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CEBECTOMHOCT HA ITOJI3BAHETO HA KEJE3OITbTHATA
NHOPACTPYKTYPA

Cumeon CTOAJUHOB!

Cranunciasa KUPUJIOBA?

'karenpa ,,)KenesombTHa Texuuka”, Texuudeckn yuuepcuret - Codust, boirapus
e-mail: simeons@tu-sofia.bg

*O6nactha agmuuaUcTpaims Codus rpaj
e-mail: st mihailova@hotmail.com

Pe3rome: B m3cnenBaneTo ca M3710)KEHH OCHOBHHTE ITOJIOXKEHUS 3a ONpeelsiHe Ha ce0ecTOHOCTTa Ha MOI3BaHE Ha Ke-
ne3ombTHATa HHPpaAcTpykTypa. [Ipeanoxkena e MeToauKa 3a ONpeAeIIHe Ha CTOWHOCTHTE Ha Ta3u cebecroiiHocT. Ha-
MIPaBEHU Ca M3UUCICHUA 32 7 3HAUUMM II0KA3aTEIH IIPH M3II0JI3BAHE HAa €IHOI'BTHA U JABYIbTHA JIMHUA, CBOTBETHO B Ta-
puduuTe x*enezonbTHH yuacThiM Codus-Ilnosnus u [Inosaus-Ceunenrpan. Pesynrature 3a nanenu B rpaduana dpopma

1 € HalIPpaBCH aHaJIM3 U MPCIJIOKCHUA 3a BHEAPSIBaHE.

KiarouoBu gymu: rxene30mbTHa HHPPACTPYKTYpa, ceOeCTOIHOCT, KoedUIMeHT Ha ceDOecTORHOCT, HKeNe30bTeH TapudeH

y4acThK

1. OBIIIA ITOJIOKEHU A

BaxeH emeMeHT B HM3MOJI3BAHETO Ha JKEJIE30-
bTHATA MHOPACTPYKTYpA € pa3MepbT Ha TAKCHUTE 3a
HEHHOTO moj3BaHe. ToBa OT CBOS CTpaHa CHJIHO
BIIUAE€ BBPXY TPAHCIOPTHO-MAHUITYJIALIMOHHUTE
IPOIIECH M B3EMAHETO Ha JIOTMCTUYHHU PCUICHHS 32
OCBIIECTBABAHE Ha TpaHcrmopTHHUTE yciyrd. Cebe-
CTOWHOCTTA Ha MOJI3BaHE Ha JKeJIe30MbTHATA HH(Dpa-
CTPYKTypa JaBa 0a3ara 3a ONpeIeisiHe Ha TaKCHTE
3a NMPEMHUHABAaHE Ha NAJCH YYacTBK OT OTICITHUTE
BHUJIOBE TPAHCIIOPTHH CPEICTBA.

ChIIeBpeMEHHO OCHOBEH NPHHIIUM 33 pa3BUTHE
€ Ch3/1aBaHe Ha PaBHU yCIOBHSA 3a IPEBO3 C Pa3Ind-
HU BUAOBE TPAHCHOPT M M3TPaKIaHE HA KOHKYPEHT-
Ha MKOHOMHYeCKa cpeaa [1,2] mpu ochiiecTBsIBaHE
Ha TPAaHCIOPTHO-MAHMITYJIAIIMOHHUTE MPOIECH 3a
U3I0JI3BaHe Ha Ha3eMHaTa HH(pacTpyKTypa C xeje-
30ITBTEH MJIM aBTOMOOWJICH TPaHCIOPT. XapakTepHa
0COOCHOCT Ha JKEJIe30IBTHUS TPAHCIIOPT € TOBA, Ye
3aIMUHaBaHE U pa3MUHABAaHE Ha JIBEC BO3WIIA B CIHO-
IIBTHUTE KII IMHUHU Y 3aJMUHABaHE Ha JBE BO3WIIA B
JIBYITBTHUTE JKI JMHAU C€ W3BBPIIBA CaMO B pas-
JETHUTE TYHKTOBE (JKENE3OMBTHUTE Tapu), KOETO
TpsiOBa 1a OBIC OTYCTEHO MpPH OIpPEICISTHE Ha Ce-
0eCTOMHOCTTA 3a MOJI3BAHE Ha JKEJIe30IIbTHATA HH(-
pacTpykrypa.

3a ompenensiHe Ha ceOSCTOMHOCTTA 3a MOJ3BaHE
Ha OKelle30IbTHaTa MHPPACTPYKTypa ce Mmpejyiara
Jla ce BbBeIE ,,koe(hUIMEeHT Ha cebecTodHOCT 7.~

H

CroifHOCTTa My Ce OIpeeNs Py CIeAHUTe 0a30BU

YCIIOBUSI:

e Ha 0a3zara Ha pasXomUTE 3a MOJUIbPXKAHE HA
IbTHaTa MH(ppacTpykTypa B pabOTOCIIOCOOHO ChC-
TOSHHE U yCIOBHATA 32 HEHHOTO pa3BUTHE;

e Ha 0a3zara Ha (YHKUIMOHHpaHE Ha WHPPACT-
pYKTypaTa ¢ ONTHMAalHa IPOIyCKaTeIHa BB3MOXK-
HOCT, C OCUT'YPEH paIlliOHaJIeH pe3epB OT MPOIycKa-
TeTHa BB3MOXKHOCT (32 KEJNE30IbTHUS TPaHCIOPT
[3,4,9,15] T2 e B rpanutuTe Ha 25-35%), ¢ OTUNTaHE
Ha MTPEKbCBAHMATA 38 PEMOHT U MOJJIbP)KAHE;

® TIpW IPEABAPUTEIHO ONTHMHU3HpAHE Ha Haii-
BEPOATHA CTPYKTYpa Ha JBM)KCHHE HA TPAHCTIOPTHH-
TE CPEICTBA;

e 3afmaneH TapueH y4acThK.

B 3aBHCHMOCT OT TEXHHYECKUTE W TEXHOJIOTHY-
HH TIapaMeTpH Ha JKeJIe30IbTHaTa MH(pacTpyKTypa
TS MOXKE J]a c€ JEKOMIIO3Mpa Ha OTAETHU €JIeMEHTH,
BCEKH OT KOUTO I0-HATAThK 1l ce Hapuua ,,[apuden
xene3onbTeH yuacTek (TXKVY)”. Ibmxunata My ce
ompezienss OT XOMOICHHOCTTa Ha IOKa3aTelnuTe H.
To3u moxxon naBa BB3MOXKHOCT 3a €AMH IO-ABIBI
Y4acThK OT Ha3eMHa MH(PACTPYKTYpa, 1a UMa pas-
JTU9HA ce0ecTOMHOCT 3a Beeku TKVY.

W3noxeHOTO TyK HM3CleIBaHE € HampaBeHO 3a
olpefeNsiHE Ha pa3Mepa Ha ceOecTOMHOCTTa MOOT-
JICTHO 3a YETHA M HEUETHA IOCOKAa Ha ABWMXKEHHE, a
ChII0 U 000011IeHO 32 jBeTe nmocoku. Koepunnenru-
Te Ha ceOecTOMHOCTTa ca W3CIeIBaHM, KakTo 3a
JIBYITBTHA JKII JIMHUS, TaKka ¥ 3a €IHOITBTHA XKII JIU-
Hus. Ilpuema ce, 4e pa3MepbT Ha TOTUIIHUTE pa3-
xonu 3a ¢pyHkponupane Ha exud TXXY mpu cumer-
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pUYHa CTPYKTypa ce pa3npeAesisiT MOPaBHO 3a ABETE
IIOCOKH Ha JBIKeHHE. JKelne30mbTHUTE BO3WIA
(BMakoBe, JTJOKOMOTHBH, APE3WHH U T.H.), KOUTO CE
newxkatr B TOKY me 6enexnm ¢ JXKB. Te ca cucrema-
TU3WPAHU B JIBE TPYIIH:

e KB, xouro mpemunasar npe3 uenus 1KY
(Tpan3ur);

e KB, kouto mon3Bar camo gact ot TXKV.

Korato B enuH mpeaBapuTenqHO OIpeaeneH Ta-
pudeH ydYacThK OrpaHHYaBAll CIEMEHT OT HEro
(Mexayrapue, CTCCHCHHE Ha BT W T.H.) BIHSC
YYBCTBUTEITHO BBHPXY IMapaMETPUTE HA JBUKCHUC,
TOraBa TO3M Tapu(peH yJaCThK MOXKE YCIOBHO Ja ce
pasriexaa KaTo ChCTaBEeH OT JBa HE3aBHCHMU clle-
MeHTa win 3a JKB, KOWTo mpeMuHaBat mpe3 orpaHu-
YyaBamus eJIeMEHT Ja Ce M3MOJ3BaT CMECeH KpHTe-
PHH OT HAKOJIKO (hakTopa.

[Ipu n3nokeHata MOCTaHOBKA pa3MephT Ha Tro-
TUITHUTE pa3xonu [ BBPXY KOUTO TpsIOBa aa ce

muy 2
Oorpeaciia cebecTOHOCTTa MOKE Ja CC MpeACTaBAT B
napaMeTpuicH BU IO CICAHUA HAYNH:

n,, =R, (Tp,V;,qg)JrRme(Tp%,qg)+
+R, +R, —R,

, J16./200.

M
KBIETO R, (Tp,Vg,qB) u RW,(TP,Vg,qB) ca ChOTB.

TOAMIIHUTE Pa3XOIH 3a aMOPTHU3ALIOHHU OTYHCIIE-
HUSI, BKJI. 32 OCHOBEH PEMOHT Ha TIOCTOSIHHHUTE ChO-
pexenus Ha TXKY (xenme3eH bT, rapu, COUPKH, TA-
rOBa EJIEKTPUYEcKa MpeXa, OCUTypHUTEIHA WHCTalla-
LUsl, WHCTaNalMs 3a AWUCIEYEPCKO YIPaBICHHE H
Jp.) ¥ TOAUIIHUTE PAa3XOAX 33 TEXHUUIECKA EKCIIIoa-
Tays (TEKYLUIM U aBapUHHU PEMOHTH) Ha IOCTOSH-
HUTe chopbkeHus Ha TXKVY (kenmeseH meT, rapw,
CIHMPKH, TSITOBa €JIEKTPUUECKa Mpexa, OCUTYPHUTEN-
Ha MHCTAJAlMs, WHCTANAlMs 3a JUCIIEYEPCKO YII-
paBiieHre u ap.). Pasxoamte 3aBucAT oT Tpaduka
T,, OT CKOPOCTTA Ha JABIKCHHC Ha Bo3wnaral, u
OT CTaTHYHOTO HAaTOBapBaHE Ha IIBTSA OT BO3WJIATA
q, , 16./200.; R, - ropuIHuTe pa3xonu 3a eHeprusd,
HeoOxoaumu 3a (yHKuMoHHpaHeto Ha TXKY (oc-
BETJICHUE, OCUTYPUTEIHH WHCTAJIAIMY, BEHTHIIAINS
U Ip., 18./200.; R, - TOAUIIHUTE Pa3XoIy 3a 3aIlIaTH
Ha CIY)XHTEJIUTE, KOMTO OCHIYpsSBaT OINTHMAIIHO
¢ynkupronupane Ha TXKY, BKI. U 3a ynpaBieHue Ha
JBIXKEHUETO, 16./200.; R, - nbpxaBHaTa cyOcHaus

3a MoJAbpKaHe Ha (YHKIMOHMWPAHETO HA ITbTHATA

nHdpacrpykrypa B TXKY, ¢ uen ocurypsiBane Ha mna-
3apHM MKOHOMHMYECKH OTHOIICHHS B IPEBO3UTE Ha
TOBApH U X0Pa, /16./200.

Tyxk He ca oTueTeHu pasxoaute R, KOUTO ce

oc ?
HOopakAaT OT 3aMbpCsIBaHE Ha OKOJIHATa cpefa OT
XB.

Pa3smepsT Ha cebecroliHOCTTa TpsiOBa Ja OTpa-
3s51Ba y4acTHETO Ha IIPEeBO3Baya B KOHCYMHUPAHETO Ha
pasxoxawure, mocoueHH B (1). CpieBpeMeHHO TpsOBa
Jla ce UMa peJBHI, Ye XapaKTepPUCTUKATa Ha JaJieH
NPEBO3 MMa PAa3IMYHO OTHOLICHHE W TEXKECT KbM Ta-
31 KOHCYMaLHsl.

2. OIIPEJEJISTHE HA CEBECTOMHOCTTA
HA ITOJI3BBAHE HA KEJIE3OITBTHATA
NHO®PACTPYKTYPA

2.1. MeToauka 3a onpeje/jsiHe Ha ce0ecTOHOCT-
TA HA MOJI3BaHE HA JKeJIe30MbTHATA MHPPACTPYK-
Typa

B wu3nbiHEHHE HAa 3aKOHA 3a JKEJIE30IBTHHUS
TpancnopT Hanumonannata xommanus “YKene3omst-
Ha MH}pacTpyKTypa” € 000coOeHa caMOCTOsTEIHA
CTPYKTYpHa equHUIA. T OCUTYpsIBa MOIIBPIKAHETO
Y U3MOJ3BAaHETO Ha XKEIE30IbTHATA MH(PPACTPYKTY-
para. XenezonmbTHaTa MHPPACTPYKTYpa MBK € 3a
MyOJIMYHO MOJI3BaHE OT MPEBO3BAYH B YCIOBHSATA HA
nmasapHa cpena. ToBa U3WCKBA, IPU ONpEACIIHE Ha
pa3Mepa Ha ce0EeCTOMHOCTTA 3a MOJ3BAaHE Ha JKele-
30MbTHATA MHPPACTPYKTYpPA J]a C€ OTYUTAT HAKOIKO
OCHOBHH TIOJIOXKEHHSI: XapaKTEPUCTHKATa Ha JKelle-
30IbTHUS TIPEBO3; Ch3/IaBaHE HA YCIIOBHUS 32 KOPEK-
THa KOHKYPEHTHA Cpe/ia, KaKTO MEKIY KEJIC30MbT-
HUTE MPEBO3BaYM, Taka U MEKIY BHUIOBETE TPAHC-
mopT (OCHOBHO aBTOMOOWITHUS); Abp:KaBHATA TOJIH-
THKa B pa3BUTHETO Ha EjuMHHaTa TpaHCIOpTHA CHC-
Tema.

W3znoxxeHute MO-rope TMOCTAHOBKU H3UCKBAT
BCEKH MPEBO3Bay Ja IUIAllla caMo yclyrara, KOSITO
nmon3ea. JIpyrara excrjioaTaoHHa ASHHOCT TpIOBa
Jla ce 3aruiaia, camo Koraro ce noissa. ChlieBpe-
MEHHO TIPH HEIM'bJIHO M3MOJI3BAHE HAa MPOITyCKaTel-
HaTa BB3MOXKHOCT Ha JKEJIe30IIbTHATA WH(PACTPYK-
Typa (KaKBOTO € CEraiiHOTO ChCTOsIHME), TpsiOBa Ja
Ce pelId CTPATeTHUCCKH, Al HEIOCTUT'BT Ha CPe/-
CTBa 3a MOJIbpXKaHe Ha HH(ppacTpykTypaTa B pado-
TOCHOCOOHO CBHCTOSIHUE III€ C€ OCUTYpsiBa 4Ype3 I10-
BHIIIABAHE HA TAKCHTE 3a IOJI3BAHE WUIM 4pe3 Ibp-
JKaBHA CyOCHIIUS 32 ONPEICIICH MEPUO]I.
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[Tpunaranure MOHACTOSAIIEM TaKCH 3a IOJI3BaHE
Ha >Kele3ombTHaTa MHPpacTpykrypa y Hac [10] ca
W3TpajicHH BBPXY MaTeMaTH4YeH MOJEN, KOWTO MMa
HSKOM HECHhBBPIUICHCTBA [5,7], W3passBamu ce B
CJICTHOTO:

e Takcure He ca OIPENENICHU B 3aBUCHMOCT OT
PEATHOTO M3IOJ3BaHe Ha HHPPACTPYKTYpaTa;

e CrIlecTByBa pasrpaHUyeHHE MEXIy MOCTO-
AHHU W NOPOMCHJIIMBHU Ppa3xoJid, HO HE CC OLCHABAT
MapruHajJHUTE OOLIECTBEHM pa3XOoAW 3a KeJe3o-
IIbTHA HHPACTPYKTYPa;

Ha nuie e HecraOWiHOCT Ha KOeHIMEHTa Ha
eNACTHYHOCT, Thil KaTo € NpHeT Ha 0a3aTa Ha JBEro-
JMIICH NEPHOJ, JOKATO B TEOPETHYHUTE ITOCTAHOB-
KU TOM TpsiOBa Ja ce OCHOBaBa HA MUHUMAJICH HIEpH-
on ot 10-15 roguau. ToBa mopaxna HeCTaOMITHOCT
U IIPU ONpeAeNsHe Ha MaprHHAIHUTE Pa3XOad U Ha
CTOMHOCTUTE Ha KOC(HUUUEHTHTE B H3IOJI3BAHUA
MaTeéMaTu4€H MOJCI U CBUICBPEMCHHO BKJIIOYBa U
HECAOCTATBIUTE OT MPEAXOAHUTE 2 T'OOUHU.

Tyk ce npeyiara MeToiMKa 1 MaTeMaTuieH Mo-
JIeTI 32 Olpe/ieNsIHe Ha ce0eCTOMHOCTTa Ha T0JI3BaHe
Ha JKeJle30IIbTHaTa MHYPACTPYKTYpa, Upe3 OTUUTAHE
Ha peayHd Pa3XOoAM OT MPEAXOAHHU MEPHOAN WM Ha
npenBuacHN Obaemm pasxoau. Ts ce ocHOBaBa Ha
Oazara Ha MakcmuMaieH rpaduk 3a TXKY mpu Haii-
BeposiTHa cTpyKTypa Ha JKB B Hero.

ITpn oTuMTaHEe Ha TOPEU3IOXKEHOTO 3a OIpele-
nsiHe Ha ce0ecTOHOCTTa Ha MOJI3BAaHE Ha JKEJIe30-
I'bTHAaTa MHPPACTPYKTYpa HAMA J]a Ce BKIIFOUBAT:

® U3IpHKKaTa Ha Pa3NpeaeuTeTHUTE TapH, TO-
BapHHUTE rapy, UHIYCTPUAJIHUTE KJIOHOBE M Jp., KO-
UTO ca O0EKT Ha JONBJIHUTEIHA EKCIUIOaTallOHHA
JIEHHOCT;

® pa3xoauTe, KOUTO CE€ MPABAT 33 TSITOBU HYX-
1 ot JKB;

® pa3sXomWTe 3a HM3BBPIIBAaHE Ha MAaHEBpPCHA
JeHHOCT 3a BIakooOpasyBaHe, 3a IIOJaBaHE W W3-
BaXK[]aHE Ha/OT TOBApPHO-PAa3TOBAapHUTE (POHTOBE,
HWHAYCTPUAIIHU KIOHOBE U Ap. TOHO0OHH (Te ca 00eKT
Ha JOI'BbJIHUTEHA SKCIUI0AaTallMOHHA JIeHHOCT);

[TpensnoxxeHu ca ceaeM 3HaAYMMU TOKa3aTey, 3a
KOUTO € M3BBPUICHO HU3CJICABAHETO. Tsaxnoro Baus-
HUE 1IIe ce 0Tpa3siBa 4pe3 KoeHUIUEeHTHTE Ha cebec-
TOMHOCT 7, , @ UMEHHO:

e Bapuant 1:k — OTunTane Ha nmpeOUBaBaHETO

Ha J)KB B T)XKY B nBmxkenue, 0e3 ga ce BKIIOYBA
MIPECTOs My B TapuTe;

e Bapuant 2:x — OTtunTane Ha npeOMBaBaHETO
Ha JKB B TXXY B aBmkeHue, Karo ce BKIIOYBA U
MIPECTOsI My B TapuTe;

e Bapuanr 3k - Otuntane Ha OPYTOTOHKUIIO-
MeTpoBara pabota Ha JKB B TXKY;

e Bapuant 4k - OTunTane Ha BO3MIOKMIO-
MeTpoBarta (BIaKKWJIOMeTpoBara) padora Ha KB B
TXKY;

e Bapuanr Sx - OTunTaHe Ha OCKMIIOMETPOBa-
Ta pabora Ha J)KB B TXKY;

e Bapmnanr 6:x - Oruntane Ha npeOUBaBaHETO
Ha KB B TXKY;

e Bapuant 7x - OTuntaHe Ha IpeOUBABAHETO
Ha JKB B TXXYVY, oT4ereHO B Oposi HA OCHTE UM.

Ha ¢ur. 1 e moka3aHa mpuHIMITHATA CXeMa Ha
eauH TOKY oT eqHONBTHA JKeNe30bTHA JIMHUS, a Ha
¢ur. 2 — npunnunHata cxema Ha enuH TXY or
JIBYITBTHA XKEJIC30ITbTHA JIMHUS, 38 KOUTO € U3TPajicH
Mmarema [lpu onpeznensHe Ha KOe(UIMEHTUTE HA Ce-
OecTOMHOCT 1e OBJAT M3MOJ3BAHH CIIEIHUTE CHUM-
BOJIH:

L,,, ¢ nemxunara vHa TXKY, km; J, - Gposr Ha
kareropuute Ha KB, xouro mnomsar TXKY -
(j=12..J,), 6p.; K, - OpoAT Ha BXOIHUTE OTK-
noneHus 3a TOXKY (Bki. HavanHaTa M KpaifHaTa TOY-
ku Ha TXKY)(k=12..K ), 6p.; M, - 6posT Ha
u3XoaHuTe OTKIIOHeHMs 32 TXKY (BKj. HadamHaTa H
kpaiiHata Touku Ha TXY)-(m=L2...M ), 6p.;
[Tpuema ce, ye OposT Ha BXOAHUTE OTKIOHEHHS B
pasrnexxnarus TOKY e paBeH Ha Opost Ha U3XOHUTE
otkioHeHus B cpmust TXKY, 1e. K, =M

N N

oncu; km > =Y oren; km

aHe 2

- Oposat Ha JKB ot j-Ta Kareropws,

KOWUTO TMOJd3BaT mpe3 enHo aeHoHomme TXKY ot
BXOJHO OTKJIOHEHHE k 0 M3XOJHO OTKJIOHEHHUE 1,
CBOTB. B YETHO HAIIpaBJICHHE U B HEYETHO HaIpaB-
JICHHE, JIC6./0€CH.;

L L - IbJDKAHATA Ha Pa3CTOSTHUETO, KOETO

B
el Jkm HCH Jkm

n3MuHaBa efHo JKB ot j-Ta kareropus, Korato moJi-
38a TOKVY oT BXOOHO OTKJIOHEHHE k 1O M3XOIHO OTK-
JIOHEHHUE 7, ChOTBETHO B YETHO M HEYETHO HAIIPaB-
JieHue, km;

IMpuemar ce cnennure ycinosus: Koraro k=1 nu
m=M, UIH k=K, u

=L =L opu (j=1,2..J,.);

- - B
HCH ‘morcy

m=1, TO

E™
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k=3
m=3

k=4 .....
m=4 ....

k=K,-2
m=M,,-2

A, b - HauanHa u KkpaiiHa Touka Ha TOKY

| - €THOITHTHA KIT JIHHHS
— - BXOJHO-U3XO0JIHO OTKI0oHeHHe 3a TOKY
A - pa3eseH MyHKT

¢ur.1 Tapuden xene30nbTeH y4acTbK OT €HOM'BTHA HKIT JIMHUS

A, b - HauanHa u xpaiina Touka Ha TOKY

 —

- HCUCTHO HAIIpaBJICHUC

¢ur.2 TapudeH jxene30bTeH yIacThK OT ABYIIBTHA XKIT JINHUS

kouto noi3sar 12KV ot BXomHo oTkinoHeHue k 1o

<= - yeTHO HarpaBJICHUE
=0 - BXOJHO-M3X0IHO OTKJI0oHeHHe 3a TOXKY
A - pa3zeneH MyHKT
Korato k=m, ™0 L, =L, =0un N, =

Jkm " Jkm - Jkm

N o= 0 mpu(j=12.J,).

JHCH

- CpeaHaTa TCXHUYCCKa CKOPOCT, C KO-

s Vi,
ey ICH

siTo ce kM eaHo KB ot j-ta kareropus npu noi-
3Bade Ha TOKY oT BXOIHO OTKJIIOHEHHE k HO M3XOJ-

HO OTKJIOHEHHE 71, ChbOTBETHO B YETHO U HEYETHO
Hanpasnenue, km/h; k" - KOG(UIMEHTHT Ha U3-

NOJI3BaHE Ha MpPOIYyCKaTeJHAaTa BB3MOXKHOCT Ha
TXKY. Pequna nicnensanus [3,4,9,15] npenoprusar

3a ONTHMMAalHA CTOHHOCT Ha k.. Ja ce IpueMma

croitaoct 0.65-0.75, koegh.; k' - koedueHTHT HA

pe3epB OT mpomyckarenHa Bb3MOxHocT Ha TXKVY
pes __ usn .

(kmc =1 _ka/c )’ KO@d)., Q;»cu/km > Q;»crt‘,,cm -

Maca Ha eqHo JKB (BKJI. ¥ TErJIOTO Ha JIOKOMOTHBA)
oT j-Ta Kareropusi, kouto nonssat TXKY oT BxoaHO
OTKJIOHEHHUE k IO M3XOTHO OTKJIOHEHHE M, ChOTB. B

OpyTHaTa

YETHO M HEYETHO HANPABICHHE, I} Ny, ., Mg -
Jkm Jkm

OposiT Ha ocute Ha enHo JXB ot j-ta Kkareropwus,

W3XOIHO OTKJIOHEHHE /M, ChOTB. B YETHO M HEUETHO
HarpaslieHue, Op.;

[To-nomy € n3noxeH NOAXObT 3a ONpECIsIHE Ha
cebecroiiHOCcTTa Ipu mon3BaHe Ha TXKY 3a xapax-
TEpHUTE BapHaHTH 1k U 3K.

BAPHUAHT 1:x
OtuurtaHe Ha npeduBaBaHeTo Ha KB B T/KY
B ABHIKEHMeE, 0e3 1a ce BKJIIOYBA NMPECTOsI My

B rapure
OO6mraTa 3aeTocT mpe3 eIHO JCHOHOIINE Ha MEXK-
nyrapusita Ha TXKVY e
Ju Kue My N L
_ 2 ik
(TR 3) 3) S VRG)
Jj=1 k=1 m=1 V”“’ka
Joe K Mye N L
_ MM i My
T, = Z v , h/oen.
Jj=1 k=1 m=1 way
kpaeroll, ., T1,, ca oOmara NpoabKUTEIHOCT

Ha 3aeTocTTa Ha Mexayrapusta Ha TXKVY 3a enno
neHoHomue ot Bcuuku JKB B paBmkenue (6e3 ma ce
OTYHTA MPECTOs B rapyTe) MPH MAaKCHUMaleH rpaduk
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Ha JIBM)KEHHE, CHOTBETHO B YCTHO M B HEUETHO HAIl-
paBienue, h/OeH.

Koedpunuenture Ha ceOeCTORHOCT ce H3UMCIS-
BaT IO CIIEIHHS HAYMH:

rl,, = M , 16./h (3)
T 365K T
rl,, = L n6./h n
23654 T1_
Vl:: — Hmmcy ’ 6./l
36557 (T1. +T1_

KbAETO 1l rl, u rl) ca koedunueHTHTE Ha Ce-

ey 2 JICH

OecTOMfHOCT NpM OTYMTAaHE CaMO Ha 3aeTOCTTa Ha
mexayrapuara or JKB B nBuxkeHHE, CHOTBETHO B
YEeTHO, HEYETHO M OO0 3a JBEeTe HampaBICHUS,
ne./h;

Torasa
qu/l{m
Rl =rl,.——", 718./1C8. “4)
HCH 1y
L'”CH/’km
Rl =r1M.V— , 16./01C6. 1
HH jem
n e
R =rlli.—" 18./o1ce.,
Jkm

HCH j o

kppero: Rl ,Rl . ,RI) R e cebecroii-

Jkm JHeH Jkm Jkm Jkm

HocTTa npu noszBade Ha TXKY ot egno KB or j-ta
kareropus, koraro noszBa ToKY or BXomHO OTKIIO-
HEHHEe Kk 10 M3XOJHO OTKJIIOHEHHE 7, CbOTBETHO B
YETHO HaIpaBlICHHE W HEYETHO HaIlpaBJICHUE WU
001110 3a ABETE HAINPABIICHUS, J16./J#C8.

BAPUAHT 3:x
OTtuuTaHe Ha OPYTOTOHKHJIOMETPOBaTa padoTa
Ha KB B T/KY
Oobmara OpyTHa TOHKWIOMeTpoBa padora Ha JXKB
npu aBwxkeHueTo uM B TXKY ce onpenens no:

Joe Koe M

OF. =33 3.0u, Mo, Lo,

j=1 k=1 m=1

km/oen. (5)

(.

&

K, M

e Mo

2 O Noww Ly s
HH i ik Mk

k=1 m=1

t.km/oen. (6)

~.
I

ij:m = Qf:u + Qﬁrflt 2 L km/aeH (7)

0]
Tyk Qm, Qm, Q' ca obmara OpyTHa TOHKUIH-

MeTpoBa pabota Ha Bcruku JKB 3a enHO neHOHOIIHE
pu non3Bane Ha TXKY, ChOTB. B 4€THO M HEUETHO
HAalpaBJIeHUe, a ChIO Taka OOLIO 3a JBETE HAIpaB-
nenus, t.km/oen.

OTTyk KoeduIeHTHTE Ha ceOecTOHHOCT ca:

UIMJI(
r3,., = —us;: , 16./t.km (®)
2.365.k".0%
llm,
r3,., = —m}zw n6./t.km
2'365'k3!c 'QJICH
llmm'
3 = — '6; > 16./Lkm
365'k3/c '(Qo/w + DM‘H)
kwaero: r3,. .73, ., ¥3,. Ca KoepUIUEHTUTE Ha

ce0ecTOMHOCT 3a M3BBpIICHATa OpPYTOTOHKHIOMET-
poa pabora Ha XXB B TXXYVY, ChOTBETHO B UETHO,
HEYeTHO U 0010 3a ABETEe HAIIPaBIICHHUS, 18./t. km.
OTunTalK1 TOPEU3I0KEeHOTO 3a efaHo JKB (Biak,
H30JIMPaH JIOKOMOTHB) MOXKE Ja C€ ONpeaeH

R3Jn'ltjm = r39«'u'QM'u/m 'Lm'rt/km 4 ,/'l8,/6]l_ (9)
R3MIM =r3m.”.QM,”/m .LM]_M , 18./811.;
one _ )
R3] = r3_m.Qmm .Lm/km , 18./6]1.,
xne —
R3] = r39M.lekm .Lm“m , 118./611.

,R3 , R3X

N Yy 2
HCH jom  jkm

KbaeTo: R3 R3  ca cebecroii-

KM im e

HOCTTa TIPH NOJI3BaHEe Ha MH(PPACTPYKTypaTa OT el-
Ho JKB oT j-Ta kareropus Npu NMpeMUHABAHE TMpe3
TXKVY or BXOIHO OTKJIOHEHHE k OO U3XOIHO OTKIIO-
HEHHE M, CbOTBETHO B YETHO HAIIPaBJICHUE U B He-
YETHO HAIPAaBIICHHE, a TaKa ChIIO U HE3aBUCHUMO B
KaKBO HAIlpaBIICHUE CE IBUXKH, J18./6]L.

2.2. YncjieH eKciepUMEHT M aHAJIN3

[IpoBeneH e YuCiieH €KCIEPUMEHT C TPeIoxKe-
HaTa METOJWKA, KOETO II03BOJIM J1a Ce aHaJIHU3Hpa
BIMSHUETO Ha OTAETHUTEe KpuTepuu. Kato 6azoBa
OCHOBa ca mpueTH ABYHNbTHHS y4acThK Codusi—
[InoBmuB ¥ enHONBTHHS y4yacTbk [l1oBAMB—
Csuunienrpaj. M3non3Banu ca JeHCTBUTETHUTE UKO-
HOoMUueckH nokaszarenu 3a 2010 r. u pa3paboTeHUST
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rpauK Ha JBIDKEHHE Ha BIIAKOBETE 3a ChIaTa ro-
muHa [11,12,13,14].

B rpadwuka 3a aBmkeHHE 1O JBaTa ydacThKa ca
punrouern 10 Buga JXKB: MexayHapoaeH Obp3 Biak
cesoneH (MBB ce3onnn); MexnyHaponeH Obp3
Bnak exenaHeBeH (MBB exenHeBHu), bwup3 Biak
(bB); ITprauuecku Bnak (IIB); Kpaiirpaacku mb-
nuuecku Binak (KIIB); MexayHaponeH AMpeKTeH
toBapeH Biak (M/ITB); Jlupekren ToBapeH Biak
(TB); Jlokanen toBapen Bnak (JITB); ManeBpen
Bi1ak (MB); U3onupan noxomotus (M13J1).

Wzuncnenusara ca HarpaBeHW NPU H3II0JI3BaHE
Ha 70% OT MaKCHMaJHATa MPOIYCKAaTEIHA BB3MOXK-
HOCT 32 BCEKH y4JacTbhK, KOETO ChCTOSHHE, KAKTO O¢
oTOens3aHO0, Cce  TpHeMa 33  ONTHMAJIHO
[11,12,16,14]. IIpu mo-ronsMa CTOMHOCT pa3xoauTe
ot mpecroi Ha KB B pesynarar Ha HanuyHaTa He-
JEepMUHHPAHOCT Ha mporeca. CHIIEBPEMEHHO ca
MPOBEJICHU M3YHCIICHUsI, KOUTO J]a MOKaXaT, KaKea €
CTOMHOCTTA Ha ceOecToHOCTTa, yBenndeHa ¢ 10% u
20%, xoeTo faBa BH3MOXKHOCT Jla C€ pealn3upar Ie-
yanou 10 20%.

CR € IpeACTaBeHa aKTyalHaTa Takca 3a

HKKH
NOJI3BaHe Ha xkeje3onbTHaTa uHppacTpykrypa [10].
[To-momy ca moka3aHu HSIKOM XapaKTEPHU PE3yITaTH
OT M3CJIEIBAHETO.

Ha ¢wur.3 no ¢ur.10 ca nokazaHu xapakTepHH
pesynaratu 3a TXY Codus-ITnoaus u Ilnosaus-
CBuiteHrpaj mpH IUIOCTHO (TPaH3UT) M YAaCTUYHO
m3nomsane Ha TXKY. Ha ¢ur.4 e nokazano yBenu-
yeHHeTo Ha cebecroiinoctra ¢ 20%, ¢ KoeTo aa ce
OCHTYpH HeoOXoImMaTa Iedanda U BB3MOXKHOCT 32
M3pa3siBaHe Ha CTpaTErHdYecKa IMOJUTHKA.

Codms-MnoBmB - BB - TpaHauT
Yeennsene 20%  Kuan=0,7

Codms-Mnosaws - ATB - Tpanaut
Yeennsenme 0%  Kuan =07

2w 8

S S ™

fw 3w

Sa 5w

Ew 2 0w

S 0

L W% I 4k 5k Bk Th Reow

BAPYAHT BAPUAHT
¢wr. 3 ¢ur. 4

Codms-Tnosaws - BB - TpanauT
Yeenusenne 0%  Kusn=07

Cods-nosaws - MATB - TpaksnT
Yeenudenve 0%  Kusn.0,7

CeGectoinoct.nefxs

kS 4K £ L T Reom
BAPYAHT BAPYUAHT

¢wur. 5

Mnoawe-Caunerrpap - MATB - Tpanaut Codps-Mnogpws - NTB- uacr. uanonssare Ka TXY
Yeennvenne 0% Kusn =07 Yeenwenne 0% Kuan =07
A0
H =5
= 0
g B
z =i}
e 2
S m o1
S By
0 o
KoKW K K K K Rew Woon o w4 & &k Raw
BAPYAHT BAPYAHT
¢wur. 7 ¢wur. 8
CO®MA-Mnoawe - MB - yacr. uanonasane Ha TKY Mnoave-Ceunerrpan-MATB-acr. winonssase va THY
Yeenuyerme 0% Kuan=0,7 Yeenuvenne 0% Kuan=0,7
=1 — - g
= i
: gm
20 )
S ﬂ l Sw
o | 0
w x 3 & Sk [ ™ Raomt * x kS £ L3 L T Reow
BAPHAHT BAPHAHT
¢wur. 9 ¢wur. 10

Ha ¢ur.11 mo ¢wur.18 ca moka3zaHu BIHSIHHUETO
Ha OCHOBHHM ITOKA3aTeN Ha BIAKOBETE BBHPXY cebec-
ToiHOCTTa Ha moi3BaHe Ha TOXKVY, cpaBHEHO C aKTy-
ayHaTa MHPPACTPYKTypHA TaKca.

Codpusa-Tinosaus - MB - yacT uanonasae Ha THY
BapwanT 3k Yeenuverme 0% Len =102,8 km
Kuan=07

il

150 N0 450 60 750 0 1080

Codpus-Tlnoeaus - B - TpaauT - Bapiant 3x
Yaenusenne 0% Len=1558kn  Kuan=0,7

500+

5 8 8
s3888Y

Bl

CeGecroinocTa,nalen
CeGectoinocTna/en

03
R

00 N0 450 60 TS0 90 1050

Bpyma waca Hasnaka, t Bpymanaca vasnaa,
¢wur. 11 ¢wur. 12
Mnoswe-Cannesrpan - T8 - pasur- Baphanr inosawe-Cannenrpad - ITB - vact. Manoraaase Ha THY
Yeenusenne0% Lan.=1435km  Kuan7 Baphant Ik
Yoenwene 0% Lon=z3km Knan.07
12004
H] 5w
a1y S
£ a0y s
g w g0
z )
S . 20 Ao
o an L 2
$5 P
0 W & 0 T a0 150 a0 450 LON ) w0 1080
Bpyna uacawasnaca Bpyma uacava snaca,{
¢wur. 13 ¢wr. 14
Codyus-Mnosaus - [ITB - TpaHsuT - BapaHT 3K CodpA-NInosaws - ATB -uactuanonsgaHe Ha THY
Yeenwienme0%  Lon=1558km Kuan07 Bapanr3x
Yeenuuenwe 10% Len=393km  Kusn.07
1200 3007
S H
S 2 ol
= o
5 L 5 B Rax
S P S -
° o 100
g w S 5
s, s,
W w0 T W 150 300 450 600 750 900 1050
Bpyma uaca va s, Bpyma wacawa snara,{
¢ur. 15 ¢ur. 16
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Codps-Tnosawe - ATB - yacr wanonawase va TRY
BapuanT 3K
Yeennsenne0% Qan=1000t Knn=07

Cocpu-Nnosaus - T8 - awaur- Baphanr 3%
Yoenusenne0% Qen=1000t Kuan=07
1400
1200
1000

s 10

2 1000
0
035

ot ot

0 0
20 40 60 80 100 120 140 160
TpaHCOpTHO paiCrOs ke Ha Braka, K

¢wur. 17

CebectoiHocr ne./en

20 40 60 8 100 120 140 160
TpaHCNOpTHO ASCTOS HHe Ha Bnaka

¢wur. 18

Ha ¢wur.19 no ¢ur.22 ca moka3zaHu BIHUSHUETO
Ha CTermeHTa Ha u3noi3BaHe Ha TXKY Bwpxy cebec-
TOWHOCTTAa Ha HEHHOTO moy3BaHe R3oc=f(Kusn),
CPaBHEHO C aKTyallHaTa HHPPACTPYKTYypHA TaKca.

Codpa-flnosau - B - wacr. wsnonseae Ha THY.
Bapuantx
Yeennvenne0% Q=120t Len=1028km
o3

Copus-fnosans - 1B - TpaauT- Bapant 3x
Yeendenne0% Q=120t Len=1558km

@ RuomKien=036

CeGecroinoct.nelen

01 02 03 04 05 06 07 08 09 01 02 03 04 05 0§ 07 08 09

KoepuentHasnonssane Ha XY, koed.

¢wur. 19

KopuvesTananongaae a THY, 102D

¢wur. 20

nosawe-Camnestpa -8 - o Baphasr 3 Mnospwe-Camnerrpas - BB - wact. uanonssare Ha TKY

Vaenwsenne0% Q=120t LentdiSkm BaphanrIx
Vaenwiewe0ts Gt Lon=Tighn

Cebecroinoct,
Cebectoiinoct,

0
01 02 03 04 05 06 07 08 09
Ko e wanonasae a TXY, ko

01 02 03 04 05 06 07 08 09

KoedpmupenT wa wanonasane wa TKY, woegp.

¢uwr. 22

¢wr. 21

TpsiOBa ma ce ¥MMa MpeaBUI, Y€ B MOCOYCHUTE
rpa@uyuHy 3aBUCUMOCTH HE Ca OTYETEHH DPA3KOTO
MOKaYBaHE Ha Pa3XOJUTe B Pe3ysiTaT Ha HapacTBaHE
Ha npecroute Ha KB, mopomeHu OT CTOXaCTHYHHUS
XapakTep Ha TPAHCIOPTHUS MPOIIEC.

[TocodeHoTO MO-rOpe MO3BOJIABA Ja CE HAIpa-
BST CJIEHUTE OCHOBHH M3BOU:

o [Ipu OTHOCUTETHO €IHAKBO IpeOMBaBaHE Ha
pa3IMYHUTE KAaTETOPHH BIIAKOBE CE€ W3IIONI3BAT pas-
JTUYHU Tapu(OHU TaKCH;

e CeOeCcTOMHOCTTA HA IIOJI3BAHE HA €OHOIIBTEH
u nymbTeH TXKY e umpeHTHYHa, KOETO € pe3ynTar
Ha pa3IMyHaTa MaKCHMAalHa IPOITyCKaTelHa Bb3-
MOJKHOCT;,

o [IbTHUYECKUTE BJIAKOBE Ca C Mayika OpyTHa
Maca ¥ UMatr Majika TapuHa Takca, a ChIICBpEMEH-

HO 3aemar TXXVY KOJKOTO ocTaHamuTe KaTeropuu
BIIAKOBE;

e [lpmraranata Tapuda OCHUTypsiBa MOKpHUBAHE
Ha Pa3XOIUTE 3a ITOJI3BaHE HA JKEJe30ITbTHATa HH(]-
pactpykrypa B nBynbtHHS TXKY Codus-Ilnoaus
JIOpH TIpH u3Mon3BaHe Ha 36% OT MakcUMaHaTa My
MpOIyCKaTelIHa BB3MOXKHOCT, a 3a €IHOI'BTHHUA
TXY IInosnus-CBuiieHrpan Npu H3MON3BaHE Ha
50% oT MakcHUMaJHaTa MpOIMyCcKaTeIHa Bb3MOKHOCT
ocurypsiea 83% mo0-rojgeMu OpUXoau OT Pa3xoquTe
3a ekcrmroaranus Ha TXKVY;

e [lemecro0pa3Ho € MpU ONpeeiIsTHE Ha TaKCH-
Te 3a noii3Bade Ha T)KVY ma ce m3mossBa gocerari-
HUSI KpUTEpUH ,,TOHKHJIOMETPOBa padoTa”, KakTo 3a
€IHOITbTHA JIMHUSA, TaKa W 3a OBYIIbTHA JHHUA. Chb-
I0TO BakW KakTo 3a JKB, mpeMuHaBamy mpes Iie-
s TXKY, taka u 3a )KB, KOUTO MOJI3BAT YaCTUYHO
TXKVY. To3u mokaszaTtes mo3BOJIIBA Ja C€ OTUMTAT U
JBa npyru (hakTopa Ha MOJ3BaHE HA JKEJIe30IIbTHATA
HHPPACTPYKTYpa — CKOPOCT Ha JBHIKCHHUE U CTATHY-
HO HAaTOBapBaHe Ha KeJIe3HUS IIbT;

e [Ipu um3vepmBaHe HAa MPOIyCKATEeIHATA Bb3-
MoxkHocT Ha TOXXY B orpaHmyaBamy yd4acTbLH
(Mexayrapus) e nenecboopasno 3a KB, kouro npe-
MHHABAT Tpe3 TAX Ja Ce M3IONI3Ba Tapuda, OCHOBA-
Ha Ha MOBEYE OT CIWH KPUTEPU — HAIIPUMED ,,TOH-
KHJoMeTpoBa pabota” u ,,npebuBaBane Ha KB B
NBIDKEHHE

o Kpurepunre 1k, 2k 1 4k HE ca TMOIXOIAIIN
3a MPUIIOKEHUE TIPU MBTHUYECKUTE BIAKOBE, KOTATO
Te ca ¢ Majika OpyTHa Maca;

e ToBapHUTEe BJIaKoBe ¢ TrojisiMa OpyTHa Maca
OCHTYpSIBAaT Majka Cce0ECTOMHOCT 3a MOJ3BaHE Ha
JKeNe30mbTHATa HHPPaACTPYKTypa;

e Kpurepuu 6 1 7 ca NOIAXOISAIIM 32 JOMbJI-
HUTETHa WHOOPMAITHS TP OIpeeisTHe Ha H3II03-
BaHeTo Ha TXKVY;

e 3a BlIaKoBe, KOUTO UMAT TOJSIMO TPAHCIIOPT-
HO pa3cTosiHHMe, Tapudara 3a NMpeBo3 B aOCONIOTHA
CTOMHOCT CIIPSIMO ce0eCTOMHOCTTa HapacTBa 3HAYH-
tenHo. CriioTo ce otHacs u 3a KIIB.
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THE COST OF USING RAILWAY INFRASTRUCTURE

Simeon STOYADINOV'  Stanislava KIRILOVA®
1Railway technics department, Technical University-Sofia, Bulgaria
e-mail: simeons@tu-sofia.bg
2Sofia town District Administration
e-mail: st mihailova@hotmail.com

Abstract: The study outlines the main principles for determining the cost of railway infrastructure use. A methodology
for determining the values of this cost is proposed. Calculations are done for seven major indicators related to using a
one-way and a two-way rail line on the tariff railway routes Sofia-Plovdiv and Plovdiv-Svilengrad, respectively. The
results are shown graphically. An analysis related to implementation is conducted and suggestions for implementation
are offered

Keywords: railway infrastructure, cost, cost coefficient, tariff railway route
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OBOBHIEH MATEMATHUYEH MOJEJI 3A TUIIO-METPUYEH CUHTE3 HA
HPEJABATEJIHA MEXAHU3MH C YETUPU3BEHHA TOIIOJIOI'MYHA
CTPYKTYPA U ITIPABOJIMHEUHA TPAHCJIALIUA HA BXOJIA U U3XOJIA

Huxoaait HUKOJIOB

Karezpa ,,[eopus Ha MeXaHHU3MUTE U MamuHuTe”, Texuuuecku ynusepcuret - Codus, bpnrapus

e-mail: nickn@tu-sofia.bg

Pe3tome: Hacrosmara pa60Ta € IOCBETCHA Ha Ch3/1aBaHCTO Ha O606H_IGH MaTeéMaTU4€H MOJCII 3a TUIIO-METPUYICH CUHTE3
Ha IpeaaBaTCeJIHu MEXaHNU3MHU C YETUPU3BCHHA TOIIOJIOI'MYHA CTPYKTYypa U HpaBOHHHeﬁHS{ TpaHCJIalus Ha BXOJa U u3xXoJa.
Or O606I.[ICHI/IH MaTEMATUYCH MOJIC)I KaTO CJIICACTBHUEC MOrar Ja 6T)Z[aT IOJIY4Y€HH MU3BCCTHUTC YAaCTHHU ClIyyaud Ha MEXa-

HU3MU C I'bBKAaB CJIICMCHT U F’Lp6PI'-IHI/I MCXaHHU3MMU.

KiouoBu AYMM: IIPEAABATCIIHU MEXAHU3MHU, TUIIO-METPUYEH CUHTE3.

1. BBbBEJIEHHUE

Tuno—merpuynusT cunres [1], [2] Ha npenaBa-
TEJIHW MCEXaHWU3MHU C UYCTHPHU3BCHHA TOIOJIO THYHA
CTPYKTYypa — HCHTPOUIHNA MEXaHU3MHU, MEXaHU3MH C
TBBKaB €JEMEHT, 'bPONYHA MEXaHW3MH U JIOCTOBH
MEeXaHWU3MH, MOKe J1a Ob/ie pas[elieH Ha TPH eTarma:
CeNeKIUs Ha KOHKYPHPAIIHU Ce BUIOBE MEXaHU3MHU —
M3BBPIIBA C€ BB3 OCHOBA HAa BB3MOKHOCTHUTE Ha
MEXaHHU3MUTE Jla TeHepHpaT 3aJaJIeH! MpeJaBaTeIHN
¢GbyHKIMH; 0000IIEH CHHTE3 HAa KOHKYPHUPAIIHUTE CEe
BUJIOBE MEXaHM3MM — W3BBpIIBA ce Ha 0OazaTa Ha
00001IIeH MaTeMaTH4eH MO/JIEN, TIOCPEJICTBOM KOWTO
€THOBPEMCHHO C€ CHHTE3UPAT BCHYKU KOHKYPHPAIIX
CC MEXaHU3MHU; MEPCIICKTUBHU KMHEMATHYHH CXEMHU
1 300p HA MEXaHW3Ma — TMOJYYCHUTE cien 0000-
[ICHUAT CHHTE3 KHHEMATHIHH CXEMH CE OLICHSIBAT IO
geTupu 00OOIIeHN KpUTepHs (TeOMETPHYCH, TeX-
HOJIOTHYEH, TOYHOCTEH M eKCIUIOATAlMOHEH), Bb-
BeX/a ce meneBa (QYyHKIHS B Ce OTHENAT CXEMHUTE,
MMAaIlyd Hai-BUCOKAa OICHKA (IEPCHEKTHBHUTE KH-
HEMaTHYHU CXEMH), KaTo OKOH4YaTeJeH Hu300p ce
NpaBH Clie]l KOHCTPYKTHBHA pa3paboTka Ha Mexa-
HU3MHUTE U CBEHTYAJIHO MPOTOTUIIUPAHE U CKCIICPH-
MCHTAJICH aHAJIU3.

Ien na HacTosmiaTa pabota ¢ Ha 0a3aTa Ha Chb3-
JameH o0O0O0OImIeH MaTeMaTWdeH MOIeNl 3a TH-
ITO-METPUYCH CHHTE3 Ha MPEeIaBaTeIHN MEXaHU3MH C
YETHPHU3BCHHA TOIIOJIIOTHYHA CTPYKTYpa W POTAIHA
Ha BXoja ¥ m3xona [3] ga 6pae m3rpaaeH ob6oOmeH
MaTeMaTH4eH MOJeN 3a THIIO-METPHUYEH CHHTE3 B
YaCTHMsSI Clyyall Ha MpPaBOJIMHEHHA TpaHCIalMs Ha
BXO/1a ¥ U3X0/1a.

2. OBOBIIEH MATEMATHUYEH MOJIEJI 3A
TUIIO-METPUYEH CUHTE3

CHHTe3bT HAa  KOHKYpPHpAalld Cce BHIOBE
MEXaHH3MH Ce U3BBPLIBA MO 3aJaJeHU QYHKUHUS HA
HoJoXKeHHeTo S3(0) M HEeWHUTEe IPOU3BOJIHU
MMOCPECTBOM 0000II[cHa KHHEMaTHYHA CXeMa H
0000men MatemarniyeH mozen (¢ur.l), ocHoBaBal
ce BpB3KaTa MEXIy HOpenaBaTelHUTe (QYHKUHH U
TeOMETPUYHHTE pa3Mept Ha MexaHu3ma. Bapupyemu
IpU CHHTE3a ca IpelaBarenHara QyHKUUH Sg(0)
(¢ur.1.2) u HeitHUTE TIPON3BOTHH.

Ha obpBUdg  pe€a OT MaTeMAaTUYHUA MOJCIT
(¢ur.1.6) ce onpenens CTOHHOCTTa Ha BIVIOBHS KO-
epuIueHT k, =tano Ha mpaBaTa 2, 3aBHCEI] OT
S5(o) . Ha BropHs peli OT MaTeMaTHYHHS MOJEI Ce
OIpeielisl CTOMHOCTTA Ha TpeaaBaresiHaTa (hyHKLHS
NA(o) , 3aBucemia or S; (o), Si(o), S3(0) n

"
S3(o0).

Ha Ttpetust pen or mozena ce ompeness MoJo-
’KEHHETO Ha TOYKa A B HENOJBIKHATA KOOPIHHAT-
Ha cucreMa Opxy , 3aBucemo ot S; (o), Sg(o),
S5(o) u S3(0).

Ha gyerBbpTHS pex ce onpeaensT CTOMHOCTUTE Ha
npepasatenHata (yHkuus AB(c) , 3aBucema ot

’ " 4 14
S5(0), S5(o), S3(0) n S3(0).
Ha nerus pen ot MareMaTH4HHsS MOJEJ CE OIl-

peles MoJI0KeHUEeTO Ha ToUKa B B HENOIBIKHATA
KoopauHaTtHa cucreMa O, xy , 3aBuceio ot S; (o),

S5(0), $3(0) u S3(0).
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Huxonait HUKOJIOB

1 U3XO/IHOTO 3BEHO HAa MEXaHW3Ma C I'bBKaB €JIEMEHT,

SIBSIBAILM C€ CHILEBPEMEHHO SBOJIIOTH Ha BXOIHHA M

B paBHUHATa X3)3 Ha U3XOJHOTO 3BeHO 3 (dur.l.a) H3XOMHW IBPOHeH NPOQMI Ha IBPOHTHIN MeXa-
HU3BM (pen 6 Ha ¢ur.1.6).

NPEICTaBIsBAT CHOTBETHO NPOGHINTE HAa BXOIHOTO

INocnenoBarenHUTEe MOJIOKEHHUSI HA Touka 4 B
paBHUHATA X|)| HAa BXOAHOTO 3BEHO / ¥ HA TOUKa B

X3

[
&
V2L

Yedddd x]

\

¢ur.1.a O600MICHA KHHEMAaTHYHA CXEMa Ha TPEIAaBATCIIHUTE MEXaHU3MH C YETHPU3BCHHA TOIIOJIOTHYHA CTPYKTYpa U
MpaBOJIMHEHHA TpaHCalKsl Ha BXOAa U U3X0a
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Tun Ha Mmexanu3ma
No JICHTOB rbpOuYeH
1 ky(o)= ! ! —cos 3
2 sin B\ 85(0)
(Se +sin a)S'32 sin S
2 NA = 7
S5 cos” «
3 x4 =-S5 sina+ NAcosa
y4 =85 cosa+ NAsina
4 B < S'34sin2 ﬁczs(ﬁ—a)
S3cos” a
5 xp =—Sg sina+ NAcosa — ABcosa
yg =S4 cosa+ NAsina— ABsina
Xy =X4—0 X35 =Xxpcosf+ypsinfi-S3
6 .
My =4 y3g =—xpsinfi+ypcosf
K 1
= +pp + f f L
XK xA*’(—PO—IJxlA""J’]AdU) —
0 T
7
K k
! ! 2
= +pp £ —_—
VK yA+(—P0—_[./x1A+y1Ad0)\/l—2
0 +k2
le =Xg —O
g =K
8
X34 = Xg €0s S+ yg sin f—-S3
X3, ==Xk sin f+yg cos

¢ur.1.6 O6001ICH MaTeMaTHYeH MOJICIT 33 CUHTE3 Ha KOHKYPHPAIIHUTE C¢ BUIOBE MEXaHH3MH C ITPABOJHHEHHA TpaHC-
JIAlYs Ha BXOJHOTO U U3XOJHOTO 3BCHO
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Huxonait HUKOJIOB

Ha cenmust pex oT MaTeMaTHYHHUSI MOJIEN C€ OII-
penenst MOJIOKEHHETO Ha Touka K OT T'bBKaBHSA
€JIEMEHT, SIBSIBAIla CE KOHTAKTHA TOYKA MEXIy J(BaTa
repOuyHn mpodra Ha THPOMYHUS MEXaHU3IBM
(¢wur.1.a), B HEMmoABIWKHATA KOOpJAWHATHA CHUCTEMA
Xy . Bapupyemus napamersp

2 2
Po =\/(XAO —xK)"+(ay —VKg)
IpeJCTaBIsiBa PA3CTOSIHUETO MEXIY TOYKUTEe A |
K npu Ao =0. HxTerpanst

o

’ + ’
J- ,xlA ylAdO'
0

NpeJCTaBisBa Jb/KMHATA HAa BXOAHATa €BOIOTa [
(BXOJHOTO 3BEHO Ha MEXaHHU3Ma C I'bBKAB EJIEMEHT)
OT HAYaJHOTO MOJOXKeHWe Ay Ha Touka A T1pH

Ao =0 10 TeKyIOTO M TMOJIOKEeHHE A TpU CHOT-
BETHATa CTOMHOCT HA Ao , paBHA Ha JAbIDKUHATA HA
HAaBUTHSI BbPXY, PECIl. Pa3BUTHUS OT, BXOIHATa €BO-
mota / TBBKaB eleMeHT (MEeXOy eBomorata [ |
I'bBKaBUA CJIEMCHT NOpaau HEHTPOUAHHUA XapaKTep
Ha Bpb3KaTa OTCHhCTBA OTHOCHTEIIHO IPUILTB3BaHE).

3Hanure ,,+ 1 ,,-“ mpeja 3HaKa HA WHTErpaUTe HA
CeIMHs PeJ Ce OINPEIEsT OT TOBA JIAJId B CHOTBET-
HHS y4acTbK OT rbpOuiiara / Ha JIEHTOBHS MEXaHU-
36M NMPOQUITBT € BIUTEOHAT (HaMHUpa ce Hal IpaBaTa
2) winn W3MbKHAN (HaMHUpa ce TMoA TmpaBata 2 — BiK.
¢wur.l.a) u or 3HaKa Ha @'(0) — 3HAK ,,° OpH U3-

mbKHAT podun U «'(0) > 0 Wik BITbOHAT TIPOGIIT

3

u '(0) <0 u 3HaK ,,- - MPU U3MBKHAT OPOGUIT U
a'(c)<0 wm BmIEOHaT Tpodua u a'(o)>0 .
3HaKbT Hpe] pg ce Oompenens OT 3HAKbT Ha KOOp-
TUHATHATA Pa3iIuKa (xKO —-X AO) .
[MocnenoBarennure nojokeHus Ha Touka K B
pPaBHMHHMTE X|)] Ha BXOJHOTO 3B€HO / U X3)y3 Ha

M3XOMHOTO 3BEHO 3 MPEJACTAaBISIBAT CHOTBETHO
BXOJIHATA W W3XOJIHATA T'bpOMIIA HA T'BPOUIHHS Me-
xaHU3bM ((ur.1.a), ABsIBaIIM ce€ CHOTBETHO HEKPH-
TOBU €BOJIBEHTH Ha BXOJHOTO U U3XOAHOTO 3BCHO Ha
MeXaHu3Ma ¢ I'bBKaB eieMeHT (pex 8 Ha ¢wur.1.0).

3. 3AKJIIOYEHHUE

B nacrosimarta paborta e usrpazeH o0o0IIeH Ma-
TEMAaTHYeH MOJEN 3a TUIO-METPUUYCH CHHTE3 Ha

IIpeaaBaTeIHd MEXaHW3MH C YETUPU3BEHHA TOIIO-
JIOTUYHA CTPYKTYpa M TPaHCIAMS HAa BXOJA M H3-
X0J1a, KOMTO Ce XapaKTepU3HUpa ChC CICIHOTO:

® [IpU CHHTE32 CJHOBPEMECHHO C€ MOJy4aBaT
npoduINTe Ha JBETEe 3BE€HA C MPOCTO IBIKECHHE HA
JICHTOBUSI M THPOMYHUS MEXaHU3IBM (TIPECTaBISA-
BaIlM B OOIIUS CIydaidl HEKPBIIH I'bpOUIH), 32 pas-
JIMKa OT CBhUIICCTBYBAlU MAaTEMAaTU4YHHU MOJCIIN 3a
CHHTE3, TIPH KOUTO anpHopu ce u3dupa rnpoduia Ha
€/IHO OT 3BEHATa C IPOCTO JIBIDKEHHUE, a B pe3yJITaT Ha
CHHTE3a Ce MoJIy4aBa npoduia Ha APYroTo 3BEHO;

® CB3JaJICHUSAT MaTeMaTHYeH MOJEJ J1aBa Bb3-
MOXKHOCT J1a OBIAT IMOJNYYEHH YCIOBHS, MPU KOUTO
npouInTe Ha TEPOUINTE HA ICHTOBUS U TpONYHHS
MEXaHU3bM MPEJICTABIISBAT IIAIKH KPUBH;

e MorarT Ja ObJaT MNONYYECHH EBOJIOTUTE Ha
BXOJHOTO M HM3XOIHOTO 3BEHO HA JICHTOBHMS MeXa-
HHU3BM, 3aBHCEIIHN OT IPOU3BOJHUTE Ha BapupyeMara
npenasatenHa ¢yHkuus S, (o) U 3amaneHara mpe-

naBatenHa GyHKUUA S3(0) 10 4eTBBPTH pell BKIL,

KOETO BOJH JIO ITBJIHO Pa3sKpHUBAaHE HA FEeOMETPHUSATA
Ha MEXaHHU3Ma,

e OrT 0000mIEHUs MareMaTHYE€H MOJEH KaTo
CIIE/ICTBME MOrar Jga ObJaT MOJyYeHU WU3BECTHUTE
YACTHU CITyYad HA MEXAHW3MHU C T'bBKAB EIIEMEHT W
TbPOUYHE MEXaHU3MH.
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GENERAL MATHEMATICAL MODEL FOR TYPE-DIMENSIONAL SYNTHESIS
OF FUNCTION-GENERATING MECHANISMS WITH FOUR-BAR TOPOLOGICAL
STRUCTURE AND TRASLTATION OF THE INPUT AND THE OUTPUT

Nikolay NIKOLOV
Department ,,Theory of Mechanisms and Machines”, Technical University of Sofia, Bulgaria

e-mail: nickn@tu-sofia.bg

Abstract: The present work is devoted to the developing of a general mathematical model for type-dimensional synthesis
of function-generating mechanisms with four-bar topological structure and translation of the input and the output. The
known cases of particular belt mechanisms and cam mechanisms can be obtained as corollary from the mathematical

model.

Key words: function-generating mechanisms, type-dimensional synthesis.
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METOJ ,PA®OBO MOAEJIMPAHE” 3A KOHHEIITYAJIHO TIPOEKTUPAHE
HA TEXHUYECKHU OBEKTH

Muxaua JIEITAPOB
xarenpa ,,OTCK”, Texaudecku ynusepcuret - Co¢ust, benrapus
e-mail: mleparov@tu-sofia.bg

Pe3tome: B paGorara ce npeuiara MeTo]] 3a KOHLIENTYaIHO IPOSKTUPAHE HA POM3BOJIEH TEXHUYECKH 00eKT. MeToIbT ce
0a3upa Ha rpag-Mojena Ha M3IEJIUETO U pazpaboTeHaTa mporpama “I'pad”. Toit e mpeacTaBeH Ype3 eBPUCTHYEH aJro-

PHUTBM H € WIIOCTPUPAH Upe3 IPUMeEp.

KarwuoBu AYMMU: IIPOCKTUPAHC, KOHICITYAJIHO IPOCKTUPAHE, TEXHUYCCKA 00eKT

1. BBBEJEHUE

Pa3znuuHu BHIOBE ONMUCaHWS Ha IPOU3BOJICH
texHudecku o0ekt (TO) u TexHuTe B3aMMHU TpaH-
copMalvu, KOUTO Ce€ M3IOJI3yBaT KaTO METOJ 3a
KOHIIENITYyaIHO IPOEKTUpaHe, ca MpeyIokeHu B [1].
Enun npyr BB3MOXKEH BUJ ONMCaHuE € ,,'padoBO
Monenupane” (,,rpad- Momen”), Koero Ie Obiae
pasriieaHo mo- JOIy ¢ el Ch3/1aBaHe Ha HOB METOJ
3a KOHIENTyanHo npoektupane Ha TO.

[Ipn KOHUIENTyaJHO MPOEKTHUPAHE CE YTOYHSIBA
NIPUHOMNA Ha paboTa Ha W3AEIHMETO, a KpalHuAT
pe3yaTaTr ca ONpPOCTeHH COOpHU YepTexu (cxema-
THYHA n300pakeHns). Kato mpaBmio KoHIenTyan-
HOTO TPOEKTHPaHE € TBOPYECKH IPOLEC, MOPajH
KOETO BCEKH HOB METOJ 32 HErOBOTO pealn3upaHe
pasiIupupsiBa apceHajsa OT CPEICTBa 32 HErOBOTO
U3IbIHEHHE.

[IpeanoxeHusT 1mo- 10Ty METO]| € MOJIyYeH upe3
JIOTHYEH aHAJIN3 U CHHTE3, 2 HW3MOJI3yBaHaTa B HM3C-
JIeIBAHETO TEPMHUHOJIOTHUS € B CHOTBETCTBHE C Ta3u
ot [2] m [3].

Omnwucanue ,I'pad- mogen” G Ha chIIecTByBaI
TO npencrasisia [3]

G=<V,U> (1)
KbJeTo V ca BppxoBeTe (chcTaBHHUTE yacTd Ha TO),
U- pebpara (Bpb3KkuUTe/ KOHTAKTUTE MEXIY ChCTaB-
HUTE YacTH), a <>- Hapendata Mmexay V u U.

[Ipn rpad —mozmen Ha mpou3BOIHA CrioOeHa
enunuia (CE) Baxu [3]

H3xoaHO TBHpCHHE

Bceeku Bppx Ha CE e cBbp3aH 4pe3 HEMOABIKHA
BpPB3Ka C JIPYT BPBX WM y4acTBYBa B IIMKBJ (3aT-
BOpEHa CBBKYITHOCT OT BBPXOBE WM OPHEHTHUPAHH
pebpa MexXIy TAX), KOMUTO Ce ChbCTOU OT €THOIIOCOTHO
OpPHEHTHPAaHU pedpa M €JHO NMPOTHBOINOJIOXKHO Ha-

COUYCHO Ha TX 3aTBapsLio pedpo, KOETO OCUrypsiBa
HCMOABMYKHATa BPb3Ka.

2. METOJ

MeToabpT ce OCHOBaBa Ha YTOUHSIBaHE Ha OC-
HOBHHUTE CHhCTaBHHU YacTH Ha 00€KTa, ONpeaeysiHe Ha
KOHTaKTHTE TIOMEXIy MM, MOJAEIHpPAHE C ITOMOIITA
Ha OpHeHTHpaH Tpad W JeKoaupaHe Ha rpada 1o
MOJTydaBaHE Ha ONPOCTEH COOPEH 4epTex Ha IIpo-
extupanus TO.

OcHoBHA Haesi: AGCTPaKTHOTO MPEICTaBsHE Ha
00eKT pasmIupsiBa BB3MOXHOCTHTE 3a THPCEHE Ha
BapUaHTHH PELICHHS

MeTtoabT ce mpuiara 1o ciaeIHus

OO0 anropuTHEM

1. CpcraBsiHe Ha rpad- MOAeN.

2. OmnpenensiHe Ha BB3MOXKHOTO IIOJIOKECHUE Ha
KOHTaKTHUTE OBbPXHUHU.

3. lekoaupane Ha rpad- Mojena.

ITo- momy Te3m TOUKM ce pasriIexaaT Mo- MoJ-
poGHo.

2.1. CbcraBsine Ha rpag-moaen

INomyuyaBanero Ha rpad- MoJen B eTana Ha KOH-
LEeNTyaaHoTo mpoexTupaHe Ha TO moxe na ce us-
BBPIIN T10 PA3IM4YHU HaYMHU. EMUHUAT OT TsX € Ja
ce n36epe TO- aHasor Ha MPOSKTHPAHUS OOEKT U O
HETo J1a Ce ChCTaBU rpad- Mozed.

I'pad- MomebT KaTo MPaBHIO CHIBPIKA ChHIIEC-
TBEHA, HO MaJKO KaTO KOJHWYECTBO MH(OpMAIHs U
TOBA Ce SIBSABA MPESAUMCTBOTO Ha TO3W BHJ] OIIUCAHHE
Ha 00EKT.
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Bropu HaumH Ha CchcTaBsHE Ha Tpad- MOIEN €
ype3 WU3MON3yBaHE Ha (M3WYECKHUS NPUHIMI Ha
neiicreue (OI1/])- Bx. mpumep 2 kbM T.2.4.

[To- moy e mpeacTaBeH alrOPUTHM 3a ChCTABSHE
Ha rpad- MO 1Mo MbPBUS HAYUH.

Aaropurem 1

3aganeHno: cooper ueprex Ha TO

1. YTounsBane Ha cbcTaBHUTE yacTu Ha TO.
[MpenoppuntenHo e padoTata CbC CHIIECTBEHUTE
CHCTaBHHU YaCTH.

2. IIpuema ce koopanHaTHa cucrema 3a TO, kato
TS C€ HACcOYBa IO XapaKTEPHUTE MYy OCH (PaBHUHH)
Ha CHMETpHSI.

3. Ilo Bcsika oc Ha KOOpPAWHATHATA CUCTEMA!

3.1. YTouHABAaT ce KOHTaKTHUTE CHEAUHEHMUS,
KOUTO Ca TMEpIEeHAMKYIAPHH HA OCTa M JeTaljuTe
(cbcTaBHHTE YacTH), KOMTO OOpa3zyBaT Te3W KOH-
TaKTHHU ChEIUHECHUS.

3.2. TloctposiBa ce yacT oT rpada, KosTO BKIIIOYBA
KaTo BbPXOBE ChbCTaBHUTE 4acTH OT T.3.1.

3.3. Bceku 1Ba BbpXa OT Tpada, KOUTO 00OpazyBar
KOHTaKTHa NOBbpXHHHA (T.3.1) ce cBBp3BaT moO-
MEXJ1y CH KaKTO ClIe/iBa:

- aKO0 KOHTaKTHHUTC TIOBBPXHUHH OOpa3yBaT
MOJIBIYKHO CheWHEHNE (0OMKHOBEHO TO € HEITBJIHO)
- 9pe3 eIHa JINHUS,

- aKO KOHTAaKTHHTE MOBBPXHHUHHU 00pa3yBaT He-
MTOJIBIKHO ChequHEeHHe (0OMKHOBEHO TO € ITBJIHO) -
4ype3 JBe JIIHNY;

3a0. Upes Bua HAa IMHUUTE C€ KOIUPA BHIA HA
CHEAMHEHHUETO.

3.4. Opuentupar ce pedbpata Ha rpada. PeOpara
ca HAaCOYCHH OT BbpXa- JAETaiiil, KOUTO € pa3IoyIoKeH
I10 /1aieHaTa 0C Ha KOOpJMHATHATa cucrema (1o oT-
HOIIIEHUE Ha KOHTAKTHOTO ChEJHHEHHE) CIEH CBBp-
3aHUS C HETO BPBX-/ICTAMII.

4. [IpoBepsiBa ce rpadybT 3a crla3BaHe HA H3XO.-
HOTO TBBPJICHHUE.

AKO TBBPACHUETO HE € CIIa3eHO, TO CE M3BBPILIBAT
MOJXOJSIIKM JeUCTBUsT Hax rpada (omnadamne na
8vpxose u/unu pebpa, 006asaHe HA 8bpX08e U/Unu
pebpa, npomsana Ha euda Ha pedpa u Op.), ¢ 1en
CIa3BaHETO MY.

Tpumep

Hexa e 3a0a0en onpocmenusm coopern uepmedic
na TO ,, En. npexvceay” (pue.1a).

1. Cocmasnume wacmu ca ombensAsanu ypes no-
suyuume um: I- 6ymon, 2- kanax, 3- euwm, 4-

naacmuna KOHMAakmud, 35- Kopnyc, 0- NpYICUHA.
Konmaxmsm e HOpManHO 3ameopen u ce 3ameaps
npe3 oymona 1. Ilpu namuck 6wvpxy 6ymoua Kowu-
MAaKmvm ce Omeapsi.

2. Ocma x e nocouena noo yepmeoxca.

3.1. Konmaxmuume cveounenus ca: 1/4, 1/6, 2/4,
2/3, 3/5, 4/5, 5/6.

3.2, 3.3. Bvpxoseme u pebpama ca noxazaHu Ha
Que. 16. Henoosuoicna e camo epv3xama mexncoy 3 u
5 (pesba).

3.4. Hacousanemo na pebpama e npeocmaseHo
Ha ¢ue.16. Hanp. pebpomo 3/2 e nacouerno om 3 kom
2 3awpomo uacmma 3 (no omuowleHue Ha KOHMAK-
MHAMA NOGBPXHUHA NPU 3A0AOEHOMO NOIONCEHUE HA
ocma x) ce Hamupa cied (Haod) yacmma 2 (pue.la).

4. U3x00HOmMo mewvpoeHue e cnazeHo.

uir ;

¢ur.1 Onpocren coopen yeprex (a) u rpad- mozen (0) Ha
TO ,,En.npexbcBau”

2.2. Kontaktau nosbpxuuan Ha CE
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[Ipn Hanmuuue Ha JBE HENBJIHU CHEIWHEHUS, B
KOHMTO y4JacTBYBa €IHH JACTANI, MOXE Jla C€ TOBOPH
3a B3aMMHO DPAa3IOJI0KEHHE Ha KOHTAaKTHUTE TIOBBP-
XHUHA. PUr.2 WIocTpupa Te3u Bb3MOXKHOCTH, KaTo
Ha (ur.2a 1BeTe KOHTAKTHU MOBBPXHUHU- HEIIBIIHU
cpeMHeHus A u b ca oTganedeHu eqHa ot apyra, Ha
¢ur.20- Te cpBIAAaT, a Ha (QUr.2B- MecTaTa UMa ca
pa3MeHeHH.

Hsixon BapuaHTH Ha T3 TpH Ciydas ca Ipelic-
TaBEHU CHOTBETHO Ha ¢ur.2r,1,e. B ropHara yact Ha
¢ur.2n ygacTByBalIuTe JICTAHIIN ca CUMETPUYHH, B
cpeaHaTa 4yacT Ha (urypara- HECUMETPUYHH, a B
JIOJHATa- KOMOWHHMpaHU (€IHU ACTalIN ca CHUMET-
puuHH, a apyru- He). [lomoOHO neneHme MoXe 1a
ObJIe MPUIIOKEHO M KbM GUr.2r 1 2e.
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¢ur.2 B3anmHO nosoxxeHue Ha JBe KOHTAKTHH I10-
BbPXHUHU (HEI'BJIHU ChEAUHCHHUS)

2.3. lekonupane Ha rpag-mopes

IMon mexoaupane Ha rpad-mojena ce pa3dbupa
NoJTy4aBaHe 110 MoJielia Ha ONPOCTEH COOpeH YepTex
Ha CE. OcobeHocTuTe 10 IEKOIMPAHETO ca JaJICHH B
[3]. B anropuTbMbT, NpeACTaBeH MO- AOIY € AaJieH
ONPOCTEH BapHaHT Ha JEKOJUPAHETO, BKIIOYBAIL
criaobsBaHe caMo Io e/1Ha oc.

AJropursm 2

3apaneno: rpad- mozen Ha npoektrpana CE

1. Bcekn BpbX Ha Tpada ce TpencTaBs Upe3
MIPaBOBI'BIIHA (hopMa.

2. Beuukn npaBOBIBIHUIM C€ Pa3Noiarar eIuH
IIOJ] APYT KaTo Ce ce[Ba OpPUEHTAIMsATa Ha pedpaTa
Ha rpada.

Axo /1Ba BbpXa UMaT pedpo THII ,,lIOJIBUKHO Ch-
e/IMHEeHUE” MOMEXTy CH, TO IBaTa MPaBOBI'bIIHIKA CE
Jonupar (Hajau4due Ha KOHTaKTHa OBBPXHUHA) KaTo
4acTTa, OTTOBapsIla Ha BbPXBT- BXOJ (BBPXBT, KbM
KOMTO € HacoueHo pedpoTo) ce pasmoiara HaJ| BbpXa-
n3x0J (BBPXBT, OT KOUTO € HAaCOYEHO pedpoTo).

JIBmXeHneTo 1o HacodeHHWTe pebpa ompeneis
MOJPEXIAHETO HA KOHTAKTYBAIINTE CbCTABHU YacCTH.
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AKo 1Ba BbpXa UMar pedpo THII ,,HEIOABHUKHO
ChEeIUHEHHE TO MEXAY JIBaTa JeTaia TpsoBa 1a ce
IpueMe HIKaKBO CBEIMHEHHE, KOETO OCHTYpsBa
B3aMMHA HEMOJBI)KHOCT Ha JBaTa A€Taina, Hanp.
pe3ba, wugmoso cveduHenue, 3a8apeHo cbeOuHeHUue
u m.n. ToBa chbeqUHEHMS ITIO- KBCHO MOXE Ja ce
MIPOMEHH aKO HAKAKBU MPOEKTHH CHOOPaKEHHs Ha-
Jarar ToBa.

3. AHanu3 Ha NpeJHa3HAuYeHUETO Ha BCEKH BPBX-
ChCTaBHA 4YacT C e OmpenesisiHe Ha HeoOxonuma
cneuduyHa Gopma (ako UMa TaKasa).

4. Ilo pe3ynTaTuTe OT aHaiaU3a OT T.3 C€ MPOMsIHA
(opmara Ha CHOTBETHHUTE MTPABOBI'BIIHHIIM.

5. IlpoBepka Ha TOJydyeHaTa KOHCTPYKIHUS OT
III.T. Ha (GYHKIMOHMpPaHe (M3ITbJIHEHUE Ha IJIaBHATa
¢yakmusa Ha CE), crmo0sBane u pasrinobsasane. [Ipu
HEOOXOAMMOCT C€ W3BBPIIBAT NPOMEHH B KOHCT-
pyKUuusATa, Hanp. 0obasane uiu npemaxeame Ha Oe-
Maui u cbeOUHeHUs, NPOMSIHA HA Gopmume u/uiu
PAa3NoN0ICEHUEIO UM.

[MonydeHara cTpyKTypa NpeACTaBiIsiBa ONPOCTEH
cOopeH ueprex Ha npoekTupanara CE.

6. BapraHTH KOHCTPYKLIUU:

6.1. YrounsBane Ha Oposi JBOWKHM KOHTaKTHH
MTOBBPXHUHH, KOWTO € paBeH Ha Opost Ha pedpara Ha
rpad- Mozena.

6.2. OnpenensiHe Ha IPYyTW BBb3MOXKHU B3aHMHU
MIOJIO’KEHHSI HA KOHTAKTHUTE NOBBPXHUHH (PA3THIHA
oT ToBa OT T.2). ChCTaBsHE HA CHHUCHK OT IOJIOXKE-
HUSL.

6.3. 3a Bceku eNeMeHT OT CNHChKa OT T.6.2 ce
npwiiaraT TT.1-5, KaTo ChbOTBETHHTE MPABOBIBIHUIIM
(T.2) KOHTaKTyBaT HOMEXAy cu ChoOpazHO ocole-
HOCTHTE Ha pas3IIeKJaHus €JIEMEHT OT CIIHCHKa.

Ipumep

Hexa e 3a0aoen epagh- mooenvm om ghue. 16.

1,2. Ha ¢ue.3 e dadeno eOHO 8b3MOI*CHO NOO-
pedicoane Ha NPasobSbAHUYUMe, Kamo epv3kama 4/5
He e omuemeHna. Tpabea oa ce ombenedxcu, ye HAMA
npeuku ma da ce omueme. Konmypwvm, xoumo oc-
masa cied HeuHOmo npemaxeamne omeosaps na Hs-
xoonomo mevpoenue 3a CE, a cvuespemenno aun-
cama Ha pebpomo we pasuupy 6b3MOJICHOCHUmMe 3d
muvpcene Ha no-omoaneyeny peuleHus om usxooHo-
mo makosa (¢ue.la).

3. CbcraBHa 4acT 4 npedcmasnasa KOHMAaKmMHU
nAACMUHY, a 4acm 6 e NPYICUHA.

4,5. Jlea sapuanma om dexoouparemo Ha epaga
ca 0adenu Ha ¢ue.36,8, kamo npu 8) e 00bageH Ka-

nax, upes Koumo ce YnpajncHaea Hamuck evpxy 0y-
MoHa, a oceen Mosa O0IHAMA 4aACm HA OYMOHA e
ogpopmena 6v6 U0 Ha Kopnyc.

6.1. Bpoii Ha 0sotikume KOHMAKMHU NOBbPXHUHU-
6 (¢ue.16).

6.2. Hakou 6b3MOJMCHU 83AUMHU NOAOJICEHUE HA
06e 080UKU KOHMAKMHU NOBbPXHUHU ca 0A0eHU HA
Que.2.

6.3. Ilpumepu 3a pasiuuHu 63aUMHU DPA3NOJO-
JICEHUsL Ca NPeOCMAaseHy 8 npuMepume no- 00y (8aic.
Que.8-13 u gue. 16-20).

a)
2 2
2 | 2
4 4
1 1
3 | 3
5 | 5

0)

L[]
]

tre

@%@'?ﬁ

e

DO Og
SRS ENRS o

¢ur.3 [lekoaupane Ha rpad-mozena ot ¢ur.16

Janenure no- rope anroput™Mu 1 u 2 cioyxar 3a
,»PBUHO” TIpUIIaraHe Ha Mmeroja ,,I'pagoBo Mojenu-
pane”. M3BecTtHa ¢opmanu3aiisi Ha METO/Ia € Hall-
paBeHa 4pe3 pa3paboreHa nporpama “Graph”.
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2.4. IIporpama “Graph”

TepMuHoI0THUs

CcXeMaTH4YHA CTPYKTypa- TEXHHYECKH OOEKT,
MIPEACTaBEH CXEMATHYHO Ype3 KOHTAKTHHUTE IOBBP-
XHHMHH Ha CbCTAaBHUTE YaCTH;

0a3oBa cXeMaTH4YHAa CTPYKTypa- CXeMaTH4YHA
CTPYKTYpa, IIPH KOSITO ChCTaBHUTE YACTH Ca pasIlo-
JIOXKEHU eIHA HaJI APYTa;

[Tporpamara e m3nbyiHeHa upe3 Visual Basic for
Applications (VBA). EnemenTs oT moTpeOHTENCKHS
uHTepdelic ca BuaHU oT ur.4.

Onucanme: ype3 mporpamara Morar aa Obaar
W3BBPIIBAHY CIICAHUTE JICHHOCTH:

- TIOCTpPOSIBAaHE HA HEOPUCHTHpaH Tpad upe3
CHCTaBSHE HAa BHPXOBETE MY, HANMEHOBAaHETO UM U
MIOCTPOSIBaHE Ha pedpara MEKAY BbPXOBETE;

- penakTupaHe Ha rpada upe3 U3TpUBaHE Ha BPBX
i pedpo, nin 1enus rpad;

- TIPOBEPKM 3a: JINICA HAa €IHAKBH O3HAYCHUSITA
Ha BBPXOBETE, CBBHP3aHOCT Ha Tpada, Hanuuue Ha
3aTBapsIIo pedpo, HATMYNE CaMO Ha €IMH IIUKBIT;

- ChCTaBsHE Ha 0a30Ba CXEMaTW4HA CTPYKTypa
(,,aepTex”), oTroBapsiia Ha ChbCTaBeHUs rpad;

- CbCTaBsIHE Ha BCSIKA €IJHA CTPYKTypa OT ChbB-
KyITHOCT OT CXEMaTHYHH CTPYKTYpH; pa3jiHuKaTa
MEXIY CTPYKTYPHTE € BbB B3aMMHOTO TIOJIO’KEHUE Ha
KOHTaKTHHTE MOBBPXHUHH Ha CHCTABHUTE YaCTH Ha
TO, kouTo ca mpeAcTaBeHN KaTo BEPXOBE Ha rpada;

- Save Ha pasriexIaHaTa WIM Ha LisjlaTa ChB-
KyITHOCT OT CXEMaTHYHH CTPYKTYpH BBB (opmar
* bmp.

Thif KaTo pasraeKIaHUAT Tpad Ce ChCTOH OT
€/IMH LIUKBJI, OPUCHTAMATA Ha Tpada NpaKTHYECKU
ryou cmucki. [lo Ta3u nmpuuMHA OpHUEHTAIMATa Ha
pebpata B mporpamaTta He ce pas3riiex/a.

CxeMaTH4HaTa CTPYKTypa cieBa rpad- Mojena.
Upe3 Hesl ca TOCOYEHH YCIOBHHTE OYEpPTaHHS Ha
CHCTaBHUTE YaCTH W KOHTAKTHUTE MOBBPXHHUHU.
Hapeuenu ca yci1oBHH, 3aI0TO T€ MOTaT Ja ce Mpo-
MeHsaT. Yactra OoT CTpykTypara, naneHa Ha ¢ur.S
TpsiOBa 1a ce ThJIKyBa Taka: ChCTaBHUTE HYacTH ([e-
Taitnm) 1 1 3 KOHTAaKTyBaT MO XOPU30HTAIHATA JIMHUS
(HETbITHO W TIOJIBWXKHO ChEeIUHEHUE); BEPTUKAIHUTE
JIMHUM, KOUTO ca CTpaHW4YHO OoT 1 u 3: oT ropHara
CTpaHa Ha KOHTAKTHATa IOBbPXHUHA € YacTTa 1, a oT
JIoJTHaTa crpaHa- 4yacrra 3. Hammuwmero Ha nBe Xo-
PHU3OHTAJIHM JIMHUM O3HAa4YaBa, 4ye JBETE 4YacTH ca
HETIO/IBM)KHO CBBP3aHU MOMEXIY CH.

Ch3aai Tovka

Cr3aail Bpeska

Thm: =v

3annuwk Texywa
3anuwn BekHkR

¢ur. 4 Enementu Ha NOTpeOUTEIICKHS HHTEP-
(eiic Ha mporpama ,,Graph”

=

¢ur.5 Yacr ot crpykrypa

Pabora c nmporpamara
Auaropursm 3

1. VTouHsBaHE Ha CBIIECTBEHUTE CBHCTABHU
YacTH, BPb3KUTE (KOHTAKTHUTE MIOBBPXHUHH) MEXKITY
TAX U BUJA HAa BPB3KUTEC (HeH'I)J'IHO IOJABHXXHO CBhC-
JUHCHUC, HCTIOABHUXXHO C'I)eI[I/IHeHI/Ie).

2. IloctposiBaHe upe3 mporpaMara Ha rpadg- Mo-
Je7a Ha IPOEKTUPAHOTO U3ZENIHE.

3. ABTOMaTHM3WMpaHO TOJlyyaBaHe Ha Oa3oBara
CXeMaTHU4Ha CTPYKTYypa Ha U3AEIHETO.

4. ITo cTpykTypaTa ChCTaBsSHE Ha OIPOCTEH cOo-
PEeH "YepTex MpH H3MOJI3YBaHETO Ha T.3-5 Ha Anro-
pUTBEM 2.

5. ABTOMaTH3UpPaHO MOJy4YaBaHE Ha BapHUAHTHU
CXEMAaTU4YHHU CTPYKTYPH.
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6. 3a BCsIKa CTPYKTypa ChCTaBsHE Ha OIPOCTECH
cOOpeH YepTeX Hpu HU3MON3YyBaHETO Ha T.3-5 Ha
Anroputem 2.

Ipumep 1

3aoaua: Jla ce uzevpuiu KoHYenmyaiHo npoex-
mupane Ha XUOPAGIUYEeH KIANAH.

1. Eona 6v3moocHOCM 3a onpedeniaHe HA CbC-
maeHume 4acmu U KOHMAKMHUMe NOGbPXHUHU e Od
ce e3aumcmeysam om u3bpam KIANAaH- AHALO02
(¢ue.6). Cocmasnume uacmu ca 1- éunm, 2- kopnyc,
3- npyorcuna u 4- cvuma.

2. I'pag- modenvm, nocmpoen upes npocpamama
U omuumauy KOHMAaKmHume NOGLPXHUHU om Gue.6 e
daden Ha Que.7.

3. bazosama cxemamuyna cmpykmypa, NoJIyYeHa
om npozpamama, e npeocmaeena Ha Que.s.

4. Tlocredosamennume cmvnku nO HOLYYABAHE
Ha Onpocmenust cOOper Yepmedic Ha NpoeKmupanus
Kranau ca oadenu wa gue.9.

5. Eona eapuanmna cmpyxmypa, noiyyena no
npozpamen nvm, e uzoopazena na gue.10.

6. Onpocmen cbopen uepmedic e npedcmasen Ha
Que.l1la (nauanen eman) u Que.116 (kpaen eman).

5°,6°. Bmopa eéapuanmna cmpykmypa e 0aoeHa
Ha ¢ue. 12, a cooprusm uepmedic- Ha ¢ue.13a (na-
yanen eman) u gue.136 (kpaen eman). 3a omoenaz-
8aHe e, ue npyjcuHama pabomu Ha ONvH.

i »

//’_
//

A m ia

¢ur.6 TO ,Knanan”

¢ur.7 I'pad- monen Ha kiranan
1 1
ol
3 3
oy =
4 4
o =
2 2
iy =

¢ur.8 Cxematnuna cTpykrypa | Ha KJamax

a) 0)
I R
B) T)

— 1

HE w4

_‘\ 7

= 11 1S

1|}| 1

¢ur.9 KonuenryaiHo npoektipaHe Ha KJIanaH 1o CTPYKTY-
para ot ¢ur.8
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¢pur.10 CxematndHa cTpyKTypa 2 Ha KIamnaH
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¢ur.11 KonnenrtyanHo NpoeKTUpaHe Ha KJIAMaH 110 CTPYKTY-
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¢ur.12 Cxematuuna cTpyKTypa 3 Ha KianaH
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¢ur.13 KonnenrtyanHo NpoeKTUpaHe Ha KJIAMaH 110 CTPYKTY-
para ot ¢ur.12

Ipumep 2

3adaua: Jla ce W3BBPIIN KOHIICTITYaTHO IMPOEK-
TUpaHe Ha KadeBapka.

1. Jlpyea eéw3mooicHocm 3a onpeoeisine Ha CbC-
masHume 4acmu u KOHMAKMHUmMe NOGbPXHUHU e 0d
ce usnoasysa DI na npoexmupanomo usoeiue
(ue.14). Ananuzem na @I/ nokazea, ue 0CHOBHU-
me CbCMAGHU Yacmu, 4pe3 KOUmo ce peanusupam
unoicenepuume egpexmu (ME) u 6xoooeeme u u3zxo-
Jume um ca noxazanume Ha Que.15 [4](c P e o3na-
YeH NpeMUHABAWUs npe3 Yacmma NOmoK).

Toil kamo en. npogooume u mpvoume ca Cobe-
MAGHU 4acmu, KOUMo 1eCHO Mo2am 0a 00CHUSHAm
6CSKA MOYKA HA NPOCMPAHCIMBOMO HA NPOEKMUpPa-
HOMO u3denue, a MONJIONPOBOOA Ce OCHUECMEIBA
npes cmeHama Ha Hazpesameist, Mo mesu CbCMasHU
yacmu He ca CbWeCmeeHy om 21.m. Ha Paznonolce-
HUEmO HA CbCMAGHUmMe 4acmu, nopaou Koemo npu
HBPBOHAUATHOMO PA32NENCOAHE HAMA 0d ce 83eMam
npedsud. Covwomo ce omuacs 3a xoumetnep 1 u
KOHmelnep 2 nopaou npuemanemo, e cmaséa oyma
3a pvuHa Kagesapxa, 8 KOAMO 3apeicoaHemo Hd
HacunHo kage u 6o0a cmasa we om ,,cknad’ 6 Ka-
Gesaprama, a om nonzysawus Kagheeapkama.

U maxa nanuye ca mpu cocmaghu yacmu, KOemo
o3Hauaea 3 evpxa Ha epaga. Pebpama credeam om
@I (due.15), kamo konmaxmume ca mexcoy Cb-
ceOHume HAUMEHOB8AHUA 8 peouyama ,,el. NPoeoo-
Hazpesamen- MONIONPOBOO- usnapumen- mpvoa 2-
excmpaxkmop- mpwvboa 4. Tpume ocHo8HU cbcmagHu
yacmu om edHa cmpauna mozam oa 6voam omoaie-
YeHU NOMeIICOY CU U C8bP3AHU C OCAHaNume efe-
MeHmu, a om opyea cmpaxa me moz2am 0a 6voam
dosienenu eOur 3a Opye, Kamo mpwvoume mo2am oa ce
ogopmam kamo Kyxunu evmpe ¢ msax. C oened Ha-
Mansieane Ha 2abapumume Ha U30EIUEMO ce npuema
6MOpUsL 6APUAHM, M.e. OM eOHA CMPAHA KOHMAK-
myeam Hazpeeamen u usnapumein, d om opyed
cmpana uznapumen u eKCmpaKmop. 3ameapsuomo
36eH0 ocmasa 0a 6vOe MedxcOy ekcmpakmopa u
Hazpesamersi.

2. I'pagh- modenvm e oaden na ue. 16, kvdemo ¢
1 e o3nauen nacpesamens, ¢ 2- usnapumens, a ¢ 3-
eKxcmpakmopa.

Dopmume u Ha mpume CbCMAGHU YACTU MO2AMN
da ce npuemam Kamo Kyxu u 3ameopenu, 8 KOumo ce
peanuzupam cvomeemuume HE. Konxpemuama
dopma om gynxyuonanua an.m. modce da 6voe yYu-
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JUHOPUYHA UU NPUSMAMUYHA, KAMO Ms He e 3a-
OvIdICUMENHA.

3. bazosama cxemamuuna cmpykmypa, noiy4eHa
om npozpamama, e npeocmagena na gue.17.

4. Ilocredosamennume CMbNKU NO HONYYABAHE
Ha ONpocmenus cOopen Yepmedic Ha NPoeKmupanus
Kaanawu ca dadenu Ha ue.18.

YcrpolicTBOTO Ha KadeBapkara € CICIHOTO: BO-
JlaTa € IOCTaBeHa B U3MapuTens 2, KoiTo ce Harpsia
OT HarpesaTel, pa3nojoxkeH B 1 (He e mokasaH B Je-
TalaM); KUIsmara BoJa NpeMHUHaBa Hpe3 TphOoI-
poBona 2, mpoabKaBa Ipe3 nephopupaHus IH-
JUHABD 4 W HaBIM3a B KOHTEHepa 5, KOUTO Cb-

JIbprKa HACUITHOTO Kade; KOHTEHHEPBT € PelleThYEeH,
THH Y€ MOJY4YEHOTO TEYHO Kade cim3a B JOJHATA
yacT Ha HarpeBatens 1; kadero ce HM3IUBa Ipe3
nepdopupanaTa BTynka 6 u OTBOpH B 1; KamakeT 7
Ype3 YITBTHUTEI 3aKperBa KOHCTPYKLUSTA.

Tpsabsa na ce orOenexwu, 4e MpeoOPBITAHETO HA
KOHCTpYKIHATa Ha KadeBapkara ot ¢ur.18 na 180°
MIpeCTaBIIsIBA CPABHUTEITHO MPOCTa 3a/1a4a.

5. Eona eapuanmna cmpykmypa, ROJYYeHa No
npozpamen nvm, e uzobpasena Ha gue.19.

6. Onpocmen cbOopen yepmedsic e npeocmaset Ha
@ue.20a (nauanen eman) u gue.206 (kpaen eman).

EOIA ACHIHO Hade
EIL & ZAKOH Ha TOML | marpasae | ool epcTpaxnnd| TEEH
Owaw- Neny EH. Bola rafe
¢ur.14 OI1/] Ha mpoexTUpaHaTa KadeBapka
KOHT eHEep 1 KoHTeHHep 2
P4 | rps6al P2 | Tgmbad
P6 P5 P3 o P1
—————==| HaTpeBATEN FISTIARELT &1l pPaETop ﬁ.
BIL T, prﬁajf TpEha
HPDBD,II;. HPDBD,I[.

¢ur.15 OII/] c ocHOBHHTE ChCTAaBHH YacTH Ha KadeBapka

0)
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¢ur.16 I'pad- monen Ha kadeBapka
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¢ur.17 Cxematnuna ctpykrypa 1Ha kadeBapka
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¢ur.18 KonuenryanHo npoekTupaHe Ha
KageBapka 1o cTpykrypara ot ¢ur.17

¢ur.19 CxemarnuHa cTpyKTypa 2 Ha KadeBapka

a)
2
3
K I
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1 2
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! B\ /3
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¢ur.20 KonuenryanHo npoekTupane Ha KadeBapka 1o
CTpyKTypaTa ot ¢ur.19

3a orbems3BaHe e, ye MeTombT “Graph” mo3Bo-
JsiBa B €/lHA HEMaylka CTerneH (opMaiu3aius Ha
npolieca Ha KOHIENTYAIHOTO MPOSKTUPaHEe Ha TeX-
HHUYECKUTE 00EKTH. 3a Ta3! L] € HEOOXOINMO ChC-
TaBsHE Ha 0a3a JaHHU CHC CTPYKTYPH H CHOTBET-
HH CTPYKTYPHH 4YepTexu. I1oJ CTPYKTypHH uep-
TEXH B HacTosiara padora ce pa3dupa OMpPOCTECHH
COOpHH YepTEeKH, KOMTO CHOTBETCTBYBAT Ha 3aja-
JleHaTa CTPYKTypa. Te3n CTPYKTypH M UYEPTSIKHU ca
HE3aBUCHUMH OT KOHKDCTHHS BHJ[ H3JCIIHC, a ca
CBBp3aHU €JMHCTBEHO C BHJA Ha rpada. Taka Ham-
pumep 3a rpad ¢ 3 BbpXa ce ChCTABAT Ype3 Mporpa-
Mara 9 BHIa CTPYKTYPH, a IO TSIX CHOTBETHHUTE OI-
pocteHn cOopHHU uyepTexu, nmpu 4 Bbpxa- Te ca 27
Opos, a ipu 5- 81 6pos. M3momsyBaHero Ha Ga3aTa
JIAHHU MOJKE J]a Ce M3BBPIIN 110 METO/a, JaJeH MOo-
JIOTTY.

3. MOJUPUKALNA ,,bA3A JAHHU CbC
CTPYKTYPU U CTPYKTYPHH YEPTEXKHN”

Enna Mmonndukamms Ha MeTona, JajaeH Ho- Tope,
MOXE Ja ce MONy4YH 4Ype3 M3MoisyBaHe Ha baza
JIaHHU T10 CIIEIHUS
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AJropuThHM

1. CecraBsiHe Ha Trpad- Mojena Ha TPOEKTUpa-
HOTO H3JIeNHeE.

2. IlpuBexaa ce TpadbT B CHOTBETCTBHUE C HU3HC-
KBaHMATA Ha rporpamara “Graph”.

AKo rpadybT C€ CHCTOH OT ITOBEYE OT €AWH IUKBII,
TO ClJIe[[Ba Jja ce MMpeMaxHaT pedpa MM BCEKU LIUKbBI
Jla ce pasriiex/ia KaTo CaMOCTOSITENIECH TaKbB.

B mwpBuAT cinywail mpemaxHaToTO pedpo (KOH-
TaKTHa Bpb3Ka) NO- KCHO cie/Ba 1a Obae 100aBeHo
B CTPYKTYPHHUS YEPTEXK.

B®B BTOpUS Cityyaii cieq NpUKITIOYBaHE C SANHHS
IUKBJI M TOJNy4YaBaHE Ha CTPYKTYpPHHUS YEPTEXK, ce
NpeMUHaBa KbM BTOPHS IUKBJ KaTo ce IMpHeMa, ue
oOrmrara gacT 3a JBaTa IMKbBIa € PUKCHpaHa/ H3BecC-
THA, T.€. TS Ce IpHeMa 3a elHa ChCTaBHA YacT.

3. YTouHsABaT ce OCOOCHUTE CHCTABHU YacTH Ha
npoeKTHpaHoTo m3nenne. OcoOeHn JacTu ca Te3u, B
KOHMTO HAaCTBIIBAT IIPOMEHH NpH (YHKIIMOHUpPAHE Ha
u3zenve, Hanp. ce AeopMHupar WM ca CbC CIHELH-
¢uuna popma.

4. UzBexxnar ce oT 6azara JaHHU ChC CTPYKTYPH
U CTPYKTYpHH YEPTEKHU TE3U OT TAX, KOUTO OTTOBa-
paT Ha rpada ot 1.2.

3a0. H3mom3yBaHeTO HAa BCHYKH BB3MOXHHU
CTPYKTYPH H YEPTESIKH HE € 3aIbIDKUTEIHO. bposT nm
ce omnpeness OT NpHeTHs Opoil BapuaHTH Ha H3Je-
JIMETO, KOUTO e CE THPCAT.

5. 3a BCEKH CTPYKTYPEH YepTeXK OT T.4:

5.1. OTpassBat ce ocoOeHHUTE AeTaIH.

5.2. JlooopMsi ce CTPYKTYPHHUST YSPTEIK OT IILT.
Ha (QyHKIMOHUpaHe, CrII00sSBaHe U pasriodsiBaHe Ha
nzaenueto. [Ipn HeoOXoAMMOCT ce mpeMaxBaT WM
JN00aBAT CBhCTaBHM 4YacTH. llomydeHHsT dYepTex
TIPECTaBIIsIBa ONPOCTEH COOPEH YEPTEXK.

3ajaynTe, KOUTO MOTAT Ja Ce pelar ¢ HOMOIITa
Ha pa3paboTeHUst METOJ ca:

1. KonnenyanHao npoektupane Ha TO.

OmnpenensHeTo Ha BBPXOBETE U pedpara Ha rpada
MOXeE 1 CE U3BBPILIH Upe3:

- @I (Bx. mpumep 2);

- IpyT BUJ ONHCaHUe, AaaeHo B [1].

2. 'eomeTpuyHO TIpOEKTHPaHE (TIPOCTPAHCTBEHO
reomeTpuaHo oopmierne Ha CE).

B ciydas To ce cBexa 0 TbpceHe Ha BAPHAHTH
Ha MOJY4YEHO IO HSIKOW METOJ 3a MPOEKTUpaHe Ha
npoekTHo pemenue Ha TO. 3a Ta3u 1nen perneHneTo
ce TpeJICTaBs KaTo U3XO0JeH 00eKT (00EKT- aHajor)-
BXK. IpuMep 1.

3. Penuzaiin.

[Tpn mpenpoexTHpaHeTo H3ENIHeTo € u3pabdore-
HO ¥ CE€ ThPCH HOB HETOB BapHaHT. 3ajadaTa ce pe-
I1aBa KaKTo 33jayara 3a TeOMETPHUYHO MIPOSKTHPAHE,
T.€. U3JICJIUETO CE SIBSBA U3XO/ICH OOCKT.

Upes mo- TOpHUTE 3a/1a4M CE pelaBatr u
chopmanuuTe Ha onucanusTa [1]:

4. o ®ITJI- YC (ueptex cOopeH) u

5. ITo CYac (cbcraBHH yacTh)- YC.

TpaH-

4. 3BAKJ/IIOYEHHUE

B pabotara e pa3paboTeH MeTOH 3a KOHIICITY-
QJTHO MMPOCKTUPAHE HA TEXHUYECKH 00CKTU, HAPECUCH
L padoBo Monenupane”. MeTogbpT MOXe Ia ce W3-
MOJI3yBa KAaKTO MPH MPOSKTHPAHETO, TAKA U MPH pPe-
JIN3aiiH Ha MIPOU3BOJICH TEXHUYECKH O0CKT.
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METHOD “GRAPH MODELING” FOR CONCEPTUAL DESIGN OF
TECHNICAL OBJECTS

Mihail LEPAROV
“OTSK?” department, technical University-Sofia, Bulgaria
e-mail: mleparov@tu-sofia.bg

Summary: A method for conceptual design of any technical object is proposed in the paper. The method is based on graph
model of the designed object and developed software “Graph™. It is represented by the heuristic algorithm and illustrated by
an example.

Keywords: design, conceptual design, technical object
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DEVELOPMENT A SYSTEM FOR TREATMENT AND CONTROL OF
POSTTRAUMATIC STRESS, BASED ON MCU MSP430F149

Ljudmila TANEVA' Valentin HRISTOV?
'Department of Electronic Engineering and Technology, Technical University of Sofia,
Kliment Ohridski Boulevard 8, Sofia, Bulgaria, e-mail: lusy t@yahoo.com
2Computer systems and technologies department, Southwest University "N.Rilski" - Blagoevgrad, Bulgaria
e-mail: v_hristov@swu.bg

Abstract: Eye Movement Desensitization and Reprocessing therapy is a new form of psychotherapy and its effect has been
earlier obtained in a subjective way of the therapist’s assessment. Based on MCU MSP430Fx architecture a complex
microprocessor system for objective evaluation of the treatment is developed and this paper presents the structure and main
characteristics of the device, which consists of three main modules: 1) Block for bilateral stimulation, including: speed
control of monitoring, color background control, management of the tactile transducers, tone generators 2) Block of
physiological signals including: limbs peripheral temperature measurement, ECG, pulse wave, the trend of change in
arterial systolic blood pressure, galvanic skin response 3) Control block for transfer and visualization of the results.

Keywords: Microprocessor system, Treatment evaluation, Eye Movement Desensitization and Reprocessing.

1. INTRODUCTION

This article presents a system for objective
evaluation of results during and after Eye Movement
Desensitisation and Reprocessing (EMDR) therapy.
The aim is to improve the effectiveness of the EMDR
method by changing the parameters of the bilateral
stimulation, with the possibility of simultaneous
application of bio-feedback therapy.

EMDR is a form of psychotherapy that uses a
structured approach for addressing past, present and
future aspects of memory disorder. [3] The basis of
this therapy is the subject recalling the disturbing
remembrance in many short intervals of 10-15
seconds each, while focusing on led by the therapist
stimulation of bilateral attention through two-way
eye movement, successive hands tapping or
two-sided auditory stimulation. After each session of
bilateral stimulation of attention, the subject is asked
what associations have emerged during this
procedure. It is usual, this new material to become the
focus of the next session. During a session this
process of bilateral stimulation of the attention and
the emergence of associations is performed multiple
times.

It is believed that EMDR works directly with the
memory networks and enhances the processing of
information, accumulating the associations of
traumatic remembrance and the more adaptive
information contained in other semantic networks of

memory [4]. It is believed also that stressful material
transforms, when links with more positive and
realistic information. The result is a transformation of
the emotional, sensory and cognitive components of
the remembrance, so when it reappears, the
individual will not be in distress anymore.

2. EFFICANCY OF THE EMDR THERAPY

Many authors studied the efficacy of EMDR
therapy and some of them consider that there is no
empirically received evidence capable of giving a
convincing explanation for the effects of this method.
Now the therapist’s assessment of the patient’s
condition during EMDR therapy is subjective and
this affects the way the therapy is conducted as well
as the final results. For solution of this problem is
developed a complex microprocessor system for
objective evaluation of the EMDR treatment. The
main goal is to obtain independent results and answer
the questions: What is the efficacy of EMDR and
what is the efficacy of EMDR compared to other
treatments?

The developed system must answer the questions
about EMDR efficacy and the results could be used as
a base of future theoretical model that can explain the
effects of EMDR therapy. The bilateral stimulation
could be further evaluated, using this system, which
might result in change to the method of EMDR.
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3. SYSTEM FOR TREATMENT AND
CONTROL OF POSTTRAUMATIC STRESS
DURING EMDR THERAPY

The developed system for objective evaluation of
the EMDR treatment is built on 16-bit RISC
microcontroller (MCU) MSP430F149 [5]. The MCU
consist of 16-bit RISC core, 16-bit registers and big
sets of peripherals. The developed system has
hardware multiplication, communication capability
using asynchronous and synchronous protocols, 12
bit analog-to-digital converter, two timers, Watchdog
timer, 60kB Flash memory and 2kB RAM. The
Timer modules have similar functions although some
of them could be very different. The Timer system
includes other devices with timer functions —
Watchdog timer, pulse-width modulation (PWM)
module, Pulse Accumulator. The basic functions used
in the experiments are:

1) Input Capture (IC) - to capture the timer value
when an external event occurs. Applications of Timer
Input Capture include:

- counting pulses from external sources;

- measuring the parameters of input signals (wave
form analysis)

2) Output comparison (OC) - to program an action
to occur at a specific time when 16-bit counter
reaches a specific value. The value of the
Capture/Compare Register is compared to the value
of the free-running counter on every bus cycle. When
matching occurs, a programmed event takes place,
such as changing the state of output, or generating an
interrupt. The function OC here is used for:

- generating of time intervals;

- generating a pulse or sequence of pulses with
programmable parameters;

- PWM signals;

- generating interrupts;

- programmable delays;

A digital —controlled oscillator, together with the
frequency lock-loop, provides a fast wake up from
the low power mode to the active mode in less than
6pus. The MSP430F149 architecture, combined with
five low power modes is very useful for medical
purposes.

The block diagram of the proposed system (Fig.
1) consists of three main modules:

1. Block for bilateral stimulation, including:
speed control of monitoring, color background
control, management of the tactile transducers
(vibrators for left/right hand) and tone generators

(left/right ear).
2. Block of physiological signals including:
limbs  peripheral temperature = measurement,

electrocardiogram (ECG), pulse wave, the trend of
change in arterial systolic blood pressure and
galvanic skin response.

3. Control block including microcontroller and
PC with software for control and visualization of the
results, interconnected via USB interface

The block for stimulating eye movement is
controlled by the microcontroller through a 48-bit
shift register. The glow time ¢, for each light element
of the light bar is determined by the correlation (1).

t,=T /2.n @)
where: T is the duration of two eye saccades (left to
right and right to left). Typically T is in the range
1000~4000 ms; n is the number of the light bar
elements.

For ¢, generation is used one of the
microcontroller’s timers. Upon 7, expiration the shift
register content is shifted one step and the next light
element of the light bar is activated, forming “running
light’ effect.

The effectiveness of the EMDR therapy depends
also on the color of the background behind the light
bar, which is controlled by the Background Color
Control block. There are various methods for color
generation and one of them is by use of red, green and
blue LEDs, controlled with pulse-width modulation,
which is used in this system. For generation of the
pulse patterns for PWM are used another three timers
of the microcontroller and this is an easy and resource
efficient solution. The generated color E. is
expressed by the formula (2):

E(::f(TR’TG’TB) (2)
where the above three arguments are the respective
PWM duty cycles for the three colors red, green and
blue.

For generation of the audio stimulation tones are
used Timer A and Timer B, where the desired
frequency is programmed by PC in Hz. The timers
are configured to work in Up Mode (toggle set
mode).
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EBlock of Physiological Signals (BPS):

Block for Bilateral Stimulation (BBS):

Left Hand Light bar Backgrownd
Temperature Speed control Color Control
A
Right Hand .
Temperature N H Tactile
: | Microcontroller i stimulator
N left hand
PAAa i
Pulse wave 1 | : Tactile
Ll R stimulator
right hand
Blood
Pressure
»
ECG Tone Control
— left hear
SCL : ,  Tone Control
right hear
-y
PC

fig. 1. Block diagram of the proposed system for conducting EMBR therapy
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fig. 2. Algorithm for extremum detection using the midpoint method: a — Extremum in the left part of the array, no
max; b — Common extremum for the both parts of the array, there is max; c- Extremum in the right part of the array, no max

For sensorimotor stimulation of both hands is
used micro-electric motor with weights attached to its
axle eccentrically.

The result of the session is evaluated subjectively
by the test person in accordance with patient’s
condition before and after the session and objectively
using the block for physiological signals.

By measuring the temperature of the limbs (left
and right hand) is estimated the intensity of the work
of the left and the right hemispheres of the brain. The
temperature is measured using thermal sensors.

An important criterion for determining the status
of the autonomic (visceral) nervous system is the
heart rate. The lower the heart rate the calmer the
examined person is. The heart rate could be obtained
by processing the data from the ECG block channel
or from the data of the pulse wave block. For this
purpose it is necessary the period of each cardiac
cycle, which is typical for both considered channels,
to be measured. The period is determined by
measuring in real-time the time between the
maximums of the cycle for any of the two channels.
Since ECG has clearly expressed maximum in the
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zone of the QRS complex, it is convenient to work
with data coming from the block of ECG. The
method for determining the extremum (maximum) is
the “method of midpoint” [1, 2]. In this method is
used one-dimensional array with N elements:
M[N],N=2k+1 3)

where k=1, 2, 3, ..n.

The array M[N] is always with odd number of
elements and is updated by LIFO ( LastIn FirstOut)
method:

M[OEM[1],

M[2k +1]= y(n) 4)

where y (n) is the current converted discrete from the
ECG signal. At each change of the array content the
Inx index of the element with the highest value is
defined. If the condition (5) is satisfied it is assumed
that a local extremum (maximum) is found. The work
of the algorithm is illustrated in Fig. 2 fork=2 and N
=5 in formula (3).
N-1
Inx =max{M[N]} = M[T] 5)
If there is a local extremum the condition (5) must
be satisfied, i.e. K2=M[2] must have the highest
value of all elements of the array of M[N]. The
satisfaction of this condition is illustrated in Fig. 2 b.
The heart rate (HR) is determined by the number
of discrete intervals between the two maximums of
the signal. It is measured in contractions per minute
(6):

HR= 60000 ©6)

(np+1max—n,,max)~T J

where 7, 1m4 and np,, are the indexes of two
adjacent peaks of the signal y(n); Td is the sampling
period in ms.

Another important physiological parameter that
provides information on the autonomic nervous
system is the blood pressure and more specifically the
trend of its systolic component. The method is based
on the timing of distribution of pulse wave in a
closed hydraulic system such as the human blood
circulatory system.

In order to conduct the measurement, it is
necessary to register propagation time of pulse wave

using the related with it QRS complex from ECG in
the remote point of human body.

Usually the remote section is one of the limbs -
hand or leg, but the ear could be used as well. A block
diagram of such a device is shown in Fig. 3.

While measuring the time for distribution of a
pulse wave, as starting point is selected the registered
R-wave of the ECG, which corresponds to the full
contraction of the heart chambers [5, 6, 7]. As end
point for the measuring of the of the distribution time
TDPW is used the maximum of the pulse wave PW
registered at the remote location of the measurement.

> EKT L

| kanan

vy

Briok —3 SYS/DIA

aHali3

—>

Iyncosa BbIHa
1 kanan

fig. 3. Block diagram for time measurement for AKH

The characteristic points for both channels are
determined using the described algorithm (3-5). The
pulse wave pick always lags behind the pick of the
QRS-complex. The systolic component of the blood
pressure is a function of the time delay of the PW
maximum, to the maximum of the QRS complex (See
formulae (7), and formulae (8).

Topw = (Mpy e — PoRs max )T, (7
BPSYS = f(TDPW ) (8)
The galvanic skin response SCL (skin

conductance level), similarly to the arterial blood
pressure, also provides objective information about
the condition of the examined person. The change in
skin resistance provides information on the
electrolyte balance of the subject. Calm state is
characterized by values 1-2 MOhm, while in a state
of anxiety SCL can reach values as low as 200-500
kOhm. The SCL block is built as a device for
measuring of the electrical resistance with DC
current. The generator current is 30 pA. The
information recorded by all physiological channels is
forwarded to a PC via USB interface and there it is
displayed, secondary processed and stored in a
database.
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4. CONCLUSIONS
This paper presents structure and main
experimental characteristics of the device for

objective evaluation of the results during and after
eye movement desensitisation and reprocessing
therapy. The presented microprocessor system allows
not only bilateral stimulation of the eyes, but also
activation of other receptors, for example the
auditory receptors and the sense the touch. With the
help of the information from the block of
physiological channels an objective assessment of the
result of the treatment by use of the EMDR method
could be made. The availability of other stimulators
and the ability to vary their parameters, allows more
complex study of the EMDR method to be conducted
and the effectiveness of therapy to be increased.

All the source code for the experiments provided
in this report are completed with the integrated
development  environment IAR  Embedded
Workbench. The programs are tested on demo board
and could be performed on others with some
corrections. The experiments could be upgraded with
adding some new components and the area of
applications could be extended..
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BJIMUAHUE HA OCHOBHUTE KOHCTPYKTUBHU ITAPAMETPU BbPXY
EHEPTMAHUTE MMOKA3ATEJIU HA IPOBUBHUTE MAILIMHU

umutbp BACWIEB' Uean MUHUH?
p

lKaTenpa ,MexaHn3anus Ha MUHUTE”, MUHHO-Te0s10KKH yHHBepcuTeT - Codust, brirapus
e-mail: vaskovas@tea.bg
“karenpa ,,MexaHu3arus Ha MHHUTE”, MUHHO-Teonoxku yHuepcutet - Codust, Brarapus
e-mail: minin@dir.bg

Pe3rome: B cratusta ce pasriexna BIMSAHHETO HAa Pa3lUYHUTE KOHCTPYKTHBHU MapaMeTpu Ha MPOOUBHUTE MAIIUHU
BBpPXY CHEPTUIHUTE UM TOKa3aTend. M3cienBaHo e BIMSHUETO Ha IUIONITA Ha pabOTHATA MOBBPXHOCT, PAOOTHHS X0 H
MacaTa Ha OyTalOTO M HAJSITAaHETO HAa CI'BCTEHHUS BB3AYX MM MAaclo BBPXY CKOPOCTTa Ha MPOOHWBAHE, OTHOCHTEIHUST
pas3xox Ha padoteH (urynn, KoehHIUESHTHT Ha IOJIC3HO JSHCTBHE, EHeprusiTa U 4eCTOoTaTa Ha yJapHuTe W yJapHaTa MOII-
HocT. [Toka3anu ca u cuenuduIHATEe H3UCKBAaHUS IIPH N300pa Ha OCHOBHUTE KOHCTPYKTHBHH ITapaMeTpH Ha Pa3JIMIHUTE

TUIIOBE HpO6I/IBHI/I MaIlllnuHH.

KarouoBu gymu: npobuBHM MaiinuHu, OyTano, Gpiayun, Hajsrane, Heprus, yaapHa MOIIHOCT

[Ipn KOHCTpyMpaHETO Ha HOBU NPOOMBHH Ma-
[IMHY, KaKTO M TPH U300PBT UM, OT TOJISIMO 3Haue-
HHE € J]a Ce NO3HAaBa BIMSHHETO Ha Pa3IMYHHUTE
KOHCTPYKTHUBHHU MapaMeTPH BHPXY OCHOBHUTE TEX-
HOJIOTHYHH MOKA3aTeIH.

OCHOBHHTE TEXHOJIOTHYHH M KayeCTBEHH IIOKa-
3aTeNy Ha Te3M MAIIMHY ca CKOPOCTTa Ha MpoOHBaHe,
OTHOCHTEITHUS pa3xo] Ha paboTreH diayma, koedu-
OUCHTHT Ha IT0JIC3HO HeﬁCTBHe, C€HEpruiaTa U 4€CTO-
TaTa Ha yJapuTe U yJapHaTa MOIIHOCT.

[Topamu TOBa ce HalpaBH TEOPETUYHO H3CIIE-
BaHE IOKA3Balll0 BJIMSHUETO Ha IUIOLITAa HA padoT-
HaTa MMOBBPXHOCT, paOOTHUS X0 U MacaTta Ha OyTa-
JIOTO ¥ HAJIATAHETO HA CTBCTEHUS BB3YX WM MaCIOo
BBPXY TE3U MOKA3ATEIH.

1. TEOPETHYHA IIOCTAHOBKA

W3scnenBaHeTo ce M3BBPIIBA ChIIIACHO CIICIHUTE
TeopeTnyHH [ 1] 3aBHCHMOCTH:

OmnpenensHeTo Ha €HEprusTa Ha yjaapa ce omnpe-
JIeTIsl ChIIIACHO CIIeHATa 3aBUCHMOCT:

2
_ Mgy

A, =PSIy,J (1)

Kpaero:
my e Macara Ha OyTtanoto, kg ;
- vg- Ipel ylapHa CKOpPOCT Ha OyTanoro,m/s ;
- P -paborHo Hansranero Ha ¢uynna, Pa ;

2
- S- paborHa rutomf Ha OyTanorto, M~ ;

- [, - paboteH xox Ha OyTanoro, 1 .

Yecrorata Ha YAapute €€ OmpeAcIiAT CbITIaCHO
ciaeaHaTa 3aBUCUMOCT:

2
P21 s ®)

n=
l,.m,

VYnaapHaTa MOLIHOCT MOXE J1a C€ OIpEeAeNd OT
¢dopmynara:

3 3 1
Pz .S§2 ]2
N=don=""2"00 3)
mp
CKOpOCTTa Ha POGUBAHE CE OMPE/IENs OT H3pa3a:
A, .n
v, =——,m/s )
d” .oy,

Kpaero:
- d ¢ mmaMeThpBT HA MPOOUBAHUS OTBOD, M
- Oy, - Hallpe)KeHNE Ha CMAauKBaHE HA MaTepHa-

na, N/m?*.

[Ipy HACTOSIIOTO TEOPETHYHO H3CICIBAHE CE
MIPOMEHSI CaMO €/IMH OT Y4aCTBAIIUTE B YPaBHEHHETO
napameTpH, a OCTAHAIUTE CE MPUEMa, Ye Cca MOCTO-
SHHHU. 3a Ja ObaaT 00XBaHAT BCHYKH BHUJIOBE IIPO-
OMBHU MalllMHM TPOMSHATA HA MapaMeTpUTe € Hal-
paBeHa B MPOLIEHTH, & Ha TPOMEHSNIUTE Ce MoKa3a-
TEJIA B ITBTH.
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2. PE3YJITATH OT U3CJIEABAHETO

BnusiHnero Ha HajsiraHeTo Ha pabOTHUS (QIyna
P u pabGoTHaTa NOBBPXHOCT Ha OYTANOTO S , BEPXY
EHeprusiTa M 4YecToTaTa Ha YAapuTe, YyAapHaTa
MOIIIHOCT U CKOPOCTTAa Ha NMpoOMBaHE € eAHO3HAYHO

(¢ur.1).

0,
A, n%
1
e
800
600
H %;J/
400
A
200 J
%'/
/)
0 0,3 1 1,5 2 P ,MPa

¢wur. 1

C mHapacTBaHe Ha HaIATaHeTO Ha pabOTHHSA
¢mynn u Ha paboTHaTa MOBBPXHOCT Ha OyTanoTo,
Haii-0aBHO HapacTBa dYecToTara Ha ymapute. [lpm
yBeNM4YeHue Ha P u S 4yeTupu IbTH, YyecToTaTta Ha
yJapuTe HapacTBaT /iBa MbTH. [IBykpaTHO 0-0bp30 B
CpaBHEHHE OT 4YecToTaTa Ha YyJapuTe, HapacTBa
eHeprusTa Ha yjpapa A, . YaapHata MOLIHOCT H

CKOpOCTTa Ha INpoOuBaHE, KAaTo IPOU3BEACHHE Ha
P n S nHapactBat Haii Obp30. Ilpu yeTmpukpaTHO

HapacTBaHe Ha P u S, N M V, HapacTBaT OCeM

ObTH. BHAHO e, Ye ChIIECTBYBAT TOJEMH PE3CPBU
NpH yBEIMYCHUE Ha paOOTHOTO HAJIATaHE Ha iyuna
¥ aKTHBHATA IUIOLI HA OyTaI0TO, HO TOBA IMOHSKOTA €
HEBB3MOJKHO.

Ha ¢urypa 2 e moka3aHo BIUSHHETO Ha IBIDKH-
HATa Ha X0Ja Ha OYyTal0TO BBPXY CHEPrUsiTa U 4Yec-
TOTaTa Ha yJapuTe, yAapHaTa MOIIHOCT U CKOPOCTTa
Ha npoOuBaHe.

C mHapacTBaHe Ha JB/DKMHATa Ha Xoja Ha OyTa-
JIOTO [, , 4€CTOTaTa Ha y/lapPUTE HAMATIABA.

OO6patHo, mopa gy yBeIW4YeHHE Ha TIpel yAapHaTa
CKOpOCT Ha OyTanoro, Hali-ObP30 pacTe eHeprusiTa

Ha yzapa, a IPOM3BEAECHUETO HA 1 U A, OCUTypsiBa

€IIHO CPeIIHO HapacTBaHe Ha yAapHaTa MOIIHOCT P U
CKOPOCTTa Ha IPOOHBAHE V,, .

A, %
g
%p /4 ’/
140 )‘;/
120 1|
— TPV
I
80
/] I
40
0

1 1214 16 18 e

¢ur. 2

B noBeueTo ciryuan HapacTBaHETO Ha IBbDKUHATA
Ha XolIa Ha OyTaJoTO ce OTpassiBa ITOJOXKHUTEIHO
BBPXY IIOCTHTHATUTE pe3ynTaTd. ToBa yBeanyaBaHe
TpsiOBa na Oblie ChOOpPA3eHO C KPUTHYHATA Mpej
yIapHa cKOpoCT Ha OyTaJoTo M HeroBara Maca. Tesn
JIBa TIapaMeTbpa OKa3BaT MPOTHUBOIIOIOXKHO BIIHS-

nue. Ilpy €IHaKBO yBeNWYeHHME Ha [, U Mg pe3yi-

TaTUTE HE CE MPOMEHSIT.

BriusiHnero Ha macata Ha OyTallOTO BBPXY H3C-
JeaBaHUTE IIapaMeTpH € N0Ka3aHo Ha ¢ur.3.

Macara Ha OyTai0TO HE BIHsE Ha €HEprHsiTa Ha
ynapa. IlpudanHa 3a ToBa € (akThT, ye Macara Ha
OyTajoTO BIMsie Ha Tpe] yAapHaTa CKOPOCT Ha Oy-
TaJoTo.

B wm3paza 3a eHeprusra Ha ynapa CKOpOCTTa Ha
OyTayioTo € Ha BTOpa cTemeH. Macata Ha OyTanoTo
BIIMSIC €JHAKBO BBPXY YECTOTAaTa Ha yAapure, yaap-
HaTa MOIIHOCT U CKOpOCTTa Ha npobOusane. C yBe-
JMYaBaHEe HA Ta3W Maca Te3W MOKa3aTed HaMallsiBaT

Ha crereH | .
2

38



Brirapcko criricanue 3a HH)XEHEPHO MpoeKTHpaHe, 0poii 16, okromepu 2012r.

BnustHueTo Ha HansraHeTo Ha paboTHUS (iyun
P BBpXy OTHOCUTENHH My pa3xol QO e MoKa3aHo Ha

¢urypa 4.

>~

S
\D\//

40

20

1 12 14 16 18 My
¢ur.3

\\
n ~_

i
0 1,0 20 30 FMPa

¢ur. 4

OTHOCHUTETHUAT Pa3xol € MapaMeTbp,KOUTO
IpeCTaBisBa M3Pa3XOJBAHOTO KOJIMYECTBO MAcCIO
WM CI'bCTEH BB3yX B MUHYTA 32 €IMHHULA MOIIHOCT.
OTHOCUTEHUSAT Pa3XoJ Ce IMPHUIIOKPHBA C Koe(H-
UEHTHT Ha MOoJIe3HO AelicTBue Ha mammuHara. C Ha-
pacTBaHe Ha HaJATaHETO Ha pabOTHHAT QIIyWa, TOH
HaMaJsiBa, KaTo Hal-Obp30 € TOBa HaMaJIeHUE B JIU-
amaszona 0,5-+1Mpa .

[lokazanure Ha (uUrypuTe 3aBHCUMOCTH JaBaT
Hai-o0IIM W3WCKBaHUS INPH W300p HA KOHCTPYK-
THUBHHU [apaMeTPH Ha BCHYKU BHIOBE NMPOOUBHU U
KBbPTa4HH MAIMHU C YIApHO ACHCTBHE U C XHAPAB-
JUYHO WM BB3AYLIHO 3a/BMKBaHe. Bceska rpyma
MalliHH, pa30upa ce, IMa CBOM 0COOEHOCTH, KOUTO
TpsA0Ba [a ce B3eMar 110 BHIMAaHHe.

CpaBHUTEHO MaJKH Ca Bh3MOXXHOCTHUTE 3a II0-
JI0OpsiBaHE HA MTOKA3aTeNNTE IPU PHYHUTE IPOOUBHU
MalllMHU 4pe3 MO-palOHAIHO MoAOUpaHe Ha oc-
HOBHHUTE KOHCTPYKTHBHHU TMapameTpu. IIpu TsX BB3-
MOYKHOCTHUTE 32 YBEIMYaBaHe Ha y/lapHaTa MOIIHOCT
U CKOPOCTTa Ha MPOOHMBAHE Ca OrpaHMYECHH MOPAIU
HapacTBaHe Ha BHOpalMHTEe B MAllMHATa U OT He-
00XOANMOCTTa OT HO-TOJISIM OCEB HATHCK.

3a TexKHUTe MPOOUBHH MAIIIMHK PAOOTEIIN BEPXY
MAaHUITYJaTOPU TaKUBa OTPAaHUYCHUS HE ChHIIECTBY-
BaT. 3a TAX TpsOBa Aa ce mpueMar napameTpu, KOUTo
€/IHOBPEMEHHO OCHTYpPSBaT YBEJIMYEHHE Ha 4YECTO-
TaTa U EHepruira Ha ygapa. ToBa MO-TpyIHO ce
MOCTUTa TPHU ITHEBMATHYHUTE NPOOWBHHM MAaIUHU
Mopagyl  OrpaHWYeHaTa E€HEepPro  OCUTYPEHOCT.
Haii-ronemn BB3MOXHOCTH 32 TOBa MMaT XHIpPaB-
JWYHATE TPOOWBHY MAIIMHK. 3a TAX OrpaHNYaBaILO
yCIOBHE € eIUMHCTBEHO KpUTHYHATA TNpenyrapHa
CKOpoCT Ha OyTaJoTO M H3APHKIMBOCTTA HA HPO-
OuBHUS HMHCTpYMEHT. [lpu HapacTBaHe Ha mpeny-
JlapHa CKOPOCT Ha OyTaJloTO HaJl KpUTHYHATA, TPSIOBa
Jla ce yBeJIH4H MacaTa Ha OyTajoTo.

MHoOro orpaHu4eHH ca BB3MOXKHOCTHTE 3a IIO-
JNoOpsiBaHE Ha TIOKa3aTeluTe Ha IMOTOISIEMUTE
ITHEBMOYJIapHHLM, Thii Karo paboTHara IUION Ha
OyTaJoTO € OrpaHNuCHa OT AUAMETHPHT Ha COHJaXKa.
Cpmo Taka TPYAHO MOXE Ja CE OCHUTYpH
M0-HATaThIIHO HAapacCTBaHE Ha HAIATAHETO Ha CI'bC-
TeH BB3ayX. OT Ipyra cTpaHa ChIIECTBYBa CEPHO3CH
npodieM ¢ OXJaXKIAHETO Ha MOIBM)KHHUTE KOMIIpe-
copH, a OT Apyra CTpaHa 3a IOCTHIaHe Ha BHCOKH
HaJATaHUA € HeoOXOoAWMa TroisMa 3a[BHXKBaILa
MOIIIHOCT, KOETO OW HaManuio eekra OT IpeapH-
eTuTe MepKH. ['onmemMu pe3epBU CHLIECTBYBAT IPH
Ch3/1aBaHEe Ha XUPABINYHHUTE [TOTOISIEMU TPOOUBHH
MamuHy [2]. Cp31aBaHeTO HA TaKMBa MAlIMHU MO3-
BOJIsIBa IPOOMBAHETO Ha IbIOOKU COHIAXKHU C TOJIIMO
CeYeHHUe MPH HEKOJIKOKPATHO MO-BHCOKH CKOPOCTH.

3. U13BOJIN
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BB3 ocHOBa Ha N3BBPIICHUTE U3CIIEIBAHNS MOTAT
Jla CC HaNpaBsT CICTHUTE N3BOJIH:

1. KauecTBara Ha MPOOMBHHUTE MAIITHA 3aBUCST
OT HaJISTAHETO Ha PabOTHUS (IIYHI U OT OCHOBHHTE
KOHCTPYKTUBHHU IapaMeTpu — pabOTHA IUIOLI, ITbJI-
KMHA Ha X0Za M Macarta Ha OyTaJoTo.

2. I'maBHUTE KpUTepUH 3a OLIEHKAa Ha MPOOUB-
HHUTE MallMHH Ca CKOPOCTTa Ha NMpoOWBaHE, OTHO-
CUTEJIHUST Pa3xol M KOe(DUIMEHTHT Ha TOJIE3HO
nelcTBHE.

3. M360pbT Ha OCHOBHHM KOHCTPYKTHBHH Iapa-
MeTpH Ha TpOOWMBHUTE MAIMHHU TPsOBa Ja Obaat
choOpa3eHn ChC CIenuPuIHUTE O0COOEHHOCTH Ha
Ppa3IMYHUTE BUAOBE NIPOOUBHU MALIMHH.

JlutepaTtypa
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THE INFLUENCE OF BASIC DESIGN PARAMETERS ON THE ENERGY
PERFORMANCE OF DRILLING MACHINES

Dimitar VASILEV' Ivan MININ’
'Department “Mechanization of mines”, University of mining and geology “St. Ivan Rilski” — Sofia, Bulgaria
e-mail: vaskovas@tea.bg
’Department “Mechanization of mines”, University of mining and geology “St. Ivan Rilski” — Sofia, Bulgaria

e-mail: minin@dir.bg

Abstract: This paper examines the impact of various design parameters of drilling machines onto their energy parameters.
It is carried out a study of the influence of the working surface area, the working stroke and the mass of the piston, also the
pressure of compressed air or oil on the drilling speed, the relative consumption of working fluid, the energy conversion
efficiency, the energy and frequency of strikes and the impact energy. The specific requirements in the choice of basic
design parameters of various types of drilling machines are also presented

Keywords: drilling machines, piston, fluid, pressure, energy, impact energy
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OIIEHKA 1 ®OPMUPOBAHUE BEKTOPA CHUJIBI COITPOTUBJIEHUSA
I'PYHTA KOITAHUIO HA 3YBbAAX KOBIIA MOIIIHOI'O OJHOKOBIIOBOI'O
I'MAPABJINMYECKOI'O 9KCKABATOPA ITPAMOI'O KOITAHUA

Mérp MOBETAJIO
HUMAIL um. bnaronpasosa A.A. PAH, Poccus
e-mail: petrp214@yandex.ru

Pe3rome: B nacrosmeii pabote paccMOTpeH BOIpoc 00 OLeHKe U (OpMHUPOBAHHU BEKTOPA CHJIBI CONPOTUBIICHUS TPYHTA
KOIIAaHMIO HA 3yObsIX KOBIIA MOIIHOTO OJJHOKOBIIOBOTO I'HJIPABIMIECKOT0 HKCKaBaTOpa MPsIMOT0 KOMAHHS

Kinrw4eBble ci10Ba: 0JHOKOBIIIOBBII FI/I}:[paBJ'II/I‘-IeCKI/Iﬁ OKCKaBaTop, pa6oqee 060py£[013aH1/Ie; CuJjia COIPOTUBJICHHUS I'PYHTA

KOIIaHHUIO

Hacrosmias paboTa mpomomKaeT HCCiel0BaHHs
Havateie Kpukynom A.B. [1] 8 MI'CVY.

OpnHol U3 NMPUYMH HEYJa4HOTO OTEYECTBEHHOTO
OIIBITA TPOMBIIIJIEHHOTO OCBOEHHS MOIIHBIX T'H[-
paBnuyeckux skckaBaropo (MI'D) crano orcyrcr-
BHE LEJOro psija TEOPETUYECKUX IOJOKCHUM, He-
00XOAUMBIX Ha CTaAMU IIPOEKTUPOBAHMS, B 4YacT-
HOCTH, KacalolllUXCs BOIPOCOB OIPEIENeHUs Har-
PY30K, OeHcTByloIUX Ha pabodee 000OpyHoBaHHE
(PO) skckaBaropa B mporiecce KOmaHusl.

Peus uzmer 00 opueHTAIMM BEKTOpa CHIIBI COI-
POTHBIICHHUS TPYHTA KOMAHUIO OTHOCHTEIBHO DPajH-
yca KOMaHMs, TOYHEE, O KOJIMIECTBEHHOM COOTHO-
HIEHMU KacarelnbHOM P m HopMambHOU Py, coc-

TaBJISIOIIMX CHIIBI CONIPOTUBIICHHS TPYHTa KONAHUIO.
Jns  MexaHW4YecKMX 3KCKaBaTOPOB JTOT BOIIPOC
moIpoOHO uccnenoBad [2, 3 u np.], omHako st MI'D
MIOJTy4YEeHHbIE pe3yJIbTAaThl He pUeMIIeMBL. B obactu
CTPOHTEIBHBIX THIPABIMYCCKIX SKCKaBaTOPOB ObLIa
coznana mporpamma MECH [4 u nmp.]. B Heit yka-
3aHHAs HEOIIPEICICHHOCTh YCTPaHASTCs epebopoM
HampasieHui cunel P; B amanmasone or 60 1o

120rpagycoB OTHOCUTENBHO pafuyca KOMaHus, T.€. B
nuana3zo”e ot -30 no +30 rpaaycoB OTHOCHTEIBHO
HallpaBJICHUs €€ KacaTeJIbHOHM cocTasisitoiieid. Mn-
BIMU CJIOBaMH, HOPMAJbHAsl COCTABIISIONIAsl BapbH-
pyetca B uHTepBane 57,7% ot kacarenpHOH. Dop-
MaJIbHOE PaclpOCTpaHEHUE IAHHOTO WHTEpBaja Ha
MI'D He momycTHMO.

Ha 0aze skcnepyMeHTaIBHOTO Marepuaia Juis
skckaBatopa OI'-12A mpoBeneHa craTUCTHYECKas
0o0paboTka paccMaTpUBacMOro Inapamerpa Ipu
BBINOJIHEHUH OIepalyy KonaHus. J[BUXKYIIUMU Me-
XaHU3MaMU SIBISUIMCH TUAPOLMIMHAPBL PYKOSTU H

koBma. KomaHWs THAPOUMIMHIAPAMH CTpENbl HE
BcTpeyanock. B Tabmume 1 mpuBereHa cTaTHCTH-
yeckasi HHQOPMAIHS 10 PACIPEACICHHUIO yIila HakK-
JIOHa BEKTOpa CHJIBI COMPOTHUBIICHHS T'PYHTa KOIla-
HUIO K paanycy komanus. 3a 100% npuHATO KOJIH-
YeCTBO M3MEpPEHMH yTiia B KaKJIOM M3 BOCBMH pac-
CMaTpHUBaeMbIX PEXHMOB KomaHus. [loimydeHHbIH
unTepBan ot 70 1o 150 rpagycoB HECKOIBKO CMELIEH
OTHOCHUTENBHO NPEATI0KEHHOTO JUIsl CTPOUTEIBHBIX
THIPABINYECKUX DJKCKAaBaTOPOB. YKa3aHHOE CMe-
IIIEHHE B CTOPOHY BEPXHEH I'paHMIBI OCOOCHHO 3a-
METHO IPH JPOCCETNPOBaHNN pabode )KUAKOCTH U3
MOPIIHEBBIX MOJNOCTEH THUAPOLHMIMHAPOB CTPEIIBI
(xomonku 4, 5, 10 m 11 B Tabmnume 1).

PaccMoTpeHre mpuduH 3TOTO SIBICHUS BBIIBIIIO
B3aMMOCBSI3b OPUEHTAIINH BEKTOPA CyMMapHOU CHIIBI
COTIPOTHUBIICHUS I'PyHTA KOMAHUIO C MOAATINBOCTHIO
paboyell >KHIKOCTH M JKECTKOCThIO pa3pabarbiBae-
Moro rpyHra [1]. JInsg KOHKpeTH3aluH, B KauecTBe
KOIIAIOIIEro MeXaHu3Ma BblOepeM pyKosTb. B aTom
cinyyae orpe3ok BD (puc. 1) mmutHpyer paamyc
komanust. [lepneHauKyspHas K paguycy KOTaHHA
peaknus TpyHTa R, KOTOpYIO B IIEpBOM NIpHOMIIKE-
HUM MOXXHO CUHTaTh KacaTeJbHOH COCTaBIISIOIIEH
P, cymMMapHOW CHIIBI COIIPOTHBIIEHHS TPyHTa KO-

naHuio P, onpeensercs AaBIEHUEM B IOPLUIHEBBIX
TOJIOCTSIX THAPOUMIMHAPOB PYKOSITH P,
2 G
R:O,ZS-Pp~ﬂ~Dp~kp~hp—MB M

BD
rae D, — pquaMeTp NOpIUHS THAPOUMIMHADA PyKO-

ATH; k, — KOIMYECTBO TMAPOLMINHIPOB PYKOSTH;

hp — IUIEYO0 CUJIBI Pp, pa3BUBaEMON TUAPOLIMIIUH/-
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[érp [TIOBETCAJIO

POM DPYKOSITH, OTHOCUTEIBHO IIapHHUpa CTpena —
pykosTh; My — CyMMapHbIii MOMEHT OT Beca PyKo-
SITH, KOBIIA, TUAPOIMIMHAPOB KOBIIA W TTOJOBUHBI

B€Ca THUAPOUUWIIMHAPOB PYKOATU OTHOCHUTCIBHO

LIapHUPA CTPENA-PYKOSTh.

ﬁal}uy'c KONAHU a

Puc. 1 Cxema B3anMOACHCTBHS PEKYIISH KPOMKH KOBIIIA C TPYHTOM

Jnst paBeHCTBAa CYMMBI MOMEHTOB OTHOCHTEIBHO
OATBL CTpensl (Touka A), moTpeOyercsl JOMOIHH-
TeIbHOE (OTHOCHUTENIBHO YJIEPXKUBAIOLIEro CoOCT-
BEHHBIH BeC) yCHIIME Ha IITOKAX €€ MHIPOIMINHIPOB
AP, iy, 4TO TO XK€ camoe, JOMOJHUTEIBHOE pe-

¢
AKTHUBHOC JaBJICHHUC Apc B HOpLLIHeB])IX TIIOJIOCTHX.
Tak xak npHUpameHue NaBIC€HHS Ap, CBA3aHO CO
C)KaTUEeM JOIOJHHUTENBHOTO 00BeMa pabodel >Kui-
koctu AV [5], To:

b, = 7 2L @)

14

rae V — Tekymuit 00beM KUAKOCTH B HCCICTYEMBIX
HOJNOCTSX; ¥, — OOBEMHBI MOJIYJb YIPYrOoCTU pa-
0odYell KHUIKOCTU;U TOHATOOUTCS JIMHEHHOE Iepe-
MelieHne nopmHsS A/ , IpUBOAAIIEE K ITOBOPOTY
KOHCprKHI/II/I OTHOCHUTECIIBHO IIATHI CTpeJ'H)I 1o 4a-
COBOI cTpesnike. B pe3ynbraTe MosBIsSE€TCS peaKTHUB-
Has cocTaBisomas N , MPONOPIHOHAIBHAS JKECT-
KocT IpyHTa C, U €ro cxaTturo Am:

N=C,-Am 3)

banaHc MOMEHTOB OTHOCHTENBHO IISITBI CTPEIBI

OTIPENIeIUTRCS CIEeTyIomuM obpa3om [6]:
AV r-D?

Xy —— ———h.-k.+R-AD-cos(£LADB) - @)
—N-AD-sin(£LADB) =0
rae D, — nuamerp NOpLIHA THAPOLMINHIPA CTPEIIbL;
k., — XONWYecTBO TMAPOLMIUHAPOB CTPENbL; /i, —
IIe4o CUiabl P, , pa3BUBAeMON THIPOLMINHIPOM

CTpEJIbI, OTHOCUTEINEHO TSTHI CTPEIBL.

BripasuMm cxathe JOMOTHUTEIBHOTO 0O0BeMa
paboueii xunkoctH AV depes3 JmHelHOe mnepeme-
mienue nopmHsa Al u ero quamerp D, :

2
AV = a P (5)
4

Ucnonw3yst Beipaxxenust (3) u (5), a Takxke
BEIIOJIHUB jencHue Ha AD, dopmyny (4) MOXHO
MIPEACTaBUTh TaK:
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2 4
-7 A_lﬂhc -k, +R-cos(ZADB)—
V.-AD 16 (6)
—C, -Am-sin(£ADB) =0

[Nony4eHHOe BhIpaXKCHUE OJJHO3HAYHO CBS3bIBAET
MEXIy co0Oi JTHHEHHOE TePEeMEIICHHE IITOKA THI-
poumnuHapa crpeisl Al W cxarue TpyHTa Am B
Ka)JIOM pacyeTHOM mnoJioxenun PO.

C npyroif cropoHsl mapameTpsl Al U Am xec-
TKO CBSI3aHBl MEXIY CO0Oil TeOMETpUYECKH, T.e.
c)KaTue TpyHTa Am €CTh HU YTO MHOE, KaK MPOCKIUS
Ha paguyC KOMaHHs MNepeMEIleHHs KPOMKH 3y0a
KoBIma (puc. 2), CIeAYOIeH 3aBUCUMOCTBIO:

Am=2-AD-sin (#j -cos [#— LADB)

(7
TJIe YTOJI 0, OIPEIeNIAeTCs TaK:
AP? + AV? —PV?
Qo = arccos 8
2-AP- AV

a yron f} HaxoauTes 1o opmyoe:

5 = arccos AP? + AV? —(PV — Al)? )
2-AP-AV

PA0U e KONG5

puc. 2 Cxema onpesieNieHust CKaTus TPYHTa B 3aBUCUMOCTH OT BEJIMUMHBI MIPOCATKH ITOKA THAPOLMINHIPA CTPETbI IPH
KOIIaHUH PYKOSATBIO

Moncrasnsst popmyiy (7) B popmymy (6) moy-
YUM TPaHCLUCHICHTHOS YpaBHEHHE C OJHUM HEH3-
BECTHBIM:

Al 7*-D!
-y, ———— "¢ . h -k +R-cos(LADB) -
Wyap 16 e ( )
2-AD-sin[a_ﬂJ-
—C,. -sin(£ADB) x =0

sin (# - LADBJ

(10)

Jns pemieHust 3TOro ypaBHEHHUs MOKHO BOC-
T0JIB30BAaThCS METOJIOM ITOJIOBUHHOTO JeneHus [7],
JIETKO peann3zyemoro Ha OBM.

Pemennem ypaBrenus (10) sBisercs BelIM4HHA
Al — nuHelHOe mepeMelleHre IITOKa THIPOLH-
nuHApa crpensl. [loacraBiss ee 3HaUEHHE B ypaB-
Herne (9) mo ¢opmyne (7) MOXHO ONpENETHUTH
c)KaTHe rpyHTa Am , 4TO, B JaJIbHEHIIIEM ITPUBENIET K
OTIPEJIETICHNIO KOHKPETHBIX 3HAYEHUH DPEaKTHBHBIX
cocTapisomux R u N, a clieqoBaTelbHO U BEK-
TOpa CHJIbl COIPOTHUBIIEHUS IPYHTa KoIaHuio P, B

JTAHHOM KOHKpeTHOM TonokeHnu PO, mpu 3a1aHHBIX
reoMeTpuueckux pasmepax PO u mpm 3amaHHBIX
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[érp [TIOBETCAJIO

(pU3MKO-MEXaHMYECKUX XapaKTepUCTHUKax pabouei
KHUJIKOCTH Y TPyHTA.

OnwncaHHBI BBINIE TOAXOA K OIPEICICHHIO
BEKTOPa CUJIbI CONPOTHUBIICHUS TPYHTa KONAaHUIo P,

U €€ PEaKTHBHBIX COCTaBISIIOIIMX R W N mpu KO-
MAHUHM PYKOSITBIO MOXKHO PAaCHpPOCTPaHUTh M Ha pe-
JKMM KOIIAHUS KOBILOM, YYHUTBIBAs JHIIb KHHEMATH-
YeCKHe OCOOCHHOCTH CXEMbI COOTBETCTBYIOILETO
MeXaHU3Ma KOMaHUs.

Heo0xoaumMo OTMETHTH, YTO B OIHMCAHHOM MOJI-
XOJ€ HE YYTEHO BIHSHHUE €€ OMHOTO YIPYroro
3BEHA — TPETbel Maphl FHUAPOLMIUHAPOB. Ilpu aHa-
U3¢ MEXaHU3Ma KOIAaHUS PYKOSATBIO 3TO THAPOLU-
JWHAPH! KOBIIA, a TIPH aHaJIN3€ KOMAHWS KOBIIOM —
THAPOUMIINHIPEI CTPEIBI.

Yder momartiamBOCTH pabodel >KUAKOCTH TpHU
(opMHpOBaHMM Harpy3KH Ha pEeXyLeH KpoMKe
00yCTIOBTIEH 3HAYMUTENBHBIMH pa3MepaMu cTojba
3aMepToi KUAKOCTH B TUAPOLMIMHAPAX, YTO MpH-
BOJUT K HEOOXOJMMOCTH CYIIECTBEHHOTO Iepeme-
IIEHUS TOPLIHS IS CO3JAHUS JONOIHUTENBHOIO
peakTuBHOTO AaBineHus. Tak, i npubasku 10MIla
IIpY BBICOTE CTONOA >KUAKOCTH B 1,2 M (TOI0BHHA
X0/1a THAPOUMIMHAPOB cTpenbl OI'-12A) nuneiiHoe
HnepeMeIleHe NOPIIHS OLEHUBAETCS B § MM.

B nanpHeieM npu UCNoJIb30BaHUN ONIMCAHHOTO
MTOIX0Ja M CTATHCTHYECKUX MaHHBIX 0 pabdote MI'D,
TaKMX, KaK TPAEKTOPHS ABWKEHHUS KPOMKH 3y0a
KOBILIA, JIOJIS1 KOMAHUS PYKOSATHIO MM KOBIIOM OT
BCEH INPONOJDKUTEIBHOCTH KOMAHUs, pa3padaTbiBa-
€MOro TpyHTa U psiia IpYrux JaHHBIX, MIpearoiara-
€TCsl TMPOBECTH aHaJIM3 3aBUCHUMOCTH HOpPMaJIbHOU
COCTaBIIAIONIEH CHJIBI CONPOTHUBIEHHUS TPyHTa KO-

naHuo N B IIpolLiecce KOMAaHUS C YYETOM C OJHOM
CTOPOHbI, UBMCHCHUA CUJIOBBIX U T'€COMETPUYCCKUX
napaMeTpoB BO BPEMEHH M, C APYrod CTOPOHBI C
YYETOM NOAATIMBOCTH pabouei )KUAKOCTH U TPYHTA.
PesynpraToM pelieHuss NMOCTaBICHHOHM 3agadn
Oyner Mertonuka (GopMHpOBaHMS BHELIHErO Harpy-
xkenua PO u rugponpusona MI'D B mponecce ko-
TIaHKS Ha CTAANHU IPOSKTUPOBAHMS, PEATN30BaHHAS K
ToMy e Ha OBM B BHIE TPOTpaMMEI, TIO3BOJIIOIIEH
Ha CTaJuM IPOEKTUPOBAHUSI HCCIEOBAaTh Harpy-
XKEHHOCTb JJIEMEHTOB THJIPONPHUBOJA U METAILIO-
KOHCTPYKIHMI ¥, TAKUM 00pa3oM, HOBBICUTH HaJEX-
HOCTb M J0AroBeuHocTs MI'D mpu 0THOBpEMEHHOM
CHIDKEHHH METaJJIOEMKOCTH U, BO3MOXHO, OIpe/e-
JIEHHOH ONTUMHU3aINK [TapaMeTPOB THAPONPUBOJA.
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ASSESSMENT OF THE DIGGING RESISTANCE FOR SINGLE BUCKET
HYDRAULIC EXCAVATOR

Petr POBEGAILO
Blagonravov Mechanical Engineering Research Institute of RAS, Russia
e-mail: petrp2 14@yandex.ru

Abstract: In the present work we discuss evaluation and the formation of the digging resistance for single bucket hydraulic

excavator

Keywords: hydraulic excavator, digging resistance
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Tao6.. 1 Pacnipesenenue yriia HakJI0Ha BEKTOPa CUJIbI CONPOTHUBIICHUS TPyHTa KONIAHUIO K PaJInyCy KOIaHUs

JAunana3on yria

Pe:xum xonmanus

HAKJIOHA BEeK- Pyxko- Kosmiom | Pykosithio | Kopmom Kosmom KoBmom | Pykositbio U KOB- | PyKkosiTbIO M KOB-
TOPA CHJIBI ATBIO % NPH NPo- NpH NPo- | NPH Opo- | NPH Npo- moM % LIOM IIPH Npo-
CONPOTHBJIE- % cajike cajike cajike cajike cazke cTpessl %

HHA TPYyHTA crpesibl % | cTpesibl % | PYKOATH | CTpeJbl H
KONIAHMIO K % PYKOATH
paauycy Ko- %
NaHus, Tpaj
1 2 3 4 5 6 7 8 9 10 11
70-80 5 3 0 0 0 0 3 0 2 0
80-90 4 16 1 0 2 0 16 6 7 1
90-100 34 35 7 0 17 8 21 29 12 17
100-110 21 26 21 17 35 34 42 42 28 22
110-120 9 10 13 65 27 47 13 17 31 22
120-130 14 4 19 10 6 4 3 4 17 23
130-140 10 3 19 6 10 4 2 2 2 10
140-150 3 3 20 2 3 3 0 0 1 5
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USE OF SAP R/3 FOR CONTROL AND COST EVALUATION OF THE PRO-
DUCTION PROCESSES FOR HYDRAULIC CYLINDER PRODUCTION

Georgi KOZLEV Lubomir DIMITROV

English Language Department of Engineering, Technical University of Sofia, Bulgaria

e-mail: gkozlev@mail.bg

Abstract: The need for a more streamline manufacturing process has made many companies look for ways to increase their
information gathering and analyzing methods. One way companies could do that is by using Enterprise Resource Planning
(ERP) software. There are many benefits of using such type of software: it increases the quality and efficiency of the
business, it provides crucial information to top management for decision making and keeps the company agile, making it
react faster and adjust better to outside changes. The purpose of this paper is to illustrate the implementation of SAP ERP
software in the low-volume production process of a hydraulic cylinder in HES factory in Yambol and review the details of
this production. The two major aspects that will be focused on are the cost of the production, in terms of material, operation
and labor costs, and the Material Resource Planning (MRP) procedure used to plan for expected demand for a certain point

in the future.

Keywords: Enterprise Resource Planning (ERP), SAP, cost estimation, MRP.

1. INTRODUCTION

The modern industrial production is characterized by:

e Demassovization, i.e. decrease of number of
products produced in series. As a result, most of
modern industry production can be described as small
series production.

e reduction of the time needed for commodity
production, which is a result of the severe competi-
tion on the market and of the need of very fast in-
troduction of the new products.

e reduction of products prime cost: it is impor-
tant to reduce the cost in such a way that small series
products can compete the mass production.

These features are satisfied in nowadays industry
by employing highly productive reconfigurable
equipment with proper software for planning, de-
signing and production. On the point of view of
software, these features can be solved by the use of
flexible production systems run by proper software,
known as Enterprise Resource Planning (ERP) sys-
tem [1,2,3].

The hydraulic cylinder in question is produced by
HES factory, seated in Yambol, Bulgaria [4,5]. The
task given from the factory was to implement the
manufacturing with SAP ERP system and evaluate
the cost and production time of the cylinder.

2. USING SAP

SAP uses a system of roles [2,6,7]. Every user has
its own predefined role in the system. The purpose of
the "role" in SAP is to prevent employees or suppliers
to gain access to information they need not know or
should not know. It is used to set restrictions and/or
privileges as well as to prevent the vision of specific
fields in a document, which do not concern the user.
These are also called authorizations.

Authorizations are used for many reasons, most of
which are mainly security expectations:

e To protect sensitive business data, on the basis
of laws, regulations and agreements - the company
must meet certain legal requirements based on their
country of operation. It must be able to adhere to
agreements with and requirements of partners and
vendors, and to ensure their implementation and it
must publish and enforce security policies, so that a
secure environment can be established and main-
tained. This applies both to data used externally and
to data used internally.

e To preserve cost-benefit relations - for it to be
possible for the system to deal with the multitude of
threats, the security must be achieved with
cross-dimensional assignment of authorizations.
However, the benefits achieved in this way are often
not relative to the costs incurred. With some values, it
is cheaper to replace a loss than to protect the data at
great expense. A company should concentrate on
areas in which a clear benefit can be realized. This
saves unnecessary investments of time and money.
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e Prevent obstruction of business processes - It
is disadvantageous if business processes are con-
trolled with authorizations to such an extent that al-
most every call leads to an error message. A situation
of this type is not favorable for the processes in a
company. The assignment of authorizations should
be structured in a way that is clear for the adminis-
trator, by using a smaller number of roles. If this is
not done, it is often difficult to remove undesired
obstructions to business processes in complex, nested
authorizations. Only with a transparent structure can
this be avoided.

In order to work with an SAP system, users require
unique user IDs. A user master record must be cre-
ated in the system for each user. This user master
record also contains the password that the system
prompts the user to enter when logging on.

There are numerous mechanisms for preventing un-
authorized access to an SAP system that can raise the
security level of a system if configured appropriately.
These configurable settings include, for example, the
minimum length and the expiry date of passwords.
To protect business data and functions against un-
authorized access, SAP programs utilize authoriza-
tion checks. In order to pass an authorization check of
this type, a user needs the appropriate authorization.
Authorizations are assigned using profiles in the form
of roles, which are entered into the user master re-
cord.

Roles in SAP can be created only by users with
administrative privileges. The key combination is
Shift+Ctrl+F12. This opens the screen for creating or
modifying an existing role. It can be assigned to dif-
ferent projects and can be denied access to others.
Information about the dates on which it was created
or last edited can also be viewed. The authorizations
for the role can be modified and viewed as well. This
is what an example list with authorizations looks like
picture at fig.1.

3. DEFINITION OF THE MATERIALS USED
IN PRODUCTION AND THE BOM

In order to evaluate and comment on the pa-
rameters of the manufacturing process of the hy-
draulic cylinder, first the required materials and their
relations in the Bill of Materials (BOM) need to be
defined in the system.

Display role: Authorizations

) EH @ "lopen [&|changed PEMaintained  Organizational levels... [H information

Maint. : 0 Unmaint. org. levels 51 open fields, Status: Unchanged

ZIV_PRESENTATION ©AC ZIV_PRESENTATION
—E OAC Stendard Cross-application Authorization Cbjects
[0 OOF Standard Basis: Administration

[~ QAC Standard Basis - Development Environment
[~ OCHE Standard Basis - Central Functions

[ OAC Standard Classification

—E @M Standard Controlling

—E @M Standard Financial Accounting

—E O Stendard Human Rescurces

B OAC Standard Logistics Controlling

[~ QAC Standard Materials M t: Inventory M
[~ OAC Standard MM: Materisl Requirements Planning
[0 OAC Standard Materials Management: Master Data
0 OC@ Standard Plant Maintenance

—E @M Standard Production Planning

—D OAC Standard Quality Management

Phys . Inventory

fig.1 Role authorizations list

A material for SAP is everything that can be
stored, processed and sold. In this production process
there are three types of materials:

e Raw materials - used in the first step of pro-
duction. They are always procured externally;

e Semi-finished materials - they are considered
as such after the first step of production until they are
used to create the finished product;

¢ Finished materials - products ready for sale or
shipping, with no more operations to be done on
them.

In SAP commands are also called transactions.
The transaction for the creation of a new material is
"mmO1". It is entered in the main role screen in a
textbox in the upper left corner.

3.1 Raw materials creation procedure

The first type of material that will be defined is
the raw materials. In the system they will have the
name GK.LEV03**, The last two digits correspond
to the unique number of the material.

After entering the transaction code and pressing
Enter, user is presented the initial screen — fig.2.

Here the material name, industry sector and ma-
terial type have been assigned as required.

After hitting Enter again the use is presented a list
with the parameters of the material to be available for
configuration (fig.3).

On the bottom the buttons are from left to right as
follows:

e Accept the changes and go forward;

e Organizational levels;

e Data;

o Select all of the above fields;

e Deselect all of the above fields;

e Save the selected fields as default for future
materials creation and viewing;
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e Cancel the changes and go back;

[= Create Material (Initial Screen)
(V] MR cae

Create Material (Initial Screen)
Select view(s) Organizational levels Data

Material GK.LEV0301

Industry sector Mechanical enginee.. >

Material Type Raw materials -

Change Mumber

Copy from...

Material

fig.2 Initial material creation screen, configured for raw
materials

Purchasing in the above figure is selected because
all raw materials will be externally procured.

However, warechouse management is not selected,
as the production in question is low-volume and the
necessary materials can be stored on-site, in the fac-
tory.

After hitting Enter again, the user will be
prompted to select the plant number, the storage lo-
cation, warehouse number and storage type from lists
in the system.

After the selection is complete and the user is
satisfied with the locations he has chosen, hitting the
Enter key again starts a series of screens, connected
with the parameters, selected from the list in fig.3.
They are as follows:

e Basic data 1 - general data as material group,
unit of measure, dimensions and packaging data can
be entered here;

¢ Basic data 2 - environmental data and links to
drawings, either in the system or external, can be
given;

e Purchasing - cost related parameters and dates
can be entered here;

e MRP 1 - gives the general outline of the
strategy to be employed;

e MRP 2 - concerned with the different factors
connected with buying and storing of the material;

e MRP 3 - deals with the forecast and planning
of the material production;

e MRP 4 - gives the user the opportunity to
configure the different paths, which production can
follow, depending on the BOM and different manu-
facturing strategies;

View
Il ";Basic Data 1 -
I .:BESIC Data 2 g
Classification
Sales: Sales Org. Data 1
Sales: Sales Org. Data 2
Sales: General/Plant Data
Foreign Trade: Export Data
Sales Text
;Purchasing
Foreign Trade: Import Data
Purchase Order Text
| |MrP 1
" |MRe 2
MRP 2
MRP 4
Forecasting
|General Plant Data / Storage 1

|General Plant Data / Storage 2

.V\."arehuuse Management 1

Warehouse Management 2

VEQuaI'rt\,r Management

'Accuunting 1

Accounting 2

Costing 1 =
|Costing 2 -

| [Jwiew selection onhly on request
—|Create views selected

i |2| Organizational levels || Data |@| Default values |g|
fig.3 List of configurable parameters for raw materials

e Forecasting - deals with the models for con-
sumption of reference material and plant, if there are
any. Also here the forecasting model, used for this
material has to be selected;

e General plant data 1 - deals with storage con-
ditions and configurations in the plant;

e General plant data 2 - the geometrical pa-
rameters of the material in storage conditions can be
determined;

¢ Quality management - the information for the
strategy of quality management and its implementa-
tion can be entered;

e Accounting | - unit of measure, valuation
method and price, currency, divisions for sales and
business areas and price determination can be entered
here;

e Accounting 2 - concerned with determination
of the lowest value, different taxes and whether the
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material or the movement type is relevant to LIFO
and FIFO valuation;

e Costing 1 - different parameters, related to the
costs of producing this material can be entered;

e Costing 2 - estimations for the future costs are
being calculated.

These were the basic parameters, that can be
configured for a raw material, while it was created. At
a later moment the user can always come back to any
of these screens with the command "mm02", entered
in the role screen, and change any of the parameters,
except for the name of the material.

3.2 Semi-finished materials creation procedure

The next type of materials, needed to be defined
in SAP for the production, are the semi-finished. In
the system they will have the name GK.LEV02**,
The procedure for creating a semi-finished material is
the same, with only the difference that in the screen
from figure 2 the material type is set to semi-finished
from the drop-down menu.

When creating the raw materials the tab "Pur-
chasing" had to be chosen. Here the semi-finished
materials are created in the factory, so this tab will not
be selected for configuration. The other tabs from the
raw material creation procedure are selected again.
When creating semi-finished materials a new tab
appears for selection - Work scheduling.

In the Work scheduling tab the user can define the
following:

Base unit of measure;
Unit of issue;
Production unit;
Production scheduler;
Production scheduler profile;
Production storage location;
Material grouping;
Serial number profile;

e Overall profile.

It can also be pointed out whether the part is
critical for production, if batch production is present
and the batch entry in the production/process order
can be determined.

Also the values concerning underdelivery and
over-delivery tolerances can be entered.

In the last part of the tab, the user can choose
whether the time for production is lot size dependent
or independent. After that values for those times in

days can be entered and the quantity for which they
are related to can also be entered.

View
Basic Data 1 =
i Basic Data 2
Classification
| Sales: Sales Org. Data 1
Sales: Sales Org. Data 2
Sales: General/Plant Data
Foreign Trade: Export Data
Sales Text
Purchasing
Foreign Trade: Import Data
Purchase Order Text
|MRP 1
[ |Mre 2
|Mre 3
EEER
; .Fnrecas'zing
[ |Work Scheduling
.'Genelal Plant Data / Storage 1
General Plant Data / Storage 2
Warehouse Management 1
Warehouse Management 2
|Quality Management
| |Accounting 1
; Accounting 2
| Costing 1 g
|costing 2 =

~|Wiew selection only on request
| [[|Create views selected

[+#][ organizational levels | Data |[EL[EE_Defaut values |[%]

fig.4 List of configurable parameters for semi-finished
materials

3.3 Finished materials creation procedure

The last material type needed to be defined in the
system is finished materials type. Only one material
of this type needs to be defined - the finished cylin-
der. In the system it will have the name GK.LEVOI.
The tabs from the procedure for creating
semi-finished materials are still selected and those
connected with sales are selected as well.

The following parameters can be configured in
the respective tabs:

e Sales organization 1 - organization responsi-
ble for sales of the material is listed. Also the base
unit of measure, sales division, sales unit, unit of
measure group, cross-distribution chain status, dis-
tribution-chain specific material status, delivering
plant, material group and cash discount can be
specified. The country of sale can be entered so it can
be determined whether the product is taxable and for
what amount in the next sections. Information about
the order quantity and what rounding profile should
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be used can be entered. Also the unit of delivery can
be specified and only exact multiples of it can be de-
livered;

View
" |Basic pata 1 -
Basic Data 2
|| Classification
| -isales: Sales Org. Data 1
Sales: Sales Org. Data 2
|Sales: General/Plant Data
..Fcrelgn Trade: Export Data
Sales Text
[MRP 1
| .MRP 2
MR 3
[ |mrp 4
Forecasting
| .'Work Scheduling
I IEGEHEIB\ Plant Data / Storage 1
] General Plant Data | Storage 2
‘Warehouse Management 1
| Warehouse Management 2
mQuaI'rty Management
-:Accountmg 1
Accounting 2
“|costing 1 =
.an;:||1g 2 -

| [CIview selection only on request

| [Icreate views selacted

| [¥][(Organizational evels || Data | (B [E]_Defaut valuss ][] |

fig.5 List of configurable parameters for
finished materials

e Sales organization 2 - grouping terms and the
product attributes can be specified. Grouping terms
section the following can be specified: material sta-
tistics group, volume rebate group - definition that
can be used for rebate settlement, general item cate-
gory group, material pricing group, account assign-
ment group, item category group - NORM for stan-
dard item, pricing reference material, product hier-
archy and commission group.

e Sales general/plant - deals with the general
sales parameters within the plant. The following is
available for configuration: base unit of measure,
gross and net weight of the material, whether the
material is a replacement part, specify whether and
for what areas the material qualifies for a discount in
kind, material freight group, availability check,
whether the material is managed in batches and
whether an approved batch record is required. The
time and transportation methods can also be speci-

fied. They include: Transportation group, Loading
group indicator, Setup time, Procurement time and
the quantity to which the processing time refers. The
user can specify the group packaging specifications,
when the materials fall under a certain category. It
can specified whether the system is to track the ma-
terial in negative stocks, the code of a predetermined
profit center, the serial number profile code, the dis-
tribution profile and the level on which the serial
number must be unique.

e Foreign trade export - deals with parameters
that need to be configured if the material is going to
be sold abroad. The following can be configured:
commodity Code/Import Code Number for Foreign
Trade, export/import group, CAS number - a key
used to mark customs-free pharmaceutical materials,
PRODOCOM number - key which allows a system-
atic categorization of goods for production statistics,
Control code - for consumption taxes in foreign trade.
In the Origin preferences, for EU countries, the
country and region of origin can be specified. Also
the CAP (Common Agricultural Policy) product list
number and product group number can be selected. In
the legal control section the following can be con-
figured: whether the material requires an import or
export license or not, the number of this exemption
certificate, the issue date of this exemption certificate
and whether the material in question falls under the
category of military goods.

3.4 Bill of materials configuration

The last part for configuration of the materials is
the configuration of the Bill of materials (BOM) for
the cylinder. A BOM for every semi-finished mate-
rial has to be constructed. The command for this ac-
tion is "cs01" and it is written in the textbox in the top
right of the role screen. After hitting Enter the fol-
lowing screen appears - fig.6.

In it the material name, the number of the pro-
duction plant, what the BOM will be used for (pro-
duction, maintenance, costing, stability study) and
whether an alternative BOM for an existing material
is being created, can be specified. In the lower section
it can be entered if there is a planned change in the
BOM and form when it should be taken into account.
Also the revision level can be specified.

A commonly used practice is to start building the
BOM tree from the top. In this case the first part to be
defined is the finished cylinder.
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& Create material BOM: Initial Screen
& MR Cae

Create material BOM: Initial Screen

4% [ Create variant of...

Material &
Plant 1000| 3aBog 1
BOM Usage =

Alternative BOM

Effectivity
Change Number

Valid From 19.05.2012

Revision Lewvel

fig.6 Initial BOM configuration screen

In the initial screen the name of the material has to
be entered (GK.LEVO01), the plant number, the BOM
usage (in this case production) and alternative BOM
variants have to be entered. In the bottom part it can
be entered if there is a planned change in the BOM
and form when it should be taken into account. Also
the revision level can be specified. After pressing the
Enter key, the user is presented the General item

& Change material BOM: Genreral Ttem Overview

The columns form left to right are as follows:

e Item number in the list of materials in the
BOM;

e ICt - Item Category (Bill of Material) - Cate-
gorization of the items in a BOM according to set
criteria, such as whether they refer to or whether they
are kept in stock. L in this case stands for stock items;

e Component name;

e Component description;

e Item quantity;

e Unit of measure;

e Asm - is the component an assembly;

e SIs - are there any sub-items for this compo-
nent;

e Valid from and valid to;

e Change number if there were any changes.

The procedure for adding new items in the BOM
is the following:

e first the user has to click in the field ICt in an
empty line and determine the category of the mate-
rial;
next is to search for a material by its name - a search
window will appear;

e the description will automatically be shown in
the adjacent field after a material is chosen;

e the quantity of the newly added material in the
assembly has to be set,

& Fld A @@ CHE DDOD BE @
Change material BOM: General Itern Overview

[E =S & 2 subitems Mew entries T | & [Header B Validity

Material GK.LEVO1 CHP 080/040/0420/01.01.B

Plant /1000 3aBog 1

Alternative BOM 1

< Material | Document General
Item | ICt Component Component description Quantity iz Asm Sls Valid From wValid to Change Mo.
0010 L GE.LEV0201 PRG 040/V/25.02.01.A 1 PC & ] e-04.2013131.13. 9950
0020 L GK.LEV0202 CA 080/B/06.15.00.A 1 "] 16.04.2012 31.12.9939

0030
.Clﬂtlﬂ
0050
looe0

overview screen. There the items used to assemble
the cylinder have to be selected and their quantities
chosen. After configuration the screen should look as
shown in fig.7.

PC 7

fig.7 BOM configuration screen for the finished cylinder

e the unit of measure and the last three column's
data will be set by default form the record for the
material in the material database.
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After repeating the procedure for all assemblies in
the product tree the Bill of materials for the cylinder
is complete and SAP can display it with basic in-
formation for every part in it. The command for this is
"ih05" and is entered in the textbox at the right top
corner in the role screen. This command opens the
material structure selection screen(fig.8). The im-
portant information, except of course the material
name, for input in this screen is:

e Explosion depth of the BOM - how many
levels below the main should it display;

¢ Plant number;

e BOM application - whether the BOM will be
used for inventory management, costing, plant
maintenance or other applications. In this case PP01
means the BOM in question will be used for general
production purposes.

> Material Struc

& +|4

ction

CaQ DMHE
Material Structure: Selection
&

Material GK.LEVO1

Valid From 19.06.2012

Explosion
Display Levels Below 4

Parameters (for BOM explosion)
Plant
BOM Application PPOL
" |Group BOM
Base quantity

Only PM assemblies
—|0nly PM-rel.items

1000

Display
| As graphic

fig.8 BOM display configuration screen

The user can also choose to view the BOM as a
graphic. After configuring all the parameters as
above, the actual display of the BOM is done by
clicking on the icon with a clock in the top left corner,
under the textbox. For the cylinder it is displayed in
fig.9.
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fig.9 Fully Expanded BOM of the cylinder
4. ASSEMBLY OPERATIONS

After selecting the appropriate materials for the
production of the cylinder, the next step is to set the
production and assembly operations and their pa-
rameters. For that the so-called technological map
should be constructed. In SAP it is called a routing as
well. It contains all of the information for the work-
stations, operations, worker and machine tariffs, and
manufacturing times. In this simulation the times are
chosen just as examples, they are not calculated by
the appropriate methodology.

Again the procedure starts form the role screen.
The code for creating such a map is "ca01". It again
has to be entered in the textbox in the top left of the
role screen. After hitting Enter the routing creation
screen will open (fig.10).

The mandatory information that has to be entered
here is the material for which the routing is going to
be created. The plant number is present by default, as
it was the last one used in the system. The other in-
formation can be left to be input at a later time.

Let us first create a routing for the finished cyl-
inder. It will display the operations needed to com-
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bine the two major assemblies that are a step before
the finished cylinder. In that case the name of the
finished cylinder has to be entered in the textbox as it
was first saved in the material selection.

After entering the name and hitting Enter the user
is presented with the header details configuration
screen. The information here that the user can enter is
connected with planning, ordering and size of the
order and production quantities. The important in-
formation is the group counter, the usage of the
routing and status of the material.

After entering the desired information, the button
"operations" on the top should be clicked. It opens a
large table with many columns, but only the first few
are important for the simulation.

There the operations are listed in the order in
which they are carried out with the description and
time for setup, machining and labor, as well as other
information. To get detailed information for a certain
operation, the user has to simply click twice on its
number in the left most column. This opens a series of
configurable menus.

[& Create Routing: Initial Screen
& JqHICQ@ DHE oo

Create Routing: Initial Screen

& [Micopyfrom RRoutngs RSequences . Operations

Materal
Plant 1000,
Sales Document Sales Document Trem

WBS Element

Group

Validity
Change Number
Key date 20.05.2012

Revision Level

Additional data
Profile

fig.10 Routing creation screen

5.COST ESTIMATION

5.1 Additional input data

Before the next part, where the cost estimation is
carried out, additional information will need to be
input into the system, like the price of the raw mate-
rials, used in the production. It can also be set while
the materials are first created.

In table.1 prices and quantities of the raw mate-
rials used in the assemblies will are given, as well as
the direct costs for the total amount of those materials

SAP has a built-in material overhead of 20%.
Taking it into account leads me to believe the total
material cost of the cylinder will be around 56 BGN.

Also the work centers used in production have
their own costs and overhead preconfigured in the
system, according to the type of work center. These
determine the fixed material overhead, personnel
time, machine time and set-up time costs.

5.2 Cost estimation

The next part of this simulation is to estimate the
cost of the finished cylinder. It will incorporate the
data configured in the previous section of the simu-
lation. Again the user has to return to the role starting
screen and enter the code for material cost estimation
"ck11n". It opens a screen (fig.11) where the material
name and production plant have to be entered.

In the costing data section the costing variant has
to be set. The choices are as shown in fig.12.

Table.1 Material cost data

Name Description Unit Price/Unit Quantity | Total
GK.LEV0301 Steel C45 kg 1 12.5 12.5
GK.LEV0302 Steel C52 kg 1.2 9.2 114
GK.LEV0303 Bearing SRC 25 from Pavarini pc 15 1 15
GK.LEV0304 Spring ring 113 A42 DIN 472 pc 2 2 4
GK.LEV0305 ED-030 Rubber gasket pc 0.5 1 0.5
GK.LEV0306 ER-097 Rubber gasket pc 0.5 1 0.5
GK.LEV0307 EO-873 Rubber O-ring pc 0.8 1 0.8
GK.LEV0308 ER-825 Rubber gasket pc 0.6 1 0.6
GK.LEV0309 Pig-iron kg 1 2 2
Direct material cost 47.3
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fig.11 Material cost estimation creation screen
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YBO3 BP: Inventory Valuation
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YPC2 BP Standard cost V2
YPC3 Standard Cost Est. (Mat.)

fig.12 Costing variant choices

It will chosen YPC1 for standard cost estimation.
The costing version is set to 1 automatically by the
system. The transfer control is set to PC0O1 by default.

In the Dates tab the user has to select from which
date the costing profiling should be carried out.

After hitting Enter the user is presented with the
screen in fig.13. In it the cost components are broken
down in a technological tree and various details about
them can be viewed.

In the left part of the screen the tree, displaying
every item in the cylinder, and for each item the fol-
lowing is shown:

e Description;

Total value;

Currency;

Quantity;

Unit of measure;

Resource - plant number and material name.

In this case only the material costs are visible. The
processing costs are calculated but are not visible in
this view. If the user wishes to see them as well, the
button outlined in red has to be clicked. It includes
those costs in the tree view, connected with all op-
erations, for each and every material. There every
level of the assembly will be accompanied with the
according production costs.

On the right side of the tree detailed information
about the highlighted material is shown. The most
important tab here is the Costs tab. It gives the user
the ability to view fixed, variable and total costs for
the material and in the bottom table all of the com-
ponent and operation costs can be tracked.

If the user wants to see the information about the
cost components of the finished cylinder, or any part
for that matter, first he has to select it form the tree
view by double-clicking on its description and then
on the row "Costs of goods manufactured". The in-
formation for the finished cylinder is shown (fig.14).
Also a graphical representation of those components
can be viewed (fig.15).

6. MRP PROCEDURE

6.1 Sales forecasting

The final part of the simulation is to create the
sales forecast and run an MRP procedure. It is done in
different steps. The first one is to create the forecast.
This is completed with the transaction "MD61" that
has to be entered in the textbox in the role screen. The
user can select for what type of product he wishes to
run the procedure for:

e Material;

e Product group;

e Requirements plan.

In this simulation we will run it for the finished
cylinder, so the type material will selected and the
name will be entered in the textbox. Also the plant
number has to be entered.

In the version section the simulation is selected to
be a requirements plan. Other options are included in
fig.16. In the planning horizon section the period for
forecast has to be entered as well as the period indi-
cator.

The next step in setting up the MRP procedure is
to enter data in the planning table. It consists of sev-
eral columns, first of which are the material name,
plant number and base unit of measure. Those that
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follow present the months following the current one.  amount, which will be simulated for production.
There the user can enter a number, representing the
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fig.13 Cost estimation general screen
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fig.14 Cost components for the finished cylinder
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fig.15 Cost components for the finished cylinder in graphical form
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fig.16 Version options for the forecast

6.2 MRP procedure execution

The next step is the actual MRP procedure. It is
started with the command "MDO02". First the material
name and plant for production have to be selected.

The MRP control parameters are:

e Processing key - specifies the type of the MRP
run;

Create purchase requisition indicator;
Delivery schedules ;

Create an MRP list;

Planning mode;

Scheduling.

In the process control parameters the following
can be configured:

e Whether all of the components contained in
the bill of material are planned even if these com-
ponents have not been changed in any way relevant to
the planning run;

e Display the results before they are saved;

e Display the material list;

e Simulation mode of the MRP.

After hitting Enter the user is shown the following
screen in fig.17, showing the MRP run data.

The important data here is contained in the third
section, called Database statistics:

e Planned orders created - the number of all
semi-finished and finished materials;

e Purchase requisitions created - number of raw
materials that have to be procured in so that the order
can be fulfilled;

e Dependant requirements created - the number
of all of the materials needed for the finished cylin-
der, both raw and semi-finished.

evel

g ~fdH e EHE DNO8 BE

Single-Ttem, Multi-Level

Statistics

Materials planned 23
Materials with New Exceptions 23
Materials with Termination MRP List

Parameters
Elnt 1000
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19:25:45
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00:00:02
00:00:01

fig.17 MRP procedure screen

6.3 MRP procedure results

To view the result of the MRP procedure the
transaction code "MDO04" has to be entered. It opens a
screen, where the material name and plant of pro-
duction have to be entered. Fig.18 shows the results
of the MRP procedure for 20 cylinders, that should be
ready for first of August.

The information is for the twenty cylinders, for
which the forecast was made. The columns in the ta-
ble form left to right are as follows:

e Planed order - the name of the ordered mate-
rial;

e Requirements date - date, on which the mate-
rial needs to be available;

e Requirement element - PldOrd for finished
product, DepReq for other materials;

e Requirement element item - the item number
on a certain BOM level, by which the assembly is
carried out;

e Required quantity - quantity of the material,
needed for production;

e Receipt date;
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Regmt Element Item | Rec./reqd gty | B | Receipt Date | Receipt Element = Receipt Element No. | Recai...

20,000 PC 01.08.2012  Pldord 7443
1 20,000-PC 31.07.2012  Pldord 7444
ik 20,000- PC 27.07.2012  PidOrd 7446
1 20,000-PC 25.07.2012  PurRgs 10000694 10
2 20,000-PC 25.07.2012  PurRas 10000695 10
3 20,000-PC 25.07.2012  PurRas 10000636 10
4 20,000-PC 25.07.2012  PurRgs 10000697 10
5 20,000- PC 25.07.2012  Pldord 7452
1 40-KG 20.07.2012  PurRgs 10000702 10
2 20,000-PC 27.07.2012  Pldord 7447
1 40-KG 25.07.2012  PurRgs 10000700 10
3 20,000- PC 27.07.2012  Pidord 7448
1 100-KG 25.07.2012  PurRgs 10000700 10
x 20,000- PC 27.07.2012  Pldord Fiii
1 20,000-PC 25.07.2012  PurRgs 10000692 10
2 40,000- PC 25.07.2012  PurRas 10000693 10
3 20,000- PC 25.07.2012  Pldord 7456
1 30-KG 20.07.2012  PurRgs 10000698 10
2 20,000- PC 31.07.2012  Pldord 7445
1 20,000-PC 27.07.2012  PldOrd 7450
1 20,000- PC 25.07.2012  PidOrd 7453
1 80- KG 23.07.2012  PurRgs 10000699 10
2 20,000- PC 27.07.2012  Pidord 7451
1 20,000- PC 25.07.2012  PldOrd 7454
1 4-KG 23.07.2012  PurRgs 10000701 10
2 20,000- PC 25.07.2012  Pldord 7455
1

180-KG 23.07.2012  PurRgs 10000701 10

fig.18 MRP results

e Receipt element - PIdOrd for produced mate-
rials, PurRqs - external procurement;

e Receipt element number - Alphanumeric key
uniquely identifying the document of the transaction.

7. CONCLUSIONS

As a result of this work a model of a factory for
hydraulic cylinders production has been modeled by
the use of SAP ERP software.

This model allows to:

- specify operations, needed for production of

hydraulic cylinders from raw materials to the as-

sembly and packing.

- calculate the production final cost as a sum of

raw material, associated costs, and other costs.

Finally an MRP procedure was executed so that it
could give us deadlines for purchase and production
of the dependant materials, required for production.
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SPECIFICS IN DESIGN PROJECTS FOR CRYOGENIC INSTALLATIONS
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Abstract: The specific nature of cryogenic technology demands detailed view of the implemented design projects. With
their wide field of application, ranging from food and beverage to steel production, the industrial gases have a quite
interesting and unique story to tell. We will review some project designs concerning cryogenic installations, located in
Bulgaria, starting from heavy industry production, laboratories and research to food and healthcare industries. The aim of
this article is to show the specifics of these designs and familiarize the reader with the technical gases field.

Keywords: industrial gases, cryogenic installations

1. INTRODUCTION

The course of many processes in the chemical
industry is related to the use of technical gases. These
gases are used to improve the economic performance
of many chemical processes to achieve better quality
of manufactured products and to enhance the security
of production. Extracted from the atmosphere by
physical processes or recovered from production
cycles, these gases can be stored either in liquid form
(cryogenic liquids in insulated tanks) or in gaseous
form (cylinders or pipelines). In the course of
presenting the designs, the importance of the
technical gases in the given fields is noted. The
contents of this article will give the reader a clear
view of how technical gases are implemented in
different production lines and industries, thus
emphasizing their importance in everyday life. As a
designer in this specific field I will give some
examples of cryogenic installations.

2. RANGE OF APPLICATION OF
TECHNICAL GASES

It's not exaggerated to say that some production
sites cannot function properly without the specific
properties of technical gases. In this article we will
observe some examples of how technical gases are
used in different fields of industry and how they make
the production process more simple and raise the
quality of the product itself.

2.1 Technical gases in heavy industry
The first one is in the sea city of Varna and it is the
biggest ship building and ship repairing company in

Bulgaria. It's foundations have been laid back in
1907 and it's still working despite the lack of clients
and hard economy. The specifics of their production
require technical gases in order to operate. Main
activities in the plant are metal cutting and of course
welding of metal sheets. This is a very large scale
production line. The company can construct and

repair ships up to 100 000 DWT.

It is a plant that needs big quantities of oxygen
and acetylene to cut and shape the metal sheets. This
is the main reason why we chose to construct on-site
station with a 30 m’ reservoir containing liquid
oxygen.

780
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fig.1 Liquid oxygen reservoir with evaporator

After leaving the reservoir the liquid oxygen passes
through and evaporator and takes gaseous form after
which it is distributed via pipelines trough out the
plant. After some time we observed that one reservoir
is not enough so we designed plans for one more — a
10 m* liquid oxygen tank. These are the design plans.
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fig.2 The two oxygen reservoirs connected
to each other

The new tank is connected with the pipeline of the
old one. Trough out the plant there are metal cutting
stations. Gaseous oxygen is fed from the pipeline and
acetylene gas is delivered in cylinders under pressure.
Metal cutting torch is used to cut the metal sheets
needed for the production.

For the welding process we supply the
shipbuilding yard with CO, and gas-mixes. We
designed an on-site reservoir station with an 12 m’
CO, tank. The liquid carbon-dioxide with pressure
19-20 bars passes through evaporator and takes
gaseous form. After that the pressure is reduced from
20 to 5 bars using pressure-reducing valve. After the
reduction the carbon-dioxide enters a main pipeline
from where every welding station is supplied. The
pressure in the main pipeline is kept at 5 bars, because
different metal sheets are being welded together. For
example at one station the worker is welding a thin
metal sheet and needs around 1.5 bars but at another
station a metal sheet with bigger thickness is being
welded and around 4 bars of pressure is needed.
Apart from CO, we supply the construction site with
gas-mixes. They are a mix from argon and CO, and
are ideal for welding process. They come in cylinders
with different size and volume. More expensive than
regular CO, but the quality of the welding is higher.
These gases are used for welding in places like the
cabins, the deck, the crew room. The idea is that
welding made with these gases are more fine, more
esthetic and no not need finishing processes.

The other plant I observed is located in Plovdiv. It
is a leading firm for processing and production of
non-ferrous metals.

fig.3 Difference between welds

Founded in 1962 the firm aims to become a leader
in its field. It's production line includes production of
zinc dust, production of lead and zinc alloys, process
fluids and recycling water cooling, technology for
recovering of gold from gravity concentrate,
production of silver and production of cadmium.

For its production processes the plant uses large
quantities of oxygen. Oxygen is mainly used in the
heating processes of ore. Since the plant is using
oxygen in quantities of up to 500 000 m® an on-site
production site has been build. This is a picture of the
layout of the production site.

fig.4 Layout of the oxygen production site

From the Air Separation Unit (ASU) the liquid
oxygen passes through an evaporator and takes
gaseous form. From there it passes through a large
buffer of 150 cylinders and then wusing a
pressure-reducing valve the pressure of the gas is
reduced from 200 bras to 50 bars. Large pipelines
spread throughout the plant supplying the furnaces
with oxygen. Lead furnaces have the higher debt of
oxygen. One of the disadvantages is that the nitrogen
produced in the ASU is thrown away, despite its
value.
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In contrast with the above-mentioned plants,
another company located also in Plovdiv uses
technical gases for its high-tech laser cutting
machine. The main activity of the company is to
produce technology for the food and beverage
industry. For the machine to function properly we
supply the plant monthly with 6 m’ nitrogen,
stored in a reservoir, used for the blow out of the
machine at a pressure of 30 bars, 10 m’ oxygen for
cutting of non-ferrous metals at pressure of 23
bars. The oxygen is stored and delivered in
“bundles” (a metal cage containing 16 cylinders at
a pressure of 200 bars which are connected to one
outlet valve).

fig.5 “Bundle”

The laser itself is made out of helium, pure
carbon-dioxide and pure argon. These pure gases
are delivered only in cylinders and are positioned
near the machine. Their debt is not high — cylinder
per year of each gas. This is a typical scheme of
the head of a laser cutting machine.

2.2 Technical gases in food industry

The development of today's food industry is
closely connected with technical gases. They are
used in the processing and preparation of the
products before they reach the customer. Gases
are used in cooling, packaging, aerating of drinks
and sterilizing of foods.

laser beam

pressurized
gag inlet

focussing lens

nozzle work piece

fig.6 Typical scheme of the head of a laser cutting machine

Most commonly used gases are the
carbon-dioxide used to cool and freeze, regulating the
temperature and transport of food. CO, is also used to
aerate drinks like beer, soda and other. Another gas
used for cooling is the liquid nitrogen. In gaseous
form nitrogen is used to prevent oxidation of food.
Gases are also used to kill micro-organisms and
prevent the food from becoming bad. These gases
include nitrogen and ozone. Technical gases used in
the food industry must meet appropriate standards
[2].

A leading plant located in Shumen is currently
using nitrogen to prevent oxidation in ready products

and thus making the product more lasting. Our in-
stallation on-site consists of a 10 m® reservoir with
liquid nitrogen, connected to an evaporator. The gas
leaves the evaporator with pressure of around 15 bars
and then passes through a reduction-valve. It enters
the plastic pipes with pressure of 3 bars and enters the
building. Machines insert exact quantity of nitrogen
into every pack of products. I can give an example for
the long lasting of ready products. If a pack of pea-
nuts does not contain nitrogen it's expiration date is
one month after production but if nitrogen is inserted
into the pack of peanuts the expiration date becomes
3 months — 3 times more. This is a scheme of our in-
stallation there.

2.3 Technical gases in research and laboratories
Today's technology is evolving very intensively.
Science, computers, even astrology are changing
every day. New achievements and developments
push the boundaries of our knowledge in the goal to
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make our lives easier. Some of these achievements
are a fact thanks to technical gases.

Rl

fig.7 Liquid nitrogen installation

Interesting example is a company located in
Chelopech that deals in the ore collecting business -
large production line and very heavy machinery.
Apart from this they have a very advanced research
laboratory. Main activities in the laboratory are
testing and analyzing ore samples. This is important
responsibility for the laboratory because quality relies
on the test results they measure.

In order for the tests to occur the following gases
are needed: pure argon, acetylene, oxygen,
di-nitrous-oxide (laughing gas). Each gas has an
unique set of properties necessary for different kinds
of analysis and tests. We designed the layout for the
laboratory. First we designed a 3 m’ reservoir outside
the building with an evaporator for argon.

fig.8 Liquid argon reservoir connected to an evaporator

The gas-cabins on the side of the reservoir are a
storage facilities for cylinders filled with the other
gases. From the outside installation, pipelines enter

the laboratory building. Specific machines use
specific gases so pipelines spread throughout the
laboratory.

Another project we did is for a research laboratory
located in Sofia. They came to us with idea of de-
signing and constructing a hydrogen, nitrogen and
oxygen installation on-site. Until then they used only
air under pressure.

The new installation was designed in the follow-
ing way: a metal cage

fig.9 Metal cage for cylinders under pressure

should be placed in the building. The cage is a storage
place for the cylinders filled with hydrogen, nitrogen,
oxygen and air. Another requirement was to replace
the old flow meters with new and more precise ones.

b o

L /B |

fig.10 Cylinders with flow meters and pressure
regulating vales.

This way the new installation meets the regulation for
safety and it is easier to operate with.

2.4 Technical gases in healthcare industry
Technical gases play an important role in
healthcare. Their medical applications range from
respiratory therapy gases, laboratory gases and ster-
ilizing gases. Respiratory gases are used for diagno-
sis, anesthetics, gas-mixtures for laser therapy,
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gas-mixtures for blood. Most important of them is
oxygen needed for short and long-term therapy. The
laboratory gases include aerobic and anaerobic
gas-mixtures, instrument gases and clinical stable
isotopic gases like carbon monoxide-neon, carbon
monoxide-acetylene-helium, pure gases, carbon di-
oxide, hydrogen etc.. The sterilizing gases are used in
the sterilization processes of a variety of medical
devices, surgical equipment and similar materials
used in healthcare.

Liquid helium, for example, is used as a compo-
nent of breathing mixtures to reduce the density of the
mixture to facilitate breathing under certain physical
and physiological conditions. In Magnetic Resonance
Imaging (MRI), helium cools electromagnetic coils
to superconductive levels. This decreases the metal's
ordinary resistance to the electrical current and re-
sults in high-resolution images.

Another example is Nitrogen - It is used as a
non-oxidizing displacement medium in pharmaceu-
tical vials and as a propellant in pressurized aerosol
type dispensers. Nitrogen provides a source of
pneumatic pressure to power gas-operated medical
devices and as a coolant for carbon dioxide surgical
lasers. Nitrogen is also used to freeze and preserve
blood, tissue, semen and other biological specimens
and to freeze and destroy diseased tissue in cryosur-
gery and dermatology.

Carbon dioxide is used for close-to-physiologic
atmospheres for the operation of artificial organs and
in cryosurgery with insufflators during laparoscopic
surgery. Carbon dioxide is also used as a component
in a mixture of oxygen or air as a respiratory stimu-
lant to promote deep breathing.

Nitrous oxide is used as an analgesic, often in
combination with other agents for the production of
anesthesia. Nitrous oxide is also used in cryosurgery
[1,3].

We designed a project for a big hospital located in
Plovdiv. There was an existing reservoir with volume
— 10 m’. According to the design we replaced the
existing reservoir with ours and installed one more
reservoir with volume 10m’. The reservoirs are
connected to an evaporator that can produce around
250 m’/h gaseous oxygen. This is the design — fig.11.

After the evaporator the pressure of the gas is
around 12 bars so it passes through a
pressure-regulating valve and drops to 5 bars.

= = H

fig.11 Two 10m’ oxygen reservoirs connected to each other

Afterwards trough pipelines the gas enters the
building of the hospital. Before being given to the
patients the oxygen passes another reduction which
drops its pressure to little above atmospheric.
Another interesting detail is that before the oxygen
reaches the human it passes through a humidifier. A
humidifier is needed because the oxygen from the
evaporator is very dry and can harm the sick human.
The supply of oxygen to the hospital is 24-hour
non-stop. Apart from the reservoir there is a storage
room with some 10 cylinders filled with oxygen. In
case of breakdown of the reservoir installation, these
cylinders are a safe plan. They assure that the feed of
oxygen to the sick people does not stop. Like every
other cryogenic equipment the reservoirs at the
hospitals need inspection which means stopping
operation of the system. In this case a mobile
reservoir with less volume 1-2 m” is delivered on-site
and assures oxygen supply to the hospital while the
main reservoir is being inspected or fixed.

Another example a hospital in Gabrovo. Like the
previous hospital we had to re-design the existing
reservoir. We installed a reservoir with volume — 10
m’ and an evaporator. This is the design plan of the
on-site installation — fig.12.

After the evaporator, there is a flow meter and a
safety valve.

There is also a reverse valve. If the reservoir fails,
cylinders under pressure of 200 bars are used to
supply the hospital. The reverse valve prevents
high-pressure from entering the reservoir. After the
evaporator, the pressure is reduced to 7-8 bars and
enters the pipeline that spreads throughout the
hospital. Once in the hospital the oxygen is reduced
again to near atmospheric pressure and passes
through a humidifier.
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fig.13 Flow meter and safety valve

3. CONCLUSIONS

The main objective of this article is to present the
world of technical gases to the reader, using analysis
and complex studies. Using my personal experience
in this field helps me sieve the vast amount of
information and choose what I think is most
important and interesting from a reader's point of
view

Writing this article I wanted to show the reader
the importance of technical gases. Today's world is
evolving constantly and new technology is
introduced every day. Some of these achievements
would not be here today is it wasn't for technical
gases. The history of these gases show that they have

been making our lives easier, even though few people
are aware of that.

Today we aim to live “green”. We realized that
our planet is not an endless supply of resources and
this pushes scientists all over the world to come up
with new ideas of how we can maintain our lifestyle
without destroying the planet. Today everyone is
talking about fuel cells, main component of which is
hydrogen. As I see it, the future without doubt will be
very different from now. Technical gases will be in
the center of that future and the main reason for that is
because they are in abounded quantities and also
because they are environmentally friendly.

The study I've made in the article concerning the
application of technical gases was aimed to
familiarize the reader with real life examples of what
gases are capable of. The different fields we observed
support my thesis that technical gases have a wide
range of application. I chose what I think were
interesting examples, showing how the design of a
given project is made and how the economics are
taken into account. It is an interesting question for the
reader to ask himself/herself: “Where have I had
contact with technical gases?” and the answer will
support my thesis for the wide range of application of
technical gases.

The world of technical gases is yet unexplored. 1
think more money should be directed towards re-
search in this field, because history really repeats it-
self. Maybe tomorrow will be a day for big break-
through in engineering thanks to the properties of
technical gases.
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Pe3rome: B momenTa Internet He ce M3MOI3Ba palMOHATHO B MIDKCHEpHATa M HaydHOM3CIenoBarenckarta aeinoct. Oc-
HOBHO C€ ThPCAT, OOMEHST U IUTHPAT Pa3IMIHU €IEKTPOHHU JOKYMEHTH, KOUTO BKIIIOUBAT TEKCT, udpH, Tabiunu u 1p.,
0e3 J1a ce U3I0JI3Ba 3HAHUETO, KOETO Te3U JOKYMEHTH MOT'aT Jia OCUTYPSIT 3a IUPEKTHO MoJieirpane. Morar Jia ce mocodar
CJISTHUTE TP OCHOBHU BHJIa Ha CHBPEMEHHOTO HM3IMOJ3BaHe Ha Internet 3a oOMeH Ha MH(pOPMAUUs W M3IBIHEHUE Ha
KOHKPETHH MHXXEHEpHH 3ama4dd: oOMeH Ha (aitnoBe BB (opmara Ha KoHkpeTHH CAD u oduc cucremu (Hampumep:
AutoCAD, SolidWorks, MS Office u ap.); usnon3sane Ha 0OMeHHH (ailioBe ¢ MHPOPMALHS 33 TPOAYKTa, C LIeJl HHTET-
pupane Ha pazaunyad cuctemu (Hanpumep: STEP u IGES) — nmpeononsiBa ce orpaHHYCHHETO MOTPEOUTEUTE 1a UMAT eIHa
U ChIlla CHCTEMA U OT JBETE CTpaHM; U3NoiI3Bane Ha Web Oa3upaHu MpuiIoKeHs B paboTaTta (HampuMep: KaJKyJIaTopH Ha
TeHETUYHH aJITOPUTMH U JIp.), KOETO € IEPCIIEKTUBHO pelIeHre, HO BCe OlIe MMa OTpaHWIeHO IPHIOKEHHUE U € B eTall Ha
pa3paboTBaHe U eKCIIEPUMEHTHPAHE.

Haii-Ba)xHUTE BBIPOCH TYK Ca: KaKbB BHJ TEXHOJIOTHs 32 MOJICIIMPAHE Ja Ce M3I0JI3Ba U KaK Jla Ce PeaM3upa Bb3MOXKHO
Haii-ecHo Bpb3kaTa 2D/3D mozen, uzuuciieHus, BU3yaiu3alys U cumyiupane B Web cpena.

B paborara ce npennara noaxon 6asupan Ha XML (eXtensible Markup Language), koiiTo e eqHakBo 100pe YeTHM KaKTo
OT Pa3JIMYHU YCTPOMCTBA, Taka U OT Xxopara. XML BCBIIHOCT € CTaHIapT 3a Ch3[aBaHe Ha €3M1M, KOUTO OTrOBapsT Ha
npasuiata Ha XML - To#l onucBa cMHTaKcuca, KOWTO Ja ce M3M0J3Ba MPHU Ch3AABAHETO HA HOBM €3UILIM 3a pPEIlIaBaHE Ha
KOHKPETHH Tpo0ieMu (KaKbBTO € H3MONI3BaHUAT B paborata X3D — eXtensible 3D).

OmmcaHa e mocie[0BaTeIHOCTTa Ha paboTa ¢ MPeAoKeHUsI OAXO/ U CPEJICTBA, KATO Ca AAJACHN KOHKPETHH IIPHMEPH.

KarouoBu nymu: Mozxenupane, Busyanusamus, cuMmyiaupane, XML, Internet, Web

1. BBBEJEHUE ca II0COYEHHM KOHKDETHH IIpUMEPH C pasinyHa
(YHKIIMOHATHOCT M ca YTOYHEHH KOHKPETHUTE
PaGoTara ¢ mocBeTeHa Ha peIIaBaHETO HA MPOO-  CTaNU Ha MPEUIOKEHHS MOIXO.

JieMa 3a paloHaJIHO KOM6I/IHI/IpaHe Ha BB3MOXXHOC-

tute Ha: cbBpeMeHHuTe CAD cucremu, Web Tex-
HoJOTMU 3a MozenupaHe (B ciydas XML[6] wu
X3DI[5]) u Web npe3eHTHpane ¥ KOMYHUKHpaHE B
peasHo BpeMe, C Bb3MOKHOCTH 3a JIECHO BIpaKaaHe
Ha pa3Nu4HU U3YUCIUTEIHN pe3ynTaTy. [Ipemioxken
e moxaxon, upe3 koiro peanusupad ¢ CAD (Auto-
CAD, SolidWorks n T.H.) Mozen ce ekcrnopTupa B
X3D (kato mocpeiHHK MOXe Ja ce monzBa Virtual
Reality Modeling Language — VRML, koiito B noc-
neacteue aa ce tpanchopmupa B X3D). VRML wiu
X3D ¢aiina ce oopabotsa ¢ Flux/Vivaty Studio [3,4]
W e/IBa TOraBa € TOTOB 3a MyOJMKyBaHe, aHUMHUpPaHEe
WIH KOMYHUKHpaHE B peasHo Bpeme, upe3 SAI
(Scene Access Interface) u Ajax [2]. B pabGotara e
HarpaBeHO KpaTko onucanue Ha XML u X3D kato

2. XML - PASIHINPSEM MAPKHPAIII E3UK

Bonpeku ue, 38 XML ce roBopu kaTo 3a craH-
nmapra Ha OpmemeTo W 4e mgHec XML e emHa oT
Hal-HalIyMEINTE JyMH, BCE OIE MHOTO MaJKO XOpa
ca 3all03HaTH C HETOBATAa CHIIHOCT.

XML e 6Bp30 pa3BHBaIIa ce€ TEXHOJIOTHS, KOSTO
HaBIiM3a HaBcsiKbAe: B Web, B IporpamupaHeTo, B
codryepa, B onepaionHara cuctema Ha Microsoft u
JIopu B urposata konsona Sony PlayStation 3 upes
XML 6a3upannus e3ux Collada.

Upe3s XML nHdopManusaTa ce npeacrass B Ibp-
BOBHJHA (HepapXnyHa) CTPYKTypa IMpH CIIa3BAaHETO
Ha ompeneneHuTe B cragnapra Ha World Wide Web
Consortium (W3C - http://www.w3.0rg) CHHTaK-
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Bbopuc TYAXKAPOB Pocen MUTPEB [lecucnaBa KOJIEBA

THYHM TpaBuia. Llenta My e na omucBa JaHHHUTE IO
TaKbB HAa4YWH, Y€ Ja CC pEIN3Upa BB3MOXKHO
Haii-0e3mpobaeMaTHdHO: O0OMEHA UM MEXIY CcOd-
TYEpHUTE TPHUIOKEHWS; aBTOMAaTHYHOTO MM 00pa-
0oTBaHe; OpraHM3UpaHeTOo Ha  IUIATHOPMEHO
-He3aBUCHMa KOMYHHKAIUA ¥ JECHOTO Pa3IIUpsBaHE
Y €BOJIIOLMS Ha TIPMIIOKCHUSTA.

XML BchIIHOCT He € “e3WK”, a CTaHJapT 3a
Ch3/1aBaHe Ha €3UIIH, KOUTO OTTOBApST Ha IIpaBUjIaTa
Ha XML win xazaHo ¢ Apyru JIymMH, TOW OIIMCBA
CHHTaKCHCa, KOWTO Jla ce M3MOJ3yBa IpU Ch3/1aBa-
HETO Ha HOBHW €3UIHM 3a pellaBaHe Ha KOHKPETHH
npobiemu. MoraT f1a ce IocodeT MHOTO TIPUMEPH 3a
takuBa e3umy: Electronic Business XML (ebXML) -
3a HYXIWUTE Ha eNeKTpOHHUs Om3Hec; Synchronized
Multimedia Integration Language (SMIL) 3a mpe-
3eHTalsT Ha Myiarumeans B Web; Mathematical
Markup Language (MathML) — 3a npexacraBsiHe Ha
Marematuuecku (GopMyiau U o3HadeHus; Scalable
Vector Graphics (SVG) — 3a onucanue Ha BEKTOPHH
N300paKeHHs U T.H.

Cawm mo cebe cu XML He mpasu Humo. 3a ja ce
M3I0JI3Ba CHJIaTa My € HEOOXOAMMO Jia ce MO3HaBaT
TEXHOJIOTUHUTE, KOUTO T'O CHITBTCTBAT U CHCTABJISIBAT
HErOBOTO “‘CEMENCTBO”.

C XML mosxe na ce pabOTH C ,pa3NnudHu TEXHO-
morun: Java, ASP, JSP, PHP, JavaScript u T.H., HO B
cBoeTo pazButue XML e foBen 10 ChIEeCTBYBAHETO
Ha MHO>XECTBO TSCHO cBbp3aHu ¢ XML, cnenunanu-
3UpaHU TEXHOJIOTHH, KOUTO UIMEHHO Ca WICHOBETE Ha
XML cemerictBoro. TakuBa ca: Document Type
Definition (DTD) u XML Schema Definition (XSD)
— 3a geduHHMpaHe chpabpkaHueTo Ha XML moky-
ment; Simple API for XML (SAX) u Document
Object Model (DOM) — 3a ochIecTBsIBaHE Ha JOC-
ThI 1 00paboTka Ha XML MOKYMEHTH OT MPHUIIOKHH
nporpamu; Extensible Stylesheet Language (XSL) -
3a TpaHchopmupane Ha XML nokymeHTH H 3a
OIMMCBAaHE HAa HAYMHA Ha TIXHOTO Imoka3Bane; XPath —
3a azgpecupaHe Ha cekuuu or XML noxymenty;
XLink n XPointer — 3a cBpp3Bane Ha XML moky-
MEHTH U T.H.

lonsimara rpBKaBOCT M CcBOOOJA, KOSTO JaBa
XML u necHOTO My aJjlaTUpaHe 3a pa3IudHU HY KU
ca mpuumHata aHec XML na ce u3mos3Ba HOYTH
HaBCSKBJE: OT NPE/ICTaBsSHE Ha JIECHO 3a MOoAnu(U-
kaius Web - chabpkaHue 10 M3rpaxkJaHe Ha MHO-
TOCJIOWHH MPWJIOKEHUS U JOCTBII 10 0a3H OT TaHHU.

3.X3D - Bb3MOKHOCTH U N3I1IOJI3BAHE
3A MOJAEJINPAHE, BU3YAJIM3AIIUA, CU-
MYJIMPAHE " 3D KOMYHUKHNPAHE B
PEAJIHO BPEME

XML mno3BoisgBa Ch3JaBaHETO HAa HOBU CTaH-
JapTi W eIUH OT Te3u craHmaptu e Extensible 3D
(X3D).

X3D e ISO cranmapr — XML 6asupan (aiinos
¢dopmar 3a mpencraBsHe Ha 3D KOMITIOTBpHA Tpa-
¢uka, Haciennuk Ha Virtual Reality Modeling Lan-
guage (VRML).

3a Ja cu IpelncTaBUM BB3MOXKHOCTUTE Ha €3HKa,
MO-JI0NTy Ca JaJICHU HAKOU OOSICHEHUS U IPUMEPH.

X3D momenst (Buk ¢ur.l) ce chcTom OT pas-
JMYHU TEOMETPUYHH OOEKTH, KOMTO Ca LWJIUHIPH,
KOHYycH, cdepu u T.H. Bcexn ot T€3u 00eKTH ce Imo-
cTtaBsg B Bb3end ,, Iransform®, KolTo ce M3I0I3Ba 3a
TpaHcopmupaHe Ha 00eKTa, HalpuMep NPOMSHA B
pasnonoxenuero My. Camure obekTH ca ,,Shape®
BB3JIM. Beeku Bb3en e paszesieH Ha JBe YacTH: reo-
METpHs W BBHIIEH BWA. |'eomMeTpuyHaTa 4acT Ha
Shape chabpka uHbOpManys 3a Gusndeckara Gop-
Ma Ha o0ekTa. ,,Appearance’ oOmactra Ha Shape
Bb3e] CBHIbpKAa HHpOpMAalMs 3a MOKA3BAHETO HA
00eKkTa, KaTo BB3EIBT ,,Material“ ce m3monsBa 3a
3aJ1aBaHe Ha [BST HA IOBBPXHUHATA.

BB3MOKHOCTHTE 32 MOJENHMpaHEe M CHMYJIHpaHe
Ha X3D u HIKOM OT M3MOI3BAaHUTE CPEJCTBA HA €3UKa
ca KaKTo Clie/iBa:

e qpencraBsHe Ha oOektH B 3D — camo uHTe-
pPaKTUBHHTE JCHCTBUS MallabupaHe, IpeMecTBaHe U
BBPTEHE ca JIOMyCTHMH (BIXK (ur.2.a);
annManuy Ha 3D o0ektu - QuKcupaHa aHUMAanus U
caM0 MaiaOupaHe, NpeMecTBaHe U BBPTEHE ca
BB3MOXKHH, KaTO 33 pealli3upaHe Ha aHMMAaLusiTa ce
W3MOJI3BAT: BpeMeBa JIMHUS (BpeMeTo ce 3ajaBa
Mexnay 0 u 1 — mamp. upe3 arpubyra key='0 0.8 0.9
1'), 3a TpaHcmamuu ce m3mom3Ba Bh3ena 'Position
Interpolator”, xoiiTo omncBa KOOpAWHATHTE Ha pas-
TIOJIO’KEHHE Ha O0EKTa BB BCEKHM BPEMEBH MOMEHT
ot xoopmuHatu (X,Y,Z Hamp. 4pe3 arpudyTa
keyValue='0 .12 0 2.89 .12 0 2.89 .12 0 0 .12 0"), 3a
poraumu ce umsnoisBa "Orientationlnterpolator”" u
OCHTE M BIJIMTE 33 BCEKH €IMH MOMEHT ca Ja/IeHH
(¢ur.2b);

® DBKOBOJCHU OT IOTPEOMTENs aHMMAallK Ha
obekt B 3D - moTpeOHUTENAT ynpasisgBa aHAMAIH-
ATa: BPEMETO Ha CTapTHpaHe W eTamu (3a peanusa-
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oysTa Ha  TakMBa  MOJENM  C€  HW3MOJI3Ba
"TouchSensor");

\ \\\\\\\\\\\\\Q\\
\ Transform
(children)

Shape

(geometry) (appearance) | \

Appearance
yllnder (Material) \

N

Material

R

First EXAMPLE (Cylinder):
<X3D>
<Scene>
<Transform>
<Shape>
<Appearance>
<Material diffuseColor='10 0'/>

</Appearance>
<Cylinder height='2' radius="'1'/>
</Shape>
</Transform>

</Scene>
</X3D>

¢ur.1 X3D mozmen — ocHOBHA CTPYKTypa

® DBKOBOJICHH OT NOTpeOHTENs aHMMalU{ Ha
obextu B 3D BB3 OCHOBa Ha (PU3UUECKH MOICTH Ha
W3YHCIICHUSA B KOMIIOThPHA rpadiKa Bpb3Ka MEXKITY
W3YNCIICHUS ¥ MOJENHpaHe W BHU3yalu3alus ce
ochiecTssBa (pur.2c);

e X3D KOMyHHKAIlMH B PEANHO BpeMe BKIIOY-
BaT pabora B peanHo BpeMme ¢ 3D mozpenuTe — BB3-
MOXHa € IIPOMsHA Ha MIOBbPXHHUHU, Pa3MEpPH U pas-
nostoxkeHus (¢ur.2d - Web 6azupan koHduryparop e
mokaszaso [1]).

3a peanu3MpaHe Ha KOMYHHKAIUs B pPEaJHO
BpeMe C MOJIeJIa CJIe/IBa J1a Ce OpraHn3upa YeTeHe Ha
YCTPOMCTBOTO 32 BBBEXIaHe HA MHpopManus (Kia-
BHATypa W/WIM MUIIKA) - HATHCHATH OyToHH. [Ipm
HATHUCKAaHETO Ha CBOTBETEH OYTOH C€ aKTUBHpA ¢ur.2 b)
crieranHa GyHKIMA 3a padota cbe SAL
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¢ur.2 X3D — Web 6a3upano moaenupane, BU3yalu-
3aIys, CUMYJIIpaHe U KOMYyHHUKAIUs B PEaTHO BpeMe

4. TIOJXO/ U CPEJICTBA 3A PEAJIN3UPA-
HE HA BPB3KATA: CAD — X3D - U3UHC-
JEHUS — TYBJIUKYBAHE B WEB

IpennoxenusT moAXoA 3a paboTa ChIbpKA
CIIC/IHUTE eTallu:

e paspaborBane Ha 3D cueHa/Monen/u ¢ aoc-
terHa CAD cucrema (AutoCAD, 3D Studio Max,
SolidWorks u ap.) u ekcrmoptupaHe Ha (aiina B
VRML wnnmm apyr ¢opmat, KOWTO JECHO Cliel TOBa
MOKe Jia ce Tpancgopmupa B X3D;

e umnoptupane Ha VRML ¢aiina BbB
Flux/Vivaty Studio n renepupane Ha X3D ¢aiin (B
ciTy4ai, 4ye 1enTa e camo myonukysane Ha 3D obekra
B Internet, To paborara mo 3D Monena mMoxe n1a ce
MpeKpaTH U cbc cpeacrBata Ha WebGL mwmm moms-
BaHe Ha choTBeTeH Player oOekra ce wHCTanupa Ha
cpoTBeTHaTa Web crpanuna /3abenexka WebGL Bce
olie He ce moaabpka ot MS Internet Explorer/);

e penmaktupane Ha X3D wmomena  BBB
Flux/Vivaty Studio (¢wur.3) — ciaen uzbop ype3 mo-
COYBaHE Ha OIpEJCICH eJIIEMEHT OT MoJiena,

DB H-0-808 @ava’ d-A- e +0@E«H «&
o v

EHEex]l HARIEORQAS =H0om

¢ur.3 Penaxrupane Ha X3D caiin

BU3yaJIU3WpPaAH B JIIBaTa 4aCT Ha €KpaHa, TO3U €JIe-
MeHT OuBa HaME€pE€H B IbpPBOBHAHATA TEKCTOBA
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cTpykTypa Ha X3D B AsicHaTa 4yacT U € JOCTBIIEH 3a
penakTHpaHe: CMsSHa Ha HWME M JIp. HapaMeTpu
(cMsiHaTa HAa UMETO C TMTOAXOJAIIO TaKOBa € HE00XO-
IMMO 3a yJIECHsABaHE Ha MOTPEOHUTENsI PU OpTraHU-
3WpaHe Ha JIOCTBHIIA 10 MOZela, KaTo 10 TO3W HAYHH
Beue nmame X3D mozenr ¢ MMeHa Ha E€IEMEHTHUTE
MO3HATH M N30paHH! OT caMUs MOTpeduTen);

e yuHcranupane Ha X3D mojnena Ha Web ctpa-
HHILIA ChIiIacHO M3uckBaHusTa Ha Flux/Vivaty Player;

e OpraHu3MpaHe Ha JIOCThII 10 Mojeia IMocC-
penctBoM Ajax — m3nonssa ce SAl u ce peanmsupa
nocthil 10 X3D eneMeHTUTE B pealiHO BpeMe, KOETO
CTaBa JIECHO 3aI[0TO BeYe CMe HAaMMEHOBAIH (Map-
KHpalli) eIeMEHTUTEe Ha MOZela C IMO3HATH U M30-
paH# OT caMHTe HAC UMECHA W UMEHHO TE CE M3MON3-
BAaT MPH JIOCTBHIA (T.€. MOTPEOUTEIAT CIeBA CaMo Ja

3UpaHe, CUMYJIHPAaHE U OCUTYpsIBAHE HA KOMYHMKa-
st ¢ 00eKTHTEe B peasHo Bpeme. JlajeHa e KpaTka
nHpopmanus 3a XML u mpousBonuus my X3D mo-
kymeHT. IlpencTaBeHu ca eramuTe Ha MOJIX0JAa H
BB3MOXKHUTE CPEICTBA 32 PEATU3UPAHETO UM. Bb3-
MOXHOCTHTE Ha MOJAXO0Ja ca MIIOCTPUPAHU C KOHK-
PETHH IPUMEPH.
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APPROACH AND MEANS FOR MODELING, VISUALIZATION AND
SIMULATION IN WEB ENVIRONMENT

Boris TUDJAROV' Rosen MITREV? Desislava KOLEVA'
'Fundamentals and technical means of design department, Technical University-Sofia, Bulgaria
e-mail: bntv(@tu-sofia.bg, e-mail: desislawa_p@abv.bg
2Logistics engineering department, Technical University-Sofia, Bulgaria
e-mail: rosenm@tu-sofia.bg

Abstract: Currently Internet is not used rationally in engineering and development. Mainly, the engineers are looking for
sharing and citation various electronic documents that include text, figures, tables and etc., without using the knowledge
that they can provide for direct modeling. Three main types of contemporary usage of the Internet to exchange information
and perform specific engineering tasks are identified: file-sharing in the format of specific CAD and office systems (eg:
AutoCAD, SolidWorks, MS Office, etc.); Exchange of files with product information, to integrate different systems (eg:
STEP and IGES) - overcomes the restriction that consumers have the same system on both sides, using Web-based ap-
plications in the work (eg: calculators of genetic algorithms, etc.), a promising solution, but still has limited use and is in the
stage of development and experimentation. The most important questions here are: what kind of modeling technology to
use and how to implement the easiest possible relation between 2D/3D model calculations, visualization and simulation in
Web environment. The present paper proposes an approach based on XML (eXtensible Markup Language), which is
equally readable for different devices and people. XML is actually a standard for creating languages that conform to the
rules of XML - it describes the syntax to use when creating new languages to solve specific problems (as is used in the work
X3D - eXtensible 3D). The sequence of work with the proposed approach and tools is described and specific examples are
given.

Keywords: Modeling, Visualization, Simulation, XML, Internet, Web technologies
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Cb3JABAHE HA ITPEJCTABUTEJIHN MHOKECTBA OT PASMUTH JUAT -
HOCTUYHU TAPAMETPHU YPE3 HEBPOHHUM METO/N

Kouncrantun JTUMUTPOB

Karenpa ,,Mmkenepna norucruka”, Texundecku yHuBepcutet - Codust, Bearapus

e-mail: konstantin.dimitrov@tu-sofia.bg

Pe3tome: ['maBHaTta et Ha HacTosIIIaTa ITyOIMKAIMS Ce CHCTOM B pa3pabOTBAHETO Ha AITOPUTMH3NpPAHA METOAUKA, C
MIOMOIITa Ha KOATO Jia ObZie BE3MOXKHO J1a C€ Ch3/aBaT MPEACTABUTEIHH MHOXECTBA OT Pa3MUTH JHArHOCTHYHH Iapa-
METpH KaTo P TOBA Ce MpHUIaraT ClelHaIN3UPaHy HEBPOHHU CTPYKTYPH 3a HACHTHHUIUpaHe H oOpaboTBaHe Ha Oa3u-
T€ OT pa3MUTH [IPaBUJIA U CHOTBETHO CE U3IO0JI3BAT U TEOPETUYHUTE IPEANOCTaBKY Ha ,,J—H merona.

KnrouoBu aymu: pasMuTH AMarHOCTHYHHU NapaMeTpH, 0a3u OT PasMHUTH MpaBUiIa, HEBPOHHU MPEXH, HEBPOHHH METOAN

1. BbBEJIEHHE.

['maBHMTE menM Ha TEXHHYECKATa JUATHOCTHKA
Ce CBCTOAT B M3CIICABAHETO, OLCHIBAHETO U (110 BB3-
MOJKHOCT) TIPOTHO3UPAHETO HA OTKJIIOHCHUSTA B Pa3-
BHUTHETO HA TEXHOJOTMYHH M JIOTHCTHYHHU MPOIECH
OT TeXHHWTE HOMHHAJIHHA CTOWHOCTH, KAKTO U B OTIpe-
JIEJITHETO Ha JNEHCTBUTETHUTE TEXHUYECKH CHCTOS-
HUS Ha oOekture (T.e., AETAlIH, BBH3IH, CUCTEMH,
MaIlliHA ® Jp.), BKIIOYEHN B CTPYKTypUTE HA HMH-
JyCTpHUAIHU KOMITIEKCH — [4].

3a na Ob/Ie BH3MOXKHO JIa CE U3BBPIIU KOPSKTHO
U3CEBAHE HA pPAa3BUTHUETO HA TEXHOJOTHYHHUTE
MPOIIECH U JIa CE OMPEIENAT JCHCTBUTCIHUTE TEX-
HUYCCKU CHCTOSHUS HAa OOCKTUTE € HEOOXOIUMO Jaa
Ce HBIONI3BAT NPedCmasumesniH MHOXMCeCmea OT Ou-
acHOCMuyYHU napamempu, KOUTO Ta UMAaT CII0CcO0-
HOCTH J1a TIPEICTABAT aJCKBATHO KaKTO Pa3BUTHETO
Ha crenu(pUIHUTE MPOIECH Taka M XapaKTePHUCTH-
KHATE Ha TEXHUYECKUTE CHCTOSHUS (HAIp., CTENICH Ha
W3HOCBaHE, TPAaHWYHO CBHCTOSHHWE IIPEOU OTKa3,
CHMIITOM 3a OTKa3 u T.H.) —[4].

B MHOrO ciyyan ce Hanara aa ce paboTH ¢ JH-
arHOCTUYHH TIapaMETPH W3Pa3siBAHU CIUHCTBCHO
upe3 pazmumu cmounocmu [7, 9], T.e., Ha MpaKTUKA
CBIECTBYBAT pEIHIla OOCKTUBHU 3aTPyAHCHHUS 32
peaTU3upPaHETO W U3IOI3BAHETO HA TOYHU (TBBPIIH)
CTOWHOCTH Ha AMArHOCTHYHHUTE IapameTpH (Hamp.,
CMYIICHHS TIPH U3MEpBaHe, CTOXaCTHYHOCT IPU MO-
Jienpane, Kopenaui MeXIy BeTHIHHA U T.H.) — [3,
4,5,7].

OcBeH TOBa, NPAaKTUYECKH HE € BB3MOXKHO Ja
ce BBBEXKIAT HAKAKBHU CIICHHAIHU W3UCKBAHHS OT-
paHHYaBamy U300pa Ha pa3MUTH TUATHOCTUYHU Ta-
pametpu, (Hamp. W3UCKBAHHS 32 M3MOJI3BAHE CIUHC-

TBEHO Ha JIWATHOCTHYHU TapaMeTpu C ,,TBBPAN’
croitHocTH) [1, 4], TBH KaTO pa3BUTHETO Ha MpOIe-
CUTE W OIICHSIBAHETO HA XapaKTCPHCTUKUTE HA TEX-
HUYCCKUTE CBCTOSHUSA TpsOBa Ja ce W3BBPIIBA
aJIcKBaTHO, T.C., OT MHOXXECTBAa JUArHOCTUYHU Ta-
pameTpH, KOUTO OTpa3siBaT AeicTBUTENHUTE — [1, 4,
6, 7] (1 mpeACTaBUTENIHN) AapaMeTPUIHN pean3a-
mmu — [2, 4, 7, 8].

CrneoBaTeiaHo, IPU MHOTO M Pa3IHYHH 10 Xa-
paKTep CHTyalud € HeoOXOIUMO Ja CE H3IIOJI3BAT
MIPEICTaBUTEIIHN MapaMETPUYHH MHOXKECTBA H3Tpa-
JIEHH KaKTO OT TBBPIAHM TaKa W OT pasmumu oude-
Hocmuunu napamempu — [2, 4, 6, 9]. ToBa BCHITHOCT
03HauaBa, Y€ MUATHOCTHUYHATA CHCTeMa TPsOBa Ja
MpUTEKaBa U PA3MUTH CHCTEMHH MOIYJIH C TIOMOIII-
Ta Ha KOWTO Ja OBJic B ChCTOSHHE Ja 00paboTBa M
Pa3MUTH AMaTHOCTUYHU NPOMEHINBH — [4, 9].

Ot aHanm3a Ha Oa3WTe 3HAHUA TOJYYCHU TPU
pa3paboTBaHTO M BBHBEKIAHETO B SKCIUIOATAIMA Ha
Pa3NUYHN BHIOBE TUATHOCTHYHHU CHCTEMH CTaBa siC-
HO, 4€ MOYTH BUHATH ONMUMAIHUA Opol Ha Ouae-
Hocmuunume napamempu (W3IOJI3BaHA TPU JHAT-
HOCTHKAaTa Ha MPOIECH U ChCTOSHUS B MHIYyCTPHAI-
HH KOMIUIEKCcH) ce u30upa aa O0bae oT 6 go 10 ma-
paMmeThpa, KaTo B MO-PEIKU CIIy4ad MOXKE Jla JOC-
turHe u Ao 12 — 16 mapamerspa [1, 3, 4, 5].

Ha mpakTuka ToBa 03Ha4aBa, 4e TOJIsIMa 4acT OT
JMUATHOCTUYHUTE CUCTEMHU KOUTO PabOTAT C pa3MUTH
JMUArHOCTUYHU TapaMeTpH, TpsOBa Ja ObJaT B ChC-
TOSIHHE J1a 00paboTBaT OKOJIO 4 — 8 pasMUTH TPo-
MeHJMBH — [2, 3, 7].

OT TeopusiTa Ha Pa3MUTUTE MHOXECTBa o0ade €
M3BECTHO, Y€ B Pa3sMHUTH CHCTEMH, KOUTO TpsOBa 1a
00paboTBaT moBede oT 3 10 4 pa3sMUTH MPOMEHIIUBH
CBIIECTBYBAT CEPUO3HH TPYTHOCTH MpH GOpMHpaHe

71



Koncrantun JUMUTPOB

Ha 0a3uTe OT pa3MUTH TNpaBWiaa OT Bupa “IF —
THEN” —[2, 3, 5], T.e., )eJaTeaHO € MoJa00HH 0a3u
OT Pa3MHTH MpaBWIA J]a MOTAT Ja OBAAT U3TCTIITHU
»A3BIMYaHN") IUPEKTHO OT 0a3nuTe AaHHM TPH MO-
JleTIpaHe W/WIIM W3BBPIIBaHE Ha CEH30PHH H3Mep-
BaHUS B CHCTEMHTE U MPOLecHTe (KOUTO ca IpeaAMET
Ha auarHoctuka) — [2, 6, 8].

BepmuocT mporeca Ha TUPEKTHOTO M3BINYAHE
Ha 0a3uTe OT Pa3MHUTH TpaBWIA € IPeAMET Ha YCH-
JHUSATa Ha MHOTO HWHXXCHEPH M HW3CIEOBaTEeNd OT
Pa3IUYHA KOMIIAaHWH M M3CJIEIOBATEIICKH LIEHTPOBE
Y MHCTUTYTH — [2, 3, 6, 8, 9].

CobirHocTTa Ha mpo0iemMa 10 TUPEKTHOTO H3B-
JUYaHe Ha Pa3MUTH MHOXECTBa JAe(pUHUpAIIN pa3-
MUTH CTOHHOCTH Ha JUATHOCTHYHH MapaMeTpH, MO-
ke 1a ce GopMyIHpa Mo ClIeIHHUS HaYHH:

e  pa3mIexIa ce eaHa NPHMEpHA CHTYaIWs,
P KOSATO € HEeOOXOAMMO Jia ce paboTH ¢ TMpencTa-
BUTEITHO MHOXECTBO CBCTaBEHO OT IIECT JHWArHOC-
TUYHU TIapaMeThbpa, KaTo ABa OT TapaMeTpHuTe ce
neuHUpPAT caMo OT pasmumu CTOWHOCTH (XapakTe-
pHU3UpaIIy HalpuMep HAKOW CIEHU(PHIHN TEXHH-
YEeCKH ChCTOSIHUSI Ha 00JIaCTH Ha M3HOCBAaHE), JJOKa-
TO OCTaHAJWTE YETHPH IapamMeTbpa MoraT Ja ce
NPEJICTABAT aJICKBATHO U OT mebpou (TOYHU) CTOM-
HOCTY;

o TOraBa, Beue CTaBa HEOOXOAMMO 1a ce
aHanmu3upa crenuduuHaTa CUTyalus TpPU  KOSATO
BXOJSIIOTO TPOCTPAHCTBO C€ TPEACTaBsS OT [Ba

pa3sMHUTH BXOJa OT BHJA X, H X, (Hanp. HU3MEpBaHU

OT CEH30pHA CHCTeMa W/WIN MOJICITHpPAHH Pa3MHUTH
CTOHHOCTH W3pa3sBallll pa3INdHU CTEICHH Ha W3-
HOCBaHe );

®  TPCABAPUTEIHO H3BECTCH € W KpPaWHUSIT
(>xemaHusT,) M3X0A (T.€., pelICHNE), KOMTO Tpesc-
TaBs HEOOXOJVMHUTE AHATUTHYHH 3aKIFOUYCHUS OT-
HOCHO BHJa M TEKYIIUs CTaauil Ha HW3HOCBaHE (3a
pasriie)kJaHaTa CUTYaIus).

e  KaTo ce M3I0JI3Ba HEBPOHHA MpeXa C KOHT-
ponmpaHo oOydeHHE ce M3BBPIIBA HETUHEWHO pa3-
JIeNsTHe Ha M3XOAAMIOTO MPOCTPAHCTBO HA TPHU Mpe-
CTaBUTEIHU 007acTH (ChIBpXKAIIK HYKHUTE pelie-
HUS 32 Pa3MHUTUTE TUATHOCTHYHH MapaMeTpu), KOH-
TO CHOTBETCTBAT HA TPU CReyuuuHu pasmumu npa-
euna ot Buaa ,,[F — THEN” (T.e., pa3MUTH TIpaBUIia
i ,,Cyeeno”);

®  TCHCPUPAHUTE OT pPa3MHUTUTE MpaBUIIA
cienBamy (KeJIaH!, ThPCCHH) CTOHHOCTH 3a pa3Mu-
TUTE JOUATHOCTHYHH MapaMETPU BCHIIHOCT IPEJC-

TaBnsABarT crnenuduyHa QyHKUMOHaMHA TpaHchop-
MaIlys Ha TPEIBAPUTEIHO IMOJYYCHUTE CTOHHOCTH,
KOSITO C€ OCBILIECTBSIBA C IOMOIITA Ha CIICIHAIHO
o0y4eHa HEBPOHHA Mpexa (MJIM MHOXKECTBO OT HEB-
pouHu Mpexu). ToBa oOcrosTencTBo ce 0azupa Ha
W3BECTCH (OT TEOpHATa Ha HEBPOHHUTE CUCTEMM)
(hakT, ye MPU WHKECHEPHU NPECMATAHUS TIOYTH BCe-
KM BUJ HETpeKbCHATa (PYHKIHS MOKE J1a ce Tperc-
TaBg (T.e., CKBUBaJICHTHA €) OT HEBPOHHA Mpeka
MpUTEKaBaIla OHEe eJUH CKPHUT CIIOH.

Enna ot Hali-obemaBamuTe pa3paboTKy Ha Me-
TOJWKA 3a W3TErNIsiHE W 00paboTBaHE HA PAa3MUTH
npaBwia OT 0a3uTe JNaHHW (Ype3 M3ION3BaHE Ha
HEBPOHHH MPEXH), € NMPEUIOKeHA OT JBaMa SIIIOHC-
KU enexktpoutkeHepu - Takarn (Takagi) m Xasmm
(Hayashi) — [8]. Meromukara ¢ u3npoOBaHa TJIaBHO
OpU CH3JABAHETO HA Pa3MUTH KOHTPOJEPH 32 VII-
paBJieHHE Ha €JIEKTPHYECKH MAIIUHH, U € U3BECTHA
Karo ,,Meton Ha Takamm — Xasmm” (T.e., “T — H”
meton) — [8].

CemHoctTa Ha ,,7 — H” Mmerona ce Oasmpa Ha
CIICITHHUTE TJIABHU TEOPETHYHH MIPEIIOCTABKH:

A) OmpenensiHe Ha HeoOXomuMHusi Opol pa3MUTH
npaBwia 4pe3 paszensHe (T.€., KIbCTEpUpaHe) Ha
obJlacta M3MOJI3BaHAa 32 TeHEpHpaHe Ha KOHTPOJIHU
peleHus;

Bb) Unentudunupane Ha NPEAXOTHHUTE CTOHHOCTH
Ha pa3MUTHTE TpPaBUIIA Ype3 HEBPOHHA MpPEKa, T.cC.,
Ha TpaKkTHKa ce ochIlecTBsIBa nepuHupane Ha QyH-
KIMUTE HA MPUHAAJICKHOCT 332 BCAKO PAa3MHUTO TIpa-
BUJIO;

B) Ompenensine Ha crneaBammure (T.€., KEIAHUTE,
TBPCEHHUTE) CTOMHOCTH Ha Pa3sMHUTUTE TpaBHIIA MPH
KOHTPOJIMPAHO (CynepBH3UpaHO) oOyueHHEe Ha HEB-
pOHHAaTa Mpexa, KaTo 3a IIeJITa ce U3I0JI3BaT 00yJa-
Ballli U3BAJIKU OT JaHHU ¥ KOHTPOJHH CTOWHOCTH 32
BCSIKO Pa3MHTO HPaBHJIO.

I'maBHaTta men Ha HacTOsIATa MMyOJIWKAIUA €
(xaro ce M3MONM3BAT TEOPETHYHUTE MPEIIIOCTABKH HA
»I—H” Merona), na ce pa3pabOTH aJrOpUTMHU3MpaHA
METOAMKA, C TIOMOIITa Ha KOSTO Ja ObJe BH3MOKHO
Ja ce Ch3IaBaT MPEACTABUTECIHH MHOXXECTBA OT
pasMUTH ITHATHOCTUYHHU TapaMeTpH KaTo MPH TOBa
ce TpuiIaraT HeBPOHHHU METOIH 3a WACHTU(PHUINPaHE
1 00paboTBaHe Ha Oa3UTe OT pa3MUTH MPaBUIIA.

2. PABPABOTBAHE HA CIIEHU®UYHH
HEBPOHHU CTPYKTYPU U ETAIIA HA
AJITOPUTMHU3UPAHATA METOJIUKA
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3A TEHEPUPAHE HA MHOXECTBA OT
PASMUTHU JUATHOCTUYHU TAPAMETPH

3a ch3maBaHe Ha 0Oa3uWTe OT Pa3MHTH IpaBHIIA
(mpu M3NON3BaHE HAa Pa3MUTH JAUATHOCTHYHH Iapa-
MeTpH), ce mpwiarat npasmia Tan Cyeero (Sugeno),
NPU KOWTO TeHEPUpPAHHUTE M3XOOu ca (DYHKIHs Ha
BXOJISIINTE JaHHH, U CHOTBETHO MMAT BH/A,

IF X is A[ AND X2 is Ag, ooy THEN y=
Fxp, x2 oo, xy) 1)
KBbJACTO

X ¥ y ca pa3MHTH NPOMEHJIMBH H3pa3sBalld
CHOTBETHO M30paHMTE JAWATHOCTHYHU IapameTpu U
JIMarHOCTUYHUTE peleHus; A;, A, ¥ T.H., - pa3MUTH
MHOXKECTBAa OT CTOWHOCTH Ha JAMArHOCTHYHUTE Ma-
pametpu; F — QyHKIIUATA HA BXOAAIINTE TPOMEHITH-
BU X;, X), ... , Xp.

AKo0, BMECTO TPaJUIIMOHHUTE METOJAH 3a Ch3/1aBa-
He B 00paboTBaHe Ha Pa3MHUTH TMpaBUiIA CE€ MPHIIO-
JKaT TEOPETUIHUTE TPEANOCTaBku Ha ,,I — H’ — Me-
Tona (T.e., 3a U3TEerNIsIHE ¥ 00paboTKa Ha Pa3MUTHTE
MpaBUjIa Ype3 HEBPOHHH MPEXH), TO pyHKImATa F
me ObAe 3aMEHEHa OT CIICHHAIHO M3rpajicHa HEB-
ponHa(1) Mpexa(u).

Torapa, eHO W3TErNIIHO (M3BIMYAHO) Pa3MUTO
MIPaBUJIO O UMaJo BUAA,

IF (x;, %) is A, THEN  y, = N,(x;, x2)  (2)

KBJIETO
N, e cnennanHo ch3/afieHaTa HEBPOHHA Mpe-
*ka, KOATO ONpeNeNs U3XOAa y,. 3a F  '° pasMUTO
npaBwio; 4, — GyHKUMSITA HAa MPUHAIICKHOCT Ha
OPEIXOHATA PEAU3alldst Ha F ' PA3MHUTO TIPABHIIO.
3a u3TerisHe (M3BIMYaHE) Ha Oa3HUTe OT pa3MU-
TH MpaBHJIa U3MOI3BAHU MIPU Ch3IAaBAHE HA MHOXEC-
TBa OT Pa3MHTH TUATHOCTUYHH MApaMeTpH ce Ch3-
JnaBa crelu(puIHAa HEBPOHHA CTPYKTypa (Karo ce
npuiiaraT ¥ TEOPETHYHHTE MPEANoCcTaBKu Ha ,,T —
H” metona).

Ch3aseHata HEBPOHHA CTPYKTypa € JocTa
clokHa (KOMITJIEKCHA) M € ChCTaBeHa ChOTBETHO OT
HSIKOJIKO Ha Opoil pa3niuyHu HEBPOHHU MPEIKH.

OOwuaAT BUA HAa KOMIUIGKCHATA HEBPOHHA
CTPYKTypa € mokas3aH Ha ¢wur. 1.

3a CHHTE3MpaHEeTO Ha HEBPOHHATA CTPYKTYpa H
W3BBPLIBAHE HA HW3YUCICHHUATA B CHCTaBSILIUTE S

HEBPOHHH MPEXHU U Pa3MHUTH ONECPATOPU € H3II0JI3-
BaHa mnporpamHata cucrema MATLAB® u mo-
KOHKDPETHO JIBa OT HCHHUTE CIICIIUATU3UPAHN MOITY-
11, a uMeHHo: Toolbox ,,Neural Networks” n Tool-
box “Fuzzy Logic”.

Hesponnara mpexxa NM 0T Taka U3rpajeHaTa
CTPYKTYpa, C€ M3IO3Ba 3a TeHEPUPAHETO HA (yHK-
IUUTE Ha MPHUHAAICKHOCT 32 MPEIXOIHUTE peajv-
3alM¥ Ha Pa3MHUTUTE TpaBWIIA, JOKATO HEBPOHHUTE
Mpexu Ny, Ny, ..., N, c€ U3M0J3BAT 32 ONpeesiHe-
TO Ha CJIEJBAIO Pa3BUTHE HA Pa3MUTHTE TIPABHIIA,
T.c., HA TIPAKTHKA 3a U3pa3siBaHETO Ha (pyHKUuuUTE F;
BKJIIOYEHHU B pa3MUTHTE MpaBuia oT uja (1).

B cw3maneHara HeBpOHHA CTPYKTYpa CE H3IOJ-
3BaT TPHUCIOWHU HEBPOHHH MPEXKH C TPEIHO 3aX-
paHBaHe, KOMTO ce oOyuyaBaT u4pe3 o0OpaTHO-
pasmpoctpansBani ce (T.e., “backpropagation”) an-
TOPHUTBM.

Ilpu peiicTBue Ha KOMIUJIEKCHAaTa HEBpPOHHA
CTPYKTYpa C€ W3BBPIIBAa CHEONU(UIHO IIOETAITHO
TpaHchopMupane (aganThpaHe) HA TEHEPHUpPAHUTE
OT BCHUYKH MPEXH TETIIOBHHU M3XOAM (KaTo 3a meiTa
ce M3MONI3BAT Pa3MUTHTE CTOMHOCTH HA (DYHKIIUUTE
Ha TPUHAJICKHOCT), TOKATO HaKpas ce AeuHupa u
KpaifHaTa (KOMIDIGKCHATa) W3XOMsIIa CTOHHOCT,
KOSITO BCBIIHOCT M3pa3siBa HYKHOTO THATHOCTHYHO
peleHue.

3a reHepupaHe u 00pabOTBaHE Ha MHOXKECTBATa
OT pasmumu OUASHOCMUYHU Napamempy € Heo0Xo-
JIUMO J1a ce Ch37ane (M ChOTBETHO MPHIIONKH) CIICIH-
aNM3WpaHa aNrOPUTMU3MpaHa MeToAuKa (KaTo 3a
IIeJITa OTHOBO CE M3IIOJI3BAT HAKOHM OT TEOPETHIHUTE
MIPEeANOCTaBKY Ha ,,7 — H’ MeToxa).

I'maBHHWTE eTamm Ha TakaBa METOAWKA Ce€ paspa-
00TBAT KakKTo CJe/IBa:

Eman 1. Jlebunnpa ce nmpenBapuTeIHO N3BECT-

Hus (T.e., ThpceHus ) u3xoxn y; (kato i =1, 2, ..., k),
3a BCSAKAa HEBPOHHA MpEka, KAKTO WM BXOMSIINTE
cToiHOCTH X; (KaTo j = 1,2, ..., ) 3a BCeKH n30pan
JUArHOCTHYCH MMapaMeThb.
B TO3M eram, Ha mpakTHKa Ce W3MOJBAT IPEABAPH-
TEJTHU 3HAaHWA, KOUTO Ne(UHUPAT BHIA HA THPCECHU-
T€ M3XO0[H, (T.€., KOHKPETHA peajn3anns Ha Ipolec,
XapaKTepUCTHKA HA TEXHUYECKO CHCTOSHHE, pPeaji-
3amMs Ha OTKa3 W/MIM CHMIOTOM Ha OTKa3 M T.H.
BxonsmuTe CTOWHOCTH 3a W3MOJ3BAHUTE JIHATHOC-
TUYHU TTapaMETPH OT Pa3MUT THII CHIIO Ca PA3MUTH
u ce neUHUpAT CHOTBETHO WJIM YPE3 CEH30PHU H3-
MEpPBaHUS WU Ype3 CUMYJIAIMOHHO MOJICIIAPAHE.
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¢ur.1 KommiekcHa HeBpOHHA CTPYKTYypa

Eman 2. MHOXeCTBOTO OT BXOISIIN U U3XOIs-
my cToiiHOCcTH {M}, ce moxapasnens Ha JABE IMOIM-
HOKECTBA, 2 IMEHHO — ITOJIMHOXKECTBOTO OT 00y4Ya-
Balll CTOWHOCTH {M7} W MMOJAMHOXECTBOTO OT
npoBepsiBany (KOHTPOJHU) cToiHOCTH {M(}, KaTo
IIpY TOBa

{M} = {Mp} + {Mc} 3)
Eman 3. TTomMHOECTBOTO OT 00yJaBaIiu CTOH-
HOCTH Ce€ TIoJIpa3fielisa Ha » — Oposi TpymnH (KIIacoBe)
KaTo 3a IIeJITa Ce M3IM0J3BaT METOAN Ha KIIbCTepu3a-
Mg OT BUJAA pA3no3Hasawe Ha obpazu u @opmu
(anrn. Pattern Recognition) Ipy NpeABAPUTETHO H3-
BECTHH (€TAJIOHHHW) KJACOBE OT pealn3alliu W/Wix
CHCTOSTHHS.
Besika exna rpyna (KibeTep) Y cworBerHO ce

u3passiBa OT pa3MUTUTE CTOMHOCTU [xfk ), y(jk .

Twit kaTo (B MageHUs CIIy4aii), OIPa3AesITHETO
Ha MOJMHOXXECTBOTO OT 00y4aBallyl JaHHU € Pealu-
3UpaHO KaTo 7 Opos TpymH (KJIACOBE), TO M Oposm

Ha 3axmoyumennume (pewiasawume) pasmumu npa-
8UNA CHWO Ce npuema 0a 6voe r.

Eman 4. Tlpenxonnata (T.€., NpeABapUTEIHO U3-
BecTHaTa W/WiaM wW30paHa) peanm3alus Ha BCAKO
pa3sMHUTO TPaBUIIO C€ H3pa3siBa uYpe3 HEeBPOHHATA
Mpexxa NM (T.e., Upe3 HEBpOHHATA Mpexka, KOSITO ce
M3I0JI3Ba 32 TeHEpHpaHe Ha ChOTBETHATa (PYHKIMS
Ha TIPUHAJIEKHOCT).

Ha Bxopsuus cnoit Ha HeBpoHHaTa Mpexa NM
Ce IMMOJaBaT KAKTO BXOMASAIINTE PAa3MHTH CTOMHOCTH
(Ha M30paHUTE AMATHOCTHYHH ITapaMeTpH) OT BHUJA

k
X;, TaKa 1 CHHAIITUYHHUTEC TCTJIa Wl( ) BbB BH Ha KOH-

Tpospanu (T.e., U30paH) JaHHM KOWTO TpsOBa 1a
ObaaT reHepupaHy (MOJXYYCHH) Ha U3XOSIIUS CIION
Ha NM, xato npu TOBa,

w® =1, ako x, e C* 4)

i

wh =0,ak0 x, &C" (5)
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Ilo TaxbB HauumH, HeBpoHHaTa Mpexa NM ce
oOyd4aBa ma neWcTBa 1o noapaszoupane (T.e., 0 aco-
oyamys), T.e., PasMHUTHTE HEBPOHM M3TPAKIALIN
HeliHaTa CTpyKTypa HpuAoOMBAT CIIOCOOHOCTH 3a
TeHepUpaHe Ha HY)XHUTE CHHANTHYHU Teria (KOUTO
Tps0Ba Ja ce MoAaBaT KbM APYTHTE MPEXH OT HEB-
pPOHHATa CTPYKTypa), NMPH NOJABAHETO HA CHOTBET-
HUSI BXOZAII BEKTOp X, (WM3pa3siBall H3MEpPBaHU
W/WIU MOACTUPAHA Pa3MUTH CTOMHOCTH B M30paHU-
T€ MHOXECTBA OT TMPEICTABUTEIHU JHATHOCTUYHH
apameTpu).

CrenoBarenHo, HeBpOHHaTa Mpexa /NM npu-

Te)KaBa CIIOCOOHOCTHU 3a ONpeAeIIiHe Ha cneyuguuy-

S(k)

Hama cmeneH Ha npuHadﬂlecuocm w; Ha BCCKH

C€IUuH OT 06yanaane BXO[sIIA BEKTOPHU X; KbM

cpotBeTHata pyma (krserep) C¥, (t.e., BebmHOCT
KBbM CHOTBETHOTO PA3MUMO NPABUILO).

ToBa ¢ Taka mopanu (akra, 4e crenupuIHATA
yHKIMST HA OPUHAUIOKHOCT L, (X;) Ha npedxoo-

nama peanuzayus A, (3a k™ pasMHTO IpaBHUIIO) ce
neduHMpa Karo 3aKilouYMTeNHa (T.€., pellaBalla)

croitnoct Ha W™

TaBJIsIBA M3XOJa Ha HEBpOHHaTa Mpexka NM.
DyHKUMATA HA NPUHAICKHOCT £, (X;) MOXKe

, T.C., Ha IPAaKTUKa TOBa MNPEAC-

Jla ce OTIpeJIeNIN OT M3pasa,
Hy ()= W'
Eman 5. Tlpu 1031 eTan € HEOOXOAWMO na ce
nebwuHupa credsawama (bvoewama) pearuzayus Ha
paszmumume npasuia (CIeJ KaTo TAXHATA TPEIXO-
Ha peay3anus Bede e Ouna nepunupana B Etan 4),
KaTo TPU TOBA CE M3IOJI3BAT 3aBUCHMOCTUTE MEKIY
BXOJISIIIUTE W HM3XOJAIIA CTOWHOCTH B OCTaHAIUTE
HEBPOHHH MPEKHU H3TPaKIANI KOMIUICKCHATA HEB-
poHHa cTpyKTypa (T.€., Njy Ny oy Np).
3a menrta, BXOIAIINTE W M3XOAAIIN CTOWHOCTH
OoT 00y4JaBanioTo MOJIMHOKECTBO {M7} ce BEBEKIAT
KaTo mpuMepH 3a oOydeHne (M3pa3eHn KaTo KOMOH-
HUpPaHU MHOXXECTBA OT BXOJSIIN M M3XOMSIIHN CTOH-
HOCTH) Ha HEBPOHHUTE MPEeXH Ny, Ny, ... , Ny, T.€.,
Ha MPEXHUTE KOWTO TPsIOBa Ja MOIENUpPAT CIIeABa-
IIUTE Pa3BUTHS (pean3allii) Ha Pa3MUTHTE MPABH-
na.

,katoi=1,2,...,n (6)

HpI/I peam3anusiaTa Ha TE3U MPOLECHU, KATO I0-
II'BJIHUTCIICH BXOJ Ha 06yanamHTe aAJIrOpuTMu  CC
HM3I0J3BAT U IPOBEPABALIUTC (T.e., KOHTpOJ'IHI/ITe)
CTOMHOCTH CHCTaBSIIH ChOTBETHO IIOJAMHOXKECTBOTO

{Mc}, THif KaTO B ciIydas ce mpuiara ¢ T.Hap. KOH-
mponupano (cynepgusupano) oOydeHue (T.e., Tbp-
CCHUTE M3XOIH, KOUTO TpsiOBa Na ce reHepupar oT
HEBPOHHHTE MPEXHU BeUe Ca U3BECTHH).

B obOyuaBamuute anroputMu ce paboTd ¢ T.Hap.
cymapua cpednoxeadpamuuna epewka EY, mpu
MHHUMH3HPAHETO Ha KOATO CE peayM3Hupa U Thpce-
HOTO HUBO Ha OoOydeHHe. 3a OMpEeNITHETO Ha Cy-
MapHaTa CPEeJHOKBAJpAaTHYHA IpelIKa Ce H3I0J3Ba
CclleTHaTa 3aBUCHMOCT,

.

EW =31y =P () x ey ()T (7

i=1
KBICTO,

Y, € TbpceHaTa (KOHTPOJIMpaHaTa) CTOMHOCT
(T.e., XKemaHUS W3XO0J) TEHEPUPAH OT HEBPOHHA
Mpexa N; , BKIIOUYEHa B KOMIUIEKCHATA HEBPOHHA
CTpyKTypa (MO BIKTE OTHOBO ¢dur. 1); J, - Te-

KYIIO M34UCiIsBaHaTa ([OJy4aBaHa MpU O0ydYeHHe-
TO) pa3MUTa CTOMHOCT, TCHEPHPAHA OT HEBPOHHHTE
MpEXHU BbB B HA k"’ pa3MHUTO TIPaBHIIO.

Eman 6. Tlpu To3m mocneneH (3aKIIOIUTEIICH)

eTall Ha alrOPUTMHU3MpPaHaTa METOUKA CE OIpENes
o £
KpalHOTO (KOMIIIEKCHO) pelIeHHe Y, , TeHepHpaHo

OT KOMIUIEKCHAaTa HEBPOHHA CTpyKTypa. M3mon3a
ce clenHaTa 3aBUCUMOCT,

Zr: My, (xi )% [j}k (xi )]Euw
k=1

S, ()
k=1

*

Yi:

Li=1,2,....n  (8)

KBJIETO,
[7,(x,)]; mpencraBisBa ONTHMagHATAa pa3MHUTa
opt

CTOWHOCT, TMOJy4YeHa ChOTBETHO MpH Hal-mo0pa pe-
anmm3aius Ha oOydaBamus Tporec (T.e., ChOTBETHO
Ha MUHHMAJIHOTO OTKJIOHEHHE MEXAY THPCCHUSA U
NEHCTBUTENHUST W3XOJX TEHEpPHpaH OT HEBPOHHA
Mpexa iV;).

Karo npeocmasumenen npumep 3a M3NON3BaHE
Ha pa3paboTeHaTa anTrOpUTMH3MpaHA MCTOAHMKA B
pealHa MHAYCTpHAIHA CHCTEMa, Ca TOKa3aHU YacT
OT pe3yNTaTUTE TONYYCHU MPU TUATHOCTHPAHE Ha
Pa3BUTHETO M XapaKTCPUCTUYHUTEC CHCTOSHHUSA 32
crnenu(UIeH TEXHOJOTHYEH MPOIEC CHCTOSI Ce B
MIPEeBAPUTEIIHO 00pabOTBaHE HA CTOMAHEHHW H37c-
JUST HETIOCPEICTBEHO MpEIH TAXHOTO TOPEHIo rai-
BaHU3UpAHE Upe3 MOTaIITHE.
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OOpaboTkaTra Ha CTOMaHEHHTE W3/CIHS CE H3-
BBPIIBA B KHCEIHMHHU Pa3TBOPH KOUTO CE ChIBPIKAT
B 3arpsBaHU TEXHOJIOTUYHHU PE3ePBOAPU C TOJICMHU
o6emu (0k0710 55 — 60 m’).

[opanu ronemMnTe 06eMHu Ha pe3epBoapHre, u3-
KITIOYUTEITHOTO pa3HooOpasue Ha popma, pasmepu u
Teryio Ha oOpaboTBaHUTE CTOMaHEHU W3JENH, pea-
JM3UPAHUTE TEXHOJOTUYHH TMPOLECH HMMAT CHIIHO
cToxactuueH xapaktep. [lopaau ToBa, Ha HpaKTHKa
€ M3KIIIOUUTEIHO TPYIHO Jia ce Mojy4aBaT (M ChOT-
BETHO 00pabOTBAT) MmouHu CTOMWHOCTH Ha TIPEICTa-
BUTCITHUTE MHOXKECTBA OT JHATHOCTHYHH MapaMeT-
pH, T.C., Ha MPAKTHKA MOYTH BCUYKH TapaMECTPHIHH
CTOMHOCTH Ca pazmumu.

B 1om00HU ciyuau MOYTH BUHATH CHIICCTBYBAT
U OOCKTUBHU 3aTPYIHCHUS 3a aJCKBaTHOTO W JIH-
PEKTHO oOIpeneisiHe Ha 0a3uTe OT pa3MUTH MpaBHiIa
MO0 TPAJUIUOHHUTE MeToMH (T.€., Upe3 M3MOJ3BaHe
Ha HATPyMaHWTE 3HAHUS W/HIH MOJEIHU CHUMYJIall-
WH) OCOOCHO KOTaTO TEXHHUAT Opoil € IMo-TroJisM
(mamp. 4, 5 u moseue). Ilo Te3m MpUUYWHU, 32 OChH-
IIECTBSBaHE HA JUATHOCTUYHUTE M3CICIBAHUS MO-
rat Ja ce MpUIoKaT HEeBPOHHHU METOJU 3a T¢HEpH-
paHe (T.e., M3TETIITHE, U3BIMYAHE HA HCOOXOAUMUTE
0a3u OT pa3MHTH MPABUIIA OT HATUYHUTE MHOKECTBA
OT Pa3MHTH JAaHHH), KaTo 3a IeNTa C¢ HM3IOJI3Ba U
pa3paboTeHaTa METOAMKA.

B Hacrosmus mpeacTaBUTeNeH MIPUMEp CE U3MOJI-
3BaT CICIHHUTE BHUIOBE 6XO0AWU U USXOOSWU NPO-
MEHUBU:

. Y - 0000wen uzxo0: n3paszsBaH BbB BHI Ha
peanm3upana crielupuIHa KOMOWHAINS OT MOCTHT-
HATOTO KUCEIWHHO YHCIIO, (T.€., KHCEIIMHHOCTTA) Ha
TexHosorngHuTe pasreopu 4 (KOH/mg), n poctur-
HATHTC TEMIIEPATypHU HUBA B Pa3TBOpUTE (T.c., HA
MpaKTUKa TOCTHTAaHEe HA ONTHMAJICH TEXHOJIOTHYCH
PSXUM B 3arpsIBAHUTE PE3CPBOApPH);

®  X;— 6X005a pasmuma npomenauga I: te-
KYIIA TeMIIEpaTypHH HUBA PEaIU3UPaHU B 3arpsiBa-
Hute peseppoapu, C°;

® X, — 6x00awa pazmuma npomenausa 2: Ko-
JMYECTBA MOJaBaHa MpsCHA KHUCEJIHHA B 3arpsiBaHu-
TEe TEXHOJIOTHYHH pPe3epBoapH, l;

® X3 — 6x00awa pazmuma npomenausa 3. Ko-
JUYECTBa OTCTPaHSBAaH (M3MOMIIBaH) TEXHOJOTHICH
pa3tBop (T.e., OTPabOTEH TEXHOJOTMYEH pPa3TBOP
MOJJaBaH KbM CIICIUAU3UpaHa CHCTEMa 3a Ipepa-
0oTBaHe Ha TEYHH OTHAIHH HPOIYKTH), |;

* X, — @xooswya pamuma npomenausa 4:
KOJIMYeCTBa MHXMOWTOPHU (3a0aBHUTENH) HA W3Mape-
HUS OT MMOBEXHOCTHUS CJIOW Ha pa3TBOpHTE, kg ;

® X5 — 6X00AWaA pA3MUMA NPOMEHAUBA 5: KO-
JIMYECTBA MOJIaBaHA TEXHOJOTWYHA BOJA B 3arpsBa-
HHUTE pe3epBoapu (C Ies KOMIICHCHpaHe Ha MOCTO-
SSHHATE 3aryOH, KOUTO ce IMoJydaBaTr Mmpu oopabdoT-
BAaHETO Ha CTOMAHEHU W3IENHS W OTCTPAHSIBAHETO
Ha KOJIMIecTBaTa 0TpaboTeH pa3TBop), |;

B croTBeTcTBHE C TporenypuTe pazpaboTeHH B
Eman 2 na MeTOIMKaTa, MHOXKECTBATa OT CTOMHOCTH
Ha BCUYKH Pa3MUTH NPOMCHIIMBU Ca pasnpeaeiIcHU
B JIBE ITOJJMHOKECTBA — CHOTBETHO B 00)y4a8a40 U B
KOHMPO.IHO TIOJMHOECTBO.

3a peasHOTO OICHSBAHC Ha XapaKTCPHCTUKUTE
Ha Pa3MUTHTE JUATHOCTHYHH MMapaMeTpU ca H3MOJ-
BaHU 28 TOYKW (MPO30pPIH) HA OTYHUTAHE, a 32 H3-
MUTBAaHE aJeKBATHOCTTAa Ha MOJyYaBaHWUTE NAHHU -
chOTBeTHO 10 TOYKHM HA OTYHTAHE.

OcphbIlecTBEH € | 1eNieBH (TUIaHUpaH) eKCIEpH-
MEHT 0a3upaH Ha OOpaTHOTO ETUMHHHpAaHE, C TO-
MOIIITa Ha KOWTO € OMpeesieHO, Ye BCUYKUTE 5 BUA
BXOJSIIU Pa3MHUTH MPOMCHIUBHU TPsOBa Ja ce W3-
MOJI3BAT NPU FeHEpPHpaHETO Ha KpaiiHuTe (0000mIa-
Ballll) JUATHOCTHYIHH PEIICHUS (T.€., KOMIUICKCHUTE
W3XOJM) 3a CHCTeMaTa

3a 51a ce OCBHILIECTBH ONpPENENSHETO Ha Mpea-
XOJJHHTE MHOXKECTBA OT pealu3allii Ha Pa3MUTHTE
MpaBMJIa Ce M3MOJ3Ba CIIEIMaiHa HEBPOHHA MpEXa
(t.e., Mmpexxata NM). V3rpajeHara HEBpOHHA Mpeka
€ ChCTaBeHa OT YETHPH CIIOSI — CHOTBETHO €IUH BXO-
TSI CJIOW, IBA CKPUTH CJIOS U €IMH WU3XOJSI CIIOH.
BxomsimusaT HeBpoHEH ciioil Ha Mmpexkata NM (3a
HACTOSIIUS TIPUMEp), € U3rpajJieH OT meT Opos HeB-
POHH, JBaTa CKPUTH CIIOS Ha MpeKaTa ChIBPIKAT 110
JIBaHAJIeCeT OpPOS HEBPOHHU, a U3XOSIIUAT CIOH Ch-
Jbp>Ka CHOTBETHO JIBa OpOsi HEBPOHHU.

[To mogo6en HaYMH ce MOCTHIIBA U IIPH OIIpe/e-
JSTHETO Ha cienBany (ObJeny) peain3anny Ha pas-
MUTHUTE TpaBWiIa. 3a IeNiTa ce M3Moa3Ba rama (MHO-
’KECTBO) OT YETHPHCIOWHU HEBPOHHU MpEXH (T.€.,
MpexHuTe /V;), TPH KOUTO BXOISIIUTE U CKPUTHUTE
CJIOEBE Ca M3TPaJCHU CHOTBETHO OT IO TIET U J[BaHA-
JeceT Opost HeBpoHU (ITOJOOHO Ha CTPYKTypara Ha
Mpexkata NM), MOKaTto M3XOJAIIMS CIIOW Ha Te3d
MpEXKH ChIbpKa CaMO IO €IUH HEBPOH (KOWTO Te-
HepHpa ChbOTBETHOTO KOMJICKCHO pEILCHUE 3a Jaje-
Harta Mpexa V;).

76



Bboearapcko cnimcanne 3a HHHKEHEPHO MpoekTupane, opoi 16, okromspu 2012 r.

Taka cb3mazeHaTa HEBPOHHA CTPYKTypa ce
moJyiara Ha KOHTPOJIMPAHO OOYYEHHUE, pear3upaHo
KaTo mporec cberaBeH oT 1500 Opost ,enoxu” (T.e.,
UTCPAIVH, [IUKITH).

Crnen ycHemrHoTo NMPUKIIOYBAHE Ha MpoIleca Ha
o0ydeHue, HEeBpOHHATA CTPYKTypa ce HW3I0JI3Ba 3a
neduHupaneTo (T.e., U3BIMYAHETO) Ha 0aza oT JBe
pa3MUTH TpaBmiIa (M3pa3eHN KaToO KIILCTEPH), KOUTO
CHOTBETHO MMaT BUJIA:

dl) . IF (X], X2, X3, Xy, X5) is A(l) THENy1 =
=N (x1, X3, X3, X4, X5) )

2 NG
c?:1F (x7, X2, X3, X4, X5) 1S A® THEN V=
=N; (x;, X2, X3, X5) (10)

Hsxoun mpeacTaBUTETHH pPE3YNTaTH, MOIYYCHU
TIpH ICWCTBHETO HA KOMIUIEKCHATA HEBPOHHA CTPYK-
Typa ca Toka3aHu Ha ¢ur. 2.

0.60
0.5
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¢ur. 2. [IpencraBuTenHu pe3ynTaTy, HOIY4ECHH IPU
JICHCTBHETO HAa KOMILJIEKCHATa HEBPOHHA CTPYKTYpa

Ha (bnrypaTa BCBIIHOCT € NNOKa3aHO €JHO CpaBHCHUC
MEXly €KCIIEPUMEHTAIIHO MOJIyUYEHHU PE3YITaTH U FE€HEPH-
paHKTE ¢ IOMOILITAa Ha HEBPOHHATA CTPYKTypa pe3yiTaTH
(pereHus).

Or aHanm3a Ha TOJYYCHHTE MPEACTABUTCIHU
pe3ynTaTH cTaBaT SICHH JBa BUIA (paKTH:

1. Cs3mameHaTta HEeBpOHHA CTPYKTypa ycCIsBa
(cmen ycmemHO TPHKIIOUWIIO OOydeHHe) na ce
CMpaBsi CPAaBHUTENHO YCIELIHO ¢ TEHEPUPAHETO Ha
KOMIUIEKCHUTE PE3YJITATH OTHOCHO KOMOHMHAIIMUTE
peanu3upaHd OT KHCEIMHHOCT M TeMIiepaTypa Ha
TEXHOJIOTUUHHUTE pa3TBopu. ToBa ce Bk OT CpaB-
HEHHETO Ha pealHuTe pe3yiTaTH (IpeKbcHaTa JH-
HHUS) C TPEANoyiaraeMHUTe pe3ylaTaTH (TUThTHA JIH-
HUSA).

2. Or pe3ynratute NpeICTaBeHH Ha Qurypara
ce BIXKJA OIIE Y€ TEXHOJOTMYHHUST PEKHM Ce Xa-
paKTepu3upa ¢ BUCOKA CTETEH Ha CTOXaCTUYHOCT M
CHOTBETHO pPa3MHUBAaHE B MapaMETPUYHUTE aHHHU.
ToBa BCBHIIHOCT O3HAYaBa, Y€ Ha IPAKTUKA JTUPEKT-
HOTO OMpeJieisiHe Ha 0a3uTe OT pa3MHUTH ITpaBHIA
npu 5 pa3MHUTH TPOMEHIHMBH (T.€., JMATHOCTHYHH
napameTpm) 1e ObAe TPYAHO peau3upyeMo 0e3 u3-
MOJIBAHETO HAa HEBPOHHHU CTPYKTYPH C KOHTPOJHpA-
HO oOydeHne, (C MOMOIITa Ha KOUTO JIa C& U3BBPIIH
TSXHOTO W3BIMYaHE OT HAJIMYHH MHOXKECTBA OT
Pa3sMHUTH CTOHHOCTH).

3. OBOBIIEHUA 1 N3BOIU

3.1. B Hacrosimiata myGimkanus ca pazpaboTe-
HU TJIABHUTE CTallM Ha €HA aJTOPUTMH3HpaHa Me-
TOJWKA, KAKTO W CICIM(pUIHN HEBPOHHU CTPYKTYPH
¢ TIOMOIIITa Ha KOUTO MOTAaT J1a c€ M3TETJIAT (U3BIIH-
gaT) 6a3u OT Pa3MUTH NPaBUIIa M3TOJI3BAHH B MPE/-
CTaBUTEIHA MHOXKECTBA OT Pa3MUTH AWATHOCTUYHU
mapaMeTpHu.

3.2. Pa3paboTeHUTE METOAMYCCKH €TAIU U HEB-
POHHHU CTPYKTYPH Ca IPUIOKEHH 33 TUarHOCTUPAHE
Ha peaJHM TEXHOJOTWYHHU TIPOLECH XapaKTeph3H-
pally ce ¢ BUCOKa CTETIeH Ha CTOXacTHYHOCT B CBOE-
TO pa3BUTHE W CHOTBETHO pa3MHBaHE B IPE/ICTaBHU-
TEJIHUTE CU CTOWHOCTH.
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DEVELOPMENT OF REPRESENTATIVE SETS OF FUZZY DIAGNOSTIC
PARAMETERS VIA IMPLEMENTATION OF NEURAL METHODS

Konstantin DIMITROV
Logistics engineering department, Technical University-Sofia, Bulgaria
e-mail: konstantin.dimitrov@tu-sofia.bg

Abstract: The purpose of this paper includes the development of particular algorithmic methodologies, that may be im-
plemented for creation processing of representative sets fuzzy diagnostic parameters via specific neural structures. The
developed methods and neural structures are in fact applied for identification, extraction and processing of the fuzzy rule

bases (implemented in the sets of fuzzy diagnostic values). The theoretical aspects of the “T — H” method are also in-
cluded in the developed methodology.

Keywords: fuzzy diagnostic parameters, fuzzy rule bases, neural networks, neural methods.

78



	001_zaglavna br.16
	sudurzhanie br 16
	Binder2
	Binder1
	01_Stoyadinov1
	СЕБЕСТОЙНОСТ НА ПОЛЗВАНЕТО НА ЖЕЛЕЗОПЪТНАТА 
	ИНФРАСТРУКТУРА 
	2. ОПРЕДЕЛЯНЕ НА СЕБЕСТОЙНОСТТА НА ПОЛЗВАНЕ НА ЖЕЛЕЗОПЪТНАТА ИНФРАСТРУКТУРА
	2.1. Методика за определяне на себестойността на ползване на железопътната инфраструктура 
	В изпълнение на закона за железопътния транспорт Националната компания “Железопътна инфраструктура” е обособена самостоятелна структурна единица. Тя осигурява поддържането и използването на железопътната инфраструктурата. Железопътната инфраструктура пък е за публично ползване от превозвачи в условията на пазарна среда. Това изисква, при определяне на размера на себестойността за ползване на железопътната инфраструктура да се отчитат няколко основни положения: характеристиката на железопътния превоз; създаване на условия за коректна конкурентна среда, както между железопътните превозвачи, така и между видовете транспорт (основно автомобилния); държавната политика в развитието на Единната транспортна система. 

	02_Nikolov2
	03_Leparov
	04_Taneva
	05_Vasilev
	Резюме: В статията се разглежда влиянието на различните конструктивни параметри на пробивните машини върху енергийните им показатели. Изследвано е влиянието на площта на работната повърхност, работния ход и масата на буталото и налягането на сгъстения въздух или масло върху скоростта на пробиване, относителният разход на работен флуид, коефициентът на полезно действие, енергията и честотата на ударите и ударната мощност. Показани са и специфичните изисквания при избора на основните конструктивни параметри на различните типове пробивни машини. 
	1. ТЕОРЕТИЧНА ПОСТАНОВКА
	2. РЕЗУЛТАТИ ОТ ИЗСЛЕДВАНЕТО

	06_Pobegailo3
	07_Kozlev
	08_Hranov
	1. INTRODUCTION
	2. RANGE OF APPLICATION OF TECHNICAL GASES
	References


	09_Tujarov
	10_Dimitrov3




