana elektrotransporta pasaZieru
salona apsildes sistemai

Galvena raksta ideja ir izpludusas logikas kontroliera un inteligento agentu izmantosSana, lai izveidotu algoritmu
un koordinacijas mehanismu klimata parametru kontrolei, kas [aus ietaupit elektroenergiju un uzturét augstu
komforta limeni objekta. Interese ir koncentréta uz klimata parametru optimizaciju sabiedriska elektrotransporta
lidzekju pasazieru salond. Saja raksta matematiska probléma ir aprakstita, izmantojot izpliidusas logikas
kontrolieri mehatroniskajas sistemas klimata parametru optimalai kontrolei. Raksta ir paraditas problemas
risinasanas metodes un algoritma struktira. Ipasa uzmaniba ir veltita intelektualo apkures, ventilacijas un gaisa
kondicionésanas sistému izpétei un talakai attistibai, kas dotu iespéju daudz elastigak regulét sistémas
kompresora, ventilatora un silditaja darbibu, ta uzlabojot efektivitati un taupot energiju. Ir aprakstits
izstradatais vadibas sistemas datormodelis ar izpliudusas logikas kontroliera atbalstu. Izstradato kontroles
sistémas modeli var izmantot mikroklimata uzturésanai dazadas telpas, ékas un sabiedriskaja elektrotransporta.
Raksta beigas ir sniegti galvenie secinajumi.

Beinarts I, Levchenkov A. Modeling of Fuzzy Logic Controller Support for Passengers’ Interior Heating
System of Electric Transport

The main idea of this paper is to use fuzzy logic controller and intelligent agents to create an algorithm and
coordination mechanism for climate parameters control to save electrical energy and keep high comfort level in
the object. Interest is concentrated on the climate parameters optimization in passengers’ interior of public
electric transport vehicles. The article presents mathematical problem using fuzzy logic controller in
mechatronic systems for climate parameters optimal control. The methods of the problem solving and structure
of problem solving algorithm are given in the article. A special interest for investigations and further
development is devoted to intelligent heating, ventilation and air condition systems allowing more flexible
regulation of the system’s compressor, fan and heater operation, and, therefore, improvement of efficiency and
energy saving. In the paper there is described elaborated control system computer model with fuzzy logic
controller support. The elaborated control system model can be used for sustaining microclimate in different
facilities, buildings and public electric transportation. There are main conclusions at the end of article.

FBeiinapm M., Jlesuenkoe A. Modenuposanue nodoepicku KOHMpoOJiepa He4emkKoil N102UKU 0N CUCHIeMbl
0002pesa naccax@cupcKozo canriona 31eKmpompancnopma

I'nasnas udes cmamvu A615eMCs NPUMEHeHUe KOHMpOnnepa HeyemKou 102UKU U UHMENNeKMy QNbHbIX A2eHmMOg
ons paspabomku anzopummos u KOOpOUHAYUOHHO20 MEXAHU3MA 0N KOHMPONS KIUMAMUYECKUX Napamempos ¢
Yenvio SKOHOMUU 3NIeKMpO3Hep2ul U N000epICaHUus BbICOKO20 YpOBHA Komgopma 6 obvekme. Buumanue
KOHYEHMPUPOBAHO HA ONMUMUZAYUY KIUMAMUYECKUX NApaMempos 8 NACCalCUpCKOM CanoHe obujecmeeHHo2o

. dleKmpompaHchopma. Oma cmamvs onucvigaem mMamemamuyeckyro np06ﬂeMy UCNONIb308AHUSL KOHMpOaepa

HeuemKou 102UKU 6 MeXampOHUYECKUX CUCIeMax Onsl ONMUMQIbHO20 KOHMPONS. KNUMAMU4eCKUx napamempos.
B cmamve danvi memolwvl peuieHus npobnemvl u cmpykmypa anzopumma peuwienus npobnemwi. Ocoboe
GHUMAHUe YOeneHo UCCnedo8anuio U OaibHelueMy pazeumuio UHMeNNeKmyalbHelX CUCMeM OmMONNeHUs,
BEHMUNAYUYU U KOHOUYUOHUPOBAHUS 8030YXa, YMO a0 bl BO3MOICHOCMb HAMHO20 dNACMUYHEL Pe2ynuposams
pabomy Komnpeccopa, 6eHMWIMopa U OMONUmens, Makum 00pazoM yIy4uius 3(pghexmusHocms u COKOHOMUB
anepzuio. B cmamve onucana pa3pabomannas KOMRbIOMepHAas MOOelb YNpasnsaioujeli Cucmemel ¢ NOOOEpIHCKOll
KOHmponnepa Heyemkot nozuku. Paspabomannas modens ynpagnsioweii cucmemul Modicem 6blms UCHONL30BAHA
o1 noddepiicanusi MUKPOKIUMAMA 6  DA3NUYHLIX — NOMEWjeHUAx, 30anusx u 6  obujecmeenHom
anexkmpomparcnopme. B okonvanuu cmamou 0anvl 21a6HblE 3AKNIOYEHUA.
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