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OTHOCHO BJIMAHUETO HA TAPAMETPUTE BbPXY KOBUJINYHA BE3HA

Banentun UBAHOB

Katenpa ,, [I[penn3Ha Texauka u ypegocrpoene”’, Texuudeckn yausepceuret - Codusi, brirapus

e-mail: vgi@tu-sofia.bg

Pesrome: KoOumuHuTe BE3HH HAMUPAT LIMPOKO IPUIIOKEHH B MHOTO 00JIaCTH Ha 4oBelIKara AeitHocT. Paborara onucsa
U3CJeBaHe BIUSHUETO HA onpeseseH Opoil mapaMeTpu BbpXY KOMOMHHPaH KOOMIMYEH H3MepBaTeleH MexaHu3bM. [1o-
Ka3aHO € Bb3JCHCTBUETO HAa TE3U MapaMeTpH BbPXY CTaTMYHATa XapaKTEPUCTHKA Ha Be3HaTa. PesynraTtuTe ca AaJcHU B

TabyiyeH U rpaduyueH BUA 3a HO-TOJSIMA SICHOTA.

Kuawuosn AYMH: BE3HA, KOOMJIHYUEH MEXaHu3bM, U3MEPBAHE Ha Maca

1.BbBEJEHUE

[onsTHero “maca” e BbBeneHO OT HIOTOH Kato
BEJIMYMHA, XapakTepu3upalla KOJIUYECTBOTO Be-
LIeCTBO B JasieH 00eKkT. Macara e ckajlapHa Bellu-
uynHa. EnnHnnara 3a maca B SI e kg [2].

VYpenure 3a u3MepBaHe Ha Maca Ce HapuyaT
Be3HU. ThH KaTo IpeobiIagaBamara 4acT OT BE3HUTE
pa6OT$[T Ha TCTJIOBEH NPUHOUII, YECTO Hapu4dart
BCHYKH YpeIy 3a M3MEepBaHe Ha Maca TeTJIOH3Mep-
BaTeNHU. BBB BpB3Ka ¢ ToBa TPsI0Ba 1a ce MpaBy sicHa
pasnuka Mexy maca u terio [1]. Termoro e cuna u
ce m3MepBa B N. KaTo BeKTOpHA BENMUYHMHA, TETJIOTO
OCBEH TOJEMHHAa HMa HampaBieHue (TI0COKa) H
npwioxHa Touka. Cuilata, ¢ KOATO JaleH OOEKT
JeicTBa Ha omopara cH, ce Hapuda terio G’, a cu-
JaTa ¢ KOSITO 00EKTHT C€ CTpeMU J1a aJHe Ha 3eMsITa,
ce Hapuua cuiaa Ha TexecTra G. OOMKHOBEHO ce
npuema, ye G’ = G, HO TOBa € BSIPHA CaMO IIPU IMTOKOi1
WIN PaBHOMEPHO INpaBONMHEHHO nBwkeHue. I[lpu
nBmkeHue ¢ yckopenue G’# G U 10pu MOXe J1a ce
nocturie G’ =0 (GesreryoBHocT). B pamkure Ha
3emsITa TETJI0TO HE € MOCTOSIHHO, Thil KATO 3€MHOTO
yCKOpeHHe g € (QYHKIUS KakTo Ha reorpadkara
[IMpUHA, TaKa U Ha HAJMOpPCKaTa BUCOYHHA (3aBHCH
OT OTJAJICYEHOCTTA HA TOYKaTa OT LIEHTbpa Ha 3e-
MsTa). 3a HOPMaJHa CTOWHOCT Ha g € IpHUeTa CTOM-
HOCTTa gy = 9.80665 3a cpeHa reorpadcka MUpHHA.
B pamkuTte Ha bbirapus 3eMHOTO ycKOpeHHe BapHpa
or 9.8026 mo 9.8045 m.s. Ha BCEKM KHMJIOMETBP
H3JUraHe, MaTepUaIHUTE OOCKTH OJIEKBAT C OKOJIO
0.03 %. Ocsen TOBa BbB BB3AYyIHA Cpeia, NOPaIH
APXUMEIOBUTEC a€POCTATUIHU CUIIU, TETIIOTO (HO HE
U cuiara Ha Texxectta) HamaisiBa ¢ AG = G.ps/pos,
KBIACTO PB U Pos Ca INITBTHOCTUTEC HA BB3AyXa U Ha

oOekTa. HpI/I Marepuan € MaJlIka IINIBTHOCT HU3MEC-
HCHHUETO Ha TCrJIOTO € 3HAYUTCIIHO U TpH6Ba Ja ce
B3€Ma MpEeABU IIPpHU TOYHU U3MEPBAHUS.

2. JIOCTOBH BE3HH

B mpakTtmkara, 3a u3MepBaHE Ha Maca,
Hal-pa3lpocTpaHeHn ca ypenure (QyHKIHMOHUpAIH
Ha OCHOBaTa Ha MbPBaTa Pa3HOBUIHOCT HA TETJIOB-
HUSI IPUHINN — JIOCTOBUTE Be3HH. Te ce pa3nensT Ha
JIBE TOJIEMH I'PYIH — KOOWJIMYHU U KBaJpaHTHH [1].

Ha ¢wur. 1 ca moka3aHu pa3iu4YHUA CXEMH Ha KO-
OmmmuHM MexaHM3MH. Te cieiBaT OT HaesATa 3a
CpaBHsIBaHE HA TerJa 4pe3 JIOCT OT IIbPBHU PO (KO-
OwmuIa), a UMEHHO:

GusnLusn = Gpryp unu
mu&’/lri.g.LuS’/lri = myp.g.Lyp Ui
Muzm = myp.Lyp/LusM. (1)

B nocnennoro ypaBHeHHe (OCHOBHO ypaBHEHHE
HaA HpeTCFﬂHHCTO) BXOaHA BCJIMYMHA € I/I3MepBaHaTa
Maca Mysy, a U3X0JHA MOKe Ja ObIe BCAKA OT OCTa-
HaJIUTe TpU. BB3MOXKHH ca Tpu BapuaHTa:

1. 3xonHa BeauyuHA € MacaTa Ha TETJIMIKUTE

usm

m, . (craTu4Ha Xapakre-

Mmyp, T.C. NMyp = .
w

puctuka). Mexanm3smbeT (¢ur. 6.2a) ce CbCTOH OT
koOwmmna | ¥ WHIMKATOp Ha PaBHOBECHOTO IIOJIO-
JKEHUE — CTpeJIKa 2 ¥ HETIOIBIKEH MHAEKC MJIH cKajla
3. LlenTppsT Ha TexecTTa (T. C) Ha KOOMIULIATA € Ha
pascrosinue s nox onopata (T. O), KOeTo ornpenesnst
€IHO3HAYHOCT HA PABHOBECHOTO IIOJOXKCHUE H
Kpaiina yyBcTBUTENHOCT. [Ipn s =0 u paBeHCTBO Ha
MOMEHTHUTE, KOOMITHIIATA 1Ie UMa Oe3KpaifHO ToJsiMa
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YyBCTBUTEJIHOCT U IIe 0bJe B Oe3pa3IMIHO PaBHO-

o Luwaa Lyp L izt

A B
=1
Giram G‘f'p Giram
{Fzn ) C L CMypd (M)

@ gl ®

BECHUC, KOCTO s IIpaBM HErogHa 3a HU3MCpPBaHC.

¢ur. 1 BapuanTtu Ha KOOHIMYECH U3MEPBATEICH MEXaHU3bM

2. M3xonHa BenmuuuHA € paMoTo Ly, Ha Teryoro
Ha mojBmwxkHaTa Termuika 4 (¢wur. 6.2b), kosaTO Cce
IIpeMecTBa IO ASCHOTO paMo Ha KOOWiIMIaTa, W3-
MOJI3BaHO 3a ypaBHOBecsBaHe. CTaTHYHATa Xapak-

usm

TepucTuka uMa Buna Lyp =

uzm *
w
3. U3xoaHa Benu4MHA € paMOTO L,y Ha TErJIo0TO
Ha u3MepBaHara maca (¢wur. 6.2c). [TonBuxHara Ka-
peTka 5, KOSTO HOCH M3MepBaHaTa Maca, ce Ipe-
MeCTBa 10 JIIBOTO paMo Ha KoOmnuiara. CtaTu4HaTa
XapaKTepUCTHKAa Ce H3pas3siBa C PaBEHCTBOTO

1
Lus,vt = Lypmyp m— .

usm

HpI/I BC3HHUTC, pa6OT€H.[I/I I10 IIbpBaTa cxema, u3-

MEpPBaHETO € JUCKPETHO, ChC CTBIIKA Ha JHCKPET-
HOCT, paBHa Ha Hal-MaJIkaTa TErIMIIKa B KOMIUIEKTA
TCIJIUIJIKH. BTopaTa " Tp€TaTa CX€Ma OCHUICCTBABAT
AHaJIOTOBO HM3MEpPBaAHE. TpeTaTa cXeMa HE C€ YyIIOT-
pebsiBa 3a u3MepBaHe, Mopaad KOHCTPYKTHBHHU HEy-
no0cTBa, HO € MOAXO/sIIa 3a YCTPOMCTBA 3a COPTHU-
paHe€ 1o Maca.

3. KOMBUHUPAH KOBUJIUMYEH U3MEP-
BATEJIEH MEXAHU3BM

I[Ipu  ceBpemenHuTE  7a0OpAaTOPHM  BE3HU
Hail-u3non3BaHa ¢ mppBara cxema, HO (dur.2a) ¢
JOITBIIHATENIHO aHAJOTOBO ypaBHOBECSBAaHE B paM-
KATE Ha CTBIKaTa Ha JUCKpeTHocT. Ilpu s # 0 Ko-
OmnmmnaTa paboTH Kato (U3NIECKO Maxajo U ce U3-
MOJI3Ba 32 W3MEPBaHEe HA OCTAHAJIOTO, HEYpaBHOBE-
CEHO OT TETJIMIKUTE TEerJIO Ha U3MepBaHaTa Maca. 3a
OTYMTaHe Ha BI'bJIa HA 3aBbPTaHE Ha KOOWIMIATA,

BMECTO MHJIIEKC Ce M3I0J3Ba CKaja. MeXaHH3MbT, B
KOMTO 3a U3MepBaHe Ha Maca ce M3I0J3Ba (Gpu3ndecko
Maxajio ce Hapu4a KBajpaHT. lIMeTo mpousimsa oT
TOBa, 4e NpU paboTa, MaKCHMAITHHAT BI'BJ Ha 3a-
BBPTaHE HA MaxajlOTO OCTaBa B PaMKHTE Ha €IUH
kBagpanT (90°). B pasmiexgaHus ciydaii KOHCT-
PYKTUBHO ca OOeIMHEHH KOOWIMIA M KBajJpaHT.
W3mepBaHarta Maca Mysy = Mmp+ My, KBIAETO M €
Macara, U3MepeHa JAUCKPETHO C TerJIMIKHUTE, a My —
Macara, U3MepeHa

aHAJIOTOBO ¢ KBaapaHTa. CTaTH4HATa XapaKTEepHC-
THKa 32 MAJIKU BIVIM HA OTKJIOHEHHE HAa KOOMITHILIATA
(KakBUTO ca peajHHWTE TNpPH BE3HWTE) MMa BUAA

Musm = Mmean + (WlOS/L)(D, KBIACTO Myery; U Mo Ca
MAacuTe, ChOTBETHO Ha TETJIMIIKUTE M Ha KOOMITUIIATA.
Ha ¢wur. 2b ToBa paBeHCTBO € NpeNCTaBEeHO B Ipa-
¢uueH Bua. XOPU3OHTAJIHHUTE JIMHUHM ONPEACIST
CTBIKaTa Ha JMCKPETHOCT, a HAKIOHEHUTE — Bb3-
MOHOCTTA 33 aHAJIOTOBO YPaBHOBECSIBAHE.

3. OIINTHA YCTAHOBKA

W3cnenBaneTo ce mpoBeXaa BbpXy KOMOMHHpaH
koOmmmueH wusMepBareneH MexanuzsM (KUM) c
JUCKPETEH W aHAJOrOB M3XOJ. XapaKTepUCTUKUTE
KOHUTO Ce€ M3CJe[BaT, C& OTHACAT 3a aHAJIOTOBHS pe-
xuM Ha pabora. IIpu xomOunupanus KM enna
yacT (m;) oT oOI1ara U3MepBaHa Maca m ce u3MepBa
Yype3 M3MOJ3BaHEe Ha MEPKH 3a Maca (KOMIUIEKT Ter-
muiku). B To3u ciywail ypenrbT uMa JUCKPETEH U3-
xox. Jlpyrata yact (m,) ce u3MepBa ¢ KBaJIpaHTCH
HU3MepBaTEIeH MEXaHU3bM C aHAJIOTOB U3XO/I.
OObmmara Maca ce ompezens OT u3pasa:
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LI:'Z meax

@ur. 2 Cxema Ha KOMOMHHpPaHa KOOMIMYHO-KBaAPaHTHA JIOCTOBA BE3HA

m =mi + mo. 2
Ha ¢wur. 3 e mokazana cxema Ha KNUM. OcHoB-
HUTE TEOMETPUYHH MapaMeTpH, ONpelelsIIiM BUIa
Ha XapaKTepPHCTHKATa, ca:
- a — pamMo Ha KOOMJIMLATa;

- $ — pa3crosHHE OT onopHara Touka O; 70 LeH-
Thpa Ha TexxecTTa C Ha KOOMIMIATa;

- € — IIPOCBET — pa3CTOSIHUE OT OIOpHATa TOYKa
O\ 10 HanpaBJICHUETO, ONPEJIEIICHO OT BhPXOBETE Ha
TOBapONPUEMHHUTE NpU3MHU A u B.

0y

A =

nit

¢ur. 3 Cxema Ha KUM

IIpu HaTOBapBaHe ¢ Maca mM; M U3MOJ3BaHE HA
TeNJIMIIKA C Maca m’, CTpeliKaTa Ha KOOWJIHIaTa
3acTaBa Ha HyJa. Pe3ynTaHTHaTa OT Terjarta Ha Mma-
cuTe m;, m’ U TerJaTa Ha ABeTe OJIIo/ia C Mach M’gy U
m”’s; € npuwiioxkena B T. Oy, pasIosoxeHa 0 BepTHU-
KajaTa, npekapaHa mnpe3 T. O; U LEHTbpa Ha Te-
xectTa. [Ipy ToBap my cTpenkarta ce OTKIOHSABA Ha
BI'BI ( 10 HACTHIIBAHE HAa PABHOBECHE. Y PAaBHEHUETO
3a paBHOBECHE MMa BHJA:

m2 = mks/a.tge + (m’e + m”6 + mi +m’)
ela.tg, 3)
KBJIETO:
m, € MacaTa Ha KOOMJIMIaTa ¢ BCHYKH HETIOBIKHO
3aKpeTeH KbM Hesl IeTaiy;

M= (s +m”6 +mi+m’).

[Ipu Manky CTOWHOCTH Ha ‘BI'bJIA (P CE U3MOJI3BA
MpaBoJMHEWHA XOpu3oHTanHa ckana (dur. 3), npu
KOSITO ChIIECTBYBA 3aBUCUMOCTTA

gy = n.t/L, 4
KBJIETO:

- n — OpOAT JENCHUS MO CKajaTa, OTYCTEHH OT
HyJIeBaTa OTMETKA ¥ OTTOBAapSIIU Ha Brbja @;

- t — IBIDKMHATA Ha JEJIEHUETO;

- L — pascrosiauero ot omopHara touka O; 10
OCHOBAaTa Ha CKajaTa.

Or (3) u (4) ce nony4asa:
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m, =é(mks+Me)n. (5)

UyscrButenmnocrra Ha KM ce ompenens ot u3-
pasza:

La
t(m,s + Me)
Ts 3aBucu OT mapaMeTpUTe Ha OTUMTALIOTO YCT-
pOHCTBO, L U ¢, OT TEOMETPUYHHUTE pa3MEPU HaA Me-
XaHM3Ma a, S U e U OT Macata M.

Ha ¢ur. 4 e nokasana cxema Ha yCTaHOBKAaTa.
KoOunumara 1 uma omopHa mpu3Ma 3, 3akperneHa
KbM HOCaua 7, KOHTO upe3 BUHTa 8 MOXKeE Ja ce
IIPEMECTBA BbB BEPTUKAIHO HampasjieHue. Ilo Tosu
HauMH ce 3a[aBa OIpeJecHa CTOMHOCT Ha IapaMe-

(6)

Tbpa €. B nomHO kpaiiHO mosnoxeHue Ha Hocaya 7
e =0, a B ropHO KkpaifHo — e = 2,5 mm.

Mexay TOBaporpueMHUTE mpu3Mu 2 U 2° ca
okaueHu Oroata 6 U 6°, IpH KOETo KOOUIIUIIaTa ce
OTKJIOHSIBA Ha BI'BJ (), KOWTO C€ OTYHTA IO IOJO-
JKEHHETO Ha CTpenkarta 4 BppXy cKamara 5.

XOpU30HTHPAHETO C€ WM3BBpIIBA MO oTBeca 15
4pe3 perynupyemure kpadera 14. IlonoxeHueTo Ha
LEeHTHPa Ha TeKecTTa (IapaMeTbpa s) ce MPOMEHS
4ype3 mpeMecTBaHeTo Ha Macara 11 mo crebmoro 12.
Ipu npemecTBaHe Harope Ha mpu3Mara 3 ce U3MeHs
pasnpeaeneHUeTo Ha MacuTe Ha KOOMIMIaTa.

2 3
1
4
15
F
14 t "
\

I_E

¢ur. 4 Cxema Ha ycTaHOBKaTa

3a ;ma He ce MPOMEHH ITOJIOKEHUETO Ha I[CHThpa
Ha TEXKECTTa CIPSIMO JMHHUATA, ChCIUHSIBAIIA BbP-
XOBeTe Ha mpu3Mute 2 u 2’°, ¢ HeoOXOAUMO B CHOT-
BETHA NIOCOKa (HaZoJy) Aa ce MmpeMecTy Macata 9 1o
BB3CTAHOBSIBAHC HA IIOJIO)KCHUECTO Ha I_[CHTT)pa Ha
Texectra. [I[pemMecTBaHeTo € 03Ha4YeHO ¢ Alg (¢ur. 4).
To ce npecmsra no popmynara:

Al, =—=e, (7)

KOATO CC IoJIiydaBa OT PaB€HCTBOTO HAa CbOTBETHUTEC
CTaTU4YHU MOMCHTH, 4 UMCHHO!

mz.e = mo. Als. ®)
Ipy NPEMECTBAHETO Ha OMOPHATA MPH3MA CIIPSMO
TOBAPONPUEMHUTEC HA pa3CTOAHUEC €, TApAMETBPDBT §
ChIIO CE€ U3MCHA C e. 3a Jla C€ 3ama3v HEIIPOMECHEHA
roJIcMHHATa Ha s, € HeO6XOZ[I/IMO Mmacarta mj; (I/UH/I
HAKOs ApyTa Maca) Jla C€ MpEeMECTU HAarope€ Ha TakoBa
Pa3CTOAHUE, Y€ 1a CE€ KOMIICHCHUPA UBMCHCHHUETO Ha S.
OT PaBE€HCTBOTO Ha CTATUYHUTE MOMEHTH CJI€/IBa:

mre =mi1. Al v Al = mre/mii )

JlaHHM 3a ycTaHOBKaTa
my =816 g; m;=8,6 g;mg=12,5g; m;; =97g;
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a=225mm;t=1,5mm; L =300 mm; e =2,5 mm.
3. EKCIIEPUMEHTAJIHU PE3YJITATH

Pesynrature OT MPOBEICHUTE EKCIEPHMEHTH ca
nanenu B Tabn.1 (ExkcriepuMenTuTe ca mpoBeaeHN 110
JeceT MBTH, KaTo YHCICHUTE Pe3yJITaTd NaJeHU B
tabm.1 ca ycpemnnenu.). CTaTWYHHTE XapaKTepHC-
THKH C€ OIPEIEIISAT IIPU CICTHUTE YCIOBHS
Onur 1. Macara m;; ce npemectsa 1o cretnoro 12,
TaKa 4e Jja € pa3nosokeHa B 0J1M30CT U [10J] OTIOpHATa
TOYKa (HOPMAJHO IOJIOKEHUE Ha BE3HaTa IpU W3-
MepBaHe). Bbpxy [scHOTO OI0A0 Ce MOCTaBsT MU-
JUTPaMOBH TETJIMIIKH IO HACTHIIBAaHE HA PABHOBECHE
3a 3 ;eneHMs IO cKajaTa, KaTo Ipeau TOBa Be3HaTa
ce HyJIpa, Yype3 MOCTaBsHE Ha TOBAp BHPXY €IHO OT
nBere Omrona.

Omur 2. Macata m;; ce mpeMecTBa HAIONIy II0
crebsoro 12 Ha pascrosiHre 20 mm copsiMo orut 1
(mpomensiMe mapameTrspa ). Bepxy mscHoTo 0110710
Ce TIOCTaBsIT MIJIUTPAaMOBH TEIJIHJIKH 10 HACTHIIBaHE
Ha paBHOBecCHe 3a 3 JeJIeHHs 110 CKajlaTa, KaTo Mpean
TOBa BE3HATa CE HYJIMpa, Ype3 MOCTaBsiHE Ha TOBAp
BBPXY €HO OT ABeTe OJoza.

Onur 3.Ypes BuHTA 8§ ce 3amaBa CTOHHOCT
e=2,5mm. Bbpxy AscHOTO ONIOJ0 C€ MOCTaBAT
MUJIUTPaMOBU TETJIMIIKH IO HACTHIIBAHE Ha PaBHO-

BecHe 3a 3 JIeJICHUS IO CKaJlaTa, KaTo IpEead TOBa
BE3HATa Ce HyJIUpa, Upe3 MOCTaBsIHE Ha TOBAp BBPXY
€/IHO OT JiBeTe OIoia.

Onwur 4. Bepxy /BeTe 01071 c€ MOCTABAT TETIIMIKH
o 500 g (mpomensime mapamerspa M). Bwpxy msc-
HOTO OJIFOJI0 C€ TIOCTABAT MUJIMTPAMOBH TETJIHIIKH 10
HaCThIIBaHE HA paBHOBECHE 32 3 JIeJIEHHs 10 CKaJiaTa,
KaTo IpeIy TOBA Be3HATa Ce HyJIHPa, Ype3 MOCTABSHE
Ha TOBap BbPXY €IHO OT JIBeTe OIoja.

Ta6.1.1 PC3yJ’ITaTI/I 3a CTaTUYHUTEC XapaKTCPUCTUKHU Ha
BE3HaATa

O;Z‘T nren] 0| 3| 6 9
1 mimg] | 0|39 800 | 1140
2 mimg] | 0]500] 1070 | 1570
3 mmg] | 0]200] 350 | 500
4 mimg] | 0700 1300 | 1900

I'paduuynoTo M300paXkeHME Ha CTATUYHUTE Xa-
PaKTEepUCTHKH € NasieHo Ha ¢ur.4. SIcHO ce Buxka, ue
Hal-TOJISIMO BJIMSHHE BBPXY XapaKT€pPUCTHKaTa Ha
Be3HaTa oOka3Ba mpocBera e (omut 3). Ilpm Hero
gyBctBuTenHOCTTa HA KM e Haii-romsima.

n [oen]
a
™~

m [mg]

1000 1500 2000

‘—Q—OI'IVIT1 —0—Onut 2 —a—Onut 3 +OHMT4‘

¢ur.4 I'paduano H300paxkeHNEe Ha CTATHYHUTE XapaKTEPHCTUKY Ha Be3HATa
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1. TposinoB, b. VYpemu 3a wusmepaHe Ha (u3u-
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2. International Vocabulary of Metrology (VIM3),
IS0, 2008.
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ABOUT THE INFLUENCE OF PARAMETERS ON THE LEVER SCALE
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Abstract: Lever scales find wide implemented in many areas of human activity. This work describes the investigation of
the influence of a number of parameters on combined lever measuring mechanism. It is shown the impact of these pa-

rameters on the static characteristic of the instrument. The results are presented in tabular and graphic form for clarity.
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AHAJIN3 UCCJIEJOBAHUM U OB bSICHEHUE D®®EKTA K. TYBEPA

Anton CUJIBBECTPOB, Imurpuii SMMEHKOB, Anekceiit CKPBIHHUK
Karezpa ,,Ieoperuueckas anexrporexuuka”’, HTYY «KIID» - Kues, Ykpauna
e-mail: vadesign@inbox.ru; Zimenkovdk@ukr.net

Pesiome: B cratbe npuseneHo ¢puznueckoe oobsacuenue 3¢ pexra [x. ['ydepa, a HMEHHO BOBHUKHOBEHHE KPYTSILETO
MOMEHTA HOJIBIDKHON KOJIECHOM Maphl P YCIOBUH NIPOXO0XKACHHUS SNEKTPHIECKOr0 TOKA Yepe3 TOUKY COPHKOCHOBEHHS

KoJieca ¢ HalpaBJISIOLIeH.

Kurouessie cioBa: Dddext ['yOepa, apurarens Cépia, KocbipeBa-Munbpost, eeKTpOMarHiTHAs HHTY KIS

1. BBEJAEHHE

Bbonee momyseka Hazam JK.I'ybep oOHapyKui
clleqyIolee SBJICHUE: eci 4depe3 KOJECHYIO0 mapy,
KOTOpasi KaTUTCS IO PeNbcaM, MPOIMYCKaTh TOK OT
OHOM peNnbChl KO BTOPOH, TO, HE3aBHCHMO OT
HaIpaBJIeHHs TOKA, TOCTOSHHOTO VI IEPEMEHHOTO,
BO3HMKAeT MeEXaHWYecKas CHia 10 HaIlpaBJICHUIO
nemkeHus. JK.I'ybep cuurtan, 9To 3Ta CHiia MMeEeT
JNMEKTPOANHAMHYECKYI0 TpHpoay. IIpenocTaBuTh
TEOPETUYECKOe OOOCHOBAHUE ITOHM CHIIBI B paMKax
CyllecTByloled  Teopuu  yueHelM  [1,2,3.,4]
nokazanoch  cioxHbIM.ITpoOGiema  ocioxHHUIIACh
HIOCJIE TOTO, KaK IOJ00HOE SIBJICHUE OBUIO BBISBICHO
[5] B mommunmHMKOBOM mMape, KOTopas cocTosIa U3
Bajla C MAaxOBUKOM H [JBYX POJIMKOBBIX HWJIHA
[IapUKOBBIX  IIOJNIIUITHUKOB, dYepe3  KOTOphIe
NPOXOMMI TOK. [Ipy HaIMYMM IPEABAPUTEIHHOTO
BpallleHHs] Bala W COOTBETCTBYIOLIETO 3HAYCHUS
TOKa, BpamaTteabHOe ABIKEHUE TPOJ0IDKAIOCh [1].
MHorogakTopHOCTh ~ BO3feWcTBHH B 3 dexre
XK.I'ybepa CynIeCTBEHHO YCIOKHUIIA TEOPETHICCKOE
BBISIBJICHHE TJIABHBIX: 3/16Ch UMEIOT MECTO 3aKOHBI
OJICKTPOAUHAMHUKH W CTAaTHKH, TEPMOAUHAMUKH,
JUHAMHUKH JBWXXEHUS W TeruiofedopmManui U HX
B3aUMOJEHCTBUE. OTO  co3JaBajo  mpoliemy
o0bsicHeHUs1 d(PQeKTa U BBISIBICHUS €ro TJIABHOM
COCTABJISIOLICH.

2. IOCTAHOBKA 3AJIAYH U OB30P
CYHIECTBYIOIINX OBbSICHEHUI
IDPDEKTA

Hdns  oObscHenust sddekra ['ybepa cnemyer
KPUTHUYECKU paccMoTpeTh CYILECTBYIOIIUE
UCCIeN0oBaHUA M JopaboTaTh HUX B Iperenax

KJIACCHYECKHX 3aKOHOB (DM3HKHU C LEIBIO MOTyYESHUS
JIOCTOBEPHOTO 00BsicHeHus dddekra.

K.I'ybep CUHTAT OYEBUIHBIM
3NIEKTPOIMHAMHUYECKYIO pUpory 3¢deKTa, Tak Kak
CHJIa BO3HUKAET TOJBKO MPU HAJIMYUM JBUKCHHS
KoJIEC B MarHUTHOM IIOJe TOKa penibcbl. Ho He
MOHSTHO KaKyl0 TPAaeKTOPHIO HMMEET TOK B TeJje
KOJieca, KaKoe 3HAYeHWE W HAampaBlICHHE CHIIBI
Awmmnepa? Kak noka3zanocs I'.B. Hukonaesy [4], Tok u
MarHUTHbBII MTOTOK B TOJIIIUITHUKE
paBHOHampaBjieHbl. [loaToMy, it OOBSICHEHHUS
BO3HMKHOBEHHUS CWIbl AMIepa, €My MpHUIIIOCh
NPEAJIOKUTh CYIIECTBOBAHUE MArHUTHOIO II0JI,
KOTOpOE COBIAJaeT II0 HAINPaBICHUIO C TOKOM
KOTOpbIH ero co3nan. OpHaKo, Kak HM3BECTHO B
NIPUPOJIE CYLIECTBYET MAarHUTHOE II0Jie TOKa,
KOTOpO€ HMMEET TOJBKO BHUXpeBOM Xxapaktep. M.U.
I'pamm [2], Ha OCHOBE TpPHUHLMIIA MHHUMyMa
CYMMapHbIX IOTepb SHEpPIUH, IMOCTapajcs IaTb
oObsacHenue 3¢ dexra XK.I'ybepa, BBous 1enblil psj
HEOOOCHOBAaHHBIX JOMyleHni. Bo3MmoxHO cuna
Jlopenua? Ho, xak kaxetcs I1. lemuny [5], aTu cumnbt
HE MOIYT CO3JaTh KPYTSILIEr0O MOMEHTa. TOT ke
BBIBOJI OH [I€JIa€T OTHOCHUTENBHO NEWCTBHA 3aKOHA
Jlerma. B 1963 roxy B.B. KocwipeBa, B.JI. Psi6xo u
H.H. Bemsman, a B 1967 romy P. Mumspoit
peanmuzoBanu 3ddexr K.I'ybepa Ha POIUKOBBIX H
mapuKoBeIX noammnHukax. B.B. KoceipeBa u np.
Tak oOBsicHmmu 3ddext: «llogBmkHas dacTh
BpallaeTcs B pe3yjbTaTe yNpyroi aedopmanuu
JeTaNell Mpu HarpeBe MX MNPOTEKAIOIIUM I10 HUM
TOKOM». Bpoje BO3HMKaeT TWOABMXKHAs BOJIHA
TEIUIOBOTO PACIIUPEHHs HAIpaBISIoUMX (pelbc,
KOJIEI[), KOTOpas U TOATAJKUBACT KOJECO WM
mapuk. OJHAKO TEIUIOBass MHEPLUOHHOCTH PENbCHI
WIA KOJbIa HACTOJNBKO BEJIMKA, YTO Takas BOJIHA
MOXET HMETh MECTO TOJIKO [UIi CBEPXMAJIbIX
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ckopocTel, mpu KoTopeix addext K.I'ybepa
ucuesaer. OtBepras npeasiymue runoress:, K. M.
Ionusanos, A.B. Herymun u H.B. Tatapunosa [1]
CUMTAJIM, 4YTO TNPUYMHOH JBIKEHHS SBISETCA
JJIEKTPUYECKas MCKPa, KOTOpas BO3ZHUKAET MEXKIY
NOJIBMKHOM U HENOJIBMKHOM Y4acTsAMHU 110331 TOUKH
COIPHMKOCHOBEHUS], yBEIUYUBAET JABICHUE BO3/yXa,
TOJIKAeT KOJECO WIM WapuK. YToObl MOATBEPAUTH
9TO OHU IOMecTHIU ABUrarens KocsipeBa -Muibpost
ol BakyyMHbIH konmak. Ilocne mocTeneHHoOi
OTKauKy BO3/lyXa ABUTaTeNb ocTaHoBuiIcs. [TosTomy
c 1971 roma, mocie omeiTa B  BaKyyMe,
OONBIIMHCTBOM  YYeHbIX OblIa IpHUHATA 3Ta
THIIOTE3a, XOTsI B 4acTHHIX Oecexax A.B. Herymmn,
YUYEHBIH ¢ OONBIIOH HaydyHOH MHTYUIMEH, HE ObLI
yBepeH B MOIJIMHHOCTH TaKOH THIOTE3bl H
mpejiaral  apTopaM dTOH CTaTbU UCCIENOBATh
apdexr K.Iybepa. B 2008 romy Kysemun B.B.,
[Hmatenxko B.C. [9], Bo3Bpamasce K THIIOTE3E
XK.I'y6epa, HaMEeKHYJIU Ha BO3MOKHOCTb
KPHUBOJIMHEHHOCTU TPAacKTOPUU TOKA B IOABMXKHOM
YaCTH U aMIIEPOBCKOr0 B3aUMOJEHCTBUS B3aIMHO HE
HEPNeHJUKY/SIPHBIX TOKOB KOJeca U PEIbChl B
obnactu koHTakTa (puc.l). Ecnu xoneco Bpamiaercs
C YIJIOBOHM CKOPOCTBIO @ M JBMXKETCS C JIMHEHHOM
ckopocTbio U , TO B 30HE COIPUKOCHOBEHUS MEXKTY
TOKaMH PEJIbChl U Kojleca 00pa3yeTcs OCTpPBId yroil,
0]l KOTOPBIM HAXOJSATCSl BCTPEYHO HAIpPABJICHBIE
Toku. OHUM B3aMMHO OTTAlIKHBAIOTCSA, 00pasys IO
sakoHy Ammepa cuty Fa ¢ He HynesbiM 1uieuom
OTHOCUTEIBHO TOYKU COIPUKOCHOBEHMA. Takum
obpazom mnepBuuHas runoresa K.Iybepa 00
2NEKTPOANHAMUYECKOM addexte 4aCTUYHO

TOTBEPIK/IATACh.
6 V
‘\ o
A
% %
a

’% B
1
puc.1 a) Mozens Kyssmuna B.B., llInarenko B.C.
6) TpaekTopus TOKa B ABUXKYILEMCS KOJIece

a)

ts

Ipennonoxenue [9] 06 UCKPUBICHUU TPACKTOPUH
TOKa B KOJIECE WITH IIapOB crpaBeiiinBo. OTHAKO IS
peanbHBIX CKOpOCTe | nBUKEHUS K (MIM OT)

LeHTpa 71eKTpoHoB ¥ = fe(x) ckopocts V, mx

nepeHoca TEJIOM KoOJIeCa WIM IHapuKH, KOTOPLIC

BpAILAOTCS C YIJIOBOH CKOPOCTBIO @ , V), = wx (Tae
f - xod3QUIMEHT NOABMKHOCTH DBIIEKTPOHOB B
MeTaie, g(x) - HaNpsHKEHHOCTh IEKTPUYECKOTO

HONIS, X - PACCTOSHUE TPAEKTOPHH K OCH, UIS X
O6MmM3KOro K pammycy » Koleca WM IaphKa)
HamMHOTO Oonbme oT V| . To ects Tpaexropus
JBIKEHUS KaXJJ0T0 U3 DIEKTPOHOB OyAeT UMETh BUI
aHTH-ciupamu Apxumena (puc.16). IIpu Bpamenun
Koleca TOUYKa KacaHHd g IepeMemaeTcss Mo
OKPYXXHOCTH KOJIECA CO CKOPOCTBIO @F , 3apsKas
HEPUMETP Koieca OTpULATEIbHBIM i
MOJNIOKUTENBHEIM ~ 3apSJOM B 3aBUCHMOCTH OT
HOJSPHOCTH UCTOYHUKA TOKA. TO €CTh HMEET MECTO
JAMHAMMYECKAs] 3JIeKTPU3aLUsl TOKOIPOBOSIIIETO
komeca. Tak, eclm peimbca MMEET OTPHIATENBHBII
MOTEHIWANl, TO W3 Hee B KOJECO, B KOHKPETHBII
MOMEHT #; , TOJ JACHCTBHEM HANPSKEHHOCTH &,

JNIEKTPUYECKOTO MOJA B TOYKE KACaHHA d , BXOAAT
CBOOOJHBIE JJIEKTPOHBI. Touka KacaHHs
nepeMelaeTcs M 9TU 3JIEKTPOHBI IOJ JAeiicTBUEM
HeOOJBIION HAIPSXKEHHOCTH 3IIEKTPUYECKOTO 110714 B
Telle KOoJeca Ou4eHb MEUICHHO JIBIXKYTCS K OocH. Tak
KaK MHOXKECTBO MOMEHTOB ) 00pa3yeT KOHTHHHYM,
TO MMEET MECTO pPAacIpelieIeHHOE BO BPEMEHU U
IIPOCTPAHCTBE KOJIECAa CIMPAJIEBUIHOE JABUKEHUE
3IIEKTPOHOB.

BekTop IUIOTHOCTH TOKa ](x) Oyner umersh nBe

7(0)=p[7 (x) + 72 ()]

rne p - 00beMHas IIIOTHOCTE 3apsIIOB.

O

Uem Gompie @ , TeM Gombme V;(x) npu nourn
HEU3MEHHOI OT @ paauanbHOH COCTaBIAIOLIEH

1(x), ocobenno, ecnu x Gmuskuii k7. Ilo 3aKkoHy

AMnepa TaHICHOHAJIbHasd COCTaBJIAIOLIAsA sz (x) ,
KaK MHOT'OBUTKOBAas CIIMpaJId TOKa B33.I/IMO,Z[€IZCTBY€T

C TOKaMu % HAIpaBISIIONICH, cO3IaBasi cIpaBa OT

TOYKH COIPUKOCHOBEHHUS OTTAJIKUBAIOIILYO, & CJIEBA -
MIPUTATUBAIOLLYIO CUJIBI AMIIEpa, & COOTBETCTBEHHO
U KPYTAIIUHA MOMEHT.

Ecnmm  pans  nmepBoro  mpuOmmKeHuss B 30HE
COIPUKOCHOBEHHS CUUTATh TOKH PEJIbCHI M IEpeHoca
B KOJIece CIIpaBa aHTH -, a CJIeBa MapauIeIbHBIMH 1
OJIMHAKOBBIMH CO CPEIHUM PACCTOSHHUEM MEXIY
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HUMH Oy, M JUIMHOM 30HEI [ , TO cuia Ammepa

F, Gynet paBHa:

-12
Foeto 2 107 )
870y, Sep
e  py = 47107'? - MaruuTHas moCTOSHHAS.
KpyTsimmii MOMEHT OT mapsl 3TUX CHIT
1072 5,
M=Fl=——I"1 3)
Sep

Yem Oonplie pagmyc Koimeca r , TeM OOJbIe

2
COOTHOIIEHUE % u mMomeHT M . Ilosromy st
cp

CO37aHMS KaK MOYKHO OOJIBIIIEr0 MOMEHTa BO3MOYKHA
KOHCTPYKIHSI JABUTATENs C OJM3KUMH AHAMETPaMH
HanpaBJSIIOIIEH M Kojeca W OOIIero KOJIEHYaToro
Banma (puc. 2), KOTOPBIA MEPEBOAUT IBHKCHUE II0

Har{paBnﬂ}omeﬁ BO BpamaTeIbHOC JBUXKCHHEC
TJIaBHOI'O Bajia.
>E\P 73 m i :ﬂ e Qmm
‘ | - IEE-AN
Y e ] =)

puc. 2. Cucrema 3 KOJIEHYATHIM BaJloM

Juns HeOonbmmx ToKOB ( [ =204 )uckpeHue B 30He
COIIPUKOCHOBEHHsI OTCYTCTBYET. TO €CThb KpyTSLIUH
MOMEHT 00pa3yeTcsi Ha OCHOBE HJICKTPOMArHUTHOTO
B3aMMOJEHUCTBUS 1O 3akoHy Ammepa. Kpome Toro,
Kak I0Ka3aJl OIIBIT aBTOPOB ¢ ABuratenem Kocupena-
Musbpost ¢ HeGOIBIIMMU HIAPUKO-TIOIIUITHUKAMH 1
ToKOM B 204 nBurartenb uyepe3 5-+8 MHUHYT pabOThI
Ha4YMHAET TOPMO3UTHCS U OCTaHABIUBaeTCs. DPPeKT
OCTaHOBKHM OOBACHSETCS JHMHEHHBIM paclIMpeHUEM
paauMyca r IIAPUKOB B pe3ysbTaTe HarpeBa TOKOM.
Ilo 3akony J[lxoyns - JleHma u ypaBHEHHUIO

TEPMOANHAMUKU.
o 2
cm  dA@ A :(ij R(1) )
KrpSox  dt n) KeypSox
I'nme:

1 -KOJIMYECTBO LIAPHKOB B IOJUIMIHHUKE, C -
KO3(Q(DUIMEHT TEIMIOEMKOCTH CTallk, m -Macca

MAapuKoB; K., -KOdG(UIMEHT TEIUIOOTHaYH C

NOBEPXHM  OXJNaxAeHus S,, Iapuka; R -
JNIEKTPHYECKOE CONPOTUBIEHHE MEXTY TOYKAMHU

KacaHuA IIapuKa.

TemnoBas MOCTOSAHHAA BpPEMECHU
cm
T =——=— XapakTepu3yeT OKCIIOHEHTy Harpesa
KTBSOX
HIapyuKU 10 YCTAaHOBUBIICTOCSA 3HAYCHUA
0, =) +—f(9“°) e (5)
n KTBSOX

KoTopoe OyneT TeM Oomblle, 4eM MEHbLIE K., .

Bo3ayx umeer ropasao 6oJibuie k., , 4eM BaKyyM.

TB 2
MeHHO mO 3TOH NpUYHMHE B ONbITE aBTOPOB
cratbu [1] pBurateas KocupeBa- Mumbpost
OCTAHOBWJICS B  BaKyyMHblii kamepe. K
COKJIICHUIO OHM Ha 3TOT (akTop HE OOpaTHiIH
BHUMaHMA. B Hamem oOpasie aBurartens LIApHKH

pasorpesanucek npumepHo g0 200°C u, umes
TEMIIePATyPHBIH ko3 dureHt
pacumpenuss « =13x 1076 , YBENIMYWIN CBOH

nmuametp Ha 0.026.mm , 9TO COU3MEPHUMO C 3a30pOM B
TOYKAaX COMPUKOCHOBEHHs MIAPUKOB K Koiel. B
pe3ysbTaTe pocTa MEXaHHYECKOTO MMPOTHBOACHCTBUS
gBuratens uepe3 (3+4)r ocraHaBIMBAICS. ITO

sBJIeHHe OTCyTCTByeT B nBurarene JK.I'yOepa, rne
OJIHA TOYKA COMPHKOCHOBCHHUSL.

IMoueMy TpH CYIICCTBEHHOM YBEIHYCHUH
@ TOKa [ yMEHBIIIAETCS; MOYeMY TOK M MAarHUTHBIH
oTok B asuratene Kocsipesa - Musbpost coBmagarotr
0 HANpPaBJICHUIO, KAK MOJECPHU3NPOBAThH IBUTATENb
K. T'yGepa, uTOOBI NONYYUTh HE HYJIEBOH MyCKOBO
MOMEHT, TI0Ka3aHo B pabore [7].

3. BBIBOJI

W3 aHanmsza  CyIIECTBYIOIIMX  OOBSCHEHHH
addexra XK. I'yGepa 1 cOOCTBEHHBIX HCCIIEOBAHUI
noaTBepkAeHo U yrouHeHo runotesy JK. ['ybepa o
JNEKTPOIUHAMUYECKON npupoe addekra,
BBISICHEHO TEPMOJUHAMHYECKYIO npupoxy
octaHOoBKHM jaBurareiass KoceipeBa-Munbposi B
BaKyyMe, KOTOpasi oTBepraer runoresy [1].

Jlutepatypa
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Pe3rome: B Hacrosiata cratus e npencraBena paspaborsanara B IOroszananen Yuusepcurer "Heodur Puncku" cucrema
3a OTHAJIEUeHO YyIpaBlieHHe Ha aproMaTHueH crpykrypeH aHanu3atop EPIQUANT. EPIQUANT mnpezncrasisBa meTa-
aorpad)cKl MUKPOCKOIL, KOHTO Ce M3IION3Ba 3a M3CICABaHE HAa MHKPOCTPYKTypaTa Ha Marepuanute. PaspaborBanara
CHCTEMa 3a YIPAaBJICHUE M03BOJISIBA OCBILIECTBABAHETO HA AMCTAHIIMOHHU M3CNIE/IBAHU. 3a LieaTa ce U3I0J3Ba pasnpese-
JICHO KIMEHT-CEPBBPHO NPHIIOKEHHE, KOETO OCBHIIECTBABA BPB3KaTa MEXIY OTAAlCYCHHs KOMITIOTBD M MHKPOCKOIA
nocpeacTeoM MuTepHeT. OTaaneyeHusT onepaTop, 3N0a3BaiKi HHCTAIMPaHaTa Ha CBOsS KOMITIOTBD KJIMEHTCKA 4acT Ha
CHCTEMaTa, MoJIyyaBa BUIEOU300paKe€HUE B PEATHO BPEME OT MUKPOCKOIA U MOXE Ja KOHTPOJIUPA HEroBUTE (DYHKLUH
(Hamp. ABIDKEHHE HA NpeMETHAaTa Macnuka). OTKBM CTpaHaTa HA MUKPOCKOIIA € Pa3MoNOKEeH KOMITIOTBD € MHCTAJIUpaHa
ChPBBbPHA YaCT Ha cucTeMata. Ts nmpremMa KOMaHIMTE 3a yIpaBleHHe Ha MUKPOCKOIIA M U3Mpalia BuaeonHdopmanusra,
MoJTy4yaBaHa OT MHCTaJIMpaHaTa BUA€03aXBallallla CUCTEMA.

Ki1r04oBu IyMH: OT/AJICYECHO yIIpaBlieHHe 1pe3 HTepHeT, KIMEHT-ChbPBBPHO NPHIOKEHHE, ABTOMATHYEH CTPYKTYpPEH
ananmzatop EPIQUANT

1. CTPYKTYPEH AHAJIM3ATOP EPIQUANT
[IpuHIMTBT HA OeiicTBHE Ha CTPYKTYpHHS aHa-

ABTOMATHYHHAT — CIPYKTypeH  aHaigmsarop JIM3aTOp CE OCHOBAaBA Ha aHAIM3 Ha OTpa3eHaTa OT

EPIQUANT #a Carl Zeiss Jena (¢ur. 1) npencras-
JsiBa MeTanorpad)cku MHKPOCKOI, KOWTO Ce HU3MOJ-
3Ba 3a M3CICIBAHE HAa MHKPOCTPYKTypara Ha pas-
JMYHU MaTepranu (MeTald, METalHH CIUIaBH, Ke-
paMUKH, CTPOUTCIIHU MaTEpUuaiv, NoJIMMEpu, MUHE-
PaJIOrnicCKu HpOGI/I, MOJTYIPOBOAHUIIU, KOMIIO3UT-
HU MaTepHaid u T.H.). C Herosa momoii| ce u3MepBaT
CTEPCOMETPUYHN BEIMYMHU, KaTO OOEMHA YacT Ha
(asute, Opoii U cpelieH JIMHEEH pa3Mep Ha 3bpHATa,
KOe(HIIMCHT Ha U3TETJIIHE Ha 3bpHATA, Crielnu(UIHA
rpaHuvHa IIOBBPXHOCT Ha (hasure.

¢ur.1 Crpyxrypen anamuzarop EPIQUANT

MOBBPXHOCTTa HAa M3CJE[BaHUS OOpasel] CBETIIHHA.
PaznnunnTe chcTaBHU yacTH Ha oOpasena (3bpHa Ha
MeTaja, pa3inuyHu a3y, BrpaJeHu B CIUIaBTa) UMaT
pa3nu4yHu KoeUIMEeHTH Ha oTpaxeHue. W3cnensa-
HUAT oOpasell ce OCBeTsABa OT CTAOWIM3HMpaH W3-
TOYHUK Ha cBeTiMHAa. CBETIIMHHUTE JbUYM MONaAaT
BBPXY NMOBBPXHOCTTA Ha W3CIIEIBAHUS 00pasel U ce
oTpaszsiBaT oT Hero. llpu ToBa MHTEH3MBHOCTTA Ha
OTpa3eHusl b4 3aBUCH OT Koe(UIMEHTa HA OTpa-
JKeHHE Ha MOBBPXHOCTTa B TOYKAaTa Ha MaJlaHe Ha
apya. OTpa3eHMAT JIbY [IPEMHUHABA NPE3 PEryiIupy-
eMa u3MepBaTesHa auadparmMa u nomana Bepxy ¢o-
TOCJIEKTPHIECKH NMPpUeMHHK. M3cnenBanusar oopasert
€ pas3MoJIOKEH BbPXY IOJBIKHA IPEJAMETHA MacHy-
ka. B 3aBuUcHMOCT OT 3agafieHUTE HACTPOMKH,
EPIQUANT npemecTBa Macu4kara o XOpHU30HTalIa
u Beprukaia. [To To3u HauuH ce nojy4aBa 00XO0XK-
JlaHe Ha MOBBPXHOCTTAa HA M3CIIEIBAHUS OOpasell.
IIpu TOBa ABIKEHME OTPA3EHUAT JTbY INPOMEHS HUH-
TEH3UBHOCTTA CH, T.€. TOI ce MOAyJIupa M0 aMIUIU-
TyJa B 3aBHCUMOCT OT CTPyKTypaTa B TOYKaTa Ha
najzaHe. AMIUIMTY/aTa Ha CUTHAJla C€ CPAaBHABA ChC
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3ajaficHd TParoBH CTOWHOCTH U C€ MHKPEMEHTHpa
ChOTBeTeH Oposid. Taka CTPYKTYpPHHSIT aHAIH3aTOp
pasrpaHuYaBa OTACIHHTE ChCTABHH YacTH Ha oOpa-
3ela (3ppHa Ha MeTalia, pa3iuuHu (as3n) u onpenesns
TEXHHUTE METPHYHH M KOJIIMICCTBCHH CBONCTBA.

Ta6J1.1 OCHOBHM XapaKTepHCTHKH HA aHAJIN3aTopa

XapakTepHucTuka CroitHOCT

YBEJIMUYESHHE HA MUKPOCKOMA 50x ... 1000x

QMara3oH Ha IpeMecTBaHe 40mm x 40mm
Ha IpeJMETHATa MacuuKa

pa3mep Ha CTHIIKaTa 0.25um

0.4mm x 0.4mm, 0.8mm x
0.8mm, 1.6mm x 1.6mm,
4mm x 4mm, 8mm x 8mm,
16mm x 16mm, 32mm x
32mm

pa3MepH Ha H3MEpBaHUTE
mosieta

JMana3oHy Ha Kiacuduka- 1..>64um, 2..>128um,
st 4..>256pm, 8..>512um,
16..>1024pum

2. OTJAJIEYEHO YIIPABJIEHME ITIPE3
HUHTEPHET

C pasButuero Ha MHTepHeT 3amoyBar Ja ce mo-
SIBIBAT Pa3MYHA HETOBH NPHIOKeHus. B mociexn-
HUTE HIKOJKO TOJIMHU CE IOSIBU M 3all0YHA Ja MpHU-
JIoOMBa BCE MO-MAcoOB XapaKTep HAMpPABICHUETO
»/HTepHer Ha Hemara“ (Internet of Things, IoT).
Ipu Hero OCHOBHATA UEs € CBBP3BAHE HA PA3IMIHU
BUJIOBE eneKkTpoypenu (TenedoHH, TEJICBHU30PH,
XJIQIMJIHULKA U T.H.) KbM VIHTEpHET M OCBIECTBS-
BaHE Ha KOMyHMKauus momexnay um [5]. Taka ce
MOSIBSIBAT T.Hap. ,,yMHH™ ypenu (smart devices).
Cebp3BaHeTo Ha ypeaure KbM MHTEpHET ciomara 3a
yBeNINYaBaHe Ha TEXHHUTE (YHKIMOHATHU BB3MOX-
HOCTH W 3a TIOCTHTaHe Ha IO-TOJISIMO yJOOCTBO HpH
paborarta ¢ TAX.

ChIecTByBaT MHOXKECTBO PEIICHHS 32 OTHaje-
YEHO YMpaBICHHE HA CUCTeMUTe Tpe3 VHTepHer.
OCHOBHO MOXe J1a ObJaT pa3leieH: B BE HaIlpaB-
JICHUsI — yOpaBleHHE 4Ype3 yeO-MPHIOKEHHUS
(yeO-unTepdeiic) u Ha 6a3zaTa Ha KJICHT-BbPBBPHH
pasmpezeneHy MpuWIoKeHus. 1Ipu  yIpaBiIeHHETO
MOCPEICTBOM yeO-TPHITOKESHUS OTHAICYCHHUSAT MOT-
pebuten ce CBBp3Ba CBC CHCTEMara upe3
ye0-0pay3bp [4,6]. IHTepdeiichT 3a ynpaBieHue ce
n3rpaxkaa B mposopena Ha 6pay3spa. [1o To3u HaunH
cucTeMara craBa IUIaThOPMEHO He3aBUCHMA — MOT-
peOuTEnsIT MOXE l1a W3MOJ3Ba BCAKAaKbB Opaysbp,
WHCTAJMpaH Ha BCSKAKBa OINEPAIlMOHHA CHUCTEMA.

IIpu ToBa 0baue CHITHO ce OrpaHHyaBaT (YHKIHO-
HaJHUTE BB3MOXKHOCTH Ha OTAAJICYCHOTO yIpaBiec-
HHE — BCHYKH OTIEPaLliH CE U3IIBJIHABAT OT Opay3bpa,
obpaboTkara e 1mo-0aBHA, KOJBT C€ HHTEPIPETHPA
BMECTO Jla C€ W3IOJI3BAa KOMITMJIMPAH TaKbB, OTpa-
HHUYEH Opoit Ha MPEXKOBHUTE MPOTOKOJIH, KOUTO MOTaT
na 6b1at u3non3Banu. OcBeH ToBa HHTEPHEHCHT IpH
pasIMYHUTE Opay3bpy HM3MIEKIa M0 pa3imdeH Ha-
YHH.

IIpu KIMSHT-CHPBBPHHS MOAXOMA OTIAJICUCHUSAT
MOTPEOUTEN U3MON3Ba ClCHUAHA KIMEHTCKA MPOr-
pama 3a ocThIl 1o cucremara [2,3]. Ta3u kinneHTcka
mporpama TpsOBa sa ObAe NPEABapUTEIHO HHCTa-
nupaHa Ha notpedurenckus koMmmooTsp. ToBa om-
penenst HamManeHara IUIaTGopMeHa HE3aBHCHMOCT —
3a BCSKAa ONEpallMOHHA CHCTeMa TpsiOBa na Obae
pa3paboTBaHa otnenHa mporpama. Ho mpum ToBa
(YHKIMOHATHUTE  BB3MOKHOCTH  ca  MHOTO
no-roieMu. KIIMEHTCKOTO NpUIIOKEHHE MOXe JIa
M3M0J13Ba KOMYHHKAIIMOHHH MIPOTOKOJIH OT Pa3IHYHH
HHUBa, MOXe aa Oble pa3paboTeH COOCTBEH IPUIIO-
JKEH MPOTOKOJI, OTTOBAPSAIL Ha KOHKPETHUTE HYMKIH
3a oTnanedeHo ynpasieHue. ChIO Taka HaMasiBa
3aBHCHMOCTTA OT IIPOTrPaMH Ha TPETH Pa3pabOTUHIIH.
W3nwausaBa ce KOMIIWJIMPpAH KO/, a HC C€ U3BBPIIBA
nuHTepnperanus. KaTo ms510 cuctemara craBa MHOTO
MI0-THBKaBa.

3. OIMCAHUME HA PASPABOTBAHATA
CUCTEMA

3a pearn3upaHETO HA CHCTEMaTa 3a OTJaleueHo
yIpaBleHUE HAa aBTOMATHYHUS CTPYKTYPEH aHalu-
3aTOp M3M0J3BaMe KIMEHT-ChbPBBPHUA NMoaxoA. Toi
e m30paH 3apajy roisiMaTa CH I'bBKaBOCT IPH OTIa-
JIEUEHOTO B3aumozeiicTeue. llanoTo ympasineHue
(KoMaH[IBaHE HA aHAIM3aTOpa, YIIPABJIEHUE HA JOC-
THIIA IO CUCTEMATA, Pa3Ipee/ICHUe Ha IIOTOLUTE OT
JJAaHHM) CE OCBULIECTBSABA OT ChPBBPHOTO HPHIIONKE-
HHE, HHCTAIUPAHO HAa ChPBBPHUS KOMIIIOTHP B JIa-
6oparopusaTa. KpallHUsT NOTpeOUTEN CE CBBP3Ba ChC
CHCTEMAaTa 4pe3 KIMEHTCKOTO IPHJIOKEHUE, KOETO
TpsiOBa Ja ObAe NpPEIABApPUTEIHO HHCTAIUPAHO Ha
HETOBUSI KOMIIIOTH.

3.1 XapayepHna yact

Ha ¢wur. 2 e nokasana cxemara Ha pa3paboTBa-
HaTa CHCTeMa 3a OTHAJCYeHO YIpaBieHHE Ha
CTpyKTypHHs aHanuzatop. OCHOBHa poJIsi B CHCTe-
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MaTa urpae CbpBbPBT. TOH OCBIIECTBSABA B3aUMO-
JEHCTBUETO MEXIY CTPYKTYpHHUsS aHalu3aTop MU
KJIMEHTCKaTa KOMIIOTbpHA cucTteMa. IlpencrasisaBa
OOWMKHOBEH IEPCOHANICH KOMIIOTBP, KBM KOHTO ca
CBBp3aHN HHTep(delicHaTa mIaTka 3a yrmpapiIeHHE Ha
CTPYKTYpHMSI aHAIM3aTOp W CHCTEMara 3a BHUJEO
3axBalllaHe, U3M0JI3BaHa 3a HaOJOIeHUE Ha U3CIIel-
BaHMA B aHAJIU3ATOPA OOEKT.

" -
& |
EPIQUANT Biaa Cupebp Knuent

¢ur.2 Cxema Ha cUCTeMaTa 3a OTJAJIEUYEHO YIPABICHUE HA
EPIQUANT

WutepdeiicHaTa miuatka € cBbp3aHa C HWHCTpPY-
MEHTHTE 32 yIpaBlIeHHEe Ha CTPYKTYPHHS aHaH3a-
top EPIQUANT. Ha Hes mocThnBaT KOMaHIuTe OT
CBPBBpA, NMpeodpaszyBaT ce M ce 3aaeiicTBaT ChOT-
BeTHHUTE omepanuu. Upe3 cucremara 3a BHIE03aX-
BalaHe o0pa3bT OT MHKPOCKOIIA C€ H3Ipamia OT
ChpBBbpa KbM KIIHEHTa KaTO BHJEO B PEaIHO BpEMeE.
K®M cuctemara 3a OTAQICUCHO YIPaBICHUE MOXKE Jia

Ce CBBP3BAT MHOTO Ha OPO¥ pa3uyHU KITHEHTH, HO B
JIaJIcH MOMEHT ChC CHCTEMAaTa MOXKe J1a paboTH camo
€/IMH MOTpeOuTelI.

3.2 CbpBBpPHO NPHIIOKEHHE 32 YIIPaBJIeHUE
3amauata Ha CBHPBBPHOTO IIPWIOKCHHE € Ja
OCBILECTBSABA B3aHMMOJICHCTBHETO Ha KIHMEHTHTE C
a”anu3atopa. To ce crapTupa IpH CTapTUPAHETO Ha
OllepalliOHHATa CUCTeMa U IPOABIKaBa Ja paboTH
J0 M3KIIIOYBAHETO Ha cHcTeMara. J[oKaTo e BKIIO-
YEHO, TMOCTOSHHO CIIEI CBOS IOPT 3a MOCTBIIBAIIN
3asBkH OT notpedurenure (¢wur. 3). [Ipu cBbp3BaHEe C
HOB MOTpeOHTEN, MpOBEpsBa H3MPAaTEHHTE IOTpe-
OWTEICKO MMe W Tapojia ¥ BPEMEBHUST MHTEPBAJI 3a
M3MO0JI3BaHe, U MPH yCIeX pa3pellaBa OTAaIedeHOTO
ynpasieHue. Koraro KIHEHTHT M3Ipala KOMaH[a,
CBPBBPBT I MACHTUGHIMPA U TPEANpueMa ChOT-
BETHHTE JICHCTBHS — ITyCKa WIH CIIUPa BUJECOIOTOK
KBbM KJIMCHTa, MPEKbCBA CECHATA 32 OTIAJICUCHO yII-
paBleHUE WM U3Mpalla KOMaHIW KbM HHTepderic-
HaTa IUIaTKa, C KOETO ce 3aAeiicTBaT ChOTBETHUTE
(GyHKIMY Ha aHanu3aTtopa (Hamp. MpeIBIDKBaHE Ha
IpeAMeTHaTa Macuyka B YETHPUTE IIOCOKH).

Wma nun zaseka AA
3a cBbp3BaHe?

HE M3nbnHaBa
aBTeHTUPMKayms
1 Bepuukauus

Motpeburenar
“Ma nu npaeo
Ha AocTLN?

W3nbnHeHne Ha koMaH-

[faTa (ynpaenexue Ha HE

aHanuaatopa, nyckaHe W
cnupaHe Ha BUAeo)

MocTenuna
NK e KoMaHAa
3a Kpan?

Mma nu HoBM
KOMaHau

HE

OA

¢ur.3 Cxema Ha paboTa Ha CbPBBPHOTO MPUIIOKEHUE 3a YIIPaBICHHE

W nBere, CbpBBPHOTO U KIMEHTCKOTO MPUIIONKE-
Hue, ca pazpaborenu Ha Delphi, kaTo 3a pabota c

MpPEXOBUTE IPOTOKOIU CE€ M3IO0I3BAT HIKOM OT
KOMIIOHEHTUTe Ha Oubiuorekara Indy. Taka Ham-

17



Banentnn XPYUICTOB Wnmusa TuHLOKOB

pUMep MpH peaM3upaHeTo Ha ChPBbPa € H3IO0JI3BaH
TIdTCPServer. Mexnay kiueHTa U ChpBBpa ce yc-
TaHoBsBa ynpasisBaiio TCP cbenunenue, no koero
craBa mpenaBaneto Ha komaHmgute. TIdTCPServer
CIIeM TOBAa ChEIUHEHHE W IIPU IOJydaBaHe Ha KO-
MaHIEH MakeT ce M3IBJIHABA 00pabOTYMKBT HA Chb-
outrero OnExecute. O6paboTUYNKBT UAESHTHPHUIIPA
MOCTBIIMIATa KOMaHAa ¥ H3MBJIHSABA CHOTBETHHTE
JIEHCTBUS.

CBPBBPHOTO MPUIOKEHHE CE CBCTOM OT TPH
MpOrpaMHH MOAYJIa, KOWTO B3aHMMOJEicTBaT IO-

Mexny cu. OCHOBHHUAT MOAYJ OCBILIECTBSBA 0Opa-
00TKaTa Ha KOMAHIUTE U B3aUMOJCHCTBUETO MEXKIY
CBCTABHHUTE YacTH Ha cucTeMara. MoaydbT 3a aj-
MHUHHCTpUpaHEe ce HM3II0JI3Ba 3a 3aaBaHe Ha YCIO-
BUSTA 3a H3MIOJ3BaHE Ha CHCTEMara OT KpaWHHTe
norpeburenn  (MOTPEOUTEICKA HWMEHa, Iapoiy,
BPEMEBU MHTEPBAJIM 3a JOCTBII) U 32 MOHUTOPHUHT.
TpeTusT MOIYN € MOLYJIBT 32 HACTPOHKA HA Tapa-
MeTpuTe Ha cucteMara (MOpTOBE, BUACOKAMEpH,
BpPEMEBU NapaMeTpy U T.H.).

W

% |

MoTpebutenat
BbBexa ceBouTe
notpebutencko nme

1 napona

MoTpebutenar
3afgaBsa KomaHau
3a U3NbNHEHUE

CuvobueHue 3a
rpeLuka

¥

3anBKa 3a Hayano Ha
cecusTa (M3anpaLiaHe Kem
CbpBbpa Ha NoTp. UMe U
napona za
aBTeHTUUKaLWR)

YcnewHa
BepuduKaums?

OA

WManpawaHe Ha
KomaHgaTa KbM
cbpBbpa

YcnelwHo
WU3NbNHEeHNe?

HE

[pewka (CLPELPBLT
e 3aeT Unu noTpe-

WManpawaxe KbMm
CbpBbpa Ha KomaHga
3a npekpaTsBaHe Ha
cecuaTa

BUTenaT HAMa paspe
LeHWe 3a 4oCTbN)

Te
N

KPAW

Mokassaxe Ha
pesyntaru,
BWOEONOTOK

| E—

(l)l/ll".4 Cxema Ha pa60Ta Ha KIIMCHTCKOTO IPUJIOKEHUE 3a OTHAJICYECH JOCTDBIT

3.3 KiIueHTCKO NpHI0KeHne

K/IMEHTCKOTO MpWIOKCHHE Ce H3I0iI3Ba 32
BpB3Ka ChC CHPBBpa B Jabopartopusita. To mpernc-
TaBJsiBa OTHAJICYCH MAHEN 3a yIpaBJCHHEC Ha CHC-
Temara. [loTpeOHTENAT CTapTHpa KIMEHTCKOTO
MPHJIOKEHHE HA KOMITIOTBPA CH CaMO KOraro TpsOBa

Jla OCBIIECTBU AUCTAHIMOHHO HM3CJIEIBaHE C aHAIHU-
3aropa. Ilpu craptupanero My, TO BBBEXIa aTpu-
OyTHTE 32 HICHTU(HKALUS, C KOUTO C€ OCHIIECTBSIBA
mocten Ao aHammszaropa (¢ur. 4). Iorpebutenst
M3M0JI3Ba KOHTPOJIUTE HA KITMEHTCKOTO TPHIIOKEHUE
W U3Mpana ChOTBETHH KOMAaHIM KbM CHPBBPHOTO
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MPUJIOKEHHE 3a yripasieHue. [1o To3u HauKH ce 3a-
JeHCTBAT ChbOTBETHUTE (YHKIUM Ha aHanu3aTopa. B
npo30opela Ha MPHIOKEHHETO Ce MOKa3Ba BUACO B
peaqHo BpeMe OT cHUcTeMara 3a BHE03axXBalllaHe.
Cpiio Taka ce BU3yaJM3HpaT pe3yjiTaTHTe OT W3-
II'BJIHEHUETO Ha KOMaHJWTE.

[Ipu peanusupaHeTo Ha KIMEHTCKOTO MpPUIIOKeE-
wue usnomsame Indy kommnonenta TIATCPClient.
Tozu komnoneHT ocbiiecTssiBa TCP chenuHeHne cbe
CBHpPBBPHOTO MNPUIOKEHHE, MO0 KOETO H3Ipalia Ko-
MaHuTe 3a ynpasienue. Cren Bcska H3IpaTeHa
KOMaH/1a KOMIOHEHTHT U34aKBa OTTOBOP OT ChPBBpa
U B 3aBHCHMOCT OT HEro BH3YyaJIM3upa pes3yjrara
(moka3BaHe Ha CTOHHOCTH, BHUEO, 3amKc Ha (aiin ¢
n300paxeHue).

3.4 HauuH Ha N3M0JI3BaHe HA CHCTeMATa

[TorpeburensaT Ha cucTemMara 3a OTAAICYEHO YII-
paBlicHHE Ha CTPYKTYpHHS aHAIH3aTOp MOXE Ja ce
HaMHpa Ha TOJISIMO Pa3CTOSHUE OT JaboparopusTa.
ITocpencTBom VMHTEpHET M MHCTATMPAHOTO KIMEHT-
CKO MPUIJIOKEHHUE Ha KOMITIOTHPA TOHM Cce CBhP3Ba ChC
cbpBbpa. Ciies1 KaTo MoNTyyH paspelieHne 3a JOCThII,
TOW 3amoyBa Ja M3Mpalia KOMaHAW, KOUTO ce H3-
II'BJIHABAT OT ChPBBPA, KAaTO CHIIEBPEMEHHO OT/AA-
JICYSHUAT KJIMEHT IOJIyYaBa BHJEO B PEAIHO BpeMe
OT YCTaHOBKarTa.

Korato nmazeH morpeburen pemu Ja H3NONI3BA
cucTemara, IbPBOHAYAIHO TOH TpAOBa Jja ce CBBbpKE
¢ aaMuHHCTpaTopa. Te ce JoroBapsAT 3a THNA Ha U3-
CJIC/IBAHUATA, U3CICIBAHUTE MOCTPH, BPEMEBUS HH-
TepBal 3a M3MOJ3BaHE Ha cuctemata. [IperoBopure
MOTaT Jia ceé OCBLIECTBSABAT IO TeledoHa WiIN Ipe3
WnTepHeT. AIMUHUCTPATOPHT M3MpaIla Ha KIHEHTa
10 €JEeKTOpHHATA IOIl[a MHCTajJaTopa Ha KIMEHTC-
KOTO HPWJIOKEHUE 32 OTAAJEUYEH JOCTBII, CHIIO TaKa
My cbhoOIaBa MOTPEOUTEICKOTO MME W Iapoja 3a
noctbil. [loTpebuTtensaT uHCTaNIUpPa HA CBOSI KOMITIO-
Thp KJIMEHTCKOTO IMPHUJIOKEHHE, M3IOJI3BAliKU HMHC-
tanatopa. IIpouechT Ha HHCTaNanMs € W3KIIOYH-
TEJIHO JIECEH M HE M3HCKBAa OCOOEHH YMEHUs - Ha
NpakTHKa LsulaTa nporpamMa € oOeAMHeHa B €IUH
V3IBJIHUM (ailn u e JocTaThyHO TOH Aa Obae moc-
TaB€H B HAKOSA OT AUPEKTOPUUTE Ha KOMIIIOTBpPA.
W3zcnenpanust obpaser; Moxe aa Ob/ie TOCTABEH IO
ronara win upes Kypuep. [1o TakbB HauuH KpaltHUAT
KIIMEHT MOJKE Ja OCBILIECTBH M3CIIE/IBAHUATA CH Oe3
Jla TIoceIasa jadboparopusra.

[IloM mOTpeOUTENAT Beue € U3BHPLIMI IThPBO-
HayajHaTa IIOJTOTOBKA, IIOCIEIOBATEIHOCTTA Ha
paboTa chC CHCTEMarTa € ClieiHaTa:

1) Horpeburenat cTapTUpa KIHEHTCKOTO INpH-
JIO>)KEHUE U BbBEXKJA CBOUTE IOTPEOUTENCKO UME U
napona. IIporpamara ce cBbp3Ba upe3 MIHTEpHET ChbC
CBPBBPHOTO MpHIOXKeHHe B yaboparopusita. Cobp-
BBPHOTO IIPUIIOKEHHE OCBILECTBSIBA IPOLENypaTa
10 aBTEHTUGMKAIMA U BepUUKALMA U IPHU YCIexX
paspelraBa Ha KIMEHTCKOTO IPWJIOKEHHE IOCThHIIA
JI0 aHaJIM3aTopa;

2) Ilpm ycmemieH AOCTBII A0 CHCTeMara IOTpe-
OuTeNAT 3amoyBa 1a M3Mpamia KOMaHAd KbM aHAIHU-
3aTopa 4pe3 KOHTPOJIUTE Ha KIMEHTCKOTO MPHJIIO-
JKEHHE;

3) CobpBBPHOTO MPHIOKEHHE TOTydaBa KOMaH-
IUTEe W YIpaBiIsiBa aHAINW3aTOpa, KaTro ChILIEBpe-
MEHHO HU3IIpallia BUJIEO B PEAHO BpeMe KbM KIIHEH-
TCKOTO IPUJIOXKEHHUE;

4) Korarto mHOTpeOMTENAT 3aBbpLIM H3CIEABa-
HUATA, TOM M3Mpalia KOMaHIa 3a Kpail Ha cecusra.
CTpYKTYpHHAT aHAJIM3aTOp Bede MOXKE Ja ce M3-
TI0JI3Ba OT JIPYT MOTPEOUTEI.

4. 3AKJIIOYEHHUE

B HacrosiIaTa CTaTHs € onMcaHa pa3paboTBaHaTa
B lOroszamanen VYuusepcurer ,Heodur Puicku”
CHCTEMA 3a OTJAJICYECHO yNPaBJICHUEe Ha CTPYKTYPEH
aHanu3aTtop. 3a HEMHOTO peanusupaHe € Hu30paH
KJIMEHT-ChbPBBpHUA HoAxoxA. Cucremara mo3BOJSIBA
NpOBEXAaHe Ha OTHajedeH: u3cieaBanus. [1o Takss
Ha4yMH C€ yBEJIMUaBa Bb3MOXKHOCTTA 3a M3IOI3BaHE
OT Pa3IMYHU HOTPEOUTENM HA CIEHHUANU3UPAHO H
penko cpemamio ce obopyasane [1] karo mpezcra-
BEHUSI CTPYKTYpeH aHanu3arop. Ilo-HaTaThUIHOTO
pa3paboTBaHe Ha cHCTeMara MpeNBIDKAA YCHBBP-
[ICHCTBAHE HA MPOTOKOJHTE 32 OOMEH Ha JIaHHU 3a
MIOCTUTaHE Ha [I0-yCTOWYMBA U TUIaBHA padoTa.
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CLIENT-SERVER REMOTE CONTROL OF A STRUCTURAL ANALYZER
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Abstract: This paper presents the remote control system of EPIQUANT automatic structural analyzer that is being created
in South-West University “Neofit Rilski”. EPIQUANT is a metallographic microscope, used for materials microstructure
analysis. Developed control system enables remote experimentation. This is achieved by a client-server distributed ap-
plication, which connects the remote computer and the microscope through Internet. The remote user receives real-time
video coming from the microscope and operates its controls (i.e. moving the specimen stage) using an installed on his/her
PC client application. On microscope side there is a computer with the server part of the system installed. This server ap-
plication receives commands for analyzer control and sends back video data, acquired from a video system, installed on the

microscope.

Keywords: remote control via Internet, client-server application, automatic structural analyzer EPIQUANT
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DEVELOP OF ENERGY REGENERATION SYSTEM FOR HYDRAULIC ELEVATOR
USING THE DOWNWARD TRAVEL

Tihomir DIMITROV

Engineering logistics, material handling, building and roadbuilding machines department, Technical University-Sofia,
Bulgaria

e-mail: tichomir.dimitrov@gmail.com

Pe3tome: According to different data there are more than 4.8 millions elevator installations in Europe 27. Each year they are
consuming about 900 GWh of electrical energy. A lot of them are of hydraulic type, manufactured and installed in the last
twenty to forty years. The major disadvantage of these elevators is the missing balance element for the weight of the empty
car and part of the load. Thus they are using energy for hoisting of the load, car frame and car in difference from traction
elevators, where there is balancing of the above mentioned weights. This is the main reason the installed electrical power of
hydraulic elevators to be comparatively higher compared to other technical solutions. On the other hand the downward
travel is performed obviously by the means of throttling the hydraulic fluid, thus dissipating energy. The performed in this
work experimental and theoretical research proves the possibility to getting energy from downward car travel of these
elevators with purpose for improving their energy efficiency. Energy regeneration system proposed. The results from this
experimental work provide the basis for further developments in the field of energy regeneration for this type of elevators.

KuatouoBu gymm: elevators, energy, energy efficiency, hydraulic elevators, lifts.

1. INTRODUCTION

Recently the wording ‘Energy efficiency’ was
transformed in a modern and frequently used phrase
from almost every Europe’s citizen. Projects and re-
alizations of ‘passive buildings’, which doesn’t
consume or have ‘nearly zero energy consumption’
because of used technologies inside appeared. In
addition, it is already a fact EU Directive 2010/31,
introducing the ‘nearly Zero-energy buildings’,
coming into force from 2019 for tertiary sector and
from 2021 for all newly constructed buildings. In
order to comply with these requirements, all the
systems inside the buildings has to be of energy ef-
ficient type, including these for vertical transporta-
tion of persons- elevators (lifts), escalators and
moving walks, which consuming up to 10% of the
building energy, according to the calculations of the
BPIE.

2. THE ELEVATOR MARKET

There are more than 4.8 mills working elevators
in Europe 27. The major part of them is of conven-
tional types of technologies using old and proven
drive technologies. From the modern point of view

they are energy inefficient solutions (with some ex-
clusions) and a significant part of them are of hy-
draulic type. Instead of this, these elevators have a
long residual resource and in the terms of proper
maintenance and service there is no technical reasons
these units to be replaced with new, energy efficient
ones.

A large number of elevators are installed in the
developing countries as well as in all the other
countries, and a low and medium rise buildings have
major to predominant market share. The proposing of
hydraulic elevators on the market in these countries is
highly deployed. As usual they are constructed from
high quality hydraulic components on very competi-
tive prices. Based on their unquestionable advantages
for these buildings, they are preferred from the in-
vestors and building constructor companies. Also
crucial is the fact that in the public there is awareness
for the comfort and safety of these elevators, which
makes them more preferable from the builders and
investors. It is appeared that during the sales process
of the properties key role is given to the hydraulic
elevator, which is turned in very good sales argument
for the property sale. In conclusion the newly in-
stalled hydraulic elevators were with about 60%
more than the traction during a long period of time
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(Figure 1 [1]). The trend continues until introduction
in 1995 of the new traction elevators without ma-
chine room later followed by the MRL gearless trac-
tion elevators. Instead of all the above mentioned,
even today the hydraulic elevators represent serious
market share in almost every country. All the man-
ufacturers of hydraulic elevator components make all
possible for this and they are making continuous
improvements and innovations as well as compara-
tive analysis between their production and the other
modern elevator technologies.
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fig.1 Elevators produced between 1980-1998 in the coun-
tries of NEII [1]

As Turkey was one of the fastest growing eleva-
tor markets in Europe and Middle East, Fig.2 repre-
sents the newly constructed different storey buildings
during the years in this country. The proportion of
newly constructed different storey buildings is nearly
the same in other countries in South and South- East
Europe.
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fig. 2 Number of newly constructed buildings per years in

Turkey- one of the fastest growing elevator markets in
Europe and Middle East. [2]

3. BASE OF THE IDEA

Significant part of the conventional elevator
travel goes together with energy dissipation. This
energy dissipation is mainly in the form of heat- de-
pending on the direction of load traction elevators
dissipating this energy directly in the form of heat by
the brake resistors, motor windings, or the frequency
inverters. The downwards travel of the hydraulic
elevators is energy dissipative in the throttling pro-
cess, meanwhile these elevators are characterised
with considerably higher installed electrical power
compared to the traction ones because of missing
counterweight. Therefore it is necessary to pay spe-
cial attention to the existing reserves and possibilities
for the existing elevators with aim reducing the
consumed electric energy from the supplying line.

14 |

Actie power (kW]

fig. 3 Typical working cycle of hydraulic elevator with
nominal capacity 950 kg. [3]

Figure 3 represents a graph of typical work cycle of
hydraulic elevator. From here the following basics
are cleared. First of all there is 9 phases in this
working cycle as follows:

e | standby mode (1-28 s);

e 2 starting up and acceleration in upward di-
rection (28-34 s);

e 3 movement with nominal speed in upward
direction (34-60 s);

e 4 decelerating down before reaching the floor
(60-61 s);

e 5 movement with creeping speed before
reaching the floor level (61-64 s);

e | stopping on the floor level (downtime in the
standby mode) (66-70 s);
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e 6 starting up and accelerating in downward
direction (70-71 s);

e 7 movement with nominal speed in downward
direction (71-98 s);

e 8 decelerating before reaching the floor
(98-100 s);

e 9 movement with creeping speed before
reaching the floor level (100-103 s);

e | stopping on the floor level (downtime in the
standby mode) (103-106 s).
From here it is also clear that during the upwards
travel elevator drive consumes electric energy de-
pendant on the nominal power and loading of the car
plus the necessary energy to supply the lighting,
control systems and other needs. It is easy to see that
during the downwards travel with nominal and
creeping speed the energy consumption is almost
equal to standby mode consumption. The reason for
this fact is the way of performing this travel- as it was
already mentioned, it is realised by the means of
throttling the hydraulic fluid (usually, hydraulic el-
evators using hydraulic oil HLP46 or HLP32 ac-
cording DIN51524). In this paper we will be focused
on this travel.

4. SOME ADDITIONAL MEASURES FOR
CONSUMPTION DECREASING

As it is seen from the graph, shown on Picture 3,
described in [4] and it is confirmed from the practise,
the elevators are in standby mode during the majority
of time. In general case during this mode the energy
consumers are the car illumination and control and
signalization systems of elevator. In the up-to-date
solutions this power consumption is reduced using
the following two methods:

o Using the energy efficient lighting technology
(for example LED- light emitting diodes), combined
with switching off the illumination when the elevator
is in standby mode, or not in use (it is important to
mention that switching-off the illumination is appli-
cable where it is appropriate depending on the ele-
vator type and applicable codes);

e Using of systems for putting the elevator into
‘sleep mode’: switching-off most of the components
and followed by switching on when necessary (for
example- when a hall or car call received). This is
usually realised by means of intelligent systems with

appropriate software, which allows very short time

for ‘firing up’ all the systems.

Hydraulic
system
Geared

5000 system

Gearless
4000 system

3000

_-_._
i N B

1000

MRL Gearless with
regenerative drive

Car Lighting

- - B Control Systems

Total energy consumption (KWh/yr)

B Machine + Drive
fig. 4 Electrical power consumption depending on the
type of the elevator, distributed by consumers in the ele-
vators [6]

5. TEST BENCH
For the research purposes it was designed and built
the shown on Pict.5 and Pict.6 test bench for energy
regeneration [7]. In the left part of Pict.6 is shown the
simplified hydraulic schematic diagram.
The working principle is as follows:
Elevator’s car travelling in the normal way to the
upper floor by the means of hydraulic pump and the
conventional valve block Blain EV100. After that
Valve 1 is opened, hydraulic oil from the cylinder
passes through and is feeding the reversible hydraulic
motor thus the elevator’s car starts moving down-
wards. When the car reach the lower landing level,
the Valve 1 is closed and the system stops.

fig. 5 Hydraulic elevator test bench with energy regenera-
tion system [7]
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fig. 5 Simplified hydraulic schematic diagram of the
first regeneration system

fig. 6 First regeneration system

For the research purposes, load wheel is coupled
with the hydraulic motor’s shaft. The load wheel is
equipped with simple brake for applying the braking
moment in order to measure the torque (Pict.6).

For the performing of the necessary measurement
and records during the experimental research it was
created measurement and registering systems. The
measurement system includes tachometer for meas-
uring the speed of the load wheel, tachometer for
measuring the car speed of the elevator, two ten-
sometric pressure sensors for measuring the pressure
in hydraulic system- before and after the hydraulic
motor. The registering system is based on the Data
acquisition system of National Instruments. The data
from the tests are recorded with specially developed
software in Lab View environment of the same
company.

The results from the experimental research with
static pressure of 20 bar, corresponding to 630 kg
elevator with empty car for this test bench are shown
on Picture 6 [7].
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fig. 6 Graphics of pressure, speed and oil flow for static
pressure of 20 bar in the regenerating mode.

15.00 14.52 15.36 361.61
19.00 17.98 19.16 541.13
20.00 18.64 25.24 831.80

Table 1 Table represented results of pressure, speed and oil
flow for static pressure of 20 bar in the regenerating mode.

From the represented results in Table 1 it is clear
that the received power is 831 W for the static pres-
sure of 20 bar. This static pressure corresponds to
elevator with capacity 630 kg/8 persons with empty
car for this test bench [7].

6. HYDRAULIC ELEVATOR DYNAMIC
MODEL

Because the experimental results confirmed the
method, aiming to research the processes during the
downward travel of hydraulic elevator a dynamic
model was developed. This model has three masses
with three degrees of freedom (each mass has one
degree of freedom) (Figure 7). The model is solved
using the simulation method in Simulink environ-
ment of Matlab software product (Figure 8). These
experimental researches are good base for further
developments in this field, as well as developing the
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energy regenerating system for hydraulic elevators
using the energy from the downward travel.

°‘! | o

G1

Fryl

fig. 7 Dynamic model of hydraulic lift used.

fig. 8 Dynamic model in Simulink environment

7. DEVELOPED AND PROPOSED ENERGY
REGENERATION SYSTEM

Principal electro-hydraulic schematic of devel-
oped and proposed system is shown on Figure 9.

The system works in normal for the elevator way
in the upward direction. The car is located on the first
floor, the elevator control receives hall call from the
7-th floor (the highest one), all the necessary condi-

tions for permission to start are fulfilled (the safety
circuit closed), the electric motor is started, acceler-
ates to the nominal RPM, the valves for nominal and
creeping speed are opened simultaneously and the
piston starts its moving together with the car up-
wards.

1. Elavabor power
supply, 3-ph D

}

10. Intelligent
regeneraton
manager

Hydraulc connection
Eloctrical connecton

fig. 9 Electro-hydraulic schematic of developed and pro-
posed system

When the positioning system receives the slow-
ing-down signal the elevator control closes the
nominal speed valve and leaves the creeping speed
valve opened until reaching the floor level. When the
floor reached elevator controller closes the valve,
stops the motor and the car is positioned on the floor
level. When the next travel in downwards take place,
the other logic is activated as follows:

1) The elevator control receives hall call for
travelling in downward direction, for example hall
call from the first stop;

2) All the necessary conditions for travel start
are fulfilled and the elevator controller opens the
adjustable/ variable Valve 1, thus the downward
travel starts together with hydraulic motor 7, which
drives three phases AC generator;

3) The Intelligent regeneration manager 10 by its
power part 11 switches the load to the generator 8 in
the moment when the speed has reached its nominal
value and regenerating starts.

4) Based on the information of the accumulating
system 9 charge level the Intelligent regeneration
manager 10 takes decision where to transfer this en-
ergy- whether to charge batteries or to send it back to
the mains 1.

5) When the car reaches the slowing-down point,
the elevator positioning system sends signal to the
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elevator controller, which makes the necessary ad-
justment in the Valve 1 and reduce the travel speed
together with switching off the regeneration by the
Intelligent manager 10.

6) When the floor level reached, the elevator
controller 2 closes the Valve 1 completely and the car
stops on the floor level.

Based on the cyclicity of the energy regeneration
under this schematic, additional charge system for
the accumulators is provided. This system uses the
fotovoltaic panels 12 and/or wind turbines 13. It is
proposed to situate these facilities near to the eleva-
tor, on the building’s roof or using other suitable ar-
eas.

When the next upwards travel take place depending
on the quantity of energy stored in the accumulating
system it is possible part or even entire necessary
energy for this travel to be supplied from these de-
vices.

8. MAIN PROBLEMS FACING THE ENERGY
REGENERATING SYSTEM

One of the basic problems to be solved is coming
from the character of this regenerated energy ap-
pearance. The problem is based under the condition
that the energy appears in the cycle way with a ran-
dom character, and the time of appearing is relatively
short- from a few seconds (during the travel between
adjacent floors) up to 30-40 or 60 seconds (travel
from the highest to the lowest floor without inter-
mediate stops). In the meantime the starting current
of the elevator hoist motor is 2 to 3 times higher than
the nominal one. Also, it is very important this sys-
tem to have enough capacity to accumulate compar-
atively high levels of power in short terms. Because
of this needs it is planned that the electric energy
accumulating system contains not only conventional
lead- acid accumulators, but also ultracondensers.
These two types of accumulating devices will work
jointly under special, incorporated in the Power part
11 and the Intelligent manager 10 of the system al-
gorithm, in order to accumulate higher possible en-
ergy quantity and deliver of the required compara-
tively high starting current of the elevator hoisting
motor. In addition to this, it is provided alternative
energy sources of ‘green energy’- fotovoltaic panels
and wind turbine generators, which in addition will

provide the necessary charge of the accumulating
system in case of need. Also, these sources will work
as a ‘Green’ power plant, providing energy for
common use in the building with possibility to re-
turning energy into the mains in some cases.

Key feature of the system’s work is to provide nor-
mal working parameters of the elevator like speed,
acceleration, smooth ride and ride quality, etc. This is
achieved by the monitoring of speed 1 and 2 as well
as the pressure 1 in real time and to make the neces-
sary corrections in the real time to provide the normal
operation of the elevator.

9. CONCLUSION

1. Using different working modes of the built sys-
tem in laboratory 4100 of TU- Sofia are performed
experimental research on the test bench. Recorded
are the speeds, pressures and oil flow, as well as the
torque and the received regenerated power.

2. Dynamic three mass model of hydraulic elevator
with three degrees of freedom created. The model
gives possibility to research the downward travel of
hydraulic elevator.

3. Proposed method for regeneration, storing and
usage of electrical energy during the downward
travel of hydraulic elevator.

4. Proposed principle schematics of the system with
the main connections with the components of the
elevator and principle of work.

5. Stated the main problems facing the energy re-
generation system.
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MATEMATHUYHO MOAEJIUPAHE U U3CJIEIBAHE HA HEJIEBA ®YHKIUA
3A TIPOU3BOAMTEJIHOCT IO I'OTOB INTPOAYKT ITPU PABOTA C KU/-300
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Pesrome: JloknaabT NpeACTaBs Ch3AaBaHETO HA MaTeMaTHYEH CTATHCTUYECKU MOJEN Ha 1iesieBa QYHKIMSA 3a IPOU3BOIHU-
TEIHOCT I10 FOTOB MPOAYKT MpH paboTa ¢ KOHycHa nHepiuonHa tpomauka tun KH/I-300. Hanpasen e uzdop Ha ynpas-
TABaIy (aKTOPH OKA3BAIH BIMAHNE BEPXY LeIeBaTa GYHKINUS 3a IPOU3BOJUTEIHOCT 110 TOTOB IPOLYKT. PopMynupaHa e
nesaeBa (yHKIHs 3a NPOU3BOAUTENHOCT IO IOTOB MPOLYKT. IIpoBesieH € €KCIEepUMEHT U € HalpaBeH CTaTUCTHYECKH
aHaJIN3 Ha NOJIy4eHUTe eKCIIEPUMEHTAIHUTE pe3yaTaTu. [IpeacTaBeny 1 aHaIU3UPaHU ca PE3yNTaTUTE OT CTATUCTUYECKUS
aHayu3 Ha (PYHKLIMATA 32 IPOU3BOLUTEIIHOCT 110 TOTOB MPOLYKT. Bb3 0CHOBA Ha MOIyueHHUs! PErPECHOHEH MOJIEN ca 110C-
TPOEHM TPUU3MEPHU JUArpaMH 3a OTUMTAHE HA BIMSHUETO Ha yIpapisBaluTe (HaKTOpU BbPXY LiejeBaTa (QyHKIHS 3a
NPOU3BOAUTENHOCT. IToyueHuTe pe3ynTaTu 1Lie ce U3MO0J3BaT, KaTO OCHOBA 3a ONTHMM3aLMS HA MPOLECA TPOIIEHE OT
rJieJHa TOYKa Ha IPOM3BOJUTEIHOCTTA Ha MalllHaTa pH pabora ¢ Tpowmauku Tun KU1,

KiawouyoBu AyMU: KI/II[-300, MaTeéMaTH4HO MOJEIMPaHEe, CTATUCTUYCCKHU aHAJIN3, [1EJICBa q)yHKI_IPIH, TIPOU3BOAUTEIIHOCT

1. YBOJ

Tpomaukute Tun KWJ[ ca KOHyCHM TpOILAYKH,
IIPY KOUTO BBTPEUIHUAT KOHYC C€ 3aIBHXKBAa OT
MHEpLHOHEeH aebananceH BuOpatop. [Ipu BbpTeHe Ha
nebanaHcHUS BUOPATOp BB3HUKBA KPBroBa LIEHTPO-
OexHa cuila, NPUHYKIaBalla BETPEIIHUAT KOHYC 1a
Ce ThPKaJIsl 110 BbTPEIIHATA TOBBPXHOCT HAa BHHITHUSA
KOHYC, KaTO C€ NPUTHCKA KbM HETO C rojisiMa cuia u
10 TO3W HAa4MH HATpOIlIaBa MaTepuasa HaMHUpall ce
MEXy ABaTa KoHyca. To3u BHJ KOHYCHU TPOLIAYKH
HSMAT MOCTOSHEH Pa3TOBapeH OTBOP M TOJIEMHHATA
Ha eKCLIEHTPHULIUTETa Ha BBTPEIIHHS KOHYC 3aBUCH OT
nebenuHaTa Ha CIOS Marepuall HaMupall ce B Ka-
MepaTa Ha TpOILIEHE M OT CTOMHOCTTA Ha CUjiaTa Ha
TpouieHe. Tpomaukure Tun KMJI nmMaT Bb3MOXKHOCT
3a peryjJupaHe Ha IUPOYMHATa HA Pa3TOBAPHMS OT-
BOp, 4ECTOTAaTa Ha BBPTEHE U MAacOBUs CTaTHUCH
MOMEHT Ha Je0ajaHCHUS BHOPATOp, KaTo MO TO3H

Ha4YuH CC U3MCHA I'OJICMUHATA Ha CHUJIaTa Ha TPOLICHE.

H3meHeHneTo Ha roJIeMUHATa HA CHJIaTa Ha TPOILCHE
IpU TE3W TPOIIAYKH OKa3Ba CHIIECTBEHO BIIMSIHUE
BBPXY 3bPHOMETPUYHHS CHCTaB Ha TOTOBUS POIYKT
U TIPOM3BOJUTEIHOCTTa Ha MammHata. C Tpomayka
tunt KNJI1-300 moxe na ce morydaBa IpoayKT, KOHTO
€ XapakTepeH, KakTo 3a Tpollayka 3a ApeOHO Tpo-
IIeHe, TaKa 1 32 MEeJTHHIIA 32 IPy00 CMIIIaHe.

2. U3BOP HA YIIPABJIABAILIUA ®PAKTOPHU

IIpu omucanueTo Ha mpoiieca TPOLIEHE B TPO-
mauka KM morar na ce meuHUpar ¥ M3CIenBaT
HSKOJIKO 1LENeBU (YHKIMHU, KaTo MNPOM3BOAUTEI-
HOCTTa Ha MalllMHATa 10 TOTOB MPOIYKT € €IHA OT
1x. IIpomsBoanuTenHocTTa M3MepBa KOJINYECTBOTO
TOTOB MPOAYKT 32 €AMHHWIIA BpeMe, KaKTO 3a Ompe-
JIeJeHa Kjlaca Taka M oOIo 3a BCHUYKH Kitach. T e
HWHTETpaJieH KPUTEPH Ha MpoIieca TPOoIIeHe, KaTo 110
TO3M HAYWH M3MBJIHABA YCIOBHETO 33 €()EKTUBHOCT
Ha mneneBata (QyHKuUs. [IpOM3BOAUTEIHOCTTA HUMa
siceH (PU3UYECKU CMHCHII, MOXe Ja ObJIe OIpe/ieeHa
KOJIMYECTBEHO, CTATUCTUIECKH e(DEeKTHBHA € U MOXKE
TOYHO J1a Obie U3MepeHa. EMMHCTBeH HEJOCTaThK Ha
MIPOM3BOANUTENHOCTTA €, Y€ XapaKTepu3upa npoueca
caMo OT KOJINYECTBEHATa My CTpaHa.

MexaHUYHUTE TapaMeTpH, KOUTO MOTaT 1a Obaat
MPOMEHSIHHU NpH TpouleHe B Tpourayka tun K1/I-300
OCHOBHO ca:

® IIUPOYMHA HA CTATUYHHS PAa3TOBAPEH OTBOP
Ha MalllMiHATa, KATO MAaKCHMAJIHO MOXKE Ja IOCTUTHE
1o 18 mm;

e MAacOB CTaTHYEH MOMEHT Ha JcOalaHCHUS
BUOparop, BHOpATopbT € peryjupyeMm u uma 19
CTETeHH, Ype3 KOUTO Ce Ompedesnsi CTOWHOCTTa Ha
MacoOBHsI My CTaTHU€H MOMEHT;
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e yecToTara Ha BBPTEHE Ha AeOanaHCHHS BUO-
patop, npu KNJI-300 To31 mapaMeTbp HE MOXE Ja
ObJic U3MCHSH, HO 3a LICJIUTE Ha U3CJEIBAHETO Yec-
TOTaTa Ha BBPTEHE Ha JaeOanaHCHHs BUOparop Iue
ObZic MPOMEHsHA, Ype3 MpPEAaBaTeIHOTO YHCIIO Ha
KIMHOpEMBbYHATA MPelaBKa Ha MaIllMHATA.

Eoue OT TeXHONOTWYHHTE MapaMeTpH, KOWTO
JIECHO MOKe 1a ObJe NMPOMEHSH IO BpeMe Ha eKc-
MepUMEHTA € eIpUHAaTa Ha H3XOAHHS MaTeprall, KaTo
CBIECTBYBA OTPAaHWYEHHE 33 MAKCHMAIHHSI MYy
pasmep ot 20+25 mm.

W30pannTe ympaBisBamy (GakTopy BIHSCIIN HA
MIPOM3BOJUTENTHOCTTA 110 TOTOB MPOIYKT IPH padora
¢ KU1-300 ca cnexnuTe:

e UecToTa Ha BBpPTEHE Ha JAcOaNaHCHUS BHUO-
patop f, s’ — To3u mapaMeTbp 3aBUCH OT IIpeaBa-
TETHOTO YMCIIO ({) Ha KIMHOPEMbYHATA PeaBKa Ha
MaimnHara. [IpenaBaTeTHOTO YnCiIo ce U3MEHS, Uupe3
M3IOJI3BAHETO HA JIBUTATENIHM PEMBYHU IHAOM C
pas3iiniHu JUaMeETpH. W3znon3sanute npeaaBaTCIHA
yucna ca 0,75; 1; 1,25 u 1,44.

e MacoB craTiyeH MOMEHT Ha JeOanaHCHHUS
Bubparop S, kg.m — omnuTHTE ca HalpaBeHH NPH
muHuManHa (1-Ba), cpeana (10-ta) U MakcuMaiiHa
(19-Ta) crenen Ha nebanaHcHusi BuOparop. ChoT-
BeTHO S, mpuema cieanure croinoctu: 0,095 kg.m,
0,921 kg.m u 1,295 kg.m.

e IllupouynHa Ha CTaTHYHUS Pa3TOBApEH OTBOP
Ha Tpollaykara b, mm — HOpagyl OMAcHOCT OT He-
JOIyCTIMO HapacTBaHE Ha aMIUIMTYZAaTa Ha JIIOJIe-
€He Ha BBTPEIIHHs KOHYC M PECHEKTHBHO JHHAMU-
KaTa Ha MallMHATa Ce TMpHeMa TO3M MapameTsp na
HMMa CJIEIHUTE CTOMHOCTU: 4 mm, 6 mm ¥ 8 mm.

e CpeneH quaMeTbp Ha U3XOTHUSA MaTepHa Dy,
mm — OMUTHTE Ca HANPABEHU C MaTepHal, KOUTO € C
pasnuuyHa CcpenHa eApuHa, CHOTBETHO IMO-ApeOCH
MaTepHal CbC Cpe/ieH JUaMeThp Ha yacTuuure 8,575
mm ¥ Mo-eAbp MaTepHajl ChC CPEICH JUAMETBD Ha
yactuuuTe 16 mm.

W3Opanure ympapisBaumy (akTopu ca JIECHO
OIlpeleNIIMHU, Morar nga ObmaT u3MepeHH B abco-
JIIOTHHU €JVHHULHI U CPaBHUTEIHO JIECHO MOTaT Ja ce
perymupar. B tabmmma 1 ca mpencraBeHn ympasiisi-
BamuTe (aKTOpH, KAKTO U TEXHUTE MHTEPBAIUTE U
CTBIIKY HA U3MCHEHHE.

Ta6.4.1 YipasisiBau dakropu

PaxTop R A A A
o3HAuCHne X 2 e d
i Pembuna — Pasrosapen l"':“?"!w a
dakrop o JleGanane - HIXOAHHA
wiaiia OTROp . .
Marepman
Pasmepioct mm Gpoit mim mm
Crenka | 52 [ 52 ] 9 ][9] 2]2] 7425 |
Osnauenne D, mm Crenen, 0p. b, mm D, mm
Croimoer | 156 [208T260] 1 TioJ19] 4 Je6] 8 [8575] 16
Hirepan 104 18 4 7425
Huso Aol vt JoJrif-rJo]u [

3. DPOPMYJHUPOBKA HA LIEJIEBATA
O YHKIMS 3A ITIPOU3BOAUTEJIHOCT 11O
I'oTOB INTPOAYKT

B moBeyero peanHM cllyyam MaTeMaTHYHUTE
MOJIENH ONpeelsIIy Aa/ieHa 1ieneBa QyHKIM He ca
M3BECTHH, a MOHAKOTa ca HEeMOIXOAAIIN ITOpagH ro-
JsMara CH CJIO0XKHOCT M Ce Hajara Jja ce M3I0JI3Ba
noaxojdma anpoxkcumanus. MMeHHO ToraBa Bb3-
HHUKBAa TpYy/JHAaTa 3a/laya 10 ONpe/eNIsiHe Ha CTPYyK-
TypaTa Ha Mojeina. B Hail-pocTus cimydaid MaTeMa-
TUYECKHUAT MOJEN MOXe Jia ce u3bepe BbB BHI Ha
nuHelHa GyHKuus [1,2] oT BXOAHUTE MapaMeTpu:

f= éN,..xi 1)

3a IBpPBOHAYAHO W3CIIEABAaHE Ha LielieBaTa
(byHKIUSA 33 IPOU3BOIUTEIHOCT [0 TOTOB IIPOJYKT CE
IpreMa JJMHEeeH MOJIEI C BKITIOYeHa KOHCTaHTa:
0,=N,+N,.x;+N,x, + N;.x;+N,x,, t/h (2)
KbIeTO:X; (f, s') — 9ecToTa Ha BEpTEHE Ha JebanaH-
cHus BuOparop; x: (Sy, kg.m) — MacoB craTuycH
MOMeHT Ha JebanaHcHUs BUOparop; x3 (b, mm) —
IIMpOYMHA Ha CTAaTHYHUS DPAa3TOBapeH OTBOp Ha
Tpomaukata; x4 (Do, mm) — CpelieH TuaMeTbp Ha
MOCTBIBAIIKS 32 TpolleHe Matepuai; Ny, Ny, Na, N3,
Ny — KOoeUIIMEHTH Ha YIpaBIABALIUTE (HaKTOPU.

B tabnuma 2 ca npencTaBeHd pa3MEPHOCTUTE Ha
neneBaTa QyHKIMS U Ha yIpaBisiBaIiuTe GakTopure,
KakKTO M Ha KOCq)I/IL[I/ICHTI/ITC Ha YyIHpaBJIgBalIUTE
(dakTopu npu Taka AepuHUpaHaTa 1ienaeBa QYHKIHUSL.

Ta0.1.2 Pa3mepHOCT Ha 1ieneBata (pyHKIMs, yIIpaBisiBa-
mte HaKTOpu U KOSPHUIUSHTHTE UM

Dakrop X X3 X3 Xy
O3HaueHne f Sa b D,
Pasmeproct Hz kg.m mm mn
SI s kg.m m. 107 | m.10°
[¢8 Np Ny N N; N,y
t'h t'h 3600t 1/m.h, 10 mm.th | mm.th
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4. EKCIIEPUMEHTAJIHU PE3YJITATH

C nen uzcnenBaHe Ha U30paHata 1eeBa QyHKIUS
€ IIpOBeAEH HENMbIHO(YAKTOPEH EKCIEPUMEHT BBPXY
KOHycHa nHeprroHHa Tporrayka Tarn KWJI-300.

Ta0.1.3 EKCrIepuMeHTaHU pe3yITaTi

No na X ,\-._‘ X; Xy 3

onuTa fl S b Dey O

5 kg.m mm mm t'h
1 17,82 1,295 4 16 0,329
2 17,75 1,295 6 16 0916
3 17,70 1,295 8 8,575 1.462
4 17,80 0,921 4 0,258
5 17,73 0,921 8 1,109
[ 17.83 0,095 9 0,239
7 17.85 0,095 3 0,000
8 24.48 0,921 7 0.701
9 24.50 0,921 6 0.716
10 24,52 0,921 6 0.716
11 24,52 0,921 6 0,736
12 24,52 0,921 6 0,796
13 24,53 0,921 6 0,794
14 24,53 0,921 6 0,794
15 24,55 0,921 6 0.888
16 24,78 0,095 4 0,287
17 24,78 0,095 6 0,336
18 24,78 0,095 8 0,400
19 24,38 1,295 6 0915
20 24,40 1,295 8 1,076
21 24,57 1,295 4 0,336
22 30,90 0,095 4 0,346
23 30,90 0,095 4 0,329
24 3093 0,095 6 0,398
25 3092 0,095 8 0,623
26 3048 0,921 4 0,643
27 30,37 0,921 [ 0,690
28 30,03 0,921 3 0,636
29 30,22 1,295 4 0.721
30 30,05 1,295 6 0.752
31 29.97 1,295 6 0811
32 29,85 1,295 8 0,749
33 35,92 0,095 4 0.233
34 35,87 0,095 4 0.144
35 35,95 0,095 6 0,385
36 35,98 0,095 8 0,621
37 35,17 0,921 0,543
3 3442 1,290 6 0,614
39 33,72 1,290 8 0,656
40 34,35 1,290 4 0,534

MarepuanrbT, KOWTO € W3IOJI3BaH 3a TPOIICHE €
MIPEABAPUTEITHO TIPOMHT, MOJCYIIECH U MPECST pedeH
gakbei. Hampaeenu ca o6mo 40 onwmra mpw ,,cyx”
pexxuMm Ha pabora Ha MammHara. B tabnuna 3 ca
NPEACTaBeHU YIIpaBiIsBalIUTe (PAKTOPH, KOUTO Ca
W3MEHSHU 10 BpeMe Ha eKCIIEPUMEHTa, KaKTO U IO0-

JIy4EHUTE EKCIIEPUMEHTAIHU PE3yITaTH 3a eeBara
(YHKIMSA 32 TPOU3BOAUTEIHOCT 110 TOTOB IPOAYKT.

5. CTATUCTHYECKHA AHAJIN3 HA EKC-
NEPUMEHTAJIHUTE PE3YJITATU

Ha 6a3aTa Ha eKCIIEpHUMEHTAJHUTE JaHHH TIOJY-
geHn ot 40-te ommra mpu padora ¢ KM/I-300 ca
CBCTaBCHU PErPECHOHHH MaTEMaTHYSCKH MOJEIH 3a
u3Clie/IBaHe Ha 1iejeBaTa (YHKUHsS 3a HPOU3BOJIU-
TEJIHOCT IO TOTOB NMPOAYKT. ChCTaBEHU ca JTUHEWHU
MOJIENM C BKJIIOYEHA KOHCTaHTa (M TakuBa 0e3 KOH-
CTaHTa) U HEJIMHEHHU MOJIENH, KaTO ca ThPCEHHU Ta-
KHBa MOJCIIM, KOUTO MMAT BHCOKa MsPKa 3a OIIpe-
JIeNeHOCT (KBaJIpaT Ha KOe(HUIMEHTa HAa MHOXKECT-
BeHa Kopenanus R?). OCHOBHUTE KPUTEPUH 38 U360p
Ha TIOIXOJISII] MOJIEN ca CICTHUTE:

® MakCHMajHa CTOMHOCT Ha KOe()UIMEHT Ha
MHOKECTBEHA Kopenaius R%;

e MakCHMaJlHa CTOMHOCT Ha Kputepus Ha Du-
ep (F-Ratio) 3a choTBEeTHHS MOIET,

e MHUHUMaJIHM CTOMHOCTH Ha IIOKazarens 3a
noseputenHa BepostHocT (P-Value) 3a mozena;

e MMHUMAaJIHU CTOHHOCTH Ha IOKa3aTeJHuTe 3a
noseputenHa BepostHocT (P-Value) 3a HesHaunmocT
Ha PEerpecHOHHHUTE KOSHULIUECHTH.

IleneBaTa QyHKIMS € ChCTaBEHA W M3CIEIBaHA C
KOMITIOTBpPHATA NIPOTpaMa 3a CTATUCTHYECKH aHaIIH3
STATGRAPHICS Centurion XV. Ta3zu mporpama
MO3BOJISIBA W3CIECOBAHETO HAa pa3lMYHUA THIIOBE
(GYHKIMHY ¢ eHa M ¢ TI0BeYe OT €IHA NMPOMEHJIMBH,
KOHTO ca 0e3 WM CbC QYHKIMOHATIHA BPbh3Ka MEXKY
npoMeruBuTe. CBHINO Taka Mporpamara umMa Bb3-
MOXHOCTH 32 OIICHKa Ha MPOMEHJIMBUTE M Ha KOe-
(1)I/II_II/ICHTI/ITC UM Ha B3aUMHa KOpeIanus.

3a menure Ha MPAKTUYECKOTO H3CIE/IBaHE Ha
paboTHUS TIpoLieC ca ThPCEHU MOJCIH M Koehulu-
€HTH Ha perpecusi, KOUTO MOTar Ja ObJaT IPHETH C
HHMBA Ha JIOBEPUTEIIHA BEPOSTHOCT MUHUMYM 95 %,
KaTo ce OYakBa, 4e JOMYCTHMHTE HUBA HA HWHXKe-
HepHa Tpeika oT 5 % ca NpUEeMIIMBH 32 TaKbB THI
MalIMHU KaKBHTO Ca KOHYCHHTE WHEPLHOHHH TPO-
[IaYKH.

KputnyHaTta MspKa 3a ONpEIeNICHOCT Ha MOoje-
JIMTE, CIIOpeN KOSTO Te MOTaT Ja OBJAT MPHETH WU
OTXBBPJICHH, 3aBUCH OT OpOsl HA CTENEHUTE Ha CBO-
0oma Ha Mojena M NMPUETOTO MHUHUMAJIHO HUBO Ha
3HaYUMOCT. B KOHKpeTHHs CiIy4ail MOAEIHTE ca ChC
cyMapeH Opodl Ha cremeHuTe Ha cBoOOAa v=40 u
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HUBO Ha 3HaunMocT 0=0,05. CwriacHo [3 — Tabum. I1.
3.2.] mpu v=40 1 0=0,05 KpUTUYHUAT KOSHUIINCHT HA
ompeneneHoct € R,=0,304 (3a a=0,1; R,=0,257).
Mopnenure, Ipyu KOUTO CTOWHOCTUTE Ha MspKaTa 3a
OIIPE/ICNICHOCT € HaJ MOCOYeHaTa KPUTHYHA CTOH-
HOCT, MOTAaT Ja OBbIaT NMpHEMaHH, KaTo CTaTHIECKH
ompenenenn. Ha durypa 1 e mpexacraBena 0ok
cXeMaTa, 10 KOSATO Ca ChCTaBSIHH, CJIEJ KOETO IpHe-
MaHU WM OTXBBPJISIHH PETPECHOHHUTE MaTeMaTH-
YECKH MOJICIIH.

| Ueneaa ghyrxyus - O |

I

| Sadaaane #a peda Ha ModEmUME |

|

| Hafop Ha ynpasnasau akmopy |

Hopuupane (cma WIUPARE] Ha
harmapume
T

KaTro noz[pexcz(aHeTo HAa TOYKHUTEC B MAaKCHMAJIHA
OJMM30CT JI0 MpaBaTa JIMHHA TI0Ka3Ba J00pa CXO/u-
MOCT MEXIY €KCIIEPUMEHT U MOJIEIL.

Ta6.1.4 [lapameTpu Ha Mozena
Ilapasierpn na Mogesa

Standard 1

Statistic
7.08026
T.71738
T.R5952

P-Value
0,000
10,0000
00000
0,000
0,000
0,004
0,000
10,0000
AHAINE HA BEPOSTHOCTHTE
Sum of Squares | Df Mean Square | F-Ratio P-Value
Model 17.6242 8 220302 1581.56 00000
Residual 293 32

Total 18,0125 40

Estimate Error
00338296
0,149351
00715498
010275 -7,
0LO0518058 | -5
000361929
(L,00] 3893
000414156

Parameter

X

-0, 757399
X -(1, 0297 1 99
XX 01, 02419
XX =0.007

0,0313907

PERER

e £l

Source

CTaTneTnga Ha Moaeaa

=
R” (adjusted for d.0)

Standard Error of Ext

Mean absolite error 00788007

Dhurbin- Watson statisti 1.58401

ChEMARRHE HA MhJE0HAYANEN MODEM
(& koncmanma u Ge3 xowcmanma)

He | 1 {0
Teoeepea CHEMMane #a MOOEn Om NO-GUCORA CMSNEH Mposspre
>R p=01
j‘ oa i He T
Tipoaspwa | TTPEMAXTANE HE HEIHAWLMY EEKTIOHU U |
p>01 He FOBULLEHTL HE PEZDECUR
E !

-
——

¢ur.1 briok cxema Ha OCIEIOBATEIHOCTTA HA JEHCTBUATA
IIPU TEOPETUKO-EKCIEPHUMEHTAITHOTO M3CIIEABAHE Ha Iie-
neBarta (DYHKIHS 32 IPOM3BOAUTEIHOCT IO TOTOB MPOLYKT

[re— |

Pagoanmens, aHanua o COMKASING
Ha Modenume

Hail-nogxoamuar mojaydeH MoJeNl 3a IpOM3-
BOJUTEIHOCT 110 TOTOB MPOIYKT € PErPECUOHEH MO-
Jel OT 'bPBa U BTOPA CTEIEH Ha IPOMEHIUBUTE O3
BKJIIOUEHAa KOHCTAHTa C U3KIIOUYEHH HE3HAUYUMHU
npomeHnuBH. To3u Mozen chabpka B cebe cu
BCHYKHM YIPABISIBAIIHU (HAKTOPH U € OT CICIHUS BUI:

O =¥N.x +3N.x.x, +SN.x2, t/h 3)
i=1 i=1 i=1

3a oHaryesIBaHe Ha CHIOCTABIHETO MEXKIY MO-
Jie7a ¥ eKCIIEPUMEHTAHITE CTOMHOCTH € MPHUITOXKE-
Ha cpaBHuTenHa rpadpuka (purypa 2). Toukure
BBPXy rpaduKaTa MpPEICTAaBISBAT EKCIICPUMEHTAI-
HHUTE CTOWHOCTH, @ [paBaTa JIMHHUS [MOKa3Ba PasIio-
JIOKCHHETO HA CTOMHOCTHTE Ha (yHKIHMSITA IMOJY-
4eHa oT Mojena. AGciucaTa U OpAWHATATA HA Ta3d
rpaduka ca ¢ eJHAKBa Pa3MEPHOCT W TOBAa € pas-
MEpHOCTTa Ha u3cieaBanara GpyHkims. CpaBHEHHETO
MEK/Ty eKCIICPUMEHT 1 MOJIe] € Ha BU3yallHa OCHOBA,

0, 196074

Lag 1 residual auwtocorrelation

CpaBHuTenHa rpatmka 3a Mogena
T T T

1.5}

=Y
[p]

EKCMepUMEHTANHW CTOWHOCTU

o o
e} ©

o
w

0 03 06 09 12 15

MofEn

¢ur.2 CpaBuurenna rpaduka 3a mozaena

YpaBHeHHETO HAa MoJeNla B HaTypaJlHU MPOMEH-
JIMBH, ChITIACHO Tabnwuia 4 ¢:
0, =0,238812.f +1,1526.5, +0,562347.b —

-0,787399.D,, —29,7199.107.1.8,, -

12 “)
—241952.107.f b - 7,82289‘10’3.7+
+313907.10°.D;,, t/h

MozensT mnpeacTBacH B Tabnuia 4 € ¢ BHCOKa
CTOoitHOCT Ha KpuTepus Ha Puiiep (ToBa € MakCH-
MaJlHaTa CTOMHOCT Ha KpHuTepus Ha durep, KosATO €
MOJTy4YeHa TPH MOZEIUTE 338 IPOU3BOAUTEIHOCT) U €
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C BHCOKA CTOMHOCT Ha KOS(pUIIMEHTUTE HA MHOXKEC-
TBeHa Kopenauus Hax 97 %. Bcuuku perpecopu,
KakTO M CaMMAT MOJCJ, MoraTr na 6"[)2[3.T TIIpUCTH C
HUBO Ha JOBEPUTEIHA BEPOATHOCT Hal 95 %.

Ha 6a3ara Ha momy4eHHs] perpecoHeH MOJIeN ca
HampaBeHu (¢ momolira Ha nmporpama Mathematica
5.2) Ttpumsmepnu muarpamu. OT Te3W aUarpamu
MOXe JIa C& OTYEeTEe BIHMSHHETO HAa YETHPUTE YIIPaB-
nsBamy Qakropa (f, Ss, b 1 Dp) BBPXY LieneBarta
(yHKIMS 32 IPOU3BOJUTEIHOCT 110 TOTOB IIPOIYKT

Om.

20 o Y Sm, (kem

¢ur.3 [pousBopurentoct O, t/h npu Dey;=8,575 mm

Ha ¢urypa 3 npu D.,=8,574 mm u Ha durypa 4
npu D,=16 mm ca mpeacTaBeHH IOIYYCHHUTE TPH-
W3MEPHUTE JHarpaMi 3a H3MEHEHHEeTO Ha IiejieBara
(GYHKIMS B 3aBUCHMOCT OT MAacCOBHsI CTATHYEH MO-
MEHT Ha [cOaiaHCHUS BHOpATOp, MIMPOYHHATA HA
CTaTHYHUsI Pa3TOBapeH OTBOP U YECTOTATA HA BBP-
TeHEe Ha Ae0allaHCHHs BUOPATop.

Bl =4 omm
Il b=t mm
B b8 e

. g
20 =L sa,

¢ur.4 IpomssoaurenHoct Owm, t/h mpu Dey=16 mm

[] D&=8,575 mm
B D:=16 mm
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INerko HEJAJIKOB Cumeon CABOB

Ha ¢urypa 5 npu b=4 mm, durypa 6 npu b=6
mm u Ha ¢urypa 7 npu b=8 mm ca npencTaBeHH
MOTyYCHUTE TPUU3MEPHHUTE OUarpaMH 3a H3MEHe-
HHETO Ha IeneBata (QyHKIUS B 3aBHCHMOCT OT Ma-
COBHS CTaTHYEH MOMEHT Ha Jie0aaHCHHUS BHOpaTop,
eIpHHATA Ha W3XONHHSA MaTepHal M 4ecToTara Ha
BBPTEHE Ha JicOaaHCHUSA BUOpATOp.

6. U3BOIN

W3BouTE HATIPaBEHH BH3 OCHOBA HA TIOJYICHHUTE
pe3ynTaTHTe OT CTATHCTHYECKHS aHAN3, OTHOCHO
M3CIIEIBAHETO Ha IieNieBaTa (YHKIHUS 32 MPOU3BO-
JUTETHOCT, MOraT aa O0baaT 00O0OIIEHH 10 CIIEIHUS
Ha4YUH:

o CB3IaJICHUAT PETPECUOHECH MOJENT MOXE Ja
Ce W3MO0NI3Ba 33 MPAKTHYECKU IIENH, KaTO B HEro
y4acTBaT BCHUKHU yINpaBisiBaliu (Gpakropu u Koedu-
IIHEHTUTE HA OMpPEAEIICHOCT Ha PErpecopure ca
JOCTAThYHO BHCOKH 33 HHXKCHEPHH Lein. MoIensT e
CIIOXKEH, HO 33 CMETKa Ha TOBAa € C BUCOKA CTEIICH Ha
OMPEIEICHOCT M MMa JOOPH MMOKA3aTeNn KaTo IS1I0.

e [lomyveHa ¢ ajeKBaTHA aHAIUTHYIHA 3aBHCH-
MOCT 3a MPOU3BOIHUTEIHOCTTA II0 T'OTOB HPOAYKT

yp-¢ 4.

¢ Ha Ga3ara Ha OIy4eHHs] PETPECUOHEH MOJIET
ca IOCTPOEHH TPUU3MEPHU JUATPaMU 33 OTYUTAHETO
Ha BIMSIHUETO Ha YETUPUTE ynpaBisaBany akropa (f,
Ss, b u D.p) BbpXy neneBara ¢yHkuus. Te3u auar-
paMu MoraT jAa IOCIy’aT, KaTo OCHOBA 3a ONTUMHU-
3anus Ha npoueca TpomeHe B KM/I-300 ot rmenna
TOYKA HA IPOU3BOIUTEITHOCTTA 110 TOTOB IPOIYKT.

Bcuuky MOCTaHOBKH IpW aHalM3a Ha pesyira-
THTE OT TEOPETHKO-EKCIIEPHMEHTAITHOTO U3CIICIBAHE
Ha 1eneBata (QYHKIHS 33 MPOU3BOJUTEIHOCT MO TO-
TOB MPOJYKT MOTAaT Ja ce MpUeMaT 3a JOCTOBEPHH B
yKa3aHUTE IpaHULM HAa W3MEHEHUE Ha YIpaBisiBa-
umre pakropu.
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MATHEMATICAL MODELING AND RESEARCH OF PURPOSE FUNCTION

FOR PRODUCT QUANTITY IN KID-300 OPERATION

Petko NEDYALKOV! Simeon SAVOV?
'Department of Machine Elements and Non-metallic Constructions, Technical University - Sofia, Bulgaria
e-mail: nedpetko@tu-soia.bg
2 Department of Mining Mechanization, University of Mining and Geology “St. Ivan Rilski” - Sofia, Bulgaria
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Abstract: This paper presents the creation of mathematical model of purpose function for product quantity at operation
with cone inertial crusher type KID-300. There are presented the choice of governing factors affecting on the purpose
function for product quantity and formulation of purpose function for product quantity. There are experiment and statistical
analysis of the experimental results. Results from statistical analysis of product quantity purpose function are presented and
analyzed with regression models and 3D diagrams for determination of the influence of governing factors. The results will
be used for a future work of functional crushing process optimization and multiple factors optimization of the working
process in cone inertial crushers.

Keywords: KID-300, mathematical modeling, statistical analysis, purpose function, quantity
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OLEHSIBAHE HA CbOTBETCTBHETO CIIPSIMO EBPOIEMCKOTO TEXHUYECKO
3AKOHOJATEJICTBO OTHOCHO HAJIEJKIHOCT,
PABOTOCIIOCOBHOCT, PEMOHTOIIPUTOJJHOCT ¥ BE3OITACHOCT
(RAMS) B TPOEKTH HA EC

TI'ans PAAEBA Muiauo TEOPI'UEB
karenpa ,,OCHOBU M TEXHUYECKHU CPENICTBA 3a KOHCTpyHpane, Texundyecku yHusepcutet — Codus,

e-mail: galya.radeva@gmail.com, mtge@tu-sofia.bg

Pe3iome: B paspaboTkara e 3acerHaTo OLEHsABaHE Ha ChOTBETCTBUETO OTHOCHO HAJICXKIHOCT, pabOTOCIOCOOHOCT, PEMOH-
TonpuroaHoct u 6e3onacHocT (RAMS) cripsimo EBponeiickoTo TeXHH4YeCcKo 3aKOHOaTeNICTBO B poekT Ha EC.

urupanure criequpUIHN W3UCKBAHUS ca Hepas3[eHa YacT OT TOTAJHUS KOHTPOJ Ha KayeCTBOTO M €a U3KIIOYHTEIIHO
crnokHu. [Topaai HHOBATHBHHMS UM XapaKTep M JIMIICA Ha ChIIECTBCHA HH(MOPMAIIHS, MATEPUATBT OU OWIT OT 3HAYNTEITHA

0J13a 3a CIICIHATIUCTUTE B Ta3U 00JIACT.

KatouoBu 1ymm: PaboTocriocoOHOCT, peMOHTONPUTOJHOCT, Ha/Ie)KHOCT, RAMS

BBBEJIEHUE

Tbii KaTo cucremure, MPOAYKTUTE U OTHOLIECHU-
ATa MEKAY CEKTOPUTE CEe Pa3BUBAT BCE MIOBEYE U CTa-
BaT no-kKoMriuiekcHu, RAMS crannaprure popmupar
HOTPEOHOCT, KOSITO MOXKE J1a HaMald HeOOXOAUMUTE
pecypcu. Te3n craHmapTH ca Haii-100pu 3a CEKTO-
pHTE Ha MKOHOMHKATa, KOUTO BKJIFOUBAT ChbBPEMEHHHI
BHUCOKOTEXHOJIOTHYHU CTOKHW/YCIYTH, KaTO TpaHC-
MOPT, KOCMUYECKa MHAYCTPHS U APYTH, KbJETO BbII-
POCHT 3a 6€30MacCHOCTTA U MPELM3HOCTTa Ca OT 0CO-
OcHa Ba)XHOCT. AHAJM3BT € MOCTPOEH BbPXY peasiHa
NpoLEeaAypa 3a peaiHa CUCTEMa B €BPOIEHCKH MTPOESKT
3a BUCOKOCKOPOCTHA JKeJe30IbTHa TuHus [110B KB —
CeuieHrpan — Typcka/rpblka rpaHuid Ha Harmo-
HanHa Komnanus XenesonbsrHa MHppacTpykTypa —
bwirapusi.

3a enrekTpuUIUPAHETO HA K.II. JIUHUSA [1noBIuB
— Ceuuenrpag, dasa 1 - yuactbk Kpymoso - IIspBo-
Mail TpsgOBa Ja ce MPOEKTHpa KOHTAaKTHA CHCTEMa,
BKJIIOYBAIlla KaTO OCHOBEH EJIEMEHT eIMHUYHA Be-
pIJKHA KOMITIEHCHpaHa KOHTAKTHA MpPEeXa 3a CUCTeMa
Ha Toka 25 kV/50 Hz u 3a ckopoct Ha asuxenue 200
km/h. To 3amaHue Mpexxara ce M3NBIHABA C MEAEH
JIETUpaH KOHTAaKTEH MpPOBOAHUK CbC cedeHue 120
mm? u 6poH30B0 HOcemo Bhxe 70 mm?. I'eorpadc-
KOTO PAa3IoJIOKEHUE Ha 0OEKTa € TaKoBa, 4ye Ompe-
Jielist yCloBUsl Ha paboTa B yMepeH Kiumar 30Ha N,
kareropus I cernacuno BJ1C 4972-71, naamopcka Bu-
counHa 10 2000 m ¥ KTUMaTUYHHU TapaMeTPH 32 KIIH-
martudeH paiton II. Xapakrepuctukure Ha RAMS ca

3aBHCUMH OT MOBPEANTE U OTKA3UTE, KOUTO CE MPOsi-
BSIBaT BHTPE B CHCTEMaTa Ha KOWTO M J]a € eTam Ha
JKM3HEHUs 1UKbI (ycioBusi Ha cucremara Us) , OT
CMYILaBaIllUTE Bb3/1€HCTBUSA, HA KOUTO CUCTEMATa Ce
MoJIjIara 1o BpeMe Ha eKciuioararusara (yCIoBHsS Ha
exciutoatanys Ue) 1 OT Bb3ACHCTBYS, TIPEAN3BUKAHI
TI0 BpeMe Ha TEXHHYECKOTO 00CITy>KBaHe (yCIOBHS Ha
TexHUUeCcKo obciyxBane Uto).

3a nma ObIAT OCHIIECTBEHH H3HCKBAHHMATA Ha
RAMS, xonkperHaTa cucrema TpsioBa:
- 1a ce mpoektupa u m3nbiHsaBa ceriacHo BJIC EN
50 119-2004 “Kene3onbTHa TexHuKa. CTalMOHapHU
CHOPBHKEHHS. BB3AylIHM KOHTAKTHH CHCTEMH 32
€JIEKTPUYECKHU TPAHCHIOPT’ C MAKCUMAJIHO OIIPOCTEHA
CXeMa 3a eJIeKTPO3axpaHBaHE U CEKIIMOHHpAHE, 1103~
BOJISIBAIO OBP30, JIECCHO U TOYHO HAMHUPAHE U OTCT-
paHsBaHE Ha OTKa3WTe, MOBPEIUTE UM aBAPHHTE;
- J1a BKJIFOUBA €JIEMEHTH y/I0BJICTBOPSBAIIN H3HCKBA-
HUSATA 32 HAAEKIHOCT, PEMOHTOIPUTOJHOCT U IbIBI
€KCII0ATallMOHEH JKUBOT ITPU ChILECTBYBAIUTE €KC-
IUI0ATAllMOHHU U KIIMMAaTUYHH YCIIOBHsL, KaTo ce Mpu-
jarat v J0Kake CbOTBETCTBUETO C M3UCKBAaHHATA IO~
coyeHu B I'maBa 5 Ha TexHuuecka crecuukanus
TC-XKHU. “TIloncucrema enekTpo3axpaHBaHE Ha TATOB
moaBmkeH c¢weraB 25 kV, 50 Hz. KonrakTtHa cuc-
Tema”, 2006 T
- KOJIJMYECTBEHUTE CTOMHOCTH Ha IOKAa3aTeNIUTE 3a
HaJIeKJHOCT, PEMOHTOIIPUIOIHOCT U €KCIUIoaTa-1u-
OHHA TOTOBHOCT [TIOCOYCHH B Ta3U KOHIEIILU CE ITPO-
BepsABaT 110 BpeMe Ha rapaHLMOHHMS CPOK U ce MOoJ-
JIbp’KaT Ha MPOEKTHOTO HUBO B IpOIieca Ha eKCILIoa-
TaIMs 32 LENUs J)KU3HeH LUKBI Ype3 MpujlaraHe Ha
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I'naBa tpera, paznenu I, 111, IV, V u VI ot “IIpaBuin-
HUK 32 TeXHHYECKa eKCIUIOATaI[Msl Ha KOHTAKTHATa
mpexa 25kV, 50 Hz”, MuHHCTEepCTBO Ha TpaHC-
mopra, 1991 1.

OCHOBEH NPUHIUN Ha pa3paboTKaTa € MPON3BO-
nen EBporneticku npoekT (o3HaueH “OP”) na ob1e 00-
XBaHAT OT CHCTEMEH IOJIXO]I.

B ciyuas ako Us, Ue u Uto ca rimaBHUTE OACUCTEMH
Ha RAMS, xouto mpencraBst oOekra, mpeaMeT Ha
9P, To

OP = RAMS(Us, Ue, Uto) (1)

OTTYK MOJCHCTEMHTE CE€ IMPEACTaBAT ChC CIEI-
HUTE MHOXKECTBEHH MOJICITH:

3a ycnoBusa Ha cucremara Usi
o > I— kpaceH Opoii;

1ipu (i:]+06),

Us = [Usi](i=1+a) 2)
3a ycnoBus Ha excrutoaranust Uep nipu (p=1+E); &
> 1 — xpaeH Opotii;
Ue = [Uep](p=1+¢) 3
3a ycnoBus Ha TexHHYecKo obcmyxBane Ufog
npu (q=1+g); ¢ > 1 — xpaeH Opoii;
Uto = [Utoq](q=1-¢) “
Crnen 3aMecTBaHe ce Mojy4aBa 000OIIEHHUS MO-
Jen:
RAMS = F{[Usi] (i=1+a), [Uep](p=1+¢),
[Utoq] (q=1-¢)} (5)

KOHIEIIIIHUSI HA RAMS

Bcesika xonmernust Ha poekT mo RAMS TpsibBa
Jla LIeJIM OCUTYpSIBaHE Ha BHCOKO HMBO Ha HAJIEXK[I-
HOCT, EKCIJIOATallHOHHAa TOTOBHOCT, PEMOHTOIPH-
rogHoCT U 6e3omacHocT (RAMS) Ha dyHKIIOHUpaHe
Ha OIpeJie/IeHa CUCTeMa B ChOTBETCTBHE C M3HCKBa-
HUATa U npenopbkute Ha EBpomneiicku cranapt, B
ciydast EN 50126 “Cnecuduxanus 1 10Ka3aTeacTBO
Ha HaJEeXAHOCTTA, CKCIUIOATALIOHHATa TOTOBHOCT,
PEMOHTONIPUTOTHOCTTA U OE30IIaCHOCTTA 33 U303~
BaHe B k.1. TpaHcnoptr” — CENELEC, 1999 ¢ otun-
TaHe Ha IpeAINUCaHUITa 3alerHalIu B 3aJaHUETO KbM
TpBXKHATA JOKyMEHTAIMsI Ha KOHKpeTeH 00exT. Oc-
HOBHHUTE 3aJlaudl CE CBEXJAT O Ch3/1aBaHE HA Bb3-
MO>KHOCTH 3a:

o [IpakTHyecko NPHIOKEHNE Ha Ae(DHHUPAHH B
KOHLENIMATA IIOKa3aTeld 3a OLIEHKa Ha HaJexKI-
HOCTTa, PEMOHTOIIPUTOJHOCTTa M  €KcIuloarta-
LIMOHHATa TOTOBHOCT HA OIpe/ieNieHa CUCTEMA;

e l3noi3BaHe Ha €IEMEHTHTE OT Iporpamara 3a
ynpaBneane ©Ha RAMS B moroBopHara

JOKYMEHTAIIUSI HA JIOCTABYUIMTE Ha ChOPHIKCHUATA
H eJIEMEHTHUTE I,

e (CneneHe Ha KOJUYSCTBEHUTE CTOMHOCTH Ha
neuHUpaHUTE B KOHIEHIMATA  [MOKA3aTeld 3a
HaJEXITHOCT, PEMOHTONPHUTOJHOCT "
eKCIUIOATAllMOHHA TOTOBHOCT Ha pasriieKIaHaTa
cucrema. KoanyecTBEHUTE CTOMHOCTH Ha IOKa3aTe-
JIUTE B KOHIENIUATa OM TpsOBao Ja MOJJICKAT Ha
MpoBepKa IO BpEeMEe Ha TapaHIUOHHHSA CPOK Ha
cucremara W TpsiOBa na ObIAT ce MOMAbPKAHU HA
MIPOEKTHO HUBO B ITPOIIeca Ha EKCILIOATALINS 32 IeIIHS
JKM3HEH IUKBJI 4pe3 MpHjaraHe Ha TOJIMTHKATa 3a
TEXHUYECKO 0OCITyKBaHE.

CIIEHUOHUKANIUA HA KOJITMYECTBEHUTE
CTOMHOCTHU HA NOKA3ATEJIMUTE

3a KOIMYEeCTBEHUTE CTOHHOCTH Ha MOKa3aTeIuTe
3a oneHka Ha RAMS B koHuenuusTa ce mnpuemar
KOHKPETHH CTOMHOCTHTE CBIVIACHO TPHKHATA CIICIIU-
(buKamys, KakTo cie/iBa;

e TIOKa3aTel 3a OIeHKAa Ha HaAeXKIHOCTTA — He
noBede oT N 0TKa3Hu 32 KOHKPETEH IepHO OT BPeMe;

®  EKCIUIOATAIMOHHA TOTOBHOCT A -
nedunupana karo (EN 50126, Tlpunoxenue C,

Ttabmuna C3).
MUT

A= (6)
MUT+MDT
KBIETO: A - TeXHMYECKa eKCIIOATallHOHHA T'OTOB-
HocT; MUT - cpenHo BpeMme Ha U3IPABHO ChCTOSHHE
3a JaneH kanenaapeH cpok; MDT - cpenno Bpeme Ha
HEU3IPABHO ChCTOSHUE 3a J1aJICH KaJeHJapeH CPOK.
® PEMOHTONPHUrogHOCT R — cpenHo Bpeme 3a
OTKpHBaHE W WJCHTHU(HIUpAHE HAa OTKa3uTe M 3a
TAXHOTO OTCTpaHsBaHE, TAKOBA, Y€ J1a CE MOCTHTHE
HUBOTO Ha TIIOKasaTeis 3a eKCIUIoAaTalluOHHA
roTOBHOCT — T.2.4.6 (a);

e (e3zonacHOCT B - He e 3aja/1eHa KOJIMYeCcTBeHA
CTOMHOCT Ha TOKa3aTelasl 3a HHBO Ha OINACHHU
CBHOMTHS, HO CE M3UCKBA IMOCOYBAHETO HA PELICHUS,
KOUTO /1a OCHUTYpSIBAaT, JOKOJIKOTO € MPUIOKHMO B
IIPAaKTUKATA.

Ax0 0000IIMM KOJMYECTBEHUTE CTOMHOCTH Ha
roKasaresuTe 3a oneHka Ha RAMS 3a npousBosiHUS
npoekt OP, To Te me 6paat:
3a nanexxauoct Nj nipu (j=1+p), f > I— xpaeH Opoii

N =[NjlG=1+p) (7

3a eKkcIloaTallMOHHa TOTOBHOCT Am  1pH
(m=1+¢); {> I — xpaeH OpOii.
A = [Am],(m=1+() ®)
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3a pemoHTONpHUrogHOCT Rk mpH
0 > I — kpaeH Opo#.
R = [Rk], (k=1-0) ©)]
3a 6e3onacuHoct Bl mpu (¢=1+y); y > 1 — KpaeH
Opoii.

(k=1+9);

B =[Bl], (t=1+y) (10)
O0equHEHNETO 1IE OBIE:
OP = RAMS(Nj, Am, Rk, Bl) (1D
OTTYK IO 3aMECTBaHE
RAMS =F{[Nj](j=1+f), [Am](m=1+(),
[RK] (k=1=0), [Bl]({=1+y)} (12)

HAJIEXKIHOCT

IenuTte Ha HAAEKIHOCTTA Ca TOCTUI'AHE HA U3UCKBA-
HaTa paboOTOCIOCOOHOCT HA CHCTEMaTa 3a KOHKPET-
HOTO NPHJIOKeHUE (KOHTAKTHA Mpexa 3a eJIeKTpudu-
[YpaHa XK.IL. JIMHUS). 3a [1a Ce OCHIIEeCTBA HAIEKTHA
cucrema, TpsAOBa Aa ObAaT UACHTUPHUIUpaHH (DaKTO-
pHTE, KOMTO BIUSIAT HA XapaKTEPUCTHKUTE Ha CHCTe-
Mara, KaTo MPUYUHUTE 32 YIPaKHIBaHUTE Bb3ACHCT-
BUsI TPIOBa Ja Ce HAMUPAT MOJ KOHTPOII 10 1moa00a-
Bail HaunH. Criecudukara Ha .I. KOHTAKTHA Mpexa
o x.1. nuHusATa [InoBaus - CBuneHrpaa gaea npe-
JUMCTBO Ha (aktopa “ycioBus Ha cucremara” Us
BBPXY IOKa3aTelIsl 32 HaJEeKIHOCT (TEXHUIECKU HIIH
PEMOHTHU IPHYMHH) B CPaBHEHHE C BIMSHHUETO HA
(dakTopuTe “yCIIOBHS Ha TEXHHYECKO OOCIykBaHE”
Uto mm “ycnoBust Ha ekcroioatanus” Ue, ako pas-
Oupa ce Mpu IPOEKTUPAHETO Ca OTUYETEHH MPABHIHO
yTeXHsBAIIUTe (HAKTOPU KaTo: TEeMIEPaTypHH, BET-
pOBH, OOJIEICHUTENIHA U arpeCUBHU Bb3/IEHCTBUS Ha
OKOJTHATa CpeJa.
KosmuecTBeHo aelHOCTTa 1o IpoduIaKTHKATa
Ha KOHTaKTHaTa CHCTEMa MOXKE JIa C€ OLIEHU 4pe3 Io-
kazarenss MTTM (EN 50126, Ilpunoxenue C, Ta6-
muna C2) — naBami npejicTaBa 3a CpegHaTta Mpoabli-
JKUTETTHOCT Ha TEXHIMIECKO 00CITy)KBaHe 3a aJieH Ka-
JIEH/IapeH CPOK, KOSITO Ce OIpesieNst KaTo:
MTTM = —%1 Liry
i=1li 4
KBJIETO: tiTo — BPEME 32 M3BBPIIBAHE HA 1 —TOTO TeX-
HIYeCcKO 00cIyXBaHe; n — Opol Ha TEXHUIECKHUTE 00-
CITy)KBaHHS 32 JaJIeH KaJICHIapeH CPOK.
OtHocHO npousBosHUs npoekt OP 3a MTTMn npu
(n=1+7); A > 1 —xpaeH Opoii;
MTTM = [MTTMn] (n=1+4) (13)

BE3OINACHOCT

IMonutHkaTa 3a 0E30MACHOCT Ha KOHKPETHATA
CHCTeMa M3MCKBA MOCOYBAHE HA PEIICHHUSI, KOUTO Ja
ocurypsBat npo0OyieMuTe Ha nojcucremara Bl, kosto
Beue Ocie nedpunupana c (10).

HuBOTO Ha BEpOATHOCT 32 0OE30MACHOCT HE Ce
HOpPMHpA, HO ca MMOCOYCHH U TPsIOBa [a CC U3ITBIHAT
3a/IbJDKUTEHE MEPKH 32 Mpe/a3BaHe OT HEIACTHU
CIIy4ad ChIIIACHO ChOTBETHHTE HOPMATHUBHH aKTOBE.

EKCIINIOATAIIMOHHA I'OTOBHOCT

OCHOBHHTE HACOKH Ha IMOJIMTHUKATA 32 JJOCTH-
raHe Ha HenuTe (3aJaJICHUTEe CTOWHOCTH Ha KOJIH-
YEeCTBEHH IOKA3aTEeNH 33 eKCIUIOAaTalluOHHA TOTOB-
HOCT M HaJEXIHOCT) ca oTbens3anu B 1.3, Xapak-
TEepUCTHKA Ha cucTemara, T.4, HagexmHocT 1 T.5.
TexHuuecko oOCTy)KBaHe Ha Ta3M TexHHYecKa
crieruQpuKaIus.

3amaseHaTa CTOWHOCT Ha KOS(DUIMECHTA Ha eK-
cIutoaTaloHHa rotroBHOCT (1.2. Criecuukanus Ha
3a/1aJIeCHUTE KOJMNYECTBEHH CTOMHOCTU Ha MOKa3a-
TEJHUTE), KOSATO € B MpsiKa 3aBUCUMOCT OT Opos Ha
BB3HHMKHAJIUTE OTKAa3W 3a JAJICH KAJICHOAPEH CPOK
(HazmeX)AHOCTTA), MOXKE Jla CE€ JOKaXKE CIUHCTBEHO
OT JaHHU TOJyYEHH B peasiHa eKCII0aTaIHs.

ITo ananorus ¢ KoeUIMEHTa Ha EKCILIOATAIH-
OHHA TOTOBHOCT A, MOXKE Ja ce ONpeNeny U Koehu-
[MeHTa Ha TEXHUYECKO M3MOJI3BaHe Ha CHCTeMaTa 3a
CBIIMS KaJIeHAApeH CpPOK — AT, KaTto IoKasaTed,
KOHWTO OLEHsABA KOJMYECTBEHO OOLIATa MPOIBIDKU-
TEITHOCT Ha W3MpaBHA paboTa ¢ OTYMTAHE KAKTO Ha
MIPECTOUTE 3a MPOPHIAKTHYHO 00CITy)KBaHE Ha CBHO-
PBKEHUATA, TaKa U 32 BH3CTAHOBSIBAHE HA BBH3HUK-
HaJIM OTKAa3H:

n
i=1ti

DY LI i

AT=

Kbaero YJ-; t; - CyMapHO BpeMe Ha W3IpaBHA pa-
0oTa 3a 1a/ieH KaJleHAapeH NeprHo/l.

OtHOCHO npou3BOJTHUS IPoekT DP 3a ATb, Kb-
nero (b=1+y); y > 1 — kpaeH Opoii, MHO)KECTBEHHST
MOJIeN €, ChOTBETHO:

Am = [Amb] (b=1+y) (14)

CTPYKTYPA HA TIPOI'PAMATA HA
RAMS
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Cb3/1aBaHETO Ha YBEPEHOCT, Y€ U3UCKBAHUSTA
kbM RAMS 1ie 0baaT MOCTUTHATH ce 00JieKdYaBa
ChC ChCTaBsHETO Ha [Iporpama 3a ympaBlieHHE U
OpraHu3aIys Ha JeHHOCTUTE HACOUCHHU KbM ITOCTH-
raHe Ha [eJINTE MPU BCUYKHU €TaIi Ha KOHLCIIUATA
B paMKHTE Ha >XH3HEHHUS IMKBJI Ha CHCTEMaTa
(BAC EN 50126-1999, 1.5.2). B cranmapra B 0011
BHJI, KaTO yHHBEpCaJHa CTPYKTypa, € IOoKa3aHa
cXeMaTa Ha JKM3HEHHS IIUKBJ Ha CJIOKHA CHCTEMA.
3a pasriexaaHus ciydail ce mpueMa IocoYeHara
[o-J10Jly ajanTHpaHa CXeMma, ChOTBETCTBAalla Ha
cnenuduKaTa Ha KOHKpeTHaTa cuctema. Gopmyu-
paT CC CJIICAHUTEC C€Tallh Ha XHU3HCHUIA LHUKBJI B
IIporpamara 3a uenute Ha RAMS:

[1 Konuenmus;

XapakTepHCTUKH Ha CHCTEMATa,
UsuckBanus kbM RAMS;
IlonuTHKa 3a MOCTUTaHE Ha IEINTE Ha
RAMS;
[ ba3oB u jeTailyieH MPOEKT Ha KOHKPEeTHATA
CHCTEMa;
CTpoOUTETHO-MOHTAXHU paboOTH;
AtecTanys 1 IpueMaHe Ha CUCTEMATa;
Excrnoaranus B rapaHIIMOHEH CPOK;
[J Onenka Ha RAMS cien HabirogaBaHa eK-
CILIOATAIlH.

IIepBuTe 4 eramna (KOHIENINS, XapaKTepUC-
THKHW Ha CHCTEMaTa, H3UCKBaHUSI KbM RAMS, mo-
JINTHKA 3a MMOCTHTaHe Ha nenute Ha RAMS) nmar
(dyHIaMeHTaJICH XapaKkTep.

MOJEJ HA KOE®OUIIMEHTA HA EKCILJIO-
ATAIHMOHHA I'OTOBHOCT

ITo cBosita (pu3MHecKa CHIIHOCT KOC(HHIMCHTHT
Ha eKCIUI0ATAlMOHHA TOTOBHOCT A MPEICTaBIsiBa Be-
pOSITHOCTTA KOHKPETHATa CHCTEMa Ja € M3IIpaBHA B
IPOU3BOIHO U30paH MOMEHT OT Bpeme. Toii ce ompe-
Jens KaTo OTHOIICHHE Ha CyMapHOTO BpeMe Ha M3II-
paBHa paboTa Y-, t; KbM CyMara OT OOIIOTO BpeMe
Ha u3IpaBHa paboTa ¥ 00II0TO BpeMe Ha IIPECTOH 3a
BB3CTAHOBSIBAHE Ha BB3HUKHAIM OTKa3W ),i—qT; 32
eIMH U ChII[ KaICHAAPeH CPOK, T.C.,

n

n ot

A = i=1°i
T

Z?=1ti +Z?=1 T ’

KBJICTO: N - OpOH Ha BB3HUKHAIMTE OTKA3H 3a Jlajie-
HHSI KQJICH/IapeH CPOK.
Karo ce paznenu uucnurenst 1 3HaMEHATeNsl Ha TOp-
HOTO ypaBHEHHE Ha OpOsl Ha BBH3HMKHAIUTE OTKAa3H
,1”” ¥ KaTo ce B3eMe MPEIBUI, Te:

n

il t

i=1%

= MUT

- TIPEJICTABIISIBA CPETHO BPEME Ha M3IPABHO ChCTOS-

HUE HA CUCTEMaATa 3a JaICHUA KAJICHAAPECH CPOK;
n

P ‘L'.
2= — MDT
n

- IpeICTaBisBa CPEIHOTO BpPEME Ha HEHM3IPABHO
CBCTOSHHE 3a JIaJICHHUs KaJleHIapeH CPOK, ce MOy-
YyaBa 3aBUCHMOCTTA 32 KOC(UIIMCHTa Ha eKCIIoaTa-
IIMOHHA TOTOBHOCT A BBB Buj1a nocoueH B EN 50126,

1999, a umeHHO:
MUT

MUT + MDT
AHaJOruyeH € HaYMHBT 32 U3YUCIISIBAHE HA CTOM-

HOCTTa Ha KOe(HIIEeHTa Ha TEXHIIECKO H3II0I3BaHEe
Ar, 3a KOHTO € HeoOXOAUMO J1a Ce 3Hae U CyMaTa Ha
BpEMEHAaTa Ha IPEKbCBAHE HAa EKCIUIoATalMATa 3a
TEXHUYECKO 00CIykBaHE (ILIaHOBO-IIPEAyIpenuTe-
JIEH PEMOHT) 3a CBIIUS KaJeHIapeH CPOK.

3a yacTHUA Cydaii, KoraTo Oposi Ha IPEeKbCBAHHU-
ATa 32 TEXHUYECKO 00CITy>KBaHe 1 Opost Ha Bb3HUKHA-
JIMTE OTKA3M 3a PasTIeKNaHUs KaleHIapeH CPoK ca
eTHAKBH, KOCQUIMECHTHT HA TEXHUIECKO M3MOI3BaHE

MOJKE /Ia Ce TPE/ICTaBH, 3a aHAJIOTHS C A, BBB BHJIA!
MUT

7" MUT + MDT + MTTM
OTHOCHO TpoM3BOIHHS TPOeKT DP 3a ATt, KBIETO

(t=1+m); ® > 1 — kpaeH Opoii, MHOKECTBEHHAT MOJIET
€ ChbOTBETHO:

Am = [Amt] (t=1+w) (15)

3AK/IIOYEHHUE

B mpoueca no paspaboTBaHe Ha M3UCKBAHUATA
KbM CHCL[I/Iq)I/IKaL[I/ISITa Ha cucreéMara Ca BBBJICYHCHU
Tpu cTpanu. [IppBara crpana e TeXHUIECKHAT MEHH-
oKkbp. B xomkpernus mpoekt TtoBa ¢ HK K.
TsXHO 3aJbDKEHHE, CHIIIACHO CTAaHIAPTUTE, € TOATO-
TOBKaTa Ha TeXHHYecKara crenudukanus. MHOro
YeCTO W3IBJIHCHWETO Ha Ta3W 3ajava ce Bb3Jiara
IpsIKO Ha (WM B CHTPYIHHYECTBO) HHJIYCTPHATHH
paspaborunmu (mpom3BoauTeNn). Tpera cTpaHa ca
HaOJIofaBaluTe OpraHu (opraHure mo Oesomac-
HOCT), KOMTO TpsI0Ba J1a MHCIIEKTUPAT U3UCKBAHUSITA
Ha crenu(UKanuiTa, OCUTYpSIBalKU ChOTBETCTBUE
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ChC CTAaHIAPTHTE. 32 KOHKPETHHS IPOEKT TO3H OpraH
¢ Msnbnaurenna Arennms ,,KenezombTHa AaMu-
HHUCTpauuss” KbM MHUHHCTEPCTBOTO Ha TPAHCIOPTA,
HO cyOekTuTe OuMxa OMIM CHOTBETHO PA3IMYHU MPH
pasnuyau 00eKTH Ha KOHTpo. EBpomeiickara mpak-
THKa IT0Ka3Ba, 4e padoTaTa 110 HHCIIEKTHPAHE Ce Bb3-
Jlara 4ecTo Ha He3aBHCUM OLICHUTEI, KOMTO € eKcIepT
B ChOTBETHATa NpuIoKHa o0acT. Ciien mpuemMane Ha
WM3MCKBAaHMATA HA TEXHWYECKaTa crneunuxanus pa-
OoTara ce mpexaBa Ha WHIYCTpPUAIHUTE Pa3paboT-
YHIIM, KOUTO IPaBAT peanu3alusara Ha crenuduka-
[USITa B KAYECTBOTO CH Ha JIOCTaBYHK.

W3Benenure 10 TyK MOZENH IO3BOJIABAT Jla Ce
(dhopmupa Mozena Ha RAMS 3a npou3BOIHUS TPOCSKT
OP, kato 0OCAMHEHHMETO 1€ Aaae CJIEIHATA 3aBHCH-
MOCT CJIe]] 3aMECTBaHe:

RAMS ={[Usi](i=1+a),[Uep] (p=1+¢).[Utogq] (q=1+¢
VLN G=1=P)[MTTMn] (n=1+7) (12)

[Am] (m=1+0)[Amb] (b=1+y)[Amt] (t=1+w),

[Rk](k=1+0), [BI](t=1+y)}.
Heo6xonumu ca u3cienBaHus U eKCIIEPUMEHTH, Ka-
cacuIy MOJICIIMPAaHEeTO Ha CUCTEMH, BOZCUIM JIO pe-
QJTHU ¥ C PaKTUYeCcKa CTOHHOCT pe3ynratu. HeoOxo-
JIUMU Ca CPaBHUTEIIHU CKCIIEPUMEHTH MEXY pe3yJi-
TaTUTE OT AHAIUTHYHOTO MOJCIMPAHE U PA3THIHU
pearHo paboTeNH U N3MOJI3BAHN B IIPAKTHKATA CHC-
TemMu B JabopatopHu ycioBus. Hactosimara paspa-
00TKa He TPEeTeHANpA 3a U3UYEPHATETHOCT Ha MPoo-
JeMa, HO JlaBa HacokaTa Ha ObJemara padoTta Ha 00-
nacrtra. (Jokmaneana OTCK 2010 t.)

CONFORMITY ASSESSMENT IN RESPECT OF THE EUROPEAN TECHNICAL LEGIS-
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Communication, signaling and processing systems - Safety-
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systems. 2001.

5. TpbxHU nokymeHTH — TexHuuecka creuudukanms
ILmoBaus - Ceunenrpan PekoHcTpykims u enekrpuduxa-
LU Ha KM TMHUATa 1o kopunopu IV & IX”, ISPA — EIB,
Haumonanua kommnanus ,,)Kene3ombTHa uHGpacTpykTypa”,
2004 r.

6. Cangancku b., M. Cangancku, “CB0o0O0IHO JBIDKEHUE
M KOHKYPEHTHOCHOCOOHOCT Ha mpoaykTtute B EBpomeiic-
Kkus cpro3”, Usx. COOTTPENM]L, C., 2009.

7. UBanoB, E., H.CtoiiueBa, EBponeiickute HOpMH B OCH-
rypurenHaTta TexHuka, Crmcanue ‘“XKeneszombTeH TpaHc-
nopt”, ctp.37-40,10 6poii, 2004

8. Strategic Rail Research Agenda — Technical Annex,
ERRAC, 2002, http://www.errac.org/docs/
ERRAC SRRA Tech Annex.pdf

9. http://europa.eu.int/comm/transport/rail/era/doc/
wp2005.pdf

10. CroiiueBa, H., MunueB b., [Ipeanoxenue 3a oneHka
Ha 0E€30I1aCHOCTTa Ha CHBPEMCHHUTE JKEJIC30IBTHH CHC-
TEeMHU 3a ynpasiieHHe U KoHTpoi, XIX MexnyHapoaHa Ha-
yuna koH¢pepenuus “TPAHCIIOPT 2009”.

LATION REGARDING RELIABILITY, AVAILABILITY, MAINTAINABILITY AND
SAFETY (RAMS) IN EU PROJECTS

Galya RADEVA Milcho GEORGIEV
Fundamentals of design department, Technical University-Sofia, Bulgaria

galya.radeva@gmail.com, mtge@tu-sofia.bg

Abstract: As far as the systems, products and relationships between the sectors cultivate more and more and become more
complex, the RAMS standards form a necessity, which could decrease the necessary resources. These standards are the best
the economic standards, including contemporary high-tech goods/services like transport, space industry and others, where the
safety and precise issue are of exclusive importance.

The analyses is built on a real procedure of a real system in European project for high speed railway track Plovdiv — Svilengrad
— Turkish/Greek border of the National Company Railway Infrastructure — Bulgaria.

The quoted specific requirements are an integral part of the Total Quality Control and are incredibly complicated because of
their innovative character and lack of essential information, so this development could be of considerable advantage for this
area’ specialists.
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HN3650P HA PABOTEH ®JIYU/ 3A HUCKOTEMIIEPATYPEH JIBY®A3EH
TEPMOCH®OH

Jumutsp KHPOB!, Taep MYHUC?

Ixarenpa ,, Tomtorexuuka”, Enepro-Mammnoctpourenen @axynrer, Texuuuecku yHusepeuter - Codus, Buirapus

e-mail: kirov@ecotop.bg
2xatenpa ,,Tomnorexuuka”, Enepro-Mamunoctpouresen ®axynrer, Texauuecku yausepcutet - Codus, buarapus
e-mail: thaer692004@yahoo.com

Pestome: M3noxeHu ca pesynTaTd OT M3ClIegBaHe Ha TepMOCH(BOHM C paziauuHu pabotHu ¢uayuan. OnucaHu ca
KpUTepHUTE 32 H300pa Ha IOAXOI ToIuoHocuTe. Haii-noOpu pesynratu nokassa TepMocu(OH, H3pabOTEeH OT MeJHA
Tpb0a U 3aIbJIHEH C IMETHIIOB eTep. XapaKTepHO € PaBHOMEPHOTO paslpe/ieieHue Ha TeMIIepaTypaTa o JbDKUHATa Ha

TepMOCU]OHa.

Kio4oBu xymu: TepMocH(OH, TOIIOHOCHTEN, PaboTeH (GIyna, AUSTUIOB eTep

TepMocupOHBT € XepMETUUECKH 3aTBOPEHA TPh-
6a, B KOATO C€ IIOCTaBsl OIPEIEICHO KOIUYECTBO
¢nyun, B nonHust kpail, Tppbara ce HarpsiBa, Ted-
HOCTTa ce IpeoOpasyBa B Iapa, KOSTO Ce M3IWra
Harope KbM cTyaeHus kpail. [Ipu oxnaxnane napara
KOHJICH3MPa U MO BB3ICHCTBUETO HAa IPaBUTAI[OH-
HU CHJIM C€ CcTHYa KbM ropeuus kpail. Ckpurara
TOIUIMHA OT HapooOpas3yBaHETO € MOCTAaThbYHO TO-
JsIMa I0pH TIPY MHOTO MaJlka TeMIIepaTypHa pa3inKa
MEXKIy ABaTa Kpas Ha TepMocudoHa. ToBa CBOWCTBO
rmoMara Ha I0ZIOOHa KOHCTPYKLHMS Jla MMa BHCOKA
epexTuBHa Tomonpoomumoct [1]. BwusyamHo
MIPUHLMUITHA CXeMa Ha TepMOCH(OH MOXKeE J1a c€ BHIH
Ha Qur. 1.

Balla pOJii UMar CICJHUTE OCHOBHH CJIEMCHTH,
YUHATO HM300p 3aBHCH OT HM30paHUsl TeMIIepaTypeH
JMaTa3oH:

=  KOHCTPYKIIHS Ha KOPITyCa,

= BUJ Ha paboTHUA QIyux;

=  CTeIeH Ha 3aITbJIBaHE,
N360pbT Ha moaxonsul paboreH (iayun 3aBHCH OT
3aganeHuss pabOTeH TemIlepaTypeH HHTepBal Ha
mapHata (a3a. AHATU3BT HA Pa3IUYHHUTE PAOOTHHU
Gnyumu pasriienanu B Tabnuia 1. mokas3sa, ue B
MIPUOIH3UTENCH TEMIIEPAaTypeH MHTEpBal Morar Ja
MoNaJHAT HAKOJIKO paboTHH (uyuna. M300pbT Ha
HaW-TIOJXO/SIIIMS OT TAX, 32 MOCTaBEeHaTa 33/1a4a, ce
MOCTHTA CJIeA 3aIbI00YeH AaHAM3 Ha TEXHHUTE
cBoiicTBa[3]

o — Cexvop Ha Ta6a.1 Paboruu duynan 3a tepmocudoHn
Tonnwka N KoHOeH3epa TeMHepaTypa
S = — Temmneparypa| Ha KHUIICHE Paboten
Dnynn Ha TOINeHe, |mnpH atMocdep{ AuanasoH,
(C°) HO HaJjsira- (€°)
o He,(C°)
n — Xeanii -272 -269 -271/-269
noToK l £hron A3or -210 -196 -203/160
AMOHSIK -78 -33 -60/100
Kopnye ———= ®peon 11 -111 24 -40/120
IlenTan -130 28 -20/120
- ®peon 113 -35 48 -10/100
T _ 1 A1neToH -95 57 0/120
— uanapuTens MeTaHoJ -98 64 10/130
DayrexPP2 -50 76 10/160
¢ur.1 INpuHimIHA cXeMa Ha TepMOCH(POH Temmnepatypa| Temneparypa| PabGoten
(I)J'[yI/IZ[ Ha TOIICHC, Ha KHUIICHE JHuaria3oH,
3a e(heKTHBHOCTTA Ha BCEKH TEPMOCH(OH peliia- ) npu aTmMocdep (%)
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HO Haysra-
He,(C°)
ETtanoa -112 78 0/130
XenTan -90 98 0/150
Boaa 0 100 30/200
TyJoa -95 110 50/200
DayrexPP9 -70 160 0/225
Tepmekc 12 257 150/395
Kusak -39 361 250/650
Ie3mii 29 670 450/900
Kaamii 62 774 500/1000
Hartpuii 98 892 600/1200
JluTuit 179 1340 1000/1800
Cpedpo 960 2212 1800/2300

Baxxuu u3uckBaHuA KbM paOOTHUS QIIyun ca:

®  CBBMECTHMOCT C MaTepualia Ha KOpILyca;

=  no0pa TepMOYCTOHYMBOCT

®  BB3MOXHOCT Ja OMOKpS JIOCTaTh4HO
Koprmyca (agxesus Ha paboTHus (Qaynj KpM MeTana
Ha KOpITyca);

® 110 BB3MOXKHOCT JIa HMa ToJisiMa TOIUIMHA Ha
(a3oBoO MpeBpEhIIAHE;

*  BHCOK KO€(HIHEHT Ha TOIUIONPOBOIHOCT;

=  HHCKAa CTOHHOCT Ha BHCKO3HMTETa Ha
TeyHaTa U nmapHa dasa.

W3non3BaneTo Ha paOOTHUS (IIyHI 3aBHCH H OT
TEpPMOIMHAMUYHUTE CBOICTBA, CBHP3aHU C Pa3IHy-
HUTE OTPaHUYCHHUS Ha TOIUIMHHUS TIOTOK B TphOara,
KOWUTO C€ MOSIBABAT BCJEACTBUE HAa BUCKO3HH CHIIM,
CKOPOCT, KaltuJIIpHU CHJIH, yCTOﬁqI/IBOCT Ha MCEXIOYy-
cba30BaTa rpaHula U KPUTUYCH TOIUIMHCH IMOTOK ITPU
MEXypecTo KHIICHE.

PaborHara Temmeparypa Ha OpTraHWYHHTE Ted-
HOCTH € HeoOXomuMo aa ObJe IO ONTpeiesieHaTa
KPHUTHYHA CTOWHOCT Ha pasmaj, 3a 1a Moxe aa (yH-
KIUOHHUpPA TePMOCH(OHA M TOIUIOHOCHTENAT Ja He
ce pasyioxH (pasnagHe). 3aToBa € HeoOxoauMa J100pa
TEpPMOYCTOHUMBOCT Ha paboTHUTE (urynan B u3bpa-
HUs pabOTEeH TeMIlepaTypeH HHTEpBall.

ITpu pabotara Ha TepMocupOHA BHPXY MOBBPX-
HOCTTa Ha TeuHaTa (asza JeHCTBAT CHIM Ha 3aIbp-
JKaHe, MOPOJCHH OT MEXITYMOJEKYISIPHOTO IPHB-
JIMYaHe, MPEeMATCTBAIM OTICISTHETO Ha BCSKa €IHA
Monekyna oT TeuHaTa Qaza. Toa 3ambpxkane ce
U3MCHA C IIpOMsHATa Ha TEMIICpaTypaTa W Halidara-
HETO.

W3uckBaHeTo KbM pabOTHHUS QYU € 1a UMa IMo-
rojsiMa TOIUIMHA Ha (a30BO IpEBpBINaHE, 3a 1a
MOXKE J1a C€ MPEHACS MO-TOISIMO KOJIUYECTBO TOILIHU-

Ha ¢ IOo-ManbK NOTOK ¢ayun. Taka ce momoOpsiBa
e(eKTUBHOCTTA Ha TepMOocu(oOHa. 3a HaMaJsIBaHE Ha
paauanHus TEeMIEPaTypeH IpaueHT € HeoOX0auMo
TOIUIOTNPOBOAHOCTTA Ha paboTHHs Quiyun na Obuae
TI0-BHCOKA.

Huckara cTOWHOCT Ha BHCKO3UTETa Ha (uynaa
3a TeYHaTa W mapHata (aza Ou CBENO 10 MUHHMYM
XHAPABIMIHOTO CHIIPOTHUBIICHHE HA OTOLUTE.

Jpyru kputepuu 3a u3dopa Ha Qurynn ca:

. Lena;

=  JIOCTBIHOCT ;

=  CBBMECTHMOCT C [PYTUTE€ H3MOJI3BaHU
MaTepuaIH.

Vnorpebara Ha paboTeH Gayuj 3aBUCH U OT
TeMIIepaTypHUsI WHTEPBAJ, B PEKAMa Ha KOHTO e
paboru Ttepmocudona. B Tabmunara ,,PaGotHu
Guyuam 3a TOIUNTMHHU TPBOU® ce BMXKIA, Ye TPH MO-
HHCKa TeMIleparypa 3a IPeIIiOYnTaHe ca aMOHSKBT,
allETOHBT M AJKOXOJNUTE, HO T€ WUMAaT M IIO-HHCKO
Halsrane Ha mnapute. lIpu CpemHH TeMIepaTypH
500K-650K morar nma ce u3moi3BaT BUCOKOTEMIIepa-
TYpPHH OpPTaHMYHH TOIUIOHOCHUTENH — TEPMEK, Ney-
TepM, CHJIIMKOHOBM TEYHOCTH. Makap Te 1a uMar
HHUCKH CTOIHOCTH Ha MOBBPXHOCTHO HANPEKEHHE U
TOIUIMHA HA W3IAPEHHUE, MPEIUMCTBOTO UM €, 4Ye Ce
XapaKTepu3upar ¢ TOUKa, a He C 00IacT Ha KUIEHE .
IIpu BucoOkM TemmepaTypH ce M3MOJI3BAT TEYHU Me-
TaJM KaTo XUBAK HaIpUMep, KOUTO MMa MOAXOISAIIN
TepMOAMHAMUYHM CBOMcTBa. HeymoOcTBoTO T1pH
HEro € TOKCMYHOCTTa ¥ NPOOJIEeMH IPH OMOKPSHETO
Ha CTeHaTa Ha Kopmyca. B 30Harta Ha BHCOKHTE
TeMIepaTypy TOIXOmaly paboTHH (uynan ca u
LIe3Ul, Kalduil ¥ HaTpuil, HO 3a TemIieparypa Hal
1400K, Haii-npenounuTanu ca aumuii u cpedpo.

IMpu u3z6opa Ha paboTeH ¢uyun B Tasu pabora ce
0azupame Ha CIEIHUTE OTPAHUYUTEITHH YCIOBUSL:

=  TepMOCH(OHBT IIle Ce U3IMO03Ba KATO KPaeH
OTOIUIATEJICH EJICMEHT TPAaBUTALIMOHHO MPH TeMIIe-
patypu 0°C + 90°C. CnenoBarenHo, ToBa € HUCKO-
TeMIEePaTypeH TEPMOCU(OH;

= pabotHHAT (uynm TpsAOBa a MMa IpPHEM-
JIMBA CTOMHOCT Ha TIOBBPXHOCTHO 3aAbpXXaHC H
BHCOK KOe(DUIIMEHT Ha TOIIONPOBOJHOCT;

=  TomMHATa (Temmeparypara) Ha (a3oBo
IPEBpBLIAHE Ja OTroBaps Ha TEXHOJIOTHYHOTO
IpelHa3HAuYeHUEe Ha Mpoleca - B CIydas I0J0BO
(paguaTopHO) OTOIUICHUE WM CITBbHYEBA CHCTEMA;
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= TeMmmeparypa Ha M3napeHue (KOHICH3aIus)
TpsA0Ba Aa ce u3cneABa B MIMPOK JUAIa30H, 3a Ja ce
YCT@HOBH ONTUMAJIHATA 32 ClIy4asi CTOHHOCT;

= pabotHusT Quyua TpsOBa ma Obae eKoJo-
THYeH, JOCTHIIECH U C HHUCKA IIeHa.

B®3 0CHOBa Ha TE3M OIMICAHU YCIIOBUS € IeTIeCh-
o0pas3Ho na u30epeM 3a eKCIEePUMEHTUTE CIICTHHUTE
ITepHATUBHH pabOTHU (QiyHam — BIXK TpadukaTta
Ha ¢ur. 2 [2].

Wsnapseaump ce TewHooTH

TonnuHa Ha WanapeHue
48,000 T T T T T T

44,000
40,000
36,000
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Tonnuna Ha Wanapenue [J/mol]
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4,000
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240 280 320 360 400 440 480 520 560 GO0 G40 680

Temnepatypa [K]
¢ur. 2 N360p Ha Guynan

A. Eranon 95% - Temnieparypa Ha uznapenue 78°C.
Juana3zon Ha yHkiponupane 0°C + 130°C.

b. Aueron - remneparypa Ha uznapenue 57°C. luana-
30H Ha ynkumnonupane 0°C + 120°C.

B. Iuetnnos etep - Temneparypa Ha nznapenue 34°C.
Junana3oH Ha GYHKIIMOHUPAHE 0°C + 120°C.

I'. ®peon 134A- Temneparypa Ha nznapenne 20°C.
Juana3on Ha Gpyukiponupane 0°C + 130°C.

B®3 0CcHOBa Ha U3JIOKEHOTO [0 TYK U aHAIM3BT Ha
napameTpuTe, HanpaseH B [4], ca MpoBeleHH cepus
OT EKCIEePUMEHTAIHH H3CIEIBAaHHUS Ha CHELUATHO
n3paboTeH 3a 1enrTa creHn [S].

WscnenBaHu ca TpHM pasNuuHH TepMOcHdOHa,
KaKTO cJefBa:

1. ¢ mMeneH kopmyc

2. ¢ alyMUHHEB KOPITyC

3. CKOpIIyC OT HepBXKIaeMa CTOMaHa.

Wznon3Banu ca Tpu pa3nuuHu pabotHu (iayuna,
KakToO CIe[Ba: €TaHOJI, JUETHIOB eTep U alle-
TOH,YMUTO [IApaMETPU ca IIOoKa3aHu Ha ¢ur.2.

Pesynrtatu oT u3cnenBaHusATa ca 00OOLICHH Ha
rpadukure, nokasanu Ha ¢ur. 3 u ¢ur. 4. Karero-
PUYHO € JOKa3aHo, Ye 33 HUCKOTEMIIEPaTypeH CH-
(hoH Haii-100pH pe3ynTaTH MoKa3Ba KOHCTPYKIHSATA,
n3padorena ot Mexn (CU) ¢ uncrora 98% u paboteH
Guyun (TOTUIOHOCHTEN) ,,IMCTUIIOB eTep”.

Etepure ca chequHEHUs, NPHUTEKABAIIN CTPYK-
TYpPHO T€HETHYHA BPb3Ka C AJIKOXOJIHUTE U (PEHOIUTE.
OynkimonanHaTa rpyna Ha erepute e C-O-C (erep-
Ha Bpb3Ka). XUMUYHHUTE UM CBOICTBA C€ ONpPEIEIAT
IJIABHO OT HYKJICO(WIHMSA LEHTBDP - KUCIOPOIHUS
aToM B IpyIara.

JueTunoBuAT eTep craja KbM Ipyrnara Ha MacT-
HUTe eTepd. IlpencraBisBa Oe3lBETHa TEYHOCT,
KOATO € JIECHOJICTJIMBA M 3allajliMa, ¢ XapakTepHa
mupu3Ma. Tol e oTardeH pazrBoputen. B MuHamoro
€ HaMHUpaJl IPUIIOKEHHE B AHECTE3UTA.

[Tnpoko pa3npocTpaHeH M ¢ HUCKA IieHa, TOH e
HAITBJTHO JOCTBIIEH KaTo paboTeH (iryu] 3a HHCKO-
TeMIepaTypHu 1By(}a3Hu TepMocH(OHH.
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TOILIOHOCHUTEJI — AlIETOH
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CHOICE OF WORKING FLUID FOR LOW-TEMPERATURE TWO PHASE
TERMOSIPHON

Dimitar KIROV!, Thaer MONES?
'Department of “Heat and Refrigeration engineering”, Power- and Mechanical engineering faculty, Technical University
— Sofia, Bulgaria
e-mail: kirov@ecotop.bg
2Department of “Heat and Refrigeration engineering”, Power- and Mechanical engineering faculty, Technical University
— Sofia, Bulgaria
e-mail: thaer692004@yahoo.com

Abstract: There are results made on different termosiphons explored with different working fluids. The criterias are
described for choosing the most suitable heatbringers. The best results came from termosiphon made by copper pipe, and
filled with diethyl ether. It is typical evenly distribution of the temperature longside the termosiphon.

Key words: thermosiphone, heat bringers, working fluid, diethyl ether
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KOMIIO3MIUS HA CTJIOBEHA EJEHMIA Y BU3YAJIM3UPAHETO M B
WEB CPEJIA

Mapuera AHYEBA
karenpa ,,OCHOBH M TEXHHYECKH CPECTBa Ha KOHCTpyupaHeto”, Texuuuecku yHusepcutet - Codust, buarapus
e-mail: myancheva@tu-sofia.bg

Pe3rome: Paborara e pa3paboTeHa OCHOBHO € UjiesiTa 3a eJeKTpOHHO oOyueHue. [IpemioxkeHa e npuMepHa BU3yanu3anus
B web cpela Ha KypcoBa 3ajaya M3IOJI3BaHa B OCHOBEH Kypc Ha 00ydyeHHe MO AWCLUUIUIMHATA ,,OCHOBH HA KOHCTPYH-
panero u CAD”-II u “OcnoBu Ha CAD”. 3acsra ce MoaenrpaHe Ha CTAHAAPTHU3UPAHU U HECTAHIAPTH3UPAHU JETalIN B
cpena Ha Solid Works. Komnosupase Ha criobeHa eiHHLA U BU3yaIu3UpaHeTo u B web cpena.

KunouoBu xymu: enekrponHo o0ydenue, 3D, Mozenu, web, Busyanusupane

1.BbBEJIEHHE

TeMroBeTe Ha pa3BUTHE HA CHBPEMEHHHTE TEX-
HOJIOTHH TpeJlaraT BCe MO rojieMU Bb3MOXKHOCTHU B
rinobanusupanusi cBat. Hyxaute, Bb3MOXKHOCTUTE U
TBPCCHHUATA Ca MHOI'O ITO-pa3INYHU OT JOCCTalllHUTE
MeTonu Ha pabota u oOydenue. Koero Hanara, Ko-
purupane€ Ha OOCETAIIHUTEC MOAXOAU H3II0JI3BAaHU B
00pa30BaHUETO, KOMTO A2 OTrOBOPST Ha CHBPEMEH-
HHUTE M3WCKBAHUS M KOHKypeHTOcmocoOHocT. U3-
MOJI3BaHETO Ha BB3MOXXHOCTHTE Ha HOBUTE TEXHO-
JIOTUM HE € caMo yI0OCTBO a HEOOXOAUMOCT, IPO-
IUKTyBaHa OT OBP3UTE TEMIIOBETE C KOMTO Ce pas-
BUBa TiIo0amm3upaHus cBAT. JloceramrHuTe MeToIu
Ha 00y4YeHHE HAMa KaK J1a OTTOBOPST Ha €)XEIHECBHU-
eTo Ha OusHeca. Pa3BUTHETO Ha TEXHOJOTHHUTE
HEMHHYEMO 3acira BCHYKH, IIOpaH KOETO € HeoO-
XOIMM W HOB IIOJXOJ Ha OOy4eHHe Ha ObAeumre
kazpu. OT Apyra cTpaHa He MOJKE 1a C€ OTXBBPIIAT C
JeKa pbKa JOCETAllHUTE METOAW U CpeicTBa 3a
NIOCTUTaHE HA 3HAHWS M yMeHMs. Pa3BuTHETO H
YCBBBPILICHCTBAHETO HA TEXHOJOTHHTE, € JKeja-
TEITHO J]a C€ M3II0JI3Ba KaTo CPEICTBO 3a CHIIECTBY-
Ball[UTe METONM Ha OOydeHWe. B MHOro ciydai,
obaye KOPUTHPAHETO Ha TO3M MPOLEC € MHOro
NO-TPYIHO MOpaau crerupukata Ha Marepuaia. B
JpYrd ajanTHPAHETO KbM ChbBPEMEHHUTE TEXHOJIO-
THU € Bb3MOXKHO J1a C€ OCBIIECTBH MHOTO I10 JIECHO
ToBa e u menra Ha Hacrosmara pabora. Jla ce
aJlanTHpa Beue ChIIECTBYBAlla pa3padoTka JoKa3ala
ce BbB BPEMETO KBbM ChBPEMEHHHUTE TEXHOJOTHUH.

B crarmsra ce 3acara kypcoBa paboTa KosTo ce
W3MoN3Ba B aAuciuiuinHata “OCHOBM Ha KOHCTPYH-
panero u CAD* Il wact. KypcoBara 3agada e 9act ot
JHCIMIUTMHATA KOSTO Ce BOAW Ha BCHUYKH MAaIlIMHHU

CICLUATHOCTH B OCHOBHHS Kypc Ha OOydeHHE B
Texuunuecku Yuusepcuter-Codus. Mnesra Ha Ta3u
paboTa e a ce yCBOAT 3HAHUSA U YMEHHS 3a KOMIIO-
3UIMS Ha CIII00€Ha eANHMIA OT CTaHAAPTH3UPAHU U
HECTaHJAPTU3UPAHN MalIMHHU JAeTailnu.

Pa3paboTena mpeny TOIMHN Ce € M3IBIHABANA C
YEpTOXKHU CPEJICTBA BBPXY KaJacTpoH. ABTOpa Ha
HacTosAlIaTa CTaTHs YCbBBPUIEHCTBAa KypcoBara pa-
60Ta U 4 ajanTUpa KbM CbBPEMEHHUTE CPEACTBA 3a
BU3YyaJI3alUs MOCPEACTBOM IpaduuHy porpaMu, B
KOMTO BMJ ce M3NOoI3Ba MU B MOMEHTa. IIbpBOHa-
YajHO € M3I0JI3BaHa rpadpuyHaTta mporpama
AutoCAD a B nocnencteue Solid Works [1].

EnuH oT OCHOBHHMTE IpOOJEeMH IIpH YCBOSBA-
HETO Ha MaTepualia € CIOCOOHOCTTa Ha CTYJCHTUTE
33 TPUMEPHOTO BU3yalIM3UpPAHE Ha YCIOBHETO Ha
3agauara.Taka Ha TNpPBB MOINIEl €IEMEHTApHO 3a-
JJaHWE W peIllIeHHe, Ce IPEeBpbIIa B CHIIECTBEH
npooIeM.

CbBpeMEHHUTE  TEXHOJOTMYHH HHCTPYMEHTH
KaTo, cMapT Tesie)OHU U TabJeTH ca 4acT OT exel-
HeBHETO HU. JIOCTBIBT 0 MHTEPHET € HeH3MEHHa
4acT OT Te3U YCTpOICTBa, KOETO HU BOJU U JIO BBII-
poca Kak Hali-JIECHO Te MOorat Aa Ob/aT U3MOJI3BaHH.

2.CPEJICTBA 3A Bb3MOKHA PEAJIU3A-
ous

2.1. UutepHer

HutepHeT e rinodanHa cucteMa OT B3aUMOCBBP-
3aHU KOMIIKIOTBPHU MPEKHU, KOATO H3IOJI3BA CTaH-
nmaptaus makeT ot nporokoiu TCP/PC, oGcmyx-
BailKl MUJIHAP/AU MOTPEOUTENN MO UeNust CBAT. Ts
MPE/CTaBIIABA MpeKa ChCTaBEHAa OT MHJIMOHH 4acT-
HH, OOILIECTBEHM, aKaJeMHUYHH, THPIrOBCKU U IIbp-
JKaBHU MpPEXH C OT MECTeH 10 TIiobaneH o0xBar,
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CBBP3aHH IIOMEXIY CH 4pe3 CIOXKHA CHCTeMa eJIeK-
TPOHHHM U ONTHYECKH MPEXKOBU yCTPOWCTBA M CHO-
pbxenus. IHTepHET CITy»H 3a IPeHACsSHe Ha TOJIsIMO
pasHooOpasue OT WH(POPMAIMOHHH PECYpCH U yC-
JYTH.

UnTtepner mma MpexoBuaHa cTpykTrypa. Kowm-
MIOTPHUTE KOUTO ca 4yacT OoT MHTepHeT, ce HapuyaT
xoctoBe /host/. OOMeHbT Ha WH(OPMAIHSA CE OCh-
LIECTBSIBA KAaTO Ce NpeAaBa MHPOpMaLus OT €AWH
KOMITIOTBD Ha ApyT. KOMIIOTBPBT, KOITO MoTydaBa
nHpOpMaIHATA, ce HApUUa KIHEHT, a TO3H KOWUTO s
mpeiocTaBs — CbpBBp. Ilpu oOMeHa Ha uHpOpMa-
LUSATA TS MOXE J[a MPEMUHE MPe3 IPYTUd KOMIIOTPH.
TsixHa paboTa € Ja IpeleHsAT HaKb/e Ja Mpenparar
nH(opMaImATa, TaKa Y€ TS Ja JOCTUTHE KpaiHaTa CH
nen. OOMmenbpT Ha umHpopMamms B HTepHeT ce
OCBLIECTBSIBA 10 OINpPEACIECHH NpaBuiia, HAPEUECHH
CTaHIApTH. A BPB3KUTE MEXIY KOMITIOTPHTE B
MpexaTa ce OCBHIIECTBSBA C IIOMOLITa Ha IPOTOKOJIN
/CBBKYNHOCT OT CTaHIAPTH/, BCEKH SIUH OT KOUTO
OTroBapsi 3a OTJENTHA YCIyra.

VHTepHET BCE 10 YeCTO 3aMEeHs TPAIUIMOHHHUTE
cpencrBa Ha HHGOPMANHs: KHUTH, CIIUCAHHS, BECT-
HUIIHY, TeNEeBU3UA[6].

2.2. Flux

Flux / Vivaty Studio u Flux/ Vivaty Player ca
Oe3maTHy porpamu 3a Mojenupane Ha 3D o6ekrw,
uHTerpupane Ha 3D Monenu ch3IaleH! B Pa3IHMIHU
porpaMd M WHCTPYMEHT 3a Ch3JaBaHE HA TPHU3-
MEpHH HHTEPAaKTHBHH IPOCTPAHCTBA.

Flux Studio u Flux Player nogabpaxat Bcuuku 3D
dopmatn kato WRL, X3DV u X3D, xowmrto ca
cranaaptau 3D ¢opmaru B Web 3D.

Flux Player ce m3nmomsBa 3a 3D u3oOpaxeHus,
nokaro Flux Studio 3a penakrupane Ha 3D u3o0pa-
skeHus [5].

Vivaty Studio e MHOTO JieceH U MHTYUTHBEH 3a
ynorpeda. IIpenocrasst Bb3MOXKHOCT KakTo 3a cobc-
TBEHO KOMIIO3HMpaHe Ha 00EKTH TaKa U 32 UMIIOPTHU-
pane Ha BBHIIHK 3D ¢aitnoBe U 06paboTKaTa M.
[Ipu M3MNON3BaHETO HA BBHHIIHU (paliioBe € HEOOXO-
MO, T€ 1a OBIaT 3alaMeTeHH OT OCHOBHATa Tpa-
¢uuna nporpama c pasmupenue X3D mnmm VRML
[4].

2.3. Web GL

Web GL e yed cTanmapT ocurypssall Bb3MOX-
HocT 3a nosBane Ha 3D rpaduku npe3 ye6 Opay3bp
0e3 ymorpebara Ha NONBJIHUTENHH IUIBIMHH. Taka

Hape4yeHUTe IUTBIMHH /TIPUCTABKH/ TPEACTaBIsABAT
coTyepeH KOMIIOHEHT, KOITO ce MHCTanupa B J0-
IIBJIHEHHE KBM CBINECTBYBALIO COPTYEpPHO HPHIIO-
JKeHHe /KOMITIOThpHA Mporpama/ 3a Ja MpenoCTaBd
Ha NoTpeOuTeNs JOMBJIHUTENHA (PyHKIMOHAIHOCT,
KOSITO He € yacT oT 6a3oBoto npuioxenne. WebGL e
6asupan Bbpxy OpenGL ES2.0 u ocurypsiBa uH-
tepgeiic 3a mporpamMucTH 3a cbh3gaBaHe Ha 3D
obextu. M3nomssa HTMLS enemeHTH | € JOCTBIICH
nocpenctsoM Document Object Model nnrepdeticu

[5]
3. IPUMEPHA PEAJIN3ALIUA

B moBedeTo ciyyanm KOTaTo TOBOPHM 3a €NEKT-
pOHHO OoOyd4eHHe, €IHO OT Hal-Ba)KHHTE YCIOBHS €
JOCTBITHOCTTa Ha HeoOxoaumara HH(pOpMaLUsTa.
ToBa ce OTHACs KAKTO 3a camaTa HH(OpMAIKs TaKka U
3a HeiiHOoTO cnozensHe. OTHOCHO TOBa MOXEM Ja
(hopmMHpaMe HIKOU OCHOBHHU CTBIIKH HEOOXOAMMMU 3a
U3NBJIHEHHETO M (POpMHpaHETO Ha Marepuana 3a
€JIEKTPOHHOTO 00YYEHHE:
- MakcumaiHo KpaTKo U SICHO 33JJaHuE,
- AJNTOpUTBM CBHITBTCTBAIla KOHKPETHOTO 3a-
JaHue;

- IlpumepHO 3ajaHMe W TPUMEPHO H3IBIHE-
HHE;

- JIOCTBIIHOCT Ha HWHCTPYMEHTHTE 32 H3ITBJ-
HEeHHUe Ha 3a/a4ara;

- JlocTBIIHOCT A0 CpeAcTBaTa 3a BU3yaJH3H-

paHe Ha KpaitHHs IPOIYKT.

Bce no-decTo ce u3nois3Ba MOAX0[] 3a BHU3yasU-
3anus B web cpena [2,3], KOWTO OChILECTBSABA CBO-
6onHo cronensiHeto Ha 3D m300pakeHuss B web
IIPOCTPAHCTBOTO. J[aBa BBE3MOXKHOCT 3a pasriIeKiaa-
HETO HA TPHMEpPHH H300pakeHHs Oe3 HeoOXoau-
MOCTTa OT CIIEIHAIM3HpaH codTyep, KOeTo yiec-
HsBa JocThN 10 nHopmanwms. Kakto n pasriexna-
HETO, 4pe3 cMapT Tesie(OHH U TabJIeTH C Bpb3Ka KbM
uHTepHeT. OT MOIXOABT KOHTO e ommcaH [2,3] ce
H3IOJI3BAT CAMO CIICHUTE ETaIlH:

- pa3pabotBaHe Ha 3D mojenu ¢ momomra Ha
rpaduuna nmporpama / Auto CAD, Solid Works wumnu
Ip. , KaTo € MOACUTYPEH AOCTHII 0 Y4eOHU BepcHu/;

- ekcrioptupaHe Ha (aiina Ha cu3maneHus 3D
Mmozen B VRML ¢opmar;

- ummnoptupanero Ha VRML ¢aiina B Flux/Vivaty
Studio u renepupane va X3D daii;
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¢ur.1 Mopen Ha criiobeHa equHHIA B Cpesia Ha
SolidWorks

- penaktupane Ha X3D monena B Flux/Vivaty
Studio- cnen u300p upe3 MOCOYBaHE HAa OINpPEICIICH
€JIEMEHT OT MOJieJla BU3yalIn3UpaH B JIIBaTa 4acT Ha
expaHa. To3u eneMeHT ce HamMupa B ABPBOBHIHATA
TeKkcToBa CTpykTypa Ha X3D B msicHara 4WacT U €
JOCTBIICH 32 PEIAaKTHPaHe, ako € He0OXO0IUMO.

- nHCcTanupane Ha X3D wmopena Ha Web crpa-
HUILIA ChITIacHO M3KcKBanusTa Ha Flux/Vivaty Player;

KypcoBara 3anaua ce nsnbansBa B CAD cpena,
KaTo 3a IPOrpaMeH MPOAYKT ce M3ION3Ba yueOHarTa
Bepcuss Ha  SolidWoks. Busyanusupanero Ha
KpaiiHUs IPOAYKT B web cpeza ce mpejjara jaa ce
u3BBpIIM mocpencTBoM Vivaty Studio m WebGL
KOWTO ca ¢be cBOOOAEH TOCTBHII.

AZanTHpaHeTO KbM €JIEKTPOHHO OOydYeHHe Ha
KOHKpETHATa 3a/1a4a ce Mpejjiara 1a ce pel KakTo
ciesBa:

1.1. MakcuManHO KpaTkoO W SICHO 3aJaHue - B
TaONIMYeH B e MIPE0CTaBs HA CTYACHTUTE
HeoOXxonuMaTa WH(OpMaIHs MO BapUAHTH.

1.2.

1.3.

1.4.

1.5.

1.6.

OmucaHu ca KOU ca CTaHJAPTH3UPAHUTE U
KOM Ca HECTAHIAPTH3MPAHUTE NCTANIN 32
KOHKPETHUSI BAPHAHT.

3amaBar ce KOHKPETHH CTBIIKA Ha IIOCIIe-
JIOBATEIHOCT Ha W3ITbJIHCHHUE.

¢ur.2 Monen Ha aeraiinure 3a criobeHaTta
eanHuLa B cpena Ha SolidWorks — B pasrioden
BHI

Ipenocrassi ce KOHKPETHO NMPUMEPHO 3aja-
HHMEC W NPHMEPHO H3IIBIHEHHE HAa CHOTBET-
HOTO 3aaanue /¢ur.1 u pur.2/.

Wsnon3ea ce yueOna Bepcus Ha Solid
Works.

TTocpenctBom Vivaty Studio ce tpancdop-
MUpPAT TPHUMEPHUTE M300pakeHHsI BB (Hop-
MaT IOJIXOMAN] 3a KayBaHE B  HHTEPHET
¢ur.3.

ITocpenctBom WebGL € BB3MOXKHO cHojie-
JISTHETO U PA3IIICKAAHETO MY.
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4. ©I3BOJM

[IpencraBena e mpuMepHa peaau3alus IMOIXO-
JSI1a 32 eNeKTPOHHO 00ydYeHne Mpy KypcoBa 3a/1ada
M3M0JI3BaHa B OOYYEHHETO Ha OCHOBEH Kype Ma-
IIMHHY crenuanHocTn B TexHumuecku YHHBepcu-
ter-Codus. 3amagara ce U3M0N3Ba B IMCIAILUTHHHUTE
,,OcHOBH Ha KoHcTpyupaHero u CAD” u “ OcHoBH
Ha CAD”. ApanTupaHa € KbM ChbBPEMEHHH CpeJic-
TBa 3a BU3YaJIM3allMsl, MO3BOJISIBALIM CBOOOAEH J10C-
ThI 0e3 HEOOXOIUMOCT OT CIIEUATIH3UPaH COPTyep.
[IpumepHarta peanu3anusi yCHEUIHO MOXE J1a ce U3-
[I0J13Ba 3a IIOBHIIABaHE KauecTBOTO Ha OOydYCHHUE B
yueOHus nporec. [1o3BonsgBa Ha CTYAEHTUTE AOCTBII
JI0 MaTepHalyd HEOOXOAUMH 3a IO-yCHELIHO yCBOS-
BaHe Ha MaTepuaa.
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COMPOSITION OF ASSEMBLIES AND VISUALIZE THEIR WEB
ENVIRONMENT

Marieta YANCHEVA
Fundamentals and technical means for design department, Technical University-Sofia, Bulgaria
e-mail: myancheva@tu-sofia.bg

Abstract: The work has been developed mainly with the idea of e-learning. An example is proposed of the web
visualization environment, used coursework in basic training discipline "Fundamentals of Design and CAD" -II and
"Fundamentals of CAD".Impacted modeling of standardized and non-standardized parts in an environment of Solid Works.
Composing assembled unit and visualization and the web environment.

Keywords: e-learning, 3D, models, web, visualizing
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OTHOCHO CUJIOBOTO NPEJABATEJ/IHO OTHOILUEHUE HA PEAYIIUPA-
IIA JIOCTOBA CUCTEMA HA BE3HA THUII B
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Pestome: JlocToBuTe Be3HM HaMUPAT IIUPOKO MPHIIOKEHHE B MHOIO 00JIACTH Ha 4oBEIIKarta jAeiHoct. Paborara onucsa
U3CJIeBaHe BIMSHUETO Ha ONpeAeNeH Opoil mapaMeTpH BbpXY MpelaBaTeIHOTO OTHOLICHHE Ha PeAyLHpaliaTa JocToBa
cucrema Ha BezHa Tun BI. [Toka3aHo e Bb3AEHCTBHETO HA TE3U MapaMeTpy BbPXy (haKTOpUTE ONMpEeeIsiiy MpeaaBaTe-
HOTO OTHOLICHHE Ha Be3HaTa. Pe3ynrarure ca 1ajieHu B TabliMyeH U rpaduyueH BU 3a HO-TOJsIMA SICHOTA.

Kunwuosu AYMM: B€3Ha, peayuupailia JIocToBa CuctemMa, iSMEPBaHE Ha Maca

1.BbBEJEHUE

[TonsTHero “maca” e BbBeneHO OT HIOTOH Kato
BEJIIMYMHA, XapakTepu3upam@a KOJIMYEeCTBOTO Be-
IIECTBO B AafeH o0ekT. Macara e ckajapHa Besu-
ynHa. Exuaunara 3a maca B SI e kg [2].

VYpenure 3a u3MepBaHe Ha Maca C€ HapuyaT
Be3HU. Tl KaTO NpeolbaaBaaTa 4acT OT BE3HUTE
paboTAT Ha TEIJOBEH IPUHIMI, YeCTO HapuiaT
BCHUYKU ypeAu 3a M3MEpBaHE Ha Maca Terjiou3Mmep-
BaTeNHU. BB Bpb3Ka ¢ TOBa TpsAOBa 1a ce IIpaBH sICHA
paszimka Mexay maca u terio [1]. Ternoro e cuna u
ce u3mepBa B N. KaTo BekTOpHa BeIMYHMHA, TETJIOTO
OCBEH TOJIeMHHa MMa HalpasjeHHe (IIOCOKa) U
npuwiokHa Touka. Cuilata, ¢ KOATO IaaeH OOEKT
JieiicTBa Ha omopara cu, ce Hapuya Teryio G’, a cu-
JaTa ¢ KOSITO 00EKTHT Ce CTPEeMH J1a IaJHe Ha 3eMsITa,
ce Hapuya cwia Ha TexecTra G. OOHKHOBEHO ce
npuema, ye G’ = G, HO TOBa € BSIpHA CaMO IPU IMTOKOit
WM PaBHOMEPHO IMpPaBOJIMHEHHO IBWKeHue. llpu
nBmxenne ¢ yckopeane G’# G 1 Jopu MOXe na ce
nocturie G’ =0 (OesrernoBHocT). B pamkuTe Ha
3eMsATa TErJIOTO HE € NMOCTOSHHO, Thi KaTo 3€MHOTO
ycKopeHue g e (yHKuus KakTo Ha reorpadxara
LIMPHHA, TaKa M Ha HAJIMOPCKAaTa BUCOYMHA (3aBUCH
OT OTJIAJICYEHOCTTA HA TOYKaTa OT IIEHTbpa Ha 3e-
MsTa). 32 HOpMaJIHA CTOWHOCT Ha g € TpHeTa CTOM-
HOCTTa g, = 9.80665 3a cpenna reorpadcka MHUPHUHA.
B pamkute Ha bbiirapust 3eMHOTO ycKOpeHHe Bapupa
or 9.8026 mo 9.8045 m.s?. Ha BCeKH KHIOMETHD
W3JUraHe, MaTepHaIHUTe OOEKTH OJIEKBAT C OKOJIO
0.03 %. OcBeH ToBa BbB BB3/yIlIHA

[Mpunnunuara cxema Ha PJIC Ha Be3Ha THI

cpena, mopajad apxXUMEJOBUTE acpOCTATUYHH CHIIH,
TerJIoTO (HO HE M CHJIaTa HAa TEXKECTTa) HaMassiBa C
AG = G.pB/pos, KBIETO PB H Pos Ca ITBTHOCTUTE HA
Bb3Iyxa W Ha obekta. Ilpu Marepuand ¢ Majka
IUTBTHOCT M3MEHEHUETO Ha TETJIOTO € 3HAYUTETHO U
TpH6Ba Jla C€ B3cMa NpCaABUI ITpyu TOYHU U3MEPBAHU .

2. PEAYHAPAIIIA TOCTOBA CUCTEMA HA
BE3HUTE

B nmpakTtumkara, 3a uW3MepBaHe Ha Maca,
Hali-pa3npocTpaHeHH ca ypeauTe (yHKIHOHHUPAIIU
Ha OCHOBaTa Ha IbpBaTa Pa3HOBUIHOCT HA TETJIOB-
HHSI IPUHLNN — JIOCTOBUTE Be3HU. Te ce pa3aensir Ha
JIBE TOJIEMH TPYIH — KOOWITHYHU U KBaPaHTHU.

Cnopen obmacTure B KOMTO C€ W3IOJI3BAT, BE3-
HUTE Ce pa3feliiT Ha JabopaTopHH, ¢ OO0 Ipen-
Ha3HAYCHUC, TCXHOJIOTUYHU M CIICIITUAIHU.

lonsiMa yacT OT BE3HHWTE MMAaT B cXeMara CH
MamabeH npeoOpasyBaTes, KOWTO HamaisiBa (peiy-
nypa) TEeTJIOTO Ha W3MepBaHaTa Maca. 1o ce u3-
IIBJIHSBA OT TOCIIEIOBATEITHO CBBP3aHHM JIOCTOBE OT I
u Il pon, kouto obpasyBaT peaylHpania J0CToBa
cucrema (PJIC). B msaxom xouctpykmum PJIC u3-
OBJIHSBA M CIOMAaraTeqHd (YHKIMH, CBBP3aHH C
OCHUTYypsIBaHE Ha HE3aBHCHMOCT Ha IOKa3aHHETO Ha
ypena oT MoJjIoKeHHeTo Ha ToBapa [1].

OcnoBHa xapaktepuctuka Ha PJIC e HeiHOTO
CHJIOBO Ipe/IaBaTeIHO OTHOIIEHHE, KOETO B HJeall-
HHsI Clly4yail € KOHCTaHTa.

BesHa mudeponarna (BL[-10) (0e3 kBagpaHTHHS Me-
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XaHU3bM) € MokazaHa Ha ¢ur. 1. biaromoro 1 upes
npuszMmara A JIeKU BbpXY DIaBHHA JOCT 2, a 4pe3
npusmara T, obunara 6 u npusmara E onupa B cno-
MaraTesiHus JocT 4, KOWTO € CBbp3aH KbM OCHOBATa
uype3 npusmara H, oOunata 5 u npusmara P. Upes
npusmute B u F u obunara 3 nocrosere 2 u 4 ca
cBbp3aHu nomexny cu. Ilpusmara C Ha socta 2

I

CBBpP3Ba CHUCTEMaTa C KBaAPAHTHUS W3MEPBaTENICH
MexaHu3bM. Bepxy nBoiikara npusmu D e nocraBeHa
mwiatopmara 7, KOSTO HOCH HabOp TEMIMJIKH 32
mpoMsHa Ha 00XBaTa Ha cKanara. [lomoxeHHeTo Ha
mrardopmMara 7 ce TMORAbpKa Upe3 Mapajenorpam-
Husg Mexaan3bM ODQR, usnmeiaaeH B Toukn Q u R ¢
MIPU3MEHH BPB3KH C OIIPOCTEHA KOHCTPYKLUSL.

G2
; 5 l J
o el AR/ N\ & Jla
D [ , F. F,
& | [ B AR/ N

@T

¢ur. 1 [Ipuauunna cxema Ha PJIC Ha Be3na tun B

JloctoBere 2 m 4 u TexHHuTe BPB3KH 0Opa3yBaT
noamiatgopmena cucrema T “Beparike”, KOSTO
NONOOHO Ha MapaiesiorpaMHHs MEXaHH3bM OCHIY-
psiBa HE3aBHCHUMOCT Ha MOKAa3aHHUATA OT MOJOKEHHU-
€TO0 Ha ToBapa BEpXy Onmtonoto 1. [Tpu u3mbiHeHne Ha
paBenctBoro OA/OB = HE/HF, cunoBusT epext Ha
TOBapa BBPXY JIOCTa 2 € PaBeH Ha TO3W MpPH MpHIIa-
raHe Ha ToBapa u3LsuIo B T. A. Upe3 obunute 5 1 6 u
npusmute P u T ce HamassiBa HAKJIOHA HA ChETUHU-
TEJIHUSL €JeMEeHT MexXay 3 U 4, ¢ KOETO ce MOCTUra
HOYTH IOCTOSIHHO IIPEAABATEIHO OTHOIICHHE Ha
PJIC. Tlpu noka3zanoto Ha ¢ur. 16 (6e3 odummre 5 u
6) M3IBIHEHHE Ce IOMydaBa IPeJaBaTelHO OTHO-
[IeHHe, KOETO 3aBHCH OT MOJIOKEHUETO Ha JIOCTOBETE
B cHCTEMara.

3a 1a ce HaMay BIMSIHUETO Ha MOJIOKEHHUETO Ha
JIOCTOBETE BBPXY MPENABATEIHOTO OTHOIICHHE, 32
[JIaBHHMS JIOCT 2 CE€ OCHTYypsiBa pabOTHA 30Ha, Pa3mo-
JIO)KEHA CHMETPUYHO CIPSIMO HAYEePTaHOTO (HOMH-
HAJIHOTO) ToJiokeHue Ha ¢ur. 1a. ToBa o3HauaBa, ye B
3a ma ce M3KIIOYM BIMSIHUETO HA HAYaJHOTO HATO-
BapBaHE € HEOOXOMUMO J]a CE€ ONpPEIEIU 3a ChIIOTO
nonoxkenue Ha PJIC u m3xopsmara cuiaa mpu HeHa-
ToBapeHo Omrono (Hayanno HatoBapBane) G,’, KOSTO

TpaHULUTE Ha 00XBara Ha ypena, JIOCTBT 2 ce mpe-
mectBa OT ropHo (0 MO ckanara) HOJOXKEHHE KBM
JIOJTHO (MAaKCHMAJIHO TIOKa3aHHe IO cKajaTa) I0JIo-
JKEHHeE, KaKTO € II0Ka3aHo Ha (urypara.

Hauannoto natoBapBane Gy (IIpy HyJIeB HayaleH
TOBap) ce Ch3/1aBa OT COOCTBEHUTE TervIa Ha OJIr00TO
U jocTtoBeTe. Thil KaTo IOCIEIHUTE Ca CTAaTHYHO
YPaBHOBECEHHU, T€ JIEHCTBAT KaTo Maxaso (KBaJpaHT),
HOpaAu KOETO IPU M3MEHEHUE Ha IOJIOXKEHUETO Ha
cuCTeMaTa ce MOy4aBa M M3MCHEHHE Ha U3XOIHATa
cuia OT AEHCTBHETO HAa HAYaIHOTO HATOBapBaHE.
ITpu pabora nHa Besnara PJIC 3aema pasnuyHu mO-
JIOKeHUsI, 00yCIIOBEHM OT IOJOXKEHHETO Ha KBaj-
PaHTHHSI MEXaHU3bM.

3a 1a ce ompeneNnu IpeJaBaTeIHOTO OTHOLIEHHUE
IIPY J1a/IEHO MOJIOKEHHUE Ha CUCTeMAaTa € He0OX0I1MO
BBPXY OJIIOZIOTO Jia ce MocTaBu ChoTBETeH ToBap Gi
(Termmiika ¢ Maca m;) M Ja c€ MU3MEPU ChOTBETHATA
n3xonsma cuna G (3a KOHKpeTHaTa cXxeMa HacoueHa
Harope).
npu BII 10 e HacoyeHa Hanouy.

ToraBa pe3ynrtanTHara cuia B T. C, KOSTO ce U3MepBa
TIpH TIOCTaBEHA TeruKa Bupxy Omozoro e: O =Gy’

- Ga.
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3a cUI0BOTO IpeaaBaTcJIHO OTHOLICHUE MOXKE da
CC 3aluIIC u3pasa:

G, G,

Gz Gz - Q

Cunara G;’ geiicTBa HamONy W € IO-TOJISIMa OT
Q. Paznukara G,’- () e rojemMuHata Ha peayuupa-

i

(M

Hata B PJIC Bxonna cuna Gj.

CTOMHOCTTa Ha 1 MOXeE Jla C€ OMpEICTH M Karo
OTHOUICHHE Ha M3MEPEHHUTE ABDKHHH HA paMeHaTa
OC u OA, a UMEHHO:

- o o
04

Bps3kara mexny (1) u (2) cnensa oT ypaBHEHHU-
€TO 3a paBHOBECHE Ha JIOCT 2.

3. OIUTHA YCTAHOBKA
Ha ¢ur.2 e nokazana cxemara Ha ycTaHOBKara. 3a

8]
A

na ce n3Mepu usxoanara cuia G, Ha PJIC ce uznon-
3Ba paBHOpaMEHHa KOOMJIMYHA TEXHUYECKa BE3HA
T 500. Bpp3kara Mexay BE3HHTE C€ OCBHIIECTBSIBA
gpe3 eleMeHTuTe 2 W 3, Kpauimara Ha KOUTO 4pe3
obunu ce cebp3ar ¢ npusmure C u B. Enementst 3
TIPEZICTaBIIsIBA BUHT, BbPXY KOWTO C€ HaBMBa raikara
4, ype3 KOATO ce 33/1aBaT Pa3IMYHHUTE MOJIOKEHHS Ha
m3cnenBanara PJIC. PasmepsT L ce u3mepsa ¢ nry6-
nep. Ha nsaBoTo pamo Ha koOmuiara 5 e e 3aKperneHo
0mr070TO 8, BBPXY KOETO €€ MOCTABST TENIMIKUTE 9,
ype3 KOUTO e U3MEepBa M3XO/(HATa CUIIA.

W3mepBaHeTo ce U3BBPIIIBA KATO CE€ MOCTABSIT HIIH
CHEeMar TeIHJIKH (IPaMOBH U MIJIMTPAMOBH) JOKaTO
CTpelikara 6 TornajHe TOYHO BhPXY HyJIeBaTa OTMETKA
Ha ckanara 7. OcHoBara Ha BesHara BII ce xopu-
30HTHpa MO MOKa3aHusATa Ha HuUBenupa 10 upes pe-
rynmupyemure kpadera 11. IIpu onpenensne Ha mpe-
JIaBaTeJIHOTO OTHOIIEHHWE i BBPXY Oiromoro 1 ce
mocTaBs Tenmika ¢ Maca m; = 200 g.

1

¢ur. 2 Cxema Ha eKCIIEpUMEHTAIHATa YCTAHOBKA

Ot ypaBHEHHSTA 32 PABHOBECHE CIICIBA:
(Gu+G) =0 3)
Go.04 = 0B.Q )]

Twoii kato OA = OB u cinen cpkpammasase ¢ g ot (3) u
(4) cnenpa:
3a HavaJIHUS TOBAp CE MOJy4aBa ChOTBETHO:

M ysx =m’E =m’y + myp, @)
KBJECTO M’ Ce MOJy4aBa OT COOCTBEHOTO TEIIO Ha
enementure Ha PJIC u HeliHara ronemMuHa He € U3-
BECTHA.

(m’+my)i=mo=mQ %)

MacuTe Ha eeMEeHTUTE, OKa4eH! B T. B U T. A He

ca paBHH, Opau KOeTo ypaBHeHHe (5) TpsOBa j1a ce
KOPHUTHpa C TSXHATa Pa3IuKa m,— mg = myp. Torasa
mQ:(m’+ mp)i = mg + myp. (6)

Karo ce B3emar npeaBuj ypaBHeHUATa OT (3) 10
(7), 3a (1) ce nonyuasa:

j=— (8)
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JlaHHU 32 ycTaHOBKaTa

Luow = 177 mm (pa3mepsT L npu HOMHHAIHO TI0JI0-
sxenue Ha PJIC); ma=173,5 g; mg=113,4 g; m;

=200g.

Pesynrature OT NpOBEJEHUTE EKCIEPUMEHTH ca
nanenu B Tabu.1 (EkcriepuMeHTHTE ca IPOBEAEHH 10
JeceT MbTH, KaTO YHCICHHTE PEe3yNTaTH ca ycpemd-
HCHH.).

3. EKCIIEPUMEHTAJIHU PE3YJITATH

Tab.1 Pe3ynraT oT mpoBeIeHUTE EKCIEPUMEHTH

No L m'y mo M e = M'otmyp | mo=mo+myp m'o-my i
[mm] [g] [g] [g] [g] [g] -

1 177 260 185 320,1 245,1 75 2,67
2 182 253,5 179 313,6 239,1 74,5 2,68
3 187 248 173 308,1 233,1 75 2,67
4 192 242 167,5 302,1 227,6 74,5 2,68
5 197 236,5 161,5 296,6 221,6 75 2,67
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¢ur.3 I'paduynu 32BUCUMOCTH Ha HAYAITHUS TOBAP M ‘usy U U3XOASILHS TOBAP Mo OT Mojokenuero Ha PJIC

I'padmunoTO WM300pakeHHWE W3pa3sBalIO 3aBU-
CUMOCTHUTE Ha HAYaITHUS TOBAP M 'ysx M U3XOJISIIIHS
TOBap mgp OT nonoxxkeHuero Ha PJIC e nmaneHo Ha
¢wur.3. 3abensn3Ba ce, 4e XapaKTEPUCTUKUTE Ca JIU-
HENHU T.e. BIUSHHMETO Ha moyioxenuero Ha PJIC

BBPXY U3XOJSINATa CHJIA € C JUHEWHA 3aBHUCHMOCT.
IIpenaBaTemHOTO CHOTHOLICHHWE CE TOJIydaBa C
MPUOIM3UTETHO TIOCTOSIHHA CTOWHOCT, KOETO €
0IM3KO 70 UAeamHus Cilydail, KOATO Tp1OBa 1a uma
Be3HAaTa.
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ABOUT THE FORCE TRANSMISSION RATIO OF REDUCER LEVER SYSTEM
OF SCALE TYPE VC

Valentin IVANOV
Department of precision engineering and measurement instruments, Technical University-Sofia, Bulgaria

e-mail: vgi@tu-sofia.bg

Abstract: Lever scales find wide implemented in many areas of human activity. This work describes the investigation of
the influence of a number of parameters on the transmission ratio in the reducer lever system of scales type VC. It

is shown the impact of these parameters on the factors determining the transmission ratio of the scale. The re-
sults are presented in tabular and graphic form for clarity.

Keywords: scale, reducer lever system, mass measurement
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BJIUAHUE HA CTEIIEHTA HA 3AIIBJIBAHE C PABOTEH ®JIYUJ BbPXY
OYHKIIMOHUPAHETO HA HUCKOTEMIIEPATYPEH JIBY®A3EH
TEPMOCH®OH
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Pestome: M3noxenn ca GUHATHATE PE3YITATH OT EKCICPHMEHTATIHO U3CIIeABaHE Ha TePMOCH(OHH C Pa3InYHa CTEICH Ha
3ampiBane. Haii-moOpu pesynraTté moka3Ba MelIeH TepMOCH()OH C TOIUIOHOCHTEN ,,IUSTUIIOB eTep" M CTeleH Ha

3ambyiBane 50%.

KirodoBu xymu: TepMocu(OH; CTEIICH Ha 3aIbJIBAHE; IUCTHIIOB €Tep.

LlenTta Ha TOBa M3CIEABAHE € YCTAHOBABAHETO HA
MpEeTOpBUNTENHa CTOMHOCT Ha 3alBJIBAHETO C
paboteH ¢ayun Ha TepMocu(OHHU Taka, 4ye Ja UMaT
MaKCHMaIHa MOBBPXHOCTHA TeMIeparypa,
PECHEKTUBHO MAaKCUMaJHO ToIlulonpeHacsHe. Ot
3HAYeHHE € W PaBHOMEPHOTO 3arpsBaHe II0
JbJDKMHATA Ha TEpMOCU]OHA.

W3zcnenpanero e MIPOBEJEHO BbPXY
JEUCTBUTENIHY KOHCTPYKLIUH Ha TepMOCH(OHU IO
napamerpute onucanu B [3]. M3nonssan € yHuBEp-

80 1]

CaJIeH EKCTIIEpUMEHTAJIeH CTeH]I, ONHCaH B [4].

TepmocudousT ¢ uzpadboren ot men (Cu) ¢ yuc-
tota 98%. [bmxkunarta my e 2100 mm. 3a ga ce
TIOJTYYH JKEJIAHHUAT IPaBUTALNOHEH e(EeKT, HAKIIOHBT
Ha TpbOara e ¢ukcupan Ha 5/1000. M30panusT pa-
OoTeH (QuIyHnI € AMETWIIOB eTep OT IpylaTa Ha MacT-
HHUTE eTepu C Temreparypa Ha usnapenue 34°C.
IIpoBenenu ca excrepuMeHTH che ceneM (7) creme-
HU Ha 3ambiBaHe oT 10 % 10 90 % mpe3 10 %.

CuU

TonnoHocKuTen
el N1ETUNOB ETEP

e a1 |€ TOH
=i £ TAHON

T T L] T

10 20 30 40

50 60 70 80 90

Q%

¢ur.1 Pesynrartu 3a repmocu¢oH ¢ quamersp 20mm

Ha rpadukara Ha ¢ur.1 ce OTKposiBar Tpu
XapaKTepHU yJacThKa:

I y4yacThK - CTENEeHTa Ha 3aIlbJIBaHE € HUCKA 3a
To3u TepMocudoH. Cien karto paboTHUAT Quyun ce

usnapu, Hé.pI/ITe HC yCIFIBaT Aa KOHACH3UpAT U 1a CC
BbpHAT B HU3MNAPUTEIIA 3a BTOPU ILIUKBII. TormauAT
IIOTOK € HEAOCTATHYCH U HeCTa6I/IJICH, a IOBBPXHOC-
THaTa TEMIIEpaTypa € HHUCKa W Bapupa B HIUPOKHU
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rpanuny. CrenoBaTeIHo, H3BOIBT € - HEOCTATHYHO
Konu4ectBo paboreH ¢uyua. [lapHara ¢asza e ¢ ma-
IbK 00eM M HE yCIsiBa Jla OCUTYPU JOCTaThYHO
KOJIMYECTBO TEYHOCT 3a CTaOWJIEH, IIOCTOSHEH IIPo-
Lec Ha M3MapeHue.

II yyacThbK - YCIOBHO XOPHU30HTAJIEH, C MAaKCH-
MaJlHa TeMIepaTypa 1 MaKCUMaJleH IIPEeHOC Ha TOl-
nuHa. TemmepaTypata 1o HOBBPXHOCTTa Ha TphOaTa
€ M3paBHeHa, cTa0MIHA 1 ocTosiHHA. [Iporiecure Ha
U3MapeHre W KOHJAEH3alMs ca CTaOWJIHH M PaBHO-
BecHH. TeyHata W mapHara Qasa ca B IIOCTOSHHO
paBHOBecHE.

III y4yacThbK - CTENEHTa Ha 3allblIBaHE € TBHPIE
BUcOKa. IIpeoOnamaBa TewyHara ¢asza, a HapHUAT
obeM e B ropHara 4yact Ha TpbOara. Hapymien e 6a-
naHca Ha aBy(a3Hara cucrema. [lo-roysimara yact oT
obema Ha TepMocu(OHA € 3aeT OT TEYHOCT, KOSTO
IIPEYH 3a OIMOJI30TBOPSBaHE HA CKPUTATA TOIUIMHA OT
KoHZeH3aIms. TepMocH(GOHBT € HepaBHOMEPHO
3arpAT ¢ MOATHCHATa KOHBEKUUS W C OrpaHWYeH
MIPEHOC Ha TOILIHHA.

SlcHO Ny, 4e NBY(Qa3HHAT HUCKOTEMIIEpaTypeH
TepMocu(oH TpsOBa 1a e 3ambiHeH ¢ 50% oT BbT-
pemHus ¢ 00eM, Karo B CTYJEHO ChCTOSHHE pa-
O0oTHUAT Quynn na ce chbOupa U3LSIO0 B U3MApUTEIN-
HUS pe3epBoap.

CreoBaTeIHO, BCHYKH TEPMOCU(OHU OT H3CIIe/I-
BaHMs TUIM TPsAOBA a UMAT PaBHHU YacTH BHTPELICH
ob6em — 50% B uznaputens u 50% B KOHAEH3aTOpA.
IIpu KoHCTpyHpaHETO Ha MPOU3BOJIEH HUCKOTEMIIE-
parypen tepmocu(oH TpsiOBa 1a ce cras3Ba NpaBu-
noto 50/50, HE3aBUCUMO OT AWAMEThpa U IbIKHHA-
Ta Ha TPBOHUSL €JIEMEHT.
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INFLUENCE OF THE LEVEL OF FILLING WITH WORKING FLUID OVER
FUNCTIONING OF LOW-TEMPERATURE TWO FASE TERMOSIPHON
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Abstract: The final results are shown of the experimental treatment of thermosifons with different level of filling. The
best results are shown by the copper thermosiphon with heat bringer diethyl ether and 50% level of fillement.

Key words: thermosiphone, level of fillement , diethyl ether
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HNPOCTPAHCTBEHU NIPUHYJAEHU TPEIITEHUA HA ABTOMOBWJI C
KOJIECHA ®OPMYVIJIA 8X8, IOPOJAEHU OT PABOTATA HA
ABUT'ATEJIA C BBTPEIIHO I'OPEHE

Hesan )KEJIEB

Kateqpa ,,Mexanuka”, Texunuecku yauBepcutet - Codusi, ¢pununan [noaus, beirapus

e-mail: hidro_eood@abv.bg

Pe3lome: B Ta3u cratus e npencTaBeHO H3CIeIBaHE HAa MPOCTPAHCTBEHUTE NPHMHYACHHU, MOPOJECHH OT paboTara Ha
JIBUTATEN C BHTPEIIHO TOPEHE, MAJKH TPENTEHHs OKOJIO YCTOIYMBO PaBHOBECHO ITOJIOKECHUE Ha aBTOMOOMII C KOJECHa
dopmyna 8x8. 3a u3cnenBaHe Ha NMPOCTPAHCTBEHUTE NMPHHYAEHU TPENTEHHsS HA aBTOMOOWJA € Ch3IaAeH AMHAMUYCH
mozel. ITocienHuAT € ChecTaBeH OT eMHANECeT UJICaTHO TBBPAU TeJla CBBP3aHM 110 MEXIY CH C XOJIOHOMHH BPB3KHU C
JIBajieceT M ellHa CTeneHH Ha cBoOona. OmnpeneneHu ca 00OOIIEHUTE CHIM OT Ta30BUTE CHIM M MOMEHTH Ha CHJIM, Ha
JIBUTaTe]l C BBTPELIHO TOPEHE, W OT MHEPLUUOHHHUTE CHJIM Ha HEYPABHOBECEHHUTE ABIKEIIM CE MAcH Ha JIBUTATEs.
W3Benena e cucremMa cBbp3aHH AW(EpEHLIHATHE YpaBHEHHSI HA NMPUHYJCHHUTE, OT paboTaTa Ha JBHIATENsS C BHTPEIIHO
TOpEeHe, MAJIKU TPENTEHUs] OKOJIO YCTOWYMBO PAaBHOBECHO IOJIOKEHHE Ha aBToMoOWia. IlpencraBeHO € aHAIUTUYHO
petienne B MaTpuuHa (opma. 3a Tpu 00OOLICHH KOOPAMHATH Ca MPEICTABEHH PE3yJTaTd OT YHCICHO PEUICHHE C
napameTpH Ha peaseH JAByOCeH aBTOMOOHII C BUCOKA TPOXOIUMOCT.

KirouoBu gymu: [IpocTpaHCTBEHN PUHYACHH TPENTEHMS, aBTOMOOHII ¢ KojlecHa (opmyia 8X8, IBUraTenu ¢ BbTPEIIHO
ropeHe.

1. YBOJ

B nocrenHara nuTeparypa HiMa TpyAOBE, KOMTO
pasriexaaT NpUHYIEHUTE, OT padoTaTa Ha IBUraTeN
¢ BerpemHOo Topene (BI), tpentenus Ha
apromMoOmn ¢ komecHa  ¢Qopmynma 8x8 B
MpOCTPaHCTBOTO. Thi KaTO TIaBHUAT BeKTOp Fr -
(¢ur.1) u rnaBHUAT MOMEHT M, Ha cMyIIaBaIIuTe
CUJIM Ca Pa3IIOJIONKEHH IIPOU3BOJIHO B IIPOCTPAHCTBO ¢ur. 1. lunamudes MoJies1 Ha aBTOMOOMII ¢ KOJIeCHa
[1, 2, 3], uenra Ha HacTosmara pabora ¢ jaa Jajae (dopmyia 8x8
pelleHre Ha Ta3u MPOCTPAHCTBEHA 3a1a4a.

q=[x; y; z; O, 0y, 0,

2. JTMHAMMWYEH MOJEJ HA ABTOMOBUJI X, ¥y 2,0y, 0y, 0,, )
C KOJIECHA ®OPMYVIIA 8X8 05040005 s Opy g Opo 0410
Ha ¢ur. 1 e npencraBeH TUHAMHYHHAT MOZET 2/ sz

(AM) Ha aBTOMOOMI C KostecHa opmyna 8x8. B JIM  kbIeTO MOJHUTE MHICKCH CE OTHACAT 3a CIICTHHTE
ca BiioueHn 11 Tema Ha aBTroMoOmma. Te ce  Ttemana JIM: l-kopmyc Ha aBTomMoOwIIa, 2-1BUTATEN C
pasriexaaT  Karo  HUAeadHO  TBBPAM  Tena.  BBTpemHo ropene, 3, 4,...,10 ca komema ¢ Ha
Tlocmenaure ca CBBpP3aHM 1O MEXAy CH C  aBToMoOwia, 11 ¢ Bogad Ha aBTOMOOMIIA.
KMHEMATHYHH [BOMIM K C €IJaCTHYHH U

gemndupamy enementd. IM e ¢ 21 cremeHu Ha 3. CMYHIIEHHSA HA ABTOMOBUJI C
cBOOO/Ia, Ha KOSATO BEKTOPHT Ha 0000IIEHHUTE KOJIECHA ®OPMY.JIA 8x8,
KOOpJMHATH € 3arucaH BbB Buja [3, 5, 6, 7]: MMOPOJEHHU OT PABOTATA HA BT’

Ilpu pabora Ha JIBI' e Heobxomumo na ce
OlpeNeNd BIMSIHUETO HA CHJINTE W MOMEHTHTE Ha
CHJIHM, KOWUTO BB3HHMKBAT OT: HASTaHETO Ha
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paboOTHOTO BEIIECTBO B LMJIMHIBbpPA U B KapTepa Ha
JBI'; uHepuuMOHHUTE CHUIM OT BB3BPATHO -
MOCTBIATENHO, PaBHUHHO u PpOTaLMOHHO
JOBIDKCIUTE CE€ Mach, ¥ OT HEypaBHOBECEHHTE
ke ce macu [1]. 3a ynoGctBo cuimre ce
IIPEACTaBAT BBB (DYHKIHUS Ha BI'bJa HAa 3aBbPTaHe HA
KOJISHOBHS BAJI 00 M CE pas3riexkaaT 3a euH paboTeH
uukbi Ha JIBI. Ilpu uverupurakroBute JABI' egun
paboTeH IUKBJI ce U3BBPILBA 32 JIBE 3aBbPTaHUS HA
koJsiHOBHs Bat. CmymiaBamara cuna F, va JIBI e
paBHa Ha [1]:
— kot —

F, =Rdy,, 5 Fpe™) k=1..n @)

kbaero: F,, - Bekrop Ha aMIUMTyHata Ha A-THS

S.j .
XapMOHMK; y,, — KOGHULIUEHT; k = TJ s — Opoii Ha

nnmmHapute Ha [IBL; j=1,2,...n.

BexTopbT Ha cMymiaBamiara cuia ce MpoeKTupa
BBPXY KOOpIMHATHUTE Ha TMpaBOBIbIHA JlekapToBa
KOOpJMHATHA CUCTEMa W 3aliChT My B MaTpUYCH
BHJ € OT Buja [1]:

Ir
Fzz[Fz,v FZy Fz:] (3)
CMy1iaBamusT MOMEHT OT rasosure cwid M : ,
paznoxed B pex Ha Dypue, € OT BUAa:
M (a,6) = M (&) + M sin(o+ @, ) +
+ M;.sinlo+@,)+..= 4
=M+ ZM;.sin(k.ot +0, ), k=1,..,0

CmymaBamusat MomeHT M, Ha JIBI e ot Buga:

M, :Re(VMz M e )" k=0,...n; 5)

M,=M, (a)
kbaeTo M,, ¢ BeKTOp Ha aMIUIMTyxata Ha K-Tus
XapMOHUK, y,,, € KOS(HIHCHT.

BekropsT Ha cMmymaBamus ~ MOMEHT  C€
MIPOEKTHPA BBPXY KOOPJAMHATHTE HAa MPaBOBI'BIHA
JlekapToBa KOOpJMHATHA CHCTEMa U 3alUCHT MY B
MaTpu4eH BU € OoT Buza [4]:

M, = [MZ,x M2,y MZ.z (6)

4. OBOBILIEHU CHNJIN

[IpuHyneHuTe NpPOCTPAHCTBEHH TPENTEHUS HaA
aBTOMOOMIM Cce W3CieABaT, Karo ce OTYHTa
CMYLIABAILOTO JEHCTBUE HA CUINTE U MOMEHTUTE OT

paborara Ha JIBI' [4, 5, 6]. Ha ¢ur. 2 e nokazaHo
CBOOOMHO TSJIO B TPOCTPAHCTBOTO, C JeHCTBaIa
BBPXY HETO cujia

F, = [Fi)( F, F;, ]T (7)
1 MOMCHT Ha ABOMIIA CHUJIN
M, :[MiX M, MiZ]T (8)

0
¢ Bektop Ry, Ha npunoxuata Touka P; Ha cunara Fi
0 0 0
Ry, =R’ +U;ry, ®
Bupryannara paboTa Ha cujaTa ¥ HA MOMEHTA Ha
cua ce Ae(uHNpa C ypaBHEHHETO

SW,=F  SR) + M .00 (10)
KbACTO

SRY, =S8R’ -U! 7, .U .60 (11)

56 =[06, 56, 6,] (12)

U™ e neunupana B [1].

Karo ¢ (15) ce 3amectu B (14), 32 BUpTYyanHara
paboTa Ha cujaTa ¥ Ha MOMCHTa, JeHCTBallX Ha
TSUIOTO, CE HOJIy4aBa n3pasa:

8W,=F 3R] —F' 7, .U.00+M]. U560 =
=0,8R)+Q,, 80
(13)

OT TOBa ypaBHEHHE C€ OMpeNeNsAT 0000LUICHUTE

CHH:

0, = FiT
( _ 70T [~oT 14
oy F’Mi)_Ui \rpi F; + M,
O600menuTe cru Ha JIBI™:
Or=F:’ (15)
_UQOT (NOT P M*)
0y, =U," \rp, .[F, +M,

Xi1
¢ur. 2 Cxema Ha TSJIO C IPIIIOKEHH BBPXY HETO TTIaBeH
BEKTOp Ha CHJIa U IVIJaBEH MOMEHT Ha cuJia [2]
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5. IN®EPEHIINAJIHUA YPABHEHUS HA
INPUHYJAEHUTE TPEIITEHUSA HA
ABTOMOBNJI C KOJIECHA ®OPMY.IA 8x8,
IHOPOJEHH OT PABOTATA HA JBI'

IIpy Majiku TpenTeHUs OKOJO YCTOWYHBO
PaBHOBECHO ITOJIOKEHUE CHCTeMaTa TU(epeHIHaTHA
YpaBHEHUSI IPUIOOHBA CIICAHUS BHUI:

]u(z 1) d2ns) T B(z o) dow) C(2 w21)d2xr) = o
(16)

KBACTO:

M 3,,51)> Cla1,01) €@ MATPHLK CHOTBETHO HAa MACHTE

U Ha eNacTUYHHTE Koe)HIMEeHTH Ha MeXaHHYHATa
cucrema, nedunupanu B [4];
By.,1) © MaTpuLa Ha JeMrdupalyure cBOHCTBa Ha

MeXaHW4YHaTa cucreMa, AeduHupana B [5];
0 e cmymaBaiia 00001IeHa CHJIa.

BekTopbT Ha 00001IeHaTa cMyaBaia cuia Q e
OT BUjA!

Q:[[O]éxl) [7F2~Fz*](T3x1)

[1vs M3 1y [0] 6y Toven
Pemenunero Ha cucTemara CBBp3aHU
mudepeHanan  ypaBHeHus (16) mnpu  HavaiHU
yenous t=0,4(0)=¢q,,4(0)=q, nma BUOa:

(17)

5 -a,.G.M+
21 .
4(1)=S———| G, MG(0)+| p, H, M+ |.q(0)|
g, +h,
G,.B
e cosP,t+
5 -a, .H, .M -
21 .
+§12—hz. H,Mq(0)+ ,Br.Gr.M-i- .q(O) .
g}’ r Hr .B
e sinBt+
£y 2
k:Or:lgrz + h’2 '
+ Re ,
o, G +B, . H +ikQG, 05, &
C0 kPO +2iko, Q.0
(18)

KbACTO:
g, =20, .(VrT.M V.-W MW, )_

(19)
B,V MW +VI BV, -W' BW,;

ho=28, WV MV, -W MW,)-

(20)

4o, VI .MW. +2V] BW,;
G =g .L +h.R; 1)
L=VV -ww’ (22)
H, =h.L -g R, (23)
R =V.WwW +wy' (24)

5. PE3YJITATH OT U3YUCJIEHUATA

C wu3BeleHUTE YpaBHEHUS Ha CBBP3aHUTE
MPOCTPAHCTBEHH  IPUHYJEHU  TPENTEeHHs  Ha
aBTOMOOMIJ C KojiecHa ¢opmyiia 8x8, MOponeHH OT
pabotara Ha JIBI', e ch3mangena mporpaMa B cpena Ha
CTaHAAapTeH  mporpameH  npoaykt  Wolfram
Mathematica. C  ¢usnunuTe mNApamMeTpd Ha
W3CNeABaHUs aBTOMOOWII ca MOJIyYeHH CTOMHOCTUTE
32 aMIUTUTYIUTEe ¥ 32 aMIUTUTYJHO - YECTOTHHTE
XapaKTepUCTHKA Ha MPHHYJCHUTEC TPENTCHHUS 3a
BCUYKU 00O0OIICHH KOOPJAMHATH Ha Pa3riIeKIaHHs
JIM.

Ha ¢ur. 3 u dur. 4 ca npencTaBeHu MOJyICHUTE
pe3ynTaTu 3a mpuHyIeHHTe, oT pabortara Ha [IBI,
TPENTeHUs] Ha aBTOMOOMJI ¢ KoyiecHa (opmyia 8x8,
3a B¢ 0000IIEeHN KOOPINHATH.
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¢ur.3 AMIUIITY 1M Ha OPUHYAEHUTE TPENTEHUS

a1
0.00004 -
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qicm

0.00002 - “
I

e T

40 50 60

m ‘l!l‘ T S Ls
0 ol 0 40 50 60

¢ur.4 AUX Ha NpUHYAEHUTE TPENTEHUS

6. 3AKJIIOYEHHUE

W3BBpIIEHO € U3Cc/IeiBaHe HA IIPOCTPAHCTBEHUTE
TPUHYACHN TpPENTEeHHS Ha aBTOMOOMII C KOJECHa
dopmyna 8x8, mnopomenu ot paborara JIBT.
ChCTaBeHHAT AMHAMUYCH MOJIEN Ha aBTOMOOHIIA € C
21 cremenn Ha cBoOoma. M3BemeHa e cmcremara
JuepeHanHy ypaBHEHUsI Ha IPOCTPAHCTBEHUTE
TPHHYICHHU TPENITEHNS Ha aBTOMOOMIIA, TOPOIEHU OT
paborata Ha [IBI'. IlpenctaBeHo e pelieHue B
MmarpudeH Bua. Cp3gajeHa e mporpaMa B cpefa Ha
nporpaMHust npoxykt Wolfram Mathematica. C
KOHKPETHH CTOHHOCTM Ha IapaMeTpuTe Ha
W3CIIeIBAHUA AaBTOMOOMI ca TIOTyYCHH YHCIICHH
PE3yNTaTH 3a IPUHYACHUTE TPENTEHUS, IOPOICHHU OT
paborata Ha JIBI', mo o0oO0mieHnTe KOOPAUHATH U
TEXHUTE aMIUTHTYIHO-9€CTOTHH XapaKTEPUCTHKH.
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Summary: This article investigates the small spatial oscillations forced by the work of an internal combustion engine,
around a sustainable equilibrium position of a vehicle with wheel configuration 8x8. For the investigation of the spatial
forced vibrations the vehicle a dynamic model has been created. The latter is composed of twenty one perfectly rigid bodies
interconnected with holonomic constraints with fifty degrees of freedom. Generalized forces by: gas forces and moments of
forces of internal combustion engine, and by inertial forces of the unbalanced moving engine masses have been defined. A
system of linked differential equations of the small oscillations forced by the internal combustion engine, around the steady
equilibrium position of the vehicles been created. Analytical solution in matrix form has been presented. For three
generalized coordinates results of numerical solution with parameters of a vehicle with wheel configuration 8x8 have been
presented.

Keywords: spatial forced oscillations, vehicles with wheel configuration 8x8, internal combustion engines.
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PA3BPABOTKA CUCTEMbI CTABIJIN3AIIMUA YI'JIA OTKJIOHEHUS
BAJTAHCHUPYIOHIEI'O POBOTA

Jmurpuii ®EJJOPOB' Anapeii UBOMJIOB! Bagum )KMY/Ib' Buramuii TPYBUH!
Jrooomup JTUMUTPOB?
I®I'BOY BIIO HI'TY, HoBocubupck, Poccus
fds0303@mail.ru; iaul3hv@mail.ru; oao_nips@bk.ru; trubin@ngs.ru;

2TY-Coduu, Jlaboparopus Mexarponuka, Codus, Bosrapus

lubomir_dimitrov(@tu-sofia.bg

AHHoTanusi. B naHHOW paboTe NMpOM3BOAUTCS OMHCAHME M HCCIIEOBaHHE IKCIICPUMEHTAIbHON pa3paboTKu IBYX
KoJsiecHOTro poboTa. Ha Gase cymecTByromei MaTeMaTHYECKOH MO/IeNN OaTaHCHPYIOIIETo poO0Ta CO3/1aHbl HACTPOCYHbIE
QITOPUTMBI CTAOMIIM3ALIMN yTJIa OTKJIOHEHHSI OT BepPTHKAaNM. JIJIsi MPakTHYECKOTO ONpeeeHHs yrila OTKIOHEHHS! ObLTH
UCIOJIB30BaHbI anb(a-6eta GUILTPBI, @ yroy M0BOPOTA KOJIEC ONPEAEIISETCS C TIOMOIBIO YHKOECPOB.

KiroueBrbie ciioBa: GanaHcupyronuii poOoT, cucTeMa aBTOMaTHYECKOro YIPABICHMs, MOJAIbHBIA METOJ CHMHTE3a,
KOMIUIEMECHTApHBII (UIIbTp, anbdha-6era GUIBTP, aKCeIepOMETP, THPOCKOIL, SHKOAEP

BBEJEHUE

B naHHOI cTaThe ommcaH Ipolecc pa3padoTKu
CHCTEMBI cTadnIn3anuu JIBYXKOJIECHOTO
Oanancupyrouiero pobora. Buemnuii Buzx poGota
npencraBied Ha puc.l. JlaHHOe  ycCTpOHCTBO
npeacraBisier coboi  mmardgopMmy, Ha KOTOpOM
pasMelleHa YNpaBisiomas 3JIeKTPOHHKAa poboTa H
nmaruukd. K mmardopme jkeCTKO KpemsTcsi CTaTopbl
JIBUTaTeNed MOCTOsHHOro Toka. Ha poropax xe
IBHUTATeNell 3aKpeIluleHbl Kojeca. Ines pabGoTs
YCTPOHCTBA COCTOHUT B TOM, YTOOBI MOJJNEPKUBATH
BEPTHKAIBHOE TOJIOKEHHE POOOTa MyTEM BpaICHUS
Kollec, MOJIIep>KUBasi paBHOBeCHe OaTaHCUPOBKO.

puc.l Banancupyrouuit 1ByXKoJeCHbIH poOoT

Banancupyrommii  pobOT € MaTeMaTHYecKOi
TOYKHU 3pEHHs NPEACTaBIseT CO00il mepeBepHyTHII

MasiTHUK C TOYKOH IIOJBEca Ha Kojece — puc. 2
[1,2,3,4]. OTo HenmmHElWHAs HEyCTOMYMBAsT CHCTEMA,
KOTOpass MOXKET CIYXHTb M OTpabOTKH |
CPaBHEHHMSl Pa3IMYHBIX AJITOPHTMOB YIPABICHHUS.
MHorue HeyCTOIHUUBBIE CUCTEMBI COJIEPIKAT 3BEHBS,
NpeACTaBISIOIME cOOOW MNepeBepHYThI MasTHUK:
TPaHCHOPTHOE CpeAcTBo Segway [5], AByHOrue
HIaraloliie MEXaHU3Mbl, AK30CKeneTsl. [losTomy
PE3yIbTAThl, IMOJYUYCHHBIC B I[aHHOﬁ CTaTb€, MOTYT
HUMETH HNIMPOKOC MPAKTUICCKOE IIPUMEHCHHE.

IlepBuunoit  3amauei  sBIsleTcs  3amada
OIpeNeNICHNs] MaTeMaTHYeCKOil MoJjienin 00beKTa, a
TaKoKe MPOBEpKa Pa3peInMOCTH 33/1a41 CHHTE3A.

Heorpemmemoit  wacteto  paboTel  Jr000I
CHCTEMBl aBTOMATHYECKOTO YIPAaBICHUS SBISETCS
H3MEpeHHe BBIXOAHOW mepeMeHHOH. OT TOYHOCTH
9TOr0 U3MEPEHHs 3aBHCUT Ka4eCTBO PETYIUPOBAHUS
U 3amac ycroduumBocTd. B 3T0# cratee OymyT
paccMOTpeHbl 0COOEHHOCTH PabOThl aKkcenepoMeTpa
U T'UPOCKOIIa, BXOAAMNX B UBMCPUTCIIbBHYIO CUCTEMY
MPU6050, a Takxke TpeIOKEHO OOBEIUHATH
NOKa3aHUs OJTHUX [JBYX JaT4MKOB C MOMOIIBIO
KOMIUIEMEHTapHOTO ¢unbTpa, qTO nact
BO3MOKHOCTb JOCTaTOYHO TOYHO OIPEACISATH YIoi
OTKJIOHEHUS B IAHHBII MOMEHT BPEMEHH.

PesynbratoM Bceil paOoTBI SBISETCS CHUCTEMA
cTabunm3anuy  OanaHcupyromero pobora. OTa
cUcTeMa TMOJIEPKUBAET COCTOSHHE pOOOTa B
BEPTUKAIBHOM IOJIOXEHHH U MOXET 0TpadaThIBaTh
BHEIIIHHE BO3MYILEHHUSI.
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HOmutpuit ®EJJIOPOB  Annpeit NBOIJIOB Bamum XKMV/Ib Buranuit TPYBUH
Jro6omup AUMUTPOB
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(x,.Y,)
I —
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¥ )
m, o¥—r" -
x .y.)
K"K MK

puc. 2 MasTHUK C TOYKOH I0/IBECA Ha KOJIECE.

O — Touka nmoaBeca, M, — MOMEHT KoJjeca, |y — Yol
IIOBOPOTA KoJleca, T — pafuyc Koeca, m, — Macca
KoJseca, (X, Vi) — LEHTP Macc KoJieca, ¢ — yroJ
HAKJIOHA, (xp, yp) — LeHTp Macc pobora, [ —
paccTosiHUE OT [IEHTpa Macc podoTa A0 TOUYKU
nozBeca (LeHTpa Macc Koieca), J — YCKOpeHne
CBOOOJTHOTO TTa/ICHHSI.

1. OMMCAHHUE MATEMATHYECKOI1
MOJIEJIN

Henpto  paboThl  CHCTEMBI  CTaOMIM3ALUK
SBIAETCS TpUBEICHHE po0OTa B IOJIOXKEHHE C
HYJICBBIM YIJIOM OTKJIOHEHHsSI OT BEpPTHKAIH H3
HEKOTOPOT0 JWana3oHa Ha4yalbHBIX COCTOSHUH H
yJIepKaHUE ero B 3TOM moJjioxkeHur. C TOUKH 3peHHS
MaTEeMaTUKH [JaHHas CHCTEMa SIBIIIETCS OOBEKTOM
BHJA «IIepeBepHyThIM MasTtHuk» [1,2,3,4,9,10].
BeIBOA M HCCIIEJOBaHHE MAaTEMATHYECKOW MOIEIN
00beKTa TAKOrO THUIMA BBIXOJUT 3a PAMKU JAHHOM

CTarbu, IIO3TOMY [IIPUBCACM JIMIIb HTOI'OBBLIC
COOTHOLICHUA. Hﬂﬂ cliyvas, Koraa KoJieca
TIPpUBOJATCSA BO BpamicHue JABUTaTCIIIMU

MMOCTOSIHHOTO TOKA.

a,§ + apcose = assing + 2a,(p — @) — 2bU
as(gcosp — ¢p*sing) + ayh = —ag( — ¢) + bU
rae
a; = my(A% + 1) + 2Jp;

a; =myrl — 2 y;

az = myrl = Jp; ay = myr® + Jo; as = mygl;
kmke b= k_m

R, ' R’

31eck My, —Macca CTepIKHs MATHUKA, | — paccTosHue

Ag =

OT IIEHTpa MacC CTEpPXKHA OO TOYKH MOABECa
MasiTHUKA, A — panyCc HHEPIIUY CTEPXKHS, 7" — PaJuyc
Koneca, J,, — MOMEHT WMHEpUMU JABWrateins, R; —
COIPOTHUBIIEHUE OOMOTOK, Ky, k, — KOHCTPYKTHUBHbIE
k03 dunmeHTsl nBuraTess. s pacyera perynstopa
HEOOXOIMMO NPOW3BECTH JIMHEAPH3ALMIO ITaHHBIX
COOTHOLICHUH B OKPECTHOCTH TOUKH PABHOBECHUS.
J71st 3TOr0 BOCIIONB3yeMCS COOTHOLICHHSIMHE:
sing = @; cosp =1;¢ =0;

Taxkum obpasowm, JIMHEapU30BaHHAS
MareMaTH4ecKas  MOJIeNb  CHCTEMBl  HMeeT
CIIEIYTOIIUI BUI:

{a1¢3 +a,) = asp + 2a6(1/) - <p) — 2bU an
a) +azp = —as(P — @) + bU
Cra0umu3npyeMbpIM  ITapamMeTpoM  CHCTEMBI

SIBISIETCS.  YTOJ OTKJIIOHEHUsS OT BEPTHKAIH, a
YIOPaBISIIOIIMM ~ BO3JEHCTBUEM —  HampsDKEHHE,
MIPUIOXKEHHOE K JBHUraTelIsiM IIOCTOSHHOTO TOKa.
Taxum 00pazom, U1sl pelIeH s 3a/1a4u CTa0MIH3aLUH
CHCTEMBl HEOOXOAMMO OLICHHMBATh YroJl HaKJIOHA
aTGOpPMBI 1O OTHOLICHHUIO K BEPTUKaIU. B Hamem
cllyyae OLeHKa OyAeT OCYHIECTBISTHCSA C MOMOLIBIO
KOMIUIEMEHTapHOTO PUIBTPa, O KOTOPOM MOJIpoOHEe
OyzeT cka3zaHo janee.

Perymarop anst oObeKTa JAHHOTO THIIA MOXKET
OBITP paccYMTaH Ha OCHOBE MOJAJIBHOTO METOZa
cunresa [6]. Pacmpum cucremy (1.1), no6aBuB aBa
yYpaBHEHUSL:

¢=¢
Y=y

[Mony4yum cucteMy ypaBHEHHi, KOTOpas MOXKET

OBITh IIPE/ICTABJICHA B BEKTOPHO-MATPHUYHOH hopme:
Hx = Hyx + Hyu,

rac
a 0 a, O
1o 1 0 o
= a; 0 a, O
0 0 0 1
_2a6 as 2a6 0
11 o o of
HZ - a6 0 —(16 0 ’
0 0 1 0
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-2b @

0 2

H3= b ;X = Il)
0 Y

IMociie mpeoOpa3zoBaHMsl K CTaHAAPTHOMY BHIY
IOy YHM:
X =Ax + Bu
A=H,""H,;B =H, 'H,
3aKoH yIpaBlICHUS UIMEET CIICYIONIIIA BUJL:
u=Kx
K = [ky ky k3 k4]

rne K — martpuna Ko3((UIMEHTOB perysTopa.
3necy mapamerpbl MaTtpuilbl K COOTBETCTBYIOT
koadduirenTaM B 00paTHOH CBS3U MPHU CIIETYIOLIHX
BEJIMYMHAX:
k, — npou3sBojHas yrja Hak/JIOHa J1aTGOPMBI ¢
k, — yroJs Hak/10Ha J1IaTGOPMBI @
k3 — mpou3BoHasA yr/1a MOBOPOTA KoJleca 1)
k4, — yros noBopoTa koJieca i

Janee HEo0X0JUMO OIIPEAEIUTD
XapaKTePUCTHUECKOE YPaBHEHHUE CUCTEMbI HCXOJIS U3
CJICITYIOIIETO COOTHOLICHHSI:

A(p) = det(pl — (A + BK)) =
=p* + A3 (K)p® + A, (K)p? + A1 (K)p + Ao (K)

ITocme  sTOro  cocraBisieTcs — JKeJTaeMoe

YpaBHEHHE CHCTEMBI:
C(p) =p* + C3p° + Cp* + Cip + Gy

Jis HaxoxxaeHust Ko3(h(QUIIMEHTOB peryJsTopa
HE0OXOJUMO MPUPABHATH KOI(DGHUIUEHTH IpU
CTEICHSAX oOIepaTopa P  XapaKTepPUCTUUECKOro
YPaBHEHUS! K COOTBETCTBYIOIIUM K03 HIEeHTaM
JKETaeMOTr0 YpaBHEHHS.

JlaHHBII MeTox IPIMEHEH AJISl PeIIeHHs 3a/1a1H
cTadmIn3anuy B CHIy CJIEAYIOINX NpuYuH. Bo-
NepPBBIX, OCHOBHBIM DPEXHUMOM pPabOTBl CHCTEMBI
crabunm3anuu poboTa SBISIETCS PEXUM OTPabOTKH
HayalbHBIX YCJIOBHH, a MOJAIBHBIA METOJ IaeT
Jy4IIAA pe3ybTaT MMEHHO B TaKHUX CHCTeMax. Bo-
BTOPBIX, JUIA pELICHUs 3aJaud CTabuin3anuu
HEOOXOJMMO OLEHUBATh UYEThIpE IEPEMEHHBIX
COCTOSIHHSL CHCTEMBI, JIB€ M3 KOTOPBIX MOTYT OBITH
U3MEpeHbl HampsAMylo. YToJl IIOBOpOTa Kojeca
U3MEpPSAETCS ¢ TIOMOLIBIO HKOJEPOB, BCTPOCHHBIX B
JIBHUTATEIM, a YTJIOBasi CKOPOCTh IIATGOPMBI — C
HOMOIIBIO THpockona. OcTaBuinecs ABE MOTYT OBITH
OLIEHEHbI C IMOMOIIBI0 (QUIBTPOB, KOTOpHIE OyIyT
PaccMOTpEHEI Jaee.

2. CTPYKTYPA POBOTA

B COOTBETCTBHE c MOJTyYeHHON
MaTeMaTH4eCKOil MOZAENBIO CUCTEMBI M BHIOpaHHBIM
METOJOM CHHTe3a peryisropa Obuia BbeIOpaHa
CTpYKTypa po0oTa, peacTaBieHHas Ha puc. 2.1.

Jlaruuk yrina STM32 Moy
HakKJIOHa CBHA3H
\ 1111 @
: = .[ 11 [. H
Jlarunk Jlarunx
Illiill!pl!'l'ﬂ II('IIH)]'I()T,.?I
Koneca A koneca b

Jpurarens A Jleurarens b
Puc. 2.1 - CrpykrypHas cxema pobota

SIIpoM CHCTEMBI SIBIISICTCS MHUKPOKOHTPOJLIED
STM32F100R8T6, ycraHOBJIEHHBII Ha OTIAJOYHON
miaTe STM32VLDISCOVERY. Janubrii
MHKPOKOHTPOJIIEP MOJHOCTBIO peanuzyer
yIpaBJIeHUE CUCTEMOH.

B kauecTBe naryMKa yria HakJIOHA ITPUMEHEH
uzMmepurenbHelii Mogyias MPU6050. Oror monyis
BKIIFOUaeT B ce0s TpEeXoceBble THUPOCKON H
aKCcelepoOMeTp M MOXKET ObITh TMPUMEHEH JUIs
OTpeeNicHNs] HE TOJBKO YIJIa HakKJOHA, HO U €ro
TIepBOY MPOM3BOIHON (YIIIOBOH ckopoctH) [7]. D10

MO3BOJISIET ~ HANPSIMYI0  W3MEPUTh €€  OJHY
MEPEMEHHYI0  COCTOSIHHS, YTO  CYIICCTBEHHO
VIOPOUIAET  MPOUEAypy  pa3pabOTKH  CHCTEMbI
cTaduInu3aLum.

B KkauecTBe WCIOJHHUTENBHBIX MEXaHH3MOB
cucrembl npumeHeHsl cepBoMoTopsl NXT Lego
Mindstorm. B cepBOMOTOpBEI BCTPOEHBI HKOIEPHI,
KOTOpbIE TO3BOJISIIOT OMNPENEeNUTh yroJ II0BOPOTa
poTopa JBHrareis OTHOCHUTENBHO CTaTropa. OTO
O3Ha4yaeT, 4YTO  CYLIECTBYeT  BO3MOXKHOCTb
OIIPENeNUTh YTOoJl IIOBOPOTA KoJleca.

Tax ke B cHCTeMy BKJIFOYEH MOJYJb CBSA3U IO
unateppeticy UART. K manHoMy Momymio MoeT
ObITh moAKIItOUeH npeobpaszoBarens TTL-USB s
cBs3u ¢ [1K nnn monyns Bluetooth, Hanmpumep HCOS.
JlaHHBII MOJy/b BBEIICH B CUCTEMY ISl OTJIAJKU €€
paboThl, TOMYYEHHIO TIapaMETPOB CHCTEMBI B
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TEeKYIIMH MOMEHT BpPEMEHH, a TaKKe OTIPaBKH
KOMaHJl yCTpOICTBY.

Takum 00pa3oM, MOXKHO CGHOPMYIUPOBATH
CIIeyIOIHe 3a/laull, KOTOpble HEOOXOAUMO PEUIUTh
B TIpo1iecce pa3pabOTKH CHCTEMEI.

1. Peanuzanus ynpasieHUs CEpBOMOTOpaMHU

1 TIOJyYeHHe JaHHBIX MO YIIIy IOBOPOTa
KoJieca,;

2. OmnpezerneHue yriia HaKJIoOHa podoTa ¢
IIOMOIIBIO H3MEPHTETBHOTO MOIYJIS
MPU6050;

3. OmnpeneneHne mapaMeTpoB
MaTeMaTU4YeCKON MOJIENU CUCTEMBL;

4. CuHre3 peryysTopa MOAaIbHbIM METOAOM.

B cunenyromux — pasjienax — CTaThd — OIHCAHO
HOCIIEJOBATEJIbHOE PEILICHUE 3THX 3a7ad.

3. YIIPABJIEHUE CEPBOMOTOPAMM

OJIHUM U3 CaMBIX PaclpOCTPAHEHHBIX CIIOCOOOB
ynpaBJileHUs 3JIEKTPO/IBUTATEISIMU SBIISIETCS
OIMPOTHO-UMITYJIbCHAas ~ Moayisanua. Ha  Bxof
JBUraTesis IMOAAITCA MPSIMOYTOJIbHBIE HMITYJIbChI
IIOCTOSIHHOM 4YacTOThI, HO PAa3JIMYHON CKBa)KHOCTH.
[Ipu 1ocTaTouHO BHICOKOW YaCTOTE UMITYJIHCOB TOK B
SIKOPHOW LIEMM W, CJeJI0BaTeNbHO, MOMEHT OyIyT
MEHATBCS IUIaBHO  Onarojaps MHAYKTHBHOCTH
00MOTOK 3nekTpojBurarens. [Ipu 3ToM H3MeHEeHue
CKBR)XHOCTH  BXOJHOTO  CHTHajla, HMEIOLIETO
MIOCTOSIHHYIO ~ aMIUIUTYAy, OyAeT 9SKBHUBAJICHTHO
HW3MEHEHUIO aMIUIUTYIbl BXOJHOIO HENpPEpHIBHOTO
CHUTHaja.

Jlnist yripaBJieHust IBUTaTeeM ObLI 3aJ1eiCTBOBAH
BCTPOEHHBIII B MUKPOKOHTPOJUIEP TaitMep, KOTOPBIi
HMEET YeThIpe KaHalla yIpaBJICHUs C BO3MOKHOCTbIO
HacTpOWKM UX B pexxuMe renepauuu LLHIMM-curnana.
MonynupoBaHHOE  HalpsDKEHHE — [0JIaeTcsi  Ha
JBUraTenb 4Yepe3 CIEelHUalIbHble MHKPOCXEMBl —
JpaiiBepbl HANPSKESHUSL.

4. OLIEHKA YTJIA IIOBOPOTA U
CKOPOCTH BPAIIEHUS KOJIECA

Juii omeHku  yrga  [OBOpoTa  Kojeca
HCIIOJIb3YIOTCS BCTPOECHHBIE B JBHUIaTeNb
KBaJIpaTYpPHBIE ~ HHKPEMEHTAJBHBIE  SHKOJEPHI.

Kaxxapiit sHKOIEp MMeeT 1Ba BBIBOJA: KaHAT A M
kaHan B. 3a omuH o00opoT Kojeca OymeT
creHeprpoBaHo 180 UMITyIbCOB HAa 000MX BBIBOJIAX,

npuueM BpeMs ummynbca T, paBHO BpeMeHU May3bl
T, , 4TO IO3BONAET U3MEPATH YrOJI IOBOPOTA KoJleca
C TOYHOCTBIO JO OJHOIO rpajgyca, IyTeM
PETUCTPUPOBAHYS HE TOJILKO MOJIOKUTEIbHBIX, HO U
oTpuuaTenbHbIX GpoHToB. CUrHAN HA OJJHOM KaHaie
CIBUHYT OTHOCHTEIBHO JPYroro. DTO IO3BOJSET
OIIPe/IeNIATh TAKKEe HAIpaBIICHHE MOBOPOTA Kojeca.
Ha puc. 4.1 nmpezncrasieHa auarpaMma CHTHaJIOB C
KaHaJI0B BHKOJepa IIPU OBOPOTE KOJIeca 110 4aCOBOii
CTperke, a Ha puc. 4.2 — IPOTHUB.

A

B

Puc. 4.1 Curnansl 2HKOZIepa IPH TOBOPOTE KoJieca 1mo
4acoBOH cTpenke

A

B

Puc. 4.2 Curnaisl 3HKO/iepa IpH IOBOPOTE KoJieca
TIPOTHB YacOBOH CTPEIKI

Jlns peructpaunu GpoHTOB ObLT 3a/1€HCTBOBAH
TaiiMep MHKpOKOHTposuiepa. Kaxnaslii  BbIBOZ
9HKOJIepa MOJKJIIOYEH K OTJEJIBHOMY €ro KaHaiy.
Ecnu npu peructpaiiuy NonoXUTEIbHOTO GPOHTA Ha
KaHaJe A 3HayeHHe Ha KaHalle B paBHO HyJrO WM
IIPU OTPULATENILHOM (GPOHTE — EIUHHMIE, TO Yroi
[I0OBOPOTa MHKPEMEHTHPYETCS, B JPYTHX Clydasx —
JEKPEMEHTUPYETCS.

Jlisi  OLGHKHM CKOpOCTM BpallleHUsl Kojeca
NOTPeOOBAIOCh NPUMEHUTH CIEHUAIBHBIN (HILTD,
HasbIBaeMbli Tuddepenupyonmm GuisTpom.

Juddepenumpyrommit (unbeTp - 3TO
YCTPOMCTBO, IO3BOJIAIONIEE IOMYYUTh  OLEHKY
(GuIbTpyeMOii BEJIMYHMHBI, a TaK e €€ MPONU3BOJIHbIE.
Paccmotpum ero  paboTy Ha  TpUMepe
UG GepeHIUpPYyIONero QuIbTpa BTOPOTO MOPSIKA.
CrpykrypHas cxema (uiIbTpa npuBeieHa Ha puc. 4.3.
JaHHOIl ~ CTPYKTYpHOM  cXe€M€  COOTBETCTBYET
i depeHIranbHoe ypaBHEHHE:

y= sz}o +2dTy, + Y,
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AN RS Vo J 1Y [1] Y
T? p p
2d
T
1
T2

Puc. 4.3 - CtpykrypHas cxema audhepeHIHpyYOIIEero
(buIbTPa BTOPOro MopsiaKa. y - QUIbTPYEMbIi CUTHAI, Yo -
_dyo .. _ dye

€ro OLICHKA Y, = Yo =4

Ha Bxon ¢uibTpa momaeTcs BBHIXOIHOW CHUTHAI
00bEeKTa, Ha BBIXOJE MOXHO IIOJIyYUTh OLIEHKY
BBIXOJJHOTO CHI'Hala OO0BEKTa U €€ IMEepBYIO
POH3BOJHY0. TeopeTHieckH, TaHHBIH QUIBTP TaKk
K€  IO03BOJIET  IONYYUTb  OLEHKY  BTOpOH
IIPOU3BOJHOM (JULL 3TOr0 HEOOXOAUMO B3ATh CUTHA
CO BXOJa IIEPBOrO HHTErpaTropa), HO B CHUILY
3allyMJICHHOCTH  BBIXOJHOT'O CHUI'HaJIa OGT)CKT&,
Ka4eCTBO oJIy4aeMoi OLICHKH BTOPOI
IPOU3BOIHOM, KaK MPaBHUJIO, HEYAOBIETBOPUTENLHO.
Jns KOppeKTHOTro ompeieNeHuss N-H MPOU3BOTHON

TpeOyercs  muddepeHuupyronmii  Gunbtp nt+l
mopsaka [8].
Ilpu noctpoeHHHn GUIBTPa  HEOOXOIUMO

IIPaBUIBHO BHIOpaTh ero mapamerpbl. OCHOBHBIMU
mapamMeTpaMH  JaHHOTO  (uibTpa  SBISIOTCS
nocrosHHast BpeMeHH (uibTpa T U K03 GUIHEHT
nemnduposanus d. IlepBslil mapamerp omnpenenser
JUIMTEIBHOCTh MEPEXOIHBIX MPOLIECCOB B (DUIIBTpE,
TO ecTb, ero ObIcTponeiicTBue. BTopoii mapamerp
ornpenensieT KoJieOaTeIbHOCTh MPOLIECCOB B QUIIBTPE.
Pexomennyercs BbIOMpaTh MAAHHBIH HapaMeTp B
npenenax 0.5 — 1. Bennunaa mocTosiHHON BpeMeHH
¢mibTpa ompenenseTcs MOCTOSHHOM  BpeMEHH
mporeccoB B o0ObekTe. [t KOppEKTHOTO
OICHUBAHUA  BBIXOJHOTO  CHTHala  OOBEKTa
HE00X0AUMO, YTOOBI IOCTOSIHHAS BPEMEHH (pUIbTpa
O6bia B 3 — 5 pa3 MeHblle, YeM HaMMEHbIIAs
IIOCTOSIHHAs BpeMeHU oO0bekTa. OnHako, ciemyer
IIOMHHUTH, YTO 4Y€M MCHBIIC 3HAYCHUC MMOCTOSTHHOM
BpeMeHH GuiIbTpa, TeM Xyke 3(QPeKT oT ero
HNPUMEHEHHUS. Taxum o0pasom, 3Ha4YEHUE
MIOCTOSSHHOM BpPEMEHH MOIDKHO OBITH JIOCTATOYHO
MajblM, YTOOBI 3aJepKKa BBIXOJHOTO CHTHala

¢ubTpa ObLIA TIPHEMIIEMOW, HO B TO XK€ BpeMs
JOCTATOYHO OOJBIINM, YTOOBI NMOMEXH BBIXOAHOTO
CHT'HAJIa YCIEITHO CTJIaKHBAIHCh.

Haubonee mpoctoii cmoco06 — peanu3anuu
i GepeHIIpYONIero (GrbTpa BTOPOTO MOPSIIKA CO
CTPYKTYpOH, OMUCAHHOW BBINIE, COCTOUT B 3aMCHE
orepanuu HUHTErPUPOBAHUS orepauue
CYMMHPOBaHHUS:

t2
y=f ydt — y(k)
t

1
=ylk—1)+dy(k) =dt

rae y(k-1) — 3HadeHue GUIBTPYEeMOro napamerpa Ha

TpenpiymeM mare, y(k) — 3HaueHne Ha TeKyIIeM,

dy(k) — BXomHOW mapaMeTp  HHTErparopa

(mpou3BogHAs BBIXOJHOTO CHUTHajla) Ha TEKyILIeM

mare, dt — mar uHTerpupoBanus. OUILTp BTOPOTo

HopsiAKa MOXKET OBITH peanu3oBaH
[IOCJICIOBATENbHBIM ~ BBIIOJIHEHUEM  CIEYIOIIUX
oreparui:

k) 2-d-dy,(k—1 k-1
2y, (k) = y(k) Yolk —=1)  y,(k—1)

-T2 T T2
dyo(k) = dyo(k - 1) + dzyo(k) -dt
Yo (k) = yo(k = 1) + dy, (k) - dt
rne, d2y, — 3HaueHHe OLEHKU BTOPOH MPOU3BOAHOM,
dy, — 3HaYeHUE OLEHKU IEePBOH NPOU3BOAHOH, Y, —
3HAQUCHUE OLEHKU (UIBTPYEeMOIl BENUYUHBI, ) —
3HaueHue (QuIbTpyeMod BeNWYMHBI, df — IIar
MHTErPUPOBAHUSL.

B omnnume ot Teopetuueckoi Moaenu GHIbTpa,
B (uIBTpe, peann30BaHHOM HAa MHKPOKOHTPOILIEpE,
TIOSIBIISIETCS €IIIe OJIMH BaYKHBIN IMapaMeTp, KOTOPBIi

HEOOXOAMMO TMPaBWIBLHO BHIOpaTh. JTO ImmIar
uHTerpupoBanus. OCHOBHOE MpPAaBIIO IPU  €ro
BBIOOpE — IIar WHTETPUPOBAHUS JOJDKEH OBITh

MEHbIIIE HAUMEHBIIET0 apamMeTpa (HHUIbTpPa, TO ECTh,
HOCTOSHHOM BpeMeHu. [l KOppeKTHOU paboThl
¢unbpTpa He0OXOAUMO, YTOOBI IITar UHTETPUPOBAHUS
ObLI MEHBIIIE TOCTOSIHHOM BpeMEeHHU XOTs ObI B 3 pasa.

CymecTByeT eme OJHAa OCOOEHHOCTh MPH
peamm3zanuu  QuUIBTpA HAa  MHKPOKOHTPOILIEPE.
BoNBIIMHCTBO MUKPOKOHTPOIIIEPOB MOTYT paboTaTh
JIMIIG C NENOYHCICHHON apu(METHKOMH, TO3TOMY, BO
u30exaHue IOTepb  JAHHBIX IIPU  JENIEHHUH,
HEO00XOJMMO BBIIOJIHSATH CABUI BJIEBO HA HECKOJIBKO
paspsoB  IepeA  omepauuei  geneHus  (4TO
SKBUBAJICHTHO YMHOXKEHUIO Ha 2 B HEKOTOpOH
CTEIEHH), a IO 3aBepLUIEHUU BCEX OIlepaluil,
BBIIOJNHAThL  OOpaTHbI  CABUT  (IKBUBAJIEHTHO
TIEJICHUIO).

67



HOmutpuit ®EJJIOPOB  Annpeit NBOIJIOB Bamum XKMV/Ib Buranuit TPYBUH
Jro6omup AIUMUTPOB

Jl1s paboTHl B peaJlbHOM BPEMEHH, OIICpaliy,
INPUBCACHHBIC BbIIIC, MOTYT 6I>ITI) pcajm30BaHbl B
Bune (yHKOMHM, KOTOpas BBI3BIBAaCTCI depe3
UHTEPBajJbl BPEMEHM, PaBHbIE BHIOpAaHHOMY ILIAry
nHTerpupoBanus. Hrke mpencraBieHsl pe3ynbTaThl
paboTHI I bepeHIIpYIOLIEro ¢$unbTpa,
IIPUMEHEHHOTO IJIsI OLEHKH CKOPOCTH BpAILCHUS
konmeca. Ha puc. 4.4 npuBeneHsl pe3ylbTaThl
W3MEpeHHs yrila IOoBOpoTa Kojeca, Ha puc. 4.5. —
pe3ysIbTaT OLEHKHM CKOPOCTH BpalleHHs Kojeca I0
JaHHBIM YTJIa IOBOPOTA.

1200

1000
800

=]

s 600

400

200

1200

1000

800

600

dyrdt, %s

400

200

Puc. 4.5 Ouenka cCKopoCTH BpalleHHsI Koieca

5. MOJYYEHHUE MATEMATHYECKOM
MOJEJIX CEPBOMOTOPA

Jnst paboThl ABHWraTens B COOTBETCTBHU C
QITOPUTMOM  yNPABJICHUS CHCTEMBI HEOOXOIMMO
MOJYYUTh €ro MaTeMaTUYECKYIO MOJETb.
[TpubnKeHHO TOBEACHHE IBUTATENS MOCTOSHHOTO
TOKa ONMCBIBACTCA CIEAYIOLUMHU COOTHOLLICHUAMU:

Je=M—My;
M = k,1;
U—-E=1IR;
E =k,w;
k . kmk
?mU=]a)+%a)+M1 (5.1)
rae J —MOMeHT uHepuuu Bana; M —  MOMEHT,
co3JaBaeMblil [BuratesneMm; M; —  Harpy304HbIA
MoMmeHT; k., k. - KOHCTPYKTHBHBIC
K0 GUIMEHTHI ABUTaTeNisl; R —  CONPOTUBIICHUE

obMmotku sikopst; E — mpotuso-2/1C.
B pexumMe X0JI0CTOro Xoza npu HampsbkeHud U, Ha
BXOJe IBHTaTeNs peleHueM nuddepeHnnansHoro
ypaBHeHUs (5.1) siBnsieTcs QyHKIHS:

w(t) = Uok (1- e_%) (5.2)

1 R

rmeK=—T= R B IIPOUHTETrPUPOBATL ITO
ke kmke

ypaBHeHHe Ha wuHTepBaye oT 0 10 t, HOIy4YuM

BBIPpAXKCHUE JIA yIJjia IIOBOPOTAa pOTOpA ABUTAaTEIIA:
t
9(t) = [J w(t) = UpK(t = T) + UpKTe T

(5.3)
Kak BuznHO 13 ypaBHeHus (5.3), ¢ Te4eHHEM BpEeMEHH

yrojl MOBOpOTa  TNPHONMKACTCS K  HPSMOM,
OTIMCHIBAEMOIl YpaBHEHUEM:

o(t) = UpK(t—T) (54

Jnist  momydeHHsT ~MaTeMaTHYecKOW  MOJETH

nBuraTenst OBUIM TIPOBENEHBl H3MEpEHHs yria
MmoBOpoTa poropa mnpu HampsokeHuun U=5 B.
PesynbTar M3MepeHus yria IOBOPOTa JIBUraTEes
npencrtaBieHsl Ha puc. 5.1. Toukn Ha NWHEHHOM

yuacTke rpajuka ObUIM  aNIIpPOKCUMUPOBAHBI
opsMoif, mo koddduiueHTaM KOTOpoH  ObLIH
OIIpe/ieNICHbl ITapaMeTPhl MOJIEIIH:
V-s
K =156 —;
rad
T=012s;

Jlns mpoBepku OBLIO MPOBEAECHO MOAEINPOBAHNE
CHCTEMBI C MOJYYCHHBIMH 3HAYCHUSMU MTApaMETPOB.
Ha pucynke 5.2 mnpeacraBieHbl pe3ylbTaThl
MOZEINPOBaHHS CHCTEMBI M JaHHEIE, IOy YE€HHBIE 110
pe3ysipTaTaM H3MEpeHHs Ul CKOPOCTH BpAIICHHS
pOTOpa IBHUTATEIS.
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400
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50

ts
Puc. 5.1 Jlannslie 11 yriia HOBOPOTa pOTOpa ABUTATEIS:
CHHSIS1 KpUBasl — IaHHBIE 3KCIIEPHMEHTA, KpacHas —
JIaHHBIE TI0 PE3yJIbTaTaM MOJAEIUPOBAHHS
500

450

400

350

300

250

dudt %s

150

Puc. 5.2 JlanHbIe 111 CKOPOCTH BpameHUS POTOpa
JIBUTATENS: CHHSISI KpUBas — JaHHBIC SKCIIEPUMEHTA,
KpacHasi — JIJaHHbIE 110 Pe3yJIbTaTaM MOJIETUPOBAHHSL.

Hanee HEOOXO0IMMO OTIPEICITUTh
KOHCTPYKTHUBHbBIE K03 GUITHEHTHI JBUraTess
k., nk,. 3Hauenue k, MOTHOCTBIO OIpEICTSACTCS
napamerpom K:

K 1

ke
OnHako JTaHHBII TapaMmerp obnanaer
CYIIECTBEHHOM  HEJIMHEUHOCTBIO. IIprunramu

HaJIN4US HEJIMHEHHOCTH SIBIISIOTCS KOHCTPYKTUBHbBIE
0COOEHHOCTH JIBUTATENs, a TaK J>X€ MHKPOCXEM
JpaiiBepoOB,  HCHOJNB3YEMbIX JUIl  YIIPaBJICHUS
neurarenem. Ha puc. 5.3 mpencraBneHs! nepexoHbie
XapaKTCpUCTUKU JABUTIaTCIIsL npu 3HAYCHUAX

BxogHoro HanpspkeHus 1 — 10B c marom 1B. Ha puc.
5.4 mpexacTaBleHa 3aBHCUMOCTb Iapamerpa k, OT
BXOQHOI'O HAIIPSYKCHUS.

I pmeennenoo pooeeoeee ,
LTI S
10| S Y

600 |--------

dyedt, s

400 ===~ A,
ﬁ : :

200 |- HEAT

ts
Puc. 5.3 IlepexonHble XapaKTEPUCTUKH ABUraTelst IPU
Pa3IMYHbIX 3HAYEHHUAX BXOJHOIO HANPSKEHHS.

Puc. 5.4 3aBucuMocTh BeNWYMHEI TapameTpa Kk, oT
BXOJHOT'O HAIIPSIPKCHUSI.

Jns onpenenenus napametpa k,, ObLI MpoBeneH
OKCIIEPUMEHT, B XOAE KOTOpPOTO H3MEPSIIOCHh
3HaU€HWE IYCKOBOIO TOKa IPH  HM3BECTHOM
Harpy304HOM MOMEHTE Ha Baiy jasurarend. Cxema
OIbITa IPHUBEJICHA HA PUCYHKE 5.5.

Ha konece, coeqUHEHHBIM C BallOM JBHraTels,
ObUI 3aKperuieH Tpy3 ¢ momolupto HuTH. CHavana
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ObLia H3MEpCHa Cujla JaBJICHUA 3TOTO I'py3a Ha OIIOpY
IIpU OTKIIFOYCHHOM JJICKTPOABUTATEIIC.

/i Z
Puc. 5.5 Cxema skcriepuMeHTa 1o oInpeiesIeHHIO
KOHCTPYKTHUBHOTO KO3 duuuenta K. M, — MoMeHT,
co3naBaeMslit kosiecoM; O — 0Cb KoJIeca; I — paguyc

Kouseca; F,, — cuna HaTsOKeHUs HUTH; F,. —cuia gaBieHus
rpy3a Ha omopy.

3areM Ha JABUTATCJIb NMMOAAaBAJIOCh HANIPSKCHUEC,
IpU 5TOM U3BMEPATICA ﬂKOpHBIfI Tok. Cuna JaBJICHUSA
I'py3a yMEHbIIAJIaCh Ha BECJINYUHY CHUJIbI HATSXKCHUA
HUTH. 3Has OTYy CHUIIy U paJguycC KoOJie€ca, HECIOXHO
OonpeaciInTb CO3HaBaeMBII>i KOJICCOM MOMCHT.
My=r-F, =r(Fr1_Fr2):
rne F., — cuna jgaBieHus Tpysa Ha OIOpY NpH

OTKIIOYEHHOM  BJIeKTpojBurarene, F., — TIpH
BKJIIOYEHHOM.
Ha puc. 5.6 wu3oOpaxeHa moiyueHHas

3aBUCUMOCTb MOMEHTa KOJeca OT TOKa B SIKOpHOI
IEIH.

Ha  ocHOBaHuUM  3KclepUMeHTa  OBLIO
OIpEeNICHO Clieaytolee 3HaueHne koaddunuenTa:
k,, = 0.25.

Ilpn wu3BeCTHBIX 3HAYEHHAX IApaMeTPOB
knuk,, a Tak xe aKTHBHOTO CONPOTHBIICHUS
SKOPHOM IIenu R, KOTOpOe MOXKET OBITh OIIPEENICHO
C TIOMOLIBIO MYJNBTHMETPA, MOXKHO BBIUHCIHTD
3HQUEHUE MOMEHTa WHEepUuM JBuUrarens |
IMockoneky B ABUTATeNb BCTPOEH PEIYKTOD,
3HAQUEHUE MOMEHTA MHEPLUH, TIOIYyYEHHOE COTIaCHO
pouenype, OTIMCAaHHOH BBIIIIE, Oymer
COOTBETCTBOBATh BBIXOAY PEAYKTOpA

0.2

_____,_____..____
f, D B R——

MomeHT koneca, H'm

0.1 0.2 0.3 04 0.5 0.6 07 0.8

Tok AkopA, A
Puc. 5.6 3aBrcuMocTs MOMEHTA KOJIeca OT TOKa B
SIKOPHOH LIeTT!

3Hauenue k,,, MOXXHO NOJY4UTh U3 BBIPAKCHUS:

M
km:T;

6. MOJKJ/JIIOYEHHUE MPU6050

B kadectBe nmartuMka yria HakiIoHa poOoTa
TIPUMEHSIETCS] U3MepUTEeNbHbI Momyns MPU6050.
Jauublii MoAynb BkIOYaeT B cebs qBa MOMC-
JaT4uKa — AaKceJIepoMeTp W THpOCKOI. MoyJb
umeer tudposoit Beixox 12C. Berpoennsii AL
npeoOpa3yeT aHaJIOrOBble CHUTHAIbl JaTYUKOB B
nupoBoil KO Ui JanbHEWIICH meperadd Io
untepdeiicy 12C. Hike TpuBEneHB TeXHUYECKUE
XapaKTePUCTHKH MOIYJIS.

e  TpexoceBoil rupockor;

TpexoceBoil akcenepoMeTp;

TepmonaTuuk;

Hanpsoxenne nmutanus 2.375V-3.46V;

FIFO-6ydep oovemom 1024 Gaiit;

IIporpaMmupyemble oIb30BaTEIEM

miQpoBbie GUIBTPHI TS THPOCKOIA,

aKceJepoMeTpa U TePMOJIaTUHKa;

e  Unrepdetic 12C ans 3amucu v YTeHUS,
PETUCTPOB YCTPOICTBA, paboTarouMii Ha
gactore 10 400k 1r;

e [Iporpammupyemblii Honb30BaTEIEM
JIuara3oH m3mepenuit: +250, +500, +1000,
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u £2000 °/c;

Bcerpoennstii 16-paspsanbiii ALTT;
Hudposoii nporpammupyemsiii @HY;
Tok B pexxume paboTsl — 3,6 MA;

Tok B pexxuMe OXHUIaHUS 5 MKA.

MPU 6050 6bm1 moaxmouen k 12C momymio
MHUKPOKOHTpOJIIEpa STM32F100RBT6B TS
OTIPAaBKM KOMAaHJ U CUMUTBHIBAHUS M3 PETUCTPOB
HEoOXOJUMBIX NaHHBIX. Ilocie OTIpPaBKH MOIYJIIO
KOMaHJbl O HadajJle M3MEPEHUH IPOUCXOAUT
IIOCTOSIHHAsL OLU(POBKA MOKa3aHUM CO BCEeX Ocei
TMPOCKOIA,  aKCeJepoMeTpa M TepMOJAaT4YHKa.
Ocraercst TONBKO CUHUTHIBATH HHOOPMAIHIO W3
HEOOXOMMMBIX PETHCTPoB. YacToTa 3ammcH HOBBIX
JAHHBIX B OTH PETUCTPBl aHAIOTOBO-LU(PPOBBIM
mpeoOpa3oBaTelieM — 3aBUCUT  OT  BbIOpaHHOM
[0JIb30BaTENIEM YyBCTBUTEIBHOCTH CEHCOpa W,
CJIeIOBATENNbHO, AUANa30Ha U3MEPEHNUIL.

CBsa3p  JaTyMka M MHKPOKOHTpoOILIEpa
ocymiecteisercs no unrepdeiicy 12C . JlaHHbIit
uHTepeic HMeeT apXUTEKTypy BeAymMd —

BEJOMBI, TO €CTh OJHO YCTPOMCTBO (Bemylee)
IIPOM3BONT 3aIIPOC HA YTEHHE MU 3aIMCh BEIOMBIX
ycTpoiicTB. B Hamem cirydae BEJOMBIM SIBISIETCS
MPU 6050, a Begymum 12C Mosyib, Haxoasmuics
Ha MUKPOKOHTpoJuiepe. J{iIs CBS3K HCIIONB3YeTCs IBE
JBYHAIpaBlIeHHbIE JINHUH: TAKTHPOBAHUS U JaHHBIX.
Benomoe yctpoiicTBo UMeET cBOM afpec, KOTOPBIN Ha
JIAHHOM JTMHUH TOJDKEH OBITh YHUKATBHBIM (B HAaLIIEM
ciryyae 310 0xDO0). JIMHUM AOJKHBI OBITH TOATSHY THI
K YPOBHIO JIOTHYECKOH equHunbl. Kak mpasmuio,
yCTpOﬁCTBa TIOAKIIOYAOTCA K JIMHUAM 4€PE3 BHIBOIbI
c OTKPBITHIM KOJIJIGKTOPOM (croxom).
HpCI/IMyH_ICCTBOM SABJISICTCSA BO3MO>XKHOCTb
MOJKITIOUSHUST OOJNBIIOTO KOJIMYECTBA BEJOMBIX
YCTPOHCTB, a TaKkkKe CPaBHUTEIBHO BBICOKAs
JaJBHOCTD Tepefavn NaHHbBIX. Ho mpu yBenndeHnu
JNaJbHOCTH  (bakTHYecKas CKOPOCTb  Iepenadu
JIAHHBIX CHIYKAETCsI. DTO CBA3aHO C TEM, YTO (HPOHTHI
CIIQXKUBAIOTCS ~ M3-32  YBENIMYCHUSI  SMKOCTH
MIPOBOOB.

Crour oOpaTuTh BHHMMAaHHE Ha HEKOTOpbIE
0COOCHHOCTH,  CBfI3aHHBIE C  NPOTrPaMMHOM
peann3anyeil anropuTMa IONIYYeHHS JaHHBIX Ha
MHUKPOKOHTpoiutepe cepun STM32.

Bo-nepBeix, HeoOX0omuMo cOpachkiBaTh (iaru
COCTOSIHHS MOJTYJIST 12C —nepudepun
MHKPOKOHTpoJuTepa. OCymecTBIseTCS 3TO YTSHHEM

peructpa ¢naros. Eciau srtoro He caenars, 12C -
moxynms MPUG6050 ©He cmoxer mepeiitm K
clefyromet  craiuu  paboThl W TPOU30MIET
3aBUCAaHHME NPOrpaMMbl. MOMEHT BpeMeHH, Korna
HeoOXoauMo cOpaceiBaTh (prmaru  3aBUCHT  OT
KOHKPETHOH MHKPOCXeMBI KOHTpoiuiepa. [lostomy
HEOOXOIUMO THIATEIbHO H3yYHUTh JOKYMEHTAIIHIO Ha

JTaHHBII niepudepuitHbIi MOJYJIb
MHKPOKOHTpOJIIEPA, a TaKxKe JOKYMEHT,
cogepkamipii  ceegeHuss o0 ommOKkax B

nokymentauun (ERRATA SHEET).

Bropast 0COOEHHOCTb CBsI3aHA C 3aBEPIICHUEM
C€aHCa CBA3M NPU YTCHUH HaHHBIX U3 PCTUCTPOB
MPU6050. Curnanom 3aBepiieHuss 0OMEHa JaHHBIX
ABJIACTCA YCTaHOBKAa CTON-yCJIOBUS Ha JIMHUU
JaHHBIX. B cioydae ¢ MHKPOKOHTPOJUIEPOM
STM32F100 xoMaHay Ha T€HEPaIUIO CTOT-YCIOBHS
UL HETO HeoOXOOUMO OTHATh HOCHe HPOUmeHUs.
npeonocneonezo 6avma. Ecin npuHUMaeTcs OIUH
0alT, 3TO HEOOXOAMMO cJeJaTh IOCNEe MOTy4eHHS
Oura TOATBEpXKAEHHS aapeca OT  BEIOMOIO
ycTpoiictBa. Eciau 3T0 chenaTh mocie MpOYTEHUs
nocineaHero  Oaiita, MHUKPOKOHTpoiuiep  Oyner
OXMAATh NpUEM eIle OJHOro 0OaiiTa, KOTOpOro He
Oyzer, ¥ mporpaMma 3aBUCHET.

7. ONPEJEJIEHHUE YT'JIA OTKJIOHEHUA

OT BEPUKAJIU
W3mepenus yria, IOJIyYeHHbIE
aKCeJIepOMETPOM,  COZAEP)KaT  BBICOKOYACTOTHYIO

TIOMeXy Jja’ke B CTaTHUYECKOM pexkume. B muHamuke
JK€ JIMHEHHBIE YCKOPEHHUS NPHUBOAAT K TOMY, 4TO
MOKa3aHUs yria MOTYT OBITH BOOOIIE
HeKoppeKTHbIMU. [1epByto mpobieMy MOXKHO PELIuTh
C TIOMOIIbIO CIJaXHWBaHUS, HO 3TO NPUBOAUT K
CIBUTY TO (ha3e TOJE3HOTO CHTHAja, 4TO MOXKET
c/leNnaTh CUCTEMY HEYCTOHYMBOW. MHOrHe OOBEKTHI
YIpaBICHHUS MOTYT HOAABHUTH ATy BHICOKOYACTOTHYIO
COCTABISIOILYI0O  CBOEH  MHEPUUOHHOCTBIO, H
Cria)kKMBaHUE MOXKHO HE TPHUMEHATb, HO BTOpast
npobiemMa, CBsI3aHHAs c HETIPpaBUIIbHBIM
OINpeJeNIeHHeM yTIjla OTKIOHEHHUS aKceJIepoMeTpa
MpU BO3ICICTBUM HAa HEro JMHEHHBIX YCKOPEHMHIA,
JIETKO MOJKET CHeNIaTh CUCTEMY HEYCTOHYMBOH Haxe
IIPU PABUIILHO PACCUUTAHHOM PETyIISITOpE.
W3mepeHue yria THPOCKONIOM HPUBOIUT K
TMOSIBJIEHUIO HU3KOYaCTOTHOTO uryma,
BO3ZHUKAIOUIETO  BCJEACTBUE  HHTEIPUPOBAHUS
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YIJIOBOH CKOPOCTH (THPOCKOIT H3MEPSIET UMEHHO 3Ty
BEJIMYMHY). OTO NPUBOAMT K Ipeddy Hyns, H
3Ha4YeHHe yria OyAeT HOCTOSHHO YBEITMUUBATHCS HITH
YMEHBILIATHCS IAXKE €CIIM CHCTEMa HETIOBIKHA.

HamomMHnM, 49TO akcelepoMeTp H3MepsieT
NPOCKIMI0 Ha €ro OCH CyMMBI BCE€X CHII,
IIPWIOKEHHBIX K HEMY, 32 HCKJIIOYEHHEM CHIIBI
TsbkecTH. To ecTb B CTaTHKE IIPOM3BOIUTCS
H3MEpEeHHe CHIBl DPEaKIWH OHOphl Ha JaHHOE
YCTPOHCTBO. A Tak Kak dTa CHJa MPOTHUBOIOJIOKHA
[0 HANpaBJCHUIO TPaBUTALMOHHOW, TO, 3Had
BEJIMYUHBI €€ MPOEKINI Ha OCH, MO>KHO OIPEEIIHTD
YT0JI OTKJIIOHEHUSI OT BEPTHKAIHN. DTO MOKHO C/IeNaTh
o gopmye:

Fony i+1
— y
Pakci+1 = arctg (F K (7-1)
omy i+1
TAC QPakci+1 — YTOJ OTKIOHCHUS B TeKyI_HI/Iﬁ MOMCHT
BpEMCHU, BBIYMCJICHHBIN C IIOMOIIIBIO

aKcenepomerpa, Fop, j1q - MPOCKIHSA CHIIBI PEAKIHH
Omopbl Ha 0Cb Y, a Fop ;41 —HA OCB X.

I'upockon u3MepsieT yINIOBYIO CKOPOCTb B
OINpENEeNIeHHONH IUIOCKOCTH, HCHONB3ys 3(dekr
Kopuonuca. B panHOM ciydae Hac HHTepecyeT
yriaoBas ckopocTe B miaockoct XY. Ilomyunth
BCJIMYUHY YyIVIa MOXHO IIPOUMHTEIPpHUPOBAB CHUI'HAJI
THPOCKOTIA!

t
Prup(t) = [y w(D)dr.
IIpu peanu3anyu Ha MUKPOKOHTPOJUIEPE JaHHAS

ornepanusa 3aMCHSCTCA YUCJIICHHBIM
HUHTETPUPOBAHHEM:
Prupi+1 = Prupi T A(pmpi+1
= Qrupi + Wi - At, (7.2)

IO  Prupi+1r Prupi yIoJ, BBIYHCICHHBIH C

IIOMOIIIBIO T'MPOCKOIIa Ha TCKYHIEM U NPCABIAYIIECM

mare, w; — YIJIOBas CKOPOCTh Ha NpPEIbLAyILEM
ware,  AQupiq —  OpUpAlleHHe  yrma 32
MPOMEKYTOK BPEMCHHU, paBHBIH mary

HHTETpUpOBaHus, At — Iar UHTerPUPOBaHUS.

Ha puc. 7.1 u puc. 7.2 mpencraBieHbl rpaduKu
YIJIOB, TOJYyYEHHBIX C HCIIOJIb30BAHHEM JaHHBIX
aKcenepoMerpa u THPOCKOTIa, BXOJUSIIIIIX
mmepurenbHyto cuctemy MPU6050. [{nst ymobersa
HavyaJbHBIA YroJl TUPOCKOIA BHIOpaH MaKCHMAIbHO
OJIM3KKM K YTIIy aKkcelepoMerpa.

Ha puc. 7.1 BuaHo, uTo pa3dpoc 3HaueHUH yria,
BBIYMCICHHOTO U3 IIOKa3aHUH  aKcelepoMeTpa,
IpeBBIIAECT OJMH IPagyc, a Ha puc. 7.2 UMeercs

YEeTBIPEXKPAaTHAas
JUHAMHKE.

OomIHOKa €ro ONpeaciCHusd B

-900

Yron akcenepomMeTp
Yron Mupockon

1000 -4 pg - )

-1100

V1)) SO S

Mpagyc™00

4300 oo R

-1400 -

1500 ; i i ; ; i
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Cexynna*100

Puc. 7.1 Yroi1, BEIYNCIEHHBIH C IIOMOILBIO [TOKa3aHMI

aKCeJICPOMETPA U TUPOCKOIIa B CTAaTUKE

6000

¥ron akcenepomerp
Yron rupockon

4000

2000

-2000

Mpanyc*100

-4000

-6000
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Cexynga*100

Puc. 7.2 Yroj, BEIYMCICHHBIH C TOMOIIBIO OKa3aHUH

-5000 L
0

aKCeJIEPOMETPa U rUpoOCKoIa B JTUHAMUKE.

IokazaHust yria, BBIYHCICHHOTO W3 YIJIOBOW
CKOPOCTH THPOCKOIa, 00Jice KOPPEKTHBI HA BTOPOM
rpaduke, HO Ha MEPBOM HMEETCSl 3HAYUTEIBHBIHN
npeiid sToro yria.

ITockonbky 00a 93THUX  JaT4yuka  HMMEIOT
HEJOCTaTKH W HE MOTYT OBITh HCIOJIH30BAHBI
HANpsAMYIO B CHCTeMax, rae TpeOyeTcs BBICOKas
TOYHOCTb OIIEHKH YyIJla HAakJIOHa, HEOOXOIUMO
MIPUMEHUTh CHEIUANTBHBIH (QUIBTP, KOTOpBIA OBl
HCTIONB30BaJl TIPEUMYIIECTBAa Ka)KIOTO JaTyduKa H
KOMITEHCHPOBaJ HepocTaTki. OIUH U3 BO3MOXKHBIX
BapHaHTOB TaKOro (GUIbTpa — KOMIUIEMEHTapHBII
¢buneTp, m anpda-oera GUIBTPA.

8. KOMILJIEMEHTAPHBI ®UJIbTP
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KomruiemenrapHslii  GunbTp miu ansda-oera
GuIbTp B JAHHOM Cllydae HCIOJNB3YyeTCs JUIs
OTpe/IeNICHNsT YIila HAKJIOHAa U ONEpUPYET B CBOCH
pa0oTe MOKa3aHUAMHU aKCeJIepoMeTpa M TMPOCKOIA.
Hmwxe mnpencraBieHa ¢opmyna Iis BBYUCICHHS
3TOTO yria:

@iv1 =1 — K)(‘Pi + A(pmpi+1)
+K  Qaxcivas (8.1)
rae K — koaddunuent ¢punprpa (MMeeT 3HaueHHUE B
npenenax ot 0 1o 1), ¢;41, @; — Yro, BEIMUCICHHBLI
C MOMOIIBI0 GUIbTPA, HA TEKYLIEM M MpPEAbLIyLIeM
Iarax.

IlogctaBum 7.1 u 7.2 B 8.1 m mnomyyum
OKOHYATEJIbHOE BBIPAKCHUE VIS BBIYMCICHUS YIja
OTKJIOHEHUS:
®iy1 = 1 = K)(@; + w; - At)

+K - arctg (M)
Fonx i+1
JanHb1i QuIbTp SBISETCS YNPOLICHHBIM BApHAHTOM
¢unpTpa Kammana mis omHOMEPHOTO citydas, TOe
TepBOE ClIaraéMoe TPEACTaBISIET COO0OW 3BEHO
npenckasaHus.  TONbKO — NpHpalieHue  yria
onpenensieTcss HUCXOAs HE U3 MaTeMaTH4ecKOH
MOJICIM  CHUCTEMBbl M  W3BECTHOW  BEJIMYUHBI
YIpaBIIeHUs], & YIJIIOBOW CKOPOCTH Ha MpPEIbLAyILEM
mare, KOTopasi u3MepseTcss HalnpsIMyI0 THPOCKOIIOM.
Take ko3p¢punuenr K sBisercss NOCTOSHHOM
BenuuuHONW. Bc€ 31O 3HaumTeNnpHO ympolmaer
BBIYUCIUTENBHBIN TIPOIECC, NPH 3TOM IOJIY4YEeHHOE
3HAYCHHUE yTJIa MOXKHO CYMTATh JOCTATOYHO TOUHBIM
NpUOIIKEHUEM K peaibHOMY. CTOUT OTMETHUTb, YTO
MPUMEHEHHE THPOCKOINA XOpPOLIO TEM, YTO Ha €ro
BBIXO/IE MBI TI0JTy4aeM BEJIMYUHY YITIOBOH CKOPOCTH,

yTo  uW30aBiseT HAC  OT  HEOOXOJMMOCTH
nuddepeHpOBaTh BEIHMUYHHY YIiia, KOTOpas UMeeT
BBICOKOYACTOTHYIO  COCTaBJsoIyl0. OcobeHHO

BKHO, YTO HA €ro IIOKa3aHHs HE OKAa3bIBAIOT
BIMSIHHSL JIMHEHHBIC yckopeHms. [lostomy u mpu
CHHTE3¢ alropuTMa YIPABICHHUS >KEIATeNbHO, IO
BO3MOXHOCTH, TMEPEMEHHBIC COCTOSHHS H3MEPAThH
JIATYNKAMH, & HE PACCUUTBIBATD, HCXOISl M3 3HAUCHU I
JIPYTHX, CBA3AHHBIX, BEJIHYUH. DTO MOJOKUTEIHHO
TOBJIMSIET HA 3amac yYCTOWYHMBOCTH W KauyecTBO
PEryIHPOBAHUSL.

Wsmensist 3HaueHune kodddunumenta K, Mol
ompenensieM, Kakoe W3 CilaraeMblx OyAeT HMETh
Gonprmii Bec. Ilpu ymenbmiennn K mokasaHumst
¢unbTpa OyoyT CTPEMHTbCS K  MOKa3aHUSIM
THPOCKOMNA, a TPH YBEIUYCHUH - aKCEIepOMeTpa.

IIpu K = 0 ypaBHenue 8.1 Bbipokaaercs B 7.2, U MbI
HOJlyYUM BEIHYHMHY yriia 0e3 BBICOKOYACTOTHBIX
MOMEX, HO MOCTOSTHHO “‘yruteiBaronryro”. Ilpn K = 1
ypaBHeHue 8.1 BoIpokmaercs B 7.1, 1 BEIYUCIICHHBIN
yron Oyner CHIBHO 3allyMJIEH ¥ MOABEPKEH
BIIMSIHUIO JIMHEWHBIX YCKOpEHHH. 3aja4a COCTOUT B
MIPaBUIBHOM I10/100pe 3Toro Koadduimenta, yToOb
OLIEHKA YIJIa, HOJy4eHHas ¢ BBIX0Ja 3TOro (hUIIbTpa,
Y/IOBJICTBOPSIA 3alaHHBIM TPEOOBAHUSM.

-2300
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Puc. 8.1 3HaueHus yrioB rupocKoIla, akCeJIepoMeTpa u

anbda-6era punbrpa npu K =0.01

Ha puc. 8.1 u puc. 8.2 npencrasieHsl rpaguku
IIpU pa3IMYHBIX 3HaueHmsx mapamerpa K. Ilar
IHCKpeTH3anuy paBeH | Mc. HauanbHble 3HaueHUs
yIJla THPOCKONa M QUIBTPa 3alaHbl OTINYHBIMU OT
HA4aJIbHOIO 3HAYEHUs yIjia akceslepoMmerpa Ha 2
rpagyca aias Oosiee ynoOHOH OLEHKHM MEATIEHHBIX
npoueccoB B ¢puibtpe. B paboraromeit cucteme 3tu
3HAUYCHUA JOJIKHBI COBIIagaTh, KaK 3TO IOKAa3aHO Ha
puc. 8.3.

Ha puc. 8.1 u puc. 8.2 npeacrasneHsl rpaduku
IpU pa3MuHbIX 3HaueHWs X napamerpa K. Ilar
JIHCKpeTH3anuu paBeH | Mc. HauanbpHble 3HaueHUs
yIJla THPOCKONa M (QUIBTPa 3aaHbl OTINYHBIMU OT
HayaJbHOTO 3HAYECHWs YIJIa akcelepomeTpa Ha 2
rpagyca mius Ooyiee yIOOHOH OLICHKHM MEIJIEHHBIX
mpoueccoB B puiibTpe. B padoTaromeii cucteme 3TH
3HAYCHUS JTOJDKHBI COBMAAATh, KaK 3TO MOKAa3aHO Ha
puc. 8.3.

Kak BuAHO u3 rpadukoB, NpHU YMEHBIICHHU
3HadyeHus mnapamerpa K yBenuuuBaeTcs Bpems
IPOTEKaHHUs MEJICHHBIX IPOLECCOB B GUIBTPE. DTO
OOyCIIOBIIEHO ~ OciabjeHHeM BIHMSHHA Ha €ro
NOKa3aHUs JaHHBIX aKcelnepoMeTpa (JIMHHUS cTaja
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Oonee raankoil) U yBeIMYeHHEM BIMSHUS JaHHBIX
THPOCKOTIA.
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Puc. 8.3 3HayeHus yriioB rupockorna,
akcenepomerpa u anbpa-6era punsrpa npu K =0.001 u
OJIMHAKOBBIX HAYaJIbHBIX YCIOBHSX.

VI3MeHeHNE HAa4YalbHBIX yCIOBHUS HE BIUSET Ha
BpeMsl MPOTEKAaHUSI MEJICHHBIX IPOLECCOB (BUIHO
u3 puc. 8.2, puc. 8.3). Taxxke MoxHO HabmoOAaTH
HOSIBJICHUE CTaTHUECKOH OmMOKH, KOoTOopas OymeT
pactu mnpu yMmeHblleHHH Koddpduimenta K u
YBEJIMYEHHH CKOPOCTH CMEIIEHHS yTJia THPOCKOIIA,
HO 3Ty CKOPOCTb MOXKHO CUMTATh ITOCTOSHHOM, U OHA
3aBHCHT OT TOYHOCTH JAaTYHKa W BBIYHUCIUTENBHOM
HOTPEIIHOCTH: 9eM MEHbINe IIar WHTETPUPOBAHUS,
TEeM MeHbIIIe OIMOKa 1 HIDKE CKOpOCTh apefida. [Ipu

9TOM CTaTHYECcKasi OIMOKa HE 3aBUCHT OT HAa4aJIbHBIX
ycnosuit. IIpu K = 0.001 ona cocraBuma 1.2 — 1.3
rpaayca. Jlng HambGonee TOYHOHW pabOTHI CHCTEMBI
peKOMEHIyeTcsl HadanbHOe 3HaueHue (uiIbTpa
NIPUPAaBHATh  HAYAJIbHOMY  3HA4YE€HHIO  yIJa
akcenepoMeTpa. A CMEIIEHHE MOXKHO BBIYUCIUTH
OIIBITHBIM ITyTEM, U OHO OyZIeT OTMHAKOBEIM BO BCEM
JMara3oHe U3MEpeHHs yriia.

Ha puc. 8.4 u puc. 8.5 npencrasiensl rpaguku
YIJIOB THPOCKOIA, aKcelepoMeTpa H anbda-Oera
¢wibTpa B AMHAMUKE NPH PA3IMYHBIX 3HAYCHUSIX
napamerpa K. Ha puc. 8.5 yron ¢unbrpa B O0sbinei
CTEIEHH COOTBETCTBYET YNNIy TIHpOcKoma. OTo
o3Hayaer, 4ro ausi koddduuuenta K mydmmm
3HaueHueM Oynetr 0.001, HecMoTpss Ha OoJjbliee
BpEMs MPOTEKAaHNA MEJJICHHBIX IIPOLIECCOB. I/I3MepI/IB
CMCIICHUE, MBI CMOXXEM €ro CKOMIICHCUPOBATH, HO
Ha TIPOTSHKCHUU BPEMEHHU NMPOTCKAaHUS MEIJICHHBIX
mpoiieccoB (MEPBBIX TPEX CEKYyHI) Yron OymeT
OIIPENIeNIATECSl HETOYHO: HauOouplliee 3HAa4YCHHE
omOKu OyIeT B HyJIEBOW MOMEHT BPEMEHHU U OyJeT
PaBHO BEJIMYMHE CMEIICHHUS.
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Mpanyc*100
o

= Yron ¢unerp
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= ¥ron mpockon

5000 L i i :
o 50 100 150 200 250
Cerynga* 100
Puc. 8.4 3naueHust yriaoB THPOCKOIIA, aKCEIEPOMETPa

u anbda-6era punpTpa B AuHaMuke mpu K = 0.01

Ho ommbky B 1-2 rpamyca perynaropy Oyaer
ropasfo jierde oTpaboTaTh, YeM OLUIMOKH, BHOCUMBIC
aKcelepoMeTpoM  NpH  OoJbLIEeM  3HAYCHUH
napamerpa K. B namHamuke 3anmepkka ¢uibTpa
muauManbHa (ipu K = 0.001 ue npessimaer 20Mmc).

Ha puc. 8.6 npencrasiaens! rpad UKy U3MEHEHUS
YIJIOB MpU BO3JIEHCTBUM JIMHEHHBIX YCKOPEHHUU
BJIOJIb OCH, IApaJUIEIbHON IOBEPXHOCTH, 10 KOTOPOI
OyzeT nBUraThesi OalaHCUPYIOIIUIA POOOT.

OTH YCKOPEHHSI MOTYT BO3HHKATh NIPU Pa3roHe
U TOPMOXKCHUH.
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Puc. 8.7 Yras! npu magenun pobora u3
BEPTHKAILHOTO MOJIOXKEHUS

U3 rpadukoB BUAHO, YTO OHHM HPAKTHYECKH HE
OKa3ajii BIMSHHUA Ha BEMYUHY OLICHHBAEMOI'O yTIja
TIpH IECATUKPATHON OIINOKE aKceJIepoMeTpa.

Ha puc. 8.7 — rpaduku u3aMeHeHHs YIJIOB NpH
nmajeHuy  OanaHcupyromero po0ora,  KOTOPBIH
U3HAYaJIbHO HaXOJIUJICS B BEPTUKAILHOM
noysiokeHnu. M3 rpadukoB BHAHO, YTO MaJcHUE
po6oTa B OJHY CTOPOHY aKCeIepOMEeTp M3HA4aIbHO
onpenenuia, Kak IaJeHue B APYIYH0, BCIIEACTBHE
CBOEH BHYTpPEHHEH CTpyKTypel. B cucreme c
00paTHOI! CBA3BIO 3TO MOXKET PUBECTH K TOSBICHHIO
TIOJIOXKHUTENIBHOM  0OpaTHOM CBSI3M, YTO MOMKET
czenath cucteMy HeycroitunBoil. Ho ucrions3zoBanue
KOMIUIEMEHTapHOrO  (QWIbTpa  pemmwio 3Ty
npobiemy.

9. DMIIMPUYECKASI HACTPOMKA
KO23®PUIIUMEHTOB PEI'YJISITOPA

TIpouenypa pacuerta ko3 purreHTOB
perynsiTopa 6bula onucana B pasnene 2. OHako, s
JydIIero MOHMMaHUS paboThl CHCTEMBI PACCMOTPHUM
WHOU c11oco0 noiyyeHus kK03 PpuireHToB, a IMEHHO
— Hactpoiika ko3(p¢unuenroB. K coxanenuto,
JAJIEKO HE BCerga yJIaercsi TOYHO OLEHUTh
nmapamMeTphbl MaTeMaTUYECKOM MOACIN CHUCTCMBI.
Kpome TOro, Bcerna mpuUCYTCTBYIOT HEYYTEHHBIE
COCTaBJIAIONIME MOJENH. B HameM ciydae TakuMu
COCTABJISIOIIM SIBJISIFOTCSI: HEJIMHEHHOCTh
XapaKTEPHUCTHK JBUTATENCH MOCTOSIHHOTO TOKa, 30Ha
HEUYBCTBUTEIBHOCTH IO HANPSOIKEHUIO, HaJIU4uHe
mod)TOB B JBHTraTelsix, a TaKk >e€ HETOYHOCTh
KUTMOPOBKH yrila HakioHa Iardopmel. Cremyer
OTMETUTh, YTO ITOT NEpEeueHb MAJIECKO HE IIOJIHBIM.
TlosTOoMy Ha mpakTuke WHOTa ObIBaeT HEOOXOJMMO
«mmogo0paTh» KodDGUIUESHTH Ui 00ecIedeH s 1o
KpailHel Mepe yCTOMYHMBOCTH CHUCTEMBI. B ciydae,
eciu cucTeMa OTHOCUTEJIBHO pocTa,
K03()(hUIMEHTHI PerynaTopa MOTyT ObITh IOJTHOCTHIO
HaCTPOEHBI BPYYHYIO Ha OCHOBAaHUU
JKCHEpUMEHTaNbHBIX  AaHHbIX. [Jlamee onmcaH
MPOLIECC HACTPOMKH KOAPPHUIUCHTOB IS CHCTEMBI
CTaOMIN3AIIMH IBYXKOJIECHOTO poOoTa.

[l Hayana HeoOXOIMMO TOJIyYHTh TIEPBBIE J1Ba

koadurmenra perymaropa — kq uk, . JlaHHBIC
KO3(Q(UIMEHTHI  CBSI3aHBI C  YIJIOM  HaKJIOHA
wiaTGopmel.  [IepBBIM  OCYIIECTBIEH  IOMCK

MPOMOPIMOHANBHOTO K03 duuuenrta. I[IpeaensHoe
3HAYEHMS YIVIa HAKIOHA, [IPH KOTOPOM JIBHIaTEIH
emie MOryT JBHrath mIaropMy B CTOPOHY
paBHOBecusl, cocrasiser npumepHo 20°. [laxHOe
3HaYCHHE OBLUIO MOJYYEHO 3JKCIIEPHMEHTAIIBHO.
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Takum o00pa3oM, 3HauY€HHE IPONOPLUOHAIBLHOIO
ko3 ¢purmeHTa ObUIO BHIOPAaHO TaKUM, YTOOBI
MaKCHUMAJIbHBIH YpOBEHb YIPAaBJISIOILETO
Bo3felcTBus (9B) Obul mpu  MeEHbLIEM yIje
orkinoHenuss (or 1 mo 5 rpamycoB). Hmxe
IPEJCTaBICHbl NEPEXOAHbIC MPOLECCH A yria
HakJIOHa IDIaTGOPMBI HPH Pa3IUYHBIX 3HAYCHHAX
koo durenra. Hanbosee moaxomsmuM SBISETCS
3HayeHue 50.

s i
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Puc. 9.1 Hacrpoiika ko3 punmnenra ky

Crnenyromuit mar - OIpeIeNIUuTh

i bepenmanbublid koahuiuent k,. 3 pucyHka
9.1 BUAHO, YTO cUCTEMA BBIXOJUT U3 PaBHOBECHs B
CHJTY TOTO, YTO IO AOCTUXXCHUU HYJICBOI'O 3HAYCHUS
yIyla OTKJIOHEHHUS YIIpaBJISIONIee BO3AEiCTBHE HE
yCIIeBAaeT CHM3UTHCS O IIPUEMIIEMOTO YPOBHS, U
wiatGopMa MOCTENEHHO pacKauuBaeTcs W Iafaer.
IMockonbKy BelMMYMHA W €€ TNPOM3BOAHAS HPHU
KoJIeOaHUsIX WMEIOT TMPOTHUBOIOJIOKHBIE 3HAKH B
KaXIbIA MOMEHT BpEMEHH, Ui KOMIICHCAIIUU
YIPABISIONIETO BO3ACHCTBHS HEOOXOAUMO JO00ABHUTH
COCTAaBJISIIOLIYIO, CBS3aHHYIO C IPOU3BOJHOI yria
HaKIIOHa ¢ HebompmuM BecoM. Mcxoms W3 ITHX
paccyxneHuit  3HaueHue  AuddepeHnnaIbHOro
koodunmenta k, ObUI0 BBHIOpAaHO paBHBIM 5.
O[[HaKO IpU TaKOM 3HAYCHUHU IOBECACHHUC CUCTEMBIL
cymectBeHHO — xyxe  (puc. 9.2).  Cucrema
NpPaKTUYeCKH HE  pearupyer Ha  IaJIeHHe.
CremoBaTenbHO, BHIOpaHHOE 3HAYEHHE CIIHIIKOM
BesTMKO. Hammydmmii pe3ynsrat ObIT JOCTUTHYT IPH
3HaueHun k, = 1.2 Opnnako, TpW  3aJaHHBIX
3HAYCHUSIX KOI(PQUIMCHTOB TJaBHAs MElb TO-
IpeXHeMy He JOCTHT'HyTa — CHCTeMa He

crabuiusupoBasa. C TeueHUeM BpEMEHU IIIaThopMy
YBOIUT B CTOPOHY, U BCEra B OJHY M Ty Xke. JTO
TOBOPHT O TOM, YTO JIaTYHK YIJIa HAKJIOHA (THPOCKOIT)
He OTKaJIMOPOBaH. Onnaxko, MOJIHOCTBIO
OTKaJIMOPOBATh JaTYNK HEBO3ZMOXKHO M3-32 TOTO, YTO
BCErJla €CTh OTPAaHUYEHHE 110 TOUYHOCTH MU3MEPEHHUSI.
Iostomy, s kommeHcanmu 3toro  3dgekra
HEOOXOJMMO BBECTH IONPABKY B YINpaBICHUE HA
OCHOBE BEJIMYMHBI, HE CBA3aHHOH C yIJIOM HaKJIOHA.
Takoil BENTUYMHOW SIBISETCS CKOPOCTH BpAIECHUS
KoJeca.

[ S
=7 E—
L IR R

Puc. 9.2 Hacrpoiika ko3 dunuenra k,

Crnenyomuii  3Talml  HAcTPOMKHM —  IOHMCK
nuddepenimanpHoro ko3dduieHTa yria noBopora
konmeca ( k3 ). VI3 [aHHBIX, TMOJYYCHHBIX B
MpeAbIyIX —OIbITaX, CIEeIyeT, YTO YIJoBasd
CKOPOCTb BpAllleHUsl Kojeca IPUMEPHO B 5-6 pas
Gosbiie yrinoBoil ckopoctu miardopmel. Mexons us
9TOro, MpUMEM 3HaueHHe ko3 dunuenra k; = 0.5.

I[lpu npaHHOM 3HaveHMH KO3((PUIKMEHTOB
miatdpopMa  CTaOWNU3UPYETCs, OAHAKO, U3-3a
HETOYHOCTH KaJIMOPOBKM Maropma TOCTEIEHHO
YXOOWT B CTOPOHY, COXpaHss paBHoBecume. I
KOMITeHcaluu 31oro 3¢ dexra HeoOX0AUMO J0OABUTH
B YOPaBICHHIO TIOCIEIHIOI  COCTAaBIISIONIYIO,
CBSI3aHHYIO C YIJIOM IOBopoTa kosieca (k). Ilpu
3HaueHnn koddduumenta k, = 0.5 mmardopma
MIOJTHOCTBIO CTaOHIM3UPYETCSI.

TakuM 00pa3oM JaHHBI METOJ] HACTPOWKH
MOXXET  OBITb ~ TpPUMEHEH g IePBUYHOI
CTa0WIM3alM HEYCTOWYMBBIX CHCTEM, U1 HUX
JlanbHEeHIIe HaCTPOUKH.
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Puc. 9.4 Yron moBopoTa Kojeca npu 3HAYCHUN

JIByXKOI€ECHBIH OanaHcupyomui pobor,
SIBIIIIOLIUICA HENMHEHHBIM U HEYCTOMYMBBIM IIpU
OTCYTCTBUH YIPaBJIEHUS 0OBbEKTOM, CTAOMIN3UPYEM
B BEPTHUKAJIBHOM IOJIOKECHUH, TO €CTh B OKPECTHOCTH
touku ¢=0. HecMoTps Ha CIOXHOCTh JaHHOM
CHCTEMBI, BO3MOXKHO OSMIIMPHYECKH MON00paTh
KOO(QQHUIMEHTBI ~ PEryyisaTopa, HO TMpUA  3TOM
HEOOXOAMMO HCCIEAOBAaTh caM OOBEKT, YTOOBI
BBLICHUTh, 110 KaKHUM TI€PEMEHHBIM COCTOSHHS

B pesynbrate Bcell paboThl Obula paspaboTaHa

k. = 05 cUcTeMa yHpaBlieHHs OallaHCHPYIOIIUM pOOOTOM,
3=0.
MOJIJIEPKHUBAIOIIAsl €r0 COCTOSHHE B BEPTHKAJIBHOM
MOJIOKEHUH W OoTpabaThIBaromias — HaydallbHbIE

yhpaBJIeHUs JIBUTATENSIMH, KoTOpas
HETIOCPEICTBEHHO dopmupyer YIIpaBJIAIONINE
BO3/JCHCTBHS. Vopasisroniast nporpamMma
peanm3oBaHa Ha S3bIKe mporpammupoBanust C++ u
BBITIOJIHAETCS Ha MHKPOKOHTPOJLIEPE
is STM32F100RBT6B.
Puc. 9.5. Yron HakinoHa miIatgopMbl IpH 3HAYEHUH
k, = 0.5 Jluteparypa

yCJIOBHSL M BHEUIHHE Bo3MyIeHUs. OHA COCTOMT W3
MOACUCTEMBI HU3MEPCHUA W OLCHKU ICPEMCHHBIX
COCTOSIHHUS 00BbeKTa (yriia OTKJIOHEHHS, YTJIOBOM
CKOPOCTH OTKJIOHCHHS, YIJa IOBOPOTa KOJEC H
CKOPOCTH  [OBOpOTa KOJEC) MW  IIOJCHCTEMBI
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DEVELOPMENT OF A SYSTEM FOR STABILIZATION OF DISBALANSING ANGLE
OF INVERTED PENDULUM TWO WHEELED ROBOT

Dimitrij FEDOROV! Andrej IVOJLOV' Vadim ZHMUD! Vitalij TRUBIN' Lubomir DIMITROV?
IFGBOU VPO NGTU, Novosibirsk, Russia,
>TU-Sofia, Lab. Mechatronics, Sofia, Bulgaria
fds0303@mail.ru, iaul 3hv@mail.ru, oao_nips@bk.ru, trubin@ngs.ru;
lubomir_dimitrov(@tu-sofia.bg

Abstract: In the work presented an inverted pendulum two wheeled robot is examined. On the base of already developed
mathematical model algorithms for stabilizations of the disbalancing angle in vertical plane have been created. Alpha-beta
filters have been used for practical determination of the deviation angle. Wheels turning angle is followed by encoders.

Keywords: Inverted wheeled robot, automatic control system, method of modal synthesis, complimentary filter, alpha-beta
filter, accelerometer, gyroscope, encoder
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3D MOJAEJIMPAHE HA TEOMETPUYHHU OBEKTH B CAD CPEJIA U WEB
BU3YAJIMZALUATA UM

Mapuera AHYEBA
karenpa ,,OCHOBH M TEXHUYECKH CPEACTBa Ha KOHCTpyupaHeto”, Texuuuecku yHusepcuteT - Codus, buarapus
e-mail: myancheva@tu-sofia.bg

Pe3tome: 3paboTeHa e kypcoBa pabora 3a qucuuuinHuTe ,,OcHOBH Ha KoHcTpyupaHeto u CAD® II wact u ,,OcHOBM Ha
CAD”. Oniican € IpUMEpEH alropuThM KOMTO 00XBala OCHOBHUTE CTHIIKH IPH U3ITBIHCHUETO HA 337avara. Pasrienan
€ MO/IX0/ 32 BU3yaJIn3UpaHe Ha KpaiHuUs NPOLYKT, 0e3 aa ce Hajara U3M0JI3BaHeTo Ha CreU(UIHY IPOrpaMHH CPEACTBA.
Taxa mpuMepeH BapHaHT Ha KypcoBara 3aJadaTa MOXKe Ja Ob/ie pasriiefaH OT BCEKH CaMO C HAJMYHMETO Ha CJICKTPOHHO
YCTPOMCTBO ¢ Bpb3Ka KbM IHTEpHET, KOETO OT CBOSI CTpaHa yJIECHsBA 33/1aBAHETO M M3ITBIHEHHETO Ha KypcoBara 3a/1aya.

Kawuosu nymu: 3D, CAD , monenupane, Web cpena

1.BbBEJIEHHE

OT CBILECTBEHO 3HAYCHHE 32 BCCKH MHXKCHED €
Pa3sBUTUETO Ha BB3NPUATHATA Ha TPUMCPHUTC
obekTHTe 0KOJIO Hero. Hem3MeHHO BBB paboTaTa cu
BCEKH ce cON'lbCKBAa TIOA eqHa WM apyra ¢opma c
pasnuYHA TPOOJIEeMH, Kacaelld TOBa BB3IPHUSITHE.
CnocoOHOCTTa 32 BB3NPHEMaHe U BU3YATU3HpaHe Ha
IBYMEPHH HM300paKEHHUE ¥ MPEICTaBIHETO MM B
TPUMEPHOTO MPOCTPAHCTBO, € CHUIECTBEHA B pabo-
Tara Ha BCEKH WHXeHep. M BhOpekH OBP30TO pas-
BUTHE Ha TEXHOJOTUHTE, HEM3MEHEH (aKkTOp OCTaBa
YOBEKBT, KOUTO HM3IOJI3BA TE3U ChBPEMEHHHU CPEIC-
TBa.

Ot pmpyra crpaHa Obp30 pa3BUBAILUTE CE TEX-
HOJIOTUM Ipe€jiaraT HEUu34eprnacMu Bb3MOKHOCTH 3a
u3yJaBaHe, IPUAOOMBaHE W MpUIAaraHe Ha 3HAHUSI U
yMeHus. Y CIENIHOTO U3I0I3BaHe Ha ChBPEMEHHHTE
TEXHOJIOTHH CTaBaT BCE IO HY)XHU B HMH)KEHEpHATa
paboTa. H300pHTe M pelIeHHsTa, KOUTO CE TPaBsT
€XEeIHEeBHO TpsOBa Ja ca CHhOOpa3eHU C TEXHOJO-
THYHUTE BB3MOXKHOCTH, Ha ChBPEMEHHHTE CPENCTBA
C KOWTO pasrojiara BCEKH UHKEHeEP.

2. PEAJIM3AIIUSL

3amagara 3a MoJeNWpaHe Ha peajieH OOEKT e
BKJIIOUEHA B y4eOHaTa MporpaMa Ha JUCLUIUTHHUTE B
OCHOBEH Kypc Ha o0yuenue ,,OCHOBH Ha KOHCTPYH-
paneto u CAD” u “OcnHoBu Ha CAD”. OcHOBHaTa
el Ha 3ajadara € Ja U3rpagyd U JOopa3BUe NPOCT-
paHCTBEHATa NPECTaBa HA CTYACHTUTE. Y CIOBUETO
Ha 3ajayaTa € 3aJaJEeHO C TEKCTOBO OIMCAHHE Ha

OCHOBHHUTE (DUI'YpH CHCTABIABAIY PEATHUSIT OOCKT.
HeobxomumMo e cTyJeHTHTe a Bh3NpHeMaT 3aJaHHU-
€TO U U3TPamaT cCOOCTBEHA MPEICTaBa 3a THPCEHUST
00EKT KaTo IIbPBH €Tall OT U3IbIHEHUE HA KypcoBaTa
3amadya. ToBa B JEHCTBUTENHOCT € OCHOBHHUSAT
mpoOJieM Ha CTYyJEHTHTE OT OCHOBEH KypC U C Hac-
Tosimata paboTa UM Ce MPEeNOCTaBs BH3MOXKHOCT 3a
JIECEH JOCTBI O pa3pabOTEeH NpUMEPEH MOJEIN BU-
3yanusupad B Web cpena. JlocTbIbT 0 TO3U IIpU-
MEpPEH MOJEN € BBb3MOXEH OT BCSKO MACTO M IIO
BCSIKO BpEMe IOCPEACTBOM YCTPOMCTBAa CBBP3aHHU C
HurepHeT, ocurypsBalll BU3yallHO pasIiIeXaaHe Ha
TPUMEPHUAT MOJIETIA.

VIMEHHO TyK, OTHQJICYCHUST NOCTBII 10 y4eOeH
Marepuan eIMMHUHHPAa H3BECTHH OTPAaHUYCHUS,
yJlecHsIBa M3IIBIHEHHETO Ha CHOTBETHATa KypcoBa
3a7ava ¥ CrioMara pa3sBUTHETO Ha IPOCTPAaHCTBEHATa
Mpe/ICTaBa Ha CTYISHTHTE 3a peajHu Tejia. Br3m-
pHEMaHeTOo Ha TEKCTOBOTO ONMCAaHHE Ha 3aJJaHHeTO U
CIOCOOHOCTTa 32 HErOBOTO MOJENMpaHe B IPOCT-
paHcTBeHa (Urypa cb3IaBa HEOOXOIUMH YMEHUS
OTHACSIIM CE JIO pelllaBaHe Ha peanHu 3anadu. Cb-
IIECTBEH MOMEHT B OOYU€HUETO Ha CTYJCHTUTE €
U3TpaXkJaHe Ha CIOCOOHOCTTa 3a B3€MaHE Ha pe-
IIEHUE TIPY PEaTHO OCTABEHH 3aJlau, IpUJIaraHe Ha
OPUIOOUTHTE 3HAHMS M YMEHHS U H3IIOJ3BaHE Ha
CHBPEMEHHH TEXHOJIOTMH IPH peaau3alys Ha Thp-
CEHOTO pelIeHHe.

Jlo MOMeHTa KypcoBara 3ajiaua, Ce H3IbIHABA OT
crynenture ¢ nporpamata AutoCAD. Ipemmara ce
M3MOJI3BAHETO Ha MNPOrpaMHUAT npoxykr  Solid
Works, karo mporpama u3Lsuio HacoueHa KbM 3D
monenupane. Ha ¢ur. 1 e mokasaH anropurbMm 3a
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M3IIBJTHEHHUE Ha 3a/1a4aTa, KaTo TOi € MPUIIOKUM U B W3non3Banu ca nBe rpadUuHU NPOrpamMH B MPoO-
nBete rpaduyHU mporpaMu. ThpcH ce MO-yAayHO — Iieca Ha MOJeNIpaHe Ha Teja U reHepupaHe Ha 2D
M3IBIHEHUE Ha 3ajadara MOCPEACTBOM IporpaMa  4epTekd. ChbIOCTaBKaTa Ieid, HM300p Ha MO ajieK-
H3IUI0 HacoyeHa KbM 3D MogenupaHe W ¢ TOCTBI  BaTHA IporpaMa 3a W3IBJIHEHHE Ha KypcoBara 3a-
IO CTYIGHTCKA BEPCHUSL. naya, oOOCHOBaHa Ha 0a3aTa Ha JOCTBIIHOCT H
I0-TOJIsIMa UHTYUTUBHOCT ITPU N30paHust IPOIYKT.

M3rpaxnane Ha oc-
HOBHO T5UIO

v

W3rpaxknaHe Ha Cb-
OCEH OTBOP

v

N
W3nomn3sane Ha Oy-
neBr QYHKIUH PU
MOJICITHPAHETO )
v
~
W3srpaxane Ha miep-
MCHAUKYJISIPEH OTBOP
l J
W3znon3Bane Ha OyneBu ¢ur.2 3D monen B cpena Ha AutoCAD.
(YHKIUH IPU MOJICIH-

paHeTo

v
[ 3D mopen B CAD cpena ]

\ 4
Tpancdopmupane Ha I'enepupane Ha
Mojena ype3 Vivaty 2D ueprex
Studio
[ Buzyanusupane B web cpena ]

(lmr.l CxeMaTHYHO U3ITBbJIHEHHE Ha KypcoBarTa 3a/1a4a.
e ConocraBka mexkay asa CAD mpogykra. ¢ur.3 3D mozen B cpena Ha AutoCAD.
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¢ur.4 I'enepupan 2D ueprex B cpena Ha AutoCAD

Ha ¢ur.2 u ¢ur.3 e nokazan TpuMepeH MOl Ha
IpecedeHn TeOMEeTPHYHN (Gurypu B cpena Ha Au-
toCAD, a Ha ¢ur.5a,0,B € mokazaH MOJIeN Ha CHIIUTE
IpecedeHd TreoMeTpHYHH GUrypu B cpeia Ha
SolidWorks. Ha ¢ur.4 e mokasan 1ByMepHUs 4epTexX
B cpenata Ha Auto CAD, a Ha ¢ur.6 renepupanus
yepTex B cpena Ha SolidWorks.

[Ipu u3MBIHEHWETO HAa MoJeNla B JIBETE rpa-
(uuHN TporpamMu HsMa ChILECTBEHA pa3IMKa INPH
peanuzanuaTa, ¢ M3KJIOYCHUE Ha crenudukara Ha
nporpamute. OCHOBHATa pa3iMKa C€ OTYUTA HPHU
TeHEpHPaHEeTO Ha JABYMEpHHTE H300paxeHus. M3-
IIBJIHEHWETO Ha YepTeka Ha MOAeNa B cpela Ha
AutoCAD w3HCKBa NpeaBapUTEIIHO ch3IaneH
TEeMIUISHT /IIabiaoH/, KOMTO CBINECTBEHO Ce Pasiiv-
YaBa IIPH HACTPONKHUTE OT CTAHIAPTHUTE TEMILICHATH
W3IIOJI3BAHU OT CTyleHTuTe. Karo mox temmieldT B
ciyuas pasbupame crangapteH (opmar A3 BDS
CH3/1aJICH 3a HYXXIUTE Ha y4eOHUs Impolec, KOWTO
ChI'bpKa paMKa M OCHOBEH HAJIINHUC ChOOPAa3CHHU ChC
CTaHAapTa. 3a HYXXIUTE Ha KOHKpETHAaTa KypcoBa
3aJaua TEMIUICHTHT M3UCKBA pa3feisiHa Ha uep-
TOXKHOTO TIOJIE Ha HEoO0XomuM Opoil BHU3yaiH3alu-
OHHU 00JIaCTH, KOMTO ChABPKAT HW300paKCHHUS Ha
cp3ganenus moxen. IlporechT Ha ompenensHe Ha
BU3yalN3alMOHHATE OONACTH W3UCKBa IOITBIHH-
TeIHH yMeHHs. B ciydail, 4e Ta3m HacTpoiika He e
HalpaBeHa, TO BHU3yaln3alMOHHATa O0JIacT Ha Xap-
THUEHOTO IPOCTPAHCTBO € €/1Ha, BMECTO HEOoOXOau-
MUTe YeTHpH o0nacTu. [ eHepupaHeTo Ha yepTexa ce
m3meIHABa nocpeacTBoM komanga SOLVIEW, ko-

ATO B CBOSITA CH CBIHOCT IPEACTABIISIBA [IOPEANIIA OT
HOJKOMAaH/I OKa3Ballll BU3yIM3UPAHETO HA MOZEIA
B OCHOBHHTE MPOEKI[MOHHH PAaBHUHU.

SolidWorks ot cBost cTpaHa mpemiara H3KIO-
YHUTEJHO JIECEH HOCTHII 32 aBTOMATHYHO TeHEpHpaHe
Ha JBYMEpEH YepTeK M HEroBOTO MAaHUITyJIHpaHEe
IpenocTaBsi MO-AOCTBIIHA M MHOTOOPOHHH (YHK-
UM, ¢ KOWTO Ja ce IMOCTHIHE H3MBIHECHHETO Ha
KOHKpeTHaTa 3a1a4a. He ce Hanmara npeqBapHuTesTHO:

- Cb3/laBaHe Ha CHCHU(PUYHU HACTPOMKUA KbM

CTaHIAPTHUTE TEMIUICHTH;

- CIa3BaHE HA IIOCJIEOBATEIHOCT OT OOBBP3aHU

HOIKOMAaH ¥ IIPH TCHEPUPAHETO HA YePTexKa;

-MaHHITyIHpaHe Ha BU3yalM3alMOHHHTE 00jac-

TH;

- 1000paboTKa Ha YepTexa.

Peanuzanusara Ha 3amayaTa C HM3MOJ3BaHE Ha
IporpaMa NpeAnMHO OPHEHTHpaHa 3a MOJIeNHpaHe
Ha reomerpuyHn 00ekTH SolidWorks, naBa 3HaHus u
YMEHHS U 32 OBJACIIN MPOSKTH, KIETO CE MPHIaraT
pa3JIn4yHU HH)XEHEPHU aHanu3u [3].

¢ur.5a 3D monen B cpena na SolidWorks .

e IToaxon 3a BU3yaJIM3MpPaHETO HA KPAHHUAT
pe3yJTaTt oT npuMepeH BapuaHT B Web cpena.

OTHOCHO Bu3yanu3upaHeTo B web cpena us3-
MOJI3BaME€ 4acT OT MOJAXOJ ONMUCaH MOAPOOHO B [2].
AnanTtupa ce 3a Hy)IUTe HA KOHKpeTHara paboTa, a
UMEHHO :

- ekcroptupane Ha (aiina Ha cwv3mageHus 3D
mozen B VRML dopmar;

- ummnoptupanero Ha VRML ¢aiina B Flux/Vivaty
Studio u renepupane Ha X3D ¢aiii;
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Ha ¢ur.7 e nokaszan pabOoTHUAT eKpaH BB Vivaty
Studio ¢ 3D mozen ¢ cp3aaneH e cpena Ha SolidWorks.

- penakrupane Ha X3D mopnena B Flux/Vivaty
Studio- ako € He0OXOANMO;

Ha ¢ur.8 e nokaszaHo kak Ile U3IJIexJa Mojena
BBB (hopmar X3D moxaxomsui 3a Web cpena.

- uHctanupasne Ha X3D monena Ha Web crpa-
HHLA ChITTacHO M3KcKBaHusTa Ha Flux/Vivaty Player;

¢ur.56 3D monen B cpena Ha SolidWorks.

¢ur.58 3D mopen B cpena Ha SolidWorks.

A-A

P

L
Tr

{

¢ur.6 I'enepupan 2D ueprex B cpena HaSolidWorks.

3. U3BOJHU

Pa3paboTeH e BapHaHT Ha 3a/1adaTa IIOCPEICTBOM
CAD mnporpama usnsano HacoueHa kbM 3D mpoek-
TUpaHe M Mojenupane. HampaBeHa e cblocTaBKa
MEXIy nABaTa rpaduuHM NPOAYKTa- HU3MOJI3BAHUAT
Jocera U MpeJularaHusT oT aBTopa. IIpenocraBeHa e
BB3MOXKHOCT 3a YJIE€CHEH JOCTBII 10 NPHUMEPHO pe-
[IEHUE Ha 3ajJadara, 0e3 HEOOXOAUMOCT OT CIEIH-
anmmsupad codryep. JoCTBIIBT 10 KOHKPETHO pe-
LIeHHWE CIIOMAara 3a I0-JIeCHOTO pa30UpaHeTo yclo-
BHETO Ha 33j1a4a
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¢ur.7 Paboren expan Ha Vivaty Studio ¢ 3D monen ¢ cb3aaneH e cpeaa Ha SolidWorks.

. b

¢ur.8 X3D monen Ha peanHo TsUIO.

3D MODELING OF GEOMETRIC OBJECT IN A CAD ENVIRONMENT
AND WEB VISUALIZATION




Mapuera SHUEBA

Marieta YANCHEVA
Fundamentals and Technical Means for Design department, Technical University - Sofia, Bulgaria
e-mail: myancheva@tu-sofia.bg

Abstract: A coursework is made for the courses "Fundamentals of Design and CAD" II part and "Fundamentals
of CAD". Described is an example algorithm that covers the main steps in the task. Displayed is a way to visu-
alize the final product without the use of specific software. So exemplary embodiment of the coursework can be
viewed by anyone with an electronic device with an Internet connection, which in turn facilitates the setting and
implementation of course work.

Keywords: 3D, CAD, modeling, Web Environment
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RESEARCH ON THE SAFETY LEVEL OF THE EXISTING ELECTRIC
TRACTION ELEVATORS

Tihomir DIMITROV Georgi ILIEV Kalin CHUCHUGANOYV Pavel DAVIDOV

Engineering logistics, material handling, building and roadbuilding machines department, Technical University-Sofia,
Bulgaria
e-mail: tichomir.dimitrov@gmail.com; giliev@tu-sofia.bg; chuchuganov@tu-sofia.bg; pdavidoffi@abv.bg

Abstract: In Bulgaria there are more than 80 000 elevator installations in operation. Each year there are a few accidents
with these equipments, some of them are fatal for one or more persons. Most of these elevators are with electric traction
drive with worm gear and drive sheave, manufactured in our country before more than 30 years. According to the Bulgarian
legislation, all of them are under constant separated maintenance and technical supervision contracts. In the meantime both
activities- supervision and maintenance are under additional control of the State Agency for Metrology and Technical
Supervision in the face of their State Inspection for Technical Supervision. The legislation now contains Law for Technical
Requirements for the Products with its State Regulation for Safe Operation and Technical Supervision of Lifts, where all
the requirements for performing of both activities are stated. In the same time a lot of materials regarding the elevator’s
safety are published in different media- newspapers, television, etc. And instead of this a lot of accidents with this
equipment happened.

The performed in this work experimental research shows the main reasons for accidents happened. Measures for im-

provement in the situation proposed.

Key words: elevators, lifts, safety, accident, incident, maintenance, technical supervision of lifts.

1. INTRODUCTION

There are more than 80 000 elevator installations
in operation according to different data in Bulgaria.
But other sources say that this number is more than
100 000. In the same time other organization says
they are not more than 70 000. In the same time these
units are of high risk equipment. Unfortunately clear
and exact unitary register of the installed elevators in
the entire country is still missing in the governmental
institutions either in private bodies because a lot of
reasons. This register has to include a few important
things as information for the elevators- address of
installation, technical characteristics and complete
history of maintenance, supervision and repair works.
Based on this, the State Agency for Technical Su-
pervision starts making efforts to solve this problem.
The way used to do this is by the means of collecting
information in digital form periodically from all the
privately owned companies for technical supervision
(licensed according to the legislation bodies for per-
forming of technical supervision) as well as transfer
of the old paper registers of this inspection in modern
digital form. The final result of all these activities
have to be that State Inspection will have detailed and

exact electronic register of the elevators installed in
the entire country.

On the other hand each year there are a few accidents
with elevators, some of them are fatal for one or more
persons. Sometimes injured are elevator technicians,
sometimes there are injured users or other persons.
Most of these elevators are with electric traction drive
with worm gear and drive sheave, manufactured in
our country before more than 30 years. According to
the Bulgarian legislation, all of them are under con-
stant separated maintenance and technical supervi-
sion contracts. In the meantime both activities- su-
pervision and maintenance are under additional con-
trol of the State Agency for Metrology and Technical
Supervision in the face of their Governmental In-
spection for Technical Supervision. The legislation
now contains Law for Technical Requirements for
the Products with its State Regulation for Safe Op-
eration and Technical Supervision of Lifts, where all
the requirements for performing of both activities are
stated.

In the last years a lot of materials, interviews and
reportages regarding the elevator’s safety appeared in
different media- newspapers, television, etc. And in-
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stead of this public interest and legislation, a lot of
accidents with this equipment happened.

For the purposes of this paper 54 units of old types
were analyzed, all of them manufactured between
1965 and 1986 year.

2. THE ELEVATOR CONSTRUCTIONS DE-
TAILS
Types of the main components used:
2.1 Machine room
These units are with machine room above the
hoistway. Drive, controller, overspeed governor and
positioning system are installed in this special room.

2.2 Hoistway (Shaft)

The construction is masonry, plastered from in-
side the shaft for the older units. Concrete construc-
tions are often used after 1980.

2.3 Drive and roping

The drive constructions used are roped electric
traction lifts with asynchronous motor with worm
gear and traction sheave drives. In all the cases
studied roping 1:1 is used- car and counterweight are
suspended directly.

2.4 Electric motor

When the rated elevator speed is up to 0.71 m/sec
one speed asynchronous three phase alternating cur-
rent motors are used. In case of 1.0m/sec two speed
asynchronous motors are used.

2.5 Gear

The gears used are of worm type with safety
factor at least 8. The gear is self-locking mainly be-
cause of the high ratio needed to achieve the rated car
speed.

2.6 Brake

The brakes used are of drum type with two inde-
pendent brake levers and pressure springs. This brake
acts on the fast shaft of the gear, exactly before the
gear. The brake drum is used also as flywheel. Sheave
brake is not used. Safety contacts for monitoring of
brake operation and friction material wear are not
used.

2.7 Drive sheave

Driving sheaves used are of friction type with
wedge shaped with undercut or semi-circular with
undercut. The angle of rope coverage is 180°, without
using of diversion sheave.

2.8 Hoisting ropes

Used ropes are 6x19 Seale originally built, as well
as both 8x19 and 6x19 Seale where replacement is
done. The minimum safety factor for the ropes is 12
when 3 ropes are used and 16 when 2 ropes are used.
Using only 1 rope is forbidden for passenger eleva-
tors.

2.9 Guide rails and fastening

Car guide rails are one pair of 2 pcs. special “T”-
type steel guiding profile for elevators, counterweight
guides are mainly from 4 pcs. steel wires, fixed in the
overhead and tighten in the pit. Other used way of
counterweight guidance is with the same type of
guiding as above described for the car, but with
smaller cross-section.

Few constructions of guide rail brackets and their
fastening used.

2.10 Car and car frame

Cars are as standard plywood and chipwood made
in all the cases, with solid wooden beams used for the
floor frame. Only few units manufactured after 1986
are with steel construction cars. Car is equipped with
safety floor edge as well as safety ceiling edge. It is
important to mention that the older units, where car is
equipped with sliding grid type door with safety
contact, the safety edge on the floor is not demanded
from the applicable law. These units are equipped
with movable floor with function to switch-off hall
calls when person is detected in the car as well as not
receive a car call when child lighter than 20 kg. is
alone in the car. Stop button in car operating panel is
compulsory for all the units of the studied types.

The guide shoes are mainly of sliding type, made
from plastic. In only few cases there where rubber
roller guides with roller bearings.

Car frame is equipped with safety gear with in-
stantaneous action. Two main types used- with roller
and with toothed wedge.

2.110verspeed governor

The device used is of “bouncing-roller” type.
Type of the groove is wedge shaped with angle of
35°. Original rope used is 4.8 mm diameter with dry
surface. Under some conditions this rope is replaced
with 6.0 or 6.3 mm. The necessary pre-tension for
providing the rated force for actuate the safety gear is
achieved by the means of diversion sheave with
weight in the pit, or, in the older units by diversion
sheave with spring tension. The necessary force to
actuate the safety gear is provided by the friction
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force between the rope and the groove of the gover-
nor’s pulley.

For the overspeed governor special attention will
be paid in the next pages.

Picture 1: Overspeed-éoizerriof of the type ‘most commonly
used

2.12 Safety gear

Car frame is equipped with safety gear with in-
stantaneous action. Two main types used- with roller
and with toothed wedge.

This device is actuated by overspeed governor in
the machine room and rope, as it is mention in 2.11.
Here bellow special attention is provided for this
safety device.

2.13 Controller

The types used are relay controllers, as they are
manufactured in these stages of technology devel-
opment. It has to consider also the aim to lowering the
manufacturing cost of the units using the cheapest
solutions especially in the field of controllers.

When making comparison between these units
and comparable solutions of other manufacturers of
the same years, the trend mentioned in point 2.13
above is clearly visible. But the practice since a lot of
years shows no serious safety issues with these types
of controllers. We have to mention only one safety
related thing here. There is one type of the controllers
used, which are without third contactor used as a
safety device against contacts welding. Theoretically
this is a safety issue, and according to the current
legislation this is nonconformity.

Picture 2: Relay controller frequently used

3. OVERVIEW OF THE ACCIDENTS
HAPPENED IN THE LAST 5 YEARS

When making any analysis in the field of safety of
such used and well known passenger transport, it is
really important to consider its social aspects and
importance, because everybody uses this transport
every day a lot of times. Also we have to consider the
fact that Bulgarian society is very sensitive under this
matter because for a lot of years information about
these kind of accidents were not given to the public.
Not only this, but the thinking is that each accident is
covered by the authorities and finally nobody is
judged.

Instead of general safety of this kind of transport,
during the last years a few fatal accidents happened.
Table 1 represents a list with 6 recorded accidents for
the last 5 years with description of the causes and
effects of these events in chronological order.

Table 1 Known elevator accidents in Bulgaria in the period
of years 2010-2015

Month Clt.y of Short accident descrip-
Ne accident .
& year tion
happened
Elevator car falls down af-
1 | 03.2010 | Sofia ter overloading of the car
with passengers
Hoisting ropes broken, car
2 | 08.2014 | Sofia falls down in the bottom of
the shaft
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Person falls down in the
shaft during try to gets out
from blocked car

3 10.2014 | Sofia

Person falls down in the
shaft after his try to re-open
the hoistway door by the
means of block the auto-
matically closing door with
leg

4 11.2014 | Velingrad

Car travels uncontrolled
downwards after frequency
inverter of elevator drive
fail. Safety gears block
properly the car.

5 02.2015 | Varna

In the next points a detailed overview of the accidents
will be done.

3.1 Accident in Sofia in March 2010.

This is an elevator of old type with semiautomatic
hinged hoistway doors and without car door. The
elevator is for 6 persons/500 kg, but it has larger than
the stated in EN 81.1-1 car area according to the load.
This car is large enough to accommodate more than
10 persons.

From the top floor 12 persons entering the car and
elevator starts the travel to desired floor downwards.
Suddenly the normal run stops and the car fall down
on the car buffers in the pit. During this the safety
devices such as overspeed governor and safety gears
were not activated. The severity of the accident to the
passengers was high, but not fatal. Finally it was not
completely clear what exactly happened, there are
only technical assumptions for the possible events.
Instead of all one thing is clear- the elevator’s speed
was not much higher than the nominal speed at the
moment of impact on the buffer. This is clear from
the high but not the highest severity of the effect to
the passengers. In anyway, from these assumptions it
is clear that the speed was not high enough to actuate
the overspeed governor and safety gear, where their
efficiency was clearly identified as good during the
court expert report.

Other thing that was clarified is the fact there is no
overload system in this elevator. This elevator is
probably overloaded with twice the nominal load.
Facing and knowing the facts it is clear that mainly
because of some features of this elevator (for exam-
ple double envelop of the ropes on the drive sheave)
and the safety factors used during design and manu-

facturing of the elevator the severity of this accident
was not the highest.
3.2 Accident in Sofia in August 2014.

This is an old type elevator for 225kg/3 persons
and 10 stops, machine room above the hoistway, with
hinged hoistway doors and sliding grid type car door
with safety contact. The unit is manufactured and
installed in year 1965. The elevator is with wooden
car, two ropes system, with almost all safety devices
according to actual EN81.1, without overload device.

Two persons were entering the car and give a car
call. After the elevator starts both ropes completely
broke simultaneously and the car falls down in the
pit. The safety gear and/or overspeed governor
doesn’t act as it has to. In the crash one of the pas-
sengers immediately died and the other one received
serious injuries.

During the investigation a few facts were found.
First it was found that the elevator was overhauled 2
or 3 years before the accident. Replaced are the entire
machine, controller and flexible cables between
machine room and car. Also car operating panel and
hall operating panels are renewed. It appeared that the
new machine is with drive sheave with smaller di-
ameter and because of this deflection sheave is used.
Also the diameter of new ropes is smaller than the
original one as well as the minimal breaking force is
smaller. The diameter of the deflector sheave of 120
mm is smaller than the required in EN81.1. Mainly
because of the last problem the ropes are broken fast.
But in this case the problems are much more and they
are not only technical. There is serious human fac-
tors- possible leak of knowledge and inactivity of
responsible persons. As the car falls down with high
speed in the pit, the safety gear was not acting
properly. The behavior of overspeed governor is also
not known. All the facts are leading to qualification
of this accident as one of the heaviest in Bulgaria
ever.

3.3 Accident in Sofia in October 2014.

The elevator is manufactured in the last 15 years
and theoretically has to be safer than the older ones
mainly because of the fact this unit is equipped with
more devices and safety interlocks required from the
code. The elevator car was blocked between 4™ and
5" floor of the building with 2 passengers inside.
Other man, who was relative to one of the passengers
inside, tries to open the hoistway door in order to free
the blocked passengers by using some tool similar to
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the original specialized key. During these actions he
falls down in the pit trough opening between the floor
and the car floor. After that he died immediately.
Nobody else was injured during this accident.

3.4 Accident in Velingrad, November 2014.

The elevator is newer than the last one, with au-
tomatic sliding hoistway and car doors. The elevator
is installed in hotel building in Velingrad City. A man
just like to catch the elevator from the lobby floor at
the moment of the doors are closing. He put his leg
between the door panels, but the elevator doesn’t
react as it has to. The doors are not fully closed and
the hoistway door not locked, but the car start its
travel upwards, which results in catching the person’s
leg and after that her body pull and open the hoistway
door. Finally he falls down through the door in the
pit. The person was seriously injured with multiple
fractures and with risk for life.

This case is a little bit different from all the others.
The main reason for this is the fact that the elevator
travels with open and not locked hoistway door,
which the investigation found that is because of by-
passed safety interlocks.

3.5 Accident inVarna, February 2015.

The elevator involved in this accident is quite
new. It is electric traction type, with automatic
hoistway and car doors, equipped with VVVF tech-
nology drive and with all the required safety devices
from the code. Normally loaded car travels between
the floors at the moment VVVF inverter fails. The car
starts moving uncontrolled downwards; the over-
speed governor activates car safety gear, which
blocks the car to the guide rails. Because the safety
devices involved in this case were functioning as it is
purposed, this accident finally was not more than
normal technical malfunction of one of the major
elevator components. It is clear from the facts known
that the car was achieved overspeed, where it was
blocked by the safeties. Based on this, however, one
of the passengers was injured and he has bruise.

Other arising question from this case is ,,what
behavior elevators should have in cases like this- to
wait the raising speed activating the overspeed gov-
ernor and after that to use the car safety gear to stop
the falling car, or, may be better, to follow other
safety procedure”? But this question is a matter of
other researches.
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Figure 1: Last 5 years- graphical representation of the total

number of elevators in operation (in thousands), number of

accidents, number of deaths and number of serious injured
persons

On the Figure 1 represented graphically are the
total number of elevators in operation in Bulgaria,
total number of recorded accidents, number of pas-
senger died in the accidents and number of serious
injured persons in these accidents. (Base of the total
number of elevators in operation is information in the
public from the SAMTS). It is possible to classify
these accidents by their severity of harm according to
BDS EN ISO 14798- Lifts (elevators), escalators and
moving walks- Risk assessment and reduction
methodology. Here is the place to mention that in
Table C.1, Anex C of BDS EN ISO 14798 are stated
levels of severity of the harm from level 1- High to
level 4- Negligible. This table is represented here
bellow as Table 1. Pursuant to this classification
Figure 2 represents the same accidents by their
number, number of seriously injured persons and
number of persons died. This represents the accidents
where the severity of harm according to the above
mentioned standard is of the highest level 1 and level
2. The persons who receive lower level of severity of
harm are excluded from this graph.
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Table 1: Levels of severity of the harm according Anex C
of BDS EN ISO 14798

Identify level s e
A Description
of severity
. Death, system loss, or severe environmental
1 - High » 8Y ’
damage
. Severe injury, severe occupational illness, or
2 - Medium . Jury, sever up >
major system or environmental damage
3-Low Minor injury, minor occupational illness, or
minor system or environmental damage
.. Does not result in injury, occupational illness,
4 - Negligible n njury. P
or system or environmental damage

2010 2011 2012 2013
B Number of accidents

2014 2015

M Passengersdied
M Seriousinjured persons
Figure 2: Last 5 years- graphical representation of the
number of accidents, number of deaths and number of se-
rious injured persons

4. COLLECTED DATA DURING THE EX-
PERIMENTAL RESEARCH

During the research, 54 elevators were analyzed.
These units are located in one of the economically
poorest regions of the country. Instead of this re-
search, it is important to mention that all the units
where safety issues were found, the owner suspend
their operation immediately. The extract from the
survey results are shown in tables 2, 3 and 4 here
bellow.

It is clear the number of units with safety gears af-
fected is 3 and the units with overspeed governor
affected are 2. But the total number of units where the
complete system of overspeed governor and safety
gear not works as it is purposed is the sum of the
above, so the total number of the affected units is 5.
This is based on the fact that in order to have properly

working system it is necessary all the components
inside to work properly. Or with other wording, if we
have to have the car not falling down in case of ropes
broken, it is necessary all the components in the re-
lated system to work in the proper manner. In this
system the overspeed governor appears as the acti-
vation device for the safety gears and the safety gears
are the device which has to be actuated from the
governor’s rope.

Table 2: Number of units with safety devices affected by
type of device

Total number | Number of units Number of units

of units in the | with safety gears with overspeed
research affected governor affected
54 3 2

Table 3: Total number of units with safety devices affected
and percentage from the total number of units in the re-
search

Total number of
units with safety

Total number
of units in the

Percentage of safety
affected units from

research devices affected | the total number of
units in the research
54 5 9,26 %

Table 4: Total number of units with other technical issues
where the safety is not directly affected and percentage
from the total number of units in the research

Drive | Broken | Worm | Others Total Percentage
sheave | wires gear number | of units with
wear in the wear of units other tech-

ropes with nical issues
other
technical
issues
3 1 3 6 13 24,07 %

Other part of this research is shown in Table 4. Here
are represented the results in the part of the general
technical issues of the units. The number of units with
drive sheave wear is 3, the number of units were
broken wires in the hoisting ropes is 1, the number of
units were the worm gear have wear is 3. The number
of units in cell other represents issues such as car and
counterweight guide shoes wear, door dampers not
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properly working, stored materials in the machine
room, etc. Because these issues are related mainly to
the technical condition of the units and not to the
general safety, these units are still in operation with
notes in the corresponding papers according to the
legislation. In these cases the owner and the main-
tainer of the units has to act as soon as possible in
order to solve these technical issues.

5. IDENTIFIED SAFETY ISSUES

The main identified problem in the face of safety
is the not working safety gears of one of the types
used. The problem type is toothed wedge safeties, as
it was described in 2.12. Picture 3 illustrates the key
part of this type of safety gears- toothed wedge,
which have to react with the guide rail.

Picture 3: Toothed wedge

The construction of this wedge contains two parts,
as it can be seen from this picture as well. They are
steel toothed body and bronze sliding part, bolted on
the back. The toothed part is the working surface of
the safety block while the bronze sliding part is in
contact and is purposed to glide with the safety block
body. The condition for proper work of this device is
to provide self wedging. This is possible when the
coefficient of friction between the toothed part and
the rail is bigger than the one between the safety
block body and the bronze slide. On the Figure 3 is
shown schematic of acting forces of this type of
wedge safety block. Here bellow are the formulas for
force analysis of this type of safety gear and finally
the explanation why this dependence of coefficients
of friction has to be fulfilled.

The condition for self wedging is to have positive
resulting vertical force on the wedge, or this force to
act in upwards:

F1 — N2.sina — F2.cosa > 0 (1)

From the equality of horizontal projections of the
forces follows:
N1 + F2.sina — N2.cosa = 0 (1)

And if we consider the following from
Amonton’s law:
ul.N1 =F1
and
u2.N2 = F2
Self wedging can be achieved if:
tg a< 1iluﬁi2 (1)

u
N1 o __‘ III".H__ s
‘ F2
|
L el

Figure 3: Schematic of forces of wedge type safety
block

The last well known formula explains why the
dependence of both coefficients of friction has to be
fulfilled in order to have working device. Also, in
order to achieve the higher coefficient of the working
surface in most cases the wedge is toothed or chan-
nelled, as well as hardened to achieve higher wear
resistance. The last thing is very important in the long
term like in this case with elevators of more than
thirty years old.

It was surely proven by the survey and tests that in
all the cases where the bronze slide was clean and
properly oiled or greased and the toothed surface was
clean and without grease and dirt the safeties works
as it is necessary. On the contrary, in all the cases
where the toothed surface was dirty or greased the
safeties doesn’t work at all. During the tests it was not
possible to activate them even after 5 attempts.
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In order to analyze the reason it is necessary to
mention other aspect of the problem. The dust and
dirt on the toothed surface is mixed with oil from the
rails. In the problem cases this dirt covers completely
the entire height of the teeth. This new surface pro-
vides different coefficient of friction than the de-
signed one, definitely lower one. In the same time on
the back we have again dust and dirt from the years of
operation and again we have different coefficient of
friction than the necessary according to the design.
As it was cleared from the formulas above, the reason
for not working safety gear of this type in these con-
ditions is in the non realizing the self wedging pro-
cess because of reduced coefficient of friction be-
tween the working surface of the wedge and the rail,
and in the same time the changed (most probably
raised) coefficient of friction between the bronze
slide and the safety block body. Because of all these
changes, the self wedging is not happening and the
wedge just sliding on the rail.

The next thing cleared from the analysis is the
requirements of the applicable instruction for
maintenance and repair of these types of elevators.
This instruction is the leading document for the
proper maintenance of these elevators, and this is as
standard for each type of machine. In this document
special attention is paid for the safety of the elevator
and to the measures to provide it. There under yearly
maintenance procedure is stated dismantling, clean-
ing and greasing/oiling of the safety gear blocks, as
well as adjustment and test for proper work after as-
sembly. In the problem cases it is visible that this
procedure was not followed for a long period of op-
eration. The result of this is not working elevator’s
safety device- the component which stops the eleva-
tor car in case of exceeding the nominal speed. This
problem leads the unit to really dangerous situations
where the car will not be blocked in case of need.
Also these units are dangerous for operation as it is
specified in SRSETSL.

Other key safety component is the overspeed
governor. First problem ascertained is the missing
seal on the adjusting screw. The tripping speed of the
device is not guaranteed in these conditions. During
the research it was proven that where the seal is
missing these governors are not tripping at the nec-
essary speed. If we consider the braking distance of
well working safety gear of only few centimeters, we
have to pay special attention on this fact. The reason

is the limitation on the acceleration levels during the
emergency stop of the car by the means of the in-
stantaneous safety gears used. This limit is average
25 m/sec?, and peak value of 30 m/sec? according to
the requirements at the times of design and manu-
facture of the units. As experimentally is proven that
the braking distance is 15 mm approximately, these
limits means that the maximal tripping speed and
maximal nominal speed of lifts when using this type
of safety gears are limited to the following values:

Maximal tripping speed:

Vitr = v2.a.s = 0.95m/sec.

Maximal nominal speed:

Vnom = 0.68 + 0.83 m/sec

From these values the danger from the higher than
the necessary tripping speeds is clear. In the case of
higher than the above values of speed together with
the same braking distance means that the acceleration
goes to the higher and dangerous values of much
more than 30 m/sec?. These values are really dan-
gerous for health and even the life of passengers in-
side the car.

The other safety related problem found during the
research with the system of the overspeed governor
was the missing tension of the governor rope mainly
in one of the types of diversion pulleys used. The
affected type of the diversion pulley is with spring
force and without safety contact used. The problem is
based on elongated rope and as a consequence ex-
hausted move of the tension mechanism. In this case
the necessary tension in the rope of the system is not
provided and thus the system is not working at all.
This again represents serious danger for the users and
these units are dangerous for operation as it is speci-
fied in SRSETSL.

6. ANALYSIS ON THE REASONS FOR THE
NONCONFORMITY OF THE UNITS

When making this analyze we have to be very
careful. The reason is the sensitivity in the Bulgarian
society when talking about the elevator safety.

6.1 Safety gears.

It was proven the main reason for this is the not
performed operations according the manufacturer’s
instructions. The safeties with the wedges were not
clean and properly oiled. The frequency of appear-
ance is high- each of the problem units has this
problem. The related risk is also very high- in case of
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need this safety device will not block the car to the
guide rails.

Other identified reason was in the not proper ad-
justment of the activation levers of the safeties. But
we have to consider that this reason was found in only
one case of all the studied units, so the frequency of
appearance is very low and it is related to the not
followed instructions as it was described above.

6.2 Overspeed governor

The first problem with this safety device is the
tripping speed. The seal on the tripping speed ad-
justment screw is missing. The real tripping speed is
quite higher than the needed one in few cases. The
related risk is high- in case of need the acceleration
caused from the activation of the safeties will be
higher than the limits. Not only this, but there is ad-
ditional risk based on the fact that the safeties have
maximal tripping speed and their proper work is not
guaranteed for higher speeds.

Other serious problem is with the not enough
tension of the governor rope because of elongated
rope and as a consequence exhausted move of the
tension mechanism. In this case the problem is the
same- again the safety gears were not activated dur-
ing the tests.

7. CONCLUSIONS FROM THE RESULTS

1. This research proves that the safety level of
these elevators is like it was required at the time when
these units are designed and manufactured in the
conditions of proper maintenance and service pro-
vided. In this relation it is confirmed generally that
these units meet the corresponding legislation safety
requirements.

2. In few cases, some units and the places they
work have issues, which are not directly related to the
general safety of the elevator operation, but in fact
these issues represents discrepancy of the current
legislation.

3. There were few cases with safety affected. But
in all of them the reason for this fact was in the field
of the proper maintenance and adjustment of the
safety devices and their activation mechanisms and
not in the constructional or design part.

4. In all the problem cases there were necessary
very few efforts in order to achieve the proper level of
safety of the elevator. These efforts containing simple

operations like dismantling, cleaning, assembling,
adjustment and testing of some safety devices.

5. It was found during the research that the use of

spring tensioning device of oldest type is not safer
enough mainly because of short possible move until
exhausting of only few centimetres, compared with
the other types possible as well as the not present
safety contact for the rope elongation/breaking. Even
in case of proper maintenance it is still possible to
have not properly working device, which combined
with the not present safety contact for the rope
elongation/ breaking directly concerns the safety of
the units affected.
6. During the research it was found that the Bulgarian
State Agency for Metrological and Technical Super-
vision is failing during the last years in the field of
accidents preventing activities, as well as public ac-
tivities in the field of information campaigns on the
safety issues. It appears this organization as a rule of
the last years is acting and informing in public only
when something happened or somebody is died. But
in the same time in the public there is lack of
knowledge, information and transparency under this
matter. In the same time other European countries
have different practises. There as a standard these
organizations performing informational and preven-
tion campaigns in the field of safety and not only their
control and supervisory functions. The results from
these campaigns are much more than sufficient. That
is why SAMTS has to break this old behaviour model
of performing only control activities and to establish
new model with accidents preventing and informative
campaigns in the public, as well as starting to be more
transparent when doing all the related activities in
Bulgaria.

8. MAIN PROPOSED MEASURES TO BE
TAKEN

This research proves the importance of proper and
reliable maintenance, repair and services, as well as
the reliable, independent and free of any bias tech-
nical supervision of elevators. Also the results prove
the importance of the proper maintenance and repair
instructions, which have to be strictly followed dur-
ing the works on the elevators, even for newer units.
Finally the following measures on few levels are
proposed:
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1. Provide a proper internal supervision of the
maintenance and repair works. As a base ISO 9001
family standards can be used.

2. Provide proper control and reporting methods
for the licensed companies for technical supervision
as part of their integrated quality management sys-
tems according to ISO 9001, which is already com-
pulsory for these companies. Reporting system for
these activities also is proposed in order to make the
work of the technical supervisors more transparent
and reliable.

3. Improvement and strengthen the SAMTS su-
pervision and control activities to the licensed bodies
for technical supervision in order to achieve the
necessary and higher level of safety of these units.

4. Changes in the terms and conditions of the
knowledge and the related certification of the lift
technicians, which performing maintenance and re-
pair works on these machinery. As a part in these
changes, the related license of these persons has to be
validated for example each 2 years and not unlimited.

5. Replacement of the old spring type governor
rope tensioning devices with the newer one, where
tensioning weight and safety contact are used in order
to achieve higher safety level and to decrease the
possibility of failure of the overspeed governor work.

6. It was proven that the level of awareness of the
users and in some cases the maintainers is low. The

Bulgarian SAMTS has to establish new model of ac-
tivities in the field of accidents preventing and in-
formative campaigns in the public, for supervisory
bodies, for maintenance companies and for owners
and users of elevators. In the same time this organi-
zation has to be more transparent when doing all the
related activities.

7. Information for the accidents happened- rea-
sons, actions, effect and harm has to be public, not
hidden in some institutions. Register with open ac-
cess has to be established immediately.
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OLEHSABAHE U YIOCTOBEPABAHE HA CBOTBETCTBHUETO 3A OIIEPA-
TUBHA CBbBMECTUMOCT B UHOPACTPYKTYPHU ITPOEKTHU HA EC

TI'ans PAAEBA Muiyo TEOPTUEB

Karenpa ,,OCHOBH M TEXHUYECKH CPE/ICTBA 3a KoHCcTpyupaHe™, Texaudecku yausepeuret — Codust
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Pestome: B pa3paboTkara e 3acerHaTo OLEHSBAaHE WU yJOCTOBEPsIBAaHE Ha ChOTBETCTBUETO OTHOCHO OrnepaTHBHATa ChB-
MECTHMOCT CHpsiMo EBpomenckoTo TEXHHYECKO 3aKOHOAATEIICTBO B MPOeKTH Ha EBpomelickus cpro3. M3scHeHa e Teo-
peTHYHaTa IIOCTAaHOBKA, HOPMAaTUBHATA ypenda U Ha Ta3u 6a3a ca u3Be[eHH 0000IIEeHHEe Ha MOJIEIIM 3a OLIEHSBAHE HA Cb-
OTBETCTBHE 3a OIEPAaTHBHA ChbBMECTUMOCT ¥ ChCTABHUTE MM E€JIEMEHTH.

OmnepatuBHaTa ChbBMECTUMOCT Ha TPAHCEBPOIEHCKATa XKENe30IbTHA CUCTEMa KaTo LSUI0 € €IHAa ChbBPEMEHHO Pa3BHTA
IIMPOKa OCHOBA 32 HEOOXOAMMO B3aUMOJICHCTBHE U XapMOHH3ALUs Ha OTACIHUTE MOACUCTEMH, CIEMEHTH, ITapaMeTpH U
npyru Oene3u. To3n aHAMM3BT € MOCTPOSH BHPXY pealiHa MpoLeLypa 3a peajHa CUCTeMa B eBPOINCHCKH MPOEKT 3a BHCO-
KOCKOpPOCTHa JKeJie30IbTHa JuHUs [1noBauB — CBuileHrpaa — Typcka/rpblka rpanuiy Ha Haunonamna Kommnanus XKe-

ne3onsTHa UHbpacTpykTypa — beirapus.

Kinwuosn AyMH: OHCH}IBaHe, CbOTBETCTBUEC, OIIEpATUBHA CbBMECTUMOCT, ITPOCKTH.

TEOPETHYHA IOCTAHOBKA

OnepaTuBHa CHBMECTHMOCT (OT aQHIJIMICKH €3MK
interoperability) e CBOWCTBOTO Ha pa3iIU4HU CUCTEMH
WY OpTaHU3alH J1a PaOOTAT ChbBMECTHO. TepMUHBT
Ce H3MOJI3Ba OOHMKHOBEHO B YHCTO TEXHHYECKH
CMHUCBHJI, HO MIMa ¥ MO-IIMPOKa YIOTpeOa, IPH KOSTO
Ce OTYUTAT COLMAJIHU W IIOJUTHYECKH (hakTopH,
BIIMSICNIN HA (QyHKIMOHUPAHETO Ha OPTaHU3ALUHTE.

AwmepukaHckusaT MHCTUTYT Ha €NeKTpO U eleK-
tponuute nwxeHepn (IEEE — Institute of Electrical
and Electronic Engineers) naBa cieanara neuHUIMS
Ha moHATHeTo: CrnocoOHOCTTAa Ha JBE WMJIM IOBEYE
CHCTEMH WJIM KOMIIOHEHTA J]a OOMEHAT HH(pOpMAaIis
W Jia u3noi3sar ta3u uHdopmanus (the ability of two
or more systems or components to exchange
information and to use the information that has been
exchanged).

ITpTHIIaTa 32 TOCTHraHe Ha ONepaTHBHA ChHB-
MECTUMOCT B TEXHUYECKH CMUCHII Ca:

* ype3 MoJXOIAII0 NPOSKTUPAHE Ha IPOLYKTUTE,

* ype3 MapTHbOPCTBO MEXIY KOMIAHUUTE B CHOT-
BETHHUS NPOMUIUIEH CEKTOpP U B NPO(ECHOHATHUTE
cpenu,

* ype3 OCUTYpsIBAaHE Ha JIOCTBII JI0 TEXHOJOTHUH H
MATEHTH M Ype3 MPUIaraHeTo Ha CTaH/JapTH.

CswriacHo neduHUINIATE, BB3NPUETU
B EBponeiickus cbro3:

- OnepaTvBHa CHBMECTHMOCT € CIIOCOOHOCTTa Ha
MH()OPMAIMOHHUTE CHCTEMH U OW3HEC NPOIECHTE,

KOHMTO T€ MOJIbPXKAT, 1a OOMEHST JaHHU U Ja WH-
Terpupar HHGOpMaIsl U 3HAHUE.

- CucreMHara HHTETpais ce neduHupa, KaTo cro-
COOHOCT Ha (YHKUMOHATHHTE MOBEICHHS Ha pas-
JMYHHUTE CUCTEMH, KAKTO U JAHHUTE, BbPXY KOUTO TE
ce Oasmpar, 1a ce WHTErpUpaT B HOBH OW3HECIIPO-
LECH.

- Pamka 3a onepaTHBHAa CHBMECTHMOCT € KOMILIEKC
OT CTaHIApTH, NpaBWia M PHKOBOJCTBA, KOWUTO
ONUCBAT HAYMHUTE 33 NOCTHI'aHEe Ha AeUHHpaHATA
M0-TOpE ONepaTHBHA ChbBMECTUMOCT.

HN3JIOXEHHE

OmnepaTuBHAaTa CHBMECTUMOCT Ha HH(pacTpyK-
TypHaTta cucreMa (B YacTHOCT JKeJIe30IIbTHATa) B
pamkuTe Ha OOIIHOCTTa € CIMOCOOHOCTTAa Ha BBII-
pOcHaTa cucTeMa Ja MO3BOJIsABA OE30ITacHO M Hell-
peKbCHATO JBIDKeHHE. ToBa 3aBHCH OT BCHYKH pe-
TYJIATOPHU, TEXHHUYCCKH U CKCIUIOATAIMOHHHU YCIIO-
BUsI, KOUTO TPs0Ba 1a Ob/IaT CIIa3eHH, 32 Ja Ce Cra3sT
BCHUYKM HM3HCKBaHHUA. Te3u ycCjioBUsL C€ OTHACAT OO0
NPOSKTHPAHETO, KOHCTPYHUPAHETO, BBHBEKIAHETO B
EKCIUIoATalusl, Pa3lIMPSBAHETO, OOHOBSBAHETO WU
NoAJIpbKKaTa Ha 4yacTuTe oT cucremara. B JIppxka-
BEH BECTHUK € obHapoaBaHa JlupexTuBa
2008/57/EQ OTHOCHO omepaTHBHATa ChBMECTUMOCT
Ha JKeJIe30IIbTHaTa CHCTeMa B paMkuTe Ha OOmI-
HocTTa. JI[upeKkTrBara MMa 3a IIel Ja YCTaHOBH ycC-
JIOBHATA, KOUTO Ja OBJAT U3IBIHEHH 32 IMOCTHIaHE

95



lans PAJJEBA Mumuo '[EOPI'MEB

Ha ONEpaTUBHA CHbBMECTUMOCT B PAMKHUTE Ha JKelle-
3onmbTHaTa cucrema Ha EC 1o HayuH, KOMTO aa Chb-
OTBETCTBA Ha pasnopeabure Ha JlupekTuBa
2004/49/EO. Te3u ycnoBusi ce OTHACAT JIO MPOCK-
THPaHEeTO, KOHCTPYHPAaHETO, BHBEKAAHETO B EKCII-
JI0aTalys, pa3mpsBaHeTo, OOHOBSIBAHETO, EKCILIO-
aTalMATa U MOVIPHKKATa Ha YaCTUTE OT CHCTEMara,
a CchbUI0 M MpodecroHanHaTa KBaIU(pHUKAIUI H yC-
JIOBUsATA 3a 0E30IIaCHOCT M ONa3BaHE 3APaBETO Ha
NepcoHalla, KOMTO AONPUHACS 33 EKCILIOATALUATa 1
MIOJIBPXKAHETO M.

IIpucbenunsBane Ha benrapus xem EBpomnelic-
KHS ChIO3 U B YaCTHOCT Ha JKEJIe30IIbTHATA HU CHC-
TEeMa KbM €BpOIEHCKaTa MOopaxJa peAulia acleKTH
OT TEXHUYECKO, OPraHU3alHOHHO U JPYTO E€CTECTBO.
TakaBa e u Bis371aTa Bede B cuiia ot 25 ouu 2005 1.
Hapen6a Ne57 - "3a chIeCTBEHUTE H3UCKBAHUS KbM
JKene3ombTHaTa HMHOPPACTPYKTypa H  IIOJIBIKHUS
CBCTaB 3a OCHUTYpsIBaHE Ha HEOOXOIUMHUTE Iapa-
METpH Ha B3aUMOJAEHCTBHE, ONEPAaTHBHOCT U ChB-
MECTUMOCT C TpaHCEBpOIleHCKaTa JKele30IbTHA
cucrema". C Hesd cielBa Ja ce 3al03HAAT U Ja i
NpWIaraT BCUYKH CIEHHUAIMCTH OT pPa3jIM4yeH paHr,
BKJIIOYUTENHO U B cdepaTa Ha OBIrapCcKUTE JKele3-
HHUIIH.

B pamkuTe Ha Hacrosiara pa3paboTka e Obaar
OTOeNIsA3aHN HSAKOW OT HaW-BaXHUTE M OOMM MO-
MEHTH OT BwIpocHata Hapenba, mno3BossIBaIIN
000011IeHHe HAa MOJICIH 32 OLICHSIBaHEe Ha CHOTBETC-
TBHE 32 ONlEpaTUBHA CbBMECTUMOCT.

B rmaBa mwepBa Ha Hapenbarta — OOmm pasmo-
penodu, ce ompenessT YCIOBHATA 3a IOCTUraHE Ha
B3aUMOJICHICTBHUE, OTIEPATHBHOCT H ChBMECTUMOCT Ha
HalMOHAJHATA C TPaHCEBPOIEHCKaTa KeJe30IbTHA
CHCTEMa, a ChUIO U pea ApYyru u3uckBaHus. Harwo-
HaJIHATa KeJe30IIbTHA CUCTEMa, KaTo 4acT OT TpaH-
ceBpoIIeiickara, ce pa3ziens Ha MOJCHCTEMH, KOMTO
ca CTPYKTYpHHU 1 (yHKIIMOHATHH. 3a BCAKa OT TAX CE
OIPEIEIAT CIICHUPUYHN CHIIECTBEHU U3NCKBAHHUS.

OcHOBHHTE eTH Ha rJaBa BTO-
pa—"CemectBeHn u3nckBaHUA" (TIOCIETHUTE ca
00U ¥ crienu(pUIHN KbM MOJCUCTEMHUTE M ChCTaB-
HUTE €JEeMEeHTH Ha OJKele30IlbTHATa  CHCTe-
Ma) ca, Hali-00I0 Ka3aHO, ChXpaHSBaHE JKUBOTA Ha
Xopara M olla3BaHe Ha OKoJIHaTa cpeja. [1aBa Tpera
€ IocBeTeHa Ha T. Hap. ""TexHu4Yecku crenuduKanim
3a oneparuBHa cpBMecTuMocT” (TCOC). Ha TCOC
TpsOBa /1a OTroBaps BCsAKa IOJCHCTEMA KaTo LSO,
KakKTO M BCSKa 4acT OT Hesl, 10 BpeMe Ha eKCILIoa-

TanusTa CH, ¢ IeJ IOCTUTaHe Ha OIepaTHBHA ChHB-
MECTHMOCT Ha HalMOHATHATA JKeJIe30IIbTHA CHCTEMA
c esporeiickara. B TCOC morar na 0b1aT BKIFOUSHH
U CHelHAaNTHH YCIOBUs — reorpadcku, Tomorpadcku
WM Kacaemy MH(QPAcTpyKTypara Ha ypOaHH3Hpa-
HHUTE TEPUTOPHUH.

I'maBa uyerBbpra ce oTHacs [0 "CbCTaBHUTE
€JIEMEHTH Ha OllepaTUBHATa ChbBMeCTUMOCT. OueHs-
BaHE U YJOCTOBEpSBAaHE HA CHOTBETCTBHETO W/HIIK
roZIHOCTTA 3a ymotpeba". B ciydas nexnmapanmsra
3a CHOTBETCTBUE CE U3TOTBS OT JIULETO, KOETO € MOo-
JIaNo 3asiBKaTa, BKJIFOYUTEIHO U CHOTBETCTBAIIUTE
€JIEMEHTH U OAPOOHOCTH.

I'maBa mera e "lloacucremu, mpoBepka U ymoc-
TOBepeHHe Ha ChOTBETCTBHETO". ToBa BCHITHOCT ca
YacTHUTE, B KOUTO Ca Pa3BHTH U CHOTBETHHUTE M3HCK-
BaHMs, YKa3aHUs U TMPOLEAYPH 32 MOACHUCTEMHUTE.
I'nmaBa mecra— "JIuma 3a oneHsBaHe", 3acsira IOJ-
0opa, TBIHOMOILIUATA, OTYCTHOCTTA M KOHTpOJA Ha
ouenurenure. I'nasa cenma — "Peructpu" Boau u
€XKEroIHO aKTyaJM3Hpa PErucThbpa Ha IOJBHKHUS
cbcTaB U 0a3aTa JaHHM Ha UH(]pacTpyKTypaTa.

B mpunoxenusita kbM Hapenbara 3a TpaHceBpo-
nefickara X.II. CHCTEeMa ca IIOCOUCHHU U BKITIOYBAHHUTE
B Hesl MIOJICUCTEMH, KOUTO CH B3aumojencTar. MH-
(bpacTpykTypaTa ce pasriexiga KaTo eIMHHA CHUCTe-
Ma, YHATO IIUIOCT M CHIVIACYBAHOCT IIOJUISKAT Ha
IpoBepKa MO OTHOIICHHE Ha EKCIUIOATAI[HOHHHTE
IoKa3aTeu:

- OcunoBuu mnapamerpu (OIl)—Teca cBbp3aHy,
BKJIIOYUTEIIHO U ChC CHOTBETHH BEJIMYMHHU U U3UCK-
BaHUA.

- Bpp3ku Ha mopcucremara "Uudpactpykrypa" c
Apyru noACUCTEMU OT IVIEAHA TOYKa Ha TCXHUYCC-
KaTa CbBMECTHUMOCT.

C pemwenne Ha Komucusara or 6 mapt 2008 r. or-
HOCHO TEXHHYECKa CIenU(UKAINSA 3a ONepaTHBHA
CBBMECTUMOCT, CBBp3aHa ¢ monacucrema "Eneprus”
Ha TpaHCEBPOIEHCKaTa >KEJIC30IbTHA CHUCTEMa 3a
BHCOKOCKOPOCTHH BJIaKOBe (HOTH(HUIMpPaHO IOJ
Homep C(2008) 807) KOMHUCUATA HA EBPO-
MEVCKUTE OBILHOCTH, kato B3¢ npensun Jo-
roBopa 3a ch3aBaHeTo Ha EBponeiickaTa oOIHOCT 1
JHupextuBa 96/48/EO na CnBera ot 23 1o1u 1996 r.
OTHOCHO OIEpaTHBHATa ChbBMECTHMOCT Ha TPaHCEB-
pormelickara >KeJe30IIbTHA CHCTEMa 3a BHCOKOCKO-
poctHu Biakose, ¢ Pemenune 2002/733/EO na Ko-
MHUCHATA ONPEACIA IMbpBaTa TEXHUYCCKA CHCLII/I(I)I/I-
kanusa 3a omnepatuBHa chBMecTuMocT (TCOC) ot-
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HOCHO TpaHCeBpoIlelickaTa eHepruiiHa mojcucremMa
3a BUCOKOockopocTHH Biakose. Tasu TCOC mo3Bo-
JsIBa, 33 OTPAHUUYEH MEPHOJ OT BpeMe, eNEeMEHTH Ha
ollepaTUBHATA CHBMECTHMOCT Ja ObJaT BKIIOUYEHH B
nojcuctTeMu 0e3 cepTuUIUpaHe, aKo ca U3IMTbIHEHH
OIIpE/ICNICHN YCIOBHSI.

JXKene3ombTHOTO IBMIKEHHE TMOHACTOSIIEM Ce
eKCIUIOATHPa CHITIACHO JEeWCTBAINTE HAIMOHAJHHU,
JBYCTpaHHH, MHOTOHAIIMOHAHA W MEXITyHapOIHU
JIOTOBOpH. BaxkHO € Te3u JoroBopH Ja HE BB3Ipe-
ISITCTBAT HACTOSIIUS U OBIEI] HANPSIbK KbM OIle-
paTuBHAaTa ChbBMECTUMOCT. 3a Ta3H LieJ € HeoOxo-
mumo Komucunsita na pasriena Te3u IOroBOPH, C 11e
na onpenenu nanmu TCOC, mpeactaBeHH B HACTOSA-
IIOTO peIIeHHe TpsAOBa ma OBJAT CHOTBETCTBAILO
peBusupanu. TCOC ce ocHoBaBa Ha Hai-moOpHTe
HaJIMYHU €KCIIEPTHH 3HAHUS KbM MOMEHTA Ha IOJ-
roToBKa Ha choTBeTHHS MpoekT Ha TCOC.

3a 12 MpOIBIDKH 1a CTUMYJIMPa HHOBAIMKTE H 32
Jla B3eMe NpEIBH] HATPYNaHHs OMUT, KOHKPETHHUTE
TCOC cnensa na e npeaMeT Ha NEPHOAMYHO Mpe-
pasriexnane. TCOC TpsOBa ja MO3BOJISBAT M UHO-
BallMOHHU pemieHus. B ciydante, xorato ca mpen-
JIOXKCHH TaKHBa, INPOU3BOAUTEIIAT WJIH BB3JIOKUTEC-
JIST TOCOYBAT OTKJIIOHEHHETO OT ChOTBETHHMS pa3zei
Ha TCOC.

CwrimacHo uieH 5, maparpad 3 nHa JIupekTHBa
96/48/EO, uzmenena ¢ upexrusa 2004/50/EO, on-
penenena TCOC:

a) TT0COYBa MPEIBUICHUS CH 00XBAT;

0) moyara ChIIECTBEHH M3MCKBAHUS KbM KOHKpPETHA
MOJICUCTeMa M HEHHHUTE MHTepdeicH crpsMo Ipy-
THTE TOACHCTEMH;

B) YCTaHOBsiBa (YHKIMOHATHUTE M TEXHUYECKH
crieuuuKalny, Ha KOUTO TpsiOBa Ja OTroBaps Mmoj-
cucremara U HelHUTe uHTEepdelcH CripsaMo IpyruTe
MOJICUCTEMU;

T) Onpeessi CbCTABHUTE €IIEMEHTH M HHTepdeiich Ha
ollepaTUBHATAa ChBMECTUMOCT, KOUTO Ja ca 00XBa-
HAaTH OT EBpOMNEHCKUTE CHeUU(pUKAINK, BKJIIOYH-
TEITHO eBPOIICHCKUTE CTaHAAPTH, HEOOXOAUMH, 32 JIa
ce MOCTUTHE OIepaTHBHA CHBMECTHMOCT B PAMKHTE
Ha TpaHCEeBpOIeHCKaTa )KeJIe30IIbTHA CUCTEMA,;

J1) yKa3Ba, BbB BCEKHM OTJAEJIEH Cly4al, KOMTO ce
pasriiexsia, KOU MpoIeAypH Ja ce M3IMOJ3BaT, 3a Jia
ObZic OLEHEHO CHOTBETCTBUETO WM TOJHOCTTA 3a
ynorpeda Ha ChbCTaBHUTE €JIEMEHTH Ha OIlepaTHBHATA
cbBMecTHMOCT Wi EO yTBBp)KIABaHETO Ha MOJ-
CUCTEMHTE;

€) MocoYBa CTpaTerusTa 3a IpUIaraHe Ha KOHKpET-
nara TCOC;

) MOCcOYBa MPO(ECHOHATHUTE KOMIIETCHTHOCTH 32
CBOTBETHHSI IEPCOHAI, KAKTO M YCIOBHSATA 32 31paBe
1 0e30MacHOCT Ha TPyJd, KOUTO C€ M3UCKBAT HPH
eKCIUToaTalusITa U HOJAPHKKATa Ha MOJCHCTEeMAara,
KakTo u 3a npunaradero Ha TCOC.

®OYHKIMOHAJIHA U
TEXHUYECKU CHENU®UKALIUN
HA UHTEP®EWCHUTE

Ot TJI€AHa TOYKAa Ha TCXHHYECKAaTa CbBMECTHUMOCT
nHTepdelicuTe Ha OIpe/ieNieHa IOJICUCTEMa C Ipy-
THTE MOJCUCTEMH C€ ONHCBAT Ype3 BPB3KH C KOHK-
petHuTe maparpady B KOHKPETHHTE HOPMAaTHBHHU
aKTOBe:

Hnrtepdeiicu ¢ moacucremure P1, P2, Pn
WUnrep-deiic | [Ipenmparka | Ilpenparka | Ilpenparka
KBbM KBbM KbM

TCOCx TCOCy TCOCz

Ioncucrema | §x.1.1.1 | §y. 1.2.1 | §y. 1.3.1

P1

Ioncucrema | §x.2.1.1 | §y.2.2.1 | §y.2.3.1

P2

Ioncucrema | §x.3. 1.1 | §y.3.2.1 | §y.3.3.1

Pn

OIIEHKA HA CBOTBETCTBHETO HA
CBbCTABHU EJIEMEHTHU HA OIIEPATHUB-
HATA CBbBBMECTHUMOCT U ITPOBEPKA HA
EO HA TOACUCTEMMUTE

IIpouenypara, u3non3BaHa 3a OLEHKA Ha CHOT-
BETCTBHETO Ha ChCTABHUTE CJIEMEHTH Ha ONlepaTHBHA
CHBMECTUMOCT, TpsiOBa na ObAe H3IIBIIHEHA upes
NpuJIaraHe Ha ChOTBETHUTE MOAYyJH. M3mon3Bar ce
CJICZIHUTE MOJYJIHU 32 OLICHKa Ha ChOTBETCTBHETO Ha
CHhCTaBHUTE €JIEMEHTH Ha ONEpaTHBHATA ChBMECTH-
MOCT:

a) CA ,,BbTpenieH KOHTPOJ Ha MPOAYKTa™;

6) CB ,,EO usciensane Ha THma™;

B) CD ,,CroTBETCTBHE C THIIA BB3 OCHOBA Ha CHCTEMA
3a yIpaBJIeHHE Ha KauyeCTBOTO Ha IMPOU3BOJICTBEHHS
mporec*;

r) CF ,,CpoTBeTcTBHE C THIIa BH3 OCHOBA Ha IMpPO-
BEpKa Ha IIPOIyKTa™;

1) CH ,,CpoTBETCTBHE Bb3 OCHOBA Ha ITBJTHA CUCTEMA
3a yIpaBJIeHUE Ha Ka4ECTBOTO" .
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Monayu 3a oueHKa HA CbBMECTUMOCTTA 32
npuwjiaraHe KbM
ChCTABHMTE €JIeMEHTH Ha ONepaTHBHA
CHBMECTHMOCT
Mpouenypu | Hpo-n | CBbp-3 | CBbp-32
ITycHatu Ha YKT aH H nmpo-
nasapa Ha X npo- | AYKT Xj
EC aykt Xi
- Ipeau
BIIM3aHETO B CA
CHJIa Ha OIl- WIn
penenena CH CA wm CH
TCOC
-cnen - | CB+C
3aHETO B D umn
cumaHa on- | CB+C
penenena F nmu
TCOC CH

B ciry4ail Ha IpOAYKTH, IPEIOKEHU Ha Ia3apa
npeau myonukyBaHeTo Ha Hactoswara TCOC, TunbeT
ce CuMTa 3a Of0OpEH, MOpaau KOETO He € HeoOXo-
mumo EO wmscnenBane Ha Tuma (Momyn CB), mpu
ycoBHE Y€ IPOU3BOAUTENAT AEMOHCTpHUpA, Y€ U3-
NHUTAHUATa U MPOBEPKATa Ha ChCTABHHUTE €IEMEHTH
Ha OTlepaTHBHA CBBMECTUMOCT Ca CUCTEHH 3a yC-
HENIHW TPH TPEIXOAHH IPHIOKEHUS NPU CXOJHU
YCIIOBHS U Ca ChbBMECTHMH C W3MCKBAHHUATA Ha KOH-
kpetHa TCOC. Ako € HEBB3MOXKHO Ja ce JEMOHCT-
pHpa, Ue peIIeHHETO € MPEMIHAJIO C YCIIeX MPOBEepKa
B MHHAJOTO, C€ HpHIara Iporeaypa 3a ChCTaBHU
€JIEMEHTH Ha OllepaTUBHAa ChBMECTUMOCT, IIyCHATH
Ha nazapa Ha EC cien my0nukyBaHeTo Ha KOHKPETHA
TCOC.

OueHkata 3a ChBMECTUMOCT Ha CBCTaBHHUTE elle-
MEHTH Ha OIepaTHBHa CHBMECTUMOCT TpsaOBa na
o0XxBaHe BCHUKH a3y M XapaKTePUCTUKH.

CBbCTABHHU EJIEMEHTU HA OIIEPATUBHA
CBbBMECTHUMOCT, OBEKT HA IPYI'! IU-
PEKTUBU HA OBIIHOCTTA

Unen 13, naparpad 3 or Jdupexrusa 2008/57/EO
riacu ,,Korato chCTaBHUTE €JI€eMEHTH Ha OIepaTuB-
HaTa ChbBMECTHMOCT Ca IpPEAMET Ha APYT'H JUPEK-
TuBM Ha OOIIHOCTTa, OOXBaLIallM JAPYTH ACIEKTH,
neknapanusita Ha EO 3a ¢chbOTBETCTBHE WJIN TOJHOCT
3a ynortpeba 1oco4Ba B TaKUBa CIIydau, 4e ChCTaB-
HUAT eJIEMEHT Ha OllepaTUBHATa CHBMECTHMOCT OT-

roBapsl CBHIO M HA M3UCKBAHUATA HA TE3W APYTH OHU-
pexTuBn.“

OLEHKA HA CbCTABHUTE EJIEMEHTH
HA OIIEPATUBHATA CBBMECTHUMOCT 3A
JAEKJIAPAIIUATA HA EO 3A CBbOTBETCT-
BUE

TexHUYeCKUTEe JaHHU Ha CHCTABHUTE €JIEMEHTU
Ha OllepaTHBHATa ChBMECTHMOCT, KOUTO TPsIOBa Jia ce
OLICHST OT YBEJAOMCHHUS OpraH WJH OT HPOU3BOJIH-
TeJNsl B ChOTBETCTBUE C M30paHHUsS MOAYJ, Ha pas-
JIUYHUTE €Tamd OT MPOEKTHPAHETO, PA3BUTHETO U
MPOM3BOJICTBOTO, ce ordeissBar ¢ “X”. Cinyuawure,
IIPY KOUTO HE CE€ M3WCKBA OIIEHKAa, B TaONMIaTa ca
MapKHUpaHHU C ,,He ce Tpuiara‘.

OueHka Ha CHCTABHUTE eJIeMEHTH Ha Ore-
PaTHBHATAa CbBMECTHUMOCT 32 IeKJIapanu-
sita Ha EO 3a choTBETCTBHE

Xa Omnenka B ciaegHara ¢asa
pak IIpo-
Tep ®a3a Ha IpOEKTHPaHe U u3-
HCT pa3padoTka BO/IC-
HKH TBeHa
noj da3za
Jgex | Ilper- IIper- | Tunoso Ka-
aly Jen JIE]] Ha U3IUT- 4e€CTBO
u npu po- BaHe Ha
Ha mpo- HU3BOJ- mpo-
oue C€KTH- CTBE- JyKTa
HKa | paHeTo HUS (cepms)
porec
Hn |-X -X -X -X
- He ce | - HE ce | - HEe ce | - He ce
npuia- | Opwia- | mpuia- | Ipuia-
ra ra ra ra
JOKYMEHTALIUS

CeprudukarbT 3a IpoBeeHa NPOBEpKa Ha MOICHC-
TeMara ChrilacHO u3uckBaHusTa Ha EO TpsOBa sicHO
Jla TI0OCO4Ba KOM CHCTABHHU E€JIEMEHTH Ha OIEpaTHB-
HaTa CbBMECTHMOCT Ca OMJIN OIIGHEHU OT yBEIOMe-
HUs OpraH KaTo 4acT OT IIpoBepKara Ha IO0/CHCTe-
Mara.

Hexmnapamusara xa EO 3a mpoBepka Ha moacucTeMara
TpsiOBa SCHO J1a IOCOYBA:
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a) KOM ChCTaBHH EJIEMEHTH Ha OIepaTUBHATA ChB-
MECTUMOCT Cca OWJIM OLICHSIBAHM KAaTO 4acTH OT IMOJ-
cucTeMara;

0) IOTBBpP)KIEHHE, Ye MOJCUCTEMATa ChIbPXKa ChC-
TaBHU €JIEMEHTH Ha OIepaTHBHATa ChBMECTHMOCT,
€HAKBH C NPOBEPSBAHHUTE KAaTO YacT OT ITOJCHCTe-
Mara,

B) 3a Te3W CHCTABHU €JIEMEHTH Ha OIEepaTHBHA ChHB-
MECTUMOCT TNpUYHHATA(UTE), MTOPaar KOSTO(KOUTO)
MPOM3BOAUTENAT HE € ocurypui aexiapauus Ha EO
3a ChOTBETCTBUE W/WIM FOJHOCT 32 yrorpeda mnpeau
BrPaXJAaHETO B IOJICHCTEMAaTa, BKJIIOYMTEIHO MpPHU-
JIaraHeTO Ha HALMOHAIHWUTE pasnopendu, HOoTH(U-
uupanu 1o wieH 17 ot dupexrusa 2008/57/EO.

3AK/IIOYEHUE

ITo Bpeme Ha PEXOIHUTE NEPHOIH, KAKTO U CIIe]
TSX, JOKAaTO IMOJCHUCTeMaTa ObIe MOJEPHU3UpaHa
nin oOHOBeHa (KaTo ce B3eMa 10/ BHHMAaHHUE pe-
LICHHETO Ha IbP)KABUTE-WICHKH 3a MpHIaraHe Ha
TCOC), cbCTaBHU €IEMEHTH Ha ONepaTHBHATA ChB-
MECTUMOCT, KOMTO HE INPHUTEKAaBaT ACKiIapauus Ha
EO 3a cpoTBeTCTBHE M/MJIH TOJHOCT 32 YNOTpeOa u ca
OT ChIMS TUI, MOrar Ja ObJaT M3MOJ3BaHH KaTo
CBBP3aHH C IMOAJPBKKATa 3aMECTUTENH (pe3epBHH
4acTH) 3a IOACHCTEMara — Ha OTTOBOPHOCT Ha Op-

ra"a, KOWTO OTroBaps 3a MOANpPHXKKaTa. BbB Becudku
CIIy4ad OTTOBOPHUST 3a MOJAPHKKATa OpraH TpsioBa
Jla TapaHTHUpPa, Y€ KOMIOHEHTHUTE 32 CMEHH, CBbP3aHU
C MOAJPBKKATA, Ce U3MOI3BAT IO IperHa3HAYCHUE,
W3IION3BAT C€ B TAXHATa O0JIACT HA NMPHIOKEHUE U
TIO3BOJISABAT JIa C€ TOCTUTHE ONEpaTUBHA ChbBMECTHU-
MOCT Ha ’eJIe30IIbTHAaTa CUCTEMa U B CHLIOTO BpeMe
W3IIBJIHSBAT CBINECTBEHUTE M3UCKBAaHMA. TakuBa
KOMITIOHEHTH TpsA0Ba Jla MoraT jaa Obaar mpociens-
BaHU U CepTHU(QUIMPAHH B CHOTBETCTBHE C HSIKOE
HAI[MOHAJIHO WM MEXAYHApOJHO MPABUJIO WM Hs-
KOH KOJEeKC Ha JOOpUTE MPAKTUKH, KOWTO € IIMPOKO
BB3NpHUET B ChoTBETHUS cekTop. (JJoknanBana OTCK
2010r.)
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CONFORMITY ASSESSMENT IN RESPECT OF THE EUROPEAN TECHNICAL
LEGISLATION REGARDING RELIABILITY, AVAILABILITY,
MAINTAINABILITY AND SAFETY (RAMS) IN EU PROJECTS
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Fundamentals of design department, Technical University-Sofia, Bulgaria
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Abstract: As far as the systems, products and relationships between the sectors cultivate more and more and become more
complex, the RAMS standards form a necessity, which could decrease the necessary resources. These standards are the best
the economic standards, including contemporary high-tech goods/services like transport, space industry and others, where
the safety and precise issue are of exclusive importance. The analyses is built on a real procedure of a real system in
European project for high speed railway track Plovdiv — Svilengrad — Turkish/Greek border of the National Company
Railway Infrastructure — Bulgaria. The quoted specific requirements are an integral part of the Total Quality Control and
are incredibly complicated because of their innovative character and lack of essential information, so this development

could be of considerable advantage for this area’ specialists.
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BE3KOHTAKTHHM AKYCTUYHU MMPEOBPA3YBATEJIM THUTI
,LJJIO3A-TIPETPAJIA“

Acnapyx HUKOJIOB
Karenpa “Ilpennsna texuuka u ypegocrpoene”, Texunuecku ynusepcutet — Codusi, benrapus
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Pe3siome: CrarusTa pa3miexaa ycTpoicTBa 3a O€3KOHTAKTHO U3MEPBAHE M KOHTPOJI HA FTeOMETPUYHHU BEITMYUHHU, U303~
BaIlY aKycTHYHH edextH. OTOeII3aHN ca TEXHUTE MPEAUMCTBA M HeToCTaThIH. M3MepBaTenHuTe npeobpasyBarenu ca
KIacU(UIUPaHU U ca CPABHEHHU HIKOU OT OCHOBHUTE UM XapaKTePUCTUKH KaTo YyBCTBUTEIHOCT M U3MepBaTelIeH 00XBart.
KnrouoBu gymMu: 6€3KOHTaKTHU ITpeoOpasyBaTelld, aKyCTUYHH YCTPOHCTBA

1.YBOJ

BbOpekd JOCTHXKCHHUSITA Ha ChBPEMCHHHUTE
CJICKTPOHHU M KOMITIOTHPHH CpPEJCTBAa 3a 00paboT-
BaHEe Ha W3MepBaTeiHa MHGOPMAIHsI, METPOJIOTHY-
HUTE XapaKTEPUCTHKU HA CHCTEMUTE 32 U3MEPBaHE U
KOHTPOJI C€ ONPEJENAT MPEAUMHO OT Tpeodpas3yBa-
tenute. Te MpsKo BB3MpHEMAT U3MEpBaHATa BENHU-
YHHA ¥ 1 Mpeo0pa3yBaT BbB BEIWYMHA, MOJIXOAIIA
3a [O-HaTaThIIHO oOpaboTBaHe. Haii-romsimo mpu-
JIO)KEHUE MMaT TpeoOpa3yBaTesnTe, KOUTO MPeod-
pa3yBar WHQOpMAIMATA B €ICKTPUYCCKU CUTHAI, C
oryes ynoOCTBOTO MpH HEHHOTO TMpeaaBaHe, oOpa-
0OTBaHE U PETUCTPHPAHE.

3a 0e3KOHTAKTeH KOHTPOJ Ha TeOMETPHYHHM Ia-
paMeTpu Ha MAIlUHHU JCTAWIN - JIHHEHHH U BIIIOBH
pasMepH, OTKJIOHEHHsI Ha (hopMaTa U pas3IoyIoKEeHHU-
€TO U TpanaBoCTTa HA MOBBPXHUHHUTE YECTO CE M3-
MOJI3BaT MHEBMAaTHYHU METOJM W CPENCTBA 3apaju
NpPEeANMCTBATa UM, CHCTOSIIM CE B MPOCTaTa KOHC-
TPYKIHS Ha MBPBHYHHUTE KOHTPOJHH OpPraHH, Mall-
KATE pa3MepH Ha MpeoOpa3yBaTesnTe, MaJIKHAT W3-
MepBaTeNieH HATHUCK, cTaOWIIHATa paboTa B yCIOBUS
Ha BHOpallMM U B3pHBOOIIACHA Cpella, BUCOKATa Ha-
JEKIHOCT M OTHOCHTEIHO HHCKaTa ceOeCcTOMHOCT.
M3mepBatenuusaT um ooxaar e 40 - 160 pm, a oTHO-
CUTEITHATa UM OCHOBHa Tpemka 2 - 2,5 % [1;8]. Oc-
HOBHH TE€XHH HEIOCTATBLH ca HCOOXOOUMOCTTA OT
3axpaHBaHE CbC CI'BCTEH BB3JYX M JIMICaTa Ha
CJIEKTPUIECKHA M3XOJICH CHUTHAJ 3a BPB3Ka ChC CHC-
TemuTe 32 00paboTka Ha MHPOPMAIHA 1 yIIPaBICHUE
Ha TEXHOJIOTUYHH MPOIIECH.

AnrepHaTHBa Ha IHEBMAaTHYHUTE CPEICTBA 3a
0OC3KOHTAKTEH KOHTPOJ Ha T€OMETPUYHU BEIUYMHH
Morar Ja ObJarT TakhBa YCTPOWCTBA, MPH KOUTO B
mpolieca Ha npeoOpa3yBaHe Ha HU3MEpBaHATa BEIH-
YHHA CE M3IMOJ3BAT aKyCTHYHH €(DEKTH KAaTO HOCH-

Tean Ha nHbopMmanms. ToBa OM MO3BOIMIO OTCTpa-
HSIBaHE Ha IOCOUCHUTE HETOCTATBIIN.

[IpeoOpazyBarenuTe OT TO3M TUII MOTaT J1a ObIaT
pasjielicHH Ha J[Be TPYIIH:

- C U3XOJICH CUTHAJI YeCTOTa;

- C U3XOJICH CHTHAJ aMILUTUTYAa WK (a3a.

2. MIPUHIIMITHU CXEMHU

Ha ¢wur.l e nokazana npuHIMIHATA CXeMa Ha
npeobpasysaren [9], mpu KoitTo npe3 Tproomnposoy 1
ce mojaBa BB3AyX IIOJ HAISMTAHE, M3THYALl IIpe3
xnmabuHata O, oOpasyBaHa MEXIy KOHTPOJIUPAHUS
00eKT 7 ¥ 4esara Ha KOHIEHTPUYHO Pa3IOJIOKECHUTE
mo3u 2 u 3. Ipu onpexnesneHa croiHoCT Ha xJyabu-
Harta § B IiiyxaTa Kamepa 4 Bb3HHUKBAT IyJICALlUH HA
HaJIsITaHeTo BeieacTBUe Ha edekTa Ha Koanna. Tesu
KoJsieOaHus ce mpeoOpa3yBaT B ICKTPHUYECKH CUTHAI
OT eJIeKTPOMEXaHUUCH NpeobdpasyBaren (MUKPO(HOH)
5. HecroTaTa MM 3aBHCH OT XJ1abnHaTa O U obema Ha
KaMmepara, KOHTO MO)Ke [a ce Peryjmpa upe3 Ipe-
MecTBaHe Ha Oyrtanoro 6. UyBCTBHUTENHOCTTa Ha
npeobpasysarens ¢ Hax 100 Hz/um npu obxsar 30
pum. OCHOBHO NPEIVMCTBO HA TAKbB IPeoOpa3yBaTel
€ eJNEKTPHYECKUAT M3XOJeH CHrHai. HenmoctaTek e
OTHOCHUTEJIHO BUCOKOTO HUBO Ha IIIyM, KOETO C€ Te-
Hepupa.

Ha ¢ur.2 e nokazan mnpeoOpasysaren [10] Ha

0asara Ha reHeparop Ha XapTMaH [7].
M3tnyamara ot aro3ata 1 cTpys BB3AyX Momaaa moj
BI'BI B TPHOaTa 2 KaTo Mopakaa B Hes aKyCTHYHH
TpenTeHus. YecToTara Ha TPENITCHUATA C€ OMPEIes
OT IbJDKMHATA Ha TphOara L u xmabunata 6, MeXIy
4eloTo Ha TpbOaTa M mperpamara 3. UyscrBuren-
HOCTTa Ha npeobpasyBarens e 4 Hz/um npu odxBat
120 pm.
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¢ur.1 [TueBMOakycTHUeH npeoOpasyBaTe, U3IOJ3BALLL
e¢exra Ha Koannga

| L

N

X7 R

¢ur.2 [TaeBmoakycTHyeH npeodpasyBarten 6a3upaH Ha
reHeparop Ha XapTMaH

Ha ¢ur.3 e nokasana cxema Ha mpeoOpasyBaTel
[4], cberosin ce oT M3MepBarenHa Aro3a 1, U3Mep-
BaTeJIHA Kamepa 2, BXOAHA Ji03a 5, THEBMOAKYCTH-
YeH IeHepaTop M eNeKTPOMEXaHW4eH Ipeodpasysa-
ten 4. BB3ayx mox HasArane, HpeMHHaBa IIpe3
BXOJIHATA [f03a 5 B H3MEpBaTeIHA KaMepa 2 ¥ U3THYa
npe3 xyjabuHATa § M Ipe3 Alo3aTa 6 Ha MHEBMOa-
KycTuuHUs reHepaTtop. OT M3THYaHETO Ha BB3JyXa
npe3 xjabuHata MeXIy ato3ara 6 u MmeMmOpaHara 3,
IoCJIeIHaTa 3armoyBa ja TpentH. [Ipu cpBmanane Ha
coOcTBeHaTa 4ecToTa Ha MeMOpaHaTa C yecToTara Ha
HSKON XapMOHHK OT ITyJICAlIHUTE Ha MOTOKA BB3AYX,
TS W3MaJa B PE30HAHC W 3al0oyBa Jia TPENTH ChC
3HAYUTENHA MOLIHOCT. ENEKTpOMEXaHHMYHHUSAT Mpe-
obpasyBaren (Mukpodon) 4 mpeobpasyBa aKycTHU-
HOTO U3JIBYBAHC B CICKTPHUUCCKU YCCTOTCH CHUTHAJI,
YUSITO CTOMHOCT 3aBHCH OT HAJIATaHETO B usMepBa-
TeJIHAaTa KaMepa 2, KoeTo € PyHKIHs OT XJiabuHara d.
UyBcTBUTENHOCTTA Ha npeoOpasysarens ¢ 3 Hz/um
mpu o6xBat 60 um u HenuHeHHOCT 1%.

Ipu npeoOpasysareis, mokaszan Ha ¢ur.4, BXogHara
JIF03a M Ta3W Ha TeHeparopa ca ChBMECTCHHU B €IHA -
nro3a 2.

¢ur.3 Pe3oHaHCeH THEBMOAKyCTHYCH peoOpasyBaTen ¢
SJICKTPUYECKHU U3XOCH CHIHAI

W3menennero Ha xjabuHaTa O MEXIy HM3MEpBa-
TEeJIHAaTa J103a M IperpajaaTa BOOW 10 NPOMSHA Ha
HaJsIraHeTo B Kameparta 5. YecTtoTara Ha TpenTeHe Ha
MeMmOpaHara 3, peCreKTHBHO YeCTOTaTa Ha U3XOIHHS
CHTHAJI OT MHUKpO(hOHa 4 3aBHCH OT HAJATaHETO B
KamMepaTta 5, T.e. 4ecToTara ¢ GyHKIHs Ha XJ1a0uHaTa
d. Ilpu TakaBa cxema ce IOCTHIa O-BUCOKA TyBCT-
BUTEITHOCT B cpaBHEHHE ¢ Ta3u oT ¢ur.3 TexeH He-
JOCTaTBK € BUCOKOTO HHMBO HA IIyM, KOETO CE TeHe-

pupa.

6 .
;Ir—_x‘ 1e)
/ aZ
¢ur.4 PezoHaHCeH THEBMOAKyCTHYEH
npeoOpa3yBare ¢ MOBUIIEHA UyBCTBUTEITHOCT

Ha ¢ur.5 e nmokasaH MHEBMOAKyCTHUYCH IMpeol-
pasysaren [3;6], cbeTosAIL CE OT pe3oHaTop Ha Xell-
Mxou 1, CTpyeH elleMeHT 2 U M3TOYHMK Ha 3BYK 4,
HACTPOEH Ha PE30HAaHCHATa YeCcTOTa Ha pe3oHaTopa
1.
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¢ur.5 [TneBMoakycTUueH peoOpasyBarTel
C pe30oHaTop Ha XeIMXOIIII

ITpu npomsiHa Ha xyabuHATa & MEXAy Al03aTa 3 U
mperpajgara 5 ce IpOMEHs HHUBOTO Ha 3BYKOBOTO
HaJsTaHe B PE30HATOpa M HM3XOAHOTO HAJsraHe B
CTpYWHHUS eNeMeHT. J[nana3oHbT Ha MPOMSIHA Ha J, B
KOHWTO mpeoOpa3yBaTeNsIT UMa BHCOKa YyBCTBHUTEII-
HocT e okojo 60 - 80 um. Hegoctarek Ha cxemara e
OTCHCTBUETO Ha EJIEKTPUYECKU U3XOJEH CUTHAIL.

Ha ¢ur.6 e nokasana npuHIMIHATA CXeMa Ha
aKycTHUeH npeobpasysaren [2], KOWTO e ChCTOH OT
kaHan (Tpb0a) 2, B €AMHUAT Kpail Ha KOKMTO e pa3-
IMMOJIO)KEH M3TOYHHMK Ha aKYCTHYHU TPEITCHUA
(enmexTpoMexaHW4eH NpeoOpa3yBaTesl JBUTaTeIeH
THI) 1, a Ha OPYTUAT U Kpail € MOHTHpaHa U3MepBa-
TenHa Ar03a 3. KbM enekTpoMexaHHuHHAT Mpeod-
pasyBaten 1, Koiito Moxe na Obae MUKpOQOH, pa-
OoTell B IBUTAaTENICH PEXKHM, CE IT0JaBa IPOMECHINBO
Halpe)KeHUe ¢ IOCTOsIHHA YeCTOoTa [0 CXeMa Ha Jie-
nuren upe3 pesucrop R. Tpenrenusita Ha mMemOpa-
HaTa Ha MUKpO(OHA BB30YKIAT aKyCTHYHH BBJIHH B
KaHaJsa 2 ¥ MPOMEHJIMBO HAIIPEKEHUE OT HHIYKIUS B
0oOMHATa Ha HM3MOJI3BAHHS EJICKTPOMArHUTEH MUK-
podOH, KOETO € AaHaJIOTMYHO Ha JAOIBIHUTEIHO
CBIIPOTHUBJICHUE BbB BEpUrara.

IIBIHOTO KOMIUIEKCHO ChIPOTHBIICHHE Ha Bepurara
eZ =R+ Z0 + Z1, xpnero Z0 € KOMIIIEKCHOTO
CBIIPOTHBJICHUE Ha OOOWHATA TpU HEMOJBIIKHA
MeMOpaHa, a Z1 - KOMIUIEKCHOTO CHIIPOTHUBIICHUE OT
€JIEKTPOJIBIDKEIIO0 HampexxeHue Ha uHaykiud. Ort-
paseHara OT KOHTpONUpaHus o0eKT (mperpana, pas-
TIOJIOXKEHA TIpe]| [103aTa) BBJIHA BB3JEHCTBA BBPXY
MeMOpaHaTa W W3MEHS aMIUIMTyJaTa Ha HeHHuTe
TPENTEeHUS.

ToBa Boau 110 mpomsiHa Ha Z1 , T.e. Ha 1aja Ha HaIl-
pexeHneTo B 600MHAaTa U Ha U3XOAHOTO HANIPEKEHUE

Un, cTOMHOCTTa Ha KOETO Ce sSBsSBa MH(POPMATHBEH
HapaMeTsp.

¥
Wi}é

¢ur.6 EnexrpomexanuyeH akyCTHUEH IpeoOpasyBarel

Ilpu mpomsHa Ha xynabuHATA & MEXAY HI03aTa U
mperpajaTa ce MpoMeHs Iafa Ha HAIpPEeKESHHETO B
000uHaTa Ha eNeKTPOMEXaHUYHHS IpeoOpa3yBarell.
UyBCTBHUTEITHOCTTA Ha TO3M TUI NpeoOpa3yBaTes €
10 mV/pm. [2]

Ha ¢ur.7 e nokazana npuHOMIHATA cCXeMa Ha
aKycTuueH rnpeobpasyBaren [5], KOHTO ce ChCTOM OT
SJICKTPOMEXaHW4eH IpeoOpaszyBaTen JABUraTelIeH
THI (aKyCTHYCH U3/TbUBaTeN) 1 U eNeKTpOMeXaHn4eH
npeoOpasyBaTen TEHEpaTOpeH THI  (aKyCTHUYCH
TIpUEMHUK) 4, CBBP3aHH Upe3 KOMYHHUKALMOHEH Ka-
HaJ ¢ U3MepBaTeIHa J103a 3.

Us

aaaa

¢ur.7 EnexrpomMexaHuueH aKyCTHYEH IIpeodpa3yBaTes
THM “U3TBUBATEN-TIPHEMHUK

KbM enekTpoakycTHUHMSA M3IbYBaTe)l c€ IM0JaBa
IPOMEHJINBO HarpekeHne U3 ¢ mocTosiHHa yecToTa f.
Bb30ynenure OoT Hero ImyJicalii Ha BB3AyXa Ce
pas3npocTpaHABaT KaTO aKyCTUYHH BBJIHM B KaHaja 2.
Yact OT TX ce M3ITbYBAT B aTMOcdepaTa mpe3 Xia-
OuHaTa MeXxIy Iro3ara 3 ¥ mperpajara, a Apyra 4act
ce orpassiBa. [Ipu 3aTBOpeHa OT mperpajara Jto3a B
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KaHala 2 BH3HUKBAT CTOALIN BBIHH. AKO aKyCTHY-
HUST PUEMHUK 4 ce CheIMHM C KaHaia 2 B CCUCHUE,
KBJIETO ce 00pa3yBa Bb3ell Ha HAJISITAHETO, Ha U3X0/a
Ha 4 111e ce IMOTyYH U3XOJEH CUTHAI OIN3BK 10 Hyla.
IIpu yBenuuaBaHe Ha XJabHHATA O MEXKIY JAK03aTa U
IperpazaTa ce IpoOMeHs aMIUIUTYy1aTa Ha OTpa3eHara
BBJIHA U U3XOJHUS CUTHAJ OT aKyCTHYHHUS IPUEMHHK
4. UysctBHTENHOCTTa Ha mpeodOpasysarens e 10
mV/pm, a rpemkara My 1 pm. /lanenu ca cTaTH4HI
XapaKTepPUCTHKH [5], KOUTO ca HEJIMHEHHH C JIMHEeH
y4acTbK. AKO C€ ChAM OT CTAaTUYHUTE XapaKTepHC-
THKH, 00XBaTbT € 20 um npu cpenHa xnaduna 40 pm.

[IpeoGpazysarenute ot ¢ur.7 u ¢pur.8 umMar cb-
LIECTBEHO MPEAUMCTBO IIPE]] OCTAaHAIMTE, 3aI0TO HE
M3MCKBAT 3aXpaHBaHE CbC CTbCTCH BB3IYX, MMaT
CJICKTPUYECKH M3XOJICH CHTHAJ, KAKTO BB3MOXHOCT
3a W3MOJI3BAHE HAa CTAHAAPTHH MUKPO(OHH B Kadec-
TBOTO HAa €JEKTPOAKYCTHYHH HpeodpasyBaTeny.
IMopaan ToBa Te Morar na ObIaT MOAPOOHO HM3CIIeN-
BaHU C LIeJ MOJOOpsBaHE HAa METPOJIOTHYHUTE UM
[I0Ka3aTeu U ONpeelisiHe Ha 00JIaCTUTE Ha TAXHOTO
€BEHTYaJHO IPWIOKEHHWE B M3MepBaTelHaTa TeX-
Huka. [IpoBenenure B [2] yacTHYHM H3CIEIBAHUS
MoraT Ja ObJaT KpUTUYHO H3MOoI3BaHU. Te ca He-
JNOCTaThYHM, KAKTO 3a M3SICHABAaHE Ha (U3UUHUS
IIPUHIMI Ha Tpeo0pa3yBaHe, Taka U 3a MPaKTHIECKO
IIPWIOKEHHE, OCOOCHO OT METPOJOTHYHA TJeAHa
TOYKa.

AkycTnyHUTE TpeoOpasyBaTenH, H3MOI3BAIIU
eneMeHTH "io3a-niperpaaa’ u "mro3a-aro3a’ HamupaT
MIPUIOXKEHHE B TUCKPETHUTE YCTPOWMCTBA Ha aBTO-
MaTtukara [2;7] - MHKpOM3KJIIOYBATeNH, Oposuwu,
Onokupamu ycTpolcTBa M Ap. B m3mepBarenHara
TEXHUKa Ca HAMEPWIM NPUIOKEHHE B KOJOBHUTE
npeoOpa3yBarenu (JMHEHHO WM BIJIOBO MPEMECT-
BaHe - umudpos kon) [5]. M3nons3BaHeTo UM Karto
aHaJIOroBM MpeolpasyBareny Ha MaJKh MpeMecTBa-
HUS € OTPaHUYEHO, Thil KaTO He ca AOCTAThYHO H3-
CIIC/[BaHU.

3. 3AKVIIOYEHHUE
1. B 3aBucuMOCT OT TOBa JajM B Ipolieca Ha

Hpeo6pa3yBaHe CC M3I0JI3Ba CI'bCTCH BB3AYX UJIN HE,
HpeO6pa3yBaTCJII/ITe Ha TCEOMETPUYHU BCJIUYNHH,

M3MIOJI3BAINM aKyCTHYHM e(peKTH, Morar jga ce
KIacuuIupaT Ha THEBMOAKYCTHYHHU U aKyCTHIHH .

2. B zaBucuMoCT OT BHIa Ha 3axXpaHBAaHETO ca
pa3meneHn Ha  mpeoOpa3yBaTeNld,  HM3MCKBAILU
3axpaHBaHE CbC CIbCTEH  BB3AYX U Ha
npeoOpa3zyBarelid,  W3UCKBAIlM  EJIEKTPUYECKO
3axpaHBaHe, a B 3aBUCUMOCT OT BHJa HA U3XOIHUS
CUTHaJ - Ha mpeoOpa3yBareld C IHEBMAaTHUYECH
U3XOJEH CHTHAI U Ha IpeoOpasyBaTeld cC
CJIICKTPUYCCKU NU3XOJACH CUT'HAJIL.

3. AxycTuuHure  npeoOpaszyBaTend — HMar
NpeAUMCTBOTO NPEA IMHEBMOAKYCTHUYHHUTE, 3allOTO
HC M3UCKBAT 3aXpaHBaHE CbC CI'bCTCH BB3AYX, HMaT
CJIEKTPUYECKH W3XOAEH CUTHAI, yao0eH 3a
npeaaBane, oOpaboTBaHe M peructpupane. OcBeH
TOBa T€ UMAT IPOCTa KOHCTPYKIIMSA, KOETO € Npef-
[I0CTaBKa 3a BHCOKa HAJSKAHOCT M HHUCKa cebec-
TOHHOCT.
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CONTACTLESS ACOUSTIC DEVICES FOR MEASUREMENT AND CONTROL
OF GEOMETRICAL QUANTITIES

Asparuh NIKOLOV
Department of Precision engineering and measurement instruments, Technical University — Sofia, Bulgaria
e-mail:asparuh@tu-sofia.bg

Abstract: The article examines devices for contactless measurement of geometric dimensions using acoustic effects.
Marked are their advantages and disadvantages. Measuring transducers are classified and compared some of their key
features such as sensitivity and measurement range.

Keywords: non-contact transducers, acoustic devices
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OIIPEJAEJISAHE HA ITOJIETATA HA IIPEMECTBAHE ITIOCPEACTBOM
ABTOMATU3UPAH METOJ HA KOOPAUHATHUTE MPEXHU

T'anuna TOJOPOBA

karenpa ,,CprpoTtuBieHue Ha Matepuanure”’, Texuuueckn yHusepcurtet - Codusi, benrapus

e-mail: gtodor@tu-sofia.bg

Pe3tome: PazpaboTeHa u mpuiIoxkeHa € eKCICPUMEHTAIHA METOANKA C H3II0J3BaHE HA METOJa Ha KOOPIHMHATHUTE MPEXH
3a M3CIIeBaHe Ha TIOJIETO Ha MPEMECTBaHE Ha IUIOCKO MPOOHO TSUIO ¢ KOHIIEHTPATOp Ha HampexeHusTa. [IpeacraBeHu ca
CKCIIEPHUMEHTAIHH PE3YJITAaTh 3a MOJIETO Ha IPEMECTBaHE, MMONYYCHH MOCPEACTBOM pa3paboTeHa 3a IieNTa MporpamHa
CHCTEMa OT aBTOpa. EKCIIiepiMeHTAIHUTE Pe3y/ITaTH 3a IPEMECTBAHHITA Ca CPABHEHH C PE3YJITATH, MOITyYeHH 110 MeTona
Ha KpaitHuTe eneMeHTH. HampaBeHa e OlleHKa Ha HEOMPEIeIICHOCTTa OT H3MEPBAHETO.

Kiro4oBu 1ymMH: MpexoB METOJ, €KCIEPHIMEHTAIHO ONPE/IC/ITHE Ha IPEMECTBAHHS, HEONPEIEIICHOCT

1.BbBEJIEHUE

MertoanTe 3a perucTpupaHe Ha IPEMECTBaHUS U
nedopMaryy 4pe3 U3IOJI3BaHe Ha MPEXH ca Ch3Ma-
neHn okoio cpenata Ha 20 Bek [8]. Te ca 6mmu pea-
JM3UPaHNA C HAIMYHHTE KbM MOMEHTa CPEICTBa U
amapaTypa KaTo Ia0JIOHUM U MUKpPOCKONH. Te3n Me-
TOIY 1aBaT Bb3MOXKHOCT /I C€ MPOCIIEN Pa3BUTHETO
Ha ToJieTaTa Ha TpeMecTBaHe U AehopManus B U3c-
JieJiBaHaTa 00JIacT BbB BPEMETO I10]] Bb3/ICHCTBHE Ha
HPUIOKEHO HATOBapBaHe.

CBBpPEMEHHOTO Pa3BUTHE Ha IU(pOBATa TEXHUKA
pa3sKpuBa HOBH U IO-I00pH BB3MOXKHOCTH 3a pea-
JM3UpaHe Ha EeKCIIEPHIMEHTAJIHUTE TEXHUKH, OCHO-
BaHM Ha perucTpupaHe U oOpaboTka Ha H300paxe-
HUSL — B TOBa YHCJIO TIONAJa M METO/A Ha KOOPIH-
HaTHHTE Mpexu. [Ipy TO3M MeTox BBPXY MOBBPX-
HOCTTa Ha M3CJIEABaHMs OOCKT ce HaHAcs Mpexa C
m30pana reomerpus [5,8,9]. Be3moxkHOCT 332 yCb-
BBPILICHCTBAHE U OCHBPEMEHSBaHE Ha TO3M METOJ €
U3MCHCHHATA, KOUTO HACThIBAT B paBHMHHATa 06-
JacT OT NMpoOHO TSAI0, BBPXY KOSATO € HaHeceHa
MperKa Jla ce PerUCTpUpaT B JUCKPETEH PEXKUM Upe3
3acHeMaHe ¢ IU(POB MUKPOCKON M 3alUC HA KOM-
mrotep. Kondurypamusara Ha Mmpexara ce peruct-
pypa BEOHBK Npen NpHaraHe Ha HAaTOBAPBAaHETO
BBpPXY OOEKTa, a CJIeJ TOBa Ipe3 ONpEeIeNIeHH HH-
TepBaJM OT BpeMe B Ipoleca Ha HEroBoTO jaedop-
mupane. L{udposara 0o6padoTka Ha MOAXOIALIO W3-
OpaHu W300paXKEHHs M3MEXKAY PETUCTPUPAHUTE
03BOJISIBA aBTOMATH3ALKs HAa 00paboTKaTa UM ¢ el
MMOJTyYaBaHe Ha KAUYeCTBEHA M KOJMYESCTBEHA OLICHKA
3a MOJETO Ha NpEeMecTBaHe W/WiM JAedopmarus B
HaOmroaBaHata obsact ot npobHoTo Tso. Cren

MaH.[a6I/IpaHe PEIYITATUTE CC NMPEACTABAT B AUCKPEC-
TEH W/WIH HWHTEPIIOJIMPpAH BUI.

2.JTPUHIUII HA METOJA

Mpexa ce HaHacsl BbPXY IUIOCKH NPOOHHU Tena
MOCPEICTBOM ITOIXOAAIIA TEXHOJIOTHS — HAIPUMED C
U3M0JI3BaHe Ha (POTOPE3UCTH 32 METAH U CILIaBH
[8]. MpesxuTe, KOUTO ca HAMEPHIIN MIPUIIOKEHHE, Ca
npaBobpreaHu  [5,8] wim  xekcaronamau  [9].
Haii-uecTo Te ce oTneuaTBar BbpXy HaOMIOJaBaHATA
MIOBBPXHOCT IIOCPEACTBOM MapkepH ¢ (GopMa Ha
KpBroBe, KBaJpaTH, KbCH OTCEUKH WU JTMHUH.

B Hacrosmara paGora e H3MOJI3BaHA XeKcaro-
HaJIHA MpeXka, KOSATO € HAaHeCeHa 4pe3 MapKepH C
(opma Ha Kpbr. Mpexara UMa JjBa XapaKTE€pHH Ia-
paMeTbpa — pa3CTOSHUE MEXIy LIEHTPOBETE Ha Te-
JKECT Ha JIBa ChCEIHU MapKepa — I U JAUAMEThp Ha
Mmapkepa - d (¢ur.1). [Tapamerpure Ha Mpexara npu
TOBa EKCIIEPUMEHTAIIHO M3CJe[BaHe ca: r=lmm u
d~0.25 mm.

¢ur.1 Henedopmupana xekcaroHaiHa Mpexa
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3.PEAJIM3ALIUSA HA METOJIA

MeTonbT Ha KOOPIUHATHUTE MpPEXKH € aBTOMa-
TH3UpaH MOCPEICTBOM Pa3pabdoTeHa OT aBTOpa Me-
TOAMKA, IPH KOATO B MTAMETTa Ha KOMIIOTHP Ce pe-
THCTpUpAT W300pakeHUss Ha HenedopmupaHaTa U
nedopmupanata mpexa (Bitmap ¢opmar) u mpor-
paMHa cucrema, KosiTo 00paboTBa 3aCHETUTE H300-
paxxeHus. Bcesika IBoiika MOCieqOBaTeHH W300pa-
JKEHUSTA Ce PETHCTPUPAT, TaKka 4ye J1a UMa YaCTUYHO
MIpPENoKpHBaHe HAa Mapkepure Ha Mpexure um. Lle-
nuTe Ha 00paboTKaTa Ha M300paKeHUATA Ca M3YHC-
JISIBaHE TIOJIOXKEHHETO Ha LIEHTPOBETE Ha TEXECT Ha
MapKepHTe OT MpeKaTa U ONpeCisTHE BEKTOPUTE Ha
IpeMecTBaHe Ha Te3W LIEHTpoBe. B pesynrar ot us-
YHCJICHUATA Ha MPOrpaMHATa CUCTEMA CE€ MOJIy4YaBaT
BEKTOPHHTE TOJIETa HAa PEMECTBaHE BCIIECTBUE OT
nehopManuuTe Ha HabJIIO1aBaHATa MOBBPXHOCT.

PaspaboreHara mporpamMHa CHCTEMa peain3upa
CIIETHUTE OCHOBHH OTEPAIIUH:

e TpanchopMmupaHe Ha IBETHH H300paKeHUE

KBM TOJIyTOHOBH;

e @unTpHpaHe Ha IIOJYTOHOBH H300pakeHUETO
C IeN TOBHIIABaHE Ha KOHTpAacTa MEXIy
MapKepHuTe OT Mpekata U (OHa ¥ EeIUMHUHH-
paHe Ha UMITYJICHHU 11ymoBe [4,7];

e CerMeHTHpaHe Ha IIOJyTOHOBH H300pae-
HUETO C IIeJ OTJEJIsIHE Ha MapKepuTe Ha
Mmpexkara oT ¢oHa. Ilomydenure OuHApHU
n300pakeH!s ChABPKAT MapKepUTe Ha Mpe-
Kara;

e [IpemaxBaHe Ha MapKepUTE, YUUTO KOHTYP
npecrya KOHTypa Ha aHalIu3UpaHaTa o0iacT;

e OrmpenensHe Ha KOOPIUHATUTE HA IEHTPO-
BETE Ha TEXXECT Ha MapKepHUTe Ha MpexaTa OT
OvHapHUTE H300pXKEHUS CHPSAMO KOOPIU-
HaTHATa CHCTEMa Ha IMUKCEJIHTe OT M300pa-
JKEHUATA;

e OrmnpenensHe Ha CbOTBETCTBAIIU CH MapKepH
OT MpekaTa OT JBE IIOCIEHOBATEIHU H300-
pPaXCHHUS U CbOTBETHO OT HAYaIHO (PEHepHo)
U TEKYLIOTO H300paKeHue;

e Tpanchopmanus Ha KOOPAWHATHTE Ha LIEHT-
pOBeTe Ha TEKECT Ha MapKepUTe OT KOOPIH-
HaTHATa CHCTeMa Ha IMKCEINTe Ha H300pa-
sxkerusaTa —O*X*Y* xbM KOOpAWHATHA CHC-
tema OXY ¢ Havano HeHTHP Ha W30paH IHK-
cen (¢ur.2). TpanchopmarusTa ce H3BbPIIBA
nocpeacTBoM (¢ur.2):

x=x*-x, y=y,—y* (D
0* X*
Y
S
ol -V
X; X
G '

¢ur.2 Tpancopmanus Ha KOOpIUHATHA CUCTEMA Ha
u3obpaxenuero - O*X*Y* p OXY

e Il3uncnsBaHe Ha NpPEMECTBAHUATA IO Hall-
pasinieHne Ha oc X — U x 1 10 HallpaBJIeHUE Ha
oc Y — Ucy Ha CbOTBETCTBAILMU CH MapKepH OT
Mpe)kaTa IOCPEACTBOM KOOpDAMHATUTE Ha
TEXHUTE IIEHTpOBeTE Ha TexecT (dur.3).

YA
Cu.

N Cy

Xc,n.u.

[
A

~<VY

¢ur.3 ITpemectBanust Ucx, Ueyn Uc

IIpemecTBaHeTO MO HampaBieHUE Ha oc X Ha
Mapkep ¢ IeHTsp Ha Texect C - U, = ce ompezens oT
[1]:

UC

[IpemecTBaneTro mo HampasiieHHe Ha oc Y Ha
Mapkep ¢ ueHTbp Ha Teskect C - U, | [1] ce onpenenst

Xc,m.u - XC,H.L(. (2)

X

OT:
U(',y = Y;‘,m.u. - Y(.‘,H.ll. (3)

KBJIETO:

X, . - Koopaunata 110 o¢ X 8 OXY na nentsp C ot

TEKYILOTO U300paskeHUE
X - koopauHata 1o oc X B OXY Ha nentsp C ot

c, .

Ha4aJIHOTO I/1306pa)KCHI/I€
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Y - koopauHara 1o oc Y B OXY Ha nentsp C ot

TEKYLIOTO H300paKeHHE
Y - koopauHata mo oc Y B OXY Ha nentsp C or

C,H.U.
HAYaITHOTO H300paKeHHE.
e OueHKa Ha HEONPEACICHOCTTAa Ha pe3yJira-
THTE 3a [IPEMECTBAHHSATA
Ilpu wu3uKCiIsABaHE HA HEOMPEACICHOCTTa Ha
BEKTOPHTE Ha MMPEMECBAHHUATA CE M3I0NI3Ba CII0CO0,
OCHOBaH Ha MPEANOIIOKESHHETO, Ye EKCIIEePUMEH-

f()c+A)c,y+Ay):f()c,y)+l iAx+ 0

1!\ ox

KBIACTO Rn € OCTAaTB4YCH YICH

4 (X4’y4$Uy(4)=Z4=f(x49y4)) 2 (XZ’y2$Uy(2)=ZZ=f(X2ay2))

TaJIHUTE CTOMHOCTH CE€ OTJIMYABAT OT TOYHUTE CHC
cymara OT CIy4alHHUTE U CUCTEMaTHYHUTE TPELIKH.
Heonpenenenoctra 3a Besika TUCKPETHA CTOMHOCT ce
IpueMa paBHA Ha JIMHCHHUS WIEH OT pa3araHeTo Ha
dynkumsita Ha ipemectsanero U = f'(x,y) B pex Ha
Teitnop [2,6].

Penpr Ha Teitnop 3a ¢yHKIMA Ha ABE MPOMCH-
JTUBY UMa BuAa [3]:

“)

(X3,¥3)

5 (XSsYS9Uy(5)=15=f(XSSYS)) 3 (x39y3sz(3)=ZS=f(X39y3))

¢ur.4 Mapkepu oT MperxaTa, KOUTO CE M3IIOJI3BAT 32 OLIEHKA HA HEONIPEIEJICHOCTTA B IPECMETHATHTE TUCKPETHI
cToitHOCTH Ha npemecTBaHeTo (a) J{BymepHo npejacTaBsiHe (0) TpumepHO mpeacTaBsiHe

3a omeHsBaHE HA HEONPENETIEHOCTTa Ha IHCK-
PETHHTE CTOMHOCTH Ha IPEMECTBAHHUATA € HEOOXO-
IUMO JIa C€ M3YHCIAT HaW-TOISIMOTO JIMHEWHO OTK-
JIOHEHHE B TOJIOKEHHETO Ha [EHTPOBETE HA TEIKECT
Ha MapKepuTe OT Mpexara Mo oc X- dx U IO 0C
Y- 0y OT HayanHOTO H300paKEHUE, KOETO ChOT-

BETCTBA Ha HeNe(HOPMUPAHO CHCTOSHHE.

Jlomycka ce, ue TpelKara IpH ONpeae/IsTHETO Ha
KOOPIMHATHTE Ha [[EHTPOBETE Ha TEXECT B nedop-
MHpPAHO CBCTOSIHHE HE IPEBHIIABA MaKCUMAIHUTE
JIMHENHH OTKJIOHEHHS B HEAE()OPMHUPAHO CHCTOSHHE
-o0xudy.

Mapkepr OT MpexaTa, KOHTO y4acTBaT MpH
OLICHsAIBaHE Ha HeompeneieHocTTa mpu Ox >0 u
0y >0 ca nocoueHu Ha ¢ur.4.

Oynknusra f ot pena Ha Teitnop (4), kosTo 3a-
BHUCHU OT KOOPAHMHATUTC X U Y, NIPEACTaBA IPEMECT-
BaHETO M0 HampasjeHue Ha oc Y - U,.

3a oueHsBaHE Ha HEONPEJEICHOCTTa Ha IIpe-
mecTtBaneTo Uy B ToUka ¢ ycloBeH HOMEp 1, KOsSITo
MMa YETHPH ChCE/IHU LIEHThPA Ha TEXKECT (C YCIOBHH
HOMepa 2, 3, 4 u 5) Ha pa3CTOSIHUE MPHUOIU3UTEITHO
paBHO Ha r (¢ur.l), B KOUTO € UIUHCICHO MPEMECT-
BaHeto Uy, (¢ur.4) e HEOOXOAUMO J1a ce U3UNCIIAT:
-KOOpJMHATHUTE Ha TOYKU P 1 Q mocpencTBoM:
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Xp=Xx;+ &
ye=yi
Xo = X1
Yo=yito,

-CTOMHOCTTa Ha MIPEMECTBAHETO o oc Y B Touka P -
z, =U,(P) mocpencreom:

Z, =a,Z, +a,Z, +a,Z, )
KBJIETO 4,,d, U a, Ca TEIJIOBH KOCQUIEHTH, KOUTO

Ce ONPEJIENSAT OT JIMHEHHATA CHCTEMA YPABHEHMUS:
ax, +a,x, +a,x; = x,
@Yy +aY, T4y = yp (6)
a+a,+a, =1
- HAapacTBaHETO MO o¢ X Ha pasrIekAaHaTa
ctoitHocT HanpemecTBaneTo Uy(1):
Az, =z, -z (7
AHAJIOTMYHO Ce MOAXOKAA 38 TPHBIBIHAKA, Oll-
peJieNieH OT TOUKHTe ¢ KoopauHaTh (x,,,),(X,,¥, )

u (X,,¥,), IPH KOGTO Ce M3YHCIABA HAPACTBAHETO
noocY:

AZ, =z,-z 8)

W3uucnsiBa ce HapacTBaHETO Ha H3YMCIEHATa

muckpetHa croitHoct z, =U (1) B kBagpaur I, on-

pexnenen ot Toukute P,1 u Q:
Az=Az +Az, )

HapacrtBaneto, omnpeneneHo OT JMHEHHHS 4JIEeH
Ha Teiinop, naBa oleHKa Ha HEOMpPEOENIeHOCTTa Ha
3arjiekaaHaTa JUCKpeTHa CTOWHOCT B KBaApaHT I,
onpenenen ot ocute X uY .

AHAJOTMYHO ce MOAXOXIa 3a JPYTHTe TpU
KBaJIpanTa, onpeaenenu ot ocute X 1Y, P KOETO
ce M30MpaT MaKkCHMMajlHaTa W MHHUMAITHATa HEOI-
PeneNneHoCT Ha pa3riieXjaHaTa JUCKPETHA CTOMHOCT
Ha IPEMECTBAHETO.

e MamabupaHe Ha IPEeMECTBAHUITA

[TocpencTBoM KOOpAMHATUTE HA LIEHTPOBETE HA
TEXXECT Ha MapKepUTE OT HAYAJTHOTO H300paKeHue ce
H3YHCIIABA OPOSIT HA TUKCEINUTE, KOUTO ChbOTBETCTBAT
Ha Cpe/iHaTa CTOWHOCT Ha CThIIKAaTa Ha MpexaTta (I oT
¢ur.1). B u3uncnenueTo ce BKIIOYBAT BCUYKH II€H-
TPOBE Ha TEXKECT, KOUTO y4acTBaT B ONPEEIISTHETO
Ha NPEMECTBAHUATA, KaTO CC MMa MNpPEABUI, Y€ Ha-
HeceHaTa 3a eKCIIEPUMEHTa MPEeXka € XeKCaroHaJlHa C
r=1mm.

IIporpamMHaTa cuctemMa € pealn3upaHa B cpesa 3a
paspabotka Delphi.

4. EKCIIEPUMEHT

ITpoGuute Tena ca U3pabOTEHH OT JIUCTOBA HHC-
KOBBIJIEPOJHA CTOMaHa ¢ AebennHa 1,5mm u umat
LeHTpaseH npope3 ¢ mupuHa 0,1 mm, opueHTHpaH
IO TIPaB BI'BJI CIPSMO NPHIOKEHOTO BHHIIHO Ha-
TOBapBaHe. ['eoMeTpuaTa Ha MpPoOHOTO TSJIO U 00-
JIacTTa, IOJUIOKEHA Ha aHAJIN3 € TOKa3aHa Ha ¢ur.Sa.

W3non3Bana e MallMHA 3a M3MUTBaHE Ha MaTe-
puanu Instron 1185 (¢ur.56). Mammunarta ce 3aua-
BH)KBA €JIEKTPOMEXaHUYHO, KOETO 51 TPaBH IOIXO-
JdIa 332 W3CIEABAHUS IOCPEACTBOM aBTOMATU3H-
paHUsT METOJ Ha KOOPAWHATHUTE MPEXKH, ThU KaTo
IpY HelHaTa paboTa HAMa BHOpAIWH, KOUTO ca Xa-
PaKTepHU 32 MAIIMHUTE C XUIPABIMIHOTO 3aJIBHIK-
BaHe.

[IpoOHOTO TANO ce nedopmupa upe3 IIaBHO Ha-
TOBApBaHE HA OIBH CBC CKOPOCT HA IIOJBMIKHHMS
3axBaT Ha MamuHara— 1,5mm/min. IIpocnenssa ce
nehopMHUpaHETO HAa Mpexara B 001acTTa OKOJIO
eIMHHS BPBX Ha MPEABAPHTEIHO Ch3AaICHHUS POpe3
(dur.5a).

IlpoMeHUTE, KOWUTO HACTBIIBAT B PE3yNTaT OT
HATOBAPBAHETO HA TSAIOTO CE PETHCTPUpAT Mpe3
MPUONN3UTENHO PaBHU MHTEPBAIH OT BpeMe C MO-
MOIITa Ha HU(PPOB MHKPOCKOIN, CHCTOANI C€ OT
MUKpockon ¢ BrpageHa CMOS marpwuia u 3ammic Ha
koMIioThp (¢pur.56). PazgenurenHa cmocoOHOCT Ha
CMOS wmatpunara e 1280/1024 nmuxcena. Muxpoc-
KOITT € HEMOJBIKHO 3aKpereH KbM KopIyca Ha
MammHata. HEHmoABIKHOTO 3pHUTEIHO MOJE Ha
00EKTHBa HA MMKDPOCKOIA OCHUTYpPSBa HEIMOJABIKHA
KOOPJMHATHA CHCTEMa, CIIPSIMO KOSITO C€ U3UHCIIIBAT
IPEMECTBAHHUATA Ha LICHTPOBETE Ha TEKECT Ha Map-
KepUTe OT MperKara.

Ha ¢ur.6 e nmokasana xpuBata Ha nedopMupaHe
Ha IPOOHOTO TAJIO, ¢ KOHLEHTPATOP Ha HANPEKeHHU-
sta. Ha Bcsika TO4Ka OT KpMBaTa CHOTBETCTBA 3ac-
HETO M300paXKeHHeE.

JIBe oT n300pakeHusTa, KOUTO ca MOMI0KEHN Ha
00paboTKa ¢ Ied omnpenessiHe Ha CTOWHOCTUTE Ha
IIPEMECTBaHMATA Ha [IEHTPOBETE HAa TEXKECT Ha Map-
KepHTe OT MpexaTa ca II0Ka3aH! Ha ¢ur.7.
KoMITOHEHTHTE Ha BEKTOPUTE Ha NPEeMECTBaHE MO
HaIlpaBJIeHHE Ha JBETE OCH C¢ M3YHUCIABAT CaMo 3a
MapKepuTe OT Mpe)KaTa, KOHUTO HE HAIlyCKaT 3pH-
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TEIHOTO I10JI¢ Ha 0OCKTHBA Ha MHUKPOCKOIIA I10 BpEME

200 mm

‘M

l6mm

48 mm ()

Ha rporeca Ha redopmupase.

¢ur.5 (a) 'eomerpus Ha TPOOHOTO TSIIO C KOHLIEHTPATOP HA HANpexxeHusTa. V3cinensanara obilacT € mocoueHa ¢
npekbcHara muHus; (0) ExcriepuMenTania eKumupoBKa

10000
9000
8000
7000 4 ;
6000 Lo
5000 1 3 L]
4000
3000 4 1 /
2000 4
1000 il

\

Cuaa - F [N]
\

0 0.2 0.4 0.6 0.8 1 12 1.4

Abcomorna redpopmanus - AL [mm]

¢ur.6 3aBucumoct cuna (F) - abcomotHa nedopmanust
(AL) Ha IpOOHOTO TSUIO € KOHLIEHTPATOP, NOKAa3aHO Ha
¢ur.5a

Brnocnencrue ce n3bupar camMo LEHTpPOBETE Ha
TEXECT Ha TE3M MapKepu OT MpekaTa, KOUTO ca
Pa3mnoNIoKEeHH Npesi KOHLEHTPATOPa Ha HAIPEKEHH-
ara (¢wur.5a).

ETukerure B nzo0paxeHusta ot Gur.7 cbappkar
KOOpAMHATHTE Ha LEHTPOBETE HA TEXKECT B MWJIHU-
METpU Ha MapKepuTe OT MpeXaTa CIPSMO HEmon-
BIkHa KoopauHatHa cuctema OXY ¢ Hayano Bbpxa
Ha KOHIIEHTpaTopa B HelleOpMUPAHO CHCTOSTHUE.

S5.PE3YJITATH

Ha ¢ur.9 u ¢ur.10a ca nokaszaHu ekcriepuMeH-
TAJIHO TIOJlyYEHUTE pas3lpe/iesieHns Ha IMpeMecTBa-
HUSATa IOCPEICTBOM aBTOMATHU3WPAaHUs METO] Ha
KOOpJIMHATHUTE MPEXH 110 HalpaBieHHe Ha oc Y 3a
CiIy4ail Ha KOHLIEHTPATOp, PA3MOI0KEH oA brbi 90°
CHPSIMO NPHUJIOKEHOTO BBHIIHO HaTOBapBaHe. AHa-
JM3MpaHaTa o0JacT MMa MPHOIU3UTEIHH pa3MepH
13mm/14mm.

Hauanoro Ha koopiMHaTHATa CHCTEMA € B JICBHSA
Kpail Ha KOHIICHTPaTOpa Ha HAIIPEKCHUSITA B HeJle-
¢dopmupano cberosiaue (dur.5). IMomero Ha mpe-
MECTBAHETO € IIPEJCTABEHO 4Ype3 JUCKPETHHUTE
croitHocTH (Gur.9) u upe3 06IacTH ¢ MPUOTUIUTEITHO
enHakBu mpemectBanus (¢ur.10a). Ilocneanute
CBH31aBaT HATJIEAHA MPeJCTaBa U MO-JECHO MOrar Ja
OBIAT CPABHEHU C YHCIICHU PE3YJITATH, TOJTYYSHH MO
Mertona Ha kpaitaute enementd (MKE). Ha ¢wur.9 ¢
MO-MaJIbK WIPUQT € IIOCOYCHA OL[CHKATa Ha Heorpe-
JIENICHOCTTa HA ChOTBETHATA AMCKPETHA CTOMHOCT Ha
npemectBaneTo Uy 3, koeTo oTroBaps Ha T.3 0T ¢ur.6.
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¢ur.7 KoopauHaty Ha HEHTPOBETE HA TEKECT HA MApKEpUTE Ha MpeXara CIpsMO KOOpAuHaTHA cucTema XY ¢ Havalo
JIeBUsl Kpai Ha KOHLIEHTpaTopa B HeleOpMUPaHO CHCTOSIHUE
(a) mpenu HatoBapBaHe — AL = 0 [mm]; (0) nmpu HaToBapBane AL=0,75 [mm];

Ha ¢ur.106 e npeacraBeHO YMCICHOTO pasIpe-
nenenue Ha npemectBanero Uy3 ¢ men cpaBHEHHUE ¢
eKCIEepPUMEHTATHOTO. UNCIeHnTe pasnpeneneHus ca
HOTy9eHN TTOCPEICTBOM IIPOrPaMeH MPOIYKT Ansys,
koiito paboru mo MKE.

l'eomeTpuunuaT Momen, m3rpaaeH B Ansys OT-
9HTa pajgdyca Ha 3aKpBITCHHE IIPU BHPXOBETE HA
KOHIIEHTpaTopa. YHCICHHAT MOAEN € peaan3upaH
MOCPEACTBOM JMCKPETH3alUs C H30IIapaMeTPHIHI
8-BB3110BU KpaliHU eneMeHTH - plane 183 (¢ur.8a).
Ilpu puckperusauusATa Ha 00nacTTa € 3aJajcHa
IbDKMHA Ha pb0Oa Ha enemeHTa 0,5 mm B 1sara

00NacT Ha TeOMETpUYHMA Mojesd. JIbbKMHATa Ha
pb0a Ha KpallHUTE €JIEMEHTH € HAMAJECHA B AHAJIM-
3upaHaTa 00JacT.
YuCIIeHUTE PE3YJITATH CE OTHACAT CaMO 38 EKCIIE-
pUMEHTANHO wu3cienBanara obmact. Mpexara ot
KpailHM €IIEMEHTH B TasuW OOJNACT € MOKasaHa Ha
¢wur.86.

VBNON3BAHMAT MATEPHATEH MOJAET € JIMHEEH
M30TPOTIEH, OMPEAETEH OT MOYJ Ha EIaCTHYHOCT
E=2,06.10"" [Pa] u koeduuuent na [Moacon p=0,28.

ELENENTS

@

(a)

©)

¢ur.8 (a) MzomapamerpuueH kpaeH eneMeHT - plane 183; (6) Mpexka OT kpaliHH €JIEMEHTH B H3CIe/iBaHaTa o0JacT;
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IPaanpeueneHMe Ha OUCKPETHUTE CTOUHOCTH HA Uy 3 [mm]
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¢ur.9 [uckpernu croitHoctu Ha npemectBaneTo Uy3 [mm] npu AL=0,75[mm] 1 cbOTBETCTBAIINTE UM MAKCHMAJIHA U
MHHHMAaJTHA HEOMPE/IeICHOCT

Uy, 3[mm]  maxUy.3= 03345 Txooan sovurson
——— -0.34
pa— e
kﬂ-ﬂi 0 -0.35 } i -.435E-03
|
| 1
I | - 4248-03
-0.36 B \ Lo
| | - 4135-03
-0.37 !

} -.403E-03
= -0.38 - -
T 3528-03
E .0.39 - 381E-03
> - 3715-03

-0.4
. 360E-03
-0.41 - 343103
.0.42 - 339803 _
) -0.43
12 10 -8 6 4 -2

X [mm] min Uy, 3= 0.43479 (a) 6)
¢ur.10 (a) Pasnpenenenue Ha excriepumeHTanHute croiiHoctd Ha Uy3 [mm] cien auHeiina natepnonanus (6) YuciaeHo
pasnpenenenue Ha Uy3 [m], momygeno mo MKE npu AL=0,75 [mm]

OTtHOocuTenHa paznuka Mexay uncienute 1 Uy3 mo mpaBarta, ompezesieHa OT IOJIOKEHHETO Ha
eKCIIepIMEHTAITHATEe CTOWHOCTH Ha TPEMECTBAHETO  KOHIIEHTPATOpPa Ce ONpPEeAes KaTo:
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I'amuna TOJJOPOBA

AU Uy3,uucn.cm.—minUy3, ekcn.cm.| _

)3, mi =
M | Uy3,uuca.cm. |

~0.377=(=03749)] | 10— 0.5%
~0.377 I ’

AU _ |Uy3,uucn.cm.— max Uy3, excn.cm.|
3 max Uy3,uucn.cm.

—0.377 - (-0.3581)| 100 = 5%
-0.377 I

IIpu mnpocneasBaHeTo Ha H3MEHEHUATAa Ha
EKCIIEPUMEHTAIIHUTE M YHMCICHHU Pas3lpeleleHus Ha
npeMectBaneTo U Morar ja ce HanpapsAT CICIHUTE

3aKITIOYCHHS:
EKCIIepIMEHTATHUTE ¥ YHUCICHUTE paslpesere-
HUsI HAa PEMECTBAHETO M0 HampaBlieHHe Ha oc Y ca
Osu3Ku 110 (hopMa Ha U3OJMHUUTE M 110 CTOHHOCTH.
HepaBHOMEpHOCTTa B paslpeAeicHUATa Ha Ipe-
MECTBAaHHUsATA BEPOSTHO CE IB/DKH Ha HEpaBHOMEP-
HOCTTa B CTPYKTypara Ha HHCKOBBIJIEPOAHATA CTO-
MaHa, OT KOSTO ca W3paboTeHH HpoOHHTE Tena.
ITepBOHAYATHO NPOLECHT Ha AehOpMUPAHE IPOTHYA
B MO-MOfIATIMBHTE obnacTd Ha Mmarepuaia. OcHo-
BaHHE 33 TOBa MPEIIOJIOKEHHE AaBa M3IIaXKIaHETO
Ha M30JIMHUKTE C yBeIMYaBaHE Ha HATOBAPBAHETO.

6.3AK/IIOYEHUE

Pa3paboreHa e MeToAMKa, MO KOSTO Ca Harpa-
BCHH CEpHs CKCIICPHMEHTH C U3MOJI3BaHE HAa METOIa
Ha KOOPANHATHHUTE MPEKH.

MeToabsT Ha KOOPIMHATHUTE MPEKH € aBTOMa-
TH3UpaH 4pe3 pa3paboTeHa OT aBTOpa NporpamHa
CHCTEMa, KOSITO M3BBPILIBA 00pabOTKA HA 3aCHETUTE
110 BpeMe Ha eKCIIePUMEHT H300paKeHHsI i OIpeeIist
Ha ITIOJIOKEHHUETO Ha [IEHTPOBETE Ha TEKECT Ha Map-
KepuTe oT Mpexara

Pa3paboreHara mporpaMHa CHCTEMa H3YHCIISABA
JIMCKPETHN CTOHHOCTH OT IIOJIeTaTa Ha IpPeMecTBa-
HHUATA U J1aBa OLCHKA Ha CHOTBETCTBAINaTa UM He-
OIIPE/IeNICHOCT.

IIpencraBeHnTe €KCIEPUMEHTAIHU pE3yJTaTH,
TIOJIYYCHHU IO aBTOMATU3HpPAHUSA METOH Ha KOOPIAU-
HATHUTE MPEXKH, Ca CPABHCHH C YHCIICHU PE3yJITaTH,
noaydenu no MKE. OtHocuTenHaTa pasziuka Mexay
CKCIICPUMCHTAJIHUTEC W YHUCJICHUTEC CTOMHOCTH Ha

npeMeCTBaHuATa € MNpUEMJIMBAa IO OTHOMICHUC Ha
HMHXEHEPHU MPECMATAHUS.

ExcniepuMeHTaNHUTE pe3yNTaTd IOKa3BaT, ue
n3M0JI3BaHeTO Ha nudpoB Muxpockon c¢ CMOS
cenzop ¢ pesomrorust 1280x1024 mukcena mpu orm-
TUYHO yBenuueHHe okono 30X e moaxomsmy mpu
H3CIEABAHUS TOCPEICTBOM aBTOMAaTH3HPAHUS METOJ
Ha KOOPJMHATHUTE MPEKHU IPU CTATHYHO HATOBAp-
BaHe.

MeToxbT Ha KOOPJIMHATHUTE MPEXH UMa J00Bp
MOTEHLMAJl 3a peIlaBaHe Ha PaBHUHHM 3a/1a4d OT
JluneiiHaTa MexaHMKa Ha pa3pyLIEHHETO KaTo Oll-
penensHe KoeUIMEHTHTE HAa HMHTEH3MBHOCT Ha
HANpEeXEHUATA Ha IUIOCKH Tella ¢ KOHLIEHTPAaTOpH Ha
HAIpEeKEHUATA - MyKHATHHU WM TPOpe3H, HAMH-
paiy ce B yCJIOBUATA HA PAaBHUHHO HAIIPErHATO WK
PaBHUHHO JIe()OPMUPAHO CHCTOSIHUE.
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DETERMINATION OF THE DISPLACMEENT FIELS BY AUTOMATED GRID
METHOD

Galina Todorova
Department of strength of materials, Technical University-Sofia, Bulgaria

e-mail: gtodor@tu-sofia.bg

Abstract: A methodology for automated implementation of an experiment using the coordinate-grid method is developed
and applied to flat sample with stress concentrator. The experimentally obtained displacement field by means of a specially
designed program system by the author is presented. The experimental results are compared with those, derived by FEM
analyses. The uncertainty of the experimental results is evaluated too.

Keywords: coordinate-grid method, experimental determination of displacement field, uncertainty
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