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THE SOLUTION OF THE INVERSE PROBLEM OF MOTION CONTROL OF ARIGID
BODY, POP-UP IN A STRATIFIED INCOMPRESSIBLE VISCOUS FLUID UNDER
THE INFLUENCE OF THE ARCHIMEDES FORCE

PEILIEHUE OBPATHOI 3AAYN VIIPABJIEHU ABIDKEHEM TBEPIOT'O TEJIA, BCIUIBIBAIOIIIET'O
B CTPATUOULIMPOBAHHOM HECXKUMAEMOMU BA3KOUN XXKUAKOCTU 11O JEMCTBUEM CUJIbI
APXNMEJIA

Prof., Dr. Tech. Sci. Firsov A.N.}, MSc Kuznetsova L.V.% P.G. Sorokina N.V.?
Peter the Great St.Petersburg Polytechnic University — St.Petersburg, Russia
E-mail: ‘anfirs@yandex.ru, ®lida.kuznetsova@gmail.com, 3snv_special @inbox.ru

Abstract. The report presents an analytical solution to the problem of ensuring access to the given point by a solid body moving in a
stratified incompressible viscous fluid under the action of Archimedes' buoyancy. It is assumed that the body does not have its own
propulsion system, but is equipped with controlled rudders. The basis of solving the problem is based on the hydrodynamic equations.

KEYWORDS: MOTION OF SOLIDS IN A FLUID, STRATIFIED FLUID, ARCHIMEDES FORCE, ENSURING ACCESS TO THE GIVEN

POINT

1. Beeoenue

D¢ dexTUBHOCTD HAOMIOACHUH U U3MEPEHUH, ITOJyJaeMBbIX TIPH
UCCIICZIOBAaHUM IIOJIBOJHOTO MMpa C MOMOLIBIO IIOJBOJHBIX, B
YaCTHOCTH, OCCHWIOTHBIX, alNapaToB, BO MHOTOM 3aBHCHT OT
MHHUMU3AIUU CTENCHU BIMSHMS 3THX ITOJBOAHBIX aIllapaToB Ha
OKpYXaloLlyl0 MOJIBOAHYIO cpeny. B mepByro ouepens, 31O
OTHOCHTCS K MABIDKYIIMMCS amlapaTaM, IIepeMeIleHHe KOTOPBIX
OCYILIECTBIISICTCS MOCPEACTBOM TEX MWIIM HHBIX 3HEPreTHYECKUX
YCTaHOBOK (IpeOHOM BUHT WJIM MHOM IBIKHTEND). TakuM oOpa3oM,
CHIDKEHHE WM HCKIIOYEHHE MOJO0OHOTr0 BIMSHHS IPENCTaBISIET
co00# BaXKHYIO NpPUKIAAHYI0 3anady. O4eBHAHO, YTO HICAIbHBIM
BapHaHTOM OBLIO OBI IIOJIHOE OTCYTCTBHE ABUTATENS. A 3TO 3HAUMHT,
4TO  YIpaBlcHHE
OCYIIECTBIISATHCS

JBIKEHHEM  TIOJOOHOTO  Telda  MOXeT
TOJIBKO 3a cuer €CTECTBEHHBIX
THAPOJVHAMHUYECKUX CWI (HAampuMmep, CHIBI ApXuMena WIH
sddexra MoabEMHOI CHIIBI KpbUIA, KOTOPHIM MOXXHO OCHACTHTh
paccMaTpuBaeMbIi 00BEKT).

B nactosmel pabote mpeanaraercsi MaTeMaTU4ecKas MOJENb,
KOTOPYI0 MOKHO IOJIOXUTb B OCHOBY PELICHUS YKa3aHHOW BbIILIE
3agaun. Pabora cocrour u3 AByX uacteil. B nepeoii uacmu
NPUBOAUTCS  PeIleHUe

BCILIBIBAKOIICIO B

3a7a4yd O BCTpeYe TBEPHOTrO TeIa,
BSI3KOH  CTpaTH(UIMPOBAHHOHN  (CIIOHCTOM)
JKHUAKOCTH TOJ JeHCTBUEM BBITAIKMBAIOLICH CHIBI Apxumena, C
00BEKTOM, JIBHKYIIMMCS 1O MOBEPXHOCTU XKUAKOCTH C 3aJaHHOU
CKOPOCTBIO (HampuMep, ¢ CYAHOM, OCYIIECTBILIIOLMM CO0p JaHHBIX
C TOJIBOJHOIO ammapara u/wim ero oOcmyxusanue). [Ipu 3tom
MPeIoJaraeTcsi, YT0 B KHUAKOCTH MOTYT MMETh MECTO CIBUTOBBIC
TEYEHMS, U IUIOTHOCTb XKUJIKOCTH MOXKET Pa3IHyaThcsi B Pa3HBIX
CHOSIX. BSI3KOCTh JKHIKOCTH KOCBEHHO YYMTBIBACTCS uepes
HPEINONOKEHNE O HAIUYMH JIOOOBOTO CONPOTHBICHHUS IIPU

JBHKCHUMU TCJI B JKHUIKOCTH. 3a;[aqa COCTOUT B OTBICKAHHHU

MOMEHTa, B KOTOPHIH TOABOAHBIH OOBEKT JOJDKEH HadaTh
BCIUIBITUE  JAJI1  TapaHTHPOBAaHHOM BCTPeYH C  OOBEKTOM,
JIBIDKYIIMMCSL 110 IOBEPXHOCTH. YIIPaBICHUE TpaeKTOpHEH

BCIUIBIBAIOLIErO TeJa TOCIe Hayaja ero ABWKCHHS B 3TOM ciydae
HEBO3MOXKHO.

Bo gmopoii wacmu pabGoTsl pemraercst 3aiada 00 ynpaBiIeHHH
TPAeKTOpHEH BCIUIBIBAIOLIErO0 TeNa IIPH YCJIOBHH, 4YTO OHO
000pyI0BaHO YIPaBIIEMBIMH KPbUTbIMH. 101 yIIpaBIeHHEM 31eCh
MbI IOHUMAEM BO3MOXXHOCTb U3MEHEHUS yIJla aTaKu KpbUIa. B sTom
cllydae [BWJKEHHE 10 BEPTHKAJIM OCYIIECTBIAETCS 3a CUeT

BBITAIKUBAIOIICH CHIIBI ApXUMe/a, a ABMIKEHUE 10 TOPU3OHTAIH —

3a CYeT MPOEKLMU MOABEMHOM CHJIbI Kpblia, BO3ZHHUKAIOIIEH NpHU
HAJIMYUH yTIIa MEXKIY KPBUIBSIMH U BEKTOPOM CKOPOCTH Teia (yroi
ataku). 19 KOPPEKTUPOBKM TPACKTOPUHM IOCTATOYHO H3MEHHUTh
YTOIl aTaK! KPBUTBEB, YTO HE TpeOyeT OONBINNX 3aTpaT IHEPTHH.

2. Pewenue 3a0auu o 6cmpeue

B HactosinieM maparpade IpeiCcTaBIeHO pPELICHHE MepBOH n3
YIOMSHYTBIX BBIIIE 3aJa4, a MMEHHO 33ayd O BCTPEYHOM
JBIKCHHH [BYX TBEPIObIX Tel B BI3KOH HEC)KUMAEMOit
HETEIUIONPOBOHON CTpaTH(HULMPOBAHHOH JKHIKOCTH. Bsi3KoCTh
OyleM Y4uThIBaTh, NpEAIoNaras HaJlW4he CHIIbI CONPOTHUBIICHHS
Crokca. Bynmem cunTaTh, 4TO BOJOEM HMEET JOCTATOYHO OOJIbIINE
pasMepbl  BAOJb  TOPH3OHTAIBHONW  IUIOCKOCTH, 4YTO  JiaeT
BO3MOXKHOCTb HE YYMTHIBATh BIIHSHHE TpaHul. IlycTh Teo,
MPUKPEIUICHHOE B HAaYaJIbHBIII MOMEHT BPEMEHHU KO JHY BOJOEMa,
(teno 1) umeer mapooGpasznoro ¢opmy. Temo 2 nBmxercs o
MOBEPXHOCTH BOJOEMA PABHOMEPHO U MPSIMOJIMHEIHO C H3BECTHOM
CKOpOCTBIO  © . IIpedmonoxuMm, YTO BCEe Tena JBUKYTCS
HapaJuleNIbHO OJTHOMY M TOMY K€ BepTHKaJIbHOMY cedeHuto. Kpome
TOrO HPEAIOJNIAraeTcsl, YTO YKUIKOCTh B KaXIOM CIIO€ BOZOEMa
MOXKET JIBUraThCsi NPSMOJIMHEHHO W PaBHOMEPHO  BJOJb
TOPU30HTAIBHOW OCH U MMEET MOCTOSHHYIO IUIOTHOCTh, KOTOPYIO
CUMTaeM HM3BECTHOH. PasMepaMu Tel 1o CPaBHEHHIO C TIIyOMHOU
BOJOEMa  INpeHedperaem.

npeanojararoTcs

CBUTOBBIE
MapaUIeIbHBIMA  YKa3aHHOMY

TEYEHHs TaK  IKe
CEYCHHIO.
3HavyeHHe CKOPOCTH XHIKOCTH B KaXIOM cioe OylneM CUHTaTh
M3BECTHOM BENMYMHOM (CM. puc. 1).

P

Puc. 1. H306padicenue 08yx 06vekmos 6 08yColiHol cpede.



OCHOBHO# 3a7a4eli SBISIETCS ONpeeNIeHe MOMEHTa BPEMEHH,
B KOTOpPBHI Teno 1 MOMKHO HavaTh JBIDKEHHE C TEM, YTOOBI
TapaHTUPOBAaHHO BCTPETUTHCS HA TOBEPXHOCTH C 3apaHee
3agaHHBIM TenoM 2. JlaHHBIE MOMEHT BpEMEHH OIpeleisieM
paccTosHHEM MEXIy OOBEKTaMH, IpU KOTOPOM Telao 1 IOKHO
HayaTh JBIDKCHUE MOJ BO3JEHCTBHEM BBITAIKHUBAIOMIECH CHIIBI IJIS
peanu3anuy BCTPEUH Tell Ha IOBEPXHOCTH BOJOEMA.

B ocHoBe paboThl JEKUT ypaBHEHHE IBIDKEHHS Tena | B

BepTI/IKaJILHOﬁ IINIOCKOCTHU C yueToM TUAPOAUHAMHUYCCKUX
a¢dekToB:
2 R?
(m+§pﬁR3JX’+copﬂ2 x> —(pgV -mg)=0, 1)

a IMEHHO, CHJIBI JTOOOBOTO COMPOTHUBICHHS Iapa u dpdekra
npucoeuHeHHON Maccsl [1, 3]:
prR: , X, X

2 W

P=—c,

mi + 2 prR% = F
3
rme R u V — pamuyc u o0GbeM Inapa COOTBETCTBEHHO, a F —
CyMMAapHbII BEKTOP MAaCCOBBIX CHJI, ACHCTBYIOIIMX HA TEJIO,.
Ipu HyJEBBIX HA4YalbHBIX YCIOBHAX pelieHHe ypaBHeHus (1)
NPUHUMAET BUJ:

x:\/zt+mln 1+exp —2@ ~Dinz, 2
k k m k

rme f =pgV -mg, rﬁ:m+§p7rR3.

ITyctes H; — rmyOuHa mepBOHAYaIbHOTO MOTPYKEHUS! HEPBOTO
tena, Hy — Tommuna Broporo cnos. Ilonmaras B cooTHomeHuu (2)
X(t)=H,-H,, momygaeM ypaBHeHHe OTHOCUTENbHO t, pemras
KOTOPO€ HAaXOJAUMM 3HAYCHUE BPEMEHH BCIUIBITHA Telda 1 B
t,. Huddepennupys (2) mo BpeMeHH U

NOACTaBJIAsLT B HOJYYECHHOC BbIPAXKCHUEC t:l’ pacCYUTbIBaACM U, —

HNPpUAOHHOM  CJIOC

BEPTHKATIBHYIO COCTABILIIOIIYI0 CKOPOCTH BCIUTBIBAIOLIETO TEja B
MOMEHT €r0 [IepeXo/ia 13 NEPBOro CIOs BO BTOPOH.
Ipu yenosusax X(t,) =H, —H,, X(t,) =v, peurenue ypaBHeHus

(1) mmeer Bux:
X:\/Eterln LMexp 72@ +
kK vk +f fm

m 2 f
+H,-H,——In|1-—— |,
Pk vk +4[f
X
~ 2 3
rne f=pgV-mg, m:m+§p7zR )

ITo aHAJIOrWH C MEPBBIM CIOEM, MPEAINOJaras B COOTHOIUCHHUH
(3) x(t) = H,, Beramcmnsiem Bpemst BCILIBITHS Tea 1 BO BTOPOM CJI0€
-t,.

BekTop mepeMerneH st BIUTBIBAOLIETO Tea B IPHAOHHOM CIIOE:

Vi = Wit .

Iycts namee t' — Bpemsi, B TeUeHHE KOTOPOTO BCILIBIBAIOLIEE
TENO MEHSET CBOI0 TOPHU3OHTAIBHYIO COCTABILSIIONIYIO BEKTOpa
ckopocTu ¢ W, Ha W, .

B 3aBHCHMOCTH OT COOTHOINCHHWs 3HaueHWi BpemeHn t' U
BPEMEHH [BIDKCHHS MOTPY)KEHHOTO Tena BO BTopoM cioe (t,)

BO3MOXHBI [IBa CiIyvas:

1. Ecmu t'<t,, BeKTOp mepeMeleHHs BCILIBIBAIOIIETO TEJId BO

BTOPOM CJIO€ 6y[[eT BBIYUCIIATHCA CICAYIOHIUM 06pa3OMZ

aty
2

¥y, =| Wt'+ +W, (t, —t'),

L ki
rae d=—|W, —W|(W,—W,) — yckopeHue, BO3HHKAOLIEE IPH
M

CMEHE CKOPOCTH.

a(t) |
2

BeKTOp NEePpEMEIICHUA ABUIKYIICTOCS 10 IMOBEPXHOCTU TEJIa yz

2. Ecm t'2t,: y, =Wt'+

umeer BUL: Y, =0(t +t,).

Ipn pemenun 3amadm 0 BCTpede B JBYCIONHOH KHUAKOCTH CO
C/IBUTOBBIMH TE€UEHHUSIMH BO3MOXKHBI YETBIPE PA3IMYHBIX BapHaHTa
TPAaeKTOPUH JIBIDKCHHS, KOTOpBIE 3aBHCSAT OT HAaIpaBICHUH
BEKTOPOB CKOPOCTH U Tela 2 U CKOPOCTEH CABUIOBBIX TEUEHHH W,

uW,.
Bo Bcex ommcaHHBIX CllydadaX 3Ha4YCHUE UCKOMOI'0 pacCTOSHUSA

OIpPEEsIeTCsl BHIPAKECHUEM:
2 = o —~ \2
}”:\/Hl +(Y2 _Y11_Y12) .
Yucnennwiii npumep.

J1s1 wiurocTpauMy NpUBEAEM CIENYIOIUMN IPUMEp pacdera,
BBIIIOJHEHHOIO HAa OCHOBAaHMM IIOJIyYCHHBIX pe3ynbraroB. Ha

pUCYHKE 2 TIpEACTaBIECH OJMH W3 BapHaHTOB, a WMEHHO,
TpaekTopus ABMKeHus e, korma 0 TN W, , & TT W, .

B npumepe npuHATHI CEAYIOMNE 3HAYCHHS BEIMUMH: IHAMETP
BCIUTBIBAFOIIIETO 00BEKTA PaBeH 1 M, €ro Macca pacCUHTHIBACTCS Kak
m=0.98pV , rne p - ycpeanennas mioTHocTh Tena 1. Ilycts

n3HAYaNbHO Teno | Haxomwiock Ha riryoune Hy; = 200 M. [iryGuny
BTOporo ciost Hy monoxxum paBHoit 70 M, INIOTHOCTH YKHIKOCTH B

crnosix pasHbl o, =1050 Kr/M° 1 p, =1025 Kr/M%; CHBHTOBBIC
TEYEHHSI UMEIOT CKOPOCTH ‘v"vl‘ =0.15 m/cu ‘V“vz‘ =0.3 m/c, a Teno,

JIBIDKYIIETOCS 110 TIOBEPXHOCTH, — CKOPOCTh v , paBHYH0 15.42 m/c.

0
10 10 10° 10" 10° 10° 10°
y-Axis

Puc. 2. Tpaexmopuu dsudicenus men 6 ciyuae, ko2oa W, NG,

w, ™M5.



3. Ypaguenua oeurcenusn ecnaviearowezo wapa,
000py008AHHO020 KPbLTLAMU

3.1. ITocmanoeka 3adauu u 6cnoOMozameibHbule

pe3ynbmantol

B sroM maparpade MBI IOCTPOMM MaTeMaTHYECKYyI0 MOJeib
YIIPaBJICHUS! TPACKTOPHEH BCILIBIBAIONIETO OJHOPOIHOTO IIapa IpH
YCJIOBHMH, YTO OH 00OpYAOBaH IBYMs OJMHAKOBBIMU KPBUIBSMH,
CHMMETPUYHO PacOIOKEHHBIMU OTHOCUTENBHO LIeHTpa mapa. [lox
yIpaBJIeHHEM 3]IECh MbI OyJ1eM MOHUMATh BO3MOXHOCTh U3MEHEHUS
yria arakd Kpblga. B OCHOBY MOCTpOEHHS COOTBETCTBYOLIEH
MaTeMaTHIeCKOH MOJENN MBI TOJIOKHM KIIACCHYECKYI0 TEOPHIO
TOHKOTO KpbIJa KOHeYHOro pasmaxa JKykoBckoro — IIpanmris,
MoJpoOHOE  M3JIOKEHHWE KOTOPOH, BKIIOYas HEOOXOAWMEIE
(bopmynbl, MOXKHO HaiiTH, Hanpumep, B [1 — 3]. Kpbuibs Mbl Gynem
paccMaTpuBaTh ~ KaK  JONOJHHUTEIBHBIH  «CaMOCTOSITENbHBIN
UCTOYHHK» BHEIIHUX OOBEMHBIX CHJ, JCHCTBYIOIIMX Ha IuIap.
BapuanTel BO3MOXXHOTO B3aMMHOTO DPACIONOXKEHHS IHapa H
KPBUIBEB BJIEKYT 3a CO0OH HEOOXOAMMOCTh CIIEHHAJIbHOTO, B
YaCTHOCTH, SKCIEPUMEHTAIEHOTO HCCIIENOBAHMS JOIOIHUTENEHBIX
THAPOJMHAMIYECKUX 3()(HEKTOB, BOSHUKAIOIINX IIPH TOM HIJIM HHOM
BapMaHTE€  TEXHHYECKOHW  KOMIIOHOBKH  COOTBETCTBYIOLIEH
KOHCTPYKIMH. B 370l paboTe MBI Takne BapHaHTHl paccMaTpuBaTh
He OyZeM, cyuTas 5TO OTHEIbHOW HWHKEHepHOW 3amaueid. [lpum
m000M BapHaHTE B3aMMHOTO PACIHOJIOKEHHS IIapa M Kpblia
(XpBUTBEB), TIpeqIaraeMas HaMH MaTeMaTHdecKas MOJETb MOXET
ObITh B35ATa 3a OCHOBY. IlomgdyepkHeM, HAKOHEN, 4YTO TIIOJ
TPaeKTOpHEll CHCTEMBI «IIap C KPBUIBIMH» MBI OyZeM MOHHMAaTh
TPAEGKTOPHIO LIEHTPA MAcc 3TOH CHCTEMBI, T.€. TPACKTOPUIO LIEHTpa
mapa.

Puc. 3. lllap ¢ kpvinvsimu.

Jlanee MBI IpUMEM CIECAYIOMINE YIPOIICHHUS:

1. KunmkocTs, B KOTOPOH BCIUIBIBAET TEJIO, HEC)KUMAEMas, a
3G GeKT BS3KOCTH MPOSIBISETCS TOJNBKO Yepe3 HAIUYNe
J1I000BOTO CONPOTHBIICHHUS;

2. Kpwuibs y paccMaTpuBaeMOro OObEKTa TOHKHE W MMEIOT
0O0JBIIIOE YITUHEHHUE;

3. IIpuMeHmMa rumoTesa IIOCKAX CCUCHUH;

4. CnpaBemmmBa cxema «OKHIKOTO KPbLIay.

Kpowme Toro, popmy kpbutbeB 00BbeKTa OyaIeM BEIOUPATh TAKAM

oOpa3oM, YTOOBI ~ MHHHMH3HPOBATh  WHIYKTHBHYIO  CHIY
COIIPOTUBIICHUS.
B ocHoBe TeopuM KpblIa KOHEUHOIO pa3Maxa JIexar

CIIeIyIOIIUe TUITOTEe3bI (CM, Hanpumep, [1, 2]):

e  PaccMarpuBaeMoe KpBLIO TOHKOE,

e  Kpbuio umeer 60IbIIOE YATHHEHHUE,

e  [IpumeHuma runoresa MIOCKUX CEYECHUH,

e  CnpaseunBa cXema 5KHJKOTO KpbLa.

HaHOMHI/lM CyTl) O9TUX THUIIOTE3.
1) IlepBoe HPEATOIOKEHHE 03HAYALCT, ITO MPODHIB, TIOTYICHHBIH B
CeYCHHH KpbUIa IUIOCKOCTBIO TOHKHI M Xopna mpoduis odpazyer
MaJBIii YTOJI C HAalPaBJIEHHEM CKOPOCTH.

2) Jlmst Kpblia TpOHM3BOIBbHON (HOPMBI 32 YITHHEHHE PUHHMAIOT
OTHOIIICHHE KBajpara pa3maxa Kpbuia K ero ruiomagd. OGbYHO
OPUHAMAIOT, YTO BENMYHHA Y/UTMHEHHs JOJDKHA OBITH OoJblie
YETHIPEX, TO €CTh KPBLIO JUTHHHOE H Y3KOE.

3) I'mmore3a IUIOCKMX CEYCHHI, ONpaBIaHHEM KOTOPOM CIYXKHT
BTOpOE  IIPEAMNOJIOKEHHE, IO3BOJSIET B  IUIOCKOCTH Z = const
CKOPOCTH W JaBJICHHS CTPOMTh TaK e, Kak B Clydyae Kpbuia
OECKOHEYHOTO pa3Maxa.

4) TumoTtesa O CHPAaBELTHBOCTH JKUIKOTO  KpbLTa

npearnojara€T BO3MOKHOCTb HOIIO6paTb TaKyr0 CUCTEMY BHXpeﬁ,

CXCMBI

KOTOpast MOXKET 3aMEHUTb IeiCTBHE TBEPAOro KpbLIa HA MOTOK M
BBI3BATH TAKOE K€ JBIKCHUE JKHIKOCTH, KOTOPOE BBI3BIBAIOCH ObI
JefiCTBHEM KpbLIa.

CrnencrBueM — 3THX ABJISICTCS, KaKk  W3BECTHO,
BO3MOXXHOCTh BMECTO IMPOCTPAHCTBCHHOTO TEYECHHS OKOJIO KpbUIa

TUIIOTE3

(cMm pue. 3), paccmarpuBarh UL KaXJOrO CEUSHHUs z = const
IUIOCKOE OOTeKaHWe TNPOQGMIA IMOTOKOM, CKOPOCTH KOTOPOTO

3aBUCHT OTZ,—|1<z<|. Bemnmunna 2| wasbBaeTCs pazmaxom

Kpblid.
Wrak, 3ama4a o0TeKaHUs KpbUIa KOHEYHOTO pa3Maxa B HalleM
ciTydae pasJersieTcs Ha JIBe:
1. 3amaya obTexanust mPOGUIIS MOCTYMATEIBHBIM IIOTOKOM;
2. OnpezieneHye U3MEHEHNUS LIMPKYIISALUM 110 pa3Maxy Kpblia.
Ha puc.4. m300paxkeHb! CHIIbI, ISHCTBYIONINE HA TEIO.

)

F drag

Puc. 4. Inasuvie 6ekmopul 2uOPOOUHAMUYECKUX CU, OCLICMEYIOUUX
Ha cUCmemy wap — Kpblibsi.

F

arcn — BBITAJIKMBAIOLIAs (apxumenosa) cuia, F, — cuna Tsokecty,

F

drag CyMMapHasi Cuja JI000BOTO CONPOTHBIEHHS (11apa H

KpbUIbeB), Fy, — noaeémuas cuma, F

;  — CHJIa MHAYKTHBHOI'O

COIIPOTUBJICHUA.

Ecim  cuurath HW3BECTHOH, TO CHJIOBOC

CIIE Iy FOIIUMU

OUPKYISIHIO

BO3Z[eI71€TBPIe Ha OJHO KpBUIO OHOPEACIACTCA

bopmynaamu (cM., Harpumep, [1]):

Fin = pUj‘ [(z)dz,
4)
F = pujail"(z)dz,

rae a;— TakK Ha3bIBACMBIN yroia ckoca mnoToka. B namewm Cl1y4dac
F“ﬂ urpaet pojib «TOTLEMHO CUJlbl, a Fi — HWHAYKTHBHOI'O

conporusieHus. M3pectHo [1-3], 4T0 MHHMMAJIbHOE MHIYKTHBHOEC



CONpOTHBIEHHE OyIeT HMeTh MeCTO B TOM Cciydae, Korja

HUPKYJIALIUA pacpeieiCHa 110 JINIMITUYCCKOMY 3aKOHY

() (3]

rae 2l— pasmax kpeula (mo ocuZz), a BemumunmHa 4uIA =T

HPEACTAaBISIET CO00M MAaKCHMaibHOE 3HAYCHHE LUPKYILILIH,
KOTOpOE, OYEBHIHO, MMEET MECTO B CPEIHEM CedeHHH NpOQuIs
Kpbuta. MOXHO Tarke mokasath [1, 2], uro umpkymsimus Gymer
pacrpeiesieHa Mo SIUIHIITHIECKOMY 3aKOHY TOT/a U TOJBKO TOTIIA,
KOTJIa MPOGUIIb UMEET DIUIHITHIECKYIO0 Gopmy. Hamomunm, 4to B
9TOM Ciydae HHAYKTHBHOEC CONPOTHBICHHE KpbUla OyIer
MUHAMAJIBHBIM, U UM, HHOT/IA, MOKHO MpeHeOpeyb.

B oTOM Ciydae BEIpaKEHHE Ui LUPKY/SILHA MOJKHO 3alUcath
B crenyromem Buje [2]:
41kb,

F:F(Z,a):r(g,a):m
0

vasing . (5)

3meck b,— Xopma cpelHero cedeHHs Kpblla, @ — yron aTakd, 6 —
HOBasl IIepeMEeHHas1, CB3aHHAast C Z (OpPMYIIoH
z=-lcos9,0<0<r.

Benmuunna K 0OBIYHO OMpenessercst SKCIepUMEHTAIIBHO.
O06o03HauuM jajee

— kbO
Hy = W .
U3 (4 wu (5) nmn1d NOOBEMHOM CHIBI M HMHAYKTHBHOTO
CONPOTHBIIEHHS OJIHOTO KpbUIa moydaem [2]:
Fi. = ru’s ka
tm
: (6)
Fo L™ ZKai
2 +m

rae S — IIowLIaap KpbUla B IUIaHE.
OtMmeTuM, YTO B HallleM, KOHKPETHOM, ClIydae pealbHbIH yroi
aTakd « Oyger, BooOIe TOBOpS, 3aBUCETh OT HAMpPABICHUS
1

ckopocti U 1enrtpa macc cuctemsl. TouHee, Kak BUIHO U3 puc. 4,

oo v

a=a,-5,1g5=-"1L :—)_/; 0<6<a,. 3necp uepe3 ¢, 0003HAYECH
v, X

HCXOIHBII yron araku (KOria Iiap HAYMHACT BCIUIBITHE IO

JeACTBHEM BEITAIKMBAIOLICH CUIIBL, T.€. YrOJ MEXIY BEPTUKAIBHOM

OChI0 M XOpAOH Kpbuna). IIpy Manbix & MOMXKHO NPUOIHKEHHO

NPUHATH 5zl 3[[ec1) u fajine€ — KOOpAWHATBhl LEHTpa IIapa.
X

WHbIME CITOBaMH, MOXHO CYMTaTh, uto a = a(¥Wt) — ussectnas

(bYHKIHS CBOMX apTyMEHTOB.

Yro KacaeTcst CHIBI JIOGOBOTO CONPOTHBICHHS, TO, Kak
U3BECTHO [4], OHA CyLIECTBEHHO 3aBHCHT OT 4mcia PeiiHonbaca u
¢dopmbl oOTekaemoro Tena. Tak, Ui Imapa TPH MajbIX YUCiIax
PeiiHonbca cuiia TI0OOBOTO COMPOTHBIICHHS MOMYHHACTCS 3aKOHY
Croxkca: F, (B3mece R - pamgmyc no-

irag = O7RRL
JUHAMHUYecKasi BSI3KOCTh >kuakocth). Ilpm umcmax Peftnonmbaca

1apa,

Re >10? 3aBHCHMOCTb OT CKOPOCTH BYIET yKe KBaApaTHUHOM:

2
pU
g = Cx 5T

— ko3 dunreHT J1I060BOTO COMPOTHUBICHUS Ui Tela

Fy

rre C,
NaHHO# (OpPMBI, p — IUIOTHOCTH J>KHUAKOCTH, S — XapakTepHas
womans obTekaemoro Tema (mis mapa S =7R?). B oGmem

ciay4ae, [T pacdera CHIBI JIOOOBOTO CONPOTHBICHUS MOXKHO
HCIIONB30BATh SAUHYO (hopmyity [4]

2
v
Fyap = Cx(Re)-S - 22 ™

XapakrepHasi 3aBUCHMOCTb CHJIBI U KOd(duimeHra 1060BOro
COIPOTHUBICHHUS OT Yncia PeifHonb/ca npeacTaBiaeHbl Ha puc. 5 u 6
Co0TBETCTBEHHO (cM. [4]).

F, .4
drag ~<D>?

~ <57

~<D>

1 1 L 1 |

0 10 102 10° 10* 10° Re

Puc. 5. 3asucumocms cunvl 10606020 conpoMuGIEHUsI OM YUCTA
Petinonvoca

Cys
100

10

1.0
0,4 | —ommmmmemm >

const

0 10 10* 10° 10* 10° 10° Re

Puc. 6. 3asucumocmsv kod3puyuenma 10608020 conpomusnenus
om yucna Petinonvoca

B uwactHOCTH, IpH Manbix uucnax Peiinombaca Cy ~24/Re, uro
Jaer HaM 3akoH CTOKcCa, IIPU «HE CIIHUIIKOM OOJIBIINX» Re MOoXHO
HCTONB30BaTh popmyny O3eeHa:
24 3Re
Cyr—|1+——
Re 16
(1opo6HO 00 3TOM MOKHO Mpo4HTaTh B [5, 6], KPUTHKY MOKHO
Haiitn B kuure [7]). XapakrepHas 3aBHCHMOCTH KOd(hduUIlHEHTA

n060Boro  compoTtuBieHHs OT (opMbl 00TEKaeMoro Teia
npescrasiera B tabuuie 1 (eum. [4]).
Tabnuuya 1
Teso C,
q |:| Jluck 1,11
q D Tomycdepa 1,35...1,40
q (] Tomychepa 0,30...0,40
q O Ilap 0,4
q <> Kamnesuanoe 0,045
q <> KamnesunHoe 0,1




3.2. ¥Ypasnenus osusicenun wapa c Kpvliabamu

2
(m+gp7rR3)H: F

3 4z = o —2F,cos5 — (Fi2, +2F{2)cos S — 2F, sin s — Fy;

drag drag

2
(m+gp7rR3)d—y =2F;sins - (FY, +2F®))sin & +2F,, C0s&.

3 dtQ drag drag
@
3£[ec1) M — cymMmapHas macca CHCTCMBI «UIap-KPbLIbs», FdragH
2
Fd(ra)g — CcWIbl JI0OOOBOrO CONIPOTUBJIEHUA Iapa U KpbLIa

cootBercTBeHHO. [Ipu atoMm Hamo yuects opmyist (6) u (7).
BrrtankuBaromas cuna Apxumena 3amaeTcsi OOBIYHBIM OOpPa3oOM.
OTMETHM TaKXKe CIESAYIONIHE COOTHOIICHHS:

y X
%, C0sd =
X +Y JXE+Y

Ipu MasbIx 0 MOKHO NPUGIMKEHHO IPHHAT

sind =

sin5z5z—¥, coso ~1.
X

Hauanbnabie YyCJIOBUs B Haleun 3aa4€, O4Y€BUAHO, HYJIEBBIC.

4. Bbieoowt

B pabote mpexacraBieHbl pemieHUs ABYX 3aiad, CBA3aHHBIX C
UCCICIOBAaHHEM BO3MOXKHOCTH YHPABICHHS ABWXXCHUEM Tell,
BCIUTBIBAIOIIMX B HECKUMAEMOM BSI3KOM KHMIKOCTH IOJ ACHCTBHEM
BBITAJIKABAIOIIEH CHIBI ApXUMeZa, W HE HMEIOIMX HHBIX
aKTHBHBIX IBIKUTeNeH. B mepeoti wacmu paboTel HPUBOAMTCS
pellicHrue 3aJadd O BCTpPEYE TBEPAOTO TeNa, BCIUTBIBAIOIICTO B
BS3KOW  CTPaTH(UIHMPOBAHHOW  (CIOUCTOW)  KUAKOCTH  TOJ
JEHCTBHEM BBITAIKUBAIOIIEH CWIIBI ApxXuMena, ¢ OOBEKTOM,
JIBIDKYITAMCS TI0 TIOBEPXHOCTH JKUJIKOCTH C 33J]aHHOW CKOPOCTEIO.
WmenHo, pelieHa 3ajada  OTHICKAHMS MOMEHTa, B KOTOPBIA
MOJABOAHBIA OOBEKT [JO/DKEH HayaTh BCIUIBITHE C 3aJaHHOM
TIyOMHBI U1 TapaHTHPOBAaHHOM  BCTPEYH C  OOBEKTOM,
IOBIDKYIIMMCSL IO TOBEpPXHOCTU. Bo emopoil uwacmu paboOTHI
MOCTPOCHAa MaTeMaTHYecKass MOJENb JABIKEGHHUS IIEHTpa Macc

VpaBHEHHS JBIKEHHS LEHTPa Macc paccMaTpHBaeMOro
00BbeKTa B MIPOEKIUAX HA OCH X U Y HMEIOT, CI€0BaTEIbHO, BUA:
BCIUIBIBAIOIETO OJHOPOAHOTO IIapa IpH YCIOBHH, 4YTO OH
o0OpyIOBaH IBYMS OJHMHAKOBBIMH KpPBUIbSMH, CHMMETPHUYHO
pACIOJIOKEHHBIMA  OTHOCHMTENBHO LEHTpa Imapa. Tpaexropus
JIBHOKCHHS OITHCBIBACTCS CHCTEMOM KBa3HJIMHEIHBIX
nudQepeHInanbHbIX ypaBHEHHH BTOPOTO MOpPSIKa, B IIPaBYIO
4acTh KOTOPBIX B SBHOM BHJAE BXOAUT YroJ AaTakd KPbUIbEB,
KOTOpPBIMH 00OpyzmoBaH BcIutbiBaromuii map. Ilox ympaeieHuem
3[eCh TIOHMMAaeTCsi BO3MOXKHOCTb W3MEHEHHs yIJla HaKJIOHa
KPBUIbEB 110 OTHOUIEHHWIO K BEPTHKAIBHON IUIocKoCcTH. Takum
o0pa3oM, IIOCTPOEHHAas MareMaTH4ecKas MOJENb I03BOJIIET, B
NPHUHLMUIE, PEUINTh, KakK 3aJady HPOTHO3HPOBAHUS TPACKTOPUH
LIEHTpa Macc LIapa IpH 33laHHOM 3aKOHE U3MCHCHHS yrila HaKJIOHA
KPBUIBEB 110 OTHOIICHHIO K BEPTHKAJIbHOHW IUIOCKOCTH, Tak H
3a/1a4y OTHICKaHHsS BO3MOXKHOTO 3aKOHA4 M3MEHEHHS YIOMSHYTOIO
yIJIa C LeJIbIO JIOCTHXKEHHUS 1IapOM 3aJIJaHHON TOYKU MPOCTPAHCTBA.
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THE INVERSE PROBLEM OF THE STABILITY OF PROCESSES IN THE DYNAMIC
SYSTEM UNDER SMALL PERTURBATIONS OF ITS PARAMETERS

OBPATHAS 3AJTAUA YCTOMUYUBOCTHU ITPOLIECCOB B JUHAMWYECKOM CUCTEME ITPU MAJIBIX
BO3MVYIIEHUSAX EE TIAPAMETPOB
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Abstract. The report presents the problem of maintaining the stability of processes in a dynamic system in the presence of perturbations of
its parameters. This result relies on the solution of the inverse problem of perturbation of eigenvalues of finite-dimensional linear operator
in the case of the two perturbation parameters. The proposed method based on decomposing the original problem into two tasks, each of
which represents a problem with only one perturbing parameter. This allows us to use the results of Kato's perturbation theory of linear

operators.

KEYWORDS: PERTURBATION OF EIGENVALUES, DECOMPOSING, OCTANE NUMBER, STABILITY MAINTAINING

1. Beeoenue
HpI/I KOHCprI/IpOBaHHH pa3III/I‘{HI>IX TCXHUYCCKUX CUCTEM
HCEBO3MOXHO I/I36e)KaTI) BO3HUKHOBCHUS MaJbIX OTKHOHCHHfI
napaMeTpOB J3JICMECHTOB CHUCTEMBI OT paC‘IéTHbIX HOMMUWHAJIOB. B
3TOM cnyqae HpeﬂCTaB.HS{eTCH L[eJ'IeCOO6pa3HI)IM HUMCTH
BO3MO>XHOCTH OIICHHUTH, B KaKOﬁ Mepe COXpaH?[}OTCﬂ OCHOBHBIC
XapaKTepI/ICTI/IKI/I CUCTEMBI. O,Z[HI/IM U3 TAKUX cnyqaeB MOXET GLITL
3a7a4a 0 PEMOHTOIIPUTOAHOCTH TEXHUYECKOH KOHCTPYKIIHH.

OpHOM W3  OCHOBHBIX  KAueCTBEHHBIX  XapaKTEPUCTHUK
Z[HH&MH‘{CCKOﬁ CUCTEMBI SBIISICTCS eé yCTOﬁ‘IHBOCTB B HpOHCCCC
(YHKIMOHHPOBAHYS. OO6BI9HO BOIIPOC YCTOMYMBOCTHU
Z[I/IH&MI/I‘{CCKOﬁ CUCTCMBI XapaKTepmyeTCﬂ yCJ'IOBI/IeM
OTpI/IHaTCJ'ILHOCTI/I BCHICCTBCHHBIX ‘IaCTeﬁ CO6CTBeHHBIX 3Ha‘{eHHﬁ
Mmarpunbl. Takum o00pa3oM, BO3HMKAaeT 3aJadya HCCICIOBAHHS
IIOBCACHUS COGCTBeHHBIX 3Ha‘IeHHI>’I ManI/IHBI CUCTEMBI KakK
(byHKIUI BO3MYIIAIOIIUX apaMeTPOB.

2. Ananus ycmoituueocmu

osyxnapamempuueckom 603MyuieHuU
PaCCMOTpI/IM YpaBHEHUE COCTOSHUA IIHHaMHLIeCKOﬁ CUCTCMBI,
IPENCTABIEHHOH OJHOPOAHBIM JU(P(EPEHIMATLHEIM YPABHEHUEM
IEPBOTO MOpAAKaA:
X=Ax= (AO + Alg + A25)X, (l)

npu

rae:

X — BEKTOp COCTOSTHHS THHAMUYECKOI CHCTEMBI,

&, 6 — mapaMeTpsl BO3MYIICHHUS;

A — BO3MyIIEHHAsS MaTPHULA CHCTEMEL,

Ay < 0 — oTpumarensHO onpenenéHHas HEBBIPOXKICHHAs MaTpHIla
CHCTEMBI, COOTBETCTBYIONIAs €€ HEBO3MYIIIEHHOMY COCTOSIHUIO, T.€.
nmpue =6 =0;

Ay, A, — MaTpunel, 0TOOpakaromue BO3JCHCTBHE BO3MYIIAIOMINX
MapaMeTPOB Ha IIEMEHTHI CHCTEMBI.

Lenp — aHain3 yCTOWYMBOCTH BO3MYUIEHHON CHCTEMBI,
3a1a4a — NPHOIIDKEHHO ONIPENEINTh IOIYCTHMBIC HHTEPBAIIBI
U3MECHEHUS 11apaMeTPOB € U § BO3MYILCHUS.

Kak moxazano B [3], aHasormynas 3ajada MOXET OBITh
pemeHa JuIi AMHAMHYECKMX CHCTEM C OJHHMM BO3MYIIAIONIINM
MapaMeTpoM, OJHAKO HCIONB3yeMbIH MOAX0A He MacITabHpyeTcs
JaXke Ha CiIydail AByX BO3MYIIAIOIINX ITapaMeTpoB. B cBs3u ¢ aTuM,
B Hactosmied pabore TpemnokeH W OOOCHOBaH  METON,
MO3BOJISIIOMIMI CBECTH JBYXNAapaMETPHUECKYIO 3aJady K IBYM
OJHOTIapaMETPHUECKUM.

OCHOBHOI1 Mzaeeil JaHHOTO METOAA SBISETCS MPHONMKEHHOE
pa3nokeHHe BO3MYIIEHHOW MAaTpHIBI CHCTEMBI, 3aBHCSMIEH OT
000uX IapaMeTpOB BO3MYIIEHHUS, B IPOU3BEICHUE ABYX MAaTPHIL,
3aBUCAIINX OT KaXIOT0 HapaMerpa BO3MYLICHHS B OTIEIBHOCTH:
A(e, 8) = G(e)L(5). lpencraBuB cUCTEMY B TaKOM BHIE, MOXKHO
BOCIIOJIb30BaThCA pe3yibTaTaMu U3 [1], a uMeHHO:

Teopema 1. [1] Marpuna A OTpUIATENBHO OIpeACIeHa
(A < 0) Torzaa u TOJNBKO TOrAA, KOTA CYIIECTBYIOT TAKHE MATPULIBI
G,L,ut0o A = GL n ipu 3TOM

G+GT <0
L>0
L — cuMmMeTpU4Has

Kak BHIHO, yCIIOBHS HaKJIaIbIBAIOTCS OTAEIBHO Ha MaTPHIIBI
G u L, a ciieroBaTeNnbHO, OTJEIBHO HAa ApaMeTPhl BO3MYLICHHS € U
6.

byneMm mckaTh aHOHCHPOBAHHOE PA3lIOXKEHHE B CIETYIOIIEM
BUJIE:

A(S, 6) = AO + Alg + A25 = G(S)L(ﬁ) = (GO + gGl)(LO + 6L1).

Jlanee nokaxkem, Kak OCTPOUTh TaKOe paszioxeHue. Mmeem:
G(e)L() =

=(Go +eG1)(Lo +6Ly) =
= G()LO + GILOS + G(]Lla + Glng6 =
= G()LO + GILOS + GOL15.

Kak BuanHo, mpeneOperas HeJIMHEHHBIM UWIEHOM Oosee
BBICOKOTO TIopsizika €6 € 0(€ + §), MOXKHO TPENCTaBUTh UCXOIHYIO
Mmatpuiy cucreMsl Ay + A€ + A,8 B Bune mpomssenenus (Go +
€Gy)(Ly + 6L,), ecivt ipu 5TOM

GoLo = Ag
GlLO = Al-
Goly =4,

Manee, jui1 TOro, 4troObl BOCIOJB30BAThCA PE3YJILTATOM
TeopeMsl 1, He0OX0AUMO NOTPEOOBATH BHIIOJIHEHUS YCIOBHSA
GO + gGl + (GO + EGl)T <0
Lo+Li6>0 ,
Loy + L{6 — cuMMeTpu4Has
WITH, TIOCIIE SIEMEHTAPHBIX NpeoOpa3oBaHuii,
T T
(Go+G")+ (G, +6G,")e<0
Lo+ Li6>0
Ly, Ly — cuMMeTpUYHbIe
IMocnenusas cucremMa ecTb HEe YTO MHOE, KaK COBOKYITHOCTD
HEPaBEHCTB, ONpEACIAIOINX JIBE OJHONApaMETPHUYECKUE 3aJauH.
ENVHCTBEHHBIM OCTaBLIMMCSL YCIOBHEM, KOTOpO€ HEOOXOAUMO
noTpedoBaTh I TOTO, YTOObI UMETh BOZMOXKHOCTb UX Pa3pelInTh,

SIBIIACTCA 3HaKO0HpeHCHéHHOCTL COOTBETCTBYIOIIIUX
HeBO3MyI]_(éHHLIX MaTpuI:
{GO +G," <0
Ly>0

Htak, uroroBas COBOKYIHOCTb YCIOBHH MIJIi HOCTPOCHUS
ONMCAHHOM BBIIIE IEKOMITO3HLIUH BHINVIAANUT CIECIYIOUIMM 00pa3oM:

( GoLo = 4
GILO = A1
{ G()L1 = AZ (2)
Go+G," <0 ’

| Ly>0
kLO, Ly — cuMMeTpHUYHbIe



a Juil TMpHOMMKEHHOTO OMpENENeHUs OIMyCTHMBIX HHTEPBATIOB

HN3MCHCHUSA napamMeTpoB & u 5 HeO6XOIII/IMO pa3pClInThb
HEPaBEHCTBA
(Go+Go") + (G +6,")e<0 )
Lo+ L,6>0 '

Wcnonszys pesynprarel Karo [3], MOXHO IpencTaBUTH
COOCTBEHHBIE UHCIa BOMYIIEHHBIX MATPUIl KaK CTETICHHBIC PSJIBL,
3aBUCAIINE OT IapaMeTpa BO3MYyIIeHMs. Pemras mosydarommuecs
HEepaBeHCTBA CHCTEMBI (3) OTHOCHTENIBHO IMapaMeTpa BO3MYILICHUS,
B 000MX YypaBHEHHMSIX TIIOMyd4aeM JIOIYCTHMBIH HENpepbIBHBII
uHTEpBaT  (comepXalMii  HyJIeBOe  3HAUeHHE) H3MEHEHHs
TapaMeTpoB € U § COOTBETCTBEHHO.

Takum 06pa3oM, 0CTanOCh HEMOCPEICTBEHHO MTPUBECTH CXEMY
JEKOMIIO3UIIMK BO3MYIIEHHOW MAaTpHIbl A HCXOIHOW CHCTEMBI,
YIOBIETBOPSAIOIIYIO YCIIOBUS, IPUBEAEHHBIE B cUcTeME (2).

Bynewm nckate matpuusl Gg, Lo, G1, L, B cneayromem Buze:

( GO = A(]P
LO = P_1
G =AP )

lLl =P14,7'4,

Herpynno ybeaurcs, 4to

GolLoy = AgPP™1 = A,,
G Ly = A,PP71 = 4,
GoLy = AgPP~14, ‘4, = A,.

[Tockonbky Matpuna Lo AOJDKHA OBITH CHMMETPUYHOM, TO U
obparnas martpuna P = LO_1 JOoKHA OBITH cuMMerpudHoil. Ho
toraa, T.X. PL; = A0_1A2 " L, ToXe DoJDKHA OBITh CHMMETPUYHOM,
TO 3ajada HaxoxiaeHus P u L, sBiserca 3amadeil pas3ioKeHUs
MaTpHLBI Ay A, B MIPOU3BEICHUE IBYX CHUMMETPHUYHBIX, U IPH
3TOM P nomxHa ObITh HeBBIpOKAEHHOH. Kak nzBectHo u3 [2], Takoe
pa3IoKEHHE BO3ZMOXKHO JIJISI JTFOOOH JICHCTBUTEBHON MaTPHIIBL.

Teopema 2. [2,464] Jlrobas JelicTBUTENBHAs MaTpHUIla
SBJIETCS. MPOU3BEICHUEM JBYX JCHCTBHTEIBHBIX CHMMETPUYHBIX

MaTpull, IO KpailHel Mepe OJHa M3 KOTOPBIX SBISIETCS
HEBBIPOKIECHHOM.
Takoe pasnokeHme B 0OmEM clydae He SBISETCS

enuHCcTBEHHBIM. Ecmun  Q,Qq,Q, € Mat(n Xn) w mpu  3TOM
Q = Q,Q,, the xaxmas u3 Marpun Q; u Q, mmeer n(n+ 1)/2
HE3aBUCHMbIX 3JIEMEHTOB, TO UMEEM N’ HeMHEHHBIX YpaBHEHMH ¢
n? + n nensBecTHbIMH. CIICIOBATEIBHO, B OOIIEM BHIE Oynem
[0JIy4aTh N-MapaMETPUUECKOE CEMENCTBO PELLIEHUMN.

Ionp3ysace pacCyXIeHHSIMH W3 JOKa3aTeIbCTBA TEOPEMBI 2,
pPaccMOTPUM CTPYKTYPY (aKTOpPHU3AINU:

Q = DJ/D~1 = DSCD~ = [DSDTI[(D-)TCD] = Q,0,,
rie | — XopaanoBa HopmanbHas ¢opma matpuusl Q; S,C —
pa3nokeHHe MaTpuIbsl | B IPOM3BEICHHE NEHCTBUTENBHON H
KOMIUIEKCHOH CHMMETPHYHOM MaTpHIBI COOTBETCTBEHHO; D —
MaTpHIa 0J00Hs1, IOCTPOSHHAs HA OCHOBE COOCTBCHHBIX BEKTOPOB
Matpuupl Q (moxpobuee cm. B [2]).

Paccyxnenns, Onm3kme K JOKa3aTENbCTBY TEOPEMBI 2,
MO3BOJIIIOT ~ 3AKJIIOYUTH, YTO  CEMEHCTBO  BCEBO3MOXKHBIX
JOIyCTUMBIX MaTpul] D B 00ILIeM BUJie MOXKHO MPEJICTABUTh B BUJIE
NUHEHHOW KoMOWHamuM ero OasucHbIX MaTpuim. [lonOupas
COOTBETCTBYIOMUE KOA(POUINEHTHI PH 3TUX OA3MCHBIX MATPHULAX,
MOJKHO IMOJIyYUTh BCEBO3MOXKHBIE JOIYCTMMbIe Marpuubl D, a
CJIEZIOBATENIbHO, U BCEBO3MOXKHBIE PA3JIOKECHUS MATPULIBI Ay A,
Ha TPOU3BEJIEHHE CUMMETpHuHbIX P u Lq. Ilpu stoM Lo = P71
TaKxke OyleT CUMMETPHYHOIl, M03TOMY BBINOJHACTCA YCIOBUE U3
cuctemMsl (2), uro Marpunsl Lowum L; mOmKHBI  OBITH
CHMMETPUYHBIMH.

Ocranoch cpeny NapaMeTPU3MPOBAHHOIO CceMedcTBa Hap
marpun, {P,L,} BbIOpaTh Takue MaTPULBI, YTOOBI BBHINOJHSIUCH
OCTaBIIMECS YCIOBHS Ha 3HAKOONPEAENEHHOCTh MAaTpHI] U3
cuCTeMSHI (2), a UMEHHO:

{GO +G," <0
Ly>0 '’
YTO TpH BHIOpaHHON cxeme Jexommo3uiuu (4) MaTpumsl A
9KBHBAJIEHTHO

{AOP + P4, <0 5)
Ly>0

UnCneHHBIH OSKCIIEPUMEHT II0Ka3al, 4YTo Takoil 1monxdop
MaTpun P u L; Kak IpaBWJIO BO3MOXEH, OAHAKO 3TO HE 000CHOBAHO
¢ ToukM 3peHHs Teopuu. IlosTomMy Ui TOro, UTOOBI
chopmymupoBats  Oojee  CTpormii  pesyibTar, HOHpoOyeM
MoTpeOOBaTh  IOMONHHUTENBHBIE YCIOBHS, OTpaKalolmuecs Ha
HCXOTHBIX MaTpUIaXx. A MMEHHO, HoTpedyeM, 4TOOBI Ul MaTpHUIl
Ay m A, BBIIONHAJIOCH CIEAYIOIIEE YCIOBHE: CIIEKTP MAaTpPHIBI
Ao A, cocromT W3 TONAPHO PA3IMUHBIX JAEHCTBHTEILHBIX
COOCTBEHHBIX 3HAUCHUH.

JlaHHOE yclI0BHE FOBOPUT O CYIIECTBOBAHUHM MOJHOTO Habopa
COOCTBEHHBIX  BEKTOPOB M BO3MOXHOCTH  CIEKTPAIbHOTO
pasnoxxenns MaTpuIsl Ay *A,, a 3HAYMT, TIO3BONIACT HANTH MATPHIT
P u L, B cnepyromem Buje:

Ay A, =V YV = (VTY)"1- (VTJV) = PL,,
rae V — marpuma, CTPOKHM KOTOPOH SBIAIOTCS COOCTBEHHBIMHU
BekTOpaMu Matpuusl Ay 'A,; J — KopraHosa HopManbHas Gopma
Matprsl Ao~ A,

Ipu otom wmarpuna P = (VTV)™! Bcerna nomyuaercs
TIOJIOKUTEIIBHO OTPEETIEHHOMN, T.€. BBIONHIETCS OHO U3 YCIOBHI
3HAKOOIPEIeNIEHHOCTH HEBO3MYIIEHHBIX MaTpHI] B cucteMe (5).

Kak m B oOmem ciydae, CEeMEHCTBO BCEBO3MOXKHBIX
pasnoxennit MaTpuusl Ag 'A, MOXKET GEITH TAPAMETPU3HPOBALO.
s sroro marpuna V MoxeT OBITH COCTaBI€HA U3 COOCTBEHHBIX
BEKTOPOB MAaTPHILIBI Ao A, xak u3 CTPOK, YMHOXKCHHBIX Ha
cootBercTByomue kodddunnentsl. Takum 06pa3om, ocTaeTcs U3 -
[IapaMeTpU4ecKoro  ceMeiicTBa  BCEBO3MOXKHBIX  pa3lIOKEHHH
MaTpHsl Ay~ A, B IPOM3BEICHHE CHMMETPHUHBIX P 1 L; BEIOPATH
TaKoe, 9YTOOB! BEIIOIHSUIOCH €IMHCTBEHHOE OCTaBIIEECs yCIOBHE U3
cucremsl (5), a uMeHHO AP + PAOT <0.

[lonyueHHsllt  pe3yapTaT  MOXHO
CJIeTyIOIIEeM BHUJIE.

Teopema 3. [lns ypaBHenus (1) IDomycTHMBIE HHTEPBAJbI
N3MEHEHUs MapaMeTPOB BO3MYIIEHHS MOXHO HPHOIIDKEHHO
MOJTYYHUTh U3 HEPABEHCTB

{(G0 +G" )+ (G +6,")e<0

chopMynupoBaTh B

]

Lo+ L8>0
rac
( GO = Aop
LO = P_l
G,=AP

L, = P14, "4,
a CHMMETpHUYHble MaTpuibl P ¥ L; HOIyd4eHBl pa3llOKCHUEM
MaTpPHLbI A0_1A2 B npomsBefieHne PL, TakuMm oOpa3oM, 4TO I
MaTpULbl P BBIIONHAIOTCS CIEAYIOIIUE YCIOBUS:
{AOP +PAT <0
P>0
Ecmn  xe Marpuua A0_1A2 JIOILyCKaeT CHEKTPalbHOE
pa3noxeHHe, TO MJOCTATOYHO NOTPeOOBAaTh JIHIIb BBITTOJHEHHS
ycnosus AgP + PAOT <0.

3aKjI04eHue. [IpencraBneHHslii B HacTosed CTaTbe
METO/, MO3BOJISIONIMN MOJMYYUTh NPUOTIKEHHOE pPa3lIOKCHUE
BO3MYIIEHHON MAaTpHUIIBI CHUCTEMBI, 3aBHCAIICH OT 000HX
MapamMeTpoB  BO3MYLIEHHs, B IIPOM3BEAEHHE JBYX MAaTpPHII,
3aBHUCAIIMX OT KaXKIOro MapameTpa BO3MYILIEHHS B OTIAEILHOCTH,
HE SIBJISIETCS BIIOJIHE CTPOTHMM, IIOCKOJIBKY IOKA3bIBAET JIMILID CXEMY
pasnoxxenus. OpHako, JaHHBIA METOA HAmEN  ycHemHoe
MPUMEHEHUE B KOHKPETHOM MpakTHYeCKOW 3ajgade, U 3TO JAAET
HQJCKIy, YTO B  JajNbHEHIIEM BO3MOXHO  O00OCHOBaTh
CyNICCTBOBaHHE H  MPEIOCTABHTh  SBHBIC  (QOPMYNBI  JUIS
COOTBETCTBYIOILLIETO PA3JIOKEHHUS.
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Abstract. The article describes software modules of computer-aided design of vehicle power supply systems: analysis of modes of power
supply systems operation, optimal choice of wire sizes, selection and verification of protective devices.
KEYWORDS: COMPUTER-AIDED DESIGN, VEHICLE, POWER SUPPLY SYSTEM, OPTIMIZATION

1. Introduction

Designing of power supply systems of vehicles is currently
impossible without use of software products of CAD, CAM, CAE,
CALS systems and (PLM) technology.

The market of information technologies in the design of power
supply systems is widely presented by multi-purpose tool systems
of computer-aided design: ElectriCS, E3.Series, Catia, Siemens NX,
Cimatron, Cimacable, Solid Works, and others. [1,2,6]. These
systems allow us to solve in the single project space the full
spectrum of electrical design of modern vehicle, from development
of schematic diagrams to formation of bundles and output of all
design documentation in electronic form. But most of them are
graphical - information tools to support the design process. The
quality of the design decisions here depends largely on the readiness
of personnel and expertise. Optimization problems, analysis of
quality and reliability of the designed electrical systems are not
solved by existing CAD systems. To solve these problems it is
necessary to create algorithms and specialized software that solves
the optimization problems.

2. Means for resolving the problem, discussion
and results

The composite structural parts of CAD of power supply systems,
reflecting the design problems [2-5] are the following projecting
modules: electrical equipment layout, placement of electrical
equipment, wiring the electrical circuits, formation and tracing the
bundles, analysis of operation modes of electric energy distribution,
choice of protection devices, optimization of cross sections of
wires, calculation of the balance of electrical energy and other. By
present, the Department of Electrical equipment completed by-stage
implementation in practice of the following software modules:
«Analysis of operation modes of electrical systems of vehicles»,
«Optimal choice of cross sections of wires», «Selection and testing
of protective devices».

Module «Analysis of operation modes of electrical systems of
vehicle». In the course of performing the analysis the following
problems are solved:

Calculation of the currents in the sections of power
circuits and voltages in the nodes for normal modes, taking into
account the change of current distribution as to the modes of
consumption;

Determination of maximum currents of circuit
sections and minimum node voltages of the scheme;
Calculation of the short-circuit current in different

places;

—  Checking as to permissible nominal voltage at the
terminals of consumers;
Determination of maximum time off by fuse of the

short circuit place.
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Module «Optimal choice of the cross sections of wires». During
the optimal choice of wire sections the following problems were
solved:

—  Calculation of the currents in the circuit sections of
calculation scheme for normal and directive modes taking into
account the changes in the current distribution as to the modes of
consumption;

—  Determination of maximum currents of circuit
sections for normal and directive regimes;

Checking the wires as to the maximum permissible

current;

— Checking as to permissible rated voltage at the
terminals of consumers;

—  Checking the protection ability of wires by protection
devices.

Module «Selection and testing of protective devices». During the
selection and testing of devices of protection the following
problems are solved:

- Calculation of currents in the circuit sections of
calculation scheme for normal and directive modes taking into
account the changes in the current distribution as to the modes of
consumption;

- Calculation of the currents in the circuit sections of
design scheme for short-circuit modes;

- Checking the correct choice of protection devices as
to the rated current;

- Checking the correct selection of protection device in
overloads in case of electric motor loads;

- Determining the sequence of triggering of protection
devices in the modes of short-circuit and checking the selectivity of
protection;

- Checking the protection devices for resistance to
short-circuit currents.

The developed modules are identified parts of computer-aided
design to ensure obtaining the completed design solutions and
appropriate design documents. Structural integration of modules in
the system is carried out with the help of connections between the
components of computer-aided design of electrical complexes of
vehicles. Fig. 1 is CAD block diagram of vehicle with the existing
and new special software. Information interconnection of generated
specialized modules with other programs and system database is
carried out by means of data exchange programs.

The scheme is based on the analysis of the design process for
various types of vehicles, generalization of experience of research
works on creation of computer-aided design of electric-technical
complexes of vehicles [4,5].

According to the proposed scheme, the pilot design of electrical
systems of trucks was carried out. The developed software modules
were studied on a number of modified electrical circuits of trucks
under various constraints. As a result, the defects (errors) and
recommendations are identified: protection devices, through which
the current flows exceeding the nominal; wires, in which the current



exceeded the permissible value; nonselectivity of triggering of
protection devices. Analysis of the results of implementation shows

that shortening the terms of design of electrical systems in the [1]
modification of truck is about 8,5 hours.

3. Conclusion

[2
The introduction of this technique and developed software in
industrial operation allowed us to significantly reduce
computational time and laboriousness in designing the electrical
systems, to increase the reliability of calculations because of [3]
elimination of mechanical errors of non-automated designing,
operatively make changes to documents, to release the engineers
from routine work. In addition, the use of design and project [4]
information as input data for the programs to obtain product
documentation for manufacturing and control of components of
electric systems of vehicles also helps to speed up the development
of product by manufacturer. Thus, the certain economic benefits are
achieved, which are provided by reducing the design time by 8-
12%. [5]
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STUDY OF THE CAPACITY OF A FANUC M430i-A/4FH ROBOT TO PERFORM
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Abstract: A work environment for modelling, simulating and performing various technological operations (milling, drilling, etc.) has
been created using hardware developed to include a Fanuc M430i-A/4FH robot and specialised software Roboguide. As a result of the
study, guidelines have been developed for the software and hardware improvement of the system in order to enhance its use both for the

purposes of training and research.

Keywords: INDUSTRIAL ROBOT, OPERATIONAL ROBOT, VIRTUAL MODEL, TECHNOLOGICAL OPERATION

1. Introduction

The kinematic and dynamic capabilities, the level of control
systems, and using of a high quality and reliable element base of the
modern industrial robots provide great opportunities for the
realization of complicated trajectories with high accuracy. This
tendency provides the expansion of robot functionalities which are
not frequently mentioned in the documentation.

The goal of the present article is to study the capacity of a
FANUC M430i-A/4FH robot to perform a various technological
operations (grinding/polishing, milling, boring/turning, drilling,
etc.). An additional wunit [1] and specialised software
(ROBOGUIDE [2]) are used to support the robot. In other words,
can a universal robot work as a operational? If “yes” — to what
extent? If “not” — what is missing and can it be done?

In the Fig. 1 the CAD model of a test part is shown. As can be
seen from it, suitable operations for creation of that geometry
features are drilling, milling and grinding. The work piece material
is polyethylene PE, Fig. 2, it is chosen in accordance with the
allowable payload of the robot wrist.

Fig. 1 CAD model of the test part.

Fig. 2 Work piece.

2. Setting the experiment

To make the process simulation possible, first thing to be done is to
create a virtual model of the real facility in ROBOGUIDE (Fig. 3).
That model provides the ability to define all objects around the
robot and create an accurate visualization of the whole system.
Setting relations between the objects facilitates process planning,
programming, and verification via computer animation. The
software [2] includes capability to create a trajectory, based on
CAD model features, providing an automated path generation
which is very helpful for welding, dispensing and other
applications.
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Fig. 3 Virtual model of the work scene.

From other side, to ensure environment space equivalence and
correct distances between the objects, a calibration of the virtual
model is required. There are a few ways to accomplish this task. In
the particular case, a gripper reference point is visualized, using an
additional device and reading data from motor pulse coders of each
axis. Then the coordinates are imported to the ROBOGUIDE
model.

After completion of the calibration procedure, the development
of the programs can start. The method of the path planning begins
with the part geometry features recognition (holes, channels,
pockets, etc.). Then from part documentation, cutting feed rates and
other technology information must be collected.

The robot’s work motions, and the logical structures of the
programs, are dependent from the part geometry. The required
operations should be divided in the groups by the tool type, feed
rate, recurrent features or patterns in the different planes. Usage of a
logic statement for iterative operations increases the time and
efficiency of programming, improving the readability of the
programs. Conditional compare instruction, such as IF and
SELECT, compares the value stored in register with another value,
which can be specific parameter for the operation (number of
features, cutting speed, etc.) and after the comparison a specific
processing can be executed. With this capability to indirect defining
parameters, a single logical program can be used for multiple
operations by specifying of required arguments.

According to the initial conditions of the experiment, the tools
are mounted stationary on a plate and robot carries the work piece.
To perform the motion over the programmed trajectory a set of
points and type of the motion trough them must be specified. There
are a few transition types between the stored points of a trajectory.
In Fig. 4 a way for specifying the transition trough adjacent points
over programmed trajectory via approximation factor is shown.
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Fig. 4 Transition types between adjacent points.

Other motion instructions are also required to establish the
desired behavior of the robot. Such instructions can be speed
definition and additional motion instructions, which are related with
the overall performance of the arm.

It is important to note that transition from point to point of the
trajectory must have a consistent configuration, otherwise it can
cause inability to execute the motion instruction because of the
control unit generates errors. The configuration of the robot refers
to the actual construction of the arm, desired location to move, and
system variables of the controller. A member of the construction
constraints, for example, is the number of controlled axes (Fig. 5).
The program in depth is a set of instructions, defining the points
forming the path, and branch instructions to control the order of
execution of movements depending on specific requirements for the
task. Every movement of the robot is determined form the origin of
the robot (the crossing point of first two axes). By the data collected
via encoder of every axis and the dimensions of the arm links,
which are known, the controller obtains the location of the robot
effector. To fully define the desired trajectory two additional points
should be taught. First one is related to the device attached to the
end-effector, representing the tool centre point, and second — point
which specifies the instrument centre point. Thus, the control unit
computes all displacements for the each axis. The procedures for
definition of an instrument and tools are integrated in the
controlling unit. There are 3 methods, by teaching 3 or 6 points and
direct input for coordinates. For the particular case, the last method
is chosen, because the CAD model of the gripper is available. The
instrumental coordinate systems are trained via 3 point method. All
coordinates are in a Cartesian representation.

Fig. 5 Taught positions in ROBOGUIDE.

Three cutting tools are used for the experiment. That requires
teaching of 6 user frames (Cartesian). The reason for use 6, instead
of 3 user frames, is that the end-effector cannot keep constant the
attitude of the work piece when J5 axis is lying in XY plane.

The creation of the robot’s programs is performed via teach
pendant (teach pendant programming). The programming language,
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developed by FANUC, includes high-level integrated functions.
This enhances the ease of the reading programs. The controller
provides the subsequent translation of the instructions, sended to the
axes drives.

Fig. 6 Operation sequence.

A machining experiment was conducted to the test the robot [2]
capabilities for operational proposes. Sixteen programs were
developed in total:

- Supporting programs: GRAB; DROP; PICKnDPHOME;
DPHOMENDROP - for operating the gripper, pick (or place after
machining) work piece in specified place and positioning above the
cutters.

- Drill operation programs: DRILLG, DRILLF, SDS8, SD5 (Ne 1
and 2, Fig. 6).

- Operations for channel milling: CHANTF, SIDECH,
CHANSTEP1, CHANSTEP2 (Ne 3, 4, 7 and 8, Fig. 6).

- Chamfering programs: CHANT, CHANT2 — (Ne 5 and 6, Fig.
6).

- A program for machining pocket in the side surface of the
work piece: POCK (Ne 9, Fig. 6).

- The main program is TECHPROCES, which specifies the
sequence of the operations.

In Fig. 7, 8 and 9 are shown the logical structure, a part of the
program and the real execution of CHANSTEP1 operation.
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(NOIMUMA HaQ UHCTPYMEHTHTE)

v

| Wrnumanuupane na R[8] 3a X |

v
1 R{1)<2

Mpouecraane s wavanna noswunn |4

b

RI1J=R[1]+1

it s B s |..| Dpesosane l.{ 3anaeane na ALNGO4MHA 33 BTOPH | .

npoxo na (pesceane

R{103<4 R[1]=2
3agasane na cTsnka P+30

A J
iy |-—| RI0J=R[10}+1 |

R[10}=4

Pecraprupane Ha GposumTe
W nosuumwTe (P)

DPHOME
(NOIMLMA HAA MHCTRYMEHTHTE)

Fig. 7 CHANSTEP1 block-logic.



/PROG CHANSTEPL

J/ATTR
OWNER = MNEDITOR;
COMMENT = "CHAMF 1"
PROG_SIZE = 1544;
CREATE = DATE 14-07-19 TIME 01:46:54;
MODIFIED = DATE 14-07-19 TIME 18:59:08;
FILE_NAME = CHANSTEP;
VERSION =0;
LINE_COUNT = 47;
MEMORY_SIZE - 1984;
PROTECT = READ_WRITE;
TCD: STACK_SIZE
TASK_PRIORITY 50,
TIME_SLICE

BUSY_LAMP_OFF
ABORT_REQUEST
PAUSE_REQUEST
-1,%,%,

= 00000000 UUUOOOOO

zoooo =

!<- I T T

DEFAULT_GROUP

CONTROL_CODE

JAPPL

/MN
1: !FANUC Robotics america ;

2 | ROBOGUIDE Generated This TPP ;

3: !'Run simPRO.cf to setup frame and ;

4: UTOOL_NUM[GP1]=1 ;

5 UFRAME_NUM[GP1]=4 ;

] PR[24,1:STEP1 STP]=R[B:CHAMF1l X] K

7 PR[25,1:5TEP1 EP]=R[8:CHAMF1 X]

8 PR[26,1:5TEP1 STP ABOVE]=R[8: cHamFL' ] e

PR[27,1:STEP1 EP ABOVE]=R[8:CHAMF1 X] -

P[1] R[ll vfast]% FINE c

P[2] R[11:vfast]mm/sec FINE

P[3] rR[11:vfast]® FINE =

p[4] r[11: V‘Fast]mm,’sec FINE

rR[1]=0 G

LeL[1] ;

Fig. 8 Code segment of CHANSTEP1 program.

Fig. 9 CHANSTEP1 execution.

After the completion of teaching and calibration procedures a
test execution is performed (Within ROBOGUIDE and in a real
controller test mode). Any corrections are implemented if
necessary. All programs and variables used should be transferred
from the software to the robot controller via the communication
interface (RS-232 or Ethernet) or an USB drive.

The results from the tests conducted allow a primary evaluation
of the implementation capabilities of a FANUC M430i-A/4FH
robot for technological operations, and guidelines for system
improvement.

3. Conclusions

1. With certain limitations, a FANUC M430i-A/4FH robot can
be used for various machining applications (milling, boring/turning,
drilling, grinding/polishing, etc.).

2. The developed system, based on a FANUC M430i-A/4FH
robot can be used both for the purposes of training and research.

3. To expand the robot capabilities for technological operations
is required: establishing end-effector to execute continuous rotation
about J5 axis (>540°%); improving the arm stability for cutting forces
above 40N (4kgf) to increase the feed rates and improvement of
repeatability as well.
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4. To establish capabilities for complete process execution is
required to expand the system functionality by using active control
peripheral subsystems.

5. To create, or modify, path planning algorithms for
automation of the programming.

6. To expand software [3] capabilities is required to develop
software integration for some existing CAD/CAM products (e.g.
SolidWorks).

7. To establish a direct robot control via the communication
interface between PC and the robot controller.

8. To develop databases containing algorithms for optimizing
the system capabilities during the development of new
technological processes, programming and their realization.
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MPUJIOKEHUE 3A BASUPAHE HA IETAWJIN, UHTETPUPAHO B
SOLIDWORKS

AN INTEGRATED ADD-IN FOR LOCATING PARTS IN SOLIDWORKS
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Abstract: A fixture is a special tool used to accurately and stably locate the workpiece during machining process. Proper fixture design
improves the quality and production of parts and also facilitates the interchangeability of parts that is prevalent in much of modern
manufacturing. Traditionally, fixture design has been carried out manually and extensive heuristics knowledge from the designer is needed.
This is time-consuming and reduces the productivity. An automated fixture design system is one that automates the selection of fixturing
points and elements by the use of certain design techniques such as rule-based design, case-based design, or other Al tools. In the process of
design automation, CAD technology plays a vital role in modeling the fixtures geometrically and rendering the design solution graphically.

In this paper is presented a locating module in the format of add-in for SolidWorks which uses rule-based reasoning. Its functions are to
determine the locating points, to select one of three locating methods (3-2-1 point locating, plane and pin-hole locating or V-block locating)

and to create assembly with the part (prismatic or cylindrical).

Keywords: FIXTURES, COMPUTER-AIDED FIXTURE DESIGN, SOLIDWORKS, ADD-IN

1. Yeoo.

IpucnocobieHusTa 32 YCTAHOBSIBAaHE Ha 3arOTOBKU M JIETalid ca
OT TroJisiMa BXXHOCT, KAaKTO B TPAAULUOHHOTO, TaKa M B T'bBKAaBOTO
HPOM3BOJCTBO, Thi KaTO JAMUPEKTHO BIMSAT BBPXY KaueCTBOTO Ha
00paboTka, IPOM3BOAUTEIIHOCTTA U IIEHaTa Ha NPoayKTa. Bpemero,
HpEeKapaHo B IIPOEKTUPAHE U IPOM3BOICTBO HA MPHCIOCOOICHNUATA,
€ 3HA4YMTENHAa YacT OT BPEMETO 3a MPOU3BOJACTBO HAa KpaifHHTE
npoxayktu [16].

IpucnocobieHusiTa ce HM3MOJ3BAT B CAMHUYHOTO, CEPUHHOTO M
MacoBOTO TPOM3BOACTBO 3a TOYHO IIO3MIMOHMPAHE U CHI'YPHO
3aKpersHe Ha 3aroTOBKara, 3a Jia ce rapaHtupa, ye o6paboTKuTe ca
U3MIBJIHCHH ChIJIACHO KOHCTPYKTOpPCKUTE wu3uckBaHusi [7]. Tlpu
MallnHHATa 00paboTKa TeOMETPUYHATA TOYHOCT HAa 00pabOTBaHHAT
JeTaill 3aBUCH OCHOBHO OT OTHOCHMTENHOTO IOJIOKEHUE MEXIY
3aroToBKara u obOpaboTBamust uHctpymenT[15]. Or
HPHUCIIOCOOICHUSATA Ce U3UCKBA 1a OCUTYPST TOBA IOJIOXKEHHUE, 32 Ja
ce rapaHTupa Ka4ecTBO Ha HPOHM3BOJICTBOTO.

TTo3ULMOHUPAHETO Ha JeTaiina BIHse MPSKO BbPXY KauecTBOTO Ha
obpaboTkara, NPOAYKTHBHOCTTA M LIEHATa Ha MPOJyKTa. BebiHocT
pa3xoluTe, CBbP3aHH C KOHCTPYMPAHETO M IPOHM3BOJCTBOTO Ha
npucnocobienus, Bp3nmu3ar Ha 10-20% ot oOmara LeHa Ha
npousBojcTBeHaTa cucrema [2]. Te3u pa3xoqu BKIHOYBAT HE CaMo
HPOM3BOJCTBOTO, Crio0sBaHETO u U3I0JI3BaHETO Ha
MPUCIOCOONCHUATA, @ M TAXHOTO KOHCTPYHMpaHe, Taka 4Ye HMa
3HAYMTENHM IUIOCOBE OT HaMaJlIBaHETO Ha pa3sxoaure 3a
MPOEKTUpaHe, CBbP3aHH C IMPHUCIOCOONICHHATA. 3a 1a ce rapaHTHpa,
4e eIuH Jerain me Obae u3paboTeH ChIJIaCHO CreuupUIHU
pa3MepH U U3MCKBaHUs 3a TOYHOCT, TOW TpsiOBa Jja Ob/e MPaBUIHO
0a3upaH, KOETO IIPaBU MHOTO BaXHO pa3pabOTBaHETO Ha
HHCTPYMEHT, KOMTO I eNMMHMHHMpa MeToAa mpoba-rpenika Mpu
HPOCKTHPAHETO U MPOM3BOJCTBOTO Ha MpHcocodieHusta [3].

B MoMeHTa MOIYJIHHAT THUIl HPUCIOCOOJEHUS ca Hal-IIMPOKO
U3I0J3BaHNTE I'bBKABU MPUCIOCOOICHHS B HHAYCTpHATa. basupanu
Ha  CTaHAApTU3MPAHETO  HA  CIEeMEHTHTe,  M3IPAKIAIIH
MPUCIOCOONEHUATa, T€ ca MNPOSKTHPaHH KaTo TIPymH OT
HpEIBapUTEIHO N3pabOTEeHN CTaHAAPTHH CIEMEHTH M eUHULM. Te
HUMaT OTHOCHTEIHO TECHH T€OMETPUYHHU JOIYCKH, KOMTO MOTraT ja
Ob1aT criiobeHu OBP30 B pa3IMYHM KOHCTPYKLUMH 3a OasupaHe U
3aKpersHe Ha JeTali ¢ pa3InyHa reoMeTpust U u3uckBanus. Cren
HPHUKITIOYBAHE HA BCHYKU 00PabOTKH, MOYJIHUTE TIPUCTIOCOONICHHS
Morar jga ObJar pasriioOCHH W HU3MOJ3BaHU OTHOBO 3a IPYTd
neraiini U o6pabotku [19]. Tlo To3u HayMH Te ce pa3nuyaBar OT

CrIeHHATN3UPaHUTE IPUCIOCOOICHH S, KOUTO ClIe]] IPHKITIOYBAHE Ha
HPOM3BOJCTBOTO ce OpaKyBar.
C roauHUTE NPHJIATaHETO Ha MOAYJIHH IIPUCIIOCOOJICHUS € JI0BEIIO

0 3HAYUTEIHH TEXHOJOIMYECKH M HKOHOMHYECKH IIOJI3H,
BKJIFOUMTENHO crieqaute 4 acriekra [16]:
1. 3nauuTenHO ce HaMauigBa IOATOTBUTEIHOTO BpEME.

M3nomsBaneTo Ha MOJIYJHH IIPHUCIIOCOOJICHHSI MOXE Jla HaMalH
BPEMETO 3a MoAroToBka ¢ Haj 80%.

2. HamansBar ce mNpOM3BOACTBEHHTE pa3XOJH, Thil Karo
MOJIYJIHATE IIPHCIOCOOIEHHS Ce M3IO0I3BaT MHOTOKPATHO.

3. HM3zmon3BaHeTo Ha MOIYJIHM IPUCIOCOOJCHHs MoMara 3a
OCUTypsiBaHE Ha KadecTBOTO Ha mpoxykture. Ciex kato Obnar
CrIIO0CHH, MOJIYJIHUTE HPHCIOCOOJIEHHS MMAaT Bb3MOXKHOCTTA Jia
ObJaT TpPEHACTPOGHM M Taka Ja IOAOOpAT KadecTBOTO Ha
MPOIYKIUATA.

4. M3nmom3BaHeTO HAa MOMYJIHU IIPUCIIOCOONICHUS MOXeE Ja

pas3lIMpy Bb3MOXHOCTUTE HAa MPOU3BOJICTBEHATA EKUIUPOBKA U Ja
oJ00pH IPOU3BOTUTEIIHOCTTA.
[IpucnocobnenusTa, W3MOA3BAaHM MPH MalIMHHa 00paboTka,
MIPEACTABISIBAT CHCTEMH OT €JICMEHTH, BKIIOYBAIHX 0a30Ba IJI049a U
ycTpoiicTBa 3a 6a3upaHe U 3aKperBaHe Ha AeTaiina/3arotoBkara. Ha
¢ur. 1 e mpencraBeH IpHMep 3a IPHCHOCOONEHHE, MPU KOETO
JeTainpT e 0asupaH BBPXY Oa3Hpally €JIEeMEHTH, ONpeIelIsIH
TOYHO MecTonojoxkeHuero My [4]. 3arsrammre ycrpoiicTa
MIPUTHCKAT JeTailla KbM TSAX M IapaHTUPAT IMOJOKEHHUETO My IO
BpeMe Ha oOpaborkure. Te ce CHCTOAT OT ONOPHH EIEMEHTH U
MIPUTHCKAa4YM, KOUTO KOHTAKTyBaT C JA€Taillla W IpeaBaT CHIIA 3a
3aKpersHe.

HPHIHCKAY

DATHPALLE eleMeHTH

OCHOBHA TLI0YTA
OMOPIH €JeMenTH

Y

JALOTOBKA

@ue. 1. Ilpucnocobnenue cve u be3 sazomoska [4].



OOUKHOBEHO MpPOLEChT Ha IPOEKTUPAaHE Ha MPHUCIOCOOIEHHS ce
CBbCTOM B OINpPENEITHETO Ha IOJOXKCHUSATa Ha MPUTHCKAYHTE,
0a3upalyuTe ¥ ONOPHUTE EJIEMEHTH U MIPABUIIHUAT UM U300D.

Bpost 1 nonoxenuero Ha 6a3upamuTe €IEMEHTH TpsOBa Ja Obaar
TaKk{Ba, Y€ Ha 3aroToBKaTa Ja ¥ ObIAT OTHETH 6 '° CTENeHM Ha
cBobonma mo Bpeme Ha oOpabotkure (dur. 2a), Hampumep upe3s
6azupaHe MO TPH PABHUHHHM MOBBPXHUHU (MeTox 3-2-1), emHa
paBHHHHA TTIOBBPXHUHA W J{Ba OTBOpA (1Ba IudTa — MUIHHIPUICH
U U3psA3aH), €JHa PABHUHHA MOBBPXHUHH M €IMH OTBOP (C IBJIBI
mu(T) ¥ 0 IWIMHIPUYHA NOBBPXHHMHA(C IBITH WIM KbCH V-
6s10k0Be) (ur. 26).

0)

@uz.2. Cmenennu na c6o600a na oemaiin [4] u omnemanemo um [14].

3. KomniomwvpHo noonomoznamo npoekmupane na
npucnocoonenusn (CAFD).

[TpouechT Ha MPOEKTUPAHE HA TIPUCTIOCOOJICHHS € BPEMETIOTIIbILALLL
M MOXeE Jla ce OKa)ke MHOTO CKBII, IIOPaJy YeCTOTO M3IIOJI3BaHE Ha
MeToza npoba-rpemka. [Topagu Te3u NpUUMHHU pa3pabOTBAHETO Ha
ABTOMAaTHU3UPAHU CHCTEMH 3a IPOSKTHPAHE Ha IPHCIOCOOIEHHS €
MHOTO Ba)keH mpoOnem. C M3MON3BaHETO HA TAKUBA CUCTEMU MOXeE
Jla ce ChbKpaTH BPEMETO 3a MPOEKTHpaHe, Ype3 M3IO0JI3BaHe Ha 0a3u
JaHHU C TOTOBM IPHCIOCOOJEHMS, M3NOJI3BAHE Ha YHHBEPCAIHU
criiobsieMn mpucrniocobnennst Ha 6a3ara Ha MOZYIH, MO-O0BP30
HaHACsIHE Ha KOPEKIMHU B JU3aliHa Ha MPUCHOCOONIeHUATa, Obp3a U
TOYHA MpOBepKa Ha CTAaOWIHOCTTa HA Ju3aifHa (Hamp. upes
n3M0I3BaHe Ha MeTo/ Ha KpaifHuTe eneMeHTH) U 1p. OcBeH ToBa ce
CBKpaIllaBaT pPa3XOJUTe ¥ MaTepPHAINTE 3a IIPOU3BOACTBO Ha
MpeABApUTENIHH (TPELIHN) KOHCTPYKIIMH.

ABTOMaTH3alMsATa Ha TIIpolleca C€ U3BHPIIBA YCHENIHO C
U3MOJI3BAHETO HA CUCTEMHM 33 KOMIIIOTBPHO IOJNOMOTHATO
npoektupade Ha nprcrnocobiaerus (Computer Aided Fixture Design
- CAFD). Te3u cucreMH ce H3IOJ3BAT 332 YaCTHYHO MU ITHIHO
aBTOMAaTHU3MpaHEe Ha Mpolieca Ha MPOEKTUPAHE Ha MPUCIOCOOICHHUS,
KaTo IieTa € FeHepHpaHe Ha MOAXOIIIa KOHCTPYKIHS 33 KPaTbhK
HepUuoj OT BpeMe, KaTro ce CBelJe 10 MUHUMYM CYOEKTHBHOTO
BIIMSIHUE Ha KOHCTpyKTOpa. Karo ce B3eme IpeiBHI CTpyKTypHaTa
U (QyHKUMOHANHATA OpraHM3alMs Ha €IHa aBTOMATH3UpaHa
cHCTeMa 3a KOHCTPyHpPaHE/IPOEKTHpaHe, KaKTO ¥ BCHYKUTE M
CBOWCTBAa, MOXE Ja C€ Kake, 4€ BCHYKM TaKMBa CHCTEMH C€
XapaKkTepu3upaT OT HAJMYMETO Ha 6 OCHOBHHM KOHCTPYKTHBHH
enementu [17]:

- TEeXHUYECKH OCHOBH — XapAyepbT, KOMTO TpsiOBa J1a MMa BUCOKa
paboTHa CKOpOCT, rojsiMa MaMmeT, fa 0bJe KaueCTBEH, HAAEKICH U
T.H,;

- 0a3a maHHM — CTAaHJAPTU3UPAHU EJIEMEHTH, YHHBEPCAIHHU
HPHUCIIOCOOICHUS, IPEIUILIHY PELICHUS U Ap.;

- co)TyepHa cucTEeMa — ChCTOAIIA CE OT JIBE YaCTH: OIEPAaTHBHA U
HPHIIOXKHA;

- YOBEIIKH pecypcH — 3a pa3paboTBaHe, H3IIOI3BAHE U MOJPHKKA
Ha CUCTEMATa;
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- Bxomima HHpOpPMaUUs — KOHCTPYKTMBHa HHpopMmamus 3a
JeTaiiia, TEXHOJOrMYHa HHGpOpMAaIMsi M HHPOPMAUUS OTHOCHO
opraHuzauusTa Ha paborara;

- m3Xozsma MHpopManus — HHpopManus (YepTexH, GU3NIECKU
JJAHHU, MKOHOMMYECKH PE3yITaTH U Jp.) 3a HPHUCIOCOOICHUETO
KaTo IISJI0 M 32 BCEKH OT/ICJICH €JICMEHT.

ABTOMaTH3aLMATa Ha IPOCKTUPAHETO HA IPUCIOCOOJCHUS dYpe3
mnomsBaneto Ha CAFD cucreMn e oco0eHO BaxHO 32
KOHKYPEHTOCIIOCOOHOCTTa W BIMSHHETO WM  HapacTBa C
nonobpsianero Ha Bb3MokHocTuTe CAD/CAM  cucremure u
BHEJ/IPSBAHETO HA METOJH, W3IOJ3BAIIM M3KYCTBeH nHTEIEKT (Al)
[6]. Bwopeku ue CAM cucTeMuUTe MOKPHUBAT MHOTO OT
HPOM3BOJCTBEHUTE NEHHOCTH (HAIp. TeHEpUpaHE HA IIbTS Ha
MHCTPYMEHTa), rhyiHata aBroMaTn3anus Ha CAFD Bce ome He e
nocrurHara. OCHOBHOTO IPEAM3BHKATEICTBO TYK € Kak Ja ce
KOMITIOTbPU3UPAT YOBELIKUTE 3HAHHMSA M OIMT, Taka 4e jaa Obaar
U3IIOJI3BaHU OT chUcTeMara. MHOXKECTBO METOJAM CE H3IOJ3BAaT 3a
HOCTHI'AaHETO Ha Ta3H LieJl, KaTo eIMH OT Hail-4ecTO M3MOJI3BAHUTE €
¢ nomorura Ha npasuna tun AKO-TOT'ABA-MHAYE (IF-THEN-
ELSE). Ilpu 3amaBaHe Ha HaHHH 3a mpoOiiema, 4ype3 cepusi OT
BBIPOCH U OTFOBOPH, OCHOBaHM Ha TE3M MpaBWia, CE I'eHepupa
pemienne. Kumar npencrasst paMka, ¢ KOSTO Jia c€ aBTOMAaTU3Mpa
HPOLIECHT HA HPOCKTHpaHe Ha mpucrocobienus. Ts kKoMOuMHHpa
MaTeMaTH4YECKH aHAIW3M W ekcrepTHH cuctemu[12]. Pesysararsr,
U3BEXHAH OT CHCTEMaTa, € IIOCIeJOBATEIHOCT 3a CriIO0sBaHEe Ha
enementure B mpucrnocobnennero. Nnaji u Aladin npenmarar
cTpykTypa Ha excreptHa cucrema 3a CAFD [13]. Te mpunarar IF-
THEN npaBunara, 3a na pa3Busr 3HaHusATa, u cucremata PROLOG
KaTo eKCNepTeH IOAXOJ 3a Ch3JaBaHe Ha MpaBWiaTa 3a
MPOEKTUPAHETO.

Jpyr decto usznon3Ban meron ¢ Jloruka, 6a3upaHa Ha HpPEAUIIHU
cryqan (CBR), mpu koifTo ce m3nomsBa 0a3a JaHHH OT TOTOBH
pemenus. Te ce U3M0I3BaT 3a TeHEPUPAHE HAa HOBU PEIICHUS, KOUTO
cien ToBa ce nobapsaT B 6azara nanuu. Kailing u ap. ro mpunarar B
CAFD cucrema, karo ca moGaBwin mpaBuia u 0a3za OT 3HAHHS
(excriepTHa cucreMa) 3a HPOCKTHPaHE HA MOAXOILI au3aiiH [8].
Boyle u Kevin ca npexncrasunu metononorus, Hapeuyena CAFixD, B
kosito ¢ mpwiokeH CBR merona. Ilenta uM e oOxBamaneTo Ha
IBJIHUS IPOLIEC HA MPOEKTUpaHe Ha npucrnocobneHus[3].

MHOro 4ecTo ce H3MO0J3BaT METOOM C pa3MuTa Joruka. Ts e
usnossBana ot Martin u Lombard B TexHus MeTOI, KOMTO ompeerist
MOAXOJSIIIM CUCTeMH 3a nosuiuonupane [11]. Te ompenensr e
pa3MepuTe Ha OCHOBHATa IUIOYAa W Marepuaia 3a JAeTailiure ca
IJIABHUTE KPUTEPHUH 3a €Ha MO3MLIMOHMpama cucrteMa. IIpu To3u
meton npasunara IF-THEN ca u3nonsBanu 3a ompezernsHe Ha
KpuTepuuTe 3a Tmo3uimoHupane. Zhang u Peng mpexacraBuxa
cucreMa, KOMOMHHMpAlla pa3MHTa JIOTHKA M JIOTHKa, 6a3upaHa Ha
npasuina (RBR) [18]. TsxHara cucrema ¢ pasjelicHa Ha [Be
MOICHCTEMHU HOJICHCTEMa, IUIAHMpAll[a YCTAHOBKHTE U
HOJICHCTEMA TIPOCKTHPAILLA TIPUCTIOCOOICHUATA.

OcBeH HM30pOCHHTE METOOH ChIIECTBYBAT U MHOTO JPYIH, KaKTO
CaMOCTOSITENIHH, Taka M CBbp3aHH ¢ Imupoko u3mon3Banu CAD,
CAM u CAPP cucremu. Farhan npencrass csosita CAFD cucrema
3a MONYLMINHAPUYHK JeTaiinu, ueTerpupana B SolidWorks[5].
Babu u chTpyaHHMIM TOpenCTaBAT aBTOMATH3UpaHa CHCTEMa 3a
HNPOCKTHPaHE HAa MOAYJIHM  HPHCIOCOOJCHUS,  H3IOJ3Balla
AutoCAD muiargopma u nporpamara AutoLISP [1]. Tosu moaxon
ce ocHoBaBa Ha 2D ueprexu. Ma u jap. pa3paboTBaT cucrema,
Hapeuena FIX-DES, paspaborena ¢ momomra Ha C u C ++
nporpamu u crenuduana CAD cpena [10]. Konr u ap. npeacraBst
6a3za nanuu ot cranpaprusupanu eixementd u CAFD cucrema na
6a3ara Ha AutoCAD, VC++ u AutoLISP [9].

B Ta3u craTus ce mpencTasst MOy 3a aBTOMAaTH3UPaHO Oa3upaHe
Ha JeTaiiin, n3nonssall npaswia u uaterpupan B SolidWorks. Toit
€ Ch3/IaJICH Karo mpuiiokenue tum ,add-in“ B cpenara Ha Visual
Studio na e3uka VB.NET u e unrerpupan B SolidWorks upes



HeroBus API. Llenta Ha TO3U MOIYyJ € yJIECHABAaHE MPOEKTUPAHETO
Ha MOZYJHHU IIPUCIIOCOONCHUs, Karo € (OKYCHpaH EIUHCTBEHO
BBpXY Oasupanero Ha aetainurte. C Heroma MOMOII ce HamalsiBa
BPEMETO 32 IPOCKTHpPAHE W C€ II03BOJISIBA JIECHA IPOMSHA Ha
YCTaHOBKATa IPH HE3a/I0BOJIUTEIICH PE3yJITar.

4. Paboma c modyna 3a bazupate.

SolidWorks e exna or CAD cucremMure moaabpiKaiiu HHTEpEic
3a mporpamupane Ha mnpwiokeHus (APl), kolTo mo3BossiBa
ABTOMATH3UPAHETO HA MHOXXECTBO MPOCKTAHTCKH JEHHOCTH, KaKTO
Ha €IMHUYHM JeTaiiM, Taka M Ha CriaoOeHM eauwHuiu. ToBa ce
U3BBPIIBA Ype3 Ch3JaBaHe Ha KOA OT MOTpeOUTENs Ha HAKOH OT
noaabpkanute nporpamun esunu (C++, C#, Visual Basic u ap.).

C nomomrra ua APl u e3uka Visual Basic .NET e cp3maneso Moy,
unrerpupan B SolidWorks, mo3BosisiBaiy aBroMaTu3upase mnpoueca
Ha OasWpaHe HAa [PU3MATAYHH W IUMHIPHYHA JCTailid.
Basupanero ¢ mo eamH OT Tpu MeToja — 3-2-1, mo paBHUHHA
MOBBPXHHHA U JBA OTBOpPA WM MO LHIHHIPHYHA MOBBPXHHHA, C

KOETO MOAyJla MMa HO-IIMPOKO NPUIOKEHHUE OT JIPYTH CHCTEMH,
(okycupamy ce BbpXy €IMH METOJ WM BbPXY €JUH BUJ JECTalIH.
ABTOMaTH3UPAHETO HE € IBJIHO, Thi KaTO B HAYAJIOTO CE M3UCKBA
norpedutes 1a n3depe ppuHO Oa3UpaIINuTe ITOBEPXHUHN.

IIpu otBopen metaiin tum ,,PART® mpuiIoXeHHETO Ce CTapTHUPaA OT
cpotBeTHUs OyToH B Toolbar menrooro. CraptHpa ce cTpaHHua B
nesus kpail Ha ekpana (Property Manager Page), ¢ nmomorira Ha
KOSITO Ce M3BBpIIBA H300pa Ha MOBBPXHUHH. Tst chabpxa (¢dur.3):

- OyTOH 3a M3YMCTBaHE HA M30paHUTE NMOBBPXHMHU — U3TPUBA
3a7afeHUTe MMEHA W JOIBJIHHUTEIHO CH3JaJCHH DAaBHUHHM, 32 Ja
MO3BOJIH HOB n3060p;

- 3 OyroHa 3a m300p Ha NOBBPXHHHU — HOTpeOHTENs H30mpa
MOBBPXHMHA M HATHCKa ChOTBETHUs OYTOH, 3a Jia HOTBBbPAU H3060pa
CH U J]a IPOBEPH Iy IOBbPXHHUHATA HE € Bede n3bpaHa 3a Oa3a;

- 3 mosera 3a U300p Ha TTOBBPXHUHM — TEKCTOBH II0JIETA B KOUTO
ce TMOTBBpXKIaBa M300pa Ha MOTPeOHTENsT WM ce ChoOlaBa, 4e
n30paHaTa MOBbPXHHUHA € 3a€Ta MM HEIOAXO0 IAIIa;

- 6yron START — 3a crapTupaHe aBTOMaTH3HpaHaTa IeHHOCT Ha
TIPUIIOKEHHUETO.

Wy

“Isamatric

Duez.3. Jlemaiin cbc cmapmupano npuiodcenue.

Koraro motpeburenst u3bepe OyToH mporpamara mpoBepsiBa Koii
TOH M, KaTO U3I0JI3Ba MIPaBMIIA, U3IIBIHABA ChOTBETHOTO ACHCTBHE.
Axo u3bpanusr O0ytoH e ,,First ce usmossBar mpaBuia, 3a 1a ce
ompenend nany u3bpaHarta IOBbPXHMHA € paBHMHHA IUTBTHA,
paBHHMHHA C OTBOPH WM IMIMHApUYHA. Ako OyToHsT € “Second”
win “Third” ¢ mpaBua ce npoBepsiBa jaiy U3dpaHaTa MOBbPXHHHA
¢ paBHHHHA W INEpIeHAMKYIsIpHa ¢ mbpBara (u Bropara). Koraro
notpeburensit u3bdepe Oyron “Start”, nporpamara wu3moi3Ba
IpaBHJIa, 3a 1a u30epe Buaa Ha 6a3upaHeTo Ha Oasza Ha BUJa U Opos
Ha n30panute noBbpxHUHU. Ciieq TOBa ¢ HMoMoluTa Ha (YHKIMH,
npepocraBeHn  oT  APl, ce ompenmenir pasmepure UM H
MOJIOXKEHNETOo Ha GasupamuTe eneMeHTH. [lo3uuuure Ha nanuTe U
IUQPTOBETE CE ONPENEIAT OT IPHIOKEHUETO CIOPE pa3MepuTe Ha

Hidting Pari il @
z[eTaﬁna, Pa3roJIOKECHUETO HAa  OTBOPUTE U CXEMaTa Ha
pasnpenciaeHue Ha OTBOPU BBPXY ILIOYaTa. B TO3u cMuCHI
MUHUMAJHOTO  pa3CTOAHHUE MEXKIAY IBa naneua/mn(i)'ra 3a

H3Moj3BaHara 6a3osa 1uoda € 50 MM BBB BCSKa MMOCOKA, KOETO
Hajlara OrpaHMYeHHe BHPXY MHUHHMAJIHUTE pPa3MepH Ha JeTainnTe
W Pa3CTOSHUETO MeXAy ocure Ha orBopure. IIporpamara
MIPUKIIIOYBA paboTa KaTo ch3laBa HOB ¢ain tum ,,ASSEMBLY, B
KoiiTo  pasmonmara ©0a3oBa  Iuio4a, Oa3upailyd  EIEMEHTH,
CHOTBETCTBAIIM Ha BUAA Oa3upane (Oazuparny nanmny, mmdTose, V-
6nokoBe) u neraiina (¢ur.4). MomenbT ocraBa aKTHBEH 3a IO-
HaTaTBIIHM JASHCTBUS OT CTpaHa Ha IIOTPeOUTEIs.

Que.4. Cenobeno npucnocobnenue ¢ demaii.
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W3non3sanute npasuia ca oT Buaa IF-THEN-ELSE ¢ muoxectBO

apryMeHTH ¥ BKJIIOYEHHM IIpaBWJIa B IpaBmiiaTa. Bemuknm Te ca gacr

OT KOJa Ha Iporpamara.

IIpumep 3a TakuBa IpaBHiIa € IpH N300pa Ha TbPBaTa MOBbPXHHIHA:
AKO usbpanama nosvpxuuna e pagnunna TOI'ABA

AKO nosvpxnunama e nnomna TOI'ABA
Axmueupa ce 6ymon ,,Second” sza uzbop Ha emopa
NOBLPXHUHA

HHAYE AKO nosvpxuunama uma 0éa omeopa TOI'ABA
Axmusupa ce 6ymon ,,Second” sza uzbop na emopa
noevpxuuna u Oymon “‘Start” sza cw3dasane na
cenobena eounuya.

HHAYE AKO nosvpxuunama e yununopuuna TOI'ABA
Axmusupa ce 6ymon “Start” sa cwsoasane na cenobena
eounuya.

Kato ce mo3Bosin n360pa Ha BTOpa MOBbPXHHUHA NIPH W30paHa mIbpBa
paBHHHHA C JBa OTBOpa ce JaBa H300p HA MOTPEOHTENS Iau
netaiinpT ga ce Gasupa mo Meron 3-2-1 wiaM 1O paBHUHHA
MOBBPXHUHA M JBa OTBOpa. Taka MOTpeOHUTENsT MOXE Jla CPaBHH
BH3YAJIHO JBaTa METOJIa 3a €/IMH U ChILM JeTaill, 6e3 a ce Hanara
Jla IPOMEHS MOJIeJIa KaTo IIpeMaxBa OTBOPHUTE.

5. H3e¢00u.

[IpencraBeH € MOy 3a aBTOMaTU3MpaHe Ha Ipoleca 3a Oa3upaHe
Ha TPU3MATHYHA W IWUIMHIPWYHH JETailii B cpelaTa Ha
SolidWorks. To e mammcano ua esuka VB.NET u wusmomssa
BB3MOKHOCTHTE Ha BrpaJicHHAT uHTepdeiic 3a npunoxenus (API).
C HeroBa IOMOLI C€ CbKpalllaBa BpPEMETO 3a OIpe/eisiHe
MO3MIMUTEe Ha Oasupammre eIeMEeHTH M 32 Crio0sBaHe Ha
npucrnocobieHneTo 3a 0OasupaHe Ha Jeraitna. Toll mo3BoisiBa
CpPaBHSIBAaHETO Ha Pa3IMYHM BapHaHTHU 3a Oa3supaHe — MO pa3IMIHA
MNOBBPXHUHM MM 10 pa3nuuHu Metou (3-2-1 wiu mo ABa oTBOpa u
paBHHHHA TTOBBPXHUHA). MOIYIBT € B IIPOLEC HA pa3BHUTHE 3a MO-
CJIOKHM JieTainu (Hamp. Oa3upaHe Mo CThHAJOBUAHA NOBBPXHUHA).
Toit e wact or aBromatmsmpana CAFD cucrema, pasmeneHa Ha
MOy — 3a Ga3upane, 3a 3aTAraHe, 3a Bepu(pUKaIus.

JIMTEPATYPA:

[1] Babu B. S, P. M. Valli, A. V. V. Kumar, and D. Rao,
"Automatic modular fixture generation in computer aided
process planning systems,” Proceedings of the Institution of
Mechanical Engineers, Part C: Journal of Mechanical
Engineering Science, pp. 1147-1152, 2005.

Bi ZM, Zhang WJ. Flexible fixture design and automation:
review, issues, and future directions. Int J Prod Res
2001;39(13):2867-94.

Boyle I. M., Kevin R., Brown D. C., "CAFixD: A Case-
Based Reasoning Fixture Design Method. Framework and
Indexing Mechanisms,” DETC ’04 ASME 2004 Design
Engineering Technical Conferences and Computers and
Information in Engineering Conference, Salt Lake,Utah
USA, 2004, 1-9.

Boyle I., Rong Y., Brown D. C. A review and analysis of
current computer-aided fixture design approaches. Robotics
and Computer-Integrated Manufacturing 2011; 27:1-12.
Fahran U. H., “An Integrated Computer-Aided Modular
Fixture Design System for Machining Semi-Circular Parts”,
School of Engineering, Edith Cowan University, 2013.
Farhan U. H. An Integrated Computer-Aided Modular
Fixture Design System for Machining Semi-Circular Parts.
2013.

(2]

(3]

[4]

[5]

[6]

[7]1 Hoffman, E. G. “Jig and Fixture Design”, 3rd Ed., Delmar,
New York, 1991.

[8] Kailing L., Ran L., Guiheng B., Peng Z., "Development of
an intelligent jig and fixture design system,” 7th

18

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

International Conference on Computer-Aided Industrial
Design and Conceptual Design, 2006, 1-5.

Kong X., Yangyi, J. Zhou, C. Gou, H. Zhang, and W. Zhao,
"Reaserch and development of the software on computer
aided fixtures designing," IEEE, pp. 1233-1236, 2009.

Ma W., Z. Lei, and Y. Rong, "FIX-DES:A computer - aided
modular fixture configuration design system,” Advanced
manufacturing technology, vol. 14, pp. 21-32, 1998.

Martin P., Lombard M., "Modelling knowledge related to the
allocation of modular jigs for part fixturing using fuzzy
reasoning,” The International Journal of Advanced
Manufacturing Technology, vol. 28, pp. 527-531, 2006.

Nee A. Y. C., Kumar A. S., "A Framework for an
Object/Rule-BasedAutomated  Fixture Design System,"
CIRP Annals — Manufacturing Technology, vol. 40, pp. 147-
151, 1991.

Nnaji B. O., Alladin S., "E-CAFFS: An expert computer-
aided flexible fixturing system,” Computers &amp;
Industrial Engineering, vol. 18, pp. 297-311, 1990.

Peng G., Chen G., Wu C., Xin H., Jiang Y. Applying RBR
and CBR to develop a VR based integrated system for
machining fixture design. Expert Systems with Applications
2011; 38: 26-38.

Rong, Y., J. Ni, S. M. Wu, “An Improved Model Structure
for Forecasting Compensary Control of Machine Tool
Errors”, Sensors and Control for Manufacturing, ASME
PED Vol. 33, pp. 175-181, 1988.

Vallapuzha S, De Meter EC, Choudhuri S, Khetan RP. An
investigation into the use of spatial coordinates for the
genetic algorithm based solution of the fixture layout
optimization problem. Int J Mach Tool Manuf 2002;42:265—
75.

Vukelic D., Hodolic J. Computer aided fixtures design.
University of Novi Sad. Faculty of Technical Sciences. 47-th
anniversary of the faculty. 2007: 21-26

Zhang Y., Peng G., "Development of an integrated system
for setup planning and fixture design in CAPP,"
International ~ conference on  advanced intelligent
machatronics, Monterey, California, USA, 2005, pp. 1401-
14086.

Zhu Y., S. Zang, “Modular Fixturing Systems: Theory and
Application”, Machinery Press, Beijing.



KOMIIOHEHTHO-BA3BUPAHO YIIPABJIEHUE HA OBCJIYXBAIIUAT MOAYJI
PIC ALFA HA CTAHLUUA FESTO MPS HANDLING

Xpucro Kapamumies, I'eopru Ilonos
Texunueckn Yuuepcurer — Codusi, MTD, Beirapus
hristo_karamishev@tu-sofia.bg, gepop@tu-sofia.bg

Abstract: The IEC 61499 standard defines control architecture and models for develop of distributed control applications. The base
model of IEC 61499 standard is Functional Block model. The report aims to present the development of IEC 61499-based control of PicAlfa
module for FESTO handling station.

Keywords: IEC 61499, FESTO HANDLING STATION

1. Yeoo e [IHeBMOLMIMHIBPBT € H3TErJCH (3aXBaThT € MOBAWUTHAT B

TOPHO TIOJIOXKEHHE);
CbBpeMEHHHTE WHIYCTPHAIHE CUCTEMH TpsiOBa Ja IpUTeXkKaBatr

YHIpaBJICHHE, KOCTO Jia € B CBHCTOSHHE IWHAMHWYHO Ja IPOMEHH L4 3aXBaTbTeOTBOpeH-
CTpPYKTypara cH B peasHo Bpeme. Cructemure 3a ynpasieHue, 0a3u-
panu Ha crangapra |EC 61499 [1] ch3aaBaT BE3MOKHOCT 3a JIHHA-
MHYHO, OTJAJe4eHO M PEeKOH(PUIYpHpaIIo Ce yNpaBIeHHE HA WH-
IYCTPHAJIHA CHUCTEMH M IPOLECH. 3a Ja ce MOCTHI'HE PeKOHQUry-
pHpaiia ce CocoOHOCT Ha CUCTEMUTE 3a YIpaBJIeHHE, KaTo ChIIEB-
PEMEHHO OTTOBapsT Ha HEOOXOAWMHTE M3HCKBAHUS HA CHCTEMHTE
OT HHCKO HHBO, € HE0OXOIMMO pa3padoTkaTra Ha pPeKOH(HUrypHpa-
o0 ce MPUWJIOKEHHE W MOJKpena B cpejara 3a H3IbiHeHHe [2].
Pexondurypupanioro ce npuiioxeHue TpsOBa ga OCHIypsiBa HeoO-
XOIUMHTE peKoHurypupanm ce ycinyru. Cpepara 3a M3IbJIHEHHE
TpsiOBa J1a OCHTYPH YCJIOBHS, B PEATHO BpeMe 1a ObJe M3IBIHEHO
MPUJIOKEHHUETO 3a yrpasienue [3].

Ty

Cranpaptet |IEC 61499 neduuupa ciieqHUTE OCHOBHH MOJICIIH:
MOJIEJT Ha MPHUJIOKECHHE, MOJICN Ha CUCTEMa, MOJIeNl Ha yCTPOIHCTBO,
MOJIeT Ha pecypc M Mojen Ha (yHKIMOHaNeH OJIok. Beuuku Tesu
MOJIENIH ]aBaT Bh3MOXKHOCT J1a e pa3paboTBaT pasnpeiecHu HpH-
JIOKeHHs 3a ynpapieHue B rpadpuuex Bua [4]. LenTpanHo MscTo B
KkoHnenmuaATa Ha crangapta IEC 61499 3aema MonenrbT Ha OCHOBEH
¢dyukiponanuus 6ok (OB) [5]. Toit Moke ma Oble U3MON3BaH 3a ~
neUHEpaHE HA MPEU3NOI3BacMH cohTyepHH KOMIOHEHTH [6]. Due. 1: Obenyacsawa cmanyus Festo MPS Handling [7]

Llen Ha HacToAIIATa CTATHS € Pa3pabOTKaTa Ha MOJIEI] Ha OCHO-
BeH @b 3a ynpasnenue Ha obciykBail MOy Ha cTaHIusATa Festo
MPS Handling [7], npenxasnadena 3a npemecTBaHe U copTupane 1. [IHEBMOUMIMHIBPHT CE M3IWIa MPU HAIMYKE HA JETAlJl BbB
Ha JICTAlIN MEXY HIKOJKO CTAHILHMH, BKIFOYCHH B MHAYCTpUATHA BXOJIHATA TO3MLIMS.
cucrema.

ITocienoBaTesHOCT P padora

2. 3axBaThT € 3aTBOPEH. HBCTOB&T& I/IIICHTI/I(i)I/IKaHPISI Ha Z[eTaI‘/IUIa (S
BKJIFOYUCHA.

2. O6cayaceawy mooyn PicAlfa na cmanyua Festo 3. TTHEBMOUMIMHIBPBT € H3TEIJICH.
MPS Hand“ng ITocTaBsiHe Ha YepeH AeTaill
A) Ob6cenyocsawa cmanyus Festo MPS Handling

JluneiiHara oc mo6nmkasa nosunusra 2 ,,yiei 1 (Pos. B).

O6cnyxBamara cranuust Festo MPS Handling e exunupana ¢
IByocHO obciyxBaio ycrpoiictBo PicAlfa (dur. 1, mosumms 3),
KOETO pa3lo3HaBa ACTailjuTe, MOCTABEHH HA BXOJHATA MO3MIMUS 5
9pe3 OLTUYEH CEH30P.

ITHEBMOIMAMHABPBT CE MPHUJBHKBA.
3axBaTbT CE€ OTBAPs U JETAHIBT CE NOCTaBsI BbPXY YJIesl.

[IHeBMOLMAMHABPBT C€ U3TETJIA.

OO0cmyXBaIloTO YCTPOHCTBO B3eMa JIETaiIuTe, MOCTaBEHH Ha
BXOJHATa TO3MIMA C TOMOIITa Ha IMHEBMAaTHYHO YCTPOMCTBO 3a
3axBarnane 4 (3axsar). Jletailinre ce pa3no3HaBaT OT yCTPOUCTBOTO
4ype3 CeH30p, KOWTO ru Kiacuuuupa Kato ,,d9epeH AeTain’ u ,,He- ITocTaBsiHe HA YepBeH/MeTATH3UPAH JeTAI
4yepeH JeTain’. B chboTBETCTBHE C TO3HM KPUTEPHUii, 00CITYKBaIIOTO

yCTpOﬁCTBO noapexaa I[eTaﬁJ'IPITe B CbOTBCTHHUA yneﬁ.

© N o g &

JluneiinaTta oc ce npeMecTBa Ha MO3ULMATA ,,[IPEUILIHA CTaH-
s,

9. Jluneitnara oc noGmmkaBa nosurusra 1 ,,yneit 2“ (Pos. C).

10. TIHEBMOLMIMHABLPBT CE MPHUIBHKBA.
b) Iocnedosamennocm npu paboma na cmanyusima P p

11. 3axBarhT ce OTBaps U ACTAWIBT CE MOCTaBs BHPXY yilesl.
CrapTupaHe H HHUIUAIH3AINS

N 12. TTHeBMOLMJIMHABPBT CE U3TEIJIS.
e TlocrenBane Ha jertaiin [ BbB BXxoaHata no3uims 5 (P0s.A); P

13. Jluneiinara oc ce mpeMecTBa Ha MIO3ULKITA ,,IPSIHIIHA CTaH-

e JluHelHaTa OC € B MO3UIMSA ,,IPETUIIHA CTAHIHA"; s
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B) Mooyn 3a obcnyxceane na demaiinume PicAlfa

OcHoBHuAT Moayn Ha craHnus Festo MPS Handling e o6c-
ayxsaius Moayn PicAlfa (dur. 2), koifto ¢ ABYOCHO YCTpOHCTBO
3a 00cny)XBaHe, pa3lO3HaBaHe W MpeMecTBaHe Ha AeTainu. Upes
MOJIyJia Ce B3eMa JIETailyl OT ejHa IMO3MIMs W CE MpPEeMecTBa Ha
npyra. [To3uiuTe MOTaT 1a ca MpeIX0/Ha WK CJIe(Balla CTAHIUS,
yIlenTe Ha 00CTyXKBallaTa CTaHIHs WIH ,,BX/U3X" TO3HIMS (B 3aBH-
CHMOCT OT KOH(UTypaIHsTa Ha CTAHI[HATA).

@Due. 2: [Theemamuyno ycmpoicmeo 3a 06Ciydiceane Ha 0emaiiu-
me PicAlfa [7]

1™ > ‘
¢
®ur. 3: OnruyeH audyseH ceHsop [7]

Jeraiinure ce OTKpUBAT OT 0OCITyKBAIUs MOAYJ Ype3 ONTHYECH
nudyseH censop (dur. 3), KoiiTo npaBu pasinka Mexay "dyepHu" u
"HeuepHHU" eTalu.

JbmKuHaTa Ha X0a, HAKJIOHA HA OCUTE, KaKTO U Pa3IloJIOKe-
HUETO Ha CEH30pUTE 32 KpalHUTE MOJO0XKEHHUS Ha XOJa Ha MOJayJa
ce HAcTpOMBaT MPHU MOHTAX B 3aBHCUMOCT OT 3aJ[auuTe 3a U3ITBJI-
Henne Ha craiusra. Momyast PicAlfa uma crnennnre ocHOBHE
TapaMeTpH:

® JIMHEHWHO 3a/BIKBaHe (XOpH30HTaNHA oc X): IBJDKHHA Ha XOIa
600 mm, BKJIIOUEHH ca TPU CEH30pa 3a KPAHHO IOJIOXKEHHE;

® [HEBMATHYEH MIOCHK HIJIHHABD (BEPTUKANIHA OC Z): IbIKHHA HA
xoaa 80 MM, BKITIOUEHH ca JIBa CEH30pa 3a KpaiHO MOJIOKEHHUE;

® nHeBMATHYEeH 3axBat/rpurep (gripper);
e BucoynHa 700 mm;
e mpoynHa 220 mm;

e nhmkuHA 730 mm.

3. |IEC 61499-ynpaenenue mna oocnysyiceama
cmanyus Festo MPS Handling

Ha ¢ur. 1 e naneH creHapusr, 3a KOTO ¢ pa3paboTeHO yrpas-

JICHHETO Ha oOCIyXBaIUAT MOay Ha craHnusta Festo MPS Han-

dling. Jeraitnmure nmocrbnsar B no3uuust 5 (Pos. A) otkpaero obc-
JTyXKBAIIUAT MOZYJI TH B3€Ma U TH COPTHPA O CICTHHUS KPUTEPHIL:

a) yepHUTe AeTaiinu — B yieii 2 (Pos. B);

0) HeyepHUTE AeTailnyu (YepBEHUTE U METAIM3UpaHuTe) — B yiel 1
(Pos. C).

EWENT HINIT INITOT EVENT
EWENT =) WP _available Move_in_posA =) EVENT
EVENT = Handling_at_posa Mave_in_poesB = EVENT
EWVENT it Handling_at_pozB Mowve_in_posC 5] EVENT
EVENT 7 Handling_at_posC Gripper_up it EVENT
EVENT £ ripper_sstended  Gripper_donn £ EVENT
EWENT =y ripper_retracted Fiz_ WP =) EVENT
EVENT = NP _is_not_black Urifise_iNfE £ EVENT
EVENT —it WF_is_black STOF T~ EVENT
PicAlfa_ctrl

BOOL |_||_||_||_||_||_||_||_||_|LQ| BOOL

QDJ o g ey ey

Que. 4: Humepeiic na @F ,, PicAlfa_ctrl” sa ynpasienue na
MOOyna 3a 0OCHydHCceane Ha demaiiume

Ha ¢ur. 4 e npencrasen unrepdeiic Ha Ob ,,PicAlfa_ctrl” 3a
yIpaBJeHHe Ha MOJyJa 3a OOCIy)KBaHE Ha [ICTAlJINTe HAa CTAHIMSA
Festo MPS Handling. Mozgenst na IEC61499-6a3upanus 010K €
pa3paboTeH B cpenata Ha copryepuus nactpyment FBDK. B tabi.
1 ca omucaHH BXOIHHWTE M M3XOAHUTE CHOWTHs Ha Oioka. Toil ce

aKTHBHpa TpH HacTenBaHe Ha BxomHu cebutus  INIT,
WP _available, Handling_at posA, Handling_at posB, Han-
dling_at_posC, Gripper_extended, Gripper_retracted,

WP _is_not_black u WP _is_black. U3xoaun crouTHs 3a 610Kka ca
INITO, Move_in_posA, Move_in_posB, Move  in_posC, Grip-
per_up, Gripper_down, Fix_WP, Unfix_WP u STOP.

Ta6u. 1: Bxoxuu u usxoauu cooutus na OB ,,PicAlfa_ctrl”

BXOJHU CbBUTUSA

INIT Munnuanuzanus Ha @b

WP_available TlocThIui feTailsl BbPXY CTAHIUSATA, HACTHIIBA BXOIHO
ceoute WP_available. TIlomysaBa ce curmam ot
cemsop PART_AV.

Handling_ OOCIyKBaIIOTO YCTPOUCTBO € JJOCTUIHAJIO MO3UIHSA A.

at_posA TomywaBa ce curnan ot cersop 1B1.

Handling_ OO0CayKBaIOTO YCTPOMCTBO € JJOCTUTHAJIO MO3uLus B.

at_posB IlomyuaBa ce curnan ot cexzop 1B2.

Handling_ OG6CIyKBaIIOTO YCTPOMCTBO € gocTurHano mosumust C.

at_posC Ilomyuasa ce curnan ot cexzop 1B3.

Gripper__ 3axBaThT Ha OOCITYXKBAlIMs MOIYJ € AOCTUTHAJT Kpaid-

extended HO JOJIHO MOJO0XKCHHE, IPU KOCTO COPTHpPA MU B3UMa
neraitnure. IomyvaBa ce curHan ot censop 2B1.

Gripper_ 3axBaThT Ha OOCITYXBAlIMs MOIYJ € AOCTUTHAJT Kpaii-

retracted HO TOpHO nonoxenue. [lodyyaBa ce curHan ot ceHs3op
2B2.

WHP_is_not_ IlocTbnumuAT AeTaiin BBPXy CTaHLUATA € HEYEPEH.

black IMonyuasa ce curHain ot cexzop 3B1.

WP_is_black TocThunuAT OeTaiin BBPXY CTaHIMATA € YEPeH.
Ilonyuasa ce curnan ot @b 3a Bpeme.

HU3XOAHU CbBUTHUA

INITO TloTBBprKACHHE 32 UHMIMANU3anusaTa Ha Ob

Move_in_posA OO0cCITyXBaIOTO YCTPOMCTBO J1a ce MPEMECTH B IMO3H-
s A.

Move_in_posB OO0cCITyXBaIOTO YCTPOMCTBO J1a ce MPEMECTH B IMO3H-
us B.

Move_in_posC OO6CIyXKBaI[OTO YCTPOHCTBO Ja Ce MPEMECTU B IIO3H-
s C.

Gripper_up IIpemecTBaHe Ha 3axBaTa KbM KpaifHO FOPHO IOIOXKE-
HHE.

Gripper_down IIpemecTBaHe Ha 3axBaTa KbM KpalHO JJOJIHO IMOJOXKeE-
HHE.
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Fix_WP dukcupaHe Ha JieTaiiina B 3axBaTa (B3eMaHe Ha JieTaii-
na).

Unfix_WP OcBoboxIaBaHe Ha JeTaiina OT 3axBara (OCTaBsSHE Ha
JieTaina).

STOP Crupane Ha yCTPOUCTBOTO.

Cumynanusra va ®b ,,PicAlfa_ctrl” cvorBercTBar Ha mocie-
JIOBAaTEIHOCTTA OT JCHCTBHS MPH OOCIY)KBaHE Ha [CTAlJl THII ,,He-
yepeH™.

Taén. 2: Cumynayus na ®@F ,,PicAlfa_ctrl”

I'padpT 3a u3mbaHEHHE Ha ymnpaeicHHeTo Ha ®b 3a ympasie-
HHE Ha pasmpeleauTeNHus Moayn Ha cranmus FESTO MPS
Sorting e mpencrasen Ha ¢ur. 5. Koraro mocteiu AeTailil BhPXY
CTaHIUATA, ONTUYECH CceH30p PART_AV cb31aBa CUrHAJ, HACTHIIBA
BxomHo cwOute WP_available, axrtuBupa ce cobcTostHHETO
Grip_det u ce renepupa usxoxauo crbutne Gripper_down. 3axsa-
T6r (dur. 1, mo3. 4) ce npemecTBa 1Mo oc Z, KaTo JOCTUTa JeTaiina,
CHOTBETHO M KPAaHHOTO CH JOJIHO HOJIOXKEHHe. Tyk € MOHTHpaH
cenzop 2B1, KoiTO ch3/1aBa CUTHAI U AKTUBUPA BXOIHOTO CHOUTHE
Gripper_extended, akrtusupa ce chcrosHmero Fixing det m ce
TEHEPUPAT TIOCNIENOBATENHO ABETE M3XOAHM choutus Fix WP
(3axBariane Ha jeraiiia) u Gripper_up (BKIOYBaHE Ha MPEMECT-
BaHeTO Mo oc Z KbM KpaiHO ropHO mojoxenue). KpM 3axBata e
MOHTHUpaH onrtudeH ceHsop 3B1, upe3 KOHTO ce pa3no3HaBaT Je-
TailmuTe BUA ,,HeuepeH . B 3aBUCHMOCT OT BU/a Ha JieTaiina (YepeH
WM HedepeH (YepBeH WM METalu3upaH/CHB)), B rpada 3a H3IbI-
HEHHE Ha YNpPaBJICHUETO Ca BKIIIOYEHHU CICTHHUTE JBa HapajeHu
KJIOHA Ha rpada 3a U3IBIHEHNUE Ha YIPABICHUETO, KOUTO ca alTep-
HATUBHH.

A) Ako B 00CITYKBAILIOTO YCTPOWCTBO € 3aXBaHAT YCPBEH HIIU
MeTaJlu3upaH JeTaiii, To oT ceHzopa 3B1 ce cb3naBa curxai, kKaTo
ce akruBupa BxoxHoto ceourue WP_is_ not_black. Axrusupa ce
cecrostumero Move_Handling_ in_posC u ce reHepupa H3X0IHO
ceouTre Move_in_posC. O6cmyKBaIusT MOy ce IPEMECTBA O
oc X u poctura yaeit 1 (pos. C). Censopst B nosuimsara 1B3 cb3-
JlaBa CHMTHAJI, akTUBHpPA ce BXoaHoTo croutue Handling at_ posC,
akTHBHpa ce chcrosHueTo Sort not black det u ce remepupa
U3X0HOTO chOuTHE Gripper_down 3a BKJIIOYBaHE HA BEPTHUKAIHO-
TO IPEMECTBAHE Ha JeTaiia.

B) Ako B 06ciTyKBaIoTo ycTpoiCTBO € 3aXBaHAT YepeH AeTaill,
Ce Ch3/[aBa CUTHAJ OT CHelUaIn3upad HYHKIHOHATEH OJIOK, aKTH-
Bupa ce BxoxHoTo chbutre WP_is_ black. Akrusupa ce cberosi-
nuero Move Handling_ in_posB u ce resepupa U3X0QHO CHOUTHE
Move _in_posB. 3axBarbT ¢ AeTaiina ce IMPEMECTBA IO XOPH30H-
TajHara oc, Karo moctura yiaei 2 (pos. B). CenzopsbT B no3unusTa
1B2 cBb3maBa CcHTHAI, aKTHBUPa CE€ BXOJHOTO ChOHWTHE
Handling_at_posB, akrusupa ce chcrosiauero Sort_black det u
ce reHepupa u3xoaHoTo crourue Gripper_down.

OOCy»XBal[oTO YCTPOMCTBO € JCTaiia JOCTUTa KPAHHO JOJHO
nosiockeHue. Cenzop 2B1 koiiTo ch3maBa CUrHaJl, HACTBIIBA BXOJI-
noro ceburre Gripper_extended, akruBupa ce cbcrostuuero Un-
fixing_det u ce renepupar asere usxomuu crouTHs Unfix_WP, 3a
0CBOOOXKIaBaHEe/OCTaBsIHE HA JIeTailia B ChoTBeTHHS yieH, u Grip-
per_up, 3a u3TerNIsIHe Ha 3axBara Mo oc Z B KPalHO TOPHO IOJIO-
)keHne. Tyk e MoHTHpaH ceH3op 2B2, koiTo ch3maBa CUTHAI U
HacThIBa BXOHHOTO chbutme Gripper_retracted, axrtuBupa ce
cecrosanero Move Handling_at_initial_pos, resepupa ce usxon-
HOTO chOmTHE MOVE in_pPOSA M ce BKIIOYBA NPEMECTBAHETO Ha
00CITY)KBaIIOTO YCTPOMCTBO KbM mo3uius A. [lpu pocruranero u
HactpiBa BxomHoto cwburie Handling_at_posA, akrusupa ce
cecrostunero Stop_device u ce reHepupa W3XOJHOTO ChOHTHE
STOP. CraHuusta € B ChCTOSHHE HAa W3YaKBaHE HA MMOCTHIIBAHETO
Ha HOB JCTaMII.

B 1abm. 2 e npeacraBeHa cumyanus Ha YHKIMOHATHHS OJIOK
,»PiCAlfa_ctrl” 3a ynpasnenue Ha oGCITyXKBal[Msi MOJLYJ Ha CTaH-
musta Festo MPS Handling. TIpu natuckane Ha codTyeped OyToH
CHOTBETCTBAII[ Ha [[aJICHO BXOAHO ChOMTHE, Ce aKTHBHPA CBBHP3aHO-
TO C HETO €JIHO MJIH JIBE U3XOHU CHOUTHS.
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5. 3aknrouenue

IIpoBeneHOTO M3cIIeIBaHE OCTUTA CIICAHUTE PE3YITATH:

® U3BBPIICH € aHAJIM3 Ha Bb3MOXKHOCTHTE M paborara Ha
cTaHIMsATa 3a 00CTy)BaHe Ha Aeraiiin Festo MPS Handling;

e B cpexnara Ha copryepuus unctpymentr FBDK e cy3nanen
MOJIe]T Ha OCHOBEH (DYHKIHOHAJEH OJOK 3a yIpaBieHHe Ha 00-
ciayxBaius Moayi PicAlfa na cranumsra, 6a3upaH Ha cTaHgapra
IEC-61499;

e B cpenara Ha FBDK e m3nenHena cumymanums Ha Gioka 3a
Bepu(UKaINsI Ha pa3pabOTEeHHs] MOJEL.
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Abstract: One of the main problems of biomedical informatics in the effort to increase its contribution in knowledge retrieval and
decision making is the integration of ever-increasing amounts of information and data from multiple heterogeneous sources and domains -
clinical, medical, biological etc. The paper proposes an ontology based approach for integration of biomedical data and information using
the Linked Open Data vocabularies and a D2RQ-mapped database. A simple example of semantic integration of heterogeneous biomedical

and health data sources is given.
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1. Introduction

The biomedical domain is distinguished by rapidly and versatile
implementation of the achievements of ICT. Significant and with
continuous rates increases the amount of accumulated and used
information which increasingly is stored in a different size,
complexity, levels of abstraction, perspectives and areas of
application databases and lexical glossaries, directories and
ontologies. Particularly strong growth marks represention of
biomedical entities, their terms and relations in form of
vocabularies, terminologies and ontologies. Some of them contain
overlapping information and some application may require a
domain ontology which spans several ontologies. “Ontology
integration” consists in establishing relations between concepts
belonging to different ontologies. The effective use of this
information stored on different sources, in different forms and
formats is essential.

Biomedical ontologies provide essential domain knowledge to
drive data integration, information retrieval, data annotation,
natural-language processing and decision support. The main aim of
the proposed paper is to suggest an ontology based approach
supporting the data and information integration in the biomedical
domain based on the concept of Linked Open Data supported by
Linked Open Vocabularies (LOV) [http://lov.okfn.org/dataset/lov]
and the OWL version of schemaorg namespace
[https://schema.org/docs/documentation/ntml], enhanced with the
D2RQ platform for RDB2RDF transformation.

The paper is organized in 5 parts. After the introduction, in part
2 a short overview of existing biomedical ontologies, classified in
four basic categories, is given. The third part of the paper discusses
the approaches and problems by data and information integration. In
Part 4 the suggested approach for ontology based data and
information integration is described. Applicability of the suggested
approach is illustrated with a case study in part 4. Finally some
conclusions are made.

2. Short overview of biomedical ontologies

Too many research efforts have been made in the biomedical
domain for creation and use of different in type and size ontologies.
Most of current biomedical ontologies are principally taxonomic
hierarchies with sparse relationships. Four basic categories of
ontologies are in use in the biomedical domain, as shown in Fig.1:
top-level ontologies or upper-level, upper-level domain ontologies,
domain ontologies and application ontologies.

The top-level ontologies are one of the main pillars used as a
formal foundation for building domain ontologies. The primary
purpose of top-level ontologies is to describe the general concepts
through a framework of axioms and definitions or categories such
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as continuant, process and boundary and relationships such as
“is_a” (for subtype) and “part_of” [1, 2]. The most popular top-
level ontologies, useful for the biomedical domain are DOLCE
(Descriptional Ontology for Linguistic and Cognitive Engineering)
[3] and BFO (Basic Formal Ontology) [4]. DOLCE is a high-level,
domain-independent conceptual framework for representing
meaning. BFO is a foundational ontology that aims to adopt the
structural vocabulary introduced for the characterization of DOLCE
as it concerns universals, without fussing about the modal
interpretation [3, 1]. The next category includes ontologies, which
contain core concepts of a given domain and is working as an
interface between the top-level and different domain categories.
Some of the most popular representatives of this category are
UMLS (Unified Medical Language System) [5] and GALEN
(General  Architecture for Languages, Enclopedias and
Nomenclatures in Medicine) [6]. UMLS support the development of
computer systems in biomedical domain, based on the UMLS
Knowledge Sources, composed of Metathesaurus, containing
information about biomedical and health-related concepts, their
various names, and the relationships among them; Semantic
Network, providing consistent categorization of all concepts
represented in the Metathesaurus and the SPECIALIST Lexicon
including many biomedical terms in English. GALEN is one of the
first attempts for representing coded patient information and uses
common reference model for representing medical concepts.

top-level
(DOLCE, BFO)

top-level domain
(UMLS, GALEN, MED,...)

domain

“real ontology”
(FMA,...)

ﬁ
N

controlled vocabulary
(GO, ICD-10, SNOMED-CT,...)

Fig.1: Biomedical ontologies classification

The largest category of ontologies in biomedical domain is this
of domain ontologies, which represent knowledge about particular
part of the world in a way that is independent from specific
objectives, through a theory of the domains [1]. In reality, the
number of real ontologies is not large. Therefore, they are
considered two subgroups: real ontologies and controlled
vocabularies. Representative of the first subgroup is the
Foundational Model of Anatomy (FMA) [7, 8] that represents



declarative knowledge about structural organization of the human
body with the intent of expanding the anatomical content of UMLS.
The next subgroup includes the so called “controlled vocabularies”
which are purpose-oriented and designed to meet particular needs,
such as annotating biological databases (Gene Ontology (GO) [9,
http://www.geneontology.org] and other OBO (Open Biological and
Biomedical ontologies) ontologies [http://www.obofoundry.org/])
or medical records (ICD-10 [http://www.who.int/classifications/icd/en/],
SNOMED CT [http://www.ihtsdo.org/snomed-ct]). OBO are set of
orthogonal interoperable reference ontologies for biomedical
domain built in the frame of OBO Foundry based on BFO, such as
GO. GO as a part of OBO provides structured, controlled biological
terminology that describes gene products in terms of their
associated biological processes, cellular components and molecular
functions in a species-independent manner. Medical records are
presented by ICD-10 that is the 10th release of International
classification of diseases, disorders, injuries and other related health
conditions, and is used in clinical care, research, health care and
globally for statistics and trends. The ICD-10 defines the universe
of diseases, disorders, injuries and other related health conditions.
One of the most comprehensive, semantically accurate, multilingual
clinical healthcare terminologies in the world is represented in
SNOMED CT, developed by IHTSDO (International Health
Terminology Standards Development Organisation) and is used
across all health systems, services and products in the world. The
ontology concepts represent terms and processes that capture the
meanings associated with healthcare related observations,
procedures, functions and therapies. The NCI (National Cancer
Institute) Thesaurus [http://bioportal.bioontology.org/ontologies/NCIT] is
a description of logic-based terminology for clinical care,
translational and basic research, public information and
administrative activities, and is available on the NCI Term Browser
[https://nciterms.nci.nih.gov/ncitbrowser/pages/].

The application ontologies, describes the semantic of a single
information resource and are useful for terminology — oriented
applications. For example the Medical Entities Dictionary (MED)
[http://med.dmi.columbia.edu/] is a concept-oriented metadata
dictionary in use at New York Presbyterian Hospital (NYPH) and is
a repository of medical terms arranged in a semantic network. The
concepts contained in MED include those from ICD-9CM, UMLS
and LOINC. Another application ontology, designed to integrate
terminologies and databases with applications in natural language
processing and information retrieval, is LinKBase® [10].

3. Ontology based data and information
integration

As discussed in the above part of the paper, there exist a lot of
different specialized biomedical ontologies, databases, information
systems, applications, semantic nets that combine data from several
sources, each of which is accessed through an API specific to the
data provider. The existence of a specialized API for each data set
creates a landscape where significant effort is required to integrate
each novel data set. Consequently, data returned from Web APIs
typically exists as isolated fragments, lacking reliable onward links
signposting the way to related data [11]. The applied approaches for
data and information integration based on reference models and
semantic nets fail to achieve a high degree of integration.

Linking biomedical data distributed in different models and
representations requires a standard mechanism for specifying the
existence and meaning of connections between items described in
this data. The concept Linked Data is introduced by Tim Berners-
Lee as unique identification and links between heterogeneous web
resources to detect and retrieve information. Linked Data Platform
1.0 (W3C Recommendation since 26 February 2015) defines a set
of rules for HTTP operations on web resources to provide an
architecture for read-write Linked Data on the web. Linked Data
Platform combines a common data model, a standard mechanism to
access the data using the HTTP protocol, HTML hyperlinks and
approved shared domain vocabularies. The success of Linked Open
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Vocabularies (LOV) as a central information point about
vocabularies is symptomatic of a need for an authoritative reference
point to aid the encoding and publication of data. The definitions of
terms (classes, properties, or instances) provided by the LOV
vocabularies bring clear semantics to descriptions and links thanks
to the formal language they use, providing the semantic glue
enabling data to become meaningful data. VVocabulary terms are
identified by public URIs and can be linked inside a vocabulary and
across vocabularies. The latest version of the Ontology for
Biomedical Investigations (OBO) in LOV is from 01.08.2015. The
large and growing set of terms in the schema.org namespace
includes (and references) many established terms. Health and
medical types in the schema.org (“MedicalEntity” and subtypes) are
useful for content publishers that wish to mark up health and
medical content on the web.

A key factor in the reusability of data is the extent to which it is
well structured. Ontologies are succeeding to a large degree as a
knowledge representation and data integration. Ontology matching
is a solution to the semantic heterogeneity problem. It finds
correspondences between semantically related entities of
ontologies. In [12] ontology matching is formalized based on a
unified account over a lot of previous works. The matching
operation determines an alignment A’ for a pair of ontologies O
and O, as shown in Fig.2.

0, pararrieters
®\ matching _>

7’

Fig.2: Ontology matching

!

0,
resources

An alignment is a set of correspondences between entities
belonging to the matched ontologies. Alignments can be of various
cardinalities: 1:1 (one-to-one), 1:m (one-to-many), n:1 (many-to-
one) or n:m (many-to-many). Given two ontologies, a
correspondence is a 4-uple <id, e;, e, r>, such that: id is an
identifier for the given correspondence; el and e, are entities, e.g.,
classes and properties of the first and the second ontology,
respectively; r is a relation, e.g., equivalence (=), more general (2 ),
disjointness (L), holding between el and e,. The correspondence
<id, ey, e,, r> asserts that the relation r holds between the ontology
entities el and e,. Correspondences have some associated metadata,
such as the correspondence author name. A frequently used
metadata element is a confidence in the correspondence (typically
in the [0, 1] range).

4. Description of the suggested approach for data
and information integration

The approach suggested in this paper in order to represent and
integrate different biomedical data in RDF employing the
standardized and widely used vocabularies as well as the publishing
term definitions via the Linked Data principles.

4.1. Linked Open Data

The Linked Data approach offers significant advantages over
current practices for creating and delivering biomedical data.
Linked Data and especially Linked Open Data is sharable,
extensible, and easily re-usable [13]. It supports multilingual
functionality for data and user services, such as the labeling of
concepts identified by language-agnostic URIs. Linked Data is
expressed using standards such as RDFS, SKOS, and OWL, which
specifies relationships, integrate information from multiple sources
and are able to infer new information from a set of asserted facts.
Quite often, the RDF/OWL ontologies might be automatically
generated from legacy data sources such as spreadsheets, XML files
and databases.
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http://med.dmi.columbia.edu/

4.2. D2RQ open source software platform

The approach does not exclude the legacy databases and
traditional Web content, because RDF serializations can be
generated on-the-fly and present data from multiple datasets as if it
were within a single database.

The D2RQ [http://d2rg.org/] is open source software platform
for accessing relational databases as virtual, read-only RDF graphs.
It offers RDF-based access to the content of relational databases
without having to replicate it into an RDF store. D2RQ platform
consists of:

e D2RQ Mapping Language - declarative XML-based language
for describing the mapping between the relational schema and OWL
/ RDFS ontologies;

e D2RQ Engine - plug-in in Jena Framework (Java environment,
providing software tools and libraries for the Semantic Web and
Linked Data), which uses D2RQ Mapping Language to rewrite
queries in SQL to the database;

e D2R Server - HTTP server that allows HTML links to data and
SPARQL endpoint to query the data.

D2RQ Mapping Language creates a mapping file, analyzing the
database scheme as each table is transformed into a new RDF class
with the same name and each field is transformed into property data
type. D2RQ Mapping Language also creates Uniform Resource
Identifiers (URISs) of the database data. D2RQ platform can be used
for: (i) query a non-RDF database using SPARQL, (ii) access the
content of the database as Linked Data over the Web, (iii) create
custom dumps of the database in RDF formats for loading into an
RDF store, (iv) access information in a non-RDF database using the
Apache Jena API.

4.3. OWL ontology of schema.org

The scope of medical terms in schema.org is broad, and is
intended to cover both consumer- and professionally-targeted health
and medical web content; as a result, any particular piece of content
is likely to use only a subset of the schema. “MedicalEntity” in
schema.org is not intended to define or codify a new controlled
medical vocabulary, but instead to complement existing
vocabularies and ontologies. As a schema, its focus is on surfacing
the existence of and relationships between entities described in
content. The schema does provide a way to annotate entities with
codes that refer to existing controlled medical vocabularies (such as
MeSH, SNOMED, ICD, RxNorm, UMLS, etc).

The class “MedicalEntity”, the most generic type of entity
related to health and the practice of medicine is presented in Fig.3.
The owl version of “MedicalEntity” class consists of 17 subclases:

e “AnatomicalStructure” - consists of subclasses defined for parts
of the human body as components of an anatomical system: organs,
tissues, and cells;

e “AnatomicalSystem” — is used to describe groups of anatomical
structures that work together to perform a certain task such as organ
systems: circulatory, digestive, endocrine, integumentary, immune,
lymphatic, muscular, nervous and other systems;

e “MedicalCause” - includes cardiovascular, chemical,
dermatologic, endocrine, environmental or gastroenterological
causes, etc.;

e “MedicalCondition” -
disorders, syndromes, etc.;
e “MedicalContraindication” - is a condition or factor that serves
as a reason to withhold a certain medical therapy;

e MedicalDevice” - is "Any object used in a medical capacity,
such as to diagnose or treat a patient™;

e “MedicalGuideline” - are recommendations made by a standard
society (e.g. ACC/AHA) or consensus statement that denotes how
to diagnose and treat a particular condition;

e “Medicallndication” is a condition or factor that indicates use of
a medical therapy, including signs, symptoms, risk factors,
anatomical states, etc.;

includes diseases, injuries, disabilities,
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e “Medicallntangible” - is a utility class that serves as the
umbrella for a number of 'intangible' things in the medical space;

e “MedicalProcedure” - is a process of care used in either a
diagnostic, therapeutic, or palliative capacity that relies on invasive
(surgical), non-invasive, or percutaneous techniques;

o “MedicalRiskEstimator” - is defined as "Any rule set or
interactive tool for estimating the risk of developing a complication
or condition";

o “MedicalRiskFactor” - is anything that increases a person's
likelihood of developing or contracting a disease, medical
condition, or complication;

e “MedicalSignOrSymptom” - is any indication of the existence
of a medical condition or disease;

o “MedicalStudy” - is an umbrella type covering all kinds of
research studies relating to human medicine or health, including
observational studies and interventional trials and registries,
randomized, controlled or not;

o “MedicalTest” - is any test, typically performed for diagnostic
purposes;

o “MedicalTherapy” - is defined as medical intervention designed
to prevent, treat, and cure human diseases and medical conditions,
including both curative and palliative therapies;

o “Superficial Anatomy” - consists of anatomical features that can
be observed by sight (without dissection), including the form and
proportions of the human body as well as surface landmarks that
correspond to deeper subcutaneous structures.

o “MedicineSystem“ - is an enumeration class for systems of
medical practice:  “Western  conventional”’, Homeopathic,
Osteopathic ~ “Traditional ~ Chinese”, etc. The property
“MedicalCode” for the “MedicalEntity” can be taken from a
controlled vocabulary or ontology such as ICD-9, DiseasesDB,
MeSH, SNOMED-CT, RxNorm, etc.
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Fig.3: The OWL version of “MedicalEntity”
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The techniques and platform described above are combined as
illustrated in Fig.4 in order to organize a semantic virtual
warehouse, allowing the integration and sharing of different data
and information from various resources in biomedical domain.
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Fig.4: lllustration of the suggested approach
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4. Applicability of the suggested approach

The proposed approach will be illustrated through the
integration of ontology based system for managing clinical data to
the owl version of schema.org (updated 2015-08-25). D2RQ
platform is used for database to ontology mapping. The database
“patient.sql” downloaded from http://sourceforge.net/ is used by
“OpenPatientOS” - an information system for managing patient
records. The system manages patient personal, medical, and billing
records through an easy to use Swing user interface. The
“OpenPatientOS” offers personal data entry and management,
patient medical records management, patient billing management
system, reports creation and user’s management system. The system
is intended to be used by administrators and physicians; we aim to
extend it to patients so that the patients are able to look for their
own medical records. The ER model of database and the
corresponding ontology model derived with D2RQ mapping
language are presented on Fig.5 and Fig.6, respectively.
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Fig.6: Ontology model corresponding to “patient.sgl”

The patient ontology is integrated with the owl version of
schema.org ontology in IDE  Topbraid Composer
[http:/Avww.topquadrant.com/tools/IDE-topbraid-composer-
maestro-edition/]. The class “patient:test_details” is declared as a
subclass of the class “schema:BloodTest” from the schema.org
ontology (Fig.7). As a result of the ontology matching <id31,
schema:BloodTest, patient:test_details, — >, the individuals of class
“patient:test_details” inherit 16 additional properties from the
schema.org ontology. While the database properties for the class
“test_details” are olny “patient:Blood_Test”, “patient:Test_No”,
and “patient:test_detais_patienid”, the additional properties:
“schema:affectedBy”, “schema:signDetected”, “schema:usedDevice”,
“schema:medicineSystem” and “schema:usedToDiagnose” extend
the information for a particular patient. A trail SPARQL query for
Information retrieval from the integrated model is shown on Fig.8.

5. Conclusions

Based on the analysis of the current state of development of
ontologies in biomedical applications and the approaches for data
and information integration, discussed in part 2 and part 3 of the
paper that most of the data and information resources do not
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conformed to the formal principle of ontology design and therefore
cannot be reused for other purposes and applications and does not
support automatic reasoning. The approaches, used to integrate
heterogeneous data and information, as reference models and
biomedical semantic nets fail to achieve a high degree of
integration. The suggested approach allows integration of different
heterogeneous data and information resources: Linked Open Data
vocabularies, ontologies and relational databases.
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Fig.8: Information retrieval from the integrated model
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Abstract The paper presents the comparison of two Case-Based Reasoning (CBR) oriented software frameworks myCBR3 Workbench
and CBR-Works ver. 4.3.0 for the development of predictive diagnosis and maintenance systems. Those frameworks were selected after
detailed preliminary comparisons of previous versions of myCBR presented in [3], as well of the investigations of the capabilities of other
popular CBR software systems [2]. The evaluation of myCBR and CBR-Works includes the capacity to support the: R* CBR circle;
clusterization of cases, variety of used similarity functions, etc. Specific abilities to provide GUI, database support, required knowledge to

work with the systems were also considered.
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1. Introduction

The methodology of Case-Based Reasoning (CBR) for solving
problems or tasks, based on already known past decisions of same
problems, is predicated on the hypothesis that similar problems
have similar solutions [1]. CBR is a part of artificial intelligence,
connected to automation of reasoning based on cases, current
problem formulation, searching of one or more solved in the past
similar cases and adaptation of old solutions to the current problem.

In this paper a deep comparative analysis of software
frameworks myCBR 3 and CBR Works is made. The main purpose
of this analysis is to determine whether these software frameworks
are applicable for the development of CBR applications in the area
of predictive diagnostics and maintenance.

The frameworks myCBR 3 and CBR Works are chosen on base
of detailed previous research, published in [2,3] of most distributed
and used in practice commercial and non-commercial software tools
for CBR, such as CBR Works [6,8], myCBR [7], COLIBRI Studio
[11], FreeCBR, CAT-CBR [5] etc.

1.1 Description of CBR reasoning mechanism

The stages of reasoning in CBR systems, based on cases, are
known as classical R4 cycle. Cases are the main objects in CBR
systems. Each case represents expert knowledge of a solved
problem in a specific domain. The case can be represented either as
a free text, containing a list of question and answers, or as a
structural type when the case is represented as a record or object in
the reasoning data base (Case Base).

All structural cases are described as a pair of problem-solution
[1]. The problem p; = (a;, V;) is organized as a structure of attributes
and values, described by the attribute vector a; = (aj1,ai, ---,aj;) and
the value vector v; = (Vig,Vip, ..., Vir)

The solution s; can be represented in the same way by number
of solution attributes and their values. In some cases the solution
can be presented as vectors, defined by the specific tasks. For
example in multidimensional supervised control tasks, the decision
includes two vectors s; = (spi, Pri), where the first vector sp; = (Spi1,
SPiz.---,SPig) consists of controllers sets on first hierarchical level,
and the second pr; = (pri,priz...,prim)— values of the target
parameters, corresponding to the sets.

For solving an actual problem, the following 4 main tasks of
CBR R4 cycle are iteratively performed (Fig. 1) [1, 2, 3]:

Retrieve — process of extraction of one (nearest neighbor) or a
group of cases (k-nearest neighbors) having closest definition to the
current problem. The global similarity between the problems of
these cases (the new p,., and the one in the case base p;) is
presented by following expression:

- n - n
Slm(anW!pj)zzWiSImi(pnewilpji) , and ZWi =1
i=1 i=1

Where w; is the weight of i-th attributeO<w; <1 and

Sim(Prewi» Pji) is the local similarity between i-th attributes of the
cases.
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For global similarity measure the following metrics are most
used: weighted Euclidian distance, Manhattan’s metric, Humming’s
metric, Tversky’s metric, Tchebishev’s metric, and minimum or
maximum metrics etc.

New problem

Retrieve

Similarity
1

Case retrieval

Case library

Reuse
A
Case adaptation Adaptation
Revise

Retain
Case testing Case storage

Fig.1 Classical Case-Based Reasoning R4 circle

Reuse — reuse of the solutions of chosen in the first step one or
k-nearest neighbors.

- When only one nearest case is chosen, the solution of the new
problem s, will be the solution of the chosen case Sy

- When k-nearest neighbors are chosen, the solution of the new
case is calculated on the base of adaptation of k-nearest neighbors’
solutions or a part of them.

Revise — validate new solution made on the Reuse stage. This
validation and test is mostly done by an expert or it is made based
on simulation researches if there is a mathematical model available.

Retain — saving (retaining) the new solution (learned case) in
the Case Base for future use, if it is successful

2. Comparative analysis of myCBR 3 Workbench
and CBR Works platforms

The analysis of mentioned software frameworks is aimed to
compare their capabilities for implementation of real-time and
diagnostic CBR systems and takes into account following features:
=  Type and level and availability of software documentation;
=  Required knowledge to use the software;
= Software support, updates and new versions;
= Presence of graphical User Interface (GUI);
= Internal description of the cases (problems and solutions);
= Type of similarity functions (SF);
= Support of all parts of R4 of the CBR circle;
= Support of different case-base DB (data bases);
= Clusterization and indexation of the cases;
= Visualization of the cases;
= Application of software in specific scientific areas
= Support of interfaces to diagnostic or real-time systems;
= Support of fat and thin clients

MyCBR 3 Workbench [7] is one of the most popular CBR
software applications. It is an open source platform written in Java,
accessible to all users as SDK. MyCBR 3 Workbench is a



standalone application with certain capabilities and limitations. It is
a successor of myCBR 2.6.6 plug-in of open source ontology editor
Protégé [9]. MyCBR 3 is developed by the German Research
Center for Artificial Intelligence DFKI [7]. Using SDK (Software
Development Kit) to support thin (Web-based) or fat (standalone)
CBR applications. Its programming code is well documented. The
purpose of myCBR 3 is to minimize the efforts to create CBR
applications. For its normal use, without modifying the source code,
no programming skills are required, but expertise in a specific
CBR-domain. Work with the platform and its features are described
in the tutorial, available at [7]. At present time (May 2015) new
versions 3.1 and 3 of myCBR are available for most popular
operating systems.

The framework myCBR 3 supports description of cases with
various attributes: numeric, symbol and string, logical, taxonomy
type, etc. The templates of the cases are generated as concepts with
number of attributes (Fig. 2.). It is possible one attribute itself to be
a new concept with its own attributes. This way an object-oriented
structure of the case can be implemented.

@ miCeR

| Fite Madel  Help

=N
[ | [ Medeling | [T Case Bases

' O | (EaeRats

Attribute

Hame [=]
Type Fioat
Multiple
Minimum 0.0
50.0

[ Similarity Measures

& C2Similarity

@ default function attribute | Concept Explanation

Fig. 2 Definition of concept and its attributes

In my CBR 3 the concept is a part of the CBR model which
contains case attributes, global and local similarity functions and a
textual concept description. It contains as well the weight of each
attribute and information whether it is discriminant or not (part of
the problem or part of the solution). The weight determines the
significance of the attribute in relation to others. Attributes with a
weight of zero (0) or discriminant value of false are not considered
when searching the case-base DB.

The CBR cases are objects of the concept-class described by its
attributes' values.

In myCBR 3 are given the opportunities to select the similarity
functions (SF) on concept level (global SF) and to edit it on
attribute level (local SF). At the concept level the SF are: Weighted
sum, Euclidean difference, Maximum or Minimum distance. On
attribute level the SF can be modified through the GUI, as shown
below in the middle of Fig. 3 and they can be symmetrical,
asymmetrical, step-type or smooth step-type, linear or polynomial.
Special symbol (Fig 4) and symbol taxonomy (Fig 5) SF are
available for attributes of non-numeric types.
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In myCBR 3 the cases and their attributes can be created
manually or automatically. The automatic generation of attributes is

done during the import procedure from the Comma Separated Value
/CSV/ file. Then to each column name from the CSV file is
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assigned an attribute with the same name (See Table 1). For each
row of the CSV file a new object (instance of the concept) is created
in the Case-Base DB. Unfortunately, when cases are imported from
CSV file the maximum-minimum range of variance of each
attribute is calculated automatically on the basis of the maximum
and minimum values for this attribute in all available cases, so the
retrieval of solution for a new case with attribute out of this range is
impossible. In this case manual modifications of mentioned ranges
are required.
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Fig.4. Applying Symbol attribute similarity function via GUI
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Fig.5. Applying taxonomy similarity function via GUI

When the instance of the case is created manually several steps
have to be undertaken. First a Case Base have to be created by
selection of the tab Case Bases in the upper right part of the
myCBR 3 application & [ Modsling . Then to select
Case Base [ CaseBasss i3 . Dlinstances| tab on the bottom left
window; to press icon Add Case Base [5 and to provide name of

Case Base DB for case-instances. Next step is to add (create) an
instance by selecting tab Instances and pressing icon (a little bit
confusing) Add Case Base. A new instance with name
corresponding to the concept is created in left bottom window. With
left mouse click on the created instance a form for adding case
values is opened. In contrast to the forms in myCBR 2.6.6., here the
attributes are sorted alphabetically which makes problems, if you
have to take them, for example, from excel table.

With regard to maintenance of CBR 4R cycle phases, myCBR 3
supports only Retrieve and Retain. During the Retrieve phase all
cases are extracted. They are presented sorted by degree of
similarity based on the chosen global SF. The Query to the case-
base DB could be done on the basis of all or part of the attributes,
describing the new case.

Again, in contrast to myCBR 2.6.6 here on Retain phase it is
impossible to save the Query as a new case or to use an old case as
a basis for new Query.

MyCBR 3 does not work with external DB. It stores the cases in
project file with unknown format. Authors of myCBR 3 claim that
the concept template with attributes and local SF can be exported to
other CBR platforms (COLIBRI Studio) but information how to do
that is not available in the tutorial slides. MyCBR 3 can not support
the case indexation and clusterization. The cases can not be
graphically presented in the GUI. No interfaces to external systems
and DB are available in myCBR3. It is valid regarding the
interfaces to real-time or diagnostic systems.

CBR-Works 4.3.0 [12] is a standalone application - shell
intended to various CBR applications. There is no information
about the programming language used for its development, but
because it is using a kind of virtual machine it can be concluded that
it is mostly Java-based. It is a product of Empolis Knowledge
Management GmbH., Kaiserslautern, Germany, supported by
ESPRIT project INRECA and Humboldt and Kaiserslautern
Universities. The framework is built to support the full R4 CBR
cycle and all related, processes as modeling the cases, attributes, SF
and rules related to case attributes; support of its own Case Base, as
well ODBC connections to databases from which it can import
collected knowledge (cases from DB-tables); retrieval and filtering



the cases; providing server capabilities to thin Web-based client,
etc. CBR-Works is GUI based application providing four managers
to support all CBR knowledge modeling activities-Concept
Manager, Type Manager, Case Explorer and Case Navigator.

The Concept Manager can be used to create concept model of
the cases. It supports standard attributes (right part of Fig. 6) and
object-oriented structures as hierarchical sub-concept trees (left part
of Fig. 6). Each concept has its own description and annotation
provided by tab Properties, global similarity (Average, Max, Min,
Euclidian or Custom defined) and related rules (Fig. 7 - used for
adaptation of the case in revised and reuse stages), as well questions
regarding every attribute.
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Fig. 6. Concept Manager View

Each concept attribute is described by name, type, weight
discriminat and mandatory fields, as well its annotation and
questions related to it. The mandatory checkbox is used to define
whether the attribute can be used in confirmed cases. In CBR-
Works each case can be in one of the four states: - unconfirmed
(new case - not used for retrieval before testing); confirmed (used
for retrieval); protected (its attributes cannot be modified) and
obsolete (old case- not used for retrieval).
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The Type Manager is responsible to define the types of the
user-defined attributes' and their similarities. Standard numerical
and symbol and string types are supported, together with used
defined interval or subset types. User defined taxonomy types,
ranges and SF are easily edited via Type manager ( Fig 8).
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The Explorer Manager can be used to create instances (Fig. 9)
of the cases and to add them to the case base or to edit by attribute
value edit or. From this manager the state of the cases can be
modified or some case to be selected as a query case for retrieval.
The Case Navigator can be used for retrieval either using some
available in the case base case or using retrieval wizard and typing
some or all attributes' values. The results are sorted by highest
similarity. Some results are presented in the next chapter on Fig 15.
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As it is mentioned above the CBR-Works supports full R4 CBR
circle. It provides completion and adaptation rules. The completion
rule can be used to complete an existing case attributes or a query.
The adaptation one is applied to derive a new result case from the
query and retrieved cases (Fig. 10). Both rules are based on
precondition ad conclusion part related to the IF-THEN clause in
the programming languages. The rules are related to specific
attribute and how its value can be set in when certain condition or
conditions are fulfilled or not. For consistent rules definition a
specific Knowledge Engineer experience is required in the domain
of CBR application. Except that no special programming skills are
needed to model and develop a CBR system.

Retrieved Conclusions
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Adaptation Target
Cad| v |
Query /
Case ;‘

Fig. 10 Adaptation of the cases based on rules

Preconditions

CBR-Works does not support clusterization and indexation of
the cases in the Case Base but it supports import via ODBC from
extern databases, as well export to XML files of concept model,
Case Base and the Rules. The product can be configured as server
that can be accessed via Web-based thin clients. It means that third
party diagnostics or real-time control systems can be connected to
CBR-Works via provided interface.

After last version 4.3.0 CBR-Works is no longer supported or
further developed but new CBR solutions and knowledge
management systems are available on the company site.
Nevertheless the product is well documented and some example
CBR applications for training purposes are provided together with
the product files. Free license code of the product can be obtained
after registration on Empolis site.

3. Example with results

There are two CBR applications developed with myCBR and
CBR Works for solving the problems related to the diagnostic of a
Pierce-Smith converter. It is used for copper converting in
metallurgy. The converter, periodically, (after 300-400 melts) can
be repair. Decision to stop it for repairing, depends on the uneven
thinning of its fireproof walls, number of working tuyeres and other
factors. All data is processed using the methodology described in
[10]. All cases concerned to the converter are given in table 1.
Column A is a case Id, columns from B to J describe the problem
attributes of the cases and column K-the decision attribute RUL is-
Remaining Useful Life or after how many melts to stop the
converter.

Table 1 Case-base data set

5| Predictiveat
A B | © D | E F | 6 H L 4 T &
1 |Caseld Ploka Nf [C1 _!{.' | C | Deleal” T1T2 [CRV [ RUL
2 1 2704 £ 17,48} 212X 4,25 6,67 3304 37804 199 2194
3 2 2508 10 14,008 19.4] 26,708 12,708 320 102064 268 18}
4 3 1:'0] 5 1291 17.5% 24,508 11,594 305 102064 2564 &
L 4 300 12} 2484 37,58 30,831 599 265 75604 317 17}
8 L 2604 13] 21504 23,78 27467 6,17 332 T8604 301 41

First application is implemented on myCBR. On Fig. 11 the
Predictive Diagnosis concept (on left upper part ) and its attributes
are presented, as well the definition of global (upper right part -
Euclidian) and local similarity of these attributes (right most
column SMF). The discriminant and weight columns describe
whether certain attribute can be used in the retrieval (true) or not
(false) and its importance of query (weight).
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Figure 12 shows the results of the query to the case-base DB
when we have a new case-problem. Upper left part on the figure
contains the query values of some attributes describing a new
problem. Upper right part contains all cases in the case base
database sorted on the base of their proximity to the queried case..
In the estimations of the proximity the local and global SF are taken
into account. Bottom part presents first four cases with highest
proximity.
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Fig.12 The results after the query to the case base DB

Figure 13 shows attribute definition in analogical CBR
application, made with CBR Works.
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Fig.13 Definition of the attributes in CBR Works

On Fig. 14 setting the local similarity is presented and on Fig 15
the retrieval of results of similar query as shown on fig. 12.
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4. Conclusions

MyCBR 3 platform can be used for non-complex CBR
applications development with partial CBR R4 cycle and with small
number of cases. For development of CBR application with myCBR
3 no programming skills are required, only expert knowledge in the
professional or scientific domain in which the CBR system is
intended. Some design knowledge for case modeling is also
desirable. MyCBR is not suitable for application with many
attributes, as well with solution attributes containing large amount
of text, especially when they must be visually presented in one
window. Usage the GUI of myCBR 3, especially for Case Base
modeling and case-instance generation is confusing in contras with
previous myCBR versions. The retrieval procedure does not work
correctly with partial number of problem attributes if Special Value
of the attributes whose value is not set explicitly. In this case
Special Value must be set to _undefined but not to _unknown
(which is default). In myCBR 3 is not possible to update the Case
Base with the current query (new case) automatically. It must be
done manually. The same is valid if you need to use old case for
retrieval.

CBR-Works 4.3.01 can be applied for development for both
non-complex CBR applications and complex supporting the full
CBR R4 cycle. Development of complex applications however
requires Knowledge Engineer experience, especially for synthesis
of adaptation rules and their usage. The GUI of CBR-Works
provides larger and better functionality for concept (case) and Case
base structure modeling and retrieval, than this one in MyCBR.
Filtering, query wizard, using a case from Case Base as a query and
navigation over retrieved cases is also better than in myCBR. The
product support work with external databases, as well import or
export of the case base, concept and rules models data. As myCBR
the CBR-Works also is not suitable for case modeling with
attributes containing large text fields.

Based on the examples, given above, it is obvious that CBR-
Works GUI and the support of external interfaces overmatches
myCBR 3 and gives more options for weights and SF type
modification of attributes and cases. This is of great importance for
query adjustment and refining the case base. An advantage of
myCBR is that is an open-source SDK and its code can be easily
modified to the specific customer needs, but last one requires good
programming skills. However, both frameworks can be used for
development of CBR systems intended to diagnostics.
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Abstract: The present paper illustrates the current state of affairs for most organizations involved in the sphere of Information
technologies that run or strive to run projects in accordance with applicable ISO standards and CMMI. This paper presents the target state
of affairs and its design with used technologies. Reaching the goal state is summarized by serialization of metamodels in XML,
mapping/parsing of metamodels (in XML) to OWL2 DL (RL profile) ontologies (written/exchangeable in RDF/XML), storages of these
semantic metamodels and models (ontologies/semantic data) in advanced RDBMSs with support of ontologies, R2RML mapping of existing
project-related relational data to semantic data and storage of semantic data in semantic stores hosted in existing RDBMSs or migration to
such ones, extraction of non-relational project-related data and mapping of these logical models to a physical (relational) model and
integration in RDBMSs to centralize all project-related data all governed by the defined vocabularies (ontologies of CMMI for Development
and ISO 15504/ 12207). Achieving the goal state enables stakeholders to query and infer from project-related semantic data to manage,
analyze and assess projects against underlaying standards. Through commonly-accepted adapters, semantic data, metamodels and models

are exposed to external applications.
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1. Introduction

Various data representation formats that are defined by
Semantic Web Group of the W3C consortium are widely considered
and accepted by the community as the next step in the data
management. A significant challenge in the data management is
sharing and analysing data stored in various and independent from
one another applications. Advanced business applications for
management of semantic data, represented in RDF/S [1, 2] and/or
OWL 2 [3] ontologies rely on the latest-generation database
systems (Oracle Spatial and Graph (Oracle 11g/12c) [4], IBM DB2/
Graph Stores) for management of relational and non-relational data
to solve highly complex problems of national security and
intelligence, natural sciences and geolocation/ geopositioning.

This publication presents an analogous complex solution in
information technologies, more precesily defines and implements a
new model in the software project management in order to ensure
the compliance of these projects with international standards and
de-facto standards ISO 15504 [5], ISO 12207 [5] and CMMI
(Capability Maturity Model Integration) for Development [6].

The analysis of the current state of affaires in companies that
manage their projects in compliance with above standards reveals
that: the information is not centralised stored; data related to
projects, processes and standards are not centralised stored and
managed; real on-the-job application of processes and standards is
not transparent and is rather difficult to track and monitor.

This paper is focused on reaching the target state of a company
that has already integrated and implemented the above mentioned
standards at a “machine” level — this stage comes after the formal
certification of the organisation.

Reaching the target state is summarised in the following points:
XML serialisation of the developed metamodels of the standards;
subsequent parsing/transformation of the generated XML
metamodels into OWL2 DL (Ontology Web Language 2
Description Logic) (RL profile) [7] ontologies (written in
RDF/XML [8]. RDF/XML syntax and semantics are widely
accepted as the container for exchange of OWL2 DL ontologies);
storage of semantic metamodels and models, i.e. the semantic data,
in advanced semantic-relational database management systems that
are capable of managing semantic data and of drawing inference
from semantic data; R2RML (RDB (Relational Database) to RDF
(Resource Description Framework) Mapping Language) [9]
mapping of the existing relational models of project-related data
and the semantic metamodels and models; transformation of
relational data into their equivalent semantic data using R2RML
and subsequent storage in the semantic data store [4]; extraction of
non-relational project and process-related data (if such data exist in
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the organisation and are distributed in various formats outside
RDBMSs) and transformation of their logical models into relational
models and integration of resulting models and data into RDBMSs
(Oracle Spacial and Graph, IBM DB2 NoSQL Graph Store).
Implementing the described steps will reach the goal of centralising
project and process-related data and subjecting them to the unified
ontologies describing CMMI for Development [6] and 1SO 15504/
12207 [5]). When the target state of the organisation is achieved,
stakeholders will be able to query project and process-related
semantic data and draw inference from semantic data in order to
manage, analyse and assess projects against undelaying standards.
Moreover, centralised semantic data can be accessible to external
(or third party) applications through adapters [10, 11].

2. Transformation of metamodels and project
models into ontologies and semantic enrichment

2.1. Transformation of standards meta model and project models
into ontologies

Another paper (“Development of Software Process Metamodels
using SPEM 2.0”), by the same author, presented the skeleton of the
SPEM 2.0 [12] metamodel of CMMI for Development ver. 1.3 [6],
based on which a hybrid metamodel was developed that meets the
requirements of both standards [6, 5] in order to achieve Capability
Level 3 Defined & Maturity Level 3 Defined acc. to [6] and Level 3
Established acc. to [5]. The paper analysed the restrictions blocking
the machine execution of metamodels and models developed with
tools for business modelling that have a semi-formal architecture.
Solutions for overcoming these restrictions were prosposed and are
focused on enriching the semantics of the metamodels and building
their behavioural semantics. Solutions for validation of metamodels
— in terms of completeness, accuracy and execution — were also
proposed, i.e. validation using ontologies. The technical
implementation (the integration of their ontologies) into the practice
was also discussed. The present publication discusses the solutions
at a much deeper level, introduces the technologies and the products
that are used to build the solutions. SPEM 2.0 is based on the
Model-Driven Architecture (MDA) standard that is used for
defining the processes of the development of IT and software
products and systems and their components. The construction of
ontologies of SPEM 2.0 metamodels relies on the fact that both
OWL [3, 13] and SPEM 2.0 are serialisable to XML. Constructing
an OWL2 DL ontology of the defined SPEM metamodels and
models would guarantee the completeness of metamodels and
models and the time-bound computation of the inference from data
and decisions. The OWL 2 RL profile is chosen with a view to the



current technical realisation [4] and the interoperability. The OWL2
RL profile is aimed at applications that require scalable reasoning
without sacrificing too much expressive power. It is designed to
accommodate OWL 2 applications that can trade the full
expressivity of the language for efficiency, as well as RDF(S)
applications that need some added expressivity. The ontology
consistency, class expression satisfiability, class expression
subsumption, instance checking, and conjunctive query answering
problems can be solved in time that is polynomial with respect to
the size of the ontology. On the other hand, every OWL 2 ontology,
which is an instance of the OWL2 DL structure, and, according to
[14], can be translated (transformed) into RDF (Resource
Description Framework) graphs (RDF graphs are the most widely
used format for representation and storage of semantic data and
most advanced RDBMSs use RDF graphs to store semantic data [4,
11, 15]) using bi-directional OWL 2 - RDF mapping [14]. Two
formats for translation into OWL 2 DL ontologies are considered:
OWL 2 XML [13] serialisation and RDF/XML, the latter is the
generally accepted syntax for exchange of OWL 2 ontologies. The
OWL XML serialisation is an alternative concrete syntax for OWL
2 ontologies and their exchange, while RDF/XML is the only
normative concrete syntax for exchange of OWL 2 ontologies. The
OWL XML serialisation accurately reflects the normative structural
specification of OWL 2 and is defined in an XML schema that is
used for the translation. The XML schema for the serialisation
covers the structural specification of OWL 2 in its integrity, which
also includes the OWL 2 language profiles. Alternatively,
RDF/XML defines the XML syntax for representation of RDF
graphs. The translation of OWL 2 ontologies into RDF graphs is
done by constructing RDF-Triples. Every RDF graph consists of
nodes and labeled directed arcs that connect pairs of nodes which
are actually the set of RDF triples. Each RDF triple, at its turn,
consists of a subject node, a predicate and an object node. Nodes in
graphs are either IRIs (Internationalized Resource Identifiers),
literals or blank nodes. Predicates are IRIs and are interpreted either
as links between nodes or as an object node of a specified subject
node. To encode RDF graphs to XML, nodes and predicates must
be represented using the XML syntax and semantics, i.e. using
element names, attribute names, element contents, and attribute
values. RDF/XML substitutes IRIs for XML Qualified Names. The
mapping of the serialised XML metamodels and models and the
schema of the OWL XML serialisation and/or RDF/XML uses
XSLT (XSL Transformations) [16] templates and applies them to
source XML trees in order to generate resulting trees in the desired
XML format. XSLT transformations define rules for generating the
resulting tree from the source tree. Transformations are in fact
associations of source code patterns and templates of
transformations. Source code patterns are matched against elements
of the source tree until templates are instantiated to generate the
desired part of the resulting tree. Source and output trees are
completely independent of one another. The structure of the
resulting tree is independent of the one of the source tree; the
resulting structure can be re-ordered, i.e. already transformed source
elements can be re-ordered to fit in the desired structure of the
resulting tree. Source XML trees of metamodels and models that
were translated into RDF/XML, as it is the case, or to the XML
schema of the serialisation of OWL 2 DL using XSLT are further
loaded into the working environment
[http://protegewiki.stanford.edu/wiki/WebProtegeAdminGuide,
http://protegewiki.stanford.edu/wiki/WebProtegeUsersGuide]  that
supports RDF/S / OWL 2 DL ontologies. Resulting RDF/XML
metamodels and models are translated into OWL 2 RL using the
mapping in order to enrich the semantics of the ontologies (to
elaborate the ontology at length using the expressive power of the
semantics of [10, 12]). The OWL 2 RL ontologies are serialised
back to RDF graphs (RDF/XML notation) using the mapping [14]
to enable to be loaded into the semantic store [4].

2.2. Enriching the semantics of ontologies

Models must be complete and executable but first their
semantics must be enrinched to support the needed concepts and
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meet the following constraints: each task/activity must start at a
(pre) defined point in time; all tasks/activities must be time-bound
and finish at a (pre) defined point in time; all suspended
tasks/activities must be resumed and completed at (pre) defined
point in time; task/activities cannot start and finish unless they meet
defined constraints on the sequence of tasks and activities; each
task/activity must be completed within the (pre) defined time
interval; the process cannot be completed unless all its constituent
tasks and activities are completed within the specified time interval
allotted to each constituent. Semantics and constraints analogous to
the described above must be defined for work products as well.
Described states must be defined and present in the behavioural
model of the metamodel. The definition of a task/activity must
include its possible states, i.e. not started, started, suspended and
completed. For example, these states can be modelled by
introducing a new datatype and a data range constraint in the OWL2
ontology: (Declaration (Datatype (a:State)) DatatypeDefinition
(a:State  DatatypeRestriction ~ (xsd:string ~ xsd:enumeration
"notStarted"” ™ "Started" " "Suspended” ™ "Completed"))
DataPropertyRange (a:hasState a:State )); a data property link is
defined that connects individuals with the literal. As a consequence
of having introduced states, the ontology must be enriched with
temporal semantics to model the concept of time and timers
associated with each task/activity. This is the prerequisite for
defining rules of transitions from one state to another. The solution
proposes the integration of the freely available OWL ontology that
models the notion of time [17, 18]. In OWL-Time [18], the time
ontology based upon the Web Ontology Language (OWL), Instant
and Interval are basic mereological individuals, serving as
foundational temporal entities. The OWL-Time ontology provides
the vocabulary to encode topological relationships between time
points and time intervals and expresses duration and datetime.
However, the introduction of the concept time complicates RDF
graphs, the search in semantic data and the inference.

The time ontology is expressed in OWL DL, which is a First
Order Logic restriction, based on SHOIN DL (Description Logic)
[19]. This description logic is decidable thanks to well defined
semantics and proven reasoning algorithms which makes the time
ontology an excellent candidate to use for the operations of the
interval algebra [17, 20, 21]. The operations and the axioms of the
interval algebra are used to express the time characteristics and their
evolution. At the core of this algebra is the relationship between
time intervals [17, 20]. Having two time intervals Timelntl and
Timelnt2, a time point t and a proposition, one might ask a variety
of questions over the time domain and infer if the proposition holds
[17, 20]:

e Mereological or “part-of” questions — for example: Is the time
interval Timelntl a sub-interval of Timelnt2?; Does t occur within
time interval Timelntl or within Timelnt2?; Is the time interval
Timelntl equal to the time interval Timelnt2?;

e Topological or “connects” questions — for example: Does the
time interval Timelntl happen before or after the time interval
Timelnt2?, Do time intervals Timelntl and Timelnt2 meet?; Do
these time intervals start and/or end at the same moment?;

e Logical or “rule-based” questions — for example: Does tht
proposition hold within Timelnt1?; If the proposition holds during
Timelntl, does it hold during Timelnt2 too?.

These interval relations can be formally defined in terms of
before relations among their beginning and end points [22].
Source metamodels and models and their ontologies respectively
may now be considered complete compared with the initial state
and discussed shortcomings.

[1, 26] A sample definition of a relation for overlapping time intervals:
intOverlaps(Timelnt1, TimeInt2)=[ProperInterval(Timelnt1)
"ProperInterval(Timelnt2)]

N t2, t3)[ends(t2, Timelnt1 ) “begins(t3, Timelnt2 ) “before(t3, t2)
A(V t1 )[begins(t1, TimeInt] ) ==>before(t1, {3 )]

AV t4 )[ends(t4, Timelnt2 ) ==>before(t2, t4 )]]]]


http://www.w3.org/TR/2012/REC-owl2-syntax-20121211/%23ref-owl-2-rdf-mapping
http://www.w3.org/TR/1999/REC-xml-names-19990114/%23NT-QName

3. Integration and implementation of semantic layer

The ontologies of metamodels and models that are integrated in
the semantic-relational database system [4] are, in fact, the layer
that envelops relational data and renders them highly normalised
(compared with other approaches, commonly referred to as NoSQL
approaches, that render relational data denormalised). After having
integrated the ontologies, relational data and their semnatic
equivalents coexist, are extremely normalised and dependent on the
ontologies.

3.1. Translation of relational data into semantic data

Existing relational data in RDBMSs are reused and the
fundamental principles of Atomicity, Consistency, Isolation, and
Durability (ACID) are preserved, which still ensure the security of
data, the backup and recovery of data, the data compression, and the
serial and parallel execution of processes. Existing process and
project-related relational data are translated into their semantic
equivalents acc. to the target vocabulary (the ontology) using
R2RML  (Relational to RDF  Mapping Language).
There is a straightforward approach to this mapping that does not
use R2RML, however it is considered static and inflexible because
of the structure of the resulting RDF graph; the structure of the
latter strictly follows the structure of the database. The resulting
RDF vocabulary copies the names of the elements from the
database schema; the database schema and the output vocabulary
cannot be changed. This approach being straightforward and static
is inappropriate to be applied considering the complexity, the scale
and the purposes of the described solution. Defining a mapping
based on R2RML allows for the definition of highly customised
views over relational data. Every R2ZRML mapping is tailored to a
specific database schema and a target vocabulary. The R2RML
mapping refers to logical tables to retrieve data from the input
database. A logical table can be a base table, a view or a valid SQL
statement, which is aslo referred to as an R2RML view since it
emulates an SQL view without modifying the underlaying database.
Output RDF graphs that are generated based on the R2RML
mapping use the predicates and the datatypes of the targer
vocabulary (the ontology). The semantic-relational data store [11, 4]
can store a set of RDF graphs and record information for each graph
to allow for the search for information spread in many graphs and
the inference from many graphs as well. Logical tables are mapped
to RDF using triple maps. Triple maps are the rules that map each
row in a logical table to a number of RDF triples. The output
sematic equivalents (RDF triples) of the existing relational data can
be placed into named graphs (by default all output RDF triples
belong to the default graph) using predefined graph maps which are
also part of the triple maps (by definition, triple maps consist of
optional graph maps, subject maps and predicate-object maps). The
R2RML mapping itself consists of RDF in RDF/XML or Turtle
(another concrete syntax for writing RDF/S ontologies). The
transformation of the existing relational data into RDF graphs is
carried out using the R2RML parser [23 (freely available:
https://github.com/nkons/r2rml-parser)], which supports a number
of RDBMSs (Oracle, MySQL, PostgreSQL) as sources of relational
data. The parser implements the R2RML standard and can generate
output RDF graphs in Turtle, N-Triple [24], RDF/XML notations
using the input R2ZRML mapping files. The coexistence of relational
and semantic data in the same place brings the question of the
consistency of the both types of data. Considering the huge amount
of data, full re-parsing of all exisiting relational data upon constant
changes in operational data is totally inappropriate. The consistency
of both types of data can be ensured by incremental parsing of
changed relational data based on transaction logs.

3.2. Loading semantic data into the semantic data store

The insertion of semantic data into the store may vary acc. to
the format of semantic data [11, 4]:
e Bulk insertion of semantic data into the store using staging
tables, where each row in the intermediary staging table contains
components of an RDF triple - its subject, predicate and object, and
optionally a named graph to which the RDF triple belongs (the SQL

33

loader utility is used to parse and load semantic data in N-Triple
format into staing tables while semantic data in N-Quad [25] format
are loaded into staging tables using external tables created with the
SEM_APIS.CREATE_SOURCE_EXTERNAL_TABLE procedure; in
both cases the SEM_APIS.BULK_LOAD_FROM_STAGING_TABLE
procedure is called to populate staging tables with semantic data
from external tables mapped to an N-Triple or N-Quad format input
file);

e Batch insertion of semantic data using the RDF semantic graph
support for Apache Jena; semantic data can be in RDF/XML, N-
Triple and N-Quad format [https://jena.apache.org/index.html, 24,
25];

e Straight forward insertion of RDF-Triple semantic data into
operational model tables using the SQL INSERT statement and the
SDO_RDF_TRIPLE_S constructor that creates an RDF triple and
assigns it to the model-graph to which it belongs.

3.3. Creating ontologies and loading them with semantic data

Semantic technology models (ontologies) [11, 4] are created
with the SEM_APIS.CREATE_SEM_MODEL procedure and after
that are loaded with semantic data using the INSERT statement. As
far as the internal organisation and representation of models
(ontologies) are  concerned, the invocation of the
SEM_APIS.CREATE_SEM_MODEL creates a model (ontology)
identified by its unique name, a table (this table has already been
created) that holds references to semantic technology data for this
model, the name of the column of type SDO_RDF_TRIPLE_S in
this table (this column holds references to semantic data created
with the SDO_RDF_TRIPLE_S constructor), and a table
namespace associated with the model (the dedicated table
namespace has already been created). The creation and
manipulation of models (ontologies) entail the creation and/or
update of system views with metadata for models (the essential
views are the MDSYS.SEM_MODELS$ (a common view for all
models) view and the MDSYS.SEMM_model-name (per model)
view). An MDSYS.SEMM_model-name view with metadata (for
the triples associated with the model) is created for each model
(ontology). This view stores the following information for each
triple: the identifier of the text value of the predicate of the triple,
the identifier of the text value of the subject of the triple, the
identifier of the text value of the canonical form of the object of the
triple, the identifier of the text value of the object of the triple, the
identifier of the model (ontology) to which the triple belongs, and
the identifier of the text value of the graph name for the triple (null
for the default graph).

3.4. Inference and rulebases

The selected semantic store [11, 4] can contain unlimited
number of models (ontologies), rulebases and semantic data
generated by the inference; the semantic store also allows the use of
many rulebases, including the combination of the native inference
and custom-defined rulebases, to draw inference from semantic
data. The database [11, 4] inherently supports the following OWL
vocabulary subsets (as they are described in the respective standards
by the World Wide Web Consortium): RDFS, RDF (as a
vocabulary subset of RDFS), OWLSIF, RDFS++, OWLPrime, and
OWL2RL; each supported vocabulary has a corresponding rulebase,
however these rulebases do not need to be populated because the
underlaying entailment rules of these vocabularies are inherently
implemented. The native support of the OWL2RL language profile
has motivated the choice of the semantic store and as discussed
above this OWL2 vocabulary subset, which satisfies the
requirements of the complex metamodels and models, is the
selected syntax for the description of the metamodels and models.
The domain-specific knowledge (i.e. the knowledge of how
processes and projects are analysed and assessed acc. to standards
[6, 5]) is transcribed into rules in custom-defined rulebases to
provide the needed specialised inference capabilities. Custom-
defined rulebases are created with the
SEM_APIS.CREATE_RULEBASE procedure (for each rulebase, a
system table is created to hold rules in the rulebase, along with a



system view MDSYS.SEMR_rulebase-name that is used to insert,
delete and modify rules in the rulebase and (the view) has the
following structure: the name of the rule, IF side pattern for the
antecedents, filter condition that further restricts the subgraphs
matched by the IF pattern, THEN side patterns for the consequents,
and ALIASES that are one or more namespaces to be used, in
addition to the default namespace, for expansion of qualified names
in the query pattern). The SEM_MATCH table function is used to
query semantic data; it requires the creation of entailment objects
first (an entailment is an object containing precomputed triples that
can be inferred from by applying a set of rulebases to a set of
models; an entailment must be created for each rulebase-model
combination in the query). The SEM_MATCH table function is
able to query and draw inference from virtual models, which are
virtualy any combination of models, graphs and entailments.
SEM_MATCH queries can also be written in the SPARQL [11, 16]
SELECT format, which the semantic store inherently supports.

3.5. Validating ontologies, entailments and semantic data

OWL ontologies may contain errors, such as unsatisfiable
classes, instances belonging to unsatisfiable classes, individuals
asserted to be the same or different at the same time. Such
inconsistencies in models (ontologies) and entailments can be
detected and eliminated using the SEM_APIS.VALIDATE_MODEL
and SEM_APIS.VALIDATE_ENTAILMENT validation procedures to
ensure the trustworthiness of the models (ontologies), semantic data
and inferred decisions.

3.6. Ontology-assisted search in relational data

The expressiveness of the search in relational data and the
relevance of returned results are considerably increased with the
modified ontology-assisted search which is not exclusively based on
the lexical match of attribute names and data. The database [11, 4]
implements ontology-assisted queries with the SEM_RELATED
and SEM_DISTANCE operators. These semantic operators query
relational data based on the semantic relationship between the data
in a table column and terms in an ontology. The SEM_RELATED
operator retrieves rows based on semantic relatedness, while the
SEM_DISTANCE operator returnes the distance measures for the
semantic relatedness so that the output returned by the
SEM_RELATED operator can be ordered by the relevance of data
acc. to distance measures.

3.7. Access to the semantic store using adapters

RDF semantic graph (the database) [11, 24] provides support
for Apache Jena and OpenRDF Sesame, which both extend the
semantic data management capabilities of the database and provide
for building open semantic applications, however Apache Jena is of
more interest for the present solution. RDF semantic graph [11, 24]
support for Apache Jena provides a Java-based interface to Oracle
Spatial and Graph RDF Semantic Graph by implementing Jena
Graph, Model, and DatasetGraph APIs, which are used for the
management of named graph data (quads). RDF semantic graph
support for Apache also provides a array of network analytical
functions on top of semantic data ([15] in general functions for
manipulating nodes and leaf-level nodes in graphs, functions for
search for paths in graphs and their costs, in-depth multi-aspect
analysis of semantic data). Apache Jena supports SPARQL [25] and
applications using the APIs of Apache Jena to access the semantic
store are integrated with it though the Joseki HTTP server (which
also supports SPARQL queries). Apache Jena, with the capabilities
and extensions it provides, is selected for a future development of a
semantic application for project management as a wrapper of the
core solution presented here in order to make the core solution
available to a larger audience of business users and project
managers.

4. Conclusions

The present publication presented a fully fledged solution and
its architecture for the native (machine) integration and application
of the standards being discussed throughout the publication [6, 5].
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The core solution provides for the analysis and assessment of
processes and projects based on inference from process and project-
related semantic data and models (the ontologies of the standards).
The architecture of the solution is open and implements standards
and recommendations of the World Wide Web Consortium and
other (referenced) open technologies and tools and eliminates the
need of vague proprietary middleware solutions for the translation
of metamodels and models. Oracle Database 11g/12c [4] with
support for semnatic technologies, which is still freely available for
non-commercial and research purposes, was selected as the best
available product which can suit the chosen technologies, the
complexity and the scale of the solution. Two paths for future
development of the present core solution are considered:
development of a Java-based semantic application which will wrap
and extend the core solution in order to make it available to a wider
business and managerial audience and translation of production
rules in the custom-defined rulebases, which store the domain-
specific knowledge, into a concrete RIF (Rule Interchange Format)
dialect [26, 27], which will make the solution entirely portable
between organisations.
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Abstract: The aim of the article is to investigate the optical properties of Bulgarian honey in regard to the potential of honey
discrimination on the base of its botanical origin. Samples from three types of honey (acacia, linden, and honeydew) are measured by a
fluorescence spectrometer recording emission from 350 to 800 nm with excitation at 370, 395 and 405 nm. A combination of fluorescence
emission spectra with some colorimetric parameters (CIELab) is used as input data of three types of honey classifiers: the first two are based
on linear and quadratic discriminant analysis, and the third one uses an artificial neural network. The neural classifier is realized as a
multilayered perceptron with backpropagation learning algorithm. Principal components analysis (PCA) is used for reducing the number of
inputs and for a proper visualization of the experimental results. The comparative analysis of the three classifiers is based on leave-one-out-

cross validation test carried out in MATLAB environment.

Keywords: Fluorescence spectroscopy, colorimetry, honey discrimination, PCA, LDA, QDA, artificial neural network

1. Introduction

Honey is a natural product and nothing should be extracted or
added to it. But for obtaining more profit, it is often subject to
counterfeiting by adding sugar and other impurities. The botanical
and geographical declaration of the origin seems to be one of the
fundamental aspects of the honey quality that affects its commercial
value [1, 2]. So in order to prevent fraud in the labeling, it should be
developed a means of distinguishing between different types of
honey. At the current stage of knowledge, a reliable authentication
of floral origin of honey can be achieved by a global interpretation
of sensory, pollen and physicochemical analyses carried out by an
expert [3,4,5]. The content of different phenolic compounds is
recognized to well reflect the type of honey and its quality, because
phenolic acids and flavonoids are inherent chemical markers of the
floral origin [6, 2]. Unfortunately, the most of these methods are
generally too time-consuming, complex, and labour intensive for
quality control application or require very specialized personnel to
interpret the results.

In addition, most of the analytical techniques involve some kind
of sample pre-treatment. The advantages of the technique of
spectroscopy (visible, near and middle infrared, fluorescent) with
respect to other methods are the non-invasive approach, the
relatively easy and quick data acquisition. The principal advantages
of fluorescence spectroscopy, pointed out by almost all authors, are
its rapidity and sensitivity [7] (100-1000 times more sensitive than
other spectrophotometric techniques [4, 5]). Food contains many
different fluorophores, whose signals overlap and make it
impossible to measure the concentration of a single compound.
Nevertheless, the shape of normalized fluorescence spectra in
combination with multivariate statistics can be used to characterize
and identify different food [4, 5], including different types of honey.

Among traditional classifiers, Discriminant Analysis (DA) is
probably the most known method [8] and can be considered the first
multivariate classification technique. Some authors [9, 10, 11, 12]
have implemented linear discriminant analysis (LDA) for
classification of the floral origin of honey, on the basis of its
chemical and physical properties, including the mineral composition
of honey. But due to the data correlation, the discriminant analysis
encounters some computational difficulties such as ‘badly scaled or
close to singular matrix’. Therefore, usually it is used in a
combination with the principal components analysis (PCA) as a
correlation reduction method. Artificial neural networks can
overcome these problems at processing raw data and can be used
for multivariate analysis to create more accurate classifiers [13].
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The purpose of this study is to investigate the optical properties
of Bulgarian honey and the possibility of recognizing its botanical
origin using fluorescence spectroscopy in a combination with
CIELab colorimetry. Spectroscopic data obtained undergo
subsequent statistical processing including PCA, which is used for
reducing the input space dimension and visualizing the clusters
formed by different types of honey. Three types of honey classifiers
are proposed: the first two are based on linear and quadratic
discriminant analysis, and the third one uses an artificial neural
network (NN) realized as a multilayered perceptron with
backpropagation (BP) learning algorithm. The comparative analysis
of the three classifiers is based on leave-one-out-cross validation
test carried out in MATLAB environment.

2. Materials and methods

Honey Spectrum Acquisition. Thirty-two samples of three
different types of Bulgarian honey (acacia — 8 samples; linden — 10
samples; and honeydew — 14 samples) were purchased from
supermarkets (Lexie, Kaufland, Piccadilly) and from private
producers. Before spectral measurement, the honey samples were
placed in a water container at 50°C until the soluble substances fully
dissolved. Then the samples were annealed at room temperature
(25-26°C).

The fluorescence spectral characteristics of the honey were
taken with a fiber optic spectrometer (AvaSpec-2038, Avantes) with
sensitivity in the (200-1100) nm range. The sources used to measure
the fluorescence spectra are 370 nm, 395 nm, 405 nm light emitting
diodes (LEDs). The resolution of the spectrometer is about 8 nm for
a 200 pum input slit. An optical fiber with a diameter of 200 pum is
used to bring light to the probe and to measure the scattered and
fluorescent light. A collimator with a lens of an aperture D =5 mm
is used to gather more light and send it to the receiver. Generally,
with  classical right-angle fluorescence  spectroscopy, the
measurements are carried out in dilute solutions where the
absorbance is below 0.1 [4, 5]. At a higher absorbance rate, the
fluorescence intensity decreases due to the inner filter effect. In that
case the front-face fluorescence spectroscopy is more suitable for
use. In the presented study, in order to measure the fluorescence
spectra of honey (especially dark honeydew honey) without
dilution, the cuvette holder was modified as follows. The first probe
(optical fiber) was placed between two glass slides, which were
fixed by a threshold, consistent with the diameter of the probe. The
second probe (LEDs) was fixed on the upper glass, 90°-angle to the
first and the minimum distance between them. Honey was located
between the two slides. The resulting three emission spectra with
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excitation at 370 nm, 395 nm, 405 nm were normalized by dividing
with the maximum intensity value of the respective excitation
signal.

Colour Measuring. The measurements were determined
according to the methods of the European Honey Commission [14].
All  measurements were performed at room temperature.
Colorimetric study of honey was made using a software package
VISIONIite ColorCalc for spectrophotometer Helios Omega. It was
used mode 'Advanced', i.e. calculations were performed in the range
of 380 nm -780 nm (instead of ‘Basic’ mode: 400 nm — 700 nm).
The honey samples were placed in a cuvette 10 mm x 10 mm
(Recommendations on uniform color spaces, 1971) and the color
parameters in CIELab colorimetric system were measured.

Principal Components Analysis [15, 16]. The aim of the method
is to reduce the dimensionality of multivariate data (e.g.,
wavelengths) whilst preserving as much of the relevant information
as possible. PCA is a linear transformation, that transforms the data
(observations of possibly correlated variables) to a new coordinate
system such that the new set of variables, the principal components
(PCs), are linear functions of the original variables. Principal
components are uncorrelated, and the greatest variance by any
projection of the data comes to lie on the first coordinate, the
second greatest variance on the second coordinate, and so on. All
the principal components are orthogonal to each other. The full set
of principal components is as large as the original set of variables.
Usually the sum of the variances of the first few principal
components exceeds 80% of the total variance of the original data
[17]. In this study, the first two PCs are used as input variables of
the LDA and QDA based discrimination models, and all the PCs —
for training the NN based classifier.

Linear and Quadratic Discriminant Analysis. Linear
discriminant analysis (LDA) and quadratic discriminant analysis
(QDA) are two classic classifiers, with, as their names suggest, a
linear and a quadratic decision surface, respectively. The basic idea
of LDA is to find a linear transformation, such that the ratio of the
between-class scatter and the within-class scatter is maximized.
Samples are projected to a new space with smallest within-class
distance and largest inter-class distance [18]. Although LDA
usually gives a good discrimination performance, it suffers from
some deficiencies if variables are highly correlated or class
boundaries are complex or nonlinear [12]. To avoid such
deficiencies, in the former case, variables are often transformed by
correlation-reducing methods such as PCA, and in the latter case,
LDA could be replaced by QDA. Unlike LDA, in QDA there is no
assumption that the covariance of each of the classes is identical. To
estimate the parameters required in quadratic discrimination more
computation and data is required than in the case of linear
discrimination.

Artificial Neural Network Based Classifier. It is well known
that artificial neural networks, with a feedforward multilayered
structure, are universal function approximators [19, 20]. One
classification task can be easily reduced to a task for approximation.
Let the classifier of honey be implemented as a neural network with
a feedforward structure and Backpropagation learning algorithm.
The neural network consists of n+ 3 inputs (n is the number of
wavelengths included in the emission spectrum characteristics of
the honey), 3 outputs and 2 hidden layers. The three additional
inputs are designed for the 3 colorimetric indicators (parameters L,
a and b) of the CIELab system. The proposed combination of
fluorescent emission spectra with the three colorimetric parameters
of CIELab system aims to increase the accuracy of predicting the
floral origin of honey. The three outputs of the network correspond
to the three classes of honey: acacia, linden and honeydew honey.
The two hidden layers contain neurons with ‘tansigmoid' activation
function (hyperbolic tangent), and the activation function of the
three output neurons is 'logsigmoid’ [21]. The input training samples
include the intensity of the emission spectra and the three
colorimetric parameters: L, a and b. The supervisor supplies the
network’s output with the following three combinations: '100','0 1
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0'or '0 0 1', depending on whether the input receives the data for the
classes 'acacia’, 'linden' or 'honeydew', respectively. BP is gradient-
based learning algorithm that minimizes the sum squared error
between the real and required input of the NN. The leave-one-out-
cross-validation test is used to validate the NN-based honey
classifier. The neural network training and testing are realized in
MATLAB environment [21].

The description of systematic use of software abstractions or
models as primary artefacts during a software engineering process
is a task of MDD. The main idea of MDD is that using of models
and their transformation is a better foundation for the development
and maintenance of systems than programming. The portability,
interoperability and reusability through architectural separation of
concerns are primary goals of MDD.

3. Results and discussion

Fluorescence Spectra and Colour of Honey. The normalized
fluorescence spectra of a random sample from the three types of
honey (acacia, linden, and honeydew) with wavelengths ranging in
visible domain under excitation at 370 nm, 395 nm, and 405 nm are
shown in Figure 1. The first maxima (with magnitude 1) correspond
to the excitation signals, and the second maxima — to the emission
spectra’s significant values. The averaged fluorescence spectra of
the three types of honey - acacia, linden and honeydew are shown in
Figure 2, cases (a), (b) and (c), respectively. In Figure 2 the filled
contour plots present the averaged normalized intensity of the
fluorescence emission spectra as a function of the excitation
wavelengths (ordinate) and the emission wavelengths (abscissa). In
the experiments only three excitation wavelengths (370 nm, 395 nm
and 405 nm) were used, and in Figure 2 the other values between
them are obtained by means of the cubic interpolation. For each
type of honey the emission with the highest intensity was obtained
at the excitation wavelength of 370 nm. Also the honeydew honey
had the highest intensity of emission in respect to other types of
honey. Table 1 shows the mean values and standard deviations of
the CIELab colour parameters related to the different types (classes)
of honey.

Fluorescence (exitation and emission) spectra
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Figure 1. The normalized fluorescence spectra.

PC-LDA, PC-QDA and PC-NN Based Models for Honey
Discrimination: Since the intensity of emission spectra of the three
types of honey is greatest at excitation 370 nm (Figure 2), only the
fluorescence spectral characteristics at this excitation were used for
the synthesis of the honey’s classifiers. PCA was carried out in
order to visualize data from different honey samples and to identify
their similarities and differences. The spectral dimensionality was
reduced to a small number (two) of principal components using
PCA. The scores scatter plot of the 1st and 2nd PCs is shown in
Figure 3a. It is evident that the samples form three clusters (acacia,



linden and honeydew), which are overlapped. Here, determining the
type of honey is based solely on the inscription on the label by the
manufacturer, i.e. trusting the manufacturer. The two PCs suitably
visualize the honey’s spectra, but the information contained in them
is not enough to properly distinguish different types of honey.
Therefore PCA was applied to a combination of fluorescence
spectra characteristics and the three indicators (L, a, b) of the
colorimetric system CIELab. In this case the first two PCs
explained as high as 94.27 % of variance of the combined data
(76.21 % for PC-1 and 18.06 % for PC-2). The result (Figure 3b)
shows a better distinguishing between different types of honey, with
the exception of a few overlapping samples of classes ‘acacia’ and
‘linden’.
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Figure 2. Contour plots of the averaged fluorescence emission
spectra: (a) acacia, (b) linden, and (c) honeydew honey.

Table 1. Colour Parameters of Honey

CIE-Lab Values i i
(I11.D65/10 deg ﬁcama IF]mden Hohneydew
Observer / 380- oney oney oney
780 nm) Average value + Standard deviation
92.45+5.46 | 85.35+6.63 |51.27+12.80
a 0.29+ 1.78 | 3.05+ 4.78 | 27.94+5.83
b 32.01+15.00 |57.65+16.72|74.54+11.63

The two PCs (obtained from the enriched data - spectral
characteristics + colour parameters) were chosen to develop PC-
LDA and PC-QDA models. Leave-one-out-cross-validation test was
used to check the performance of the classifiers. The prediction
results of the honey’s botanical origin made by the proposed
classifiers, PC-LDA and PC-QDA, are shown in Figure 4a/ Table 2
and Figure 4b / Table 3, respectively. The performance of the PC-
QDA based model was a little better (81.25 % accuracy) than the
PC-LDA based one (78.12 %) for honey discrimination.

The neural classifier was trained with all PCs (obtained from the
same spectral characteristics and colour parameters mentioned
above). The number of neurons in the first and second hidden layers
of the neural network was selected heuristically - 500 and 250,
respectively. The result from validation test is shown in Figure 5
and Table 4. As evident in Table 4, 2 samples from observed class
‘acacia’ and 1 sample from observed class 'honeydew' were
predicted wrong as 'linden’, while 2 samples from class 'linden’ were
predicted wrong as 'acacia’. The model predicted 27 out of 32
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samples correctly. 84.4% prediction accuracy (75% class 'acacia’,
80% class 'linden’, and 92.9% class 'honeydew') was achieved.
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Figure 3. PCA of: (a) the fluorescent spectra, (b) the fluorescent
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Figure 4. Honey discrimination by means of: (a) PC-LDA based
model, (b) PC-QDA based model.
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Table 2: Discrimination accuracy of PC-LDA based model

Predicted Class by PC-LDA
. 0,
Success: 78.12 % Acacia | Linden |Honeydew
Acacia 6 2 0 8
Otglefi;\;ed Linden 4 6 0 10
Honeydew 0 1 13 14
10 9 13




Table 3: Discrimination accuracy of PC-QDA based model

Predicted Class by PC-QDA
. 0,
Success: 81.25 % Acacia | Linden | Honeydew
Acacia 6 2 0 8
Ot():slear;;ed Linden 3 7 0 10
Honeydew 0 1 13 14
9 10 13
Table 4. Discrimination accuracy of PC-NN based model
Predicted Class by PC-NN
. 0
Success: 84.38 % Acacia | Linden |Honeydew
Acacia 6 2 0 8
O%&;‘fd Linden | 2 8 0 10
Honeydew 0 1 13 14
8 11 13

4. Conclusions

In this article the optical properties of Bulgarian honey were
investigated in regard to the potential of honey discrimination on
the base of its botanical origin. The fluorescence spectra combined
with the colorimetric parameters of CIELab were used for training
the PC-LDA, PC-QDA and PC-NN based classifiers and the
following prediction accuracies were obtained: 78.12 %, 81.25 %
and 84.38 %, respectively. The future work will include the use of
fluorescence spectra, with excitation and emission in UV region.
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Abstract: In recent years the use of computer technique and information technology in the domain of Ambient Intelligence (Aml) has
been increasing significantly. For successful and efficient development of ambient intelligence systems and their components a new
approach is needed. The Model Driven Development (MDD) is an innovative approach for development of different software applications
using models at different levels of abstraction and applying model transformation to code generation. In order to satisfy the basic
requirements to the developed Aml, in the proposed approach, the MDD, based on Model Driven Architecture (MDA), is directed to combine
the use of agents as basic elements of the system and to model the internal and external communications in the system, based on the concept
of Service Oriented Architecture (SOA). Such a way, the paper proposes a layered modeling framework for model driven development of
agent based Aml systems with service oriented architecture. The deployment of the software on hardware resources is also part of the

software process model. Finally some conclusions are made.

Keywords: AMBIENT INTELLIGENCE, MODEL DRIVEN DEVELOPMENT, MULTIAGENT SYSTEMS, SERVICE ORIENTED

ARCHITECTURE, UML

1. Introduction

Market penetration of more and more diverse embedded and
mobile devices set the agenda for solving the problem of ubiquitous
computers dealing with that will make possible the successful
implementation of diverse and heterogeneous applications in the
area of Ambient Intelligence (Aml). The upcoming trends in the
development of the software system in the domain of Aml are
connected with the development and implementation of distributed
information and control systems, consisting of multiplicity of
nonhierarchical modules linked together via different types of
communication systems. In order to control the complexity of such
distributed real-time systems the following main requirements have
to be fulfilled: reliable concept for decomposition and modularity,
openness for extensions in the cases of new functionality services
and devices, general architecture model of the system has to be
producer independent, use of encapsulated, reusable components.

The response to these new challenges is to use new advanced
methods in their development life cycle, such as the Model Driven
Development (MDD) in order to meet the requirements for
reusability, interoperability and cost efficiency. The second aspect
is the architecture of the developed system. One very important task
is to achieve modularity of the developed system and organizational
interoperability between the different components based on Service
Oriented Architecture (SOA). The third very important aspect in the
system development is to achieve a reactive and proactive behavior
of the system components through their modeling and
implementation as agents, based on the fusion between SOA and
Multi Agent Systems (MAS). The main aim of the proposed paper
is to suggest an approach for development of distributed
information and control systems for the domain of Aml, based on
the combined use of above mentioned advanced approaches of
software engineering.

The paper is organized in 5 parts. After the introduction, in part
2 a short analysis of research requirements for Aml is proposed.
Part 3 discusses the main features of model driven development,
multi-agent systems and service oriented architectures. In Part 4 of
the paper the suggested approach is described. Finally some
conclusions are made.

2. Short analysis of research requirements for
achieving Ambient Intelligence space
Ambient Intelligence (Aml) is a vision of Information Society

and Technology Advisory Group (ISTAG) [1] for building of smart
environments that are reactive and proactive to people and make
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their actions safer, more efficient, more informed, more comfortable
or simply more enticing. This means that the focus is moved from
the individuals that has to adapted, towards of the technologies
which need to be adapted to the individuals. As shown in Fig.1,
Aml spaces are combinations of two kinds of components;
components of operational technologies such as smart materials, 1/0
devices such as sensors an actuators, ubiquitous communications,
adaptive software etc., and Al components including media
management and handling, natural interaction, computational
intelligence, context awareness, and emotional computing.

COMPONENTS
Ambient Intelligence
& Sinart material » Liedia management &

& MEMS tech & sensor tech
& Embedded Systems

o Ubicuitous commni cati ons
o 1JO device tech,

o Adaptive softwrate

handing
» Matural interactions
» Computational intelligence
* Contextual awareness
* Emotional computing

SYSTEM

Platform design

USERPERSON

Software & Service Arch., Desien, Engineering
and Integration

Experience prototyping

INTEGRATION

Fig.1: Main research domain supporting Aml according [1]

The five main features that an Aml system should fulfill with
respect to its relation with users can be determined as [2]:
o Non-obtrusive: the system should not interfere with the user’s
life style through invisible, embedded and distributed devices.
e Context aware: the system should be able to recognize and
anticipate the context the user is evolving in and use this context to
react to his needs and requirements.
e Personalized: users’ profiles and environments are
heterogeneous. The system should be customizable in order to fit in
different environments and to be used by different users.
o Adaptive: the system’s behavior can change in response to the
actions and the needs of a person. New services and functionalities
can be added with respect to the user needs.
o Anticipatory: it anticipates the person’s desires and environment
status; it is context predictive and proactively enabler.



These properties of Aml systems cannot be achieved without
the use of new methods, technologies and tools, among which stand
out the buzzwords pervasive, ubiquitous, context-aware, profiling
etc. Another important factor in achieving the desired properties of
the Aml system is the choice of suitable architecture and software
infrastructure that enable easy integration, interoperability and
extensibility. Considering these aspects, in this paper an
infrastructure to support an efficient approach for development of
Aml systems, combining the approaches of MDD, SOA and MAS,
is presented. In the next part a short overview and comparison of
these approaches is given.

3. Short review of the applied techniques
3.1. Model driven development (MDD)

Model Driven Engineering (MDE) and Model Driven
Development (MDD) [3] are some of the most promising and
challenging approaches for development and maintenance of highly
distributed real time information and control systems such as the
Aml systems. Here the systems are presented as models that
conform to meta-models, and the model transformations are used to
manipulate the various representations. The main difference from
other development methods based on models is that MDD uses
Models as inputs to parameterized implementation generators, i.e.
implementation is (semi)automatically generated from the models.

Model Driven Architecture (MDA) [4] is a remarkable MDD
initiative of Object Management Group (OMG), providing a
powerful  conceptual  framework for  development and
transformation of three interconnected types of models -
Computation Independent Model (CIM), Platform Independent
Model (PIM) and Platform Specific Model (PSM) towards
executable applications as shown in Fig.2. The main features of the
models are:

e CIM - is also known as business or domain model that uses
vocabulary to present the basic expectation from the system and to
bridge the gap between domain experts and developers. This
abstraction hides all specifications connected to the system
implementation.

e PIM - is a view of the system without any details about
implementation. Basic tasks of the PIM model are to model logical
data, to establish dependencies and defining workflows and
processes. Furthermore, PIM models must be sufficiently complete
and accurate to ensure a higher degree of automated implementation
of the models in the next layer (PSM).

e PSM - combine the PIM specifications with concrete platform
information needed for enabling system execution, i.e. the basic role
of this model is to ease the code generation using PIM and selected
execution platform.

PSM «--+% PSM
[ ] | ]
n code +---F4+ code [' code+—4~q+ code

Fig.2: MDA conceptual framework

PSM #---gr+ PSM

Traditional MDA infrastructure consists of a 4 layer hierarchy
of models. The bottom layer is referred as MO and holds the “user
data”, i.e., the actual data objects the software is designed to
manipulate. The next level is M1 and holds a “model” of the MO
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user data. This is the level at which user models reside. Level M2
holds a “model” of the information at M1. Since it is a model of a
(user) model, it is often referred to as a meta-model. Finally, level
M3 is a mode of the information at M2, and is characterized as the
meta-meta-model. For historical reasons it is also referred to as the
MOF. Very important aspect of the MDA approach is the
transformation between the different viewpoint models. Model
transformation relies on a set of mapping rules between models that
inform the transformer tool about the patterns it needs to follow to
output the target model [5]. The MDA approach is supported by the
OMG techniques like Unified Modeling Language (UML), Query
View Transformation Specification (QVT) and Meta Object facility
(MOF) [6]. In the core of MDA are the open standards, UML,
MOF, XMI, etc. UML [7] provide an integrated modeling
framework, covering structural, functional and behavior
descriptions. The UML notations support the development of
various diagrams that reflect different aspects of the system in order
to capture the full complexity in the phases of detailed analysis and
system design.

MDD and MDA are suitable for use in the development of Ami
systems and its combination with SOA or MAS, because of the
opportunities they create through the applied meta-models and
model transformations for providing reusability, verification and
validation of models, integration and interoperability. There are
some successfully developed agent meta-model and transformation
means for development of MAS, such as for example: SODA,
MACMAS, DMLS4AMAS, PIM4Agent, Pineapple, Sol, etc. A
review of these tools and applications is presented in [8].

3.2. Service Oriented Architectures (SOA)

Service Oriented Architecture (SOA) is a software model in
which the concept of a ‘service’ is an abstraction of a function used
by an application and provides an architectural approach that brings
the flexibility and agility required by today’s global business
environment [9]. The model of Service Oriented Architecture
(SOA) includes three main applications: application for providing a
service, application for requiring a service and application for
registration of service (Fig.3). The interactions between applications
involve three basic operations: publish, find and bind. They are
performed with the objects of web service model, which are: service
and service description. Service requestor is a client application
requesting data or functionality. To request data, the application
must call the web service. Service provider contains the web service
that can be used by any other application. Service registry contains
a description of all services that the user creates. When request a
web service, the service registry is looking for requested service and
sends the search result to the service requestor.

Service
description

Service
registry

Publish

Service
requestor

Servic
provider

Fig.3: Model of SOA

Different environments for development of Service oriented
architectures and models are known. Some of the most popular and
used are: W3C Web Service Architecture, OASIS SOA Reference
model, ebXML, Semantic Web Services, JINI, OSGi etc. [10]. All
these initiatives are collections of best practice principles and
patterns in service-oriented design. The W3C Web Services
Architecture as one of the most promising architectures identifies



the functional components of Web Service architecture and defines
the relationships among those components in order to affect the
desired properties of the overall architecture [11]. Web Services
generally use either SOAP or XML-RPC as communication method
for services, UDDI for service discovery and WSDL for service
description. Web services are process driven and use process model
to describe process orchestration. Orchestration is a composition of
business objects in process flows through defining the interactions
between them including business logic and execution order.
Choreographies on the other hand define collaborations between
interaction parties.

MDD methodology may be used as a starting point for
development of SOA based applications. For example, Rational
Software has provided an extension to Rational Unified Process
(RUP) called RUP-SOMA, built by IBM for service-oriented
analysis and design and used for identification, specification, and
realization of services, service components, and flows [12]. Another
contribution towards the integration of MDD and SOA is the UML
profile for modeling services and SOA named SoaML profile
(http://www.SoaML.org, http://www.omg.org/spec/SoaML/), which
is proposed by OMG, and allows expanding the capabilities of
UML tools in the direction of modeling the basic elements and
constructs of SOA. The joint use of SOA and MDA (“ModelPro”
engine for Eclipse) reduces the development time of SOA
applications, facilitating their maintenance and prolongs their
lifespan.

3.3. Multi Agent Systems (MAS)

Multi Agent Systems (MAS) can be defined as “a loosely
coupled network of problem solvers (agents) that work together to
solve problems that are beyond the individual capabilities or
knowledge of each problem solver” [13]. Jennings and Wooldridge
[14] have defined an agent as “a computer system situated in some
environment and capable of autonomous action in this environment,
in order to meet its design objectives”. Agents have the following
main properties and characteristics [15]:

e autonomy: agents encapsulate some state (that is not accessible
to other agents), and make decisions about what to do, based on this
state, without the direct intervention of humans or others;

e socialability (interactivity): agents interact with other agents
(and possibly humans) via some kind of agent-communication
language, and typically have the ability to engage in social activities
(such as cooperative problem solving or negotiation) in order to
achieve their goals;

e reactivity: agents are situated in an environment, (which may be
the physical world, a user via a graphical user interface, a collection
of other agents, the INTERNET, or perhaps many of these
combined), are able to perceive this environment (through the use
of potentially imperfect sensors), and are able to respond in a timely
fashion to changes that occur in it;

e pro-activeness: agents do not simply act in response to their
environment, they are able to exhibit goal-directed behaviour by
taking the initiative;

e mobility: agents can transport themself across different systems
architectures and platforms.

The agent community has considerable interest in developing
methods and techniques for specifying, modelling, implementing
and verifying of MAS for distributed information and control
systems, as are the Aml systems, but so far no standardized design
methodology has been recognized. Several object-oriented
methodologies have been suggested for agent-oriented analysis and
design, based on UML. Important drawbacks of using UML to
model MAS are the modelling of agent communications as method
invocations and the absence of references to the mental state of the
agents. To overcome these drawbacks, the UML notations are
extended to reflect the characteristic properties of the agents.
Successfully extensions of UML are achieved in AUML, GAIA,
MESSAGE/UML, AgentUML, Prometheus, etc. Some of them are
based on FIPA standard (http://www.fipa.org) suggesting an agent
reference model for creation, registration, location, communication,
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migration and retirement of agents. Recently are also available
some specialized tools for lightweight devices, some of them
suitable for the domain of Aml, such as DSML4MAS
(http://dsml4mas.sourceforge.net/), FIPA-OS, ASEME (for
Eclipse), Tropos (http://www.troposproject.org/), INGENIAS
(http://sourceforge.net/projects/ingenias/), Jade-Leap, etc. However,
there are limitations and drawbacks, associated with the variety of
devices and communication protocols, specific for Aml. As well
there are some agent-based development environments especially
for the Aml domain, as for example: THOMAS, MaRV, ALZ-

The discussion around the fusion of MAS and
MAS, CodeBlu, etc.

SOA is connected with enhancing some basic features of developed
distributed system, such as adaptability, flexibility, interoperability
and modularity. Moreover Aml systems must be improved in
respect to service discovery, self-organization, rich knowledge
representations and context-awareness. The combination of MAS
and SoA can be performed in different ways, as for example [16]:

e Through gateways between agent and services, translating
semantics.

e Using the concept of “agent-based services”, resulting in
encapsulation of single agents as services and direct access to other
services.

e Using the concept of “service-oriented agents”, resulting in that
they not only share services, but also complement their own goals
with external provided services, i.e. enabling agents in existing
systems to request, provide or manage web services.

The presented approach for MDD development of Aml systems is
based on the concept of “service-oriented agents” and is shortly
discussed in the next part of the paper.

4. Description of the suggested approach

In order to fulfill the basic requirements to the Aml systems, the
software infrastructure of the system is necessary to be distributed,
enabling self-organization of devices and their software
components. Aml systems are much more complicated than
traditional computing systems. Hence, characteristics such as
adaptability, flexibility, interoperability and modularity are more
important. Furthermore, these systems must provide common
improvements such as service discovery, self-organization, rich
knowledge representations and context-awareness.

The suggested model driven approach supporting the fulfillment
of above mentioned requirements uses MDA and comprises the
whole development life cycle of software development, starting
with CIM meta-model to the deployment. The approach is
illustrated in Fig.4 using 4 layers: one CIM layer, two PIM layers
and one PSM layer. Four principles as architecture cornerstones are
chosen:

e Model-driven principle using MDA of OMG, supporting the
platform independent and model based domain engineering;

e Service-oriented architecture using PIM4SOA meta-model
(http://pim4soa.sourceforge.net/):

e Web services meta-model for description of loosely coupled,
reusable, composable components;

e PIM4Agents meta-model [17] - platform-independent model
that specifies multiagent systems in a technology independent
manner.

With the proposed approach it is possible to design an agent-
based Aml system with service oriented architecture specifying
high level concepts in a platform-independent agent model
(focusing on the domain model), and later automatically transform
it for diferent implementation models, bridging the gap between
design and implementation. The use of two layers of PIM models
enables for horizontal transformation between the models of the

second layer and the use of "foreign" environments for
performance.

The platform-independent model  for  service-oriented
architectures  (PIM4SOA) covers four important aspects:


http://www.fipa.org/
http://dsml4mas.sourceforge.net/
http://sourceforge.net/projects/ingenias/

information, services, processes and quality of service. For example
the services aspect include the services, which are represented as
collaborations  specifying pattern of interactions between
participating roles, as shown in Fig.5.

ciM UML profile for POP
Business
meta-model

1

Model transformation
PIM PIM4SOA = Architecture specification
meta-model q
/ \ Model transformation
» N
Web service PIM4agents
meta-model q q meta-model
Model transformation

A HE R s

Execution artifacts

Fig.4: lllustration of the suggested approach
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Fig.5: Subset of PIM4SOA for service aspect

PIM4Agents meta-model represents an integrated view on
agents in which different components can be deployed on different
execution platforms. The PIM4Agents meta-model defines
modeling concepts that can be used to model different aspects or
views of an agent system, such as: Agent, Organization, Role,
Interaction, Behavioral, Environment etc., as is shown in Fig.6.

H Agentinstan[#]

H tateraction®]

H Agent [A

H DomainRol{#], =
rom role
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H Capability[#]

Fig.6: Basic Views of PIM4Agents meta-model

5. Conclusions

The suggested approach uses the MDA to address the modeling
of MAS and SOA in order to facilitate software development
through abstractions avoiding the specific implementation details.
The proposed meta-models are implemented in EMF of Eclipse and
are presented in ECORE format. The transformation PIM and PSM
may be done by using ATLAS transformation language (ATL). The
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main idea is to achieve a layer based design that enables the
division of system elements into levels, reducing the coupling
between modules, facilitating abstraction as well as the distribution
of responsibilities. Combining SOA with MAS will improve the
characteristics of the system being developed in the direction of
meeting the requirements of anticipatory and adaptability. The
choice of PIM meta-models is essential to achieve the requirement
for context awareness of Aml systems.
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ASSESSMENT OF THE ERGONOMY IN AN OFFICE DECORATED WITH ILLUMINATED
SCULPTURES
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Abstract: This report presents the opportunities of using high-tech spectral adjustable illuminated sculptures and their impact on the
visual ergonomics of the environment aiming to optimize the system "man - environment" with main focus on the psycho-physiological effects
of the pieces of art and the light emitted by them. The evaluation is based on a survey on the subjective perception of the business climate
under the effect of different lighting scenarios which is focused on achieving certain psycho-physiological effects.
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1. Bweeoenue

Mankute u roaemu ¢upmu B bbarapus Bce moBeue
0o0pBIIAaT BHUMaHUE Ha NMOAOOpSABAHETO Ha YCIOBHUATA Ha
TPYyA C IleJ HMOBHIIaBaHE TpymocmocoOHocTTa. B oducure
ce cb3JlaBaT KHTOBE 3a XpaHEHe, IOYMBKAa M CIOPT.
ITomemenusita 3a paboTra, B KOHTO XOpara IpeKapBaT
rojxsiMa 4acT OT J€HS CH, TPsIOBa Ja OTroBapsT HA TEXHUTE
W3UCKBAaHUSA MU mnoTpebHOocTH. EproHommunara Bu3yanHa
cpeJa € BakeH (akTOp 3a IOCTUrAaHETO Ha OIpEAeNcH
¢dbusuonorndeH U eMonuoHaaeH koMmpopT. O63aBeKIAHETO,
OCBETJCHUETO, IIBETOBETE Ha MHTepuopa TpsAbOBa na ca
Ch00pa3eHH ¢ eCTeCTBOTO Ha JEeHHOCTHTE, KOUTO cCe
U3BBpPIIBAT B JaneHara paboTHa cpema. Cb3gaBaHETO Ha
BB3MOXHOCT 32 pa3jIddHU BHUIOBE I[BETOBO-CBETIHHHHI

BB3JCUCTBUs, Ype3 M3MOJ3BAHETO HA JEKOPATUBHHU
OCBETHTEJIHHM Tejla, MOXE Ja [oA00pu BH3yalHaTa
€ProOHOMHYHOCT Ha BBTPCIIHOTO MPOCTPAHCTBO, a OTTAM U
la TOBUIIM paboToCmoCOOHOCTTa HA MNOTCHUHAJIHUTE
notpeburenu. [1:156] 3a uenra e cb3gageH MPOTOTHI HA
copryepHo  ympaBisieMa, CHOEKTpPalHO  peryjiupyema

KOMIIO3HUINS OT JEKOPATHUBHH CBETEIH (GOpPMH.

Ilentra Ha mMpoBeneHUTE EKCIEPUMEHTH € Ja AOBEJaT
IO TpeUIOKEeHHEe 3a IoJoOpsBaHE epProHOMHYHHUTE
napaMeTpu Ha paboTHara cpega H yBeJduM4YaBaHe Ha
koMmpopra u paborocmocoOHOCTTa Ha pabOTHULUTE B
MalbK 0 CPEAHO ToJsiM oduc.

2. Ilpeonocmasxku u nauunu 3a pazpewagane Ha
npoonema

BusyanHaTta eproHOMHYHOCT Ha CpejaTa ce ompeses
OT 3puUTeIHUTe, QU3UOJOTHUYHH, NMCUXUYECKH U COLHATHHU

U3UCKBAHUA M MPEANOYUTAHUS Ha XopaTa, KOHUTO 4
obutanar.
Ome npe3 1911r. pymbHckusaT Jsekap .

Credanecky-['oanr ycTaHOBsiBa, 4e CBETJIMHATA C Pa3jU4YCH
CHEeKTpajJieH ChCTaB MPOMEHS (GHU3MOJOTHYHHUTE MOKAa3aTeNn
Ha voBeka. Ilpum mypmypHa, depBEHa, OpaH)XeBa M IKbJITa
CBETJIMHA C€ YCKOPABAT U 3a1bI00UYaBaT JUIIAHETO U IyJica, a
NP 3€JI€Ha, CUHS U BUOJETOBA CBETJIMHA MYJICHT U JULIAHETO
ce 3abamsar. WMscmensammsta Ha . M. Komapos, JI. B.
3axapoB, B. A. JlucoBckuili npe3 80-te ronunu Ha XX B.,
JI0Ka3BaT BJUSHUETO HAa HHTEH3UBHOCTTA W CHEKTpPaJIHUS
ChbCTAaB Ha CBETJMHATa BBPXY JeilHOCTTa Ha CbpPACUYHO-
chIOBaTa, CHIOKPUHHATa, IEHTpadHaTa U mepudepHarta
HepBHa cuctema [2:50]. @penckusat neBponartosor II. depe
JI0Ka3Ba MpsiKa 3aBUCUMOCT MEXIy LIBETOBOTO BBH3ACHCTBHUE U

43

MycKyJaHaTa pabortocmocobHocT. [lpu  KpaTKkOBpeMeHHa
paboTa 4YepBEHHSAT LBIAT IMOBUIIABa paboOTOCNOCOOHOCTTA,
OPAaHIKEBHST, XBIATUAT U 3CJICHUAT HMMaT [EHCTBHETO Ha
JIHEBHATA CBETIMHA, & CHHUSAT M BHOJETOBHSAT HaMalsiBaT
MpOU3BOOUTENHOCTTa. Toil  oTkpuBa u  (¢axra, dUe
KpPaTKOBPEMEHHOTO MMPEKbCBAHE HA IIBETOBOTO BB3ACHCTBUC H
MOYMBKAaTa OT HETO OJarompusATCTBAa IMOBHINABAHETO Ha

npousBoauTeanoctra. [3:75] Pyckusat odramnmonor mpod.
Pabkun ompenesnss LBETOBeTe OT LEHTpajHaTa dYacT Ha
CHeKThpa — OKBJIT M 3€JIeH, KaTo ONTHMaJlHH 3a
¢usmonornunuss koMpoOpT Ha UYOBEK MO BpeMe Ha

npoabJoKUTEaHa pabora. [4:75]

3. Pezynmamu ouckycus

Ha 0a3ara Ha naHHWTE OT CIIOMEHATHTE M3CIIEABAHUS Ca
MOATOTBEHH PA3JIMYHU CBETJIMHHH CLCHApHU 33 HHTCPHOPHU
NPOCTPAHCTBA, 003aBEACHH ChC CIICLUATHO MPOSKTHPAHH 32 LICIUTE
Ha HACTOSILIOTO H3CJICABAaHE YETUPH COMTYEepHO YIPAaBIsIEMH U
CIIEKTPAJIHO pEeryaupyeMH AekopaTtiBHH cBeremn (opmu. Tesn
CIICHapuH ca CbOOpa3eHu ChC creuuduKaTta ¥ UHTCH3UBHOCTTA Ha
paboTara, KOSTO Ce H3BBpIIBA B JaJeHaTa Ccpefa, Karo ca
MPEeIBUICHH U IPEKbCBAHHS, KOUTO OJIaroNpHsTCTBAT BU3YAIHUS U
0011 KoM(OPT Ha MOTEHIIHATHUTE TIOTPEOUTEIIH.

IIpoBenena e ankera, Ha 6a3ara Ha AEMOHCTPALUS B peayHa
cpema 3a OIpe/AeNsHE ONTHMAIHUTE LBETOBE 3a 3PUTCIHHS
koM(dopT Ha YoBeka, paborenr B opuc. B3eTn ca momx BHUMaHHE
XapaKkTepUCTHKaTa Ha Pa3HOOOpa3HeTo Ha JASHHOCTTAa W HelHaTta
HPOJBIDKUTETHOCT.

B excrieprMenTa xopara ca W3JI0KSHH Ha BB3JICHCTBHETO Ha
ceemmHa B 20 I[BETOBH HIOAHCA, 32 OIpeEJeeH IepHOI OT BpeMe:
IeT MHUHYTH, NOJIOBHH 4Yac M | 9ac. YCTaHOBEHHM ca IIBETOBETE,
KOHTO Hal-100pe BIMSAT Ha 3PHUTEIHUS TPOIEC IPH Pa3InIHH
BUJIOBE JEHHOCT, KaTo 4YeTeHe Ha KHWra, paboTa Ha KOMIIIOTHD,
yepTaHe, OOCHKIAaHe Ha CiayxeOHa wuHpoOpMamus u ap. Te ca
noabpanu ¢ mnomoiura Ha mnporpamara Color Play 3. Cnopen
nanurpara, useraure ToHose H (hue) ca o6o3Havyenn B rpanycu,
KOMTO MOKa3BaT bI'blia B CIICKTPaAJHUS Kpbr. B auanazona ot 50 —
260 rpamyca Morat Jja ce 3II0JI3Bar 3a Hall-IbIbI IEPHO]] OT BpeMe
(mag mosoBHH Yac) 6Ge3 ja NPUYMHAT APAa3HEHHUS B 3PHTEIHHAT
oprad. Ocranamure 1serose oT 0 1o 50 rpagyca u or 260 no 359
rpaxyca, TpaOBa Jla ce H3IIOJ3BAaT OTPAaHWYEHO — HE IOBEYe OT 5
MHHYTH.

[TpoaBIKUTETHOCTTA, C KOSTO MOXE []a C€ M3II0JI3Ba LBETa
3aBMCH OT Herosara HacuTeHoct S (Saturation) — cremenra Ha
cMecBaHe ¢ Oendst LBAT Ha CBeTiMHarta W spkocrra V/B
(Value/Brightness). Koskoto moBede HamassiBa YHCIOTO Ha S 1 Ha
V/B TonKkoOBa MO-IBITO0 OKOTO MOXKE Ja Oblle H3JI0KEHO Ha



KOHKpPETHHS 1BAT. Hampumep opamXeBUAT HBAT ¢ mapamerpu H:
39, R: 255, G: 111, B: 0 e moaxosiii 3a OCBETJIEHHE HE MOBEYE OT 5
MUH., HO KOTaTO 4YHCJIOTO Ha S Hamajssa oT 255 kbM 0, KOETO T0
nobmmwkaBa 10 Oenus LBAT, NPOABDKUTETHOCTTa MOXE Ja
HapacTHE JO TOJIOBHH 4Yac. HroaHcWTe cTaBaT IO CBETIH U
CJICIOBATEIIHO TIO-TIOHOCHMH 32 O4HMTe Upu Habmonenue. [Ipu
HaMmassBaHe uucioTo Ha V/B or 255 xbM 0 1BETHT MOTHMHSABA U
BJIEMCTBHETO CHIIO CE OMEKOTSBA.

Due. 2 Jlexopamuenu oceemumennu mena céemeiyy 6 KOMOUHAYUS OM
3enen u opances yesm ceemauna — R: 0; G: 255; B: 0 — R: 255; G: 166;
B: 0.

Taonuya 2. Ipanuyu Ha epeOHOMUYHO ONMUMATHO 8peMe HA 6b30eliCmaie
NpU PAIUHUME YEEMO6U KOMOUHAYUY ¢ 0684 YBIMA CEEMIUHA, NPU paboma

8 oghuc

IBeToBa R: G: B:-R: G: B: Bpeme Ha
KOMOMHAIUSI (I uBsT) - (II uBsAT) Bb3/IeliCTBHE 32€THO
QDue. 1 Jlexopamuenu oceemumennu mena céemewu 8 uepgen yeam — R: 255;
G:0;B:0uH:0° 3€JIEH - YepBEH 0;255;0 — 255;0;0 10 MunyTH
. . JKBJIT - BUOJICT 255;255;0 — 140;0;255 10 MunyTH
Tabnuya 1: Ipanuyu Ha epeOHOMUYHO ONMUMATHO 6peMe HA 8b30elCmele
npu pasnuiHume yeemose ceemauna npu paboma 6 oghuc cpeoa. OpaHX - CHH 255; 166;0 — 0,136,250 Y2 vac
LBsT R:G:B: H° 5 MuH Y5 yac 1 yac JKBIT - YEPBEH 255;255;0 — 255;0;0 10 mMuayTH
YEpBEH 255:0;0 0 + - - JKBJIT - CHH 255;255;0 — 0;136;250 1 yac
OpaHXeB 255;111;0 26 + - - CHUH - YEpPBEH 0;136;250 - 255;0;0 10 MunyTH
HKBITO-OPAHIKEB 255;166;0 39 + + - 3€JICH - OPaHK 0;255;0 — 255;166;0 1 yac
SKBIIT 255:221;0 52 + + + 3€JIeH - BHOJICT 0;255;0 — 140;0;255 Y5 gac
JIUMOH 234;255;0 65 + + + BHUOJIET - OPAHX 255;166;0 — 140;0;255 10 MuHyTH
JKBJITO-3CJICH 179;255;0 78 + + + JKBIT - OPAHK 255;0;0 — 255;166;0 1 gac
CBETIIO3CIIEH 123;255;0 91 + + + OpaHX - YepBeH 255;166;0 — 255;0;0 10 MuHyTH
3eJIeH 13;255;0 117 + + + 4epBEH -BHONET 255; 0;0 — 140;0;250 5 MUHYTH
CHHBO-3eNeH 1 0;255;98 143 + + + BHUOJIET - CHH 140;0;255 - 0;136;250 15 gac
CHHBO-3€EIIEH 2 0;255;153 156 + + + CHH - 3€7IeH 0;136;250 — 0;255;0 1 wac
CBETJIOCHH 0,247,255 182 + + + 3€JIeH - KBIT 0;255;0 - 255;255;0 1 yac
CHH 0;191;255 195 + + -
THMHO CHH 0;136;255 208 + + - 4. 3axniouenue
S 026,255 234 + + - Ha 6a3ara Ha omeHkara 3a eproHOMHYHOCTTa Ha paboTHATa
CHH-BHOJIET 85;0;255 260 + + - cpelia, NMPOBEICHA B PCaJHU YCJIOBUSA ca JOCTUIHATH ThPCECHUTE
BHONET 1 140:0:255 273 + - - pe3ynTaTtu, Hpu BB3IACHCTBUETO Ha CIEKTPATHO pPEryIupyeMHTe
oner 2 195:0:255 286 " B B JIAMITH, TIpeaHa3HaueHu 3a oduc. MudopmanusaTa u3BIcueHa Ciae
EKCIIEPUMEHTHUTE C TAX M MPOBEXIAHETO Ha aHKeTa, MOXe J1a Obe
POSOB 251,0,255 299 + ' ' HPUIIOKEHA TIPU Ch3/1aBaHETO HA T10-CIIOKHU CBETIMHHU CLEHAPHH,
PO30BO-UEPBEH 255;0;149 325 + - - C Yy4acTHETO Ha MOBeYe OT [Ba LiBATAa. BpeMeTpaeHeTo U HI0OaHCUTE
G5t 255:255:255 0 + + + Morat Ja OBJaT peryaupaHd CIIOpeA NPOMBIDKATEIHOCTTA Ha

EproHoMH4YHOTO BB3ICHCTBME HAa MAaJCH LBSIT CBETJIHHA
MOXe Ja Obae MOT00pPEHO, aKo T ce KOMOMHHpa C APYT, KaTo ce
CMEHAT IIOCJIEOBATENHO (IIPe3 ONpeAeNeH MepHoa OT BpeMe),
NpeTrBaT eIUH B APYT WIH Bb3ISHCTBAT €HOBPEMEHHO.

Karo Haii-moxo/ sy 3a 3peHHETO Mo BpeMe Ha pabora ca
ChUETAHUSTA Ha JBA ChCEIHU BSITA: YKBIT — OPAHIK, CHH — 3€JICH U
T.H. ¥ ChYETAHHUATA CHC 3€JI€H, XKBJIT U Osul uBAT. Te HamaisBar
JPa3HEHWETO HA OYHUTE, KOETO CE YYBCTBA IPHU CAMOCTOSITEIHOTO
JEUCTBUE HAa YEPBEHWs] W BHOJICTOBHUs LBST. SIpKHTE TOHOBE ca
HEOOXOQMMH, 3a Jla HapyllaBaT MOHOTOHHOCTTA, KOSTO MPH II0-
rojgsiMa NpPOJBIDKUTEIIHOCT u3MopsiBa ouurte. Te TpsiOBa 1a ce
M3II0JI3BaT 32 KPAaTKO M Mpe3 FOJIEMU HHTEPBAIH OT BpEMe.
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paboTHHUS ICH U CIIOPEJ ECTECTBEHOTO M H3KYCTBEHOTO OCBETICHHE
B oduca. Morar na ce ch3mamar Nporpamu, KOUTO jga Obiar
MpUIAaraHd pH pasiM4yHH BHAOBE NEHHOCT U Ja ObJAT OCUTYPEHH
HEOOXOAMMHTE MPEKbCBAHMA, 32 Aa OBJAT OCHIYPEHH 3PHUTEICH
KOM(bOPT M ONTUMATHA IIBETOBA M CBETIMHHA CPea IO BpeMe Ha
paborTa.
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KYKJIATA BAPBH KATO BEJIEI' HA HAHIETO CbBPEMHUE.
AN3AUH U TPAIUIIUU BbB ®UT'YPU OT ®UJILIL.

THE BARBIE DOLL AS A SIGN OF OUR TIMES
DESIGN AND TRADITION IN FELT FIGURES

ac. lapkeBa M. T'. Texuuuecku yuuepcurer — Codust, bearapust mihaelagadjeva@abv.bg
as. Gadjeva M. G. TU - Sofia Bulgaria

Abstract: “Any significant cultural object appears, as a rule, in two roles: in its immediate function, determining the social needs in certain
specific areas, and also in a ‘metaphorical’ one, when its properties are transferred onto a broad range of factors, whose model this object

becomes.” J. Lotman

The frequent use of human image, widespread through the so-called object-doll and having various intentions and motives, suggests the
question whether the doll can be considered as the first and natural child toy; whether it does not appear later on as an imitation of the
human image; and, finally, whether the purpose of this activity is not really very serious.

Authorial dolls — felt and textile figures - will be presented in contradistinction to the contemporary doll-idols.

Key words: DOLL, DESIGN, MATERIALS AND PROPORTIONS, TOY AND GAME, MACHINES AND TECHNOLOGIES - PROGRESS

OR DECAY, ETC.

1. Yeoo

Kyxnara, e HEIoTo Nmpsko CBBP3aHO C YOBEKa — JATHpPa 3aeJHO C
Hero, Mo 00pa3 u mo ¢opma ro KOmupa M B TO3M CMHCHI, TS €
HEOTMEHEH HEroB CITbTHHUK. PoidTa M Buzia Ha TO3M IpeaMeT Ipe3
pa3IMYHOTO BpPEME OT pPa3BUTHETO HAa YOBEUECTBOTO, CHBCEM
CBHBIAJIA C HUBOTO HAa HETOBOTO Pa3BUTHE BHB BCEKH €IMH CMHUCHII-
BSIPBAHMS, CPBYHOCTH U YMEHHS, YMCTBEHO, IYIIEBHO U JyXOBHO,...
B To3M cMHCBHI, KyKiaTta ce ABsBa €AMH OC3LEHEH MCTOPHYECKH,
KyATypeH M conuaieH apredakr. TS e >KMBOTO CBHIETENCTBO 3a
Pa3BHTHETO, TOPACTBAHETO W MAJCHUTA HA [IUBIJIM3AUNTE B SIIH
miobanen Mamab. JlokasaTencTBO 3a BCHYKO TOBA ca IIPEKUTE
CBHJETEJNICTBA Ha KYKIM apTedakTH OT pa3iInyHHUTE NEepHOIH Ha
YOBEIIKOTO ChIIECTBYBaHE. B HaualoTo KykiIure ca ce
n3paboTBaM, KaTO MHOTO OETrJI0 HANOMHSAIIM YOBEKa M Hall Bede
HEeroBusAT oOpa3. Jlumcara Ha BCHYKHM YOBEIIKH aTPUOYTH KaTo
KpaiHHIM ¥ YaCTU OT JIMIIETO, CBUACTEIICTBA 32 CJHO MPEKIOHCHHUE
HpeJ YOBEIIKOTO M300pakeHne U CTpax, ue JOPH U ChbBCEM MaJKO
Ja TO HanomoOMM , HH TPO3H ONAcHOCT OT ,,0XKHBSIBAHE Upe3
BCEINIIBAHETO Ha 3JTH AyXOBe", HIIH ,,Haka3aHue ot bora“. Hamupame
KyKJlaTa BBB BCEBB3MOXHH (opMa M H300paKeHWs, 3a Ja ro
3aMEeCTH WM MpeacTaBy . TS ro ChIbTCTBA NPU PAXKIAHETO MY, IPH
CMBPTTa My, TIpH OOJIECT W PAAOCT, KaTo MasuTedka B oOpas3a Ha ,,
3epHeByImIKa“ M OTMEHHTENIKa TNpH SMNOHCKara ,, XaHuUBa“, 3a
IUIOI0POJIHE ¥ KBCMET. B THEIIHO BpeMe TS MOXKE J1a € CUMBOJI Ha
ZIbpiKaBa, HACENICHO MSICTO, HApOA ¥ KYJITYpa...

Yecrara ynorpeba Ha YOBELIKOTO H300paXkeHHe, HEISIII0 Pa3IndHN
HaMEpeHUs. U Cily4au, HU HaBe)XXIa Ha BBIPOCA -Jalld MOXEM Ja
cuMTame KyKjiara 3a IbpBaTa U €CTeCTBEHa UTpayka Ha JAETeTO U He
ce JIM NOsBABA 10 KbCHO KaTO MOJAPQKaHME Ha YOBELIKOTO
n300paXCHUE U 1IeNITa Ha Ta3! ACHHOCT HE € JIM JOCTa cepro3Ha?!
JlenvkaTHHSA MOIXOA KbM HYOBEUIKOTO M300pakeHHEe B 30paTa Ha
YOBEIIKaTa LMBHJIN3ALMsA, OCOOCHO SPKO KOHTpAacTHpa C MO
KBbCHHUTE N300payKEHUsI U 0COOCHO TE3U OT HAILUs BEK.
IpocnensBaliky NOETAHO Pa3BUTHETO M NMPOMSHA Ha KyKJaTa BbB
(dopmoopasyBaHeTO, MaTepUalUTe, pa3MepuTe, HAUYMHUTE Ha
n3paboTka, HAYMHUTE M NpeTHA3HAYCHUsTA 3a HW3IOJI3BaHe, ce
oopMAT pasNMYHM TPYNH, HANpPABICHUS, TEYCHUs, IIKOJIH,
aBTOpCKU OenexuTu pazpadotku. Ha 6azara Ha ToBa ce copmupar
pa3IMYHU MOTPEOUTENN B 3aBUCHMOCT OT (yHKuusra. M KOJIKOTO

moBede ce  3agpiabodaBaMe W IPCHU3HO  aHAIU3MpaMe
pa3Ho00pa3sueTo OT W300paKeHHs BBHIUTBTEHH Ype3 KyKiara, ce
cOMBCKBaME C HEII0 YHHKamTHO — , T, Karo Hemo KoeTo

0e3CropHO € BIBXHOBCHO OT 4YOBEKA, 3aloyBa Ja UMHUTHpA U
NpOUTpaBa, BCUYKH BB3MOXKHU TPOSIBU, MO3U, JKU3HEHU TOJIWHH,
npodecun, KpacoTH, TPO30TH U BCEKH 00pa3 KONTO € Bb3MOXEH B
mpolieca Ha JKUBEEHETO, JOCTHITHO U IMPUCHIIO HA YOBEKA.

Kykmara e HaBis3/ma B €XKEIHEBUETO JO CTENEH Ha CPacTBaHE C
YOBEKa. 3a TOBa M POJHUTE KOUTO C€ MPENOCTABIT Ca 3HAYCHIA U
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He3a0enexuMH. be3cropHO  BakHHM, KOETO
€CTECTBEHOTO MM NpHEMaHe U ChIIacsiBaHe C TSX.
KakTo B caMOTO HaJano Ha YOBEUECTBOTO, KOTATO YOBEKHT MHOTO
HE ce € OTIMYaBall B Pa3BUTHETO CH OT CBOETO jeTe, 6e3 3HaueHHe
OT BB3pacTTa BCHUKH €IHAKBO Ca Ce MOJ3BAIM M Ca UMalIU HYXJAa
OT KyKJIaTa, Taka U 10 AeH JAHEIIeH KyKJaTa € 3a BCUYKU, 0COOCHO
TE3H JHEIIHUTE, KOUTO ca CHBCEM KaTo JKHB YOBEK M PEaJHO LENTa
UM Ha CBIIECTBYBaHE HEe € 00BbpHATa KbM JIeTCKaTa Urpa.
HampenHanu TEXHOJIOTMH, HOBH M3YMUTENHH MaTepuaid, C
MOMOIITa Ha KOMTO C€ KOIHpa YOBeKa 10 OOJIE3HEHOCT BbB BCSKO
€7IHO OTHOLIEeHME Npu Kykaute — bpaac u BJD, kpaero uenra e na
3aMEHH YOBEKa J]a C€ Ch3/1ajle UCTHHCKH YOBEK — T'OBOPH 3a JIPYyT
BHUJI OTHOIIECHHE KBbM 00pa3a M JMYHOCTTA M JKUBOTA KaTo ISUIO.
JlumncBa neTckara 9MCTOTa Ha PAaHHUS YOBEK U C€ M3IIPaBsIME B JIHIIE
B JMIe C 0Oe3lmapIOHHMS MOJKEN] BCHYKO TBOpEI KBACTO IeNnTa
OIIpaB/iaBa CpeCTBATA.

Jlpyr spBK mIpHMep, KOWTO HE MOXKEM Ja OTMHHEM, NPOXYKT Ha
HalllaTa OUBHIM3AIMSA U LEHHOCTHA CHCTEMA € MankaTa (urypkara
B JkeHKH 00pa3 — bapbu. Ts e Ta3u koATO Biagee BCAKO HUBO U
npodecust Ha ChbBPEMEHHATa ,,JJaMa‘* — KOHCYMaTopKa M Kamnpu3Ha
skeHndka. OT mppBooOpasa cu Ha Jieka xeHa Jlmiam, KosiTo ce
nojapsiBa KaTo 3akauka Ha epreHu, bapOu ce uzgura o OusHec
JaMa ¥ KaKBOTO OILE C€ CETHM KaTro yMelo upe3 HeoOXoAuMus
aHTypaX OT BeIIM W MaKeaX ce NpeBbIUIallaBa M 3aBilaasBa
chbpuaTa W BCHYKHTE CETHBA Ha IOAPACTBAIIUTE MOMHYEHIIA, O]
(dopmaTa Ha Wrpayka. YMena MaHUITYJTAUsA U MIEMETeH MapKeTHHT
3a BCHYKH BpeMeHa, bapOu ocraBa mpoTtuBopeunB oOpa3. 3a Hes ce
TOBOPH KaTo 3a JKHB YOBEK. BB3mpusTHsATa HU ca JBOMCTBEHH,
3apagy CHIIECTBYBAHETO M MEXAY ABA CBSITa- TO3M HA JETETO M HA
BB3PACTHHS, KOUTO CBCTaBAT HEHHOTO ChIIECTBYyBaHe. A Kora
KyKjaTa ¢ Ouia MI0J ¥ 110C/Ie UIpadKa, He € SICHO BCBHIIHOCT Jalu
€IIHOTO M3001110 € mpecTaBao 1a ObJie 3a CMEeTKa Ha Ipyroro.?!

UM  OcUrypsiBa

2.Ilpeonocmasku u Ha4YUHU 34 peuwidsaHe Ha
npobnema

JIunop T'opanuk € mMbpBHUAT aBTOP APB3HAT J1a ONMOBECTH €HA SBHA
HCTUHA U TJIo0anHa TeMa 3a u3ciensaHe — bapOu — kaTo KyaTypeH
(enomen. [IBaHazeceT caHTUMETpoOBaTa (UTypKa CTaBa IOBOA Ja
CH 3aJaJeM MHOXECTBO BBIPOCH IPOM3THYAINM OT HeilHaTa
MOIYJIIPHOCT, MAacoOBO XPAHOCMUIIAHE - MPEBBILIBTEHA BbB
BCHYKHTE  BB3MOXKHM  npodecud, (GU3MYECKM M MOJHO
TpaHc(hopMupyeMa 1 Kellaela, ToBopelia U Thpcela- KakBo?

IlocraBeHo € HauaIOTO HA HEYYyBaHa A0 TOraBa a U 10 JHEC MOIIIHA
HUHAYCTPHUS, KOATO Aa 06CJ'[y)KBa TO3U NEPCOHANK.



Benexwurn nusaiiHepu B Mozara cTaBaT M JIMUHU IU3aliHEpH Ha
Bapo6u, xaro [Tuep Kapnen, Kpuctuan [duop u ap.

TIpe3 1997 r., B uenust cear ca npoaaaexn 1 000 000 000 munnapa
OT TO3H MPOAYKT.

Wpnesita Ha KykjaTa € Jja OTTOBapsl Ha BCEKU IEPHOJ M BH3MOXKHA
CUTyallusi ¥ POJIsi B KOSTO € BB3MOXKHO Jla C€ HaMHpa M 3aeMa
keHara. Kykimara craBa MoIen Ha MOBEICHHE U OCBINECTBSIBA
MEUYTHTE Ha MOMHYEHIIaTa 32 HAUWH Ha )XUBOT W BB3MOXKHOCTH 32
KpacoTa, ApexXH, MPHYECKH, TPUM, KaTo ChC ChINaTa Ta3d CHIA,
Bapbu Hammpa cBoWTE ONOHEHTH B JMIETO Ha IEAAro3w,
H3KyCTBOBEJH, JyXOBHHUIIM, TOJUTUIN-KECHH. BB BBHIIHUAT U BUX
Te OTKpHUBaT JieKaTa J>keHa. A cb3hajeHaTa rosopema bapOu
JOKa3Ba 4Ype3 pEIIMKUTE KOWTO MpPaKTHKyBa, KOHCYMaTOPCKH
TBPCEHMSI M LIENIH, C KOSTO CE BB3IHTaBa W TaKOBa OTHOIICHUE M
TBHPCEHHSI OT CTPaHa Ha IOAPaCcTBAOTO MOMHUUCHIIE.

Bapou e o0siBeHa OT chaumTe 3a ,,00I0 KYATYPHO SIBICHHE H €
TIOMECTEHA B ,,KaIlCyJa Ha BPEMETO™, KaTo €UH OT CHMBOJIUTE Ha
IUBIIM3ANMATA U € Ha MIOYETHO MSICTO Cpell BOCKYHUTE (PUTYPH B
My3est Ha Maznam Troco.

B peunnka 3a Kyknam ChIECTBYBa IOHSTHETO —0a3oBa KyKia-
O3HauaBa efHa 0a30Ba KbM KOSATO MMa NpEIHa3HAYeHH aKCecoapu
WM JpexW, TakaBa Oa3zoBa ¢ M bapOum c BcHuUKO ocTaHANO
HpeIHa3HaYeHo 3a 00CIIY)KBaHETO U IIPeoOpa3yBaHEeTO Ha Ta3u €Ha
U china 6a3oBa Gpopma.

Jlxak PastH — ckynntyp, npasu Jlunu tunelmxepka. Entanu bynon
TBBPAM, Y€ TOW € MCTUHCKUS aBTOp Ha Kykiara. IIbpBata e
npojajeHa B Smows, Miamema ¥ MOpoYHa OTKPHUTO Ipejularamia
cebe cu. ToraBa SMOHIMTE HE 3HAAT 32 HEHHUSA MPOTOTHUI-JIMmm.
IIpe3 mocnenBamuTe TOAWHM KyKJIaTa MPETHPIsBA M3MEHEHHMS, Ha
KOMTO HsIMa Ja Ce CITUpaM IoApoOHO ThH KaTo TOBa HE € TeMa Ha
CTaTHATa, a MIOBOJ JIa CE HANpaBsAT HAKOW W3BOIM M Ja ce 3aJanat
BBIIPOCH, KaKTO 3a (popMara, pUCyHbKa, OpHaMEHTa KaTo CPEACTBO
3a IIeIeHaCcOYeHO BHYIIEHHE KbM MOTpeOHTENs.

[Urpata ce oka3Ba Haif-3aragbyHusi (EeHOMEH 3a OmpelelsiHe H
H3CIIe[[BaHE, C KOHTO ce OMMUTBAT Ja CE CIPABAT IEAArOTHYECKH,
HU3KyCTBOBEJACKH, (Quiaocopckn Teopun. JlureparypHute u
UCTOPHYECKUTE MaTepuaiu, OTACIAT OCOOCHO BHHMAaHHE Ha
»~Arpara“, KaTto Haii-cepuo3Ha (opMa Ha yoBelIKara ACHHOCT, B
CpaBHEHHE C MOJMTHKATA, UAEOJOTUUTE U M3KYyCTBOTO, MOpajia U
COOCTBEHOTO YOBELIKO ChLIECTBYBaHE. buTHeTo Ha wurpara ce
pasmpocTupa Ha TEPUTOPHATA HAa KOCMHYECKUS YHHBEPCYM, KaTo
MO3BOJISIBA []a C€ TOBOPH 3a HEHHUS OHTOJIOTMYECKH XapakTep.
TakbB M3BOJ € HaNpaBeH Ha 0a3aTa Ha TPAaHUYHHUTE U eKCTPEMATHU
CBCTOSTHHUS KaTO — MHT, ChH, JI000B, cMbPT/. ATHHSH/

TexHonmoruuTe HY NpeaU3BUKAT. Te He OCTaBAT HAIlaTa CETUBHOCT
U yMEHHA Ja HampaBUM H300p Karo CBOOOJHH, OCB3HATH,
HpELCHSBAIM JIMYHOCTH. BB3MOXKHOCTUTE KOMTO Npeaiarar HH
U3HYZBAT Jla ce OTAAJeM, ITbK KaKBOTO Ie Ja cTaBa. Pesynratute
ca OTpecaBallo yCIenHy. ToBa ChIIOTO ce BHEIpPSBA U B JIETCKaTa
Wrpadka KaTo IIeNTa € eIHa CJUHCTBCHA, ITOCPEACTBOM YMaJICHH
BEIM OT CKEJHEBHETO HAa BB3PACTHUTE,  Ja MOATOTBI H
COIMAJIM3Kpa TMOJpacTBaIKs 3a W300pa cHM HAa HAYMH Ha JKUBOT —
JKEJNaHWsi, BKYCOBE, CTPEMEXH, KAaTO EIMHCTBEHOTO KOETO My
OCTaBs U TaKa MPELU3HO MPEJOCTABIHO OT BB3PACTHHSA — IPOCTO Ja
cu u3bepe OT MPEeNOCTaBEeHUTE BB3MOXKHOCTH. C UTrPauKUTe KOUTO
MOCTaBsAME B XXHBOTa M OOKPBHKEHHETO Ha HAILETO JeTe, HUE IO
MOCTaBsIME HAapaBHO ChC BCHUKH. 10 Ja MMa KaTO BCHYKH M Ja
CTaHe KaTo BCHYKH. Taka CHI'YpHO M MpPEIM3HO IPHUCIIBAMe
ceTMBaTa Ha HaNIeTO JieTe M OTpsA3BaMe BBH3MOXKHOCTHUTE 32
TBOPYECTBO — KOUTO C€ OKa3Ba CE€ NMPOBOKHPAT B KpaTKaTa AETCKa
BB3pacCT.

C KkykjaTa He € Hy)KHO Jia Ch3eplLiaBall Yy)KAU MUCIH KaKBaToO eI
HMa cTarysra, a Ja Wrpaeul. 3a ToBa IpeKajJeHaTa HaTypHOCT,
HMUTHpAIIA JCHCTBUTEIHH NPEIMETH OT JKMBOTA, MOJAPOOHOCTH U
YKpaIIaTejacTBO, MO CKOpO 51 yBpexkaar. OTMeHAT HeiHaTa Iell.
M3BecTHO € 4Ye HATypo - HMHTHpAlIUTEe Hrpadkd, C II0BEYe
pa3Ka3BaTETHOCT U MOAPOOHOCTH, paaBaT Hall Bede Bb3PAaCTHHUTE U
HE ca Taka IPUTOJHHM 3a UTpa OT CTpaHa Ha JIETETO, 3a Pa3jHuKa OT
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CXEMAaTUYHUTE CAMOJEINIKH, 32 YHUUTO JeTalllli € HyXHO Ja ce
Halnper’y BbOOpakeHHUeTo.

3.Pewasane na npoyyenus npooem.

B nacTosmiaTa cratus npeaiiaraM aBTOPCKH pa3paboTKu Ha GOpPMH,
KyKJIM KOMTO Ja ca B IpPOTHBOBEC M CBBCEM pa3iIM4HH Ha
CBbBPEMEHHUTE TEHJCHIMH W BB3MOXKHOCTH. Karo ce oOpbiiam
Ha3aJ BbB BPEMETO U MOIJIEKIaM JIEKO B CTPaHM 3a Ja MPETBOPS
MO3HATUsI OT JPEBHOCTTAa MaTepual — BbIIHA, MPEAOCTaBsIM Ha
BHUMAaHHETO Ha MOTpeOUTENs (GUTypH, KOUTO C HHUIIO HE pa3Ka3BaT
32 KOHKPETHH TIOJIOBH aTpUOYTH, KpalHHIUTE M CaMOTO TSUIO ca
CHUMBOJIMYHY U MIPBUYHU B CBOETO (hopMOOOpa3yBaHe, Karo IenTa
WM ¢ JIa paJiBaT, JIa HOCST HACTPOCHHE W YCMUBKA, U3HCHAJIA, Y€ HE
MpUIMYaT W HE HANOMHAT HA HHUIO MO3HATO, PAa3IHYHO OT
»ACTHHCKHATE KYKJIH', KAKTO T'd ONpEeAend eAuH Oaiia B aHKeTa
MpOBEIEHa Cpel BB3PACHU 3a OIpEAe/siHE BB3JCHCTBHETO Ha
aBTOpcKUTe KyKiu OT ¢umy. Te3m Kykid uMar 3a men ja
MPOBOKHPAT JCTCKUTE BB3MPHUATHS, O3 1a UMaT QyHKIUATA UTPa, a
caMO Karo TIPUCHCTBAT B OOKPHKCHHETO HA JETCTO HIIH
MOJIPAaCTBAIIMSA, KAaTO APYT, Pa3JIMUCH aKICHT, KOWTO Mpejrmoara
pa3IMYHO MpPEXHBSBaHE, BEMHBK 3apaau (opMooOpa3yBaHETO —
Pa3IM4HO OT MACOBOTO IMPOM3BEICHU KYKIH, W JAPYro — 3apaad
caMusi MaTepual U YyAHUS My HaduH 3a 00paboTBaHe, B poreca —
WrjoHaOuBaHe.



4 3aknouenue

OT BCHYKO Ka3aHO TPOM3IIH3a H3BOAA @ KyKJIaTa € CHTypeH
HM3TOYHUK ¥ CBHAETEN 3a TPaJULUHTE, BIPBAHHATA, BKYCOBETE,
YMEHHMATA, THPCCHUsITAa HAa BCEKU CIIMH HApOJX, KyJITypa, OOIIHOCT,
cemeiicTBo. JXKanko e HamcTHHA, 4e TO3M Oe3leHEeH M3TOYHUK Ha
HCTOpHS HE € Taka TPacH MHaue B HCTOpPHUATA HE OM NMAJ0 HUKAKBH
TaliHU.

Kyknata e Mozen 3a noapaxanue. HoBekbT He MOXKe Ja xuBee 6e3
UJeaqn 3alloTO € MKOHHO chbilecTBO. IIpo6GneMbT Ha YOBEKBT €
HeroBusIT obpa3. Toil craBa TakbB, B 3aBUCHMOCT C KOrO Ce
ChEIMHABA M HAa KOrO HCKa Ja IOApa)kaBa. [paHCEKCyalHUs —
YOBEK 0e3 HAEHTUYHOCT, OE3MOMOIIHO ThPCel] ChC OE3MOMOITHUTE
CH CUJIU Jla pasrajae cBosTa TaiiHa. Koiko MOIIHO sABIEHUE JHEC CE
OKa3BaT MOJEJHTE B JIHIETO HAa bapOu. A KOst BCBITHOCT € Ts1, M Ha
KOTO MoJpa)kaBaT B TO3U CMHCHI Hamute MomuueHna?! M koixo
CM€ OTrOBOPHHM HHE KaTO pOJHUTENH KOTaTo CbC 3aJ0BOJICTBO
Ka3BaMe, 4e BCHYKM MMaT TakaBa!? Ilcmxomosure TBBPAAT, Ue
yoBelkara (aHTasus M OCOOEHO Ta3W Ha JETETO € TOJIKOBA
HEYJIOBUMa W JIeTKaBa, 0e3 0COOEHM YCHIMS IMOJATIINBA, 4e TE3H
cb31aBus kKaTo bapOu — HapedeHH Urpadky, 4pe3 4eTIHBO U3PA3CHU
MOJIOBH OeJIe3n BOAAT /IO sICHATa IIeJ 3a KOSTO ca NpeAHa3HAuYeHH
T€3U TBOPEHHUS.

JlHemHaTa urpayka € TakaBa, 4€ HHU OTIENIA OT JpPYyrus, OT
CIIOJEISTHETO, OT OOILIYBaHETO, C KOMTO akT ce OTIMYaBaMe OT
LEeTUAT OCTaHal CBAT, a C TOBa M OT camuTe cebe cCH.
H3paboTBaHeTo Ha KyKiIaTa, HTpadkaTa, € CepHO3eH IU3aiHEePCKU U
€proHOMHUYCH MpOoOJIeM, B OPOMHOTO MOpE OT BE4e CHIICTBYBAIIN
BEIllM, C€ NUTaMe KakBO MMa ome jaa ce npasu! Cuuram, ye
npobiieMa 3a KyKJiaTa M Urpadkara TelrbpBa TpsiOBa aa ce MOoCTaBU
Ha pasJIMYeH MPOYHT, KaTo riiobdajHa TeMa, KOsTO CTOHM B OCHOBAaTa
Ha YOBEILKOTO pa3BHUTHUE.
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VIRTUAL REALITY AND MODERN CAD-CAM SOFTWARE SYSTEMS TO CREATE
VIRTUAL MODELS OF WORKSHOPS FOR MECHANICAL PROCESSING
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Abstract: The article describes an approach for creation virtual reality scenes of workshops for mechanical processing, using three-
dimensional models from CAD/CAM and on the basis of "immersion" of the designer in a virtual environment. Applications software and
hardware resources used to achieve the interaction between CAD/CAM models of the machine tools, equipment and human avatars and
virtual reality environment are described. Conclusions for the advantages and problems of the proposed approach and guidelines for future

work also are given.
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1. Introduction

Contemporary Computer Aided Design (CAD) systems offer
large modeling features and functions for development of 3D
models of machine parts, assemblies and entire products, which
increase the productivity of the new products design [1, 6]. While
the geometrical structure of the CAD maodels is 3D since long time
ago, the user interaction within this software still remains
unchanged. At present time the most widely used CAD tools has
standard - Windows, Icons, Menus, Pointers desktop-based
Graphical User Interfaces, and the interaction is made through
standard computer keyboard, mouse and LCD display, which are
mainly 2D devices.

In the recent years, Virtual Reality (VR) technology became a
dynamic field of research that has begun to be used to a certain
extent in industrial and educational applications. VR provides new
perspectives for user interaction with CAD tools and models. It
enhances the immersion feeling and the depth perception of 3D
objects, providing information with less perceptive ambiguities.
This opportunity is important for example, when using CAD
applications for designing of workshops for mechanical processes,
where users must have a direct and thus better appreciation of
object shapes and dimensions of the environment. Many research
activities are currently focused to integrate CAD architecture inside
VR-systems in order to enhance the immersion feeling and the user
interaction interface.

VR is composed usually of an interactive computer simulation,
which senses the user's state and operation and replaces or augments
sensory feedback information to one or more senses in a way that
the user gets a sense of being immersed in the simulation (virtual
environment). There are four basic elements of VR: the virtual
environment, virtual presence, sensory feedback (as a response to
the user's actions) and interactivity [9].

2. Interaction between CAD/CAM objects and VR
environment.

Computer aided design, manufacturing and engineering, called
CAD / CAE / CAM (Computer Aided Design / Computer Aided
Engineering / Computer Aided Manufacturing) are the best
currently existing form of organization of automated design data.
CAD systems are mainly designed to solve problems to describe the
geometry of parts, components and products in general (ZD-
drawings or 3D-models). Over recent years their opportunities
widened and extended to other non-geometrical features required
for integration with other subsystems (CAE, CAM, etc.). The goal
is to avoid the "manual" reformatting data. The result includes
geometrical, digital and technological data used for description the
designed products (drawings, results of calculations, materials, etc.),
production specifications (bill of materials), experimental results
(e.g. protocols of measurements), and additional text information
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(e.g. technical descriptions, instructions for servicing, maintenance
and installation). CAM is associated with all tasks concerning the
management and control of the manufacture or assembling of the
devices. These systems generate data on the direct control of CNC
machines, robots, transportation and storage systems. At this stage
the problems relating to the general organization of production, the
flow of material, the instrumentation, warehouse, etc., are also
considered.

The difference between VR technologies and technologies for
designing often not understood properly [1]. Many users of CAD
software for design still believe that VR technology can be used
only for creation of PC games, 3D movies or attractive
presentations and they relate CAD systems only with high precision
engineering geometrical models. In fact, VR and CAD are
complementary technologies. CAD systems are set up to build
models and assemblies for VR can be used to display these models
by "immersion™ the designer in the virtual environment. Some CAD
models now can be viewed in VR through use of special viewing
helmets or glasses, and software that formats video images to create
the impression of depth.

The impression of depth results from seeing two perspective
views of a three-dimensional object that correspond to the same
views seen by our left and right eyes [4, 5]. There are two general
ways to create these views. The approach employed in VR helmets
is to use two small video screens, one for each eye, and send each
view to the respective screen. A second method, which is more
suitable for CAD applications, multiplexes the two images onto the
sequential video fields of an ordinary monitor (or projector). The
viewer wears an inexpensive set of glasses that contain an infrared
receiver and polarized left and right lenses. An infrared transmitter
synchronized to the alternating video fields sends signals to the
eyewear which cause each lens to shutter on and off at the
appropriate time so that each eye sees the corresponding left or right
view. To track the view provided by the eyewear in space requires a
special view controller consisting of three ultrasound speakers
sitting on top of the monitor. They emit signals to microphones
incorporated in the eyewear. Signals from both the eyewear and
speaker array go to a control unit. The controller detects phase
differences in the transmitted and received ultrasound signals, and
uses the information to track the user's head position. Software
calculates new perspective views from this information.

3. Creation realistic models of mechanical
workshops in the VR environment.

Using CAD software intended for design industrial plants

In recent years, many software companies develops specialized
in designing of production plants CAD software products, such as
3D Plant Design (Autodesk), Siemens FactoryCAD™, Smap3D
Plant Design (CAD Partner GmbH), DELMIA Quest and DELMIA
Plant Layout (Dassault Systemes), etc. Even though these software



products are designed to help users design, simulate and analyze the
process flow in 3D factory environment, there are still various
difficulties to use them as effective tool to creating an immersive
VR environment. The more significant of them are: The equipment
libraries usually contains limited 3D templates of machine tools and
typical processing equipment for mechanical workshops; The user
interface often is quite difficult to grasp for the beginners such as
students and course participants, and this required extensive help of
instructors; Often there are no readily available user tutorials,
manuals and examples of their usage; Even though the modeling of
plant or workshop layout is entirely carried out in a 3D
environment, the user interface remains two-dimensional by using
ordinary computer displays; Another limiting factor often is the
price at which these high level CAD software products are offered.

For these reasons, the main objective of this work is to develop
an approach and methodology for relatively rapid creation of the
realistic models of workshops for mechanical processes in the
environment of the virtual reality, suitable for students, studying in
the majors of mechanical engineering.

Using existing 3D models from CAM software, which
represent the real machine tools

For more realistic simulations of the machining processes, some
CAD / CAM systems (for example Delcam family: FeatureCAM,
PowerMill, but also PEPS, Edgecam, CAMWorks, etc.) enables
users to choose some previously defined 3D models of the machine
tools (associated with NC postprocessors), or ability to set their own
machines kinematics for simulating their specific milling, turning or
turn-milling machines in action. By using machine simulation the
operator not only catches part gouges or tool collisions in the work
piece, they can see the machine components in action and any
occurrences of axis over-travels and more. For 4™ or 5" axis
programmers can see rotary rewinds, perform machined part
deviation analysis and even gather the minimum and maximum
cutting length data which is helpful for shops in the estimating
process. Examples of two real machine tools 3D models are shown
on Figure 1 (a, b). Each machine tool is described by its
mathematical model, which is referred to as the kinematic model of
the machine. These models contains information used by the
(Delcam) Postprocessor to transform coordinates received from the
CLDATA file (model coordinates) into coordinates of a machine
tool.

a)

b)
Fig.l: Realistic 3D models of real CNC machine tools: a) Haas Automation's
VF-4 vertical machining centre, included in FeatureCAM (Delcam) and b)

Turn-mill machining centre - CTX gamma 2000 TC 4A / linear (DMG
MORI), included in PowerMill (Delcam).

There are more than 100 previously defined 3D models of real
existing machine tools and robots, available in FeatureCAM and
PowerMill. The machine models are presented in specific formats,
called "Machine Design" files with extensions "*.mtd" in
PowerMILL and "*.md" in FeatureCAM, but they can be exported
into universal 3D vector formats, like: "*.stI" (Stereolithogrphic),
".step” (ISO 10303), "*.x_t" (Parasolid) or "*.iges" (Initial
Graphics Exchange Specification) and after that imported for
aditional processing into third-party CAD or other type software for
3D modeling, animation, and rendering, like: Autodesk 3ds Max,
Maya, Maxon CINEMA 4D, etc. To accomplish the equipment
motion, every movable part of the 3D models of machine has to be
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distinct. Otherwise there will be difficulties in properly rendering
the different parts and animating the typical movements of machine
parts will not be possible. In addition, the most CAM software’s
(from medium and high level) usually are equipped with modules,
that allows users to create their own models of machine tools (and
also additional equipment such as clamps, vises, tool holders, etc.)
using standardized CAD methods and techniques, in case they are
not included in the libraries of the CAM software. These
peculiarities, and the ability to export to universal 3D formats
makes this approach preferable in comparison with using
specialized in designing of production plants CAD software or
creating trimeric models of different types of machines for
mechanical workshops from the scratch.

Based on this, below is described an algorithm for creating
realistic mechanical workshop (in real dimensions) into VR
environment of Vizard (WorldViz), including necessary basic
technological and auxiliary equipment, workshop building and staff.

4. Short description of the used computer software.

At the core of the mechanical workshop VR scene creation
stays Vizard VR Toolkit (WorldViz) [11]. It is a versatile virtual
reality development interface designed for building and rendering
virtual worlds with minimum effort. Designed for rapid prototyping,
the toolkit gets creating fast and provides the resources to deploy
even the most challenging applications. This software supports
stereoscopic head-mounted displays, 3D sound and many peripheral
input devices, including head trackers and game pads. Distributed,
networked environments are also supported. Vizard is guaranteed to
support all head-mounted displays, LCD shutter glasses, and several
other specialty display technologies such as dome projectors and
auto stereoscopes. Most commercially available tracking devices
are supported in Vizard. The toolkit also supports numerous other
devices such as gloves, haptic displays, force-feedback systems, and
simple Microsoft Direct Input TM compatible gamepads and
joysticks. There is even built-in support for high-quality 3D sound
and multi-user networking. VRML and other 3D formats provide
immediate access to large 3D databases. The open-source language
Python is free and has an active user community providing a wealth
of resources for applications. Built-in human face and body models
and an accompanying morph designer offer a powerful tool to
almost instantly insert virtual humans into existing environments.
For custom bodies, 3DMax Character Studio bipeds can be
imported into Vizard. WorldViz also provides a large selection of
additional high quality avatars that are available for purchase.

Solidworks (Dassault Systemes), MS Visio (Microsoft) along
with SketchUp (Trimble Navigation, Ltd) can be used for creating
2D layouts of mechanical workshop, rendering the 3D models and
converting the machine tools files from FeatureCAM in suitable for
importing in Vizard VR Toolkit file formats. SketchUp is a 3D
modeling computer program for a wide range of drawing
applications such as architectural, interior design, civil and
mechanical engineering, film, and video game design [10]. The free
version of Google Sketchup can export 3D to .dae and Google
Earth's .kmz file format. The Pro version extends exporting support
to include the .3ds, .dwg, .dxf, .fbx, .obj, .xsi, and .wrl file formats,
which are supported in Vizard VR Toolkit. SketchUp also can save
elevations or renderings of the model, called “screenshots"”, as .bmp,
.png, .jpg, -tif. 3D Warehouse (formerly Google 3D Warehouse), an
accompanying website for SketchUp, is a free cloud service that
allows users to search, upload, download and share 3D models,
which facilitates further development of virtual workshops and
compiling them with additional (auxiliary) equipment.

5. Purposed algorithm for creating VR scenes of
the mechanical workshops by using Vizard VR toolkit.

The proposed algorithm for creation VR scenes of workshops
for mechanical processing in the virtual reality environment based
on existing 3D models of the equipment is illustrated schematically
in the left side on Figure 2. On the right side in the same figure,



1. Bill of materials, containing machine tools and
equipment for simulating production process;
2. Geometrie areas arranged on the floor space of
the workshop building;

Library of

2D View
from Top

NC ® Choose NC Machine Tool 3D
Machine maodel from the BD of FC or PM;

Tools 30 ®Export from * md (*.mtd) to *igs | _ ¥
models farn |

or ".x t format file;

—

In Solidworks:

®Import 3D model from *.igs or *.x_t files;

@ Export to *.stl (Stereolithographic) 3D model of
machine tool;

®Export 2D sketch "View from TOP" in *.dxf or *dwg '

) )€

(AutoCAD) tile format;
L]

In Sketch UP:

® lmport 2D machine models from *.dxf or *dwg files
and ereate machine tools layout;

® [mport 3D machine models from #.stl files. Change
the appearance of the machine tool parts by
assigning a predefined appearance (colors or
textures) and placing them on the necessary positions
over 2D template;

® Adding auxiliary equipment, such as bearing
columns of the building, enclosing walls, roof
construction, pallets with stocks and details, traveling
cranes, ete. (e.g. from 3D Warehouse cloud of free 3D
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Models);

®Export 3D models of the machines and the
mechanical workshop in supported by Vizard VR
Toolkit file formats (such as *wrl, *.fbx, *.osg, etc.);

¥

In Vizard Virtual Reality Toolkit:

@ Insert previously prepared 3D models of the machine
tools, the mechanical workshop, additional
equipment, ete., into virtual scene and place them
properly according the coordinate system;

® Adding male and female avatars of human workers
and other personnel and place them according their
work areas and set its state to perform animations

walking, working with machine tools and

equipment, or pickup things from the floor;

such s

® Adding typical 3D sounds, attached to various
objects in the scene (eg. machine tools, avatars, ete.)
so that it seems the sounds are being emitted from the
locations of these objects;

® Choose a method for rendering in stereoscopic
virtual scene, and generate an actions that will
animate the avatar walking to the given locations.

Fig.2: An algorithm for creating virtual reality scenes of the machining workshop, using realistic 3D models of machines, avatars and auxiliary equipment.

graphically examples of the main stages of the algorithm, as well as
the final outcome of its implementation are also presented.

For brevity it is assumed that the work on determining the types
of machines, their number, the pattern of their arrangement within
the area of the workshop, and the distances between them, and
between them and the walls, supporting columns of the building,
and transport routes, have been predefined, using standardized
methods [2,7,8]. Therefore, at the beginning of the algorithm as an
inputs are used the specification of the technical equipment (Bill of
Materials) and the scheme of machines layout in a workshop (or
factory building), based upon decisions about the type of
manufacturing process.

From the postprocessors and models of real machines library in
FeatureCAM (or Power Mill) are exported those, which are
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included in the specification for further processing. Each exported
model of Machine from FeatureCAM, during the next phase is
imported into Solidworks, MS Visio or SketchUP in order to obtain
2D template (a top view — see Figure 2) for the two-dimensional
layout of the machines in the workshop, and also maximum close to
the reality three-dimensional model of the machine for use in VR
environment.

Referred software's above are not mandatory, and it is possible
other CAD-s (with similar functionality) to be used instead.

The resulting 2D sketches and 3D models of machinery,
equipment, buildings, etc., stored in appropriate file formats can be
imported, positioned or scaled (if necessary) in the virtual scene of
the mechanical workshop in the working environment of Vizard VR
Toolkit, using commands from Python open-source language. In



order to make the virtual model as much as possible closer to the
reality, in front of machines and workplaces can be added "avatars",
representing the workers or the auxiliary staff, and also specific
sounds and noises generated of people and equipment in the
workshop. The word "avatar" here (a Hindi word for the
embodiment of a deity) is commonly used to describe a virtual
object that represents a user or real object inside the virtual
environment.

As the final step of the algorithm, depending on the existing
computer hardware and VR peripheral devices used for
"immersion" the user in the virtual scene, it is necessary to choose
the method for creating the stereoscopic view of the VR scene.
Vizard VR Toolkit provides numerous methods (both passive and
active) for rendering in stereo, such as "Parallel displays",
"Anaglyphic”, "Polarized filters”, "Interlacing”, "CAVE's" and
"Powerwalls", etc.

6. Conclusion and future work

From the initially proposed objective, and considering the
obtained approach and algorithm for creating VR scenes of the
workshops for mechanical processing by using Vizard VR Toolkit it
is possible to conclude:

« The proposed approach in this work allows a relatively
rapid creation of realistic virtual reality scenes of mechanical
workshops, using 3D models of machines from CAM, auxiliary
equipment and basic elements of industrial buildings (from 3D
Warehouse cloud of the SketchUP), and animated avatars
representing the normal working moves performed the actual
workers;

e Suggested for wuse software resources (such as
FeatureCAM, MS Visio, Vizard VR Toolkit, etc.) has intuitive and
easy to learn Ul, making them easy to use even by not specifically
trained users;

e The training methodology based on virtual reality brings
numerous benefits for the educational sector compared to the
traditional methods, and more specifically for the disciplines of
mechanical engineering field, enabling a greater amount of trainings
and being a very important option to solve the high cost of training
problems.

Along with the above mentioned advantages, the purposed
approach has some drawbacks, the most important of which are:

e The Vizard VR Toolkit does not support direct insertion
of file formats, which store 3D models of machines in the CAM
software. Even considered universal 3D formats, such as Initial
Graphics Exchange Specification (IGES), Parasolid, etc., cannot be
imported directly into the virtual reality environment. This requires
using third party software (such as Solidworks, MS Visio or
SketchUP for example) to re-convert from one file format to
another, implying risks of the occurrence of errors, such as impaired
geometry of the models, incorrectly rendering or complete loss of
textures, colors, lights, etc.;

e In the programming environment of the Vizard VR
Toolkit, even using intuitive programming language Python for
building algorithms for optimization analysis, such as effective
location of the machines in the workshop or shortest path of
material flows for example, is not that easy as opposed using
specialized CAD systems that are embedded parameter modules for
such analyzes.

During development, several aspects that could be included in
future work to improve the proposed approach and to apply the
same concept in other educational fields were identified, these
include:

e In order to further increase training opportunities for
students it is possible to develop and integrate specific library with
different types of realistic 3D models of real machines, equipment
and human avatars so that the user can select appropriate models
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and arranges them in the virtual space of the workshop, when
performing trainings.

« Increasing the degree of freedom of the user to manipulate
the objects in the virtual environment and to simulate in real time its
movement within the workshop by adding new markers or
integrating it with appropriate tracker devices, so that interactivity
and realism of the designed mechanical workshops may be
augmented.

e Add more scenarios with more specific applications in
others studied subjects, such as assembly of parts in the mechanical
engineering industry or other training applications such as
mechanical processing of work pieces, welding, etc.
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Abstract: Today, businesses increasingly harder experiment new organizational models that are more consistent with a high degree of
contemporary business environment. The concept of virtual enterprises is a model that successfully respond to changing market conditions.
Object of this work are dynamic virtual organizations formed by independent actors. Scope of work is the management of virtual
organizations, formed on the principles of collaborative entrepreneurship. The main goal that puts the work is the development of method for
assessing the effectiveness of cooperation in the formation of virtual organizations, composed of independent stakeholders.
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1. Yeoo

IIpe3 mocnenHuTe TOAMHH ce 3a0eis3Ba TIOOaNM3HpaHe Ha
maszapure, TOPOJCHO OT Hampenbka Ha WHOOPMAIMOHHU
TEXHOJOTHM W Hal-Bede C INMUPOKOTO paslMpOCTpaHEHHWE Ha
WuTeprer. ToBa 00CTOSATENCTBO 3aciiiBa KOHKYPHUPAHETO MEXIY
Ou3HecC OpraHM3alUKTe U Hajlara HyXJ1aTta oT Obp30 aJanTupaHe 3a
yIOBJIETBOPSIBAHE Ha Ma3apHUTE M3HMCKBaHWs. BcnencTBue Ha ToBa
Ou3HEeC OpraHU3alMUTe C€ CTPEeMAT Ha pealu3upar pasiudHd
($bopMH Ha CHTPYAHHYECTBO CHC CBOM KOHTPAreHTH C HAMEPEHHETO
Jla YKpemsT ciabuTe CH CTpaHHW. TakWBa OpraHW3aldH, KOWTO Ce
KoomepupaTr ¥ HWHOOPMANMOHHH CHCTEMH CHTPYJAHUYAT 4pe3
YOBEIIKHS CU KAITUTAI TOCPEJACTBOM MHPOPMAIIOHHU TEXHOJIOTHU
ca MMO3HATH KaTo 0a3upaHu Ha ChTPYAHUYECTBO Ou3Hec Mpexu [1].

Cmnopen  Pwmiic  [2] Oasupanure Ha  CHTPYAHHYECTBO
HPEINPHUATHS OT MPEXKOB TUII MOTAT Jia Ce TPYIHUPAT B IBE OCHOBHU
KaTeropuu: T.Hap. ,PasmmpeHn mpeanpusatus’ ©  T.Hap.
~BupTyanaun mnpemnpustus’. Monep u kom. [3] ompenmensaTt
pa3lMpeHUTe NPEeNnpusATHS KaTro JOTHCTHYHHM Bepurd (Supply
Chain), a BUpTyaJHUTE NPEIIPHATHS KaTo BHPTYaJTHH
oprann3auunu (Virtual Organisation).

Ipeiic [4] neduHmpa BHUpTyanmHHTE OpraHM3alMM  KarTo
chbueTaHne Ha Ou3Hec OOEKTH NP KOUTO CHTPYAHHIM M pabOTHH
nporecu oT Ou3Hec O0OEKTUTE MHTEH3WBHO CH B3aMMOJEWCTBAT 3a
M3BIIMYaHE HAa B3aWMHH TOJ3H 32 BCHYKU CTpaHu. Puiic [2] cuwura,
4ye BUPTYaHUTE MPEANPHUATHS CE MOTaT Aa Ce ONPEAeNsAT Karo
obmmHocTH 6e3 Muaep, XapaKTEepU3UpaIly ce ¢ JOMBIBALIA IPUHOCH
Ha Pa3IMYHUTE YYaCTHHIHM, IPU KOETO €AUH OT TSAX HIpae poiisiTa
Ha KOOPANHATOD (TJIaBEH KOHTPAKTOP).

Tlopagu Obp30oTO TONIyJISIpH3HpPaHE HAa MNPAKTHKUTE 3a
paslIMpeHH W BUPTYaJHU NPEIIPHATHSA, KIIOYOBA BaXKHOCT
MPUIOOMBA M3TPAKAAHETO HA CTAOMIIHM M HaJEXKIHH CHCTEMH 3a
OLICHSIBAaHE HA OPraHM3alMOHHATA PE3YJITATHOCT, KOUTO MO3BOJISIBAT
epuKacHO M e(EKTHBHO CIICCHE W OMNEPATHBHO YIpaBJCHUE Ha
pEe3yNTaTHOCTTA Ha PAa3LIMPEHH U BUPTYAIHH MpeanpusaTus. Tosa e
Y OCHOBHa I1eJT Ha HacTosIaTa paboTa.

2. Ouenasane Ha pe3yimamnocm nHpu OusHec
Mpexcu

IonacrosimeM camMo He3HaYWTENIHA 9YacT OT pa3paboTBaHHUTE
MOJIETTH OLCHSBAT pPE3yNTaTHOCTTa IIpU OW3HEC MPEXKH OT
WHAYCTPHAIHU MpEanpusTus. ENUH OT Haii-peleBaHTHUTE TaKHWBa
MOJIEIT € MOJIeTbT pa3paboreH ot bumuarep, Krorep u Xood [5],
KOMTO MpezacTaBisABa ChbUCTaHHE Ha OaJaHCHPaHU PErUCTPAlMOHHHU
kaptu U SCOR mopen. Iloxasaremure B SCOR Monenma ce
¢dokycupar BBpXYy IMOTOIM OT Marepuaid U MPOLYKTH upe3
OLIEHSIBaHE Ha JIOTHCTUYHATa pe3ynTatHocT. OcHOBHaTa uzaes 3a
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U3I0JI3BaHE HAa MPEXKOBHU PETUCTPAIMOHHM KApTH € ONEepaTHBHO A2
ce ympaBisBaT JIOTUCTUYHHTE MpEXHM 3a IOCTHIaHE Ha
Ha0eIsI3aHuTe LEeNN Ype3 OLCHsABAHE Ha YIPABICHCKUTE Pe3yNTaTH
[6]. B3etn 3aexpHO mokazaTennTe GOPMHUPAT LSUIOCTHO CPEJCTBO 3a
OLICHsIBaHE Ha Pe3yITaTHOCTTA Ha JIOTUCTUYHU [IPOLECH.

3a olleHSABaHE HA PE3YNTATHOCTTa Ha Ou3Hec Mpexu Jlecwop,
Iloy m Yanman [7] BBBexIaT KOHUIeNIMsA 3a T.Hap. ,Mera
pesyarataoct”. Tsi ce mpeicrTaBs 4pe3 ABYANUMEHCHOHEH MOJET,
KOMTO OTYMTA aCIEKTHUTE ,,pe3yATaTHOCT” W ,,CIPABEAIMBOCT Ha
Om3Hec Mpexara.

3. IIpoznocmuuno ouensaeane na pe3yamamuocm
npu 6uznec mpexycu

TennenuuTe 3a pa3BUTUE NIPU UHAYCTPUATHU NPEINPUITHS CE
MPOMEHAT IOHACTOAILIEM OT ABJITOCPOYHHM MApTHHOPCTBA MEXKIY
MIPOM3BOJUTENM M JOCTaBUMIM KbM HECTAaHTApTHH (GOpPMH Ha
KoomnepupaHe, 0a3MpaHM Ha CIEMUGUIHA HYXIW HA JUHAMHUYHH
KIIMEHTCKH NOPBUKH [8]. CTpyKTypHUTE OT TaKuBa BPEMEHHH OHM3HEC
MpEeXH Cca MO3HaTH KaTo T.Hap. ,,.Bupryamnu opranmzamuu” [9].
[IpogpmKUTETHOCTTa Ha CHTPYAHHYECTBOTO IIPU  BUPTYaIHU
OpraHM3alluM, W3TPafeHM OT HE3aBUCUMU TMapTHROPH  ce
OTpaHMYaBa OT PAMKHTE Ha ONpPEASNICHU MPOEKTH U MPH CIEABAIL
MIPOEKT ca Hajlara U3rpaxJaHe Ha HOBa MpEKa.

OCHOBHA XapaKTEpUCTUKA HA MPEKOBOTO CHTPYAHUYECTBO BB
BUPTYaJIHU €KUM CIPSMO TPAIUIMOHHHUTE JOTUCTHYHH BEPHUTH Ca
KpaTKHUTE NEPHOIH 32 QyHKIIMOHUpAHE.

JlHec CBILECTBEH yNPABJICHCKH MPOOJIEM MPH MOArOTBUTEIHATA
(haza Ha M3rpakaaHe HA BUPTYAIHU OPTaHU3AIMU € Ie(PHHUPAHETO
U KOHQUTYpHpAaHETO  HAa  ONTHMATHO  (YHKIHMOHHpPAIIH
KOJJA0OPAaTUBHU MPEXH, KOUTO Jia ca MAKCUMAIIHO PE3yJTaTHU NPH
W3ITBJIHEHHE Ha ONPE/IeeHH KINSHTCKU TOPBYKH.

HeobOxomymMo e 1a ce MOCTHrHE IUIOCTHO ONTHMH3HMpaHE Ha
Is1aTa Bepura oT OM3Hec mpouecu u pecypcu. [Ipm ycroitumsure
JIOTUCTUYHM BEPHTH, 0a3MpaHW Ha ABITOCPOYHO CHTPYIHHYECTBO
TaKaBa ONTUMHU3ALHUS MOXKE JIa Ce U3BHPIIBA HEMPEKBCHATO.

IIpn BupTyamHM OpraHHW3alMM HEMPEKbCHATH JBIATOCPOYHU
MpOIECH Ha ONTUMU3UpaHe, 0a3supaHu Ha PETPOCHEKTHBHHU OLEHKU
ca HeBb3MOXHH. OCHOBHa MpHYMHA 32 TOBA € IWHAMHYHHS
XapakTep Ha BUPTYaJHUTE OPraHHM3aIMW, IPU KOWTO BEpUTaTa OT
NpoLeCH W CHTPYIOHHUYCNIUTE CH CyOeKTH ca  CIEHaIHO
KOHQUTYpUpaHU 3a OINpeieNeHa KIMEeHTCKa MOopbuka. Bp3MokHO
Hali-BUCOKaTa pe3yJNTaTHOCT Ha €IHAa BHUPTyaJlHAa OpraHU3aIHs
TpsOBa J1a ce OCUI'YpH Olle IPH IIbpBaTa MOpbhYKa [IOPAIN TOBA 4e
CBTPYIAHHYECTBOTO € CBBP3AaHO CHC CTPOTO OINpEIeieHa IMOPhUKA.
ToBa o3HawaBa, 4Ye u300pPBT HAa MApTHROPH IO BpeMe Ha
HOATOTBHUTENHATA (a3a OT XHU3HEHUS] LUKBI HA €IHAa BUPTyalHa



OpraHu3alys ONPEeIs PEe3yNTaTHOCTTA 110 BpeMe Ha OllepaTHBHATa
¢daza. ToBa o3HauaBa, Ye NPOTHOCTHYHOTO OLCHSABAHE Ha
pE3yNTaTHOCTTA Ha IUIAHMpaHa KOHQUrypaluus Ha BHPTyalHa
OpraHM3alyds 1O BpeMe Ha IMOArOTBHTENHaTa (asa e 3amaua c
KIIIOYOBO 3HAYEHHWE, KOSATO HMa CHIJIHO BB3JICHCTBHE BBPXY
BB3MOXKHOCTUTE Ha OBJENIMS MEXIyOopraHu3anioHeH exuil. [Ipu
MOATOTBUTENHATA (ha3a 3HAUMM (DAKTOp € eKCHEepPTHOTO H3ydaBaHe
Ha TOTCHIMANHHUTE MNapTHROPU B  ObJemara BHPTyalHa
OpraHu3auys, ¢ KOUTO Ja ce Ch3Jaje MOAXOISIl 3a KOHKpEeTHaTa
KJIMEHTCKA NOPbYKA EKUIl U OLCHSIBAHETO Ha CIIOCOOHOCTUTE UM Jia
JOTIPUHECAT 33 MAKCUMAJIHO PEeIllaBaHe Ha II0CTaBeHaTa 3a/aya.

3a ch3JaBaHETO HA CHCTEMH 32 OLICHABAaHE HA PE3yITaTHOCTTa
Opy  BUPTYyaJdHH OPraHU3aLUM JIUICBAT TOAXOAM, KOHMTO ca
CIIOCOOHH J1a OLICHSBAT MEX/[yOPTaHN3aIMOHHUTE IIPOLIECH ¥ KOUTO
Jla TIpecMsATaT pe3yiITaTHOCTTa Ha Ou3Hec Mpexu [8]. OcBeH ToBa
JUHAMUYHMAT XapakTep Ha BUPTYaJTHUTE OpraHHU3allMU He JIOIyCcKa
OLICHSIBAaHETO HAa MHUHAJIM IPOLECH KAaTO CPEJICTBO 3a CTapTHpaHe Ha
nomoOpeHns Topaay JINIcaTa Ha yCTOHYMBOCT HA OM3HEC MPEXUTE.
Ilpu orpannmuyaBaHM BBB BPEMETO CBHTPYAHHYECTBA C IEI
U3IBJIHEHHE Ha ONpPEIETeHH KIHEHTCKH MOPBUYKH € HEe0OXOIUMO
MOCTUTAaHE Ha BHCOKAa PE3yITaTHOCT OT caMOTO Hadamo. Tosa
O3HAuaBa, Ye MOJXOAUTE 32 OIEHSIBAaHE Ha Pe3yJITaTHOCTTa TPsOBa
Ja ca CTapTHpaHH oOlle BBB (ha3ara Ha WHUIMHpaHE Ha OM3HEC
MPEKHTE 3a JIa ce TapaHTHpa, Y€ B OIlepaTHBHATA (ha3a MPEKHTE I11e
HOCTUTaT pe3yNTaTH o Hal-no0bp HaumH. Cpenara, NpU KOSATO
BB3MOXKHHTE YJYaCTHUOM B IUIAHHPAaHH OW3HEC MpexXH ca
uaeHTH(GUIPaHH U H30UpaHu OT HAOOp OT BB3MOXKHU MAapTHHOPU
(mo3Hara kato T.Hap. ,JleHepaTHBHa cpeda”’) HE € pas3BUTa
JOCTaTHYHO U 3aTOBA BCE OIIIE CE MOJI3Ba IOIX0/a 33 OLCHABAHE Ha
pesynrarHocrra [9].

Cb3aBaHeTO Ha BCEKH NPOAYKT U3HCKBA ClieHU(pHUYHA BepHra
oT OM3Hec mporec, T.e. Crenu(UYHO ChuUeTaHHEe OT IpouecH. B
paMKWTEe Ha eIHa BHpTyaJlHa OpraHW3amus ChIIECTBYBAaT
MHOXKECTBO HAINYHH V3IBIHUTENM HAa TIPOIECH, KOeTo €
MIPEANOCTaBKa 32 Ch3/laBaHe HA MHOXKECTBO BapHaHTH Ha BEpHUTaTa
oT OM3HeC mpoIecH OT TJedHa TOYKA Ha aHTaKUPAHH MApTHHOPH.
OcHoBHaTa 3a/1a4a IpU MOATOTBHTENHATA (asa 3a peaansupaHe Ha
0asupaHa Ha CBTPYAHMYECTBO JEHHOCT € ONPENeNTHETO Ha
ChUETAHHETO U Pa3HOOOPA3UETO OT INPOLECH 3a I'eHepUpaHe Ha

CTOMHOCT, KOMUTO Ja JoBeJaT 1O Bb3MOXHO Hai-BHCOKa
Pe3yNTaTHOCT.
3a rapaHTHpaHe Ha Hal-pe3ynTarHa OW3HEC Mpexa e

HEOOXOMUMO Ja Ce MPEABUAU pPEe3yITaTHOCTTA HA I[UIAHUpPAHATa
O6usHec  mpexa. Ilopaaum  BpeMEHHOCTTa HA  Mpekara
TPaJANIIMOHHHUTE MPOLECH 38 HEMPEKHhCHATO YCHBBPIICHCTBAHE HA
Ou3HeC mpolecH He ca mpuioxuMu. TpsOBa na ce rapaHTupa, ye
3aMHCIIeHaTa BUPTYyalHa OpraHH3alys MPEACTaBisiBa Hail-noOpaTa
CeJIeKLMs OT TeHepaTHBHATa cpela. 3a Jia ce pearupa rbBKaBoO H C
Hali-BUCOKO KayecTBO Ha KIMEHTCKUTE 3asBKU TpsOBa ga ce
Npuiarat MeToay 3a MOANIOMaraHe Ha B3eMaHETO Ha PEeIICHUs MPU
WHHIMUpanara (aza Ha BUPTyalIHATa OPraHU3aIHs.

TlonacrosieM [eHCTBAIUTE MOAXOAU 3a OICHABAaHE Ha
pe3yATaTHOCTTa HE MOJIOMAaraT M3BHPIIBAHETO Ha MPOTHOCTHYHO
OIICHSBAaHE Ha Pe3yNTaTHOCTTA. [Ipu H3BBpIIBaHE HA IPOTHOCTHYHO
OLIEHSIBAaHE HAa PE3yATaTHOCTTa Ha BHUPTYaJIHH OpPraHU3AIMU €
HE0OXOQMMO Ch3JaBaHETO Ha 00IIa 3a BCHYKM YYacTHHIH BBbB
BUpTYyalHa OpraHusauus MeTomosiorus. ToBa M3MCKBAa OTUUTAHE Ha
CJICIHUTE aCIICKTH:

- M3non3Bane Ha eAvH U ChIl MOJCII Ha NpoUECH NpU BCHUYIKHU
NapTHBOPU BBB BUPTYyajlHATa OpraHHU3alus 3a OCBHIICCTBABAHE
Ha MOJICJIMpaHe Ha pasnpeaCICHU MPOUECHU BEPUTU.

- Jlepunupane Ha oOmu HAOOpPH OT KIIOYOBH IOKA3aTeNd 3a
pE3yATaTHOCT 3a TapaHTHpaHe Ha CBBMECTUMOCT MEXIy
MapTHBOPHTE.

- Ha ocHOBHHMA KOHTpakTOp, KOHTO chopMHpa BHUPTYAITHUS
eKHIl, TpsiOBa Ja Cce€ OCHIypH JOCTBI JO [aHHM 3a
pe3yATaTHOCTTa HAa BCUYKM NOTCHIUAIHY NAapTHHOPU.
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- Pa3pa60TBaHe Ha METOAOJIOTHs 3a MOoAINOMarane Ha TbpCEHETO
Ha OIITUMAJICH BUPTYAJICH €KUII.

4. Mooden Ha cucmema 3a OUeHAGAHEe HA

pe3yimamuocmma
[IpencraBeHusT B paborara MOAEN 3a OLEHSABAHE Ha
pe3yNTaTHOCTTa TPH  BUPTYAJIHH HPEANPUATHA NPEIOCTaBs

HEOOXOJMMHUTE METOIU M TEXHHKH 3a OLEHSIBaHE HA TEKYLIUs
CTaTyC Ha OpraHU3alUUTe U MEXaHU3bM 32 MPEX0] KbM KOHLIEIIUS
3a BUPTYAJIHO MPEANPUSITHE.

OT u3BBpIICHUS 33BJIOOYCH JHTEPATYpEH 0030p MOXKE Ja ce
3aKITI0YH, Y€ THEC ca HEOOXOMMHU METOJIU, CHCTEMH U MPOICTYPH,
KOMTO Ja perJIaMeHTHpaT TIpoleca Ha yIOpaBJeHHe Ha
pe3yNTaTHOCTTa B YCJOBUS Ha OWM3HEC ChTPYIHHYECTBA, KaTo ce
OTYUTAT W COLMAIHUTE AacleKTH Ha MapTHUPAHETO B €IWHEH
uHTerpupan noaxon. IlpemmaranusaT ot aBTopa MOJEN OTYHTA TE3U
XapaKTePHCTHKH U € pa3BHUTHE Ha Mojena Ha Ajdapo u ko [10],
KOMTO BKJIFOYBA TPU €Tamna: JeHUHUpaHe Ha CTPATECTUYCCKH MOJICI;
neUHUpaHE HA CTPYKTYpa OT MPOIIECH; MOHUTOPHHT .

B crpykrypara Ha Mojnena SICHO Ce pa3rpaHMYaBaT J[BE HHBA:
MpexxoBo u OusHec HuBO. Ilpu dopmupane Ha BUPTyalHH
OpraHM3allid MPEXOBOTO HHMBO ce (opMupa OT HHTErpupaHe Ha
HSKOJIKO TpeanpusATHs (Wiu Ou3HeC eIWHHLH), MPHHAAICKAIIN
KbM PA3JIMYHU JIOTHCTUYHU BEPHUIH, a OM3HEC HMBOTO ce Gopmupa
OT OM3HEC MPOILIECHUTE BB BCAKO OT aHTKUPAHUTE MPEIIPUSITHS.

MopnenbT uMa JBe AUMEHCUU — BEPTUKAIHA M XOPU3OHTAJIHA.
Bepruxannoro n3mepenue nedpuHIpa KOMIIOHEHTUTE Ha CHCTEMaTa
3a OLEHSBAaHE Ha pe3yJATaTHOCTTA: LW, 3aJadyd, CTPaTerHH,
IUIAaHOBE, TOJIUTUKY, KPUTUYHH (AKTOPH 3a yCIeX W MPOM3BOJHU
KTIOYOBM TIOKa3aTe€NM 3a pPEe3ylATaTHOCT Ha JBETe HUBA.
XOpHU30HTATHOTO H3MEpEeHHe O0XBallla YeTHPH PA3IUYHH TJIETHH
TOYKH, KOUTO CJIe[[Ba []a CE B3€MaT 110 BHUMAaHHUE IpH JeuHnpane
Ha KOMITOHEHTHTE Ha CHCTEMaTa 3a OICHSIBAHE HA PE3yATaTHOCTTA!
OpraHu3anys; pecypcH; HHpopManus; GyHKIUOHATIHOCT.

Ha MpexoBO HHMBO OCHOBHA 3aJauya € ONHCAaHHETO Ha
pe3yniTaTH, KOUTO 3aMECIICHaTa BHPTyallHA OpraHH3alus LEeNH Ja
nocrurte B 6paeiie. Ciex Toa TpsaOBa 1a ce pa3paboTH cTparers,
KOSITO ONKCBA HAYMHA 33 U3BBPIIBAHE HA JCHHOCTUTE M MPOLIECHUTE
Ha 3aMHUCJICHATa BHUPTyaJHA OpraHW3alMs W YIPABICHHETO Ha
pecypcuTe Ha BHpTyajlHarta OpraHH3alds 3a JOCTHUraHe Ha
nocraBenure 1eiad. Kpurnunure (akropw 3a yclex ca OHE3H
(akTOpH, KOMTO TapaHTUPAT Ype3 CIICACHE U peallu3alus ycrexa Ha
BUpTyanHaTa opranusaius. Te ce Gpopmupar upe3 obeTUHIBaHE HA
usMepumu 1enu u crparerun. Cren neduHUpaHe Ha IIEJIUTE,
CTpaTeruuTe W KPUTUYHHUTE (AKTOPH 3a ycrex ce jaepuHupar
KJIFOYOBH TI0Ka3aTellM 338 PE3YJITATHOCT, KOUTO Ca 3aKIIOYMTEHATA
Y OTIEpaTHBHA 4acT OT CUCTEMATA 3a OLCHSIBAHE HA PE3YJITaTHOCTTA.

Ha OusHec HHMBO KIIFOUOBHTE MOKA3aTeNM 3a PE3YNTaTHBHOCT
OLICHSBAT HAW-3HAYMMHTE CBHCTOSHHUSA HA OPTaHU3ALHHTE, KOHUTO
UMaT HaMepeHHUe Jja ce MHTerpupar BbB BUPTYAIHH NPEIIPUATHS.
Upes TiIX ce OLEHSABAa M YIpaBisiBa ONEPATUBHO TEKYLIOTO
CBCTOSIHUE, JKEJIaHOTO CBCTOSHHE, TPACKTOpUATAa 3a IMPEeXo] OT
TEKyLIO B JKEJAaHO CBhCTOSHUE U KAayecTBOTO Ha IOJy4aBaHHUTE
pesyaratu. Korarto ce M3BBbpIIBa NpEIBAPUTEIHO ACPHUHHpAHE Ha
KOMIIOHEHTUTE HA CHCTEMH 3a OICHSABAHE Ha pE3yNTaTHOCTTA, €
HEOOXOIUMO Jla ceé B3eMaT IO0J BHUMAHHE CIETHUTE (DAKTOPH H
TJIeMHA TOYKM:  (YHKIHMOHAIHOCT; WH(OpMaIms; pecypcH;
OpraHu3anus.

Ilenta Ha pa3paboTeHHs MOAEH € da ce OOXBaHAT BCHYKH
MO/UIeKAIM HAa OLIEHKAa M aHalIM3 acleKTH Ha €IHO BUPTYaIHO
OpeaAnpuATUE OT TE3U YETUPHU TJIEAHU TOYKH.

B pesynrar Ha nutepatypHus 0030p O¢ KOHCTATUPAHO, Ye e1Ha
OT OCHOBHMTE 3a/[a4H, CBBP3aHH CbC Ch3[aBaHC Ha CTaOHIHA U
HaJeKAHA CHCTEMa 3a OLCHSBAHE Ha PE3yIATATHOCTTA IIpU
BHUPTYaJHH MPENPHSTHS, KOSATO [a HAchpyaBa IIOCTHTAHETO Ha
CBCTOSIHMC Ha CBIJIACYBAHOCT, € PaBHOMOCTABEHOCTTA MEXIY



HapTHBOPUTE. 3a Jja ce MOCTUTHE TaKaBa CTENEH Ha ChIVIACYBAHOCT
MEXIY pa3IMuHUTe HUBA (OM3HEC M MPEXOBO), KAKTO U MEXIY
pa3IuYHUTE NAapTHHOPH, KOUTO (HOpMUpPAT OU3HEC MpeXaTa OT Hai-
CBIIECTBEHO 3HAYCHHE, € CHCTeMaTa 3a OLEHJBaHE Ha
pE3yATaTHOCTTA SCHO J]a OTYUTA BPB3KUTE MEXKAY BCHUKH CBOH
komroHeHTH. CaMo ToraBa IIe € BB3MOXKHO HEJBYCMHCIIEHO
ClIe[[leHe U OIEPaTHBHO YIIPaBJIICHHE Ha BCHYKM KOMIIOHEHTH Ha
cucTeMara. 3a pellaBaHe Ha Ta3W 3ajadya cHUcTeMaTra TpsOBa naa
HpEeIoCTaBsi METOOM 3a SCHO MpPOCNIEIsBaHE OT KIOYOBHTE
HOKa3aTeNI 3a PE3YJNTATHOCT JI0 BHUCLICCTOSIIUTE LIEJIH OT KOUTO
HPOM3THYAT KIIOYOBHUTE IIOKA3aTEIN 33 PE3YATaTHOCT.

Ch31aBaHeTO Ha MpeAlaraHaTa CHCTEMa 3a OICHSBAHE Ha
pe3yaTaTHOCTTAa MHpPU pealu3upaHe Ha OH3HEC CBTPYAHHUYECTBA
3amoy4Ba ¢ pa3paboTBaHE Ha CTPATEIMYECKH IOJXOX 3a aIeKBaTHO
UHTEpIpeTHpaHe U peaau3nupane Ha npaktuka. CTaproBa Touka 3a
Cb3JaBaHe Ha IIpeJjlaraHara CcHCTeMa 3a OICHSABaHE Ha
PE3yNTaTHOCTTAa IIPU pealu3upaHe Ha OM3HEC ChTPYJHHUUYECTBA €
neunupanero Ha crparermdecku mozen (Ertam 1). ITo-xoHkpeTtHO,
pa3paboTBaHETO Ha CTPATETMYEeCKd MOJEN TpsOBa Ia BKIIOUBA
BCHYKH €I€MEHTH Ha Pe3yATaTHOCTTA (KOHLENTYallHO ITIAHHUpaHe —
MHCHS ¥ BHU3MSA; W3MCKBAHWA HA 3aMHTEPECOBAaHM CyOEKTH;
TaKTUYECKH IIeH; CTPATEeruy; KIIOYOBH (DAKTOpH 3a YCIex;
KJIIOUOBH TI0Ka3aTel 3a Pe3yATaTHOCT. Beuuku Te3un eneMeHTH ca
neuHUpaHK B YETHPH aclekTa Ha pesynratHocTTa [11]: punHaHCOB;
HOTPEOUTEINICKY; IPOLIECEH; II03HABaTeNCH. Te3d TIICAHH TOUKH
cmomaraT 3a CTPYKTypHpaHe Ha IIpoleca 3a OILEHsABaHE Ha
pe3yaTaTHOCTTa Ha 0a3aTa Ha IPHIMHHO CIIEACTBEHH BPB3KH.

B pa3paboTeHuss MOJed, OCBEH TIOPECIOMEHATHTE YETUPH
acmekTa, € BBBEJCH METH  acCleKT ,»YTpaBICHHE Ha
B3aMOOTHOIICHUSITAa HA  CBTPYIHHYECTBO’, KOWTO OTYHTA
colMajHaTa IJe[Ha TOYKAa Ha CHTPYAHHYECTBOTO. TO3M acmekT
JOI'BJIBA IPYTUTE YSTUPH aCleKTa, Thi KaTo OTYHMTA KyJITypara Ha
CHTPYJHUUYECTBO KAaTO CPEICTBO 3a Ch3/laBaHe Ha aTMocdepa 3a
HpOsiBa HAa YETHPUTE OCHOBHM acleKTa. TO3M acleKT BKIIOYBA
CTpPyKTYpa OT LeNH, CTPATEernH, KIIOYOBH (HAKTOPU 3a ycIex |
KJIIOYOBH TOKa3aTeNId 3a pe3yJTaTHOCT, KOWUTO Ca CBBbP3aHH C
XapaKTepUCTUKKM KaTo: aTpuOyTH Ha B3aUMOBPB3KHTE (IOBEpue,
AQHTXHUPAHOCT, KOONEPHPaHe M JIp.); KOMyHHKAI[MOHHO MOBEICHHE
(mpouec Ha oOMeH Ha MH(GOpPMAIMS); CPECTBA 3a pa3pellaBaHe Ha
KOH(QIIUKTH.

5 Mooen na cucmema 3a npozHO3HO oueHABaAHE
Ha pe3yimamHuocmma

PazpaboreHnsT MoJeT HAa CHCTEMa 3a IPOTHO3HO OIEHSIBAaHE Ha
pe3yaTraTHOocTTa ce 0a3upa Ha JIOMYCKAaHETO, Y€ IPOIECHTE Ha
OTAENHUTE YYacTHUIM B €[HAa BHPTyalHa OpraHM3alus ca
oTHOcHUTENHO cTabunuu. IlporecHara Bepura BBB BHPTYyaJHaTa
OpraHu3anusi € KOMIO3MpaHa upe3 ChueTaBaHe M MHTETPHpaHE Ha
TaKMBa OTHOCHUTETHO CTAaOWJIHM NPOLECH. YCTOWYMBOCTTa Ha
OTAENHHUTE TPOIECH, KOMTO ca OOEKTH B IIPOIECHATa BepHra
MMO3BOJISIBA  Ja ce pa3paboTH IOAXOJ 3a OIEHsABaHE Ha
pe3yaTaTHOCTTa, Oa3MpaH Ha LEHTpanu3upaHa 0a3a TaHHM M JBa
OCHOBHU MOJlyJIa:

- Monyn 3a cneneHe Ha OH3HEC —HOLECHTE
HOTEHLMATHUTE YYaCTHULIM BbB BUPTyaJIHATA OPraHH3aLus;

Ha

- Mouyn 3a KOHGUIypHUpaHe Ha BapUaHTH Ha BUPTyalHaTa
OpraHM3anus

IenTpanm3upanara 6a3a maHHu ¢ Yeb 6a3upaHa M ChbXpaHsBa
JJAaHHU 3a pe3ylITaTHOCTTa, KOUTO C€ IMpecMATaT OT MoAayja 3a
clieieHe Ha OM3HEC NPOIECHTE M TM IIPefoCTaBs HA MOJyNa 3a
KOH(QUTypUpaHe Ha BapHaHTH Ha BHPTyaJlHaTa OpraHM3alMs, upe3
KOMTO ce cUMyJIMpaT BapUaHTH Ha MPOLECHATa Bepura. MoayabT 3a
ciefieHe Ha OM3HEC MPOLECHTe Ha MOTEHIMATHNUTE yJaCTHHIHN BB
BUPTYyaJ HaTa OpraHW3aIMs MOJIIOMAara OLEHSBAaHETO Ha MPOIECUTE
Ha BcsKa OM3HEC OpraHU3alys, KOATO MOTEHIMAIHO IIEe y4JacTBa
BBB BHpPTyaJlHaTa OpPTaHU3alys U MPEOoCTaBs HyKHHUTE JaHHH Ha
Moayna 3a KOH(UIypupaHe Ha BapHaHTH Ha BHUpTyaJHaTa
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opranm3anusi. MomynbT 3a KOHGHUIypHpaHe HAa BapHAHTH Ha
BUPTyaJHaTa OPraHHW3aIWsi BKIIOYBA CPEICTBO 3a IUIAHHMpPaHE Ha
HpOIECH, ¢ MTOMOINTa HAa KOETO Ce MOJEIHMpa MpOLEecHaTa BEpPHTa.
Upe3 MpoeKTHpaHEeTO M CPaBHEHMWETO Ha BBH3MOXKHU BApPHAHTH Ha
pe3yNTaTHOCT MOJY/IBT 3a IUIAHUPAHE IPENOCTaBsl Ha BUPTYalHUS
eKUIl BB3MOXXKHOCT 3a IIOCTHFaHe Ha BBb3MOXHO Hail-BHCOKa
PE3yNTaTHOCT.

6. 3aknrouenue

ChpInecTByBalIUTE MOAXOAM 32 OLEHABAaHE HA PE3yATaTHOCTTA
ce OCHOBaBaT Ha TPAAUIMOHHOTO CXBAILlaHE 3a JIOTHCTUYHH BEPUTH
W HE B3eMaT I0A BHHMaHHE HApacTBAIlOTO BJIMSHHE Ha
BUPTYaJHUTE OpraHu3aluu s KOUTO HM3UCKBAT
MEXyopTraHH3alnoHeH (POKYC Ha OI[CHKaTa Ha Pe3yJITaTHOCTTA.

Hacrosimara paboTa HakpaTko OMHCBA HAJIMYHHTE B MOMEHTa
MOJEIU 32 OLEHSIBaHE Ha pE3YyITaTHOCTTa Ha BUPTYalHU
npexnpustus. Wnentudunmpann ca pa3MHHaBaHHATa Ha Te3H
MOJIENH C U3UCKBaHUsTa Ha 6M3Hec MpexuTte. [IpeioxkeH e Moxen
3a TIPeoJONsABaHE HA TE3W Pa3MHHABaHHA U 3a peaau3upaHe Ha
cHCTeMa 3a OIEHSABaHE Ha pEe3yNTaTHOCTTa Ha BUPTYalHU
npexnpuatua.  Onucann  ca OCHOBHHUTE  €IEMEHTH U
(YHKIMOHAHOCTH Ha MOJEJa U IOJI3UTE, KOUTO MOXKE Ja JOHEece
peanu3upaHeTo My Ha IIPaKTHKA.
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implementation, the search for innovative solutions, as well as the lever stimulate and regulate this activity

KEYWORDS: INNOVATIVE MECHANISM, THE SYSTEM OF INNOVATIVE MECHANISMS, LIFE CYCLE, TECHNOLOGY TRANSFER

1. Beeoenue

HHHOBaHHOHHBIfI MCXaHU3M - OTO OpraHu3allMOHHO —

JKOHOMHYEcKas  (opMa  OCYIIECTBIECHHS  HHHOBAIMOHHOM
JEeATeNbHOCTH, MOUCK MHHOBAIMOHHBIX PEIICHUH, a TaKkXkKe phraar
CTUMYJIIPOBAHUSI W PETYNUPOBAaHMSA  3TOH  JEATEIBHOCTH.
MHHOBaNMOHHbIE MEXAHU3MbI  JIOJKHBI ¢hopmMupoBaTh

(byHKIMOHANBHOE OOEcIeueHHe WHHOBALMH B €ro IpUBS3KE K
CTaausIM  MX >KU3HEHHOTO IIMKIA. Iox dyHKUHOHATEHBIM
obecriedeHHeM IOHHMAETCS WHHOBAI[MOHHOE, WHBECTHUIMOHHOE M
(uHAHCOBOE OOEcTIeueHNE.

Ocoboe BHMMaHNE CIEAyeT yIEINTh COBEPUICHCTBOBAHUIO
CYILECTBYIOIIUX u pa3zpaboTke HOBBIX MEXaHU3MOB
TpaHchOpManuM HAYYHBIX HCCIEIOBAaHMH B  MPAaKTHYECKYIO
JIESITENIbHOCTh KOPIIOPALHii.

2. Pesynomamul u ouckyccusn

Cucremy MHHOBAIIMOHHBIX MEXaHU3MOB MOXHO
copMHUpOBaTh U MPEACTABUTH €€ MATHI0 OCHOBHBIMHU T'PYIIIAMH :
MEXaHH3Mbl OpPraHU3aAIH
MEXaHU3MBI Pa3pabOTKU U BHEAPEHHS
MeXaHU3MbI (QMHAHCHPOBAHUS U CTHMYJIHPOBAHHS

MEXaHU3MBI TEXHOJIOTHYECKOT0 TpaHchepTa
MeXaHU3MbI HHTEIUICKTYyaIbHOH COOCTBEHHOCTH.

grwpdPE

oJlemMeHmos
paseumus

Tabnuya 1. Xapakxmepucmuxa — 63auMOC8A3U
GyHKYUOHATLHO2O obecneyenus u cmaouil
NnpeonpUHUMAMENbCKUX CIPYKIMYD

Xapaxre Ortansl pa3BUTUSA IPEAIPUHUMATEIbCKOM

prCTHEH CTPYKTYPBI

(yHxuu

OHAIILHO

ro CTaHOBI
pas3BuTHE 3penocTh ymajgoKk
obecriey €HHe
EHHUS

nHHoBa | Ilomck Pazpabork | Paspabork | ITomck

LUOHHA | HAy4YHO | a U | a ICEeBAO- | HAy4HO-

1 - pa3BUTHE | MHHOBalM | TEXHUYECKU
TEXHUYE | HAy4yHO- 51 - x
CKHUX TeXHUYEC | MPOIYKTO | peIIeHuit
WHHOBA | KHX B, 10 3aMeHe
LHUOHHBl | pEelleHHi | MHHOBAIlM | yCTapeBIIHX
X " TIPOILECCOB,
peleHu mponecco | nmpuobpereH
" s B, ue
3amura nepenada JIULEH3UH U
HHTEIIe TEXHOJIOT [IaTEHTOB
KTyaJIbH ui
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oil
cobcTBe
HHOCTH
unBecty | Ompene | Ompemene | Jonrocpo | Ompenenen
I[MOHHA | JIEHHE HHE YHbIE ue
o HalpaBJl | HaNpaBjie | WHBECTUI] | HAIpaBJICHU
eHuit HUH uH B | H
HavyaJbH | NMPOM3BOX | ydacTHe B | U BIOXKCHHUE
oro CTBEHHOTO | KamuTane | B
BJIOKEH | MHBECTHp | APYTUX
ust OBaHMA, npeanpus | HepeopHeHT
cpencts, | GopMuUPOB | THH aIuIo
UHBECTH | aHHe HpeanpHHA-
IMOHHB! | Omarompun MaTeNIbCKOH
e SITHOTO JeSTeIbHOC
JIBIOTH | MHBECTHI TH
3a HOHHOTO
OCBOEHH | KJIIMAaTa
e
puopu
TETHBIX
Harpasi
eHui
JiesTelnb
HOCTH
¢unanc | CraproB | dunancu ®duHaHCU DUHAHCUPO
oBast oe poBaHue poBaHue BaHUE
GuHAHC | HA CTaAWMH | Pa3BUTUS | CBOpAuMBaH
UPOBaHU | OCBOEGHHUsS | MPOM3BOJ | s
e, u CTBEHHBIX | yCTapeBIIer
MOJy4YeH | paclIUpeH | MOIIHOCTE | O
ne us oxsara | i, Joctym
JOTamyi | phIHKa, K TIPOMU3BOJICT
qyepes BBIXOJ Ha | KPEAUTHH | Ba,
WHKy0aT | (MHAHCOB | M IOTAlMH U
OpHBbIE ble PBIHKH | pecypcam | cyOcuanu
mporpaM | pocTa
MBI

MexaHU3M OpraHM3alMy HaNpaBieH HAa (pOpMHUpPOBaHHE M

pEOpPraHM3aIMI0  CTPYKTYpP, OCYLIECTBISIOIIMX HHHOBAIMOHHBIE

MPOLIECCHI.
Co3nganue -

CTPYKTYpHBIX  TOJApa3/IeiICHHI

OCYIIECTBIATh  MHHOBAIIHOHHYIO

MOTyT OBITH
HofpaseeHus,

nim

€/IMHUII,
JIeSTEIBHOCTb.
CYLICCTBCHHBIMU JJIEMEHTAMU HOBBIX OpPIaHU3ALIMOHHBIX
MaTpHUYHBIC CTPYKTYPHI,

HAy4YHO-TEXHHUYECKUE
OCYIIECTBISIOIINE AESATENbHOCTh 10 DPBIHOYHBIM MHPHHIUIIAM,
BHYTPEHHHE BEHUYPBbIL.

9T0 (HOpMHUpPOBaHHE HOBBIX MPEANPUATHH,
MPU3BAHHBIX

Haubonee
thopm
HAYYHO-TEXHHYECKHE
OpraHu3aIuy,




IIporeccsl co3maHust HOBBIX MHHOBAIIMOHHBIX OpraHU3anuii
OCOOCHHO BayKHBI JUISl KPYIHBIX KOPHOpALHi, T.K. 3TH CTPYKTYpBI
UMEIOT CIIOXKHYIO CHCTEMY YIpPaBICHUS HMHHOBAIMAMH U Kak
MPaBUIO OPUEHTHPYIOTCS ~ Ha KpPYIHBIE IPOEKTHI, peanu3anus
KOTOPBIX ~ JIOJDKHA 32 KOPOTKHH IIEpHOA BpPEMEHH O0eCIeuuTh
MOJIy4EHUE BBICOKHX JIOXOI0B.

MarpudHble  CTPYKTYphl TPEINCTaBISIOT COOOH — Takue
OpraHM3alMOHHEIE ()OPMHUPOBAHMUS, KOTOPHIE CO3MAIOTCS Ha CPOK

pa3paboTK W BHEOPEHHs WHHOBAlMH, BKIIOYAIOT B ce0s
CHCLMAIUCTOB  pa3iM4yHOrO  npoduisi,  aAMHHHCTPATUBHO
HOJYUHAIOTCS PYKOBOAHUTEISIM COOTBETCTBYIOIIMX ITOCTOSHHBIX
HOJpa3/ieJIeHNi, HO BPEMEHHO HAIpaBICHHBIX BO  BPEMEHHYIO
BHE/IPCHYECKYI0  CTPYKTYPY Ul  HpOBEIEHHS  paboT Mo
OlIpe/IeIeHHOM CIeIHaTn3anuy. Takue BpPEMCHHEIC
Hopa3ieaeHus MO3BOJSIIOT ~ OOBEAMHUTH  Pa3IMYHBIX

CHCIHUATICTOB Ha CPOK pa3pabdOTKH W BHEAPCHUS WHHOBAIIWU.
Takoil opraHu3allMOHHBII WHHOBALIMOHHBIN MEXaHU3M IO3BOJISIET,
BO — MEPBBIX, 00ECIEYNTH BHIIOJHEHHE pabOT B KOPOTKHE CPOKH,
BO-BTOPBIX,  IIO3BOJISIET  CKOHIEHTPUPOBATH  TOA  €AUHBIM
PYKOBOJCTBOM CHENUAIUCTOB PA3IUYHBIX NpOduUiei, B-TPETHUX,
3HAYUTENIFHO YACIIEBUTH MIPOIECC pa3pabOTKH U BHEAPECHUSI.
Hayuno — TtexHuueckue mnoapasJesieHus] CO3JAl0TCsl Ha
IIOCTOSSHHOM  OCHOBE, OHHU HE HMEIOT XO3SIMCTBEHHOM
CaMOCTOSITEJIBHOCTH U UX JESITEeIbHOCTh OCYIIECTBIISETCS 3a CUeT
OroJKeTa KOMITAaHMU B IEJIOM. DTH MOJPA3/ICICHUS MOTYT OBITh
JIEICHTPATM30BaHHBIMA M OPHUEHTUPOBAHHBIMH Ha KOHKPETHBIE
MPOM3BOACTBEHHBIC EIUHHIBI, JHOO LHEHTPATU30BAaHHBIMH 1
TOTYMHATHCS HETOCPEICTBEHHO PYKOBOJHUTENIO KOMIAHWU. KX
0COOEHHOCTh 3aKJIIOYaeTCI B TOM, 4YTO OHH IMepOenaroT CBOM

pa3paboTKM B MPOM3BOACTBO HANPSIMyl0 0e3  yCTaHOBICHUS
BHYTPEHHHX PHIHOYHBIX MEXaHU3MOB.
CaMOCTOSITeNbHBIE ~ HAYYHO-TEXHHYECKHE  OpTaHH3alliH,

HalpOTUB, HMEIOT COOCTBEHHBIH OIO/DKET M IPOJAIOT CBOU
Ppa3paboTKH MPOU3BOACTBEHHBIM ITOIPa3ACNICHUSIM KOMITAHHH.

B psane cmydaeB BecbMa 3((QEKTHBHBIM OPTaHU3AIMOHHBIM
MEXaHU3MOM MOJXET ObITh MOTJOIIEHHEe KPYMHOW KOMIIaHUEH
HeOONBIINX WHHOBAIIMOHHBIX (HPM, AEATENFHOCTh KOTOPBIX
BXOAUT B KPYI HHTEPECOB KOMIIaHUU. JlaHHBIH MeXaHu3M
IPEeAnoJaraeT OCyIIeCTBICHUE OOJBIINX €AMHOBPEMEHHBIX 3aTpar,
HO TPHUBOAUT K 3HAUUTEIBHOMY COKpALIECHUIO CPOKOB BBIXOJA

HOBBIX  IIPOJYKTOB Ha PBIHOK M  IO3BOJSET  JOCTHYb
CHHEPreTH4ecKkoro 3¢pQexkra oT oO0beIUHEHHS WHHOBAIMOHHBIX
OCTHIKEHUI.

MexaHu3MoOM, JOIMOJHSIONUM  IIOTJOIIEHHE, SBISETCS

YCTaHOBJIEHHE TECHBIX CBS3€H KPYMHONW KOMIAHHM W MalbIX
WHHOBAIITMOHHBIX (I)HpM, OCHOBAaHHBIX Ha CO3JaHHUU OOJI'OCPOYHBIX
JIOTOBOPHBIX OTHOIIEHHH (PhIHOYHAS MHHOBAIIIOHHAS HMHTETPALI ).
B stomM ciyuae = MHHOBaIMOHHBIE (MPMbBI COXPAHAIOT CBOIO
CaMOCTOSITENIBHOCTh, HO  HOMazaloT B cdepy  pPBIHOYHBIX
MIPOU3BOJCTBEHHBIX CBA3EH KPYIHON KOMIIAHUH.

CoueraHue MpPOLECCOB  IOINIOMEHUS W PHIHOYHOU
WHHOBAIlMOHHO HHTETpalMy JaeT OCHOBAaHHE IIPEIINOJI0KHUTh
HCTIONIb30BaHUE  «BECPHOM»  OpraHM3alil  MHHOBAIMOHHOTO
nponecca. Ee cMbIcn 3akmodaercss B CO3JaHUM MHHOBAIMOHHOTO
OKpPYXXEHHUS IPOM3BOJICTBEHHOIT KOMIIAHUH, COCTOSILEr0 U3 GUpM, B
OTHOIIEHUH KOTOPBIX coBepiueHo noriomenue (MPII), a tak xe
PBIHOYHO HWHTEerpupoBaHHbIXx ¢upm (PU®) [1]. «Beepnas»
OpraHu3anusl MHHOBAI[MOHHOTO MpolLecca MOXET OKa3aThCs B
HanOoubIel cTeneHd >(P(EKTUBHOM Ul KOMIIAHUI, MMEIOIINX
HaCTYIATeNbHYIO CTPATErni0 NHHOBAI[MOHHOTO Pa3BUTHSL.

Ha nepBom sTane MHHOBAIIMOHHOTO TIPOIIEcca IIPOBOANUTCS
WHXMHUPHHTOBBI ~ aHAIN3  pe3ylbTaToB  (yHIAMEHTAIBHBIX
HCCIIC0BaHUM (uneu, KOHUEMLIHH, 3aKOHOMEPHOCTH).
DurHaHCHPOBaHHE OCYIIECTBIISETCS B OCHOBHOM U3 TOCOIOMKETa Ha
0e3B0O3BpaTHON OCHOBE.

Ha BTOpOM 3Tamne mpoBOAATCS MCCIEAOBAHUS MPHKIATHOTO
xapaktepa. OHU (MHAHCHPYIOTCS Kak 3a cyeT OoKeTa, Tak M 3a
CUeT CpEICTB 3aKa3uMKoB  WiM HHBecTopoB. C 3TOro orama
BO3HUKAeT BO3MOXXHOCTH  TOTEPU BIIOXKEHHBIX  CPEACTB B
pa3pabOTKM WHHOBAIMHM, YTO TIPENONpeneiseT  PUCKOBAHHBIH
xapakTep Ou3Heca.
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Ha TPETHEM 3Tall€ OCYHICCTBJIAIOTCA SKCHNEPUMEHTAJILHBIC
pa3pa60TK1/1. Wcrounuku (i)I/IHaHCI/IpoBaHI/IH T€ K€, 4YTO U Ha BTOPOM
JTale, a Tak Xe COOCTBEHHbBIE cpeacraa OpFaHH3aHHﬁ.

Ha YETBEPTOM oTare OCYLICCTBIIACTCA rnpouecc
KOMMEpIMaIU3allii OT 3alyCKa B IIPOU3BOACTBO M BbIXOJAa Ha
PBIHOK W Jajee II0 OCHOBHBIM DJOTallaM JXH3HCHHOI'O IIHMKJIa

MPOTYKIHN.

Ipomecc KoMMepIHATH3aUH H KpymHOMacmTabHOe
BHEJpEHUE  HHHOBALMIl B  IPaKTUYECKYyI0  JEATEIbHOCTb
Kopropanuii TpeOyeT  CO37aHHs  HOBOIO  aJIeKBaTHOT'O
COBPEMEHHBIM YCIOBUSM MeXaHHU3Ma BHEJ[PEHUS u

(uHAHCHpOBaHHS, IIe CYObEKTaMH TaKWX OTHOLICHHUH SIBISCTCS
OpraHu3allii BY30BCKOW HAayKH Kak TPOJIYLICHTHl HHHOBAIMH,
BHEJIPEHYECKHE OPTaHU3allii B BHUJE HAyYHO-IIPOU3BOJICTBEHHBIX
KJIACTEpPOB, IEHTPOB TpaHC(EpTa TEXHOJIOTHI;, KOPIOpAIHH
3aMHTEPECOBAHHBIE BO BHEAPCHMH WHHOBALMM, KPEIUTHBIE
OpraHu3alni 1 BEHYYpHbIE (DOHJBI, TOCYJapPCTBEHHBIE CYOCHANM
Ul WHHOBALMM, HMEIOMKMX (¢enepalbHoe W PErHOHAILHOE
3HAUCHUE MO COOTBETCTBYIOLIMM (elepanbHbIM ¥ PEerHOHAIbHBIM
oromkeram [2]. Tlpemaraercst cienyromas cxeMa B3auMOIeUCTBUS
BBILICIIEPEYHCIICHHBIX CTPYKTYP. (pHc. 1)
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Puc.1l. Mexanusm enedpenus u puHancupo8anus uHHOBAYUIl

3. Pewenue paccmampueaemoil npoodaemvl Ha npumepe
yHusepcumema

B 2014 romy B8 HUTY «MHUCuC» Obima mnpomomkeHa
peanu3anusi MporpaMMbl MO IPEAOCTABICHHIO TOCYAAPCTBEHHOM
MOAJEPKKU BelyluM YHuBepcuteram Poccuiickoit @enepauuu B
LEJSIX TOBBIIEHUSI UX KOHKYPEHTOCIOCOOHOCTH CPEId BEIYIINX
MHpPOBBIX HAy4HO-00pa3oBaTeNbHBIX LEHTPOB (mpoekt 5-100).
Crpaternyeckasi [eJib MPOTPAaMMBI - BXOXKIEHHE W 3aKpeIuIeHHe
HUTY «MUCuC» B uncne BeIyIX MUPOBBIX YHUBEPCUTETOB, YTO
MperoiaraeT molydyeHne Mecrta B uucie Beaymux 100 By30B mo
OCHOBHBIM MexayHapoaHeiM pedtunram (THE wmmm QS), 3a cuer
(byHIaMEHTaNbHBIX M MNPUKIAAHBIX HCCIEAOBAHHH MHPOBOTO
YPOBHS B MAaTepUANOBEJCHUM, METAJULIypIMM M TOPHOM Jele,
HAHOTEXHOJIOTHAX, @ Takke B MH(MOPMAIMOHHBIX TEXHOJIOTHSIX U



ouomenuuuHe. OCHOBHBIE ILEJM, CTOSILIME Iepel HayYHBIM
KOMIUIEKCOB B paMKax NPOrpaMMbl MOXKHO C(OPMYIHPOBATh Kak
obecrieueHre I(PPEKTUBHOCTH H  PE3yNbTATHBHOCTH HAYYHO-
HCCJICI0BATEIbCKON JCATENbHOCTH B KJIIOYEBBIX O00JIACTIX H
nozunuonupoanue HUTY «MHUCuC» kak KOMMepuecKu
YCHEUIHOro, IPU3HAHHOTO B MUPE MHHOBAIMOHHOTO JI/IEpa.

Peanuzanus nmporpamMmbl  [IOCTPOEHA IO IPOEKTHOMY
npunnuny, B 2014 romy mno Hampaenenumro «Hayka» Obuio
chopmupoBano 1aBa noptdens mnpoektoB: «Momogsie HIIP u
CTHUMYJHPOBaHHE MyOIMKAMOHHOHN akTUuBHOCTH» U «[IpuBneyenne
MEKIYHAPOIHBIX YYEHBIX U MOOWIIBHOCTB». B o0miell cioxHOCTH
Obuto  peanm3oBaHo 12 mpoekToB. OO0BeM (HUHAHCHPOBAHUS
MPOEKTOB COCTaBMI 0K0JI0 334 MiH. pyo.

AKTUBHO Benach paboTa 1O TNPHUBICYCHHIO K padore B
cocrase JIeHCTBYOIUX HayyHbIX KoJulekTuBOB HUTY «MUCuC» u
PYKOBOJICTBY Hay4YHO-HCCIIEI0BATEIILCKUMHU TPOEKTaMU BEIYIINX
WHOCTPAHHBIX U POCCHUHMCKHUX yueHbIX. bbpu1 npoBeneH «OTKpBITHIHN
MEXJyHApOJIHBIH KOHKYpC Ha nmosiyueHue rpantoB HUTY
«MUCHuC» nns momnepKKu Hay4dHBIX HCCIEIOBaHUH B 00JIacTH

pasBUTHsL ~ HAYYHOTO  HANpPABICHHSA,  HNPOBOAMMBIX  TIOJ
PYKOBOJICTBOM BEAYIIUX YYEHBIX).
OO0mmit o00BeM (MHAHCUPOBAHUS Hay4HO-

HCCIIEI0BATENbCKUX U ONBITHO-KOHCTPYKTOPCKUX PabOT COCTABHII 2
515,3 muH. pyOneii, 4to npeBbimact o0beM GuHaHcupoBanus 2013
r. 6onee yem Ha 870 muH. py6ned, Ctpykrypa (uHaHCHpOBaHHS
HAyYHO-MCCIIC/IOBATEIbCKUX U OIBITHO KOHCTPYKTOPCKHX paboT B
2014 r. mpeacraBieHa Ha CIEAYIOMIEM PUCYHKE:

Vrpynuennag crpykrypa ¢unancuposanus IIHP u OKP s 2014 roxy

Mpeangentcxas TIposHE HETOHIKM, B T.4.
nporpaMma HL GAKNID W
OBbILIEHHA BOTOSOPE, MPORKTEI PAIEHTHIS

HENMGHEAL TREHTEL MHMHHHPHHTOBLX

WHMEHEPHED, KAZPOE Ha 1% EHTPOS ki aze

2012-2014 ropa XoanRcTeetsie BRZYUIHX TRXHHY KN

Nocrasosneswe N22070 1% eyz0e - MunoBpuayw

MEQEX 10 NPHENEYEHHI wrM“N'KpT:ﬂCr‘W
IHRPTETHNH PP, TpanT
BRAYWAX PHEHRE
pocchiickHe npemsaenTa PO, MHC
obpasosatencyie / P®, PRPHn PH
YH4pERAEHHA BRICLI 0%

ofipasoeanns”™ HHOKP s pasikax
% MEPONPHATHA N0
ﬂnmnnaﬂ!nmeNZiB'ﬂ_/ E:;upu.:enun
MAPEK TOCY SEPCTREHHOH b MEHGYHAPOAHCH
TICAAEPMIH RIIRHTHA HokRypesToacnoeaBuoeTd
HOONRPALIMK POLEHICHIK B33 cpegk BEgywIK
B YHEBHRD MHPOREEX HaYHO-
BABRGEHAA 0 obipasosarencai
OpraHMBALMA, wewrpos [TOM100)
peanusyou HWP nposogumeie s WP"‘W‘" A 13%
HOMNEHCHEE NPOENTEI " TpOTpaMMEl
10 COBAKNID ToyABpCTEEHHOTD 20%
R A—— 3aganns MisnoBpsaysn
NpOWIBOQETES e
% 0%

Puc.2 Cmpyxmypa ¢unancuposanus

Hawubosnpunii Bkiag B o0umii 0068M HUHAHCHPOBAHUS B
2013 r. npuxoxawmics Ha HUP, BemonHsaBIInEcs B paMKax
(benepanbHbIX LeneBbIX mporpamm: «lccnenoBanus u pa3paboTKu
0 IPUOPUTETHBIM HATPABICHHUAM Pa3BUTHS HAy4HO-
TEXHOJIOrH4IecKoro komiuiekca Poccum» Ha 2007-2013 roaer —
25%., «I1pOeKTHI IO CO3aHUIO U Pa3BUTHIO HH)KHHUPUHTOBBIX
IIEHTPOB Ha 0a3e BeIyNINX TEXHUIECKUX BY30B» — 18%, «HUOKP B
paMKax MEpONPHUITHH O MOBBIICHAIO MEKTyHApOIHON
KOHKYPEHTOCIIOCOOHOCTH BY3a CPEIH BEIYIIUX MUPOBBIX HAYUHO-
o0pa3oBaTeNbHBIX HEHTPOBY» — 13%, a Tak *e mpsiMbIe JOroBopa ¢
xo3stiicTByronmME oobexramu — 12%.

Yvyacrme HUTY MUCuC B mporpaMmax 1o
rocyJapCTBEHHOH MOJEpKKEe BELYIIUX POCCUHCKHX By30B B 2014
rogy 1218 u 1220 npuseneHo B ciexyromiei tabiume:

Oomwuii 00 bem 2014
Meponpusitue NpHUBJeYeHHBIX ron,
Cpe/iCTB, MJIH. MJIH.
py6 pyo.
I'panTtsl IpaBuTenscTBa PO ISt

roCyIapCTBEHHON MOMIEPKKH HAYYHBIX HCCJIET0BAHMIA,
MPOBOAMMBIX MO PYKOBOACTBOM BeIYHIMX YYEeHbIX B
poccuiickux By3ax (Ilocranoienue 220)

HeOpFaHI/I‘{eCKI/Ie

HAHOTPYOKH U rpadeHst 1725

22,5

Hanorexnonorun
CBEPXIIPOBOIAIINE
MaTepHabl

172,5 22,5

I'ubpunusIe
HAHOCTPYKTYPHEIC
MaTepHabl

90,0 30,0

CoBpemeHHas
MaTepUaoB: HOBBIHI
HHCTPYMEHT  YCKOPEHHOTO
MIPOEKTHPOBAHUS
MaTepHanoB B
TBHICSUETICTHH

¢dmuka

90,0 30,93

3-m

PazButHe KoOOmepanuH pPOCCHHCKHX BY30B H

npou3BoAcTBeHHbIX npexnpusituii (Ilocranosaenue 218)

OAO "BHUHUXT" -

195,0 50,0
0OAO «Ypumckoe
MOTOPOCTPOUTEIHHOENPOH 1980 600
3BOJCTBEHHOE ' '
00beINHEHNe» -
3A0 "UHKUHUPUHIOBAS
KOMIIAHUS "ADM- 160,0 58,0
TexHojornuu'" -
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Tabnuuya 2 Yuacmue Yuusepcumema 6 npospammax no

2ocnoooepoicke

4.3axnouenue.

3amaua  Tpancdopmarmu NPUKJIAJHBIX — HayIHBIX
WCCIIEJOBAHUN B  NPEANPUHUMATEIbCKUM  CEKTOp  peabHOU

9KOHOMHKH MOXET OBITh BBIMOJHEHA, B YACTHOCTH, NPHU PEIICHHUH
pyKoBoACTBa 00pa30BaTENbHOrO / HAYYHO-HCCIEIOBATEIBCKOTO

y4pexXaeHuss M OuM3HEC - CTPYKTYpbl O IPOJOJDKCHHU
HCCIIEI0OBaHUN, B YAacTHOCTH Oojiee KOHKPETHOrO IOAXOoAa K
BHEJIDCHUIO HMHHOBAllMOHHBIX TEXHOJOIMH B  JEATEIbHOCTb

KOpIopanuii Ha OCHOBE IBYXCTOPOHHEH 3aHMHTEPECOBAHHOCTH,
mepexofa OT pa3pabdOTKH  METOMOJIOTHMYECKHX IIOJXOJ0B K
OMpPEACICHNI0 METOIUKK onpenencHus 3ddextuBHOCTH ME&A,
CO31aHUIO 0a3bl JAHHBIX O CIMSHHUSAX U HOIJIOIICHHUAX B OTPACIIH.

4. Jlumepamypa

[1]. Konokonos  B.A. «HHOBAIIMOHHbIE
(YHKIIMOHUPOBAHUS NpEANPUHUMATENLCKUX
«MenemkmeHT B Poccun u 3a pyoesxom» Nel, 2002 .
[2]. 4. L.E. Uskova, N.L. Chekunova-Tomasteva TRENDS AND
PATTERNS OF DEVELOPMENT OF CORPORATE
STRUCTURES IN HIGH-TECH. Fifteenth annual conference
YUCOMAT 2013, Montenegro, 2013
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OPTAHM3BALIMA HAYUYHO-METOAUYECKOI'O OBECIIEYEHUA U YIIPABJIEHUSA
HAYYHO-UCCJIIEAOBATEJbCKUM KOMIIVIEKCOM

THE ORGANIZATION OF SCIENTIFIC-METHODICAL PROVISION AND MANAGEMENT RESEARCH
COMPLEX

Menemxep YekyHoBa-Tomamesa H., Ton-menemkep Yckosa .
HUTY MUCuC, Mocksa, Poccus
alisatom@rambler.ru; uskova@fin.misis.ru;

Abstract. The organization of the system of information and legal support of implementation of scientific and technological developments
and intellectual property, based on the creation of conditions to the financial interest of the developer in higher technical, economic and

commercial impact in terms of research complex

KEYWORDS: SCIENTIFIC, TECHNICAL AND FINANCIAL-ECONOMIC ANALYSIS, RESEARCH PROJECTS, RESEARCH WORK

1. Beeoenue

Or[pezlensnomee TpC6OBaHI/IC pLIHKa bl BBIIT'OJHOCTH
peann:;am/n/l HHTCHHCKTyaﬂBHOFO r[poz[yKTa JJI KITFOYECBBIX
Cy6’beKTOB pLIHKaZ JJIsL HpOI/I3BOZ[I/ITeJ'I$I - r[onyquI/Ie HaHBLICHIeﬁ

OpuoOBUIM; U HOTPEOHTeNsT — HOCTIDKEHHE MaKCHMAlbHOTO
JKOHOMHYECKOro  3(dekra  OT  BHEAPCHUs  WHHOBALIUH.
IpencraBmsieTcss  HEOOXOAWMBIM  yYHTBIBATB  MPOOIEMAaTHKY

CUHTE3a DPBIHOYHOW pealn3allud HOBOro mnpoaykra. MaeambHas
CXeMa — CO3aHHBI MPOIYKT B CPaBHEHHU C aHAJOTaMH JOJDKEH
OBITH OOJIee BBICOKOTO KadecTBa C MEHbIIeH ce0ecTOMMOCThI0. B
pEaNbHOCTH  CIIOXKHOCTH ~ OCBOGHHUSI ~ IIPOM3BOACTBA  HOBOTO
Marepuana (3aTpaTbl Ha Hay4HO-HCCIEHOBATENIbCKUE pPabOTHI,
MOATOTOBKY HPOU3BOACTBA U T.II.) MOXET IPHBECTH K MOBBIILICHUIO
ues [1]/

Co3gaHne eOuHOrO CepBHCa JOCTyla HAaydHOTO
MepcoHana  yHHMBEpCHTeTa K  HMHpOpMAMM O  HAyJIHO-
HCCIIe/JOBATENbCKUX, OIIBITHO-KOHCTPYKTOPCKHX, OIIBITHO-

TEXHOJIOTHYECKHX, TEXHOJOIHYECKHX paboTax IO3BOJUT YACIUTH
BHMMaHHE COBEPIICHCTBOBAHMIO CYIIECTBYIOIIMX M pa3paboTke
HOBBIX MEXaHW3MOB TpaHC(OpPMAIMK HAy4YHBIX HCCIENOBAHHH B
MIPAKTUYECKYIO ACATETBHOCTD KOPIOPALIHIA.

2. Cywnocms npoodnemol

Jns  yBenuueHus OOBEMOB BBIIOJIHAEMBIX HAyYyHO —
UCCIIEZIOBATENILCKUX, OIBITHO KOHCTPYKTOPCKHX, OIBITHO
TEXHOJIOTMYECKUX paboT HEoOXOAMMO CO3JaHHE ONPEAENICHHBIX
YCJIOBHH, B YAacTHOCTH CO3/IaHHE DJJICKTPOHHOTO  CEpBHca 110
00CIy)KHBaHUIO HAyYHO-TEXHUYECKUX IPOEKTOB OPraHU3aIHHL.

Jns  peureHus — jJaHHOW — mpoGieMbl  HeoOXo[uma
SIEKTPOHHAs CHCTEMa YIPAaBICHUS HAyYHO TEXHHYECKUMH
npoekramu (nanee - 9C YHTII), u coznanme oduca ymnpasieHus
HAayYHO-TEXHUYECKHMH IIPOCKTAMH.

Pemraemble mpobiaeMsr:

1. ObecrnieyeHne ycTOiYMBOr0 (UHAHCHPOBAHUSI HAYYHO-
HCCIIEIOBATENBCKOTO  KOMIUIEKCa, BKJIIOYas JAUBEPCHHUKALHUIO
HCTOYHVKOB, YCUICHUE B3aUMOICHCTBHS C OU3HECOM.

2. PazButne HOBBIX KOMIICTCHIHI Hay4YHO-
HCCIIEI0BATEIBCKOTO KOMIUIEKCa B OPraHU3aluy B3aUMOJCHCTBYS C
OuzHec - COOOIIECTBOM JUIi  HAay4YHOTO  CONPOBOXKACHHUS
COBMECTHBIX C KOPIIOPALMSIMHU POCKTOB.
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OcHosanma gra APCTRNERAE TPESYEWSL ROKIITEREA
Peanu3aLMK NpoexTa
o Mottt SDDETABOCTA KIASGA SERTENRHOCTI
UYens npoexra
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Puc.l. Kpamkoe pestome npoexma

(Ofochoeanme HeoGxoaumooTH
PEANKIALAH NPOEKTA Llens 1 33ga44 npoekTa
Crpaternyeckan Ot (TR MlamziLes BpEATATOTY M

Gimnone RESTANGECTH W YRR Y AORMTEIDEHOTA

HHHLHATHES RESTENGHITH Sy HINF m=monsemnd sy padorol s et
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CTPRT{EsE PaAEyneseA & BpS

Puc.2. lleau u 3a0auu npoexma



dbextusHoCTL 3NEKTPOHHOM CUCTEMDI YNnpaBneHMA
Hay4yHO- TEXHUYECKMMU NPDOEKTaMKU

uﬂwosu;oiu;amn:

Kn3 H KapTLID an

1. KonuvecTeo HaysHo— HCCNEa08aTe ot
H ONBTHO = KOHCTPYKTOPCKIMX NPORKTOR,
PEANHIYEMBIX COBMELTHO € POCOANCKMMM

1. HonusecTeo HayHo —HICASQ08ITEMCKN
W ONETHO = KOHCTPYKTOPCKHX NPORKTOS,
PEIAMIYEMBX COBMECTHO € POCCHAOHMN

W MERGYHE PORHBMI H MEXAYHIPOGHDIMK

BniC Ha BoiC Ha
6aze yHuBEpCHTETS, B TOM YMCNE C Gasze yHHBEPCHTETE, B TOMYHCAR €
BOZMOMHOCTDI0 COABHMA CTPYKTYPHBIX BOIMOMHOCTEIO COZAAHIA CTPYKTYPHBO!
noApazdenc il B yHHBEpCITETE NOAPazAenesti B yHHBEpCITETR

2. Ofvem HHP wa 1 MHP 2. Ofwvem HWUP Ha 1MHP

Puc.3. Dpghexmuenocmo 31eKmpoHHOL cucmemvl

DJIEKTPOHHBIN CEPBHC CYIMIECTBEHHO YBEIUYUT KOJIUYECTBO
HAYYHO-KCCIIEI0BATEILCKUX TIPOEKTOB, PEaN3yeMbIX C
MEPCIEKTUBHBIMU HAYYHBIMU OPTAHU3AIMSAMH | OH3HEC —
COOOILECTBOM.

MpoektHbie KIMN3

OnepaywoHHBIE

12300 37500 SO000

N HooolH

CHCTRME

¥ CONpaLyEHIES SpEMSHM KD MOGTOTOSKY SOXYMEHTOE

Crenern YODENETEOPEHKOITH  HIyHHER COTPYSHARDSE
pabaoroit cdwcs , Banne

Puc.4. [Ipoexmmuvie ko3¢ uyuenmor nonesnou 3¢hpexmuernocmu

OneKkTpoHHas cucTeMa o0CITyKMBaHHS 3alPOCOB K HAYYHO-
TEXHUYECKUM IPOEKTaM HAYYHON OpraHu3alMyd - SJIEKTPOHHBIN
CEPBHC MIPEOCTABICHHS] HHPOPMALUH BKIIIOYAET:

mpueM, KIacCH(HKAIMIO, 3alyCK BHYTPEHHHX IIPOIEIyp
BBIIOJIHEHUS, KOHTPOJIb IIOATOTOBKUM OTBETHOIO MaTepuana H
B3aUMOJICHCTBHE c 3aMpaliBarOIUM JIULIOM JUISL
HIDKETICPEUHCIIEHHBIX 3aIPOCOB:
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- odopmieHHe 3asBKM Ha Y4acTHE B KOHKYPEHTHBIX
cnocobax onpeneNneHus TTOCTAaBIUKOB (McromHUTENEH,
MOPSAIIUKOB);

- npepocTaBiieHHe HHGOPMALMH O HAYYHO-TEXHHYECKHUX
npoektax Yuuepcurera (nanee — HTIT) uz O5C YHTII;

- TIpeIoCTaBlCHHE OPTraHW3AIMOHHO-PACTIOPSIUTEILHBIX
JIOKyMEHTOB, CO3/1aBaeMbIX B pamkax BbinoiaHenus HTII;

- TpeNoCTaBlieHWEe OyXraaTepckod M yHpaBJIeHYECKOit
JIOKYMEHTaluy 1o ¢akTy (10 XOAY) BBHINOJHEHUS paboT B pamMKax
HTII,

- odopmieHHE  JOKYMEHTOB
cyOomoapsIHBIX 1oroBopoB B pamkax HTII;

- oopMIICHHUE 3asBKH Ha IPUOOpETeHre 000PYAOBaHNUS;

- OCYIIECTBJICHME CEPBHUCHOM HOAJEPKKH B paMKax
poinostHeHust HTTI;

- OCYLIECTBJICHHE BBIIUIAT B COOTBETCTBHU CO CIY)KEOHOM
3aIMCKOM Ha YTBEp)KACHHWE INTATHOM pAacCTAaHOBKM B paMKax
Bemoaaenus HTTI;

- OCYIIECTBICHHWE BBIIAT CTOPOHHEMY HCIIONHUTENIO B
pamkax BomonaHenus HTII ;

- peructpanuto, 00padoOTKy, TOATOTOBKY OTBETa, KOHTPOIb
MOJrOTOBKM OTBETa JJsi  BXozsied koppecnonaenuuu no HTIT
VYHuBepcuTeTy (TEKyLIUM, BHIIOJTHEHHBIM);

- aBTOMAaTHYECKMH MOHHMTOPHUHI IyONMKAIMI Ha moprajax
VYuuBepcutera no BeIOpaHHBIM HampapienusM HTII, moxroroeka
TeMaTHIeCKUX JaimKecToB (OroiuieTeHedl) M WX  PacCBUIKY
(perynsipHo, 1O 3a1Ipocy);

- (QopmupoBaHHE CTaTUCTHYECKUX OTYETOB C OIEHKOMN
BOCTPeOOBAaHHOCTH MH(OPMAIMU O HAyIHO-TEXHUYECKHUX MPOEKTaxX
Hay4YHOH opraHu3anuu.

JJIA 3aKJIFOUYCHHUA

4.3axnouenue.

Opranmsarusi oOecliedeHUss W YNpaBIE€HHS HAyIHO-
TEXHUYECKMMH IIPOEKTaMH II03BOJISCT, BO-TIEPBBIX, OOECICUUTH
BBITMOJIHCHHE pabOT B KOPOTKHE CPOKH, BO-BTOPBIX , ITO3BOJSET
CKOHLEHTPUPOBAaTh MOJ CAWHBIM DPYKOBOJCTBOM CHEL[HAIHCTOB
pasiaMuHbIX Tpoduiell, B-TPETbUX,  3HAYUTENBHO Y/ACLIEBHTH
Iponecc  HayYHO-TEXHHYECKOH JeATeTbHOCTH B HHTepecax
pa3paboTyyKa, Y4TO MOBBIIAET KOHKYPEHTOCHOCOOHOCTH HAayYHOH
opranm3anuy. [lo3Bomsier dopmupoBaTs Katayjor paboT M YCIyT,
BBINOJIHSIEMBIX Ha 6aze HAy4YHO-UCCIICI0BATEIILCKOM
MHPPACTPYKTYpbl OpraHM3alUd W  C€O31aTh HH(OPMALMOHHBII
HopTana s B3auMOJEHCTBUS C IApTHEPaMH OpraHU3alin

4. Jlumepamypa
[1] I.E. Uskova, N.L. Chekunova-Tomasteva. Feasibility criteria
commercial implementation of new technologies. XI - th
international ~ congress  «MACHINES, = TECHNOLOGIES,
MATERIALS 2014», Varna, Bulgaria, 2014
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ABSTRACT:THE MAJOR OBJECTIVE OF THE TRANSPORTATION PROCESS-SATISFACTION AND BEST INTEREST OF THE
CUSTOMERS USING TRANSPORTATION SERVICES. SPECIFICALLY THIS IS MANIFESTED IN THE ORGANISATION OF
MULTIMODAL TRANSPORTATION BASED ON ALL PRINCIPLES OF LOGISTIC ACTIVITIES.

Introduction

Nowadays the observation of contemporary schemes of “door
to door” cargo transportation implementing the transportation
processes of several modes of transport is considered of high
importance. However this is not possible without the clarification
of the relevant terminology accepted in the international practice.

We are going to examine the terms combined, intermodal and
multimodal cargo transportation. “The terminology of combined
transportation” has been developed by the European Economic
Commission UN (EEC UN) and the European Committee as well
as discussed during the European Conference of the ministers of
transport.

1. Key definitions
Multimodal transportation — transportation of cargo (goods)
using two or more modes of transport.

Intermodal transportation — involves successive transportation
with two or more modes of transport in one and the same cargo
(load) unit or road vehicle without any handling of the cargo itself
when changing modes of transport.

Combined transportation is a form of intermodal cargo
transportation where the major part of the inter-continental route is
traveled by railway, inland waterways or sea transport and an
arbitrary initial and/or final part of the road - by motor transport
which is as short as possible and in this way the term “multimodal
transportation” turns out to be common for both intermodal and
combined transportation and includes them.

On its turn intermodal transportation includes in itself the term
combined transportation which has a more narrow meaning and
turns out to be a subtype of intermodal transportation. [1] [2]

Multimodal transportation tends to be more universal because it
integrates different subsystems of transportation resulting in the
emergence of a new legal subject - the multimodal transportation
operator (MTO) who signs a “door to door” transportation
contract with the owner of the goods or the shipping agent. That
contract is the unified transportation tariff which leads to the
issuance of an unified transport document — multimodal Bill of

Lading FIATA.

2. Technical aspect
The Technical aspect of the interaction is reduced to
construction and power unification of all elements and junctions,
different modes of transportation participating in the realization of
the combined transportation. For that purpose it is necessary:

- to coordinate the admission and processing capacity of
the connected lines carrying the combined cargo as well
as those of the equipment (machinery) in the individual
junctions for example the capacity of the railway roads
on the stations and the port docks, the capability of the
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equipment to unload the cargo from the train and load it
into the ship (vessel) or vehicle and visa versa, the
power of the unloading and loading equipment, the
capacity of the warehouses and the availability of the
necessary means for maneuver.

- to coordinate the parameters of the mobile means of the
interacting modes of transport. In particular there has to
be a compliance between the loading capacity of the
vessel and the railway composition (the mass of the
train); between the loading capacity of the carriage and
the motor car; the special purpose of the vessel and the
carriage.

- to plan rationally the transportation junctions, the
location of the separate elements and departments inside
them, the provision of the parameter and geometrical
compliance of the track (road), the mobile means and
the loading equipment.

- to create a reliable and comfortable system — telephone,
teletype or other connection first of all between the
operating staff providing the combined transportation in
the transportation junctions. [3]

The technical aspect is complicated enough and is subject
to further not only practical but also a theoretical
development.

3. Technological aspect

The technological aspect deals with the necessity all the
operations for cargo handling to follow (observe) unified
rules which are instrumental for the accomplishment of a fast
and effective transfer of loads from one mode of transport
into another. Today the coordination of the technological
processes between the branches is absolutely necessary. This
refers to the railway stations, motor vehicle (truck)
companies, ports and other units in the junctions. In order to
synchronize the work, mutually acceptable “unified
technological processes” are traditionally developed in the
form of an independent document which has to receive the
confirmation of staff representatives of the different modes of
transport. We can say that the interaction between the see,
rail, river and road transports is organized by the
implementation of unified technological processes in many
transport junctions. [3]

4. Organization

As far as the organization is concerned the interaction is
provided on the one side by the mutual development of a
number of specific documents, regulating the comparatively
long-term functioning of the different modes of transport and
on the other side by accepting a unified system of operative
planning of the current work. The contact schedules for the
movement of the transport units along the lines connected to
the junctions which guarantee coordination of the frequency
and regularity of the movement of the units to the junction,
could be considered a specific document. The unification of



the system of operative planning in all elements of the
junctions can be accomplished by the usage of unified forms
of time schedules and work shifts, introduction of unified
time of beginning and ending of the work shifts. In Table 1
are given the results for international transportation of goods.

Table 1. Import-Export for Bulgarian ports for 2012 and 2013

Months
Export - FOB Import - CIF
EC? EC?
1.2012 2810,3 1733,9 1076,4 3501,3 2130,3 1371,0
11.2012 2862,9 1659,7 1203,2 3603,3 2125,2 1478,1
111.2012 3363,6 2053,3 1310,3 4207,2 2540,7 1666,5
1-111.2012 9036,8 5446,9 3589,9 11311,8 6796,2 4515,6
1v.2012 3171,8 1950,5 1221,3 4277,3 2348,4 1928,9
V.2012 3647,7 2149,9 1497,8 4646,8 2679,1 1967,7
V1.2012 3462,2 2017,5 1444,7 4372,3 2643,4 1728,9
1V - VI1.2012 10281,7 6117,9 4163,8 13296.,4 7670,9 5625,5
1-VI.2012 | 19318,5| 11564,8 7753,7 | 24608,2 | 14467,1| 10141,1
V11.2012 3645,9 2251,4 1394,5 4341,6 2657,5 1684,1
VI111.2012 3658,4 1979,5 1678,9 4115,4 2232,0 1883,4
1X.2012 3549,9 2120,9 1429,0 4033,4 2351,8 1681,6
VII-1X.2012 | 10854,2 6351,8 4502,4 | 12490,4 7241,3 5249,1
1-1X.2012 30172,7 17916,6 12256,1 37098,6 21708,4 15390,2
X.2012 3637,5 2106,5 1531,0 4537,8 2630,0 1907,8
X1.2012 3802,9 2230,6 1572,3 4340,5 2718,9 1621,6
XI11.2012 3009,8 1680,1 1329,7 3816,8 2202,1 1614,7
X - X11.2012 10450,2 6017,2 4433,0 12695,1 7551,0 5144,1
1 -XI11.2012 | 40622,9 | 23933,8 | 16689,1 | 49793,7 | 292594 | 20534,3
1.2013 3482,5 2018,0 1464,5 3724,5 2067,5 1657,0
11.2013 3243,0 1952,2 1290,8 4033,2 2458,5 1574,7
111.2013 3476,6 2172,7 1303,9 3852,9 2333,5 1519,4
1-111.2013 | 10202,1 6142,9 4059,2 | 11610,6 6859,5 4751,1
1V.2013 3866,5 2191,7 1674,8 4359,9 2624,7 1735,2
V.2013 3308,9 1879,3 1429,6 4131,5 2374,3 1757,2
VI.2013 3437,8 2041,0 1396,8 4240,2 2549,1 1691,1
1V - VI1.2013 10613,2 6112,0 4501,2 12731,6 7548,1 5183,5
1 -VI1.2013 20815,3 12254,9 8560,4 24342,2 14407,6 9934,6
VI1.2013 3992,4 2438,0 1554,4 4670,0 2850,9 1819,1
VI111.2013 3917,0 2384,8 1532,2 3878,3 2191,6 1686,7
1X.2013 3779,0 2448,4 1330,6 4570,1 2794,8 1775,3
VII - 1X.2013 | 11688,4 7271,2 4417,2 | 13118,4 7837,3 5281,1
1-1X.2013 | 32503,7 | 19526,1 | 12977,6 | 37460,6 | 22244,9 | 15215,7
X.2013 3962,7 2392,2 1570,5 4535,5 2764,9 1770,6
X1.2013 3970,9 2452,6 1518,3 4526,4 2669,2 1857,2
X11.2013 3121,9 1740,2 1381,7 3992,9 2485,7 1507,2
X - X11.2013 11055,5 6585,0 4470,5 13054,8 7919,8 5135,0
1 - X11.2013 43559,2 26111,1 17448,1 50515,4 30164,7 20350,7

5. Economical aspect

In the economical aspect the first and most important
prerequisite for the provision of the interaction is the creation
of identical plans for combined cargo transportation and their
submission for execution to all the subdivisions of the
corresponding modes of transport. The long-term and
especially the annual and operational plans for transportation
(quarterly, monthly) should coincide in their capacity,
nomenclature, terms, starting points, unloading and
destination, names of the companies sending and receiving
the cargo. The presence of identical transportation plans for
each of the interacting modes of transport makes it possible
to foresee on a timely manner the handing over of the load, to
prepare the permanent equipment, the means for maneuver
and unloading, to provide the process of transferring the load
from one mode of transport to the other using the required
labour force. For the mutual coordination of the planning of
cargo transportation in direct railway-waterway transport a
specific system was created which is presented in the
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corresponding documents and in particular in tariff
handbooks where the list of sea and river ports providing
such mode of transport is published. However, sometimes the
order of planning might be broken resulting in the lack of
compliance between the separate positions in the
transportation plans. In that case even if the necessary
technical equipment is present in the transport junctions, the
cargo and the mobile means of transportation might be
delayed with all the negative consequences. [1] The
complications in the junctions occur if the recommendations
and regulations for each mode of transport are not followed.
The unification of planning for the different modes of
transport including cargo nomenclature, terms of
development and confirmation of projects requires to be
accomplished as fast as possible. The tariffs are an important
economical leverage for the development of effective
multimodal transportation. The railway transport as a part of
a direct railway-river transportation lowers the transportation
price with 30%. In that connection it is necessary to create a
system of unified tariffs which would stimulate the clients to
use the effective combined transportation. A number of
economic questions also arise. In particular it is the way of
payment and financial incentive of the workers in different
modes of transport for the sake of better interaction as well as
the improvement of judicial and legal regulations. The
system of management and more precisely the operative
management exercises a significant influence on the results
of the work in the junctions and in the larger subdivisions of
the different modes of transport. The effectiveness depends
not only on the observance of the abovementioned terms but
also on the personnel selection, their qualification and
personal qualities. Practice has proven effective to assign
specific experienced people to specific work shifts. The most
important field of interaction is the cargo and commercial
work and the legal side including development, coordination
and control of observance of the mutual obligations of the
parties in the transportation contracts, provision of the
storage, observance of the insurance obligations, state laws,
rules, codes and instructions.

Multimodal transportation is the future of international
business.
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Introduction

In today's information society based on knowledge and
intellect, education plays a fundamental role in the professional
training of each individual. The rapid advent of electronic
(information and communication) technology is completely changing
the educational context. Traditional learning, implying one-way
transfer of knowledge from teacher to student (top-down) is no longer
sufficient. Students have to prepare for autonomous life-long learning
through cooperation and interaction with the teacher. E-learning has
the potential to change the way we teach and learn. It provides new
opportunities for customizing the learning process and makes
prerequisites to enrich the learning experience and the quality of
learning. E-learning can not replace teachers, but in combination with
the existing traditional methods, it can enhance the quality and enrich
their teaching practice. In a more general sense, blended learning is
characterized by the upgrade, incorporation, integration of various
information and communication technologies in traditional
educational settings. [7, 8]

The advent of e-learning has enormously increased the
motivation of learners to participate in the learning process; classes
and knowledge are becoming more experimental and attractive. New
values, skills, competencies are being cultivated. Creativity is being
stimulated, original decisions are being made and communication at
all levels is being improved, including the skills to use information
and computer technologies. [1, 2]

Training students, like every other human activity, can be
optimized, and this requires its permanent monitoring and evaluation.
Ergonomics is the scientific direction aimed at continuous
improvement of human activities. The ergonomic evaluation of the
activity is carried out under the following criteria: achieving
excellence in labor (effectiveness) while preserving the health of
everyone with minimal psychological, physiological risks, saving
time and finances (efficiency) and providing the necessary conditions
and facilities so that the Man feels satisfied. [3, 6]

Prerequisites for the solution of the problem

The effects of the introduction of electronic technologies can
be evaluated by the help of ergonomic criteria: effectiveness,
efficiency and satisfaction. [4]

The effectiveness of e-learning consists of more successful (than
traditional training) solving learning tasks such as acquiring
knowledge and skills through free and easy access to educational and
scientific information, successful preparation and self-preparation for
exams, writing course projects, theses as well as participation in
research projects and forums.
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Efficiency takes into account factors such as: reducing the
time to prepare for exams as well as for completing educational
and scientific tasks; saving resources material and non-material
plan (psychological, medical, social). Briefly, the efficacy of e-
learning means to achieve good results coupled with a minimum
expenditure of time, mental, financial, etc. resources.

Satisfaction with e-learning is a subjective assessment,
which includes demonstrated confidence, activity in school and
outside school activities and general contentment with the
obtained results.

Solution of the problem

E-learning at UCTM is at the stage of gradual
introduction. Its share in the traditional forms of education:
lectures, seminars, laboratory work is still relatively small. The
software products for self-learning and self-control are also
insufficient. On the other hand, there is a strong motivation of
students to learn in an electronic environment. [5] Furthermore,
in recent years, university management has been investing
seriously in refurbishing computers, developing e-learning
platforms, making electronic libraries, expanding access to
various databases, buying specialized software to assist in
designing course and graduation projects.

In view of the above, the investigation of the effectiveness,
efficiency and satisfaction of the introduction of electronic
technologies in education at UCTM was performed using a
specially developed for this purpose Ergonomic card among
BA, MA and PhD students in two consecutive years.

In order to evaluate effectiveness, the view of the trainees
was sought for, concerning their expectations on the wider
introduction of electronic technologies in traditional forms of
education: namely in lectures, seminars, laboratory work; to
increase the opportunities for self-learning, self-control, and
ultimately for final evaluation and test. These are the main
directions of electronization that lead to effective improvement
of education- its modernization, upgrade and integration with
traditional technologies.

In order to evaluate efficiency, the assessment of
trainees on existing university facilities was asked for: hardware
(sufficient number of computers and multimedia in the halls )
database software (free access to Internet, a sufficient number of
programs for self-learning, self-control, availability of
specialized software for engineering research , projects and
theses). Positive evaluations on these matters are important
prerequisites for achieving high efficiency of training i.e.
achieving good academic results with a minimum expenditure of
time, mental, financial, etc. resources.



As far as satisfaction is concerned, the respondents were
asked to express their personal opinion about the quality of the
computer equipment at the university, the stock of electronic library
with academic and scientific information, access to various databases;
they were also asked to assess the level of work with electronic
technologies of their teachers and finally to assess their competence to
work in WEB environment. Satisfaction with the introduction of e-
learning is higher if there are material facilities and good psychosocial
environment of the required standard.

Results and discussion

The results of the study of the effectiveness, efficiency and
satisfaction with regard to the introduction of electronic technology in
education are given in tables and graphs. Tables 1-3 and Figures 1-3
show the percentage [%] positive attitudes and evaluations of the
three different groups of respondents: BA, MA, Ph.D. students
according to the three ergonomic criteria. Tables 4-6 and Figures 4-6
show the percentage [%] positive attitudes and assessments of
students in two consecutive years.

Tablel. Assessment of effectiveness by groups of students in varying
degrees of training

. Ph.D.
Effectiveness Bachelor Master student
Lectures 97 100 100
Seminars 89 82 82
Laboratory Work 53 42 59
Self-education 94 86 94
Self-assessment 100 80 94
Examination 78 82 71
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Fig.1. Assessment of effectiveness by groups of students in varying
degrees of training

Evaluations of the effectiveness of e-learning show high positive
motivation of the three groups of students on most indicators: students
at UCTM welcome the introduction of new technologies to lectures,
seminars, self-education. The students are reserved regarding their use
in laboratory work and final control.

63

Table 2 Assessment of efficiency by groups of students in
varying degrees of training

Efficiency bachelor master Ph.d. student
Multimedia 93 92 96
Free Internet 70 87 88
Computers 88 88 88
Software for
engineering 61 77 8
Self-education 78 60 67
Self-assessment 70 56 62
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Fig.2. Assessment of efficiency by groups of students in
varying degrees of training

The efficiency of the introduction of electronic
technologies in education is reflected in the high ratings of the
respondents for facilities: available computers, multimedia,
access to Internet. There is much to be done in the direction of
providing specialized software engineering research programs
for self-study, self-control, especially for the groups of
postgraduates.

Table 3 Assessment of satisfaction by groups of students in
varying degrees of training

Satisfaction Bachelor | Master sPt?J.(IjDe'nt

Quality computers 94 88 84
E-libraries 95 91 88
Database 89 90 87
Faculty competence 89 84 89
\SAtlLlJEd;nts’ competence in 100 98 100
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Fig 3.Assessment of satisfaction by groups of students in varying

degrees of training

Satisfaction with the introduction of e-learning for all the
investigated groups was relatively good. As expected, the group
of doctoral students (such as people with higher requirements and
experience) give relatively low scores concerning quality of
available computers, the available educational and scientific
information in digital libraries, access to various databases. The
high self-esteem of all the three groups concerning their work in

WEB environment is very optimistic.

Table 4. Assessment of the effectiveness by years

Effectiveness 2014 2015
Lectures 94 97
Seminars 80 89
Laboratory Work 42 53
Self-education 86 94
SELF-ASSESSMENT 82 100
EXAMINATION 76 78
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Fig. 4. Assessment of the effectiveness by years
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Table 5. Assessment of the efficiency by years

Efficiency 2014r. 2015r.
Multimedia 91 93
Free Internet 85 70
Computers 89 88
Software for engineering 68 61
Self-education 64 78
Self-assessment 66 70
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Fig.5. Assessment of the efficiency by years
Table6. Assessment of satisfaction by years
Satisfaction 2014r. 2015r.
Quality computers 66 94
E-libraries 88 95
Database 83 89
Faculty competence 67 89
Students’ competence in WEB 100 100
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Fig. 6. Assessment of satisfaction by years




Findings and conclusion

There is a steady trend, expressed by the majority of
students, to increase the share of E-learning, both in traditional
forms of education: lectures, seminars, laboratory work, as well
as for self-study, self-control, even for the final control.

Amid the growing desire for rapid development of electronic
technology in engineering education, the students have more
requirements concerning the availability of uninterrupted Internet
access at the university, and the need for wider application of
specialized software for engineering analysis and projects.

Positive trends in the field of E-learning can be identified
according to the assessment given by students:

The share of high-quality computers at the University
increases;

The capacity of the electronic library at the University
increases;

The access to various databases increases;

The qualifications of the teaching staff are being evaluated
more and more positively, amid the pronounced “excellent
student training" to work in an electronic environment.

E-learning has been developing in the context of the
information society, which "is not only related to the
transmission of sound knowledge verified by tradition in
successive generations, but it has the heavy task to teach the
younger generation to deal with the chaotic and difficult to
predict flow of knowledge, where the young must be able to
"swim".” E-learning is interactive and it provides great freedom
of the learner in terms of means, place, time and rhythm of
learning.
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Introduction

There are many specific techniques involved in each of the four
major sets of activities called POMA (Planning, Organizing,
Monitoring, and Adjusting) phases. Some require extremely deep
technical knowledge and others demand great social skills, in this
section, we will focus on four commonly needed project
management skills: project effort estimation, work breakdown
structure, project status tracking with earned value and development
measuring & metrics The first two of them are techniques needed in
the planning and organizing phases, and the third is needed in the
monitoring phase. The fourth is needed for part of planning and for
monitoring.

I. Project Effort Estimation

Estimating the software project effort has been a difficult task. In
estimating software project effort there must be some inputs that
describe the project requirements. The accuracy and the
completeness of these inputs is a significant problem. Because the
inputs themselves are mostly estimates, it becomes necessary to
convert them into a single numerical number expressed in some
unit of measurement such as person-months. After the effort has
been expressed in some units, the problem of uniformity must be
faced, In other words, one person month may vary dramatically
depending on the skill level of assigned person. In spite of these
problems, it is still necessary to estimate the project effort and put a
plan together. With so much uncertainty, it is not difficult to see
why monitoring and adjustment phases are crucial to project
management.

In general, the estimation may be viewed as a set of project factors
that may he combined in some form to provide the effort estimate.
The formula can be used:

Unit of effort = a + b (size) © + ACCUM(factors)

The units of effort are often person-months or person-days. The
constant a may be viewed as the base cost of doing business. That
is, every project has a minimum cost regardless of the size and the
other factors. This cost may include administrative and support
costs (such as telephone, office space, and secretarial staff). The
variable size is an estimate of the final product size in some units,
such as lines of code. The constant b is a figure that linearly scales
the size variable. The constant ¢ allows the estimated product size to
influence the effort estimation in some nonlinear form. The
constants b and c are derived through experimentation with past
projects. The term ACCUM(factors) is an accumulation of
multiple factors that further influence the protect estimation (the
function ACCOM may be an arithmetical sum or an arithmetical
product of a list of factors, such as technical, personnel, tools, and
process factors, and other constraints that influence the project).
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They will discuss two specific approaches to effort estimation that
may be viewed as some derivative of this general formula.

COCOMO Estimation Models The first estimation model they
will look at here is the constructive cost model (COCOMO)
approach, which originated in [1]. They will utilize the intermediate
level here as an illustration and show the overall COCOMO esti-
mation process. The following is a summary of the steps in
COCOMO estimation:

e Pick an estimate of what is considered as three possible project
modes: organic (simple), semidetached (intermediate), and
embedded (difficult). The choice of mode will determine the
particular effort estimation ;

e Estimate the size of the project in thousand lines of code
(KLOC);

e Review number of factors, known as cost-drivers, and estimate
the amount of impact each factor will have on the project: the team's
understanding of the project objectives, the team's experience with
similar or related projects, the project's need to conform with
established requirements, the project's need to conform with
established external interfaces, the need to develop the project
concurrently with new systems and new operational procedures, the
project’s need for new innovative technology, architecture or other
constrains, the project’s need to meet or beat the schedule, project
size;

e Determine the effort for the software project by inserting the
estimated values into the effort formula for the chosen mode.

The three modes of organic, semidetached, and embedded may be
roughly equated to simple, intermediate, and difficult projects,
respectively, Most of the projects will have a mix of project
characteristics. For example, the parameter “project size” may be
small but the parameter “need to meet or beat the schedule” may be
very stringent for the specific software project. Even just
considering these two characteristics, it would be difficult deciding
whether a project is simple or intermediate. Imagine the difficulty
of making a decision on the project mode when a software project
has a mixture of eight characteristics. There are estimation formulas
for three modes (with effort unit in person-months):

Organic: Effort = [3.2 x (size)%] x PROD (f “s)
Semidetached:  Effort = [3.0 x (size)**?] x PROD (f ‘s)
Embedded: Effort = [2.0 x (size)?] x PROD (f ‘s)

Thus, based on the eight parameters, if we decide that the project is
simple (organic), the effort for the organic mode will he estimated
with the equation Effort = 3.2 x (size)*®. This estimation equation
provides the basic estimation of project effort in person-months, and
it is the first level of estimation.



The next level of estimation in COCOMO is considering the
additional project factors (called cost-drivers). PROD (f‘s) is
arithmetic product function that multiplies cost-drivers. Each of
these cost-drivers has a range of numerical values (from very low to
extra high). They may be categorized into four main groups:

e Product attributes : Required software reliability, Database
size, Product complexity

e Computer attributes : Execution time constraint, Main memory
constraint, Virtual machine complexity, Computer turnaround
time

o Personnel attributes: Analyst capability, Application experie-
nce, Programmer capability, Virtual machine experience,
Programming language experience

e Project attributes : Modern practice use, Software tools use,
Development schedule requirement

The difficulties with COCOMO Include the choosing of the
particular project mode based on the 8 parameters, the estimation of
product size, and the considerations of the 15 cost -drivers. These
all require some past experience. Therefore, almost all experienced
managers would attach some amount of buffers to the estimate.

Function Point Estimation The lines of code unit of measure have
dominated the software estimating arena for many software
engineering years. But it has had its share of problems and many
different metrics have been proposed along the way. Function point
was first introduced by [2]. It has gained popularity and is an
alternative to the lines of-code metric for size of a software project.
While many improvements and extensions have been made to this
technique, we will describe the original version here.

Five components of software are considered in the function point
estimation process:

1. External inputs
External outputs
External inquiries

2
3.
4. Internal logical files

5. External interface files

Each component is assigned a weight based on three possible
descriptions of the project:

1. Simple
2. Average

3. Complex

The important thing is that all of these efforts of estimates are
indeed just estimates. Project managers must apply some
intelligence and appropriate amount of buffer to these calculations
before conveying any efforts estimates to the customers or the users
or event to their own management.

1. Work Breakdown Structure

Estimating a complete project work effort is an important but
difficult task, It can be made a little easier if the overall project is
divided into smaller portions that provide a basis for the rest of
planning activities such as scheduling and staff assignments. The
work breakdown structure (WBS) is a depiction of the project in
terms of discrete subactivities that must be conducted to complete
the project. WBS first looks at the required deliverables of the
software project. Then, for each of the artifact that needs to be
delivered, a set of high level tasks that must be performed to
develop the deliverable is identified. These tasks are also presented
in an ordered fashion so that task scheduling can be accomplished
from the WBS. The following is a framework for performing WBS:

e Examine and determine the required external deliverables of the
software project;

e Identify the steps and tasks required to produce each of the
external deliverables, including the tasks that would be required
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to develop any intermediate internal deliverable needed for final
external deliverable;

e Sequence the tasks, including the specification of tasks that may
be performed in parallel;

e Provide an estimate of the effort required to perform each of the
tasks;

e Provide an estimate of the productivity of the personnel that is
most likely to be assigned to each task;

e Calculate the time required to accomplish each of the tasks by
dividing the effort estimate by the productivity estimate for each
task;

e For each external deliverable, lay out the timeline of all the
tasks needed to produce that deliverable and label the resources
that will be assigned to the tasks.

For example, let's consider an external deliverable of test scenarios
for a small software project that is estimated to be around 1000 lines
of code or involve approximately 100 function points. As part of the
WABS, we need to first list the tasks that are required to produce this
deliverable. Such a list may look as follows:

H Taskl: Read and understand the requirements document;
m Task2: Develop a list of major test scenarios;

W Task 3: Write the script for each of the major scenarios;
B Task 4: Review the test scenarios;

m Task5: Modify & change the scenarios.

These five tasks appear to be sequential, and they are at a macro
level However, we can probably gain some speed if some of the
major tasks can be subdivided into smaller pieces and be performed
in parallel If would also seem that as some of the test scenarios are
developed they can be reviewed and fixed. So, we may consider
some overlapping of subtasks when we are ready to convert the
WABS to a schedule. For illustration purposes, we divide Task 3 into
Task 3a, Task 3b, and Task 3e to represent three equally divided
sub-tasks of the script-writing activities. Task 4 can be decomposed
to Task 4a, Task 4 b, Task 4c to match the three Task 3
subactivities. Similarly, Task 5 can be subdivided into Task 5a,
Task 5b, and Task 5c to match the three subactivities of Task 4.
Figure 1shows what the WBS network of tasks for this deliverable
would look like. Clearly illustrating the WBS and the sequence
along with which tasks may be carried out in parallel, thus figure
can become a very convenient tool when the number of tasks and
sequences is large.

@@
=)

Fig.1
The next step is to estimate the effort required to complete each of
the tasks. For Task 1, we need to estimate the effort required to read
and understand the requirements of a project that is about 1000 lines
of code or about 100 function points, For Task 2, we need to
estimate the number of test scenarios that would need to be
developed and how long it would take to come up with such a list.
For Tasks 3a, 3b, and 3c, we need to estimate the effort needed to
develop the test scripts for one-third of the scenarios. Similarly, we
need to estimate the effort required to review one third of the
scenario scripts for Tasks 4a, 4b, and 4c Estimating effort needed
for Tasks 5a, 5b, and 5¢ would be very difficult because they
depend on how many modifications are required as a result of Tasks
4a, 4b, & 4c. Nevertheless, all these initial estimates must be done.
Fortunately, we do get to adjust our project because adjustment is



an intricate part of the four phases of project management. After
these initial estimations have been made, we need to make an
assumption and estimate the level of competency or the productivity
of the people who will be assigned to all of these tasks. Then the
estimated time for each of the tasks in Figure 3 can be computed by
dividing the estimated effort by the estimated productivity. Figure 2
shows the same WBS tasks with the estimated time units required to
perform these tasks and the order of the tasks. From this
information we can establish the preliminary schedule as shown in
Figure 3. Note that there are three main parts to the schedule; (1) the
tasks, (2) the human resource assignment, and (3) the time units.

Fig.2

The transformation from WBS task network to an initial schedule
directly moved two items: the tasks and the time units. The middle
column in Figure 3 lists the presumed staff resource assignment, an
important consideration that is the source for the productivity
assumptions used to compute and estimate the time units required to
complete the task, Earlier, it was also mentioned that the tasks may
overlap. Once the initial schedule is formulated, the project
management may look for the possibilities of overlapping the tasks,
besides the already shown parallel tasks. In this example, the end of
Task 1 and the beginning of Task 2 may overlap. The overlapping
of subtasks, Task 3a 3b, and 3c with Task 4a, 4b, and 4c would be a
lot trickier because a different person-a person who is committed to
writing test scripts but may not have completed the writing task-
must perform the review. Without including the column on resource
assignment in the initial schedule, these kinds of subtleties may
escape the project planners. In our example here, we have chosen to
keep everything simple and showed no overlap of tasks in the initial
schedule.
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Considering all the different types of estimations that went into the
task network of Figure 2, we should anticipate that the first schedule
shown in Figure 3 will need to be modified as the project proceeds,
This initial schedule should be reviewed by as many of the project
constituents as possible before the schedule may be regard as a
planned schedule.

Work breakdown structure is an important and necessary input to
the creation of the initial schedule.Unfortunately, many software
project schedules are constructed without developing a thorough
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WBS, and the result is an unattainable and unrealistic project
schedule

I11. Project Status Tracking with Earned Value

Keeping track of or monitoring project status is the activity that
compares what was planned against what actually took place. There
are multiple project’ attributes that need to be tracked. Most of them
are identified in the set of goals stated in the project plan. They are
comparing the actual status of the attributes expressed as project
goals against what was planned. They will discuss the tracking of
project efforts using the concept of earned value (EV).

When using the earned value management technique, the
fundamental concept is to compare the status of how much effort
has been expended against how much effort was planned to have
been expended as some point of time. First they will need some
basic terminology, and then an example will be provided to clarify
these definitions

o Budgeted cost of work (BCW) — the estimated effort for each of
work tasks;

e Budgeted cost of work schedule (BCWS) — the sum of estimated
effort of all tasks that were scheduled to be completed at a
specific status-checking date; this according to the plan, to be
completed at a specific status-checking date);

e Budget at completion (BAC) - the estimate the total project
effort;

e Budgeted cost of work performed (BCWP)- the sum of the
estimated efforts of all the tasks that have been completed at a
specific status-checking date;

o Actual cost of work performed (ACWP) — the sum of the actual
efforts of all the tasks that have been completed at a specific
status-checking date.

A factor that should be remembered is that BCWS, BCWP, and
ACWP are all stated in terms of a specific status - monitoring date.
Thus those values will change relative to the status date.

Example: Earned Value: date 4.5.2014

Tabl.1
Actual Effort Estimated Actual

Work |Estimated Effort| Spent So Far Completion | Completion
tasks [pers/days] [persidays] Date Date

1 10 100 2.5.2014 2.5.2014

2 15 251 3.15.2014 3.25.2014

3 30 15| 4.25.2014

4 25 20] 5.5.2014 4.1.2014

5 15 5| 5252014

] 20 15| 6.10.2014

BAC for budget at completion:
BAC =10 + 15+ 30 + 25 + 15 + 20 = 115 Pers/days

Status tracking date - 4.5.2014 BCWS includes Taskl &2:
BCWS =10 + 15 = 25 Pers/days

Estimated Work completed at 4.5.2014: Task 1& 2& 4
BCWP= 10 + 15 +25 = 50 Pers/days

Actual effort expended at 4.5.2014: Task 1& 2& 4
ACWP= 10 + 15 +25 = 50 Pers/days

Earned value (EV) is an indicator that will tell us how much of the
estimated work is completed on a specific date. It compares the sum
of all the estimated efforts of the completed tasks as of the status
date against the sum of the estimated efforts of all the tasks:

EV =BCWP /BAC
In terms of example, EV =50/115 = 0.43

They may interpret this to mean that the project is 43% complete as
of 4/5/2014

There are two more status indicators that can be derived from the
definitions. These are variance indicators that, once again, compare
the planned or estimated value against the actual value., The first



one is a schedule variance (SV) indicator, which is defined as the
difference between estimated efforts of the tasks that have been
completed by the status date and the estimated efforts of the tasks
that were scheduled or planned to have been completed by the
status date:

SV =BCWP - BCWS

In example, on 4/5/2014, BCWP is 50 Pers/days, and BCWS is 25
Pers/days. Thus SV = 50 -25, or 25 Pers/days. They may interpret
the project status as 25 Pers/days ahead of schedule from an effort
perspective.

The second variance indicator is the cost variance (CV), which is
defined as the difference between the estimated efforts of the tasks
that have been completed at the status date and the actual efforts
expended for the tasks that have been completed at that status date:

CV = BCWP - ACWP

In example, on 4/5/2014, BCWP is 50 Pers/days, and ACWP is 55
Pers/days. Thus CV =50 - 55, or -5 Pers/days. In this case, on
4/5/2014, they have 5 Pers/clays of effort cost overrun.

The earned value management system provides us with a concrete
way to monitor project status from a cost/effort perspective.
However, the schedule variance is not an indicator of calendar time
schedule but an effort schedule. More indicators may be constructed
from this basic set of definitions, but we will not include thorn here,
They have found that the set EV, SV, and CV provide a good
indicator of project status, but we must still remember to look
beyond the numbers, ask questions, and delve into other parameters
when monitoring a software project. As a final reminder, if the
monitored information indicates potential project problems, then
adjustments must be made. Do not wait for some project-saving
event to occur on its own.

1V. Measuring Project Properties and GQM

We have discussed the need to set goals for a software project
during the planning stage so that these goals can be tracked and
checked to see if they have been met, The goals are stated in terms
of such properties as schedule, cost, productivity, maintainability,
defect quality, and so on. The specific characteristics of interest
must be well defined before any measurement of can take place.
Besides setting and tracking goals, reasons for management include
the following

e Characterization Allows to gather information about and
intelligently describe a property;

e Tracking: Allows us to gather information about a property
through such parameters as time or process steps;

e Evaluation: Allows us to analyze the property via gathered
information;

e Prediction: Allows us to correlate properties and to
extrapolate or conjecture about the property based on the
gathered information,

e Improvement: Allows us to identify areas of improvement
based on an analysis of gathered information

It is critical for software engineers to join the rest of the engineering
communities to adopt measurement arid quantitative analysis.
Measurement is a vital part of quantitative management. Software
(product or project) measurement is a mapping of an attribute of a
software product or project to some set of numeric or symbolic
entities. It can be deceivingly tricky to come up with good
measurements.

1. Conceptualize the entity of interest such as the software product
or project, the members of the project team, etc,

2. Clearly define the specific attributes of interest such as product
design quality, programmer productivity, and project cost, etc.

3. Define the metrics to be used for each attribute of interest such as
defects per class in a UML class design diagram, lines of code
developed per programmer month, dollars expended per project
month, etc.
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4. Devise the mechanism to capture the metrics; this could include
manually counting the number of defects in each designed class in
the UML diagram.

The Goal-Question Metric (GQM) [3] introduced approach to
software metrics. GQM has been used quite successfully by many
organizations. This approach defines a measurement model based
on three levels: Conceptual level: Establish a goal (For instance:
Improve the time to locate a software code problem), Operational
level: Develop a list of questions related to the goal (For instance:
How does the program complexity influence software debugging
time), Quantitative level: Develop metrics.

The nominal level allows us to distinctively categorize a property.
For example, consider the case of measuring the number of
software defects by source categories such as design, code, test,
integration, and packaging.

The ordinal level provides an ordering of the property, For example
when one is measuring customer satisfaction with categories of very
satisfied, satisfied, neutral not satisfied, and very dissatisfied, This
metric is more than just nominal because it also provides an
ordering of very satisfied to very dissatisfied.

The third level of metrics is the interval level. The interval level
allows us to describe equal intervals. Note that they could not have
performed this type of operation with ordinal-level metrics.
Consider the difference between very satisfied arid satisfied and the
difference between satisfied and neutral in the ordinal metric
example. These two differences are not necessarily of equal
intervals.

The final metric ratio, allows comparing the ratio of two
measurements because it has a defined 0 in the metric. For example,
it makes sense to say program A, which has 100 lines of source
code, is 4 times the size of program 8, which has 25 lines of source
code. This is a result of the established 0 line of code as minimum
size. The ratio scale is the highest metric level

Summary

A general formula for effort estimation that involves several
parameters is shown. The principles behind the original COCOMO
estimating methodology are explained and then its extensions and
modifications into COCOMO |1 are introduced. The function point
estimation technique for project size is shown as an alternative to
the line-of-code estimation technique. The OO effort estimation
technique is involved with estimating the number of key classes and
the assumed productivity level of the software engineers. Another
important planning technique, work breakdown structure, is
demonstrated with a network of tasks and their respective estimated
efforts. The significance of WBS to developing an initial project
schedule, in a bar chart form, is explained with an example. Project
monitoring involves the ongoing comparison between what is
planned and what is actual. Earned value management is introduced
as a viable technique for monitoring the project effort and project
schedule. This process essentially compares the planned or
estimated project task efforts against those project task efforts that
were actually expended. They have explained the need for setting
goals and tracking the goals as part of project management.
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Menuy, UHTEpHET, KaKTO U BCUYKHM pPEKIaMH, HH
3aqMBaT € TEpMHUHA ,Ju3aiiHepcku npoaykr“. Toil craa
paBHO3HAYEH Ha MOJAEPHO, KPacuBO, MHTEPECHO U HEOOHYaiHO,
MpPUCHCTBA KaTO HEOOXOJMMO KauecTBO HAa BCEKHM HOB MPEICTaBEH
MPOJYKT, KOWTO € MPOM3BEeH U € B INPOILEC Ha peanu3anus Ha
nasapa.
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Cxema npedcmasawa 30Hume npu KOUMo e Hal-AcHa
63aUM000668bP3aAHAMA HA OU3ALH U cpedda

MoxeM Ja cHM 3amafeM BBIPOCUTE - KbIE €
rpaHunara Mmexay llpoxykr* wu ,JluzaiiHepcku“ um uma s
CBITHOCTHA pa3nuka. OT cTpaHa Ha MOTPEOUTENS MOHATHETO € IO-
CKOpO ,HOBOCT®, ,MHTEepeceH karo ¢opma“ u ciex TOBa —
(¢yHKIMOHANEH. 3a ompenensHe MO3WIMATAa Ha Au3aiiHepa, O
TpAbBano aa ce mpocieau mporeca Ha GopMUpaHe HA CHITHOCTHHUTE
XapaKTePUCTHKHU Ha JIBETE IOHATHS, 00CINHEHHN B €/IHO.

Hlpomumnenus — au3aH W ,Iponykr™  ca
ompeneneHn B HanmoHaaHOTO HHM 3aKOHOJATEICTBO B 3aKOH 3a
npomunuieHus am3aiiH n B Hapenba 3a odopmsne, monaBane u
eKCIIepTH3a Ha 3asBKM 3a PETHCTpanys Ha IPOMHILIEH IH3aiiH,
npuera ¢ [IMC Ne268, or 30. 13.1999r.061./IB, 6p.9 ot 1
¢despyapu 2000r., u3m. [IB. Bp.14 ot 14 despyapu 2006r., uzm. 1B
0p.32 ot 25 mapt 2008r., u3m. B 6p.52 ot 8 tomu 2011r. B 311/
cbrilacHO 4. 3, an. 2: OTHOCHO MOHATHETO MPOAYKT ,,BCAKO
MIPOMUIIUICHO WJIM 3aHAsATUYUIICKO H3ZENUe, BKIIOYUTEIHO YacTH,
NIpeAHAa3HAUCHN 3a CTJI00sSBaHE B KOMIUIEKCEH IPOJYKT, ONAaKOBKA,
00JIeKII0, TpaUIHN CUMBOJIH U IT€YaTHH MIPH(TOBE, C N3KITIOYCHHE
Ha KOMIIOTHPHE Tporpamu™’ HeoGXOQMMO € B TO3M aHAIN3 Ja ce
B3€Me I10]] BHUMaHHUE U BJIaraHETO Ha OINPEAENICHO ChABbPKAHHUE OT
crpana va MKCJ] (ICSID - International Council of Societies of
Industrial Design)?, ®opmymuposkara ot 1959 romuua e cneaHara
VIHIYCTPHATIHUAT AU3aliHEp € TO3H, KOWTO € KBaIU(HIMpaH upe3
oOydJeHne, TeXHUYECKa MOJATOTOBKA, ONUT M BH3yaIHO YyBCTBO 3a
ompeneNsHE Ha MaTepuaid, MeXaHW3MH, (opMmH, IIBETOBE,
MOKPHUTHS ¥ JAEKOpalMyd Ha OOEKTH, KOHTO Ce IIPOM3BEXIAT B
KOJIMYECTBO 4pe3 WHAycTpHajeH mpouec. MHmycrpuamHusT
qu3aiiHep Moke Ja ObIe, B OMpENeleHH CIIydad, aHTaXHpaH C

! http://ipbulgaria.bg/
2 http://www.icsid.org/
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BCHYKH WM CaMO C €IUH acleKT Ha MHIYCTPHATHO IPOU3BEICHHS
MpOXyKT. HWHIycTpHamHHMAT aAn3aiiHep MOXe CBIIO Ja Obae
aHTXHUpPaH C MPOOJIEMH Ha OIMAaKOBKATa, peKjamara, eKCIO3UIUsTa
U MapKeTHHIa, KOTaTO PEIICHHETO Ha TaKWBa MPOOJIEMH H3HCKBa
BU3yallHa MPELEHKa, KaTo JOMBIHEHNE KbM TEXHWYECKUTE 3HAHUS
U onuT. XyAOKHUKBT Ha UHIYCTPUATHU MPOAYKTU WM TPOTYKTU
OCHOBABAIIlM CE Ha 3aHA’TUTE, KBIETO € HyKeH pPhYeH IIpoIlec Ha
MIPOM3BOJICTBO CE€ CMATa, 4e TPsiOBa Ja ce Ha30BE WHIYCTpHAIICH
IU3aiiHep, KOTaTO TBOPYECKHAT My HPOIYKT IPOU3BEICH BB3
OCHOBA Ha HEroBaTa PUCyHKa MM MOJIEN € 32 KOMEPCHAIHH MOJ3H,
WIH € TPOM3BEACH B KOJIMYECTBO M HE € JIMYHO TBOPYECTBO HA
XYHZ0XKHUK samasTums."°

Cnopen Ta3u aebuHULUS, ca OIpeeleHH CyOeKTHBHOCTTA Ha
Iu3aiiHep u crienuKaTa Ha IPOAYKTa KaTo MoJ3a 3a 00IECTBOTO:

. [efiHoctTa Ha gau3aifHepa € 0OBBp3aHa C
MPOM3BOJACTBOTO ,,4pe3 HHAYCTPUAICH IIpo1iec”;

. 3HaHUS, YMEHHS U OINT: ,KBaIM(UIUpPAH dUYpe3
o0yueHue, TeXHU4ecKa MOJATrOTOBKA, OMUT M BHU3yalHO YyBCTBO 32
ompeseNsHE HAa MaTepuand, MeXaHu3MH, Qopmu, IIBETOBeE,
MOKPHUTHS U JEKOPALlMK Ha OOEKTH";

. Ilogyepran e TBOPUECKUAT XapakTep Ha Tpyda -
,,KOTaTo TBOPYECKUAT My MPOAYKT®, KAKTO U OOBBP3aHOCTTa MYy C
»KOMEpCHallHi TOJI3U, HO ¥ TIpeleHKa ,M3UCKBAa BH3yallHa
TIpeleHKa, KaTo JOMBIHCHNE KbM TEXHUUCSCKUTE 3HAHUS M OITHT .
JluzaifHepcKuAT HPOAYKT € 1o NoApa30dHpaHe, KOETO HacouBa
BHMMAaHHUETO KbM 3aJJ0BOJISIBaHE HA 1a3apa ChC CTOKA:

. 3HauCHUETO HA TPOAYKTA - ,JIM € MPOU3BEICH B
KOJIMYECTBO M HE € JITYHO TBOPUYECTBO HA XYHOXKHUK 3aHASITIHS ", TO
oIpezesst KaTo 3a{0BOJISIBAII OOIIECTBEHOTO NOTPEOIICHNE;

. 3oHa 3a peanm3anusd Ha AW3AHHEPCKHUSA TPy —
,MaTepHay, MeXaH3MH, (JOpMH, IBETOBE, IIOKPHUTHUS U ACKOPAIHN
Ha OOEKTH KaKTO M ,,0lIaKOBKaTa, pekjamara, eKCHO3ULUATa U
MapKeTHHIa™.

CrhinHOCTHA pasiauka uMa cien 10 rogunu mpes centeMBpul969r.:
»JlM3aHBT € TakaBa TBOpYECKAa OEWHOCT, LEATa Ha KOSITO €
(GbopMHMpaHeTO Ha XapMOHMYHA INpPEAMETHAa Cpela, Hal-ITIOCTHO
YIIOBJIETBOPSIBAIlla MAaTEpPHAIHUTE W JYXOBHH HOTPEOHOCTH Ha
YJOBEKa.

Tasu men ce mocTrra upes onpenensHeTo Ha (JOPMaTHUTE KadecTBa
Ha NPEAMETHUTE, Ch3AaBaHU B HHIYCTPHAIHOTO IPOU3BOACTBO. KbM
Te3sn (opManHM KadyecTBa Ha MPEIMETHTE C€ OTHACAT HE CaMo
cBOifcTBaTa Ha TeXHHMsA BBHIIEH BUJA, HO TpPEIU BCHYKO
CTPYKTYPHHUTE  BpPB3KHM, KOMTO TpHIaBaT Ha CHCTeMara
HEO00XOIMMOTO (PYHKIHOHAIHO 1 KOMIO3UIIMOHHO €INHCTBO, KOETO
CBIECTBYBA 3a [IOBMIIABAHE e)eKTHBHOCTTA HA IPOM3BOACTBOTO. <

o HanoBo ce moauepraBa  0OBBp3aHOCTTA €
,»AHyCTPUAITHOTO IIPOU3BOJICTBO";
o Beue He craBa BBIPOC 3a OmnpeneneHH cdepu Ha

JIEMHOCT, KaTo MPOSBJICHUE Ha u3aiiHa B NPOIYKT, a MPOIYKTa Ha
nu3aifHa KaTo ChUIHOCT M3pa3eHa 4Ype3 Bpb3KaTa ,,XapMOHUYHA
npeaMeTHa cpena® u YOBEK, KaTo ,,Hal-1SJTOCTHO
VIOBICTBOPSIBAIlA MATCPUATHHTE M JYXOBHH NOTPEOHOCTH Ha
qOBEKa;"

*http://www.icsid.org/,

*Nak Tam - Craptupa RenewlID.com - oHNalH KamnaHua ,
KaTo MeXAyHapogHaTa ObLWHOCT No AM3aiiH MOXKe Aa pa3roBaps u
[Ja AonpuHece 3a HOBO onpejeneHne Ha NPOMULLINEH AU3aliH, B
nepuoga g0 29 tOHn, 2015
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° Chnpsimo  sgeiiHocTTa Ha Ju3aiiHEpBT, HE ce
KOHKPETH3HUpPAT 30HU, a € 00001eHo ,,IpeamerHa cpena“. [locousa
ce YIOBJICTBOpSIBAHE Ha , JJyXOBHHTE HOTPEOHOCTH, KOHTO B

OPEIUIIHOTO  OMNpeleNeHHe ca Ha 3aJeH IUIaH, CHpPsSMO
,[IPOMUIIIJIEHOTO MTPOU3BOACTBO .
. XapakTepbT Ha ,,TBOpUECKara JEWHOCT ¢

noAvyepTaHa, KakTO U BB3/ACHCTBHETO B JyXOBHaTa cdepa Ha
YOBEKa;

OmnpezeneHnero 3a ChIIHOCTTA Ha ,,()OPMATHUTE KaueCcTBa
Ha mpeaMeTuTe mojayepraBa, e AEWHOCTTAa Ha Jau3aiiHepa HE €
00BBp3aHa C KOHKPETHM NEHHOCTH KaTO 4acT OT Ch3/aBaHETO Ha
MPOJXYyKTa, a ca HEOTMEHHAa HeroBa CBIMHOCT — ,,CTPYKTYPHUTE
BPB3KM, KOWTO TIpHIaBaT Ha CHCTeMara HEOOXOIMMOTO
(YHKIMOHAIHO M KOMIIO3UIMOHHO €AUHCTBO, KOETO ChIIECTBYBA 3a
MOBHUIIIaBaHE e(eKTUBHOCTTA Ha MPOM3BOACTBOTO."
MHoroo6pa3neTo Ha CbBPEMHETO OIpEENsi U MHOTOOOpa3HeTo Ha
U34BUTE Ha Ju3aiiHa. Morar na ce 1ocoyar CICJHHUTE BUIOBE
J3aKH:

B 3asucumocm om usmeprocmma — IBYH3MEpCH
(wtockocTeH), Tpun3MepeH (00eMeH) 1/ KOMOWHHpPaH.

Ipomuwnen oOuzatin. B 3aBucuMocT OT Opost Ha
3aKPWITHUTE C ©QWH NPOMHIUIEH JAW3aifiH  pemleHus —
MPOMHIIEHHs TU3aifH HA U3/IeNIUe KaTo ISUI0, MPOMHUIILIEH AW3aiH
Ha 4YacT OT M3JelMe M MPOMHIUIEH JIU3aiiH 3a CBBKYIHOCTH OT
U3/IeNHs.

Qupmen Ousarin. Jlu3aiiH Ha CH3IABAHUTE MPOAYKTHU OT
¢upmarta, nU3allH Ha WHTEpUOpAa M EKCTepHopa, IH3aiiH Ha
BU3yaJTHO-KOMYHHKAaTHBHUTE CpPEACTBA Ha (UpMara - peKIaMeH
JA3aiiH.

Huoncenepen Ouszarin. ToBa € KOHKPETHO OIpenereHa
cdepa Ha nuzaitna. Cp3gaBaT ce MPOTOTHUIH, OOPA3H HA Pa3IUdHU
MAalIVHYA, TEXHHYECKH CBOPBKEHMS, YpeIu M HHCTPYMEHTH 32
NPOMHIIEHO MPOM3BOJCTBO, pPEOpPraHM3uMpa ce cpemaTa 3a
MpOU3BOJCTBO, ONTUMHU3HPA CE CpeiaTa  00JIEKIOTO, OCBIIECTBIBA
ce pekigamMa.. 3a pa3MKa OT TEXHWYECKOTO KOHCTpyHpaHe
XYIOXKECTBEHOTO KOHCTPYHpaHe BKJIIOYBA KaTO 3aJbJDKUTENICH
€JIEMEHT XyJ0)KeCTBEHa JIeHHOCT.

Ipaguuen ouzaii. OcHOBHATa 3a7a4a Ha TO3H BHJ TU3ailH
€ Ja M3BBPIIN NPEXoJl, MPEKOANpaHe Ha HaydHaTa M TEXHHUYECKa
nHpOpMaIMd Ha BU3yaJeH €3UK. ToH € ChIIecTBHa 4YacT OT
PEKIaMHMAT MHKC Ha eHa pupma.

Jluzaiin na cpedama. CplIMHATA € B OpPTaHU3ALMS H/WIH
NpEeyCTPOMCTBO HA MpeAMETHAaTa cpelna, WHTErPUpPaHeTo U
0o0EIMHEHUETO M B CIIOKHA CHCTEMa, KOSTO Ja YIOBICTBOPSBA
gyoBeka. OOEKT Ha INPOEKTHpAaHE Ca HHTEPUOPBT, EKCTEPUOPET,
OpraHu3anusTa Ha rpajcKara cpena, 003aBeXIaHeTo Ha N3JI0KOCHN
3aJI1, MPOMHIIUICHN ThPTOBCKH U3JI0KEHHS U APYTH.

Mooen ouzaiin. Cnenngukara € KOHKPETHA — YOBEIIKATa
nmmgHOCT. /lu3aiiHa Ha 00JEKIIOTO YAOBIETBOPSABA MOTPEOHOCTUTE M
U M3pa3siBa MOJHUTE TCHICHINH.

B TBOpueckusT mporec, KOHTO MPOTHYa IPH Ch3JaBaHETO
Ha OIpeJesieH AN3aifHepCKH MPOJIYKT, OT 3HaUCHHE € KOMIIEKCHHS
XapakTep Ha IMpOoeKTHpaHeTo. Tyk ce BKIIOYBAT:

Hayunusim ouzaiin — IPOJUKTYBaH OT HEOOXOAUMOCTTA 32
Hay4yHO OOOCHOBaHA KOHIICHIIMSA Ha OU3aifH MpoayKkTa. Briousa
MO3HAHUSI ¥ NPO(ECHOHATHU 3HAHUS OT (mIocopuara, U3KyCTBa,
Hayka. [IpaBu mpeleHKa 4ype3 mporpaMHpaHe W HMPOTHO3HWpAHE Ha
NPOMEHSIIUTE ce OOIECTBEHO — KyNTYpPHH IIOTPEOHOCTH.
W3xogHnTe cBefeHMs, KOUTO TOH Ipeiara Ha MPaKTHKATa, UMatT

ocpenHeH, aOCTpakTeH XapakTep, OdYepTaBall Hai-00IIoTO,
TUOUYHOTO. Hampumep —Herorara poJii € 3HAYWTENHA 32
nu3aiiHepa B JAM3aiiH  mpolleca, KOWTO ce choOpassiBa C

€proHOMUYHHUTE W3UCKBAHUS MPU peaju3upaHe Ha Hes, KOSATO e
MOXe Ja € 00eKT Ha (PmIocoCKH TOCTyNaTH, choOpas3siBa ce C
TEXHOJIOTHUTE, pEaM3UpaHd dYpe3 HayyHH mocTwkeHus. Ho
KOHKPETHUST IPOAYKT € CBBKYITHOCT, OCBINECTBEHa Upe3
M3Pa3HUAT €3UK Ha IUIACTHYHUTE W3KycTBa. Jlu3aifHepckoTo
NPOEKTHPAaHEe KaTo TBOpYECKa JEHHOCT, u3passiBa (popmupaHara
ures upe3 XyIOXKECTBEHOTO IIPOEKTUpaHe M KOHCTPYMpaHe,
(dopmousrpaxane, cboOpa3siBaiikyu ce W/MIM IPOBOKMPAHKH HOBH
TEXHOJIOTMH U MaTepuanu. 1l IMEHHO TyK € poJIiTa Ha:
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Jluzainepckama  excnepmuza ¢ HEWHUS  OLICHBYEH
XapakTep Ha (QYHKIMOHAIHUTE, KOHCTPYKTUBHH W €CTETUYCCKU
(yHKIUH 32 KOHKPETH3HPAHE HA POJATA MPU CH3AAJCHUS IH3aiH
MPOaYKT B 00mecTBoTo. HO MporiechT obade € MHOroCTpaHeH:

Jusaiinepckus npooykm u Ilazap

3amo3HaT ¢ U3BOAMTE Ha Ta3H €KCIepTU3a, MpH CIeBaIia
pa3paboTKa, AU3aliHEpPBT € CTUMYNUpaH Ja Cb3Jafe MpPOIYKT,
KOWTO J1a yAOBIETBOPSBA B 110- TOJISIMA CTETIEH HEOOXOIMMOCTTA Ha
JOBEKa M 0OILIECTBOTO KaTo ISIIO.

CrrefoBaTeIHO pealM3UpaHETO Ha OmpeeleHa Hiaes B
IM3aliHEPCKH NPOAYKT € HadaJoToO Ha IPOMsHAa HA OOILIECTBEHO,
0CO0CHO B KYJITYPHHTE MY JIaJICHOCTH, KOETO CIIOMara 3a Ch37[aBaHe
Ha NpefieNieH ecTeTHdecku kpurepwil. ToBa e emHa oT Haii-
00o00mmennTe kacudukay Ha qu3aifHa. B ceBpemuero obnacture
3a peanM3anus Ha Tasd coenuduyHa TBOpYECKa JEHHOCT
HENPEKbCHATO C€ paslupsBar. Pasrnexnallku Ta3u OTBOPEHA,
pa3BHBamla Cce CHCTEMa € HYXHO Ja ce OTOenexu, de
,,CACTEMOOOpa3yBall eJeMEeHT Ha Ju3aiiHa € XYZOXKECTBEHOTO
npoektupane. [locpencTBoM Hero ce ch3gaBa 00pa3 Ha BELIWTE,
JIOCTHTA Ce IO KOMIUIEKCHH IIeIeCho0pa3Hu penieHus 3a N3MEHEHUE
Ha TIPEIMETHTE I CPEJaTa B KOSITO JOBEK JKHBEe.”

C Hapimm3aHeTo Ha HOBHTE TEXHOJOTHH CE 3apakaa U
HEOOXOIUMOCTTa OT HOBM HaIpaBJICHWS 32 U3siBa Ha HJAEH 4Ype3
JM3aifHePCKUs IPOLEC:

Veb ousaiin. (ot anrmutickn Web nusaiin). Bun rpadiuen
IIU3aiiH, Cenuaau3ipan 3a pa3paboTBaHETO Ha yed MPHIOKECHUS U
pasnUYHU AW3aliHM, KOMTO MMaT 3a 3aJada pa3paboTBaHETO Ha
notpebuTencku uHTepdeiicu 3a yed caidToBe U yeOd MPUIOKEHHS.
VYeb puzaiiHepuTe CB3gaBaT JIOTHUECKaTa CTpPyKTypa Ha ye0
CTpaHUIM, Ype3 HaW-NIOJXOIAIINTE pelIeHHs 3a NpeAcTaBsHe Ha
nH(OPMAIHATA, 110 IPHHIMUINTE Ha TpadUIHMS JTH3aiH.

Humepuopen ouzaun. KioH Ha am3aiiHa, HACOYCH KBM
BBTPEIIHOCTTA HA IIOMEIICHHETO, 3a Jia OCUIYpH KOoM(popT H
yI0OCTBO Ype3 eCTEeTHYECKUTE B3amMopeicTBHs. HHTepHOpHHAT
JM3aiiH chyeTaBa U3KyCTBO U MPOMMUIIUIEH U3aiiH.

HoBu nepcrieKTUBHM HaNpaBIeHUs ca:

Exonocuuen ousaiin. IlpoexTupaHe Ha OKOJHATa cpena —
y4JacTHe 4pe3 CpeicTBaTa M METOAWTE Ha JHU3aifHa MpH pellaBaHe
Ha peajHuTe NMpoOiIeMHy 3a CONMaIHaTa 3aIllNTa Ha OKOJIHATA cpela
(m cammTe XOpa ) OT BB3ACHCTBHETO Ha 3aMbpPCABAHETO H
OTHAIBIMTE TEXHOJIOTHYHA [MBHIN3AUS EKOJOTHUYEH IucOanaHc,
OT IIe/{Ha TOYKA Ha IEHHOCTUTE Ha IIPUpOJaTa U KyITypara;

buo  ousaiin. IlpoexkTHpaHe U  CTPOMTENCTBO Ha
MOp}oIOruuHO 6MO MOZOOHHUTE CTPYKTYpH M (HOPMHU HA NPOIYKTH
MO aHalorus C OHOHMKAaTa, BIUIETEHM B AapXUTEKTYpPHH U
WHXEHEPHU NPUHIUIY, Bb3 OCHOBA HAa CHCTEMHO U II€JI€HACOYEHO
NpoyYBaHE HAa 3aKOHWTE W MPUHIUNUTE Ha (OpMHpaHe B
npupojaTa, BKIIOYNTENHO, OMOMEXaHWKa, OWOHHKa, ETOJIOTHATA
(Hayka 3a TOBEJEHHETO JKHBHTE OPraHW3MH B NpHPOAATa) MU
cuHeprus (Hayka 3a NpPUHIUINTE Ha CAaMOOPTaHM3UpANId ce
CUCTEMH);

> Jlucuiicka 3pp. OcHoBM Ha ausaiHa bn., MUPUH-NPUHT
EOO/, 1994, c.51



Dymypoousaiin. IlepciekTiBeH An3aiiH, 00yCIOBEHH Ha
Hay4YHO-TEXHUYECKH,  COIMATHO-KYJNTYPHH M  HWHTYHUTHUBHO-
TBOPYECKH INPOIECH, NHOBAIIMOHHO MPOSKTUPAHE U MPOTHO3UPAHE,
OpUEHTHPAHW KBbM DPa3IMYHM HHBAa U CTaJUM Ha pa3sBUTHATA Ha
HayKata, TEXHUKHTE, WKOHOMHKAaTa, coluaiHata cdepa Ha
00IIECTBOTO HA O'BICIIETO.

Kubepremuxo-egpucmuuen - LIEJIEHACOYEHO
HaTpaBJICHHE B WHOBAI[MOHHMS au3aiiH. [lpoektupaHe crpsmMo
3aKOHOMEPHOCTUTE M METOAMTE Ha EBPUCTHKATa (IUCLUIUIMHA,
crocoOcTBamla pPa3BUTHETO M AaKTUBU3ALMATA HAa TBOPUYECKOTO
MHCJICHE ¥ HECTaHJapPTHHUTE CHOCOOM), KAaKTO M H3IOJI3BaHE Ha
BB3MOYKHOCTHTE Ha HHOOPMAILIMOHHHUTE TEXHOJIOTHH.

B Tpyma cum ,Cemuoct Ha nmzaitna“®, Mensenes
CHCTEMAaTU3Upa BHUIOBETE JU3AiH 10 OTHOIICHHUE HA KATCTOPHHTE
,»YTWIHTApEeH" U ,,eCTeTUYECKU 110 CJICAHUS HAUMH:

Hon-ousatin -~ (non-design) - u3cnenoBareickKd U
MPOTPaMHU CTPYKTYPH Ha B3aWMOOTHOIICHHUATA MEXKIy XOpaTta,
TEeXHUTE NEWUCTBHS, pa3paboTBaHE HA CTPATETHH, NPOTpaMu 3a
JEMHOCTH 3a Pa3IM4YHU MPEANPHUATUS, OPTaHU3AIMH, HACOUCHH KbM
npobjeMa 3a PEKOHCTPYKLHMS Ha TPOU3BOICTBO, CBBP3aH C
Pa3BUTHETO HAa HOBH IIPOAYKTH;

Cucmemen  Ouzaiin - XOJHUCTHYEHO CEMaHTHYHEH,
OpraHmsupaH B ,,TypooOpasyBamid‘® KOMIUICKCH, CHCTEMH
(BKJIFOYHTENHO TPOAYKTH) OT pa3IMYHA BHIOBE W THIIOBE,
00CITy)KBaIll B €IHA WIH JIPYTa 00JIacT OMpeAeIeH Habop OT HyXIH
Ha XopaTa B IPOU3BOJICTBOTO, COLMAJNCH JKUBOT, WIH 3a
WHIUBHUIYaTHUS CEMEHHUS KHUBOT;

Apm Ou3saiin - TIpU TO3M BHUJ, €CTETHKATa Ha Iu3aiiHa €
NPUOPUTETEH TMPUHIMII, HACOYEHW KbM OpraHH3HpaHe Ha
CCTETHUYCCKUTE BIICUATIICHUS, MOJYYCHH OT BB3IPHEMaHe Ha
obekra. ToBa e ,IPOCKTHpPaHE Ha EMOIMHU', YHUTO IIEIH CE
cOMIKAT C NEUTE Ha JCKOPATHBHOTO H3KYCTBO.

Cmaiinune  (Styling) - crenuaneH BUX — pa3BUTHE
(hOpMaITHO-ECTETHYECKOTO O00psIBaHE HA MPOJYKTa, IPH KOETO €
3acerHar caMO BBHIIHUS BHI Ha MPOAYKTa M € CBBP3aHO C
IpoMsHAaTa Ha MoOJeJia Ha Masapa, a He Ha IPOTOTHMA, C JieKa
npoMsina Ha (QyHKIMOHAIHO JAEHCTBME W  TEXHOJOTWs Ha
TIPOU3BOJICTBO (WU JOPH JIUTICATa HA POMCHH).

HeszaBucumo oT crenuuKATe Ha Pa3IHYHHTE BHIOBE
IU3aifH, TOW € eJHa rojisiMa HIes Ha CHBPEMHETO U BKIFOYBA
pelaBaHeTo Ha MpoOJIEMH B pa3JIMYHU 00JIACTH Ha CpejiaTa B KOSTO
YOBEK )KHBEE U HETOBUTE IIOTPEOHOCTH.

Pa3Butnero Ha BupoBeTe Iu3aliH Jl0Ka3Ba 3HAYEHUETO My 3a
odopmsHe Ha KyITYpHHTE IUIACTOBE Ha €AHO OOIIECTBO, upe3
MpEeIUIUTaHe Ha U3KYCTBO U HayKa.

Upe3 mnonsTHeTO ,JU3aMH € ompeleneHa M ChIIHOCTHATa
XapaKTePHUCTHKA Ha AU3aHHEPCKHs MPOIYKT — MPOIYKT, Ch3AaJICH
4pe3 ,,TBOpUYECKA ICHHOCT, XapaKTepHa 3a U3KyCTBaTa.

6 o

Megagegaes B. 10., CywHoCTb AM3aiiHa: TeopeTuyeckune
OCHOBbI AM3aliHa : yuyeb. nocobue. — 3-e usg,., ucnp. n gon. - CMe6.:
CnryTa crp. 31
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Abstract: In this paper analysis of power converters with parallel resonant circuit by using of computer simulations is made. The full bridge
IGBT power converter is analyzing. The simulations are made in PowerSim simulation program. Calculation is the efficiency of the
converter and is made harmonic analysis of the output voltage and current. Also, is made and compare on the obtained results of the parallel
resonant converter with the results of the serial resonant converter in applications with variable RL-load.

Keywords:POWER CONVERTER, EFFICIENCY, HARMONIC DISTORTION

1. Introduction

Power converters have great application in power electronics
as in the devices for consumers (UPS, amplifiers) such and in indus-
trial applications (driver converter, DC converter, and converter for
induction heating). Basic elements in the power converter are semi-
conductors switching elements: diodes, thyristors, bipolar transis-
tors, MOST transistors, IGBT transistors and GTO thyristors, [1],
[2], [3]- The main target is semiconductors switching elements to
operate with reduced losses of switching. The choice on the reso-
nant circuit of the output of converter provides turn on and turns off
of the switching elements in the bridge to be done at time as the
voltage is zero or the current is zero. So the losses of power from
switching are reduced, [1], [2].

Load resonant converters which used at devices for induction
heating are with serial or parallel resonant circuit [1]. The resonant
converters with serial RCL circuit are supply by a source of direct
voltage. Output power in them is regulated by the control on differ-
ence between switching (operating) and resonant frequency. The
output current of these converters, for switching frequency close to
the resonant, has the shape close to a sine wave form and then
transmitted energy is greatest. The resonant converters with parallel
RCL circuit are supply by a source of the constant current. In these
converters, output power is also regulated by control on difference
between switching and resonant frequency. The output voltage of
these converters, for switching frequency close to the resonant fre-
quency has a shape close to a sine wave form and then transmitted
energy is greatest [1].

The process on design of the power converter is defined with
the purpose of the converter, and output load. Output load of con-
verter defines the required output power, output voltage, output
current, and output frequency. From the physical state of the output
load on the converter depends configuration of hardware and soft-
ware part of managing electronics. The work is simple if the output
load is a stationary, time able not changed, such as output load in
the mode of motor or regulated source of voltage. But the design of
converter is complicated if the physical state of the output load is a
dynamic, time-variable process and its dynamic affects on output
variables of the converter: impedance, voltage, current, power, fre-
qguency. Such output load has in power converter burdened with
parallel and serial resonant circuit in the mode of induction furnace,
[11, [51, [6]. The mode of induction furnace changes the impedance
of resonant circuit and it affects on the voltage, current and power
on the converter. So the design on the converter with such load
requires knowledge of the dynamics of the process. The design of
converter is facilitated by using on the computer simulation
programs, [5],[ 7].

The main task in this paper is the researching for operating of
parallel resonant converter with output loads whose dynamics are
changing and is affecting of sizes on the resonant circuit.

2. Power Converters at Devices by Variables RL Load

In the Fig. 1 is presented block diagram in the power converter
at device to inductions headings.

rectifier itrertor coil wotkpiece

A — + heat

B — > | -

C— | I —
tmains * S
voltage

high high frequency
frequency voltage

magnetic field
Fig. 1. Power converter at device to inductions headings.

The resonant converters used in applications where the dynamic of
the process affects on the parameters of the converter. In the paper
on the basis of a defined change on inductance and resistance on the
resonant circuit, determined of the dynamics of induction device
obtained by ELTA simulation program, is analyzed the work of full
bridge IGBT converter with parallel resonant circuit, [5].

Definition of working conditions

We analyze the processink on the work piece metal with induc-

tion heating under follow operating conditions [5]: 1.Working
piece metal 0.4% C steal 2T anneal, shape-cylinder, length 35cm,
finite system length, R = 3cm, Re, = 8cm, maximum temperature
is 1000°C, time cycle is 600s; 2. Maximum output power (Smax) is
100000V A; 3. Switching frequency (fy,) 10 kHz was assumed for
the design of maximum power; 4. IGBT devices are used.
With these conditions in ELTA simulation program is define the
dynamics of the parameters (power, current, voltage, frequency,
inductance, impedance) important for the design of the converter,
[1], [5]. In Table 1 are given the results for changing the
parameters of the system converter-inductor-work piece.

Table 1. Parameters of the system converter-inductor-work piece

L (uH) | Creson (UWF) | Creat (UWF) | R(Q) | Ting (A) | Uconver (V) | Poonv (KW) | 7e1e (%) | PF
11.89 21.4 139 0.37 571 225 92.3 0.76 0.5
23.93 10.6 13.9 1.14 238 285 65 0.96 1
% (min/max) 49.6 49.5 184 41.7 79 70.4 50
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From Table 1 can be concluded:

=  The changing on temperature of the work piece from 20
to 1000 ° C produces change on the inductance for
49.6%.

= Cieson IS Value on capacitance required for compensate
of changes of inductance for preserve the resonance
frequency from 10000Hz.

= Cea is areal value of the selected capacitor.

= The changing on the inductance produces change of
power of the converter for 30%.

=  When the inductance is minimum, the power and the
current have a maximum value.

®=  The changing on power of the converter shows that in
such variable loads is necessary to build a system for

controlling on output power.

Construction of converter

From the results for the parameters of the induction device ob-
tained by ELTA simulation program, in PowerSim program with
computer simulations the operating of the converter is analyzes [4].

Full bridge parallel resonant converter

In the Fig. 2 is show the circuit for simulation of the full bridge
with

parallel resonant circuit.

IGBT converter
AOCT = 202 76382
ot
1.45
10000
0120, -
0000000215
Gl ™™ [1&7
0.0015
Ude
HE o
10000
180 360,
WPALCE = 420 62487 10000

A

Fig. 2. Circuit for simulation of the full bridge IGBT parallel resonant converter.

In this paper the results to the parallel converter are comparing with
the results for full bridge converter with serial resonant circuit ob-
tained in [5]. In the simulation of the two types of converters took
into consideration output power in both cases be the same.

Maximum inductance

From Table 1 can be seen that when the inductance and the re-
sistance of the circuit are maximum, the capacitance is minimum,
the output voltage of the converter is maximum and the output cur-
rent is minimum. For this state, in Fig. 3 are given wave forms of
the voltage and the current of output from the converter for full (100
%) output RCL load. In the Fig. 3a is shown wave forms for the
converter by serial resonant circuit obtained to paper [5], and in the
Fig.3b is shown wave forms for the converter by parallel circuit
obtained by simulations in PowerSim program of the circuit of the
Fig. 2.
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\
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3438 395 e fmayd 053 4375
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Fig. 3. Wave forms of the voltage and the current of output from converter
for maximum inductance and 100 % RLC load: a) wave forms for the con-
verter by serial resonant circuit in paper [5], b) wave forms for the converter

by parallel circuit from Fig. 2.
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From Fig. 3 can be seen that the output voltage in the converter

by serial resonant circuit is with rectangular form, and the output
current is with sine form, and in the converter by parallel circuit the
output voltage is with sine form and the output current is with rec-
tangular form.
The harmonics distribution of the output voltage (voltage amplitude
spectrum) for maximum inductance and 100 % RLC load for serial
resonant converter is shown in the Fig. 4a, and for parallel converter
is shown in the Fig. 4b.
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0 0.0 0.10 0.15 0.20 0.25
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] 1}
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Fig. 4. Harmonics distribution of the output converter voltage for maximum
inductance: a) for serial resonant converter, and b) for parallel resonant
converter.

The harmonics distribution of the output current (current am-
plitude spectrum) for maximum inductance and 100 % RLC load for
serial resonant converter is shown in the Fig. 5a, and for parallel
converter is shown in the Fig. 5b.
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Fig. 5. Harmonics distribution of the output converter current for maximum
inductance: a) for serial resonant converter, and b) for parallel resonant
converter.

The voltage total harmonic distortion of the output on the pow-
er converter is calculates with the equation, [1]:

@

‘U zo(s)‘ + ‘U 20(5)‘ + ‘U 20(7)‘-*— ‘U 20(9)‘ + ‘U 20(11)‘ + ‘U 20(13)‘
THDV = 5
‘U o(1)

Where: Uggy, Ugs),Uons)
cond,.....thirteenth harmonic.

are effective values on the first, se-

The harmonic effective values of the output voltage for serial and
parallel converter base in figure 4 are given in the Table 2.

Table 2. The harmonic effective values of the output voltage for
serial and parallel converter and 100 % RLC load

Uo(l) U0(3) Uo(5) U0(7) Uo(g) Uo(ll) Uo(13)
) M MMM MM
serial 258 72 229 | 22.7 | 155 | 135 8.1
circuit
parallel | 381 | 26.01 | 6.20 | 3.84 | 2.05 0 0
circuit

So voltage total harmonic distortion of the output for both convert-
ers is:

THDV = 31.7 % for power converter by serial circuit

THDV = 7.11 % for power converter by parallel circuit  (2)

The current total harmonic distortion of the output on the pow-
er converter is calculates with the equation:

©)

‘l 20(3)‘4—“ 20(5)‘+‘| 20(7)‘+‘| 20(9)‘+‘| 20(11)‘+~-+‘| 20(19)‘
THDC =\/

‘I 2o(1)

Where: 1oy, log), o), are effective values on the first, second,.....
nineteen harmonic. The harmonic effective values of the current for
serial and parallel converter base in Fig. 5 are given in the Table 3.

Table 3. The harmonic effective values of the output current for serial and parallel converter and 100 % RLC load

So current total harmonic distortion of the output for both convert-
ers is:

THDC =11.5% for power converter by serial circuit

THDC = 38.73 % for power converter by parallel circuit  (4)

In the Table 4 are given the cumulative results from analyze on
the tables 2 and 3 and the equations (1) and (3), and in the Table 5
are given the results from analyze in the Fig. 3, 4, 5 and Table 1.

|0(1) |0(3) |0(5) |0(7) |0(9) |0(11) |0(13) |0(15) |0(17) |0(19)
(G (") (A (G (A (G (G (") (G (G
serial 199 22.2 5.2 0 0 0 0 0 0 0
circuit
parallel 153 44,53 25.12 21.16 11.16 10.50 9.84 7.40 6.84 3.95
circuit
Table 4. Total harmonic distortion on output voltage and current

at serial and parallel converter for full (100 %) RLC load

THDV(%) | THDC(%)
serial 31.7 115
circuit
parallel | 7.11 38.73
circuit

Table 5. Parameter of the resonant circuit and output parameter at serial and parallel converter and 100 % RLC load

I— C R Iout Uout Sconv IDC UDC PDC PF Pconv Heonv.
(mH) | ®WH | @ | A VM | kvA) | A | V)| kW) kw) | (%)
serial 0.02393 | 10.6 | 1.14 | 225.68 287 64.77 | 207.18 | 290 | 60.08 | 0.90 | 58.34 | 97.10
circuit
parallel | 0.02393 | 10.6 | 1.14 | 197.80 | 431.73 | 85.40 | 202.76 | 303 | 61.45 | 0.68 | 58.26 | 94.81
circuit

In the Table 5 sizes are:
Uy and Iy are effective values of the output converter
voltage and current
=  PFis power factor of the converter

*  Seonv = Ugulouw OUtpULt apparent power

" Peom = ScomPF is output power of the converter

" %eonv = (Peon/Ppc)100% s efficiency on the full
converter

bridge

Affection on the pulse width of gate from IGBT of total har-
monic distortion

In the Fig. 6a are shown wave forms on the output voltage and
the output current in serial resonant converter by 50% load RLC
load in case of maximum inductance, [5], and in the Fig.6b wave
forms in parallel resonant converter for same case. This wave form
are obtained with simulations on the circuit from Fig. 2 in Pow-
erSim program.
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Fig. 6. Wave forms of output voltage and current for 50% load RLC load in
case of maximum inductance: a) for the serial resonant converter, b) for
the parallel resonant converter.

In the table 6 are given the results for the voltage total harmon-
ic distortion and the current total harmonic distortion obtained with
same analyze as for full output RCL load and used on the equations
(1) and (3).

Table 6. Total harmonic distortion on output voltage and current at
serial and parallel converter and 50 % RLC load

THDV(%) | THDC(%)
serial 145.0 24.6
circuit
parallel | 6.5 29.9
circuit

3. Analysis of results
Based of the results in point 2 can be concluded:

=  Both types’ resonant converters, parallel and serial satisfy
the requirements for power and current defined in the
Table 1.

=  For same output power the parallel resonant converter
works with more voltage and less current of serial con-
verter.

= Also, for same output power in parallel resonant converter
power factor PF and efficiency # are smaller from serial
converter.

= In the parallel resonant converter current total harmonic
distortion is greater, and in serial converter voltage total
harmonic distortion is greater.

= In the converter with 50% load RCL load the voltage total
harmonic distortion in serial resonant converter is in-
creased. The sum on effective values on harmonics is
greater than effective value on basic harmonic.

= It should be noted is that in parallel resonant converter to
50% load RCL load, the output power is significantly
reduced.

. In the serial resonant converter, IGBT transistors operate
with greater current (greater stress) than the parallel reso-
nant converter for same output power.

= Since the mode of inductiion device has a variable
dynamic, the converter which  operates with such a
device must monitore and regulate the output power with
adequate methods of controlling.
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4, Conclusion

In the paper is shown the procedure for construction of IGBT
bridge parallel resonant converter with computer simulations. Here
is analysis power converter with output load in mode of the induc-
tion device. Operation of the parllel converter is compared with the
operation of the serial converter. The parameter of the resonant
circuit and the required output power is obtained in the program
package ELTA, with simulation of device for induction heating. In
the analyse of the power converter is used PowerSim simulation
program. The analyzed is the operation of the converter with change
on the pulse width of the gate of IGBT transistors, as and changes
of the output voltage and the current on the converter with change
on the dynamics of resonant circuit. Also are analyze harmonics
generated from the operation of the converter and is determined
total harmonic distortion of the output voltage and current.
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RELHABILITY IMPROVEMENT PROBLEM OF INSTRUMENTATION AND
CONTROL SYSTEMS SOFTWARE
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TEXHOJIOI'MYECKMMU [TPOLIECCAMU
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Institute of Informatics and Telecjmmunications — Siberian State Aerospace University, Krasnoyrsk, Russia

Abstract. The problem of increasing reliability of multi-version software of modern control systems for industrial automation was reduced
to a problem of pseudo-Boolean optimization problem of knapsack type. For solving this problem, various methods were suggested.
KEYWORDS: CONTROL SYSTEMS, MULTI-VERSION SOFTWARE, PSEUDO-BOLEAN OPTIMIZATION

1. Introduction

Modern instrumentation and control systems include tens and
hundreds of complex hardware, software and firmware components
such as sensors, executive elements, communication channels,
information processing systems and software modules. Crucial units
are equipped with duplicated sensors, actuators, telecommunication
channels, servers for information storage and processing, client
terminals. Producers of industrial automatic equipment have
extensive statistical information on refusals for each type of devices
[8]. Having such information, the designer can estimate risks of
refusal of each subsystem and design crucial components so that
risks reduce to an acceptable rate due to use of the most reliable
devices in combination with their duplication and reservation.
However, complex systems demand developing of an
instrumentation and control software subsystem which allows the
whole system to function as a unit organizing interaction of its
components depending on environment conditions and process
state. The software faults including those concerned with incorrect
mathematical models application can lead to refusal of the whole
system and duplication of the identical copies of the software does
not allow to fix the problem in this case. One of the possible ways
of reliability increasing is multi-version programming.

2. Causes of failures and statistical data on them

Producers of instrumentation and control devices supply their
consumers (usually, various design and implementation companies)
with all necessary procedural guidelines [8, 11] on the
corresponding software development. However, development of the
software is always concerned with the risk of errors at various
stages of development. At the stage of the program code writing,
errors revealed by the compiler are insignificant here since they
come to light before input of the program module in operation. The
same can be told about the gross logical errors in the program code
which are always revealed at a stage of testing. Other errors which
are insignificant in usual operating modes but shown when several
conditions satisfy simultaneously have the greatest impact on
reliability of a software system. As a rule, program modules are
tested for their working capacity in extreme operating modes. At the
same time, errors can be shown at achievement of maximum values
of several parameters simultaneously.

Errors in complex mathematical models applied in the
program code are even more “artful”. Modern instrumentation and
control devices include software modules of various complexity. A
software module can implement very simple or extremely complex
logical principles for controlling actuators in accordance with data
from many sensors and information stored in software module
database. Let us consider a software module controlling the
subsystem of distribution cameras of aerotanks in a city sewerage
system.

Eight regulating locks are a part of an actuator subsystem.
Sensors of drains level and sensors of locks state form the
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instrumentation subsystem. The main function of the distribution
cameras control algorithm is automatic positioning of the locks
depending on given difference of drains levels in distributive
cameras. A problem of this subsystem is maintenance of the given
levels difference in distributive cameras by means of regulation of
the regulating locks. Mathematical model for calculating the drain
expense proceeding through the lock is Q=1.86-B - (|_ _ 3)%,
where B is width of the bottom of the lock, L — is the water level in
the distributive camera, S is the Schieber valve position. Values of L
and S are also estimated with use of the corresponding mathematical
models. Moreover, a set of conditions for running this algorithm is
given. The algorithm formulates tasks for the actuator adjusting the
position of Schieber valves.

In addition, the software module contains a set of algorithms
for running in emergency situations such as malfunction of sensors
and actuators.

The parameters of a developed software modules must be
adjusted. Incorrect program code of each of the algorithms of the
software module or incorrect parameter values can lead to the fault
of the software module and incorrect functioning of the whole
system. Since this software module controls the supplementary
functions of the system its refusal will not immediately lead to an
accident of the who system. At the same time, in the same system,
there are slightly less complex modules operating its crucial
elements. Failure of the module can be found by appropriate
monitoring means. At the same time, incorrect operation of the
module (incorrect realization of mathematical models) leads to
work of the whole system in a non-optimal mode that results in fast
wear, increase of risk of emergencies in other parts of system
working with the raised loading and, in case of our system, to
serious ecological consequences in medium-term prospect.
Detection of such implicit errors is extremely complicated.

In case of refusal of the program module owing to hardware
failure, efficient means of increase of reliability of system is
duplication  of  hardware  resources:  Sensors,  Servers,
telecommunication channels. The violation of logical principles
given by the mathematical model which does not lead to its stop
will repeat on any number of its copies.

3. Methods of multi-version programming and
assessment of errors emergence probability

The technology of highly reliable multi-version programming
is traditionally applied in military areas, mostly in space systems.
Land spacecraft control systems are equiped with the software
where the separate modules duplicate functions of each other.
Versions of the module are developed by independent teams of
computer programmers and tested separately. Besides, different
development tools are often used for each version. Versions are
executed in parallel, the results of running of each of them are
transferred to the auxiliary module which is carrying out the
comparison of results. If results (with given tolerance) coincide, the
result of one of modules is transferred to an actuator. In case of



discrepancy, for example, the overall result gets out "by a majority
vote" (the odd number of module versions is required). Anyway,
application of multiversions allows to reveal existence of a problem
in a program code. The revealed error in the program code can
serve as a signal to transfer of the system into a special emergency
mode, production stop etc., up to the identification of a cause of the
error and its elimination. Thus, in many cases, instrumentation and
control systems don not demand existence of odd number of
multiversions. Existence of at least two independently developed
versions allows to reveal an error in most cases.

Let the probability of emergence of an error be equal to p; in
the ith of the version of the software module. Then the probability
of simultaneous emergence of an error in all modules is
Iy, p; where N is the number of versions of the module and the

probability of detection of an erroris 1 — TN, p, -

Obviously, this value tends to 1 with the increase of N. Since
the software modules pass through various testing procedures, the
probability of error in each of versions is comparatively small. For
example, if the error probability in each of two versions is equal to
0,001% then the probability of simultaneous error in both modules
reduces to 0,0000001%.

Various models can be used for an assessment of estimated
number of errors. For example, in [6], the following assessment of
initial number of errors Dy is offered:

1) D, =V /3000,
where V is the program code volume in bits of information. In turn,
this volume is estimated as V =N log, 77, where

n =1, + 1, ishumber of unique commands and operands of the

program code, N=N;+N, is number of their calls in the software.

The number of errors at the mth stage of testing is estimated
by the Halsted model [9] as
) D,, = E®?/3)/3200,
where E is an estimation of
E =mN;Nlog, 7/ 2n,.

These complexity models and models for estimating thee
number of mistakes can be used as rough estimates. Let each of the
M modules have some versions, V; versions for the jth module. Let
Pji be the probability of no-failure operation of the ith version of the
jth- module. If refusal of any of modules leads to refusal of the
whole system, the probability P of no-failure operations of the
system can be expressed as follows:
P =TT} Q- T3 (- R;))

In turn, the probability of no-failure operation can be
estimated through the errors quantity (1) - (2).

the system complexity:

4. Software system reliability optimization model

Complexity of each of modules can be considered
approximately identical regardless of its exact realization. Thus,
knowing complexity of the only version of each module, the
assessment of probability of no-failure operation of the whole
system depending on number of versions of each of modules and
probability of no-failure operation P; of the only version can be
estimated: p — H'}"=1(1—Vj (1_ P, )) At the same time, the

increase in number of versions of each of modules is leads to
increase in cost of system. For instrumentation and control systems,
we will consider accepted the number of versions of the module
which does not exceed 2. We introduce the Boolean variables
equal to 1 if the j-th module must be duplicated and the constants C;
equal to the cost of development of the j-th module. Then, if the
total budget C for development of the whole software system is
known, we have an optimization problem:
M

P=TI{0-@+x;)1—P;)l> max,

®) = j j

sM.@+x;)-c, <C.
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Analogous optimization problems of “knapsack” type are
investigated in [1, 2, 7]. In [4, 10], author propose methods able to
achieve “good” (precise enough) sub-optimal solution of such
problems up to millions of variables and, thus, such methods can
solve problems similar with (3). For problems with monotonic
objective function, greedy heuristics [3] or special agglomerative
greedy heuristics [5] can be successfully implemented.

5. Conclusion

A problem of instrumentation and control systems fault-
tolerance increasing cannot be completely solved with hardware
duplicating only. In addition, software modules must be duplicated,
too. A problem of building an optimal set of the software modules
can be formulated and solved as a pseudo-Boolean optimzation
problem.
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Ponata Ha copTyepa npu cbBpeMeHHUTE U3KYCTBA U AU3aliHa

VHX. An3aiHep Enena I Jumutposa
TexHuuyeckn yHusepcuteT — Codusa, Bbarapusa
el.g.dimitrova@gmail.com

Abstract: In the contemporary N-forms of art, the body art is one of the traditional forms. This form of art combines the skills of the
artist to create his/her idea on the specific physical features of the model.

To express its essence in formulating the final version of the composition is used Adobe Photoshop. A conceptual project — sketch is
create with color schemes and positions of the motives on the human body. The performance is interpretation of the legend of Orpheus and

the realization of the idea is themed antiquity and modernity.

Besides being the artist of the body-art, as a director and scriptwriter | created a special choreography in which the movements evoke

deep emotional states of the characters.

To form the complete presentation of the event, a promotional products are provided. They include poster, invitation and additional
materials, such as schedule and photographs of the body-art. The use of the software is necessary in design.

Keywords: apT, nbpdopmaHc, 6oam-apT, AM3aliH, U3KYCTBO, AUIUTaNHO M306paxkeHue, codptyep, poTorpadus, ckuua, TPAAULMOHHMU

XYL,0KECTBEHM TEXHUKU, AM3alH NPOAYKT

1. Apbm nvpghopmaHc

MbpdOpMaHCBT e YacT OT CbBpeMeHHUTe H-u3KycTBa.
TepMUHBT BOAN HAYanoTo cu oT 60-Te rogmuHm B CALL,. M3non3BaH e
33 [Ja onuwe XyAoMKecTBeHO CbbWTMe, KOeTo ce npoBexAa Ha
KMBO, BK/OYBAWO MOETU, MY3UKAHTM W ApYyrM, 3aegHo C
BM3yanHWUTE apTUCTU. 3acnyKaBa cu aa ce otbenexku, ye olle npes
20-Te rOAMHU JafaucTuTe NpaBAT MbpPBUTE ONUTM 3a ,,CcmecBaHe”
Ha noesua 1 BMU3yasIHU U3KYCTBO.

Mpe3 70-Te rogMHn NbppopMaHCHT 3anoysa Bce noseye Aa ce
nM3nons3Ba KaTo HeroBata AeduHULMA CcTaBa MO-CTeCHeHa:
NbphOPMAHC M3KYCTBOTO, KOETO Ce M3MbJHABA HA KMBO npes
nybnmMka uam ce npencrtass, HO He e Teatbp. OT 80-Te roguHu
nbpdOpPMaHC M3KYCTBOTO 3amnoyHa Bce noseyve Aa MHKopnopupa B
cebe cu HoBUTe TexHOMOTUK. NPKU N3NON3BAHETO Ha HOBUTE Meanmn
B KOMOMHAUMA C TPaAMLMOHHUTE TEXHWKWU M NOXBATU apTUCTUTE
npeacTasAT Tasn H-bopma oTBbA AONYCTUMUTE FpaHULMUTE.

MbpdOPMaAHC U3NBAHEHUETO MOXKE 43 UMA CLeHapuu Uan He,
[a e CMOHTAHHO UM BHUMATE/IHO NAaHUPAHO, C K 6e3 yyacTneTo
Ha ny6/auKata. APTUCTBT MOXe Aa NPUCHCTBA MM Aa OTCHCTBA,
NbpHOPMAHCHT MOXKe [a Ce CAy4M B pas/iMyHa cpefa M Aa e C
pa3NNYHU OBAXKUHA BBB BPEMETO.

Bogm-apT (oT aHr. body —art) o3HauyaBa TANO/M3KYCTBO MM
M3KYCBOTO pUCYBaHE BbPXY YOBELWIKO TANO. Kato aABuXKeHue B
M3KyCcTBOTO, H0AMapPTLT ce Pa3npocTpaHABa WHUPOKO npe3 60-Te n
70-Te roanHn Ha XX BeK. MpeacTaBaHMATa My ca nog popmaTta Ha
NbpPOPMAHCU AU AOKYMEHTANHU CHUMKM U BUAEeo3anucu. MNpes
60-Te roanHM ce Bb3nNpMema KaTo peakuMa Ha MUHUManNM3ma C
HeroBaTa XNaAHOCT M AUCTAHUMPAHOCT. B KOHTeKcTa Ha TOBa
M3KYCTBO MOXKEM fJa pasrnexgame akuuu Ha UMe KnaliH, Muepo
MaHLoHKW, MapuHa Abpamosud 1 ap.(dur. 1)

@ua. 1 lMpe3 1960 2. Ue KnaiiH cv3daea ,,AHmponomempuu’, ca0MeH
nophopmaHc, 8 Kolimo oceeH zoaume Xopd - 6 poaaAma Ha 4Yemru Ha
XyOO0X#HUKa, yvyacmea camusm moii Kamo Oupu2eHm HA CMpyHeH
opKkecmbp.
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bogun-apTbT KaTo H-u3KycTBO npeacTaBnABa CbyeTaHWe OT
3HaHMATA M YMEHUATa CBbP3aHU C TPaAULMOHHWUTE GOopMM Ha
M306pa3nTENIHOTO M3KYCTBO MPeCchb3AafeHn BbPXY cneuuduyHute
du3nyeckn fafeHocTn Ha moaena.

To3n BbA NbpPopmaHc cbyeTaBa B cebe cu peanusmpaHaTa
naes Ha aBTopa nog GopmaTa Ha PUCYHBK U TanaHTa Ha moaena.

Cb3paBaHeto Ha 6oau-apT  nbppopmaHc  moxke  fAa
npeacTaBaABa UANOCTHO CbYyeTaHWe OT TPAAULMOHHUTE TEXHUKMN B
n306pasnTesIHOTO M3KYCTBO B KOMOWHALMA C My3uKa M TaHu. Ho
npv npeaBapuTeNiHaTa NoaroToBka, ocobeHo npu opopmsaHeTo Ha
OKOH4aTenHuA BapUaHT Ha KomMno3unuunAata CbBpPEMEHHUAT
Ou3aliHep m3nonsea codptyep — B cnydasa Adobe Photoshop. Mpasu
ce KOHUEenTyasnHa MNPOEeKTO - CKUUA C LBETOBUTE CXeMU U
nos3unLMUTE HAa MOTUBUTE BBPXY HYOBELLKOTO TANIO

MpeacTaBAHETO Ha TBOPYECKaTa uAaes NpeacTaBeHUAaT 6oau-
apT nbpdopMaHC e UHTepnpeTauma Ha nereHgata 3a Opodei u
EBpuaunka.

2. [ModzomoeKa u peanusayus

Mpu M3roTBAHETO Ha MPOEKTa 3a peannsaumsa Ha Bceku 6oau-
apT nbpdopmaHc 6uBaT cb3gageHu:

®  CKMLA Ha pbkKa
. nsumnctBaHe Ha popmara c nomoula Ha codptyep
e  Cb3JaBaHe Ha CUMYINPaAHO M30bpaxeHne

Mpu M36op Ha ClOXKET 3a NMpoBeXAaHe Ha apT nbpdopmaHca e
HebXoAMMO fa Cce HanpaBW CKMULA C AeTalnuTe M manutpa Ha
M3nonssaHWTe 3a UenTa UBeToBe, CbobpassBalikKM ce C
ocobeHoCTMTe 3a TO3M aHTMYEH nepuod. M3nonseaHu ce
TPaAWULMOHHU 1306pa3nUTeNIHN TEXHUKM 33 HanpaBeHaTa NpPOEeKTo-
ckuua. (our. 2)

(pT{/ - - WA

@ue. 2 lpoekmo-cKuya Ha modena
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M3non3saHM ca cuMmBOAM OT TpaKMﬁCKM n

npegmetu. (ur. 3)

CbKpOBMLa

@ue. 3 Tpakulicku wnem

Mpexsbp/NAHETO B €/IEKTPOHEH BapuaHT e HeobXoAMMOCT,
KOATO CMecTABa OCHOBHO BPEME W CpeacTaBa, HO C MOMOLLTA Ha
copTyepHUTE NPOGYKTM ce Cb3[azaT U MHOFO Pa3IMYHU BapUaAHTK
Ha 6a3a Ha cb3gafeHaTa Ha pbKa CKUua.

Cb34aBaHETO Ha EeNeKTPOHHUTE M BapuvaHTM MoXe ga bbae
OCbLLECTBEHO NO Pa3NINYHM HauMHK. MoraT Aa ce KOMbUHMPaT ABa
unm noseve codTyepH NPOAYKTa 338 Cb34aBAHETO Ha AUTUTASIHOTO
n3obpaxeHne - Kato Hanpumep nporpamute Adobe lllustrator u
Adobe Photoshop. Adobe Photoshop e nporpama, KoAato ce
3aHMMaBa C obpaboTkata M Cb3gaBaHeTO Ha  pacTepHU
n3ob6parkeHunn. C HellHa NMOMOLL, MOraT Aa Ce HanpasAT Pas/IMyuHu
BMZOBE MaHMNynauum Bbpxy ¢otorpadmum nm gopu Aa ce cb3gase
ANTUTaNHa PUCYHKa.

OT cBos cTpaHa Adobe lllustrator gaBa Bb3MOMKHOCT 3a
HanpaBaTa Ha BEKTOPHW M306pakeHUs M 06paboTKa Ha TEKCT.
MporpamaTta pasnonara C MWHCTPYMEHTU 33 MaHWNynauus Ha
NIMHUATA.

C nomolLTa Ha KOMNIOTbPHUTE MPOrpamun CTaBa AOM3YUCTBAHE
Ha efNemMeHTUTe U fob6aBsAHE Ha [OMbJAHWUTENHW [eTaluiv Kbm
An3aliH ckuuaTa. (owmr.4)

Que. 4 fjJuezumanHu paspabomku Ha NPoeKMo-cKUyama ¢ nNomMowsa Ha
Adobe Photoshop

Ha eTtan ot pa3paboTkaTa MoXe Aa ce M3roTBM M aHaAUTUYHA
CKMUa noAnomarawia M3o06paskeHMeTo W onpejenawa HAKou
KNOYOBM MOMEHTU W OTAENHW YacTu OT CaMMsi MW3AHCLLEHC
(MMMaHC) KaTo TBOPYECKM aKT.

Cnep, KaTto ce ycTaHOBM 06WwMA BUA Ha pa3pboTkaTa 3a 6oam-
apT nbpdpopmaHca ce Cb3gaBa CMMyNaLMOHEH MOAEeN BbpXy rosa
¢durypa. ToBa faBa AicHa NpeACcTaBa 3a NO3ULMKUTE HA BCEKU AeTain
BbpXy crneumduKata Ha 4YoBewKoTo Tano. Tyk TpsbsBa fa ce
oTbeneun, 4e BCAKO TAN0O MMa cobetBeHa crneumduka U egHa
paspaboTKa 33 TakbB BMA, MbPPOPMAHC MOXe Aa ce M3Mos3Ba 3a
PasANYHM NEePCEHTUNN.
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3. Modbop Ha my3uKa

O6wumAT BuA Ha nbpdopmaHca ce npuaobusa u ot n3bopa Ha
noaxoAAlw, My3uKaneH cbnpoBofd. BaxHa cTbnka B u3bopa Ha
My3MKa e HacTpoeHueTo, KoeTo TpAbBa p[a ce cb3gase B
U3NbAHUTENUTE U Aa ce Npefase Ha 3puTennTe. MysukaTa Tpabea
Oa noanomara, HoO He U Aa 6bae BOAELl, eNeMeHT B UANOCTHUA
061K Ha TO3M BMA NbpdOpPMaHC. B 3aBUCMMOCT OT BpeMeTpaeHeTo
MoXe fa 6bae cb3gafieHa cneumanHo aBTOpPOBa My3WMKasHA
KOMNO3MLMA UK Aa 6bAAT MUKCUPAHM NOBeYE OT ABE MeIoAMM.

3a doH Ha To3n NbpdpopmaHc belwe NogdpaHO My3MKANHOTO
npousseaeHue - Bulgarian Ethno Music Ha rpynata BULGARA,
YMWTO CBNPOBOJ, Ce XapaKTepu3upa CbC CbBPEMEHHO 3ByYeHe C
NPUCHCTBMETO  HA  TPAAUUMOHHWUTE  OBAFAPCKM  MY3UKANHU
WNHCTPUMEHTMU.

4. Pazeumue Ha delicmeuemo

OcbuectBeHNAT 6oamn-apT NbpPOPMAHCHT € 4YacT OT UMKbAaa
nbpdopmaHck ,Kuem nereHan”. Kato pexuncbop u cueHapuct Ha
nbppopmaHca  Cb3gadax — crneumanHa  xopeorpadusa,  Kato
aKLEHTMpPaxX Ha NCUXONOTMYECKMA CMUCHA HA ABWUMKEHUATA , KOUTO
ype3 ecTeTMyeckata niacTMKa Ja npecb3gasat  AbabokuTe
OyWeBHM CbCTOAHUA Ha Opden.

5. NMpocmparcmeo

MbpdOPMAHCHT ce peanu3upa Ha KMBO Npes ayauTopus B
NPUCHCTBMETO HA aBTEHTUYHU apTedakTU WUAM APYrU eNeMEHTU
nogyepTaBalm U3nbaHeHNeTo. Heobxo4AMmo e NPoCTPaHCTBOTO Aa
6bae ¢ L06PO U3NOXKEHWE CNPAMO 3puTenuTe. M3nbaHeHUeTo ce
OCbHLUECTBABA KAaKTO Ha NpeABapuTe/IHO MOCTPOEHA CLEHA, Taka U
Ha TepeH nognomaraly TeaTpanHaTa urpa. 3a NPoOBEXAAHETO HA
6oam-apT nbppopmaHca ,MHTepnpeTaumns Ha nereHaata 3a Opdeit
n EBpnanka“ e usbpaHa cueHata HapaseHa B xoTes AKBa A3yp B CB.
KoHcTaHTMH 1 EneHa.

6. Mamepuanu u akcecoapu

Hy»XHM ca yaobHM TEKCTUNHM nNaToBe, KOUTO MoAfexaTt Ha
npeaBapuTenHo TpetTupaHe. boAaM-apTbT ce M3BbPLIBA KaKTO
OMPEKTHO BbPXY KOXaTa, Taka M BbpXy ApexaTa Ha mogenure.
AKcecoapuTe ca HeobxoAMMM 3a apT MbpdopMaHca 1 ca CBbP3aHu
C TemaTuKaTa Ha wu3Nb/iHeHWeTo. Te He Tpsabsa fa 6baar
NpekaneHo €eKCNoHMpaHu W HaTpanumeu. HeobxoaumuTe ca u
NaBPOB BEHeL, iMpa U AP., KOUTO MPUCHCTBAT KaTo OT/IMYUTENHMU
efleMeHTH B fereHaaTa.

7. Xopeoepacpusa

YyacTHUuMTe B MbpdOpMaHca ca MOMYE U MOMUYE, KOWUTO
usnbaHABaT ponante Ha Opdeit M Espuamka. MbpBocTeneHeH e
obpasa Ha Opdeli. Mpu rpagupaHeto Ha nereHgata, Opden wm
EBpUAMKA NpemMnHaBaT Npe3 HAKOMKO AyLIEBHU CbCTOSHWUA, KOETOo
ce nog4epTaBa Ypes NAacTUYHUA U3Pa3 Ha ONpeaeneHn ABUMKEHNA.
To3u cneunduryeH TaHL, e NpeaBapuTesIHO PeXUCUPaH.

8. MapkemuHa u peknama

OT cCblecTBEHO 3HayeHWe e Tasu apT npoABa Aa 6'b,£l,e
cnogeneHa C ronam Kpbr OT XOpa. Hama orpaHnyeHne BbHB
Bb3pacTTa, o6pa303aTenHaTa creneH Uam nona, TOW e HauyuH 3a
ABYCTPaHHA KOMYHUKaUMA mexay aBTopa W HerosaTta I'Iy6}1l/IKa.
3aToBa ce Hanara Aa ce cb3gaje KamnaHua u aa 6'b,£l,aT N3roTeeHun
CbOTBETHUTE PEKNAMHU MaTepUuann. TakuBa mMaTepuann morat ga
6'b,ﬂ|aTZ nnakaty, 6W16op,q03e, NOKaHW, ANMNNAHU U AP. KaTO MoraT
Aa ce n3non3eat u meaunTe — pagmno U TenesusnA.

3a ToBa CbbUTHE Ca M3rOTBEHM MIAKaT U AUNAAHA, KOUTO AasaT
usyepnatenHa uHopmaLuMa 3a MACTOTO, BPEMETO M AeHA Ha
nposexaaHe Ha nbpdopmaHca.



9. Cv3daeaHe HA peKaaMmHuUme mamepuanu

Mpu nnakata ce wu3nonseat ¢oTorpadpun OT NpPOBEAEHU
NbpPoOpPMaHCKU, KAKTO M MaTepuvannm OT NPOEKTO-CKMuaTa.
Heobxoaumo e pga ce OTpasM MecTOTO, BPEMETO W AeHA Ha
nposexaaHe, HAMMEHOBAHWETO M BUAA Ha CbbUTHeTO.

LiBeTHOCTTa M KOMNO3UUMOHHATA UANOCT Ce peanmsmpar ypes
cooTyep.

fonemnHaTa Ha nnakata e A3 Kato npu 3anasBaHe Ha
dannosete 3a neuyat ce nonssa CMYK rama. PasgenutenHata
CNOCOBHOCT Ha BCAKO M3genune, Koeto Wwe 6bae neyataHo e 300 dpi
(dots per inch). (¢ur. 5)
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@uz. 5 Cv3d0aeaHe Ha naakam 3a 6o0du-apm novpgopmaHca ¢ Adobe
Illlustrator

HeobxoAMMo e BCUMYKM TEKCTOBU 6baaT
npeaBapuTenHo 0bMUCNEHM KaTo:
e pejaKuuA Ha MHPOPMALMOHEH TEKCT
o BUA WpUOT
e ronemuHa
e  uBAT
e  HanpaBeHW B KpWBMK
3a cb3faBaHe Ha AMNAAHATA Ce MO/3BaT KaKTo MACTPauuu oT
OTAENHM MOMEHTU XapaKTepusunpalim 6oamu- apTa, Taka M TEKCT 3a
CblMHATa Ha camuA MbPPOPMaHC, KaKTO M KpaTKa Bepcus Ha
nereHgara.
CodpTyepHUAT MPOAYKT 3a M3roTBAHE Ha Tesu maTtepuanun e
Adobe Photoshop n Adobe lllustrator.
CblLHOCTTA Ha cneuuanusmpaHmsa codTyep npy CbBpemMeHHUTe
M3KYCTBa U AM3aiiHA MOXKe Aa 6bae B ciefHUTE HanpaBieHua:
e npu 0POPMAHETO Ha OKOHYATENHWA BaPUAHT Ha
KOMMO3ULMATA;
. B KOHL,eNTyasiHaTa MPOeKTOo — CKMLa;
. Cb3gaBaHe Ha HeorpaHuyeH 6pon
pelweHus;
. MO3ULMOHMPAHETO Ha MOTUBUTE BbPXYy YOBELIKOTO
TAN0 Npu 6oam-apTa;

noneta Aa

uBeTosuTe

e  yTOYyHABaHe Ha  cCrneuMoMYHUs  MWMaHC  Ha
nepdopmaHca;

. UANOCTHOTO  OGOpMIEHME  Ha  pekfamHuTe
NPOAYKTU.

B cbBpemueto pgmsaiiHepckata paboTa e Hemucauma 6e3
nopbopa Ha WwpudTa U U34MCTBaHE HA MOTMBUTE B boau-apTa.

Cneundukata Ha  cbBpeMeHHUTe  H-M3KycTBa  Hanara
M3M0/13BaHETO Ha CbBPEeMEHHUTE TEXHOJIOMMK, a peanunsaumaTa Ha
peKknameH AuM3aiHEPCKM MPOAYKT e Hemucamma codTyepa -
Hanpumep Kato Adobe Photoshop u Adobe Illustrator.
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