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KOHTPOJIHO-U3MEPBATEJIHU YCTPOUCTBA 3A CUHXPOHHU
I'EHEPATOPHU C BEBKOHTAKTHA CUCTEMA 3A Bb3BbY/KJIAHE

Caasuo JaBuaos, Kupua Croiikos

Pe3ztome: B pabomama ce npeonaca cxema 3a Oe3KOHMAKMHO USMep8aHe HA 6b30)-
Ooumennusi MoK 8 6e34emKOo8U CUHXPOHHU 2eHepamopu U 0suzamenu ¢ U3N0oa36aHe Ha
oamuux na Xon. Pasenedan e mauun 3a xommpon na yenocmma(usnpagnocmma) na
npeonazumenume HaA MOCMO8 U3NPAGUMEN MOHMUPAH 6bPXY DPOMOpPA HA CUHXPOH-
HUume mMawiunu.3a masu yes ce u3noi3eam OnmuKoeieKmpoHHU NpUOopu.

Kntouosu oymu: 6e3uemkosu cUHXpOHHU 2eHepamopu, 0amyux Ha Xoi, MOCMOo8 U3-
npasumer, ONMUKOeNeKMpOHHU NPUboOpu

CONTROL-MEASUREMENT DEVICES FOR SYNCHRONOUS
MACHINES WITH CONTACTLESS EXCITATION

Slavcho Davidov, Kiril Stoykov

Abstract: Contactless measurement of the excitation current in brushless synchronous
generators and motors using Hole’s sensor, is proposed. The contactless approach
for control of the completeness of the fuses of the bridge rectifier, mounted on the
synchronous machine’s rotor, is discussed. For this purpose the optic-electronical
devices are used.

Keywords: synchronous machine, brushless synchronous generators, optic-elec-
tronical.

1. YBOJ

CUHXpOHHHTE MAIllMHU Ca B OCHOBAaTa Ha €HEpreTHKaTa B cBeta. EqHa oT Hali-ChBpe-
MEHHHTE TCHICHIINH 33 YCHBBPIICHCTBAHETO UM € 3aMsHATa Ha IUTH3Tallus eICKTPH-
YECKM KOHTAKT C OE3KOHTAKTHO BB30ykmane. OCHOBaBa ce Ha M3IOJI3BAHETO HA CUH-
XxpoHeH Bb30yauten. [1o chiiecTBo, Bb30YIUTESAT € CHHXPOHEH TeHEepaTop OT 00bp-
HAT TUIl — C HHAYKTOP Ha CTaTopa W KOTBa Ha poTopa. To3u BB30YAUTEN € U3TOUYHUK
Ha MPOMEHJIMBO TpU(a3zHO HAIMpPEKEHUE, KOETO C€ U3MPaBsi OT BBPTAI] C€ U3IPABU-
ten. M3mpaBuTenar U poTopHaTa HAMOTKA ca MOHTHpPAaHHM Ha Bajia HA CHHXpPOHHATa
MaIuHa, MOpaJ KOETO OTIaga HEOOXOIMMOCTTa OT KOHTAKTHH MPHCTCHH. Taka Io-
Jy4EHOTO HANIPEKEHHE CE MOj[aBa KbM BB30yAUTEITHATA HAMOTKA Ha CHHXPOHHUS Te-
HEPAToP.

© 2012 Publishing House of Technical University of Sofia 9
All rights reserved ISSN 1311-0829



B texnuueckara aurepaTypa, BHIPOCHT 32 O€3KOHTAKTHUTE B30y IUTEIIHU CUCTEMH €
aHamM3upaH jgocrta noapodHo. Hampumep B [1] ce pasriexaar pa3nudau BUIOBE 0€3-
KOHTaKTHU BB30OYIUTEIHU CUCTEMH. AHaIM3UpaT Ce W3MPABUTEIHUTE yCTPOWMCTBA
KaKTO OT JAMOJCH THUII, TaKa U TUPUCTOPHHUTE yIpaBisieMu usnpasurend. B [2] ce pa3-
TJIeKIaT BBIIPOCUTE 32 aBTOMAaTUYHOTO PETyJIMpPaHe Ha HAPEKEHUETO.

Eann ot npobiemute Ha O€3KOHTAKTHOTO Bb30YKJaHE € CBBbp3aH ¢ OE3KOHTAKTHOTO
U3MepBaHe Ha BB30yIUTETHUS TOK. TO3U BBIIPOC MH(DOpPMATUBHO € pasrienaH B [3].
B [4] e npeanoxeH eqrH HAYMH HA U3MEpBaHe Ha BB30yauTenHus ToK. Toit ce ocHo-
BaBa Ha UHAYKTHPAHETO Ha EJEKTPOJBMKEILO HaNpeXeHHe, MPOMNOPLUOHATHO Ha
MarHuTHUS MOTOK CBh3JIaJICH OT €/1Ha HaBUBKA Ha Bb30yAUTEIHATa HAMOTKA Ha CUHX-
poHHus re”epartop. llpennoxeHo e 3a U3MEPBAHETO /1a C€ M3IOJI3BA MUHU IIpeaBa-
ten. HsiMa nmocoueHu cXxeMHH pelieHusl.

JlocTa cepuo3eH BBIPOC MPU CUHXPOHHUTE MAUIMHU C O€3KOHTAaKTHU CHUCTEMHU 3a
BB30YXKIaHE € M KOHTPOJMPAHETO Ha [eN0oCcTTa (M3MPaBHOCTTA) HA MPEIIAa3UTEIIUTE
Ha BBPTAIIUS ce usnpaBuren. B [4] koHTponupaHeTo ce U3BbPIIBA BU3YaTHO (M3MOJ-
3BaT ce rimM-iamin). [logqoOHu pasriexnanus ca Hanpasenu [5] u [6]. U mo To3m
BBIIPOC HSIMA CXEMHU PELICHHUS.

¢ D(lg) /‘

Ex.7

I
/3

He

®dur.1l. Cxema 3a 6€3KOHTAKTHO U3MEpPBaHE

10



B nacrosmara pabota ce npesara Bb30yIUTETHUST TOK Ja Ce H3MEpBa ChC CTATUYCH
naTyuk Ha XOJI, @ KOHTPOJIMPAHETO Ha LEJOCTTA HA NPEANA3UTENNTE Ja CTaBa I10 OIl-
TUYCH HAYUH.

2. BE3KOHTAKTHO UBMEPBAHE HA Bb3BYJIUTEJIHUSA TOK

Ha ¢ur.1l e nokazana nmpuHIMIIHATA CX€Ma Ha YCTPOUCTBO 3a OE3KOHTAKTHO H3MEp-
BaHE Ha BB30YIUTEITHUS TOK MPU CHHXPOHHU MAIllIHHHU.

MetanHusIT NPBCTEH 2 € MOHTUPAH Ha Bajla HA CHHXPOHHATA MaIlli Ha, KaTo CHIIUAT
€ M30JIMpaH OT BaJjia ¢ MOMOIITa Ha M30JallMOHHATa BTyJKa 3. Bb30yIuTeTHUAT TOK
ce TMOJBEXK/a KbM MPBCTEHA Upe3 MpoBoJHKMKA 4 B T.a. TOKBT ce OTBEX/a OT IMphC-
TeHa B T.6 Ha 180° cripsiMo Touka a. IIpu TakoBa MpeMHHABAHE HA TOKA IO IPHCTEHA
ce M3KJII0YBAa HaMarHWTBaHe Ha Baja. [IpOBOJHMIIMTE C€ YKpemBaT KbM Bajia 4pe3
eineMeHTa 5. TokbT MHHaBa MO MPBHCTEHA, Ch3/laBa MAarHUTEH MOTOK @D,, KOUTO € mpo-
MOpIMOHANIEH Ha Bh30yauTenHus Tok l,. Taka ch3mafieHUST MarHUTEH IMOTOK, pec-
NEKTUBHO BBH30YIUTENIEH TOK CE€ M3MEpBa C IMOMOIITA HA €JIeMEHTa 6, KOMTO Mo Cb-
HIECTBO € MaTurK Ha XoJ. B marumka ce mHaykTupa €.1.H. E;, KOETO HaNpeKEHUE Ce
HU3MepBa OT U3MepBaTeseH ypen /.

MareMaTu4eck, MHIYKTUPAHOTO €.1.H. C€ OIPEIeI Upe3 u3pasa’

[, (]
Ex — Kx y B( B) ’
d
KbJeTO K, € KOHCTaHTa 3a CbOTBETHUS TUII JaT4UK Ha Xoi, |, - ynpasisBail TOK OT
M3TOYHUK 3a MOCTOSTHHO HanpexeHue, d - nedenrHa Ha TaTYuKa.
Cxemara Ha CBbP3BaHE Ha JaT4YMKa € ToKa3aHa Ha (ur.2.

Dy U

¥ ¥ ¥ ¥ R

1 mA

@ur.2. Cxema Ha CBbP3BaHE HA JAaTYMKa Ha X0

[IpennoxxeHuTe cxeMu ca MPUIIOKUMHU KAKTO MPH CUHXPOHHHUTE T'€HEPATOPH, Taka U
MIPU CHHXPOHHUTE JIBUTATEIH.

11



3. YCTPOMCTBO 3A KOHTPOJI HA IIEJIOCTTA
HA ITPEAITASUTEJIMTE HA U3ITPABUTEJIA

EnextpuueckaTta cxema Ha O€3KOHTAKTHOTO YCTPOMCTBO 3a KOHTPOJ U3IIPAaBHOCTTA Ha
MpeAnasuTeNnTe € okasana Ha ¢ur.3, ur.4 u ¢ur.S.

O
R1 R2

A I Ry N oy N +

| SE S K

1| ¥ 71 L Wrps rp5
B B b
O

C |:|np2 (\4& Caz []np4 \'\ an6 \v\ ‘
oo W S S S
O

®ur.3. ExexrponHa rpyna ot leHep-Iuo U CBETOIUO

0
or CA1-CA6 +U;
N O
~ 0 0 N
{ B.E. /\mca
0 O
ot O
o

¢bur.4. DoTOEIEKTPOHHO YCTPOHUCTBO

YerpolicTBOTO € 6e3K0HTakTHO. K'bM BCEKHU Mpeana3uTesn ce BKIYBa YCIIOPEIHO e/1-
Ha eJIeKTpOHHAa rpymna. [Ipemmaranoro yCTpoMCcTBO ChABPAKA IIECT TAKUBA I'PYNH, ThI
KaTo B CXeMmara MMa IIEeCT mpenmnasuressd. Beska rpyna € MOHTHpaHa BBPXY JHUCK,
pa3IoJIOKEH Ha BaJla HA CUHXpOHHATa MamuHa. JluckoBere ca u3oinpanu ot Bana. Te
ca cbio mect Ha Opoit (pur.5). [lo mepudepusita Ha AUCKOBETE ce pasmoyiarat CBe-
TOIMOAUTE, KOUTO 1€ JIaBAT CUTHAJ 3a LEJIOCTTA Ha MPEa3UuTeNInTe.

12



T 5 6

(c-cae) tt

Ban

n
ANCKOBE

¢ur.5. JluckoBe BbpXy KOUTO C€ pa3nojarat CBETOUOIUTE

CurHambT OT CBETOAHMOIMTE C€ MpueMa OT (POTOENEKTPOHHO YCTPOWCTBO, KOETO €
cratnuno (dur.5). To ce cveTom or mpuemain eiaement, Gororpansuctop — (OT1 -
®T6), enexrponeH 010k u uuaynupairn ceeroauona (CAL — CJ16).

[TpyHUMITBT HA JEUCTBUE € CIETHHUS:

[Tpu usrapsiae Ha npeanazuredn ([Ip.1 — IIp.6) (pur.3), CLOTBETHHUIT CBETOM3ITHYBAII
JTMOJT TIPOMEHS ChCTOSTHHETO CH. CUTHAIBT OT HETO ce preMa OT (POTOCICKTPOHHOTO
yctpoiictBo (¢ur.4), HacThIIBa NMPOMSHA HA CHCTOSHHETO HA TOBA YCTPOWCTBO H
CBETBA CHOTBETHHST WHAYIIUpAIL cBeTOAMO . HeoOX0uMoTO HanpekeHne Ha CBETO-
JIMOJIa ce MojTydaBa OT Iaja Ha HAIPEKCHUETO BhPXY caMUs Mpeanasute. To3u naj
Ce M3MEHS B 3aBHCHMOCT OT PEryJIMPaHEeTO Ha Bb30Y)KIaHETO. 3a Jia ce CTabuiIM3upa
TOBa HAIPEKEHUE CE M3I0JI3Ba MAapaMETPHUHUAT CTAOMIN3aTOP CHCTOSII Ce OT IICHEP
— nuoxa Z u pesuctop R( Z21-Z6 u R1-R6) — ¢dur.3.

Taka ce mosry4aBa nH(OpMaIHS 32 HACTHINIIA TIOBPE/Ia B HIKOH OT MPEAa3UTEIINTE.

4. 3BAKJIIOYEHHUE

Pasrnenanute ycTpoiicTBa 3a O€3KOHTAaKTHO H3MEpBaHE HAa BB3OYIUTENHUS TOK U
KOHTPOJI LEJIOCTTa Ha MpeANa3suTesInTe Ha U3NpaBUTelsd IPU CUHXPOHHU T€HEpaTopH
c OE3KOHTAKTHA CHCTEMA 3a Bb30YXJAaHE ca €KCIIEPUMEHTHPAHU ChC CUHXPOHEH TIe-
HepaTop — 0e34eTKoB Chc cienHuTe mapamerpu: MommHocT 10KVA; HampexeHue
380V u oGoporu n = 1000min™

[Ipennoxenute cxemu ca ObpP30ACHCTBAIIM, TO-TOYHU B CPaBHEHHE CHC CHILECTBY-
BalllUTE B JIUTEpaTypaTa W AaBaT WH(GOpMaIMs 3a HapyIlIaBaHE EJIOCTTa Ha Ipe/a-
3UTEJINTE Ha M3MPABUTENs, 3aXpaHBaIll CHHXPOHHUS TeHepaTop. ToBa JaBa Bh3MOXK-
HOCT Ha 00CTy>KBalus epcoHall ObP30 U HABPEMEHHO J1a B3eMa PEIICHHE 32 OTCTpa-
HSBaHE Ha JIETEKTHpaHATa HEM3IPABHOCT.

5. IUTEPATYPA

[1] T'ne6oB A.,JlorunoB M. Cuctembl BO30YKICHHS U PETYJIUPOBAHHUS CUHXPOHHBIX
neurarenen. Dueprus, JI., 1982,

13



[2] JTutienko A. M. BeckOHTaKTHBIE CHHXPOHHBIC MAIITHMHBI C aBTOMATUYECKUM pPery-
TupoBaHWEeM Bo30ykaeHus. Haykosa qymka,K.,1980.

[3] ConosbeB M. . ABTOMaTHYECKHE PEryISTOPHl CHHXPOHHBIX T'€HEpaTopoB. M.,
Oueprousznar, 1991.

[4] Tne6oB U. A., Cuctembl BO30YXKICHUST MOIIHBIX CHHXPOHHBIX MamuH. JI., Ha-
yka,1979.

[5] Hoffman A. P., Excitation control for synchronous motors. Pat. 338195, 1998.

[6] Turutner 1., Schutreinrictuny fur Sinchron maschine. Pat. German.
Ne2716206,1985.

ABtopu: Kupun CToiKOB, TJI. ac. HHX., Kar.”O01a enekrporexHuka”’, EnekTporex-
Huueckn @axynrer, Texuuuecku VYuuBepcuter - Codus, E-mail address:
k_stoykov@tu-sofia.bg; CinaBuo JlaBunos, nou. a-p, BTY ”T. Kabnemkos”

IocTthrnuiaa ra 18.07.2012 Penensent nou. a-p mar. uax. Cumona Ilerpakuena

14



Q T'oouwnuk na Texuuuecku Yuueepcumem - Cogpus, m. 62, kn.4, 2012
J Proceedings of the Technical University - Sofia, v. 62, book 4, 2012

N3MEPBAHE HA HHAYKTUBHOCT ITIOCPEACTBOM 3APAIAEH
MNPOLHEC B KOJIEBATEJIEH R-L-C KOHTYP

Hennua Abpxanosa

Pe3rome: Ananusupan e nooxoo 3a uzmepsane Ha UHOYKIMUBHOCHL, KOSAMO e Yacm om
usmepsamenna R-L-C sepueca ¢ napamempu onpeoenswu ,,konebamenen npexooeH
3aps0-paspsaoen npoyec'‘. Tazu meopemuyna 6b3MONCHOCH NO380JI60 €OHOBPEMEHHO
onpedensine Ha napamempume L-R na neuzsecmna nuneiina unoyxmusnocm. Hzmep-
8anemo moxce 0a ce npogede KaKmo npu NOCMOAHHO HANpediceHue, maka u npu npo-
MEHIUBO HANpediceHUue ¢ HAKOU 02panuyeHus. Anaiusupanu ca ocobeHocmume c8vbp-
3aHU C NPULONCEHUEMO HA MO3U NOOX00 NOCpeocmeom mooeiupane ¢ PSpice npoe-
pamna cpeoa. Hanpasenu ca npenopvku ¢ oened capanmupane HA MOYHOCMMA HA
uzmepsanemo.

Kniwouoeu oymu: Huoykxmusnocm, xonebamenetn R-L-C konmyp, modenupane

INDUCTANCE MEASUREMENT BY MEANS OF A CHARGING PROCESS
IN AN UNDERDAMPED R-L-C CIRCUIT

Denitsa Darzhanova

Abstract: An approach for inductance measurement being part of an under damped
R-L-C measurement circuit is analysed. The current in such circuit is oscillating,
which makes it possible theoretically to evaluate the L-R parameters simultaneously.
The measurement process can be provided both with DC supply voltage and AC
voltage under certain limits. Some application features have been analyzed by
modeling in PSpice program environment. Suggestions are provided to guarantee the
accuracy of the measurement.

Key words: Inductance, oscillating R-L-C circuit, modeling

1. BoBeaennue.
M300pbT HA MOAXOJ 32 U3MEPBAHE HA MHIYKTUBHOCTTAa HA OOOMHA WIN IPYTO €JIEKT-
POTEXHHYECKO ChOPBIKCHUE 3aBUCH CHITHO OT KOHKPETHUTE 00CTOsTENCTBA (O4aKkBaHa
CTOMHOCT Ha HHJIYKTUBHOCTTA, YECTOTEH JIMAIIa30H, XapaKTep U CTPYKTypa Ha CbOPb-
KEHUETO OOCKT Ha M3MEepBaHe U ApyrH). Kiacuiyeckure MOCTOBH M3MEPBATEIIHU CXe-
mu [1,2] ca npeanovntanu KOraro 00EKThT Ha U3MEPBAHE € KOMIIAKTHO ChOPBKCHUE
(manp. 600WHA) ¥ CTOWHOCTTA € B JMana3oHa Ha Bh3MOXKHOCTUTE HA M3MEPBATCITHUS
MocT. B MacoBara nabopaTopHa mpakTHKa 3a TaKMBa CIy4au 4eCTO C€ U3I0JI3Ba U Me-
TO/a Ha “BOJNITMETHpPA U aMIEpMEeThpa’ 3a M3UMCICHHE HA UMIleJaHca Ha OoOWHAaTa,
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PECIIEKTUBHO HA HETHATa MHIYKTHUBHOCT IIPU 3aXpaHBAHE C HANPEKEHUE C MPEKOBA
yectoTa. [Ipunarar ce u MeToAM Upe3 perucTpainusi Ha IPeXOoJHUSI TOK B MTOCTOSTHHO
TOKOBa Bepura L-R Bepura [2] m wu3MepBaHe Ha eJICKTPOMarHWTHara B-

L
PEMCKOHCTAaHTAa T= E, d OTTaM M Ha HHAYKTHUBHOCTTA. B cnaborokoBaTa TeXHHKaA ce

npuiara u T.H "pe3onanced merona” [1,2], mpu Ko#TO ce M3MepBa pe3oHAHCHATA Yec-
ToTa B L—C KOHTYp C €TAJIOHCH KOHJEH3aTop. B To3u citydaii ce Hajara 3aabibKu-
TEJIHO J1a Ce ABPXKU CMETKa 3a KayecTBeHus (hakTop Ha OOOMHATA, T.€ 32 AKTUBHOTO i
CBIIPOTHBJICHUE - HECOTMEHHA YaCT OT U3MEPBATCIHUS KOHTYP.

B npennaranus marepuall € aHaJdu3upaHa €1Ha Bb3MOXKHOCT 3a U3MEpPBAaHE €IHOBpE-
MEHHO KaKTO Ha MHIAYKTMBHOCTTa L, Taka ¥ Ha aKkTUBHOTO ChIPOTUBJIEHHE R Ha 0o-
OMHa WM APYro creuu(pHUUHO 3a MPAKTHKATa eHEPIUMHO ChOPBKEHUE C TaKbB Xapak-
tep. KaTo mpumep morat aa ce mocodar 4yacTH OT e€JIeKTpUYecKa Bepura, Hamp. JByI-
pPOBOJHA BB3AYLIHA WM KaOelHa JIMHUS, UHIYKTUBHOCT Ha pa3ceiBaHE Ha TpaHC-
¢dopmaropHa HamoTKa U Ap. Heobxoanmara uHpoOpMaLMs Cce€ ThPCU Ype3 U3MEpPBaHE
Ha MapaMeTpuTe Ha KoieOaTeNHHus MpexXoJeH IMpolec — coOcTBeHaTa yecrora (Ie-
pPHOA) Ha PEXOIHHS KoJjeOaTelleH TOK M Ha JICKpeMEHTa Ha 3aTuxBaHeTo [4]. Ananu-
3BT € TIPOBEJICH Upe3 MOJCINpaHe Ha MPEXOAHH Mpoiecu B PSpice mporpamua cpena
[3], mpu MOCTOSTHHOTOKOBO M IPOMEHIUBOTOKOBO 3aXpaHBaHe.

2. TeopeTH4YHA MOCTAHOBKA HA 3a/1aYaTa 3a U3MepPBaHe
Ha ¢ur.1l ca nmoka3anu npuHIMIIHATA CXEMa HA BKJIIOYBaHEe HA R—L—C KOHTYp C KO-
nebaTesieH XapakTep KbM M3TOYHUK Ha MOCTOSHHO HANpeKeHHWEe U ChOTBETHATa Ipa-
¢buyHa MpoMsiHA Ha 3apsAIHUA TOK MPe3 KOHJEH3aTopa.

R L ' A
1
|

A
+ i‘ )
E <T> _— C / i3
> >
T
< T »
®ur.1
[Tpu koneOarTeseH XxapakTep Ha KOHTypa 3a TOKa € B cujla ypaBHEHHETO [4 ]
ic = B oo sin(wpt) (1)

(Dol_

[1
= E - b2 e coOcTBeHarTa KpBIroBa 4€CTOTAa HAa KOHTYpa,

R
b= oL e Koe(uimeHTa Ha 3aTUXBAHE;

KBJIETO: g =

27
To =— € Iepuoja Ha KojebaHue.
®g
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27Tb |1
Karo ce wm3mon3Ba JIOTapUTMUYHHAT JICKPEMEHT Ha 3aTuxBaHe InA=——=21 [4],

Wy I3
HarpuMep KaTo OTHOIIEHHWE Ha IIbpBaTa WM TpeTa aMIUIMTyJa Ha 3apsaHUs TOK
(dur.1), 3a CTOWHOCTHTE HA yYacTBAIIUTE B KOHTYpa HHAYKTUBHOCT L M CBHIPOTHUB-

neHue R ciep mpepaboTKa 3a TSIX CE MOTy4yaBaT U3pa3uTe

1

L= ; R=2bL 2
Cim%+b2i @)

SlcHo C, UC aKO CC M3II0JI3BA CTAJIOHCH KOHJACH3aTOP C U3BCCTHA CTOMHOCT C, Hn CC U3-
MCPAT OT oCHUJIoOrpamMara Ha TOKa BCIIMYUHUTC TO U A, Morar aa Cc€ U34YUCIIAT BEIU-

YUHUTE @, U b, a orTam u ctoMHocTuTe HA L U R. ToyHOCTTA 1II€ 3aBUCH OT Ipell-
KaTa ¢ KOsATO ce u3MepBar Ty U A.

Te3u u3pasu 3a yno0cTBO ca npepaboreHu j0 uspasute (3) B KOUTO QUTYPHUpAT JIH-
PEKTHO U3MEPBAHUTE BEIIMYUHH Ty ,us; iy, A; i3, A U U3BECTHATA BEJIMYMHA KAIlal[UTET

Ha CTAJIOHCH KOHACH3aTOP C ,WF

T2 2T In A
L = F a | , R = T 1 (3)
Clin A +(2n)? | Clin A + (2n)? |
[IpexOqHUAT NPOLEC NPH BKIOYBAHE HA TAaKbB KOHTYD KBbM IIPOMEHJIMBO CHHYCOU-
nanHo Hanpexenue U(t)=U, sin(ot +vy) e mo-cioxken. MssectHo € [4] peenunero 3a

3apsIIHUS TOK B HaW-0OIl BHJ, B KOETO ChIVIACHO ypaBHeHHE (4) ydacTBaT TPH ChC-
TaBKH. i, C MPEKOBa YECTOTA », U i, U i3 ChC COOCTBEHATA YECTOTA HA KOHTYpPa .
cosy,

—isin v, ]sin ot —1_e™".siny, cosw,t (4)

u
KbJETO: |, = T’“ € aMIUINTyJaTa Ha IPUHYACHUAT TOK BbB BEPUIaTa;

l 2
Z =R+ (X, X ) = RZ*(“’L‘EJ vi=v 5)

Ha ¢wur.2 3apsgHuar TOk € moka3aH WIOCTPATUBHO ¢ IUThTHA JIMHUA. Ha aHanmus e
MOJIOKEH caMo €JIUH XapaKTePeH CiIydaid OT OrPOMHOTO YHCIIO Bb3MOXHH KOMOMHA-
mu Ha R, L m C, Opu KOUTO KaIlallUTUBHOTO CBOPOTUBIICHWE Ha KOHJAEH3aTOpa

1
Xc = o npeobiagaBa ChIIECTBEHO B UMIIEaHCa HA KOHTypa Z 3a OCHOBHaTa 4ec-
@
TOTa ®, T.€.Z ~ X . B TakbB ciyuait (ha3ata ¢ Ha NpUHYAEHUS TOK B U3MEpBaTeIHaTa
T
BEpUra MOJXe /1a C¢ IIpHEMe 38 ¢ == .

Hanuuuero Ha chCcTaBKarta il IIOKa3Ba, 4€ B YUCT BUA IMOHATHCTO ACKPCMCHT Ha 3a-

THXBAaHC HC MOXKC Ja CC II0JI3Ba. Bce IMaK, MOXKC Ia CC HAMCPAT U IIPCIIOpbYAT Orpa-
HHUYUTCIIHAU YCJIIOBH:A, IIPpHU KOHUTO Ta3h CbCTAaBKa il HMMa HHITOXXCH IIPHHOC B TOBA

ypaBHEHHE, T.€ C MaJIKa rpelika ja ce M3noJi3Ba u3paza A=bT karo “nceBno-gekpe-
MEHT” U 3a TO3HU CIydJai.
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U
i(t) U(t)

Q=m/2 y

\ 4
A
Y

dur.2

Kato IIbPBO OI'PAHUYUTCIIHO YCJIOBHC MOKC Jia CC ITOCTaBU M3MCKBAHC coOcTBEeHAaTa
4CCTOTa g HAa KOHTYypa aa 6’[:,[[6 MHOTI'O IIO-TOJIsIMa OT MPCIKOBATa 4YC€CTOTA ®. Torasa

21 .
B paMKUTE Ha €IWH mepuoj T, = —— WU3MEHEHHETO Ha ChCTABKAaTa i; e OhJe MHOTO
®o
MajKko. BTOpoTo orpaHMYMTENHO YCIOBHME € CBBpP3aHO ¢ HM30opa Ha ,,MOMCHT Ha
BKUIFOUBaHE t=0" Ha KOHTYpa, T.¢ ¢dazara y. AKO CHIIaCHO MOKa3aHOTO Ha (ur.2

s
BKIIIOYBAHCTO CTAHC B MAKCHMMYyMad Ha 3aXpaHBAIIOTO HAIIPCIKCHHUC, T.C. =E ypaB-

Henueto (4) npuaoduBa mo-npoctus Buj (6)
i(t)=—|msino3t+Ime‘bt-;-sinwot (6)
0.0gLC
Cre1 IOIBJIHUTEIHA MPepabOTKa TO3U M3Pa3 Ce MPEACTaBs KaTo

2 12
it)=1,e" -%-sin wot — Iy Sin ot (7)
g

a MpU MaJIka CTOMHOCT Ha 3aTUXBAHETO b CHPSIMO ®y, 32 MPEXOIHUS 3apAJIEH TOK
IIpe3 KOHJIEH3aTopa ce MoIy4yaBa

i(t)= Im[e‘bt(&j-sin gt — sin cot} (8)

(O}

To3u H3pa3 NMOTBbPIKAaBa TBBPACHUCTO, Y€ AKO @, >> @ , IbpBaTa CbCTaBKa HA 3apsA/a-

HUS TOK IIE MpeodiiajaBa ChIIECTBEHO, KOETO OTKPHUBA OOOCHOBAHO BB3MOYKHOCTTA
7a ce BBBEJIC U TMOJ3Ba MOHATHETO ‘‘TIceBAO-ACKpeMeHT . OT (u3nvecku crobpaxe-

T
HUA € OOITBJIHUTCIIHO ACHO, Y€ IIPpU I/I?>60p Ha (I)EI?)&T& Y= E , CKOPOCTTA Ha HApPACTBAHC

di U(0 o
Ha MPEXOJHUS TOK & =¥ me Ob/Ie Hal-roJisiMa, B PE3yJITaT Ha KOETO C€ OYaKBaT
HSKOJIKO IOCTAThYHO T'OJIEMH U TMOJIXOSAIIM 32 U3MEPBAHE AMIUIMTYAM HA TIPEXOIHUS

3apAACH TOK.
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3. MoaeaupaHne Ha KoJiebaTeJiHUsL R — L — C mpouec Npu CMHYCOUIATHO
3aXpaHBallo0 HapeKeHue

[fenta Ha TOBa MOJAEIUPAHE € A C€ IMPOBEPH C KAKBA TOYHOCT MOKE Ja C€ IpHiIara
ONMCAaHMS TO-rope nmoaxoA. B Mozena ce 3aiaBar mapaMeTpu Ha MHOYKTUBHOCTTAa R 1
L, ciaen KoeTo chUUTe c€ ONpenesT 0OpaTHO Bb3 OCHOBA HA U3MEPEHUTE BEIIMYMHU
OT OCIWJIOIpaMara Ha MPEXOJHMS TOK BbB BepuUraTa, peClieKTUBHO nepuoaa T U Jio-

i
FapUTMUYHUS IEKPEMEHT InA=2
|3

OCHOBHUTE MapaMeTpu KOUTO XapaKTepU3UpaT €IUH TaKbB Mojen B Pspice mpor-
paMHa cpejia ca MecCT:
- AMIUTMTYy/a Ha 3aXpaHBaIOTO HarpexeHue U ;

- UYecroTa Ha 3axpaHBaIlOTO HampexeHue f ;
- @a3za Ha 3aXpaHBAIlOTO HAIIPEKEHUE ¥ |

- Ilapamerpure Ha Bepurara R; L u C.
OT npakTUYeCKH ChOOpaKEHHUs € M30paHO MpPEXOBO Hampexenwe ¢ U, =100V wu

=314 s (f =50 Hz). 3a na Objae peanM3upaHa KaueCTBEHA OCIMIIOIpamMa Ha Ipe-

XOJIHUSA 3apsiieH TOK cropen Pur.2 € HeoOXOAUMO J1a Ce CHa3AT TPU YCIOBHS CBbp3a-
HU ¢ n300pa Ha KanaluTeTa Ha €TaJOHHUS KOHAeH3aTop U napamerpure R u L:

1. B pamkuTe Ha eHa YETBBPT OT MOJIYBBJIHATA C MPEXKOBA YECTOTA @ € LIeJIECh-
o0pa3Ho aa ce popmupart HIKOJIKO (moHe 3-5) TOKOBHU MOJYBBIHH, 33 JIa CE U3MEPH C

27
HY’KHaTa TOYHOCT mepuona Ty=— U JIOTADUTMUYHUS JEKPEMEHT Ha 3aTUXBAHE
)
ZTCb il
InA=—-=2= . AKo HampuMep OpOsT Ha TOKOBUTE MOJIYBBJIHU CE OTPAHHYH JO O,
g I3

a
TOBa O3Ha4yaBa T, =1ms, pecreKTUBHO —> =10 . 3a cioydas Ha HAeajeH KOHTYp, T.C

@
koratro R=0, ot ToBa cienBa aBTOMATUYHO YCIOBHETO 3a M300p Ha KamaluTeT Ha

0

2
KOHJICH3aTOpa X, = (a)_j - X, =100.X, .
0

2. BTopoTo orpaHnuyuTenHO YCIIOBHE CE€ JAMKTYBa OT M3UCKBAHETO KOHTYPHT JAa
Obae c koisiebaresieH xapakrtep. HeoOXxonumo € ChIpOTUBIEHHETO R ga ObAe IIo-
MaJIKO OT YJIBO€HAaTa CTOMHOCT Ha XapaKTEPUCTUUYHOTO CHIIPOTHUBJICHHUE, e(PUHUPAHO

KaTo p = \/% , (Hamp. ot 2 10 5 IbTH).

3.  Ilpu mpuerara KOHIEMHIMS 332 KaNal[ATHBCH MPHHYIEH TOK B KOHTYpa, aKo Ce
npueMe R =p wu3pa3bT 3a Z B (5) secHo ce TpaHchopmupa 10

Z =X Xe +(X, =X ).
Wy
Ot TyK cien npepadoTka clieniBa, ue nmpu — =10 , dazata ¢ Ha OPUHYACHUS TOK €
(4

¢ =842 %z.. Tasu daza 6u 6una cpeceM 6mmska 10 90 Yen. (¢ =882 %ex.), ako Hampu-
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Mep Do _ 316, mpu koeto X. =1000.X,  ToBa omie mo-CWJIHO yCIIOBHE 32 X. MOXE Ja
[0

CC CHHTA KaTo HPCIIOPBIYNUTCIIHO U 0606u1aBa1u0 3a [CJIUTC HA CIUMH CKCIICPUMCHT.

3a 1enurTe Ha MOJIEIUPaHEeTo € n30paHa 6a3oBa CTOMHOCT Ha KoHJleH3aTopa C =10 4F ,
T.e X, =318Q. C oryiel Ha MOCOYEHOTO MO-TOpe ClesBa, 4e X, <318 mQ , KOeTo or-
pannuaBa uzbopa Ha L oTrope, T.¢ L <1mH . Kato 6a3oBa 3a Mozena € uzdpaHa cTou-
HocTTa L=1004H . OT yclioBHETO R < p 3a CHIPOTHUBJICHUETO aBTOMATUYHO CJIEJBA
R<32 Q. N3bpana e 6a30Ba cTOMHOCT R =0,5Q, NpU KOATO € aHAJIU3UPaHaA CEPUs OT
MOJIeNIM, KaTo € BapupaHa (a3aTa Ha bI'bjia Ha BkIouBaHe y oT 0 °en. mo 90 °em.
AHaJIM3UpaHu ca MOJIENIA U IIPU APYTH CTOMHOCTH HA L U R B yKa3zaHus MO-TOpE JIU-
arasoH.
4. Pe3yJaraTu 0oT MoJieJITUPaHe IPU CHHYCOUAATHO 3aXPAHBAII0 HANIPEKEHUE.

npumep npu mapamerpu L=100pH, R=05Q, C=10u4F;
U, =100V ; f =50 Hz. Pe3ynratute OT MOAEIMPAHETO U U3UMCIICHATA Ipemika 3a L u

AHanu3zupaH €

R ca mpusenenn B Tabmuma 1. 3aeqno ¢ momydeHuTe pasmuku |AL|=L,, -L u

|AR|=R,,,, — R € ocoueHa 1 ChOTBETHATA IPEIIKA B IPOLEHTH § = %-100%

Tabawnia 1
Lgper, MS 0 002005} 01| 02| 05 10 2 3 5
v Cen. 0 036 | 09 | 1.8 | 3.6 9 18 36 54 90
|AL| 0.6190.599|0.523|0.413|0.295|0.183|0.133|0.105|0.093| 0.080
5 % 0.62 | 0.60 | 0.52 | 0.41 | 0.30 | 0.18 | 0.13 | 0.11 | 0.09 0.08
AR| 0.304|0.285|0.224 | 0.153 1 0.091 | 0.040 {0.019|0.008 | 0.003 | 0.002
5 % 60.8 | 56.9 | 44.7 | 306 | 181 | 79 | 38 | 15 | 05 0.45

Ot Te3n pE3yJITaTU CC BMIKAA SICHO, Y€ IIPpU HAPACTBAHC HA bI'bJlIa HA BKIIFOYBAHC W OT

0 mo 90°, rpemikara 3a L HamassBa OKOJO OCEM IbTH, HO ocTaBa moj 1 %.. He Taka
CcTOM 00ade BBIPOCA ChC CTOMHOCTTA Ha CHIIPOTHUBIICHHETO R, KBJIETO Tpelika IO
2% ce HaOMIO1aBa €/1Ba IIPH BIJIM Ha BKIrouBaHe Hay 30°er.

[ToqoOHM pe3ynTaT OT MOJACIMPAHETO CE MOJydaBaT M 3a BTOpa M30paHa CTOMHOCT
L=1mH Ha W3MepBaHaTa WHIAYKTUBHOCT B JIc¢(pHHMpaHHWS WHTEPBaJ, MPHU ChINATa

CTOMHOCT Ha aKTUBHOTO CBIIPOTUBIIEHHE OT R=05Q. I'pemkure 3a L u R npu npo-

MSHA Ha BI'bJIa Ha BKIOuBaHe y ot 0 g0 90° ca or nopsiibka Ha nocoyeHurte B Tab-
mura 1.

AHaIIM3UpaHO € MOBEACHUETO Ha MOJEINA 3a KOHTypa HNpH CTOMHOCT HAa ChIIPOTHUBIIE-
HUETO R=01Q u uHAYKTUBHOCT L =100 4H . B TO3M ciydait rpemkara 3a L ce noBu-
11aBa JeKo, HO ocTaBa B uHTepBana noj 1%. ['pemkara 3a R 3ana3Ba npuOIU3UTEITHO
ChLIMA CU XapaKTep U CTOMHOCTH KakTo 1 3a R=05Q.

OT noxydeHuTe pe3ynTaTu CIEABa, Ye 3a Ja C€ rapaHTHpa 3aJ0BOJIUTEIHA TOYHOCT 3a
M3MEpBaHe HAa L U R 3a Bepura npu NpOMEHIMBO HAMPEKECHHUE MO TO3U HAYUH € Ipe-
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MOPBYUTEIIHO BIBIIBT Ha BKJIIOYBaHE Ja ObJe OJIM30 0 MaKCMMyMa Ha Harpexe-
HHUETO. B 3aBUCHUMOCT OT OYaKBaHWUTE OPHUEHTUPOBBUHU CTOMHOCTH Ha L U R, cieasa
Ja ce n30Mpa CTOMHOCT HA €TAJIOHHUSA KOHJIEH3aTOp TaKa, 4e Jja ce rapaHTHpa yclo-
BHETO 3a CHJIHO ITpeo0iiagaBall KanauThuBeH xapakrep (X, =1000.X,) Ha KOHTYypa,

L
KaKTO ¥ 332 HETOBOTO XapaKTEPUCTUIHO CHIIPOTUBICHUE p = ‘/6 (R<p).

5. [IpuMepHH HACOKM U MPENOPBbKH 32 MPAKTHYECKO NU3MO0JI3BaAHE
N3mepBaHeTo Ha UHYKTUBHOCT Ype3 MapaMeTpuTe Ha KojebaTelieH 3apsieH TOK B R-
L-C xoHTyp € 0cOOEHO MOJIXOIAIIO0 32 HAKOU CHEIUATHU CIydad, MPU KOUTO MPHUIIO-
YKEHUETO HA JAPYTU KIACUYECKU M3MEpPBATEIHU NOAXOAM € 3aTPyAHUTEIIHO WIM Hee-
¢dextuBHO. [lo-gomy ca aHanmM3upaHu JBa TaKWBa CiIydasi, ChOTBETHO 3a BEpHUTa Mpu
IIOCTOSIHHO HAIIPEKEHUE U BEPUTa MPU POMEHIIMBO HAIIPEKECHUE.

5.1 Bepura 3a nocToOSTHHO HANIPesKeHUe
B 3aB0J 32 0JIOBHM aKyMyJaTOpH, IPEABAPUTEIHOTO (POPMUPAHE HA IUIOUHUTE HA aKy-
MYJIATOPUTE CTABA C MOCTOSHEH WJIM PEBEPCUBEH TOK B 3apsiAHU BaHU, KOUTO ca JOCTA
OTJAJICYCHHU OT TOKOM3MIpPABHUTENA. B eMH KOHKpeTeH ciy4aii [5] Bepura ot okoio 75
MOCJIEIOBATEIHO CBBP3aHU 3apSAHU BaHU € MPUCHEIUHEHA KbM TOKOU3IPABUTEIS
MOCPeICTBOM KabenHa auHus ¢ Ab/kuHa Hax 100 merpa. M3non3BaHaTta TEXHOJIOTHS
npennonara Obp3 peBepc Ha 3apsAHUS TOK KbM BaHuTe. [IpoBeneHusT ananus [6] e
MOKa3aJl KOJIKO Ba)XHO € J1a C€ 3HaAT MHAYKTUBHOCTTA HA Bepurata U HEWHOTO €KBU-
BAJICHTHO aKTUBHO CBIIPOTUBJIEHHUE CIPSIMO M3XOAHUTE KJIEMHU Ha TOKOU3IIPaBUTEIS.
Te npenonpenenst BpeMeTo 3a peBepca Ha Toka. HampexeHnero Ha TakaBa cUCTEMa
OT 3apsiIHM BaHU IIPU U3KIIOUEH TokousnpaButen gocrtura 180V u craBa Bb3MOXKHO
ype3 BKJIIOUBAHE Ha KOHJEH3aTOpP KbM M3XOJHHUTE KJIEMHU HA TOKOM3IPABUTENS Jla Cce

i

¢uxcupar napamerpure T, U InA=-1 Ha KoneOaTeaHMs 3apAAEH TOK, a OTTAM 4pe3
I3

uspasute (3) ma ce m3umcasT L u R .

5.2 Bepura 3a npoMeHJINBO HANIPeKEHH e
B OuToBMTE M MHAYCTPUAIHM 3aXpaHBAIld MPEXHU, KOHCYMATOPUTE ca CBBbP3aHU C
TpaHchopmaropa mpe3 CucTeMa OT paslpeAenuTenHy Tabna u kabemHu muHun. Bax-
HO yCJIOBHUE 32 N300pa Ha MPEKHCBAYM € OIICHKaTa Ha TOKOBETE Ha KbCO ChEAMHEHHE B
pa3IMYHU TOYKH OT KOHTYPHUTE, KOETO MpeArnoiara 3HaHue 1 3a napamerpure L u R
Ha Bepurute. [IpeaBapurenHa oneHkKa ce mpaBu Ha 0a3a AbKUHA U CEYCHHE Ha CBBP-
3Bally Kabeau ¥ MPOBOIHUIIM, HO TOYHO M3MEpPBAaHE MOXE JIa CE HAINPABH IO EKCIIe-
pPUMEHTaJICH BT C BKIIOYBAHE HA €TAJIOHEH KOHJEH3aTOp M M3MEpBaHE OTHOBO Ha
napameTpure Ty 1 In A ::—1 Ha KoJieOaTeTHUS 3apsiieH TOK. BakHO € B TakbB ciiyuai
3

Ja ce cieABaT MPenopbKUTE HANIPABEHH MO-TOpe, KaTO B YACTHOCT 3aJbDKUTEIHO Ce
OCUTYpH YCJIIOBUETO 3a JIOMUHAIMS Ha KaNalUTHUBHOTO CHIPOTHBIICHHE HA KOHJCH-
3aTopa B OOLIMS UMIIEIaHC Ha U3MEPBATEITHUS KOHTYD.
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6. 3akaouenue

6.1. Upe3 uzmepBaHe Ha 3apsAHUS TOK B KojebaTelleH R—L—C KOHTYp C €TaJOHEH
KOHJICH3aTOp MOe Ja ObJaT YCHEIIHO OINpEAe]eHH CTOMHOCTUTE HAa MHIYKTHUB-
HOCTTa L B KOHTypa W HEroBOTO CHIPOTHBJICHHE R. EKClIepuMEHTHT MOXeE Ja ce
MPOBEJIE KAKTO C OCTOSIHHO, TaKa U C MPOMEHJIMBO 3aXpaHBAI0 HAIIPEKEHUE.

6.2. IIpu mpoMeHIUBO 3axXpaHBaIO HAMPEKEHUE, C OTJIE]l Ha MPEBAPUTEITHO OYaKBa-
HUTE CTOWHOCTH Ha L M R €TaJIOHHUAT KOHACH3aTOp CJIe/IBA Ja Ce€ MOoAOHupa Taka, 4ye
MMIIEIAaHCHT HA KOHTYpa Z j1a Objae mpeoOiagaBaio kananutubeH. [IpenopbuBa ce
ChOTHOIIEHHE X. =1000.X,, IpU KOETO COOCTBEHATa YeCTOTa w, Ha KOHTYypa € JI0CTa-

THYHO TO-TOJSIMA OT YeCTOTara @ Ha 3axpaHBamoTo Hampexenue (Hax 30 mbTH).
[IpenopbyBa ce ChIIO XapaKTEPUCTUYHOTO CHIPOTUBIECHUE p HA KOHTypa Ja Obie

ChU3MEPHMO MO-TOJIIMO OT OYaKBaHATa CTOMHOCT Ha R, Hamp. (R~ p).

6.3. 3a ga ObJe MUHUMHU3HMpPAHA TpeliKaTa MpPU U3MEPBAHE C MPOMEHJIMBO 3aXpaH-
BAILlO HANPEKEHHUE Ce MPENopbYBa MOMEHTA Ha BKJIrOUBaHe ((asaTa y ) 1a Oblie OKO-

JIO MAaKCHMyMa Ha 3aXpaHBaIlOTO HaIIPEKEHUE, HAMpP. ¢ TOYHOCT OKOJI0 +10+15 O,
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HOBO PEHIEHUME 3A CHUKABAHE HA IITYMA
OT PEJICOB TPAHCIIOPT

HNBan Kpanos

Pe3tome: B pabomama e npeonoxiceHo HOB0 peuleHue 3a CHUINCABAHE HA UWYyMA Om
pencos mpancnopm. Llenma na koncmpykyuama e o0a ,,y108u'" u abcopoupa 6 nenoc-
peocmeeHa OauU30Cm wyma, U3ibyeH Om KOoaeiamd, peicume U KOHMAKMA Melcoy
msax. Cv30adena e onumHa NOCMAHOBKA U pe3yimamume Om Hesi NOKA38am GUCOKA
cmenen Ha pedyKyusi Ha Wyma 8 YeCmomuama ooaacm Ha ,,ulyma om muvpKajisiHe .
Bwv3 ocnosa nHa ananuza na nonyyeHume pe3yimamu ca HANpPageHu uzeo0u OMHOCHO
epexmusnocmma Ha npeodiazanomo peuletue.

Kntouoeu oymu: Lllym, chudxcasane Ha wiym om dHcn mpancnopm, abcopbamopu Ha
Wym, Wymoeu npezpaou.

A NEW SOLUTION FOR THE RAILWAY NOISE REDUCTION

Ilvan Kralov

Abstract: A new solution of the railway noise reduction is proposed in this work. The
aim of this construction is to ““catch’ and absorb the noise radiated form the wheel
and railway close to the contact between them. It was created an experimental set-up
and the results show high level of reduction of the noise at frequencies of the rolling
noise. On the base of the analysis of the results some conclusions about effectiveness
of the solution are done.

Keywords: Noise, Railway noise reduction, Noise absorbers, Noise barriers.
1. Introduction

The railway transport is the great alternative to the fast industry and population
growth with its unlimited opportunities for development. New railway projects around
the world plus upgrading/expanding existing railway lines caused orders in virtually
all market segments to surge. According to studies, the total annual world market for
the rail supply industry in 2007 is estimated at more than €120 billion, out of which
€85 billion is accessible. As for the annual growth rate, it is considered to be between
2,0% and 2,5% over the next nine years [9].

Railway operational noise originates from a number of sources. These include the en-
gines and cooling fans of locomotives, the under-floor engines of “diesel multiple
units” (self-propelled sets of railway coaches), gears, aerodynamic effects at higher
speeds, and the interaction of wheels and rails. The latter source tends to have an in-
fluence on overall noise levels at speeds above 50 km/h and is normally predominant
at speeds above around 100 km/h.
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Wheel/rail noise (often called “rolling noise”) results from the vibration—excitation of
the wheels and track as the wheel rolls on the rail. The excitation is provided by the
combined surface roughness at the interface (“contact patch”) between the wheel and
the rail. Because the entire wheel and track system is excited by the combined rough-
ness at the interface, it is this combined value that determines the level of rolling noise
rather than the individual rail and wheel roughness components [1, 3, 5, 6, 10, 11, 12].
The noise from wheel/rail contact has negative effect on the surroundings, so that
there are many methods for its description and abatement. In the past few years a top-
ic for ambient energy harvesting is drawing more and more attention, and in this sense
a question for noise energy harvesting takes place [4, 8].

The fast grouth of the railway transport in Bulgaria (subways, new railway highways
etc.) as well as the harmonized EU legislation states new high levels for the noise
emitted. The resent surveys [7] show the absence of a small-volume effective solution
for railway noise abatement especially in the areas of stations.

The aim of this paper is to present a new method for reduction of the “rolling noise”,
the experimental set-up for the laboratory investigation of its effectiveness and initial
results of the experiment.

2. Classical methods for railway noise reduction, patent reviewed

Many years of research and engineering have led to package of solutions for noise re-
duction. Some of them are summarized in [7] and they are presented in the table 1.
Some particular realizations are shown on figure 1. The patented solutions are sum-
marized in [7, 8]. Acoustic absorbers detailed classification is done in [2].

In this paper a new construction is presented. The invention is a method for noise ab-
sorption of the noise generated by the wheel rail contact of rail-bounded transport.
The invention is proper for noise absorber and finds its application in railroad con-
struction, in railway stations, metro stations and rail tunnels.

Fig.1: Some examples of noise abatement according to table 1
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Table 1. Classical methods for noise reduction

Overall re-

Noise reduction meth- ; Noise reduc-
Ne od du:;:ﬁ?ai)o- tion effect Comment/status
Retrofitting with K- Network K-blp cks are _homologated however
1 blocks 8-10dB wide require adaptation of the braking sys-
tem
5 Retrofitting with 8-10 dB Network |LL-brake blocks are only provision-
LL-brake blocks wide ally homologated
Networks E_ffect strongly dep_end on Iocz_al con-
3 Wheel absorber 1-3dB wide ditions. Wheel maintenance difficul-
ties may occur
Track maintenance difficulties may
4 Track absorbers 1-3dB Local oceur, effe_ct strongly depends on IQ’
cal conditions, not homologated in
many countries
Acoustic rail grind- Effect strongly _d_epends on local rail
5 ing 1-3dB Local roughness conditions, smooth wheels
are precondition for effect
Negative effect on the operations and
railway capacity. The method hinders
6 Operational Variable Local railway traffic therefore not in line
with efforts to promote sustainable
transport
Effect depends on height and local
7 Noise barriers 5-15dB Local ?eography, r_1egative effect on the
andscape, influence on railway
maintenance procedures
8 Noisg insulated 10-30 dB Local Ei_‘fect iIs only achieved only when
windows windows are closed

The reduction of the “rolling noise” is of great importance in railway and subway sta-
tions due to the noise exposition over a big number of people. Another case of high
level of noise negative influence is the passing of the trains trough the tunnels. Than
the “rolling noise” is reflected by the walls of the tunnel and it is radiated back to the
wagons (Fig.2).

Fig.2: Distribution of the “rolling noise” in a tunnel: 1 — train; 2 — “rolling noise” sources; 3 — direction of the
noise radiation; 4 — inner tunnel surface
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The idea of the current invention is to present a new solution for abatement and reduc-
tion of the noise propagated from wheel/rail contact of railway vehicles. The con-
structive decision captures and absorbs the radiated sound in small volumes near the
track. The essence of the solution is to install fixed, noise absorbing tube-like ma-

terials parallel to the track trajectory. The material is situated according figure 3 near
the track.
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Fig.3: Principal scheme of the new solution: 1 — support of the construction; 2 — tube-like absorber; 3 — addi-
tional absorbing material (optional); 4 — perforated plate (optional); 5 - direction of the noise radiation; 6 —
railway; 7 — wheel; 8 — absorbed noise; 9 — residual noise distribution

The “rolling noise” radiates from rails, wheels and their contact toward the perforated
plate located in a tube. In this way the noise is “catched” in the inner volume of the
tube. Passing through the perforated plate, the noise frequency range becomes with
higher levels. Next step is its absorption, and finally a small percentage of the initial
noise passes trough the tube. The tube is attached to the railway sleepers and/or to the
railway floor (optional).
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Fig.4: The effect of the proposed solution in tunnels as well as in subway stations
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The effect of the proposed solution in tunnels as well as in subway stations is pre-
sented on fig. 4.
3. Experimental setup, results and discussion

The experimental setup and the testing procedure of the absorber, introduced in
section 2, is shown on fig. 5. The noise, generated by the noise generator and powered
by the amplifier, is radiated in the 30 dB test chamber. The front side of the chamber
Is open. At a distance of 0,5 m a microfone registers the noise levels. In this way the
noise levels of the source without the barriers and absorbers are recorded. After the
first experiment, the testing absorber is attached to the chamber front side (fig. 5). All
holes are insulated and covered by high-level absobing materials. The same noise
levels are generated from the noise-source equipment. The microfone registers the
noise levels at the same position, but after the new absorber is applied.

Measuring
equipment

Noise absorber a
Test chamber ? M= o
o o

ololo

o O O O o

0o O

2 L B

Noise
generator

L L e T T ) ] T oy ] oy W] WY Lot ] oy W) ] WL Loy of W) ] WL Loy of Wy e e o] e ey fie Y
SEERE R
AR LN L L L T Tt T il

Fig.5: Scheme of the noise absorber testing procedure
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The tube is made from high density polyvinile material and the outer share is rimmed
(fig.6). The absorbing material is a mineral wadding of density 7,7kg /m3. In this ex-
periment no perforated plate was used.

Fig.6: Noise absorber testing procedure

The measuring equipment consists of a PULSE 3560B measuring unit, presice
microfone 4880 and software, produced by BRUEL&KAER, Danmark. The noise
levels in a discrete frequency range from 31,5 Hz to 8000 Hz (1/3 octaves) with and
without the absorber are presented on figure 7. In table 2 are the numerical results for
the same experiment. The noise level differencies in both cases are done in the last
two coulumbs. The comparison shows noise level reduction between 2 dB and 16 dB
at different frequency octaves, as in the investigated range the total reduction is
averaged 8,16 dB. All the results are collected according to the standards and
legislations concerning calibration and testing procedures, as well as measurement
error evaluation.
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Table 2. Experimental results

octave frequency center Noise level (dB)
(Hz) without absorber with absorber absorption level
31,5 37,76 32,66 511
63 50,80 44,41 6,39
125 56,14 54,76 1,38
250 61,23 51,45 9,78
500 71,02 62,94 8,08
1000 75,23 66,60 8,63
2000 73,37 63,76 9,61
4000 81,20 66,02 15,18
8000 71,07 61,80 9,28

Registerednoiselevels [dB]

100,00

a witout
absorber

80,00

60,00
Noise level [dB]

40,00
20,00

@ with
31,5 125 500 2000 8000 absorber

0,00

frequency [Hz]

Fig.7: Results obtained with and without the noise absorber

The presented solution for redusing of the “rolling noise” has a lot of advantages:

- Simple construction, low price for production. The shape of the construction is
simple — tube. The material of the tube is used for production of many goods.
The technology for the used tube is classical. The mineral wadding is not
expensive material.

- Low maintanance costs. Practically no maintenance is nessecar . Dnly in case
of damage or soiling parts could be renewed.

- Easy for building and with no requirements about the infrstrucutre, fundaments
etc. The long parts of the construction could be prepared for assembling out of
the stations. There are no nesscity of electricity of some other power for setting
and assembling “in situ”.

- works with no energy supply;

- high level of noise reduction etc.

The partiqular limitations for the use of the new absorber are:

- not applicable in presence of water, moisture, snow etc.;

- sometimes dimentions of the tube could depend on the different train sizes, on
the electrical supply near the railway in subways etc.
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4, Conclusion and further work

A new solution for ,,rolling noise” reduction in railway transport is presented in this
study. The experimental setup is created to investigate the effectiveness of the inven-
tion. The first experimental results show a high level of noise reduction in a wide fre-
guency range. The solution has a lot of advantages among which are: simple construc-
tion and low price for production, low maintenance costs, easy for building and with
no requirements about the infrastructure, fundaments etc., it works with no energy
supply, high level of noise reduction etc.

Next steps in improvement of the proposed solution are to investigate the influence of
materials and their parameters over the degree of reduction, optimizing of the dimen-
sions and shapes etc.

The initial results show that the proposed solution is valuable and has a great poten-
tial.
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AHAJIN3 HA HAPAMETPUTE HA IOCTOSAHHOTOKOBHA
MALINHU ITPU TIOBPEU B HAMOTKHUTE

I'anyo boxuiios

Pe3ome: B pabomama e HanpageHo amaiumuyHo u3ciedsane Ha napamempume Ha
eleKmpu4ecKy MawuHu 3a NOCMOosIHeH MoK Npu paziudhu nospeou 6vb8 6b30youmel-
HUme u KomeeHume um HamMomku. M3ciedeanu ca pasnudnu ciyyau Ha NpeKvbceane u
KbCU CbeOUHeHUsl Ha NOTIOCHU OOOUHU U KOMBEHU CeKyuU, NPeKbCceaHe Ha U3800U Ha
cekyuume KvM KOJIEeKmMopd, KbCO CbeOUHeHUe MeHc0) KOJIeKMOPHU JIamMelu U MedrHcoy-
HABUBKOBU KbCU CbeOUuHeHus 8 Hamomixume. [lonyuenu ca ananumuyuu uzpasu 3da
pasnpeoeneHuemo Ha moxKoseme 8 omoeaHume napaileiHy KioHoee Ha Komeama, 3d
MoMeHma u 3a2youme Ha MOWHOCM 8 MAWUHUMeE 3d OCHOGHUME CIY4aU HA NOBPedU 8
Hamomxume.

Knwuoeu 0ymu: Ilocmosinnomokosa ejlekmpudecka mautuna, 7’l06p€()(1, Hamomka

ANALYSIS OF THE PERFORMANCES OF THE DC MACHINES
IN CASE THE FAILURES OF THEIR WINDINGS

Gantcho Bojilov

Abstract: In this paper an analytical investigation of the performances of the electri-
cal machines in case of the various failures in their field windings and armature
windings is do. Various cases of braking and short-circuit of the field coils and arma-
ture sections, braking the connectors of the sections to the commutator, short-circuit
between commutator’s lamellas and inter winding short-circuit is investigated. An
analytical expression for the distribution of the currents in the separate parallel
branches of the armature, for the torque and different power’s losses in the ma-
chines for the main cases of the failures in the windings is received.

Keywords: DC electrical machine, failure, winding
1. ¥YBoa

3a 1enuTe Ha MapaMeTpuyHaTa JUarHOCTHKa Ha MOCTOSSHHOTOKOBUTE MAlIWHU OT TO-
JIMO 3HAYEHHE € Jia CE HApPaBW MAaTEMATUYECKH aHAJIW3 HAa U3MEHECHUETO Ha mapa-
METPHUTE U MOBEJICHUETO HA TO3U THUI €JIEKTPUUECCKU MAIIWHU IIPU MOBPEIH B HAMOT-
kute uM. Kakto e u3BectHO OT npaktukara [1,2,3,4], o0CHOBHHTE TIOBpEIN B HAMOTKH-
T€ Ha NOCTOSSHHOTOKOBUTE MAILIMHU MOTAT J1a C€ CUCTEMATU3UPAT KAKTO CJIE/BA.
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A. IloBpeau BbB Bb30yIMTEJIHATA HAMOTKA

1. Mexx1yHaBUBKOBO YaCTHUYHO WJIM MBJIHO KbCO ChEAMHEHUE HA €HAa WU HS-
KOJIKO MOJIOCHU OOOUHH.

2. HempaBunmHO CBBp3BaHE, MPEKHCBAHE WJIM NIYHTUPAHE HA HIKOS TOJIOCHA
0006uHa.

3. HenpaBuiHo cBbp3BaHE Ha cepuiiHaTa U NIyHTOBaTa HAMOTKHU WJIA HeIpa-
BUJIHO CBBP3BaHE HA IIIYHTOBAaTa HAMOTKA CIIPSIMO IMyCKOBUS PEOCTAT.

b. IloBpean B KOTBEHATa HAMOTKA

1. Jlom KOHTaKT WU MPEKbCBAHE HAa BPb3Ka HAa €/IHA WM HSKOJIKO KOTBEHH
CEKIIMU KbM KOJIEKTOpA.

2. BpTpeniHo npexkbcBaHe Ha €/lHA WK OBEYE CEKIIUHU.

3. [IpoBoamMu MOCTYETa OT OBBIJICHA M30JIALUS WM TMIPUIION M KbCO CheIUHE-
HUE MEXy ChCEIHU JIJAMEJIA Ha KOJIEKTOpAa.

4. Kbco cCheAMHEHNE MEXKy YEITHUTE ChEAUHEHUS HA ChbCEAHU CEKIIUU.

5. MexlyHaBUBKOBO KbCO ChEAMHEHUE WU MPOOUB MEXKIY CEKIHUH, Pa3HoJio-
KEHU B €IMH KaHall.

2. AHAJIN3 HA MapaMeTpuTe

A. Bp30yauTesiHa HAaMOTKA

Jla o3HaumMm ¢ Ws oOmiusi Opoii Ha HaBUBKWTE Ha BH30YyJMUTEIIHATA HAMOTKA, a C Wy,

OposAT Ha KbCOCHECIMHEHUTE HABUBKHU IMPU MEKJTYHABUBKOBO YAaCTUYHO HWJIM ITBIHO

KbCO ChCAUHCHHE B MOJIIOCHA 000mHA. ToraBa MarHUTHUAT IIOTOK, CH3JaJICH OT IIa-
pasienHara Bp30yUTEIIHa HAMOTKA, 111e Ob/1e

(Wf_Wfk)If _(Wf_Wfk) U_f_(Wf_Wfk) Uf

Ru Ru R, Ru

D, =

(1)

[
oW, _Wfk)if
S

CrnenmoBatesiHO B TO3M clly4ail OOUIMAT MarHUTEH MOTOK Ha MAIIMHUTE C Ha3aBUCUMO
U MapajeaHo Bh30yXKJaHe HE Ce U3MEHs, HO Ce HapylllaBa paBHOMEPHOCTTA Ha Mar-
HUTHOTO ToJie. Maniko c€ U3MEHST U HANPEKEHUETO Ha TEHEPATOPUTE U MOMEHTA U
CKOPOCTTA Ha JIBUTAaTeNIUTE. YBelnyaBar ce 00aue Bb30YyJUTETHUAT TOK, IUTBTHOCTTA
Ha TOKa U 3arpsiBAHETO Ha BH30yAUTEIHATA HAMOTKA B ChOTHOIIICHUE # ITpu
f fk
MAIlIMHUTE C TOCISAOBATEIHO BBH30YXK/IaHE MArHUTHUAT IOTOK CE€ HaMajsiBa B Cb-
II0TO ChOTHOIIEHUE. [Ipy BCHUKKM OCTaHAIM ClIydyau Ha MPEKbCBAHE WJIM HEMTPABUIIHO
CBbp3BaHE Ha BH30yAUTEIHATA HAMOTKA MArHUTHUAT MOTOK CE HamalsiBa KaTo ce
MPOSIBSIBAT U3BECTHUTE IMOCIICICTBUS KATO HAMAIIBAHE HA HAINPEKEHUETO WU HEBB3-
Oy’kJlaHe Ha TeHepaTopuTe, IPETOBApBAHE HA JABUTATEIUTE U HaMaJlsIBAaHE HA BBHPTS-
1M MOMEHT, OIaCHO HapacTBaHE Ha TOKAa M BIJIOBaTa CKOPOCT, KOJeOaHUsI HAa CKO-
pocTTa, HecTabuiIHa paboTa, MOBUIIIEHO UCKPEHE HAa YETKUTE, MperpsBaHe Ha Malllu-
HaTa T.H.
b. KoTrBeHa HaMOTKa

AKO uMa JIOII KOHTaKT WJIM MPEKhCBaHE HAa BPb3Ka HA €/IHA WU HAKOJIKO KOTBEHHU
CEeKIIMU KbM KOJIEKTOpA, MapaMETPUTE HA MalllMHATA HE CE€ U3MEHST ChILIECTBEHO, HO
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ce Ha0JIr0/1aBa TOBUIIIEHO UCKPEHE HAa YETKUTE M JIOKAJTHO WM TEPUOJUIHO MOYCPHS-
BAHE HA OTAEJIHU JIAMEJIM Ha KOJEKTOpa. AKO MMa BBTPEIIHO MPEKbCBAHE HA €IHA
WU TOBEYE CEKIMHU B MaApayielieH KIOH, OOLIOTO EJIEKTPOJBUIKEIO HAIpPEeKeHUE
(e.n.H.) Ha KOTBaTa HE CE U3MECHS, HO KOTBCHHST TOK IIPH HATOBApBaHE CE pasIpeaeis
MEXIYy OCTAaHAIMTE KJIIOHOBE, BCIEJACTBUE HA KOETO IUIPTHOCTTA HA TOKA B TSIX W 3ar-

PABAaHCTO HAa HAMOTKATA CC YBCIMYAaBAT B CbOTHOIIICHHUC

a 1+ KBIIETO 2a e Oposr Ha

rapajeIHuTe KJIOHOBE Ha HaMoTkara. [lopagu ToBa 3a npeamnoyuTaHe ca JIMCTOBUTE
MHOTOTIOJIFOCHA HAMOTKH ITPEJl BhJIHOBUTE.

EnHM OT Hal-4eCcTo Cpelanure c€ U ¢ Hal-TEXKKHU MOCIEACTBUS 3a MAlllMHATA Ca CIIy-
YaUTE Ha KbCU ChEAMHEHUS B KOTBEHATAa HAMOTKA, OMMCAHU MO-rope. B To3u cinyuan
4acT OT CEKI[MUTE B 3aCETHATUS KJIOH CE€ IIYHTHUPAT U B TAX MPOTHYAT MHOTO TOJIEMHU
TOKOBE, MPEAU3BUKBAIIM I'OJISAMO 3arpsBaHE, CUITHO UCKPEHE U MpETrapsiHE WK pa3To-
IISIBAHE HA MPOBOJHUIINTE HA HAMOTKAaTa. EAHOBPEMEHHO C TOBa TOKOBETE B OTJIEII-
HUTE MAPAJICIIHU KJIOHOBE CE€ M3MEHSAT, KOETO NMPEAU3BHUKBA MPOMSHA U HA €JIEKTPO-
MAarHUTHUTE NTapaMEeTPU HA MallIMHATA. 1€3U SBICHUSA NPOTHUYAT PA3IUYHO 32 Pa3JIny-
HUTE paOOTHHU CHCTOSHHUS HAa MaIllMHATA — KaTO ABUTATE]I MIIM KaTo TeHEpaTop.

AKO 03Ha4UMM ¢ W, OpOST Ha HABUBKUTE B MapajiesieH KJIOH Ha KOTBEHAaTa HAMOTKa, a
C Wy OpOosIT HA KbCOCHEIWHEHUTE HABUBKU MPU MEXKIYHABUBKOBO YAaCTUYHO WU
ITBJIHO KBCO ChbEAMHEHNE HA CEKIHS, OTHOIIECHUETO UM IIe Obe

N
Pa = Wadw, < 1. Tyk w, =75+ KBRETO N e OposT Ha €PEeKTUBHHUTE MPOBOJIHUIIM B
a

HaMOTKaTa, a & — OpOsT Ha JBOWKHUTE TMapaJICIIHA KJIOHOBE.
AKO Ha#-00III0 Ka3aHO MPU YaCTHYHO KbCO ChEIUHEHUE ca OKbCeHU N CeKIMu Wiu
9acT OT HABUBKUTE MM, TOKHT Ha KbCO B TAX Il ObJe
N_.e E E
=t = >> 1, (2)

a _ a
“ N,r. S (2)’R, 2aR, "
2a S
KBJCTO S € oOuMsAT Opoil Ha MOCIEeTOBAaTEIHO CBBP3aHUTE CEKIIMM B KOTBEHATa Ha-
MOTKQ, €; U I; - €.J.H. U ChIIPOTUBJICHUETO Ha €/1Ha cekuus, £, u R, - €.1.H. U ChIpo-
TUBJICHHUCTO HA KOTBATa MCXKAY YCTKHUTC IIPpU H3IPABHA HAMOTKA. OT CBOs CTpaHa
C.A.H. Ha KOTBaTa M CICKTPOMAIrHUTHHUAT MOMCHT Ha MalllKMHAaTa Ca CBbOTBETHO

E,=¥,Q u M, =%,1

a“a!’

2
KpAeTo W, =—w,pd, € MBIHUIT Bb30OYyAUTEICH MarHUTEeH
T

MOTOK 3a JIBOMKAa MOJIIOCH, BIUIETEH B HABUBKUTE Ha KOTBEHATa HAMOTKa, () — BIJIO-
BaTa CKOpocT Ha poropa. llle mpuememM, de mammHaTa paboTH B CTallMOHAPEH PEKUM
c Q = const u ¥, = const u He ce OTYUTAT KOMYTAIIMOHHUTE SBJICHUS M PEaKIHITa HA
KOTBAaTa.

3. /IBurareJi 3a MOCTOSTHEH TOK C MAapaJjiejiHO Bh30YKIaHe
B T03u cnydaii oTAenHUTE KIIOHOBE HA KOTBEHATa HAMOTKA Ca CBBbP3aHH MOCPEACTBOM
YETKUTE MapajelIH0 KbM 3aXpaHBaIIoTO Hanpexxkenne U, u B TO3U CMHUCHI T€ ca He3a-
BHCHUMHU €JIHH OT JPYT.
[Ipu oxbCceHa YacT OT HSAKOW IMapajelieH KJIOH €.J.H. U ChIIPOTUBIICHUETO MY Ca IIO0-
MaJIK{ OT T€3U B 37paBUTE KIIOHOBE M TOKOBETE UM Ire Obaat paznuaau. OT ypaBHe-
HUSTA 32 PABHOBECHEC HA HANIPSIKCHHTA CIIC/IBA.
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B yBpenenus kioH - Tok |y’

Ua:Ea(l_ pa)+2aRa(l_ pa)lal' (3)
B nenoBpeen kioH (pa = 0) - Tok 1"’
U, =E, +2aR,1,", (4)

KBJIETO I1I€ IPUEMEM, Y€ MabT Ha HANPEKEHUE B YETKUTE € BKIIIOUEH B R, .
OO111 KOTBEH TOK, KOHCYMUpPaH OT JABUTATEIs

P
I, =1,+Qa-1I,"=—1,
a a ( )a U

a

KbACTO P 1 € KOHCyMHpPaHaTa MOOIHOCT. Ot TYK I10JIy4aBaM€ TOKOBCTC

—E (1-
Iauzua a( pa) (5)
2aR, (1-p.)
U,-E
I ||: a a i 6
¢ 2aR, (6)
V)
IIpu nneanen mpasen xon E,=U,; cmemosarennol. '"=0; | = o Pada AKoO
. ’ S ST T TR, p,)
. v U, -E, | .
HSMa KBCO CheIUHEHUE, Py = 0 m 1,'=1, =%:2—a. B rpannunus ciyyaih Ha
ar, a

a

'BJTHO KBCO ChEIMHEHHUE HA BCHYKHU CEKIMH OT HSAKOH mapaeieH kioH (p,= 1) me ce
nosyuu l,=co. Torasa I,"=-I

xc ®

EHGKTpI/ILIeCKI/ITe 3211"}’614 B KOTBaArTa, CJICKTpOMAarouTHata MOIMHOCT U CIICKTPOMAI'HUT-
HUAT MOMCHT Ha ABUTATCIIA IIC 6T>IlaT CBbOTBCTHO

P, =P +P "+P_=2aR, (1-p,)l,*+(2a-1)2aR,I,"*+2aR, palkc2 (7)
Ps; = P;+P;"—P,. =E,(1-p,)l,+(2a-DE1,"-p,E.l,. = M,Q (8)
KbJETO P, ca 3aryOuTe B KbCOCHEAUHEHUS KOHTYP.
4. IBMrareJi 3a OCTOSTHEH TOK € MOCJIe0BATEJIHO Bb30YKAaHe
Cucremata ypaBHEHHMs], OT KOATO MOXKE J1a CE€ OIPENEIAT TOKOBETE, 1IE ObE:
U, -R[l,"*+(2a-D)1,"]=E, @ p,) +2aR, (L~ p,)I,’ 9)
U, -R,[l,+(2a-1)1,"]1=E, +2aR,1,". (10)
Twii kaTo B TO3U Cily4ail KOTBEHUAT TOK € U Bb30yINUTENEH, YBEIUUEHUETO MY 1€ J10-
BEJI€ /10 YBEJIMYaBaHE HAa Bb30yAUTEIHMS MOTOK U MaJla Ha HalpeXeHHe BbB Bb30yIu-

TeJIHaTa HaMOTKa, a OT TaM JO YyBCTBUTCJIHO HaMajsiBaHE Ha €.J.H. U CKOpPOCTTa Ha
nsuratens. ToBa ciieiBa OT Bpb3kaTa E, = ¥,Q, KbAETO 32 yA00CTBO HA M3UHUCIIECHU-

€TO HeJIMHEeIHaTa MarHuTHA Xapaktepucrtuka Ha mammHaTa ‘P, = f(l,) Mmoxe na ce am-
pokcumupa ¢ noxojsiia GyHukuus [5,6] u 1a ce mpuiIoKu UTeparMoHHa Ipoleaypa 3a
JOyTOYHSIBAaHE Ha CTOWHOCTTA Ha €.]1.H. U CKOPOCTTa Ha pPOTOpA.

5. 'eHepaTop 32 NOCTOSIHEH TOK ¢ HE3aBMCHUMO Bb30yK/aaHe
IIpu reHepaTtop OTHETHUTE KJIOHOBE HAa KOTBEHATA HAMOTKA Ca CBBbP3aHHU IIOCPEJCT-
BOM YETKHTE IapajielIHO KbM TOBapa M HampexeHusta U, BbpXy TAX ca €IHAKBH, HO
[IOpaJan PA3NMYHATE UM €.J.H. U CHIIPOTHBIICHUS TOKOBETE B TAX ca pazauyHu. Ot
YPaBHEHMTA 32 PABHOBECHE HA HANPEIKCHUATA CIIE/BA.
B yBpenenus kioH
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U, =E.(l-p.)-2aR, (1-p,)I,". (11)
B nenoBpenen kioH (P, = 0)

U, =E, -2aR,1,". (12)
OOmuAT KOTBCH TOK, OTJaBaH Ha TOBapa, KOMTO MMa ChIIPOTHUBICHUE Ry e
U a
R,
Karo ce cBbpIKaT TOPHUTE PaBEHCTBA MPH €IHO U ChIno Uy, Ce MoaydaBaT CUCTEMHUTE
ypaBHEHHUS

I,'+(2a-DI,"=1, =

A-p)l,'=1,"-p,l. (13)
E 2aR

| '=—2 _(2a-1 2y, " 14

- Ean1 By, (14)
" pl

I I= a _ a  Kc 15

T (15)

1" ( L +2a—1+2ai)=i+pa—l’“’, (16)
1-p, Ry Ry 1-p,

OTKBJETO MOraT Jia C€ OIPEACIISIT HEU3BECTHUTE TOKOBE.
Tyx npu nipazeH xoxa Ha reHeparopa l, = 0, cnmemoBarento |,'=—-(2a-1)1,". Ako HAMa

E,-U I .
% = Z—a B rpaHnuHus ciaydai Ha I'BJIHO Kb-
ar, a

a
CO ChCIMHEHHME HAa BCUYKHU CEKIIUH OT HAKOH mapanesieH KioH (p,= 1) me ce momyun
U,=0wu 1,=0. Torasa I,'=-1,,.

KbCO CheauHeHHe, P, =0wu 1,'=1,"=

Enexrpudeckute 3aryou B KOTBaTa, €JICKTPOMArHUTHATA MOIITHOCT © MOMEHTa MOTaT
na ce HamepsT 1o (7) u (8), ¢ Ta3u pasnuka, 4ye 3HaKbT npes P, B (8) TpsoBa aa e +
(cnopen uaeanu3upaHust Mosien Ha ¢ur.1).

M3meHeHHeTo Ha TOKOBETE Ha reHeparopa Iie MpeIn3BUKa W3BECTHO HaMaJICHHE Ha
BIJIOBATa CKOPOCT HAa 3aJIBHXKBAIMsI O aBuraren (OOMKHOBEHO aCHHXPOHEH) M Ha
¢.JI.H. U HAMPESIKECHUETO HA TEHEPATOPa; CJICIOBATEIHO TPIOBa Ja ce MPUIIOKHU UTepa-
IIMOHHA TPOLIEAyPa 3a JOYTOUHSIBAHE HA CTOWHOCTHUTE UM,

e I

SIS

Dur. 1
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6. Uncsien npumep

1. J/IBuraren 3a MOCTOSTHEH TOK C HE3aBUCUMO BB30YyK/IaHEe ¢ HOMUHAIHH JIaH-
HU.
P,=1kW,U,=220V, |,=5,25 A, n,=3000 min~, E,=210,13V,
R.=188Q,2p=2,2a=2,5S=36,w,=2324,¥,=0,67 WD, I,.=55,86 A.
[ToryyeHUTE CTOMHOCTH HA TOKOBETE W MOIITHOCTUTE NP Pa3IuvHA CTEIICH Ha OKbCS-
BaHE p, ca AajcHu B Ta01.1 u oHnarneaeHu Ha dur.2.

Taomuna 1

Pa Ia’ Ia” Ia ch PeJl Pé Pl MS

- A A A W W W W Nm

0 (262 |262 5,25 0 51,82 1103,18 |1155 3,51
0,02 | 2,62 |3,82 6,64 235,98 | 315,66 1102,25 |1417,91 3,51
0,04 | 2,62 |5,06 7,68 471,96 | 590,29 1100,36 |1690,65 3,5
0,06 2,62 6,36 | 8,98 707,94 | 876,81 1099,89 |1976,7 3,5
0,08 2,62 |7,71 |10,33 | 943,93 1149,56 |1098,15 |2247,71 3,49
0,10 (2,62 |9,12 |11,74 |1179,91 |1487,28 |1096,43 |2583,71 3,49

2. 'erepatop 3a MOCTOSTHEH TOK C HE3aBUCHMO BB30YXKIaHE C HOMUHATHU JaH-
mu: P, = 1,25 kW, U, =220 V, I,,= 5,68 A, n, = 2940 min™, E, = 230,68 V,
R,=188Q,Rr=38,73Q,2p=2,2a=2,5=36,¥,=0,75WDb, I .=61,35 A.
[TonyueHuTe CTOMHOCTH HA TOKOBETE U MOITHOCTUTE MPHU Pa3IMuHA CTENIEH Ha OKbCSI-
BaHE p, ca JajJicHU B Ta0J.2 U oHarjeAeHu Ha dur.3.

Tabmuma 2

Pa Ia, Ia” Ia ch Peﬂ P& P2 Ua

- A A A W W W W V

0 284 (2,84 |5,68 0 60,64 1310,24 1249,6 220
0,02 | 2,21 |341 |5,62 283,04 344,75 1567,95 1223,2 217,66
0,04 | 159 |3,98 |557 566,08 634,76 1835,96 1201,2 215,65
0,06 | 0,94 |457 |551 849,12 930,78 2106,18 1175,4 213,47
0,08 | 0,28 |5,17 |545 |1132,2 |1232,92 2384,22 1151,3 211,25
0,10 {-0,39 |5,78 |5,39 |1415,2 |1541,33 2667,73 1126,4 208,98

7. U3Boam

TOKBT B KbCOCHEIMHEHUTE CEKI[MU CE€ TOJydyaBa MHOI'O TOJIIM U € OT MOpsAbKa Ha
TOKa Ha KbCO ChEAMHEHHE Ha MalllMHaTa, pa3jielieH Ha Oposl Ha mapajelIHuTe KIo-
HoBe. KakTo ce BWXk/Ja OT MpUMEpUTE, €IEKTPUYECKUTE 3ary0u B KbCOCHEIMHEHUS
KOHTYp Y BHOOIIE B YBPEICHUS KJIOH MOTaT J1a CTAHAT U3KIIFOUUTEITHO TOJIEMH, KOETO
1I€ JI0BEJE /10 HEJONyCTHUMO 3arpsiBaHe Ha LisjaTa KOTBEHa HamMoTka. B ToBa oTHO-
IIEHHWE B MO-J00PO IMOJIOKEHUE Ca JIMCTOBUTE MHOTOMNOJIOCHU HAMOTKH, OTKOJIKOTO
BBJIHOBUTE.
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dur.2 dur.3

ToBa mie mpeau3BHUKa YBEIHUECHUE HA KOHCYMHPAHHUSA OT JBUTATENs TOK, HECTAOMIHA
paboTa 1 rojsiMO 3arpsiBaHe Ha IpIaTa HAMOTKA, KAKTO M CHJIHA PEakIis Ha KOTBATa,
KOETO IIle CE OTPa3H Ha BH30YIUTEIHHS IMOTOK U HA MEXaHWYHATA XapaKTEPUCTHKA Ha
nsuraress (ako pa3oupa ce Toil He 0bJie CBOCBPEMEHHO M3KIIOYCH).

OcCBeH TOBa MPU TEHEPATOP MPH ONpeiesieHa CTOMHOCT Ha OTHOIICHUETO Ha KhCOChE-
JMHEHUTE HABUBKH WJIM CEKIIMHM KbM OOIIMsI UM OpOii, TOKBT B YBPEICHHS KIIOH MOXE
7ia ce aHyJIMpa ¥ IOpH Ja 00bpHE MOCOKaTa CH 3apajii YPaBHUTEITHUTE TOKOBE MEXTY
KJIOHOBETE, KOETO IIl¢ MPEeIN3BHKA HApaCTBaHE Ha TOKOBETE B 37paBUTE KiIoHOBE. OT
TOBA III€ TIOCJIC/IBA CHIJIHO 3arpsiBaHe M HA OCTAHAIUTE CEKIMHU, a CHIIO U 3aCHIICHO
BJIMSHUE Ha pEakIUATa Ha KOTBaTa, KOSTO IIe C€ OTPa3H Ha BH3OYIUTEIHUS TIOTOK H
Ha BBHIIHATA XapaKTepPUCTHKA Ha reHepaTopa (ako pa3dupa ce u Toi He ObJlie CBOCB-
PEMEHHO M3KITIOUCH).

[Ipu renepatop ¢ nmapajienHo Bb30yX JaHE TOPEONUCAHUTE SIBJICHUS MPOTUYAT IO Ch-
I[USl HAUKUH C Ta3W pa3ivKa, Y€ HaMAJICHUETO Ha HAMPEKEHUETO € MO-3HAYUTEIHO T10-
paju TOBA, Y€ BHHIIHATA MY XapaKTEPUCTHUKA € MTO-MeKa.

Moske na ce HampaBu U U3BOJIA, YE PA3NPEACICHUETO HA TOKOBETE MEXAY OTICITHUTE
napaJsieiHu KJIOHOBE MPU KbCU ChEAUHEHUS B KOTBEHATa HAMOTKA 3aBUCH HE CaMoO OT
Oposi HAa KbCOCHEIMHEHUTE HABMBKU WJIM CEKIIMHU, HO U OT TOJIEMHUHATa Ha HaTOBapBa-
HETO Ha MalllMHATA.

[Tonydyenata xapTHHa Ha pa3NpeleiICHUETO Ha TOKOBETE MEXAY MapajelIHuTe KIIOo-
HOBE HE € CTaTUYHa, a TUHAMUYHA U Ce OTHACS 3a ONpeJie]ieH MOMEHT OT BpeMeTo. B
JNEUCTBUTENHOCT IPU BBPTEHETO HA POTOPA CEKIIMUTE HEMPEKHCHATO CMEHST MecTaTa
CU MO/ YETKUTE W TOJIFOCUTE W YacTH OT PA3JIMYHM IMapaJieTHU KJIOHOBE MEpPUOIU-
YEeCKM C€ OKa3BaT yBPEJCHH U HEyBpeAeHH. Bcuuko ToBa mpaBu paboTara Ha Maru-
HaTa HecTaOWIJIHA U YBeJIMYaBa 00II0TO MperpsBaHe Ha KOTBEHATa HAMOTKA.
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AHAJIN3 U IUAT'HOCTHUKA HA MEXXKAYHABUBKOBO KbCO
CBbEJUHEHME B IIBPBUYHATA HAMOTKA HA TPAHC®OPMATOP

I'anvo boxuios, I'eopru Toxopos

Pesztome:. Hszcneosan e eghekma om menHcOyYHABUBKOBO KbCO CbeOUHEHUE 6 NbpUY-
Hama HamMomKa Ha HenamosapeH mpaucgopmamop. llokasano e, ue pazenedxcoanemo
Modce 0a ce cgede 00 AHANUZUPAHE HA NPOoYeca 8 NOHUMCABAW ABMOMPAHCHopMa-
Mop 6 pedcum Ha KbCo cveouHenue. lIpeocmasenu ca pe3yimamu om aHATUMUYHU
U3Cne08anus 3a MoOKOGeme 6b8 GbHUIHAMA 8epued U 8 HAKbCOCHEOUHEHUS KOHMYD 8
3a8UCUMOCT OM NPOYEHMA HA KbCOCbEOUHeHUme HABUSBKU Npu eOHOpazen mpaHc-
Gdopmamop u npu MeNCOYHABUBKOBO KbCO ChelduHeHue 8 eOHa aza om mpugpaszen
mpancgopmamop.

Kniouosu oymu: mesxicoyHasu8ko80 Kbco CbeOuHeHue, mpancghopmamop

ANALYSIS AND FAULT DIAGNOSTICS OF AN INTERTURN SHORT-
CIRCUIT IN TRANSFORMER’S PRIMARY WINDING

Gantcho Bojilov, George Todorov

Abstract: The influence of interturn short-circuit in the primary winding of a trans-
former has been analyzed. It is shown that the investigation may be reduced to the
analysis of the step-down autotransformer’s short-circuit. Interturn short-circuit in a
single-phase transformer’s primary winding and a single-phase interturn short-
circuit in three-phase transformer have been analyzed. The results for the line cur-
rents and the current in the short-circuited contour are shown versus the number of
the turns in the contour.

Key words: Interturn short-circuit, transformer’ primary winding.

1. YBoa

BbTpeniHOHaBUBKOBOTO KbCO CheIUHEHHE (MEXKIYHABUBKOBO K.C.) € €HA OT YeCTO
BB3HUKBAIUTE MOBPEAX B HAMOTKUTE HAa BCHUUYKH EJIEKTPOTEXHHUYECKH YCTPONCTBA.
He3aBucuMo ot Oposi Ha HaBUBKUTE B HaKbCOCHEAMHEHUS KOHTYp, Ta3W HEU3IPaB-
HOCT BOJIM JIO HEJIOIIyCTMMO HapacTBaHE Ha TOKA, IPErpsiBAHE HA HAMOTKaTa W HE-
HaTa TpailHa moBpena. B cuinoBute TpaHchopMaTopu rojJeMHUTE TOKOBE Cb3/1aBatr
€JIEKTPOJAMHAMUYHYU CWJIM, MPEIU3BUKBAIIM JepopMaluy U pa3pyllaBaHe HA HAMOT-
kara — ¢ur.l. CBOEBpeMEHHOTO IMATHOCTUIIMPAHE HA MOBpPENATa € OT ChLIECTBEHO
3Ha4YeHHE MPHU CKBIIOCTPYBALIUTE MOIIHUA CUJIOBU TpaHCHOPMATOPH, KAKTO 3a TAXHATA
Oe3aBapuiiHaTa padoOTa, Taka U 3a OCUTYpsIBaHE HA HAJEKIHO U HENPEKbCBAEMO 3aX-
paHBaHE Ha OTTOBOPHHU KOHCYMATOPH.
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@wur.1. [ToBpenu B HAMOTKH Ha TpaHC(HOPMATOP, TPEIU3BUKAHU OT €JIEKT-
POAVMHAMUYHUTE CWJIA IIPU MEKIYHABUBKOBO KbCO CHEAUHECHUE

B mactosmara pabora ce aHanu3upa BBTPEUIHOHABUBKOBOTO KbCO CHEIUHEHHE B
IbPBUYHATA HAMOTKA Ha eqHO(a3eH u Ha TpudaszeH Tpanchopmatop. AHATH3UPAHO €
M3MEHEHHETO Ha TOKOBETE BHB BHHIIIHATA Bepura (He3acerHaTara 4acT OT HaMOTKaTa)
U B HaKbCOCHEIWHEHUS KOHTYpP MPH BH3HHKBAHE HA KbCO CHEAMHEHHE C Pa3IUYCH
Opoll Ha HaBUBKHTE NpU paboTa Ha HeHaToBapeH TpaHcopmarop. [TokazaHo e, uye B
TO3U CITy4dail M3CJEeIBAHETO MOXE J]a C€ CBEJE 0 pa3riiekaaHe Ha MPOLIECUTE B aB-
TOTpaHcHOpMaTOp B PEKUM Ha KbCO ChEIUHEHUE.

2. Ennodaszen Tpancopmarop

OTHOCHTEIHATA YaCT OT HABUBKHUTE Ha IIbPBUYHATA HAMOTKA, O(OPMSIIN HAKBCOChE-
JMHEHHUS KOHTYpP € O3Ha4eH C P. BposIT Ha HABUBKHUTE B HAKHCOCHEIUHECHUS KOHTYP €
W, = P.W;, a HE3acerHaTara 4acT oT HamoTkara uma (1— p).W; HaBuBku. CHOTBETHO

3a UMIIEAAHCUTE Ha TE€3HM YaCTH OT HAMOTKATa MOKE J1a Ce 3aIlullle:

- HAKBCOCHENMHEHA P.F, + jp°.X

- He3acerHaTa A-p).r+ jd- p)2x,
KaTo TyK I} ¥ X; ca aKTUBHOTO M MHAYKTUBHO CBHIIPOTUBIICHHUS Ha MbpBUYHATA Ha-
MOTKa Ha U3MpaBeH TpaHchopmarop.
AHanmu3pT Ha edeKTa MEXITyHABUBKOBO KHCO CHEIWHEHUE MOXKE J1a C€ HAlpaBU MPH
pasriexjaaHe Ha TpaHchopMmaropa KaTto OOMKHOBEH TpPaHC(POPMATOP Ha IMPa3eH X0/
WM KaTO aBTOTpaHCc(hOpMATOp ¢ BTOPUYHA HAMOTKA CBBbpP3aHa HAKbBCO.

Tpchd)opmamop C om4yumane Ha HamazHumeaujusl KjioOH

HezaBucumo OT MOI0KEHUETO HA MEXTYHABUBKOBOTO KHCO ChEIUHEHUE B MIbPBUY-
HaTa HAMOTKa, TO MOJKE JIa Ce pa3riekia Karo TakoBa B eauuus U kpaii - ¢ur.2a. B
3aMecTBalllaTa CXxeMa Ha HEHATOBapeH TpaHCPopMaTop MapamMeTpUTe Ha HAKBCOChE-
JIMHEHATa 4acT OT HaMOTKaTa MOXE J1a C€ MPEACTaBAT CBbpP3aHU MapalieIHO Ha Ha-
MarHuTBaIIus KJIOH - ¢ur.26. B To3u cinydail HaKbCOCHEIUHEHUSI KOHTYP MOXKeE Ja ce
nmpueMe KaTo BTOpUYHA HaMOTKa Ha TpaHchopmaTopa U Jla ce HaMepu KoepHUIIUCHTa
Ha TpaHchopMmarus
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k = (1_ p)Wl — (1_ p) ' (1)
PwWy P

W, (1-p)r; Gﬁ{x’ "

L s . i — ]
B
I — I o Kpro kP
Vel 9 |
0l Ll .

a) 6)
®ur.2. TpanchopmaTop ¢ MEKITYHABUBKOBO K.C. B IbPBUYHATA HAMOTKA
a) CXeMaTHYHO MPEACTaBsHE ; 0) 3aMecTBaIa cxema

\

HapanenHI/mT KOHTYP UMa CKBUBAJICHTCH UMIIC/IdHC CbC CbCTABKU

(rm.(l_pp)z f—X,.(1- p)° xl}(rm + -p) r1]+(xm.(l_p)2f1 + 1y (1- p)? Xl]'(xm +(1-p)’ Xl)

. p p
[rm + (1_pp)2 rlJ +(xm +(1-p)? xl)2
i {Xm _pp)z n+Tn (1_ p)2 Xl](rm + (1_pp)2 rlJ_(rm (1_pp)2 I —Xn (1_ p)2 le(xm + (1_ p)2 Xl)
[rm + (1_pp)2 rl] +(xm +(@1-p) xl)

[IenHOTO CHIpOTUBICHUE Ha TpaHCchopMaTopa 1ie Obe

Zy = - p)-rl Flgg + j((l_ p)z-xl + Xeq) (2)

N CbOTBCTHO TOKBT BbB BBHIIIHATA BCPUT'a U B HEC3ACCIrHaTaTa 4aCT OT IIbpBHUYHATA HA-

MOTKa

Ik:ﬂ: e : 3)

i \/<(1— P + g )2 + ((1_ P)" X4+ Xeq )2

ToxbT B HaKbCOCBCIANHCHUA KOHTYP HLIC 6”[),[[6 K IBTH MO-TOJISIM OT TO3U BHB BBLHIII-

HaTa Bepura T.e. K.l .

Aemompancgopmamop ¢ 8MopuUHaA HAMOMKA CE8bP3AHA HAKBLCO

[Ipu HenaToBapeH TpaHCHOpPMATOp HAKBCOCHEAMHEH KOHTYP B I'bpPBHYHATA MYy Ha-
MOTKa MOJE J1a C€ pas3IiieXk/1a KaTo 3aTBOPEHAa HAKbCO BTOPMYHA HAMOTKA HA IOHU-
»aBall aBToTpanchopmarop — ¢ur.3a.
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k.f or; k.f szi

Wi W a (1-p}r; (I'pJEXI
| (1-p)w, — [} e
| :>
|
Wy | bwy . _
a)

0)

®ur.3. TpanchopmaTop ¢ MEXITYHABUBKOBO K.C. B TbPBHYHATAa HAMOTKA
a) CXeMaTUYHO IPEJICTaBsIHEe KaTo aBToTpaHcopmarop ; 0) 3amecTBaiia cxema

[locnenoBarennata HamoTka 1me wuma (1—p)W, HaBUBKM ¥ HMMIEIAHC
(1— p).r, + j(— p)>.X,, a obiaTa p.w, HABMBKM M MMIenaHc P.; + jp°.x,. Koedu-

IMEHTHT Ha TpaHChOpPMAITUSI KaTO OTHOIICHHE HAa HABUBKUTE HA TIOCIIEOBATEIHATA U
o011ata HaMOTKH €

pw, p
MMriegaHChT Ha KbCO CcheauHenue e obuae (hur.30) :

. . 1- .
Zya = (- )i+ jA= p)® Xy +Kz.pr + jKE.p?x, = pp (n+i2pl-p)) (5
TOKBT BEB BHHIIHATA BEPUIa M B HE3ACETHATATA YaCT OT HAMOTKATA €
lea = U, _ Yy Y . (6)

o (1_pp)-Jr12+4p2(1— pPxE Kaali+4p% (- p) x|

KoraTo mexnyHaBUBKOBOTO KbCO ChEAMHEHHUE 3acsira MHOTO MajKa 4acT OT HaBUB-
KuTe (T.€. P € MHOTO MaJIKO YKCJIO), TOPHUST U3pa3 MOXKE Jla C€ OMPOCTH 10

oy ~ 1

(7
Al
3a tpanchopmarop ¢ momHocT 3.5 KVA u nanpexxenne 230V B Ta0i.1 ca mokasanu,
W3YKCIICHH TI0 JIBaTa HauyWHA, CTOMHOCTUTE HAa YCTAaHOBEHMsI TOK BHB BBHHIITHATA BE-
pura B 3aBUCMMOCT OT 4YacTTa Ha HaMOTKaTa, 3acerHaTra OT MEXIYHaBHBKOBO KbCO
cheauHeHne. Pa3nuknuTe ca He3HAYMTEIHU M IOTBBPIKIABAT PasriIeKIaHETO KaToO aB-
ToTpaHchopMaTop 3a KOPEKTHO.
Tabmmma 1
p [001/005/01] 02 03] 04| 05 0,6 0,7 0,8
kato AT |I1k (A)| 15,8 | 82,3 |172,7|381,7 |642,6|986,9 |1473,6|2220,5|3498,5| 6107
obukHoeH| 11k (A)| 16,3 | 82,7 [173,0|381,9|642,8|987,1|1473,8|2220,6|3498,6| 6107
pasrmka | % | 2,64 | 0,48 |0,208|0,073|0,037]0,019| 0,009 | 0,005 | 0,002 |0,0005
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AHanu3uTe TMOKa3BaT, 4e I A
MpU MEXKITYHABUBKOBO KbHCO Che- 250 1
JTUHEHUE TOKHT IOCTUTA YCTAHOBE- 200
HaTa CH CTOMHOCT 0O€3 MpexoieH 150
mpollec M WMa CHHYCOMJAJHA 1007

dopma - ¢ur.4. Ilpu xkbco cheau- 50

/

HCHHMC Ha MaJlIka 4aCT OT HaBUB- 0

ts

kute (1o okosio 1%), kakBUTO ca 0
-100

0,002 0,004 0,006 0,008 0,01\0,012 0,014 0,016 0,018 %

HA-4eCTO CPELIAHUTE  CIy4Yau,
KpaTHOCTTA HA TOKa B He3acerHara
4acT OT HaMoOTKara W BBbHIIHATA
BEpUra CHOPSIMO HOMHUHAIHUSA €

-150 A

-200 A

-250 -

— NpexoaHa CbCTaBKa
— yCTaHOBEHa CbCTaBKa
— o6y

Mmainka - ¢ur.5. Twil kato eqHodaz-  ®wur.4. Tok BBB BeHIIHATA Bepura npu p=0,1

HUTE TpaHcPOopMaTOpH ce 3alluTa-
BaT OT IpEeANa3uTeNId UiIu aBToMa-

TUYHU TPEKBCBAYU C MAKCUMAJ- 18- Vin

HOTOKOBA 3alllUTa, T€ HIMA Ja pe- 16

arupar Ha IoBpezara. L4

ChbIIEBPEMEHHO TOKBT B HAKBCO- l'i:

ChbEAVHEHUs KOHTYp € IECETKH U 08 |

CTOTHLIY ITBTH IO-TOJSIM OT HOMHU- 0.6 1

HAIHUS Y 1€ NPUYUHU CEPUO3HU 2:

MOpakKeHUs Ha TpaHchopmaTopa. 0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ P
3a pa3I‘JICI[aHI/I$[ HpI/IMep TOI\;I e 104 0 0,002 0,004 0,006 0,008 0,01 0,012 0,014 0,016
IIbTU HOMHWHAIHHUS 3a CTOWHOCTHU ®ur.5. KparHocT Ha TOKa BbB BhHIIIHATA BE-
Ha p B uHrepBana ot 0,001 mo pura npu MeXJIyHaBUBKOBO K.C. HA MaJIBK

0,015. Opoit HaBUBKYU B IbPBUYHATA HAMOTKA

3. Mexk1yHAaBUBKOBO KbCO Che/lMHeHHE B eHA (ha3a Ha Tpuda3eH

TpaHcpopmarTop

B tpudasznure tpanchopmatopu MEXIYHABUBKOBO KBHCO Ch-
eJMHEeHNE Bh3HUKBA OOMKHOBEHO CaMO B €/IHa OT (ha3uTe, HO
BOJIY /IO IPOMsiHA Ha TOKOBeTe W B TpuTe ¢azu. Hapen c Ha-
pacTBaHe HAa CTOMHOCTTA

Ha TOKa B 3acerHarara (¢asa ce yBeJIM4aBaT CTOMHOCTUTE Ha
TOKOBETE B OCTaHaIUTEe JiBe (a3, MpoMeHs ce u jaedazupa-
HETO MEXIY THX.

[IpoBeneHnTEe EKCIEPUMEHTH BBPXY Ja00OpaToOpeH MOJie] Ha
TpanchopMaTop ¢ MbPBUYHA HAMOTKA CBBP3aHa B 3BE3/a,
pu MEXIYHaBUBKOBO KbhcOo chenauHeHue Ha 1,84% u Ha
3,68% oT HaBUBKHTE MMOKa3axa, Y€ bI'bIbT MKy BEKTOPUTE
Ha TOKa BBB (azara C KbCO ChCIUHEHUE M JBETE M3MPABHU
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HapacTBa 70 okosio 160° - ¢wur. 6.
Ha 6a3ara Ha Ta3u uHdopmalus ca NpoBEJACHN aHAIUTUYHH U3CJICIBAHUS HA MEXTY-
HAaBMBKOBO K.C. B ITbpBMYHATAa HAMOTKA Ha €AHA OT (Da3uTe Ha JABa CyXH TpHUbaA3HH
tparcdopmaropa ot siapeH tun ¢ MorHocTd 1,6 KVA u 10 KVA B 3aBucumocTt oT
Oposi Ha HaBUBKUTE B HAKHCOCH- A
CAMHCHUS KOHTYP. 50 -

3a TpaHcpopMaropa ¢ MOIIHOCT 40 -

10 kVA u HomuHaneH Tok 15 A 30- /\ /\
Ha (ur.7 ca MokazaHu KpUBUTE 20 o<

Ha TOKa BBB BBHINIHaTa Bepura  *° / \ //\QX/
IpH Bb3HUKBaHE Ha MEKIyHa- °
BMBKOBO K.c. Ha 1,84% or HaBuB-
kure (p=0,0184) na dasza A. C»- — dasa A
[0 KAKTO NPH €AHO(A3HUA TpaH- \v/ — dasa B
chopMaTop W TYK 3aTUXBAHETO —Panac
Ha arepuoJuyYHaTa ChCTaBKa €
MHOTO OBpP30 M MPAKTHYECKU yC-
TaHOBEHATa CTOMHOCT Ha TOKA Ce
goctura 0e3 MPexoJieH MpoIiec.
ToBa mo3BoMsIBa aHATU3BT Jla C€ TIPaBU MO €(EKTUBHUTE CTOMHOCTH HA YCTaHOBEHUS
Tok. [Ipu Te3u ycnoBus epexkTuBHaTa CTOMHOCT Ha TOKa BB (a3arta ¢ 1eexT e 2 mb-
TH TIO-TOJISIMA OT HOMUHAaNTHATa. TOKBT B JBETE HE3acerHaTu (pa3u ChIO HAPACTBA, HO
€ npubnu3uTenHo 2 MHTH TO-MaTbK OT TO3W BBB (asza A, m0KaTto B HaKb-
COCHEIMHEHUS KOHTYpP CTOMHOCTTAa My € HaJ CTO IbTH MO-TOJIsIMA. AHATU3BT TTOKA3-
Ba, Y€ HE3aBUCUMO OT 0OXBaHaTHUs OpOil HABUBKHU, TOKHT B KOHTYpa € MHOTO TOJISIM H
1€ Ch3a7e HEAOMYCTUMO BUCOKO MPErpsiBaHE U CICKTPOAMHAMUYHH CHIIH, KOUTO Ja
MOBPEaIT HaMOoTKaTta Ha (a3ata. Ha ¢ur.8 ca mokazanu cCTOMHOCTUTE HAa TOKOBETE B
He3acerHarara B HAaKbCOChEIMHEHATa YaCTH OT HaMOTKaTa Ha ¢)a3a A B 3aBUCUMOCT
OT TIPOIICHTAa HAa HaBUBKUTE, 00pa3yBallll HAKbCOCHEIUHEHHsI KOHTYp, a Ha KpaTHOC-
TUTE UM CIPSIMO HOMUHAJTHUS TOK — Ha Gur.9. 3a 1a ce mokaxe 1mo-sCHO TCHACHIIHITA
Ha Pa3BUTHE HA IPOIIeca, U3CICABAHETO € PA3MIUPEHO JI0 TBBPJIC BUCOKHTE 32 MEXK-
TYHaBUBKOBO KbcO cheauHeHre 70% oT HaBUBKHATE HA HAMOTKATA.

\
X

10 ¢ 0,005 0, 0,015

-20

@ur./. Tok BbB BbHIIIHATA BEPUTa HA HEHATOBA-
peH TpaHchopMaTop ¢ MEKIyHA-BUBKOBO
K.c. Ha 1,84% naBuBKHM OT (paza A

LA I/1H
3500 1 250 7 MW BbHwHa Bepura
3000 - O K.C. KOHTYp
200 -
2500 -
2000 1501
1500 - 100 1
1000 - —— BbHwHa Bepura
K.C. KOHTYp 50 -
500 -
0 & ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0
0 10 20 30 4 s e 70 P,% 1 5 1 20 3 4 s e 70P,%
@wur.8. Tok B K.C.KOHTYp W BhHIITHATa ®wur.9. KparHocT Ha TOKa B K.C.KOHTY]
Bepura (tp-p 10 kVA) u BpHIIHaTa Bepura (tp-p 10 kVA)
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3a tpanchopmaropa ¢ momHocT 1,6 KVA 1 HOMHHATIEH TOK 2,4 A CHIIUTE 3aBUCH-
MOCTH ca MpeJCTaBeHH chOTBeTHO Ha purypu 10 u 11.

[/1H
A H BbHwHa Bepura
i Ok.c.
200 7 —— BbHwHa Bepura 80 k.. KORTYP
K.C. KOHTYp —
150 A 60 -
100 - 40 4
50 - 20 A
// p ,%
0 T T T T T T T 0
0 10 20 30 40 50 60 70 1 5 10 20 30 40 50 60 0P !%
®wur.10. Tok B K.C.KOHTYp U BbHIITHATA @ur.11. KpaTtHOCT Ha TOKa B K.C.KOHTYP
Bepura (tp-p 1,6 KVA) u BbHIIHATa Bepura (tp-p 1,6 KVA)

5. 3akaouenue

CpaBHCHI/ICTO MCXKAY MMOAXOANTC 34 aHAJIN3 Ha MCXKIYHABUBKOBO KbCO CbCAMHCHUC B
IIbPBUYHATA HAMOTKAa Ha HCHATOBApPCH TpaHC(l)OpMaTOp C OTYHNTAHC Ha HaMArnuTBa-
Iy KJIOH U HECTOBOTO PA3IJICKIAHC KATO aBTOTpaHC(I)OpMaTOP IIOKa3Ba, 4€ HU3CICH-
BAaHCTO MOJXKC J1a C€ CBCAC N0 aHAJIIM3UPAHC Ha IIpoLecca B ITIOHMUKaBaIIl aBTOTpaHC(l)Op-
MaToOp B PCIKHUM Ha KbCO CbCANHCHUC.

IIpoBeaeHuTEe O TO3W HAYMH AQHAJWTUYHU W3CJICABAHUs YCTAHOBHUXA, Y€ IIPU MAJKU
HAKbCOCHETUHEHN KOHTYPH (ChIbpKAIIU MMO-MaNKO OT 1% OoT HaBMBKUTE Ha (ha3ara)
TOKBT BbB BBHIIHATA BEpPUI'a HE HAJBUIIABA HOMHUHAIHUS WU IO MPEBUILIABA CbHC
CTOMHOCT, KOSITO HE € AOCTAThYHA J1a 3a€MCTBA MAKCUMAITHOTOKOBATA 3AILIMTA.

CrhllIeBpeMEHHO TOKBT B KOHTYypa OT HAKbCOCHEIMHEHU HABUBKU € JECETKU U CTO-
TUIA TITU TO-TOJISIM OT HOMUHAJHUS U OTACIICHUTE OT HErO eJIEKTPUYECKU 3aryoH,
KAKTO M TOJEMUTE €JEKTPOJMHAMUYHMU CWIH, 1€ JOBEJIAT J0 pa3pyllaBaHe Ha Ha-
MOTKAaTa, ako TpaHCPOopMaTOpHT HE ObJIE CBOEBPEMEHHO M3KIIIOUEH. MeX1yHaBUBKO-
BOTO KBbCO CHEIMHEHHE B MbPBUYHATA HAMOTKA MPUYMHSIBA MPOTUYAHE HA 3HAYU-
TEJTHO MO-TOJISIM TOK B HAKbCOCHEJMHEHUSI KOHTYP B CpPaBHEHHE C TOBAa BbB BTOPUY-
HATa HAMOTKA M MMa IMO-TEeKKH MOCJIEeANIIH, Thil KaTO UMIIEIaHCHT Ha KbCO ChEIUHE-
HUE Ha TpaHc(opMaTopa B TO3U CIy4yal € Mo-MabK.

[Ipu mpexkoBute TpanchopmMaTopu € ToJsiMa MOIIHOCT 3a M30sATBaHE HA TEXKKU IMOC-
JIEACTBUSL OT BBHTPEIIHOHAMOTHUHU JIe(PEKTH ce M3MOJ3BAT HATBXKHU TudepeHIn-
QJHU 3alllUTH, HO TIPH paslpeAeUuTeTHUTe TpaHc(hopmMaTopy TakvBa 3alllUTH HE ca
3aIJDKUTENTHA ¥ HABPEMEHHOTO JMArHOCTUIIMpaHEe W M3KIIOYBaHE Ha TpaHcdopma-
TOpa € 3aTPyAHEHO.
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METOJIUKA 3A U3CJIEABAHE MEXAHUYHA YCTOUYUBOCT
HA HAHOCTPYKTYPUPAH OKCHU/]

BanenTun BuagexoB

Pe3ome: B mamepuana e pasenedana 6b3mONCHOCMMA 0a ce NPOMEHSIM MexXaHuy-
HUme napamempu Ha MemopaHu U3e0meeHuU Om aHOOeH OKCUO HA AYMUHUS U He0O-
xooumocmma om MAXHOMO uzmepsaue. Pasenedanu ca cmamuunu u OuHamuyHu na-
pamempu, U 8apuanmu 3a maxHomo uzmepsaue. Hanpaeen e npeened ma cvuyecm-
gygawume memoou u ca npeodnoxcenu Hosu. Iloxazanu ca npedsapumennu ekcnepu-
MEHMAIHU pe3yImamu om npuidzame.

Kntouoeu oymu. nanomamepuanu, arymuHued OKCUO, MEXAHUYHA YCMOUYUBOCT, U3-
Mepeanre

METHODOLOGY OF INVESTIGATION MECHANICAL STABILITY
OF NANOSTRUCTURED OXIDE

Valentin Videkov

Abstract: The paper presents the possibility to change the mechanical parameters of
membranes prepared by anode of aluminum oxide and the need of their measurement.
The static and dynamic parameters and options for experimental research are com-
mented on. A methodology for such a research is proposed. The preliminary experi-
mental results of applying the methodology and data about anisotropy of mechanical-
ly parameters are shown.

Keywords: nanomaterials, aluminum oxide, mechanical stability, measurement

1. BbBeaenue

AnymununeBus okcun (Al203) Hamupa npuiioKeHHe 3a Ch3aBaHe Ha Pa3IMdHU eJIeK-
TPOHHU YCTpOMcCTBa. M3moi3BaHeTO My KaTo IOJJIOKKA WJIM 3a HalpaBaTa Ha pas-
JMYHYA MHCTPYMEHTH ce mpuiara oTaaBHa [1]. B peauiia ciydyan ChIIUAT MOXE Ja Ce
W3II0JI3Ba U B Mpaxoo0pa3eH BapuaHT ¢ pa3indHa ¢popMa Ha 3bpHATA. AJTYMHHUCBHST
OKCHJI MOX€ J1a ObJie M3MOJI3BaH M KAaTO KOHCTPYKTHBEH €JIEMEHT M B MHUKpOE-
JICKTPOMEXaHUYHH yCTPOUCTBA [2], a ChIlO Taka U B HaHOETICKTpOoHHKaTa [3].

EnvH oT BapHaHTHUTE 3a MPUIOKEHUE HAa ATyMUHUEBHS OKCUJ € U3IIOI3BAHETO MYy Ka-
TO MEMOpaHa B pa3au4HM yCTpoilcTBa. B Te3u nmpuinoxeHus ocoOEHO yaaueH € aHOI-
HUAT OKcUA. CBHIIMAT € U3BECTEH OT JECETUIIETHS U U3CIICIBAHUATA MYy MTPOJIbIKABAT
u 10 cera [4, 5]. M3crneaBanus Ha clioeBe U MEMOpaHH Ce MPABAT KAKTO KaTO CaMOC-
TOSITEJIHU €JIEMEHTH, TaKa U KaTO ChUETaHUE C MOJI0KKATa BbPXY KOSATO ca HAHECEHU

[6].
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[TapameTpuTe Ha OKCHIIAa MOXEM Jla pa3ieluM Ha EJNEKTPO(PHU3MYecKH M Ha Mexa-
HuuHu. OT apyra cTpaHa MOXEM J1a TH pasriefamMe KaTo MapaMeTpu IMpU CTaTUYHO
HaTOBapBaHE, IPU AMHAMUYHO U IPOIBIKUTEIHO Bbh3/ICUCTBUE..

2. llen

[Tpr M3roTBSHETO HAa MUKPO- MU HAHO CEH30PH IIHPOKO C€ M3IMOJI3BAT Pa3jIMYHU BH-
JOBE M€M6paHI/I " Ipcau. OcseH IMXPOKO HM3IOJ3BAHUTEC KOHCTPYKIHMH Ha OCHOBATa
Ha CHJIMIIMKA MOTaT J1a ce MpuiaraT ¥ KOHCTPYKIMK Ha OCHOBAaTa Ha aHOJCH OKCHJI Ha
alyMUHHS. 332 HEro ca M3CICABaHH Peaulla €JICKTPHUYCCKU mapameTpu [7], onTuuHu
xapaktepuctuku [8], Tepmuunu u apyru [9]. BonmMHCTBOTO OT TAX KOraTo ca CBb-
3aHU C U3MEPBaHEe Ha IMapaMEeTPUTE Ha MUKPO- M HAHO HUBO HU3UCKBAT CKBITH M CIIOK-
HU anapatHu penreHus. [lenTa Ha HacTosmaTa paboTa € Ha OCHOBAaTa Ha Iperjeaa Ha
CBIIECTBYBAIIUTE JIaHHU JIa ce pa3paboTH METOJMKA 3a OICHKA IMapaMeTpy Ha aHOJI-
HHA OKCHU Ha aJIlYMHHHA IIO3BOJIsABAIlld CPABHUTCIICH dHAJIN3 34 BIIMAHHCTO HA TCXHO-
JIorusATa IpH U3IMO0JI3BAHC HA KIIACUICCKU U3MCPUTCIIHU CPCACTBA.

3. Koncrpykuumn

KoHcTpykTHBHO MeMOpaHaTa OT aHOJIEH OKCHJ Ha alyMHHHUS MOXE J1a Oblie OT JBa
TUTIA — 3aTBOPEHAa MeMOpaHa ¢ HAaHOKYIIOJIHA CTpyKTypa ¢ur.l.a m oTBOpeHa mpec-
TaBJsBaIIa opedpena rpena - ¢ur.1l.b. IIpu nebenmra Ha MeMOpaHaTa MHOTOKPATHO
IpeBUIaBaIia JuaMeThbpa Ha TIOPUTE ChIlaTa MOXKE Ja C€ pas3riiexkaa Karo eIMHEH
BUJ OOEAMHSBAI TOPHUTE JBAa THMA. XapaKTEPHOTO 3a MBPBUAT BUJ €, Y€ ChIATa
UMa HECHUMETPUYHN MEXaHUYHH MapaMeTpH, 3aBUCEIIH OT o0Imiara aedeanHa Ha MeM-
Opanara.

08 0 0 R

®ur.1. MemOpaHu OT HAHOCTPYKTYpPUPaH OKCHJI.

B 3aBrCcHMOCT OT MOCOKaTa Ha HATOBapBaHE MeMOpaHaTa Ie NMa pa3IMyHO OT'bBaHE.
ToBa orpBaHe € CBBbpP3aHO ¢ opmara Ha KymoJja, [eOeTruHaTa Ha CTCHATa, BUCOYH-
HaTa Ha IWIMHIpUYHATA YacT, ChCTaBa Ha CTEHATA, 3allbJIBAHETO Ha mopute. Benuku
TE3U EJIEMEHTH CJIe[[Ba Aa OBJAT ONPEACISHNA TEOPETHIYHO EKCIIEPUMEHTAITHO.

Yacrt oT mapaMeTpuTe Morar ja ObaaT OnpenessHU Ype3 CPaBHHUTEIICH EKCIICpUMEH-
TaJICH aHAJIH3.

3. MeToauka 3a eKCiepUMEHTAJHO U3CJeIBaHe
Kakto 6e kazaHo B o0yiacTTa Ha €JIEKTPO (PU3MUYECKHUTE M ONTUYECKH CBOWMCTBA ca
NPOBEJICHU peAWIIA W3CICABaHMs Ha mapaMmerpute Ha aHojgHus okcun [7], [8]. Cwb-
IECTBYBAT 00ade W mapaMeTpu Ha OKCHJA KOWTO ca ¢ KOMIUICKCHO BiusHHe. Ha
¢wur.2.a e mokazaHa KJlacHYeCKa cxeMa Ha ra30B CEH30p peam3upaH BbpXy MeMOpaHa
OT JMEIICKTPUK C HAarpeBaTelicH eJieMeHT M Ha ¢ur.2.b - ceH30p Ha HalAraHe peayu-
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3UPAaH CbIIO YPC3 HM3II0JI3BAHC HA AHUCIICKTPHUYHU MGM6paHI/I C HAHCCCHHM MCTAJIHH
CJIOCBC.
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®ur.2. [IpuHIAITHA KOHCTPYKITUS Ha Ta30B CEH30p C HarpeBarTel a) u
Ha CEH30p 3a HajsraHe b).

JleiicTBMETO Ha Tra30BUs CEH30p CE€ OCHOBaBa Ha MPOMSHATA Ha MPOBOJAUMOCTTA Ha
YyBCTBUTEIHHS CJIOW 3, KOSITO C€ M3MEpBa Upe3 KOHTAKTHUTE enekTpoau 2. Te ca Ha-
HECEHU BBpXY AMeNeKTpuuHa MemOpana 1. 3a ontumanHa paboTa OT J0JIHATa CTpaHa
Ha MeMmOpaHaTa UMa HAaHECEH THhHKOCIOEH HarpeBaTen 4 KOWTO ce 3aXxpaHBa OT U3BO-
nute 6. CurHama ce cBajisl OT U3BOAUTE 5. AHAIOTHYHO CEH30PHT Ha HAJSTAHE PETHUC-
TpUpa TPOMSHATA HAa KamaluTeTa MEXIy eNeKTpoauTe 2 mpu nedopmupaHeTo Ha
MeMmOpanuTe 1 noj AeicTBHE HA HAJISITAHETO.

[Ipu paGoTtaTa Ha TOpPHHTE CEH30pU MOTaT Ja OBAAT pasrieaHd CIETHUTE ocoOe-
HOCTH CBBP3aHU C U3MOJI3BAHE HA TUEJICKTPUYHN MEMOPAHH, U B YACTHOCT OT aHOJICH
OKCHJ Ha allyMUHUs. BriIrouBaHeTo Ha HarpeBaTessl NPH Ta3oBHs CEH30p BOIU IO
pa3TUYHO JIMHEWHO paslIMpEeHUE Ha caMus HarpeBaTes, MeMOpaHaTa OT aHOACH OK-
CUJ ¥ Ha CEH30pHUA CIIOM. AKO MeMmOpaHaTa € IOCTaThUYHO ThHKA 3a Jla UMa edek-
THUBHO 3arpsiBaHEe Ha CEH30PHHSI CJIOM, TO TOraBa MOXE Ja ce moiyun nedopmupane
Ha cuctemara. Pe3ynTara mie e orbBaHe Ha MeMOpaHaTa B €/IHa WJIH Jpyra MOCOKa.
HenocpencTBeHo orpBaHa Ha TakaBa MeMOpaHa MMaMe MPHU CEH30pa 3a HaJsAraHe.
AKo oTdeTeM W ocoOcHaTa KOHCTPYKIIMS Ha HAHOTOPHO3HUS OKCHI TO BBIIPOCHT C
nedopMupaneTo Ha MeMOpaHaTa ce Hy’K/1a€ OT CICIIMAIHU U3CIICIBAHUSI.

B xpbra Ha ropHuTte usciie/BaHusl MOrat Jia ObJaT MOCTABEHU CIEAHUTE JIBE 3a]la4 —
OIIpEJIeNITHE Ha M30TPOMHOCTTA/aHU30TPOITHOCTTA HA Je(OpPMHpPAHETO HAa MeMOpaHa
OT aHOJEH OKCHUJ Ha alyMHUHUN M yCTOMYMBOCTTAa Ha MeMOpaHaTa Ha MHOTOKPATHHU
negopmanuu (ymopa). ChIbTCTBAIIO MOXKE J1a OBJIC U3CICIBAHETO ONPEIEIISIIO BIIU-
STHUETO Ha TEXHOJOTHUYHHUS MIPOIIEC BhPXY TOPHUTE MapamMeTpH.
- OmnpenensiHe CUMETPUYHOCTTAa Ha AedopMupaHe Ha MeMOpaHa MpuU Mexa-
HUYHO BB3/ICHCTBUE OT pa3iMyHa CTpaHa Ha MeMOpaHaTa
[lenTa Ha u3cneaBAHETO € Ja Ce ONMPEeIN KaueCTBEHO U KOJIMYECTBEHO pa3jiuKaTa B
Or'bBAaHETO Ha HAHOCTPYKTypHUpaHa MeMOpaHa MpU MEXaHUYHO HATOBapBaHE B pas-
JMYHa 1Mocoka (CTpaHa JbHO WM OTBOPH Ha mopute). TpsOBa ma ObaaT perieHu cie-
HUTE OCHOBHHU BBIIPOCHU:
1. Meron 3a ch3aBaHe HAa MAJIKM MEXaHWYHU YCUJIUS 3a Or'bBaHE Ha MeMOpa-
HaTa U TAXHOTO M3MepBaHE. MeXaHWYHU yCUJus MoraT Aa ObJIar Mmpuio-
KEHU 4Ype3 HEMOCPEICTBEH MEXaHMYEH HATUCK, Ype3 M3IMOJ3BAaHE HA Bb3-
NylIHA CTPYs, UHIUPEKTHO 4Ype3 €JIEKTPUYECKO, MAarHUTHO WJIM TEPMHUYHO
ToJie.
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Perucrpupane u n3mMepBane Ha orbBaHeTo Ha MemOpaHata. [lopagu mankure npemec-
TBaHUS PETHCTpAIMATa MOXE J]a CE U3BBPIIBA Ype3 MPSAKO HAOMIOACHUE MO MUKPOC-
KOII, U3I10JI3BaHE Ha CEH30pH 3a MPEMECTBAHE, Upe3 HaOII0IeHNE Ha OTPa3€eH JIbY UIIH
komOuHHpano. Ha ¢ur.3 e nagena npuHuunHaTa cxema 3a HaTOBapBaHE Ha MeMOpaHa
WIN TpeJia OT aHOJCH OKCHUJ] Upe3 M3I0JI3BaHe Ha MEXaHUYHO Bb3/ICHCTBUE.

@wur.3. [IpuanumHa cxeMa 3a HaTOBapBaHE U OTYUTAHE HA ITPEMECTBAHE

Ha ¢ur.3 e nokazana cxema 3a IbpBOHAYAJIHO €TAJOHUPAHE HA YCTPOHCTBO 3a Ch3/a-
BAaHE HA HATHCK, KOETO MPEJICTABIIsABA aHAJUTUYHA BE3HA C Hall-MaJbK pa3pell Ha OT-
gutade 0,1 mg — 1, BppXy KOSTO Ce Mpuiiara yCUiaue 4pe3 HUIIKa 2 MPeICcTaBIIsIBaIia
MeJIeH MPOBOAHUK ¢ Aedennuaa 40 um, koiTo € MOHTHUpaH Ha Abpxkaten 4. JIppxkare-
7T 4 ce mpeMecTBa CIpsIMO CTOMKaTa 5 ¢ IOMOIITa Ha MUKpoMeTprueH BUHT 3. Cnex
€TaJIOHMpaHEe Ha YCWJIMETO Ch3/IaBaHO MPHU ONPENETIEHO MPEMECTBAHE C€ MPEMUHABA
KbM HaTHUCKaHE Ha MeMOpaHata /.

OtuuTa"eTo Ha AedopMalMsITa cTaBa ype3 HalOmoeHue noj Mukpockomn — 10, wiu
OTYMTaHE MPEMECTBAHETO HA CBETJIMHHO METHO BHPXY ekpaH 9. 3a mo-g00po Habto-
JICHUE MOXeE Jla ce U3I0JI3Ba Jla3ep — 6 KOWTO 3acBeTsiBa MeMOpaHarTa. 3acBEeTsIBAHETO
MO3Ke Ja ObJie B PEKUM Ha OTPaKEHUE UIIM B PEKUM HA BHTPEIIHO 3aCBETSIBaHE, KO-
raTo J'b4bT IPEMUHABA MO MPOTEXEHNE Ha MeMOpaHaTa — 8.

Ha ¢ur.4 e nagena nmpuHUMIIHATA CXeMa 33 MEXaHWYHO BB3ICHCTBHE BHPXYy MeMO-
paHa 4pe3 U3M0JI3BaHE Ha BB3YyIIHA CTPYSI.
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®ur.4. Bp3aelicTBue BbpXy MEeMOpaHa ¢ Bb3yIITHA CTPYS
Y OTYUTAHE HA OI'bBAHETO.
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Ha ¢ur.4.a e nokasan Meron 3a MEXaHUYHO BB3JCHCTBUE Upe3 BB3AYLIHA CTPYs O
OJlyXBallla €IHOBPEMEHHO /1Be€ MeMOpanu 2 u 3. Bw3mymHarta cTpys ce mojmaBa OT
MUKpOAt03a 4, a pa3CTOSHUETO MEXAY IJIACTUHUTE 3aBUCH OT JeOeauHaTa Ha Iuiac-
tuHata 1. B pe3ynarat Mexay TsaX ce MoJlydyaBa NOJHAISATAaHE U T€ CE€ OI'bBAT B IIOCOKA
cienBaHe.MeTOIbT € yAaueH NpHU CpaBHSIBAaHE Or'bBAHETO HA JBE MEMOpaHH C pas-
JUYHYU MapaMeTpu B PE3YJITAT HAa KOETO IIe MMamMe HECUMETPUYHO orbBaHe. Harpu-
MEp C pa3JIMyeH JIUaMEThp Ha MOpPUTE, pa3iinyHa Je0ennHa, Wikn oObpHATH €Ha cpe-
11y Jpyra ¢ IbHO U oTBOpH Ha nopute. [Ipu ¢ur.4.b e mokazan BapuaHT ¢ 001yXHaAHE
Ha e/lHa MeMOpaHa 6. O01yXxBaHETO MOXKE Ja € MEePIEeHIUKYIIPHO Ha MOBBPXHOCTTA,
MO/ BI'bJI WM MapajeiHO Ha paBHUHATA /. B mocnennus cimydaii mopaau 3aBUXpSHE
Ha IOTOKa MeMOpaHaTa 3aroysa jia ce orbBa U BUOpupa.

HabmromaBaneTo craBa moja MUKPOCKOI, KaTO MMaMe JiBa BapHaHTa Ha 3aCBETSABAHE!
KOTaTo JBYBT OT Jlazepa 9 ce BKapBa B MeMOpaHaTa WM KOTAaTo € Ha Pa3CTOSHHUE OT
Hes — 10. B mocnennus ciydaii mpu mpecruyaHe Ha Jbua OT OrbHAaTaTa MeMOpaHa ce
noyryyaBa OJIUK.

- OmnpenensiHe yCTOMYMBOCTTa HA MHOTOKPATHH OI'bBaHUsl HA MeMOpaHa

HeobxoaumocTTa OT 1Mo3HaBaHE yCTOMYMBOCTTA Ha MHOTOKpPATHU OT'bBAHMS € CBBP-
3aHa ¢ HaJAECKIHOCTTA Ha YCTPOMCTBATA U 34 HAKOHU € OT ChIIECTBEHO 3HaueHue. Ta-
KMBA Ca HalpuMep CEH30pPUTE 3a HASITAHE WM YCKOPEHHE KOUTO ca MOJIOKEHU HA
TakrBa HaToBapBaHusa. Ha ¢ur.5 ca mokasaHu MPUHIIMITHU CXEMHU 32 TECTBAHE Ha
MeMOpaHH MO OTHOIIEHNUE Ha MHOTOKPATHU OI'bBaHMUSI.

@ur.5. Cxemu 3a MHOIOKPAaTHU HaTOBAapBaHUs HAa OI'bBAHE

MHOTOKpaTHOTO HAaTOBApBAaHE € Bb3MOXKHO M Upe3 METOJUTE pasriefaHu Ha ¢ur.4,
HO MOTar Jia ce NpuiiaraT U crienuain3upanu npouenypu. Ha ¢ur. 5 e nokazan meron
3a HaTOBapBaHE Ha MeMOpaHa 2 MocTaBeHa BbPXY (pUKcHpalla ocHoBa 1 upe3 u3nosns-
BaHE Ha eJEKTPOMarHuTHa cucreMa. Bepxy memOpaHaTa OT aHO/IEH OKCHJl C€ HaHacs
TBHBK CIIOM OT JKeJsA30 WIK NepMaiio 3, a MoJ Hesl C€ MOHTHUpPA €JIEKTPOMAarHur 4.
Upes nogaBaHe Ha MPOMEHJIMB TOK C€ I'€HEepUpa IIPOMEHIMBO MArHUTHO I10JI€ KOETO
npuBiInYa 3 U Ch3JaBa HATOBAPBAHETO HA OT'bBaHE. AHAJIOTUYEH € U BapuaHTa KOTaTo
BbpPXYy MeMOpaHaTa ce HaHeCe €JIEKTPOJ O M Ype3 M0/IaBaHe Ha IMOTEHIUAIN C MPOTH-
BOTIOJIOKHU CTOMHOCTH BBPXY €IEKTPOIUTE 6 U 7 ce Ch3/1aBa €IEKTPOCTaTUYHA CUIIA
Ha MpUBJIMYaHE WK OTOIbCKBaHE. [Ipy BTOPUSAT cilydail kKapTUHATa € MO-yCI0KHEHa
JOKOJIKOTO €JIEKTPO/la € Ha 3HAaYUTENHA TUION] BbpXy MeMOpaHaTa U BIIUAE BbPXY Me-
XaHU4YHATa yCTOMYNUBOCT.
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4. ExciepuMeHTAJHU pe3yJTaTu

Ha ¢ur.6 e moka3zana TecToBa MOCTaHOBKA 3a M3MUTBAaHE HAa MeMOpaHa OT OKCHUJ.
Bwpxy nppkaren 1 ce pasmonara Hocella OCHOBA 2 MPEACTABIIABAILA TNIACTUHA OT CH-
tan CT 50 koiito e u3ThHEH 4pe3 nutaiipane. BepXy curana ce HaHacs THHBK CIIOM
Pa3TBOPUMO JICTIIJIO U C€ 3ajenBa MeMOpaHaTa OT aHOJCH OKCcHa 3. BB3MOXHO € u
NPUTHCKAHETO HAa MeMOpaHaTa MEX 1 JBE OCHOBH.

3 -4um AL O,

- "u‘ L -
v 3 ,‘f A “‘-\(t. 2 il g . .
P01 1826 141 a’% Picitia: 0754 - 20111126_141128.bmp

®ur.6. MonTupana meMOpaHa OT OKCH/I 32 TIPOBEXKIaHE HA TECTOBE

Ha ¢ur.7 e mokazan pe3ynrar oT nmpujaraHeTo Ha METOJMUKaTa MpecTaBeHa Ha (ur.3.
MewmbpanaTa 3 € orpHaTa upe3 NPUTHCKAHE C HUIIKaTa 4 OT U3THHEH MEJIEH MPOBOJ-
HUK.

' 0.2mm * .
12011.11.26 14:59:38 Picture : 0784 - 20113126_145938.b

®ur.7. MemOpaHna ot okcua aeopMUpaHa ype3 HaTUCK C HULIKA

3a ;a ce MoMy4H Mo-Majika TOYKa Ha KOHTAKT MPH HaTUCKA HUIIKATa XUMUYECKH € U3-
ThHEHA B oOjacTTa Ha Bbpxa. [lokazanoto aedopmupane Ha purypara € MoIydyeHo
npu HaTuck oT 21 MN u3mepeHo upe3 aHanuTUyHa Be3Ha. [Ipu 4um memOpana ce mo-
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JTydaBa pa3iuka oT nopsabka Ha 8% B OrbBaHETO MPU HATHUCK OT paziuyHaTa CTpaHa
Ha MeMmOpaHara.

Ha ¢wur.8 e mokasan pe3ynraT OT mpuiaraHe Ha METOAMKATa MpeacTaBeHa Ha ¢ur.4.
KbM dukcupaina miactuaa 1 ca npukpenenu 2 memOpanu (2 u 3).

Picture : 0742 - 20111126_134424 bmp

®ur.8. MexannuHo nedopMuUpaHe uype3 Bb3IyIIHA CTPYSI

Ha ¢wur.9 e nokazana aHajgornyHa 1mocTaHOBKA IPH MOBHUIIIABAHE KOHTPACTHOCTTA Ha
MeMOpaHHTE Ype3 HAUTHKHO 3aCBETBAHE C UEPBEH JIa3€PEH JIbY OT MOKa3ajKa — MOIII-
HOCT 5 mMW.

20

®ur.8. MemOpaHu OCBETEHU € Ja3ep MpU 00yXBaHE C BB3IYX

5. 3akaoueHue

B pa3paboTkara ca pasriefaHu U MpeiCcTaBeHU Pe3ysITaTH OT eKCIIEPUMEHTaIHA Mpo-
BEpKa HAa METOJAMKH 3a M3Cle[BaHE HAa MEXaHWYHATa YCTOMYMBOCT Ha MEMOpaHHU OT
HAaHOCTPYKTYPUPAaH aHOJEH OKcUJ. PasriemaHu ca BapuaHTH 3a MPSKO MEXAHUYHO
BB3/ICUCTBUE Upe3 MpUilaraHe Ha HAaTUCK C €JIACTUYEH €JIEMEHT, a ChII0 Taka M KOC-
BEHO BB3JICHCTBHE C U3M0JI3BAHE HA BB3yIIHA CTPYS.

ExcniepuMeHTanHo € moka3aHo, ue Mpu Majku AeOeMHd Ha MeMOpaHaTa uMa aHUu30T-
POITHOCT HA MEXaHUYHUTE MAPAMETPU, KOHCTATUPAHO YPE3 CPABHSABAHE HA YCHIIMETO
3a Or'bBaHU OT JIBETE CTPAHU Ha MeMOpaHa.
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MeronukaTa 1mo3BoJIsiBa IPH NapasieTHO TECTBAHE HA JBE MeMOpaHu ¢ eIHaKkBa jede-
JIMHA J]a C€ OKAYECTBSIBA U CPaBHSBA TEXHOJIOTUYHUSI PEXKUM 32 M3TOTBSIHE HA MEeMO-
paHuTe.
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MN3CJIIEABAHE HA HAHOCTPYKTYPHUPAH OKCHU/L

Banentun Bugexos, bopsina Llanesa, Imutpuii Ilisaxkun

Pe3rome: B mamepuana e pazenedana 8b3MONCHOCMMA 04 ce NpOMeHAm napamem-
pume Ha MeMOpaHU U320MBEeHU OM AHOOEeH OKCUO HA arymuHus. M3menenuemo xacae
napamempume HA HAHOCMPYKMYPUPAHU MeMOPAanu U3NOJI36AHU KAMO KOHCMPYK-
muenu eremenmu. llokasanu ca eapuanmu 3a 3anvieare HaA HAHONOPUME HA OKCUOA
u npomanama na napamempume my. Ilokazanu ca ekcnepumenmanuuy pe3yimamu om
U3CIe08aHUA.

Knwuoeu oymu. nanocmpykmypupau okcuo, ahoo0eH oKCuo, HaHOMeMOpauu

STUDY OF NANOSTRUCTURED OXIDE
Valentine Videkov, Boryana Tzaneva, Dmitry Plyakin

Abstract: The possibility to change the parameters of the membranes prepared by an-
ode of aluminum oxide is considered in this paper. The change concerns the parame-
ters of nanostructured membranes used as constructive elements. Options for filling
the oxide nanopores and change its parameters, as well as the results from experi-
mental studies are shown.

Keywords: Nanostructured oxide, anode oxide, nanomembranes

1. BbBeaenue

Anymunuesus okcu (AlyO3) ce u3mos3Ba HIMPOKO B CIEKTPOHUKATA U MHUKPOCIIEKT-
ponukaTta. ChIIUAT Ce M3IMOJ3Ba KAKTO B MOHOKpHUCTaaHa Moaudukarms ( camdup,
py6un ) [1], cuHTepOBaH BHB BHJ Ha HOCEIIM ITOMJ0KKH B XHOPUIHATA TCXHOJIOTHSI
[2], mpaxoobOpa3en kKaTo MBJIHUTEN 3a MOA0OpsBaHe mapameTpH [3], Taka U KaTto Th-
HbK cioii [4]. ChlieBpeMeHHO MMpe3 MOCICAHUTE ABE ACCETUICTUS B MPAKTUYCCKH
BCUYKHU 00J1acTH HaBIIsA30Xxa MUKpoesaekTpomexannauaute cucremu (MEMC) [5]. Kia-
CHUYECKH MaTepHaj 3a TAXHOTO M3rpaxaaHe € cummuuart [6]. B xoHcTpykmnmsra Ha
MEMC ce u3non3BaT pelnna eIeMEeHTH, KaTO 4acT OT TIX MPEACTaBIIABAT PA3IUYHU
MEeMOpaHH M Tpefu. 3a TAXHOTO M3TOTBSHE MOTaT Ja C¢ M3IO0JI3BaT U HECHIHIMEBH
Mmarepuaad. TakuBa Morat aa ObJaT MOJUMEPH, METAIHN HIIH OKCHIH. M3Moa3BaHeTo
Ha OKCHIM 3a M3roTBsgHe Ha MeMOpanu B MEMC u pa3inyHu CEH30pHH CTPYKTYPH €
pe3yJsITaT OT MpHIaraHe Ha TEXHOJIOrHH OT Mukpoeiaekrponukara [7] [8]. C pa3suru-
€TO Ha HAHOTEXHOJIOTUUTE CE MOSIBU MHTEPEC U KbM IPHUIAraHeTO Ha HAaHOIMOPbO3HHUS
alyMHHHEB OKCHJI MOJy4YeH upe3 aHoaupane [9]. XapakTepHOTO 3a HETO € Bbh3MOXK-
HOCTTa J1a ObJIaT 3albJIBAHU HAHOTIOPHTE C pas3anuHu marepuaiu [10], koeTo Boau 10
IIPOMsIHA HAa CBOMCTBATA Ha CJOS.
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2. 3agaua

B chBpeMeHHNTE MUKPOCIEKTPOMEXaHUYHHM CUCTEMHU IIMPOKO MPUIIOKEHUE HaMUpaT
paznuyHu MeMOpaHu. KbM TsIX ce TOCTaBAT M3WCKBAHMS 33 MEXaHWYHH, TCPMUYHH,
CJIICKTPUYCCKH M IPYTH U3UCKBAHUS. B 3aBUCUMOCT OT T€3HM M3UCKBAHUS CE U3I0JI3BAT
pa3IUYHU MaTepHaId U TEXHOJOTHUHU 3a M3rOTBsIHE. MIHTEepec mpeacTaBisiBa Bh3MOXK-
HOCTTa 3a Ch3JIaBaHE Ha MeMOpaHa OT MaTepuaj IMO3BOJISABAIIl IIMPOK JUAINa30H Ha
IIpOMEHH B MmapameTpute. Kato TakbB 1ie Obje pasrieaH aHOIHHUS OKCHJI Ha alyMH-
Hus. ChIIMAT MOJXKE J1a CE M3MOJI3Ba KaTO aHAJIOT Ha W3BECTHH CTPOUTEIIHH M MeXa-
HUYHU KOHCTpyKIuu. Ha ¢ur.1l ca qagenu nmpuMepu 3a TakoBa CpaBHEHHE.

@wur.1. KynoaHu KOHCTPYKIIMU HA MAaKpO ¥ HAHO HUBO.

3. KoncTpykuuu
KoHCTpyKTHBHO MeMOpaHaTa OT aHOJEH OKCHJI Ha allyMHUHHUsS MOXeE J1a ObJe OT JiBa
THUIA — 3aTBOPCHAa MeMOpaHa ¢ HAHOKYIIOJIHA CTPYKTypa (uUr.2.a U OTBOpPEHA IMpPEJIC-
TaBJIsiBaIa opedpeHa rpena — ¢ur.2.b. XapakTepHOTO 32 IBPBUAT BUJ €, Y€ ChIIaTa
UMa HECUMETPUYHU MEXaHWYHHU MapaMeTpH, 3aBUCEIU OT obmiara qedenrHa Ha MeM-
Opanara.

2a 2b
@wr.2. 3aTBOpeHa U OTBOPEHA MEMOPAaHU OT HAHOCTPYKTYPUPAH OKCHI.

B 3aBucumocCT OT mocokara Ha HaTOBapBaHE MCM6paHaTa e uMa pas3jindHO OI'bBaHC.
ToBa orsBaHe ¢ CBBpP3daHO C (1)OpMaTa Ha KYIIOJIa4, ,Z[C6CJII/IHaTa Ha CTCHaTa, BUCOYH-
HaTa Ha DWIMHApWYHATAa 494aCT, CbCTadBd HAa CTCHATA. TexHOTOrn4Ho HCIIOCPCIACTBCHO
MOJKC [Ja CC YyIIpaBJIIBa JUaMCTbhpa Ha IIopara , a Pa3loJIOKCHUCTO KM € KOHCTAHTHO
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CHOTHOILIEHHUE CIPSMO JuameTbpa. BTOpUAT MpsK TEXHOJIOTUYEH MapaMeTsp € aede-
JMHATa Ha OKCUJA — BHCOYMHATA HA IWIMHApUYHATA yacT. C BTOPH TEXHOJOTMYEH
IpoLec MOXKE J1a c€ U3BBPIIBA MPOMSHA HAa JUaMEThpa Ha MopaTa 4ype3 pa3TBapsHe.
Tpetu TeXHOJIOTHYEH MPOLIEC MTO3BOJISABA 3a'bJIBAHE HA I1OpaTa.

OO6mo morat aa ObAAT pa3riielaHd JABa THIAa KOHCTPYKUUU C MPUTIOKEHHE HA MEMO-
paHu U ABa TUIa HaToBapBaHe. lIpunokeHneTo Ha MeMOpaHUTe MOXe Ja Obje B 3a-
BUCHUMOCT OT (PMKCHPAHETO Ha ChIaTa KbM HOCEIIaTa KOHCTPYKIUS, KOETO € C TBBP-
JI0 3axBalllaHe OT BCUYKHM CTPAHU MJIM KOTaTO YacT/U3ILUI0 OT MeMOpaHaTa mo3BOJIsiBa
npemecTtBane. Ha ¢ur.3 ca mokazaHu TakuBa ciydau.
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@wur.3. KoncTpyknun Ha MeMOpaHU 3aXBaHATH OT JIBE CTPAHU WM €THOCTPAHHO.
1 — ocHOBa, 2 — MeMOpaHa OT aHOJCH OKCHUJI, 3 — 3aXBalllaHe Ha MeMOpaHara.
Ha ¢ur.4 ca nmoka3anu cXxeMmHu 3a TpH pa3IMYHU BapuaHTa Ha jJedopMains Ha MeMOpa-
HUTE B 3aBUCUMOCT OT IIOCOKAaTa Ha YCHUJIMETO U 3aIThJIBAHETO HA MOPHUTE.
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@wur.4. OrpBane Ha MeMOpaHa OT aHOACH OKcHI — 1 ocHOBa, 2 — MeMOpaHa,

4 — mpiHATEN Ha nopa. [IpoMsHa pa3mepa Ha eTUHUYHATA KIIETKA.
[Tpu HaTtoBapBaHe OT CTpaHa Ha JHHOTO HA MOpHUTE AepopMUpaHETO HA MeMOpaHaTa
ce CTpeMH Ja MPOMEHH JAMaMeThpa Ha rmoparta oT u3xomHus d, KbM mo-manbk O; —
CBHBAHE Ha OTBOpa. AKO HaTOBAPBAHETO € OT CTPaHaTa Ha MOPHUTE OI'bBAHETO € B 00-
paTHa MMOCOKa M JHaMeThpa Ha TIOPHUTE c€ CTpeMH KbM yBenudaBane — dp. [Ipu nopu
KOHUTO Ca YaCTHYHO 3aITbJIHCHU JleopMaIHsiTa € OrpaHUYCHA, a ChIIO TaKa 3aBUCH U
OT MEXaHUYHUTE NapaMeTPH Ha MIBIHUTEIIS.
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4, ExcriepuMeHT

3a ch3MaBaHe Ha BAIHMJICH MOJIEJ OMUCBAII MPOIeCUTe Ha AedopMaius Mpyu HAHATO-
BapBaHEC Ha MEMOpaHUTE € HEOOXOIUMO Ja ObAAT M3CICABAHU W OIMPEACICHUN OC-
HOBHUTE TCOMETPUYHH MapaMeTpH. TakuBa ca PU3NUECKO PA3MOIOKEHUE HA TIOPUTE
U pa3MEpHOCT, opMa Ha THHOTO, BH3MOXKHOCT 3a 3ambJiBaHe U Apyrd. Chb3aaBaHETO
Ha MeMOpaHU ¢ pa3nyHa JeOenrHa U OpH € u3ciieBan nporiec. [locturaatu ca me-
oemuau ot 0,5 10 50 uM, kaTo 3a HACTOSIIMS CIydail MHTEpEC MpeAcTaBisBaT Mal-
kute aeOenuHu. B pasriaeganuTe mo-moiny eKClepuMeHTH 0¢ 00bpHATO BHUMAaHKUE Ha
JIBa €JICMECHTA OT TEXHOJIOTHATa Ha MeMOpaHuTe — ¢opMara Ha BHHIIHATA TOBBPX-
HOCT Ha JJbHOTO ¥ BB3MOYKHOCTTA 3a 3aIbJIBAaHE Ha TIOPUTE .

[IpoBepkara Ha dopmaTa Ha JHHOTO C€ M3BBPIIBA KAaTO CE€ M3pPAcTBa aHOJIEH OKCHJI
BBPXY aJlyMHUHHEBO (oMo ¢ BHCcOKa yucToTa. Cien M3pacTBaHETO THIIHATA CTpaHa
(amyMHHUSAT) ce pa3TBapsi ChC CEJICKTUBEH €TYep U CE 0OCBOOOXK1aBa MOBHPXHOCTTA HA
nbHata. CBIIUTE CE U3CISABAT C IMOMOIITA HAa aTOMHO CHJIOB MHKpockomr (AFM ) ¢
BUCOKO paspemieHre. C MoMoIlTa Ha TaKbB MUKPOCKON MOraTr jJa Cce Mojaydar TpHu-
MepHH u300pakenns. Ha ¢ur.5 ca mokasanu 4act oT pe3ynTaTd 3a oOpas3iyl U3roT-
BeHH B TY-Codus u u3ciaeaBane NpoBeaeHo B kKareapa ,,MHUKpO U HaHOEICKTPOHUKaA”
Ha b/IYUP rp. MuHck.

Profile of (0) - 2 Order surface subtracted ' 2: 2 Order surface subtracted

16

12

nm

1

1] 100 200 300 400 500 600
Plans, nim

‘iidth: 256 Height: 256 (0) - 2 Order surface subtracted  Ready

@ur.4. [Ipodun Ha qbHATA HA AHOJEH OKCHJI CIIE]] CEJIEKTUBHO €I[BAHE.

3ambIBaHETO Ha MOpUTE ¢ Mea (WM Ipyr MaTepuai) MOKe Jia C€ M3BBPINU IO pas-
JUYHM METOJIM, KaTO €IWH OT Hal-4eCcTO M3MOJ3BaHUTE € CICKTPOXUMUYHUA. HTe-
pec MpeJICTaBIIsIBA J1a C€ OIICHHU 3aIlbJIBAHETO HA TIOPUTE 10 BUcOYMHA. EquH OT MeTo-
JIUTE € Jla Ce TPaBAT cepus NUIM(oBE, HO TIOKOJIKOTO pa3MEpPUTE Ha TTOPUTE ca B MO/I-
MHUKpOHHaTa 00J1acT, HaOJII01aBaHETO UM C KJIIACHYECKHA MeTanorpad)CKu MUKPOCKOIT €
3aTpyAHEHO. BTOpH MeTO/ € M3TOTBSHETO Ha JIOMOBE KOUTO Ja ObaaT HaOI01aBaHH
Ha €JIEKTPOHEH MHUKPOCKOT. [IpuroTBSHETO HA JIOMOBE C HEOOXOAMMHUS KOHTPACT II0-
Ka3Ball| pa3IMYHATE MAaTEPUATH CHII0 U3UCKBA CTICIIMAIHA TEXHUKA.

C’I)HIGCTBYBa N TPCTHU BAPUAHT IIpHU KOWTO OTHOBO C€ M3II0JI3BaT JJOMOBC, HO 3aIlbJIBa-
HCTO C MCTAJI HAIIPUMCP CC KOHTPOJIHPA YPC3 CICKTPOHCH aHAJIMU3 Ha BCIICCTBOTO.
ToraBa oTunuTaiku PasnpCaACICHUCTO Ha CJIICMCHTUTC 110 JaACHO HAIIPABJICHHUC MOKEM
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Jla OTYETEM U 3ambJiBaHeTo Ha nopute. Ha gur.5 ca mokazanu excriepuMeHTaIHu pe-
3yJATaTH OT TaKbhB aHAIHM3 M3BBPIICHU B KaTeapa ,,Ou3nka Ha TBHPAOTO TSIIO M MHUK-
poenextponuka” B CY ,,Kin. Oxpuacku” ¢ moMmollra Ha CKaHUpall eJIeKTPOHEH MUK-
pocKoI

JOEL 840A.

%

1004

1203Date:7/14/2011 5:43:07 PMImage size:512 x ) 5 N o
512Mag:12074.334902xHV:30.0kV
@ur.5. Paznpenenenue Ha €eIEMEHTHUTE B JIOM Ha 3aITbJIHEH C M€l HAHOTIOPhO3€EH
aHOJICH OKCH/JI Ha aJTlyMUHUS.

Ha ¢ur.5 ¢ mokazana nuHusta Ha ckanupane | kosto oOxBama Tpu 30HU. 30Ha 1
MIPEICTaBIIIBA MEJI KOSITO € U3pacHaia mpe3 MopuTe Ha OKCHUJIa U Ce € cisijia B o0Iia
IUIaCTHHA. 30HA 2 ¢ JIOM (BEpTUKAJICH MPOQUI) Ha OKCH]] 3aITBJIHEH C MEJ] U 30Ha 3 ¢
IBHOTO Ha MOPUTE CJIe]l MpEeMaxBaHe Ha OCHOBATa OT amymMuHui. Ha rpadukure sicHo
ce BIDKJA 4e B 30Ha 1 mmame ocHOBHO chabpkanue Ha CU, a B 30Ha 3 ©UMame MOCTO-
SHHO ChOTHOIICHUE Ha anyMuHuid u Kuciopona (AlOs), u Cu B mopute. IlnaBHOTO
MpeMUHaBaHe Ha TpaUKUTE OT €IHOTO B IPYTOTO CHCTOSHHUE CE€ TBJDKUA Ha obema oT
KOMTO CE€ U3BBPLIBA aHAJIN3a, KOUTO € OKOJIO lumg.

5. 3aki04eHue

B maTepuaiia € HanpaBeHO pa3rieXkJaaHe Ha aHOJHMS OKCUJ Ha allyMUHUSI KaTO KOHC-
TPYKUMOHEH MaTepuasl 3a MUKpPO M HaHoMmeMmOpaHu. HampaBena e ananorusi ¢ us-
BECTHU CTPOUTEITHU KOHCTPYKIIMU M KaTO CJEICTBHE € MPeAJIOKeHa XUIoTe3a 3a He-
CUMETPHYHM XapaKTePUCTUKU Ha MeMOpanute oT HaHocTpykrypupan Al,O3; B 3aBu-
CHUMOCT OT IOCOKaTa Ha HaTOBapBaHe.

3a ompelensHEe HAa TE3M XAPAKTEPUCTHUKHU Ca HANpPaBEHW IPEABAPUTEIIHH E€KCIIEpH-
MEHTH IO OIpEAEIIIHE Ha TEOMETPUYHU U MaTEPUAITHU XapaKTEPUCTUKU Ha OKCHUJA.
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HNPOEKTUPAHE HA OCHOBHMUTE EJIEMEHTH HA
KOMYHUKAIMUOHEH MOAYJI B GPS CUCTEMA

anuesa Munkoscka, Mopaan Mapkos

Peztome: Cmamusma npedcmass npoyeca Ha NpoOeKmupane Ha OCHOBHU eleMeHmMU Ha
KomyHuxayuornen mooyn 6 GPS cucmema na cayscoa 3a nemua nomowy. Onucanu ca
OCHOBHUME (YHKYUOHATHU OI0KO8E HA KOMYHUKAYUOHHUSL MOOYIL U noOcucmemume 3a
8PB3KA MedcOy He2o U ocmanaiume eiemenmu 6 cmpykmypama Ha GPS cucmemama.
Ilokazanu ca ochosnume OI0K-cxemu u aneopummu 3a maszu peanuzayusi. Ilpaeam ce
3aKAIOYEHUs. 3d NPUTLONCEHUEMO HA NPOeKMupaHume eleMeHmu u 3a Ovoewama
peanuzayusi Ha KOMYHUKAYUOHHUSL MOOYIL.

Knrwouoeu oymu. GPS, nvmna nomowy, KOMyHUKaQyuonern Mooy, noocucmemu, s0po,
oeKkooep, aneopummiu.

DESIGN OF MAIN ELEMENTS OF COMMUNICATION MODULE
INAGPS SYSTEM

Daniela Minkovska, Jordan Markov

Abstract: The presented article is describing the process of the design of the main
components of communication module in a fleet management system for roadside
assistance service. Described are the main functional blocks of the communication
module and the subsystems for connection with other modules in the fleet
management system. The main flowcharts and algorithms for the realization are
presented. Conclusions for the application of the designed components and the future
realization of the communication module are made.

Keywords: GPS, roadside assistance, communication module, subsystems, kernel,
decoder, algorithms.

1. Introduction

Development of quality fleet management systems with a real world application is a
key element of the continuously evolving branch of computerization of the transporta-
tion. Roadside assistance service consists of dispatcher center, in which all user re-
quests are processed and specialized vehicles which transport damaged vehicles. The
specialized vehicles are spread across the territory of Bulgaria. The communication
between the dispatcher center and the onboard computers in the specialized vehicles is
accomplished by the communication module (Figure 1).
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Communication module

Local Area Network GSM network

Onboard computers

Dispatcher center - -

Figure 1: Aggregate structure of the system for
management and control

The efficient communication between the roadside assistance service and the clients is
accomplished by use of specialized hardware, system and application software [1].
Successful development and deployment of such systems requires knowledge and
expertise in different fields: programming and information technologies, computer
architecture and communication technologies. Big part of the science research and
development in that field is directed towards new strategies for communication with
the vehicle onboard computers.

2. Main functional blocks of the communication module

The communication module consists of five main subsystems. The subsystems'
actions are coordinated and monitored by a kernel (Figure 2). The kernel of the
system acts as a mediator
between the different subsys- DBMS connection
tems. Messages and commands
are exchanged using the kernel.
The kernel monitors the

Dispatcher connectionje Kernel Request processing

remaining modules, and in case !
of software malfunctioning, if Decoder
there is a need, it restarts the ]

crashed module or reports to a

(Onboard computer connection
competent staff and stops the

whole system. ! i
DBMS connection — this mod- SMS GPRS
ule controls the communication Figure 2: Main functional blocks

of the system with the DBMS;

e dispatcher connection — this module controls the connection of the system with the
dispatcher application;

e onboard computer connection — this module controls the connection of the system
with the onboard computers in the service vehicles;

e decoder — this module decodes the received messages from the onboard computer
and routes them to the interested module;
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e request processing — this module receives and processes the requests for transporta-
tion of damaged vehicle;

The communication module contains functionality, which is spread over all

subsystems, like log management, error processing, configuration, monitoring and

error reporting (Figure 3).

The log is implemented using

log4net, part of Apache Logging Ser-

vices [2]. The log supports filtering

and recording of log messages in dif- ,

ferent ways — in a log file, on the con- Buffer and processing

sole, remote logging using UDP pro- ]

tocol, in the syslog on UNIX based I ] I I

systems and others. Depending on the

configuration in the log are recorded
messages of five different levels: Figure 3: log4net structure

e DEBUG - messages, intended to help debugging, diagnostics and configuration of
the application. During normal operation they are not shown;

¢ INFO - information for events and actions, taken by the program. They are used
only if problems are expected, or during configuration and diagnostics. They
provide context for the debugging messages;

e WARN - messages about potential problems, which do not affect the program
directly;

¢ ERROR - messages about errors, from which the system can recover automatically,
but with temporary loss of data or functionality;

e FATAL - messages about errors, from which the system cannot recover automati-
cally. After such event, the system shuts down completely or turns off some of its
components permanently.

The different components of the logging subsystem support different filters and
formatting.
In all places, where errors independent from the communication module (for example
modem malfunction or broken database connection), this errors are cached and
processed. For higher reliability and quicker resolving of problems parallel to the
communication module is running an application, which monitors the log file for
unusual patterns and alerts the application administrator via email.
The monitoring of used resources is implemented using the open source application
munin [3]. This application does not support monitoring of specific for the
communication module resources and automatic alerting in case of a problem, but its
modular structure and open source license allow for easy modification.
The communication module of the system for management and control of roadside
assistance fleet is server, part of client-server architecture, it does not have graphical
user interface. The communication module works as a Windows service or UNIX
daemon, depending on the used operating system. The system — user interaction is
accomplished via configuration files on one side, and log files and email alerts on the
other.

AP

file console LIDF syslog others
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The configuration file is in XML format, which helps for better structure and easy
reading both by the application administrator and the application. For validation of the
syntax existing tools may be used, like XML validation program or W3C markup
validation service. There is the potential of application with graphical user interface
for easier configuration.

3. Subsystem for connection of the communication module with other modules
The communication module is responsible for transmission and processing of the
data, received from onboard computers and for processing the actions of the
dispatchers in the system. The main subsystem for connection of the communication
module with other modules is:

e DBMS connection subsystem — this subsystem provides an APl for the other
subsystems. The subsystem monitors the connection with the DBMS and

reestablishes it if it is broken (Figure 4).

After starting, the subsystem waits for )
requests for DBMS operations. On arrival ?

of an operation, the subsystem tries to exe- _ . |
)| wait for DEMS operation ﬂ execute the

cute it. In case of an error the error is request aperatian

checked and attempt for recovery is made.

e Dispatcher connection subsystem — this
subsystem continuously manages a list
with all connected network clients, iden-
tified by their network address, user
name and password. In case of a problem
the connection is immediately broken
and its record is deleted from the list. It
Is assumed that if the physical connec-
tion is functioning properly the client
will reestablish the connection (Figure 5).

wait for data onthe take the requested
send queus * actions

try to send the
data

try to recowver fom

is there a problem? the problem

is the try

notify tve staff if needed -
successful?

Figure 4: DBMS connection flowchart

¥

wait for data fram
the dispatcher

. 2

take the requestzd
actions

is there a
proalem?

taka the dispatchar
off -he list

Figure 5: Dispatcher application connection management
The connection of the communication module with the dispatcher application is using

a specialized protocol from the seventh layer of the OSI model (the application layer)
[5][6]. When the server sends a packet, the client application must return either an
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acknowledgment if no data is requested, or the requested data. When the client sends
a packet, the server responds in the same way.
Every data packet, sent or received by the server, consists of three parts in the form:

Icommand ;id[[= [data, data,..., datal |, ]CRC32I;

where:

— command;id is unique command identifier — short text, usually an abbreviation of
the command name, followed by unique for the current session ID. The ID is used
for ensuring the correspondence of the request with the reply, because in case of
asynchronous communication the order of the replies is not guaranteed to be the
same as the order of requests;

— data are different text data, dependent on the concrete command, separated with a
comma. If in the text must be included special symbol, it is replaced by escape
sequence, similar to the one in the programming language C. If binary data must be
sent, the data is encoded in Base-64 encoding. The Base-64 encoding has two stages.
First, the data stream is separated in groups of three consecutive bytes (24 bits) and
then the three-byte groups are divided in four six-bit numbers. In the second stage
every six-bit number is looked up in a standard table to find its ASCII representation
[7];

— CRC - four-byte CRC checksum of the whole message in hex encoding for
checking of any errors in the message transmission.

e Onboard computer connection subsystem — it manages the connection between the
communication module and the onboard computers (Figure 6).

Received via SMS and GPRS packets are sepa- — K:b p—— g

rated one from another, the two streams are
combined and added to a common buffer. The [ gprs —_r
data in the buffer is fed to the decoder and
simultaneously they are recorded to non-volatile ﬁ
memory. The non-volatile memory is used in the decoder

case of another subsystem temporarily unavaila-  Figure 6: Structure of the decoding
ble or too slow. The data stream, which is to be subsystem and the connection with the
sent to the onboard computer, is added to another onboard computer

buffer. Before sending the IMEI number of the

GPRS unit and the type of the message is calculated. Based on these data the network
address (IP address or telephone number) and the method of sending (SMS or GPRS)
are calculated.

The SMS messages are sent through GSM modem, communicating with the commu-
nication module using AT command language (Table 1).

data
distribution

Table 1: Commands used from the AT command language

Command Description
AT+CPIN=<PIN><CR><LF> Enter the PIN code of the SIM card.
AT<CR><LF> Dummy command. Used to check the connection with the
modem.
ATEO<CR><LF> Stop the echo.
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Command Description

ATD<number><CR><LF> Dial telephone number for voice conversation.
ATH<CR><LF> Hang up a conversation.

ATA<CR><LF> Answer a call.
AT+CMGS=<number><CR><LF> Begin SMS to a telephone number.
AT+CMGF=1<CR><LF> Set text mode on the modem.
AT+CREG?<CR><LF> Check the GSM network status.
AT+CNMA<CR><LF> Confirmation for received SMS.
AT+CNMI?<CR><LF> Reading of the settings for SMS receiving.

For the communication via the GPRS protocol the same TCP server as in the

dispatcher communication is used, but with different seventh layer protocol (from the

OSI model). The realization of this protocol is done in the decoder.

e Decoder subsystem — the decoder is communicating with
the onboard computer using extended NMEA protocol. | sommieatian |¢I eneader

To the standard NMEA are added commands for sending | = comeser PN gecousr | t
vehicle status, text messages and commands for config- 3
uration (Figure 7). -

e Service request processing subsystem — the states of " Figyre 7: structure of the
different requests and vehicles are monitored separately, decoder
but they are dependent on each other. Despite the rapid
development of the telecommunication technologies, it is still not possible to
guarantee completely reliable data exchange, which can cause problems with the
synchronization of the request state in the server and in the onboard computer. To
avoid problems related to different states in the different parts of the system the
communication module continuously monitors for possible inconsistencies and
promptly notifies the dispatcher, so he can take the required actions to synchronize
the states. Every request takes one of six states during its execution (Figure 8):

raaled b Maer Sl

received by . choosing of Y pcysen sorlen weidde
the dispatcher

service
wehicle

trawveling towards
target

traveling towards
the autamnahile

workskop M s wsldds b

Figure 8: State diagram of the service request

— received by the dispatcher — the request is received by the dispatcher, but the
procedure for choosing a service vehicle is not begun;
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— choosing service vehicle — there is two possible approaches. In the first approach
the dispatcher chooses a vehicle and in the second the system chooses a vehicle. For
correct automatic choice to be made the dispatcher has to provide the exact position
of the damaged car. The communication module chooses the three nearest to the
target still unasked and free service vehicles and sends a request to them;

— traveling towards the target — the service vehicle is traveling towards the damaged
car;

— on target — the service vehicle is on the target. Moving of the damaged car is to be
transported for repair;

— traveling towards automobile workshop — the service vehicle is traveling towards
the automobile workshop with the damaged car;

— finalizing — the damaged vehicle is in the automobile workshop. The driver of the
service vehicle and the dispatcher are specifying the traveled mileage, the price of
the service, etc. The service vehicle is freed for other requests.

4. Conclusions

The developed flowcharts and algorithms are describing the action of the main
components of the communication module in the fleet management system. The
modular structure allows for easy addition of functionality, increasing the stored and
processed data, increasing the number of users, easy archiving of the data and the
settings and development of fail-over capabilities.

A future work is to be designed and developed real communication module and to be
deployed and configured.
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AJAIITUBEH AJI'OPUTHBM 3A OLIEHKA HA KOTBEHOTO
CBIIPOTUBJIEHUE HA ITOCTOAHHOTOKOB IBUI'ATEJI

Baagumup Xpucros

Pe3tome: [Ipu uznonzsane Ha HabIOOAmMeENU HA CHCMOAHUEMO 3d NOCMOSHHOMOKOBU
eIeKMPO3A0BUINCEAHU OM CHOUWECMBEHO 3HAYEHUE e napamempume 3a10H#CeHU 8 Ma-
memamuyeckus Mooel Ha Habrooamessi 0a Omeo8apsm Ha pealHume napamempu Ha
cucmemama E3. B npomusen ciayuaii mosa we 0o6ede 00 cpewiku 8 OYeHA8AHemoO.
Eona npomana na napamempume ce okazea uzMeHeHUemo Ha CMOUHOCMMA HA KOM-
genomo conpomusnenue (KC) npu osucamenst 3a nocmosinen mok, Ovbadcawa ce Ha
Haepseane Ha Hamomkume. B nacmoswama cmamus e npednodicen n00xXoo0 3a cuHme3
Ha aoanmugeH aneopumvm 3a onpeoenane Ha KC. Cunme3zupanusm aoanmueet aneo-
pumvm e noayuex upe3 meopemama Ha Jlanynos. Uznonzearnemo my no3eonaea oa ce
kopueupa cmotnocmma Ha KC 6 nabatooamens, mexyujo 8 npoyeca Ha paboma.
Knwuoeu oymu:. aoanmueen ancopumovm, Habaooamen, KOMBEHO CbNPOMuUBIEHUE,
OYeHKa, NOCMOSIHHOMOKO8 08u2camein

ADAPTIVE ALGORITHM FOR ESTIMATING THE ARMATURE
RESISTANCE OF DC MOTOR

VIadimir Hristov

Abstract: When using state observers for DC electric drives it is essential to make
sure that the parameters set in the observer mathematical model correspond to the
real parameters of the respective drive system. Otherwise errors will occur in the pa-
rameter values estimates. Such a change happens with the armature resistance value
in DC motors due to the heating of windings. An approach to synthesis of an adaptive
algorithm for armature resistance estimation is offered in this paper. It is obtained
through the Lyapunov theorem. Its use allows adjusting the value of armature re-
sistance in the observer constantly along the process of operation.

Keywords: adaptive algorithm, observer, armature resistance, estimation, DC motor

1. BnrBeaenue
B enextpo3aaBuxkaHusTa W Hail-BeYe CEpPBO3aJBWKBAHUATA pPEAUIla BEIUYHMHHU CE
OKa3BaT HEJOCTBITHMU 3a AUPEKTHO M3MEpPBAaHE WJIM CTPyBaT TBBPAE CKbIIO. Korarto
00eKTHT Ha ympaiieHue (eIeKTPO3aJBMIKBAHETO) € OMKMCAaH B MPOCTPAHCTBO HA ChC-
TOSIHUETO, YIIPaBIEHUETO Hal-4eCcTO ce pealu3upa KaTo oOpaTHA Bpb3Ka MO ChCTOS-
Hueto. OT CBOSI CTpaHa TOBa O3HA4YaBa, Y€ MPOMEHJIMBUTE Ha ChCTOSHUETO MOXKE J1a
Ce M3MEPBAT HEIMOCPEACTBEHO WIIU Ja C€ BH3CTAHOBAT (M3YMCIIAT) C ITOMOIITA Ha IPY-
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riu KocBeHH m3MmepBaHus [1]. HemocpeacTBeHOTO M3MepBaHe Ha MPOMEHJIMBUTE Ha
CBhCTOSTHUETO (CKOPOCT, TIO3MIIMSI, MOMEHT, YCKOPCHHE, ITbpBa MPOU3BOHA HAa YCKO-
PCHHETO U JIPYTH), YECTO € WM HEBB3MOXKHO HIIM € CBBP3aHO ChC 3HAYMTEITHU TEXHU-
YECKH TPYJAHOCTH U O CTPYBaJIO TBBHpPJIE CKbIO [2]. BB3MOXKHOCTTa IPOMEHIMBHUTE
Ha ChCTOSTHHETO Ha CHCTEMAaTa Jia Ce OlEHAT (M34MCIAT) Ha 0a3a KOCBEHH U3MEPBaHUS
ce Hapuya HaOJIOJIEHWE Ha CUCTEMAaTa, a YCTPOWCTBOTO KOETO peaju3upa TOBa Olle-
HsBaHe ce Hapuya HaOmonaten [3]. Thil kKaTo HAOIIOIEHHETO € MaTeMaTHYecKa Tpo-
Heaypa, 3a Aa 0bAaT TOYHO OIICHEHW MPOMEHIMBUTE Ha ChCTOSHUATA, MaTeMaTHUYeC-
KHsI MOJIETT 3aJI0’KeH B HaOJtoaresns TpsiOBa aJeKBaTHO Jla OTpa3siBa peajsHo MpPOTH-
Yal[UTe MPOIECH B CHUCTEMa, 3a¢JHO C BCHYKHM BB3MOXKHU HenmHeiHocTH. B [4] e
MpeIOKEeH MOAXOH 3a oleHsiBaHe Ha ckopoctra Ha [IIT Ha 6Ga3zara Ha MPOTUBO
€.1.H., KOWTO € MPUJIOKEH MPU ONTUMAJIHO MOJAIHO yrpasieHue. [IpomsiHara Ha na-
pameTpH Ha MoJieJia TIo BpeMe Ha paboTa € Bb3MOXKHO JIa C€ AbJKAT Ha: HAarpsBaHe Ha
HAMOTKHWTE, HACHUIlaHE Ha MAarHWTHATa CHCTEMa, Bb3MOXXHA MPOMsSHA Ha Koe]uiu-
€HTa Ha TBBPJAOCT Ha MEXaHWYHATA BPH3Ka MKy pOTOpa U ToBapa u apyru [5]. Or
Taka U30pOEHUTE MPUUYMHH, CHILIECTBEHA € MPOMSHATA HA CHIPOTUBICHUETO HA KOT-
BEHAaTa HAMOTKa, AbJDKaIlla C€ Ha HarpsBaHEe MO Bpeme Ha paboTa Ha nsurarens. [lo-
pajy TOBa MPU peaiM3upaHe Ha CUCTEMH C HAOII0AaTeNIM IPU MTOCTOSTHHOTOKOBH 3a/1-
BIDKBaAHUS, TpsiOBa Jla C€ OTUMUTA BIUSHUETO BHPXY 3aJI0)KEHUTE MapaMeTpu B HAOJIO-
JaTessl Ha HarpsiBAaHETO Ha HAMOTKHUTE MO-BpeMe Ha paboTa, KOeTO OT CBOsI CTpaHa
BOJIU JIO TIPOMSIHA HA KOTBEHOTO ChlipoTuBiicHue [6]. Tazu npomsiHa Boau 10 pa3jinka
MEXIy MapamMeTpuTe Ha 00EKTa M 3aJ0KEHUTE B HAOIIOAaTelNs, KOETO € MpUYMHA 32
pa3yiuKaTa MEXAY JACHCTBUTEIIHUTE U OLICHEHUTE MPOMEHIIUBU HA ChCTOSHUSATA. TeM-
NepaTypHOTO BIIUSHUE BHPXY KOTBEHOTO CHIPOTUBIECHUE MOXE Ja Oblie KOMIIECHCH-
paHo upe3 U3IMOJI3BaHe Ha aJaliTUBEH aJIFOPUTHM 3a Heropata oreHka [7].

2. MaTtemaTtnuecko onucanue Ha JIIIT
Ha ¢wur.1 e npencraBen monen Ha apuraten 3a nocrosaeH Tok (AIIT) ¢ Bp30yxnane
OT INOCTOSIHHU MarHuTH

Ra La
4o— [ VYV
LT Sj 0
a Bm Jm

®ur.1. JIIIT ¢ mocTOSIHHU MarHuTH

Bb3npueru ca cieaHUTE O3HAUCHUS
R, - KOTBEHO CBIPOTHBIEHME; L, - MHIYKTHBHOCT Ha pa3celiBaHe; U, - 3aXpaHBalIo

HaIIpC)KCHUC, I, - KOTBEH TOK, T| - TOBap€H MOMCHT Ha BaJla Ha ABUIareld, Tm -

a
CJICKTPOMAarHuTeH MOMCHT Ha Bajla HA ABUIaTel, ‘]m - HTHCPOXMOHCH MOMCHT Ha ABHU-
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rarens; K - koeuuueHT 3a Bpb3Ka MEXKIY TOKa U MOMeHTa; B - xoepuiueHt Ha
BUCKO3HO TPUEHE; @), - CKOPOCT Ha Baja; @, - MO3ULMS Ha BaJa.

VYpaBHEHUATA, KOUTO ONMUCBAT paboTaTa Ha €JIEKTPUUECKHS IBUraTell ca!
d. 1 R K

—i,=—u, -2, -——a 1
dt a La a La a La m ( )
4, -Ki By 1y (2)
dt J, J, J.
d
dt m m ( )
Ha ¢ur.2 e mokazana crpykrypHata cxema Ha JI1T [8].
7
u, T T, % T |o, [116,
K >y — —>
e Lap+Ra Jmp+Bm )4
K |«
@ur.2. CtpykrypHa cxema Ha JAI1T
["opHUTE ypaBHEHUS MOKEM J1a 3aIlUIIeM B MAaTPUYCH BUI:
d. ] |_Re K] 1]
a : La La | La
d K B : 1 |[u
el =| — —m 0 - 2 4
dt a)m Jm Jm a)m + Jm |:-I—I :| ( )
d &
dt ™" ] |o 1 0] 0 |
Koraro aeurarensr paboru Ha npaseH xox (T, =0), Torasa:
d. 1 R Ko ] -
O N NI N B
R PR N
il = — ——" 0 0
o o, 3. 3. @, |+ u, (5)
d On
-0 0
Ldt "1 o 1 0] - -

VYpasuenusra (5) u (6) Moke 1a ce mpeacTaBsAT BbB BUA!

(6)

>°<=Ax+Bu,
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KBIETO:

R K
. La La
Ia
K B..
X=| @, |- BekTOp Ha cherostHmero; A= —  ——" 0 | - marpuua na csero-
em Jm ‘]m
0 1 0]
S
La
1
sHueTo; B = ~7_ | - MaTpula Ha BX0Ja Ha CHCTEMATa.
m
— O -

3a YPAaBHECHHETO HA M3XO0Ja MOXKE 1a CC 3allHIIIC.
Ia

i,=[100]| @, | wm y=Cx. (7)
6

m

Nnesita e na ce onenu X(t), m3monssaiiku camo U(t) u y(t).

OOMKHOBEHO MPOM3BOJUTEISIT MIPEACTABS B KaTajora JaHHU 3a MapaMeTPUTE Ha JIBU-
rarens npu craiiHa temneparypa T, =20°C wm T, =25°C. IIpu npomsHa Ha TeMmIe-

parypara ce npomeHs u ceipotusicHrero R(T) Ha KOTBeHaTa HAMOTKATa, KaTo:
R(T) =R(Ty).[1+a.(T —Ty)I, (8)
KBJIETO:
R(T,) e croiiHocTTa Ha KOTBeHOTO chiportusiaeHue npu T, =20°C ; T - remmnepa-
typata ciex npomsiHa i (°C) ; a - TemmepaTypeH KOC(QHIIMEHT Ha CHIPOTHUB-

JieHneTo, kouto 3a mex € o = 0.0039/1°C
TeMmriepaTypHOTO BIMSHUE BHPXY KOTBEHOTO CHIIPOTUBJIICHHUE MOXKE Ja ObJ¢ KOMIICH-
CHUpaHO Ype3 U3IOJI3BaHe Ha aJJallTUBEH aJrOPUTHM 3a OIICHKATa My.

3. AJJanTHBEH AJTrOPUTHM 3a onpejesisiHe HA KOTBEHOTO ChIIPOTHBJIECHHE
VYpaBHEHHETO Ha OLICHEHUAT BEKTOP MOKE J1a CE€ MPE/ICTABU MO CICAHUS HAYUH:

%Q(t) = AX(t) + Bu(t) + L(y(t) - C X(t)). (9)

i.=Cx, (10)
KBJETO.
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C=[100] - marpuua Ha u3sxoxa; L- marpuua B oGpaTHaTa Bpb3Ka Ha Hab/IIOAa-

Tens (yCHIIBaHE), KOSATO ce u30upa J1a OCHUTypu HeoOXoauMaTa JUHAMHUKA U yCTONYH-
BOCT.

BbB Bpb3ka ¢ MpoMsHaTa Ha KOTBEHOTO CBIIPOTUBIIEHHE IBJIKAIIO CE HA HarpsBaHe
Ha HaMOTKHUTE 10 BpeMe Ha paboTa, MaTpulaTa Ha HaOaofaTens ce siBsiBa (QyHKUUS

Ha KOTBEHO ChIpoTuBIeHne A= f(R,), mopaau KOETO MOCIEIHOTO TPsiOBa Ja ce orle-

HiBA.
R _K
La La
A=l K B (11)
Jm ‘]m
0 1 0

Ha ¢ur.3 e nokazana 61oxoBaTa cxemMa Ha aJanTUBEH MO KOTBEHO CHIIPOTHBIIE-
HUE HAOJIIoAaTel.

u(t) > ,D,HT (@)

» B z' ™ C*

i ApantuBeH
anropuTbm [€—

L

®wur.3. biokoBa cxema Ha AJIalITUBCH 110 KOTBCHOTO CBIIPOTHUBJICHUC Ha6JII-0,ZIaT€JI.

[Ipu cuHTE3UpAHETO HA ANANITUBHUS aJITOPUTHM CE M3II0JI3Ba Teopemara Ha JIsAmyHoB,
KaTo BMECTO U3CIIeJBaHE Ha YCTOWYMBOCTTA Ha HAOO1aTeNsl, € MPEIOYEeTeHO J1a Ce
omnpenenss JMHAMUKATa U YCTOWYMBOCTTA HA TPEIIKaTa, KaTo LENTa € HEMHOTO HYJIH-

pane [9].

IIo oTHOIIGHUE HA U3UMCIUTEIHATA Irpenika MOXe aa ¢ 3anmiie. € = X — X HIH

%e=).(—).(=(AX+ Bu)—P\)AH Bu + L(Cx—c:?()}

A AN (12)
58~ (A LO(X =0+ (A= A)X

9 e (A—LC)e—AAX
dt
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Tyk:

R=R o o

La
AA=|q 0 0
0 0 0]

JInHaMuKaTa Ha ypaBHEHHETO ce ompenes oT coocTBeHute croinoctu Ha (A—LC).
AKO Te3M COOCTBEHU CTOMHOCTH MMAT OTPUUATEIHHU PEaTHH YacTH, TOraBa M3uucie-

HOTO X ce JoOJIMXKaBa JI0 IeUCTBUTEITHOTO X [9].
®dynkiuaTa Ha JIsnyHOB V ce nu30upa aa Ob/e OT BUIA:

v =eTe+%(F3a— Ra)Z%, (13)

KBJETO: C- € TIOJIOKUTEITHO ONpE/IEICHa W yIOBICTBOPSIBA U3UCKBAHUATA 32 HEM-
peKbCHATOCT U nudepennupyemoct, € >0 =const.
®dynknusara V e paBna Ha 0, korato (€) € HyJa M KOraTo M3YMCICHOTO KOTBEHO ChII-

N
portunenue R, e paBHO Ha gelictButennoro R, [10] . JocrarpuHO ycnoBue 3a acuM-
nTotuyHa yctoiiunBoct [3] e mpoussomnata dV /dt ma Owbae orpunatenna. Tasu
POM3BO/IHA €:

d [d }T . d 1dRa

—V =¢|—e| +e'—e+
dt dt dt

............ (19

(R—R.)

div_e[(A LC)" + (A—LC)Je— 2RLR e |A+1dRa(R R)
C

a
A

KBICTO. e - | - I'peiKaTa MCKAy N3MCPCHHUA N OLICHCHUA KOTBCH TOK.

. d
YcnoBueTo 3a acCHMNTOTHYHA YCTOMYHMBOCT Ce€ M3MBIHSABA, ako —V <0,T.¢ V Hama-

A
JIsIBa, TIPU yCJIOBUE (Ra— Raj >0.ToBa e BIpPHO, aKO cyMaTra Ha MOCACAHUTE JBa dJIe-

Ha B (14) e HyJa, KOCTO € U3IIBJIIHEHO IPH:
ds 2¢ »
a Ra = L—eia Ia .
a
3a ;1a ce OCUTYpH YCTOMYMBOCT Ha HAOMIOJATENs B IIENUS JUAMa30H Ha N3MCHEHHE Ha
KOTBEHOTO CHIIPOTHBIICHUE, C€ N30MPAT MOJTIOCUTE MY J1a OBAaT MPOMOPIIMOHATHA HA
nomocuTe Ha aBurareliss. OOMKHOBEHO KOHCTAHTaTa Ha MPOMOPIMOHAIHOCT CE W3-
oupa Kk >1, KoeTo OT CBOsI CTpaHa MpaBH HAOJFOAATENS JMHAMUYHO MO-OBP3 OT MOC-
TOSIHHOTOKOBWMsI Buraten [9].

(15)
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N3non3BaHuUsT aIanTUBEH AJITOPUTHM BKIIFOYBA!
1. [Tpoueaypa no npecMmsTane Ha marpunara (L) Ha HaOmoaTENS:

CobOcTBEeHUTE CTOMHOCTY Ha MaTpuIata A ce Onpeaenar OT ‘XI — A‘ =0

x+& K OW
La La
K B
| —A=| — X+ 0].
X ‘]m ‘]m
0 1 X |

XapakTepuCTUYHOTO YPABHEHHUE €:
(R, B.) (K) K
X[| X+—=21] X+—"|+|—||—1]|=0
L La J m La J m

) (Bm Raj RaBm+K2}
X[ X“+ X J—+— +—20——1=0

o (el

2. I3uncnsgBaHe mMoIOCUTE HAa HAOIOIATENS.

AN
YpaBHEHHETO, OMKMCBAIIO IPeIIKaTa Ha HaOmoaaTens € = (X — X) e:

d A AA
—e=(A-LC)(x—x)+(A-A)X
dt
4 R
—e=(A-LC)e—-AAX
dt

HeobGxonumo € ga ce HamepsT TakvBa €JUHUYHU CTOMHOCTHM Ha MaTpullaTa

(A—LC), 4ye momocuTe Ha HAOMIOAATEN S 1a OBJAT MPOMOPIIMOHATHU Ha MOJIIOCUTE

Ha ITOCTOSIHHOTOKOBHUA ABHUT'AaTCII.

(16)

L,
2 | (17)
L,

L=
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— %+L1 _L£ 0
Ll 0 0 a a
A-LC=A-|L, 0 0|= ﬁ_l_z B
L, 0 0 |Jn In
-1 10
EnuananuTe croitHOCTH 3a Ta3u Marpuna ca ¥yl —(A—LC):
R K
+—24 — 0
AT T

~(A-LO)=[L-K 4B g

XapaKTepUCTUIHOTO ypaBHeHI/Ie e

gt %+ a4 i 42
7/ }/ ]/ ‘]m ‘]m ‘]m La
R K K ]
=0 + +2+L |-——|L-—|+"| L +-21|=0
Y Yoy Jm L L, L[z JmJ ) L a
Twit kaTo ¥ =KX, TO:

for ol b (e £} et

Kato ce cpaBHU TOBa ypaBHEHHE C XapaKTEPUCTUYHOTO YPABHEHUE

, (B R RB_ +K?
X| X°+ x| —24+—2|-2m
‘Jm La La‘]m

Ha [IT/], ce monmyuana:

}=O/(*k2),
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kx &+—a+L1 x| Ray B
J L L. J

.............. | 20)
R, B R, B
—k| 2y —m |_| a m
Li La ‘]m La ‘]m
2
KK ) LB ) e BB
La ‘]m ‘Jm La‘]m
............................ @
2 VAN
o[RBT BLL (B R (B R K
KJ, K| \J, L), L] 9,

3a wieHOBeTe Ha MaTpuuara Ha HaOmogarens L=| L, | moxe na ce kaxke, ue L, ce

L,

noxy4asa ot ypaBHenue (19), L, -or ypasuenue (20),a L, =0.

4. N3Boau

[Ipu cuHTe3upaHeTo Ha MaTpullaTa B oOpaTHaTa Bpbh3Ka Ha HabIoJaTelNs € Hexena-
TEJTHO M3MOJI3BaHETO Ha MPEKAJICHO TojsiMa CTOWHOCT Ha Koe(puIMeHTa Ha MpOIop-
[IUOHAJTHOCT MKy KOPEHUTE My M T€3H Ha 00€KTa, Thi KaTo TOBA IIE JAOBEE 0 MO-
rojsiMa 4yBCTBUTEIHOCT crpsiMo mrymoBe. OOMKHOBEHO B JIUTEpaTypara ce JOIMycKa
KOeUIIMEHTHT Ha IpornopimonanHocT aa 6buae g0 10. Toii kaTo ToBa € CBBbp3aHa ¢
YyBCTBUTEITHOCTTA KbM IIyMa (KOJKOTO € IO TOJISIM TO3U KOS(UICHT, TOJIKOBA CUC-
TEeMarTa € Mo YyBCTBUTEIHA KbM IIyMa), TO 32 PCATHUTE CUCTEMH € MPETIOPHYUTEITHO
Ja ce u30upa KoepuImeHTa Ha IpOMOPIIMOHATHOCT 10 3.

Tbil KaTO CTOMHOCTTa HA KOTBEHOTO CHIIPOTHBIICHHE 3aBUCH OT TEKyllaTa TemIepa-
TypaTta Ha JBHUraress, To MaTpuiara A TpsOBa Ja ce U3YUCIIsIBA Ha BCSIKA CTHIIKA Ha
ynpasiienneto. To3u (akTt TpsOBa ga ce MMa MpeaBUJ MPU peaiu3upaHe Ha TaKuBa
CUCTEMH, TMOHEXKe Te paboTAT B pealHO BpEMe C MajikaTa CThIKA HAa JUCKPETHU3ALIUSL.
ToBa u3uckBa cepro3HO ObP30ACHCTBUE U U3UUCIUTETHU BB3MOXXKHOCTH Ha M3IOJI3-
BaHUs1 MUKPOKOHTPOJIEP.

AJanTUBHUAT aNTOPUTHM 32 OIIEHKAa Ha KOTBEHOTO CHIIPOTHUBIICHHUE, MOJYYECH 4pe3
Teopemara Ha JIAMmyHOB, 1aBa Bb3MOKHOCT Jla C€ KOPUTHpPA, TEKYIIO B Mpoleca Ha
paboTa Ha cucTemMaTa, CTOMHOCTTa Ha KOTBEHOTO CHIIPOTHUBIICHUE B 3aJI05KEHUS MOJIEI
Ha HaOmoaarens. ToBa Mo3BoJIsIBa 1O KayecTBEHa paboTa Ha cucTeMara 3a eJIeKTpo-
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®YHKIIMOHAJIHO ONIUCAHUE U NPOEKTUPAHE HA ITPUJIO’KEHUE
C YCKOPEHA OBPABOTKA HA XML UEPAPXUA

Anpuana I'eopruena

Peztome:. Ocnosnama yen na Hacmoswama paboma e cvsoasane Ha XML npunoorce-
Hue ¢ yckopeHo ooxoxcoane Ha XML tiepapxuunu cmpyxmypu, koemo 0a uznonzea
Mamemamuyecku Mooel 3a peanu3ayus, OCHO8AH HA Meopusma Ha JTUHeUHama aj-
eeopa. Ilpu mosa e odceramenno oa ce nocmueHe no-2oJsAMO Ovp30Oelicmeue om
HAKOU Oom KomepcuanHume napcepu. lIpeocmagen e HAKpamxo mamemamuyecKus
MoOel, Ha KOUMo e 0CHOBAHO NPOEKMUPAHEMO HA NPULOHCEHUEO.

Knwuoeu oymu. XML cxema, XML napcep, mazcose , DOM npeocmassane, XML
liepapxus, Mamemamuyecku MooeJ

FUNCTION DESCRIPTION AND APPLICATION DESIGN OF XML HIER-
ARCHY WITH SPEED UP PROCESSING

Adriana Georgieva

Abstract: The main purpose of this work is creating of XML application with speed up
processing of XML hierarchical structures, which to use mathematical model for re-
alization, based on the linear algebra. Moreover, it is desirable to effect more re-
sponse time from some commercial parsers. The mathematical model, on which is
based the application is presented.

Keywords: XML schema, XML parser, tags, DOM presentation, XML hierarchy,
mathematical model

1. BbBenenue

XML (eXtensible Markup Language) e crangapt (MeTae3uk) aeduHUpal IpaBuia 3a
Ch37laBaHe HA CHEIUATM3UPaHNd MapKHUPAIIN €3N KaKTO M CHHTAKCHCHT, Ha KOUTO
TE3W e3ulM TpsiOBa fa ce moguuHsaBat [1]. Toii nma 3a 1en aa yJecHH MUCAHETO Ha
coTyep, KOMTO U3BbPIIBA JAOCTHI JI0 IaHHU, KAaTO 3aj7laBa CTPyKTypaTa Ha JaHHUTE.
o nadopmarusita B equa XML daiin Mmoxke ga ce JOCTUTHE JIECHO — C MOMOIITa Ha
mporpama, HapedeHa mapcep, koaro Mmoxe na yete XML cunrakcuca. Eqno codry-
€pHO MpUJIOKEHNEe HUKora He pabotu nupektHo ¢ XML daitnose. 3agaya Ha mapcepa
€ UIMEHHO J1a IOCTaBH Ha MPUJIOKEHUETO HeoOxoauMaTa nH(opmarus, ChabpxKalia ce
B XML ¢aiina. 1 Tii kaTo 3a eauH coPpTyepeH MPOIyKT ca BaKHU €(EKTUBHOCTTA,
OBP30JCHCTBUETO U M3IOJI3BAHUTE PECYPCH, TO M U3UCKBAHUATA KbM €IMH Tapcep ca
TOM Ja MOXeE Jia ce crpaBsi ObP30 C TOJIIMO KOJMYECTBO JAHHHW W Jla M3IOJI3BA II0-
MaJIKO pecypcH.
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XML e markup e3uk u usnonssa tarose (mogooHo va HTML). 3a pasnuka ot HTML,
KbJICTO MMEHATa Ha TaroBeTe ca OMpeAesieHU B creuudukanusara Ha e3uka, B XML
MpeABApUTEIIHO 3a/1a/ICHU TaroBe HsiMa. ToBa JaBa rojisiMa r'bBKAaBOCT Ha €3UKa U
oOsicHsIBa 710 roiisiMa crerneH aymara extensible B umero my. MmMenara Ha TaroBere B
eaud XML nokyMeHT ce ompeAessiT OT aBTOpa Ha JOKyMEHTa, Taka 4e J1a OMUIIaT
Hal-100pe chabpxkaHueTo My. Baxkno cBoiictBo Ha XML e cnocobHOocTTa My na
ONUCBA JajicHa CTPyKTypa. Upe3 BiiaraHe Ha TaroBe €HU B JIPYTU CE€ Ch3AaBa IbpPBO-
BUJHA HepapXus, KaTo MO TO3M HAYMH MOTraT Jia Ce OMHUCBAT CJIOKHU CTPYKTYPH OT
nanau. XML e cb3mazneH na onucBa JaHHHUTE KaTO c€ KOHIIGHTpUpa Haj TsAXHaTa
CBIIHOCT.

2. XML Texuosoruun

2.1. XSD (XML Schema Definition)

XML Schema e npoekTupan ¢ HAMEPCHHUETO 3a YTBBPKIABAHE HA JIOCTOBEPHOCT W
JEHUCTBUTEIHOCT, JTOBEXKIAIIA JO KOJEKUHs, UHHOPMAIIMOHHO MPUIIbPKAIA CE KbM
cnenuUYHN TUTIOBE OT JaHHU , KOUTO Ca MOJIE3HU B PAa3BUTHETO Ha 0OpaboTBaIIUs
coryep nHa XML nokymenra. [Ipumep 3a XML Schema e XML Schema Definition
(XSD). XSD omnpenens tuna Ha XML 10KyMEHT U paMKHTE 3a JEHCTBUS IO MOpa3-
OupaHe Ha ChOTBETHUTE €JIEMEHTU U aTpUOyTH, CHOCOOHOCTTAa UM Jia C€ MpOsIBABAT,
TSAXHOTO OTHOIICHHUE €UH KBbM JIPYT, KAKBH THUIIOBE HA JAHHU MOXKE JIa C€ ChIAbpKAT
B TsX. ToBa Moxke Aa Obje U3Mo3BaHo OoT coTyep 3a Jia ce yCTaHOBU MOAPOOHO Ja-
a1 XML nokyMeHT € OT ChbOTBETHHS THIL.

2.2. XSL
XML omucBa cTpyKTypara Ha JaHHUTE, a HE KaK T€ M3IJIEKIAT. 3aTOBAa Bb3HHMKBA
HY’XKJ]a OT CPEJCTBO, KOETO Jla OMMCBA BHHIIHUA BUA Ha uHpopManusaTa. ToBa cpenc-
B0 ¢ XSL (XML Stylesheet Language). ToBa e e3uk, KOWUTO C€ ChCTOU BCHITHOCT OT
nBa HezaBucuMu e3nka — XSL Transformations (XSLT) u XSL Formatting Objects
(XSL-FO). XSLT cnyxwu 3a npeobpasyBane oT equd XML B Apyr JOKyYMEHT ¢ Ipo-
u3BosIHA CTpyKTypa (Hanpumep HTML). [To To3u HaYMH TaHHUTE MOTAT Jia Ce TPEeCT-
PYKTypHUpaT Taka, 4e Jia ca mo-yno0Hu 3a puszyanuzaiusa. XSL-FO ce rpuxu 3a Bu3y-
aNu3aluaTa, KaTo ¢ HEro Morar Jia ce OlMKMCBaT CTPAHULIM, MOJIeTa, CIUCHIU, OOEKTH,
mpudToBe u ap. [1o To3u Haunn equn XML moxe na ce npeodpasysa B PDF nampu-
mep.
2.3. XML napcep

[IporpaMuTte, KOMTO MMaT BB3MOKHOCT Ja 4yeTaT M M3BIMYAT MH(pOpMaLusiTa OT
XML ¢aiin ce Hapuuat napcepu. Mima pa3nuyHu BUJIOBE ApCeEPH, KaTO Hai-pasnpoc-
TpaHeHu ca Web Opaysepute. Becexn cpBpemeHeH Opay3ep Moxke na orBaps XML no-
KyMEHTH U Ja ru Buzyanusupa. Crnopeq XML cnemmdukanusra : ,,3a 4eTEHETO HA
XML noxkymMeHTH U 3a NMPEAOCTaBSHETO HAa JOCTHII 10 TAXHOTO ChIBP)KAHHE CE€ W3-
noyizBa moayJ, HapeueH XML nponecop. Ilpuema ce, ye XML mnpouecopbT u3bi-
HSIBa Ta3W JICMHOCT B MOJI3a HA APYr MOAyJ, HapedyeH npuioxenue. XML nporeco-
PBT MO-YECTO C€ Hapuya mapcep, Thid KaTo TOM MPOCTO MapcBa JOKyMEHTa U Mpeaoc-
TaBs Ha MPUJIOKEHUETO HEOOX0[uMaTa My HH(POpMAaLIHSL.
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2.4. DOM u SAX unrepdeiicu

OcHoBHaTa MpUYMHA 3a Ch3J]aBaHE HA BCUYKH TE3H MpaBuja 3a MUcaHe Ha 100pe KOH-
ctpyupanu XML nokymeHTH € B TOBa, Ja MOXE J]a C€ Ch3/aJle¢ KOMIIOThpPHA MPOr-
pama, KOSITO /1a 4eTe JaHHUTE U JIECHO Ja pa3no3HaBa uHpopmanusTa u popmarupa-
HETO.
CpuiecTByBaT 1Ba OCHOBHHM HMHTepdeiica, 4pe3 KOUTO MOXKE /1a C€ MMIUIEMEHTHUPA
enuH mapcep. EnunuAaT e peanmusupaH upe3 00EKTH, a IpYyTrusaT yupe3 cvourtus. [lpu
MeTo/a Ha 00eKTHO-0azupaHus uMHTepdenc mapcepbT MOCTPOsiBA AbPBO OT OOEKTH,
KOETO ChAbpxka BcMUku eneMeHnTu or XML nokymenTta. ToBa BepodTHO € Hal-ecTec-
TBEHUST MOJIXO/]I 32 €HO MPUJIOKEHHUE, 3alI0TO TO 00padoTBa IBPBOTO, KOETO € 3ape-
JICHO B MaMeTTa U U3ILJI0 OTroBaps Ha MepapxusTa B JokyMeHTa. CTaHIapThT 3a TO-
3u unrepdeiic e DOM (Document Object Module) [4].

- DOM e e3ukoBO HE3aBUCUM HMHTEpdeiic, KOUTO MO3BOISIBA JUHAMUYEH JTOCTHII
710 ChIBPKAHUETO U CTPYKTypaTa Ha JOKYMeHTH. Paznuuna wHpOpManus, cbxpaHs-
BaHA Ha HE3aBUCUMHU CUCTEMHU Moke na ce npeactaBu ¢ XML. Ta3u urpopmanms
MPEACTABIISIBA [1O-CKOPO JaHHHU OTKOJIKOTO JoKyMeHT. XML npencraBs Te3u maHHU
nox ¢popmara Ha nokyMmeHT u DOM moske ma ce u3mon3Ba 3a fa ce 4yeTaT Wiu IMpoMe-
Hat nanaute. C nomomrra Ha DOM moske 1a Ob1at u3rpajieHu JOKyYMEHTH, J1a C€ J10-
0aBsT, MPOMEHST WJIM TPUAT €IEMEHTH WK JaHHU. EnHa otT rinaBuHute nenu Ha DOM
€ Ja NpeloCcTaBy CTaHJIApPTeH NMPOrpaMeH MHTepdeiic, KOUTO MOXKE Jla ce Moja3Ba OT
oorat Habop ot npmioxenus. DOM e npoekTupan J1a ce U3Moi3Ba ¢ BCAKAKBU MPOT-
pamuu e3un. Cnen egHOKpaTHO mMpouuTaHe Ha ¢aitia DOM usrpaxnaa 1msioCcTHO
I'bPBO OMHUCBAIIO CTPYKTYpaTa Ha AaICHUS TOKYMEHT

- 3a paznuka or DOM unTepdeiica SAX u3nois3Ba cepueH JA0CTHII 10 €IEMEHTUTE
Ha XML ¢aitnosere. [Ipu o6xoxaane Ha (aityia ce U3Mon3BaT ChbOUTHS, T€HEPUPAHU
npu cpemane Ha XML enement. ToBa Moxe 1a ObAaT TaroBe, TEKCT, KOMEHTApH, J10-
I'BJIHUTENIHA MHCTPYKIIMK OmKcaHu BbB (aiina. [Ipu mapcBaHe ce U3Moia3BaT METOIH,
KOUTO CE€ BHKAT Clie[] HaCThIIBaHE Ha AasieHo croutne. ChOUTHUS ce TeHepHupaT B Ha-
Yajo0To M B Kpas Ha BCEKU €JIEMEHT.

3. Onucanue HAa MaTeMaTHYeCKHUs MOJIe] 32 MPOEKTHPaHe
3a 12 MOKe J1a ce MPEJICTABAT JaHHHU areOPHUYHO HA KOHIENTYAIHO HUBO [2] € BaskHO
Jla ce B3eMe MpeABUJ CJIETHOTO:
- Bceku 06exT ¢ arpubyTuTe CU ce cuuTa 3a N- MOCIeOBATEIIHOCT OT IUPPH, KOUTO
MPEICTaBAT KOJAOBUTE CTOMHOCTH Ha T€3U aTpUOyTH.
- Pabotu ce camo ¢ ecTecTBEHU YUCIla KaTo MO TO3U HaYUH Ce 3ama3BaT OTHOIICHU-
ara B XML liepapxusra.
Wepapxuunata XML cTpykTypa, KOATO ce pasriexkia UMa CIEIHUTE XapaKTePHCTH-
K.
- N — OpoAr liepapXUYHU HUBA
Q, Qy,...an —Pa3Mepa Ha BCAKO WEepapXUYHO HUBO, KAaTo ¢ €l ;
a <a,<..<a<..<ap
- €y G, Cy, ..., Gy ;— OpOAT HACIENAHUIIU 32 BCEKM €JIEMEHT OT HUBO | 10 HUBO

I + 1, cel; oOukHOoBeHO C,=1. MuoxectBoTo A= {A A, A}
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MpE/ICTaBIIABA AIreOpUueH MOJEN Ha HepapXudyHa CTPYKTypa OT JaHHH C N
HUMBA, B KOETO IMOJAMHOXECTBara A ca YaCTUYHO MOJAPEICHHU:

A cA c..c Ac..c A, . Becekn 00eKT OT HMBO N € NMPECTaBEH OT KpaiHa
nocyenoBarensoct (a,,a,,...,a,), IpUHAAJIeKAIIa HA A U MOXE Ja ce TpaH-
chopmupa a0:
n
(ai,az,...,an) = iglai 'ei = al'el—l_az 'e2 +...+an 'en

kpaero: € =(.0,..,0) ; e=(01..,0); e,=(0,0,.,1) ca 6azoBUTE eNeMEHTH 3a A .
Besko € mpencraBs NpUCHCTBUE WM OTCHCTBHE HA €IEMEHT OT ChOTBETHOTO HHBO |
B XML iiepapxusra. Ako npuemem, 4e h; = (0,0,...,¢,C,. ... .¢;,....0) u h =g ca

MOCJICTIOBATETHOCTH C JAB/DKHHA N, KOUTO MOXKE Jla HapedeM XapaKTECPUCTHYHU elie-
MEHTH, Thi KaTo T€ OMKCBAT OPOSAT HAa BCHYKH MOJYMHEHU €JIEMEHTH 3a BCAKO Hepap-
XHUYHO HUBO. Ha mpakThka Te moKa3BaT CHIICCTBYBAIIUTE HACICIHUIIN, CBBP3aHU C
Bcekn XML Bb3en B Hepapxusita. Taka npexoga XML nbpBOBHAHA CTpyKTypa -
dbuzudecko npeacrabsHe ce aeduHupa kato nzodpaxenuero O: A— P, koeto cb-
OTBETCTBA Ha BCSAKa KpaifHa MOCIeA0BaTEIHOCT:

(a,8,,....a)) €A

[snoto uncno pheP ompenens mactoro Ha obexkta Off oT HuBO N B peannara XML

fepapxuyHa CTPYKTypa. 3a (U3MUECKOTO MpEJACTaBsSHE HA JaHHUTE € JOKa3aHo, 4e
®: A— P e Oueknusa u npenacrass JuHeiHa ¢yHknusa. Kato pesynrat moxe 1a ce
OTIpEe/IeNT YHHUKAIHO ajpeca Ha oOeKTa Okr (XML BB3en r ot HHBO K) B oOmiara

CTPYKTypa T.€. YUCIOTO plz T10 CJICAHUS] HAUMH:

k-1
r _ | _ I _
pk = Elai+ak—a1+a2+...+ak_1+ak—

= o D)+ 2 D) T+ D, ) 2! = al.§®(hi)+ak' (1)

KBJIETO.

D(h)=c, =1; ®(h,)=Co.c=C;; P(h)=Cy.C.C, =C,.Cp;
®(h )= C.C.Cpnue .G 1= C.Cpo .G (2)

IIpu TOBa TONOXKEHHE BCeKM (usmdecku anpec P, Ha obext B XML itepapxuyna
CTPYKTypa MOe Ja ObJie HAMEPEH, KaKTo € MoKa3aHo B mpumMepa B T.4.2. o hopmyna

().

I{enta Ha TO3U AJITOPUTHM € JIa MPEAJIOKH HOB MOIXOJ 33 ThPCEHE U MPECTPYKTYPHU-
pane Ha epapxuunu XML manau. To3u moaxoa gaBa Bb3MOXKHOCT 3a M0-Obp3a 00-
pabotka Ha XML 10KyMEeHTH KaToO ce U3MOoI3BaT anreOpuanu meroau [3].
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4. ODyHKIUOHAJIHO ONUCAHNE U MPOEKTHPAHE HA MPUJI0KEHUETO

OcHoBHaTa 1€l Ha HacTodIara pabora e chb3naBane Ha XML mapcep, koiTo na u3-
M0JI3Ba MaTeMaTUYECKHUsl MOJIET 3a peaju3allisi OMUCcaH B TOYKa 3. ¥ MHOTOHHIIIKOBO
nporpamupane Ha JAVA. Cucremarta TpsOBa na Objae AOCThbIIHA mpe3 Web kato
MOTPEOUTEIAT 1€ UMa Bb3MOKHOCT J1a Bikaa XML daiina, koiiTo ce 06paboTsa, 1a
THPCH €JICMEHTH (TaroBe) B HETO, Jia U3TPHBA U J1a 00aBsi HOBO ChIbPIKAHHE.
[IpoexTupanusT napcep € npeaHaszHadeH ga padotu ¢ manku XML ¢aitnose, kouto
HE ca C royiiMa cjaokHocT. Ho mo3BomsiBa 1 U3MONI3BAaHETO Ha Mo-rojieMu ¢aiinose. 3a
IeNITa € W3TpajicH mpuMepeH (aily1 Ha OCHOBHA YHHUBEPCUTETCKA WepapXuiHa CTPYK-
Typa, B KOATO THPCEHETO CE€ OCHINECTBSIBA Bb3 OCHOBA HA MPEJIOKECHUS MaTEeMaTH-
YeCKH MOJIEN 3a U3YUCIIABAHE HA apeCUTe Ha eJIeMEHTUTE oT iepapxusata. C moMoII-
Ta Ha mapcepa ce npouuTta msuiata nHpopmanus ot XML ¢aiina. Caex npouynTaHeTo
Ha XML ce Busyanusupa B Web cpena. Busyanusanusra B Web cpena e ¢ e yaecHe-
HUEe Ha notpedutens. Taka Toi Mo)ke Aa M3BBPIIBA MaHUIy’lauuTe Bbpxy XML
daiina (TpueHe, 100aBsHE, ThPCEHE U T.H).

4.1. lepunupane Ha onpocredn XML esemeHnT

[IpnHOpyHKMIIMOHANTHKUTE Tapcepu HA XML npemarat 6orat HabOp OT HHCTPYMEHTH
- hamespace, Baiuaanus, pa3inuyHyd KOJAUPAHUS HAa CUMBOJUTE. Te3U Bb3MOXKHOCTH,
o0aue, He ca HEOOXOAMMHU 3a BCEKH MPOEKT. HanpumMep naneHo mpuiokeHue Moxe aa
pabotu ¢ XML @aiinoBe, KouTo ca BUHAru ¢ BaJlUJHU JAaHHU. ToBa Moxke na Obe
ocurypeHo rnpu reaepupane Ha XML ¢aiina. [Tpu Te3u o6cTosITENCTBA € U3UIIHO /1a

Ce M3MO0J3Ba MBJIHO (PYHKIMOHAJIEH Mapcep, a aKo NPUJIOKEHHETO Ce IO0JI3Ba Ipe3

web mpousBomuTETHOCTTA MOXKE Ja CE€ BJIONIM JONBIHUTEIHO 3apajd MpEKoBaTa

Bpb3Ka. 3aTOBa 3a IIeJITa € M3IO0JI3BaH OMPOCTEH Mapcep, KOUTO MpeaocTaBsi JOCThII

710 TaroBe, Mepapxusi U ChAbpPKAHUE HA eJIeMEHTUTE Ha ¢aina. Br3MokHOCTUTE MY

ca oboraTeHu KOWTO crioMara 3a MOCTHTaHe Ha MO-ToJIsIMO Obp30JeiiCTBIE MpU pado-

ta. OCHOBHATA 3ajjaya Ha Tapcepa € Mpu MPOYUTAHETO Ha (haiiya 1a u3rpaau AbPBO,
6asupano Ha mHpopmanmsaTa B XML ¢aitna. [Ipu peanmmzamnusra ce nznonssa DOM

MOJIeJT, IOpau HIKOJIKO MPUIHHU:

- To-JIECeH U yn00eH mporpaMmer untepgderic or SAX;

- cnexn oOpabotkara Ha XML ¢aiin u usrpaxnane Ha 15pBo ¢ DOM undopmanusra
€ IOCThITHA TI0 BCSIKO BPEME;

- npu u3noi3Bane Ha SAX Moxe 1a ce 00padoTBa caMoO €IMH Tar B OINpeAesieH MO-
MEHT, aKo € HeoOxoauma uHdopmalusiTa oT APyT Tar, TpsiOBa JAa ce U3I0J3Ba IJ10-
OaitHO cheTOsIHUE, KoeTo € neiira Ha DOM monena.

[Tpu m3rpaxagane na DOM nwpBoTO BB3nUTE MpenactaBit XML oGekrute B mamerTa.

[Ipu cranpaptauss DOM Mozaen uma HIKONIKO BHa Bb3MU. HampuMep TEKCTOB Bb3en

MIPEJCTaBs] TEKCTOB OJIOK, Bb3ed €leMEHT mpeacraBs enemeHT or XML nokymenra,

Bb3€J aTpyOyT MPEJCTaBsI UMETO U CTOMHOCTTA Ha aTpyOyT acollMupaH C JIaJIeH efe-

MeHT. ToBa mpenmosnara, 4e JOpH MPOCT JOKYMEHT I1e ObAe MPEICTABEH C HIKOJKO

Buja Bb3au. Hanpumep cneqnus XML kox:

<parser>MyParser</parser>

e ObJIe MpeICTaBeH M0 HAaYMH omnucaH Ha ¢ur.l.
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Document

\—b Element

[

Text

"MvyParser"”

®dwur.1. W3C DOM mpenacrassine

Omnpocterussit DOM mopen, KoilTo ce n3mon3Ba B pa3paboTkaTta ©Ma caMoO €IuH BHJ
BB3€IJI, KaTO C HETO CE MPEICTABIT BCUYKU BU0BE BH3M 0T DOM monena.

4.2. lIpountane Ha ¢aiiiia U U3rpaxaaHe HA TbPBOBHIHA CTPYKTypa

[Ipu mbppBOHAyaNHO 3apexaaHe Ha (aitna, Toil ce mpounta ot kiaca MyParser. Tlpu
TOBa ce omnpezaens aanu naaeH eneMeHT or XML ¢aiina e tar, aTpubyT WiIn TEKCT.
AKO e OTBap4II Tar ce MpoBepsBa KO € HETOBUAT POJUTEI HA U KOU ca HACJICIHUIIU-
te my. [Ipu ToBa cien mpodnTaHe Ha Qailyia cucTeMaTa uMa MSII0CTHA HH(OpMAITHS
3a JaHHUTE U TSAXHATA CTPYKTypa. Y HUBEPCUTET € KopeHa Ha AbpBoTo. CienBaniure 6
HUBa ca choTBeTHO: (1) HUBO - dakynrery; (2) - KypcoBeTe B CHOTBETUTE (HaKyJITETH;
(3) - cnenmamHOCTUTE B CHOTBETHUTE KYypCOBE; (4) - TpynHTe B ChOTBETHATA CIICIIHAI-
HocT; (5) - cTymenTuTe B choTBeTHUTE rpynu  (6) - mMeHarta Ha cryacHTHTe. Ha
¢ur.2. e mpepcTaBeHa HepapXUvHaTa CTPYKTYpa, B KOSTO BCUYKH CIIEMEHTH Ca aJipe-
CHUpaHU Bb3 OCHOBA Ha MaTeMaTtndeckus mojen (chriaacHo ¢popmyiu (1) u (2) ).

I

I 1

[

l CneyuanHocr \ l CneynanHoct \ CneyuanHoct
—

I 1

l Mpyna \ l Mpyna \ l lpyna Mpyna
——
l CryaeHt l CrygeHTt l CrypeHt ' CrygeHt Cryaent

| | |
l Texer l Teker l Teker l Tekcr Texcr

®ur.2. Uepapxmuno npeacrassue Ha XML ¢aiina

].-

Kypc

/]

CneyuanHoct

Mpyna

CryaenT

Texct

mmoi
ponilin
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XML cpain (katanor)

napceaHe Ha caiina

narpageHa 4 bLPEOBMAHA

CTRYKTYpa
yeTeHe Ha TpueHe Ha pobaBAHe Ha TbpceHe Ha
doaiina nHdopmaLma nHchopmaLna WHcopmaLma

®ur.3. dynknuonaaHa cxema Ha XML

4.3. N300pa3siBane Ha uHopManusaTa

Crnen mapcBaHeTo Ha (aiina, usuiara uagopmarus or XML ¢aitna e 3ama3ena B cnu-
cbk. C HEToBa MOMOIII Ce BU3Yyaau3upar BCHUKHU eneMeHTH oT XML B Tabnura. Bb3-
MO>KHOCTHTE, KOUTO C€ MPEAOCTABAT Ha OTPEOUTEIHUTE, N3IOI3BAIIH TOBA MIPHIIOKE-
HUE ca. TPHECHE Ha EJIEMEHTH, N00aBsSHE Ha €JIEMEHTH, peAaKTHpaHe Ha EJIEMEHTH,
ThPCEHE Ha €JIEMEHT U Pa3ryIeK/laHe Ha MBJIHUS CIUCHK ChC CTYJIEHTUTE B ChOTBET-
Hute Qgakynreru. Ha ¢ur.3. e mokazana ¢yHKIMOHATHATA CXeMa Ha MPOEKTHPAHUS
XML napcep.

5. 3akaouenue

[IpencraBeHUSAT HAKPATKO MAaTEMATUYECKU MOJIEN, HA KOWTO € OCHOBAHO MPOEKTHpa-
HETO Ha MPUJIOKEHUETO € ChOOpa3eH C OCHOBHMUTE Xapakrepuctuku Ha XML iie-
papxumuTe U € U3IMOJI3BAH C IIeJ /1a C€ YCKOpU 00padoTKaTa Ha TO3U BUJ CTPYKTYPH.
KpaitnaTta 1ien e ga ce MOCTUTHE MO-TOJSIMO OBP30JCHCTBHE B CPaBHEHHE C HIKOH
KoMmepcuaiaHu napcepu. C momolnTa Ha OMMCAHNUTE CHIIECTBYBAIM TEXHUKH 32 MPEJI-
cTaBsiHe U TIpeoOpasyBane Ha XML noxkymenTu e usrpaaen onpocteH XML daiin Ha
npUMepHa YHUBEPCHUTETCKa HepapXuyHa CTPYKTypa W € MpelacTaBeHa oOmiara ¢yH-
KuroHanmHa cxeMa. OCHOBHATa Hjaes Ha pa3paboTKara € Ja MPeIoCTaBh Bb3MOKHOCT
3a Mo-HaTaThIIIHA MTPOTrpaMHa pean3allisa Ha Taka MPOEKTUPAHOTO MPHUIIOKEHUE C e
ycKopsiBaHe Ha oOpaboTkata Ha XML noxymentu B Web cpena.
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PEAJIM3ALIUA HA TAPAJIEJIEH XML ITAPCEP C IOMOLITA
HA MHOI'OHUIIKOBO NPOT'PAMUPAHE HA JAVA

Anpuana I'eopruesa, Pocuna Anapeesa

Pestome: Hacmoswama cmamusi npedcmassi eOno Web 6azupano npunodscenue, paz-
pabomeno na Java e cpeoa na Eclipse 3a peanuzayus na napanenen XML napcep.
llapcepvm e npoexmupan xamo XML npunooicenue, npeocmagsiujo npumepHa
YVHUBepcumemcka tiepapxuuna cmpykmypa. Llenma e ¢ nomowma Ha MHO2OHUWKO-
s60mo npozpamupane Ha Java oa ce uz8bpulu napaieino 0oxoxcoane Ha uepapxusima,
C Koemo 0a ce nocmueHe no-20JM0 ObP300elicmeue Om HAKOU OM CblujeCmsysaujume
XML mexuuxu 3a obpabomra na mosu 8uo cmpyKmypu.

Knwuoeu oymu. muozonuwkoso npoepamupane, DOM unmepdgetic, napanenen XML
napcep, Web unmepdetic

PARALLEL XML PARSER REALIZATION USING
JAVA MULTITHREADED PROGRAMING

Adriana Georgieva, Rositsa Andreeva

Abstract: The present paper produces one Java web application in Eclipse environ-
ment for realization of XML parser. The parser is designed as a XML application,
represented an example of university hierarchical structure. The purpose is using
Java multithreaded programming to do parallel make the round of hierarchy with
which to effect more response time from some of the presenting XML techniques for
this kind data structures processing.

Keywords: multithreaded programming, DOM interface, parallel XML parser, web
interface

1. BbBenenue
XML (eXtensible Markup Language) e mHoOro reBKaB ctaniapt. HezaBucumo oT ToBa
B npaktukata XML mnpusnokeHusitTa ca 10TOJIKOBAa I'bBKaBH, JOKOJKOTO Bb3MOMXKHOC-
TUTE HAa CHOTBETHHUTE MPOTPAMHHU CPEACTBA CE€ M3IOJI3BAT HAW-PAIIMOHAIHO OT MPOT-
pamucta. B Ta3u peanuzanus Ha mapaiieseH mapcep ca M3MOJI3BaHU BB3MOXKHOCTHUTE
HAa MHOTOHHIIIKOBOTO TpOrpaMHpaHe Ha e3uka Java 3a mapaienHo oOXoKJIaHe Ha
HepapxusTa, KOeTo /1a M03BOJIM €AHOBPEMEHHO 00pabOTBaHe M0 OTACTHUTE KIOHOBE
Ha XML i#epapxudyHuTe CTPYKTYpd MU MOCTUTAaHE HA MO-TOJSIMO OBP30AEHCTBHE.
N3nom3BanusT napcep € npoektupan kato XML npunokenue, mpeAcTaBsiio MNpu-
MEpHa YHMBEPCUTETCKAa HepapXudyHa CTpyKTypa Ha 6 HuBa. OCBEH TOBa CHUCTeMara
TpsiOBa aa ObJe aocThiiHA mpe3 Web cpena [5] 3a ma Moke moTpeOUTENAT a2 UMa
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BusyasieH gocThil 10 XML daitna, koiTo ce 00paboTBa, 1a ThPCH eIeMEHTH (Tarose)
B HEro, Jla U3TPUBA U J1a J00aBsi HOBO ChIbPKaHUE. 32 OCHOBA HA PEaTU3UPAHETO HA
napanennus napeep € n3dopan DOM unTepdeicsT, mopaan MHOTOTO My NMPEAUMCTBA
1 Hali-Bede, 3amoro DOM untepdeiicht e Java 6azupaHn.

2. MHOTOHMIIIKOBO TPOrpaMupaHe

Java e mporpamen e3uk [2], KOWTO H3IUIO € HACOYEH KbM MPEOIOJIABAHE HA CIIOXK-
HOCTTa MMpH pa3paboTKa U MOAPHKKA HAa MPOrPAMHUTE U € U3KIIOYUTEITHO TTOIXOISIII
3a TIOCTUTaHETO Ha IEJIUTE, MOCTABEHHU B pa3paboTKara.
MuoronumkoBute (multithreaded) mporpamu mpezacraBisBaT nporpaMu, KOUTO MO-
rar Jia M3IbJIHSABAT €JHOBPEMEHHO HSKOJIKO PEAMIA OT MPOTPAMHU HHCTPYKIIUH.
Bcesika TakaBa peiuiia OT nmporpaMHu MHCTpyKiuu Hapudame thread (aumika). M3mbi-
HCHHMETO Ha MHOTOHHMIIIKOBA MPOrpaMa MHOTO MPHJINYA Ha M3MBIHEHUE HAa HIKOJIKO
nporpamu eanoBpemeHHo. Hanpumep B Microsoft Windows e Bb3MOXHO emHOBpe-
MEHHO Ja CiyllaMe My3uKa, Ja TeriauMm ¢ainoBe or MHTEepHET M Ja BBbBEKIAME
TekCT. Te3n Tpu AEHCTBHS Ce M3MBJIHABAT OT TPU Pa3IMUHHU Mporpamu (IIporecu),
KOHMTO PabOTAT eAHOBpeMEeHHO. Korato HsSKOJIKO mpoiieca B €Ha ONepallMOHHA CHC-
Tema paboTAT eIHOBPEMEHHO, TOBA CE HApU4Ya MHOT03a1auHOCT. Korarto HAKOJIKO OT-
JICJTHUA HUIIKK B PAMKUTE HA €Ha porpama paboTsT eHOBPEMEHHO, TOBA CE HapHya
multithreading (MHOrOHHUIIIKOBOCT).
MHOTOHUIIKOBOTO Mporpamupane B Java [3] Moxke 1a ce peanmsupa 1o JBa HAYMHA:

1. Cs3naBa ce Kiac, KOWTo HacjensBa kiaaca Thread. B Hero 3aabmKuTeiHO TPsIO-

Ba ja ce npeaedunupa meroaa run() ma Thread.

public void run() { ... }

TsoTo Ha run MO CHIECTBO € camara HUINKA — ONPE/Ieisi HA4aJ0ToO U Kpas Ha HHUIII-
Kara.

2. B msxon cinyyan (1) He € BB3MOXKHO, THI KaTO HOBHAT KJIac TPsiOBa J1a HACIeIU
APYT KJIAC M IOPaIy OTChCTBUETO HA MHOKECTBEHO HacleAsBaHe B Java KIIachT
Thread ne moxe na ce Hacnenu. TpsOBa a ce ch3aane Kiac, KOWTO peaan3upa
unrepdeiica Runnable. To3u unaTepdeiic mpeanonara eMH eIMHCTBEH METO/I:

public abstract void run();

Taszu peanuzauus nepuuupa Humikara. Camara HUILIKA Ce CTApPTUPA, KaTO Ce Ch3aae
00eKT Ha KJlaca B HACJICJICHUS Pell U ce M3BMKBa MeToawT Ha Thread start(). Humkwure
aKTUBHO CH B3aMMOJEICTBAT. 3a /1a ce n30eTHe Bh3MOKHOCTTA 3a TOMaJaHe B ChCTO-
SHHE ,,KPUTHUYEH y4acTbK' Ha HULIKWTE, TPsOBa Ja ce M3NBJIHIBAT KATO €JHO HEJle-
JUMO I5UT0. 3a 1enTa ce M3MOoJI3BaT MOHUTOPH. MOHUTOPUTE MPUTEKAaBAT 00EKTH Ha
KJjlaca, KOWTO MMa CHHXPOHU3HPAIIA METOAH MIIM METOJIM ChC CHHXPOHU3HpAIIH 0J10-
KoBe. B cirydail, ye CHHXpOHM3UPAIIUTE METOIN WIH ChIbPKAIIUAT CHHXPOHHU 0J10-
KOBEe MeTO/1 ¢ StatiC, MOHUTOPBT NMPHUTEKABa Kilaca.

Bcexku monuTop € duiar u ocurypsiBa mpaBoToO 3a U3II'bIHEHUE Ha KPUTUYECH YUACTHK.
Humikara moigyyaBa MOHMTOpP TIpH 3all0O4BaHE Ha M3IBJIHEHHWE HAa aCUMHXPOHEH yyac-
THK ¥ F'0 OCBOOOXIaBa MPHU U3JIH3aHE OT yyacTbKa. [1o TO3u HauMH BUpTyaHaTa Ma-
[IMHA TApaHTUPA, Y€ B KPUTUUHATA CEKLIUS MOKeE Ja Ob/1e MAKCUMYM €/1Ha HUIIIKA.

88



CuHrakcuc :
synchronized (<uzpasz>) {

[* Ts0 */
}

B HacTosimiara pa3paboTka mapanieaHoTo (HUIIKOBO) MporpamupaHe Ha Java ce us-
M0JI3Ba C 1LIeJ BB3MOXKHO MO-ONTHUMaHO o0xoxzaaHe Ha XML #epapxusra, ¢ KOATO
paboTuM, 0COOEHO IO OTHOIIICHUE Ha BpEME.

ToepceHeTo BBB (ailiia ce OCHIIECTBABA ¢ MHOIOHHUIIKOBO IPOrpaMHUpaHe Ha €3UKa
JAVA. llenra Ha TO3U BUA NporpaMupane € ontumusanus. Hanpumep, ako HanpaBum
CpPaBHEHHE MEXJly ThPCEHETO C €/1HA U C JIBE€ HUILIKH - Obp30JEHCTBUETO NPHU JABETE CE
yBeJInyaBa C HAKOJKO MWIMCEKYHIU. ThpCEHETO 3amoyBa OT KOpEHa Ha IbPBOTO,
nbpBaTa HUILKA 00XO0KJa JIEBUS HACIEAHUK U BCUUYKU HETOBH HacienHuuu. Bropara
HUIIKa 3armo4yBa OOXOXKJAHETO IO JIeCHUS HACJEJIHUK U OCTaHAJIUTE €JIEeMEHTU
NIPUHAJIEKAIIN HAa IECHUS HACIEIHUK.3a HAMUpPAaHE HA MPUHAJUIEKHOCTTA HA BCEKH
€JIEMEHT OT HepapxusiTa ce U3I10J13Ba MHOIOHUIIKOBO IIporpamupane Ha JAVA.

2.1. U3rpa:xxnane Ha Web unTepdeiic

3a no-ynoOHa paboTta 1ie ce mpeJoCTaBd BH3MOXKHOCTTA MPHIOKEHUETO N1 € J0C-
THIIHO B WED cpena [5]. Taka ce moctura mo-rojisMa r'bBKaBOCT. 3a II€JITa U3I0JI3BaMe
ZK framework. ZK framework ¢ nucan Ha Java u ToBa mpemoctaBsi borat u300p ot
rpadudHO M300pa3siBane Ha morpedutenckus uaTepderic. B ZK framework ce pa-
OOTH C OTBapsAIIM M 3aTBApSIIA TaroBe, MMa BH3MOXKHOCT 3a MPEU3NOJI3BaHE HA TO-
TOBHM MOJIC/IH. XapaKTEPHOTO 3a HEro e, ue Iisuiata nHopmMalius, Hy)kHa Ha Zul daiina
3a BU3yallu3MpaHe, ¢ chOpaHa B eauH kiac. To3u kiac ce aedunupa ¢ apply="text” B
HavanoTo Ha zul ¢aitna. MeTtoauTte, KOUTO Ce U3IMOJI3BAT 3a OYTOHHUTE CE M3BUKBAT C
noMoinra Ha anotanmure @Command u @NotifyChange(“text”). AmnorarusiTa
@NotifyChange(“text”) B JAVA (aiina ce u3mon3Ba 3a OOHOBsiIBaHE HAa OOEKTa B
CKOOHTE, ClIe]] KaTo ¢ U3BbPIIICHA HIKAKBa MPOMsHaA (100aBsHe, pelaKTUPaHe, TPHUCHE
U T.H). Bp3MoxHOCTTAa 3a JUHAMUYHO WeED mporpamupane mpemocTaBs ToJeMH
BBH3MOKHOCTH Ha IMTPOTPAMHUCTHUTE.

2.2. Tbpcene

JlaBa ce Bb3MOKHOCT Ha MOTPEOUTENS Ja ThPCHU MO (PaKyaTEeTEH HOMEp OT MpUMeEp-
HUs (aili1, 3a110TO TOBA € YHUKAJIHUS KOJ Ha BCEKH CTyAeHT. PesynraTtute nzoopass-
BaT CHABPKAHMETO HA CHOTBETHMS Tar, a ChIIO Taka HUBOTO MYy B Hepapxusara u
No3uIMsATa My Ha ToBa HUBO. Clie[] HaTHUCKaHE Ha OYTOH ThPCEHE C€ MapKupa Thpce-
HUS €JIEMEHT KaKTO € ToKa3aHo Ha ¢wur. 1.

2.3. Ilmarpama Ha KJiIacoBeTe

Jlnarpama Ha KJIacOBETE, KOSITO OIMKMCBA KJIACOBETE, M3MOI3BaHM 3a pealu3alusaTa Ha
MPOEKTa € MpejcTaBeHa Ha ¢ur.2.
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®uwr.1. Web Busyanuzanus Ha METOJ1a Ha ThPCEHE

3. [Iporpamua peaausamnus
3.1. Eclipse

3a peanmzanms Ha XML mapcepa e usnonsBana cpeaara Eclipse Indigo, teit kaTo
npejiara MupoK Habop OT HHCTPYMEHTH 3a Ch3/I1aBaHE KAKTO HAa KOH30JHH MPHUIIOXKE-
HUS, TaKa M Ha TakuBa ¢ TpaduyeH uaTepdeiic. OcBeH ToBa TOU pa3moiiara ¢ Bb3MOX-
HOCTH 32 pean3anus Ha yeO caiiToBe, MPUIIOKEHUS U YCITYTH.

Eclipse Indigo [4] moaabprka pa3iuvyHy MPOrPaMHH €3UIH, KATO UMa Bb3MOXKHOCT 3a
pasmmpenue. [lo To3n Ha4YMH cpenaTa MOXKE Jia IMO3BOJIsIBA M3IOJ3BAaHE 10 pa3indHa
CTEIIEH Ha IOYTH BCEKM mporpamed e3uk. OCHOBHUTE e3uiM BKrouBaT Java, Ada, C,
C++, COBOL, Haskell, Perl, PHP, Python, R, Ruby. IToxnpsxka 3a apyru e3uiu
MOXXE Ja ce M00aBW uUpe3 JOMBIHUTENHA WHCTamanus. ChI0 Taka ce MOIabpKaT
XML/XSLT, HTML/XHTML, JavaScript u CSS.
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# StudentsPackage

© Student
& fakultet: String
& kurs: St
& specialnost : Sting
& grupa: String
& imeNaStudent: String
& fakultetenNomer : String
© © Student(String, String, String, String, String, String)
©° Student()
S @ getFakultet() : String
. IEJ vnkanEy @  setfFakultet(String) : void
4 (€] faculty id=FPMI ¢ ‘getiund): Xung
" |£| p— Fdzl _ @ setKurs{.Stnng] LI
4 [g] courseid=2 @ getSpecialnost() : String
4 [g] specialty id=PM @ setSpecialnost(String) : void
4 [e] group id=87 @ getGrupa() : String
[€] student id=181208046 © setGrupa(String) : void
e |£I siudent i-131208010 @ getlmeNaStudent() : String
? z:::z: ::j @ setlmeNaStudent(String) : void
& lr:cuny id=FETT @ getFakultetenNomer() : String
p [e] faculty id=FKSU @  setFakultetenNomer(String) : void

l

f# StudentsPackage
‘= import declarations
® StudentsList

o allinfo: List<Student>
selectedStudent : Student
totalStudents : int
searchingWord : String
normalMode : boolean
StudentsList()
loadAllStudents(Document) : List<Student>
searching() : Student
addNewStudent() : void
editStudent() : void
submit() : void
cancel() : void
delete() : void
getAllinfo() : List<Student>
getTotalStudents(Document) : int
setTotalStudents(int) : void
getSearchingWord() : String
setSearchingWord(String) :
getSelectedStudent() : Stud
setSelectedStudent(Student) : void
isNormalMode() : boolean
setNormalMode(boolean) : void

o

@2 page
4 (2K zk
4 3 window
4 [=[ listbox(box)
. B listhead

| template(model)

0 ® ©© 0O OO0 OO O O©QO©®O©O® o0 0o p

®dwur.2. I[HarpaMa Ha HU3II0JI3BAHUTC KJIACOBC

[Tpu nmucanero Ha kox BB EClipse ce m3mon3Ba Taka HapeuyeHaTa (OHOBA KOMITHIIA-
mus (background compilation). Tlo BpeMe Ha mucaHe Ha KOJa, TOW C€ KOMITHIMPA B
peasHo BpeMe U ce JaBa nHpopMallMs 3a CHHTAKTHYHU WM JAPYTH TPEIIKH M Ipe-
aynpexaenus. DoHoBaTa KOMITHIIAIIKS HE TeHEPUPa U3IMIBJIHUM KO/, Thi KaTO 3a HETO
Ce U3IM0JI3Ba Pa3InueH KOMIIHIATOP

PemakTopsT Ha KOI mpeaigara (GyHKIHH KaTo OIBETSIBAHE HAa TEKCTA, aBTOMATHYHO
JOIUCBAaHEe, Pa3lO3HaBa KAKTO NMPOMEHJIMBH (UHKIMM M METOIW, TaKa M LUKIH M
3sBKH. IIpetoskeHusITa 32 aBMaTUIHO JOMKCBAHE CE MOSIBABAT KATO CIMCHK Ha MSC-
TOTO Ha Kypcopa, BbpXy pelIakTopa KakTo € MoKa3aHo Ha ¢wur.3.
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= Class<T>.newdnstancel ( line: 355 b & grupe “B6° (d=110)
= Class<T.newlnstance() ine: X6 e Soonea Nekario” (87 B
= BindComposer<T>.initWiewModel(BindEvaluatork, Component] line 156 - e T fid=111) & 3
(! " ] ’ R ] o | b
(B windowaul |1 Studentslistjaa 57 1) StudentTreellod Tablezo | [ Stwdentjava | (] buttonsaul | @ Web Browser S0
56 .
57=  public List<Student> loadAllStudents(Document doc){
58
5 NodeList studentlist = doc.getflementsByTaghame("student”); -
) int total » studentList.getlength(); H
61 for(int 5 = 8; 5 < total; st4){
62 Hode node = studentList. item(s);
63 String noser = node.getAttributes(). gethamedItem("id" ). gethodeValue( );
64 String ime = node.getTextContent(); ) -
65 String gru = node.getParenthode (). getAttributes(). gethamed]Iten("14") . gethiodeValue();
8 Mede grupa = ncde.getParenthiode();
67 String spec = grups. getParentiiode() . getattributes() .gethamedIten( "id" ). gethodevalue();
68 Hede speci = grupa.getParentiiode();
] String kurs = speci.getParenthiode().getAttributes().gethamedIten{"id" ). gethiodevalue();
L Hode fak = speci.getParentiiode();
n String f = fak.getParenthiode(). getattributes().gethiamedIten("1d"). gethodevalue ();
7 allInfo.add( new Student(f, kurs, spec, gru, ime, nomer));
n }
7 return allnfo;
7 }
765 fCommand
n EMotifyChange({ "selectedStudant”, "normaliicde”})
18 7 public Student searching(){
b nermaliode = false; -
4 : : : 4 L3
e — 5

dur 4.
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HM3mosn3Ba ce 3a mpociie/siBaHe Ha KOoja MpH pabdoTaTta Ha mporpamara ¢ Iel IpoBepkKa
U OTCTpaHsSBaHE Ha rperikd. MoKe J1a ce W3I0J3Ba 3a BCCKH €3HMK MOAIBbPXKAH OT
Eclipse. Mima BB3MOXHOCT 3a J00aBsiHe Ha TO4YkM Ha mpekbeBane (breakpoints),
KOMTO Chnupar paboraTa Ha mporpaMara Ha ompeaeneHo Msacto. ChImo Taka HMa
BB3MOKHOCT JIa C€ CJIEIAT CTOMHOCTUTE Ha MPOMEHIMBHUTE 110 BPEME Ha U3IBbIHCHHE
Ha nporpamara. Korato ¢ akTHBEH TO3HM PEXHMM IPH MPEMUHABAHE C MHUIIKATA HaJ
KOSITO M JIa € IPOMEHJIMBA Ce TI0Ka3Ba HeliHaTa CTOMHOCT B MOMEHTA, KaKTO € IOKa-
3aHO Ha ¢ur.4.

3. 3akiaouenue

Hacrosimata pa3zpabotka 3a peanuzanusi Ha XML mapanenen mapcep mpencraBiisiBa
nporpama 3a mapaieiaHo ooxoxnaane (mapcupane) Ha XML mokyMmeHTH. 3a OCHOBA Ha
peanu3upaHeTo Ha mapainennus napcep € u3dpan DOM untepdelicsT, mopaad MHO-
roro My npenumctBa. DOM unTepdeiicht e Java 6a3zupan. OCHOBHUTE MpeIUMCTBA
Ha pa3zpaboTeus macep ca:

e l3mos3Ba ce HOB METOJ, M3MON3BaI aareOpuunu cpeacta [1] 3a om-
penensHe Ha HUBOTO M MO3MIIMATA Ha BCEKH CIIEMEHT.

o [IpoexTupaHusT mapcep mnpeajiara Mo - BHUCOKO OBbP30JECUCTBUE OT U3-
MOJI3BAHUTE KOMEPCUATHU MPOAYKTH.

e 1lI3ncKBa MAJIKO CUCTEMHH PECYPCH.

e JloCThIT 1O MPHIOKEHUETO MOXKE Jla C€ OCBIIECTBH OT BCEKH KOMITIOTHP
CBBP3aH C HHTEPHET.
[IpunoxeHneTo Ha eUH TaKbB e(DEKTUBEH Mapcep € BbB BCHUKH 00JIACTH Ha Mporpa-
MHUPAHETO U OCOOEHO TaM, KBJETO ce€ 00paboTBa ToOJIMO KOJMYECTBO JAaHHU U CE
M3HUCKBa OBbP30/ICHCTBHE.
[To-CchIIleCTBEHUTE HETOCTATHIIH CA:

o [Ipenyara Br3MOKHOCT 3a pabora camo ¢ XML aiinose ¢ onpeneneHa
CTPYKTypa.

e JlOCTBIIBT 10 MPHJIOKEHUETO € OTBOPEH, KOETO JaBa BB3MOXKHOCT 3a
3710ynoTpeoa.
HezaBucumMo oT HemocTaTbluTe, obade mpu 100pa opraHu3aIus 1 3aluTa Ha JaHHH-
T€, U3MOJ3BAHETO HA MaTeMaTHdeckus moxaen [1] chuertaH ¢ MHOTOHHIITKOBOTO TPOT-
pamupane [2],[3] nmo3BossiBa cpaBHUTETHO OBP30 MapajieaHo o0XoXKIaHe Ha Hepap-
XHYHATa CTPYKTypa Mpy HE MHOTO TOJIsIM Opoii HUBa Ha epapxusiTa.
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YPABHEHUS 3A AHAJIU3 HA HEJIMHEVHU JJUCKPETHU
HPEJABATEJIHHU JIMHUHU

Kusko I'eopruesn

Pe3ztome. B nacmosawama paboma ce ananuzupa HeauHeuHa OUCKPEmHA npeoasad-
MenHa JUHUSL, KOO NpeoCmasisieéa GepuiCHO CbeOUuteHue Ha onpeoenet Opoil eOHo-
Munuu 36eHa. Bcsako 36eH0 cvOvbporca auHeer UHOYKMUBEH eleMeHm U HeJluHeeH Kanda-
yumueeH enemenm. Hanpasenuam ananus noxasea, ue npoyecume 6 makaea JTUHUs ce
onuceam c ypasnenuemo Ha Kopmegee de Bpus, unu ¢ moougpuyupanomo ypasHenue
Ha Kopmegez oe Bpu3z. I[lo makve nauun e ycmanogeHo, ue 8 paseneicoanama JIuHUsl
Mozam 0a ce pa3npocmpaHaeam cONUMoOHHU 8baHu. To3u ¢pakxm npasu HenuHelinume
OUCKpEemHU NpeoasamenHo JUHUU USKTIOYUMETHO NePCNeKMUBHU NPU Cb30A8AHEMO
HA HOBU eJIeKMPOHHU YCMPOUCMEA.

Kniwouosu oymu: nenunetinu OUCKpemuu npeoasameniy JuHUU, HeluHeUHU 8bIHU, CO-
qumonu, ypasnerue Ha Kopmesez oe Bpus.

EQUATIONS FOR THE ANALYSIS OF NONLINEAR DISCRETE
TRANSMISSION LINES

Zhivko Georgiev

Abstract: Discrete nonlinear transmission line, which is a cascade connection of cer-
tain number of identical units, is analyzed in the present work. Each unit contains a
linear inductive element and a nonlinear capacitive element. The analysis shows that
the processes in such lines are described by the equation of Korteveg de Vries and
modified equation of Korteveg de Vries. Thus, it is established that the solitons can be
distributed in the regarded line. This fact makes the discrete nonlinear transmission
lines very perspective for the creation of new electronic devices.

Keywords: nonlinear discrete transmission lines, solitons, equation of Korteveg de
Vries.

1. BbBegeHnue
[Ipu kmacuueckuTe MpeaaBaTeHU JUHUU C pa3NpeAC/ICHH MapaMeTpu ce MpuemMa, 4e
napaMeTpuTe ChIIPOTUBIICHUE, HHIYKTUBHOCT U KaIallUTET ca HEMPEKbCHATO pasIpe-
JICJICHU 10 IIs1aTa JBhJDKUHA Ha JIMHUATA. J[MCKpEeTHUTE MpeiaBaTeTHU JUHUM CE ChC-
TOSIT OT ONPEICIICH OpOil CBBP3aHU BEPIIKHO OTACIHH 3BeHa (MM KiIeTKu). Bcesiko
3BEHO ChIBpPKa B OOIIMS CIydail CBBP3aHHM 10 OIpe/eieH HaUWH Pe3UCTUBHU, HHIYK-
TUBHH U KallallUTUBHU €JIEMEHTH.
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JIUCKpeTHUTE TpeAaBaTeHU JIMHUU, OCOOEHO HEIMHEWHUTE, MPEeIU3BUKBAT TOJISIM
MHTEpPEC B PA3IMYHU JUCLHMIUIMHU KAaKTO OT YUCTO HAay4yHa, TAKa M OT NPHIIOKHA
rienHa Touka. OT elHa cTpaHa B MHOT'O OT HEJIMHEHMHUTE NTUCKPETHU IPEIaBaTEIIHU
JIMHUAW TIPU ONPEACIIEHU YCIOBHUSA MOTAT Ja C€ Pa3NpOCTPAHSABAT COJMTOHHU BBIIHH.
ToBa naBa BB3MOXHOCT T€3W JMHUM Aa ObJAT M3MOI3BAHMU 32 Ch3[JaBaHE HA HOBH
€JIEKTPOHHU YCTPOMUCTBA U KOMIIOHEHTH PabOTEIIN B PA3IMYHNA HETUMHEHHN PEXXUMU U
U3MOJI3BAIlM pa3IMyHU HenuHeHHu edextu. OT apyra CTpaHa HEIMHEWHHUTE JHCK-
PETHU MPEJABATENHM JIMHUU €A U3KIFOUUTEIIHO MEPCIIEKTUBHU NIPU EKCIIEPUMEHTAIIHU
u3cienBanus. Upe3 TakuBa JIMHUM JIECHO MOraT Jja C€ MOJIENMpaAT HEJIWHEWHU ypaB-
HEHHS ChOTBETCTBAM HA PA3JIMYHU PEATTHU MPOLIECH, KOUTO TPYAHO MOTaT Ja Ce U3-
CJe/IBaT eKCIiepuMeHTanHo. EJekTpudueckusaT Mojien Moxke J1a Obe u3ciaeBaH MHOTO
MO0-JIECHO, a OTTYK C€ MoJIyuyaBa HH(GOpMaLKs U 32 PeaHUs MpoIiec.

B Hacrosmara cratus ce aHanu3upa HEJIMHEWHA NTHCKPETHA IPeAaBaTelHA JIMHUUA,
YUATO cXeMa € Moka3zaHa Ha ¢ur.l. Besko 3BeHO OT JIMHUATA MMA JIMHEEH pa3Mmep

(TpKMHA) & W ChIBP)KAa MHIYKTUBEH €IEMEHT C MHAYKTUBHOCT L, M HeIMHeeeH Ka-
ITALIUTUBEH €JIEMEHT. BXOIHOTO HaNpeKeHUe U BXOJHMS TOK 3a 3B€HO N O3HayaBame
c U, ¥l 4, aWU3XOIHOTO HANPEKEHUE M U3XOAHUSA TOK - C U, H ..

B 0o6mus ciydaii Te3u BeIMYUHU 3aBUCAT OT BpeMeTo 1.

A L,

. Y /

o
Vat
un J Qnﬂ ;
o
Vad

@ur.1. Enextpruyecka cxeMa Ha HEJIMHEIHATA JUCKPETHA IIPEIaBaTEIHA JTMHUS

o
3
+
=

=

unﬂ

g

3aBHCUMOCTTA MCIKAY CIICKTPHUYCCKHA 3apsa Qn U HAIIPEKCHUETO U,, HaA HEJIUHECHHUS

KanalMTUBeH elieMeHT (KYJOH-BOJTHA XapaKTepUCTHKA) CE 3ajaBa MO CJICTHHS Ha-
YUH:

p CP p
Qn IQ(Un)chun—CpUn :Cl un_C_un J (1)

1
kpaero C;, >0, C >0,a p=2, wm p=3.Ilpu p=2 umame KBajpaTHIHa arnpoK-
CUMaIlUs Ha 3apsijia OT HAlPEKEHHETo, a pu P =3 - KyouuHa. [lle oTbenmexum, ve

TaKMBa 3aBUCMMOCTU Ha 3apsifia OT HAMPEKEHUETO ca XapaKTEepHU 3a KOHAEH3aTOpHU
ChC CETrHETOAUCIICKTPUIM (BapUKOH/IM), 32 BapUKallM, BapakTOpH, W HIKOH JIHOJIH,
KBJIETO CE€ M3MOJI3BAT KAMAIIUTETUTE HA P — N MPEXO0Iu MPU 00OPaTHO 3aXpaHBaHE.
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Ilo HaTaThK 1I€ OpearnoiaraMe, 4e iMaMe Majlka HEJIMHENHOCT, T.€. U3I'BJIHEHO € He-
PaBEHCTBOTO

Cp
u=—=<<1, p=2,3. (2)

1
Otuuraiiku (2), paBenctBo (1) MOXKe Ja ce 3armuiie Mo CIeIHUS HAuKH:

Q,=QU,)=Cylu, —uvu?), p=23. 3)

2. YpaBHeHHUs 32 TUCKPETHU BeJIUYMHHI
Cren mpuiarane Ha MbpBH U BTOpH 3akoH Ha Kupxod (dur.1l) momyuaBame:

Lo d:j”t‘l +U,—U,;,=0, (4)

Iy =1, +dd% , (%)

Lodd—i:+un+l—un=0. (6)
3amectBame (5) B (4):

LO%+LO%+UH—UM:O. (7)

Ot pasenctBo (6) uspasssame Ly(di,/dt) u 3amectBame pesynrara B pasenctso (7),
IPY KOETO TI0JTydaBame

d?Q

LOTzn_(um-l_zun +un—1):O' (8)

Cnen otuntane Ha paBeHCTBO (3) ypaBHenue (8) npuema Buja:
d’u, d’(u}) 1

2 H 2
dt dt L,C,
VYpaBuenue (9) € OCHOBHOTO TOYHO YpaBHECHHUE 3a HEJIMHEHHATA JUCKpETHA Mpe/aBa-
TEJIHA JIMHUS, KaTo B HETO y4acTBaT JUCKPETHUTE CTOMHOCTH Ha HAIIPEKEHUETO. To €
HEJIMHEWHO BBJIIHOBO YPAaBHEHHE C MAI'BK WIEH OTpa3siBalll HEJIMHEHHOCTTA, ThI-KaTo
[ € MaTbK KOe()ULIUEHT.

(Upyy —2U, +U,4)=0. 9

3. YpaBHeHus 32 HENPEKbCHATH BeJINYNHHA
Heka nmpocTtpaHCTBEHHAT nepuosl A Ha BBJIHATA, KOATO CE€ pa3lpoCTpaHsBa Mo JUHU-
sTa € MHOTO TIO-TOJISIM OT pa3Mepa (Ib/DKHHATA) @ Ha €HO 3BEHO, T.e. A >>a W Heka
TO3U nepuoj 00XBallla MHOTO 3B€HA. B TO3M cilydail HanpeXeHUsITa U TOKOBETE B Ch-
CEJHUTE 3BEHA CE€ pa3Iu4aBaT MaJKO M MOXKEM J1a IPEMUHEM OT JUCKpETHATa Ipo-
MeHIMBa N (HOMepa Ha 3BEHOTO) KbM HENPeKbCHATaTa KoopauHara X =na. [lpu to-
Ba MOJIOKECHUE 32 HEITPEKbCHATO U3MEHSIIIOTO ce Hampexkenue U(X,t) nmame

u, =u,(t)=u,(nat) =u(xt). (10)
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[To-HaTaThK 1I€ U3M0JI3BaME U CIIEAHOTO Pa3joKEeHUE B pea Ha Tewop:

ou_ 1{ o 1( 6%u 1 (o
U () =u(xtat)=u(xt)t-—a+=|—— [@°+>| - °+—| — [a* +
B ox 2\ 0x 6\ ox 24\ O X
(11)
B mocieaHoTo paBeHCTBO IIpeHeOperBaMe YIEHOBETE ChABPKAIIM IPOU3BOIHH C PE
no-rojisiM ot 4 u karo oryereM (10) moyyaBame CiIeTHOTO ChOTHOIIICHUE:
o%u) a*( o'
d——= == | (12)
O X 12\ ox

B pasenctBo (9) mpemuHaBaMe OT qUCKpeTHaTa mpoMeHinuBa U, (t) KbM Hempekbe-

Uy, —2U,+U,,=a

HaTa npomermBa U(X,t). 3a tasu 1en 3amectBame paserctra (10) u (12) B (9), npo-
H3BOIHMTE 10 BPEMETO CTAaBaT YaCTHU IPOU3BOIHH, CJIE€I KOCTO MOJydaBaMe
o'u  ,d%u  8*@uP) o
7 Vo o H 2 b 4
ot OX ot O X

-0, (13)

KbACTO

a a’

Vo=———, b= .
* LG 12L,C,

Tyxk ¢ V, € 03HaueHa cKOpoCTTa Ha OsraiaTa BbJIHA ONMCBAaHA C JIMHEHHOTO BBHIHOBO
ypaBHEHHE, KoeTo ce nmonydaBanpu #=0u b=0.

VYpaBuenue (13) e HenMHEIHO BBIIHOBO ypaBHEHHE ¢ Malika HelmmHeHoCT (1 <<1) mo
OTHOIIICHHE Ha HEMPEKbCHATO U3MEHSIIOTO ce Hanpexkenue U(X,t). [Ipensun ycmosu-

ATa MPU KOUTO C€ MOJy4yaBa TOBA ypaBHEHHE, C€ Ka3Ba, 4ye TO € BAIMIHO MPH IBJITO-
BBJIHOBO NMPUOIHKECHHE.

4. Tlpunarave MeToJa HAa 6ABHO U3MeHs NS ce mpodua

3a Mo-HATaTHIIHOTO OMPOCTsBaHE Ha ypaBHeHue (13) mie W3mon3Bame MeTona Ha
0aBHO m3Mensmus ce npoduin [1]. To3n MeTon MIMPOKO Ce M3MO3BA MIPH YPaBHEHHUS
ChIBprKaIIY Majka (crnada) HeIMHEHHOCT, TUCTIEPCHs], WIIN TUCHIIAITHS.

ChriaacHo MeTofa Ha 0aBHO M3MEHAIIMS ce MPO(HI HpU OMpEACIsSHE PEIICHUETO
u(x,t) ma ypaBuenue (13) ce mpemuHaBa OT HEMOABHKHA cHcTeMa Ha oTunuTaHe (X,t)

KBbM TIOJIBIKHA (MJIM CHITPOBOXKIaMIa) cucteMa koopauHata (&,7), KbJIeTo
E=X-vgt, T=ut, pu<<l. (14)
IIpu ToBa nonoxeHue
u(x,t)=U(&,7). (15)
[TociaenHOTO paBEeHCTBO O3HAuYaBa, 4e MPOGWIHT Ha BbIHATA 3aBHCH HEe caMo OT &,

HO OIIC 3aBHCH U 0aBHO OT BpPCMCTO.

Kato ce m3nonsear paBencta (14) u (15) snecHo ce monydaBa, 4e 3a MPOU3BOIHUTE,
KOUTO y4acTBaT B paBeHCTBO (13) ca B cuiia CIICTHUTE 3aBUCHMOCTH:
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n=1,2,-- (16)
ox"  a&"
ou_,u_, U an
ot 0 o0&
02 , 0°U o°U , 0°U
—=u"——-2uv + Vg 18
o2 a2 M %Gear Vaet (18)

»,BpeMeTo” 7 € Malika BeJIMYMHA U C€ U3MEHs 0aBHO B cpaBHeHUE ¢ Bpemeto t. To-
raBa pyukuusara U (&,7) 3aBucu 0aBHO OT 7 M IPH BCAKO Au(epeHIUpane mno 7 pe-

BT HA MAJIKUTE WICHOBE (OMpE/IeICH OT CTENICHUTE Ha 4 ) ce yBenuuasa. [lopaau To-

Ba B MHOI'O IIPAKTHYCCKHU CIydan € JOCTATb4YHO Aa CC 3alla3sAaT CaMO YJICHOBCTC C ITbP-
BUTC IIPOU3BOJIHU 110 T .

Karo ce usnonssa pasenctsoro UP (x,t) =U P(&,7), ce ycranosssa, ue nspasure (16)-

(18) ca BanumHM U B cayuas, korato U ce 3amectuc U, alU —c UP.
3aMecTBaMe MOJTyYEHHUTE U3PA3H 3a IPOU3BOAHHUTE B paBeHCTBO (13):
2 2 241 P 211 P 2P 4
, 0°U GU_{ZO(U) 5y UP) 0P )}_bau

-2 —
07> ”Oagar 07> o oeor 0 522 o

2
B nmocnenHoTO paBeHCTBO NMpeHeOpersaMe MaJIKUTE YIEHOBE OT pel 4, MPU KOETO

=0.

1

oJIy4aBaMe:
2 p
21V, oV + Vg 2 0° (U2 ) 7 :O. (19)
0&or o0& 85
Ypasuenue (19) Mmoxe Ja ce 3anwuiine BbB BUIa
p 3
915 vo(9U yvga(u ) baU =0. (20)
85 o0& o&3

N3pa3bT B cpeTHUTE CKOOM Ha MOJYyYEHOTO YPaBHEHHUE € paBeH Ha KOHCTaHTA IO OT-
HomeHue Ha &. OT Gu3NYHU CHOOPaKEHHS Ce HaJlaraT IPAaHUYHHUTE YCIOBUS BETUYH-

Hata U u HeliHuTe npou3BoAHHU J1a KIOHAT KbM O npu & — +oo, mpH KOETO Ta3u KOH-
cranTa craBa paBHa Ha 0. ToraBa ot ypaBuenue (20) ciensa
oU ou®) o
2UNy —— + pVe ULy = =0
ot o0& o0&

[Ipu kBagpaTHyHa anpoKCUMAIIMs Ha 3apsja Ha HEJIMHEWHMsI KOHJEH3aTop OT Halpe-
KEHHETO, T.€. Ipu P = 2, ypaBHeHue (21) craBa cnenHoto ypaBuenue Ha Kopreer

(21)

ne Bpus
3
GUNTAT T @
ot 85 o&3

KbACTO
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2
ﬂ:&<<1’ a:VO’ IB: b :avo
C, 2uv,  24u

[Ipu xkyOuuHa anpokcumanus Ha 3apsija Ha HEJIMHEWHUS] KOHJIEH3aTOp OT Halpeike-
HHUETO, T.¢. pu P =3, ypaBHeHue (21) cTaBa clieAHOTO MOAU(PUIHPAHO YPaBHEHHE

Ha Kopreser ne Bpu3s
ou . 20U o°U

ot o0& ﬂa§3 (@)
KbIACTO
2
,u:%<<l, a:EVO, B= b _aY
C, 2 2uv, 24u

VYpaBuenusita Ha Kopreser ne Bpus ce pasriexaar KaTo KJIaCUYeCKH YPaBHEHHUS B
TEOpUATA HA HEJIMHEWHUTE BBIHOBHU ypaBHEHUs. Te ca Hail-noOpe U3y4YeHH U3MEXKY
BCUYKH HEJIMHEWHH BBJIHOBHU YPAaBHEHHUS, HA TSIX Ca MOCBETEHH MHOTOOPONHU HAay4YHU
U3CIIEIBaHUS U HUE TyK HAMA Ja pasmiiexaame TexHute pemenus. [loaxondmo 3a
HAIIIATE [IeJIM M3JI0KCHHE Ha TE€3HM BBIIPOCHU € AaneHo B kuurute [2] u [4]. Lle oTbe-
JIEKHUM CaMo, Y€ IIPU OIPEIETIEHH ChOTHOIICHNS Ha KOe(PUIIMEHTUTE U Ha4YaJIHUTE yC-
JIOBUS pelleHusATa Ha ypaBHeHuero Ha Kopreser ne Bpus ca T. Hap. KHOMAAJIHH
BBJIHHM, A [IPU APYTH CbOTHOLIEHUS — YEIUHEH! BbJIHU HAPEUYEHU COJTUTOHH.

5. I[I/ICHepCI/IOHHH 3aBHCUMOCTH

OCHOBEH MOMEHT TIpM H3CJICIBAHETO HA BBIHOBHUTE NPOIECH € OINMPEICITHETO Ha
JTUCIICPCUOHHUTE 3aBHUCHMOCTH 332 ChOTBCTHHTE YpaBHCHHS. J[MCTICpCHOHHHTE ypaB-
HEHUS JaBaT BaKHA MH(POPMAITUS 32 CBOWCTBATA HA BBIHHUTE, CBHP3aHU C PEIICHUETO
Ha OIpeJIeJICHO BBIIHOBO ypaBHeHHE [3].

OCHOBHOTO yYpaBHCHHE 3a HEJIMHCHHATA TUCKPETHA NPeIaBaTeIHA JIMHUS MIPH U3ITOJ-
3BaHE Ha JIMCKPETHUTE CTOWHOCTH Ha HANPEIKEHUETO € HEeJIMHEeHHOTO ypaBHeHHe (9).
HennHeHUAT YIeH B TOBAa ypaBHEHHE € MabK, MMOPAJH KOSTO MOXKE Jia Ce MPeJro-
JIOXKH, Y€ PEHICHHETO MYy II¢ MMa CBOKCTBA OJIM3KHU JIO PEIICHUETO Ha CHOTBETHOTO
JMHEApU3UpaHO ypaBHEHHE. JIMHEHHOTO ypaBHCHHE CHOTBETCTBAIIO HA YpPaBHCHHE

9)e
d®u, 1
n_
dt? LG,
3a Aa OoIpcACInMM OUCIICPCHOHHOTO YPAaBHCHUC THPCHM PCIICHHUC Ha ITOCJICOIHOTO
ypaBHEHHE BbB BU/Ia

(un+1 _Zun +un—1):0' (24)

u, = Aexpliot —inka] , (25)

AKO TakoBa peIlIeHUE CHIIECTBYBA, TO MOXKEM Jla TOBOPHM 3a pa3lpoCTpaHsBallla ce
BbJIHA C MOCTOSIHHA aMIUIUTyAa A, KpbhroBa 4eCTOTa MO OTHOIIEHUE HAa BPEMETO @,
BBJIHOBO 4KCI0 K M abiDKuHA Ha BbhiHATa A, npu koeto K = 27z/ A . JlecHo ce BMXKa,

Ye e B CHJla paBeHCTBOTO U, =U,exp(—ika), otkpaero ciensa, ye BenmunHata ka

n+1
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XapaKTepu3rupa U3MCHEHHUETO Ha (a3aTa Ha BbJIHATA MPHU IPEMHUHABAHETO U OT 3BEHO
N xbM 3BeHO (N+1).

3amecTBaMe paBeHCTBO (25) B paBeHCTBO (24) U cex U3BECTHU MPeoOpa3yBaHUs I10-
Jy4aBaMme AMCIICPCUOHHOTO YpaBHEHHUE 3a ypaBHeHue (24):

o’ = L2C (1—coska) = Li: sinz(k—;). (26)
0“1 0“1

3anaBaiiku B (26) yectoTara @ (OKa3BalkW Ha Bepurara BHHIIIHO BB3JICHCTBHE), MO-
xem na HamepuM K. C mpocTH pa3chKACHHS, KaTo Ce M3I0J3Ba paBeHCTBO (25), ce
YCTaHOBSIBA, Y€ aKo K e peasiHo 4ncIio, TO BbB Bepurara ce pa3npocTpaHsBa He3aTHX-
Ballla Osraiia XxapMOHHYHA BBJIHA C YeCTOTa @ . AKO K € MMarmHepHO YMCII0, TO BbJ-
HaTa eKCIIOHCHI[MAIHO 3aTHXBA.

Jla pa3riieqaMe ypaBHEHUETO Ha pas3riie)KJaHaTa IpeaaBaTeIIHA JIMHUS 110 OTHOIICHHE
Ha HENPEKbCHATUTE CTOWHOCTH Ha HAIPeKeHHeTo, T.e. ypaBHeHue (13). ToBa ypas-
HEHUE CBIIO ChIbPKAa MATBK HEJIMHEEH WICH M CJIC] JIMHEAPU3UPAHETO MY C€ TIOJTY-
YaBa YPaBHCHHETO

ou  ,0%u ol

—V -b =0. 27
otz Cox? ox! @0
ToepcuM peliieHre Ha TMHEHHOTO ypaBHeHuUE (27) OT BUaa
u=Aexp(iot —ikx). (28)

Cnen 3amectBaHe Ha (28) B (27) u mpeoOpa3yBaHe MoJlydyaBaMe AMCIICPCHOHHOTO
ypaBHEHHE 32 ypaBHEeHHETO (27):

o =Vvik? —bk*. (29)
U tyk, xoraro K e peayiHa BenuuuHa, e UMaMe HE3aTUXBaIlla BhJIHA. M3cienBaiku
oukBaapatHOTO (110 OTHOIIEHKHE HA K ) ypaBHeHue (29), Moke Ja ce mojaydaT yCIOBH-
sTa, IPH KOUTO K € peanHa BeIUYMHA.
[To-HaTaThK IIe pasrieaaMe JOMyCKaHHUITa, KOUTO ca HAIpPABEHH IMPH IOJIyYaBaHETO
Ha ypaBHenue (13) ot ypaBHenue (9). Ha mppBo Bpeme nuickpeTHaTa BenmuuHa U, (t)
¢ 3aMeHeHa ¢ HempekbcHaTaTa U(X,t), cien koero ¢yHkiusaTa U(X,t) e pa3sura B pen

M ca OTYETCHH CaMO ITBPBUTE HIKOJIKO WICHA OT TO3U pen. KaTo ycimoBue 3a KOpeKT-
HOCTTa Ha TE€3H OIEpally Ce M3MCKBAIIe pa3MepbhT Ha KJIETKaTa a Ja ObJe MHOIO I0-
MaJIbK OT IbJKMHATA Ha BbJIHATA A, HO TOBa TBBPJICHHE HE Oe€lle CTpOro 000CHOBA-
HO. Tyk Ha 6a3aTa Ha TUCTIEPCHOHUTE 3aBHCUMOCTH IIIe AaJIeM MO-CTpOora 000CHOBKA
Ha YCJIOBHATA IIPH KOUTO € BaauaHO ypaBHeHHE (13).

B mucnepcrnonHoro ypaBHeHue (26) pa3BuBamMe B pejl CAHYCOUIaIHATa (PYHKIINS, TIPH
KOETO MOJyyaBame

2
, 4 .z(ka) 4 |ka 1(ka)2 1(kajs
w° = sin’| — |= — ===+ = -] =
L,C, 2) L,Cc,|2 3l2) si2

2 3 2 4
__4 (@) _zﬁl(@) Fo]= k2o B koK bk
231 2 LC,  12L,C,
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[TocneqHOTO paBEHCTBO MOKa3Ba, Y€ AUCIIEPCHOHHOTO YPAaBHEHHE 33 HEMPEKbCHATATA
BenuunHa (29) ce momydaBa OT JUCHEPCHOHHOTO ypaBHEHME 3a AMCKPETHATa BEJIH-
ypHa (26), npu ycloBHe Y€ OTYHTaMe CaMo ITbPBUTE J[BAa WICHA OT peja Ha CHHYCOU-
nanHata gynkuusa. TakoBa mpeHeOperBaHe € KOPEKTHO IIPU MalbK apryMeHT Ha CH-
HycoujanHarta GyHknus, T.e. npu Ka <<1. OT nocieaHOTO HEPAaBEHCTBO U OT PaBEHC-
TB0TO K =27/ cnensa a<< . Ho ToBa MMEHHO Geliie OCHOBHOTO TIPEIIOI0KEHHE,

KOCTO H3IIOJI3BAXMC B HAYAJIOTO HaA pa3aciI 3.

6. 3aka0ueHHue

B crarusra ca u3noXeHU OCHOBHM U NMPUHUMUIIHKU TMOJIOKEHHS OT aHAJIM3a Ha HEIU-
HEWHU AUCKPETHU MpeaaBaTenHu JUHUM. [lomydyenu ca ypaBHEHUsATa U TUCIIEPCHUOH-
HUTE 3aBHCHMOCTH 32 JUCKPETHO M3MEHSLIOTO CE€ HAINPEKEHUE U 32 HEMPEKbCHATO
M3MEHSIIOTO ce HanpexeHue. [TokazaHo e, ue nmpu onpeneneHu yciaoBHs pa3npocTpa-
HEHUETO Ha BBJIHM B TaKMBa JIMHUU CE OMKCBA C HEIMHENHOTO ypaBHeHue Ha Kopre-
Ber ne Bpus, xoeTto o3HauaBa ye € BH3MOXKHO Pa3NpPOCTPAHEHHETO HAa COJUTOHHH
BBJIHU. V37M0KEHUST MOIXO0J U MOJYYEHUTE PE3yITaTh MoraT Ja c€ W3MOJ3BaT 3a
aHaJIM3 Ha MpeAaBaTEHU JIMHUM C JAPYTU KOH(PUTYpalUH, a ChIIO U MPU KOHCTPYH-
paHe Ha HOBM €JIEKTPOHHU MPUOOPH U3IMOI3BALIN AUCKPETHH MPEaBATEITHU JIMHHUH.
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IIJIASMEHO IHOAIIOMOI'HATA OI'HE3AIIIUTA HA
ABPBECHUHA OT THAJIAM (LYSILOMA BAHAMENSIS) - |

Junasina l'ocnogunoBa, UBaiiino Usanos, Ilersp unes,
JIrocuen BeseBa, Anexanapo I'yruepec

Pesztome: [lnasmeno noonomocnamama ocHesawuma upes 3abasumenu HA 2ope-
Hemo Ha 0bP60, ObPEeHU U30EIUSL U YELYI03HU MAMEPUATU € 3AMUCIEHA U Pa3pa-
bomena Kkamo pe3yumam om nosi6ama U passumuUemo Ha NiazmeHo nOONOMOSHAMA
Kkanuapua umnpecnayus. Ilpeduiecmeawjomo KanuispHama uUMnNpeSHayus nias-
Meno xumuuno akmusupane (U GYHKYUOHANIUZUPAHE) HA NOSPXHOCMMA NPOMEHS]
CHULECNBEHO CNeKMPUYECKAMd, XUMUYHAMA U KANWIAPHAMA AKMUEHOCM HA No-
pecmama nogbpxXHOCH, KOemo On C805i CMPAana onpeoens. no00OP6anemo Ha oc-
HOBHU XAPAKMEPUCTUKU HA umnpeznayuonnus npoyec. Tepmuunuam ananuz (TTA,
HTA u JICK) e uznonszsan, 3a 0a ce pazkpue 8IUSHUEMO HA HO8 3abasumen Ha 20pe-
Hemo U Ha NIA3MEHO-XUMUYHOMO AKMUBUPAHE HA KANWISAPHAMA UMNPESHAYUS 8bD-
Xy oenezawumama na ovpsecuna om Tyanam (Lysiloma Bahamensis).

Knrouoeu oymu: ouenexmpuuen 6apuepen paspso, niazmeno noOnoMoSHAma Kanu-
JISIPHA UMnpecHayusl, 3abasumenu Ha 2openemo, ovpeecura om Tyanam.

PLASMAAIDED FLAME RETARDATION OF TZALAM WOOD
(LYSILOMA BAHAMENSIS) - |

Dilyana Gospodinova, lvajlo Ivanov, Peter Dineff,
Lucien Veleva and Alejandro Gutierrez

Abstract: The plasma aided flame retardation of wood, wooden products and cellu-
losic fibrous materials has been conceived and developed as a result of plasma
aided process of capillary impregnation. The plasma-chemical surface pre-
treatment substantially alters its electrical, chemical and capillary activity, thus
Improving some impregnation process basic characteristics, such as penetration
depth, solution spreading and adsorption speed, adsorbed solution capacity. Ther-
mal analysis (TGA, DTA and DSC) has been used to reveal the impact of a new
phosphor and nitrogen containing flame retardant and plasma-aided capillary im-
pregnation on flame retardation of Tzalam (Lysiloma Bahamensis) wood. This
study has been developed as part of a large investigation on plasma-chemically ac-
tivated wood surface and flame retardant treated wood.

Keywords: dielectric barrier discharge, plasma aided capillary impregnation,
flame retardants, Tzalam wood.
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1. Introduction

The plasma aided flame retardation of wood, wooden products and cellulosic
fibrous materials has been conceived and developed as a result of an original
plasma aided process of capillary impregnation. The ability of the wood matrix to
adsorb water is thus of critical importance for the water solution capillary
impregnation of the wood.

The plasma-chemical surface pre-treatment modifies the ionic (or electrical) and
chemical activity of the wood surface as well as its capillary activity. It improves
such technological characteristics of the capillary impregnation process as
penetration depth, solution spreading and adsorption speed, and adsorbed solution
quantity per unit of surface area. This allows using the plasma aided retardation as
a finishing process and applying it "in line" and "off line". A system of plasma
device and applicators has been created to produce cold technological plasma
through dielectric barrier discharge (DBD) at atmospheric pressure and room
temperature [1, 2].

It is well known that heat treatment (drying) and machining reduces the chemical
activity and wood wettability by modifying its water-reactive matrix in different
ways. It was found earlier that the cold plasma pre-treatment of hard wood like
cherry and oak improves such technological characteristics as solution spreading
and adsorption speed and quantity of flame retardant [3, 4].

Tzalam (Scientific name: Lysiloma bahamensis) is primarily the common name of
Mexican wood (Calam, Caribbean, Mayan or Aztec Walnut), but it also grows into
the tropical Americas (Belize) and the Caribbean. Tzalam is also known as Cuban,
False or Wild Tamarind, Abey, Frijolillo and Sabicu. Tzalam is a hard wood of
medium density. It is fairly fine-textured with a straight open grain and colours that
range from light brown to chocolate, sometimes with streaks of red or brown. This
wood is highly durable (service life of more than 25 years) and easy to work,
finishes smoothly and takes a fairly high natural polish. Its applications include
flooring, furniture and non-structural construction, such as panelling.

Tzalam wood is harder than softwoods. The dominant feature separating
"hardwoods" from softwoods is the presence of vessels or pores. Hardwoods have a
more complex structure than softwoods. The vessels may show considerable
variation in size, shape of perforation plates, and structure of cell wall, Fig.1c.
Tzalam is largely used in non-structural constructions, flooring and panelling. But
due to its relatively high density, fine-texture and surface inactivation it is difficult
to apply flame retardants through capillary impregnation.

THE OBJECTIVE of this paper is to study the effect of plasma pre-treatment on
the wood surface functionalization as well as the effect of different surfactants on
the ion activity of the impregnation solution, both aiming to improve the Tzalam
wood flame retardation.

Some experimental results of the investigation are presented here: alteration of the
wood surface chemical composition or the surface functionalization as a result of
cold plasma pre-treatment at atmospheric pressure and room temperature monitored
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by some methods of commonly used thermal analysis (thermogravimetric analysis,
TGA, differential thermal analysis, DTA; and differential scanning calorimetry,
DSC); applying solution impregnation on bare or plasma pre-treated Tzalam wood
with or without addition of a surfactant to the impregnating solution and the
resulting change of wood thermal degradation depending on the flame retardation
under different conditions monitored by TGA, DTA, and DSC.

2. Experimental
Tzalam hard wood (Lysiloma bahamensis), Yucatan, Mexico) with average dried
weight: 780 kg/m®; basic specific gravity: 63; Janka hardness: 6 230 N; rupture
strength or modulus of rupture: 88.28 MPa; elastic strength or modulus of
elasticity: 13.10 MPa; radial or R-shrinkage: 2.7 %; tangential or T-shrinkage:
7.2 %, and volumetric shrinkage: 9.5 %; T/R ratio: 2.7; and moisture content of 7.8 %
was used in this investigation, Fig.1.

Thermal analysis test samples with size of 5x30x 150 mm were made from
Tzalam heartwood.

On the basis of prior art, as well as on our own former experience in plasma aided
Impregnation of wood and wooden materials, [6, 7], an oxidative (nitrogen oxides,
NO,) surface plasma pre-treatment has been applied on the test samples for 60 sec
in a non-equilibrium cold plasma of dielectric barrier air discharge (DBD) at
atmospheric pressure, industrial frequency (50 Hz) and 18 kV (RMS).

Fig.1. Flatsawn (a), quartersawn (b) surfaces of Tzalam wood sample, and an end grain view (c)
of Tzalam (x 10).

The DBD technological plasma system consisted of coplanar shaped rectangular
electrodes with one glass barrier (3 mm thick) closely arranged to the grounded
electrode, with 6 mm operating distance between the high voltage electrode and the
barrier, Fig 1a. The DBD was assured by two different - low frequency (50 Hz) and
high frequency (10 kHz), voltage generators. The wood samples were disposed in
operating volume and were treated for one minute (60 sec) under chosen frequen-
cies and voltages.

A halogen-free, phosphorus and nitrogen containing flame retardant has been used
In this investigation as a 30 wt. % water solution. The impregnating flame retardant
water solution (PhFRIS, dry substance of 30 wt. %; phosphorus content of about
13 wt. %, pH = 7+8 and density of 1.15 g/cm®) is based on a halogen free phospho-
rus and nitrogen containing flame retardant. The replacement of the halogen con-
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taining flame retardants by halogen-free ones has been imposed by the toxicity of
the halogens [8]. A new flame retardant product based on ortho-phosphorous acid,
urea and ammonia has been produced and studied.

Wood inactivation is known as a surface phenomenon affecting just a thin outer
layer of the wood. Inactivated wood surface does not have well enough capillary
adsorption, which impedes the penetration of the impregnating solution containing
phosphorous compound as a flame retardant. Plasma-chemical surface activation
(functionalization) with an effective participation of ionic surfactants and silicone
spreaders eliminates the inactivation-impregnating problem creating a protective
flame retardant layer on the wood surface [5].

The non-equilibrium air plasma treatment gives good results increasing the chemi-
cal, anionic and capillary surface activities. Anionic surfactants (AS, “Aniticrystal-
lin A*, Chimatech, Ltd., Bulgaria) in quantity of 5 vol. %, or silicone super spread-
er (SSP, Y-17113, Momentive Performance Materials GmbH & Co. KG, Germany)
in quantity of 0.1 vol. %, as well as their combinations, have been used to control
the ion activity of the flame retardant impregnation water solution. The capillary
Impregnation has been applied on bare (for comparison) or plasma pre-treated
Tzalam wood samples at atmospheric pressure by spraying the corresponding flame
retardant solution (390 ml/m?).
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Fig.2. Dielectric barrier air discharge in asymmetric coplanar electrode system with one glass
barrier (a), technological discharge characteristic "p, - Urms”, and regime of plasma pre-treatment
at industrial frequency (b).

Thermal analysis — thermogravimetric analysis (TGA), differential scanning
calorimetry (DSC), and differential thermal analysis (DTA), have been performed
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in air at a heating rate of 10°C/min within the temperature range of 25+1 000°C
using Perkins-Elmer equipment.

3. Experimental results and discussion

The studied plasma aided capillary impregnation was based on both: plasma-
chemical pre-treatment of the wood surface, Fig.2, and flame retardant impregnat-
ing solution with ion activity optimization, expecting that an increase of the wood
capillary activity and the impregnating solution adsorption speed and capacity
would allow good enough flame retardant performance of porous wood surface [1,
2, 7].

The dielectric barrier discharge surface activation effects or the expected surface
reorganization and alternation of the chemical composition as a result of the plasma
pre-treatment as well as of the flame retardant solution impregnation, have been di-
rectly monitored by the thermal behaviour of bare and flame protected Tzalam
wood — by TGA, DTA, and DSC-analyzes.

3.1. Thermal degradation and temperature regimes of wood mass loss
Hemicellulose, cellulose and lignin are the three main components of wood
biomass which in general cover respectively 20+40, 40+60, and 10+25 wt. % for
lignocellulosic biomass. Its pyrolysis can be divided into four stages: moisture
evolution, hemicellulose decomposition, cellulose decomposition and lignin
decomposition [5, 6, and 7].

As wood reaches elevated temperatures, the different chemical components
undergo thermal degradation which affects the performance of wood. The extent of
these changes depends on the achieved temperature level and the duration of
exposure conditions. Chemical bonds begin to break at temperatures higher than
100 °C and are manifested as carbohydrate and lignin weight losses of various
types (wood pyrolysis) that increase with the temperature according to the pyrolysis
models of F. Browne, 1958; R. Miller and J. Bellan, 1996, and K. Bryden, 1998).
Thermal degradation above 100 °C can be divided into four stages or temperature
regimes, [11]:

i) the first stage is between 100 and 200 °C. Wood becomes dehydrated and gen-
erates water vapour and other non-combustible gases and liquids including CO,,
formic acid, acetic acid, and H,O.

i) the second stage is in the range from 200 to 300 °C. Some wood components
begin to undergo significant pyrolysis, in addition to the previously produced gases
and liquids. Significant amounts of CO and high boiling point tar are given off.

The hemicelluloses and lignin components are pyrolyzed respectively within the
ranges of 2004300 °C and 225+450 °C. Dehydration reactions around 200 °C are
responsible for pyrolysis of hemicellulose and lignin and result in a high char yield
for wood.

The thermal degradation of cellulose can be accelerated in the presence of water,
acids, and oxygen although cellulose remains mostly unpyrolyzed. As the tempera-
ture increases, the degree of polymerization of cellulose decreases further, free rad-
icals appear, and carbonyl, carboxyl, and hydroperoxide groups are formed. Overall
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pyrolysis reactions are endothermic due to decreasing dehydration and increasing
CO formation from porous char reactions with water and CO, with temperature in-
crease. During this “low-temperature pathway” of pyrolysis, exothermic reactions
of exposed char and volatiles with atmospheric oxygen are manifested as glowing
combustion.

iii) the third stage is from 300 to 450 °C because of the vigorous production of
flammable volatiles. This begins with significant depolymerization of cellulose in
the range of 300+350 °C. Also, around 300 °C aliphatic side chains start splitting
off from aromatic rings in the lignin. Finally, the carbon-carbon linkage between
lignin structural units is cleaved from 370 to 400 °C. The lignin degradation reac-
tion of this exothermic reaction is represented by peaks occurring between 225 °C
and 450 °C. In this “high-temperature pathway,” pyrolysis of wood results in over-
all low char residues of around 25 % or less of original dry weight. Many fire re-
tardants work by shifting wood degradation to the “low-temperature pathway,”
which reduces volatiles available for flaming combustion.

iv) the fourth stage is above 450 °C, the remaining wood residue is char, which
undergoes further degradation by being oxidized to CO,, CO, and water. This is
referred to as afterglow.

3.2. Flame-Retardency of Wood
Wood flame-retardancy delays ignition reduces heat release, and flame spread. As
it is well known, many flame-retardant (FR-) chemicals shift the thermal
degradation to the low temperature pathway of non-combustible gases and a greater
proportion of char residue. The reactions are acid-catalyzed hydrolysis of the
cellulose and hemicellulose. FR-chemicals dehydrate the wood and increase the
condensation and cross-linking of the carbon skeleton. Other possible mechanisms
for fire retardancy include formation of an insulating layer, increased dissipation
via conduction of heat away from heat source, endothermic reactions to absorb
heat, and release of radicals that inhibit flaming combustion [8].
For interior applications where leaching is not an issue, the following water-
soluble inorganic salts are in use - monoammonium and diammonium phosphate,
ammonium sulphate, zinc chloride, sodium tetraborate, and boric acid. These FR-
chemicals are combined in formulations to develop effective fire performance
(flaming, smouldering, and smoke) yet still retain acceptable hygroscopicity,
strength, corrosivity, and other properties.
For leach-resistant system or for exterior application, a possible method is to
polymerize the fire-retardant resins after impregnation into the wood. Such a
treatment is the amino-resin system based on urea, melamine, dicyandiamide, and
related compounds.

Mono-ammonium phosphate, one of the well-known FR-chemicals, is the most
effective of the tested, increasing the char yield and thus promoting volatile loss
through the low-temperature pathway. Cellulose reacts to the FR-chemicals in a
similar manner to the wood, and lignin does not seem to be affected much by these
chemicals. Thus, these FR-chemicals significantly reduce the flammable volatiles
generated by the wood cellulose component. Potential FR-chemicals are often
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initially tested using dynamic thermal analysis - thermogravimetry, differential
thermal analysis, and differential scanning calorimetry [8, 9].

Table 1.

Pyrolysis characteristics of phosphor and nitrogen containing flame retardant
Powder Sample (after crystallization of phosphor containing FR) | PhFR
Stage Transitions
Ignition Point (IP) - exuding non-flammable gases and vapours 70°C
Burning Point (FP) - transition to flaming combustion 200°C
Glowing Point (GP) - transition to glowing combustion 430°C
After-glowing Point (CP) - transition to char degradation 720°C
Extinction or Ash forming Point - transition to extinction or ash forming 870 °C
Heat Release (Ex0), kJ/kg (J/g)
Dehydratation Stage 59.897 0.2%
Ignition Stage 1452.432 4.6 %
Flaming Stage 2 948.116 9.4 %
Glowing Stage 7440514 | 23.8%
After-glowing Stage 13170.310| 42.0%
Extinction or Ash forming Stage (to 1 000 °C) 6304.110 | 20.0%
Total to 1 000 °C 31 375.380 | 100.0 %
Total to 335 °C 44604451 142%
Total to 480 °C 11900.960 | 37.9%
Total to 725 °C 25071.270 | 79.9%
Mass Losses, mass. %
Desorbtion of Gases, Dehydration Stage 2.3%
Ignition Stage 20.6 %
Flaming Stage 174 %
Glowing Stage 30.2 %
After-glowing Stage 3.9 %
Extinction or Ash forming Stage 25.6 %
Total to 1 000 °C 100.0 %
Total to 335 °C 40.3 %
Total to 480 °C 70.5 %
Total to 725 °C 74.4 %

A new flame retardant product based on the ortho-phosphorous acid, urea and
ammonia has been produced and studied.
3.3. Flame-retardency effect on heat release and mass losses

The pyrolysis characteristics of Tzalam were investigated using a thermogravimet-
ric (TGA) analyzer with differential scanning calorimetry (DSC) detector and a
pack bed, Table 2, Fig.3.

In thermal analysis, the pyrolysis of hemicellulose and cellulose occurs quickly,
with main weight loss of hemicellulose at 220+315°C and that of cellulose at
315+400°C. However, lignin is more difficult to decompose and its mass loss
happens in a temperature range from 160 to 900°C). Well known studies show that
wood (or biomass) pyrolysis can be divided into four stages: moisture evolution
(dehydration), hemicellulose decomposition, cellulose decomposition and lignin
decomposition [10, 11].
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From energy consumption viewpoint cellulose behaves differently from hemicellu-
lose and lignin, in the course of pyrolysis.

The pyrolysis characteristics of bare Tzalam are shown in Table 1, Fig.5 and Fig.7 -
the four pyrolysis stages or temperature regimes with their critical points (stage
transitions) and the fifth stage of slow extinction with ash forming.

Table 2.
Pyrolysis Characteristics of bare Tzalam wood

Wood Sample - bare Tzalam

Stage Transitions

Ignition Point (IP) - exuding non-flammable gases and vapours 75°C
Burning Point (BP) - transition to flaming combustion 230 °C
Glowing Point (GP) - transition to glowing combustion 335°C
After-glowing Point (AGP) - transition to char decomposition 480 °C
Ash Forming Point (AFP)- transition to extinction and ash forming 725°C
Heat Release (Exo), kJ/kg (J/9)

Ignition Stage 841.383 55 %
Flaming Stage 4 545,213 29.5 %
Glowing Stage 8 873.511 57.6 %
After-glowing Stage 546.383 3.5%
Extinction or Ash forming Stage 595.213 3.9%
Total to 1 000 °C 15 401.702 100 %
Total to 335 °C 5 386.596 35.0 %
Total to 480 °C 14 260.107 92.6 %
Total to 725 °C 14 806.490 96.1 %
Mass L osses, mass %o

Desorbtion of Gases, Dehydration Stage 6.9 %
Ignition Stage 5.3 %
Flaming Stage 50.1 %
Glowing Stage 32.0%
After-glowing Stage 0.1%
Extinction or Ash forming Stage - to 1 000 °C 0.1%
Extinction Stage above 1 000 °C 5.5 %
Total to 1 000 °C 100.0 %
Mass Losses to 335 °C 62.3 %
Mass Losses to 480 °C 94.3 %
Mass Losses to 1 000 °C 94.5 %

All other wood samples and flame retardant chemical samples are discussed within
the five pyrolysis stages thus defined. This allows an effective assessment: first, the
effect of the newly produced and tested phosphor and nitrogen containing flame
retardant impregnating solution (PhFRIS) on Tzalam wood; second, the impact of
plasma aided flame retardant technology (surface plasma-chemical pre-treatment
and functionalization; addition of anionic surfactant and silicon spreader to im-
pregnating solution) on Tzalam flame retardency.

Only two of the studied options for plasma-aided flame retarded Tzalam pyrolysis
characteristics are presented in a table form: i - PhFRIS capillary impregnation; ii -
adjusted with both anionic surfactants (5 vol. %) and silicon spreader (0.1 vol. %).
Plasma-aided capillary impregnation adjusted by anionic surfactant (5 vol. %) wa-
ter solution is graphically presented on Fig.6 and Fig.8.
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Table 3.
Pyrolysis characteristics of flame retarded Tzalam wood
(after surface plasma-chemical treatment)

Wood Sample - flame retarded Tzalam after surface plasma-chemical treatment
Stage Transitions

Ignition Point (IP) - exuding non-flammable gases and vapours 60 °C
Burning Point (FP) - transition to flaming combustion 200 °C
Glowing Point (GP) - transition to glowing combustion 425°C
After-Glowing Point (AGP) - transition to char decomposition 710 °C
Extinction or Ash forming Point - transition to extinction and ash forming 880 °C
Heat Release (Exo), kJ/kg (J/g)

Ignition Stage 351.489 1.4%
Flaming Stage 6881.915| 27.9%
Glowing Stage 14556.380 | 59.0 %
After-glowing Stage 2486.064 | 10.1%
Extinction or Ash forming Stage (to 1 000 °C) 385.957 1.6 %
Total to 1000 °C 24661.810 | 100.0 %
Total to 335°C 3063.723 | 124 %
Total to 480 °C 10569.36 | 42.8%
Total to 725 °C 22143.62 | 89.8 %
Mass Losses, mass. %

Desorbtion of Gases, Dehydration stage 3.7%
Ignition Stage 15.1%
Flaming Stage 29.9 %
Glowing Stage 34.3 %
After-Glowing Stage 2.0 %
Extinction or Ash forming Stage to 1 000 °C 2.0 %
Extinction Stage above 1 000 °C 13.0 %
Total to 1 000 °C 100.0 %
Total Mass Losses to 335 °C 42.6 %
Total Mass Losses to 480 °C 56.7 %
Total Mass Losses to 725 °C 84.4 %
Total Mass Losses to 1000 °C) 87.0 %

The results shown on Fig.3+Fig.8 allow the following conclusions from the thermal
analysis:

1) Tzalam wood reveals the following characteristics (TGA, DTA and DSC):

- self-sustaining exothermic pyrolysis process and transition to flaming observed
at temperatures over 200 °C;

- self-sustaining exothermic pyrolysis process and transition to glowing can be
observed at temperatures over 430 °C;

- a characteristic peak, associated with hemi-cellulose pyrolysis occurs at a tem-
perature of 280 °C (DTA), Fig. 4, but it is almost swallowed by the next peak at
304 °C, which can be associated mainly with the cellulose pyrolysis. A single peak
is observed at 300 °C (DSC), Fig. 3, corresponding to the hemi-cellulose and cellu-
lose pyrolysis. These experimental facts comply with the general notion, placing
the hemi-cellulose pyrolysis peak in the temperature range from 220 to 315 °C, and
that of the cellulose - in the range from 315 to 400 °C;
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Table 4.
Pyrolysis characteristics of flame retarded Tzalam wood
(after surface plasma-chemical treatment with an anionic surfactant and spreader)

Wood Sample - Tzalam (Surface Plasma Treated+PhFRIS+Surfactant+Spreader)
Stage Transitions
Ignition Point (IP) - exuding non-flammable gases and vapours 70°C
Burning Point (FP) - transition to flaming combustion 200 °C
Glowing Point (GP) - transition to glowing combustion 430°C
After-glowing Point (CP) - transition to char degradation 720°C
Extinction or Ash forming Point - transition to extinction or ash forming 870°C
Heat Release (Exo), kJ/kg (J/9)
Ignition Stage 411.857 1.7%
Flaming Stage 7150.714 ] 30.0%
Glowing Stage 14 381.250 | 60.4 %
After-glowing Stage 1882.071 7.9%
Extinction or Ash forming Stage (to 1 000 °C) 0.000 0.0 %
Total to 1 000 °C 23 825.893 | 100.0 %
Total to 335°C 3226.607 | 13.5%
Total to 480 °C 10611.110 | 445%
Total to 725 °C 22 145.460 | 92.9%
Mass Losses, mass. %
Desorbtion of Gases, Dehydration Stage 0.0%
Ignition Stage 4.3 %
Flaming Stage 15.0%
Glowing Stage 31.5%
After-glowing Stage 36.9 %
Extinction or Ash forming Stage 12.3 %
Total to 1 000 °C 100.0 %
Total to 335°C 43.6 %
Total to 480 °C 57.1%
Total to 725 °C 86.4 %
Total to 1 000 °C 90.1 %
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IIJIASMEHO IHOAIIOMOI'HATA OI'HE3AIIIUTA HA
ABPBECHUHA OT THAJIAM (LYSILOMA BAHAMENSIS) - 11

Junasina I'ocnogunoBa, UBaiiino Usanos, Ilersp unes,
JIrocuen BeseBa, Anexanapo I'yruepec

Pe3wome: Ilnazmeno noonomocnamama ozue3awuma upe3 3a6aeumenu Ha 20PeHemo
Ha 0bpe0, ObPEeHU U30enUs U YenyI03HU MAmepuan e 3amMucieHd u paspabomenda
Kamo pe3yimam om nosieama u pa3eumuemo Ha nia3meHo noONOMO2SHaAmMa KanuisipHa
umnpeznayus. Ilpeowecmeawomo KanuisapHama uMnpecHayus NIA3MEHO XUMUYHO
akxmusupane (U QyHKyuoOHaIU3Upane) Ha NOBbPXHOCMMA NPOMEHS CbUieCMEeHO
eleKmpuiecKkama, XUMUyHama u KanuisapHama akmueHoCm HA nopecmama nogvpx-
HOCM, KOemo Om C80sl CMpaHa onpeoess noooOPsi8anemo HA OCHOBHU XAPAKMEPUC-
muxu Ha umnpecnayuonnus npoyec. Tepmuunusm ananuz (TTA, TA u /[CK) e usnon-
36aM, 3a 0a ce paszKpue GIUAHUEMO HA HO8 3a0asumen Ha 20peHemo U HA NIA3MeHO-
XUMUYHOMO AKMUBUPAHE HA KANUIAPHAMA UMNPESHAYUS 8bPX) O2He3auumama Ha
ovpeecuna om Tyanam (Lysiloma Bahamensis).

Kniwouosu oymu:. ouenexmpuuen dOapuepen paspso, niazmeHo nOONOMOSHAMA Kanu-
JIAAPHA uMnpesHayus, sabasumenu Ha 2openemo, ovpgecura om Tyanam.

PLASMAAIDED FLAME RETARDATION OF TZALAM WOOD (LYSI-
LOMA BAHAMENSIS) - 11

Dilyana Gospodinova, Ivajlo Ivanov, Peter Dineff,
Lucien Veleva and Alejandro Gutierrez

Abstract: The plasma aided flame retardation of wood, wooden products and cellulo-
sic fibrous materials has been conceived and developed as a result of plasma aided
process of capillary impregnation. The plasma-chemical surface pre-treatment sub-
stantially alters its electrical, chemical and capillary activity, thus improving some
Impregnation process basic characteristics, such as penetration depth, solution
spreading and adsorption speed, adsorbed solution capacity. Thermal analysis (TGA,
DTA and DSC) has been used to reveal the impact of a new phosphor and nitrogen
containing flame retardant and plasma-aided capillary impregnation on flame retar-
dation of Tzalam (Lysiloma Bahamensis) wood. This study has been developed as part
of a large investigation on plasma-chemically activated wood surface and flame re-
tardant treated wood.

Keywords: dielectric barrier discharge, plasma aided capillary impregnation, flame
retardants, Tzalam wood.
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- a characteristic peak, associated with lignin degradation exothermic reaction, is rep-
resented by peaks at 390 °C (DSC), Fig.3, and at 423 °C (DTA), Fig.4. Generally, the
peaks of lignin degradation reaction occur between 225 and 450 °C;

- during the transition to glowing combustion (pyrolysis), 37.7 wt. % of the Tzalam
wood is solid - the remaining wood residue is char, which undergoes further degrada-
tion by being oxidized to CO,, CO, and water during the afterglow stage;

- the remaining wood residue as char above 480°C (after-glowing degradation of char)
isonly 5.7 wt. %

i) the examined phosphor and nitrogen containing flame retardant (FR-chemical), ap-
plied as an impregnation solution (PhFRIS), displays the following characteristic fea-
tures during the Tzalam wood flame retardency:

- this flame-retardant chemicals shift the Tzalam wood thermal degradation to the low
temperature pathway of non-combustible gases and greater proportion of remaining
wood as char residue - the transition to glowing combustion is already taking place at
a temperature of 411 °C (against 329 °C for bare Tzalam) and the remaining char resi-
due is 52 wt. % (against 37.7 wt. % for bare Tzalam);

- some feasible mechanisms for fire retardency include: acid-catalyzed (phosphoric
acid) hydrolysis of cellulose and hemi-cellulose as reactions above 106 °C - lignin
does not seem to be much affected by this FR-chemical; dehydration of Tzalam wood
by FR-chemical; condensation enlargement and cross-linking of the carbon skeleton;
insulating layer formation, increased dissipation via heat conduction away from the
heat source, limited access of oxygen deep in it, and limited release of combustible
gases out of it, endothermic reactions to absorb heat (between 106 and 235 °C, Fig.5);

- effective suppression of flaming and glowing combustion within the temperature
range from 65 to 428 (432) °C, Fig.5;

iii) the change of the impregnation solution ionic and capillary activity (PhFRIS) re-
sulting from the anionic surfactant and silicon spreader application accelerates, in-
creases the amount of the applied flame retardant and the depth of the capillary im-
pregnation, but does not alter substantially the efficiency, neither in terms of heat re-
lease, nor in terms of mass losses, Fig.6 and Fig.8.

4. Conclusion

The application of thermal analysis (TGA, DTA, and DSC) allows evaluating the
Tzalam wood decomposition (pyrolysis) under the influence of heat by setting pyroly-
sis stage temperature ranges and hemi-cellulose, cellulose and lignin characteristic
temperature peaks.

Thermal analysis helps reveal and illustrate the impact of the newly produced phos-
phor and nitrogen containing flame retardant on Tzalam wood behaviour (pyrolysis).
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It significantly reduces the heat release within the range of 65+430 °C by suppressing
the flaming and glowing combustion of wood and decreases considerably the mass
loss.

Thermal analysis enables studying the plasma aided capillary impregnation technol-
ogy using water solution containing phosphorus flame retardant and its impact on
Tzalam wood plasma aided flame retardancy.

The experimental study of chemical, ion and capillary activity change of the Tzalam
wood surface using selected surfactant and spreader shows that it has no substantial
contribution to the plasma aided flame retardancy.
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MOJIEJIMPAHE HA EJIEKTPUYECKOTO I1OJIE B BOJITOBU HLIMHHAU
CBEIUHEHMUA OT ATIYMHUHHUEBA CIIVIAB C HA/UIB)KHHA ITPOLEIIN

Paiina [{eneBa

Pe3ztome. Cmamusama paszenexcoa Kax Ou3auHa Ha CUilo8u OOIMOBU WUHHU CbeOUHe-
Husi om anymunuesa cniagé 6101-T61, npu xoumo uma 1 unu 3 maorvochu npopesa
medncdy omeopume 3a 6ormoseme (Hacpewno, ven08o u T-mun cveouHeHus) enusie
8bpXy omoenenama [xcaynosa moniuna ¢ yen 0a ce yeeaudu 3Ha4umenHo 0elucmasu-
meaHama KOHMAKmHa NO8bPXHOCI 8 30HAMA MeXHCcOy WUHUmMe, 0d ce HaAMAIU KOH-
MAKmMHOMO CONPOMUGIIEHUE U 04 ce N0O0OPU HAOeHCOHOCMMA HA paboma HA Cbeou-
Henuemo. Bapuanmume ¢ npoyenu ca cpasnenu ¢ Kiacuieckume sapuanmu 6e3 npo-
yenu Ha 6azama HA KOMRIOMBPHU MOOenu, 6a3upanu Ha mMemooa ¢ KpauHu eje-
MeHmU.

Kniwouosu oymu:. anymunuesa cnias, Ooimosu WuHHU cvedunenus, /cayrosa mon-
JIUHA, HAOTIBIICHU NPOYen

MODELING OF ELECTRICAL FIELD IN ALUMINIUM ALLOY BOLTED
BUSBAR CONNECTIONS WITH LONGITUDINAL SLOTS

Raina Tzeneva

Abstract: This paper discusses how the design of high power bolted busbar assem-
blies made of aluminium alloy 6101-T61 influences the change of Joule heat generat-
ed when one or three longitudinal slots are introduced in the area between the bolt
holes (straight, angle and T-connections) in an effort to increase significantly the true
contact area in the contact interface between the buses, reduce the contact resistance
and improve the reliability in the assemblies performance. The slotted variants are
compared with the classical no slotted cases by the help of several computer models,
based on the finite element method.

Keywords: aluminium alloy, bolted busbar connections, Joule heat distribution, lon-
gitudinal slots

1. BbBeaenue

E(l)eKTI/IBHOTO KOHTAKTHO CBbCAMHCHHC € TOBA, KOCTO CC XapaKTCpU3npa ¢ MHOT'O MaJI-
KO KOHTAKTHO CBIIPOTHUBJICHHUC, KAKTO B HAYaJIOTO HaA pa60Ta, TaKa U B Kpad Ha CKCII-
JoaTallMOHHUA MY CPOK. VYBeanueHueTo Ha ,HeﬁCTBHTeHHaTa KOHTaKTHa IIOBBbPXHOCT,
KOATO € 4aCT OT IPUBHUAHATA KOHTAKTHA ITOBBPXHOCT, OIPCACIICHA OT Ppa3sMCPUTC Ha
IMMHUTC B KOHTAKTHOTO CBCAMHCHUC, TaKa U OT IIPUIIOKPUBAHCTO UM BOJH OO HAMa-
JIIBAHC HA KOHTAKTHOTO CBIIPOTUBJICHUC U A0 YBCIIMYAaBAHC HAa HAJACKIHOCTTA HA Cbh-
CAWHCHHUCTO 110 BPpCMEC HA HEroBara pa60Ta.
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2. TeopeTUYHM OCHOBH

3a ja yBenuuar JeHCTBUTEIHATA KOHTaKTHA MOBBPXHOCT boituenko u [[3exruep [1]
YCTaHOBSIBAT, Y€ TOBA MOXKeE Jia ObJIe MOCTUTHATO Ype3 MPOMsHA Ha JAu3aiiHa (reomer-
pusTa) Ha MIMHHOTO ChEJMHEHHE. 3a IeNiTa Te BhBEXKIAT HAIBKHH MPOIENHU B 30-
HaTa MEXJy OTBOpPUTE 3a OOJTOBETE U JOKa3BaT MO €KCIIEpUMEHTAJIEH I'bT, Y€ TOBA
BOJM /10 YBEJIMYABAHETO HA JIEUCTBUTEIIHATA KOHTAKTHA NOBBPXHOCT Mexay 1,5 u 1,7
OBTH B CPAaBHEHHE CHC CIIydasi, KOraTo Hsma mpouenu. KOHTakTHOTO ChIPOTUBIICHHE
3a 00JITOBO KOHTAaKTHO CheauHeHHne ¢ Hamambxau nporent € ¢ 30 — 40 % mo-nucko B
CpaBHEHHE C KJIaCHMUYECKHsI CiIydail 0e3 TakuBa MPOLENU U OCBEH TOBA E€JIEKTpUYEC-
KOTO ¥ MEXaHMYHOTO MY MOBEACHHE € MO-CTa0MIIHO, KOTaTO ChEAMHEHUETO € MO/JIO-
KEHO Ha TOKOBH IMKINUHU m3nuTanus [2], [3]. EbexThT oT ceknnoHupaHeTo mpe-
JM3BUKBA MO-PAaBHOMEPHO pasmpesesieHue Ha KOHTAaKTHOTO HaJsiraHe moj O0NToBeTe,
KOETO BOJIM JI0 MTO-T0JIsIMa IEWCTBUTEIHA KOHTAKTHA TuIo] - ¢ur.1.

il
- 100 » < 100 >
Ac Ac
2 (O O Slél
oo\ [|©lel
a)w\ W\b)

@wur.1l. Edexr oT BbBEXIaHETO HA MPOIIEI B 30HATA HA IPUTIOKPUBAHE B
OOJITOBO IIIMHHO ChEAMHEHUE

Ta3u unest e nopaszsuta ot bpayHoBuu [2], KOWTO pa3pabOTBa THIIMYHH BHCOKOBOJI-
TOBH CHJIOBU CHEIUHHUTEINN, KOUTO CE M3IOJI3BAT 3a CBbP3BaHE HA MHOTOXWYHU IIPO-
BOJHHIIM B anaparypara Ha NOACTaHUMH. YacTUTE HA CbEAUHUTENSA Ca OT KOBAaH WJIHU
OTJIAT aJIyMHHHMH, a Bpbh3KaTa Cce OChUIECTBSABA ChbC CTOMAaHEHHU OOJITOBE.

[Ipu crapus Au3aiiH Ha CHEIUHUTENNTE €HATa YaCT € U3paboTeHa OT OJIOK OT OTJIST
ATyMHHUH, a TIpY HOBWUSI JIU3alH TS € CEKIIMOHUPaHa Ha 2 Win 3 cerMeHTa (BbBEICHU
ca 1 wim 2 HamTRXKHU Tpoliena). MHOrOOpOWHY MPUMEPU OT TPAKTHKATa IOKa3Bart,
4ye ChEIUHUTENINTE OT CTapus JU3alH Ce XapaKTepU3UpaT ¢ HECTAOMIIHO KOHTaKTHO
CBIIPOTUBJICHUE, KOETO Y€CTO BOJAY O HEOUAKBAHO IIPETPSIBAHE HA ChEIMHEHHUETO Ka-
TO 115U10. TOBa ce CBBbp3Ba C HEBB3MOXKHOCTTA Ha CHEIMHUTENS Ja UMa J100pO KOH-
TaKTHO noseaeHue. [Ipu HOBUA 1HU3aliH CEKIIMOHUPAHETO HA YACTUTE HA ChEIMHUTEINS
BOJIM /10 MEXaHUYHA U €JIEeKTpUUYeCKa CTAOMIHOCT Ha Bpb3KaTa. [lone3Hust edekr or
CEKLIMOHUPAHETO CE CBBP3Ba C IO-PAaBHOMEPHOTO PA3NPEACICHUE HA HAIIPEIKCHUATA U
10 YBEJINYABAHE HA JEWCTBUTEIHATA KOHTAKTHA TOBBPXHOCT U HA O-meTHaTa. Pe3yir-
TaTUTE OT U3MEPBAHETO HA KOHTAKTHOTO CBHIPOTHUBIIEHUE SCHO NOTBBPKAABAT I10-
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CTaOMIHOTO MEXaHUYHO H CICKTPUYCCKO ITIOBCACHHC HAa CHCAMHHUTCIUTC, KOCTO CC
ABJKW Ha BbBCK/IAHCTO HA HAAJIBKHHU IIPOLICIIN B YACTUTC MY.

KOHTaKTHOTO MOBEACHHE HA TE3U CHEAWMHHUTEIN € M3CiIeBaHo B [3] u mpu HOBUS au-
3aifH Ha KOHTAKTHO ChEIMHEHHE Cca BbBEACHU 1 WM 2 HAIIBKHU MpoIena ¢ HINpo-
gyuHa 4 MM u aemwxuHa 72mm. [pu ceenuuenue ¢ 1 nporen KOHTAaKTHOTO HaJsTaHe €
¢ 21% mno-ronsamo, a npu ciryyas ¢ 2 npotena 1o € ¢ 11,6% mo-ronsiMo B cpaBHEHHUE C
KJIACUYEeCKHs ciydaid 0e3 mporenu. MakCMMaaHOTO KOHTAaKTHO TMPOHUKBAHE € C
20,7% mno-Bucoxko mipu ciaydas ¢ 1 mpouen u ¢ 15,7% 3a Bapuanta ¢ 2 nporena. Cie-
JIOBATEJIHO C€ OYaKBa ChOTBETHO HaMallsiBAaHE HAa KOHTAKTHOTO CHIPOTUBIIEHUE B 30-
HaTa Ha eNeKTpUYecKus HHTepdeiic 1 mo-ePeKTUBHO U HAICKTHO TTOBEJICHHUE Ha Che-
JTMHEHUETO.

BbBekaHeTo Ha HAITHKHH MPOIIETIH B CHJIOBH OOJTOBU KOHTAKTHU CHEIMHCHHS CE
npejyiara B mpaktukara Ha ABB [4]. [Ipumepure 3a T€3u CheIMHEHHS CE WIIOCTPHUPAT
BBB (ur.2.

|

6)

B)

®ur.2. HaanbkHA TPOLEHH B @) HACPEIIHU ChEIUHCHHUS
0) BIJIOBH ChEAMHCHUS U B) T-CheIMHCHUS

N3ciienBaHUTE CheIMHUTEIN Ca OT HOBHS JAW3aliH ChC CEKIMOHMPAHU IIUHU U OTBOPH
3a O0onToBeTe OoT 2 70 8 Opos. [Iponenure ca ¢ mupounHa 2 MM u abmoxkuHa 80mm.
OtBopuTe 3a OonToBeTe ca ¢ auaMerbp 13,2 MM, a AuaMeTbphT HAa OOJTOBETE €
12,7mm. Jlebenunara Ha mauTe € 10 1 20mm u te ca u3padborenn ot mex. [lopene-
HUCTO Ha TE€3H CHhCAMHUTEIM € CPaBHIBAHO C TE3U C KjacHuecKu au3ain (0e3 mpo-
ICIH B IIUHUTE) ChC CHIUTE Pa3MEPH.

MexaHUYHUTE TPOMEHH, KOUTO CE acOIMUpPAT ¢ M3MEHEHUETO Ha KOHTAKTHOTO HaJls-
rafHe ¥ KOHTAaKTHOTO MPOHUKBAHE B KOHTAKTHATA 30HA MEXTY JBETE IITMHU Ca U3CIe]-
BaHM 4pe3 peIllaBaHETO Ha CTaTHUYHATa MEXaHWYHA KOHTAaKTHA 3ajadya ¢ METoJa C
KpaiiHu enemMeHTH cbe codryepHara nporpama ANSYS Workbench 3a BapuanTa ¢
MeaHH UHU [5]. AKO HOBHAT AM3aliH ce XapaKTepu3upa C yBEIMYCHO KOHTAKTHO
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MIPOHMKBAHE, KOETO 0O3HAYaBa, ue Ce yBelnyaBa Opos Ha o-TieTHaTa 1mo Opou u pa3mep,
TO TOBa BOJM JI0 YBEIWYCHUE HA JECHCTBUTETHATA KOHTAKTHA MOBBPXHOCT W HaMma-
JICHO KOHTAaKTHO CHIIPOTHUBIICHHUE. TUMMYHUTE W3CIICABAaHN OOJTOBU MTUHHU ChEIUHE-
HUS ca TTOKa3aHu Ha (ur.3.

B)

®ur.3. BoITOBY IMMHHN ChEIUHEHUS C HAUTHKHU MPOIICIIH: a) HACPEIHH ChEANHE-
Hus ¢ 3 mpoiiena, 0) brIIOBH ChbeIUHCHHUS ¢ 3 MpoIIena u
B) T-chenuuenue ¢ 1 mporen

YcraHOBEHO €, Ye TIpY HOBUS JU3aiiH 3a HacpeliHu OOJITOBH IIMHHU ChEAUHEHHUS OT
Mea, uMany 1 win 3 HaJUIeXKHH Tpoliena [6] MakcuMaaHaTa TOKOBA ITBTHOCT € yBe-
nuyeHa ¢ 40% 3a ceenuHeHue ¢ 1 mporen U He € YBeIMYeHa 3a CheIMHECHHE ¢ 3 TIPO-
1ena.

AHAJIOTUYHU PE3YNTATH Ca TMOJYYCHU W MPU BIVIOBUTE CheIWHEHU. MakcumaaHaTa
TOKOBa TUTBTHOCT 3a cheAuHeHue ¢ 1 mporen HapacTBa ¢ 25%, a 3a chenuHeHHE C 3
nporiena — ¢oio ¢ 25%. 3a BapuaHTa KOraTo M ABETE ITMHU UMAT MPOIICTIH 33 Che/IU-
HEHHe ¢ 2 mpollena MakCUMaaHaTa TOKOBa ITBTHOCT € yBennueHa cbe 150% , a 3a
chenuHeHue ¢ 6 nmporena ¢ 400%

JlaHHUTE 3a CheauHEeHUEe OT T THII MOKAa3BaT, ye MaKCMMaJIHaTa TOKOBA ILILTHOCT C€
yBenuuaBa ¢ 21% 3a ceeauHenue ¢ 1 mporer, a 3a cheuHEHHUE ¢ 3 MpoIlena — HsIMa
yBEJIMYCHHE. 3a ciIydas KOraTo W JABETES IMHA UMAT IPOIEIH YBEIMUYCHHETO 3a CIIy-
yas ¢ 2 npouena e ¢ 200%, a 3a ciyuas ¢ 6 npouena — ¢ 400%.

OueBHIHO €, Y€ BApUAHTHUTE C 2 MPOCCUCHHU IIUHM HE C€ MIPENoPbhUBaT, OPaJId MHOTO
roJIIMOTO YBEIMYCHUE HA MaKCHMAaJIHaTa TOKOBA ITBTHOCT, HE3aBUCUMO, Y€ TS € JIO-
KaJIM3WpaHa B MHOTO MaJIKH YYacCTBIIU OT ChEAUHEHUETO.

3. ®opmyJupaHe Ha npodJemMa

[lenTa Ha HacTosIIaTa padoTa € Ja u3clie/lBa Kak JAu3aiiHa Ha CUJIOBU OOJITOBH KOH-
TaKTHH CHCJAMHEHHUS C HAUTBXKHH MPOIenH (HACPEIIHH, BIJIOBH WX OT T-THIM) OT
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allyMHHHEBH ciutaBu (B 4acTHOCT criaBTa 3a muau 6101-T61 Ha ¢pupmara ALCOA)
BITHSIC BHPXY MpOMsiHaTa Ha J[)kaynoBaTa TOTUTHMHA, KOTAaTO Ca HAMPaBeHU €UH WU 3
HAJJIBKHH TIPOIeTNia B 30HaTa MEXKIY OTBOPUTE 3a OONTOBETE C IEN J1a CE€ YBEINYH
JeHCTBUTETHATAa KOHTAKTHA IO BapuaHTHUTe Ha Te3W CHhEIWHEHUS Ca CPABHEHH C
KJIACMYECKHUTE CIy4yal C MOMOIITAa Ha KOMIIOTHPHU MOJIENH, Ha Oa3aTa Ha METOAA C
KpalHH €JIEMEHTH.

YucTHUsT allyMUHUNA UMa eJIEKTpUYECKa MPOBOJAUMOCT 3a €AMHUIIA 00eM, KoATo € 62%
OT Ta3W HAa MeJTa. 3a MOCOYEHATAa MO-TOPE CIUIaB Ta3u MPOBOAUMOCT € 57% oT Tasu
Ha MeaTa. Korato Ta3u mpoBOAMMOCT € 10 OTHOIIIEHHWE Ha MacaTta, TO IPOBOJUMOCTTA
Ha yucTtus anymuHuit e 214% no otHomenue Ha Menrta. Mimaiiku npeaBus pa3iuKuTe
B crienu(pUUHUTE TErjia Ha JBaTa MaTepuana ce MojydaBa, ue 3a €IUHHIIA TerJo ay-
MUHUST € 2 IBTH MO-A00bp MPOBOIHUK OT MeATa. 66% mo-roiasiMo cedeHue Ha Mpo-
BOJIHHMKA € HEeOOXOAMMO MPH AITyMHUHHS 3a J1a MPOTede CHIIUS TOK KaTo MPH MEACH
npoBoaHUK. Koraro Ternoro e Hail-BakeH KPUTEpUH NpU MPOEKTUPAHETO, TO J100-
pusT u3bop e amymuHuid. Korato mma orpaHnueHus Mo OTHOIICHHE Ha o0eMa TpsiOoBa
na ce usnoissa mex [7], [8].

[IpoBeeH € TOKOMPOBOISII aHAIKU3, TIPU KOMTO CE MOTy4yaBaT JaHHH 3a HAINPEKEHH-
ATa, TOKOBATa TUTBTHOCT U 3aryOuTe OT TOIUIMHA. 3a aHAIM3a Ha EJIEKTPUIECKOTO IO~
ne ce u3non3pa nmakera ANSYS , GasupaH Ha MeTOoJa C KpailHU €JIeMEHTH. 3a OM-
peXBaHETO Ha MojeiauTe ¢ m3nomBaH eneMmeHnTa SOLID 232 — Terpaeasp 3D ene-
MeHT ¢ 10 BB3eia u ¢ e/IHa CTeTeH Ha cBoOo1a (Halpe)kKeHNe) BhB BCEKH Bb3ell U KO-
TO € 6a3upaH BbpXY (popMyIHpaHeTo Ha CKajdapHUs MoTeHnuan. Tol ce mpumara mpu
aHalM3a Ha HUCKOYECTOTHU BPEMEXapMOHWYHH KBa3WCTATHUHU €JIEKTPUUECKH TOJIE-
Ta.

Pasnpenesnenuero Ha J[kayimoBara TOIUTMHA B HACPEIIHO OOJITOBO IIMHHO ChEHHE-
HHE C e/IMH TPOIIeI a) U 0e3 mporenu 0) e mokazaHo Ha ¢ur.4.

ELEMENT SOLUTION AN ELEMENT SOLUTION AN
STEP=1 STEP=1

suB=1 NOV 102012 SUB =1 NOV 10 2012
MR 18:43:07 FREQ=50 10:12:14

SMN
SMX

REAL ONLY

103124 577595 11559.8 17239.6 231155 540424 19755.4 35510.3 59265.2 79020.1
2850.03 2669.87 14449.7 20229.6 26009.4 a) 9877.93 23632.9 43387.8 659142.7 88897.5 6)

@ur.4. Paznpenenenue Ha [[)kaynoBaTa TOIJIMHA B HACPEIIHO ChEAUHEHHUE
a) 6e3 mporrer, 0) ¢ 1 mpouern

Ha ¢wur.5 e nnroctpupano pasmpeaernenuero Ha JlxayioBara TOIUIMHA B BIJIOBO 00JI-
TOBO CheJIMHEHHUE a) Oe3 mpolieny u 0) ¢ 3 mporiena

Ha ¢ur.6 e mokazaHo chIIOTO pas3npeecHue B 00JITOBO CheuHeHHe oT T-Tum a) 6e3
npolenu u 0) — ¢ 3 mporierna.
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ELEMENT SOLUTION AN ELEMENT SOLUTION AN
STEP=1

suB=1 NOV 10 2012 SUB=1 NOV 10 2012
FREQ=S0 e 15:12:31 FREQ=50 - 14:59:39

005322 118315 23762.9 35644.4 47525.8 051408 15349.2 35693.4 59547.5 79356.7
5940.73 178222 29703.6 415385.1 53466.5 a) 5924.63 29773.8 49623 694721 359318.3 6)

@ur.5. Pasnpenenenue Ha J[xaynoBaTa TOIJIMHA B BIIIOBO OOJITOBO ChEAMHEHUE
a) 6e3 mporienu u 0) ¢ 3 mporiena

ELEMENT SOLUTION AN ;L_E:Emww-nam
e HOV 10 2012 0 <L
i FREQ=50
FREQ+50 e 15:29:03 e

IHEA ¥ SMN =.496848
SMN =.001009 4 SMX=53333.4
SMX =54085.34

AN

NOV 102012
15:26:19

| = ]
-aenas D013 AT 365066.9 ASOTS-2 049684 12964.3 25928.5 38892.7 51856.9
6005.43  12023.4 30047.4 42066.4 54085.3 a) 6452.15 19446.4 32410.6 15374.8 58333.4 6)

®ur.6. Paznpenenenne Ha [[)xaynoBaTa TOIIMHA B OOJITOBO CheuHEHUE OT T TUn
a) 6e3 nporienu u 0) ¢ 3 mporiena
JIOMBJIIHUTENHO ca U3CJIEABAHU CIy4auTe, Py KOUTO MMa MPOLEIHU U B IBETE IINHH, a
BCUUYKHUTE M3CJICABAHU CITy4au ca KaKTo CJie/IBa:

* Crenunenue 1 — HacpeniHo chequHeHne 0e3 MPOoILIeTH,;

* CreauHenue la — HacpelHo chenHeHue ¢ 1 nporen B €1Ha OT IIMHUTE;

* CpeIMHEHHUE 2 — HACPEUTHO CheUHEHNE 0e3 MPOoILIeTH,;

* CremMHEHHUE 22 — HACPCIIHO ChEUHEHHE ¢ 3 TIPOIICTIa B JIBETE IIIMHH,

* CpenuHeHUE 3 — BIVIOBO ChEIMHEHUE O€3 MPOIIEH;

* CrenuHeHME 34 - BIVIOBO CheIMHEHUE ¢ 1 mporien B e1Ha OT NTUHUTE;

* Cprenuaenue 3D - BIIIOBO CheIMHEHUE ¢ 2 TIPOIiena B 2 OT IIIWHUTE,

* CpenuHeHUE 4 - BIJIOBO CheIMHEHUE O€3 MPOIIEIH;

* CrenuHEeHUE 44 - BITIOBO CheIMHEHUE ¢ 3 TIpolIiena B €Ha OT IIHHUTE,

* Cprenunenue 4b - priaoBo chenuHeHue ¢ 6 mporiena B 2 OT IIHHHUTE;

* CrelMHEHHE S — CheIMHeHHE OT T-Tur 6e3 nmpoueny,

* CpeuHeHNE S5a — chequHenue ot T-Tul ¢ 1 mpoiien B €jHa OT IIUHUTE,;

» Cpenunenue 5b — ceemunenue ot T-Tun ¢ 2 mpoiliena B ABETE IIHHU;

* CrenuHeHHE 6 - cheHEeHHE OoT T-TUI 0e3 MpolenH,

* CrenuHenue 6a — chequHenue ot T-Tur ¢ 3 mpoliena B €JHa OT IIUHUTE,

» Cprenunenue 6b — ceequnenue ot T-tun ¢ 6 mporiena B AB€ OT IIHHHTE;
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B Tabauna 1 ca mageHn cToifHOCTUTE Ha MakcuManHaTa /[»aynoBa TormHa Jmax 3a
BCUYKHUTE W3CJIEABAHU CIy4aul U € HAIPaBEHa CHIOCTABKA MEXIY IOBEICHUETO HA
MEIHUTE IWHU U TE€3U OT aIyMUHHUEBA CIUIAB.

Tab6muma 1

CpaBHeHre Ha MakCUMaHaTa J[)kaynoBa TOIUIMHA 32
CHEIMHECHUS OT MEJl M AJIyMUHHEBA CILIAB C IPOLENHU U 0€3 IpoLenu

Crenunenune Men /2010 CIEL
Jmax, J % Jmax, J %

Crvenunenue 1 14871 100 26009 100
Croenunenue la 41052 276 88897,5 341,8
Crennnenue 2 84283 100 146401 100
Crenunenune 2a 83102 98,6 144434 98,65
Crenunenne 3 30490 100 52710,2 100
Coenunenue 3a 50854 167 89028,3 169
Coenunenue 3b 207632 681 364575 692
Coenunenue 4 30848 100 53466,5 100
Coenunenue 4a 51355 166 89318,3 167
Coenunenue 4b 844057 2736 1470000 2750
Coenunenue 5 20626 100 35672,8 100
Coenunenue 5a 31761 154 55697,8 156
Coenunenue 5b 200912 974 353608 991
Crenunaenue 6 31175 100 54085,3 100
Crenunenne 6a 33515 107 58333,4 107.8
Coenunenue 6b 821141 2634 1430000 2643

4. TucKycHus U 3aKJII0YEeHUSA

Ha 6a3zata na pesynrarute ot 1abn.l ce ycraHoBsBa, ye MakcumaiHara J[>kaynoBa
TOIJIMHA Cc€ yBeaudaBa 2,42 mbTU 32 HACPEIHO ChEAMHEHUE OT aJlyMUHHEBA CIUIAB C
Ipolen B cpaBHEHUE C ToBa 0e3 mpouen. AKO ce CpaBHAT CTOMHOCTUTE Ha OT/AEe-
HaTa MakcuMmaiHa J[>kayioBa TOIUIMHA MPU aJyMUHHUEBA CILIaB MU MEJ C€ BHXKJIA, Ye
IpU aTyMHUHHEBATa CIUIaB TA € MPUOIU3UTENHO 2 IBTH MO-TosiMa. ToBa 03HauaBa, 4e
IPH €IMH U CHIIU TOK 32 J]a HE C€ MPErpsBar MUHUTE OT ATyMUHHUEBA CILJIaB € HEO0O-
XOJIMMO /14 C€ YBEIUYH TAXHOTO CEYEHUE.

[Ipu chenuHEHUATA OT BIJIOB TUII M OT T-THI aHAJIOTMYHO MPH U3MOJI3BAHETO HA ally-
MHMHHEBaTa CIUIaB MakcuMajHara J[>kaysioBa TOIIMHA € okoyo 1,75 mbTH mo-roiasiMa
OT Ta3u MPHU MEJIHM ITUHUA. BB BCUUKU CIydad MPU BapUAHTHUTE C IPOIICTH TS € I10-
rojisiMa B CpaBHEHHE C KJIACHYECKHUTE BapHaHTH Oe3 mpouenu (Mexay 8 u 69 mpo-
neHTa). M npu Te3u CheIMHEHUS MPH SIMH U CHIIH TOK 32 Jia HE CE TOJIy4YH HEeAOIyC-
TUMO TIpETpsiBaHE € HYKHO Ja CE€ YBEIWYH CEUCHHETO Ha IIMHHUTE OT aJTyMHUHHEBA
CILJIaB.

MHoro cnenupu4HM ca caydyauTe, KOraTto M JIBeTe IMIMHM ca Mpopsi3aHu. Torasa Mak-
CHMaJIHATa TOIIMHA HapacTBa U3KIIOUUTENHO (27 MbTH) U TE3H CIy4au HE CE MPETo-
pBYBa J1a Ce U3I0JI3BAT.

3onuTe ¢ MakcuManHa J[>kaynoBa TOIUTMHA C€ KOHIEHTPUPAHH MO HAKOU pHOOBE, B
Kpasi Ha HaJUIBKHUTE MPOPE3H U B MPEXOAUTE MEXKAY JABETE IIMHU. T€3U 30HHU Ce Xa-
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paKTepU3upaT ¢ MHOTO MaJIKK pa3mepu u 3aeMat moa 1 % or oOema Ha CheIUHECHU-
ero. Temrmeparypata Ha IIMHUTE TPsAOBa Ja Ce MPOBEPSABA M CHIVIACHO HIKOW CTaH-
naptu (IEEE Standard 27-1974 wuim ANSI C37.20C.1974) [9], ako ce nonydu Helo-
MyCTUMO IperpsiBaHe TpsOBa J1a Ce B3eMarT CIICIHATHN MEPKH, HAPUMEP HaMajIsiBaHe
Ha TOKa WJIM yBEIMYaBaHe Ha CEYCHHETO.

3a 60NTOBUTE MIMHHU CHEAWHEHUS OT BIIOB W T-TUT ce HabI0gaBa 3HAYUTEITHO HE-
HATOBapBaHEe Ha roJisiMa 4acT OoT oboeMa Ha muHuTe (okoj0 60% oT obema Ha cheau-
HCHMATA) KaKTO MPH IIMHUA OT aJyMUHHEBA CIUIaB, Taka M MPU MEIHH IMUHHU. Ta3u He-
PaBHOMEPHOCT MPU HATOBAPBAHETO € OIlCHEHA Ha 0a3aTa Ha M3IOJI3BAHETO HA TPO-
nykra Adobe Photoshop.

TpsiOBa a ce U3THKHE, Y€ BCUUKU MOJYYEHH PE3YITATH OT MOIECIUPAHETO HA €JIEKT-
PUYECKOTO T0JI€ Ce ABJKAT HA U3KPUBSBAHETO HA TOKOBUTE JIMHUU B PE3YJITAT HA yC-
JO)KHEHATa FeOMETpHs Ha CheIMHEeHUATa (MIPUBHUHATA KOHTAKTHA TIOBBPXHOCT). Tyk
HE € OlLleHEeHa JeopMalusaTa B 30HaTa Ha KOHTAKTa, T.€. IEHCTBUTEIHATa KOHTAKTHA
HOBBPXHOCT, KbJIETO MPOLIETIBAHETO HA IIMHUTE BOAM JI0 3HAUUTEIHO YBEJINYaBaHE Ha
JNENCTBUTENHATA IOBBPXHOCT, JO HaMaJsiBAHE Ha KOHTAKTHOTO CHIIPOTUBJIEHUE U 10
Mo-HaJIeKJHaTa paboTa Ha T€3U ChEAUHEHUS.
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MN3CJIIEABAHE HA UHAYKTOPU 3A HAMAT'HUTBAHE HA
MAI'HUTHHU CUCTEMHU C PEAKO3EMHU MATHUTH

Kocragun MuaanosB, Paiina IleneBa

Pe3tome: [locmosunume macHumu HAMUpam 6ce no-wupoKo Npuiodceue 8 uzoeiu-
ama Ha erekmpomexrHuxkama e eiekmponukama. Hoeume cepvxxoepyumuenu mae-
Humu Ha ochosama Ha peokozemuume mamepuanu (Fe—Nd-B) usuckeam usnonzeane
HA HAMASHUMBAWU YCMPOUCMBA C BUCOKU CMOUHOCMU HA Ma2HUmMHume noiema. Bu-
CoKUume CMOUHOCMU 8 PeaiHama Npakmuxa moz2am 0a 0voam O00CMUSHAMU Hpe3
npuiazamne Ha UMNYJICHU Memoou Npu HUCKU HU8a Ha nompeobssane na enepeus. 1 o-
Jlemume CKOpoOCmu HA U3MeHeHue HA UMNYICHUMe HAMAcHUmeawu noiema oo0ycia-
esim nosieama Ha euxposu mokose. llocieocmsusma om msx ce c8vbp36am ¢ eKpaHu-
pawomo um oeucmeue u HeOOCMAamvyHOMO HAMACHUMBAHE HA SbmpeuHume 00-
JIACMU HA NOCMOSHHUME MASHUMU U HeoOXo00uMocmma om ye8eiudasane Ha GbHuUl-
HOMO nofe 3a Hamaznumeane. Mnoykmopume, Koumo 6v30ydcoam nocodenume 6u-
COKU CMOUHOCM HA MACHUMHOMO NOJe 3a HAMACHUMBAHe UMAam OOMUHUPAWA U Cb-
wecmeena pois 3a paboma Ha YALomo YCmpoucmeo 3a HamaeHumeaue. Ilo masu
NPUYUHA MAXHOMO NOOPOOHO U3Clied8ane e 0bekm Ha Hacmosawama paboma.
Kniouosu oymu:. cucmemu 3a HamacHumeare, HAMASHUMBAHE HA PEOKO3EMHU NOCHO-
SHHU MACHUMU, MEMOO C KPAUHU eleMeHmuU, UMNYICHU HAMASHUMBAwU nojiema.

INVESTIGATION OF INDUCTORS FOR MAGNETIZATION OF
MAGNETIC SYSTEMS WITH RARE EARTH MAGNETS

Kostadin Milanov, Raina Tzeneva

Abstract: Permanent magnets are widely used in the electrical and electronic equip-
ment. The new overcoercitive magnets, based on the rare-earth materials (Fe-Nd-B)
require using of powerful magnetic systems. In the real practice the high values of the
magnetic flux density can be reached by the application of pulse practices at low lev-
els of the energy consumption. High velocity of changing of the pulse magnetization
fields determines the appearance of eddy currents. The results of these currents are
related to the shielding action and insufficient magnetization of the internal zones of
the permanent magnets and the necessity of increasing of the external magnetization
field. The inductors that excite the shown high values of the magnetic field for mag-
netization have dominant and essential role for the work of the whole magnetization
device. For this reason their investigation in details is an object of this paper.
Keywords: magnetization systems, magnetization of rare-earth permanent magnets,
finite elements analysis, pulse magnetization fields.
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1. BeBenenue

W3cnenpanute B HAacTOSIIATa MyOMUKalMs WHAYKTOPH ca MpEeAHAa3HAUYCHU 3a HaMmar-
HUTBAHE HA CUCTEMU 32 BUCOKOTOBOPHUTENH, Pa3pabOTeHU U IPOU3BEKIaHH OT hupmMa
bu Em Ec Ilpoovkwvn OO/ - Coghus. IHayKTOpHUTE Ca OT COJICHOWJICH THII C IIH-
JUHIpUYCH paboreH oTBop ¢ auameTbp d = 160 mm. [IpoekTupanu ca 3a UMITYJICHO
HAMarHUTBaHE Ha CHUCTEMH C BUCOKOKOEPIMTHUBHU MOCTOSHHM MAarHUTU U pPadOTST
ChBMECTHO ¢ MarHetuszatop ¢ mapka BELA — IM 60, pa3zpaboTeH u BHEPEH OT €KUIIa
Ha ipo(. nTH Mun4uo MundeB u unx. Kocranua Munanos npu HUC na TV - Codus.
Cucremure 3a BUCOKOTOBOPHUTENIN MMAT TOJIEMU MACHBHU YacCTH, KOETO IMPEANoara,
4e NPy HAaMarHWTBaHE I1I€ CE Pa3BUBAT BUXPOBH TOKOBE C TOJIEMH CTOWHOCTH, KOUTO
BB3MPEIATCTBAT MPOIIECUTE HA HAMAarHUTBaHe. 3a HaMaJIsIBaHE HA BIMSHUETO HA BUX-
POBHUTE TOKOBE MPH MPOSKTHPAHE HA MMITYJICHA MarHETU3aTOPH M HA WHIYKTOPHU 3a
paboTa ¢ TsX, ca MPEeANpPHUETH JABE CTBIKU: nbpea — paOOTHOTO HANPEKEHUE HA KOH-
JieH3aTopHaTa 6aTepusi, € u30paHo B J0JHATA YacT Ha 00XBaTra Ha paOOTHUTE Harpe-
KEHUS TPU UMITYJICHA MarHEeTU3aTOPH; 6/MOpo — CXeMaTa Ha THPUCTOPHUTE KITFOYOBE
dbopmupa komOMHUpaHa ¢opmMa Ha HAMAarHUTBAIUS TOK Mpe3 uHAykTopa. Dopmara
HA HAMarHUTBAIIMs TOK MPe3 MHAYKTOpa C€ ChCTOM OT YETBHPT CUHYCOHMJA U €KCIIO-
HEHIMAIHO crajan ummysc [1]. B pesynrar or mbpBaTa CThIKA CE MOCTUTA IO-
HUCKa pPE30HAHCHA YeCTOTa Ha KOHTYpa ,,KOHJEH3aTopHa Oarepus - uHaykTop”. WH-
TYKTOPBHT € C OTHOCHUTEIHO BHCOKA CTOMHOCT Ha WHAYKTUBHOCTTAa CH, a KOHJCHA3-
TOpHATa OaTepusi € C OTHOCUTEIIHO MO-BUCOKAa CTOMHOCT HA HOMUHAITHUS CH Kamallu-
TET.

Upes usnon3Bade Ha KOMOWHUpaHa (popMa Ha HAMAarMHUTBAIIMS TOK MPe3 MHAYKTOpa
Ce TOCTHTA CHUJTHO OTCJIa0BaHE Ha BIMSHUETO Ha BUXpOBUTE TokoBe [1]. B 3amsHa Ha
oTciabBaHe Ha BUXPOBUTE TOKOBE, IIsIaTa €HEPrHsl, KOSATO Ce 3amacsiBa B KOH/ICH3a-
TOopHaTa OaTepus MPU OCHIIECTBSIBAHE Ha MpOIleca HA HAMarHWTBaHE ce pa3celBa Ka-
TO TOIUIMHHA €HEPTrHus B MHAYKTOpa. TeMmepaTypHHUSAT PEKHM Ha WHAYKTOpa ce OIl-
penens OT 3amaceHara B KOHJACH3aTOpHATa OaTepusl eHeprus Mpeau MpoIlechT Ha Ha-
MarHuTBaHe (TS € MPOMOpPIMOHATHA Ha KBaJpara Ha HANPEKECHUETO) W 3aBHCU OT
YyecToTaTa Ha MPOBEKaHEe Ha MPOIECUTE HA HAMarHUTBAHE.

3a mocTuraHe Ha 3a/1aJieHaTa 4ecToTa Ha paboTa, HHAYKTOPBT TpsiOBa aa Obae U3Mbil-
HEH C KaHaJIM MEXIYy OTACIHUTE CIIOEBE U C MPUHYIUTEIHO BB3AYIIHO OXJIAXKIAHE.
NuaykTopbsT paboT ¢ MHOTO BUCOKA crielupruyHa MOITHOCT. Pa3paboTeHusT marHe-
TU3aTOp paboTu MpH HOMUHAIHA 3anaceHa eneprus B Hero oT 60 000 WS, a Bpemero
3a JOCTUTaHE HAa MaKCHUMalHaTa CTOMHOCT Ha TOoka B wHAyKTopa ¢ 14 ms. Mormr-
HOCTTa, C KOATO c€ OOMEHsI €Heprusita MeXIy KOHICH3aTOopHaTa OaTrepus U WHIYK-

TOpa € paBHa Ha:
20 000

14, 1o07®
Ts e ¢ TBBpIC BUCOKA CTOWHOCT M € CHhIIPOBOICHA C TIPOTUYAHETO HA TOKOBE C TOJIIMa
CTOMHOCT ¥ Bb3HMKBAHE Ha TOJIEMH €JICKTPOIMHAMUYHU CUITH
N3cnenBann ca HAKOJIKO THIA WHIAYKTOPH OT COJICHOWACH THUI W 00OMHHM Ha XeaM-
xo:1 [2] ¢be claeaHnTe TEXHUYSCKU XapaKTEPUCTHKH: @) — pabOTeH 00eM - IIUITHHIBD
¢ nuametsp d = 160 mm u Bucounna h = 130 mm; ) — MakcuMaiHa HHAYKIHS B pa-
00THHS 00eM, B - MAKCUMAJTHM CTOMHOCTH Ha HOMHHAJIHOTO HAIPEKCHUE Ha 3apeiK-

g =428510° W
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naHe Ha koujeHzatopHata Oatepust Uc = 1400 V. MarnutHata WHIyKIUS, Ompese-
JeHa MO cpefaTa Ha BHCOYMHATA Ha MHAYKTOpa M Mo mepudepusita Ha pabOTHOTO
npoctpancTBo € 7 T. Ta3u, onpeneneHo mo cpeAara Ha BUCOUYMHATA HA HHIYKTOpa U B
IICHThpa Ha pabOTHOTO MPOCTPAHCTBO ¢ 5,5 T; ) — aMIUIMTy1aTa HA HAMarHUTBAIIUS
ToK - 10 10 000 A4.
B nacrosmara pabota ca pazpaboTeHU MOJAEIU Ha Pa3iudyHU KOH(PUTYpaluu HA WH-
OYKTOPH OT MarHeTU3Upalld CUCTEMH, KaTo € pelleHa MarHUTHaTa 3ajgava C Mpor-
pamumst mpoxykt FEMM [3] u e 3amanena mrsTHOCT Ha Toka — 250 MA/m?. Hamot-
KHUTE ca M3pabOTEeHU OT Me].

2. U3n0:xxeHue
[IppBOHAYATHO € MOACTUPAH IMIMHIPHYEH HHAYKTOp - ¢ur. 1.

3.308e+000 : >3.481e+000
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1.921e+000 : 2.094e+000
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7.073e-001 : 8.807e-001
5.340e-001 : 7.073e-001
3.606e-001 : 5.340e-001
1.873e-001 : 3.606e-001
<1.391e-002 : 1.873e-001

nsity Plot: |B|, Tesla
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o

Que.l. Macnumua unoykyus 8 YuruHOpuyeH uHOYKmop
[umuHApUYHUTE WHAYKTOPH OT TPANCIOBUICH BHJ 0€3 KaHAJIM ca IOKa3aHW Ha
¢wur.2.

8.558e+000 : >9.007e+000
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9.257e-001 : 1.375e+000
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ensity Plot: |B|, Tesla
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o

Que.2. Macnumna uHoyKyus 6 mpaneyosuoer UHOyKmop oe3 Kauaiu
N3cnenBanusTa HA MarHUTHOTO TOJIE 3@ BCUYKHA T'OPECHIOMEHATH MHAYKTOPH IO Me-
TOJla HAa KpalHUTE €JIEMEHTH HajaraT U3BOJAMUTE, Y€ 3a J1a C€ YJOBJIETBOPAT BCUUYKHU
M3UCKBAHUS Ha 3aJlaHUETO, TPsOBa J1a ce u3bepe MHAYKTOP OT TPANEIOBUICH THUI C
KaHaiu, ¢ur.3, Bp30YyKAAll CHIIHO MAarHUTHO TOJIeé HEOOXOANMO 32 HAMarHUTBAHETO
Ha MAarHUTHUTE CUCTEMH C PEIKO3EMHH MAarHUTH C rOJsiMa Y€CTOTa HA HAMArHUTBAHE.
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5.954e+000 : >6.268e+000
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2.507e+000 : 2.821e+000
2.194e+000 : 2.507e+000
1.880e+000 : 2.194e+000
1.567e+000 : 1.880e+000
1.254e+000 : 1.567e+000
9.402e-001 : 1.254e+000
6.268e-001 : 9.402e-001
3.134e-001 : 6.268e-001
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ensity Plot: |B|, Tesla
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Que.3. Macnummna uHOyKyus 6 mpaneyosuoer UHOYKmMop ¢ KAHAIU 30 OXAAHCOAHE
TpanenoBuaausT THIT KHIAYKTOP ¢ 10 C10sS HAMOTKHM M ¢ KaHAIM 3a OXJaXKJIaHE € I10-
Ka3aH Ha ¢ur.4.

5.694e+000 : >5.993e+000
5.394e+000 : 5.694e+000
5.094e+000 : 5.394e+000
4.795e+000 : 5.094e+000
4.495e+000 : 4.795e+000
4.195e+000 : 4.495e+000
3.896e+000 : 4.195e+000
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3.296e+000 : 3.596e+000
2.997e+000 : 3.296e+000
2.697e+000 : 2.997e+000
2.397e+000 : 2.697e+000
2.098e+000 : 2.397e+000
1.798e+000 : 2.098e+000
1.498e+000 : 1.798e+000
1.199e+000 : 1.498e+000
8.990e-001 : 1.199e+000
5.993e-001 : 8.990e-001
2.997e-001 : 5.993e-001
<0.000e+000 : 2,997e-001

Density Plot: |B|, Tesla

Que.d. Macnumua unoykyus 6 mpaneyosuoer undykmop ¢ 10 cros
HAMOMKU U C KAHAIU 30 OXJIAMHCOAHe

[Ipu npoBeaeHOTO M3CIEABaHE ¢ TMOMOIITA Ha MOJACIMPAHETO HA MHAYKTOPH 3a Ha-
MarHUTBaHE Ha MarHUTHH CHUCTEMHU C PEIKO3EMHU MarHWTH, MarHUTHATa WHYKIIHAS
B, ¢ur.8, u marautHara eneprust Wy, ¢ur.9, ca ¢ MakCUMaJlHH CTOMHOCTH B CEUCHHU-
€TO, OIpPEENICHO OT cpefaTa Ha BUCOYMHATA HA UHAYKTOpA U IIEHThpa Ha pabOTHOTO
POCTPAHCTBO IIPU MHOTOHABUBKOBHUTE XEIMXOJIIIOBH 000uHM, Gur.5, ¢ur.6 u dur.7.
CpaBHEHHETO MEXAY MOJTYUYEHUTE B PE3YJITaT Ha MOACIUPAHETO MATHUTHU UHIYKIIUH
3a pa3IMYHUTE BUJIOBE MHIYKTOPHU € rpapuuHO oHarieneHo Ha ¢ur.8. Pasnpenenenu-
€TO Ha MHIYKIHUATA € 10 XOPU30HTAJIECH KOHTYpP B cpelaTta Ha pabOTHOTO MPOCTPAHC-
TBO. Pasmpenenennero Ha MarHUTHAaTa €HEPTrUs HA CHCTEMHUTE 3a HaMarHUTBaHE Ha
BCUYKH MHIYKTOPH € IMOoKa3aHo Ha (ur.9.

3. 3akiaouenue
CrolfHOCTHTE HAa MarHWUTHATa WHAYKIWS W MarHWUTHATA €HEPTHs MPHU IWINHIPUYCH
UHIYKTOp, ur.l, He ca JOCTaTHYHM U HE yJIOBJICTBOPSBAT U3UCKBAHUATA HA 33 JaHU-
eto. L{lmmuHapuYIHUTEe HHIYKTOPH OT TPAICIOBUICH BHUJT O0€3 KaHaIu Bh30yXKaaT B pa-
00THHUS cu 00eM MarHuTHaA UHAYKIUSA B 1 MmarauTHa eHeprus Wy, 10CTaThbYHO TOJIEMH
10 CTOHHOCT, ChOTBETCTBAIM Ha 3aJaHUETO 3a MPEOJ0JIIBaHE Ha BUXPOBUTEC TOKOBE
¥ 32 HAMarHMTBaHE HA MAarHUTHUTE CUCTEMH.
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Density Plot: |B|, Tesla
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Density Plot: |B|, Tesla

Que.6. Macnumna unoykyus 6 dekmop ¢ Xeamxonyoeu 606uHu

C 6bHUIHO CKOcCABAHE
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Density Plot: |B|, Tesla

Que. 1. Macnumna unoykyus 8 UHOYKmop ¢ Xeamxoayosu 60ouHu
€ 6bHUIHO U BLIMPEULHO CKOCABAHE
CnencrtBue Ha roJisiMata OTAEJIEHA €HEPrusi, MHAYKTOPUTE CE€ 3arpsiBaT 3HAYUTEIIHO,
KaToO C€ HamajsiBa 4eCToTaTa Ha HAMAarHMTBAaHE HA MAarHUTHUTE CUCTEMH. Tpanerno-
BUJHUAT TUI UHAYKTOP ¢ 10 ciiosi HAMOTKM ce XapaKTepu3Hupa ¢ TBBPJE TOJIIMO pa3-
CEHBaHE B KPAMHUTE CJIOEBE U YKPENBAHETO HA HAMOTKHUTE € CJI0XkKHO, KOETO TO IPaBU
MIPUJIOKUM CaMO IIPA HUCKU YECTOTU HA HAMAarHUTBAHE.
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MarauTHUTE CUCTEMHU C MHIYKTOPH C XEIMXOJIOBH OOOWHM MMAT Hail-roysiMa WH-
aykrwst (Hax 107) u Hai-rojiiMa MarHuTHa €HEPTHsl, HO NMPHIOKUMOCTTa UM € Orpa-
HHUYEHA NTOPaJy Bb3HUKBAHETO HA T'OJIEMU €JIEKTPOJIUHAMUYHY CUJIU.
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MN3CJIEABAHE BJUAHUETO HA BUXPOBUTE TOKOBE IIPHU
NMMITYJICHO HAMAT'HUTBAHE HA CUCTEMMU C IOCTOAHHU
MATI'HUTHU

Kocragun MuiaanoB, Munuo MunueB, Muxaeaa CiaBkoBa

Pe3tome: [lpunoowcenuemo Ha nocmosHuume mazHumu Ha 6azama HA peoKo3eMHU
elemMenmu ce pazuupsga HenpexvcHamo. Ocobeno wWupoxKo npuiodceHue me Hamu-
pam Kakmo 6 Cb8peMeHHUme eieKmpudecku MawuHu u anapamu, a maka coo u 6
PA3IUYHU NOJAPUSUPAHU MACHUMHU CUCMEMU, AKYCIMUYHU npeodpazosament u op.
Camocmosamennomo HamazHumeane Ha NOCMOSHHUME MACHUMU 8 UMNYJICHU PeHCUMU
He cb30asa ocobeHo cepuosnu npobaemu. llpobremume 6 mosu ciyyai ca npu Mow-
masica Ha npeosapumenHo HamacHumenume 0emaiiu, KOumo 6 MHO20 Om Clyyaume
e CUNHO 3ampyoHeH. M3xo0bm om moea noiodcenue e HAMAacHUMeanemo 0a ce u3-
8bpUIL Cle0 MOHMUPAHe U NOCmassaHe Ha demaiiume no mecmama um. B mosu cuy-
yail obaue, IuUsAHUE 3an046am 0a okazeam macusnume memannu wacmu (apmamypu),
KOUMO €A U3NBIHEHU NPEOUMHO OM (PepOMACHUMHU MAMEPUATU U CA YACT OM KOHC-
MPYKYUAmMa Ha cucmemume ¢ NOCMOSAHHU MACHUMU, 3apadu 6IUAHUEMO HA UXPOBU-
me mokoee.

Knwuoeu Oymu: 6UXPOBU MOKO6€, UMNYJICHO HAMAZHUNeEAHe, MACUBHU cucmemu cC
NOCMOAHHRU MaAcHUMU

INVESTIGATION OF EDDY CURRENT INFLUENCE AT PULSE
MAGNETIZATION IN SYSTEMS WITH PERMANENT MAGNETS

Kostadin Milanov, Mincho Minchev, Mihaela Slavkova

Abstract: The application of permanent magnets based on rare-earth elements in-
creases continuously. They are widely used in the modern electrical machines and
apparatus and also in different polarized magnetic systems, acoustic transducers a.o.
The independent magnetization of permanent magnets in pulse regimes does not cre-
ate serious problems. There are problems in this case with the fixture of these mag-
netized in advance details. To find a way out of the situation, it is necessary to mag-
netize the details after the fixture on their places. However in this case there is an in-
fluence of the massive metal parts (fittings), very often from ferromagnetic material,
that are a part of the construction.

Keywords: eddy currents, pulse magnetization, massive systems with permanent mag-
nets
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1. BnBeaenue

BuxpoBute TOKOBE, KOUTO C€ BB30YKAAT MPU UMITYJICHOTO HAMAarHUTBaHE, ChUIECT-
BEHO BJIMSAT HA NIPOLIECA HA HAMArHUTBAHE U MOTaT J1a IPOMEHST U3XOIHUTE YCIOBUS
32 MPOEKTUPAHE Ha CbOTBETHUTE yCTPOICTBA.

B nuteparypara auncBaTt myOiaMKauKA 3a KOMIDIEKCHO M3CJIeABAaHE HAa BIUSHUETO HA
BUXPOBHUTE TOKOBE NPW HaMarHWTBAaHE HAa MACHBHU YCTPOMCTBA C TMOCTOSSHHH MarHu-
T [1, 2, 3]. Llen Ha HacTOSIIKUTE U3CJICABAHUS € Jla CC aHAJTU3HPa M OIICHU BIMSHHUETO
Ha BUXPOBUTE TOKOBE IPH Pa3IMYHU CXEMHU Ha MarHeTu3atopuTe. ToBa € He0OX0/aH-
MO, 3a Ja C€ MOJIIOMOTHE MPOIEChT Ha MPOCKTHpaHe. 3a UMITYyJICHO HaMarHUTBaHE
Hal-4ecTo Ce MOJI3Ba TOKOB UMITYJIC ChC CHHYCOMJIaTHA opMa U TPOIBIDKATEITHOCT
€JIMH TIOJTYTIepUO/I, TToKa3aH Ha ¢ur.1.
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®ur.1. Enexkrpuyecka cxema 3a peaiu3upaHe Ha TOKOB UMITYJIC CbC CUHYCOMIaTHA
dbopMa U POIBIKUTEITHOC €IUH MOTYTIEPUO/I.

Ta3u Gopma Ha TOKOBHUSI UMITYJIC CE MpUJIara Mpyd HaMarHUTBaHE HAa CAMOCTOSITEIIHO
U3I0JI3BaHN MMOCTOSIHHU MarHuTu. KomOuHupana (hopmMa Ha TOKOBHS MMITYJIC CIIOPE]T
¢ur.2 ce npenopwrUBa MpU CUCTEMHU C MOCTOSIHHA MAarHUTH, 3a HaMaJssBaHE Ha BJIHSI-
HHETO Ha BUXPOBHTE TOKOBE, [1, 2].
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®ur.2. Enextpuyecka cxema 3a peain3upaHe Ha TOKOB UMITYJIC C
KoMOuHUpaHa ¢popma.

N3meHeHneTo Ha M3XOASNIUS TOK MPU HAMAarHUTBaHE CE€ OMMCBA C JIBA y4yacThbKa!
I'bPBU YYACTHK, B KOWTO TOKHT HapacTBa O CUHYCOUIAJICH 3aKOH U BTOPU Y4acThK, B
KOMTO TOKBT CIaJia MO €KCIOHEHIIUAJICH 3aKOH, (ur.2.

B paborara e npoBeaeHO U3CieIBaHE OTHOCHO BIMSIHUETO U MO-TOYHO, MEXaHU3Ma Ha
BJIMSHUE HAa BUXPOBUTE TOKOBE B MACHBHHU CUCTEMH C IOCTOSHHU MarHuTH, KOWUTO
uMaT UWIMHAPUYHA (opMa U ca CUMETPUYHH BbB (PU3NYECKO U MAarHUTHO OTHOIIIE-
HUE 10 0CTa HAa HWJIMHABPA. 32 HAMAarHUTBAHE TE€3U CUCTEMH CE IIOCTABAT B HHIYKTOP
CBIIIO C IIIMHIPUYHA GopMa (COICHOMN).

KoMIiekTbT OT MHIYKTOp M CUCTeMaTa, KOSTO TpsiOBa Jla ce HaMarHuTBa C€ pasr-
JeXKIAT KaTo TpaHcHOpMAaTOp, YMSITO BTOPUYHA HAMOTKA € CBhp3aHa Ha KbCo. BTo-
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pudHaTa HAaMOTKa € CaMaTa MAdIrHUTHAa CHCTCMa C IMIOCTOAHCH MArHHT. BTOpI/I‘-IHI/IﬂT
TOK IO CBIICCTBO CC ONPCACIIA OT NPUBCACHUTC BUXPOBHU TOKOBC B CUCTCMATA 3a Ha-
MardimMTBaHC.

[IpomechT HA HAMarHWUTBAHE TPU MPUIOKEHUE HA TIOCTOSSHHA MarHUTH OT PEIKH 3e-
MU C€ OCBHIIECTBSIBAa TPH HAMPETrHATOCTHM HAa MAarHUTHOTO IIOJIE ITO-BUCOKa OT
(3,5+4,0) 106 A/m. ITpu Te3u BUCOKH CTOMHOCTH HA MarHUTHOTO T0Jie, (hePOMArHHT-
HUTE 4YaCTH HA CHUCTEMHUTE 34 HAMarHWTBaHE ca ,,HACUTEHHW W TAXHATA MArHUTHA
IPOHHUIIAEMOCT € OJIM3Ka 10 CTOHHOCTTa 3a BakyyM [4]. Ilpu oTunTaHe Ha ToBa 00C-
TOSITCJICTBO, B paboTaTa € MPHETO OINMCaHaTa MOCTaHOBKA Ja Ce pasriekaa KaTo Bb3-
AyIIeH TpaHchopMaTop.

2. ExcnepuMeHTAJHU U3cJIeIBAHUS

N3crenqBaHeTo € NpoBeIEHO Bb3 OCHOBA Ha :

- TEOPETUYEH aHaJIu3 Ha MOBEJCHUETO HAa MJICaJTU3UPAHUs MO0 MOCTAHOBKATa BB3MY-
1ieH TpaHcdopmaTop, HaTOBapEH C MACUBEH JETal U KOMTO MpeacTaBlisiBa HAMOTKA
CBbp3aHa Ha KbCO. IMEHHO B Ta3u HAMOTKA Ce€ pa3BUBAT BUXPOBUTE TOKOBE B CHCTE-
Mara,

- CUMYJIallisl Ha MPOIIECUTE B pa3riiexaaHaTa CUCTEMa OT BB3AYIIEeH TpaHcHopMaTop
¥ MacHMBHA BTOPUYHA HAMOTKA 4Ype3 MPOrpaMHus MpoayKT PSpise;

- eKCIEPUMEHTAIHO M3CJIEJIBaHE BbpPXY peasieH oOpasel] Ha MPOMUIIEHO IpUjlaral
WHAYKTOpP ¥ MAaCMBHA CHCTEMa C TIOCTOSTHEH MAarHUT 32 HAMarHUTBAHE.

U ot TPpUTC MCTOdA PCIYIITATUTC Ca CBIIOCTABCHH U B3aUMHO CC IIOTBBPKIABAT U O0-
ITBJIBAT B IIOAKPCIIA HA M3KAa3daHUA MCXAaHU3BbM Ha BJIMAHHUC HAa BUXPOBHUTC TOKOBC BbP-
XYy nporneca Ha HaMaroHuTBaHE B Pa3ryICKIaHOTO IMPHUIIOKCHUC.

TeopernuHusAT (JIOTWMYEH) aHAIM3 CE OCHOBAaBAa HAa PAa3CHKICHUETO, Y€ MPE3 IMbPBHUS
yYacThbK Ha TOKOBHSI UMMYJC (CHHYCOWJATHO HapacTBaHE), MHAYKTUPAHOTO Hampe-
’KCHHE B MAaCUBHATA CHCTEMa 3a HAMarHUTBaHE e B30y TOK (BUXPOB TOK), KOWTO
e ce MPOTUBOINOCTABS HA MPUYMHATA — 1€ Bb30yAH BUXPOBO MOJIE HA TOKA, KOETO
CBIVIACHO MpHUHIMIIA Ha JIEHI 1e ce MPOTUBONOCTAaBsS HAa HAPACTBAHETO HA TOKA U IIIE
IIpeYM Ha Ipoleca Ha HaMaruuTBaHe. [Ipu nocturane Ha MakCUMyMa Ha TOKOBUS UM-
IIyJIC ¥ 110 BPEME Ha BTOPHUs YYaCTbK — HA €KCIIOHEHLIMAJIHO CIIaJlaHe, 3HAKBT Ha UH-
OYKTUPAHOTO HAIIPEKEHHUE 1II€ CE CMEHH, 11I€ CE€ CMEHU U JCHCTBUETO U BIUAHUETO HA
BUXpPOBH TOK — TOM LI 3aII0YHE J1a IOATIOMAara npouechT Ha HaMarHUTBAHE.

Cumynanusra ¢ mpoBeeHa ¢ MPOorpaMHus MPOAYKT PSpise, cropen enekrpuyeckara
cxema JajeHa Ha ¢ur.3.

CTONHOCTUTE Ha €JIEMEHTHUTE ca ONpCACIICHN B CbOTBCTCTBUC C PCAJICH MArHCTHU3a-
TOp, C KOMTO ca IMPOBCACHU U CKCIICPUMCHTAJIHUTEC N3CJIC/IBAHM .

Kongenszatopnara 6atepus C2 e cwe croiinocT 80 000UF, xosito ce 3apexna ¢ Ham-
pexxenue 10 1200V. [IspBuuHaTa HaMOTKa Ha TpaHCcPopMaTOpa € ¢ JaHHU OT WU3IOJ3-
BaHUSI MHAYKTOP - UHAYKTUBHOCT 1MH, O6poit Ha HaBuBkute — 1000p.,koeduirienT Ha
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Bpb3Kara ¢ BTopuyHaTa (K.c. 1 HaBMBKAa OT caMaTa IMJIMHJIPUYHA KOHCTPYKIUS Ha
cucremara 3a HamarauutBane) — 0,95 u mapamerpu Ha camara BTOpHYHA HAMOTKA -
OINPEJEIEHN OT T€OMETPUYHHUTE i pa3Mepu U CELU(PUIHO CHIIPOTUBIEHUE 32 CTOMA-

Q.mm?
Ha Bapupaiio B rpanuiu (0,25-0,5) -
© 0 tClose=0002 - -
| ez
—
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®ur.3. EnexTpuuecka cxema 3a MoJielupaHe padoTaTa Ha MarHeTU3aTop 3a HaMar-
HUTBaHE Ha PEIKO3EMHU MarHUTHU CHCTEMH, pa3paboTeHa upe3
nporpamMHus npoaykt PSpise.

Ha ¢ur.4 e nokazan pe3yaTaT oT cUMYyJIalus, KOWTO BKJIIOUBA TpU rpadUKu:

- TOKBT MPe3 UHAYKTOPA, 03HAUYCH KaTO lrap. MIMa TUNIMYHUS, OnMCaH Bede BHUJ C JIBa
y4acThKa — CHHYCOHUJATHO HapacTBaHE U €KCITOHEHIIMAIIHO CIT1aJIaHe;

- BUXPOBUS TOK IIPE3 MACUBHUTE YaCTH, O3HAUCH KaTo lyinrey. TOM HapacTBa B oTpuIia-
TeJIHA MOCOKa MPU CUHYCOUJIAJIHOTO HapacTBAHE Ha TOKa Mpe3 MHAYKTOpa, MpeMUHa-
Ba Ipe3 HyJla U J0OMBa TOJIOKUTEITHN CTOMHOCTH B y4acThKa Ha CITaJlaHe Ha paboT-
HHS TOK;

- MPUBEACHUS MBJEH TOK, KOWTO MpEACTaBisiBa cymaTa Ha JBaTa TOKa, MPUBEIICHU
KbM OpOsl HA HABUBKUTE HA HHAYKTOPA, 03HAYEH KaTO lrap + lvinrov priveden-

AOcoroTHaTa CTOMHOCT Ha BUXPOBHS TOK € ChbHU3MEpUMa C abCOIIOTHATa CTOMHOCT
Ha TOKa MpPe3 MHAYKTOpa, IPU MOCOYEHUTE CTOMHOCTH Ha MapaMeTpUTe Ha cXemara.
[Ipu npuBexaaHe Ha HETOBOTO BIIMSHUE, MOPAAN ChOTHOIIEHHE HA OpOs HA HABUBKU-
te 100:1 To ce penynupa 10 HUICKUA CTOMHOCTH.

KakTo ce ouakBaile 1o u3TbKHATUTE 00U (PU3UUECKH CHOOpaKeHUs], TPU HapacTBa-
HE Ha TOKa Mpe3 MHAYKTOpa BUXPOBUTE TOKOBE IIIE ,,IPUTUBOACHCTBAT’, CHIIIACHO
npuHuuna Ha Jlenn. Cien ToBa, Te 1€ MOANIOMAaraT NpoLuechT Ha HaMarHuTBaHe. Ba-
KEH € MOMEHTBHT, KOTaTO BUXPOBUST TOK IpeMHHaBa mpe3 ,,0”. To3u MOMEHT HacTbII-
Ba MaJIKO CJIeJl MaKCUMajlHaTa CTOMHOCT Ha TOKa Mpe3 MHAyKTopa. Ta3u pasnuka ce
orpesieNsi OT O0IIUTe 3aryOu B KOHTYpa Ha pa3pekiaHe U MPeud BCUUKO OT aKTUBHO-
TO CBHIPOTHUBJIEHUE HAa WHAYKTOpa. [Ipm cumynanwusTa, Tol ce OTYMTAa TOYHO, HO €
npeHeOperHaT Npu TEOPETUUHUTE OMKUCAHUS.

EKCHepI/IeHTaJ'IHOTO H3CJIICABAHEC € IPOBCACHO IIPH CIICTHUTE YCIIOBUS.
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OOeKTHT € MarHUTHA CHCTEMa 33 BHCOKOTOBOPHTENH, ¢ AuaMeTbp 0 = 133 mm u Bu-
courtHa h =67mMm B wHAYKTOp C BBhTpemieH auamersp d =145 mm u Bucoumna
h=130mm, BB pupma bu Em Ec [IpogbkurbH.

IlocTaBeHa € M3MepBaTEIHA HAMOTKA B OCHOBATa Ha CUCTEMAaTa B CpeJaTa Ha MHIYK-
Topa. HampexxeHneTo Ha Ta3u HaMOTKa € MHTETpUpaHo. VHTErpupaHUAT CUTHAN €
MPOIMOPIIMOHANIEH HAa OOIIMS MAarHUTEH MOTOK B ChOTBETHOTO CEYEHHE, B CHOTBETEH
Manad € NpornopuUuOHAJIEH U Ha MarHUTHaTa MHAYKIIHS.

3a Jda CC OLCHU BJIHMAHUCTO HAa BUXPOBUTC TOKOBC U3MCPBAHCTO € OCBIICCTBCHO o0e3 u
C ITIOCTaBCHA MAarHuTHa CUCTCMA.

Irab + Ivihrov priveden

Ivihrov

o I{R6) + I{RS) - I{R5)+B.1* I({R6)
Time

@ur.4. KpuBu Ha eJEKTPUUECKHUS TOK MPOTUYAILL TPE3 MHIYKTOPA, BUXPOBHS TOK
[IP€3 MACUBHUTE YaCTH U NIPUBEACHUS ITBJIIECH TOK.

HuTerpupaneTo € ochIIeCTBEHO ¢ macuBHO uHTerpupamo RC 3BeHO, MOHEKE HUBOTO
Ha CUTHaja OT W3MepBaTelHaTa HaMOTKa € JOCTaThuHO BHUCOKO. Hampexxenuero e 3a-
MACBAHO C IIU(GPOB OCIUIOCKOTI.

OOmMAT X0/ HAa HAMPEKEHUETO OT CHUTHajJHaTa HAMOTKa U,(t)M HMHTErpajHara My
CTOMHOCT U (t) € moka3ano Ha ¢ur.5. CpenHara CTOMHOCT HA MarHUTHATA WH]TYyKIIUS

3a IIOIITAa Ha CUIrHaJiHaTa HaMOTKa S ITpH YCJIOBHUsATA Ha OIIKUTA € OIIpCACiisiHa 110 3a-
BUCHUMOCTTA.
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®ur.5. dopma Ha HANPEKEHUETO TOITYICHO OT curHaiaHara HamoTka Ui (t) u
uHTerpannata My ctoinoct U(t) npu nanuuue (@) u
IIPH OTCHCTBHE HA MarHuTHa cucteMa (0).

OT yBeNMYEHHU OCIUIIOTPAMHM 3a JiBaTa ciaydasl — 0e3 U ChC CHUCTeMa 3a HaMarHUTBaHE
MIpU CTOMHOCTH Ha BpemeHara 5, 10, 20 mS, kakTo ¥ B MOMEHT ChOTBETCTBAII] HA MaK-
CUMaJTHaTa CTOMHOCT Ha MHAYKIIUATA Ca OTYCTCHH ChOTBETHUTE CTOMHOCTH Ha CPEJI-
HaTa CTOMHOCT Ha MHAYKIMATA M ca JIaJIcHH B TaOu. 1 U ca moka3aHu rpagudyHo Ha

¢wur.6.

Taom. 1.
Boene MarauTtHa uHAYKIUsE | MarautHa uHAyKuus | OTHOILIEHUE Ha MarHMTHaTa
pmS "| Oe3 HajMM4Me Ha Mar- | MpU HAJW4YWEe HAa Mar- | WHAYKIUS 0e3 ¥ IpH Mar-
HUTHa cuctemMa, T HUTHA cucrema, T HUTHA cucrema, T
5 4,77 3,74 0,784
10 71,72 6,59 0,847
15 8,08 7,30 0,903
20 6,86 6,28 0,915
Max. 8,28 7,85 0,949
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3. U3Boam

IIpennoxeHoTo Bb3 OCHOBA HA TEOPETUYEH aHAJIU3 ONMCAHUE HA XOJa HA PA3BUTHE HA
BUXPOBUTE TOKOBE B CUCTEMU 32 HAMATHUTBAHE € MTOTBBPJICHO YPE3 KOMIIOThPHA CH-
MyJTanust ¥ 9pe3 (PU3UIeCcKr eKCIIEPUMEHT BbPXY pealHa HAMarHuTBaIla ypeaoa.

ITocouenu ca nBa erama B JEHCTBUETO HA BUXPOBHUTE TOKOBE BBPXY IPOLIECUTE Ha
HaMarHUTBaHE — ITbPBH, IPU HAPACTBAHE HA TOKA, KOTATO T€ CUJIHO MPOTUBOIECUCTBAT
Y BTOPH CBIIECTBEH, NIPY KOWTO CE€ M3BBHPIIBA MPOLECHT HA HAMAruTBaHe, PU KOWTO
BUXPOBUTE TOKOBE CMEHSAT II0COKATa CH U TAXHOTO IEUCTBUE IOAIIOMAra IpoLecuTe
Ha HAMAarHUTBaHE.

HpI/I KOMIIJICKCHATa (bopma Ha HaMAarduuTBAlIHUAT TOKOB HUMIIYJIC, BJIUAHUCTO HA BUX-
POBUTC TOKOBC BBHPXY IIPOHOCCa HA HAMAIHUTBAHC CUJIHO € IIOATHCHATO, HO TOBa PC-
MICHNC TOBAPU TOINIMHHO IIOBCYC CaAMHUAT HHAYKTOP.

/;: N~ —
T T

Marsamrsa mexyEogs, T
| N

J
J
6 ] /f /' 1
1 Vi / —4—NMarHnTHa MHAVKIEA Oe3 Halnvie Ha
B / MarHHTHA CHCTeMA
1 /)
4 b == )\[arHITHAa HHIVEIICT IIPH HalTWIie Ha
3 s MAaCHIITHA CIICTEMA
E OTHOIIIEHIIE Ha MarHIITHAaTa IMHITYEIITT des3 .
] 3
2 L TIPH HalTH'IIE Ha MarHIITHa CHCTeMa
Lk I I N B
/] N .
D"_"'I"" "I EPEEPEE EPEEPETE BRI BRI BRI BRI B
0 2 4 6 8 10 12 14 16 18 20
Bpeme. ms

@dur.6. 3aBUCMMOCTH Ha MarHUTHATAa HWHAYKOHUA OT BpCMCTO 3a HAMAIrHUTBAHC 3a
CJICOHHUTEC ClIy4aHl. HAJIMYMC Ha MarHUTHa CUCTEMa, OTChCTBHUE HA MarHUTHA CUCTEMa
M OTHOIICHUC HA MAI'HUTHATA WHIYKIIA oe3 n P HAJINYNC HAa MarHUTHA CUCTEMaA.

[Isnara 3amaceHa eHeprus B KOHAEH3aTOpHATa Oarepusi, HeoOXoauMa 3a NMPOKapBaHe
Ha MOIIIHMS TOKOB UMITYJIC Ha MPAaKTHKa ce pa3ceiiBa B uuaykropa. [lopaau ToBa oco-
O0eHO BHMMaHMe TpsAOBa J1a ce 0ObpHE MPHU MPOCKTUPAHE HA MEPKUTE 32 OXJIaXK/IaHE Ha
UHIYKTOpA.
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OIITUMU3BAIIUA HA KOHCTPYKIIUATA HA CUCTEMA 3A
MAI'HUTHO-PE3OHAHCHA OBPA3HA JTUAT'HOCTHUKA

BanenTun MarteeB, AHesnus Tep3oBa, Uimana MapuHoBa

Pe3wome: B mazu paboma e npeocmaser nooxo0 3a MHOCONAPAMEMPUYHA CMOXAC-
MUYHA ONMUMUZAYUS, UZNOJI36AU MemOOa HA 2eHemuyHume anreopummu. M3znonzean
e 3D mooen na macnHumnomo none ¢ mMemooa ¢ KpauHu elemeHmu 3a HaAMUupauve Ha
ONMUMATIHA KOHCMPYKYUsL NPU 3a0A0eH0 pasnpeodeiieHue Ha nojiemo. Mooervm us-
nonzea copmyepnuusm nakem ANSYS 12.1. Onmumuzayusma e ocvuecmeena noc-
pPeocmeom memooa Ha ceHemuunume aneopummu. Onmumuzupana e cucmema 3d
MACHUMHO-PE30HAHCHA 00PA3HA OUACHOCMUKA C Yell NOCU2AHe HA CUTHO, XOMO2EeH-
HO nose 6 pabomuama 30Ha Ha cucmemama. OnMUMUZAYUOHHU NAPAMEMPU CA C8bD-
3aHU ¢ KOHCMPYKYUAMA HA epaduenmHume Hamomku Ha cucmemama. Ilpeocmasenu
ca pesyimamu om ONMuMU3AyUsAMa ¢ 08e pasiudnu yeaeeu Qyuxkyuu. Mooervm u pe-
3yimamume om ONMUMUSAYUOHHUSM NPOYeC CAd CPABHEHU C MAKUBA OM NPSKO U3-
Mepeane Ha MACHUMHOMO NoJjle HA 2paoueHmuume HAMOMKY 8 pabomHama 30Ha Ha
cucmemama.

Kniwouosu oymu:. cmoxacmuuna onmumuzayusi, cenemuunu aneopummu, 3D mooenu-
pane, Memoo na kpaiinume enemenmu, AMP.

OPTIMIZATION OF MAGNETIC RESONANCE IMAGING SYSTEM
CONSTRUCTION

Valentin Mateev, Aneliya Terzova, lliana Marinova

Abstract: In this work an approach for multiobjective optimization by genetic algo-
rithm method is proposed. 3D finite element method magnetic field model is imple-
mented and applied for optimal shape determination for a given field distribution.
Field model employs the ANSYS 12.1 software package. Optimization is made by ge-
netic algorithm method. Magnetic Resonance Imaging (MRI) system is optimized for
achieving strong and homogenous field distribution in the system working zone. Op-
timization parameters are corresponding to MRI gradient coils construction. Results
from two different objective functions for achieved optimal constructions are pre-
sented. Numerical model and optimization process results are verified by direct
measurements of the field distribution in the system working zone.

Key words: stochastic optimization, genetic algorithm, 3D modeling, Finite Element
Method, MRI.
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1. Introduction

Since the early development of the MRI technology, numerical modeling has been a
useful tool for field analysis in an effort to provide minimization of negative effects
on MR images, energy consumption, time duration of investigation or even patient
harm. These objectives are closely influenced by MRI system construction and nu-
merical field models can be performed using modern optimization methods to obtain
better magnetic field distribution. From the mathematical point of view, optimization
is a process of finding global maximum (or minimum) of some objective function.
There are several approaches to this problem. One class of optimization techniques
uses well-known conjugate-gradient (CG) methods for solving systems of linear equa-
tions, and Quasi-Newton (QN) methods for the non-linear case. Another class is so-
called Simplex method, using the concept of a simplex in choosing in which direction
to lead the search. Both these techniques are considered local in that the solution they
find is highly dependent on the initial point of search. They can never guarantee that
the solution is really the best, but due to their usual tight connection with the problem,
they tend to converge to the solution relatively quickly. Another problem with local
techniques is that all of them impose some constraints on the objective function in
terms of continuity and differentiability, which are sometimes impossible to achieve.
Very different class from these is stochastic optimization. Techniques that fall into
this category are considered global and they usually work with population of candi-
date solutions, not just with one solution, using probabilistic transitions between
points in search space. Since they usually do not use any knowledge about the prob-
lem, their convergence is slower than that of local techniques. But the fact that they
can work with any kind of optimization function, being it noncontinuous, non-differ-
entiable, or with any kind of constraints, gives global techniques a great potential for
use in various fields where finding the best solution is more important than the con-
vergence time. Different stochastic methods are developed: genetic algorithms, evo-
lution strategies, Monte Carlo, simulated annealing, particle swarm, etc. Genetic algo-
rithm is one of the methods that proved to be good in solving problems in electro-
magnetics — they are robust enough and easily implemented in the same time. [1, 4 -
12]

In this work an approach for multiobjective shape optimization by genetic algorithm
method is proposed. 3D finite element field magnetic model is implemented and ap-
plied for optimal shape determination for a given field distribution. Field modeling
employs the ANSYS 12.1 software package. Optimization is made by genetic algo-
rithm toolbox of Matlab which employs the ANSYS model true APDL interface. MRI
system is optimized for achieving strong and homogenous field distribution in system
working zone.

2. Genetic algorithm

A genetic algorithm (GA) is a method for solving both constrained and unconstrained
optimization problems based on a natural selection process that emulate biological
evolution. The algorithm repeatedly modifies a population of individual solutions. At
each step, the genetic algorithm randomly selects individuals from the current popu-
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lation and uses them as parents to produce the children for the next generation. Over
successive generations, the population “evolves” toward an optimal solution [3].

The fitness function is defined over the genetic representation and measures the qual-
ity of the represented solution. Once the genetic representation and the fitness func-
tion are defined, a GA proceeds to initialize a population of solutions (usually ran-
domly) and then to improve it through repetitive application of the mutation, crosso-
ver, inversion and selection operators. Initially many individual solutions are (usually)
randomly generated to form an initial population. The population size depends on the
nature of the problem, but typically contains several hundreds or thousands of possi-
ble solutions. During each successive generation, a proportion of the existing popula-
tion is selected to product a new generation. Individual solutions are selected through
a fitness-based process, where certain selection methods rate the fitness of each solu-
tion and preferentially select the best solutions.

Craating a
random Initial
population

h 4
E— Ansys APDL Matlab
|optimization method |
Preprocessor Solution and
optimization control
l lua syntax [
Processor > Data archiving
Post processor Viguahzation
(a) (b)

Fig.1. Process of genetic algorithm (a) and block structure of optimization process
software interaction (b).

The next step is to generate a second generation population of solutions from those
selected through genetic operators: crossover (also called recombination), and/or mu-
tation. For each new solution to be produced, a pair of "parent” solutions is selected
for breeding from the pool selected previously. By producing a "child" solution using
the above methods of crossover and mutation, a new solution is created which typi-
cally shares many of the characteristics of its "parents" [4]. Block scheme of GA pro-
cedure is shown in Fig.1-a.

3. Finite element method model

Investigated MRI system is shown on Fig.2 [1]. It is a new “open-type” construction,
which is employing permanent magnets for creating strong static magnetic field in the
working zone of the system and gradient coils for spatial field focusing. The presence
of permanent magnets and fast changing currents in gradient coils makes the model-
ing task challenging.

The electromagnetic system includes the permanent magnet and conducting materials,
such as pole pieces, yoke and pluggings, plugging rings, and gradient coils. Gradient
coils systems are located in the pole piece of the MRI.
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PLUGGING RING

L]

@ (0
Fig.2. MRI system cross-section (a) and 3D model outlook (b).

The MRI system main magnetic circuit - yoke is made of low carbonated steel (steel -
1010) with electric conductivity o = 2e® S/m and relative magnetic permeability x, =
902.6. The pole piece and plugging rings are made of electrically pure iron with elec-
tric conductivity o = 1.03e” S/m and relative magnetic permeability x = 4 100. The
material of permanent magnet is NdFeB alloy with coercitive intensity H. = 1 034
kA/m and magnetic permeability x4, = 1.0439. The plugging is also made of NdFeB al-
loy with H, = 940 kA/m and relative magnetic permeability y, = 1.038. The homog-
enous field exists in spherical region (DSV) with diameter 40cm, Fig.2-a.
Electromagnetic field distribution in investigated MRI system is analyzed by mag-
netic vector potential — electric scalar potential formulation (A-V, A),

rot(l rotA) + o{% — gradv, j +divH,=J (1)
Y7,

where: A —magnetic vector potential; V, — scalar electric potential; J — source current
density; « - magnetic permeability; o - electric conductivity.

A three-dimensional transient electromagnetic problem according to FEM formula-
tion is used for the analysis. It is applied by Ansys 12.1 software [2]. Computations
were automated using Ansys Parametric Design Language (APDL).

4. Optimization problem

The FEM model of investigated permanent magnet MRI system is shown on Fig.2-b.
Gradient coils systems are located in the pole piece of the MRI, coils for Z-gradient
are shown on Fig.4-a. The coils are in vertical planes of z = £221 mm and the radius
of each is 106, 188, 263, 295, 315, 331, 344, 356, 367, 377, 387, 398, 409, 420, 434
and 451 mm respectively. Cross-section of each coil is 18mm? 6 mm (width) and 3
mm (height). [1]

The MRI Z - gradient coils radius are taken as optimization design parameters defined
in the - plane, as shown in Fig.4. In that case the number of optimization variables is
16. For a given constant pole design and changeable Z — gradient coils construction,
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the homogeneity of the magnetic field over a DSV volume of interest is calculated
with equations (2) and (3).

Bz?

F, = min{\/z(BZiB—ng)z] (3)

where By;, Byi and B,; are X, y and z components of magnetic flux density.

By = 0,512T is the value of the chosen target flux density.

The DSV volume magnetic field sources are both permanent magnets of yoke and
gradient coils. According to large number of design variables, deterministic optimiza-
tion methods are not suitable for solving the problem. Optimization is made by ge-
netic algorithm toolbox of Matlab which employs FEM Ansys model true APDL in-
terface, Fig.1-b. Where used objective functions are (2) and (3).

F, = min( Z—BX‘Z +By J (2)

5. Results

Optimal results for two objective functions are achieved after 50 generations of the
algorithm. These results are coupled by Pareto frontier. Optimal result for gradient
coil construction which corresponds best with two objective functions is with radiuses
of 106, 189, 265.5, 315, 331.5, 340, 356, 367, 398, 410, 434 and 453 mm. In that case
the number of loops is decreased to 12 and mst of them are repositioned as it is shown
in Fig.4-b.

Magnetic flux density distribution vector-plot for initial construction is shown on
Fig.3-(a).Field distribution for optimal construction is shown in Fig.3-(b).

(a) (b)
Fig.3. Magnetic flux density distribution vector-plots, for initial construction (a)
and optimal construction (b).
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(@)

Fig.4. Z - gradient coils system, initial loops (a) and optimal reposition (b).

Numerical model and optimization process results are verified by direct magnetic
field measurements in the optimal gradient coil system working zone. Magnetic flux
density distribution is measured in working zone in parallel layers with z = 25, 50, 75

and 100 mm, over the gradient coil system. These results are shown in Fig.5.

Calculated magnetic field values and structure corresponds well with directly meas-

ured.
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Fig.5. Magnetic flux density distribution in working zone in parallel layers (z = 25,
50, 75 and 100 mm) over the optimal gradient coil system. Solid lines are model re-
sults, compared by measured, marked with dot labels.
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6. Conclusions

Highly effective and fast method and implementation for 3D construction optimiza-
tion for permanent magnet MRI system is introduced in this paper. Method is based
on stochastic multiobjective GA minimization which employs a finite element method
model. Optimization is made by genetic algorithm toolbox of Matlab which employs
the Ansys model true APDL interface. Finite element method is used to solve elec-
tromagnetic problem. Matlab environment offers easy storage, processing and visuali-
zation of optimization process data. Method’s capabilities are for general optimal con-
struction and shape determination for given field distribution using complex objective
functions.

A MRI Z - gradient coil system is designed for optimal field distribution in the active
working zone.

Numerical model and optimization process results are verified by direct magnetic
field measurements in the optimal gradient coil system working zone. Calculated and
measured magnetic field values and structure are in good consideration.

This example illustrates multiparametric optimization problem. GA method realiza-
tion offers some strong advantages in that case such as fast global minimum reaching
and high accuracy due to Ansys model included in optimization process.
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BJIUAHUE HA ITPOMSHATA HA 3AXPAHBAIIIOTO HAIIPEKEHUE
BbHPXY CBETJIMHHMUA IIOTOK HA PA3ZPAJAHMTE JIAMIIN

Cumona Ilerpaxkuesa, I'ans I'eoprueBa-TackoBa, 3axapu BaHoB

Pe3ztome: B nacmosawama paboma e uscieo8ana 3a8UCUMOCMMA HA  CEEMIUHHUS
NOMOK HA pA3PAOHU JAMAU OM NPOMAHAMA HA 3aXpAH8aujomo HanpedyceHue. Exc-
NepUMEHMAIHO uzmMepeHume OaHHU ca UHMEPNOIUPAHU 3d 8CAKA OM U3CIe08aAHUME
JamMnU, U3NOA36AUKU NOJUHOMHU 3A8UCUMOCIU CLOMBEMHO Upe3 TUHEUHa U Ype3 no-
kazamenna @yuxkyusa. Cneo 8csaka anpoKCuMayus ca U34UCieHu Cbomeemuume epeul-
KU MeHcOy eKCNepUMEeHMANHO UMepeHume u npocHO3UPAHUmMe CbC CbOMEemHuUs no-
JIUHOM ~ OMHOCUMENHU 2PeuwKU 8 npoyenmu. HM3nonzeauku npeonoxceHume anpok-
CUMUPAWYU 3ABUCUMOCIU € UZHUCTICHO HAMATeHuemo Ha céemaunnus nomok (6 npo-
yenmu) npu Hamaaaeane na saxpaneawomo nanpedyxcerue ¢ 10 % 3a pazruunume 6u-
006€e aHANU3UPAaHU J1aMNU. B 3axniouenue ca HanpaseHu u3800U OMHOCHO NPEOUMCI-
gama u HedoCmamvyume Ha 6CAKA OM U3CTIe08AHUME AAMAU NO OMHOUEHUe HA U3Tb-
YeHUs c6emIUHeH NOMOK.

Kniwuosu 0yMll C6EMIIUHHU USMOYHUYU, pd3pﬂdH1/l aamnu, Hasceascaemu i1amnu, oa-
aacm, ceemjuHeHr nomokK

EFFECT OF THE SUPPLYING VOLTAGE VARIATION ON
THE LUMINOUS FLUX IN DISCHARGE LAMPS

Simona Petrakieva, Galia Georgieva-Taskova, Zahari Ivanov

Abstract: In the work, the fluctuation of the flux in discharge lamps with respect to
the supplying voltage variation is discussed. The measured experimental results are
interpolated for each analyzed lamps using polynomial expressions with linear and
power functions, respectively. The associating relative approximation errors (in per-
cents) are calculated based on the results from the experiments and predicted ones
with the respective polynomials. Using these proposed approximation expressions the
decreasing of the luminous flux when the supplying voltage decreased with 10 % is
calculated. This is made for each analyzes lamps. The advantages and disadvantages
of the tested lamps in terms of the emitted luminous flux are given as a conclusion in
the paper.

Keywords: light sources, discharge lamps, incandescent lamps, ballast, luminous flux
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1. BnBeaenue

[Tpu paboTa Ha MaMmuTe ChC 3aXPAHBAIIO HAMPEKEHUE MO-BUCOKO WJIH MO-HUCKO OT
HOMHHAQITHOTO MM, MOTaT J1a C€ TOSIBAT PA3IUNIHH OTPHUIATSIIHA e(PEKTH.

PaboTtara Ha JamMmuTe MpU 3aXpaHBAILO HAPEKEHUE MO-BUCOKO OT HOMHUHAIHOTO MM
MOJKE Jla ce HaOro/aBa, HaMpUMeEp MpPU H3MOJI3BaHE HA HANPEkKEHHE ChC CTOWHOCT
230 V, npuiioxkeHo BbpXy OanacT ¢ HOMUHAIHO 3axpaHBaino Hamnpexxenue 220 V (ex-
Ha YacT OT M3IOJI3BAaHUTE MHAYKTHBHH OanacTtu ca 3a Hampexkenue 220 V).

Ot 2008 r. BcMUkM CTpaHU B €BPONEHCKHS CHIO3 MpHEXa IMOCieHaTa MoMpaBka Ha
cranpapra Standard EN 50160 - Voltage Characteristics in Public Distribution
Systems. Cnopen Hero HoMmuHaHOTO Hamnpexxenue € 230 V npu yectota 50 Hz. Ot
2010 r. B bearapus e BanmaeH cranaapTsT bJIC EN 50160-2010 [3]. CeriacHo To3u
cranaapt ce gomyckar 10 + 10% KkpaTKOBpeMEHHH OTKJIOHEHUS Ha HAINPEKEHUETO
(pecmt. ot 207 no 253 V). B anrmmiickust u Hemckus BapuanT Ha EN 50160 ce mpero-
pbuBa OTKJIOHEHHSTA B HampekeHueTo aa ca ot (-10%) mo (+6%) oT HOMHUHAIHOTO,
koeto e 230 V.

[lopanu yBelIMYaBaHETO Ha 3aXpaHBAIOTO HANpPEKEHHWE HaJ HOMHUHAIHOTO 3a Oa-
JacTa psi3KO HapacTBa MOLIHOCTTA Ha KOMILUIEKTA JamMIa-0anacT U pa3xo/ia Ha eJIeKT-
pOEHEPrus, IPU KOETO CE YBEIIMYABA PUCKA OT MOXkap. B TO3u ciydal TpalHOCTTA HA
JamnaTa U Oajiacta 3HAYMTENHO HamansiBa. L[BeTHaTa TemmepaTypa € MO-HHCKa U
CBETJIMHATA € C MO-TOMBJI HBAT [1].

B cucremute 3a yIMYHO OCBETJICHHE, HAPUMEpP, HANPEKCHUETO BBHPXY CHUCTEMATa
OanmacT-mammna Mo)Ke Jia ce TIOHMXKH I10JI HOMHHAITHOTO, aKO OCBETsBaHATa YJIHIA €
MHOTO 1biira [2]. B To3u ciyuail Hanmpe)kKeHUETO BbPXY JiaMIlaTa B HA4aJ0TO Ha YJIH-
aTa U TOBa — BBPXY JIaMIlaTa, Pa3MoJio’KeHA B Kpas Ha yJuIaTa, € pa3judHo, T.C.
MOCJIETHOTO € TIO-HUCKO OT HOMUHAJTHOTO 3axpanBaiio Hanpexenue 230 V. [Tonuxa-
BaHETO Ha 3aXPaHBAIIOTO HAMIPEKEHUE € IPUYNHA 332 HAaMAJISIBAHE HAa CBETIMHHUS T10-
TOK U SPKOCTTA, KAKTO ¥ 3a yBEJIIMYaBaHE Ha [BETHATA TeMIlepaTypa Ha jamnure [1, 2,
4]. YcraHOBSIBaT ce 3HAYMTEIIHA HaMaJICHUs Ha CBETJIMHHHMS ITOTOK HA HATPUCBUTE H
METaIXaJOTCHHUTE JITAMITM BHCOKO HaJIsITaHe, IOPW KOTAaTO OTKJIOHCHHWETO Ha Harpe-
KEHUETO € B JIOMMyCTUMUTE OT CTaHAapTa rpaHuiy. [1o Ta3u nmpudnHa mpu T€3U yCIIO-
BUS C€ MPETOpbhUYBa PA3PATHUTE JIaMIK Ja HE pabOTAT C IpocesH, a Ja H3MOJI3BaT
CIIEKTPOHHHM TTycKoperynuparim anapatu (EITPA).

Toii KaTO MOHMKABAHETO HA 3aXPaHBAIOTO HAMPEKEHUE B CHCTEMHUTE 33 YIMYHO OC-
BETJICHUE € JIOCTA YECTO CpelllaHa peajHa CUTYyallHs, B HACTOSIIMS MaTepHall ce M3C-
JeBa MPOMSIHATA Ha CBETJIMHHHS MOTOK Ha jammnata (@,, Im) BbB QyHKIUSA OT HEW-
HOTO 3axpaHBamo HamnpexeHue (U,.,, V). ExcrnepumeHTanHure pesyirartu 3a pas-
JUYHUTE BUOBE JIAMITH Ca MHTEPIIOJIUPAHH ITOCPEICTBOM JIBa THIIA TTOJMHOMHA 3aBU-
CUMOCT — 4pe3 JIMHEHHAa W 4pe3 Moka3atenHa ¢yHkius. Ha 0a3ata Ha momydeHHTE
aHAJIMTUYHH U3pa3d MOXE Jla CE U3BBPIIBA MPOTHO3UPAHE HA U3MEHEHUETO HA CBET-
JIMHHUSA TIOTOK MPH ChOTBETHOTO M3MEHEHHME Ha 3aXPaHBAIIOTO HampexeHue (B mpo-
IICHTH).

154



2. M3ciienBane HA 3aBUCUMOCTTA HA CBETJMHHUSA MOTOK HA JaMIUTe
OT MPOMSIHATA HA 3aXPAHBAINIOTO HANIPEsKEeHHE
W3cnensanu ca HarpueBH jtamiu Bucoko Hamsrane (HJIBH) ¢ momHoctu 250 u 400

W, MmeranxanoreHsa yamma Bucoko Hajsrane (MXJIBH) ¢ mommuoct 400 W, nymu-

HecrentHa Jiamna (JIJI) ¢ momuaoct 36 W n Haxexxkaema siamna (HJT) ¢ momrHocT 100
W.

EKCriepuMEHTAIHO M3MEPEHUTE NAHHU C€ WHTEPIIOIUPAT ¢ MOAXOIAIA MATEMATH-
gyecka (PYHKIHS C 11e1 ObIeI0 MPOTHO3UPAHE.

W3cnenBanusTa ca HalpaBeHU MIPH CJICIHATA cXeMa Ha cBbp3BaHe (¢ur.l)

O O

W

L— (A)——(W)——— —3Y
| Jp

~230V T—_,Ck (@
)

N#

®ur.1. Cxema Ha cBbp3Bade Ha HIIBH u MXJI

W3mepBaneTo € u3BbpIIeHO upe3 u3MmepureneH komiiekT K505 3a m3mepBane Ha
3aXpaHBAIlOTO HAMPEKEHHUE, TOKA Mpe3 KoHCyMaTtopa (cucreMara OaylacT-amiia) |
MoJlaBaHaTa KbM HErOo aKTMBHA MOIIHOCT. 3aXpaHBaIlOTO HAIMPEKEHHUE OT MpekKara
ce 1oJaBa KbM KOHCymaTopa Ipe3 INOoHMKaBall aBToTpaHcdopmarop. IMocnenuusar
HaMaJIsiBa aMIUINTY/IaTa Ha CHHYCOMJIaTa U HAMPEKEHUETO Ha M3X0Jla My € TMO-MaJIKO
OT HOMHUHAJIHOTO 3aXpaHBaIlo. ToBa BOAM 70 HaMaJsIBaHE HA aKTUBHATA MOLIHOCT Ha
Jamrnara B CPaBHEHHUE ChC CIydyauTe Ha U3I0JI3BaHE HA CTaHJApTHUTE OalacTHU cXe-
MH.

[To BpeMe Ha W3MEpBaHUATA W3CJEABAaHATA JIAMIIA € ITOCTaBeHAa BHB (DOTOMETPHUYHO
k6100 (¢ KoedummeHnt Ha kba00TO K = 1.79, Im/IX, onpenenen ¢ eramoHHa jamma
Osram delux mat ¢ P, =100, W, I =0.456, A, U =220, V, ® =1232, Im). Cser-
JUHHMST MMOTOK Ha jammara (@,) e omnpejeicH upe3 u3MepBaHe Ha OCBETEHOCTTA Ha
KbJIOOTO U € YUCIICHO paBeH Ha: @, = K. E..

Crnen BKIIFOUBaHE Ha 3aXpaHBAHETO BCSKA JlaMIla C€ OCTaBs Ja CTAaOWIIM3HMpa CBOWTE
napaMeTpH, Cjell KOSTO e M3MEPBa OCBETEHOCTTA (CBETIMHHHUAT MOTOK @, Im) mpu
pa3IMYHUTE CTOMHOCTH Ha 3axpaHBaIlloTo HanmpexxeHue oT 195V no 245 V.
Pesynratute ot uscnensanero Ha: HJIBH ca magenu B Tabmumm 1 u 2; MXJI - B
tadiu. 3; JIJI - B tadbn. 4 u HJI - B Tabu. 5.
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Tab6auma 1. U3cnensane na HJIBH 250 W

JJAMIIA JAPOCE.JI Usaxp , V E. IX
195 5880

200 6300

205 6760

HBU 210 7170

HIIBH 250 W O 047665884 215 7810
(NARVA) 1=36A 220 8500
NA 250 - 60 U=220V 225 9480
f=50 Hz 230 10250

4=0.45 235 10880

240 11400

245 12010

Taomumna 2. Uscnensane va HJIBH 400 W

JJAMITIA JPOCEJ Usaxp , V E. IX

195 13400

200 14630

205 15940

HJIBH 400 W 400/200 |H(;31§I 0971364 219 16879

(rUNGSRAND LU o 215 18200
400/T/40 |=44A

1=0.45 225 21000

230 22200

235 23800

240 25500

245 26600

Taomuna 3. M3cnensane ua MXJI 400 W

JAMIIA JIPOCE.JI Usaxp , V E., IX
195 10560

200 11380

205 12220

MU 210 13240

XU 400 W 400/20?4 (3)1; 2968996 gg 1;1188
(NARVA) NC 400 =055 2oE 16140
230 17300

235 18300

240 19400

245 20500
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Tao6muma 4. Uszcnensane ua JIJ1 36 W

JIAMITA JPOCEJ Usaxp s V E. IX
195 1030
200 1078
SCHWABE 205 1130
L40-502 210 1184
OSRAMI L36Wi21- o 215 1257
840 U=230V 220 1308
LUMILUX PLUS oo 225 1382
COOL WHITE 230 1428
235 1500
240 1556
245 1618
Tao6muna 5. U3caensane va HJ1 36 W
JAMIIA Usan, V. E.. IX
195 303
200 330
205 361
210 396
HJT 100 W 235-245V 215 425
220 464
225 513
230 556
235 600
240 646
245 703

Ha 0a3aTa Ha ekcriepuMeHTaIHUTE pe3yaTatu (Bx. Ta0a. 1, Tabn. 2, Tadm. 3, Tadn. 4 u
Tabi1. 5) e mokasaHa rpaduyno 3aBucumoctTa £ = f (U ,,,) 3a HJIBH (250 n 400 W),
MXJI (400 W), JIJT (36 W) u HJT (100 W) - ¢ur.2.

EK = f(Usaxp.)

30000

——H/IBH - 400 W

X
= 20000 .—l“.‘.’.‘.“r“. e anow
4
wi 10000 M MXJ1 - 400 W
R e s T I TRV
190 210 230 250 HA - 100 W
U3axp.l \'
dwur.2



3. AIPOKCHUMALIMU HA Pe3yJITATUTE OT eKCIIEPUMEHTAJHUTE Pe3yJITaTH

Crnen o6paboTka Ha eKCIIEPUMEHTAIHUTE PE3yITaTH OTHOCHO 3aBUCHMMOCTTa Ha OCBe-
TEHOCTTa OT 3aXpaHBAIlOTO HAMpEXKeHHe, T.e. E =fU,,), ce cturaa no u3-

BOJIa, Y€ HAN-TIOAXO/AIIO € Ta3U 3aBUCUMOCT J]a C€ MHTEPIIONIMpPA C TIOJIMHOM OT N-TH
pen. PenbT Ha moJIMHOMA 3aBUCH OCHOBHO OT jK€JIaHaTa TOYHOCT Ha MHTepronanus. B
ciydas oTHocuTenHara rpemka e £ <0.5 %.

anpoxc. 3axp

M3nuTBaHMATa ca TMPOBEICHU MPH TPOMSHA Ha 3aXPaHBANIOTO HANPEKEHUE OT
(-12 %) mo (+12 %) or 220 V, 1.e. 195V <U, <245V mpe3 5 V, xoero ompe-

nenst m = 11 6a30BU TOYKU HA U3MEPBAHE.
e [lpu uHTEpMOIAHUA C MOJUHOM ¢ 0a30Ba JUHEHHA (PYHKUUSA ANPOKCH-
mMupamara gyHknusa nMa sujaa [5]:

E, .. =8 +aX+ax +..+ax". (1)

anpokc.

be3 na ce HamansiBa OOITHOCTTA Ha pa3ryIeKAaHUATa MOXKE JIa Ce MPUEeMe, Uue peabT Ha
noixuHoMa N = 3, Thi KaTo KoeUIHEeHTHTE 8,,8;,...,8, B (1) ca ¢ HAKOJIKO mOpsIbKa

MO-MaJIKu OT 8,,8,,d,,8, U MOrar Jia ce npeHedpersar. ToraBa pe3ylITaTHUIT UHTEP-
MOJIMPAIIl TIOJIMHOM J00UBa BU/A!

E, e =8 +aX+a,X +ax’. (1a)

anpokc.

e [lpu uHTepmosanus ¢ MOJMHOM ¢ 0a30Ba MoKa3aTejHAa (YHKIHUA all-
poxcuMupamara GyHKuus uma Buaa:

Epore, = 8 + Al +a,r” +...+ar™ npu ocrosa r=1.02. (2)

be3 n1a ce HamalsiBa OOIITHOCTTA HA Pa3rIeKIaHUITa MOXKE J1a CE MpUeMe, Ye peabT Ha
nonuHOMa € N = 4, Thi KaTo KOCPUIMEHTHTE &;,a,,...,a, B (2) ca ¢ HAKOIKO MOpA-

IbKa MO-MaJIKU OT @,,d,,d,,d,,d, U MoraT ga ce npeHeOpersat. ToraBa pe3ynraTHUs
HMHTEPITOIUPAIIL TOJTUHOM JOOWBa BHUJIA:

E, .. =a +a102"+a,1.02*> +a,1.02* +a,1.02" . (2a)

anpoxc.

CToWHOCTUTE HAa ChOTBETHHUTE KoeduunmeHTn B momuHomute (la) u (2a) 3a Bcska ot
W3CIICIBAHUTE JIAMITH Ca TIOCOYCHHU CHOTBETHO B Ta0. 6 u Tabmn. 7. Te ca onpeneneau
Ha 0a3aTa Ha METOJIa Ha Hali-MaJIKUTE KBaJPaTH MPU MUHUMHU3HPAHE Ha CPEIHOKBA/I-
paTHYHaTa rpelka:

ERROR_SQR = i(Emm (s)-E,(s)) - min. 3)

s=1
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[Tpu Taka omnpeneneHuTe KOSHUIIUEHTH B alIPOKCUMHPAIIHUS TIOJTMHOM OTHOCUTEITHATA
rpelika MeXly WHTEPIOIUPAHUTE U CKCIICPUMEHTATHO U3MEPEHUTE JaHHU € M3YHC-
JeHa chriaacHo Gopmynara:

E,pore ()~ o (9))

£=) 100, %. (4)
s=1 K (S)
3.1. Pe3yJaTaTu OT apoOKCUMALMSTA Ype3 MOJUHOM,
0a3upaH Ha JIMHeHHAa PyHKUMUS
Tao0muna 6
Jammna a a a a ¢ (4U 4E
0 1 2 3 % % %
HIBH 1 5oa136.643 | 7211519 | 320918 | -0.0490 | 0.960 | 10 | 29.452
250 W
HJIBH 73221.189 -1052.934 5.0200 -0.0061 0.636 10 27.550
400 W
MXJT
79070.676 -1144.169 5.514 -0.0074 0.172 10 27.084
400 W
JUIT
36 W 11531.501 -160.2791 0.767 -0.0011 0.291 10 19.314
HJI
2481.5105 -31.29743 0.123 -0.0001 0.445 10 31.775
100 W
3.2. Pe3yaTaTu oT anpokcuMManusATa Ype3 MOJHHOM,
0a3upaH HA MoKa3aTeJTHA QYHKIUSA
Ta0muna 7
Jammna a a a a a & AU 4E
0 1 2 3 4 % % %
HJIBH
250 W 14775.399 | -557.0998 | 11.194 | -0.08074 | 0.0002028 | 0.791 10 29.125
ZI(%BVIJ -16116.169 | 1208.713 | -18.052 0.139 -4.10 0.4102 | 10 | 27.0977
MXJI 6
400 W 381.651 263.227 -1.196 | 0.00364 | -6.058.10 0.184 10 | 27.0513
JUI s
36 W 749.154 -2.171 0.275 -0.0026 7.57.10 0.266 10 19.386
HJI -6
100 W 208.6022 -3.457 0.173 |-0.00142 | 3.98.10 0.449 10 31.839




4. 3akjaodeHune

N3mepennTe 3aBUCHMOCTH HAa CBETIMHHHS IOTOK OT 3aXPaHBAIOTO HAINPEKCHHE
Haii-100pe ce ampoKCMMHpAT 4Ype3 MOJUHOM, Oa3upaH Ha IMoKa3zaTresHa (YyHKIUS C
pen Ha noauHoMa N = 4 (Bk. Tabn. 6 u Taba. 7). [TocpeacTBOM Taka MpeaIoKEeHUTE
AHAJTUTHYHY 3aBUCUMOCTH (2) MOXeE J1a Ce ONPE/IS)Id CBETIMHHUSAT MOTOK Ha JIAMITUTE
3a U30paHy CTOMHOCTHU HA 3aXPaHBAIIOTO HAMIPEKEHHE.

[Tpu mpomsiHa Ha 3axpanBanioro HamnpexeHue ¢ 10 % OTHOCHTETHOTO yBEIIMUCHHUE HA
CBETIMHHUSA MOTOK 3a m3cnensanute HJIBH, MXJI u HJl e (27 + 31) %, a3a JIJI - TO
€ 3HAYMTEIIHO Mo-Majko - 19 %.

3a e(eKTUBHO HM3IOJI3BAHE HA €JIEKTPOEHEPrusiTa 3a OCBETJICHHE U HaMaJlsBaHE Ha
pa3xoja 3a MOBPEJEHU JIAaMIIM € HEOOXOJIMMO J1a c€ OrpaHHyYaBa HapacTBAHETO Ha
3aXpaHBAILlOTO HANpEKEHHE Ha OCBETUTENIUTE, HallpUMep 4Ype3 CTaOWUIM3aToOpu Ha
HAIIPEKEHUETO WIKA CIIEHHAIHUA APOCENIN C U3BOAU 3a IO-HUCKU U IIO-BUCOKHU CTOM-
HOCTH Ha 3aXpaHBaIOTO HANPEKECHUE 3a JIAMIIUTE.

Enexrponnure nyckoperynupamu amapatu (EITPA) cbe crabumuzamus uMat Io1myc-
TUMH TPaHUIM HA OTKJIOHEHHS B 3axpaHBaiioto Hampexenue (£ 20 %), koeTo o3Ha-
yaBa, ye paboTara Ha JlaMIlaTa IPaKTUYECKU HE CE BIMsE OT T€3U NpoMeHu. B to3u
ciydail uznonssadeto Ha EIIPA naBa Bb3MOXKHOCT 3a IUIABHO PETyJIMPAaHE Ha CBET-
JIMHHHUS [IOTOK Ha PAa3psAAHUTE JIAMIIH, KOETO € €IHO I'OJIAMO IPEIUMCTBO 32 TAX.
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W3CJEJBAHE HA METO/IM U CPEJICTBA 3A IPOEKTUPAHE U
PEAJIN3ALIMS HA JOCTHIIHA MIPEHOCUMA CUCTEMA 3A
BUPTYAJIHA PEAJIHOCT 3A PEIIABAHE HA UH)KEHEPHU

3AJIAUUA

/{umo Horpos, Ctossn MaJjielmikoB

Pe3tome: Pazenedanu ca memoou u cpeocmea 3a usepaircoane Ha 00CMmvnHa MOOUIHA
cucmema 3a BUPMYAIHA PEearHOCH, KOSMO JIeCHO MOodJice 0d ce uHmezpupa 6 npoyeca
Ha peulasane Ha UHICEHEPHU U HayuHo-mexHuyecku 3aoayu. Cucmemama e uzepaoe-
Ha Ha 6azama Ha MOOUNeH KOMNIOMbBbD ¢ epapuuer Koumpoaep ¢ wemupu oygepa u
3D menesuszop ¢ nacusuu ouuna. ObcvoeHu ca popmamu 3a npeocmassHe Ha cmepe-
OCKONUYHU U300paAdiCeHUsl, HAYUHUMe 3a MAXHOMO 2eHepupaHe, npedasame, 0eKoou-
pare u euzyarusupare Ha 3D oucnneii. Ocnosnu npeoumcmea Ha cucmemama ca
cvemecmumocm ¢ epaguunus cmanoapm OpenGL u oocmwvnua yena.

Kniwouosu oymu: modounna cucmema 3a UpmyaiHa peaiHocm, CmepeocKONUd4Ha 6uU-
3yanuzayus, popmamu 3a cmepeoCcKonuyHU U300pad0CeHUs..

METHODS AND TOOLS FOR DESIGN AND IMPLEMENTATION OF AN
AFFORDABLE MOBILE VIRTUAL REALITY SYSTEM FOR SOLVING
ENGINEERING PROBLEMS

Dimo Chotrov, Stoyan Maleshkov

Abstract: This article proposes a software and hardware solution for an affordable
mobile virtual reality system which can easily be integrated in the process of solving
engineering and scientific applications. An example realization of the proposed solu-
tion in which a mobile computer with quad-buffered graphics adapter is connected to
a 3D TV display is described. Different stereo image formats, their generation,
transmission, decoding and visualization on a 3D capable display are discussed. A
use case is given, in which the sample configuration is used to review the results from
different engineering analysis in stereo. The main advantages of the proposed system
are the use of the OpenGL graphics standard and its affordable price.

Keywords: mobile virtual reality system, stereoscopic visualization, stereoscopic im-
age format

1. Introduction

A typical virtual reality system is a large installation, which occupies usually separate
rooms dedicated specifically for the purpose of immersive presentation of examined
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models and consists of one or more display screens in combination with projectors,
regularly two per screen, several networked computers and specialized input devices.
Even though some virtual reality display systems are categorized as mobile, they are
actually built up by placing screen, projectors, computers and mirrors in a big cabinet.
Actually the term mobile is related to the fact that the cabinet has wheels which allow
moving and rearranging the system appropriately in a big hall, but for transportation a
dedicated van should be used. Another issue which limits the application of typical
virtual reality systems in the overall workflow of solving engineering problems is the
price. Until recently only big companies and laboratories could afford the purchase
and maintenance of a virtual reality system. Recent technological developments in
stereoscopic display technology and the increased market penetration of 3D capable
displays and 3D TVs as well as the appearance of notebooks with characteristics typi-
cal for CAD workstations provide an inexpensive basis for building up an affordable
stereoscopic mobile visualization system which could be used for presentation and
exploration of research and engineering results outside a laboratory. Combining dif-
ferent components in a complete system with the aim to ensure compatibility for long
period of time requires the implementations of standards. In this article we discuss
various stereoscopic display formats supported by 3D TVs, consider how correspond-
ing signals can be generated and present a concept for building up an affordable mo-
bile virtual reality system, which can be integrated in the everyday engineering activi-
ties.

2. Related work

The main features, advantages and disadvantages of several affordable virtual reality
software frameworks and products have been discussed in [1]. All systems considered
are scalable and can run on different hardware configurations — in particular on both:
computer clusters and desktop and personal computers, focusing on stereoscopic dis-
play systems like CAVE as well as individual devices as Head Mounted Displays
(HMDs). For example the popular open source VRJuggler [8] framework supports
various types of projection based displays and head-mounted displays. With the arri-
val of 120 Hz LCD displays, which can split the frequency to present different images
to both eyes, introduction of 3D imaging technologies like NVidia 3D Vision [7] and
1Z3D [6] and the boom of 3D Cinemas like IMAX the stereoscopic rendering has re-
cently become very popular among common users, especially in computer gaming in-
dustry.

The idea behind technologies like NVidia 3D Vision and iZ3D is is the application of
a separate software component provided as extension to the graphics driver that gen-
erates automatically stereo pairs for the image rendered by the GPU. This driver also
encodes the generated stereo pairs in a format suitable for the particular 3D display.
The NVidia 3D Vision technology supports stereoscopic visualization by using only
active shutter glasses synchronized with a limited set of 3D 120 Hz capable displays.
The synchronization is performed either by an infra red emitter or by using radio fre-
quency signals. Currently there are already even mobile computers supporting the
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NVidia 3D Vision stereoscopic display approach. The disadvantage of this software
solution is that it has been focused on applications using the graphics standard Di-
rect3D for the rendering process — mainly entertainment applications, i.e. games.
None of the above mentioned drivers currently supports stereoscopic rendering of im-
ages generated by the graphics standard OpenGL. iZ3D are planning on including
such functionality in some future version. NVidia 3D Vision supports OpenGL stere-
oscopic display visualization but only on quad-buffer graphics adapters and with the
explicit limitation that the application itself needs to generate the corresponding stereo
pairs. As scientific and engineering applications usually rely entirely on OpenGL for
the rendering, none of the above mentioned technologies is suitable for stereoscopic
visualization of scientific and engineering problems results.

In this article we propose a solution for creating an affordable mobile virtual reality
stereoscopic rendering system based on the graphics standard OpenGL, which con-
sists of a mobile computer with quad-buffered graphics adapter connected to a 3D TV
display with passive glasses.

3. Stereoscopic Image Formats

Although there are mobile computers with 120 Hz displays compatible with NVidia
3D Vision technology and mobile computers with quad-buffered graphics adapters,
there are no mobile configurations featuring both 120 Hz display and quad-buffered
graphics adapters, which means that it is not possible to render in stereo an OpenGL
application on a mobile computer (besides anaglyph stereo presentation).
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Figure 1. The 3D Content Lifecycle [2]

Consequently in order to produce stereoscopic visualization from an OpenGL
application a separate 3D capable display has to be connected to a mobile computer
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with quad-buffer graphics adapter and the stereo signal has to be transmitted to the 3D
display in an appropriate format.

The general process of stereo signal generation, transmission and displaying, named
the 3D Content Lifecycle, is introduced and described in detail in [2] and is presented
on Fig. 1. The processing path we will focus in this article is: Computer Generate Im-
agery (CGI) - Spatial compression / Time multiplex 2> TVs - Frame-sequential.

In order for a 3D TV to be able to display a computer generated stereo pair the image
that is created as output by the graphics controller needs to be in an appropriate for-
mat that the 3D TV can recognize. The formats commonly supported by 3D capable
displays include the frame-compatible and the time-multiplexed formats, which are
relatively easy to implement. As the encoding types are described in detail in [2] we
will give here only a short description of the two encoding types related to this article:
e Spatial compression — obtained by combining the left and right images
in a single frame. The disadvantage of this method is losing half of either
the horizontal or the vertical resolution. There are two main subsets to

this type of encoding:
o Top-bottom — the vertical resolution is divided in two, one of the
Images is placed in the top half of the frame, the other — in the bot-

tom (Fig 2).
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Figure 2. Top-bottom frame packing [4]
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Figure 3. Side-by-side frame packing [4]

o Side-by-side — the horizontal resolution is divided in two, the im-
ages of the stereo pair placed next to each other (Fig 3).
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e Time multiplex — left and right images of the stereo pair are transmitted
one after the other. There is no loss in image resolution but requires dou-
bling the frame rate and respectively — the bandwidth.

Two approaches can be used to produce stereoscopic image in a format supported by
the 3D display.

1. Adjust the 3D graphics driver to output in a format, recognized by the 3D
display.
When using a quad-buffered graphics adapter sometimes it is possible to find compat-
ible devices which allow the 3D driver of the graphics adapter to be configured to
output signals in the needed stereo format of the display. The driver takes the generat-
ed left and right images of the stereo pair, encodes them in the specified format and
conveys them to the display output(s). The selected output format has to correspond
to the decoder that the 3D display is going to use to decipher its input. A format has to
be chosen that is supported both by the 3D display driver as well as the 3D display it-
self.

2. Perform the appropriate stereo encoding in the application.

As the formats that a 3D display can decipher are well known there is a possible
workaround for generating the needed signal for a stereoscopic image if the first ap-
proach fails. The workaround forces the application itself to simulate the stereo en-
coding. This would mean that, for example in the case when a frame-sequential signal
IS needed, the application could render the image for the left eye and send it to the
output, after that it should render the image for the right eye and send it again generat-
ing in this way the time-multiplex signal expected by the 3D display. If the output
should be spatial-multiplex (top-bottom or side-by-side) the application could render
the images of the stereo pair in buffers, after which it should perform the horizon-
tal/vertical resolution reduction (by removing respectively alternating rows/columns
from the image) and join the resulting images in a single frame, which is then sent to
the video output.

4. Development of Mobile Virtual Reality System

The affordable mobile virtual reality system was designed and built up in the Virtual
Reality Laboratory (VR Lab) at the Technical University of Sofia. The hardware of
the constructed system consists of a mobile computer and a 3D TV display. The mo-
bile computer is a Lenovo ThinkPad W520, equipped with an NVidia Quadro 1000M
graphics adapter offering one VGA output and one Display Port output. The 3D TV is
LG 42L.W4500 with passive polarization and HDMI input. The difference between
the mobile computer output (DP) and the 3D TV input (HDMI) required a Display
Port to HDMI adapter. The virtual reality system can be extended including additional
output and input devices like 3D audio system and haptic force-feedback device to
enhance the presentation of modeled object properties and to increase the level to
which the user can perceive and interact with the system.
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The software for stereoscopic visualization of the mobile virtual reality system is di-
vided in two components: the module for stereoscopic OpenGL visualization, which
Is part of the engineering application and the 3D display driver of the NVidia graphics
adapter. The general flowchart is presented on Fig. 4.

3D TV —stereo
display

Open GL Stereo

L. Stereo Pair Display Driver | Time-multiplex Stereo
Application Py R

Figure 4. Stereo image generation, encoding, transmission and display

The engineering application developed at the VR-Lab opens and displays in stereo the
geometry of a CAD model together with corresponding results from some engineering
analysis, i.e. finite elements analysis, through the stereoscopic OpenGL module. The
application renders separate images for the stereo pair in the left and right buffers of
the quad-buffered graphics adapter. The process for a single frame is described in de-
tail on Fig. 5. First the image for the left eye is rendered to the back left buffer of the
quad-buffered graphics adapter, then the image for the right eye is rendered to the
right back buffer. When the images for both views are ready the application swaps the
front and back buffers and the result is transferred to the NVidia display driver which
encodes the stereo pair in the selected format - in this case it is configured to output
the stereo images in Generic active stereo format (corresponding to the time-multiplex
format). The output is then transmitted to the input of the 3D TV which is setup to re-
ceive 3D frame-sequential signal.

Application Display Driver

Select back right buffer

Select back left buffer
Eet camera position for right ey9

Get camera position for left ey9 @b
@la— Gwap back and front buffe@

Figure 5. Generation of a stereo pair frame.

Encode stereo pair

Output stereo image

5. Stereoscopic Rendering of Engineering Tasks Results

The use of virtual reality for engineering tasks is currently limited to visual validation
of design results, ergonomic and assembly tests, displaying of simulation outcomes in
stereo. We have developed an approach to support engineers in understanding the re-
sults from different engineering analysis, i.e. finite elements analysis.
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The basic concept of how to incorporate stereoscopic rendering in the general work-
flow of solving engineering tasks is presented on Fig. 6. First a CAD model has to be
imported in the application. Then the results from the engineering analysis are associ-
ated with the model. The model together with its results is rendered in stereo to the
left and right buffers of a quad-buffered graphics adapter and encoded as described in
the previous sections. The encoded image is transmitted to a 3D capable display
which decodes the signal and displays the image in stereo.

Import CAD model Include analysis results Render left and right images D%{ Encode sterea pair
O Stereo visualization Decode stereo signal Transmit stereo signal

Figure 6. Stereoscopic rendering workflow of engineering tasks

Fig. 7 shows a practical example with finite element analysis of a boiler. The boiler
has been analyzed for stress, temperature and displacement distribution. The CAD
model of the boiler together with the results from the analysis is loaded in our applica-
tion which runs on the mobile computer. As the mobile computer has a quad-buffered
graphics adapted with a 3D display driver which supports the necessary configuration
setup to be connected to a 3D TV display in a compatible stereo mode, the model and
results are rendered in stereo straightforward from the mobile computer on the 3D
TV. The stereo visualization allows for better perception and review of the model and
results analysis. The described mobile stereo visualization system allows for unde-
manding transportation and use of the system at various locations leading to easier
presentation of results outside a laboratory when necessary.

Figure 7. An application rendering stereo from a mobile computer on a 3D TV

5. Conclusion

The article proposes an affordable mobile virtual reality system relying on a powerful
mobile computer and an additional 3D capable display with passive glasses. The solu-
tion can be used by engineering and scientific applications rendering the graphics
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with OpenGL to produce stereo output. It provides advantage against popular NVidia
3D Vision technology to support the process of solving engineering tasks. For the ex-
periment a 3D TV is used, but the workflow is the same for any 3D capable display
which supports at least one of the stereo formats described above. The approach
avoids the purchase of additional hardware and software components concerning the
generation, transmission and presentation of the stereo signal. The main benefit of the
mobile virtual reality system is its compatibility with the graphics standard OpenGL
at very affordable price point.
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OPAKTAJIHO YIIPABJIEHUE C ITPUBJINKEHA
PASMEPHOCT HA ITPOCTPAHCTBEHATA PA3IIPEAEJIEHOCT

Emua HuxosnoB, Huna HukosoBa, Bacuiaka CrousioBa, bopuc I'pacuanu

Pe3tome - B cmamuama ce npeonaza noea cmpykmypa u mMemoo 3a npoekmupane Ha
cucmema 3a ynpaenenue Ha obekm ¢ paznpeoenenu napamempu. Pazenedanama cuc-
mema ¢ pasnpeoeieHa npoCmpaHCmeena pasmepHoCcm ce OMauYasa CbuecCmseeHo om
cucmemume 3a ynpasienue Ha 0OEKMU CbC CbCPeOOMOYeHU Napamempu, 3aujomo
CMPYKMYPHO 8 Hesl e peulena 3a0adyama 3a CbOmeemcmeauy Ha 0b6eKma npocmpaHc-
MeeH Nnpexo0 HA NPOeKYuama Ha pasnpeoeieHa pe2yiupyema npomeHiusa. Pewenu-
emo Ha ma3u 3a0aya ce 0CHOBABA HA U3NOJI36AHEMO HA MOOenU U QUIMPU, GKII0UEHU
8 HeliHume CMpPYKmypa u aieopumuvm, 61a2o0apeHue Ha Koumo cucmemama e ¢ pe-
ANIHA 8b3MONCHOCM 34 YNPABIEHUEMO C HCeIAHO Kauecmeo Ha oOekmu ¢ pasnpeoe-
JleHu napamempu. B pabomama 3a KoHKpemeH YucieH npumep e npoeKxmupana pax-
ManHa npeouKmopHa Cucmema ¢ npubIUNCeHa pazmMepHoOCm Ha NPOCMPAHCMBEHAMA
pasnpeoenreHocm 3a ynpaeienue Ha NIbMHOCMMA HA MPAHCHOPMHUL MpaguK 6 ae-
momazucmpanu.Mooenvm na cucmemama e cumyaupau. Mnocmpupanu u ananusu-
PAaHU ca XapakmepucmuKume Ha npoeKmupanama cucmema.

Kniouoeu oymu - ¢hpaxmannu cmpykmypu ¢ npocmpancmeeHn npexoo Ha NpoeKyus-
ma, npeouKmopHUu cucmemu ¢ pasnpeoeieHu napamempu, QpaKmaiio YnpasieHue ¢
NPUOUNCEHA PAZMEPHOCH HA NPOCMPAHCMEEHAMA PA3Npe0eneHoCm

FRACTIONAL CONTROL WITH APPROXIMATE DIMENSION
OF THE SPATIAL DISTRIBUTION

Emil Nikolov, Nina Nikolova, Vassilka Stoilova, Boris Grasiani

Abstract - In the article are suggested new structure and method for design of con-
trol system with distributed parameters plant. Discussed system with distributed spa-
tial dimension substantially differs from the control systems with concentrated pa-
rameters plants, because in it structurally is solved the task for the corresponding to
the plant spatial transition of the controlled distributed variable. The solution of this
task is based on the usage of models and filters, included in its structure and algo-
rithm, through which the system has real capability for distributed plants control with
the desired quality. In the paper for a particular numeric example is designed fractal
predictive system with approximated dimension of the spatial distribution for control
the density of transport traffic in highways. The system model is simulated. Illustrated
and analyzed are the characteristics of the designed system.

Keywords - Fractional structures with a spatial transition of the projection, predic-
tive systems with distributed parameters, fractional approximated dimension control
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1. INTRODUCTION

Known are [1-6] the robust Smith-predictors with fractal compensators of delay
(DTC-Dead-Time Compensators), by which is achieved effectiveness in control of
plants with variable delay and plants with distributed parameters.

Present paper aims to improve the robust Smith-predictive systems with fractal DTC
(Fig.1) when applied for control of plants with distributed parameters. The tasks as-
signed to this paper are to suggest: e improved structure of the robust fractal Smith-
predictive systems; e method for analytical synthesis of improved system; e numeric
example.

y’(p)

r(p) c(p)l| y(p)
e (b0
\

Fig.1

2. DESIGN OF FRACTAL DEAD-TIME COMPENSATORS

The rational approximation algorithm of the physically realizable DTC-filter _ (1) is

projected analytically according to the algorithm for analytical synthesis presented in
Tab.1. This algorithm realizes °polynomial recursive approximation® approach for
rational approximation of the fractal operator with criterion °adequacy of the fre-
guency responses in a predefined range®. Suggested is a new structure (Fig.3) of
R - non-integer order system for highway traffic control, substantially different

from system presented on Fig.2. Similarly here again the controlled distributed value
Is the density ,, (i.p) of the vehicle traffic in any technologically defined position on

the highway. Control value is the density ,.._ (o) of the traffic on the highway en-
trance(x=o0). It is uniquely determined function of the productivity and number of the
operating crossing barriers on the highway entrance, denoted by ,,@”. Unlike the r: -
system (Fig.2), in the control algorithm and structure of the r -system (Fig.3) are in-
cluded: .  -models, ¢-filtersps, x- filterso:, and by using them and approximated
dimension of the r -system distribution.

v(1,p) v(i, p) v(i+1,p)  Vem(L. P)




3. .. -MODELS
These ;. -models (2) correspond to one-dimensional hypothetic feedback system
(from the class of presented on Fig.2 system) for control of nominal models c: of the

traffic density at a particular positions on the highway (selected in accordance with its
particular specifics, for example the input-output ramps) at distances ., from its en-

trance.

T
>
T
O

<= FD; (1)

.. =RZG (1+RZG!) " (i22) (2)
_ RZE FNE
14 RLG*(1-FLe’")’
s 3)
NE (M ; GM = const}
SFF __ (I D ):np FNE
1+ (ID), G* (1-F2 e*")’ (4)

((ID)“ & G*: F %FrDa;'p@G*)

PP {pM ; GM = const } NE

0Okm/h < v, <160 km/h; 5
015 < p° <0495 ; Okm < L < 6km ()

Tab.1

initial conditions
considered that is known a nominal G* (j@)=G* (j@) exp(~ jwz*) model of the plant with: analytical n ' order model with rational and irra-

tional components; cutoff frequency value @ ; value of arg (G*(ja); )) frequency response at frequency @ ; delay z* value in the irra-

tional component
criterion
the criterion for approximation of F,. (jw )=F D ‘ (jew) is °adequacy of the frequency responses® of the rational system F D% ( jo)

and the frequency responses of the irrational component of nominal plant model in the predefined frequency range A @
| exp(- jor* )F, (jo)D;, (jw)|:1, £ (exp (-jor* )F. (jo)D,, (jo) ) =0,
Vwe[wllwz],(ACO:wz—wl) Vwe[wl,a)z],(Aw:a)z—wl)

approximation algorithm
- determined is the order ¢ of D (j a)) and the time-constant z . of F_ on the basis of the dependencies:

¢ =(-arg(6*(jw:))/(7/2)) 5D (jo)= (jwo:: )"
=t* 5> F (jo)=(1+jo)(1+jor*)"

Te

- determined is the frequency @, of D (jw ) |D " ( jo, )| =1 according to dependency: 1000w < @, <2000 @,

app app

- after that in parallel are applied the requirements £ =log 4 (Iog (/1 n )) ' A =3,58 and from them are determined the values of 4
(j @) asfollows:

app

w,=0100, ; 0, =10,00 v, ;0,=02w,=002 0, ; v, =12 0, =12,00 o,

and 7, and then by using the values of @,, 4 , # are calculated the recursive parameters of the approximation D

0, =1"" 0, ;o,=1"" 0, =1""12,00 o,

u ? h

i) ¢ _ (1+ja)) , o o) o)
(1) F(io)= E%ﬁm - H[“JZJ(“JEJ

h i=1 A d

o, =1""° o
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[ controller with approximated |I dynamic distributed parameters system .

R SFF . - controlled plant |
|

p(x.p);

1 1p) —)l

i~ lelie) .

The complex non-integer-order controllersr:, (3), (4), (5) in the structure of r:

(Fig.3) are with zero-dimension of the distribution and are designed in the class of
Smith-predictors of non-integer order » with fractal robust DTC- filters r.,.

The filters r_, approximate rationally, in a restricted frequency range, an operators

for fractional-order ¢ differentiation (6), (7) as fulfillment of the requirement (8) for
time delay compensation.

In the r=, (9) design to the corresponding nominal models ¢ (i,p) (10) at a particular

plant positions i for the corresponding distances are applied the criterions °vertical
profile® and °adequacy of the frequency responses in a predefined range® [5].

The input reference value ,° is the same to the main r= (i=1) controller, as to the rest
complex r¥ (i=2) controllers in the nominal models «:, of the control system. The
main controllerr s (the closest to the highway entrance) generates the control input
u, (a concentrated value) to the system at the entrance of the highway.

D’ (jo)= (jow) (@,=T,1) (6)
D* (jo) = D;, (jo) Voelo,, o,] (7)
e+ F.(p)=1 (®)
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dynamic distributed parameters system

- controlled plant |
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4. :-FILERS b
The really measured traffic densities p,(i,p) at the corresponding positions i on the
highway (Fig.3) are transformed in scalar values ,:(p) by using the s -filters o (11).
By its characteristics, the ¢- filters p:operate as «spatial transition of the projec-

tion». ¢- filters are a core of the control system, which is independent of dimension
and the input spatial variable, it depends only to the output spatial variable &of the
distributed system. They are intended to the achievement of approximated spatial
dimension of the distribution of the controller r (p) to the controlled plant

G (x,&,p). On this basis, the ¢-filters o design is made according to the values of the
time-constants 7, and 1., (12) and is realized in accordance with (11).

5. x- FILERS b’
The differences 4, (13) between the ”concentrated” output values ,; of the models &,
(Fig.3) on the one hand and the transformed into scalars values ,:(p) of the really
measured, at the corresponding positions i on highway, traffic densities , (i,p), form
the input variables of x-filters b’ (14) for approximated spatial dimension of the
distribution of controller =, in the control system to the plant under control. By its
characteristics, x- filters b operate as «spatial transition of the projection». They

are a core of the control system, which is independent of the input spatial variables, it
depends solely and only to the spatial variablex. On this basis, x-filters o designis e

made in accordance with the values of the time-constants t_, and ., (15).

(1D)5,  Fe.(p)

R, (p)= 1+(10)" . G (p)(1-F . (p)e ™"

k\i,&.v, . p, :
0! (h6) 2 ((i’;v“p’:)) vy R (10)
D/ (p)=p, (ip)/p/(p) =(T, p+2)(T, p+1) * (i=2) (11)
T, 2ciiT, =cr2T,, (i22) (12)
4, (p)=p(p)-p(p), (i22) (13)
D/ (p)=v . (p)/a,(p)=(T, p+1)(T p+1) ", (i22) (14)
T 2I0Lsec; T, e T, (i22) (15)

6. CONTROLLER WITH APPROXIMATED SPATIAL
DIMENSTION OF THE DISTRIBUTION

By using the o outputs v (i=2), additively correcting the reference value ,° by sub-
traction of v, (16), in the r: -system (Fig.3), is achieved approximated dimension of
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the distribution of the controlling component r:, (controller with approximated spa-
tial dimension of the distribution) and of the controlled dynamic system (the traffic).
The controller r:, generates control input u , which is concentrated by its nature, and
is described analytically by (17)+(22), but detects and effectively corrects the changes
and disturbances in the system with spatial distribution of the parameters. That is pos-
sible by using the «;  -models, ¢-filters o:and x- filters o in the structure of r=,.

v.(p) =2 v(p). (i22) (16)
U, =piRE, (17)

p?=p°—;ZZV' (18)

v,=(D; p(1.p) - p¢RE G (14REG;)") D; (19)

o0 = [po_ > 00 p,(u,p)j[l -3 DiRT G (L4RT G:)ijl (20)

. [po_z o7 7 p (I, p)ijz[l -3 0 R 6 (1R G:)lJl (21)

oo m-goimintin) Juo (- Fomsei engien) oo (01 &i(oore o] @2

7. NUMERIC EXAMPLE, ANALYSIS AND QUANTITIVE
ESTIMATION OF THE QUALITY

In the range of parametric fluctuations (5), are designed the components: e r:
Smith-predictors of non-integer order » with fractal robust DTC- filters £, of fractal
order ¢ according to (9); e »:.  -models according to (2); ¢-filters p: in accordance
with (11), (12); x- filters o according to (14), (15), in general structure (Fig.3) of the
predictive r -system with approximated dimension of the distribution for traffic

control.
Designed r: -system is modeled. For a particular numeric example with mode de-

pendent change of the reference input value ,° to the system and the disturbance input
r,, fed simultaneously to five neighbor positions i-(i+4) at the highway, on Fig.4 as

results from the simulation of the designed r: -system model are presented: e the
corrections v, -v,_,, generated by r = -system additively with opposite sign to the input
reference value ,° from r: to form the corresponding operating reference ,: to the
compound controllersr = ; e the resulting reference values ,°-,¢, to the main and to
the compound controllers in the r " -system, corresponding to the corrections v, v ,;

e the summarized additive
Vz =V, +V  +V , +V.  +V, .,
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correction (16), by which ther 7 -system with approximated dimension of the distri-
bution compensates the disturbances r, by using corresponding corrections in the
input reference value ,° to ,¢; e resulting operative reference value ,: as result of the
summarized additive correction v, to the compound controllers of r .

NE

In general the processes, presented on Fig.4, illustrate the operation ,,technology” of
the r = -system with approximated dimension of the spatial distribution. The system

(Fig.3) realizes partly (and in this sense approximately) an equivalent spatial dimen-
sion of the r: -controller and of the controlled plant. Fully equivalent dimension of

the controlled and controlling components of the system is unachievable.

Response Transitoire IDSystem Distribue 6 km

Densite - Amplitude

Time (sec)

Fig.4.a

The main responses of the r: -system with approximated dimension of the spatial
distribution (Fig.3), through results from the model simulation, are presented on Fig.5
and Fig.6 as follows:

e on Fig.5.a - step response ,, (t,c) of the traffic density in the closed-loop system
o (t,¢), iIncluding the nominal ,:(t), of step input reference ,° =045, with load r,
with positive and negative sign, applied separately to the positions in the highway at
distances 2%, 39 4™ 5™ and 6™ kilometer from the entrance;

e on Fig.5.b - step response ,, (t.c) of the traffic density in the closed-loop system
o (t,¢), including the nominal ,; (1), with mode dependent change of the reference
p°, simulating peak traffic modes, with load r,, applied separately to the positions in
the highway at distances 2, 3% 4™ 5™ and 6™ kilometer from the entrance;

e on Fig.6.a,b - step response ,, (t,¢) of the traffic density in the closed-loop system
o ¥ (t,¢), including the nominal ,: (1), of step input reference ,° -0.45, with variable

176



Densite - Amplitude
o o o
N o w N 'S o
(52 w o S o (5]

o
N

0.15

Densite - Amplitude
5}
N
&

0.5

045} - - -

o ©
N o w o
a w b

Densite - Amplitude
o
N

Response Transitoire IDSystem Distribue 6 km

Time (sec)
constant, mode dependent input reference
nominal system without load
with load on the 2d km; with load on the 3d km;
with load on the 4th km; with load on the 5th km;
with load on the 6th km; positive load

Response Transitoire IDSystem Distribue 6 km
T T T

p°(0,t)=0.45

71‘]0 800
Time (sec)

constant, mode dependent input reference

nominal system without load

with load on the 2d km; with load on the 3d km;

with load on the 4th km; with load on the 5th km;

with load on the 6th km; position dependent load

Response Transitoire IDSystem Distribue 6 km
—_—
(0.t)

o)) T

400
Time (sec)
constant, mode dependent input reference
nominal system without load
with load on the 2d km; with load on the 3d km;
with load on the 4th km; with load on the 5th km;
with load on the 6th km; positive load

177

Response Transitoire IDSystem Distribue 6 km

0.4

o
w
@

o
w

o
)
a

Densite - Amplitude

o
N

380
Time (sec)

variable, mode dependentinput reference

nominal system without load

with load on the 2d km; with load on the 3d km;

with load on the 4th km; with load on the 5th km;

with load on the 6th km; positive load

Response Transitoire IDSystem Distribue 6 km

Densite - Amplitude

X X Time (sec)
variable, mode dependentinput reference

nominal system without load

with load on the 2d km; with load on the 3d km;
with load on the 4th km; with load on the 5th km;
with load on the 6th km; position dependent load

Response Transitoire IDSystem Distribue 6 km
0.5

0.45

0.4

0.35

o
w

0.25
257 AN

Densite - Amplitude
o
N

0.15 4,

300

400
Time (sec)
variable, mode dependentinput reference
nominal system without load
with load on the 2d km; with load on the 3d km;
with load on the 4th km; with load on the 5th km;
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load ., applied simultaneously to the positions in the highway at distances 2 ¢, 3 ¢,
4™ 5™ and 6™ kilometer from the entrance;

e on Fig.6.c - step response , (t,c) of the traffic density in the closed-loop system
o (t,¢), including the nominal ,; (t), with mode dependent change of the reference
input value ,°, simulating peak traffic modes, with variable load r,, applied simulta-
neously to the positions in the highway at distances 2%, 3¢ 4™ 5™ and 6™ kilometer
from the entrance;

e on Fig.6.d - step response ,, (t.¢) of the traffic density in the closed-loop system
o ¥ (t,¢), including the nominal ,:(t), with mode dependent change of the reference

input value (input signal) ,° in the described conditions for the possible fluctuation in
the initial conditions.

8. CONCLUSION

The claims of this first part of the elaboration are expressed by suggested new struc-
ture (Fig.3) of the non-integer orderr: - system for control of plants with distributed

parameters (highway traffic) and analytical synthesis of the improved system.

Examination of the basic characteristics, estimation of the applicability and analysis
of the efficiency of the non-integer order r:: -systems are object of the second part of

the present elaboration.
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I'EOMETPUYEH CUHTE3 HA MECTOITIOJIO’)KEHHUETO HA
JOHNBJIHUTEJIHATA MACA BbPXY TbHKOCTEHHA IIJIOYA C IEJ
N3MEHEHUE HA OITPEAEJIEHU COBCTBEHU YECTOTHU
IIPU PA3JIMYHU I'PAHUYHHU YCJIOBUA

I'eopru Iosmxponos, Kpacumup Henenues, UBan KpaJsios

Pe3rome:. B pabomama e u3cied8ano GIUsHUEMO HA MECMONOI0NCEHUEMO HA OONbI-
HUMeIHA YUTUHOPUYHA MACA 8bPX)Y COOCMBeHUNme 4ecmomu HAd NPasovbeblIHU MbH-
KOCMeHHU Memannu nio4u npu wecm xapakmepuu sapuanma Ha 3axpensame. Tosa
0a6a 8b3MOINCHOCM 8b3 OCHOBA HA COOCMBeHUmMe hopMmu HA naoUume 0a ce onpeoenu
NON0JCEHUEMO HA OONBIHUMETHAMA MACd, NPU KOEmo uie ce peaiusupa Ha-201samo
U3MeHenue Ha eOHa UlU HAKOJIKO Om coOcmeeHume 4ecmomu Hd MbHKOCMEeHHAma
niaoua. Toea uzmenenue e HeobxXo0UMo ¢ yei 0a ce uzbecne OIU3OCMMA HA COOCMBEHU
yecmomu 00 yecmomume Ha UMOYHUYUME HA SUOPAYUU U 36YK 8 MEXAHUYHA CUC-
memad.

Kniouosu oymu: coocmeenu yvecmomu, coocmeenu popmu, mvHKA NPABObEHIHA NILO-
ya, OONBAHUMENHA MACA, YUCTIeH AHAIUS.

GEOMETRICAL SYNTHESIS OF THE ADDITIONAL MASS POSITION
OVER A THIN PLATE FOR CHANGING SOME OF THE NATURAL FRE-
QUENCIES IN DIFFERENT BOUNDARY CONDITIONS

Georgy Polihronov, Krasimir Nedelchev, Ivan Kralov

Abstract: The influence of the position of the additional mass over the natural fre-
quencies of a thin metal plates is investigated in this study for six different boundary
conditions. It is provided a search of the additional mass position for maximal change
of the natural frequencies. This is an appropriate way to take natural frequencies of
the plate out of the excitating frequencies range and to reduce the vibration and noise
level radiating from it.

Keywords: natural frequencies, modal shape, thin metal plates, additional mass, nu-
merical analysis.

1. BbBeaenue

M3BecTHO €, 4e 3BYKBT NpEACTaBisiBA BBHIHOBO JBMXKCHHE B ellacTMuyHa cpena [1].
BbB BCsika mamuvHa, anapaTr Wik ypel MMa peluiia U3TOYHUIM Ha TPENTECHUs, KaTo B
peauia ciiy4au T€ ca B YyBaeMus YECTOTEH JUaIa3OH U CJIENOBATEIIHO Ca U3TOYHUIIN
Ha 3BYK [4, 5]. PasnpoctpaneHneTo My npe3 CTPYKTYpUTE Ha MaIlMHATA € W3BECTHO
KaTO CTPYKTYPEH IIyM, a TOW C€ Mpe/iaBa OT KOPIYCHUTE €JIEMEHTH HA Bb3/1yXa U OT
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TaM JOCTHTra 10 yUIMTE HU. BaKHM XapaKTEPUCTUKU HA KOPIIYCHHUTE C€JIEMEHTHU ClIe-
JIOBATEITHO Cca CTETICHUTE Ha MPOITyCKaHe U CHIDKaBaHe /ycuiiBaHe/ Ha MPEeMUHABAIIHS
3ByK. KoraTo yectoTuTe Ha M3TOYHHUIMTE HA BHOpaluu /3ByK/ ChBIAAAT C HSIKOH OT
YECTOTUTE HA €JIEMEHTUTE OT KOHCTPYKLHATA, MOCIENHUTE M3MAJaT B PE30HAHC U
YBEJINYaBAT MHOTOKPATHO aMIUIUTYIUTE Ha TPENTEHUATA CU. AKO YECTOTUTE Ca B Uy-
BAEMUS IMANAa30H, T€ CTABAT CUJIEH M3TOYHUK HA 3BYKOBA MOIIHOCT, KOSITO B 3aBUCH-
MOCT OT Ye€CTOTaTa U HUBOTO HA 3ByKa BOAM J0 HEOJAronpusiTHU Bb3ACHCTBUS BBPXY
YOBEIIKUs OpPraHu3bM. ECTECTBEHUAT HAUMH 3a IIPOTHUBOJCHCTBUE HA TaKaBa CUTya-
IUsl € ONTUMAJHOTO OTJajedyaBaHe Ha COOCTBEHUTE YECTOTH HA KOHCTPYKIUATA OT
YyecToTaTa Ha M3TOYHMKA. YecTtoTaTa Ha M3TOYHHUKA TPYIHO ce mpomeHs. CiemoBa-
TEJHO 32 U3MEHEHUE Ha COOCTBEHUTE YECTOTH Ha KOHCTPYKTHUBHUTE €JIEMEHTH, MPHU
3arma3BaHe Ha TEXHUTE KOHCTPYKTHBHU, SKOCTHH U (YHKIIMOHAIHH MapaMeTpH, € He-
00XOJMMO Jia c€ BIUSIE BbPXY F€OMETPUUYHUTE U MACOBH IMapaMETPU Ha €JIEMEHTHUTE

He.HTa Ha HacToAlaTa paﬁoTa € Ja CC m3cCjicaBa BJIMAHUCTO Ha MACTOTO Ha z[06a-
BJAHC Ha MaJIka MacCa BbPXY ThbHKa MCTAJIHA IJIACTHHA, TaKa Y€ Aa CC IMOJYy4YH MAKCH-
MaJIHO UIBMCHCHHEC Ha €AHA WJIN HAKOJIKO OT IIbPBUTC YCTHPH cOOCTBEHHM YECTOTH Ha
CJICMCHTA.

2. MeToanKka HAa U3CJIeIBAHETO

MCTOI[I/IKaTa Ha HU3CICABAHETO € C’bO6p8.3€Ha CbC CBbBPECMCHHUTC TCHACHIIMU 34 HU3C-
JeaBaHC Ha AKOCTHHUTC MU YCCTOTHU XAPAKTCPHUCTHKN Ha KOHCTPYKTHBHUTEC CIICMCHTH.
B To31n cnyqaﬁ OCHOBHUTC U3CJICABAHUA CC U3BbPIIBAT YUCJICHO, a4 CaMO 3a HSIKOM Xa-
PAKTCPHHU BapUaHTHU OT YUCJICHOTO HU3CJICABAHC CC IIPpAaBH IIPOBCPKA HA CbOTBCTCTBHC-
TO Ha YHUCJICHUTC PE3YJITATU C TC3U OT CKCIICPUMCHTAJIHOTO U3CJICABAHC.

B Ta3u pabota ca u3zcneaBaHN U3MEHEHUATA HA COOCTBEHUTE YECTOTH HA MPABOBI'bII-
Ha 1utova ¢ pasmepu 200x200x1 mm 3a uucnenoro u 200x200x0,8 mm 3a excriepu-
MEHTAJIHOTO M3CJEABAaHE, KAKTO W aHAJIOTMYHUTE BapUaHTHU 3a YHCICHO H3CIIEIBAHE,
HEOOXOMMH 3a ampoOarusi Ha u3cieBaHeTo. KbM miodara ce MpUCHEIUHSBA J0-
II'BJIHUTENIHA Maca ¢ popMa Ha MpaBWieH UUIUHABP ¢ BUcounHa 10 mm. Ilpu mecr
BapHaHTa HA TPAaHWYHH YCJIOBUS C€ MPOMEHS MECTOIOJIOKECHHETO Ha MIJIWHABPA 10
ocutre X U Y, Kakto e najgeHo Ha ¢ur.l. [Ipu uszcneaBaneTo ce mpocineasBa U3MeHe-
HUETO Ha MbPBUTE YETUPU COOCTBEHM YECTOTH BHB (PYHKIMS HA KOOPJAUHATUTE Ha
HWIMHABPA BHPXY IUIOYaTa.
2.1. Yucneno uscneosane

[Tnogara e monmenupana B cpena Ha S0lidWorks2006, a nmpecMsranusTa Ha coOCTBe-
HUTC YEeCTOTH M (OPMH € H3BBPIICHO YHCIIEHO C IIOMOINTa HA Mporpamara
CosmosWorks2006. [Tnogara e moxenupana karo Tsuo Tum 4depynka (Shell mesh-
Thick), teii kato cwrimacHo [6, 7] mpu u3cieaBaHe Ha THHKOCTCHHHU JCTAMIN ITO-
100pH pe3yiTaTh ce MojaydyaBaT Ipu MojaeaupaneTo uM karo Shell o6extu. B ciydas
pasjuKaTa B pe3yaTaTute npu npejacraBsHe Ha odoekra ¢ Shell mesh-Thick wmm Shell
mesh-Thin enementu e mox 0.5%. ITbpBHUAT BHI HAa CIIEMEHTUTE 3a 3aMpPEKBaHE Ha
IIoYaTa JiaBa pe3yJTaTH Mo-OJHM3KU J0 eKCIIepUMEHTATHUTE. MOJIENbT ¢ JAOMbIHU-
TeJIHATA UIMHAPUYHA Maca ¢ mozaenupan ¢ Solid u Shell exementn [6, 7]. Inmuwa-
puuHaTta maca ¢ mozaenupana cbe Solid enementn, a ractunara ¢ Shell enementu u
3ajaJicHa TBhpJa BPb3Ka MEKAY TAX. 32 3aMPEKBAHETO Ha MOjeja ca M3MOJI3BaHH
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BIPAJICHUTE AJTOPUTMHU 3a ONTUMH3UPAHE HAa 3aMPEXKBAHETO 03 phbUuHA KOPEKIIHS.
3akpernBaHeTO HA BUHTOBETE C€ MPEACTaBs KaTro 3akpenBane T ,,NO translation” mo
NOBBPXHUHA C (hopMa Ha JUCK ¢ quamerpu D5 — BpTpenieH u I8 — BBHIIICH 10 eHa
OT YEJTHUTE OBBPXHUHU HAa OTBOPHUTE. 3aKPEIIBAHETO CE OCHIIECTBSIBA CaMO IO €Ha-
Ta OT YEJHUTE MOBBPXHUHH, Thil KaTO TOBa HE CE OTpa3siBa BHPXY PE3YIATATHUTE OT
YUCJICHOTO U3CJie/IBaHe. 3aKpEMBAaHETO Ha MJIACTUHUTE THII ,,3alTbBaHE’ CE MPECTaBs
KaTo 3aKpenBaHe Tl ,,NO translation” o cTpaHuYHa MOBBPXHUHA.
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®ur. 1. BapI/IaHTI/I Ha TpaHUYIHHUTC YCJIOBUA, IIPU KOUTO € U3CIICABAHO BIMAHUCTO HA PA3IIOJIOKEHUCTO
Ha JOIIBbJIHUTEIIHA Maca BbPXY IJIaCTHUHAaTaA.

OcHOBHUTE M3CIIEIBAHUS Ca HAIIpaBEHU ¢ Jie0enrHa Ha iactTuHara 1 mm, paauyc Ha
uunuaabpa 10 mm u Bucounna 10 mm. 3a cpaBHEHUE ¢ EKCIIEPUMEHTATHUTE TAaHHU €
u3clie/IBaHa U miactuHa ¢ aedenuna 0.8 mm, paauyc Ha uMIMHABPA 9 MM U BUCOYH-
Ha 10 mm. OcHOBHUTE MapaMeTpu Ha MaTepuasa U3MOoJ3BaH MPU YUCIEHOTO U3CIIEI-
BaHe ca: E, = 2.1el11 Pa, ux=0.29, G,=7,7e10 Pa, p=7900 kg/m3.

L{eHTHPBT Ha AOIBIHUTEIHATA Maca Ce€ IIOCTaBs, TaKa Y€ KOOPJANHATUTE MYy J1a CE U3-
MeHAT o X U Y ¢bC CThIIKa 25 MM, a Ha XapakTepHU 30HU U cbc cThika 10 u 15
Mm. 3a BCSKO MOJIOKEHUE C€ ONMPEAEIAT MbPBUTE YETUPU COOCTBEHU YECTOTH M CE
M3YHUCISBA TPOLIEHTHOTO UM U3MEHEHHUE CIIPSIMO TE€3W Ha IUIaCTUHATa Oe3 Maca.

2.2. Exkcnepumenmanno uscneosane

BB3 0CHOBa Ha YHCIEHOTO U3CIIEBAHE CA YCTAHOBEHU 30HUTE OT IUIOYUTE, B KOUTO
¥uMa Hail-royisiMoO U3MEHEHHE Ha €/1HA WJIM HAKOJIKO OT COOCTBEHUTE YECTOTH Ha ILIO-
YHUTE TIPU PA3IMYHUATE BAPUAHTH HA TPAHUYHH YCJIOBUS. 3a BapuaHT 0) Ha 3aKperBaHEe
Ha IJI0YaTa € HallpaBeH HaTypaJieH €KCIIEPUMEHT, IIPU KOWTO ca ONpeesieHu COOCT-
BEHUTE YECTOTH Ha IioyaTa 6e3 Maca u ¢ Maca. Macara e (pukcupaHa KbM IJIaCTHHA-
Ta ype3 3anensaHe. KoopanHaTuTe Ha MacoOBUs LIEHTHP Ha Macara B paBHHHaTa OXY
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ce HaMUpaT B 30HATA, OMPEEIIAIa Hall-TOISIMO U3MEHEHHE HAa COOCTBEHUTE YECTOTU
Ha cuctemara u ca: X=29 mm u Y=100 mm. IIpu ToBa pa3mnoioxeHne Hai-roIsIMO €
M3MEHEHHETO Ha BTOpaTa COOCTBEHA YECTOTA.

ExcnepumMenTanHaTa mocTaHOBKA € peaiu3upaHa OT U3TOUYHUK Ha MPUHYJICHH TPENTe-
HUS ¥ IpeoOpa3yBaTel 3a peTUCTpUpaHe Ha M3MEHEHHUETO Ha 3BYKOBOTO HaJSITaHE.
[TnactrHaTa ce mocTaBs Ha eNEKTPOJMHAMUYEH BUOPATOpP, KOWTO ce ympaBisaBa OT re-
HEpAaTop, Ype3 KOWTO ce MPOMEHS TJIABHO YeCTOTaTa Ha TPENTEHE.

[InacTuHaTa ce MOHTHpPA HEMOIBUKHO BBPXY EJIEKTPOAMHAMUYECHHUS BUOpATOP
(pur.2). MukpodoHBT € MOHTHPAH Ha CTOMKa HaJ IUIacTHHATa Ha pa3crosHue L=10
cMm. Crenn ToBa C MOMOIITA HA TEHEPATOpa HA CUHYCOUJIATHU TPENTEHUSI C€ MPOMEHs
IUIaBHO YECTOTaTa Ha TPENTEHE Ha M3CIIe[IBaHUsS OOEKT U €JHOBPEMEHHO C TOBa Ce
u3MepBa u3MeHenneTo Ha FFT cnekTbpa Ha 3ByKOBOTO HajsiraHE HaJl IUIACTUHATa C
MOMOIITa Ha MUKPOGOHA.

Bb3 ocHoBa Ha u3mepenust FFT ciekThp Ha 3ByKOBOTO HaJIsITaHE C€ OMpeness coocT-
BEHATa YeCTOTa Ha M3CJIeNBaHUAT 00ekT. M3mon3BanaTa u3MepBaTenHa amnaparypa e
net kaHaiHa MoOwiHa nudposa cucrema “Pulse 3560B-30” 3a n3smepBane Ha BuOpa-
UM WU OIyM, Pou3BoAcTBO Ha ¢upmara Brul&Ker - Jlanus, ¢ pabotHa yecToTHa
aenta 0-25 400 Hz u mukpodon Ne 4144 — Brul&Keer, ¢ yecroren ooxsat 10-10000
Hz.

7

|
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@ur.2. Cxema Ha EKCTIEpUMEHTATHATA TIOCTAHOBKA
1 — reHepaTop Ha CHHYCOUAAJIECH CUTHAN; 2 — yCUJIBAaTeN Ha MOIIIHOCT;
3 — eNeKTpoIMHAMUYCH BUOPATOp; 4 — U3CJeIBaHa IUIACTHHA; 5 — MOOWIJICH KOMITIOTB);
6 — BuUOpoakycTuyeH ycunBaren, / — MUKpO(hOoH

3. Pe3yaraTtu ot u3cieaBaHeTo

3.1. Yucnenu pesynmamu

[IpencTaBeHu ca camo pe3ysITaTUTE OT YHCICHOTO M3CJEABaHE Ha I') BApHAHT Ha 3aK-
pernBaHe Ha ruiouata. Ha ¢ur.2 ca mokazanu co6ctBenute Gpopmu, a B Tads1.1, Ta61.3,
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Tabn.5 u Tabn.7/ MOMyYEHUTE PE3YNTATH 32 U3MEHEHHETO Ha COOCTBEHUTE YECTOTH
Ipyu U3MEHEHHE Ha MECTOMOJI0KEHUETO Ha JOMBJIHUTEIHATA Maca BPXY IIaCTUHATA.
B Ta6:m.2, Tabn.4, Ta61.6 u Tab1.8 ca mpencTaBeHN Pe3yATATUTE OT MPOICHTHOTO W3-
MEHEHHE Ha COOCTBEHHMTE YECTOTH CHPAMO YECTOTHTE Ha IJACTHHATA 0€3 JOIMbIHH-
TeNHa Maca. B TAx ce BWXKIa, 4e MpH HaMalissBaHe Ha cOOCTBEHATa YECTOTa MPOIICHT-
HOTO U3MEHEHHE € ChC 3HAK TUIIOC, JOKATO MPH yBeJINYaBaHe Ha COOCTBEHATa YeCTOTa
- cbC 3HaK MUHYC. B Tabnummre ¢ X 1 Y ca 0003HauY€HU KOOPIUHATUTE HA TOUKUTE, B
KOHUTO C€ MOCTaBs Macarta MpH Pa3IMYHUTE BApUAHTHU HA YUCIICHO U3CJIEe/IBaHE.

Tabnuna 1

Freq 1 X, mm
Hz 15 40 65 90 100 115 140 165 185
15 150.56 125.23 120.99 116.61 116.03 116.59 120.75 125.73 129.86
40 125.19 122.68 118.75 116.40 116.48 117.35 121.50 126.14 130.33
65 121.10 118.69 115.99 115.29 115.96 117.56 121.68 126.02 129.93
c 90 116.86 116.36 115.54 116.00 117.03 118.89 122.86 126.72 129.68
? 100 116.15 116.35 115.92 116.93 117.86 119.83 123.73 126.88 129.16
> 115 116.70 117.54 117.70 118.76 119.86 121.63 125.01 127.31 128.56
140 120.76 121.44 121.89 123.13 123.78 125.14 126.80 127.70 127.97
165 125.82 125.88 125.99 126.51 126.88 127.21 127.65 127.54 127.15
185 129.96 130.19 130.41 129.54 129.36 128.69 127.90 127.33 126.97
Tabinma 2

Freq 1 X, mm
% 15 40 65 90 100 115 140 165 185
15 -18.36 1.56 4.89 8.33 8.79 8.35 5.08 1.16 -2.08
40 1.59 3.56 6.65 8.50 8.43 7.75 4.49 0.84 -2.45
65 4.80 6.70 8.82 9.37 8.84 7.59 4.35 0.94 -2.14
c 90 8.14 8.53 9.17 8.81 8.00 6.54 3.42 0.39 -1.94
? 100 8.69 8.54 8.88 8.08 7.35 5.80 2.74 0.26 -1.53
> 115 8.26 7.60 7.48 6.64 5.78 4.39 1.73 -0.08 -1.06
140 5.07 4.54 4.18 3.21 2.70 1.63 0.32 -0.39 -0.60
165 1.09 1.05 0.96 0.55 0.26 0.00 -0.35 -0.26 0.05
185 -2.16 -2.34 -2.52 -1.83 -1.69 -1.16 -0.54 -0.09 0.19
Tabiuma 3

Freq 2 X, mm
Hz 15 40 65 90 100 115 140 165 185
15 198.85 177.49 164.39 158.21 157.08 156.95 163.30 174.40 185.16
40 177.80 177.93 173.87 170.41 169.38 169.48 171.73 176.76 183.14
65 163.48 173.36 177.25 177.05 176.49 175.90 176.52 178.09 180.36
c 90 157.37 169.91 176.55 179.64 179.34 178.82 178.42 177.78 178.12
E_ 100 156.44 168.86 176.45 179.38 179.41 178.93 178.31 177.91 178.12
> 115 156.80 168.67 175.63 178.99 179.21 178.96 178.05 177.81 178.05
140 162.67 171.42 176.08 177.94 178.39 178.00 177.94 177.78 177.49
165 173.54 176.79 178.18 178.66 178.26 178.02 177.59 177.81 177.87
185 183.64 183.33 179.56 178.49 178.01 177.97 177.60 177.68 177.58
Tabmuna 4

Freq 2 X, mm
% 15 40 65 90 100 115 140 165 185
15 -12.31 -0.25 7.15 10.64 11.28 11.35 7.77 1.50 -4.58
40 -0.42 -0.50 1.80 3.75 4.33 4,28 3.00 0.16 -3.44
65 7.66 2.08 -0.11 0.00 0.32 0.65 0.30 -0.59 -1.87
= 90 11.12 4.03 0.28 -1.46 -1.29 -1.00 -0.77 -0.41 -0.60
E_ 100 11.64 4.63 0.34 -1.32 -1.33 -1.06 -0.71 -0.49 -0.60
> 115 11.44 4,73 0.80 -1.10 -1.22 -1.08 -0.56 -0.43 -0.56
140 8.12 3.18 0.55 -0.50 -0.76 -0.54 -0.50 -0.41 -0.25
165 1.98 0.15 -0.64 -0.91 -0.68 -0.55 -0.30 -0.43 -0.46
185 -3.72 -3.55 -1.42 -0.81 -0.54 -0.52 -0.31 -0.36 -0.30
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Tabnuma 5

Freg 3 X, mm
Hz 15 40 65 90 100 115 140 165 185
15 283.70 272.10 262.01 257.75 256.98 257.07 260.85 270.79 275.52
40 272.73 277.93 274.75 270.46 269.82 269.83 274.05 278.84 276.74
65 261.91 274.68 276.51 269.23 266.87 265.37 267.96 274.02 275.94
= 90 257.31 270.40 269.23 256.91 253.27 250.13 253.28 266.03 277.06
E_ 100 257.00 269.67 267.05 252.82 248.94 245.36 249.65 263.95 276.98
> 115 257.73 270.05 265.15 250.11 245.66 242.53 247.79 263.05 277.15
140 260.67 274.31 268.45 254.24 249.83 247.87 254.54 268.49 276.51
165 271.48 278.41 274.03 266.00 263.78 263.62 268.58 274.04 274.90
185 276.16 276.07 276.35 277.28 277.58 277.37 276.38 275.20 273.54
Tabnuua 6

Freq 3 X, mm
% 15 40 65 90 100 115 140 165 185
15 -4.31 -0.04 3.67 5.23 5.52 5.48 4.09 0.44 -1.30
40 -0.28 -2.19 -1.02 0.56 0.79 0.79 -0.76 -2.52 -1.75
65 3.70 -0.99 -1.67 1.01 1.88 2.43 1.48 -0.75 -1.46
c 90 5.39 0.58 1.01 5.54 6.88 8.03 6.88 2.19 -1.87
E_ 100 5.51 0.85 1.81 7.04 8.47 9.79 8.21 2.95 -1.84
> 115 5.24 0.71 2.51 8.04 9.68 10.83 8.89 3.28 -1.90
140 4.16 -0.86 1.30 6.52 8.14 8.86 6.41 1.28 -1.67
165 0.18 -2.36 -0.75 2.20 3.01 3.07 1.25 -0.76 -1.07
185 -1.54 -1.50 -1.61 -1.95 -2.06 -1.98 -1.62 -1.18 -0.57
Tabnuna 7

Freq 4 X, mm
Hz 15 40 65 90 100 115 140 165 185
15 423.65 365.66 372.13 376.73 372.80 365.20 350.67 354.13 387.74
40 365.71 346.49 353.24 374.03 378.75 377.99 363.33 366.45 385.93
65 371.37 352.68 350.28 370.72 378.95 383.72 371.93 374.82 383.44
c 90 377.15 373.50 371.37 379.91 382.72 384.19 379.71 378.01 382.22
E_ 100 372.52 378.43 379.00 383.31 383.16 383.33 379.65 378.44 382.91
> 115 364.78 377.48 384.24 384.22 383.12 381.60 378.43 378.69 382.22
140 351.23 363.76 373.27 379.83 380.65 378.79 376.98 378.92 381.54
165 353.96 367.30 377.41 379.11 379.44 378.70 379.55 381.16 381.74
185 388.09 386.52 383.75 382.77 382.30 382.70 382.32 381.74 381.44
Tabnuna 8

Freq 4 X, mm
% 15 40 65 90 100 115 140 165 185
15 -11.09 412 2.42 1.22 2.25 4.24 8.05 7.14 -1.67
40 411 9.15 7.38 1.92 0.69 0.89 473 3.91 -1.20
65 2.62 7.52 8.15 2.79 0.63 -0.62 2.48 1.72 -0.54
c 90 1.11 2.06 2.62 0.38 -0.35 -0.74 0.44 0.88 -0.22
E_ 100 2.32 0.77 0.62 -0.51 -0.47 -0.51 0.45 0.77 -0.40
> 115 4.35 1.02 -0.75 -0.75 -0.46 -0.06 0.77 0.70 -0.22
140 7.90 4.62 2.12 0.40 0.19 0.68 1.15 0.64 -0.04
165 7.19 3.69 1.04 0.59 0.51 0.70 0.48 0.06 -0.10
185 -1.76 -1.35 -0.62 -0.37 -0.24 -0.35 -0.25 -0.10 -0.02

CoOcTBEHNUTE YECTOTH HaA IUIacTUHATa 0Oe3
[IepBa — 127.21, Hz; Bropa — 177.05, Hz; Tpera — 271.98, Hz; YerBbpTa — 381.37,

Hz.

Maca 3a BapuaHT Ha 3aKpenBaHe I) ca:

Ha ¢ur.4. ca nokazanu B rpaduyueH BUJ U3MEHEHHETO B MIPOLICHTH Ha IbPBUTE YETH-
pu COOCTBEHH YECTOTH MPH 3aKPETBaHEe THUII T') MPH MOCTaBSIHE HA JOMBJIHUTEIHA Ma-

ca.
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®ur.3.CobcTBeHn opMH Ha TuIoYaTa 0€3 Maca IMPU BapUaHT Ha 3aKpEIBaHE 2

Fregql-v4, % Fregq2-v4, %

¥, mm X, mm ¥, mm *, mm
dur.4. Fpa(bmcn Ha IMPOLUCHTHOTO U3BMECHCHUEC HA IbPBUTE YECTUPHU CcOOCTBEHH YECTOTH Ha IIATUHATA
IIpY NMOCTaBAHE Ha AJOIIBJIHUTEIIHA MacCa, BbpPXY BapHUaHT Ha 3aKpPEIIBAHEC Ha IIaCTUHATa 2).

3.2. EKcnepumenmannu pe3yimamu

B T1a6:1.9 ca npeacTaBeHH pe3yiITaTUTE OT €KCIIEPUMEHTATHOTO W YUCIICHO M3CIIe/Ba-
HE Ha BapuaHT 0) Ha mioyaTa 60e3 Maca, a B Ta0i1.10 ¢ maca, kbaeTo:
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Tabimma 9

No Frege Freqn Fregy
B Hz Hz %
1 71.82 72.50 0.93%
2 98.57 132.92 25.84%
3 127.7 132.95 3.95%
4 185.7 151.99 -22.18%
Taomumua 10
No Frege Freq, Freqy
) Hz Hz %
1 58.72 69.942 16.04%
2 87.85 117.66 25.34%
3 104.4 133.72 21.93%
4 165.5 147.97 -11.85%

- FreqE — excnepumeHTaIHO M3MepeHa coOCTBeHa YecToTa Ha IiacTuHara, Hz;
- Freqn — yucneno nosyyeHa coOCTBEHa 4YeCTOTa Ha IlacTUHaTa, Hz;

- FreqV — nponenTHa rpeika Mex1y eKCIepUMEeHTAIHATa U YUCJICHO MOoJTy4e-
HU cCOOCTBEHM YECTOTH Ha I1acTuHaTa, %0.
Ha 06a3a Ha cpaBHEHHMETO Ha TIOJYYECHHUTE PE3yJITaTH OT YUCICHO M €KCIIEPUMEHTAITHO
OMpEeNIeICHUTE COOCTBEHHU YECTOTU Ha IUIOUYU C€ BMXKJA, Y€ MMa JJOOPO CHOTBETCTBHE
MeXy ABata Metoja. CienoBaTeHO, MOJy4YaBaHUTE 110 YUCIIEH BT C OMKMCaHaTa Me-
TOJMKa COOCTBEHU YECTOTH HA MEMOpPAHUTE ca IOCTOBEPHHU.

3.3. Ananu3z Ha pezyimamume

OT nmonydeHUTE pe3yiaTaTd C€ BWK/IA, Y€ HAW-TOJISIMO M3MEHEHHE Ha COOCTBEHHUTE
YECTOTH MMa NPHU MOCTaBSHE HA JIOMBJIHUTEIHATA Maca BbpPXY IUIoYaTa B 30HUTE C
HAN-TOJIEMU aMIUIUTYIH.

XapakTepa Ha TOBa M3MEHEHHE 3a BCSKa €Ha OT M3CJEIBaHUTE COOCTBEHU YECTOTH
(pur.4) crorBeTCcTBa Ha coOcTBeHaTa (hopMa Ha IUTaCTHHATA O€3 JOMbIHUTEIHA Maca
npeacTaBeHu Ha ¢ur.3.

HabmronaBa ce pasznuka caMo 3a BapuaHTa Ha PasmoJioKEHHWEe Ha MacaTa Mpu KOOP/IU-
Hatt X=15, mm u Y=15, mm, koeTo ce moaydaBa B pe3yjTaT Ha TOBa, Y€ MacaTa B
TO3M Cy4ail Ipyu MOJICIMPAHETO T0IaJIa BhPXY OTBOpA 3a 3aKperBaHeE.

Cpmio Taka ce 3a0eins3Ba, 4e Mpu MOCTaBsHE HAa MacaTa B OJU30CT J0 3albHaTa CTpa-
Ha ce HaOJI0JaBa MUHUMAJIHO HapacTBaHE Ha COOCTBEHATa 4eCTOTA Ha IUIACTUHATA.
3a pasriexaaHnuTe Bapuantu 1o € mox 2 %.

3naunrtenso (11 %) e yBenuyueHneTo Ha 4eCcTOTaTa MPHU IMOCTABSIHETO HAa Macara Bbp-
Xy OTBOPHUTE 3a 3aKpPEIBaHE.

Moxe 5a ce MMPCAIOJIO0XH, Y€ IIPU IMOCTAaBAHC HAa MacaTa B IIO-TOJIIMa Oan30CT J0 3a-
IIbHATa CTpaHa I¢ JOBCAC O0 IO-TOJIAMO HAapaCTBAHC Ha coOcTBeHaTa uyectora. ToBa
CC IBbJDKHU Ha JIOKAJIHOTO BKOpPABABAHE HA 30HATA, B KOATO CC IIOCTABs MacarTta.
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Ot PEIYITATUTC CC BUIKA, YC U3MCHCHHUCTO Ha COOCTBEHHUTE YECTOTH Ha IJIACTHHHUTE
3aBHUCH OT IroJICMMHATA Ha aMINUINTydaTa Ha IJIAaCTHHATA B 30HATA, B KOATO CC IMOCTABsA
mMacara 1pu CbOTBCTHATA coOCTBEHA YeCTOTA.

ITo-romsimara AMILIUTyAa onpeacisl mo-rojisiMo M3MCHCHHC Ha coOCTBEHAaTa 4eCcTOoTa
ITPH ITOCTAaBAHCTO HA JOIIBIIHUTCIIHA MacCa.

[Ipu mbpBUTE COOCTBEHM YECTOTH MPEAUMHO CE€ IMOJy4yaBaT MO-TOJEMHU AMIUIUTYAH,
HO KaKTO TMOKAa3BaT YUCJIEHUTE PE3YJTATUTE NPU HU3IMOJI3BAHE HA 3aKPENBAHE THUI 3a-
I'bBaHE Ha €/IHa WJIM HSIKOJKO OT CTpAaHWTE Ha IuioyaTa (BapHaHTH B, T, 1l ¥ €) CE T10-
Jy4yaBaT ChIIOCTaBUMHM Jie(hOpMalliU U MPU TPETA U YETBBPTAa COOCTBEHU YECTOTH.

Tosa omnpeesis U3BMEHEHHETO Ha TpeTa U/UIK YeTBbPTaTa COOCTBEHH YE€CTOTH B TIOPSI-
nbka Ha 5-10 % 3a paznuuHUTe BapUaHTH Ha 3aKpeTBaHe.

10. 3akarouenue
1. TlocraBsiHETO Ha JOIBIHUTEIHA Maca BbPXY MPaBOBI'bIHA IIOYA BOJIU JIO0 U3MeE-
HEHWE Ha COOCTBEHUTE YECTOTH Ha IJI0YaTa.

2. CrenenTa Ha IIpOMsHA Ha COOCTBEHHUTE YECTOTH 3aBUCH OT I'pPaHUYHUTC YCJIOBUA
Ha 11104aTa U1 MCCTOIIOJIOKCHUCTO HAa Macara.

3. Haii-ronsmMo u3mMeHeHre Ha COOCTBEHUTE YECTOTH Ha IUIOYATa Ce MOoJydaBa MpH
MOCTaBsSIHE HA MacaTa B MecTaTa ¢ MaKCHMaJIHa aMIUTATYJa TPU COOCTBEHUTE
¢dbopmu Ha mmodara 6e3 Maca.

4. JloOaBsiHETO HAa Maca C MOCTOSIHHU MacOBHU M F€OMETPUYHU XapaKTEPUCTHKH, 3aK-
pereHa BbpXy NpaBOBIBIHA IUIOYA, BOAW 10 HAW-TOJISIMO M3MEHEHHME Ha Haii-
HUCKUTE YECTOTU HA MEXAaHWYHATA CUCTEMA, HE3aBUCUMO OT TPAaHUYHUTE YCJIO-
BUSL.
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N3MEPBAHE HA YECTOTA U HA AMIIVIUTY IA HA MPEKOBU
CMYIEHUA YPE3 CYBTPAKIIMOHHATA INTPOLEAYPA

I'eopru Muxos

Pe3zwome: Pabomama npoowvixcasa ycvb8opuieHCmeaHemo Ha CYOmMpaKyuoHHama
npoyedypa 3a omcmpauasane Ha mpedcosu cmywenus om EKI cuenanu u paswups-
8aHemo Ha NPUodHCeHUemo U 3a obpabomka Ha opyeu cueHanu. Pazenedano e npu-
JIOJICeHUemo Ha M.Hap. ,,08ymouxog’’ ¢uimvp. Pazwupeno e npunoscenuemo Ha
CYOmpaxyuonHama npoyeoypa 3a uzmepeane u ciedeHe Ha 4ecmomama Ha 3axXpam-
sawjama mpedica. Aneopummume u npocpamume ca pearusupan U eKCnepumMeHmu-
panu 6 cpeoama na MatLab, kamo ca mecmeanu ¢ MHOdMICECMBO peantu CUSHATU.

Knrwowuoeu oymu: cyompaxkyuonna npoyeoypa, uzmepeane Ha vecmoma, guimpayus
HA MPENCOBU CMYUEHUS.

POWER-LINE INTERFERENSE FREQUENCY AND AMPLITUDE
MEASUREMENT USING THE SUBTRACTION PROCEDURE

Georgy Mihov

Abstract: The work continues the perfecting the subtraction procedure for removal of
power-line interference from ECG signals and the extending its application for other
signals treating. The applying of so called ‘two-point’ filter is performed. The apply-
ing of the subtraction procedure for mains frequency measurement is extended. The
algorithm and the program written in MatLab environment are tested with many par-
ticular cases.

Keywords: subtraction procedure, frequency measurement, mains interference filtra-
tion

1. BnBeaenue

CyOTpakioHHATa POIieIypa 3a OTCTPaHsIBaHE Ha MPEKOBH CMYIIEeHHUs 0T EjekTpo-
kapauorpadcku (EKT) curnanm [1, 2] e pazpaboTeHa oT ObATapcKy yUYCHU U OT/IaBHA
¢ ToKa3aja CBosTa epeKTUBHOCT. [locieTHUTe TOAMHKM ca TOCBETCHW Ha HEWHOTO
YCBBBPIICHCTBaHE, OCHOBHO B MTOCOKA Ha KOMIICHCHpAHE Ha IPOMSHA B YECTOTATa W
aMILUIATyaTa Ha MpexoBoTo cMmyineHue [3-8]. OOoOmeHaTa CTpyKTypHa cxema Ha
CyOTpaKkIMOHHATa MPOLEAypa € MokazaHa Ha ¢ur.l u ce CbCTOM OT TPU OCHOBHU €Ta-
na.

1. Ilpe3 mepBusT etan (Jemexkyus na auneen yuacmvK) ce IPOBEPsABA AN Te-

KyIIuaT oT4eT Xj ce Hamupa B JuHeeH ydyacTbk Ha EKI' curnana. HopmanHo ToBa ca
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obnactute Ha P 1 T BBIHUTE, KaKTO U y4acThKa Ha S-T CerMeHTa B €JIEKTPOKAPAUOT-
pamara.

2. AKO TeKymusT OT4eT Xj MPUHAJJICKN HA JIMHEEH Y4acThK, C€ U3BBPIIBA U3-

BaXKJIaHE HA TEKyIus oTueT Bj Ha MpexxoBoTO cmytienue (Excmpakyus Ha cmyweHu-
emo). MpexOBOTO CMYIIICHHE CE OTCTPaHsABA Ype3 HEPEKYPCUBEH HU(POB GUITHP OT
THIIA

K
Yi= 2 & Xisj, (1)
i—k

C KOETO Ce MOoJIy4yaBa TeKYIIUAT U3XO0 A1l OTUeT Xj , @ Upe3 MpocTara paziiuka
By = X —Yi, (2)
ce HaMupa TEKyHIMAT oTueT Bj Ha MpEXOBOTO CMyIIEHHE, KOSTO CE 3allOMHS BBHB
BpeMeHeH Oy(dep Ha CMYIIEHHUETO.
3. Ako TekymusT oT4eT Xj He MpUHAJJICKH Ha JuHeeH ydacTbk oT EKI' cur-

Haja, CTOMHOCTTAa Ha TEeKylIus oT4eT Bj ce ompenens or chabpKaHUETO HAa BPEMEH-
Hus Oydep HAa CMYUIEHUETO M C€ M3BaXJa OT TEKYIIUs BXOJEH OTYET 3a MoJlydyaBa-

HETO Ha TEKYIIUS U3XOJEH OoT4eT Ha cMmyineHueto Yj (Bvzcmanosseane Ha cmyujeru-
emo).

EKT ¢ mpexcoso cmywenue Cybmpakyuonua npoyedypa Quampupan EKIT’

I X I

— =y 3axvcHumenen 6ygep Cybmpakmop |
| | Xi + i
I -
! \ 4 Xin+Xiin :
¥ v a
1| Excmpakyus Ha Lemekyus na !
i L_cmywenuemo JIUHEEeH YYACMbK i
| |
| |
| B; Jluneen yuacmok |
' > Ov !
| o1 |
! |Bi Henuneen yuacmuk |
| [Bb3cmcliL106}16a)Lte1 i
V| Ha emywenuemo l
! NNV !
| |

preMeHeH 6yqbepJ

@ur.1. O6o01ieHa cTpyKTypa Ha CyOTpaKIIMOHHATA MPOoIlelypa 3a IpeMaxBaHe Ha
MpexoBH cmytieHus ot EKI curnanm.

Bpemennus 0ydep cbabpxka N CTOWHOCTH Ha cMmyluenuero Bij.p, Bj.o, ..., Bjn, Kb-
nero N = ®/F e oTHOIIEHUETO MEXKIY YecToTara Ha auckperusaius O u MpexoBara
yecrora F. Ilpu nunca Ha KpaTHOCT HA MEXIy YeCTOTaTa Ha JAUCKPETH3ALUS U Mpe-
’KOBaTa 4ecToTa, N ce Mmoy4aBa qpoOHO Yuciio. B To3u ciaydaii 3a N ce B3uMa 3aKkpsbr-
JICHOTO JIO IISUTO YKCIIO OTHOIIICHUE.

B [4] e nmpemnoxken meton, a B [5, 6 1 7] € yChBBPIIEHCTBAHO PEUICHUETO, ITPH KOETO
ce M3BBPIIBA KOMIICHCHpPAaHE Ha M3MEHEHHETO Ha YeCTOTaTa Ha MPEXKOBOTO CMYIIe-
HHE, KOETO € TI0Ka3aHo Ha ¢ur.2. EKCIepUMEHTHT € NMPOBEJCH, KaTO BbPXY YCIOBHO
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YHUCT OT CHTHAJI C MPOIBIKUTEITHOCT OT 8 S (IbpBU CYOIJIOT) € HACI0KEHO MPEKOBO
cmymienue ¢ yecrota 50 Hz +1,5 Hz ps3ko cmeHsma ce B cpejaTa Ha UHTEpBaia
(Bropu cyOruioT). Taka MOMyYEHHUAT CHTHAI ce (UITpUpa Ype3 CyOTpaKIMOHHATa
nporieaypa (Tpetu cyOIuioT) U Karo abCOJIOTHA CTOMHOCT Ha pa3jinKaTa MEXIY yC-
JIOBHO YHMCTHSI CUTHAJ U (UIATPUpPAHHUS CUTHAII CE M3YMCIIABA aOCOJIIOTHATA Tpelka
(ueTBBpTH CYOIUIOT). OT CTOHHOCTUTE Ha BpeMEHHHUs Oydep Ha CMYIIEHUETO CE OIl-
pernens OTKIOHEHHWETO Ha YeCTOTaTa Ha MPEXOBOTO CMYIICHHE OT HOMUHAIHATA MY
CTOMHOCT.

mV Venoeno uuem cuenan aha_1003d1, ® = 250Hz, F = 50Hz

005 T T T T T T -
0
Omxnonenue na vecmomama: a) 3adadena, 6)uzduciena
§ vl ]
Ak a b ]
| | | 1 t t
0 1 2 3 4 5 6 7 s

@ur. 2. KomneHcupasne Ha OTKJIOHEHUATA HA YECTOTaTa Ha MPEKOBO CMYIIIEHUE
npu ¢punrpupanero My ot EKI" curnai.

B [1-8] e u3mon3Ban cumeTpudeH HepekypcuBeH Guithp (T.Hap. ,,rpedenyar” Qui-
TBP), ChABPKaN] N uicHa B ypaBHeHue (1), B erana Ha Excmpaxyusi Ha cmyujenuemo.
HacrosmaTa pabota cu moctaBs 3ajavyaTa Ja MPHIOXKH T.HAp. ,,ABYTOUYKOB™ (PHITHP
3a IeJTUTE Ha OIPEIeIISTHE Ha YeCTOTaTa Ha MPEKOBOTO CMYIIICHHE.

2. llpnioxenue Ha ,,IBYTOUKOB” (UITHP B CYyOTPAKIIMOHHATA NpoLeaypa
Taka HapeueHHST ,,ABYTOYKOB” GUITHP [2] € mosydns HAMMEHOBAHUETO CH MOPaIN
TOBA, Y€ U3BBPIIBA OCPEAHSABAHE CAMO IO JIBE TOUKH OT CUTHAJIA U CE JaBa C ypaBHeE-
HUETO

Y, = Xin/at Xiinsa . 3)
2
Benuuunara n/4 tpsioa na Obae usiio yucio - Hanpumep @ =400 Hz u F =50 Hz.
[IpenaBarennara xapakTepucTUKa Ha ,,ABYTOUKOBHS (UITHP MPEACTaBIsIBa KOCUHY-
conzia

nnf nnF
K(f):cosﬁ, K(F)=KF=COSE (4)

Ha ¢ur.3 ca mokazanu xapakTepUCTUKUTE HA ,,JBYyTOUKOBHs GunThp. Kakro moxe
Ja ce BHIM, TOW MpUTekaBa KoeuireHT Ha npeaasane 1 3a gecrora f = 0 u koedu-
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ueHT Ha npenaBane 0 3a yectorta f = F. Ako MpekoBaTa 4ecToTa c€ OTKJIOHH OT HO-
MUHAJTHATa CH CTOWHOCT F, TO Koe(pUIMEHTHT Ha MpejaBaHe Ie CTaHEe Pa3IMUeH OT
HyJia. 32 MaJKd OTKJIOHEHHWS Ha YeCTOTaTa OT HOMHHAJIHATA CTOWHOCT Iie Oble Ba-
JINTHO CHhOTHOIIICHHUETO

AK =tana. (5)
Af

Twi kaTO tano mpeacrasisiBa MbpBaTa MPOU3BOJIHA HA aMIUIMTYIHO-4YECTOTHATA Xa-
pakrepuctrka 3a f = F, To

AK( f mn . zwnf 20 ., nnF 20
( )z— sin = Af z—[K(f)—K(F) “Zsint T mimm Af ~—K(f)—. (6)
Af 20 20 7N 20 7n
h(n)
® =400 Hz, F =50 Hz 4 Hmnyncua xapakxmepucmuxa
n=8,nld=2
) 2 -1 0 +1+42 n
K=[0500 0 05]
]i AmnaumyoHo-vecmomua xapakmepucmuxa
0,5+ 4
0
-0,5¢ 4
-1 1 !
(P,Z rad dazouecmomna xapaxmepucmuxa
1- i
0
-1k .
_2 | | | | | | | |

0 10 20 30 40 50 60 70 80 90 f 1z

@wur.3. XapakTepuCTUKH Ha ,,JBYTOUYKOBUS"* (PUITHD.

Hogara croitHocT Ha koeduireHTa Ha ipefaBane Ky Moxke m1a Oblie onpeaesieHa ot
CTOMHOCTUTE Ha BPEMEHHUS Oydep Ha CMYIICHUETO

Bi +Bi_n/2

Bi_n/2 + B Bi—Bin (7)
2

1 By 3n/4Knew = o= K=
i-3n new Z(Bi_n/4_Bi—3n/4)

Bi—n/4Knew =
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BuBexxnanero Ha Kpey B (6) ce u3BBpIIBa 4pe3 JONMBIHUTEIIHO HHTETPUPAHE ChC

croitHocTTa Ha K( f)q1q, OnIpeneneHa npu o0OpaboTKaTa Ha MPEIXOHHUS OTUYET
9 1

K(f):K(f)okjE-"KneWE' (8)
®dur.4, dur.5 u ¢ur.6 nmokaszpaTt pe3yaTaTUTe OT U3MEPBAHETO HA YECTOTaTa Ha Mpe-
’KOBO CMYIIIEHHE TMPU TMPUJIAraHEeTO Ha CyOTpakIMOHHATa MPOLEIypa BBPXY CTapH
EKI" 3anucu Ha 12 cranmapTHU OTBEXIaHMs, B3eTH oT 0azata Ha [[IJIEMA npu MA
(cera MucTUTYT 110 OMOdH3KMKa 1 OMOMETUITMHCKO nHxkeHepcTBo mpu BAH), npenoc-
TaBeHu J1100e3H0 oT npod. a.T.H. VBan Jlonuucku. M30panuTe enu3oau ChabpixKaT
aBTEHTHYHU MPEXKOBH cMyleHus ¢ yectota 50 Hz. 3anucure ca HanmpaBeHU ¢ 4eCTOTa
Ha muckperusarus 400 Hz, koeto e moaxoasmio 3a MpuiaraHeTo Ha ,,JBYTOUYKOBHS
bunThp. [IbpBUAT CYOIUION ChIBpPKA OPUTHHAITHUS CUTHAJ, BTOPHUAT - (DUITPUPAHUS
CUTHAJI, TPETHUAT - U3BJICUCHOTO CMYIICHUE U U3YUCIICHATa My aMIUTHTYJa U YCTBB]-
TS - OYaKBaHaTa (KpuBa a) U u3drcieHaTa (kpuBa b) yecroTa Ha cMyIeHHETO.
mV Opueunanen cuenan N0109(C5), F = 50Hz, ® = 400Hz

s o ,/I\......J./I‘w . . e ——

Dunmpupan cusnan
T T T T T T T

O = N
Il

N
T
|

0 JL“"'{L“_‘/\‘T‘ /}‘—ﬁ_'/f\“' | — I ]

H3zeneueno MPEedHCOB0 CMYyUlerHUue u usiuciena a,wmumy()a
T T T T T

0.1
0

_01 = Il Il Il 1 1 1 1 —
5 Omxnonenue na vecmomama: @) 3a0aoend, 6) uzduciena
T T T T T T 6 T
50 L
a
49 Il Il Il Il Il Il Il
0 1 2 3 4 5 6 7 s

®Our.4. OduntpupaHe Ha MPEKOBO CMYIIIEHHE ¢ o9akBaHa yectora 50 Hz.

Opueunanen cuenan N0113(C1), F = 50,5Hz, ® = 400Hz

3
T T T T ‘

0 1 2 3 4 5 6 7 S
Our.5. Guntpupane Ha MPEKOBO CMYIIIEHUE ¢ o4akBaHa yecTorta 50,5 Hz.
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TecTBaHeTO Ha CTAOMIIHOCTTA Ha AJITOPUTHMA 3a KOMIICHCHpPAHE HAa YECTOTHUTE H3-
MEHEHUS Ha MPEKOBOTO CMYIICHHE, B €KCIEPUMEHTHUTE, WIIOCTpUpPaHu ¢ Gur.5> u
¢wur.6, e 3amazeHa oO9aKkBaHa CTOMHOCT Ha Ye€CTOTaTa Ha MPEKOBOTO CMYIIIEHUE CHOT-
BetHO 50,5 Hz u 49,5 Hz. KakTto ce Bmwk7a, ciieqy M3TUYAHETO HA MEPUOJ HA ajarTa-
IS OT OKOJI0 1,5 S ce ToCTUTa peasHaTa 4ecToTa Ha MPEXOBOTO CMYIIICHHE.

mV Opueunanen cuenan N0245(C1), F = 49,5Hz, ® = 400Hz
2F T T T T T T T ]

H3zeneueno MPpesHco60 Cmyuienue u usducienda a.wn.wmy()a
T T T T T

0.1
0.05

-0.05

Omxnonenue na yecmomama: a) zadaoena, 0) uzduciena
T

T T T T 6 T T

50 _W— R—
49 r a —
0 1 2 3 4 5 6 7 s

@ur.6. duntpupaHe Ha MPEXKOBO CMYIIIEHHE C O9akBaHa yectoTa 49,5 Hz.

OnpenensiHETO HA aMIUIUTYAaTa HA MPEXKOBOTO CMYILIEHHE € U3BbPUIEHO, KATO CE U3-
10J13Ba TpezcTaBeHaTa B [8] MeTonuka, ¢ U3Moyi3BaHeTo Ha ypaBHeHUeTO (9)

9)

B3UMaIIO CPEJHO KBAJIpaTUYHATA CTOMHOCT HA OTYETUTE OT BpeMeHHUs Oydep B pam-
KWUTE Ha €JIMH IEPUOJ HA MPEKOBOTO CMYLIECHHUE.

3. lIpuiio:keHne HA CYOTPAKIIMOHHATA MPOLEAYPa 32 cie/leHe

HA 4YeCTOTaTa HA eJIEKTPUYEeCKaTa MpeKa
Meroaukara 3a ©3MepBaHe Ha 4YecToTara Ha MpexoBu cmyuieHns ot EKI' curnamm ¢
yCIIEX MOXKE J1a CE€ M3II0JI3Ba MPU CUCTEMH 3a CIIEICHE HA YECTOTaTa Ha €JIEKTpHUYeC-
Kara Mpexa. B To3u ciyuail, cyOTpakuuMoHHaTa MpoIleaypa € CUIHO OOJeKYeHa OT
(dakrta, ye Ha MPaKTHKaA B3€THS OT MpeKaTa CUTHAJ MOXE Ja CE pasriex/a Karo u3-
ISJI0 CbCTaBEH OT ,,HUCKOYECTOTHH JIMHEWHHU YYaCTBLUH C HACIOKEHO MPEXKOBO CMY-
menue”.

Otnaga HeoOXOAMMOCTTA OT MPOBEXKIAAaHETO Ha etanu 1 ([Jemexyusi na nuneen yuac-
mwvk) U 3 (Bvacmanosseane na cmyuenuemo). Ilposexna ce camo eran 2 (Excmpax-
Yust Ha CMYUjeHUueno), KaTo MPeKOBOTO CMYIIICHHE CE€ OTCTPAHsIBA Ype3 ,,IByTOUYKOB”

¢mwitep 1o ypaBHenue (3), ciex koeto upe3 (2) ce HamHupa TeKymusaT oTueT B Ha
MPEKOBOTO CMYIIICHHUE, KOSATO CE 3alIOMHS BbB BPEMECHHHS Oydep Ha CMYIIICHHETO.
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[Tpumep 3a mpuUI0KEHUETO Ha CyOTpaKIIMOHHATA IPOLEAypa 3a CIeACHE Ha YeCTOTaTa
Ha eJIeKTpUYECKaTa Mpeka € WIIOCTPUpaH ¢ Moka3anute Ha ¢ur./, ¢ur.8 u ¢ur.9 pe-
3yJTaTU OT EKCIIEPUMEHTH C PEaTHU IaHHU.

Jlannute ca 3acHetu npe3 1994 r oT cucTeMa 3a cliefieHe YecToTaTa Ha eJIeKTpuiec-
kara Mpexa [9] u ca mode3Ho npeaocraBenu oT nmpod. a1-p Credan OByapoB.

B MatLab e u3pbpieno cuntesupane Ha auckperusupan ¢ 200 Hz curnan ot 3axpan-
Balla Mpeka ¢ amruiutyaa 1 V u npoMensiina ce 4ecToTa Crope/ MPeI0CTaBeHUTE TPH
0a3u maHHu. THi KaTO YecToTaTa Ha JAMCKPETH3AIMsl B CKCIICPUMCHTAIHUTE TaHHU
(1 Hz ul10 Hz) e mHoro mo-manka ot u3noyi3BaHarta B mpoueaypara (200 Hz) e us-
BBPIICHA TIPe-IUCKPETU3ALINS TI0 JIMHECH 3aKOH.

Yecrora Ha guckperusanus ® =200 Hz ¢ MuHUManHO BB3MOXKHATa CTOMHOCT TPHU
F =50 Hz, Tpii xato ToraBa mapamerbpbT N/4 (N = ®/F) npumoOuBa MHUHUMATHATA
BB3MOXKHA IesiounciieHa croHoct 1. [Ipu To3u citydaii ocHOBHUTE ypaBHeHHs (3),
(6), (7) u (9) M3KITFOYHUTETHO MHOTO C€ ONMPOCTSIBAT U IIPHI00UBAT CHOTBETHO BH/IA

2
o)
Af ~—K (f)—, 11
(f)o. (11)
) P e (12)
2(Bi—l_Bi—?:)
2 2 2 2
n Uef, = B +Bi 1 +B,+B 3 _ (13)

4

['padukuTe Ha peasHaTa MpPEKOBA YECTOTA CIIOpe]] PEAOCTaBeHUTE JaHHU (pejicTa-
BEHA B UCPBECHO) M CIIOPE] M3YHUCIICHATA IO MPOLEAypara 4ecToTa, Ce MPUIIOKPHUBAT
MIOYTH HAI'BJIHO, 3aTOBA HA (pUrypuTe ca AaJieHu B Pa3jIMvHU IJIOTOBE, JIEKO pa3Mec-
TE€HU €JIUH COPSIMO JIPYT.

Harope u BisiBo € u3mecteHa rpadukara Ha peajiHaTa MpEXKOBa YECTOTa CIOpEN
MpEeJICTAaBEHUTE JaHHU. YBEJIMYEH YYacThK Ha HEpA3MECTEHUTE IaHHU € JaJIeH BISBO,
3a€JIHO C MalladupaHUTE KOOPAUHATH.

Moske cbBCeM SICHO 7a Ce 3a0eJIe’KH MTOYTH ITBJIHOTO CbBIIAACHUC MCIKAY pCajilHATa U
HN3YHCJICHATAa 4CCTOTA Ha 3axpaHBaliaTta MpcCiKa.

OT TpuTE eKCIepruMEHTa MOXE JIa C€ BUAHM, Y€ JOMyCHaTaTa abCOIIOTHA IPEIIKa Ipu
OTIPE/ICNITHETO HAa YecToTaTa Ha Mpekara He npesumiasa 0, 005 Hz,
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Frequency_data_1.doc; rauano 18.05.1994, 13:00:00; ouckpemuszayus 1 Hz
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@ur.7. EkcriepuMeHT ¢ poabnkuTenHocT 13 munyt u 20 cekynau, ¢ Hayano Ha 18.05.1994 r. B
13:00:00, npu yecroTa Ha Auckpernuszanus 1 Hz.

Frequency_data_2.doc; nauano 18.05.1994, 13:04:50; ouckpemuszayus 10 Hz
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®ur.8. ExcriepuMeHT ¢ mpoabpkutenHocT 1 munyTa u 20 cekyHau, ¢ Hadano Ha 18.05.1994 . B

13:04:50, npu gectoTa Ha auckpetnzanus 10 Hz.
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Frequency_data_3.doc; nauazno 18.05.1994, 13:10:00; ouckpemuszayus 10 Hz
Hz
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49.85F "
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49.55

495

49.45
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®ur.9. ExcriepuMeHT ¢ mpoabpkutenHocT 1 munyTa u 20 cexyHau, ¢ Hadano Ha 18.05.1994 1. B
13:10:00, npu gectoTa Ha auckpetnzanus 10 Hz.

10. 3akarouenue

Pabotara e Oa3upaHa Ha NMPEAUIIHM HW3CJIEABAHUS U MPOJBIKAaBa YChBBPIICHCTBA-
HETO Ha CyOTpaKIMOHHATa Mpoleaypa 3a OTCTPaHsSBaHE Ha MPEXKOBH CMYILIEHHUS OT
EKI' curnanm u pasmmpsiBaHETO Ha MPUIIOKEHHETO M 3a 00pabOTKa Ha JPYTH CHUT-
Haiu. Pa3rienana € OCHOBHO BB3MOKHOCTTA 3a MPUJIOKEHUETO Ha T.HAp. ,,JBYTOY-
KOB” punThp B cyOTpakmuoHHaTa nporeaypa. OCHOBHOTO MPEAUMCTBO Ha TO3U (-
THp € Heropara MpocToTa, AbJiKalia ce Ha ¢akTa, ue ce 00paboTBaT caMo J1Ba OTUETA.
Bb3MokHOCTTa € peann3upaHa U eKCIIepUMEHTHpaHa B cpenara Ha MatlLab ¢ uzmnons-
BaHeto Ha EKI 3anucu, chappkaiiy peaiHi MpPEKOBU CMYLIEHUS.
Pa3paboTena u npuioxeHa € METOAUKa 3a ONPEIEITHETO Ha YeCcTOTaTa U Ha aMILIu-
TyJaTa Ha MPEXKOBOTO CMYIIICHHE.
Pa3zpaboTeHa u npusoxkeHa € METOIMKa 32 KOMIIEHCUpaHe Ha OTKJIOHEHUETO Ha yec-
TOTaTa U Ha aMIUIUTyAaTa Ha MPEKOBOTO CMYLIEHUE MPU OTCTpaHsBaHeTo My oT EKI
curHanu. Pa3mmpeHo e npuiiokeHreTo Ha CyOTpakIMOHHATA MPOIleaypa 3a U3MepBa-
HE U CJIEACHE Ha 4eCTOTaTa Ha €JEKTPO3axpaHBallaTa Mpexa. AJrOPUTMUTE U IIPOT-
pamuTe 3a CIEACHE Ha MPEKOBATa YECTOTA €A PEAIN3UPAHU U EKCIEPUMEHTHUPAHU B
cpenara Ha MatLab, kaTo ca TeCTBaHM ¢ peaJHu CHTHAJIH.
Pe3ynraTuTe OT MPOBEACHUTE EKCIEPUMEHTH BOJST JI0 CIIETHUTE 3aKIFOUCHUS:

- TMPWIOKEHUETO HAa MPOCTHS ,,JBYTOUKOBHUS (PHUITHP CHKpaliaBa U3YUCIUTEITHO
CyOTpaKIMOHHATa MPOILEAYpa KAKTO 10 00€M, TaKa U MO BPEME;

- IpUBHECEHATa IpelIka Npyu QUITPUPAHETO € €IHAKBA C Ta3u NP MPUIOKEHUE Ha
KJIAaCUYECKuU4 ,,rpedeHyatT”’” GuiThp;

- cyOTpakuMOHHATa Mpoleaypa C yclexX MOXKe Jla ce M3I0JI3Ba 3a ONpeJessiHe Ha
YyecToTaTa Ha 3axpaHBalllaTa MpPEXa B CHCTEMH 3a CJIEACHE YecToTaTa Ha EJIEKTPH-
gyeckara Mpexa.
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MOJIEJIUPAHE HA HEOIIPEJIEJIEHOCT B IAPAMETPUTE
HA OBEKT 3A YIIPABJIEHHUE

Becesaa KapaoBa-Cepruesa

Pe3rome. Mooenvm na neonpedenenocmma u pooacmuocmma umMam OCHO8HA PO 8
asmomamuyHomo ynpaeienue. 3a onpeoenane Ha pobacmuama yCmoudugocm e He-
00x00uUMO 0a ce 8v6ede uodest 3a Mooell Ha HeonpedeieHocmma. Ta npedcmasnasa
PAa3uKama mexcoy HoOMuHaiHama u peanHama cucmema. Mooervm na neonpeoeine-
HOCMmMa Modice 0a ce onuuie Kamo CmpyKmypupana uiu HeCmpyKmypupana Heonpe-
oejleHoCm.

Knwuoeu oymu. Humepsannu noaunomu, oowa HeonpeoeieHocm, napamempuina
HeonpeoeieHoCm

MODELLING OF UNCERTAINTY IN THE PLANT PARAMETERS
Vessela Karlova-Sergieva

Abstract: The model uncertainty and robustness have been a central theme in the de-
velopment of the field of automatic control. To define robust stability it is then neces-
sary to introduce the idea of model uncertainty. This is the ,,difference” between the
nominal model and the true system. The model uncertainty can be described either as
an unstructured or structured uncertainty.

Keywords: Global Uncertainty, Interval Polynomials, Parametric Uncertainty

1. BnBeaenue

W3meHeHusATa B NapaMEeTpUTE Ha OOEKTUTE CE€ MPEIU3BUKBAT OT HECTAIMOHAPHOCTTA
UM, OT HEJTMHEHHOCTTa UM IIPH MPOMsHA Ha pabOTHATA TOYKA, IBJDKAT C€ HA BHHIIHU
WINA BBTPEIIHU CMYIIEHHUs. 3aTOBa MPOOJIIEMBT 32 OCUTypsABaHE Ha YCTOWYMBOCT U Ka-
YEeCTBO Ha CHCTEMHTE 332 ABTOMATHYHO YIPABJICHHE CE€ THPCH B PAMKUTE Ha JIOIMYC-
THMa MMPOMSIHA Ha MMapaMeTpuTe Ha 00EKTa WM Ce U3MOJ3Ba Ta3u 0asa 3a HaJACTpOMKa
noj popMarta Ha MO-CIOKHU CUCTEMH MPHU MO-IIUPOK AUANA30H HA U3MEHEHHE Ha Ta-
paMeTpUTe, UM KOraTo HAKOU HETMHEHHOCTH HE MOraT J1a ObaT KOMIIEHCUPAHH.

[TpobieMbT HaMUpa pEIIeHHE Ype3 MOHATHATA podacTHA YCTOWYMBOCT M POOACTHO
KadecTBO. HsIKoi HampaBiicHHs B poOaCTHOTO yIpaBlicHHE, KAKBATO € KOJUYECTBEHA-
Ta TEOpHs Ha oOpaTHaTa BPH3Ka, MPEACTABAT HEIMHCHHUS 00EKT KaTo HabOp OT JIu-
HCHHM O0OEKTH, KOWTO MOKPHBAT JMANa30Ha Ha HECTPYKTypHUpaHaTa MapaMeTpUdHa
HeomnpeaeneHoct [3].
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2. llen u 3agaun

[lenta Ha HacTosmaTa paboTa € 1a ce MoKa)XxaT METOJH 3a MOJICTUPaHe Ha Heompee-
JICHOCT NPU OOCKTH W/HMJIM CHCTEMU 3a YIIpPaBJICHUE, OIMCAHM C arapaTa Ha IpejaBa-
TeTHUTE (PYHKIIMH, KOETO MO3BOJISABA MPUJIATAHE B YaCTHOCT HA METOJ Ha KOJHMYECT-
BEHA TEOpHsI Ha 0OpaTHATa Bph3Ka.

PemraBar ce crieqaute 3aaa4du: a) (GopMaaHO ONUCAHKE HA HEOMPEICICHOCTTa B Iapa-
METPHUTE Ha OOCKT; 0) yCJIOBHs 3a poOACTHa YCTOWYMBOCT M pOOACTHO KAa4eCTBO; B)
rpaduIHO MOJIETTUpaHE Ha HEOIPEAeICHOCT B KOMIUICKCHA paBHMHA U YECTOTHA 00-
JIacT; T) aHAJIM3 Ha Pe3yJITaTUTe.

3. O0ma HeomnpeaeaeHoCT

B nuteparypara oO1iata HEONpeIeIeHOCT € M03HAaTa KaTo HECTPYKTypUpaHa Heorpe-
nenenoct [1,6]. ToBa Ha3BaHWe BB3HMKBA, ThH KAaTO HEONPEICICHOCTTa CE OTHACS
KBbM HEOIpeIeNIEHOCT B IMHAMUKATa Ha CCTeMara U MOKpHBa 001110 Mojiesia Ha 00eK-
Ta. TO3U TUI ONHMCAaHUE HA HEONPEAEIEHOCTTa MOXKE Jla CE€ M3IO0JI3Ba, KOraTo Hamlpu-
Mep peabT Ha AU(EepeHIIHATHOTO YpaBHEHHE, OMUCBAIIO 00EKTa, € HEM3BECTEH WIIH
KOTraTo TOBa OMHCAHHE € TBHPJAE CIOXKHO, T.€. TOBA € CIIy4ail Ha HEeMOJeIHpaHa JH-
HamuKka. HecTpykTypupaHata HEONMpeOeNIeHOCT Ce M3I0JI3Ba U MpH MpeHeOperHara
JMHAMHKA, BCJICICTBUE HA alPOKCUMAIIMs HAa MOJIEN OT HUCHK pef. ChIlo ce mpuiara
Y TIPY TPEIIKU TOPOJECHH OT JIMHEAPU3UIUS OKOJIO HOMHHAIHA pa0OTHA TOYKA.

B T031 cnyuyaii ce paboTu ¢ HaOOp OT JIMHEMHU 00EKTH, KaTO IPEIIKUTE Ce OTpa3sBat
OT HEONPEIeIEHOCTTA.

3.1. MyATHILIMKATUBHA HeOIpPeIeJeHOCT
Heomnpenenenus moaen Ha obext W, onucan ¢ MyJITHUIUIMKaTUBHA HEONPEACICHOCT

W, nma Buna (1), ¢pur.1.
W, =W, (1+W,,), (1)
kbaeTo W, € HOMUHATIHKA MOJIEN Ha 0OEKTa.
Ot ypaBHenue (1) 3a MyITHIUTMKATHBHATA HEOTPECIICHOCT ce 3anucBa (2)

w, = NoWo ()

M WO*
Ot (2) ce BWkIa, Y€ MYJTUIUIMKATUBHATA HEOIPEICIICHOCT TPEICTABISIBA OTHOCH-
TeJHaTa rpeliKa Mexay apaMeTpuTe Ha 00EKTa Ha YIpaBJICHUE.

MynrunnukarusHata HeonpeaeneHocT W, ce pasriexza KaTo KOMIUIEKCHA IIpejaBa-

tenHa Qyukius (KIIP) u moxe ga 0bae Ternosra KII®. Tosa mo3BosisiBa HeliHaTa
rpaduyHa UHTEpPIpETAIHs B YECTOTHATA OOJIACT M KOMIUIEKCHATA PaBHUHA.
OTt0ens3Ba ce, ye Mpy BUCOKU YECTOTH HEOINPEEIEHOCTTa HapacTBa, T.€. PU BUCOKU
YEeCTOTH JIMIICBA 3HAHUE 32 00EKTa, KOETO Ha €3MKa Ha MpelaBaTeIHUTE (PYHKIUH 03-
HayaBa, 4ye B IpeaaBaTesHAaTa (PYHKIMS, ONKcCBaIla 0OEKTa, MOXE J1a C€ ChAbpXKAT
KAaKTO OTPULIATEHH, TaKa U MOJO0KUTEIHU PEATHU YaCTH.

@daxT, KOUTO HsIMa KakK Jla ce Ipociaeau, Thid KATO B MATEMATHYECKUTE (POPMYITHPOBKH
Ha pobacTHOCTTa GuUrypupar Moaysu, a uadopmaius 3a aprymenture Ha KIID nun-
cBa. 3aToBa TpsiOBa Ja ce MPOEKTHpa TaKbB PErynarop, KOUTO Ja rapaHTHpa J10cTa-
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THYHO MAJBbK MOJYJ OKOJIO Cpsi3BalllaTa YeCTOTa HAa HOMHHAJIHATA CUCTEMA, 3a J1a Ce
rapaHTHpa yCTOMYMBOCT Ha 3aTBOPEHATA CUCTEMA.

3.2. ATMTHBHA HeoNpeaeJeHOCT
Heonpenenenusr moaen Ha obekra W, onucaH 4ype3 aJUTHBHA HEONPEICICHOCT, CE

nedunupa upes (3), pur.2.

W =W "+W,. (3)
MopenbT Ha aTUTHBHATA HEOMPEICICHOCT Ce Pa3riiekaa KaTo abCONMOTHATA TPEIKa
B MIapaMeTPUTE HA 0OEKTa U CE 3aIuCBa

W, =W -W". (4)
To3u TUM omMcaHWEe HA HEOMPEIAEICHOCT Ce MPHIara 4ecTo MpU arpOKCHMAIUS Ha
BUCOK M/Wiu O€3KpacH pejl Ha MoJiesia ¢ HUCBK pel.

3.3. UacTHa HeompeaeaeHOCT
YacTHaTa HEONPEEICHOCT € HAYMH 33 ONMCAHUE Ha HEOIPEAEIICHOCT B MOJIOCUTE HA
OTBOpEHATa CUCTEMA.
Heomnpenenenusat moxen Ha obexra W , omnmcaH 4ype3 4acTHa HEONPEIENIECHOCT MMa

Buna (5), pur.3

wo=w'| L (5)
1+WQ
3a HCOI‘IpeI[eJIeHOCTTa WQ CC 3aIlucCBa
W, =W, W, . (6)

3.4. UnBepcHa HeoMNpeaeeHOCT
3a HeolpeeNeHuAT Mozen Ha ooekra W, onucaH upe3 HHBEPCHA HEOIPEAEIIEHOCT Ce

3amnucBa (7), ¢ur.4.

* 1
W =W"| ——1, (7)
1+WW,
OTKBJETO 3a Heomnpenenenocrra W, ce 3anucsa
=t @)
W0

AKO BCHYKHM HEONPEAEIICHOCTH Ca BKIIIOYEHU B €IHO ONMCAHHWE HA HEONPENEIICHOCT,
MO>K€ J1a C€ TOBOPH 32 00IIa WIM HECKTPYKTYPUPAHA HEOIIPEAEIEHOCT.
B MHoOro ciydait morar na ce mpueMar JB€ WIIMA IIOBEYE OIMCAHUs HA HEOIpenelie-
HOCT, KOUTO TI0-100pe I1Ie OnuuIaT CEeMENCTBOTO OT JIMHEWHU MOJEIIH.
[lo TO3M HaYMH € HajauIEe MPEeAUMCTBO MO OTHOIICHHE Ha MH(pOpMAIUsS 3a CTPYKTY-
paTa Ha HEONpeAeIEHOCTTa B MOJIeNIa U MOXKE Jla ca ce u3depe Hali-Mankus Habop OT
JMHEWHU 00EKTH, KaTo ce n30erHe KoHcepBaTu3Ma Ipu CUHTE3a Ha PEryJiaTop.

W, /L
U U WU* Y U WO* Y

Dur.1 dur.2

W

C
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Y U — _ Y

e " —\t J -
L =

Q I 0

dur.3 dur.4

4. CTpyKTypHa HeompeaeJaeHoCT
KoMOuHanusara oT pasnTudHU ONMMCAHUS Ha HEOMPEIEICHOCT B OTACITHUTE JIMHCHHH
00CKTH € IpUeTo B JIuTepaTypara [6] na ce Hapu4a CTpyKTypHA HEOMPEIEICHOCT.
Tbil KaTo TOBa € peanHaTa HEONPEIEICHOCT U TS C€ CBEXJA /10 HEONPEAEIECHOCT B
TOYHO OIpezesieH (U3UYEH NapaMeTbp € MPUETO Ja ce TOBOPH 3a MapaMeTpUyHa He-
OTPEIEIEHOCT.

4.1. JIuneitnu 1podoHu npeodpasyBanus (JIAII)
B MHorO0 cnydaii € yao0HO 3a onMcaHue Ha CTPYKTypHaTa HEONpeIeJIeHOCT Ja ce U3-
non3Bar JIII. TToBeue peraitnm no orHomenue Ha JIJAII, cTpykTypupaHOTO CUHTY-
JISIPHO YMCJIO 4 MOTaT jJa ObaaT Hamepenu B [1,6].
[Ipu nuueitHuTe TPoOHU TpeoOpa3yBaHus CTPYKTypaTa Ha MOJIEa C€ pa3zesis Ha JIBe
yactu. Heomnpenenenure yactu OT MoJiesia c€ KOMOMHUPAT U U3BEKJAT U3BBH 00IaTa
CTPYKTypa Ha o0ekTa, Qur.S.

U.r1 A Y,
U W, Y
dur.5

Haii-yecTo ce u3non3Bar JIMHEWHUTE TOPHU APOOHU IpeoOpa3yBaHus, Thil KaTo Ipe-
JaBarenHata QyHKIUsA Ha Mojena e u3BecTHa (9).
W =F, [WO,A]. 9)

4.2. XapaKkTepucTHYHH MOJTHHOMHU

MogenuTe Ha O0CKTH C MapaMeTpUYHA HEOMPEISIICHOCT Ce MOoJydaBaT OT (pU3HYHU
3aKOHU W/WIIM OT aJICOPUTMH 3a WACHTH(UKAIUA. VIeHTHHUKALMOHHUTE TIPOLEAYPH
JaBaT MOIXO/AIIa MAaTeMaTHYHa CTPYKTYpa, KOSATO MPEJACTaBs B TOJIsIMa TOYHOCT (pu-
3UYHHUTE 3aKOHHM, a MapaMeTPUTE Ha MOJYUCHHS MOJIC] BapHpar.

CroxacTU4YHaTa MPOMSIHA B MapaMETPUTE € MPEJAMET Ha pasriiekIaHe 3a aJalTHBHOTO
ylpaBJieHUe, a JCTEPMUHUCTHYHATA MMPOMSHA, € MPEIMET Ha POOACTHUTE HAIpaBJic-
HUs. B Ta3um Bpb3Ka, Qpyr HAUMH 3a U3CJICABaHE HA CTPYKTYpHA MapaMeTpUIHA HEOll-
PEIeNCHOCT € Upe3 U3IMO0JI3BaHe Ha XapakTepucTuaHuTe mommaomu (10).

P(s,q)=s"+c,,(q)s"" +..+c(q)s+c,(q), (10)
KbJIETO ( € [q‘,q*] € peaJiecH UHTEpBaJ.
B 3aBucumocT ot koedurnuenTure C , ce AeuHUpaT TUIIOBE KIacOBE MOIMHOMH. Te

Morar na ObJaT ¢ HE3aBUCHMMHU MapaMeTpH, CBbP3aHU, MYITWIMHEHHN WM TOJIMHO-
MuanHu. Ta3m epapxus Ha KOCPUIIMEHTUTE € Jaja OCHOBA Ha M3CJEJABaHUS, KaToO
peauiia aBTOpH ca M3BEJIM MATEMaTUYHU YCIOBHUS 33 M3CIEIBAHE HA YCTOMYMBOCTTA
Ha MOJMHOMHTE, KaTO TE€3H yCJIOBUS, OOMKHOBEHO Ca OHATJIEJICHU U TpaduuHO B paB-
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HUHATa Ha Koeduuuenture [2,4,5]. B HacTosmara paboTa ce mocTaBs akIEHT Ha TEO-
pemaTta Ha XapHUTOHOB, Thil KaTO T4 € M3X0oAHa 0a3a 3a BCUYKHU IOCJIEIBAIN U3CIIE/-
BaHus. [lonmmHOMHOTO cemelcTBO ommcaHo ¢ (11) e yCTOWYMBO camMO aKO YETHPHTE
[IOJIMHOMA ca yCToﬁqHBI/I

P (s)=0; +0,S+0,5° +0,S° +...
P (s)=0; +0,/S+0,5" +0,S’ +...
P (s)=0, +0,/S+0,5° +0,S’ +...

P (s ):q0 +0,5+Q,S" +0,;8 +...+...
B 3aBucumocT oT Oposi Ha HEONPEIEICHUTE TapaMeTPH, 3a TECT Ha YCTOHYMBOCT CE
U3II0JI3BAT CIICAHUTE MTOJIMHOMH Ha XapuTOHOB [1].

I
=}
I

=}

(11)

=}

ror

=}

nw v v v
o O O O

q.i>5 Q={P",P" PP}

g.i=5 Q={P",P",P7} (12)
q.i=4 Q={P",P"}

q.i=3 Q={P"}.

Cnc cumBoa Q ce o3HadaBa o0acTTa Ha HEOMPEAETICHOCT HAa MapaMeTPUTe, KaTo B
o0IIMsA CIydaii Ie IpeiCTaBIgBa N-MepeH MPaBOBIBIHUK 32 (1 =N

Pasnonaraiiky ¢ XapakTEpUCTUYHUTE NTOJIMHOMH, MOTAT Ja C€ KOHCTPYHpaT XapaKTe-
PUCTUYHU YPABHEHMS U J1a CE MOCTPOST TPACKTOPUM HA KOPEHUTE 10 OTHOLICHUE Ha
HEOIpe/IeICHUTe NapaMeTpy, Karo ce MMaT B NMPEIBUJ CIICJIHUTE OTPAaHHUYCHHS: a)
npu ¢, <0 ce HaBnAM3a B Kiaca Ha OTPUIATENHUS Xojorpad Ha KOpeHuTe; 0) mpH

000cOo0siBaHE Ha HEOIpeAeTeCHUs apaMeThp € Bb3MOXKHO J1a C€ HapyIIU yCIOBHETO
3a (U3MYecKa peaqn3yeMocT - pefa Ha MOJMHOMA B YUCIUTENS Aa € MO-TOJIsIM OT pe-
Jla Ha MOJIMHOMAa B 3HAMEHATENs Ha MoJlydeHaTa npeaaBaTenHaTta (QyHKIMsS. 3aToBa
BMECTO BapupyeM napameTsp na € 0, GyHKuuara Ha koeduuueHt Ha Evans ce us-

IIBJIHSIBA OT (, =0, ; B) IPU HEIMHEWHOCT B (, NpaBmiara 3a nocrpoenue Ha XK He

ca mpwioxkuMu. [lo TakbB HaYMH MOTaT Jla ce HaMepAT TPaHUYHUTE CTOMHOCTH Ha
HEOTIpeIeTICHUTE MapaMeTpH U Jia Ce B3eMaT CbOTBETHUTE PEILICHUS.

3a u3cienBaHe HA yCTOMYMBOCTTA MPHU HE3aBUCHUMH TapaMETPH CE M3MOJ3Ba M Mart-
purara Ha XypBull, )KypH, B KaueCTBOTO U Ha alNreOpuydeH KPUTEPHH.

B yecroTHara o6sact ce popMupar 30HU Ha HEONPEAEIECHOCT, KOUTO C€ M3IOJI3BAT 3a
rapaHTHpaHe Ha KauecTBO MpU HEONPEAeNeHOCT.

5. PoGacTHOCT NpHU HeompeaeIeHOCT
YcnoBusTa 3a podacTHa yCTOMYMBOCT U pOOACTHO KayecTBO MPH M3IOJI3BAaHE HA Pa3-
JMYHUTE BUAOBE HEONPEICIECHOCTH Ca Pa3INIHU.

5.1 HecTpykTypHpaHa HeomnpeaeJaeHoCT

5.1.1. MyJTHIVINKATHBHA HeoNpeaeJeHOCT
Ta3u HeompeneneHOCT ce M3MOi3Ba HAM-4eCTO MpU CHHTE3a Ha POOACTHH CUCTEMH,
ThI KaTO B yCIIOBHSATA 3a poOACTHOCT (UIYypUpaT €IHOBPEMEHHO (YHKIMUTE Ha J0-
II'BJIHUTEJIHA YyBCTBUTEIHOCT U HA YYBCTBUTEIHOCT.
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YcnoBreTo 3a podacTHa YCTOWYMBOCT ce 0a3upa Ha XapakTepUCTHIHHS moJuHOM (13)
1+ W, (1+W,, ). (13)

3a obmHOCT ce npueMa [I-perymarop ¢ koedunuent K =1. Caenpar uspasute (14) u

(15):

T+W (1+W,, ) =1+W," + W, W,,, (14) T

o _ -1

W T, (15)
KbJIeTO T TIpejcTaBisiBa MpenaBaTeaHaTa GyHKIMS HAa 3aTBOPEHATA CUCTEMA.
YcnoBueTo 3a pobacTHa yCTOHYHUBOCT PU MYJITUIUIMKATHBHA HEOIPEIEICHOCT A00H-
Ba Bua (16)

‘TWM ‘ <1. (16)
YcnoBueTo 3a poOacTHO KayecTBO MpHEMa U3pasa

‘SW‘ +‘TWM ‘ <1, (17)
KbJIeTO S ¢ GyHKIUsATa Ha yyBCTBUTENHOCT, @ W € TerjoBHaTa U PyHKIIHS.

5.1.2. AnuTHBHA HeoNMpeaeJIeHOCT
XapakTepuCcTUIHUS TOTHHOM ¢ (18)
1+W, +W,, orkpmero W, =S™. (18)

3a pobacTHaTa ycToiunBOCT ce 3amnucBa (19) ‘WA S‘ <1.

5.1.3. YacTHa HeonpeaeeHOCT 1 HHBEPCHA HeONpeeJeHOCT
ChoTBeTHHUTE XapakTepucTuyHu moauHomMu ca (20) u (21)

1] 1+W,+W; 1 CI+WW, W

1+W,' 20) u 14+W' =
“l1+W, 1+W, (20) *l1+WW, 1+W, W,

, (21)

OTKBJIETO CJIE/IBAT YCIOBHATA 32 pOOACTHA YCTOMYUBOCT, CbOTBETHO
W,S[<1 (22) m WW,S|<1. (23)

CtporocTra Ha YCIOBHETO 3a pOOACTHO KadeCTBO, MOYHMBA HA SICHU T€OMETPUYHH
BPB3KU U MOJICTMpaHe IPH MYJITUITTMKATUBHA HEOMPEAETICHOCT B KOMITJICKCHATA PaB-
HuHa Ha HalikBuct. BkimouBa ce (yHKIUSATA HA YyBCTBUTEIHOCT, OINpPEAEsIIa HO-
MHUHAJIHOTO KaueCTBO M HOMHHAJIHATAa (DYHKIIHS Ha JOMBJIHUTEIHA YyBCTBUTEIHOCT,
¢wur.6.
['padpuuno, pobacTHOTO KaueCTBO O3HAYaBa HEOOXBalllaHE HA TOYKATa C KOOPAHHATH
(-1, jO) OT OKPBIKHOCTHTE, MOJCIHPAIIHA HEONPEACICHOCTTa, 3a YeCTOTH y4aCTBaIIH
MIpU CHUHTE3a.

5.1.4. CTpyKTypHUpaHa HeonpeaeJIeHOCT
[Tpu uznonzsanero Ha ropHo JIJII, ycnoBuero 3a pobacTHO KauecTBO uMa Gopma-
Hus u3pas (24)

IR, (T.A)[<1. (24)
IIpyn mapamerpuyHaTa HEONPEAEIECHOCT M M3IIOI3BAHETO HA NOJMHOMM 33 AHAIN3 U
B3MMAHC Ha PCIICHUS 3da CUHTC3 Ha PEryjaTtop, CbICCTBYBAT PCAUlla MATCMATUICCKHU

A0Ka3aTCJICTBA, INIOCTUI'aHN 110 YHCJICH IIBT, 3@ BCCKM KOHKPCTCH cnyqaﬁ, KOUTO II03-
BOJSIBAT TOYHOTO MOJICIUMPAHC HAa HCOIIPCACICHOCTTA.
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Re

M

w; \

Our.6
Ta3zu maTemaTuuecka cTpaHa HE € IpeJIMET Ha HacTosara padoTa, Thil KaTO TYK Ch-
[IMHATA € MOJIyYaBaHeTO Ha rpadUyHU MOJIEIHN Ha HEOMPEIEICHOCT 3a LIEJUTE Ha Me-
toa KTOB, kaTo ce n3cieBa pa3noyioKEHUETO HA 30HUTE C HEONPEAEIEHOCT B KOM-
IJIEKCHATa paBHUHA WM B 4YECTOTHATA 00JacT.
3a nmosyyaBaHETO Ha rpa)MUHUTE MOJIEIN CE€ U3UCKBA anpuopHa MH(opMalus 3a He-
OIIPENEIEHOCTTA, B pEAJICH MHTEPBAJl HA HEOIPEEIIEHOCT.
ITo HataTbk paboTaTa NpOIBIKABA C YUCIIEH ITPUMEP Ha Oa3aTa Ha KOUTO C€ MOJIEIH-
paT pa3iaMYHUTE TUIIOBE HEONIPEAEIEHOCT U CE MPaBAT U3BOAM.

6. Uncsien npumep
[IpeameT Ha u3ciieBaHe B paboTara ce pas3riexaa Mojies Ha 00EKT, OIMCaH ¢ Mpe/a-

BaTenHa GyHkius (25)
K

W, = . (25)
s(T,s+1)(T,s+1)
3a OCJINTC HAa HIPCACTOAIMUTC U3CJIICABAHUS Ha p06aCTHOCTTa, CC IMpucMa 3aTBOpPCHA

cuctema ¢ EOOB u nmpomnopiironaneH perynarop ¢ koepuuueHt 1.
[Tapamerpute K,T,,T, ca HeonmpeaeaeHW TOYHO M ca JETEPMUHUCTUYHO 33JaJCHU B

creaHnTe MHTEpBaTU (26), KaTo Mo TO3U HauyuH ce (GopMupar HaAOOp OT JTUHEWHU
00eKTH
ke[1.28,1.92], T, €[0.23,0.37], T, €[0.16,0.24].  (26)

3a HOMUHAJIEH 00EKT ce cuuTa Mojiel ¢ npeaaBareinna GyHkims (27)

. 1.6
W = ) 27
> 5(0.25+1)(0.3s+1) (27)

MynTUIUIMKaTUBHA, aIMTUBHATA, YaCTHATA U WHBEPCHATA HEOMPECIICHOCT Ca U3YHC-
JeHu chriacHo & 3. 3amucBar ce cieAHuTe npeaaBatennn Gyukuuu (28-31).

~ -0.19(s-3.166)(s+3.7)
" (s+4.167)(s+2.703) “8)
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. -5.045(s-3.166)(s+3.7)
" s(s+4.167)(s+2.703)(s +5)(s +3.33)

) 5.045(s —3.166)(s +3.7) 0)
° s(s+4.167)(s+2.703)(s+5)(s +3.33)

~ 0.23(s-3.166)(s+3.7)
" (s+5)(s+3.33)

Ha ¢wur.7 ca mokazanu MoayiuTe Ha MOJCIHUTE Ha HeonpeaeaeHocT. OT HalpaBeHOTO
W3CIIeJIBaHE C€ BMXKA, Y€ HE3aBUCHMO OT Pas3JIMYHUS 3alHC Ha yCIOBUETO 3a podac-
THA YCTOWYHUBOCT, MOAYJIUTE MIPU PA3TUIHUTE MOJICTTH HA HEOMPEACICHOCT ChBIAIAT.
3a MBJIHOTA € TTOKa3aHo rpauIHOTO N300PAKEHNE HAa YCIOBUETO 3a POOACTHO Kayec-
tBo 32 W =1, KO€TO HE ce yJOBIETBOPSIBA.

(28)

. (31)

5

[SW|+[TW,|

. Magnitude (dB)
&

=
o

-15 N

TW, | =W, S| = WW,'s|=W,.1|
ot 100 10l 102
Frequency (rad/sec)
Our.7

Ha ¢ur.8 ca nokazanu rpaguyHOTO M3pa’keHUE HAa POOACTHATa yCTOWYUBOCT U PO-
0acTHOTO KauyecTBO, HpPU KOETO C€ aHAIU3UpaT OKPBKHOCTH C Paauyc
r= ’VVMWO* Tyk e Hamune pobacTHA yCTOMYUBOCT, T KaTO OKPBKHOCTUTE

He o0XBalaT ToYKara Ha yCTOMYMBOCT. POOACTHOTO KavuecTBO HE C€ MOCTHTa, Thid Ka-
TO PaAuyChT HA OKPBAKHOCTTA I = ‘SW C HeHTBp -1 e mo-royiAM OT paauyca

©=0.33,0631.42,3 "

©=0.33,0.63,1.42,3
Ha MMOKa3aHUTE OKPBKHOCTH.

Ha cpiiara ¢ur.8 ca nokasanu u 30HU Ha HEOIPEAEICHOCTTa, KOUTO MO-TOYHO OTpa-
3siBaT MpoMsiHaTa Ha napamerpure. [Ipu 1031 Mojen Ha HeONPEeIeHOCT, YCIOBUITA
3a pOOACTHOCT c€ MOCTUraT YMCIEHO M 3aTOBa € YJOOHO Ja ce BU3yallM3upaT rpa-
¢buvHO pe3ynTaTH, T.€. HAJIUIE € poOacTHa YCTOMYMBOCT aKo MOJTy4YeHara 30Ha He 00-
xBama Toykata -1, j0. Tyk ce u3non3Ba KOHIETIIHATA 32 MapaMeTpuIHa Heonpeene-
HOCT U MHTEpPBAJIHU KOC(PHUIIMECHTH.

[To mogo6ue Ha ur.9 B KOMIIJIEKCHATa paBHUHA, CHILO MOTaT Ja ce pOopMHUpAT 30HU C
HEOIPEIEJIEHOCT KaTO Ce U3IOJI3BAT YYacCThLU OT TPACKTOPHH HA KOPEHH.
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-2 15 -1 05 0 05 1 s : . . . . s . .

Reél Axis -9 -8 -7 -6 -5 -4 -3 -2 -1
dur.8 dur.9

HeoOxomumo e momy4yeHara 30Ha, B ciiydasi, IOpaau TPUTE HEOMPEACICHN TapaMeTpH
€ Ky0, 1a He mpecryaT UMarmHepHaTa oc, 3a Jla ce TIOCTUTHE pobacTHA YCTOWYUBOCT,
a aKo 30HaTa ce MO3UIMOHHUPA B XKellaHa 00JIacT OT KOMIUIEKCHATa paBHUHA IIE € Ha-
nune u pobactHo kadecTBo. Ha ¢ur.9 ca o3naueHn M KOPEHHTE HA YpaBHEHUETO Ha
XapuTOHOB, KOETO JI0Ka3Ba YCTOMYMBOCTTA Ha cucTeMara, (12).

B wacTtHOCT, cTpyKTypara Ha Mojena Ha o0eKTa MOXe Ja ce MpeoOpa3yBa B TOPHO
auHEeHO npoOHO mpeoOpasyBane. Ha ¢ur.10 e mokazana cTpykrypara, Mpu KOSTO
HEOIPEICNIEHOCTTa CE OTBEXKIA.

N

|
. 032 195 0.04 _. 16, - 007 16,
k : T T,
U u, Y.l u L Y u] YA Y
—»1.6—'—»@—»@/ 0.2 O—0.3 O—| [ |
I |
91 7+ 004 51 007 -
l Y1 1 ‘[U lYZ IU 2
O 0.2 —(O— ~0.3
®wr.10
. - . (k‘+k+) _ (k*—k‘)
3a mapamerbpa K =k + Kk , xpaero k™ = 5 , k= 5 ,T.e. k=1.6+0.32,

ce 3anucsa ropuoto JIJIIT (32)
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0 0
F,(k,A)=k (1+0.325,), A=| 0 9. 0, 5e[-11],i=123. (32)
5

AHAJIOrHYHO U 33 ApyrHTe JBa HapameTbpa ce nony4asar K (T,,A)=0.3(1+0.075,)

Yl
u F,(T,A)=0.2+0.045,. Cbrnaco ¢ur.5 ce samucsar sekropure Y, =|Y,| u
YS
Ul
UA = U2
U

7. 3akJIIoueHne

[IpencraBenuTe B paboTaTa MoOJETN Ha HEOMPEACICHOCT MO3BOJISIBAT Ja CE OIUIIES
peayiHa CUCTeMa KaTo Ce M3MOJ3Ba HA0Op OT JWHEWHU Mojenu. To3u Habop BKIIIOUBA
HOMHWHAJICH MOJIET U IPYTH MOJIENIN, KOUTO OTPa3siBaT TPAHNYHHA CTOWHOCTH Ha HEOT-
peneeHocTTa. B CbBpeMEHHUTE yIpaBIICHHS PETYJIATOPBT Ce IPOCKTHpa Ha Oa3a Ho-
MUHAJICH MOJIENT Ha 00CeKT. Bede € Bb3MOKHO C €IUH MPOCKTUPaAH PEryjaTop, HalpH-
Mep 4pe3 KOoJIMYecTBeHaTa Teopus Ha oOpaTHaTa Bph3Ka, Ja CE TapaHTHUPAT KEITaHH
CBOMCTBA, KaTO YCTOMYMBOCT M JKEJAaHO KaueCTBO 32 BCHYKH WICHOBE Ha TO3W HA0Op
OT MOJIEJIM, KOMTO MOTaT Jia ObJIaT ONMKMCAHM C pa3JIMueH THI HeompeaeaeHocT. B pe-
3yJITaT Ha €AWH TaKbB pOOACTEH CHHTE3 C€ MOJy4aBa HEUYBCTBUTEIHOCT KbM CTPYK-
TypHUpaHa MapaMeTpUYHa HEONpPEICICHOCT, KaTo 3a IelTa Cce Ipuiiara camo CJIHWH
MIOJIXOJI 32 ITBJIHUS TUara30H Ha padoTa Ha peajlHaTa CUCTEMa 3a YIpaBJICHHUE.
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