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OTHOCHO ITPOEKTUPAHETO HA JETANJINA

Muxauna JIEITAPOB
katenpa ,,OTCK”, Texanueckn yausepcuret - Codust, benrapus
e-mail: mleparov@tu-sofia.bg

Pe3tome: IIpoekTHpaHETO HA TEXHUYECKH OOCKTH BKJIIOYBA KOHLENITYaJIHO NPOSKTHPAHE, IIPU KOETO CE yTOYHSBA IIPUH-
nuna Ha paboTa Ha U3IEIMETO, TEOMETPUYHO INPOEKTUPAHE, IPU KOETO € YTOYHSBAT: a) ChbCTABHUTE YaCTH, 0) TEXHUTE
(dopmu, B) MpUCHEIUHABAHE (KOHTAKTYBAaHE) €UH KbM JAPYT, T) Pa3MOOKEHUE U U3CIICAOBATEIICKO MIPOCKTUPAHE, IIPU
KOETO C€ ONPEALIIAT Pa3MEpUTE U CTOWHOCTHTE HA OCTAHAIMTE BEJIMYMHH Ype3 MPECMATAHUS U 4pe3 TOAXOIALIM aHATU3H
n u3cneBanus. [IpoexTupaHeTo Ha JeTaiaM BKIIOYBA TEOMETPHIHOTO M M3CIICIOBATEICKOTO NpoeKTHpaHe. B HacTos-
aTa CTaTus ca MPEICTaBeHH B METOJ] PA3IMYHHUTE TJIEAHH TOYKH, KOUTO TPIOBa []a c€ OTYUTAT HPH NPOESKTUPAHETO HA
netaiin: QyHKIMOHAIHA, TEXHOJIOTHYHA, EKCINIOATAllMOHHA, PEMOHTHA, YTHUIM3aloHHA U apyra. [Ipemroxenu ca anro-
PHUTMH 3a OTYUTAHE HA [VICTHATE TOUKH, Upe3 KOUTO Ce PellaBa ONpeesTHeTO Ha pOpMHTE Ha IeTailinTe Ha IIPOU3BOJICH
TEeXHUYECKH 00eKT. M3BeneHu ca TBbpAeHUs (0000IIeHHe Ha 3aKOHH, 3aKOHOMEPHOCTH M MpaBHia), OTHACSIIN CE JI0
MPOSKTHUPAHETO Ha ChCTABHUTE YaCTH HA TEXHUUECKH OOEKT.

KitrouoBH 1yMu: npoekTipaHe, FreOMETPUYHO NMPOSKTUPaHe, IPOSKTHPAHE Ha AETAiIN, TEXHUYECKN 00eKT

1. BBBEJIEHUE

[IpoekTrpaHeTo MPEACTABISABA MPOIEC HA HEM-
PEKBbCHATO peliaBaHe 3aqaud (HeopMaau3upaHu U
(dbopmanmu3upanu), NPU KOHUTO MHPBOHAYAIHO OIIH-
caHue Ha mpoOieM ce mpeoOpasyBa B KpalHO pe-
menne Ha TexHudeckun 00ekT (TO). OcHoBHHTE
€JIEMEHTH Ha TIpolieca Ha IMPOEKTHPAHE MOXKeE J1a ce
mpueme, 9e ca:

- KOHIEeNTYAJIHO MPOEeKTHPaHe, B pe3yiraT Ha
KOETO C€ TI0JIydaBa CIIOBECHO WIIM CXEMaTHIHO
ommcanne Ha TO, Hamp. QU3MYECKH TPUHIMIT Ha
neiicteue (PII/), cxemaTnyHO M300paKEHHUE U AP.;
€JIEMCHT OT KOHIICNITYaJTHOTO IPOCKTHPAHE € €B-
PHCTHYHOTO NPOEKTHPAHE, KOCTO MPEICTABIIABA
MPOEKTHPaHE Ha MpoIieca Ha MOIy4aBaHE HA €BPUC-
TUYHU PEUICHUS;

- TeOMEeTPUYHO MPOEKTHPaHe, KOCTO BKIIOYBA
NMpoeKTHpPaHe Ha (opMHTe, NPOeKTHPaHe Ha
B3aMMHOTO pa3MoJo:KeHHe ¥ NPOEeKTHpPaHe Ha
cheIMHEHUATA Ha ChcTaBHUTE YacT HA TO;

- H3CJIeI0BATEJICKO NMPOeKTHPaHe, TP KOETO Ce
M3BBPIIBAT HEOOXOAMMHUTE TPECMITAHUS U H3CIIEH-
BaHUs Ha O0CKTA.

W3nmon3yBaHata TEPMHHOJIOTHS B HACTOSIIATA
CTaTus € B ChOTBETCTBUE C Ta3u OT [7].

BBHOpochT 3a MPOSKTUPAHETO HA JCTAWMIH, KO-
€TO MO CBHIIECTBO MPEACTABISBA TCOMETPUYHO
MPOEKTHUpaHe, ce pasriexaa B JUTepaTypaTa Haii-
000 ¥ ce cBEXJa Hai- 9eCTO IO MPEMOPBKH OT
JajieHa ri.T. (TEXHOJIOTHYHA, CUIIOBa | JIP.), KAKTO

U HEOOXOJAMMHUTE TMpECMSTaHHsS Ha KOHKpETHa
koHCcTpykuus [1,12,16 u MH. np.] unu ciensa pe-
aJIM3UPAHETO HAa IPEABApUTENHO (HOPMYJIHPaHH
n3uckBanus kM npoextupanus TO [18,19 u np.]
KaTO r€eOMETPUUHOTO NPOEKTUPAHE MOUTHU JTUIICBA.

Ilenta Ha HacrosimaTa paboTa € Aa MPENIoKH
€IMH METOX 3a MpOoeKTHpaHe Ha (opmuTe Ha Je-
TaiJid, KOWTO METOJ C€ SsBsBa MPOJIBIDKCHHE Ha
KOHIICTITyaJTHO MpPOCKTHpaHe. MeTOabT € TOIy4eH
Ype3 JIOTUICH aHaJIH3.

[Iupoko pa3mpocTpaHEHO € CXBAIIAaHETO, Y€ B
TEXHHKaTa CTpPyKTypaTa TpsOBa ja oOTroBapsi Ha
¢ynkiusra. B [13] e u3kazana xunoresa 3a 3aK0H 3a
CHOTBETCTBUE MEXIY CTPYKTypaTa ¥ (DyHKLUsTA Ha
TO. To3u 3aK0H MOCOYBA IIBTS 32 ThPCEHE Ha (op-
MaTa ¥ PAa3NON0XKEHUETO (CTPYKTypaTa)- CHOpEn
¢byHKIMATA, KOSNTO CTPYKTypara, T.6 ¢opMara u
HEIHOTO pa3IoNIoKEeHNE, H3IThIHABA.

2. TBbPJAEHUA

[IpoexrupaneTo Ha cheraBHu yacTu (CH) Ha TO
(meratinm n crmobenn emuHu CE 0T 1mo- HUCKO
HepapXW4HO HMBO) € TBOpYECKa JAEHHOCT Thil Karo
0TroBaps Ha YCJIOBHATA 3a €BpUCTHYHA 3aja4a [7], a
HUMEHHO:

- nuncsa (GopMalIM3UpaH METOJ 32 HETOBOTO pe-

an3upaHe;

- HAMHPAHETO Ha peIIeHNe He € 3abJDKUTEITHO;

- OpOAT Ha pPemICHUATa € HEOIPEeIeTIeH;

- pemIeHusATa 3aBHCAT OT KadecTBaTa Ha pella-
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BaIlus U
- HSAMa MOBTapseMOCT Ha pe3yinTara, T.e. pas-
JIMYHU XOpa, pellaBally eJHa U ChIla 3a7a4ya, J10C-
TUTAT JI0 PA3JIUYHU PE3YITATH.
B [6] ca nokazanu 54 TBBpAEHUS, OTHACSIIH CE
0 TEopHsTa Ha EBPUCTHYHOTO INPOEKTHpAHE, OC-
HOBHA 3aJjada Ha KOSATO TEOpHS € THPCEHETO Ha
TBOPYECKO pa3HOOOpa3me BHB BCAKA YOBEIIKA JEH-
HOCT WJIM €JIEMEHT OT Hesl ¢ IeN noaoopsBane (yCb-
BBPIICHCTBYBaHe) Ha JeiHOCTTa. Te3W TBBPIACHUS
(3akoHU, 3aKOHOMEPHOCTH, IPUHIIMITH U TIPABHJIA) CE
OTHACST 32 IPOU3BOJICH €BPHCTHYCH OOCKT.
CncraBHuTe yactu Ha TO ca yacTeH cioydail Ha
€BPUCTUYECH 00EKT, HOPaaH KOETO T€3U TBBPACHHS Ce
OTHACSHT U 3a HEro.
TBbpaeHusTa, oTHacamu ce 1o CY, ca u3BeneHu
OT TBBPJCHUATA B [6], KaTO ca OTYCTEHH OCOOCHOC-
tute Ha TO. Ilo- monmy ca mpencTaBeHH TE€3UW TBBHP-
JCHHsA, KaTO B CKOOM € TOCTaBeHO M CHOTBETHOTO
W3XOITHO TBBPJCHHE OT [6]. B HiKOM OT TAX ce u3-
MOJI3yBa TOHSATHETO EBPHCTHYHA OE3KpaifHOCT, MO
KOSITO ce pa3dupa CHBKYIHOCT OT €IEMEHTH, YHHTO
Opoii € ToJIIMO YNCII0; EBPUCTHYHATA OE3KpailHOCT e
BBbBEJICHA 10 aHAJIOTHSI C MATEMAaTUYHOTO MOHSTHE 32
0e3KpaifHOCT, KaTo CMHCHIBT Ha IOHATHETO € Ja
00XBaHe MHOT'O TOJIsSIM OpOM eJleMeHTH, KOHTO Opoii e
TOJIKOBA TOJISIM, Y€ OT TJIeHA TOYKA HA MAaHHUITYJIH-
paHe Ha Te3M €JIEMEHTH U3TJIexk/a KaTo Oe3KpaiHOCT.
ITpuetoro gucio e 100 000.
Tebpaenue 1: Moaudukaunure Ha BCIKa CbC-
TaBHA 4acT Ha npoexktupanusst TO cberaBAT eB-
pucTu4yHa Oe3kpaiiHocT (OpoSiT MM € ToJsIMO
yucao). (Teepaenue 5) IMox Mogudukanus ce pas-
Oupa HOBa ChCTaBHA YaCT, KOATO € TMoJydeHa Ha Oa-
3ara Ha m3xonHara CU;, mma chiara riaBHa (yHK-
1S, HO ce pa3nuyasa oT uzxonnara CY;.
Tebpaenue 2: Ilo oTrHomeHue Ha ¢opMu U pa3s-
MOJIOKeHHE ChCTABHUTE YacTH (IeTallyid M Crio-
0eHN eIMHULIM OT IIO- HHCKO HepapXH4HO HUBO)
Ha mnpoektupanusa TO cbCTaBAT eBPHCTHYHA
Oe3xpaiiHocT (OPOSAT UM € roJIsIMO YHCJI0)
Hokazamencmeo
TeepaeHuero e cneacteue ot Tebpaenue 1.
Tebpaenue 3: KbM pa3rie:xaaH MOMEHT OT Bpeme
ThpPCeHeTO HAa Haili- 100po pelleHHe MPH MPOEK-
THpaHe Ha cbeTaBHA YacT HA TO e HenmpaBWIIHA
(HepemrmMa) 3agada (ciencteue ot TBepacHue 14)
Tebpaenue 4: KbM pa3rie:xxaan MOMEHT 0T Bpeme
ThpPCEHETO HA Hali- J00po pelieHHe NMPH MPOEK-

THpPaHe Ha cbeTaBHA yacT HA TO moike ga ce u3-
BBPIIBA CAMO CpeJl HaMepeHHUTe 10 MOMEHTAa pe-
IeHust

Jloxazamencmeo

TBbpAeHUETO € cneacTsue ot TBbpaeHuE 3.
Tebpaenue 5: Mertoaure 3a NpPOEKTHPaHe HA
cheTaBHE 4YacTd Ha TO cheTaBAT eBpHCTHYHA
0e3kpaiiHocT (OposT UM e rojasamMo 4uciao) (Teop-
nenue 39)
TebpaeHue 6: Bposit Ha MeToaAMTe 32 MPOEKTH-
paHe Ha cbcraBHM 4yactu Ha TO BBLB BpeMmeTo
HenpekbcHaTo HapacTBa (TBbpaenue 33)
TBbpaeHue 7: Becekn MeTon 3a MpoeKTHpPaHe Ha
cbetaBHU yacTu Ha TO moike 1a ce M3noJ3yBa 3a
pa3Butue Ha cebe cu (TBbpaeHue 36)
TBbpaenue 8: Merogute 3a ThpceHe HA MOJM-
¢puxanuu Ha cberaBHu 4yactu Ha TO cberaBsAT
eBpHCTHYHA Oe3KkpaiiHocT (OpOSAIT MM e roJIsiMo
yuciao) (Teepaenne 38)
Tebpaenue 9: MeToauTe, Upe3 KOUTO MOKe Aa ce
NMpoeKTHPAT cheTaBHUTE YacTH HA TO cheraBsAT
eBpHUCTHYHA Oe3KkpaiiHocT (OPOSAIT MM e roJIsIMO
yuco) (Teepaenue 30)

3. METOJ

AnroputsM

3amaneno: @I/ u ocHoBaute QyHKIMH (OD)),
OTIpeNIeNIeHH 110 HeTo

3a06. [Ipu snurca va OI1J] w/umm OD;, Te ce che-
TaBAT, Hamp. 1o [7].

1. dyHKkunoHa HAa IJI.T.

Kakro Geme ka3aHO B KOHCTPYKTOpPCKaTa Ipak-
THKa Ce Mprjlara 3aKoHa 32 ChbOTBETCTBHE HA CTPYK-
Typara Ha ¢yHkuusta Ha TO [13], B yacTHOCT Ha
HeroBa CUYi.

Ot npyra crpaHa KaTo NpaBWIO 33 ChCTaBHU
¢opmu Ha peraiinute (CU) ce m3mon3yBar mpocTu
TFEeOMETPUYHHM Teja- IpH3Ma, LIMHIBP, KOHYC,
cdepa, Top n nupamuza. [Ipu konyc, cdepa, Top u
mUpamMuIa € HajJuIe MpoMsSHa Ha pa3MepHTe Ha ce-
YEeHHETO 10 ocTa (TpreTa 3a 0c) Ha TSJIOTO, JTOKATO
TOBa HE € Taka MpH Ipru3Ma W mwmHABp. Ilocmex-
HHUTE (POPMH CHILO TaKa ca M TEXHOJIOTHYHH. 1o Te3n
NPUYMHNA aKo (YHKIMOHATHATA TIL.T. HE HW3UCKBA
CIELMAIHO HSAKOS OT OCTaHAJIUTE (POPMHU, JJOTUYHO €
Ja ce u30upa NpU3MaTHYHA WINM WIMHAPUYHA

¢dopma.
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CpaBHEHHMETO Ha TNpU3Ma C OCHOBA KBajapaT
(cTpaHa: a) ¥ MWIMHABP C OCHOBA KPBI (IUAMETHP: a)
[0Ka3Ba, ue KBaApaThT € C 0kojo 27% mo- roisiMa
wioin ot kpera. C Ipyru AyMHU ako HIMa JIp. ChOO-
pakeHUsI IpeANoOYUTaHne TPSOBA J1a ce Jaje Ha IH-
JUHIBPA TMOPaaH MO- MAJKOTO KOJIWYECTBO MaTepH-
a1, He0OXOMM 32 HETOBOTO PeaM3HpaHe.

OcBeH GyHKITMOHATHH ChOOpaKEHUS MpH n300pa
Ha ¢opMaTa ce oTYnTa M (popmMaTa Ha 3arOTOBKATa 3a
JieTaitia, OKOJKOTO HeiHaTta ¢opMa HE MPOTHBO-
peur Ha M3WCKBaHWATA Ha (HYHKIMOHAHATA. 3aro-
TOBKaTa (aKO UMa TaKaBa) Ce ABsBA MOKYITHO M3/ICIIHE
U Pa3KpHUBaHETO Ha HeWHata (opMa W3UCKBA TPO-
yuBaHe Ha maszapa. Hamp. ynuunute cThIOOBETE 32
OCBETJICHHE OT TIJI.T. Ha CTPAaHUYHO HATOBapBaHE OT
BATHp TpsIOBa Ja UMaT KOHYCHa (opma (KpUTEPHIi-
MHUHHAMAJIHO KOJWYecTBO Marepuain). Heobxomu-
MOCTTa OT TpeAna3BaHe Ha MPOBOJHUINTE M3UCKBA
KyXHHa B CTHJIOA, T.€. KyX KoHyc. Ha ma3apa obaue ce
MpoAaBaT HE KOHYCHH, a NWIHMHAPWYHH TPBHOU.
[IpobreMbT € MIKOHOMHUYECKH- Ja ¢ KyIH JIH 3aro-
TOBKa W OT Hes Jia Ce peaimu3upa cThiada (KaTo eaHa
Tpb0a WM CHBKYIHOCT OT IHJIMHIPUYHUA TPHOH C
HaMalsBall 110 BHCOYMHATA HA CTHIOA JUAMETHD)
WK Ja ce npousseze opurnHanmHa CU.

[penu pas3riaexaaHusTa Mo CHIIECTBO MIE OBIAT
aHanusupanu O0;.

OcHOBHUTE (PYHKIIMU MOTAaT Ja CE pasrpaHHyar
Ha a) ChIIECTBEHH- Te€3H, KouTo peanusupar OIIJ] u
ce pasKpHBaT 4Ype3 HEro; CHIIUTE Ce MOTydaBaT OT
nmxenepuute epextu (ME) (mpencraBenn BbB DI/
KaTo MPaBOBI'BIHUNN W TPUBI'BIHHUIN) U OT BXOJO-
BeTe M M3XoauTe (TpeacTaBeHH 4pe3 JUHUU [7]), 0)
MpUApYKaBallli- Te3W, KOUTO OWXa MOTJIH Ja Cb-
IBTCTBYBAT JaJIcH MOTOK M KOUTO HE YYacTBYBAT B
peanusupanero Ha OII/I u B) Ipyru- ocTaHanu.

AnropuThM 3a TBPCCHE HAa CHIIECTBCHHTE OC-
HoBHHUTE (pyHKIMK 10 3ananeH PI1J] e naneH B [7].

Hsxou ot uecto cpemanure npuapyxasamu Od; ca
JTAJICHY T10- J0Y.

- (pnymmen mortok) O®;: ymubTHSABaHE (IIEM:
Ch3aBaHE Ha KOHTAKTHO HAITaHE MEXIy YILTHT-
HSBAaHUTE TIOBBPXHOCTH):

- (MexanwueH notok) Od;: HamMasIBaHEe HA TPH-
eHe (1ien: mpeoOpa3yBaHe Ha TPUEHE MPH TUTh3TaHE B
TPHEHE MPH ThPKAJSIHE); OXJaxIAaHe (Lel: Hamas-
BaHe Ha pabOTHATa TeMIlepaTypa); peryiupane (Lel:
MpOMsiHA Ha pa3Mep/ CBOWMCTBO, MMOJyYaBaH 10 BpeMe
Ha MOHTaX) | Jp.;

- (enextpuyecku motok) OD;: en. uzonanws (Let:
HE CBBP3BAaHE Ha JIBaTa MPOBOJHUKA HAKBCO); YCHI-
BaHe (IleJI: TIOBHIIABAHE HA CTOWHOCTUTE HA Mapa-
METPH Ha TIOTOKA);

- (cBernmHeH notok) O®;: HacouBaHe (uexn: ¢o-
KyCHpaHe Ha TIOTOKa),

- 1p.; B HAkon TO ca BB3MOXXHHU U JIp. IPHAPY-
KaBali (HyHKIINM, HATIP. YBEJIMYaBaHe, HAMAJIsIBaHe,
W3TbYBaHE, MOTIBINAHE W Ap. (BXK.eJICMEHTapHHUTE
¢dbynaxuu vHa Konep [7]).

KoM apyrure O®; criagat:

- O®; ,3akpenBane” (uen: nomyyasane Ha CE);
MaTepUAITHUTE CTPYKTYPH, PCATU3APALIH OCHOBHUTE
¢GyHKIUHU, TpIOBa J]a CE CBBPKAT MOMEKAY CH, TaKa
4ye Ja ce oOpa3yBa ¢IMHHA CTPYKTYpa, KOATO Ja €
cTta0WiiHA W Ja HE Ce MPOMEHS OT CIy4ailHH Bb3-
JICHCTBUS HA OKOJIHATA Cpe/ia; Ta3u (PYHKIUS ¢ 3a-
IIBJDKUTEITHA,

- O®; ,3ammra” (11e1: 3aIuTa HA U3IEIUETO OT
BpPEIHOTO BB3ACHUCTBUE Ha OKOJTHATA CPE/Ia U 3aIllhTa
Ha OKOJIHATa cpela OT BPEAHOTO BB3ICHCTBHE Ha
M3JENNET0); He 3aJBJDKUTETHA, HO YeCTO CpellaHa
GyHKIUS;

- Hp

Tps6Ba na ce oroenexu, ye Hou OD; Moxe na ce
J00aBAT WIM JaXKe J]a OTIAJAT aKo TE ca MPOJUKTY-
BaHU OT W3HCKBaHUATa KbM TO, TpeAsBeHU OpuU
aHanu3a My OT pa3IM4yHU IJ1.T., AajgeHu B T.II-VI .

[To- momy e mpeacTraBeH €OWH alTOPUTBM 3a
paskpuBaHe Ha (YHKIMOHATHATA TJ.T. IPU IPOEK-
THPAHETO Ha JeTailure.

Anroputsm 1

I.1. CocraBsae Ha PIIJ] (ako HE € ChCTaBEH NPH
KOHIIENITYaTHOTO mpoekThupane Ha TO, THH KaTo
U3MOJI3YBAHHUAT METOJ Ha IMPOCKTHpPaHE HE Tro €
U3UCKBAN).

1.2. Onpenensne no @I/ na cpmectBeHutre OD;,
a 10 ToToUTe My- npuapyxaammure Od;.

I.3. CpuiectBenu u npuapyxasamu Od;:

Ompenensine no @I Ha HauMeHOBaHUSTA HA
CBCTAaBHUTE YAaCTH, PEANM3HUPAIIN CHIIECTBEHUTE U
npunpyxkasaniure O®;. 3a nenra Bcska Gurypa ot
®IIJI, mpencrapisiBama WHXeHepeH eekT (mpaBo-
BI'BJIHUK WJIM TPUBI'BJIHUK) U Beska uHAS oT DI,
MIpeICTaBIsIBAIa BXOA MM U3XOM, ce IIpHeMa, 9e ce
peamusupa upe3 ortaenna CU;. OcHoBHaTa (yHKIHS
mojckasBa npeaHazHauenuero Ha CU;, a mo Hero ce
CbhCTaBsl HauMeHOBaHHETO. CTPEeMEXbT € H3MON3Y-
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BaHETO HA BBH3NPHETUTE TEXHUYECKH HAaUMEHOBaHMS
Ha 00EKTHTE, BBIIPEKH Y€ TOBA HE € 33/IbJDKUTEITHO.

[.4. TIpeuenka Ha Bb3MOKHOCTTa Hsikou oT CY; na
ce obeauuaT. Ha TO3M eram oT mpoueca Ha MpPOEK-
THpaHE TOBa € CPAaBHUTEIHO TPYyJIHA 33jaya, HO Ha-
MHUPAHETO Ha peIIeHNe He € HEBB3MOXKHO.

CncraBs ce crmchk or CYj, KaTo B HA4aj0TO HA
cruchka ca te3u CU;, kouto chorBeTcTBYBaT Ha UE
Ha TO.

I.5. 3aBcsaka CY; ot cincpka ot T.1.4:

1.5.1. Onpenensine Ha U3UCKBAHUATA KbM HES OT
ML.T. Ha O®;, KbM KOSITO (KOMTO) MPUHAATIEKU.

Al. 3a Besko CY;:

Al.1. TIpoyuBane pganmu CY; cbluecTByBa KaTo
MOKYITHO U3JeTHE.

[Ipu orpunareneH OTroBOp ce NMpEeMHHABa KbM
T.A1.2.

[Ipu mONOXMUTEIEH OTrOBOp CE B3eMa pPEUICHHE
namu pasraexaanoro CY; me 0b1e TOKYITHO U3/IeNHe
WA IIe c€ TPOEKTHpa KAaTO OPUTHHAIHO TaKOBa.
XapaKkTepUCTUKUTE HAa TOKYNHOTO H3JeNHe OOMK-
HOBEHO Ca BOJICIIN ITPH B3eMaHe Ha PEIICHUETO.

AKO H3IENMETO € MOKYIHO C€ NPEMUHaBa KbM
cneasamarta CY; or cnuckka ot 1.1.4. B mpoTtusen
ciyuail ce mpoabikasa ¢ T.Al.2.

Al.2. TlpoyuBaHe Ha CbILECTBYBallaTa M JOC-
TBIIHA JIUTeparypa 3a cboTBeTHOTO CY; ¢ 116 n3sic-
HIBaHE Ha HAJMYHUTE U3CJIEBaHMUS 32 0COOCHOCTUTE
Ha CY; - peanm3anus, yCIOBHS, CHITBTCTBYBAIIH SB-
JICHWs, HEJOCTAThIIM, CHIIECTBYBAIIN KOHCTPYKIIHU
u np. B pesynrar ce Gopmynupat QyHKIHOHATHATE
m3uckBauus kpM CY;.

A.1.3. TTo hyHKIIMOHATHUTE U3NCKBAHUS ThPCEHE
Ha BB3MOXKHU MaTepUaTA3aIHH.

3a matepuanu3anus Ha CU; Bxk.1.1.5.2, a 3a cwe-
JMHSBAHETO HA JIEMEHTHTE Ha MaTepUaIu3alys, T.C.
ceequnennsTa B CU; k. 1.1.5.4.

1.5.2. Tepcene u u300p Ha MaTepHaNIN3aALHMS.

Marepuanuzanust MOXe Jla ce HaMepu I0 JBa
HAyYWHA:

- oT 6a3a JaHHM (CIUCHK) OT U3BECTHHU PEIICHIS,

- Ype3 THPCEHE Ha TBOPYECKO PEIICHHE C TIO-
MOIITa Ha €BPUCTUYHHA METOAM, HAIp. TE3H, H3JI0-
JKeHU B [7]; 3aadaTa, KOSTO Ce IIOCTABs 3a PelIaBaHe
MoXxke na ce Gopmynmpa karo “/a ce mamepu nosa
mamepuanuzayus Ha...(KOHKpeTH3alys Ha o0eKTa Ha
MaTepuanusaunus, B caydas- CY;)”.

Ilo mpuHIMO MaTepuanu3anusaTa € TBOpYECKA
3a/a4a, Thil KaTO CC ThPCHU HOBO HEH3BECTHO PEIIIC-
HHUE WK C¢ U3IOJI3yBa CHIICCTBYBAIO PEIICHUE, HO
TO CHIIO MOXE Ja OB B MHOXECTBO HEH3BECTHU
BapHaHTH, KaTO U B JIBaTa CJIydas JIUICBA CTPOT Me-
TOX 3a ThpceHe Ha pemenne. OCBeH TOBa 3ajadara
OTroBapsi Ha OCTaHAJIHUTE YCIOBHSA 3a EBPHCTHYHA
3amayqa [7].

TpsiOBa ma ce oTOeNIekKH, Y€ B pEATHHS TIPOIIEC HA
MPOEKTHPAHE YacT OT MpoIeca Ce W3BHPIIBA HA HH-
TYATHBHO HHBO, OJlarojapeHne Ha WH)KCHEPHUS U
JKUTCHCKU ONHUT HAa MpOCKTaHTa. ToBa BaXw U 3a
HacrosmaTa Touka. OT eHa CTpaHa MO TO3M HAYUH
ce CIecTsiBa BpeMe, HO OT JIpyra CTpaHa JIuIcara Ha
CHUCTEMHO ThpPCCHE OrpaHMYaBa HAMHUPAHETO HA Ba-
PHAHTH, HSIKOU OT KOUTO BEPOSATHO IIE ca MO- J00pH
OT HAMEPECHOTO HHTYUTUBHO PEIICHUE.

1.5.3. OnpenensiHe Ha M3UCKBAHUATA KbM BCHUKH
CY; ot m3bpanata Marepuanuzanus. V3ucKkBaHUsATa
3aBHCAT OT (YHKOHWTE, KOWUTO HU3IMBIHSIBAT eJe-
MentuTe Ha CY;, peanm3upamo KOHKpETHaTa MaTe-
pHUaTH3aIHs.

ITo ToukHTE, M3IIOKEHH TO- TOPE, CE OMPEIEIIAT
tdopmute Ha CY; OT IL.T. HA CHINIECCTBEHU U TPHUJ-
pyXaBamy QyHKIUH.

1.5.4. Crequnenust:

Al. 3a opurunannara CUY; ompezensiHe Ha CbC-
TAaBHUTE YaCTH, C KOUTO TS KOHTaKkTyBa. ([lokymHuTe
CU; ve ce pasriexnar). ChCTaBsHE Ha CIIUCHK.

A2. 3a Bceku €NIeMEHT OT CIIUCHKA:

YTouHsBaHE Ha BUAAa HAa CHEIMHEHHUETO- Pasr-
nobsieMo WM Hepasriiodsemo. 3a Ta3u IIeNl ce U3-
X0XJa OT W3MCKBAaHUATa KbM HEro, MOJY4YCHH IIO-
TOpe WIX NO- Oy W/MIIK JIOTHYEH aHAIN3.

A3. Tlpernen Ha BunoOBeTE cheiuHeHMs (Tabm. 1)
YTOYHSIBAaHE HAa CHOTBCTHUTC KOMOWHAI[MHM Ha WM30-
panust B T.A2 BuJ cbhenuHeHue. CbCcTaBsiHE HA CITH-
CBK.

A4. TlocnenoBatenHo ce nM3dupa BCsika KOMOM-
HaIMs OT T.A3, YTOYHSBAT CE M3UCKBAHMATA OT HEsl U
ce ThpcHu Marepuanusanus (Bx.1.1.5.2).

3a6. Ilpum xomOwHanus, BKIoYBama 4.2 or
Tabi.1, ce aHAM3Upa BH3MOXKHOCTTA Ja OBJAT 3aK-
penenn emHoBpeMeHHO HKOJIKO CY;. OOHMKHOBEHO
TOBa ca cheeaHM ToMexay cu CUi.

AS. M300p mo mpenBapUTENHO YTOYHEHH KpH-
TepuH (Haii- yecto “pa3xou’’) Ha €ANH WU HAKOJIKO
BapHaHTa 3a [0- HaTaThIIHA paboTa.
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Ta6J1.1 Kinacudukanus Ha cheIMHEHUsTa

Kaacudukanuonen npusHak

CpneanHeHHe

1. Be3amoxHOCT 32 MHOT'OKpPaTHO criio0siBaHe

1.1. Pasrmo6siemo
.1.1. Hemrbnio
.1.2. Pe36oBo
.1.3. Upes criobxa
.1.4. Upes enacTudeH eIeMeHT
.1.5. Baitonerno
.1.6. Upe3 rbBKaB eJI€MEHT
.1.7. Hludroso
.1.8. IlInonkoBo
1.1.9. Hlnunoso
1.1.10. Hp.
1.2. Hepasrno6siemo
1.2.1. HuroBo
1.2.2. 3aBapeHo
1.2.3. Cnoeno
1.2.4. BanoBano
1.2.5. Upes neraiin- BIOXKKa

1.2.6. JIp.

1
1
1
1
1
1
1
1
1

2. N3nonsyBane Ha gonbiaHuTenHa CYj

2.1. be3 msnon3yBaHe Ha gombiaHuTenHu CYj (6unapHO
CHCIMHCHHUC)

2.2. C m3nonzysane Ha jonbiaHutenHu CYj

3. Peanu3anus Ha QyHKIHHUTE HAa ChEIHHEHUETO

3.1. Hopmanso

3.2. Pasmenenn ¢ynkumu B capyxasanutre CYi, wanp.
pasmana Ha Oemauiume mun “‘omeop” u “eéan”’ npu
canobka

4. bpoii cheqMHEHMS 32 OCUTYpsIBaHE Ha 3aKpElBaHETO Ha
CYj

4.1. CamMOCTOSITEIHO (€THO CHEINHEHHE)
4.2. KomOuHMpaHO (HAKOJIKO ChEIUHEHHS)

5. Perynupane Ha cuiaTa Ha MPUTUCKaHE MPH pas3riaodse-
MHTE CheAUHEHHS

5.1. bes perynupane
5.2. C perynupase

3a0. He Bcnuku koMOuHanuu ot BupoBeTe chenuuerus (11

1.6. Ocranamu OD;:

1.6.1. O®; “3ammra”:

Al. YrtounsBane ganu TO ce nyxkaae or O®d;
“zamuTa”’. ToBa 3aBUCHM OT HAIMYUETO HAa BPEIHU
BB3JEHCTBUS Ha OKOJHATa cpeaa Bepxy TO mnu Ha
BpeaHH Bh3neicTBUsA Ha TO BBpXY OKOJIHATA Cpefa.

[Ipu oTpumareneH OTTOBOp ce NMpEeMHHAaBa KBbM
1.1.6.3, a Ipu TMOJIOXKUTENEH- KbM T.A2, IajeHa I1mo-
JIOTTy.

A2. TIpoBepka mamu MpH TOJYYEHOTO O TO3H
MoMeHT cheTostHne Ha TO He e peanmusupana Od;
“zamura”. [Ipu oTpunaTeneH oTroBop ce TbPCH Ma-
Tepuanuzanus (Bxk.1.1.5.2).

A3=1l.5, Ho 3a QyHKIHMA “3amuTa”.

1.6.2. Ipyru O®; (axo nMa TakuBsa).

[Ipu Hanuume Ha He3anbKUTENHH Apyru Od;,
T.e. Apyru ¢yHKuum Ge3 ga ce oruura OD; “3ak-

cTB10) ca peanuzyemu

pemnBaHe” ce mpolenupa MO aHAJOTHYeH Ha (hYHK-
uATa “3ammTa’ HauMH.

3a0. Ecretnueckara (yHKIMsS € pasriiefaHa B
T.I.11.

1.6.3. O®; “3akpenBane’.

3HauMTeHA YacT OT Ta3u (QyHKIus Oemie pasr-
nenano B T.1.5.4, kpIeTO Ce aHAMU3WPAT ChEIUHE-
uHusTa. [lo- Hagmomy ce oOCHXkaa peamu3amusTa Ha
Ta3u (PYHKIUS OT II.T. HAa ChIecTByBaHeTo Ha TO
karto CE.

Cuura ce, 4e 3a fma chiectByBa TO karo criio-
OcHa eMHUIA, KOHTAKTHUTE ChCIUHCHUS B HErO HE
TpsiOBa Ja ce MPOMEHAT MO He()yHKIMOHAIHU IPH-
YHMHU, HATIP. OT PaOOTHU WJIM CIyYaliHO MOSBUIIU CE
CWJIH, OT ClIy4aiiHa WM HE MPOMSHA Ha MPOCTPAHC-
TBEHOTO pasmoyiokeHue Ha TO (TpaHCHanus W/vin
poTanus) u ap.
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T'opHoTo ycrnoBue Moxe Ja ce MPEeACTaBH KaTo
U3UCKBAHETO!

Tewvpoenue 1: Bcuuxu oemaiinu na TO mpsb6sa da
0vOam 2e0MeMPUUHO UNU CUTOB0 3AMBOPEHU.

B mwpBus ciyuali, KOHTO € MAacoBO CpelLlaHus,
HETIPEKbCHATHAT KOHTAKT MEXIy €JEeMEHTHTE Ha
CApYXaBaHWUTE NeTaliau (HEOTHENSIHETO €AWH OT
JIPYT Ha €JIEMEHTUTE UM) Ce OCHUTYpsiBa Oiaromape-
HHEC Ha TeOMETpHUiATa Ha ABOWKaTa (Hamp. BUHT U
raiika) WM Ha ChCEIHUTE HA BOHKATa ChEIMHEHUSI.
BbB BTOpHSA Ciiyyall HENPEKbCHATHSAT KOHTAKT C€
OCBIIECTBSIBA OT HSAKAKBAa CHJA- TEKECTHA, MPY-
JKUHHA WU IpyTa.

Axo npoextupanusaT TO ce mpencrtaBu BbB BUJ
Ha rpag, BbpXOBeTe Ha Koiito ca aerainure (CY;), a
pebpaTa- KOHTAKTHUTE CHEAMHCHHS MEXKIY IcTai-
qurte (CY;), TO TEOMETPUYHOTO 3aTBapsIHE CE CBEXKIA
1o [3]:

Tevpoenue 2: Bcexu eépvx na epagpa na CE e
CBbP3AH Upe3 HenoOBUICHA 8PB3KA C Opye 6PbX UlU
yuacmeysa 8 YuKbvl (3ameopeHd CbEKYHHOCHL Om
8bPX0BE U OPUSHMUPAHU PedPa MedHcdy mAX), KOUmo
ce cbcmou om eOHONOCOYHO OpUeHmMUpanu pebpa u
€0HO NPOMUBONONIONCHO HACOYEHO HA MAX 3amed-
pAwo pebpo, Koemo ocucypasa HenoosUNCHamd
8PB3KA.

AJTOpUTHM H TPUMEPHU 33 CHhCTaBsSHE Ha rpad-
mojena Ha CE e naneH B [9].

ITo- momy e mpemIokeH earH 001 aNTOPUTHM 32
peanm3upaneTo Ha T. 1.6.3.

AnroputbM 2

A. 3a Bceku pneraitn (CY;) or mosryueHaTa B
T.1.6.2 KOHCTPYKITHS:

A.1. IIpoBepsiBa ce nanu oTroBaps Ha TBBbpACHHE
1, a ako e HampaBeH rpad- mojein- Ha TBbpaenue 2.

IIpu nojoxuTENEH OTrOBOP CE MPEMHUHABA KbM
cneapamus aetaiun (CY;).

IIpu oTpunareseH OTroBoOp ce MpeMUHaBa KbM T.
A2

A.2. (tBppnenue 1) M3bupa ce chenuHeHue 3a
3aKpelnBaHe Ha [JeTaillla KbM CBCEAHUTE [ETalIu
(caMoCTOSITETHO WM TPYHOBO 3a€THO C IPYTH Je-
taiimm wim CY;). 3a u3bopa Ha CheIWHEHUE BXK. T.
1.5.4.

(tBBpaenue 2) [Ipomens ce rpada upe3 modaBsHe
WM OTHEMaHe, WK J100aBsHE U OTHEMaHe Ha pedpa
W/WIIA BHPXOBE U CE JICKOJUPA Ype3 MOJXOIAIIA Ma-
Tepuanu3alus HallpaBeHaTa mpomsHa [9].

1.7. [lpucbenuHsiBaHE KbM OKOJIHATa TEXHUUECKA
cpena (OTC):

KM OTC 006HMKHOBEHO ce CBbP3Ba KOPIYCHT HIIH
Hskost oT MmacupHute CY; Ha TO, HO TOBa HE ¢ 3a-
neiokutenHo. [lo- oy e mageH eauH o0y anropu-
THM 3a PeaJM3UPAHETO Ha Ta3H ACHHOCT.

AnroputsM 3

1.7.1. Yrounssane Ha OTC.

1.7.2. YTouHsBaHE HATMYMETO HA MIPUET HAYHH 32
npuckeauHsBaHe Ha npoekTupanus TO kM OTC,
KoiTO HauwH e otpaszeH B OTC.

A. TIonoXHUTETHUAT OTrOBOP B 3HAYMTENHA CTe-
HEeH MpeJIonpeneNs BUa HAa ChEJUHEHUETO MEXKAY
TO un OTC. Ilo- HaraTbk ce npoabkasa ¢ T.1.7.3.

b. OrpunaresHuaT OTrOBOp H3UCKBAa HMPOEKTH-
pane Ha npucweaunsBaHero Ha TO xsm OTC. Ilo-
HaTaTbK ce NpoJbikaBa ¢ T.1.7.5.

1.7.3. YrounsBat ce CY; na TO. Beska ceecraBHa
yacT ce MpueMa 3a JeTaill 3a Bpb3Ka ¢ OKOJHATa
TexHudecka cpena (JJorce).

1.7.4. 3a Bcexu CY;- JloTc:

A. Ananm3upa ce Bb3MOXKHOCTTA 33 M3ITBIHEHUE
Ha QyHkumsTa ,,npuchenunsaBane Ha TO kM OTC,
BKJI. ¥ Upe3 MpoMsiHa Ha (JOPMHUTE Ha pasriieskaaHara
CY..

b. YrouHsBaT ce BB3MOXXHHTE IIOJIOKCHUS Ha
npucheUHUTENHATa NoBbpxHUHA Ha OTC, Hamp.
XOPHU30HTAIIHO, BEPTUKAIIHO, HAKJIIOHEHO, JP.

B. YTounsBa ce popmaTa Ha MpUChEIMHUTETHATA
gacT Ha J[0TC B 3aBHCHMOCT OT BB3MOKHUTE ITOJIO-
>keHus ot T.b. [Ipu ToBa ce pasrnexaar 1Ba cirydasi:

- TO He poMeHs KaTo IIST0 IPOCTPAHCTBEHO CH
pa3noiIoKeHue u

- TO mpoMeHst TOBa MOJIOKECHHE.

1.7.5. Besika cbCTaBHa 4acT ce NpHeMa Mocie-
JIOBATEJIHO 3a JIETalI 3a Bpb3Ka C OKOJIHATA TEXHH-
yecka cpena (otce).

1.7.6 = 1.5.4, xaTo ce TBPCAT ChEIAUHEHUS Ha
Hotc ¢ OTC.

1.7.7=1.7.4.

1.8. Onrumusanus:

Tyk ce mMa mpeaBHUI ONTUMH3ANKSA Ha (hopMmaTa
Ha JAeTainure OT IVI.T. HA BB3ACUCTBHE Ha IPEMU-
HaBAIUTE MOTOIIH.

1.8.1. YTouHsBaHE HA IIOTOIATE.

1.8.2. 3a Bcexu NOTOK:

Onpenensae Ha CY;, mpe3 KOUTO TOH MpeMUHaBa
Y BB3ICHCTBUETO MY BbPXY THIX.

1.8.3. 3a Bcsika chCTaBHA YaCT:

10
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ChCTaBsiHE HA ONTHUMH3AIMOHHA 3aBUCHUMOCT
(ueneBa (yHKIHSA).

1.8.4. YTouHsABaHE 4pe3 ONTHMU3ALMITA HA Ch-
orBeTHaTa popma Ha CU; 1 oTpa3sBaHeTO i B KOHC-
TPYKLUSTa B CHOTBETCTBUE C YCTAHOBEHUTE M3UCK-
BaHUSL.

1.9. Crio6siBane u pasrio0sBaHe:

B HsKakBa cTemeH Crio0sSBaHETO, PECIL. Pas3TiIo-
OsIBAHETO CE OCBILECTBSIBA B I10- TOPHUTE TOYKH, HO
TaM HE ce NpaBH MNPOBEpKa 3a Ta3d BB3MOXKHOCT.
EnvH BB3MOKEH HaYMH 32 IPOBEPKA € CIeTHUL

Anroputsm 4

1.9.1. Ompenens ce pena Ha criaobsBaHe, T.e.
[OCJIEZIOBATETHOCTTa OT MPUJBUXKBAHUSL 1O CHOT-
BeTHU ocH Ha BcekH aerailn wiu CE oT mo- Hucko
HepapXuuHO HUBO 10 cbeTaBsiHe Ha CE.

1.9.2. 3a Bcsiko mpUABHIKBaHE Ha JETalll ce ole-
HSBA HAJMYHUE HA MPEYKH 32 HETOBOTO pealn3npaHe.

AKO ca HamHMIEe NPEYKH- MpOBepsBa Ce Iaiil
MpoMsHa Ha TPACKTOpWATAa Ha ABIKCHHE Ha eje-
meHTa (neraiin, CE) me pemu mpobaema. [Ipu ot-
puIaTesieH OTTOBOP ce MpeMuHaBa KbM T. 1.9.3, a mpu
[IOJIOKUTEJICH- KbM CJICIBALIMS €IEMEHT.

1.9.3. YTouyHsBaT ce M3HMCKBaHUATA OT IJ.T. HA
criobsBane. Kopurupa ce CE, Taka ue na Moxe 1a ce
criuo0siBa U J1a ca U3MBIHCHU NPEAUIITHATE TOYKH OT
METOJa.

1.10. be3zonacHocT:

AnroputsM 5

1.10.1. M3cnenBa ce moiydeHaTa 10 TO3H MOMEHT
KOHCTpPYKIHUs Ha Oe3omacHocT. Enun MeTon 3a pea-
JM3UpaHe Ha Ta3u ACWHOCT € najieH B [7] .

1.10.2. ®opmupane Ha nznuckBanusaTa KkbpM TO OT
IJI.T. Ha 0€30TacCHOCT (aKO MMa TaKHWBa).

1.10.3. Ilpn HeoOXOAMMOCT BHACSHE HA IPOMEHHU
B TO B choTBeTCTBUE ¢ M3UCKBaHuUsATa OT T. 1.10.2.

I.11. Ecretnuecka ocHOBHA (pyHKLHS:

1.11.1. YrounsBaue Ha BpHIIHKMTE CY;, T.¢. CY;, ¢
BBHIIHUTE MOBBPXHUHH, KOUTO MOTPEOUTENAT WIN
MHO>KECTBO XOpa BJIM3AaT B UECT BU3YaJeH KOHTAKT.
Tesu CY; yuacTByBaT B ecTeTndeckaTa (QyHKIIHSL.

1.11.2. M360p Ha peanu3anus Ha QyHKITHATA.

Hsxom meromum 3a perraBaHeTo Ha mpoOiema C
Ta3u QYHKIUS ca 1ajeHu B [15] , a B HIKaKkBa CTeTIeH
u B [4,5].

1.12. Ilpecmstanus:

Pesynrature ot mpecMsraHusTa (M3BBH OITH-
Mu3auuoHHUTe- T.1.8) MOKe Ja U3UCKBAT MPOMEHU B
chlIecTByBaluTe uiau nossa Ha HoBu CY;. Hsaxou

OCHOBHM IOJIOXEHHUS 3a BUAOBETE NPECMSTaHUs ca
naneHu B [8].

1.13. Paznonoxenue:

®dopmu MOTaT fa ce MPOMEHSAT U OT U3UCKBAHUS,
mpousTHyaIu ot pasnonoxenuero Ha CY; ma TO.
Hsxom meronm 3a HamMHpaHe Ha BB3MOXKHO PasIio-
Jo’)keHue ca npeacrasend B [10,11].

TpsabBa ma ce momdepTae, 4e CHIIECTBEHOTO OII-
penensine Ha Gopmute Ha CY; ce m3ppmBa T.T.1.1
—1.5.4. [lefinoCcTHTE OT OCTAHAJIUTE TOYKH MOTaT Ja
MIPOMEHAT WJIH 1a He TaJaT OTpakeHUe BhpXy (opmu
Ha koHKpeTHa CU;.

I1. TexHoJsiorn4yHa ri.T.
OO0 aropuTHM 6

II.1. TIpoBepka Ha BB3MOXHOCTTA 3a CIJIOOsBaHE
u xoHTpos Ha TO u Ha CE 0T no- HUCKO HepapXHUuHO
HUBO €JHOBPEMEHHO U HE3aBUCHMO, BKI. U 4Ype3
IpecMsATaHe Ha KOHCTPYKTUBHUTE Pa3MEPHH BEPUTH
3a QyHKIIMOHHUpAHE U CTI00sBaHE HA U3MIEITHETO (aKO
rMa TaKHBa) B CHOTBETCTBHUE C IPUETHUTE YCIOBHS Ha
B3aMMO3aMeHsAeMOCT. [Ipm HEoOXOIUMOCT ce Bb-
BEXIAT MPOMEHH B KOHCTpyKuusaTa Ha TO B CHOT-
BETCTBHE C YCTAHOBEHUTE U3UCKBAHUSL.

11.2. [IpoBepka 3a Hanu4ne Ha y10OCTBO M TOCTHIT
JI0 MsictoTo Ha criobsiBane. IIpu HeoOxonumMocT ce
npoMeHst KoHCTpyKuusita Ha TO B ChOTBETCTBHE C
YCTaHOBEHUTE M3MCKBaHMUSI.

I1.3. IpoBepka 3a BH3MOXKHOCT 332 U3paOOTBAHE
Ha BCEKHW OpPWUTHWHAJICH NIETaiJ, BKJ. BEPOATHA TEX-
HOJIOTHS 32 M3pabOTBaHe, MUHUMAJIHH JcOSINHN Ha
CTeHH, PaANyCH Ha 3aKpBIICHUSA, HAKIIOHHU H Jp.

Jlo6aBsiHe TipU HEOOXOAMMOCT Ha TEXHOJIOTHIHHU
€JIeMEHTH- KaHaJH, (acKd, IEHTPOBH OTBOPH, TEX-
HOJIOTHYHH OTBOPH U CTHIIANA U JIP. B ChOTBETCTBHE C
YCTaHOBEHUTE M3MCKBaHMUSI.

II.4. TIpoBepka 3a ocTaHaNUTe H3UCKBAHUS HA
BJAC 2.121:1977 [2]. Ilpu HEOOXOUMOCT BHBEIKIAHE
Ha HeoOxoxumuTe poMeHd B TO, KOUTO OTroBapst
HA M3MCKBAHUATA HA Ta3H TOYKA.

I1I. ExcninoaTanuoHHA IULT.

[Ipu Ta3u T71.T. Ce OTYNTAT XapaKTEPUCTHKHUTE Ha
omeparopa: a) aHTPOIOMETpUST W OHOMEXaHWKa
(pa3Mepn Ha TIOTO, 103, IBIKEHUS Ha TAJIOTO,
¢usnuecko HaTtoBapBaHe); 0) YMCTBEHH BB3MOXK-
HOCTH C OTJIe]] MAaHUITYJIMpaHe Ha moiydaBana oT TO
uHpOpPMALIUA U B) B3aMOJICHCTBHE Ha OIeparopa ¢
n3xonsmute norouy or TO (urym, BUOpamuu, Tom-
JIMHA, CBETJIMHA M JIp.), KOETO M3HMCKBA MOAXOASIIA
npomsiHa B TO.
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OO anroputsm 7

III.1. YTouHsiBaHe Ha B3aUMOJACHCTBUETO HA YO-
Bek ¢ TO. Onucanue Ha CBHIIHOCTTa Ha BCAKO Ca-
MOCTOSITEIHO B3aUMOJCHCTBUE.

ChCTaBsiHE HA CIMCHK OT B3aUMOJICHCTBUSL.

II1.2. 3a BcAIKO B3aMMOAEHCTBHUE OT CIUCHKA:

II1.2.1. OnpenensiHe Ha CbCTaBHHUTE YaCTH, C KO-
UTO TO CE pean3upa.

II1.2.2. M3scHsABaHE HAa HAIMYHUETO HA €PrOHO-
MUYHH HOpMH (TIpETIOPBKH) 3a HETO.

I1.2.3. OtpassiBaHe Ha HOpMaTa, KaTo IMpH He-
00xoauMocCT ce mpoMeHs GopMa, pa3noIoKEHUE WA
np. npusHak Ha TO B CHOTBETCTBUE C YCTAHOBECHUTE
W3UCKBAHMUS.

I111.3. YrounsBane Ha norouu ot TO (paboTHu n
HEpabOTHH), KOUTO JOCTUTAT JIO OIepaTopa.

II1.4. W3zsacHsBaHE Ha HAJIUYUETO HA EPrOHO-
MUYHH HOpMH (TIPETIOPHKH) 32 BCEKH OT THX.

II1.5. OTpa3siBaHe Ha M3UCKBaHUATA HA HOpMATa,
KaTo TP HEOOXOIUMOCT ce MpPOMeHsI GopMma, pas-
MOJIOXKEHNE Wi Ap. pu3Hak Ha TO B chOTBETCTBHE
C YCTaHOBCHHTE M3UCKBAHUSI.

I11.6. TlpoBepka 3a mocThIl U ynoOCTBO Ha TeX-
HUYECKOTO NOoAAbpkaHe (ako uMma TakoBa). I[lpu
HE0OX0NMOCT ce NMPOMEHs KOHCTpyKiusiTa Ha TO B
CHOTBETCTBHUC C YCTAHOBECHHUTE M3UCKBAHMS.

IV. PemouTHA I1.T.

Io- nony e nangen equn ooy anroputeM. Tol He
€ MpeIBUICH 3a MPOEKTHpaHe HAa PEMOHTHATa OCH-
HOCT, a 3a IpOBEpKa [0 BpeMe Ha MPOEKTHpaHEe Ha
BB3MOXXHHUTE TPOOIEMH, KOUTO OUXa CE MOSBUIN PH
PEMOHT Ha M3/CIHETO U PelIaBaHe Ha MpoOJieMHTE B
eTara Ha IPOSKTHpaHe Ha H3EIHETO.

OO0 anropuThM 8

IV.1. Tlpeuenka nanu 1mie ce NPeABUKIA PEMOHT
BBHOOIE. AKO OTTOBOPHT € TIOJOXKHUTEIICH, CJeIBa
HOB BBIpoc- Ha Bcnuku CY; mim caMo Ha HSIKOH.

Karo xpurtepuii 3a OTrOBOp Ha TE3U BBIPOCH
MOXKE Ja CIYXH HpeABHICHATA MPOIBIKATCIHOCT
Ha pabota Ha TO u pecypca Ha otnenHure My CYi.

AKO ce W3BBpIIBA PEMOHT, C€ MPEMHHABA KBbM
1.IV.2. B ipoTuBeH cnyyai ce npukiarousa ¢ T.IV.

IV.2. Pa3aensHe Ha pEeMOHTHHUTE JIEHHOCTH Ha a)
TaKWBa, U3BLPIIBAHNA OT MOTpeOHuTeNs u 0) Takupa,
W3BBPIIBAHA B CEPBU3.

IV.3. 3a Bcsaka pemontupana CU;:

IV.3.1. IlpoBepka 3a ynoOcTBO Ha peMoHTa. [Ipu
HEOOXOJIUMOCT C€ MPaBsSIT CHOTBETHU IMPOMCHH B

KOHCTpyKuusATa Ha TO B CHOTBETCTBUE C YCTaHOBE-
HUTE U3UCKBAHUS.

IV.3.2. [IpoBepka Ha B3MOKHOCTTA 38 U3BBPII-
BaHE Ha PEMOHTA C YHUBEpCalHU cpefcTa (3a IV.2a-
3aIBJIKUTEIHO, 32 [V.20- He3abIKUTEITHO).

IV.3.3. [IpoBepka 3a Bb3MOXKHOCTTA 32 U3BBPIII-
BaHe Ha peMoHTa oT T.IV.2a or HekBanmduIMpaH
nepcoran. [Ipm HE0OXOAUMOCT ce MPOMEHS KOHCT-
pykuusata Ha TO B CBOTBETCTBHE C yCTAaHOBEHHTE
W3WUCKBAHUS WIH CE TIPEXBBPISA NEHHOCTTA 3a W3-
BBPIIBAHE B CTICIIUATN3NUPAH CEPBU3.

V. ¥YTuau3anuoHHa ri.rT.
Anropursm 9

V.1. CobcraBsane Ha ciiuchk 1 cbe CU;.

V.2. Onpenensne Ha nokynuute CY;. M3kmrou-
BaHe Ha mokymuuTe CY; ot criuckk 1 u noOapsiHe Ha
MaTepHaIUTE, KOUTO CE M3IMOJ3YBAT WU MOJIy4aBaT
npu pabota Ha mpoekTmpanus TO, Hamp. Maco,
KaHarl, )KHBa4HU mapu u ap. [lomyueHoro e Crimcpk
2.

V.3. 3a Bcekn eneMeHT Ha CIHCHK 2:

V.3.1. OueHsiBaHE Ha EKOJOTHYHHS PHUCK IPH
JUIcCa Ha yTWIM3auus. 3a Ta3u LeNl ce U3CielBar
€KOJIOTHYHUTE HOPMH.

AKO pUCKBT € HaJMIIEe Ce NMpUemMa, 4e eJIeMEHTbT
TpsiOBa Ja ce yTWIM3Hpa U CE NMPEMUHABA KBM T.
V.3.2. B npotuBeH ciyuaii ce npoabixkasa c T. V.3.3.

V.3.2. N360p Ha BB3MOKHA TEXHOJIOTHUS 33 yTH-
TM3UpaHe M W3SACHSABAaHE HAa BB3MOXKHU IMPOOIEMH,
KOWTO TPOEKTHUpaHaTa KOHCTPYKLIWS OW Moria na
TpeIn3BUKA NP N30paHaTa TeXHOJIOTHS.

IIpu HEOOXOAMMOCT Ce TTPOMEHSI KOHCTPYKIHATA
B CHOTBETCTBHE C YCTAHOBEHUTE M3WCKBAHUS WIIH CE
TBPCH JIp. BH3MOXHA TEXHOJOTHSA 33 YTHIH3HPAHE.

V.3.3. OnensiBane Ha HEOOXOJUMOCTTA OT yTH-
JU3UpaHe OT TJ. T. Ha 3ala3BaHe Ha 3eMHUTE CYpO-
BUHU WIH HaMajsBaHE Ha Pa3XOIUTE NPU TMPOU3-
BOJICTBO Ha CYpOBHHATA.

AKO OLEeHKara € MOJIOXKHUTENHA C€ IMpeMHHaBa
KbM T. V.3.2, a B IPOTHUBEH ClTy4ail ce MpoJbKaBa
CBC CIIEIBAIINS €JIEMEHT OT CITUCEHK 2 U T.V.3.

3a pasriiexaaHe Ha pa3HOOOpa3HH aCIEKTH Ha
YTHIN3aIHOHHATA TIL.T. BXK. [17].

VI. pyra ria.t.

Tas3u T71.T. BKIIIOYBA HAIp. TPAHCHOPT (BB3MOXK-
HOCT 3a TpaHCIOpPT- YycToiunBo croene Ha TO B
TPAHCIIOPTHO CPEACTBO, BKJI. ONAKOBaHE, 3aKper-
BaHE, OTCTPAHsSBAaHC HAa BPCAHOTO BIHMSHUC HA KIIH-
MATHYHHUTE W CWIOBH BB3IACUCTBHUS W Jp.), ChXpa-
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nenue Ha TO (npoxbiokurenHo npebusaHe Ha TO B
CKJIan) | Jp.

3a0. [Ipu BHacsiHe Ha npoMsiHa B TO B KOSATO U 1a
€ TOYKa OT alrOpUTHMa Ha MPEACTABCHHS METOJ,
MIPOMCHHTE TPsIOBa Ja ca TaKWBa, Y¢ HOBaTa KOHCT-
pykuusi Ha npoekTupanus TO TpsOBa a M3MBIHABA
0€3yCJIOBHO HM3MCKBaHHMATAa HAa BCHYKH IPEIXOJHU
TOYKH OT METOJIA.

Ilpumep

3aoaua: Jla ce npoexmupam demaiiiume na TO
Jlamna cuenanna’”

L 1. @I1] e uzobpasen na gue. 1.

12. Cvwecmeenume OD,, nomyyeHu no aneopu-
mwma, daden 6 [7] ca: OD;- npogedxcoane Ha er.
enepeust, OD;- npoeesicoane Ha c6eMAUNHA eHep2Usl,
O®s- npeobpasysane Ha en.enepeus 8 CEEMIUHHA
enepeust, a npuopyscasawume: ODy- en. uzonayusl.

13. Cvcmasnume uacmu, xoumo credeam 3a-
OvdicUmentume QYHKYuUU ca.:

- IIposoonuxk ( nposedcoane na en. emepaus);

- Jlamna (npeobpazysane na ei. emepeust 8 mon-
JIUHHA U CEEMIUHHA eHepeusi).

Tl kamo namnama uma 08a ei. 6xo00d, Mo ca
Heobxooumu 08a nposodHuxa- Ilposoonux 1 u
Ilpoeoonux 2.

Ilposescoanemo na ceéemaunama ce u3BbPUIGA
npes3 1aMnama u npe3 Cvuyecmsysauama 6b30yuHa
cpeda, nopaou koemo auncea Hoéa CY,.

CY, xosimo crnedsa npudpyrcasawama Gynkyus,
e

- U3onamop.

1.4. Obeounssane na uaxou om CU; e ¢hynxyuo-
Hano Hegv3modcho. Cnucvkom om CY; exnousa:
Jlamna, Ilposoonux 1, [Iposoonuk 2 u Hzonamop.

L5.1. Jlamna:

Al. /la, nanuye e nokynHo uzdenue 3a npeobpa-
3y6ane Ha ell.eHepeusi 8 CEMIUHNHA eHEPIUs.

Ilposoonux 1, Ilposoonux 2: Hsuckeanus (H)-
MAIKO ConpomusiieHue npu npogexcoame Ha el
eHepeust (Mamepuan);, 6b3IMONCHO € NOKYIHO u3de-
Jue- Kpbebll U30IUPAH NPOBOOHUK, U3ZNOI3YEAHEMO
na mosu eud CY; e edun 6b3mModicen Nom 3a passu-
mue Ha TO.

Hzonamop: H- nenposescoane Ha en. enepeus
(Mamepuan, omoens 08ama NPOBOOHUKA eOUH Om
opye, KAkKmo u Om OKOJIHAMA eleKmponposooumda
cpeoda.

1.5.2. Mamepuanuzayuu.

Jlamna: Hexa namnama e OuoOHa, nopaou om-
HOCUMENHO BUCOKUSL K.N.O. U YeHd.

Ilposoonux 1, Ilpogoonux 2: Ilpoeoonuyume
Moeam 0a 6vOam Kpveau uiu npasoveviHu (Raac-
munu) uru CY; ¢ opyea ¢popma. Om ¢ynxkyuonanna
an.m. gpopmama msama 3uavenue. Kamo ce omuumam
pascvocoenusma om m.1.5.1 ce npemunasa Kvm
npasovevaIna Gopma.

H3zonamop: axo ce 8Kkmoyu Kopnyc, ¢ Koumo uje
ce 3axpensm gcuuxku CY;, mo moti modxce 0a u3nwi-
Hasa u maszu @yukyus. Hecosama ¢popma mpsbea da
e maxasa, 4e 0a 0Cucypu 3aKpeneamemo U HoCeHemo
Ha noseuemo umu eécuuxku CY; Ocnoenama ¢hopma
HeKd e NpUsMamuyHda.

1.5.3. Jlamnama exnousa pesba 1 (pue.2a) 3a
npucveounasane Kom Hesi Ha [Iposoonux 1 u kpwveosa
PA6HUHHA noevpXHUHA 2 (Pue.2a) 3a npucveouHs-
eane na Ilposoonux 2. Te3zu ycnosus (uzuckeamus)
mpsbea oa ce omuemam 8 IIposoonux 1 u Ilposoo-
HUK 2.

Ilposoonux 1: H- moii mpsabsa oa cvovporca
pesba 3a npucvedunsigane kom aamnama. I[lo mazu
NPUYUHA RPUETUAM KPB2b]l NPOBOOHUK Ce NPOMEHSL 8
KOHMAaKmua niacmuua (NIACMuna KOHMAaKmHa
2opna). Bapuanm e konmaxmnama niacmuna oa ce
nNpUmMUcKa KoM pe3doeama NOGbPXHUHA, KOEmo
UBUCKBA Hanuydue HA NOTYYUTUHOPUYHA NOBBDXHUHA
(Pue.20).

Ilposoonux 2: H- moii mpsabsa oa cvovporca
PABHUHHA NOBbLPXHUHA 30 NPUCHLEOUHSBAHE KbM
aamnama (N0 APUHYUN NPOBOOHUKBLI MOdice 0a ce
Cnou 3a ObHOMO HA TAMNAMA, HO CMAHAMA HA 1aM-
nama ce 3ampyousnsa). Ilo masu npuyuna Ilposoo-
HUK 2 couo Modice 0a npueme npasovevina Gopma
Ha ceyenuemo cu u 0a ce npegvpHe 6 NIACMUHA
KOHMAKMHA 00IHA.

Ha ¢ue.2 e noxkazano eono 6b3MOMCHO 83AUMHO
Ppasnonodcenue Ha AAMRAMA U NPOBOOHUYUME
(6orc.m.1.13).

1.5.4. Al. I[Inacmuna xoumaxmua 2opra (CY»)
xonmaxkmysa ¢ aamnama (C4;) u ¢ kopnyca (Cy).

IThacmuna kxoumaxmna ooana (C43)- ¢ aamnama
u Kopnyca.

A2. Cveounenus (C): Cl: naacmuna 1/namna-
paszenobsemo (cmauna nwa aamna); C2: nracmuna 1/
KOpPNyc- pazenobsemo unu Hepaszenobsemo (nunceam
eoHosHaunu kpumepuu);, C3: nracmuna 2/namna-
pazenobsemo; C4: naacmuna 2/ xopnyc- pazeno6s-
eMOo U Hepazenoosaemo.
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A3. bposim Ha xombunayuume 3a pazenodsemu
cveounenun ca: 9.2.2.2.2= 144 (mo m.I1- 9 op.
(1.1.1-1.1.9), no m.m.2-5- no 2 6p. 3a caxa mouxa).
Bcuuxu me npeocmasnssam nemuwa 3a mvpcene Ha
peuierue Ha espucmuyna 3aoaya “/la ce namepu
Mamepuanuzayus Ha...CheIHHeHHe MesK-
ay...(kouxkpemnu C;)”.

A.A4. [{eeme xonmaxmuu naacmunu (C4; u CY3)
ca ¢ eOHaKeo (QYHKYUOHATHO NpeOHA3HayeHue, no-
paou Koemo 6CSKO peuleHue ¢ eOHAma NiaCmuHd
Modice da ce npucnocobu u 3a opyeama. Ilo masu
NPUYUHA NO- HAOOLY We ce pa3nexncoam pa3iuiHu-
me 6U008e CbeOUHEHUS CaMO C 20PHAMA NAACTUHA.

Io- oony ca dadenu oepanuuen 6poil om 6b3-
MOJICHUME peuienus, npu KOUmo ca muvpcenu 8apu-
anmu 3a Cl u C2, kamo ce npuema, ye C3 e mun
1.1.1,2.1,3.1,4.1, 51, a C4-mun 1.2.5, 2.1, 3.1 4.1
(uzkmiouenue npasu camo sapuanmvm om gue.3x).

Tesu pewenuss ca uszobpazenu Ha ¢ue.3, xamo
sudoseme cvbeOuHenus 8 cbomeemcemaue ¢ maoa.l ca
xakmo cnedsa: a) CIl- 1.1.1, 2.1, 3.1, 4.1, 5.1;
C2-1.1.2,2.2,3.1,4.1, 5.2, na gpue.36 e npedocmasena
KOHCMPYKYUsima 6 CbOmeemcmeue cbC Cmanoap-
mume 3a OOKyMeHmupawne, a Ha ¢hue.36- Heobxoou-
mume npoexyuu 3a CY; (8 a1s6ama wacm e naiuye
NOLYOKPLAHCHOCH, MU KAMO NAACHMUHAMA  KOH-
maxkmyea ¢ pesbama, a 00 Hes 08aleH OMEOP, Upe3
KOUMOo ce pe2ynupa npumuckanemo Ha niacmuHama
6 1amnama); no- kvcHo (m.1.7) ce ocucypsea npu-
CbeOUHsIBaAHeMO HA NIACMUHAMA KbM  6bHUHUS
APOBOOHUK, MOBA NPUCHEOUHSIBAHE € OMPA3eHO 6
doaHama naacmuHa, KOAmMo e Oemaill- 10X#CKA 8
xopnyca, m.e. CE (¢ue.32); 6 dornama niacmuna e
npedsuoeH u Omeop 3a NpemMuHagame Ha NiACmMd-
cosuss mamepuan Ha xopnyca (m.ll); ocnosnama
@opma Ha Kopnyca e npusmMamuyHd, Kamo 6 Hes ca
Hanuye KYXUHU ¢ QOopmu, CbOMEemcmeysawu Ha
peanusupanume cvedunenus; 0) Cl-1.1.1, 2.1, 3.1,
4.1, 5.2; C2-1.1.1, 2.1, 3.1, 4.1, 5.1; e,oc) CI- 1.1.1,
2.1,31,4.1,51;,C2-1.13,22, 3.1,4.1,5.1; 3,u) CI-
1.1.1, 2.2, 3.1, 4.1, 5.2; C2-1.1.3, 2.1, 3.1, 4.1, 5.1;
k) Cl- 1.1.1, 2.1, 3.1, 4.1, 5.2; C2-1.14, 2.1, 3.1,
4.1, 5.1; mn) CI- 1.1.1, 2.1, 3.1, 4.1, 5.1; C2-1.1.5,
22, 31,41, 51, 0m) Cl- 1.1.1, 2.1, 3.1, 4.1, 5.2;
C2-1.1.5,2.2,3.1,4.1,5.1; p) Cl-1.1.2, 2.1, 3.1, 4.1,
51;C2-1.1.1,22,31,4.1,5.1;,¢)CI-1.1.3,2.1, 3.1,
4.1, 5.1; C2-1.1.1,2.2,3.1,4.1, 5.1, m-¢p) CI- 1.1.4,
2.1,3.1,4.1, 5.1, C2-1.2.5, 2.1, 3.1, 4.1, 5.1- 2 ea-
puanma; x) C1-1.1.4,2.1,3.1,4.1,5.1;, C2-1.1.3, 2.2,

31,41, 51, C3-1.1.1, 2.1, 3.1, 4.1, 5.1; C4-1.1.3,
2.2,3.1,4.1,5.1.

3a ombensssane e, ue npuemume Gopmu omeo-
8apAM HA USUCKBAHUAMA 30 MAMEPUATU3AYUS HA
CbOmMEemMHUmMe CbeOUHEHUsI.

1.6.1. Al. Heobxooumocmma om 3auuma myx e
cevpzana ¢ nompebumenss na TO u 3asucu om
CMOUHOCMUmMe HA napamempume Ha NOMOKA ,,ell.
enepeus”’, kakmo u om pasnonodcenuemo nHa TO
cpeo ocmananume TO.

A2. Mooice 0a ce npueme, 4e 3a HAKOU OM 8apU-
anmume Ha Que.3 (e,3,m,@h) ms e usnviHeHa 6 Hsi-
Kaksa cmeneH, kamo npu mosu om ¢ue.3¢ oonwi-
HUmMenHo e 000aseH Kanax 2, 3aKpeneH 4pe3 GUHmMose
1 (gue.3y).

1.6.2. Hama maxkuea.

1.6.3. A. 3a npumepa om ¢ue.30 ecuuxu dematiiu
Ca 2eOMEMPUUHO 3aMEOPEHU.

1.7.1. OTC exnrousa:

a) en. nMposoOHUYU OM GBHUWHAMA cpedd 3a
0ocmaesine Ha ell. eHepeusi;

6) ,,Cmotixa”, KbMm KOAMO ce NPUCbeOUuHsnsd
xamo ysno ,,Jlamna cuenaiua”.

1.7.2. a) upes cnosigamne Ha SbHUWHUME NPOBOO-
HUYU KbM KOHMAKMHUME HAACMUHU HA NPOeKmu-
panus TO;

0) Heymounen Ha4UH Ha NPUCLEOUHABAHE.

1.7.3. (omnacsa ce 3a m.1.7.1a) Hexa paszenedic-
oanuam eapuanm e mo3u om ¢gue.36. Cocmagnume
yacmu ca ymouHenu no- 2ope.

1.7.4. A. B cnyuas camo npe3 KOHmMaKmHume
NAACMUHU Ce U36bPUIBA NPOBEINCOAHE HA ell.eHeP2Usl,
nopaou Koemo camo me Mo2am 0a CLyHcam Kamo
Homc.

b. Tyk ca 6v3mooichu paznuunu paznonodcenus Ha
NPUCLEOUHABAHAMA —~ NOBLPXHUHA- — 6EPMUKATHO
(uzo0bpaszenomo 6ewe Ha Que.36), XOpPU3OHMATHO,
Haknoneno u Op. Ilociednume usuckeam npomsHa 6
oscHama wacm Ha hopmama Ha naAcCmunama.

B. IIpuemama ¢opma na omeopa 3a cnoseane e
noxasana na gue.30.

1.7.5- 1.7.7. (omnacsa ce 3a m.1.7.16) Haxoaxo
8apuanma Ha 3aKkpensane KoM cmouKama ca 0adeHu
Ha ¢ue.4: a,6) KoM aamnama ype3 eracmuyHo eie-
MeHm ce nocmaes OONbAHUMeNeH 0emaili, KOumo
ype3 BUHMOBE ce C8bP36A CbC CMOUKAma; 0) KoM
Kopnyca ce 000a6s yuiuHOwbp ¢ pe3da (Ha guesypama
ca 0aoeHu pasiuyHu He208U 6b3IMOJCHU PA3NOJIO-
JICEeHUs), KOUMO upe3 2aika ocucypsea 3aKpensame-
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MO KbM CMOUKAMA; 8) CbP36AHEMO Ce U3BbPUIEA
upe3 OailoHemHO CvbeOUuHeHue mencoy Kopnyca u
cmouxama.

Hsaxou opyeu eapuanmu ca peanruzyemu upes
ecopnama  uau OOIHAMA KOHMAKMHA NAACTMUNA,
B8b3MONCHO CbeOUHeHUe HANp. upe3 Niacmmacosd
wunka, kosmo ce sasa6a yacm om OTC.

L.8-112. Ilopadu crabo eiusnue uiu 04esUOHO
peanuzupane HaA UBUCKBAHUAMA 3d PA32eHcOaHus
TO me3u mouku ne ce pasenexncoam.

113. Haxou 6b3MOXNCHU PA3NONONCEHUS. HA BCAKA
om Koumaxmuume niacmunu (¢ue.36) ca: naoscho,
HANIA60, HANPeO, HA3A0, HAOOLY; NAACHUHUME MOJICe
0a 6vOam npasosUHelinu Ui 02bHAMU 8 YKA3aHAMA
no- e2ope nocoka. Tesu oepanuuen Opou pewienus
onpeoensim MHONCECMBO KOMOUHAYUU, OMYUMAU
pasnonodcenuemo Ha O0geme niacmuHu. 3a owe
pasnonodicenust exc. [10,11].

Txayar Jlew EH.

¢ur.1 O/ na TO ,,Jlamna curnanza”

R

¢ur.2. OCHOBHU CHCTaBHU YacTH

a)

)

0)

b

V) §é§° = B
L

1)
I'J:r E§§
T RXT
e)

xK)
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¢ur.4 [pucvenunsasane Ha TO kM OTC

II. Texnonozuuna 2n.m.

11.1, 11.2. Besnpobremno; usama HeobX00umocm
Om npecMsAmane Ha pasmepHu 6epuu.

11.3. H3pabomsane na:

- nracmunu (2 0p.): onepayuu uspsizeane u NPo-
busane Ha TUCMO8 MamMepudJ;

- Kopnyc: onepayus npecosame npu Haauuue Ha
demaitini- 810XCKA; HeobX00uUMo e 0a ce npedsuou
omeop 8 donnama niaacmuna (¢ue.36), npemunasa-
Hemo Ha NAACMMAC08 Mamepuan 8 KOumo we npe-
nAMCMEY8a U3NAOAHemo Ha niacmunama, .

- cenobsisane: nocmaesaHe u 3aeueane; Heobxo-
OuMO e 8 Hauanomo Ha pe3bama 6 Kopnyca oa ce
npeosuou gacka.

Onepayuume 3a uspabomeane u ceno6s8aHemo
na TO ca necno peanuzyemu ¢ mpaouyuoHHume u
WUPOKOPA3NPOCMPAHEHU 34 MAX CbOMEEMHU UHC-
mpymenmu u exunupoexa. Ilpomana na cmpykmy-
pama na TO ue ce nanaza.

11I. Excnnoamayuonna 2n.m.

Bzaumooeiicmsuemo na uosex ¢ TO ce cbcmou 6
HAOI0O0eHUEemo HA CUSHATUSUPAUAMA C8eMIUHA, O
KOemo credéa U3UCK8AHe: OMKPOsiBAHe HA CGem-
JIUHHUSL CUSHATL CPeO CEeMIUHHUA (POH OKOIO He2o.
Ipomana na cmpykxmypama na TO ne ce nanaea.
1V. Pemonmna 2n.m.

1V.1. Pemonm we ce u36vpuiéa upesz noOMsIHA HA
Jamnama, Kosimo uma no- Maivk pecypc 6 cpaeHe-
nue ¢ opyeume CYi.. Ocmanarume CY; ne ce noo-
MEHAM Ul 8b3CMAHO8A8AM.

1V.2. I[loomanama na aamnama we ce uzsbpuléa
om nompebumens.

1V.3. Hucmpymenmu: omeepka. Pemonmvm e
Jecen, be3 HeobX0o0uma Keamuukayus u c¢ pasn-
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pocmpaneHu UHCMPYMeHmu, m.e. OCHOGHUME pe-
MOHMMHU U3UCK6anus ca cnazenu. Illpomsna Ha
cmpykmypama na TO ne ce nanaza.

V. Ymunuzayuonuna zn.m.

Jlamnama kamo noxynuo uzdenue ne 61uU3d 6
00x8ama Ha pazenexncoOaHusma, 20pHAmMa KOHMAK-
MHA NAACMUHA JecHO ce pazenobasda, a O0oiHamad
Modce 0a ce omoenu om KOPRycd upe3 Cuyneawe
(cmauxeane), m.e. ymuauzayuama e i1ecHo ocvujec-
meuma. Ilpomana na cmpykmypama na TO ne ce
Hanaea.

VI /Ip.2n.m.

Tpancnopmvm we ce peanuzupa cied ONAKosKa 8
Kymusi u noopesicoane na Kymuume. Oceen Kiuma-
MUYHU UBUCKBAHUA HAKAKEU CHEeYUAIHU UUCKEAHUS
3a cvxpanenue runceam. Ilpomana na cmpykmypama
na TO wue ce nanaza.

[To- rope Gemre pa3rienan METOA 3a MPOSKTHPAHE
Ha GOpMHUTE Ha NeTalINTe, KOWTO € eIeMEHT Ha Te-
ometpruaHoTo mpoektupane Ha CE. Ilpu mpoextn-
pPaHeTO Ha JETAUTE ce pealn3upa M 4acT OT H3C-
JIEIOBATEJICKO MPOEKTHUPaHEe, KOSTO BKJIIOYBA IIpEC-
mstanusita Ha CE karto 1suio u Ha CU; (neraiute) B
YaCTHOCT, Ype3 KOUTO C€ ONpPEeIIAT:

a) BCUYKH pa3MepH, BKII. TAXHATA TOYHOCT;

0) rpamaBocTTa Ha IOBBPXHUHUTE;

B) HEOOXOMMHUTE JOMYCKU Ha (opMaTa;

') HeOOXOJUMUTE JOMYCKU Ha Pa3IOJIOKEHUETO,
OpHEHTAIMATa U OMEHETO Ha TIOBBPXHUHUTE;

) Ip.M3UCKBAHIS KbM JIeTaiia.

A. Pazmepu:

Al. HoMuHaHM CTOMHOCTH Ha pasMepute. Te ce
OTIPENIEIIAT TIO CIICAHUS HAUMH:

- upe3 npecMsaTanug Ha TO kato maIo u Ha Jie-
Taiila B YacTHOCT (TMPECMSATAHUSTA, BKIHOYBAIIU
,,OCHUT'ypsiBaHE Ha MOIIIHOCTTA Ha PaOOTHUTE MOTOLHU
ype3 cbcraBHUTE yactu Ha CE”, | JIpyru xapakre-
PUCTHKM Ha CbCTaBHMUTE 4acTu U ,.Bb3neiicTBue
BBPXY OKOJIHaTa Marepuaina cpena” [8]);

- ype3 pa3MepH, KOUTO ca oOIIy 3a jaBa JeTaiia
(crnobka, pe300BO CheaUHEHHE H Ip.); U30paH pas-
Mep 3a eIWHHUS AeTaill mpemompeness pazMepa mpu
JPYTHS ACTAMI OT CheAMHCHHETO;

- BCHYKH HOMHHAJHU CTOMHOCTH Ha OCTAHAIUTE
pa3MepH ce HaMHpaT IpH ClIa3BaHE Ha KPUTEPHS 3a
MUHUMATIHO KOIUYECB0 Mamepuan npu chnaseane
HA 6CUYKU UBUCKBAHUS KbM Oemaiina”.

A2. Tounocrt Ha pa3mepure. Ts ce ocurypssa 1o
TPH HAYMHA:

- ype3 mpecMsITaHe Ha pa3MepHu Bepuru [14, 7];

- ype3 npecMsiTaHe (onpeessiHe) Ha CriI00KHTe;

- 4pe3 MpeNMCBaHe Ha JOMYCKH C OO0 IMpen-
nasnauenue (BJIC EN 22768-1).

b. I'panaBocT Ha Bcsika NOBBpXHHMHA. Ts ce om-
penes:

- ype3 npecMsaTane (M300p mo ananorus) [14] u
9ecTo

- Ype3 MpennvcBaHe Ha €HaKBa ,,TOYHOCT Ha
IpamaBoOCTTa 32 OCTAHAJIHNTE TIOBBPXHHUHU;

B,I. Jlonmycku Ha (opmara, pasmooKEHHETO,
opueHTauusTa u ouenero. Te ce nmpeanucBar oOMK-
HOBEHO:

- 4pe3 mpecMsTaHus (aHaJIorus) Ha Te3W OT THX,
KOUTO BJHSAAT BBPXY (QYHKIUOHUPAHETO W/WIK
crino6siBanero Ha TO [14,7] u

- upe3 jomycku ¢ obmo npeanazHadenue (bJIC
EN 22768-2).

J. Hp. u3uckBaHusl BKJIIOYBAT IOKPUTHUA, TEP-
Moo0OpaboTka u Ip.

3a oTOemns3BaHe € OCHOBHOTO MPABHJIO MPH OII-
penmensiHe Ha BCSKAa OT  XapakTepuctukure A-I':
8AICHUME XAPAKMEPUCMUKU Ce npecMamam (3a eOuH
demaill me 0OUKHOBEHO Ca MAJKO HA OPOIL), 6CUUKU
ocmananu ce npuemam no 06w 3a XapaxKmepucmu-
Kama Kpumepui.

4. 3AKJIIOYEHUE

B paborata ce mpemrara MeTo] 3a MPOEKTHpaHE
Ha GopMHUTE HA AeTalnu. MeTonbT IMpeNcTaBisiBa
CBBKYITHOCT OT HTepanuu. [Ipm mbepBata OT TAX
(byHKIIMOHAIHA TJ1.T.) C€ Ch3/1aBa OCHOBHUS BapHaHT
Ha nipoextupanust TO, a mpu BCsKa OT OCTaHAINTE ce
aHaAIM3Upa TO3U BapUAHT OT APYra TILT., PH KOSATO
ce MpoBepsiBa CIA3BAaHETO HA U3UCKBAHHATA HA HO-
Bata rJ1.T. [Ipr HEOOXOJMMOCT CE TIPABAT MOIXO SN
npomenu B CY; Ha Bapuanta Ha TO, kato cremu-
aHO C€ OTHeNli BHUMAaHWE Ha IMPOBEpKaTa TE3U
MPOMCHH J1a HE HApyIIaT M3MCKBAHUATA OT MPE-
XOJMHUTE uTepanuu (TJISTHH TOYKH). MeTombT €
MIPECTaBEeH Ype3 eBPUCTHICH aITOPUTHM H € OHar-
neneH ¢ npumep. Tol Moxke 1a ce U3MoJI3yBa B UH-
JKCHEpHATA MTPAKTHKA.
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ABOUT DESIGN OF PARTS

Michail LEPAROV
Department of Fundamentals and Techniques of Design, Technical University-Sofia, Bulgaria
e-mail: mleparov@tu-sofia.bg

Summary: The design of technical objects includes conceptual design, which specifies the principle of operation of the
device, geometrical design, which includes specification of: a) components, b) their shapes, c) joining (contact) to each
other, d) placement and research design, which determines the size and values of the other parameters through calculations
and appropriate analyzes and studies. The design of parts includes geometrical and research design. The paper proposes in
a method some different points of view that must be considered when designing the parts: functional, technological, op-
erational, repair, utilization and other. Algorithms that take into account the views in order to determine forms of the parts
of any technical object are proposed. Basic statements (a summary of laws, regularities and rules) relating to the design of
the components of technical object are represented.

Keywords: design, geometrical design, design of parts , technical object
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AJITEPHATUBHU HE3ABUCUMM EHEPTUVHU U3TOYHUIINA, BASUPAHU
HA IIME3OEJIEKTPUYEH E®EKT

HNBan UBAHOB

KaTeznpa ,, Teopust Ha MexaHH3MuUTe 1 MamuauTe”, TexHamyeckn yauBepcureT - Codust, bparapus

e-mail: ieu@tu-sofia.bg

Pe3tome: B crarusita ca pasriegaHd HOBH OPHIMHATHU KOHCTPYKIMH HAa MHKPOTE€HEPAaTOPH Ha €NEKTPpUYEcKa eHEeprus,
HaMHpaIIX MPUIOXKEHHE B MHAYCTPUITA U CTPaJHUTE aBTOMATU3UpaHu cucteMu. [lokasaHu ca Tpu OCHOBHH THIIA MHK-
pOreHepaTopH, KOUTO MpeoOpa3yBaT eHeprusaTa Ha (IynIHH TCUEHUS B eJIEKTPUYECKa eHeprus 4pe3 BUOpALUM Ha mue-
30€JIeKTPUYHH €JaCTHYHU eeMeHTH. [Ipy mbpBHS TUI MHKPOTEHEpaToOp € 3aMMCTBaH IPHHIMIBT HA BHOpPHpaHEe Ha
TJIACHHUTE CTPYHH Ha YOBEKA M 3a IIeNITa ca M3II0JI3BaHU NMue30eNeKTpuuHy miactTuan ot PVDF. BB BropusaT npuHmum e
BB3MPOU3BEICH MEXaHM3MbT HA TPENTEHE HA THHKH IUIACTHHU IPU MY3UKaJIHU JYXOBH HHCTPYMEHTH KaTo Cakco(oHa.
TpeTusT NpUHIUII ce OCHOBaBa Ha Ch3JaBaHe Ha TYpOYJICHTHOCT HA TEYEHHETO Ype3 cHenuatHa popMa Ha MHE30€NIeKT-
PHYHHU IUTACTHHH, OT YMATO BHOpalus ce MojiyuyaBa enekTpudecka eHeprus. Cb3afeHu ca TPUU3MEPHU MOJEITH M 3a
TPEeTHUs BUA € HanpaBeHa QIIyHIHa CUMYJIalMs, Ype3 KOSTO € YCTAHOBEHA MPUTOAHOCTTA MY 32 OIIPE/CIICHH YCIOBHSL.

KitrouoBH 1yMH: eHEprueH reHeparop, He30eIeKTPHYEH XapBecTep, TIACHH CTPYHH, TUIAThK

1.YBOJ

YecTo B MHAYCTPUATA U CTPAHUTE WHCTATALUU
¥Ma HYXKJa OT CEH30PH, PA3IOJIOKEHU B OTIAICUCHU
WIN TPYAHO OOCIyXBallu ce Mecta. B takusa ciy-
Yail U3TOYHHK Ha €JIEKTPUYeCKa CHEeprus ¢ MHHU-
MaJTHH U3UCKBAHMS 32 MOIPHKKa U 0e3 HeoOXoauma
MepHoInYHA MMOIMSIHA € OT ocobeHa noi3a. [omsima
4acT OT CEH30pUTe (IeOUTOMEPH, CEH30PH 3a HaJls-
raHe u Ap.) UMaT KOHCYMAaI[¥sl [T0-MaJIKa OT HSKOJIKO
CTOTHH MHKpPOBaTa, KOCTO TMpPaBH BB3MONKHO
BKIIFOYBAHETO UM KBM ypeId 3a ChOMpaHe Ha OTHa-
JIbYHA CHEPrUsl OT OKOJIHATA cpefa (XapBeCTepH - OT
aHrJ1. energy harvester).

Tyk ca pasriiejaHu HIKOJKO aJTePHATUBHU HICH
3a chOUpaHe Ha SHEeprusi OT BUOpAlMu, HPEAU3BH-
KaHH OT OOTHYaHETO Ha MHE30ENEKTPUYHO TSIIO C
¢bayun (rasz/treunocrt). Wpedara 3a cbOupaHe Ha
€Heprusi Ha MPUHIMIIA HA TJIACHUTE CTPYHH B Ta3u
CTaTHsi Bb3HUKHA He3aBUCHMO. M3BeCcTHH ca TpyIoBe
[1], B kouTO Cce ommcBa NMpPHUHIWIA HA JACHCTBHE Ha
rinacHure crpyHu. [lokasaHu ca MEXaHUYHU CUCTEMHU
32 TAXHOTO BB3IPOM3BEKIAHE, HO HE € 3aCThIICHA
UjesTa 3a M3MOJ3BAHETO MM KAaTO T'CHEPAaTOpPH Ha
eneprus. [Ipu HampaBeHOTO MPOYYBAHE 33 CHINECT-
BYBAIllM MOJOOHM PEHICHUS CE YCTAaHOBU, Y€ HMMa
Ch3MaJcHa KOHCTPYKLUS, HapeueHa TypOyJIeHTECH
xXapBecTep, HO B ToJieMU rabapuTH 3a chOMpaHe Ha
eHeprus ot BIATHP [5]. ['eHepaTopbT e pa3paboTeH OT
n3cnenoBarescku ekun Vibro-Wind Research Group

IO PBHKOBOJACTBOTO Ha mpod. Frank Moon ot
Cornell University [7].

Ha 6a3arta Ha oOpaTHHS mHe30eNeKTpuueH eheKT
SIMOHCKU y4eHU oT Nagoya University [3] ycnsBar aa
Ch3AaaT U3KYCTBEH JIAPUHKC. B ciydas cTaBa BbII-
pOC 3a TeHepaTop Ha YOBEIIKa pey 4Ype3 MHe30elIeK-
TPHUYEH reHEePaTop.

B nacrosimara cratusi ca pa3pabOTeHH OpUIrH-
HaJITHM KOHCTPYKLMWH 3a T€HepUpaHe Ha MUPO eHep-
TUs OT BOJOTPOBOIHM MApHHU WM JPYTH MOZOOHU
nHCTaTannu. Te MOXke Ja ce pasriiexgaT KaTo ca
HOBOBBBEJICHHE B 3aXPaHBAHETO HA TPYAHOIOCTBHII-
HU YpeOu ¢ psOKa WIM HUKAaKBa MOAIPHKKA, KAaTO
neOUTOMEpH, TOIUIOMEPH, CCH30PH 3a HaJsraHe |
TepMoMmeTpu.  IIpp  MHOTOBB3IOBH  CEH30p-
HO-aKTyaTOPHH MPEXKH, HAMHPAIIU MPUIOKCHUE B
MOJICPHUTE CTPaj, OTHAJaHETO Ha HEOOXOAMMOCTTA
OT CMsHa Ha rojsiM Opoil GaTepuu € HperuMCTBO.
Pa3paboTBaneTo Ha 1OJOOHM YCTOMYMBM M HaJexk-
JTHU XapBECTEpH Ch3J[aBa BH3MOXHOCTH 3a IPOU3-
BOJICTBO Ha HaITbJIHO HOB BHJ] OUTOBH TOILIOMEpH 0€3
Oarepum.

2. KOHCTPYKIIMU HA PABPABOTEHUTE
XAPBECTEPH

2.1 EnacTnuen MeMOpaHeH XapBecTep
YCeTpoiicTBOTO JEMOHCTPUPAHO TO-JI0JTY H3IMOJ-

3Ba MeXaHM3Ma Ha Ch3JaBaHe HAa BUOpalMUd OT

[NIACHUTE CTPYHH HA YOBEKa. [ JTACHUTE CTPYHU KaTO
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TCHEepaTop B TEXHUKATa MOTaT Jja MMaT 3a aHaJor -
KIIANlaHUTe yrhpaBisBanu ¢ Hasirane (¢wur.l). Ipu
IIpEeMHHAaBaHE Ha ra3 Ipe3 Ipolena MEeXIy MeMO-
paHWTe, Ce IMOJyYyaBaT TPENTCHHS, KOUTO TH Jie-
(hopMupaT ¥ Taka ce MPOU3BEK/A CICKTPUICCTBO.

. Teranna MemOpana

% Xpyuusin

———

OpoHXNATHA
TpBOa

¢ur. 1 I'macHu cTpyHu Ha 4OBeK: a) cxema [6];
tororpadus [2]

6)
¢ur. 2 Monenn Ha MemOpaHeH xapBecTep: a-0) 3D
M300paKeHHS; B) HAPEUYEH U3TIIC]

MexaHn4HaTa 4acT Ha TO3M BHUJ XapBecTep MMa
mpocTa KoHCTpykms (¢ur2). B xopmyca ca pasrmo-

JIOXKCHU JIBE MEMOpAHH OT MHE30CIICKTPUYHHS I10-
mumep PVDF, kouto ca opOpMEHH 1O CHCHHAICH
pened, BB3MPOM3BEKAAIL CIACTHYHUTE HapaMeTpH
Ha TJIaCHUTE CTPYHHU.

2.2 XapBecTep ¢ TPenTslH eIHOCTPAHHO 3aKpe-
MeHH NMHUe30eTeKTPHYHU MIACTHHY (IIATHIHN)

Tasu unes 3a xapBecTep € OCHOBaHA HA IPUHIIMIA
Ha 3BYKOM3BIMYAHETO INPH HIKOM TYXOBH HHCTDY-
MEHTH, KaTo KJIApUHET, Cakco(oH, XapMOHHUKA U JIp.
(dur. 3). TpHKa TUIACTHHA OT €JIACTUYEH MaTepHal e
3aKpereHa KOH30JIHO B €AMHMS CH Kpad M IIpH mpe-
MHUHaBaHE Ha BB3IyXa IOJ Hed ce pa3TpenTsBa.
[IpuHIMIBT € NPHIOKUM M B oOpaTHa IOCOKa Ha
IBI)KCHHE Ha BB3AyXa IO NOJOOHME HA YCTHATa
XapMOHHKA.

To3u anrepHaTUBEH ,,BETPOreHEpaTOp™ HAMaA
BUTJAa ¥ APYTH MOJBI)XHH YacTH, KOETO 'O IPaBH
HazexaeH. KamanurersT Ha eqHa nogoOHa MOy IHa
cucTeMa Moxke 1a ObJie U3M0I3BaH 3a 3aXpaHBaHe Ha
METEOPOJIOTUYHH CTaHLMH C OTAAICUYCHO OTYUTAHE,

CUT'HAJIU3AaTOPU U CCH30PU B MOCTOBU KOHCTPYKIHH.

¢ur. 3 [Tpuanun Ha 3ByKooOpa3yBaHe IIPU CBUPEHE Ha
KJIIapHHET, Cakco(oH WM Apyru Noxo0H HHCTPYMEHTH [6)]

Ha ¢wur. 4 e nmoka3zaHa KOHCTPYKTHBHATa peau-
3anuM Ha upaesita. EnacTudHaTa miacTHHA, Urpaema
pOJIS Ha TIATHK € ThHBK MME30€IEKTPUICH

¢ur. 4 KoreTpykuus Ha XapBecTep ¢ IHE30eeKTPHYCH
IUIATBK

matepuai. [Ipu nogasane Ha ¢urynn B TppOara ce ce
Ch3/1aBaT YCJOBUS 32 Bb3HMKBaHE Ha aBTOBHOpaun
Ha TUIaThKa. 3a Ja ce n30erHe eBeHTYalIeH JAUCKOM-
(GhopT OT myM 3a OUTOBUTE MPHUIOKCHUS, YSCTOTATA
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Ha BHOpanuuTe TpsOBa 1a Objie B yATPa3BYKOBHS
JIMaIIa3oH.

3a 5a ce yBeIWMYd MOIIHOCTTA Ha JOOWMBaHUS
CJIEKTPUUECKH TOK € BB3MOXKHO INPHJIAraHeTo Ha
MacHBH OT TO3M THII, KaKTO € MI0Ka3aHo Ha ¢wur. 5.

¢ur. 5 [Ipunarane Ha MacHBU OT XapBECTEPHU C €IaCTUYHA
IUTaCTHHA: a) U3TJIeA OTIpex; 0) u3riesn oT3an

2.3 TypOyJienTeH xapBecTtep 3a GuIynIHn cpean
OnynanTe o BpeMe Ha IBIXKEHHETO CH Ch3aBaT
TypOyJNEeHTHH 30HH, KOTaTo OOTHYAT MpPEIMETH C
ps3ka cMmsHA Ha mpodwmia. Tesm TypOymeHIMH mMO-
pakmaT KojeOaHWS B CBHIPOTHBHTEIHHUTE CHIH H
OTTaM ce IIoJIy4aBaT NMPOMEHJIMBH JAehOopMaluy Ha

oOtnuanust TBHp obekt. [Ipeanonara ce, ye crek-
Thpa Ha TPENTEHUSTA € NPOMEHJIMB B 3aBUCHMOCT OT
BUCKO3UTETa, TEMIIEpaTypaTa U CKOpocTTa Ha ¢ury-
nza. ToBa e UBKIIOYUTEITHO OJIArONPHSATHO 32 CHOU-
paHe Ha €HEeprus upe3 U3MOJI3BAHE HA IHME30€NIeKT-
PUYHY MaTepHaIH.

KoHcTpykuusta Ha TypOYJICHTHHS XapBecTep €
mokazana Ha ¢ur. 6. B Kyx Kopmyc ca 3aKkpemneHu
MHOJKECTBO TPYIHO OOTEKaeMH IUIACTHHKH. Bbpxy
IUIOCKATa YacT Ha TE3M TeJa € HAHECEH ITHe30eIeK-
TprueH cnoi (Hampumep PZT), unmro momocu ca
CBBbp3aHU KBbM HMMIYJICEH IIpeoOpa3yBaTesl Ha Hal-
pEKeHue BbpXY KopIryca.

¢ur. 6 Koncrpykuus Ha TypOyIeHTeH XapBecTep

WumuBuayanHure WM3BOAM HAa  IUIACTHHKUTE
CIIy’KaT M 3a aHKEpHA TOYKa B INIACTMACOBHS KOXKYX.
3akpeneH OTBBH IpeoOpasyBaTell MOXKE Ja Mpeod-
pasyBa u cbOepe HeoOXoguMaTa €HEprus 3a
(GYHKIMOHHPAHETO HAa MHOXECTBO CEH30pU C
0E3KMYHO YNTPa3ByKOBO OTYHUTAHE.

BeHIIHUAT qu3aifH Ha TypOyJIEHTHHS XapBecTep
3a (IyUIHU cpenu € oKa3aH Ha ¢ur. 7.

ITo BpemMe Ha BB3HUKBAHETO Ha ujesita O Ham-
paBeHa (QurynIHA CUMYNAIUS ¢ Y2 cedycHue u AeOUT
okono 0.2 m’/h. CkopocTTa Ha TEYEHHETO OKOIO
ocTpute 4yactu ¢ B jamamasona 40-110 m/s, koeto
JlaBa Bb3MOXKHOCT 32 Bb3HMKBAaHETO Ha BHOpauuu c
YECTOTH HaJ YyBa€MHTE U Jla HAllpaBU YCTPOHCTBOTO
Oe3mrymHoO. Pesynrature oT cumynammara ca m300-
pasenu Ha ¢ur. 8.
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¢ur. 8 Pesynratu or cumyiauus ¢ 4 cedeHne u 1e0uT
0.2 m’h

3. 3AKJIIOYEHHUE

Ch3/1a/ieHl Ca HOBM KOHCTPYKIMM HAa TPU BUJA
MPUHIUITHO PA3IMYHUA XapBECTEPH 3a JOOMBaHE HA
EJIEKTPUUECKA CHEPTHs OT (DIYUIHHU TCUCHUSI.

IIpu pa3paboTBaHETO HA WACUTE 3a B OT Xap-
BECTEPHUTE Ca M3IMO0JI3BAaHH AHATOMUYHH M MY3UKaIHH
aHaJ03¥, CHOTBETCTBALM Ha T[JIACHUTE CTPYHH U

JYXOBHTE MY3MKAJIHM HWHCTPYMEHTH C TpENTsIIa
racTuHa (IIaThK).

3a TpeTHsi TUII XapBeCTep ca M3IIOJ3BaHU acH-
METPUYHO HAaTOBAPECHU NMUE30EJICKTPUYHH IUIACTUHU
C PE3KH NPOMEHU B cedyeHusTa. ToBa cb3aBa ycio-
B 32 TypOYJIEHTHOCT ¥ BB30yKIaHe HAa BHOPALlH B
[IME30CICKTPUYHUTE IUIACTHHH, KOHMTO T€HEepHpaT
SNIEKTPUYECKO HampexeHue. Upes cuMynanuu e 1o-
Ka3aHO, Y€ IPeJI0KeHaTa CUCTEeMAa UMa IPUIIOKH-
MOCT 32 3aXpaHBaHe Ha MHOT'OBB3JIOBH CEH30PHHU H
aKTyaTOPHH MPEXKH.
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ALTERNATIVE INDEPENDENT ENERGY SOURCES BASED ON PIEZOE-

LECTRIC EFFECT

Ivan IVANOV

"Mechanism and machine theory department, Technical University-Sofia, Bulgaria

e-mail: iei@tu-sofia.bg

Abstract: Novelty and original designs of energy harvesters for industry and building automation purposes are described in
this paper. Three basic types of harvesters, which convert the energy of fluidic flows into electricity by vibrations of pie-
zoelectric elastic elements are shown. The first type energy harvester draws its operational principle from the principle of
voice cord vibrations and for this purpose piezoelectric PVDF plates are used. In the second design the vibration mecha-
nism of thin plates known as reeds (thus, recreating the sound generating part in some brass/woodwind musical instruments
as saxophone, clarinet etc.). The third design is based on turbulence creation of the fluidic flow by specific shape of the
piezoelectric plates and following vibrations which produce electricity. Harvester 3D models are designed and for the third
one a fluidic simulation is performed, in order to estimate the design feasibility for the considered initial conditions.

Keywords: energy harvester, piezoelectric harvester, voice cords, reed
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BJIMAHUE HA HAKJIOHA HA U3XOIAIIUA BAJI ITPU ITAPHUPA HA XYK
BbPXY KOE®UIIMEHTA HA MIOJIE3HO JEHCTBUE

Credpan TAPABUTOB Baaepu UBAHOB
KaTeznpa ,, Teopust Ha MexaHH3MuUTe 1 MamuauTe”, TexHamyeckn yauBepcureT - Codust, bparapus
e-mail: stefang@tu-sofia.bg, valio23@yahoo.com

Pestome: IllapHupa Ha Xyk WM M3BECTEH ChIIO KaTo KapaaHOB cheUHHUTEN € KOMIICHCHPAIL ChbeANHUTEI I103BOJISBALLL
CBBP3BAHETO HA JIBa BaJla ¢ HAIMYKME HA BIJIOBO M3MecTBaHe. KOHCTpYKLMATA € PocTa M HaJeXKAHa, HO UMa pell HeloC-
TaThLH, KOUTO ca JOOpe U3BECTHU M aHAIM3UPaHU. B cratuara ce aHaiam3upa oOlue eMH aCleKT Ha KaueCTBEHUTE IOKa-
3aTey Ha MeXaHW3Ma. BakHO 3Ha4YeHMe 3a HaJAEKAHOCTTA M ABJITOTPAHHOCTTAa Ha MEXaHU3Ma ce SIBSIBA KOoe(HUIMeHTa Ha
TIOJIE3HO JIeHiCTBHE, KOWTO ITBK € B IpsiKa 3aBUCHMOCT OT 3aryOuTe IpH TpHEHE B JIarepHUTe onopu. Ps3kaTta npomsiHa Ha
BBTPEIIHUTE PEAaKIUU BbB BPB3KHUTE, KAKTO U TOJIEMHUTE CTOIHOCTH Ha caMara peakIys JOBeXJaT 10 Obp30 H3HOCBAaHE U
MOBpeZia Ha MeXaHu3Ma. TOYHOTO ompeersHe Ha TpaHHIaTa Ha CIIafaHeTo Ha K.IL.J. € MHOTO BayKHO 32 IIPEAOTBpaTSIBaHE
Ha 3aKJIMHBAHETO HA MEXaHU3Ma KaKTO U 3a yBeJIMYaBaHE Ha Herosara HaJexJHocT. C IOMOIITA Ha IpoTrpaMa 3a aHaJIu3 Ha
Mexaun3mMu MSC ADAMS e HanpaBeH MO/l U € aHaJIM3HPaH TaKbB MEXaHH3bM OTHOCHO U3MEHEHHETO Ha KoeuIeHTa
Ha T10JIe3HO JIeiiCTBHE B 3aBUCHMOCT OT IIPOMSIHATA Ha BI'bjla CKIIFOYECH MEXy ABaTa Baja.

KmouoBu gymu: ceequnuren, Kapnan, Xyk, K.1.1.

1. IOCTAHOBKA HA 3AJIAYATA

MoMeHTHHSA K()e(bI/IIII/IeHT Ha npeaaBaTeJICH MC-
XaHU3BM, KaKbBTO CC SBABa CbCAMHUTCIIA CC OIIPC-
JIENISL TIO KIIacHuecKaTa hopmya:

n= Aj\;ut Dt (1)
in 'a)in

TpﬂGBa B Mponecca Ha U3YUCICHUE Oa CC OTUCTE
3ary0ara npu TpUEHE BLB BPb3KHUTE. I[IpoMsHaTa Ha
bI'bJIa MCIKAY BXOAHUA U U3XOAHHA BaJl CC OTpa3saiBa
BbpXY IroOJicMUHATa Ha OIOPHUTC PCAKUHMU U BbBT-
PpCeUIHUTE PpCaKIUM BbHB BPB3KUTE. AHaIUTAYHUSA
u3pas3 3a TOBA HE € HeOGXOI[I/IM, a BCUYKHUTC U34YHC-
JICHHAA CC MPAaBAT OT rOTOBA IIporpamMa 3a aHajIn3 Ha
MEXaHHU3MU. CBHpOTHBHTeHHHﬂT MOMCEHT Ha U3X0Ja
€ KOoHcTaHTa. M3umcisiBa ce KOHCyMHpaHaTa MOII-
HOCT Ha BXOJla TP KOHCTAaHTHA BIJIOBa CKOPOCT Ha
BXOJia ¥ IPpOMCHIIMBA HA U3X014a.

OHpe[[eJ‘[HHeTO Ha KOG(I)I/IL[I/IGHTa Ha IIOJIE3HO
ﬂeﬁCTBI/Ie € OT 3HA4YCHUE 3a I[LHFOTpaﬁHOCTra Hu Ha- 2. H?’FPA)KI[AHE HA MOI[E-]I
JACKIAHOCTTAa HAa KOHCTPYKLUATA. OCO6CHO BaXXHO €
34 KOHCTPYUPAHCTO HA MCKIAUHHOTO 3BCHO, KOCTO €

1.1 IMapameTpu Ha Moaesia
MOJJIOKEHO HA 3HAUYUTENTHUM HATOBapBaHMs MPHU To-
. W3uucnurenHuss MoJes € HalpaBeH ¢ KOHKPETHU
JIEeMd CTOMHOCTM Ha BIJIOBOTO  HM3MECTBaHe.

[1.234.5] CTOMHOCTH Ha MapaMeTPHTE, KAaTo BXOAALMIOTO U
i U3XOJALIOTO 3BEHO Ca MAEHTHYHHU M UMAT apaMeTpu
NOKa3aHu Ha ¢ur. 2.

¢ur.1 O6wuy Bux na CAD Mozena Ha mapaupa

CAD wmopena, W3N0JI3BaH 32 U3TPaKIaHE HA OI-
POCTEH MOJIEI 3a aHaJIM3a € IoKa3aH Ha dur. 1.
Beue usrpagenust Mojien e mokasaH Ha ¢ur. 2.
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¢ur.2 VzuucnureneH Moen Ha MEXaHU3Ma

o Modify Body B
Body [PaRT 2
Category [Mass Properties |
Define Mass By [User Input -
Mass | 20.0
Ixoc| 0.3420847516 [~ Off-Diagonal Terms
lyy|0.3420847516
1zz| 3.0634455363E-002
Center of Mass Marker  |[PART_2.cm
Inertia Reference Marker |
{0k _apply | concal |

¢ur.2 :-MacoBu napameTpy Ha BXOAAIIOTO 3BEHATa

BbB BCHYKM W3rPajicHd BBPTSAINIM BPB3KH €
MPUJIOKEHO TpHUEHe, KAaTo MapamMerpure My ca
ToKa3aHu Ha ¢wur. 3.

o Modify Friction ...
Friction Name [FRICTION_3
Adams Id [3
Comments ‘
Joint Name | JOINT_4
Revolute Parameters
Mu Static ‘ 05
Mu Dynamic ‘D,S
Friction Arm ‘1.0
Bending Reaction Arm ‘ 1.0
Pin Radius ‘1.0E—002
Transition Velocity ‘0.1
Max Stiction Deformation ‘ 1.0E-002
Friction Torque Preload ‘ 0.0
Effect ‘Shdmg Only j
Input Forces to Friction:
v Preload ¥ Reaction Force ¥ Bending Moment
Friction Inactive During:
[” Static Equilibriun

¢ur.3 O6m Bux Ha CAD mozena Ha mapHupa

Cumynanusra ce U3BbPLIBA MPH BIIIOBA CKOPOCT
Ha BXoJHUs Basl | r/sek u cbIIPOTUBUTEICH MOMEHT
Ha m3xoxauus Baa 20 Nm.

3. PE3YJITATH OT CUMYJIAIUATA

[Ipu cumymamnusTa, KaTo CHIIOBH IapaMeTpH Osxa
OTYETEHU BBTPEIIHNTE PEAaKIHWH BHB BPB3KHUTE, I'O-
JeMWHAaTa Ha TPHEIINTE MOMEHTH, TOJeMHHaTa Ha
M3XOIIINS CHIIPOTUBUTEIICH MOMEHT, KOHCYMHpa-
HaTa MOIIHOCT Ha Bxoja. Koeduinenta Ha moje3HO
JICHCTBUE, Clle[] U3MEPBAaHE HA HM3XOJINATa BIIOBA
cKkopocr, Oeme n3uncieH no gpopmyna (1).

Koedunmenra Ha nonesno neiicreue(Efficiency)
e nokazaH Ha ¢ur. 4. Ha ¢ur.5 e nokazana moui-
HOCTTAa Ha BXOJSINHUS BaT HA U3CIICABAHUS MCXaHH-
3bM, a Ha (QUTr.6 - CHIINTE BbB BHTPEIIHATA BPH3Ka HA
MEXIWHHOTO 3BeHO. Ha ¢ur.6 u ¢ur. 7 choTBETHO
ca TMOKa3aHW CHIIUTE BBHB BPB3Ka HA MEXKIUHHOTO
3BEHO KBbM H3XOISIINS U BXOSIHS Baj. OyHKIUATA
HA TTOJIOKEHHETO - BI'bJI Ha 3aBbPTAHE HA H3XO AN
BaJ B (DYHKIMS HA BI'bJIa HA BXOIIIINA Bl € MOKa-
3aHa Ha ¢ur.9. U Ha ¢ur.10 e moka3aHo K.I.J. BbB
(yHKIOHS OT BIJIOBaTa CKOPOCT Ha U3XOJa HA H3C-
JICIBAHUSI MEXaHU3bM.

4. AHAJIN3 HA PE3YJITATUTE

IIpu anmamm3a Ha pe3ynATaTUTE SCHO C€ BIDKIA
TEHJICHIMITA HAa HAaMaJIsiBaHe Ha K.I1.7]. Ha MEXaHU3Ma
JI0 CTOMHOCTH KJIOHSIIH KbM HyJIa ¥ JOBEXKIAIIN J0
3aKJIMHBaHE MPH MO TOJEMH BITIM HO OTKIOHEHHE.
MutepecHo € M3MEHEHHWETO Ha MOMEHTHHTE CTOMi-
HOCTH Ha K.ILJ. B paMKHTEe Ha equH nepuona. Haro-
BapBaHETO BBHB BPBH3KHTC HA MEKIMHHOTO 3BCHO C
BXOJISIIIUS BaJl M M3XOMSAIIMS BaJI CKA4aT ChOTBETHO
1o croriHocTy okosio 1500N, kaTo ToBa € jocra Ha-
TOBApBAILlO 32 JIATEPUTE B CHOTBETHUTE omopu. Ilo
HATOBapeHa BPbH3KA € Ta3W KbM BXOJINUS Baj, HO
HATOBapBAaHETO HA BPB3KaTa KbM U3XOMSIINS Ball €
cpm3MeprMo. ToBa Moxe na OOSCHH IO YeCTHTe
TOBpeIr BB Te3u Jarepu — Gur.11.

3a yBenW4yaBaHe Ha HAOSKIHOCTTA W JIBJITOT-
paifHOCTTa € MPETNOPBUYHUTEIIHO Ja HE Ce H3IOJI3BAT
TaKWBa CHEIWHHUTEIH 32 CPABHUTEIHO TOJIEMH OTK-
JIOHEHHMS TIPU HAKJIOHA. TO3U U3BOJ CE € HAJOKII U
OT NPAKTUYCCKUTE PE3YNTaTH MPH CKCILIOATAIMATA
HA MOJ00HU MEXaHHU3MH.
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No Units

No Units

No Units

0.85

Efficiency

0.65

0.55
0.0

Time (sec)

Efficiency

7.0

0.6
055
051

0.457

0357

—20 deg.
-—-25deg.

Time (sec)

Efficiency

7.0

—40 deg.
---45 deg.

—--55 deg.
—60 deg.

2.0

3.0 5.0

Time (sec)

4.0

¢ur.4 K.I1.JI. Ha u3cnenBaHus MeXaHU3bM

6.0

7.0
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newton-meter

newton-meter

newton-meter

Input shaft power

—5 deg. ""__»“\‘\\
-—- RN
10 deg. N
\\
16.5 - o N
] pd . [ ot i
1551 " +- B S
14.5 1 ezl Tl
135 ] -
12.5 1
11.5 T T ; : : :
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Time (sec)
Input shaft power
65.0 P P
1 | —20deg.
600 1 | ——-25 deg.
55.0 1
50.0 1
45.0 1
40.0 1
35.0
30.0 1
25.0
20.0
15.0
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Time (sec)
Input shaft power
—40 deg.
—-—-45 deg.
—--55 deg.
—60 deg
3.0 7.0
Time (sec)

Q)nr.S MOHIHOCT Ha BXOJIuA BaJI HA U3CJIICABAHUS MCXaHU3BM
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Force (newton)

Force (newton)

Angular Velocity (rad/sec)

Inner joint force

—5 deg.
-=-10 deg.

—--20 deg.

-=-30 deg.

0.0 i i ; T : :
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Time (sec)
Inner joint force
1500.0
—3b deg.
——-40 deg.
—--60 deg.
7.0
Time (sec)
¢ur.6 Cunu BbB Bpb3Ka Ha MEXKIMHHOTO 3BEHO KbM HU3XOMAIINS Baj
MODEL_1
20 B 7
/ \\ / \ —5 deg.
| / \ I \ ---10 deg.
7 . / N 15 deg.
/ Y ! \ —--20 deg.
151 J /,—\\ \ ! TN
1/ 7 \ —---30 deg.
7.0

Time (sec)

(1)111".7 ‘briosa CKOPOCT Ha U3XOAAIIs Ball HA U3CJICABAHUA MEXaHU3BM
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Outer joint force

Force (newton)

==-10 deg.

—--20 deg.
—25 deg.
—-=-30 deg.

2.0 3.0 4.0 50 6.0 7.0
Time (sec)

Outer joint force

—35 deg.
——-40 deg.

—--50 deg.
—55 deg
—--60 deg.

Force (newton)

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Time (sec)

¢ur.8 Cunu BbB Bpb3Ka Ha MEXIMHHOTO 3BEHO KbM BXOASAIINS Bajl

Outer shaft angle of rotation

1 —55 deg.

Angle (rad)

-7.0
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Analysis: Last_Run Time (sec) 2014-04-07 11:28:47

(l)](ll".9 ‘bren Ha 3aBbpPTaHC Ha U3XOJAINs Ball B q)yHKLII/ISI Ha bI'bJiIa Ha BXO AW BaJl — q)yHKI_[I/ISI Ha IMOJIOKCHHUETO
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Efficiency vs outer shaft angular velocity

No Units
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——-55 deg.

---35deg
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Efficiency vs outer shaft angular velocity

—30 deg.
—-—-25 deg.

No Units

0.35
0.85 0.9 0.95

1.05 1.1 1.15 1.2

Angular Velocity (rad/sec)

¢ur.10 K.ILJ]. BbB GyHKIMS OT BrioBaTa CKOPOCT Ha U3X0Ja

¢ur.11 Tunuusa noBpena Ha CheTUHUTEIIS.

Buaaropapnocru

Hayunute wuscinenBaHus, pe3yiaTaTHTE OT KOHMTO ca
IIPE/ICTaBeHH B HACTOSIIATa ITyOIUKaIMs ca UHAHCHPAHH
or  Berpemmms  komkypc Ha  TY-Codms  —
Ne14211/10003-05.
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INFLUENCE OF THE DEGREE OF THE OUTPUT SHAFT IN HOOKE JOINT ON
HIS EFFICIENCY

Stefan GARABITOV Valeri IVANOV
dept. ,, Theory of Mechanisms and Machines ”, Technical University - Sofia, Bulgaria
e-mail: stefang@tu-sofia.bg, valio23@yahoo.com

Abstract: The Hook’s joint or also known as Cardan coupling are associated with power transmission systems. They are
commonly used when there needs to be angular deviations in the rotating shafts. The construction is simple and reliable, but
has a number disadvantages that are well known and analyzed. The article analyzes another aspect of the quality indicators
of'the mechanism. The efficiency is important for the reliability and durability of the mechanism. It is directly dependent on
the friction losses in bushing. Abrupt change of internal reactions lead to rapid wear and failure of the device. The exact
delimitation of the drop in efficiency is very important to prevent lock up of the mechanism and to increase its reliability. It
is the purpose of this research to study the efficiency of the Hook's joints and to explain some practical sample of a failed
Hook's joint. By means of the program MSC ADAMS efficiency is analyzed. It is explained how and the change of the
angle between the two shafts depends on efficiency values.

Keywords: Hooke, Cardan, Efficiency
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JIYKAC U 3JIATHOTO CEYEHHUE

JIbuezap TPUT'OPOB
katenpa ,,OTCK”, Texunueckn yHusepcuret - Codust, Benrapus
madra_horn@abv.bg

Pe3tome: TepmunbT ,,37maTHO ceueHue € BbBeaeH oT Jleonapio na Bunuu BbB ,,BuTpyBHaHCKHS YOBEK,, C 1€ Aa Aehu-
HHpPa MPONOPIMUTE B YOBEIIKOTO TSUI0, KOMTO NMPUPOJIATa € Ch3/ala C €Nl ONTUMAIHO U XapMOHUYHO (DYHKIIMOHUPAHE Ha
Tsnoto. Criopen JIeoHap 0 KOJIKOTO MOBeYe MPOMOPLUUTE Ca MO-O0JM3KHU [0 3TaTHOTO CEYEHHE, TONKOBA I0-KPAaCHBO € TO.
B narero cpBpemue qu3aifHepuTe H3MOI3YBAT YKMcnaTa oT peaniara Ha GuboHauH 3a MPUIIOKEHHE Ha 3]IaTHOTO CEUEHHUE
B IM3aiiHa, a CHIIO U 32 MIIOCTPAIHs HAa (PEHOMEHa Ha MPOIIOPIUHTE B XKHBTA IIPUpoJIa. Xopara Ha JIPEBHUS CBST obaue ca
M3MO0JI3yBaJ 3a ChINATa el IPYTH YKucia — 9ucia kato 4, 7, 11,..., K0eTo € BUIHO OT peauiia oTkputH apredaktu. Harm-
puMep: celeMTe JHU Ha CEIMHUIIATa, CEJEMBBPXMS LIYMEPCKU CBETUJIHUK, CEIEMTE HOTU HA KIACHYECKUS MY3yKalleH
CTpOH, YeTHpUTE apXaHreia, TeTparpaMaTpoHa, ueTupnuOyksrero Ha bora, exunHazeceTTe rOJUHN Ha CITYHYEBUS IIUKBI H
npyru. Uucnata: 4,7, 11, ca ot unciosata nopeauiia Ha JIykac U B HACTOSIIIOTO KPATKO U3JI0KEHHUE IIIE TOKAXKEM, Ue Tazh
peaviia uMa He 1M0-MajKo MPaBO Ha MPHIOXKEHHE B PEAUIUTE Ha AW3aiHEPH U MPUPOJOM3HCIEIOBATENN BbB BPb3Ka C
MIPUIIOKEHUETO Ha 3JIaTHOTO ceueHue. Hampumep choTHOIIEHHATa Mex Ty Mexkay 20 U A€BTHAJECETH WIEH Ha JBETE pe-
JIMLH ce TIOKPHBA ChC 3JIaTHOTO CEUYEHME JIO0 CEJIMHU 3HAK CIIE]] 3aMeTasnTa, a IpH YETUPUIECETH — 10 15-1 3HAK U KOJIKOTO

TIOBEYC HapacTBa HOMEPHT, TOJIKOBA ITOBEYE CC HOI{O6p$[Ba IIOKa3aTeJIAT 3a TOYHOCT Ha ChbBIIAACHUC.

KawuoBu xymmn: uncios pen Ha Jlykac, ®uboHauu; 3maTHO cedeHue; 9ncioro Phi

1. YBOJ

IlpakTukara u TeopusiTa Ha AU3aiHA W3MOJ3YyBa
37IATHOTO CEYCHHE KaTO CPEICTBO 33 XapMOHH3U-
paHe Ha elleMeHTHTe 1 1s1oTo: Phi (@)= (V5+1)/2
~ 1.618033988749894848204586834... [1], ¢ = (V5
-1/2 [2].

B MaTeMaTukata ca M3BECTHH YHCIOBUTE PEIUIIH
Ha:

- ®ubonaun: 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89,
144, 233, 377, 610, 987, 1597, 2584, 4181, 6765,
n3uucisiBany no gopmynara: Fn = Fn-1 + Fn-2 (1),
KaTo peauiara 3amnousa ¢ yuciaara: 1, 1,2 ...

-Jlykac: 2, 1,3,4,7,11, 18, 29,47, 76, 123, 199,
322,521, 843, 1364, 2207, 3571, ........ M3YUCIISIBAHU
mo gopmynara: Ln = Ln-1 + Ln-2 (2), kaTo Ibp-
BHUTE J[Ba 4jieHa ca: 2, 1.

ToBa, KOETO € CBHIIECTBEHO 33 Te3U IBE PEIULN
U KOETO ¢ HeoOXOAMMO Ja OTOENIC)KHUM, MaKap Jia €
M3BECTHO Ha MO3HABAYUTE €, Y€ MOpajand eCTBCTBOTO
CH, KaKTO W TOpagy TOBa, Y¢ B KpailHa CMETKa C
yyciaTa OTpa3sBaMe SBJICHUS U CBHIIHOCTH OT (u-
3HYCCKHSI CBSAT, TE3U JIBC PEIUIM KAJIKYJIUPAT Xap-
MOHHYHHUTE B3aMMOJACHCTBHUS MEXIy HellaTa B
npupogara. Mma croTui mpuMmepu B TOBa OTHO-
OIeHWe W [O-J0JNy TOKa3BamMe€ HIKOM  OT
Hal-U3BECTHUTE.

B nwureparypara kato U0 ce pasriexaar
MpPUMEPH W aHANN3U, Oa3upaHu BBPXY 4YMCIATA OT
penunara Ha ®uOOHAYM, KATO YHCIIA 32 IPAKTHYCCKO
M3MOJI3yBaHE 3a Ch3JIaBAHETO HAa XapMOHUYHM pa3-
MepHu B AuzaiiHa. Peaunara ot yucia Ha UMETO Ha
¢dpenckus marematuk Enyapn Jlykac ce pasmiexnat
OOMKHOBHHO CaMO KaTO MaTeMaTH4YeCKH KypHO3 U
BBB BpB3Kka ¢ yuciata Ha ®ubonaun. Hacrosmusr
KpaThK TPYyA HWOBa Ja MOKaXe JApyra Bepcus, a
HMEHHO, 4e peaunarta Ha Jlykac mma He MO-Maiko
MIpaBO Ha MPHIOKEHUE B JH3aifHa, HO aXke B HAKOU
ACTIEKTH € MO-TTOIXOISIIA.

2. 3JIATHOTO CEYEHHUE — KJIIOY KbM
XAPMOHHMYHOTO PABHOBECHE B IPU-
POJATA

[Noka3aHuTe KapTUHH, IUTHPAHA B MHOTO JIUTE-
pPaTypHH U3TOYHHIM WIIOCTPHUPAT B3aUMOBPH3KU B
NpUpOJIaTa, OpraHM3UPaHu U JSHCTBYBAIN MOCPE-
CTBOM 3JIaTHOTO ceueHue. M3cienBaHusTa Ha [U-
3aifHepH, XYIO0KHHIIM, aHTPOMOJIO3H, OUOJI03H, WH-
KUHepH B Grtocodu MOKa3BaT, 4ye HAIIETO YyYBCTBO
3a XapMOHHS U KpacoTa ce 0a3upa Ha BB3NPHUATHETO
32 CHOTBETCTBHE HAa KOHCTPYKLMHTE, OWIN TE ec-
TECTBCHU WJIM U3KYCTBCHO CH3JIaJICHU OT YOBEKa ChC
3MaTHOTO ceueHue. C IPYru IyMH, aKO YOBCIIKOTO
JIUIIC WK TSUIO0 B CBOUTE TPOIOPIUHN CHOTBETCTBYBA
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Ha 3JIaTHOTO CEYEHHWE, TO T€ C€ BB3NPHEMAT KaTo
KkpacuBu. ToBa e Taka, IIOHEXE MEXaHHKaTa, OCHO-
BaHa BBPXY 3aKOHUTE Ha jo0parta MpONOpPLUS OCH-
rypsiBa J00pO U ITBJIHOLIEHHO (QYHKLIMOHHUPAHE, a ITbK
TOBa € Taka, MOHEXE IO TO3M HA4YMH OTAEIHUTE
YacTH ¥ ISJIO0TO CH B3aMMOJICHCTBYBT ITO-ONTHMAJICH
HaurH. HamaTa 3agaga Tyk He € Ja JoKa3BaMe Ta3u
Te3a, a g MpHeMaMe 3a alpruopH J0Ka3aHa JpyTraje.
Hue camo ce 3aHmMaBame C BBIIpOCa 3a aaeKBaT-
HOCTTa MEXAY 37aTHOTO CCUCHHE U ABETE TUTHPAHH
penuIm.

¢ur.4 Jluuero u 31aTHOTO ceyeHUe

¢ur.5 CirpHUOTIIE ] U 3TATHOTO CEUEHUE
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3. CPABHEHUTEJIEH AHAJIN3 MEXY
PEJUIIUTE HA ®UBOHAYH U JTYKAC

| T .

[ AN

P A -
S P W —

¢ur.6 ®U v nponopuuuTe Ha YOBELIKOTO TSIIO

pen ¢ uucnoto ,,OU,,

I[a pasriiegaMe B CPaBHUTECIICH aClICKT CbOTHOIIC-
HUsATAa MCKAY YaCTHOTO OT ACJICHUECTO HA JIBA Cb-

OUBOHAUYN OU = 1.618033988749894848204586834 JIVKAC
HOMEP 4YUCJO CBHOTHOIIEHWE YUCJIO CHbOTHOLIEHUWE
1 1 1.000000000000000 2 2.000000000000000
2 1 1.000000000000000 1 0.500000000000000
3 2 2.000000000000000 3 3.000000000000000
4 3 1.500000000000000 4 1.333333333333333
5 5 1.666666666666666 7 1.750000000000000
6 8 1.600000000000000 11 1.571428500000000
7 13 1.625000000000000 18 1.636363636363636
8 21 1.615384615384615 29 1,611111111111111
9 34 1.619047619047619 47 1.620608960000000
10 55 1.617647058823529 76 1.61702........cc.c....
11 89 1.618181818181818 123 1.618421.................
12 144 1.617977528089888 199 1.617886.................
13 233 1.618055555555556 322 1,6180904...............
14 377 1.618025751072961 521 1,6180124..............
15 610 1.618037135278515 843 1.61800428............
16 987 1.618032786885246 1,364 1.6180308..............
17 1,597 1.618034447821682 2,207 1.6180351..............
18 2,584 1.618033813400125 3,571 1.6180335..............
19 4,181 1.618034055727554 5,778 1.6180341..............
20 6.765 1.618033963166707 9.349 1,6180339..............

CeIHM HOMepa KakTo TpH peannaTa Ha PuboHayw,
Taka U IIpu peauuara Ha Jlykac, cpaBHBHU Ha CBOM
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21 10,946 1,618033998521803
22 17,711 1.618033985017358
23 28,657 1.618033990175597
24 46,368 1.618033988205325
25 75,025 1.618033988957902
26 121,393 1.618033988670443
27 196,418 1.618033988780243
28 317,811 1.618033988738303
29 514,229 1.618033988754323
30 832,040 1,618033988748204
31 1,346,268 1.618033988750541
32 2,178,309 1.618033988749648
33 3,524,578 1.618033988749989
34 5,702,887 1.618033988749859
35 9,227,465 1.618033988749909

36 14,930,359
37 24,157,817
38 39,088,169
39 63,245,986
40 102,334,155

1,618033988749890
1,618033988749897
1,618033988749894
1.618033988749895
1,618033988749895

15,127 1,618034614333083
24,476 1,618033978977986
39,603 1.618033992482431
64,079 1,618033987324190
103,682 1.618033989294464
167,761 1.618033988541887
271,443 1.618033988829346
439,204 1.618033988719547
710,647 1.618033988719547
1,149,851 1.618033988745467
1,860,498 1.618033988751586
3,010,349 1.618033988749288
4,670,847 1.618033988750145
7,881,196 1.618033988749800
12,752,043 1.618033988749930
20,633,239 1.618033988749881
33,385,282 1.618033988749900
54,018,521 1.618033988749892
87,403,893 1.618033988749895
141,422,414 1.618033988749895

Ta6.a. 1: ®ubonauwn, Jlykac u ®u — cpaBHUTENCH aHAIU3

¢ur.7.Burpysuanckus 4yoBek Ha JleoHapo aa Bunuu

Bmwxna ce sicHo, 4ye OKaTO B peauukara IMpu
BPBUTE HOMEpa CHOTHONIGHHETO n/n-1 mpm
,»,Jlykac,, € mo-otgajiedeHo ot cToiHocrra Ha ,,®U,, ,
TO CJIe]] TOBAa C HAPAaCTBAHETO HA YUCJIaTa HEIllara ce

nouzpaBHsaBaT nocreneHHo. [Ipu Homep 10 aBere
peauLu ca paBHU 0 TPETUS 3HaK, mpu HoMep 11 u
JIBETe peauuy ce MoKpuBaT ¢ uuciuorto ,,OU,, o
TPETH 3HAK, KaTo o0ade MPOCIEACHO C IO-TOIsIMa
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TOYHOCT, yucnara Ha @uboHaum ca mo OIU30 10
,»®N,, ITpu HOoMep 20 ce mpuUnokpuBat 10 7-Hsl 3HAK
cien 3aneraiikara: 1,6180339, kaTto TouHOCTTa NpHU
,,»JIyKac,, poJabiDKaBa Jia M30CTaBa, Makap W CJe[
cenmust  3Hak. [lo-HaHatbk KbM Homep 40
ChOTHONIEHWeTo Tmpu  ,Jlykac,, 3amouyBa J1a
M3MpeBapBa TOYHOCTTA HAa CHOTBETCTBHE HAJMYHA
pu ,,duboHauw,, .

To3u ¢akT HU HaBekIa Ha WAEATa, 4e JIM-
HUsATa Ha ,,OUO0HAYH,, IPU MTO-MATKHUTE YUCIIA €
Mo-0JTM30 70 XapMOHHATA B TPUPOJATA, KOSTO
cnensa ,,3JIATHOTO CEYEHUE,,.

OTTYK U O0SICHEHHETO 3aI[0 MACOBO € BH3IIPHETA
penunara Ha ®ubonaun kato eranon.Ha mpaktuka
00avye TOYHOCT J0 BTOpPHUS 3HAK CIEJ 3aleTasra ¢
HABJIHO JOCTaThYHA 32 HYXIUTC Ha AW3aiiHA U
OKOTO enBa JiM Ou HampaBwio pasmuka. C apyru
IyMH KaTo HM3BaJuM OT YIOTpebda IBbpPBUTE MIECT
HOMEpa W OT JBETE PEeIUId, KBJAETO TOYHOCTTA Ha
CHOTBETCTBHE KBM 3JIaTHOTO CEYCHHWE HAIThIHO
JIMTICBA M3JIM34, Y€ JBETE PEIUIN Ca PAaBHOCTONHH B
YUCTO TPAKTUYCH ACTIEKT, MPUIOKEHO KaTO HHCT-
pyMeHT 3a au3aitH. CieqoBaTeIHO MOXKEME Jla Ka-
JKEeM, Y€ HOMEepaTa U 3a JBETC PEIUIM OT CEAMH HO-
Mep Harope u mpumepHo a0 10 (3a na He oTHBaMe B
U3JUIIHO TOJICMH HM3YHCIICHUS) Ca HAITBJIHO YJOB-
JICTBOPUTEIIHU 32 HAIUTE MPAKTHYHH HYKAH. ToBa
ca ChOTHOUICHUSATA:

3a ®ubonaun: 13/21, 21/34, 34/55 w 3a Jlykac:
18/29, 29/47, 47/76 npu MHOTO TOJISIMA CTETICH Ha
TOYHOCT B CHOTBETCTBHE KHM 3JaTHOTO ceucHue.B
MIPaKTUKaTA J1aXke ce pabOTH U C IMO-MaJiKa CTETeH Ha
CHOTBETCTBHUE, KATO HAIIPUMED:

-3a Gubonaun: 3/5, 5/8, 8/13;

-3a Jlykac: 4/7, 7/11, 11/18.

Te3u nocneaHuTe ca MacoOBO MOJI3YBaHH, Makap
CBHOTBETCTBUETO IPH TAX JIa HE € OCOOCHO TOYHO, a
[0-CKOpO MOJCKa3Bamo. Te ce u3Moja3yBaT C mpe-
JMUMCTBO, MOHEXKE C MAIKHTE 4YHCIa IMO-JICCHO CE
mpecMsATaT IbIDKHHATE. BsipHata mocraHoBKa obOaye
€ He JIa Ce TMOJ3yBaT TOJIKOBA YHCIIaTa, KOJKOTO Te-
OMETPUYHH TIOXBAaTH 3a MOCTPOCHUE HA 3JIaTHO Ce-
yeHue. TakuBa mokaszBaMme Ha ¢urypa 1 ¢urypa 2.

ChIecTBYBa M €IMH IMO-CIICIIMAJICH acIeKT Ha
npoOiieMa, KOHTO Ha IHPBO TJeJAaHe HE Kacae JH-
3allHA WM MaTeMaTHKarta, HO ¢ OpPUCHTHUPAH
[0-CKOPO KBbM HCTOpHLUTE, (uinocodpute n e30te-
purute. ToBa e QakTa, ye JpEeBHUTE XOpa ca HU OC-
TaBWIH apTe(aKTH ¥ MUCMEHU H3TOYHHIIM, KOUTO

noyizyBar uucnata: 4, 7, 11, 18, xouto He ca ot pe-
nmurata Ha @uboHaun, a ot Ta3u Ha Jlykac. Hampu-
Mep:
- CeneMBpbXusi CBETWIHMK Ha HapOJIUTE OT
»,MeXaypeuuneTo,, - YUcJI0To 7;

- BcenapogHuTe jgereHan U CKa3aHUs, B KOUTO
YUCIIOTO 7 € TIOBTapSIIO CE TIPHU BCEKU BaXKECH
ciyJai;

- CezgemTe IHM Ha CEIMMIIATA;

- CenemTe THU Ha CHTBOPEHHUETO;

- CenmemTe HOTH Ha KJIACHUYCCKHSI MY3HKAJICH
CTpoii;

- CenemTe 1BsiITa HAa CIEKTbpa, KAaKTO € IO
teopusta Ha cbp Mcak HioToH;

- HMmero Ha BbpXxoBHHMS anren B Kabama —
TerparpamaTpoH — 4UCIIOTO 4;

- UYerupure OykBu B mMeTo Ha bora cropen
Ka6ana — IHVH — umcnoro 4;

- UYermpure uentbpa Ha Bcenenata cmnopen
eHa OT TOCJICTHUTE TEOPUU Ha acTpOdu-
3UIINTE;

- UYerupure BbpXa Ha TeTpaeabpa — OCHOBHA
¢urypa Bcpen ,,[lmaroHoBuTe Tena,,:

- 11l-roguumHUAT CITbHYEB HUKBI — YUCIOTO
11;

- UYwucnoro 11 karo ocoOCHO YMCIO B HyMe-
poJiorusTa;

- UYwucnoro 18 xaro 0COOCHO YHUCIO B CHCTE-
mara ,, Taitum,, 1 ,,Yu-ryH,, .

be3 ma MoxkeM ma mokakeM, HO W 0€3 J1a MOXKeM Jia
OTXBBPJIUM, KOETO € PaBHOCTOWHO, TOTTYCKaMe Bb3-
MOXXHOCTTa JIPEBHUTE, KOWTO Ca HHU OCTABWIN HE
MaJIKO JaHHH 33 BBPXOBHH IO3HAHMSI B 00J1acTTa Ha
MaTeMaTHKaTa Jia ca 3HAEJIM 3a YHCII0BaTa IOPEINIIa,
M3BECTHA JIHEC Karto ,,Peauna Ha Jlykac,, U BKIIOYH-
TEJHO J]a ca 3HaeJH, Ye TOYHOCTTA Ha Ta3u pelula B
rojeMuTe HoMepa ¢ Haii-Omuska po ,,®U,, Jlomyc-
KaMme, 4e 3HaHMATA, CBbpP3aHH C APEBHUTE PEIUTU-
O3HU JOKTPUHHM Ca OTYMUTAJIM, Y€ B €AMH CBST Ha
MO-TOJIIMa TOYHOCT M TO-ABJIOOKO H3CIIeBaHE Ha
Helara  WMEHHO  YHWCiara,  3amodYBamyd .
2,1,3,4,7,11,18,29,47,76,99,....ca  aii-Onu3ko 110
XapMOHWYHKE choTHOMEeHMs B [Ipupomara u 3aroBa
Makap W cera Jia M3IoJi3yBaMe IOoBeue Ymciara Ha
duboHauM, B JPEBHUS CBAT Ca OTUHTAIH Ipyro. [Ipu
€IIMH CBAT Ha MO-BUCOKA XapMOHHMS U CJIOKHOCT Ch-
OTBETCTBHSTA Ca IO0-aJIEKBATHU C IMPWJIAraHeTo Ha
penunara Ha ,Jlykac,, . ToBa Ou Morio na e eaHa
MOJICKA3Ka 3aIl0 B HAMEPCHUTE APEBHU apTedakTu ca
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Npe/NOYUTaHN YuCiIaTa Ha ,,JIykac,, - Hanpumep: 4,
7,11.

3. 3AKJIIOYEHUE

CoplmecTBEH M3BOX B o0JlacTra Ha AW3aiHa €
(bakra, e nBETE YUCIOBU penunu — Ha ®uboHaun u
Ha Jlykac ca paBHOCTOMHHU KAaKTO MO OTHOIIEHHE HA
3JIaATHOTO CEYCHHE, TaKa W 10 OTHOIIEHHWE Ha eJHa
PaBHOCTOITHA BPB3Ka MOMEXIY CH.
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LUKAS SEQUENCE AND GOLDEN RATIO

Lachezar GRIGOROW
Fundamentals of design department, Technical University - Sofia, Bulgaria
e-mail: madra_horn@abv.bg

Abstract: In our time, the designers used the numbers from the Fibonacci sequence for the application of the golden
ratio in the design, and also for the illustration of the phenomenon of the proportions in the zivta countryside. The
people of the ancient world, however, are used for the same purpose, the other numbers — numbers like 4, 7, 11, ...,
which is evidenced by the number of uncovered artifacts. For example: the seven days of the week, 7-pics of Sumerian
oil lamp, the seven notes of the classic music formation, the four archangels salvation, tetragramatron, 4-letter-name of
God, the eleven years of the solar cycle, and others. The numbers: 4, 7, 11, are from the number sequence on the Lucas
and in this summary we will show that this number has no less right to annex in the ranks of the designers and na-
ture-explorers in connection with the application of the golden ratio. For example, the ratios between 20 and 19 article
covered with the golden ratio to the seventh sign after comma for both number sequence, when 40-tht —to -15 signafter
,,0,, and the more you grow, the more the number improves the precision of the matching indicator.

Keywords: Fibonacci sequence, Lukas sequence, golden ratio, Phi.

39



40



brearapcko crimcanue 3a MH>KEHEPHO NIpOeKTUpane, opoit 22, anpwr 2014 T.

JIMHEAPU3UPAH MATEMATHYEH MO/JEJI HA IIOMIIEH AI'PET'AT CbC
CBOBOJHO-IINJIMHAPOB CTUPJIMHI'OB IBUI'ATEJI

Bbaso HUKOJIOB
KaTeznpa ,,paHCIOPTHA U aBHallMOHHA TEXHUKA U TEXHOJIOTHH”,
Texumuecku yausepcureT - Codus, pumman [Inosnus, benrapns,
e-mail: vnikolov@tu-plovdiv.bg

Pestome: B Tasu craTus e mpeincTaBeH Ch3LaJCHHUAT JMHEAPU3UPAH MAaTeMaTHYEH MOJEN Ha IIOMIEH arperar ¢bC CBO-
601HO-1MITMHAPOB CTUPIIMHIOB JBUTATE, IIPEACTABIISABALL CJIOXKHA TEPMO-Ta30-XUAPO-MEXaHU4YHA CUCTEMa, Pas3TriIekIaH
KaTO CHBKYITHOCT OT KaMepH C MOCTOSIHHY M NIPOMEHINBU 00eMH, ¥ BPB3KH MEXIY ChCEIHUTE KaMepH, IPeIcTaBis-
BAaIl¥ IIOCTOSHHU WM INPOMEHJMBU APOCENN WIM KiIamaHu. Toil e w3rpageH Ha 0a3aTa Ha CBH3HaACHHS MexXa-
HO-MaTeMaTH4YeH MOJEJ Ha arperara, ChAbpikal] 14 MPOMEHINBH Ha CHCTOSHHETO, KOMTO Ca ONPENENCHU upe3 aude-
PEHIMAIHUTE ypaBHEHUSI Ha ABM)KEHHE Ha IMIMHABPA, IPEMECTBALIOTO OyTano U paboTHOTO OyTaio ¥ IPOU3BOIHUTE HA
HAJITaHeTO W TeMIlepaTypaTa B HarpsiBaHaTa pas3lIMpHTEIHA KaMmepa, pereHepaTopHaTa Kamepa, OXJIaKlaHaTa Cr'bCTHU-
TeHa Kamepa U BbTpelHarta OydepHa kamepa Ha cBOOOIHO-MuHApoBUs CtupiuHros asurarein. [IpeacraBenu ca mo-
nyyeHuTe GOpMyIIH 32 U3UUCIISIBAHE HA SIEMEHTUTE HA MATPULIMTE HAa ChCTOSHUETO M YIIPABJICHUETO Ha IOMIICHHS arperar
¢bC cBOOOAHO-IMIMHAPOB CTHPIANHIOB ABuratesn. Ch3aaieHUAT JMHEApU3UpaH MaTeMaTHYEeH MOJIEJ HA IIOMIICH arperar
CbC CBOOOAHO-IMIMHAPOB CTHPIIMHTOB ABUTATEIN € IPHIOKIM 33 IapaMeTpHUUeH aHali3 ¥ CHHTE3 Ha H3IENUs OT TO3H

KJ1ac.

KiawouoBu AyMH: MaremarnueH MOz¢€J1, IMOMIICH arperar, CBO6OIIHO-L[I/UII/IHIIp0B CTI/IpIII/IHFOB JABUTaTCII.

1. BbBEAEHUE

[MpuHiUIHATA CXeMa Ha IOMIICH arperar CchC
cBOOOMHO-IIITUHAPOB CTUPIMHIOB  JIBUTATEN €
npencraseHa B [1, 2, 4, 5, 6].

IIpueTH ca caeIHUTE O3HAYCHHS M Pa3MEPHOCTH
Ha OCHOBHHTC BEJIMYMHM Ha [MOMIICHHS arperar CbC
CBOOOTHO-ITMIIHHPOB CTHPIIMHTOB IBHUTATEN [2, 3]:
HOMEp Ha enemeHr - i=1,..., VI,

HOMEp Ha Kamepa - j=1,...,6;

KoepUIUeHT Ha Jaebuta (pa3xoaa) Ha CBBP3BAILUA
KaHa - [ij;

cratuyHa aehopMaiys Ha npy>KUHATA - p, [m];
MIPEMECTBAHE M CKOPOCT HA 1-THUS MOJIBUKECH CIICMEHT
- Xi, my, vi, m/sj;

TUTOLI HA i-THsI MOJBIKCH EJIEMEHT B j-TaTa KaMmepa -
Fy, [m];

IUTOIIl HAa HAIIPEYHOTO CCUCHUE HA CBBP3BAIIIMS KaHaI
- Fy, [m*];

BBTpEIIHA TOIUIOOOMEHHA TIOBBPXHOCT Ha j-TaTa
kamepa - F¢, [m?];

o0eM Ha j-Tata Kamepa - Vj, [m’];

3eMHO YCKOpPEHHE - g, [m/s’];

Maca Ha 1-Tus IOIBHXKCH CIeMEHT - m;, [kg],

Maca Ha ra3a B j-TaTa Kamepa - mj, [kg/;

MacoB JeOHT M pa3xoj Ha a3 Ha j-Tata kamepa - Gj,
Gy, [kg/s];

IUTBTHOCT Ha (JIyuaa B j-TaTa Kamepa - pj, [kg/m’];
KOe(DUIIMEHT Ha eJacCTUYHOCT Ha NpYXHUHATA - Cj
[N/m];
KOe(PUIIMEHT HAa TPUEHE MEXAY CIEMEHTHTE - fi,/
Ns/m];
HaJIsTaHe B j-TaTa Kamepa - p;, [N/m’];
arMOC()EPHO HANATAHE - po, [N/m?];
TeMIepaTypa Ha rasa B j-tata kamepa - 7, [K];
TeMIIepaTypa Ha BbTPELIHATA CTEHA Ha j-TaTa Kamepa
- Tg [K].
ra3oBa KOHCTaHTa 3a j-TaTa kKamepa - R;, [J/kgK];
KOoe(DUIMEHT Ha TOIUIONpEedaBaHe MEXIy rasa Hu
crenara - a;, [J/m’sK].

3a pelraBaHe Ha 3aja4d, CBBP3aHHM C IapameT-
PUYHHMS aHAJU3 U CUHTE3 HA IOMIICHU arperatu chc
cBOOOAHO-IIMIMHAPOB CTUPJIMHIOB JBUTraTe) € He-
00XOIMMO HM3TpaXIaHETO HA TEXCH JIMHeapH3HpaH
MaTeMaTHueH MOJEIl.

2. JMTHEAPU3UPAH MATEMATHYEH MO-
JEJI

OcHoBa 3a Ch3/1aBaHE Ha JHHEAPH3UPAH Mare-
MaTH4YeH MOJEeN Ha TIOMIICH arperar CchC CBOOO-
HO-UMIUHAPOB CTUPIMHIOB ABUTaTeNl € CUCTeMara
OT HENMHEHHU AuepEeHIUATHI YPaBHEHUS, TPEC-
TaBeHH B [2].
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JunaMnkaTa Ha IOMIIEH arperatr chc cBoOOJ-
HO-IMIMHIPOB CTUPJIMHIOB JIBUTATE]I MOXE Jia ce
Npe/CTaBU BbB (YHKIHMI Ha BPEMETO KaTo CHCTeMa
JudepeHInalH ypaBHEHHUsT OT I'bPBU pel B HOP-
mainHa Gpopma Ha Ko [3]:

X(1)= AX(t)+ BU(2);
Y(t) =CX(1),
KBJIETO A € MaTpulla Ha ChCTOSIHUETO, B — Ha yn-
pasnennero U C — Ha BPB3KHUTE MEXy HaOJ01aBa-
HHTE BEJIMYUHH U (ha30BUTE KOOPIMHATH.

3a BeKTOpa Ha CHCTOSHUETO, ChIbpXkall (a3o-
BUTE KOOPAMHATH, MOXKE JIa CE 3allnIle

X'0=[T,pT p T p,s

(1

2)
T, py vy vy V3 X, X, x3]
a 3a BEKTOPa Ha yNPaBIISBAIINTE BEIHUNHH -

(e a, a5 @, 0 0 0

@y @y Gy ay O 0 0

a4y 4y Ay 4y Gy a0

Ay Ay Gy Ay A a0

0 0 a; ay as a, O

0 0 agy ay as ay 0

e 0 0o 0 0 0 a,
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0 g, 0 0 0 g, O

0 0 0 0 0 a4 O

0O 0 0 0 0 0

0O 0 0 0 O 0

|0 0 0 0 0 0 O

EnemenTtute oT mbpBUTE JBa pea Ha MaTpUIlaTa
Ha ChCTOSTHUETO A Ce M3YUCIISIBAT 1O POPMYJITUTE:

L
B oT; P1o(I/10+F}1x1o+F}11x110)

27,
: koﬂlez\/ﬁ{\/Tzo [k_T_IOJponlz -

20

_1’5 7]0 (k _1)p10Y2]:|+
+(k_1)a1FC1 (Tcm _ZTw)};

UT(t)=[TCl Ps p6]. 3)
Enementure Ha MaTpuIMTE HA CHCTOSIHUETO U
YOPaBIEHUETO C€ ONpEeAeNaT 4Ype3 pa3BUTHE Ha
JICCHATC YacTH HAa HEJIHWHCHHHUTE MudepeHInATHA
ypaBHEHHUsSI B pel Ha Teunop, KaTo WICHOBETE OT
BTOPH M ITIO-BHCOK PE€J Ce MPEeHeOpernar, a Te3u OT
OBPBU PEIl TIPEICTABISABAT YAaCTHHUTE IPOU3BOIHU
CIpPSMO TPOMEHJIMBHTE Ha CBCTOSHHETO M Ha YII-
PaBIICHHETO.

3. MATPUIIA HA CBCTOAHHUETO

Marpunara A, neduHHpaiia CbCTOSHHUETO Ha
MOMIIEH arperar cbc CBOOOAHO-IMIMHAPOB CTHp-
JMHTOB JBMrartes npu paboTa Ha YCTaHOBEHH pe-
KMMH, UM BHJIA
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KbACTO

IMonyuenute GopMysn 3a €JIEMEHTHUTE Ha MaT-
pHLaTa Ha ChCTOSHHUETO, (popMHpalh U3MEHEHUATA
HA TEMIIepaTypUTe W HAIATAHUSNTA B OCTAHAIUTE
KaMepyd Ha CBOOOTHO-IMIMHAPOBHS CTHPIUHTOB
JIBUTATENl UMAT CTPYKTypaTa Ha ropenpe/iCTaBeHNTE,
OTHACSINMU CE 3a IIbpBaTa Kamepa, Mopaju KOeTO He
ca Mpe/ICTaBCHU.
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Koedunuenrure, yyacTpaiiy B JIHMHCAPU3UPAHU-
Te nudepeHIaTHi ypaBHCHHS HAa JBW)KCHUC HA
€JIEMEHTUTE M Pa3MoJ0XKEeHH B MaTpHllaTa Ha CbC-
TositHUeTO Ha penoBe 9, 10 u 11, ce uzuucnsBaT no
¢dopmynure:
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3. MATPULIA HA YIIPABJIEHUETO

Marpuiara Ha yOpaBJICHHETO HA MOMIICHHS ar-
perar ¢bC CBOOOMHO-IUIUMHAPOB CTHUPIUHTOB JBH-
rarelsl IMa BHIa
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B mpunoxxenure mo-rope GopMysid 3a M3YUCIS-
BaHC HA HSIKOM OT €JIEMCHTHTE Ha MATPHIUTE Ha
CBhCTOSIHHETO W Ha YNPABJICHHETO Ha IOMIICHUS ar-
peratr c¢bC CBOOOMHO-IMIUHAPOB CTUPIWHTOB IBU-
ratejl y4acTBaT Pa3XOOHHTE (YHKIUH W TCXHHTE
YaCTHHU MPOU3BOIAHU, KOMTO CE ONMPEACIIAT 0 HU3pa-
3UTE:
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4. 3BAK/IIOYEHUE

Ch3aazieH € TMHeApU3UPaH MaTeMaTHYCH MOIECT
Ha I[IOMIEH arperar CcbC CBOOOAHO-LMIMHAPOB
CTUpJIIMHIOB JIBUTaTeN, MPEJCTABISABAI CIIOMKHA
TEPMO-Ta30-XUIPO-MEXaHUYHA CHCTEMa, Ppa3IiIexK-
JIaH KaTO ChBKYIHOCT OT KaMepH C MOCTOSHHU HJIH
MPOMEHIIUBH 00EMH, U BPB3KH MEXKAY CHCEAHUTE
KaMepH, NPE/ICTABIISABAIIN OCTOSIHHU WM MPOMEH-
JUBH JIPOCENU WU KiamaHu. Tod e wu3rpajicH Ha
0azara Ha CH3JIaJICHUS MEXaHO-MAaTEMATUYCH MOJCI
Ha arperara, ChIbpxam] 14 MPOMEHIMBH HA CHCTO-
SIHUETO, KOUTO Ca ONPEJCICHU 4pe3 NudepeHIna-
HUTE YpaBHCHHS HA JBH)KCHUC HA IWJIMHIBPA, IIPE-
MECTBaIoTo OyTasio M pabOTHOTO OyTaao W MPOM3-
BOJIHHTE Ha HAJSITAHETO W TEMIeparypara B Harps-
BaHaTa pa3lIMpUTEIHA KaMepa, pereHepaTopHara
Kamepa, OXJIaKJaHaTa CbCTUTENIHA Kamepa M BbT-
pemnara  OydepHa  kamepa Ha  CBOOOI-
Ho-1nHApoBust CtupnuHroB apurartein. [Ipencra-
BEHU Ca TOJIyUYCHUTE (POPMYIIH 32 M3YUCIIIBAHC HA
€JIEMCHTHTE HA MATPHUIUTEC HA CHCTOSHHUETO W VII-
PABJIICHUETO HA TOMIICHUS arperar CchC CBOOOJ-
HO-IIMIUHAPOB CTUPJIMHTOB JIBUIATE.

Ch3aicHUST JIMHCAPU3UPAH MAaTEMATHYCH MO-
JIeJT Ha TOMIICH arperaTt ChC CBOOOJIHO-LIMIIMHAPOB
CTUpJIMHIOB JBUTraTell € MPUIIOKHUM 33 MapaMeTpu-
YeH aHaAJIU3 U CHHTE3 Ha W3/EJHs OT TO3M KJIaC.
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LINEARIZED MATHEMATICAL MODEL OF PUMP UNIT WITH
FREE-CYLINDER STIRLING ENGINE

Valyo NIKOLOV
Department of Transport and Aviation Equipment and Technologies, Technical University-Sofia, branch Plovdiv, Bulgaria
e-mail: vnikolov@tu-plovdiv.bg

Abstract: This article presents a created linearized mathematical model of pump unit with free-cylinder Stirling engine,
this unit represents a complex thermo-gas-hydro mechanical system, viewed as a set of chambers with fixed or variable
volumes and relations between the neighboring chambers, that represent permanent or variable chokes or valves. The
linearized mathematical model is built according to the established mechanical-mathematical model of the unit, containing
14 state variables, that are defined by the differential equations of motion of the cylinder, displacement piston and power
piston and the derivatives of the pressure and temperature in a heated expansion chamber, regenerator chamber, cooling
thickening chamber and internal buffer chamber of the free-cylinder Stirling engine. Here are presented the resulting
formulas for calculating the elements of the matrices of the state and the control of the pump unit with free-cylinder Stirling
engine. The thus created linearized mathematical model of the pump unit with free-cylinder Stirling engine is applicable for
parametric analysis and synthesis of devices of this class.

Keywords: Mathematical model, pump unit, free-cylinder Stirling engine.
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CUMYJAIIMOHEH MOJEJI HA IIOMIIEH AT'PEI'AT CbC CBOBO/I-
HO-IUWJIMHAPOB CTUPJIMHI'OB JIBUT'ATEJI

Bbaso HUKOJIOB
KaTeznpa ,, paHCIOpTHA U aBHallMOHHA TEXHUKA U TEXHOJIOTHH”,
Texumuecku yausepcureT - Codus, pumman [Inosnus, benrapns,
e-mail: vnikolov@tu-plovdiv.bg

Pe3tome: B Ta3u cratus e mpeACTaBeH Ch3MANCHUIT KOMIIOTHPEH CUMYyJalHoHeH monen cbe Simulink B cpenara Ha
MATLAB 3a u3crieaBaHe Ha IOMIIEH arperaT ¢hC CBOOOIHO-LMIIMHIPOB CTUPIMHIOB ABUTATEN, IPEACTABIISABALLL CIIOKHA
TEPMO-Ta30-XUIPO-MEXaHUYHA CHCTEMa, PA3IIIeHkKIaH KaTo ChBKYITHOCT OT KaMEpH C IIOCTOSIHHU WJIH IIPOMEHIIBU 00EMH,
U BPB3KH MEXAY ChCEIHUTE KaMepH, HPEACTABISBALIM ITOCTOSIHHU WM HPOMCHJIMBH JPOCETH HJIM KianaHu. Toii e
U3rpajicH Ha 6a3aTa Ha Ch3JIaICHHUS MaTEMaTH4CH MOJIEIT Ha arperaTa, ChabpiKaill 14 IpOMEHINBU Ha ChCTOSIHHETO, KOUTO
ca ompezeneHn 4pe3 qudepeHIHAHUTE YPaBHEHHUS Ha JIBIDKCHUHE HA LIWIMHABPA, IIPEMECTBALIOTO OyTajao ¥ paboTHOTO
OyTaJlo ¥ NPOM3BOJHHUTE HA HAIATAHETO M TEMIlepaTypaTa B HarpsBaHaTa paslIMpUTENIHA Kamepa, pereHeparopHara Ka-
Mepa, OXJIaX/JaHaTa CIbCTUTENIHA KaMepa M BbTpellHaTa OydepHa kamepa Ha CBOOOIHO-LMIMHAPOBUS CTHPIMHIOB
nsuraren. IlpeacTaBeHH ca IOJICHCTEMHTE HAa CHUMYJIALMOHHUS MOJENT W IOJY4YEHHTE PE3YIATaTH OT YHCICHUTE
€KCHEPUMEHTH, ¢ KOMTO ca IOCTPOEHU (Da30BHTE MOPTPETH Ha JABMKEHUETO HA LIMIMHIbBPA, IPEMECTBAIIOTO OyTayo u

pa60THOTO 6yTan0 Ha CBO60Z[H0-HI/IJ'II/IHI[pOBI/I$I CTI/IpJII/IHFOB JABUTaTCII.

KiawouoBu AyMH: CI/IMyJIaLII/IOHeH MOJCJI, IOMIICH arperar, CB06OIIHO-L[I/UII/IHIIp0B CTI/IpIII/IHFOB JABUTaTCII.

1. YBOJ

[TomrienuTe arperaTé ¢hC CBOOOIHO-IMIHHIPOB
Crupmuaros apuraten (CIICJI) ce ornuuasar ¢ pe-
IUIa [EHHW KadecTBa, IO-BAXXHUTE OT KOHUTO Ca:
aBTOHOMHOCT [0 OTHOIIICHHE HA BUJIA HA TOTUTUHHUS
M3TOYHHUK Ha CHEPIUs; XEPMETUYHO M3IBIHCHHUE HA
KOHCTPYKIIUATA; CPABHUTEIHO MPOCTa KOHCTPYKIIUS;
JMUPEKTHO TpEIaBaHC Ha CHEPrusita KuM (uyunaa
ype3 paOOTHHS LWIMHIBD HA JBUraTels; MPOABI-
JKUTelNeH pecype [4, 5, 6].

Te moratr ma HamepsAT MPHUIOKEHHE, KAKTO B
00pIOBH M Ha3eMHH IUPKYJIAOHHN CHCTEMH, Taka
1 B HPUTAIIIOHN TaKWBa.

Cp31aBaHeTO Ha arperaT MoOXe Ja ObJe U3BBp-
IIEHO WJIM C TOJSAM Opoil HaTypHU EKCIIEPHMEHTH,
WIH ¢ KOMITIOTBPHO CHMYJHMpaHEe Ha IPOIECHUTE,
OpOTHYAIIM B CcUCTeMuTe. [IbpBUSAT BapHaHT €
CBBpP3aH C TOJICMH MAaTepHaTHH U (PMHAHCOBU DPa3-
XOJIM, U HE MOXe J1a 00XBaHE IUIOTO MHOT000Opasue
OT TEXHHYECKH PEILICHWUs, MOpPaaud KOSTO Cce Hajara
M3rPaXTaHETO HA KOMITIOThPEH MOJICN Ha arperara.

KowMmmorspHaTa cuMmymanus € Haii-e(eKTUBHOTO
CPEICTBO 3a M3y4YaBaHE HA SBJICHUATA B JHHAMHUY-
HUTE CHUCTEMH, 0COOEHO Korato paboTaTa Ha CHCTe-
MaTa € CBBp3aHa C pealn3alisITa Ha HENWHEHH!
CaMOBB30YXKIAIU Cce TPENTeHUS (aBTOKOJICOAHWS),

KOUTO Ca B OCHOBaTa Ha (PYHKIMOHHUpPAHE HA CBO-
6onHO—1MIMHApOoBUTe CTUPIMHIOBH JBUTaTENH |1,
31

I[Momnenwute arperatu cbe CIICJI npencrasnssar
CJIO’KHA TEPMO-Ta30-MEXaHUYHA CHCTEMa, KaKBaTo €
JIBUTATEIAT, C XUAPOMEXaHUYHA - TOMIIaTa.

[TomrreHusT arperat, Mpyu HETOBOTO MOJIEIUPAHE,
MOJe J1a Obae pas3riekaaH KaTo ChBKYITHOCT OT Ka-
MEpH C TOCTOSHHH WM TPOMCHIMBH O0CMH, U
BPB3KU MEXKIY ChCCIHUTE KAMEPH, MPEICTABIABAIIN
MTOCTOSIHHU HJTH MPOMEHITUBH JIPOCEITH WK KJIalaHu.

Ot ¢usuyHa rHEqHA TOYKA, MATEMATHYHOTO
omucanne Ha CLICJl, moxe na Oble pa3aesicHO Ha
cienHuTe Moacuctemu [ 1, 2]:

1) Mexanu4na cucteMa ¢ TpH CTEIICHH Ha CBO-
00/1a, KaTo ABIKCHUATA HAa EIIEMEHTHTE U C€ OTIMCBAT
Ype3 CHCTeMa OT TPH HENWHEHHW TudepeHIHnaTHn
YpaBHEHHS OT BTOPH peJl, IIOIyYeHH Upe3 MpuiIarane
Ha OCHOBHOTO YpaBHCHHE Ha TMHAMHUKATA.

2) TepMmoauHaMHYHA CHCTEMa, OMHKCBAIIA MPO-
LlecuTe, KOUTO MPOTUYAT B CBBP3AHHUTE KaMepH.
[Mpunaraiiku ypaBHeHuUsITa Ha SHEPruiHUA OajlaHC U
Ha ChCTOSIHAETO Ha ra3a B qudepeHnuansa gopma, 3a
BCSIKa OT KAMEPUTE Ca MONYyYCHU NUPCPCHIIMATHUTE
YpaBHCHHUS Ha HAISATAHUATA U TeMIlepatypuTe. B Tsx
ca 3aMecTeHH (pyHKIMHTE Ha razooOMeHa, Ha 00e-
MHUTE U Ha TEXHUTE IPOU3BOIHH.
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3) TepmuuHa cucTeMa, OIMCBaIlA TOIUIOOOMEH-
HUTE MPOLECH, OT €JHA CTPaHa MEXKAY ra3a U CTEHUTE
Ha KaMEpUTe, U OT JpPYyra - MEXKy CTCHUTE W BHHIII-
HaTa cpefa.

4) XugpoMexaHuyHa CHUCTEMa, OMUCBAlla Mpo-
mecute B OyTanHaTa TOMIMA, KakKTO M B HEHHHTE
CMyKaTellHa ¥ HarHeTaTeIHa YacTH.

[IpuHIMNHATA KOHCTPYKTUBHA CXEMa Ha TTOMIICH
arperatr c¢bc CIICJI W cB3mageHUSIT HErOB MeXa-
HO-MaTeMaTHYeH MOJIEJ ca TIpeICTaBeH! B [2].

2. TEXHOJIOT' YA HA N3I'PAKJAHE HA
CUMYJIAIIMOHHUA MOJEJ

WuTerpupaneTo Ha cucteMaTa OT MOJYYCHUTE
JU(QEepeHIMATHA YPAaBHCHHUS CE€ W3BBPIIBA C IPO-
nykra Simulink B cpemara Ha MATLAB, kato ce
M3I0JI3yBaT HATBIIHO BB3MOKHOCTHTE 3a (pOpMaiv-
3anusl.

Twi KaTO cucTemMaTa € C MHOXECTBO KPbCTOCAHU
BPB3KH MEXIy OTHACIHUTE KaMepH, IpHeMa ce 3a
1esecb00pa3sHoO OMHUCAHMTA HAa BCHUKH ITOICUCTEMHU
Ja ObIaT IPYNHPaHU 3a BCSIKA KaMepa MOOTIEIHO,
KaTO BPB3KUTE MEKIY KaMepHTe 1a 0baaT 0ohopMeHU
BBB BUJ] Ha BXOJIHU U U3XOJHU nopToBe [3].

3a mo-rojisiMa e)eKTUBHOCT Ha paboTarta 1o u3-
CJIe/IBAHE Ha MPOLICCUTE B JABUTATENS CE PaOOTH C TpU
npo3opena:

1) Matlab Editor/Debugger, kpaeTo ce mpHuCBOsI-
BaT CTOMHOCTH Ha TapaMeTpUTe W C€ HM3BBPIIBAT
HSIKOW TIPEIBAPUTEITHH N3UHCIICHNS;

2) Simulink, kpmeTo B mapameTpudHa opma e
MOCTPOCH CUMYTAlIHOHHUS MOJIEIT;

3) Matlab Workspace, xpaeTo ce cTapTupa TeK-
croBuAT ¢aitn ot Matlab Editor / Debugger u ce
BU3YaAIIU3UPAT PE3YITATHTE OT CHUMYJAIMUTE, W3-
MoJ3Baliku oniuute Ha plot.

Csc cpencreara Ha Simulink ca usrpaaeHu cu-
MYJAllMOHHA MOJIEJIM B CJEIHATa MOCJIEIOBATEI-
HOCT:

a) ¢ukcupar ce n Ha Opoit 6moka Integrator ( n
pen Ha cuctemara quepeHIINAIHN YpaBHEHIS,

0) mecHUTEe YacTH Ha (QYHKIHMHTE HA TPOU3BOJI-
HHUTE Ce SIBSBAT BXOJ] 32 HHTETPATOPUTE U CE 3a/1aBaT
cbe Omoka Fen;

B) chC Oyoka Mux ce ch3/1aBa BEKTOPHT Ha IPO-
MCHJIUBUTE, KOUTO BIM3aT B [CCHUTE 4YacTH Ha
(hyHKIMUTE HA TIPOM3BOJHHUTE - TOBa ca (ha30BHUTE

KOOpJWHATH Ha CHCTEMaTa M Ta30JMHAMHYHHUTE
GbyHKIMY;

r) ra3oJUHaMUYHATA (PYHKIHUS CE M3YUCIISABA IO
tdopmynara Ha Cen Benan - Bennern;

Q) pasmoiarat ce OJIOKOBETe, CHUMYJIHPAIIX
(YHKIMOHATHUTE OTPAaHWYCHHUS - MaKCHMAaJHO
IpeMeCcTBaHe, HyTupaHe Ha CKOPOCTTa IPH JOCTH-
raHe Ha KpailHO MOJIOXKEHHUE U Jp.;

€) BU3yalI3aIyATa Ha pe3yaTaTuTe Ce M3BBPIIBA
B paboTHOTO npocTpancTBo Ha MATLAB ¢ momomira
Ha 6moka To Workspase.

—— R ——
Pumping pressure — Clock To Workspace1
_->_Q
1-Cylinder o
1<
— Blu— [+ ]
P Mx16 To Workspace4
& [ Mux15
I |
2-Displa P Mux
B[]
— To Workspace2
<
M isass TR
— To Workspace3
3-Piston
i >
E Mux
—g v To Workspace6
Mx17
1-Heater &
Expansion spase
ey
> O
>
2.
L
—=P| [
3 [»]
» |Mux
To Workspace5
Mx18
3-Cooler &
Compression space

%

050 p50 @Tso 4-Internal buffer
space

¢ur.1 CumynannoHeH MoJies Ha IOMIIEHHUS arperat

3. CUMYJAIIMOHEH MOJEJI
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CrpykTypHaTa cXeMa Ha Ch3JaJCHHUS CHMYJa-
IUOHEH MOJIC]T HA MMOMIICHUSI arperaT ¢ MoKa3aHa Ha
¢wr. 1.

Ot audepeHIUATHUTE YPABHCHHS HA JBIKCHHE
Ha MWJIUHIBPA, TPEMECTBAIIOTO OyTaI0 U pabOTHOTO
OyTayo ca ompeseneHd (pyHKIMHUTE HA TEXHUTE YC-
KOpPEHHUs, KOMUTO CE€ W3YMCISBAT M JABYKPAaTHO HH-
TErpupaT B MOJICHCTEMHUTE Ha CUMYJALMOHHHS MO-
Jien, mpencTaBeHy Ha ¢ur. 2, 3 u 4.

|

®
Mux f(u) -—Pa’@

Fcn6 | Integrator Integrator3 x1

al

\AAAJ

Mux?

e

¢ur.2 [loncucrema 3a U3UKCIsIBaHE HA KHHEMATHYHUTE
MapaMeTpy Ha HMITHHABPA

P — 0
v2
= L g BT i g1 g (10 ©)
g Fené Integrator2 | Integrator3 2
: a2
W Mux?
v3
O

vl

¢ur.3 Iloncucrema 3a U3unCIsIBaHE HA KHHEMATUYHUTE
rapaMeTpy Ha IPEMECTBAIIOTO OyTalo

&— ¢
—>
p4 > 3
q Mux 4«?@
5 g Fen6 Integrator2 | Integrator3 x3
a3
v
( : ) Mux?
x1
®

<
N

¢ur.4 [Toncucrema 3a U3UUCIIBaHE HA KHHEMAaTHIHHUTE
rapaMeTpu Ha paboTHOTO OyTaio

Ot nudepeHIMaTHITE YPABHCHUS HA HAJATAHU-
sTa ¥ TEMIIEPATYpUTE B HArpsiIBAHATA PAa3IIMPHUTEIIHA
Kamepa, pereHeparopHaTa Kamepa, OXJaXK[aHaTa
CI'BCTUTENIHA KaMepa U BbTpelnHaTta 0ydepHa kamepa

Ha CLCH ca onpenenenu (yHKIMHTE HA TEXHUTE
NIPOM3BO/IHY, KOUTO CE W3YMCIISIBAT U MHTETPUPAT B
MOJICUCTEMHTE HA CHUMYJIALIMOHHHS MOJEN, IpeJic-
TaBeHH Ha Qur. 5, 6, 7 u 8.

e

p1 >
- >
CTlo >
T2 (:) :
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v2 (:) >

~>{p1 Y12}
—p|p2  Y(p2ip1)
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[ }a{fsl—>(D

fi
DT1  Integrator T

([ F»[iE}—->(2)

Dp1  Integrator1 p1

Mux1

Constant1
¢ur.S [loacucrema 3a n34KMCIIBAHE HA HAJIATAHETO U
TeMIIepaTypara B HarpsBaHaTa pa3lIMpHUTENIHa Kamepa

W}

DT2  Integrator T2

W i (D)

Dp2  Integratort p2

Mux1

Constant1

Subsystem2

Constant2

¢ur.6 [Toxcucrema 3a U3UNCIsIBaHE HA HAJSTAHETO U
TeMIeparypaTa B pereHepaTopHaTa Kamepa

s Gy

Yoo

T5 Mux u) ()
[
=‘y Y(p2/p3) DT3  Integrator T3
>
>

p3_ Y(p3/p2)
@ Subsystem1 [ <>®

d
p5 L»lps Ypapd) > Dp3  Integratort 3
b3 Y(p3ipS) 4

Mux1

Constant

5

o——
2
@Consﬁarﬁ‘] §35 m

vl

x1
¢ur.7 [loacucrema 3a u34KUCIIBAHE HA HAJIATAHETO U
TeMIleparypaTa B OXJIaKJaHaTa CI'bCTUTEIHA KaMepa
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p4
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=
A\A A 4 ‘

O

p5

@J L> 5 Y(p5ipd) W
L—p{p4_Y(p4lp5)

15 Subsystem2 Mux oT4

flu)
Dp4 Integrator1

Integrator

@ 20
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A\A 4

Mux1
Constant

Constant2

¢ur.8 [Noxcucrema 3a n3uKCIsIBaHE HA HAJISTAHETO U
TeMIIepaTypara BbB BbTpEIIHATa OyepHa kamepa

)GH

S45

v3 (:) E

B ropemnocodenuTe NOACUCTEMH 33 M3YHCIISIBAHE
Ha TIPOVM3BOAHNTE HA HANATAHHUATA U TEMIIEpaTypHUTe
B kamepute Ha CL[CJ] ca 3amecTeHn (QyHKITUUTE Ha
00eMHUTE M TEXHUTE TMPOU3BOIAHM CIPSMO 0000IIe-
HHUTE KOOPINHATH.

W3uucnsBaHeTo Ha pa3XxOJHHUTE (QYHKIUH [0
tdopmynara Ha Cen Benan - Bennen ce u3BbpiiBa B
MOJICHCTEMH TpPU HEMPEKbCHATO CPAaBHEHUE Ha
CTOMHOCTHTE Ha HAJSTAaHHUATA B CBBP3aHUTE KaAMEPH.
IMoxcuctema 3a W3YUCIIABaHE HA PAa3XOMHHUTE (YHK-
UM MEXIy HarpsBaHaTa pasIIMpUTENHa KaMepa U
pereHeparopHara KkaMepa € mnpeicTtaBeHa Ha ¢wur. 9.

[MoxcucremuTe 3a M3UMCISABaHE HA Pa3XOJHUTE
¢dynkmn Mexnay ocraHanute kamepu Ha CLIC]I ca
aHAJIOTMYHU Ha MpeJicTaBeHaTa Ha ¢ur. 9.

o, = g0
ot piip2 %_, T Switch
- -:g witch

Y(piip)

@_r Mux2 — Switcht
2 Constant3 Constant4
p2pt L%—» switchz  Y(P2P1)

Saturation1  Fent :
Switch3

¢ur.9 IToncucrema 3a n3uncisiBaHe Ha pa3XxoJHUTE QYH-
KUK MEXIy HarpsBaHaTa paslIMpUTEIHA KaMepa U pere-
HepaTopHaTa KaMmepa

IToxcucremute 3a W3UUCISABAHE HA Pa3XOAHUTE
¢ynknun Mexay ocrananure kamepu Ha CLIC/] ca
AQHAJIOTMYHM Ha IpejcTaBeHara Ha ¢ur. 9.

4. CUMYJALIMOHHU PE3YJITATH

Cbc ch3malieHuss KOMITIOTBPEH CHUMYJIAlHOHEH
Mozen Ha mommeHn arperat ¢cbe CLICJ] ca peanmsm-
paHu umciieHn ekcrepuMeHTH. C HONydeHHUTE pe-

3yJITaTH ca MOCTPOCHU (Ha30BUTE IMOPTPETH HA JBU-
J)KEHUE Ha TPUTE OCHOBHM €JIEMEHTa Ha MOMIICHHUS
arperaT — IWJIMHIBPA, MPEMECTBANIOTO OyTalo u
paboTHOTO OyTano, KOUTO ca MPEJACTaBCHH Ha (wT.
10, 11 u 12. Ha 15X ce BIXKIAaT CTOMHOCTUTE U HAUHHA
Ha W3MEHECHHE Ha KUHEMATHYHHUTE MM XapaKTepHC-
THKH Ha yCTAHOBEH aBTOKOJICOATEIICH PEKHUM.

0.4

0.3

x1,[m] x10°
¢pur.10 dazoB mopTpeT Ha ABMKEHUETO HA MWIMHABPA

Ha ¢ur. 10 e mpencraBena rpaduka Ha (a3oBust
HOPTPET Ha JBMKEHUETO Ha IMJIMHABPA, KOWTO H3-
IBJTHIBA (PYHKIUATA HA MMOJIBUKCH MTOMITCH CIICMCHT.
OT HeroBusi XOIl Ce¢ ONpeAeisl HUKIOBHAT O0CMEH
JIeOHUT Ha TIOMITaTa.

0.5

0.4

0.3

0.2

0.1

0

v2,[m/s]

-0.1

-0.2

-0.3

-0.4

|
|
0.005 0.01 0.015 0.02

x2,[m]

¢ur.11 da3oB nopTpeT HA IBIKCHUETO HA TPEMECTBAILIOTO
OyTaino

Ha ¢ur. 11 e npeacraBeHa rpaguka Ha (azoBus
HOPTPET Ha JABMXXCHUETO HA MPEMECTBAIIOTO OyTao,
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KOETO MPOMEHsI 00CMHTE Ha HarpsBaHATa M OXJIAXK-
nanata kamepu Ha CLIC/I.

0.4

0.3

0.2

0.1

0

v3,[m/s]

-0.1

-0.2

-0.3

-0.4

¢ur.12 dazoB nopTpeT Ha IBIKEHHETO HA PaOOTHOTO Oy-
TaJo

Ha ¢ur. 12 e npeacraBena rpaduka Ha (azoBus
MOPTPET Ha ABMYKEHUETO Ha paOOTHOTO OyTaI0, KOETO

CJIeJIBAHE HA MPOLECUTE, IPOTUYAIIM B HETO, a CHIIO
TakKa ¥ MMPH MPOCKTHPAHE HA HOBH arperaTH.

3a yCHeNIHOTO MpWjIaraHe Ha CHUMYJIAI[UOHHUS
MOJIe]l € HEeOoOXOAMMO Jia ce pasmosara ¢ eKclepu-
MCHTAJHO OIpPEJCIICHH CTOWHOCTH Ha OCHOBHHTE
napameTpu Ha nomrenus arperat ¢be CIICJ] m nma
Ob/ie M3rpajieHa CTpaTerus 3a aHallU3 Ha pe3yJra-
TUTE, ONpeeIsia HEOOXOANMHUTE KOPEKIMY Ha Ta-
paMeTpuTe My, B 3aBUCUMOCT OT KEJaHUTE Xapak-
TEPUCTUKH Ha arperara.
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SIMULATION MODEL OF PUMP UNIT WITH FREE-CYLINDER STIRLING
ENGINE

Valyo NIKOLOV
Department of Transport and Aviation Equipment and Technologies, Technical University-Sofia, branch Plovdiv, Bulgaria
e-mail: vnikolov@tu-plovdiv.bg

Abstract: This article presents a simulation model created with Simulink in MATLAB environment for pump unit with
free-cylinder Stirling engine study, this unit represents a complex thermo-gas-hydro mechanical system, viewed as a set of
chambers with fixed or variable volumes and relations between neighboring chambers, forming permanent or variable
chokes or valves. The simulation model is built on the established mathematical model of the unit, containing 14 state
variables, that are defined by the differential equations of motion of the cylinder, displacement piston and power piston and
the derivatives of the pressure and temperature in a heated expansion chamber, regenerator chamber, cooling thickening
chamber and internal buffer chamber of the free-cylinder Stirling engine. Here are presented the subsystems of the simu-
lation model and the results of numerical experiments, with which phase portraits of the movement of the cylinder, the
displacement piston and the power piston of free-cylinder Stirling engine are built.

Keywords: Simulation model, pump unit, free-cylinder Stirling engine.
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USING GENETIC ALGORITHMS FOR COMPUTER NETWORK OPTIMIZA-
TIONS

Valentin HRISTOV!

Bzar HUSSAN?

"Department of Computer Systems and Technology at South West University
E-mail: v_hristov@swu.bg
"Department of Information Technology at Hawler Technical Institute
E-mail: dr_bzar@yahoo.com

Abstract :The purpose of present paper is to propose an approach to solve network optimization problems, e. g. opti-
mization of packet forwarding process, improving the quality of services for real-time and data traffic, and optimization
of performance of packet aggregation mechanism through using web based calculator of Genetic Algorithms (GA).

In this paper is represented using GAs in order to determine optimal parameters of packet forwarding mechanism so that
the waiting time of packets in network to be minimal. The next solved optimization problem is the efficient sharing of
channel capacity in multisevice networks taking in account Quality of Services (QoS). For this purpose it is developed
mathematical model - expressions (6), (7) and (8). Also it is presented an example for determining the optimal number of
packets which have to be aggregated so their delays to be minimal. Working screens of the developed models are shown.

The corresponding numerical results are obtained and verified.

Keywords: Data Computer Network, Genetic Algorithms, Optimizations.

1. INTRODUCTION

There are many network optimization problems
that have been widely researched, especially in the
fields of packet forwarding process in heterogene-
ous networks, improving the quality of services in
multiservice network, optimization of performance
of packet aggregation mechanism, as well as rout-
ing (looking for routes with minimum cost between
source and destination).

In [2] a mechanism for packet forwarding in
networks with heterogenecous communication
channels has been proposed. The mechanism al-
lows to minimize the waiting time of packets in
network facilities interconnected with heterogene-
ous communication channels through determine
such probabilities packet to be forwarded to given
channel so that waiting time of packets in network
facilities to be minimal. This optimization problem
had been solved by using [2] the method of La-
grange with undetermined coefficients. The corre-
sponding numerical results are represented.

Improving the Quality of Services (QoS) in
multi service network[3] with reserving the band-
width aims to propose a method to efficiently share
the capacity of the communication channel between
different types of traffic in multiservice networks so
that allows to achieve optimal QoS for these types

of traffic. The corresponding numerical results are
obtained with assumption of computer network as
M/M/1/n queuing system.

The aggregation is a process, during which many
packets are encapsulated together in a frame for
transmission. With it the performance is improved,
because the overhead of transmission of the many
packets is reduced by transmission of a single frame.
The mechanism AFR- Aggregation with Fragment
Retransmission [5],[6],[1] is used to improve addi-
tionally the performance of wireless networks when
data retransmission occurs due to time-varying radio
channel characteristics and their strong relation with
errors. A-AFR mechanism does in fragments multi-
ple packets and then aggregates them into a larger
frame which sends. If errors occur during the trans-
mission, only the corrupted fragment/s of the frame
will be retransmitted.

Optimization of performance of packet aggre-
gation mechanism is connected with determining
the optimal number of packets which will be ag-
gregated so that their delays to be minimal. Nu-
merical results were obtained [1] of this aggrega-
tion mechanism only for SMTP traffic (i.e.
M/M/1/n). Nowadays computer networks are as-
sumed as G/G/1/n because transmitting of both
types traffic- data and realtime are too burst.
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The above solutions of optimization problems
are based on accurate methods with M/M/1/n as-
sumptions but when the network is very big, then
they become inefficient since a lot of computations
need to be repeated, also it cannot be implemented
due to calculation time restrictions.

Genetic Algorithms are used [10], [2], [7], [8]
when pursuing a specific result (objective), when
the solution requires a relatively large time resource
or in cases where the solution is not known or has
no solution. Therefore, using genetic algorithms the
above optimization problems will be easy solved as
well as can overcome the mentioned above con-
straints.

The purpose of present paper is to propose an
approach to solve network optimization problems
as optimization of packet forwarding process in
heterogeneous networks, improving the quality of
services in multiservice network, optimization of
performance of packet aggregation mechanism,
through using Genetic Algorithms.

2. GENETIC ALGORITHMS

The biological foundations of the genetic algo-
rithms are explained [10], [8] very briefly below. The
complete set of genetic material (all chromosomes) is
called genome. Chromosomes consist of genes,
blocks of DNA, each gene encodes a specific protein.

During the reproduction, the genes of the parents
formed an entirely new chromosome by recombina-
tion (or crossover). New produced offspring then
undergo mutation, i.e. elements of DNA change.
Adaptability of the organism is measured by the
success in his life.

Algorithm starts with a set of solutions (repre-
sented by chromosomes with specific information
about genes) called initial population. According to
their viability are chosen solutions to form the next
population (offspring).

To more appropriate decisions (decisions are
compared in terms of pursued result/goal) are given
better chances for reproduction. New population is
expected to be better than the old. This is repeated
until some condition (for example: a number of gen-
erations or a sufficiently good solution) is satisfied.

The sequence in the genetic algorithm can be
represented as follows:

1) generate initial random population of n chro-
mosomes (solutions);

2) calculating the viability f (x) of each chromo-
some in the population n (in the target func-
tion - called "fitness function") and identifi-
cation of chromosomes with priority for the
next population (m in number, m <n);

3) establishing a new population by repeating
following steps until the new population is
completed:

- preserving the predetermined number m of
the best solutions (according to their fitness -
the fitness function values);

- election of two parental chromosomes of
m chromosomes;

- using of crossover to cross the parents to
form the next generation (children);

- using of mutation to mutate the newly
created chromosomes;

- pasting the new generation in the new
population (adding n-m new chromosomes
and filling the population);

- replacement- using newly generated pop-
ulation for the further implementation of the
algorithm;

4) stop and return the report if the final
check-condition is satisfied;

5) loop, go to step 2).

In [10] and [7] are represented web based calcu-
lator of GA and the demonstration of its performance.
Below are briefly described three examples for using
of this calculator [11] for solving of different opti-
mization problems in computer networks.

3. OPTIMIZATION OF PACKET FOR-
WARDING PROCESS IN NETWORKS
WITH HETEROGENEOUS COMMU-
NICATION CHANNELS

On fig. 1 is depicted the forwarding process of
Protocol Data Units (PDUs) packaged as packets D =
{di}, k € (1, 2... ) which entering at input port of the
network facility. The proposed mechanism manages
N channels C = (ci, c2... cN) forming virtual channel
among source and destination.
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fig.1 Transfer of packets (PDUs)

For each channel ¢ci e C, i€ {1,2,.. N} is known its
speed (in bps) and is denoted by b;. The overall speed
of the virtual channel is denoted by b. The input
packet stream is forwarded to each channel with in-
tensity A;, respectively, with probability pi= M/A, 1 €
{1,2,.. N}. Moreover A=A, i € {1, 2 ... N}, and
2pi=l.

The aim is to determine probabilities p; so that
waiting time of packets in network facilities to be
minimal. As mentioned above this optimization
problem has been solved by the method of Lagrange
[2]. Bellow it is demonstrated how this problem
would be solved if solution was not known, i. e. using
the GA calculator [11].

In order to determine the mean waiting time of
forwarded packets in network facilities with hetero-
geneous communication channels is used the
well-known formula [3] in queuing system theory:

where p; is the probabilities packet to be forwarded to
channel c; € C, i € {1,2,.. N}, and t; is waiting time in
the M/M/1 queuing system [3], respectively:
o
bi _ﬂ‘i
where b; - the transmission speed of the packets and A;
- the intensity of arrival of packets in channel c;, i €
{1, 2. N} and bi>A4

The mechanism for traffic forwarding allocates
PDUs, Vd, k € (1,2 ,..., o) for each channel that is
available, ci € C , with probability p;, so as to mini-
mize the waiting time of packets:

T=Y pt —min A3)

Below is given a numerical example for the fol-
lowing input data:

- Number of channels is N=2;

- Speed of the first channel is four times slower
than the speed of the second channel (b,=100Mbps
and b,=400Mbps);

- Intensity of arrival of packets 4 is chosen 50,
150, 250, 350, and 450 Mbps.

Note, intensity of arrival of packets varies be-
tween 0.1 and 0.9 of the overall speed of the channels
(b=500Mbps), i.e. utilization is 0.1, 0.3, 0.5, 0.7, and
0.9.

User interface for creating and editing the GA
model is shown on Fig. 2. The utilization of virtual
channel- ro, as well as b; and b, are constants, thus

)

ZP, i they are defined in fitness declaration field (Fig. 2).
Free GA Calculations ;=)!
Name Type Fitness calculations of the Chromosomes Population | Generations | Crossover Mutation Alive Repor]
[=H
§ro=0.7; $k1=100; $02=400; $b=§bl+ibz;
Lf ((§D1>($p17$rot$h))ana(§b2> (3p2*irotin) | ) and (§pi+ipz==)
OptLocdBoland [min v] | {353 7S2oProndpty 70 ptraronibl | +dp2/ (02~ (p2rizordbl )1 gy 3000 B [ 10 every gen
[ Add Gene ] [ Input Genefl] ] [ Delete [4] | [ Read Project | [ Save Project | [ Save and Start Project |
N Name Type From To Period Del. X [
1 ot 1 0 1 3 0 O
F—IT T TIEX
["add Gene | [ input Genefl] | [ Delste 4] | [ Read Project | [ Save Project | [ Save and Start Project |

fig.2 Creating and editing the model

The probabilities of forwarding the packets
through the corresponding channels are given by p/
and p2 are defined as chromosomes, because they
vary between 0 and 1 and the optimal result is ob-

tained under certain combination (values) of them.
One can see [2] that intensities are A;= pl.ro.b and
A2=p2.ro.b respectively.
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&) Mozilla Firefox

File Edit “ew History Bookmarks Tools Help
[} GA Calculator | {7 httpigfes.. cing.php ILI
csboswut C B— G).' + @

e a3
p2=0927

Caneration Has 450
Fitness value = 01.013250543655505
pl=0073
p2=0927

Caneration Nasdal
Fitness value = 01.011450577663671
pi=015
p2=02%85

Caneration Na: 452
Fitness value = 01.011450577663671
pi=015

fig.3 A part of calculation report

The genetic algorithm is working by comparing
of the best Fitness values of neighboring generations.
Fitness function is represented by variable $fitness-
pro (in PHP syntax) and gives the waiting time (see
formula 1):
pl p2 4

fitnesspro= +
bl—(pl*ro*b) b2—(p2*ro*b)

Note fitness function returns estimated waiting
time just when the conditions are met: 1) each of the
addends in (4) must be nonnegative and 2) the overall
probability must be 1 (3 p=1), or otherwise returns
certain very big value (See fitness declaration field on
fig. 2).The obtained results for waiting times are
shown below.

On fig. 3 one can see how the genetic algorithm is
working by comparing of the best Fitness values of
neighboring generations. Under every Fitness value
there is shown the information about the contents of
genes, which values correspond to the Fitness value.

Obtained with the GA calculator results for the
mean waiting time- delay are shown in Table 1. They
are compared with the numerical results, earlier ob-
tained (by using the method of Lagrange with unde-
termined coefficients) for same network and input
data [2].

tab.1 Comparison of values for waiting time, derived
with method of Lagrange [2] and with genetic algorithms

calculator
Utilization Delay Error
0,1 0,002857143 4,29E-17

0,3 0,004 0

0,5 0,006462302 6,23E-05
0,7 0,01142858 8,57E-09
0,9 0,035556054 4,99E-07

Table 1 shows that results obtained by using the
calculator of genetic algorithms and the method of
Lagrange are almost identical. The maximal error
(greatest difference) is observed when the utilization
is 0,5 and it is within the range 107°. This analysis
verifies the correctness of the proposed method for
modeling of packet forwarding mechanisms by using
the calculator of genetic algorithms.

4. EFFICIENT SHARING OF NETWORK
CAPACITY

An important challenge in multisevice networks
is satisfying the requirements of different types of
traffic within one (single) network, e.g. voice and
video or real-time traffic and data transmissions
(e-mail, file transfers, etc.) or data traffic. Real-time
traffic is sensitive to end-to-end delay, jitter, and
losses. On the other hand, elastic (data) traffic is not
as sensitive to timing constraints, but is usually very
sensitive to data lost.

The present section aims at efficient sharing of the
capacity for different types traffic in multisevice
networks taking in account losses and delays as pa-
rameters of QoS for data and realtime traffic in the
network.

One can see that in the interval between a and b
(fig. 4) there is an optimal value for ratio of capacity-
s which minimize losses for data and realtime traffic
in the network. For the comparison of the variants of
sharing capacity, it is expedience to use the ratio of
channel capacity used for transfer of data traffic, i.e.:

s=u lu (5)
where £- the capacity, used for the transfer of data
traffic; u - full capacity of link (u=u+u2). There are
two border terms: s = 1 - when network will be
transfer only data traffic; s = 0 - only realtime traffic.

Using a M/M/1 model, the analysis [3] of network
node brings to determination of the packet losses:
Probability of buffer overflow if the node had certain
buffers P{ more than n packets in node }=p”,

56



Brnrapcko cnivicaHue 3a HH>XEHEPHO NpOeKTHpaHe, Opoit 22, anpui 2014 r.

where utilization of system- p=A/u, and A and u are
the intensity and speed of transmission/service of
packets.

Faze
E -
Padte_dee
Fe2¢ RT
Faga e s
T-""""" I
1
Peze BT mad " TR A
|
' :
! 1
'. ! —>
a A‘—. i
Fil

fig.4 Losses vs ratio of channel capacity used for data

Efficient sharing of the capacity for different
types traffic in multisevice networks. In multiservice
networks the traffic is heterogeneous, with different
QoS requirements. Today, the multiservice networks
transfer in first place realtime traffic (represented by
the IPTV and VolIP traffic), and data traffic. Thereby,
problem of determination of efficient sharing capac-
ity is to find correlation between shared capacity in

multiservice network and achieved QoS, and more
precisely to determine optimal value of the sharing
factor- sopt ,S0 that the packet losses to be minimal:

[Lj | + (E—QJ 2 — min (6
s. 1-s)u

Following expression defines the condition for
satisfying quality of service requirements:

PCZ
PeZe

These constraints take probabilities of losses from
end-to-end for real-time and data traffic (corre-
sponding Pe2e rt and Pe2e_data), because the losses
should be under certain values in order to satisfy
QoS.

Note, in order to take into account the delay as
QoS characteristic (delay should be under W) we
use Little’s formula:

e _data (S) < PeZ
_RT (s) <P

e2e RT _ max

e _data _ max

(7

(®)

N imax= /11. Wmax

MM [5] 64 Calculator x |Duup. loc php

[ wtpioca

€ otswubgge/ 3| B-6 AR & &
Free GA Calculations ;-)!
Name | Type Fitness calculations of the Chromosomes Population | Generations | Crossover | Mutation Alive Repo

$m2=§5%5m;
$r1=§11/8m1;
$r2=812/%m2;

axaigdl TN f;lﬁﬁgsi;iiimD $n2< 200-§n1) ‘E‘ 30 1000 0 5 100 last
{8fitnesspro=(pow ($rl, énl)+pow ($x2,$02));}
else ($fitnesspre=D.999:}

\ Add Gene H Input Genefl] H Delete [X] ” Read Project H Save Project H Save and Start Project J

N Name Type From To Period Del. X I
1 0 1 190 0 ]
: o O EE s .
3 s 0 0001 0939 4 ]

[ Add Gene | [ InputGene] | [ Delete ] | [ ReadProject | [ SaveProject | [ Save and Start Project |

fig.5 Creating and editing the model

Considering the given above criteria and con-
straints sufficient for the calculation the optimal
value of the sharing factor- sqp: , the GA model in-
cludes correlations (6) , (7) and (8). On fig. 5 is

shown created model for the calculator of genetic
algorithms [11].
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fig.6 Optimal values of s vs. 4; and A2

Obtained results for the optimal values for the
reserved ratio of channel s,,, which minimize packet
loss (for corresponding parameters of real-time traffic
and data traffic 4;= {0.15p, 0.30p, 0,45u} - A=
{0.15p, 0.30p, 0,45u}, u= 1000 Mbps the corre-
sponding buffer length k=200 and maximum per-
missible delay Wiax=0.3 s) are given on fig. 6.

In future work, these results (Fig. 6) for optimal
values of the ratio s vs. intensities A1 and A2 will be
used for hardware implementation of mechanism for
efficient sharing of network capacity.

5. OPTIMIZATION OF PERFORMANCE
OF PACKET AGGREGATION
MECHANISM

Aggregation mechanisms, including A-AFR [1]
achieve better performance by increasing the size of
the aggregated frame (the number of packets are ag-
gregated). In another words the maximum perfor-
mance is achieved at the maximum frame size. The
price for this of course is the increase of the packets
delay.

The purpose of this section is to investigate the
delays with aggregation, as well as to determine the
optimal number of aggregated packets - #, so that the
delays to be minimal.

It is known that the maximum frame size in each
network is limited, i.e. the use of frames with arbi-
trary large size is not possible. The upper limit of the
frame size depends on the capabilities of the PHY
layer and is limited by the internal memory and the

transmit buffer size for the transmitting stations. In
order to achieve 90% efficiency at MAC level [4], the
maximum frame size should be 32,768 bytes at 216
Mbps transmission speed and 65,536 bytes at a rate of
648 Mbps. Therefore, the number of the aggregated
packets per frame is limited too.

Let denote, the ratio of header in the frame with 4
as well as the intensity of the arrival of packets with 4
and u - the speed of packet transmission (service) and
the load coefficient or utilization will be p = 4/ .

For determination of the optimal number of ag-
gregated packets for AFR A-adaptive mechanism is
used the well-known formula for the waiting time in
the M/M/1 system:

r-—L ©
H—A

where u - the speed of packet transmission and / - the
intensity of the packets arrival.

Note bellow is used M/M/1 model (not G/G/1/n)
only with purpose to can verify obtained numerical
results. We assume that the transmission time of a
frame is the sum of the time for transfer of the header
of this frame plus the time for transmission of all
n-number of individual packets in it.

For aggregation, in addition it has to be added the
average time that elapses from the arrival of each of
the preceding n-1 packets to the moment of arrival of
the last packet and assembly of the aggregated frame:

1 W -1 (10)
u-A 22

where n -the number of aggregated packets,

- speed of aggregated frames transmission, and

A’ - intensity of aggregated frames.

The intensity of the aggregated frame is n times
less than the intensity of the arrival of packets, be-
cause this frame is formed after the arrival of n sep-
arate packets (1’'=A/n).

Transmission time without aggregation (1/u)is
the sum of the times necessary to transfer the header
and data field in the frame. The transmission time of
one aggregated frame (1 /¢ ") is the sum of the times
for transmission of the header of this frame and the

i\l
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fig.7 Creating and editing the model
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fig.8. A part of calculation report

data of the n packets, i.e. n-times the transmission
time without aggregation, but without the n-1 times
the transmission time for the headers of the others n-/
packets in the frame:

y7,

2 11
n—(n-1)h (h

u'=

Substituting in (10) for the waiting time at ag-
gregation is acheived:

(12)

}

The above formula gives the waiting time for
aggregation expressed by the ratio of headers in the
frame - /1, the number of aggregated packets - n, the
intensity of the arrival of packets A and the speed of
service - .

The analysis of (12) shows that the waiting time
can be minimized in terms of the number of aggre-
gated packets - n, (the first term decreases with in-
creasing n, while the second term increases). This
optimal number of aggregated packets can be found
in trivial way (differentiating (11) and set it to 0).

On fig. 7 and fig. 8 are shown the created model
for calculator of genetic algorithms and screenshot of
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the experiment. The numerical results can be found in
[1].

Obtained with the genetic algorithm numerical
results for the optimal number of aggregated packets
(minimizing delays) for corresponding values of uti-
lization - p and portion of headers in the frame-4 are
same as ones obtained trivially.

Conclusion

In present paper, we demonstrate using Web
based Calculator of Genetic Algorithms for solving
of different problems in data computer networks and
more precisely optimization of packet forwarding
process in networks with heterogeneous communi-
cation channels, improving the quality of services in
multiservice network, and optimization of perfor-
mance of packet aggregation mechanism.

The future work is going to propose a Routing
protocol based on genetic algorithms solving routing
problem in ubiquitous sensor networks (Internet of
Things, or self -organizing networks) and more pre-
cisely the ubiquitous sensor networks cluster [9].
Routing consists in finding a route from a source to a
destination hosts which are in different networks.
Because there are a lot of similarities with plain
routing protocols [8], the task for routing in parents
nodes in ubiquitous networks can be solved using
Genetic Algorithms.
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Pe3rome: Mexann4HOTO pa30bpKBaHE € OCHOBHA ONEpalis B XMMHYECKaTa IPOMHIIIEHOCT U OnoTexHojoruure. B pas-
JMYHUTE TIPOM3BOJACTBA ca Pa3padOTEHH CTOTHUIM KOHCTPYKIMM Ha (EPMEHTAIOHHH alapaTH C pa3iIndeH Mamad u
IpeHa3HaueHue. 3a MOYTH BCUYKHU MPOLECH TBBPAE BaXKEH U aKTyaJleH € MalaOHUAT eeKT, T.€. Bb3NPOU3BEKIAHETO HA
pe3yaTaTuTe OT AaJeH MPOIEC B amapaTH OT pasnuueH Mamad. ['1aBHaTa TPpyJHOCT HA TO3M BHJ 3aJayd € JIMIcaTa Ha
OOIOMPUETH MTApaMETPHU, XapaKTePU3NPAIH JOCTaThUHO MBIHO ONTHMAIHUTE TEXHONOTHYHM YcIoBHs. B Hacrosmara
cTaTus ca pasriefany (QIIyHIHH TEUCHUATA B PEAKTOPH C MEXaHUYHO pa30bpkBaHe Oe3 cBOOOAHA NOBBPXHOCT, KOUTO ca
OTpaHMYEHH OT (UKCUPAHU TBEPAM rpaHui. [IpeacTaBeHo e ycTpoHCTBOTO Ha MPOEKTHPAHUS 1ab0paTopeH GHOpeaKTop.

KnrouoBu nymn: 6nopeakrop, IpoeKTHpaHe, MEXaHMYHO pa30bpKBaHe, (DIyHIHU TEUCHUS

1. YBOJA

Criopen cBeTOBHaTa Hay4YHa OOIIHOCT IO pa3-
ObpkBane, 25% OT BCHYKM XHMHYHHU IIPOLIECH Ce
M3BBPIIBAT MEXIY ra3 M TEYHOCT, a 15% oT mporre-
CUTC B XUMHYHHTE TCXHOJOTHH CE PCAIU3UPAT B
pEeaKkTopH ¢ MEXaHW4YHO pa30obpKBaHe M aepanws [1].
MexaHuYHOTO pa30bpKBaHE € OCHOBHA OIEparys B
XMMHUYECKaTa MPOMHUIIIIEHOCT U OMOTEXHOJIOTHUTE.

W3BecTHU ca orpoMeH Opoii Hay4YHH ITyOnnuKauu
0 YCHBBPIICHCTBAHETO HA anapaTypara 3a XUMUYCH
WM MUKPOOWOJIOTHYEH CUHTE3. B OMOTEXHONIOTHH-
Te, HaNpUMep, ca pa3pabOTEeHH CTOTHIN KOHCTPYK-
UM Ha (epMEHTAIMOHHU amapaTH C pasziIndeH Ma-
mab ¥ npegHazHavueHue. 3a MOYTH BCUYKH MPOIECH
TBBPJC BaXXEH U aKTyalleH € MarraOHus edexT, T.e.
BB3MPOU3BEKIAHETO HA  PE3YyITaTUTE OT JdaAeH
ImpoIec B amapatd OT pas3nudeH Mmamad. ['nmaBHara
TPYIHOCT Ha TO3M BHUJ 3aJaudl € JMIcara Ha 00-
HIONPUETH TMapaMeTpH, XapaKTepH3Hpalld JOCTa-
TBHYHO ITBJIHO ONITUMAITHUTE TEXHOJIOTUYHH YCIOBUSI.

ETo 3amo, w3y4yaBaHETO Ha JBIDKCHHATA Ha
Gbayun B OMopeakTopy ¢ MEXaHHYHO pa30bpKBaHE €
MIPEeIM3BUKAIO MHTEpEca Ha M3CIICAOBATEINTE OIIe B
cpemata Ha TETAECeTTe TOMWHM HAa MHHANHS BeEK.
[IspBUTE H3CIEABaHMS B Ta3u 00JacT ca OWIM IMpo-
BEXIIaHU CKCIIEPUMEHTAIHO B MAJIKH CTBHKJICHH Ja-

0OpaTOpPHU CHAOBE C IPO3PAYHU CTCHU U OCHOBHHTE
M3BOJM ca OWIIM TPaBCHH Ype3 MPSIKO HAOIIOICHUE U
M3MepBaHe Ha CKOPOCTHHUTE mojieta. ENUH OT mHo-
HepUTe B Ta3u OOJNACT € SIMOHCKUAT yueH Harara
(Nagata). Toit uzygaBa npobiemMuTe Ha pa3ObpKBa-
HETO OT YHCTO WH)KEHEepHa TJeIHa TOYKa 1 00001IaBa
pe3yJITATUTE B CEH3AlMOHHA 332 BPEMETO CH KHHUra
“Pa30bpKBaHETO: TPUHIUIN W  NPWIOKECHUS ',
(“Mixing: Principles and Applications”) npe3 1975
roguHa [9].

3a 51a ce YCBBBPIICHCTBAT IPOIECUTE HA XHMHU-
YEeCKHS WM MUKPOOHMOJIOTUYECKUS CHHTE3 € HEeoO-
XOIMMO T¢ Ja OBJAT NETAWIHO KOJIUYCCTBEHO H3C-
nenBand. ETo 3armio, pa3paboOTBaHETO HA Pa3IHYHU
BH/IOBE MATEMATHYECKH MOJIENH, OIUCBAIIM pPa3-
JIMYHU CTaJIMHM U aCHEeKTH OT N3y4aBaHHUTE MPOLIECH €
OT ChIIIECTBEHA BAKHOCT.

C HaBIHM3aHETO HA KOMITIOTHPHHUTE TEXHOJIOTHUH B
HAYallOTO Ha OCEMJECETTe TOJANHH Ha MUHAJHS BEK,
3armoyBa W OYpPHOTO H3CIIECBAHE HA XHIPOIUHA-
MUYHUTE XapaKTCPUCTUKU Ha (IYUAU B CHIOBE C
pB30BpKBane. Ch3aBaT Ce TCOPUTUIHU MOJICITH U CE
MPOBEKIAT U3UHCIUTEIIHU EKCIICPUMEHTH, KOUTO Ce
CpaBHSBAT C YCIIOPEAHO MPOBEKIAHU J1A0OPATOPHU
HaOmoneHust U ekcrnepuMenTr. Crenudukara Ha
MpPOLIECHTE, MPOTHUYAIIN B OMOPEAKTOPUTE C Mexa-
HUYHO pa30bpKBaHe, ce€ 00yclaBs OT M3UCKBAHUATA
3a CTEPHJIHOCT W MOCTOSIHHA TeMIieparypa, OT yc-
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JoBUsATA 3a OE30MAaCHOCT M CKOJOTMYHA YHUCTOTA.
Iopanu ToBa, pa3auyHUTE OMOMPOM3BOJCTBA HE CE
NPOBEXKJAT B OTKPUTH ChIOBE. buopeakTopure
MPEJICTABISABAT 3aTBOPEHU IMIUHIPHUYHH ChHIOBE.
MexaHUYHOTO pa30BPKBAHE B TAX CE IOCTHTA C €IHA
WM HAKOJKO OBPKAIKH, OOMKHOBEHO Pa3IoJIOKESHU
[0 OCTa Ha peaKTopa, KOUTO C€ BBPTAT C MTOCTOSTHHA
BIIIOBA CKOPOCT.

B mocnennuTe TOAWHU, MOBEYETO HM3CIEIOBATE-
JM, KOWUTO TIPOBEXIAT KOMITIOTBPHH CHMYJALUH,
m3noBat CFD (Computational Fluid Dynamics)
codryep. Haili-pasnpoctpaneH ¢ COQTYSPHUST MaKeT
ANSYS [12]. H3nom3Banero Ha TO3U COQTyep
W3UCKBA TOJIEMH HM3YUCIUTENIHH pecypcu. OOUKHO-
BCHO MPECMATAHUITA HA CIUH BAPUAHT MPOJIbIKABAT
1000 CPU Ha pabotna cranuuss SUNSPARC [10].
ChIlecTBYBaT U CICIHATH3UPAHU COPTYCPHHU IIPO-
IyKTH, TIPeIHA3BAaYeHM 3a KOHKPETHH PEaKTOpPH C
MEXaHW4YHO pa30obpkBane [2, 3, 6, 11].

CrpIiecTByBaT MHOTO CBHBPEMEHHH HAUYWHHU 32
EKCIIEPUMCEHTAIHO OIpEeaeNssHe Ha XUAPOTMHAMNY-
HUTE XapaKTEePHUCTHKH Ha TOTOLUTE B PEAKTOPH C
MEXaHUYHO pa30bpkBaHe. Hskou OoT TsAX ca: ompe-
JICIITHE TI0JIETO Ha CKOPOCTTA Upe3 BU3yaIH3HpaHe Ha
YacTHLM, BKapaHu BbB (uiynaa — particle imaging
velocimetry (PIV) [10], ompenensHe moneTo Ha
CKOpOCTTa 4pe3 Jiazep — Jomiep cucrema — laser
Doppler velocimetry [8, 9, 10], onpenensine mnojuero
Ha CKOPOCTTa Ype3 HHXCKTHpPaHE Ha Pa3TUIHU
(ayopecuenTan 6om BBB ¢urynma — dye injection
system u apyru. [Ipu BCHUYKH TE€3HW CHCTEMH, Pe3yi-
TaTHTE CE CHEMAT Upe3 Ja3epHH IUTaKH WK TH(POBU
KaMepH Ipe3 KpaThbK HHTEpBai oT Bpeme (0koio 1-15
MCEK.), CJIe]l KOETO C€ MHTEPIIOIUPAT U CE TOITyJIaBaT
ckopoctuTe Ha (ayuaa B menus oOeM Ha OHopeak-
TOpA.

Beopekn OrpoMHOTO KOJNMYECTBO pPabOTH IO
npoOJIeMUTE HA XUIPOJMHAMUKATA B OMOPEAKTOPH C
MEXaHUYHO pa30bpKBaHE, OLIC MHOTO CHINECCTBCHU
npoOJIeMHu, CBBP3aHU C YNPABICHHETO M ¢(PEKTUB-
HOTO W3MOJ3BaHE Ha TE3W OHWOPEaKTOpH, OCTaBaT
OTKPUTH.

B macrostmaTa paboTta ce mpemyiara mpoekT 3a
nmabopaTopeH OHopeakTop ¢ MEXaHWYHO pa3ObpKBa-
He, KOWTO TI03BOJIIBA BH3YyalIM3WpaHe W Oe3KOHTaK-
THO M3MEPBAHE HA JIOKAIHUTE CKOPOCTH HA JIBHXKE-
HUE Ha QIyHJa B HETO.

2. YCTPOMCTBO HA IIPOMMUIILJIEHHA
BUOPEAKTOPHU

Buopeakropure ¢ MexaHWYHO pa30BbpKBaHE ca
CIHA OT HAi-4eCTO M3IMOJI3BAHUTE amapaTd B OHO-
TEXHOJIOTHYHUTE TPOM3BOJACTBA. TpymaHO € na ce
nU30poAT 1 000OIIAT BCHYIKHA M3UCKBAHUS KbM OHO-
peaxkTopuTe, B KOUTO NMPOTHYAT PAa3THYHUTE TEXHO-
normyHu Owmomponecu. buomormannTe mMpoIecH
M3UCKBAT PAa3NWIHA CHEIU(UIHN YCIOBHS U 3aTOBA
B KOHKDETHHTE TEXHOJOTHMYHU IPOU3BOJICTBA HA
OMOTIPOTYKTH WM MHKPOOPTaHM3MH C€ IMOAX0XKIa
IO pa3inyeH, cboOpaszeH che crenudukaTa Ha KOH-
KpETHATA TEXHOJIOTHsI HAYHH.

BuoeakTopbT, B KOITO ce M3BBpIIBA OMOCHHTE3
TpsiOBa Ja OTroBaps Ha peJi KOHCTPYKTUBHHU M TEX-
HOJIOTHYHM W3UCKBAHUS: Jia MpEana3Ba OT IPOHUK-
BaHE Ha Uy)XIa MHKpo]Iopa, a OCHTypsiBa OTBEXK-
JAHEeTO Ha IITHAaTa W Ja Ipeana3Ba HEHHOTO pasil-
PBCKBaHE W3BBH amapara, f1a TMOLIbpiKa aepalusTa,
pa30bpKBAHETO, OTPA3sABAHETO HA TOTOKA (QUIYUA U
peryampaHeTo Ha Temreparypata. [Ipm romemu pe-
AKTOPH CE MPOCKTHPA BHTPEIIHA CTHI0A, 10 KOSTO Ce
MpaBU MEXIUHCH OTJIC, IOYUCTBAHE H PEMOHT, KO-
raro ¢ HeooxoauMo. CHab/IeHH ca ¢ TEPMOKOXKYX 3a
peryiupaHe ¥ TMOANBPKAHE Ha TeMIeparyparta,
6ap0oThOp, OBPKAIKM M OTPaXKATEIHH HPETpaiH.
HNma mpo3padHO CTHKIO 3a HAONIOJCHUE, JIIOK WU
IIyIep 3a IOCTaBsTHE HA MAHOMETBP WM JaTUHITH 32
JIUCTAHIIMOHECH KOHTPOJI, BXOJ 32 ITOJaBaHE Ha CBEXa
XpaHUTEIHA CMEC, BB3/IyX, ICHOTaCUTEN, PEarcHT 3a
koHTposmpane Ha pH u np. bropeakTopute ca 060-
PYIOBaHM C €IHA WK ITOBeYe OBPKAIKH, 3aKpETICHH
BBPXY BaJl IT0 OCTa HA peakTopa. To3H Bal ce BBPTH C
MOCTOSIHHA BIJIOBA CKOPOCT U MOPa)Ia BBPTCIUBO
JBIDKEHUE Ha (iyuna B OuopeakTopa. B 3aBucumoct
OT BHUJIa Ha OBPKAJIKUTE CE Ch3JaBaT TPU BHIA LIUP-
KYJIAIMOHHY TCYCHUS B TEYHOCTTA: MIPHU TypOUHHUTE
OBpKaJIKK Ce Ch3J1aBa paJnuaIHO TEYECHHUE; OCEBO Te-
YeHHEe MpeolianaBa MpPU K3MOJI3BAHETO HA IMPOIIC-
JIepHHU OBPKAJIKH, a IPH H3MO0I3BAHETO HA JIOMATKOBU
OBpKaJIKA Ce Ch3/1aBa TAHICHIHAIHO TCUCHHE, TPHU
KOETO TEYHOCTTa C€ JABIKHM MapajelHO Ha BT,
OTIFICAH OT Kpas Ha JIONATKUTe Ha ObpKamkuTe [5].

YecTo MpOM3BOJICTBEHUTE OHMOpPEaKTOpH ca 000-
pyIBaHH C OOWKHOBCHH JWUCKOBH TYpOMHHH OBp-
KaJku. M3ucKBaHMsATa HAa TPOM3BOJUTEINTE Ca TPHU
JlaicHa MOIIHOCT ObpKajkaTa Ja 3axBamia U pas-
OBpKBa MO-rojisiMa 4yacT oT ¢uiyna, 3a Ja pasmnpoc-
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TpaHsBa MO-BeYe Ia3, KOETO OT CBOSI CTpaHa YBEIH-
yaBa KoeuIMeHTa Ha MacooOOMEH B CpaBHEHHE C
M3M0JI3BAHETO HAa OOMKHOBEHH Obpkanku. B boira-
pHs Hali-uecTo ce W3MONI3BAaT OBbPKAIKK OT Taka Ha-
pedenus PamtoHoB T, KOHTO € nokazaH Ha Owur.2.
Te mpencraBnsBaT OCeM €IHAKBU NPABOBI'BIHA
MIPaBH JIOTIATKH, IPUKPETICHH paiaiHO-CUMETPHIHO
HaIpaBo KbM OCTa Ha peakTopa — IbpBaTa OT JISIBO Ha
nsicHo Ha Owr. 2.

3a MpaBHIHOTO MPOTHYAHE HA aepamnusira, 3a
MpeIovYnTaHe ca OMOpEeaKTOpH, YHATO BHUCOYHMHA
NPEBUIIAaBa HAKOJKO IIBTH Auamersbpa uM. [lo To3n
HauyMH Ce yObJDKaBa IbTS HAa MeXypuerara BB3AyX
npe3 TeyHata ¢asa U ce nomoopsiza Mexy(hazoBus
koHTakT. Hampumep, 3a Guopeakrop, o0opyzaBaH ¢
TpHu OBPKAJIKH, M3MOJ3BAHOTO CHOTHOILECHUE pajyi-
yc/BucounHa e npudnmsurento 1/5 (dwur.1). 3a ou-
opeakTop, o0OpyaBaH ¢ eaHa ObpKaJKa, MPEAIOIH-
TaHOTO CHOTHOIIICHUE PaINyC/BUCOYMHA CE U3MCHS B
rpaHuiy npubnmsutenHo ot 1/2 mo 1/3 8, 10].

¢ur.1 JlaGoparopen 6uopeaxkrop

1 - Enexkrpoasuraren, 2 - Penykrop, 3 - CrenuHuTeHA
Myda, 4 - MexxauHeH HakpalHUK, 5 - YIUIbTHEHHE,
6 — Paznenurenen kanak, 7- bppkainka, 8 - Pa3Tspkka,
9 - Humuaasp, 10 — Onopa

@ur. 2 Bunose ObpKaKky - H3II0JI3BaHU KaTO pa30bpKBa-
1jaTa cucreMa

3. IMTHAMMWYHO ITIOJOBHUE HA
OJIYUIHHUTE TEYEHUSA B PEAKTOPH C
MEXAHNYHO PASEbPKBAHE

CMHCHITBT Ha MOJICIMPAHETO W U3CICIBAHETO Ha
(GIynIHUTE TEUCHHS B PEAKTOPHUTE C MEXaHHYIHOTO
pa30BpKBaHe ce M3pa3siBa [VIABHO B TOBA, Y€ IO pe-
3YJITATHTE OT OIUTA BHPXY MOJIENIa MOXKE JIa CE ChIU
3a SBICHHATA, KOUTO MNPOTHYAT B OpHUTrHHANA (B
MPOMUIIUICHUTE OMOPEAKTOPH) IPU PEATHHU YCIOBHSL.
B ciy4as Bp3HHKBA BBIPOCHT, KAaKBU TpsOBa Ja ca
YCIIOBHSATA, IPH KOUTO CE TIPOBEXK/IA OMUTHT, TAKa Ue
MONyYCHUTE Pe3yNTaTH na OBJaT NPEHEeCeHH yc-
MEITHO BBPXY opuruHaia. OTroBop Ha TO3H BBIIPOC
JlaBaT 3aKOHHUTE Ha MEXaHWYHO MOA00We, YUUTO OC-
HOBONONOXHUK € HioroH. Te3n 3akoHM ca MHOIO
noOpe u3ydeHu B MeXaHuKaTa Ha GirynauTe.

Brnpekn ve obmacTTa Ha NPHIOKEHHE Ha pas-
JIUYHUTE 3aKOHU Ha MEXaHHMKATa MPU YUCTO XUAPO-
JMUHAMUYHH SIBIICHUS ¢ PAKTUYECKHA HEOTPaHUUCHA,
3a MPUIOKEHUETO HAa MEXaHMYHOTO TOJ00He € He-
00XOJMMO J1a CE€ M3IBJIHAT KOMIUIEKC OT YCIIOBHS,
KOUTO HajiaraT OTPE/ICIICHU OrPaHIHYCHHUS.

JIBe siByIeHUs ca PU3NIECKH MTOT00HU (€HAKBH),
aKO B CHOTBETHHTE MOMEHTH OT BpPEME B CHOTBET-
HUTE UM TOYKH OT IIPOCTPAHCTBOTO OTHOIICHHUATA HA
XapakTepU3npaIInTe TH €THOMMEHHHN (PU3MYHH Be-
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nuuuHY ca noctosHuM [4]. C npyru Aymu, BenU4u-
HHUTE B TOYKHUTE HA €IHOTO SIBJIEHHE MOTar B CHOT-
BETHUTE MOMEHTH OT BpEME Jia ce MoJydyar OT -
HOMMEHHHTE MM BEJIMYHMHHU B CHOTBETHUTE TOUYKH Ha
JIpYroTO SIBICHHE Ype3 YMHOXABaHE C CIHAKBH 3a
BCHYKH TOYKH MHOKHTEIH, HAPEUEHHN KOeHUITNCHTH
nin Mamaou Ha mogooue. ToBa o3HauyaBa, ye IBETE
MoTOOHM (U3WIHM SABJICHUSI C€ pa3IindaBaT camo TI0
Mamiaba Ha BETMIMHATE U QYHKIMHUTE, OTIPEICIISITN
TEXHUTE KOJIMYECTBCHH XapakTepucTuku. Ciemosa-
TEJIHO €HAKBOCTTA Ha (pM3MYHATA NMPHPOIA HA SB-
JICHUSITA € OCHOBEH OeJier Ha MEXaHUYHOTO Nojooue.
3a chlecTBYBaHE HA MEXaHUYHO 110/100ME MEXITY
JIBE CPaBHsBaHM TEUECHUS € HEoOXOoaMMO na Obaar
YIOBJIETBOPEHHU CIIEAHUTE yclIoBUs [7]:

1) T'eomerpuyno nogobue — nopobue Ha hopma,
pa3sMepH WM KOOpIHMHATH, KOETO Ce M3pa3siBa B €l-
HAKBOCT Ha OTHOIIECHUITA MEXIY BCUUKHA CHOTBETHU
pa3MepH B paBeHCTBO HAa CHOTBETHUTE BIIIH.

2) Kunematudno momobue, u3pa3eHo B moaoone
Ha TEUYCHHATA, PECIIEKTUBHO IBIDKCHUATA. J[BE Te-
YeHHs ca KHHEMaTHYHO TIOA00HH, aK0O B CbOTBETHHUTE
MOMEHTH OT BpeMe OTHOILIECHHUSTA HAa CKOPOCTUTE HA
BCUYKHM CHOTBETHH (DIyHIIHM YacTHLM € €IHAKBO, a
TPAaeKTOPUUTE Ha TSIXHOTO ABMKEHHE Ca TI'€OMET-
puuHO mono6Hu. Mnu knHemaTn4HOTO TOAOOHE ce
u3passBa B IPONOPLHMOHAIHOCT U YCHOPEAHOCT HA
CKOPOCTHUTE BEKTOPH B CHOTBETHHTE TOYKH Ha
pasrIeKIaHuTe TEYCHHUS, T.. B T€OMETPHUYHO IIO-
JoOre Ha CKOPOCTHUTE TIOJIETA.

3) JlmHamMudHO moao0ue, U3pa3eHo B Mo100ne Ha
MacH W CHWiH. J[Be cHCTeMHU WM TEYCHHsS ca JIHA-
MHYHO TOJOOHH, aKO MacHTe Ha CHOTBETHHTE Hac-
TUIM WJIU eJIEMEHTapHUTe 00eMH ca B €JHAKBO OT-
HOIIIGHHE W aKO Ca PaBHM OTHOIICHHATA HA CHOT-
BETHUTE EIHOMMEHHHM CWIM, KOMTO B OIpe]elicHa
CTENCH BIMSAT Ha JBIKEHHUETO Ha YacTHLUTE.
CrenoBareslHO IMHAMUYHOTO IOJ00ME Ipejroiara
€/IHAKBOCT Ha OTHOIICHHMATAa Ha IUIBTHOCTHTE, a
CHIIO TaKa MPONOPLUOHAIHOCT U YCIIOPEAHOCT HA
€HOMMCHHHUTE CHJIOBH BEKTOPH B CBHOTBETHHTE
Toukd. ToBa OT CBOSI CTpaHa O3HA4YaBa FEOMETPHUIHO
moJo0Ke Ha CIJIOBHUTE TIOJIETa, PECIIEKTHBHO Ha Chb-
OTBETHHUTE CHJIOBH MHOTOBI'BJIHHUIIH.

OcHoBHaTa 3a/a4a HA TEOPHATA Ha XHIPOIWHA-
MHYHOTO MOJEJIUPAHE € OCUTYPSIBAHETO Ha 10J00He
Ha SIBJICHUSTA, PECIIEKTUBHO TeueHusATa. ChIIHOCTTA
Ha MOJIEJIMPAHETO C€ ChCTOU B TOBA, Y€ C HAMAJICHUS
(a moHsikoTa € yBEJIMUEHMSI) MOJIEN CE Ch3/1aBa XUJ-

POIMHAMUYHO sIBJICHUC (TCUCHHE), TOAOOHO Ha Ch-
HIECTBYBAIIOTO B opuruHaina. OCBeH TOBa, TJIABHOTO
NPEMMCTBO Ha METOJ]a Ha MOJCIHPAHE Ce ChCTOH B
0000I11aBaHe Ha PE3YJITATUTEC HA CIUHUYHUS OIUT
BBPXY IBUT KJIAC sBICHHUS. MeTOIbT Ha MOJICIIMPAHE
OCHTYpsSIBa CPaBHHUTEITHO pAaIMOHAHAa OpTaHW3aLHs
Ha W3CIIeBaHE MpPH 3HAYUTEIHO HAMalsgBaHE Ha
obeMa Ha eKcliepuMeHTalTHaTa paboTa, cpeacTBaTa u
Bpemero. OCHOBHATa 3a/a4a Ha MOJENHPAHETO, OT
pemaBaHeTo Ha KOSATO 3aBUCH YCIIEXBT Ha HM3CIIEA-
BAaHETO, € ONPEACIISIHETO HA Hal-BaXXHUTE OT Jeiic-
TBAIIUTE B PA3JICIKIAHUTE TCUCHHS CHIIA U U300PBT
Ha ChOTBETHHS KPUTEPHI HA YACTUYIHO MOJ00UE.
AKO B TCUCHHETO Ha MOJICJIa U OpUTHHAIA TIpe-
oOnanaBa BIUSHHETO HA CHJIMTE OT BBTPEUIHOTO

TpHUCHE Tl , OYEBHUIHO €, Y€ B JTMHAMHMYHO ITOJO00HUTE

TEYCHUS T€ e OBIAaT MPOMOPIMOHAIHN HAa HHEP-
nvMoHHUTe crid. ToraBa B choTBeTCTBHE ¢ HrioTo-
HOBHS 3aKOH 32 BBTPEIIHOTO TPHEHE e CJe/Ba 3a-
BHUCHMOCTTA:
’ ’
I—V = I—V, = Re = const.
v v

w .
Bennunnara Re =— ce Hapuua kpurepuit nim
v

yucao Ha Peinonnc. EqnaksocTTa Ha TOBa YKCIIO 3a
OpUTHHAJIlA ¥ MOJIeJia € yKa3aHHe 3a MoJo0He Ha
JIBETE TEUCHHUS CHPSIMO CHJIMTE OT BBTPEIIHOTO
TpueHe. B CBITHOCT TO M3pa3sBa OTHOIICHWETO Ha
WHEPIMOHHUTE CHJIHM W CHJIUTE OT BBTPEIIHOTO

TpHEHE B OpUTHHANA ¥ Mojena. Bemmaunnte [ , [ 'n

V', V"’ B uspasa Ha Re ca JuHeeH pa3Mep M CKO-
POCT, XapaKTEepHH 3a N3CJICABAHUTE TCUCHUS, AV UV’
ca KMHEMaTHYHUTE BHCKO3UTETH HA CHOTBETHHTE
bnynnu. B pasriemknanus OT Hac cliydaid Ha JIBU-
JKeHHE Ha BHCKO3€H HECBHBaeM (IIyHI B PEaKTop C
MEXaHNYHO pa30bpKBaHE XapaKTCPHHUAT IJHHEEH

pasmep [ Moske 1a Gbae panuyca Wik AMaMeThpa Ha
ObpKaJIKUTE WIIM HA PEAaKTOpa, a XapakTepHara CKO-

poct V' e nmuneitnara ckopoct QR. Heobxoamumo e
obade mpu oNpeAeNTHETO Ha YHCIOTO Ha PeiiHonc
3a MOJOOHU TEYEeHHs Ja ce B3eMaT CHOTBETHH Xa-
PaKTepHH IBDKUHU U CKOPOCTH.

KbM TedenmsiTa 6€3 cBOOOIHA MMOBBPXHOCT CE&
OTHACST Te3W, KOUTO Ca OTPaHUYEHH OT (PpUKCHpaHU
TBBPIYU TPAHUIU. BCBITHOCT, (IIyHIHUTE TCYCHUS B
pasrieXJaHus OT HAC CIy4yail B peakTOpH C Mexa-
HUYHO pa30BbpPKBAHE ca OT TO3M THII. XapaKTEPHO 3a
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TE3W TEYCHUS € TOBA, Y€ ApXUMEIOBaTa MOJCMHA
CWJIa BUHArd ypaBHOBECSBA TETJIOTO Ha (PIIyHIHHUTE
YaCTUIIH, TOPAJH KOSTO TETIIOBHUTE CHUIIA HE OKA3BaT
BIIMSIHHAC BBPXY XapaKTepa Ha TCUCHUETO — BCE S/IHO,
4ye (pIynaHUTE YACTHIM CE JBHXKAT B YCJIOBHUATA HA
6e3terioBHOCT. ClieIOBaTENIHO JIBE TEOMETPHYHHU
MOIOOHH TEYCHWS Ha peajieH HecBUBaeM Quiyua Oe3
CcB00OTHA TIOBBPXHOCT Ca TUHAMHUYHO MOTOOHHU, aKo
ca paBHH caMo 4nciiata Ha Pelinonnc, T.e. Re = Re’.
TouyHO Ta3W 3aBHCHMOCT € OTYETCHa MPHU MPOCKTH-
paHeTo Ha TabopaTopHHs OHOPEaKTOP.

OcBeH TOBa, P MPOCKTUPAHUTO Ca OTICTCHH H
MAHHATE OT TPOBEICHHW YHCICHH CUMYJIAIMU Ha
JBIDKEHUSATA B TaKWBa peakTopH [2, 3, 6]. Ha ¢wur.3
ca MPEeJCTaBEeHH PE3YNITaTH OT MPOBEACHU YHCICHU
EKCIICPUMCHTH B WJIMHIPUYCH PEAKTOP C Pa3IU4CH
Opoii mpuKperneHn KbM ocTa ObpKranku. [lokazanu ca
JIMHUY HA TOKA B PEAKTOPU CHOTBETHO C €/IHA, JIBE
WA Tpu OBPKAJKH, KOUTO B PA3TIICKIAHHS CIydan
ca MPHETH 3a JHUCKOBE C OMPEICPEH paauyc u nede-
nuHa. Yucnoto Ha PeitHonac u 3a Tpute ciryyas € Re
=100. Bmxkna ce, 4e B Te3u cirydan ce GopMupar 1Ba
UPKYJIAIMOHHN BUXbpa MO U HAaJ BCAKA ObpKaKa,
KOUTO OKa3BaT CBINECTBCHO BIISHHUE BBPXY CTe-
IIeHTa Ha pa30bpKBaHE B PEaKTOPHTE.
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4. YCTPOMCTBO HA JIABOPATOPHUS
BUOPEAKTOP

JlabopaTopHuAT OHOpeakTop Ie ce u3paboTu OT
Ipo3padeH MaTepuall, 3a Jja MOXKE Jja Ce OChLIECTBU
BH3yaJIHO HaOJIOfEHHe, 3aCHEMaHe C BHCOKOCKO-
POCTHA Kamepa W M3IOJI3BaHE Ha JIa3epeH aHEeMOMe-
Thp 32 M3MEpPBAHE Ha JIOKAIHHUTE CKOpPOCTH. Toi
MIPEACTaBIsIBa MIPaB KPBrOB IMIMHABD C TUAMETHP
0.3 metpa u Bucounna 0.75 metpa. ToBa naBa choT-
HolleHue paamyc/Bucounna = 1/5. C mombJIHUTEICH
Kanak (Bmx ®wur. 1) ToBa ChOTHOIICHHE MOXE Ja ce
perynupa u 1a ce mocturat cboTHomeHus 1/3, 1/1 u
T.H.

Ha ®ur.1 e nokasaH ¥ BadbT C IPUKPEIIEHU KbM
Hero 3 Obpkanku. To3u BaJl € MOJBMKEH M Ha HETOBO
MSICTO MOXKE Jla C€ MOHTHpA JPYT C €JHa I JBE
OBPKAJIKA OT M3CJICABAH THIL

[Tpu n360pa Ha 3aABWKIBaAIATa pa30bPKBAHETO
cucTema (IBUTATEN U PEAYKTOP) IIIe ce B3eMa Mpej-
BH, Y€ € HeOOXOAMMO Jja Ce YCTAaHOBH ONpE/EICH
Opoii 3aBbpTaHUs Ha Baja B MUHYyTa  (Hanmpumep
= 30-120 obopora / munyra). ToBa 6M nano BB3-
MOXHOCT Ja C€ OCBLIECTBAT ABHKEHHS C KOHTpPO-
JMpaHo 4uciio Ha PeliHonjc 3a na ce u3ciensar ja-
MHUHApHU JIBIKCHUS B J1aOOpaTOpHHS OMOPEKTOp ¢
MEXaHWYHO pa30bpKBaHE.

5

®ur. 3 M3onuaun Ha GpyHKIMATA HA ToKa 1pu Re = 100 B peakTop ¢ pasnuueH Opoii ObpKanku

5. BAK/IIOYEHUE
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MexaHUYHOTO pa30bpKBaHE € OCHOBHA OIlepalys
B XMMHYECKaTa MPOMHIIICHOCT U OMOTEXHOJIOTHUTE.
3a MouTH BCUYKH MPOLIECH TBHPJIE BAKEH U aKTyaJeH
¢ MamaOHuAT e(deKT, T.e. BB3NPOM3BEKIAHETO HA
pe3yiTaTUTe OT JaJIeH MPOLEC B anapaTH OT pasiu-
yeH Mamad. 3a 1a ce yChBBPIIESHCTBAT MPOIIECUTE HA
XUMHYECKHsl WM MHKPOOHOJOTHYECKUS CHHTE3 B
Pa3IMYHUTE PEAKTOPH C MEXaHUYHO pa3ObpKBaHE €
HEOOXOAMMO Te Ia ObJAT NETAMIIHO KOJIHMYECTBEHO
m3cienBand. Eto 3amo, paspaboTBaHeTo Ha pas-
JWYHU BUJOBE MATEMAaTHYECKH MOJEIH, ONHCBAIIH
pa3yIMuHM CTAJAMU U acleKTH OT M3y4YaBaHUTE IPO-
IIECH € OT ChIIeCTBeHA BaXKHOCT. ChIII0 Taka 0COOEHO
BR)XKHO € TIOJIy4aBaHETO Ha PE3yiTaTH OT YHCICHO
MOJIEJIMpaHe M CUMYJIMpaHe Ha Te3u JBWkeHHs. Ot
Jpyra CTpaHa pe3yJTaTUTe, MOJly4eH! OT YUCIEHOTO
M3CIIe/IBAHE WM CUMYJIMpaHE Ha IPOLIECUTE B TAKHUBA
arapaty ce HyXIaiT OT eKCIICPUMEHTAIHO HOTBBP-
XKICHUE. 3a 1a MOXe Jla Ce OCHLIECTBH TaKOBa €KC-
NEepPUMEHTAIHO H3CJe[BaHe HA IBW)KCHUETO B OHO-
PEKTOpU ¢ MEXaHHYHO Pa30bpKBaHE, B HACTOALIATA
CTaTHUs € NPeCTaBEeHO NIPOEKTHPaHe Ha 1abopaTopeH
OnopeakTop ¢ MexaHUYHO pa30bpkBane. C Hero Ouxa
MOIJIM Ja C€ M3ClelnBaT ABWKEHHS B PEakTOpH C
pasnuueH Opoit u BUI ObpKaJKH M ja ObJaT nmpome-
HSHU T€OMETPUYHUTE XapaKTEPUCTUKU HA Pa3ObpK-
BalllaTa CUCTEMA.
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DESIGN OF LABORATORY BIOREACTORS WITH MECHANICAL
STIRRING

Ivanka ZHELEVA' Anna LECHEVA? Vyarka RONKOVA3
"Department of Termotechnique, Hydraulics and Ecology, University of Ruse, Bulgaria
e-mail: izheleva@uni-ruse.bg

2Department of Mathematics, University of Ruse, Bulgaria
e-mail: alecheva@uni-ruse.bg

3Department of Machine Science, Machine Elements and Engineering graphics, University of Ruse, Bulgaria
e-mail: vronkova@uni-ruse.bg

Abstract: Mechanical agitation is a major operation in the chemical industry and biotechnology. Different industries have
developed hundreds of structures of fermentation apparatus of varying size and purpose. For almost all processes the scale
effect is highly sensitive which means that the reproduction of the results of a process in the apparatus of different sizes is
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not possible very often.. The main difficulty of this type of problems is the lack of common parameters characterizing
sufficiently complete optimal technological conditions. This paper examined the fluid flows in reactors with mechanical
stirring without free surface. Flows of this kind are bounded by fixed rigid boundaries. A laboratory bioreactor device is
designed and presented in the paper.

Keywords: bioreactor design, mechanical agitation, fluid flows
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CALCULATION OF SCISSOR MECHANISM OF A STATIONARY LIFT PLAT-
FORM

Vikenti SPASSOV! Boris TANEV! Andrey DELOV!
"Material Handling and Construction Machines and Systems, University of Transport “T. Kableshkov”, Bulgaria
e-mail: vikenti.spassov(@yahoo.com; Btanev_83@abv.bg; d3loffl@yahoo.com

Abstract: Stationary scissor lift platforms are used for vertical lifting of workers, building materials, tools and equipment
and cargo to a height of 5 to 20 meters. They find use in high-altitude works in the construction sector, indoor finishing
works as well as multistory parking systems. During the design period of such machine the engineers aim to achieve the
highest possible technological indicators such as: large load capacity, high operation speed, energy reservation, small di-
mensions, cost, maintainability, and the possibility for easy disassembly and transport. Constructors turn particular attention
to the choice of material for the steel structure, the reliability of the metal profiles, simplifying the construction, easy re-
placement of the different units of the machine, the correct choice and number of hydraulic cylinders. From a constructive

point of view the only difference between the stationary and movable scissor lifting platforms is the lack of chassis.

Keywords: Stationary scissor lifting work platforms, folding supports design, main indicators

1. INTRODUCTION

Stationary scissor lift platforms are machines

with cyclic action which perform vertical transporta-
tion of people and goods. Structural features of such
platforms could be very diverse, but in all cases it is
brought to high requirements in terms of high relia-
bility and safety in operation. This is achieved by
load and momentum control systems. The load con-
trol system monitors the vertical load and vertical
forces acting on the working platform. Momentum
control system monitors the size of the momentum
acting around the line of overturn which seeks to
overturn the elevating work platform.
The presented paper aim to propose a mathematical
method by which to determine the static bearing
reaction forces in the scissor arms and the deter-
mination of the force in the lifting hydraulic cyl-
inder mounted on the scissor lift mechanism. The
proposed methodology treats and presents forces
affecting load mast during operation and the force
of the lifting hydraulic cylinder. The mathematical
approach aims to provide a system of equations
applicable to the calculations of stationary scissor
lift.

2. CALCULATION OF THE MAIN STATIC
REACTION FORCES IN THE SCISSOR
ARMS AND THE FORCE IN THE LIFTING

HYDRAULIC CYLINDER, MOUNTED ON
THE SCISSOR MECHANISM

Fig.1 shows a schematic of stationary scissor lift
platform with hydraulic cylinder mounted still the
central pivot of the scissor and mounted mobile on
vertical console located separately from scissor lift.
Scissor mechanism is made of one pair of arms as one
of the arms is locked still in it’s left lower end. The
connection between the lifting mechanism and the
floor and between the lifting mechanism and the
work platform is performed by cylindrical rollers
moving usually on the inside of the upper and lower
metal frame.

There are several different options in practice
considering the deployment of the lifting hydraulic
cylinder. In addition to the variation showed on Fig.1
it can be mounted between two points of the scissor
mast segments or to the fixed point between the frame
of the platform and the point of the scissor lifting
mechanism.

\ ] NN
fig.1 Schematic of stationary scissor lift platform
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The designations in the figure are as follows:

e HC - hydraulic cylinder;

e ¢ — angle between the horizontal plane co-
inciding with the plane of movement of the piston
of the hydraulic lifting cylinder;

e L —half the length of the scissor arm, m;

wi2

e W — the force of gravity of the combined
weight of the platform and payload manipulated by
stationary scissor platform, Nm;

Fig. 2 shows separately the arms of the lifting
scissor mechanism, the main static reaction forces
and the force of the lifting hydraulic cylinder acting
on them.

W2

Rx1

B
[

fig.2 Arms of the scissor lifting mechanism

From the conditions of static equilibrium of a scissor
arm derive the equations for the first arm (1), (2) and

3):
> My :%.ZL.cosa -

(1)
F,.L.cosa—F,.Lsina
ZFX :Fx_Rxl )
w
Y F, =—?+Fy +R, )

For the second arm the equations are (4), (5) and (6):
w
M, = —?.2L.cosa -

“
F,.L.cosa+F,.Lsina
zFx:Fx_RXZ (5)
w
SF =-2 - F Ry, (©)

The result is six equations with six unknown varia-
bles. From (1) equation (7) follows:

0=%.2L.cosa -

(M

F,.Lcosa—F,Lsna

From this derives the equation (8):
(=W /2)2L.cosax N

F

Y L.cosa )
F_.L.si
LMYy Fotea

L.cosa

From (4) equation (9) follows:
w .
0= ?.2L.cosa —F,.Lcosa+F, Lsina (9)

From this derives the equation (10):
_(W/2)2L.cosa

Fx N
L.sina (10)
Fy.L.cosa_ W 5
L.sina iga  tga

The result from equation (8) we substitute in equation
(10) and the result is (11):

Fo- w -W F.iga
Y otga \tga tga

After this the following result (12) and (13) is ob-
tained:

(11

F,=— (12)

If:
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-R,+F.=0>R =F,

13)
R,-F . =0>R,=F,
From equations (12) and (13) follows (14):
Fx:R)d: x2:1 (14)
ga
From equation (1) follows (15):
—W+Fx.tga=Fy (15)
From equations (4) follows (16):
F
Wy F, (16)
1ga  tga

When substituting the result obtained in (15) in (16)
follows (17):

F
F,=-W+ (1 - —y].tga
tga  tga

7)
F,=-F >F, =0

When substituting equation (17) in (6) the following

result (18) is obtained:

w w
Oz—E—Fy+Ry2 >>?=Ry2 (18)
From (3) equation (19) derives:
w w
OZ_E_Fy—'—Ryl >>?=Ryl (19)

As a conclusion the following equations (20) and (21)
can be obtained:

w w
1 2 th! yl y2 2
szlsz;Fy:o @1)
1ga

From equation (21) follows that the force in the lift-
ing hydraulic cylinder is:

F=F_[N] (22)

When using the presented methodology the following
factors should be taken into account:
e mast units/arms are
loaded,;
o the weight of the units/arms is ignored;
e resistances in the guide rollers and pivots
are negligible;

symmetrically

3. CONCLUSION

The problems that arise during the design pro-
cess of scissor lift platform are usually associated
with limitations such as limited space, inconformity
of the lifting speed and the requirement for precise
positioning of the work platform. These problems can
be solved using sensors for speed and positioning.

Another important factor during the design pro-
cess is the proper placement of the hydraulic lifting
cylinder. This could reduce significantly the required
lifting force and also to help reducing the levels of
tension in the whole structure.
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METOJUKA 3A OIITUMU3ALUA HA ABTOMOBUJIHA JIKKAHTA C MKE

ITerko HEJSAJIKOB
Katezpa ,,MaluHHY eJIEMEHTH 1 HEMETaIHU KOHCTpyKiuu”’, TexHudecku YausepeuteT — Codus, Beirapus
e-mail: nedpetko@tu-sofia.bg

Pe3tome: B paGorara omnrcana MeTO¥Ka 3a aHanu3 upe3 Merona Ha kpaiiHute enementd (MKE) Ha xapakrepucTukuTe
Ha aBTOMOOMJIHA JUKAHTA B CHELMAIM3UPAHO M3ITBIHEHHE 33 ChCTE3aHHE 110 €HepruiiHa e()eKTHBHOCT Ha aBTOMOOMIIH.
AHaJM3MpaHy ca U SKOCTHO Ae(GOpPMALMOHHUTE U MOJAITHUTE XapaKTePUCTUKM Ha JPKaHTaTa upe3 Ch3IaJeH U3CIlIeNoBa-
tencku Mozen B CAE codTyep Ha 6a3aTa Ha MeTO/a Ha KpaiHUTE €JIEMEHTH, KaTo Ca BbBEICHN M3CIICHA0BATEICKU KPUTe-
pHUH - MakCUMaIHU JedOopMaIui, MaKCUMaIHU HalpeXeHHs, KOpaBHHA, KOS(HUIHEHT Ha CUTYPHOCT U KOS(HIMEHT Ha
n3noi3BaHe Ha Marepuana. OCHOBHATA IIEN HA M3CIICIBAHETO € HaMaJsIBaHE HA MACOBHUTE M MHEPIMOHHHUTE HOKa3aTelH
Ha JDKaHTaTa TpH 3alla3BaHe Ha MAaKCHMallHA KOpaBHHA U SKOCTHHU ITOKa3zaTenu. Pa3paboTeHn ca HSAKOJIKO BapHaHTA Ha
OJICKOTSIBAHETO Ha JPKAHTATa , OT KOMTO Ype3 ONTHMAIIEH HoA00p € pa3paboTeH KpallHUAT BAPHAHT HA OJICKOTSIBAHETO.

KitrouoBH 1yMu: MosiaieH aHalIu3, CTPYKTYPEH aHallu3, KOPaBUHA, METO/ Ha KPailHUTE eJIeMEHTH

ABTOMOOMIIHATA JPKaHTa € W3JEIHE B KOETO Ce BapuaHt ;
KOMOMHHMpAT W3UCKBAHUITA Ha HAKOJIKO OTIEIHU ﬁ!:’"e"m“a”e P
o0nacTn — TEXHMYECKH M3HMCKBaHMS 3a pabOTOCIO-

COOHOCT M M3JPBKINBOCT, TEXHOJIOTUYHH M3UCKBa-
HUSA 3a U3paboTKaTa U AU3aliHEPCKH W3UCKBAHUS 32
oopMIIEeHHETO U BHHIIHMS BHI HA M3EIIHETO.

B ciyuast u3non3BaHata aBTOMOOHIIHA [PKAHTA € 5)
MOJeNIMpaHa B OpUTMHAJHUS cu B - ¢ur. la), a i
cliel] TOBa ca MOJAEGNIUPAHU BapHAaHTUTE HA OJICKOTS-
BaHeTo — ¢ur. 16 — r). OpurnHAIHUAT BapHaHT Ha
JUKAHTaTa W TpuTe M30paHW BapuaHTa ca M3cieBa-
HH Y aHAJIM3UPAHH C LIeJT 1a ce n30epe ONTHMATHHUST
BapHUaHT 3a OJIEKOTsABaHEe U pabOTOCIIOCOOHOCT, KaTo
U3LAI0 ce IpeHeOpersaT AM3aiHEepCKUTE acleKTH,
nopagu (akra, ye JOKaHTHTE CE M3IOJ3BAT BBPXY
ChCTE3aTeJICH aBTOMOOWII IIOKPHUTH C KaTaly.

OpuruHanex
BapuaHT

(]mr.l Cxema Ha PasriIeKaJaHuTe BapuaHTH 3a OJICKOTSABA-
He Ha aBTOMOOMITHA JOKaHTa
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Kputepunte 3a pa3paboTBaHe Ha BapHAHTHTE
3a 0JIEKOTSIBaHE, Ca KaKTO CJIe/Ba:

e  OJICKOTSIBaHE Ha TIABMHATA HA JDKaH-
TaTa — JDKAHTAaTa B OPUTHHAIHUAT CH BHJ € TpPEA-
HA3HAYCHA 3a M3IMOJI3BAHE B MOTOIEHA, KAaTO 3aKperl-
BaHETO HA TNIAaBWHATA, CIIMPAYHUS TUCK M HA camara
JDKaHTa ca pa3nndaad. [IpexogauTe ¢uraHIy 3a 3aK-
pemnBaHe HA CIUPAYHHSA AWUCK ca pa3paboTeHH OT-
JIEITHO OT JPKaHTaTa, KaTo M3MOJI3BAT TPH OT OTBOPH-
TE 3a 3aKpernBaHe Ha CIHMpaydeH ANCK, KOETO 000CHO-
BaBa NPEMAaxBaHETO HAa OCTaHAJIHNTE TPH OTBOpA H
CBHOTBETHUTE UM pebpa — ¢ur. 2 oT IiIaBHHATA Ha
JOKAHTATA;

®  OJICKOTSIBAHE Ha CIHUIUTE — CIHIUTE
Ha JDKaHTaTa ca u3pabOTeHHU ILTHTHU BBB ,,I17” 00pa-
3¢H NPOQHI MO HAMIBKHOTO CH CCUYCHUE IMOPaAaU
TEXHOJIOTHYHU CHOOPaKCHHS MPH JICCHETO HA JKaH-
TaTa, B Ciay4as IPH OTHEMAaHETO HA MaTepuan OT
CIHIHNTE Ce THPCH OalaHC MEXIy SKOCTTa W KOopa-
BHHATA HA COUIUTE ¥ OTHETHS MaTepuai — ¢pur.16 —
T) u ¢ur. 2;

e OIEKOTSABaHE Ha BBHIIHUA PUHT —
BBHIIHUAT PUHT HAa JDKaHTaTa ¢ KOHCTPYUPAH ChC
3aIbpKAIIM M YIUTBTHSBAIIM PHOOBE 3a rymara, a
CBIO TaKa M C U3UCKBAHE 32 JOCTATHYHA SKOCT IPH
MOHTHpPAHETO Ha rymaTa. ChII0O Taka 3apajy TEXHO-
JOTHATAa HA W3pabOTKa Ha JPKaHTaTa B JIBHOTO Ha
KaHaJla ¥Ma MaTepuay KOWTO MOXe Ja Oblie OTHET
0e3 a ce HaMaJIl HOCEIaTa CIIOCOOHOCT Ha IKaH-
taTta — ¢ur. 3.

=

N

¢ur.2 Cxema Ha u3riena u npoduia Ha JuKaHTaTa B IPU
HpHJIaraHe Ha MaKCUMAJTHOTO OJICKOTSIBAaHE

— - 0pUSUHAANG CeYeHuEe
———— - o8 npogun

L7

5

Hanpeyen npogun dxarnma

L]

¢ur.3 Cxema Ha HanpeunuTe mpoduiu Ha o6pbUa Ha

JDKQHTaTa B OPUTHHAIHO ChCTOSHUE (YePEeH KOHTYP) U

MIpY OpUIaraHe Ha MAaKCUMAaJTHOTO OJIEKOTSIBaHE
(4uepBEeH KOHTYD)
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Benuku npoduiam v 01€KOTSBAIIM MOBBPXHUHU
ca MOJEIMPaHH KaTo OTJEIHH T€OMETPHYHU O0EKTH
U ca HACJIOKEHNW BBPXY OPHUIMHAIHOTO W3JEINHe.
Mopenupanero Ha TUPO(UINTE € ChHITIACYBaHO C
TEXHOJIOTHSTAa Ha 00paboTKa, KaTo B Cilydas ca H3-
nosBanu Mamuuu ¢ HIIY ympasnenue, 3a ga ce
rapaHTupa TOYHOCT Ha oOpaboTkara m cBOOOJa Ha
npodunute. OTHEMaHeTo Ha pedpara Ha rjaBHHATa
€ cpo0paseHo ¢ npodunTe Ha Gpe3epute, a KOHTY-
pure Ha obOxoxnmane ca aeduHupanu 3a LIIY wma-
IIMHA 32 [a HE C€ HapyIIaT BHHIIHUTE MOBBPXHUHU
Ha IJIaBMHaTa. B pe3ynrar Ha Taka MOJEIMpaHUTE
reoOMEeTpUH ca M30paHu Ba BapHaHTa 3a U3CJIe/(BaHE
— ¢ur. 16 u ¢ur. 1B (Bap. Nel u Bap. Ne2), karo
pasiiMKaTa MeX1y TSX € BbB LIEIUAT KaHAJ OTHET IO
IbIDKUHA Ha cnunata (Bap. Nel). CroOpakeHuero B
nos3a Ha BapuaHT Ne2 e 3a 3ara3BaHe Ha JJOCTaTbh4-
Ha SIKOCT Ha OT'bBAHE HAa CHHIATA M CHOTBETHO BKO-
paBsiBaHe Ha mKaHTata. Ciel HalpaBeHUTE M3CICH-
Banusi ¢ MKE — ¢wr. 6 u ¢ur. 7, pazpadoreH mozen
C MaKCHMAJIHO JOMYCTHUMO OJICKOTSIBAHE Ha IJIaBH-
HaTa ¥ HIKOM JONBJIHHUTEIHU CKOCABAaHMS, KOWTO B
KpailHa cMeTKka € M3cielBaH KaTto BapuaHT Ne3 u

M3IBJIHCH, 4 U BHCJIPCH B CbCTC3aTCITHUA aBTOMOOUIL.

B acmekxra Ha cp3maBaneTo Ha Monena Ha MKE
€ M3MOJI3BaH m3uuciuTelieH Moxyn Ha NX/Nastran,
KaTo ca CMa3BaHU H3UCKBAHHUSA 3a HACHUTHSBAaHE Ha
Mpexkara ¥ moJ0op Ha MaTepuaia ChOTBETCTBAI Ha
OpWTHHAJIHHUSA MaTepuan Ha wmsnenuero. Ilopamm
CIIO)KHATa TEOMETpPHS W 3HAYUTEIHHUTE pa3sMepu
JDKaHTaTa € MOJCIHpaHa KaTo eAWHUYHO TS0, B3a-
HMOJENCTBUETO CHC CHCEAHHUTE EIEMEHTH € MOJE-
JUPAHO Ype3 CWIM MOMEHTH WM HAIATaHHUS BBPXY
OTJIEITHUTE MOBBPXHUHH.

¢ur.4 3azaBane Ha onopara B MoJesia U HATOBAPBAHETO
Ch3/1aBaHO OT HAJATAHETO BbPXY HOBbPXHHMHATA 3aTBaps-
Ha OT Tymara

Mogenst B MKE € cb3maneH npu u3noJi3BaHe
Ha:

e (uckupaHa omopa BbB BBTPCIIHHS OTBOP
Ha TJIaBUHATA,

®  HaJsraHe BhPXY YIUIBTHCHUTE MOBHPXHUHU
Ha /pkaHTtata ot 4.5 bar — ¢ur. 4;

¢ MOMEHT MO NWIMHAPWYHATA ITOBBPXHUHA
Ha JpKaHTaTa MpenaBaH OT TymMaTa Ha aBTOMOOMIIA ¢
rosiemuHa 30 Nm — ¢wur. 5;

e cmwia pas3lpeAericHa BBPXY BBIIUTE OT
MpekaTa B €Ha 30Ha MPECTaBAIIA CTHIIBAHE BHPXY
npensitcTBue — ur. 5, ¢ ronemuHa ot 500 N.

[ ]

Momentum over
the rim - tyre
contact zone

iy : Force on
M / particular zone

¢ur. 5. 3amaBane Ha HaTOBapBAIIKs MOMEHT IIO TIepUde-
pusiTa Ha TyMaTa M 30HaTa 3a IIpeiaBaHe Ha BepTHKaIHaTa
peaxuus

IIpu Taka xoHdurypupanms wmozen B MKE
(NX/Nastran) ca TpoBelICHH HW3CIEOBAHUI M Ha
yetupute BapmaHTa (¢ur. 1) 3a ma ce wu3MmON3Ba
CpaBHHUTEJICH aHAIIN3 Ha pe3ynTatute. AOCOMIOTHHTE
CTOMHOCTH Ha pe3yiTaTHTe HE MOraTr Aa ObJar ra-
pPaHTHpaHu, a ChIIO TaKa EKCIEPUMEHTAIHOTO MM
n3MepBaHe € J0CTa CII0KHA TEXHUYECKa 3aa4a.

MopanHusT aHaJdu3 Ha M3JEIHETO € M3BBPLICH
IIPY HEHATOBAapEHO CHCTOSIHUE — T.€. € Je(HUHUpaHa
caMo oropaTa BbpXY LMJIMHAPUYHATA HOBBPXHHHA
Ha OTBOpa Ha IJIaBHHATA.

Ha ¢wur. 6 ca moka3anm pe3ynTatuTe OT MOJal-
Hus aHanu3 Ha BapuaHT NeO (¢ur. 1a) cre moma Nel
(325 Hz) u Ne2 (336 Hz) u choTBETCTBALIOTO PA3II-
penenenue Ha aedopManuuTe B 0OeMa Ha JDKaHTaTa
MIOKa3aHM C I[BETHA CKasa.
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rim_ful_8_3_x_t_fem1_sim : modal Result
Load Case 1, Mode 2, 3.251e+002 Hz
Displacement - Nodal, Magnitude

Min : 0,000, Max : 1.081, Units = mm
Deformation ! Displacement - Nodal Magnitude

1.081
0.991
— 0.901
— 0811
— @7z
= 0631
0.541
0.451
T 03860
0.270
0.180
0.090

ZS\OEQV

o
Units = mm

rim_full_8_3_x_t_fem1_sim1 : modal Result
Load Case 1, Mode 3, 3.363e+002 Hz
Displacement - Nodal, Magnitude

Min: 0,000, Max : 1.219, Units = mm
Deformation ! Displacement - Nodal Magnitude

1.219 ,‘_..5:":.7'5_':‘;«.—‘
1118
— 10186
— 0814

— 0813

a 0711

e

0.610

bl
D
S
W

=

0.508

T 0406
0,305
0.203
0.102

003y
5
Units = mm

¢ur.6 Pesynratu — a) moma Nel (325 Hz) u 6) Ne2 (336
Hz) na opurunannata mxanra (HEOJIEKOTEHA)

Ha ¢wur. 3.7 ca moka3aHu pe3yiTaTUTe OT MO-
nmanHus aHanu3 Ha BapuaHT NeQ (¢ur. 1.a) cbe Mozaa
Nel (285 Hz) n Ne2 (287 Hz). Pesynrarutre 3a ne-
(opmanuTe CpaBHEHM KaTo YHCIICHH CTOWHOCTH
MOKa3BaT MOHW)KAaBaHE Ha CTOiHOCTHTE Ha Aedop-
MalMUTe, KOETO MOXeE Jia ce OOSCHH C OTHEMaHeTo

Ha Maca ¥ CbOTBETHO HAMa/IIBaHE HA HHEPIUOHHUTE
HaTOBAapBaHUs BbPXY 0OeMa Ha TsUI0TO.

rim_light_9_3_x_t_fem1_sim1 : modal Resuft
Load Case 1, Mode 1, 2.856e+002 Hz
Displacement - Nodal, Magnitude

Min': 0.000, Max : 1.118, Units = mm
Deformation : Displacement - Nodal Magnitude

1119
IWOZG

— 0o
S
A
P ST
— o083 [LENSE
EEERR
NN A
KPS
— 076 RPN
VNS
NS
= 0853 AN~
NS
(NI
PN=E
0559 NS
s
70N
0.466 ul
w
= 0373
0.280
0.186
0.093
00Qy

Uh?é': mm

rim_light_8_3_x_t_fem1_sim1: modal Result
Load Case 1, Mode 2, 2.870e+002 Hz
Dicplacement - Nodal, Magnitude

Min: 0.000, Max ! 1.141, Units = mm
Deformation : Displacement - Nadal Magnitude

1.141
1.048
— 0851
— 0.856
— 0.761

0.666

0.571
0.476

¢ur.7 Pesynratu - moga Nel u N2 Ha ofieKOTeHa JKaHTa
Bap. Ne3

CpaBHUTEIHUTE CTOMHOCTU OT MOJAJIHUS aHAIN3
Ha YeTUpPUTE BapHaHTa Ha aBTOMOOWJIHATa JDKAHTA
ca nokaszanu B Tabn. 10. CpaBHUTeNIHATA TCHACHIMS
NpyU U3MO0/I3BaHE Ha MHCTPYMEHTHTE HAa MOOATHUA
aHanu3 [1,2] e u3non3BaHa B MOCJIEAOBATEIIHOCT HA

76



brearapcko crimcanue 3a MH>KEHEPHO MPOEKTUpaHe, Opoit 22, ampur 2014r.

pocCiicAdBaHC HAa IMIbPBUTC ACCET COOCTBEHH YeCTO-
THW MOJYYCHHU IMPpU MOJAJIHHA aHAJIU3 HAa HCHATOBA-
peHaTa JKaHTa.

Tab. 1. M3cnenBaHe Ha aBTOMOOMIIHA JKAHTA — MOIAJICH
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B cnyuyas wa mopamxus aHamu3 [2]- Tabm. 1
MIPUOPUTETUTE KOUTO ca CIEACHH B TMpolieca Ha
M3CIIEBAHETO W WTEPAIlMUTE B MOJACIHPAHETO Ha
OJIEKOTSBAIINTE OTBOPH Ca KAKTO CIICABA:

e aHanw3 Ha abCONIOTHUTE CTOMHOCTH Ha
COOCTBEHHTE YECTOTH M CHOTBETCTBAIIUTE UM Je-

¢dopmaru — ako COOCTBEHUTE YECTOTH CE 0OH-
’KaBaT JI0 PaOOTHUTE YECTOTH W3JACINETO JIECHO
u3IH3a OT 00acTTa Ha PaboTOCIIOCOOHOCT M HABIIH-
3a B pe30HAHCHATa 30HA (KPUTUYHA 30HA);

PaboTHara decToTa Ha BBPTEHE Ha JDKAHTATa
CBOTBETCTBA Ha CKOPOCT Ha JBM)KCHHE Ha aBTOMO-
Ouna e:

v =045 km/h=0+125 m/s (1)

HpI/I KOCTO brjoBaTa CKOpOCT Ha B'BpTeHe Ha MIKaH-
Tarta €:
\% 12.5
O, = =—"=46.12
R 0.271

max

rad/s (2)

, KBJIeTO - = M3 e panuychT Ha KOJEIOTO (IPKaHTa C
rymMa) Ha aBTOMOOMIIA;

,4 CbOTBETHATA YECTOTa Ha MPUHYJIECHOTO BB3ACUCT-
BHE, IIOPOJICHO OT BBPTCHE HA JKAHTATA €:

fo 2O A0 Sas g )
207 2Qerg
OT cpaBHEHUETO Ha aOCOJIIOTHHUTE CTOWHOCTH 3a
YecToTaTa Ha Hail — HUCKAaTa MOJa MOXE Ja Ce TOT-
BBP/IY, Y€ KPUTHYHATA 30HA HA JDKAHTATA € JICCETKU
ObTH HAJ pabOTHATa 30HA, KOETO 00OCHOBaBa BB3-
MOJKHOCTTA 3a OJICKOTSBaHE, OTHEMaHe Ha MaTepHal
1 CHIDKaBaHE Ha KOpaBWHATA Ha JPKAHTATA.
e  CpaBHEHHE MEXAY COOCTBEHHTE YECTO-
TH — CHIDKABaHWS WM TIOBUIIaBAaHUS Ha COOCTBEHH-
T€ YeCTOTH C HEOOOCHOBAaHHM CKOKOBE, TOBODAT 3a
TPEIIKH TIPH TE€OMETPUYHOTO MOZEIHPAHE U TpPH
koH(purypupane Ha MKE monena;
e cpaBHEGHHC Ha (opmara HA MOJHUTE —
MOJIUTE MPUYNHCHH OT OT'BBAIIM TPCITCHUS 3a €THO
U CBIO H3JIeNIe TPsAOBaA 1a ca Mogo0Hu 1o Gopma u
ChC CPABHUTEITHO OJM3KU YCCTOTH;
® CpaBHCHHC MEKAY MaKCHMAIHUTE Jic-
dbopManuu 3a OTAECTHUTE MOAM — TPH MOJOOHHUTE
Moau O TpsOBaJo Ja ce MOoIydar U MOJ00HH pe3yi-
TaTy 3a abCOMOTHUTE AcPOopMaIlii;
MopgamHuAT aHAIM3 Ha JDKaHaTa W ChOTBETHH-
T€ ¥ BapUaHTH Ha OJEKOTSIBAHE JaBa HAKOJIKO KpH-
Tepus (OIMUCAHM 10 — rope) KOWTO CIIY)KaT 33 CpaB-
HUTEJICH aHAlM3 W HMaT CYOCKTHUBCH Xapakrep,
KOETO B HSIKOM Cllydan He 0OOCHOBaBa JICHCTBHSATA
0 OJICKOTSABAHE WJIM M3MCHCHUE HA TCOMCTPUYHHTE
napamMeTpy Ha M3JICIUETO, HO UMa MPEAUMCTBOTO J1a
ObJie JECHO M3MBIHUMO M JIeCHO 3a aHamu3 [1,3].
[Topaan Ta3m CyOEKTHBHOCT Ha MOIATHHS aHAIIN3,
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JUKaHTaTa € MOAJIOKEHA U Ha CTaTUYEH CTPYKTYpEH
aHalu3, KaTo MpU HEro ca MPOCNIEICHU MaKCUMal-
HUTE AedOpManMyd M MaKCUMAalHHUTE HAIPEKCHUS
HOJYYeHH TIpU Je(QUHUpPAHUTE HAYyaIHU M KpaiHu
yCIIOBUSI ITOKa3aHu Ha ¢ur. 4 u ¢wur. 5. /xanrara He
€ TIo/ITaraHa Ha aHa/In3 PU yOapHO BB3ACHCTBHE OT
enHa cTpaHa mopaiu (akTa, 4e ce eKCIIoaTupa B
CBCTE3aTEITHU YCIIOBUS KBAETO OT TPAceTo ca Ipe-
MaxHaTH BCHYKH PE3KU MpensATcTBHA. Pa3BuBaHeTO
Ha YHCJICHAa MU3NMTATEIHA METOAMKA 33 yJapHO BbB3-
JEHCTBHE € €IHA OT MPEABUICHNTE 3a/1auu 3a ObJe-
110 pa3BUTHE.

Tab1. 2. CTaTu4eH aHaJIU3 U MHEPLIMOHHY MTOKa3aTeNu 3a
BapHAHTA HA OJIEKOTSBAHE HA JUKAHTA

Bap. Bap. Bap. Bap. | Pasm

NeQ Nel Ne2 Ne3

MaKCHMaTHH 0.08 0.16 0.18 0.20
mm

nedopmarn 8 0 1 8

OTH. pa3juKa - -82.2 | 106. 136. %

2 9
MaKCHMAaJIHU 69.0 66.6 82.9 814 | MPa
HaNpPeKESHHUs. 6 6 1
OTH. pa3juKa - 3.5 -20.1 | -17.9 %
379 | 2.82 | 3.16
Maca 3 3 6 2.58 kg

OTH. pa3juka - 25.7 16.6 32.1 %
HMHEPLUOHEH 2.12 1.57 1.76 1.43

kg.m
MOMEHT 7 1 8 7 2
KopaBHHa (3a
cuma Fr=1500 | 5694 | 3125 | 2762 | 2403 | N/m
N) .8 .0 4 .8 m
Koed. Ha
CUTYPHOCT 6.5 6.8 5.4 5.5 -
Koo HAWSIL | yg ) | 936 | 262 | 316 | M
Ha MaTepuaga /kg

AHaIM3BT HA PE3yITATUTE MMOKa3Ba, Y€ 3a MOBH-
[IaBaHe Ha MaKCHMAJHUTE HAMPEKCHUS B TSIIOTO Ha
mKkaHTaTa ¢ 0kKoa0 20 % e BB3MOJKHO Ja C€ CHIKHU
Macara ¥ ¢ okojio 30 %, KoeTo 3a IeJIUTE Ha ChCTe-

3aTeJIHUST aBTOMOOWII B KOWTO CE Brpax</ia JpKaHTara
€ HAIBJIHO NPHEMJIMBO W aJeKBaTHO. B ciyuas
JUKaHTaTa € CKCIUIOATHUpPAHA JOPH TPHU MO — TEKKH
PSKUMHU OT TE3W NPU KOWUTO € W3cieqBaHa Oe3 aa
HOKaXke 1e(eKTH.

MeTonuIHUAT TOAXO0M TPH H3CIEABAHETO HA
TOBA W3JIENIHE TOBEAE 10 YTOYHSIBaHE Ha MPOQUITHTE
1 KOHQUrypanusTa Ha OTHEMaHe Ha MaTtepuay 0e3
Jla ce BIIOIIAT IMOKa3aTeauTe Ha paboTOCIIOCOOHOCT-
Ta Ha W3AEIUETO, Ype3 BHBEKIaHE Ha CyOCKTHBHH
KpuTepun - Tabn. 1 U Ha OOEKTHBHH CTPYKTYypHHU
KpHUTEpHH — TaOII. 2.

W3BoauTe mpu W3CICABAHETO HA H3JCIHSI ChC
cioxkHaTa (opMa U CIOXKHA KOH(HUIypanus MOKa3-
BaT, y¢ ¢ MKE TakuBa u3nenus MoOrar aa ce U3ciael-
BaT aJICKBaTHO IPH CJICJIBAHE HA HAKOJIKO CTHIIKH U
MPOCIIC/ISIBaHEe HA CYOCKTHBHU M OOCKTUBHU MOKAa3a-
tenu. OCHOBHATA TPYMHOCT MIPH TaKbB THIT U3CIUS
WBa OT CIOXHOCTTa Npu KoH(purypupane Ha MKE
MOJICTIUTE ¥ TPAaKTHYECKaTa HEBB3MOXHOCT TO3HU
THI U3JENHS a CE M3CJIEABAT IMOBH3JIOBO MM KOM-
OWHMpaHO ¢ APYyru eineMeHTu. [1o TakbB HAYMH Je-
(uHMpaHETO Ha YCIOBHATA HA HATOBAaPBAHETO U
ornopute TpssOBa Aa Obae 0C3KOMIPOMHCHO MPEIIH-
3MpaHO 3a MMOJIyYaBaHE HA aJICKBATHU PE3YJITATH.
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Abstract: This paper describes melodic using FEM analysis of characteristics of one automobile wheel rim specially
executed for energy efficient automobile competition. There are analyzed strength — strain and modal characteristics
through research model in CAE software based on FEM modeling, leading up few research criteria - maximum defor-
mations, maximal stresses, stiffness, factor of safety and material usage factor. The main aim of this research is lowering
the mass and inertia OcHOBHaTa 11eJ1 Ha U3CJIC/IBAHETO ¢ HaMallsIBaHEe Ha MACOBHUTE ¥ HHEPIIMOHHHTE rim parameters when
saving the maximal stiffness and strength. A few variants of rim design are researched and the optimal constructive vari-
ant is developed and analyzed.

Keywords: modal analysis, structural analysis, stiffness, finite element method.
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OIIPEJAEJISHE ITIEPHOJA HA EKCIIVIOATALIUA 3A EHEPI'MEH XAPBEC-
TEP OT YJAPEH THUII

T'eopru IETKOB

kaTeznpa ,, Teopust Ha MamunanTe 1 Mexannsmute”, Texanaeckn yausepcutet - Codus, brirapus
e-mail: georgi.petkov@tu-sofia.bg

Pe3rome: B craTusta ce pasrnexaa BUOpO-yAapeH reHepaTop Ha eHeprusl (HapeueH eHeprueH XapBecTep) ¢ MPOCTa KOHC-
TPYKLHMS, ChIBPIKAIA KOPITYC U MOJABHKHA TexXKa cpepa. CTeHUTe Ha KOpIyca ca eaCTHYHU NHEe30eNeKTPHYHE MeMO-
panu. I'eHepaTopbT € MOAIOKEH Ha BHHIIHU BHOpaluM ¢ XxapMoHuueH xapaktep. Ilox meiictBueto Ha Te3n BHOpanuu
cdepara ynpaxHsBa yIapu B ABETE MHE30€IEKTPUYHM MEMOPaHM M MO TO3M HAYMH HPOM3BEXK/A CICKTPUYECKU TOK.
VYcraHOBeH € NMepHOABT Ha eKCIUIOATAIHs CIIPSMO IapaMeTpuTe Ha cdepara W BHOpalMHTe NPU KBA3H-PE30HAHCEH pe-
WM Ha paboTa IIpH HAINYHH eJIACTHYHNU ynapH u nedopmarmn. M3Benenara 3aBUCHMOCT 3a NEpHO/a Ha eKCIUIOaTanus €
HaIpaBeHa NPH IPHETH ONPOCTIBAINN MPEIIOCTAaBKH 38 MAIKU AedopManuy B 00JacTTa Ha yxapa U IIPH BUCOK Koe(hu-

OUCHT Ha Bb3CTAHOBABAHC Ha CJIIAaCTUYHUTC MeM6paHH.

KitrouoBH 1ymMu: KBa3u-pe3oHaHc, BUOPO-yIapHH NpeoOpa3yBaTeliy, EPUO Ha eKCIUIOATaLUs

1. YBOJ

Enepruiinure xapBecTepu ca yCTpOHCTBa, KOUTO
MPEeBPBINAT HEU3IMOI3BaEM THII CHEPIUs Ha Ja/cHa
CHCTEMa B EJIEKTPUYECKa, KOSNTO B IOCIEACTBHE
MOXE J]a C€ M3II0I3Ba OT camara CHCTEMa WM Ja
3aXpaHBa JIPyro yCTpONCTBO.

Enepruen xapBecTbp OT yHapeH THII NPEICTaB-
JIsiBa MeTanHa cdepa, KOSITO HMa CBOOOJAEH X0
MEXy JBE NMHE30€JIeKTPUYHN MEeMOpaHH, pas3moJio-
JKEHH Ha JiBarta Kpas B Kopiyc (¢ur.1).

- |y

!

FELEEES LIPS
¢ur. 1 Enepruex xapBecTsp OT yAapeH THIT

Korato cucremara e noayio’keHa Ha XapMOHUYHU
BUOpaumu cdepara ce yckopsiBa M yapsi B ITMe30€-
nektpudHn MemOpanu. [locnenBanarta nedopmarnms
BBpPXY MeMOpaHaTa OT yAapa reHepupa eleKTpuyec-

Ka eHeprust. XapBecTepy OT yJapeH THI uMar eqex-
TUBHOCT Mexay 9,4% u 50% [2] cnopen xoeduriu-
€HTa Ha Bb3CTaHOBSBAHE.

W3cnenBaneTo Ha XapBeCThP C KOH30Ja BMECTO
chepa [8] u u3xomAnIUTE MapaMeTpU Ha MaTEpHAIN
3a TUE30CNICKTPUYHE MeMOpaHu npu ymap [6,9]
MOTBBPKAABAT MHTEpPECca KbM TEXHOJOTHH 32 H3B-
JMYaHe HA CHEPTHUs Upe3 yAapHHA BUOpaIHH.

Jpyru u3cieaBaHu BUIIOBE BUOPAaLMOHHU €HEp-
I'MAHM ~ XapBecTepu ca OT
BUOpALMOHEH [5] M eNeKTPOCTaTHYHO-BUOPALIMOHHN

CJICKTPOMAriuTHO-

tunose [3,10].

Ilen Ha HacTOsIIATa CTATHS € Ja HU3CIEIBa
OYaKBaHUS [ICPUOJ] HA SKCILTOATAIMS Ha THE30€IeK-
TPUYHHTE MEMOpaHM B 3aBHCHMOCT OT MacaTa Ha
ctepara rpu 3ama3BaHe Ha APYTHTE YCIOBUSL.

2. EHEPTMHHA XAPAKTEPUCTHUKA

B ycnoBue Ha KBa3u-pe30HAHCEH PEXKUM, yIapH-
Te Ha cdepara B MeMOpaHHUTEe CIelBaT JajeHa Ioc-
JIeIOBATEIHOCT, IPH KOSATO CHEPrusiTa, J0OMBaHa OT
XapBecThpa MOXe Ja ce u3pasu upes [1]
, 5 o (u+1)cos’ coto+2—7t
me A m u+l) (1)

E= . :
2 (1+eu)
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KBACTO M € Maca Ha cdepara, € ¢ KOeUIMCHT Ha
BB3CTaHOBsBaHe, A M (D ca CbOTBETHO aMILIUTY/a
W BIJIOBA YECTOTA HA BBHIIHHTE BUOpamuu, U €
CHOTHOIIICHUE HA CKOPOCTUTE Ha cdeparta mpeau u
cien ynap, ¢, € ¢asoBo OTMECTBaHE CIPAMO IIbPBU-
AT yaap.

Ot ypaBHeHue (1) moxke ma ce OTOENEKH, Ue
EHEprusiTa 3aBUCH IPaBOJMHEHHO OT Macara Ha
chepata. Macara Ha cdepata MOXKE J1a CC H3UUCIU
ype3 GopmynaTa

4 3
Mcd)epa = 5 ”R pc([)epa (2)

KbIETO R € pamuychT, a Pepepa € IUIBTHOCTTA HA
ctepara.

3amectBaiiku (2) B ypaBHeHue (1) Moxe ma ce
oTOeNexH, Ye CHEPTUMHHUAT JOOUB Ha XapBeCThpa €
MPaBOIPOIIOPIIUOHAIICH HAa TPETaTa CTCIICH HA PajIu-
yca Ha cepara.

3. CHJIOBHU 3ABUCHUMOCTH

Bceeku ynap renepupa eleKTpHYECKa CHEPrus B
mUe30elIeKTpuuHaTa MeMOpaHna. B pexkum Ha xap-
MOHUYHU BUOpallMU TE€3W HATOBAPBAHHUS CE IMOBTA-
pPAT ¢ YecTroTaTa Ha BBHIIHHS W3TOYHHK. M3mons-
Baliku eJeMeHTapHaTa TCOpHs Ha ynapa MOXKe Jia ce
HaMepH NMUKoBaTa cuia [4]

F,=2m(1+e)(v,,—v,)/At, 3)

KbIACTO v2n n vln ca CbOTBETHO CKOPOCTUTEC Ha

chepara u kopryca 3a Bceku ynap, AT e Bpemero
Ha ynap U € e Koe(HLIHMEeHTa Ha BH3CTAHOBSBAHE.
Ckopoctra Ha cdepata 3a BCEKM CieABall ynap
MOXe€ CE 11a HAaMEpH OT

i :—e(V]’; _gtk)+(1+e)Aa)cos oT,, 4

KBJIETO [, € BPEMETO Ha yJap U 7, € IepHojia Ha

BHOpaINuuTe.

Twit KaTo XapBecTbpa € B KBa3U-PE30HAHCEH pe-
JKUM, TIpH KOMTO WMa HaJIMYHA TOBTOPSIEMOCT Ha
yAapuTe CIpsSMO NEPHUOJa Ha BHHITHUTE BUOpAIHH,
TO MO’KE JIa C€ 0YaKBa, Y€ CPEAHOTO OTKIOHEHHE HA
cKopocTTa Ha c(epara MpU BCEKU YAap HAMA Jia ©
TOJISIMO COPSIMO YCpeIHEHAaTa CTOMHOCT Ha CKOPOCT-
Ta npenu yaap. CrnegoBaTeaHO CKOPOCTUTE B ypaB-
HeHue (3) MOXe J1a ce 3aMEeCTAT C TEXHUTE CPEIHHU.

3a ctepara ce B3UMAT CpeTHHUTE OT JajicH Opou
yAapu
P
20"
— m=0 (5 )
Inypg p
Tbi KaToO TpenTeHUATa ca XapMOHUYHHU U yAapHU-
Te ChC cepaTa HE OKa3BaT BIMSHUE BBPXY KOpITyca,
TO 3a cpelIHaTa CKOPOCT Ha KopIlyca MOXeE Jia ce

B3C€MC
N

V. — g(vznl) — I/Z”MA,\’ _ﬂ (6)
2npp N \/5 \/5

Mmaiiku npenBuj, 4e Macata Ha KOpIlyca € MHO-
To TO-TOJIsIMa OT MacaTa Ha cdepara, TO 3a IPHPaB-

HCHATa Maca MOXKE Ja C€ MpUueMme, 4e mmpnyc =00,

CrnenoBarenHo ypaBHeHHe (3) MOXKe Ja ce 3aruiie
KaTo

F, =2m(1+e)(do-V, )/Az 7)
AVE AVE

Or ypaBHenue (7) € BHIHO, 4Ye cHiIaTa €
MPaBOIPONOPIIUOHAIHA HA MacaTa, aMIUTUTyAaTa U
pIIIOBaTa yecToTa. M3mon3Baiiku ypaBHeHue (2) 3a
3aBHCHMOCTTa Ha Macara OT pamuyca Ha cdepara
MOJXKE J1a Ce 3aKJIIOUH, Ye cuilara € MpaBoIpONOpLHU-
OHaJIHA Ha TpeTaTa CTeNEH Ha TO3U Paguyc, KOETO €
TUIIMYHO 32 TO3U THUI XapBecThbp. ToBa e Taka, 3a-
IIOTO HEepTUATa € CIEACTBHE OT Aedopmarusara Ha
MHE30eIeKTPIYHATE MEMOpaHH U € IMPaBOIPOIIOp-
[IMOHAJTHA HA CHJIATa.

4. HATOBAPBAHE U IIEPUO/] HA
EKCIIOATAIIUA

B cniepcTBre Ha yaapa Bb3HUKBA eopmMalius Ha
ctepara (¢pur.2).

| Ciepa /

~—

MuesokpucTanHa memBpana

®ur.2 [lepopmanus Ha MeTanHa cdepa Mo Bpeme Ha
ynap
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Teit kaTo nedopmanusTa € Manka, TO MOBBPX-
HOCTTa 32 KOHTAaKT MOXe€ Jja C€ IIpUeMe KaTo

A=7R*sin’ «, (3)
KbIeTO R € pamuychT Ha cepaTa u O € BIBIBT Ha
nedopmanms.
Teii kKato 0 <<1, MOXeM [a 3aMeCTUM
Sina ~ & B ypaBuenue (8)
A=rnRa’ ©)

HaroBapBaneTo 1o Bpeme Ha yaap BbpXy MeMO-
paHata e

. Pave
O_A VE — .

(10)

3amecTBaiiku MacaTa (2) B ypaBaenue (7) u cief
TIOCJISIBAIIO 3aMEeCTBaHe Ha u3pa3a (9) B ypaBHEHHE
(10) e momyueHo

3Ry (1+)(40-V,,,, )

AVE — 2
3a’At
VpasHenuero Ha backioun [3] 3a ymopa Ha Mma-
TepHualia IpHU UUKIMYHO HErOJISIMO HATOBApBaHE €

o, =0, (2N)

(11)

(12)

KBJICTO O'} ¢ Koe(HIMeHTa Ha YMOpa Ha MaTepHaa
(ompezenst ce eKCIIEPHUMEHTANHO 3a BCEKH MaTepH-
an), O,,, € MakCHMalHOTO HaTOBapBaHe, O, €
MUHMMATHOTO HATOBAapBaHe, D e eKcroHeHTa 3a
yMOpa Ha MaTepuana M O, € JOIyCTUMOTO HaTo-
BapBaHe. Ha mbpBa anpokcumanus Moxe 1a ce npu-

eme, ¢ O, = O ;. Thil KaTO GpOSAT Ha MOBTOPE-

HUATa N Ca paBHM Ha Y€CTOTa Ha BI/I6paIII/II/ITe 10
HU3MHHAJIOTO BPEME, TO

N:ﬂ:%ﬂ

KbACTO T un f Ca CbOTBETHO IEPUOJa Ha EKCILI0A-

(13)

TalMs ¥ 4YeCTOTaTa Ha BUOpauuure.
Cnen 3amectane Ha [V ot uspasa (13) B ypas-
Henue (12) e momydyeHo

w
0, =0, | —T

(14)

Pemagatiku ypaBaeHue (14) 3a mepuoma Ha eKc-
moaranust 1 € HAMEPEHO

T O
T =—p—~
@D\ O,y

(15)

Cnen 3amectBane Ha (11) BBB (opmyna
(15) cnenpa

T c,3a’ At
b
@ \[8Rp,,,, (1+e€)( Ao~V

Inypp

) (16)

N3pasbtr (16) naBa BE3MOXKHOCT J1a C€ M3YHCITH
Mepro/ia Ha EKCIUIOATAIUsI IPH W3BECTHH PaglyC U
IUIBTHOCT Ja cdepara ¥ W3BECTHH MapamMerpu Ha
BpHIIHNTE BuOpanmu. Koedumenture b u o, ce

HaMHpaT €KCIIEPUMEHTAJIHO 33 M3IMOJI3BaHUTE MaTe-
PHAIH.

5. 3AK/IIOYEHHE

W3Benenara 3aBHCUMOCT 3a MIEPUOJA HA €KCILIO-
aTanus ¢ HApaBeHa 3a YIAAapeH BUJ XapBECThD B
KBa3H-PE30HAHCEH PEKUM MPH MKW AedopMarun
B o0yacTTa Ha yjaapa W MPU BUCOK KOCPHUIIMEHT HA
BB3CTAaHOBSBaHE. BUCOKMAT KOS(HUIMEHT Ha BBH3CTa-
HOBSIBaHE BOJIH JI0 MTO-HUCKA e(DEeKTHBHOCT [2].

W3Benenara 3aBHCHMOCT MOXE J1a CE€ H3IIOJI3BA
IpHU JAaJCHU YCJIOBUS HAa Cpeiara 3a OIpeeisHa
BHJa Ha BUOpalmoHeH xapeectbp [3,5,7,10,13] 3a
MO-TOJISIM TIEPUOJ] Ha CKCIUIOATAIHS U €(DEeKTHBHOCT.

VYpaBuenue (16) unrocTpupa 4yBCTBUTEIHOCTTA
Ha YIapeH THUIl XapBECThP KbM IPOMsHA Ha mapa-
METpUTE.

Ot u3BeneHaTa 3aBUCHMOCT Ha ypaBHeHHe (16)
MOJKE JIa C€ 3aKJIIOYH, Ue 33 yBeIWIaBaHE Ha MEPHO-
Jla Ha eKCIUIOATalHs € MPETIOPBUYHUTEINHO JIa Ce 3aMe-
HH MaTephaia Ha cdepaTa BMECTO J1a C€ HaMalH
pamuycbT. OT ypaBHeHus (1) u (2) Moxe 1a ce 3ak-
JIIOYH, Ye 3aMsHa Ha cepaTa ¢ mo-Manku chepu e
HaMalld U3XO0IAIIaTa MOIIHOCT Ha CUCTEMATA.

[punoxeHus ¢ HUCKA YeCTOTa Ha BUOpaNus MO-
rat Ja ce W3MOJ3BaT MPH IO-rojisiMa aMIUIATY/a,
cJe10BaTeNHO U cujla Ha ynap [8].

Iomapu npuHIMIa Ha paboTa Ha yAapeH THII
XapBecTep Cc€ Hajara JONBIHHUTCIHO YCIIOBHE

2
g < Aw", xppeto g e 3emMHOTO yckopenwue. [Topa-
IT1 HATMYHETO HAa TOPHOTO YCIIOBHE IPH ONPEICIICHH
CUTyallMd € HEBH3MOXKHO W3IOJ3BAHETO HAa YIApeH

THUII XapBECTbP HC3aBUCHUMO OT HETOBUAT NEPHUOJ HA
CKCIL10aTanus.
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DETERMINATION OF THE EXPLOITATION PERIOD FOR AN IMPACT ENER-

GY HARVESTER

Georgi PETKOV
Theory of Machines and Mechanism department, Technical university-Sofia, Bulgaria
e-mail: georgi.petkov@tu-sofia.bg

The article examines a vibrational impact energy harvester with a simple design containing a movable metal sphere inside
housing. The faces of the housing are made of elastic piezoelectric membranes. The harvester is subjected to external har-
monic vibrations. Under the influence of the external vibrations the metals sphere exerts impacts on the piezoelectric mem-
branes, generating electrical energy in the process. The period of exploitation for the energy harvester is determined in ac-
cordance to the external vibrations and metal sphere characteristics under elastic impacts and deformations. The dependence
of the period of exploitation is worked out after simplification assumption concerning small deformations in the impact area
and high restoration coefficient of the elastic membranes.

Keywords: quasi-resonance, vibrational impact harvesters, exploitation period
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CTATUYEH SIKOCTEH AHAJIU3 HA HO)KUYHO PAMO OT HOJKUYHA MO-
JEMHA YPEJIGA B CPEJIA HA COSMOS WORKS

Buxentu CITACOB bopuc TAHEB
kar. ,,JITCMC”, BTY ,,T. Kabnenikos” , brirapus
vspassov(@vtu.bg btanev 83@abv.bg

Pe3rome: B Hacrosmara cTaTHs € NMPEACTABEHO aHAIUTUYHO M3CIIEBAHE HAa CTATUYHA SIKOCT HA HOXKHYHO paMo IpH
HaTOBapBaHe, ONPEETICHO OT JEHCTBUTETHUTO HATOBAapBaHe 0 BpeMe Ha paboTa Ha IMOJeMHa HOKHYHA ypenda ¢ HaTo-
BapBaHe Ha pabotnus kom — 440kg. [IpencraBeHn ca MHOBaTUBHU MeTanHU OPOGUIH (MOJENH, KOUTO Iie ObIaT 0JeKOo-
TEHH C IIeJT ONTUMU3ALHsI HA HOXKUIHOTO PaMo U Ce olpenens KoehHIUeHTa Ha H3II0I3BaHe Ha MeTajla 32 BCEKH MOJEIL.
Wzcnenpanute Mozaenn Ha HOXMYHH pameHa ca ce3fmaneHn B CAD cucremara Solid Works. CtatnuHuaT aHanu3 Ha
Mmozenute ce ochinecTssiBa oT CAE cucremara Cosmos Works unterpupana B CAD cucremara Solid Works

KiaouoBun AYMHU: CTATUYCH AKOCTCH aHAJIN3, HOXKUYHO paMO, HO)KNUYHA ITOJAEMHA ype/:LGa

1.CHJIX HATOBAPBAIIIKX HOKUYHOTO
PAMO

Cunurte HAaTOBapBAaIld HOXKHYHOTO PaMoO Ha HO-
KUYHHUS TOJEMCH MCXaHH3bM U BB3HHUKBAIIUTE
OTIOPHU PeakIuK ca Moka3anu Ha ¢ur.l. B cumopara
cXeMa Ha HATOBapBAHETO HE Ca B3CTH I10JI BHUMAHUC
ITUHAMAYHATE HAaTOBapBaHWA. [IpmemMame,qe KOHCT-
PYKIUSATa U HEHHHUTE ENEMEHTH Ce IpHEeMaT KaTo
abCOIIOTHO KOpaBM Tela W TOraBa JWHAMHUYHATA
CHJIa MOXE Jia C€ OTIPEAEIIH 0 ciIeqHaTa popMyna:

F = M k- a ,N (1)
KBJETO - A, m/s*> € YCKOpPEHHETO (3aKbCHEHHETO)
IIpHU pa3mbBaHe M CIIMpaHe Ha NOJEMHATa ypeznoda;
M,.-maca Ha OCHOBHOTO HATOBapBaHE HA MOJIEMHATA
ypenoa.
JlnHaMUYHNTE HATOBApPBAaHUSA CE OTYUTAT C IIOMOII-
Ta Ha auHamudeH koeduument Ky =>1. Jomyctu-
MUTE HANPEKEHUs 32 ChOTBETHHS M30paH MaTepual
3a M3paboTKa HA HOKUYHOTO PaMo Ce pa3/ieiiiarT Ha
JUHAMUYHMS Koepuiuent K.

Osuauenusita Ha Qur.1 ca cnennure: @, N e Ho-
MHMHAIIHO HATOBapBaHe Ha mojieMHara ypenba; P, N

-HATOBApBAHE OT MAcaTa Ha HOKHYHHUTE paMmeHa; b,
m BEPTUKAIHO PA3CTOSHUE MEXAY IIapHUPHUTE
BPB3KH, 3aBHCH OT CTOMHOCTTA Ha BI'bjia [0 Ha Mo-
JIOKEHUETO Ha HOXKUYHOTO PaMo CIPSIMO XOPHU30H-
TajHaTa paBHMHA; (L ,m XOPHU3OHTAIHO Pa3CTOSHUE

MeXIy IMapHUPHAUTE BPB3KH :

a = b.cosfi,m ()

A

\

|

| —
X

R1

¢wur.1 Cxema Ha paMOTO

OT yCIIOBHETO 3a PABHOBECHE Ha €IHO TAJIO CIEN-
Ba,4e:

YX=0(N/n)-T,=0>» T, =N;/n, N 3)

%Y. =0 Q/20)+F/n)-k=0»R=Q+P)/n  (4)

L= 0(Q/mza(pfzma- (=0 by =(Qap)+2s ()

[Momy4yeHusaT pe3yaTar oT ypaBHEHUE 5, 3aMecTBaMe
B ypaBHEHUE 3 U MOJIy4YaBaMe:

=5 (=) ®

1.1 CraTu4eH IKOCTeH aHAJIU3 HA HOKUYHO pamMo

ba3zoBuAT MOJEN Ha HOXKMYHOTO PaMoO IMPEACTAB-
JIsiBa TIPABOBI'BJICH METANICH MPOQUI C TEOMETPUIHH
pasmepu 120/100/6 — npmxuna 2500mm, coOcTBeHA

Mmaca m=26 kg.

1) ITepBO M3NMTBaHE — HATOBapBaHE B Kpauilara
Ha HOXHU4YHOTO pamo € 1100 N,roBaponoseMHOCT Ha
nogeMHata ypenda 4400 N.

B Tabmuma 1 ca mokazaHW pe3yiaTaTHUTE OT CTa-
TUYHOTO M3IUTBAaHE Ha 0a30BUsS MOJEN B cpela Ha
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Cosmos Works.IIpu nomnyuyaBane Ha KpailHHTE pe-
3yJITATH IIOMECTEHU B TabynIara € B3eT 10J BHUMa-
HHe U koeuuueHT Ha curypHoct (Factor of Safety)
FOS=1,888.

TadJ1. 1 Pesynratu oT CTaTUYHOTO U3NUTBAaHE

Ne marepual om [N/m?] ok [N/m?] Q[N]
1 AISI 1020 3,516.10"8 4,190.10"8 1100
2 Alloy Steel 6,204.10"8 4,189.10"8 1100
3 Cast Al. Steel 2,413.10"8 4,197.10"8 1100
4 Cast Carb.Steel  2,482.10"8 4,175.10"8 1100
5 Chrome Stai.St 1,723.10"8 4,189.10"8 1100
6 Galvaized St. 2,039.10"8 4,190.10"6 1100
7 Ductive Iron 5,515.10"8 4,184.10"8 1100
8 Molleable Cast 2,757.10"8 4,195.10"8 1100
9 2014 Al.Alloy 9,651.10"7 4,175.10"8 1100
10 3003 Al.Alloy 4,136.10n7 4,180.10"8 1100

Ha ¢ur.2 e mokaszan pe3ynrara OT CTATHYHOTO SKOC-
THO W3MUTBaHE Ha 0a30BHS MOJIEN, NpU H30paH
matepuan AISI1020.

¢ur.2

AHanu3 Ha TIONYYCHUTE DPE3yNTAaTH: KPUTEPUST
O = O ,Bb3 OCHOBA Ha IOJYYEHHTE DPE3yITaTH

HaHeceHW B Tabiuua 1 e B cuia NMpHU W3NMTBAHUSA
Ne2 u Ne7, cboTBeTHO M30paHU MaTepualy 3a u3pa-
6oTka Ha HOoXM4YHO pamo Alloy Steel u Ductive Iron.

[Ipu ocrananuTe M3MUTBAHUS Ty <. O U N30paHU-

TE MaTepHald HE ca SKOCTHO IEIechOOpasHH 3a
M3paboOTBaHETO HA HOXHYHOTO PAMO H3IOJI3BAHO
IpU HampaBaTa Ha IOJEMHAa HOXHYHA ypeaba ¢
ToBapononemMHocT 440 kg npu craTMuHO HaToBap-
BaHE Ha HOXKMYHOTO pamo cbe cuna 1100 N.

2) Bropo u3nuTBaHe — MBPBU MOJAEN- IPAaBOBI'BICH
MeTaJeH Tmpodua C TEOMETPUYHH  pa3Mepu
120/100/6 apmxuaa 2500 mm, cobcTBeHa Maca
m=25,22 kg, naroBapsane 1100N-¢wur.3.

B tabmmua 2 ca mokasaHu pe3yaTaTHTE OT CTa-
TUYHOTO M3NHUTBaHE Ha 0a30BMs MOJEN B cpela Ha
Cosmos Works.IIpu nomyuyaBane Ha KpailHHTE pe-
3yJITATH IIOMECTEHU B TabynIara € B3eT 10J] BHUMa-

HHe U koeuuueHT Ha curypHoct (Factor of Safety)
FOS=1,888.

Ta0J1. 2 Pe3yntatu OT cTAaTUYHOTO U3MUTBAHE

Ne matepuan om [N/m?] ok [N/m?] Q[N]
1 AISI 1020 3,516.10"8 4,001.1078 1100
2 Alloy Steel 6,204.10"8 4,006.10"8 1100
3 Cast Al. Steel 2,413.10"8 4,015.1078 1100
4 Cast Carb.Steel 2,482.10"8 3,984.10"8 1100
5 Chrome Stai.St 1,723.10°8 3,983.10"8 1100
6 Galvaized St. 2,039.10"8 4,001.10"6 1100
7 Ductive Iron 5,515.10"8 3,990.10"8 1100
8 Molleable Cast 2,757.10"8 4,011.10"8 1100
9 2014 Al.Alloy 9,651.10°7 3,977.107"8 1100
10 3003 Al.Alloy 4,136.10"7 3,977.10°"8 1100
Ananusz Ha TOJTYUYCHUTE PEIYITATU. KPUTCPUAT

O'Mr = O'k, Bb3 OCHOBAa Ha IMOJYUCHUTC PEIYJITATH

HaHECCHM B Ta0iuna 2 ¢ B cuiia mpu u3nutanus No2
u Ne7. Ilpu ocraHanuTe M3NUTBAHMA Opy < Of U

n30paHuTe MaTepHaln He ca SIKOCTHO 1eJiechoopas-
HH 32 N3pabOTBaHETO Ha HOXKUYHOTO Pamo, U3IOJI3-
BAHO MPH HaIlpaBaTa Ha NOAEMHA HOXXMUYHA ypenda ¢
ToBapononemMHocT 440 kg npu craTM4HO HaToBap-
BaHE Ha HOXKMYHOTO pamo cbe cuna 1100 N.

¢ur.3

3) Tpero wm3nUTBaHE- BTOPH MOJCI-TIPABOBI'BICH
MeTasieH MPOQUI ¢ FTEOMETPUYHH pa3Mepu
120/100/6,mpmxuna 2500 mm, coOcTBeHa Maca
m=22,88 kg, naropapsane 1100N-¢pur.4.

B Tabnuna 3 ca moka3aHW pe3ynTaTUTE OT CTa-
TUYHOTO W3MUTBaHE Ha 0a30BHS MOJEN B Cpela Ha
Cosmos Works. Ilpu mnomyuaBane Ha KpaiHuTe
pe3yJiTaTd MOMECTeHU B TaOJHIATa € B3ET M0J BHU-
MaHue U koedureHt Ha curypaoct (Factor of Safe-
ty) FOS=1,888.

AHanu3 Ha MOJYYEHHUTE PE3YJITATH: KPUTEPHUSIT
Op = Ok, Bb3 OCHOBA HAa MOJYYCHUTE DPE3YNITaTH

HAHECCHM B Ta0OuIa 2 ¢ B Cujia IpU u3nuTanus Ne2
u Ne7. Ilpu ocraHanuTe U3NUTBAHUS Opy < O U

I/136paHI/IT€ Marepuaii HE Cca SIKOCTHO ueneCLOGpa3—
HH 3a H3pa6OTBaHeTO Ha HOXXHUYHOTO paMoO, MU3IO0JI3-
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BaHO IIPH HalpaBaTa Ha MOJeMHa HOXHWYHA ypenda ¢
ToBaponojaemMuoct 440kg npu craTUUHO HAaTOBapBa-
HE Ha HOXHUYHOTO paMo cbe cuiia 1100N.

Ta0J1. 3 Pe3ynratu OT CTaTUYHOTO U3MIUTBAHE

Ne MaTepHanl oM [N/m?] ok [N/m?] Q[N]
1 AISI 1020 3,516.10"8 4,116.10"8 1100
2 Alloy Steel 6,204.10"8 4,116.10"8 1100
3 Cast Al. Steel 2,413.10"8 4,116.10°8 1100
4 Cast Carb.Steel 2,482.10"8 3,113.10"8 1100
5 Chrome Stai.St 1,723.10°8  4,116.10"8 1100
6 Galvaized St. 2,039.10"8 4,116.10"6 1100
7 Ductive Iron 5,515.10"8 4,114.10"8 1100
8 Molleable Cast 2,757.10"8 4,116.10"8 1100
9 2014 Al.Alloy 9,651.10n7  4,111.10"8 1100

10 3003 Al.Alloy 4,136.10n7 4,111.10"8 1100

T 16155007 g

¢ur.4

4) UYerBbpTO U3NUTBaHE - TPETH MOZEN-
NPaBOBI'BJICH METAICH MpOoQHUI C TEOMETPHYHU
pasmepu 120/100/6 mpmxuna 2500 mm, coOcTBeHA

maca M=22,10kg, natoBapsane 1100N-¢wur.5

B Tabnumna 4 ca mokazaHW pe3yiATaTHTE OT CTATHY-
HOTO M3MUTBaHE Ha 0a30BHA MOJEN B Cpeja Ha
Cosmos Works.IIpu mosyyaBane Ha KpaiiHUTE pe-
3yJITaTH TIOMECTCHU B TaOJIMIIaTa € B3€T 10/ BHUMA-
Hue 1 koepuuueHT Ha curypHoct (Factor of Safety)
FOS=1,888.

Tab.a. 4 Pe3yarartu OT CTAaTUYHOTO U3IUTBAHE

Ne MaTepHa oM [N/m?] ok [N/m?] Q[N]
1 AISI 1020 3,516.10"8 4,138.10"8 1100
2 Alloy Steel 6,204.10"8 4,139.10"8 1100
3 Cast Al. Steel 2,413.10"8  4,139.10"8 1100
4 Cast Carb.Steel 2,482.10"8 3,134.10"8 1100
5 Chrome Stai.St 1,723.10"8  4,139.10"8 1100
6 Galvaized St. 2,039.10"8 4,138.10"6 1100
7 Ductive Iron 5.515.10"8 4,136.10"8 1100
8 Molleable Cast 2,757.10"8  4,139.10"8 1100
9 2014 Al.Alloy 9,651.10n7  4,132.10"8 1100
10 3003 Al.Alloy 4,136.10n7  4,132.10"8 1100
AHanu3 Ha MOJyYEHUTE pPE3yATaTU: KPUTEPHUSIT

Oy = O, Bb3 OCHOBA HA MOJYYCHHTE pE3yITaTH

HaHECeHW B Ta0yHIa 2 € B Cuiia Tpy M3NnUTaHus No2
u Ne7.

¢wur.5

[Ipu ocTananuTe U3NUTBaHUSA Tpy <. O U U30-

paHHUTE MaTEpUANIX HE ca SIKOCTHO IIeJIecho0pa3HuU 3a
n3paboTBaHETO HA HOXHYHOTO pamo, H3MOI3BAHO
IIpU HampaBaTa Ha IOJEMHa HOXHYHA ypenda ¢
ToBapomnogaeMHocT 440 kg mpu cTaTUYHO HATOBAp-
BaHE Ha HOXUYHOTO paMo cbe crima 1100 N.

TlogxoabT, KOWTO Ce M3MOA3Ba IPU ONTUMHU3UPAHE
Ha METaJTHHSA MPOQIT 3a N3paboTKa Ha HOXHUYHOTO
pamo ¢ 3ama3BaHe Ha IKOCTHUTE My XapaKTCPUCTHKH
IpH HaMaJsIBaHE Ha coOCTBeHaTa My Maca.3a Jna
MOXKE Jia c€ Mpeaaae CTOWHOCTHA OICHKA Ha ONTH-
MU3aIMsITa CE BHBEXKIA T.HAp. KOCHUIMCHT HA W3-
MOJI3BaHE HA MaTepUaa.

2.0npenesisiHe Ha CTOHHOCTTA Ha KoedHUIMEHTa
HA M3MO0JI3BaHe HA MaTepHaja INPH TOBapPOIO-
JAeMHOCT HA HOKHYHATA mofieMHa ypenoa 440 kg

Kuk = Q-max/G (7N

KBAETO: (Q1ar=440kg; -G, N-maca Ha MmeTamHata

KOHCTPYKIIMS Ha MOJIeMHAaTa ypenoa.

Macara Ha MeTamHaTa KOHCTPYKIMS Ha MOJCMHA-
Ta ypenda ce ompexens Karo anreOpuuHa cyma OT
MacuTe Ha pabOTHHUS KOIILHOXHYHHTE paMcHa U
MacaTa Ha XWAPABIMYHUS TOAEMEH UIHHABD (XHI-
PaBJIMYEH pe3epBOap U pa3lpeaeInTe), .e:

G=31G 26 =Cu+Gy+6y (8
3a omnpezensHe Ha YHCIOBUTE CTOMHOCTH Ha OTAE-
HUTE Terjia Ha METallHaTa KOHCTPYKIHUS U CTOMHOCT-
Ta Ha TOJE3HHS TOBap CE HM3IOJI3BAT KATAJIOKHHUTE
JAHHA Ha EJICKTPUYECKa IOJEMHO-PadOTHA caMo-
xonHa Tutatopma HoxkwmdeH T JLG 2646ES, npu

Kk0sT0: Qrnax=440 kg, Gp=180 kg, Gy, =119 ke.
CroiiHocTTa Ha GHP npu 6a3oB mogmen (pwur.2)ce

ofpeieNtst o cieanara hopMyIa:
Guy =16.26=414 kg 9)
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Buxentu CITIACOB bopuc TAHEB

KbJAETO 16 e 6pos Ha HOKMYHUTE paMeHA H3TPaXK-
Jamy mojeMHata ypenba. CriemoBaTenHo ofIiaTa
Maca Ha MeTalHaTa KOHCTPYKIMS ChITIACHO ypaBHe-
aue (7) e G= 180+119+416=715 kg, cienoBaTenHo

Koe(UIMeHTa Ha H3MOJ3BaHE HA MaTepuana Ipu
6a30B MOJIeJ1 HA HO)KUYHOTO pPamo e:

Ky11=440/715 =0,61538 (10)

IMpu wu3mon3BaHe Ha MeTalieH MPOQHI —IbPBH

mozen (¢ur.3) cpe cobcTBena maca 25,480kg maca-

Ta Ha HOXHYHUTE PaMeHa ChITIACHO ypaBHeHHE (9)

Gup =16.25,480=407,68kg, cnemoBarenno G1=

180+119+407,68=706,68 kg. OT KpETO CTOMHOCTTA
Ha KOe(UIMEHTa Ha M3TI0JI3BaHe HA MaTepuaa ¢

K 52=440/706,68 =0,62262 1D

Ilpu wu3non3BaHe Ha MeETaNeH MPOQHUI —BTOPH

mozen (¢ur.4) cee coocTBeHa Maca 22,88kg macara

Ha HOXXWYHWTE paMeHa ChIIIacHO ypaBHeHHe (9) e

Gyp =16 22,88 =366,08kg, cnenosaremo Gy=

180+119+366,08=665,08 kg. OT KbETO CTOMHOCTTA
Ha KOe(UIMEHTa Ha M3II0JI3BaHe HA MaTepuaa e:

Ky 13=440/665,08 =0,66157 (12)

IMpu wu3non3BaHe Ha MertaneH NpoQUI —TpeTH

mozen (¢ur.5) cve coocTBeHa maca 22,10kg macara
Ha HOXXWYHHUTE paMeHa ChIJIacHO ypaBHeHue (9) e

GHp =16.22,10 = 353,6kg, cnemoBarenno G3=

180+119+353,6 = 652,20 kg.OT xbETO CTOMHOCTTA
Ha KOe(QUIMeHTa Ha M3MI0JI3BaHe Ha MaTepual e:
K 154=440/652,20=0,67422 (13)
[Tpn ananu3upaHe Ha pe3yJITATUTE MOJIYYEHH 3a
pa3yIMuHUTE CTOWHOCTH Ha KOe(HIMEHTa Ha M3IIO0J-
3BaHEe Ha MaTepHayia U Ha CTOWHOCTUTE Ha oOlIaTa
Maca Ha NoJeMHaTa ypenba MOXe Ja Ce HalpaBH
CIIEIHUS M3BOA: - P M3IIOJI3BaHe Ha MeTaJeH Ipo-
¢un —epBu Mozen ¢ maca M=25,480 kg crpsimo

6azoBus podui ¢ maca 1M=26 kg, obmara maca (71

¢ onekorera ¢ 1,16% cnpsmo G. Ipu msnonssane

Ha MeTaieH mnpodusn BTOpM MOAeN C Maca

m=22,880kg, obmara maca (; e onekorena c
6,98% cnpsmo (. Tlpu u3rnon3BaHe HAa MeTaleH
npodun —tpetn moaen ¢ maca 111=22,100kg, obmara

maca (73 e onekorena ¢ 8,73% crupsmo G. Tlomyuqe-

HHUTE PE3yNTaTH ca MMOKa3aHH B TabHIa 5.

Tabnuna 5
Ne moaen mlkg] G[kg] Kmk % onekot: Q[kg]
basos 26 715 0,61538 - 440
Mbpeun 25,48 706,68 0,62262 1,16 440
Btopwu 22,88 665,08 0,66157 6,98 440
Tpetn 22,1 652,6 0,67422 8,73 440
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STATIC STRENGHT ANALISIS OF SHOULDER SCISSOR LIFT DEVICE IN
COSMOS WORKS

Vikenti SPASSOV, Boris TANEV
Dep. “Material Handling Machines & Systems”, ,,T. Kableshkov” University of Transport, Sofia
vspassov(@vtu.bg btanev 83@abv.bg

Abstract: The present paper is an analytical study of the static tensile load scissor arm designated by real load during
operation of scissor lifting equipment with a working cage load - 440kg. Presented are innovative metal profiles (patterns
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that will be light to optimize the scissor arm and determined coefficient of metal for each model. Studied models of
scissor arms are created in the CAD system Solid Works. Static analysis of the models is performed by Cosmos Works
CAE system fully integrated into the CAD system Solid Works.

Keywords: static strength analysis, scissor arm scissor lift equipment
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O HEKOTOPBIX ITPUHIIUITIAX PASPABOTKH CUCTEMBbI
ABTOMATHU3NPOBAHHOI'O IPOEKTUPOBAHUSA PABOYEI'O
OBOPYJAOBAHHMA OJHOKOBIIOBBIX I'N/IPABJIMYECKHUX
IKCKABATOPOB

érp MOBETAMJIO
NMAI um. braronpasoBa A.A. PAH, Poccus
e-mail: petrp214@yandex.ru

Pe3tome: B macrosmieil paboTe mpencTaBiIeHBl HEKOTOpPHIC HAIIM COOOPaKEHMS O NPHHIMNAX pa3pabOTKH CHCTEMBI
aBTOMATH3UPOBAHHOTO IIPOCKTHPOBAHUS pabodero OOOPYHOBAaHMS MOIIHBIX OJHOKOBIIOBBIX THIPABIHMYECKUX
9KCKAaBaTOPOB Ha PAHHUX CTAAUSX HMPOEKTHpoBaHWs. IIpu 3TOM OHHM pa30UTHI Ha Tpu YacTH. B mepBoil gyactu paGoTHI
KpaTKO OINHMCHIBAETCsl Hallle MOHMMAHHE Ipolecca MPOEKTHPOBAHHS, yKa3bIBAIOTCS TPeOOBAaHHsS K pa3zpabaTbiBacMOi
cucTeMe pa3OuThie Ha psill ypoBHEH. Bo Bropoii yacti paboTsl pedb UIET O CTPYKTYpE CUCTEMBI aBTOMATU3MPOBAHHOTO
MIPOEKTHPOBAHUS HA HIDKHEM e€ ypoBHE. MIHBIMM CIOBaMH, peub HIET O MOCIEIOBATEILHOCTH 3TAloOB Pacy&éToB NpH
MIPOEKTUPOBAHUU (B OCHOBY CTPYKTYpHI (Habopa 3TamoB) 3TOro ypoBHs nosnoxxeHs! padborst MUCU n BHUUCM 80-x
TO/IOB IPOIIIOro BeKa (IIPY STOM IPHMEHsIeMble HAMH MaTeMaTHIeCKHEe MOJIEI OPUTUHANEHEI)). TpeThs 4acTh sIBIsIeTCS
[Mpunoxenuem. B HéM chopmynupoBana unes it nanbHelmed Hamei paboTsl. CyTh HIEH COCTOUT B TOM, UTO B IIPOIIECC
MIPOEKTHPOBAHUS MOIIHBIX OJHOKOBIIOBBIX T'MAPABINYECKUX IKCKABATOPOB MOXKET OBITH IIOJIC3HBIM BBECTH MOHSTHE
ITOPUTMHIECKOH SHTPONNH (MEPHI CIIOKHOCTH BapHaHTa pabovero 000pyaoBaHus).

KiioueBble c10Ba: OJIHOKOBIIOBBIM THIPABIMYECKHH 3KCKaBaTop; pabodee 00OpYyHOBaHHE; aBTOMATU3MPOBAHHOE

MPOCKTHPOBAHUE

Cnenys pabotam [1, 2 u 1p.] Oyaem cuuTaTh, 94TO
OIHUM W3 Hambollee pacHpPOCTPAHEHHBIX BHIOB
pobotoB — ManunyasTopoB (PM) B mestensHOCTH
YeoBeKa ABIISICTCS OJTHOKOBIIOBBIN
rugpaBnuueckuil  skckaBatop (OI'D), koTopsli
MOXXHO YBHJIETb M Ha CTpOHKE B TOpoJe, U B
MO3EMHOM 1IaXTe, W MOJ BOJOW U T.A., U T.IL. [3, 4 u

ap.]

IIpu »o>TOM, HCTOpPHUS 3KCKABAaTOPOCTPOEHUS
HAaCYUTHLIBACT 60)166 cTa JICT, a
THIPOIKCKABATOPOCTPOCHU — Oojiee MATHACCATH

ner. HecMoTpst Ha 3TH BHYIIUTENbHBIE LU(PHI, U, HE
cMOTpsi Ha siBHOEe cpoiactBo OI'D m PM, pasBurue
TEOPUM  HMX  OPOCKTUPOBaHMS M pacdera
OCYIIECTBIIACTCS pa3fesibHO, 000coOieHo. Jlummn B
MOCJIE/IHUE JIECATh — MATHAALATD JIET, 32 pyOeKoM B
NepBYI0 OuYepeAb, OTH JBE O00JacTH IOHCKa
YeJI0BEUECKOM MBICIIH IIEPECTAIOT XKHUTh KaX1ast caMma
no cebe. Ceiiuac HaOMIOAETCS aKTUBHBIA IEPEHOC
METOJOB  pacuera W  INPOCKTHPOBAaHUS U3
pPOOOTOTEXHUKH B 3KCKaBaropocTpoeHue. OnHako,
OUYEBH/HO, YTO OBICTPO U LEIMKOM 3TO ClelaTh
Helmb3sl, B TMEpBYIO OdYepelb, H3-3a 0CO00i
crieruukn  padbodero mporecca OI'D  koTopyro

HEOOXOAMMO BCerja YYHThIBaTh. B HEKOTOPBIX,
BECbMa YaCTO BCTPEUAIOLIMXCS CIIydyasx, TpeOyercs
pa3paboTKa HOBBIX METOJIOB aHaJIHM3a U CHHTE3a IS
pacdera W mpoekTupoBaHus OI'D, y4IHTHIBAIOIINX

BECh 3a1c1 n p060TOTeXHI/IKI/I, u
OKCKaBaTOPOCTPOCHHUA, U MCXAHUKU U TIp. KpOMe
9TOTO, B 9KCKaBaTOPOCTPOCHUHU MHOTI'O (S211(5]

BOIIPOCOB, TIOYTH COBCEM HE HAIICIIINX YIAYHOTO U
MIOJTHOTO PEIICHUS.

OpaHoii 3 BakHenmux noacucteM OI'D siBsieTcst
pabouee obopymoBanue (PO). HWmeHHo oHO
HETIOCPEICTBEHHO pPEaNn3yeT OCHOBHYIO (YHKIHIO
OI'D — skckaBanuio rpyHTa. Bo MHOTOM, mMo3TomMy
HMEHHO OHO [OJDKHO TPOCKTHPOBATHCS B TIEPBYIO
odepenb, ¥ MMEHHO OHO «(pOpPMHpPYET» COCTaB MU
napameTpsl mpouyux noacuctem OI'D.

B pamkax HacTosmiel pabOThl MpeAnoyiaracTcs
HAMCTUTh KaHBY pa3pabaThiBacMOW METOIOIOTUN
npoekTrpoBanusi PO («KOHCIIEKTUBHO» C YYETOM U
WHBIX MOJCUCTEM MamuHbl). [lox kaHBoOW Oymem
MOHUMAaTh, B OCHOBHOM, IOCJIEJOBATEILHOCTh
ATaroB MPOSKTHPOBaHMS (O MpoUeM OyAeT CKa3aHo B
JnanpHeWmuX Hamwmx padoTax). Ha 6asze cozmaBaeMoit
METOZOJIOTHH B JanbHeimeM OyAeT CTpOUThCA
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[erp [TOBETAIJIO

cucreMa aBTOMAaTH3UPOBAHHOTO IPOEKTHUPOBAHUS
(CAIIP) PO OI'D.

OCHOBHBIE TPEBOBAHUA K CAITP PO
or!

Hacrosmuii paszmen MOCBSIIEH PacCMOTPEHHUIO
OJTHOTO u3 BaXHEUIIINX BOIIPOCOB
aBTOMATH3UPOBAaHHOTO MpoekThupoBanus PO OI'D —
00 OCHOBHBIX TPeOOBAHMIX K TAKOH cHCTEME.

M3BecTHO HE OYEHBb OOJBIIOE YUCIO padoT B
obnactu pazpadorku CAIIP PO OI'D (ManuHOBCKUi
E.XO., 3apenxuit JI.b., I'puropeer A.I'., Kpukyn
A.B., Iasmor B.II., lep6akos WU.C., Kpymp K.,
Mutpes P., Snomeswu ., Park B. u np.).
[IpakTryeckn Bce OHU TOCBSIICHBI PACCMOTPCHUIO
y3KHUX, YACTHBIX 33/a4°. BoJIblnas 4acTh 9TUX paboT
ObUTa BBITIOJHEHA B MPOIIOM BEKE, OPHEHTHPOBaHA
Ha yCTapeBIIyIO MIEMEHTHYIO 0a3y, a IporpaMMHBIE
pa3pabOTKM TPaKTHYECKH BCE HE JOCTYIHBI
(yTepsHsbl).

Takum o00pa3oM, odYeBHIHA MOTPEOHOCTH B
co3nanuu CAIIP PO OI'D Ha HOBOM, COBPEMEHHOM
YpOBHE pa3BUTHS HAYKH u TEXHUKH,
OpUCHTUPOBAHHOM HAa TMOAJCPKKY IKU3HECHHOTO
[UKJIa MAITUHBL.

B Teopum MammH M MEXaHU3MOB U
pOOOTOTEXHHKE W3BECTHBI Pa0OTHI, KacCaroIIUeCs
BOIIPOCOB aBTOMATH3aLNHU POCKTHPOBAHUS TEX WIIN
naplx cucteM (KoOpuuckuii A.E., KoOpuHckuit
A.A., [TaBnos B.W., Ouupos B.JI., Hukomapos {.C.,
3akupoB I'.II., Kazeixano X.P., IOgua K.M.,
T'opckuii B.E., Byko6parosuu M. u ap.). OgHaxo,
pe3ynbpTaTel  3TUX  paboT HE’mb3sd  HANPIMYIO
nepeHectu B 00acTb npoextuposanus PO OI'D.

B pamxkax 310t paboThl HEe OyaeM CIEHUATBHO
AHAITM3UPOBATh TPYIbI IMOCBSIICHHBIC BOIPOCAM —
(PO OI'D; paznuyHbIM MOOWIBEHBIM MAIIHHAM;
CJIOKHBIM TeXHUYecKuM cuctemam (Makapos WU,
Moucees H.H., I'mymakoB B.M., Kpacnomexos
I1.C., ITetpoB A.A., AxpeM A.A., Paxmankynos B.3.,
ITonosunkuna A.U., Hopenkos W.I1., ®enopor B.B.,
Bssrua B.A., J[xoHc k. U 1p.)); TEXHHIECKOMY
tBopuecTBy (EBun U.A., 3apunos P.K., Axamap XK.,
Jlxurae k. ¥ Op.); COAEPIKAHUIO U COOTHOIICHHUIO
MOHATHH «aHanm3» W «cuHTe3» (Mamapramsuim

! JlaHHBII pa3en HaKUCaH Ha OCHOBE JO0Kmaza [5].
2 [lpn mHMpOKol MOCTAaHOBKE HAGMIONACTCS BBIXOMAIIMBAHKE, YNPOIICHHE
MIPUMEHSEMBIX METOAMK CHHTE3a U aHa/Iu3a.

M.K., bpyuumuckuéi A.B., Pyounmreitn C.JI,
3uHoBReB A.A., Mapkc K. m xp.); cucremHOMy
noaxony (Aunoxun ILK., Illenpouuxuit I'.II.,
Bormanos A.A., Yémos A.U., bepranaudu JI. u ap.)
U T.J. 3aMETUM JIUIIIb, YTO OCHOBHBIC Pa0OTHI B ATHX
00acTsaX HaM W3BECTHHI, U MBI UX YYUTHIBACM, H I7Ie
3TO AOIMYCTHMO, IPAMEHSIEM.

[Iporecc mpoeKkTUPOBAHUS CBS3aH C KU3HECHHBIM
[IUKJIOM HW3MIeNUs, SBISSACH OJXHUM W3 €r0 JTaloB.
OpmHako y4eT BceX BO3MOXKHBIX IIPH 3TOM CBS3EH,
BOIIPOCOB | IIPOOJIEM BBIXOIUT 32 PaMKH HACTOSIICH
padoTHL

B  coBpeMeHHBIX  cucTeMax  yIpaBIeHUs
OPEANPUITHIMA (OPTaHU3AIMOHHBIMU CUCTEMaMH)
CAIIP 3aHumaer cBoe, KOHKPETHOE U HE caMmoe
3HAYUTEIbHOE MecTo. B Hactosmedd paborte 31O
TaK)ke He M3y4yaeTcsl U HU KaK He yuuThiBaercs (B
YaCTHOCTH  HE  paccMaTpUBAIOTCS  BOIPOCHI
(opMupoBaHHS HAWIYYIIEH CTPYKTYpHI OTHAENA,
(UPMBI U T.II., NI TPUHAMAIOIINX PELICHUS M caM
TIPOIIECC TIPUHSTHUS PEIICHHUS).

Kak wm3BecTHO, mpomecc MPOEKTHPOBAHUSI
TEXHHYECKOM CHCTEMBI pPa30UT Ha HECKOJIBKO
craauil. OIHAKO B TPETbEM THICSUEIETUN TaKas
oOrIenpuHsATAas CTPYKTYpa HYXIaeTcs B
KOPPEKTUPOBKE, B YACTHOCTH B JIOTIOJHEHUH OJHUM
HOBBIM 2TaIllOM — KOTOPBIN JOJIKEH CTaTh MEPBBIM B
LEMOYKe MIPOEKTUPOBAHUS - 3TanoM
npeanpoektHoro anammsa (ITA)3. Ha ero «Bxom»
MOCTYyIIaeT MpeJIOKeHWE  3aka3uuka. VTorom
NPOEKTHPOBAaHUS HAa OTOM  JTame  SABJISIETCS
dbopmupoBaHHEe  TEXHHUYECKOro  3afaHus  (OHO
BKITIOYAET W BO3MOXKHYIO KOPPEKIHIO TPEATIOKCHAN
3aKa3drka) WM OTKa3 OT BHIMOJHEHHS 3aKasa.
Pesynprar aHanmuza  OpeIOKEHHs]  3aKa3uMKa,
BOIUIOIICHHBIA B ()OPME TEXHUYECKOTO 3aJlaHHs, 10
MOMEHTa €ro NOJNUCAHMSA 3aKa3yMKOM, Ha Hall
B3MJIAZ, MOXET OBITh Ha3BaH TCXHUYCCKUM
npenioxkenueM. llocne mnoamnucaHusi 3aKa3uyuKOM
Ppa3pabOTaHHOTO TEXHUYECKOTO 3a/IaHUSI HAUHMHACTCS
3Tal 3CKU3HOTO MPOEKTUPOBAHMS, KOTOPBIH BEIETCS
B paMKax TEXHHYECKOTO 3aJaHUs, MOANHCAHHOTO
BCEMH CTOPOHAMH.

Ilenp stanma IIA — He NOKWCK ONTHMAJIBHOIO
eAMHUYHOTO BapHWaHTa TEXHUYECKOW CHCTEMBI, a
MOKCK U, 10 BO3MOYXHOCTH, COKpAIllEHHE MHOKECTBA
palMOHANBHBIX BapUAHTOB TEXHUYECKOW CUCTEMBI.

3 3Ty CTaUI0 MPOCKTUPOBAHUS MOKHO Ha3blBaTh, HA Halll B3IV, paHHCﬂ
crajauei TPOCKTUPOBAHHUS.
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Bompocsl moncka HawiydIIero M3 pandOHAIBHBIX
BapUAHTOB TEXHWYECKOW CHCTEMBI OCTAarOTCS JUIsl
MOCJIEAYIONINX CTaAMi NPOEKTUpOBaHMS Ha 0Oase
MHOTOKpUTepHaNbHBIX noaxonoB (Crataukos P.b.,
Cob6omp U.M.. Marycos WU.b., CrataukoB U.H. u
np.). Ha cragum ke I[TA 60pr0a uaer 3a HCKITFOUCHUS
13 TEXHMYECKOTO 3a/1aHNs CTPATETMIECKH HE BEPHBIX
pelieHui.
IIpomecc mpoektupoBanus PO OI'D Ha cragum
ITA MOHO HpeNCTaBUTh KaK OTOOpaXkeHHe BUa*:
MM : HJ{ — BPO (1)
rae MM - Habop B3aUMOCBSI3aHHBIX
Marematuueckux mogene (MM), onmchiBarommx
npouecc npoextuposanus PO OI'D; pjg -

MPOCTPAHCTBO HMCXOAHbIX naHHBIX (M]I); BPO -
IIPOCTPAHCTBO €AMHUYHBIX BapuaHTtoB PO OI'D.

Taxoe Npe/ICTaBIICHUE npouecca
MPOCKTHPOBAHUS IO3BOJSICT M3y4yaTh CBOMCTBa
YKa3aHHBIX TPOCTPAHCTB OTAEIHHO OT pa3paboTKU
noTpeOHBIX MM, B 6osiee aOCTPaKTHOH MOCTaHOBKE.
B pamkax Hacrosmieid paboThl, OJHAKO, He OymeMm
OCTAaHABIMBAaThCA Ha OSTOM (BBIABICHHH THIIA
MIPOCTPAHCTBA, BBEJACHUH METPHUKH W Tp.). Bompoc
K€ TIOCTPOEHHUS B3aMMOCBS3aHHBIX MM OyneT B
o0IIMX YepTax ONMCcaH HUXKE, B CIICAYIOLIEM pasJiele,
Ha 06a3e paboT [6 — 9 u ap.].

3aHMMasgCh  METOMOJOrMEH  MPOEKTHPOBAHUA
HEKOTOPOH CHCTEMBI IIOJIE3HO C(OPMYJIUPOBATH
COOTBETCTBYIOIIUE 3TOMY OCHOBHBIE IOHSTHSA.
Utax’.

B pamkax HaCTOSIIIEH paboThI 3a
CHUCTEMOOOpa3yIoniuii HakTop MpUMeM KOHKPETHBIN
pe3yNbTaT ACATEILHOCTH CHCTEMBI (HEe OyaIeM TOTHO
ceifyac yTO4HSTh 4TO ATO 33 Pe3yJIbTaT, HO BEPOSTHO
UM MorJ1a OBl cTaTh TpeOyeMast MPOU3BOIUTEIHLHOCTD
9KCKaBaTopa). Torma ompenesicHHe CUCTEMBI OyAeT
TaKOBO: CUCTEMOW MOXHO Ha3BaTh TOJIBKO KOMIUICKC
TaKUX M30UPATEIBHO BOBJICUCHHBIX KOMIIOHEHTOB, Y
KOTOPBIX B3aUMOJICHCTBUC W B3aUMOOTHOLICHUS
MPUHUMAOT XapakTep B3aMMOCO/ICHCTBHS

4 Ha 6ase Takoro MeTOJOJOrMYECKOTO MOJAXOAA MOXKHO B JajbHeHIIeM
TOBOpUTH O pealu3allui IMPUHIHUIIA JOOIOIHUTECIBHOCTH B IPOLECCE
HpOeKTUPOBaHUs. ECTECTBEHHO, CO CBOUMM yTOUHCHUAMH H M3MCHCHHSAMH,
BbI3BAHHBIMH CHCHHqJHKOﬁ obObekTa MIPOCKTHUPOBAHHUSA.

5 Tlpn (OpMUpOBaHHH HIKEIPUBEICHHBIX TONOKEHUH (OmpesescHue
CHCTEMBI, CHCTEeMOOOpasyiomero (akropa M T.I.) OPHEHTUPOBAIHCH Ha
Tpymbl akajemuka Amsoxumna ILK.. B mepBylo odepelb Ha KHHUTY:
dunocopckue acmekTsl Teopun (GyHKIHOHAIBHON cucTeMbl. M30paHHBIC
Tpynsl. M.: Hayka, 1978. 400 c. EcrecTBeHHO, 4TO B JajJbHEHIIEM 3TH
THOJIOKEHHS OYyT KOPPEKTHPOBAThCS.

KOMIIOHCHTOB ISl TOJIYY4CHUS (POKYCHPOBAHHOIO
MOJIC3HOTO PE3yJIbTATA.

YTO4HAsS ~ 3TO  ONpEACICHHUE,  BBIIHIICM
Cleyroliee: CUCTeMa JO0JDKHA MPEACTaBIATh COO0M
MOUTHHHYIO KOOTICPAI[I0 KOMIIOHCHTOB MHOKECTBA,
YCHIMS KOTOPHIX HANpaBICHBl Ha IONyYCHHE
KOHEYHOT'O TIOJIE3HOTO pe3yibTaTa. A 3TO 3HAYUT,
YTO BCAKHUII KOMIIOHEHT MOXET BOWTHU B CUCTEMY
TOJIBKO B TOM CITydae, €CJId OH BHOCHT CBOIO JIOJIO
COJIIeIiCTBHUS B MOITyUeHIE KOHEYHOTO Pe3yIbTaTa.

Tak >xe B OyaymeM HEOOXOJAWMO YYHUTHIBATH
MIPHUHITUIT OTIEPEIKAIOIICTO OTPAKCHHS.

Kpome 3Toro, Hamo UMeTh B BUIY CICIYHOLIHIA
3aKOH:  BCsKas  (DYHKIMOHAJNbHAsS  CHCTEMA,
MEXaHUYeCKash WM OJKWBas, CO3JaHHAs WU
PAa3BUBIIASCS JJIS MOJIYYCHUS IMOJIE3HOTO 3 deKTa,
HEMPEMCHHO WMEET IUKIMYCCKHIA XapakTep U He
MOJKET CYIECTBOBAaTh, €CIIM HE MOTydaeT 00paTHON
CUTHAIH3AIIHI 0 CTETICHI MTOJIE3HOCTH
npousBeaEHHOro P derTa’.

Wrak, monBeaeM UTOT BCEMY BBIIIE CKa3aHHOMY.

Ceifuac HEOOXOJIUMO  COCPENOTOYUTHCS  HA
(dopmynupoBKe 0CHOBHEIX TpeboBanuii k CAIIP PO
OI'D na stane ITA.

Kax numer Kysnenos M.B. [10 u gp.] «B
CTPYKTYpe (DM3MYECKOH TEOPUH MOKHO BBIICIHUTH
CJIEJIYIOIIME OCHOBHBIC YAacTH: OCHOBAaHHUE, SPO,
BOCIpou3BelleHUue». B cioydyae  mocTpoeHus
Meronuku TmpoektupoBanmss PO  OI'D  moxHO
YBUIETh HEUTO aHaJOTHMYHOE. OTO, Oe3yCIIOBHO,
MPUBOAUT K MBICIH O TOM, YTO TpeOOBaHHA K
CHUCTEME aBTOMATH3MPOBAHHOTO IPOSKTHPOBAHUS
pacmagyTcs Kak MUHIMYM Ha TPHU TPYIIIHL:

- 001IIHe METOI0JIOTHIECKUE TPEOOBAHUS;

- 00IIMe KOHKPETHBIC TPEOOBAHNUS;

- yacTHbIE TpeOOBaHMs Ha ypoBHE MM.

B Hacrosimield paboTe mociegHHH MYHKT 3TOTO
MIEPEYHsT YIIOMHHATHCS HE OyIeT.

HabGop o0mmx meromuueckux TpeOOBaHHM
BBIDJISITUT CIICAYIOIIAM 00pa3oM (eCTECTBEHHO, UTO B
XO0Jle JaJbHEWIer paboThl 3TOT W CIEMYIOIIHHA
nepedeHsb OyayT KOPPEKTUPOBATHCS):

- MakCHUMaJbHO TIOJIHOE  HCIIOJIB30BaHUE
COBPEMEHHBIX CTaHAapTOB B o0nactu IT-TexHOMOTHIA
(UML, CASE u 1.11.);

- pa3yMHO€ NIPUMEHECHUE METOJIOB MapaslICIbHOM
00pabOTKU TaHHBIX;

® Tak e B GyIylleM HYKHO HCIOIB30BaTh METOAMYECKHE TOIXONBI M3
pa6ort IlIBbIpKoBa B.B. 1 ero yueHHKOB U KOJLIET.
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- TOHUCK, pa3paboTka ©  IPUMCHCHHE
AHAIUTHYCCKUX W 3BPUCTHYCCKHX IPHEMOB, IS
CHIDKEHHS MOIIHOCTHU MPOCTPaHCTB (MHOXECTB) ]|
u BPO;

- MaKCHMAJBbHOE HCIIOJb30BaHUE 0a3 IaHHBIX
(mepeBoz Tam, TIe 3TO MOKHO PAacYeTOB B 3alIPOCHI K
0a3aM JTaHHBIX);

- OTKPBITOCTB;

- 00y4aeMoCTh;

- IS BBISIBIICHUS ¥ YCTPAHEHUS JIaKyH B 3HAHUH O
PO OI'D HeoOXoAMMO TOCTPOUTH HEPOPMATBHYIO
AKCUOMATHYECCKYI0 TEOPHUIO MPOCKTHPOBAHUS STOU
cucremsl (B mpomecce pabOTBI Haj YKa3aHHOMH
3amayeii  MOXeT OBITh  MOJE3HBIM  CO3JaHHe
1Ia0JIOHOB, B KOTOPBIC MOTYT OBITh BBIHECCHBI YaCTO
UCIIOJIb3YEMbIE, B KAaKOM TO POJAE CTaHAapTHBIC,
MaTeMaTHYCCKUE TMOJOXKCHHUS pa3pabaThiBacMOM
Teopun’ (II0 aHANOTHM C W3BECTHOH OUOIMOTEKOMN
STL npu nmporpaMMupoBaHuy Ha si3bike C++));

- Ha 6a3e MPOBOAMMBIX M3BICKAHUN JOJDKHA OBITH
obecrieyeHa BO3MOYKHOCTb OCYIIECTBIICHUS
akcrepTu3sl MpoektoB PO u OI'D B menoM.

Habop o0umx KOHKpPETHBIX TPeOOBaHHWH HMeEeT
CJIEIYIOIIHIA BUI;

- OTKa3 OT JIOKAJbHOM ONTUMU3AIMHA OTIACIHHBIX
noacucteM PO u camoro PO;

- pa3paboTka © TPUMCHCHHE KaK MOXKHO
OONBIICr0 YHCJIAa JIOKAJNBHBIX OIICHOK KadyecTBa
MIPOEKTUPYEMOU CHUCTEMBI;

- muaIME3anmsa N/;

- y4eT TEeXHOJOTHH
9KCKaBaTOPOM;

- MaKCHMAaJlbHO MOJHBIN yYeT yXe H3BECTHBIX
MOJXOMOB K  TPOEKTHPOBAHHWIO M pacyery
manunyssitopaoro PO OI'D u po6oToB.

Ha ocHOBe MpHBENCHHBIX TOJIBKO YTO MEpPEUHEH
OCHOBHBIX TpEeOOBaHWII K aBTOMATH3UPOBAHHOMY
npoektupoBanuro PO OI'D B panbHeiimem
npeJroiaraeTcss co3aarh (MPeIIoKNUTh) Kapkac (B
HCKOTOPOM CMBICJIC 3JICKTPOHHBIA MAaKeT) TaKOro
pona cuctemsl. [Ipr 3TOM 1M0JIe3HO OTTATKUBATHCS OT
pab6ot [11 — 15 u mp.].

MPOU3BOJICTBA  paboT

O CTPYKTYPE CAIIP PO OI'3?

7 Torya miporiecc npoektuposanus PO ecTb mpomnecc c6OpKy U3 mabIoHOB
OIpE/ICNICHHBIX IIenodeK, anroputMoB. OTciona 3ajada HccleqoBarerei
OI'D, B epByI0 04epesib, COCTOUT B BEIPAOOTKE MPABUII TOCTPOCHHUS TAKOTO
poJia aIroOpUTMOB.

8 Hactosmmii pasnen Hanucan Ha 6ase paboTsl [2].

Ceituac, B paMKax 3Toif paboThI, COCPEOTOUNMCS
Ha TOCJIe/I0BAaTeIbHOM IIEPEYHE OCHOBHBIX JITaIlOB
npoextupoBanuss PO. 3amerum mnpu 3TOM, 4YTO
JTaHHAsl TOCJICAOBATCIILHOCTh HATIPABJICHA HA PAaHHHE
stansl npoektupoBanus PO. Kpome Toro, ceifuac He
YKa3bIBaIOTCS BO3MOXHEIE OOpaTHBIE MEPEeXOABI OT
STama K JTally HpH HE BBIOJIHEHHH KaKHUX-THOO
NPOBEPOK WJIIM TPH OTOpachIBaHUH KaKOTO-TO
HerogHoro Bapuanta PO. B ckoOkax Hike daHbI
JOTIONTHUTEIbHBIE KOMMEHTapuu K sTamaMm. MTak,
MOCJIEA0BATEIHHOCTh JEUCTBYM TakoBa [6, 16 — 21 u
MHOTHE Jp.]:

- dopmupoBanue Omoka W]/ (Ha oOcHOBaHHH
TpeOOBaHUIl 3aKa34yMKa, NPEJCTABISICMBIX B BUJIC
MOXKEIAHUA K TEXHOJIOTUYCCKUM XapaKTePUCTHUKAM
OI'D, k ero MpoU3BOAUTENHHOCTH, BUY MAIIUHBI U
tuiy ero PO u T.11.);

- TpeIBapUTEIbHOE OIpEACICHNE JHHEHHBIX
TEOMETPHUUECKUX XapaKTePUCTUK 0a30BOM MAaIIWHBI
6e3 PO (wame Bcero, Ha 0a3e uMerOIEHCsS
CTaTUCTHUKH IO TTOJOOHBIM MAaIIHHAM);

- CUHTe3 KuHeMarndeckoi cxembl PO (BbIOOp
YHCIia 3BEHBEB U THIIOB IIAPHUPOB, MOMCK JIMHCHHBIX
pa3MepoB 3BEHBEB W 3HAUYEHHH OSKCTPEMabHBIX
YIJIOB TOBOPOTa MX OTHOCHUTEIBHO NPy Jpyra H
0a30BOM MaIIMHBI, [OCTPOEHHE TIpaHHLl pabouel
30HBI, OIpeleieHHe ee oObeMa M IUIOmAAU eé
oceBoro mpodwis (wim dvactd paboueil 30HBI),
pelieHre npsMoi 1 00paTHON MO3UIIMOHHON 3a1auH,

OIICHKA JIOKAJTbHON 3¢ PexTUBHOCTH BCEX
paccMarpuBaeMbIX eIMHUYHBIX BapuaHToB PO ¢
LEIIbIO CHIDKEHUSI ux 4HCIa, OLICHKA

MaHUTYJSTABHOCTH W TIOCTOPOEHUS CKAaJsPHOTO
TIOJISI CEPBUCA U TIP.);

- CHHTE3 HCIOJHMUTCIbHEIX MeXaHu3mMoB PO
(ompenenenue OCHOBHEBIX rnapameTpoB
TUAPOLWIMHAPOB, MeCT HuX MpuBszku k PO u
0a30BOil MamimHEe, MMON0OpP 4YacTH MapaMeTpoB
THUIPONPUBONIA, HOBas OICHKA J(PPEKTHBHOCTU
eauHuyHoro Bapuanta PO u 1.1. ['maBHas ugest Tyt
3aKIovaeTcss B paccMoTpenmn PO Kak  emuHOM
MEXaHUYECKOM CHCTEMBI, KOI'Ja MBI OTKa3bIBAEMCS
oT JIOKAJIbHOM OINTHMH3ALNHN rmapameTpoB
WCTIOTHUTENIbHBIX MEXaHU3MOB M WIIEM HE JIYYIIni
Bapuant PO, a rpaHHIlbl MHOKECTBA BKITIOUYAIOIIETO
B ce0sl BCe pallMOHATIBHBIC BAPUAHTHI JUIS IIEPEIavu K
JleNbHeleMy NpoeKTupoBaHuio. Kpome Toro, msl
HAIICJICHBI HAa TO, YTOOBI OOCCICUUTH pPEaTH3alUI0
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AaKTUBHOTO JIaBJIEHUS HACOCa KaKk MHHMMYM IO Bceit
(axtuueckoi paboueii 30ne)’;

- aHanm3 HarpyxenHoctn OI'D  (momck
MaKCHMaJIbHO pEaIM3yeMOro YCHIMsS Ha 3yObsix
KOBILIA B K&XJIOH TOYKe paboueil 30HbI (KOJIMYECTBO
TOYEK 3aBHCHUT OT 33IaHHOTO IIIara CeTKH, HalpuMmep
KBaJIpaTHOM), OMpENelIeHne peakuuii B MapHHUpax,
OIlCHKa HamnpspkeHWH B cedeHusx PO, moctpoeHue

CHIIOBOTO, BEKTOPHOTO TMOJsS HArPYKEHUS U
aHcamMOisi  eIMHUYHBIX  DJUIMIICOB  HATPY)XEHHs
(anmpokcuMarys CHIOBBIX JUarpamMm), pacder

YIENBbHBIX JaBICHUH NOJ| T'yCeHHIaMH (C y4eToM
CBOMCTB I'PyHTa) U OLIEHKA YCTOMYMBOCTU MAaIUHbBI
(MoxeT ObITh, TOAOOP KOHTP-IPY3a), HOBasl OLCHKA
s PeKTUBHOCTH eAMHUYHOTO Bapuanta PO u T.11.);

- BBIOOp MapaMeTPOB THIPONPUBOJA IO
ONpeIeICHHBIM paHee napamerpam
THIPOIMIINHIPOB M JaBIICHHIH;

- ONpeAeNIeHHE CKOPOCTEH ©  YCKOpPEHUH

aneMeHTOB PO TIpy WX pasIMYHBIX IBHKCHUAX C
ydgetoM Tmomadyn Hacoca wu 1mp. [loctpoenme
COOTBETCTBYIOIIUX TIOJIEH;

- CHHTE3 MapaMeTPOB MeEXaHW3Ma IIOBOPOTa C
PacCMOTPEHHEM HOBBIX BApUAHTOB MEXaHUYCCKUX
nepeaay (Hampumep, SMUIUKIOUTHBIX u
TUITOIMKIOUIHBIX [22]);

- YTOYHEHHE TapaMETPOB I'YCEHUYHOTO XOJ0BOTO
000pyIOBaHUSI W ONOPHOTO KOHTYpa C OLCHKOU
YACTBHBIX TaBJICHUHN IO/ TYCCHULIAM;

- BBIOOp MapaMeTpoB cedeHHil dnmeMeHToB PO n
Mepexo K pacyeTaM METOA0M KOHEUHBIX 3JIEMEHTOB
u ap.;

- OKOHYaTellbHasl olleHKa d()PeKTUBHOCTH Bcex
€IMHUYHBIX BapuanToB PO, BBIOOpP OJHOTO WIH
HEKOTOPOTO YKCJa PalMOHATBHBIX BapuaHTtoB PO u
Mepexo] K CIEAYIONIeH CTaAud MPOCKTHPOBAHUS
(nampumep, k 3ckuzHOM) 0.

Jns  permieHus — yKa3aHHBIX ~— BBINIC 33134
HCTOJB3YIOTCS KaK YK€ U3BECTHBIC MOJXOJBI, TAK U
HOBBIC — pa3pabOTaHHBIC BIIEpBBIC. B pesymbprare
co3aHa OCHOBa Il pa3paboTKH HEOOXOAMMOTO
nporpaMMmHOTo obecmedenus. KpaTko ommcanHas
ceifuac METOMOJIOTHS, €CTECTBEHHO C HEKOTOPHIMU

° Tlo 5TMM BONpOCaM HamH TMOATOTOBIEHA COOTBETCTBYIOMIAs CTAaTbsl B
HacTosAwmil xKypHan. Maer pabora mo opopmiaeHno crareif ¥ Mo mpounuM
BOIPOCAM MPHBEICHHOTO NEPEYHsl 3TAaNoB IPOCKTHpOBaHMsA. Tak e Mbl
TOTOBHM K IIEYaTH Hally BTOPYIO MOHOTPa(uio, ke BCE ITU BOIPOCH! OyayT
HOZPOOHO H3JI0KEHBL.

10 OueBuHO, YTO TYT e OHKHA GBITH OCTPOEHA T.H. MKIOTPAMMA.

HU3MCHCHUSMHU, MOXKET OBITh NMPUMEHCHAa U K WHBIM
MaIllHAM.

B xome paboTel Ham paccMaTpuUBacMOit
METOJIOJOTHEH  OBUIM  BBIIONHEHBI  HEKOTOPHIC
HaOpocku HepopMaTbHOW aKCHOMATHYECKOW TEOPUU
npoektupoBanus PO!! (BEIGpaHbI HeompenenseMble
MTOHSATHS,, CHHTE3WPOBAHBI HEKOTOPHIC aKCHOMBI,
MOJIYICH PsAA Teopem). DTO CAeNaHO, B TIEPBYIO
ouepehb, s yIOPSAMOYMBAHUS U3BECTHBIX TaHHBIX
10 MeToaM cuHTe3a 1 anaimza PO OI'D, BeisBiIeHMS
HE3aI0THEHHBIX JIAKYH U OTIPEACICHUS HAIIPABICHUS
NalbHEHIINX UCCIIEN0BAHNM.

3AK/IIOYEHHUE

B mHacrosimeit pabore moka3aHa BaXHOCTb M
akryanbHOCTh co3fanus CAIIP PO OI'D. Vkazansl
OCHOBHBIE TpEOOBaHHS K TaKoW cucteme. BriOpanbl
OTIpe/ICIICHHUS TTOHATHI «cucTeMa u
crucTeMoo0Opasyroniuii GakTop (mpu 3TOM oOpareHo
BHHMAaHWE Ha OIMH W3 3aKOHOB C(hOPMYyINPOBaHHBIX
akamemukoM AHoxumHBIM I1.K.). Tak ke HamedeHa
OCHOBHas CTPYKTYpa CHUCTEMBI
aBTOMATH3UPOBAHHOTO MIPOCKTHUPOBAHUSI.

Bce 310 00pasyer (yHAAMEHT METOMOJIOTHH
npoektupoBanus PO OI'D mpsimoro u oGpaTHOTO
KONIaHWs, KOTOpBIA OymeT WCIONb30BaThCS B
JATBHEHIITNX UCCIICIOBAHUAX U pa3paboTKax.

Kpome 3TOr0, M3 BCeX M3BECTHBIX B3IIAZOB Ha
CHCTEMHBIN TIOJX0/ B AalIbHEHIeH paboTe ymnooHee
BCEr0 TMPHMEHATh TEOPHI0  (PYHKIIMOHAIBEHOU
cucTembl, paspadorannyro AnoxuubiM ILK. ¢
Y4ETOM YTOUYHEHUM BHECEHHBIX B HEE €ro yUeHHUKOM
[IssiproBeiM B.B. [23 u mp.] u nmp.

MPUJIOKEHUE"

IMpouecc npoexrupoBanust PO ruppasandeckoro
skckaBatopa (I'D) MOXHO paccMaTpuBaTh Kak
(GyHKIMOHANBHBIH TpeoOpa3oBaTens (mpeaiaraemM
Ha3bIBaTh €ro B JalbHEHIIEM «IIpeoOpa3oBaTens
Komuccaposay), KOTOPBIN vt Kaxaou
COBOKYIMHOCTH HCXOJHBIX JJaHHBIX YCTaHABJINBACT
COOTBETCTBYIOIIYIO COBOKYITHOCTh XapaKTEPUCTHK
enquHIYHOTO BapuanTta PO [24 u ap.].

' B macrosiuieit pabote OHM He TIPUBEIEHBI.

12 Pajt nzieit, MMEIONIMX OTHONIEHHE K PACCMATPHBAEMOIl B CTaThe TEME, Mbl
MPUBOANM B HACTOAIIEM [IpHIOKEHHH, T.K. X [[EHHOCTh HECOMHEHHA, HO
JUIS CAMOCTOSITENIBHOM CTaThH OHM TI0KA ellle «He co3penn». IIpu 3ToM Mbl
CO3HATENIbHO MIEM Ha HEKOTOPBIH MOBTOP B TEKCTE — 3TO BIOJIHE OIPAB/IAHO.
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T'oBops JIPYTUMU CJIOBaMH, rpotecc
npoektupoBanust PO MI'D M0KHO MpeacTaBUTh Kak
0TOOpaKeHHE BUA:

MM : U] — BPO (I11)
rie MM - Habop MaTreMaTHYeCKHX MOJIETIeH,
OTIMCHIBAIOMINX TIpOIiece poekTuposanus PO;

]I — mpocTpaHCTBO UCXOIHBIX TAHHBIX;
BPO - mpocTtpaHcTBO e TMHUYIHBIX BapruaHToB PO.

YkazaHHBIE TPOCTPAHCTBA OONATAIOT  PSAOM
BaXHBIX U TIOJIE3HBIX CBOWCTB. KpaTko, Ha
KauyeCTBEHHOM YpPOBHE, pACCMOTPHUM OJHO U3 HUX.

OTTankuBasCb OT TEOPHUH KOJIMOTOPOBCKO#
CJIOXHOCTH [25 — 27 u 11p.], 3aMETUM, YTO CIOKHOCTh
eauHuyHOro Bapuanra PO usmepsiercs JIMHHOM ero
KpaT4yauiiero OMMCaHus, T.C. KpaT4allluM YHCIOM
napamMeTpoB, kKak B mpoctpanctBe MJI, Tak u B
npoctpanctse BPO.

IIycte MBPO — MHOXECTBO BCE€X BO3MOYKHBIX
BapuantoB PO, a MOBPO — MHOXeCTBO BceX
MBICIIIMBIX OTMCaHui 3THX BapuantoB PO. Yepes [x|
o6o3HaunM umHy onmcanus MOBPO. CnoxHocTh
BPO 06031auum Comp (MBPO). Orcrona:

Comp(MBPO) =min{| x |: x
x

ecth onmcanue st MBPO}, (112).

MHuoxectBo Bcex map <MOBPO, MBPO> 6ynem
Ha3bIBaTh SI3bIKOM omnucanus Bapuanra PO. Omyckas
NPOMEXYTOYHbIE  BBIKJIAJKH,  3aMETHM,  YTO
CJIOKHOCTh OmMcaHus Bapuanta PO oTHOCHTENBEHO
ONTHMAJILHOTO S13bIKa HAa3bIBACTCS AITOPUTMHIECKON
sutponueii PO (mepoit cinoxnoctn Bapuanrta PO).
Uem oHa  HWXKE, TeM  BBIIE  CTCICHb
OpPTaHM30BAHHOCTH PAacCMAaTPUBAEMOTO IIPOIIECCA.
OHa cTaBUT OTrpaHWYEHUs Ha 00beM HH(GOPMAINH,
KOTOPYI0O MOXXHO XpaHUTh W HCIIONB30BATh NPH
npoektupoBannu  PO. OnHa Xe orpaHHUYHUBACT
CIoco0bI CKaThs HH(POPMAITHH.

B  nanpHeidimieM MBI TUTAaHHUPYEM — Pa3BUTH
yKa3aHHbIE B3IVIA]bl Ha mpoekrtuposanue PO I'D u
JlaTh KOHKPETHbIE METOJIbl IIPUMEHEHUsI BBEACHHBIX
HaMU MOHATUH.
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Pabora BBIITOJIHCHA B paMkax MIPOTPAMMBI
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Abstract: In the real work our some reasons about the principles of development of the system of the automated design of
the working equipment of powerful hydraulic excavators at early design stages are presented. Thus they are broken into
three parts. In the first part of work our understanding of process of design is briefly described, requirements to developed
system broken into a number of levels are specified. In the second part of work it is a question of structure of system of the
automated design at its bottom level. In other words, it is a question of sequence of stages of calculations at design (works
of MISI and VNIISDM of the 80th years of the last century are put in a structure basis (a set of stages) this level (mathe-
matical models thus applied by us are original)). The third part is the Appendix. In it the idea for further our work is for-
mulated. The essence of idea consists that in process of design of powerful hydraulic excavators can be useful to enter
concept of algorithmic entropy (a measure of complexity of option of the working equipment).
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Pesome: Tpanuuusra, HajoxXeHa OT Gpuiocodu, TE0I03U, HyMEPOIO3H, €30TEPHIIH, HCTOPHILH, KaOATUCTH U MeTapU3ULH
n3non3ysa yucnara: 3. 4, 7, 11......Toa ca yncna ot nopeaunara Ha Jlykac. MozaepHaTa npakTuka Ha AW3aiiHEpH, HATY-
panuctu u ¢unocodu unonsysa nopeauuara Ha dubonaun: 3, 5, 8, 13 ... B gpyr marepuain, o3arnaseH ,JIykac u
3aJIaTHOTO CCYEHHME,, II0Ka3BaM, 4e YKciiata OT peauuaTa Ha Jlykac MaT He IO-MaJKo IIpaBo Aa ObJaT M3MOJI3YBaHU 3a
HaMHUpaHe Ha ,,3J1aTHATa,, NPONOpIWs, MomoOHO Ha ymciara Ha Pubonaun. B mpaxTukara, Makap M HO-HapSAKO,
IM3alfHepUTE ce IOBEpsBAT M Ha Te3U 4ncia. M3cinenoBaTennTe AeMOHCTPHPAT BPB3KaTa MEXIY YHCIOBUTE OTHOIICHHUS B
Te3M JBe peauiy ¢ gucioro Phi ot exHa cTpana, ¥ OT Apyra ¢ heHOMEHa Ha CHIIECTBYBAIIUTE B IPUPOIATA IIPOIIOPIINHL.
MareMaTunuTe XBBPIIAT YCHINS 33 M3SACHSABAHE HA BPB3KUTE B Ta3u Hocoka. ChIeCTBYBAT TosIM Opoit popMyIu, Hax
300. B HacTOAIOTO KpaTKO M3JIOXKEHHE INpelylaraMe HSIKOW HOBH (OPMYJIH 3a B3aMMOBPB3KH MEXAY IBETE YHCIOBU

penuiy.

OUBOHAYU (F) JIYKAC (L)

F(n) x 4-F (n+3) =-F (n-3) [1] L(n)x3 —L (n-2) =L (n+2) [6]
F(n)x 7-F (n+4) =-F (n-4) [2] Ln)x5 -L(®mt+3):2 =L (n-2) [7]
F(n)x 11 - F (n+5) =-F (n-5) [3] Ln)x8 —L(n+4):3 =L (n-2) [8]
L (n)x13-L (nt+5):5 =L (n-2) [9]
OBOBIIEHO: L (n)x21 -L (n+8):8 =L (n-2) [10]
F(n)xL(k)-F(n+k-1)=-F(n-k-1)3a k>3 [4] L (n) x34-L (n+13):13 =L (n-2) [11]

F(n)xL(k )- F [n]-L(k-1)=F[n]-L(k-1)], k=3 [5] OBOBIIEHO:

L(n)xF(k)-L(ntk-2):F(k-2=L(n-2) 3a >3 n>3 [12]

B apyr matepuain 1e nokaxem, ue JBeTe PeIULM ca eKBUBAJICHTHU IIPH MIPUJIAraHeTO Ha 3JIaTHOTO CEYEHUE 3a HYXKJIUTE Ha
nu3aiiHa.

KuorouoBu aymu: uncios pen Ha Jlykac, @uboHauu; 37aTHO CeUeHUE; MaTeMaTnka, 4ucioto Phi
1. YBOJ . . . .
Phi=1 + phi phi =Phi -1

IIpakTukaTa u Teopusita Ha AU3aliHa M3IOJI3yBa

3JIATHOTO CEYCHHUE KaTO CPEJCTBO 32 XapMOHHU3HUPAHE Phi = 1/phi phi = 1/Phi
Ha eJIeMeHTHTE W 1s10T0: Phi (@) = N5 + 1) /2 ~
1.618033988749894848204586834... [13], ¢ = (\/5 0 D (-phi)®> = —phi + 1 or
Phi* =Phi + 1 o .
—-1)/2 [14] phi® =1 — phi
. - L Phi = (V5 + —

Phiphi=1 Phi-phi=1 Phi+phi="5 12 phi=(5-1)/2

Phi = .

1.6180339.. phi=0.6180339..

Ta6J1.1 CTOMHOCTH Ha 3JITaATHOTO CEYEHUE

B maremaTukaTa ca U3BECTHH YUCIOBUTE PEAULIU - ®ubonauu: 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144,
Ha: 233, 377, 610, 987, 1597, 2584, 4181, 6765, .........
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n3umcisiBany no gpopmynara: Fn = Fn-1 + Fn-2 (1),
KaTo peauuara 3amnoysa ¢ yucnara: 1, 1,2 ...
-Jlykac: 2, 1,3,4,7,11, 18, 29,47, 76, 123, 199, 322,
521, 843, 1364, 2207, 3571, ........ M3YUCIISIBAHU 10
¢opmynara: Ln = Ln-1 + Ln-2 (2), kato nspBute
nBa wieHa ca: 2, 1.

Yucnara oT Te€3W JABE peaWlld U Hall Be4e HO-
mepata ot 4 mo 7 ( 3,5,8,13 u 4,7,11,18,) ce uznon-
3yBaT KaTo JIECHO CpEICTBO 3a IOCTPOSIBAaHE Ha
3JIATHOTO CEUEHUE.

CepIiecTByBaT AECETKH (HOPMYIH, OTKPHUTH OT
MAaTEMATHUIINTE, TOKA3BAIIY Pa3IHYHI APUTMCTHYHH
U TEOMETPUYHH BPB3KU MEXKIY JABETE PEIAUIIH, KaTO
HAIpUMep MOJPEKAAHCTO HAa YUCIIaTa B TPUBI'BI-
HULM Ha ,,Ilackan,, wiu penuuy Ha ,,Katananu,, ETo

enHa (opmya, JaBaiia AMPSKTHA U CEMILIA BPh3Ka:
Lk =Fk + 2Fk-1 + ....+ (n-1) Fk-n+2 + n F k-n+1

WHTepecHn ca UCTOPHUHUTE 32 Ch3IABAHETO UM,
HO TYK HsAMa J]a THU pa3riiekIaMe, MOHEKE BCEKH
MOJKE CaM Jla CH T HaMepu U npoueTe. ToBa, KoeTo
obade € CBIIECTBEHO 3a TE3W JBC PEAWIIN U KOETO €
HEOOXOIMMO M3PUYIHO Ja OTOENeKHM, Makap 1ia €
HM3BECTHO HA [TO3HABAYMTE €, Y€ MOPAIX CCTBCTBOTO
CH, KaKTO ¥ IOpajy TOBa, Y€ B KpailHa CMETKa C
YyHCIaTa OTpa3sBaMe SBJACHHUS M CBHIIHOCTH OT (u-
3UYECKUSI CBAT, TE3U JIBE PEAULH KaJKYJIUpaT Xap-
MOHHMYHHTE B3aUMOJCUCTBUS MEXKIy HeIlaTa B
npupojara. MiMa CTOTHIM IpUMEpPU B TOBA OTHO-
IICHAE ¥ OTHOBO BCEKH, KOWTO C€ MHTEPECYBa OT
Ta3u npoOIeMaTHKA MOXKE JIa CU TH TPOYYH.

i % | s |2 = |=2alolalz]s] ¢ |51 ¢
Fibomacei| | o | 5 | 5| 2 |2 olalel2] 3|5 s
F(i)
Lucas » -
w | a7 4 s |alzlals] el 7 || e
L(i)
General
Fib 190-8b | ~Ba-5b | 53 | =20e2b | 20 [t | & |0 | 2ob | o2t | 20030 | 3050 | St |
G(a.b,i)

T1a01.2 IlonoxxurenHu u oTpuLaTenHu croiinoctr Ha ®ubonaun u Jlykac —pparment

Io-nmomy moka3Bame HIKONKO OT U3BECTHHTE (POPMYIIH 3@ B3aUMOBPB3KU MEXIY YHCIIATa OT ABETE PEIUIIH:

F(n+2)+F(n)+F(n-2)=4F(n) (15);
F(n+2)-F(n)=F(n+1) (16):
F(n+3)-F(n)=2F(n+1) 17y
F(n+2)+F(n-2)=3F(n) (18);
F(n+4)-F(n)=L(n+2) (19);
F(n+5)-F(n)=L(n+2)+F(n+3) (20);
F(n+6)+F(n)=2L(n+3) (21);
F(n+2)-F(n-2)=L(n) (22);
F(n+2)-F(n)+F(n-1)=L(n) (23);

2. HOBU B3AUMOBPE3KH 1 ®OPMY.JIH 3A
JIBETE PEJIMLA

F(n+2)+F(n)=L(n+1) (24);
F(n+3)+F(n)=2F(n+2) (25);
F(n+4)+F(n)=3F(n+2) (26);
F(n+2)-F(n-2)=L(n) 27);
F(n+5)+F(n)=F(n+2)+L(n+3) (28);
F(n+6)-F(n)=4F(n+3)) (29);
F(n)+2F(n-1)=L(n) (30);
F(n+3)-2F(n)=L(n) 31);

F(n)+F(n+1)+F(n+2)+F(n+3)=L(n+3) (32);

B cnenBamara tabania mokassame B3anMoB-
pB3ka Mexxny PuboHaYH U YKCI0TO 7:

T1a2641.3 Yncnoto 7 xaro omneparop B peauuara Ha GuboHaun

21 -1 -1x-7= -7 -7- 1= -8 -8x7=-56  -56--1= 55
-1 1 1 1x 7= 7 7- 2= 5 5x7=35 35- 1= 34
0 0 0x 7= 0, 0- 3= -3 -3x7=21 21- 0= 21

1] 1 Ix7= 7 7- 5= 2 2x7=14 14- 1= 13
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2] Ix7=7 7- 8= -1 -Ix7=-7 -7- 1= -8

3] 2x7=14 14-13= 1 1x7=17 7- 2= 5§

4] 3 3x7=21 21-21= 0 O0x7=0 0- 3= -3

5| 5 5x7=135 35-34= Ix7=7, 7- 5= 2

6] 8 8x7=56 56-55= Ix7=17, 7- 8= -1

7] 13 13x7= 91 91-89= 2x7=14, 14-13= 1

8] 21 2Ix7= 147 147-144= 3 3x7=21, 21-21= 0

9| 34 34x7= 238 238-233= 5 5x7=35, 35-34=

10| 55 55x7= 385 385-377= 8 8x7=56, 56-55=

11| 89 89x7= 623 623-610= 13 13x7=91, 91-89=

12| 144 144x7=1008 1008-987= 21 21x7=147, 147-144= 3

13| 233 233x7=1631 1631-1597= 34 34x7=238, 238-233= 5

14| 377 377x7=2639 2639-2584= 55 55x7=385, 385-377= 8

15| 610 610x7=4270 4270-4181= 89 89x7= 623, 623-610= 13

16| 987 987x7=6909 6909-6765= 144 144x7=1008, 1008-987= 21
17| 1597 1597x7=11199 11199-10946=233 233x7=1631, 1631-1597=34
18| 2584 2584x7=18088 18088-17711=377 377x7=2639, 2639-2584= 55
19| 4181 4181x7=29267 29267-28657=610 610x7=4270, 4270-4181= 89
20| 6765 6765x7=47355 47355-46368=987 987x7= 6909, 6909-6765= 144

AHaIOTUYHN B3aUMOJCIHCTBUA OTKPHUBAME H C
ypciaata: 4 v 11 — tabounm 4 u 5:

Bmxkaa ce sicHO, ue omepanusra ¢ y4acTHETO Ha
49KcIOTO  ,,7,, Ch3daBa HOBAa IOpeaMIia Ha
,,OnboHaum,, n3mMecteHa ¢ 4 pexaa, a OpoaT Ha HO-
Mepara Mpe3 B¢ oneparmu ¢ 7.

Ta6.1.4 Yncnoro 4 xaro oneparop B peguiiata Ha Gubonaun

2 1 -1 -1x 4= -4 -4- 1= -5 -5x4 20 20+ -1=-21
-1 1 1 Ix 4= 4 4- 1= 3 3x4= 12 12+ 1=13
01 0 0x4= 0 0- 2= -2 2x4= -8 -8+ 0=-8
1] 1 Ix4= 4 4-3= 1_ Ix4= 4 4+ 1=5

21 1 Ix4= 4  4-5= -1 -1x4= 4 4+ 1=3

3] 2x4= 8 8-8= 0 Ox4= 0 0O+ 2=2

4| 3 3x4= 12 12-13= -1 -1x4= -4 -4+ 3=-1

5] 5x4= 20 20-21= -1 -I1x4= -4 -4+ 5=1

6| 8x4= 32 32-34= -2 -2x4= -8 -8+ 8=10

7] 13 _13x4= 52  52-55= -3 -3x4= -12 -12+ 13=1

8] 21 21x4= 84 B84-89= -5 -5x4= -20 -20+ 21=

9| 34 34x4= 136 136-144= -8 -8x4= -32 -32+ 34=

10| 55 55x4= 220 220-233= -13_ -13x4= -52 -52+ 55=3

11| 89 89x4= 356 356-377= -21 -21x4= -84 -84+ 8§9=

12| 144 144x4= 576 576-610= -34 -34x4=-136 -136+144=

13| 233 233x4= 932 932-987= -55_ -55x4=-220 -220+233=13

14| 377 377x4=1508 1508-1597= -89 -89x4=-356 -356+377=21

15| 610 610x4=2440 2440-2584=-144 -144x4=-576 -576+610=34

16 | 987 987x4=3948 3948-4181=-233 -233x4=-932 -932+987= 55

1711597 1597x4= 6388 6388-6765=-377 -377x4=-1508 -1508+1597=89

1812584 2584x4=10336 10336-10946=-610 -610x4=-2440 -2440+2584=144
19 14181 4181x4=16724 16724-17711=-987 -987x4=-3948 -3948+4181=233
20| 6765 6765x4=27060 27060-28657=-1597 -1597x4= 6909 6909+6765=377
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Bmxna ce scHO, ue onepanusTa ¢ yyacTHETO Ha
YUCIIOTO ,,4,, Cb3/1aBa HOBA MOPEAULIA Ha

,,DUO0HAYH,, ©3MECTEHA C TPH peia, a OposIT Ha
HOMepara Mpe3 B ornepaiuu € 6.

Ta0J1.5 Yucnoro 11 xaro onepatop Ha peauuata Ha PuOoHaun

21 -1x-11=-11 -11- 2= -13 -13x11=-143 -143+-1=-144
-1 1 Ix11= 11 11- 3= 8 8x11=88 &8+ 1= 89

0 0 OxI1= 0 0- 5= -5 -5x11=-55 -55+ 0=-55
1] Ixl1= 11 11- 8&= 3 3x11= 33 33+ 1= 34

2| Ixl1= 11 11-13= -2 -2x11=-22 -22+ 1=-21

3] 2x11= 22 22-21= 1 Ix11=11 11+ 2= 13

4| 3 3x11= 33 33-34= -1 -1xl1=-11 -11+ 3- -8

5] S5x11= 55 55-55= 0 O0x1l1= 0 O+ 5= 5

6] 8 B8xll= 88 88-89= -1 -Ixll=-11 -11+ 8= -3

71 13 13x11= 143  143-144= -1 -1x11=-11 -11+13= 2

8] 21 2Ix11= 231 231-233= -2 -2x11=-22 -22+21=

9] 34 34x11= 374 374-377= -3 -3x11=-33 -33+34=

10 | 55x11= 605  605-610= -5 -5x11=-55 -55+55= 0

11| 89 89x11= 979 979-987= -8 -8x11=-88 -88+89=

12| 144 144x11=1584 1584-1597=-13 -13x11=-143 -143+144=

13| 233 233x11=2563 2563-2584=-21 -21x11=-231 -231+233=

14| 377 377x11=4147

4147-4181=-34 -34x11=-374 -374+377= 3

15| 610 610x11=6710

6710-6765=-55 -55x11=-605 -605+610=

16| 987 987x11=10857 10857-10946=-89 -89x11=-979 -979+987= 8

1711597 1597x11=17567 17567-17711=-144 -144x11=-1584 -1584+1597= 13
1812584 2584x11=28424 28424-27657=-233 -233x11=-2639 -2639+2584= 21
1914181 4181x11=45991 45991-28657=-377 -377x11=-4147 -4147+4181= 34

20| 6765 6765x11=47355 47355-46368=-610 -610x11=-6710 -6710-6765=

Buxpa ce sicHO, We omepamuATra ¢ y4acTHETO Ha
ygcaoro ,,11,, cb3maBa HOBa MopeauLa Ha
,,@HOOHauH,, U3MecTeHa ¢ 5 pena, a OposT Ha HO-
MepaTa Ipe3 ABe onepanuu e 9.

Wznon3zyBaxme uucnara: 4,7 u 11, xouto ca ot
peaunata Ha ,,JIykac,, kaTo onmepaTopu BbpXY pe-

murara Ha ,,dubonaum,, M3cenBanero Moxe ma ce
NPOJBIDKH, KaTo aHAJOTMYHO C€ YCTAHOBM 4e I10-
JOOHO B3aMMOJICHCTBHE C YHCIIa U3BBH Ta3U peauLa
He oka3Ba mojoOeH egexr. Cera pa pasriieame
npuMepu ¢ oOpaTHO JelicTBue — uyucia Ha Pubdo-
HayM KaTo oneparop BepXy penuua Ha Jlykac.

Ta6J1.6 Yucnoro 3 xaTo oneparop Ha peaunara Ha Jlykac

21 -4 -4x3= -12 -12--11 = -1 -1x3= -3 -3- 4= 2
-1 3 3x3= 9 9-7= 2 2x3= 6 6- 3= 3
01 -1 -1x3= 3 -3-4 = 1 Ix3= 3 3--1= 4
1] 2 2x3= 6 6-3= 3 3x3= 9 9- 2= 7

2| Ix3= 3 3--1= 4 4x3= 12 12- 1= 11

3] 3 3x3= 9 9-2= 7 7x3= 21 21- 3= 18

4] 4 4x3= 12 12- 1= 11 11x3= 33 33- 4= 29

51 7 7x3= 21 21- 3= 18 18x3= 54 54- 7= 47

6] 11 11x3= 33 33- 4= 29 29x3= 87 8&7- 11= 76

7] 18 18x3= 54 54- 7= 47 47x3= 141 141- 18= 123

8] 29 29x3= 87 87-11= 76 76x3= 228 228- 29= 199

9] 47 47x3= 141 141-18= 123 123x3= 369 369- 47= 322
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10| 76 76x3= 228 228-29= 199 199x3= 597 597- 76= 521

11] 123 123x3= 369 369-47 = 322 322x3= 966 966- 123= 843

12 199 199x3= 597 597-76= 521 521x3=1563 1563-199=1364

13| 322 322x3= 966 966-123 = 843 843x3=2529 2529- 322=2207

14| 521 521x3=1563 1563-199 = 1364 1364x3=4092 4092- 521=3571

15| 843 843x3=2529 2529-322=2207 2207x3=6621 6621- 843=5778

16 | 1364 1364x3=4092 4092-521 =3571 3571x3=10713 10713-1364= 9349
1712207 2207x3= 6621 6621-843 = 5778 5778x3=17334 17334-2207=15127
183571 3571x3=10713 10713-1364=9349 9349x3=28047 28047-3571=24476
19| 5778 5778x3=17334 17334-2207=15127 15127x3=45381 45381-5778=39603
209349 9349x3=28047 28047-3571=24476 24476x3=73428 73428-9349=64079

Ta0J. 7 YucnoTo 5 xaro oneparop Ha penunara Ha Jlykac

20 4 -4x5= 20 (-20-2):2= -11 -11x5= -55 (-55-3) :2= 29
A1 3 3x5= 15 (15-1):2= 7 7x5= 35 (35—1) 2= 18
0o -1  -Ix5= 5 (-5-3)2= -4 -4x5= 20 (-20-2) 2=-11

1] 2 2x5= 10 (10-4)2= 3 3x5= 15 (15-1) 2= 7
2/ 1 1x5= 5 (5-7)2= -1 -1x5= -5 (-5-3) 2= -4

3 3 3x5= 15 (15-11)2= 2 2x5= 10 (10-4) 2= 3

4 4 4x5= 20 (20-18)2= 1 1x5= 5 (5-7) 2= -1

5| 7 7x5= 35  (35-29)2= 3 3x5= 15 (15-11) 2= 2

6] 11 11x5= 55 (55-47)2= 4 4x5= 20 (20-18) 2= 1

7] 18 18x5= 90  (90-76):2= 7 7x5= 35 (35-29) 2= 3

8| 29 29x5= 145 (145-123):2= 11 11x5= 55 (55-47) 2= 4

9] 47 47x5= 235 (235-199):2= 18 18x5= 90 (90-76) 2= 7

10 76 76x5= 380 (380-322):2= 29 29x5= 145 (145-123) 2= 11

11]123 123x5= 615 (615-521):2= 47 47x5= 235(235-199) 2= 18

12] 199 199x5= 995 (995-843):2= 76 76x5= 380 (380-322) :2= 29

13322 322x5= 1610 (1610-1364):2= 123 123x5= 615 (615-521) :2= 47

14 521 521x5=2605 (2605-2207):2= 199 199x5= 995 (995-843) :2= 76

15843 843x5=4215 (4215-3571):2= 322 322x5= 1610 (1610-1364) 2= 123
161364 1364x5= 6820 (6820-5778):2= 521 521x5=2605 (2605-2207) :2= 322
1712207 2207x5=16535 (16535-9349):2= 843 843x5=4215 (4215-3571) :2= 521
18]3571 3571x5=17855 17855-15127):2=1364 1364x5= 6820 (6820-5778) :2= 843
195778 5778x5=28890 28890-24476):2=2207 2207x5=11035 (11035-9349):2=1364
20(9349 9349x5=46745(46745-39603):2=3571 3571x5=17855(17855-15127):2=2207

Ta206J1.8 Yncnoto 8 xaro omeparop Ha pexunara Ha Jlykac

21 -4 -4x8= -32 (-32-1):3= -1 -11x8= -88  (-88—1):3=-29
11 3 3x8= 24 (4- 3)3= 7 7x8= 56  (56-2):3= 18
O -1 -1x8= -8 (-8- 4):3= -4 4x8= -32  (-32-1):3=-11

1| 2 2x8= 16 (16- 7):3= 3 3x8= 24  (24-3):3= 7
2/ 1 1x8= 8 (8-11):3= -1 -1x8= -8  (-8-4):3=-4

3 3 3x8= 24 (24-18)3= 2 2x8= 16  (16-7):3= 3

4 4 4x8= 32 (32-29)3= 1 1x8= 8  (8-11):3=-1

5| 7 7x8= 56 (56-47)3= 3 3x8= 24  (24-18):3= 2
6 11 11x8= 88 (88-76):3= 4 4x8= 32 (32-29):3= 1
7] 18 18x8= 144 (144-123):3= 7 7x8= 56  (56-47):3= 3
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8 29 29x8= 232 (232-199):3= 11 11x8= 88
9] 47 47x8= 376 (376-322):3= 18 18x8= 144

10] 76 76x8= 608 (608-521):3= 29 29x8= 232
111123 123x8= 984 (984-843):3= 47 47x8= 376
121 199 199x8=1592 (1592-1364):3= 76 76x8= 608

(88-76):3= 4
(144-123):3= 7
(232-199):3= 11

(376-322):3= 18
(608-521):3= 29

13]322 322x8=2576 (2576-2207):3=123 123x8= 984  (984-843):3=47

14] 521 521x8=4168 (4168-3571):3=199 199x8= 1592 (1592-1364):3=76

15] 843 843x8= 6744 (6744-5778):3=322 322x8=2576 (2576-2207):3=123
16]1364 1364x8=10912 (10912-9349):3=521 521x8=4168 (4168-3571):3=199
1712207 2207x8=17656 17656-15127):3= 843 843x8= 6744 (6744-5578):3=322
18]3571 3571x8=28568(28568-24476):3=1364 1364x8=10912 (10912-9349):3=521
19|5778 5778x8=46224(46224-39603):3=2207 2207x8=17656 (17656-15127):3=843
20(9349 9349x8=74792(74792-64079):3=3571 3671x8=29368(29368-24476):3=1364

ITonyuaBa ce cienHus pe3yirar:

- B Tabnuna 4 yMHOXkaBame ¢ 3 u jgenum Ha 1:
komOuHanwms: 3§1;

- B Tabnmna 5 yMHOXKaBame ¢ 5 W JienuMm Ha 2:
KoMOuHanwms: 5§2;

- B Tabnmna 6 ymMHOXKaBaMe ¢ 8 W JenuM Ha 3:
KoMOuHanwms: 8§3.

Ilo-maTaTbk wWMaMe CIETHUTE KOMGI/IHaHI/II/I:

13§85, 21§88, 34§13 uT.H“

Haspb3Bar® ce uucnara Ha Jlykac ¢ Te3u Ha
®ubonaun u 0THOBO Te3W Ha PuOOHauUM, KaTO Cce
BKJIIOYBAT U YKCJIaTa OT €CTECTBEHUS pell.

Wznon3zyBaxme uncnara: 3,5 u 8, KOUTO ca OT pe-
muiata Ha ,,OuOOHAYM,, KAaTo OMEpPaTopud BHPXY
penunara Ha ,,JIykac,, M3crnenBaHeTo Moxke na ce

OOPMYIJIN
Karo crenctBue ot Tabmumu: 1,2,3,4,5,6 momy-
JaBaMme CJIICTHUTE QOPMYJIH:
OUBOHAYU

F (n) x 4—-F (n+3) =-F (n-3) Hosa ¢popmyna
[1]

F (n) x 7—-F (nt4) = - F (n-4) HoBa ¢opmyia
(2]

F () x 11 = F (n+5) = - F (n-5) HoBa ¢opmyia

(3]
O6o6maBania popmya:
F(n)xL(k)-F [n+L(k-1)]=-F[n-L(k-1)]3a x >3
Hogsa ¢opmymna [4]
F(n)xL(k)-F[n—-L(k-1)=F[n-L(k-1)]3a x = 3,
Hosa ¢opmymna [5]

JYKAC
L(n xF(k)-L(n+k-2):F(k-2)=L(n-2) 3a x>3,n>3
Hoga dopmyia [12]

MPOJBIDKH, KATO aHAJIOTUYHO CE YCTAHOBH, Y€ IO-
JIOOHO B3aMMOJICHCTBHE C YHMCIIA U3BBH Ta3u PeIuIla
He oka3Ba 1oj1o0eH edekr. Ilonmyyennte B Tabnumu:
1,2,3,4,5,6 pesynratu He ca MOOJIMKYBAaHU HUKBJIC
WIM TIOHE HHUE HE OTKPHUXME CJIECIU OT TaKOBa IPO-
yuBaHE B H3KIIOYMTENHO Oorarata KOJEKIHS OT
W3CIEIBAHAS HAa MAaTEeMAaTHIUTE B Ta3W o0OJAacT.
O4eBHAHO MHTEPECHT KBM TE€MaTa € MHOTO TOJISIM,
KOETO BEPOSTHO € IPOAWKTYBAHO OT IIOHE JIBa
(hakropa:

1.IIpenrobonuTHAaTa BpB3KA MEXKIY MPHUPOITHUTE
SIBIICHHS U JIBETC PEIUIIH;

2.BoratcTBOTO Ha CKPUTH BpPB3KH, IMOKA3BaHU
4ype3 MHOTOOPOIHU (POPMYITH.

L () x3-L(n-2)=L (n+2) Hosa dopmyna
[6]
L (n) x 5-L (nt3):2= L (n-2) HoBa ¢opmyna
[7]
L (n) x 8 L (n+4):3= L (n-2) HoBa dopmyna
(8]

Bes na 3aTopmossBamMe MaTepualia C HOBH
TAOJHUIM ¥ U3YHCIICHUY, [IC IPOIBJIBUM IIIEpUTATA
ot hopMyIIH:

L (n) x13 —= L (nt+5):5= L (n-2) HoBa ¢opmyna
[9]

L (n) x21 — L (n+6):8 = L (n-2) HoBa ¢opmyna
[10]

L (n) x34 — L (n+7):13 = L (n-2) HoBa dopmyna
[11]

O6o6maBama Gpopmyna:
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MoskeM J1a HalpaBUM W Olle eIuH u3Box: Yuc-
nara Ha ,,JIykac,, Mo HIKaKbB HAYKH MPABIT BPBH3KU
MEXy Pa3lIUYHU peauly Ha ,,dudonaqm,,

Uucnara Ha ,,®uboHauM,, 10 aHATOTHYCH HAYUH
MPABAT BPB3KH MKy Pa3IUUHU peauiy Ha Jlykac.

3. 3BAK/IIOYEHHUE

3amo B 3aryiaBHETO HE croMeHaxme mmero Jly-
Kac, a camo: uncnarta4 u 7 ?

[IpuumHaTa € B TpaaWLuATa, HaJOXKEHa OT (u-
J0cO(H, HYMEPOJIO3U, TEOJO3H, €30TCPHIIU, HCTO-
puim, kKadanuctu U Metadu3uIy. BehIIHOCT BCUYKH
TyKk wu30pocHH, 3aeqHO ¢ Temata 3a DuOoHauwy,
3IIATHOTO CCUYCHHE, ,,MUTUYHUTE,, Yncia 4 u 7 ca B
MBIJISIBATA 30HA, HAMHpAlla Ce MEKAY HayKa u
Muctrka. Hue mpeanosnarame, 4e Haykata Ha JPEB-
HUTE, MaKap W OCHOBaHAa Ha 3HAHHI, KOWTO HMMAaT
HEsICHA 3a HaC T€HETHKa BCE ITaK 3aciIy’kaBa yBaxe-
HUE.

CopBpeMeHHaTa HayKa CThIIKA IO CTHIKA, Qpar-
MEHT 0 ()parMeHT 3aIoyBa Ja OCMHUCIIS 3HAHUATA Ha
npeBHute. Hanmpumep:

- UCTOPHIIUTE MAacOBO OTKPHUBAT apTedakTH 3a
MPUCHCTBUETO HA YUCiaTa 4 1 7 B apXCOJIOTHYCCKHUTE
Pa3KpUTHSL;

- (u3MIUTEe ¥ aCTPOHOMHUTE Ch3JaBaT MOJCI, B
KONTO OCHOBHATa CTPYKTypa Ha HM3CIIC/BaHATA BCE-
JieHa € o0eTMHEeEHa OKOJIO 4 IIEHThpa.

-nmu3aifHepuTe WHTYUTHBHO W3IIO3yBaT dYHCIaTa
oT pequnute Ha ®ubonaym u Jlykac ycnemrHo.

-ChBpEMEHHATa My3HKa ce 0aznupa BBPXY CTPYK-
TypaTa Ha My3WKallHa CHCT€Ma OT 7 OCHOBHH TOHA:
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FIBONACCI AND 4,7,11

Lachezar GRIGOROW
Fundamentals of design department, Technical University - Sofia, Bulgaria
e-mail: madra_horn@abv.bg,

Abstract:Traditians imposed by philosophers, theologians, numerolozics, ezoterices, historians, cabalists and
metafizics handled with numbers as: 3. 4, 7, 11. These are numbers from the sequence of Lucas. The modern
practice of designers, naturalists, and philosophers use the numeric sequence of Fibonacci sequence: 3, 5, 8, 13
... The researchers cite numerous examples of the connection between these numerical ratios and the actual
proportions of the phenomena and essences in the nature of a living world. for example, the Typical ratio
between two adjacent numbers with increasing sequence number to come close to the number, Phi, at this
stage, things still don't look strictly scientific, but mathematicians unleash all their forces to find new rela-
tionships in this direction. The formulas are dozens of cash. Still, we managed to find and formulate something
out by now and it is the existence of the numerical relations between the Fibonacci sequence and that of Lucas,
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who are characterized by the fact that one number from one of a number of applied ...Here is some new for-
mules about conections between Fibonacci and Lukas - rows:

FIBONACCI

F(n)x 4-F (n+3) =-F (n-3) [1]
F(n)x 7-F (n+4) =-F (n-4) [2]
F(n) x 11 - F (n+5) =-F (n-5) [3]
Sumary: F(n)xL(k)-F(ntk-1)=-F(n-k-1)3a k>3 [4]

F(n)xL(k )- F [n]-L(k-1)= F[n]-L(k-D)], k=3  [5]
LUKAS

L(n)x3-L(n-2) =L (n+2) [6]

L(n)x 5 — L (n+3):2 =L (n-2) (7]

L(n)x 8 — L (n+4):3 =L (n-2) [8]
Additionaly :

L(n)x13—-Ln+5):5 =L (n-2) [9]

L (n)x21 —L (n+8):8 =L (n-2) [10]

L (n) x34 - L (n+13):13 =L (n-2) [11]
Sumary:

L(n)xF(k)-L(nt+k-2):F(k-2=L(n-2) 3a k>3 n>3 [12]
Both rows are equalent conserning usage in desaign and
golden section

Keywords: Fibonacci ratio, Lukas ratio, golden ratio, Phi, mathematics.
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NPAKTUYECKOE IPUMEHEHUE METOJA BJIOJKEHHBIX COEP

Iérp MOBET'AMJIO
MMAIII um. bnaronpasosa A.A. PAH, Poccus
e-mail: petrp214@yandex.ru

Pe3tome: B HacTosmieli pabote peus HAET O MPAKTHYECKOM IIPUMEHEHHH METOa BIOKEHHBIX cep MPpU NPOESKTUPOBAHUU
pabodero o60pyf0OBaHHS OJHOKOBIIOBBIX THAPABIMYECKHX 3KCKaBaTOPOB HAa PaHHHMX CTaausX mpoektuposaHus. CyTb
METOJ]a COCTOMUT B BEACHUU €MHOTO KPUTEpPUsl KauecTBa, BKIIOYAIOIIETO B ce0sl BCe JIOKAbHbIE KPUTEPUU (B JaHHOM
paboTte paccCMOTPEH YaCTHBIN Clly4aid ¢ TpeMsl KpUTepUsIMU). DTOT €IUHBIM KpUTEpU KauecTBa Ha3BaH HAMU SHTPOIMHEH.
Uem MeHbIIe 3HAYEHHE DHTPOINH, TEeM KadeCTBeHHee pabouee obopynoBaHue. Ha 3TOM OCHOBaHMM IIpoIeCC ITOHCKA
MOAXOMAIIEro BapruaHTa pabodero o0OpymZOBaHHS, €CTh MpOIEcC KoJularca IpocTpaHcTB (cep) cocTosHuil pabodero
obopynoBaHus (CXJIONBIBaHKAE C(ep 10 HANpaBICHUIO OT HauOONbIIeH K HauMmeHbHIei). Jpyrumu clioBaMH, IOHCK
HaWTy4IIero BapuaHTa padodero 000pyRoBaHHs €CTh IIPOIECC PEAYKIIMU BCEX BO3MOXKHBIX BEKTOPOB COCTOSIHUH pabouero
000pyI0BaHUs K YAOBIETBOPSIOIIEMY MPOSKTUPOBIINKA BAPUAHTY.

KiroueBble cJI0Ba: OJHOKOBILOBBIA THIpPAaBIMYECKHH 3KCKaBaTop; pabouee 00OpyHOBaHHE; KauyecTBO padodero
000py/I0BaHKS; METO BIIOXKEHHBIX cdep

[Ipennoxxennsle B Hammx padorax [1, 2 m mp.] B pabotax [1, 2 u ap.] HAMU TIPEATIOKEHBI TPH
JIOKaJbHBIE KpUTEpHU 3((HEKTUBHOCTH SAWNHUYHOTO  JIOKANBHBIX KPUTEPHUS dPPEKTHBHOCTH E€IMHUIHOTO
BapuaHTa pabouero obopynoBaHus (PO)  Bapmanta PO: xosdpduumentsl K, n K, , a Takxke
OJTHOKOBIIOBBIX ~ THIPABIMYECKHX HIKCKaBaTOPOB
(OI'D) MoryT OBITH HCIOJIB30BAHBI «KaK ECTHY, T.C.
no otxenbHocTH. OIHAKO, BONPOC O TOM, Kakou
KPUTEPHH JIydllle U TOYHEE IT0Ka HE PEelIeH U OTBET
Ha HEero BBIXOJUT 3a TPAaHHILIbI HACTOSIIEH paboThI.

ITosTOMY, HE CMOTpS Ha U3BECTHBIE HEIOCTATKH U
KpUTUKY Takoi Metomosoruu [3, 4 u gp.], atu
KPUTEPHH MOXHO CBEPHYTH B OAWH, HHTETPATbHBIMN.
Ham mpencraBisieTcst TOMyCTUMBIM 3TO Ha CTaJHU
npeanpoekTHoro aHanmmza (ITA) [S — 7 w ap.] u B
YCIIOBHSIX Pa3BUTHS U CTAHOBIICHHS HOJHOM TEOPHH
npoektupoBanuss PO OI'D. B OyaymeM KOHEYHO K, = Vi (N
paccmarpuBaeMblii  ceiiyac  Bompoc  TpeOyer Vinax
YTOYHECHHS W yriayONCHHs, C y4eTOM HOBCHIIMX — rie J/, - MakCHMaibHOE 3HAYCHHE KPUTEpUs J/, e
JIOCTHXXEHUH B TEOPHHU NPHUHATHS PEILCHUS U TIP.

B pamkax Hacrosimero paszena Mbl Oyaem
onuparbci Ha Meron BioxeHHelx chep (MBC), V-

IPEIOKEHHbIA Hamu B paboTax [8 — 11 u ap.] n W3 3TOro mociaegHero COOTHOIICHHUS OYEBHIHO,

PAsBUTHIH HALIUMM  YKPAHHCKHMH KOJUICTAMH B yro mapametp K, Tak ke CyIeCTBYET B JHAIa3OHe
pabote [12 w ap.]. Unmes manHOrO Metona ObLI

NpUayMaHa aBTOPOM HACTOSIIIEH paboThI IPH YTEHUU
MoHorpadum [13], a UMEHHO pasnena 0 KBaHTOBOU

napamerp . [lepBrIe nBa KPUTEPHS CYIIECTBYIOT B

IUama3oHe OT HyJisi 1O CAWHUIBI, W OHH
0e3pa3MepHBI, MOCIICTHUI JKe BCET/Ia TIOJI0KHUTEIICH U
HAXOIUThCS B HEKOTOPOM HHTEPBAJEC CBOMX
9KCTPEMAIIbHBIX 3HAYCHHUN. DTOT MHTEPBAI ropaszo
mMpe  CAWHUYHOTO  OTpe3ka. OTO  cO3AaeT
onpe/ieNIeHHbIe HEY00CTBA U MO3TOMY HEOOX0TUMO
3TOT TpPETUW KpUTEepuil HOpMHUpOBaTh. s 3TOTO
mpeobpasyeM  3TOT KpPHUTEpHH B  YCIOBHYIO
0e3pa3MepHYIO BEIHMUUHY 10 hopMyJIe:

¥, - HEKOTOPOE MPOMEKYTOIHOE 3HAYCHUE KPUTEPUS

OT HYJISl 10 SIUHHULIBI.
Jnst  eme Oonpimero ymoOCTBa BCce  TpH

o . koa(pdunmeHTa u HE00X0TUMO
TCOPUN CIIMHA W NPUMCHIACMONW TaM CIWHUYHOU q)d) 1 Kl ’ KZ K3 A
cthepbl Pumana. mpeoOpa3oBats Mo Gopmyiam:
K'=1-K,' 2)

! B nanbHeiimem mwrprux B 0603HAYCHUH ITUX IAPAMETPOB MBI OITYCTHM.
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K,)=1-K, 3)
K,/'=1-K, (4)
Takum oOpasom, Tpu mapamerpa K,, K, U K,

obpasyroT TpexMepHoe (a3oBOE€ IMPOCTPAHCTBO:
IPOCTPAHCTBO OIICHKH KauecTBa’? Bapuantos PO.

B rpaduueckoM BHIiE MOXXHO MPEICTAaBUTh BCE
9TO B BHJIe HaOopa BIOKEHHBIX APYT B Apyra cdep,
TIOCTPOEHHBIX Ha 0003HAYEHHBIX TpeX ocsX (K, , K,

M K, ), C Pasiu4HbIM 3HAYCHUEM DPaauyC-BEKTOpa
AB, Il Kaxuoi cephbl (W KaKI0ro BapuaHTa
PO).
EcrectBenHo,
BEKTOPOM 4B,

yro oxaHa cdepa c pamuyc-
OTpakaeT COCTOSIHHE OIHOTO
KOHKpeTHOro Bapuanta PO. AHcaMOIb Takux cdep u
cocraBisieT ocHoBy MBC, HarismHo xXapakTepusys
WUTOTH TIpoliecca mpoektupoBanus PO (mo3Bossier

CpaBHMBaTh pa3iuuHble Bapuantel PO  Mexay
coboit).
Eme pa3: 3uadenue paauyc-BeKTOpa  AB,

SBISICTCA OMNPEAEIIOIUM KaK IpU MOCTPOCHHUU
OIHOHM cdepbl, TaK M NPH CPaBHEHUH 10 HHUM
BapuanToB PO. Ilpu sTOM 1MHY paauyc-BeKTOpa
AB, OyleM Ha3pIBaTh MEPOW SHTPONHUHU S, CHCTEMBI

KOHKpeTHOro Bapuanta PO (B Hamem ciydae
SHTPONHSI — TeoMeTpUYecKas Mepa  OLCHKHU
¢ dexTuBHOCTH BapuaHTta PO, AB, =S, € [() AB‘“*"‘]

. UeM MeHbIIE 3HAYEHHE PAfMyC-BEKTOPA AB,, TEM
MEHbLIE SHTponus §; U TeM Ommwke Bapuant PO k

HauTy4ieMy (MOHATHO, YTO, CAMBIM paliMOHaIbHBIN
BapuaHT PO Haxomutcd B TOuke A, KOrja Bce TpU
KPHTEPHUs PaBHBI HYJIIO, UTO HA CETOIHALIHUMN JIeHb’
BUJIUMO HEIOCTHXKUMO).

Takum oOpasom, ancambue BapuantoB PO
00pazyeT KOHEYHOE MHOXKECTBO BIIOKEHHBIX APYT B
npyra cdep (kakmas cO CBOMUM 3HAUYCHHEM pajHyc-

> B TPUBMAILHOM MOHMMAHMM 3TOTO TEPMHHA, BOTIPOCHI, HMEIOIIUE OTHO-
IICHUE HMEHHO K YIIPABICHHIO Ka4yeCTBOM, B HACTOsIIIEH paboTe He paccMar-
PpHUBAIOTCSL.

3 Bo3MOXHO, 9T0 He pean3yeMo B PHHIMIIE B PaMKaX Haiueil BeeseHHOM.
4 ECTeCTBEHHO, 4TO HAJMIIO U MAKCUMANbHO He 3dQekTnBHas cdepa, Koria
BCE TPH ITapaMeTpa paBHbI eAUHKIE (0THAKO (pakTHyecky Takoe PO cioxHO
cebe mpe/IcTaBUTh).

5 B 06yacT Mcciie10BaHMs MALIMH /U1 3eMISTHBIX PabOT H3BECTHO MOHATHE
«IIPOM3BOACTBCHHOTO MOTEHIMANay», HpeaitokenHoe Hemopesosim H.A.
[14 n np.].

TTo HameMy MHEHHIO, MOKHO YBUJETh HEKOTOPYIO aHAJIOTUIO MEX]Y BBE-

BEKTOPA AB, , U, CIIE/IOBATENILHO, CO CBOEH CTEMEHbIO
surpormu S, ). Uem Mmenbiie chepa — Tem Gosee

s¢pextuBen Bapuant PO,

IosTomy, 3amady NOMCKA, MOAXOAAIIETO [
NPOEKTHPOBIINKA, 3(¢eKkTuBHOro Bapuanra PO,
MOJKHO IIPE/ICTABUTh TaK:

S, = AB, —0,1pu S, €[0...1] 5
WM Yepe3 ypaBHEHHe, 3anatomee chepy:

VK +K2+K2 = 4B, =S, —>0 (6)

Otrcioma  mpouecc  MOMCKa  MOAXOASIIEro
BapuanTa PO, ecTh mpoiiecc KoJuianca npocTpaHCTB
(cep) cocrosumit PO (cxnombiBanue cdep mo
HAIMPABJICHUIO OT HAUOOJBIICH K HAMMEHBIICH).

Jpyrumu ciioBaMHu, 1aHHBIN MTOUCK €CTh MIPOIIECC
PEAYKIINU BCEX BOZMOXHBIX BEKTOPOB cocTostHUH PO
K YIOBJIETBOPSIONIEMY IIPOEKTHPOBIINKA BAPHAHTY .

OtmMmeTHM, 9TO JUIA JanbHenero pa3sutus MBC
npu olieHke BapuaHToB PO He cremyeT 3a0bIBaTh O
TEXHOJIOTHYECKUX  BO3MOXKHOCTSIX ~ KOHKPETHOTO
HPOU3BOJICTBA.

Kpowme Toro, B nanbHeimeM Heo0X01uMo ocoboe
BHUMaHHE OOpaTUTh HA YCIOBEYCCKUH (haKTOp HpHU
MOJICITUPOBAHHUU mpoiiecca MPOCKTUPOBAHUS.
OnmHako Bce OSTH BOIPOCHI — Jeno Oynmyliero,
BBIXO/JISIIIKE 32 TPAHUIIBI HACTOSAIICH PaOOTHL.

INPUJIOKEHHUE

B nactostmem [IpunoskxeHHM MbI KPaTKO YKaKeM
Ha PsI BaXHBIX HIOAHCOB CBS3aHHBIX ¢ MeTomom
Bnoxxennbsix Chep. HUtak.

B moment ero mnosiBaenust [8—11 u ap.] o
WLIIOCTPUPOBAJICSI HAMH Ha TpUMeEpe NI0OANTBHBIX

XapaKTEPUCTUK  JKCKABATOPOB: UX  Macce,
ko3 dumeHTe MIOJIC3HOTO neificTBUs u
npou3BOUTENbHOCTH. OUEBUIHO, 4YTO HAOOPHI

MoKasaTejeil MPUMEHSEMbIX HaMH HE 3aBHCST OT
CyTH METOJla, M MOTYT OBITh BBEIOpaHBl U3

JICHHOW HAMHU CYLTHOCTBIO «9HTPOIHS eAMHUYHOTO Bapuanta PO» u ykaszaH-
HbIM NoHsATHEeM. OiHaKo MblI ceifyac, B oTmunu o Hesopesosa MLA., ckopee
TOBOPHM O «IPOSKTHPOBOYHO-OKCILTYaTAIIHOHHOM MOTEHIHANE SAMHUYIHOTO
BapuaHTa PO» Ha KOHKpETHOM 3Tare npoektupoBanus OI'D.

Ilo BuauMomy, nmousATHE npeanoxkeHHoe Hemxope3oBeim M. A. Tak ke MOXKET
ObITh BBINHCAHO HA KaXJIOH CTaIMH NPOCKTHPOBAHUS 3eMJICPOIHOI Ma-
LIMHBI B KAKOM TO CBOEM YHHKAJIBHOM BHZE. Tak )e MOXKHO MPEIIOI0KUTD,
YTO BCE 3TH YACTHbIE KPUTEPHU MOTYT OBITh CBE/ICHBI B KOHEUHOM UTOre B
OIMH — HHTerpabHbIi. OXHAKO MBI 3TOH 3a/1a4eii ceituac 3aHUMaThbes He Oy-
JIeM, T.K. OHa BBIXOJIUT 3a MpeJenbl Hallel paboThl (K TOMY e HaMU UHTer-
paJIbHbIN apaMeTp yKe MPeIoKeH).
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KOHKPETHBIX MPAKTUYECKUX cooOpaxenuit. I[lpu
9TOM YHCIIO 3TUX APAMETPOB MOXKET OBITH JTFOOBIM.
Onnako, OTTAJIKHBAsCh oT ocoOeHHOCTEH
YeNIOBEUYCCKON ICUXUKH, BRIOMPATh HX 00JIee CeMH HEe
crout. Kpome Toro, npu 3Tom pasroBop OyneT HITH,
cKopee He 0 cdepe, a 0 CUMITIEKCE.

Hanmee, mms, Hampumep, ciydas Tpex
JIOKaJBHBIX OLEHOK KauecTBa PO, MOXKHO BBITTHCATH
clenyrolmiee  ypaBHEHHWE  COCTOSIHHSA  CIIOKHOMU
texauueckoir cucrtemer (CTC) — OI'D, um ero
moncuctemMsl PO B wacTHOCTH:

Si(K\,K,,K;)=0 (I11)

O4eBHIHO, 4TO B OOJIeE PEATHCTUYHOM BHJIC 3TO
YpaBHCHHE CIICYET 3alUCaTh TaK:

S.(K,,K,,K,) = MIN I12)

BuaHO, 94TO 3TO ypaBHEHHE OIHCBHIBACT YCIIOBHUE
MHOTOKpHUTEepHaTbHON ontumusanuu PO B oOmem
BHJIC.

[TonsaTHO, 4TO PHTpOTHMS JIydmiero Bapuanta PO
HE MOXXET YMEHBIIATHhCA, OHA YXE MUHHMAJbHA.
HanomamM, 9T0 pOCT SHTPONIMH BO3MOXKEH JIUIIH IPU
yxynmennu Bapuanta PO, mpum HapacTaromem
yIAJICHUH €ro OT ONTHMAIBHOTO BapHAHTA.

Takum 0Opa3oM: SHTPOIHUS CHUCTEMBI, B HAIICM
cydae, €CTh HE 4YTO HHOE, KaK KOJHYECTBO
HHPOPMAIIUH, HE XBATAIOIICH I €€ ONTUMAIILHOTO
co3nanus (mosHoro onucanus) [15 u ap.].

BronmHe siCHO, YTO TpU HE CTOXACTUYECKOM
AHATMTUYECKOW MOJIENIA CHHTe3a BapuanTa PO moutn
BCE  OTKJIIOHEHHS  BEKTOpa  COCTOSHHA  OT
ONTHUMAITFHOTO TTOJIOKEHHS (POPMHUPYIOTCS 3a CUET HE
ONTUMAIIBHOCTH HCXOJHBIX TaHHBIX.

BBegem  mo3TOMY — TOHATHE — KOJHWYECTBO
uHbopMaLuK Ff, , TIO3BOJSIONIEC XaPAKTEPU30BATh

yKa3aHHOE OTKJIOHEHUE HCXOJHBIX IaHHBIX. Bynem
ONpEENATh napameTp H, no Gopmyie:

H=-3A,
Jj=1

rae j 1, 2 d — YHCII0 WCXOIHBIX HAHHBIX,
obOpasyromux d-mepHoe (a3oBoe TPOCTPAHCTBO
MCXOJIHBIX JIaHHBIX; A - CyMMa OTKIIOHCHUIl BCEX

(113)

HUCXOOHBIX JAHHBIX OT UX ONITHMAJIbHBIX 3HAYCHUM.

6 C mpyroit CTOPOHBI MOKHO MOAOHTH K 3TOMY BOTIPOCY Tak. M3 umerommxcs
BapuaHToB PO BEIOpaTh O/IMH 32 YCIIOBHO ONTHMAJIbHBIH (JII1 THIIOBBIX KOH-
CTPYKTHBHBIX PELICHUI 3TO HE CIIOXKHO, T.K. HU3BECTHBI aHAJOTH). OLCHUTH

Anammupyst ¢opmyny I13 BumHO, uro mpH
ONTUMAJIBHBIX ~MCXOIHBIX JAHHBIX KOJUYECTBO
nHpopMannK MaKCUMaJIBHO M YCJIIOBHO PaBHO HYIIIO.
B mnporuBHOM ciydae KOJIMYECTBO HWH(OpMALUH,
uMeromeecss |y ~ Hac AN palUOHAIbHOIO
MIPOCKTUPOBAHMUS, YMEHBIIIACTCS.

HopmupoBanue u yrouneHwne GOpMyIsl Ul
OTIpE/IEICHHs IApaMeTpa A B Hacrosiiieit pabore He

BeIMoJHAETCS. OHAKO SICHO, YTO ISl KOHKPETHOTO
ucxogHoro mapamerpa CTC 3HaueHue A/. paBHO

PACCTOSHUIO MEXAY ABYMS TOYKAaMH, WIH TOBOPS
HMHa4e — JIMHE BEKTOPa MEXIy ABYMS TOUKAMHU.

Ecnm sxe kaxaplii Habop MCXOAHBIX JAHHBIX ISt
onmHoro BapuwaHTta, Hampumep PO, mpencrtaBisaTs B
Buae d-MEpHOTO BEKTOpPa B COOTBETCTBYIOIIEM
IPOCTPAHCTBE, TO B 3TOM IPOCTPAHCTBE CIEIyeT
3a7aTh METPHKY, T.. TaKylO UYHCIOBYIO (QYHKIHIO
p=pWV,V,) , KoTopas KaXI0M Mmape BEKTOPOB
paccMaTpUBacMOTO TPOCTPAHCTBA  COIMOCTABISET
HEOTPHUIATEIHFHOE YHCII0, Ha3bIBAEMOE PACCTOSHHEM
MEXIy BeKTOopamu ¥, m V, [16 u np.]. B nannom
CITydae 3TO YHCI0 U OyIeT XapaKTepru30BaTh IOHITHE
KOJIMYecTBa HHPOPMALIUH.

IlonATHO, YTO NEPBBIA BEKTOP B JAHHOM CIIydae
XapaKkTepu3yeT ONTHMAJbHBIM BapHaHT HCXOAHBIX
JIaHHBIX, 8 BTOPOU — OJIUH U3 BO3MOKHBIX BAPUAHTOB.

JononuautensHo otMetuM, yto MBC, Ha Ham
B3IJISL], IPUHLUIHNAIBHO OTIMYAETCS OT TEXHOJIOTUU
MHOTOKPHUTEPHATBHOTO TO3uIHOHUpoBanus [17]. O
MOCTEeIHEH THIIYT: «...TEOPETHYECKOTO pPELICHUS
9Ta 3agada HE WMeEeT HEHTP TSHKECTH
JIOCTOBEPHOCTH peIIeHmid, IONyYeHHBIX Ha
OCHOBE MHOTOKPHUTEPHAIBFHOTO TMO3UIIMOHUPOBAHMUS,
JISKHUT B 00J1aCTH MHTYUTHBHOM AEATEIHHOCTH JINIIA
IpUHUMaLEro pemenue...» [17]. B Hamem xe
Cllydae TeOpeTHUYECKOE PEIICHUE 3aJaud Ha JIHLIO.

EcrectBenHo, uTo aist npuMeHenus popmyasl [13
1 BCEro I0cJIe Hee HaMCaHHOro HE00X0IMMO UMETh
ontumaneHblii  Bapuant CTC. Ilostomy gns
MIPUMEHECHNS TIOHATUS KOJIHYECTBO WH(POPMALUHU B
Ooree IMMPOKUX MpeAesax CIEAyeT OTBICKATh €ro
uHBIE POPMYJIUPOBKH (MaTeMaTHueckue)®.

JlanpHeliee  MPOJOIDKEHHE  UCCIIEIOBAaHHM
CBSI3aHHBIX C TPUMEHEHHEM MOHSATHH SHTPONHUS U

B CPAaBHEGHMH C HUM HMHbIE BapuaHThl PO 1 T.1. MOTyT OBITh MPETIOKECHBI
PpasnnyHbIe MOJU(HUKAINN JTaHHOTO TTOJIXO0/A.
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PRACTICAL APPLICATION OF THE METHOD OF THE ENCLOSED
SPHERES

Petr POBEGAILO
Blagonravov Mechanical Engineering Research Institute of RAS, Russia
e-mail: petrp214@yandex.ru

Abstract: In the real work it is a question of practical application of a method of the enclosed spheres at design of the
working equipment of hydraulic excavators at early design stages. The essence of a method consists under the authority of
uniform criterion of the quality including all local criteria (in this work the special case with three criteria is considered).
This uniform criterion of quality is called by us entropy. The value of entropy there is less, the working equipment is more
qualitative. On this basis process of search of suitable option of the working equipment, is process of collapse of spaces
(spheres) of conditions of the working equipment (a collapse of spheres in the direction from the greatest to the smallest).
In other words, search of the best option of the working equipment is process of a reduction of all possible vectors of
conditions of the working equipment to option satisfying the designer.

Keywords: hydraulic excavator; working equipment; quality of the working equipment; method of the enclosed spheres
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VISION-BASED POSITION REGULATION OF MOBILE ROBOTS BASED ON
STATIC MARKERS

Plamen PETROV
Automation of discrete production dept., Technical University - Sofia, Bulgaria
e-mail: ppetrov@tu-sofia.bg

Abstract: This paper considers the problem of vision-based practical stabilization (stopping maneuver) of nonholonomic
differential-drive mobile robots and stabilization of platoon of mobile robots. First, a camera-robot model suitable for
control applications is derived. Two stabilizing vision-based feedback controllers are proposed and analyzed: the first one
stabilizes a single robot on a desire position indicated by a static circular marker on the line to follow. An algorithm for
circle detection based on Hough transform is presented for determining the pose of the robot with respect to a detected
stopping marker. Second, a feedback controller for practical stabilization (stopping maneuver) of a longitudinal platoon of
mobile robots is proposed. We consider the problem of autonomous robot tracking without the use of road infrastructure or
inter-robot communication. The only information that the follower robot can use for feedback control is relative position
with respect to the lead robot obtained from an on-board monocular camera. Simulation and experimental results illustrate
the effectiveness of the proposed controllers.

Keywords: Differential-drive wheeled mobile robots, camera-robot model, circle detection, vision-based control, practical

stabilization, robot platooning

1. INTRODUCTION

In today’s word, automation of production is the
basis of the modern industry [1,2,3]. During the last
decades the robot manipulators and mobile robots
have attracted considerable interest from researchers
[4] and industry [5]. The automated guided vehicles
(AGVs) have become an important component in
flexible manufacturing systems [6,7], and more
generally in automated transportation [8]. In most
cases, the guidance of the robotic vehicles is achieved
by means of different kind of sensors, which allow
following of wire [5] on the floor. More recently,
vision-based navigation systems have been proposed,
where the markers are placed in the working area
[9,10] of the mobile robot. The use of visual
information is an attractive solution and the visual
servoing is a field of extensive research and image
processing algorithms for detecting guided line
markers in the task space from data provided by
cameras are reported in the literature, such as in
[11,12,13].

Different approaches have been proposed in order
to resolve the problem of stabilizing mobile robots to
a point or to equilibrium manifold (practical
stabilization) of dimension equal to the number of
nonholomnomic constraints [14]. In the first case,
smooth time-varying static controllers have been

proposed [15]. Unfortunately, the smooth
time-varying feedback yields slow asymptotic
convergence [15], which results in an unacceptable
amount of time for stabilization from a practical point
of view. In order to obtain faster convergence,
discontinuous controllers [16] have been proposed.
The problem of stabilizing nonholonomic systems to
an equilibrium manifold has been also considered
[17]. From a practical point of view, this strategy may
be quite acceptable because of a quick steering the
mobile robot to a small neighborhood of the origin.

In recent years, the problem of robot following
has attracted considerable interest, especially in the
cases of military convoys [18], convoys of
commercial vehicles [19], or public urban transport
[20], where the robot vehicles are mechanically
decoupled. The control strategies for longitudinal
platoons depend on the information available for each
robot-vehicle controller, and include
communication-based and autonomous algorithms
[21], which achieve platoon stability.

In this paper, we consider two different scenarios
for practical stabilization of mobile robots. First, the
problem of stabilization (stopping maneuver) of a
nonholonomic differential-drive mobile robot (Fig.1),
based on the information obtained from a monocular
camera mounted on the robot is considered. More
specifically, in this case, we consider the regulation
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control task where the robot has to reach a specified
static circular stopping marker placed on the line to
follow (Fig. 1). A circle detection algorithms based
on Hough transform [23] is used in order to extract
the pose of the robot with respect to a detected
reference line and the stopping marker.

fig.1 The differential-drive wheeled mobile robot
Pioneer-3DX equipped with a camera

In the case of stabilization of multiple mobile
robots (platooning), we consider the regulation task
in the “leader-follower” scenario. More specifically,
we consider autonomous longitudinal platoon of
mobile robots, where the only information that the
follower robot can use for feedback control is the
current position with respect to the lead  robot
obtained from a monocular camera, which observes
the rear end of the lead robot where a specific
rectangular marker (a planar object) has been fixed.
The lead robot initially tracks a target (the same
specific rectangular marker) at a given prescribed
distance by using proper on-board camera, but the
robot must stop at a prescribed distance in front of the
marker when the marker becomes motionless. The
follower robot also stops at a prescribed distance
behind the lead robot.

The rest of the paper is organized as follows: In
Section 2, a camera-robot model is derived and the
procedure for detecting the stopping circle marker is

presented. In Section 3, a feedback controller for
practical stabilization of a single robot on the line to
follow by using circular marker and stability analysis
of the closed-loop system is presented. In Section 4, a
feedback controller for practical stabilization of a
platoon of mobile robots is proposed and stability
analysis is perform based on Lyapunov techniques.
Exprimental results are also presented. Section 5
concludes the paper.

2. CAMERA-ROBOT MODEL
A plan view of the differential-drive wheeled

mobile robot considered in this paper, is shown in Fig.
2.

fig.2 Differential-drive wheeled mobile robot geometry

The kinematic scheme of the robot consists of
platform with two independently driven wheels
mounted on the same axle and one free wheel (castor).
The wheels of the robot are assumed to roll without
lateral sliding. The coordinates of point R, which is
located at a distance L from the centre of the wheel
axle, with respect to an inertial frame Fxy placed at
the stop (target) point, are denoted by (e« e,r). The
coordinate frame Rxgyrzr is attached firmly to the
robot at point R in such way that the x-axis is parallel
to the longitudinal axis of the robot, and the z-axis is
perpendicular to the ground. The angle esr is the
orientation angle of the robot with respect to Fxy. The
centre of the coordinate system Rxgyrz is at distance
d from the ground. A reference pose is defined by the
reference coordinate frame Fxy such that its center is
in the center of a circular stopping marker, and the
x-axis is along the desired path and oriented in the
direction of motion to follow.
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Using the coordinates (exr, e,r) of the reference

point R, the configuration of the system is
described by three generalized coordinates
e= [exR €yR eaR]T e®’ e))

The coordinate frames Rxgyr and Fxy are defined
to describe the error kinematics during the stopping
maneuver. Using (1), the error kinematics is given in
the form

e=Sv (2)
where
-1 €yR
S=[0 —(L+ey) 3)
0 -1
is a 3x2 matrix,
y= [V} e R 4)
w

where v, is the velocity of the mid-point of the
wheel axle, and w is the angular velocity of the robot.
A monocular camera is placed in front of the
mobile in such way that the camera optical axis is
perpendicular to the surface of motion and the origin
of the camera frame Kxyizx coincides with the centre
of the coordinate system Rxgzyrzr (Fig. 2). Let us
denote the position of feature point F of the stopping
circular marker on the guided line with respect to the
camera frame by
K X,
Kpr=| %y, [eR’ (5)
K z,
The corresponding pixel coordinates in the image
plane are obtained as follows

UF 1
IpF =\ Ve |T=%x KpF eR’ (6)
1|

where the 3x3 invertible matrix Tk

fS‘ u 0 uO
T.=| 0 fs, v, (M
0 0 1

is the so called intrinsic camera calibration matrix
[22]. In (7), (s., sv) are the camera scaling factors, and
the angle between the camera axes was set to be 7/2.

Using (6) and (7), the coordinates of point F in the
robot coordinate feame Rxgyrzz are obtained as
follows

R
Xp

R R

Pr=| Jr :KZFROtR,yTK_”pK ®)

R Zp
where Rot, N SO(3) is a rotation matrix about

the yr axis by angle 7 and *z, =4 . Thus, knowing
the coordinates of feature point in the image plane, by
using (8), we extract the position of the robot with
respect to a detected reference marker in the task
space. It should be noted that, in general, the camera
coordinate frame may be positioned at angle f with
respect to the plane of motion and in this case, the
rotation matrix Rotg, takes the form

cosff 0 sing
Rot, = 0 1 0 | ©)
—sinff 0 cosf

We use the Hough transform [23] to detect the
reference stopping marker (a circle in our case as
shown from Fig. 2) and the line upon which this
circular marker has been placed in order to obtain the
center and the orientation of the reference frame Fxy
in the images obtained from the onboard camera.
Some results which illustrate the work of the
proposed algorithm for circle detection are presented
in the figures below. The method extracts the
parameters of the circle from its boundary points. A
sample image acquired by the onboard camera with
resolution of 640x480 pixels is shown in Fig. 3.

Original Image
o 7

fig. 3 Original image captured by the camera

The color image is first converted in grayscale
(Fig. 4).
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Grayscale

fig. 4 The image in gray scale

After that, the Canny edge detector is used to
identify edges in the image (Fig. 5)

Canny

fig. 5 Canny edge detection

The detected circular marker is now found as
shown in Fig. 6.

fig. 6 Detection of the circular marker

The Hough transform provides information about
the parameters of the detected circular marker in the
image plane including the coordinates of the center
(Fig. 7), which represents the center F of the
reference coordinate system Fxy.

Plot of the detected circle and the center of the circle
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fig. 7 Plot of the detected circle and the center of the circle

The procedure of isolating the line in an image
from the robot camera is illustrated bellow. This
result is used in order to determine the direction of the
axes of the frame Fxy, where point F is the center of
the detected circular marker.

Hough line

fig. 8 Reference line detection

3. CONTROLLER DESIGN

The geometry of the stopping maneuver used in
this paper is represented in Fig. 2. Consider a
differential-drive robot moving forward on a flat
surface. We assume that the path (the guided line
marker) upon which the stopping circular marker has
been placed is a straight line. In this section, we
present a stabilization controller design for the
mobile robot described by the nonlinear system (2).
We consider the problem of practical stabilization of
the mobile robot (to an equilibrium manifold). The
design procedure is based on the reduced-order
model of the two first equations of (2) for

e= [exR eyR]T

e=Sv (10)
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where S is a 2x2 matrix.
The control problem consists in finding feedback
control for the system (10) with inputs v such that

lim(e,,(1))=0 and lim(e,, (n)=0. (1)

For the system (10), we chose the following
control
v =cle (12)
where ¢ is a positive gain, and / is 2x2 diagonal
unity matrix.
The closed-loop system has the form

e=cSe=W(e). (13)
The point ¢ =0 is an equilibrium point of the
closed-loop system. Let V:R* >Rbea radially
unbounded positive definite quadratic function of the
state €, and W :R* — R*be a smooth vector field
on R . The time-derivative of ¥ is
V=LgV=-2cV<0. (14)
Thus, the closed-loop system (13) is
asymptotically stable. The next step is to establish
stability of the third equation of (2), since the
dynamics of egr has not been taken into account in the
control design. The zero dynamics of ez is stable, but
not asymptotically stable since egr(f)—>const# 0 as
t—oo which is in conformity with the Brockett’s
obstruction [24] for point stabilization of systems like
(2) via smooth time-invariant feedback law.
Simulation results for the evolution in time of the
error coordinates e(¢) with initial conditions

e=leqx(0) €.(0) en®f =[03 03 0.1 are

depicted in Fig. 9. The
chosen to be equal to /.

WMR: ex( blue); ey(green); et(red)
03 T T T
| |
| |

control parameter ¢ was
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fig.9 Evolution in time of the error coordinates e(?).

As seen from Fig. 9, ew(£)—0, er(t)—>0 and
egr(t)—>const # 0 as t—oo, which is in conformity
with stability analysis of the closed-loop system (13)
Time-plots of the control inputs v are depicted in Fig.
10.

WMR: Control input:vx and w
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fig.10 Evolution in time of the control inputs v: vy (solid
line) and w (dashed line).

4. EXTENSION FOR STABILIZATION OF A
PLATOON OF MOBILE ROBOTS

In this Section, we describe an algorithm for
stabilization of a longitudinal platoon of mobile
robots in a “leader-follower” scenario (Fig. 11)
without the use of inter-robot communication. The
only information that the following robot can use for
feedback control is the current position with respect
to the lead robot obtained from a monocular camera,
which observes the rear end of the lead vehicle where
a specific rectangular marker (a planar object) has
been fixed.

Lead robot

Follower robot

fig.11 Mobile robot longitudinal platooning

The control task for the lead robot is to track a
target (the same specific rectangular marker which is
used for the follower robot) at a given prescribed
distance by using a proper on-board camera. The
control system was designed for positioning the lead
robot with respect to this marker which can be, in
particular, motionless and, in this way, the lead
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vehicle stops in front of the marker at a prescribed
distance. The control task for the follower robot is to
track the lead robot at a prescribed distance /;. The
robot also has to stop at distance /; behind the lead
robot in case of stopping maneuver for the lead robot.
In that follows, we will present in more details the
controller design of the follower robot. Let /; be the
desired robot separation and e, be the separation error
(Fig. 11). In the platooning scenario, the controller of
the follower robot has to maintain small the
separation error e,. The following equation holds for
the separation error
e, =Ax—1, (15)
where Ax is the actual robot separation.
Differentiating (15), we obtain follows equation for
the relative velocity

e =V

-V, (16)
where v, and vy are the velocities of the lead and
follower robot, respectively. We not that v,(¢) is an a

bounded function of time
v, (D|<o (17)
where J is unknown constant. We propose a
control law for the follower robot in the form
u=(k, +k,)e, (18)
where k,; and k. are positive gains. We consider

the following radially unbounded positive definite
quadratic function

X

y=Lle . (19)
2

The derivative of V" along the solutions of the
closed-loop system is
; 2 2
V= _kv2ex - kvlex teVix
52 20
S —kvze)% +— ( )
where the Young’s inequality (xy < kx? + (1/4k)y?)
was used. Since v, is bounded by 6 (17), referring to
(20), it can be seen that } is negative whenever the
separation error satisfied the following inequality

o 1
AN S 21
| X|> 2 ’\/kvlkv2 ( )

Hence, |e«(f)| decreases whenever ex(?) is outside

the set
5, = {ex lea] e, 1

<iPle - (22)
2 kvlkv2 }

and we obtain that

ek } o
2 kvlkv2

Boundedness for the separation error e, is
achieved in the presence of bounded velocity of the
lead vehicle. Using (19) and (20), it can be shown that
the following inequality holds for the behavior of

lex(?)]
lell, 1
e (0] < e, () exp(—k, 1) + =5 ———.
2
v1®v2
In particular, during the stopping maneuver, when v,
converge to zero, which is the case of stabilization of
the platoon, |e«(f)| also decreases to zero. Similar
controller can be used for the lead robot during the
tracking of a moving target, and also for the stopping
maneuver, when the marker is motionless. In the
latter case, applying the control (18) with k,; = 0 to
the lead robot, leads exponential convergence to zero
of the separation error between the robot and the
static marker. The lead robot is positioned in front of
the marker at a given prescribed distance.
Experiments with automatic vision-based robot
following and stabilization of a platoon of two mobile
robots are shown in Fig. 12.

"ex"00 < max{|ex (0)

24
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fig.12 Experiments with stabilization of a robot platoon
5. CONCLUSION

In this paper, the problem of practical
stabilization of mobile robots has been considered in
two different scenarios. In the first case, a feedback
control was designed using information from a
monocular camera for positioning the robot upon a
stopping marker placed on the guided line. A circle
detection algorithms based on Hough transform was
proposed in order to obtain the pose of the robot with
respect to a circular stopping marker. In the second
case, a feedback controller was proposed for the
regulation task of a longitudinal platoon of mobile
robots. An autonomous platooning has been

considered, where the only information that the
follower robot can use for feedback control is the
current position with respect to the lead robot
obtained from a monocular camera, which observes
the rear end of the lead robot where a specific
rectangular marker (a planar object) has been fixed. A
feedback controller has been proposed which
achieves exponential convergence to zero of the
separation error between the robots when the velocity
of the lead robot converges to zero, and the follower
robot stops at prescribed distance behind the lead
robot. On the other hand, boundedness for the
separation error has been achieved in the presence of
bounded velocity of the lead vehicle. Similar
controller has been designed for the lead robot during
the tracking of a moving target and for the stopping
maneuver when the marker is motionless. Simulation
and experimental results have been presented to

illustrate the effectiveness of the proposed
controllers.
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