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OJIMH U3 BO3MOKHBIX CIIOCOBOB ITIOCTPOEHHSI OCEBOI'O ITPODUISI
PABOYEM 30HbBI

Iérp MOBErAMJIO
NMAI um. braronpasosa A.A. PAH, Poccus
e-mail: petrp214@yandex.ru

Pe3tome: B HacTosimieii paboTe MpHUBEIeH OJUH U3 BO3MOXHBIX CIIOCOOOB MOCTPOCHHSI 0CEBOT0 Mpoduiist paboueii 30HbI
OJTHOKOBIIIOBOTO THIPABIMIECKOTr0 SKCKaBaTOpa MPsSMOTO U 00paTHOTO KOTIaHUSL.

KnroueBble cJI0oBa: OJHOKOBIIOBBIN THIPABIMUECKUI YKCKaBaTop; pabodee 0O0pynoBaHKE; OCEBON MPOHIb padouei

30HbI

Pabota BBIMONTHEHA B paMKax MPOrpaMMbl QyH-
JIaMeHTanbHBIX uecnenoBanuiit OOMMITY PAH Ne 1
»Hay4HbIe OCHOBBI POOOTOTCXHUKH M MEXaTPOHH-
Ku'.

Paboyast 30Ha 0JTHOKOBIIOBOT'O THAPABINICCKOTO
skckaBaropa (OI'D) cOCTOMT U3 MHOXKECTBa TOYEK,
OINPENCISIIONIMX  ITOJIOXKEHUE PEeXYIINX KPOMOK
3yObeB TP BapHAIlM{ YTJIOBBIX IEpEMENICHUN
CTpEJIbl, pyKOATH U KOBIIIA, C YI€TOM BPAIIaTeIFHOTO
JBIDKEHUST TOBOpoTHOM tuatdopmsel [1 u ap.]. Ce-
4yeHrne pabodell 30HBI INIOCKOCTHIO CHMMETPHH pa-
Gouero obopymoBanus (PO) HasbIBaeTCS OCEBBIM
npodunem’ paGoueit 3ousr [1 1 ap.].

W3BecTHO OOMNBIIOE YHCIO MOIXOAOB K TO-
CTPOEHHMIO, KaKk 0ceBOT0 npoduiist paboyeli 30HbI, TaK
¥ camoii paGoueii 30upr” [1 — 19u ap.]. B pamkax xe
HACTOsIIEH paboThI, MpeIaraeTcs CBOH, B Mepy
OpUTHMHANBHBIN, MOJIXOA K pacCMaTpUBAEMOMY BO-
mpocy. IIpu satom ans OI'D npsMoro KonmaHus OIU-
paemcs Ha paboty [7].

Jnst OI'D oOpaTHOTO M MPSAMOTO KOTAHHUS H3-
BECTHO OOJIBIIIOE YHCIIO BAPHAHTOB KHHEMATHIECKUX
cxem PO. EcrecTBeHHO, YTO KaXKIBIH BapHaHT
MpeIoJiaraeT B TOM UM MHOM CTETICHW Pa3IMYHbIN
MOIXO0JT K MOCTPOCHHUIO OCEBOTO Tpodwmis padbodei
30HBI.

IMosToMy mpesyiaracMas HUXKE CXeMa IOCTPOE-
HUsI 0ceBOTO Ipodmiisi paboyell 30HbI MMEET OTHO-
IICHUE JIUIIb K OCHOBHBIM KHHEMATHYCCKUM CXCMaM
PO yxazannbM Ha pucyHkax 1 — 4.Bei0op naHHbIX

1 TyT M J1aJIee CII0BO «IIPOI0JIbHBIM> OITyCKacM.

2TyT JAKTC CCBUIKHA Ha JINTEPATYypPy, KaCalOUIyIOCs HE TOJBKO DKCKaBaTO-
poB. EctecTtBenHo, 4TO TIPUBC/ICHBI 1aJICKO HEC BCE BO3MOXKHBIC CCHIJIKH, u6o
TaKOM 3aa4u Tiepe/1 aBTOPOM HE CTOAJIO.

CXEM BBI3BaH MX HAHOOJBIINM PACIPOCTPAHCHHEM B
OTEYECTBEHHOM MPOU3BOACTBEHHOMN MPAKTUKE.

Ilpu >TOM 3amMeTHM, 4YTO, HAa KAYECTBEHHOM
YPOBHE, OCeBbIC NPOYUIN paboUei 30HBI IS HHBIX
KHHEMaTHIeCKHX cxeM PO cTposiTCcs aHAIOIUYHO.

Tenepb YyTOUHUM CYTh CISAYIOINX 0003HaAYCHHI
(cm. puc. 1 — 4):a — mmuHa cTpensl; b — nmuHa py-
KOSATH; C — AJIMHA KOBIIA; & — yroJl ONpeaesFouni
MOJIOKCHHE CTPENIBl  OTHOCHTEIBHO TOPHU30HTAIH
HPOXOMSIIIEH Yepe3 ee HATY; 5 — Yyroi MeKIy OCBIO

CTpEeNbl U OCBIO PYKOSITU; )/ — YTOJI MEXAY OCBIO

PYKOSITH M OTPE3KOM, COCAMHSIOIIMM OCTpHe 3y0a
KOBIIIA C IAPHAPOM PYKOSTH — KOBIII.

Bce ocranbHBIC yCIOBHBIC OOO3HAYCHHS OdYe-
BHJIHBI U3 pUCYHKOB 1 — 4.YKa3aHHBIC TPHU yTIiia 3a-
JIAI0TCS B HEKOTOPBIX 9KCTPEMABHBIX MpeIesiax.

B o0miem cityqae KOHTYp O0CeBOTO MpOQuIIs pa-
Ooueit 3oup1 OI'D obparHoro xomanus (puc. 1, 2),
paccMaTpuBaeMoOl KUHeMaTHueckod cxemsl PO,
npencraBisieT coboil BEIOOPKY M3 BOCBMH AYT OK-
PY)XKHOCTEH NpH HENPEMEHHOM YCIOBHM MpPUHAM-
JIGKHOCTH KaXI0# U3 HUX paboueii 30He.

Bocems nyr (AB, BC, CD, DE, EF, FG,
GH , HA) ¢ uentpamu B msite ctpensl (IBe Iyru),
[IaPHUPE CTpEa — PYKOSATh (IBE IyrW) W LIaAPHUDPE
PYKOSTh — KOBII (4ETBIPE JYTH), ONPEICIAIOTCSA CO-
YETAHUSAMH SKCTPEMAJIbHBIX 3HAUCHHUI yTIIoB &, [,

y W CyIecTBYIT i Bcex moxeneid OI'D oOpart-

HOTO KOMAaHUA C PACCMAaTPUBAEMON KMHEMAaTUYECKOM
cxemoit PO.




[érp [TOBETAIJIO

a - JumHa crpens (AB);

b - nuna pykosta (BC);

C - JUIMHA OTPE3Ka MEXKIY OCTpHEM 3yba

KOBLIA ¥ IIAPHUPOM KPEIUTCHHSI KOBLIA K
pyxosit (CD).

L E - neHTp TsKecTH cTpensl;
M - LIeHTp TSKECTH PYKOSITH;
u  Ox- LeHTp TShKeCTH KOBIIA.

Yo

0, - YTOJI MEX]y TOPU30HTANIBIO M OCBIO CTPEIIBI;
B - yrom Mexmy oChrO CTPEIIBI M OChIO PYKOSITH;
Y - YTOJI MEXKY OChIO PYKOSITH M OTPE3KOM,
COCIMHAIOLIMM OCTpHE 3y0a KOBIIIA C [APHUPOM
KPEIUIEHNs KOBIIA K PYKOSITH;

PV - umna rugpormimaapa crpens;

KL - qnuna rugponuinHipa pyKosTy,

UW - juiiHa rTeIpOLMIIHHIpA KOBIIIA.

puc.1 TpamunuonHas kuHematuueckas cxema PO ¢ MoHOOGIOUHO# cTpenoit OI'D 0OpaTHOTO KOTaHus

Dy,

OCb BPOWEHUA
BKCKABATOPQ

*

YPOBEHb CTOSHKMK %9
MOLIHBI

o C
Rxcmax

puc.2 OceBoii npoduib padodeit 3061 OI'D 00paTHOTO KOMAHHS
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o~ g/uHa cTpensl (AB);
b - anuHa pykoaTu (BCY;
C ~ 4/MHO OTPe3KAa MexaM OCTPWeM 3Y6a B

KOBLA ¥ WAPHUPOM KPEern/eHUs KOBLA K
pykoaTn (CD.

Yo

Ock Bpatuieiis Mamis

Vposesn cromiki

X

(@)

0L - YTOJI M&XKJIy TOPU30HTANBIO H OCBIO CTPEIIBL;
B - yro Mex 1y ocbro cTpensl 1 0Chio pyKOSITH;
Y - YTOJI MEX/1y OCBIO PYKOSITH U OTPE3KOM, COEIMHSIONIAM
ocTpue 3y6a KOBIIA ¢ IAPHAPOM KPEILICHHS! KOBIIA K PYKOSITH:
PV - jvHa rugpouumaipa cTpesr;

KL - jnmsa runpoumimuapa pykosTy;

UW - nna THIPOLMIMHAPA KOBIIA.

puc.3 Kunemarnueckas cxema PO OI'D npsiMoro KonaHus ¢ He3aBHCUMBIMH YTIJIOBBIMH IIEPEMEIIEHHSIMH CTPEIEL, Py-
KOSAITH U KOBIIIA

OCb BPALIeHMA J3KCKABATOPRPO

puc.4 KomOuHarms xyr okpyxHOCTEH 171 (JOpMUPOBaHUS 0ceBOro mpodrist padouei 30H61 OI'D npsiMOro KomaHus

Ipu ananuse B3aMMHOTO PACIONOKEHHS BOCBMHU
omucaHubix ayr (puc. 1, 2) BumHO, YTO IS TO-
CTPOCHHUS OCEBOTO KOHTypa pabodei 30HE OI'D 06-
pAaTHOrO KOMAaHWsS C PAacCMATPUBAEMON KHHEMATH-

yeckoil cxemoir PO HE0OXOAMMO M TOCTATOYHO HH-
dbopManu 1Mo ABYM TOJIOKECHHUSIM MIAPHUpA CTpe-
JIa-pPYKOSITh, OIPENENIIeMbIM 3KCTPEMaIbHbIMU 3HA-
YEHUSIMU yIJIa @, YeThIPEM IOJIOKEHHSIM IapHUpa




[érp [TOBETAIJIO

PYKOATH-KOBII, ONPEACISICMbIM COYCTAHUEM OKC-
TpEMaJIbHbIX 3HAYCHMI yIrioB a u ﬂ , © BOCbMHU

MOJIOKEHUSIM OCTpHsl 3y0a KOBIIA, IOJy4aeMbIM B
pe3ynbpTaTe IEepPecedeHrsl PAcCMATPUBAEMBIX OYT
OKPY>KHOCTEH.

B obmiem ciygae KOHTYp O0ceBOTO MpOQuIIs pa-
ooueit 30u61 OI'D mpsimoro komauust (puc. 3, 4),
paccMaTpuBaeMoOil KuHemaTtmdeckoil cxembl PO,
TIPEACTaBIAET COOON BRIOOPKY M3 YETHIPHAIIATH AT
OKpYXHOCTEH IIpU HENPEMEHHOM YCJIOBHM IPUHAN-
JeKHOCTH KaXJOH M3 HUX pabouell 30He. [IBeHa-
mmate ayr (1-2, 1-4, 4-3', 2'-5, 1-4",
1-2',2-3"',4-5,1-1"',4-2',2-4,3-5) ¢
LEHTPAaMH B ISITE€ CTPEJbl, MapHUpe CTpeia — pyKo-
STh W NIAPHUPE PYKOATH — KOBII (IT0 YETHIPE B KaxK-
JIOM), OTIPEACISIFOTCSI COYETAHUSIME DKCTPEMATBHBIX
3HaYeHud yriioB a, [, J W CyIIECTBYIOT IJIsl BCEX
mozeneir OI'D mpsMoOro KomaHHsl ¢ paccMaTpHBac-
Mol kuHematudeckoit cxemoir PO. [lnsg cymecTtBo-
BaHWs [ByX ocTaBiuxcs ayr (6-7,8-9) HeoO-
XOJMMO BBITIOTHEHUE YCIOBHS IIPUHAICKHOCTH
KOHKPETHOTO 3HA4YCHHS YIJla )/ WHTEPBATY MEXKIY
€ro dKCTpeMyMaMy. DTH YIJIbI ONPEAEIAIOTCS Clie-
JYIOIIUM 00pazoMm:
y=m+0ACB npu =, ,—amayru 6—7u
Yy =7T— s nyru 8—9.

Hdyra 6—7 omnuceiBaeTcst M3 MATHl CTPEJBI pa-
JIIyCOM, paBHbIM cymMme ajuHbl oTpe3ka AC , BbI-
yucieHHoit npu = [, ¥ amuuel kosma (CD ).
KpaiiHue TOYKM OyrW ONpPENeNnsroTcs 3KCTpeMaib-
HBIMH 3Ha4YeHHsMHU yrima & . Jyra 8—9 omuceiBa-
eTcs W3 LIapHUpA PYKOSATh — CTpesia NP MHHH-
MaIbHOM yTJIe O pagnycoM, PaBHBIM CyMME JUTHH
pykositu ( BC ) u xosma (CD ). Kpaitnue Touku
JIYT'H ONpenesiioTes dkctpemymamu yrna [ . I'm-
MOTETHYECKH MOJKET CYIIECTBOBATH M ISATHAIIATAs
Jyra, OIKCBhIBaeMasi M3 IIATHl CTPEJbl PaJUnycoM,
PaBHBIM pa3HOCTH JUIMHBI oTpe3ka AC , BBIUHCICH-
Hoit mpu B = [, n wmusl kosura (CD ). OxHaxko,
IIPY ATOM 3HaYE€HHUE )/ JUIS CYIIECTBYIOLIMX MOJEIer
OI'D mpsIMOTO KOIAaHWS 3HAYMTEIHLHO MEHBIIE €ro
MHHHMYMa, W TIOOTOMY B JaHHOW paboTe yKa3aHHAs
Iyra HE pacCMaTPHUBACTCS.

[Ipu aHamm3e B3aMMHOTO PACIIONOXKEHHUS YETHIP-
HaJIaTH ONMMCAHHBIX AyT (puc. 3, 4)BUAHO, YTO LIS
MOCTPOCHUS OceBOTO Mpodmis padodeit 3061 OI'D

OpSIMOTO KOIAHUSI C PACCMAaTPUBAEMOW KHHEMATH-
yeckoi cxeMmoii PO HE0OX0AMMO M TOCTATOYHO WH-
dopManuu MO IBYM MOJOXCHUSM INAPHUpPA CTpE-
Ja-PYKOSITh, OMPEICIAEMbIM 3KCTPEMAIbHBIMU 3HA-
YCHHUSMU yIJIa & , YETHIPEM MOJOXKCHUAM IIAPHUPA
PYKOSITB-KOBIII, ONPEACISCMBIM COYCTAaHHEM JKC-
TPEeMaJIbHbIX 3HAYCHUU @ W [, ¥ JIEBSITU MOJIOXKe-
HUSM OCTpHs 3y0a KOBIIA, MOIY4aeMBbIM B PE3yiib-
TaTe IMEPECEYCHUS PACCMATPUBACMBIX IYT OKPYXK-
HOCTEH.

KoopauHaTel | —020 MOJOKEHHS —IHApHHPA
CTpENa-pyKosiTh, | —020 MOJOXKEHHS NIAPHUPA PY-
KOATB-KOBII M K—020 TONOKEHUsT oOCTpHs 3y0a

KOBIIIA BBIYHCISIOTCS TI0 CJICAYIOIIUM 3aBUCHMO-
cram® [7, 20w ap.]*

Xy = X +alcos@; ) (1)
Y, =Y +alsin(,) (2)
X, = Xy +bE$in(a'i +B —%Tj 3)
Y, =Y, —bﬂco{m +B —’ET] (4)

Xok = X +Cﬁin(0ﬁ +B + W _STBTJ 5)

2

OTMeTuM, 4YTO 3a HAYajJ0 OCHOBHOW CHCTEMBI
KOOPJMHAT TPUHITO TMEPECCYCHUE OCH BPAIICHUS
JKCKaBatopa ¢ ypoBHeM ero crosHkd ( X u Y 3rto
KOOPJMHATEHI ISATH CTPEIBl B 3TOH CUCTEME KOOP/IH-
Hart). [Ipu 5TOM OCh X HampasieHa BIOJIb TYCCHHUII B
cropony PO, ock Y HampaBieHa BBEpX.

Ha puc. 5 npuBenmena Oiok-cxema aJropuTMa
BBIYUCIICHHUS XapaKTEPHBIX TOUYEK OCEBOTO MPOQHMIIL
paboueit 3ombl OI'D 00paTHOTO KOMAaHWS C pac-
cMaTpHuBaeMol KnHeMaTudeckon cxemoit PO.

Ha stom pucynke Pl(i ,a) — Tporenypa ompe-

YDk =ch _CEO{ai +ﬁj TV _Ej (6)

JEJIEHHs KOOPIWHAT ILIapHUpA CTPeIa-pyKosATh IO
dopmynam (1) u (2); P2(i,j,a’,[3) — mporuenaypa
OMpENICIICHUsT KOOPIAWHAT INAPHUPA PYKOSTH-KOBII
no ¢opmynam (3) u (4); P3(i,j k.a.p ,y) — Tmpo-
Heaypa OnpejesieHrs KOOPAMHAT XapaKTEPHBIX TO-

3 31 ske OPMYIIBI HCIIONB30BAINCE B HAKX paborax [21, 22u ap.].
4 BosMoskHast aTbTepHATHBA 3TOMY POCTOMY TIOIIXOTy HAMeueHa B paboTe
[23].
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4yek oceBoro npoduist paboyeil 30HbI 10 opMyam
(5) u (6).

Tak ompenenstoTcsi JBa MOJIOKEHHS IIapHHUPa
crpena-pykosate X, Yy, X,,,Y,,, UETHIpE MONOXKe-
HMSA MApHUpa PYKOATh-KOBII X, Y. X, Yo, U
BOCEMb IIOJIOXKEHHH XapaKTEepHBIX TOYeK pabouei
30HBI Xy, Ypg--XpgiYpg HEOOXOMUMBIX s MO-
CTPOEHHMS KOHTYpa.

Ha puc. 6 mpuBeneHa Oyok-cxema airopurMa
IOCTPOEHHs KOHTypa paboueil 30HBL. 31ech
S(X,Y,XN Yy X ,YK) — Tpoleaypa MOCTPOCHUS
Iyru okpyxHoctH, rae X, Y — KOOpAMHATHI IIeH-
tpa; Xy,Yy, Xy .Y - KOOpAMHATHI HayaJabHOH U
KOHEYHOM TOYEK JYTH.

Ha puc. 7 npuBoaurcst GJoK-cXema anropurMa
BBIYHCIICHHUS XapaKTEPHBIX TOUYEK OCEBOTO MPOQHIIS
paboueii 30H61 OI'D mpsiMOro KomaHHs C paccmar-
puBaeMoil kuHematudeckoil cxemoir PO. Ha stom

pHCYHKE Pl(i,a') — mpoueaypa OmpeleieHus Ko-
OpJIMHAT HIAPHUPA CTPeIa-pyKosTh 1o Gopmystam (1)
u (2); P2(i,j,a’,,6’) — mpouenypa ONpeAciICHUS
KOOPJMHAT MIAPHUPA PYKOSTH-KOBII HO (GopMyiaam
3) u (4); P3(i,j k.a.8 ,y) — mpoIeaypa omnpeje-
JICHUS KOOPJHMHAT XapaKTePHBIX TOYEK OCEBOrO
npodust padboyeit 3061 10 hopmyam (5) u (6).
Tak omnpenesisoTCs [Ba MOJOXKCHUS IIApHHUpPa
cTpena-pykosaTb X, Yy, Xy, Yp,, UETBIPE MHOJIONKE-
HMS HApHUpa PYKOATH-KOBII Xy, Y. Xc, Yo, U
JCBATH IOJIOKCHUI XapaKTepHbIX TOuYeK paboueit
30HBI Xy, Ypi--Xpg:Ype HEOOXOMUMBIX I MO-

CTPOEHHMS KOHTYpa.

Ha puc. 8 npuBeneHa OJOK-cxeMa aaropuTMa
MOCTPOEHHUST KOHTypa pabodeil 30HBI.  31ech
S(X,Y,XN Yy X ,YK) — Tpoleaypa MOCTPOCHUS
Iyru okpyxHoctH, tae X, Y — KOOpAMHATHI IIeH-
tpa; Xy,Yy:Xi .Y - KOOpAMHATHI HayaJdbHOH U
KOHEYHOM TOYEK JYTH.

Kpome ommcannbix Bhime Touek anst PO OI'D
oOpaTHOro  KONaHWs BBIACAMM emle TpU —
Xpg1 Yog---Xp11:Yp11- 11€pBas U3 HUX COOTBETCTBYET

MaKCHMaJIbHOMY paJnycCy KOIIaHHWS HKCKaBaToOpa Ha

YPOBHE €r0 CTOSIHKH M ONPEHeIeTCs CICAYHOLINM
o6pazom (puc. 1u 2 u ap.)>:

2
2+b*-2@abE + ) -
v xs| o)
e
:RKCmax
Ype =0

Q)
Bropast ompenensier HauOOBITYI0 TIIYOHMHY KO-
MaHuUs:

Xp1o = Xg;
Y10 =Y32_(b+c)

TpeTbst TOUKa MO3BONAET OLEHUTH BBICOTY BbI-
IPY3KH:

®)

Xpu = Xey
{ 9)

Vo1 = Y1~ C
KpoMme 3THX TOYEK MHTEPEC IPEACTABIAIOT Tak

e KoopauHatel Toukn F (puc. 2 m 9). s storo
MOKET OBITH TIPEUTOKEHA CIEAYIONIAs CXEMA.

Ilpu BeImONHCHUM ycloBHA Yo, >Y, (TyT
Y,=Yu X, =X):
Yo, Y,
a" = arctg [M] (10)
X2 = Xa
2 2
AC2 =\/(XA_XC2) +(YA _Ycz) (11)
AF = AC, -c (12)
X = X, +AF tos(a ) (13)
Y: =Y, + AF Bin(a ") (14)
ITpy BIOTHEHUHU YCHIOBHA Yo, <Y, !
a"=arctg [—YA ~Yer ]
X2 = Xa
2 2
AC2 Z\/(XA_xcz) +(YA _Ycz) (15)

AF = AC,—c, X = X, + AF [tos(a )
Y =Y, - AF Bin(a") (16)

I1pu BeImONTHEHNH YCIOBHS Yo, =Y, !

® OueBm/IHO, UTO (OPMYITY 7 MOKHO 3amucaTh H mpoie. Toxke MOKHO CKa-
3aTh U O CHEIYIOMHX ABYX GopMynax. OQHAKO 3TO /0 BKyCa.
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AC, :\/(XA - Xcz)2 +(YA _Ycz)2

AF = AC, -¢C
X, = X, + AF 17)
Yo =Y, (18)

Tak e HUHTepEeCHBI ellle U KOOPAUHATHI TOUKU E
(puc.2 u 9). Jlis ux ompeneneHus MOXET ObITh
6
Ipe/IoKeHa Clielyolias cxema .
Ipu BeImONHEHNH yCnoBUA Xog > X,

Xez =X
a'=arctg MJ (19)
( Yo~ Yes
AC; = \/(XA - Xcs)2 + (YA _Y03)2 (20)
AE = AC, -c (21)
Xg = X, +AEBIn(a) (22)
Y. =Y, - AE[¢os(a ) (23)

IMpu BeImONHEHNH yCIoBHA Xy < X,

Xp~ Xcs}
Ya—Yes
AC, = \/(XA - Xcs)2 +(YA _Y03)2
AE=AC,-c
Xg = X, —AE[eos(a )
Y. =Y, - AEtos(a )

Ipu BeINONHEHUN YCIOBHA Yoz =Y, !

2 2
AC; = \/(XA - Xcs) +(YA _ch)
AE=AC,-c
Xe =X, =X,
Y. =Y, - AEtos(a )
TlonydeHHple TIO yKa3aHHOHM celyac CXeMme Io-
JIOXKCHUS BCEX BAXKHBIX TOYEK SBIIIOTCS JTOTIOJTHU-
TEJBHBIM MCXOAHBIM MAaTEPHAIOM IS JaJbHEUIIero
npoektupoBarus PO OI'D o6paTHOTO KOTIaHHMS.
Kpome ommcannbix Bbime Todek misi PO OI'D
OpSAMOTO  KOMAHWA  BBICIMM  eme  JBe  —
Xi0: Y100 X1 Yq, - Tlepas M3 HHMX COOTBETCTBYET

MaKCHUMaJbHOMY paJlycy KOIIaHUS PKCKaBaTopa Ha

a'= arctg( (24)

(25)

(26)

6 [pn 5ToM, MPHHATO JIOMYyIICHHE, YTO CIydaif, KOTAA MAPHAD PyKOATH —
KOBII PAacrojiOKeH BBIIIE YPOBHs CTOSIHKM MAlIMHBI HE BO3MOXEH NpPH
MaKCHUMaJIbHO OIYIIICHHOM cTpee.

YPOBHE €ro CTOSIHKM M OIpPEIENSIeTCS CIEAYIOUM
o0pazom:

X0 = X, + AC+c,npuy,,, 2 OACB+ 1

X=X, + \/(AC)Z +c® - 2AC [e[tosf/,, —JACB),
npu Y., <OACB+ 77

Yio =Y,

a

(27)
BTOpaS[ onpeaciiaeT HaI/I6OHLIHy10 FﬂyﬁI/IHy KO-
TIaHW4.
Xll = Xbl
Y11 :Ybl_b_clnpuymin sSTTs ymax

Y:L1:Ybl_\/b2+Cz_2bm:llos(2-r_ymin )npuymin > ,

Yoy = Yoy = /b +C? = 2D [E€O0S Y, ) 1Py < 7T

(28)

Kontyp paboueil 30HBI MMO3BOJSECT ONPEICIIUTH
MaKCHUMAIIbHYI0 BBICOTY OTPadaThIBAEMOro YCTYyIIA.
J71s1 3TOTO OT YPOBHA CTOSIHKM SKCKaBaTOpa K OJHOM
U3 Iy OKpy>kHOCTel yuactka 1—5 (cMm. puc. 4), on
yIJIOM €CTECTBEHHOTO OTKOca IpyHTa A , MpOBO-
nutest KacarenbHas € 70 mepecedeHus ¢ myroi

6-7 wi 5-6. Opaunata touku f onpenesnser

MaKCHUMaJbHYIO BBICOTY OTpabaThIBAEMOTO YCTyIia
KOHKPETHOTO 3KCKaBaTopa. JTO IIO3BOJISIET MpPOBE-
PUTh JTOCTHXHMOCTh MAaKCHMAJIBHOW TpeOyemoit
BBICOTHI KOIIAHUSI.

ITony4yeHnnble Mo yka3zaHHOW BBILIE CXEME MOJO-
JKEHUSI XapaKTEPHBIX TOYEK SBIISIIOTCS JIOMOJHU-
TeJIbHBIM MCXOJIHBIM MaTepUaioM JUIsl JalbHEHIIEro
npoektupoBanus PO OI'D mpsimoro konaHusl.
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A POSSIBLE WAY OF CREATION OF THE AXIAL PROFILE OF THE EXCA-
VATOR WORKING ZONE

Petr POBEGAILO
Blagonravov Mechanical Engineering Research Institute of RAS, Russia
e-mail: petrp214@yandex.ru

Abstract: One of the possible ways of creation of axial profile of the hydraulic excavator working zone is described in the

present work.

Keywords: hydraulic excavator, working equipment, axial profile of a working zone
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EVALUATION AND MEASUREMENT OF THE QUALITY OF THE
ILLUMINATION SETUP IN A COLOR MANAGEMENT FACILITY

Vladimir KAMENOV Valentin IVANOV
Department of Precision engineering and measurement instruments, Technical University - Sofia, Bulgaria
e-mail: vladokamenov@tu-sofia.bg-mail:vgi@tu-sofia.bg

Abstract: In accordance to the authors’ science project of evaluating the quality of office color printers, sponsored by the
Bulgarian Science Research Fund, the following article will investigate a part of the “jungle” of color management and its
implementation in color quality evaluation, namely — quality of the illumination of prepress rooms. If you are concerned
about the accuracy and reproducibility of the colors you print, then you should also be with the quality of the environment
in which they are seen and judged. This applies to both the color monitors and to ambient room lighting. The goal of this
research is to examine the requirements of an illumination setup to be used for judging the color of printed material, and the
various measurements that can be done to assess the setup performance.

Keywords: Color, Color management, lllumination

1. INTRODUCTION flectance spectrum:

o Refectance [0-1)

If you are concerned about the accuracy and r
producibility of the colors you print, then you should o

also be with the quality of the environment in whict E;

they are seen and judged. This applies to both tl N .
color monitors and to ambient room lighting. 30 400 450 500 S50 600 eSO 7DD 7SO

Most computer users are aware of the importance o werelenath (om)
calibrated display for accurate manipulation and ec _

iting of images, and many tools are available for SUC  evir oo amrio.
calibration. At the same time, most images ar  Lrchbysaos/zes /i

viewed under inadequate lighting conditions. D

Sarnple-1:

2 SETUP Drate: 2012-05-21 Time: 100946112 AM BabelColor CT2A Version: 3.1.0 bza3
fig.1 The measured wall reflectance spectrum

21?‘38?&2 ((legz(i:g“r?etg)?or color work should be decoet nearly 40%, the wall's reflection is bellow the
0 )
rated with neutral colors. ISO 3664 recommends recommended 60% from ISO 3664, but still way

neutral grey with a reflectance between 10% and 60@?“6r than most working rooms; to be safe, we placed
ack cardboards on the wall near the measurement

Certain rooms are dedicated solely to the comparatiYeble
viewing and assessment of prints. Hoyvever, LIS no One should take particular care to place sheets of
uncommon _tp aI§o find computer statl_ons.dedlcategack cardboard over any possible color contami-
to image edm_n_g mthese_same rooms; in this case, Wants, such as library shelves filled with colorful
have the additional requirement that not only shoulg '

. .~ books about color, for example.
the room colors be neutral, the room illumination The laboratory should look like this — fig.2
level should be low. How low? ISO 3664 recom- y 9.
mends a maximum of 64 lux, with a value of 32 lux o,
!ess..The room used for the measurements describe We will investigate a variety of illumination sys-
In _th|s paper has all wa_lls painted with a I|g_ht 9"y ems: two fluorescent tubes designed for color ren-
paint selected to approximate Munsell N8, with 800‘(gjering applications, one commercial light booth de-

nominal reflection. Here is the measured wall re-. : L . X
signed for direct viewing of printed material and

8. lllumination systems
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monitor to print comparisons, and a CCFL bulb
Dynaphos, specifically designed to reproduce day-
light.

fig. 3 Normlicht Color Communicator

2. Just Normlicht Color Communicator 1 Part
no0.91983 light booth.

This booth uses two custom Just Normlicht fluo-
rescent tubes (daylight 5000 proGraphic LL/SE15W.

Lighting technology fluorescent tubes fully meet
the requirements of 1ISO 3664-2000: tightest toler-
ance of color temperature (+/- 200 K), exact color
coordinates (tolerance +/ - 0,005), even spectral
power distribution, maximum color rendering values
Our selection was based on the available products vﬁé’118 - 98, Ra215 = 95'6)'. . ,

Light output can be adjusted using a continuously

cpuld order for our !aboratory, which may be quit ariable potentiometer. Approximate age of tubes is 3
different than others’ setup. In any case, the metho S nths and they were used about 2-10 hours

and procedures shown apply to most setups.

Note: The measurements, presented here, may g
be representative of all units manufactured under t
same part number, as can be recognized by the f
that some light booth manufacturers will, on demang
try to match a replacement lamp to the batch used f
original.

Here are detailed descriptions of each system:

1. Osram fluorescents, model “L36W/950”
with correlated color temperature 5300K; color ren
dering index R= 98; ISO 3664 certified. Two 36W
tubes mounted in a simple commercial fluoresce
holder of the type shown in the picture below. Th
holder is painted in nearly neutral grey paint. Yo
will note that the fixture has no diffuser between th
tubes and the illumination zone (the viewing table
One of the consequences of using such a fixture
non-uniformity in the color temperature of the illu-

mination because the light coming directly from thes Dynaphos full spectrum energy saving lamp

tube is different than the light reflected by the flxture'35W (equivalent to 175W tungsten bulb), 5500K

lose present resuits for i tuibe-fture combinatiog?l%” emperature, E27 socket

sincepit is ubiquitous in many workplaces. Approxi- The lamp used for these measurements was
4 X y P - APP mc(])unted in a Dynaphos light kit for socket lamps

mate age of tubes is 0.5 years and they were use

about 5 -10 hours.

fig.2 The laboratory

fig.4: Dynaphos lamp
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with umbrella socket, angle adjustment, ceramispectrum reflected by the diffuser (Sample-1 x Sam-
socket reflector 30 cm in diameter. ple-2) an overall pink-orange tint.

The lamp has been lit for less than 5 hours. . mbint (0 o ) ———

2.3. Instrumentation 2 Lo
. 16 0.8
All measurements made for this document wer " /1 e
made using Eye-One Pro spectrometers manufs A i 04
tured by the Gretag Macbeth Company. The figure + . = 02
were either produced by, or are screenshots of tl ° 4_H ]' o '#f
350 400 450 500 550 600 650 700 750
Spectral tools of the BabelColor software. T
Sample-1: "Osram Bare Tube Spectra”  Sample-2: "Lamp Fixture Spectra”
3 SPECTRUMS AND CCT 668 lux; 5050 K; CRI: 92 (D51)

Obs.: 2 deg.; Illuminant: D50 Obs.: 2 deg.; Illuminant: D50
L*a*b*: 100.0 / 5.16 / -5.95 L*a*b*: 60.34 / -0.67 | -1.33
In this section, we look at the spectrum of each lanr ¥ 03#3#/0343/1000 e i S
and measure their Correlated Color Temperatul D Hj
(CCT). For the fluorescent tubes, we also measure t CIE94 tex. color difference: 20.90

reflectance spectrum of the fixtures in which they ar

Spectrum math operation: Sample-1 x Sample-2 (mW /nm /m2)

mounted.
6.0
4.5
3.1. Osram fluorescents b= //\ // \L
The black spectrum (Sample-1) in the upper se' 1is
tion of Figure 1 shows the light output of the bare ° - - = G' i ) !
. . 350 400 50 500 55 600 650 700 50
Osram tubes at a distance of approximately 74 cm, A s—
measured in ambient mode with the Eye-One ambie D L¥a¥b: 60.34 / 2.78 [ 5.35 Muminance: 190 lux
diffuser. A black cardboard was placed between tt Rl B
tubes and the fiXture tO make sure we d|d not incluc‘yDat@: 2012-05-21 Time: 11:32:21 AM BabelColor CT&A Version: 3.1.0 b249

fig.5: Osram bare tubes (Sample -1) and fixture reflectance

the “color” of the fixture’'s grey diffuser in our (Sample-2)

measurement. The tube spectrum is expressed in
units of absolute spectral irradiance density,
mw/nm/m2. The illuminance is 668 lux and the CC
is 5050 K, close to the tube nominal value of 5000
We notice peaks at 440, 490 550, and 620 nm whirT
likely correspond to four of the seven phosphors us

N We also see a small increase in the blue portion of
The (Sample-1 x Sample-2) spectrum; the first peak at
40 nm is higher than the 550 and 660 peaks whereas
Sample-1, the peaks are of equal height. These
. . easurements simply show that the resulting color is
in manufacturing these patented tubes [S]. a mix of the bare tube characteristics combined with

‘The spectrum drawn in red (Sample-2) is the r§qq ofiectance of the light fixture. The Lxaxb* and

flectance of the grey diffuser paint covering the fix-X Y coordinates shown are computed for D50 and

ture which holds the tubes; units are absolute anfa - degrees Observer
shown with a scale between zero and one. The thir The upper part of Fiéure 6 shows another meas-
spectrum in the bottom of Figure 5 is obtained by,.oment of the bare-tube spectrum while the bottom

multiplying the bare tube spectrum with the reflec_- art shows the same spectrum with an “ideal” spec-

tanc?] of the diffus?rh(S?mhple-l x”Samfﬁ)Ie-ZZj; kt)hish' um, in fact the theoretical D-series spectrum, of the
not the spectrum of the fight actually reflected by thg, g CCT, 5057 K (rounded to the nearest 100 K. i.e.

fixtqre,l g/hi.Ch _is shfovr\]/n in Fti)gurg 3, but a mathe’:3100 K, hence D51), and the same illuminance, 487
matical derivation of the combination. lux. You can notice how the phosphor peaks detract
T_he color patches are computed rela_t|ve toa D om the smoother D51 shown in green. These peaks
mr?nlttﬁr, tfobr trje hS_F?BS(:Ololr Sfaci’svggglexplam%ould likely affect the performance of the illumina-
why the tube “white (Sample-1), a 1S S€€IK, system in terms of daylight simulation accuracy.
as slightly yellow. We can see that the diffuser The black spectrum (Sample-1) in the upper sec-

(Sample-2) has a small bluish tint and the computet%n of figure 7 shows the light output of the Osram
tubes combined with the effect of the tubes’ fixture at

17



Vladimir KAMENOV Valentin IVANOV

a distance of approximately 102 cm, as measured These spectrums shapes (not their absolute levels
ambient mode with the Eye-One ambient diffuser. since the measuring distance is different) should be

—— compared with the ones of Figure 2. The CCT is
. slightly lower, 5051 K compared to 5057 K, due to
s A // \ the fixture’s bluish tint. The phosphor peak at 440 nm
z T [ is slightly hi_gher than the 550 nm and. 660 nm peaks,
o Lo 57 i N [ corresponding to what was predicted in the computed
T e i E— | .
3|0 400 450 500 550 600 650 700 750 (Sample-1 x Sample-2) spectrum of Figure 2. The
wavelength (nm) . . .
ot erany Baraibe® bottom section of Figure 3 compares Sample-1 with a
o7 o 7 CRL 52 (000 theoretical (“ideal”) spectrum of the same CCT and
Lra"b*: 100.0 / 5.08 / -6.00 illuminance.
AN DA A3 o You should not be too concerned by the dip of the
D measured spectrum at wavelengths higher than 670
nm; the eye is not very sensitive in this region and the
_ Sample-1 5 DS1; 487 ue (mi Jom /m2) effect of the difference is minimal. [5]
12 /
: N L} — 1 3.2. Dynaphos 5500K lamp
3 = / NSV — 5 Ambient (mW fam jm2)
0 I
350 400 450 500 550 600 650 700 750 22 / /\
wavelength (nm) 20 / \ /\
S1: L*a*b*: 100.0 / 5.08 / -6.00 L 1 - 10 / " / \\/ \
xyY: 0.3432 / 0.3453 / 100.0 g i 0 ﬂ S S &
Date: 2012-0521 Time: 11:38:28 AM BabelColor CT&A Version: 3.1.0 b249 B Smwave\eijt’h (nm)m\”\ o
fig. 6: Osram bare tubes (Sample-1) vs theoretical D51 Sample-L; 'Dynaphos SS00K Lamp and"
. . . 1231 lux; 5294 K; CRI: 90 (D53)
spectrum (in green) of same illuminance Obs.: 2 deg.; Hluminant: DSO

L*a*h*: 100.0 / 0.81 / 4.53
xyY: 03376 / 03518 / 100.0

Ambient (mW /nm /m2) D

20
16
12 Sample-1 vs D53; 1231 lux (mW /nm /m2)
" Az ~aive o
M= — 0 / A
o e AL WA
350 400 450 500 550 600 650 700 750 10 = A =" / \\/ \ i o —
wavelength (nm) 0 h o &
Sample-l: "Osram Tube and Fixture" 350 400 450 500 550 600 650 700 750
602 lux; 5051 K; CRI: 92 (D51) wavelength (nm)
Obs.: 2 deg.; Tluminant: DSO SL La*h%i100.0/ 0511453 :
Lta*h*: 1000 / 4.92 / -5.74 XyY: 0.3376 / 0.3518 / 100.0
xyY: 0.3434 / 0.3459 / 100.0 Date: 2012-05-23 Time: 12:08:02 PM BabelColor CT&A Version: 3.1.0 b249
D fig.8: Dynaphos 5500 K lamp (S1) vs theoretical D53
spectrum (in green) of same illuminance
Tl s s il e The spectrum (S1) in the upper section of Figure 8
. shows a measurement of the light output of the
s //\ N jL j&f/\’ Dynaphos lamp in its fixture at a distance of about 1
o — m, on axis. Figure 4 should be compared with Figure
i I ——
350 400 450 500 550 600 650 700 750 3. ) ) ]
wavelength (nm) The measured illuminance is 1231 lux and the
S1: L*a*b*: 100.0 / 4.92 / -5.74 5 . .
Y. ek ; CCT is 5294K. The green spectrum in the bottom
Date: 2012:05:21 Time: 11:43:51 AM BabelColor CTAA Version: 3.1.0 b249 section of the figure is the spectrum of an ideal D53
fig. 7: Osram tubes with fixture (Sample-1) vs theoreticallluminant. The match is close, with the exception of
D51 spectrum (in green) of same illuminance the peaks seen with fluorescent bulbs.

In the figure, D53 was automatically selected as
the “ideal” illuminant because it is the closest

18



Boiarapcko criMcanue 3a HHXKCHEPHO MpoekTupane, opoit 18, ampun 2013

rounded illuminant to the 5294K CCT. However, we
could also have imposed D50 as the “Reference |
luminant” for comparison purposes.

o Sample-1 vs D49; 2115 lux (mW /nm /m2)

40
30
20
10
0

A

/
=

=

3.3. Just Normlicht Color Communicator 1 light
booth

350 400 450 500 550

wavelength (nm)
S1: L*a*b*: 100.0 /1.07 / 1.81 D49: L*a*b*: 100.0 / 0.29 / 1,74

xyY: 0.3499 / 0.3606 / 100.0 xyY: 0.348 3610 / 100.(

600 650

Date: 2012-05-23 Time: 12:14:49 PM BabelColor CT&A Version: 3.1.0 b249
fig.10 Just Normlicht Color Communicator 1 light booth
spectrum (Sample-1) vs theoretical D49 spectrum (in

green) of same illuminance

4.1S0O 3664 MEASUREMENTS

The 1SO 3664 standard-Viewing conditions -
Graphic Technology and Photographyis mostly a
collection of other standards and accepted procedures
to which it makes reference, and from which it selects
particular conditions in regards to its specific target
audience. The parameters defined in the standard

The spectrum in the upper section of Figure 1@ere measured for the Osram fluorescent fixtures and
shows the light output of the Just Normlicht lightJust Normlicht light box. We did not measure the
booth as measured in the center of the booth vertiaahiformity of the Dynaphos lamp since this is a
viewing plane. We adjusted the illuminance to @ointless exercise for a point light! However, we did
value around 2000 lux, corresponding to theneasure the other characteristics of this lamp. [3].
“P1-Critical comparison” conditions called for in ISO
3664 (discussed in the next section); we did not verifg.1. Osram fluorescent lamps
if the color temperature varied for lower illuminance

fig.9 Just Normlicht light

levels. The measured illuminance is 2115 lux and the
CCT is 4854K, significantly warmer than the Dyna-
phos lamp, but similar to the Osram tubes. This

A BabelColor®
ISO 3664 Test Report: Prints - Practical Appraisal (P2)

Numinance (lux)

Brightness uniformit

spectrum is reproduced in black in the bottom section
of Figure 6 and the green spectrum corresponds to a
theoretical D49 illuminant of the same illuminance.
We notice two peaks on the tubes spectrum, at 440
and 550 nm, which correspond to the same phosphors
in the other tubes, and we see much smaller ones at
480 and 580 nm. There is also a fall-off in the red
spectral region starting at 630 nm, but not as dramatic
as with the Osram and Dynaphos tubes.

553  NA. 423 17%  NA  90%

NA 469 NA NA.  100% NA.

479 NA. 387 102% | NA | 82%

Goal: 509
Tolerance: +1- 125 lu

Goal Up to fm x . 755% +, rel
For larger araas: 60% . ralative

PASS PASS

CCT (kelvin) / u'v* error

. - .
NA . NA.

. - .

v Chromalicty in CE 1876 UCS
CCT ref: D50

uv rat: DS

w

CRI/ Special Indices MI Quality «

%
Simin &7

NA 92

simn.&7

‘e’ NA
065

NA. @

Simin:o7

NA. NA 'C'

Ambient (mW /nm /m2) 92

Simin 87

NA 02

Simin:g7

50
40
30
20
10
0

AAAAA is CRIas per CIE 13

/\
/

——
issﬂ
wavelength (nm)
Sample-1: "Just Normlicht Booth"

2115 lux; 4858 K; CRI: 94 (D49)

Obs.: 2 deg.; Illuminant: D50

L*a*b*: 100.0 / 1.07 / 1.81

xyY: 0.3499 / 0.3606 / 100.0

400 450 500 600 650 700

Customer

Lightbooth brand, model, SN

Lamp brand, type:

Heasuring instrument: Eye-One Pro (SIN-341758, Fiter: Noj Date / Tima: 2012-05-23 /1

fig.11 Osram bare tubes ISO 3664 test results (P2 viewing
conditions). Tube-to-table distance: 74 cm.
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Figure 11 shows the measured characteristics bfightness uniformity criteria, with the maximum
the bare Osram tubes relative to the P2 viewing comughly in the zone center. This indicates that our
dition; a black cardboard was inserted between tHixture is not a perfectly uniform diffuser.
tubes and the fixture in order to measure the output

from the tubes only. The tube-to-table distance wa| Secualtools
74 cm and the zone that met the 75% uniformity criy [ese e e [ | 1505+ [whoess

teria, corresponding to the Brightness uniformity, ("7, e
data, was measured to be about 74 cm x 52 cm. 1125009 — = |
shown in Figure 7, because the measuring zone wi | = ™! == e T |

defined to meet the uniformity test, this test has ¢
PASS rating. | || S| s
The Brightness, the Meas. Temp. (CCT), the | werw [me  Chrmaoee [0 ]r oo oo
Chromaticity, the CRI with individual Special indi- || w5 Ehmomas ol = *0 0 0
. . ; 4 mod, yellowish areen, | 93| P o8 o g3
ces, and the MI/Quality Grade, corresponding to the sesngeen | | | U0 00 T
oy . . J il e
central position, as selected in the Brightness uni i ] | T
formity group, are also shown. This information is C=3 o i e
available for the five positions shown in the Bright- S
ness un|f0rm|ty group. Goal: max, U ;Fset:D‘DDSD VIEWING CONDITIONS

The chromaticity test, measured in U'V' COOIdINALES| | o [ 555~ s srncricnsom |51

has failed. This is another way of indicating that the i e =)
CCT s slightly high; however, all other results for _
thIS pOS|t|0n haVe a PASS rat|ng [ Calibrate ] [ savetofie.. ] Frink report... Help. Close

The eight Special indices from which the CRI is de- 19-12 Osram tg.?.es Wit:'_ fit>)<tutre :Sbcl) 3(16'6t4 teSt.rfgglts (P2
termined are shown; to meet the requirement, they viewing conditions). Tube-to-table distance: cm.
should aI_I be_equal or superior to 80. In "?‘dd'tlon’ the b. The chromaticity offset is increased. This goes
CRI, which is the average of these eight values S : o

. ; . in pair with the increased CCT due to the bluish tint
should also be higher than 90%. This goal is met. ) .

e . : . . of the fixture diffuser.

The “C” Quality Grade is adequate without being c. The CRI and MI are essentiallv the same
great. The MI value, as well as the individual dif- ' y '
ferences for the five metameric pairs, was obtaine
from an exported measurement report, using t
“Export to file...” button. In this case, the Ml value
for the center position is 0,93, near the bottom limit of

.2. Just Normlicht Color Communicator 1 light
ooth

A Spectral tools &
the C grade zone defined in Table 2 (Grade “C” is h W o (] v (e
valid up to an Ml of 1). g | m——— e e
Figure 12 shows the measured characteristics of s P -
the Osram tubes mounted in their fixture relative to e T R e T
the P2 viewing condition. The tube-to-table distance Chomaety e QISP il h
was 102 cm and the zone that met the 75% uniformity g S — T
criteria, corresponding to the Brightness uniformity o ke Tl | [ 20 00 00

#mod, yelowish green |92
t blish areen %9
t blue sz,
light viclet, 38,

data, was measured to be about 74 cm x 64 cm. The
figure shows the results corresponding to the central

o0 e® o0

ioht reddish purple, 9% 00 o0 0O
position. A
By comparing the data of Figure 7 and 8, and the -

o
exported report data of each test, we see a few effects e oo
of the diffuser: -

[ twe | [ Test | [takeal ]
a. The diffuser increases the color temperature
by 110 K. In fact, with the fixture, we measure a CCT,

) fig.13: Just Normlicht light booth ISO 3664 test results (P1
of 5176K over the zone which covers our 75%g viewiglg conditions) (

[ calibrate ] [ Savetofie. ] [_Frintreport.. ] [ nep ] [ des= |
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Figurel3 shows the measured characteristics GIELAB and MI data for each position:
the Just Normlicht light booth set for the P1 viewingPosition: Center
condition. Because of its particular illuminationMetamer # CIELAB
geometry, a horizontal top light illuminating a verti-metamer-1  0.71
cal viewing plane, it is impossible to achieve the demetamer-2  4.28
gree of uniformity required by ISO 3664 and we onlynetamer-3  2.63
took our measurements in the center of the viewingietamer-4 2.43
surface for this viewing condition. metamer-5 1.56
The CRI and Quality Grade are on the limit butAverage (MI): 2.32
still good; the MI from the exported report, is 0,93Note:
very similar to the values obtained with the Osram Munsell equivalent values are approximate and
tubes. The 4829 K color temperature (and chroma&errespond to patches viewed under Illuminant C.
ticity) is on the cool side (more orange).
5. CONCLUSION
4.3. Dynaphos lamp
Figure 14 shows the measured characteristics of You should not expect a “This is the best light
the Dynaphos lamp set for the P1 viewing conditiorsource you should buy!” type of conclusion here. As
We adjusted the distance at which the measuremehe title indicates, this is a “How to...” paper and not
was taken, about 56 cm, to match the P1 brightneagproduct review.
requirement. Because this is a single lamp bulb, it is However, looking strictly in terms of simulating
impossible to achieve the degree of uniformity reb50, the Just Normlicht viewing booth is certainly
quired by I1ISO 3664 and we only measured ththe most accurate lamp we have tested. But an illu-
brightness in the beam center; the fall-off is quitenination setup is more than just matching a light
rapid as soon as you go off-center. source; how about having a large uniform illumina-
The results are not remarkable, with a CRI of 9%ion zone at a prescribed illuminance level?
and a “E” Quality Grade, which failed to even meet This is much more difficult to achieve with
the goal of at least C. The individual color difference®ynaphos spot lamps than with fluorescent tubes.
(CIELAB, 10 deg. Observer) for the five CIE S 012 As we have seen, the Osram tubes have similar
metamers are: performance in terms of daylight simulation. In any
case, while these tubes strive to give you an “ideal”
A Spectral tonls %] D50, they exhibit slightly different color tempera-
ek [0 AL_| Graph | 0555+ [uikenses tures, a difference which is compounded, again, by
e ) o the respective fixtures we had available. Is it better to
- SU0.0K; +- 250 e — select a slightly cooler or hotter color temperature?
e This is a matter of personal taste, compatibility with
ra your supplier or customer, and cost.
The facts that, in all fluorescent lights, individual
phosphors are combined to achieve a given spectrum,
and that these phosphors are characterized by indi-

Measured: | 2466 hux

Chromaticity {u'v' CIE1976}
Goal: DO (5000 k)
sample st |

Meas. Temp.: S199K 1- light greish red a3

) 2 ark grevish yellon 5
Target certer: | Goal » - strong yelow green 7
- d, vellowish green o3

Special indices {Goal: 804)

B

winivivinininio
=
g

gi;g;g;isween o wey a8 e vidual peaks, can only lead to different metameric
e properties for these tubes. When we compared
L& loht redish purple o0 e0O o0 . . . .
i printed images with both setups, the visual assess-
(Mﬁm ments did differ; some colors better matched the
R colors seen on our monitor under one illumination
Meas, offset: [ 00044 |PL: Prinks: CRITICAL comparison v Clear al SyStem than the Other' i . L
e - You can save money by buying individual fluo-

rescent tubes, but we saw that a fixture can affect the
light characteristics. For instance, if the light from the

fig.14 Dynaphos 5500 K lamp 1SO 3664 test results (Plpare type and the reflected light from the fixture are
viewing conditions)

[ Calibrate ] [ savetofile.. | [ Printreport.. | [ Hep | [ Cose |
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spectrally different, it is likely that the color tem-minimal requirements is sufficient for most profes-
perature of the light in the viewing plane will besional tasks, understanding how they interact and
non-uniform, unless the fixture incorporates a difseeking optimum values will help you improve the
fuser which thoroughly mixes the two spectrums (oreproducibility and quality of your work.
that the fixture is far away). Knowing how to measure
the effect of a fixture is a step in the right direction. References

If money is no object, buying a complete lightl. J. B. Cohen and W. E. Kappauf Color mixture and
booth from a single supplier is another solutionfundamental metamers: theory, algebra, geometry, appli-
There again, there are differences between man -t'cc’:”’éong'n é‘llssg’ncgc}'"gfg;' Al?s:tLlﬁ?/gc’)f:ff?iii.ency and
fa_lcturers, and differences between models from curacy in the transformation from RGB to CIELAB color
given manufacturer. You can see endless debatess%ce, IEEE Trans. Image Proc., 6(7), 1046-1048, 1997.
web forums on the respective advantage of producs |nternational  Color ~ Consortium,  Specification
from one company relative to another company’scc.1:2001-04 File Format for Color Profiles, 2001,
products. If you look at each manufacturer's speckvailable online at www.color.org/ .
fication, they all meet the same generic requirements S. Daly, X. Feng, and J. SpeigJeA few practical ap-
of CIE 13 and CIE 51/CIE S 012. We have seen th&tications that require some of the advanced features of
the difference is in the details, and these details c&H/ent visual models, in B. E. Rogowitz and T. N. Pappas,
explain many of the subjective comments that can s.‘i6Fgr20cj SPIE: gg(;gar;OVgsslon and Electronic Imaging
read. Meeting a standard only means that a productsi ’ , January R

ithi defined f but th - www.babelcolor.org
within a defined performance range, but there IS ng \ p, Fairchild, Considering the surround in device

formal statement that images will look exactly thengependent color imaging, Color Res. Appl., 20(6),
same when viewed under illumination systems of52-363,1995.

different manufacturers, even though this may ba. M. D. Fairchild, Color Appearance Models, Addi-
thought so by the unaware user. son-Wesley, Reading, MA, 1998.

Assessing a system performance on CRI a|0ne$s M. D._ Fa!rCh”d, A revision of CIECAM97s for prac-
useless. Combining the CRI with the chromaticitytical applications, Color Res. Appl., 26(6), 418-427, 2001.
the color temperature and, particularly, the Quality: M. D- Fairchild and D. Wyble, Colorimetric charac-
Grade, as determined with CIE S 012 (or CIE 51), is rization of the Apple studio display (flat panel LCD),
much i:)etter procedure. These parameters are tfyle unsell Color Science Laboratory Technical Report, July
sis of ISO 3664; while meeting this standard’s
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CPABHUMTEJIEH AHAJIN3 HA YJITPAZBBYKOBU MUKPO-I'EHEPATOPHU HA
EHEPI'UA

Paiiuo MOCH®OB' Toxop TOJOPOB? IlBeran KAYAMAYKOB?®
1KaTe;[pa »Teopus Ha MexaHH3MHuTe U MamuHuTe”, Texunuyecku yHusepcuret - Coust, bearapus
e-mail:rjj@abv.bg
2KaTe/:[pa »Teopus Ha MexaHu3MuTe U MamuHuTe”, Texunyecku ynusepcuret - Codust, brarapus

e-mail: tst@tu-sofia.bg

SManiHHO-TeXHOIOTHYeH ¢axynrer, Texunuecku yauepcureT - Codust, bbarapus

e-mail: tst@tu-sofia.bg

Pesome: B crarusra ce pasriexjaT TeHACHIMUTE PU M3II0JI3BaHE HA YJITPa3BYKOBU IHME30CICKTPUUYHH MUKDPO €IEKT-
pomexannynu cucremu (MEMC) 3a renepupane Ha enekrpoeHeprus. [Io1o0HH CHCTEMH HaMHpaT MPUIIOKCHHE Ipe-
JIUMHO B MEAUIIMHATA KaTO CPEJCTBO 32 KOMYHHKAIMs U OE3KHUEH MPEHOC Ha eNleKTpudecka eHeprus. Omucanu ca mpe-
JMMCTBAaTa Ha Ta3d TEXHOJIOTHs MpeJl ChIIECTBYBAIUTE M M3MI0I3BaHH KbM MOMeHTa MeToau. [Ipeanoxenu ca u aHanu-
3upaHu 0a30BH CXEMH Ha YJITPa3ByKOBH MUKpPO-TeHepaTopH Ha eHeprust (YMI).

KurouoBu gymu: ynrpasByk, MUKpo-reHeparop Ha eHeprus, MEMC, nue3oenekTpudecTBo.

1. BBBEJIEHHUE

VYiTpa3ByKbT € 3BYK C 4ECTOTa, IO-rojsiMa OT
ropHara rpaHulia Ha YOBEIIKHUs ciyX, okoio 20 ku-
noxepua. Hsakou »uBoTHH Kato Kydera (mo 45 kHz),
nenadurn (mo 150 kHz) u mpunenu (mo 110 kHz)
UMaT TO-BHCOKA TpaHHWIa OT Ta3W Ha YOBEIIKOTO
yXO M MOTaT Ja 4yBaT yATPa3ByK. TUHIHHUTE THAar-
HOCTHYHHU YJITPa3BYKOBH CKEHEpPH, M3IIOI3BAHUA B
MeulrHaTa paboTAT B YECTOTHHUS TUAIa30H OT 2 JI0
13 meraxepua. [To-MouHN yNTPa3BYKOBH H3TOYHH-
I MOTaT Jia 3aTOIUISAT JIOKAJHO OTPE/eeH! ThKaHN
U TOBa HaMHpa MPUIOKEHHE BbB PU3HOTEpANHsATa U
JieyeHneTo Ha paka. PokycrupaHu ynTpa3ByKOBH U3-
TOYHMIM MOTaT Aa ObJaT M3MOJI3BAaHM 3a pa3OMBaHE
Ha KaMBHH B OBbOpenuTe WM 3a JIEKyBaHEe Ha Iepie
Ha okoto [14].

[Tpe3 mocnenHuTe NECETHIETHUS ITHE30JIEKTPHY-
HUTE MHUKpO-TEHEPAaTOPH Ha CHEPTHUS IPEACTaBISIBAT
CEepUO3eH HMHTEpeC 3a ChBpeMeHHaTa Hayka. Haii-
roJIsiM Opoil HaydHHU M3CIICIBAHUS CE TIPABAT 3a HIC-
KOYECTOTHH MHUKporeHepartopu (paGoTHa wectoTa
okoo 150 Hz),kouTo ynaBAT 3a00UKAIAIIUTE HH
BUOpaLMK ¥ T€HEpPHUpAT eJIeKTpuiecTBO. [lo-MabK,
HO HapacTBalll HHTepec ce 3a0ernsi3Ba NpH yITpasBy-
koBute MEMC. OCHOBHOTO UM NpUJIOKEHHE € B
MeJIMIMHATA KaTO HA4MH 32 OE3)KUYHO 3apexaHe U
KOMYHHKAIMSl C pa3IM4HU yCTPOWCTBA HMMILIAHTH-
PaHu B YOBEIIKOTO TsJI0. B MuHanoTo ca HanpaBeH!
MHOKECTBO TEXHOJOTHYHH OTKPHUTHS B Ta3H HACOKA,

HO OCTaBar jocta HeperieHu 3agaun. OCHOBHUTE
OTrpaHUYEHUs] B CHbBPEMEHHUTE TEXHOJOTHH Ca pa3-
MEpH, BUCOKa KOHCYMAIlUsl HA CHEPrHs U Heedek-
TUBHA KOMyHuKarus. OT apyra cTpaHa ylITpa3ByKbT
HSIMA JIOKA3aHO BPEJHO BIUSHHE BBPXY YOBEIIKOTO
TSUJIO M C€ M3MO0JI3BA 32 JPYTH IIEIH JeCEeTHICTHs Ha-
pen. OocBeH TOBa yITPasBYKBT HE TPEYHM HA HOP-
MaJIHOTO (pYHKIMOHUpaHEe Ha Apyru anapatu [15].

B MemuiHaTa 4ecTto ce Hamara M3MepBaHE Ha
Pas3IMYHY JKA3HECHH MTOKA3aTe)Id KaTo HAalpUMeEp Ch-
IbPXKAHUETO HA KPhBHA 3axap, KPHBHOTO HAISITAHE
U ChpJ/IEYHATA YECTOTA HA MALMEHTH B JBJITOCPOUYCH
wiaH. B MHOrO ciyyan manueHTHTE ca “3aKavyeHu"
3a HSKOJIKO MAIIMHH, 3a JIa Ce HAOJI01aBatT Te3H I0-
kazarenu. [1o-no0bp noaxox 1me Obae Aa ce choupar
U OpPraHU3UpaT JaHHHUTE U OE3KUYHO Ja ce U3Mpa-
[IaT HA CHUCTEMA 3a MOHHTOPHHI. BbIpeku ue Chb-
TIIECTBYBAT Pa3INIHA PAIUOYECTOTHH KOMYHHUKAIIU-
OHHHM MeTOjH, Kato Hanpumep Bluetoothu ZigBee,
Te KOHCYMHpAT 3HAYUTEIHO KOJHUYCCTBO EHEPTHS.
Oo6ukHoBeno Kiac 2 Bluetoothycrpoiicteo koHcy-
mupa 2,5 mMWs unTepBaina ot gecer merpa u Class 3
ycTpoiicTBo koHcymupa 1 mW B pamkute Ha 1 me-
Tbp [6]. Ta3u xoHCcymanus e moaobHa 3a Zigheeyc-
TPO#CTBO. PagrouecTOTHUTE KOMYHHUKAIUU ChIIO
MMaT HEJOCTAThIM [0 OTHOIIEHWE Ha 31paBero. Te
M3TBYBAT BHCOKO YECTOTHA PAJUAIUsS, KOATO MOXKE
Jla TIPOHUKHE MPe3 KOXKAaTa U UMAT HeOJIaronpHsITHH
noceauiy 3a 3apasero [7]. Twit kato TpaHchepHa-
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Ta CKOPOCT Ha JaHHUTE, HEOOXOAUMH 3a Haloze-
HHE Ha MOCOYCHHUTE MO-TOPE KUZHEHH MMOKA3ATENH €
Hucka (obukHOBeHO Hsikoinko Kpbs), komyHukaums
4ype3 ynTpasByK OM MOMIO 1a ObAe anTepHATUBECH
MOAXOM KbM TPAJAULUOHHUTE PATHOYECTOTHH METO-
M.

VYiTpa3ByKOBUTE MHKPO-TEHEPATOPH HA EHep-
rusg (YMI') ca MUKpPO-€JIEKTPOMEXAHMYHH CHCTEMH
(MEMC), kouto TipeobpasyBaT yaTpa3ByKOBH BBII-
HU B eJeKkTpuiecka eHeprus. [IyOnukyBaHu ca Hs-
KOJIKO MOJieJia Ha MHUKPO M HAHO YJITPa3ByKOBH Te-
HepaTopu Ha eHeprus. 3oHr JIlunr Yanr usznensa
WHOBATHBCH YJITPa3BYKOB HAHO-TEHEPATOP CHCTOSI
ce oT MacuB OT nue3oenekTpuuHu(ZnNO) HaHOBIAK-
Ha W 3ur-zaroodpaseH enexrpon [12]. MnoBatuBHH-
AT JU3aliH Ha TO3M HAHO-TEHEpaTop pa3uuTa Ha
YHUKAJHATA BPB3KA MEXKIY MHE30CICKTPUIHUTE U
MOJIYIPOBOIHMKOBH CBOWCTBA HA HAHOBJIAKHATA.

YTTRAIEYKORA BRHA MK il_Eﬂ.HH-II—H EMEPALIMI

- a ? i ]
- P

¢ur.1 Yarpa3BykoB HAaHOTE€HEPATOP C MacUB OT MUE30€-
nexkrpuunn(ZNO) HAHOBJIAKHA M 3UT-3ar000Pa3eH EIKTPOJL

(12]

ACUMETPYHUAT [HME30EJEKTPHUEH NOTEHIHAI
MEKIy BbpXa Ha HAHOBJAKHATA, KAKTO M HIOTKH
KOHTAaKTBT MEXIy €leKTpOJa M BJAKHATa, ca B OC-
HOBara Ha NpHHIOUIA Ha jaeiictBue. Korato BBpXY
€NIEKTPOo/Ia Ce MPUIIOKH BBHIIHO ycuide (yaTpassy-
KOBa BBJIHA), TOM Ce OBMXKH M CHOTBETHO IpEIaBa
JBH)KEHHETO CH Ha HaHOBJIakHaTa. ToBa BOAM 10
W3BHMBAHE M NOPAXKIAaHE HA BHTPELIHO HANPEKEHUE
BbB BJaKHATa. [IpM KOHTAKT MEXIy €JIeKTpoua H
BJIAaKHATa Ce TeHepHpa ejextpudeH 3apsy (¢pur.l)
[13].

TIpeAuMCTBOTO TYK €, Y€ €JIEKTPUYECKA EHEPrus
Ce reHepHpa HE3aBUCUMO OT I10COKAaTa Ha JBHIKE-
HHe. MakcuMaiHata MOIIHOCT Ha TO3M TEHEPaTop

2
noctura 10/MV / CM°u aBropure cmaTar, ye on-

tumu3upade Ha 3D koHpurypanusta Moxe na s 1o-
Bumy [13].

./

YITTPA3BYKOBA BRIIHA

¢ur.2 CxemMaTH4Ha UIIOCTPALMS Ha KOHTAKTa MEXK/y Ha-
HOBJAKHATa U enekrpoxa [13]

Monr 3y M KONEKTHB NPEICTABST YITPA3BYKOB
MEMC MuKpO-TE€HEpaTOp Ha €HEepTus C JIBE CTele-
HHU Ha cB0OO/a. YCTPOWCTBOTO MOE J]a yJiaBsi BHO-
pauuy B MPOU3BOJIHU TIOCOKH U € C HIMPOK YECTOTEH
JauanasoH Ha padota [10]. Oceen ToBa ce pasriexaa
¥ Bb3MOXHOCTTA 32 0€3)KUYHO 3aXpaHBaHE Ha MMII-
JaHTH B 4YOBewmkKoTo Tsuio. Durypa 3.a) mokassa
MPUHIUITHATA cXeMa Ha Aeiicteue. Enementure X u
Y ¥ ceu3sMHYHATa Maca ca CBBP3aHU TOMEXIY CHU
ype3 enacTHyHu Bpb3kH. Ceu3MuuHATa Maca ce
JBIDKK 32 J1a abcopOupa BBHHIIHUTE BHOpALUU BBHB
BCSIKA MOCOKAa. EJIGKTPOCTATUYHU MPOMCHIUBH Tpe-
OCHOBHIHU KOHICH3aTOPH, OWBAT 3aIBHXBAHHU IIO
oc X 1 Y, IpH KOETO c€ TeHepupa eIeKTphIeckKa
eneprusi. durypa 3.06) MOKa3Ba EKBHBAJICHTHATA
eJIEKTpUUECKa cXeMa Ha MHKporeHeparopa. Excrie-
pumentanHo ¢ mocturiara 0.1 NnW renepupana
MOIIHOCT.

KOHCTPYKLIAA ¥

TOBAP

MPYAHAHA

=
* KOHCTPYKLMA X
L

¢ur.3 YarpazsykoB MEMC reneparop Ha €HEprus ¢ J1e
crenenu Ha cBo6oza [10]

CEMIMMUHA
MACA

BpyHo KaBaimep ¥ KOJEKTHB JOKJIA/IBAT M3pa-
6otkara Ha PZT/Si muezoenekTpudeH yaTpa3ByKOB
MUKpO-TIIpeoOpa3yBaTe.
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¢ur.4 PZT/Sinue3oenekTpuyeH yiTpa3ByKoB MUKPO-
npeobpasyBarein Ha eHeprus[5]

[IppBOHAYATHATA MM HJIEs € Jla Ce M3IO0JI3Ba 3a
YITpa3BYKOBO HAONIOJEHHE, HO OCH3HABAT, YE YCT-
POWCTBOTO MM € MOIXOMAIIO U 3a IIpeodpa3yBaHe Ha
MEXaHHUYHA B €JIEKTPUUECKa €HEPTHUs. Y CTPOHCTBOTO
MM MOJKE JIa C€ BUIU CXeMaTH4yHO Ha ¢ur. 4 [5]. Us-
paboTeHM ca M ca TECTBaHW HIKOJKO MOJENA C pa3-
JIUYHHA pa3Mepu Ha MemOpaHaTa. @ur. 5 e rpaduka
Ha rmoyryueHure pesynratu. ToeapsT ¢ 1 MQ.

[—132pm 200 ym 400 ym |

1000—

]
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O:i»“ I R S S E— . LT
-002 002 0,06 01 014 0,18 022 026 03
BPEME (ms)

¢ur.5 EkcrieprMeHTAIIH Pe3yJITaTH OT W3CIeqBaHe Ha
PZT/Sinune3oenekTpuueH yaTpa3ByKoOB MHKPOT€HEPATOP
Ha eHeprus [5]

”U‘M“l““'vlﬂlwuf Wil : ‘ b
i TNy

S =

2. 1311OJI3BAHU CXEMU U TEXHUKHU ITPU
YMI’

2.1. IByciioen (6umopdeH) HacTpoiiBaiml ce yaT-
Pa3BYKOB MHKPOTeHepaTOp HA €HEepPrusi THII JIH-
agparma.

OCHOBHOTO YCIIOBHE 3a IOJy4aBaHE Ha MaKCH-
MaJlHa MOIIHOCT IIPH THE30CIIEKTPUIHNUTE T'eHepa-
TOpHW Ha CHEPTUs € pe30HAaHCHATa YeCTOTa Ha CHCTe-
Marta aa Obe MAaKCUMAaJIHO OJIM3Ka 10 Ta3W Ha ITOC-
ThIBaNIUTe BHOpamuu. THH KaTo € TPYAHO Ja ce

NpeABUAM YecToTaTta Ha BHOpauuuTe M TS Bapupa
Criopes MHOXKECTBO ApYrH (hakTopH, ce Hajara Cbh3-
JIaBaHETO Ha TEHEpaTOpH C HAcTpoMBamia ce pe3o-
HAaHCHA 4eCTOTa.

TenepMpatL cnon
OcHoBa
HacTpowsatl cnow

¢ur.6 basosa cxema Ha iBycnoeH(6umopden) HacTpoii-
Balll C€ YJITPa3BYKOB MUKPOTCHEPATOp Ha EHEPrHs TUIT
nmuadparma

ChIlecTBYBaT MHOTO HAYUHU 33 HACTpOWBaHE
€/IMH, OT KOMTO € HacjarBaHe Ha JBa CJIOS ITHMe30e-
JICKTPUYCH MaTepuall, KaTo eJUHUS Ce U3I0J3Ba 3a
reHepUpaHe Ha eHeprus, a APYrus 3a HaCTpOHBaHE —
NpoMsiHa COOCTBEHATa YeCTOTa Ha CHUCTEMara Bb3-
MOYXHO Hail-O0JIM3Ka JI0 Ta3W Ha BHHITHUTE BHOpAIiH
[8]. Or mpyra crpana muadpparMeHHTe CTPYKTYpH
MMaT Cepro3eH MOTEHIMAN a ObJaT U3IMO0JI3BaHU 32
yATpa3ByKoBU mpeobOpaszysatenu [11]. Ha ¢ur. 6 e
nokaszaHa 6a3oBa cxema Ha JABycioeH (Gumopden)
HACTPOWBAI[ C€ YITPa3BYKOB MHKpPOTCHEpATOp Ha
€Heprust TUI auadparma.

JHeiiBua YapHern [2] moka3Ba mogo0eH Moaen 3a
HACTPOWBaHE HAa HUCKOYECTOTECH ABYCIOEH MHKPO-
reHepaTop TUI KOH30JIHA IPejia ChC ChCPEAOTOUCHA
Maca Ha cBOOOMHUS Kpail. Pasriexma nBa BapuaHTa
— caMO eIUHMAT WIM M JIBaTa MHE30eICKTPUYHH
CJI0S ce M3MON3BaT 3a HacTpoika. I1o-100Bp pesyn-
TaT ]aBa BTOPHUAT BAPUAHT, KOETO IO MMPaBH IPe/Io-
yuran (ur. 7).

TeHepupaLy ol
OcHoga
Hactpolisal cnov

L
]Ic v

(l)](ll".? HaCTpﬁBama CC CUCTCMa M3110JI13Balla ABaTa n1ue3o-
CJIEKTPUYHHU CJIOA 3a HaCTpOfIKa
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KoepuuueHTsT Ha eTacTUYHOCT Ha MHE30ENIeKT-
PUYHUS CIOH ¢ OOpaTHOMPONOPIUOHAICH HA Kara-
UTeTa Ha IMapajeiiHaTa BEepura Ha cucremara. Pec-
MCKTHBHO TOBA IO3BOJISIBA HACTPOWBaHE Ha pe30-
HAHCHATA YECTOTa Ha CHCTEMara 4pe3 MpOMsHA Ka-
MAaIMTETa Ha TIapaieIHATa BEPHTa.

3a ma ce yBeNWYM peajHaTa MPOU3BOIUTEIHOCT
Ha cucTeMara € Hy)XHO [lapaMeTpUTe B MapajeHaTa
BEpHra Ja ce MPOMEHST B PEajHO BpPeMe, Taka Je 1a
HACTPOMBAT COOCTBEHATa YECTOTa Ha CHCTEMara
CIIOpE.I YeCTOTaTa Ha BhHIIHUTE BUOparuu. Equd ot
HAYMHHUTE JIa CC HANPABU TOBA € M3IIOJI3BAWKH Mapa-
METPHUTE OT U3XOJHATA MOIIHOCT Ha cucTemara [1].
Hamara ce ompenensHeTto Ha T. Hap. (QYHKIUS Ha
MPOU3BOAUTEIHOCTTA. JlocTa HM3clenBaHUs ca mpa-
BEHH B Ta3u Hacoka [1], u3yuaBaHu ca HAKOJKO pa3-
JUYHHU MOJIXOMa, HO Oe3 3aJOBOJIUTEIICH KpacH pe-
synrat. [lo-pocto pemenne 6u Morino ma ObIe OM-
PEOCIISIHETO Ha MPEABAPUTEIHO 3aMaCHA KOSehHUIH-
CHTH Ha 3aBHCHMOCT Ha 0a3a MPaKTHYCCKH OIHTH.

2.2.JIBycaoen (Gumopden) yaTpa3zByKoB MUKPO-
reHepaTop Ha eHePrusi THI KYIoJI

BaxHO MPEIMMCTBO 3a YITPa3BYKOBUTE MHKPO-
TEHEePaTOpH Ha CHEprus ¢ yJaBsSHETO Ha BHOpaIuu
(ynTpa3BykoBH BBJIHH) B MPOU3BOJIHH MOCOKH (MOA
pasnudeH brou). [1og00H0 Ha Yaur [9] e BB3MOXKHO
Ja ce mogenupa YMI', koiTO Aa reHepupa eHeprus
OT YATPa3BYKOBH BBJIHHU, IPUIIOKEHH B IIPOU3BOJIHA
IIOCOKa KaKkToO € Ioka3zaHo Ha ¢wur. 8. M3nonsBar ce
JIBa MHE30CJICKTPUYHY CJIOSI TUI KYyIIOJ KaTo KyIO-
JIMTE Ha J(BaTa CJIOS ca B IPOTHBOIIOIOKHA ITOCOKA.

IoxoGen Bug cTpykTypu (KYIOJOBHIHHK) CE Xa-
paKTepHU3upar ¢ 1o-x1o0po eIEeKTPOMEXaHWYHO B3a-
umopeiicteue [4]. IlpeaBua TpPHU3MEPHOTO €CTECTBO
Ha Ta3W KOH(Urypamus ce OdyakBa YCBOsIBaHE Ha
IIUPOK CIEKThP MPOW3BOJHO HACOYCHH YJITPa3By-
KOoBU BbJIHH. OCHOBEH HENOCTAaThbK HPH TO3H BHJA
MHE30CICKTPUYHH TIpeoOpasyBaTesii ¢ CPaBHUTEIHO
BHCOKHAT KOC(HUHUEHT Ha enacTHdHocT [3], KoeTo
' IPaBHU NO-TIOAXOMASAIIH 32 M3TOYHHIM Ha 3BYK.

JIBoliHaTa KynoJIOBHIHA CTPYKTypa MpH BTOpaTa
NpeUIoKEeHa CXeMa Ipe.roara, 4ye CHCTeMaTa Ie
yJIaBs BBJIHU OT BCHYKH NOCOKH. ToBa € BaKHO TIpe-
JMMCTBO, 3all0TO HE BHHATM € BB3MOXKHO Ja ce
OpeaBHIM TOJI0KEHUETO Ha cHCTeMara. 3a chikase-
HHE NPU Ta3u KOHMUTYpalLHs ce MOsBsIBA CEPUO3CH
HEJ0CTaThK, & MMEHHO BHCOKHUAT KOC(HUIMEHT Ha
eNMACTHYHOCT, KOCTO HE € XKENATeIHO 3a TAKUBA YCT-

potictBa. OcBeH ToBa €(eKTHBHOCTTA IIPH yCBOSIBa-
HE Ha BBJIHH 10 TPETOTO HAINpaBJIEHUE CE OYaKBa Ja
Obe TBBp/IE HHUCKA.

I'IMesoeneKrphueH

» ©

Octioea

Cnoin

¢

¢ur.8 [sycnoeH(6umopden) ynrpasBykoB MUKpOIreHepa-
TOpP Ha €HEPTHs THUII KYIIOJI

[penBun ropeonucaHnTe MPEAUMCTBAa U HEJOC-
TaThIY Ha NPEATIOKCHUTE 0Aa30BH CXEMH, CMATaMe
ye ABYCIONHMAT (OuMopdeH) HacTpoMBall ce YIIT-
Pa3BYKOB MHKpPOTCHEPATOp Ha CHEprus TUM auad-
parma Ou Owi mo-yjgayeH BapHaHT 3a OBbJENo H3c-
JIeZIBaHE U MOJEITHPAHE.

4. BAKJIIOYHUE

VarpasBykoBure muesoenektpuaan MEMC ce
JOKa3BaT KaTo IEPCICKTHBHA TEXHOJOTHSA 3a Juar-
HOCTHIIPAHE U JIEUCHHE B CHBPEMEHHATA MEIWIH-
Ha. Jloka3zaTencTBO 3a TOBa € HApacTBAIIMAT MHTE-
pec B HAyYHHUTE CPEAM, KaKTO M MaIaOHUTE IPOyd-
BaHMs HA MHOKECTBO HAYYHU OpTraHHM3aliH, GUHAH-
cupanu ot EBponeiickara komucus [15]. IIpequmcr-
BaTa Ha Ta3M TEXHOJIOTHS ca e(eKTHBHATA KOMYHH-
Kalusi, HICKaTa KOHCyMallis Ha €Heprus U Bb3MOXK-
HOCTTa 32 0€3)KMYHO 3apeXIaHe Ha MMIUIAaHTHPaHU
B YOBEILIKOTO TSJIO yCTPOICTBA.
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Hay4nute crieqBaHus, pe3ynTaTUTe OT KOUTO ca Ipef-
CTaBEHU B HACTOSAILIATAa MyOJIMKAIMA ca (pUHAHCUPAHU OT
Borpeunust koukype va TY-Codus-2012.
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Abstract: This paper examines trends in the use of ultrasonic piezoelectric MEMS for energy harvesting.
Similar systems are used primarily in medicine as a tool for communication and wireless transmission of
electricity. The advantages of this technology over the existing and currently used methods are described. In
this paper there is a proposed and analyzed basic schemes of ultrasonic micro energy harvesters.
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EJIVH IMOJIXO/ 3A MPUJIOKEHUE HA ®YHKIIMOHAJTHO-CTOMHOCTEH
AHAJIA3 (©PCA) 1P OIITUMU3UPAHE HA JJOTUCTUYHUTE JOCTABKH

Jdumutrsp TYIKAPOB
Karenpa ,,JIHxxeHepHa JOTUCTHKA, TIOIEMHO-TPAHCIIOPTHA U CTpOHUTeNIHA TexHHUKa”, Texunuecku yHusepcureT - Codus,
bearapus
e-mail: dtudjarov@tu-sofia.bg

Pe3ome: B paGotara ce mpemiara moaxoJ] 3a MPHIOKEHHE Ha cpenctBata Ha DyHKnnoHATHO-CTOWHOCTHHS AHAIU3
(®CA) mpu oNTUMHU3UpPAHE HA JIOTUCTUYHUTE JTOCTABKH, C KOCTO CE pa3lIMpsiBa 001acTTa Ha aHAM3a W ONTUMUA3ZAPAHETO
MIPH YIIPABICHUETO HA CHIIHUTE, KaTO ce JOOABAT KaueCTBEHH XapaKTEPUCTUKU MPHU OIEHKATa HA PAa3IMYHUTE BH3MOXKHU
BapuanTu. OcHOBHa nHpOpManus 3a chinHocTTa Ha @CA e najgeHa u e npeacTaBeHo MPUMEPHO MPHIOKEHUE Ha MOAX0/a.
[Ipennara ce pazpaborBane Ha Moayl 3a @PCA ¢ B3MOKHOCTH 32 HHTETPHPaHE B aBTOMATH3HUPaHa CKJIaJ0Ba CUCTEMA.

Knro4oBu 1ymMH: HH)XEHEpHA JOTUCTHKA, (YHKIIMOHAITHO-CTOMHOCTEH aHAIN3, YIIPABICHHE Ha JOCTABKUTE, ONTUMH3AINS

1. BBBEAEHHUE

JloructukaTa e CbBpeMEHEH Ma3apeH MEXaHU3bM
3a TIOCTUTaHEe Ha KOHKYPEHTHOCHOCOOHOCT. Baxna
PO B TO3M MEXaHU3bM HMa HAUWHBT Ha IDIAHUPAHE
U yIpaBJICHUE HA JIOTUCTHYHHUTE TOCTaBKH. HaumHbT
Ha JOCTAaBKHUTE OMpeaessd MPOoIecuTe Ha CKIIAAUpaHe
1 3aIIacHTe.

B [2] ca pasrnenaHn OpeanoCTaBKUTE  3a
ImpeBphllaHe Ha  bearapus B peruoHaieH
JIOTUCTUYEH LEHThP B TIJo0alHaTa JIOTHCTUYHA
cucreMa. AHaATU3UPaHH ca MPEINOCTaBKUTE 3a
HU3rpakJaHe Ha JIOTMCTHYHU OOeKTH (CKIaJoBe,
JIOTUCTUYHU LIEHTPOBE W JIp.) U MOIXOAALIOTO MM
pasnonarane B bearapus. nesra 3a npespbliiaHe Ha
Bearapus B TOTHCTHYEH IIEHTHP OTHOBO MOUEpTaBa
aKTyaJHOCTTa W Ba)KHOCTTa HA ONTHMHU3AIMHTE B
00JacTTa Ha IOTUCTUIHUTE TOCTABKH.

B cxmamoBuTe cuctemu ce oOpbBIIa OCHOBHO
BHUMAaHHE Ha MHUHUMH3UPAHETO Ha Pa3XOIUTE, KaTo
BB3MOXKHOCTUTE 33 TPEABPUTEIICH KAaueCTBEH
KOHTPOJ U yIIPaBIICHHE HA TOCTaBKHUTE CE CUUTAT 3a
Nno-TpyAHU 3a Qopmanu3upaHe ¥ OT TaM 3a
MO-TPYAHH  3a  aBTOMAaTH3UpaH  aHAIU3 U
ontumusanus. B [3] e pasrnenaHo ynpaBieHHETO Ha
KayecTBOTO B JIOTHCTHUYHHTE CHUCTEMH H €
NpEe/ACTaBeH MNOAXOJ 32 (OPMANU3UPAHETO MY H
oTpeneNsTHe Ha He00X0IUMOTO HUBO HA Ka4eCTBO Ha
JIOTUCTUYHAaTa TexHUKa. B [4] e mnpennoxena
JOKJIN3alKsl Ha JUCTPUOYTHUBEH CKIaJ 3a YEepHH
Metanu B pernoHa llenTpanna cesepHa Bbwnrapus,
KaTo Pa3MoIaraHeTo TYK € CBbP3aHO C MUHUMAITHUTE
TpaHCcTIopTHHU pa3xonu. C mpeioxenust B padorara

MOJXOJ C€ LMW pa3liupsiBaHe Ha o00JacTra Ha
aHaJ M3a U ONTHMHU3UPAHETO MOCPEACTBOM J00aBsHE
HA Ka4eCTBEHU XapaKTEPUCTHUKU Ha JIOCTABKUTE upe3
M3M0JI3BaHE Ha CpeAcTBara Ha OYHKIHOHAIHO-
CroitHocten Ananuz (OCA).

OcHoBHaTa 1€ Ha HacTosImara pabora e jaa
NpejIoku  NOAXOA M Jla  CTPYKTypupa
HH(pOpMaNUATA 32 pa3pabOTBaHE HA CUCTEMEH MOYJT
3a. ®CA ¢ BB3MOXKHOCTM 3a HHTETpHUpaHE
(Brpaxkaane) B aBTOMAaTHU3UpaHa CKJIAJ0BA CUCTEMA,
KOETO Ja BOJAM JIO OCHI'YpSBaHE HAa Ka4yeCTBCHU
JeTaiing, Marepuand W Op. TP BB3MOXKHO
MUHHMAJHA Pa3XO/Iu.

2. ®YHKIIMUOHAJTHO-CTOMHOCTEH
AHAJIN3

ToBa e MeTom Ha CHUCTEMHO WH3CIEIBaHE
KauecTBOTO Ha (yHKUMHTE Ha 00eKkTa (IIPOIYKT,
00eKT, CTpyKTypa), HacOueH KbM MHHMMHU3UpPAHE Ha
pasxoauTe B eTalUTe Ha  IMPOCKTHpaHe,
MPOM3BOJICTBO M €KCIuIoaTanusi Ha OOeKTa mpu
3alma3BaHe M JIOpUM IOBUIIABAHE Ha HErOBOTO
Ka4eCTBO U MOJIE3HOCT.

[IpuunnuTe 3a nosiata Ha ®CA ca cBbp3aHu CbC
CUTyallUATa B aMEpUKAaHCKaTa HKOHOMHKA CIeJ
Bropata CeToBHa BoiiHa, a UMEHHO: BKIIOUBAHETO
Ha OTPOMHH MPOU3BOJCTBEHH MOIIHOCTH (MHOTO OT
KOMTO JI0 TOraBa ca 3aeTH BbB BOCHHOTO
TPOW3BOJICTBO) W BIMBAaHETO HA JOMBIHHTEIHA
paboTHa cuima (OCBOOOIEHHUTE OT apMusiTa), KOETO
BOJM JI0 OTPOMHO HapacTBaHE Ha IPOU3BOJCTBOTO,
TPYIHOCTH B IpoJaxOuTe, HaMalIiBaHE Ha LICHUTE U
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cmajx B revanbara Ha KOpPHOpamuuTe. YCHIICHO ce
TBPCAT HAYMHH 33 CHIDKaBaHE Ha IIPOU3BOICTBEHHUTE
pa3xogm Karo BB3MOXKHOCT Ja Ce OIelee B
KOHKypeHTHaTa Oopba. Cp3maten Ha OCA e
CITy’)KHTENl B IUIACMEHTHO CHAOJMTENCKHUS OTHAEN Ha
General Electric - Jlayperc Maiinc [7], xo#To ctura
JI0 M3BOJA, Y€ MHOTO OT NMPOAYKTHUTE CHIbPXKAT U
pa3xoau, KOUTO HE ca CBBbP3aHU C yIOBJICTBOPSIBAHE
Ha OMpeJielieHa MoTpeOuTeNIcKa MOTPEOHOCT, KOETO
OT CBOSI CTpaHa 03HauaBa, ye ChIIUTE MOTraT J1a Obaat
YCBBBPIICHCTBAHU 110 CHCTaBHU €JIEMEHTH U TOBA J1a
ce oTpasu OJarompuATHO Ha pa3XomuTe 3a
TIPOU3BOJICTBOTO MM.

VYcenexpr Ha ®CA (0CBeH TOBa HaMMEHOBAaHHUC B
JTUTEeparypaTa ce IMOoI3BaT U HHKEHEPHO-CTOHHOCTCH
U cTOWHOCTeH aHamu3 [6]) e romamM W ToOM ce
pasmpocTpaHiaBa U B apyru koprmopanuu. HACA
I'BPBOHAYAIIHO TO MPENOPbhYBA Ha JOCTABYHULIUTE CH,
a cief TOBAa ro Hajara KaTo 3aIbJKUTENHO yCIOBHE
3a BCEKHM OT TAX. BmocnencTtBue To3u MeTon ce
pasmnpoctpaHsBa B Snonwus, ['epmanusi, AHMIMS U
JIpyTu cTpaHd. MeTombT ce mpmiara B ObIrapckoTo
MaIIrHOCTpOeHe omie mpe3 70 ToanHM.

B cemHoctTa Ha @CA CTOAT CIEIHUTE OCHOBHU
HavJaya:

18H1/d1

® TIPOAYKTUTE C€ pasriexigaT He KaTo
KOHCTPYKIMH, KOHTO BKJIOYBAT ONpeleneH Opoii
ChCTAaBHM YacTH, a Karo HaOop oT (yHKOUH
(chIIHOCTTA HAa MPOAYKTHTE CE MPOSBSBA HUPE3
W3MBJIHIABAHUTE OT TAX (YHKLIHH), KOHTO Ce
paHXHpaT MO0 BKHOCT M 3a KOMTO C€ HM3YHCIsIBa
ChOTBETHATA OTHOCHUTENHA 3HaYUMOcT [1];

OpaBd c€ OLEGHKA Ha pa3Xxogure 3a
MIPOM3BOJICTBO HA ONpENENeHH eJIEeMEHTH OT
KOHCTPYKIHSATA, KOUTO 00e311euaBaT H3IIbIHABAHUTE
OT IIPOAYKTa (GYHKIIMH, KATO Pa3XOIUTE II0 IIEMEHTH
ce pasmpeneniaT B pasxoad 3a (YHKIHMH IO

cnenuanHa Meroxmka [1] u  ce wm3umMcnsBar
OTHOCHTEJIHM DPa3XOAd MO (QYHKIHH, KOUTO Ce
CBIIOCTABAT  CbC  CHOTBETHATa  OTHOCHTENIHA

3HAYUMOCT Ha (YHKIHHTE.

3. IOAXO0/I 3A ®CA MPUJIOKEHUE B
JOTUCTUYHUTE JOCTABKHM - IPUMEP

[peanoKeHHsT MOAX0/] € IPUIOKEH KbM IPHUMED
— crinobena eqununia (0yron) [1] mokasan Ha ¢wur.1.
B tabnuma 1. ca mokasaHu Bb3MOXKHHUTE BAPUAHTH Ha
JIOCTaBKa Ha €JIEMEHTHUTE.

I X N X N N X XN (—'—1
Ta : ‘] 1
( I |
AL "—‘_J—‘—- _..*.A/@ i
; 1) /@ EIE
- L
B_i._. s _.i_. AR _.{_B ! . <
L ! mm% i /@ l ki
! E | | K #2e9/m9
I /@ y
B oy

WL IB))

5

#15

¢ur.1 [MpumepHa criaobena equHuiEa — 6yToH [1]
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Ta6,.1 BB3MOXXHU BapuaHTH C JOCTaBHU LIEHU

BYTOH - NPUMEP

BETANNM - BOCTABHM LIEHM *
B Bapuant | Bapuant | Bapuant | Bapuant | Bapuant | Bapuant | Bapuant | Bapuwanr
Aematinu 1 2 a 5 6 7 8
- Uena Uena Uena Uena Uena Uewna Uena Uena
Nz |Haumernosanue EBpoii
ne ne ne ne ne ne ne

1|Kanak 1 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
2|Ceetodarop 1 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
3|Hocay 1 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
A|lakka 1 0.40 0.40 0.40 0.40 0.50 0.50 0.50 0.50
5|KoHTakT nogeumeH 1 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
6|Kopnyc 1 0.60 0.60 0.70 0.70 0.60 0.60 0.70 0.70
7|MatpoH 1 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55
8|MpywuHa 2 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
9|KoHrakT 2 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
10|MnacTMHa KOHTaKTHa 4 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
11|Npy*kuHa 1 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
12|Kancyna 1 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
13|KoHrakr 1 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
14|KoHrakr 2 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
15|MnacTuHa KOHTaKTHa 1 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
16|1lamna 1 0.70 0.80 0.70 0.80 0.70 0.80 0.70 0.80
CYMA 4.94 5.04 5.04 5.14 5.04 5.14 5.14 5.24

* MpuMep: egpuaHmu Npu 8L3MOXHU docmagku Ha 3 demaiing no 2 paALuMHU YeHu

OtHocHTETHATA 3HAYUMOCT (¢,) Ha OmpeeIeHHTe

no meromukara B [1] ¢dyHkimu Ha usgenuero (B
ciydast 8 Ha Opoit) ce IpecMATa CIIell ONPENEIISTHETO
Ha TEXHHs PaHr — HOMEp TO pell, ChOTBETCTRAI Ha
TAXHATA 3HAYMMOCT, MO ClieqHata Qopmyna (BIK
Tabnua 2.):

100

_ _ 0
_(1+2+3+...+p)(p r+D, % M

%%

KbJETO P € oOmusi Opoit Ha ¢yHKUuMHTE, a I -
CHhOTBETHO paHra Ha i-taTa GyHKIHS.

B Tabnuma 3 e mokazaHO pasmpeiesieHHeTo Ha
y4yacTHETO Ha JieTailuiuTe BbB (QyHKUMUTE Ha
u3zienuero. Beeku fgeTaiin yyacTsa B peaau3upaHeTo
Ha (YHKIMHU, KaTo HanpuMmep aertaitn Nel ydactBa B
1-Ba ¢ynkmus ¢ 04, B 3-ta mw 7-ma c 0.3
(0.4+0.3+0.3=1). o momobeH cyOeKTHBEH HAYHH,
ekcriepture, um3BbpwBa  DPCA, onpenenar
Y4acTHETO Ha BCEKH JeTaiyl BbB (pyHKIMHUTE HA
W3CIIe/IBAaHMS TIPOIYKT.

Ta01.2 (DyHK[II/II/I Ha U3CJIMETO, paHXXUpPaHE, OTHOCUTE/IHA 3BHAYUMOCT

PAHXWPAHE HA ®YHKLIUU

OmHoc.

Byrrguu Panz 3IHaYU-

mocm %

Nz |Haumenosanue

1|MpemecrBaxe 1 22.22
2|lpoeexgaHe Ha en. eHeprua 2 19.44
3|MpoBexaaHe Ha CBETIMHHA EHEPIUA 5 11.11
4|En. uzonauma 3 16.67
5|MNpeocbpa3syeaHe Ha eNl. eHEPrMA B CBETIMHHA 4 13.89
6|BpblaHe B M3XOQHO NONOHEHUE B 8.33
7|3awmra 8 2.78
8|3akpeneaHe 7 5.56
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Ta6.,1.3 OnpenernsHe Ha y9acTHETO Ha ACTAMINTE BbB (DyHKIUUTE

YYACTHUE HA JETAWJIUTE BB OYHKLIMUTE
Lemaiinu/ @ymguu OyHKUyMa | OyHKUMA | PyHKUMA | DyHKyMA | PyHKuma | OyHkuyma | OyHKuMAa | OyHKUKWA
1 2 4 5 & 7 g
1|Hanak 1 0.40 0.00 0.30 0.00 0.00 0.00 0.30 0.00
2|Caetodnrbp 1 0.20 0.00 0.80 0.00 0.00 0.00 0.00 0.00
3|Hocau 1 0.40 0.00 0.00 0.40 0.00 0.20 0.00 0.00
4|lakika 1 0.50 0.00 0.00 0.50 0.00 0.00 0.00 0.00
5|KoHTakT nogemxeH 1 0.50 0.50 0.00 0.00 0.00 0.00 0.00 0.00
6|Hopnyc 1 0.10 0.00 0.00 0.30 0.00 0.30 0.10 0.20
7|MatpoH 1 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00
8|MpyruHa 2 0.00 0.60 0.00 0.00 0.00 0.40 0.00 0.00
9|HoHTakTt 2 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00
10|MnacTvHa KOHTaKTHAE 4 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00
11|MpymHa 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
12|Kancyna 1 0.00 0.00 0.00 0.60 0.00 0.00 0.40 0.00
13|KoHTakr 1 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00
14|KoHTakr 2 0.30 0.70 0.00 0.00 0.00 0.00 0.00 0.00
15|MnacTyHa KOHTaKTHa 1 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00
16|Mamna 1 0.00 0.20 0.20 0.00 0.60 0.00 0.00 0.00

AGCONIOTHUTE W OTHOCHTEIHH pa3Xodu TI0
(GYHKIUM ce OTpenesaT KaTo YIacTHETO Ha JeTaiina
B ChOTBETHaTa (DYHKIHS CE€ YMHOXH [0 HEromara
JIOCTaBHA LIEHA M TMOJYYEHOTO C€ CyMHpPa KbM
abcomoTHaTa  CTOMHOCT HAa  pasxXoAuTe  3a
peanu3upaHe Ha CBHOTBETHATa GyHKIHSL.
OrHocutennure pasxoau (f;) ce ompemensaT Karo

pasxoJuTe 3a pealn3upaHe Ha u30OpaHata (QYHKIHS

Ce pa3feNiT Ha CYMapHUTE Pa3xo/H 3a U3ACIUETO U
pe3ynirata ce yMHOXH II0 CTO 3a MOJyd4aBaHe Ha
CBbOTBCTHATA OTHOCUTCIIHA CTOﬁHOCT B HpOHeHTI/I.

B t1abmuma 4 ca pageHu aOCOMIOTHUTE U
OTHOCHUTEITHHU pa3xoau 1o (YHKIIUH, a B Tabnuia 5 u
Ha (ur.2 ca mokazaHH OTHOCUTEIHUTE 3HAUUMOCTH U
pas3xou no GYHKIMU U BApUAHTH.

Ta6.21.4 OnpenensHe Ha aOCONIOTHUTE M OTHOCUTENHH Pa3xoIy 0 QyHKIMH

OTHOCHUTENHW PA3XOOM 3A PEATIMBUPAHE HA ®YHKLUWWTE
® BapuanTr | Bapwant | Bapuant | BapuaHt | Bapuant | Bapuant | Bapuant | BapumanTt
yHRdu 1 2 4 5 6 7 8
ne 0.78 0.78 0.79 0.79 0.83 0.83 0.84 0.84
1 DOyHrumMA 1
% 15.79 15.48 15.67 15.37 16.47 16.15 16.34 16.03
5 OvemLuA 2 ns 1.23 1.25 1.23 1.25 1.23 1.25 1.23 1.25
YRt % 24.90 24.80 24.40 24.32 24.40 24.32 23.93 23.85
ne 0.42 0.44 0.42 0.44 0.42 0.44 0.42 0.44
3 DyHKUMA 3
% 8.40 8.63 8.23 8.46 8.23 8.46 8.07 8.30
ne 1.31 1.31 1.34 1.34 1.36 1.36 1.39 1.39
4 DyHrUMA 4
% 26.52 25.99 26.59 26.07 26.98 26.46 27.04 26.53
5 OveRLUA S ne 0.42 0.48 0.42 0.48 0.42 0.48 0.42 0.48
Y % 8.50 9.52 8.33 9.34 8.33 9.34 8.17 9.16
ne 0.33 0.33 0.36 0.36 0.33 0.33 0.36 0.36
6 DyHKUKMA 6
% 6.68 6.55 7.14 7.00 6.55 6.42 7.00 6.87
ne 0.30 0.30 0.31 0.31 0.30 0.30 0.31 0.31
7 DyHKUMA 7
% 5.97 5.85 6.05 5.93 5.85 5.74 5.93 5.82
ne 0.16 0.16 0.18 0.18 0.16 0.16 0.18 0.18
8 DyHKLMA 8
% 3.24 3.17 3.57 3.50 3.17 3.11 3.50 3.44
z ne 4.94 5.04 5.04 5.14 5.04 5.14 5.14 5.24
z % 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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Ta6.,1.5 OTHOCUTEITHH 3HAYMMOCTH U Pa3XOoaH 10 (GYHKINH U BapHaHTH

a)
©YHKUMKH OTHOCHMTENHA 3HAYMMOCT - OTHOCHTENHW PASXOOW
BapuaHT BapuaHT BapuaHr BapuaHr
DYHKUYUU 1 2 3 4
FHAUMMOCT p-am FHAUMMOCT p-am 3HAUMMOCT p-am 3HAYMMOCT p-au
1 Dyhkupqa 1 22.22 15.79 22.22 15.48 22.22 15.67 22.22 15.37
2 DyHHLUMA 2 19.44 24.90 19.44 24.80 19.44 24.40 19.44 24.32
3 DyHKLUMA 3 11.11 8.40 11.11 8.63 11.11 8.23 11.11 8.46
4 DyHKUpMA 4 16.67 26.52 16.67 25.99 16.67 26.59 16.67 26.07
5 DyHHLUMA 5 13.89 8.50 13.89 9.52 13.89 8.33 13.89 9.34
B DyHKLUMA B 8.33 6.68 8.33 6.55 8.33 7.14 8.33 7.00
7 DyHHUMA 7 2.78 5.97 2.78 5.85 2.78 6.05 2.78 5.93
8 DyHKUMA B 5.56 3.24 5.56 3.17 5.56 3.57 5.56 3.50
z 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
6)
®YHKUMKH OTHOCHMTENHA 3SHAYMMOCT - OTHOCHTENHH PASXOOH
BapuanT BapuanTr Bapuanr BapuanTt
DyHKYUU 5 6 7 8
3HAYMMOCT p-am 3HaYMMOCT p-om IHAYMMOCT p-am 3HaYMMOCT p-om

1 Dyrrupa 1 22.22 16.47 22.22 16.15 22.22 16.34 22.22 16.02
2 DyHKUpmA 2 19.44 24.40 19.44 24.32 15.44 23.93 19.44 23.85
3 DyHHUMA 3 11.11 8.23 11.11 8.46 11.11 8.07 11.11 8.30
4 DyrrupmAa 4 16.67 26.98 16.67 26.46 16.67 27.04 16.67 26.53
5 DyHrUMA 5 13.89 8.33 13.89 9.34 13.89 8.17 13.89 9.1E
6 DyHKLMA B 8.33 6.55 8.33 6.42 8.33 7.00 8.33 6.87
7 DyHHUMA T 2.78 5.85 2.78 5.74 2.78 5.93 2.78 5.82
8 DyHKupmA B 5.56 3.17 5.56 3.11 5.56 3.50 5.56 3.44
z 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Bapnantl Bapnant 6

.‘!‘liu- .‘!‘If.n-
1 2 3 4 5 3 7 g o 1 2 3 4 5 3 7 g
W 3HauMocT WP @ExogM B 3HaMumocT W Pa@xogu

¢ur.2 OTHOCUTETHN 3HAYUMOCTH U Pa3xoau 1Mo GyHKINH 33 BApHaHTH | 1 6

[Toutn He3abene:KMMUTE pa3lvuKH B TrpadUIHOTO
MIpeJCTaBsIHE Ha pe3ynTaTHTe 3a BapuHaHTu 1 u 6 Ha
¢ur.2, KakTo M MEXIy BapuHaHTUTE [pHU
H3IIOJI3BAHETO HA PA3IMKUTE MEXKIy OTHOCHUTEITHHUTE
3HAYUMOCTH W Pa3XO/Hd, U3YMCICHU B Tabiuma 6 u
NoKazaHu Ha ¢ur.3 BOOIAT [0 uAeATa Ja ce
JeuHUpar Ipyry NoKa3aTeIH, KOUTO Ja IIPEICTaBsIT
nucOananca MeXIy OTHOCHTEIHHTE 3HAYMMOCTH H

pa3xoJy IO OTHEHUTE BAPHAHTH W Ja YJECHSBAT
n30opa Ha KOHKPETEH BapHaHT M B3EMaHETO Ha
00O0CHOBAHO PEIICHUE OTHOCHO JOCTaBKHTE.
B pabotata ce neduHUpaT ClIeTHUTE IOKA3ATEIIN:
1) nmucbananc Ha QyHKIMS | O OTHOLICHHE Ha
OTHOCHTEJIHATA i 3HAYMMOCT:
d* = |0‘i -5 |i
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Ta0J1.6 Pazmmku MEXKAY OTHOCUTCIIHUTE 3HAYUMOCTHU U pasxoau 1o d)yHKIII/II/I " BapUaHTH

PA3/IMKA OTHOCHTE/IHA 3HAYUMOCT - OTHOCWTE/IHU PA3X04U
S—— Bapuant | Bapwant | Bapwant | Bapuant | Bapuant | Bapuwant | Bapwant | BapuanTr
1 2 3 4 5 6 7 8
1 DyHrupmA 1 6.43 6.75 6.55 6.85 5.75 6.07 5.88 6.19
2 Dy HKLMA 2 -5.45 -5.36 -4.96 -4.87 -4.96 -4.87 -4.49 -4.41
3 DyHKLUMA 3 2.71 2.48 2.88 2.65 2.88 2.65 3.04 2.81
4 DyHKUpmA &4 -9.85 -9.33 -9.92 -9.40 -10.32 -9.79 -10.38 -9.86
5 Dy HKUMA 5 5.39 4.37 5.56 4.55 5.56 4.55 5.72 4.73
6 DyHHLUMA b 1.65 1.79 1.19 1.33 1.79 1.91 1.33 1.46
7 DyHKLMA 7 -3.19 -3.08 -3.27 -3.16 -3.08 -2.96 -3.16 -3.04
8 Dy HKLMA 8 2.32 2.38 1.98 2.05 2.38 2.44 2.05 2.12
PA3NIMKN: OTH. 3HAMMMOCT - OTH. PA3XOAN

-12.00

=e=Bap.1

Bap.2 Bap.3

Bap.4 =#=Bap.5 =e=Bap.6

—e=Bap.7 =e=Bap.8

¢ur.3 Paznuku Mexxy OTHOCHTEIHHTE 3HAYNMOCTH M Pa3X0Iu M0 (GyHKIMN U BApHAHTH

2) nucbananc Ha QYHKIHSA | O OTHOUICHHE HA

OTHOCHUTEIIHUTE U Pa3Xo/au:
B
dﬂi :|ai_ﬂi|ﬁ (3)
3) komruiekceH aucbanaHc Ha GYHKIMS i:
o +
d%. =|a - g|—L 4
la-pl S @

Ot nucbanancuTe 1o HYHKIMH JIECHO MOXE Jia ce
U3YUCIAT MOMOOHHM COOpPHM  MOKasaTreind 10
BapHaHTH.

B Tabnuma 7 ca mpecmeTHaTH aucOamaHCUTE HA
(YHKOIHUTE TIO OTHOIICHHE HAa OTHOCUTEIHHTE WM
3HAYUMOCTH U Ca ONpEeJIeNICHH ChbOTBETHO CyMapeH 1
OTHOCHTEJICH ncOananc o BapHaHTH.
OtHocuTenHUTE ANCOANaHCH ¥ OTHOCHUTEIIHUTE
pa3xo/y 10 BapHaHTH ca npejcraBeHu Ha dur.4. Ot
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¢urypata ce BIDKAA,

IIOKa3aTcCIn JaBat Imo-sCcHa

4Ye Taka MPeIOKCHUTE
npezcTaBa

3a

OTHOIIIECHUATA 3HAYUMOCT-Pa3XOJd TI0 OTIEIHUTE
BapuanTy (cpaBuu ¢ur.4 ¢ ¢pur.2 u 3). OcBeH TOBa Te

M03BOJISIBAT B M3BECTEH CMHCBJI Ja CE€ CMEHS
,TJeqHaTa Touka™ — T.e. IPUOPUTET Ja c€ AaBa Ha

OTHOCHUTEITHHUTE
YCPEIHEHO

Ha

3HAYUMOCTH,
3HAYUMOCTHTE U

paszxonu
pasxonure.

nim

Ta6J1.7 Jucbananc Ha pyHKUMUTE U BapHaHTUTE (IT0 OTHOLICHHE Ha OTHOCHTEIHHUTE 3HAYUMOCTH) U OTHOCHUTEITHH
pa3xofH 1o BapHaHTU

OWCEANAHC Bap. 1 Bap. 2 Bap. 3 Bap. 4 Bap. 5 Bap. 6 Bap. 7 Bap. 8
DOyHrupa 1 1.4295 1.4991 1.4550 1.5228 1.2787| 1.3499| 1.3066| 1.3759
DyHKLUMA 2 1.0606 1.0417 0.9645 0.9478 0.9645| 0.9478| 0.8722] 0.8576
DyHKLMA 3 0.3011 0.2756 0.3197 0.2842 0.3197] 0.2942] 0.3375] 0.3122
DyHrupma 4 1.6419 1.5542 1.6534 1.5672 1.7196| 1.6321| 1.7294] 1.6433
DyHKLMA 5 0.7482 0.6063 0.7716 0.6320 0.7716] 0.6320] 0.7941] 0.6567
DyHKLUMA b 0.1378 0.1488 0.0892 0.1108 0.1488) 0.1594| 0.1108] 0.1219
DOyHKumA 7 0.0887 0.0854 0.0809 0.0877 0.0854| 0.0823| 0.0877| 0.0845
DyHKUMA B 0.1287 0.1323 0.1102 0.1141 0.1323] 0.1357] 0.1141] 0.1178

Iz auch. 42.80 5.5365 5.3434 5.4646 5.2766 5.4205| 5.2334| 5.3523] 5.1700
Ine. 40.72 4.9400 5.0400 5.0400 5.1400 5.0400| 5.1400{ 5.1400] 5.2400
OTH. guch. 12.9365( 12.4853| 12.7686| 12.3293| 12.6656| 12.2283| 12.5061| 12.0803
OTH. JIE. 12.1316f 12,3772 123772 12.6228| 12.3772| 12.6228| 12.6228| 12.8684
OTHOCHUTENEH ONCBEANAHC M PA3XOAM NO BAPUAHTH
13.2000

12,6000

12.2000

11,5000

11,6000

4

— O TH. AN CE.

5

- =0TH. p-gn

¢ur.4 OtHocuTesneH nucdanaHe Ha BapuaHTUTE (110 OTHOIICHHE Ha OTHOCHTEIHUTE 3HAUMMOCTH) U OTHOCHTEIHH Pa3X0.IH

4. 3AKJIIOYEHHUE

Ilen Ha paborata € ONTUMHU3ANMATA HA
JIOTHCTUYHUTE JOCTABKH dYpe3 H3MOJI3BAHETO Ha

®CA, a IMEHHO TIOCTUTAHETO W OCUTYpPSBAHETO Ha
KaueCTBEHU MaTepualik, €JEeMEHTHU U CHhCTaBHU
CrIIOOCHN €IWHUIM TP BH3MOKHO MHUHUMAITHU
pasxonu.
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Humutsp TYXKAPOB

OCA e npuiokeH TNPH pPa3IUIHA BapHUaHTH
JOCTaBKM W BB3MOXXHUTE HAYMHU 3a NPEIOCTaBSIHE
Ha wuH(OpMamusTa OT HEro IpH B3EMaHe HA
KOHKPETHH YIPABJICHCKH PEIICHUS BBB BPB3Ka C
JIOCTaBKUTE ca JUCKYTHUPAHHU.

Jebunupann ca mnokazaTequ 3a OIEHKa Ha
aucOanaHca Ha (QYHKIMUTE M Ha TAXHA OCHOBA €
ompejesieH T.Hap. OTHOCHUTENeH JucOajiaHc Ha
OTJICTTHUTE BapUaHTH.

[Mpexnoxenuar B  paborata momxon W
neuHUpaHUTe, BBB BpPB3KAa C HEro, IOKa3aTeln
LENAT pealu3upaHeTo B OBACII IUIaH Ha MOIYT 3a
®CA ¢ BB3MOXHOCTH 3a WHTerpupane upe3 [5,8] B
aBTOMAaTH3HMpPaHa CKJIaJ0Ba CUCTEMA.
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AN APPROACH FOR IMPLEMENTATION OF FUNCTIONAL VALUE
ANALYSIS (FVA) IN THE OPTIMIZATION OF THE SUPPLIES

Dimitar TUDJAROV
Logistics engineering department, Technical University-Sofia, Bulgaria
e-mail: dtudjarov@tu-sofia.bg

Abstract: The work proposes an approach to use the means of the Functional-Value Analysis (FVA) in the optimization of
logistic supplies, which expands the analysis and optimization of the management of the same, by adding quality charac-

teristics in the evaluation of different options.

Basic information about the nature of the FVA is given and an example application of the approach is presented.
Based on the work it is proposed the development of a F\VA module capable of integration in an automated warehousing

system.

Keywords: logistics engineering, functional cost analysis, supply management, optimization
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CbhbIIHOCT U BUAOBE CUMETPHUH B ACIIEKTA HA OBILIIA TEOPUSA HA
CUCTEMUTE U IPWJIOXKEHAETO UM B UH)KEHEPHUSA JTU3ANH

bopsna TEOPTUEBA

katenpa , Mmkenepen nuzaitn”, Texundecku ynusepcurer — Codust, Benrapus
e-mail:b_georgieva@tu-sofia.bg

Pestome: Crartusara pasriiexaa ChbUIHOCTTa Ha obmia teopust Ha cucremure (OTC), ponsra i B ChbBpeMEHHATa HayKa.
Pa3z6upaneTo 3a cUMeTpHs B KJIACHYECKHU acIeKT U OT riieaHa Touka Ha OTC. Bunosere cumerpun, TeXHUTE 0COOCHOCTH U
BB3MOXKHOCTHTE 33 NPUJIOKEHHETO MM B PA3JIMYHU HAIPABICHHUS Ha JW3aiiHa — MPOMMIIUICH, MOJICH, HHTEPHOPEH H JIp.
W3sicusiBa ce ¥ IpupoaaTa Ha CHITBTCTBAIIUTE ITOHATHS — ACHMETPUS U ICCUMETPHUS, KAKTO U TEXHHUTE IPHII0KEHHSI.

KuarwouoBu AYMH. CUMCTPHS, aCUMETPUsI, JTUCCUMCTPHS, 061ua TEOpHs Ha CUCTEMUTE, nH3aitH

1.Bb3HUKBAHE U CBIIHOCT HA OBILIA
TEOPUSA HA CUCTEMMUTE

Ormie OT JPEeBHOCTTAa CE W3MOJ3Ba JymaTa ,CHC-
TeMa” TIpU OMUTUTE 32 00SCHEHUE HA OKOJIHATA Cpelia
U BB3HHKHAJIWTE BPBH3KH MEKIY HEs W pasrickia-
HaTa CUCTEMA.

B cBBpeMEHHOCTTa, aKO C€ HAlpaBU OIHT 3a
aHaJIM3 W CIHCHK HA MOJACPHHUTE IMOHSTHS, JAyMmara
»CUCTeMa” TIe 3aeMe eHO OT IMbpBUTE MecTa. KoH-
LENuMsaTa 3a CHCTEMHOTO MUCJIEHE M CHCTEMHHMS
aHAM3 € paslpoCTpaHeHAa BBHB BCHYKH HAYYHU
chepu. CHCTEMHOTO MHUCIICHE HWMa JTOMHHHpAIIA
POJISI B IMPOK KPBI' 00JIACTH; BCHITHOCT, MOXKE 1a C€
Ka)ke, ue HsAMa 00JIaCT B KOSTO TO Ja HE CE CIIOME-
Hasa. [13]

AKO ¢ BB3MOXKHO J]a ce HampaBu 000O0IICHHE Ha
CBOJIIOIMATA HA ChBPEMCHHATA HAYKa, IIIE CEe OTKPHE,
4e B pa3iIMYHH HAYYHH [TOJPA3JICIICHUS, HE3aBUCUMO
€HA OT Apyra, Ca CBOJIOMPAIN CXOMHH OOIIU KOH-
LENIUN U TiIeaan Touku. Kato 00001eHne Moxe 1a
ce MPEUIOKU TBBPACHUETO Y€ IOKATO B MHHAJIOTO
HayKara C¢ € ONMWTBaJa Ja OOSICHU SIBJICHHATA Ype3
CBEXKJIAHETO UM 1O B3aMMOJEHCTBHE HAa CHCTaBHU
YacTH, KOMTO Morar Ja ObIaT W3CIeABaHUd HE3aBHU-
CUMO €IHa OT Jpyra, B ChbBPCMCHHATa HayKa BBHB
BCHUYKH OOJACTH C€ OTKPHUBAT KOHIICIIIUHU 3a sIBIIC-
HUETO, HAPUIAHO ,I[SUIOCTHOCT .

TakuBa KOHLEIIUH CE MOSABSABAT HABCIKBIIE, BbB
BCHYKHM KJIOHOBE Ha HayKaTa, HE3aBHCHUMO JaJd
00CKT Ha W3CIICIBAHE Ca HEOAYIICBEHH IPEIAMETH,
JKMBH OPTaHWU3MU WM COLMAIIHU siBiicHus. Hamara ce
MHCHHMETO 3a 00Ia MPOMsHA KbM OTHOIICHHETO B
HayKaTa U HAYYHHUTE KOHIECIIIMH, KaTO BCE MO-4E€CTO

3amouBa Jia ce 3ajaBa BBHIPOCHT: KakbB € mpowms-
XOIBT HA TE€3H CHOTBETCTBUS ?

HabmromaBaT ce Bce mmoBeye M IOBEUYE CHOTBET-
CTBHS KAKTO B OOIIUTE aCIEKTH, TaKa U B IJICAHUTE
TOYKH TIPH PA3TMIHUTE HAYYHU O0JIACTH, KOUTO CE
OKa3BaT WJCHTUYHH WJIM Ka3aHO MO JAPYr HaduH,
HaOMomaBaT ce H30MOp(QHHM 3aKOHW B HAIBIHO
pasnuaau obnactr. 3oMoppu3MbT HE € HEO HOBO
caMo 1o cebe CH, HO ce € Bh3ImpHueMas B OJM3KH 10
MEXIy CH CpepH HIIU TOPU CaAMO B PAMKHUTE Ha €IIHO
Hay4YHa 00JacT, KaTo (U3MKAaTa HAIPUMEP, HO BB3-
MOJXKHOCTTA 3a IPWJIATAHETO MYy B Ha MPBHB IOTJICH
HAIBJIHO Pa3IMYHH 00JIACTH HE € OMiIa pas3riiexaaHa.
ToBa BaXkH ¥ 3a SIBJICHUS, KBJICTO OOIIUTE MPUHIIUITA
MOraT Jia ce OIMMCBAT Ha OOMKHOBEH €3HK, MOPaau
HEBB3MOXHOCTTa Aa ObJaT (GopMyJHpaHU C MaTe-
MaTH4ecKu m3paszu. Kato mpumMep 3a TakwBa MPUH-
UM MoTaT Jia ObJaT MOCOYEHU TEHIANT BB3IPHS-
THATA B TIcUXosorusaTa. [IoTBBpXkmaaBa ce TBBpIe-
HHUETO, Y€ CHIIECTBYBAT 001N 3aKOHU Ha BeeneHara,
MIPUJIATAaHETO Ha KOUTO € BB3MOXKHO 3a BCSIKA CHC-
TeMa OT ONPEJACICH THII, HE3aBUCUMO OT OCOOCHO-
CTHTE Ha CBOMCTBaTa M WX HEHHMTE elleMeHTH. Jlo-
Ka3Ba ce, 4e M30MOopQu3anusaTa IpeICTaBIsABa CIHA
oT yetupute (HOPMHU HA H3MCHECHUE HA MATCPUSATA U €
HETNOCPEJCTBEHO CBhP3aHa KaKTO C TCHE3HCA, TaKa U
ChC CHCTaBa, CTPYKTypaTa W CBOWMCTBaTa Ha IIpH-
ponuure o6ektu. [8,12]

YOexaeHueTo, 4e HaydYHUTE H3CIEIABAHUS ca
CTaHAIM TBBHPJIE TECHU M CIEIUAIN3UPAHU U Ue Ha-
YYHUTE JUCIMIUIMHU ca M3TYOMJIM BpB3KaTa IOMe-
YKy CH, C€ Hajiara Bce ToBeUe M IOoBeUe cpeia Hayd-
nute cpean mpe3 20 u 30™ roauum Ha 20 Bek.
Broparta cBeroBHa BoiiHA 3a0aBsi BPEMEHHO IIPO-
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LEChT HA MHTETpalus, HO CJIel Kpas i, OCh3HATaTa
HEOOXOUMOCT OT HayyHa KOMYHHUKAIUS IOJTHUKBA
W3CJIENIOBATENIM OT PAa3jMYHH HAy4YHU OOJNACTH Ja
cp3panar ,Jpyxectso Ha OOmara Teopus Ha CHUC-
temutre” npe3 1954roauHa.

VYupeautenuTe Ha TOBa IPYKECTBO ca.

e Jlynsur ¢on bepranandu — Onoor;
* Kenet boynauHr — MKOHOMUCT;

e Amnaron PamonopTt — bnoMaTemMaTuK;
e Pand XKepapn — pusuosnor.

Ienra Ha APYKECTBOTO € TOOMIPSIBAHE KOMYHH-
KallMUTe MEKIY YYCHHUTE, yJCCHsBaHC OOMEHa Ha
HAYYHW 3HAHWS U MUHUMH3HpAHE HAa TyOIHUPaHETO
MEXIy HaydyHHTE H3CICIBaHUSI. MHO3MHCTBOTO OT
CUCTEMHHUTE KOHIICIIIIMH MOTaT Ja ObJaT OTKPUTH B
CHBKYITHOCTTA OT MPHUHIIUIIH, OTpa3sBalla UJICUTE Ha
JIPYXKECTBOTO, CTaHaa W3BeCTHa Karo ,O0ma Teo-
pus Ha cuctemure” (OTC).

ITo cBosiTa cemHOCT, OTC MpencTarisiBa HAyIHA
M METOMOJIOTHYHA KOHIIENIMS 3a HW3CIeABaHE Ha
00eKTH, KOMUTO caMu 10 cebe CH TpeACTaBIsIBAT
cuctemu. Tst ce sBSIBa KOHKpPETH3AIMs Ha TPUHIIM-
MUTE ¥ METOANTE Ha CHCTEMHHUS Moaxoj. Tasu Teo-
pus e mpeanoxeHa mbpBoHaYaiIHO OT JlyaBur doH
Bepranandu npe3 Bropara nosnosuna va 30" roguHu
Ha 20 Bek. OcHoBHHTEe macu Ha ,OO0IIa Teopus Ha
cucTeMuTe” MHPBOHAYAIHO Ca M3JI0KCHU B IEPHO/Ia
1937-38. B nexkuuu B Unkarckusi yHUBEPCUTET, a
OBPBUTE MyONHMKALMK IO TEMaTa Ce IOSIBSIBAT B
cieaBoennus mepuon 1947-50r.

CHCTEMHUAT MOIXOJ 1aBa CIUH HOB M Pa3IHUCH
HAYWH HA MHCJICHE, HACOYCH KbM H3ydYaBaHC Ha
obekTuTe W SABJICHMsTA KaTo Iputo. OcHOBHATa My
e € Pa3BUBAHETO M IMOOUIPSBAHETO HA HETPAJIH-
[IMOHHOTO MHCJICHE B PA3TUYHU JUCIIAILTAHY. [14]

Cropen HanoXwuiara ce KpaTka JIeQUHHUIIVS,
cucTeMaTa ¢ MHOKECTBO OT €JICMEHTH, HAMHPAIIHU Ce
BbB B3aMMOJICHCTBHE MO MEKAY CH M C OKOJIHATa
cpena. ToBa Moxe ma ObJe M3Pa3eHO 1O PA3IUYHU
HauynHU. BB3MOKHO € IMOKa3BaHETO Ha HIAKOIIKO Ha-
YHHA 3a ONKMCAaHUEC HAa CHUCTeMHuTe. B pesynrar ot
TOBa, MOrar Ja ObJAT NMPHJIATaHU PA3IHMYHH MaTe-
MaTHYHHU M JIOTHYECKH MeToIH. [12]

Konnennusara 3a OTC Bb3HHKBa KaTo 000011€E-
HUC HAa TPUHIMIIUTE HA TCOPUITA HA OTBOPCHUTE
cucremu. [1o CBOS 3aMUCHI MPEICTaBIIABA U3PA3si-
BaHE Ha CHINECTBEHNUTE M3MEHEHHs Ha IMOHATHIHATA
KapTHHA Ha CBETA, HACTHITNJIA B HAYAJIOTO HA XX BEK.
Bbasupa ce BbpXy pasOMpaHETO 3a CICAHUTE TPHU

eTama Ha pa3BUTHEC HA MPEIMETUTC HA HAYYHHS
aHamu3:
1) mBPBOHAYANHO Ce Pa3rIeka OpraHU3Upa-
HaTa IPOCTOTa — KJIAaCHYECKaTa MCXaHHKA;
2) crnemBa HEOpraHWU3UpaHATA CIOXHOCT —
KJIacH9IecKaTa cToXacTHdecka (pru3uka;
3) Ha CBOW pem ciemBa OpraHW3WpaHATa
CJIOKHOCT KaTO OCHOBa Ha Haykara Ha 20
BEK.

[omynsapusupaneTo Ha OpraHU3WpaHaTa CIOX-
HOCT W OpraHM3alMsATa Ha CHCTEMHUTE KaTo IpeaMET
Ha M3CJelBaHE, BOJIU JI0 MOCTAHOBKATA HA HOBA IIO-
3HaBatenHa 3aaa4a. Criopen bepranandu, moctpos-
BAaHCTO HA Ta3W TCOPHs H3KMCKBAa pEIIABAHETO HA
npoOJieMH ¢ MHOTO NPOMEHIIMBH, KOETO O3HauyaBa
HEOOXOJIUMOCT OT BBHBE)KJAHEC HA HOBH HOHATHIHU
cpencrea. XapaktepHusaT 3a 19 Bek cTpemex na ce
CBeJie IUIOTO HIBO Ha PEANTHOCTTA 10 (PU3MUIECKOTO,
Ce CMEHs ¢ pa30MpaHeTo 3a CBETa KATO MHOKECTBO OT
pazHooOpa3Hu chepu Ha JACHHOCT, Makap W TSACHO
CBBP3aHU eHA C IPYTa, HO HECBOINMH IT0 MEXKTY CH.
Ta3u KOHIENIHS U3XO0XAa OT pa3OMpaHeTo 3a JbII-
Ookata nugepeHIuanys Ha ChbBPEMEHHOTO HAy4YHO
M03HAHWE M HEBB3MOXKHOCTTA Ja C€ IOCTPOM YHU-
¢bupana Hayka Ha OCHOBaTa Ha Qu3sukara. [7]

Benuku n3kazanu ot bepranandu choOpakeHus
BOJSAT JO TMOCTYJMPAHETO HA HOBaTa HAYyYHA IUC-
LUIUTMHA, KOSTO MPUIOOMBA MOMYJISPHOCT IMOJ Ha-
uMeHoBaHueTo OOma Tteopwss Ha cucTeMHuTe. B
KpaifHa cMeTKa, TS CTaBa JIOTHKO—MaTeéMaTH4yecKa
obnacT, YMUTO MpenIMeT Ha u3cieaBane € HopMyIu-
paHeTO W TpWIAraHETO HAa BCHYKH NPHHIWIH, Ba-
JUIHU 32 CHUCTEMHUTE KaTo Iu1o. Tasm Joru-
Ko—MaTemaTtniecka o0acT cama 1mo cebe CH € YHCTO
(dopMaiHa, HO ce OKa3Ba MPWIOKHMAa 33 BCHYKH
CBBP3aHU ChC CHCTEMHUTE HAYKH.

baszosu xateropun na OTC ca: exemeHT, cucre-
Ma, CTPYKTYpPa, BPB3KH, OTHOLICHUS U JIP.

OTC mnoctynupa €IUHCTBO Ha EJIEMEHTUTE U
CBOWCTBATa, MPOSBSIBAIIO CE B HAIMYHETO HA OOIIU
3a ISUTOTO MHOXKECTBO CBOKMCTBA M (pyHKIMH. Beska
cucTeMa IMpHUTEe)KaBa OTHOCHUTEIHAa aBTOHOMHOCT Ha
cBoeTo moBeneHne. OCHOBHUTE XapaKTEePUCTHKH Ha
BCSKA €IJHAa CHCTEMa ca HEHHHAT ChCTaB, CTPYKTYPA,
BPB3KH MEXIY CHCTABSIIUTE 5 €IEMEHTH, a TIPH OT-
BOPEHUTE CUCTEMH M B3aWMOJAEHCTBUETO il C OKOJI-
Hara cpena. Beuuku Te 06pasyBat CII0KHO €IMHCTBO,
KOETO Hai-1o0pe ce ommcBa 4pe3 CIeIHOTO KaHO-
HUYHO YpaBHCHHE 3a CHCTEMa:
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S = def{Fg;,[F,(M.R. 7)Q,Q,]G} (1)
KbAeT0: M —MHOXECTBOTO OT ChCTABHUTE CIICMEHTHU
Ha cucremara; R — MHOXECTBO HA OTHOIICHUATA
MEXJy ChCTABHUTE €JIEMEHTH Ha cucremara, Z —
3aKOH 332 KOMITO3UIIMATA, MPEICTABIISIBAI HANH-00II0
BHUJI TIOJIPEJICHOCT U M3SIBSIBAILl CE YPE3 CTPYKTyparTa
Ha cucremata; Q; — ycioBHs 3a ChILECTBYBaHE Ha
cucremara; Q, — aKTHBHM BBHHIIHH ycioBus, G —
pE3yJITaT OT ChIIECTBYBAHETO M JEHHOCTTA HA CHC-
Temara.

OTC 3amaBa 0000IIEHO OMMMCAHUE HA CUCTEMH OT
pa3NMYHM KJIacoBe W THIIOBE W pa3paboTBaHe Ha
crenupuIHN METOIU 33 TEXHUsI aHanu3. Ts He Tpe-
TEHAMpa 3a Ch3JaBaHETO HA BceoOlmla Hayuy-
HO—TEXHHYCCKA TEOPHUS Ha CUCTEMHHUTE OOCKTH, HO €
B CBCTOsIHHME Na (opmynupa o0O0OIIEHO 3HAHWE B
cTporo TeoperudHa popma [4].

2. CHMETPUS — CbIIHOCT U BUJIOBE

Enna ot oOmoHay4YHHTE KaTETOPHH, KOSTO €
o6exT Ha nzcneasane oT OTC e cumerpusTa.

Jymata cuMeTpus TpoW3IH3a OT APEBHOTPH-
HKOTO GUUUETPEN — ,M3MepBaM 3aedHo”, O3HAYaBa
BBTpEIIHA CaMOTOJAOOHOCT Ha JaJcH OOCKT, M3Me-
peHa 4pe3 aajaeHa popmaiiHa CUcTeMa OT mpasmia. B
Haii-00II CMHUCHJI Ha JymMaTa CHUMETPHATA € ChOT-
BETCTBHE, HCM3MCHHOCT WM OIIE WHBAPUAHTHOCT
IpH HSIKAKBA WM3MCHCHUS WIM mpeoOpa3yBaHus.
OOWKHOBEHO C€ IpWiIara B ChOTBETCTBHE C JIBE OC-
HOBHH 3HaueHUs. [IbpBOTO € 00II 1 HETOYEH CMUCHIT
Ha XapMOHWYHATA WM E€CTETHYHA MPOIOPIHOHAI-
HOCT M OajaHC, Taka 4e Ja OTpa3sBa KpacoTaTa H
CBHBBPIIEHCTBOTO. BTOPOTO 3HAaUEHHE € TOYHO U SICHO
neduHUpaHa KOHICTIINS 332 PaBHOBECHE WIIH ,Ia-
PEHO MOITYCXOJCTBO”, KOSITO MOXKE JIa C€ TOKAKE UK
€ JI0Ka3aHa B CHhOTBETCTBUE C MpaBwiata Ha Qop-
MaJIHUTE CHCTCMH. MaTeMaTuka, ¢pusuka u T.H. Kato
CHHOHUM HAa CHUMETPHS HSIKOM aBTOPU H3IIOJI3BAT
TEPMUHBT Chpa3MepHOCT. [5, 21]

BekoBe Hapesa cuMeTpusaTa ce € MmpHeMana Kato
ecteTndecka kateropus. C HadalmoTo Ha M3CIeaBa-
HUSTa Ha KPHCTAIOTpa(CKUTE CTPYKTypH CE H3BE-
KIAT TO0-IEeTCPMUHUPAHN XapaKTEPUCTUKA U CE H3-
BEXKJa OT KOHTEKcTa Ha ecreTnyHoTo. Ho B nu3aitna
MacoBO ce€ IpuIara XyZ0>KeCTBEHOTO THIKyBaHHE Ha
TEPMHUHA, PA3IIICKAAT CE CAMO MPOCTUTE CUMETPHH U
KaTo MPOTHBOIOCTABSIHE CE W3IOJI3BA CIHUHCTBCHO
acumerpusrta. [2, 10, 11]

Jlymara acuMeTpHs CBIIO NPOW3NIN3a OT JPEB-
HOTPBLKHU GOVUUETPIO. — HECHPA3MEPHOCT, UETPEWD —
n3MepBaM M OYKBaJHO CE€ NpUEMa KaTro OTCHhCTBHE
WM HapyILICHUE Ha cumeTpusata. [21, 22, 23]

Ho ako ToBa € OWJIO TOCTaTBYHO NpE3 IBJITOTO
BpeMe Ha ChIIECTBYBaHE Ha YOBEYECTBOTO JJHEC BEUe
He ce mpuema Taka. ThpcsaT ce u ce neduHHpar
MO-KOMIUIEKCHH U CIIOHU KaTeropuu, e MHUpAT ce
HOBH TIOHATHS, pa0bOTEM B pa3ivMdH{d HAYyIHH 00-
JIaCTH.

[MpuHUMIIMTE HA CHUMETPHS — aCHMETPHs Ce H3-
MOJI3BAaT BB BCHYKHM 00JIACTH HA ChbBpEMEHHATa Ha-
yka. Te uMaT BaxkHa poJii B MATEMaTHKATa, JTOTHKa-
Ta, ¢punocodusira, U3KycTBOTO, OMONIOTHATA, (HU3N-
KaTa, XUMHATA U JIp., KOUTO CE€ 3aHMMaBaT ChC CHC-
TEMHTE, KaKTO U C MPOBEXKAAHE HA M3CICIBAHUS B
oOnactTa Ha obmara metomonorus. dunocodusra,
KOSITO Ce IpUeMa 3a OCHOBAa HA BCHUYKU HAYKH, pas-
JIelisl CHMETpUsITa B ciequuTe rpymnu. [IspBarta rpyna
€ Ha TeOMETPUYHATA CUMETPHSATA, T.€., CAMETpHs Ha
MOJIOKEHHeTo Ha (opmute U CTpyKTypute. ToBa e
CHUMETPHsI, KOSITO MOXe JIa C€ Bh3IpPHUEMa BU3YalHO.
Bropara rpyma e cuMerpusTa Ha SBICHHATA U 3a-
KOHHTE Ha mpupojaTa. B xoja Ha BeKOBHATa Mpak-
THKa Ha 3HaHUETO 3a CBETA M IT03HABAHETO Ha 3aKO-
HUTE Ha OOEKTHUBHATa PEATHOCT, YOBEUYECTBOTO €
HATpyNajo JOCTaThbYHO JAHHH, 32 TOBA Y€ B 3a00U-
KaJISILIMs HY CBSIT IEWCTBAT JABE TCHACHIMU: OT €HA
CTpaHa, Ha TEHJEHLHUS 33 NOPSIbK, XapMOHHs, & OT
Jpyra — 3a HapyliaBaHeTo UM. B Ta3u Bpb3Ka, Karte-
TOPUUTE CHUMETPHUS — aCUMETpHUsl Ca BKIIOYEHHU B
obmara ¢umocodhus Ha TOHATHHHUS amapar M ce
pasriiexaar KaTo JBe B3aUMOCBBP3aHH M B3aUMHO
3aBUCHMH Kateropuu. Jlorniecka OCHOBa 3a OIpe-
JICNISTHETO MM € JHUaJleKTHKaTa Ha HMICHTHYHOCT M
pasnuvue, KOUTO ca Hepa3puBHO CBBp3aHu [5].

KakTo npoxbiokeHHe Ha Ka3aHOTO U B CHOTBET-
ctBue ¢ npuHnunure Ha OTC, e u3BeneHo cnegHOTO
OIIpeJieJICHUE. CUMETPHUATA € CBOWCTBOTO Ha CHCTe-
MHUTE Jla ChbXpaHsIBaT CBOUTE NPU3HALU MTPEIN U CIIe]T
HSKaKbB KpaeH Opoil W3MEHEHHWs, HACTHIBAILU B
chcTeMaTa, JO0KaTo acHMETpHsTa € CBOWCTBO Ha
CHCTEeMHUTE J1a HE ChXPAHSBAT HPU3HALUTE CH CIIE]
n3MeHeHusATa. CUMeTpusITa MOXe aa Obae crpsaMmo
€JIEMEHTHTE, CIPSIMO CHCTEMAra M CIPSIMO KOMOU-
Hanuure. [6, 9]

CalliecTBYBaT TPU BHJA POCTH CUMETPHUH:

* Ornenanna (OunatepanHa) cuMeTpUs —
IUIOCKOCT Ha CHUMETpPHUSATA, KOSITO OIJIEAAIHO OTpa-
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3s1Ba [pyTaTa IMOJIOBMHA Ha JajicHa cucteMa. Hapuya
ce M cumerpusi. Moxe Jia ce cpelnHe u Karo ped-
JICKTOpHA cuMeTpus. ToBa ¢ cUMeTpusi, pasrieKia-
ma OTPAXCHUSATA B PA3IMYHHUTE IPOCTPAHCTBCHH
HM3MEPCHUS:

0 B 1D —emHOMEpHO IPOCTPAHCTBO, HATIPUMEP

YHCJIOBA OC MMa TOYKA Ha CUMETPHS;

0 B 2D —nByMepHO NpOCTPAHCTBO, IOBbPXHUHA

MMa TpaBa Ha CUMETPHUS;

0 B 3D —TpHMepHO IPOCTPAHCTBO MMa PaBHUHA

Ha CUMETPHSL.

IIpaBara Ha cuMeTpus 3a OByMEpHa Qurypa e
JUHUS, KOATO pasnens (urypara Ha JBE CIHAKBH
yactu. KBazparhT HanpuMep UMa YETUPH IPABU HA
CUMETpHS, ThI KaTO MMa YCTHPHU PA3IMYHN HAYMHA
Jla ce pa3/ieiiy Ha JIBE CIHAKBU YaCTH — IAArOHAIIUTE
My ca JBe TakuBa npaBu. KpbrbT mMa Oe3KpaiiHO
MHOTO MPaBH Ha CUMETPHS — BCEKH €/IMH HEerOB JIU-
aMeThp MPEeCTaBIIsIBA TAKaBa MPaBa.

Axo, Hanpumep, OykBata T pednextupa okoyio
BEpTHKAaJHA [paBa, ce MojlyyaBa ChIMUS 00pa3, T.e.
OykBara T umma BepTHUKaiHa MpaBa Ha CHMETPHSL.
Moske J1a ce CpelHe U KaTo JISIBO—ASCHA CUMCTPUS.
Ta3u cuMeTpusi B HAKOW CIIy4aud CE Hapudya XOpH-
30HTAJIHA, @ B JPYTU BEPTUKAITHA.

TakaBa mpaBa Ha CHMETPUS UMAT BCUYKH paB-
HOOCIPCHU TPUBIBIHHIIN.

e OceBa (akcuajaHa) WK N CUMETPHUSI — CUMET-
pust cripsiMo ipaBa. [Ipu IbJIHUSIT 000POT OKOJIO OCTA
Ha CUMETPHs MOXe J]a UMa JIBe WK rnoBeve (aszu Ha
chBIIaJicHHe. BposT Ha ChBHAJACHUATA Ce Hapuya
HOPSIIBK Ha CHMETPHUSATA, KOSITO € LISUIO YHUCIIO MEXKIY
nBe u 6e3kpaitHocT — pur. 1.—1+4,

11 1.2. 1.3. 14
¢ur. 1 Ocesa cumerpus [3]

¢ur. 1.1. n=2;pur. 1.2. N=4,aK0 eIEMECHTHUTE Ca OT
ennaksB Matepuan; ¢ur. 1.3u 1.4. n=2,ako ene-
MeHTUTEe (IBETE CTPENIKH) Ca OT Pa3IMyYeH MaTepHall.

leomerpuunn GUTYpH KaToO IUIMHIBP, KOHYC,
enurcons, chepa ce BBPTAT OKOJO OC, MHHABAIlA

npe3 neHTbpa uM u N=oo. Cdepara npurexaBa TpUTe
BHUJIa CUMETPHHU.

[MouTn BCHYKH S>KMBOTHH HMAT [OBEYE WM
no-mManko (HO HE ChBBPIIEHA) BEPTHKAIHA OC Ha
CHMETPHSIL.

¢ IlentpoBa cumerpust — ur. 2.

W

¢ur.2 Ienrposa cumerpust

* DBuHTOBa cCHMeTpus — XapakTepHa € 3a
o0eMHU QUTypH, UMalI¥ LEHTpaIHA OC ¥ HEpaBHO-
MEpHO pa3BUTHE B HAUIHKHOTO HaIpaBIICHHE,
CMeCBaHe M ChKpallaBaHe 110 Ta3K oc — ¢ur. 3.

¢ur.3 Bunroa cumerpus [15]

2.1.YacTHM 3aKOHH HA MPOCTHUTE CUMETPHU CIIO-
pen OTC

3aKoH Ha JIByCTpaHHATa CUMETPHUs — [IPOU3BOJICH
00eKT, KOMTO THPIU CHIIECTBEHO BIMSHHE HA Cpe-
Jara, oz opMaTa Ha J[Ba OTOKA BELIECTBA, EHEp-
MMM WM UHPOPMAIMOHHU CHUTHAIIM, HAMUPAIIN Ce
MOJ{ BI'BJI €IMH CIPSIMO JAPYT UMAT CUMETPHS M, KaTo
IUIOCKOCTTA HA CUMETPHsSI € YCIIOpEIHa Ha HarpaB-
JICHHETO Ha BEKTOPUTE HA JICHCTBHE HA MOTOIIMTE.

3akoH Ha oceBara cuMeTpusi. Ma Tpu citydas Ha
MPOSIBIICHUE:

*  NPOU3BOJICH 00EKT, KOUTO THPIIU CHIIECCTBCHO
€/IHOMOCOYHO JCUCTBHE HA Cpelara BbB BHJ HA I10-
TOK BEIL[ECTBO, CHEPI'Hsl HJIM CUTHAJIN, UMa CUMETPHS
N wig N.M ¢ 0C Ha CUMETPUs MapajeiHa Ha JNeucT-
BHETO Ha CPe/IaTa;
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*  TPOM3BOJICH O0EKT, KOWTO THPITH CHIIECTBEHO
BEPTHKAJIHO JEHCTBHE, Karo cuwia Ha TEKeCT, U
PaBHOBEPOSITHO MJIM PAaBHOMEPHO Pa3MpE/ICICHO BbB
BCUYKHM IOCOKH IIIOCKO—TIAPaeHO XOPH30HTAIHO
JIeiCTBHE Ha cpeslaTa BbB BUJI Ha ITOTOLM, BEIIECTBA,
€Heprus WM CUTHAJIM, IMa CHMETpHSI N Wi N.M ¢
BEPTUKAJIHA OC HA CUMETPHS;

* TIPOW3BOJICH 00EKT, KOMTO THPITH CHIIECTBEHO
PaBHOBEPOSTHO WIIM PABHOMEPHO PA3MpPE/IEICHO BHB
BCHYKH ITOCOKH, OT BFTPE Ha BFH M 00PATHO, IUTOCKO
mapajenHo [IeiicTBHe Ha cpegaTa BbB BH Ha TOTOK,
€Heprusi, BEIECTBO, CUTHAIN, UMa CUMETpUs N Win
N.muta M.N.mM (M.n.Mm—cdepu u chepudHu 00SKTH).

3aKOoH Ha LIEHTPOBAaTa CUMETPHS — BCEKH OOEKT,
KOWTO TBHPIHM BB3ICHCTBHE OT BCHUYKU CTPaHM, OT
BBTPE HaBBH M OOpaTHO, CHILECTBEHO, PaBHOBEPO-
STHO WJIM PAaBHOMEPHO pa3lpelesieHO AEHCTBUE Ha
cpemata BBB BHJ Ha TIOTOIM, BEIIECTBO, €HEPTHS,
CUTHAJIH, IMaT IIEHTPaJTHa CUMETPHS.

Ha 6a3ara Ha Te3W YacTHU 3aKOHH € (OpMHpaH
0011 3aKOH Ha MPOCTHTE CHUMETPHH — IPOU3BOJICH
00€KT, KOUTO THPIHU CHIIECTBEHO BBH3JCHCTBHE HA
cpenarta BbB BUJ Ha IOTOLM, BELIECTBA, CHEPTUH H
CUTHAJM, NpHUTEXKaBa OIpENENeH TUIl CUMETpus,
orpejiesieHa OT KOMOMHAIIMU OT MOTOLUTE U TEXHUTE
XapakTepUCTUKH. [3]

2.2.Te3uc na Iuep Kiopn 3a cumerpusita

CuMeTpusTa Ha cpelata OKas3Ba BIIHSIHHE BBPXY
CHMETpHUsTa Ha TSJIOTO, BB3HHMKBAIIO WM (DyHK-
[IUOHUpAIo B Ta3u cpena. Ilomydyenara B pesynrat
¢dopMma Ha TAIIOTO ChXPaHsIBa caMO TE3U EIEMEHTH Ha
CBOSITAa COOCTBEHAa CHMETpHsl, KaTo ChBIAJa ¢ HaJO-
KEHHTE BBPXY TIOTO €IEMEHTH Ha CHUMETPUHM Ha
cpenata. V3BoabT €, 4e cpenara Ooka3Ba BIUSHHAEC —
¢wur. 4. [3, 6]

¢ur.4 Chepa B 6e3TErIOBHOCT U B THHAMHUKA

Morar fa ce HampaBsT CICAHUTE 0000UICHUS:

*  Bcsiko 151710, KOETO C€ BBPTH OKOJIO JaJIcHa OC,
HO B CJIBOCHUTE MY KpawWIlla JeHCTBAT Pa3IUYHHU yC-
JIOBHSA, TIPUEMa CUMETPHS N.

* Bcwuuko, K0eTo pacTe WIH Ce ABWXKH BEPTH-
KaJHO, OT J0JIy Ha TOpe U 00paTHO, CTIPSMO 3eMHaTa
MMOBBPXHOCT C€ TOAYMHIBA Ha paJHaIHO—IThYEBa

cumerpusi (dur. 5). A BCHYKO KOETO pacTe WU Ce
JIBUKM XOPU30HTAIHO WM MO HAKJIOH CIPSIMO 3€M-
HaTa TOBBPXHOCT c€ MOAYMHSBA Ha OuiaTepaiHa
CUMETPHSL.

¢ur.5 Paguanno—nsueBa cumerpust [17]

Cnopen obnactra Ha TposiBieHHE ce neduHupar
CJICTHUTE CUMETPUU:

* TCOMECTPUYHA CHMETPUS — MATEMAaTHYCCKO
MOHSATUE, PECIHCKTHBHO MAaTEMAaTUYCCKH OOCKTH,
KOHMTO MMAT €JHO3HAYHO MaTeMaTHYECKO OITUCAHHE;
¢burypure ca cb3IaIeHH Ype3 AHATUTUYIHO 3aa/ICHN
3aBUCHMOCTH,;

* CTPYKTypHa CHMETpHsS — TS ce HaOlioaaBa
I'BPBO BBB BELICCTBEHUTE OOCKTH M C€ CBHP3BA U
pasriexxaa B TACHA  Bpb3Ka € TEXHUTE
(u3nKO—XMMUYHHU cBoiicTBa. Cpelna ce mpeuMHO B
KkpucranorpadusTa;

* (YHKIHOHAJIHA CUMETPHUS — TS Ce MPOSIBSIBA
IIPH B3aMMOJICHCTBHETO HA MaTCPUAITHU OOCKTH, T.C.
MMa HAKAaKbB THIT €HEPTHs — IPU B3aUMO/ICHCTBHE Ha
IBa wiaM mnoBede obekra. Hsma camocTosiTenHo
3HaueHune. OYHKIMOHAIHA CUMETPUsI ce HaOJI0]aBa
BbB  ¢urypure Ha Xuamgau (pur.6) uw B
eJIEKTPOMATHUTHUTE BBIHH [6, 8, 9, 10].

IIpe3 192%. B pe3ynar OT MpodyBaHWS Ha HE
€/IMH M3CIIeZI0BaTeN OT Pa3IniHU CTPAHH € U3BEACHO
MOSIHAETO ~aHTHCUMETpus. B  ocHoBata My e
3ajersana ujaesTa 3a CUMETpHS Ha
MPOTHBOMOKHOCTUTE, TIO3HATA OIIE OT BPEMETO Ha
nuraropuiinure. ChIIHOCTTa HA AHTUCUMETPHSATA CE
3aKJIF0YaBa B MPUIMCBAHETO HA BCSAKA TOYKA OT €HA
¢urypa Ha 3HaK + WIM — KOUTO CHOTBETCTBAT HA
.CbCTOsHUE 1" W ,chcTosHHE 2”7, ciiel] KOeTO Ha
M30METPUYHOTO TpeoOpa3yBaHue Ha (Qurypara ce
Hapuua mpeoOpa3yBaHe Ha  CHUMETpUS WX
aHTUCHMETPHS B 3aBHCUMOCT OT TOBa, JalH Ce
nojydaBarT  TOYKM  CbC  CBINUS  WIH  C
MPOTUBOIOJIOKEH 3HAK, T.e. TYK HMMa CMsHA Ha
MOJISIPUTETA.
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¢ur.6 Ourypu na Xnaxuu [18]

B TeopusTta 3a aHTHCHMETpHUATA C€ 3apaxaa W
ujesnTa 3a [BeTHaTa cuMetpus. [IbpBOHAYAITHO, MTpe3
192%. e mnpemiokeHna wuugesTa 3a ,JBYLBETHA
cuMeTpus’  BB3MOXHOCT 3a H3a0ps3sBaHe Ha
CHMETpHs Ha [BYCTPaHHU IUIOCKH (DUTYpH BBPXY
€IHOCTPaHHA YEPTOXKHA IUTOCKOCT IOCPEICTBOM
MOJICITUPAIITH ,,JiHE” U ,,TPBO” OT OSIT ¥ YepeH MBHT.
Crenpa JOTMYECKH MpPEXOl OT €[HA JBYLBETHA
,depHO—Osta” KBbM p-IBeTHa cumeTpus (p>2),
KBJETO p [BETOBETE MOJCIUPAT p pasuyHU
CHCTOSIHHMSL HA €JHO W ChII0 KadecTBO. IIpu ToBa
TpsiOBa J1a Ce MPH3HAE PABEHCTBOTO HA HEPABHUTE W
TBHXKAECBOTO HA  HETHKICCTBCHUTE, Pa3IUuHU
LBETOBE M CBHOTBETHO MOJCIUPAHUTE OT TAX

pas3lIMYHM BEIH, CBOMcTBa, oTHOImeHus [1,6,8, 9,10].

B OTC e u3BeneH npuHIMIA, Y€ BCSIKA CHCTEMA €
CUMETpHYHa, KOETO O3HA4aBa, Y€ 3a BCAKA CHCTEMaA
MOJKe J1a Ce OTIPEIENTN MTO3UIIHOHHO—KOMIIO3UITHOHHO
OTHOIIICHWE Ha EKBHUBAJICHTHOCT MEXIY BCHYKU
CTPYKTYPHH €JIEMEHTH, KOUTO CE ChABPKAT B HEs.

Caiio Taka ¢ AeUHUpPAH 3aKOH 33 CUMETPHSITA,
CHOpe] KOWTO CHIIECTBYBA!

1. MeXIycuCTeMHAa CHMETPHS MEXIy BCCKH JIBa
CUCTeMHH pojia A u B,

2. BBTPEUIHOCHCTEMHA CUMCTPHSL.

Ako S, u S ce pasrnexaar Karo MOACUCTEMH Ha
HSIKaKBa HOBA CHCTEMa S, TO MOJXKeE J1a Ce TOBOPH 32
CHUMETpHS Ha CHCTeMaTa KaTo IIsJIO.

VMeHHO TO3M 3aKOH 3a CHMETpHATA JaBa OCHO-
BaHUE T Ja C€ pasriIexnaa Kato (yHmamMeHTanHa
kareropusi B OTC u xaTo aTpuOyT Ha KOSTO M Ja €
cucTeMa, KaTto eJJHO OT HEOOXOMMHUTE CICICTBHS Ha
OPTraHU3UPAHOCT HA MATCPHSITA.

CrnensaTt nmpuMepH Ha MPUIOKECHHUETO HA CHMET-
pusita B nu3aiiHa — ¢ur. 7.

¢ur.7 Cumerpus B cbBpeMeHHa Oans [16]

OT kIacuyeckata MEXaHWKa € W3BECTCH TPETHS
3akoH Ha HIOTOH, KOWTO TJ1acH, 4e BCIKO JIeHCTBHE
“Ma PaBHO IO TOJIEMHHA W TIPOTHBOIOJIOXHO IO
mocoka npotuBojeiicTBue. Toit e mpeHecern B OTC u
Ba)KM 332 BCHYKU HeroBu kateropuu. ClieJJ0BaTEIHO,
KaTo KaTeropus CUMETPHATa CE JOMBJIBA OT acu-
Metpusita. B acnexta nHa OTC acumerpusita e He-
CHBIAJICHHUE TI0 NPU3HALIMTE HA CUCTEMUTE Cle]l Hsl-
KaKbB KpacH OpoW M3MEHCHHWs, HACTBIIBAIU B CHUC-
TeMara. ACHUMETPUYHO JU3alHEPCKO peUIeHHe €
MpeacTaBeHo Ha ¢ur. 8.

¢ur.8 Acumerpus [20, 25]

Jokato B MOAHMS [H3aliH acUMETpUsATa HMa
YHCTO E€CTETMYECKO 3HAauy€HHEe, IPH IMPOAYKTOBHSA
IU3ailH  acCMMETPUYHOTO  pELICHHE OCUrypsiBa
0-7100pO CIETIICHUE Ha TYMUTE.

AKO MMa HapyllaBaHEe Ha CHMETPHSATA, HO HE €
JOCTUI'HATO ITBJIHOTO I pa3pyluaBaHe, T.e. MMa Ha-
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JUYME Ha OOBPKBAaHE HA CHMETpUsTA, TOraBa ce
Ka3Ba, Y€ B CHCTEMAaTa UMa JUCCUMETPHS.

CuMeTpusiTa, acUMETPUSITa M JUCCHUMETPHATA
MOTaT Jia C€ Pa3rIeXkKIaT B TPU aCICKTa!

* Karo  (yHAAMEHTANHH,  OOUIOCUCTEMHH
00EKTHUBHH 3aKOHH,

* KaTo 0COOEH MpeMeT Ha M3CJIeBaHE;

* KaTo CPEICTBO 3a MO3HAHHUE.

B mocienHus acriekT HE Ce M3SBSBAT CaMOCTOS-
TEJIHO, & KaTO PE3yJITAT OT aJeKBATHO OTPaKEHHE Ha
CHOTBETHHUTE HAYYHH W €CTETUYECKH KaTeropuw. [6,
9, 10]

B OTC ca meduHHMpaHu M CIIOKHHU CUMETpPHUH,
4yusaTo 0as3a 3a TpaHChOpPMAIHS € MO-CI0XKHA OT Y0-
Bemkute cetuBa. OCBCH TOBa pPasriieKJa U CUMET-
pUsATa B HEEBKIHUIOBOTO MPOCTPAHCTBO, MPU KOETO
MoraT Jia ce 000co0sT IBE KAaTETOPHH:

* KkOH(DOpPMHA CHMETPHs — HEJIMHEeeH 3aKOH Ha
CUMETpUpaHe Ha YacTHTe OT ILUIOTO, Oa3upaHa Ha
OJIOKOBHSI CTPOEX Ha JABHUTATEIHHS arnapaTr Ha Ku-
BOTHUTE M XOpara W B IPOLECHTE Ha 3PUTEIHOTO
BB3npusitue. [Ipumep 3a koHDOpMHA CHUMETpHS B
NM3aiiHa € IaJIeH Ha ¢wur. 9.

¢ur.9 Kondopmua cheTp};;{ [16]

* (pakramHa CUMETpUsi — Bb3HHKHANA ITBPBO-
HaJaJ HO B KOMITIOThpHATa rpaduka Ha qajeH 00eKT
[6].

EnuH npumep 3a NpHIOKEHHETO Ha QpakTaaHaTa
CHUMeTpusi B [u3aiiHa € WHCTanmauusra ,Aypa’ Ha
3axa Xamun, ce3gaaeHa mpe3 2008. nmo Bpeme Ha
Benermanckoro Ouenane u mo moog 500 romwmmi-
HHHATa OT poxkaeHuero Ha Anzapea [lamaguo — ura-
JIMaHCKH apXHUTEKT OT ernoxara Ha Penecanca ¢uwr.
10. [19]. UncranamusTa ce 6a3upa Ha aTpakTopa Ha
Jlopenn — ¢ur. 11.

¢wur.11 Arpakrop na Jlopeir [19]

3.3AK/IIOYEHHUE

Ot rneana touka Ha OTC cumerpusita ce pasz-
IJIeKAa KaTo BCeoOIo CBOMCTBO Ha pEayiHHs CBST.
ToBa pasmupsiBa TpaHUIMTE Ha TACHOTO W
BB3MpPHEMaHE €JNHCTBEHO KaTO €CTETHYECKa Kare-
ropus. JlehuHUpAT ce CIOKHHM CUMETPHH, KOHTO B
OOJIIIMHCTBOTO CIIy4au C€ HEMO3HATH Ha IIMpOKaTa
nyOiaMKka M Ha 4acT OT Xoparta, 3aHMMaBallld ce C
IU3aiiH, KOWTO T'M NpWIaraT MOHSIKOTa €IMHCTBEHO
Ypes3 U3M0I3BaHe Ha eBPUCTUKHUTE U MHTYHLHUsTa. Ho
npeuynern npe3 npuimata Ha OTC crnoxHUTE CH-
METPHUU II0Jy4aBaT CBOETO HAy4YHO OOSICHCHHE W
NPUHLOUINTE 332 CHCTaBSIHETO MM Morar jaa Oblar
TEOpPEeTHYHO pa3sicHeHu. ToraBa Bewe, Morar na
ObAaT npwiIaraHu OT HO-LIMPOK KPBI' CIIELHAINCTH
IIPU Ch3AaBAHETO Ha AU3AHHEPCKHU IIPOAYKTH.
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NATURE AND TYPES OF SYMMETRIES IN ASPECTS OF GENERAL
THEORY OF SYSTEMS AND THEIR APLICARION IN ENGINEERING DESIGN

Boryana GEORGIEVA
Department of Engineering Design, Technical University—Sofia, Bulgaria
e-mail:b_georgieva@tu-sofia.bg

Abstract: The article discusses the nature of a general theory of systems (GTS), its role in modern science. The way of
understanding of symmetry in classical terms and in terms of GTS. The types of symmetries, their characteristics and their
potential application in various fields of design - industrial, fashion, interior, etc. And clarifies the nature of the attendant
concepts - asymmetry and dissymmetry and their applications.

Keywords: symmetry, asymmetry, dissymmetry, General Theory of Systems, Design
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AHAJIN3 HA TEXHUKO-PABOTHHU TAPAMETPU HA BUBPAIIUOHEH
CEITAPATOP C I'VIAIKA HEHHEP®OPUPAHA ITIOBBPXHOCT
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Pe3ome: B paGorara ¢ NpesioKeH eKCIEPUMEHTAICH MOAX0 32 H3BbPIIBAaHE Ha KOMIUICKCEH aHAIIM3 Ha BIMSHHETO Ha
MO3ULHMATA HA 3aXPAHBAHETO U YECTOTAaTa Ha MPUHYACHUTE TPENTEHUS BbPXY C(EKTUBHOCTTA Ha celnapupaHe Ha HACHUIIHU
3BPHECTH MaTepuaiy o HermeppopHpaHa IJ1ajKka MOBBPXHOCT. YCTAHOBCHH Ca 3aBUCHMOCTH C B)XXHO TECOPETHYHO U
NPHUIIOKHO 3HAUCHHE 33 yIpaBjeHHe Ha e()eKTHBHOCTTA Ha IIpoLieca Ha cernapHpaHe.

KirouoBu 1ymu: BUOpaLMOHHO celapupaHe, HACUITHU 3bPHECTH MaTepUai, TEXHUKO-PaOOTHH MapamMeTpu

1. YBOJ

IMoBunraBaHeTo Ha e()eKTUBHOCTTA HA Cemapupa-
HE HA HACHITHUTE 3bPHECTU MaTepHalH 1Mo Henepdo-
pupaHa TjajKa IOBBPXHOCT aHrakupa OTIaBHA
BHMMAHWETO HAa MHKCHEPU M MEHWKBpU. Pemuia
ca (paKTOpUTE, KOUTO BIMSIAT BBPXY €(PEKTUBHOCTTA
Ha Tpolieca Ha cernapupane KaTo: aMILIUTY/Ia, YeCTO-
Ta ¥ HANPaBJICHWEC HA MPUHYICHUTE TPCTITCHUS; BU-
114, TECOMETPHUHNTE, KHHEMATHYHNTE ¥ JHHAMHIHH-
Te MapaMeTPH U TIOJI0KEHUETO B IPOCTPAHCTBOTO Ha
paboTHaTa MOBBPXHOCT; BHJ, MO3UIUSA W ACOUT Ha
3aXpaHBaIllUTe YCTPOWCTBA; BHOA M (H3HKOMEXa-
HUYHUTE CBOMCTBA Ha CENAPUPAHUS MaTepHai W Ip.
3HauMTENHA YacT OT Te3d (DAKTOPH ca HM3CIEABAHU
oT penuiia ceBpeMennu asropu [1,2,3] u ca ussesne-
HH  CBIIECTBEHH TEOPETHYHH UM  TEOPETHKO-
EKCIIEPUMEHTAJIHA 3aBUCHMOCTH CBBpP3aHU C e(dek-
THBHOCTTA Ha cenapupase [3,4].

Pa3paboTeHH ca METOWKH 3a ONITHMH3HMpPaHE Ha
e(eKTMBHOCTTA Ha CemaphpaHe MO OTHOIICHHE Ha!
4eCTOTa, aMILUINTY/Ia ¥ HAKJIOH Ha MOBBPXHOCTTA [6];
CKOPOCTTa Ha 3axpaHBallius MaTepuain [7]; Beposrt-
HOCTTA 3a e(eKTHBHO CcemapupaHe BbB BpeMmeTo [8];
aMIUTATYTHO-YECTOTHATA XapaKTCPUCTHKA HA MAIITH-
nara [9] u ap.

BbIpekd HaIMYMETO Ha 3HAYMM O0EM H3CIe.-
BaHUA B 00JIACTTa HA CEMAPUPAHETO HA (PMH 3BPHECT
Marepual, 4pes3 Hernepopupana riajgka moBbPXHOCT
3a MOBMIIABaHE Ha e(EKTUBHOCTTA Ha paboTra Ha ce-
napaTopure € HeoOXOUMO Ja CE€ OTUYETE BIUSHUETO

1 Ha TakruBa (PaKTOPH KaTo MO3UIMATA HA 3aXpaHBa-
He, 30HaTa Ha pa3celiBaHe Ha OTICIHHUTE KIaCOBE
YaCTUIM U PA3MOI0KEHUETO HAa MPOAYKTOBUTE Pb-
kaBu. llenra Ha HacrosmaTta paboTa € na ce mpen-
JIOXKH €KCIIEPUMEHTAJICH MOJXOJ 33 aHaJIU3 Ha KOM-
IUIEKCHOTO BJIMSIHHE Ha ITIOCOYCHUTE (haKTOPH BBPXY
e()eKTUBHOCTTA Ha CerapupaHe Ha HACHITHU 3bpHEC-
TH MaTepHalu 10 HemepdopupaHa TiajgKa MOBBPX-
HOCT.

2. OBEKT, METOAU U CPEJICTBA

OOeKTHT Ha M3CJIe/IBaHE € BUOPAIMOHEH cemnapa-
TOp C HAKJIOHCHA TJIaJIKa OBBPXHOCT. AHAIU3BT HA
KOMIUICKCHOTO BJIMSIHUC Ha TEXHHKO-PAOOTHHUTE MY
mapaMeTpu BbPXY ¢()eKTUBHOCTTA HA CEIApUpPaHE CC
U3BBPINBA, YPE3 YCTAHOBSIBAHE HA CHIICCTBEHHU 3a-
BHCUMOCTH Ha 0a3ara Ha MPOBEACHU CEpUs OT Ielie-
HACOYCHHU CKCIIEPUMEHTH BBPXY H3TPaJICH MOIYIIPO-
MunuieH obpaser [3].

2.1. TIpoMsiHA HA MO3HUHUATA HA 3aXPAHBAHE

3a ompeneisHe HAa ONTHMAJHATA TO3UIMS Ha
3axpaHBailds OyHKep ce pas3riekaaT IUCKPETHH 110~
noxenus (hur.2) ¥ ce nMpaBu aHAIM3 KaK W3MEHEHH-
€TO Ha HaJJIBKHATA U HAMIPEYHA MY MO3UIMA CIIPAMO
paboTHAaTa MOBBPXHHUHA BIHUAAT BBPXY €(EKTUB-
HOCTTa Ha CemapupaHe TNpH 3amnasBaHe Ha OCTaHAIM-
Te mapameTpu. B To3u ciyuaii moj e(peKTUBHOCT Ha
cemapupaHeTo € MPHETO Ja ce pa3bupa Makcumal-
HOTO OTJIENITHE Ha TOCOKHUTE Ha JBHKEHHE Ha pas-
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JUYHUTE CAPUHM YACTUIU 1O paboTHATAa MOBBPX-
HOCT.

[IpunoXUMHUAT METOJ Ha U3CICIBAHE B TO3H
cilydail € Mpocie/siBaHe W aHaJdh3 Ha W3MCHCHHETO
HA TIOCOKATa W TPAaHUIMTE HA pa3npeieiiCHUE Ha Ma-
Teprana mo paboTHATa MOBBPXHOCT, IPU PA3IUYHH,
NPEIBAPUTEIHO ONMPEACICHH TO3HIIMH Ha 3axXpaHBa-
He. JIOTHYHO € J1a ce 04akBa, 4e MO3MIMATA Ha 3aX-
paHBaHE M1 MPEANOCTaBs W OMPEACICHH T'€OMET-
PHUYHHUTE MapaMeTpyd Ha pabOTHATa MOBBPXHOCT M
YCTaHOBSIBAHETO HA TEXHUTE ONTUMAIHA CTOMHOCTH.

MatepuanbTt, KOWTO ce cenapupa ¢ KBapioB Iis-
CbK CBC 3BPHOMCTPUYCH CBHCTaB MPEICTABEH Ha
¢ur.1. Pa3mepuTe Ha 3ppHATA HA ISICHKA € B JHAma-
3oHa 0-4[mm)]. BposT Ha pa3nTUYHKUTE KITACOBE €IpH-
uu e 14.

90.0
80.0 \

OT8OpPY Ha cUTOTO 8 (Mm)
¢ur.1. 3ppHOMETpUYHA XapaKTEPUCTHKA HA N3XOAHUS

MPOIYKT

3bpHOMETPUYHHUAT CHCTAB M 0OEMBT Ha MPOIYK-
Ta ce 3ama3BaT IPU BcekH onuT. Ciiell BCeKH OIHUT ce
NpaBH 3bPHOMETPUYCH aHAIN3 HA CeNapupaHus Ma-
Tepuaj BBB BCEKH IPOIYKTOB pbkaB. Upes rpaduu-
HO MpEACTaBsIHE Ha pe3yJiTaTHTEe C€ IpocieasiBa
MPOLIEHTHOTO PasIpe/ieieHNe Ha OTJEITHUTE KJIAaCOBE
NPOJYKTH 10 pabOTHATa MOBBPXHOCT, PECIIEKTUBHO
10 IPUEMHH PBKAaBU B 3aBUCUMOCT OT IIPOMSIHATa Ha
HO3ULUATA Ha 3aXpaHBaHe.

Ha ¢ur.2 e mokasaHo pa3NoIOXKEHHETO Ha OT-
JeTHUTE TIO3MLMM Ha 3axpaHBaliusi OyHKEp BBPXY
paboTHaTa MOBBPXHOCT KaTO PAa3CTOSHUETO MEXIY
TSIX € U30paHo Ype3 MPOBEICHHU IPEABAPUTEITHH E€KC-
nepuMeHTH. [IpoayKToBHTE PBKAaBHU ca Pa3MOI0KEHU
no nepudepusita Ha paboTHaTa MOBBPXHOCT IPE3
15° oxomo mosumus Ha 3axpamBape (pur.3). C
HapacTBaHETO Ha IIOPE/IHHS HOMEp Ha 3axpaHBaHE

(HOMep Ha MPOBEACH OHI/IT), HapacTBa HOMCpa Ha
pc€aa Ha 3axpaHBAlllUTEC IMO3ULUU KATO BCCKHU pEa
CbAbPiKa O NET NO3ULIUU Ha 3aXpaHBaHEC.

&40
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¢ur.2. [Tozunus Ha 3axpaHBamus OyHKep BBPXY pa-
0OTHATa MOBBPXHOCT.

955

100

640

4 5 & 7

TRaHHYHK NOZMUAM Ha
NPOAYKTOEWTE HhKAEW

¢ur.3. PaznonoxeHne Ha IPOIYKTOBUTE PHKaBH.

2.2. Tlocoka Ha IBH:KeHHE HA MaTepualia

3a BCsAKa TO3WMIMSA HA 3aXpaHBaIIvsi OyHKep €
MPOBEJICH OTJNEJICH ONMUT KaTo OOIMAT UM Opoi e
30. IIporeHTHO pa3mpeaeacHUE Ha W3XOAHHS MaTe-
pHai Mo MpoAyKTOBH PBKAaBU 332 BCEKH KOHKpPETEH
OIUT € MpeJCTaBeHo B Tabnuma 1.

3a BCcEeKHM I@ET IMOPEOHH OIHTa ¢ IOCTPOCHA
rpaduxa (¢ur.4), KOATO MOKa3Ba KaKbB MPOLECHT OT
BXOJIHHSI MaTepHai Ce OT/AENS B JaJeH MPOIYKTOB
pbkaB. Taka MOXe Ja Ce MpeleHH 3a BCIKa eHa
MO3UIMS HA 3aXpa-HBaHe, OCOKATA Ha JIBU)KEHHUE Ha
marepuana. Bmkma ce, 4ye mpu MbPBUSL OMUT B
npoayktoB pbkaB Nel, ce cwbmpa 12,68% ot
Mmarepuarna.
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Ta6J1. 1. [IporieHTHO pasnpeaeneHue Ha MaTepuaa.
MpopayKToB pbKas
Knac 1 2 3 4 5 6 ¥ 8
0.06 14.17 1313 0.65 121 0.70
0.10 17.41 13.75 521 161 211 097 0.41 1.01
0.16 33.60 25.00 8.14 2.02 3.52 291 2.04 3.02
0.20 13.77 9.38 6.84 4.84 423 10.68 4.90 444
0.25 10.12 13.75 13.36 9.27 11.27 11.65 6.94 6.65
0.40 8.50 20.63 29.97 32.66 2535 20.39 16.73 8.47
0.50 2.02 3.13 18.24 2218 17.61 19.42 10.20 11.09
0.63 0.40 0.63 8.14 8.06 10.56 10.68 10.20 6.85
0.80 0.63 9.12 11.69 13.38 15.53 11.02 12.90
1.25 0.33 6.05 10.56 485 12.65 1835
1.60 0.40 0.70 0.97 8.98 827
2.00 0.97 13.47 12.30
2.50 0.97 2.04 4.64
4.00 0.41 2.02
12.68 821 15.76 12.73 7.29 538 12.58 25.46
MpoueHTHO pasnpegenetme

1200 +

-
o
o
(=)

o
o
=]

6.00 -

MNPOUEHTHO CbAbPMaHKe

2.00 +

i .

. 2 3 - 5
MO3MUMA HA 3aXPaHBaHE

¢ur.4. [IpoueHTHO pasnpeneneHne Ha U3XOIHUS IPOIYKT
B NpOIyKTOB pbKaB Nel 3a meT mocneoBaTeTHA ONUTA.

2.3.Pasnpenenenne  Ha  KjacoBeTe  Ha

HU3XO0/IHUA MaTepuaJ

100,00

Mosuuywn Ha
3axpaHeaHe

90,00

wi—1

80,00
70,00

60,00
50,00
40,00

30,00

MPOUEHTHO CbAbPMKaHUe

20,00

10,00

0,00

NpoaykTOB pbKas

¢ur.5. [IporeHTHO pasnpeneneHne Ha IPOIYKT C eA-
puna 0-0,063[mm]mo npoyKTOBH PHKaBH.

[IpoBeneHUTE EKCIIEPHMEHTH II03BOJISIBAT Aa CE
MIPOCIICAN pa3lpeeNICHHeTO Ha TaJeH KJIac MPOIYKT
10 OTACTHHUTE MPOAYKTOBH PHKABH B 3aBHCHMOCT OT

MO3UIMSATA HA 3axXpaHBaHe Ha MaTepuana. Ha ¢ur.5e
MokaszaHa rpa)ukara Ha pasnpeeSicHue Ha MPOAYKT
¢ eapuna 0-0,063[mm],mo oTaeaHUTE MPOAYKTOBU
PPKaBH B 3aBUCHMOCT OT MO3MIUSITA HA 3aXPaHBAHE.
W3nomn3Ba ce CcBbp3Ballla JHHUS 33 M3pa3siBaHe Ha
MPOLIEHTHOTO CBHABPKAHUE Ha MaTepHaa, MEXAY
OTJCIHUTE TMPOAYKTOBH PBKaBH, 3alOTO TS
HArJIeJIHO TOKa3Ba MO3MILUATA HA MaKCHUMAJHUS
obeM Marepwal W HEroBOTO pasceiliBaHe. IHade
Ka3aHO, KOJIKOTO MO-BHUCOK € BBPXBT Ha rpaduxara
3a JajieH OMHWT M CKIIOHOBETE Ca MO-CTPhbMHH, TO
TOJIKOBA TMO-100pe ce € o00ocolumi, cenapupaln
JIAJICHHUS KJIAC epUHa MaTepuall ¥ 00paTHOTO.

2.4. U3menenue Ha
MPUHYIEHUTE TPEeNTEeHUs

IMpuero e U3MEHEHHETO HA 4YecToTara Ha
NPUHYACHUTE TPENTEHHs J1a C€ U3MEHS B MHTENBAIa
ot 30 Hzxo 60Hzche ctenika SHz.TIpu mocTossHHA
CTOWHOCTH Ha BCHUYKH JAPYIM IapaMeTph Ce
[pOCIIeAsIBa U3MCHEHHUETO Ha PA3MpPEACICHHETO Ha
M3XOJHHSI IPOJYKT IO MPOIYKTOBUTE PHKABH.

qyecTorara Ha

3. PE3VJITATHU

3.1.11ocoka HA IBHKeHHEe HA MAaTepHAJIa

OT rijeqHa TOYKa HA MAaKCHMAIHOTO 3aIThJIBaHE
HA BCEKH CIUH OT NPOAYKTOBUTE PBKABH €
npocieeHa 3aBUCUMOCTTa MEX/IY HApacTBaHETO Ha
pena Ha 3axpaHBaHe M HOMepa Ha IMO3UIHMATA HA
3axpaHBaHe BbTpe B Hero. CTaTUCTUUECKHAT aHAH3
€ IPOBEJIEH C IPOrpaMHus MpoAyKT Statistica.

Ilpu mbpBUTe 4 TPOAYKTOBH pbKaBa ce
Ha0r01aBa JMHEiHA 3aBUCHMOCT MEXIY
HApaCTBAHETO Ha pella Ha 3aXpaHBAaHC W MO3HIIUATA
Ha 3axpaHBane B camusi pex (pur.6). ToBa o3HauaBa,
4e 3a JIa Ce MOJIbPKAa MAKCHMAJTHO KOJUYECTBO OT
MaTepual B MPOAYKTOB pbKaB Ne2, ¢ HapacTBaHETO
Ha pela Ha 3axpaHBaHe, TpsOBa Ja ce YBEIMYH U
HOMeEpa Ha MO3MIIKA Ha 3axpaHBaHe Ha camust pef. C
JIpyrd IyMH 0OpU [ABMXKCHHE Ha IO3MLUATA HA
3axpaHBaHe HArope MO HakJIoOHa Ha paboTHara
MOBBPXHOCT € HEOOXOAMMO CHOTBETHO H3MECTBaMe
W B CTpaHM4HA I[OCOKAa. B chUIIOTO Bpeme 3a
MpoAyKTOoB pBhKaB NeS He ce 3abems3Ba MOAXOMASIIA
3aBHCHUMOCT, MEXIy HApacTBAHETO Ha peaa U
MO3WIHMATAa HA 3axpaHBaHe Ha Marepuana. J[okaro
IIPH OCTAaHAINTE MPOIYKTOBU pbKaBu OT Ne6 no Ne8
BKITFOYHTEITHO, CHIIECTBYBA OOpaTHA 3aBUCHMOCT.
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Homep Ha pega

¢ur.6. 3aBucrMOCT MEXAy HOMEp Ha pea U MO3ULHUsITa
Ha 3aXpaHBaHe.
3.2. Pa3smpenejienMe Ha KJacoBeTe Ha
H3XOJHHUS MaTepual
3a BCEKM CTaHAApTH3HpaH pasMep MarepHan
(kBapLOB ISACHK) € OTYCTCHO BJIMSHHUETO Ha
HW3MCHCHHETO Ha MO3ULKITA Ha 3aXpaHBaHE BbPXY
KauyeCTBOTO HA CemapupaHe Ha KpalHUS MPOIYKT.
Tepcu ce mocTuraHe Ha MakcUMallHa €()EeKTHBHOCT
Ha cemapupaHe, KOETO O3HauaBa MaKCHMaJlHa
OIIPENIENICHOCT Ha IIOCOKAaTa W TPAeKTOpHATA Ha
IBIWKEHHE Ha JafeH pasMep IFCHK o paboTHaTa
MOBBPXHOCT. 3a Ja ce Npociend KadecTBOTO Ha
cerapupaHe, ce MpoBepsBa 1aZieH pa3Mep MPOIyKT, B
KakBa 00JacT ce cenapupa - Oposi Ha IPOAYKTOBUTE
ppkaBu ¢ur.3. AKo Hampumep ce B3eMar [Ba
ChCE/IHU T10 pa3Mep €APHHHU IISICHK, ce ThbpcH 95% 0T

Marepuaga, B KOM MPOAYKTOBH pPBKaBU ce€ €
cemapupai. 3a Ja MOXe Ja c€ NpeacTaBsT
pe3ynratute rpaduaHO e HE0OX0ANMO

NPOJYKTOBUTE PBKAaBH Jla C€ MPEJACTABAT 4pe3
CHOTBETHUTE BIUIM Ha  CEMapupaHe  CIPSIMO
3axpanBaima mosunus Nel (dur. 3), karo ToBa HiAMa
HHIIO OOIIO € BI'bJla HA pa3ceiiBaHe Ha Marepuaia
1o paboTHaTa OBBPXHOCT MO BpeMe Ha cenapHhpaHe.
Taka kakTo e moka3aHo Ha (ur.3 rpaHuuTe Ha
BCSKH MPOLYKTOB PhKAB Ca ompeneieHu mpes 15,
KOETO 03HAuYaBa, 4¢ BCHYKHUTE 8 MPOIYKTOBU phKaBa
MOTAT Jla Ce MPEICTABAT MO3MIHOHKPaHK Mexay O
u 18(. Karto eQMHCTBEHO MOCIEAHHS MPOLYKTOB
pbKaB o0XBala Mo-roysiM bI'bi, Koiro ¢ ot 105 no
180-rus rpanyc. Ha ¢wur. 7 u ¢ur.8 e npencraBeHo
pasnpeeneHueTo Ha MaTepHana Mo MPOJAyKTOBHTE

pBKaBH MPU Pa3TUYHU [TO3HLHU
OyHKep.

Ha 3axpaHBallusg

MPOUEHTHO CbabPKaHME

¢ur.7. Pasnpenenenue Ha KilacoBeTe Ha U3XOAHUS MaTe-
pHaJ IpY CeAMa IO3ULMS Ha 3aXpaHBalys OyHKep.

MpOUeHTHO CbAbpiKaHue

o b 4l &0 L ] 00 120 40 180 150

brb/ Ha cenapupaHe

¢ur.8. Pasnpenesnenne Ha Ki1acoBeTe Ha U3XOAHHS MaTe-
pHaJl IPU OCEMHAIECETa MO3UIIKS Ha 3aXpPaHBaHE.

OT TpOBEINCHUTE EKCIIEPUMEHTH, KakTo €
nokazaHo Ha ¢urypu 7 um 8 ce Bwxkma, uYe
MpoMsIHaTa Ha MO3ULMATA HAa 3aXpaHBaHe!

- ce TpOMEHs IMO3MIMATAa Ha CcenapupaHe Ha
pasnuuHuTe KiacoBe Mmarepuan (pur.9 u ¢ur.10)
MPU €IHU M CHIOM TO3UIHMH HAa IPOAYKTOBHUTE
PBKaBH,

- Cce IPOMEHAT IO3MLUHTe Ha CcermapupaHe Ha
JaJieHH TPy KJIaCOBE MaTepHa,

- Ce IPOMEHAT TIPYNUTE KIIacoBe
cenmapupaHH B JlaJieHa 00JacT;

MaTepHal,
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- CC MPOMCHA bI'bjJla Ha pa3CiABaHC Ha JaJC€H KJjacC
MaTrepuall,

100.00 1 =
90.00

£0.00 Mozuuua Ha
2axpaHeate

70.00

— 1

60.00

—

50.00 | ot

40.00 -
30.00

MPOLEHTHO ChAbDKAHKE

2000

10.00

0.00

1 2 3 4 5 6 7 8
MpoAYKTOB pbKas

¢ur.9. Cenapupane Ha mpoykT ¢ eapuna 2,5-4[mm)].
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¢ur.10. Cenapupane Ha nmpoaykT ¢ eapuna 2,5-4[mm].

3.3.Mi3MeHeHHE HA YecToTaTa Ha NMPUHYACHUTE
TpEeNnTCHUA

MpougxtHo
ChABPHAHHE IMpoyeHTHo

- T bpHaHHe

su

B 25-30
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TTe— /4% Yectora

{30

8

¢ur.11. Pasnperenenye Ha Marepuaa ¢ U3MEHEHHE HA

4yecToTaTa Ha TPEIITCHE.

5 -
No Ha MPHEMEH PLKAE 6 7

[Ipu yBenuuaBaHe Ha 4yecTOTaTa Ha TPENTEHE Ha
paboTHaTa MOBBPXHOCT, c€ HAOJIO/JaBa HapacTBaHE
obema Ha cemapwpaHHs MaTepHal B TNPOLYKTOBH
pbkaBu oT Ne3 mo Neb5 mxiroumrenno. ToBa e 3a

CMETKa Ha OCTAHAIMTE MPOLYKTOBH pbKaBu. [lpu
TSAX C YBEIMYaBAHE HA YECTOTAaTa HA TPENTEHE, Ce
noyNyyaBa HaMaiusiBaHe Ha obemMa Ha MOpPHETHS
marepuan (¢pur.11).

4. AHAJIM3 HA PE3YJITATHUTE

ITocokata M TpaeKTOpHATa Ha JABWKCHHE Ha
Marepuana  Ompeiess 10  roisMa  CTelleH
HeoOxoauMaTa Iianl Ha paboTHAaTa MOBBPXHOCT 3a
cenapupanero My. Camo 4pe3 IpoMsHaTa Ha pena Ha
3axpaHBaHe N0 IbJDKWHA Ha pabOTHATa MOBBPXHOCT
MOXE Ja ce OINpeAeidd KakBa JbIDKMHA €
HeoOXoaMMa 3a ONTHMAJHO CeHapupaHe Ha
Mmarepuana (¢ur.17). [IpekaseHo Kbcata ABIKUHA
He Oum Morya Jjga JOIpUHECE 3a JOCTaTh4YHO
Ka4eCTBEHOTO CerapupaHe Ha Marepuara.

M2 Ha
NPOayETOR
pEEAE

CHABKAHHE S
HaE MROYETA B ) —_— o
=1
60 T
== =2

50 4
| =3
40 -

|
30
20 7

m4
E5

1)

10+ 3

I -7

1 2 s G mE

M2 Ha pena 3 @ i N2 Ha npogykToR
5. " PEEEE

¢ur.17. [IporieHTHO ChABpPKAHUE HA KJIAC IPOAYKT B J1a-

JE€H NPOAYKTOB PBbKaB B 3aBUCUMOCT OT ITOJIO)KEHUETO Ha
3aXpaHBaHEe

Upe3 npomsiHATa Ha NO3UIMATA HA 3aXpaHBaHE ce
3a0eJsi3Ba ChUIECTBEHO U3MEHEHHE Ha CenapupaHeTo
Ha JaJcHU Tpymu KiacoBe wmarepuan. [lopaau
CJIO)KHOTO B3aMMOJICHCTBHE MEKAY BCHYKU CIAPUHHU
YacTUIM Y  HEOOXOJUMOCTTa OT JOCTaThYHO
pa3CTOsSHUE 33 Ja Ce CTPYKTypUpa IBIKCHHETO Ha
BCAKAa €QHA OT TAX 0 IOCOKAa, HANpaBJICHUEC U
JKelaHata TPaeKTOpUs € HEeOoOXOAMMO Ja ce
ompejend ONTHMalHAa IUIOL[ Ha cenapupaiiara
MOBBPXHOCT  WJIM  ONTUMaJHA  MO3MLHUS  HA
3axpanBaHe. ONTUMAHUTE pa3Mepu Ha paboTHAaTa
MOBBPXHOCT HE OWXa MOMJIM Ja C€ ONpeesT
€IHO3HAYHO 3a CenapupaHe Ha BCHUYKH KIIACOBE
npoayktu. M3mon3BaHeTo Ha elHA CIUHCTBCHA
MO3WIMsA HA 3aXpaHBAaHE HE MOXCE Ja OCHTYpH
€/IHAKBa C(EKTHBHOCT Ha paboTa Ha MallWHATA IO
OTHOIICHHE HA BCUYKH  KIIACOBE  MPOAYKTH.
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EdextuBHOCTTAa Ha cemapupaHe 3a Kiac HMPOIYKTH
MOXE Ja C€ YBEJIMYM WM 4Ype3 IpOMsHA Ha
MO3UIMATA HA 3aXpaHBaHE MM 4pe3 NPOMsHAa Ha
Pa3MoJIOKEHUET0 HAa  NPUEMHHUTE PBKaBH IO
nepudepusnTa Ha paboTHaTa Maca.

V3MeHeHHeTo Ha 4YecToTaTa Ha IPHHYACHHTE
TPENTEHUsT MOXKE [1a NOBHIIM IPOM3BOIUTEIHOCTTA
Ha cerapypaHe Ha OIPENeNeHH KJIAacOBE IPOAYKT U
crioMara 3a IpoMsHaTa Ha 3aKOHa Ha paslpeleeHue
Ha MaTepHalia B OIpeeIeHH TPaHHIIH.

5. U3BOJIU

Ot npoBeieHUTE U3CIIeBaHUs MOraT aa ce Gop-
MYJIUpAT CICTHUTE MO-BaXKHU H3BOJIU:

5.1. TIpennoxeHusT eKCHepHUMEHTAJICH II0AXO0.
TM03BOJISIBA J]a C€ M3BBPIIM KOMIUIEKCEH aHalIMW3 Ha
BIMSIHAETO HA MO3HIHMATA Ha 3aXPaHBAHETO W YECTO-
TaTa Ha TPUHYACHUTE TPENTEHHS BBPXY e(EeKTHB-
HOCTTa Ha CelapupaHe Ha HACHIIHHU 3bPHECTH MaTe-
puaiu mo HenephopupaHa riajgKa MOBbPXHOCT

5.2. TlpoMsiHaTta Ha MO3MLMATA Ha 3aXpaHBaHE
BJIMSIE CBILECTBEHO BHPXY HAIPaBICHUETO, OCOKATA
U TpPacKTOpHATa HAa JBIDKCHHEC HA HACHITHUTE
CHPHECTH MaTEepPHAIIH.

5.3Upe3 npomsiHa Ha MO3UIUATA HA 3aXpPaHBAHE
u/unn Ha Brhjla Ha CemapupaHe MOXe JAa ce
NOCTUTHE  YIpaBlieHHEe Ha e(EeKTHBHOCTTa Ha
cemapupane.

5.3. HapaCTBaHeTO Ha 4€CTOTaTa Ha TPCIITCHC Ha
pa60THaTa MOBBPXHOCT  yBCJIMYaBa obema Ha
cenapupaHuss Marepuajl B HIAKOU MNPOAYKTOBHU
PBbKaBU 3a CMCETKa APpYyru U BOAWU OO0 IMpPOMsHATA HA
3aKOHa Ha pa3npcacICHUE Ha MaTepuaia.
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HATOBAPBAHHSA OT KJIMMATUYHU Bb3IENCTBHA BHPXY HOCEIIH
KOHCTPYKIIMU HA KYJIOBU KPAHOBE U TAXHOTO HOPMATHUBHO
OCHUI'YPSABAHE

Kamun PAJJIOB ®uann KPACUHHA

xatenpa , TexHomorus u Mexanuzamws Ha ctpoutenctsoro”’, YACI - Codust, bearapus

e-mail: kradlov@abv.bge-mail:fil_krasini@abv.bg

Pe3tome: IIpaBuiHaTa olleHKa Ha HATOBAPBAHMATA BBPXY HOCEIIUTE KOHCTPYKIUH Ha KyJIOBH KPAHOBE NMPEAN3BHUKAHH OT
KIMMaTHYHU BB3JIEUCTBHS € BakKHA CTBIIKA MPH MPOBEPKaTa Ha TAXHATAa HOCEIIA CIOCOOHOCT, OCHIYpSIBAHETO HA TSXHATA
KOHCTPYKIIMS Cpelly mpeoOpblllaHe M TapaHTHpaHEe Ha TAXHaTa Ge30MacHOCT Mo BpeMe Ha ekcrnoarauus. Hacrosmara
paboTa uMa 3a Liel 1a pas3riiesia BbIIPOCUTE CBbP3aHH ¢ HOPMAaTHUBHOTO OCUTYpsIBAHE HA HATOBAapBAHUATA OT KIMMAaTUUHH
BB3/ICHCTBHS BBPXY HOCEIIM KOHCTPYKIMH HA KYJIOBH KPaHOBE, J]a IPEUIOKH CHCTEMaTH3UpPaHa IT0CIEA0BATETHOCT OT
CTBIIKH 32 TAXHOTO ONpEJesIHe W HAYMHHUTE 33 TSIXHOTO KOMOWHMpaHE B CHOTBETHHTE M3YMCIHMTEIHH KOMOMHALUH 32

KyJIOBHS KpaH.

KnrouoBu gymu: KysioB KpaH, KIMMaTUYHU Bb3AEHCTBUSA, HOPMAaTUBHO OCUTYpSIBaHE

1.BbBEJEHUE

KynoBute kpaHoBe ca egHH OT Hail- pa3mpocT-
paHEHHTE CPEACTBA 32 MEXaHU3aLHUs HAa CTPOUTEITHO-
MOHTaXHUTE pabOTH B CbBPEMEHHOTO CTPOUTEIICTBO.
W3non3BaHeTo Ha KyJNOBUTE KpPAaHOBE CE XapakTe-
pu3Mpa CbhC 3HAYMTEIIHM EIHOKPATHH Pa3Xxolu 3a
TPaHCIOPT, MOHTaX W JeMoHTax. OT apyra crpaHa
TEXHUTE TEKYIIH eKCIIOATAllMOHHU pa3Xoau ca
ITO-MaJIKA B CPaBHEHHE CHC CTPEIOBUTE CAaMOXOIHU
KkpaHoBe. Ilopamy Ta3u npuduHa MPHIOKEHUETO HA
KYJIOBHUTE KpaHOBE € IIeNIechoOpa3sHo MpH MO-TOJISM
00eM Ha CTPOMTETHO MOHTOKHUTE PabOTH Ha €IHWH
06exT [1].

MOHTHpaHETO W YCTAaHOBSBAHETO HA KYJOBHTE
KpaHOBE Ha 00EKTa Ce U3BBPILBA ChIIACHO U3TOTBEH
paboTeH MPOEKT 3a OpraHu3alys W U3IbIHCHHE Ha
crpoutencteoto (PIIOUC), kaTo mpeau mycKaHEeTo
Ha KyJIOB KpaH B €KCIUIOATAalUsl HAa TEPUTOPHUSTA Ha
PBbwirapuss ¢ HeoOXxomumo na Obje HM3BBPLICHO
TEXHUYECKO OCBHUICTEIICTBAHE Ha KpaHa M TOJKpa-
HOBHS ITBT OT J[bpkaBHA ATeHIINS 32 MeTpoJIoTHIeH
u Texamueckn Hamzop, KOETo BKITIOYBA OO PETIIe T
Ha CHOPBKCHUETO, NMPOBEpKa Ha 0E30IIaCHOCTTA Ha
€JIeKTpo003aBeXKIaHETO, CTAaTUYHO M IWHAMHYIHO
M3MUTBaHE Ha KpAaHOBETE IO TOBAp U JIp.

TbBi KaTo pa3IMYHUTE CTPTOMTENHH IIIOIIAAKU
Ha KOUTO OMBAT MOHTHMPaHH KYJIOBH KpaHOBE, IpH-
TeXaBat creln(pUIHI 0OCOOEHOCTH 110 OTHOILICHHE Ha
KJIMMaT, KOUTO HE BHHArW € BB3MOXHO jaa Objar
NPEABHUACHH B IIPOCKTHATA JJOKYMEHTAlMs Ha KpaHa,

TO OT IJeJHa TOYKa Ha 0€30IacHOCTTAa CE CUMTa 3a
HEOOXOIMMO MPEIX MOHTa)Xa Ha KyJIOBHS KpaH, Ja
ObJie M3BBPINECHA TPOBEPKA Ha HOcemara CIocoo-
HOCT Ha KOHCTPYKIIMATA Ha KYJOBHUS KPaH, KaKTO H
MPOBEPKa JallM TS € OCUTYpPEeHA CpeEIly Mpeoopbhiia-
He. Ba)kHa poJist TYK MMa MPaBHITHOTO ONPEICIIsTHE Ha
HATOBapBAaHUATA OT KIMMATUYHU BB3IACUCTBUS,
BKIIIOYBAIU BATHD, CHSAT, OOJiCNsBaHE W TeMIepa-
Typa. ChriacHO NEHCTBAIIMAT CTAaHAAPT 33 KPAHOBE
[2] xmuMaTH4YHHTE BB3ICHCTBHS ClagaT KbM JBE
IpyNH HATOBAPBAHUS:

*KbM IpyIaTa Ha HEPEryJIIPHUTE HATOBAPBAHUS
ce OTHACAT: BATHP B PabOTHO CHCTOSIHWE, CHSAT, 00-
JICISIBaHE ¥ TEMIIEPaTypa,;

*KbM IpyIlaTa Ha CICIHATHUTE HATOBAPBAHUS CC
OTHACS BATHD B HEPAOOTHO CHCTOSHUE.

Ilpu yuacTHeTO Ha TOPHUTE HATOBAPBAHUS OT
KIUMAaTUYHA BBH3JCHCTBUS B HATOBapBalld KOMOU-
HAIMK 32 HAllpaBa Ha M3YUCIUTEIHH MPOBEPKH IO
METOJ]a Ha TPAHWYHUTE CBHCTOSHHS, TE CICIBa Ja
ObIaT YMHOXKaBaHW C YaCTHU KOe(QUIIUEHTH Ha CH-
TYPHOCT ), 3a BCAKO KOHKPETHO HATOBapBaHE M

001 Koe(UIUEHTH Ha CUI'YPHOCT ); 3a BCUYKH

HATOBapBaHUs B pas3riie:kaaHaTa komOuHauus [2].
Hacrosimata pabora uma 3a men Ja pasrieaa
BBIIPOCUTE CBBP3aHU C HOPMATUBHOTO OCHUTYPSIBaHE
Ha HAaTOBapBaHMATA OT KIMMATHYHH BB3ACHCTBHSA
BBPXY HOCEIIM KOHCTPYKIHMU Ha KyJOBU KPaHOBE U
Jla IPEUIOKH CHCTEMaTH3HpaHa MOCIEA0BATEIHOCT
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OT CTBIIKH 34 TAXHOTO M3YHCJIISIBAHC U KOM6I/IHI/IpaH€
C Apyru BUAOBE HATOBApBaHUA.

2. HATOBAPBAHUS OT KJIMMATUYHU
BBb3JAEUCTBUS BbPXY KYJIOBH KPAHOBE

2.1. HaroBapBaHe OT BATHP B pAOOTHO CHCTOSHHE
[pu pasriexaaHe Ha HOCelIaTa KOHCTPYKIIUS Ha
KpaHa B pabOTHO ChCTOSIHIE BETPOBOTO HATOBapBaHE
JICUCTBAIIIO MEPICH/IMKYJIIPHO HA HA/UTHKHATA OC HA
€/IMH CJICMCHT OT KpaHa ce U34ucisiBa mo Gopmynara

[2]:
F =q(3)c.A,[N] 1)

kbaero F[N] e natoBapBane OT BATBHp AeiicTBAIO
TIePIICHNKY/SIPHO Ha HAITBKHATA OC HA CHOTBET-
amst enement; 4(3)[N / m?] — BerpoBo Hamsirane, Ko-
€TO Ce M3UKCIIABa N0 opMyJara:
q(3)=0,50v (3f ,N /m’ ]
kbaeTo  o[kg/ m’]

2
¢ IUTPTHOCTTA HA BB3IYyXa;
Hpuema ce: p =1,25kg /m’]; v(3)[m/ s] — ckopoct
Ha [IOPHB Ha BATHPA, OCPEIHEHA 33 MEPHOA OT 3 ce-
KYH[IH, KOSITO CE H34MCIIsiBa 0 hopMmynara:
v(3)=1,5vV ,jm /s] 3)
V,[m/ ] — cpeHa ckopoCT Ha BAThpPa OTHECEHA KbM
ckajata Ha Beaufort, onpenenena kato cpeana 3a
neprox ot 10 munytn Ha 10mBrcounHa Hajx paBeH
TEpPEH WM HaJl MOPCKO PaBHHUILE.
[lpu ompezpensHETO HAa BETPOBOTO HATOBAPBAHE B
paboOTHO CHCTOSIHUE HA KpaHa Ce MpUeMa, 4e BAThpa
JyXa XOPHU30HTAIHO C MOCTOSIHHA CpPeIHa CKOPOCT
vV[m/ g u de Tasu CKOPOCT € MOCTOSHHA 3a BCUYKH
BHCOYHMHH Ha KPAaHOBOTO ChOPBHIKCHHE.

[Ipu ompenernsiHe HA BETPOBO HATOBAPBAHE BBPXY
JaJeH CJEMEHT OT KpaHa, YMATO HAThKHA OC €
pasHONIOKCHA HA BIBI @, CIPSMO IOCOKAaTa Ha
BSTBPa, TO CPEAHATa CKOPOCT HAa BITHPA 32 TO3M
EJIEMEHT Ce U3YHCIIIBA 110 popMyriaTa:

v* =v.sina,[m/ g 4)
IIpu ompezensHe HA BETPOBO HATOBapBaHE
BBPXY OKa4CHMsI HAa KPaHA TOBAP CE U3II0JI3Ba BUHATH
croitroct @, =90° . [Ipn surica Ha TOYHH JaHHH 3a
TOBapa OKauCH Ha KpaHa cTaHaapT [2] momycka aa ce
npHeMe CTOMHOCT Ha aepOANHAMHUYHUS KOSHULIUCHT
C=2,4 u wion Ha NPOCKIHATA HA TOBAPa BBPXY

PpaBHUHA, KOATO € MCPHCHAUKYJIApHA Ha IMOCOKATa Ha
CKOpOCTTa Ha BATBpA.

A, =0,0005m, ,f* I> 0,8 ] keaero m,[kg] e

Macara Ha OKa4eHHs TOBap.
CpennHata ckopocT Ha BiThpa V[m/ § ce u3bupa

B 3aBHCHMOCT OT BHJa HAa KYJIOBHS KpaH, HEroBaTa
KOH(HTypanus, MACTOTO Ha H3IOJI3BAaHETO MY, ycC-
JoBUsTa HAa pabora W OpOSIT HAa ONpEAEIeHUTE He-
paboTHu nHE B roguHaTa. B [2] B Tabauua ca moco-
YEeHU KOHKPETHHU CTOMHOCTH Ha Cpe/iHaTa CKOPOCT Ha

BaThpa V[M/ § u BerpoBo mamsrane Q(3)[N/m?]

3a TpU OpOS CTAaHIAPTU3UPAHU CTEIIEHH Ha BATHPA 3a
KOHTO CE OCHTypsiBa KYJIOB KpaH B PaOOTHO ChCTO-
SIHHE:

* leKa CTCIICH Ha BATHP - TSI ChOTBCTCTBA HA BATHP
1o 5 crenen o ckajia Ha Beaufortu masa ckopoct Ha
nopuB Ha Batbpa V(3) =14[m/S] u BerpoBO Haus-

rane (3) =125N /m’] BEpXy eleMeHT OoT KpaHa

MIpH KpaH B pabOTHO ChCTOSTHUE;

*HOpMaJHa CTelleH Ha BATHP- TS ChOTBETCTBA Ha
BATBD 10 6 cremen mo ckana Ha Beaufortw nasa
ckopoct Ha mopuB Ha Barbpa V(3)=20[m/s] u

BerpoBo Hamsrame ((3) = 250N /m?] Bepxy eie-
MEHT OT KpaHa NpH KpaH B pabOTHO ChCTOSHHME;
*TeKKa CTEMCH Ha BSATHP- TS CHOTBETCTBA Ha
BATBD 10 8 cremeH mo ckana Ha Beaufortw nasa
CKOpOoCT Ha TmopuB Ha Bsarbpa V(3)=28m/s] u

BerpoBo Haisrane ((3)= 500N /m?] Bbpxy ene-
MEHT OT KpaHa NpH KpaH B pabOTHO ChCTOSHHME;

KOHCTPYKTHBHOTO M3MIbJIHEHHE HA KYJIOBHA KpaH
Tpsi0Ba a BKIIOYBA MOHTHpAHE Ha ypeia 3a U3Mep-
BaHE Ha CKOpPOCTTA Ha BATHPa (AHEMOMETBHP) B B
Hal-BHUCOKaTa TOYKa OT KpaHa. B xkabuHara Ha Kpa-
HHCTa C€ MOHTHPA WHIMKATOP, KOWTO OTYHTA TIOKa-
3aHUsTa HA aHeMoMmeTbpa (¢ur.l) .

OCHOBHOTO M3MCKBaHE 3a paborara Ha KpaHa Io
OTHOIICHHUE HA BATHP B pabOTHO CHCTOSIHUE € KOTaTo
U3MepeHaTa ¢ [OMOIIa HA aHEMOMETBD CKOPOCT Ha
BATHpA B Hal-BUCOKATa TOYKA OT KpaHa HapacTHE M
ce JIOOJMXHU JI0 MAKCHMMAJIHATa CTOMHOCT Ha IIOPHB
Ha BATBhpPa 3a KOSTO € ocurypeH kpana V(3)[m/g],

To paboTara Ha KpaHa Jla ce MpeyCcTaHOBsABA. TBit
KaTo CpeAcTBaTa U METOAUTE 3a OCUTYPSIBAHETO Ha
KpaHa Cpelly BETPOBU HATOBAPBAHUS Ca PA3IUYHU U
3a TSAXHOTO NpPWJIaraHe € HeOOXOIMM pa3iucH Iie-
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pUOJ OT BpeMe, TO OCUTYpPUTEIHHUTE MEPKH € Ipe-
MOPBUUTENHO [a 3allOYHaT IpPU MO-HUCKA OT Cpea-
HaTa CKOPOCT Ha BATHbpPa B PabOTHO CBHCTOSHUE 32
KOSITO € OCUTYpEH KpaHa.

B [ o N

i

¢ur.1. VzamepBaHe 1 OTYNTaHE HA CKOPOCTTA HA BATHPA C
[OMOIIIa HAa aHEMOMETBD M MHIUKATOp B KabMHATa Ha
KpaHHCTa

Am?] — xapakTepuCTHYHA IUION] HA CHOTBETHHS
€JIEMEHT, KOSITO CE OTpeeNsl ChrilacHo [2];
C— aepoJMHaMHYEH KOC(PUIMEHT HA CBHOTBETHUS
€JIEMEHT, KOWTO ce W3I0J3Ba B KOMOMHALMS C Xa-
paKTEpUCTHYHATA TUIOIL A M C€ ONPEAEA ChIIIACHO
[2] .

AepoaMHaMHYHUS KOSQUIMEHT Ha NajleH elie-
MEHT OT KpaHa Ce OIpeJIesIs [0 3aBUCUMOCTTA;

C,=G+y )

KbAETO C, € AaCepOAMHAMHUYHUS KOS(HIMEHT Ha
€IMHUYEH MPAB NPU3MATHUYEH EIEMEHT, PasIIeKIaH
KaTo eJeMeHT ¢ Oe3KpaifHa IBIDKHHA. Te3u aepoiu-
HaMUYHH KOC(QULHEHTH C, ca JaJACHH B CTaHIApTa
[2] 3a pasnuunu BUmOBE PepMEHN KOHCTPYKIIMH U 32
pasIMYHU MMOCOKH Ha BAThpa. Hsakow oT TsAX ca 3a-
JlaJIeHH B 3aBHCHMOCT OT 4ncioto Ha Reynolds -R,,
KOETO C€ W3YMCIISIBA 110 3aBHCHMOCTTA.:

R, =0,667.16vd (6)
kbaero d[m] e xapakTepUCTHYHHS pa3Mep Ha ee-
Mmenra; V[m/ g — ckopocrra Ha BsaThpa. Ilpu pas-
rIeXIaHe Ha BATHP B pabOTHO CHCTOSHUE HA KyJla-
KpaHa TpsOBa ja ce u3moyzBa croinocrra V(3), a
TIPH pa3TIie:KIaHe Ha BATHP B HEPAOOTHO CHCTOSHHUE
Ha KyJaKkpaHa TpsOBa [Ja ce M3MOJI3Ba CTOMHOCTTA
V(2) , KOATO € yKa3aHa 110 Haaoy B pa3paboTKaTa.

3a MpOCTPaHCTBEHH MPBTOBU KOHCTPYKIUHU
(dbepmu), KOMTO Ca CHCTABEHU OT OT €AUHUYHU €Jie-
MEHTH C KPBIJIO U HEKPBIJIO HANIPEYHO CEUEeHHE, TO

acpoAHaMHUYIHUSA KOG(i)I/IIII/ICHT CO Cc omnpeaeiast B
3aBHUCHUMOCT OT CTCIICHTA Ha 3aIIbJIBAHC Ha (bepMaTa

Ha KyJlaKpaHa dYpe3 W3MOJ3BaHe Ha rpadukara
npeacraBeHa Ha ¢Gur.2

C 0 A f —nNocoKa Ha BATBpPa
S ]
[
3,0 [ Y 5
\< T\
2,5 e
2,0 \/
. ™~
1,5 4 A .
0,1 0,16 0,25 0,4
0,125 0,2 0,315 0,5 L%

¢ur.2 I'paduka 3a onpenesnsiHe Ha aePOAUHAMUYIHU KOE-
¢unuentn C, 3a IPOCTPAHCTBEHN NPHTOBH KOHCTPYKIIIH

(bepmmu), KOUTO ca CHCTABEHU OT OT CIMHUYHU €IIEMEHTH C
KpPBIJIO U HEKPBIJIO HAIIPEYHO CEUEHUE

(Y — xoe(UIEeHT, KOWTO Ce W3IOJI3Ba 3a PeAyKIUSL
Ha C, 3a IPU3MAaTUYHH €JIEMEHTH C KpakHa AbJKMHA

OT KaKBUTO Ca ChCTABEHU MPOCTPAHCTBEHUTE MPb-
TOBH KOHCTpyKuuH ((hepmu) Ha KyJIOBHUTE KPAHOBE..
To3u koeduIMEHT (Y 3aBHCH OT aepOAWHAMUTHHS

KOC(UIIMEHT Ha CTPOMHOCT A Ha pasriekIaHus
€/IMHNYEH €JIEMEHT M OT CTENEHTa Ha 3aIlbJIBAHE Ha
¢depmara Ha KyiakpaHa @. B crammapt [2] ¢ mpen-
JOKeHA TpaduvHa 3aBHCHMOCT, KOSITO IMO3BOJISIBA
TIPH TIPEABAPUTEITHO HM3UYKMCIICHH TapaMeTpuTe @ U
A na 6ble onpeneaes ThPCEHUsS apaMeTsp § .
AepoauHaMHYHUS KOSPUIUEHT Ha CTPOMHOCT A
ce m3umcnsiBa no 3asucumoctra: A =1 /d, xerero
d e XapakTepHCTHYHHs pa3Mep Ha pasriIeikKIaHus
eleMeHT; |, — aepoMHaMKUYHa TbIKHHA HA €JIeMEH-
Ta, KOATO C€ W3UMCIsBAa 10  (opMynaTa:
I, =a,l, xpaero l,[m e daxruyecka mbmwxuHa Ha
€IIEMEHTa; (, — OTHOCUTEJIHA aepOJNHAMHYHA IbJ-

JKMHa Ha CJICMCHTA, KOATO 3aBHCH OT IIOJIOXKCHHUECTO
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Ha eJIeMEHTa CIIPSIMO 1T0COKaTa Ha BATHpa U popMara
Ha eJIEMEHTA U Ce OTpeens OT Tabiuna AaaeHa B [2].

CreneHra Ha 3ambjiBaHe Ha (epmara Ha Kylia-
KpaHa ce ompeAens 10 3aBUCUMOCTTA!

_2A
LN

KbICTO ZA € Ccymara OT INIOIIWUTE HAa OTACIHUTE

()

€JEMEHTH CBhC CBBP3BALM IUIAHKH, MPOEKTUPAHU
BBPXY paBHHHAaTa Ha HEHHAaTa XapaKTePHCTHYHA

pucounna d (¢ur.2); A.[m?] - meanara miom or-

pazeHa or (¢epmara B paBHMHATA Ha HEWHaTa Xa-
paKkTepucTHYHa BucounHa (¢ur.3)

¢ur.3 XapakreprcTiyHa BUCOYMHA U [UIOLI HA (hpepMaTta Ha
KyJIaKpaH [IPH ONpPeeIsiHEe Ha BETPOBH HATOBAPBAHHS

2.2. HartoBapBaHe OT BSTHP B HepaGOTHO ChcC-
TOSIHHE

B moBeueTo ciydau omeparopa Ha kpaHa (kpa-
HHCTa) € JUIBXKEH Cliell KaTo MpeyCTaHOBH paborara
Ha KpaHa [opajy JOCTUI'aHEe Ha CKOPOCTTA Ha BATHPA
JI0 MakCHMallHaTa CTOMHOCT 3a KOSTO € OCHUTYpeH
kpana V(3)[m/s]. Torasa Toii Ou cieaBajio aa oc-

BO60,HI/I MEXaHU3Ma 3a BbPTCHEC Ha CTPEJiaTa, JAa CJIC3¢
OT KaOMHATa U Ype3 peico3axBaTtu aa (1)I/IKCI/Ipa XO0-

1]
WCOKE Ha e

J0BaTa yacT Ha KpaHa KbM pescoBust msT [3]. ETo
3aI10 NMPOBEpKaTa Ha KyJOBUS KpaH 32 BETPOBO Ha-
TOBapBaHe B HEPAOOTHO CHCTOSHUE € PEAHO Ja ObJe
W3BBPILCHA NPU BATHP OPHEHTHPAH IO TIOCOKa Ha
crpenata (¢ur.4).

[pu pasriexaaHe Ha HOCelIaTa KOHCTPYKIUS Ha
KpaHa B HepabOTHO ChCTOSIHUE BETPOBOTO HATOBAp-
BaHe JeHCTBAII0 MePHeHINKYISIPHO HA HAUTHKHATA
OC Ha €/IMH EeJIEMEHT OT KpaHa ce HM34YMCIsiBa MO
dhopmymara:

F =q(2).c.A,[N] (8)

kbaeTo Q(Z)[N/M’] e eKBMBANEHTHOTO CTATHYHO

BETPOBO HAJISAraHe B HEPAOOTHO CHCTOSHUE HA KpaHa,
KOETO ce oIpees no GpopmyJara:

q(2)=0,50v @y

|/H T

©)

TEFND Ha
Hocewara
KOHCTPYKYMS

Terno Ha
ToBapa (ako
ce parnewga)

¢ur.4 Kynakpan npu HaToBapBaHe OT BSTHP B HEPAOOTHO
ChCTOSIHUE

KbIACTO V( Z) € CKBUBAJICHTHATA CTaTU4IHAa CKOPOCT Ha

BATHPa B HEPabOOTHO CHCTOSHHE Ha KpaHa, KOSTO
MOXe /Ia C€ H3YUCIIH [0 ONpoCcTeHaTa popmMya:

z
W+0,4 Ve
Ilpy W3YKCISIBAHETO Ha HATOBAPBAHETO OT BSITHD
BBPXY [HaJCH CJIEMEHT Ha KyJlakpaH B HepaGOTHO
CBCTOSIHUE CE IpHeMa, Y€ BATHpPA AyXa XOPU30H-
TAJHO C HapacTBald CKOPOCT B 3aBHCHMOCT OT BH-
counHara Z[IM Haja TepeHa.

v(z) = f. (20)

B ropunara popmyna f, . e xoepument orunran

Meproja Ha IOBTapsSIEMOCT 3a KOWTO C€ OIMpenaess
BETPOBOTO HATOBapBaHE. 3a HOCENIM KOHCTPYKIIMH
Ha KyJJAKpaHOBE MOTaT [1a C€ PasrieKAaT MepHOan
Ha noBTapsieMocT R ot 5 no 50 roguuu, kKouTo umar

CIeHHTE CTOHHCOCTH Ha Koeduimenra f
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f.=0,8155 (3a R=5z00 ); f, =0,8732 (s

R=10c00 ); f,,.=0,946% (3@ R=2%00 ) u

fe =L0 (38 R=50000 ); V,4[mM/sec]- 0Ga3sopa

CKOpPOCT Ha OypeH BATHD B HEPAOOTHO CHCTOSHHE B
3aBHCHUMOCT OT pa3IMYHHUTE TeOrpad)CKh pPETHOHH.
XapaKkTepUCTUIHUTE CTOMHOCTH Ha OazoBara CKO-
poct Ha BaTbpa onpeaeneHa or HUMX npu BAH 3a
pasznuyHu paiioHu Ha Pbhbarapus npu BepoaTHOCT 3a
nposieiienne 1 mbT Ha 50 roguan 1 10 MUHYTCH MH-
TepBaJl Ha OCpPEeTHIBAHE HA CKOPOCTTAa ca JAJCHU B
[4].

[Ipu onpenensHe Ha BETPOBO HATOBAPBAHE BBPXY
JaZieH eJIEMEHT OT KpaHa, YMATO HAJJIBXKHa OC €
pas3MoJIoKEHa Ha BIBI O, CHOPSAMO IOCOKAaTa Ha

BATBPA, TO CPEOHATA CKOPOCT Ha BATHpPA 3a TO3H
CJIEMEHT Ce M3YUCIIsBa 110 (hopMyIIaTa;

V(2)* =v(2.sina,,[m/ 9]
[Mo06HO Ha ciydas Mpu KpaH B pabOTHO ChCTOSHHE
M TYK TIPH pa3riIeKIaHe Ha TOBAp Ha KyKara Ha KpaHa
ce mpuema @,, =90° o OTHOIIEHHE HAa BETPOBOTO

HATOBApBaHC BbPXY OKAYCHUS TOBAP.

2.3. HaToBapBaHe OT CHAT M 00;1esIBaHe

B crangapr [2] He NpUCHCTBAT KOHKPETHH YKa-
3aHUS] OTHOCHO TOBA 10 KaKbB HAYHMH TPsiOBa Ja Ob-
JIaT OTYETEHH HATOBapBaHMATA OT CHAT U 00Je/IsBa-
He. EAMHCTBEHO € CloMeHaTo, 4e Te3u HaTOBapBaHHs
TpsiOBa Aa OBAAT B3€TH MPEABHI TPH U3TUCICHUSATA,
KaTo MpHu ToBa TpsOBa Aa OBJAT OTYCTCHU U YBEIH-
YEHUTE IUIOIIM [PU BETPOBH HATOBapBaHUs. Bb3-
JIeHCTBUATA OT CHAr U aTMOC(EpHO OOJIeICHIBAHE
cleqBa J1a BKIIFOYBAT COOCTBEHOTO TETJIO HA JICJCHUS
U CHEXHUS CJIOM, KOUTO IEHCTBAT BBPXY KOHCT-
pyKIHsTa, Kato B JOKyMeHT [5] e ykaszaHo, ue ako
JIEIbT WK CHEThT MPOMEHAT T'eOMETpHsATa Ha 00-
JlyXBaHaTa MOBBPXHOCT, TO TOBA CHhCTOSIHUE TPAOBa
Jla ce OTYMTA 3a OMNpe/eNsHe Ha BETPOBUTE HATO-
BapBaHMUI.

B anekc C kbM [6] € ykazaHO, Ye P M3YUCIIS-
BaHETO Ha TErJOTO Ha JieJeHaTa OOBUBKA BHPXY Ch-
OpPBIKEHUSI OT THIA KyJIH U MayTH, 32 KAKBATO MOXKE
Jla ce IpreMe Hocellata KOHCTPYKIUS Ha KyJIaKpaHa,
TO MOXE Jia C€ NMPUEME Ye BCUYKH KOHCTPYKTUBHH
€JIEMCHTH Ha KpaHa, BKIFOYUTEIHO U 00CITyKBaIIUTE
IUTOINAAKY Ca MOKPHUTHU ChC CIOH JISA C €IHAKBA Jic-
OenuHa.

HaroBapBaHusiTa OT CHST Ce U3YMCISBAT HA Oa3a
HA 3aCHEXEHATA IUIOM] OT HOCEIIATa KOHCTPYKIHS Ha
KyJlaKpaHa YMHOEHA C XapaKTEPUCTUYHH CTONHO-
CTH HA HATOBAPBAHETO OT CHSIT 32 CHOTBETHHUTE I'€0-
rpad)CKH perHOHU yKa3aHu B [7].

PaspaGorkara [8] pasrimekma AeTaliHO Mpo-
OJIeMUTE CBBP3aHHU C ONpE/CISIHETO HAa HATOBapBa-
HUSITA BbPXY KOHCTPYKIUHUTE OT 00JIeAsIBaHEe, KbAETO
KaTO OCHOBEH HOPMaTHBEH U3TOYHUK B Ta3U HACOKA €
pasmiienan crangapra [9]. CbrilaCHO HEr0 HOCEIINTE
KOHCTPYKIIMA OT THI "KynH"', KaKBUTO CE€ SBSIBAT
KyJIOBUTE KPAaHOBE Ca MOJUIOKCHU HA 3aBUINEHO Ha-
TOBapBaHE OT BATHP BCIEJICTBUEC HA OOJIEISIBAHETO.
BetpoBuTe HaTOBapBaHUS BbpPXY OOJEJCHA KOHCT-
PYKIMsI Ha KyJTakpaHa MOrat Ja ObIaT H3YUCIICHH,
Yype3 U3MOJI3BAHE HA CHIIUTE NPUHIUMU KAKTO MPU
ompeJiesisiHE HAa BETPOBU HATOBApBaHUS BHPXY He3a-
Jie[ileHa KOHCTPYKIHUS, KaTo € HEOOXOAUMO eIMHCT-
BEHO 112 Ob/JIaT BbBEJCHN U3MEHEHHS B TEOMETPHUSAITA
Ha 00BeTpsiHUTE eleMeHTH. CBIIIaCHO TO3H CTAHIAPT
3a ONpeleNsTHeTO Ha OYaKBAaHOTO KOJHMYECTBO Ha
HATPYMAaHUs JieJ BbPXY KOHCTPYKIMUTE CE BhBEXKIA
TEepMHHA "KJac jex’", Hal- YeCTO CPeLIaHust OT KOUTO
e T. Hap. Kiac "cTeKIoBHICH Jen . Mojenure Ha
HATPYIBaHE HA CTHKIOBUJCH JieJ BBPXY HOCEIIH
KOHCTPYKTHUBHH €JIEMEHTH Ha KyJaKpaHa ca JaJcHH
Ha JoyHaTta Qur.S.

¢ur.5. Mozaenu Ha HaTpyIBaHEe HAa CTHKIOBHUICH JIET
BBPXY HOCEIU KOHCTPYKTUBHH €JIEMEHTH

B nmomnara tabmuna 1 ca mapenu nebeiu-
HaTa ¥ Macara Ha Jeja 3a BCEKU KJIaC CThbKIIOBUIEH

e,

Tada. 1. Kinacose CTBKJIOBUJCH JIC] IIPU INIBTHOCT Ha JIieAa

900kg /m?]
Krmac crek- | Jebemnna | Maca Ha CTBKIOBHITHUS T
noBujieH niex | HaJena mkg/ m|
t[mm]

JluamMeTsp Ha KOHCTPYK-

TUBHUS CJIICMCHT, BbPXY
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KOHTO ce HaTpyIlBa Jieaa,
mm
10 30 100 300
Gl 10 0,6 11 3,1 8,8
G2 20 1,7 2,8 6,8 18,1
G3 30 3,4 51 11,0 28,
G4 40 5,7 7,9 15,8 38,5
G5 50 85| 11,3] 21,72 49,
G6 /Jla ce mpuara camo Npu eKCTepeMHU
CTOMHOCTH Ha 00JIEASIBAHETO

Mogenu Ha HaTpyNBaHE Ha JIPYTd THUIOBE JIEH
BBPXY KOHCTPYKIMATA HA KpaHa, KOUTO 110 MPHUHIIHII
ce HabJII01aBaT PH MO-HUCKUTE TEMIEPATYPH, CHIIO
ca pasmiielaHd 110 AaHAJOTWYEH HAYMH B CTaHIApTa
[9]. HdebenunaTta Ha Jema BbPXy HOCEIIATa KOHCT-
PYKLMsL Ha KpaHa ciieiBa Ja ObJe ONpenesieHO 110
panan Ha HUMX npu BAH 3a paiionupane Ha Te-
putopusta Ha P. Bwarapus nmo XapakTepuUCTHYHU
CTOMHOCTH.

2.4. HaroBapBaHe OT TeMIepaTypHH BB3JAeHcCT-
BHS

Crangapr [2] cbBeTBa KBIETO € HEOOXOAMMO JIa
ObaT JaJeHN yKa3aHWs 32 MECTHUTE U3MEHEHHs Ha
TeMIepaTrypara, KOMTO Oa ObJaT B3€TH BIPEIBHI
IpH M34YHCICHUATA. TeMmrepaTypHUTe M3MEHEHUS ¢
BB3MOXHO Ja OBJAT OTYETCHH CHIJACHO CTAHAAPT
[10]. MMopaau crneundukaTa Ha Te3W HATOBApPBAHUS
Te HE ca pasrjIekIaHH MOJAPOOHO B HACTOAIIATA
paspaboTka.

3. KOMBUHUPAHE HA HATOBAPBAHMSITA
OT KNIMMATHYHU Bb3JIEMCTBUSA BbPXY
KYJOBH KPAHOBE

3.1. KomOuHHpaHe HA BETPOBUTE HATOBAPBAHUS
Y HATOBApPBaHUsI OT CHAT U 00JiesiBaHe

Hopazu/l XapakKTepa Ha HAaTOBapBaHUATA OT KJIU-
MaTU4YHU B”I)3,H€I7[CTBI/I${, TO TC CC KOM6I/IHI/IpaT 1o
CHGIII/Iq)I/I‘IGH Ha4YUH B CPABHCHHUEC C OCTAHAJIUTC Ha-
TOBapBaHUs. Toa ce Hamara nopaan yCTaHOBCHUSA
d)aKT, 4€ MaKCUMAJIHUTEC Lle6eJ'II/IHI/I Ha JI€da U CHEra
OOMKHOBEHO HACTBHIIBAT B pa3JInyHu MOMCHTH IIPE3

TOJIHATA, HECHBIAJANIM C MaKCUMAIIHUTEC BETPOBU
HaToBapBaHUs. ToBa BaXXM B OCOOCHA CTENCH 3a
pasriieiaHus rope CTHKIOBHUJICH JICI.

HatoBapBanusiTa 0T 00JensBaHE, KOUTO CE pa3-
rnexkaar B [9] mpencraBisBaT XapaKTEPUCTHUHH
HATOBapBaHUsI U CE OLCHSBAT 3a MMEPUOJ] Ha Bb3Bpa-
mraemoct 50 romgmuu. HatoBapBanusta OT 00sems-
BaHE H BATHP CE MPENopbhUBa Ja Ob1aT KOMOWMHUPAHH
10 /IBa Bb3MOXKHU HA4YMHA!

*IIppBa KOMOWHAIUSA- BETPOBO HATOBAapBaHE C
BEPOATHOCT 3a mposiBacHre 50 roguHu ce KOMOH-
HHUpa C HATOBapBaHE OT OOJIC/sIBAHE C BUCOKA BEPO-
STHOCT 32 MPOSIBJICHUE 3 TOJUHU

*BTopu HaYMH- BETPOBO HATOBAPBAHE C BHCOKA
BEPOSATHOCT 3a MPOSBICHUE 3 TOIUHH ce KOMOMHUPA
C HATOBapBaHE OT OOJICASIBAHE C HUCKA BEPOSTHOCT
3a nposiienue 50roauny;

KoHkpeTHH mpenopbkd 3a KOMOMHHpaHe Ha
BETPOBO HATOBapBaHE C HATOBAPBaHE OT O0JIeIsIBAHE
ca JIaJIcHu B Jl0JiHaTa Tabiauna 2

Ta6.1. 2. IlpuHnunm 3a KOMOMHHpaHe Ha BETPOBO HATO-
BapBaHe C HaTOBapBaHe OT o0JeAsBaHe

. Bw3zeiictBue ot 06-
BerpoBo Bb3aclicTBIE feasBate
Kom6- Betposo Maca Ha
VHAIWMSA | yangrape | [1GPUOA nena Hepron
T[z00 T[z00
qn /ey | TN | nfkg/m | T
ITspBa k.05, 50 oM 3
Bropa | @ -KOs 3 m 50

Koedumuenrure @, n @ ce H3MON3BAT CHOT-

BETHO 3a MpEBpPBILAHE HA BETPOBO HATOBapBaHE U
HaTOBapBaHe OT O0JIesIBaHEe ONPEIENICHH OT IePHO.
Ha BB3BpamaeMocT SOToArHN B TaKUBA ONPEICIICHH
OT Iepuoj Ha Bb3BpamaeMoct 3 rogunu. B [9] ce
HpernopbyuBa CTOMHOCT Ha Koeduuuenta @ =0,3,

ice
JOKaTo Koe(HIMeHTa @, ce Hajara ja Obje ompe-

JIeNieH OT APYTH HOPMATHUBHH JOKYMEHTH 32 KOMOH-
HalWsg Ha BETPOBH HATOBAPBAHHS C IPYTH BHIOBE
HaroBapBanust. CohriacHo [11] moxe na ce mpueme
@, =0,6.

Koedwummenta K ce n3rnon3sa 3a HaMasiBaHe Ha
BETPOBOTO HAJIATAHE MOPaJX HUCKATA BEPOSITHOCT 32
CHBITAJICHNE Ha MAKCHMATHO BETPOBO HATOBApBaHE U
MaKCHUMaJHO HaTOBapBaHE OT 0OJensBaHE B SIMH U
CBIIM MOMEHT OT roguHara. CToifHOCTHTE Ha KOe-
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¢unuenta K 3a pasnuuHUTE KIACOBE CTHKIOBHUICH
JIeJ ca JaJeHu B 1ojaHara Tadimna 3.

Ta6u. 3. Koeduuuenru 'k' 3a HamassiBaHe Ha BETPOBOTO

HaJIsIraHe
ICG k
Gl 0,4
G2 0,45
G3 0,5
G4 0,55
G5 0,60

HaroBapBanusita OT CHAT ce KOMOMHMpAT C Ha-
TOBapBaHUsI OT BATHP CBHITACHO IMPEANUCAHUITA Ha
[7]. penopbunTenHo € Aa ce mprueMe KOS(hHIHEHT
Ha KOMOMHMpaHEe 3a HATOBapBaHUATA OT CHAT C
MakcuMmaneH BATep U, =05 (3a Tepenu c Hapg-

Mopcka BucoumHa o 1000m) m  KkoepuimeHT
Y, =07 (3a TepeHM C HAAMOPCKA BHCOYHMHA HAJ

1000m) .

3.2. HaroBapBamm KOMOMHAIIMH 3a KYJIOBH
KpPaHOBe BKJIKYBAIIH KJIMMATHYHHA Bb3IeHCTBUSA
3.2. 1. A3yncauTeJHH KOMOMHAIMM TPH KpPaH B
PaGoTHO ChCTOSIHME

CoritacHo [2] npu pasriexaaHe Ha KyJlakpaH B
pabOTHO CBHCTOSHHME C€ PAa3MICKIAT CICAHUTE H3-
YUCIUTEHY KOMOUHAIIMY BKJIIOYBAILY KIMMATUYHU
BB3ACHCTBHA.

3.2.1.1. M3uncanuTeJJHI KOMOWMHAIINH 32 HoCe-
1A CIOCOOHOCT Ha KpaHa

Tyk cnamaTt ciemHUTE M3YHCIMTEIIHU KOMOWHA-
LU

*HaTOBapBaHUs MPU BAWIaHE U IMO3UIMOHUpAHE
Ha TOBapa- T¢ KOMOWHHpAT CIy4auTe Ha yCKOpsBa-
He, CIIMpaHe U MO3UIMOHUPAHEe HA KpaHa ChC WK 0e3
TOBap HpH BAWTaHE U CIIyCKAaHE HA TOBAp WJIM TOBA-
poO3axBaTHO MpHUCTIOocobIeHre oT TepeHa. Jlobass ce
Y HATOBAPBaHE OT BITHP B pA0OTHO ChCTOSTHHE, CHST,
oOJjensBaHE W TEMIICPATypHU BB3IeHcTBHA. Tyk
CBIIIACHO M3UCKBAHUATA 32 HOPMAJTHA CKCILIOATAIINS
Ha CHCTeMara 3a yIpaBJICHUC Ha KpaHa TpsOBa 1a ce
MPEBU/IY, Y CaMO JIBa OT MEXaHU3MHUTE Ha KpaHa ca
B PEXKUM Ha HEYCTAHOBCHO IBIDKCHNE (BKIFOYUTEITHO
1 TIOJICMHUSI MCXaHU3BM);

* HaTOBapBaHWs IIPH BHE3AITHO OCBOOOXKIaBaHE
Ha TOBapa- TYK OTHOBO TpsIOBa Jia ce MpeABUAH, U
camo JIBa OT MEXaHU3MHTE Ha KpaHa ca B PEXKUM Ha

HEYCTaHOBEHO JABIKeHHe. JJ00aBs ce 1 HaTOBapBaHE
OT BATBHD B pabOTHO CHCTOSIHHE, CHAT, OOJIC/SIBAHE U
TEMIECPATYPHU Bb3ICHCTBHUS.

*HaTOBapBaHUS MPH MPUIBIKBAHE HA KpaHa IO
HEpaBEH TEPCH WJIM PEJICOB MBT C HEPABHOCTHU- TYK
OTHOBO TpsIOBa J1a ce TMPEABUIM, Y€ caMO JBa OT Me-
XaHU3MUTE Ha KpaHa ca B PESKUM Ha HEYCTAaHOBEHO
nBmwkeHue. Jo0aBs ce W HATOBapBaHE OT BATHD B
paboOTHO CHCTOSTHUE, CHAT, OOJensBaHEe W TeMIiepa-
TYpPHU Bb3/ICUCTBUS.

YacTtHuTe KOE(PUIIMEHTH HAa CUTYPHOCT 3a pas-
JIUYHUTEC WHCPLIUOHHW HATOBAPBAHUS U CWIH OT
COOCTBCHO TErjo MPH Ta3d W3YHCIUTEIHA KOMOH-
Hanus ce B3emar ot [2]. Tlo oTHOIIEHNWE HA KiUMa-
THYHHATE BB3ACHCTBUSA OT CHSTI U OO0JIeNsSBaHE 4acT-
HUTC KOC(QUIMCHTH Ha CHUTYPHOCT C€ NpUeMar
Y, =122 . Ilo oTHOWICHME HAa TEMIEpPATYpPHHUTE

BB3IEHCTBOMSA CE H3IIOI3BA Y =1,16. O0mus Koe-

(UIMEHT HA CUTYPHOCT 3a TOPHHUTE TPU U3YHCIH-
TenHu koMOuHanuu e y; =1,34.

3.2.1.2. M3uncauTeTHI
npeodpblllaHe HA KPaHa

*[pu J0Ka3BaHe Ha YCTOWYMBOCT Cpelly Ipe-
oOpbIlane Ha KpaHa B pPabOTHO CBCTOSHHE C€
M3M0JI3Ba HATOBApBaHE OT BATBD B PpabOTHO
ChCTOSIHME W HATOBAPBAHMS OT CHAT U OOJie/IsBaHe
YMHOXXEHH C YaCTCH KOC(PUIIMECHT Ha CHUTYPHOCT
Y, =122

3.2.2 A3YnCcAUTEIHN KOMOMHAIMM TPH KpPaH B
HepaGOTHO CHCTOSTHHE

Ilpu pasmiexnaHe Ha KyJlakpadH B HepabOTHO
CBCTOSIHHE CE Pa3TIICKAAT HM3YMCIUTENHH KOMOH-
HAIMKA BKJIFOYBAIIHA HATOBApBAHE OT KIMMATHYHH
BB3ICUCTBUSI CHIIIACHO [2]

KOMOMHAIIMU  cpelny

3.2.2. 1. M3uncanTeJJHI KOMOMHALIMHM 32 HOCeIIa
CIIOCOOHOCT HA KpaHa

Tyk cmajar ciiefHaTta WU34UCIUTETHA KOMOWHA-
UL

* HaTOBapBaHE OT COOCTBEHO TETJIO HA KpaHa U
OKayeHus ToBap (aKo B CiIydas e pasriiexkiaa TaKbB),
HATOBApBAaHE OT BATHP B HEPAOOTHO CHCTOSIHKE, Ha-
TOBapBaHe OT OOJe/sBaHe, HATOBApBaHE OT CHIIT,
HATOBApBaHE OT TEMIIEPATYPHU WU3MeHeHus. Yact-
HUST KOS(HIMEHT HAa CUTYPHOCT 3a BATBHDP B Hepa-
OOTHO CBCTOSIHUC TPHU Ta3M HM3YUCIUTEIHA KOMOU-
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Hauus ce npuema ), =1,16. 3a cuar u obnenssane
ce npuema ), =1,1, a 3a HaToBapBaHUs OT TOILIHHHO
BB3JIEHCTBHE CE WM3IIOJ3BA Ve =1,05. O0wums koe-

(UIMEHT Ha CUTYPHOCT 3a Ta3W W3YHCIIMTEIIHA
xoMOuHanus e J; =1,22.

3.2.2.2 M3UNCAUTETHE KOMOMHAIIMU Cpelry mpe-
o0pblIaHe HA KpaHa

*npu JOKa3BaHE HAa YCTOWYHMBOCT Cpelly mpe-
oOpbIlaHe Ha KpaHa B HEPAOOTHO CHCTOSIHUE CE H3-
MOJI3Ba HATOBAapBaHE OT BATHP B HEPAOOTHO CHCTO-
SIHUE YMHOKEHO C YaCTeH KOCPUI[HEHT Ha CUTYPHOCT
Y, =1,16.

4. BAK/IIOYEHUE

B nacrosimata pa3paboTka ca pasrieJaHd BbIl-
pocHTe CBbpP3aHH C HOPMATHBHOTO OCUTYpsIBAHE Ha
HATOBAapBaHUITA OT KIUMATHYHH BB3JCUCTBUS
BbpPXY HOCEIIM KOHCTPYKI[MHM Ha KYJIOBH KpaHOBE.
[IpemiokeHa € MOCIEIOBATEIHOCT OT CTBIKH 32
TAXHOTO M3YUCISIBAHE M KOMOWHHUpAHE C JIPYrd BH-
JIOBE HATOBAPBAHUS BHPXY KpaHa, Oa3upaHa OCHOB-

HO BBPXY M3MOJI3BAHETO HA HOPMATUBHHUS JIOKYMEHT
3a kpaHoBu koHcTpykumu BJIC EN 13001-2 u
HpeAncaHusiTa Ha nakera Hopmu EBpokozose.
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LOADINGS ON TOWER CRANE STEEL STRUCTURE CAUSED BY CLIMATIC
EFFECTSAND THEIR NORMATIVE PROVISIONS

Kalin RADLOV Filip KRASINI
Technology and mechanization of building department, University of civil engineering and geodesy - Sofia, Bulgaria
e-mail: kradlov@abv.bge-mail:fil_krasini@abv.bg

Abstract: The true evaluation of loadings on tower crane steel structures caused by climatic effects is an important stage to
its bearing capacity check, securing of their structure against tilting and ensurance of tower crane’s safety work. The present
development deals with the problems of normative provisions of loadings on tower crane structure caused by climatic ef-
fects. The purpose is to develop a sucession of steps for these loadings determination and the methods for their combination
with another loadings on tower crane steel structure.

Keywords: tower crane, climatic effects, normative provisions
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XML MOAEJUPAHE HA ITBTHO —TPAHCIIOPTHU INPOU3INECTBUSA

Bopuc TYJ’KAPOB!

Bacua IEHYEB 2

Tkarempa , OCHOBH 1 TeXHUYECKH CPEACTBA 3a KOHCTpynpane”, TexHuueckn yuusepeutet - Codust, Bearapus
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Pesome: B paGorara e npejcTaBeH MOIX0J 3a Ch3aBaHe Ha MOJIE)N Ha IIbTHO —TpaHcnopTHo npousmiectsue ([TTIT) upes
eXtensible Markup Language (XML). XMuopensT e ocHOBa 3a ch3aaBaHeTo Ha uHTerpupaHa \Web 6asupana cucrema
3a JIOKyMEHTUPAHe, MoJIeNupane 1 Busyanusupane Ha [1TI1, upe3 chbBpEMEHHHM CPEICTBA U TEXHOJIOTHH.

KuiouoBu aymu: meTHO — Tpancnoptao npousinectsue (ITTIT), eXtensible Markup Language (XML), Cloud computing,

ABTOTCXHUYCCKA EKCIIEPTU3a

1. YBOJ

KoMmmmoTbpHa TEeXHMKa HaBiIM3a BCE IIOBEYE MU
IOBEYE BbB BCHUKH C(hepH Ha KHUBOTA.

Crneunduuna cdepa e aBTOTEXHHUYECKATa CK-
cnepru3za. ToBa e nporec, Npu KOWTO Bb3 OCHOBA Ha
MPWIATaHETO HAYYHO - MIPWIOKHY 3HAHWUSA U yMEHHS
CE M3BBPIIBA M3CICIBAHE HA IBTHO — TPAHCIOPTHH
nponsmecTsus. IIpornenypara Ha caMOTO M3cieBa-
HE HE € CTPOr0 perslaMEHTHPaHa, HO IIPOLEAYypHUTE
MPEAX0XKIAM HM3TOTBIHETO Ha EKCHepTH3aTa ca
pErIaMEHTHPAaHU B Pa3IWYHA HOPMATHUBHM JIOKY-
MmeHTd [1,2] ¥ mOAHOPMATHBHH aKTOBE, a CaMHTE
JIEHHOCTH MOTaT Ja Ce pa3leJisiT Ha CIIeIHHTE. J0-
KyMEHTHpaHE U aHallu3, KOMTO € >KenaTesHo B cebe
CH Jla ChIbpKa M BU3yalIM3alys Ha aHAJIM3HPAHOTO
CbhOMTHE, KOETO YJICCHSBA BB3IPHATHETO OT CTpaHa
Ha 3aMHTepecoBaHuTe nuna. PakT e, 4ye AeHHOCTHTE
CBBP3aHU C JOKyMCHTHUPAHETO HAa CHOWTHSTA CE M3-
BBPIIBAT PBHYHO, Oe3 ymoTpebaTa Ha KOMITIOTHPHA
TEXHHKa, KOETO € TPYZOEMKO M BOAU IO Pa3XOAU Ha
pecypcu — 4OBEIIKH, eHepruifHm u mpupoanu. C
oryies Ha TO3HW (aKT aBTOPHUTE MpeAarar Ch3/laBa-
Hero Ha “Cloud computing” cucrema [3], kosTo
o0enuHsABa B ce0e CH BCUUKHU OINMCAHH JEHHOCTH U €
6azupana Ha XML. Cebp3Balo 3BeHO Ha cucTeMara
ce sBsiBa mpeiokeHust B paborara XML moznen na
nbTHO — TpaHcnoptHo npousiuecteue (ITTII).

2. XML — PABIIUPSEM MAPKHPAI E3UK

XML — eXtensible Markup Language texuo-
JIoTHsA, KOATO AdaBa pasmIUupsi€MU BB3MOKHOCTHU 3a
OIMKMCBAHC Ha PA3JIMYHU IO BUA M CJIOKHOCT IPO-

0JIeMHU 1 HaMHpPa IPUIIOKKUMOCT B MHOTO M Pa3IMYHA
chepu. Upez XML umHbpopMmarusaTa ce mpeacTaBs B
JbpBOBUIHA (fiepapXWyHa) CTPYKTypa IIPH CIa3Ba-
HETO Ha ompelesieHuTe B cTanaapra Ha World Wide
Web Consortium [4kunTaktnunu npasuna. Ilenra
My € Jia ONKCBA JaHHUTE 10 TaKbB HAYHH, Y€ Ja Ce
peanu3upa Bb3MOXKHO Hal-0e3MpoOIeMHO: OOMEHBT
UM MEXTy COPTYEPHH MPUIIOKEHHS; aBTOMATUYHOTO
uM 00paboTBaHe; OPraHN3UpPaHETo Ha MIaTHOPMEHO
— He3aBUCHMAa KOMYHHUKAIUS U JIECHOTO pas3Iiupsi-
BaHE U €BOJIIOIUS HA MPHUJIOKEHHSITA.

3. XML MOJEJI HA IITII

Co3naBanero Ha XML monen na IITII e HeoO-
XOJMMO C I[eJ WHTEIPUPAHETO HA Ch3AaJCHU 32
LeNTa HA TOKYMEHTHPAHETO, aHajln3a U BU3yalln3a-
[UATA Ha IIBTHO — TPaHCHIOPTHH mpousiecteus Web
0asupaHu MoayJH B eauHHa cucteMa. Camuatr XML
MOJIeII IPE/ICTABIISIBA €JHA TbPBOBUIHA CTPYKTYPA, B
KOSITO OCHOBHHTE €JIEMEHTH Ca €JIeMEHTUTE Ha IpO-
U3IIECTBUETO, CBbP3aHH B HepapXWvHa 3aBUCUMOCT
eIUH OT Apyr u eauH ¢ npyr. Crpykrypara Ha XML
Mojena e mokazaHa Ha (ur.l. OCHOBHHTE 3BeHA B
monena "[ITII ca: ,HUngpopmayus IITIT, , Yuacm-
Huyu”, ,, Mecmonpousuiecmsue”. BbB BCSIKO €JHO OT
TE3U 3BEHA CE M3BBHPIIBA OMUCAHUE HA OIMpEACTICHU
JIaHHU ¥ He0OXoIuMa HHPOpMAIIHsI.

B, Unpopmayus HTIT' (pur.2) ce 3anucea uH-
(dbopmanusTa OTHOCHO HACTBHIIBAHETO HA IIPOM3IIE-
CTBHETO U JaHHHUTE 32 BPEMETO M MSCTOTO My. To3u
OJIOK ¥IMa TIpeId BCHYKO MH(OpPMAIMOHEH XapaKTep
u uHPOPMAIMATA, KOATO CE BbBEXKIA B HETOBUTE
€JIEMCHTH € Heo0X0ruMa 3a ChCTaBSHETO HA MPOTO-

59



bopuc TYIXKAPOB Bacun IITEHYEB

KOJia 3a orjie] Ha MECTOIIPOU3IIECCTBUCTO U HE UT'pAC
0CO0EHO BaXKHA PpoJid 3a MO — HATATBIIHOTO BBBCK-

JaHC U U3I10JI3BAHC Ha HAJJUYHUTEC B HCI'O JaHHMU.

IMudopmanmia
IITII
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¢ur.1 Crpykrypna cxema Ha XML monena

FEEEEE

¢ur.2 Ctpykrypa u chabpixanue Ha 610k ,, Aughop-
mayus”

B o6noka ,, Yuacmnuyu” ce mpaBu onmcaHue Ha
BCHUYKH YYACTHHLU B Pa3lNICKIAHOTO CHOUTHE C
msUlaTa HeoOXoauMa 3a IoclIenBallus aHajau3 Ha
MPOU3IIECTBHETO HHMOpPMAIHs, Kacacllla TCXHUTE
TCOMETPUYHU M MACOBH XapaKTCPUCTHKH, UHPOP-
Malys 3a TeXHHYCCKHTE MapaMeTpu Ha 00OpyiBa-
HETO H T.H.

Hme ETH Anpec No
B/ctat Per.c.

¢ur.3 Ctpykrypa u cpappxanue na 6ok ,, Coocmese-

HUK

Thi KaTO y4aCTHUIUTE B €IHO IMBTHO — TPAHC-
MOPTHO IPOU3IIECTBUE MOraT na ObIaT pa3sInuycH
Opoit u BHI, IOpaay Ta3u MpHUYMHA B OJIOKa CE€ Ch-
IbpKaT TPH TOAOJIOKA, KOHWTO CBOTBETHO Ca:
JMIIC, | TIC'n , [lewexooey”.

Bceekn enuH OT Te3u OJIOKOBE ChXpaHsIBA HH-
(dhopmarnms cpoTBETHO 3a: 670K , MTIC" — 32 MOTOPHO
MIPEBO3HO CPeACTBO (JIEK WIIM TOBApEH aBTOMOOWII,
aBTOOYC, MOTOIIMKIIET, MOTOIEM, TPAKTOp), OJIOK
LHIIC" — 3a MHTHO MPEBO3HO CPEICTBO (pemapke,
Kapyma, Benocwurien), 6ok ,llewexodey”’ — 3a me-
HIEXOIEII.

I J[ M e JLim )7
S E O

) ) () ()

¢ur.4 Crpykrypa u cpIbpikanue Ha 010k ,Booau”,
4acT oT 0ok ,, Vuacmuuyu
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¢ur. 5 Crpykrypa u chabpxkanue Ha 610K , [Ipesosto cpedcmeo (IIC)", wact ot 610K , Vuacmuuyu”

Bceku equH OT MpeacTaBeHUTE MOAOIOKOBE -
~MIIC" u JIIIC" — chabpiKaT MOAOIOKOBE, B KOUTO
ce ChbxpaHsBa HMH(POPMAIMS OTHOCHO MPEBO3HOTO
cpenctBo (dur. 5), Herous cobctBenuk (dur. 3) u
BOJada My B MOMCHTa HAa BB3HWKBaHE Ha pas-
rIexaHoTo ceoutue (dur. 4).

¢ur. 6 Ctpykrypa 1 chabpkanue Ha 0710k ,, [lewexo-
dey”, dact ot 0J10K ,, Vuacmuuyu

B 6noka , Yuacmuuyu” wma oie enuH moA0JIoK.
ToBa e Omok ,/lewexodey”. B Hero ce 3amucBaTr H
CBhXPaHABAT JAHHHU 3a IEIICXOCI — YIaCTHHK B Ch-
outrero (pur.6).

Nudopmanmsara, KoATO ce 3ammcBa B OJIOKa
» Yuacmuuyu” oT Qaiina, kacae MpsSKO yYaCTHHUIIUTE B
MPOMU3IIECCTBHETO. BbBexkna ce wuHboOpManms 3a
TEXHATC TCOMETPHYHM M MAaCOBH XapaKTCPHCTHKH,
BOJIAUUTE, TEXHUTE ICUXO-(PHU3UOJOTUYHU ChCTOS-
HUsI, TEXHUYECKOTO CBhCTOSIHHE HA MPEBO3HUTE

cpezcTBa (JIOKOJIKOTO € BB3MOXKHO Jia C€ OIpeJIeliy,
4pe3 OompeesicH! MoKa3aTenu (Hamp. AbI00YNHA Ha
rpaiipepa Ha rymure, DOT nHa rymara u ap.). BoBe-
JCHaTa TyK WHPOpPMAaIus B3eMa y4acTHE HE Camo B
reJarta Ha JOKYMEHTa, a 4acT OT Hes € HeoOxoamma
332 M3BBPIIBAHE HA CKCIICPTHHS aHAIN3 M CE TPAHC-
MTOPTHPa KbM MOJYJI 38 U3BHPIIBAHETO MY.

broxsT ,,Mecmonpousuiecmeue” — B 1031 OJI0K
or XML crpykrypara ce 3amicBa ¥ ChbXpaHsBa HUH-
¢dopmarms CBBpP3aHA C MECTONPOM3IICCTBHETO U
CBBP3aHUTE C Hero (pakTh. BIIOKBT € ChCTaBeH OT JiBa
OCHOBHH moaOnoka ,/Tem” u ,Onucanue’, YAATO
CTPYKTYPH U ChIbPKaHUs Ca MIOKa3aHU HA Gurypure
¢ur. 7u ¢ur.8.

broxsT ,[Iom” chabpka B cebe CH E€IeMEHTH,
HEOOXOMMWMH 33 OIMCAHWETO Ha IBTHHUS YYaCThK B
KOMTO € HACTBIIMIO Pa3TiIeKIaHOTO CHOUTHE.

B moxb6noka ,,Onucanue” ce u3pbpiiBa aehuHU-
paHeTO Ha JIOKAJHA KOOPAWHATHA CHCTEMa M OIIM-
CaHWe HAa HAXOIKHWTE HA MECTOIMPOM3IICCTBHUETO U
TEXHUTE KOOPIMHATH B JIOKAJHATA KOOPJAMHATHA
cHcTeMa.

B ,,Mecmonpouswecmeue” ce onucsa moapOOHO
MECTONPOM3IICCTBUETO, MAPAMETPUTEC HA MHTHUSA
YYaCThK, METCOPOJIOTHIHHUTE YCIOBHUS, ChCTOSHHETO
Ha OKOJIHATA Cpejia, HAXOJKUTE Ha MECTOMPOU3IIC-
CTBHETO W Ap. B Hero ce BbBexkma WH(OpMAIHS,
KOSITO € Heo0X0quMa M 3a MPOTOKOoJA (Ch31aBaHETO
Ha rieyareH ¢aiii), Taka ¥ 3a MOJyJIa 33 aHAIN3UpaHe
Ha CHOUTHETO.

61



bopuc TYIXKAPOB Bacun IITEHYEB

Cur

H
=,
B || R || St

St e

clo

¢ur. 8 Crpykrypa u ceabpkanne Ha 610k , Onncanue”

Ha ¢wur. 9 e mokasaHo 9acT OT ChABPKAHUETO HA
ce3manennss XML mopen. BeBenenara B tosm XML
JMIOKyMEHT WH(OpMaIys ce W3IMOJI3Ba OT Pa3InIHHU
MOJYJIM Ha WHTETPUpaHATa CUCTEMa 32 JOKYMEHTH-
pane, aHanu3 1 Bu3yanusanus Ha [TTII.

4 UHTET'PUPAHA CUCTEMA 3A JIOKY-
MEHTUPAHE AHAJIN3 U BU3YAJIM3AIIUA
HA IITIT

Kakro Gemre mocoueHo no-rope nes Ha paborara
e paspaborBane Ha XML mozen na IITII kato oc-
HOBHO 3BEHO Ha IISJIOCTHA CUCTEMA, Ype3 KOSITO J1a ce
W3BBPIUBAT JICHHOCTHTE MO JIOKYMEHTHPAHETO,
aHanm3a u Busyanusanusra Ha [1TII B Webcpena.

Ha ¢wur.10 e npezacraBeHa cxema Ha mpeiara-
HaTa CHCTEMa U ca IIOKa3aHW BPB3KUTE MEXIY OT-

JICITHUTE MOJYJIHM Ha chinara. Paborara Ha cucremara
MOJKE J1a CE OIUIIE 10 CIEIHUS HAYNH:

Cren mocCeIIeHHe Ha MECTOIPOMU3IIECTBHETO OT
KOMIIETEHTHHUTE JIMLA C€ IONBIBA HeoOXomumara
(dhopma, kosTO € "acT oT moayia “JlokymeHTupane”.
Bb3 0CHOBa Ha HEsl MPH HEOOXOAUMOCT MOXKE J1a CE
W3BBPIIA TI€YaT WIM 3aIiC Ha HE0OXOoauMaTa HH-
(hopmarys B kesaH OT HOTpeduTesst opMaT 1 BEPXY
pa3iIryYcH BUJ HOCHTEI.

Wudopmanusra, BeBeaeHa B Moayna “Jloky-
MEHTHpPaHE", € C¢ U3MOJI3Ba KaTO BXOJHA 38 BTOPHUS
MoOIyn — Moayna “AHanu3”, KbJETO C€ H3BBPIIBAT
n34YuCienns. JJaHHUTE OT M3UMCICHUATA CE 3alMCBaT
otHOBO B moaxoxasm XML ¢opmar, koito oT cBOSI
CTpaHa CJIY)KH 3a BXOJ Ha CJCIBAIIMS MOIYJ 33 BH-
3yanuzanus Ha [TTTI.

B moayna “Busyammsanus”’ — ce reHepupa X3D
BU3yaJIU3aIl¥s HA MPOU3IICCTBUCTO.
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<?xml version="1.0" encoding="windows-1251" ?=> MECTOHPOI/I?DHJECTBI/IE
- «KATASTROFA>
- <INFO>
<!-- MHSOPMAIMA 3A NOTO --> |_|
<GRADSELO />
<0OBLAST />
+ <DATA>
<CHAS />
<MESTOPROIZSH /=
<KOJ [>
</INFO>
<l-- KPR/ HA B
- <UCHASTNICI=>
<!-- BE Ha M
— <WIDUCHASTNIK>

TTeyar Ha
JIOKYMEHTH

<!-- BLBEEIAHE JIA 3A YUP
- <AWTOMOBIL_MOTOR=>

+ <DANNIMPS>
<!-- TYK CB
- <DANNISOB:
<l-- B

<IME />
<EGN_BULSTAT />

Mogyn 3a
BI3yAMI3aLHe
<ADRES />

<TALONNOMER. /> ¢ur.10006mr Mozen Ha cucTeMara M B3aMMOBPB3KHTE
</DANNISOBSTWENTK> M@y CbCTaBHUTE M MOYJIH

<!-- KPAM HA EEBEXIAHETO HA
+ <DANNIWODACH=>

<!-- KPAM HA EBBEEJAHETO HA

S/AWTOMOBIL MOTOR> 5.3AKJIIOYEHUE

<1-- KPAM HA BEB

- <PP5>
<l = IpencraBenust XML nokymMeHT ¢ Taka Tpen-
REMARKE
i JI0’KEHATA CTPYKTYpa U ChIBPKAHHE, C HETOBHTE
O e s o CHCTaBHU I10JIOJIOKOBE M €JIEMEHTH MOXE Ja CIIYXKH
<IME /> 3a OCHOBA IIPH CH3/IaBAHETO HA CAMHHA HHTCTPUPAHA
<EGH /> ”
ST ,Cloud” 6asupana cucrema 3a JOKyMEHTUpPAHE,
+ f;‘éﬁgc}hmwmb ananu3 u pumsyanusanus Ha [1TTI B WEB cpena.
<< =
<RUST />
</PESHEHODEC>
</WIDUCHASTNIK=> JI“TepaTypa
</UCHASTNICI> 1.Haxkazarenen kozxexc (HK).

2 Hakazarenno — npouecyaineH kogexc (HIIK).
3Ilenues B., B.Tymxkapos, “Cloud” cucrema 3a moky-

;{;CER;SS:ROIZSHESTWB MEHTHpaHe, aHanmu3 ¥ Busyanmsamus na [1TII, BCUII,
</KATASTROFA> 6p.13/2012 ctp. 59 — 66.

4. www.w3.0org/XMLIToceren na 08.11.2012

¢ur. 9 Ocuosuu enement Ha XML mopena Ha ITTIT

XML MODELING OF VEHICLE CRASH ACCIDENTS

Boris TUDJAROV * Vasil PENCHEV?
! Fundamentals of design department, Technical University-Sofia, Bulgaria

e-mail: bntv@tu-sofia.bg
2Fundamentals of design department, Technical University-Sofia, Bulgaria

e-mail: vasil_penchev@tu-sofia.bg

Abstract: The work presents an approach for creating a model of vehicle crash accident by usage of eXtensible Markup
Language (XML). The XML model is the basis for the creation of integrated Web-based system for documenting, analysis
and visualization of accidents through contemporary means and technologies.

Keywords: Vehicle crash accident, XML, Cloud computing, vehicle crash accident investigation
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N3CJIEJIBAHE TOYHOCTTA HA PEXXEIIUTE PBbBOBE HA ITAJIIIOBU
MOAYJIHA ®PE3U C HOBA 'EOMETPUA

Hersp HAHTHUJIEEB Hpena IIETPOBA

KaTeznpa , MamnHO3HaHUE MAIINHHY eJIEMEHTH U HIKeHepHa rpaduka’, Pycencku ynusepcurer - Pyce, Bearapus
e-mail: pantileevp@uni-ruse.bg e-mail:ikpetrova@uni-ruse.bg

Pesrome: Ilpemioxkena e cxema 3a npoduiMpaHe Ha NAILOBH MOIYJIHU (pe3u C NPABOJIMHEHHM pexely pbOoBe, pu
KOATO NpoGHIbT HAa 06paboTBaHUTE 3H0H CE MOJTy4aBa OT TPACKTOPHUTE HA TOUKH OT pexeniuTe proose. [Ipunoxenn ca
pe3yiITaTH OT U3C/IEIBAHUA 33 BIMAHUETO HA KOHCTPYKTHBHHM IapaMeTpH Ha 3b0uTe Ha 0OpaboTBaHMTE 3BOHM Kojena
BBPXY TEOPETHUHATAa TOYHOCTA Ha perKenuTe prooBe Ha (pesara.

KnrouoBu aymu: naimoBu MOIyITHH (Gpe3H, TeOMETpHs, PeXely proose

1.BbBEJEHUE

B TEKKOTO MANIMHOCTPOCHHE C€ H3M0JI3BaT
3B0HH KoJIena ¢ roaemu pasmepu —¢ur. 1. Cpemar ce
3p0HM konena ¢ quamerpu ot 4000 mo 10 000mu-
muMeTpa U Moxynu Ha 3p6ute ot 20 go 70 munu-
Merpa. Hali-uecto Te3u 3b0HM Kojena ca C HHUCKa
TouHOCT — OoT 9 10 11 crenen. 3v0uTte UM ce oOpa-
OoTBar upe3 3vO0dpe3oBane. Mzmoasear ce uep-
BAYHH MOIYJTHH (pe3H, paboTemy 1o MeTojaa Ha
LEHTPOUIHOTO OOXOXKJaHe, W JAMCKOBH U MAaJLOBU
MOIyTHH (pe3r, KOUTO paboTAT MO MeTojaa Ha Ko-
mupadeto [1,2]. Tlocmemumsar  merton ce

¢ur.1 CbcTaBHO 350HO KOJIENIO OT TOIUIOGNICKTPUIECKA
LEHTpaja

OCBIIIECTBSABA YpPE3 CIUHUYHO JIEJIeHE 3a 00paboT-
BaHE Ha BCAKO MEXKIY3b0HE W € CPaBHHUTEIHO
[IO-HETOYEH.

3a 3p0HM KoJena ¢ Moaynu Ha 3p0ute Hax 30
MUJIMMETpa, YEPBIYHUTE MOJIYJIHH (pe3u ce Moiy-
YaBaT C rojeMH pa3Mepd, KOMTO HaJBHIIABAT Bb3-
MOXKHOCTHTE Ha TEXHOJOTMYHOTO obopynBane. B
TE3U Cilydyan Hal-ylo0HHM Ca MallOBUTE MOIYJIHH
(bpe3u, KOUTO UMAT 3HAYUTEITHO [T0-MAJIKH Pa3MepH.

[ManuoBure MoaynHu (pe3n UMaAT U pelulia He-
JIOCTATBIIM, KaTO: MPOU3BEKAAT CE ChC 3ATUIOBAHU
3p0M M ce MNpe3aToyBaT caMo [0 IpPEAHUTE I10-
BbPXHUHH, UMAT HYJEBH CTOWHOCTH Ha IpPEIAHUTE
BIJM U MajKM CTOWHOCTH Ha 3aJHUTE BIVIM Ha
PEeKeLUTe YacTH, OCOOEHHO TE3M INPH BbpXa Ha
¢pe3ata. Bcuuko ToBa BoaM 10 10-0bP30 H3HOCBaHE
W CbKpallaBaHe Ha o0mara TpaiHOCT Ha
uHctpymenta.  Cien BCSIKO — Mpe3aTovBaHe,
CTOMHOCTHTE Ha JIMAMETpUTE Ha (pe3ara 3a eAHU U
CBLIM CEYeHHs HaMallsiBaTr, KOETO BOIH [0
HaMaJsiBaHe W Ha LIMPHHATA Ha MEXIy3hOusTa Ha
00paboTBaHOTO 350HO KOJIEIO.

2. U310 KEHUE

Ipemnara ce mannoBa MogynHa (pe3a ¢ HOBa
reoMeTpus, KOATO € XapaKTepHa C TOBa, Y€ pexe-
IIUTE YaCTH ca OCTPO3aTOUEHH, a PEXeLIUTe pbOoBe
ca npaBosuHeitau [3,4]. B To3u cny4ait npeanute U
3aHUTE BIVIM Ha PEXKEIINTE YaCTH MMAT IOJIOKH-
TEJIHM CTOMHOCTH, KOUTO Ca 3HAYUTEIIHO IIO-TOJIEMH
U 1o O1M30 A0 ONTHMAIHUTE OTKOJNKOTO TE3H Ha
3aTUIIOBaHHTE (Pppe3u.

Cxemara 3a mpoduimpane Ha TakaBa (Qpesa e
nokaszana Ha ¢ur.2. Ha ¢urypara e nokazaHo eiHO
MeXay3b01e oT 360HO Koseno. B Hero moxe na ce
BIIMIIE YacT OT MPOCT POTALMOHEH XHUIepOoIoua ¢
€/lHa MOBBPXHUHA, YUSITO NMPABOBI'bIHA IPOEKIMS B
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PpaBHUHA NECPHOCHAUKYJIIPHA Ha OCTa Ha BbPTCHC Ha
350HOTO KOJICJI0, U31IbJIBA C I'oJiiMa TOYHOCT IAJIOTO

¢ur.2 IIpodunupane Ha nanoBa MoayIHA
(bpesa ¢ HOBa reoMeTpHs

MEXIy3h01e. YpaBHEHHETO Ha TaKbB XUTIEPOOIOU]T
B KOOpJMHATHA CHCTEMa CBbP3aHA C OCHTE My Ha

cuMeTpHs uma Buja; [5]
2 2

.y

2
S+i-5 1)
a a C

[ToBbpxHMHATA HA TPOCT POTALIMOHEH XHIIEpOo-
JIOUJI C elHa ITOBBPXHHMHA MOXE Jia ce o0pasyBa Mo
KWHEMaTH4YeH IbT 4pe3 BbPTEHE M Ha e/lHa I0JXO-
JSIII0 OPUEHTHpaHa IpaBa JIMHHUA OKOJO TI'EOMET-
puuHara My oc — ¢ur.2. Tasu npaBa JIMHUS 110 KOH-
CTPYKTHBEH ITbT MOJXeE JIa C€ IPEBbPHE B pexXel pb0
Ha WHCTPYMEHT. EBONIBEHTHHAT mpodII HA MEXIY-
3B0METO Ce OIMMCBA, C M3BECTHA TOYHOCT, IOCIEIO-
BaTEITHO OT TPAEKTOPUHUTE HA TOUKH OT PEKEIIns pbo
MIpH BBPTCHE HA HHCTPYMEHTA, YHAATO OC CHBIIAJA C
reoMeTpHYHaTa OC Ha XWIEepOOJOWAHATA  IIO-
BBpPXHHHA.

B Pycencku ynuBypcuter ,Anren KvHuer” e
KOHCTpyHpaHa TajioBa MOJyJHa (pe3a c HOBa re-
oMeTpHs 3a 0o0paboTBaHe Ha 3BOHHTE NMPOPHUIM Ha
3B0HU KOJIeNa C HapaMeTpH:

e wmoayn - 40mm;

e Opoii 3501 Ha 00PaOOTBAHOTO 3HOHO KOJIEIIO —
30;

e Opoii 301 Ha CAPYKABAHOTO 3HOHO KOJIETO —
30;

e mpoduiIeH BI'bJI HAa U3XOTHUS 3b0CH rpedeH —
20rpanmyca;

=1

¢ Koe(UIMEHT Ha WU3MECTBaHE Ha 00pabOTBa-
HOTO 360HO0 Kouseno — O;

* KoeUIMEHT HA HM3MECTBaHE Ha CAPY)KaBa-
HOTO 360H0 Koueno — O;

e Koe(UIMEHT Ha BUCOYMHA HA INIaBaTa Ha 3602
-1

¢ koe(uIHEeHT Ha paguanHa xaadbuna — 0,25;

e rapaHTHpaHa HOPMajHa CTpaHWYHA XJaOWHA
0 mm.

3. TOYHOCT HA PEKEIIUTE PbBOBE

OnwrcBaHaTa OT TOYKH Ha PEXKEIIHs phO JTUHUS B
paBHHHA MCPICHIUKYIIPHA HA OCTa Ha 3BOHOTO
KOJICJIO C€ pa3iin4yaBa OT HeoO0XoaumaTa KpbhroBa
CBOJIBCHTA, CHC CTPOTO OMPEICIICHH IMapaMeTpu —
¢ur.3. Ha ¢urypara ¢ npekbCHaTa JUHHS € IOKa3aHa
JIMHUSITA ONKCAHA OT PEeXeIlusi pp0, a ¢ IIbTHA JIU-
HUSI HEOOXOMMISIT €BOJIBEHTEH Mpodmi1 Ha 360a.
KoraTo Te3u pa3iuku UMaT MUHUMAIIHH, HO JIOMYC-
TUMHU CTOMHOCTH,  HAaJlOBHTE MOAYJIHH (pe3u ¢
HOBa reOMETpHs MOTaT Jia ce MpHiIarar ¢ ycrex.

(]
-
-

-
.
.
.
.
.
.
.

¢ur.3 Conocrassae Ha nmpodunure

3a TOYHOCTTa Ha PEXKEUIUTE PHOOBE HA MATIIOBH
MOJIyJTHH (DpE3U C HOBA TEOMETPHS MOXKE JIa CE ChAU
OT pa3jMKUTe Ha KOOPJAMHATH IO OC, EPHCHANKY-
JSIpHA Ha OCTa Ha CHMETpHUsl Ha MEXIy3bOHeTo Ha
00paboTBaHOTO 350HO KOJIETIO, HA TOYKH OT TeOpe-
TAYHYSI €BOJIBEHTEH Npodui Ha 3602 W MpoPuiIbT
OIKCaH OT TPACKTOPHUTE HA TOUKU OT PEXKELIUs PbO.
OTKJIOHECHHUATA CE€ U3YHCISIBAT MO CJICJHATA 3a-

BUCUMOCT
f, =AX = X,

~ Xye ()
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PasnpezeneHneTo Ha OTKIIOHEHHSATA 10 BUCOUMHA
Ha 3Bb0a 3a pexemyre pbrOOBE Ha HMHCTPYMEHT,
npeaHa3sHa4yeH 3a 00paboTBaHe Ha 3b0HHUTE IPOdUIN
Ha KOHCKPETHO 3b0HO KOJIEJIO C TapaMeTPH: MOy —
40 mm,6poit Ha 3p0uTe — 601 KoeduIMEeHT Ha U3-
mectBane O ¢ mokasaHo Ha dur.4.

fr

[em]
500

1000

-500

-1000

20 30 40 50 60 70 80

90 H
¢ur.4 TounocT Ha pexxenure prOoBe

Ot ¢urypata ¢ BUIHO, Ue JUHUATA (OPMHUPAHA OT
pexeniusi pb0, nMpecuya eBOJIBEHTHATA JIMHUS B TPU
TOYKH. MECTOIMOJIOKESHHUETO Ha TE3U TOYKH MOXKE Ja
ce u30upa MpEenBApUTENHO U B JMAIOTOB PEIKHM
MOXKe Jla ce Ipocie/siBa Xapakrepa Ha pasmpejelie-
HHETO HA OTKJIOHEHHUSITA MEXIY CpaBHSIBAHUTE
npodunmu. ToBa naBa BB3MOXKHOCT Ja ce moadepar
TaKWBa MapaMeTpU Ha PEXKCIIUTe PHOOBE HA HHCT-
PYMEHTHTE, Y€ Jla CC TapaHTHUpa PABHOMEPHO WU
KEJaHO Pa3MpelieciCHUe Ha OTKIOHEHUSITa Ha TPO-
¢buure.

3a ycremHo mnpodwIMpaHa MajloBa MOMAYJHA
(bpe3a c HOBa reOMETpPHSI Ha PEXKEIATa YacT ce CMSITa
Ta3u MpPHU KOSITO CTOMHOCTUTE HA MaKCHMAJIHUTE Te-
OPETUYHH OTKJIOHEHHS Ha 00pabOTBaHWUTE 3HOHH
npo¢win He HaaBuimasa 50% oT momycTHMHUTE, KO-
uTo ca perigamentupanu ot BIIC 32 96 — 79 [3].
B noBeueTo ciyyad Ta3zu TOYHOCT HEMOXKe Jia Oblie
mocturHata. Toraea ce mpaBW ONWT 3a BIIUCBAaHE B
MEXIy3b0HETO Ha JIBE MOBBPXHUHH HA MPOCTH PO-
TAIUOHHU XUTIEPOOTIOUIN C TI0 €HA TIOBbPXHHUHA C
Pa3IMYHH TapaMETPH.

TouHHTe CTOMHOCTH Ha MapaMeTPUTE HA XUIEP-
OOJIONTHUTE TIOBBPXHHUHU CE YTOYHSBAT CJEI MHO-
rOKpaTHa MPoBepKa Ha MAKCUMAaJIHUTE OTKJIIOHEHHUS U
YTOUHSIBAHUSI MECTOIOJIOKCHHUETO Ha MPECEYHUTE
TOYKH MEXIy E€BOJIBEHTHHA Mpodun Ha 360uTe |
TEOPETHYHHSL NPO(UIT OT HHCTPYMEHTA.

Ha ¢ur.5 e nokaszan xapakrepa Ha U3MCHCHHE U
CTOWHOCTUTE HA OTKIIOHCHUSTA MPH W3MOJI3BaHE Ha
JIBE XUNCPOOJIOUIHU MOBBPXHUHU 3a (ppes3a, mpen-
Ha3HaueHa 3a 00paboOTBaHE HAa KOHKPETHO 3BOHO
KoJiesno. 360HnTe Npohuiit Ha 00paboTBAaHOTO 35O0HO
KoJIeno ca ¢ mapamerpu. momyn — 40 mm,

fr

(o]
50

-50 u 2

-100——F———T T T T T T T T T T
20 30 40 50 60 70 80 90 H

100

¢ur.5 Tounoct Ha pexemure ppOOBE IPH U3IIOI3BAHE
Ha J[BE XUIIEPOOJIONTHY IIOBEPXHUHA

Opoii Ha 3p0uTe— 601 KoedumenT Ha u3mMectBane 0.

MacoBOTO MpHUJIOKEHHE Ha MAIOBH MOJYJIHU
(bpe3u ¢ HOBa reOMETpHsI € Bb3MOXKHO, aKO T€ MOTaT
Jla OCHTYpSIT BHCOKA TOYHOCT Ha 00pabOTBaHUTE
360HU MIPOHIN B IMIMPOK TUANA30H HA M3MEHECHHE
Ha KOHCTPYKTHBHHTE UM Mapamerpu — Opoil Ha 3b-
ouTe U MOJyJIH.

ft 160
[£0m] 14
120
1004
80—
60—

so0H I

g | | o o e
0

20 60 100 150 200 Z

¢ur.6 Biusinue Ha O6post Ha 360HMTE BHPXY TEOPETHY-
Harta TOYHOCT npu Moy 40

H3BBpIICHO € M3CIICBAHE 33 BIMSHUCTO Ha OPOsI
Ha 3bOUTE M TOJEMUHHUTE HA MOIYJIHTE BYPXY TE€O-
peTudHaTa TOYHOCT, OCHT'YpsiBaHa OT 350000paboT-
BalmMTe NajauoBd ¢pesu. M3ciexBaHu ca HHCTPY-
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MCHTH, YUUTO PCKCIIU p”b60Be OIIiMCBaT JIBC
Hep6OHOI/I,HHI/I INMOBBPXHUHU C pas3IMdHU

XH-

f f160-

[ M40 u
1201
1001

801

60-

40

A

20
20

30 40 50 60 70m

¢ur.7 BivsiHUe TOJIEeMUHATA HA MOJIyJIa BBPXY Teope-
THUYHATa TOYHOCT TpH Opoii Ha 3p0uTe 60

napaMeTpu. Pesynratute oT M3cieaBaHUsTa ca OT-
pa3eHn chbOTBETHO Ha Gur.6 u ¢ur.7.

2. 3AK/IIOYEHUE
W3BBpIIEHO € ISUIOCTHO M3CIIEABAHE 3a BIMSAHUE

Ha KOHCTPYKTHUBHU IMapaMeTPH Ha 350HUTE TIPODHUITH
Ha 3bOHM KOJIeNa BbPXY TOYHOCTTA HA DPEXKEIIUTE

pBHOOBE Ha TOJIOBU MOIYJIHH (Ppe3n ¢ HOBA Ieo-
METpHS.

JlokaszaHo e, 4e manmoBu MOAYJIHU (pe3u ¢ pe-
JKely phOOBE, KOUTO OMUCBAT JBE XHUIIECPOOIOUTHH
MOBBPXHHUHHU, YCICIIHO MOTraT Ja c€ Ipuiarat 3a
00paboTBaHe Ha 3L0HUTE MPOGWITH HA IUITUHIAPUIHH
3p0HU KoOJIeNla ¢ MpaBu 350U U Opoi Ha 3BOHMTE Ha
60.
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EXAMINING THE PRECISION OF THE CUTTING EDGES OF
GEAR-CHAMFERING MODULAR CUTTERSWITH NEW GEOMETRY

Petar PANTILEEV

Irena PETROVA

! Department “Machine science, machine elements and engineering graphics”, Ruse University-Ruse, Bulgaria
e-mail: pantileevp@uni-ruse.bge-mail:ikpetrova@uni-ruse.bg

Abstract: A scheme for profiling of gear-chamfering modular cutters with rectilinear cutting edges, where the profile of the
treated teeth is obtained from the trajectories of points from the cutting edges, is proposed. Attached are the results of
studies on the influence of design parameters of the teeth of the treated gear wheels on the theoretical accuracy of the cut-
ting edges of the cutter.

Keywords: gear-chamfering modular cutters, geometry, cutting edges
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KUHEMATHUYEH AHAJIU3 HA TPAHCMHUCHUHU CbCTABEHH OT TU®DE-
PEHIIUAJIEH 3bBEH MEXAHU3bBM U ®PUKIITMOHEH BAPUATOP ITPHU
PA3/IMYHU KUHEMATHYHU CXEMHU HA TPAHCMHUCHUATA

Kocragun CTOUYKOB Ssop CO®PPOHOB

katenpa "Teopust Ha MexaHu3Mute U MauauTe”, Texuudecku ynusepcurer —Codust, brarapust

e-mail: kks@tu-sofia.bg

Pe3tome : B crarusra ce pasriexaar JBa TPAHCMHCHOHHH MEXaHH3Ma B , YUUTO KHHEMATHYHH CXEMH Ca  BKIIFOYCHH
3aTBOpEH 3b0EH auQepeHaneH MeXaHu3bM 1 GppUKIMOHEeHeH Bapuarop. HanpaBeH € KHHEMaTHUeH aHaJu3 IIpH JIBE
pa3IMYHM CXEMHM Ha CBbp3BaHE Ha (HPUKIMOHHUAT BapUATOp M JU(PEPEHLIHATHUAT MeXaHu3bM. M3Beenu ca npena-
BaTeNHHUTE (DYHKIIMH Ha {BaTa MEXaHU3Ma M M3MEHEHHETO Ha IPEIaBaTeIHOTO OTHOIICHHE BB (DYHKIUS OT H3MEHEHUETO
Ha [IPeAaBaTeIHOTO OTHOLICHUE Ha Bapuaropa. JlaeH € HauuH 32 OPUEHTUPOBBYHO OINpE]eIIiHE Ha IIPEeJaBaTEHOTO
OTHOIIICHHE Ha 3b0HAaTa IpeaBKa OT JU(EPEHIMATHAAT MEXaHH3bM.

KurouoBu nymu: Bapuarop, nudepenunaner MexaHn3bM, IpeaBaTeIHO OTHOLLICHHE

1.YBOJ

B ny6nukarusta [1] ¢ HanpaBeH KHMHEMAaTHUYCH
aHaM3 HA TPAaHCMHCHUOHCH MEXaHU3bM C Oe3cTe-
MICHHO M3MCHCHHE HAa MPEIaBATCIHOTO OTHOIICHUE,
BKITFOYBAI ()PUKIIMOHEH BAPUATOP OT TOPOUJICH THII
U 3aTBOPEH 3B0CH AUQEPCHIHATICH MEXaHH3bM.
W3Bogute OT HANMpaBeHUST aHAJIU3 KaTErOPUYHO
JIOKa3BaT rOJIEMUTE KHUHEMAaTHYHH BH3MOXKHOCTH Ha
pasriielaHusAT MeXaHu3bM. J[Mana3oHbT Ha H3Me-

HCHHUC Ha NOPEAaBaTCJIHOTO OTHOMICHUEC (IT) Ha

TPAaHCMHCHOHHHAT MEXaHM3bM TEOPETHYECKU €
Oeskpaen 1<i; <co. ToBa 03HauaBa, Ye TAKBB Me-
XaHU3bM MOJKE Jia peann3upa (GpyHKIMUTE ChEAUHHU-
Tel (iT =1) , BapHaTOp M CIHpadka i; =0 , IOo-
CPEICTBOM M3MEHEHHE Ha NpeNaBaTeIHOTO OTHOLIE-
Hue Ha Bapuaropa. B [1] e pasrienana Tpancmucus,
npu kosito [1, ¢pur.1 | 3aaBIOKBAIIMTE 3BCHA HA 3a-
TBOPEHHUAT HU(epeHIHaNCH MEXaHU3bM Ca HETOBUTE
LEHTPAJIHU KOJIeNa, H3XOASAIIOTO 3BEHO € BOAUIOTO,
a 3aTBapAIIUAT MEXaHHU3bM € TOPOUAHHUAT BAPHATOP.
FonemuTe KHHEMATHYHN BB3MOXKHOCTH YCTAHOBCHHU
B CJICACTBHE OT HAIIPAaBEHHUs aHAIU3 Ha Ta3W TPaHC-
MHCHS JIaBa OCHOBaHHME Ha aBTOPHUTE Ja MPOIBIDKAT
TEOPETUYECKUTE H3CICIBAHUA Ha TPAHCMHUCHOHHU
MEXaHM3MH ChC ChIaTa CTPYKTypa HO C Pa3IM4HH
KUHEMAaTHYHU CXEMH.

2KUHEMATHUYEH AHAJIU3 HA TPAHC-
MUCHUOHEHH MEXAHU3BM ITPU BXO-

TSI 3BEHA BOJNJIO M HEHTPAJIHO
3bBHO KOJIEJIO 3AJIBUJKBAHO OT BA-
PUATOP

Ha ¢wur.l e naneHa KhHeMaTWyHa CXeMa Ha
TPAaHCMHCHOHEH MEXaHH3bM, IIPU KOWTO €IHOTO 3a-
JIBIDKBAIIO 3BEHO HAa AU(EPEHINATHUSIT MEXaHH3bM
e xojenoro (1), a APYroTto - HEMOIBHKHO CBBP3a-
HOTO ¢ u3xomsamusaT Topous (7) Bommmo (H).

Ha xogsuusr Ban (4) (pur.1l) HemogsmwkHO ca
MoHTHpaHHu BoamioTo (H) v 3aaBHKBaIIHUAT TOPOULT
(5) Ha TOpOHMIHMS BapUaTOP B CJIEACTBUE, OT KOETO
BXOJSIIIOTO B TPAHCMHCHSTA JBIKEHHE CE pasieis
Ha jaBe: [IPBOTO JBMIXKEHME MPE3 BOIUIOTO, HA M-
(GepeHInanHuAT MEXaHU3bM M CATEIUTHHS OJIOK
-2-2 10 u3xomAmoTo Koueno -3; Broporo nuke-
HHE OT BXOJAIIHUAT TOPOH TIPE3 MEKIMHHATA POIIKA
(6) ce mpenaBa Ha m3xomsauAT Topous (7), KOUTO
3a[BIKBA LIEHTPAIHOTO 350HO Kojeno (1) ma mu-
(dhepeHIMaTHUAT MEXaHU3bM ChCTaBEH OT 3HOHHTE
xonena 1, 2, 2, 3u Bogunoro - H. J[BeTe ABMxKeHNs

ce CyMHpAT BbpPXY M3XOIAI0TO Kouelo - (3). Kakro
ce BIDKZA OT CXeMmara, 3BeHaTa Ha BapHaTopa Ipej-
CTaBIIABAT 3aTBapslllaTa BEpUra Ha 3aTBOPEH 3b0CH
nudepeHnmanes Mexann3pM. [lopaau ToBa, ye 00-
IOTO TIPEJaBaTeIHO OTHOIICHHE Ha TPaHCMECHSITA
3aBHCH OT TPENaBaTEIHOTO OTHOIICHHE Ha 3aTBa-
pslliaTa Bepura, B CiIydas BApHaTOpa, SICHO €, 4e TpH
M3MEHEHNE Ha MPeIaBaTeIHOTO OTHOINCHWE Ha Ba-
puaTopa IIe ce N3MEHH M TOBA Ha TPAHCMHCHSTA.
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¢ur.1. Kunemarnuna cxema Ha TPHCMHOHCH
MEXAHU3bM C BXOAAIIN 3B€HA BOAMIO U 3aJBUKBAHO OT
BapHaTOp LEHTPATHO 360HO KOJIEI0

Karo pesynrat ot npuiaraseTo Metoja Ha Bunuc
3a TUQepeHIHUITHAAT 350€H MeXaHu3bM OT ur.l ce
MOJy4aBa U3pa3bT:

ile _d-4 ' (1)

KBIETO C ilg € 03HAYEHO MPENABATEIHOTO OTHOIIE-
HHUE HAa OOMKHOBEHUS 360€H MEXaHU3BbM ChCTABEH OT
konenata 1, 2, 2, 3. Crnen pasgensHe Ha YACIUTENS
¥ 3HaMeHartess B JscHara ctpaHa Ha (1) ¢ @, ce
CTHUTA 0.
SHO_ a’l/ w, -1
iy = Ak )
w/ay 1

3a OTHONIEHHSTA HA BIIIOBUTE CKOpocTH OT (2) ca

B CHJIA CIIEIHUTE PABEHCTBA!

g/@, =-R/R,, 3)
Ksaero R5 u R7 Ca KOHTAaKTHHUTE PaJUuyCH MEXKIY
MEXIUHHATa ponKa Ha BapHaTopa U CBOTBCTHUA

TOPOUJI , OTIPEIEIIANIN TPEIaBATEIIHOTO OTHOIICHHE
Ha BapuaTopa. OTHOIIEHUETO HO BIVIOBUTE CKOPOCTH

CL%/% € peHunpoOvYHO Ha MNPEAaBaTCIIHOTO OTHO-
MEHNUE HA TpaHCMHUCHUATA T.C.-

w/awy, =i, (4)
KbACTO iT € NEeAaBaTCJIHOTO OTHOLICHHUE Ha TpaHC-

MHCHSATA [PH BXOIALIO 3BeHO Bogwiioro. Cuen 3a-
mectiane (4) u (3) B (2) ce nonyyasa:

“R/R, -1

Vi, -1 ©)

iH_
13

OTHOILIEHUETO HA KOHTAKTHUTE PAAUyCH, B YHCIH-
tenst Ha (5) e peuMnpoOvYHO HA MPEAaBaTEIHOTO OT-

HOIIICHHE (iv ) Ha BapHaTopa P BXOIII BaJ, BAIBT

Ha BOAMNOTO. ClE/I0BATENIHO aKO BbBEAEM DPAaBEH-
crBoto R,/R; =i, , MOXKeM 1a 3armuiem

-R/R ==Y, (6)
Cnen 3amectBane Ha (6) B (5) 1 uspassiBane Ha iy ce
HOJTy4aBa u3pasbT

i
137V
L ()
lv ('13 - )_
KOHTO BCBUIHOCT € IPEAaBaTEHOTO OTHOIICHUE Ha

TPAHCMHCHSTA.

3a ;1a ce peaqusupa €IHO OT MPEAUMCTBATA HA
Tasd TPAHCMHCHSA, & WMEHHO OCBLIECTBSBAHE Ha
i =00, kaKTo ce Bk OT (7) TpstOBa /1a ce N3MbIHN

PaBEHCTBOTO
i _q\ 1=
iy (|13 1) 1=0. (8)
3a na ce u3mbiaHK (8) caMo ¢ M3MEHEHHE Ha Ipeaa-
BAaTENHOTO OTHOIICHWE HA BapHaTropa MOpaaH TOBa,
4e KaTo OTHOLICHHE HA OTCEYKH, i, € CTPOro mMo-
JIO)KUTEITHO YHCIIO € HeOOXOIUMO Ja € HM3MBbIHEHO
HepaBeHCTBOTO i/3 >1 . ToBa oO3HauaBa, ue JBY-
cThIanHuAT 360eH MexanusbM 1, 2, 2, 3 pabea na
Objie PEAYKTOp C JBE €IHOMMEHHU 3allCIIBAHUS T.C.
Ha cxemata oT ¢wur.1l 36H0TO KOMENo (3) xa Obie ¢
BbTpewmHu 360u. ToraBa ot (8) Moxe na ce ompe-
JIeTT TPU KaKBO TMpPEJaBaTesIHO OTHOIICHHE Ha Ba-
puaropa IIe Crpe U3XOISIMIUAT Bal Ha TPAHCMUCHSITA
0e3 cripaHe Ha BXOJISIINS:
1
i3 -1
Kato ce uma mpeaBuj, 4e IUANa3oHBT HA PEry-
aupane [2] Ha BapuaTop OT TO3M THI C€ MpHEMA B
rpanunure  03+3 ot (9)Moxke Aa ce HaMepAT rpa-
HUYHHUTE CTOMHOCTH HA MPEAaBATEIHOTO OTHOIICHHE
Ha 3bOHUAT MEXaHU3bM , KOUTO Ype3 eJIeMEHTapHO
npecMmsTaHe ce ycraHossiBa, 4e ca 133 um 433 .

iV:

9)

Tpenasarenuoro otnomenne (it ) Ha TpancMucHs-
Ta, Kakto ce Bixkaa ot (7) e GyHKuMs OT ABE Hpo-
MCHJIMBH- I\, H ifé Ennara npomensuea -iy ce u3-

MeHst B rpanunute 03+ 3 ¥ ¢ HCHHOTO W3MEHCHHE
ce IOCTHra M3MEHEHHMETO Ha IPENABaTEIHOTO OT-
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HOLICHUC Ha Ha TpaHCMUCHATA. CroliHOCTTa Ha

JIpyrata MPOMEHIINBA - 1% TpsiOBa Ja ce ompeneny B

Impoleca Ha CUHTE3 Ha MEXaHM3Ma [0 KpPUTEpHUU
3aJaJIcH! OT KOHKPETHUTE apaMeTpH, KOUTO TpsiOBa
Jla peanusupa TpaHCMHUCHATA. 3a HpuMep e Oble
pasrienaH ciaydai, Npu KOHTO ce U3UCKBa U3MEHe-
HHE Ha IPEIaBaTEIHOTO OTHOIICHWE HAa TPaHCMU-
cusiTa OT €IHaTa 0 ApyraTa TpaHHUNA Ha AWAIa30Ha
[pH MHMHUMAJCH JUana3oH Ha M3MeHHe Ha i, . 3a-

JlayaTta €cTECTBEHO € pellrMa aHaJIUTHYHO C IpHU-
JIOXKCHHE HA aHAM3a Ha QYHKIUH C JBE IPOMCHIIMBH
HO aBTOPHTE TIpeylaraT pelieHue ChC MpuiaraHe Ha
ChBpEMEHEH codTyep.

Ha ¢ur. 2 e nanena ¢ maaeH rpapuyHus BUa Ha
(GyHKUMATA C JBE MPOMEHIIMBH - i T.C. HOBBPXHH-

A AT
HaTa I =i; (lls,lv) , KaTo IO JBETE XOPHM3OHTAIHH

OCH ca HaHeCeHW CLOTBETHO i, H iy, @ MOBEPTH-

kanmHara -i; . CroifHOCTTa Ha il"é, KOfITa 1€ yIIOB-

JICTBOPH ITOCTABCHOTO YCJIOBHCTO 3a MUHUMH3AIUA
U3MCHCHHUECTO Ha iV € Tas3y, MpU KOATO HpeaaBaTe-

HOTO OTHOIUCHHE HA TPAHCMUCHSATA -i; , C& MU3MEHs
Hail 6bp30 BBEB QyHKIUsA OT i, . OT Qur.2 sicHo ce

BMOKIA 4YC Hal-TOJISIMO HN3MCHCHHUEC Ha iT BLB

dyHkIms 0T i, ce nonyuasa npu iy =3,4.

4000
3000
'
2000
1000

T AITE
¢ur.2 Busyanusauus Ha HOBbPXHMHATA It =l; (I13’IV)

CJ'IG,H q)nxcnpaﬂe Ha OpeaaBaTeJIHOTO OTHOLIC-

HHE Ha 3BbOHHA MEXaHH3bM (ilH3 =3, 4) Ha Qur.3 e

HauepTaHa rpaduKaTa Ha U3MEHEHHE Ha iy .

o

7]

ns 1 15 3 2%
I

¢ur.3. I'paduka na pynkuusra ip =i; (iv ) npu npea-

‘HO_
BATEJIHO OTHOLIEHUE HA 350HUA MEXaHU3BM |5 = 3,4

Ot rpadukara Ha (hur.3 € BUAHO, Y€ AHAMA30HBT
Ha peryjiMpaHe Ha BapuaTtopa HEOOXOJUM 3a hU3Me-
HEHME Ha i OT e[HAaTa [0 ApyraTa HErOBa FPaHHUIA €
: D=2,50,5= E-npu MakcuMaNeH JMANa30H Ha

peryinupase 3a
pu-D,,, =3/0,3=10.

TOPOUAHUTE Bapuato-

3. KUHEMATHYEH AHAJIN3 HA TPAHC-
MHUCHUOHEHH MEXAHU3BM ITPH BXO-
JAIA 3BEHA HEHTPAJIHO 3bBHO KO-
JIEJIO 1 BOJUJIO 3AZIBUKBAHO OT BA-
PUATOP

Ha ¢ur.4 enageHa KuHEMaTHYHA CcXeMa Ha
TPaHCMUCHS CHhCTaBEHA OT BapHaTOp W 3aTBOPCH
nudepeHnraneH 30eH MeXaHu3bM. [IpUHIUIBT Ha
JIEHCTBUE M M3XOJMSIIOTO 3BEHO € CHIMUAT KaTO MPH
MexaHu3Ma oT ¢ur.l, ¢ Ta3u pa3nuKa 4e 3aIBUKBAHO
OT BapHWaropa HE € IEHTPATHOTO 3BOHO, KOJeJo, a
Boaunoro H.

Crnien pasiensHe Ha YUCIUTENS U 3HAMEHATENS B
nscHata yactT Ha (1) c @) monmydaBa H3pa3bT

- a/a
W)W -, /@

[Tpu m3n013yBaHe HAa IPUETUTE B MPEIUIITHATA TOUKA
OT HacTofAmara paboTa o3Ha4YeHHs, B CHJIA ca pa-
BEHCTBAaTa

(10)

@, /w =-R/R, =-1fi, (11)
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Kocragua CTOMYKOB  fIBop CO®POHOB

:Tz&

@ |

¢pur.4 KunematnyHa cxema Ha TPaHCMUS ChCTaBEHA OT
TOPOUIICH BapHaTOp U 3aTBOPEH 3b0CH A epeHInaIeH
MEXaHU3bM C BOAWIO 3aBIKBAHO OT BapHaTopa

u
w/@ =1 (12)
3amectBaneTo Ha (11) u (12) B (10) BOAM MO ypas-
HEHHETO
+
o 1+VN, (13)

|13 ]/' + ]/'

Cnen wuspassBane Ha ip or (13) ce monyyaBa us-
pasbr:

T, +1-it

\% 13

KOWTO BCHUIHOCT € MPEJaBaTEIHOTO OTHOIICHUE HA
TpaHcMucuATa. [Ipu Tasu npepasarenHa GpyHKIHS 32
OCBIIECTBIBAHE CIUPAHE HA U3XOJSIIOTO 3BEHO MPU
JBIDKCHHE HA BXOMIMOTO (i = 00), KaKTO ce BIDKIA

ot 3Hamenarens Ha (14) e HeobxoauMo iy 1a Ob1e
MOJIOKUTETHO YHUCIIO MO TOJIIMO OT eauHwmia. ToBa
03HAYaBa, Y€ JBYCThIAJIHATA MpEIaBKa ChCTABCHA
or 3p0HUTE Kosena 1,2, 2, 3rpabsa ma Gbae pe-
JYKTOD C JIBE e[JHOMMEHHU 3auenBanus. CToitHOCTTa
Ha |, TIPH KOSITO ce TOCTHTA I = 00
ce MoJjydYaBa Mpy HyJIMpaHe Ha 3HAMEHATEJNs B JsC-
Hata crpaHa Ha (14) win:
-
iy =i3 1. (15)

Busyanmzanusata Ha MTOBBPXHUHATA

i Zip (iv,ig) JazneHa Ha ¢wur.5 mo3BossABa OpUEH-

TAPOBBYHO Ja OIpeACINM MPCAaBaTCIHOTO OTHO-

menue iy . AKO KpUTEPHST 3a ONpeNeNsHe Ha iyye

CbIIUAT aKTO B MNOpeAXOoJHaTa TOYKa HacTodlaTa
pa60Ta, TO CTOMHOCTTa KOSTO YAOBJICTBOpsABA YC-
JJOBUETO 3a MHUHHMH3AIUA HN3MCHCHHCTO Ha iV y

KaKTO Ce BIK/Ia OT purypara e ijy =2.

T AITE
¢ur.5 Busyanusauus Ha NIOBbPXHMHATA It =g (I13’IV)

3a TpaHcMHUcCHATa OT ¢ur.4

Cren 3amectBaHe ¢ Ta3u crToiiHocT B (14) ce moy-
YaBa WM3pasbT:
_ 2l
T . 1
iy -1
I'padukara Ha GyHKUMATA it = ip (iv) e JaJeHa Ha
¢wur. 6.

(15)

04 05 DB 07 08 09
I

¢ur. 6.I'paduxa na pynkuusra it =i (iV )

4M3BON

AHanu3bT Ha JABaTa TPaHCMUCHUOHHU MEXaHU3Ma
HalpaB€H B HaCToOdAIaTa pa60Ta HCABYCMMUCIICHO
ImoKa3sBa TCXHUTEC I'OJICMU KHMHCMATH4YHHU BB3MOXKHO-
ctu. U JABaTa MEXaHu3Ma Morat Jga peajausupar
NMpeaaBaTCIIHM OTHOWMICHHA, TaKMBa , Y€ Oa OCBIIC-
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CTBSIBAT (DYHKIUS HA CHEIUHHUTENI , TPAHCMHUCHS C  NPHUATHO 3a HEroBata HM3pabOTKaTa M EKCIUIoaTa-

0C3CTCNICHHO M3MCHCHHWC Ha TMPEJaBaTEIIHO OTHO-  IIWATA.

LIEHHE U CIUpayeH MeXaHu3bM. BaxkHo 3akitoueHue,

KOE€TO MOJKE J1a C€ HalpaBU OT HACTOSIIMAT KUHEC- Jlureparypa

MaTH4eH aHajiu3 € , 4Ye 3a Pa3rVIeJaHUTe CXEMHU 1'C6T°“'*K°B K., Cogporos 5. Tpancmucns 3a eneKTpo-

BJIHUAST [UANA30H HA W3MEHEHHE Ha HpeﬂaBaTen— MOOWJI 3aIBUKBAH OT KUHCTUYCH AKyMYJIaTOp Ha CHEPrust
BKJIFOUBaIa (1)pI/IKLII/IOHeH BapuaTtop Hu ;[H(bepeHuHaneH

HOTO OTHOLIEHUE HAa TPAHCMUCHUATA CE€ OCBHIICCTBABA

3p0eH Mexanm3sM. AMTEX 2012, TY-Codus.
TIip1 OTHOCHTEIIHO MAJIKO M3MCHCHMEC Ha Ipclasa- 2IIponun B., PeBkoB I'. Beccynenuarsie KIMHOpeMeH-
TEJIHOTO OTHOLICHHE HA BapHATOPA , KOCTO € OMaro-  ype i (GpUKLMOHHBIE Mepenauu. MamuHocTpoenue, Mo-

CKBa.

ANALYSISOF TRANSMISSION MECHANISMSWITH DIFFERENT KINEMATICS
SHEMESINCLUDING C.V.T AND DIFFERENTIAL TOOTH MECHANISM

Kostadin STOICHKOV Yavor SOFRONOV
e-mail: kks@tu-sofia.bg

Abstract: The article discusses two transmission mechanisms in whose kinematic schemes are including closed differential gear
mechanism and C.V.T. The transfer function are displayed on both mechanisms and change transmissions ratio as function
change ratio of C.V.T. Away to determine the orienteering

gear ratio of the differential gear mechanism.

Keywords: C.V.T, kinematics
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ITPOYYBAHE CHBCTOAHHUETO HA ITPOU3BOACTBOTO HA BUJIKOBMU I10-
BAUT'AYUA B BbJTI'APUA U ITPUJIOXKEHUE HA ITPOTHO3UPAHETO 3A
IHOJAOBPEHUE HA KOHKYPEHTOCIIOCOBHOCTTA

Aaexken HUKOJIOB
Katenpa , MImkeHepHa JTOTHCTHKA, [T0JJEMHO-TPAHCIIOPTHA U CTpOUTENHa TeXHUKa”, Texunueckn yausepcuret - Codus,
Bwirapusi, e-mail:alexi.nicolov@gmail.com

Pestome: EnekTpo 1 MOTOKapHTE HMAaT MHOXECTBO IapaMeTpH (TeOMETPUYHH XapaKTEPUCTHKH — CTPOUTENIHA BUCOUHHA,
MaKCHUMaJlHa BUCOYMHA Ha BJUTAHE U Jp., EKCIUIOATAIMOHHH XapaKTePUCTUKU- HAUIbKHA M HAlpeyHa yCTOWYUBOCT, TO-
BapOIOAEMHOCT ¥ 1p.)omucanu B [1,3], HO Te He ca mpeaMeT Ha HACTOSIIETO pasriexnane. Te ce OTYMTaT KaTo CroMa-
raTeHy, P U3TOTBSIHETO HA IOCOYEHATA MO-0Ty NPorHo3a. OGMKHOBEHHO NMPOTHO3UTE U3HCKBAT JaHHH OT ThPTOBIUTE
U MEHHXKBpA 10 MpoJgaxOuTe, KONTO ChOMpAT JaHHWUTE U CIEAAT TsAXHaTa mpomsHa. Ho Te3n maHHM ce U3MON3yBar B
MapKeTHHTa 32 yBelIW4aBaHe Ha Ipojaxkoute. B morucrukara mogxoxst e pasnuueH. [IporHosure ce n3noisysat 3a om-
penensHe Ha OBbJICIIH TEHICHIINN B PA3BUTUETO Ha JIOTUCTUYHHTE IIPOIECH C e pa3paboTBaHe HA PETUCTHYHN IUIAaHOBE
pu 00CITY’)KBaHETO Ha JaJieH TEXHOJIOTMYEH IpoIiec M MOAIOMaraHe Ha KOHCTPYKTOpa 3a ONPEIesTHeTO Ha ObIeIuTe
MapaMeTpHy Ha JIOTUCTUYHATA TEXHUKA. Bcuuko ToBa ompesiens u xapakrepa Ha JaHHUTE.

KirouoBH AyMH: BUJIKOBY NOBAMTaYH, NPOTHO3UPAHE, MOTOKAPH, JIOTHCTHKA

1. OCHOBHHU NOJIOKEHUA aJHO JEHCTBUATA, KOUTO TE IpeArpueMar 3a INOBH-
[IaBaHe KOHKYPEHTOCIOCOOHOCTTa Ha CBOWTE IPO-
JIKTH.

Ien na HacTosmmata paboTra € Ja ce MOKaxe
MpOyYBaHE 4Ype3 aHKCTUPAaHE M aHAJTU3UPAHE ChC-

TOAHUETO HAa HPOU3BOACTBOTO Ha BUJIIKOBU MOBIAU-

Kapure ca ocHoBHa rpyma oT Oe3peiicoBara Jio-
THCTHYHATA TEXHHKA, KOMTO Ca C aBTOHOMHO 3a-
JIBIDKBAHE, BHCOKA YHHUBEPCAIHOCT, CPaBHUTEIHO
HHUCKa ce0eCTOHHOCT U ToJisiMa e()eKTHBHOCT.

OCHOBHH MPEJCTABUTENIN HA TO3M KJIAC MAIUHU
ca eJIeKTPO U MOTOKapUTEe - MOBIMIa4YH, KbM KOHUTO
ce MpeAsBsBAT Pa3IMYHUA ANTEPHATHBHU HM3UCKBa-
uust. B [1,2] e HampaBeHO JNOKanM3MpaHe Ha  elie-
MEHTUTE M MapaMeTPUTE, OCUTYPSBAIIM KOHKY-
PEHTHOCIIOCOOHOCT TPU TPOM3BOICTBOTO HAa HOBH
MO/JICITH.

B Boarapust B Momenra uma 29 gpupmu padorern
B obOmactra Ha kapute, oT kouto 10 neiictBamu
MPOM3BOJAUTENS Ha BHJIKOBM MOBIAWIa4H, Karo
[O-TOJISIMATA YacT OT TAX (CeleM) ca MO3UIMOHUPAHN
B rp. [lnoBnus. [Ipon3BOACTBOTO Ha Kapu € BaXKHO
HampasjeHue B Obarapckara MHIyCTpus. Tst cpemia
royisiMa KOHKYPEHIIMsI OT CTpaHa Ha BHOCA HAa KapH U
TAXHOTO TpHioxkeHHe. Cb3JaBaHETO Ha KOHKY-
PEHTHOCTIOCOOHOCT u MPUJIAraHEeTO HA
MPOTHO3UPAHETO HA MTAPAMETPHUTE HA TE€3U OBITapCKu
MAlllMHA € Ba)XXHO HalpaBjieHWe B paborata Ha
OBJIrapCKUTE UHKEHEPH.

UsBectHO € [5], 4e mpoy4YBaHETO Ha MPOU3BOJ-
CTBOTO W IMazapa AMPEKTHO OT MPOWU3BOJUTEIUTE
JlaBa Bb3MOXKHOCT JIa C€ 3a[l03HACM C BIDKAAHHSATA HA
caMHTe MPOM3BOAUTENH U JIa CE BUJAW KaKBH ca pe-

rayn B bearapus v npuiaraHero Ha IPOTHO3UpaHE
rapameTpy Ha Kapure.

3a M3MBJIHEHHWE Ha MOCTABEHATa IIeJ, HMpOoydBa-
HETO € HANpaBeHO 4Ype3 YroBapsHETO HA CPEIH U
MPOBEXAaHE HAa HHTEPBIOTA C MPEACTABHTENM Ha
¢bupMHuTE TPOU3BOAMTENH, OTrOBAapsINU 3a IPOEK-
THPAHETO W TPOU3BOJCTBOTO HA MAIIMHWUTE, C MO-
MOIITa Ha MPEJBAPUTENHO Pa3pabOTEHUTE aHKETHH
Kaptu. Bpemero 3a ankerupane — okromepu 2012,

[TpousBoxuTennTEe HAa KapH, KOMTO CE HAMHUPAT B
rp. [TnoBus ca pupmure:

1) Axopn

2) Bankankap Pexopng

3) Bankaukap Xebap

4) Bu & Pyc

5) Hdumekc nudr

6) PAJ] UmxeHeprHr

7) Pomexc Kap

Ot ropeusbpoeHutTe ¢GupmMu Osxa MOMBIHECHH
aHkeTHU Kaptu oT Tpu: PAJl Nmxenepunr, bankan-
kap Pexopn u bankankap Xebap. Ocrananure
¢upmu - Bu & Pyc, Iumexc, Pomekc xap n Axopn
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OTKa3axa MUCMEHO ChIaekcTBUe (MOMbJIBAaHE HA aH-
KeTHA KapTa) nopaau GupMeHa TaifHa.

2. AHKETHA KAPTA

AHKeTHaTa Kaprta € pa3paboTeHa crma3Ballkk Oc-
HOBHHU TOJIOKCHUS B MapKCTHHTa W KOHKYPCHTHO-
crra [4,5] 1 BKIIIOYBA HAKOJKO pa3fena ¢ BhIIPOCHU C
OCHOBHa IIeJl J]a Ce 3alo3HaBaHEe C JICHHOCTTa Ha
(upMaTa, IPUHIKUITUTE TPU MPOCKTHPAHETO HA Ma-
NIMHUTE, ACUCTBUATA, KOUTO (PUPMHUTE IPEAIPUCMAT
3a 3aJ0BOJIsIBAHE HA KJIMEHTCKUTE W3UCKBAHUS M 3a
CTa0WIM3MpaHe Ha MO3WLMHTE CH Ha [asapa, T.e.
MOBHUINIABaHE HA KOHKYPEHTOCIIOCOOHOCTTA, BHXK/IA-
HETO MM 3a pa3BUTHUETO Ha Ma3zapa B bearapus u
HYXIUTE OT MPHUJIAraHeTO HA MPOrHO3MPAHETO KAaTO
WHCTPYMEHT 3a MOBHIIABAHE HA KOHKYPEHTOCIIO-
COOHOCTTA, M YKEIaHHETO MM Jia M3M0J3BAT HPOTHO-
cTHYHA WH(POPMAIIMOHHA CHCTEMA.

AHKeTHaTa Kapra, MPEeIOCTaBEHA 3a IMOIMBJIBAHE
OT MPEJICTAaBUTENIUTE HA (PUPMUTE ITPOU3BOANTEIH Ha
BUJIKOBY TIOBJIUTa4X UMa CJICTHUS BU/I;

Paznen 1 —/lannu 3a pupmara

P TS 715 (oo NP

TIPOITYKTOB OOCET: ... eeieetiiiieeeeeeerineeeeeevenineeeeeenes

TOMMHA HA CB3IABAHE. .. ..cvvvnieninineneeenienenieneenenens
Paznen 2 —ITo3uiuu Ha mazapa

Haii-npogaBan Monen Kap 3a MOCIEOHHTE S TOJH-

Bpoii npoIaicHN KaPU OOIO. ... eeeeeeeeeaeeeeieeaeen
W3Hacs nu ce mpoayKIus 3a JPYru IbP:KaBU U KOU?
KakBa e TeHaeHIHATa B THPCEHETO OT KIMEHTHUTE
(xenmaHus u BHOKIAHUA)
Paznen 3 —MHoBalMOHHA MOJIUTHKA

IIpoyuBa 1 ce ChCTOSTHUETO HAa M3JaJCHUTE MaTeH-
TH, CBBbP3aHH C BIJIKOBHUTE MOBIUTa4Yu B bbirapus u
B CBETOBEH MAIA0?......uvivvneevnrennns

Wma nu dupmara 3asBeHr w/Wid U3/aJICHU MATEH-

KOJIKO ca Ha Opoii:
..................... 3AABEHU...........vveen...... M3IATCHH

WuBectrpa nu Qupmara B NpPOydYBaHHs 32 HOBH
TEXHOJIOTHH U MATCPHATH 2 .. aaeeeeeeaaaeaaaaeaanns
PasmupsiBa mu hupMaTa HOMEHKJIATypaTa OT MOJACITH
C LeM T[OKpPWBaHE HYXKAWTE Ha  [aszapa
CpenHO Tpe3 KakbB WHTEPBAI OT BPEME CE IPOEK-
URZ10L: I E (0): 31 (01 (1) U
Pa3gen 4 —AHanu3 HAa NapaMeTpHUTe U KOHKY-
PEHTOCNOCOOHOCT HAa MALLIMHHUTE
[Ipu mpoexTrpaHeTo Ha HOB MOJEI KOU Ca BOJCIIIUTE
nmapameTpH, Ha 0azaTa Ha KOHTO Ce€ IMPOCKTHpa Ma-
TITFHATA. e eeeeeeeaeaeaaeeaeeeeeeeeeeeeees
CrnenBat jM ce TEXHHYCCKH CTAHAAPTH MPH HPOCK-
TUPAHETO HA  HOBH MAaIIUHU U Ko
WNmate nu um3rpasieHd COOCTBEHH CTAHIAPTH WM
HOpMAJTH TPU MPOCKTHPAHETO U IMPOU3BOJCTBOTO HA
MAIIAHHUTC. . ..ccvvvvreee s
IIpennpuemare jgu AEHCTBUA MO IMOBUILIABAHE KOH-
KYpEHTOCTIOCOOHOCTTa Ha MallliHAaTa 4pe3 BB3ICH-
CTBHE BBPXY OCTAaHAJIUTE MapaMeTpPH Ha MalrnHara
IpY TpOeKTHpaHe Ha 0a3a Ha OCHOBHU TakuBa. Ha-
npuUMep, TPU OMpeesicHa TOBAPOMOJECMHOCT U BU-
COYMHA Ha IMOJIEM Jla CC ThPCH HaMajsIBaHE Ha 00-
nrata maca, IMOBHUIIIABAHE Ha CKOPOCTUTE HA JIBHXKE-
HUE u oJIeM
Habmrogapate mu pa3BUTHETO HA MapaMETPUTE Ha
MaIlMHUTE [pe3 TOAMHHUTE Ype3 ChOMpaHe Ha CTa-
TUCTHYCCKH JAHHU 38 TAX ..vveeeeeeeveeeneeennennnnens
AKO ChIeCTBYBa WH(POpPMAIMOHHA CHCTEMa, 4pe3
KOSITO OMXTE MOTJIM Ja ce MH(pOpMUparTe 3a TCHICH-
[IUATE TPH PA3BUTHETO Ha JaZeH IMapaMeThp, Aa
MOJIY9YHTE IPOTHO3HU JaHHU M aHAJHN3H 32 OBACIIOTO
My pa3BHUTHE, KaTO MO TO3M HAYUH Ja IOBHIIUTE
KOHKYPEHTOCIIOCOOHOCTTa HA MAIIWHATA, OUXTE JIU
CE BB3IOJIBBAITH OT HES ..eeveveeeeenenrnrnrnnnnnnnnnsnnns
CwMsitate 14, Y€ ChINECTBYBa HEOOXOAMMOCT OT Ta-
KABA CHCTEMA ....eeeeeeeiaeeeaeeeeeeeeeennssnnennnnnnnnnnnnnns
W3non3pare jau MOAyJHA CTPYKTypa IMPH BallUuTe
1007 070 ) 4 1S
KaxBu ca BammTe BIDKIAHUS 33 Pa3BHUTHETO Ha MO-
D1 (50N 301 91 () 11 (<

3.PE3YJITATHU OT IPOYYBAHETO

Pesynrature OT NPOBEAEHOTO aHKETUPAHE MOTAT
z1a ce 0000LIAT B cieaHara TadiInLa;
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Ta0J1. 1 Pe3yntatu oT npoBeI€HOTO aHKETHUPAHE

Bbnpoc

PA/l Un:xeHepuHr

Bbanakankap Pe-
KOpA

Bbankankap Xe-
oap

Haiji-npoanaBan MoaeJ kap 3a mo-
cJIeTHUTE 5 rognHn

Morokap, 3500kr
Enexrpokap, 2000kr

Enextpokapu 1-8t

Mortoxkap 3,51

Bpoii npogagenu kapu ot ropemno- Cpenno 1o oxoso 20 Oxozo 806p ro- Oxoio 2-36p.
COUYeHHsT MoJieJI Op roaMIIHO JIUILITHO MeceudHo
2007:7000p;
. Oxouo 806p. I'o- 2008_:40(61);_ 3aBHCH OT I10-
Bpoii npoananeHu kapu oo110 MLLIHO 2009:1500p.; BAKHTe
n 2011:30@p p
2012: 400p.

H3Hacs JIM ce MPOIYKIMSA 32 APYrH
ABPKABH M KOU

Tlonma, PymbHuS,
Eruner, Amxup

Pycust, Ykpaiina,
Kazaxcran, ITommia

Pycus, benapyc,
PymbHus

KaksBa e TeHaeHuMsiTa B TbPCEHETO
OT KJIMCHTHUTE ()Ke.]'laﬂﬂﬂ H BHIKAA-

3ama3BaHe Ha HUBATa

Crnen kpuzara ce

B 00w nmuanm

oJakBa ogoOpeHme KOHCTAaHTHO
HHUSA)
IIpoyuBa 1 ce ChCTOSHHETO HA M3-
aJeHUTe MATEHTH, CBbP3aHM C IIpeaumHo 3a ar-
Aan ! P IIpoyuBa ce penoBHO pea IIpoyusa ce
BIJIKOBHTE NMOBIUTayu B brarapus peratu
H B CBeTOBEH Mamao?
Hma nu ¢pupmara 3asiBeHd u/uian
bup Ja JHa HNma
W3a/IeHH TAaTeHTH
AKo 12, KOJIKO ca Ha Opoii -—-
3asiBeHU 1 6poii, 2010r. 16p
H31aeHH 16p.2001r
HNuBectupa in ¢pupmarta B Ipoy4-
BAHUSA 32 HOBH TEXHOJIOTUM U Ma- Ja JHa He
Tepuaan
PasmupsiBa au ¢pupmaTa HOMEHK-
JIaTypaTa oT MO/JeJIH C 1eJ MOKPH- He HenpexscHato Psiako
BaHe HYKIMTe Ha ma3apa
Hmat rotoBu paspa-
CpenHo npe3 KaKbB HHTEPBaJa OT
OOTKH, KOWUTO C€E W3- Pazmnuno ---

BpeMe Ce MPOCKTHPAa HOB Mo/1eJ1

IoJI3BaT
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IIpu npoexkTHpPaHETO HA HOB MOJeJI
KOH ca BoJellIuTe MapaMeTpH, Ha

ToBaponoaeMHOCT U

OOUKHOBEHO Cce
ThPCH MMO-TOJISIMA
KOMITAKTHOCT OT

NMpPpOU3BOACTBOTO HA MAIIIMHUTE

COYCHHUTE - HC

ToBaponogeMHOCT
6a3aTa Ha KOUTO Ce MPOEKTHPA Ma- BUCOYMHA HA MOAEM KOHKYPEHTHHUTE
HIMHATA MAIIMHHU OT ChIIUS
KJac

CueaBar Jiu ce TEXHHYECKH CTaH-

a T:“ i IIDOCKTHDAHET Ha HOBH VDI 2198 ISO cranmapTtu ISO crangapTu 3a
p punp P BJC EN 1726-1:2001 CCTK —oTmazgnan 6€e301macHOCT
MAaIINHU U KOU
Hmare Jau u3rpajieHu co6CTBEeHN
OTAeHO OT ropero-
CTaHJAPTH NPH NPOEKTHPAHETO U He He

Ilpennpuemare Jjiu aeiicTBUs MO
NMOBHIIIABaHe KOHKYPEHTOCNOC00-
HOCTTA HA MALLIMHATA 4Ype3 Bb3/eii-
CTBHE BbPXY OCTaHAJIUTE MapaMeT-
PM HA MAIIMHATA NPHU NPOEKTUPAaHe
Ha 0a3a HA OCHOBHHM TaKHBA

W3non3Bar ce HOBH

MaTepHay 3a HIKOH

OT €JIeMEHTHUTE, Tpe-
JMMHO IJIaCTMACH.

ITocrostHHO MMaT
HECTaHJAPTHU I10-
PBUKHU OT KIMEHTH
3a IPOMSHA Ha HA-

KOH mapamMeTsp,

KOHTO T€ CE CTapasiT
Jla cra3BaT

W3neaasaBaT Kiau-
€HTCKH M3UCKBaHUS
MIPEeIMMHO 3a MO0~
BHUIIIABaHE Ha KOM-
MaKTHOCTTA MJIM Ha
BUCOUYMHATA Ha
MoJeM

Hal0nronaBate Jin pa3BUTHETO HA
napaMeTpPUTe HA MAIIMHUTE Npe3
TOAMHUTE Ype3 chOMpPaHe HA CTATH-
CTHYeCKH JaHHH 3a TAX

IIpassr ce mpoyu-
BaHUs, HO MIPH Ka-
pHTE BB3MOXKHO-
CTHTE 32 IPOMSHA
HE ca TBBPAE

Crnensr ce npe-
JIUMHO €KOJIOTHY-
HUTE TTOKA3aTeIH

AKo cblIecTBYBa HHGOPMaIlMOHHA
cucTeMa, ype3 KOosiTo OUXTe MOIJIH 1a
ce HH(opMuUpaTe 32 TeHIeHINUTe
NpHU Pa3BUTHETO HA Aa/IeH mapa-
MeThP, A2 MOJYYHUTe NPOTrHO3HU
JaHHU U AHAJTU3H 32 0bIEel0TO MY
pa3BuTHE, KATO [0 TO3M HAYMH /12
TMOBHIIIUTE
KOHKYPEHTOCNOCOOHOCTTA HA
MAalIMHATA, OUXTe JIM ce BBH3MOJI-

ATTan gy
TOTTCNVIIT

Bu 6uno nobdpe

——————————sBaHH-oT Hes
CMmsTaTe JiM, Ye ChIIeCTBYBAa HE0O-
X0AMMOCT OT TAKaBa CHCTEMA

He e uzmumnzo

OrnpeneneHo

He e momo

H3noa3Bare 11 MOIYJIHA CTPYKTYypa
NPH BalINTe KAPH U KaKBa

H3nomn3sar roroBu
KOMIIOHCHTH

Jla, Bcuuko cu
MIPOEKTHpPAT | MPO-
HU3BEXKIAT CaMH,
OCBCH JBUTaTCIUTC

KakBu ca BamuTe BHXKIaHMS 32

ITo-ckopo 11e ce 3a-

3aBUCH OT KIIMEHT-

Bbreaemero € B
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PAa3BUTHETO Ha MO/JeJIUTe B Obaemie Na3aT KaTo KOHCT- CKUTE MOPBUKU HO-IIPOCTUTE Ma-
PYKLHH, HO LIE ce LIMHH.
HaOJIerHe noseye Ha
€KOJIOTUATa
4. AHAJIN3 HA PE3YJITATUTE OT ITPO- 0,80
YYBAHETO o0 N e
040
Ot aHanmu3a Ha pe3yNTaTUTE HA IPOYYBAHETO 020 et

(aHKeTHa KapTa U IPOBEICHHU Pa3rOBOPH) MOTAT Ja Ce 0,00 ——Tewn Ha pucr

HAIPABAT CJICIHUTE U3BOIM:

» Kapocrpoenero B bbarapus nomibpxka cra-
OWJIHM HHBA 32 MOCJIEJHUTE TOJUHU, C U3KIIOUEHUE
Ha BMsHUETO Ha CBETOBHATA MKOHOMHYECKA KPH3a,
nopaay KOETO ce HabJiIoJaBa Chaj B MPOU3BOJICT-
BOTO C mocjeaBaia HopManusamus (mpumep.dur.l.).

Bpoii npoiageHH BHIKOBH NOBTHTAYH OT
baaxkankap Pexopa

700 1~ —
600 - S
s00 - -
400 +

300 + I

200 -

100"

D_‘-;-- . ' '

2010
2012

¢ur.1 Bpoii npoaieHy BUIIKOBYU MOBINTavX OT (hUpMa
Bankanxap Pexopn 3a mepuona 2007-2017%.

Ha (¢ur. 2) e mokasaH TeMIbT Ha pPbCTA Ha
npogaxobute Ha Qupma ,bankankap Pexopn” 3a
nepuona 2007-201%.

e  @upMuTe NPOU3BOJUTEIN pa3duTaT IIpe-
JMUMHO Ha IBJITOTOIMIIHHU KIUCHTH, C PETYJSIPHU
nopeuku. Hax 95% ot mpoxykumsita ce u3Hacs 3a
ma3apw, pa3indHu OT OBJITAPCKHS, KOCTO JI0 TOJsIMa
CTENeH € HOPMAJHO, NPEIBHJ HeocoOeHaTa TroJie-
MUHA Ha HaIIWs 1a3ap.

IIpaBu BreyarieHue, Y€ CTPAHHUTE, 32 KOUTO CE
M3HACs TMPOAYKIHATA ca MPEAUMHO cTpaHu oT U3-
TOYHHUS OJOK, T.c. OMBIIM COLIMAIMCTHYCCKH pe-
MyONUKA ¥ HAKOW appUKAHCKH CTPaHH.

2007 2008 2009 2011
-0,20 =——=TEMN HE NPHPacT

-0,40

-0,60 \ /
e T el

-0,80

-1,00

¢ur. 2 Temn Ha pBCT ¥ TEMI Ha OPUPACT Ha NPOAAKOHUTE
Hadupma bankankap Pexopa 3a nepuona 2007-2012.

C npyru aymu, BrHIIHATa THPTOBUSI C TO3U TUII
MAIIMHU ¢ HACOYCHA KbM I10-cab0 pa3BUTH Ta3apH,
KBJIETO CE THPCH MO-HUCKA IIeHa Ha MTPOLyKIHUATA ChC
CBIEBPEMEHHO JIOCTaThYHO HOOPH TEXHWYECKH II0-
Kazarenu. BiknaneTo Ha aHKeTHpAaHUTE PUPMH €, Te
B OBjeIIe Ie Hamajee ThPCEHETO Ha MAIWHH, TIPo-
W3BEJICHU B U3TOYHA A3WS, IOPAIH TBBPAC TOIEMHITE
BpeMEHA Ha JOCTaBKa M CEPHO3HH TPYAHOCTH MpHU
CEpBH3HOTO OOCIyXBaHe. MIMEHHO CEepBH3HOTO Ta-
PAHIIMOHHO W CJCIrapaHIMOHHO OOCIYXXBaHE JaBa
CEpUO3HO TPEIUMCTBO Ha OBJITapCKUTE MalIWHHU,
Haii-Beye Mopaay reorpa)cKoTo MeECTOIOJI0KEHHE
Ha CTpaHaTa HU M BB3MOXKHOCTHTE 3a OBp30 OTpea-
rHpaHe Mpu HyXIa. ETo 3amo u3rpaxjaaHeTo Ha
MOAXOSIIIA CUCTEMA 32 CEPBU3HOTO T'apaHIIMOHHO U
CIIerapaHIIiOHHO O00CITy)KBaHE € NMPHOPUTET 3a I0-
CTHTaHe Ha KOHKYPEHTHOCIIOCOOHOCTTA.

® boarapckure KapoCTPOUTENH NpeArnpHeMaT
CTBIIKHM KBbM IIOBHUIIIaBAHE KOHKypeHTOCHOCO6HOCTTa
Ha CBOMUTC MAIWHH, MPCIAWUMHO H3pa3daBaIl CE€ B
rojiiMa T'BBKAaBOCT CIPAMO HECTAHIAAPTHUTE KIINA-
CHTCKH H3HCKBAaHU. HO,Z[XO,I[TJT 3a JUPEKTHOTO
ydgacTu€ Ha KIIMEHTUTE B IIPOLIECAa Ha MPOCKTHUPAHE
(Design by the Customers — DB@3j3paboren B [3]
IIO3BOJIsIBA HAa KIMCHTUTC Oa CC€ BKJIIIOYAT AKTHBHO
npu ONpeACIICHUECTO HAa MapaMETPUTE Ha NPOAYKTa,
3a pasjiuka OT MNAaCUBHOTO IIOJy4YaBaHC Ha TIOTOB
KpacH HOpOAYKT OT HNPOU3SBOAUTCIIA MU € PCAJICH
HUHCTPYMCHT 3a IIOBUIIIaBAHE Ha
KOHKypeﬂTOCHOCO6HOCTTa Ha KapuTe.
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. MHeHHEeTO HAa KIWCHTUTE HA OBJITapCcKHUTE
(bupmu e, ye MmammHUTE UM ca Hagexkaau. Ot pupma
~bankankap Pekopn“ crmopenuxa, 4e eJUHCTBEHUTE
peKIaMaIuy, KOWTO ca IOJy4YyaBaJld IOCICIHUTE
TOJMHHA Ca 32 JOCKOPO H3IMOJI3BAHUTE OBIrapCKu
JIBUTATENN — €OUHCTBEHHAT KOMIOHEHT OT IIIaTa
MaIlHa, KOMTO He Ce MPOM3BEXKIA OT TAX.

. Jpyro mpeauMcTBO Ha OBJITAPCKUTE MAIIHHA
e, 4e ca CIa3eHH MEXIYHApOIHUTE M3UCKBAHUA 3a
Oe3omacHocT M ekoyorus. Ho mo oTHomIeHWe Ha
MPOM3BOJICTBOTO, C OTJIE[ Ha HapacTBAIIWTE TCH-
JICHIIMK B CBETOBEH Mamiab 3a IOBHIIABaHE Ha
eHepruiiHaTa ¢()eKTUBHOCT HA MPEANPHUATHATA, Ha-
MaJIIBaHC Ha BBIJIICPOJTHHS OTIEYATHK, € HEOOXO-
JIUMO Jla ce mpeanpueMar JAeicTBUs B Ta3W HAcOKa.
TakuBa gedcTBUs OMxa MOTNIM Ja OBIAT M3IOJ3Ba-
HETO Ha AJTCPHATUBHU U BH30OHOBSIEMHU CHEPTHITHU
W3TOYHWIM, TIOBHWINABaHE Ha eHepruiiHaTta edex-
TUBHOCT Ha MPOM3BOJACTBCHUTE ITOMEIICHHS, OITH-
MU3AIMsT Ha TPAHCIOPTA, OMIIO TO BHTPEIIHO3ABO-
CKH, TUCTPHOYTOPCKU WK IPYT.

e 3cnmenBaHmATa IOKa3zaxa, 4e € HEOOXOAMMO
Jla ce npeanmpueMar JEHCTBUS 3a TIOBHUIIABAHE
eHepruiiHaTa e()eKTUBHOCT Ha CAMUTE MAIIMHHU Ype3
MPOBEXKIAHE HA MPOYYBAHUS 32 HOBU TCXHOJIOTUHU U
MaTepHai PU arperaTuTe WIu APYrd KOMIOHCHTH
HA MallWHATa, 4Ype3 MmomoOpsiBaHe NUHAMHKATA Ha
MAIlIMHUTE, ThPCECHE HA HAYMHU 3a MOJ00psSBaHE Ha
TAXHATa TMPOU3BOIUTEIHOCT, CJIEJCHE Ha TEHICH-
IIUATE B TIPOM3BOJCTBATAa, HW3MPEBapBaHE HA CHOM-
TUATA U Ap.. Te3u IpoyduBaHUs OT CBOS CTpaHA HM3H-
CKBaT HEMaJbK pECypc W MOBEYETO OT GUPMHUTE HE
HaOJSraT AOCTATHYHO BBPXY TO3M ACIEKT, MPUTHUC-
HATH OT (PMHAHCOBH 3aTPYJHECHHUS.

e TIlpousBogurenurte CHOAENAT MHEHHETO, Y€ aKo
CBIIECTBYBA CHCTEMa, IPEAOCTaBS WHpOpMAIUs 3a
TEHACHIIMUTE B THPCEHETO HAa ONpEICNIEHU THUIIOBE

OPOAYKTH B CBETOBEH Maliad W 4Ype3 aKypaTHO
NPOTHO3MPAHE HaJ¢ HACOKH B Pa3BHTHUETO Ha TPO-
W3BOJICTBOTO U THPCEHETO, OU CIIOMOTHAIO (PHUPMUTE
Jla IOJJOOPSAT KOHKYPEHTHOCTTA CH 4pe3 Mpeiarane
Ha MAIllUHH, KOUTO JIa 33J0BOJIAT OYAKBAHUTE THP-
CCHMS W 110 TO3WM HAYWH Ja paslIupsBaT ramara Ha
MPOM3BEIKAHUTE OT TAX MPOAYKTH, KOCTO J1a UM Iaje
BB3MOKHOCT JIa CTBIST W Ha IPYTH, IMO-TOJEMH Ia-
3apu. Hannureto Ha mHGOpPMAIMOHHA CHCTEMa, KO-
STO JIa TMPEIOCTABS TOCTATHIHO J00pa mHpOpMAaIHs
3a BCHYKHM TOPEIOCOYCHH AaCIICKTH, Ja H3BBPIIBA
aHAIM3d W TPOTHO3UPAHE HA CHIICCTBYBAIIUTE
JAaHHUA OW CIIOMOTHAJIO JIO TojisiMa CTEIeH Ha Mpo-
W3BOJICTBOTO W OHM HUMalo ONaronpusTeH eQeKT
BBPXY KOHKYPEHTOCIIOCOOHOCTTA HA MPOYKTHTE.
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Hayunure wn3cienBaHus, pe3ynTaTHTe OT KOMTO ca
HPEICTaBeH! B HAcTOsIIATa MyOIIKanus ca QUHaAHCHpaHU
ot Bwrpemmus xoukypc Ha TY-Codusa-2012, 3a xoero
aBTOPBT M3Ka3Ba 0JIArOAPHOCT.
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Abstract: Electrical and ICE forklifts have many parameters (geometrical characteristics - building height, maximum
lifting height, etc., performance, longitudinal and lateral stability, capacity, etc.). Described in [1,3], but they are not subject

to present consideration. These are recorded as supporting parameters in the preparation of the below forecast. Usually
forecasts require data from retailers and sales management experts who collect data and monitor their changes. But this data
is used in marketing to increase sales. In logistics, the approach is different. Estimates are used to determine future trends in
logistics processes in order to develop realistic plans for a service process and help the designer to determine the future
parameters of logistic equipment. All this determines the nature of the data.

Keywords: forklifts, forecasting

81



82



Boiarapcko criMcanue 3a HHXKCHEPHO MpoekTupane, opoit 18, ampun 2013

SPECIAL PROPERTIES GENERATION WITH TRANSIENT STRUCTURAL
SIMULATION

Miomir JOVANOVI ¢! Goran RADOICIC! Bozhidar GRIGOROV? Rosen MITREV?
Faculty of Mechanical Engineering, University of Ni$, Serbia
email: miomir.j@eunet.rs
2Department of Engineering Logistics, Material handling and Construction machines, Technical University of Sofia,
Bulgaria, email: rosenm@tu-sofia.bg

Abstract: The dynamic behavior of large supporting structures machine has a special importance for assessing the quality
of their design. Especially actual are the structures of large range. One such support structure of mining transport machinery
(Stacker) is observed numerically. The dynamic behavior of structures in the cancellation of certain sensitive parts is ob-
served. The aim of this research is to qualitatively assess trends, determine the dynamics eigenvalues and detect failure
influences to the carrying capacity rest of the structure. This paper reviews the theoretical modeling of structures, nu-
merical solution of differential equations, and vibratins after predicted incident. The paper presents special design - way of
the test structures with high aspect responsibility and ability of the structure to compensate for the overload caused by the
incident. To check the model a real support structure is used for the continuous transportation machines (tray, Stacker) at
the open mining RBB. The developed numerical model, incident-impulse, internal stress state of the surrounding structures
and the law vibration after incident is shown. One smaller experimental check of theoretical models have been made by the
staker of mine RBB, in terms of verification on the frequency structure band. On the basis of this model is proposed ad-
vanced testing procedure of responsible structures. Finally, we show an overview of research design model and of Com-
puter Design technology.

Keywords: Vibration analysis, Stacker, transient analysis, frame structure, incident behavior

1.INTRODUCTION structure due to fracture. Stacker has a soft heavy
duty parts. These are the rods. So the question arises:
The largest mining conveyor are Stakers anWill the rest of the structure endure fracture - a break
roto-excavators on surface mining. These machinés a pair of tie rod that hangs boom? This can be
often, with its masses, exceed 500 tons. Characteristinswered by simulation. In fact it can be modeled by
of their geometry is to have a revolving platform thainternal changing structure forces using the transient
carries the mechanical plant and arrow with thanalysis of mechanical structures. This incident state
belt-conveyor. The connection between the undebrings changing of energy in the structure, from
frame with caterpillars and revolving platform waswhich the dynamical response can be obtained in
performed through slewing bearing [8]. The relaform of amplitude of vibration, the new stress state of
tionship between the two great masses of the sdfte structure and general behavior of the machine.
structure that enables a lot of great-mass oscillation
of the upper rotating stand and arrows. The goal of 2. DYNAMICAL MODELING OF STRUC-
quality design is dynamic stability and high stress TURE
utilization of stackers bearing structure. In Analyzis
are calculated oscillation amplitude when forcedynamical modeling of stackers is done by forming a
harmonic structure effects occur, incidental resigdiscrete system weight of the structure members and
tance at impact, seismic and random effects. installed mechanical equipment. The elements
In Analysis is tested the dynamic stability ofmasses are mutually coupled with elastic links of
structural components, seeking to stress the majsiructure members. For practical modeling studies
sites, the accumulation of energy. ExperimentinfEM modeler can be used. In this paper, for the
with the extreme action potential inducedquantitative evaluation of the proposed model, the
aero-influences. Recent studies are dealing with threal structure of stackers RBB [3,5] was used and
case analysis of the consequences of failure causgyghamic finite element method [1] with software
by termination of function of individual parts of theMSC / FEMAP [6]. The rotary base and boom of
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stackers are the framework type because they afesting of the model behaviour is particularly in-
modeled with beam type properties of finite elementsended to check the parts cancellation (fracture) of the
Mechanical equipment, band, rollers and material ostructure in incidents. It can be expected that the first
the band are modeled by point finite elements - coprobable elements of failure are first rod couple
centrated masses in grid structures. In model tl{€igure 1.) because of their high state stress, the
construction of foundation (without crawlers) is in-character of dynamic loads changing and long dis-
troduced, rigid placed on the ground. With this antance of members. With this work, the simulation of
previous studies [2,3,5] the discrete model is devethe first pair of tie rod is performed, by which their
oped for the FEM analysis and the numerical diffefoad is transferred to other elements of the sur-
ential equations is performed. rounding structures in a short time. The impulse has

The model is approximate, but with high-fidelity dynamically increased static force distribution, so the
properties, Figure 1. In this way a dynamical modémportant question is: Will the surrounding elements
with geometryLxHxB= 55.90 x16x88x7.87 (nand receive impact action? It is a special design goal, to
weight of 210680 (kg) was produced. The model hasheck the reserves of structure in the event of ele-
a total of 2134 finite elements (masses) and 10X6ent’s cancellation, in this case - the dynamical,
nodes. This great number of elements (masses) givescording to the nature and duration of the fracture.
the reality of modeling and leads to better results.

First rod couple

fig.1 Dynamical model rotating and main supporting structure of stacker

3. NORMAL MODES ANALYSIS
{q} = {CD} [Cosw [, (2)
The equation of motion for an undamped system, '
expressed in matrix notation using the above as- [K]—wz[ﬁM][{w}:{ } (3)
sumptions is (1) and for a linear system, free vibra-
tions will be harmonic of the form (2), [1,7]: In equation (3) there are mass mafiVg , stiff-
ness structure matrig], ;- ith natural circular
[M]E{q}+[K][{q}:{0}, (1)  frequency (radians per unit time) afd}; eigenvec-
tor representing the mode shape of the ith natural

In normal modes analysis we determine the ef?equency
genvalues and eigenvectors of the model. For each \ormal modes analysis computes the natural

eigenvalue, Whi_Ch Is proportionql o a natural frefrequencies and mode shapes of a structure. The
quency, there is a corresponding eigenvector, @l g frequencies are the frequencies at which a
mode shape. Normal modes analysis solves for W&, 1 re will tend to vibrate if subjected to a distur-
undamped frge vibrations as follows (2) and frebance. The deformed shape at a specific natural fre-
quency equation (3): quency is called the mode shape. Normal modes
analysis is also called real eigenvalue analysis.
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Normal modes analysis forms the foundation fora The following Table 1 summarizes the results
thorough understanding of the dynamic characteri®btained from the modal analysis carried out, as
tics of the structure. Normal modes analysis is peshown in Figure 1. Eigenfrequencies important for
formed for many reasons, among them assessing ttignamic load of tie rods cuple are frequencies of
degree of correlation between modal test data atmoms in the vertical plane:
analytical results. Also, normal modes analysis is a
base for selecting the proper time or frequency step Table 1 Results from modal analysis
" T examples ok Lancsgs method,  Medified Mod-45Mod-54_Mod-60 | Mod-76

is ex z , ifi
Givens method and Sturm modified inverse power Q [Hz] [2.7409 |4.3734 | 7.3328 | 10.978
method for eigenvalue extraction.

fig.3 Mode 54: Second important eigenfrequence of vibration assembly Stacker structure with 4.37344 Hz
(Boom vibration in vertical plane with first and second couple rods overload)

Modal analysis has identified the top 100 eigenHz. Very low frequencies are a consequence of
values and eigenvectors (modes) of presented modeipporting of massive rotating structures through a
with stand. These first 100 natural frequencies armall RotheErde bearing on the stand for the move-
stored (distributed) betweaP=0.0723 Hzand 12.23 ment. Different models of working suspension
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stands, exercised upon the model, have the greatdamage of the hinge joints or other random effects.
effect (in relation to the other structure parameters) eigures 2 and 3 show how extremely loads (tenses)
the eigenvalues of the modal analysis. Figure 2 showe first rod couple of the boom, with its own vibra-
the first important form of vibration structurestion frequency of 2.74 Hz and 4.373 Hz.
(Mode-45) in an extremely dynamic load of tie rodThe assumed form of the normalized critical dis-
couple. It is a vertical oscillation of the rotatingturbing forceAF/F (the force FN-674) is shown in
structure parts, forward - backward. Figure 3 showsigure 4. In this picturdtBF is time simulation be-
in the order following, a important form of vibration fore fracture 4tF is growth time due to the failure
in dynamic load of the tie rod couple. It is a mod-54qrces anddtPF is the post-fracture time. After t = 60
with vertical boom, sine wave at freq. 4.3734 Hz.  gec, pig deformations (elongation) of the first rod pair
(the longest) and the first signs of a rod couple break

4. TRANSIENT DYNAMIC ANALYSIS appears. Complete break (failure) occurs at60.5
_ sec simulation time. For all the simulation tifi& =
4.1 Theoretical approach ABF + AtF + AtPF structure is loaded with maximal

The linear dynamic models involve small dis-yaterial load on the coveyor belt.
placements compared to the d|men5|_ons of the _mod- In the analyses, the overall structural damping
eled structure. The second assumption of the linegpefficient wasz=0.05 and damping proportional to
model is linear-elastic material. Additional assumpge|acity vibration close to the lowest frequencies.
tion introduces invariance of the boundary Cond't'onﬁnegration step was 0.01 sec, proportionately less
during loading operations. The first assumption aljan the highest significant frequency required in the
lows the neglect of changes in the structural conyoqa| analysis. Hundredth particular frequency had a
figuration. As a result, the stiffness matflq inte- |,5,e of 12.23 Hz.
gration determines the performance of the original po the dynamical answers the three structures
structural configuration and elastic (internal) Strucfesponsible FE element set are selected, Figure 1.
f[ural forc_es are obta|_ned by _dlrect method, multiplyThis is the second tie rod couple (E-1721,E-1724),
ing the stiffness matrix and displacement. The secoRfes third tie rod couple (E-1727, E-1730) and the
assumption allows the use of a constant constituent 9f;i,, longitudinal band member ,of boom (between
the matrix material. Stacker structure behavior undefe second and third pairs of ties rods, E-169). In the
typical operating conditions, (where the small measqsempers of the three selected groups of elements
ured amplitudes of vibration) can be defined withreceived effect) caused by failure (cracking) of the

enough precision as a linear model. This paper dig;st order of tie rods increase of stress, was observed
cusses the case of an incident involving the structurg{ timet = 60 sec

behavior that is within the limits of geometric linear-

ity. In the case of significant (large) translation, it 1, .
would have to be implemented as a non-linee Enforced]actioh
analysis. In the case of linear transient analysis, tl 1 T
dynamic structure equation has the form: os /
Mdd (el [Kd=Fo} @ 2%
where [M], [B], [K] are matrix mass, matrix of w 06 /
damping and stiffness matrifg} is the generalized &
coordinate and{F(t)} is the external generalized /
force. 02 4
/ TiviE(sec)
4.2 Scenario of simulation 0 . A e .
The choice of the form of excitation forces (on tie 0 20 40 80 80 100 120

rod couple) was carried out on the basis of an ex-

perimental study of the development of events in thefig 4 Simulation forces due to first tie rod couple break
real structure, caused by the increased vibration. In-

cident - fracture can occur because of resonant cas@g Analysis of the transient response
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Dynamical response in the form of complex diaThe completeness of these analysis provide a "smart"
grams of maximal combined stresses, are shown @onstruction.
fig.5, fig.6 and fig.7. All obtained new stresses,
caused by breaking of the first row ties rod, are in th Combined Ma
domain of allowable static stress for basic structur 162 1% i A AR I S
steels of group | (the yield 290.- 106 N/m2, EC3), fo [ VY ST
the third load case, factor of safety of 1.2, the a 140.10° i
lowable static stress i~ 290-106/1.2< 242.-106
N/nf). Thus, the structure has served fracture. Inte 12o. 10°
nal forces have regained balance after the break, d
to reserves of structural resistance. Table 2 summ 1o0. 10° 4 rod couple E 1721
rizes the initial static stresses fracture before and tl \VAVAY TIME (sec
maximum dynamic combined stresses caused by t gg 1o¢
fracture. f

It is evident that a surge stresses emerged inab
section boom (E-169, Figure 1, Figure 7) but did not

exceed the critical stress (yield strength of materials). after fracture of first order of tie rod couple,
Such stresses are obtained from the dynamic respor§igass jump on the second order of tie rod couple
of the incident advisable to be an additional criteriofiy/m?) not cause any other damage to the structure.
for the design structure, when the structure fails Bjsplacement caused at the same time will not affect
reserve (compensate) damage caused by the logad \work and the people.

incident. Such provisions properties obtained as spe-

i

|
=

(%)
%
S

r 60. 65. 70. 75. 80.
ig.5 Dynamical answer: Diagram Stress — Timd:
ress jump on the second order of tie rod couple JN/m

cial properties lead to the exploitation of high reli<gi a6 mbined Max. strebs (N/m
ability and low running costs. 50, 10°
Table 2 Statical and dynamical stresses e e — e
78.10° T AT T AR
Second tie| Third tie | Main band et POV A AT W W W
rod rod |of the boon - ' e
E-1721 | E-1727 E-169 7610
Maximal Statical 89.92 74.40 2.766 76100 il e rhia rod counipy |
Combined stress 74.10° ..'Au !
: 1@ [N/mz] 73 10° . V Il TII\1|§ (sec)
Maximal dinamical| 161.00 | 80.95| 93.00 : e B r——r———
Combined stress fig.6 Dynamical answer: Diagram Stress — Timd:
10 [N/m7] Stress jump on the third order of tie rod couple #i/m
*  Statical stresses are calculated in previous statica
FEM analyse [3]. -
Combination of max. stress uf\u ’\v VA \/\VA

80. 10° (N/m?) |

Figure 8, shows the movement of the top of th' = .
Stacker’s boom in the incident with total translation|
of 0.107 m. In this induced, vibration amplitudes ar(__ .
2x0.022 m. Incidental event will be observed but wil

The real risk is that the remains of ties, after the ir 2. 1o* Elomenttes
terruption of the conveyor rollers run into the belt

This construction[3,5] has provided reserves of| o,

\[ VAV/YAY TIME (sec)
56,8 468 . 76...80...84. 8. O;

boom Stacker. The large construction of transporting fig.7 Dynamical answer: Diagram Stress — Timd:
machines may have more of these or similar (real) Stress jump on the main band of the boom @\/m

basis for incidental simulation - transient analysis.

87



Miomir JOVANOVIC Goran RADOCIC Bozhidar GRIGOROV Rosen MITREV

0,60 Node 532 frapslation (Boon end) (m)

1WA

il

TIME (sec)

54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 8 90 L

fig. 8. Dynamical answer: Diagram Translation — Time:
AR(X,y,2)-T Total translation top of the Stacker’s boom

(m).

5. EXPERIMENTAL TESTING

Reality of tested eigenvalues is checked experi-
mentally by measuring the acceleration of the char

acteristic points of the Stacker’s structure [4]**. |

the base of pylon (vertical column on the boom) wer
measured three-component accelerations under
citation of conveyor drive power. As the transmltter
is used a three-component piezoelectric sens6r

ADXL-312, brands MEMS, with integrated amplifier

Aceleration [mjs 4]

Analog Device AD-320 and SD memory card of 4
GB. Record measurements in binary format was
processed by software HBM Catman-AP.

On the basis of the measured accelerations in time
domain, FFT transform acceleration were separated
in the frequency domain. This has clearly defined
those present dominant frequencies - and enforced
their own. Figure 9-a shows the experimental record
of accelerations (in three component directions) on
the base of the pylon. Red diagram is the acceleration
in the vertical direction, the blue diagram is the ac-
celeration in the lateral direction arrows, black dia-
gram is acceleration in the longitudinal direction of
the arrows. Acceleration component are up to 0.2
m/s2. Figure 9-b shows the FFT transformation of
accelerations in the frequency domain. In the domain
of 0-20 Hz, accumulation of natural (eigenfrequen-
cies) frequencies is dominant. In all three directions,
here are about 125 peaks which corresponds to nu-
ferical scale stand-alone solutions. Driving excita-

§6n engine excels at about 25 Hz (Figure 9-b, blue

rve).

0.2 4-4

______________________________________________________________________________________________________________________________________________________________
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5.0 12 Acceleration [m)’slz]
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10, UU 15, UD 20, UU UU 30 UD 385, DU 40, UU 45, UU 50, DU
b Frequen(y [Hz]

b)
fig. 9 a) Experimentally measured accelerations x-y-z in time domain at location: Base of the pylon.
b) Calculation of experimental dominant frequencies from FFT analysis.
Location: Base of the pylon. ** Mesurement was done dr T.Maneski, [4], 2010.

———————————————————————————————————————————————————————————————————————————————

At the pylon, the measured peak of acceleration in tHexperimental vibration-analysis showed steady dy-
time domain was 0.15 ni/svhile its acceleration in namical behavior of boom with low amplitude ac-
the frequency domain was 0.02 iy he measured celeration at work mode, Fig.9.

velocity in the time domain is 2 mm/s, while in the Modal analysis and experimental analysis has a

frequency domain velocity is 1.3 mm/s. well-corresponded frequency range identified by the
number of frequencies. Researches indicate a high
6. CONCLUSION frequency response of the structure. Frequency vi-

bration propagation of certain parts of the structure
Commenting on the dynamic properties of thevith the modal analysis are easily separated by the
Stacker, its exploatation importance and capacity, direction of extent of eigenvectors.
can be concluded: The model allows the identification of locations
The quality of the proposed FEM model of theon which to set the vibration sensors, stresses sensors
structure has a low approximation (high detailand deviation sensors in order to monitor with cer-
structure, introduced with all the supporting structainly the dynamic properties of structures in differ-
tural elements of the real object. ent situations. Thus, the capacity of Conveyor work
Disadventage of analyzed structure of Staker isan keep at maximum.
low rigidity of the rotating links with the stand part of  Software used for linear FEM structural analysis
moving (RotheErde link bearing). Also it is desirablg1,6] have good technology and can be recommended
to introduce the influence of soil in analysis. The soilfor the industrial design of the supporting structure of
are generally nonconsolidated. similar transporting machines.
Additional quality of the proposed FEM model is
in the universality of application. Easy setup, théknowledgments

model enables verification of incidents with ties rod, The dynamic research is realized with the Ministry of
wind and other additional actions. Science and Education of Republic Serbia funds within the

89



Miomir JOVANOVIC Goran RADOCIC Bozhidar GRIGOROV Rosen MITREV

project 35049 in 2012. The authors would like to thank thehanical Faculty University of Belgrade, Dec. 2010.

sponsor. 5.Jovanovié M., Radoi¢i¢ G., Maneski, T.: "Dynamical
Eigenvalue Identification of Heavy Machine Structures",
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ADAPTIVE MECHANISM FOR AGGREGATION WITH FRAGMENTS
RETRANSMISSION IN HIGH-SPEED WIRELESS NETWORKS
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Abstract: The aim of this paper is to propose an adaptive mechanism for aggregation with fragments retransmission, to
create appropriate simulator and to examine performance of this aggregation mechanism, taking into account characteris-
tics of the applications and the traffic in the backbone of the Internet. The performance of this mechanism for aggregation is
examined through simulations which have been developed by GPSS model. The results confirm the correctness of the
proposed approach in developing the A-AFR mechanism.

Keywords: delays of aggregation,genetic algorithms, internettraffic, A-AFR.

1. INTRODUCTION 2. DETERMINATION OF THE OPTIMAL
LENGTH OF THE FRAGMENTS

The aggregation is a process, during whielmy
packets are encapsulated together in a frame for The Adaptive mechanism for Aggregation with
transmission. With it the performance is improvedfFragments RetransmissioA-AFR), suggested be-
because the overhead of transmission of the matgw, is an improved version of the conventioA&IR
packets is reduced by transmission of a single fram@ethod and improves the systems performance fur-
The AFR- Aggregation with Fragment Retransmisther by addressing the issues in two major areas:
sion [2],[5],[6],[7] method is used to improve addi-  First, with it, the delays at the AFR aggregation
tionally the performance of systems utilizing aggreare decreased. Second, the retransmissions due er-
gation of packets when frames retransmission occuigrs/loses in aggregated frames is minimized by op-
due to time-varying radio channel characteristics ariémizing [8] the size of the fragments forming the
their strong relation with errors. With it, the size offrame.
the frames that need to be retransmitted is compared The algorithm for determination of the optimal
to a preset threshold and if the frame is smaller thd@ngth of the fragments uses so-called coefficient of
it, it is transmitted without change. If the frame isefficiency as a criterion for optimality. The trans-
larger, then it is divided on fragments which aregnission coefficient of efficiency is the ratio of the
transmitted individually. volume (in bytes) successfully transmitted data

This article is in a way a continuation of thefragments d to the total number of bytes sent (which
earlier work [9]. In theA-AFR mechanism, multiple includes the successfully transmitted data fragments-
packets are fragmented and then aggregated intdlaas well as the retransmited lost fragments and
larger frame and sent, but if errors occur during thisagment headersc).
transmission, only the corrupted fragments of the In [9] is suggested a formula for calculation of
frame will be retransmitted. the optimal size of the fragment. It must balance

The aim of present paper is to propose an adapetween the additional overhead that has to be
tive mechanism for aggregation with fragments retransmitted (the header of the fragment) and the sur-
transmission, to create appropriate simulator and fus of the data retransmission (the whole fragment is
examine performance of this aggregation mechanisigtransmitted even if only one bit is corrupted) after
taking into account characteristics of the applicationée losses:

and the traffic in the backbone of the Internet. d=-c++/c/ BER (1)
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In fig.1, the plateau in the diagram of the coeffitransmit buffer size for the transmitting stations. In
cient of performance (formula 1) is relatively flat andorder to achieve 90% efficiency MAC level, the
wide. This means that for wide range of lossBER  maximum frame size should be 32,768 bytes at 216
it could be expected that the performance will noMbps transmission speed and 65,536 bytes at a rate of
decrease significantly if fragments with size close t648 Mbps. Therefore, the number of the aggregated
the optimal are used. It is appropriately in the hardpackets per frame is limited too.

ware implementation oA-AFR for example, utiliz- Let denote, the portion of header in the frame - h
ing FPGA the fragment size to be fixed at 512 bitsas well as the intensity of the arrival of packets with
(almost optimal size). A andu - the speed of packet transmission (or service)
Optimal Fragment Size, bytes Bt Ertor of a packet and the load coefficient or utilization to
o Rate bep=A1/u
L—] The suggested in this article approach for deter-
200 // mination of the optimal number of aggregated pack-
ets for AFR A-adaptive mechanism uses the well
400 / known formula for the waiting time in the M/M/1
600 system:
800 / T =L (2)
/
1000 where: i - the speed of packet transmission ahd
1200 the intensity of the packets arrival.
1,00E-06 1,00E-05 1,00E-04 1,00E-03 1,00E-02 We assume that the transmission time of a frame
fig.1 Optimal size of the fragment vs.BER is the sum of the time for transfer of the header of this

frame plus the time for transmission of all n-number
When determining the optimal number of frag-of individual packets in it.
mented packets, which form the aggregated frame, it For aggregation, in addition to (3), to the waiting
must be taken in consideration that the aggregatidiine needs to be added and the average time that
mechanism achieves higher performance levels wiglapses from the arrival of each of the precediiig
increasing the size of the aggregated frame, but thispgckets to the moment of arrival of the last packet and

at the price of increasing the packet delay. assembly of the aggregated frame:
T = 1 L -1 3)
3. AGGREGATION TIME DELAYS _,u'—/l' 2)

where:n - the number of aggregated packets;-

achiovb butter perfommance by increasing the size e Of agaregated frames transmission, ki
P y 9 0 ensity of aggregated frames.

the aggregated frame (the number of packets that The intensity of the aggregated frame assembly is

form it). In another words the maximum performanc% times less than the intensity of the arrival of pack-

|s.ach|eved at _the maximum frame size. The price f%rts, because this frame is formed after the arrival of n
this of course is the increase of the packets delay. ,
8eparate packaged EA/n).

The purpose of this section is to investigate th T i<sion fi thout tior /D
delays in aggregation, as well as to determine th ransmission time without aggregatiord /4) is

optimal utilization -p*. Above this threshold the tﬁe sum Of the_ times necessary to ”a”?fef the. header
aggregation begins and it is set in such a way that tfQd data field in the fram(?. _The transmission _t|me of
delays to minimal. one aggregated framé (u") is the sum of the times

It is known that the maximum frame size in eacfio! transmission of the header of this frame and the

network is limited, i.e. the use of frames with arbidat@ of then-number of packages, i.e. n-times the

trary large size is not possible. The upper limit of thdf@nsmission time without aggregation, but without
frame size depends on the capabilities of the PHq;]e n-1 times the transmission time for the headers of

layer and is limited by the internal memory and th@elgrtgrih'l packets in the frame.
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. U portion of transmission time of headers (MAC and
H= n-(n-Dh 4) PHY) and the overall transmission time.

o L 2. Upon arrival of each packet in the buffer the
Substituting in (4) for the waiting time at aggrejme of arrival is recorded and by the difference in

gation: arrival time of the previous package (as in [3]) is
T= 1 +h-1 5) calculated the intensity of arrival of the packets, re-
- A ®) tively the utilization at thi as well
U 21 spectively the utilization at this momenas well as
n- (n-1)h _H the time the earliest arrived packet in the buffer (HOL

- Head Of Line). If the time of the earliest arrived

. d by th X ? head packet exceeds the maximum allowed time, then it is
aggregation, expressed by the portion of hea ersimmediately discarded (the fragments of such packets

the _frame_-h, the ””mper of aggregated packets - leave the buffer). This way, the audio and video
the intensity of the arrival of packeisand the speed gream data applications can benefit from the packets

of service . ) i aggregation while keeping the delays below a preset
Later in this work, formula (5) is used with the,, je.

suggestion of an easy for hardware implementation 3 otherwise. the number of packets, -which

adaptive mechanism for aggregation and retransmig;|; pe fragmented and aggregated, is determined

sion of fragments. The analysis of (5) shows that the,m the obtained in steps 1 and 2 instantaneous
waiting time can be minimized in terms of the nuMy51yes of h ang in a way that the delay is minimized.
ber of aggregated packets, {the first term decreases gq this purpose is used the relationship between the
with increasing n, while the second is growing).  ortion of the frame headers, the number of the ag-
gregated packets and the (see equation (6)). If the
number of packets in the buffer is greater than n, then
only the first n are aggregated packet and the rest will
wait in the buffer for the next frame. The aggregated

. frame is created from the fragments of packages lo-
In both A-AFR and AFR mechanism, MAC frame caed currently in the buffer, starting with the earliest

consists of a_header and body. All fields of the MAC,ived (FIFO). The packets arriving during the
header remain unchanged, but there are added thigg,smission of this aggregated frame can not be ag-
new fields - fragment size, number of fragment angyegated to the current frame and will wait in the
one reserved (free) field. _ buffer for the next frame aggregation.

The body of the frame contglns the headers of_the In the hardware realization [1] of this adaptive
fragments, the fragments bodies and a control f'elgggregation mechanism it is necessary to be encoded
FCS- Fragment Check Sequences. in a table the dependency between the number of

The incoming packets are stored in a buffer, gelyqregated packets and proportion of headers in the
aggregated and then are sent to the destination. Tﬁ?&me, and the utilization where the delay with ag-

data_l pa_lckets are aggre_gated into one frame and in gation is minimized (see step 3). We find the op-
beginning of the frame is added a header. Each frafjg, g (where the delay is minimal) number of ag-

consists of a header and certain number of dafgegated packetsy; by finding the first derivative of
packets but does not exceed the maximum frame SiE®) "and setting it to 0 the number of aggregated

of 64K bytes, i.e. the maximum number of datggckets 1, (expressed by the portion of headers in
packets that can be aggregated is limited. the frame - and utilization p).

Below are given the three steps of the proposed the following comments briefly the traffic [10] in
adaptlve.melzch.anlsm for aggregation with fragmenhe packbone of the Internet, which significantly
retransmission: differs from that of thé/M/1 model. For this reason

1. According to the parameters of the radiqne number of the aggregated packets - n is close to
channel, the distance to the receiver, the obstacles g optimal (but to some extend reference) values.

the tract and the interference, the transmitter deter- The analysis of the current structure of the traffic

mines the type of modulation; the PHY speed and the made regarding the type of the transmitted packets,
size of the fragment. Also it calculates h - the pro-

The above formula gives the waiting time for

4. ADAPTIVE MECHANISM FOR AGGRE-
GATION WITH FRAGMENT RETRANSMIS
SION
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using IP datagrams. TCP protocol significantlyare going to the buffer Q. There the fragments wait
dominates the structure of the traffic. Approximatelyo be serviced by the facility, which corresponds to
95% of all bytes, 90% of the packets or 75% of théhe fragments transfer to the respective output port of
flows are TCP. Second is UDP and it generallyhe network card. Depending on the current size of
represents 5% of the bytes; 10% of the packets tite queue in the buffef and on the waiting time of
20% of the flows. The other IP protocols - IP v.6the first fragments in the queue, the aggregation
encapsulated IP-in-IP and ICMP split the remaindenechanism decides how the fragments will be
to 100% (in the structure of the total traffic). It can beserved. The instant values lofandp is used to de-
seen that almost 80% of the packets have a length lésamine the number of the fragmentR which will
than typical (MSS = 512) for TCP packets, which ide aggregated. If the number of fragments in buffer -
552 bytes. Moreover, about half packet lengths ap€is greater than the threshol&® 4/ R <X / then only
between 40 and 44 bytes, and about 60% of thke firstR fragments are aggregated, and the other
packets are 44 bytes in length or shorter. In terms &figments in the buffer will wait for the next frame.
data (bytes) to be carried in such packages, they arke aggregated frame is created from the fragments
7% of all data. More than half of the data (in byteslocated currently in the buffer, starting with the ear-
are carried in packets with size 1500 bytes or longeliest arrivals FIFO). The packets arriving during the
transmission of this aggregated frame can not be
5.SIMULATION MODEL AND RESULTS fragmented and aggregated to the current frame and
will wait in the buffer to the next frame aggregation).
The following describes the simulation modelUpon arrival of each packet in the buffer it is marked
developed in the language GPSS, used to examine thith a timestamp and by it is calculated the waiting
effectiveness of the proposed mechanism for th@me in the buffer for the earliest arrived packet
transfer of real traffic. This model will also allow to(HOL-Head Of Line). If the time exceeds the maxi-
be found correct estimates for number of aggregateum allowable time, then the fragments of this
packet - n for certain traffic parameters in a wirelesgackage are immediately discarded (destroyed).
network (in difference by finding the first derivative  This way the intensity of the incoming flows
of (5) and equating it to O. changes over the time as the goal is the fragments
Formal description of the model: During the agwait time to be as short as possilleandg - are the
gregation of packets the undergoing processes aredsrresponding probabilities for a fragment to be
fact service processes and therefore they could déscarded or notduring the aggregation.
represented by system with a source, queue and fa- After the servicing of fragments according to the
cility (Q-system). Fig. 2 shows th@-scheme re- above strategy, they are sent to the respective output
flecting service processes on the proposed mechgert of the network card. At the end, after the frag-
nism. Let with symboR is denoted buffer threshold ments are serviced in the facility; they leave the
and withX - current size of the queue in the buffer. model. This way, aside from the other processes in
the network card, irrelevant to the aggregation
mechanism is formed the formal model.
1 ) Given the discrete nature of the processes in the
' Q model /receiving packages from the sources, their
. segmentation to fragments; the buffering and their
AN I : occupation of the output port /channel/, for the ma-
chine implementation of the model is chosen the
Al languageGPSS(General Purpose Simulation Sys-
fig.2 Q-scheme tem).
The GPSS program (fig. 3) reflects in full-scale
The incoming flow of packets to a network in-the above conceptual model and contain the descrip-
terface card and the formation of fragments frortions of all its blocks, i. e. and reflects the logic of the
these packets is simulated by the so@de The in- model.
tensity of this flow of fragments i&l. The fragments
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Create a stream of packets

Set a number for fragments in the packel
Set transmission time of a fragment(time of
servicing in network carc)

Create these fragments and put in the queue

If any HOL fragments which waiting
time exceeds treshold

Waiting while buffer occupancy exceeds
treshold and aggregate fragments

A
Start servicing in network card

Leave the First fragment from the queue
PHY + MAC headers + HOL fragmeni
Take the utility (transmitter)
Release the utility

N

Finish servicing in network carc

Leave OTHER fragments from the queue
anc
take the utility (transmitter)

Note the end time for statistics gathering
Servicing in network card
Release the utility
Serviced fragments leave mode

N

Print statistics gathering

A

Discard fragments

fig.3 Algorithm of GPSS simulation model

tion results were almost consistent with the results
calculated using formula (5).

The delay folA-AFRaggregation was studied and
more precisely influence of parameters of the real
sources and traffic characteristics on it.

Developed are an algorithm and a prograntCon
programming language for tabulation of the optimal
number of aggregated packets: {minimizing the
delays for the portion of the frame headers - h and the
utilization —p).

Table 1 The optimal (minimizing delays) number of
aggregated packetsnvs. utilization -, and portion of
headers in the frameh:

h\p 0.6 0.7 0.8 0.9

03 |- - 1.2 15
04 |- 1.1 13 1.7
05 |- 1.2 15 1.8

06 |11 13 1.6 1.9

The parameters for th&PSSmodel obtained
using this program are shown in Table 1.

The obtained simulation results are shown in fig.4
and fig.5. The increase in the portion of headers in the
frame - h and/or the number of the aggregated packets
- n, increases the utilizationp, where the delay is
minimized, which is in accordance with the analysis
of (5) made earlier in the paper.

Furthermore, from the simulation results and the
analysis it is seen that the waiting time can be mini-
mized relevant to the intensity (the first term in (5)
increases with increasing of, the second - de-
creases).

300000

250000 //

200000

—h=03
150000 h=0.4

—N=0.5

100000 / 1h=0.6
50000 /

0

0.7 0.8 0.9

delay (1)

In orqer to Verlfy_GPS_SS_Imu_Iann model, It fig.4 Chart of the delays in function of the network load and
was run with exponential distribution of times of ar- the system traffic

rival and servicing of packets and obtained simula-
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160000 The influence of the parameters and characteris-
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OBOBIIEH KPUTEPUI 3A EOPEKTUBHOCTTA HA PABOTATA HA HOBO
PABBBPKBAIIIO U T A30IIOJABAIIIO YCTPOUCTBO ,NRE-KM*

Esrenu KPAMUEB

KaT. ,MammHo3Hanue”, MuHHO reonoxku yHuBepeutert ,,CB. U. Puncku” — Codust
e-mail: e_kraichev@yahoo.com

Pe3tome: B paboTaTa ca mpencTaBeHH pe3ynTaTH OTHOCHO TOILIO- M MacooOMEeHa B PEakTop C HOBO pa30bpKBAIIO U Tra-
30M0/1aBaIlo ycTpoicTBo. C BhBEXKIAHETO HA eUH KOMIUIEKCEeH (000061eH) kputepuii 3a edekTBHOCT (Ep), KOWTO Chue-
TaBa BIOXKEHATa 3a pasObpkBane cremubuuna exeprus P/V [KW/NT] i mocTHrHaTHTe pe3ynTati, 6asHpaliy ce Ha HOIy-
YEeHHs TOIUIO- ¥ MAaCOOOMEH B PEaKkTOp ChC CEpPIIEHTHHA, Ce I0JIydaBa I'bJIHA XapaKTepPHUCTHKa 3a paboTaTa Ha eHeproc-
nectsaBamaTa 0bpkauka,NRE-KM®, Tomno- 1 MacooOMeHBT B KOMIIEKCHUS KpUTEpUii ce u3passna ¢ uucioro lllepByn

Shwu gucnoro va Hycenr Nu.

KirouoBu 1ymu: eneprocuectsBamiara Obpkauka, peakTop, TOIJIO- U MacooOMeH, 00001IeH KpUTEPHHA.

1. BbBEJIEHUE

C orJies MOCKBIIBAHETO HA FOPHBATA PCCIICKTUB-
HO CHEPrusTa B CBETOBCH MaIad, BCIICJCTBHC Ha
HKOHOMHUYECKAaTa Kpu3a, MpeJ peakTopHara u pas-
ObpKBallla TEXHHKa C€ MOCTABAT HOBH, I0O-BUCOKHU
M3UCKBaHUsI, OTHOCHO NKOHOMHUSITA Ha CHEPTHS.

Bce no-uecto ce u3cienBaT W BHEAPSBAT €HEp-
rOCIEeCTsBaIIN ObPKAYKK 38 XPAHUTEIHO-BKYyCOBATa,
(dapmenieBTHUHATa, XUMHYECKaTa M OHOTEXHOJIO-
FHYHA MPOMUIUICHOCT. B HAKOM OT Te3U MPOU3BOJ-
CTBa MPOLIECUTE Ha Pa30bpKBaHE OCOOEHHO Ha KyJI-
TUBapaHe Ha Pa3IHYHH [IAMOBE MHKPOOPTaHH3MHU,
ca JOCTa MPOIBIDKUTEIHU, KOCTO € CBBP3aHO C TO-
JsiMa eHeproeMkocT. KoeuIueHThT Ha MOIIHOCTTA
Ha pa30BPKBAIUTE YCTPOMCTBA 3aBHCU OT TEOMET-
PHUYHHTE XapaKTEPUCTUKU HA ObpKayKara, bI'bjia HA
Cpsi3BaHE Ha JIONMATKHUTE, 00OPOTHTE HA BBPTECHE W
Ip. 3a eHeprocmecTsBamy ObpKayKH, Koe(HUIIHEH-
ThT Ha MomHocTTa ¢ Eu<1.4Q a cneunbuuHusT
pasxon Ha eneprus € P/V<1.4Q mpu koero ce us-
IBJIHSABAT BCUYKH [OCETAIHH KpUTEpHH 3a edek-
THUBHOCT, u30poenu B [1].

OcHoBHa 11e)1 Ha HoBarta Obpkauka ,NRE-KM*
KaKTO Oellle CIIOMEHATO B €[HA MPEAMIIHA ITyOIrKa-
IIUsl € OCBCH HUCHK CICI(UYCH pa3xo1 Ha CHEPTHs,
€ JIa OCTUTa BUCOKH CTOWHOCTH Ha KOC(PUIIMHTHTE
Ha TOILIO- U MacooOMeH, pecriektrBHO Sh (IllepByn)
u Nu (Hycenr). ToBa ca GespasmepHu HiIH 0e31u-
MEHCHOHAIIHU KPUTEPHUH, KOHUTO BIHWSSIT IPSIKO
BBPXY €EKTUBHOCTTA Ha pa3ObpKBaHE.

2. EOEKTUBHOCT HA PABBFBbPKBAHE HA
NRE-KM*

KakTo € M3BEeCTHO OT CHeHMaIM3MpaHaTa JUTe-
patypa, €(pEeKTUBHOCTTa Ha pPa30bpKBaHE 3aBUCH
TJIABHO OT TP MapaMeThpa:

1. Ky - KoepHIMEeHT Ha MOITHOCTTA, 3aBUCEII]
OT KpuTepus Ha PeltHonc

Ky = f (Re) )
P
K = ,ODhSNDﬂ5
A (2)
2. oy - Koe(UIIMEHT Ha TOIUIONpEeIaBaHe
[W/nK].
_ Nu, T,
’ DRS

®)
3. KLa- 0bemeH koe(HUIueHT Ha MacoOOMEH IpH
ra30HACHILAHE HA TEYHOCTH

e,

3a MBJIHOTO OXapakKTepU3UpPaHE HA NAJACH THUI
Ppa30BpKBAIIO YCTPOHCTBO, TPUTE OCHOBHH Mapame-
Thpa HE Cca JIOCTAYHU U 332 TOBA ¢ HEOOXOUMO Jia Ce
BbBEJIE €IWH O0O0OIIEeH KPHUTEpHi, KOWTO na naBa
JOITBJIHUTEIHA HH()OPMAIMSI OTHOCHO IPEAMMCTBA-
Ta M HEJOCTATHIUTE HA ONpee/icHa ObpKadKa.

3. OBOBIIEH KPUTEPHUI 3A OIIEHKA
E®EKTUBHOCTTA HA PASBFbPKBAHE HA
NRE-KM*
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3a IO-KOMIUIEKCHA M T0-KOPEKTHa OLIeHKa Ha
e(eKTUBHOCTTa Ha pa30bpKBaHE € YMECTHO 1a ce
BBbBEJIC €JMH IOKa3aTel, KOHTO 1a oO0equHsIBa BIIO-
xeHata creunduuna eneprust P/V, ¢ Tomio- u ma-
cooOMeHHHTE KoeduieHTH. To3u mokasaren Moxe
na ce neduHEpa, Kato 0000IIeH KpUTepuil 3a edek-
THBHOCT M Ie ObJe OTOENIsI3BaH IT0-HATATBK ¢ FEj

[xW/nT].
P
E =7
v (5)

Ey mie e mpomnopIoHaieH Ha aBa KoepuuueHTa Z;
u Z, pecniektuBao Shu Nu[3].

Koed. Z;=f(Sh), 3amoro BkitouBa B cede cu K a
Yucnoro (xkputepusi) Ha llepByxn ce oTHacs 3a Mma-
cooOMeH Ha ra3oBu Mexypu ¢ muamersp d=1 mm
obpasysanu o GapOotbop. [loBbpxHuHATa Ha ce-
puden mexyp ¢ d=1 mme S=4zr’= 2 r.d’=
6,28.10° m a U] y3HoHHUS Koed. O = 1,5.10° nf/s
3a (3a Boma-pasTBopeH kuciopon npu 20°C), Torasa
3a Shce mony4asa:

she K (S _ K, [6,2810°
5 1001, 510°

=34,80K
(6)
Koeduruentst Z; Moxe aa ce uzpasu ¢ Shupes
cTeneHHa (QyHKIIHS:

Z = (Sl‘)bl = (34,8[|K_,_\)bl 7)

KoedunmeHThT Z; € CHOTBETHO MPIOPITHOHATICH
Ha Nu Hycenr Ha crenen dy:

— d
Z, =(Nu) @)
Karo ce 3amecrsar croiHocTuTe Ha Z3 U Z, B
ypaBHeHHeE 5) ce mosyuasa:

E, = 1S 1 Ny

Eranonna croiiHocT 3a cpaBHeHHE Ha Ego € Ta3u
Ha MIeCT-JIonaTKkoBa TypouHa ,PemTen”, ¢ Eu=2,11
cbotBeHo P/V=2,8 u nocrura Haii-mobpu mokasate-
mu Sh=4200u Nu=4500 (3a Tormoobmen 6e3 mpo-
MsIHa Ha arperatHoTO ChCTOSIHUE Ha (DITyHIUTE).

Eq nr = 2,8.4206% .4500%= 5,8W i)

CrofHOCTUTE Ha CTEIIEHHMTE IMOoKaszarenu by m dy
ca OTYETEHH OT HOMorpammre Ha ¢ur.l m ¢wur.2.
TaM ca JajeHd JaHHU W 332 HAKOM HOBU €HEProciie-
craBaimiyd ObpKaukd, karto: Wurepnpon /[muaums 1/,
Hapuuc-umnenep /muuus 2/, Gbpkauka Ha ¢-Ma
Ekato-GmbH, I'epmanus /muaus 3/, Enepon — 1
[nunust 4/, eranonna Obpkayka PeuirhH /munus 5/ u

HOBOTO pa30bpKBAIO M ra3o0nojaBaiio yCTPOHCTBO
NRE-KM /nunus 6/.

Eo.rr = Eorr ™ Eo,ns™
=5,03-(1,26.4200" .4506")= 1,80W nf)

Eo rr = Eo vt~ Eo, nre™
=5,03-(1,37.4200" .4500%)= 0,88 nf)

BuagHo € oT mpuMmepa, 4e CpaBHUTEIHATa eek-
tuBHOCT Ha ,NS“=1,3, KoeTo oO3HayaBa, 4e Ta3u
OBbpKayKa M3MBIHSIBA CHIIUTE TCXHOJOTUYHU (YHK-
MU, KAKTO eTajoHHaTa ,PHIITHH®, HO C MO-MaTbK
crerduuen pasxox Ha eneprus ot 1,3 [«W/n], a
3a NRE-KM 0,99 fw/n] .

Koraro mpu XuApOMEXaHUYHOTO pPa30ObpKBaHE
JIMIICBAT WM Ca NPECHCOPEIKUMO MAJIKHA IPOILIECUTE
Ha TOIUTO- K MacOOOMEH, CTEIICHHUTE IMOKa3aTe/In Ha
lepryn u Hycenr pecnekrusro b; u d; B ypaBHe-
Hue 9) noOuBar CTOMHOCT paBHa Ha Hyna. Torasa Egy
ocraBa caMo ¢ mnokaszarens P/V.

Hampumep 3a Obpkauka Hapruc-ummenep,
P/V=1,26 anoxa3arenure 3a Sh=4200ca Ha crenex
b; =0,08, aza Nu=4500, d; =0,04 (Bux ¢ur.1u 2).

IToka3zaTens 3a cpaBHsIBaHE Ha €(PEKTHBHOCT 3a
NazneHa 6bpKauka Fo ., € pasnukara Mexay EgrrEox

Bo = Eorr ~ Eox(kKW/ nt) (10)

4. 3AKJIIOYEHUE

BoBenen € 000011eH (KOMIUIEKCEH) KPUTEPHIA 3a
olleHKa e()eKTUBHOCTTA Ha Pa30bpPKBaHE C MEXaHUY-
HH ObpKauku Eg3a IIbJIEH TEXHOJIOTHYEH Hpolec Ha
XHAPOMEXaHWYHO Pa30ObpKBaHE, CHYETAHO C TOILIO-
¥ MacOOOMEH, KaKTO M ChbKpPAaTeH KPUTEPHH, aKko Hi-
KOU OT CBIIBTCBYBAIUTE Ipouecu Juncear. C To3u
KpHUTEpUil ce J0Ka3Ba MPEBBH3XOICTBOTO HA CHEp-
TOCIECTABAIINTE pa3bpKBauy ycrpoiicrea Eu<1.40
He3aBUCUMO, 4e 3a nocturane Ha Sh(lllepsyn) u Nu
(Hycent) e Bp3MOXHO yBenuuaBaHe Ha P/V ¢ koe-
¢bunuentu Z; uZ,.

5. I3IMIOJI3BAHHU CUMBOJIN 1 O3HA-
YEHUA

K_a- 0B6eMeH koeduireHT Ha MacooOmet - [h7];
o -koeduIMeHT Ha TommooraaBane - [W/NPK]; /-
Koe(UITMEHT Ha TOTUIONPOBOJIHOCT Ha pa30bpKBaHa-
ta TeqHocT - [W/mK]; Sh-kpurepuii va Ulepsyn [-];
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1-WuTepnpon; 2 — Umnenep; 3 — Uutepmur; 4 — Enepon; 5 — PbwtbH; 6 — NRE - MK SuaueHnesash*

BMA Ha 6BPKaUKaTa M HOMED HA AMHKMA

by P NS NM EL NRE-MK RT
1 2 3 4 6 H
0.1

0.09

177/ =
- / / 3800
oo / / // 3600
Wi = | =
oon / / /// P / 3200 4000
N/ e
- / / / 2800 3600
\ /// / 2600 3400

1 2 A vrvikw/m?]

dur.1. CTolHOCTU Ha cTeneHHMA NoKasaTen by kato GyHKLMA Ha cneuuduyHaTa mowHoct PV

1 - WUurepnpon; 2 - Umnenep; 3 — Hutepmur; 4 — Enepon; 5 — PowrbH; 6 — NRE - MK SHaHEHHEHA N

Buz Ha 6bPKAUKATA M HOMEP HA ANHKA

dy JP NS NM EL NRE-MK RT
12 3 4 & 5
0.1
0.09
5200
0.08
5000
0.07
4750

0.06
/ 4500
005 1 12 3 4 6
/ / 4000+4500 4800
0.04 / /
// // 5 3500+4250 4500
0.03
/ 3000+3750 4000
0.02
//// / 2250+3000 3500
0.01
//// / 2000+2750 3000
0

1 2 3 a
P/V [kW/m?]

®ur.2. CToHHOCTY Ha cTeneHHMA nokasaTten d; KaTo GyHKLMA Ha cneuuduyHaTta moulHoct P/V

Nu - kpurepuii Ha Hycent [-]; EU - xputepuii Ha  Bane - [W]; V - obeM Ha pa30ObpKBaHATa TEYHOCT -
Oitnep [-]; P - xoHCyMmpaHa MOIIHOCT Ha pa36Bpk-  [M7]; N - uectora Ha BbpTeHe - [S']; D - xuamersp
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Ha Obpkaukarta - [M]; p - WIBTHOCT HA cpexara - 2. Buecrype V., Cucrembl dhepmentanuu, 3uHatne, Pu-
[xg/m]; E, - xommtekcen kputepuii - [kW/m]; b - Ta, 1986. ) _
BHCOYMHA Ha JIONATKaTa Ha ObpKaukarta - [m]; H - 3. VDI Warmeatlas, Yerweiterte Auflage.2008.

4. Bacuawaxos A., BI'. YmakoB, Anapats! s nepe-
MEIIMBAaHME XHUTKUX cpex, Mammuoctpoere, JleHnHrpan,
1989.

5. Kpaiiues C., Kommnekcen kpurepuii 3a e(eKTHBHOCT
Ha pa3ObpKBaHE B PEAKTOPH 338 XUMHUYECKOTO, XPAHHUTEN-
HO-BKYCOBOTO U OHOTEXHOJIOTHYHO npou3BozacTo, 2006

BHCOYMHA Ha Te4Hata (das3a B chaa - [M].
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GENERALIZED CRITERION FOR THE EFFICIENCY
OF THE WORK OF THE NEW STIRING DEVICE ,NRE-KM*

Evgeni KRAYCHEV
University of Mining and Geology ,St.I. Rilski“ — Sofia
e-mail:e_kraichev@yahoo.com

Abstract: In this paper are presented results from introducing a complex efficiency crisgyrishich combines the in-

put specific energy for stirring/V [xW/nt] and the achieved technological results, based on the attained heat and mass
transfer in reactor with NRE-KM. The heat and mass transfer are presented in the complex criterion by a number of
Sherwood $h and the number of Nuseldti).

Key words: reactor, heat and mass transfer, complex criterion
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METOAUKA 3A KOHBEPTUPAHE HA TPUMEPHU MAPAMETPUYHH
MOJEJIN OT PA3JIMYHU CAD CUCTEMMU B CATIA V5R19

®anu BBJIUKOBA' JTio6omup JUMUTPOB?
CERN ,UIBeiinapus
e-mail:fani.valchkova@cern.ch

karenpa , MAIIMHHEY eEMEHTH ¥ HEMETATHH KOHCTpyKunn”, Texunuecky yausepcutet - Codus, Brmrapus
e-mail:lubomir_dimitrov@tu-sofia.bg

Pesome: B crarusra e npeicraBeHa METOJMKa 3a KOHBepTHpaHe Ha TpuMepHu CAD monenu OT pasnuyHU CUCTEMH 3a
tpumepHo Moaenupane B CATIA V5 R19.TIpencraBeH e M HHCTpyMEHTapHyM 3a OCBIIECTBSIBAHE Ha OT/ICITHATE CTHIIKA Ha

MCTOAUKara.

KawuoBu gymu: meroauka, CAD, 3D monenu, KOHBepTHpaHEe

1. BbBEJEHUE

C pa3BUTHETO Ha WHAYCTPUATA BCE IOBEYE U
noeue CAD cucremu HaBiu3aT U Ce Hajlarat B
pa3iIuYHHUTE CeKTOpU. B mHemHo Bpeme pa3sHooOpa-
sueto oT pazauuan CAD cucreMH M TAXHOTO H3-
MOJI3BAHE B W3CJICJOBATEIICKH LICHTPOBE, 3aBOAM H
T.H, BOJIYU JI0 pEAMIA MPOOJIEMH P OOMEHA HA MO-
nemu mexny paznmmuante CAD cuctemu. Bee noseue
U TIOBEYE MPEIIpPUATHS ce CONBCKBAT ¢ Mpodiema
»KaK Ja npexpppiuM najgeHa uHpopMaIHs OT eIHa
CAD cucrema B npyra?”

HeobxomuMocTTa OT 0OMEH HapacTBa C YChBb-
PIIEHCTBAHETO HA TEXHOJIOTH-WUTE 33 OpTraHU3aNys Ha
neriHoctta Ha pupmute. Te ce MpUABMKBAT MOCTE-
MEHHO KBM Oe3XapTHEeHO NPOEKTHPaHe, KbHIETO
MPOJIYKTUTE Ce MPENCTaBsAT npeaumMuo karo 3D mo-
nend, a He kato ueptexu. OT apyra cTpaHa, ChBpe-
MEHHOTO MHJYCTPHAITHO TPOH3-BOJICTBO U3UCKBA BCE
MO-IIMPOKO KOOTIEPUPAHE MEKAY PUpMH. A TE 4eCTO
usnon3ear pasnu4nu cpencrea (CAD/CAM/CAE) 3a
aBTOMATH3UpPAaHE HA MPOCKTAHTCKATa W IPOM3BOJ-
cTBeHaTa cu jaedHocT. HcTanupanara 6asa OT Tpu-
MEpHH IW3aHEpCKH CHCTEeMH HapacTBa KaTo MpHU
TOBa ce M3MOJI3BaT pasnuyau ¢Gopmatu. o neH
nuemeH Hama CAD cucrema, KoSTO [1a ce€ € Hallo-
XKWJIa KaTo TOMHHHUpAIIA, KaTO CTaHAAPT B TPUMEp-
HOTO TPOEKTHPaHE W MPOM3BOJCTBOTO. ToBa mpaBh
BCE€ IMO-Ba)KHA MOTPEOHOCTTA OT YCIENIHO mpeodpa-
3yBaHE W MPEXBBPISIHE HA JAHHU OT CJHA CUCTEMA B
npyra. Eranmure or CAD nponeca, B KOUTO MOXKe J1a
Ce HaJIOXKU OOMEH Ha JIaHHH, Ca PA3JIUYHU U 3aBUCST
oT moTpeOHOCTHTE Ha moTpeOutenute. TakuBa ca

MIPOMCHH B IIPOEKTa, N3pabOTBaHE HA UHCTPYMCHTH U
aHaIIN3 Ha U3JICIUSATA.

EnuH apyr acmekT, moJcKasBai CIOKHOCTTa Ha
npobiema, € OCUrypsiBaHe KauyeCTBOTO Ha OOMEHs-
HaTta uHpopmMmalms. Korato moTpedutessat Moxe aa
KOHTPOJIHpa IpoIieca Ha IPOCKTUPaHe, TOW BIUSAEC U
Ha Ka4ecTBOTO Ha maHHHTE. HO KoraTto e camo mo-
JlydaTesl HsMa TakaBa BH3MOXXHOCT. B To3m ciyuait
mpu oOMeHa TpsOBa a WMa BH3MOXHOCTH 3a pas-
TTIeKIaHe U OI[eHKa Ha IOIy9eHUTE JaHHH.

2. METOJAUKA 3A KOHBETHUPAHE HA 3D
HAPAMETPUYHHU MOJEJIA OT PA3JINYHU
CAD CUCTEMM B CATIA V5R19

Meroaukara 3a kouBeprupane Ha CAD moznenn
ce ChCTOHM OT J€BET OCHOBHU CTBIIKH. T4 € moka3aHa
Ha ¢ur. 3.1. B Hes ce U3MON3BAaT YETHPH OCHOBHHU
METO/1a 32 KOHBEPTUPaHE!

,Plugins” - nomrbiiHKMTEIEH COPTYEP, KOUTO ce
3aKyIlyBa JOMBJIHUTENHO U Clie]] MHCTANAIHUATA MY
JlaBa Bb3MOXHOCT M3rPaJCHUSIT MOAEN na Oblae 3a-
nmucaH B apyr ¢dainoB ¢opmar, pa3IuieH OT CTaH-
maptaure Gopmaru Ha CAD cucremara. Cohiect-
BYBAT J[BA OCHOBHU BH/IA:

-Plugins” 3a opurunannata CAD cucrema,;

~Plugins” 3a mpuemnata CAD cucrema —
CATIA V5 R19.

* Brpanenn B opurmnamHara CAD cucrema
TPAHCIATOPU - JaBaT BB3MOXKHOCT W3TPAJCHUST
MozeNl Ja Oblle 3amucaH ITUPEKTHO B JpyT (haliaoB
¢opmar. ChIiiecTByBaT IBa OCHOBHU BHJIA!
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®ann BBJIYKOBA JIrobomup AMMUTPOB

- Plugins —

BA3A AHHV 2
Mogenu 3anucatm B HeyTpantu
copmaTy 3a ABMrOCPOUHC
apxuBupaHe

L» BrpageHu KOHBEPTOPY — i

CAD Cucrema n

HeyTpanHu dpopmatin

- f—

BA3A JAHHV -
CAD Cucrema 1

- Plugins — =
9 EaeHwyHn geTannv

Crno6exn eaenuLy

L» BrpaaeHu koHBepTopy — |

CAD Curtenma 1

BbTpeLLHO KoHBEPTUPaHE
JAVPEeKTHO B opuruHanHata CAD
cuctema

]

CAD Cucremz N

EaeHwyHn geTannu

Crno6eHu eaeHnLyy

KoneepTupanu &
CATIA mogenv

]
=
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@
©
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[e]
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KC - KoHBepTupalya Cucreme

CATIA V5

= Plugins -

> KoHBepTupaHe upes metoaz
|———  3a kaprorpadupaHe Ha

- XapaKTePUCTUKUTE

¥

He

PruHo
KopUripaHe

YY"
CATIA V5

e ¥

SmarTeam

Jat]

¢ur.1 Meroauka 3a kKOHBepTUpaHe Ha TpuMepHHU Mozenu oT paznuunun CAD cucremu B CATIA V5 R19

- JlupekTHM TpaHCIAaTOpM — HaW-4ecTo Te  MIOTO rpadMyHO sJIPO, KAKTO OpPHIMHAIIHATA IPO-
kouBeprupar kbM CAD cucrtema, 0a3upaHa Ha Cb-  rpama;
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- Heyrpanuu daiinoBu ¢popmati.

* KoHBepTHpaIlK CHCTEMH — TOBa Ca CIHeLHa-
JM3MPAHU TPOTPaMH, Ch3JA-ACHU CICHUATHO 32
KoMmyHHKaus Mexny pasnuuan CAD cucremu.

* Meron 3a kaprorpadupaHe Ha XapaKTepH-
CTHKUTE Ha MapaMEeTPUIHUTE MOJIEITH — TO3H MOTOJ €
paspaboren B npoekra ,CMS in CATIA". Toii e
pa3paboTeH Ha 0a3aTa Ha CBHINECTBYBAIIWTE CTaH-
JApTH 32 KOHBEPTHPaHE, KAaTO MapajielHoO C TAX Ce
M3M0JI3Ba METOIBT 3a KapTorpadupaHe Ha Xxapakre-
PHUCTHKUTE, KOETO I03BOJISIBA ACTAWIHO EKCTpaK-
TBaHE HAa XapPAKTEPUCTUKUTE OT OPUTHHATHHS MOJIEI
U YCICIIHOTO MM BB3NPOHM3BE)KAaHEe B MpHUEMHATA
CAD cucrema (CATIA V5 R19). Cnen koHBepTH-
paHeTo MOJICIUTE 3aMa3Bar CTPYKTypara Cu U MOrat
na ObIatT IECHO KOPUTHPAHH.

* Meroa 3a AUPEKTHO KOHBEpTHpaHe (MHrpa-
I¥s1) HAa TPEMEPHH MOJCIH OT enHa 0a3a JaHHH KbM
Jpyra — ToW He € BKJIIOYEeH B METOAMKATa, 3aIl0TO €
pEHTAOMJIEH TPH EKCTPEMHO TOJisIM 00eM OT WH-
(dopmanus 3a murpupade. B npoekra ,CMS in CA-
TIA” o6embT Ha HHPOPMANHATA HE € TOCTATHUCH 3a
U3MOJI3BaHE HA TO3H METO.

OCHOBHHUTE BPB3KH MEXAY CTBIKUTE ca OTOEIs-
3aHM C YCPHU CTPENIKH, BPB3KUTE HA CTHIKUTE 3a
JBJITOCPOYHO apXMBHpaHe ca M300pa3eHH Che 3alie-
HH CTPEJKH M OOpaTHUTE BPB3KH C THMHO CHHH
CTPEJIKH.

3. CTBIIKH HA TIPEJIJIOKEHATA METO-
KA

3.1Crboka 1

B Ta3u cThmOKa ce M3BBHPIIBA IMBPBOHAYAIHOTO
Ch3/1aBaHE HA TPUMECPHUTE MOJCIH OT AU3AWHCPUTE.
Ts € 0T U3KIIOYUTEIHO BasKHO 3HAUYCHUE, 3aII0TO 3a
MPAaBUJIHOTO KOHBEPTHUPAHE HA TpUMEpHaTa UHQOp-
Marus € He00X0IMMO MOJCIBT Ja ObJie Ch3aJICH I10
MPaBUJICH HAYMH, KOCTO W3WCKBA BHCOKO HHBO Ha
ITOJIrOTOBKA Ha MEPCOHANIA. 3a CHKAICHUE MPaBUII-
HOTO Ch3[aBaHE Ha MOICIUTE TPYAHO MOXKE 1a Obae
KOHTPOJIUPAHO.

3.2Crbnka 2

Bwrpemno xonseptupane B8 CAD cucremara. B
ceBpemeHanTe CAD cucTeMH ChHINECTBYBAT Taka
HapeueHuTe BrpajieHu Kouseptopu u Plugin.

- Brpanenute KOHBEPTOPH IaBaT BH3MOMKHOCT
M3rPAZCHUAT MOJCN Aa ObJe 3amucaH JAUPCKTHO B
npyr daitnos ¢popmar;

- PlugintoBa e goniuuteneH copryep, KOUTO
Ce 3aKyIyBa JOMIBIIHUTEIHO U CJIC]l MHCTAIANUATA MY
JlaBa Bb3MOXKHOCT M3rPaJCHUST MOAEN na Oble 3a-
nicaH B apyr ¢dainoB ¢opmar, pa3IuvyeH OT CTaH-
maptaute popmaru Ha CAD cucremara.

3.3Crbnka 3

Ta3u cThIKa € CBBp3aHA CHC 3aMUCBAHETO HA
unpopmauusita B 0aza/6asu nmanuu [1,2]. Uudop-
MalusTa ce 3ammucBa B 0a3a wiu 0a3u JaHHHU, KaTo
pa3inyaBaMe TPU OCHOBHU CITydasi:

- IIspBu cimyuaii — Bcuuku momenu Ha CAD
CHCTEMHTE, KOUTO TpsAOBa Ma ObJaT KOHBEPTHUPAHH,
BKITIOYUTETHO W WH(pOpMAIHATa, IOJyYeHa KaTo
HeyTpanHu (aiioBn QopmaTtH, ce 3amucBaT B
enuHHa 0a3za maHHU. B TO3M cirydaii € MHOTO yI00HO
TBPCEHETO Ha MOJETH B CHCTEMaTa, HO Ch3JaBaHETO
Ha TakaBa 0a3a JaHHU € CBBP3aHO ChC 3HAYUTCITHU
CPEIICTBA U BIHCOKO KBATU(HUIIMPAHU CIICIIUATUCTH,

- Bropu ciyuait — u3non3Bar ce oTnenHu 0aza
JAaHHH, TOBa € IO-CBTUH BapHaHT OT codryepHa
rNIeHa ToYKa. Morar ga ObAar M3MOI3BaHH TOTOBU
0aza JaHHH, IIpeaJIarany oT GUPMUTE pPa3padoTIULN
na CAD cucremu. B T0O3u citydail ThpceHETO Ha
MOJIENH € TO-YCIO0XHEHO W M3MCKBA KBaTH(pHINpaH
MepcoHa, KoiTo TpsOBa qa Mo3HaBa MUHIMYM JIBE
CAD cucreMu cbC CHOTBETHUTE UM 0a3a IaHHU,

- Tpern ciayyait — koMOMHHpaHE Ha IIBPBUTE
JIBa CIrydasl.

W360pbT Ha Tuma Ha 0a3aTa JaHHH 3aBUCH OT
HYXKIUTE U (PUHAHCOBUTE BH3MOXHOCTH Ha KOMIIa-
HUSTA, U3BBPIIBAILIA KOHBEPTUPAHETO.

3.4 Crpnka 4

BbTpeniHo KOHBEpTHpaHe Ha CrelHaln3upaHa
nporpamHa cuctema 3a Tpancdep Ha qanHu. Te naBar
BB3MOJKHOCT 33 OTBapsiHETO Ha Mozeia Ha exaa CAD
CHCTEMa M 3allMCBaHETO MYy BBB (aiioB Qopmar,
n3nomsan ot apyra CAD cucrema. OCHOBHUST
npoOJieM Npu TO3M THUI KOHBEpTUpaHE € 3arybara u
Mouduimpanero Ha nHdopmanusra. [Topagu koeto
ce M3UCKBa MPOBEpKa Ha MoJeNa Clie]l KOHBEpTHpa-
He. [Ipy KOHBepTHpaHETO Ha EIMHWUYHHU JAETalin
poBepKara Moxe Jia O'bjie HalpaBeHa PbYHO, HO MPH
KOHBEPTUPAHETO Ha FOJIEMH CTIIO0CHH €IMHUIIN TOBA
€ HeBb3MOXKHO. [lopaau ToBa nma paspaboTeHu pe-
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quna coTyepu 3a OCBILECTBIBAHETO HAa Ta3W IPO-
BEpKa.

3.5Crpnka 5

Ilpu CAD mnpoexTHpaHeTO KOHCTPYKTHBHATa
XapaKkTepucTuka € abCTpakTHa TreOMETpHsl, KOSTO
NPE/ICTaBs KOHCTPYKTHBHUTE LI M MOXeE Ja Obje
M3M0JI3BaHA 332 KOHCTpyHMpaHeTo Ha Qopmure Ha
komioHeHture. C JApyrd AyMH KOHCTPYKTHBHHUTE
XapaKTEPUCTHKH KaTO TE3U, MOTaT Ja ce neuHupar
KaTo KOMOWHAIMS OT a0CTPaKTHU XapaKTePUCTHUKU
Ha Qopmure (IbBKaBa reOMETPUYHA XaPAKTEPUCTH-
Ka, KOSITO HE € CBbp3aHa C JPYrd alIMKaIl[|iu) U

- ABTOMaTHYHO W3MEpPBa HAa OTKJIOHEHUSTA
MEKy ChOTBETCTBAIUTE JeTail-nu (BU3yain3upaHe
Ha JINHEWHU U bIJIOBU Pa3MepH).

- BkuiouBa crienualieH pexuM 3a CpaBHEHHE Ha
Cria00eHu eUHUIIN.

- Tenepupa cpaBHHUTEJCH PanopT C Pa3iIU4HO
HMBO Ha jeTaiiampane W B TekctoB Qopmar (pdf,
html) wiar 3D dpopmar (3D XML).

- Ilpemnara ce kakto B 32-,Taka u B 64-0uToBU
Bepeun 3a Windows XP, Windows Vista Windows
7.

- Tommbpika mpoBepka Ha MOJEIH, KOHTO C€
cbxpaHsiBaT BbB Bcuuku ocHoBHH CAD dopmartu:

CATIA V4 (.model, .exp / up to 4.2.4), CATIA V5
(.CATPart, .CATProduct / up to R20), CATIA V5
PMI, Unigraphics (.prt / up to 18, NX6.0), Uni-
graphics PMI, Pro/E (up to Wildfire 4), Pro/E PMI,
Inventor (up to 12), Parasolid (up to 20), ACIS,
STEP, IGES (5.x - 6.x), VDA-FS, AutoForm (.af,

KOHCTPYKTHUBHU LCJINU.

3.6 Crpnka 6

B Tasm crbhka ce MpaBd CpaBHEHHE Ha Bede
kouBepTupanus CAD Momen ¢ OpUTHHAIHHS H CE
YCTaHOBSIBAT TPEIIKUTE MPH KOHBEpTHpaHe. B ciy-

Yyaii Ha HECHOTBCTCTBUS MMa J[BA BH3MOXXHU Bapu-
aHTa, KaTo PEIICHUETO KOi OT JBara ja Obae mpea-
Mo4yeTeH ¢ CyOeKkTHUBHO. [IpenopbhumTelHO € Tpu
rojisiM Opoi Ha TPEIIKH J]a ce BBPHE C €IHA CTHIIKA
Ha3a] U J1a ce KOHBEPTUPa OTHOBO C APYT METOA. AKO
MOTPEOUTENAT TpEleHH, dYe MPOoOIeMbT HE € W3-
KIIFOUUTEJTHO CEPHO3EH, METOJIMKATA Mpeisiara Bb3-
MOXKHOCT 3a NpeMHUHaBaHe KbM ,,CThIIKa 7" — pbUHO
KOpUTUpaHe. A TpH CbOTBETCTBUE HA BCHUYKH Iapa-
METpH NPEMHHABAME KbM CTHIIKA JICBET.

ChIlecTBYBaT peiviia KOMIAHUU, KOUTO IIPE.-
jaraT MporpamMHa CUCTEMa 3a HAMUpPAHE Ha TPEIIKH
npu KoHBeptupane. TaksB mpumep ¢ CompareVidia
[3]. OcHOBHHTE XapaKTEPUCTHKU HA TPOrpaMaTa ca:

- Pabotu ¢ mapameTpuYHH MOJIEIH, MPEKOBU
MOJICNH, TEJICHU MOJICITU WK 00JaK OT TOYKH.

- Paborn ¢ egWHWYHA AETAlAM W CriI0OeHU
eIMHHUIIH.

- IlpoBepsiBa oOmms oOeM, IIIOM], KAaKTO H
LEHTHp Ha Macara.

- OTKpuBa reOMETPUYHU OTKJIOHEHHUS M TOIIO-
JIOTUYHU PA3IUKH.

- IlpencraBiisiBa CpaBHUTECITHUTE PE3YJITATH IO
CTPYKTYPEH HAYUH — CPaBHH-TEJIHO JbpBO (mamka
ChC CHOTBETCTBAIIY JCTANIIH, MAIKa 33 ICTAWIUTE C
OTKJIOHEHUsI, TIAIKa C PA3IMIHUTE JCTANUIN).

- ScHo Bm3yanmsupa pasiMyHATAa  MEXIY
cpaBusiBanute 3D Mojienu ¢ M3MONI3BaHe HA MUIABHO
(rpasiMeHTHO) 3aIbJIBaHE.

.afm), STL, VRML, 3DTransVidia XML.

3.7Crbnka 7

Ta3u cThKa ce Hapu4da ppuHO Kopurupane. Oc-
HOBHATA ]IS HA METOJAMKATA € aBTOMATH3HPAHOTO
KOHBEPTHPAHE HA TPUMECPHU MTAPAMETPUYHN MOJICIIH,
HO PBYHOTO KOPUTHpAHE MPUCHCTBA. ToBa € HEOO-
XOJMMO, HAIIPUMEp, B CIy4auTe, KOTaTo ¢IUH MOJICI
€ KOHBEPTUPAH C BCHYKH MIPEIOKEHH B METOAMKATA
METOAM W KPaWHHUSAT PE3yiITaT ¢ He3aI0BOJUTEIICH.
ToBa 03Ha4aBa, ye MPOOJEMBT HE € OT METOIUTE 3a
KOHBEpPTHpaHe, a € OT HAYMHA Ha Ch3JaBaHE Ha MO-
Jiella B OpUTHHAJIHATA IMporpama. PEYHOTO KOpHTH-
paHe e CKBII MPOoLEeC, KOMNTO OTHEMAa MHOTO BpeMe, HO
TOBa € MO-CBTUHHSAT BapUAHT B CPABHCHHE ChC 3a-
KYIyBaHETO, MOAIPHKKATA U OOYUYCHHETO Ha Mep-
conana Ha Bcmuku CAD mporpamu, OT KOUTO € He-
00X0IMMO KOHBEPTHUPAHE.

3.8 Crpnka 8

Tasu crenka ce Hapuua Pluginss CATIA V5
R19.M3nonssanero Ha Plugin3za CATIA V5 R19 e
€ MHOTO TOMYJIAPEH METO/], HO BHIIPEKH TOBA TAKHUBA
Plugin cpuiectByBat u mos3sonsiBat Ha CATIA V5
R19norpeburenure 1a KOHBEpTHpaT HEOOX0AUMATA
3a Tsix uHbopManus. HeqoctaTek Ha TO3M MOAXON €
JMICaTa HAa CPaBHEHHE MEXAY OPUTHHANHHS MOIEI
¥ KOHBepTHUpaHus Mozenl. ToBa Moxe na IoBene 10
CEPHO3HY TPELIKU Ha TPAHCIIALUATA.

104



Bbrirapcko crucanne 3a HHKCHEPHO MpoeKkTupane, opoit 18, ampun 2013

3.9Crbnka 9
Tasu crenka ce nHapuua CATIA V5 R19 u
SmarTeamKoHBepTHpaHUTE ¥ BUIMANPAHA MOACIH

ce 3anucear B 0a3zarta nannd Ha Dassault Systémes —

SmarTeam.Tosa ¢ 6a3a JaHHW C MHOTO IIHPOKH
BB3MOJKHOCTH, KaTO BCSIKa KOMIIAHUS 51 HACTPOWBA U
H3I0J13Ba B 3aBUCUMOCT OT Hy)xauTte cu. Ha ¢ur. 2.¢
MoKa3zaHa CTPYKTypara Ha u3roJj3Bane Ha SmarTeam
B CERN.YacTra, K0SITO M3MM0/13Ba 32 KOHBEPTHPAHE,
e or0enst3aHa B 3elIeHO. Ta3u 4acT ce JeIM Ha [IBE
ocuoBuu nomuactu: Euclid u CATIA V5 R19 Mi-
gration.

¢ur.2 Hactpoiixa Ha SmarTeam

2. I3BOJIN

* TIlpeanoxxeH e METO/ 3a KOHBEPTHUpaHE upe3
KaprorpadupaHe Ha XapaKTepUCTUKUTE Ha TPUMEp-
HUTE TMapaMETPUYHU MOJEIH, KOETO IOBHIIAaBa
MPEIU3HOCTTA HA KOHBEPTUPAHUS TPUMEPEH MOJIEN U

ocHrypsiBa OBACIIOTO My ITBIHOIICHHO U3IOJ3BaHE,
T.c BB3MOXHOCT 3a 0Oe3MpoOJIeMHO KOpPUTHMpPaHE Ha
MoOJIea.

* TIlpemnoxeHa ¢ yHHBEpcaiHa METOJHMKA 3a
KOHBEPTHUPAHE HA TPHUMCPHH MOJCIU OT Pa3IMYHU
cucreMu 3a TpuMepHo moaenupane kbM CATIA V5
R19. Xapakrepau 0COOCHOCTH Ha METOJHKATa ca
CIIC/IHUTE!

- UW3M00JI3BaHE Ha CHCTeMa 3a NpOBEpKa U Ba-
JHMpaHe Ha KOHBEPTHPAHUTE MOJICIIH;

- B ciydYail Ha HETOYHO NPEXBBPIJISHE € Bb3-
MOYHA TOTpaBka (KOPUTHPaHE) Ha MOJIENa,;

- KOratro IONpaBKaTa € HEBB3MOXHA CE W3-
moJi3Ba o0paTHA BPB3Ka, KOSATO MO3BOJISIBA 300D Ha
HOB METOJI WJIH MIPOTrpaMa 3a KOHBEPTHUPAHE;

- T[pwiaraHe Ha CHBPEMCHHH KOMITIOTBPHHU
MPOAYKTH 32 KOHBEPTUpPAHE, MPOBEPKA, MOMpPABKa U
apXMBUpPaHe Ha CJOXXHU TPUMEPHH MOJEINH, KOETO
T03BOJISIBA OBP30 U CPABHUTEITHO JIECHO M YAOO0HO Ja
Ce OCBILECTBU HEOOX0AMMATa TPAHCIALNS HA JAHHH.
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Abstract: In the article is present a methodology for exchange of 3D CAD models from different CAD systems into

CATIA V5 R19. It's present a tools for realization of particular stepsof the methodology.
B craTtusra e npeacTaBeHa METOAMKA 3a KOHBEPTUPAHE HA TPUMEPHU CAD MOZACIH OT pa3sjiMiHU CUCTEMHU 3a TPUMEPHO

mozaenupane B CATIA V5 R19.
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MATHEMATICAL SIMULATION AND RESEARCH STABILITY MOTION OF
THE SEMIAUTOMATIC PROSTHETIC SYSTEM

Victor GLAZKOV Aleksey KULIK
“Systems of Atrtificial Intelligence” department, Saratov State Technical University, Russia
kulikalekse@yandex.ru

Abstract: The article is concerned the construction of the semiautomatic prosthetic systems and mathematic simulation of
motion of them. Also the article focuses on investigation the stability motion of the prosthetic systems and their control
device.

Key word: semiautomatic prosthetic system, mathematical simulation, investigation on stability, control system

Nowdays the semiautomatic prosthetic systemsy program which implements a perfect type motion
are the most widely-used. These systems reduce thiea human being.
loading of the low limbs of a human being in the
process of walking. The device may be applied in
various fields, such as, medicine, industry and others.
For example, a walking assistance device was de-
signed by Honda in 1999. The device includes a
system for fixing device on a user’s body, two elec-
tric drives and a system for activation and control of a
motion device. This device was designed for the staff
of an industrial company [1].

Russian scientists conduct investigations in this
area too. In SSTU at the department “Systems of Ar-
tificial Intelligence” researchers Glazkov V.P., Kulik
A.A, Kuzmichenko B.M. designed the system re-
ducing the loading on the body of a human being. The
system was designed mot only as an assistance sy:
tem but as a system designed for medical purposes
The semiautomatic prosthetic system is shown in
fig.1.

The semiautomatic prosthetic system can be di-
vided on a two parts. The first is a prosthesis, which
includes the upper and lower racks (6, 10), a saddle
(4), the hip and knee joints (1, 8), the cuffs (7, 9, 11). fig.1 The semiautomatic prosthetic system (1 —a
The upper rack (6) is connected to lower rack (10) hip joint, 2 — the radius guide, 3 — the front catch, 4 — a
through a knee joint (8). The saddle (4) is linked teaddle, 5— the jumper, 6 — the upper rack, 7 — the fixing cuff
the upper rack (6) through a hip joint (1) and &of the hip, 8 —a knee joint, 9 — the fixing cuff oft_he knee,
bracket. The cuffs can be used for fixing system on 10— the lower rack, 11 —the cuff of the shin)
user’s body. They located on the upper and low racks . )
12]. _ Alsq, the deS|gner should execute mathemapcal

The second part of the device is a drive systerﬁ!mUIat!on of motion of the system. Mathematical
which includes the electric motor, a feedback sensctimulation makes it possible to evaluate physical
a microcontroller, a link bar. The link bar connects ®arameters of operation of the device at the initial

hip and knee joints to each other. The microcontrollgi{age of its designing. Mathematical simulation has
can be used for control motion of the electric motoP&en conducted to determine the laws and parameters

of the system’s motion as well as the parameters of
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human being’s motion in the process of designing As it is seen from the kinogramm, the person’s

semiautomatic prosthetic systems. motion includes two phases: the support phase and
The dynamic model of the prosthetic systenthe transfer phase.

simulates the motion of low limbs of a human being. In the research we consider a simplified version of

It was consider to use a dynamic model using thihis scheme with a separation phase of a person’s

Lagrange’s equations of the second kind [3]. motion (fig.3).

d(9E ) (0E,)_
E[O_H.J (6@} M; (1)

where E, — the kinetic energy of the dynamic sys-
tem, 8 — the angular coordinates which were meas-
ured from the vertical axisM, — the torques of the

dynamic (prosthetic) system.

Methods of mathematical modeling of a person’s
motion using the Lagrange’s equations of the second
kind are based on the analysis of human’s walking
kinogramm. (fig.2).

a) b)
fig.3 The model of the three link mechanical leg:
a- the support phase, b)- the transfer phase.

The mathematical model has been used for
forming equations of motion of the mechanical model
in which the dependenck!, = f(8) , has the fol-

lowing forms [3]:

a
fig. 2 The kinogramm work the leg of human. 1 — the centre) for the support phase:
of gravity; 2 — the hip joint; 3 — the knee joint; 4 — the ankle
joint
{Il +ma; +(m,+ ms)li} 81+{m4 1 €os@ -0 )+ mkl, ,cosg -6 2}0 F
+{”E|133C0361_83} és_ Ga+*Gl+GLYsind =M M ~M ,

{mzhazCOS@l‘ez)+ mJ J 200561_02})é1+|:| ;tm 922+m |32;|é F (2)
+{”5|2a3C0362_93}é3_ Gzaz"'G&z)Singz: M 2_M 3,
{n'bllascosﬁgl_gs}91+{m4?-3cos(92_03}éz"’ ( #ma’p 5Ga sid £ M

b) for the transfer phase:

{15+ mb3 +(m,+m)I3} G.+{m} b c0sO -6 )+ mlL, cos§ 56 Y& #
+{ml|3b1C0563_81}51+ G #Gl+Gl)sind =M M ~M ),
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{mzlsbz cos@,-6,)rm} |, 00563_82})& st (z+m 922"' mlf)é F

. _ (3)
+{ml|2b1C0562_91}91+ Gh,+Gbh,)sid =M ~M ;

{mllablcoses_gl} és"'{ml plcoses_gz} 9 ot Q i mbzlﬁ i"G t} 1sin9 T M
wherem, m,, m,—the appropriate masses of link;rotation about the ankle joirg =0, in this case for

l,,1,,1;— the distance between the joints;the correct solution of the problem length, weight,
a,, a,, a,—the distance between the centers of graynass and moment of inertia of the ankle joint must be
) 1 3

) ) ) o considered the.
ity of link and the appropriate jointy,b,,b; - the As a result of this hypothesis, the systems of
distance between the centers of gravity of link and theguations (2) and (3) take the following form:
corresponding point of support,,G,,G,- the
weight of link; M;,M,,M,—the joint's moments; a) for the support phase:
8.6,,6,— the angular coordinates, which were
measured from the vertical axis.
However some designs of prosthetic systems in-
tended for unloading of the human skeleton, do not
provide the ankle joint, for simplicity model may it is
possible take the following hypothesis: the angle of

|:|2+mza§+mgg:|éz+{m4?3(:0562_63}53_ G §2+GI3)S"€ 2:M z_M

(4)
{nbllascosﬁz_gsj G+ (A masP~Gasid =M
b) for the transfer phase:
{15+ mp2 +(m,+m)I2} §,+{m} b cos@ -8 )+ mlL, cos@ 6 Y& 3
(G;b,+Gl,+G] )sing,=M ,-M , 5)
{mzlsbz cos@,-6,)+rm| | 2COS€3_02}é3+ (#mb+ mllz)é F
+(G,b, +Gb,)sind,=M ,.
From the systems of equations (4) and (5) can b) for the transfer phase:
compos the systems of the differential equations for g = w,
determination angles of rotation about the hip and N
knee joint have been deduced: b, = w,
a) for the support phase: .. _ M, —-bcos@, -6, yv,—e sing, (7)
. _ a& - 1
02 - C()z, d
0 =w, d%:M3—M2—bcos(93—6’2ﬁ)2+csir€3.
. _M,-M,-bcos@, -6, )u,+csif, (g a
“= a ' wherea =[ 15+ mp} +(m, +ml3 ],

.. _ M, -bcos@, -8, yv,—esind,
Wy = g :
wherea=[|2+mza§+mslﬂ, b=my,a,

b=mylb,+mid, c=(Gb,;+GJl;+G{,,
d= |2+mzb§ +m1|§' e:GZb2+Glb2

The following assumptionsM,, M, —const.
c=(G,a,+GJ,), d=1,+ma’, e=G,a, were taken when solving the above mentioned sys-

109



Victor GLAZKOV Aleksey KULIK

tems. The system of the differential equations waphe following dependence8= f (t) were made in
solved using the software environment of Matlabye process of solution (fig 4, 5).
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fig.4 The dependencé, = f(t) for knee joint:
a - the support phase, b) - the transfer phase.
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fig.5 The dependencé, = f(t) for hip joint:
a)- the support phase, b)- the transfer phase.

From the above dependencies of a simplicityhich manifest themselves in the process of motion;
mathematical model, made to study prosthetic syss create a simulation model of human being’s mo-
tems, it is clear that, the maximum deviation of théion, which is necessary to study and the control of
knee joint is not more than 30 ° in the phases gfrosthetic systems and to create a prototype of such
support and transfer; the maximum deviation of theystems. Thus it can be accepted as a starting point
hip joint in the support phase is not more than 45° arfdr perform further investigations.
in the phase of transfer is not more than 25°. These However, along with the solution of engineering
data correspond to the natural movement of a humanoblems the researcher should study the motion
being [4]. stability of prosthetic systems in order to choose

The resulting mathematical model of motion ofmore optimal construction of the device.
prosthetic systems allows: to study the physical laws,
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The motion of the system is steady if system tends a) the control system of device is stability;
to return of the normal algorithm in a finite time, b) the error of the real angle rotation of the sys-

when the system has a perturbation status. tem’s members tends to minimum.
Then, the motion of the prosthetic system is sta- The control system of the device is the servo
bility, when: drive, a block scheme of whom is shown in fig.6 [5].
Ubn So
= Wik = Was = Wpe@ =

Wee

fig.6. The block-scheme of the servo drivd/( — the microcontrollerW, —the electric motor\W = —the redactoV, —

the feedback sensad |~ - the control signalgr - the angle rotation of the system’s members)

The stability work of the control system can behe logarithmic and frequency diagrams of the control
determined from a transition process, a logarithmisystem are shown in fig. 7, 8.

and frequency diagrams of the control system. From the logarithmic and frequency diagram

The open-loop system is determined by followindfig.7), and transition process (fig.8) of servo drive,
transfer function [5]: its clear that, the servo drive is stability, and the fund

W, =W, W, B]_-vaed w,,; (8)  of frequency is68, 7, the fund of amplitude is
' p ' 102Db.
The time of transition process 62s. Thus, we
_ K, K, KoK, — K ) ) can make conclusion, that the control system of the
P (T, p+1)p (T, [p+1)p’ prosthetic device is stability.

The close-loop system is determined by foIIowinq ?uppose that the re_al angles of the prosthetic sys-
transfer function [5]: em’s members are different from the perfect. The

W (10) real and perfect dependenci@s= f (t) are shown in

W,=——F—; fig. 9, 10. One can see, that the difference between
1+W,, W, o
oc =7 the real and perfect angles are following:
_ K _ (11) a) for the hip joint in support phase
LT, p+)p+K, K’ J6,(t) =0+0.5° whentD[0+1]s;
whereK =K, K, [K,, [K,, b) for the knee joint in support phase
The transition process of the control system cadé, (t) =0+ 0.5° whentO[0+1]s;
be calculated by the formula: c) for the hip joint in transfer phase
Y(p) =W(p)X(p); (12)  56,t)=0+0.5 whentO[0=1]s;
where X(p) =1/p, - the step of the perturbation,  d) for the knee joint in transfer phase
W(p) - the transfer function. 96,(t) =0+ 0.5 whent[0+0.5]s.

The transfer function of the open — loop system |n this article, the authors propose the calculation

and transition process were operated using the soffrethods of the compensation torque, the torque are
ware environment at Matlab. The transition procesggrmed about hip and knee joints.
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The calculation is held with use the local functiorbers from perfect angles [6].
of the difference real angles rotation system’s mem-

Bode Diagram

an=102dB (at 1L12e+004 radlsec) , AM=68.7 deg (at 19.5 rad/sec) 0s Sep Resporse
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fig.7 The logarithmic and frequency diagrams of the fig.8 The transition process
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fig.9 The dependencé, = f (t) for knee joint:
a- the support phasé; the transfer phase.
2010 TA0-£O] +a[A0-F0] +c [A0-A0) (13)

where J; (t) - the local function of the difference real ~ The purpose of the_ compensati_or_1 system re(_duces
angles rotation system’s members from perfect aﬁhe.values of th_e function (1_3) to minimum for a little
gles, ¢, , G . C, -the weights, which take into ac- period of the time. Then, in moments tirjeand
count between real and perfect angles rotat®n, t, =t,+7 ,the difference betwee and 3 takes

the following form [6]:

Bt) =Bt +BML)E L) =4{)+E1) 0.

M _ (14)

B, B’ - the real and perfect external angular veloci- ~ Considering, that the period of the tinzeis a

ties and angular accelerations. little, then the angular acceleration:

the real external angles rotation membegs; the

perfect external angles rotation membefs, 3°,
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B —congt, for t, <t<t, (15) The function (1) fort =t, with (15) and (14) has
following form:

0

&

B &

Man TesctGepeHHIO CyCTEE], e,
Vran TasobenpeHHoro CycTasa, pan,
&

fig.10 The dependencé, = f (t) for hip joint:
a- the support phase, b- the transfer phase.

3 =5 (6 BAW + AW T- A1 +6, AN + A0 T-AOI +el A0 AT o

The minimum J,(t) can be defined from the
equation:
0J; (t,)
0B
The acceleration? (t,) can be defined from the the system’s members in order to function (1) is re-
equation (17). This acceleration must be applied t%UCEd to minimum in behind period of the time

= ¢, DA (W) + A (t) T~ B(t)] T +c, DAY - £(t)] =0 -

B ) =16, 8°(t) —co (B (1) + BT - BAL) -6 (B(t) - BN (6T +¢y) (18)
The internal and external angles of the prosthetic
system are connected by the following relations [6]:
A(t) = Bt +C; At) = BIB(); A(t) = B, (19)
where B - the ones matrixC -const . Then, the
internal angular acceleration is calculated by relation:
(20)

8(t) =[c,8°(t;) —ca(G(1) +4(1)T-(t)) ~cy(8(t) -Gt P/ (cr +c )
The weightsc, , ¢;, ¢, can be calculated by
Lorczak’s formula [7]:

1 n

Goi = : 1+
" (6 -6 2
1+|_j('/;2') o1 1~z
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B 1 sensitivity. Then, the connection between torques of
G = = ol the servo drive and accelerations takes the following
» (4-4) e S
1+ |—| . orm: [6]
1=1 Bz .. a22 3_23
L. AM = A[AG, A= (22)
where g, =min(q -6)) , B =min(g - , 2, Ay
- mindd - &° where AM —the vector of the compensation torque-
5= mln(l P ‘) ' ses A — the matrix of the sensitivitydd - the vector

The torqueM, and acceleratio are connected of angular accelerations.

by the different equations (4), (5) The elements of the matriA have the following
From the equations (4) and (5) can determine tHerms:

coefficientsa; for support and transfer phases. The a) for support phase:

coefficients a; are elements of the matrix of the
ay, =[I,+m, @5 +m, 0% +m, & feos@ ~6 )],
a, =[1,+m, @2 +m, 1,7 ,[0s@ - 0,)], (23)
ay, =[m, [0, [&,[80s@,-6,)], 8, =[l,+m,[&]] ;
b) for transfer phase:
ay, =[1,+m, b5 +m,[05+(m, 0 b ,+m 1 1 ) [tos@ 6 )],
8y =[1 5+ my 3 +(m,+m) M5+ (m 0 b +m 1 [ )[CosE, -6, )],
ay, =[1,+m, b5 0, 1], ag, =[(m, 0, [b,+m, 1,0, €osE, -6, )].

The angular accelerations can be defined from the a) for support phase:
relation (20):

6,(t) =[CH5(t) —CofOLt) +E {t)T -6t ) —c (O ¢t )~ 6°t N/ (¢ f+c ),
6,(t,) =[c,f5(t) —cof04t) + O ()T =6t ) —c (L (t)-6°t NI/ (c T+c )
b) for transfer phase
6,(t) =[cP5(t) —CofOLt) +E {t)T -6t ) —c (0 ¢t )~ 6°¢ NI/ (¢ T+c ),
6,(t,) =[c,05(t) —cofO4t) + )= 6t ) —c LAt )= NI/ (c T+c )
where ¢y, , C, . Cpy Gogo Gy Cpp - the weights, a) for support phasdd,, .. (t,) = 0.45,

which are calculating by formula (9). 4 — A -
The weights accepted the following values: Ormax(t) =289, 6, (1)) =048,

a) for support phasec,, =1.7010° , ¢, =0.4, mad®) =8.81; )
¢, =0.05, G =1.710°, ¢, =0.4, C,, = 0.05; b) for transfer phase, ,, (t,) =117
b) for transfer phases,, =1.7010°, ¢, =0.44,  emax(td) =557, Oyn(t) =0.5, b5, (t) =4.7.

¢, =0.05, ¢, =1.7010°, ¢, =0.4, ,, = 0.05. The values of the angular accelera-

. . . tionsd, (t,) , &,(t,), the elements of matri’A are in-
The values of the weights are introduced in rela- 2(L) Go(t)

tions (25) and (26), and can calculate the maximuffeduced in formula (22), and can found the maxi-
and minimum internal accelerations: mum and minimum values of the compensation

torque [8]:

(24)

(25)

(26)
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a) for support phas&M, . =4.4Nm, 1. Glazkov V.P. «The invention is capable of changing the
world»// Innovations and publicity\el November 2009.
AM, . =0.28Nm, AM,__ =12.3Nm, Dp.56-57
AM.  =0.92Nm; 2. Pat.RU 113653 The orthopedic device for reduce the
$min loading of the low limbs of a human being / Kulik A.A.,
b) for transfer phasé&M,,,,, = 28.9Nm, Glazkov V.P., Kuzmichenko B.M. date of patent
— — 27.02.2012
AMa i = 4-.6NM, AMg ;g = 6.1Nm, 3. Vucobratovich M. Walking robots and the anthropo-
AM, i, =3.6Nm. morphic mechanisms. Chap. Ed. "Physical and Mathe-

Thus, as a result execution of the scientific workMatical Literature”, Moscow: Nauka, 1976 _
4. Glazkov V.P. Mathematical simulation the motion of the

the maximum and minimum values of the compen:- , ;

tion toraues were defined. The torques are form éosthese_s and prosthetic systems for a low limbs of the
sa aq . o a . human being/ Glazkov V.P, Kulik.A. // MMTT-23, Vol.
about the hip and knee joints. The compensatigf pp.141-143, 2010
torqueses allow reducing the function (13) to minis_voronov A.A. The base theory of the automatic control /
mum, when the differences between real and perfegbronovA.A. M. Energy, 1980.
angles of the system’s members are maximum aredVukobratovic M. On the Stability of Anthropomorphic
minimum. Systems / Vukobratovic M., Stepanenko Y. // Mathematics

The compensation torques are calculated moféosciences, Vol.15 pp.1-37, 1972.
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OINPEJAEJISIHE HA CTEIIEHTA HA MOAYJIHOCT 1P IOTUCTUYHATA
TEXHUKA

Huxonaii KASAKOB
Katenpa , MImkeHepHa JTOTHCTHKA, [T0JJEMHO-TPAHCIIOPTHA U CTpOUTENHa TeXHUKa", Texanueckn yausepcuret - Codus,
Brirapusi, e-mail:nkazakov@tu-sofia.bg

Pe3tome: B HacTosmiata paboTa € onpesieNieH MoKa3aTes OLEeHABAI] MOLYIHOCTTa Ha JOTUCTHYHATA TEXHUKA, HEOOX0AUM
[PH TIPOTHO3UPAHE HA HEHHOTO Pa3BUTHE M ONPEAECNIIHETO Ha HUBOTO Ha KOHKypeHTHHTe (upmu. ToBa ce nocrura 6a-
3upalKK ce Ha o0LIonpueTa Kiacu(uKalys Ha JOTHCTUYHATA TEXHHKA, (yHKIMOHAIHO-CTOHHOCTHHS aHAM3 M MpHJIa-

raiiku MpUHIKIA Ha IpoeKkTHpaHe ,top-down design”.

KiaouoBu JAYMHM: JIOTUCTHKA,IPOTHO3UPAHE, JIOTUCTUYHATA TCXHUKA, KOHKYPCHTHOCT

Ot nHauvanoro Ha 60-re roguau Ha XX-TH BEK
ChBPEMCHHHUSAT CBETOBCH IMa3ap Ce XapaKTepusupa ¢
OpHEeHTanusATa My KBbM KiIHeHTa. ToBa 1oBede IO
BHCOKH WHIVBHIYaJHH HW3UCKBAHUSA KBM IPOCKTH-
paHeTo, TPOW3BOACTBOTO M IUTAaCMEHTa Ha BCSAKa
CTOKa, JI0 BHCOKAa KOHKYPEHIIVs, ONTHMH3HPaHE Ha
CHOTHOIICHUETO MEXIY LIeHa M Ka4ecTBO, U I'BIHO
3a0BOJIIBAaHE HA IOTPEOHOCTHTE HA KIMCHTHUTE.
B3uckarenHocTTa Ha CHBPEMEHHHUTE MOTPEOHTENN
HEMPEKbCHATO PAcTe C OBP3U TEMIIOBE, CKBCSBA CE
JKH3HCHUS IIMKBJ HA M3JICIIHMATA U CC MOBHIIABA HU-
BOTO Ha 00OCITy>XKBaHe.

Topa Haymara OmpeneNissHETO Ha HEOOXOIMMHTE
mapaMeTpH Ha JIOTUCTHYHATA TEXHUKA, 00CITyKBaIla
JIOTHCTHYHUS TPOLEC TPU MUHUMaHA IeHa [3,6,11]
¥ J0CTaBeHa B HEOOXOAMMOTO Bpeme. M300pbT Ha
ONTHUMAaJIHA TEXHHKa € CBHIIECTBEH MOMEHT B IIpO-
eKTHUPAHEeTO Ha JIOTUCTHYHH cHcTeMH. To 3aBucH OT
pa3imuaHn (aKTOpH, KaTo TJIAaBHATA IIeN € Ch3laBa-
HETO HAa KOHKYPCHTHA MPOAYKIUS U MaKCHMaJHa
nedanba. Peanmu3upaHeTo Ha TOBa € BH3MOXKHO CaMO
IpH TpUIaraHe Ha MOJYyJHA CTPYKTypa Ha Ta3H
TEXHHUKA, NMPH KOCTO MPOCKTUPAHETO U KOHCTPYHpa-
HETO Ha HOBOTO 00OPYIBaHE JIa CC M3BHPIIBA 10 HOB
HAYWH, B IBJIHO CHOTBETCTBHC C HM3MCKBAHUATA Ha
KOHKPETHHS KITUCHT.

CrpIIecTBYBaT pa3IMYHH BUAOBE NPOTHO3MpPAHE
cpo0Opa3Ho obOekTra Ha TPOTHO3MpaHeTo.B Hacros-
mara padoTa € aKIeHTUPAaHO Ha JIOTHCTUYHOTO HMH-
KCHEPHOTO IPOTHO3UpPAHE, KOETO IPEenxoXkaa Oc-
HOBHUTE (pUpMEHU NEWHOCTH — CHAOsIBaHE, MMPOU3-
BOJICTBO, MPOJak0a, MHBECTHIIMU U T.H.. To ce u3-
OBJIHSIBA B KOHTAKT C JIOTHCTUYHHUS MCHUIKBD
IUTAHUpAIl WHBECTUIMUTE M pa3BUTHETO. Ha TO3M
eTam ce Ompeieis BPEMETO M pela Ha IPOMHUIILIC-

HOTO YCBOSIBAHC HAa HOBH JIOTUCTHYHH H3ICIIHS,
TeMna ¥ HauyMHa Ha OOHOBieHWe. Ompenenst ce
BB3MO)KHUTE OTPAHMYCHUSI HA Pa3BUTHUETO Ha JIOTH-
cTUyHaTa cucreMa (PECYpCHH, TEXHHUYECKH, COLH-
QIHH, WKOHOMHYECKH, CKOJOTHYHH). 3a ga HuMa
OGEKTHBHOCT W PCAHH PE3yNTaTH IPU IPOTHO3MU-
paHeTo Ha JIOTHCTHYHATA TEXHHWKA, TPsiOBa 1oa ce
paboTH U C OTHOCHTEIHUTE HapaMeTpu (OTHOLICHHE
Ha Macarta Ha TOBapa KbM Macara Ha MallH{HATa,
OTHOIICHHE HAa MacaTa Ha TOBapa KbM pa3xoja Ha
eHeprus, U T.H..) [4]. OTHOCUTENTHHS TapMETBP Ha
Is1aTa MalinHa € QYHKLHS OT QaHAIOTHYHHUTE U OT-
HOCHTEJIHHU MapaMeTPy Ha CIIEMEHTHUTE H.

HM3BecTHO €, 4e IPOM3BOJCTBEHUS IIPOLEC CE
CBCTOM OT TEXHOJOTWYHH W JIOTHCTHYHH (HOZeM-
HO-TPAaHCIOPTHH) MPOLECH, PEATM3UPAHH OT CHOT-
BCTHUTE TEXHOJOTUYHH M JIOTHCTHYHH CHCTEMH.
Te3u cuCTEMH ca B3aWMHO CBBP3aHH M B3aHMHO
JombiBamy ce. MonynHaTa CTpyKTypa Ha JIOTH-
CTUYHHTE MAIINHU OCUTYPSBA I'bBKABOCT - TAKa CIHA
CHCTEMa MOXeE /12 U3ITBJIHA MHOTOOPOHHH pa3InvHH
3amadd. MoraT ja ce peaqu3upar pa3iIudHd KOH(H-
rypauuM 3a BCEKM KOHKpETEH ciydail. Paspabore-
HHUTE MOIYJIHH CHCTEMH MO3BOJISIBAT H3TPaKIAHETO
Ha ChOPBIKEHHS C OTBOPEHA U MHOTOGYHKLHOHATHA
CTpyKTypa M [JaBaT BB3MOXKHOCT 33 TSIXHOTO pa3-
IIHPEHKE U TIOJHOBSIBAHE Mpe3 roguHuTe. | 'bBKaBO-
CTTa Ha JIOTUCTHYHATA TEXHHKA CE ONpPEIess OT MO-
OyMTHOCTTa HAa  ejeMeHTHTe u. MomymHocTra e
CBBp3aHa M CBC CTaHAAPTH3ALMSITA T.C. KPCHCKHH
SJIEMEHTH, Jlarepu W T.H. MOAYJIHOCTTa Ha Mallu-
HHTE CBb37aBa BB3MOXHOCT 3a MOJYJTHOCT Ha
YIPaBICHUETO T.€. MOAYIHOCT Ha codTyepa U Xap-
ayepa.
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ChIlecTBYBaT MHOTO TEOPETHYHU U COPTYyEPHU
pa3paboTku B 00JacTTa HA MOAYJIHOCTTA HA MAIllH-
nure [2,5,8,9,12,13, 14,15,16,17,18].

Ien Ha HacTosmiata paboTa € ONpeessIHETO Ha
MOKa3aTesl OLCHSBAI MOJYJIHOCTTA HA JIOTHCTHY-
HaTta TEXHWKA, HEOOXOJWM IpU MPOTHO3MPaHE HA
HEHHOTO pa3BUTHE U OMNPENENISIHETO HA HUBOTO Ha
KOHKYPEHTHHTE (HUPMH.

3a 1a ce M3MBJIHAT YCIOBUATA ONUCAHU B OIpe-
nenenuero Ha IlopThp M TMOCTUTHE HEOOXOIUMATA
KOHKYPEHTHOCIOCOOHOCT Ha JIOTHCTHYHATA TEXHHKA
¢ HeoOXoIuMo J1a ce u3paboTh U TOCTaBHU HEOOXO-
JMMaTa HOBa MalllMHA B TOYHOTO Bpeme. ChBpe-
MEHHUTE Ma3apHu YCJIOBUS OOMKHOBEHO HajaraT
TOBa BpeMe Ja Objie MHOTO KPaTKO, KOETO Hajara u
KpaTko BpeMe 3a MpoeKTupaHe u m3paborka. Te3u
CHhBPEMEHHH Ma3apHU W3UCKBAHUS CE MOCTHUTrAT Ype3
pa3paboTBaHe Ha MOJIYJHA APXUTEKTYpa HA Malllu-
HUTE, MPH KOSTO OTJACIHUTE ChCTABHU YAcTH IMpE[-
CTaBJISIBAT OTHOCUTENIHO YHUBEpcanHu Moayu. Te3n
MO/ ce M3paboTBaT MPEABAPUTEIHO, KOETO II0-
3BOJISIBA B KPaTKO BpeME Jia ce KOMILICKTOBA elHa
MaIllUHA.

Bpost Ha wacture W3pabOTEHU MO MOJYJIEH
MPUHIIAI OTHECEH KbM 001IHs Opoit yacTu onpeaess
U CTEMEHTa Ha MOJYJIHOCT.

CrerneHTa Ha MOJIYJTHOCT C OTIPEJIEIIS TI0 ClieIHATA

¢dopmyna:
K, =m (1)
E
KbeTo: £ — oOm Opoil He3aBUCHMHU MEXaHHM3MHU U
€JIEMEHTH Ha MamunHara; Ey — Opoll MOIyiiHU He3a-
BUCHMH MEXaHHU3MH U €JIEMEHTH Ha MallluHaTa.

CrerneHTa Ha MOAYJIHOCT OIIPENEIIsi U CKOPOCTTa
Ha M3paboTKa Ha enHa MamuHa. [lox Momyn 1e
pa3bupame TakoBa KOHCTPYKTHBHO H3ITBJIIHEHHE Ha
YacT OT JIOTMUCTHYHATa MAlllMHA, KOETO I03BOJIIBA
M3IOJI3BAHETO M B HSAKOJIKO MOAU(MKAIMK HAa Ma-
MIMHATA.

Heka cnen curmeHTHpaHe Tas3apa W HMPOTHO3H-
paHe Ha pa3BUTHETO HA NMAapaMETPUTE Ha €IHA JIOTH-
CTHYHA MaIllHa IPON3BEXIaHa OT AajJcHa pupma, a1a
umame N Ha Opoil HeiiHu moamdukanuu. Ha ocho-
Bara Ha ABC ananmu3a (Dur.1) ce pasmernsrt te3u N Ha
Opoii MomM(UKAIMK Ha TPU IPYNH CHOOPA3HO NpH-
xona(nevanbara) KOWUTO HOCAT, KATO CE ONMPEACNs U
HMHTEpBaJla Ha M3MCKYEMOTO BpEME 3a JI0CTaBKaTa
M.

—)1

15%
B rpynaA
B MpynaB
25% 60% »
° MpynaC

¢ur.1 I'pymu ABC

B rpynute A u B e nenecho0pa3Ho na ce Mpu-
JIOKM MOJMYJIHUSL TPUHIMII, 3aIl0TO T¢ (opMHpar
~80-85%oTt neyanbara oT npomaxouTe.

PaznmenssMe yacTHTE Ha MalllMHATA HA YCTHPHU
HuBa (N): HUBO 1 — MallMHA, HUBO 2 — MEXAHHU3bM,
HHUBO 3 —Bb3€ll, HUBO 4 —ejleMenT T.e. N=1- 4.

Moaudpunupaiiku monxoga B [1] momydaBame
MaTpHIaTa Ha BEKTOpa Ha MPOEKTHUTE MapaMeTPH Ha
MOI()UKAIMUTE BHB BCSIKA TPyIa:

)¢|km

Xikl )ékj
){ﬂ(m
M M
Xoia Xaki X
KbJETO. N-HUBO Ha MamwuHarta, N=1,2,...,4; k 00o-
3HAY€Ha YacT OT HUBOTO(BB3e], KOHCTPYKTHBHA
rpyma, noarpyna u T.H.) k=0,1,2,...K ; } mapameTsp
Ha Beska moaudukanus j=1,2,...,m; j,- HoMepa Ha

MoauduKanuaTa B cyOrpymata W iw=1,2,...,1
W=1,2,...,W;ZZiW =W, - Gpoii Mmopudpukauun B

||Xinkj||:xri1k1 )<1kj (2)

2
BCAKa OT rpynute A u B; ZWV =W - o6ux Gpoii
y=1

MomudUKalMA Ha AaneHa MammHa ) =1,2 T.C.

rpymu A u B; ZZZXLWKJ- =U™ - 06w 6poii ma-
n k j

paMeTpH Ha iy, —TaTa MalMHa.

Tsit KaTo P MOYJIHATA CTPYKTYPa MOLYJIUTE B
rpynure W ca o0LiM 32 BCHYKH MAlIMHU B IpyIara,
TO M CHOTBETHUTE Mapamerpu B Mmarpuuara(2) e

ObIAaT €IHAKBHU T.€. X'HWkj = ){;”kj mpu  iw=1,2,...,1;

rv=1,2,.... W#rw .

Toraea cToMHOCTTA HA iy —TaTa MalldHA C 11(
6”I>IL€ pasjinvHa OT OollTUMaJIHATaA. 3a Ja MOXKe aaacH
MOoAyJl Aa YAOBJIECTBOpsABA BCUYKUTEC iw MalluHU, TO
TOW TpsiOBa sJa ce MNpOEKTUpa C MapamMeTpu u3-
IIBJIHABAINA YCIIOBUETO
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maxxyy; = Xy 3a Besiko w=const  (3)
VYcnoBueTo 3a onpezeisHe Ha OonTUMalieH Opoi
MOJLYJIH € :
Z-C(E,)=aRE) 4)
KBJIETO: Z - IpoJakHaTa IieHa (Ipuxoaa) OT Mallu-
nata; C(E,) - cebecroiiHocTTa Ha MaliMHATa B 3a-

BHCHMOCT OT CTEHEHTa Ha MOAYJIHOCT; & - 4ucio; P
— NOBHIIEHATa OT IPHWIOKEHHETO Ha MOJIYJIHOCTA
nevasnoa.

OnTumanHusT 6poi MOIyIH 3a BCIKa MOAU(H-
Kanus ce ompenens oT ypasHenue (4) cien nude-
pCHIMpaHe K HAMHUPaHEe Ha MUHUMYM.

Koraro HemonynmHaTa CTPYKTypa Ha €IHA MO-
mudukanus 1.e.( E— E, ) He ce mpoMmeHs oT MoayII-
HOCTTa WM 3aryOuTe OT MPOMEHHTE ca HmpeHedpe-
’KUMO MaJIKH, TO TOraBa ypaBHeHue (4) nobuBa Buma:

Z-(C+C(E)=aRE) (®)

kpaero: C - cebecTOMHOCTTa Ha HEMOMIYyJIHATa

cTpykTypa Ha enna mommdukarms; C (E,) - cebe-
CTOMHOCTTa Ha MOJXYJIHaTa CTPYKTypa Ha e€IHa MO-
mudukanus; 1.e. aP(E,) - 3aBucu or cebecroiiHo-
CTTa Ha MOJYJHATa CTPYKTypa Ha eaHa MoIu(HKa-
s, KOETO OIpeseNsl BB3MOXKHOCTTA MOIYIIUTE Jia
ce u3paboTBaT Ha TOYHOTO MSCTO, Pa3iIM4HO OT OC-
HOBHOTO.

Taka 110 onpezeneHara CTeleH Ha MOJYJIHOCT OT
(1) ce ompenens u kiaca Ha MOAYJIHOCT B KOHTO
MOIa/1a JIOTUCTUYHATA MaluHa (ChOPBIKEHHE).

Bwxna ce, ue uHTepBana Ha usmeHenue ¢ 0-1. B
HacTosIaTa paboTa ce MpueMa, 4Ye ChIIECTBYBAT
4eTHpH Kiaca Ha MmoayiaHocT —A,B,C,D (dur.2)r.e.:

Knac 4 - K, =0-0,1 - nuncBa MoxysIHa CTPyK-

typa; Kmac B - K, =0,1- 0,5 - aucka mMomymnHa
crpykrypa; Kmnac C - K, =0,5-0,8 - cpenna mo-
nymHa cTpykrypa; Kmac D - K, =0,8-1,0 - Bucoka
MOJIyJIHA CTPYKTYypa

1

0.8

0.6

04

0.2

0

Knac A Knac B Knac C KnacD

¢ur.2 KiacoBe MmoaynHa CTpyKTypa

ANropuTEMBT 3a OMNpEJCISHE Ha CTCICHTA Ha
MO/IYJIHOCT BKJIFOUBA CJICHHUTE [NIABHU CTHIIKHU:

1.basupaiiku ce Ha oOuonpueTa KiacupuKanus
Ha JIOTUCTUYHATA TEXHUKA U METOJa Ha (YHKIIHO-
HaITHO-cTOMHOCTHUS ananu3[7,10,19], u npunaraiiku
npolrieca Ha JEKOMIO3HUIMS Ce M3rPaXkaa CTPYKTYp-
HHst Mozien Ha jjoructuuna MammHa(dur.3). Toi nma
J'bPBOBUJIHA CTPYKTypa M Ce IoJjlara Ha OCHOBHUS
NPUHLIKII Ha TpoeKTupane top-down design”.

TpsiOBa aa ce MocouH, Yye CTPYKTYPHHUAT MOZEIN €
NPUHIUICH ¥ B HIKOU KOHKPETHHU Ciydail Moxe Ja
UMa U3MEHCHUSI.

2 OYHKIUOHAHKUS MOJEN CBINO € Ha YETUPU
HHBA — MalllMHA, MEXaHW3bM, BB3€]1 U EJIIEMEHT.
DyHKIUUTE ca:

I HuBO — MammHa — QyHKOUSTA € JIOTHCTHYHA
00paboTka Ha ToBapa, F1

II-uuBO —

<pyHKIHS MpemMecTBaHe 1mo octa X F11
-pyHKIIMSA mpemMecTBaHe 1mo ocra 'y F12
-pyukius mogem F13

-byHkus BppTeHe F14

-pyHKUMS KOHCTpYKIMS Ha ManiuHara F15
-QyHKIMSA KOHCTPYKIHMS HA MOJBIMXKHATA KO-
nnuka 1 F16

-QyHKIMSA KOHCTPYKIMS Ha MOJBIXKHATA KO-
nnuka 2 F17

-pyHKIMS HA KOHCTPYKIMS Ha KoyioHa F18
-pyHkusa Ha yrnpasiexaue F19

-pyHKIHsA Ha enekTpocHabasiBane F20
-pyHukius crenuduaHocT 21

-pyHKIusa npeanasane F22

-pyHukus 3axBamane —F23

[II-auB0 — dyHKIMYU Ha BB3MTe F111...F11N —
F231...F23N

IV-uuBo —  ¢yHKIMA  Ha  €JIEMEHTHUTE
F1111...F111M — F11IN1-F11NMi T.H.

O6o0maBame GpyHuuure Ha Il HEBO 1 MMame:

-ynkuuns npemecrBane - FA

-pynkius moaaepxkane - FB

-pyukius yupasienne — F19

-pynkius 3axBamiane - FC

-pyHKIus cHabasiBane — FD

- byHKIMs mpeanasBadne — F22

-pynkius cnenuduasoct — F21.

ToraBa (YHKIMOHATHHAT MOJEN HMa BHUJA

(¢ur.4).
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Jloructuana
MalmMHa

| 1 |
MexaHu3MHu Memn”ﬂ anameﬂue u Creunduann l'Ipe;masHH
KOHCTPYKILHS @IEKTPOOBOPYB. KOMIOHEHTH KOMIIOHEHTH
BB3IN [ BB3IH ] BB3IH BB3IH ]
EsieMeHTH KbM EnteMenTH KbM EsieMeHTH KbM EnemeHTH KbM
BCCKH Bb3EI BCCKH Bb3EI BB3IHTE BB3THTE

BB3IH
Enementn kbM
BCEKH BB3eI

Tlonemen

[

I |
ITeryBane 1
(mammuara)

I |
) )

JBuraTeneH
BB3ET

.[

JlBuraTenen
BB3eN

] B3 ] [ BB ]

Enemenr 1 ]

.[

Enementn xbM
BB3ATE

Enementn kbM

Xonos Bb3en
BB3ATC

] )

Enement n ] {

TpenasareneH
BB3CH

)

bapabanen
Bb3eI
Enementn kbM
Bh3CIA

¢ur.3 CTpyKkTypeH MoJeN Ha JOTMCTUYHA MalluHA

(DyHKHPH/I CIIEMCHTH

DyHKIMY €IEMEHTH

| | | |
FA FB
F11+F12+F13+F1 =F15+F16+F17+F1

-

F19 FC FD

(e J =]~ |

[ Dyukimu Bb3JIA ] [ ®ynkuun Bb31u ]

[ Dynxuyu B3 ] [ Dynxiuu B3 ] [ Oynkunn Bz ]

(DyHKIII/II/I CJ'ICMCHTPI]

DyHKIMH CHCMCHTI/I]

q)yHKLlI’H’I CJ'ICMCHTI/I] ':DyHKHPIl/l SHSMSHTI/I] q)yHKHPH’I CJ'ICMCHTI/I]

(1)1111".4 q)yHKHI/IOHaHHI/ISIT MOJCI Ha JIOTUCTHUYHA MalllhHa
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3.Omnpenensite Ha HYHKIMOHATHO-CTOHHOCTHA
Mmarpuna (¢pwur.5).

Matepuanau

DyHKIIH

00EeKTH 10 HUBA FA

FB F19 |FC |FD | F21| F22

F11 |F12 |F13| 14

F15 Fl16 F1y F18

Ilonemen mexaun3sMm (Cqy

MexaHu3bM 3a IbTYBaHE Co

1

Mexanussm 3a II'bTYBAHC
2

MexaHu3bM 3a BbPTEHE Cis

Konctpykimus na ma-
IIMHATA

Kounctpykuus Ha mon-
BHOKHATA Konuka 1

Konctpyknus na noa-
BIDKHATA KOJTMYKA 2

Konctpykuus Ha K0I0Ha|

VYnpasnenue

EnexrpocHabnsBane

CZO

Creriud.ycTpoiicTBa

IIpenmn. enemenTu

ToBapo3zaxB.ycTporicTBa

C23

¢ur.5 OyHKIIMOHATHO-CTOWHOCTHA MaTpULa

4. Omnpezensi ce BEeKTOpa Ha MapaMeTpuTe Ha OIl-
peneeHuTe MOTU(DUKALUH.

5IlpaBu ce aHaIM3 HA Pa3jUYUATa U CE BIDKIA
CTEICHTA Ha Pa3iuyusl, OpH HM3MOJ3BaHe Ha abco-
nrotHata metpuka (Manhattan distance).

6.CpaBHABAT Ce TIONYYCHHUTE PE3yIATaTH C Mpes-
BapHUTEITHO OMPEIEIICHN JOTTYCTHMH Pa3InyHsL.

7. Ot ycnosuero(popmyina (3) ce onpenenst
MOJIYJTHATE TPYIIH.

CTBIKHUTE HA TIOCOYCHHS aJTOPUTHM CE OTHACST
3a BCHYKM HMBA M KOTATO HE € JOCTATHYHO IO Me-
XaHU3MH Ce U3BBPIIBA [0 Bb3JIH U €IIEMEHTH.

WsBoau:

1IlpeanokeHa ¢ METOIHMKA 3a OMpPEACIIsHE CTe-
MEH Ha MOIYJHOCT M Kjaca Ha MOMAYJIHOCT B KOHTO
nomnajga JIOTMCTUYHATA MalIMHATA (ChOPBKEHHUE),

H€06X0,HI/IMI/I Ipyu OPOrHO3UPAHECTO HA JIOTUCTUYHA
TCXHHUKA U aHAJIM3 Ha KOHKypeHTHOCHOCO6HOCTTa.
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DETERMINATION OF MODULARITY DEGREE OF LOGISTICS EQUIP-
MENT

Nickolay KAZAKQOV
Logistics engineering department, Technical University-Sofia, Bulgaria
e-mail: nkazakov@tu-sofia.bg

Abstract: In the present work a certain index assessing modularity logistics equipment needed in forecasting its devel-
opment and determining the level of competitors. This is achieved based on the generally accepted classification of logistics
technology, functional cost analysis and apply the principles of design ,top-down design”.

Keywords: logistics, forecasting, logistics equipment, competitiveness, functional cost analysis
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EXPERIMENTAL RESEARCH OF CILINDRICAL SURFACE VARIATION ON
CIRCULAR CUTTING IN ABRASIVE JET MACHINING TECHNOLOGY OF
HIGH CONCENTRATED CERAMIC ALUMIUM OXIDE PIECES

Alexandru FILIP Horatiu BULEA
Manufacturing Engineering departament, Transilvania University of Brasov, Romania
e-mail: bulea@unit bv.ro

Abstract: This research is to analyse and define the standard conditions between different physic and technological pa-
rameters which give the variation of cylindrical diameter of the holes of hyght aluminum oxide ceramic pieces on circular
cutting in abrasive jet machining technology.

Keywords: Ceramic, aluminum oxide, cutting in abrasive jet machining, diameter variation

INTRODUCTION natural jet. [1].Figure 1 shows the instantaneous
structure in a bifurcating and blooming water jet. [1]
Cylindrical holes made in mineral-ceramic mate-
rials, meaning hyght aluminum, on circular cutting in
abrasive jet machining technology resulting taper.
The diameter result at the entry of jet cutter is greater
than the diameter on exit jet cutter. The final goal of
this research is to analyse and define the standard
conditions between different physic and techno-
logical parameters which influence cylinder taper on
circular cutting in abrasive jet machining technology
for the hyght aluminum oxide ceramic pieces.

THEORETICAL PART

From circular holes made in thin metal parts is  fig-1. Bifurcating and blooming water jet [1]
insignificant but taper cutting of hyght aluminum . ) .
oxide ceramic pieces with thicknesses of 5-10 [mn@rc_a related by the equation Bernoulli and written at a

bore taper is determined primarily by lower veIocitypO'”t b_efore water e>_<it. nozzle with diameter and after
water jet as abrasive particles increase the depth §fter jet nozzle leftit:

cutting ceramic material. [7] Research on sonic ve- ve 2_p 1)
\/ P

here:p - density of water at working pressures of
0 - 400 MPay( = 1010 kg/m®); p - water jet pres-
re.

On circular cutting in abrasive jet machining
hnology for non-metals, taper dependsxah [

e nozzle diameted);

« thicknesses of ceramic pieckth?2);

+ water jet velocities\{y);

locity water jets show that when a round jet dis-
charges into quiescent fluid, the boundary layer on
the jet nozzle forms a free shear layer originating
the nozzle lip and extending downstream. Similarit)éu
analysis shows that these axial velocitie} for the
natural jet should decrease inversely with distarce (teC
from the nozzle exiV=V(x). Note that the similarity
behavior is confirmed for the natural jet and for the
bifurcating jet once the bifurcation is established.
Moreover, at a giverx=d (d nozzle diameter) the
peak axial velocity on each leg of the bifurcating jetis * @rc speedw);

approximately half the peak axial velocity for the — * Water jet pressurp);
* mixing tube diameted)
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 abrasive grain (size,flow rate and hardness
» water flow Q)

An abrasive jet uses water that is pressurized
to 275x103 PA and driven through a small sapph
orifice at 762 m per second, or about two and a h
times the speed of sound. Garnet abrasive is t
pulled into this high-speed stream of water in a lo

carbide mixing tube. A stream of abrasive-lad

water moving at 305 m per second exits the carbjd

tube. The abrasive strikes the material and cuts
material precisely.

EXPERIMENTAL PART

The material used is a powder of aluminum oxi
with purity of 99.56% with the average size of}ii

granules mixed with an organic binder that volatili:

at first heating,with ,density 2,37 kg/m3, porosity

7%, strengh of breaking through traction 12 MA
strengh to compression 42 MPa, strengh to bre
ing the flexural 7 MPa.The aluminium oxide powds
was pressed with a pressure of 250 MPa, bydir

tional obtained the cylindrical shape with height
10 mm and a diameter of 25 mm.[5]

fig.2 Ceramic piece

Circular cutting in abrasivejet machining tec

nology were performed on OMAX Precision Jet-

Machining Center, and roughness were made o
brand-MAHR MarSurf XC 20.
The system parameters are presentated in table 1

With the possibility of OMAX Precision Jet-

Machining Center, system parameters have chan
in the following order [2]:

arc speedf)

nozzle diametedl,d2)

water jet velocities\(wj)

thickness of pieceh(,h2)

table 1 Parameters values
By ameter Values Meange
alf
ne 1.75, 3.48, 4.50, 6.27, 9.99, .
ng,Klrc speed 11.65 mm/min
PN .
Nozle di 0.2794 0.3013 mm
©ameter
Water jet
velocities 826 710 m/s
Thickness 10 5 mm
of piece
iLY
ressure af
nozzle 345 255 MPa
(T |
b- Qbras"’e 0.2948 0.2948 |  Kg/min
g flow rate
Mixin
:ktube 3 0.832 0.832 mm
ecALTansi’\‘/e
Of  gize 80 80 pm

The diameters of the holeD=10 [mm], was
measured at four direction and the values considered
the arithmetic mean of three measured values in three
sections of the hole at the entrance, at the middle and
at exit from of the hole fig.3 With each arc speed of
work cape were made 25 cutting holes with
D=10[mm] at thicknes$h1=10[mm] and 25 cuting
holes at thicknesis1=5]mm] ,and measure each time
D diameter for two nozzle diametdt,d2 and two
water jet velocitied/,; in the conditions presented
above. Results are presented in table 2 and table 3

h_(values represent the average measurements).

Vwj=826[m/s] Vas=4,5/mm/min]

Nominal diameter D=10[mm]
N h1=10[mm] d1=0.2794 [mm]

Diameter measured in four direction
10,2174
10,2177
10,2171
10,2182
10,2176
10,1403
10,1412
10,1406
10,1415
10,1409
10,0591
10,0573
10,0586

Q 10,0578
10,0582

fig.3 Diameter measurements in four directons for
D=10[mm] ,V,;=826[mVs] ,d1=0.2794[ mm] ,v,s= 4,5 mnVm
in]

Deviation
02174
02177
02171
02182
02176

0,1403

At entrance of
the hole

Average

midle of
he hole

0,1412
0,140
01415
0,1409
0,0591
0,0573
0,0586
00578
0,0582

At
gt

Average

At the exit of
the hole

Average
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at the entrance of the hole, at the midle of the hole, at the exit of the hole.

table 2 Deviation from holes nominal diameter for thickness of piéded 0] mm|

Thickness of piece h1=5 [mm]
Nozzle diameter
41=0.2784 [mm] 42=0.3013 [mm]
Vasrenmet | Ygigg
Deviation from nominal diameter D=10 [mm]

Attheentrance | At themiddle | Atexitfrom | Attheentrance | At the middie | Atexitfrom

ofthe hole | ofthe hole | ofthe hole | ofthe hoke | ofthe hole | ofthe hole
£ 02974 01942 0.000 0.3258 0.2215 01428
348 0.2855 0.1907 0.0993 03045 02117 0.1408
| s 0.2393 01569 n.0784 02706 01838 01267

2%

6.27 02106 0.1439 0.0712 0.2624 01838 0.1205
998 0.1497 0.1074 0.0546 0.2128 0.1521 01112
1185 04215 0.0883 0.0451 0.1562 01231 0.0000
s 0.3055 0.1961 0.0044 03323 02313 01391
40 0.2049 0.1791 £.0853 0.3135 0.2207 0.1342
| s 0.2571 01735 01011 02811 02058 01354
62 0.2438 0.1728 0.1015 0.2543 0.1888 0.1254
998 0.2113 01437 0.0806 0.2145 0.1824 0.1276
1185 0.1504 0.1060 0.0646 0.1263 0.1600 0.1242

table 3 Deviation from holes nominal diameter for thickness of pié@eS[ mm|

Thickness of piece h1=10 [mm]
Nozzle diameter
d1=0.278% [mm] 0220.3013 [mm]
Vasprnenry | Ysigmsg
Deviation from nominal diameter D=10 [mm]
Attheentrance | At themiddle | Atexitfrom | Attheentrance | At themiddle | Atexit from
of the hole ofthe holke | ofthe hole of the hole ofthe hole | ofthe hole
£s 03034 0.1943 0.0871 03434 0.2359 0.1552
348 0.2005 0.1827 0.0728 03195 0.2192 0.1429
| o 0.2431 0.1507 0.0642 0.2831 0.1575 01259
2
6 02176 0.1400 0.0582 02783 0.1957 0.1215
i 0.1517 0.0994 0.0366 02217 0.1594 0.1022
18 01245 0.0813 0.0281 01672 01223 0.0781
s 0.3104 0.1988 0.0042 03432 0.2397 0.1365
48 02989 01811 0.0003 03250 0.2281 0.1323
M v 0.2631 0.1667 0.0839 0.2891 0.208% 0.1194
G 0.2512 0.1636 0.0821 0.2632 0.1285 0.1158
i 0.2182 0.1419 0.0708 0.2201 0.1788 0.1134
T 01576 0.1041 0.0529 0.1934 0.158% 01111
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The dependence of hole diameter at entrance Atexitof e hole h=10[mm] Vij=826[ms]
the holes from variation of arc spe¥d mm/min],
for two difrent nozzle diametedd,d2 at thickness of | & 4445
piece h1=10 [mm], water jet velocities %
V,j=826[mVg] in the conditions established above are g ' e 42203013 ]
presented in figure 5. § 1005 d1=0,2794 [mn]

At entrance of the hole h1=10[mm] Vwj=826[m/s] e 10 4 I I I I I |

_ 1035 175 348 450 627 9,99 1165

g 103 Va[mm/min]

< 1025

£ 102 —*— d2=0,3013 [mm] fig.7 The dependence of hole diameter at the exit of the

2 ots d1=0,2794 [mm] holes from variation of arc spe®d] mm/min)

e for two difrent nozzle diameters at thickness of piece

10,1 + T T T T T 1 hl:lO[mm]
175 348 450 627 9,99 1165
Valmmimin] The dependence of hole diameter at entrance of

fig. 5 The dependence of hole diameter at entrance of thg']e h0|e$ from Va”a“o,“ of arc Speva[mm/m'n]’
holes from variation of arc sped@[mm/min] for two di-  for two difrent nozzle diametert,d2 at thickness of
frent nozzle diameters at thickness of pi¢de=10[mm]  piece h2=5[mm], water jet velocitie¥/wj=710[nVg]

in the conditions established above are presented in

The dependence of hole diameter at exit of thiigure 8.

holes from variation of arc spe& mm/min], for
two difrent water jet velocitied/wj;=826[nvs|,
Vwj,=710[nVs] at thickness of piechl=10[mm],
with nozzle diameterg1=0,2794[mn, in the con- g 1036
ditions established above are presented in figure 6.

Atentrance of the hole h2=5[mm] Vwj=710[m/s]

—%—d2=0,3013 [mm]

D nominal 10[mm
>
N
[=2]

Atexitofthe hole h1=10[mm] d1=0,2794[mm] 10,21 d1=0,2794 [mm]
10.25 10,16 |
E 10,2 175 348 450 627 999 11,65
? 10,15 Va[mm/min]
é 101 4 —x— VWj2=710 [mms] : . .
S 1005 W\ Vij1=826 [mms] fig. 8 The dependence of hole diameter at the exit of the
S 10

holes from variation of arc spes@]mnymin]
for two difrent nozzle diameters at thickness of pib2e5
[mm]

10 T T T T T 1
1,75 348 450 627 9,99 11,65
Va[mm/min]

The dependence of hole diameter at the exit of the

fig.6 The dependence of hole diameter at the exit of theh0|ez.]]:r0m Vr?.nimon of far(.: Sge?th[ mvmi n]h, f_or
holes from variation of arc spes@[mmmin] fortwo (WO difrent thickness of pieck1=10 [mm], h2=5

difrent water jet velocitie¥wj1=826[m/g], [mm] with nozzle diameted1=2794  mm, water jet
Wnj2=710[m/s] at thickness of piedel=10[mm], with velocities Vwj=710[m/s] in the conditions estab-
nozzle diameterd1=0,2794[ mm lished above are presented in figure 9.

The dependence of hole diameter at exit of the
The dependence of hole diameter at exit of thleoles from variation of arc spe&@[mm/min], for
holes from variation of arc spe&tmm/min], for two difrent nozzle diameterdl,d2 at thickness of
two difrent nozzle diameterdl,d2 at thickness of piece h2=5[mm], water jet velocitie¥wj=710[ nVs|
piece hl=10 [mm], water jet velocities in the conditions established above are presented in
Vwj=826[m/g] in the conditions established abovefigure 9.
are presented in figure 7.
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diameter D=10,1576 [mm] decrease at exit at
Atexitofthe hole d1=0,2794mm] Vai=710[mis] D=10,3104 [mm] with 10,1% when the water jet
velocities isvVwj=710[ nVg].
4. For constant nozzle diametdr=0.2794 [ mn] ,

10,1 and thicknes$1=5 [mm] the variation of arc speed
—%—h2= 5[] (Vas), from Vas= 1,75 [mm/min] to Vas=11,65
h1=10 [ [mnVYmin], (6,6 time increase), lead to taper hole. The

diameter D=10,2974 [mm] decrease at exit at
175 348 450 627 998 1165 D=10.,1215_ [mm] with 10,17% when the water jet
velocities isVwj=826[nVs].

5. For constant nozzle diameted=0.2794
fig.9 The dependence of hole diameter at the exit of the[MM], and thicknesg1=>5 [mm] the variation of arc

D nominal 10[mm]

10,05 +

Va[mm/min]

holes from variation of arc spe&@]mm/min] speedYas), fromVas= 1,75 [ mm/min] to Vas=11,65
for two difrent thickness of piece ¥tvj=710[m/s] [mm/min], (6,6 time increase), lead to taper hole. The
diameterD=10,3056 [mm] decrease at exit &=
At exit of the hole h2=5{mm] Vwj=710[mis] 10,1504 [mm]  with 10,15% when the water jet ve-
locities isVwj=710[ /g .
= 102 6. For constant nozzle diameteP=0.3013
E 1015 [mm], and thicknesh1=10 [mm] the variation of arc
= S T e RO BOR - : —
= speed Yas), from Vo= 1,75 [mm/min] to V.=11,65
s 101 =0, . . .
€ 1005 +ngz%z m [mnVYmin], (6,6 time increase), lead to taper hole.The
& ’10 ’ diameter D=10,3434 [mm] decrease at exit at
175 348 450 627 999 1165 D=10,1674 [mm] with 11,73% when the water jet
Vammimin] velocities isVwj=826[ nvsg|.
7. For constant nozzle diameteP=0.3013

[mm], and thicknesh1=10 [mm] the variation of arc
fig.10 The dependence of hole diameter at the exit of thespeed Yas), fromVas= 1,75 [mm/min] to Vas=11,65

holes from variation of arc spe&@]mn/min] [mnVmin], (6,6 time increase), lead to taper hole.The
for two difrent nozzle diameters at thickness of piee5  diameterD=10,3432 [mm] [mm] decrease at exit at
(rm] D=10,1934[mm] with 10,14% when the water jet
velocities isvVwj=710[nVsg].
CONCLUSIONS 8. For constant nozzle diamete2=0.3013

_ ) [mm], and thicknest1=5 [mm] the variation of arc

The analysis results presented in tables and abogﬁeed‘(/as), fromVas= 1,75 [mm/min] to Vas=11,65
graphs give the following conclusions: [mnVmin], (6,6 time increase), lead to taper hole.The

1.Ascending order of degree of influence of pagigmeter D=10,3268 [mm] decrease at exit at
rameters on circular cutting in abrasivejet across ¢§=10, 1562 [mm] with 10,017% when the water jet
taper hole diameter is nozzle diamew, &rc speed \g|ocities iSVwj=826[ g .
(va),thickness of piecenf water jet velocities\w)) 9. For constant nozzle diamete2=0.0.3013

2. For constant nozzle diametéd=0.2794 |, and thickneshl=5 [mm the variation of arc
[mm], and thickne$11=10 [ mm] the variation of arc speed Yas), fromVas= 1,75 [mnvmin] toVas=11,65
speed Yas), from Vee= 1,75 [mm/min] 10 Vas=11,65  [pnymin], (6,6 time increase), lead to taper hole. The
[r_nm/mm], (6,6 time increase), lead to taper ho_le.ThgiameterD: 10,3323 [mm] decrease at exit &=
diameter D=10,3034 [mm] decrease at exit at 101863 [mm] with 10,14% when the water jet ve-
D=10,1245 [mm] with 17,8% when the water jet |gcities isVwj=710[ V] .
velocities isVwj=826[m/s]. 10. The most important conclusion resulting from

3. For constant nozzle diametd=0.2794[mm],  the experiments is that at circular cutting in abra-
and thickned1=10 [mm] the variation of arc speed gjygjet the hyght aluminum oxide ceramic pieces lead

(Vas), from Vas= 1,75 [mn/min] to Vas=1165 g taper hole . The taper increase when the nozzle
[mnVYmin], (6,6 time increase), lead to taper hole. The
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diameter decrease, when water jet velocities decredseernational Journal of Modern Manufacturing Technolo-
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MN3CJIEABAHE HA 3ABUCUMOCTHUTE B 3bPHOMETPUYHUTE
XAPAKTEPUCTHUKU ITPU PABOTA HA KH/I-300

Cumeon CABOB!

Ilerko Hezm.mcosz

1KaTe;[pa »MexaHmn3anus Ha MUHUTE", MUHHO-TE0JI0KKH yHUBepcureT ,C. Ban Puncku” - Codust, bpnrapus
e-mail:ss.ss@abv.bg
karenpa , MAIIMHHEY eEMEHTH ¥ HEMETATHH KOHCTpYKunK”, Texunuecky yausepceutet - Codus, Brmrapus
e-mail: nedpetko @tu-sofia.bg

Pesrome: JloxnanbT npencTaBsi 3aBUCUMOCTHTE B 3bPHOMETPUYHHMTE XapaKTEPUCTHKH HA TOTOB MPOIYKT IOJY4YEH MpU
pabora na KMJI-300. HanpaBen e u30o0p Ha neneBu QyHKIWMU U yIpaBIsBaIIX (HaKTOPH NPU U3BBPIIBAHETO Ha EKCIIEPH-
MmeHTa. DopMmynupaHa M H3Cle[BaHa ¢ lelieBaTa (QYHKIHS 32 Ka4yeCTBO (3bpHOMETPHYEH CheTaB). IIpeicTaBeHH U aHa-
JIM3MPaHHU Ca Pe3yJITaTUTE OT CTATUCTUUECKUS aHATIN3 Ha (PYHKIHATA 32 Ka4eCTBO.

KmrouoBu xymn: K1/I-300,mareMaTn4HO MOJEIHPAHE, 3bPHOMETPUYHH XapaKTEPUCTUKH

1. BbBEJEHUE

KonycHara uaepuuonna tpomauka KMI-300 ce
3aJ[BIDKBA OT eJIEKTpojBHuraren ¢ moranoct 11 KW,
peMbpuYHA MpEIaBKa C IPEAABaTENHO 4nciao =1 u
nebamaHceH BuOpartop. JlebamaHcHUS BHOpaTop €
perynupyeM u uma 19 crenenu, ype3 KOUTO ce pe-
r'yJiupa cujiaTa Ha TPOLIEHE B 3aBUCHMOCT OT SIKOCTTa
Ha HATpollaBaHus Mmartepuan. ExpuHata Ha MaTte-
pHana MoCTHIBAIl 3a TPOIIEHE € OrpaHWYeHa
Drex\Dgo=25\16 mm. Pa3toBapHuHs OTBOp Ha TpoO-
H1aykara ce peryiupa B HIMPOKM IPaHHIM, KaTto ce
B3UMa B IIPEJBHI CTETICHTa Ha JMebamaHCHUS BHOpa-
TOp, € LIeN MOANbpXKAHEe HAa AWHAMHMKATa Ha MalllH-
HaTa B IOIYCTUMH I'PaHULIH.

3BPHOMETPHYHUTE XapPAKTEPUCTUKH HA TOTOBHS
HPOAYKT ca IOJNYYEHH IOCPEICTBOM EKCIEPHMEHT
W3BBPIICH BHPXY KOHYCHa HWHEPIMOHHA TPOIIayKa
KN/-3008 naboparopuu ycnosus. ExcriepumentTa e
HEMBJIHO(GAKTOPEH W € M3BBPIICH II0 ONpelelieH
I'bPBOHAYAJICH IIJIaH ChCTaBEH C MOMOIITA Ha MpO-
rpamara Statgraphics 15. Hampasenu ca o6mo 40
OTJEJIHU ONHTA B ,CyX PEXHM Ha pabora mpu pas-
JIMYHU HAcTpoWku Ha wmammuHata. [lo Bpeme Ha
OIUTHUTE ca M3MEHSHU CICIHUTE IapaMeTpH Ha Ma-
IIMHATA. YECTOTa Ha BHPTCHE Ha JeOanaHCHUS BHO-
parop, CTaTMYeH HWHEPIMOHEH MOMEHT Ha neba-
JaHCHUS BHOpaTOp, INMPOYMHA HAa JUHAMHYHHSA
pa3ToBapeH OTBOp Ha TpoOIIayKaTa H CpeleH
JIMaMeThp Ha U3XOJHMS MaTepHuall.

2. IIEJIJEBU ®YHKL VU U YIIPABJISIBALIIN
DOAKTOPH

N360pbT Ha ueieBM (GYHKIMHM W YIPABISABAIIU
(dakTopH, KaKTO M TPAHHLIUTE UM HA H3MCHCHHC
TpsiOBa J]a OTroBaps Ha OnpejeeHn n3nckBanus [1].
[Ipu omucanmeTo Ha PabOTHHS HPOILEC TPOIICHE B
KOHycHa uHepiroHHa Tporradyka (KU/I) morar aa ce
neuHUpaT U M3CIEBAT HAKOJIKO OCHOBHHU LEJICBH
(bYHKIMH, KATO MPOU3BOUTEIHOCT, 3bPHOMETPUYCH
ChCTaB HA TOTOBUSI MPOJIYKT M OTHOCHTENICH €Hep-
ropasxo. [Ipon3BoauTeIHOCTTa UMa siceH (U3nUe-
CKH CMHCBHJI, ONpe/enMa € KOJMYECTBEHO, CTAaTH-
CTHYCCKU S(CKTHBHA € M MOXXE TOYHO Ja Objae W3-
MepeHa. EMMHCTBEH HEIOCTaThK HAa TPOHM3BOIUTEI-
HOCTTA €, Ye XapaKTepu3upa mpoleca caMmo OT KO-
JINYECTBCHATA MY CTpaHa. 3bPHOMETPUYHUSIT ChCTAB
XapakTepu3upa Mmpoleca TPOIICHE OTKbM KauecTBe-
HaTa My CTpaHa U MOXe€ TOYHO M JIECHO Ja ObJie orm-
peleneH Hail-Bede ¢ MOMOIITa HA CHUTOBHS aHAIH3.
3bPHOMETPHYHHUS ChCTAB U MPOM3BOAUTEIHOCTTA Ca
JIBE €[HAKBO 3HA4MMHU (YHKIHH 32 Opoieca Tpo-
LIIeHe, He MOJXKe Jia Ob/ie AajieH IPUOPUTET Ha HUKOS
oT nBere (QyHKIUH. OTHOCHUTEIHHAT SHEPropas3xoj
XapakTepu3upa CHEpPrUifHATa CTpaHa Ha Mpolieca
TPOIICHE W € Hal-uecTO U3IMOJ3BaHUS KPUTCPHU 3a
OIICHKa Ha e(heKTUBHOCTTA HA MPOILeca TPOIICHE.

U3bpanute ynparisBany (pakTopu BIHSCIIA HA
mpoIieca TPOILICHE B KOHYCHA UHEPIIMOHHA TPOIIauKa
ca CICIHUTE:

* YecTOTa Ha BHPTECHE Ha AcOanmaHcHHs BHOpa-
TOp Ny, 'PM — To3u (GaKTOp € JECHO ONpenesiuM U
MOe a2 ObJIe U3MepeH B aOCOTIOTHH eUHHUIH. To3H
(hakTop 1m1e ObIe M3MEHSH Ha TPH HUBA C TIOMOIIITA Ha
PEeMbUHH IIAH0H C pa3udHU JHAMETPH.
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CrarnyeH WHEpPLMOHEH MOMEHT Ha naeda-
JaHcHHs BHOpatop S, Kgm —To3u ¢aktop e JecHo
OIIpEeZIe]INM U MOXKE Jla Ob/ie M3MepeH B aOCOJIIOTHU
€/IMHMILY, CBIIO TaKa JICCHO MOXE Ja C€ peryiupa.
JHebanancuus Bubparop Ha K1J/I-300 e peryaupyem
u uma 19 crenenun. To3u dakrop ChINo 11e Obae U3-
MEHsIH Ha TPH HHBA.

* UIMPOYMHA HA AMHAMHUYHUSI PA3TOBAPEH OTBOP
Ha Tpomrauykara b, mm — To3u ¢akTop e JecHO orm-
penenuM (C IoMOIITa Ha KaAMOPOBBYHH IIACTHHHU) U
peryinupyeM, ChIIO Taka JIECHO MOXe Ja Obae u3-
MepeH B abcomoTHH equHuI. To3u dakrop mie Obae
peryJupaH Ha TP HUBA.

CpeneH IuaMeThp Ha M3XOIHUS Marepual
D¢, MM —to3u daxrop e JecHo n3MepuM B abco-
JIOTHU eauHUnd. To3u dakTop e Ob/ie U3MEHSH Ha
JIBE HUBA.

B 1ab1n.1 ca npexacraBeHu ynpasisBauiure Qax-

TOPHU U UHTCPBAJIUTEC U CTBIIKUTC UM Ha UBMCHCHUC.

3. MATEMATUYHO (CTATUCTHYECKO)
MOJIEJIHUPAHE 1 ®OPMYJINPAHE HA
HEJEBATA ®YHKIUA 3A KAYECTBO

(3BbPHOMETPHUYEH CBHCTAB)

Ta6,1.1 Yrpasnssaum hakropu

®DaxTOp 03HaAUECHUE X1 Xo X3 X4
dakrop Pembuna maii6a | [le6ananc | PasroBapen oTBop Enpuua Ha usxonsms
MaTepuan
PazmepHOCT mm Opoit mm mm
Crhiika 52| 52| 9] 9| 2] 2] 7,425 |
O3HaueHue Dy, MM CrerneH, Op. b, mm D, mm
CroiiHocT 156] 208|260 1 | 10/ 19 4 | 6 | 8 8,575 | 16
Hurepain 104 18 4 7,425
Huso 1] o] 1[-1] of 2f 2] o] 1 0 | 1

B rmoBedero peasHH CclIydam MaTeMaTHIHUTE
MOJEIN HE Ca M3BECTHH (a MOHAKOTa Te ca HEMo.-
XOJSIIIH TIOPAH TOJISIMATa CH CIIOKHOCT) | Ce Hajlara
Jla ce U3MoI3Ba MoAXoj A anpokcumanus. Torasa
UMEHHO BB3HHKBA TPyAHATa 3ajaya 3a ONpeAecisHe
Ha CTpyKTypaTta Ha Mojena. B Hall npocTtus ciydait
MaTeMaTHYECKHST MOZEN MOJKe J1a ce u30epe BbB BUI
Ha JIMHEiHa QYHKIMS HAa BXOJHHUTE NTapaMeTpu:

f=Z:;Ni.>q )

3a TbpPBOHAYANHWTE W3CIICABAHUS IlejeBaTa
¢dbyHKIIHSA € hopMyNHpaHa BHB BU HA JTUHESH MOJEI
C BKJIFOUCHA KOHCTaHTa. XUIIOTe3aTa 3a MpHeMaHe Ha
JIMHEEH MoJeN € criopHa [1] u B pazan4HuTE Cityyau
WMa pa3IMYHU MPUYMHHU Ja ce mpueMe. Birousa-
HETO Ha KOHCTAHTa B MOJEIHTE € MpobiieM, KOHTO
BOJIM JI0 HAMAJICHN BB3MOXHOCTH 32 CTATUCTHYECKA
onenka Ha Mozenure. CBIIO Taka XHIOTE3aTa 3a
BKJIIOUBAHE HA KOHCTaHTa B MOJENMUTE, T.€. TOCTO-
SHHO HHBO HE € ONpaBjaHa OT MPaKTHYECKa TJIeIHA
touka. LleneBara QyHKIMS 3bPHOMETPUYCH CHCTaB
(kayecTBO) € IeHUHUpaHA 110 CIEIHUS HAUNH;

B=N N X+ N, X, + N X3+ N, X, % (2)

KBIETO: 5, % - 3bpHOMETPHUYEH ChCTaB; Xg, Xp, X3 1 Xy
— ynpasisiBamu daktopr; Ng, Ny, Np, N3 1 Ny — ko-
e(uIMeHTH Ha yIpaBisBanuTe GakTop.

IeneBarta ¢pyHKIUS € CHCTABEHHU M M3CIICIBAHU C
KOMITIOThPHATA MPOTpaMa 3a CTATUCTHYCCKU aHAIIN3
Satgraphics 15. Ta3u nporpama Mo3BOJsIBA W3-
CJICJIBAHETO HA PA3JIMYHU TUIOBE (DYHKIIMHU C €IHA U
C TIOBEYE OT €/THA MPOMCHIINBH, 0e3 Win ¢ (yHKIIHO-
HallHa Bpb3Ka Mexay mpomernuBure. ChIo Taka
MMa BB3MOXXHOCTH 32 OILICHKA HAa MPOMEHIIUBHTE U
KOC(DMIIMEHTUTE UM HA B3aUMHA KOPEJIalusl.

OCHOBHHTE KpHUTEpPHHM 3a W300p Ha MOIXOJSIL
MaTreMaTHYeH MOJEJ ca CIeAHUTE!

® MakcHMaJlHa CTOMHOCT Ha KOG(I)I/IIII/ICHT Ha

MHOKeCTBEHa Kopenarus R,

* MaKCHMMallHa CTOMHOCT Ha KpuTepus Ha Du-
urep (F-Ratio) 3a ceoTBeTHHS MOZET;

* MUHHMAJIHH CTOWHOCTH Ha I[IOKa3aresis 3a
JoBepuTesHa BepositHocT (P-Value) 3a mozena;
MHUHUMAITHA CTOWHOCTH HAa BEPOSTHOCTTA
(P-Value) 3a He3HAYUMOCT Ha PETrPECHOHHHUTE KOe-
(unueHTy.

Twpesit ce Moaenu 1 KoehULUESHTH Ha Perpecs,
KOUTO CE C HHUBA Ha JOBEPHUTEIHA BEPOSTHOCT MU-
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HumyM 95 %,kaTo ce o4akBa, 4e JONYCTUMHUTEC HUBA
HA MHXEHepHa rpemka or 5 % ca mpuemiuBu 3a
TaKbB THUN MAlIMHU KAKBUTO Ca KOHYCHUTE HHEp-
[UOHHU TPOIIAYKH.

Kpurnunara Mspka 3a ONMpPENENeHOCT HA MOJie-
JIMTE, CIIOPEN KOSITO Te MOraT Jia ObJaT MPHETH KN
OTXBBPJICHH, 3aBUCH OT OpOsi Ha CTEMEHUTE HA CBO-
0osa Ha MoJena U MPUETOTO MUHUMAIHO HUBO HA
3HAYUMOCT. B KOHKpeTHHUA Cilydail MOJIETTUTE ca ChC
cyMmapeH Opoil Ha cremeHmTe Ha cBoboma V=40 u
nuBo Ha 3HauuMocT 0=0,05 [4]. Kpurnunusar koe-
¢uument Ha onpeaenenoct npu a=0,05¢ R,=0,304
(3a 0=0,1; R,=0,257).Mogenu, pu KOUTO CTOIHO-
CTHTE Ha MspKaTa 3a ONPEIENICHOCT € HaJ I0coYe-
HATa KPUTHYHA CTOMHOCT MOTAT Jia c€ MPUEeMAT KaTo
CTATHYECKH OTPEIEIICHH.

4. PE3YJITATHU OT CTATUCTUYECKUS
AHAJIM3 HA HEJIEBATA ®YHKI U 3A
KAYECTBO (3bPHOMETPHUYEH CBHCTAB)

Bb3 0CHOBa Ha TOPEH3IIOKEHOTO € IPOBEICH
HEMBJIHO(GAKTOPEH EKCHEPHMEHT IO OIpe/eiieH
IuIaH BKJItoYBaml 26 Opos omura. Hanpasenu ca 14
JIOI'BJTHUTEIIHN OTIMTA HE BJIN3AILH B TbPBOHAYAIHUS
wiad. OT NOJy4eHHs: TOTOB MPOAYKT OT BCEKH E€IIUH
OIUT € B3eTa IpeJICTaBUTEIHA Ipo0a U € ompeelieH
3bPHOMETPUYHUSI M CHCTaB IIOCPEICTBOM CHTOB
aHanu3. [locTpoeHn ca cymMapHUTE 3bPHOMETPHYHH
XapaKTEePUCTUKH ¥ € HaIlPaBeH CTATUCTHYECKH aHa-
I3 3a BCsiKa eqHa mpoba. 3a oHaryiensBaHe Ha W3-
CJIEBAHETO IMOAPOOHO € aHajuM3HpaHa CyMapHara
3bPHOMETPUYHA XapaKTePUCTHKa TO ,+” Ha Tpoda
Ne5, chIo Taka ca pasrienaHd ¥ KOMEHTHPAaHH Hi-
KOJIKO XapaKTepHH MOJIeJa.

B Tabn. 2 ca npexacraBeHH pe3yiaTaTUTE OT CH-
TOBHSI aHAJIU3 HA TOTOBUS MIPOMYKT OT onuT Ne5, a Ha
¢ur. 1 e mokazaHa cymapHaTa 3bpPHOMETPHYHA Xa-
pakTepucTuka 1o ,+’ Ha ChIIUS ONHUT B rpaduucH
BUI.

1a6.1.2 [Ipo6a Ne5 n,=1064rpm; S=0,9214kgm; b=8
mm; D.,=16 mm

0.65 51.34 14.83 49.66 65.17
0.375 44.97 12.99 62.64 50.34
0.1875 54.20 15.65 78.30 37.36
0.1075 14.33 4.14 82.44 21.70
0.045 60.81 17.56 100.00 17.56

132 1 —=—nn=1064 rpm; Sp=0,9214 kgm; b=8 mm; Dcp=16 mm‘
s [}
.
£ 70 \
g 65
i
2 50 \-.\
g \
* 35 \'
> AN
: —
12 —
’ 0 0.5 1 15 2 25 3 35 4 4.5 5
LMpouMHa Ha KBaApaTHUTE OTBOPW Ha CMTO, MM

¢ur.1 CymapHa 35pHOMETPHYHA XapaKTEPUCTHKA 110 ,,+"
Ha FOTOBHSA MPOIYKT OT mpoda NeS5

Pel"peCI/IOHCH MozAes OT I'bpBa CTCHNCH C BKIIIO-

YeHa KOHCTaHTa.

Ta6.1.3 [Tapamerpu Ha Mozena

Ilapamerpu Ha Mozea  Onut NeS
Standard | T
Parameter Estimate Error Satistic P-Value
CONSTANT | 70.1941 8.27435| 8.48333 0.0000
X -17.6758 3.96261 | -4.46065 0.0021
AHaJIM3 HA BEPOSATHOCTHTE
Source Sum of Squares | Df Mean Square | F-Ratio P-Value
Model 7616.56 1 7616.56 19.90 0.0021
Residual 3062.33 8 382.791
Total 10678.9 9
CTaTHCTHKA HA MoJesia
R = 71.3235] %
R (adjusted for d.f.) = 67.739] %
Standard Error of Est. = 19.565
Mean absolute error = 14.917
Durbin-Watson statistic = 0.522152| (P=0.0003)
Lag 1 residual autocorrelation = 0.530617|

— 4acTeH Jo0OuB cymapeH no6us f, %

' Maca, g a, % mo "+" mo "-"

5 0.82 0.24 0.24 100.00
35 24.62 7.11 7.35 99.76
1.8 20.56 5.94 13.29 92.65
1.3 51.40 14.85 28.13 86.71
0.9 23.19 6.70 34.83 71.87

ypaBHeHI/ICTO Ha MoO/¢J/ila B HATypaJIHU IMPOMCH-

JIUBY, ChriIacHo Tabi. 3e:

:8=

701941 176758,

% 3)
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Cumeon CABOB Ilerko HEJISIJIKOB

3a oHareAsiBaHE HA CBHIIOCTABSHETO MEXAY MO-
Jiefia ¥ eKCIIEPUMEHTATHUTE CTOMHOCTH € MPUII0JKe-
Ha cpaBHuTenHA rpaduka (dpur. 2.). TOUKUTE BHPXY
rpagukaTa INPEACTABISABAT  CKCIIEPUMEHTAIHUTE
CTOMHOCTH, a TpaBara JHMHHUS € CTOHHOCTUTE Ha
(byHKIIMATA TIOTYyYeHN OT Mojena. Adcumcara U op-
JMHAaTaTa Ha Ta3u rpaduka ca ¢ elHaKBa pa3MepHOCT
¥ TOBa € Pa3MEpHOCTTa Ha u3cienBaHata (QyHKIHS.
CpaBHEHHETO MEXIY EKCHePHMEHT M MOJEN € Ha
BHU3yallHA OCHOBA, KaTO IOAPEKTAHETO Ha TOYKHTE
OKOJIO JIMHUSATA IOKa3Ba NoOpa CXOAUMOCT MEXTY
EKCIIEPUMEHT U MOJEIL.

Ot craTucTHYeCKa IJIeIHAa TOYKA TO3H MOJEN He
MOXe J1a Ob/ie OLIEHEeH KaTo aJIeKBaTeH, Thil KaTo UMa
HHCKH CTOWHOCTH Ha KOe()UIIMEHTa Ha MHOYKECTBEHA
Kopenanus W Ha KOPUTHMpaHHUs KOCQHIMEHT Ha
MHOsKecTBeHa Kopenars RE(ad)).

PerpecroneH Mozeln OT IbpBa ¥ BTOPa CTEMEH 0e3
BKJIIOYEHA KOHCTAaHTA!

VYpaBHEHHETO Ha MOAENa B HATYpPaJIHU IIPOMEH-
JINBH, CBIJIacHO TadiI. 4 e:

L= 374358 - 07884*, %  (4)

[Ipu TO3M MOjEN CTOWHOCTTA HA KPHUTEPHUs Ha
®umrep € MHOTO HUCKA. CTOWHOCTHTE Ha KOES(UIIH-
GHTHTE HAa MHOXeCTBeHa kopenaumst R u Ré(adj) ca
MHOTO HHCKH, Taka 4e Mojella He MOXe jaa Obie
NpUET 32 aJeKBATeH.

Cpasnutentia rpathuka
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Ta6J1.4 [Tapamerpu Ha Mozena

Sandard Error of Est. = 56.9828

Mean absolute error = 40.9107
Durbin-Watson statistic = 0.155777

Lag 1 residual autocorrelation = 0.731647

Perpecuonen Mojen Ha JOrapUTMUYIHA (PYHKIUS
0€3 BKJIIOYEHA KOHCTaHTA.

1a6.1.5 [lapamerpu Ha Mofena

ITapamerpu Ha Mogena Onut NeS
Standard T
Parameter Estimate Error Statistic P-Value
log(X) -29.6969 7.32148 -4.05613 0.0029
AHaju3 Ha BEPOATHOCTUTE
Source Sum of Squares | Df Mean Square F-Ratio P-Value
Model 20394.7 1 20394.7 16.45 0.0029
Residual 11156.7 9 1239.64
Total 31551.5 10
CTaTHCTHKA HA Moj1es1a
R = 64.6396] %
R (adjusted for d.f.) = 64.6396] %
Standard Error of Est. = 35.2085
Mean absolute error = 31.4025
Durbin-Watson statistic = 0.0476688
Lag 1 residual autocorrelation = 0.869969

YpaBHEHHETO Ha MOJCNia B HATypallHU IPO-
MEHJIMBH, CBIIIacHO TalII. Se:

B =-2%96aind, % (5)

To3u Mozell HE MOXKe 1a ObJlie OLIEHEH KaTo aje-
KBaTEH, Thil KATO MMa HHUCKU CTOWHOCTH Ha Koe(u-
[MEHTa HA MHOXECTBEHA KOpealus R’ u na KOpH-
rUpaHusi KOeQUIHEHT HA MHOMXECTBEHA KOpPEeTalHst

R¥(adj).

Cpaswurenna rpadka Onv Nes
T

100 ) TR
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Perpecrnonen Mojien Ha JIOrapuTMUYHA (GYHKIHS
C BKJIIOYEHA KOHCTAHTA!

1a6.1.6 [Tapamerpu Ha Moena

ITapameTpu Ha Mogena Onut NeS
Sandard | T
Parameter | Estimate Error Statistic P-Value
X 37.4351 28.7713 1.30113 0.2294
X -8.07884 6.76237 -1.19468 0.2664
AHaju3 Ha BEPOATHOCTHUTE
Source Sum of Squares | Df Mean Square | F-Ratio P-Value
Model 5575.19 2 2787.59 0.86 0.4594
Residual 25976.3 8 3247.04
Total 31551.5 10
CTaTHCTHKA HA Mojies1a
R = | 17.6701] %
RZ (adjusted for d.f.) = | 7.3789] % [

IlapameTpu Ha Mozena _Onut NeS
Sandard | T
Parameter Estimate Error Statistic P-Value
CONSTANT | 34.8933 1.66412 20.968 0.0000
log(X) -22.4394 1.0943 -20.5057 0.0000
AHAJIH3 HA BEPOSITHOCTHTE
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Source Sum of Squares | Df Mean Sgquare | F-Ratio P-Value
Model 10479.5 1 10479.5 420.48 0.000
Residual 199.38 8 24.9226
Total 10678.9 9
CTaTHCTHKA HA Mojies1a
R = 98.1329] %
R? (adjusted for df.) = 97.8996] %
Standard Error of Est. = 4.99225
Mean absolute error = 3.74086
Durbin-Watson statistic = 1.36126| P=0.0612)
Lag 1 residual autocorrelation = 0.263708

CpagHuTtenHa rpaduka
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VYpaBHEHHETO HA MOJENA B HATYypPaaHH MPOMEH-
JIUBY, ChIJIAcHO TaliI. 6e¢:

B = 343933 224394Ind, %  (6)

To3u MOACT MMa BHUCOKa CTOMHOCT Ha KpUTCPUAL

CpaeHuTenHa rpadimka Onur Neg
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YpaBHEHHETO HA MOJIENa B HATYypaIHU MPOMECH-
JINBH, CBIIacHO Tabi. 7 €:

L= 958248, % (7)

Tozn Mozient MoXe J1a ce IprueMe ¢ BUCOKa CTEICH
Ha aJIeKBaTHOCT IIOpaJid BUCOKUTE CTOHHOCTH Ha
Kputepust Ha Pumep ¥ KOePUIIMEHTHTE HA MHOXKe-
crBena kopenamus K2 u R¥(adj) croitnocrra Ha mo-
KazaTeJssl Ha JI0BEpHUTEJIHATA BEPOSITHOCT 32 MOJIEINA €
0/ KpUTHUYHATA.

Perpecuonen mozen Ha XUMNepOOTUIHA (YHKITHS
6e3 BKIJIFOYCHA KOHCTAHTA!

1a6.1.8 [lapamerpu Ha Mozena

Ha Dulep U CTOMHOCTTA Ha MOKA3aTels Ha JOBEPHU- — Mapavierpu na Moena_Ouur o5
TEJIHaTa BEPOSITHOCT 3a MOJEJNIA € IO/ KPUTUYHATA. [ Parameter | Estimate Error Satisic P-Value
Koedunuentnre Ha MHOXKECTBEHa KOpEIalus RRu X 5.99475 1.28704 4.65779 0.0012
. AHaju3 Ha BEPOSATHOCTHTE
Rz(adj) ca I0CTa BUCOKM OT T€3W Ha Monel. Moxaena [ Source Simof Squares | D Mean Square | F-Ratio | P-Value
MO3Ke J1a Gb/Je PHET 32 aJICKBATCH C HMBO HA JOBE- [ Mode 223004 L o 2170 | 0.0012
putenHa BepostHocT ot 95 %. Total 315515 10
C'l'a'l'l/lc'l'l/lKa Ha Mojiej1a
Perpecnonen monen Ha eKCIOHEHIMATHA (YHK = 5o %
n¥st 6e3 BKIIFOYEHa KOHCTAHTA: RZ (adjusted for df.) = 70.6793| %
Sandard Error of Est. = 32.0609
Mean absolute error = 26.1546
Ta6.1.7 [lapamerpu Ha Mozena Durbin-Watson Satistic = 0.478865
Ilapamerpu na mojena  Onut N5 Lag 1 residual autocorrelation = 0.700884
Standard T
Parameter Estimate Error Statistic P-Value e —
exp(-X) 95.8248 2.15501 | 44.466 0.0000 o i : : : ;
AHaju3 Ha BEPOSATHOCTHTE
Source Sum of Squares | Df Mean Sguare | F-Ratio P-Value E]
Model 314085 1 314085 1977.22] _0.0000 g 12dy
Residual 142.966 9 15.8852 S
Total 315515 10 2 90|
C'l'a'l'l/lc'l'l/lKa Ha Mojej1a 5
R= 99.5469] % S gol
R (adjusted for df.) = 99.5469] % 5
Sandard Error of Est. = 3.98562 g a0l
Mean absolute error = 3.03029
Durbin-Watson statistic = 2.15723
Lag 1 residual autocorrelation = -0.325485 O . . . . 3
0 30 80 90 120 150
Mogen

¢ur.7 CpaBuurenna rpaduxa

133



Cumeon CABOB Ilerko HEJISIJIKOB

YpaBHEHHETO HA MOJETa B HATYPAIHU MPOMCH-
JIABH, chriIacHo Tabi. 8e:

1

f= BATS, % (8)

To3u Mozen He MoXxe aa Ob/e OLCHEH KaTo ane-
KBAaTCH, Thil KATO MMa HUCKH CTOWHOCTH Ha Koedu-
IIMEHTa HA MHOXECTBEHA Kopenauus R° 1 Ha KOpH-
rUpaHusi KOCHUIHMCHT HA MHOXKECTBEHA KOpENalus
R’(adj). Kpurepus ma ®uimep mMa 10CTa HHCKA
CTOMHOCT.

5. I3BOJIN

1) Kakro ce Bmxnaa ot 1abi. 7 u ¢ur. 6 cymap-
HaTa 3bPHOMETPUYHA XapPaKTEPUCTUKA MOJy4eHa OT
mpobata Ha onuT Ne5 ce anpokcumupa ¢ Hail-BHCOKa
TOYHOCT Ype3 eKCIOHeHInaIHa QYHKIUs OT BH/IA:

L=Ae?, % 9)

KbaeTo: A — koedurment; d, MM — auameTsp Ha
YACTUIUTE B TOTOBUS MPOIYKT;

2) JoOpu pesynraTtu ce Mojay4aBaT IPU perpe-
CHOHHHSI MOJEJ C JIOTapUTMHYHA (D)YHKIHS C BKIIIO-
yeHa KOHcTaHTa Tabn. 6 u ¢ur. 5. Ocranamure Mo-
nenu (tabn. 3, 4, 51 8u ¢ur. 2, 3, 4,4 7) He MoraT
Ja ObJaT MpUETH 3a aJIcKBaTHH C HHUBO HA JIOBEPU-
TenHa BepositHOCT oT 95 %. [Ipn Bcuuku onutH
CTOMHOCTTAa Ha TOKa3aTelis Ha JOBCpUTEIIHATA Be-
POSITHOCT 3a MOJIENIa U 32 PErPECOPHUTE € MO KpH-
TUYHATA;

3) AHaaM3bT Ha OCTAHAJIWTE ONMTH IO0Ka3a
CXOJHH XapaKTCPUCTHKH HA CTATHCTUYCCKUTE MO-
nend, kakto npu onut NeS. [Tosedero omuTH ce an-
POKCHMHUPAT C BHCOKAa TOYHOCT YpPE3 EKCIIOHCHIHU-
anna ¢pyakms. [Ipu 24 ot onuTUTe KOSHHUIIMEHTUTE
Ha MHOXeCTBeHa Kopenarms R2 u RA(adj) ce m3menst
B nuanaszona 95,29 % + 99,55 %a kpurepus Ha
Oumep 162 + 1977,22Te3u moaenu Morat aa Obaat

NPUETH 32 aJCKBAaTHU C HUBO HA JIOBEPUTEIIHA BEPO-
atHocT Hag 95 %.1Ipu 10 ot omuTuTe KOCdHIIUCH-
THTe Ha MHOXecTBeHa Kopemamms R un R(adj) ce
u3MensT B nuanazona 90,33 % + 94,73 %g kpure-
pust Ha Qumep 74,73 + 143,67Te3u momenu Morat
Ja ObJaT NPUETH 3a aJeKBaTHH C HUBO Ha TOBEPH-
tenHa BepostHocT Hax 90 %.Ocrananure 6 onura ca
C TO-HWCKM TMapaMeTpd, TOBa ca mpodure ¢
Hali-eipuTe QpaKium;

4) AHanu3bT HA 3bPHOMETPHUYHHMTE XapaKTEpH-
CTUKH M Ha CTAaTHCTHYECKUTE MOJENM IIOKa3Ba, 4e
M3MOJI3BAHETO M JAC(PUHUPAHETO HA MOJICH OT THIIA
(bopm. 9) yrecHsiBa ompeensiHETO HAa Ka4eCTBEH
mokaszaten Ha TexHosornunus mnpouec B KMI-300,
KaKTO ¥ KOJIMYECTBEHOTO My omnpeaensHe. Taka
(dbopmynupanata (yHKIUs JaBa  KOJMYECTBEHA
OIICHKA Ha KA4YeCTBCHHM IIOKa3aTeJM Ha Ipolieca
TPOIICHE PeaTU3MPaHO C MOMOIITA Ha KOCPHUIINCHTA
A

5) 3a ompenensHero Ha koeduuenTa ,A” Morar
Jla Ce€ M3I0JI3BAaT MATEMATHYECKH MOJIEIH — MHOIO-
(hakTOpHM pPErpPECHOHHHM 3aBUCHUMOCTH IOJIYYCHH
MpY aHAIW3a Ha ANPOKCHMUPAIINTE ypaBHEHHS Ha
3bPHOMETPUYHHUTE XaPAKTCPUCTUKHU.
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Abstract: This paper presents dependency in the particle size characteristics of CKIZBBE0) production. There are
presented the choice of purpose functions and governing factors during experiment and experimental setup. There is
formulated and researched the function for quality purposes of technological process of (U REDO). The analysis

of the results through statistical methods gave the conclusions for defining the new form of quality purpose function for
technological process of CIC — 3@H{I-300).

Keywords: CIC — 300 KI1/I-300), mathematical modeling, particle size characteristics

KnrouoBu nymn: KM/1-300, maTeMaTnaHO MOJIETMPAHe, 3bPHOMETPUYHY XapaKTEPUCTUKH
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MHOI'OITAPAMETPUYHA OIITUMU3ALUA ITPU CUHTE3 HA
IMPOCTPAHCTBEH JIOCTOB MEXAHU3bM 3A PASBE/IUHUTEJI 3A
BUCOKO HAIIPEXKEHUE

HNBan UBAHOB
kateznpa , Teopust Ha MexaHu3MuTe u MamnauTe”, Texauyecku yauBepcureT - Codust, bbarapus
e-mail:jvanov_i s@abv.bg

Pesome: B Hacrosiara paboTa € nokasaHa €iHa Bb3MOXKHOCT 32 ONITUMAJICH CHHTE3 Ha IIPOCTPAHCTBEH JIOCTOB MEXaHU-
3bM 3a Pa3eMHUTEN 32 BUCOKO HamnpexeHue. HampaBeHa e npoBepka Ha pe3yJaTaTUTe OT CHHTE3a C IOMOId Ha KOMIIIO-
ThpeH MoJiel, 6e3 HyXk/aTa OT Ch3/1aBaHe Ha (PM3UUECKH MOJEI.

KuarouoBu JAYMH: OIITUMAJICH CUHTE3, IIPOCTPAHCTBCH, MCXaHU3bM, PA3CAUHUATECII

1. BbBEJIEHUE

[Tpu 3acuiieHaTa KOHKYPEHIMSI Ha CBETOBHUS Ma-
3ap ce Hajara M ONTHMH3HPAHETO Ha MEXaHH3MH ChC
CPaBHHUTEJIHO IPOCTa KOHCTPYKLHMSA, KOETO HE Ce €
CUMTAJIO 32 HY)KHO Npequ HacThIIWJIaTa CBETOBHA
(uHAHCOBA M CHEPTUIHA KpH3a.

PasequnuTenuTe ca €JIEMEHTH OT MOJCTAaHIMUTE,
KOMTO CB3J[aBaT CUTYPHO W BHAMMO IIPEKbCBaHE
MEXAYy 4YacTHTE II0J] HAlpeKeHWe W ydacTbKa OT
eJIEKTpUYECKaTa BEpUra, IO KOSATO ILie ce padoTH

(dur. 1).

i

a
¢ur.1 OO0 BUI HA pa3eAWHUTEN OT BEPTHKAIHO-
BBPTSLL CE THII C JISAOPa3PyIIABAII0 YCTPOHCTBO — a) 3aT-
BOpEH; 0) OTBOPCH;

Hskon OT OCHOBHHTE HM3HMCKBAaHUS MPEIIBIBAHU

KbM KOHCTPYKIHSITA Ha Pa3eIUHUTENS Ca!
Ja e mpocra ¥ KOMIIAKTHA, ¢ MAJIKA Pa3MepH, Maca,
CTOWHOCT U Pa3XO0J 0 MOIbPIKAHETO, J]a OCUTYPsIBa
TEXHUYECKa €CTeTHKA Ha MOACTAaHIMHTE, yI0OHO 00-
CITy»BaHe ¥ PEMOHT, H 1p. [4].

B pasenunuTenuTe 3a BUCOKO HAINpPEKEHHE 33 OT-
KPHUT MOHTQXX C BEPTUKAITHO JBH)KCHHE Ha M3ITBJIHU-
TEJIHOTO 3BEHO C€ HM3IOJI3BAT MPOCTPAHCTBEHHU JIOC-
TOBHM MEXAHHU3MU.

3a no-ronemu Hanpexenus ot 10 KV paseaunu-
TeJIUTE TPsAOBA Ja NMPUTEXaBaT U JIeN0pa3pyllaBaly
ycrpoiictBa. ChbllecTBYBa rojIMO pa3HooOpasue OT
pelieHus 3a pa3pyluiaBaHe Ha Jie[eHaTa OOBUBKA.

= £} .__In'! t:-:' .f ]

¢ur.2 O6nenena KOHTaKTHA CHCTEMA
Ha paseaunuren Ha Cleaveland/Price Inc.

B Hali-pasnpocTpaHeHUTE M HAW-IIPOCTH KOHCT-
PYKIIMH TJIABHUSI HOXK TIPY JBWKCHHUE BbB BEPTHKAI-
Ha pPaBHHHA, U3BBPIIBA M POTAIUS CIPAMO HAJUTHK-
Hata CH oc. Tasu poraiys BbB (pa3aTa Ha KOHTAKT
CITY>H 3a 4yIleHe Ha JIe U 3a pa3TBapsHe Ha KOHTaK-
THHUTE IJTACTHHH (II0-T'OJISIM KOHTaKTEH HATHUCK).

2. MPOBJIEM HA CBIIECTBYBAIIIUTE
KOHCTPYKIIUHN

1) I'maBHUST HOX ce CBBP3Ba ¢ HOCeIaTa KOGHIHIIa
(r.C ¢wur.3) mocpenctsom meouna ot 1V kmac. [u-
nuHapuyHata asouna (ot IV kmac) ce u3HocBa Obp-

137



Vsan UBAHOB

30 (1 3amoyBa ja 3aKinuHBa). TpyaHO ce 3almuTaBa oT
3aMbpcsiBaHe, oonensBane, koposus. Ckpra e 3a 13-
paboTka u € BUANMO IPOOJIEeMHA YacT OT HHaye
MPOCTUTE U HAJIEKTHU MEXaHU3MHU.

=A (cdepuyHa AsonLa)
1 4

iB(B'prﬂLLl,a ABouLA)
3

—
BbPTALY HenoaBMXeH
vnsonartop nsonatop =

¢ur. 3 O0m Bu Ha MEXaHU3BM Ha Pa3eIUHUTEI

2)['naBHUS HOX MPH BKIFOYBAHE JOCTUTA JI0 YIIOP
B KOHTaKTHaTa CHCTeMa. ToraBa poOTaIusTa OKOJIO
0CTa MY TIPOIBIDKABA, HO 3aCHO C JIOTBIHUTEIHO (1
HEHY)KHO) JBIKCHHE — OCeBa TpaHciarms. Taka en-
HOBPEMEHHO C pOTAalHATa Ce IoNlydaBa CyMapHO
BUHTOBO JBIDKEHUE.

Tpancnamnusara € HeXxellaTeNHa, 3al0TO HaToBap-
Ba KOHTaKTHHUTE IIACTHHH B OCEBO HAmpasieHue (1o
OCTa Ha INIABHUS HOX);

3) [IIpobGnewm, cresaii OT MPOMEHINBATA
CTPYKTYypa Ha MEXaHU3Ma, CE SIBSIBAT U TPYJHOCTUTE
NP U3rpakaaHe Ha BUPTYyaJleH MPOTOTHII.

3. IPEJJIATAHO PEHIEHUE HA
ITPOBJIEMA

Haii-onpocteHuss B CTPYKTYpHO OTHOILEHUE JIOC-
TOB MEXaHH3BM € TOS - C HAH-MHOTO BBPTAIIN JIBOH-
M.

Upes noaxoAsmo (ONTHMAaIHO) CHOTHOIIECHHE Ha
JOBIDKHHATE HA 3BEHATA MOKE J1a TOJNyYUM MEXaHH-
3bM, Ha KOWTO TJIABHUS HOXK JOCTHIAafdKM XOPH3OH-
TanHo mojokeHue ((hasa Ha KOHTAKT) Ja CIpe IBH-
JKEHHETO BHB BEPTHKAJIHA paBHUHA (32 HaH-IBJITO
Bpeme). Criesl TOBa J1a M3BBPIINA YHCTO BBPTEHE OKO-
JI0 HAJUTHKHATA CH OC, JIOCTATHYHO J1a Pa3TBOPH KOH-
TaKTHWUTE TUIACTHHY U Ja CIYIIH JieJieHaTta OOBUBKA.

Ilpyn TaksB MEXaHM3BM MOXKE 7a 3aMCHHM IId-
auHapuyHaTa asouna (Gur. 3) ¢ BepTAILA.

3a penraBaHeTO Ha Tas 3aJaya U3MOoJI3BaMe METO-
Jla Ha MHOTONapaMeTPUYHATA ONITUMH3AIIHS OIMCAaH B
[2].

Taka NPOEKTHPAHHUAT MEXAaHU3BM ILE UMa ClIEI-
HHTE TPEIUMCTBA;
1) T'naBHHAT HOX IIE CE€ CBBP3Ba C HOCENATa KOOHU-
muna (nBomnara B T.C ¢ur.3) mocpeacTBoM JBOHUIIA
ot V xiac kimac BMecto ot |1V . BepTsmure apounn
(ot V KIac) ©MaT MHOTO MPEIUMCTBA [0 OTHOLIEHUE
Ha [WIAHIPUYHATE. M0-M3HOCOYCTOYHMBH, MO-TIPOCTA
Y €BTHHA M3pa0O0TKa, TMO-HAACKIHH, 00E3MEUCHO 3aT-
BapsHE HA KHHEMATHYHATA BEPHUIa U JIP.;
2) Morar J1a ce U3MOA3BaT CTAHJAPTHH €JIEMEHTH 32
TOKOOTBEK/IAHE ;
3) Hsma na uMa HaTOBapBaHe Ha KOHTAKTHUTE ILJIac-
THHH B OCEBO HaIPaBJICHUE;
4) JIpyro npeauMCTBO € Bb3MOXKHOCTA 33 W3rPaxKia-
He Ha BUPTYaJICH TPOTOTHII 3a Obp3a W €BTHHA TPO-
BEpKa Ha pe3yJTaTuTe OT CHHTe3a. ToraBa Morar ja
Ce M3MOJI3BAT W ChbBPEMEHHN METOJN 32 KOHCTPYHpa-
HE Karo HAIpUMep onMcaHust B [6] mpoekT e-
HHXKCHEPHHT.

4. OIIMCAHUE HA CTPYKTYPATA U
KUHEMATUKATA HA MEXAHU3MA

(1)111". 4 KuHemMaTH4Ha CXeMa Ha MEXaHHU3Ma

3aaBIKBAaHOTO OT MEXAHHU3BM C MPEKBCBAHO pe-
BEPCHUBHO ACWCTBHE KOIIHO 1 € CBBp3aHO C MpOCT-
paHCTBEHAaTa MOTOBHIIKA 2 upe3 cepryHa JABOMIA C
meHTbp Touka A . IIpe3 Touka B Ha MOTOBWIJIKaTa
MMHABa OCTa Ha BHPTSIILA JBOUIIA, KOSTO CBbP3Ba M3~
IBIHUTETHOTO 3BEHO 3, HA KOCTO € pa3MoJIO0XKCH
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KoHTakTHUAT HOX H. B Touka C Ha 3BeHOTO 3 € pas-
MOJIOXKECHA OCTAa HA BTOpATa BHPTSILA JABOMIIA, KOATO €
C 0C, OPHEHTHPaHa KPHCTOCAHO HA TIPAB BI'bJI CIIPSIMO
ocTa Ha jgsounara B Touka B. Hocemara kobunmma 4
€ CBbp3aHa KbM CTOMKAaTa Ype3 BhPTAIIA TBOMIA, OC-
Ta Ha KOSTO JISKW B XOPU3OHTAIHATA PAaBHUHA M MH-
HaBa mpe3 Touka D. KoisiHOTO ce BhpTH OKOJIO Bep-
Tukanaus Baa OO . BepraimuTe ABOMIM HA KOOWIIHU-
nara 4 ca opumentupanu kpbcrocano Ha 90° exma
CITPSIMO JpyTa.

[Ipu XOpW30HTATHO TIOJOKEHHE Ha 3BEHOTO 4,
KOHTAKTHUAT HO HAa U3NBIHUTEIHOTO 3BEHO 3 ce
00XBala OT KOHTAKTHUTE CJICMEHTH Ha pa3eJuHUTE-
ns. Beprsmara apouna B Touka C € €IHOCTPAHHO
orpannueHa o ocra D;C, koero ch3gaBa BB3MOX-
HOCT B XOPU30HTAIHOTO IOJIOKCHHE TS J1a Ce MPeod-
pasyBa B mmiauHIpu4HA japouria ot [V xmac. Tosa
MO3BOJISIBA KOHTAaKTHHUAT HOX Jia W3BBPIIBA €JHOB-
PEMEHHO TPaHCIAINSA U POTAIHS CIPSIMO HETIOIBHXK-
Hata koOwmmna 4. Ilo To3u HaYuH 3a oIpenesicH UH-
TepBaJl Ha BI'bJIa HA 3aJBIKBAHE CE MOJIydaBa MeXa-
HU3BM C IPOMEHEHA CTPYKTypa ChCTAaBCH OT 3 MOJ-
BH)KHH 3BEHA.

[IBpBOTO CTPYKTYPHO CBHCTOSHHE Ha MEXaHU3Ma
Ce OIMCBAa OT CUCTEMATA!

l,.sing, =
=(1; +1,.sing,;) .sing
l,.cosp, =(1,~1,.C09,;) .cOB 0~
~[Ci*(Is+1,8ing ) .COB 5] i 44 )
a=(I,=1,.cosp,,) .sing +
+[c, +(I5+1,.5ind ;) .copp, | .co,,

BTopoTo CTpYyKTYypHO CBHCTOSIHMUE Ha MeXaHU3Ma
ce TMoJiyyaBa NpPHU XOPU3OHTAIHO IMOJIOKEHHE Ha
TJIABHUS HOK, KOWTO OMHUpa JI0 YIOP ¥ KHHEMaTHYHA-

ta gsoura B T. C craBa ot IV kinac. Torasa ¢,, =0,
a |, e mpomennus mapamersp |, = L4(¢1) u (1) ce

npeoOpasysa B:

l,.sing, = (15 +1,.5ing ;) .sing 5,

l,.cosp, = L,(#,) 1, c0Sp

a=c, +(lI;+1,.sing,;) .cogp,,
Cne,u BBBCK/IAHC Ha 6C3HI/IMCHCI/IOHHI/ITC pasMepu

(2)

I I I
/]2:|_2; /\3:|_3; A, =24 =
1 1

L, (¢
SO
1
Pemennero Ha cucremara (2) moxe aa Obae
npeACTaBCHO BbB BUJa
a-c
s (3)
(4)

A, =cosp, —b, - sigi{},) A2 -(sT )" (5)

sin
@,, = arct i—¢1 *
s

#,, = tarcsi A (ks)
/]2

KBJETO S= \/sinz ¢ +(a-c)’.
5. OIITUMHU3ALINA HA MEXAHU3MA

3a Ja CHUHTE3UpaMC MEXaHU3BM C MaKCHUMAJICH
npecmﬁ Ha U3OBJIHUTCIHOTO 3BC€HO B MBPTBO IIO-
JIOXKE€HHE, pasriexaaMe MeEXaHu3mMa BbB BTOPO
CTPYKTYPHO CHCTOSAHUC (I‘J'IaBHI/ISI HOX € (1)I/IKCI/IpaH B
XOPHU30OHTAJITHO HOHO)KGHI/IC) OKOJIO MBPTBO IMOJIOKE-
nre. 3BeHoto 4 e ¢ MpOMCHJIMBA  AbJIKUHA

I, = L4(¢l). W3bupame Iyl Ha 3aBbpTaHe Ha 3a/-

BIKBAIIOTO 3BeHO @ (cumerpuuen Ha @, =0°), Ta-

wop e La (#1) = const.
(% =0 CBOTBETHO dA, =0). OueBUIHO MOXKEM
dg, dg,

Ja 3aMeHUM nunuHApuyHata asouna B T.C (¢ur.3) ¢
BbpTsla. ToraBa MexaHu3mMa € B IIbPBO CTPYKTYPHO
cecrosiaue (I, =const).  M30bIHUTENHOTO — 3BEHO

Ha MEXaHM3Ma IIe peaNn3upa MPecTOW HpPH IBHXKE-
HHE BHB BEpPTHKAJHA paBHUHAHA, O€3 Ja ciupa poTa-

MSATA OKOJIO OCTA CH, 32 @ .

Hemro nosede — brIoBaTa CKOPOCT HA Ta3H POTa-
st e Makcumansa B ¢, =0°.

OnTyMaHO pelICHUe ¢ MCXaHH3bM ¢ TAKMBA Ia-
pametpu a,b,,C;,A,,1,, 3a kouto Bren  P'e Mak-
CHMaJIeH.

Axo pasriegame rpadukara Ha (QyHKLIUATA

N, (#,) (dur. 5) Bwxname, ue @ e TonKoBa mO-
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TOJISIM, KOJIKOTO € IMO-TOJISIM PaguyChT Ha KPUBHHA d?A YV
R(a1!b11011/121/]3) Ha /\4(¢1) B ¢1 :00 (d)yHK_ Z(aj"bl,cl’/lz'As)z[ d¢24] :

1
was A, (4,), ¢ mapamerpu a,b;,C;,A,,45, 3a xomto b. Orpanuunrennu ycaosus
rpadukara it uma ,Hai-THI" BPBX) 3ananenu napamerpu (1,2);

TonoXKUTENHN IBIKMHY Ha 3BeHara (4,5);
JlonycTumu BbIIIM Ha mpeaBane Ha cuiute (6);
Koncrpykropcku (3-rokoB3eMaHe)

VYcnoBue 3a chllecTByBaHe HA Mexanu3ma (7);
VenoBue 3a 3aeMaHe Ha BEPTUKAIHO I0JIOKEHHE HA
[JIABHUS HOX NPY M3KJIIOUEHO ChCTOSHUE HA pa3eiu-

aurens (8);
/ C. MaremaTu4ecku Mojaea
fi0i A B (a1 _C )2
min<z=| -1- 2 12
2 _ _ _ 2 _ 2
¢ur. 5 'paduka na pynxuusra N\, (¢1) \//]2 (/13 \/(a1 C1) ) \/(ai Cl)
5, TIPH CIEIHNUTE OTPAHUIHUTEIHY YCIOBHS:
T (an, 1% flaea, 1) a, =1.4
R=1+ 2 | (2) b =1.2
dg, dg;
A (3) ¢ 20.5
Ho mpu ¢ =0, d—4 =0 3a BCAKO (4) 4,20
2 (5) 4,20
a,b,c,A,,A; panuyca kato GyHKUMS HA mapamer- 6) a, 2 ¢, +A
pure R(a,b,c;,A,,4,) no6usa Buxa: T (a1—3c L )2 b
1 2 = 1 3 1
R= : (8) A, <1+b —c,— A,
2
- A4 —y(a-¢) 6. UACJEHO PEIIEHUE

\/Aﬁ —(As-\/(al-cl)z ) Ja-c)

OcraBa J1a ONpeIeuM 3a KOW CTOMHOCTH Ha Iia-
pamerpure a,,b,,c;,1,,1;,
2
d°A,

d¢2 e MakcumanaHo osmsko g0 O
(!

2 2
(w1 chIoTo - MIN [dd /\24 ] ).
1

¢ur.7 Llenesa GpyHKINSA 1 OTpaHIICHHS
a. eseBa ¢pyHkuus
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¢ur. 8 I'paduka Ha pyrkmmsra N, (¢l)

7=2.66511928627197544107"°

IIpu
a, =14
b =12

¢; =0.503320449405951
7»2 =1.55456884690095
l3 =0.141147151701905
X4 =1.158759372

YuciaeHUTe pe3yiTaTd ca MOJNYyYCHH MOCPEACT-
BoM mpoaykra Maple 14.

7. MOJIEJB ADAMSHA
ONITUMU3UNPAHUA MEXAHU3BM U
PE3YJITATH

¢ur.6 Monen 8 ADAMS

CHHTEe3UpaHUsl MEXaHU3bM IIC peajm3upa IMpecTon
HA W3MBIHUTEIHOTO 3BEHO IPH POTAIMS BB BEPTH-
KalHa paBHMHA (BBpTEHE OKOJIO miapuupa B T.D
¢wur.1-8) 3a OBWKEHUE HA 3a[BMIKBALIOTO KOJISHO OT

HavarHo nosoxenue - @ =—-10 mo ¢ =10 . IIpes
TOBa BpPEME H3IBJIHHUTEIHOTO 3BEHO ¢ H3BBPIIBA
YHCTO BBPTEHE OKOJO HAUTBXHATA CH OC (OKOJIO
wapuupa B T.C ¢ur. 3) Ha bron@,, =20 ( ¢ur. u
10) —mocrarb4Ha CTOMHOCT, KAKTO 3@ YyICHE Ha Jie],

TaKa U 3a CBUBAHC HA KOHTAKTHUTC IPYXKHUHU OCUTY-
pABALIIA HCO6XO,HI/IMI/IH KOHTAaKTCH HATHUCK.

rafika 1
100.0 3
Tl =—%idn
e
80.01
70.04
= 600
i} .
o
o 5001
= i
=2 ] A
400 L= el
il [ - [ “]
8001 B T \.\\
200 I A — ! | | | X
J /r‘ |- I ol
1001 # Mg
o | 1 | | | | 2
oo T T T T T
0.0 1.0 20 3.0 4.0 5.0 G0s
0 15 4 &0 an 120 fil{deg) 180
¢ur.9
grafika 2
| |
-
! ps
4
e
Pl
(-
4 P |
7.0 //
] .//
= 504 |
= -
o 507 =
4.0 s
| L L
304 o
B f o
2.0 A
4 s
& //
01— /
4 g | bt T
0o T T T T T T
0.0 0.05 0.1 0.18 02 0.25 0.3z
i 3 g fil(deq) a
¢ur. 10

Ha ¢ur. 11 e moka3aHo M3MEHEHHETO Ha pelia-
THBHHTE BIVIU BB QyHKIUS HA .
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8. 3AKIIOYEHUE

CnenBaiiku peaa Ha pab0Ta OMHKCaH MO-TOPE, CICH
TUIIOBUSI CUHTE3, MATEMATUYECKU € TapaHTUPAHO I0-
Jy4aBaHETO Ha ONTHUMAJeH MEXaHU3bM IO Ompese-
JIEH KPUTEPHil IPU U3BECTHU OTPAHUYCHUSI.

Cp3azeH € MpoCcTPaHCTBEH JIOCTOB MEXaHU3bM C
MaKCHMaJieH MPecTOl Ha U3MBbHUTETHOTO 3BEHO OKO-
JI0 MBPTBO TOJOKEHUE HA MEXaHU3MA.

IIpx mpocTpaHCTBEHH MEXaHW3MH C BBPTSIIIN
JIBOWIIM TOPEOITMUCAHUS METOJI MOXE Jla Ce M3IIOJI3BA,
KaTo ce (PMKCHpa B MBPTBO TOJIOKEHUE U CE IIpHEME
MOCJIETHOTO 3BEHO 33 3BEHO C MPOMCHJINBA JBJDKUHA.

Mosxe ma ce CHHTE3HWpa ONTHMAaJCH MEXaHH3bM
M0 HSKOJIKO KPUTEPHS, Ype3 METOIUTE HA MHOTOKPH-
TepHUATHATA ONTUMHU3AIUS.

I/ISCHGHBaHeTO € IOJIC3HO U 3a pa3BUTUCTO HaA 0b-
pA(S30005 pa3pa60TI<M Kacaclu CUWJIOBHA OHMHaAMWYCH
CHHTC3 Ha HO,HO6HI/I MCXaHU3MHU.
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MULTI PARAMETRIC OPTIMIZATION IN SYNTHESIS OF SPATIAL
LINKAGE MECHANISM OF DISCONNECTOR

Ivan IVANOV
Dept. of Mechanisms and Machines theory, Technical University of Sofia, Bulgaria
e-mail:ivanov_i_s@abv.bg

Abstract: This article shows one possibility for optimum synthesis of spatial linkage mechanism for hi-voltage discon-

nector. Verification of results is done with computer aided model, without need to building a physical model.

Key words: optimum synthesispatial, mechanism, disconnector
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