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MNPUJIOKEHUE HA BEVICOBUTE MPEKHU IIPU YIIPABJIEHUE HA PUCKA B
OPI'"AHU3AILINUA 3A TEXHUYECKO OBCJIYKBAHE HA BB31YXOIILJIABA-
TEJIHU CPEJCTBA

Kpacun 'TEOPI'UEB

Karenpa ,,Be3nymen tpancnopt”, Texauuecku yauBepcureT - Codusi, brirapus

e-mail: krasin@tu-sofia.bg

Pe3rome: Cucremure 3a ynpasieHue Ha 6e3omacHoctTa (SMS) ca eekTUBEH MEXaHU3bM 32 OAO0OpsIBaHE HAa aBUALIMOHHATA
0€30I1aCHOCT ¥ MOHACTOSIIEM Ce M3UCKBAT OT aBHALMOHHHTE perynauud. [loanbpikaHero Ha neratenHata rogHoct (JII) e
KJIIOYOB €JIEMEHT OT OCHUTYpPSBaHETO Ha OE30IIaCHOCTTA U ChILO MOJICKU Ha KOHTPOIN mocpenactBoM SMS. Enun ot chBpe-
MEHHHUTE MOAXOJM 33 aHaJM3 M YIPaBICHHE Ha pucKa ce Oasupa Ha beiicoBu mpexu. [Ipunaranero UM 3a ynpasiieHHE Ha
0e30MacHOCTTa B OpraHU3aLMH 3a TEXHUYECKO oOCIyKBaHE HE € 0coOeHO pa3BuTo. Hacrosmara pa3paboTka maBa HMpaxTH-
YecKH HACOKHM MO mpuiaraHe Ha BeiicoBa Mpeska 3a MojenupaHe Ha pUCKa B MOJ00HA OpraHU3auus, IPU KOETO ca OTYETCHHU
HOpPMaTUBHUTE U3MCKBAHUS KbM OpraHM3anusaTa u ocurypsisanero Ha JII'. [Toka3aHo e, 4e moryueHUTe pe3ynTaTd He IPOTH-
BOpEYAT Ha 37]paBUs pa3yM U HHKEHEpHATa IperieHKa. MoaeTsT 03BOJIsIBA YAOBIETBOPSBAHE HA M3UCKBAHUATA 3a aHAIIN3 Ha
PHCKa U 32 KOHTPOJI Ha PUCKA, KOMTO Ca OCHOBHHU €JIeMEHTH 0T SMS.

Ku1rouoBH iyMu: JieTaTenHa rogHocT, belicoBn Mpexu, aHalIu3 Ha pUCKa, CHCTeMa 3a yIpaBJieHHe Ha 6e301acHocTTa, opra-

HHU3AIMY 32 TEXHHYECKO 00CIyskBaHe, yacT 145

1. BbBEJEHUE

BHenpsiBaHeTo Ha cucTeMa 3a ynpasiieHHE Ha Oe-
30I1aCHOCTTa € M3MCKBaHE, KOETO Kacae OpraHu3ally-
UTE, TPSKO CBBP3aHU C MPOBEXKIAHETO Ha TOJIETHTE
[9]. B oOxBata My ca BKJIIOUCHH W OpPTaHU3AIUH 32
ynpasieHue Ha nerarenHara rogaoct (JII') u opranu-
3anuuTe 3a TexHuuecko obcmyxkane (OTO). Cran-
JapTHUTE MOJEIH 3a aHAJIN3 U yNpaBJICHUE Ha pHUCKa
OT THIl JTHEBHUK Ha ONMAaCHOCTUTE U MaTpUlla Ha pUCKa
ca MPUWIOKUMH OCHOBHO 32 MaJIKH OpraHusanuu. Jlu-
pPEKTHaTa OIEHKa Ha BEPOSATHOCTTAa M IOCIEICTBUSITA
3a MalbK OpoH ClieHapHM OT EKCHEPTH HE MOXe Ja
OCUTYpPH HaJeXIHA M IbJIHA KapTUHA HA pUCKa MpPU
TOJIEMH OpPTaHHU3ALUH.

IIpe3 nmocienHUTE TOOMHYU ce HAOIIOAABAT peIUIa
pa3paboTKH 3a MOJIEIMPAHE Ha PUCKA 32 aBHAIMOHHATA
Oe3omacHocTTa Ha 6a3a beticoBn mpexu. [Ipennoxenn
ca XMOpPHIHM MOAETM Ha NPHIYMHHO-CIIEICTBEHHUTE
BpPB3KH, KOUTO n00aBAT beiicoBa Mpexa KbM KIacH-
YECKUTE MOJEIH, 0a3UpaHy HA TbpBETa HA CHOUTHS H
IbpBETA HA OTKA3M, 32 MOJEJIMpPAHE HA B3aHMOBPB3-
KuTe MeXIy 6azoBure cvouTus [7,16]. Jpyru monenu
ca m3isuo O6asupanu Ha belicoBa mpexa [4,8]. Bon-
IMIMHCTBOTO OT MOJIEJIHMTE OITMCBAT PHUCKOBETE CBBP-
3aHU C IPOBEXIAHETO Ha rojieTure. TakuBa ca pUCKBT
OT U3JIM3aHe OT NUcTaTa [4], HaBIK3aHe Ha mucTaTa [6],
cObChK Ha BB3AyXxoruiaBatenHu cpencrsa (BC) B

monet [12,18,20] u npyru [16]. Haxou momenn xacast
OTJETHM TOICHCTEMH OT aBHAllMOHHATA TPAHCIIOPTHA
CHUCTEMa, IJIABHO CHCTeMaTa 3a OCHTYpsSBaHE Ha Bb3-
JqymHoTo aswxkenue [12,18,20], a npyru ca cienuaiHo
pa3paboTeHH 3a MHTErpupaHe Ha OE3MUIIOTHHUTE JIeTa-
TEJIHU anapaTy BbB Bb3yIIHOTO NMpocTpaHcTBo [17,3].
CrImecTByBar MOJIETIH, OITUCBAIIN couuai-
HO-TEXHUYECKUTE ¥ OpPTraHU3alMOHHHUTE AacCIeKTH Ha
pucka [7,10,11] u Haarpaxmanmm Kiacudeckute Oa-
PHEPHU MOJIENT Ha OPTaHU3aLMOHHNUTE MPOU3IIECTBHS
[15]. EnuHCTBEHOTO IIMPOKOOOXBATHO, IO MHEHUETO
Ha aBTOpa, M3CJIEABaHE HA PHCKa, CBBbP3aH C MOIIBP-
’KaHe Ha JIeTaTelHaTa TOJHOCT, € M3BhPILICHO OT J[xa-
Hanana /[xaskonu-Apayunre [8].

IMpnuney 1 HaKToOpH, KOUTO €€ OTYUTAT IPH MO-
JleNIpaHe Ha PUCKa, 4ecTo ce 0a3upar Ha yTBbP/ACHU B
aBUALIMOHHATA MHIYCTPUs MpPakTHKU. TakuBa ca HO-
MEHKIaTypata 3a  KOAMpaHe Ha  IPUYUH-
HO-CIIE/ICTBEHHUTE BPB3KH 3a 06a3ara JaHHU Ha bropoTo
3a pascieABaHE Ha TPAHCIOPTHU MPOM3IIECTBHSA HA
CAILl (NTSB), u3non3Bana B [ 10], 1 HOMeHKIIaTypara
3a KaTerOpM3UpaHEe HA NPUYMHNATE 32 YOBCIIKUTE
TPemIKd TIpu TexHmdecko obciayxBane MEDA
[1,5,8,14]. Ilpouexypa 3a crbupane u oOpaboTka Ha
IIbPBUYHA HH(OPMAIS 32 MTPOM3IIECTBUS U Ch3/aBa-
HE Ha PETHCTHD € MpecTaBeHa B [2].

OcHoBeH mpo6iteM npu npuarasero Ha beficoBure
MPEXXH 3a PElIaBaHe Ha MPAKTUIECKH 334a4YM € OIpe-
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JEISTHETO Ha TaONMIKMTE C YCJIOBHH BEPOSTHOCTH
(cpBMeCTHO BepOSTHOCTHO pasmpeneneHue, CBP),
KOHTO XapaKTepU3HpaT KOIUIECTBEHO 3aBUCUMOCTHTE
MEXIy CBbp3aHuTe pakropu. PBUHOTO UM moIrbiiBaHe
OT EKCIIEPTH € MHOTO TPY0EMKO, a Bb3MO>KHOCTUTE 32
TpelIKA ¥ HECHbBMECTUMH OLIEHKH ca MHOTOOpOWHH.
Haii-nmecHo e na ce renepupar ciay4aifHu BepoSTHOCTH
WA PaBHOMEPHO pa3IpeseieHue Ha BEpPOSITHOCTUTE 1
Jla ce pa3urTa MOAETHT C BPEMETO Ja ce 00y4H IpH
3axXpaHBaHETO My C EKCIIOaTallOHHHU jJaHHHU. [lomy-
YaBaHETO Ha EKCIUIOATAI[MOHHU JaHHH, KOUTO A3 Ch-
OTBETCTBAT Ha CTPYKTypara Ha Mojiea, OOMKHOBEHO €
BB3MOXHO YaK CJeJ pa3paboTBaHETO Ha Mojena U
orHema Bpeme. ChILIECTBYBaT pEUICHHS 3a YacTHU
Cllyuyad, HalpuMep U3M0JI3BaHe Ha JIOTHYECKU BPB3KHU C
nobaBeHa HeompeneneHoct NoisyOR npu OuHapHm
Bb31M [13]. iMa n3cnenBanus, KOUTO MOKa3BaT 100pa
anpOKCUMaIUsl Ha pa3npelesieHHs] OT PEeaTHH POEKTH
mocpencTBoM o0oOmieHa jgoruka NoisyMax [19]. To-
JSIMO TIPEAMMCTBO Ha TE3U PELICHHsI € MAJIKUSAT Opoi
rapaMeTpH, 4ype3 KOUTO MOXKE J1a ¢€ ONPEIeNH LsIoTO
CBP [19].

[TosryyaBaHeTo Ha ITbJIHA KApTHHA HA PUCKA, KOSTO
OTYNTA BCHYKH BB3MOXKHHM ONACHOCTH, NPHYUHH H
(akTopu, € OMII0 OOEKT Ha MHOXKECTBO M3CIIE/IBAHHMS,
HO NPOABIDKABA Aa € MpobyieM 3a OpraHu3aluuTe, 3a
KOHTO € XapaKTepHa BHUCOKa CJIOXHOCT Ha IPOHM3BOJ-
crBeHute npouecu. [Ipo6iieMbT € 0c00eHO akTyalieH 3a
OpraHu3aluuTe, CBBP3aHu ¢ noaabpxkane Ha JII', mpu
KOHMTO JIECHO ce T'yOM BpbB3KaTa MEXKIy TpEelIKHTe B
pyTHHHaTa paboTa M MMOCIEACTBUITA 32 O€30MacHOCTTa
Ha TIOJIETHUTE.

B Hacrosmoro u3cienBane ce mpeaiara Mojien Ha
BetficoBa Mpexa, KoWTO OTpassiBa crenudukara Ha
opraHm3aiys 3a Texandecko odcmyxsane (OTO) Ha
aBHAIIMOHHA TEXHHKa M OTPaHUYCHUATA, CBHP3aHU C
HaJIM4Me Ha eKCIUIOATAMOHHN JaHHM 3a 00y4deHne Ha
Mojena. Pa3Burrero Ha mogoOHM Mopenu OM TO3BO-
JIWJIO J1a C€ YAOBIICTBOPST M3UCKBAHUATA 32 aHAIM3 U
KOHTPOJI Ha pucka B ronemu U kommiekcHu OTO.

2. MOJEJ HA TXAHANAJIA TKASIKOIU-
APAYYUTE

IMpu dopmupane Ha crpykrypara Ha belicoBara
Mpexa, Jxanamana J[xaskoau-Apadydure u3xoxaa ot
MO3UIHATA, Y€ TIOBEYETO OMACHOCTH TPH MOIbPKAHE
Ha nerarenHata rogHoct (CAW — continuing air-
worthiness) ca n1o0pe Mo3HaTH Ha aBHAIIMOHHATA WH-

JIYCTPHSI M 33 TAXHOTO IApUpaHE MMa M3rpasieHa Io-
mobaBarmia cucrema 3a 3ammura [8]. Bmecto ma ce 3a-
TI0YBA C MOPEHMS aHAJIU3 Ha OTTACHOCTUTE, MOXKE 1a ce
JIONTyCHE, Y€ KBJACTO HMMa peryjaunus, TaM HMa |
omnacHocT. Perynanusita € B cuia, 3a 1a JeiicTBa Karo
3alIuTa, ¥ aKo € CIa3eHa, PUCKBT, CBbP3aH ChC ChOT-
BETHATa OMACHOCT, € CBEZICH JI0 MPUEMJIIMBO HHBO.

PuckbT e mpeacraBeH MocpencTBOM BEPOSTHOCTH
Ha HeOnaronpuaTHu (akTopu (OMACHOCTH), BEPOSIT-
HOCTH 3a TPEIIKH B KPUTHYHM TOYKH OT Ipolieca Ha
ynpasinenue Ha JI[', BEpOsSTHOCTH 3a pa3IMyHU THIIOBE
TIOCJIEACTBYUSL ¥ BEPOATHOCTHU 32 Bb3HHMKBAHE Ha OIpe-
nenenn pasxoau. [logoOeH peraiiiieH mojxoj MO3BO-
JsIBa TIPOUTpaBaHe Ha PA3IMYHU CLEHApUH (aKO MOXKeE
Ja ce monodpu "Y" to me ce mogoopu "X") u B3eMaHe
Ha yTPaBICHCKU PELICHUSI.

Monenst Ha J[xaskonu ce ceeTom oT 184 BB3ena,
konuto ooOxsamar 1138 cwcrostuust. YacT OT BB3IHTE
00001aBar kio4oBa HHGOpPMAIMS M Ca HapeYeHU
aKyMyJIaTOpH WJIM WHTErpHpald BB3IH. Pasriexna-
HMSIT MOJEN BKIIIOYBa 45 TakuBa BB3JIH. 3a TIX € Xa-
pakTepHO, Y€ HMMaT [BE BB3MOXXKHH CBCTOSHUS —
,,be3npodmeMHo u ,I'pemka“. JIpyru BB3IU Tpeiac-
TaBIISIBAT 3AIUTH B PA3IMYHU €TAIN OT JEHHOCTHUTE IO
MIPOM3BOJICTBO HA MojeTuTe. Te3n BB3IM ce XapakTe-
pHU3Upar ¢ TPU BB3MOXHH CHCTOSHHA — ,,be3npoo-
nemHo®, ,,OTkpura rpemka‘, ,,I[IpomycHara rpemka‘.
OcobeHO BaKHM 3a KpaifHaTa OILCHKa Ha pUCKa ca
BB3JINTE, KOUTO XapaKTepPH3WpaT MOCIEACTBHATA 32
pa3IMYHKUTE €Tany OT JAEHHOCTUTE IO MPOHM3BOICTBO
Ha nonerure. [IpyHIMITHATA CTPYKTYypa Ha MoJiena Ha
xasikonm e mokaszaHa Ha ¢wur. 1.

BonmmHCTBOTO OT BB3NMUTE CHABPXKAT HEOJArorn-
pusTHH (HaKTOPU OT HaW-pa3HOOOpA3eH Xapakrtep.
Hanpumep Bb3en ,,Jlanau/pproBojactBa 3a TO® cb-
JIbpKa €HO 0a30BO ONAroNpHATHO CHhCTOSHHE ,,be3-
npobnemuo* (No Error) m egunHanecer HeOmarompu-
SITHU CbCTOSAHUA: TpyleH aocTen A0 JaHHuUTe; He-
JOCTBIIHO Ha paboTHOTO MsAcTo; He ce m3mon3Ba uH-
¢dopmanusita; HepasOupaemo; JlurcBa TexHHYecka
uHdopmanms; ['pemrn nannu; [IporuBopeunBu naH-
Hy; Jlunca Ha akryanusauus; HenpaBunHa axTyanu-
3anms; [ABycmucnenocr;  [ogsexxpamm — durypm.
[TpuMepHHAT BB3eN He ce BkIa Ha ¢ur. 1, 3amoro e
CaMo €IMH OT JIEBETTE Bb3€a, KOUTO BIHSAT HAa Bb3EI
,ydacrt 145 — usneiHenue™.

[TpenBunenu ca u MHGOPMAIMOHHU BB3JIH, KOUTO
JIaBaT crenuduaHa nHpOpMANH 3a THIIA JIETaTeICH
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amapar, YCIIOBHSTa Ha W3IOJI3BaHE, BH3PACT, MPOBE-
JIEHO OOCITy>KBaHe U JIp.

[MpuunHUTE U CHIIBTCTBANINTE (DAKTOPH 32 FPEIIKU
OT pa3jiMueH THI ce Oa3upar Ha YTBBPJACHU B aBHAa-
[[UOHHATA MHAYCTPUS CTAHAAPTH U JOOPU MPAKTHKH,
KaKBaTo € CHUCTEMAaTa 3a pascieBaHe Ha CHOUTHUS TpU
texHnuecko obcmyxksane MEDA (Maintenance Error
Decision Aid) [5,14]. OcBeH ue TOJOOHH TAKCOHOMUH

Ynpasnenue

ce Oa3Wpar Ha MHOTOTOUINIEH EKCIDIOATAIlMOHEH
ONHT, APYrO NPEAVMCTBO €, Y€ T3 CHCTEMH ca
BHEAPEHN B TOJSIMA YacT OT OpPTraHW3AIlMHTE 32 TEX-
HUYECKO OOCITY>KBaHE W CHOMpPAHUTE JAHHU CIICABAT
choTBeTHaTa cxema [ 1]. BkiroueHu ca u onacHOCTH OT
CTpPAaTEeTUYECKH XapaKTep, CBbP3aHU C TMOJIUTHKH H
pelieHnst OT BUCOKO HUBO, KAKTO U C yIpaBiIeHUE Ha
MIPOMEHUTE B OpraHU3aIUITA.

Ha npomexuTe

KopnopartueHi nonuTukn
V1 pelueHns

YacT M -
opraHuzauus

ChOTBETCTBYE HA
yact M u yact 145

> Cuctema 3a ynpasneHue

Ha KaYecTBOTO
3agaun cnpsamo
Bb3MOXHOCTM

Ynpaenexue [llonyckaHe O6cnyxBaHe
Ha JIr A0 nonet 1 nsnpawjaHe

Moner
1 NocneacTsns

Yacrt 145 -
V3Nb/HEHNE

( Mocneacteust )

( Mocneacteust )

(I_IOCI]EACTBVIH ) ( Mocneactensi )

A\ 4

Pasxoau

¢ur.1 Mognen Ha J{xananana Jxaskoau-Apadqyure 3a ynpaBieHHE Ha PUCKa IIPU OCUTYPSABAHE Ha JIeTaTeIHaTa TOAHOCT
(amarrrupan ot [8])

PasrnemanusaT Mopen mpenctaBsi B sBHa Qopma
KaKTO HOPMAaTHBHUTE W3WCKBAaHWUS, CBBP3aHU C IOA-
IbpKaHe Ha JIETAaTEIHATa TOAHOCT, TaKa M YTBBPIACHN
NpakTUKH 32  KareropusupaHe Ha  IPUYUH-
HO-CJIEZICTBEHUTE BpB3KU. ClleI0BaTETHO MOXE Ja ce
npueme 3a 1o0pa OCHOBa 3a pa3zpaborBane Ha belicoBa
MpeXa, OTpassiBalia Hy>KIUTe HAa KOHKPETHAa OpTaHH-
3anus.

3. 10AX0 1 3A KOJIMYECTBEHA XAPAK-
TEPUCTUKA HA PUCKA B OPTAHU3ALIUA
3A TEXHUYECKO OBCJIY’KBAHE U PE-
MOHT

[MpeanoxeHUAT MOAXOJ 3a XapakTepu3upaHe Ha
pucka B OTO mo wact 145 ce 6a3upa Ha Mojena Ha
Jxanamana Jxaskomu [8], Kkaro ajamTarusTa
BKJIFOUBA CJICAHUTE IPOMEHH:

e bBposT Ha KOHTPOJIMPAHUTE €JIEMEHTH € 3HAYH-
TEHO HaMalleH C UeN WIIOCTPHUpPaHEe Ha OCHOBHUTE
KOHIICTIINH, 0€3 [1a ce M3Maja B U3JIHIITHU MOApOOHO-
CTH.

e EjnemeHTHTE, CBBpP3aHU C JIeTaTCIHATA CKCII-
JI0ATaIMs, ca U3KIIFOYCHU OT MOJIENa, 3aIl0TO BKIIFOY-
BaT MHQPOPMAIUsA, KOSITO B MTOBEUCTO CIIyYal HE ¢ Ha
pasnonoxenue B OTO.

e EkcIUIoaTallMOHHUTE JaHHU IIE CE HATPyIBAT
Ha 0a3a KaJCeHZApHO BpeMe, a HE IPOBEICH IIOJIeT.
Taxka mo-jecHO MOrar Jia ce OTpassT JaTCHTHHUTE HeO-
JIATONPUATHU YCJIOBUSA, OTKPUTH IIPU OOUTU U APYTU
(opMH Ha NMPOAKTUBHO U IMPOTHO3ZUPAIIO MICHTU(H-
IIUpaHE Ha OMACHOCTH.

e [lpeanoxeHa e cxema 3a IMbPBOHAYAIIHO 33j1a-
BaHE Ha NapaMeTpPHUTE Ha MOJIeNa, KOsATO ce Oa3upa Ha
CKCIICPTHH OIICHKH.
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Wzbpanata cTpykTypa Ha MOJeTia € IpefcTaBeHa Ha
¢ur. 2a. HezaBucumure ¢akTopu, KOUTO Ca OTICTCHH,
ca ,,Jlanan/prroBozacTea 3a TO, ,,Pabora Ha opranu-
3anuara no 4act 145%, | JHCTpyMEHTH M TECTOBO
obopynBane*, ,,O0CTyKeHH CaMOJIETH / TEXHUYCCKU
cweraB®, ,,Yact M, nogappkane na JII™, ,Uact M,
opranuzauus®, ,,Yact M, crannapt Ha TO* u ,,4act M,
npernen Ha JIT*. Wuterpupamure dakropu ca ,,0Op-
ranuzanus no vact 145%, ,,Opranusanus no yact M*,
»3a/1a4d CIPSIMO BB3MOXKHOCTHU U ,,YTIpaBI€HHE HA
JIT. Bxirouennm ca W HMHOOPMALMOHHA BB3IH —
,»OnepaTtop* u ,,Be3pact Ha camonera®. Taka nmokasa-
HaTa CTPYKTypa € HalpaBeHa caMO C HJIFOCTPaTHBHA
el ¥ € HeoOXOMMO Jla Ce aJanTHpa 3a HYXIHUTEe Ha
BCSIKa KOHKpETHa OpraHu3anusi, KaTo ce 000oraTu ¢
MPWIOKUMHUTE €IEMEHTH W IPUYHHHO-CJICICTBCHU
(hakTopH, OTUMTAWKK NHIHUS MOjeNl Ha J[xaHamaia
JI)kaskomaM, KaKTO U JCHCTBAIMTE HOPMATHBHUA H3HUC-
KBaHUS M TOOPH MPAKTUKUA. MOJCIBT € peaau3upaH ¢
momMolnra Ha mporpameH mpoaykr Netica (v. 6.09,
Norsys Software Corp., Canada).

YcaoBHUTE BEpOSTHOCTH, CBBP3BAIl WHTETPHU-
pamm BB3IH C JBE BB3MOXHH CHCTOSHHUA (6e3mpol-
JeMHO/Tpellka, He/la, Hysa/enHULA, WCTUHA/IIbKA,
JIMIICBA/MMA) Ce PasNpeesisiT MOCPEACTBOM KaHOHHY-
HOTO B3aumozaeictBue cmyreHo WJIN, NoisyOR [13,
ctp. 184]. TakoBa pasmnpeneneHue € KOPEeKTHO, KOTaTo
MOJKE J1a ce TpHeMe, Y€ CHIIECTBYBAT HSIKOJIKO Bb3-
MOXHH MPUYUHU b; 32 CBOUTHETO e, BCSKA OT KOUTO
MOJKe J]a TO TIPpeAN3BUKA cama 110 cebe U ¢ onpeiesieHa
BEpOATHOCT p;. CpOMTHETO MOXKE [a BB3HHUKHE U
CIIOHTaHHO BCJIEICTBHE Ha (HaKTOPH, KOUTO HE ca MO-
JIeNMpaHH, ¢ BEPOSTHOCT py, (T.Hap. m3rndane “Leak”):

Plelb,,.b,)=1-(-p)[ [o.0-p) (D)

Besixo bl‘ € 61/1HapHa IMPOMCHJIMBA, KOATO MOXKC na
npeanu3BrUKa C’I)6I/ITI/I€TO, aKo € HCTHHA. AKO HsMa H3-
TUYaHC U CaMO €JHa OT BB3MOXHHUTC IMPUYINHU bk €
HaJIMIIEC, TOraBa BEPOSTHOCTTA 3a CHOUTHETO € € paBHaA
Ha MOAATJIMBOCTTA KbM Ta3u IPUYNHA, U3PA3CHA 1PEC3
BCPOATHOCTTA py.

3a OIpeAC/IAHC Ha YCIIOBHHUTE BEPOSATHOCTH, CBBP-
3Balll MHOFO(I)aKTOpHI/I BB3JIM C MHOXCCTBO BB3-
MOXHH ITUCKPETHU CHCTOAHUE C MHTCTPpHpAIl BbH3JIU
oT 6I/IHapeH TUII, C€ MpaBU aHaJIOrusg ¢ MapKOBCKI/I

rnpounec. 3a BCSAKO ChCTOSTHUE xl- Ha BCEKHU Bb3el X ce

3agaBa KpuTHYHOCT A,(x;) . Kpurmunocrra A, (x;)

n3pa3sBa MHTCH3MBHOCT Ha Ipexofa OT Hebmarompwu-
saTeH QaxkTop X; KbM mocienctsus e. [Ipuemame cien-
HaTa €KCIIOHEHI[MAaIHa 3aBUCUMOCT:

P(e|x,,..x,)=1—exp —i/ii(xi) 2)

XapakTepucTUKaTa A Ha BCSIKO CHhCTOSHHC CE 3a-
JlaBa OT CKCIICPTHU, CIOpE] CYOCKTHBHA OIICHKAa Ha
KPUTHYHOCTTA MY CIPSMO CBBP3aHUTE TMOCICICTBHS.
CpenHaTa CTOWHOCT Ha A 332 BCEKHM BB3€J] MOXE Jia ce
pasriex/a Kato rmokasaTes 3a HUBOTO Ha 0€301acHOCT
Ha ChOTBETHATA MOACUCTEMA.

OpraHuzanusita Ha paboTata N0 HATpyIBaHE Ha
CKCIIJI0OaTallMOHHYU JIaHHU WM3MCKBAa BHMMATCIIHO ILIA-
HUpaHe, 32 a ObJie YCIIEIHO BHEJPEHA B PAKTHKATA.
@opMyISIpFT 3a TONBJIBAHE HA BXOJHHUTE NaHHU
TpsiOBa J]a CHOTBETCTBA Ha M30paHaTa CTPYKTypa Ha
BeticoBara mpexa. CrnemoBaTenHO, JOPHU IpeNCTaBe-
HUST OJIEKOTEH MOIEN, ChABpXKAml 15 BB3ena, mpea-
roJjiara e€XeIHEBHO IOITbiIBaHe Ha 15 momera ¢ 46
BB3MOKHU CHCTOSHUS. 3aXpaHBAHETO HA ITBIHHUS MO-
nmen Ha JDKaskoOw Tpeamoiara Imo3HaBaHE W IOIBII-
BaHe Ha Tabmuma csCc 184 xomonn. Br3MoxHO perie-
HUE € pa3mpeielisHe Ha OTTOBOPHOCTHUTE IO BBHBEXK-
JlaHe Ha TaHHU MEKIY Pa3INYHHUTE 3BEHA, y4acTBAIIH
B IIPOM3BOJCTBEHNTE Iporiecu. [Ipu KoHCTaTHpaHne Ha
MpoOJIEM OTTOBOPHOTO JIAIE TO PETUCTPUpPA B CIIOAE-
neHa Oa3a maHHUW. [IpeiBapUTETHO MOITBIHEHATA
CTOMHOCT 1O TMonpa3OupaHe 3a BCHYKH IIOJIeTa €
,,be3mpodieMHo”. CieIoBaTeIHO Ce MOITBIBAT CaMo
OTKPUTHUTE HENOCTATHIX 3a MEPUOJa, HA KOUTO OTTO-
Baps ChOTBETHHST 3aITUC OT TaOJuIaTa.

4. AHAJIN3 HA PUCKA B OPTAHU3ALIUA 3A
TEXHUYECKO OBCJIY’KBAHE U PEMOHT

Pa3paboTeHUsST MoOjaen MO3BOJIABA Ja CE IMPAaBST
3aKJIIOYCHUA 3a BJIIMAHUCTO HA pas3IMUHU T'PCIIKKA U
KOMOMHAIIMM OT TPEIIKA BBPXY BEPOSTHOCTTA 32
IpellKa B KPUTUYHU BB3JIM, HAIIPUMED ,,Y IPaBICHUE
Ha JI[™. [IporechT e mmocTpupan Ha (ur. 20, KbICTO
CBCTOSIHUETO Ha €leMEHTH ,,Yact M, nojabpkaHe Ha
JIT* u ,,Yact M, cranmapt Ha TO“ e ¢ukcupaHo cb-
OTBETHO Ha npobiieM ¢ ,,[Iporpama 3a TO* u ,,JlanHu 3a
TO*, xoeTo Bogu 10 MpOMsHA HAa KOMIUICKCHATA Be-
POSITHOCT 3a TPeIka B eeMEeHT ,,YpaBienue Ha JII[
ot 8.7% na 10.5%.
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Peanuzauuara Ha uuio3 or tun cmyreno MIJIA
(Noisy OR) B mporpamna cpema Netica € U3BBPIICHO
TIOCPEACTBOM ClenHus Ko (¢ur. 3):

P(CAW_Management |

Part_145_oOrg,
Operation_vs_Capbility) =
NoisyOrDist (CAW_Management, ©.05,
Part_145_Org, 0.1,
Part_M_Org, 0.2,
Operation_vs_Capbility, 0.2)

Part_M_oOrg,

Patora va
acrm,
Buapacr wa camoner Beanpobnewno Beanpotnewto Beanpotreno e
ST Onacio Toyaer aocren Cropuxenns et
e Heexanvpmpano 439 Henpaonin pavin Nopconan Poope
Ho s wamwwocr 101 Nogsexgau purypn Nnaupare e
AT 024223 181226 173235 e
Sacr M, cranaapr va TO
OSenyenn camonemn / Texsmsectn cucras Oneparop Yacr M, wanr
Mo nopwarya : Meaywaponen 333 Beanpotnento 70.0 Jm— Rawiin 32 TO
TMo-goBpe oT HopmaTHBa 333 Pervonanen 333 Pabotn, CAW. 100 Vanbnkenue Ha TO
No-ane or wopwarea 383 Toerw casr 383 Mporpana 32 TO 500 va pocportn
167224 T Monndbmatieu pewos, a... 7,50 oo
Towunieo sanvon, oneparop 750
16231 Yacr M, nr
Beanpobrowro 515
Tpernen wa I wa BC 273
Banwwocr wa cepruucara  9.09
Korcraraum 909
! 173228
3agawm cnpawo no wacr 145 o wacr M
Geapotemno 880 Bewpotenno 959 Beanponewso 943
rpeuna 120 Wil i rpeuna a05) i peuwa seshi i
1122038 008112039 01132046
Ynpasnenne va I
Beanpotnewo 913
Tpeura siofi i
109028
w Pagora ka o wacr 145 P
Buapacr va cawonera Besnposnenio 20,0 | | [ Besnposnenio Besnposnemno 72,7 j— =
e G Onaco 498 i | | Toymenaceren Cuopurens goo i i [l
i ec e 433 Henpasurm aasiin repeoran onp Cmope so
& e o 0 vanmocr narpar [
0724223 181226 173555 YTYTT]
Yacr M, cranaapr wa TO
Ocnywonn camonerw / exwmiockn chcran Sact M, o
o vopuarve 383 H Beanpotreno Rasin 3 TO 100
Mo-o6pe o voparuea 23 i Pacoms, CAW Vanenwene va TO o
Mo-ane or HopmaTea 333 R Mporpama 3a TO AecexT 0]
o MoanbnaLutn  pewonTy, & 5
24
Tewniecn sanwcn, oneparop
B Uacr . npernea wa fIr
Geanpotneno 505
Nipernea va /I a BC. 273
Banwroct va coprupmara 809
Koncraraum 909

3anauw cnpawo

Besnpobnewro 830
omi |l

Tpewka

117038

no wacr 145

Beanpobnewo 959

Tpewxa 405) & b
00811039

Ynpasnenve ua NI

Besnpobnewro 895
peuxa 105

1112031

(©)

Beanpobneno
Tpewra

0212061

173£28

¢ur.2 BeiicoBa Mperxa 3a yrpaBleHNE HA PUCKA B OPTraHU3AIM 32 TEXHUYECKO 00CITyKBaHe
(a) anpuoOpHO pa3npezeneHre Ha BEPOITHOCTHTE, OTYMTALIO EKCIIEPTHH MHEHUS
(6) mocTepruopHO pa3npeeneHre Ha BEPOITHOCTUTE 32 KOHKPETHH HAOII0JaBaH! MIIM CUMYJIUPAHU JaHHH

[MapamerpuTe, ¢ KOUTO ¢ MHUNHATH3UPAH OWHAp-
HUSAT HHTETPHUPAII Bb3€J Ha MOJIea, ca TaJeH! B Ta0I.

1.

Tada.1 [lapamerpu 3a orpenensHe Ha YCIOBHUTE BEPO-
SITHOCTH Ha Bb3el ,, Yrpasienue Ha JII'™

«

Ta0.,1.2 YCIIOBHH BEPOSTHOCTH 32 Bb3EII ,, YIIPABJICHUE HA
JIT*, renepupanu ¢ mapamerpure ot Tabda. 1. C Hyna e 03-
HA4eHO ,,0e31po0IeMHO ChCTOSIHUE, A C €AUHHLA — ,,[Pelll-

Besenu pr

dakropy, e;

Ka

3agaun Opranu- Opranu-

CHIpsIMO 3aIus 1Mo 3anus 1mo 0 1
BB3MOXKH. yact M yact 145

pi

CAW_Management
0.05

Part 145 Org

0.1

0

0

0

0.95

0.05

Part M Org

0.2

0

0

1

0.855

0.145

Operation_vs_Capbility

0.2

0

1

0

0.76

0.24
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0 1 1 0.684 | 0.316 Ta6.21.3 [lapamerpu 3a poauTenure Ha Bb3en ,,OpraHu-
1 0 0 0.76 0.24 3anus no yact 145
1 0 1 0.684 | 0.316 Buwzen, X Cvcmosinue, x A p
1 1 0 0.608 | 0.392 Hannu / pb- Be3npobaemHo 0 0.65
1 1 1 0.547 | 0.453 KOBOJICTBA 3a Tpynen noctsn 4 0.13
TO HenpaBuiau nanan 10 0.03
CBOTBETCTBAIUTE MM YCIOBHH BEPOATHOCTH Ca [Moasexaamm gurypu | 5 0.19
nanenn B Tabin. 2. Bwkma ce, ye upe3 yetupu napa- | Pabotamaop- | besnpobremio 0 0.73
MeThpa Ca MOJYdYeHH OCeM BepoATHOCTH. Ilpmermre | FaHMsawisno | CrophikeHus 10 | 0.09
CTOHHOCTH Ca XHTIOTETHYHU 1 He oTpasisar onuta Ha | 2T 149 Ilepconan 1 0.09
peanna OTO. [Tnanupane 8 0.09
Uncrpymentn | besnpobiemHo 0 0.90
U TECTOBO OrnacHo 10 0.05
] CAW_Management (node of CAW_model_kkg_v2) @ 06opy/:[BaHe Hee KaJII/I6pI/IpaHO 4 0.04
Title: Ynpaeneque na NT He e B HaimmuHOCT 5 0.01
Nawre v| Dscrste | [IpumMepeH cpaBHUTENICH aHAU3 Ha BIMSHUETO HA
State: | False Nom pasiuuHu (pakropu Ehpxy U30paHus KPUTHUCH BB3EI
Nibeel] — ,,Ynpasienue Ha JII' e nagen B Tab:1. 2. Bmkna ce, ue
(aelsias] Apply MOJICTBT MPABHIIHO OTPa3siBa OYAKBAHOTO IMOBHIIIABA-
Equation v| o HE Ha BEPOSATHOCTTA 3a TPCIIKa C HATPYIBaHE Ha HEO-
P[C&W_Management | Dperation_vs_Capabilty, Part_145_ - ﬂj JIaronpusTHA (l)aKTOpI/I. Amnanornyna TaGHI/IHa MOXK€E 1a
NeisyiDis [%“;";‘:;[}";ﬁ%f@;;gb”iﬁ'n_2' — ce TMpeJCTaBU 3a KPUTHUUEH Bb3ed ,,OpraHusaius o
el E gacT 145, Ho OpOSAT Ha pesloBeTe IIE € JOCTa MO-TOJISIM
o Table - 64. Pa3znuyHu cuieHapuu ca pasurpaiu B tadi. 4.
- BaxHo e ma ce orOenexu, e MOJyYCHHUTE Pe3yii-
- e TaTH OTPa3sBaT €KCIEPTHUTE MO3HAHUA, M3MOI3BAHU
npu pa3paboTBaHe Ha MOJENa, KAKTO U JJAHHHUTE, ChO-

¢ur.3 3anaBane Ha mozen ot i Noisy OR B mporpama
Netica

3amaBaHeTO Ha YCJIOBHH BEPOSTHOCTH Ha 0a3a Ha
KPUTHYHOCTTA Ha HEOIATONPUSATHH (PAKTOPH U3TIIEKIA
1o cienHus HaunH B Netica:

P (Part_145 Org | Tools_and_Test_Equipment,
Maintenance_Data, Part_145_0Org Performance) =
Part_145_Org==Error ?

(1- exp (- Part_145_Org Performance - Mainte-
nance_Data - Tools_and_Test_Equipment) )
exp (- Part_145_0rg_Performance Mainte-

nance_Data - Tools_and_Test_Equipment)

[TapameTpuTe A, KOUTO ca HEOOXOJAWMHU 33 HHH-
UaM3upaHe Ha UHTETpupanl Bb3en ,,Opranuzamnus 1o
yact 145 ca majeHu B TpeTa KoJioHa Ha Tabm. 3. C
MIOMOIIITa Ha 3aAafeHuTe 12 mapaMerspa ce morydana
tabnuia ¢ 64 ycnoBHM BeposiTHOCTH. [laneHo e u
MPUETOTO pasmpe/ieieHHe Ha BEPOSTHOCTUTE p, IO
CHCTOSTHHS.

paHu TIpu paboTa U TEKYII KOHTPOJI Ha OpraHN3aInsTa,
NPU HAJMYHETO HA TakuBa. TOBa O3HAuYaBa, Y€ Kavec-
TBOTO Ha OICHKHUTE IIe Ce MOm0oOpsBa C BPEMETO U C
HATPyMBaHE Ha EKCILIOATAIIMOHEH OIMT, KOETO IIe
KOMIICHCHPa €BEHTYATHUTE MPOIYCKA W HETOYHOCTH
NpY MHUNHATH3AIMATA Ha MOJIesIa Ha 6a3a eKCIIepTHH
MHEHHS TI0 TpeUIoKeHara cxema. B chIioro Bpeme
HaJWYAETO Ha ITHPBOHAYAIIHO paslpe/eieHie Ha Be-
POSITHOCTHTE, KOETO HE TPOTHBOPEYN Ha 3APaBHs HH-
JKEHEPEH pas3yM, I03BOJIIBA JIOTHYECKH OOOCHOBAHH
3aKJIIOYCHHS JOPH TIPH JIMIICA HA EKCIUTIOATAIIMOHHH
JIAHHH, KaKTO ¥ TOJyYaBaHe Ha MPaKTHUECKU H3IOJ3-
BaeM MoJIeJ TIPM HAINYHE HA 3HAYMTEIHO IO-MabK
00eM JIaHHU COPSIMO TEXHHUKUTE, U3IUI0 Oa3upaHu Ha
00paboTKa Ha TaHHH.

5. 3AKV/IIOYEHUE

[pencraBeH e MOJIET 3@ OLICHKA U YIPABICHHE Ha
pucka B opranusaiys 3a TO, KaTo eeMeHT OT CHCTeMa
3a OCHrypsiBaHe Ha O0€30MaCHOCTTa Ha IIOJETHTE.
CrpykTypaTa Ha Mojeja OTpa3siBa MPUIOKUMUTE

10
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HOPMAaTHBHU W3UCKBaHUs. [IbpBOHAYAIHUTE pa3rpe-
JICTICHUS Ca 3aJI0)KEHH eKCIIEPTHO Ype3 U3MOJI3BaHe Ha
CIEIMATHO MOI0paHN METOAW 32 €()eKTHBHO KOMOH-

HHUpaHe Ha eKCHEePTHH MHEHUS 32 NPHHOCA HAa HEKOH-
TPOJMPAaHH OINACHOCTH B PA3JIMYHU IOACHUCTEMH 3a
IpaBHJIHAaTa paboTa Ha IslaTa CHcTeMa.

Ta6.1.4 [IpuMepHU noCTepHOpHA BEPOSITHOCT 32 Ipellika IpH ynpasienue Ha JII' npu nelicTBre Ha pasiudHu (HakTopu

BeposTHocT 3a
®daxrop 1 [Ipobnem dakrop 2 IIpobaem rpemxa, %
— — — — 8.7
JlaHHM, ppKOBO/CTBA . o
32 TO Henpasunnu nanxu 9.4
Yact M, nogbpxane
wa T IIporpama 3a TO 8.95
JlaHHM, ppKOBOACTBA Yacr M, nonabpxane
32 TO HenpaBunnu nanuu wa JIT IIporpama 3a TO 9.65
JlanHu, ppKOBO/ICTBA Yact M, noaabpxane
32 TO Tpynen nocren o JIT IIporpama 3a TO 9.15
Obemysicern camonetn [To-31e ot HOpMaTHBa — — 9.25
/ TEXHHYECKH ChCTaB
Obcuyxenn camoreTH ITo-31e o HOpMaTHBa Jlassu, prKOBOJCTEA Henpasuinuu nanau 9.94
/ TEXHHYECKH ChCTaB 3a TO
3amaun copsMo BB3- T'pemxa L o 252
MOXHOCTH
Opranu3zanys o 4act I'pernka L o 175
145
3amgaun cpsiMO BB3- Tpemma Opranu3zarnys 1o 9act Tpemmxa 304
MOXHOCTH 145

[MTokasaHo e, ye mapamMeTpuTe Ha MOJIeJIa MOrar Jia
Ce HaAMEepAT C pa3yMeH pa3XoJ] Ha YCUIIMS W Y€ MOIy-
YEHHTE 3aBUCHMOCTH CHOTBETCTBAT HA OYaKBAHUATA.

OO0OekT Ha OBACIIM M3CIEABAHHUS MOXE Ha Obae
pasumpsiBaHe Ha MOJIeIa U MPUJIAraHeTO My C peasiHH
JIAaHHU; CHIIOCTABKA HA PA3HMYHK TEXHUKH 32 MOJTy4a-
BaHE Ha YCJIIOBHUTE BEPOSTHOCTH; MOJICITUPAHE HA 3a-
KbCHEHUETO MEX]y JICHCTBUETO Ha HIKOU (HaKTOpU U
MposiBaTa Ha MOCICICTBHUSI.

Bbaaropapnoctu

ABTOpBT Onaromapu Ha umx. Mapk Illkanos 3a ycumm-
ATa, TOJIOKEHW Tpu pa3paboTka Ha IUIUIOMHA padoTa 1o
TeMaTa.
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APPLICATION OF BAYESIAN NETWORKS FOR RISK MANAGEMENT IN
AIRCRAFT MAINTENANCE AND REPAIR ORGANIZATIONS
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e-mail: krasin@tu-sofia.bg

Abstract: Safety management systems (SMS) are an effective mechanism for improving aviation safety and are currently
required by aviation regulations. Continuing airworthiness (CW) is a key element of safety and is also subject to monitoring via
SMS. One of the modern approaches to risk analysis and management is based on Bayesian networks. Their application for
safety management in maintenance organizations is not well developed. The present work provides practical guidelines for the
application of a Bayesian network for risk modeling in such an organization, considering the regulatory requirements for the
maintenance organization and CW management. It was shown that the obtained results do not contradict common sense and
engineering judgment. The model allows satisfying the requirements for risk analysis and risk monitoring, which are the main
elements of SMS.

Keywords: Continuing Airworthiness, Bayesian Networks, Risk Analysis, SMS, MRO, Part 145

12


mailto:krasin@tu-sofia.bg

Brnrapcko crimcanue 3a MHXEHEPHO MTpoeKTUpane, Opoit 44, HoemBpu 2021r.

USING WEB BASED CALCULATOR OF EMOTIONAL MODELS FOR IDENTIFI-
CATION OF COMPROMISED INTERNET OF THINGS DEVICES

Aleksandar HRISTOV, Rumen TRIFONOV
Faculty of Computer Systems and Technologies, Technical University of Sofia
e-mail: ahristov@tu-sofia.bg

Abstract: The purpose of present paper is to propose an intelligent system for identification of compromised Internet of Things
(IoT) devices due to cyberattack, using Web based calculator of Emotional Models (EM). Monitoring is being made and the
state is identified through time-synchronized series of indexes for usage of memory, network port and processor. Using system
monitor time-synchronized indexes of non-compromised IoT devices are saved as well as indexes of compromised IoT devices
due to some well-known cyberattacks in Internet of Things are saved. The parameters of the proposed system are being speci-
fied in order to distinguish (filter) the two states of the [oT devices (non-compromised or compromised) by these indexes. A
web based calculator of EM is presented, its usefulness is discussed and tasks for the future development are defined.

Keywords: Information Security, Artificial Intelligence Systems, Emotional Models, [oT devices, Web Technologies

1. INTRODUCTION

Nowadays interest in the Internet of Things (IoT),
the Industrial Internet of Things (IloT) and in particular
the information security [3] of IoT devices is a growing.
The review of the literature showed that the problem
with information security of IoT devices is still poorly
developed and there are no available systems for detect-
ing compromised [oT devices as a result of cyberattack.

The concept of IoT was first proposed by MIT in
1999. The early IoT was a network based on the RFID
technology and devices. It combined objects with the
Internet based on the agreed communication protocols
to implement intelligent identification and management
of objects and realize interconnection and information
sharing. [oT is an Internet where all things are intercon-
nected: Information Technology (IT) that includes de-
vices in the data center, in the cloud, bring your own
devices (BYODs), and thousands of sensors and actua-
tors connected in the field; Operational Technology
(OT) that includes industrial control systems (ICSs),
supervisory control and data acquisition (SCADA) sys-
tems, and all the devices that connect to these systems;
Consumer Technology (CT) that includes connected
devices in the home, wearable technology, smart cars,
and more. By converging IT and OT, operations man-
agers use IT tools to sift through the reams of opera-
tional data and make real-time decisions. IT teams can
also use this data to do innovative things such as im-
proving the supply chain and reducing downtime. New
device types and the increasing number of devices per
person all add up to a significant portion of connected

devices in the age of [oT. IoT security includes devices
and applications from IT, OT, and CT. Security in-
cludes physically securing the outside and inside pe-
rimeters of places, such as data centers, where data is
stored, but not only. Securing IoT devices is challeng-
ing due to the sheer number of them, the fact that they
are found in non-traditional locations, and that many of
them cannot be upgraded. IoT devices are increasingly
being compromised and used in a wide variety of at-
tacks because they often lack critical device protections
such as strong passwords, up-to-date operating sys-
tems, and segmented networks.

In [4], a specific approach for identifying compro-
mised devices as a result of a cyberattack is proposed.
It is based on monitoring the usage of memory, network
interface card (NIC) and processor to determine the
state (compromised / non-compromised) of IoT de-
vices. The decisive rule (a function dividing the space
of two disjoint sets) of the algorithm finds the corre-
spondence of the state from a time series of values as
an input. A peculiarity of the approach is the pre-treat-
ment, i.e. using training samples of time series (usage
of memory, network interface card and processor),
three cluster areas are determined as well as the center
of each cluster. The first cluster corresponds to a non-
compromised state, while the second and third clusters
correspond to states after SQL Injection. For the second
cluster filtering by a predefined field of the table is be-
ing done and for the third cluster the values are inserted
into a table after their transformation. An advantage of
the approach above is that it distinguishes these two
specific compromised states and a disadvantage is that
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it cannot identify all sorts of other compromised states
of the [oT device.

Different approaches are known in the literature
[10, 12, 13] for identification of the IoT devices espe-
cially in IoT sensor swarms [8 and its references] —
some behavioral files are stored and periodically the de-
vice must generate the same files that are to be equal to
the etalon ones. Mostly cryptography hashing or public
key authentication are used. NIST’s NICE [11] in-
cludes all the processes necessary to assure that existing
and new IT systems meet the organization's cybersecu-
rity and risk requirements. In the NICE Protect and De-
fend work category it is discussed how to conduct as-
sessments of threats and vulnerabilities; determining
deviations from acceptable configurations or policies;
assessing the level of risk; and developing or recom-
mending appropriate mitigation countermeasures.

The purpose of present paper is to propose an intel-
ligent system for identification of compromised Inter-
net of Things (IoT) devices due to cyberattack, using
Web based calculator of Emotional Models (EM).

2. EMOTIONAL MODEL BASED METHOD
FOR IDENTIFYING COMPROMISED IOT DE-
VICES

As it has already been mentioned above, present
work is privy to Web-based approach of processing of
the information for the loT device based on the emo-
tional model [6,7,14,15] is proposed and Web applica-
tion developed in [6] is used.

Emotional model concept, containing P number of
emotions and Q number of feelings, is shown on Fig. 1.
It is based on the relations between emotional inputs,
feelings and mood, given in the Eq. (1), Eq. (2) and Eq.
(3)[6].

Emotions (i=1...P) are described as specific percep-
tual information u%(t)€[0,1] and each feeling (j=1...Q)
is updated at every one moment as the summation of
emotions. The i-th emotional input to j-th feeling u®;(t)
is calculated as:

”zE; (¢) (1), d;; € [0>1]'

P
for each j Zdi’j =1
i=1

_ E
- di,jui

M

di;is the degree of contribution from the i-th emo-
tional input to j-th feeling.

The j-th feeling ufj(t) is updated by emotion’s inputs
and constraints from the mood uM(t):

»
()= ! (1) - ()Yt (1),
i=1
1+u (t - 1)

vF is the discount rate of the feelings (0 <yF < 1).

Mood as a relatively long-term state is updated by a
change in feelings. The mood is updated by the sum of
feelings:

u' (1) =y"u (1-1)+

2

= }/M S ul (¢
50

yM is the mood discount rate (0 <yM < 1).

Below it is proposed a universal method for identi-
fying various compromised states of [oT devices. This
method uses indexes of the mood obtained from the EM
for the usage of memory, network interface card (NIC)
and processor in percentages, of the IoT device.

Keeping in mind well known facts for 3D computer
and its performance, in order to identify compromised
IoT devices through EM the number of the emotions
has been chosen 3: first emotion is the usage of
memory; second emotion is the usage of NIC and third
emotion is the usage of processor. Thus, the proposed
approach requires the collection of data for usage of
memory, NIC and processor. This data become the ini-
tial values of the feelings and the mood for the new op-
eration.

The approach proposed in the present paper requires
the collection of data for usage of memory, NIC and
processor, which become the initial values of the feel-
ings and the mood for the non-compromised state of
IoT device. The emotional pattern used in this observa-
tion is the same for different states (compromised or
non-compromised). But when more data is gathered for
usage of data for usage of memory, NIC and processor,
EM can be changed and developed by changing the ob-
served emotions and feelings, as well as the settings of
the model itself. A separate XML document with emo-
tional data is created for each of these states (compro-
mised or non-compromised) and is analyzed by passing
through the emotional model calculations. By analogy
with [6,7,14,15] the number of the feelings has also
been chosen 3- F1, F2 and F3. This way an additional
priority can be assigned to each feeling when “training”
the model. For example, usage of memory, NIC and
processor. In this paper values of the parameters (yF and
yM and the degree of contribution d;j) have been chosen
arbitrarily.

3)
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fig.1 Emotional model concept.

Note that full factorial experiment for training this
EM with specific data for the usage of memory, NIC
and processor with 10 levels for each factor leads to
106%32) = 10" combinations

3. WEB BASED CALCULATOR OF EMO-
TIONAL MODELS

New emotional model for identifying compromised
IoT devices is created and calculated by using the Web-
application [6] - Web based calculator of Emotional
Models. This Web calculator [9] is built by using con-
temporary Web technologies: HTMLS, JavaScript,
Canvas and eXtensible Markup Language (XML). The
input of emotional model calculator is a XML docu-
ment with predefined structure. This XML file de-
scribes both: emotional model and emotional data. The
file was created with MS Excel and saved as XML
Spreadsheet 2003. The content of the XML file is
shown in Table 1. Its structure and the contents of the

cells, row per row are presented in the bottom right cor-
ner of the table with italic letters. HTML5 Web calcu-
lator of emotional models reads data and according to
the emotional model rules calculates the values of the
feelings and mood as described in Eq. (1), Eq. (2) and
Eq. (3) and visualizes result.

4. EXPERIMENTAL RESULTS

In order to conduct the experimental results with ex-
isting similar implementations of systems for identify-
ing various compromised states of [oT devices, the ini-
tial data for usage of memory, NIC and processor (in
percentages) of the [oT device from [4] is used below.
The graphical data from [4] is preprocessed in manner
described in [1] to transform these data in numerical
form as .xml files. These values (from the correspond-
ing .csv file from [8]) for usage of processor, memory
and network interface card (NIC) are imported into the
EM (.xml file from [8]) through the Copy-Paste func-
tionality of MS Excel.
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01
02

03

05
06

53 8 3

Table 1. Emotional model for state identification of IoT devices

Time

mem

nic

pr

F1 F2 F3 Mood

0.85

=]

e

e

f f f m

0.9

#FF3933

#FF2000

#FFOD&0

#CCO01A | #99330 | sppopop | #000000

AFL

1

1

1

1 1 1 1

F1

0.05

0.05

0.9

0 0 0

F2

0.05

0.1

0.85

F3

0.05

0.15

0.8

0
0 0 0 0
0 0 0 0

0.291071

0.0599107

0.134375

“Row 0 — the first column is nomed “Time” and other

0.291071

0.100893

0.13125

columns are named on observed emotions, feelings and
mood

0.2591071

0.100833

0.13125

Row 02 — in the first column is given the discount rate af

the feelings, in the next columns ave given the markup
symbols for the emotions “e”, for the feelings "f and for
the mood “m";

Row 03 — in the first column is given the discount rate af
the mood and in the next colwmns are specified the colors
Jor the graphical presemtation of each emotion, feeling
and mood:

Row 04 — marked as AFL (dlert Filter Level) gives the
minimum values over which the system generates alert;
Rows 03— {in owr case 03 — O7) in the firsi column are
repeated the names of the feelings and in the next columms
Jor the emotions (marked with “e”) it givem the
corresponding participation of emations in the definition

n 524 0.2625 0.111607

0.221875

af feelings.
Rows after that (numbered 0...n In the column Tims)
inciude the values of monitored emotions in every one

observed moment in time between 0 and n."[6]

Note that the initial values for the emotions i.e. us-
age of memory, NIC and processor (columns mem, nic
and pr from Table 1) correspond to Time n=0 and the
final values correspond to Time n=524. Next 3 columns
contain the feelings and last one contains the mood.

Due to the limited size of the current paper in [10]
are given the .xml files for the usage of memory, net-
work interface card (NIC) and processor of the IoT de-
vice, in the case when the device is non-compromised
(EMOCOL_Z1.xml) and in the case when it is compro-
mised (EMOCOL_Z2.xml). Web based calculator of
Emotional Models has been used to calculate the moods
for these two states of the IoT device. Corresponding
screenshots are shown in fig. 2 and fig. 3.

Final values for the mood from calculator of Emo-
tional Models (n=524 in the column Time) for both
states of [oT device are shown in table. 2. The first row
of the table shows the mood of non-compromised loT

device, and in the second row shows the mood of com-
promised device. Also, a third row is added to the table,
in which the difference in percentages between the
mood for compromised and non-compromised state of
the [oT device is given.

The experimental results and more precisely the in-
dexes for the mood (Table 2) show that the difference
between the compromised and a non-compromised [oT
device is A= 12.4%. This corresponds to the results and
conclusions from [1, 4], which is also a verification of
the obtained results.

table. 2. Results for memory usage

E
Non-compromised 0.310
Compromised 0.274
A 12.4 %
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fig.2 A screenshot from the calculator of Emotional Models for the non-compromised IoT device.
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fig.3 A screenshot from the calculator of Emotional Models for the compromised IoT device.
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5. CONCLUSION

An intelligent system for identification of compro-
mised [oT devices due to cyberattack, using web based
calculator of EM has been proposed. The results ob-
tained in the present paper are expected to find applica-
tion in engineering practice, and education process. The
proposed approach and web calculator of EM can be
relatively easily used in other areas of information se-
curity. The work provides an initial solution to such a
problem as identification of compromised IoT devices
and can be further developed or can be used to give an
idea and/or provoke other researchers in their future
work.

As a further work we plan to study the applicability
of proposed approach in the cybersecurity of Internet of
Things and more accurately identifying of compro-
mised IoT devices after cyberattack trough:

-Finding the optimal coefficients d;jand y* and yM
(such to maximize the difference in moods for compro-
mised and a non-compromised [oT device, A ).

-Improvement of parameters of emotional model
based on its implementation in practice and analysis of
its application.

-Improvement of the contents of emotional data
based on their classification and definition of their val-
ues by the use of the classification.

-Development and implementation of a monitoring
system for devices in [oT network keeping in mind that
if this would be an intrusive monitoring, it will kill the
worst-case execution time.;

-Development of hardware and software implemen-
tation of the system for detection of compromised IoT
devices as a result of the cyberattack on FPGA;

-Verification and validation by comparing the re-
sults with the results of known models which solve sim-
ilar problem.
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Pesome: CraTusita € HOCBETEHA HA MATEMaTHYECKOTO MOJCIMpPaHEe U M3ClIe[BaHe HA yaap B Oydep Ha poOOTU3HpPaH CTPOU-
teneH Manumynarop (PCM) ¢ nuHeliHa KHHEMaTHYHA CTPYKTYpa, H3BbPIIBAI] HAATHKHO ABKEHNE. PazpaboTeH e auHamMu-
yeH mojen Ha PCM ¢ TBBp0 3aKkpereH ToBap, 4pe3 KoiTo ce Mozenupa yaapa B 0ydep. bydepst e npencraBen kato eineMeHT
C €aCTUYHH U JUCHIIATUBHU CBOWCTBA. VI3BBPIIEHO € YMCIICHO pellaBaHe Ha CHCTeMara Iu(epeHIMAIHI ypaBHEHHUS U ca
aHANM3UPAHU PE3yNTAaTUTE 3a MABA CIydas — JBHTATEISAT HAa MaIlIMHATa paboTH Mpeaw, 1Mo BpeMe U ciex yaapa B Oydepa;
JIBUTATEIAT € U3KIIOUCH U ABWKEHUETO IPEeaU U ClIel yAapa ce U3BbPILIBA [10]] B3JCHCTBUETO Ha HHEPLIMOHHUTE U ChIIPO-
TUBUTEIHUTE CUIIM. AHAIU3UPAHO € IOBEICHUETO Ha CUCTEMaTa 3a ABaTa Cilydasl.

KirouoBu 1ymn: MmatemMaTuyeH Mojiel, yaap B oydep

1. BbBEJEHUE

IMpn excmyoaramusra Ha TOBAPOIOIEMHU WIIN
CTPOWTEIIHN MAIlMHH, JIBIKCIIN CE€ II0 PEJICOB BT
(kpaHOBE,  MaHWIYNATOPH, TPAHCMAaHMITYJIATOPH,
ACaHChOPU U Jp.) € BB3MOXKEH yAap Ha MalldHaTa B
orpaHuuaBall xoza Oydep, yCTaHOBEH B Kpas Ha pell-
coBus mbT [1]. TakaBa cuTyarus HapyliaBa HOpMa-
HUSI TEXHOJIOTHYEH WM TPAHCIIOPTEH IPOLEC U MMa
aBapueH xapakrep. T4 ce ciyuBa Hail-uecTo mopaiu
cienHuTe TpUuMHU: 1) HecpaboTBaHe Ha KpaWHUTE
M3KJIIOYBATENH, MPEKbCBAIIN 3aXpaHBaHETO Ha IBH-
rareiisi HA MEXaHHW3Ma 3a ITbTYBaHe TIpH JIOCTHTaHe Ha
ompeneseH ydacThK B Kpasi Ha pEJCOBUS BT, 2)
(yHKIMOHANIEH OTKa3 Ha CHMpayHata cucrema; 3)
(yHKIIMOHAJIEH OTKa3 Ha KWHEMAaTH4YHATa BEpHra Ha
TPaHCMHUCHATA Ha 3aABIXKBAILIMA MEXaHU3bM Ha Me-
XaHU3Ma 3a [IbTyBaHe; 4) YOBEIIKa TPelka Win Jeic-
TBUS HA OKOJIHATA Cpeja.

IMpu ynapa B Oydep, MeTanHaTa KOHCTPYKIHS HA
MalllfHaTa ¥ TOBapa ca MOJJIOKEHU Ha TOJIEMH YCKO-
peHusi ¢ yaapeH xapakrep. Te mpean3BUKBaT BHCOKU
MEXaHWYHU HANPEKEHHUS B KOHCTPYKLUSTA, BUOpannu
C TojsiMa aMIUIUTYZa, a CBIIO Taka M IOJJaraHe Ha
TOBapa Ha TOJEMH NPETOBApPBAHWS C MOTCHIUATHA
BB3MOXKHOCT 32 HETOBOTO OTJENITHE OT TOBAapO3aX-
BaTHOTO YCTPOMCTBO WiH paboTHHS opraH. Momemu-
paHeTo M M3CIEeIBAaHETO HAa TaKaBa €KCTpeMajlHa CH-
Tyalys TMO3BOJABA Ja CE€ MPOTHO3WpA AWHAMHUYHOTO

MOBEZICHUE Ha MallWHaTa W KaTo CJENCTBUE — Jla ce
pean3upar aJeKBaTHH KOHCTPYKTUBHHU PEILICHUSI.

BrmpockT 3a Monmenupane Ha ynap B Oydep Ha
CHOPBHKEHHUS, JIBIDKEIIM CE€ 0 PEJICH, € PasriiekaaH
HEeeIHOKpaTHO B JuTeparypara. Hapen ¢ mpunoxuute
UHKeHepHU Mmetoauku [12,14,15] ca paspaboreHu u
I10-CJIOKHHU JUHAMHWYHHU MOACIIN, IIO3BOJIABAIIU
MO-JICTAIHO U3CJie/[BaHe Ha MEXaHHYHOTO B3aHMO-
JieiicTBre Ha MamrHaTa u Oydepa. JucepraiiuoOHHUST
Tpya [13] u3crieaBa YHCIEHO U EKCIEPHUMEHTAIIHO
JUHAMHYHOTO TOBEJIEHNE Ha MOCTOB KpaH MpH yziap B
Oydep. B paborara [9] e npeacTaBeH qMHAMUYEH MO-
JIeTI C IBe CTENeHU Ha cBO0OMa, IIOCPEACTBOM KOUTO €
W3CJIEIBAHO AMHAMUYHOTO MOBEIEHHE Ha TPaHCIIOPT-
HO CPEJICTBO ChC CBOOOAHO OKAa4€H TOBap NpH yaap B
O0ydep. Cratmsara [10] mpencraBs TEOPETUIHN PE3yII-
TaTH OT MOJEIHMPAHETO M EKCIEPUMEHTATHOTO H3C-
JIe/IBaHE Ha y/1apa MEXAY JBE TEJa C TOJsIMa pa3sinka B
MacHTe U MO-KOHKPETHO — yAapa MeKAy KpaH u oydep.
B [3] e momydeHO TEOpEeTHYHO pEIIeHHEe HAa TPHIMAacOB
JUHAMHYCH MOZET Ha KpaH, OTYMTAI EIaCTHYHOCTTA
Ha TPaHCMHCHSTA U HAJIMYMETO Ha CBOOOJHO OKadeH
toBap. Cratusra [16] mpencTaBs u3ciieaBaHe Ha HaIl-
perHaro-1e(hopMUPaHOTO CHCTOSIHUE HA MOCTOB KpaH
npu yaap B Oydep, KaTo H3CICIBAHETO € U3BBPILCHO
Yype3 METO/1a Ha KpaifHUTEe eJIeMEHTH, a pe3yJITaTuTe ca
MIOTBBP/ICHH EKCIIEPUMEHTAITHO.

IenTa Ha HacTOsmaTra paboTa € Ja ce Mojenupa
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JMHAMUYHOTO TIOBEACHHE HA MEXaHWYHATa CHCTEeMa
,»,POOOTH3MpaH CTpOWTENeH MaHHWITyJIarop — Oydep™
Ipu BB3HUKBAHE Ha yxap B Oydep.

2. MATEMATHYECKO MOJAEJIMPAHE HA
YJIAP B BY®EP

W3non3BaH € MaTeMaTHYeCKUsi MOJIeN Ha poOOTH-
3upaH ctpouteneH Manumyiarop (PCM) c nuneiina
KMHEMAaTHYHa CTPYKTYpa, paspaboreH B [§]. Marema-
THUYECKHST MOJIEN € W3BE/ICH 3a Cllydas Ha HaJUThKHO
JIBIDKEHHUE 110 pesicH. JIMHaMUYHM MOZIEM Ha MallliHA
¢ mooOHa KWHEMaTH4Ha CTPYKTypa ca pa3paboTeHu U
B [2,4,5,6,7], a B [6,7,17] € npuBeneHa MOCTaHOBKaTa
Ha 3aJ1a4yara 3a yaap B 0ydep.

Hunamuyaust mozen Ha PCM c TBBbpAO okadeH
TOBap, C TP CTEIIEHU Ha cBOOO/IA € MoKa3aH Ha ¢ur. |
[8] 1 ce cbecTOM OT CIIEAHUTE €JIEMEHTH:

1) IIpaBonuHetHO ABMXKEIIO C€ B XOPHU3OHTAJIHO
HalpaBlIeHUE 3BEHO, O3HAYCHO C 103.1 U mpexacrasis-
BaIll0 TOYKOBA Maca ¢ Maca 71, , pasnojoxeHa B T. C;.

B Ta3u maca ce BKJIIOYBA IsIaTa Maca Ha MaHMITyJa-
Topa (IOJIHUTE U TOPHUTE XOPH30HTAIHU CBBP3BAIIIN
rpefd, €JIeMEHTH Ha XOJ0BaTra 4acT, BEPTUKAIHUTE
BOJICIIIM KOJIOHH, TIOMOIIIHU €JIEMEHTH M CUCTeMH) 0e3
Macata Ha TOBapa M BEPTHKAIHO MABIIKENIaTa Ce
wrardopmMa;

2) BeptukamHa Bojemia KOJIOHA, O3HAYEHA C TIO-
sunusa 2. KomoHata e mpepcraBeHa KaTo 0€3MacoBO
3BEHO, CBBP3aHO C Maca m; 4pe3 BhPTSIIA JBOHIA B
1.C;. Emactuunnte u nemMndupamunTe XapaKTepUCTUKH
Ha KOJIOHATa B XOPU30HTAIHO HA/UIHKHO HAIPABICHNE
ce TPEICTABSIT Ype3 CHCPEHAOTOUYCH POTAIMOHEH eje-
MEHT C BIVIOB KOC(UIMEHT Ha €IacTUYHOCT k, U KO-

euuueHT Ha aemndupane b,, pasNoI0KeH BbB Bb-

TAIIATA JTBOUIIA;
3) ToukoBa Maca m, , paznosioxkeHa B T. C, pes-

CTaBsill[a BEPTUKAJIHO JIBW)KEIIATa Ce N0 BUCOYMHA Ha
KOJIOHATa Tat(opMa U CBbP3aHHUTE C Hes eIEMEHTH.

JIBmxeHneTo Ha Ta3u Maca 10 BHCOYHMHA € KHHeMa-

TUYHO OINpPEJENICHO Ype3 3a/laBaHe Ha 3aKOH Ha J[BU-

skenue L(1);

4) 3agBmkBai Mmexaun3bsMm Ha PCM e (mo3.3), npea-
CTaBEHO 4Ype3 POTAI[IOHHO 3BEHO 3 C MPUBEJEH MAacoB
MHEPIIMOHEH MOMEHT J, , IPEJICTABSALIO HHEPLIMOHHHUTE
XapaKTepUCTHKU Ha 3a/IBWKBaHeTO. Enactuunurte U

JeMI(pupaimTe XapakTepUCTUKHA Ha EJIEMEHTHTE Ha
3aJBIKBAHETO CE€ MPEACTABST Upe3 NIPHUBEICH CKBUBA-

JICHTEH POTAI[MOHEH EJIEMEHT C BIJIOB KOS(PUIIUECHT Ha
€IaCTUYHOCT k, U KOe(QUIMEHT Ha aeMndupane b;.

TpaHchopMHUpaHETO Ha BBPTEIHBOTO IBIKCHHE HA
3BEHO 3 B MPABOJIMHEHHO MOCTHIIATEIHO JBIKCHHE Ha
3BeHO | ce M3BBPIIBA Ype3 KOJIENO ¢ paauyc 7. B3aum-
HOTO Da3MoJIOKCHNE Ha CICMEHTHTE Ha CHCTEMaTa ce
neduHUpa ¢ peNnaTHBHUTE KOOPAWUHATH, MMOKAa3aHHU BHB
BEKTOpa Ha 000OLICHUTE KOOPAWHATH (:

T
a=[x ¢, o] M
KBJETO: X, - JIMHEIHO NPEMECTBAHE Ha {X,),} CHPIMO

HCMOABW)XHATA KOOpAMHATHA CHUCTEMA; ¢, — BI'bJI HaA

3aBbpPTaHC HA KOJIOHATa CHIpPsAMO BCPTUKAIHOTO M I0-
JIOKCHHUEC, OIPCACIISIH KaTO bI'bJI MEKIAY OCUTC X, U X, ;

@, —BI'bJ Ha 3aBbPTaHE 3BEHO 3;

¢ur. 1 lunamuuen moaen Ha PCM ¢ TBBpHO OKaueH TOBap

I'eoMeTpUYHUTE 3aBUCHMOCTH Ca H3BEJCHU 4Ype3
M3I0JI3BAHE HA MATPHIM HA XOMOTeHHa TpaHchopma-
1HsI, TIO3BOJISIBAIIN W3BBPILIBAHE HA MPEXOJ MEKAY Ch-
cenan koopamHaTHH cuctemu [11]. Ilpm 3ammca Ha
MOJY4YCHUTE U3pa3u CE H3IMOJ3BAT CICIHHUTE ChKpa-

WEHMS: ¢, —> COSQ, , S, —> Sing, , ¢y, = cos(@, +,) ,
s,, = sin(@, +y) u T.H. Judepennuature ypapHe-

HHs, OIMKMCBAIlM ABMKCHHUCTO HAa MEXaHHM4YHaTa KOHCT-

20



Brnrapcko crimcanue 3a MHXEHEPHO MTpoeKTupane, Opoit 44, HoemBpu 2021r.

pykus pu yaap B Oydep umar cnennaus Bz [§]:
MG+Bq+Kq+N+G=Q,, ®

ChbC CICAHUTE MaTpHUIU:
m, +m, —(Ly+L)myc, 0
M=|—(L,+L)me, m(L,+L) 0] (9)
0 0 J

(10)

an

m, (Ly+L)s,¢; —m,s,L —2m,c,L¢,
2m, (L, +L)Lg,
0
0
G=|-mg(L,+L)s,
0

CTaTU4HOTO CBIIPOTUBJICHUE IIPU ABUXCHUE CE€ U3-
quCJIsiBa:

N= (12)

(13)

W=(’”1+mz)gw.‘- (14)
Ha ¢wur.2 e moka3an AuHAMUYEH MOJICI, Upe3 KOUTO

Yo A

//// i |

ce MoJenMpa yaapa B IpyKuHeH Oydep, mpeacraBeH
KaTO €JIEMEHT C eaCTUYHM U TUCHUIIATHBHH CBOMCTBA.
MopenbsT € oOcCHOBaH Ha AuHaMuyHHUsI Monea Ha PMC ¢
TBBPIO 3aKperBaHe Ha TOBapa, KaTO OCBEH O3HaYe-
HUATA OT Qur.l, ca BbBEICHH U CICIHUTE JOMBIHHU-
TENHU O0O3HAYCHUS: Xp, — PA3CTOSIHHE, HA KOETO €
pasmosioxkeH Oydepa OT HENOIBIKHATA KOOPJHHATHA
CUCTEMa; UPE3 Cpyr M Dpyy Ca O3HAUEHH CHOTBETHO KO-
eduIieHTa HA eIACTHYHOCT M KOoeUIMEeHTa Ha
nemnupane Ha Oydepa. Cumara or Oydepa Fry
BB3ICHCTBAIA BbPXYy MAHUIYJaTopa MPH KOHTaKTa
UM, C€ NPEJCTaBs KaTO BBHIIHA CHJIA, TOPaJH KOETO
BEKTOpa Ha 00OOLICHUTE CHIIM UMa BHJIA:

—Wsign ()'cl ) — Em/

Qbuf = 0

M3
Cunara B Oygepa ce mpecMsra KaTo CyMa Ha eJiac-
THyHata F, u Ha nemndwupamnara Fp KOMIOHCHTH B

oydepa:

(15)

F;mf = F;’ + F;) (17)
Enactnunara koMIoHeHTa FC nMa BHJa:
F,.=c¢,, 06 (18)

KBIETO o € neopmanmsrta Ha Oydepa. Hemmnupamara
KOMIIOHEHTA [}, uMa BHUa:

F, =max (0,b,,5) (19)
KbETO (YHKIHATA MaX OCUTYpSBA €IHOCTPAHHOTO

JeficTBHE Ha cuiIaTa B AeMiidepa, T.¢. Ts1 € AKTHBHA [IPH
cBuBaHe Ha Oydepa, HO He U MPU YAbDKABaHE.

N

\

Xbuf

X1

¢ur.2. lunamuaen moxen npu yaap B 6ydep xa PCM ¢ TBBpIO 3aKkpeneH ToBap
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Wznom3paiiku o3HaueHuATa Ha ¢ur.2, nedopma-
IUSTA O CE OMPEIETs KaTo:

(xl =Xy ), axo (xl —xbuf) >0

0, unaue

5= (20)

CBOTBETHO,
X,, ako 6 >0

@n

0, unave

[Tpu n3cnenBanero Ha npoleca Ha yaap B Oydep ca
pasrienaHy CIeAHUTE Ba CIyJas:

1) JlBurarenar Ha MammHaTa pabOTH TPEAH, IO
BpeMe U cieq yaapa B Oydepa. B To3u ciyuait cien
ynapa B Oydep IBWKEHHETO Ha MalllHaTa Ce peBep-
chupa TpU paboTelr ABUratrei, KOeTo O3HauaBa, ue
JIBUTATENIAT pabOTH B CHHpAyYeH PEXUM (PSKUM Ha
MPOTHUBOBKJIIOUBAHE) M CJIEABA Jia CE M3IOJI3Ba MeXa-
HUYHATa XapaKTepUCTHKA Ha JBUTATeNsl B YETBHPTH

phi3

KBaJIpaHT; 2) [IBUTATENAT € M3KIOUEH U IBIKCHUETO
TIPEH U CIIeN ylapa ce U3BBPIIBA IO/ BB3ICHCTBHETO
HAa WHEPIIMOHHUTE U CHIIPOTUBUTEITHATE CHIIH.

Ha ¢wur.3 e mokasan rpaduyHNs MOJIEI HA CHCTEMaTa
npu yaap B Oydep, upe3 KOWTO ce M3BHPIIBA YHCIE-
HOTO pelllaBaHe Ha cucTeMara Au(epeHInaIHd ypaB-
HeHMsl. XapaKTepUCTUKUTE Ha MEXaHWYHAaTa CHCTEMa
ca m3cienBaHu npu aBa ciaydas: 1) ToBapsT e B
Hali-HUCKaTa cu mo3umms - Ly+L=1 m; 2) ToBapsT ¢ B
Hali-BUCOKaTa cu no3uuus - Ly+L=14 m.

C Homepa | u 2 Ha rpadukuTe ca O3HAUYCHU MONIY-
YEeHUTE pe3yNITaTH 3a Hall-HHUCKaTa M Hall-BUCOKaTa
MO3MIUHK Ha ToBapa. Pesynrarute 3a ciyyas ¢ paborer
JIBUTATEN ca MOKa3aHW Ha ¢ur.4, a pesyiarTaTure 3a
CIIydYas ChC CIPSH JBUTATEN — Ha ¢ur.5. M3mnon3Banu
ca CIIE[HUTE YMCICHH JaHHH: Cpy=310%10° N/m,
bpy=54.5%10% Ns/m, xp,=5 m.

phi3d

L0 |

phi3d

LO:

phi2

phi3.

phi3d

Fbuf

¢ur.3 I'paduuecH cuMynamoHeH MoieN Ipu yaap B Oydep

4. AHAJIN3 HA TUHAMUWYHOTO ITIOBE-
JEHUE HA CUCTEMATA IIPH YIAP B
BY®DEP

AHaU3bBT HA IPEJICTABEHNUTE OT YUCIICHOTO PELIICHUE
pe3yaTaTd IO3BOJIABA Aa CE HAIPABAT CIEIHUTE U3-
BOJIY 33 IMHAMUYHOTO TIOBE/ICHHE Ha CHCTEMaTa:

1) 3a ciyuas ¢ paboreln ABUATaTEN:

e Hanwme ca Tpu ynapa, KaTo IBPBHAT CE W3-
BBpIIBa B MOMEHT OT Bpeme 6.72 s, a IpOABIKUTEN-
HocTTa My € 0.48 s, T.€. TOBa € MPOABHKUTETHOCTTA HA
BPEMETO MKy ITbPBOHAYATHUS KOHTAKT ¢ Oydepa u
MOCJIEIBAIIOTO TO OTICNSIHE OT Oydepa — ur.4 n);

e MakcumanHata cuia B Oydepa cien mbpBHS
yaap e 54114 N, cnen BTOpUS U TPETUs YAapH € Chb-
otBeTHO 21891 N m 6484 N. Cunara, ¢ KOITO Malld-
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HaTa HaTuCKa Oydepa cien mpekpaTsIBaHe HA yIapHUTe
e 3287 N — ¢ur.4 ). Makcumanaure aedopmarin Ha
Oydepa mpu Tpute ynapa ca ceorBetHo 0.093 m, 0.04
mu 0.014 m— ¢ur.4 e); Cien nbpBus yaap BpbIIAHETO
Ha MmamuHaTa Ha3ag € 0.35 m, a 3a BTOpUsL U TPETUS
ynapu cvorBetHO 0.06 m u 0.0034 m — ¢ur.4 a).
OxoHYaTeHaTa MO3NIHS Ha MallMHATA € IPY KOHTaKT
B Oydepa, KOeTO MOXKe Jia e YCTaHOBH U OT (ha3oBara
TpaekTopusi Ha ¢ur.4 k), KOATO MMa XapakTep Ha
paBHOBECHA TOYKA THII ,,yCTOMYUB POKYC";

e MakcumanHaTa CKOPOCT Ha JIBH)KEHHE B 00-
paTHO HampaBjeHue mpu IbpBus yaap ¢ 0.45 m/s, a
npu Bropust ynap — 0.17 m/s, koeTo noka3Ba, 4e Ipu
BCEKH yJap 4YacT OT EHeprusira ce pasceiiBa mopaiu
JYICHTIaTUBHUTE CBOWCTBA Ha Oydepa — pur.4 6);

e B MoMeHTa Ha yjgapa yCKOPEHHETO IO KOOp-
muHaTa x; noctura 9.07 m/s? He3aBUCHUMO OT BHCOYH-
HaTa Ha TOBapa, a MOCJIeBALINTE aMIUIUTYIH Ha YC-
KOPEHHMETO ca TO-TOJIEMH IIPHU TO-BUCOKO PAa3IoJio-
skeHust ToBap — ¢ur.4 B). [lomobHa 3aKkoHOMEpHOCT ce
HaOmroaBa ¥ B rpadyKaTa Ha br'bjla Ha 3aBBPTAHE @2,
KaTO pasiIoJIIBAHETO € HEKOJIKOKPATHO MO-BUCOKO NP
M0-BHCOKO Pa3IoIoKeHus ToBap — (ur.4 r);

e AHajorm4eH Xxapakrep HMar TrpaduKuTe 3a
ciTydast Ha yJiap IpH He padoTel] ABUraTell, 3a KOWTO
€ XapaKTepeH caMo eJIMH yAap C OCJIEIBAIIO BPbIIaHe
Has3aJl [0 PeJICOBUS BT M CIIMpaHe, KaTo oT (a3oBara
TpaekTopusi Ha (ur.5 r) ce BIKaa, 4e cucremMara uma
HEeyTpaJHa yCTOWYHUBOCT.

6
o=t T2 T2 T2 1
4.5
3
1.5
-2.9¢-9
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time (sec)
xl :L=1 f f 1 1 f xl:L~14 =2 2 2 2 2 2
a) IpeMecTBaHe 110 KOOPIUHATA X/, M
1.2
725
.25
o f f
-.225
-7
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time (sec)
X1d1L=1 | f f T f | f deZL=14 2

0) CKOpPOCT MO KOOpAHMHATA X7, /S
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0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time (sec)
x1dd : L=1 1 T T T t 1 x1dd : L=14

B) YCKOpEHHE 110 KOOPAMHATA X/, M/s’

.015

.00375

-.0075

-.01875

-.03

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time (sec)

phi2 L=1 1 f f f T T f phi2 :L=14 4

I') BI'bJI Ha 3aBBpPTaHE MO @2, rad

60,000
45,000
30,000

15,000

o T2 13141

07 1" 2 '3 45 67 7 8

5
Time (sec)
Fbuf: L=1 1 T T t T f Fbuf: =14

) cunia B 6ydepa Fru, N

.1

.075

.05

.025

0 /—7?[\1\7\)2_“ i t T

6° 7 T8 79T T Tt 12 13 14 15

Time (sec)

S:L~1 T T T T T T T 5:1L~14

e) nedopmanust Ha Oydepa J, m
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k) (azoBa TpaeKTOpHS X, (xl)

¢ur.4 XapakTepuCTUKN Ha MEXaHUYHATA CHCTEMa IPH yaap B Oydep mpu paboTel JBUraTe
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725

25

-.225

-7

380 390 4

xld:L=1 -1 1 1 f t f f

410 420 430 440 450 460 470 4.80 4.90

5 510

x1
xld :L~14

r) Ga3oBa TpaeKkTOpHs X, (xl)

¢ur.5 XapakrepucTuku Ha MEXaHWYHATA CHCTEMa IpH yAap B Oydep mpu He padoTen] JBUraTes

4. I3BOIHN

Pa3paboTeHusT MaTeMaTHdeckKn Mojed Ha poOo-
THU3UPaH CTPOUTENICH MaHUITYJIATOP C TBBP/IO 3aKpENeH
TOBap NpH ynap B Oydep oTpassiBa OCHOBHHTE 0cobe-
HOCTH Ha JINHAMUYHOTO MY ITOBEICHHUE H € MOIX OS]
3a W3CJIe/IBAaHE HAa CWIOBUTE W KHHEMAaTHYHHTE Xa-
PaKTEpPUCTHKN Ha B3aUMOJICHCTBHETO MEXIY Malllu-
Hara 1 Oy¢epa. MoaenbT o3BosisiBa Ja ce MporHo3upa
JUHAMHYHOTO IIOBEACHUE KaKTO Ha JWHAMHUYHOTO
noBeneHre Ha PCM (aMIUMTyuTe Ha pas3iltoiisiBaHe Ha
KOJIOHATa, CKOPOCTUTE M YCKOPEHUATA), TaKa M Ha Xa-
pakrepucTukuTe Ha Oydepa (BB3HHKBALIM CHIU U
nedopmarun).
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MODELING OF THE IMPACT OF ROBOTIC CONSTRUCTION MANIPULATOR
IN A BUFFER STOP

Rosen MITREV! Miroslava IVANOVA? Vesko PANOV?
13 Logistics Engineering, Material Handling and Construction Machines, Mechanical Engineering Faculty,
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Abstract: The study is devoted to the mathematical modeling of an impact in a buffer stop of a robotic construction manipu-
lator (RCM) with linear kinematic structure, performing longitudinal motion. A dynamic model has been developed for rep-
resentation of the impact in a buffer stop. The buffer stop is represented as an element with elastic and dissipative properties. A
numerical solution of the system of differential equations has been performed and the results for two cases have been analyzed
— the motor of the machine runs before, during and after the impact in the buffer stop; the motor is switched off and the
movement before and after the impact is performed under the influence of inertial and resistance forces, and the behavior of the
system in both cases is analyzed.

Keywords: mathematical model, impact in a buffer stop
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TEOPUSITA HA TEIIAJIT B IPAKTUKATA HA TU3AHHA
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KaTenpa ,,imkenepen auzaifn”, Texuamuecku yrusepcureT — Codust, benrapus

e-mail: sna@tu-sofia.bg

Pe3tome: CmucioBaTa CHITHOCT HA AW3aliHA ce ChABPXKA B MH(OPMAIHUITA, KOATO AAJCH MPOIYKT IIe NMpeaaae Ha CBOUTE
notpebuteny. To3n acmekT oT Au3aliHepckaTa paboTa OM MOTI'BII Jla Ce Hapeue KOMYHUKAYUs HA CMUCHI U € Hal-04eBHIHO
H3BeH B MH(GOPMAIMOHHUS 1 TpaduyHus qu3aitH. TaMm KpaltHUAT pe3yaTaT Moxe a ObJie eIUH JIOTOTHII, a JOKOJIKO TOif Iie
OB/ie OIICHEH IMOJOXKHUTEIHO OT LeNIeBaTa ayJUTOPHS, OCBEH OT HSAKOM CyOEKTHBHHU (DAaKTOpPH, 3aBUCH OT OOEKTHBHATA ACIO-
3HMLKS HAa YOBEIIKOTO BB3IPUATHE, YACTUYHO OIMCAHA U Ype3 IMPUHLUIUTE Ha cewyarm. B TO3U NOKIaz ciel KpaThK Mperies
Ha TEOpETHYHATa paMKa Ha TEIlalT ca MPEJCTaBeHU U KOMEHTUPAHH KOHKPETHU IIPUMEPH, CBBP3aHU C IPUIIOKCHUETO HA

TEOPHATA Ha TELAIT B IPAKTUKATA HA rpadMUHUS IU3aiH.

Ki11040BH 1yMH: TPUHIXITY HA TEIIAIT, JOTOTHUIL, TpaduveH Tu3aiiH

1. BBBEJEHUE

Hemckara myma 3a nuzaiin Gestaltung ce chabpxa
B HasBaHueto ,,Hochschule fiir Gestaltung™ na Buc-
LIETO YYMJIMIIE 110 CTPOUTENICTBO U au3aiiH bayxayc B
JHecay. B npeBoj ot HeMcku e3uk noustuero Gestal-
tung O3HauaBa ogopmsne, dasame, Uzepajicoane Ha
@opma, koncmpyupane. OT pyra cTpaHa, B IPeBOJ OT
AHIIMICKK €3UK JymaTa design, Hapes ¢ APYTd CBOU
3HAYCHHS, IMa U TOBa Ha 3amucvi. CsKall ToBa Ipe-
JIOTIpe/ieNisi eUH CBOeoOpa3eH BEKTOp Ha ju3aiiHa
WYMUCHIL — 3AMUCHIL — CMUCHI " ¢ HaYaJlHA TOYKA ITbp-
BOHAYAJIHO XpyMHAaJaTa uzaes, IbJDKWHA, OTTOBapsIa
Ha TIporieca Ha o(OpMsIHE Ha UAEATA, TOSCT MPOEKTH-
paHe U MOCoKa, OIpeaeaeHa OT KpalHusl JU3aiHEPCKU
npoaykT. Taka B HAaIllM THU JIOCTUTaMe €Tall, B KOUTO
BCE TOBEYE CMUCICHOCTTA C€ IMPEBPbHINAa B OCHOBHO
KauecTBO Ha TMPOAYKTUTE Ha JOHW3aifHAa  KaTo
Hal-KpacHBO MPOSBICHUE HA YOBEIIKATA MUCHI.

Cmucnosama odaderocm Ha TIPOAYKTUTE HA JTH-
3ailHa TpeACTaBisiBa TOBA TIXHO CBOMCTBO, KOETO
CBBp3BaMe ChC 3I0KEHUS! BbB (hOpMaTa UM CMHCHIL
CMHCBIIBT, OT CBOSI CTpaHa, 110 CHIIECTBO MPEICTaB-
JsiBa ONpejelieHa, ChAbp)Kalla ce BbB (opMaTra WH-
(dopmarys, KosSTO ce mpemaBa Ha motpedburens. [lo-
HSIKOTa Cce Hajara Ju3aiiHepuTe Ja W3SICHSBAT JOIBII-
HUTEJIHO CMHUCHJIA Ha JaJIeH MPOIYKT Ype3 OIHMCaHHue
Ha Ju3aifHepcKara KOHUEMIHs, HO Karo IS0, Ha Ma-
COBO, MOTPEOUTENICKO HHUBO, 32 YCIIEIIEH CE CMSTa TO3U
MIPOJIyKT, KOWTO € JOCTaThYHO CaMOOITHCATENIeH U He
C€ HY>KJ1a€ OT CKCIVIMLIUTHU TTOSICHCHUS.

lonsima vact oT paborara Ha Ju3alilHEpUTE Ha
NpakTHKa € CBbp3aHa C TOBAa Jia Ch3aBaT BPB3KU

MEXJIy CHUMBOJH, Ja AeOUHHUPAT U UHTEPHPETHPAT
KOHIICTIIIMU Ype3 MOJ00p W OpraHM3aius Ha HHQOp-
MAaIlMOHHU JOaHHHU. HNmenno Te3n KOHICNITYaJTHA
BPB3KH, KOMTO TPEJCTaBIsIBAaT CHUIHOCTTa HA BU3ya-
IHM3anMATa TpenaBaT MHGOPMALMs U OCHIIECTBSBAT
KOMYHHUKAIUS ¢ TOTpeOuTenuTe. 3aT0Ba B CMUCIIOBATa
CH CBIHOCT, TU3aHHBT OH CJIEABAJIO Ja ce PasriIexaa
He caMo Karo (opmaTa Ha HMHpOpPMAIHATA, @ U KaTO
uHpopMaImITa, KOATO HU 1aBa (Gopmara.

2. CMUCJIEHOCT HA ®OPMATA

E>xeTHEBHO Tpex YOBEHIKHS MO3BK CTOM IpEan3-
BUKATEJICTBOTO N1a 00paboTu orpomMeH obeM HHQOp-
Malusi, KaTo Ce OIOJI30TBOPSBA CaMO MHOTO MajKa
YacT OT Hes. BHUMaHHETO OTroBaps 3a Ch3HATEIHOTO
BB3IpHEMaHe Ha HH(YOPMALUTa, KATO CHITHO CE BIIUsIC
U M3MCHS B PEATHO BpEME OT HM3UCKBAaHHATA Ha H3-
BBbpIIBAHATA 33Jaya, OT MPEAXOIHH CTUMYJH, OT
KOTHUTHBHH, EMOIIMOHAIHA U MOTHBAIMOHHHU (DaKTO-
pu. BrnaronapeHue Ha CENEKTHBHOTO BHHMAaHHUE, WH-
JYKTUBHOTO MHCJIEHE M OIEHKaTa Ha BEPOSTHOCTU
YOBEK YCIISIBa J]a OCMHUCIIH CBETA, CIIPABIHKHU Ce€ C OC-
HOBHUSI MTPOOJIEM 33 BB3MPHUATHETO - CBPBXIIOTOKA OT
uHpOpMAIHSI.

JuzaitHbT Ha MHGOPMAIUS M MPOU3THYAIIUS OT
Hero rpaduueH u3aiiH mpeanonarar padoTra ChC
3HAaKOBH CHUCTEMH. 3HAKOBUTE CHCTEMHU ChIbpiKaT
KOHKPETHHU W/WIK aOCTPaKTHU OOEKTH (3HAIM, TyMH),
BCEKH OT KOUTO C€ CBBP3Ba C OINPE/EICHO 3HAUYCHHE.
CMmyIleHUsT BBB BB3IPHEMAHETO HAa HHQOpPMAIIHs
BB3HUKBAT, KOTaTO BU3YaITHUTE CTUMYJIH Ca HOBH HJIH
abcrpaktHy. CTemeHTa Ha TPYIOHOCT NPH HHTEpIIpe-
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TUPAHETO HA 3HAIMTE 3aBUCH OT HMUBOTO HA abCTpaK-
THOCT Ha (hopmara, KaTo MpH aOCTPaKIMs Ha BHCOKO
HUBO 3HAYCHUETO HA 3HAKA OCTaBa WIIM Hepa3OpaHo,
WIA HAITBJIHO TIPOM3BOJIHO HMHTEPIPETHPAHO. 3aToBa
HaMHMpPaHETO HAa IOIXOSIIN 3HAIM 3a a0CTpaKTHUTE
KOHIIENITH € TPYJHO KaKkTO OT CEMaHTH4YHa, TaKa U OT
CHHTAKTHYHA TJIeTHA TOYKa.

CBOTBETCTBHETO MEXTy 00EKTa, KOWTO ce Mpejc-
TaBsl (03Ha4aeMo) U (opMaTa Ha INpercTaBsHe (03Ha-
YaBaIlo), KOATO Ce I0JI3Ba Ce Hapuya JUPEKTHO aco-
nuupane wia manune (mapping) [4]. TlomxoxbT Ha
JUPEKTHO acoluupaHe (MamvHI) ce Tpuiara BbHB
¢yHKIMOHaHaTa rpaduka W qu3aiiHa Ha MOTPeOH-
TEJICKUTE MHTEep(ECH, KBAETO royisiMa 4acT OT IHK-
TOTpaMHTE WJIM WKOHUTE HallpuMep Haromo0sBaT pe-
aTHA O0CKTH. B ChIOTO BpeMe B aM3aiiHa Ha JIOTO-
TUTIOBE WM JIPYr'M NMPOAYKTH Ha BH3yallHaTa KOMYHH-
Kalysi He € HeOOXOAMMO MANUHIBT Ja ObAe TOJIKOBA
CTPHKTEH.

Haii-yecto kbM H3CIEIBAHETO HA CMHCHIA Ha
rpaduuHA U300pKEHHST CE TOMXOXKAA EMIUPUIHO,
TBHI KaTo € TPyaHO na Obae AeduHHpaHO 00O0OIICHO
Ka4yecTBO 3a CMHCJICHOCT Ha rpapuyHUTE 3HAIH.
TlomsBar ce 0a3u maHHH, ITOJOOHM HAa CeMaHTHYHATAa
mpexa WordNet, 3a na ce onpenensaT kKoepuiueHTr Ha
CBBP3aHOCT B 3HAYCHUITA HA rpad)MuHM 3HAIM U 32 J1a
ce cuHTe3Upa 0000UIEH KPUTEPHHA 3a CMHCICHOCT.
OCBEH CMHUCIIEHOCTTA, KaTO KPUTEPHUH 3a OLEHKAa Ha
rpadMuHNUTE 3HAIM CE€ BHBEXK/IAT CHIIO TaKa TPYAHUTE
3a W3MepBaHe: OO0IIO0 BIeYAaTICHHE (JOOPO-JIOIIO),
SICHOTA (sicHO-HESACHO), MTO3HATOCT (mo3Ha-
TO-HETIO3HAaTO) M XapMOHWYHOCT  (XapMOHHY-
HO-HEXapMOHHYHO BB3/eicTBHE). 3a menra ce Mmpo-
BEXJAaT TECTOBE, OLEHSBAIIM KOHKPETHH TpaduIHH
3HAIM ChC CTATUCTHYECKHU MPEICTaBUTEIIHA H3BAKa OT
ObaemnaTa ayInTOpys; B TOJOOHN TECTOBE TEXHMIECKO
CHJCHCTBHE OKa3Ba W aBTOPHT HA HACTOSIIMS JOKJIA[
[3].

2.1 Teopus Ha I'emant

Teopwusita Ha cewyanm ce 3apaxkaa, KOraTro 3armoysa
3ap100YCHOTO W3CIIE/IBaHE Ha YOBEIIKUS MO3BK WU
M0-KOHKPETHO 00paboTBaHETO Ha MH(pOPMAIIMOHHUTE
JTAaHHW, KOWTO TIOCTBIIBAT uUpe3 ceTuBara. Torama ce
MOSIBSIBA U OCHOBHOTO CXBAlllaHE 32 2eujaim, a UMEeH-
HO, Y€ YOBEUIKMAT MO3BK € CKJIOHEH Ja Bb3IpHeMa
3200MKaNAIIUTE TO OOEKTH KaTO YacTH OT MO-TOJISIMO
wsuto. [emant (ot Hemckara ayma Gestalt [go-‘stilt] -
sutoct, (hopma, KOHQUrypalus, CBbP3aHOCT Ha elie-
MEHTH U JIp.) € UEHTPAIHOTO MOHATHE, KOETO 03HAYaBa

ISUIOCTHOCT Ha BB3MPHEMAaHUTE 00pa3d, KOATO HE
MOJKe J1a OBJc CBEICHA IO MEXaHWYHUSA cOOp OT yce-
manwsta. [lcuxodusuomosure Ha [emant Hamwmpar
JTIOKA3aTeJICTBA, Ue BH3IPUCMAHETO Ha 3200 UKAaJISIIIUTE
HU OOCKTH KaTO OpraHW3MPAHH MOJICIH MPEICTABIIABA
€CTECTBEH, BPOJICH ITPOIIEC, TIPEOIIPE/ICIIeH OT HalllaTa
npupoja. M3crieaBaHusTa MOCTEIICHHO IMOKa3BaT, ue
YOBEIIKUAT HMHTEIICKT € MPEAPa3MOJIOKEH J1a THPCH
CMHCBHJI, J1a Bh3IPHEMa CUCTEMaTHYHO OpraHU3MpaHa
uHdopManus ¥ na (GopMUpa CaMOOpPraHM3MpPAIIN Ce
MEHTAJTHH MOJICNIU C pa3nndeH ooxsar [1]. Juec 3nHa-
€M, Ye CIOCOOHOCTTa Ha YOBEKa Jla HMHTEpIpeTupa
CMHCBHJIa Ha 00EKTH U CLIEHHU OT 3a00MKAJISIIHA TO CBAT
Ce OCHOBaBa Ha BPOJICHH OPraHM3ALUOHHH MPUHIIUIIH,
W3BECTHU KATO NPUHYUNU HA 2eUjaim.

2.2 T'emaar B 1u3aiiHa Ha nHpoOpMaL U

lemanT-ncuxonoruara mpemiara MOAXOx 3a Je-
KOMIIO3UpaHe Ha M300paKeHUATA HA OTACIHH JIECHO-
pasnuuumu eauHuLM. 1o To3n HauMH KaTo 6a30BU ce
neUHUpAT ABE TOHATHS — 00CKT U (OH.

Obexmvm, Hapu4aH ChII0 Queypa (figure) ce xa-
pakTepu3mpa c:

® OTHOCHTEIHO MaTbK pa3mep (smallness),

SICHH KOHTYPH;
obrpageHoct (surroundedness), TOeCT TOH €

OTJICJICH OT OCTaHaJIaTa 4acT Ha H300paKEHHETO,

KOSITO Hapu9IaMe ¢oH.

@onvm (background), ot cBos cTpaHa, € C
MO-TOJISIM Pa3Mep M CKIOHHOCT Jja o0rpaxia oOekrta
iy rpyna ot odektu. C momorira Ha HOHATHITA Pu-
2ypa n (hon N B3aMMOOTHOIICHHATA, KOUTO Bb3HUKBAT
MEXAY TSAX ca W3BEICHH WU NPUHYUNUME HA 2eujann,
KOHMTO OIKCBAT CHIIECTBEHHU acIEKTH OT Ipolieca Ha
BB3NpUEMaHe Ha BH3yajlHa M JPYrd BHIOBE HHGOP-
Marusl.

[lo-monmy 1me HPUIOMHHMM HAKpaTKO HAKOH OT
npuHYyunume Ha 2ewjanrm, KOUTO OTpa3siBaT CIIOMEHa-
THUTE B3aUMOOTHOIICHUS (uypa-QoH.

[IpUHIMOBT Yenmpupane HY Ka3Ba, Y€ BbB BCEKH
OTACJICH MOMCHT BHMUMAaHUCTO Ha 3pUTECIIA € B CHCTO-
SSTHUE€ Ja C€ ChCpeAOTOYN BBPXY €AUH CAUHCTBECH
00eKT, KaTo BCHYKO OCTaHaJ0 OT H300paKeHHUETO
ciryxu 3a (oH.

Ilpeyenmpupane ce Hapuya NpPEHACOYBAHETO Ha
BHHMAHHUETO OT €JuH OOeKT Ha Ipyr. To3u mpuHIHI
MOXKE Ja ce JEMOHCTpPHpa HaW-IpKO U PeajiHo Ja ce
YCeTH IpU HaOJIOJIeHNe HA TaKa HapeUeHHUTe JBOWHC-
TBEHH 00pa3H — NpH TAX, Ch3HATEIHO WIM He, Ce
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MOCTHra ONTHUYECKO H3PABHSABAHE HA IUIOIIMTE Ha
¢urypara u dona (dur. 1).

¢ur.1 I'padukarypara Ha akan. Visau "a3nos [2,7]

Ilpecnanmuocm (Prignanz, or HEMCKH, CTErHa-
TOCT, COUTOCT, U3pa3UTEIHA KPAaTKOCT) € TEeHJICHIUATA
KBbM BB3IpUEMaHe Ha ,JIOTHYHH POPMH, MAKCUMAITHO
ONPOCTEHM M IO Ta3u NPUYMHA YCTOMYMBU. B Tazu
BPB3Ka TOBOPHM 32 3AMEapAHEemo Ha 2euiaima, KOeTo
0Tpa3sBa TEHICHLUATA JIUICBAILUTE EJIEMEHTH OT
BB3MIPUEMAHOTO 110 Aa ObAAT 3aIbJIHEHH C 11eJ TO Aa
Jo0ue cBOsATa 3aBBPLICHOCT. UOBEIIKUAT MO3BK pa-
60TH C aJTOPUTMH, Ype3 KOWUTO ,,3albiIBa WU JOCT-
posiBa remianta“, Ha 0a3ara Ha CBOSI MpEJBaPUTEICH
ONUT, a B MO0-00I CMHCBJ TOBa € XapaKTepHO 3a
TBOPYECKOTO MHCIIEHE, KOETO T'€HepHpa HOBH H[EH,
CTBIIBAWKM Ha MHTYUIHATA.

2.3 [Ipumepu 3a nposiBiaenus Ha [emant B qu3aiina
Ha JIOTOTHII

[TpunokeHneTo Ha MPUHOMNNTE HA TEHIAIT B JH-
3aliHa Ha TpaQUUHA N300paKEHHUS MOXKE Ja CE HITFOC-
TpHpa ¢ KOHKPETHH peayHu npumMepH. Llle ce cipem Ha
MOIXOMAI 00paser] Ha JIOTOTHII, KOWTO AONpeny Hsl-
KOJIKO TOJIWHHM Oelle MO3HAT Cpel] BU3YaIHHTE CTH-
MYJIH OT €KEIHEBHETO Ha OBJTapuTe B IO-TOJIEMHTE
rpanoBe. CraBa BBIIPOC 3a JIOrOTO Ha ,,banka [Tupeoc®,
KOSITO TIPUCHCTBA aKTUBHO Ha OBJIrapckus masap OT
1993r. no 18 noemBpu 2019r., korato e 3aKpura, cies
ornepatuBHO obeuHenue ¢ [Tomencka 6anka. CiygasT
€ TMOAXOJSI] 3a aHajdu3 M mopanu (axra, 4e KbM
JHEUIHUS MOMEHT JIOTOTO, KOETO Ille KOMEHTHpame
B€YE HE € ACHCTRAILO.

PasmozHaBaHeTo Ha M300pa3eHOTO HA JIOTOTO CE
OKa3a TPy/JHA 3a7a4a 3a MOYTH BCUIKH MPECTABUTEIN
Ha IMUpOKaTa ayauTopus B beiarapus, kouto MHTEPI-
peTHpar JOTOTO MO0 MHOXECTBO M Pa3HOOOpa3HU Ha-
ynHA. EjfBa ciieql BhBEXKIAHETO Ha KOHKPETHHS KOH-
TEKCT - ,,ATUHCKOTO mpuctanuiie [Tupes Hiakou ot
HAOJIOIATEIUTE YCISIBAT JIa PA3MO3HAAT YacTH OT KO-
pab (dur. 1) [5]. ToBa moka3Ba Kak KOHTCKCTyalHaTa
00yCITIOBEHOCT Ha BHU3yajHaTa HH(OpMAIHS € MPSKO
CBBbp3aHa C KOHCTPYKIIUATA HAa BH3MPUATHETO.

Y
-
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¢ur.2 IpeBHorpsuka Tpuepa a) [6], Tina kopabu,
BIbXHOBWIIU JloroTuna Ha banka I[Iupeoc

3a LenuTe Ha IMO-ACHOTO NPEICTaBiHE HAa IPHUH-
LUNNTE Ha TeIAIT U Ha MO-JIAKOHUYHMSA M3Ka3, U300-
PaXXEHUETO OT OPUTHMHAIHOTO JIOTO Ha ,.banka [Iupe-
oc* (¢wur.20) e mpeacTaBeHO OMPOCTEHO Upe3 Oenn
mpuxu Ha TbMeH (oH (pur.2B u ¢ur.3). 1o To3u Ha-
YMH Ha TPAKTHKa CE MOTBBPXKAABAT IpauIHO OC-
HOBHHUTE (PAKTOPH, KOUTO OIArONmpHsTCTBAT (HOPMHU-
paHEeTO Ha TeIanTa.

[Mokazanmar Ha ¢ur.3 JOTOTHI € TpHUMEp 3a
n300pakeHNe, MPEMUHAJIO TIPe3 CMeNa CTHIIM3AINA U
CTHT'HAJIO JI0 TaKOBa HWBO HA aOCTPAKTHOCT, KOETO HE
OCTaBsi MHOTO MOZACKAa3BaIllM €JIEMEHTH HAa 3PHUTEIS.
Hsima xonebaHue o OTHOIICHHWE Ha ONPEISISTHETO Ha
obexture u (poHA — TYK, KakTOo € MO JACHUHUINA,
KOHTPACTHT € BUCOK, CBETJIUTE IIPUXH Ha OOEKTHTE ca
C JIOCTaThYHO MaJKa IJIOII B CPaBHEHHE C IUIOIITA Ha
THMHUS (QOH.
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N\

¢ur.3 Jlexommnosumys Ha noroTuma Ha 6anka [Tupeoc

B) r)

Ho nporechT Ha pasno3HaBaHe Ha 00pa3 € CHITHO
3aTpyHEH 3apajii Pa3OKbCAHUTE U PASIUICHA 00CKT
WJIM KOMIIOHEHTH Ha 00€KTa — KOHTYpPH MMa, HO T€ HE
ca 3arBopenn. OnuTBaiiku ce ,,1a 3aTBOPH remanra’
MOTJIEBT THPCH, HO HE HAMHUPA IISUTOCT.

B 1031 cnyyail € HapylleH npunyunvm 3a 3ameo-
perocm (Closure) — TeHOSHIUATA OTACITHU O0EKTH Ja
ce Tpymnupar BbB (QUTypH, Ha OazaTa Ha KOETO Ja ce
CIIy4H BB3IPHUCMAHE Ha HEMbIHA (UTYpa KaTo IsIa.
Jluncpamara gact, KoATo Ou TpsOBayo qa Obae MUC-
JICHO 3aITbJIHEHA CE 0Ka3Ba TBBPJIE ToIsIMa, 32 Jia MOXKe
KOHTYpHTE Ha (purypara ia ce BB3IpPHEMAaT KaTo 3aT-
Bopenu (¢wur.3a u 3B). Hapymen ce okasBa u npun-
yunvm 3a Henpexvcramocm (Continuity), Ipu KOHUTO
ce OYaKBa BHOOPaXCHUETO HA 3pUTENA 1A ,,JOpUCyBa™
o0eKTHTe, KOUTO 00pa3yBaT JIMHUH, TaKka 4ye J1a HaMe-
PAT JIOTMYHO/ONTUMAIIHO TPOABIDKEHHE BHB BB3IPH-
emaHusi 0o0ext (¢ur.3B). OT BCHYKH KOHTYpH, TE3H,
KOMTO CJIe/IBa J1a 00pa3yBaT CHIIyeTa Ha JIOJKa CTOST
Pa3NoKbCaHW U C HUIIO HE MOACKa3BaT BHIPOCHOTO
,,JIOPUCYBaHE .

BruskocrosimuTe 00eKTH 00pa3yBaT Irpynu — TOBa
ca TpUTe HIPUXH Ha rpebiarta - Te M3MNIeKIAT TPYIH-
paHu, ¥ TOBa IpynupaHe Ha OOEKTH IO OJNU30CT, U3-
BECTHO KaTo npunyun 3a oauzocm (Proximity) e cna-
3eHo (¢ur.3r). ObekTuTe, KOUTO ca MOJOOHH 110 HAKOU
oT Kkputepuute Gopma, paMep, UBIT U T.H. C€ KOH-
TEKCTyallM3uparT B3aUMHO U C€ BB3IpHEMAT KaTo
MPUHAJUISKAIIN HA €THO MHOXKECTBO — TOBa TPYIH-

paHe Ha 00EKTH IO MOIO0ME CHINO € CIA3EHO - APUH-
yunvm 3a nooobrnocm (Similarity) (¢ur.3r).

HHTepecHO € 1a KOMEHTHpaMe W TOocoKara Ha
rpediara, KakTo ChOTBETHO NpeJIojaragMara rmocoka
Ha JIBIDKEHHE Ha Kopaba. Hemonaroreenust HaOmona-
TEJI OCTaBa C BIICYATIICHUETO, Y€ BIDKIA HOCA HA KO-
paba B IBW)KEHHE HAJSIBO, KOETO HE CE acOIMUpa C
HaIpeAbK U peaHo He € 3aMHUCHIBT Ha TOBa JIoro [8].
Paz6upa ce, mororunst Ha banka [Tupeoc moxe na ce
BB3MpPUEMA U KaTo 3pHUTENIHA 3arajika, Thbi Karo B Ma-
COBHSI ClIydyail OCTaBa Hepa3lo3HaBaeM U BbB BHJa HA
abcrpakTHa rpaduka. B npodecuonannute cpenu oc-
TaBa CIOPBT JOKOJIKO JCHCTBALIUIT B MOMEHTa adCT-
PaKkTHO- MUHHUMAJIHUCTHUYEH PEAM3alHBT HA JIOTOTO €
no-criony4wins (¢ur.4). Chlo Taka, 0OCTaBa M BBIPO-
ChT JTOKOJKO CMHUCJICHO OW TpsOBaio na Obae eaHO
JIOTO, ThH Karo NMpU TO-a0CTPAaKTHUTE BapUAHTH ay-
JUTOpHATA € HW3MpaBeHa IMpe3 HH(opManmsTa Ha
(opmara u JMIIeHa OT KOHTEKCTYaJTHO 00ycloBeHara
¢dopma Ha nHOpManUsITA.

¢ur.4 Hacrosuusr norotun Ha banka [Tupeoc,
penusaitn Ha MNP Athens [9]

3. 3BAK/IIOYEHHUE

3a pasznmka OT (pyHKIMOHANHATa rpaduka, Au3aii-
HBT HA JIOTO W HACHTHYHOCT IMPEANoJara Mmo-rojisMa
cB00O/Ia U TO3BOJSIBA MO-TOJISIM JTUANA30H OT TBOP-
YECKU MHTEPIIPETAIUH, JOPH U UMIpoBm3anuu. [Ipu-
YUHATa €, 4e n300pa3sBaHaTa HHPOPMAIUSI YECTO € HE
Taka KOHKPETHA ¥ C I0-BUCOKO HUBO HA a0CTPaKTHOCT.
ToBa BosM 1 10 OE3KpaHUTE CIIOPOBE AU €HO JIOTO
€ YCIIENIHO WIIH He, KaKTO U J0 TPYAHOCTTA B Jc(U-
HUPAHETO HA JIOCTATHPYHO OOCKTHBHU KPUTEPUU U Bb-
BEX/IaHETO HA W3MEPUMH MapaMeTpH, Upe3 KOWTO Ja
MOJKE J1a Ce JJOKaXe, 9 BBIPOCHOTO JIOTO € aJICKBATHO
HA KOHTEKCTA, 331a4iTe U MMOTPEOUTEITUTE CH.

C HSKOJKO MpHUMepa MOKa3axMe Kak TeopHsaTa Ha
Iemant gaBa M3BECTHA BH3MOKHOCT 32 OOEKTHBH3H-
paH aHaJIM3 Ha KavyecTBaTa Ha BH3yaslHaTa MH(OpMa-
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usi, IpeAcTaBeHa mo gopmarta Ha rpadUvIHA H300-
paKeHUs.
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GESTALT THEORY IN DESIGN PRACTICE

Sofia ANGUELOVA

Department of Engineering Design, Technical University—Sofia, Bulgaria

e-mail: sna@tu-sofia.bg

Abstract: The semantic essence of design is contained in the information that a product will convey to its users. This aspect of
design work could be called communication of meaning and is most evident in information and graphic design. There, the end
result can be a logotype, and the extent to which this logotype is positively assessed by the target audience, apart from some
subjective factors, depends on the objective disposition of human perception, partially described by Gestalt principles. After a
brief review of the theoretical Gestalt framework, specific examples related to the application of Gestalt theory in the practice

of graphic design are presented and commented.

Keywords: Gestalt principles, logotype, graphic design
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OTHOCHO 3AJIAYATA 3A HAMUPAHE HA YETUPU CHOTBETCTBAILM
TOUKH, JEXKAIIA HA OKPBKHOCT ChC 3AJAIEH PAJIMYC
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Karenpa ,,Teopus Ha MexaHM3MHTE U MamuHUTE”, Texandyecku yauBepcutet — Codust, bearapus

e-mail: nickn@tu-sofia.bg

Pe3rome: Hacrosmiara paboTa e mocBeTeHa Ha 33/1adaTa 3a HAMHpPaHE Ha YETHPH CHOTBETCTBAIIM TOYKH, JIGKAIIH HA OK-
PBKHOCT ChC 3aJ[aJIEH painyc. 3a LieaTa € HallpaBeHa Bpb3ka Mexxy Kpusute R u Rm u kpuBute Ha Bypmecrep. [IpencraBen e

UIIIOCTPATUBCH YHUCJICH IIPUMED.

KuawuoBn AyMHU: R-KpI/IBI/I, RM-KpI/IBI/I, KPpUBH Ha KPBI'OBUTE TOYKU, KDUBU HAa HEHTPOBUTE TOYKH.

1. BBBEJIEHUE

Enna ot nHTEpecHMTE 3a/1aun MIPpU CUHTE3a Ha Me-
XaHU3MH € HAaMHPAaHETO Ha TOJIOKEHHETO Ha ChOT-
BETCTBAIl TOYKHU, JISKAIId BBPXY OKPHKHOCT C
Npe/IBapUTENHO 3ahaneH panuyc. [lpu 3amaneHu tpu
TIOJIOKEHHsI Ha TOJBIKHA KOOPJMHATHA CHCTEMa B
abcoJfoTHaTa KOOpAMHATHA CHUCTEMa, BCSIKA TOYKa B
NOABW)KHATA KOOpAMHATHA cuUcTeMa JeduHupa ex-
HO3HaYHO OKPBXKHOCT. Koraro pagmychT Ha OKpBK-
HOCTTa € 3aJajIeH peIBaApUTEIIHO, 33/1a4aTa Ce CBE&XAA
JI0 ONpeAeNsHe Ha TOYKUTE OT IOJBIDKHATA PaBHUHA,
KOWTO JIeKAT B HEMOABI)KHATA KOOPIMHATHA CHCTEMA
BBPXY OKPBKHOCT ChC 3aaeHus paauyc. Toukure ot
HOABW)KHATA KOOPJAMHATHA CHUCTEMa, KOUTO YIOBJIET-
BOPABAT LIUTHPAHOTO YCIOBHE, AeDUHUpAT T. Hap.
R-kpuBu [2] — TeoMeTpHYHOTO MSACTO OT TOYKH B
IIBPBOTO, BTOPOTO H TPETOTO MOJOKEHUE HA TTOIBHIK-
HaTa KOOp/JMHATHA CHCTEMa IPEACTABIsABA T. HAp. Ch-
otBeTHO R'-, R%- 1 R3- kpuBa (KOMTO ca KOHTPYCHTHH),
a TEOMETPUYHOTO MSCTO Ha IIEHTPOBETE Ha CHOTBET-
HUTE OKPBHKHOCTH B HENOJABIKHATA KOOPIMHATHA
CHCTEMa IIpe/ICTaBIsIBa T. Hap. Ry-kpusa [2].

B nacrosmara pabota me ObIe pasriiesaHa mpes-
CTaBJsBalllaTa OT INPAaKTHYECKH HHTEpeC 3ajada 3a
HaMHpaHe YEeTHPH ChOTBETCTBAIIM TOYKH, JISKaIla Ha
OKPBKHOCT ChC 33/1aIcH pajyc, Karo 3a Ieira Iue
Obae HampaBeHa Bpb3Ka Mexay kpusure R m Ry u
kpuBnute Ha Bypmecrep [1] — kpuBa Ha KpbroBHTE
TOYKH KPBrOBHTE TOYKH & WM KpHBAa Ha LIEHTPOBHUTE
Toukd y . C men oHaryiensiBaHe Ha pE3yNTATHTE IIIE

O'b/ie IpEeICTaBEH MIIIOCTPATHBEH YHCIICH ITPUMED.
2. CBbIIHOCT HA MOJAXOJA

Hexa ca 3aJaICHU YCTUPHU IIOJIOKCHUS Ha IOA-
BWJKHATa paBHMHA B HCIOABWIKHATA KOOpJAWHATHA

cucrema. ThbpCUM TE3U TOYKH OT MOABHKHATA PAaBHH-
Ha, KOUTO B CHOTBETHUTE CH IOJIO)KEHUSI B HEIOJ-
BW)KHATA KOOPJIMHATHA CUCTEMA JIEXKAT Ha OKPBKHOCT
ChC 3aJaJIeH paauyc.

Hexka u30epeM npon3BOIHO TPU OT YETHUPHUTE MO-
JIOXKEHUsI Ha ITOJIBM)KHATA paBHUHA. TOYKHTE OT MOJ-
BW)KHATa paBHHHA, KOUTO B CHOTBETHHUTE CH IOJIOXKE-
HHA B HEIIOJIBIDKHATA KOOPIMHATHA CHCTEMa JIe)KaT Ha
OKPBKHOCT ChC 3aJ1aJIeH PAgHyC, ONPEAENAT B TPUTE
MIOJIOXKEHHA Ha MMOJBIKHATA paBHUHA T. Hap. R-kpuBH,
KOHUTO ca KOHIPYEHTHH, a F€OMETPUYHOTO MSICTO Ha
LIEHTPOBETE Ha CHOTBETHUTE OKPHKHOCTU B HEMOA-
BIDKHATa paBHUHA TIpe/ICTaBiIABa T. Hap. Rm-kpuBa [2].

ChbIIeBPEMEHHO, CHOTBETHUTE TOUKH OT YETHPHTE
MOJIOXKEHUA Ha IOABIDKHATA pPaBHMHA, KOUTO B He-
NOABI)KHATA DPaBHUHA JIXKAT HAa €JHAa OKPBKHOCT,
OIIpe/ieNIAT B YSTHPUTE MOJIOKECHHS HA IOJBIKHATA
paBHMHA T. HAp. KPUBHU Ha KPBTOBUTE TOUKH O , KOUTO
ca KOHIPYEHTHH, a TEOMETPUYHOTO MACTO HA LIEHTPO-
BETE€ HAa CHOTBETHUTE OKPHKHOCTH B HEIOJBIIKHATA
paBHHMHA NIPEACTABIABA T. HAP. KpUBA HA LICHTPOBHTE
Touku y [1].

B pesynraT Ha TOBa JIECHO ce CTHTa IO M3BOJA, Y€
3ajjayara 3a HaMUpaHE Ha YETHPH CHOTBETCTBAIIN
TOYKH, JIS)KAINA HA OKPBKHOCT ChC 33/aJCH PAIMYC,
MOXe 7la ObJie pelIeHa Ype3 HaMHupaHe Ha MPECEeTHUTE
TOYKHM Ha CHOTBETHHTE R-KpHBa M KprBa Ha KPBIOBUTE
TOYKH, a [IEHTPOBETE HA CHOTBETHUTE OKPBHKHOCTU —
Yype3 HaMHUpaHe Ha MPECEYHNUTE TOUYKM Ha Ry-KpuBara
W KpUBara Ha IIEHTPOBUTE TOUKH.

HamnpaBenure 10 Tyk pa3chXICHHS W W3BOIM Il
ObIaT WIIOCTPUPAHH  TIOCPEICTBOM  W3JIOKCHHUS
I0-/10JTy YHCIJIEH TPHUMEp, B KOWTO TPH 3aJa/IeHH Ye-
TUPY TIOJIO’KEHUS Ha TOJBIDKHATA PaBHUHA U PagNycC
Ha OKPBKHOCTTa R ce HamMupa ThpCeHOTO pelieHue.
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3. YMCJIEH IPUMEP Xy =0mm | vy =0mm @, =0

Bananenu ca yernpu nosnoxkenns (¢ur.l) ma mo- X, =20mm y, =60mm o, =30";

IBIDKHATA KOOPAMHATHA cucTeMa M &£n TIOCPeICTBOM .

P &7 mocp Xy, =48mm |y, =40mm | @, =22.5';
KOOPIMHATHTE HA TOUKa M M BI'bla o

Xy, =52mm _ y,, =95mm  a, =20".

=y

®ur.1 Yernpu HONOKEHHUS Ha IIOABIXHATA KoopauHaTHa cuctema M &) B abconroTHaTa KoopauHatHa cucrema Oxy u

YeTHPH CHOTBETCTBAIIM TOUKH, JISKAIH BbPXY OKPBKHOCT ¢ pamuyc R

1 1
®ur.2 Kpusure R ,; 1 O),;, OT YACIEHHS IPUMED
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[Ja ce HaMepAT CHOTBETCTBALIUTE TOYKH OT IIOJ-
BIDKHATAa PAaBHUHA, KOMTO B HEINOJABM)XKHATA PaBHHMHA
JIEXKAT BBPXY OKPBAKHOCT € paguyc R =90mm .

Ha ¢ur.2 ca nocrpoenu: R-xpuBara R,{“ — reo-

METPHUYHOTO MACTO OT TOYKHU B ITbPBOTO IMOJIOKCHUEC Ha
MNOJABW)KHATA KOOpAWHATHA CHCTCMaA (CLBHaHaHIO C
HCMMOABWIKHATA KOOPJAWHATHA CI/ICTeMa), 3a KOUTO Cb-
OTBCTHUTC UM TOYKH OT BTOPOTO M TPETOTO IMOJIOKE-
HHUC Ha MOABWIKHATA KOOpAWHATHA CHUCTEMaA JICKAT B

HEIOBIKHATa KOOPIHMHATHA CHCTEMA BBPXY OKPBNK-
HOCT CBC 3ajafeHus paguyc R=90mm ; &),,,
KpHBaTa Ha KPBrOBHTE TOYKH B I'BPBOTO IIOJIOXKEHHE
Ha MOJBUKHATA KOOPMHATHA CHCTEMA.

Toit karo nomocure B, , By n P, He mpexn-

CTaBJsIBAT PCUHICHUC Ha 3ajiadyaTa, OCTaBaT KaToO pPE-
IICHUS CbOTBCTHO!

Sp =Xp =—353.978mm,

1,2,3
Ryy

12,3
¢ur.3 Kpusure R, u y,,,, OT YACIECHHS IIPEMED

B/=B,

¢ur.4 Yerupure qBOIKM CHOTBETCTBALIM TOUKH U LIEHTPOBETE HA JIBETE OKPHKHOCTH OT YHUCICHUS IPHUMED
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Ny =Yy =146.894mm
S, =X, =1.488mm,
Ny, =Yg, =—236.971mm.

Ha ¢ur.3 ca nocrpoenn: kpusara R, — reo-
METPUYHOTO MSICTO B HEIOJBIIKHATA KOOpPAHMHATHA
CHCTEMa Ha LIEHTPOBETE Ha OKPBKHOCTU ChC 33/afie-
Hus paauyc R =90mm , BbPXy KOMTO JE€XaT ChOT-

1 .
BETHUTE TOYKH OT R, ; -KpUBATA; ¥,,,, — KPUBATa HA

LEHTPOBUTE TOYKU B HEIOIBMKHATA KOOPAMHATHA
cucrema.
Teit xaro nomocure B, , F; u P ; He npex-

CTaBJsIBAaT PCUICHUEC Ha 3aJiadyaTta, OCTaBaT KaToO pPe-
IICHUA CbOTBETHO!

Xo, =—415.425mm , y. =81.135mm ;
Xe, =51.529mm , y., =-162.166mm .

Ha ¢ur.4, na 6a3ara Ha MOIYYEHOTO pEIICHHE, ca
MTOCTPOEHH YETUPUTE ABOMKH CHOTBETCTBAILM TOUKH U
LIEHTPOBETE Ha JIBETE OKPHKHOCTH.

4. 3AKJIIOYEHHUE

B nHacrosmara pabora e pasrienaHa 3azadara 3a
HaMHpaHe Ha YETUPU CHOTBETCTBAIM TOYKH, JISKAIIN
Ha OKPBKXHOCT ChC 3aaJieH paanyc. 3a menra € Harl-
paBeHa Bpb3ka Mexkay kpuBute R u Ry 1 kpuBnTe Ha
Bypmecrep. IlpencraBeH € WIIIOCTpAaTHBEH YHCIECH
pumep.
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Pe3tome: Hacrostmara pa60Ta € NIOCBCTCHA Ha 3aJadaTa 3a HaMUPAHE Ha YCTUPU CHOTBETCTBAIM TOYKH, JIC)KAIIA HA €IHA

npasa. [IpencraBeH e WIIOCTPAaTUBEH YUCIICH IPUMED.

KirouoBu AYMHU: TUCKPETHU MOJIOKEHUS, CbOTBETCTBAIIN TOYKHU.

1. BBBEJIEHUE

EnHa oT MHTEpeCHUTE 3a/1aud [PU CHHTE3a HA Me-
XaHU3MH € HAMHUPAHETO Ha TOJIOKEHHUETO Ha ChOT-
BETCTBAIK TOYKH, JISKAIM BHPXY eaHa mpasa. [lpu
3aJ1aJICHHA TPH MOJIOXKEHHUSI Ha TTOIBM)KHA KOOPIUHATHA
cucrema (mosoxkeHus 1, 2 u 3) B abcomoTHaTa KOOp-
JMHATHA CHCTEMa, pellleHHe Ha 3ajadara Mpe/CTaB-
JSIBAT TOYKUTE OT MOJBIKHATA KOOPAWHATHA CHCTEMA,
JeXaId BBPXY OKPBKHOCT, MHHABAIla Tpe3 Io-

mocure B,, By u Py [1].

B Hacrosiara padora mie Oble pasrienaHa npen-

CTaBJsBAIATA OT MPAaKTHYSCKH HMHTEpEC 3aaadya 3a
HaMHpPaHe YETHUPH ChOTBETCTBALIM TOYKH, JIeKallla Ha
e/lHa MpaBa, KaTo C [eJ1 OHArJIeIIBaHe Ha Pe3yITaTUTe
1ie Ob/ie Pe/ICTaBeH WITFOCTPATUBEH YKCIICH TIPUMEp.

2. CBIIHOCT HA IOAXOAA

Heka ca 3amaieHu 4eTHpH TOJIOXKEHHS Ha TOJ-
BW)KHATA pPaBHMHA B HEMOABIKHATA KOOpPJMHATHA
cucrema. ThpCUM TE3U TOYKH OT MOJBHKHATA PABHH-
Ha, KOMTO B CHOTBETHHUTE CH IOJOXKEHHS B HETOM-
BW)KHATA KOOPMHATHA CHCTEMa JIeXKAT Ha €JJHA MpaBa

(¢wur.1).

(l)](ll".l LIeTI/IpI/I TIOJIOKCHUS Ha IOJABUIKHATA KOOPAWHATHA CUCTEMA Mf?] B a0coJtoTHATa KOoOpAuHaTHA CUCTEMA Oxy u

YETUPU CHOTBETCTBALIU TOYKH, JICKAIIU HA €/IHA IIpaBa
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[pu 3agamenn yeTrpu MOJIOKCHUS HA MTOBIKHATA
paBHUHAa B HEMOABIDKHATa KOOpPAWHATHAa CHCTEMA,
BB3MOKHUTE KOMOMHAIINH OT TPH TOJIOKEHUS ca 00110
getnpu (1,2,3), (1,2,4), (1,3,4) u (2,3,4). B mspBOTO
MOJIOXKCHUE HAa MOJBM)KHATA paBHUHA, PEIICHUC Ha
3a/ayara 3a HaMHpaHEe Ha TPU CHOTBETHU TOYKH, Jie-
JKaly Ha efHa mpasa [1], ca CbOTBETHO OKPBKHOCTH-

Te: ¢, ,, (MuHaBama npes nomocure B,, B, u B, );
¢,,, (MuHaBama npes nomocure B, , B, u P, );

P

¢,5, (MuHaBama npes nosrocure A,

1
ByuP,)u
¢, 5, (MuHaBawa npes nomocure Py, P, u B,).

EcrecTBeH moaxon 3a HAMHpaHE Ha PEHICHUETO Ha
3aja4aTa 3a HAMHPAHETO HAa YETUPU CHOTBETCTBAILU
TOYKH, JIeXKAIlla HA e[[Ha [IpaBa, € ThPCEHETO Ha 001Ia
IpECceYHa TOYKA MEKIY OKPBKHOCTUTE Cp o3, C oy s

Ci3a XU Crzq-

Hanpasenure pascekaeHus e ObAaT WIOCTPH-
paHN MOCPEACTBOM H3JIOKEHUS! MO-T0y YUCIICH IpH-
Mep, B KOMTO NpH 33JaJC€HU YETHUPH IIOJIOXKEHHUS Ha
MOJIBMKHATA PaBHUHA CE HAMUPA THPCEHOTO PELICHUE
32 4ETHPHU CHOTBETCTBAILM TOYKH, JIEKAIIU HA €IHA
npaBa.

3. YUCJIEH TIPUMEP

3amanenn ca 4eTwpH nojoxenus (¢wur.l) Ha mO-
JIBIDKHATA KOOpAUHATHA cucteMa M &n mocpencTBoM

KOOpAUHATUTE HA ToOUuKa M W Br'blla « :

Xy, =0mm |y =0mm o =0";
Xy, =20mm |y, =60mm  a,=66";

Xy, =148mm |y, =40mm ;=90 ;

Xy, =262mm |y, =105mm o, =110".

@ur.2 OKPBKHOCTUTE C 53, Cjays C34 U Cy34 OT YHCICHUS IPUMED
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Jla ce HaMepAT CHOTBETCTBAIINTE TOYKU OT MOJ-
BIDKHATa PaBHWHA, KOWTO B HEMOABW)XHATA PaBHHHA
JeKaT BbpXy €/1Ha IpaBa.

Ha ¢ur.2 ca mocTtpoeHM 4YeTHpUTE OKPBHKHOCTH
Cla3s Clags C34 U Gz, B IIBPBOTO MOJIOKEHHE HA
MOJIBIDKHATA KOOpIMHATHA CHCTeMa (ChBHAAIIO C
HETIO/IBIKHATA KOOpIMHATHA cucTeMa). Te ce mpecu-

4aT eJHOBPEMEHHO B Touka B' (¢ur.2) ¢ KoopauHATH:
531 =X, =366.566mm,

Ny =Yy =-103.776 mm .

Ha ¢wur.3 ca moctpoeHr 9eTHpUTE CHOTBETCTBAIIU

touku B', B>, B’ m B', nexaum Ha eaHa mnpasa,
SABSIBAIIM CE PEIICHUETO Ha 33/[a4aTa.

4. 3AKJIIOYEHUE

B nacrosmara pa60Ta € pasriciaHa 3ajgavdara 3a
HaMHpaHE€ Ha Y€TUPU CHOTBETCTBALIN TOYKHU, JIC)KAIIU

¢ur.3 Yernpure cbOTBETCTBAIIN TOUKH, JIEXKAIU HA €HA MIPaBa, OT YUCICHHUS IIPUMED
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Ha efHa mpasa. IIpencTaBeH € WIFOCTPaTHBEH YHCIICH
puMep.

Baaropapnocrn

ToBa u3cienBaHe € OChIIECTBEHO ¢ noMolura Ha EBpo-
neiickus (GOHI 3a PErHMOHAIHO PAa3BUTHE 0 ONEpPATHBHA
nporpama ,,Hayka u o0pa3oBaHHE 32 HHTEITUTEHTEH PACTEkK

2014 — 2020 r.*“ u ,,HaunoHasneH HeHTHp MO MEXaTPOHUKA U
YUCTH TEXHOJOTUH‘ KbM LIeHTbp 32 BHPXOBU MOCTHUKEHUS
BG05M20P001-1.001-0008-CO1.

Jlutepatypa
1.Beyer, R. Kinematische
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ON THE FINDING OF FOUR CORRESPONDING POINTS
LYING ON A STRAIGHT LINE

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 problem of finding four corresponding points lying on a straight line. An

illustrative numerical example is presented.

Key words: discrete positions, corresponding points.
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OTHOCHO 3ATAYATA 3A HAMUPAHE HA YETUPU CBOTBETCTBAIIN
IIPABU, NIPECUYALIUA CE B E/JHA TOUYKA

Huxoaait HUKOJIOB

Karenpa ,,Teopus Ha MexaHM3MHTE U MamuHUTE”, Texandyecku yauBepcutet — Codust, bearapus

e-mail: nickn@tu-sofia.bg

Pe3iome: Hacrosiara pabota e mocBeTeHa Ha 3a/1a4ara 3a HAMHpaHe Ha YeTUPH ChOTBETCTBAILM ITPABH, IIPECHYAIIH CE B SIHA

TOYKa. HpeﬂCTaBeH € WIIOCTPATUBEH YHCIICH IIPUMED.

Ki1104oBH lyMHU: IUCKPETHH OJIOKEHHS, ChOTBETCTBALIHU [IPABH.

1. BBBEJIEHUE

EnHa oT MHTEpeCHUTE 3a/1aud [PU CHHTE3a HA Me-
XaHU3MH € HAMHUPAHETO Ha TOJIOKEHHUETO Ha ChOT-
BETCTBAIIM TPaBH, MpecHYaIy ce B 0b1a touka. [Ipu
3aJ1aJICHHA TPH MOJIOXKEHHSI Ha TTOIBM)KHA KOOPIUHATHA
cucrema (mosoxkeHus 1, 2 u 3) B abconmoTHaTa KOOp-
JIMHATHA CHCTEMA, TEOMETPUYHOTO MSCTO OT TOUKU Ha
obIata mpeceyHa TOYKA Ha TPHTE CHOTBETCTBAIIM

81
8 @
83
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N\
M,
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n
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n
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84
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NpaBU TIPEJCTaBIABA OKPHKHOCT, MHHABAlla Mpe3
nomocure B,, B, u P, [1].

B Hacrosimiara pabora me Obe pasrieaana npeju-
CTaBJsBaIll[aATA OT MPAKTHYCCKH HMHTEpEC 3agadya 3a
HaMHpPaHe YETUPU ChOTBETCTBAIM MPABH, MPECHYAIIN
ce B 00I11a TOYKa, KaTo C Ie1 OHATJIeAsIBaHe Ha Pe3yJi-
TaTuTe e ObIe MPEACTABeH HIFOCTPATHBEH YHCIICH
npuMep.

M
a; Y
MI

'

0 X

(l)](ll".l LIeTI/IpI/I TIOJIOKCHUS Ha IOJABUIKHATA KOOPAWHATHA CUCTEMA Mf?] B a0coJtoTHATa KOoOpAuHaTHA CUCTEMA Oxy u

YEeTUPU CHOTBETCTBAILIM MPABH, IPECUYAIIHN CE B 00IIa TOUKA
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2. CBIIHOCT HA TIOJXOJIA

Heka ca 3amajeHy 4YeTHUpW TOJOKCHUSA HA TOJ-
BIKHATAa paBHWHA B HEMOJABIDKHATA KOOPIWHATHA
cucrema. ThpCHM Te3H MPaBU OT MOJIBIKHATA PaBHU-
HA, KOUTO B CHOTBETHHTE CH TIOJIOKCHUS B HEMOJ-
BIMKHATa KOOPIWHATHA CHCTEMa CE Mpecudvatr B oOIa
Touka (¢ur.1).

[pwu 3agamenHy YeTUpH MOJIOKCHUS HA MOJIBI)KHATA
paBHMHA B HEMOABIKHATA KOOPJWHATHA CHCTEMA,
BB3MOKHUTE KOMOMHAITUHU OT TPH TOJI0KEHUS ca 001110
vetupu (1,2,3), (1,2,4), (1,3,4) u (2,3,4). ['eomeTpuy-
HOTO MSICTO OT TOYKH B aOCOJIIOTHAaTa KOOpIWHATHA
cucremMa Ha o0liaTa npecevyHa TOYKa Ha TPH ChOTBET-

cTBalM NpaBH [1], ca CbOTBETHO OKPBHIKHOCTUTE: C, ,
(MunaBawa npes nomocure B, , By u P3); ¢,
(MunaBawa npes nomocure B, , B, u P ); ¢,
R, Pl,4 u P3,4) U G54
B, P, P3,4 ).

EcrecTBeH moaxo/ 3a HaMUpaHe Ha PEIICHHUETO Ha
3aJa4aTa 3a HAMHPAHETO Ha YETHUPU CHOTBETCTBAILH
NpaBH, MPECHYaIH ce B 00IIa TOYKA, € THPCCHETO Ha
o0ma mpecevHa TOYKA MEXKIY OKPBKHOCTUTE C, 5 ,

(MHUHABaIIA TIpe3 IMOIIIOCUTE

(MUHABAIIIA TIPE3 MOIIOCUTE

Ciaas Cl3q U Chsy.

X

Gur.2 OKpBIKHOCTHTE €, 5, €545 Ci34 U Cp3, OT YACICHHS IPUMED
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HampaBenute paschkacHus me ObAaT HITFOCTPH-
paH! TOCPEICTBOM M3JIOKEHHS MO0y YKCIICH TIPH-
Mep, B KOWTO TP 3aajIcHH YETHPH ITOJOXKEHHUS Ha
MOJIBUJKHATA PABHUHA C€ HAMUPA THPCEHOTO PEIICHHE
32 YETHPH CHOTBETCTBAIIU MPaBH, MPECHUYAINU CE B
00111a ToYKa.

3. YUCJIEH TIPUMEP

3aganenn ca 4yeTwpH mnojoxeHus (¢ur.l) Ha mo-
JIBUKHaTa KOOpAMHATHA cucteMa M &£n mocpencTBoM

KOOPJMHATUTE HA TOUKa M M BI'bia o :
Xy, =0mm |y =0mm o, =0";

Xy, =20mm |y, =60mm a,=60";
Xy, =148mm |y, =40mm o, =85,
Xy, =262mm |y, =105mm o, =120".

Jla ce HaMepsAT CHOTBETCTBAIINTE MPaBH OT MOJI-
BIDKHATA PABHUHA, KOMTO B HETIOIBIKHATA PABHHUHA CE
npecuyar B o0I11a TouKa.

Ha ¢wur.2 ca mocTpoeHH YeTHPUTE OKPBKHOCTH

HETO/IBM)KHATA KOOp/AMHATHA cuctema). Te ce mpecu-
gaT eJHOBPEMEHHO B Touka G ((ur.2) ¢ KoopauHAaTH:
& =x; =123.3275mm

Mg =Yg =211.9676 mm .

Ha ¢wur.3 ca mocTpoeHH YeTHUPUTE CHOTBETCTBAIIU
npasu g,, g,, & U g,, Mpecuyamu ce B oOIaTa
Touka G .

4. 3AKJIIOYEHUE

B Hacrosimiata pabora e pasrienaHa 3azavara 3a
HaMUpaHe Ha YeTUPHU ChOTBETCTBAIM MPaBH, MPECH-
yany ce B o01ma Touka. [IpencraBeH e mwirocTpaTiBeH
YHUCJIEH TIPUMED.

BaaropapuocTu

ToBa u3cieaBaHe € OCBIIECTBEHO ¢ nomolura Ha EBpo-
neiickuss (QOHJ 32 PErHOHAIHO pa3BUTHE IO ONEpPaTHBHA
mporpama ,,Hayka u oOpa3oBaHue 32 HHTECIUTCHTCH PAaCTEX
2014 — 2020 r.*“ u ,,HaunroHaneH HeHTHp MO MEXaTPOHUKA U
YUCTH TEXHOJOTUH* KbM LIeHTbp 32 BHPXOBU MOCTHUKEHUS
BG05M20P001-1.001-0008-CO1.

Jlutepatypa
Co3s Clo4s C34 U Cy3,4 B IIBPBOTO IIOJIOKECHHUE HA | Beyer, R. Kinematische Getriebesynthese. Berlin,
MOJIBIDKHATA KOOpJIMHATHA cUcTeMa (ChBHAJAINO C Springer-Verlag, 1953.
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¢ur.3 Yernpure cbOTBETCTBAILY IIPABU, IPECUYAIIHU C€ B 00II[a TOUKA, OT YUCIEHUS TPUMED
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ON THE FINDING OF FOUR CORRESPONDING STRAIGHT LINES
INTERSECTING AT ONE POINT

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 problem of finding four corresponding lines intersecting at one point. An illus-
trative numerical example is presented.

Key words: discrete positions, corresponding lines.
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UIEHTHOUKALIMA HA HEHTPAJTHA OBUKHOBEHA KPBI'OBA EBOJIBEHTA
MO 3AJIAIEHHM JIBE HEITHU TOYKH

Huxoaait HUKOJIOB

Karenpa ,,Teopus Ha MexaHM3MHTE U MamuHUTE”, Texandyecku yauBepcutet — Codust, bearapus

e-mail: nickn@tu-sofia.bg

Pe3iome: Hacrosiiara pabora e mocBeTeHa Ha 3a1a4ara 3a nAeHTH (UKL Ha [IeHTpajHa OOMKHOBEHA KPbIroBa €BOJIBEHTA 10
3a/1a[ICHH JIBE HEHHHU TOUKH. [Ipe/icTaBeH ¢ HIIFOCTPAaTHBEH YUCIICH TIPUMED.

KirouoBu AYMHU: KPBroBa €BOJIBEHTA, €BOJIIOTA.

1. BBBEJIEHUE

Enna or kpuBHTE, mpeacTaBisBalM Oe3cropeH
MHTEpEC 32 MH)KEHEpHATa MPAaKTUKA, € T. Hap. KPbroBa
eBosiBeHTa [1]. Hacrosmara pabora e mocBeTeHa Ha
uaeHTH(UKaIMS Ha LEHTpalHa OOMKHOBEHa KPBroBa
€BOJIBEHTA 110 33/13/ICHH JIBe HEWHH TOYKH.

2. CBUIHOCT HA NOAXOJA

Kpprosara esonsenra E (¢ur.l) ce ompemenst ot
ypaBHEHUSTA!

Xgp =X + 1, cos(p, +Ap)+
+7, Apsin(@, + Ap) —hcos(g, + Ap);
Vi = Yo +1,sin(g +Ag) -
-1, Apcos(@, + Ap) — hsin(g, + Ap).
KBJIETO
X¢» Yo — KOOpAMHATHTEC HA LICHTHPa HA OCHOBHATA

)

OKPBKHOCT;
7, — PaJliyC Ha OCHOBHATa OKPBIKHOCT;

¢, —HadajlHa CTOMHOCT Ha BIVIOBUS napamMeTbp,

A(D — I[poMdAHa Ha CTOMHOCTTa Ha BIVIOBHUS napa-

MeTBp, A@ € (—0,+0) ;

¢ur.1 IlomyyaBaHe Ha KpBroBa €BOJIBEHTA B OOLIMS Clydai
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h — oTMecTBaHE (OPHEHTHPAHO pa3CTOSIHUE) — IPHU
h =0 ce momydaBa OOMKHOBEHA KpPHI'OBa €BOJIBEHTA,
npu 4 >0 1 h <0 — CbOTBETHO YABDKEHA U CKbCEHA

KpPBroBa €BOJIBEHTA [2].
[Ipn 3amageHn mer moJioKeHHs Ha Touka £ ce
moirydaBa cucteMa ot 10 ypasaeHus ¢ 10 Hem3BecTHH

(Xcs Yoo 1ys By @05 Mgy, Apy, Ay, Ay, Ap;):
Xp =Xc+1, cos(@, +Ap,) +

+1, Apsin(g, + Ag,) —hcos(p, +Ap,)

Vi, = Ve +n,sin(@, +Ap,) - (2)
—1, Apcos(@, + Ag,) —hsin(p, +Agp,)
i=1,2,3,4,5.
B cnyuas, xorato pasriexnaMme LEHTpajaHa

OOMKHOBEHa Kpbrosa €BoyBeHTa, x. =0, y. =0 u
h =0. Torasa npu 3aJ1aJIcHU JIBE TIOJIO>KEHUS Ha TOUKa
E ce momyuaBa cucrema ot 4 ypaBHeHHs ¢ 4
HEU3BECTHHU (7, , @y, Ap,, Ap,):

¢

€]

xg, =1, c08(¢, +Ap,) +1, Apsin(g, + Ag))

Vi, =1, 8in(g, +Ap,) =1, Apcos(p, +Ap,) 3)
i=12.
3. YACJIEH IIPUMEP
3amazgeHd ca JBE€ TOYKM B HEIOJIBUKHATA

KoopAuHaTHa cuctema Oxy :

Xp =53mm, yp =31mm;

Xp, =55mm, yp =66mm.

Ha ce uneHTUQUIMPAT HEHTPATHUTE OOMKHOBEHU
KPBIOBH €BOJIBEHTH, MHHABaIlld TIpe3 3a/1a/IeHUTE
TOuKY, Ipu A@, € [27,2x] n A, e[-27,27].

[Monyuyenure ueHTpasHU OOMKHOBEHH KpPBIOBU

€BOJIBCHTHU
e, (1, =16.65640 mm, ¢, = 4.56045,

@, =3.54806,p, = -5.06008);

¢ur.2 /Ipere 3a1a/IeHU TOYKH OT YHUCIICHUS IPUMEP U ChOTBETHUTE UM KPBIOBH €BOIBEHTH
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e, (1, =15.41672mm, @, =3.06737,
@, =-3.85512, ¢, = 5.48224);
e, (r, =50.53813mm, ¢, = 0.44324,
@, =0.68997, ¢, =1.37472),

MHHaBallla IIpe3 3a/laJICHUTE JABE TOUKH, ca H300pa3eHH
Ha ¢ur.2.

4. 3AKJIIOYEHHUE

B Hacrosmara pa0ora e pasriienaHa 3ajavara 3a
UACHTUUIMPAHE Ha [IEHTpalHA OOMKHOBEHA KPhroBa
€BOJIBEHTa IO JBE 3aJaJeHN Touku. [IpeacraBeH e
WIIIOCTPATUBEH YHCIICH IIPUMED.

BaaropapHocTnn

ToBa wu3cnenBaHe € OCBHIIECTBEHO C IIOMOINTa Ha
EBpomneiickus GpoHA 32 perHOHAIHO Pa3BUTHE II0 OllepaTHBHA
nporpama ,,Hayka u oO6pa3oBaHHe 32 HHTEIUTEHTCH PacTekK
2014 — 2020 r.*“ u ,,HanonaneH ueHTHp MO MEXaTPOHUKA U
YHUCTU TEXHOJOTUH KbM LIeHTBp 32 BBPXOBM MOCTHKEHUS
BG05M20P001-1.001-0008-CO1.
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IDENTIFICATION OF A CENTRAL ORDINARY
CIRCULAR INVOLUTE BY ITS TWO POINTS

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 task of identifying a central ordinary circular involute by its given two points. An

illustrative numerical example is presented.

Key words: involutes of a circle, evolute.
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MATHEMATICAL MODELLING OF TENSION-TEMPERATURE FOR AN
ELECTRICAL FURNACE

Toan ENESCU

Department of Mechanical Engineering, Transylvania University of Brasov, Romania

e-mail: enescu@unitbv.ro

Abstract: The paper presents a soft modelling method of tension-temperature characteristic of the output for an electrical
furnace by means of a thermocouple with PtRh-Pt thermo element. The thermocouple simulation is made through the Lab-
VIEW graphic programmed, referring to the data tables provided by the AICHELIN furnace constructions company in
Stuttgart. An experimental system of data acquisition coming from a thermocouple in LabVIEW programmed.

Keywords: furnace, thermocouple, thermo element, data acquisition, transducer, device

1. INTRODUCTION n 2
s= El[yi—F(Xi,u il )

The t i that t the phys- S
¢ transducers are devices that convert the phys The values of the parameters o that minimize the

ical values within a process in electrical values. These functional S satisfy the Eqn.(2):
devices can fulfil only the transformation function of y ds an-(=):

the physical value in electrical value, the translation — =0 Jj=L2,..m ()
and the conditioning of the electrical signal (integrat- dg J

ed-transducers) and the translation and the signal con-

ditioning, the analogical-digital conversion and the 2.1 Linear regression

primary processing of the data (intelligent transducers).
The thermocouple is formed of the junction of two
different metals, junction that generates a tension cor-
responding to a temperature. In order to have a data
acquisition from a thermocouple, signal conditioning

The simplest example of modeling through the
smallest method is given by the linear regression.

There are practical situations in which the graphical
representation of the points in the table suggests that
~qH ) : the functional relation between x and y is linear and
circuits are necessary. Their rolq is to compensate the then, a model function of the type F(x,0,B)= aX+p
cold junction, to amplify and to linearize it.[1,2,3] must be considered. The method of the smallest squares

implies, in this case, the minimization of the functional
2. MATHEMATICAL MODELING OF THE Eqn.(3):

TENSION-TEMPERATURE CHARACTERIS- n b
TIC S= El[yi_axi_ﬁ] (3)
The problem we pose is that of the approximation it is related to the parameter of o3 model.
through the method of the smallest square of the tem- The values of these parameters minimizing the
perature-tension characteristic of a PtRh-Pt thermo-  functional S fulfil the conditions shown in Eqn. (4):
couple, approximation based on the tables of corre- ds :_2§ (vi—ty:—B)- i =0
spondence. Mathematically, the problem can be for- do mYiTX X1 4
mulated as it follows: in an interval [a..b], n points x;, ds n
X2, ...Xn are specified, corresponding value of a func- (TB = _Zigl(yi —oxi—P)=0
tion f(x). . Lo . )
The determination of the parameters o, j=1,2,...m Introducing the relations rslhown in Eqns.(5) and (6):
of a model function F(x, a;) so as to minimize the sum S1= 2 xir (5)
of the squares of the differences of the two functions in n i=l n
the points on the table. It is shown in Eqn.(1): 1= igl},i 2= i§1Xi yi (6)
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The system of equations can be shown in Eqns. (7)
and (8):

Sl-a+n-ﬁ:tl @)
S, a+s-f=t ®)

Thus, it results is shown in Eqn.(9):
a=SUt71t2 g SI't2782°t] )

2 2
S1-1°S2 S1-10°S2

In order to measure the temperature of the cold
junction, a virtual instrument will be made, it uses a
LM135 typed temperature sensor. The temperature this
sensor measures will be added to the temperature
measured by the thermocouple.

The LM135 series are precision, easily-calibrated,
integrated circuit temperature sensors. Operating as a
2-terminal zener, the LM 135 has a breakdown voltage
directly proportional to absolute temperature at
+10mV/K.

Thus, the temperature-tension variation of a ther-
mocouple, with a table dependence from table 1 can be
approximate depending on T=aU+f with the parame-
ters a,f3 given by the Eqn.(9).

The determination of the parameters Si, Sy, ti ,t2, is
made in the first LabVIEW application as it is shown in
Fig. 1. [1][2][3]

This virtual instrument will be called “parameters”,
a graphic symbol and will have input and output con-
nectors. Then, this virtual instrument will be used as a
programming element in a different application named
“acquisition data”.

The calculation of the parameters a and b of the
linear regression is made in the second LabVIEW ap-
plication, as it is shown in Fig.2. This virtual in-
strument will be called “parameters a,b”, a graphic
symbol and will have input and output connectors.
Then, this virtual instrument will be used as a pro-
gramming element in a different application named
“acquisition data”.

When calibrated at 25°C, the LM 135 has typically
less than 1°C error over a 100°C temperature range.
Unlike other sensor the LM135 has a linear output.
Applications for the LM135 include almost any type of
temperature sensing over a -55°C to +150°C tempera-
ture range. The low impedance and linear output make
interfacing to readout or control circuitry especially
easy. The LM135/235/335 is available packaged in
hermetic TO-46 transistor packages while the LM335
is also available in plastic TO-92 packages.

3. EXPERIMENTAL SYSTEM FOR DATA AC-
QUISITION

In order to have an experimental measurement of
the temperature-tension characteristic a programme in
LabVIEW graphic language for data acquisition using
a LabJack acquisition plate is designed. The assembly
we use is shown in fig.3. The experimental system for
data acquisition is shown in fig. 1.[4][5][6]

fig.4 Experimental system

4. CONCLUSIONS

The experimental system thus designed is used for
the data aquisition during the heating process of an
furnace in the laboratory.

Using the virtual instrumentation, the user can
make a computer-assisted simulation of various elec-
tronic devices. They can be used for different applica-
tions simulating complex industrial processes.

The purpose of this research study is that of using
the numeric techniques of identification by using a
computer-assisted industrial process of heat treatment
by tempering applied on a material made of steel.
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fig.2 Block Diagram for calculation of the parameters a and b of the linear regression
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fig.3 Block Diagram for data acquisition

table 1. Data aquisition

U [T U T U T U T
VI [ el | VI [ et | VI [eel | VI [ ec]
41 | 100 | 7,33 | 180 | 10,57 | 260 | 13,88 | 340
451 | 110 | 7,73 | 190 | 10,98 | 270 | 14,29 | 350
492 | 120 | 8,13 | 200 | 11,39 | 280 | 14,71 | 360
533 | 130 | 854 | 210 | 11,8 | 290 | 15,12 | 370
5,73 | 140 | 894 | 220 | 12,21 | 300 | 15,55 | 380
6,13 | 150 | 934 | 230 | 12,63 | 310 | 15,98 | 390
6,53 | 160 | 9,75 | 240 | 13,04 | 320 | 16,4 | 400
6,93 | 170 | 10,16 | 250 | 13,46 | 330

MATHEMATTICAL MODELLING OF TENSION-TEMPERATURE FOR AN
ELECRICAL FURNACE

Toan ENESCU

Department of Mechanical Engineering, Transylvania University of Brasov, Romania

e-mail: enescu@unitbv.ro

Abstract: The paper presents a soft modelling method of tension-temperature characteristic of the output for an electrical
furnace by means of a thermocouple with PtRh-Pt thermo element. The thermocouple simulation is made through the Lab-
VIEW graphic programmed, referring to the data tables provided by the AICHELIN furnace constructions company in
Stuttgart. An experimental system of data acquisition coming from a thermocouple in LabVIEW programmed.

Keywords: furnace, thermocouple, thermo element, data acquisition, transducer, device
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Pe3tome: Br3neiictBueTo Ha OeACTBHATA, HE3aBUCHMO JaM Ca NPHUPOJHM WM Ch3J@JEHH OT YOBEKa, NMa HE caMo 40-
BEIKH U3MEPEHHMs, HO M €KOJIOTHYHH. YCIOBHUsTA HA OKOJIHATa CpPefia MOTaT Jia M30CTPAT BB3AEHCTBUETO Ha OEACTBUETO U
00paTHO, OelCTBUATA Ca CKJIOHHU Jla UMaT Bb3/ICHCTBHE BbPXY OKOJIHATA cpena. IloauepraBaHETO M 3aCHIIBAHETO Ha LCHT-
pajHaTa poJis Ha eKOJIOTHIHHUTE MPOOJIeMH PH YIPABICHHETO Ha OEACTBHS Ce IPEBbPHA B KPUTUYCH IPUOPUTET, M3UCKBAUKH
CTaOWIIHOTO YTIpaBIICHUE HA MPUPOAHHUTE PECYpCH KAaTO MHCTPYMEHT 3a NMPEAOTBpaTsBaHE HA OEACTBUS M HaMalsBaHE Ha
TSIXHOTO BB3JICHCTBUE BBPXY XOpaTa. MaTeMaTH4ecKOTO ¥ KOMIIOTHPHO MOJIEIIHPaHe IIoMarat Jia 0baT pa30opaHu MPOLEecuTe,
MPOTHYAIIN B OKOJIHATa cpefa. B myOnmkammsaTa e mpencTaBeHa BEPOSTHOCTHA OLICHKA HA CHCTOSHUETO, Pa3BUTHETO U YII-
paBJICHUETO Ha PUCKaA IPU ONpeelsiHe ChAbPKAHUETO Ha TEKKHU METalld B I0UBEHO-PACTUTEIHU CUCTEMU B palioHa Ha u3-

TOYHULHUTEC HA 3aMBbPCABAHE.

Kuawvosn AYMMU: [1I0YBH, TEIKKU METAIIU, MOACIIUPAHE, CKOJIOTUYEH PUCK

1. OBIIIA TIOCTAHOBKA U TEOPETUYHU
OCHOBH

Pasrnenana e 3agavara 3a pa3paboTBaHe Ha METO]
W aNTOpUTHM 3a MPHUEMaHe Ha pelIeHHe 3a OLeHKa Ha
CBCTOSHMETO Ha CIIOKHH CHCTEMH, B TIPOLIECHTE Ha
BB3HUKBAaHE M Pa3BUTHE HAa OMACHHU CHUTYallMH C TECH-
JeHuu O6mm3ku 1o karactpoda [15]. Tlo koHkpeTHO
CTaBa J[yMa 3a BEpOSTHOCTHA OIICHKA Ha CHCTOSTHUETO,
Pa3BHUTHETO W YIPABICHUETO HA PHUCKA B €qHA KOHK-
peTHa 00JJacT Ha IPWIOKEHHE a IMEHHO - OTpe/ICTIsTHE
CHIBPKAHMETO HAa TEKKH METAId B  IOYBE-
HO-PACTUTEIHN CHCTEMH B OKOIHOCTTa HAa W3TOYHH-
nuTe Ha 3ambpesaBane [5,11,17]. To3n maTemMaTndeckn
amapaT € M3IOJI3BaH OT aBTOPUTE MIPH IPEAIOKECHAS 32
BHEJpsIBaHE B OOJIACTTa HA MEIUITMHCKATa JAHArHOC-
THKa U ChIbpKa B ceOC CH €IICMEHTH, KOUTO MOTaT Jia
MOCITY>XKaT 3a 3allliTa Ha WHTEJIEKTyalTHaTa coOCTBe-
HOCT 4Ype3 MATCHTOBAHE U B KOHKPETHO pasriieKIaHaTa
obmacr [13,14].

B To3u cirydaii ctaBa gyma 3a cliokHa MHOTO(YH-
KIIMOHAJTHA CHCTEMa, TIPU KOSATO CE Hajlara OIpe/IeisTHe
Ha BEPOSATHOCTTA 3a T0sBa Ha HAKAKBO chOuTHE ,,4
MMAIIO OTHOIICHHEC KBbM OIIGHKAaTa Ha OIACHOCTTA,
KOETO MOXKE J[a Ce peallu3upa ¢ eIHO OT crouTusaTa H),
H,,,,,,,,H, , oOpasyBaiy IbJHA Ipymna OT HEChBMEC-
TuMU chOuTHS. CEOUTHATA H; CC HApUYaT XHMITOTE3H, a

BEPOSATHOCTTA Ha A ce ompenens oT ¢opMmyiara 3a
I'BJTHATA BEPOSTHOCT.

P(4)=P(4.H,)+ P(4H,)+...+ P(4H,)
=>" P(H,).P(4/H,) M

B 3amauure 3a orieHKa Ha CCTOSIHUSTA BENTUUNHHUTE
P(H ; ) OTrOBapsT HA alpPUOPHUTE BEPOATHOCTH 3a

NOsiBa HAa BCAKA OT BB3MOXKHHTE XHIIOTE3H,
P(A/H,) eBeposTHOCTTA 32 TOBA, 4e CHOMTHETO A ce

a

¢ cOBIHANIO 3aCTHO C XUMoTe3ara H; .

MHOr0 4ecTo B MpaKTUKaTa MPU MPUEMaHe Ha YII-
PABJICHCKH PEIICHHS ITPU HAJTMYME HA MHOTO BapUAHTH
(H,, H>,,,,,H,) ce moctaBs 3agayara 3a IMPEH3UNCIII-
BaHE Ha BEPOSTHOCTUTE 3a COB/IBaHE HA BCSKA OT XH-
MOTE3UTE, CIIE/ Karo Bede € OWII0 HabII0IaBaHO Cb-
ouruero A. [lonoOHa 3agaua Moxke Ja Obae pelieHa
4pe3 Teopemara 3a IpoBepka Ha xunoresute (hopmyiia
Ha baiiec), momydeHa Kato cieicTBUE OT TeopeMara 3a
YMHOXXEHHE Ha chOuTHATa U (popMmynara 3a MbIHATA
BeposTHOCT [3,4].

P(4.H,)=P(A).P(H,/ A)=
P(H,). P(4/H,) 2

OTXBBPISHKH JIsiBaTa 4acT Ha TOBA ypaBHEHHUE CE
MoJTyyasna :
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P(H,).P(A/H,)
P(4)
P(H,).P(A/H,)
> P(H,)).P(4/H,)

Tyk P(H));i=1-n ca BepOATHOCTUTE HA XUIIOTE3NUTE
JI0 omuTa (ampuOpHHU), a P(H ! A) € BepOATHOCTTa Ha

P(H,/4)=

(€)

n

i=1

i-Tara Xumorte3a cien onuta. [1o ¢popmynara Ha Baiiec
MOrar Ja ce MPEeCMETHAT YCIOBHHUTE BEPOSITHOCTH HA
BCSIKA OT XUIIOTE3UTE, CJIe]] KOETO Hal-BeposiTHATa OT
TSIX Ce MpUeMa KaTo OCHOBA 3a Obaen aeictus. Tazn
(hopmyIia € OCHOBa Ha CTaTHCTHYECKHUTE aITOPUTMH 32
pa3rno3HaBaHe Ha CHCTOSHUSTA Ha (PU3UUECKH U 00-
IIECTBEHU CHUCTEMH — OWOJIOTMYHH, CKOJIOTHYHH,
WKOHOMHUYECKH, TPAHCIIOPTHH U 1p.[9].

2. OHEHKA HA CBABPKAHHUETO HA
TEKKHW METAJIA (OJIOBO) B IIOYBEHO -
PACTUTEJIHUTE CUCTEMHU

Pasrnenan e eauH ciyyail Ha puemMaHe Ha pele-
HUSI 32 CbCTOSIHUETO Ha ITOYBEHO-PACTUTEITHH CUCTEMHU
110 PE3yJITaTUTE OT M3MEPBaHE Ha KOCBEHH IMPHU3HAIN
[16]. [To kKoHKpeTHO pasriiexna ce 3ajgadara 3a Obp3a
BEPOSITHOCTHA OIIEHKAa Ha OIMAaCHOCTTA OT MOMajaHe Ha
OJIOBO B PACTUTEIIHA IIOMyNanus (HAIP.CIBHUOTIIECH),
3acsiTa B TEPEH IMOKpail MbT ¢ WHTEH3UBHO aBTOMO-
owHo nBrokenue [1,2,12,15].

IIpoBeneHn ca TpeaBapUTENHU EKCIIEPUMEHTH,
CBEXK/IAIIN CE 0 IOJy4aBaHe HA OTpaHWYCH 00eM OT
JaHHY (ChABPXKaHUE Ha OJIOBO B II0YBATa Ha Pa3IMYHA
EKCTIIEPUMEHTAIHY TUIOIAIKA TPH Pa3IniyHu bJI00-
YHHHU- XOPHU30HTH W PA3CTOSHMS OT M3TOYHHMKA Ha
3ambpcsiBane). CamuTe H3CIEIBaHUS ca IPOBEICHU
NpU CIOXKHU U TPYJOEMKU JEHCTBUA ,Ha TEepeH” U
aHaNu3M B JIA0OPAaTOpHUHU, KaTo pe3yaTaTutre ca odop-
MeHH B 1Ba xopuzoHTa (h=0-15 cm n h=15-40 cm ) u Ha
pascrosiaus 1=0, 10, 20, 50 m ot 6ankera. (¢pur.1) [8].
Heobxoaumo e na ce oTOenexu, 4e eKCIiepuMeHTHTE
Ca MOJIYUYCHHU IIPpU Pa3jInYHU YCJIOBHUSA U MMAT OPUCH-
THUPOBAYEH XapaKTep.

B pamkuTe Ha KOHKPETHHUS BEreTallMOHEH MEepHOJ
HSMaMe BB3MOXKHOCT M BpeMe 3a IOJIeBU U Jabopa-
TOPHU H3CIEIBaHMSA, Opagy, KOETO ce ThPCH OBpP30
peleHue 1o KOCBeHU NpusHanu. Ilpen uscnenonarens
CBILECTBYBAT JBE XUIIOTE3U:

H; — cpappkaHHETO Ha OJOBO B MOYBATa € B J0-
ITyCTUMUTE TPAHHUIIH.

H, - chappikaHUETO Ha OOBO B IOYBATa € M3BBH
JIONyCTUMUTE TPaAHULIH.

0 10 20 30 40 50 60

=—Pb ekcn. h=0 -15cm  ===Pb ekcn. h=0 -40cm

¢ur. 1 CpappkaHue Ha OJIOBO B 3aBHCUMOCT OT pa3-
CTOSIHUETO

KocBeHara olieHKa Ha ChIBPKAHHETO HA OJIOBO B
noysara (MJIM HA BEPOSTHOCTTA 3a IOMAJAaHETO MYy B
JIOMTYCTHMHUTE TPAHUIIN) CE OCHILNECTBSBA IO JIBA CIIO-
coba Ha HaOIrOJIeHWE Ha PACTCHUATA, 32 KOUTO Ch-
HIECTBYBa HH(OPMAIIUS 33 BIUSIHAETO HA CHCTOSHUETO
HAa [M0YBATa BbPXY TAX:

S/~ BIDKy/DKABaHE HA PACTEHHETO, MPUAPYIKEHO C
HaOJII0/ICHHE Ha KbCH M THHKHU CTHOJIA;

S>- MaJika JIMCTHA Maca M HAMAlleHW pa3MepH Ha
CITBHYOTTICIOBATA TIHTA.

OT npenBapuTenHuTE H3CIenBaHUA (IOZ00HM HA
Te3u, mpezcTaBeHu Ha ¢ur.l) ce mpeamonara, 4e KbM
MOMEHTA Ha OIIEHKaTa BEpOSTHOCTTA ITOYBEHATA CHC-
TeMa J1a ce Hamupa B 100po cecrostaue H; e P(H;)=0.6
, a B Hemoopo H, e P(H;)=0.4. Heobxonumo ¢ na ce
YTOYHH, Y€ TE€3U BEPOSATHOCTH CE€ pa3nvaBaT B 3aBH-
CHUMOCT OT pa3CTOSHHETO W JIbJIOOYMHATA Ha MOYBE-
HO-pacTUTEJHATa IUIOIIAKa, KOeTO mie Obae MmpoBe-
PEHO cIies ToBa.

JlBara criocoba 3a orjeHka HAMaT abCOJIOTHA JOC-
TOBEPHOCT, KaTo OT MpEIBaAPUTEIHN EKCIIEPUMEHTH €
YCTaHOBEHO CJIeJTHOTO [8]:

JIOCTOBEPHOCTTAa Ha ITHPBHS CIIOCO0 3a OIEHKA
Si e P(S;)=0.6, koeTo 03HayYaBa, 4e¢ BEPOSTHOCTTA 3a
JIOTyCKaHe Ha rpemika ¢ ¢(S;)=0.4,

JIOCTOBEPHOCTTa Ha BTOPHsI CHOCOO 3a OICHKA
S, e P(S»)=0.7, a BepoATHOCTTa 3a JOIMyCKaHE Ha
rpemka e g(S2)=0.3.

Hcka ce mpuemaHeTo Ha HaW-IOOPOTO pelleHHe
cies mojlyyaBaHe Ha ChoOIIEHHE 3a COB/JABAHETO HA
pa3IMn4YHN KOMOWHALIMY OT JUArHOCTHYHH 3aKIFOUEHHS
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M0 J[BaTa JMArHOCTHYHM CIOC00a, T.€ cTaBa IyMa 3a
MPEU3YMCIISIBAHE HA YCIOBHHUTE BEPOSITHOCTH Ha XH-
MOTE3UTE U IPUEMAHETO HA Hail-BeposiTHAaTa. B cityuast
ca Bb3MO)KHU CJICHUTE BapUaHTH:

[IepBu Bapuant: IlomyuaBa ce chobmienue (crou-
THETO A): AMArHOCTHMYHWTE 3aKJIIOYCHHS Ha JBaTa
MeTo/la ca, Y€ ChCTOSIHMETO Ha cucremara € Jo0po
(CBOBPKAHUETO HA OJIOBO € TOA JoIycTuMoTo). [pe-
W3YHCIIEHO € 1o (hopMyia (3) yCIOBHUTE BEPOSITHOCTH
Ha xunoresure P(H;) n P(H;) cnex nosiBara Ha Ch0O-
IIEHUETO A IpY Beye MOCOYSHUTE HAaYaIHN YCIIOBHS:

Nmawme:

P(H;)=0.6; P(A/H;)=P(S1).P(S2)=0,6.0,7=0,42;

P(H3)=0,4;P(A/H2)=q(S1).q(52)=0,4.0,3=0,12

Tyx P(A/H,)u P(A/H,)ca BeposTHOCTHTE 3a
TOBa, Y€ J[BaTa KOCBEHH METOJa J1aBaT BEPHU 3aKIIIO-
YeHUs MPH XUMOoTe3aTa H; W TPElIHN PU XHUITOTE3aTa
H.

ITo popmymna (3) ca mpecMeTHATH YCIOBHHUTE Be-
positHOCcTH Ha H; n H, ipu choO1enue A:

P(H,).P(A/H,)
P(H,). P(4/H,)+P(H,). P(4/ H,)
0.6.0,42
0.6.0.42+0.4 012 (4)

P(H,/ 4)=

0,84

P(H,).P(A/H,) )
P(H,).P(A/H,)+P(H,).P(A/H,)

0,4.0,12 (5)
0,6.0,42+0,4.0,12

P(H,/A)=

=0,16

B xOHKpeTHHs AByaJITepHATHBEH Clly4aii Ou MOTJIO
Jla ce CIEeCTH BTOPOTO MpecMsITaHe (ypaBHEHHUE 5), Thid
kato P(H,/A)+P(Hy/A4)=1.

Ot cpaBuenuero P(H/A)>P(H»/A) nma ocHOBaHue
Jla IpueM, Je ce e cObIHaja rbpBata xumnoresa. OCBeH
TOBa TIPH IOJydYaBaHe Ha CHOOIICHHETO, O3HAYCHO
KaTo crOuTHE A, yciaoBHata BepositHocT P(H;/A4)=0.84
e mo-roisiMa ot m3xoxHara P(H;)=0,6, koeTo yBemm-
YyaBa IpaBoTara Ha MpeanojoxeHuero. M Ttaka 3ak-
JFOYEHHETO OT Ta3W NPOBEpKa €, 4e MpU Taka Harpa-
BEHUTE OLECHKH MO JBara JWAarHOCTHYHH CIIOC00a
“MaMe OCHOBaHHE Jla ce NMpUeMe, Y€ ChbCTOSHUETO Ha
eKocucTemMara € 100po.

Bropu Bapuant: IToxydaBa ce crobuieHue (crou-
THE A), Ye IMAarHOCTUYHHTE 3aKJIOUYEHHS U I10 J[BaTa

crocoba 3a OIEHKAa codaT HEmoOpO CHCTOSHUE Ha

cucremata. Cr00pa3HO HAYATTHHUTE YCIOBUS:

P(H,)=0,6; P(4/H,)=q(S,).q(S,)=04.03=0,12

P(H,)=0,4; P(4/H,)=P(S,).P(S,)

=0,6.0,7=0,42

ITo dopmyna (3) ce mpecMsATaT YCIOBHHUTE BEpPOSIT-

HocTH Ha H; n H> npu choOuienue A.

_ 0,6.0,12 B
0,6.0,12+0,4.0,42

B 0,4.0,42 B
0,6.0,12+0,4.0,42

B TO31 ciywaii, mpu moirydaBaHe Ha CHOOIICHUETO
A c ycioBHa BEpPOSTHOCT IO-TOJIIMAa OT M3XOAHATa
P(H»A)=0,7>P(H;)=0,4 ce mpumeMa Xumore3aTa 3a
TOBA, Y€ CHCTEMATa € B HE J0OPO ChCTOSTHHE.

Tperu Bapuant: [Tomydeno e crobmenne (crOUTHE
A): MMarHOCTUYHOTO 3aKifoueHWe Ha 0asza S; HOcH
nHpOpMAIHA, Y€ CHCTeMara € B J00OpO ChCTOSHIHE, a
3aKJIIOUYCHHUETO Ha BTOPUsI criocol S» MoKa3Ba, 4e Che-
TOSIHUETO Ha IT0YBEHATA CUcTeMa € HetoOpo. ChriacHo
HaYaJIHUTE YCIIOBUSI:

P(H,)=0,6; P(A/H,)=P(S,).q(S,)=0,18
P(H,)=0,4; P(4/H,)=q(S,).q(S,)=0,28

VYcnoBHUTE BEPOSATHOCTU Ha xunoresure H; u H>
npu cebutne A (popmyna 3) ca:

) (6)

P(H,/A)

P(H,/A4)

(7

>

.0,1

P(H,/ 4)= 0.6.0.18 =0,49  (8)
0,6.0,18+0,4.0,28

P(H, I 4) 0,4.0,28 ’ ©

T0.6.018+0.4.0.28

Hma ocHOBaHME 1a ce ImpueMe XUIoTe3aTa 3a He-
JI00pO CBCTOSIHME Ha IMOYBEHATa CHCTEMa, Makap U
Manko P(H»A)=0,51>P(H,/4)=0,49.

3a ma ObAe HapaBeHO BCE MaK MO-KaTETOPUYHO
3aKIII0YEHUE € HeOOXOIMMO Jla ce MPOBEAAT OlIe Hsl-
KOJIKO OLIEHBYHH ceaHca. AKO B pe3yiTaT Ha TOBa
P(H,/A) ce yBemuum omie moBede, mie C€ HMOTBBPIH
XUIOTe3aTa 32 HeJoOPO ChCTOSHUE HA CHCTEMATa.

UYerbpru BapmanT: [lomywyaBa ce choOIIeHHE,
CIIOpEN KOETO ITBPBUSAT AWATHOCTUYECH CIOCO0 HOCH
nHpOopMAaIHA 32 HeIOOPO CHCTOSHUE HA CHCTEMara, a
BTOPHUSAT —3a H00po cherosiHME. CHIriIacHO HAYaTHUTE
CBHCTOSHUS:

P(Hl):0,6; P(A/Hl):q(Sl).P(Sz):0,28

P(H,)=0,4; P(4/H,)=P(S,).q(S,)=0,18
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YcnoBHUTE BEpOSATHOCTU Ha Xumnoresute H; u H>
npu ceoutne A (popmyna 3) ca:

P(H,/A4)= 0.6.0,28 =0,7  (10)
0,6.0,28+0,4.0,28
P(H,/A) 0.4.0.18 0,3 (11

T0.6.0.2840,4.0.28

Wma ocHoBaHue na 6bae nmpuera xumoresara H; 3a
J00pO CHCTOSHME Ha TIOYBEHATa CHUCTEMa, 3al[0TO
P(H,/A)=0,7>P(H»/4)=0,3. 3a na Obxe HampaBeHO
MO-KaTeroOpuvHO 3aKIIFOUeHHe, TPsOBa na ObJar u3-
BBPIICHH OIll¢ HIKOJKO JOMBJIHUTEIHH CeaHca 3a
OLICHKA.

3a ma OpIe mpeaAnazeH YMTaTeNs OT MPHOBP3aHU
WM HEBEPHH 3aKIIIOYCHHS € HallpaBeHa MpOBEpKa Ha
BEPOSITHOCTUTE HA XHUIIOTE3UTE TPH JAPYTH H3XOJHHU
ycnoBusi. Ilpuero e, 4e JOCTOBEPHOCTUTE HAa J(BaTa
JIMArHOCTUYHH CIOc0o0a, 3aBUCEHIM OCHOBHO OT BITHU-
SIHUETO Ha ChCTaBa Ha MOYBATa BbPXY BBHHIIHUTE Oe-
JIe3W HA PACTUTENHHUTE (PPAKIMU Ca Ha CHIIUTE HUBA,
T.e P(S)=0,6, q(S;)=0,4;, P(52)=0,7; ¢q(S2)=0,3. O6-
phIlla ce BHUMAaHHE HA TOBA, Y€ allPHOPHUTE BEPOST-
HOCTH HAa XWIIOTG3WTE B TIPEAXOJHATA 3aada
(P(H;)=0,6, P(H;)=0,4) ca akTyaTHHU 32 U3MEpBaTEIICH
ceaHc, MPOBEJEH IMPHU CIEIHUTE YCIOBHA X.pq, =60
mg/kg; {=10m; #=15 cm. Cera ce npuema, 4e u3Mep-
BaTEJHUS CEaHC Ce € MPOBeEI Ha pa3cTosHue < (=40m
ot OaHKeTa, IPU 3ara3BaHe HA OCTAHAINUTE yCIIOBHS.
Ot ¢ur.1 Moxe 1a ce MPEIeHH, Y¢ B TO3H CIIydai ar-
pHOpHHTE BEpOSITHOCTH Ha xuroresure ca P(H;)=0,9;
P(H;)=0,1. lcka ce na ce HampaBd amocTEpUOpHA
NpOBEpKa Ha XUIIOTE3UTE 3a JOOPO M HEZOOPO ChCTO-
SIHAC TIPY Pa3JIMYHUTE BH3MOXKHH ChYCTAHHS OT JIH-
ArHOCTHYHHTE 3aKITIOUCHUS 110 IBaTa KOCBEHH METO/Ia.
3a 1a He Ob/ie IPETPYHaHO U3JIOKEHUETO Ca TIOCOUEHO
caMo KpaiHWUTe pe3yNTaTH M 3aKIIOYeHUsTa 3a IpHe-
MaHe WM OTXBBPJISIHE Ha BCSIKA OT XUIIOTE3UTE.

[IbpBu Bapuant: /IBara TMarHOCTUYHU crocoba 3a
KOCBEHa OLIeHKa HOCAT MH(pOpMAaIHs 32 100pO ChCTo-
sTHUE Ha mouBeHarta cuctema (P(S;)=0,6; P(S:)=0,7).
ATOCTEpHOpPHHUTE YCIIOBHH BEPOSTHOCTH Ha XHUIIOTE-
3MTE Ca:

P(H,/A)=0,969>P(H;)=0,9 (12)
P(H»/A)=0,03<P(H)=0,1 (13)

Wma ocHoBaHue Ja Obje mpueTa XUIoTe3ara 3a
JI00pO ChCTOSIHME HA TIOYBEHATA CHCTEMA, YHSATO YC-
JIOBHA BEPOSATHOCT, OCBEH Y€ € MO-TojisiMa OT J[pyrara
P(H//4) > P(H»A), HO ce e yBenn4mia Omie IOBEYe
cliell ChbOOIIEHUETO, O3HAUYEHO KAaTO CHONUTHE A

P(H/A)=0,969 > P(H;)=0,9.

Bropu Bapmant: /[BaTa cmocoba 3a OIEHKa HOCST
uHpOpMAIA 32 HEZOOpO CBHCTOSHHE HAa CHCTEMAara
(9(5)=0.4; q(S2)=0,3)

P(H,/A)=0,72<0,9 (14)
P(H»/A)=0,28>0,1 (15)

Brmpekn, 4e u ABaTa AMarHOCTHYHH CIIOc00a HO-
csT uH(OopManus 3a HeloOPO CHCTOSTHNE Ha IOYBEHATa
cUCTeMa, HsIMa OCHOBaHME Ja c€ IPHUEME Ta3H XHIIO-
Te3a, THI-KATO YCIOBHATA BEPOSATHOCT HA XUITOTE3aTa
3a 100po cwcrostHMEe € mo-roisimMa P(H/A)=0,72>
P(H»/A)=0,28. ®akTbT 0baue, 4e yCJIOBHATA BEPOSAT-
HOCT Ha ITbpBaTa XWIIOTE3a € HaMaJieHa CIIeJl MU3Mep-
BaneTo (P(H;/A)=0,72< P(H;)=0,9) uu xapa na Obaem
BHUMATEIIHH UJ1aBa OCHOBaHHE OKOHYATEITHO pEIlICHNE
Ja ObJie B3ETO Clie/l MTPOBEXKIAHETO Ha OLIE HSIKOJIKO
ToCIIeI0BaTeIHU U3MepBanus. [IpuunHara 3a pemie-
HHUETO C€ IBJDKU Ha TPEIONI0KEHUETO, Y& OLICHKUTE
ca HalrpaBeHH Ha MO-TOJISIMO PA3CTOSHHUE OT U3TOYHUKA
Ha 3aMbpCsIBaHe.

Tperu Bapuant: IIbpBuUAT cnoco0d 3a oleHka S;
Hocu uHpopmarust 3a 106po (P(S;)=0,6), a BTOpUsT —
3a Hemnobpo (g(S»)=0,3) cbcrosHME Ha MOYBEHATa
cUCTeMa.

P(H,/A)=0,852<0,9 (16)
P(H»/A)=0,148>0,1 (17)

Wma ocHOBaHue fia ce mpueM XUIoTe3aTa 3a 100po
CBbCTOSIHME HA IOYBEHATa CUCTEMA, ThU-KaTO HEHHaTa
YCIIOBHA BEpOSITHOCT € mo-roysima P(H/A)=0,852 >
P(H»A)=0,148. ®akrpT 00ave, ye HEHHATa yCIOBHA
BEPOATHOCT € HaMalsUla ClIeg  OmWTa, T.€
P(H;/A)=0,852 < P(H;)=0,9 onpenens ¢akra na ce
MIPOBE/AT OIIIE HAKOJIKO OIICHBYHHU CEaHCca IPEeIn Ja ce
B3€ME€ OKOHYATEITHO PEIICHIE.

UYerBbpru Bapwadt: IIbpBHAT cmocod 3a oOleHKa
HOcH WH(pOpManus 32 HeTOOPO CHCTOSHHUE HA TOYBE-
HaTa cucreMa (q(S;)=0,4), a BTopusT — 3a 100pO Che-
tostHue Ha cucremata (P(S2)=0,7).

P(H,/A)=0,93>0,9 (18)
P(H»/A)=0,07<0,1 (19)

Wma ocHOBaHMeE /1a ce pHUeM XUIoTe3ara 3a 100po
CBhCTOSHHE Ha MTOYBEHATA CHCTEMa, ThH-KaTo HelHara
YCIIOBHA BEPOSITHOCT € MO-TOJISIMA OT BEPOSITHOCTTA Ha
Bropara xunore3a P(H;/A)=0,93>P(H»/A)=0,07. Oc-
BEH TOBa (aKThT, Y€ Ta3W BEPOSTHOCT CE € MOBUILIMIIA
cnen omura P(H;/A)=0,93>P(H;)=0,9 naBa xatero-
PHYHO OCHOBAHUE 33 TOBA pEILCHHUE.

O0o001maBaiiky pe3ysiTature oT BTOpara rpymna 3a-
Jlauu, MOJKE J1a Ce HalpaBH CIIECAHUS U3BOJ, YE€ B TO3U
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Cllyuaii ca MoJy4eHH eIHU HArJe/l CTPaHHU, HO ChBCEM
HEJTUILICHA OT CMHCBJI PEIICHHUS, KOUTO U B YETHPHUTE
BapHaHTa OTHACAT HAOMIONCHHUATA KBM JOOPOTO ChC-
TOSIHME Ha MOYBEHAaTa CHCTeMa, MaKap W C Pa3iIMyHA
arlOCTEPHOPHM BEPOSITHOCTH Ha XHIIOTe3uTe. To3n
IpUMep € NpUBEIe, 3a /1a ce MTOCOYH, Ye eHa U ChIIa
MpoIieaypa 3a KOCBEHa OIEHKA, NMPWIJIOKEHA Ha pas-
JVYHU Pa3CTOSHHUS OT W3TOYHMKA Ha 3aMbpCsSBaHe,
MOJKE J]a JIOBeJie IO Pa3INYHU JUAarHOCTUYHH 3aKIFO-
yeHnsi. Karo ToBa ce npmku Ha (akrta, 4e BEposT-
HOCTTA 3a I0-100p0 CHhCTOSHHE HA TI0YBEHATa CUCTEMA
pacre ¢ oTajieyaBaHe OT U3TOYHHKA Ha 3aMbPCSIBAHE.

B 3akmroyeHue KbM Ta3M 4acT OT pa3paboTkara
MOTar Jia ce Iocoyar HIKOM HACOKH 3a ObJeIIN Mpak-
TUYECKH Mpe/yiokeHuss Ha baiiecoBckus moaxon 3a
OllIEHKa Ha pHCKa M IpUEMaHe Ha YIpaBisBalld pe-
meHus. B teopusita e nokazaHo, ye Ha Oa3ara Ha 00-
miata popmyna Ha batiec (ypaBHeHue 3) Morar na 0b-
JIaT TOJy4eHu (aMmiInsi OT alrOpPUTMHU 3a pas3lo3Ha-
BaHC M ONTHMAJIHO YHPABJICHHUC Ha CHLCTOAHUCTO Ha
CIIO)KHM MHOTOQITEPHATHBHU U  MHOro(h)aKTOpHU
00EKTH OCUTYpSIBALIM MUHUMH3ALUS HA CPETHUST PUCK
[9]. IIpakTudeckn pe3yATaTUTE OT MPIJIATaHETO Ha
TO3M AITOPUTMHUYEH IMOJXOJ Ca TMOKA3aHU 3a IIHMPOK
Kpbr oT 00ektH [6,10]. [Ipyra antepHaruBa 3a Obae1io
npunarade Ha baliecoBckus momxon Moxke na Obae
MOJy4eHa 4pe3 MpeiBapUTeIHO MPEeCMsTaHe Ha aroc-
TEPUOPHUTE BEPOSTHOCTH HA XUIIOTE3UTE 33 PA3IHUHU
KOMOMHAIIMK OT M3XOJHHU JIaHHU, C KOETO ce M30sraa
HEOOXOAMMOCTTa OT IIpWIaraHero Ha (OpPMyIH OT
tuna Ha (4-19) 3a Bcekn KOHKpeTeH ciydau. [lomyye-
HUTE pe3ynTaTu ce mpencrassaT nox ¢opmara Ha ba-
WECOBCKH TaONWIM WM MpPEXH 32 HEMOCPEJCTBEHO
roji3BaHe. 3a Obp3a OIEHKA Ha CHCTOSHHUETO Ha I0Y-
BaTa 110 KOCBEHH IIPH3HAIM ca Pa3padOTeHN TaOJIUIH
u 0a3u OT NaHHW, pealn3Wpai ce 0e3 CHIIEeCTBCHH
KOMITIOTBPHH MOIITHOCTH, KOUTO Ca IIPEAOCTABCHH 32
TIOJI3BaHE Ha 3eMEeJIeIINTE B palioHa.

3. 3AK/IIOYEHUE

VYcTaHOBEHO €, 4e MpUJIaraHeTo Ha CTaTHUCTUYeC-
KUTE pPa3MOo3HABAIlM aJrOPUTMH 32 JIMarHOCTHYHA
OLICHKAa IIpM Beye ONMCaHaTa 3ajada MOTBbPXKIaBa
NPaBUJIHOCTTA HAa NPUETUTE OIEHBYHH PELICHUS W
MOTBBPIK/1aBa TEH/ICHIINATA 32 HAMAJSIBAHE Ha PHCKA C
OoTJaleyaBaHe OT M3TOYHMKA Ha 3aMbpcsBaHe [7].
Pemennero 3a n30op Ha eauMH OT ABaTa moaxona (Io
¢dopmynara Ha baiiec winm 1o pasno3HaBall aaropu-

T'I)M) € BBIIPOC HA NPCANOYMTAHHUEC HA H3CJICAOBATC-
JINTEC, 00em Ha JAaHHUTEC, KOMITIOTbPHU MOIITHOCTHU U IP.
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Abstract: The impact of a disaster, whether natural or man-made, has not only human dimensions, but also ecological ones.
Environmental conditions can exacerbate the impact of a disaster and vice versa, disasters can have an impact on the internal
environment. Emphasizing and closing the central role of environmental problems in disaster management is becoming a
critical priority, requiring sound management of natural resources as a tool for disaster prevention and depending on their
impact on people.

Mathematical and computer modeling help to understand the processes taking place in the environment. The publication
presents a probabilistic assessment of the coincidence, efficiency and risk management in determining the content of metals in
soil and plant systems in the area of the sources of pollution.

Keywords: soils, heavy metals, modeling, environmental risk
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INPOYYBAHE U IIPEABAPUTEJIHO U3CJIEABAHE HA EK30CKEJIETOHH 3A
JOJIEH KPAUHUK
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Pe3tome: llenta Ha Ta3u cratus € ga MpeICTaBH MPETJIEA Ha €K30CKEICTOHOHHTE 3a JIOJICH KpallHUK M aKTHBHHUTE OPTE3H,
KOHTO ca pa3paboreHu 10 MoMmeHTa. O0JacTUTE HA MPHIIOKCHUE HA TE3U aKTUBHHU YCTPOUCTBA CE AT HA 3 OCHOBHHU KaTe-
TOPHH: peXaOWIUTAIIMOHHH, ACHCTHBHU M ayTMEHTHPANIH (YCHIIBAIM) YCTPOUCTBA.

B Ta3u cratus me ce poxycupame Hal aCHCTUBHUTE YCTPOHCTBA. Ta3u TEXHOIOTUS Ce M3I0JI3Ba KATO IIOMOLIHO CPEACTBO
3a Xopa ¢ YBpeKJAaHe Ha JOJHUTE KpalHHUIM, KOUTO HOPMAJIHO HE MOTaT J]a XO/ST CaMH, M C€ CTPEMH Jla UM TIOMOTHE J]a MoraT
OTHOBO JIa XOJAT. ACUCTUPAHETO Ha IBMYKEHHETO € MOJIE3HO 3a IIETIUTE Ha pexaObminTanusara. ACUCTUBHHUTE yCTPOHCTBA MOTaT
Jla ce U3MOJI3BAT ChILO U IPU BOCHHUTE, MEIUIUTE, PAOOTHUIINTE B CKJIa[ U IPYTH, KOUTO UMAT Hy)XKJa OT JOI'BJIHUTENIHA CHJIa
W CTa0WJIHOCT 32 M3BBPIIBAHE Ha pabOTHATA CH JICWHOCT.

KuawvoBn AYyMU: AKTUBHHU OpTE3U 3a NOJICH KpalePIK, ACHUCTUPAHE Ha ABUKCHUETO, CK30CKEJIICTOHOHU

1. BBBEJEHUE 2. ICTOPUSA U PASBUTHUE HA EK30CKE-
JETOHUTE

KakBo e akTuBHa opTe3a U Kak ce pa3indaBa T OT
ex3ockenerona? Ilon axkTHBHH OpTe3W Hall 4ecTo ce PazpaboTBaneTo Ha pOOOTH3UPAHN OPTE3H 3aII0YBA
UMa NpeiBHJ YyCTpOiicTBa, KOMTO mnoamomarat u  1Ipe3 1970-te, xorato Mwmomup BykobGparoBud OT
ACHCTHPAT XOpaTa ¢ JBUTATeNHH mpobnemu aa moratr  Mihailo Pupin uncTutyThT B benrpan ch3napa akTuBeH
OTHOBO J1a XO/IAT. [10/1 EK30CKENETOHOHH Hali 4ecTo ce  ACHCTHBEH E€K30CKENETOH 3a JoyieH Kpainuk. Tosu
MMa MpEeaBUL yCTpOﬁCTBa KOHTO ca IpeJHa3HaYEeHHU 1a XUAPAaBIUYCH CK30CKCJICTOH IPCAOCTaBsA (l)J'IeKCI/ISI )5
yBeJIM4aBaT M ayrMEHTHpAT CujlaTa Ha 31paBus YOoBeK.  CKCTCH3WA Ha 0e1pOTO, KOJISHOTO U TIIE3€HA, KAKTO U
Pasnukara Mexy [BaTa THIA yCTPOKWCTBA € ThHKAa M CTPAHMYHO JBIKEHHE Ha OenpoTo (¢ur.1).

YEeCTO TEPMUHUTE ,,aKTUBHA OpTe3a” U ,,eK30CKEIEeTOH .
C€ U3I0JI3BAT KaTO CUHOHHUMHU.

Ex3ockenerona o aeuHUIMS € TPhpaTa BhHIIHA
CTPYKTYpa, KOSITO NPENOCTaBs MOAPHKKA U Mpearnas-
BaHe. OT MH)XMHEpHA TJIeIHa TOYKA, €K30CKEJICTOHUTE
Ca HOCUMHM EJIEKTPOMEXaHWYHU YCTPOKCTBA MPENHA3-
HAa4Y€HU 3a yBEJIMYaBaHE HA CUJaTa HA YOBEKAa, KOHTO o\
ru Hocu. EK30CKENeTOHHMTE KaTo IS0 MOrar na ce £
KaTeropm3upar Ha ayrMEHTHpAIId W pPeXaOIIuTHpa- /
11, KaTo II'bPBUTE UMAT 3a LEJ J1a YBEIUUYaT cuilara u = L 1% =
IIPOM3BOJIUTCIIHOCTA HA 3paB YOBCK, a BTOPUTC MMaT ®url. Exzockeneron Ha Muomup Byko6parosua

3a [N Ja MoJOOpAT Tporieca Mo pexaOwmIuTamus Mpu
xopa ¢ japuratennu npobnemu. U msere dopmu Ha ComeBpemenno Seireg m Grundman or Yuusep-

€K30CKEJIETOHH Ca CXOJHHM BbB (DYHKIHMOHAIHO M3Me-  CHUTETa B YHUCKOHCHH pa3spaboTBaT U MMILUIEMEHTHpAT
peHue, pasIMKUTE ca Hall Beue B HaUMHA 32 MHTEpPaK-  €K30CKEIETOH, KOMTO IOAIOMAara XOJEHETO HANpE,
LS ¢ YOBEKA U KOHTPOIUpaHeTo uM [1]. csiaHe, CTaBaHe, KauBaHe U CIM3aHe 10 cTha0u. To3u
B Tasu crartus Ime u3cienBamMe pa3padOTKUTE M €K30CKEIETOH CBIIO € XHAPABINYEH. EX30CKENEeTOHBT
MOCTHKEHHATA B cepara Ha aKTHBHHTE OPTE3H W €K-  ChILO TaKa MMa aKTHBHU CTaBU IIpU OezlpaTa U Kole-
30CKEJIETOHM 32 JIOJIEH KpalHWK, pasriieKaaiku Tex-  HaTa, Ho3BoisBalM (excus u excreHsua. OcTaHa-
HUTE MEXaHU3MH U Xapyep. JIUTE CTETIEHN Ha CBOOO/A MPH TO3M €K30CKEIETOH Ca
WIN TIaCHBHU WJIM KOHTPOJHMPAaHU OT NpyxuHHU. XKe-
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JAHOTO IBIKCHHE ce M30Mpa OT Toi3Baress upe3 Oy-
TOHH BBPXY KOHTpPONHO Tabmo. Tpaekropusita Ha
IOBIDKCHHATA € TPENporpaMupaHa CIpsIMO TPAaeKTO-
puUsiTa Ha IBMKEHHUETO Ha 3[paB 4OBeK [2].

B cpenara na 90-te KaBamoto u Cenkaii 3ano4Bat
paspaborkara Ha ex3ockenetoH HAL  (Hybrid
Assistive Leg). ITbpBuAT mpoTOTMN MMa aKTHBHU
craBu ¢ | cBoOO#a Ha JBWKEHHWE Ipu Oexpara U Ko-
JIeHaTa, KaKTO W ITACHBHHU CTaBHU IpU IJie3eHuTe. To3n
MOJIeN € MOCIIEIBAH OT HAKOJIKO HOBU Bepcun Ha HAL,

KaTo Hal HOBHMAT Mozel 3a MoMenTa € HAL 5 ((1)1/11“.2).
HAL 5 e npennazHaueH 3a HOCEHE caMO Ha €aHara
CTpaHa Ha TSUIOTO, KaTO KOHTPOJBT BBPXY YCTPOHCT-
BOTO C€ IIOCTHTa 4Ype3 KOoolepanusira Ha 2 CHCTeMH:
€/IHaTa 3aJIeiicTBa 3aBIKBALINTE MEXaHU3MH, a APY-
rara 3amaMeTsBa MOXO/KaTa Ha oreparopa. DyHKIM-
OHAJIHOCTa Ha KOHTpOJIHaTra cucremMa ce Oa3wpa Ha
nmanHute nomydern or EMG (enmexrpommorpadckm)
cenzopu, GRF (Ground Reaction Force) censopu, mo-
TEHIIMOMETPH, )KUPOCKOIH U aKCEJIEPOMETPH.

(I)nrg. Ex3ockeneron HAL 1, 3, 5

IIpe3 2008r. Argo Medical Technologies (Israel)
TIPEIICTABST ACUCTUBHUAT ek30ckeneToH ReWalk. Tosu
€K30CKEJICTOH UMa 3aJBIDKBaHE MPH KOJITHOTO U Oej-
poro. [TarmenTure TpsAOBa 1a M3MOI3BAT MATESPULIN 32
MoabpXKaHe Ha OajaHC MO BpeMme Ha ymorpebarta Ha
ycTporcTBOTO. CeH30pH pasMoyioKEeHH Ha TI'bpIUTE
CJIEIIAT 3a BI'BJa Ha TSUIOTO, IIPOMEHUTE B IICHTHpPA Ha
TeXecTa M IBIKCHHUETO Ha TOpHATa TOJOBUHA HA Tsi-
JIOTO Ha MarueHTa. Ymorpebdara Ha TOBA YCTPOWCTBO €
OTpaHMYCHA JI0 TAIMEHTH, KOUTO IMOMAajaT B ONpese-
JIEH IMara3oH Ha BUCOYMHA M TETTIO.

ITpe3 2010r. Berkley Bionics (USA) npencrassr
ACHUCTUBHUSAT €K30CKeJeToH elegs, KONTO Mo3BoJIsiBa
Ha XOpa ¢ Mapajm3a Ja CTOAT MPaBH U Ja Xouar. To3u
€K30CKEJICTOH aKTUBHO MOAbpPIKAa JBHKCHHUETO B Ocl-

pata W KoyeHara. OuekcusTa W EKCTCH3MATA IPH
OexpeHara craBa ce IOIIOMAara OT TBBPA €IacTHYCH
KOMIIOHEHT LIeJISI J1a MHHHMH3HPA HE eCTeCTBEHaTa
CTOlKa Ha MamueHTa Mo BpeMe Ha ynoTpeba Ha ycT-
POHCTBOTO, a MpH TJIE3eHA MMa MPY>KHHEH eJEeMEHT
LEISI Jja TPEOTBpaTsBa MPEKAICHOTO OTIIyCKaHe U
najiaHe Ha majena Ha Kpaka. EK30CKeneToHbT u3mnos-
3Ba CUCTEMa OT CEH30pH 3a MOHHTOPHMHI M KOHTPOII:
CCH30pU 3a HATHCK IOJ CThIIaNaTa, MOTEHIMOMETPH,
AKCEJIEPOMETPH M XHPOCKOIl B I'bpAUTE HEISIIN Ja
CJIEAAT Brbja Ha TSUIOTO Ha MAalMeHTa B caruTaiHara
paBHHHA. W Tpy TO3U MOJIENT ¢a HEOOXOAMMU MATCPHUIH
3a MoabpKaHe Ha OajlaHC OT MalMeHTa 10 BpeMe Ha
ynoTpeba Ha yCTPOHCTBOTO.

IIpe3 2012r. ce mosiBsABa €K30CKENETOHBT Rex oT
Rex Bionics (New Zealand) koiito moxe aa Obae u3-
MOJI3BaH OT MAalMEeHTHT 0e3 MOMOIITa Ha MaTePUIH 32
Oamanc. Ilpum TO3M Mopmen, ABOKKa pPOOOTH3MPAaHU
KpailHUIIM KOHTPOJIUPAHH OT JKOHCTHUK MO3BOJIABAT HA
MalMeHTa Jia Csi/la U J1a CTaBa, J1a XOJH 110 TpaB TepeH
KaKTO M J1a Ce KayBa M Ja cin3a 1o cTeia0ou. ChIno Taka
€K30CKeJIETOHBT MOXKe Ja ObJe aganTHpaH 3a Haiu-
SHTH C Hall pa3IMyHa BUCOYMHA, TEJIO U MEIUIIMHCKH

nyxau (pur.3).

BIONICS

¢pur3. Exzockeneron REX

IIpe3 2010r. Vanderbilt University 3anouBa pa3s-
paboTKa M TECTOBE HA TEXEH E€K30CKEJIETOH, MpeqHas-
HayeH 3a ynorpeda OT xopa ¢ TpbOHAYHM HapaHsABa-
HUA. To3M €K30CKeNeTOH MoAIoMara JBIKEHHETO Ha
[alMeHTa, KaTo IPEeNOCTaBs aKTHBHA MOIAPHKKA Ha
JBIDKEHHETO NpH OezpaTa u KoneHata. [IpenHa3sHaveH
€ 3a ynorpeda cbC CTaHIapTHA IJIe3eHHa OpTe3a, KOSTO
Jla OIbpoKa CTHIIANOTO U Aa MPEAOTBPATSABA aJaHEeTO
Ha CTHIAJOTO IO BpeMe Ha moxoaka. CraBure ce
KOHTPOJIUpPAT OT KOMaIH 3a TPAeKTOPHS Ha JBIKCHH-
€To, 3aJ1aJieHO OT ,,finite state machine”, kosTo nma 12
CBCTOSIHUSI, BCSIKO OT KOETO € Je(HHHPaHO OT Ompe-
JENeHN TPaeKTOpHH. [IpexombT OT €IHO CHCTOSHHUE
KBM JIPyTO TIpH Ta3M ,.finite state machine” ce ciyusa
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CIPSAMO TPOCKTHHATA Ha MO3WIMATA HA I[EHTHPa Ha
TeXecTa B paBHHHATA Ha IMoja (IOBBPXHOCTA 33 XO-
neHe). [lo To3m HaYMH MAIMEHTHT MOXKE Ja KOHTPO-
JMpa opre3ara ¢ TSUIOTO cd. B mombiHeHHe KbM XO-
JICHETO, Ta3W OpTe3a MTO3BOJISIBA CTaBaHE W csijaHe. B
€IMH OT EKCIepUMEHTHTE, NaparjernyeH ITalueHT
JIEMOHCTpUpAa CIIOCOOHOCT 3a XOJEHE ChC CpegHa
ckopoct ot 0.8kM/4. EK30CKeNeTOHBT MMa TErJIO OT
12.3 xr u MOXe J]a Ce U3IO0JI3Ba OT MalKueHTu 10 JOKT.
IIpe3 2015 To3M €K30CKENETOH M3/IM3a Karo KOMep-
CHaJIeH IpoAyKT 1oy umerto Indego.

ITpe3 2019r. ynuBepcutera B I'peHoOBI pazpa-
00TBa HOB THT €K30CKEJIETOH, YHATO 1IeJ € J]a TO3BOJIN
Ha Mapalv3upaH MalueHT Ja ce JBWKU OTHOBO, KOH-
TPOJIMPANKH €K30CKEJIETOHA JUPEKTHO Ype3 MO3bYHU
curHanu. [Tapammsupanust nanueHt Ha uMe Thibault
YCIIEIIHO YCIISIBA J]a X0 U Jia U3II0JI3Ba PBLETE CH, Aa
JIOKOCBa TIPEAMETH H3I0JI3BAKK E€K30CKeJleToHa. 3a
IeNTa Ha Bpbh3KaTa MEXAY MO3bK W MallvHa, 1Ba 5
CaHTUMETPOBH [HCKa, BCEKH C MO 64 enexrpona, ca
IIOCTaBEHH BBHPXY HYepena Ha manueHTta. [larmueHTsT
JOITBJIHUTENTHO C€ YIpPakKHsABa BHB BHPTyalHa peal-
HOCT /1a KOHTPOJHpa BHUPTYaICH EK30CKEIETOH, W3-
MoJ3Baiiku curHanute ot enektpoiure. Thibault e
BTOPHAT MapaTu3upaH MAaIHeHT (M IbPBUAT YCICIICH)
KONTO y4JacTBa B €KCIIEPHMEHTA, CIIeJ KaTo MPH IIbp-
BUS TAIIMEHT PE3yJITaThT € HEYCIEHICH, MOpaau TeX-
HUYECKH MPOOJIEMH CBBP3aHHM C OTYMTAHE HA MO3BY-
HUTE CUTHAIH OT €NEeKTPOAHTE. TO3M €K30CKEIETOH €
Janed OT TOBa Jia Oble KOMEPCHAIHO NOCTBIECH HIH
MIPHUIIOKUM, KbM MOMEHTa MOJKE /1 C€ U3II0JI3Ba CaMO B
71ab0paTOPHU YCIOBUS, Thl KAaTO €K30CKEJIETOHBT Ce
HY’KZlae OT MOJAPHKKA OTTope 3a OanaHc, TexXH 65 Kr n
SJIEKTPOJNTE UMAT HyXXKIa OT eKCIIEpPTHA MOAPHKKA U
KanuOpupaHe 3a na paborsar. Bee mak mocrurnarure
pe3yaTaTu ca 3a0eNeXuTeTHH U YIeHUTE OT yHUBEp-
cuteta grenoble alpes cMsATaT ma TPOIBIDKAT SKCIIE-
PUMEHTA C OIlle TPUMa HOBH IAIlMEHTH.

Ex3ockeneronure 3a pexaOWiuTanus Morar Ja
Obaar Oasupanu Ha Osirama meTeka (Lokomat, LOPES
u ALEX). 3a paziuka oT poOoTHTE 3a pexaOuTuTaIus,
KOHMTO 4eCTO ca 000py/ABaHH ChC CHCTEMa 3a MOIIbp-
JKaHe Ha TEJECHO TEerJIo, IPEHOCHMHUTE MOOWIHU Me-
JUIWHCKH €K30CKEJIETOHH M3MCKBAT MAalUeHTHT J1a ce
OamaHcupa.

3a 3aIBIKBAHETO HA CTABUTE HA EK30CKEJIETOHA Ce
M3MOJI3BAT MPEAMMHO IBUTATENU WM ITHEBMATUYHU
Myckynu. DOKyCHHTE 30HH ca KOHTPOIBT Ha 3aj-
BIDKBAIIUTE MEXAHW3MH, CEH30pPHUTE, OTKPHBAHETO HA

MIPEABUICHOTO JIBM)KEHHE HA IOTPEOWTENs, B3aHMO-
JIEICTBHETO YOBEK-MalllMHA, OCHUTYpSBAIlO CaMOTO
3ajeiicTBane, komdopra Ha morpedurens, Oe3ormac-
HOCTTa UJIM TETJI0TO Ha MPOTOTHIIA.

3. CbOBPA’KEHUS ITPU TPOEKTUPAHE HA
EK30CKEJIETOHA

IIpn pa3paboTkaTa Ha €K30CKEIETOHOH 3a JOJIEH
KpallHUK € HeoOXOJUMO Ja B3eMeM CJIEIHHTE Hella
10/l BHUMaHHUE: pa30upaHe Ha OMOMEXaHUKTA Ha JOJI-
HaTa 4acT Ha TSUIOTO, Hail Beye NpH Ta3a, KoJIeHaTa u
rie3eHuTe, Gusndeckus nHTepdeiic Mexay JoBeka u
€K30CKeJIeTOHA M IIPeHACSHEeTO Ha MEXaHHYHA SHEePrHs
OT €K30CKEeJICTOHA KbM YOBeKa (HENPaBUIHUAT JU3aiH
Ou OB 0 CEPHUO3EH PUCK OT TPAaBMH), CHCTEMHTE 32
KOHTPOJ W HMHTEPaKIUs, 4pe3 KOUTO MAlUEeHTHT YII-
paBisiBa M 3aJaBa JKEJAHUTE IBIDKEHHUS, pa3padoTBa-
HETO Ha €HeprHeH W3TOYHMK M 3aJBIDKBAHUSA, 3al-
BIDKBALIM MEXaHU3MH, KIMHUYHH MIPEANIOCTABKH U P
[1].

Heka na pasriename OMomexaHHMKaTa Ha JOJTHATa
YacT Ha TSUI0TO. [IBUOKSHHUATA Ha KOUTO ce HabJsira npu
pexa0dHIMTalKs Ha TIOXO/IKaTa ca XOJCHETO, CTABAHETO
U csaneTo. [{BIKeHUsTa CBBP3aHH C XOJCHE CE JICIIST
Ha 2 ocHOBHHM (a3u: ¢a3za Ha croex (onopHna ¢asa) n
¢daza Ha mpeHoc (¢aza Ha nemex) B carnTagHara
paBHUHA. JOITBITHUTEITHO MOXKEM JIa pa3lesiuM Te3u 2
OCHOBHH (pa3u Ha HIKOJIKO eJIeMeHTa, Ipu (aszara Ha
CTOEX MMaMe eJIeMEHTH Ha ITbPBH KOHTAKT Ha IeTaTa,
IIpeMecTBaHe Ha TeXecTa, cpeAHa (asa u kpaiiHa ¢asa
C KOHTaKT Ha NPBCTHUTE, NP (a3ara Ha IPEHOC UMaMe
€JIEMEHTH Ha HauajieH 3aMaX, CPeIHO IIOJIOKEHUE U
KpaiiHa (aza Ha KpaukaTa.

/ - |
L / L
Loading Mid

Response Stance

Terminal
Stance

Initial
Contact

Pre-Swing Swing
¢ur4. ®azu Ha moxojKara B caruTajiHaTa paBHUHA
TunuunuTe 3a YOoBEKa ABWKCHHUS B JOJHATA 4YacT

Ha TAJIOTO, KaTo cTeneHu Ha cBoboma (DOF), obxBar
Ha apmwkeHneTo (ROM) u BBPTAIIMA MOMEHT 3a 3aj-




Cumeon CUMEOHOB HBanka BEHEBA

BMJKBAaHETO Ha BCSAKA €1HA OT CTABUTE Ca IMPEACTABEHU

B Tabimmal.

TabJ1.1 XapakTepUCTUKYU Ha IBUXKEHHE 32 JIOJICH KpallHUK.

CraBa JloneH kpaitHUK
Crenenn Ha | Ta3 6
cB0OOIa Tazobeapena craa | 3

Konsno 2

['ne3eH u cTpnano 4
Jnanason Ha | Tazo0enpena craBa | 140/15 (a)

JBIDKCHHE 40/30-35 (b)

©) 15-30/60 (c)
KounsHo 120-140/0-10 (a)
I'ne3en u crpnano 40-50/20 (a)

30-35/15-20

Bopram Tazobenpena craBa | 140/120 (a)

MOMEHT Kossino 140/15 (a)

(Nm) I'nesen u ctemano | b (a)

(a) ®nexcust/Excrensus (b) Adaykuuns/Anaykima (c)
Borperina/BoHiHa poTarust

4. JMCKYCHUA

[Ipu guzaiiHa Ha €K30CKEJIETOHA € BaKHO Ja pas-
OepeM HyXJIaTa OT MOIIHOCT 33 BCsIKa OTICITHA CTaBa.
VIMEHHO TYK aHAIM3BT Ha IMOXOJKATA € MOJIC3CH Ja HU
MOMOTHE J1a pa3bepeM Kak CHiiaTa Bapupa U ce pasil-
penens cupsiMo Genpara, KojieHaTa U rieseHure. Ha-
YUHBT [0 KOWTO CHUJIaTa ce pas3mpenessl 0 TE3U CTaBH
Bapupa 3HAYUTETHO B 3aBHCHMOCT OT TOBa KOJKO
OBbP30 YOBEK XOHM, AU CE KauBa/CiIM3a MO XbJIM WU
CTHI0M.

EnxHo oT cepro3HuTE Mpenn3BUKATEICTBA € Ja Ce
pas30epe 3a BCEKH MAlMENTHT KOHKPETHO KOJIKO CHJIA U
KbJIe My € He0OOX0IUMa, KaKTO ¥ TOYHO B KOH MOMEHT
Ta3W cuia Ja ce akTuBupa. [IpekaneHo MHOTO WiIH
MpeKalieHO MaJKO CHJIa OM HalpaBmia YCTPOMCBOTO
HEU3I0I3BaeMO, HO HATJIACSHETO CIIOpe]] HYKIAUTE Ha
BCEKHM ITAI[UCHT O3HA4aBa, 4e TPsOBa MHOTO BpeMe U
YCHUITHS 32 IEPCOHATN3NUPAHE HAa BCCKH €K30CKEICTOH.

PaszbupaneTo Ha OMOMexXaHWKaTa Ha TOTHATA YacT
HAa TSIOTO, HAW Bede MPH Ta3a, KOJICHATA U TJIC3CHUTE,
(msmueckust HTEp(HEHC MEXKITYy YOBEKa M €K30CKeTe-
TOHA, CHCTEMHTE 32 KOHTPOJ W MHTCPAKIIHS, Upe3 KO-
WTO TAIMCHTHT YIPABISBA M 33J[aBa JKCIIAHUTEC JIBH-
JKCHUsSI, Pa3pa00TBAaHETO HAa CHEPTHECH HW3TOYHHUK U
3aJIBIDKBAHMS Ca KITFOYOBUTE CJICMCHTH KOUTO TPsOBa

Jla B3EMEM I10]] BHUMaHHE IIpU pa3paboTkaTa Ha eK-
30CKEJICTOHA.

5. 3BAKJIIOYEHUE

Bbrpeku 3HaunTeNHUS NpOrpec B Pa3sBUTHETO HA
TEXHOJIOTUTE 32 ACHCTHBHH E€K30CKEJIETOHH, BCE OIIIe
WHIIyCTpUSTa € Jlajed OT TOBa Jla MOXeE J1a TH KOMep-
CHaJM3Mpa W Jla TH HalpaBd HaWCTHHA aTPaKTUBHH U
TIOJIXO/ISIIIY 33 XOpa C IBUTATeNTHH yBpexnaHus. Exux
OT OCHOBHHUTE ITPOOJIEMH € BHCOKOTO MOTpeOiIeHne Ha
€HEpIus Ha Te3M YCTPOMCTBA CHPSMO OIPAHUYEHUTE
pecypcu Ha Oatepunte. [Ipu eBeHTyaHU IOOOpEHMs
Ha TEXHOJIOTHUTE 3a OaTepuy, ToBa OM JOBEIO A0 II0-
Beue IOPTaTHBHOCT, MOOMIIHOCT, YIBJDKEH EpHO Ha
pabdoTa M IO TroisMa NPAaKTHYHOCT 3a BCEKUIHEBHA
ynotpeba Ha ycrpoiicTBara. pyru mpeau3BUKaTeNC-
TBa B JIU3aliHa Ha aCUCTUBHUTE CK30CKEJIETOHHU Ca aH-
TponoMOp(HUTE MEXaHU3MH M CHCTEMH 32 KOHTPOI
HaJl yCTPOMCTBOTO. EK30CKEIETOHUTE YECTO ca Heec-
TECTBEHH KaTo (popMa, IryMHHU 1 6aBHU. To3u mpobiem
Ha poOoTHKaTa MOXKe Aa ObJe pemeH upe3 pa3padot-
BAaHETO Ha MO-c(DEKTUBHM 3aIBHXKBAHUS, CTABU U W3-
KyCTBEHH MYCKYJIH.

W3KIr0unTEIHO MHTEPECHA € HAEATA JIa CE CBBPIKE
KOHTPOJIBT Ha €K30CKEJIETOHA C MO3bKa Ha MalMeHTa
Ype3 WMIUIAHT, 3acera Ta3W TEXHOJIOTHS € B MHOTO
paHHa ¢aza, HO MO-HATATHHINTHOTO W pazBUTHE OH
MOTJIO M3ISJIO0 JIa PEIIN €IHO OT Hall OCHOBHHTE TIpe-
JIM3BUKATEJICBA TPH ACHCTHBHUTE EK30CKEJIETOHH, a
MMEHHO KaK MalMeHTa Jja KOHTPOJIWpa JeCHO U ec-
TECTBEHO /IBI)KEHMATA Ha MalllHATa, BCE €HO TS €
9acT OT HETOBOTO TSUIO.
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STUDY AND PRELIMINARY INVESTIGATION OF LOWER LIMBS
EXOSKELETONS

Simeon SIMEONOYV, InankaVENEV A

Institute of mechanics BAS, Sofia, Bulgaria

e-mail: monyds@mail.bg

Abstract: The purpose of this paper is to present an overview of exoskeletons for the lower limb and active orthoses that have
been developed to date. The areas of application of these active devices are divided into 3 main categories: rehabilitation,
assistive and augmenting (amplifying) devices.

In this paper, we will focus on assistive devices. This technology is used as an aid for people with lower limb disabilities
who cannot normally walk alone, and seeks to help them walk again. Movement assistance is useful for rehabilitation purposes.
The nurses, soldiers, warehouse workers and others who need additional strength and stability to carry out their work, can also
use assistive devices.

Keywords: Active lower limb orthoses, assisted movement, exoskeleton
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A SHORT REVIEW OF THE 3D PRINTING METHODS USED IN THE
AUTOMOTIVE INDUSTRY

Tsvetomir GECHEV
Department of combustion engines, automobiles and transport, Technical University of Sofia, 8, KI. Ohridski blvd., 1756,
Sofia, Bulgaria; tsvetomir.gechev@tu-sofia.bg

Abstract: Three-dimensional (3D) printing is a novel production technology used mainly in the industry and the leisure sec-
tors, which has proven to be very efficient and reliable, as well as faster and cheaper than some of the traditional production
technologies. In the industry it is especially applied for the creation of prototype parts, but its repeatability, precision, utilization
of different materials and the variety of available printing methods, have made it suitable for medium scale production in the
building, automotive, aeronautical, biotechnology and other sectors. The popular Fused Deposition Modelling (FDM) printing
method has made the technology widely available, thus empowering engineers to easily test the functionality of their designs.
This article aims namely at briefly reviewing the 3D printing methods used in the automotive industry, by highlighting their
advantages and disadvantages, describing their exact applications, and also mentioning real-world examples and projects.

Keywords: 3D printing, automotive, industry, vehicles, additive manufacturing, FDM.

1. INTRODUCTION

Three-dimensional (3D) printing, also known as
“additive manufacturing”, or as “rapid prototyping”, is
a  production technology for creation of
three-dimensional objects (also called “prints”) that
originated in the 1980s. It utilizes different materials
(polymers, metals, ceramics, glass and others) de-
pending on the structure of the used printer and the
applied technique (extrusion-based, resin-based, or
powder-based). The term ‘“additive manufacturing”
emerged due to the main principle of the technology
which is adding layer by layer of material in order to
achieve the desired shapes of the object. “Rapid pro-
totyping” is linked to the onetime usage of the tech-
nology exclusively for prototypes, but it no more ap-
propriate, since the precision, repeatability and cost of
conventional 3D printers have made it possible to
produce various parts, molds and model replicas [2].

The novel technology of 3D printing has been used
in sectors such as industry, building, medicine, leisure,
and defense, among many others. Normally, printers
vary in prices between 2008 and 500,0008 [16]. An
open-source initiative that started in 2005 in the Uni-
versity of Bath called RepRap made it possible for 3D
printing to become widely accessible and enter our
homes. Thus, nowadays the technology is applied not
only for parts and prototypes, but also for leisure and
educational models, miniatures and tooling created by
DIY enthusiasts. Many universities, libraries and edu-
cation centers have been equipped with 3D printers for

academic and community use. There exist many de-
signs and models freely available on internet platforms
that are dedicated exclusively to 3D printing.

Additive manufacturing has become so successful
because of its ability to create very complex geometries
and structures, even hollow ones. It is currently the
technology which guarantees the highest level of cus-
tomization of produced objects. Moreover, parts’ ge-
ometry optimization is a standard practice across the
industry — the requirement is to manufacture parts that
are robust enough, yet such that consume the least
amount of material, thus potentially cheaper. This is
possible by removing the material which is not subject
to stress. These optimized designs are difficult or im-
possible to produce without using 3D printing some-
where along the production chain [19]. Additionally,
some of the printing techniques are not only a few
times faster, but also a few times cheaper than certain
conventional production technologies — this enables the
adoption of manufacturing on-demand.

The automotive industry in particular is facing
challenges every day — there is demand for lighter,
safer, faster, and overall better-performing vehicles.
This requires for enhancement of the design, manu-
facturing, supply chain, and logistics of the industry -
for this reason, 3D printing has been researched for
successful implementation in the industry. The aim of
this article is to be as a contribution to the global efforts
for promotion of the technology in the automotive
sector. Thus, it briefly reviews 3D printing funda-
mentals and describes and compares the suitable
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available methods. It also gives examples for the exact
application of each of the methods in the automotive
industry.

2.3D PRINTING FUNDAMENTALS

The sequence for creation of an object via additive
manufacturing comprises of a few steps — Figure 1.
Firstly, the object is modelled in a CAD software, then

3D CAD
model

Slicing and
formatting

3D Printing

exported to a suitable format that is readable by the
slicing software. The slicing software is responsible for
the generation of thousands of cross-sections that de-
fine how the object’s layers are to be constructed; it
also generates the code by which the printing machine
is instructed to place these sections. After the object is
sliced, its code can be loaded in the printer and the
process begins. Once the object is ready, post-treatment
processes may be applied in order to better its quality.

Post-processing Final detail

O

5 STA

fig. 1. Production sequence for a 3D printed object

Certainly, the slicing software and the 3D printer
both have a number of options regarding the speed and
temperature of the printing process, as well as layer
thickness and geometry of the cross-sections. There are
many other options that depend on the printing tech-
nique, size of the printing machine, size of the printed
object, and type of material, which are managed ac-
cording to the desired quality of the product. In some of
the printing techniques sometimes a compromise be-
tween the printing time and the quality of the printed
object should be worked out.

Material for the printing, no matter whether extru-
sion filament cord, resin, or powder, should be con-
tinuously fed to the material-dosing head in order for
the process to take place. The objects are normally at-
tached to a print bed or a platform which may be able to
move in the Z axis in order to free up space for the next
layer to be constructed. Good thermal management of
the printer and sufficient material are necessary to
manufacture an object of satisfying quality.

In comparison to injection molding, additive man-
ufacturing does not require expensive punches, molds
and tooling. In comparison to cutting-based machinery,
there is less waste material (as much as 40%) and this
waste material can be recycled to some extent. In the
subtractive technologies as much as 96% of the raw
material may be removed in order to create the final
item. Additional advantages of 3D printing over these
two conventional production technologies are the quick

production of initial models and the very low cost of
limited production runs [4]. Generally, the current
limitations of 3D printing are the low mechanical
properties of the products, mostly due to the layered
structure of the printed objects; the low material variety
of some methods; and the low productivity and high
investment cost of some of the methods.

3. 3D PRINTING METHODS AND MATERIALS
FOR AUTOMOTIVE PURPOSES

2.1 Extrusion-based
2.1.1. FDM/FFF

Extrusion-based 3D printing is the most common
technique for 3D printing. A typical extrusion-based
FDM printing machine is shown in Figure 2: a) — ma-
terial is fed in the form of cord through an extruder, a
heater and a nozzle — deposition head b), which are
fixed on an axis profile with controlled movement by a
motor ¢). The desired object d) is printed on the print
bed e) and in the print area f), layer by layer due to the
cooling of the material and the adhesion. The print bed
may also be heated. An extrusion-based printing ma-
chine resembles to a great extent the multi-axis cutting
machines. The construction of the printer may differ
depending on the producer’s distinct design.

In FDM the raw material moves through Bowden
tubes. The tubes are attached via connectors to the ex-
truder and the hot end. The hot end is heated to the
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melting range of the material and by means of the
dosing nozzle the object is built carefully layer by
layer. In some FDM printers (cartesian type — Figure 2)
the print bed moves in X axis and the deposition head
in Y and Z axes, but in other printers the bed moves in
the Z axis [1]. Overhang surfaces are printed by means
of support structures that are less dense than the actual
object which makes them easy to remove — Figure 3.

a)

— Qe

fig.2. Simple schematic of a 3D printer utilizing an extru-
sion-based technique, figure inspired by [25]

The quality of end surfaces and the mechanical
properties of the printed objects strongly depend on
factors such as printing temperature, layer height, layer
thickness, printing direction, nozzle temperature and
diameter, infill, air gap and build styles [9].

APLRLE

fig.3. A model for 3D printing with supported overhang
surfaces [24]

3D printing nozzles are made of stainless steel or
brass alloy due to their tight fabrication tolerances and
high thermal conductivity [3]. The profiles of an FDM

3D printer are usually made of aluminum, while the
housing is plastic. Many times, 3D printed parts are
also implemented in the housing of the printer.

Some of the used materials in FDM printing are:
PLA, ABS, thermoplastic elastomer (TPE), polyeth-
ylene terephthalate (PET), PLA with wood, PLA with
metal, and other polymers and polymer composites.

PLA (polylactic acid) is made by corn crops fer-
mentation and is compostable. It is non-toxic, hard, yet
brittle and is printed at a wide range of temperatures
(170-230 °C). Due to its good properties, it has many
applications, including in the automotive industry.
ABS (acrylonitrile butadiene styrene) is oil-based and
is resistant to impact, wear, high temperatures, and as
PLA —has low cost and many applications. ABS can be
printed in temperatures ranging 215-250 °C [3]. TPE is
a material with great flexibility and may be fed directly
to the extruder without a Bowden tube, printed at
180-230 °C for elastic parts and seals. PET is similar to
ABS and possesses all its advantages, yet it absorbs
moisture easily [1]. FDM can also apply multi-material
and multi-color printing by extruding a few materials to
a single nozzle or by employing a multi-nozzle design.

Post-processing of FDM-printed objects is not al-
ways mandatory, but mostly comprises of laying
paintings, coatings, vapor depositions, sanding and
polishing. Even though the FDM technique is widely
utilized and is very well studied, it has some limitations
— processing mostly of polymer-based materials, low
rate of production due to low printing speeds, frequent
anisotropy defects of the final 3D pieces, long
post-processing to achieve desired finish surfaces.

2.2. Resin-based
2.2.1 Stereolithography (SLA)

The resin-based stereolithography 3D printing
technique is another cheap and widely accessible
technique like the extrusion-based FDM. The basic
principle of resin-based 3D printers is illustrated in
Figure 4. The device (laser or DLP) a) illuminates b) a
thin layer of a transparent plate ¢) from underneath.
This plate is the bottom of a tank full of photopoly-
merizing resin d) which is a raw source material for the
already hardened polymerized object e), dragged by the
platform f).

Stereolithography is the main resin-based produc-
tion technique. The polymerization of photosensitive
resin is done by means of an UV laser. The resin so-
lidifies when illuminated by the laser and layers are
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formed one over another as the platform holding the
printed object moves. Two mirror galvanometers and a
series of mirrors guide the laser to the correct coordi-
nates according to the code of the loaded sliced 3D
model. Two approaches exist: a top-down one, shown
in Figure 4, and a bottom-up one, where the laser is in
the top part of the printer and the platform moves
downward. The top-down approach is advantageous
and increasingly being applied in contemporary print-
ers as the illuminated surface is always smooth, re-
coating is not required, and printing times may also be
reduced as it is possible to cure full layers of resin at
once by projecting two-dimensional patterns onto the
transparent plate (DLP — Digital Light Processing). In
the bottom-up configuration forces are exerted on the
printed object when each cured layer detaches from the
tank — the bigger the layer, the bigger the forces [7].

j4)

\%

d)

a)

fig. 4. Simple schematic of a 3D printer utilizing a res-
in-based technique, figure inspired by [26]

It is essential to control layer thickness in sterco-
lithography. The cure depth of a given resin depends on
energy of the light to which it is exposed. This energy
can be controlled by alternation of different parameters
such as power of light source and exposure time. The
process requires usage of supporting structures just like
in extrusion-based printing — Figure 3. Mainly, the
technique is applied for small objects with high surface
detail needed for prototyping, or it can also be used for
making of molds. It guarantees faster printing time than

FDM and smooth surface finish. Post-processing in-
cludes additional curing, washing and drying.

There are few commercially-available resin types to
be used in stereolithography. These resins are based on
multi-functional monomers with low molecular weight
that are mostly rigid and glassy, yet brittle. There also
exist resin types with high molecular weight employed
for creating of elastic parts. Ceramic powder may be
included in the resin to a maximum rate of 53% wt in
order to print composite objects. The powder particle
needs to be smaller than the layer thickness and the
resin’s viscosity should be well-managed to achieve
successful prints. Such composite objects are stronger
than polymer-based ones [7].

New types of resins are being developed constantly
to enable creation of SLA-printed objects with different
properties. Unlike FDM printing though, for SLA it is
hardly possible to perform multi-material printing.
Another challenge for SLA may be the removal of
uncured resin as some of types resins are toxic.
Moreover, SLA printers tend to cost more than FDM
ones from the same class and size.

Two variations of SLA are Digital Light Processing
(DLP) and Liquid Crystal Display (LCD) 3D printing.
DLP projects full pixel-patterned light images for each
layer, thus curing the layer at once. The light is re-
flected on a Digital Micromirror Device (DMD) which
directs it to the transparent bottom of the resin tank.
Because of the digital screen used, the images comprise
of square pixels, thus each layer is made out of voxels
[17]. The resolution depends on the projector as it sets
the number of pixels the image has, making it less
scalable than SLA, so most DLP printers are optimized
for specific print sizes and objects. DLP is faster when
printing larger parts and larger build volumes due to its
working principle.

LCD 3D printing is similar to DLP but it flashes the
complete UV layers through an LCD directly onto the
print area. The light is not expanded; therefore, pixel
distortion is less common than in DLP. The printing
quality depends on the number of pixels the display
has, and likewise to DLP, printing times are shorter for
larger items and larger volumes in comparison to SLA.
For all three printer types good calibration must be
achieved for satisfying quality. In general, DLP print-
ers tend to have the highest prices [21].

Another interesting resin-based technology that is
somewhat similar to FDM is Polyjet printing. Polyjet
also utilizes polymeric resin like SLA, DLP and LCD
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printers, but the material is deposited (jetted) directly
onto the print bed by an array of small nozzles and is
cured immediately after by the UV lamps that are
housed in the deposition head. This technique is cer-
tainly faster than SLA, it is easier to manage mul-
ti-color and multi-material printing with it, it requires
less post-processing, and the need for managing of a
tank, full of potentially toxic resin, is eliminated.
However, Polyjet is significantly more expensive than
SLA.

2.3. Powder-based

This approach comprises of selective curing of
powder to form the layers of the printed object. A
simple schematic of the technique is presented in Fig-
ure 5. A moving deposition head a) creates the layers of
the object b) by dropping glue/binder or by laser sin-
tering of the powder bed ¢). Once a given layer is
ready, the platform d) moves down, freeing space for
the leveling mechanism e) to distribute new uncured
powder from the powder reservoir f) to the powder bed.
The printed item rests in the unfused material and so
overhang surfaces and thin walls are supported without
auxiliary constructions like the ones used in the extru-
sion-based and resin-based techniques, which enables
the manufacturing of very complex structures. Only
fully closed yet hollow objects are not attainable with
the technique since the unused powder inside the object
needs to be extracted.

2.3.1 Selective laser sintering (SLS)

SLS, or also known as Direct Metal Laser Sintering
— DMLS in cases when the applied material is metallic,
utilizes a laser to selectively sinter patterns in each
successive powder layer. The process has three stages:
a) warm-up, during which the powder is heated to the
processing temperature, b) build phase, in which the
desired CAD object is created, and ¢) cool down, where
the powder is cooled to ambient temperature [5]. The
processing temperature is close to the melting temper-
ature of the material in order for the laser to easily
reach the melting point of the material. The narrower
the temperature melting zone is, the closer the operat-
ing temperature can be maintained near it without risk
of curing all the material which allows the laser to
sinter fast and efficiently [8].

Qualitive sintering is obtainable by employing pure
powders with isotropic structure. Powder particles with
the best layering options are those that have spherical
form and a diameter accounting to approximately half

of the layer’s thickness. The layer thickness is de-
pendent on the diameter of the laser beam.

o v

o |

fig. 5. Simple schematic of a 3D printer utilizing a pow-
der-based technique, figure inspired by [27].

SLS uses many different materials — polymers (PA
— polyamides, PLA, PET, PVA — Poly Vinyl Alcohol,
TPE, and others, including their composites) and me-
tallic materials (stainless steels, aluminum, titanium,
precious metals, Inconel, and others). DMLS is mostly
applied for higher volume productions of smaller parts
and also for single big objects when laser metal depo-
sition (LMD) cannot be used (discussed later in the ar-
ticle). The most common and easiest material for 3D
sintering is Polyamide-12 [5].

SLS and DMLS produce objects free from residual
stresses and internal defects. DMLS can not only pro-
duce prints of close quality to such made by traditional
production technologies like forging and casting, but it
can also assure shorter production times for prototype
parts, less tooling and fewer post-processing opera-
tions. Generally, SLS prints have complicate structures
with good mechanical properties and good chemical
resistance. They can also be dyed to almost any color.

There are, nonetheless, a few downsides of the se-
lected techniques: the porous end-surfaces that need
finishing; the possible anisotropy of the layers common
for all 3D printing techniques; the present high price of
commercial printers; not all of the unused powder is
recyclable.

2.3.2 Multi Jet Fusion (MJF)

MIJF also extensively applies Polyamid-12 and

other polymers, but the working principle is slightly
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different in comparison to SLS. A fusing agent and a
detailing agent are applied over the powder via a dep-
osition head much like in inkjet printing, then another
head exposes the powder bed to UV light. The powder
soaked with fusing agent melts under the light, while
the areas with detailing agent remain loose in order to
define the exact borders of the object for dimensional
accuracy [18, 28].

MJF guarantees higher density and lower porosity
of the produced parts than SLS. Better surface finish,
less post-processing and higher productivity is also
evident. Additionally, as much as 80% of the powder
material for each printing process may be recycled.
However, MJF has less material and color variety than
SLS and is still relatively expensive.

Binder jetting is a similar method to MJF which
only applies a binder agent without irradiating the
powder bed with a laser or a light beam. It uses metals,
polymers and ceramics, has the same productivity as
MIJF, and can print objects in full color. This technique
is particularly good for creation of sand molds. The
method is not suitable for structural parts due to the use
of binder agent. Post-processing (furnace sintering and
finishing) is required. The cost, likewise to SLS and
MIJEF, is still high.

2.4. Other types/hybrids
2.4.1. Laser metal deposition (LMD)

LMD, also referred to as directed-energy deposi-
tion, is one of the main types of additive manufacturing
that employs metallic materials. It guarantees almost
no waste material, short production times, and energy
savings. The method applies a high-power laser beam
which fuses layers of metal. LMD could be classified
as both extrusion-based and powder-based since the
material is supplied to the deposition head (nozzle)
over a metal substrate in the form of wire or powder —
Figure. 6. The deposition head movement is accom-
plished by a multi-axis robot.

The material a) is fed through manifolds in the
deposition head directly onto a surface b) where the
laser beam ¢) generates a molten pool d). This allows
for good adhesion of the layers e) as the liquid metal is
held by the already hardened metal layers through
surface tension in the fusion zone f), thus, material
deposition in every wanted direction is feasible. The
laser beam is typically focused by lenses at a single
spot, travelling through the center of the deposition
head. The process often utilizes inert gas g) sprayed at

the molten pool in order to protect the created object
from oxidation [6].

The process is applicable for both the creation of
new items, and for repairing and coating of existing
ones, mostly for industrial purposes. It supports stain-
less steel, aluminum, copper, titanium, Inconel (nick-
el-chromium-based superalloy) and even ceramics [1].
An extension of LMD is Electron Beam Melting
(EBM) which is very similar but uses an electron beam
rather than laser for the melting of the powder. EBM
uses primarily titanium alloys for production of parts
for the aerospace industry.
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fig. 6. Simple schematic of the LMD working principle.

This production method has several limitations —
poor finish surfaces that require post-treatment; low
resolution since the layer thickness is dependent on the
diameter of the laser beam; possible anisotropy and
deviation from the set layer dimensions due to the dis-
tinctive cooling of each of the layers. In terms of the
physical form of the fed material, powder LMD is a
more refined and controlled process in comparison to
wire LMD, by guaranteeing better deposition rates, and
promoting good properties of the final prints. It also
enables robotic control and powder can easily be con-
tinuously supplied. On the other hand, wire LMD is
cheaper, with lower equipment complexity, nearly
100% material usage efficiency and is generally less
toxic than powder LMD [6]. In Table 1 are presented
the general advantages and disadvantages of the se-
lected 3D printing methods.
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Table 1. Advantages and disadvanta

es of the selected 3D printing methods used in the automotive industry.

Method Materials Advantages Disadvantages
FDM PLA, ABS, PET, TPE, other e Low initial investment cost and low o Support structures required.
polymers, polymer matrix cost of materials. e Long printing times, low productivity.
composites. ¢ Good surface finish, may not require e Worse quality than SLA and SLS.
post-processing.
e Widely accessible, modular printer
designs with high flexibility.
SLA Polymeric  photosensitive e Low initial investment cost for some e Support structures required.
resins; resin matrix compo- printer models. e Handling of toxic resin, ventilation
sites. e High accuracy with very good sur- required.
face finish, high thermal durability of e Long printing times, low productivity,
printed parts. requires post-processing such as wash-
ing and curing.
e Low variety of available materials and
complex for multi-color printing.
LCD/DLP Identical to SLA. e Low initial investment cost for some e Support structures required.
printer models. e Handling of toxic resin, ventilation
e High accuracy with very good sur- required.
face finish, high thermal durability of | e Low variety of available materials and
printed parts. complex for multi-color printing.
e Relatively short printing times with e Less scalable than SLA.
good productivity.
Polyjet Identical to SLA. e High accuracy with very good sur- | e Support structures required.
face finish, high thermal durability of | e Handling of toxic resin, ventilation
printed parts. required.
e Short printing times with good e Low variety of available materials and
productivity. Printing in full color. also more costly investment than
e Less post-processing and more SLA/DLP/LCD.
scalable than SLA/DLP/LCD.
SLS/DMLS | PLA, PA, PET, PVA, TPE, e Good accuracy and good chemical e Expensive initial investment and ex-
other polymers and their | resistance of produced objects. Good | pensive powder.
composites; stainless steels, | productivity. e Requires post-processing. Porous
aluminum, titanium, pre- e Can produce very complex objects surfaces that need finishing.
cious metals, cobalt and | and has a variety of materials.
nickel alloys. e No support structures required.
MJF Polyamid-12 and a few e Better accuracy and surface quality e Expensive initial investment and ex-
other polymers. than SLS, very good productivity, less pensive powder.
post-processing than SLS. e Handling of agents additional to
e Can produce very complex objects, powder material.
up to 80% of the unfused powder can o Structurally weaker objects than SLS.
be recycled, no support structures.
Binder jet- | Polymers, iron, stainless | e Better accuracy and surface quality | e Identical to MJF.
ting steel, ceramics, sand. than SLS, very good productivity.
e Can print well ceramics and sand for
molds.
LMD/EBM | Stainless steel, aluminum, | e No support structures required. e Expensive initial investment and ex-

copper, titanium, Inconel,
ceramics.

e Can be used for repairs of existing
objects.
e Denser parts than DMLS.

pensive powder.

e Requires post-processing. Poor reso-
lution and surface finish.

e Low material variety and lower
productivity than SLS.
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3. APPLICATIONS

3.1. Educational models, prototypes, replicas, molds
Desktop-based FDM and SLA printers easily pro-
duce detailed models and scaled replicas for educa-
tional purposes at very low cost for reasonably short
times. Models of given aerodynamical components or
whole scaled racing cars for measurements of the drag
coefficient in wind tunnels are very common — Figure 7
a). Production of RC vehicles, as well as powertrain,
gearbox and suspension models, is also feasible with
the same techniques of 3D printing — Figure 7 b).
Design validation by making prototypes of future
massively produced parts is achievable via all the
mentioned methods depending on the structure com-
plexity, material type and the required surface finish.

3.2. Sand casting molds, molds for carbon fiber
parts

Binder jetting is very convenient and brings new
designs for sand molds for casting due to the possibility
to print 3D modelled molds — Figure 7 c). Parts of
molds that are later built into a single advanced one can
also be produced easily guaranteeing complex casted
prototypes. The molds produced by binder jetting po-
tentially have better properties than those produced by

fig. 7. Example of 3D printed objects: a) - FDM RC F1 racing car [13]

traditional methods [10]. FDM and SLA printing, on
the other hand, are very cheap and convenient for
production of small molds intended for making of fiber
carbon parts used in the automotive industry [14].

3.3. Standard parts, customized parts, tooling,
whole vehicles

Individual parts can be produced via additive
manufacturing techniques. Koenigsegg applies it for
some of the parts of its supercars such as the turbo-
charger, Porsche prints seats, while Rolls Royce —
brackets; brake discs have been created by Ford, brake
calipers by Bugatti — all these parts are printable by the
two techniques employing metallic materials — DMLS
and LMD [11] — Figure 7 c¢). Additive manufacturing
can potentially be a great possibility for automotive
OEMs to enhance not only their design and manufac-
turing, but also the supply chains by outsourcing the
production of specific parts to small manufacturers
with 3D printing stations for fast production
on-demand. Other good niches for additive manufac-
turing technologies concerning the automotive industry
are production of customized driver-specific parts,
such as seats and steering wheels, and production of
discontinued parts for older vehicle models.

; b) FDM and SLA-printed scaled replica of an in-

ternal combustion engine [15]; ¢) sand mold made by binder jetting and the metal object created by sand casting using the same
mold; the same metal part can also be produced by using SLS or LMD [23]; d) autonomous electric shuttle “Olli” with 80% of
the parts and components being 3D printed [20].

Moreover, complete vehicles can also be created
using additive manufacturing — the autonomous shuttle
“Olli” by Local Motors is a real-world example, with
80% of the parts being 3D printed and 100 % recycla-
bility with its main structure being created by the
largest commercial FDM printers in the world as of
2020. “Olli” has a modular build block construction
with 90% fewer parts than a traditional vehicle that can
be customized and greatly lowers the energy con-
sumption during production. The used material is a

composite polymer and it takes around 9 hours to print
the chassis of Olli [22].

Volkswagen are also exploring the options of 3D
printing — in one of their factories - Autoeuropa,
in-house production and usage of 3D FDM-printed
jigs, tools and fixtures has been implemented, as the
company claims enormous saving in time and cost in
comparison to the traditional sourcing [12].

74



Brnrapcko crimcanue 3a MHXEHEPHO MTpoeKTUpaHe, Opoit 44, HoemBpu 2021r.

4. CONCLUSION

Three-dimensional printing has been rapidly de-
veloping and has the potential to become one of the
main production technologies for the industry. In the
automotive sector alone are applied more than five
different additive manufacturing techniques for the fast
and efficient production. More precisely, all the men-
tioned technologies can be applied for automotive
prototypes and polymeric tooling, and parts in cases
when non-metallic materials are used, while DMLS
and LMD are suitable exclusively for metallic parts
and prototypes. Polymer and metal molds are also
producible with most methods, depending on the ma-
terial, but binder jetting is particularly good for sand
molds. Molds for production of big carbon fiber parts
and for whole chassis sections can be easily and
cheaply printed via FDM.

Many automotive companies are exploring the
possibilities that 3D printing has offer and have already
enhanced their portfolio with advanced designs whose
production is the most feasible namely when applying
this technology. Moreover, additive manufacturing is
fast and cheap for prototyping, and presents a satis-
factory variety of workable materials given the re-
quirements of the automotive industry. It has the po-
tential to decrease production times and costs, reduce
the dependency of OEMs on external suppliers, and
enable the creation of mass customization production.

Nonetheless, 3D printing still lacks the maturity
and power of traditional production technologies:

It has low productivity in terms of mid to
large-scale high-volume production.

The properties of produced objects are some-
what lower due to the presence of layers in the con-
struction - anisotropy and slight deviations from the
dimensions are possible.

Some of the 3D printing techniques still require
very high capital investments.

Even given these disadvantages, the outlooks for
the technology are very positive, and it is expected to
rapidly develop during Industry 4.0, by enhancing the
used techniques for faster and larger productions and
by applying new materials, thus becoming more sus-
tainable and more competitive to traditional production
technologies.
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TEJIA 3A U3IIMTBAHE HA TEPMOIIVIACTUYHU MATEPHUAJIN

Huxounaii TEOPT'UEB
Kartenpa ,,MaluHHN eIEMEHTH U HEMETAIHU KOHCTpyKuun ’, Texuudeckn yauBepcuret - Copus, brirapus
e-mail: nbgeorgiev(@tu-sofia.bg

Pe3tome: B cTatusTa € mpeAcTaBeH MOAXO/ 32 MPOEKTHPAHe Ha INPHUII(OopMA 3a JIeeHe IO HaIATaHe Ha yHUBEPCATHN IPOOHU
Teja, oTroBapsuy Ha usnckBanusaTa Ha cranaapt bJIC EN ISO 20753:2019. ®dopmara e npeaHa3HadyeHa 3a JieeHe 10| HaJlsl-
raHe Ha yHUBEPCAJIHH NPoOHH Tena THl Al ¥ 0TroBapsi Ha M3UCKBAaHUATA 32 KOHCTPYHpaHe Ha IMpHI(OPMH 3a IPOOHH Tena,
nocoyenu B BJ/IC EN ISO 294-1:2017. KoncTpykiusTa Ha MHCTpyMEHTa € 0a3upaHa BbpXY CTaHAAPTEH IAKeT IUIOYH C ra-
6apuTHU pazmepu 196 x 246 mm. Bp3morkHa e oMsIHA Ha [UI04aTa, ChabpiKaia popMoodpasyBamiaTa KyXuHa, ¢ Ipyra, Kosto
na GopMyBa IpyrH THIOBE IPOOHU TeTa OT MOCOYCHHUS CTaHIapT. KOHCTpyHpaHeTo Ha OTAEITHUTE ACTAIN, KAKTO U Ch3/a-
nenara ynpasisiBamara NC nporpama 3a o6paboTtka Ha gopmooOpa3syBaiara KyXiHa € pealusupana ¢ nomomira Ha Solid-
Works 2021. IIponssenenu ca 10 6post TecToBy mpoOHU Tena ot noauamun 6 (PA6) 3a Bamaupane Ha KOpekTHaTa paboTa Ha
HWHCTPYMEHTA, KaKTO 1 32 TOTBBPXKIaBaHE HA Pa3MEPUTE Ha MOITyISHOTO MPOOHO M3/eHe CIPSIMO H3UCKBAHUSTA B CTAHAAPTA.

KniouoBH 1ymu: yHUBepcalHH IPOOHU Tela, JIeeHe T10] HasTaHe, ONpeieisTHe Ha CBOMCTBATA IIPH OI'bH, TEPMOIUIACTUIHA
HOJIMMEPH, MINpHIpopMa 3a NPOOHHU Tela

1. BbBEJEHUE B eBpomeiickus KOMHTET 3a CTaHAApTU3ALUSL
MIPEJIOKEHHETO € JI0pa3paboTeH0 C Y4YacTHeTO Ha
IIpe3 80-te rogunu Ha MuHamus Bek, EBponelic-  Anrnus, ®@pannus u 3anagHa ['epmanua ot TexHu-
KUAT Ta3ap Ha TEPMOIUIACTHYHM ITOJIMMEpU ce pa3-  uecku komuteT ISO/TC61 ,Ilnactmacu™ n mpe3 1990
pacTBa eKCIIOHEHIIMAHO. 3a €/IHO JIeCeTHIIeTHE OpoAT  ToAWMHAa ca IyOJMKYyBaHU CIIEIHUTE MEXKIyHApPOIHU
Ha TIpeAjaraHUTe MapKU TEPMOIUIACTUYHHM CMECH c€  CTaHjaapTu [6]:
yBennyaBa ¢ Hajx 10 000. Camo B I'epmaHCkust MHC- e BJIC ENISO 10350-1 ITnactmacu. [TosryuaBane
TUTYT 1o cTangaptuszanus DIN ca myOmuKyBaHM Hall ¥ NpeNCTaBAHE HA CPAaBHUMH €IHOTOYKOBH JAaHHHU.
2500 texHuuecku crenudukanny Ha noiamMepH. B UYacr 1: Marepuanu 3a popmyBane;
TEXHUYCCKUTE CHeHI/I(bI/IKaLII/II/I Ha pa3pa60TBaHHTe e BJIC ENISO 11403-1 ITnactmacwu. Ho_]‘[yanaHe
CMECH C€ UTHUPAT PAa3JIMYHU CTAHAAPTH 3a U3IIUTBAHC U NPEACTaBsiHE Ha CpaBHHMHU MHOTOTOYKOBH JaHHH.
1 Oonpe€acjIaHe Ha (bI/ISI/IKOMexaHI/IKIHI/ITe CBOfICTBa, Karo Yact 1: Mexauuyau CBOﬁCTBa;
TOBa 00aye He € BKIIOYBAJIO BHIA M TEXHOJIOTHATA 32 e BJIC ENISO 11403-2 IMnacrmacw. [TonydaBane
MPOU3BOICTBO Ha NpOOHMTE Tena. B chumst To3u ne- g [IPE/ICTaBIHE HAa CPAaBHUMU MHOTOTOYKOBHU JAHHH.
pHOJ IIEPCOHATHUTE KOMIIFOTPH CTaBaT BCE IIO- NOC-  Yacr 2: TepMHYHHU U TEXHOJIOTUYHH CBOMCTBA.
TBHIIHU M 3all0YBaT MacoBOTO Ja CE€ M3IOJ3BAT 3a Ch- B JHEIIHO BpeMe BCHYKH IPOM3BOXMTENN HA IMO-
Oupane Ha 0a3a JaHHM OT M3MUTBAHWATA HA PA3IMYHH  jyMepHH TPOAYKTH B TEXHUYECKHTE CH CIICHH(HKa-
nonumepu. [IponsBonurennTe Ha MIACTMACOBU M3/IE-  yuu MpeACTaBIT (PU3NKOMEXAaHUYHUTE CBOWCTBA Ha
g W NPOM3BOAMTENIN Ha IOJIMMCPH, HE3aBHCHMO  marepuainTe, KOUTO Ca W3MUTBAHU CHIVIACHO Trope-
CAMH OT ApyT, PCalM3HpaT W3INHTBAHUATA, H3IOI3-  [ocodyeHHUTE CTaHOApTH. ToBa [aBa BB3MOXKHOCT
BalKM Pa3IMYHM METOAM M cTaHxapru. ToraBa B cpojicrpaTa Ha MaTepHANTMTE OT PA3IMUYHHTE MPOH3-
OpaHIIa ce MOB/Ura BEIPOCEHT 32 BBBEXKIAHE HA YHH-  BojuTeNy Ja OBIAT CPABHUMH MOMEKLY CH. TexHo-

(urmpany CTaHIApTH, KOMTO Ja TapaHTHPAT CBIOC-  jorpsra 3a M3PaOOTKATa HA MPOOHHTE TEa CHIIO €
TaBUMOCTTA Ha PE3yNTATUTE OT U3MUTBAHUATA [6]. cTaHgapTH3npana [ 3, 6].

[Ipe3 1984 r. xomucusTa oT ['epMaHCKUS HHCTUTYT
no cranaapruzauus DIN 3anouBa 1a cb3/1aBa CIUCHK €
MIPEATIOYUTAHN METON 32 N3MHUTBAHE, C IIOTEHIINAI 32
MEKAYHApOIHA CTaHAAPTH3aLMs, KOUTO Ja MOraT Ja
ce MPOBEXKIAT C OTPaHUICH Opoii TUIIOBE TPOOHH Tea.

2. [TPOBHU TEJIA 3A U3IIMTBAHE
CBIVTACHO BAC EN ISO 20753:2019

Cranmaptsr BJIC EN ISO 20753:2019 omnpenens
M3UCKBAHUSTA, CBbP3aHH C IPOOHHU Teja 3a U3MUTBAHE
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Ha TUIACTMAcH, U3MOI3BAHU Upe3 JeeHE IO/ HaIATaHe
WIN M3psA3BaHE OT JMCTOB Matepuai. [IpoGHuTe Tena
or tum Al, mokazaHu Ha ¢ur. 1 ca mpuerH 3a yHH-
BepcayHU NMpoOHU Tena. OT TIX ¢ IMPOCTa MaIIMHHA
00paboTKa ce MojdydaBaT MPOW3BOIHHM NMPOOHM Tea,
HEOOXOAMMH 32 Pa3IMYHU THUIOBE W3MHUTBAHUS, IH-
THpaHU B NpuiIoxkeHue A Ha cta”gapta [1]. Yact or
M3MUTBAHMATA, KOUTO MOTaT Aa ObJaT OCHIIECTBEHU C
npoOHo 1510 Al ca:

e OmpenensHe Ha CBOMCTBATa NPH OITBH;
OnpepnensiHe OBEACHUETO IPH IIBI3CHE;
OmnpenensHe Ha CBOMCTBATa IIPU OI'bBAHE;
OmnpenensiHe skocT Ha yaap mo Charpy;

b

Lo

¢ur.1 Yausepcanano nmpooHo Tsuo — tum Al [1]

ChllecTBEHHTE pa3Mepd Ha  YHHUBEPCAJIHOTO
npoOHo Tsuto T Al ot cranaapra ca l;= 80 £ 2 mm,
b,=10+ 0.2 mm u h =4 £+ 0.2 mm [1]. ITony4enure
JAHHM 3a CBOMCTBaTa, WM3MOJI3BAKM MpOOHU Tena
CBIVIACHO CTaHJapTa, Ch3/aBaT YCIOBUS 3a BHCOKa
MOBTOPSIEMOCT U BB3IPOM3BOAUMOCT Ha PE3yJITATUTE.
CpbIio Taka € BE3MOXKHO Ja ObJe M3CIEABAHO BIUS-
HHETO Ha MapaMeTpUTe Ha Mpolieca Ha JIEEHe IO/ Ha-
JsiraHe BbPXY XapaKTePHCTUKHUTE Ha ITOJIUMEpa.

[TpoGHuTe Tena 3a M3MUTBaHE C€ MOATOTBAT B Chb-
OTBETCTBHUE ChC CHEUU(HUKAIMATA HA KOHKPETHUS Ma-
tepuan. Koraro ToBa HE € M3pHUYHO CIIOMEHATO,
MpoOHUTE Tena TpsiOBa aa OBJAT MPOW3BEICHH Upe3
neeHe noj Haymsrade chriiacHo BJIC EN ISO 294-1,
npecoBanu cbriaacHo BJIC EN ISO 293 wm mpous-
BEZICHM 4pe3 MammHHa obpaborka cmpsmo BJIC EN
ISO 2818. Hlnpunidopmn, TPOU3BENEHH CHIIIACHO
n3nckBannaTa Ha BJIC EN ISO 294 ce npenopbuBar,
TOraBa KOraro IIe ce I'eHepupaT JaHHH, KOHTO I
OBJaT cpaBHABAHU [2].

B EBpomneiickata 0OIHOCT CHIECTBYBA OIIE ¢IUH
CTaHAapT, KOMTO Ompenels YHHBEPCATHHTE NPOOHU
tena, a uMeHHo BJIC EN ISO 3167:2014. Ilocouenute
YHHUBEPCAJIHH TPOOHU TEJa B HETO HAIIBIIHO ChBIAJAT C

te3u B B/IC EN ISO 20753:2019. Benpoc Ha Bpeme ¢
TO3M CTaHAAPT Ja U3je3e OT ynorpeda, KaKTo TOBa €
CIIOMEHATO | B ommMcaHueTo My [1,2].

3. PASPABOTBAHE HA HIITPUII®OPMA 3A
JIEEHE ITIOJ HAJIATAHE CBI'JTACHO B/IC EN
ISO 294-1:2017

Koncrpykumsira Ha mmpuidopmara 3a JeeHe moJ
HaJIsiTaHe Ha YHHMBEPCAIHH MpoOHU Tesna Thn Al, oT1-
ropapsimu Ha craggapt bZIC EN ISO 20753:2019, e
0a3upaHa BbpPXY CTaHIAPTEH MakKeT IUIOYH, Ipenja-
TaHU Ha Taszapa OT BOJENI MPOU3BOAMTEIN HA CTaH/AAp-
TU3UPAHU CJIEMCHTHU 3a TEXHOJIOTMYHA CKUIIMPOBKA.
['abapuTHHTE pa3MepH Ha MakeTa Ha Impuiiopmara
ca 196 x 246 mm, KaTO OCHOBHUTE JIBE IUIOYH, 00pa-
3yBanm (GopMooOpa3yBaiiara KyxuHa, ca U30paHu OT
marepuan 40CrMnMoS 8-6, umaill BUCOKa SKOCT U
TBBpAOCT. Ta3u croMaHa ce rnojyiara [oope 1 Ha Tep-
MHUYHa 00pabOTKa, KOATO I YBEIMYH HU3HOCYCTOM-
YMBOCTTA HA MHCTPYMEHTA U HETOBHST €KCILIOATaIlH-
OHeH *MBOT. ToBa ce Haiara, 0COOCHO MPH H3IOJ3-
BAaHETO HA CTHKJIOHANBIIHEHH CMECH, KOUTO Ca W3K-
JIIOYUTETHO a0pa3uBHU 0] Bb3JCHCTBUETO Ha BUCOKO
HaJlsiraHe 10 BpeMe Ha JieeHeTo noj Haisirane. Octa-
HaJlUTe TUIOYM ca M30paHu Ja ObJar OT CTaHJapTHA
Henerupana cromana C 45 U [4].

Ha ¢ur. 2 e noxazan 3D Mopnen Ha mpoeKTHpaHara
mimpuidopma u npooHo Ts10. [Ipy nmpoexTupanero Ha
MHCTPYMEHTA Ca M3IBJIHCHW BCHYKU M3MCKBAaHHS I0-
couenn B cranmapt BJIC EN ISO 294-1:2017, koiito
pernameHTHpa w3paboTKaTa Ha mmpuIpopma 3a
npoOuu Temna [3].

[npurndopmara ce ChbCTOM OT JBE OCHOBHU MO-
JIOBUHHM — TIOJIBW)KHA W HEMOJBM)KHA (3aXBaHara 3a
HETO/IBM)KHATA YaCT Ha IIMpUI] MariuHarta). [Ipoek-
TUpaHara mmpuidopMa € JABYTHE3I0Ba, T.C. MPOH3-
BeX[a ABa Oposi MpoOHU Tenla Ha enH padoTeH X0/ Ha
MmammHaTta. Pa3smepure Ha (opmooOpasyBamara Ky-
XHMHa ca Je(UHUPAHU CHIIIACHO JOMYCKHUTE, TOCOUCHN
B craHnapra. M30paH e Z-o0pa3eH KaHall Ha ITbJIHEHE
Ha M3/IeNNATa, KaTo TOBA clioMara 3a OajaHcHpaHe Ha
dopMaTa ¥ €THOBPEMEHHO 3aIThJIBAHE Ha J[BaTa Opos
npoOHu Tena. Ob6embT Ha (popmMooOpasyBamiaTa Ky-
XHMHA, BKJIIOYBAI JISSIKOBATA BTYJIKA, Pa3BEXKIAIUTE
KaHau ¥ Brouy, e 29.02 cm?, a miomra 70.50 cm?.

[IpenBuneHu ca 5 Op. MWIMHAPUIHN U3XBBPravu g
5 mm, 3a u3BaXJaHe Ha TOTOBOTO M3JEIIUE OT MHCT-
pymenTa u 4 Op. BpblIa4u ¢ 8§ mm, KOUTO UMat (QyH-
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KIMATA 12 BPBIIAT U3XBbPrayHaTa CHCTEMA B HAYAIHO e [IMPOYMHATA U BUCOYMHATA (MJIM JUAMETHPHT
MOJIOJKEHHE. Ha BIHCAHA OKPBKHOCT) HA CEUCHUETO HA Pa3BE}Ia-
HIMTE KaHAIH Ja Objie Hal-Maniko 5 mm (¢ur. 4);

®ur.4 CeyeHue Ha pa3BeXIANIATE KaHAHU 10 HopMooOpa-
3yBallaTa KyxuHa Ha IIpOOHHTE Tena

®@ur.2 3D mozen Ha wnpun GopMma 3a JICeHe MO/ HAllSAraHe ¢ (opmoobpasyBaliTe KyXHHH TpsiOBa 1a ObaaT
Ha YHHBEPCAIHHM NPOOHH Tena Tun Al II'BJIHEHU CAaMOCTOSTEIIHO OT €MH BTOK €HOCTPaHHO;

e BHCOYMHATA Ha BTOKa TpsiOBa 1a Obiaec

Beuukn Te ca m3paboTeHHM OT OOEMHO 3aKajeHa  Hali-MajKo J(BE TPETH OT BUCOYMHATA HA WU3JEIHUETO U

cromana 115CrV3, xoeto UM rapaHTupa JbIbI €KCI-  IIMPOYMHATA HAa BTOKA TPAOBa ja OBl paBHA Ha TasH

13

JI0aTallMOHEH KUBOT. [IpoeKTHpaH ¢ T. Hap. ,,cKy0au“  Ha U3JeIMETO;

OT KOHYCEH THII, KOWTO TpH oTBapsHe Ha (hopmara ® BTOKBT TpsAOBa 1a ObAe BB3MOXHO Hal-KbC,
3abpika H3ACIMETO B IOJBIDKHATA IOJOBMHA HAa  KkaTO ABDKMHATA He TpsiOBa Aa mpeBumana 3 mm. (¢ur.
(dhopmarta. 6);

IpenBuzicHn ca CBIIO TEMIECPUPALM POXOLHH e BIBIBT HAa HAaKIOH Ha PAa3BEXKAALLUTE KaHAIH
KaHallid B IBETC OCHOBHHU IUIOYH: TpsiOBa na Obae Hai-mManko 10°, HO He nmoBeue ot 30°.

® 7Ba IPOXOJHU OTBOpA B HEMOJBIKHATA 171048,  'breibT Ha HAaKIOH Ha (GopMooOpasyBaliaTa KyXHHA
KOMTO MOMNalaT TOYHO BBPXY CaMOTO M3/IEJINE C pa3Mep  TpsidBa Jja ObJie He O-ToJIsIM OT 1°.
2 9 mm;

® YETHPH IIPOXOJHU OTBOPA B MMOJABHKHATA I1JI0YA
c pasMep ¢ 9 mm, KOHTO ca Pa3MoJIOKEHH CIPSIMO
M3UCKBaHETO B cTanaapra (¢ur. 3).

w D9
0
N >
& SO
}
30 | 30 | 30 53

¢ur.3 Cedenne, MOKa3Bamo pa3MoI0KECHAETO Ha TEMIICPH-
pamuTe KaHaIM B HOABIDKHATA TLIOYA

¢ur.5 O6m m3raen Ha popmoodpaszyBaaTa mioya

OCHOBHHTE TEXHUYECKH M3MCKBAHUS KbM LIIPUIL
(opmara chriiacHo cranaapra ca [3]:

e MaMeTHPHT Ha JIESKOBaTa BTYJIKA OT CTpaHaTa
Ha J103aTa Ha MallMHaTa Aa 0bJe MUHUMYM 4 mm;

® 3a J1a MOXeE Jia ce paboTH ¢ MaTephaiu ¢ pas-
JMYHOTO CBHBaHE, Pa3MEPUTE Ha KyXHHATa 33 MPOOHH
Tena Tun Al TpsOBa na ObIAT B CICTHUTE AUATIA30HU:
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neinoounHa: oT 4,0 mm go 4.2 mm; mMpOYMHA Ha
LeHTpaJHaTa Jact Ha THe3noro: oT 10,0 mm mo 10,2
MM; (pyHKIIMOHAITHA TBDKHHA HA THE310TO: oT 80 mm
1o 82 mm;

28 ?5

¢ur.6 Ceuenue, moka3Banio KOHCTPYKIUATA Ha BTOKA

e l3xBbpraunre na ObIAT Pas3MnoIOKEHH HU3BBH
30HaTa HA TECTBaHE, a IMEHHO M3BBHH cekiuara 80x10

mm, TToka3aHo Ha ¢urypa 7 [3].

2

R24 LI}

o

o
«

.5 ez

170

®ur.7 Pazmepu 3a MammHHa 00paboTka Ha HopMoodpasy-
Ball[aTa KyXHHa Ha IPOOHOTO TSIO

4. PEAJIM3AIIUA U NU3ITBJIHEHUE

dopmoobOpasyBaiiara KyXuHa M BCHYKH TpHIIC-
JKaIlld OTBOPU 3a HM3XBBpPraumte ca 0o0pabOTECHH Ha
XOpHU30HTANICH IIEHTBP, KaTo 3a IeNTa € M3padoTeHa
yrpasisiBama nporpama ¢ nomoinra xa SolidWokrs
CAM 2021. Crnen u3BbpIIBAHETO HA MalIMHHATA 00-
paboTka ¢opmara e criodeHa, KaTo JBETe MOJIOBHHU
ca nuiaiganu Ha IUIOCHK HUIakQ, 3a na Oble ocHUry-
peHa PaBHUHHOCT M0 JeJIUTeIHATa TOBbPXHHHA.

[IpoBeneHn ca TecToBe ¢ MaTepHasl MOIMaMUA 6
(PA6), 32 na 6bae BanuaupaHa GpyHKIMOHATHOCTTA Ha
camara (opMa ¥ IOJy4YeHHTE pa3MepH Ha MPOOHUTE
Tena.

W3amepenu ca pyHkumoHanHuTe pa3mepu Ha 10 Op.
TECTOBM NPOOHH Tena C IOMOINTa HA JUTUTAJICH
mry6uep ¢ xinac Ha ToudocT 0.02 mm u pe3ynrarute ca
npencraBend B Tabmwma 1. [lomydenure pasmepu Ha
TECTOBUTE MPOOHHU TeNla OTrOBapsAT Ha U3MCKBAHUATA,
cnermumpanu B cranaapt bJAC EN ISO 20753:2019

[].

LELEELLE

®ur.8 dopmoobpasysama KyxuHa Ha mmnpungdopmara
Npeny HOHHO a30THUpaHe

Tab.1.1 PazMepu Ha TOTyYCHUTE TECTOBH NPOOHH Tena

No wma | Aemxuna 1 | Hlupounna by | Jdebemuna h

obpaser; | [mm] [mm] [mm]
1 81,90 9,86 4,02
2 81,95 9,85 4,01
3 81,96 9,86 4,03
4 81,94 9,87 4,00
5 81,95 9,85 3,99
6 81,96 9,86 4,00
7 81,96 9,85 4,04
8 81,96 9,86 4,01
9 81,94 9,85 4,02
10 81,95 9,86 4,01

Kato mocnenpaio aelictBue € mpeIBUICHO Tep-
MooOpaboTBaHe Ha (GopMooOpasyBamure mioyn. Ms3-
OpaH ¢ TEXHOJIOTUYHUS MPOIeC Ha HWOHHO a30THpaHE,
KOITO moBHIaBa TBbpAocTTa (Mexay 55+60 HRC) na
JICTalIATe W YCTOWYMBOCTTa WM CPEIy KOPO3HUs U
u3HOCcBaHe 0Oe3 Ja mpenn3BHKBa aedopMaIiy, KOETO
rapaHThpa JBJIBI €KCIUIOATAMOHEH XUBOT HAa MHCT-
pyMeHTa.

®ur.9 TectoBu yHUBepCcaIHU NPoOHU Tena THI Al cripsiMo
crangapt bJIC EN ISO 20753:2019
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5. 3AKJIIOYEHHE baaropapuocru

Pe3yHTaTI/ITe Ca MOJYYCHH II0 HPOCKT ,,B ImoMo1Il Ha

3 "
TpoekTnpanara u u3paGoTena mmpundopma uma  AOKTOPAaHTH™ Ha Tema Pa3paboTBaHe Ha TEXHOJOTHMYHA
CIEJHHTE TIPE/THMCTBA: SKUIUPOBKA 3a M3CJIE[BAHE HA CTApPEcHETO Ha TepMOILIac-

tuuan monmumepu” (Ne 21111/10004-06), ¢unancupan ot
® OTHOCHUTEIHO HHCKa Maca ¥ MaJKH rabapuTy;

. cybcunusra 3a Haydnu uscnensanust B TY-Codusi.
® HHCKa Ce6eCTOI/IHOCT CIIPAMO I'OTOBU PCHICHUA
Ha masapa, Jluteparypa
e BB3MOXKHOCT 3a JICCHA TOAMSHA Ha (OpPMOOO- 1. BAC EN ISO 20753:2019, [Tnactmacu. [IpoOHu Tena 3a

pasyBamure IUIOYM C LI IPOM3BOACTBO Ha Ipyrn  U3IHTBAHC

THIIOBE IPOGHH Tea; 2. BAC EN ISO 3167:2014, I[Inactmacu. YHHBEpcaJIHU
NpOOHU TeJia 3a U3MUTBaHEe

3. BAC EN ISO 294-1:2017, [Tnactmacu. Jleene mox Hais-
raHe Ha HpO6HI/I T€Jla 3a U3IMUTBAHC OT TEPMOIUIACTUYHU

Pesynrarure oT METPOJIOTMYHUS aHAJIU3 HA MONY-
YEHUTE TECTOBH NPOOHMU Tella MOTBBPIK/AaBaT, 4e TaKa
M3MbJIHEHaTa MnpuigopMa HAIBIHO OTroBaps Ha marepuams. Yact 1: OGum TmpHHIATE # OpMyBaHe Ha
usncksanuaTa Ha BIC ISO EN 294-1:2017 u BACISO  yyypepcamun npo6uu tena n npbuxn
EN 20573:2019. TepmoobpaboTkata Ha opMooOpa- 4. lerko Cn0eB, KoncTpynpane Ha miiacTMacoBH U3JEIUS U
3yBalllUTe IUIOYM rapaHTHUpa ABIBI €KCIuloaTaluoHeH  mmpundopmu. Codus, Xaiikag Uadotex, 2017.

JKUBOT HA HHCTpyMEHTa, a mnpowusBegeHure npobuu 5. CWFG, Contents of CAMPUS®, Frankfurt, 2020, p.5
Tena MOTaT Ja Ce M3MON3BAT 3a IIMPOK CIEKTHP OT 6. www.campusplastics.com. IToceren na 01.10.2021r.
W3MUTBaHMUS.

DESIGN OF INJECTION MOLD USED FOR MANUFATURING OF MULTI-
PURPOSE TEST SPECIMENTS OF THERMOPLASTIC MATERIALS

Nikolay GEORGIEV
Department Machine Elements and Non - metallic Constructions, Technical University-Sofia, Bulgaria
e-mail: nbgeorgiev@tu-sofia.bg

Abstract: The article presents an approach for designing an injection mold for manufacturing of multipurpose test specimens
according to the requirements specified in the standard EN ISO 20753:2019. The mold is specialized in injection molding of
multipurpose test specimens type Al and its design corresponds to the standard EN ISO 294-1:2017. The construction of the
tool is based on a standard package of mold plates with overall dimensions of 196x246 mm. It is possible to replace the plate
containing the cavity with another plate containing different test specimen shape stated in the standard. The construction of the
individual parts and the subsequent NC program for machining of the cavity is created with the help of SolidWorks 2021. Ten
test pieces of polyamide 6 (PA6) were molded to test the correct operation of the tool and verify the product dimensions ac-
cording to the requirements of the standard.

Keywords: multipurpose test specimen, injection molding, determination of tensile properties, thermoplastic materials, mold
for test specimens
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POBOTU3UPAHU ITAJIETU3UPAILIN CUCTEMHA

Hpena AIEKCAHIAPOBA
,,Ciryx6a o Tpyznosa mexununa Mpenr M“ EOOJ]
e-mail: irealeksandrova@tu-sofia.bg

Pe3siome: Llenta Ha HacTosIaTa pa3paboTKa € Ja MPEACTaBU 3HAYUMOCTTA Ha POOOTHTE B CHBPEMEHHOTO MHAYCTPUAIHO Ma-
JeTU3UpaHe KaTo HaOJierHe Ha TAXHATa He3aMEHHMMa pOJis B ONTHMHU3ALMATA HA €EKTUBHOCTTA B NPEANPHATHS, CKIaJ0BH
CTOIIAHCTBA, JJOTUCTHYHHU ¥ JUCTPHOYLIMOHHH LIEHTPOBE; J1a 1aJle HACOKH 33 OCBIIECTBsIBAHE Ha NPABHJICH U300p Ha HaJeTH-
3upany podoT, 3aBHUCEI] OT MHOXKECTBO (haKTOPH, cpell KOUTO: 00CEr, TOBAPOHOCHMOCT, MOIITHOCT, MIPOU3BOAUTEITHOCT, Opoii
pabOTHY LUKIM B MHHYTa, rabapyuTH U T. H.; KAKTO U J]a IPEACTaBU LMIMPOKaTa ramMa KpailHH MaHMIIYJIaTOPH, ITO3BOJISBAILN
IUTOCTHO MEPCOHAIM3UPAHE Ha MPHIOKEHUETO CIIOped Buza, opMmara U pa3MepuTe Ha oOpabOTBaHUTE OOEKTH, CKIIAJIOBH

WJIN TOBAPHU €AUHULIU.

KnrodoBu Aymu: maneTusupamy poOoTH, IPOMHUIIICHH MAINHN, HHIYCTPHAITHO MAlCTU3UPAHE

1. IOTEHIIUAJI HA POBOTU3UPAHUTE
MHAJTETU3UPAILLIM CUCTEMHA

PoGorusupannTe naneTu3upay CHCTEMH OCHTY-
psiBaT 3HAYUTENHH IOZOOPEHHS B IPOM3BOIUTEI-
HOCTTa M €(EeKTHBHOCTTa Ha MNpEANpHATHATA, CKJIa-
JOBUTE CTOIIAHCTBA, JIOTUCTUYHHUTE M JUCTPHOYLH-
OHHHU neHTpoBe. OT NMpHUBMIErHs Ha TOJEMHUTE KOM-
MaHUU POOOTHUTE TOCTENEHHO CE MPEBPBINAT B PEH-
TaOMIIHO pEIlIeHNE M 3a MAJIKUS M cpefieH OM3HeC Mo-
pau Bce MO-IO0CTBITHUTE CH LIEHU, BUCOKA I'bBKABOCT U
afanTUBHOCT. IloTeHIManbT UM 3a TNPUIIOKEHHUS B
o0acTTa Ha MHAYCTPUAIHOTO TaJeTU3UPaHe € OTKPUT
MHOTO CKOPO CJIe[l BBBEKAAHETO B CKCIUIOATAIMSA HA
npomunuieHuss podor mmonep Unimate. Camo 1Be
TOIWHH TIO-KbCHO, Tipe3 1963r., 3amouBa pabora u
IIBPBHAT POOOTH3HUPAH MAIETH3ATOP.

JlHec cuctemuTe B CErMEHTa ca CIOCOOHH HAITBJIHO
e(eKTHBHO Ja 3aMEHIT YOBEKa B W3IBIHEHHETO Ha
YMOPUTETHUTE, TOBTOPSIEMH U YECTO TEXKKH 3a]audl B
ctepara Ha manerm3anuaTa. Hali-moxepHHuTE MOmenn
Ha I1a3apa pasrnoJjiarar CbC CHEeIMAIM3UPaHN CEH30pH,
M3KYCTBEH WHTEJIEKT M YCHBBPIICHCTBAHO MAaIIMHHO
3pEHHE, C YHATO IIOMOII MOTaT BCE TI0-CaMOCTOSITEITHO
Jla ynpaBisiBaT pabOTHHWSI MpOLEC M Ja paspeliaBar
BB3HUKHAIU TIPOOICMHU.

2. OCOBEHOCTH 1 INTPUJIOKEHUA

[IpomuiieHOTO NaneTu3upaHe BKIIOYBA 3aXBa-
IIIAHETO U TOAPSIKIAHETO HA Pa3IHyYHU 10 THUII, hopma
U TOJEMUHA H3/eiMs, KallOHU, KYyTHUH, KOHTEeHHepH,
CKJIaZIOBH WJIM TOBapHU €IMHUIIM OT KOHBEHEpH WM

llpyFI/I MO6I/IJ'IHI/I U CTaTUYHU pa6OTHI/I CTaHIIUU B’I)pr
majgeTH, KOETO YJIECHsSBa TOBAapEHETO M pa3ToBapBa-
HETO UM Y ChKpalllaBa BpeMeTo 3a 00padoTKa.

OOparHara omepaisi 1O pa3TOBapBaHETO Ha
O0EKTHTE OT MajieTa Ce Hapu4ya JenajeTU3UpaHe U
MOXe 1a O'bJie M3MIBIHIBAHA OT CHIIMS TUI CHCTEMA.

[Maneru3upammure poOOTH ca HACOYEHH KbM IThJI-
HOTO AaBTOMAaTH3HMpaHE HAa Mpolleca M CTaBaT BCe
MO-TIOMYJISIPHU B IPOU3BOJICTBEHUTE OTPACIH, XPaHH-
TEJIHO-BKYCOBaTa M ONAKOBbYHATA MPOMHIIUICHOCT,
CKJIaZioBaTa AEHHOCT, TpAaHCIOpTa U Jloructukara. Ha
nasapa ce mpejjiara HmmMpokKa rama OT MOJENHU C pa3-
JUYeH o0cer W TOBapoOHOCHMOCT. boratusar Habop ot
KpalHU MaHWITYyJaTOPH MO3BOJIBA ITBJIIHO MEPCOHA-
JM3UpaHE HA MPHUIOKEHHETO CIope]] 00paboTBaHUTE
06ekTH. ChIIECTBYBAT HAIPUMED CIICIIUATHY XBaIlaun
3a 4yBaJH U TOPOU, KOUTO TH OOXBAIIAT U TOJABPXKAT
OT/I0NTy, KAKTO U CMYKATEJIHHU WIIK MATHUTHU TPUIIEPH,
MpeIHA3HAYCHH J1a 3aXBaHAT 'OPHATA YacT Ha 00eKTa.

MHOro npeanpusTusi KOHPUTYPUPAT CIEIUATHA
POOOTH3MPAHU KIIETKH 33 MAJECTH3UPAHE C IeJT ONTH-
Mu3aIs Ha paboTHUTE nporecu. M300pbT Ha pobdOT
3aBHCH OT MHOXECTBO ()aKTOPH, Cpejl KOWTO: o00cer,
TOBapOHOCHMOCT, JIeK MM TE&XbK PeKHM Ha paboTta
(heavy duty, light duty), Opoii pabOTHHM IUKIH B MH-
HyTa, radapuTi U T. H. [1,3].

OcBeH TerjoTo Ha 00EKTHTE, C KOUTO POOOTHT 1IIe
6opaBu, ¢ BXHO Jla C€ OTYETE U TOBA HA HHCTPYMEH-
TaJTHaTa CKUIMPOBKA.

Tpu OT OCHOBHHTE MPEANU3BHKATEICTBA TPEI aB-
TOMAaTH3MPAHOTO TMAJIETH3UPaHEe B MOJAEPHATa MHAYC-
TpHs ca T'BBKABOCTTA IPHU MOJPEKIAHETO HA TOBAPHU
eIMHUIIM BBPXY MaJIeTH 10 OIpelesieH Mojen, QyHK-
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[IMOHATHOCTTA HA KPalHUTE MaHUITYJIATOPU U BPEMETO
3a o0Opabotka. [IpomsBoamTenuTe Ha MATCTUIUPALIHA
pobotu pa3paboTBaT CrieNUaTU3UPaHN BEPCHH 32 BU-
COKOCKOPOCTHH JIMHUM, TEXKH TOBAPH WIIM TIPHIIO-
JKeHHWs, U3UCKBAIM TOJsIM 0OCer Ha pamoTo, 3a Ja
MOrar IMoTpeOHuTeNnuTe na moadepaT ONTHMAJHO pe-
IIEHUE CIIOpe]] KOHKPETHUTE CU MOTpeOHOCTH. MHO-
JKECTBOTO CO(PTyEpHHU BH3MOKHOCTH ITO3BOJISIBAT Oorar
n300p OT mpenedUHUPAaHN CXEMHM Ha TaleTH3HpaHe
WJIY TeHepUpaHe Ha epCOHAIM3UPAHH TAKUBA, KAaKTO U
HETpeKbCHAT MOHUTOPUHT HA TIpOIleca B pPeajHoO Bpe-
Mme. Taka OcBeH KalllOHU, KYTHH, [IAHTH, KACETKH, Uy-
BN M TOPOM MajeTH3UpaLIUTe POOOTH HAIEXKIHO Ce
CHpaBiAT M C TO-JENMKaTHH OOEKTU KaTro CTHKICHH
OyTHJIKM W KOHTEHHEpH, KO(QH, 3aMpa3eHH XpaHH,
Pa3sHOOOpa3HK THUIIOBE XPAHHUTEITHH TPOAYKTH U JOPU
HACHUITHH MaTepuaIy.

OCBEH KaTo CaMOCTOSITETHM Pa0OTHU CTaHIUU B
Kpas Ha MPOHM3BOJICTBEHA, ONMAKOBBbYHA WIIM TpPaHC-
IopTHA JIMHUA, p060T1/131/1paH1/1Te aj€Tu3aTopu mMorat
Ja ObIaT UHTETPUPAHH M B IPYTU €Taly Ha paOOTHUS
IOTOK, a CBLIO W Ja OOPaBiT ¢ PAa3HOPOAHU IO THIIL,
(hopMa u roeMrHa MPEIMETH B €IUH U CHITH paboTeH
IUKBJI €3 Hy)KJa OT CIIMPaHe U PEHACTPOIKa.

C pbcTa Ha €NeKTPOHHATAa THPrOBHS B HALIM JHH
BCE TO-TIOMYJISIPHU, OCOOCHO B cepaTa Ha MAIKUAA U
cpezeH Ou3Hec, ctaBar mnajerusupaiure Kooboru. Oc-
BEH ChC CPAaBHUTEIHO JOCTBHIHHU LIEHHU, KOJTa0OpaTHB-
HHUTE CHCTEMH C€ OTJMYaBaT ¢ KOMIIAKTHH Pa3MepH H
BHCOKa CTeleH Ha Oe3omacHocT. EnvmMunaMpanara He-
00XOIMMOCT OT CTICIMAIHY MPEIIa3HU ChOPBKEHUS U
OTPa)KJCHUSI 3HAUMTEIHO YJIECHSIBA HMHTETpaluara U
MIPEMECTBAHETO UM B IeXa WM CKJIaja, a JbJIT0CpOY-
HHUTE IIOJ3M HAIBIHO OIPABAABaT HMHBECTUIMATA B
najgeTu3upamn KoOOT JOpH M 332 KOMIIAHWUTE C
M0-OTPaHUYEH OIO/KET.

3. HPEJUMCTBA IIPEJl KOHBEHIINO-
HAJIHUTE CUCTEMHU

[Manernsupamure podOTH HE MOraTt aa OBIAT Ka-
TEropryHO Je(UHUPAHH KAaTO YHHBEPCAIHO pEIICHHE
3a BCsIKa 33/1a4a, (hupMa WM OTpachi, HO Oyaronape-
HHUE Ha ToJisIMaTa CH I'bBKaBOCT, HAJISKIAHOCT U (QyH-
KIMOHAJTHOCT T€ YeCTO ca IO-NPeANoYuTaH U300p B
ChBpPEMEHHATa WHIYCTPUSI OT KOHBEHIIMOHATHHUTE aB-
TOMATHYHH U ITOJyaBTOMATHYHHU NAJICTU3ATOPH.

ChIIecTByBaT peAnIia TUIIOBH MPUIIOKEHHS, B KO-
UTO POOOTH3MPAHUTE CUCTEMH MHOTOKPATHO NPEBbH3-

XOKAAT MO0 e(EeKTHBHOCT, PEHTAOWIIHOCT U HPOU3BO-
JUTEITHOCT MAa3apHUTE CH aHAJO03M U YOBCLIKUS TPY.
TakoBa e HapuMep HUCKOCKOPOCTHOTO MaJICTH3UPaHe
Ha eTHOPOAHU CIMHHUIN KATO KAIOHH WA KAaCCTKH.
Tyk xapIyepHHUTE U3HCKBAHUs Ca CPABHUTEIHO Orpa-
HUYEHH, KOETO MO3BOJISIBA €IWH 0a30B MaJCTU3MPAILL
pobOT HamBIHO eUKacHO Ja poOOTU3Mpa Mpoleca ¢
HHCKA MHBECTHIMS M BHCOK MOTCHIMMAT 3a ONTHMH-
3anusl.

Heob6xoquMO € eIWHCTBEHO BHEAPSIBAHETO Ha
3axpaHBall KOHBeHep, a CKopocTTa Ha paboTa OOMK-
HOBEHO II03BOJIABA Oe30IacHaTa Hameca Ha YOBEK
CIIyXKHTeJ 3a W3IbIHEHHE Ha JOIBIHUTEIHHU 3aJauH,
Koraro ToBa e Heooxoaumo. [TomobeH e ciaydast npu
€IHOBPEMEHHOTO MaJeTU3NpaHe Ha OOEKTH OT Hi-
KOJIKO JIMHHH, TIPH KOETO POOOTHT €IMMHHHpPA HYXK-
Jara OT KOMIUIEKCHH KoHBeWepHH cuctemu. C mo-
MOIITa Ha IIUPOKUs HAO0Op OT codryepHH (PyHKIUU
HOTPEOHUTENUTE MOTaT MPELM3HO J]a HACTPOST CXEMUTE
Ha MOJpEXKIaHe Ha BCSAKA OTIEHA ITajleTa B 3aBHCH-
MOCT OT THIIAa Ha CKJIAJOBUTE WJIM TOBapHU CIHHHIH,
KOWTO MPUCTUTAT IT0 CHOTBETHATA JINHUSL.

Makap &1a ca NpeIU3BHKATEIICTBO 32 HSIKOM KOH-
BEHLMOHAIHH CHCTEMH, UyBaJIUTE U TOPOHUTE ca HM3K-
JMIOYUTETHO TOIXOAAIIN OOEKTH 3a POOOTHU3UPAHO
nanerusupase. C MOMOIITA Ha YENIIOCTCH XBallad ¢IHO
I'BBKaBO POOOTH3HMPAaHO PaMO C LIAPHUPHU ChEIUHE-
HHUS MOXE JCIHKAaTHO Jla MaHWITyJHpa C YyBald C
BCSIKAKBU Pa3MEpH M ChIbpXkKaHKe, 0e3 1a KOMIpOMe-
THpa 1EJOCTTa, 3ApaBHHATA U CHCTOSHUETO Ha IIbJ-
HEeXKa MM, KakTO W Jla M3rpakaa CTaOWIHH KyliH ¢
NpaBWJIHA TeoMmeTpuuHa (opma BbpXy mnanera. [3]
MonepHuTe pEIICHHUS B CErMEHTa MO3BOJISBAT H3-
BbpILIBaHEeTO Ha Haa 20 pabGOTHH IMKbJIA B MUHYTA H
paboTa AOpH B TECHU MPOCTPAHCTBA WIIH 3alpalicHH
cpenmy, KOMTO OuXa MPeCTaBIsBAN MPoOJieM 3a XO-
para npH phYHO MaJCTU3UPAHE.

KBM BHCOKOCKOPOCTHHUTE, TEKKOTOBAPHUTE U
CIIELMAIN3UPAHUTE MPUIOKEHH, B KOUTO POOOTHTE
HCTUHCKH TIPEBB3XOXKAAT YOBEKa W KOHBEHIMOHAJ-
HHUTE aBTOMAaTHYHH CHCTEMH, MOKEM Ha NO0aBHM H
MaJIeTU3UPAaHETO HA KO(U, IPH KOETO € He0OXOIUMO
MPEUr3HO “BrHE3AsABaHE” Ha KOHTEHHEPHUTE OT BCEKU
TOpEH pell B KalalyTe Ha Te3H OT JOJTHHA.

4. NI3bOP HA UHCTPYMEHTAJIHA
EKHUIIMPOBKA

ITpoekTupaHeTo Ha MajJeTU3HUpalla paboTHA KIeTKa
B CBBPEMCHHATa WHIYCTPUS € CIOXKCH MPOIeC, Thi
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KaTo OW3HECHT MEIEHACOYCHO WHBECTHPAa BBB BCE
M0-CKOJIOTUYHH OINAaKOBBUHH PEIICHHS, TPOU3BEICHU
OT TO-MaJIKO KOJMYECTBO MaTepHaji, a BTOPHYHOTO
MaKeTUpaHe B MHOTO NPWIIOXKEHUS TOpH oTraza. Taka
OTIAaKOBKHUTE CTaBaT I0-clabM M IO-TIOAATIMBH HA
MOBpEX/IaHe IpU CKJIAJAUpaHe W TpaHcmopr. B mo-
IIBJIHEHNE KOHCYMaropcKara KyJlTypa Ha MOJEPHOTO
o0IIecTBO Hajlara HENpPeKbCHATO pas3IIUpsiBaHe Ha
Juana3oHa OT pa3Mepd, (GOpMH M MaTepHald IpH
OTakoBKHTE. Te3n HOBM NpEAM3BHKATENICTBA 3aJaBaT
OlIle MO-CTPUKTHH CTaHAAPTH KbM (YHKIIMOHAITHOCTTA
M HaJeXKIHOCTTa HAa NPOMHIIUICHHUTE IaleTH3aTOPH.
Eto 3amo n300pbhT Ha MOAXOASIIO MHCTPYMEHTAIHO
pelIeHre 32 BCEKH MaJIeTU3HUPAIL poOOT € KPUTHYEH 3a
JBIITOCPOYHATa MYy I'bBKaBOCT U epeKTHBHOCT [2].
3agaya HOMEp €HO € aHAJIM3bT HA LEJHSI aCOPTHU-
MEHT OT IPOJYKTH U TUIIOBE ONAKOBKH, C KOUTO CHC-
Temara e IUIAHUPAHO na 6opasu.
CneznBa fa Oblle OTYETEHa M CKOPOCTTa, C KOSTO Ce
JIBYDKM TPAHCIIOPTHATa MJIM ONAaKOBbYHA JIMHUS, H3-
MepeHa B Opoit paboTHH IMKITN WK Opoit 00paboTeHn
00eKTH (CKJIaJI0BW/TOBAPHH SIUHUIIN) B MUHYTA.

BaxHo e ma ce B3eMar NpenBUI U €CTETUYECKUTE
aCIIeKTH Ha NpHiIoxeHneTo. ChIecTByBa PUCK HIKOU
MaHHITYJIaATOPH C “Mo-Tpy0a” MexaHWKa Ja Haxepar
WIN HaJpacKaT ONaKOBKUTE, KOETO OOMKHOBEHO HE €
¢aranmHo Hampumep 3a cTped (OIMOTO WM TpaHC-
MOPTHUSI KaIllOH, HO MOXE Jla ChCUIIE BUJIAa HA KapToO-
HEHNTE KyTHHM, NIPEAHA3HAYCHU 32 M3JaraHe Ha pad-
TOBETE B MarasuHUTE. B ciydanre, Korato ce M3MON3-
BaT MEXIUHHH CJOEBE XapTHs WIM KapTOH 3a CTabu-
mm3upane Ha nanerute (slip/tier sheets), poGorsT
OOMKHOBEHO ce HyXJae OT CIeHHalHu nepudepHu
yCTpoOicTBa, Ype3 KOUTO Jla 3axXBallla U MO3UIMOHHPA
TO3H THIT OCUTYPUTEITHH €JIEMEHTH.

He na nocnenHo msicto, mpu n3dopa Ha HaOOp OT
KpaiH1 MaHHUITYJIaTOpH € OT KITI0YOBO 3HAUYEHHE Ja ce
B3eMar MpeABH ¥ OTEHIHAIHUTE ObACIIN TPOMEHH B
IPOJyKTOBaTa IPorpama, 3a 1a Ce OCUI'ypH ONTUMATHA
I'BBKAaBOCT M €(EKTUBHOCT 0€3 HyXJa OT HeNpeKbC-
HaTu peTpodUTH Ha CHUCTEMara WM WHBECTUIMU B
HOBa MHCTPYMEHTAJIHA EKUITMPOBKA.

5. EOEKTUBHO IIVTAHUPAHE HA
POBOTU3ALUATA

ITpu npexox OT pPBYHO, NOTyaBTOMATH3UPAHO HIIH
KOHBEHI[OHATHO aBTOMATHYHO IIaleTH3UpPaHE KbM
POOOTH3HMPAHO pELIEHHE € OT CHLIECTBEHA BAXKHOCT 1a

ObaaT aHANIM3UpaHH 0COOCHOCTUTE HA TIOMEIICHUETO,
a ChIIO M OCHOBHUTE CHECHU(BHUKH HA TPUIOKECHUETO,
KOMTO KacasiT Au3aiiHa, MHCTANAIUsITAa M EKCILIoaTa-
nusta Ha pobora. CHEHaIuCTUTE MOpPernopbhYBar
NpPEeIBAPUTEIHO Ja €& YTOYHH Ay CHUCTeMara Iie
TpsiOBa Ja W3BBPIIBA €IUH THI 3a1add (KaTto MOJ-
pexaaHe Ha Kacw/LIAiird BbpXy [MajeTa) WIH MHO-
JKECTBO PA3NUYHH ONEPAIlMH €IHOBPEMEHHO (HAmpH-
Mep OIMaKOBaHE Ha MPOMYKTH, MOAPESKIAHETO UM
BBpPXY MAJeTa ¥ yBUBaHE Ha IslaTa KOHCTPYKIMS B
ctped donmo).

[poruechT Ha MJIaHUpaHe € MPEMOPHUYMTENHO JIa
BKJIFOUBA W KaJIKyJalis Ha HeoOXoIumara IbpBOHA-
YaliHa WHBECTHIIUS 32 M3TPAXAAHETO HA TajeTU3Npa-
112 KJIETKAa ¥ ChIIOCTABSHETO W C Mepuojia Ha Bb3BPb-
IaEMOCT U MOTEHIUATHUTE UKOHOMHUH B JIBIITOCPOYCH
ruiad. ToBa Ou 1a110 KaTeropuydeH OTroBOp Ha BhIPOCa
JIaJT KaIlMTAJIOBIOKEHUETO B MAlETH3UpaIl poOoT e
peHTa0MITHO 332 CHOTBETHHS OM3HEC U Kak OU ce oTpa-
3UJI0 Ha OO/KeTa Ha KOMIIaHUsATa BbB BpemeTo. Enqna
CHCTEMa C KamalureT OT mopsabka Ha 60-70 enuHUIH
B MUHYTa JIPACTUYHO OW MOAOOpHIIA TPOU3BOIAMUTEI-
HOCTTa M ¢()EKTUBHOCTTA Ha MPEIIPUITUE, KOECTO J10-
cera e 3aJlarayio ¢IMHCTBEHO HA PhYHO MAJICTU3UPAHE.

BaxHo € 1a ce nmpoy4u U Aanu 00eKTHT [03BOJISBA
BHEJIPSBAHETO HA COJIMJCH POOOT 3a TOJ0B MOHTAXK
win e mo-100pe aa ce m3depe I'bBKABO PEIICHHE 3a
MOHT@X HAa TaBaHa WM HA CTOHKA, OCUTYpPSBAIIO
pasmmpeH paboreH obcer. Bunst (Termoro, gpopmara,
pasMepuTe, 3paBUHATA U KPEXKOCTTA) HA SMHHIIUTE,
C KOUTO CHCTEMATa IIe MAHUITYJIUPA, TBK I ONPEIeIIH
Heo0Xo/iMMara MOIIHOCT M TOBapOHOCHMOCT B JIO-
MBJIHEHUE C MOAXO/IAIIA TEXHONIOTHS 32 3aXBall[aHe.

CurypHocTTa U 6e30macHOCTTa ca pyHIaAMEHTATHH
ACIMEKTH OT BCSAKA MPOrpama 3a BHEAPSBaHE Ha pellie-
HHS 332 MHIYCTpHAlHa aBTOMaTH3aims. ETo 3amio e
3aIBIKUTENHO J1a OBJAT ClIa3eHH ChbOTBETHUTE HOPMH
3a 0€30MaCHOCT MPH MHCTANAIMATA ¥ SKCIUIOATAIINATA
Ha TMajeTU3Mpaly poOOTH, KaKTO U Ja ObAaT OCUTY-
pPeHH HEOOXOIMMUTE CIEeIMAIM3UpaHd CPEICTBa 3a
TSAXHOTO 00€30TacsiBaHe.

6. ITASAPHU TEHAEHLN

PazBuTHeTo Ha TexHojoruure B cdepara Ha Jo-
THCTHKATa W JUCTPUOYLHMATA Ha MPOMHUIILUICHA MPO-
IyKIHs chriaacHo npuHmnuTe Ha Industry 4.0 namara
BUCOKM HM3HCKBaHHS KbM CO(DTYEPHOTO OCHUTypsIBaHE
Ha MOJAEpHHTE majerm3mpamy pobotu. OcBeH CbC
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cnermanmupann WCS crucTeMu 3a CKIIaZO0BO YIIpaB-
nenne (warehouse control systems), B AUTHTaIH3Hpa-
HHUTE CHBPEMEHHH NPHIOKECHHUS NaJeTH3aTOPHTE KO-
myHukupar 1 ¢ WES (warehouse execution system)
IaTGOpMH 3a MHTEIMICHTHO HW3ITBIHEHHWE Ha CKJa-
noBata neiiHocT. Te ca mpeqHasHAuYeHH 3a IPUIOCTEH
MEHUDKMBHT Ha MOPBUYKUTE M pabOTHHUTE MPOLECH,
BXO/ISIINTE MaTE€pPHUAIHHU TIOTOLHM, OIAaKOBBYHUTE U
TPaHCHOPTHUTE oneparyi. [1]

Jlpyra TexHOJIOTMYHAa HOBOCT B coTyepHaTra 00-
JIacT ca MHCTPYMEHTHTE 3a TPUU3MEPHO MOJIETIMPaHe 1
CHUMYJIAIMs, KOUTO TO3BOJISIBAT JIECHO BU3YaJHO MPO-
eKTHpaHe Ha CXEMHTE 3a IMOJpPEeKAaHe HAa TOBApHHTE
€JIMHUIIN CIIOpE]] TEeXHHs THI, GopMa U TOJEeMHUHA,
KaKTO U MPEIBAPUTENHO BUPTYAIHO “pa3urpaBaHe’ Ha
JlaJicHa pa0oTHA MporpamMa Wik KOHQUTYpaIws ¢ el
OTKpHBaHE W OTCTpPaHsSBaHE Ha IMMOTEHIUAIHH IPOO-
JIEMHU.

C momomnira Ha YCHBBPIICHCTBAHO MAaIIMHHO 3pe-
HHE, CIICHUATU3UPAHU CEH30PH, U3KYCTBEH HHTEIEKT U
AJITOPUTMH 3a MAIHHHO caMoo0y4eHHe
Hali-BUCOKOTEXHOJOTHYHUTE MaJETU3UPALI POOOTH
Ha Iasapa JHeC MoraT CpaBHUTEIHO aBTOHOMHO Jia ce
CIIPaBAT C H3IBIHEHHETO Ha Pa3HOOOpasHU 3a/laud,
KakTO M Jla paspemaBaT Bb3HUKHAIM TPYIHOCTH OT
pasznuyeH xapaktep 0e3 HykAa OT Hameca Ha omepa-
top. Hanmmunu ca ¢pyHKIUHK 32 TPOrHO3HA AHArHOCTHKA
¥ HENpPEeKbCHAT MOHUTOPHHI B PEAHO BpEMeE, KOHTO
yIBIDKaBaT JKU3HEHWs LUKBI Ha cUCTeMaTa M Ipe-
JOTBPATSIBAT TOJISIMA YacT OT HA3psBAIIMTE aBapuH U
HEM3NpaBHOCTH. EJWH CBBpP3aH W WHTEIUTEHTEH MO-

JICpeH IMaJeTU3NpaIl poOOT € B ChCTOSIHUE JIa OCUT'YPH
Haj 100 xui. yaca MOJ€3€H JKUBOT MpEAu OTKa3, Ja
B3aMMOJICHICTBA aKTHBHO C MepcoHala W paboTHarta
cpena W JOpH Ja TPENBUIN Pa3IniHU CIEHApUU Ha
0a3a “Hay4eHOTO” JOTYK IO BpEME Ha CKCILTOATAIHSITA
CH B CHOTBETHUS OOEKT.

Cpen BopemUTe TEHICHIIMH NPH pOOOTH3NpPAHHUTE
MaJIETH3aTOPU € W BCE IO-TSICHAaTa MM HHTErpanus ¢
JIPyTH aBTOMAaTHU3WUpPAaHH PEIICHHsS B IIEXOBETE, CKJa-
JIOBETE WM JUCTPUOYIIMOHHUTE IEHTPOBE, HAIpPHMEp
aBTOMAaTHUYHH TUTIAT(OPMHU 3a ChXpaHEHHE U U3BIIMYaHE
(ASRS), coBajyKOBH CTENaKHH/TPAHCIIOPTHU CUCTEMH,
“yMHHM” KOHBeE#epH, ONAaKOBbYHU U MOOMIHU POOOTH,
CaMOHACOYBAIlM CE IIPEBO3HU CPEACTBA U T. H.

BaaropapHocTnn

Brx mckana ma n3kaka CBOSITA JBI0OKA MPU3HATEIHOCT
KbM XOpaTa, KOUTO Ce NPEBbPHAXA B JBUraTell HAa CTPEMExa
MH KbM NpuA0OMBaHe HA HOBYM 3HAHHS M IIPOIbDKaBaHE Ha
MOETO pa3BUTHE B Hay4Harta cepa - LeNHs MpernoaaBare-
CKM KOJICKTHB OT CHELHATHOCTTA ,, T eXHIU4YecKa 0e3011acHOCT
Ha paboTHO obGopynBaHe” KbM MammuHOCTpouTEIeH (aKyI-
TeT, Texanyecku yausepcutet — Codusi.

Jluteparypa

1. Hanerusupamu podoru — cn. MmKeHepuHr peBio -
6poii 6/2021 + 17.09.2021, ctp. 42-46

2. STAMH:WHTerpauusi Ha COPTHPALIM U NAJETH3U-
pamu po0OTH M KOHBeliepHM CHCTEMH - JAUTHTATHO TeX-
HH4ecko m3nanue Mmxkenep.bg

3. www.igsdirectory.com. Iloceter ma  10.09.2021r..

ROBOTIC PALLETIZING SYSTEMS

Irena ALEKSANDROVA
Occupational Medicine Service Iren M EOOD
e-mail: irealeksandrova@tu-sofia.bg

Abstract: The aim of this paper is to present the importance of robots in modern industrial palletizing by emphasizing their
indispensable role in optimizing efficiency in enterprises, warehouses, logistics and distribution centers; to provide guidelines
for the correct choice of palletizing robot, depending on many factors, including: range, load capacity, power, productivity,
number of operating cycles per minute, dimensions, etc .; as well as to present the wide range of end manipulators, allowing
complete customization of the application according to the type, shape and size of the processed objects, storage or cargo units.

Keywords: palletizing robots, industrial machines, industrial palletizing
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N3MEPBAHE HA IIOKA3ATEJIM HA KAYECTBOTO HA BUHO

Mumu JJACKAJIOBA

katenpa [Iperusna TexHUKa U ypenocTpoeHe, MamunoctpouTeneH gpakynrer, Texanaeckn yausepcureT — Codust, bearapus

e-mail: mimil992 pz@abv.bg

Pe3iome: B nokiana ca pasriieaHu I0-BaKHUTE KAYECTBEHM IIOKa3aTeIM Ha BUHOTO, M3MCKBAHUATA KBbM TAX, METOIHUTE U
CpelcTBaTa 3a U3MEpBaHe Ha IoKasarenuTe. B padorara e npeicraBeHo H3MepBaHe ChC CIIEKTPOGOTOMETHP Ha IIOKA3aTEeNIH Ha
YEePBEHO BHHO: COPOMHOBA KHCENMHA, MHTCH3UTET M HIOAHC Ha IIBETa, aHTOLMAHU U (eHOIH.

KuawuoBn AYMMU: | KQYC€CTBO Ha BUHO, KOHTPOJI BbPXY BUHOTO, U3MEPBAHE HA [MOKA3aTCJIM, CIICKTPAJIHNU XapaKTCPUCTUKH,

METOJIM U CPEACTBA, CIEKTPO(YOTOMETHP

1. KAYECTBEHMU IIOKA3ATEJIN HA
BUHOTO. METO/JM U CPEJICTBA 3A U3-
MEPBAHE

3a oma3zBaHe Ha YOBEIIKOTO 3[paBe, UMUIXKa Ha
JaneHa (upMa WM TPEANpPUATHE MPOU3BEXIAII0
BHMHO € HEOOXOMMO Jja MOTaT J1a OLIEHIBAT U U3IIUTBAT
BHUHATa, KOUTO MPOU3BEXKIAT. 3a KyIIyBayHTe € BaXKHO
na ObIaT IpeIcTaBeHN KAYeCTBEHH OIEHKH HA BUHOTO
32 HETOBHUTE apOMaTO-BKyCOBH KadecTBa, IBIT H

Oucrpora upe3 craHHapTH3UPaHH (QUIUKO-XUMUYHU
Mmetonu. ToBa € OT BaXHO 3HAUCHHUE, 3aI[0TO UPe3 Te3U
Ka4eCTBEHH aHAIN3U U M3MUTBAHUS ILE MOXKE Ja ce
OCBIIECTBSABA IO-IECHO NPoJak0aTa Ha BUHO KaKTO B
bbarapus Taka U Ha €BPONEHCKUAT U CBETOBHUTE Ia-
3apH.

B Tabnuua 1 ca npencraBeHr OCHOBHH ITOKa3aTeNn
Ha BHUHOTO, U3UCKBAHMATA 3a TAX, METOAUTE U YCIIO-
BUSITA 32 M3MEPBaHe, KOUTO CE IpHUJIarar 3a N3UTBaHE
B aKpequTHpanuTe maboparopun [1-9].

Ta0,1.1 OCHOBHM KaueCTBEHHU IMOKA3aTe)IM HA BUHOTO. MeToIu U Cp€ACTBa 3a USMEPBAHE

I'pannyna YcaoBus
Ne Bun na usnursane/ Enununa ua CTOMHOCT HA Metoa Ha M3NIMTBaHe Ha cpeaa-
XapaKTepUCTHKA BeJIMYUHATA
noKa3arteJss Ta
1 OTHOCHTENHA IUTBTHOCT - - OIV-MA-AS2-01A:R2012
2 AJIKOXOJITHO ChABP)KAHUE - JAeHc- 00. % MuH. 9,0* OIV-MA-AS312-01A:R2016 4B
TBUTEITHO
3 | Excrpakr - 0011 g/L - OIV-MA-AS2-03B:R2012
4 | Excrpakrt - Oe33axapeH g/L - OIV-MA-AS2-03B:R2012 %
5 | 3axap (xaro penyuupay 3axapH) g/L 10 4,0%** OIV-MA-AS311-01A:R2009 )
6 | OOma KUCEeTUHHOCT (KaTo BUHE- g/L MuH. 3,5% OIV-MA-AS313-01:R2015 :f
Ha K-Ha) =)
7 | JletnuBa KucemuHHOCT (KaTo g/L Makc. 1,08%* OIV-MA-AS313-01:R2015 8
OIIeTHA K-Ha)
8 | pH - - OIV-MA-AS313-15:R2011
9 | Cepen nuokcug — cBOOOJICH mg/L - OIV-MA-AS323-04A1:R2018
10 | Cepen nguokcua — oour mg/L Jo 200** OIV-MA-AS323-04A1:R2018

2. IPUJIOKEHUE HA CHEKTPO®OTOMET-
PUATA 3A OIIEHKA HA KAYECTBEHMU I10-
KA3ATEJIN HA BUHOTO

CnextpooToMeTpUTEe U3MEpPBAT WHTEH3UTETa HA
CBETJIMHHHS JIbY Karo (PYHKUIUS OT HEroBUsl LBST
(mpoKkvHA Ha BBIIHATA). BaXHUTE XapaKTepUCTHKU Ha

CHeKTPO(OTOMETPUTE Ca CIIEKTpAIHATA [IIMPOYMHA HA
YeCcTOTHATa JIeHTa (Uana30oHBT OT I[BETOBE, KOWUTO
MOXe€ J1a TpejaBa upe3 TecToBara npoda), MpoIeHTHT
npoba-npeaaBate, JIOTAPUTMUYHHAT JTUANA30H Ha ab-
copOrusATa Ha mpodaTa M MOHSIKOra MPOIEHT OT U3-
MepBaHeTo Ha oTpaxkeHune. CrekTpohoTOMETHp
OOMKHOBEHO Ce M3M0JI3Ba 32 M3MEpBaHe Ha TMPOMYCK-
JIMBOCTTA WJIM OTPa3sBaHETO Ha Pa3TBOPH, MPO3PayHU

87



mailto:%D0%BCmimi1992_pz@abv.bg

Mumu IACKAJIOBA

WM HENPO3payHH TBBPAM BEIECTBA, KATO ITOJHPAHO
CTBKIIO WK Ta3oBe. CIeKTpOPOTOMETHPET MOXKE J1a ce
M3IUI03Ba BHB BHHOIPOM3BOATBOTO 32 M3MEpBaHE Ha
CJIC/IHUTE ITIOKa3aTeNu: cOpOMHOBA KHCEJIMHA, UHTECH-
3WTET U HIOAHC Ha IBETa, aHTOLMAHH, (DEHOIIH.

2.1 Iloka3aresm M MeTOAM 32 H3MepPBaHe CbC
crnekTpogoToMeThHp

2.1.2 CopOuHOBa KHCeJIUHA

LIIpunuun Ha MeToaa

CopbuHoBara kucenuHa (TpaHc, TpaHc 2,4 xekca-
JICMHOBA KHCENMHA), W3BJI€YeHa 4pe3 JeCTHianus C
BOJIHA Napa, Ce ONpe/eNs BbB BUHEHUS JECTHIIAT, Ype3
CHEeKTPO(OTOMETPUSI B yITpPaBHOJIETOBAaTa OOJIACT.
BemectBa, kouTo nipeyar B yATpaBHOJIETOBaTa 00JIACT,
ce OTCTpaHsIBaT 4ype3 U3NapsiBaHe JI0 CyXO C IpeaBa-
PUTEIHO JIEKO aJIKaIM3UpaHe Ha JAEeCTHiIaTa ¢ KalllieB
xunpokcua. OTCHCTBHETO HAa COPOMHOBA KHCEJINHA Ce
TIOTBBPIKAABa C MapalielHO M3MUTBaHe Ha mpoba Oe3
nobaBka u npoda ¢ nodaska or 10 mg/L copbuHoBa
KHCEJIMHA.

II. Anapartypa

e Amapar 3a necrunanusi: Gerhardt (“Vapodest
20”)/ Ypen 3a nectuiaiusi, ChCTOSIL CE€ OT: Mapore-
HepaTop, Kojba ¢ TppOMUKa 3a mapa, IeCTHIAHOHHA
KOJIOHA; XJIQJHUK;

e CrexTpooTOMETHp, MO3BOJNISBAIL H3MEPBaHE
MIpU IBIDKUHA Ha BBJIHATA 256 nim, ¢ KBapLIOBH KIOBETU
C ONITHYCH ITBT SAWH CAHTUMETHD;

e AHanuTHYHA BE3HA.

2.1.3 UuTeH3uTeT M HIOAHC HA IBETA
I. llpuHuMn Ha MeTOAA

CriekTpo()OTOMETpHYEH METOJ, 4pe3 KOHTO ce
OTIpEeNENST IIBETHUTE XapaKTCPUCTUKHA BBHB BHHO. 110
TIPUHIIUT Ce U3pa3siBa ¢ MHTCH3UTETA HA [IBETA, TaJICH
0T cyMmara Ha abcopOIuuTe Mpyu ABDKHHA Ha BBIHATA
420, 520 1 620 nm 3a eAWH CAaHTUMETHP ONTHICH ITET B
npoOara.

II. Anmapartypa

e Cuekrpodoromersp - UV-VIS
2.1.4 AHTOUMAHU
I. lIpuHuMn Ha MeToAa

OcHoOBaBa ce Ha U3MEHEHHETO B OLIBETSIBAHETO HA
a”TonuanuTe B 3aBucuMocT ot pH. ToBa n3menenue e
MIPOTIOPIIIOHATHO Ha KOHIEHTPAIMsATa Ha HEKOHJICH-
SUPAHUTC aHTOLHMAHH.

II. AnapaTtypa

e CnexTpooTOMETBD

2.1.5 ®enonn

I. Ipunuun Ha MeToAa

Tozu cnekrpanen meroxn ce 6a3upa Ha crienupuy-
Hata abcopOuyst Ha pa3NUYHUTE TPYNH (EHOIHU Ch-
€/IMHEeHUs B yITPaBUOJIETOBaTa 00JIACT.

Crnektpanuusat Meton Ha Somers U Evans 3a u3sc-
JieBaHe Ha YEpBEHHM BHHA CE OCHOBABAa Ha CIICJHUTE
CBOICTBa Ha aHTOLMAHUTE M MOJIMMEPHHUTE TUTMEHTH:

1) CBoOomHuTE aHTOIMAHU ce 00E3UBETSIBAT MPHU
W3JHUIIBK Ha CBOOOMCH cepeH aByokuc (SO2) mpu ec-
TecTBeHOTO pH Ha BuHOTO. OcTaThunus UBAT pu 520
nm ce IBJDKY Ha TIOJIMMEPU3UPAHUTE TIUTMEHTH.

2) Ipubapsuero na auerangexun ( CH3CHO ),
KoliTo cBbp3Ba Hammuuus SO2 mMo3BoJsABa J1a CE U3-
YHCJIAT CBOOOJHUTE aHTOLUAHH.

3) Ilpu pH < | Bcuku aHTOIIHAHU C€ HAMHUPAT O
¢dopmara Ha ,,(h1aBUEB KaTHOH.

I1. Anapartypa
e Cnexrpodporomersp - UV-VIS

3. OCHOBHU XAPAKTEPUCTHKHU HA
CIIEKTPO®OTOMETDBP

3a u3MepBaHe Ha ONMHCAHUTE TTOKA3aTeNH € U3II0JI-
3BaH CHEKTPO(OTOMETHP C COWHWYCH JIBY, MOJIEIN
UV-VIS 75 cbc cienHuTe XapakTepuCTUKH:

JwmxuHa Ha BeaHATA: 340 - 1000 nm.

Pexxum Ha pabora: (GOTOMETpPUYHO H3MEpBaHE,
KOJIMYECTBEHO H3MEPBAHE

OyHKIMK: TpaHCMHCHS, aOcopOLUsl, KOHIEHTpa-
1Hs;
Jbmxuna Ha BbaHaTa: 200 - 1000 nm;
TouHocT Ha BbiHaTa: + 2.0 nm;
[ToBTOpsiemoct Ha BhaHaTa: <1.0 nm;
CnexrpanHa yectora: 4 nm;
®doromerpuuen ooxsart: -0.301-3.000 (A);
®doromerprnuna TogHocT: £ 0.5% (t);

e ®dortomerpuyHa mnoBTopsemocT: <0.2%
0-99999;
Pascesna ceemimaa: <0.5% (t);
Crabunnoct: <0.002 A/h;
Jlamna: Jleytepuena u XanoreHn-TyHrcren;
Onrtnyna cucreMa: JlupakiiMoHeH peleTbiyeH
MoHoxpomatop 1200 JmHuN/MM.

CrnexTpo()OTOMETHPBT C €JUHWYEH JIbY H3MepBa
OTHOCUTCIIHUA WHTCH3UTET HA CBCTJIMHATA Ha CHOIIA
TIPEAH U CJIE/ TOCTABSHETO Ha Mpo0aTa 3a N3MUTBaHe.
Makap ue cpaBHSBAIIUTE HW3MEPBAaHUSA OT JBOMHHU
CBETJIMHHM  WHCTPYMEHTH ca TI0- JIECHH U
MO-CTa0MIIHU, €IHONBYEBUSI MOXKE J1a MMa II0-TOJISIM

®
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OUHAMAYCH AWANa30H W € ONTHYEeCKHA IO-TIPOCT H 4. PE3YJITATU OT UBMEPBAHUS CBHC
mo-koMIrakTeH. OCBeH TOBa HSKOM CIIEIHATN3UPAHU CIHHEKTPO®OTOMETDHP
WHCTPYMEHTH, KaTo CHEKTPO(OTOMETPH, BIPaICHU 3a M3MUTBAHETO C€ HM3IMOJI3Ba YEPBEHO BHHO ChC
BBPXY MUKPOCKOIIH WJIN TeJIeCKONH, ca MHCTpyMeHTH ¢ 3I'Y Tpakwuiicka HusuHa. B Tabnuna 2 ca npencraBeHu
€/IMH JIbY MOPaJy NPaKTHYHOCT. pe3yaTaTy OT U3MEPBAHETO.

Ta6.J1.2 Pesyaratu ot usmepBate uyepBeHo BiHO cbe 3I'Y Tpakuiicka HU3MHA ChC CIEKTPOGOTOMETHP

Buna Ha uanurBane/ Eaunnna Ha PesynaraTu ot I'pan.

Ne Metoa Ha U3NUTBaHe

XapaKTepHCTHKA BeJMYMHATA H3NUTBAHETO c-CT
1 DoanH-YnKaaTo- HHAEKC - OIV-MA-AS2-10:R2009 24,00 -
.1 | Pomm-thukarto, gL OIV-MA-AS2-10:R2009 0,90 -
KaTo rajoBa K-Ha
2. | CoekTpajHa XapaKTepUCTHKA *Somers’s method
3,18
2.1 | Lgeren Unrensurer, (IC') Ich *Somers’s method (1,61 +1,31+ -
0,26)

2.2 | Hioanc (N) N) *Somers’s method 1,23 -

2.3 | % XbAT UBAT % *Somers’s method 50,63 -

2.4 | % uepBeH UBAT % *Somers’s method 41,19 -

2.5 | % cuH uBAT *Somers’s method 8,18 -

% YepBeH LBAT Ha (IaBUITHCB -
6 | KatHon Ha CBOOO/IHH U CBBP3aHH B % *Somers’s method 28.63
KOMIIIIEKC C TAHMHUTE aHTOLMAHU
(dA)

27 JlelicTBUTEIIHA CTEIICH Ha OLIBE- % *Somers’s method 32,04 -
TEHOCT Ha aHTOLMAHH (0

28 EcrecTBena creren Ha onBeTe- o *Somers’s method 38.93 -
HOCT Ha aHToIHanH (o) ’

2.9 | OOy aHTOUMAHU mg/l *Somers’s method 53,68 -
2.10 | OuBereHH aHTOLMAHU mg/1 *Somers’s method 17,20 -
2.11 | HeolBeTeHH aHTOIMAHH mg/1 *Somers’s method 36,48 -
2.12 | O6mwu denosnn ae *Somers’s method 26,70 -
2.13 | Obwmwu denosnn mg/1 *Somers’s method 997,77 -
2.14 | OOwu nurMeHTn ae *Somers’s method 343 -

% Ha MOJMMEPU3UPAHUTE MU~ -
2.15 | meHTH crpsiMO CBOOOIHUTE aH- % *Somers’s method 30,10

Touuani (i)

% Ha MOJMMEPU3UPAHUTE M- -
2.16 | MEHTH CPSIMO OOIINTE IIMTMEHTH % *Somers’s method 13,10

Ha BuHOTO (i')

% Ha IOJIMMEPU3UPAHUTE ITHT - -
2.17 | MeHTH CIIPSIMO LIBETHUTE IINT- % *Somers’s method 34,35

MEHTH IIpH ecrecTBeHO pH
218 | 7o 12 OOUITC MHIMEHTI CIPAMO % *Somers’s method 12,86 -

obuure denosn

3 | Cop6unosa kuceauna mg/L OIV-MA-AS313-14A:R2009 4a,1£1,1 20@0***
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5. 3AK/IIOYEHHUE

3 IlokasaTenuTe, O KOMTO C€ OIpEeHelis KadecT-
BOTO Ha BHHOTO ca AC(HHUHUPAHH B €BPOINCIHCKH U Ha-
UOHATHH HOPMAaTHBHH JIOKYMEHTH. 3a OCHOBHHUTE
MOKa3aTelk ca ONMpEe/CNICHN TPAaHUYHH CTOWHOCTH, Ha
KOUTO TpsAOBa J1a OTrOBaps BCEKU CIHMH aHAIU3UPaH
nokasaresn. BaxHo € MeToanTe, KOUTO Ce U3MOM3BAT 32
OIpeielisiHe Ka4eCTBOTO HA BUHOTO JIa Ca CTAHJapTH-
3UpaHH, YTBBPACHH OT OPraHH3allid C aBTOPUTET B
OpaHIa ¥ 1a ObJAT B OJI3a HA BCHYKH.

W3mnon3BaHeTo Ha CHEKTPO(POTOMETHD JaBa Bb3-
MO>KHOCT Y Ha POM3BOIUTEIISI M HA KOHTPOITHUS OPTaH
3a U3MEpBaHe Ha MOKa3aTeN Ha BUHOTO U OOCKTHBHA
OlleHKa Ha Ka4yecTBOTO My. [IpemocTaBsHeTO Ha Tasu
nH(opManys BOAX U 1O 00OOCHOBaH M300p HA MOTpe-
owurens.

Jluteparypa

1. Paborna mHCcTpykums Ne 1x-Buno; OmpenensHe Ha an-
KOXOJIHOTO ChJIbP)KaHUE Ha BHHO.

2. PaborHa wuHctpykuus Ne 2x-Buno; Omnpenensine Ha
IUTBTHOCT ¥ OTHOCUTENIHA ILITBTHOCT HA BUHO Iipu 20°C

3. PabotHa uncTpykuus Ne 5-Buno;Onpenensne Ha oOmus
CyX eKCTPakT BbB BUHO. OOLI0 CyXO BEIIECTBO.

4. PabotHa uHCcTpyKIms Ne 6a-A1/A2/ OnpexnensiHe Ha CBO-
0ozeH 1 001 CepeH AUOKCHUT BB BUHO

5. PaborHa nHCTpyKIus Ne 7-Buno;OnpenernsiHe Ha JICTIHBa
KHCEINHHOCT BbB BUHO

6. PaboTHa mHCTpyKIMs Ne
KHCEINHHOCT BBB BUHO.

7. PabotHa uHCTpyKUMs Ne
LUpalIX 3aXapy BB BHHO.
8. PabornHa mHcTpykumsa Ne 16-B-MOA ;llBetHn xapakre-
PHUCTHUKH BbB BUHO, u3pa3eHu karo MHrensurer u Hioanc Ha
BeTa

9. Paborna mHCcTpykuus Ne 9-B-MOA;OmnpenensHe Ha aH-
TOLIMAHHU BB BUHO./OUCYIPUTEH MeTO/

10. Pa6orna uncTpykuust Ne 7-B-MIOA;Cnexrpanen ananmus
Ha (DEHONHH CBEJUHEHUS M LBETHH XapaKTEPUCTHKH Ha
YepBEHH BHHA.

11. CnekrpodoTomeTsp ¢ eauHudeH ap4, Mmogen UV-VIS 75
(labmag.eu)

12.  Cnexktpo)OTOMETPUYHO H3CIICIBAHE |
(framar.bg)

4-Buno;OmnpenensHe Ha o0mia

3-Buno;OmnpenensHe Ha pemy-

ITaTomorus

MEASUREMENT OF THE INDICATORS OF THE WINE QUALITY

Mimi Daskalova
Department of Precise Engineering and Measuring Instruments, Mechanical Engineering Faculty, Technical University of
Sofia

e-mail: mimil992 pz@abv.bg

Abstract: This paper discusses the most important quality indicators for wine, the requirements for them, the methods and
eqipment for measuring the indicators. The paper also presents measurement with a spectrophotometer of the indicators for red
wine: sorbic acid, intensity and shades of color, anthocyanins and phenols.

Keywords: wine quality, wine control, measurement of indicators, spectral characteristics, methods and means, spectropho-

tometer
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INVESTIGATION OF METALLIC MATERIALS WITH ULTRASONIC METHODS

Bozhidar DZHUDZHEYV', Boris VELEV?
'dept. Electrical Measurement Systems, Technical University of Sofia, Sofia, Bulgaria
e-mail: b.djudjev@tu-sofia.bg

Bulgarian Academy of Sciences, Sofia, Bulgaria
e-mail: b.velev@imbm.bas.bg

Abstract: The paper presents two non-destructive methods for ultrasonic examination of metallic materials. The structure and
strength characteristics of samples and castings of cast iron, steel and aluminum alloys were studied with the methods for
measuring the information non-destructive parameters - speed and attenuation coefficient of ultrasound in the studied materials.
These non-destructive information parameters provide information from the volumetric ultrasonic waves passing through the
entire cross section of the material. The velocities and the attenuation coefficient of the ultrasound were calculated and a cor-
relation of these parameters with the tensile strength in responsible castings of gray and high-strength cast irons, as well as a
correlation of the hardness in tool steel samples was established. The elastic characteristics are also determined - the modulus
of elasticity E (Jung's modulus) and the modulus of angular deformation (torsion) G in aluminum castings and their dependence

on the structure of the controlled zones.

Keywords: ultrasonic, non-destructive information, metallic materials

1. INTRODUCTION

Ultrasonic examination of metal samples, blanks,
castings and products allows assessing the structure and
mechanical properties of their material without its de-
struction. In addition, the study of the correlations be-
tween the speed and attenuation of ultrasound, on the
one hand, and the structure and mechanical properties
of metallic materials, on the other hand, is a promising
task.

2. OBJECTIVE

The aim of the present work is to study the structure
and strength characteristics of samples and castings of
cast iron, steel and aluminum alloys, by non-destructive
measurement with ultrasonic methods [1]. Another task
is to determine the elastic characteristics, namely the
modulus of elasticity E and the modulus of angular de-
formation (torsion) G in aluminum castings and their
dependence on the structure of the controlled areas.

3. RESEARCH METHODS

The work uses ultrasonic methods to study the
structure and strength of materials, achieving high reli-
ability of measurements [2,3]. A characteristic feature
of these methods is the simultaneous measurement of
two non-destructive information parameters, which
provide information from the volumetric ultrasonic

waves passing through the entire cross section of the
material. These are the velocities of propagation of lon-
gitudinal and transverse ultrasonic waves and the atten-
uation coefficient of ultrasound in the material.

3.1 Relationship between acoustic parameters and
elastic characteristics of materials.

The determination of the effective modules E and G
can be done using destructive methods from the "strain-
stress" diagrams at a certain scale and standard meth-
odology. This method is very time consuming and leads
to the destruction of the studied material. A simple and
convenient static method for determining the elastic
characteristics of a material is to measure the speed of
propagation of ultrasound in the material. The modulus
of elasticity E (Jung's modulus) is most often used in
practice. To calculate the Young's modulus in a poly-
crystalline medium, the formula is used:

E (1 - V)
p(1+ v)(1—2v) (1)
where: Cl and Ct are the longitudinal and transverse ve-
locities of the ultrasound in the material, respectively;

Ce - speed of ultrasound in reference material. To de-
termine the modulus of angular deformation G, the for-

mula is used:
C - \F , [m /5]
Yo

where: v - Poisson's ratio; p - density of the medium.

C =

@
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The volume velocities of propagation and the attenua-
tion coefficient for a given frequency of ultrasound are
calculated by formulas (3) and (4):

C =k(d,/d,)C,.[m/s] 3)

_(4-4)-B rip/m )
t

2d, (n1 - nn)
where: k - coefficient of proportionality; n; and n; - the
number of the compared pulses; dy - relative thickness
measured by ultrasound; d, - actual thickness measured
with an optoelectronic transducer; B - diffraction cor-
rection.

3.2 Research equipment

In order to determine the speed and the attenuation
coefficient of ultrasound according to formulas (3) and
(4), the actual and the relative thickness of the material
are measured simultaneously [2,3]. The speed readings
and the attenuation coefficient are shown simultane-
ously on the display of the digital ultrasonic device,
which is a module of the automated system for complex
non-destructive testing MULTITEST [3,4,5]. The de-
vice works together with a device - test pliers DK100.

Fig. 1 (a) shows the appearance of the device, to-
gether with the stepped standard, and Fig. 1 (b) shows
the device DK100. The measurement methodology, the
metrological provision and the instruction for operation
of the device are presented in [2]. The structure and me-
chanical properties are evaluated by pre-prepared
groups of standard samples of the tested material, the
characteristics of which are used for comparison [3].

Fig.1: a) Ultrasound device MUlTITEST. CD 010; b) Meas-
uring pliers DK100.

4. ANALYSIS OF THE RESULTS OBTAINED

The basis of the ultrasound examination is the de-
termination of the correlation between the controlled

parameters of the material and the ultrasonic character-
istics (speed and attenuation coefficient), which is per-
formed with comparative samples [3,5]. In fig. 2 shows
a similar correlation of cast iron castings with the same
structure and pearlite base, but with the plate and sphe-
roidal shape of graphite, classified by Rm - tensile
strength. Two characteristic areas for the two types of
cast iron have been formed. In fig. 2 are graphically vis-
ualized the results of automated classification of cast
iron castings by strength characteristics. The crosses
show the average value of three measurements of the
ultrasound of cast iron castings with spheroidal graph-
ite type "sea mines", and the circles - of cast iron cast-
ings with graphite plate type "brake drums". For the
first type of castings it is important to have good
strength properties (high tensile strength), while for the
second type of castings it is important to have good fric-
tion and elastic characteristics. It is clear that the me-
chanical properties and ultrasonic non-destructive pa-
rameters of these two types of castings differ sharply
from each other. The speed of ultrasound in the mate-
rial, which does not meet the normal mechanical pa-
rameters for the respective type of castings, is outside
the characteristic areas characteristic of these materials.
It is envisaged by light or sound signal that the castings
with poor mechanical characteristics will be separated
from the suitable ones. In this way, a large number of
castings can be measured in a short time, as the meas-
urement process itself is automated.

: |
Emfs

BY40-2

55

45

33 CH3E0

200

500 00 R MPa

Fig.2. Classification of cast iron castings by tensile strength

The measurement of the speed and the attenuation
coefficient of the ultrasound in samples of tool steel U8
depending on the hardness is shown in fig. 3. It can be
seen that the speed of ultrasound decreases linearly
with increasing hardness (fig. 3.a), and the attenuation
coefficient increases (fig. 3.b), probably due to the in-
crease of the internal voltage and the distortion of the
crystal lattice. in the heat treatment of steel. At the at-
tenuation coefficient, there is a relatively greater
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scattering of the results, probably from the different
contact conditions. The dependences of the longitudi-
nal speed of ultrasound on the hardness of aluminum.
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Fig.3. a) Speed and b) attenuation coefficient of ultrasound
depending on the hardness of tool steels

Al9 alloy castings (car supports) are shown in fig.
4.a). Fig. 4.c) shows the dependences of the modulus of

elasticity calculated by formula (1).
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Fig.4. Dependences of the speed and attenuation of ultra-
sound on the physical and mechanical characteristics and the
structure of castings of aluminum alloys.

It can be seen that the dependence of the Jung
modulus is not entirely linear, because the densities in
the measured areas of the castings are different. Figures
4.c) and 4.d) show the dependences of the ultrasound
velocity on the percentage of porosity and liquation in
the controlled areas. X-rays of the same areas have
shown that ultrasound velocity determination is the
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only non-destructive method for detecting liquation
that greatly reduces the mechanical properties of
aluminum alloys. Liquation is a kind of defect that
occurs with an improper casting regime and is
expressed in the fact that silicon is released at the grain
boundaries. Due to the approximately equal densities of
aluminum and silicon, these defects cannot be detected
by X-ray methods.

5. CONCLUSIONS

The application of the methods for automated ultra-
sonic measurement of velocities and the attenuation co-
efficient of ultrasound in the research and non-destruc-
tive testing of the strength characteristics of gray and
high-strength cast iron castings, where graphite inclu-
sions have a lamellar and spheroidal shape. In order to
obtain reliable results, it is necessary to select groups of
standard samples in order to create reliable characteris-
tic areas (Fig. 2) for each specific case.

The same method can be used for non-destructive
determination of the quality of heat treatment in tool
steels. The capabilities of the method are also shown
when measuring the speed and attenuation of ultra-
sound for non-destructive testing of the structure and
physical and mechanical properties of responsible alu-
minum castings, where the requirements for quality and
mechanical properties are particularly high.
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HU3MEPBAHE HA ITPOIIYCKATEJIHA CIIOCOBHOCT HA HOBOCB3JAJAEHA
K/IMEHT-CBbPBBP CUCTEMA

Teogop BKOB TI'eopru HOYEB
Karenpa ,,JIHpopMaMoOHHUTE TEXHOIOTMH B MHAYcTpusaTa”, Texuuuecku yausepcutet - Codus, benrapus
e-mail: tykov@tu-sofia.bg, gtsochev(@tu-sofia.bg

Pe3rome: [IpomyckarenHara ciocoGHOCT € OT OCHOBHO 3HAUEHHUE 332 KOMIIOTHPHH UT'PHU, KOUTO CE UTPasiT B Mpexa. M3zmepsa-
HETO Ha INPOITyCKaTelIHaTa CIoCOOHOCT MOXe Jla CTaHe ¢ MHOTO cpeicTBa. IIpormyckaTenHa CiocOOHOCT € OTHOIICHHETO Ha
YCIIEIITHO TPAaHCIIOPTHpaHa MaMeT 3a eAWHMIIA BpeMe. B cratusra e mpeacraBeH MOAX0[ 3a M3MEPBaHEe Ha MPOITyCcKaTelHaTa
CIIocOOHOCT Ha HOBOCH3/1a/IeHa KIMEHT-CHPBBP cucTeMa. M3cinenBanara cucreMa npezacrasisisa urpa - Hram Light. ITpemio-
JKEHHAT [OJXO0 MOKe 1a Objie u3Mou3Ba 1 3a Apyru noxobuu cucremu tun MOBA urpu.

KurouoBH 1ymMu: mporyckaTeliHa CiocOOHOCT, KITMEHT-ChbpBBp cuctema, TCP, ToBaponmonocumoct, MOBA urpa

1. IEOUHUPAHE U OIIUCAHUE HA
N3MEPBAHUTE BEJIMYUHU

3a HaMUpaHETO Ha JOOBP EKBUBAJICHT Ha MPOITyC-
KaTellHaTa CIIOCOOHOCT Ha ellHa MHTEPHET CHCTEeMa,
BHHMaHHETO MOXKE Jla C€ HACOYM KbM HJesTa 3a CKO-
pocrra. ToBa 1oBeXa 10 N3MEPBaHEe Ha BEJIMUMHA, KO-
STO MPEJCTaBIABA MPOMEHIIMBY - THTAT S(km) u Bpe-
MeTo t(s), HO S ce oka3Ba mHpopmanuaTa. He TpsiOBa
Jia ce ObpKa ¢ MoOUTOBaTa CKOPOCT, KOSATO € MspKa 3a
CKOPOCTTA Ha IISJIOCTHOTO MPeHacsHe Ha HH(OopMaIus,
Ouia TS yCIelHo IpeHeceHa ik He. SIBJIeHHEeTo - yc-
TMelHa TPAHCMHCHSI Ha JaHHH B MpeXa, abCTPaKTHO ce
pasriex/a, Karto MoTOK OT IaHHU - YCIEIIeH MPEeHOC Ha
YACTHIIH.

1.1 ITponmyckaTeaHa cioco0HOCT

[IpomyckarenHa cHocoOHOCT € OTHOIICHHETO Ha
YCIIEIIHO TPaHCIOPTHPaHa IaMeT 3a eIMHUIA BpeMme
[1]. Tst Mmoxe na ce pasriexa B paMKHUTE Ha €IHa CHC-
tema (Goodput), ”MEHHO TOBa € LEATA Ha TAa3H CTATHS
- Ja W3Ccie/iBa MPOITyCKaTeNHaTa CIOCOOHOCT Ha Beve
paspaboTeHa cucteMa. ToBa n3MepBaHe Iie I03BOJIH Ja
Ce OTKPHUAT 3aBUCMMOCTH Ha HaTOBapBaHETO CIIPAMO
Opoil Mrpayn, KakKTO U Ha MHTCH3UBHOCTTA, KOATO TE
Morar jia oka3Bar. KazaHo npyrosde - KOIH4ECTBOTO,
YCIIEIIHO TPAHCIOPTHUpaHa WHQOpManus, HW3MepeHa
TIOCJIEIOBATEIHO C Pa3INieH Opoi KIMEHTH - 00TOBE,
11e n300pa3u CTOMHOCTHA rpaduKa, B KOSTO Ja ce Hao-
Jr0JjaBa TEKyIOTO ChCTOSHUE HAa CUCTEMAaTa, KaKTo U
Jla ce TMPEe/IBUAN BEpOsT- HOCTHO TaKOBa IPH OIpee-
JeH Opoit peanHn urpauu. OCHOBHO ypaBHEHHE B H3-
MepBaHUATA ce Ae(HHUPaA CIETHOTO:

=1/

kpaero: C - [Ipomyckarenna Criocooroct (KB/s); I -
napopmarms (KB - kmobaiit); t - Bpeme (s)

[Mo mpuHIKMT ce MepH B OUTOBE 3a CEKYH[a, HO MO-
y100HO O6M 0o B KWiio0aiTh 3a CeKyHIa, Thil KaTo
nHCTpyMeHTHT nethogs msmon3sa KB/s. Tasu Benu-
4yrHa e O'bie HapuYaHa - MPOIYCKATEIHOCT, C e 0-
JIECHOTO U OMHKCBaHe, U HAJSIBAHKK ce, pa3oupaHe.

1.2 TopaponoHocuMoCT

ToBapornoHocuMocT ce AeUHUPA, TTOAX0KAAUKA
EBPUCTUYHO KBbM OOCTOSITEJICTBATa, W W3IOJI3BAHKH
uzesTa 32 MaKCHMAITHO JIOCTHYKMMA ITPOITYCKATEITHOCT.
3a pa3nika OT Hesl TPaHUNAaTa Ha TOBAPOIOHOCHMOCT
ce ompenens, 4pe3 JOIMYyCTUMH YCJIOBHUS 3a MOTpeOu-
TEJICKOTO TMpexuBsiBaHe (user experience). Haii-romus-
MaTa BeqnunHa C m3MepeHa 3a omnpezesieH Opoil KiTu-
SHTH, IpH JeGUHHUPAaHK JOIMyCTUMHU ycioBus. Jlomyc-
THUMH YCJIOBHS ca!

e UrpauybT na He momy4asa “nar” - 3a0aBsHe Ha
TPAHCIOPT Ha MAaKETH.

e BE3MOKHOCTTA 32 HOB HT'Pay J1a c€ IPUCHEANHA
KBM UTpara 0e3 yCIOXKHCHUS U 3a0aBsTHUS OTHOBO JI0-
KaTO CHCTeMaTa € HaTOBapeHa.

C orjex Ha TOBa OCHOBHHUTE BUJIOBE HM3CIICIIBAHUS
Ha TOBAapPOIIOHOCHMOCT MOTaT Jia ObJaT pa3lelicHH Ha
JBa THIIA:

e IIOHOCHM IIOTOK Ha JajieH Opoii 60ToBe - m3Mep-
BaHe Ha 00II[a POITyCKATEITHOCT, CJIS]l KOSTO HAKOH Aa
HOTBBPAN IOIMYCTUMHUTE YCIOBHS;

TpaHCIIOpTHpaHe Ha roysiM Opoi 6oroBe, I0O-
KaTO MHKEHEp M3MNTBA KauecTBaTa Ha KJIMEHTA.

ToBa, KOeTO ce OKa3Ba MPeIU3BUKATEIICTBO 32 H3C-
JIeIBaHUSATA € JIOCTOBEPHOCTTAa M. MeTo/1 3a N34HCIIs-
BaHE HA IPELIKUTE BCe OLIE HE € Ch3/aJeH, HO Te IIe
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Opaar nepuHUpaHU 1 HAMAICHU Ha 0a3a JIMYHU eBpHC-
THUYHU HaOJIOJCHHUS M MOJXOAU, KOHTO C& OCHOBaBaT
Ha MHOTOKPaTHH IPOBEPKH IO PA3IUYHKA HAYMHH, HO
6e3 60TOBE, @ ¢ ICTHHCKHU XOpa.

1.3 Meroaun Ha u3cjieABAHE W EKCIEPHUMEHTATHH
NMOCTAHOBKH

[MpenBux ycnoBusTa Ha TEXHUYECKUTE CPeJICTBA O
YCTAHOBEHO, Y€ Hai-100puAT HAYMH 32 U3MEpBaHE Ha
MIPOMYCKATEHOCTTA IIie ObZie OCHOBAH Ha HAOJI01aBa-
HETO Ha CTOHHOCTHTE, TOKa3aHW OT WHCTPYMEHTa
nethogs. Ille ObaatT 3anmucany MOKa3aHUATA Ha IPOTpa-
Mara JJOKaTo N3BbPIIIBa N3MEPBaHMs HAJl ChPBBP B SIM-
oom.

Ot Codus Ha onepanmoHHata cucteMa Windows
10 ce mycka MobaXterm u ce cBbp3Ba mo SSH cbe ¢hbp-
BBp B SIMO0, Ko¥iTo ¢ Ha Debian 9 (dur. 1). Nethogs
MOKa3Ba MPOITyCKATEIHOCTTA Ha MOJy4eHUTE U H3IIpa-
TEHH JIJaHHW B KWIOOAMTH 3a CeKyHJa Ha aKTHBHUTE
npuiiokenus. Ha Besika cekyHIIa TepMHUHAIHATA TIPOT-
pama 0OOHOBSIBa MOKA3BAHUTE CTOWHOCTH. MIMaiiku ToBa
MpE/IBUI, OCTaBa CaMo Jia Ce BKIIIOYH Bh3IPOU3BEKIA-
AT codryep.

Codua

Ambon

n=3 Pednektupa 6 naketa go 1 kpaiiHa Touka

+ M3npawa 3 naketa o 1 kpaiiHa yeb Touka ﬁ

Xpam CbpBbp

Bb3npoussexaaly
co¢ryep

Linux Debian

¢ur. 1 [luarpama Ha peduiekTHpaHe Ipu U3CIEIBAHETO

Besiko n3cnenBaHe 3amoyBa ¢ M3MEpBaHEe Ha TEKy-
IIOTO ChCTOSIHUE HAa HHTEPHET MPEXKUTE, KAKTO HA Ta3H
B Codus, Taka u Ha ta3u B SImOon. ToBa craBa upe3
Moy Ha python - speedtest-cli.

BaxxHo e na ce oTbenexu, ue BCHIKH 60TOBE 00Ty~
BaT ChC CHPBBpA OT €1Ha KpaifHa yeO Touka. ToBa 03-
HayaBa, Y€ ako MMa 3a0aBsHe Ha IPEHOCa Ha ITaKeTH,
TO TO O OMIIO 32 BCHYKH TSIX, HJIM Ka3aHO C IPYTH TyMA
- 32 BCHYK{ YCTAaHOBEHHU BPB3KH Ce MOJpazonpa eHo U
CBII0 €JHOTIOCOYHO 3a0aBsHE.

1.4 Bu3npousBexaamus copryep
Brampoussexnaimust codryep e Ta3u 4acT OT e1H
IMPOCKT OT C(bepaTa Ha I/IH(I)OpMaI_II/IOHHI/ITe TEXHOJIO-
THH, KOSATO 00Tpa1a HalpaBEHOTO U 'O M3II0JI3BA C CK-
CIepUMEHTHH Lienu. V3passiBa ce B MPEen3NnoN3BaHETO
Ha YacTUTE Ha MEXaHW3Ma, 3a Ja IPOBEpPH Jallu

NOKpUBAT W3MCKBaHWATa. Ha cxemara mo-monmy ca
n3o00pa3eHn HuBara Ha abctpakuus mpu Hram Light

[2].

BUCOKO HUBO

t

=/ J e,

— .,
~-—
-~

penGL. TN

ff’

OS Functionality

¢ur. 2 Cxema Ha IOKPUTHUETO HA BH3MPOU3BENK 1AL
codTyep 1o OTHOLICHHE Ha ONEPAllMOHHATA CHCTEMA

HuBara ca pasrienanu Bb3 OCHOBa Ha (PYHKIIHO-
HAJIHOCTUTE Ha OIEPAllIOHHATa CHUCTEMa, KaTo IIO0-
IUTBTHUTE JIMHUM ITOKa3BaT, Y€ TOBAa (DyHKIMOHAIHO
HHUBO HE € 3aCeTHATO OT MpoekTa. Mutupamust cod-
Tyep MPen3oi3Ba HANMCAHUS KOJ Ha BB3MOXHO IIO-
BHCOKO HHBO W H3CIE[BAa MPHUIOKECHHETO C METOIABT
YyepHa KyTusl.

2. I3BMEPBAHE HA ITPOITYCKATEJIHATA
CIIOCOBHOCT

ITo Bpeme Ha m3cneaBaHe Oelle OTKPUTO SIBICHHE,
Ipu Koeto nethogs mokasarenuTe Ha NpHeTa M U3IIpa-
TEHa IPOILYCKINBOCT ce “HopManu3upar’. [lox ToBa ce
UMa MpeIBHUJl, Y€ OCTaBaT ChC ChIATa CTOMHOCT MO-
Bede OT elHa CeKyHJa. ToBa HaBeXk/a 10 MUCHITA, 4e
CPEIHOCTAaTUCTUYECKATa ThPCEHA CTOMHOCT € BCBII-
HOCT HOpMaJIM3HUpaHarTa.

2.1 U3caeaBanust Ha 001Ia NPOIYCKATEHOCT

W3cnenBanero 3amoyuBa ¢ U3MEPBaHE HAa TEKYIIOTO
CBCTOSAHUEC HA IBCTC MPEKU 11O OTHOHMICHHUE HA YECTOT-
HUTE UM JIeHTH. ToBa ce npaBu ¢ 1e1 aa ce 3abenexar
3aBUCUMOCTHU HAa CUCTEMATA IO OTHOUICHUC Ha ITPOITyC-
KaTETHOCTTA CIIPSMO ABETE YeCTOTHH JICHTH U IPOITyC-
KaTEIHOCTTA.

Copeop Ha Al B fIMOon - 3abens3Ba ce, ue Al pa-
6otat ¢ Komuer CnmBen. Pesyarature ot npuiioxeHu-
eTo speedtest-cli ce Bixknar Ha durypa 3.
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redsun | 8 5% BN 0,25GB /19568 | ¥ 17,10Mbfs| & 0,47Mbi

¢ur.3 N3cnensana yecToTHa JIeHTa Ha ChPBBHpa

@ PING

5

(® DOWNLOAD t

LO.4T

UPLOAD M

28.00

¢ur.4 M3cnensana 4ecToTHA JICHTA IPH BH3IPOU3BEXK LTI
codryep B Copust

Ha Tabnuna oTnony ca mpeacTaBeHU 3allUCcaHHUTE
pe3yiTaTy OT U3CIEIBAHETO, KaTO Half-10JTy ca U34HC-
nean Cu u Co - cpegHOCTAaTUCTHUECKUTE MPOITyCKa-
TEJIHOCTH ChOTBETHO HA M3IpalllaHe U Ha MOJydaBaHe.
Haii-otrope B Tabnuara e OposiT Ha BPB3KUTE - YKC-
J0TO 0OTOBE, KOMTO BB3NPOU3BEXKIAT CHUTyaLs Ha
CIy4YailHO JIBJKEHUE OT MHOIO WIpayM, U3IMpallaiiKu
maker tcp3, KOHTO e ¢ 2 OaifTta MOTPeOUTEIICKH TaHHH
[1 byte (info-3), 1 byte (direction)].

Ta61.1 CpeTHOCTaTUCTUUECKH NIPOITYCKATEIIHOCTH
2 bots 4 bots
u d u d
0.267 0.209 0.95 0.628
0.309 0.256 0.885 0863
0.33 0.28 0.624 0.636
0.25 0.203 0.572 0.516
0.105 0117 0.572 0.562
0.10& 0117 0.477 0.51e
0.105 0117 0.572 0.516
0.105 0117 0.572 0.516
0.105 o117 0.477 0.516
0.572 0.516

0.105] 0117 05] 0,51

MepHaTa eIMHUIIA IPU BCUYKHU PE3yITaTH B TaOIu-
nuTe ca kunobaitu B cexkyHna (KB/s), kpaero: u - Te-
Kymu pedriexrupann KWiobalTH B cexyHna; d - Te-
KYIIX IPUETH KIIOO0AWTH B CEKyH/IA.

Ha npwB nornen ce 3abemnsi3Ba ApacTUYHO MPOMe-
HSHE Ha OTHOIICHUETO MU3MPATEHN KbM IPUETH aKeTH
(Cu/ Cm). Ot TpeTns UKbBI Ha U3CIEABAHETO, ce Hab-
JIOaBa YABOSBAHE - ITBPBO CTOHHOCTTA € OKOJIO 1,
CJIe]] KOETO PSA3KO ce KauBa 10 OKOJIO 2,3 ¥ MPOAbIDKaBa
na pacre. OTHONICHUETO € OT 3HAYCHHE 3a U3CIICIBA-

HECTO, ThH KaToO Ha HETOBa OCHOBA e ¢€ AOoIyCKa

MaKCUMaIHUAT Opoll Wrpaud, KOWTO cucremara Ou
MOTJIa J1a MOJAABPIKA ChC CHOTBETHATA YECTOTHA JICHTA.

Ta6,1.2 CpeTHOCTATUCTUIECKH MPOITYCKATEITHOCTH
6 bots 8 bots 10 bots
u d u d u d
2.296 1.084 3.221 1423 5.532 1959
2.332 1.085 3.665 1.582 6.021 2458
1.922 0.876 3.959 1.683 6.021 2458
1.922 0.876 3.317 1421 5.808 2332
1.662 0.949 3.886 1.679 5.808 2461
1.651 0.949 2.848 1.277 5.808 2461
1.651 0.949 2.848 1324 4.84 2.004
1.651 0.879 3.028 1.312 4.84 2.016
1928 1.066 3.517 1371 4.84 1934
1.651 0.844 3.417 1371 4.84 1.98
3.987 1.723 4.84 1.98
3,43 1,469 5.38

0.9

1.75]

HabmronaBano e mopacTBaHe Ha OTHOLIEHHETO, KO-
eTo e u3MepeHo u npu 20 Oora, mpuiiaraiiku chiara
(hyHKIIMOHAITHOCT 32 BB3NPOU3BEXKIAHE HA CUTYalUs

Ha IBMKCHUC HA UT'PAYUTEC.

6 —8— Kaugau

(u)
—o— Ternex
(d)

KB/ s

bats
¢ur.5 I'paduka Ha Cu 1 Co 1pu cuTyanus Ha CIIy4ailHO
JBIKCHHE

2.2 HatoBapBaHMsI IPH TPAHCHOPTHPAHETO

Bw3npoussexaair copryep Codust - B 100po che-
TostHUE ¢ MaTbK UHT (ur. 6). Ha ¢ur. 7 e uzcnenana
YeCTOTHA JICHTa Ha ChpBbpa SIMO0I - B 100pO ChCTOSA-
HHE.

® PING ms

@ DOWNLOAD Mbps

43.09

¢ur. 6 Mzcnensana yecToTHa JISHTA IPU BBH3MPOU3BEKAALTHS
cotpryep B Codpust

) UPLOAD Mbps

28.66

Beme HampaBeHO MOMBIHATEITHO U3CIICABAHE U HA
20 Oora, 3a Ja MOXeE J1a Ce aHATM3UPa pacTeka Ha OT-
nomenuero Cu/Cn no-o0ctoiino. 3anucanu ca 11 us-
MepBaHUA Ha U U d, KAKTO ¥ JOMBIHUTEITHO H3ITBIIHE-
Hue ¢ 10 u 20 Gora BB3MPOM3BEXKIAIM CHTYaIHsITa
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ciry4aiiHO XozeHe (camo tcp3), KaTo ce oKas3a, 4e moKa-
3aTeJMTe MHOTO ce J00JIIKAaBaT 10 TE3H OT IPETHOTO
U3CIIe[IBaHe, 3aTOBA MOTaT JTOCTOBEPHO Jla C& CPaBHsI-

BAT U aHAJIM3UPAT PE3YJITATUTC.

ting from

speedtest-cli
ng speedtest.net configura

Bulgaria (78.82
t ]

Al
d

¢ur.7 U3cnenpana 4yecToTHA JIEHTa Ha CbPBBPA

Ta0/1.3 CpelHOCTaTUCTUUECKHU MPOITYCKATETHOCTH

2 bots 4 bots

u d u d
0.466 0.528 1.696 0.731
0.399 0441 1.49 0.806
0.399 0.452 1613 0.881
0.399 0.452 1.649 0.898
0.332 0.354 1.387 0777

04 0441 1.664 0.928

04 0441 1.387 0.801

0.4 0.452 1.387 0.801

04 0.452 1.387 0.801
0467 0528 1.664 0.963

04 0.452 1.387 0.484

Cu: 0,406 [Cn: 0,454 1.5015] 0.814

Ta61.4 CpeTHOCTATUCTUYECKH NIPOITYCKATEIIHOCTH
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d

4275
4275
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4275
4275
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1377
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10 414
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10.414
8677
8674
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10.408
8674

4911
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3455
3.479
3.479
416
3.432
3432
3.479
4.043
3338

20.875
18.915
23.074
303
24.812
24.812
24812
3242
26.183
31.399
28.986

7.042

6.389

7747
10351
8.105

8.129
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10.465
8973
10.992
9.434

3.868

1.559
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3.760

26.569

8.870
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¢ur.8 I'paduxa Ha Cu u Cn mpu cUTyanus IBHKCHHE
U XBBPIISIHE

Ha npbB mornes OTHOIIEHUETO € I0CTa MO-TOJSIMO
OT TIPETHOTO U3CICABaHE. AHAIM3ET e OB/Ie KOHIICH-
Tpupad Bbpxy Cu / Cn. Kpusara Ha xauBane(Cwu) e
JI0CTa O-CTPBMHA, ITOHE)KE BCEKH MAKET OT TUI tcp3 e
NIPUAPYKEH ¢ tcp4, KoiTo e ¢ 15 GaliTa moTpeduTencka
nH(OpPMAaIK, a ¥ € ChC CIOKHOCT N2, KOETO OKa3Ba IIs-
JIOCTHOTO ITOKa4YBaHE HAa CTPHMHOCTTAa Ha KpUBaTa Ha
kauBane. [Ipu kxpuBara Ha Ternene (Ci) He ce TpoMeHs
JpacTU4HO. Bik/ia ce kak e mo-noserara.

2.2 U3ciieiBaHe HA TOBAPOMOHOCUMOCT

YecToTHaTA JICHTa Ha BH3MPOU3BEX AN coPTyep
TO3U IIBT € MO-HUCKA MO0 OTHOIIEHHE Ha CKOpPOCT Ha
ceaystae (D):

@& PING ms

3

(© DOWNLOAD M

8.40

UPLOAD Mb

26.99

¢ur.9 Yecrorna nenra Codust

CroifHOCTHTE TIpH MpeXaTa Ha ChpBbpa B SIMO0N
U3MIIEKIAT MO-CONMIHH, ThI KAaTO HAMA CBIIECTBEHU
MIPOMEHHU:

Testing from Al Bulgar
Retrieving sp
Selecting b

5 km]: 26.456 ms

¢ur.10 YecrotHa neHTa CHPBBP B SIMOON

IIpomyckarenHOCTTa Ha cUCTEMaTa B TOBA ChCTOS-
HHUE Ha 4EeCTOTHATa JICHTa MPH CUTYalUsl Ha CIy4aiiHO
JIBIKCHHE ce OKa3Ba pa3nuuHa. CpaBHSABalKU CTOM-
HOCTHUTE Ha TOBAa M3CJIEABAHE C Ta3u MPU II'BPBOTO, CE
3a0ens3Ba, 4ye TO3M IIBT € OKOJIO ABA IIBTH M0-BHUCOKA.
Jlomycka ce, ye ouTH J1Ba BT MO-MaJIKHAT IIMHT cera
- 3ms oka3Ba BIMSIHUE B CPABHEHHE C SMS OT II'PBOTO.
3abens3Ba ce ¥ B APYTH U3CIEABAHUSA, KOUTO Ca HAIpa-
BEHM B CIyYacH MOMEHT, Y€ IPH MO-HHCKa YEeCTOTHA
JIeHTa ¥Ma IT0-BUCOKa MPOMycKaTenrHOCT. OTHOIIEHH-
eto Cu/Cn to3u et e 1 mopu mpu 10 6ota, ToecT TO
pacrte mo-0aBHO.

Pesynratu mpu 100 6ota:

e Uuummanmmsupane ¢ moprarta: 1,5 Gora B ce-
KyHJa
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e TpaHcnoprupane oT moprata B cBeTa: 9.1 6ora
B CEKyHJa

MaxkcuMamHO AOCTHTHATA MPOIMYCKATEITHOCT IPH
TPAHCIIOPT OT MOpTaTa KbM Hrpara ca:

- Cu: 341,787 KB/s
- Cm: 89,82 KB/s

YcraHoBU ce, ye TIpH CUTYalys Ha CIly4ailHO JTBH-
JKeHWE HSIMa HHMKakBU INpobieMu a0 24 6ora, KOUTO
caMO CMEHSIT TIOcOoKaTa CH Ha JiBrkeHue npe3 800 mu-
mucekyuau. [Ipu curyanuss Ha BBPBEHE M XBBPISHE
o0aue, HemmaTa cTosT 1o Apyr HaunH. Oka3Ba ce, ue Ha-
TOBAapBaHETO € MPUOIM3NUTEIHO JIBA ITBTU TIO-TOJISIMO,
3al10TO B CUTYyalus ¢ tcp3 u tcp4 3a euH U ChII Te-
puox Tr, MakcumanHust 6poii 60TOBE, PU KOUTO HE €
uaeHtuunmpat jgar e Mmexay 10 u 12. Toa e npubin-
3UTENTHO, ThIi Karo HAaTOBAPBAHETO € JI0CTa MPOMEH-
JIMBO B Ta3W CUTYyalusl U TOUEH OpOii ce ormpeneds mo-
TPYIHO.

e Curyanus Ha H3MpaliaHe camo Ha tcp3: 24 6ota

e Curyauus Ha u3mpaniase Ha tcp3 u tep4: 10~12

6ota
4. AHAJIN3 HA PE3YJITATUTE

AHaNM3 Ha W3CIEIBAHMATA € Ype3 CpaBHSABAaHE Ha
oOmrure u3uucieHu ctoitHocTw - Cu u Cn. Hampasenu
ca M HAKOJKO 3aKJIIOYEHHs HA OCHOBA TEKYIIOTO ChC-
TosiHME Ha codryepa m mokazarenure. CrenBamure
TOYKH ca 3a0eisi3aHu sBJICHUA Ha 0a3a €BPHCTHYCH
MOJXO/ KBbM CHCTeMara, KOWTO ce YIOBaBa Ha pPa3HO-
BUJICH OIUT C Hesl, KAKTO U Ha BBIPOCHTE, KOUTO Ca
OWITM 3a/1aBaHM 10 BpeMe Ha MPOTPaMHUPAHETO .

4.1 Ioa3u ot u3paBHsaBaHeTo Ha Cu u Cn

[Ipu 2 u 4 6ota odUMTE MPOMYCKATEIHOCTH HA U U
d, ca m3paBHeHu. ToBa HaBeXJa Ha MHUCHJITA, Y€ MO-
JIecHO O ce OB PIKaJIo eHO ToJIe OT KapTara, B KO-
€TO Urpavute ca Mexay 1-4, Thil kaTo rojaeMuHara Ha
MporycKaresHocTTa On Omna yiecHo mpeaBuauM. Ha
0a3ara Ha TOBa CHXKJICHHE CE TOSBSIBAT OCHOBHHTE
LIEJIN - JIa C€ U3TPaJIv CBETHT Taka, ue urpara(Ourkara)
Jla ce pa3BUBa Ha OT/IEJIHU NPOCTPAHCTBA 10 KapTaTa,
KBJETO UTPAavYnTe Ce KOHKYpHpAT 10 TPYIH OT 4 1 He
00IIyBaT C OCTAaHAINTE 10 KapTara, WM IOHE B IO -
roJsiMaTa 4yacT OT BPEMETO.

Jomycka ce, ue 1 APYTH UTPH 32 MHOT'O XOpa ce Oa-
3MpaT Ha TOBa SIBJIEHHE, Thil KaTo pasnpenensiT urpa-
YHUTE CH Ha TPYIH 10 2 WK 4 ChIPOTHUBIISIBALIY CE UT-
pauu B pa3lIW4HU YacTU Ha Kaprara. [IpuMepu 3a ToBa

ca taka HapedeHus Turt MOBA urpwu, npu KouTo B Ha-
4aJIOTO UTPAYUTE Ca PA3NIPEACIICHH MO pa3IMYHH YaCTH
Ha apeHara.

4.2 Hopmanusanusi Ha IoKa3aTesuTe

SIBneHneTo e Mo-BUIAMMO NPH MO-MallbK Opoi 0o-
TOBE M C€ U3pa3siBa B TOBA, Y€ CEKYHAMTE IOKa3aTeNn
Ha KayBaHe W CBAJISHE Ce€ “HOpMaju3upar’, a UMEHHO
U3MEpPEHN Ca HSKOJNKO MOPEAHW PaBHU CTOMHOCTH.
ToBa Moxke Haii-lecHO na ce 3a0enexu B TaOnuImTe
npu 2 1 4 Gora u npu ABeTe cuTyanuu. Hanpumep npu
4 6ota ca uzmepenu 1,387 KB/s kauBane u 0.801 KB/s
MOJTy4aBaHe 3a 3 MOC/IeA0BATEHH CEKYH/IH.

ITpu HopMann3aIys Ha TOKA3aTEUTEe MOXKE U J1a ce
HalpaBy 3aKJIIOUCHHUE, Ye 00IaTa MPOMyCKaTEIHOCT €
HOpMaJIM3UpaHaTa TaKkaBa, a 1 Jla ce HaMepH CpeiHa Ta-
KaBa, ako0 UMa HAKOJIKO TaKMBa MOMEHTH. SIBIeHHETO
ce HaOJIOABa U MPHU TO-TOJIsIM Opoii OOTOBE, HO Tam
MOKA3aTeJIHNTe ca MO-PSAAKO U3PaBHEHH WIIM UMa ‘‘dac-
TUYHA HOpMaJIHM3auus”~ - MOCJIeTOBaTEIHUTE U3MEpBa-
HUSL ce JOOMIDKaBar 10 CTOHHOCT.

4.3 OrHomenus Ha Cu u Cn

HHTepecHO € psI3KOTO MOKaYBaHe MpU 2-POTO HM3C-
nenBane. Ha 8-mu pen xonona "C' ce Bmxaa, ue npu 4
00Ta CTOMHOCTTA Ce MOBHIIABA JAPACTUYHO B CPaBHE-
HUE C M3YUCIICHATA 32 CHITU Opoii 00TOBE, HO 3a CUTY-
arus caMo JBIkeHne(caMo tcp3), KaTo cien ToBa OT-
HOIIICHUSITA OTHOBO CTaBaT MpuOIM3KUTEeH. BhIipoc e
JIAJTA HE ¢ HACTHITMIA HAKAKBA MPOMSHA TOYHO B TO3H
MOMEHT 10 OTHOIICHUE Ha MPEKOBHUS TPAHCIIOPT.

Ta0.,1.5 OtHOomIeHnus Ha Cu u Con

A B c D E F
Camo tcp3
4 6
0.98 1.944

8
2335

Gotoe

0.90 2.457

CuiCn

6 tcp3 m tcpd

7 GoToee 2 4 3
g cu/cCn

084 [ 1mas | 2as

4.4 Cnajg Ha CTOIHOCTHTE CJie]] ONpe/aeeHO BpeMe

SIBneHne, KoeTo ce HaOomaBa, ciel Heolpene-
JICHO BpeME Ha HATOBapBaHE OT Bb3- IIPOM3BEKIAHETO
npu mo-rosiM Opoit 6orose. ToBa, Moxe OH, ce TBIDKA
Ha TIPETOBapBaHE Ha caMusl BB3NPOM3BEXIAI] cog-
Tyep, KOUTO U3IJIeXJa CIMpa Aa U3Npallla MakeTH, Thil
KaTo HE ce HaOJIfoaBa Kpax MpH CHCTEMaTa.

10
2.53

20
2.995
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4.5 Tlo-BHCOKA TNPONYCKATEJHOCT MNPH TMO-HUCKA
YeCTOTHA JIeHTA

ToBa sBJICHHE IO OTHOLIIEHNE HAa YECTOTHATA JICHTA
Ha BB3MPOU3BEXKJAIlaTa MporpamMa € camo JOorajka,
HEILlO KOETO HE Ce JOKa3Ba, a caMo ce fomycka. [Tpus-
JYa BHUMaHUETO, Thii KaTo 0s1Xa HalpaBeH! H3BECTEH
Opoii IpyTH eKCIIeprMeHTH, 03 /1a ce 3arncBa eKpaHa,
IIPY KOUTO JIeHTaTa Oellle HUCKA a MPOIyCKaTeTHOCTTa
BHCOKa.

5. 3AKJIIOYEHHE

Ta3u cTaTus omucBa U U3CleBa cucTteMa - 6e3 na
ce pasriexaaT HelHUTe IporpaMHu 4acTH. ToBa J1om-
pHUHAcs 3a MpeJCTaBIHEe Ha UiesTa 3a Bh3IPOU3BEXIa-
mus copryep, KOHTO mojiara Ha TecT peduieKTupa-
IIMTE MEXaHU3MHU Ha ChPBBPA, PA3TIEKIANKU ' KaTo
“gepHa KyTHs, 1 HaTOBapBalKM I'M C TIAKETH, C 1IeJI 1a
pa3Kkpue, 10 KOJIKO Te, U B KaKBU CUTYalllH, IIOKPUBAT
W3HCKBaHUATA. B ciencTBue Ha HapaBEHUTE U3CIIEA-
BaHUS UIpaTa Iie MMa QYHKIMOHATHOCTTA 32 II0JyaB-
TOMaTH4YeH OBbpP3 TECT, HE3ABUCHMO B KOS MpExa ce
MyCKa ChbPBBPBT, KATO TOBA OM TONPHUHECTIO 3a MO-JIeC-
HOTO OTKpUBAHE Ha MPOOJIEMH CBbP3aHHU C TPAHCMHUCH-
ATa ¥ KOHTPOIBT Ha HH(POPMAIHATA.

INporyckaTeTHOCTTa HA cucTeMara Oe pasrieaaHa
BbB BB3IPOU3BE/ICHH CUTYAIIUHU, KOUTO CAMO C€ 1001~
JKaBaT JI0 PeaIHUTE TakuBa. M3cieqBaHusITa HA TOBA-
POIIOHOCHMOCTTA Ca O-TOYHH, Thi KaTo ce NehUHUpar
4pe3 caMoTO Bb3MpousBexaane. OnpeaeneHusT Opoi
MAKeTH U3MPATCHU OT OmpeesicH Opoii 00TOBE B €THO
ToJie, pa3KprBa, U BCe MaK MPUOINU3UTEITHO, TEKYLINTE
Bb3MOXKHOCTH Ha CHCTEMAra IMpH CreuHUIHO HEe Mpo-
MEHSIIIO Ce MOBE/IeHNe Ha urpaunte. B Obaemnie e ce
pa3paboTH CaydaifHO TMPOMEHSIIN CE Bb3- MPOU3BEK-
Janm GyHKIHOHAIHOCTH, C [eJ1 1a C& MIMHUTHpa Mo-pe-
anHa cutyauus. Llenno uscienBane Ou 6uo Habmoe-
HUETO Ha HpOHyCKaTeHHOCT npu 6I/ITKa MC)KlIy TOJIAM
Opoil HICTUHCKH UTpayH, Thil KaTO TOraBa OMxa MOIJIA
JIa ce ThPCSIT U HabIr01aBaT MICHXOIOTHIECKH SBICHHUS.

Jlutepatypa

1. https://www.dnsstuff.com/network-throughput-
bandwidth, ITocereno na 28.05.2021r.

2. Texyuu pa3paboTBaHuUs ¥ HCTOpHs Ha UrpaTta Xpam Jlait:
https://www.indiedb.com/games/hram/, ITocereno Ha
20.06.2021r.

3. https://en.wikipedia.org/wiki/Channel capacity, [Tocerero
Ha 24.06.2021r.

MEASUREMENT OF THROUGHPUT OF A NEWLY CREATED CLIENT-SERVER
SYSTEM

Teodor UKOV Georgi TSOCHEV
Department Information Tehnologies in Industry, Technical University-Sofia, Bulgaria
e-mail: tykov@tu-sofia.bg, gtsochev@tu-sofia.bg

Abstract: Throughput is essential for computer games that are played online. Throughput measurement can be done by many
means. Throughput is the ratio of successfully transported memory per unit time. The article presents an approach for measuring
the throughput of a newly created client-server system. The system under study is a game - Hram Light. The proposed approach

can be used for other similar systems such as MOBA games.

Keywords: throughput, client-server system, TCP, payload, MOBA game
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CHUHTE3 HA CUCTEMA 3A ABTOMATHUYHO YIIPABJIEHUE HA
XOPU30HTAJHOTO MNPABOJIMHEMHO ABUKEHUE HA POBOTU3UPAH
CTPOUTEJIEH MAHUITYJIATOP

Mupociasa UBAHOBA! Pocen MUTPEB? Becko [IAHOB?
'kaTenpa ,,MaTeMaTHYECKU aHATU3 U AU(EPEHINATHN YPABHCHUS
Texunueckn yausepcutet - Codusi, brirapus
e-mail: mj_ivanova@tu-sofia.bg
Zkarespa ,,ImKeHepHa JIOTMCTHKA, OJEMHO-TPAHCTIOPTHA M CTPOMTENHA TEXHUKA”,
Texunueckn ynusepcutet - Codust, brirapust
e-mail: rosenm@tu-sofia.bg, e-mail: vpanov@tu-sofia.bg

Pe3tome: Paborara e mocBeTeHa Ha CHHTE3a HAa aBTOMAaTHYHA CHCTEMa 3a MHTETPAIHO YNpaBJIeHHE ¢ 0OpaTHa Bpb3Ka II0
CBCTOSIHHE, KOSITO JaBa BB3MOXKHOCT 3a CTAOMITH3AIHs HAa IPOTPaMHOTO JBIDKEHHE Ha pOOOTH3UPAH CTPOUTENICH MAHUITYJIATOP
TIpY U3BBPIIBAHE HA XOPU3OHTAIHO TIPABOJIMHEWHO ABIDKEHHE. B3 OCHOBA Ha M3BEICHUS MaTeMaTHIEH MOJIEN € pa3paboTeH
cUMyJaloHeH Monen B Simulink kaTo mosrydeHHTe OT CUMyJaLusTa YMCICHH Pe3yJITaTH MOKa3BaT, Ye NpH 3aJaBaHe Ha
MIPOrpaMHOTO ABIDKEHHE Upe3 IOJIMHOM OT IIeTa CTeNeH MaKCHUMaJIHaTa CTOMHOCT Ha IPellKaTa € Majlka, a B KpaiiHaTa IO3UIHs
€ paBHa Ha HyJa. M3non3BaHeTo Ha cucTeMara 3a yrpasJieHHe TT03BOJIBA J1a CE BIIUsIe BbPXY IMapaMeTPHUTE Ha IslaTa CUCTeMa
B OJIaronpusITHO HaIpaBJIeHUE, KaTO CEe pealn3upaTr MpeIBapUTEIIHO 3a1a/IcHd KHHEMATHYHN XapaKTePUCTUKH Ha JIBHIKECHH-
€T0, HaMaJIsIBaIly BUOpanuuTe B cucreMara. CHHTe3MpaHaTa CHCTEMa 3a YIpaBICHHE MOXKE Ja Ce M3II0I3Ba U 3a yIPaBICHUE
Ha MAalIMHY ¢ MOA00HA KUHEMAaTUYHA CTPYKTYypa.

Kir04oBH AyMH: MaHUITYIaTOP, aBBTOMATHYHO yNPaBJICHNE ¢ 0OpaTHA BPB3Ka

1. BbBEJJEHUE ABTOMAaTUYHOTO YIPABICHUE HA CTPOUTEIHH U
HOZIGMHO-TPAHCIIOPTHA MAIllMHA € W3BECTHa 3aj1aya,

CbBpeMeHHaTa MHTEH3U(UKAIMSA Ha CTPOMTENCT-  YMITO Pa3IM4YHHU aCIEKTH ca U3CJIeBAHU B MHOXKECTBO
BOTO Hajara W3IO0JI3BaHETO Ha BHCOKONPOW3BOJUTEN-  TpyAoBe. B pabGorure [14,15] ce npeacraBs aBroma-
HU MalllFH{, W3BBPIIBAIIM TEXHOJOTMYHM M TpaHC- THYHA CUCTEMa 3a YIpaBlieHHE ¢ oOpaTHa Bpb3Ka Ha
HOPTHU OIEpaliy. YBEeIMYaBaHETO Ha CKOPOCTUTE U MOCTOB KpaH C IeJl HaMaJIiBaHe Ha Pa3joiIBaHeTo Ha
YCKOpEHHsTa Ha MalllMHUTE NpPUYMHIBA penlia TOoBapa W IOBHUILABAHE Ha TOYHOCTTA HA MO3UIMOHH-
npo0JIeMH, OCHOBHUTE OT KOUTO Ca HEBB3MOXKHOCT J1a ~ paHe NpPH H3BBPIIBAHETO HA IOJEMHO-TPAHCIIOPTHH
ce peaqM3upaT C BHCOKAa TOYHOCT 3a/a/ieHUTe KuHe-  onepanuu. Ilo-HOBoTO wm3cnenBane [17] mpencrass
MaTUYHU XapaKTEPHCTHKH Ha JIBW)KEHHETO (3aKOH HAa  Pa3IMYHU aJTOPUTMH 32 HaMaJsIBaHE WJIM ITBIIHO TO-
JBIDKEHHE, a ChLIO TaKa MAKCHMAaJHH CKOPOCT M yC-  TacsiBaHe Ha TPENTEHUATA Ha KPaHOBE ChC CBOOOIHO
KOpEHME) ¥ HHCKaTa TOYHOCT Ha MO3MLMOHHPAHE HA  OKadeH TOBap. 3HAYUTEIHH MO O00EM H3CIIEIBaHUS
mammHata. He OuBa na ce mpeHeOpersar M MOBUIE-  OTHOCHO MOJIEIMPAHETO W YIPaBICHHETO Ha TpaHC-
HUTE JUHAMHYHH HATOBapBaHHs M ToJiiMara aMIUIM-  MaHUWIYJIATOpHU ca U3BbplleHu B padotute [3,4,5,6,7].
TyJa Ha BUOpalMUTe Ha MeTaJHaTa KOHCTPYKIMS Ha  Pa3paboTeHMAT JUHAMHYEH MOJENl Ha TPaHCMaHMITY-
MAallMHNATE, TPEANW3BUKBAIM BHCOKM MEXaHMYHHM JIATOpP C JIBE€ CTENEHH Ha cBOOOJAa € M3MOI3BaH KaTo
HalpeXKEHUSI B METaJlHaTa KOHCTPYKIMS M TOJNSIMO  OCHOBA 3a pa3pabOTBaHE HA CHCTEMH 32 aBTOMAaTHYHO
BpEME 3a 3aTHXBAHE Ha TPENTEHUSITA. yIpaBlieHHe paboTely M0 pPa3IWYHU anroputmu. B
[MocpencTBOM MOAXOMAIIO peryiaupaHe Ha BBPTA-  paboraTa [9] e pa3paboTeHa KackagHa CHCTEMa 3a YII-
M MOMEHT Ha 33IBIKBALINS JBUTATE] € BB3MOKHO  PAaBJICHHE Ha XOPH3OHTATHOTO JIBIDKEHWE Ha TpaHC-
Jla ce TIOCTHTHE JBM)KEHHE Ha MallWHATa 10 mpefBa-  MaHumynatop. CucTeMara € Taka MpOEeKTHpaHa, e J1a
PHUTEJIHO 3afaJeH 3aKOH Ha JBIKEHHE (TPOrpaMHO €€ MAaKCHMH3WPA IMPOU3BOJUTEIHOCTTA IIPH HAIOKECHU
JBIDKCHHE) C IUIAaBHA ITPOMSIHA HAa CKOPOCTTa M YCKO-  OTPAaHWYCHHS HAa MaKCHMallHaTa CHJIa Ha PEMECTBaHE
PEHUETO B ITyCKOBHS M CIIUpPAYHMS MEPHOAW M JUMH- W MAaKCHMAaJIHOTO IPEMECTBaHE Ha TOpHUA Kpail Ha
THUpaHE Ha TEXHUTE MaKCHMAaJIHA CTOHHOCTH. BepTuKanHata pama. [loqobeH noaxox € U3Moa3BaH 1 B
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[10]. ChmmsT KOIEKTHB pa3paboTBa U Hoo yripaBieHHe
Ha TpaHcMaHumyaatop [11], a cpIIO Taka W MOJIEITHO
MIPOTHO3MPAIIO YNPABICHHE HAa TPAHCMAHUITYJIATOP
[12] kaTo u mpu [BaTa THUIA YNPABICHUE CA IIOCTHI-
HaTH 100pu pe3ynraTd. EnnH HemocTaThK HA MOJICITHO
MIPOTHO3MPAIIOTO YIpPaBICHUE €, Y€ ca HeoOXOTUMHU
roJsiM Opoi N34HCIICHHSI.

Lenrta Ha Hacrosmiata pabora € ja ce CHHTe3npa
cHCTEeMa 3a aBTOMAaTWYHO YIpaBJIeHHE C oOpaTHa
BPB3Ka 3a YIPaBJIEHUETO HA JIMHEHHOTO XOPU30HTAITHO
JBIDKEHNE Ha POOOTU3MpPaH CTPOUTEIIEH MaHUITYJIaTOP
IpU CllefIBaHE Ha IMPOTPaMHO JBHXKEHHE C IIIaBHA
NpOMsIHA Ha TPEMECTBAHETO M HETOBUTE TIPOU3BOTHH.

2. AJITOPUTHBM 3A ABTOMATHUYHO VYII-
PABJIEHUE C OBPATHA BPB3KA

B [1,2,7] e pa3paboTeH AMHaMWUYeH MOJEN Ha
poboTu3upan crpouteneH Manumyiaarop (PCM) c
TBBPJO OKaueH ToBap. OmnpezaensHETO Ha 3aKOHa Ha
IpOMsSHA Ha YIPaBJISBAIlOTO BB3JCHCTBUE BBPXY
cHUCTeMaTa u(t) TpU 3afaJleHo 4pe3 MaTeMaTHYecka
(YHKIHS IPOrpaMHO ABHIKEHHE IO TBDKMHA Ha pell-
CHTE MOXE J]a C€ M3BBPIIN Bb3 OCHOBA Ha oOpaTHaTa
JUHAMMKa Ha MeXaHW4YHaTa cucrtema. To3M 3aKOH Iie
ObJie BaJIMIEH CaMo IIPU HAITBJIHO TOYHO ONHCAHUE Ha
peasHaTa cUCTeMa M IOCTOSIHHH M3BECTHU NapaMeTpu
Ha cucTeMaTa U OKoJIHaTa cpefa. bl KaTo ch3nane-
HUSIT JTUHAMHUYEH MOJEN € NPUOJIU3UTENIEH U caMo C
OTIpeZieNieHa TOYHOCT OIMCBA ITOBEACHHETO Ha pea-
HaTa MEXaHHMYHA CHCTEMA, & BB3ICHCTBHATA Ha OKOJ-
HaTa cpesla ca MPOMEHJIUBH W ChC CTOXACTHUYCH Xa-
paxTep, TO cle/Ba Jla c€ U3BbPIIBA KOMIICHCAINS Ype3
yIpaBieHWE IO OTKIOHEHHE OT 33/1aJICHOTO IIPOr-
paMHO IBIKECHHUE C U3I0JI3BaHE HA 0OpaTHa Bpb3Ka. B
TO3U cllydyadl yHpaBisiBallOTO BB3JACHCTBUE, pealn3u-
paHo OT JBUTATENs, IIIe 3aBUCH OT TEKyIaTa Ipelka,
omnpesielieHa KaTo pasiuka MEeXIy 3afaJeHOTO OT
MPOrPpaMHOTO JBH)KEHUE MOJIOKEHHUE U PEATHOTO Te-
KYILIO MOJIOKEHUE HAa MaHUITyJ1aTopa.

IIpu cucremuTe 3a aBTOMaTU4YHO YIIPABICHHUE C
oOpaTHa Bpb3Ka MO CHCTOSIHHE, YNPABISIBAIIOTO Bb3-
nelicteue ce (opmupa KaTo JMHEWHa (yHKIHS Ha
BCUYKHU CHCTOSIHUSA Ha cuctemara [8,16,18,19]:

u=-Kz )
kpaero K e Bekrop, chabpaml IOCTOSHHH KoedH-
IIUEHTH Ha MPONOPLUHOHAIHOCT k; (i=1+6), a Z € Bek-
TOpa Ha ChCTOSHMATA, MH(GOPMAIHS 32 KOHTO ce Io-
Jy4aBa OT CEH30puTe Ha cucremara. Ha ¢ur.l e mo-

Ka3aHa 0JIOK cxeMa Ha 3aTBOpEHaTa CHCTeMa ¢ 0OpaTHa
BpB3Ka M0 ChCTOSTHHUE.

Cucremara ypaBHEHHsI, ONIMCBAIIA ABH)KSHUETO HA
3aTBOpEHaTa CHUCTEMa B TO3M Ciydall uWMa BHJA
[8,16,18,19]:

z=(A-BK)z 2)

YHUCTO pCUICHUC €
(A-BK)r
Z,

3)

Z=¢e

u

Y

-K

¢ur.1 biok-cxema Ha 3aTBOpeHara cucrema [8,16]

YcroiurBOCTTa Ha 3aTBOPEHATa CHUCTEMA CE OIl-
penens OT COOCTBEHHTE CTOWHOCTH Ha MarpHiiara
® =A-BK [19]. IIpu noaxopsuy mondop Ha CTO¥H-
HOCTHTE Ha eleMeHTHTe Ha BekTopa K Moxe 1a 6bie
OCHTypeHa ACHMITOTHYECKA YCTOHUYMBOCT HA CHUCTE-

mara, T.e. 3a Bewukd z,#0 , z(1)—>0 1pu

t > o [16] . 3a pasriexxaaHuAT poOOTH3HPaH CTPOH-
TEJIEH MaHuIlyJaTop, marpuuure A u B ca npencra-
BeHH B [2].

2.1 ITpoBepka 3a ynpasJisieMOCT
IIpoBepkara 3a ympaBIsieMOCT Ha CHCTeMaTa ce
M3BBPIIBA Ype3 MATPUIIATa HA YIpaBisieMocT P, KosTo
nMa cieaaus ool Bux [8,13,16,18,19]:
P=[B AB A"'B] (4)

3a pasriexgaHara CUCTEMa OT LIECTH Pel MaTpu-
aTa Ha yIIpaBJIsA€MOCT UMa BUa:
P=[B AB A’B A’B A'B A’B] (5
HpOBepKaTa € W3IbJIHEHA THbH KaTo paHrsT Ha
MaTpuLa rank(P) =6 € paBeH Ha pefla Ha CHCTEMATa,

T.€. CUCTeMAaTa € yIpasisieMa.

2.2. TIpeoOpa3yBane Ha MaTpuuuTe BbB (ha3o-
BO-KOOPIMHATHA KAHOHMYHA opma

Tparnchopmupanara BBB  (a30BO-KOOpAMHATHA
KaHOHWYHa Qopma cucremMa ypaBHeHus (1) mma
cnennus Bux [8,13,16,18,19]:
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Z,=A 6)
KBJIETO, 4pe3 TpaHcdopmaruonHata Mmarpuna T ca

U3BBPILIEHU CJICTHUTE TPe00pPa30BaHUsL:

ccf chf + Bocf u

Z,, = Tz (7
A, =TAT" )
B, =TB )
C,=CT" (10
u=-K_z_, (11)
K, =KT" (12)

TpanchopMupaHHTE 110 TO3W HAYMH MATPHUITH UMAT
CJIEIHUS 001 BHI:

_anfl _aan _al _aO
1 0 0 0
Ay=| . . (13)
0 0 1 0
0
Baj/' = (14)
0

ChOTBETCTBAII] Ha i-Ta

b, |

2.3 Onpepneisine Ha ejleMeHTHTe Ha BekTopa K

a penst Ha Marpuuara C,, ,

npenaBaTenHa QyHKIHA €:

Ci’cf = [briz—l bri,-z (15)

Marpwurara Ha 3aTBOpEHaTa CHCTEMa, IIpeICTaBeHA
BbB (ha30BO-KOOPJIMHATHA KAaHOHWYHA (opMa HMa
ciennus Bup e [8,13,16,18,19]:

®  =A,-B K, =
(_au—l _klaf) (_a»x—z _kzﬂy ) (_al _k:i) (_ao _k:‘d‘)
_ 1 0 0 0
0 0 1 0
(16)
a XapaKTePUCTUIHUS U TTOJTMHOM:
det(AI-A,, +B K, )= -

= 2" +(a,, + k)2 o (a, T
karo upe3 k', ki MT.H.ca O3HAYEHH ENEMEHTHTE HA

Bekropa K . Ako BbB (pa30BO-KOOpIMHATHA KaHO-

HU4HA (opma ce 3ajane >kellaHaTa MaTpulla Ha 3aT-

BOpEHaTa CHCTEeMa, YHHTO COOCTBEHHM YHCNIA ca W3-
BECTHH W OCHTYpsBAaT YCTOHYMBOCT Ha CHCTEMaTa
(Hammpar ce B JsABaTa MONYypaBHHUHA), TO TS IIEe MMa
BUJIA:

A'Ides ﬂ, zdes ﬂj f? /1 jes
, 1 0 0 0
(I)f;f’ = (17)
0 0 1 0

U TOraBa, Ype3 CpPaBHSABAHETO HAa CHOTBETHUTE €Je-
MEHTU Ha MaTpULUTE (I)M u CI)f:; ce OIpenessar

enemeHture Ha Bekropa K o Enna BB3MOXHOCT €

c

AKEJIAHUTe COOCTBEHH 4Hcia Ja ca €IHAKBM U Ja ca
peaHn OTPUIATETHN YHCIa PaBHU Ha —p, W TOTaBa

A, A% u T.H. mwe 6bHaT paBHM Ha KoedUIMEHTHTE

(B3eTH ¢ OTpHUIATENICH 3HAK), NPE CTEIeHUTE, 3am0-
(v n

BaiiKu OT -] creneH, Ha nomuHoMa (x+ p) . 3a pas-

rJIexXagaHara CuCTemMa, IoJIMHOMaA € OT IIECTa CTCIICH U
nMa ByJa:

(x+p)n =p° +(6ps)x+<15p4)x2 +

+(20p3 )x3 +(15p2 )x4 +(6p)x5 +(1)x6
n Torama jxenanara marpuna (17) npumoOuBa oOmms
Bux (19), a mpu p=10 wmarpunara npunobduBa BUIA

(20). dupekTHOTO CpaBHsSBaHC HAa CICMCHTHUTC Ha
MaTpULIUTE JaBa CICAHUTE CTOMHOCTH 3a €JIEMEHTHUTE

na Bextopa K, : k7 =45.83 , k7 =-121x10° ,
k7 =-1.99x10° kY =-5.24x10°,
kT =-1.05x10°, k&7 =10°.

18)

——6p —15p2 —ZOp3 —lSp4 —6p5 —p(’_
1 0 0 0 0 0
s 0 1 0 0 0 0

(I)ZC./' =

0 0 1 0 0 0
0 0 0 1 0 0

| 0 0 0 0 1 0 |

(19)

—60 -1.5x10° —20x10° —150x10° —600x10° —10°
1 0 0 0 0 0

o | 0 1 0 0 0 0
“ 1o 0 1 0 0 0
0 0 0 1 0 0

0 0 0 0 1 0

(20)
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2.4. Omnpenensine Ha TpaHC(OPMAIMOHHATA MAT-
puna

Tpanchopmannonnata marpuria T ce onpenens mo
cneanara 3apucumoct [8, 13, 16,18,19]:

-1
T:PCC/.(P) 21)
KkbleTo P e marpuiara Ha ynpaBiIseMOCT HA OPHUIHU-
HajHata cucrema, a P e marpunara na ynpasnse-

MOCT Ha TpaHc(hopMHUpaHaTa cCHCTeMa. AHAJOTHYHO Ha

(4), matpuuara P, uma cieHus BU:

=|B,. A_B A’
I: ccf cof ecf

cof

A’ B

P cof eef

cof

4
B cef Accf B cef

Aic/’B cef :I
(22)
BekropbT Ha KoeduumenTure Ha ynpasiennero K 3a
OpHUTMHAIHATA CHCTEMa Ce OIpeselis Ype3 MaTpuiara
Ha TpaHcdopmanmus [8,13,16,18]:
K=K,T (23)
2.5. YucieH eKCIepHMMEHT CbhC CHHTe3MpaHaTa
3aTBOpPEHa cucTeMa
Ha ¢ur.2 e mokasan rpa¢puanus monen B Simulink
Ha CHHTe3MpaHaTa 3aTBOpEHa cucremMa c oOpaTHa
BpB3Ka 10 cheTosTHUSL. CHMYJIanusTa € U3BbpIIeHa IPU
BEKTOP Ha HavaJTHUTE yCIIOBHUS

z=[02 0 0 0 0 O]T U momyueHute B T. 2.3.

CTOMHOCTH Ha eeMeHTUTE Ha BekTopa K.

X=Ax+Bu
y=Cx+Du

Control
signal

Manipulator model

¢ur.2 I'paduuen mozen Ha 3aTBOpeHara ciucrema B Simulink

Ha ¢ur.3 ca mokazaHu MmOMydeHHTE 3aKOHU 3a
MpOMSHA Ha CHCTOSHUATA, a HAa Qur.4 - 3aKoHa 3a
MIPOMSIHA Ha CHOTBETCTBAILOTO MM YHPABISABAIIO Bb3-
neiicteue. KakTo ce BmKaa, BCHYKHA CHCTOSHHS, Chb-
OTBETHO W YNPAaBISIBALIOTO BB3JCIHCTBHE, CIE Ompe-
JICNICH TIEpHOJ] OT BpeMe IpHeMaT HyJIEBH CTOMHOCTH,

KOETO O3HauyaBa, Y€ CHHTE3MpaHaTa CHUCTEMara €
ACHMIITOTHYECKH yCTOHYMBA U C€ BPBIA B PaBHOBEC-
HOTO CH ChCTOSTHHE CJI€]] OTKJIOHEHHUE OT HETO.

3. CHUHTE3 HA UHTEI'PAJIHO YIIPABJIE-
HUE 3A CTABWJIN3ALUSA HA ITPOI'PAM-
HOTO ABUKEHUE

3amavuara 3a CHHTE3 Ha JIMHEHHA CHCTEMa 3a yIpaB-
JICHHE Ce ChCTOM BB (POPMHUpPAHE HA TaKbB BEKTOP Ha
YIPaBISBAIIOTO BB3/IEHCTBUE, 32 KOMTO BEKTOPHT Ha
M3X0J/la Ha CHCTEMaTa MMa JXEeJIAHOTO M3MEHEHUE BbB
BpemeTo [19]. 3a na ce cneaBa 3a1aIeHOTO IPOTPAMHO
nBwkenue Ha PCM nipu TMHEHHOTO My XOPU30HTAIIHO
JIBIDKEHHE, 3aKOHA 332 ()OpMHUpaAHE Ha YIPaBIISBALIOTO
BB3/ICHCTBUE 1(?) Ce 3alMcBa 0 CileAHus HavuH [8,16]:

u(t)=-Kz+k¢

gézr(t)—x1 =r(t)—CZ
KBIETO 4pe3 7(?) € O3HAUCH 3aKOHA Ha MPOTPaAMHOTO
JIBIDKCHHE, KOWTO TPsiOBa Jja CiIeIBa MaHHUITyIaTOpa Mo
KoopAWHAaTa X; (10 MpOABIDKEHUE Ha pencure). B 3a-
KOHa 32 YIIPaBJICHHE € BbBEICHA WHTErpajHa KOMIIO-
HEHTa, YMETO MpPEAHa3HaYCHNE € Jia MpeMaxBa Ipell-
KaTa B YCTaHOBEHHS PEXHM dUpe3 NpHIIaraHe Ha J0-
I'BIIHUTEITHO BB3JEICTBUE C roneMHuHa k,& , KBIETO

(24)

5 = j(i’(t)—xl )dt € JOIBJIHUTEIHA INPOMEHJIMBA Ha

CBbCTOAHHUETO.
600F
400F
2001
’ \\\_"",:ij:-_-__-""““-—
55 -200
o]
w400 —x1
phi2
-6001] T i phi3
x1_d
-8001 T T phi2_d
~1000 | phi3_d
0 02 04 06 08 1 12 14 16 18 2
time, s

¢ur.3 3axoHu 3a mpoMsHa Ha ChCTOSIHUATA

Cuctemara (1), ceBmMecTHO ¢ (24) nma Buzaa [8,16]:
Z A-BK kB z 0
.| = + r(l‘)
g -C 0 ||¢ 1
Ha ¢wur. 5 e mokaszana 6510k-cXxemMa Ha HHTETPaTHOTO
yIpaBieHHE.

(25)
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x10°

ontrol signal

0 0.5 " 15 2
time, s

(ur.4 3axoH 3a mpoMsiHA HA YIPABIIABAILIOTO
BB3JICHCTBUE U()

[Mopamm noGaBstHETO Ha HOBaTa TNPOMEHIIMBA Ha
CBCTOSTHHETO, PEIBT Ha CHCTeMAaTa HapacHa C eIMHUIIA,
MIpHU KOETO CJeNBa Ja C€ OMpPEAeTSIT KaKTO KOe(hHIIH-
enture k; (i=1,2,...,n), Taka U Koe(pHUIMEHTa HA TIPO-
MOPIIMOHATHOCT HA WHTETpalHaTa ChCTaBKa. Torapa
BEKTOPHT HA KOS(HUIMICHTUTE UMa BHIA:

K= [K | —kl] (26)
3a 1a ce ocUrypu 3aJaJleHOTO DPA3MOJIOKEHUE Ha
MOJIFOCUTE HA CUCTEMaTra ce Clie[lBa Npoueaypara ot
T.2.3, HO ce u3noa3par Marpuuure [8,16]:
~ A 0

A= C 0 27)

B= (28)

O O

¢ur.S Biok - cxema Ha MHTETpaTHO yrpasieHue [16]

UncneHoTo MopenupaHe Ha cucremara (25) e us-
BbpiIeHo B Simulink. Ha ¢wur.6 a) e mokasan paspa-
OoTeHUsI cUMynanuMoHeH moxen. [IporpamMHOTO HBH-
JKEHHUE r(t) ce 3a/1aBa Ype3 TOJIMHOM OT TIeTa CTEIEH ¢
KpailHaTta CTOMHOCT Ha mpemecTBaHeTo 20 m u mpo-
JIBIDKUTENHOCT Ha aBmkeHue 30 s. Ha ¢ur.6 6) e mo-
Ka3aH MOJIyJia 3a TeHepHpaHE Ha 3a/ajficHaTa Tpaeck-
TOpHS Ha JIBU)KEHHE, KaTo € Bb3MOXEH U300pa MexXIy
MOJIMHOMH OT TpeTa, MeTa U ceaMa cTeneHu. Jlombi-
HHUTEJHO € BbBEJEH OJIOK 3a caTypalysi, OrpaHuYaBall]

HapacTBAaHETO Ha YIIPABIABAIIOTO BB3/ICHCTBHE Haj
onpeneneHa CTOMHOCT. JKenaHure moaocu ca KOpeHu

na rormaroma (s+70) , a Bextopa Ha koedwuenTHTE
k =3.7x10"
ky =2.39x107 , ky =-2.19x10° , k, =-2.14x10 ,
k, =129x10°, k, =4.75x10°, k, =—k, =7.5x10".
Ha ¢ur.7 ca moxasanu nmporpaMHOTO IBIDKEHHE 7(1)
U pean3upaHys 3aKOH Ha IBIKEHHUE TI0 X; - KAKTO Ce
BIX/a, Te¢ ca MHOro Onm3ku. Ha ¢ur.8 e mokasana
TpelikaTa, KosTO € pa3juKaTa Mexay rpadukure Ha
¢ur.7. Makcumannara rpemrka € 0.06 m u e mpubmu-
3WTENTHO B cpejara Ha IepHosia Ha ABIKeHHe. B kpas
Ha nBrkeHueTo (mpu =30 s) rpemkara € Hyja, T.C.
MaHMITyJIaTOpa JOCTHra 3aJafcHaTa Io3unus 0e3
rpemka B ycraHoBeHHs1 pexuM. Ha ¢ur.9 e mokaszan
BI'bJIa HA Pa3JIIOJIiBaHE Ha KOJIOHATa ¢, Makcumai-
HOTO OTKJIOHEHHe € okono 7x10™ rad, T.e. To e Hama-
JISUT0 MHOTOKPAaTHO B CPaBHEHHE ChC CIIydasl IIpH He-
yIpaBIsieMo 3a/[BIKBaHe. MakcuMaHaTa JOCTUTHATa
ckopoct e okono 1.2 m/s (¢pur.10) u T4 e mpoauKTy-
BaHa OT MapaMeTpUTe Ha NPOrpPaMHOTO JBIKeHne. Ot
¢ur.11 ce BwkIa, Ye ymnpapisIBALIOTO BB3ACHCTBHE
CMEHSI 3HaKa CH, T.€. B Kpasi Ha JIBIDKCHUETO JIBUTATEIS
paboTH B crnupadeH peXHM, a MakCHMajHaTta My
croitHocT € 220 Nm. CTOMHOCTUTE Ha yNPaBIsIBAIIOTO
BB3/IEHCTBUE Ca B PAMKHTE Ha CHJIOBUTE Bb3MOXKHOCTH
Ha 3amBrkBamus neuraten. Ha ¢ur.12 ¢ mokaszana
MeXaHWYHATa XapaKTepPUCTHKa Ha JABHTaTeNs MpU
clieIBaHe Ha 33]]aJIeHOTO POTPAMHO JIBIKECHHE.

B YHOpaBJICHUCTO numa BUaa:

4. U3BOJIN

CuHTe3upaHara cUCTeMa 3a MHTETPAIHO YyIpaBliie-
HHe ¢ 00paTHa Bpb3Ka 0 ChCTOSHHE AaBa BE3MOXKHOCT
3a cTabmin3anus Ha MPOrPaMHOTO IBIDKEHHE Ha Po-
60TH3HMpaH CTPOUTENCH MAHUIYJIATOP IPH H3BBPII-
BaHE HAa XOPHU3OHTAIHO TPABOJUHEHHO ABMKEHHE.
[Tomydenure OT cuUMyJanMATa YUCICHU PE3yNTaTH
MIOKa3BaT, 4e TPH 3aJaBaHe Ha MPOTPAMHOTO ABHXKE-
HHE Ype3 IMOJMHOM OT IIeTa CTEeNeH MaKCHMaJHaTa
CTOMHOCT Ha IpelKara € Majika, a B KpaifHaTa Io3unus
€ paBHa Ha HyJa. YCTaHOBEHO €, Y€ BI'bja Ha pa3iio-
JsIBaHE Ha KOJOHATa € MHOTO MaJbK, a CBIIO Taka
JIMTICBAT BHCOKOYECTOTHH TpenTeHws. V3mon3BaHeTo
Ha CHCTeMara 3a yIpaBJIeHHE MO3BOJIsBA Ja CE BIUsC
BBPXY MapaMeTpuTe Ha IsJIaTa CHCTeMa B Oiarompu-
ATHO HalpaBJICHWE, KAaTO C€ peajn3Hupar NpelBapH-
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TCIHO 3aZaAlC€HW KHUHEMATUYHU XapaKTCPUCTHUKH Ha
JABHKCHHUECTO U 110 TO3W HAYHUH HAMaJIAT BI/I6pa]_[I/II/ITe Ha
METajilHaTa KOHCTPYKOHA Ha MallnHaTa W ITOBUIIHN

TOYHOCTTAa Ha MNO3ULHUOHHPAHC. HO)IO6€H moaxomg €

position

velocity

acceleration

jerk

Trajectory generator
3rd,5th,7th degree

degree Value

Group —————————————————
3rd degree
® 5th degree
7ih degree

Position
error

=

v
2z

-

pa.

Control
signal

x=Ax+ Bu
y=Cx+Du

MIPUIOKUM | TIPH CHHTE3WpaHE Ha CHCTEMa 3a yNpaB-
JICHNE Ha MAIIMHH C M0J0O0HA KMHEMAaTH4YHA CTPYKTY-

Manipulator model

‘ pos

ref_traj
tf

degree

o
2 —_
el o | =D |2l <
@

(o]

¢ur.6 I'paduuen mogen B Simulink

6)

20

\

[——r

x1

15 20 25

time,s

10

30

35

¢ur.7 [IporpamMHO ABWKEHUE 7(?) U peaTH3upPaHUs 3aKOH

Ha IBMXKCHUC I10 X/

acceleration

5o ke
), 1 phi2 K6 [
K6
=] K(5)I:
_ kS L
velocity, x1d u K(4) r
K4 l
= <€
ksi K3 r
<) K(2)
K2
a)
. (D
position
o (2D

acceleration

008 el
0.05 /
[y
g 0.03 / \
® o2 7 ‘\
0.01 /
4
0 5 10 15 20 25 30

time, s

35

¢ur.8 I'paduka Ha rpenikara
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phi2, rad

0 5 10 15 20 25 30 35
time,s

¢ur.9 bren Ha pasnronsBaHe Ha KOJIOHATA @2

1.4 T T T T T T
1.2

1
0.8
0.6

0.4

rd(t), x1d(t), m/s

0 5 10 15 20 25 30 35
time,s

¢ur.10 I'padukn Ha mporpamuara ckopoct 7-(¢) u pea-

JM3UpaHaTa CKOPOCT Ha JIBMIKEHHE X,
250F T T T = T T .|

Control signal

_50F I I I I 4

0 5 10 15 20 25 30 35

¢ur.11 I'paduxa Ha ynpaBIIBaIIOTO BE3CHCTBIE
10
9

8

phi3_d, rad/s

0
00 &0 0 50 100 150 200 250 300
u, Nm

¢ur.12 MexanuuHa XxapakTepUCTHKa Ha JIBUraTess
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MODELING OF AN AUTOMATIC CONTROL SYSTEM FOR THE
HORIZONTAL MOVEMENT OF A ROBOTIC CONSTRUCTION MANIPULATOR
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Abstract: The article is devoted to the synthesis of a feedback control system of a robotic construction manipulator (RCM). A
simulation model has been created in Simulink, as the numerical results obtained from the simulation shown, that when we use
the program motion by a fifth-degree polynomial, the maximum value of the error is small, and in the final position it is equal to
zero. The use of the control system allows to influence the parameters of the whole system in a favorable direction, by realizing
pre-set kinematic characteristics of the movement. The synthesized control system can be used for controlling machines with a
similar kinematic structure.

Keywords: robotic construction manipulator, control system
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ASSISTIVE TECHNOLOGIES AIMED TO IMPROVE THE OVERALL LIFE
QUALITY OF ELDERLY USERS
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Abstract: Considering that the focus in developing modern assistance systems is the ability of these devices to provide a
greater independence for users, in parallel with the transition to greater social inclusion for older users with age-specific
mobility impairments, this paper presents a brief overview of the factors that influence the level of employment of various types
of technologies in the case of older adults and weather the use of such technologies influence their willingness for ageing in
place. Furthermore, the application of participatory design methods is considered in the case of assistive technologies aimed to
improve the overall life quality and independence of the elderly users. Thus, not only the improvement of assistive devices is
considered, but as well the development of living environments suitable to the needs of older adults.

Key words: assistive technologies, elderly users, user-centered design

1. INTRODUCTION

In Statistical data regarding the countries of the
European Union show an aging tendency, where the
percentage of the over 65 years age group is expected
to increase from approximately 17.5% in 2011 to an
estimated 26.9 % in 2040 [1, 2]. In this sense, there
emerges the need for developing new assistive devices
that would better suit the physical constraints imposed
by the aging process.

The mobility problems in the case of the older
population are the ones that raise the most concerns, as
the ageing process involves several changes, such as
modifications in muscles and joints, flexibility,
strength, posture and gait [3, 4]. In the same manner,
changes in the central nervous system can cause a slow
reaction time, interfering with one's ability to interact
with the working environment [5].

Thus, faced with the deterioration of their abilities,
many older people prefer the use of assistive
technologies in order to maintain their quality of life,
their independence and self-respect. In this sense,
assistive technologies are systems designed to increase
or maintain the functional ability of the user to perform
an activity or a task by reducing load demand [6].

The employment of such assistive technologies can
further facilitate the aging in place process, often times
defined as “living in the present community, with a
level of independence, rather than in a care center” [1,
7] and considered to be a better options for the elderly
population.

In this sense, [8] provides a view on the opinions
and preferences of older residents with respect to their
current and future housing circumstances, the
respondents sharing a strong desire to remain living
independently in the community. Having the same
premise, [9] describes several solutions that can
support elderly users in their daily activities, allowing
them to stay independent for as long as possible, by
implementing robots and sensors in the home
environment in order to assist the inhabitants in their
daily routines. Furthermore [10] offers a brief overview
of the potential uses of robotics in social and health
care, considering commercially available devices as
well as prototypes in various stages of research.

On the other hand, [11] explores the relationships
between users' habits and technology acceptance by
studying the interaction of older people with the Kinect
for Xbox, arguing that understanding technology habits
can offer new opportunities for research on user
experience and interaction design.

[12] suggest that a precondition for the ‘ageing in
place’ process is that the older adults consider their
environment as a safe and familiar place. In this sense,
it emerges the need for developing new products and
environments that would better fit the physical
constraints of elderly users and, at the same time,
offering a safe usage.

Even though universal design refers to the concept
of designing products and built environments utmost
usable by everyone, regardless of age or ability, in
order to develop a product that serves a specific need of
a specific type of users, their opinion on the matter has
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to be considered. Thus, given the appropriate tools or
methods they can become articulate and even creative
[13].

2. USER-CENTERED DESIGN. TOOLS AND
APPLICATIONS

In the case of user-centered design the users are
involved in all stages of the design process of a product
in order to obtain a more clear understanding of task
requirements and a multi-disciplinary approach [14].
Several key principles regarding UCD can be defined
in order to ensure an effective process:

e User focus
User involvement throughout the design process
Simple design representations
Prototyping in cooperation with the end users
Evaluating product usage in context
Usability experts involved throughout the
design process

e Holistic design

e Customization of processes [14]

Thus, between the team of experts and the group of
end users a collaborative partnership is developed [15],
creating the advantage of a more in-depth insight into
the given issue, at the same time giving the researcher
an insider view and a more valid description of users'
experiences.

The tools and techniques used in UCD refer both
techniques for interacting with end-users (such as task
analysis, direct observation, activity diaries,
questionnaires, interviews, group discussions) and
design tools used to facilitate the product development
process (digital human modeling, manikins, inclusive
design, human behavior modeling) [14].

3. CASE STUDY

In order to obtain information regarding users’
opinion about the employment of assistive devices a
group of elderly participants (ranging in age from 60 to
80) were directly involved in a participatory workshop
[16] in order to obtain a list of requirements for a
walking assistive device that would better suit their
needs.

The generated set of ideas was based on users*
experience, thus allowing them to imagine more
relevant solutions based on their needs.

Do you use an assistive walking aid?

v

v \4
No Yes
Why not? »  Age

. .

If you had more
information about

For which daily

activity do you

encounter the
greatest difficulty
regarding

A 4 \ 4 ¢

No Yes Most important
characteristics of

assistive devices
would you be
opened to using

a walking aid

'

Are you happy with

your walking aid?

!

What would you
improve?

}

What do you think are the reasons
why assistive devices are not more
widely used?

fig. 1 Logic scheme of the questionnaire

As another technique, a questionnaire consisting of
11 questions was considered and sent to a total of 26
care centers (Fig. 1). The results showed that a large
number of respondents were either already using an
assistive device or would be interested in using one,
and the most used devices were the walking frames
(45% of respondents) and the walking canes (30% of
respondents) (Fig. 2). The results also point out that the
currently used assistive devices show a large degree of
generality raising the need for a more specific solution,
designed to adapt to the needs of the considered group.
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= Seriesl, Very unpleased, -

| ® Seriesl, Very pleased, 4,
4,10% |

10%

= Seriesl, Pleased, 6, 15%
Series1, Unpleased, 10, \ \
25%

. Seriesl1, Less pleased, 16,
40%

m Very pleased  m Pleased = Less pleased Unpleased = Very unpleased

fig. 2 Degree of users’satisfaction with their current assistive
walking aid

Furthermore, the interaction elderly users
(regarding both the comfort in usage and suitability of
the devices) with their current assistive aids was
considered and, in order to properly test the given
devices, two human digital models (man and woman)
were generated considering the anthropometrics
obtained from a given group — 68 over 65 years old
Romanian men and women with age related mobility
limitations, currently living in an assistive care center.

Starting from the results of the research among
elderly users, the two top used assistive devices were
tested with the created digital human models. The two
devices are a standard fixed deep frame walker (height
- 820 mm, width - 380 mm, depth - 490 mm, weight -
3.2 kg) — Fig. 3.a - and a fixed walking cane (height - 88

cm, weighting - 0.4 kg) — Fig. 3.b. As a method of
analysis, the rapid upper limb assessment (RULA)
method [17, 18] was employed, the obtained results are
shown in Table 1.

fig. 3 a. Man digital model using walking frame. b. Woman
digital model using cane.

From the analysis it can be observed that in both
cases of assistive walking devices currently used by the
considered group of older adults further investigations
and changes are required to be made as soon as
possible, as the assistive devices tend to be more
harmful that they are helpful.

table 1. RULA analysis scores for walking frame and cane for both man and woman digital models

RULA scores - Walking frame RULA scores - Cane
Men Women Men Women
Upper arm 4 3 2 1
Forearm 3 2 3 2
Wrist 3 3 4 3
Wrist and arm 8 7 6 4
Posture 5 4 5 3
4. CONCLUSION process of a new assistive walking device that would
better fit their current needs. Thus, they participated in
This paper considered users’ involvement a participatory workshop, answered a questionnaire,

throughout the entire design process, specifically in the
case of elderly users, in the same time emphasizing the
concept of ageing in place as an alternative to
institutional care.

A case study is considered by involving a group of
elderly participants in the early stages of the design

allowed anthropometric measurements. Based on the
information obtained from the group, two digital
human models were further created and tested their two
most commonly used assistive devices (walking frame
and cane), the RULA analysis scores suggesting an
immediate need of changes in the devices.
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AHHOTaAIHSA:

Kommbrorepusie nngopmarnuonnsie cucreMsl (KMC), B acTHOCTH, CEpBHCHO-OPHEHTUPOBAHHBIE, MMEIOT

CIIOXKHYIO KOH(HUTYPAIMIO B3aNMOJEHCTBYIOINX KOMIIOHEHTOB, ydeT M aHAJIHN3 XapaKTEePHCTHK KOTOPBIX B PaMKaX OFHOI
MOJZIE]IM BEeCbMa CIOXEH M Hojdac HenesecooOpaseH. OTciofa, B HACTOAIICH CTaTbe U1 MOJENHPOBAHMS TAKUX CHCTEM
TIPEUIOKEeHBI J[BE, MNOIOJIHSIOIINE JAPYr Apyra Mozenu paboTsl BeO-cepBepa. Monenu mocTpoeHbl Ha 0asze ammapara
MapKOBCKHX LI€IIeH, TEOPHH MacCOBOro 0OCITyKUBAaHUS U pacKpalleHHbIXx cerei [letpu.

KrodeBble cjIoBa: KOMIbIOTEpHBIE HH()OPMAIMOHHBIE CHCTEMBI, pacKpalleHHbIe ceTh [leTpy, anmapat MapKOBCKUX IETIeH,
TEOpHsI MacCOBOTO OOCITYKUBaHUS, Tpad COCTOSIHUM, pacdeT MoKa3aTelled Harpy3Ku

Key words: convolutional network, Keras, NSL KDD, De Bruijn topology

1. BBEIEHUE

O dexTHBHOCTS paOOTHI COBPEMEHHBIX KOMITAHUN
BO MHOTOM 3aBHCHUT OT 3()(HEKTHBHOCTH PabOTHI KOM-
nbptoTepHbIx MHMopMaioHubix cucteMm (KUC). Dd-
¢dexTuBHOCTH paboThl KMC MOXXHO npoaHain3upoBaTh
MOJIETMPOBAaHUEM M pacyeToM IIOKaszaTeleld ux pa-
OOTHI.

Jns ananmsa u monenupoBanus KUC knacca «xmu-
€HT - cepBep» HanOOJIbIlIee PACIPOCTPAHEHHE TIOJTY-
YK MaTeMaThueckuil ammapat cereit [letpu [1,2] u
Teopus MaccoBoro obciyxusanus (TMO) [3].

UzsectHo [2], uto cetu [leTpu oueHb yaoOHBI 1Jist
MOJICJIUPOBAHMSI CHCTEM, COCTOSIINX M3 MHOXKECTBA
B3aMMOZICHCTBYIONINX KOMIIOHEHTOB. OTtcroma cern
Iletpu menaror Bo3MOXHEIM MomenupoBanne KUC B
BHZIC MaTeMaTHYECKOTO TPEICTABICHHUS Ha OCHOBE
TEOPHHN KOMITIEKTOB, KOTOPas SBISETCS pacIIMPEHUEM
teopun MHOXkecTB. [Ipencrapnerane KUC B Bume cetn
[leTpn naetr BO3MOKHOCTH MONY4YUTh MH(DOPMALUIO O
CTpYKType M amHamudeckoM moseaeHun KUC [2].
Crnenyer ormeTuTth, uro Haubosee d(Q(GEKTUBHBIMHA B
ciayuyae mogenvpoBanus 1 ananuza KHUC c cepBucHo-
opueHTupoBaHHOW apxurektypoil (COA) sBistroTCS
packpamennslie cetu [Terpu (PCIT) [4].

PCII - 570 rpago-opueHTHPOBAHHBIN S3BIK TSI TPOEK-
TUPOBAaHUs, ONUCAHMUA, HMUTALUH W  KOHTPOJIA

pacmnpenenennbix U napamiensueix KUC. B oTinumne
ot "knaccuueckux" cereit [lerpu, B PCII BaxkHyt0 posis
UTpacT TUNHN3AUA OAaHHBIX, OCHOBAaHHas Ha IIOH:-
THUU MHOXXECTBA IIBETOB. ﬂJ’lH OIIMCaHUs JUHAMHUYCCKHUX
cpoiictB B PCII BBOOWTCS MOHSTHE Pa3METKH CETH C
MIOMOILBIO TaK Ha3bIBaeMBIX (PUILEK, pa3MeIlacMbIX B
OTIpENIeNeHHBIX NO3UIMAX. [To3uums — umeer omnpezae-
JICHHOE 3HAa4YEHHE, OMpeeNIieMOe U3 MHOXKECTBA IIBE-
ToB. LIBeT nmo3ummu, B CBOIO OYEpE/lb, ONPEIEISAET THII
¢uiek, koropsie Tam Haxoasrcs. PCII npencrapmnsier
c000if aCHHXPOHHYIO CHCTEMY, B KOTOPOH (DUIIKH Tie-
peMeInaroTes 1Mo MO3KUIUSIM depe3 mepexonsl. [lepexon
nepeMeriaer GUIIKy U3 BXOZHOW MO3MIUHM B BBIXO-
HYIO, €CJIH BO BCEX BXOJIHBIX MO3HMIMSX /IS JAHHOTO
nepexoja MpUCYTCTBYET XOTs Obl ofHa (DUIIKA ¥ BBI-
MIOJTHEHO JIOTHYECKOE yCIOBHE, OrPaHHYMBAIONIEe TIe-
pexox (cryckoBast QyHKITHS).

Kpome ceteit Iletpu, 3¢ ¢eKTHBHBIM ammapaTtoM
anaymza KUC siBisieTcst TeOpHst CHCTEM MacCOBOTO 00-
cyxuBaaust (TCMO). Anamnz mogmeneit TCMO B
KHNC no3Bonsier nOpoW3BOAUTH pacdeT NoKas3aTeien
s dextuBHOCTH padotel KMC ¢ menbto onpeneicHus
ONTUMAJIBHOTO peXHMa UX (YHKIMOHUPOBAHUS.
Kpowme Toro, B nponecce npoexruposanust KNC namu-
yue MoJeNied OTHENbHBIX (ParMeHTOB II03BOJISIET
aJIeKBaTHBIM 00pa30M BBIOPATH COOTBETCTBYIOLIHE T1a-
pameTpsl  obopymoBaHus W pecypcoB  KHUC,
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ocymecTBIATh mporHo3 coctosiHus KUC. Takoit moa-
X0J1 00YCITOBIICH TEM, UTO, B CBSI3U C BBICOKOH CII0KHO-
cThio coBpeMeHHBIX KU C, mpoeKTHpOoBIIKKY, KaK mpa-
BUJIO, OYEHBb TPYJHO MPOAHATU3UPOBATE CPa3y BCE MO-
Kazarenn (YHKIMOHHUPOBAHWS  pa3pabaThIBacMOi
KUC. TlonbiTka MHTYUTHBHO BHIOpPATh BapHaHT MHTE-
rpaiyy pa3HOPOJHBIX MPOAYKTOB U MapaMeTPbl IPOEK-
TUPYEMOMN CUCTEMBI MOXKET NPUBECTH K CYILIECTBEHHOU
HnoTepe MPOU3BOAUTEIBHOCTY Ha 3Tale 3KCILTyaTalun
1 OOJIBIIM 3aTpaTaM Ha IopabOTKy HH(POPMaIMOHHON
cucremsl [3,5].

Ucnons3oBanne TCMO a1 aHanuza U MOJEIUPOBa-
Hus KMC, B 4aCTHOCTH ¢ CEpBUCHO-OPUEHTUPOBAHHOM
apXUTEKTypoH [6], O3BOJISIET, TOMUMO UHCTPYMEHTA
MMHUTALMOHHOTO MOJEIMPOBAHUS, MCIOJIB30BATh IS
HCCJIeIOBAHMS allapaT MapKOBCKUX LIEHEH.

IIOCTAHOBKA 3AJAYN

IIpu mogenuposanuu u ananuze KUC Henb3s orpa-
HUYUTHCS. CO3JAHUEM OJHOW MOJICNH, YTO OOYCIIOB-
JICHO CIIOXKHOCTBHIO KOH(HUTYpalUKi B3aUMOICHCTBYIO-
IIMX KOMIOHEHTOB [6]. OTcioaa, y4eT u aHaJIu3 Xapak-
tepuctuk KUC B paMkax oIHOW MOAETH BEChbMa CIIO-
JKeH U moxdac HeuenecoodpaseH [7]. B cBs3u ¢ atum,
AKTYaJIbHOM SIBJISIETCS 3a/1a4a TOCTPOCHHSI HECKOJIBKHX
JIOTIONTHSIIONINX OpyT Apyra moxenen padorsr KUC.
Hwxe mnpemnararorcst [Be MOJend pabOThl TJIABHOTO
komnoHeHTa KIIC Web-cepBepa, KoTopbie CTpOsITCS Ha

ven
PO ETEET (ew

(v 8
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O e
4
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Ok
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OcHOBe anmapata cereil [leTpu n Teopun cucreMm mac-
COBOT'O 00CITY>KHBaHHS.

MOJEJIUMPOBAHUE Y PACUET IIOKA3ATE-
JIEN PABOTBI KUC

JUig pa3sHOPOAHBIX 3asBOK B paMkax Teopuu PCII
paccMOTpUM CIEAYIOLUI YacTHBINM ciaydyail Mojaenu
Web-cepBepa. Mojienb CONEp>KUT TPH HCTOYHHKA 3a-
MIPOCOB OT MOJIB30BaTENeil KIMEHTCKUX TEPMHUHAIIOB,
cepBep NpuiIokeHui u cepsep 6a3 nanubix (bJ1). Kax-
JIbIi1 ICTOYHMK T€HEPUPYET CIENYIOIINN ITIOTOK 3aIpo-
COB:

- 3aMpOCHl HA MOIYYEHHE CTATHYECKOTO COJIEPKUMOTO
caiira (u3o0paxkenus, crarndeckue HTML-cTpanuisl,
CTHUJIEBBIE TAOJIMIIBI U JIP.);

- 3aIpockl Ha noiyueHue uadopmaiu u3 bJI;

- 3a1pockl Ha coxpaHenue nudopmanuu B B/1.

Nmuranmnonnas moxens KMC B Buae croxacTuye-
ckoit PCII npuBenena Ha puc 1. [{na mogenupoBanus
00paboTKH cepBepoOM 3alpOCOB Pa3HOTO THUIA B MO-
JIeJTb BBEZICHBI PACKPAcKH 1 B BUAE MapKepOB pa3iand-
Hoii popmer <V ¢ M &> Mapkepbl, 0603HAYCHHbIE
KPY’KKOM, OTpPa)karoT COCTOSHHE 3aHSATOCTH pecypca
cepBepa IPUIIOKEHHH — 00pabOTKM 3arpocoB KaHa-
JIaMU cepBepa NPUII0KEHUI.

n=15

puc.1. Monens Web-cepBepa B Buze packpamieHHo# cetu [letpu
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[lepexonp! cetu Ilerpu ti,to,t3 CBA3aHBI C UCTOYHU-
KaMH 3alpOCOB, IPUYEM UHTEHCUBHOCTh UX MOCTYILJIE-
HUS Ha BXOJIbl CEpBEpa MPUIIOKEHUN ONIPEAETISIETCS U3-
BECTHBIMH 3HAUYECHHMSIMU MHTE€HCUBHOCTEH Aj,A2,A3 CO-
OTBETCTBEHHO. MHOXecTBO M KaHaJlOB cepBepa npe-
CTaBJICHO KaK MOJMHOXKECTBO 3arpy>KEHHBIX KaHaJIOB
M| ¥ TOIMHOXECTBO CBOOOJHBIX KaHAJIOB M, TIpU
ycnoBuu, uro M, "M, =0 u M =(M, UM,). Mo-
MEHTHI Hayasia 00paOOTKH 3aIPOCOB CEPBEPOM IPHITO-
JKEHUH OMPEENAIOTCs IEpeXofaMH ta,ts,. .. t1g. [Ipu mo-
CTYIUICHUHU OYEPEHOTO 3aIIpoca B MOMEHT BPEMEHH T;
Ha4yuHaeT paboTaTh KaHan obcmyxusaHus Kqe M, c

MHHHMAJIbHBIM HOMEpOM. Bpems Havana paboThI Ka-
Hana Kq onpenensercs BpeMeneM 7 = 7;. Okondanue

00CITy>KMBaHHA 3allPOCOB ONpENeIIeTCs MepexofaMu
t19,. . .,t20,t33. BpeMst okoHYaHUs1 0OCITyKMBaHUSI C 1-TOU
packpackoii kananom Kq 3amaercst BeipaxenueM (1):

1

q — 49 -

t=rl+—,i=123... (1)
H;

rje 4, - MHTEHCHBHOCTb OOCIIy)KMBaHUs 3asBKH C i-

TOM pacKpacKoi.

B obmem cimydae, mogenmupoBanue u aHann3 KMC
Ha 6a3e PCII BecbMa CIIOKHBI U TPYIOEMKH, B CBSI3H C
YeM HCHOJIB3YIOTCS CHENNATN3NPOBAHHBIE TTPOTPAMM-
HbIE MPOAYKTHl. B yacTHOCTH, cnenuanu3lpOBaHHBIN
mmaker CPN TOOLS [8].
B ormmume ot cererr Ilerpu, TCMO mno3Bonser no-
MUMO HENOCPEACTBEHHOIO MMUTALMOHHOTO MOAEIH-
posanus KUC npu onpeneneHHbIX JOMYIEHUAX OTHO-
CHUTEJIEHO BXOJSIIHNX ITOTOKOB 3aIIPOCOB U 00CITy>KHBa-
HUSI TIOJYYUTh KOHEYHble (hopMyIsBl TOKa3aTesnei
¢yskunonuposannss KHMC B aHanMTHYECKOM BHUJE.
Tax, /U1 MPOCTEHIITUX MTOTOKOB MOCTYIICHUS U 00CITY-
KMBaHHS 3aIIPOCOB pacyeT nokaszarenei 3hheKTHBHO-
ctu QyukimonupoBanus KMC MOKHO BBITIONIHUTH Ha
OCHOBE JIUCKPETHBIX U HEMPEPBIBHBIX Lieneil Mapkosa
[9]. B aToM cityuae paboty Web-cepBepa MOXKHO Ipe/I-
CTaBUTDH CJICAYIONIMM IpadoM COCTOSTHMIA (pHcC.2), KO-
TOPBI COOTBETCTBYET OJHOPOJHOCTH IOTOKA 3aIpo-
COB U OTCYTCTBHUIO packpacku B mozenu cetu llerpu,
npeAcTaBIeHHON Ha puc 1. J{pyruMu cinoBamu B Mo-
JIeN UPKYIUPYEeT OpAMHAPHBIA MOTOK 3alpocoB C
9KCTIOHEHIIMAIbHBIM PaCIIPEACICHIEM.

y A A
X X, Emn Xk
u 2# k.u

A A A
F——> —> >
HEEE Xn—l Xn
<
(k+ Dy (n—1u ku

puc. 2. I'pad cocrosamii Web-cepBepa

PaGora Takoit Mozenu crucTeMbl MacCOBOTO 00Cy-

skuBaaus (CMO) ¢ Toukn 3perns TCMO 3akimrodaercs
B CIICITYOLIEM.
Ha Bxox n-xanansHoit CMO mnopaercs mpocTenuinii
MTOTOK 3aIIPOCOB C U3BECTHON MHTEHCUBHOCTEIO A. H-
TEHCUBHOCTb ITPOCTEUIIIETO TTOTOKA 00CTY)KHBaHUS 3a-
MPOCOB KaKJIOTO KaHAJIa OMpPEACIACTCS 3HAUCHUEM U.
CornacHo puc. 2 B ganHor mozaenu CMO BO3MOXKHO
CJIE/IyIOIee MHOXKECTBO COCTOSTHHH:

-X) - Bce KaHaJbl CBOOOIHBI, HA OJIUH 3aIIPoOC HE 00-
CITYKHBACTCS;

-X| - 3aHAT POBHO OJIMH KaHaJI (KAKOW MMEHHO — HE
Ba)KHO), 00CITY>KMBAETCsl O/IMH 3aI1poc;

-Xi - 3aHATO pOBHO k KaHAJIOB (KaKKe UMEHHO — HE
Ba)KHO), 00CITYy)KUBaeTCs K 3arpocos;

-X, - BCE N KaHAJIOB 3aHATHI, 00OCIYXKHBACTCS N 3a-
TIPOCOB.

Ecnm 3ampoc 3actan Bce n KaHAJIOB 3aHATBIMH, TO
3arpoc MOIyYaeT OTKa3 (MOKUIAeT CUCTEMY He 00CITy-
JKCHHBIM).

B paccMoTpeHHOM paHee YacTHOM ciydae HaMu
OBUIO MPHUHATO, YTO YHCIO KaHAJIOB OOCITY>KMBaHUS
n=15, T.e. Web-cepBep HACTpOCH IJIs1 OJJTHOBPEMEHHOU
paboTHI ¢ 15-f0 KaHaTaMH.

Jas rpada cocrostanii Web- cepsepa (puc. 2) B co-
OTBETCTBUHM C MHEMOHHMYECKHM IIPABUJIOM COCTaBJIE-
HUsL ypaBHeHWH [4] cucrema auddepeHIManTbHBIX
YpaBHEHHUH 1JIS1 BEPOSITHOCTEH p; COCTOSIHUE X; ompe-
JICNISIeTCS KaK:

( Po(8) = =Apo () + pp1(0);

{m(r) = 2 + kP + AP (©) + K+ Dppsn® (2)

{ Pa(6) = —nup, (6 + Apn(0),
rae: k=1,...,n-1.
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Cucrema muddepeHnranbHbIX ypaBHeHAN (2) WH-

TErpUPYETCs P HAYAIBHBIX yCIOBHUIX:

{ po(0) = 1; 3)

pr(0) = 0;p,(0) =0
[Tpu sTOM pemienne cuctemsl AU HepeHITHATEHBIX
ypaBHEHHH (2) YyIOBIETBOPSCT HOPMHPOBOYHOMY
YCIIOBHIO:

Yk=oPk(®) =1, (t=0) 4)

3aMeTHM, 4TO ypaBHEHUs (2) SBISIOTCS ypaBHEHH-
smu Dpnanra [10].

3aMeTuM Takxe, 9To BelpakeHus (2) - (4) cpasen-

JIMBBI U JUIS CITy4asi, KOTJa MOTOKH 3allpOCOB HE SBIIs-

IOTCSI IPOCTEHUIIINMHU, & IPEJICTABIISIIOT COOOW HeCTaIH-

OHapHBIE [TyaCCOHOBCKHE MOTOKU. B 3TOM ciyuae uH-

TEHCUBHOCTU TIOCTYIUIEHHSS M 00pabOTKH 3ampocoB

A= /I(t) u U= ,u(t) SIBIISIFOTCSL HEKOTOPBIMH  (DYHK-

IUSIMA BPEMEHH.
st Hac npeacTaBIIAeT HHTEPEC CTALMOHAPHBIN pe-
)KuM ~ pabotel  Tako momemm  CMO, korma

A(t) =const , x(t) =const mpu t—>o B peais-

HBIX ycioBusax QynkuumonupoBanus KUC Takoit pe-
JKHM COOTBETCTBYET YCTAaHOBHBILEMCS TOTOKaM MO-
CTYIUICHHS B 00CITY>KUBaHHS 3aIPOCOB HA JTOCTATOYHO
JUIMHHOM HHTEpBaJie BpeMEHUH. B MareMaTHueckom
IUIAaHE TAKOW PEeXKUM OTBEYAET SPrOJUIHOMY PEIKUMY
paboter KMC, xoTopoMy oTBeuaeT cieyromnias aireo-
pauvecKas CHCTeMa YpaBHEHUI:
( 0 = —Apo + upy;

0 = —[2+ kplp + Ap—1 + (k + 1) upges; (5)

0 = —nupy + App_1,
raek =1,n—1.
Pemas cucremy (5) coBMecTHO ¢ (4) moydaem ¢dop-

MYJIy JUIsl BEpOSTHOCTEH
cocTOosIHUA paccMarpuBaeMoit Mogenu CMO:

k
&)
k!

k
Z=ol3)
k!
BeeneMm 0603HaueHue: A = %, rie A - paBHa cpen-

Pk = (k=0,n) (6)

HEMY YHCIy 3alpOCOB, IMOCTYIAIOINX B CHCTEMY 32
cpemHee BpeMs 00CTy>KUBaHMS OAHOTO 3arpoca B O1-

HOM KaHaJje. Y YnThIBas BBIPDAXXCHUA JIA Au YMHOXas

A

YHCIIUTENb U 3HAMEHATeNb (6) Ha e, TOIyJrM:

(@)

u — p(kv_P
(e

Pr = @)

rae p(k;A) u R(nyA) Tabnuunble (GyHKIMH Myacco-
HOBCKOTO pacupezneneHus [4].

Ha ocHoBannu ¢hopmyssl (7) MOKHO TTOTYYUTH TI€-
JBIA PsAT TTIOKa3aTelNeil paboThl KOMITBIOTEPHOM HHOP-
MAaIMOHHON CHCTEMBI: BEPOSITHOCTH MPOCTOSI, BEPOSIT-
HOCTH OTKa3a, CPEAHEe YUCIIO 3aHATOCTH KAHAIOB M T.
I. ByuactHocTh, 1ot ananuza KUC akryanbHble criemy-
IOIINE TTOKa3aTelu:

1. BeposTHOCTH 00CITy )KHBaHHMS 3a1poca:
R(n—1,1)
P = -
o6t R(n2)

2. CpenHee BpeMs ITOJIHOW 3arpy3KH CUCTEMBI:

(®)

— 9
= ©)
3. BeposSTHOCTB 3aHATOCTH XOTS ObI OTHOTO KaHaJa!

_P(A)
3.K. P(nﬁ) (10)

na. —

4. BepoaTHOCTh OTKa3a:
POTK. = 1_P06c11. (11)
IMPUMEP PACUYETA HOKA?ATEJIEFI PA-
BOTBI TH®OOPMAIIMOHHOHU CUCTEMBI

[ycTh nHboOpMaIOHHas crcTeMa uMeeT 15 kaHa-
710B cBs13u. [I0TOK mocTymieHus 3asBOK (JOKYMEHTOB)

B cpeaHeM coctapisger A =1 - cpennee Bpems o0pa-

1
6otk noxkymenra —T=10cek., T.e. y = m ——. Baxon

pacripeseneHusl — SKCIOHEeHIHaIbHbBIN. Heobxoanmo
OLICHUTh OCHOBHBIC XapaKTEPHCTHUKH paboThl MHGOP-
MAaIMOHHON CHCTEMBI, B TOM YHCJIC BEPOATHOCTh B HE-
MeJICHHOH 00pa0oTKe JTOKyMEHTa Cpasy IO ero Io-
CTYIUICHHH.

Hcnone3yst npuBeneHHble Bbime (GopMyisl (6) —
(11) MoxeM paccuuTarh CIIEAYIONINE MOKa3aTeIn pa-
00Tl HHGOPMAIIMOHHOW CUCTEMBI:

BepositHocTh 0TKa3a Py = 0,0365;

BepositHocTh 06cmyxuBanus Pose = 1- 0,0365 =
0,9635;

AOCOJIOTHAsT TIPOMYCKHAsE CIocoOHOCTE A=1—
0,9635 = 0, 1. €. Bce TOKyMEHTHI, OCTYMAIOIINE B CHU-
CTeMy, TIPAKTUYECKH cpaszy o0pabaThIBarOTCS;

Cpennee 4rcio paboTaloMMX KaHAIOB CBS3M PaBHA
CPEHEMY YHCITy 3alpoCOB:

A 1

u 0.1
K03(1)(1)I/IIII/I€HTLI HCIIOJIB30BAHUA WU MPOCTOSA KaHa-
JIOB CBs3H:

10

n,
p
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n
K,w = f =0,666; k, =1k, =0,334
Ecnu B3sTh umcio kaHanoB cBsizu n=10, To k03¢-
(unmeHT ucnonb30BaHus cTaHOBUTCS 071M30K K 1 (Kycn
=0,997). Mnaue roops, B KUC npu yka3aHHBIX BBIIIE
YCIOBHAX NMPAKTHYECKH OTCYTCTBYET BpPEMs MPOCTOS
KaKUX-THO0 KaHaJIOB O0CITyKUBAHHUS.

OBCYXKJAEHUE PE3YJIBTATOB PACYETA

IIpumep pacdera mokazaTeneil paboTsl MHPOpPMA-
IIMOHHOM CHCTEMBI ITOKA3bIBAET, UTO MOXKHO PETyJIUPO-
BaTh OTpeleeHHBIC MoKa3aTenn 3PPEeKTUBHOCTH pa-
6oter KVC B ompeneneHHBIX Mpeaesiax B OCHOBHOM 3a
CYeT YHCIia KAHAIOB CBS3HM M BPeMEHU 00pabOTKH 110-
KyMeHTOB. IIpy 3TOM IONONHUTENEHBIMH KaHAaJaMH
CBSI3M MOTYT OBITh HE TOJBKO (M3MYECKUE KaHAIIBI, HO
U BUPTyaJbHbIE JUHAMUYECKUE KaHamb! CBs3u [11].

3AKIIOYEHUE

[Mpennoxennsie B padore Moxenu cereit [lerpu u
TCMO nna MonenupoBaHHA U pacueTa IoKas3aTenen
pabotsl KM C siBIsiroTCst AOCTaTOYHO YHUBEPCAIBHBIMA
C TOYKH 3pEHHUS XapaKTEPUCTHK MOTOKOB MOCTYIIICHUS
u obciyxuBanus 3anpocor B KIC. TCMO no3Bosser
MOMHUMO MMHTAI[IOHHOTO MOJENMPOBaHMS MPH OIpe-
JIETIEHHBIX JOMYIIEHUSIX OTHOCUTENIFHO BXOSAIINX T10-
TOKOB 3alIpOCOB M MOTOKOB MX OOCITYKWBAaHUS TIOJIY-
YUTh KOHEYHBIE (hOpMYJIbI Mokaszareneit addexTrBHO-
ctu pynkunonuposanusi KMC B ananuTuyeckoM BUJe.
OTO OTpakE€HO B MPUBEACHHOM IpUMepe pacueTa IMo-
Kazateneil paboThl KOMIBIOTEPHON HH(POPMAIIMOHHON
cucTeMbl Npu cHOPMYITHPOBAHHBIX YCIOBHSIX €€ pa-
60THI.
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Abstract: Wooden houses are the best choice for all those who want a natural, economic and ecological home. Wood is a
natural that can be processed, has no emissions, is healthy and economical. The wooden houses contribut to a healthy and

natural environment.
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1. INTRODUCTION

The wood material is used in two main forms:

e solid wood in the form of parts obtained in the
natural state

e products based on wood, obtained from solid
wood but which has undergone a series of physi-
cal-mechanical and chemical processing and which
come in different form of reconstruction.

Round wood is obtained from tree trunks by cut-
ting, removing, branches or peeling.

The sawn timber is obtained from the logs of tree by
cutting on circular saws, according to the cutting
models elaborated according to the needs.

The glued laminated wood consists of several
boards glued horizontally own each other. The thick-
ness of these boards must not exceed 30 mm.

Plywood is a structure made up of at least three
leayers of cross-linked and glued veneer. The layers of
supply are protected separately by specific operations
after which they are superimpereal in the package and
gluing by pressing.

The panel is a structure made up of two layers of
outer veneer and a heart made of solid wood slots.

The boards made of wood chips are made from
wood chips mixed with other fibrous materials with
binder based on synthetic resins and compressed under
certain passive and temperature conditions.

Wood fiber boards are made from wood fibers de-
rived from wood chipping.

2. THE JOINTS OF THE ELEMENTS IN
STRUCTURES

The main factors to consider when designing a joint
are:

e type and intensity of the efforts to be transmitted
by static, dynamic loads, traction, compression, bend-
ing, shearing

e the geometry of the bars that join: bars in ex-
tensions, bars intersected at a right angle, bars inter-
sected at a sharp angle

In fig.1 are presented in extension joints:

o without effort

o with traction effort

e with compression effort.

The beams allow the connections between two
pieces that make a beta angle less than 90 degrees.

Efforts are transmitted directly through the contact
surface of the assembled parts.

The main types of assembly are presented in fig.2.

For the dimensions of joints by assembly it is con-
sider: the height of the threshold hc must be at least 20
mm for beam and 30 mm for round wood beams, the
length of the shear threshold must be Ip > 10hc, Ip > 2h,
Ip > 150 mm, the solidarity bolts are mounted sepa-
rately, the diameter of the bolts resulting from low
value calculations is adopted so that represent ' of the
length of the shear threshold.

+ = 4 + 4+
+ + + 7 + + +
ll T 1 T ] !l
S S— —
S
. H IR |
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3. INSULATION OF STRUCTURES

In fig.3 is presented a structure for insulation.
Structure 1 consists of 1- inside wall, 2- Thermo Hanf,
3- gypsum fiberboard, 4- beam.

fig. 3 Structure 1 for insulation [5]

In fig. 4 is presented a structure for insulation.
Structure 2 consists of 1- inside insulation, 2-wall,
3-Thermo Hanf, 4- Thermo diffusion, 5- Farmacell
panel, 6- outside insulation.

Il
|
‘Nv

fig.2 Types of assembly fig. 4 Structure 2 for insulation [5]
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In fig. 5 is presented a structure for insulation. In fig.7 is presented a structure for insulation.
Structure 3 consists of: 1- clay panel, 2-diffusion foil,  Structure 5 consists of 1- gypsum fiberboard, 2-OSB
3- Thermo Hanf, 4- ceiling, 5-plaster. board, 3- Thermo Hanf, 4- wood fiber board, 5-

Thermo Hanf, 6- foil, Sd < 0.5 m, 7- facade plaster.

fig. 5 Structure 3 for insulation [5]

In fig.6 is presented a structure for insulation. fig. 7 Structure 5 for insulation [5]
Structure 4 consists of : 1- clay plaster, 2- clay board, 3-
diffusion foil, 4- Thermo Hanf, 5- OSB board, 6- In fig.8 is presented a structure for insulation.
Thermo Hanf, 7- diffusion foil, Sd < 0.5 m, 8-wooden  Siructure 6 consists of: 1-gypsum fiberboard, 2-OSB
facade. board, 3-Thermo Hanf, 4- wood fiber board, 5- Ther-

mo-Hanf, 6- foil, Sd < 0.5 m, 7- wooden fagade.

fig. 6 Structure 4 for insulation [5] fig. 8 Structure 6 for insulation [5]
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In fig.9 is presented a structure for insulation.
Structure 7 consists of 1- gypsum fiberboard, 2- OSB
board, 3- Thermo Hanf, 4- wood fiber board, 5- support
slats.

fig. 9 Structure 7 for insulation [5]

4. CONCLUSION

e Wood is a hygroscopic organic material because
it circulates water in the growth phase and is essentially
made up of water and carbon dioxide

e Placing the wood in the work requires artificial
drying. In this phase appears dimensional instability

e The anisotropy of the wood is the result of the
organization of the wood material after that 3
directions: longitudinal, tangential and radial.
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Abstract: Wooden houses are the best choice for all those who want a natural, economic and ecological home. Wood is a
natural that can be processed, has no emissions, is healthy and economical. The wooden houses contribut to a healthy and
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Abstract: The demand for safe and sustainable, eco-friendly transportation devices to provide easy and fast transportation for
people in urban areas, as well as assisting them in some everyday tasks has become popular during the recent decade. With the
advancement of the technology, solutions, such as electric scooters, bikes and boards are being developed. A problem which
needs an optimal solution is their steering, which in most cases is either slow, limited, difficult or unsafe to navigate or the
mechanism is too complex and expensive. An answer to this problem can be given through the development of an intuitive and
simple steering system providing better turning as well as better stability and durability. In this paper an alternative solution to
the existing steering systems has been proposed. Designed to provide through its simplistic and intuitive design, the mechanism
aims to deliver easier use and service as well as safer, quicker and smoother steering.

Key words: Micromobility, Electric, Transport, Sustainability, Scooter, Steering, Stability, Durability, Intuitive, Reliable.

1. INTRODUCTION

Micromobility has an enormous potential as a
transportation alternative of the future. As well as
public transportation, it‘s a real alternative to a car in
the urban areas.

Theoretically, micromobility could impact anyone
traveling fewer than 8 to 10 kilometres a day. That is
more than 60 percent of the paths travelled worldwide,
according to a study by McKinsey [5].

In this report, a comparison between different
steering mechanisms has been made and an alternative
design of a steering mechanism for urban personal
transportation unit has been proposed. The proposed
steering mechanism aims to be sustainable, cost- ori-
ented, designed to be simple, effective and intuitive.

1.1 Aims and objectives

The goal of this paper is to find and develop, based
on a research of existing alternatives, a solution for an
easier, more reliable, stable and intuitive way of
steering for micro-vehicles based on the development
of a prototype of a three-wheeled electric vehicle. The
prototype has a few fixed in-design parameters that has
to be met. The user’s acceleration or deceleration will
be by using push up switch in order to go forward and
backwards in the direction he or she wishes to travel.
The steering provided should result in better stability
stats and easier interaction for the user. A smartphone

to be connected to the handling console, with option
not only to be charged, but also to be used as a screen,
in order to give information about the current state of
the vehicle, including speed or battery status. Also to
be used as a navigation device whenever needed.

Necessity:

In our current project, the aim is to be produced at
low cost and highly efficient rate. Another aim of this
project is to prepare the vehicle purely on conceptual
stage.

Objectives:

The objectives of this project are:

* To develop an efficient, intuitive, sustainable,
stable and safe micro-vehicle.

* To exclude any very difficult ways of interaction
or manipulation in order to provide easier communi-
cation between users of all ages, genders and national-
ities and the vehicle.

* Developing a multi-functional vehicle.

There have been several different variations of mi-
cro-mobility out there with different, features, designs,
and most importantly for the current topic, different
steering mechanisms in terms manipulation and oper-
ating principle - Fig.1. Nowadays, only few models of
personal transportation devices have been commer-
cialized. While the others either failed to grab the at-
tention of any major premises to invest upon their de-
velopment even in the early prototype stage. In the
following sections, several different steering mecha-
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nisms will be discussed in detail and considered, based
on their advantages and drawbacks, as a base for the
development of an alternative steering mechanism de-
sign.

I vig

a—— m——

\H
1.2 Criterial analysis

» Segway — Self - balancing navigation mechanism
- Fig.2 — Applies to hover-boards as well.

fig.1 Micromobility

fig.2 Segway steering

The Segway consists of four major elements: the
wheel and motor assembly, the sensor system, the
circuit board brain and the operator control system. The
primary sensor system is an assembly of gyroscopes.

The Segway HT has five gyroscopic sensors,
though it only needs three to detect forward and
backward pitch as well as leaning to the left or right
(termed "roll"). The extra sensors add redundancy, to
make the vehicle more reliable. Additionally, the
Segway has two tilt sensors filled with electrolyte fluid.

All of the tilt information is passed on to the "brain"
of the vehicle, two electronic controller circuit boards
comprising a cluster of microprocessors [7].

Advantages
Intuitive

Disadvantages
Expensive for manufac-
turing
Requires frequent
maintenance
Limited control in ex-
treme situations

Lighter than similar mecha-
nisms

* HUB-centre steering

Hub-centre steering (HCS) is one of several dif-
ferent types of front end suspension/steering mecha-
nisms used in motorcycles and cargo bicycles.
Hub-centre steering is characterized by the steering
pivot points being inside the hub of the wheel, rather
than above the wheel in the headstock as in the tradi-
tional layout. Most hub-centre arrangements employ a
swing arm that extends from the bottom of the en-
gine/frame to the centre of the front wheel.

fig.3 Vehicle with a Hub-center steering.

The advantages of using a hub-centre steering system
instead of a more conventional motorcycle fork are that
hub-centre steering separates the steering, braking, and
suspension functions.

“Hub-centre steering systems use an arm, or arms,
on bearings to allow upward wheel deflection, meaning
that there is no friction, even under braking. Braking
forces can be redirected horizontally along these arms,
or tie rods, away from the vertical suspension forces,
and can even be put to good use to counteract weight
shift. Finally, the arms typically form some form of
parallelogram which maintains steering geometry over
the full range of wheel travel, allowing agility and
consistency of steering that forks currently cannot get
close to attaining.” However, the hub centre steering's
weak point is the steering feel. Complex linkages are
involved in the process of steering, and this can lead to
loose, or inconsistent movement of the handlebar
across its range.
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Advantages Disadvantages
Separation of steering, braking | Very complicated link-
and suspension functions ages

Doesn’t require a really strong
frame — the vehicle is lighter
No friction problems

Visually non-appealing

Wide turning angle

* Ackerman steering mechanism — Automobile
steering

“The most conventional steering arrangement is to
turn front wheels using a hand-operated steering wheel
which is positioned in front of the driver, via the
steering column, which may contain universal
joints(which may also be part of the collapsible steer-
ing column design), to allow it to deviate somewhat
from a straight line”. This type of steering is called
“Ackerman steering” and it’s widely used as a steering
mechanism in four and three wheeled vehicles, such as
cars.

g \

ACKERMANN
ANGLE

Although Ackerman steering system provides easy
and smooth steering response, the linkages of the
mechanism are complex and expensive. Also some of
the mechanisms have a limited compatibility. From an
ergonomic aspect, using a steering wheel, may also
result in arm fatigue.

There are a few different variations of this steering
type:

- Rack and pinion — Fig.5

Rack and pinion is the system mostly used in road
vehicles today. A pinion is connected by the steering
column to the steering wheel. When the steering wheel
is rotated, it turns the pinion which is meshed with the
mating rack teeth. [9].

- Recirculating ball

Another mechanism that is being used in car steering
system is the recirculating ball. The steering column
shaft is connected to a worm gear inside a steering box.
The worm gear acts like a screw and moves the balls
back and forth as the worm gear rotates one way or
another. The ball nut is held from rotating so that it

moves along the worm gear as it rotates. This move-
ment rotates a sector gear using teeth on the side of the
ball nut, which, during the turn, moves the pitman arm.
That causes linear motion on the steering linkages in
order to turn the front wheels. — Fig.6

_‘._\l

Tie rod joints

‘. T

'd Rack’ Pinjon Tie rod

Fig.5 Rack and pinion steering mechanism

Advantages Disadvantages
Cost less than alternative | Multiple links and compo-
mechanisms nents
Very good steering re- Suitable for lighter vehicles
sponse
Very compact Arms — fatigue may occur
To Steering
l 1 Column
\‘ Pi:'n:n Ball Nut

Recirculating
Ball Bearings

Sector
Gear

Fig.6 Recirculating ball mechanism

Advantages

Low friction between
the components
Compact design

Disadvantages
Not suitable for a front wheel -
drive vehicle.

Taking everything to consideration, although all
mechanisms have some profits, they also have some
major drawbacks which affect their work in different
ways.

2. CONSTRUCTION
The design of the mechanism proposed combines

the simplicity of a mountain - board suspension and
independent, extending bars, connecting the wheels
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and the initial suspension, thus providing a better
steering angle and stability. The overall vision of the
mechanism, though built of different in character and
multiple components, is symmetrical and well balanced
optically in terms of its components and details. The
idea is not only to be easy to construct and service, but
from a psychological aspect, to create on a subcon-
scious level a sense of security, safety and reliability.

The design is compliant with ergonomic and technical
standards and specifications.

The mountain-board suspension is very simple and
common amongst the micro — vehicles. It consists of a
main part, called a channel truck — Fig.7

TRNMPN

Fig.7 Channel truck

“Mountain-board, similarly to longboard trucks are the
components made up of a hanger, damping and/or
spring system, and axles which attach the wheels to the
deck. They also have the mechanisms required to allow
the board to turn. Channel trucks are common on
mountain-boards, and are made up of an axles mounted
to the truck bottom piece, which is suspended from a
top hanger by a kingpin. They are mounted to the deck
using nuts and bolts through the hanger part, on an
angle, (usually about 40°). When the board is tilted
laterally the axles turn together to angle the wheels in
the direction of the turn. Two polyurethane dampers
sometimes known as "egg shocks" are mounted be-
tween the hanger and the axle housing on each truck to
provide resistance to the lean of the rider during turn-
ing. Springs are mounted in the same place with the
dampers inside them. The 'shocks' present in channel
trucks are there to dampen the turning system, and help
reduce the oscillations of the trucks on the board
commonly described as speed wobble. The springs are
there to return the deck to centre after a turn has been
performed, neither are there to provide suspension
between the deck and axles. They have a kingpin that
can't move vertically which prevents this. [10] Adding
the independent ribs reduces the pressure on the springs
and extends the wheelbase for a more stable drive. -
Fig.8

Fig.8 Extension ribs, connecting the channel truck and the
wheel hub.

3. FORMATION AND SILHOUETTE
INTEGRITY

The open, simple and likable design of the mecha-
nism indicates the essence of it - it is a reliable, safe and
intuitive mechanism to contribute for an easy and
smooth steering of the vehicle.

Overall the forms of the mechanism are designed
not only to gain the trust of the audience, being
somehow visually similar to existing, well known al-
ternatives, but it also contributes very well with the
overall design of the scooter. Based on symbiosis of
contrasts in shapes, the overall feeling for the scooter is
that it has harmonic appearance. This way the psy-
chological barrier between the users and the scooter
will be overcome.

The proposed design had to take into account that
the different width of the truck will affect the way the
scooter navigates in order to provide quicker and easier
steering.

Narrower Trucks are maneuverable and allow the
application of higher pressure on the ground when
during turns. Therefore, these trucks are ideal for
carving, slaloming and cruising the city. If your board
doesn’t have cut-outs, you should think about using
riser pads to prevent wheelbites. On the contrary, wider
trucks are less responsive, yet provide stability at high
velocity.

The height of the truck is measured from the bottom
of the baseplate to the middle of the axle. While wheel
size and the type of mounting affect the height of the
board, the truck height can directly influence the riding
properties of the setup. Generally speaking, the dif-
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ferences between high and low trucks can be summed
up as in the following table:

High Setup
More stability at high
speed
Trucks can be loose /
less risk of wheelbites
Pushing and foot brake
are harder
Predictable and con-
trollable slides

Low Setup
Surfy riding with deep turns

Trucks should be harder /
higher risk of wheelbites
Pushing and foot brake are
more comfortable

Less controllable slides,
wheels regain their traction
faster

Extension ribs are with a total length of 25cm. and a
width of about 10 cm. in the widest part. These are the
perfect proportions to make the vehicle more stable, yet
the whole mechanism still looks visually appealing,
compact and secure.

4. SOLUTIONS AND METHODS OF
OPERATION

In order to achieve a very easy and intuitive way of
steering, a very simple mechanism is used. The method
of operation in order to turn is called “Leaning”. It is
very simple and widely used amongst Skateboards,
Longboards and Mountain-boards. “Lean describes the
angle the board leans when pressure is applied to the
edges of the deck. The pressure applied to the board
determines the radius of the turn the board makes. If the
board leans a lot, the lean is called - high; if it barely
leans, the lean is low. Physically speaking, in a 45°
truck, the lean and turn are equal. It’s possible that high
lean and a big turn-radius are responsible for the fact
that trucks with a low angle can be easier to control.”

The designed mechanism provides better steering
and stability by attaching two extending independent
ribs, connected via cylinders. This way, in addition to
the leaning mechanic, the wheels of the scooter turn
sideways, which provides a narrower steering angle,
which is an advantage in urgent situations. In addition,
the extension of the wheelbase, with the ribs, makes the
navigation of the scooter easier and smoother, while
remaining agile and responsive [10].

5. CONCLUSION

The design proposed in this paper gives solution to the
problem with steering mechanisms for personal urban

micromobility transportation unit. Based on the re-
search it has been confirmed that the proposed de-
signed steering mechanism avoids many of the disad-
vantages of the existing alternatives. It provides better
steering angle and better stability throughout the turn.
In addition the mechanism is relatively simple and cost
oriented, providing easier service and more intuitive
use.

6. FUTURE STEPS

Experiments and analyses of the results obtained
are planned to be made, with the participation of dif-
ferent people in a real-life interaction with the initial
prototype of the vehicle, using this particular steering
system.
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Pe3tome: Llenra Ha HacTOsMIaTa pa3paboOTKa € Ja MPEACTAaBH ITOCICAHUTE JOCTHKEHHS PH CEH30PHUTE TEXHOJIOTUH, OCHUTY-
psIBaIlly Ha MPOU3BOIUTENNTE HEBIDKAAHN JOCETa Bb3MOKHOCTH 110 OTHOIIEHHE ChOMPAHETO U YIPaBJIEHUETO Ha JaHHH, KAKTO
W Jla aKIeHTHpa BBPXY BaXXHOCTTA UM 3a IPEBpBIIaHE HA TEKKUTE W TPOMABH IIPOM3BOJACTBEHHM MAIIMHU B CBBP3aHU U

aJallITUBHHA BUCOKOTCXHOJIOTUYHHA HJIaT(bOpMI/I .

KawuoBu AYMHU: CCH30PHHU TCXHOJIOI'MH, HHTCJIMTCHTHU CEH30pH, YMHU (1)a6p1/11<1/1

1. IPOMHUIIVIEHOTO IMPOU3BOJCTBO HA
HOBOTO BPEME

EBoonusita Ha MPOMHUILICHOTO MPOU3BOJCTBO B
X0Jla Ha 4YeTBbPTATa HMHAYCTPUAIHA PEBOJIOLHUS 3a-
BUHArM TpPaHC(POpPMHUpaA HAYKMHA, 10 KOWTO BB3MPHE-
Mame 3aBoxuTe. OT KOHBEHIIMOHATHH (U3UICCKU
00eKTH, TMOMEIIaBall MEXaHUIHO 00OpyIBaHE, TeX-
HUKAa W CBOPHKEHHSA, TE€ C€ MPEBPHIIAT B “)KUBH
€KOCHUCTEMH OT CBHP3aHU M KOMYHHKHPAIIH TOMEXKIY
CH WHTEJWTCHTHU MAIlUHHU W MPOIECH. Y MHUTE TIPO-
W3BOJICTBEHH 0a3W, U3TPaJIcHU BHPXY KOHIICTIIIHATA 32
Industry 4.0, cnuBar B enHO Qu3myeckute M KuOEp-
TEXHOJIOTUUTE, 3a/IaBaiiKi HOBH CTAaHIAPTH IO OTHO-
IICHHE Ha TPOU3BOAMUTEIIHOCTTa, €()EKTUBHOCTTA H
Ka4yecTBOTO. BcHiko TOBa cTraBa BH3MOXKHO OJiaroma-
pEHUE Ha CEH30PHUTE PEUICHHS OT HOBO ITOKOJICHUE,
KOUTO C€ OTJIMYABAT C BCE MO-IOCTHITHHU IICHH U Oorar
Ha0op oT BE3MOKHOCTH. Taka B eroxara Ha Internet of
Things, kxoraro MoYTH BCSKO TPAJAMIIMOHHO YCTpPOIC-
TBO MOXE JIa MPUI00HEC MHTCIMICHTHA (HYHKIIMOHAT-
HOCT C TIOMOIITa Ha CHOTBETHUTE BIPAJCHU CCH30PH,
IMPOU3BOACTBCHUTE IPOLCCU CTaBaT I1O-YIIPpaBJIsICMU,
aJlaliTUBHU U PO3pPayHU.

2. TPAHC®OPMAIUATA INDUSTRY 4.0

AanTHBHOCTTA € CpeJl KIIOYOBUTE NPEIMMCTBA Ha
Jurutaaaute GabpuKy Mpes TPaAULMOHHNTE EXOBE ’
3aBoau. Ts ce KOpeHH BbB BB3MOXKHOCTTA Ha MPOM3-
BOJICTBEHATa EKOCHCTEMa Jla pearupa B peajiHo BpeMe
Ha BCAKAKBHM IIPOMEHHM OT BBHINHATA U BHTpEIIHATa
cpena, HeMPEKbCHATO PEOPUCHTUPANKH MTPOLIECUTE U
pecypcute KbM ONTHMaiHa e(eKkTuBHOCT. brmarona-
pEeHHE Ha 3HAYUTEITHO MO-HUCKATa CHU ce0ECTOWHOCT B
CPaBHEHHUE C MPEALIECTBEHUIIUTE CH, HUCKOCHEPTHH-

HHUTE CEH30pHU OT IOCIIE[HO IIOKOJEHHE IT03BOJISIBAT
MacoBa MHTErpanus B Pa3IMYHHA THUIIOBE TTOJIEBH CHC-
TeMH U ycTpoicTBa. Taka cTaBa BB3MOXXHO I'€HEpHU-
paHero, cpOMpaHeTO W 00paboTKaTa Ha THTaHTCKH
MacHBHU OT JaHHU 3a paboTara Ha MPOU3BOJCTBEHOTO
obopynBaHe.

B sanporo Ha MamaOHM M MHOBATHBHU TEXHOJIO-
ruaHn mapagurmMu kato loT u Big Data peamno ce
HaMHpaT WMEHHO CEH30pUTE€ — MHHHATIOPHH YCT-
poiicTBa ¢ (pyHIAMEHTATHOTO 3HAYCHHWE HA OCHOBHHU
TPaJIBHU €IUHMIM HAa TUTUTATHOTO IPOU3BOICTBO.
WutenurentHaTta cBbp3aHocT, KosATo [oT ocurypsia Ha
TIOJICBUTE YCTPOMCTBA M CHUCTEMH, NPABH BH3MOKHO
cpOMpaHeTo Ha HWHGOpMAIMs 32 IPOU3BOJICTBEHHUTE
NIPOLIECH M aKTHBH, HEWHHS aHAJIN3 M WHULIHUHPAHETO
Ha MH(pOpMHUpaHU JEHCTBUS C ONIMS 32 afanTHpaHe B
peasHo BpeMe KbM NPOMEHALINTE C€ W/ HapacT-
Ballld HYXIM HA NPEANPUATHETO — HOBU Ia3apH,
MPOJIYKTH, KIMEHTCKU MOTPEOHOCTH U T. H. TexHoio-
THYHHUTE MPOLECH U 00OpyABaHE ca C BUCOKA CTEHCH
Ha aBTOMAaTHU3alys U JUTUTAIN3aLUs], 2 KOMyHUKaIH-
sTa MEXIy OTICIIHUTE eJIEMEHTH Ha IPOU3BOJCTBE-
HaTa MpeXa Ce CIIy4Ba C MUHMMAaJIHA JOBEIIKa HaMeca.
®dusnyeckaTa ASUCTBUTEIHOCT € CBBbpP3aHa C BUPTY-
aJlHaTa PeaHoCT ¢ IIOMOIITa Ha o0sauHO Oa3upaHu
IoT mnardopmu, KOMTO OCHUTYpSIBAT H3KIFOUUTEIHA
I'bBKaBOCT U YIPABIAEMOCT Ha IPOU3BOJCTBEHHUTE
CHCTEMH.

3a ma ca HalMIEe BB3MOXKHOCTH 3a ONTHUMAJIHA
MPOM3BOAUTENHOCT U edektuBHOCT, 0T apxurekry-
para TpsibOBa &1a 1Mo3BOJIsiBA paboTa ¢ pasnuuHu Oe3-
JKUYHM TIPOTOKOJIM U Ja J1aBa BB3MOXKHOCT 3a JIECHO
ManiabupaHe W pa3lIupsBaHe 4pe3 N00aBsHE Ha HOBH
CCH30PHHU YCTPOWCTBA, HANpPUMEpP Ype3 YHUBEPCAIHU
USB noprose.
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3. CIEHU®UKHN HA YMHUTE ®ABPUKHN

B ocHoBaTa Ha MHTEJIWICHTHHUTE 3aBOAU CE HAMU-
par TEeXHOJOTHWHTE, KOMTO MO3BOJISABAT ICHEPHpaHE M
cpOupane Ha maHHH. Cpel TSX ca YMHHUTE CEH30PH,
W3MEpBaTeIHA TPHUOOPH, ABUTATENH, POOOTU3MPAHH
CHCTEMH U IPyTd THUIIOBE CUCTEMH U yCTPOICTBA, aH-
ra)XMpaHU C MOHUTOPHUHT H MPOCJIeAsBaHe Ha paboTaTa
Ha MPOU3BOJICTBEHUTE MAIIMHKU U JIMHUU. 33 pa3iiuka
OT TPaJAULMOHHUTE (PaOPHUKH, UHTSIIMTCHTHUTE 3aBOJIH
MOTaT Jia yCBOsBaT MH(GOPMALUs OT Pa3IUYHU (H3H-
YEeCKH U BUPTYAJIHH aKTHBH, KAKTO U OT MEPCOHANA CH,
C Len Ja ONTUMHU3UPAT MOIPHKKATA, HHBEHTApU3a-
usATa, NHPPOBU3AIMATA M JAPYTH TEXHOJIOTHYHU ac-
MIEKTH Ha TIPOU3BOICTBOTO.

CerimacHo oOmiara nehuHHNUSA, enHa yMHA (aod-
pHKa Ce OTJIMYaBa C YeTUPU OCHOBHH XapaKTEPUCTHKH
— CBBP3aHOCT M CEH30PHU TEXHOJIOTHH, YHHBEpCAIHA
OllepaTHBHA CHBMECTUMOCT, BHCOKA CTEIEH Ha IMpPO-
LIECHa WHTErpalus U BUPTyadHH TexHosoruu. [1,4]
Cenzopure uMar (QyHKIHUATa aBTOMAaTHYHO Ja CE Op-
raHu3upar, o0y4aBaTr ¥ MOJIbPKAT UHOOPMAIMOHHU
0a3u c 11e1 aHAJIU3 Ha MOBEICHUETO W CBOMCTBaTa Ha
NPOU3BOACTBEHUTE aKTUBH M CHCTEMH. VIHTENUreHT-
HHUTE CEH30pH pasloiiaraT ¢ Bb3MOXKHOCTH J1a B3eMar
ABTOHOMHH pelIeHNs, Ha YMATO 0a3a Jia ce HHULMUpAT
MIPOMEHH B paboTHATa cpea.

OrepaTuBHATa CHBMECTUMOCT MEXKAY Pa3IUYHHUTE
TEXHOJIOTUH M yCTPONCTBA B IPOM3BOJCTBEHATA MpEXa
MO3BOJISIBA TSAXHOTO CBOOOIHO CBBP3BaHE M JIECHO
KOOpAMHHpPaHe OJlarofiapeHue Ha BUCOKATa I'bBKABOCT
10 OTHOLIEHHE Ha MPOTOKOJIUTE 32 KOHPHUTYpaLusl.

PoGotute u OazupaHuTe Ha M3KYyCTBEH HMHTCIICKT
TEXHOJIOTUH, OT CBOS CTPaHa, Ch31aBAT B3MOKHOCTH
3a BHCOKa CTEIICH Ha WHTETPalys MEKIy MpOLECHUTe,
KOSITO ITO3BOJISIBA 3HAYUTEIIHO ONTHMH3HpPaHe Ha MPO-
W3BOJICTBEHATa €(EKTHBHOCT. TEXHUKHTE 3a BHUPTY-
aJlHa PEATHOCT ITbK YJIECHSIBAT B3aMMOACHCTBHETO
MEXIy YOBeKa M MAIIWHUTE, KaTO BUPTYaJIH3UpaT
CaMHUTe TPOM3BOJCTBEHU INPOIECH W AKTHUBU C TMO-
MOIITa Ha KOMOIOTHPHHU mardopmu, oOpaboTka Ha
CHTHAIIM, MHTEJUTCHTHH aJTOPUTMH, MPOTHO3HPAHE,
MOJICIUpaHe, CHMYIalUs, AaHUMAIHS U MYJITHMETHHHA
TEXHOJIOTUH.

4. K/IIOYOBHU CEH30PHHU TEXHOJIOI'UHN

WurtenurenTHute (HadpUKH ca CbCTABEHU OT YMHH
MalIWHH, YCTPOMCTBA M KOHTPOIHO 00OpyJBaHe, KO-

UTO OCBLICCTBABAT MOHUTOPHHI HA CHLICCTBCHHU Ia-
paMeTpu Ha TeXHOJIOTUYHHTE MpoLecu. B Tax e Hanmie
YCTOHYMBA M HPELU3HA KOJIAOOpaIys MEKIy OTHCI-
HHUTE TEXHHUYECKH CHCTEMH, a M3TPAXKAAHETO Ha CBBP-
3aHa MmojieBa MHPPACTPYKTypa 3a1aBa HOBH H3HUCKBa-
HHS [0 OTHOIICHHE HA HAJISKTHOCTTa U TOYHOCTTA Ha
CEH30pUTE.

Hapen ¢ Tsx 6a30BU €JIEMEHTH Ha HHTEJIUTECHTHATA
3aBOJICKa apXUTEKTYpa, ca 3a/IBIKBAIIINTE MEXaHU3MU,
U3IIBJIHUTEITHATE YCTPONCTBA, KOHTPOJNEPUTE H YII-
pasisBaiuTe KOHTYpU. CEH30PHUTE TEXHOJIOTHH HMAT
KJII0YOBa poJis 32 ()YHKIHOHHPAHETO Ha LisIaTa Ipo-
M3BOJICTBEHA TIaT(opMa, Thi KaTo ChOMpAT U MoaBaT
NpEeNr3HH JaHHH KbM OOOpPYIBAaHETO M INPOLECUTE C
[eJl ONTHMAJHO NPOLYKTOBO KadecTBO. CeH3opuTe
MoraT a ObAaT aKTUBHU WM IACHBHHY, €IEKTPHUYECKH,
OIITOETIEKTPUYECKU WM €NIeKTPOHHH yCTPOHCTBA, U3-
IpajieHu OT YyBCTBHUTEIHU MAaTEpUaIH, KOUTO CIEIST
32 HAJIMYMETO HAa KOHKPETeH OOCKT Win (QYHKIHS B
paboTHaTa 30Ha.

B romsima dyact OT ciydyauTe AaieH (QU3MIECKH
CTHMYIl ce mpeoOpa3yBa B CICKTPHYESCKH CHUTHAN,
KOWTO B IOCIIEICTBHEC MOXeE Ja ObJe OLCHEH M aHa-
JM3UpaH, U Ha 0a3a pe3yJTaTuTe Ja ce B3UMAT peLle-
HUS 110 OTHOLICHHE Ha TEXHOJOTHYHUTE OICpPalUH.
[ocnenHuTe TOCTIXEHHS MPU CECH30PHUTE TEXHOJIO-
THA OCUTYPSBAaT Ha MPOU3BOAUTEINTE HEBHKIAHU
Jocera Bh3MOXKHOCTH I0 OTHOILICHHE CHOMPAHETO M
YIPABICHUETO HA TAHHH.

HsIKOIKO OCHOBHM BHIAa CEH30pH C€ H3MON3BAT
YCIENIHO MPU YIPABICHUETO HA MPOMHIIUICHH MPO-
necu B uHTENUreHTHUTe (pabpuku. Cpex TAX ca ceH-
30pH 32 TEMIIEPATYpa, BIAKHOCT, TO3UIIHS, PA3THIHH
NPOJYKTOBH MapaMeTpu W T. H. Te HaMupaT HpHiIo-
JKEHHE B IIMPOK KPBI OT JACHHOCTH, BKIFOUYHTEIHO
MpEeMEeCTBaHe/TPAHCIIOPTHPAHE HA YaCTH, KOMIIOHCHTH
Y W3JIeNus, YIPaBlIeHHe Ha POOOTU3UPAHH TPOIIECH U
MexaHW4YHa 00paboTka, ympaBieHue Ha paboTHara
cpena, KOHTPOJI Ha MUKPOKJIUMaTa  T. H. [3]

5. “KOHBEHIIMOHAJIHN” CEH30PH B
YMHUTE ®ABPUKH

TBH Kato TeMmieparypara IUPEKTHO BIMSAE BbPXY
CBOICTBaTa Ha MaTEpHAIUTE M KaueCTBOTO Ha IIPO-
JIYKTUTE, T € €IUH OT KPUTUYHHUTE IapaMeTpH, KOUTO
Ce M3MEpBaT W YIPaBIABaT B MHAYCTPHAIHOTO IPO-
M3BOJCTBO. TemmepaTypHHTE CEH30pH MOraT Aa W3-
MEpBaT TOIUIMHHUTE XapaKTEPHCTHUKH Ha ra30Be, TEU-
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HOCTH M TBbpAU cyOcranmmu. [Ipe3 mocnemHure ro-
JVHU Ha Ta3apa ce HajaraT MOJEIH, CIICIHAIHO pa3-
paboTenu 3a paboTa B arpeCUBHH CpPEIH C HAJIHMIUE HA
CJIEKTPUYECKH CMYIIECHUS, XUMUKAJIM, PUCK OT MeXa-
HUYHN B3auMoOAeHcTBUsA U T.H. Hali-00mo usmonassa-
HUTE B AUTHTATHUTE (aOpPUKK PEUICHUsS] OT TO3H THII
Morar Ja ObAaT Mojpas3/eNeHy Ha J[Ba THIA: HUCKO-
TeMmIepaTypHu (¢ auana3oH Ha otuutaHe oT -100 mo
+400°C, npu KOUTO UYBCTBUTECIIHUTE EJIEMEHTH
Haii-uecTo ca ¢ocdop, MOTYNPOBOAHUIN WIH TCUHU
KpPHCTAJIN) U BUCOKOTEMIEPAaTypHH (¢ paboTeH 00xBar
ot +500 no +2000°C, Ga3upaHu Ha M3THUBAHETO HA
a0COJIIOTHO YEPHO TSIIO).

CeHzopure 3a HaJsiraHe MMar CIOCOOHOCTTa Jia
YIIaBST M3MEHEHUs B HAIATAHETO M Jia TH TpaHcop-
MHpaT B EJIEKTPUYECKH CHUTHAJ, KaTO IMPUI0KEHOTO
HaJIsiTaHe OIpezesisl KOJNWYeCTBeHHs (pakTop Ha cur-
Hana. Te U3MepBar roJieMUHaTa Ha CHJIa B ra30Ba WA
TeuHa cpena. OOMKHOBEHO TOBA Ca EIEKTPOMEXaHHYHN
yCTpOiicTBa, KOMTO M3Mpamar KOHTPOJIHHW CHIHAJIN
KBbM CBOTBETHHUTE CpeAcTBa 3a Bu3yaim3aunwus. [3] Ta-
KHMBa CHCTEMM MOTaT Ja ObAaT W3MON3BAHU U 3a pe-
rucTpupade Ha arMmocdepHu mnpomeHu. Hampumep
OapoMeTpUYHHTE JAaTYUIN 32 HAJSATaHE ca CIIOCOOHU
Jla JIOJIOBAT W3MEHEHHA B aTMOC(EpHHUTE YCIOBHA,
KOHMTO CITyX)aT Karo 0a3a 3a M3TrOTBSHE Ha MPOTHO3U
nin AeUHUPAHETO Ha TEHACHUMM W Mozaenu. Jpyr
MIPUMEP ca BaKYyMHHUTE CEH30pPH, KOUTO CE W3MOI3BAT
B CpPEJH, B KOUTO HATSITAHETO BBB BAKKYYM € ITO-HHCKO
oT armocdepHoro. Tasm pasnmuka Moxe nga Oble
TPYIHO JOJIOBMMA IOCPEJICTBOM HSAKOM MEXaHWYHU
METO/IH.

Cenzopure 32 MO3MIMS Ca IPOSKTUPAHH 32 PETHC-
TpHUpaHe Ha MPOCTPAHCTBEHOTO MECTOMNOJIOKCHNE Ha
KJIalaHy, BpaTH, APOCENH M APYTM MEXaHWYHH eJie-
MeHTH. OOMKHOBEHO ca 000pYABAHU C TEXHOJOTHH 32
MpociesiBaHe Ha JIOKAIMS C IeJl MPEHU3HOTO OIpe-
JIeNIsTHE Ha MO3HIMSITA HAa MHCTPYMEHTH, 00paboTBaHN
nzgenust U ap. JatunnuTe 3a IBUKeHHE (KOUTO WHU-
UHpar JeHCTBUS KaTO OCBETSBAHE C MPOXKEKTOP MpH
JIOJIaBSHETO Ha JIBW)KEHHE HalpUMep) U CEH30PHTE 3a
OJM30CT (KOMTO KOHCTAaTHpaT Kora AafeH OOeKT e
HaBIISI3BJI B pabOTHATa 30HA HA JaTUYUKA) M3ITBJIHSIBAT
($yHKUIMH, TOZOOHN Ha CEH30pUTE 3a MO3MIMS M ca
YeCTO M3IMOJ3BAaHH B PAa3IMYHU MPHIOKEHHS B ChBpE-
MEHHUTE YMHH (aOpuKy.

Jatunnute 3a cuia ca IperHa3HauYeHd Ja npeod-
pa3yBaT MPUIOXKEHUs OI'bH, HATUCK M T. H. B €JIEKT-
PHYECKM CUTHAJI, KOWTO OTpa3siBa TAXHATa rOJIEMHHA.

BriocneicTBUE CUTHATBT CE U3Mpallia KbM HHIAUKATOD,
KOHTPOJIEp WM KOMITIOTBP, KOMTO HH(OpMHpa OIe-
paropa 3a Xoja Ha pa3BUTHE HA TEXHOJIOTMYHUTE
nporecu. B uHTEnMreHTHUTE (HaOPHKH Ce U3IMO0JI3Ba
TOJISIMO pa3HO00pa3ue OT CCH30PH 3a CHJIA, KATO TUITBT
MM 3aBHCH OT BH/Ia Ha H3MEpPBaHaTa BEJINYNHA.

CeH3opurte 3a MOTOK/IEOUT U3MEPBAT BIKCHUETO
Ha ra30Be, TEYHOCTH MM TBHPIHU Teja B TPHOHHU CHC-
TEMH WM TPHOOIPOBOH. Te ce M3MoM3BaT MHUPOKO B
T. Hap. TPOUECHU HUHIYCTPHU M MO3BOJISABAT KOPHUIH-
paHe Ha paboTaTa Ha TEXHOJIOTHYHOTO O0OpYIBaHE C
[[eJl TIOCTUTaHe Ha ONTHMAJIHA MPOHM3BOAUTEIHOCT U
epexTuBHOCT. JlaTunnuTe 3a AeOUT Morat aa Obaar
EJIEKTPOHHM (C YJITPa3ByKOBa TEXHOJOTHUS 33 M3MeEp-
BaHE Ha 1e0HTa) U eIEKTPOMEXaHUTHU.

6. UYHTEJIMT'TEHTHU CEH30PHU
TEXHOJIOI'NA

Hapen c ocrananmuTe TEXHOJOTMYHM WHOBAIWH,
CBBP3aHM C HABIM3AHETO HA YETBBPTATA MHIYCTPH-
aJlHa PEBOJIONMS B CHBPEMEHHATA IPOHM3BOACTBEHA
MpPaKTHKa, HHTEIUTCHTHUTE CEH30pM HaMHpaT Bce
MO-IIUPOKO M Pa3sHOOOPa3sHO NPWIOKEHHWE B JWIH-
tagauTe (abpuku. MHTerpamuara Ha HW3YHUCIUTEITHH
nporiecH u [oT pereHus B MHAYCTPUATHATE OTIEPaLN
MO3BOJISIBA HAJATPaXJaHEe Ha KOHBCHLHOHAJIHUTE CEH-
30pU ¢ MHTEIUTEHTHH (DYHKIIMN U TIPEBPBIIAHETO UM B
YMHHU CHCTEMH, CIIOCOOHHM J]a U3BBPIIBAT KOMIUICKCHA
M3YHCIIEHHS ChC CHOpaHNUTE TOJIeMH 00eMH JTaHHU. [2]
OcCBeH ¢ pa3lIupeHd Bb3MOXKHOCTH, YMHHUTE AaTYULU
Ce OTJINYaBaT C IM0-KOMITaKTHU Ta0apuTH U TOBHIIEHA
I'bBKAaBOCT, KOUTO MM IIOMarar ja peBbpHAT TEXKUTE
¥ TPOMaBH TPOM3BOACTBEHNW MAallMHU B CBbpP3aHH U
aIalTHBHU BUCOKOTeXHONOrHMuHK Tardopmu. Cpen
MpeAMMCTBaTa UM ca: (pyHKIMHU 332 KOHIULIHOHHpaHE
Ha CUTHAJIM, BrPajieH! aJITOPUTMHU U LU(PPOBU HHTEP-
(elicy, KaKTO ¥ BE3MOKHOCTHU 32 CAMOAMArHOCTHKA U
caMokanuOpupaHne B peaHo BpeMme. biarogapenue Ha
TOBa NU(POBU3UPAHUTE IPOU3BOACTBEHH CHCTEMH
MoOrar He3a0aBHO U aBTOMAaTUYHO Ja CE€ NPEOPHEHTH-
paT KbM MOMEHTHHTE PabOTHH YCIOBHS.

WurenureHTHUTE CEeH30pH 32 YMHHU (pabpuku OT
HOBO IIOKOJICHHE ca CICNUaHO pa3pabOTeHH KaTo
rpaauBHEu KomroneHTH 3a loT mnardopmu, npenHas-
HaueHn Ja mnpeobpazyBar uHGOpPMAIMs B peaiHO
BpEME B TUTHTAIN3NPAHH JaHHU, KOUTO MOraT aa 0b-
JIaT W3MPATEHH KbM CHOTBETHHUS reifryeit/mumo3. bia-
roZlapeHue Ha BCHYKO TOBA YMHHUTE AATYMIM MOTaT /1a
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MPOTHO3UPAT W MPOCIEASBAT B PEaTHO BpPEME pas-
JMYHY CIEHAPHH, KAaKTO M HE3a0aBHO M aBTOMATHYHO
Jla TIpearpreMaT HEOOXOANMHUTE KOPUTHPAIIH JAEHCT-
BUSL.

CJ0)XHUTE MHOTOIIACTOBH OIEpalyy KaTro chOu-
paHe Ha CypOBH JaHHHM, PETYJIHNpaHE HAa YyBCTBHUTEI-
HOCT, (uinTpupaHe, perucTpupaHe Ha JABHKEHHE,
aHaJM3 ¥ KOMYHHKAIHS ca CpeJ] OCHOBHUTE (pyHKINH
HA VHTEJIUTEHTHUTE CEH30PH.

Bezxununnte cenzopuu mpexxu (WSN) Hampumep
ca cpej IPUIOKEHUATa Ha Ta3u TexHosorus. [Ipu Tsax
BCEKU BB3€J € CBBP3aH C €IMH WIM MOBEYE CEH30pU
WIN CEH30pHU XBOOBE, Ch3/laBaiiku cBoeoOpa3zHa Ko-
MYHHUKaIlMOHHA apxuTekrypa. B pesynrar mnpopma-
[UsITa OT pa3lIMYHHUTE NATYUIU MOXKE Ja ObJe KOM-
OMHUMpaHa C LN J]a ce HANPaBAT N3BOJIM 110 OTHOILICHNE
Ha ChIIECTBYBaIl NPOOJIeM — HalpuMep NaHHUTE OT
CEH30pUTE 3a TemIleparypa M HaysiraHe na ObJaar u3-
MOJI3BaHU B OTKPUBAHETO Ha NMPHUYMHATA 3a aBapus Ha
MEXaHUYHOTO 000OpPYyABaHE.

7. KAJIMBPUPAHE U CAMOJAMNAT'HOC-
THKA

CriocoOHOCTTa Ha eIWH CEH30p Ja ONpenenu HOp-
MmanHara cu GpyHKuus ce neduHupa Karo GyHKIHS 3a
kanubpupane. To € BB3MOXKHO B MHOTO CLEHAPUH,
KaToO 3a OTHEJIHWUTE THIIOBE CEH30pH C€ HW3IOJI3BaT
Pa3IMYHU TEXHOJOTHH. [laTUMLUTE C eNeKTPHYECKH
W3XO0J] HAIpEMep W3BBPLIBAT KamuOpupaHe Ha Oa3arta
Ha M3BECTHAa pedepeHTHa CTOMHOCT Ha HUBOTO Ha
HanpeXeHneTo. [JMHaMOMETpHYHUTE JaTYUIH, KOUTO
HaMUpaT TPHIOKCHUE B PA3JIMYHU CHCTEMH 3a HU3-
MepBaHe Ha TErJio, MOTaT J1a HACTPOST M3XOIHHS CH
CHTHAJI KbM HYyJIeBa CTOMHOCT, KOraTo He ce IpHiara
cuna. Jlpyru THIOBE CEH30pU IBK THPCAT Oa3oBaTa
CTOMHOCT 3a caMoKanuOpupaHe B OuOiHMOTE-
KW/TaOJUIM C TPEIBAPUTEIHO 33JaJCHH BapUaHTH.

ToBa 00aue 0OMKHOBEHO M3UCKBA FOJISIM KaIlalIUTET 110
OTHOLICHHE Ha MaMeTTa 3a ChbXpaHEHUE, 3a J1a € Bb3-
MOXXHO 3ala3BaHETO HAa TOYKM 32 KOPUTHpAHE MpHU
HAJIMYMETO HAa OTPOMHHA OOEMH CHOpaHHM JaHHU IO
BpeMe Ha pabOTHUTE Mpolecd. B MHOro ciydaum ce
MPEANoOYUTaT BapUaHTU C METOJ Ha HMHTEPIOalus,
TP KOWUTO KaaHOpHUpaHETO ce U3BBPIIBA Ha Oa3aTa Ha
MaJjKka MaTpulla ¢ KOPEKIIMOHHU TOYKH.

HHTenureHTHUTE CEH30pH MOrar Jla ce camojauar-
HOCTHIIMPAT Ype3 YJIaBSIHETO Ha BRTPELIHU CUTHAIU 32
HAJIMYMETO HA TMPOOJIEMH OT pa3HuCH MPOU3XOI.
PaznuuaBaHeTo Ha OTKJIOHEHHSTa B HOPMAIHO W3-
MEpBaHHUTE CTOMHOCTH U HEU3IPaBHOCTUTE B paboTara
Ha JaT4yhKa MOXKE J1a Ce OKaXKe MpeIU3BHKATEIICTBO 32
HAkou Mmoxenu. Hail-uecto TO ce mpeonossiBa Ioc-
pPEACTBOM 3amaMeTsiBaHE Ha MHOXKECTBO HM3MEpPEHH
CTOMHOCTH OKOJIO IpeAeUHUPaHUs Tpar ¥ OTYUTAHE
Ha MUHMMAJHATE U MaKCHUMAaJIHUTE CTOMHOCTH Ha U3-
MepBaHaTa BEJIHMYUHA.

BaarogapHoctu

Brx mckana ma n3kaka CBOSITA JBI0OKA MPU3HATEIHOCT
KBM XOpaTa, KOUTO Ce IIPEeBbpHaxa B JBUTATEN Ha CTPEMeka
MH KbM NpUA00MBaHe HA HOBYM 3HAHHS M IIPOIbDKaBaHE Ha
MOETO pa3BUTHE B Hay4yHATa chepa - LENHs IperofaBarTel-
CKH KOJIEKTUB OT CIHEIHATHOCTTa ,, | eXHH4YecKa 6e301macHOCT
Ha paboTHO obGopynBaHe” KbM MammHocTpouTeaeH (haKyJ-
TeT, Texanueckn yausepcuret — Codusi.
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Abstract:

The aim of this paper is to present the latest advances in sensor technology, providing manufacturers with

unprecedented opportunities in data collection and management, as well as to emphasize their importance for turning heavy and
cumbersome production machines into connected and adaptive high-tech platforms.
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Pe3tome: B noxnana e paspaboTeHa cTyJeHTCKa cTas 32 HACTAHSABAaHE HAa €MH YOBEK, KOSTO C€ HAMUPA B TOJISAM CTYJEHTCKH
koMmiuiekc. HampaseHo e mpoydBaHe Ha MaTepuanHaTa 0a3a M YCIYTUTe, KOMTO MpejiaraT OOIIEKUTUITA B HIKOJIKO €BPO-
MIEHCKY AbPKaBH, KAKTO ¥ Ha OCHOBHHTE HY>KAU Ha OBJITapcKUTE CTYSHTH, HoJ3BaIM obmesxutue. HanpaseH e eproHoMudeH
aHaNM3 Ha IPOCTPAHCTBATA, B KOUTO CTYJCHTHUTE U3BBPIIBAT CBOUTE ICHHOCTH: CIIaHE U ITOYMBKA, XpaHEHE, TOTBEHE, paboTa,
ydeHe, CIopT, 3a0aBieHue. Pa3paboTeHH ca eproHOMHYHH CKHMIM, pasriiefaHu ca (YHKIHOHAIHUTE 30HHU, U3paboTeHu ca
YepTeXKU Ha NOTEHIUAIHUS MOTpeOUTeN, M3BHPIIBAI Pa3IMYHU JeHHOCTH. Bb3 ocHOBa Ha Ka3aHOTO JOTYK € IIPOEKTHpaHa
CTyJeHTCKa 0a3a, Ipejnaraia yciaoBHs 3a TsAX. PasrienaHu ca ChIIeCTBYBAIU PELIEHHs HAa MeOenu U IPYrd MHTEPUOPHU
komroHeHTu. [IpencraBena e Bu3yanusauus Ha npoekra. HarnpaBeHu ca M3BOM OTHOCHO aKTyalHOCTTa Ha pobiiemMa Crpsmo

HAJIOXKHUTEITHOTO OHJIAHH 00ydeHwHe.

KawuoBu AYMHU: CPrOHOMMUSA; UTHTCPUOD, IIPI38.I>1H; OHJTANH 06yquI/Ie; CTYACHTCKa CTas

1. IPOYYBAHE, TIPEJXOKJIAIIO Ch-
INUHCKO INTPOEKTUPAHE

1.1 HpoyuBane Ha OOIIEKUTHSI B Pa3JIUYHU
ABbPKABH

Bearapus, TY-Codpus: Ha pasmonoxenne ca 10
01t0Ka cTyneHTcku oOmexutnst. Tpu oT Tsx - Ne 2, No 3
u No 4, ce HaMHpaT B HEMOCPEACTBEHA OIM30CT 0
YHuBepcurera, a ocraHanuTe ca B CTyIeHTCKH Tpaj.
JBe ot crynmentckure oomexutns - Ne 54 u Ne 59, ca
crenuaiiHo 000coOeHM 3a HAacTaHsABaHE HAa CEMEWHH
CTyIeHTH. bIIOKOBeTe MMaT WM3TpajieHa CHCTEMa 3a
KOHTPOJIUPAH OCTHI U MOCTOSHHO BHJEO HaOIFOIe-
Hue. OTOINICHHETO Ce YIpaBisBa aBTOMATUYHO, B
3aBHCHMOCT OT TEMIIepaTypaTa Ha OKOJHATa cpeja.
Craute UMaT HEOOXOJUMOTO 003aBEK/JaHE 3a IIBIHOTO
YAOBIIETBOPSIBAHE HA KWJIUIIHUTE HY>KAU. [1]

Iepmanms:  OOmiexuUTHsITA OOMKHOBEHO Ca CMe-
cenu. Pazmepute Ha craute BapupaT oT 9-18 kBaj-
patau Metpa. CTYICHTCKUTE OOIICKHUTHS Ca HAITBJIHO
o03aBeneHu (Jierso, 0po, croi, rapaepod . MHoro ot
OOIIC)KUTHATA UMAT CIICIIUATHU 30HH 3a OPraHU3UPaHe
Ha MapTHUTa, KOUTO OOMKHOBCHO Ca YyJIECHO MSCTO 32
CpelIy ¢ HOBHU Xopa. [2]

Amnrnus: BrirrouBa OCHOBHA CTas 32 YUCHE U CIIaHE,
cHabJeHa ¢ HEeOOXOZMMHUTE 3a TOBA MEOENH, KOWUTO
YHUBEPCUTETHT OCHTYpsiBa M 3a KOHWTO C€ ITojiara
FpI/I)Ka U CC IMa3AT. K’I)M [ICHaTa Ha cTadATa uMa BKIIFOUCH
UHTEpHEeT. B crasra e mpeaBHIEH KyXHEHCKH OOKC,
CHaO/ieH ¢ (ypHa, XJIaIUIHAK, MUKPOBBJIHOBA U KOT-

noH. B crpanara ca npenBuieHH TOMEIICHUS 33 ChX-
paHeHHe Ha BEIOCUTIC/IH, KAKTO U OOIIN TOMEIICHHUS 32
crbupane. [3]

1.2 Haiji-yecTo cpemaHMTe HM3MCKBAHUS Ha CTY-
JEeHTHTEe KbM OBbJAeII0TO UM KUJTHIIE

e 1a ce HaMUpa Ha MJACTO, KOATO € OJM30 10
yueOHaTa Crpaja, MarasuHH, MapK, IPajJCKH TpPaHC-
TIOpT;

e I[IeHUTE Ja OBJAT afIeKBAaTHHU CIIPSIMO BH3MOXK-
HOCTHTE Ha CTYJICHTHTE;

e a ¥Ma BB3MOXKHOCT 32 CaMOCTOSITEIIHO IIpe-
OuBaBaHe;
Jla € YHUCTO, CHpPEeTHATo, J00pe MOIIbPXKaHo,
MIPOBETPUBO, JI0OOPE OCBETEHO, C BB3MOXKHOCT 3a II0-
MEIEHHE 3a TOTBEHE;

® CMETKHUTE 32 KOHCYMaTHBH Jja ObaT TOHOCHMHU
CIPSIMO OFOJKETA;

e OCHUTYpSIBAHETO Ha MOMEIIEHHE 32 TpaHe (Wiu
MepaJIHs B CAMOTO JKUJTHUIIIE);

e CTOJIOBA 32 XpaHEHE;
JOCTBII 10 UHTCPHET,
B KHJIMIIICTO J1a ©UMa MSICTO 3a yucHe/padora. [4]

2. EPTOHOMUMYEH AHAJIN3

2.1 PaznoJio:keHue Ha 00EKTHTE

CDyHKIlI/IOHaJ'lHI/ITC 30HU Hpe)]CTaBJ'[fIBaT MeEcTara,
KBJIETO Ce CITy4Ba OmpezeneHo aeiicreue. TpsaoBa na ce
MPEIBUAN TIPOCTPAHCTBOTO, HEOOXOIMMO 3a BCSKa
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neiinoct. OOMKHOBEHO IEHHOCTHTE Ca: CIIAHE M II0-
YUBKa, paboTa, CIIopT, TOTBEHE.
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Neano +
Mapdepof
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bl
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¢ur.3 Tpaekropun Ha ABHKEHUE

2.2 ®yHKIHOHAJIHO-ePrOHOMUYHHU CXeMU

Te3u cxeMu NPENCTaBAT 4YOBEHIKATA (urypa OT
OMpEJIeNICH TEPCEHTUI, HW3BBPIIBAIIA BBIPOCHOTO
nericteue. O0uKHOBEHO ce paboru ¢ P95 u durypara
Ha YOBEKa ce n300pa3saBa CXeMaTHYHO.

50

o —— —:m-—l

AN

]

= ‘45
¢ur. 4 znonzeane Ha crbBacMa mMaca, U3riie]] OTrope, ¢
MIPEeJIBUICHU PA3CTOSHUS 32 IPEMUHABaHEe OKOJIO Hesl, pa3-
MEpHUTE ca B CM.

OyHKIMOHANHATA BEpUIra H3SACHABA IIOCIIENOBA-
TEJIHOCTTA OT AEHCTBHSA, KOUTO YOBEK M3BBPIIBA BbB
BCsIKa 30HA. IIpuMepbT, KOHTO pasriexiaaMe, ce OT-
Hacs 3a 30HaTa Ha xpaHeHe: CBaJsiHE Ha MOABM)KHUSA
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IJIOT Ha Macara OT CTCHATa>OTHBaHE J0 KyXHITa>
JOHACSHC Ha XpaHa>CjiJaHC Ha CTOJI>XPaHCHE™> OT-
cepBupane > 3a0bpcBaHe Ha Macara > MpuOUpaHe Ha
macara

M4

¢ur.5 CroBane u pasrpBaHe Ha Macara, U3rJie]l OTIpeN

118 mm

¢ur.6 M3nonsBane Ha [Iymia, pa3iIHMYHU TOJIOKCHHS HA
pbKarta, 32 P50 Mmbx u P50 xena

3. TIPOEKTUPAHE HA BA3A AHAJIU3 HA
KOHTEKCTA U MUKPOKJ/IMMATA

3.1. AHaJIU3 HA KOHTEKCTA HA NPOEKTHPAHHUS 00eKT

B mporeca Ha mpoekTHpaHe B3eXMe IO/ BHUMaHHE
reorpa)CKOTO MOJOKEHNE, OPOSAT CIBHYEBH, OOTaYHN
W ABXKIOBHU IHW. HampaBnxme aHanm3 Ha MakcH-
MaJIHUTE TEMIIepaTypd MO0 MECenM M Ha IPOIBIDKH-
TEJHOCTTA Ha AeHs. brarogapenue Ha Te3n MpoydBa-
HUSI ONPEAEINXME HyXXIara OT OTOIUIEHHWE, HE00XO-
JMMOTO OCBETJICHHE BBB BCSKA OT CTaWTe.

MPoABLMAKUTENHOCT Ha JeHs

HaI-KpaTLK AeH M HAI-QBALT AeH W CpeAHa NPOALNKUTENHOCT

16:48:004.

14:24:00 4,

12:00:00 u.

09:36:00 4.

07:12:00 4.

04:48:004,

02:24:004,

00:00:00 4.

&
&S

¢ur.7 Crenbuecra nuarpama Ha cpegHaTa, MaKCHMAaI-
HaTa M Haif-HHUCKaTa TeMIepaTrypa 110 MeCeLly, aBTOPCKa -
arpama, 1o f1aHHu ot MuctutyTa o acrponomus kbM bAH

(3]

3.2.KoMnoHEeHTH HA MUKPOKJIUMATa

CrieaBalure CXeMH MPEACTABAT H3TIe]] OTrope Ha
CTasTa ¢ BCHYKHUTE W KOMIIOHEeHTH. [loka3Bame JBa OT
Hali-ChIECTBEHUTE KOMIIOHEHTH — BIIAXKHOCT M TEM-
neparypa. C ToBa CXeMaTHYHO MPEACTABSHE OIpeJie-
JsIME Kbl ca MPOOJIEMHHTE MECTa, Kblie UMa Heod-
XOJUMOCT OT JIOMBJIHUTEIHH ChOPBHKEHHS HIH YCT-
poiicTaa.

BnamHocT B
cTasTa

D npomeHnr1Ba

=~

/18

I
¢ur.8 Cxema Ha BIQXHOCTTA B CTasTa
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Pasnpegenenve
Ha TonauHaTa

: : D 90-100%
EiE 5l D 80-90%

- J | D 70-80%
| [] eoox
T 0 ‘:I 50-60%
_,,,o,,_‘ T ]
o U
i

i

¢ur.9 Cxema Ha TemrepaTypara B cTasra

4. CUHTE3 - KOMIIO3UPAHE HA UHTEPU-
OPHO IMTPOCTPAHCTBO

B TO3M mpoekT mpoyduxme pasinuuHH THIOBE 00-
IIeKUTUST KaTo Ce OINUTaxMe Ja  U3BIeYeM
Haii-none3HoTo oT TsaX. Habnernaxme BbpXy (yHK-
[IMOHAJTHUTE 30HHM U BBPXY TOBa €JUH YOBEK Ja MOXKeE
KaKTO Jia paboTH B OOILEKUTHETO, TAKA U JIa U3BBPIIBA
IOpYTH IeHHOCTH — Jla CIIOPTYBA, Ja CH TOTBH, Aa CH
noynBa. O00COOMXME CaMOCTOSTENICH CaHUTapeH Bb-
3eJ M OTACIHMXME KyXHsATa OT IJIaBHATa CTas, 3a Jia He
MOTaT Jla BIHM3aT MHUPH3MH B MSCTOTO, KBIETO YOBEK
¢y ¥ paboTH. Pa3nenuxme cnopTHaTa 30Ha U MSICTOTO
3a XpaHeHe upe3 Oubmmoreka. M3momsBaxme Meben,
KOHTO CIIECTSBAT MSCTO KAaTO HAIpHMep: MacaTa Ha
Tepacara, MacaTa 3a XpaHEeHe M CTOJIa KbM Hesl J1a Mo-
raT Jna ce mpubupar, rapaepoda ro CIOKHXME IO
JIETTIOTO, 32 Ja MOXe J]a IMaMe MSCTO 3a CIIOPTHA 30Ha,
CTBIONUTE KbM HETO ca U HOITHO IIKagde, Ha KOEeTO CMe
CIIOXKHIIY JIAMIIA.

N300pbT HA OCBETIICHUE HANPABUXME CIIPSIMO 30-
HHUTE U JCHHOCTHUTE B TAX — YETEHE — HOIIHA JIAMIIA,
paboTa — HACTOJIHA JIaMIIa, TAMITA HaJl MUBKATa U JTyLI
KabuHara B OaHsTa, HaJ OTJIEeaI0TO, HaJl KyXHEHCKHUS
KbT, HaJl Tpame3HaTa Maca, HaJ CIIOpTHATa 30Ha, HaJ
IUTh3raiiaTa Bpata u 10 Macara Ha Tepacara.

[Tpy KOMIO3UPAHETO HA HHTEPHUOPA PA3IIICIKAAXME
pas3invyHy ChLIICCTBYBAIlM PCHICHUS Ha Me6eHI/ITe,
KOUTO HCKaM€ aa BKJIKOYUM. ElII/IH OT BAXXHUTE KOM-
MOHEHTH, KOUTO BKIIOYMXME, OCIlle JIETIO ChC CThI-
OWuKa, KaTo BCAKO CTHIIANO € YeKMEmKe, B KOETO
obuTarensIT Ha JKWIUIIETO MOXe Aa u3moisea. Jler-

JIOTO €© NOMECTCHO BbLPXY rapﬂep06, TakKka 4€ Ja C¢€
CIICCTH OLIEC MACTO.

5. KPAVMHO PEIIIEHUE

5.1. Buzyaauzauuu
Buzyanuzanuure ca pa3pabOTeHH ¢ MOMOIITA Ha
codryep DIA Lux Evo.

¢ur.11 Busyanusanys Ha OCHOBHATA CTasl, U3IJIE OTII-
pexn, obxBamia copTeH KbT, padOTEeH KbT, CIIAIHS, OHOIHO-
Teka

¢ur.12 Buzyanuzanusi Ha KyXHEHCKa 4acT, aHTpe,
BXOJIHA BpaTa
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fogu 8 HRILE
¢wur.13 Buzyanuzauus Ha Gansita

5.2.U3B0oau

OO0IeXUTHETO, KOETO MpeyIaramMe, € IPOeKTUPAHO
clIeq IBITO U OOCTONMHO MPOyYBaHE Ha OCOOCHOCTHTE
Ha MHUKPOKIIUMATA, MOTPEOUTEIICKUTE MHEHHS M Har-
Jacu, aHajdW3 Ha ChIIECTBYBAId WHTEPUOPHHU peliie-
HUS, OOCHKIaHEe W Pa3sHCKBaHE HA MHOXECTBO HJICH.
KpaliHusar pe3ynraT € HambJIHO IMOIXOJMSIN 3a CIIO-
KOWHUS 1 3[[PABOCIIOBECH KHUBOT Ha CTYJCHT, 00yJaBaIl
Cce IUCTAaHIMOHHO, KOHTO HMMa B CTasTa CH BCHUYKO

HeoO0XoauMo 3a paboTa, OYMBKA, CHOPT, XPaHEHE H
3a0aBieHHE.

BaaropapHocTn

Hckame na u3KkakeM CBOsITa O1aroapHOCT Ha TJl. ac. I-p
Codust Anrenoa u Ha ri1. ac. a-p Ceria Bacuiesa, ¢ 4usito
HOMOII pa3pabOTHXMe HACTOSIIUS TPY.
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ERGONOMIC PLACE FOR LIVING AND ONLINE EDUCATION

Vasilena PETKANSKA Ivanka LUKANOVA Steven MANAHOV
Design engineering department, Technical University-Sofia, Bulgaria;

e-mail: vpetkanska@tu-sofia.bg, ilukanova@tu-sofia.bg, smanahov(@tu-sofia.bg

Abstract: The student’s room we are working on is focused on one person living in a student’s hospice. With the standard form
of education, the student uses their room rarely — they go to lectures and practices, they do sports and they eat outside. The main
usage of the room is for sleeping and studying. In this case, the roommates can be two, and each of them will have their own
personal space and time. When we talk about online education forces the said student to stay in their room most of the time.
Sports centers and restaurants don’t work, so space is provided for sport, cooking, and eating. Many students prefer to study
online from home, so a vast part of hospices rooms become empty. From this point of view, a room for one is not only a

possibility but a necessity.

Keywords: ergonomics, interior, design, online education, students room
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