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EKCIIEPUMEHTAJIHO OIIPEAEJIAAHE HA KOE@PUIIMEHTA HA UHTEH-
3UBHOCT HA HAIIPEKEHUSATA Ki

T'aamna TOJOPOBA

kateznpa ,,CpIpoTHBiIeHHe HAa MaTtepuanute”’, Texanueckn yausepcutet - Codust, benrapus

e-mail: gtodor@tu-sofia.bg

Pe3tome: IIpunoxkeH e METOOBT Ha KOOPAMHATHUTE MPEXKHU 3a SKCIIEPHMEHTAIHO OIpEe/eITHe HA Koe(UIMeHTa Ha UH-
TEH3MBHOCT Ha HanpexkeHuara Ki 3a mykHaTHHa ¢ KpaeH paanyc NpU paBHUHHO HalperHaTo cherosiHue. [IpencraBenn ca
ANTOPUTHMBT 3@ U3UUCIICHHS M eKCIIEPHMEHTAIHU pe3ynTaTty 3a Ki.

KitrouoBH 1yMu: MeTo/l Ha MPEeXHUTE, KOSPUIUMEHT Ha HHTEH3UBHOCT Ha HanpesxeHusaTa Ki, paBHUHHO HAIPErHaTo che-

TOSAHHUE

1.BBBEJIEHUE

B nwuneiinHara MexaHumka Ha pa3pylIaBaHETO
MyKHaTHHHUTE CE Pa3/elisiT Ha TPH TUIA CHOpPE BUAA
Ha JeopmanmmTe, KOUTO C€ pa3BUBAT B OKOJHOCTTA
Ha TexHuTe Operose. Ha Tpute Tmma cpoTBeTCTBAT
Koe(pUIMEeHTHTE Ha MHTEH3UBHOCT Ha HANPEKECHUATA
- Ky, K Ky,

KoeunueHTsT Ha MHTCH3MBHOCT Ha HaIpekKe-
musta (KMH) ompenenst roneMuHaTta Ha Hampexe-
HUsTa B ONM30CT 70 BbpXa Ha IyKHaTHHATA WX
[0-TOYHO, KOJKO OBP30 T€ HapacTBaT C MPUOJIIIKA-
BaHe KbM Bbpxa Ha mykHatuHata. KMH 3aBucu or
HAaTOBAapBAHETO, JBDKMHATA Ha ITyKHATHHATa, HEH-
Harta GopMa U OT FeOMETPUIHUTE i TPaHUIIH.

Ilpn mHpBHS THUI NPUIOKEHOTO HATOBapBaHE
0TBaps MMyKHATHHATA.

BropuaT Tum HaToBapBaHE OTrOBaps HA paB-
HUHHO (HAJUIB)KHO) CPSI3BAaHE, NPH KOETO EIWHUST
OpsIr HA MyKHATHHATA IPUILTB3BA CIIPSIMO APYTHS.

TpetuaT THI HaTOBapBaHE OTroBapsi Ha Hall-
PEYHO CpsI3BaHe.

KoedunueHTsT Ha MHTEH3MBHOCT Ha HaIpeikKe-
Husita npu Tan [ myknatuna - K| Moxe na 0b1e u3-
YHCJICH M0 Pa3IMiHU HAYMHU. 32 OCTPH IIyKHATHHU €
NOAXOSIIIO 4KciaeHo (1o Mertona Ha KpaiHuTe
enemenTH) [11] mim aHaMTHYHOTO ompenensHe (3a
orpaHudeH Opoit koHpurypamnmn) [7]. B Hixou ciry-
Yau €MHCTBEHO BB3MOXKHO € EKCIICPUMEHTAIHO MY
OTIpENEeIsTHE TOCPEACTBOM TEH30MEPTHUCH METO[,
MeTox Ha (hOpOENacTUIHOCTTA, METOJ Ha Kopelna-
LUNTE U T.H.

OTaBHa € MO3HATA BE3MOKHOCTTA, TOCPEICTBOM
CTOMHOCTH OT IOJIETO Ha MpPEeMECTBaHE, Ja Ce U3-

qyucisiBa KOC(I)I/I]_[I/IGHTa Ha MHTCH3UBHOCT Ha Halpe-
xenunta K| [4]. Enau moaxoau ce cBexxaaT Ao pe-
[IaBaHe Ha ONpE/CICHa CHCTEMA YPaBHEHHS, a APYTH
10 npeonpeneneHa [9].

ExcniepumenTantoro onpenensine va K, e tpu-
BHAJTHA 3aj[a4ya, aKo U3CJIEeI0BATEISIT MOXKe Ja Obie
CUTYPEH, Y€ BCUYKUTE U3MEPEHH CTOWHOCTU OT I10-
JIETO Ha TPEMEeCTBaHE JIe)KaT B 30HATA HA CHHIY-
JSIPHOCT, 0OXBallaila BbpXa Ha MyKHaTtuHaTa. To3u
Clly4ail € pSOKO CpelllaH M TOBa C€ IbJDKH Ha JBE
MPOTHBOPEYAId CH OrpaHudeHus. [IbpBoTO € oOr-
paHMYEeHHETO Ha TOJEMHHATA HA TPOOHOTO TAIIO,
KOETO BOJAHM [0 MajKa 30Ha HAa CHHTYJSIPHOCT C He-
u3BecTHA opma U pasmepu. BropoTo orpanndeHue e
3a Pa3CTOSIHHETO OT BbpXa HA MyKHATHHATA, HA KOETO
ce M3BBPINBA M3MEpPBAHE Ha MPEMECTBAHE MOPaIH
HAIMYKe Ha 30HA C HENHMHEWHHW npouecu. Toa or-
paHWYEHHE € Hal-CUJIHO, KOraTo ce M3MepBa mpe-
MECTBaHE OT MOBBPXHOCTTA HA MPOOHOTO TSUIO, Thid
KaTO M3MEPEHUTE CTOMHOCTH TPsAOBa J1a ca OT TOYKH,
KOHWTO Ca Ha Pa3CTOSHHE MOHE MOJIOBHHATA OT Jie-
OenMHATa HA IUIOCKO TSJIO, KOETO TapaHTHpa, Ye
MPEMECTBAHETO TI0 MOBBPXHOCTTA € MPEICTABUTEITHO
3a MpeMecTBaHeTo npe3 aebenuHara [9].

Ilen Ha Ta3u cTaTHs € Ja MPEACTABH MPHIIOKE-
HHETO Ha METO/a Ha KOOpAUHATHUTE Mpexu [2,3] 3a
EKCIIEPHMEHTAIHO OTpe/IeNIsTHE Ha KOe(HUIIMeHTa Ha
MHTEH3UBHOCT Ha Hampexenusita - K 3a tum I myk-
HATHHA C KpaeH PaJuyc BbB BbpXa IIPU M3MOJI3BaHE
Ha CTOHHOCTH OT TIOJIETO Ha MpEeMecTBaHe U 0000-
menust anroputbM Ha Sanford [10] 3a m3uucnsBane
Ha K|.
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Tamuna TOJJOPOBA

Iloka3aHO € Kak TOYHOCTTA Ha peE3yaATATUTE 3a K|
CC BJIMAC OT 6p0$[ U TIOJIOKCHHUCTO HaA TOYKUTEC, B
KOUTO € HAIIpaBE€HO U3MEPBAHEC HA MIPEMECTBAHETO.

2.TEOPETUYHU 3ABUCUMOCTHU

2.1 3aBUCUMOCTH, MPEACTABSIIY M0JIETO HA TIpe-
MeCTBaHe NPH PABHUHHO HANPErHATO ChCTOSIHUE
B OKOJIHOCTTA HA BbPXa HA NYKHATHHA

Barker [4] wusnomsBa ciemaure — 000OIIEHH
ypaBHEHHsI 33 IyKHATHHA OT THI | 3a onpesiensiHe Ha
Koe(lmul/[eHTa Ha WHTCH3MBHOCT Ha HANPEKCHUATA
K| mocpeacTBoM u3MepeHH CTOWHOCTH OT MOJICTO Ha
MpEMEeCTBAaHE NPU PABHUHHO HAMPETHATO ChCTOSHHE
U W3M0JI3BaHE HA METOJIa Ha MPEOIpeIeieHaTa CUC-
TeMa ypaBHEHUS:

EUX = Zczj —2{(17v)cos(j+%)67(l+ v)(j +%)sin631n(j 7%)9}

j+1
+ CQMh[Zcos(Hl)S—(1+v)(j+l)sinesin(j6)]
- +

)

j=) "3
r L1 1. .1
EUy:ZO:CZjﬁ{251n(1+5)9—(1+v)(J+E)s1necos(J—5)6}
j= jr=

2

= ris L . . )
+ Z}CZH m[(1—v)sm(; +1)0— (L+v)(j+ ) sin 6 cos(j6)]
p

)
KBJETO
UX e mpoekuusiTa Ha MPEMECTBAHETO 10 HaIlpaBIle-
HHUE Ha myKHaTHHATa (¢ur.l);
Uy e mpoeknusiTa Ha MPEMECTBAHETO B HANIPaBJICHHE,
KOETO € MepIEeHNKYJISIPHO Ha MyKHaTuHata (¢wur.1);
E - Mozyn Ha enacTHYHOCT;
v - koeduuueHt Ha [loacos;

Y*L  x Y,Uyl
< > eA(XY)
b X, Ux
r A Vi
[ykHaTrHa e
X*

¢wur.1 Koopnunatau cuctemu — riiobanna (XY) u JlokanHa
(mexaproBa - X*Y™* 1 mossipHa) ¢ Ha4aJI0 BbpXa Ha MyK-
HaTHHATa

3a Besika TouKa ¢ kKoopausath (1,0, ), B KOATO
e u3MepeHo npeMecTBaHeTo (¢ur.l) moxe xa ce 3a-
nure:

EUx, =S,(r,6,)C,,i=1..N,1=0..M A3)
u ananornuno: EUy, =S, (1,0, )C, 4)
WK
EUy, =C,S,, +C,S; +..,i=1..N,1=0..M (5)
KBJETO:
C, ca Hen3BeCTHH KOeUIHMEHTH Ha (QyHKIMHUTE HA

IpEMECTBaHE;
S (ri , Gi) ca M3BECTHHU (DYHKIMU HA IOJIO)KEHUETO -
(ri ,0, ), omnpezeinenu ot (1) nim (2) 3a Touka ¢ HOMep
i ot ceBKynHOCTTa N OT TOYKHTE, B KOUTO € H3Me-
peHo mpemectBaneTo — UX mmm Uy,

KoepuueHTbT Ha WHTEH3MBHOCT Ha HaIpeXKe-
Husta - K e ce onpenenu npu | =0 or C, xaro

K, = Cov2n (6)

2.2 ®opMupaHe Ha mpeomnpeaejleHaTa cUCTeMa
JIMHEIHN ypaBHeHus 3a n3uuciasBade Ha K
3a jajeHa ChbBKYIHOCT OT JaHHM - (ri,ei,UXi)

win (r,,0,,Uy,), noiydenu oT u3MepBaHe, HEw3-

BECTHUTE KOC(HUIIMESHTH C|, 1=0,1.M B (1) u (2)

MoTraT a ObJaT M3YKMCICHH MOCPEICBOM pelllaBaHe
Ha TIpeoTpe/ielicHa CHcTeMa ypaBHeHHs. Tasu cuc-
TEMa Ce ChCTaBsl MPH YCIOBHE, ue OpOSAT HA H3Me-
peHHUTE CTOWHOCTHU (ri,ei,UXi) WK (ri,ei,in),
i=1..N e mo-royiiM OT Oposi Ha HEM3BECTHUTE KOE-
¢unpenta — Cy, 1=1..M mwim N>M. 3a Uy — mosnero
mpeoTipe/ieiecHaTa CHCTEeMa ypaBHEHHs, KOATO €
ChCTaBHA TI0 TOPEONMCAHUs HAYWH, UMa CIICTHUS
BHII:

Uy,= Suu(1, 6,)Co + Su(rveEl)Cl + Sy (1,8, o

Uy,= Sea(12,0,)Co + Slz(r27eE2)Cl + - Sua(12, 0, )Cuy (7)

Uy, = Son (s 83 )Co + Sin (s B3 )Cy + - Sy (75,8, )Co
E

B marpuuen Bujg cuctemata (7) ce mpenctasst
KaTo:

[uy]=[s]c] 8)
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KBIIETO BEKTOPBHT Ha HeusBecHHuTe KoeduuueHtu C)
(1=0..M) ce nomnyuasa or :

[c]=[ss}is] [uy] (©)

Marpurata [S'S] e cumerpuuna u moN0KUTETHO

ompezeleHa, IoOpagM KOeTo HeifHata oOpaTHa -
[S' S]‘ MosKe J1a ObJie M34nCIIeHa.

IlpeonpeneneHara CUCTEMa YpaBHEHHS — Ce
CBEXKIA [0 ONpelesieHa [0 METO/A Ha Haii-MallKuTe
kBazaparu [4,6].

2.3 IIpo61eMBT ¢ MpeMecTBAHETO HAa U3CJIeABA-
HOTO TSJIO KaTO TBHPAO TSIO

Koraro ce omurBame ekCHepHMEHTAIHO Ja Ha-
MEpUM TOJETO Ha NpPEeMecTBaHe, W3KIIOYUTEIIHO
TPYIHO € Jia eIMMHHUpaMe NapasuTHOTO MpeMecT-
BaHe Ha MPOOHOTO TSUIO KaTO TBHPJO TSJIO.

Karo mpaBmio TpaHcnanuutre Ha TOYKUTE OT
MOBBPXHOCTTa Ha MPOOHOTO TSJIO Ca €IHU WU CHIIH
T.€. KOHCTaHTA.

PoTanmute Ha MPOOHOTO TS0 KATO ISIIO CH3MaA-
BaT TOJIC Ha MPEeMECTBAaHE C KOHCTAHTEH T'PaJUCHT B
3aBHCHUMOCT OT TOJICMHHATa Ha POTAIHATA U IIOJIO-
JKCHHETO Ha IIEHTHpa Ha POTaIusl.

[Mopagu HanMMYMETO HAa eIHOBPEMEHHO MpPEMEeCT-
BaHC W 3aBbPTAHC HaA HpO6HOT0 TAJIO KaTO TBBHPAO
TOJIETO Ha IIpEeMEecTBaHe ce MoauduIpa.

[Tonero Ha mpemecTBaHe, KOETO € €KCIEepHUMEH-
TAJIHO ONPENIENICHO U € Pe3yATaT 0T MoAuUIUpaHe
MOXe jga ObJe OmMCaHO BbB BCsAKa Touka “i” (3a
i=1..N) kxaro [4]:

Ux

= UXi,TeopeanHa croiinocT
Tx - Ry|
(A

Ti,X(mpeMecTBaHe i 3aBBPTaHE KATO TBHPAO TSUIO)

i,u3Mepena cToiHOCT

(10)
+

in,mMepeHa croifmoct in,TeopeTuqHa CTOHHOCT

T, +RX;
y i
[ —
Ti,y (nmpemecTBaHe U 3aBbpTaHe KaTo TBHPIO TAIO)

Tx u Ty n3pasdgBaTr NMPEMECTBAHETO KATO TBBPAO

TSUIO TIO HAMpaBJIEHHE Ha ocuTe X U Y
R - m3pazsBa TBEpAOTETHATA POTALINS;
CrneoBaTeIHO EKCHEPUMEHTAIHO IOJIYYEHOTO
IoJIe Ha IIpeMecTBaHe € KOMOWHAIIMS OT ITOJIETO TpH
BBpXa Ha MTyKHATHHATA W TOJIETO Ha MPEMECTBAHE H
3aBbpTaHe Ha MpoOHOTO Tsio Kato TBBpmO (10). B
anreOpuyeH Buj Ta3u komOuHanus 3a Uy-nonero ce
n3passiBa KaTo:

in,mMepeHa = in,Teopequa + Ti,y (11)
Torama cuctemara ypaBHEHHUs, KOSITO TPsOBa na
ObJie penieHa, mpuIoOuBa BUIA:
[uy]=[sTc]. (12)
KBJETO:
[S'] - M3BECTHU (DYHKIMH HA MOJIOKECHUETO HA TOY-
KHTE, B KOUTO € U3MEPEHO MPEMECTBAHETO;
[C'] - MarTpHuia OT HCH3BECTHUTEC KOC(UIUCHTH,
JOMBJIHEHA C KOC(QUIIMCHTUTE Ha TBBPAOTCIHA
TpaHCTALUsS U POTALIHS;
Cuctemara ypasHenus (12) e nuHeitHa U peme-
HHETO i € aHaNoruyHO Ha (8).

2.4 YucjieHN eKCePMMEHTH 32 onpeesisiHe Ha
Opos1 Ha KoeuLIMEeHTHTE, YHACTBAIlU B PA3BU-
THeTO B pel HAa (PYHKIHUATA HA NIPpeMecTBaHe

TpynaHO € MpeaBapuTEHO Aa CE OMPENeIH OposIT
Ha KOC(QHIHNEHTHTE OT Pa3BUTHETO B pen Ha (yHK-
IUsITa Ha MIPEMECTBAaHE, KOUTO 1a OBJaT BKIIOYCHH,
3a j1a ObJie ONMCAHO KOPEKTHO IOJIETO Ha MpPEeMecT-
BaHe B 00JacTTa OKOJIO BbpXa Ha NMyKHaTHHATa, KO-
ATO € NMpeJAMEeT Ha HaONIoJeHWEe W H3MepBaHe. Yc-
TAHOBEHO €, Y€ MOXe Ja ObJe H3MO0J3BaH eIuH
“fitting” mapamersp [4], ¢ KOWTO Ja ce HampaBu
CpaBHEHHE HA EKCIIEPHMEHTAIHO MOIYYEHOTO MOJIe
Ha INIPEeMECTBaHE C IOJIETO, M3YMCICHO 4pe3 Hame-
penute koeduimentn C), 3aMECTCHH B CHCTEMaTa
ypaBHenmst (12). To3u mapamersp ce neduHupa 3a
JajeHa CThIIKA HA HapacTBaHe Ha ToBapa (cuia F)
KaTo:

(13)

KBIETO:
N — Opoii Ha IIEHTPOBETE Ha TEKECT, KOUTO y4acTBaT
IIPH OTIPEJICIISTHE Ha KOS UIIUCHTHTE;

L, - u3amepenara Uy koMIIOHEHTa Ha IPeMECTBAHETO
10 HarpasieHue Ha oc Y (¢wur.1);
L, -m3uncnenara Uy KOMIIOHEHTa Ha TIPEMECTBAHETO

IO HampaBJeHue Ha oc Y,
3a k Ha Opoit cTBPOKH Ha TOBapa ce H3ION3Ba

cpenHaTta cToMHOCT Ha AL !
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AL=2 14
. (14)

3a ga ce ompenenu OposAT HA MapaMETPHUTE Ha
MOJIETO Ha IIpeMecTBaHe (T.e. OpoAT Ha S, B cHUcTe-

Mmara ypaBHeHus (12), HeoOXoqUMU 3a J1a ce MoJie-
JMpa AaJeHOTO (M3MEPEHOTO) NOJIe Ha TIPEMECTBaHE.

3a HayaJo MOJETO Ce aHAIN3Upa KaTo ce M3IIOJI-
3BaT CaMoO €/IMH WIEH OT pelia, Ha KOMTO ChOTBETCT-
Bar jaBa koepuuuenta C, u C, u cieq HaMUpaHe Ha

AL mocpexactsom (13) wnu (14) ce yBenuuapa 6post
Ha KOoe(UIMEHTUTE C EOMHUIA M Ipoleaypara ce
CTapTHpa OTHOBO.

Upes cnenene Ha “fitting” mapamerspa AL e
BB3MOXKHO J1a CE€ OLIEHH KOTra CJIeJBAIOTO MOBHIIE-
HUE Ha MOps/abKa B pa3BUTHUETO Ha peaa (T.e. Ha
yucsnoro | or (5)) momoGpsiBa MM BIOIIaBA MOJIE-
nupanero (T.e. mamum AL HaMmansgBa WM c€ yBEJH-
yaBa) WM CIYXH caMo 3a (unTpupaHe Ha ciabu
CTOMHOCTH Ha YHCJICHOTO 3allyMsBaHE.

2.5 Tlocie10BaTEIHOCT 32 H3YMC/ISIBAHE HA Koe-
(unMenTa Ha HHTEH3MBHOCT HA HATIPEKEHUSTA -
K1 n nporpamMua peajmsanus

3a eKCIIepUMEHTAJIHOTO OIpejelsiHe Ha Koe(u-
[IMEHTa HAa WHTEH3MBHOCT Ha HampexeHusTa - K; e
u30paH METOAbT Ha NpeolpeaeieHara CcureMa
ypaBHEHUs, Thil Karto mapameTspbT AL (12) maBa
KOJIMYEeCTBEHAa OIEHKa Ha pe3yiratute 3a K| mpu
W3IMOJI3BaHE Ha pas3iIudeH Opodl KoePUIIMEeHTH OT
pena Ha mpemectBane (1) wmu (2). dpyro npennmc-
TBO Ha TO3W MOAXOJ €, Ye TOW OCUTypsiBa CTATHCTH-
YEeCKO OCPeIHSIBAaHE HA Pe3yNTaTUTEe OT MHOTO TOUKH,
B KOUTO € M3BBPIICHO W3MEpBaHE HAa Halpe)KeHHUe,
nedopmanus win npemectane [9]. OcpenHsBaHETO
nogoOpsiBa ToyHocTTa Ha K| mocpencrsom Hamaiis-
BAaHETO Ha BJIMSHHETO Ha CIIyYaiHW TPEIIKH B M3-
MEpBaHETO Ha MOJAPHHUS paguyc — Ri u noispHus
b1 - 0i [9].

WznonsBanum ca pesyiaraTh oOT pa3paboTeHa
nporpaMHa cucreMa [3] ¢ menm oGpaboTka Ha IHd-
poBH M300paXeHMs, 3aCHETH 110 BpeMe Ha HATOBAp-
BaHE Ha paBHMHHA 00JIACT OT Ae()OpPMHUpPYEMO TSLIO C
HaHeceHa Mpeka. Tg maBa kato pesynrat Excel
(haiin, KOWTO ChIBPIKa KOOPIUHATHTE Ha IIEHTPOBETE
Ha TeXeCT Ha OOCKTHTE OT MpeXkara, MPOSKINUTE Ha
TSIXHOTO IPEMECTBaHe M0 HalpaBieHue Ha ocure X -

Uxu Y - Uy (¢pur.1) u KoopJuHATHTE Ha BbpXa Ha
ITyKHATHHATA.

3a 5a ce M3YMCIu KOe(UIMEHTHT Ha WHTEH3UB-
HOCT Ha HanpexeHusita — K| e HeoOXxoaumo na ce
W3YUCIIAT TIOJIIPHUTE PAJUYCH U BIVIM Ha LIEHTOBETE
Ha TeXXECT Ha 00EKTHUTE OT MpexaTa CIPsIMO JIOKaJIHA
KOOp/IMHATHA CHCTEMa C Hayajo BbpXa Ha IyKHa-
trHata — X*OY™* (¢dur.1). Uzuucnennero tpsdBa 1a
ce HalpaBH 3a BCHYKH LICHTOBE Ha TEXKECT OT aHa-
JanM3upaHata o0nacT, KOMTO CBOTBETCTBAT Ha Je-
(hopMupaHO chCTOSHHUE. 3a IeNTa € He0OXOaMMOo 11a
ce TpaHc(hopMHUpAT KOOPAMHATHTE HA LIEHTPOBETE HA
TEXECT Ha OOEKTUTE OT Mpekara, OIpEeAeIeHH
cupsmo XOY ¢ Hagano BbpXa Ha IyKHaTHHAaTa OT
HAYaIHOTO H300paxkeHus: (HeaeHOpPMHUPAHO CHCTO-
saue) kbM X*OY* (dur.1) ¢ Hauano BbpXxa Ha IyK-
HATHHATA B TEKYIIOTO H300pakeHue (maedhopMupaHo
CBCTOSIHHUE).

TpancdopmarmsiTa Ha KOOPIMHATUTE OT KOOD-
muHatHa cucteMa XOY kpM X*O*Y* ce m3pazsBa
nocpencteoMm (¢wur.1):

X*=X; +X
y*=yr+y

Crnen TtpancdopMmanuss Ha KOOpAWHATHUTE, IIO-
aapHUTEe paxuycu R, u monsprure vrioum O, ce om-

(15)

penensT OT KOOpJMHATHUTE Ha IEHTPOBETE Ha TEXKECT
Ha OOEKTHUTE OT MpeXkara, U3pa3eHH B JIOKaIHaTa
KOOpAuHaTHa cucteMa X*Y * karo (¢wur.1):

R; = (Xu)z + (yT)Z
0, = arctg y_,

(16)
A7)

Ilpn wu3uucneHd mosIpHH paguycu R, u mo-
apHH BrIH O, Moxe ma ce ¢opMmupa MaTpunara -
S, (ri , ei) ot (8) npu 3amaneH ot moTpedures Opoi

Ha KoeduuueHTtH - | or M3nom3BaHMS pex Ha mpe-
MectBaHe. Cieq ToBa MaTpulata [S] ce pasmupsia ¢
Jo0aBsiHE HA KOJIOHH C KOC(DHUIIMEHTH ChC CTOMHOCT
1, oTuuTamM TBBPAOTENIHATA TpaHCIAUs IO Ha
npapieHHe Ha OC Y U KOS(UIMEHTH - X; , OTUUTAIIH

TBBPJOTEIHATA POTALIUS.

Taka ce cbhcTaBs IIpeompeiesieHa cUcTeMa ypas-
HeHus (12), B koATO OPOSAT Ha HEU3BECTHHUTE € C 2
MO-TOJISIM OT OpOsi Ha HEU3BECTHHUTE KOC(HUIINEHTH,
KOWTO MOJENHpAT MOJeTO Ha mpeMecTtBaHe. ChoT-
BETHO OposT - N Ha W3MEpPEHUTE JUCKPETHU CTOM-
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HOCTH OT TOJIETO Ha IMpeMecTBaHe TpsiOBa Jia yAoB-
JIETBOPSIBa HEPAaBEHCTBOTO N >M+2.

3a pemiaBaHe Ha ONpe/E/IeHATa CHCTEMa ypaB-
HeHus e u3bpana ['aycoBara enmmuHanus, Tbi KaTo
TO3HM METO/] € JIMPEKTEH.

Hamepenust xoedurperTr Co OT penIeHHETo Ha
cucremata (12) onpenens cTOWHOCTTA HA KOE(HIHU-
€HTa Ha MHTEH3MBHOCT Ha HampexeHusTta — K| apes
(6).

3a m3umncasgBaHeTo Ha K| e HamcaHa nporpamMa 3a
noctnponecunr. Ilporpamara oTBapst u dere
Excel-daiin ¢ koopauHaTi (Ha4anHu U TEKYIIH) Ha
LIEHTOBETE Ha TEXECT Ha 00eKTHTEe (MapkepuTe) Ha
MpekaTa, CTOMHOCTH Ha mnpemectBaneTo Uy u Ko-
OpAMHATUTE Ha BbpXa Ha NMykHartuHara. Ciien ToBa
nporpamara M34ucisBa MOJAPHU paauycu Ri moc-
peacteoM (16), momspuu vriau O, mocpencreom (17),
¢dopmupa cuctemMa ypaBHEHHS TpH 3amajneH Opoi
CTOMHOCTH OT NHOJIETO Ha npemecTBaHe - N U Ipu
3aja7ieH Opoil Hen3BeCTHU KoepuIMeHTH- M oT pena
Ha npemectBaHeto Uy (2) U 51 peiaBa mo OTHOIICHHE
Ha C) (1=0..M+2). Cnen ToBa uzuncinsisa K| mocpen-

crBoM (6) u fitting — mapameTspa AL nocpenctsom
(14).

3.EKCIIEPUMEHT

3.1 ExcriepuMeHTaIHA eKHIIHPOBKA
ExnepumeHTanHaTa €KMIIUPOBKA € MOKa3aHa Ha
¢wur.2.

HemsgnExrn 1axnax

Tipeins Tums
Tadpes MEcpeccex

IlsgnExen zaxpax

¢ur.2 ExcriepuMeHTaHa eKUIHPOBKa

o OCHOBHHUTC KOMIIOHCHTH Ha CKCICPHMCH-
TaHaTa CKUIIMPOBKA Ca:

o EnlekTpo-MexaHHYHA MaIllMHA 33 U3MUTBaHE Ha
(u3uKo-MexaHU4HU cBolicTBa Instron-1185;

¢ USB DrDAQ - Data Logger - BHCOKOCKOPOCTHO
(pOBO YCTPOKCTBO 3a 3aMHMCBaHE B PEAHO BpeMe
Ha aHAJIOTOBH JJaHHH,

e OptoNCDT - 1402 - mazepeH ceH30p 3a perwuc-
TpupaHe Ha mpemecTBane. OOXBaT Ha H3MEpBaHE
0-50 [mm] ¢ pasmenurenua coco6roct 0,6 [pum];

e AM413T Dino-Lite Pro - mudpos Mukpockomn
3a 3amuC Ha HW300paXKeHHs HA MOBBPXHOCTTA HA
IUIOCKO MPOOHO TSUIO C HAHECEHA Mpeka 110 BpeMe Ha
HaroBapBaHe . Toii e mokasaH Ha ¢ur.3;

¢wur.3 Mukpockon AM413T Dino-Lite Pro, n3non3sasn 3a
HPOBEKIaHE Ha EKCIIEPUMEHT 110 METO/1a Ha KOOPIHHAT-
HHUTE MPEXH

e  KommioTsp

Wznmom3Banu ca [Ba NPEHOCHMH KOMITIOTHPA,
ekurupanu ¢ USB 2.0. ITepBusT 3amucBa m3obpa-
KCHHATA, KOWTO CE€ PETUCTPUPAT IMOCPEICTBOM
MHKPOCKOIIa, a BTOPUSAT 3amucBa B nUGpoB Gopmar
3aBHCUMOCTHTE BpEME - NPEMECTBAHC M BpEeME —
cuia.

3.2 IIpo6Ho Ts10

[TpoOHOTO TS0 € U3PabOTEHO OT JIMCTOBA BHCO-
KOBBIVIEPOJHA WHCTpyMeHTanHa ctomaHa - C75S
(EN 10051:2010) ¢ ne6enuna 0.9 [mm] u mupuna 40
[mm]. To uma wmentpanen mpopes, GpopMupan mnoc-
penctBoM mporapsiae ¢ nasep. LlupuHara Ha mpopesa
¢ 0.2 [mm], a apmxunata my e 10 [mm]. TIpopessT ce
OpHEHTHpA ITIOJ MPaB BrBJ CIPIMO INPUIOKEHOTO
OITbHOBO HAaTOBapBaHe. | 'eoMeTpusiTa Ha MPOOHOTO
TSUIO € MoKa3aHa Ha ¢ur.4.

MexaHHYHHN XapaKTepUCTUKH Ha cTomaHa C75S:
Moayn Ha enactuuHoctT E=206 [GPa], koedurmeHt
Ha [Toacon v = 0.28.
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¢ur.4 T'eomerpust Ha MPOOHOTO TAJIO C KOHIIEHTPATOP HA
HalpeXeHusTa

Ha ¢wur.5 e nokazana kpuBara Ha aedpopMupaHe
Ha marepuana (C75S).
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¢wur.5 Kpusa na neopmupane Ha cromana C75S
(6€3 KOHLIEHTPATOp Ha HAIIPEKECHUITA)

Ha ¢ur.6 e nokaszana 3aBucumoctra cuna (F) —
abcomrorHa aepopmanus (AL) Ha TPOGHOTO TSIO €

KOHIIEHTPATOp Ha HanpexeHusTa. Ha Besika Touka ot
rpadukaTa CbOTBETCTBA H300paXKEHHE.

3acHern ca 20 u300pakeHUs 10 paspyllaBaHe,
kaTo mbpBoTO (c HOoMep 0) orroBapsi Ha Hexedop-
MHUPAHO ChCTOSHUE.
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o
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AGcomorna ned opmauus - AL [mm]
¢ur.6 3aBucumocr cuina (F) - aGcomoTHa AeopMarust

(AL) mpoGroTO 3110, M3paboTeHo ot cromana C75S ¢
KOHIICHTPATOP Ha HAMPEKEHHUSATA

3.3 Onpenesisine HA MOIYJ1a HA eJJACTHYHOCT - E B
30HATA 0KO0JI0 BbPXa HA KOHLEHTPaTopa

ITpu TepMUIHO BB3NIEHCTBUE, KAKBBTO € €PEKTHT
IpY TPOTapsiHE C Jia3ep, MEXaHMYHHUTE CBOWCTBA Ha
MaTepuaiia ce MpoMeHAT. ToBa mpaBU HEOOXOIUMO
W3CJICJIBAHETO HA MATCPUATHUTE XapaKTCPUCTHKU B
OKOJIHOCTTa Ha BbhpXa Ha KOHIICHTPATOpa HA Hampe-
SKEHHS.

3a ompeensHeTO Ha MOJyJia Ha €JacTUYHOCT B
OKOJIHOCTTa Ha BbpPXa Ha KOHIEHTPATOpPa € M3MOJI3-
BaH € METOABT Ha HaHOUAeHTanus [1]

CpenHaTa CTOMHOCT Ha MOJYJIA Ha €IaCTHYHOCT,
MOJIy4eH OT W3MEpBaHE B aHAIW3WpaHaTa 00JacT e
E=208 [GPa].

3.4 Onpenensine Ha koepunuenta Ha Iloacon B
30HATA 0K0JI0 BbPXa HA KOHIIEHTPAaTOpa
IIpunoxken e anropuThM 3a ONpeAesHE Ha Koe-
¢unmenta Ha [loacoH mpu W3BECTEH MOIYJT Ha
€JIaCTUYHOCT TOCPEACTBOM M3IIOJI3BAHE Ha YJITpa3-
BykoB Mmeron [8]. M3umcnenara CTOWHOCT Ha Koe-

¢unmenta va [loacon e v = 0.28.
4, EKCIIEPUMEHTAJIHU PE3YJTATH

ExcniepuMeHTanHO NOJyYEHUTE CTOMHOCTH OT
MPOEKITNITa Ha TOJeTo Ha rnpemectBane Uy, KOUTO
ca ¥3MOJ3BaHM 3a ompeaeistHeTo Ha K mpu cmma
F=6 [kN] ca moxa3zanu Ha ¢ur.7.

10
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¢wur. 7 ,HI/ICKpCTHI/I CTOMHOCTH OT MPOCKIHSATA Ha IOJIETO Ha ¢ur.8 Tonspuu paguycu Ri4 [m ] IpH CHJjIa F 6 [kN]

npemectBane — Uy [mm] mpu cuna F=6 [kN]
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Jy4eHH OT IporpaMara 3a HOCTIPOLECHHI C Iell couie o B
n34ucisBaHe Ha K.

Etukerure ot GUrypure, YHUTO TOPEH JIAB BI'bI
COYM LICHTHP Ha TEKECT Ha 0OEKT OT Mpexara, Ch-
Jbprkatr moisipeH paaunyc — R [m] (¢ur.8) wmm no-

nsipeH sroa - O [rad] (dur.9). Iox croiiHocTUTE Ha I :
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MOJISIPHUTE PATUYCH/BIIIN C MO-MaIBK MpPHPT € 1mo-
COYCH MMOPETHHUAT HOMEp Ha OO0eKT (Mapkep) OT
MpeKara. = . l w- e " e
Te3u pesynaratu ca mocodyenu 3a Bcuukure 90 r v
oOekTa (MapKepu) Ha MpeXara, KOUTO HE HAIlycKar | ;
3PUTEIHOTO I10JIe HAa OOEKTHBAa Ha MHMKPOCKOIA IO I -
BpeMe Ha Ipolieca Ha HaTOBapBaHE JI0 pa3pyllaBaHe | B
Ha npoOHOTO TsU10. Te MOraT Ja y4acTBaT B U3YHUC- s P (S S . .
nsiBaHeTo Ha K| mpu majzeHa cThIKa HA HATOBapBa- a ) gmimm b i
HeTo (CTOWHOCT Ha cwiara F).
[Ipu mpoBexxaane Ha YHCICHHUS EKCHEPUMEHT C
IIeJT yTOYHsIBaHe Ha Opost Ha KOe(UIIMEHTHUTE OT pesia
(2), xouto Haif-moOpe monenupat nonero Uy ydac-
TBaT CTOMHOCTH Ha MPOEKIINATA Ha IPEMECTBAHETO - , ) 4 B
Uy, nonsipHuTe paanycu - Ri v nonspauTe briid - 0i qmr 9 HOIISIpHI/I BITIH GI 4 [rad] npu cuia F=6 [kN]
Ha n30panu obektu oT 00mo 90 Ha Opoif oGexTa oT
Mpexara.
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Ipu croitroct Ha cunara F=6 [kN], kosTo oTro-
Baps Ha Touka 4 ot ¢ur.6, croiitHocture Ha Uy, Ri u
0i ca mocouenu Ha ¢ur.7, pur.8 u ur.9.

[onydenu ca pesynraru 3a fitting — mapamerspa
AL nipu pasznudeH Opoli 00eKTH (MapKepHu) Ha Mpe-
JKata U paznuueH Opoit koedunuentu ot pena va Uy
(2) mocpencTeoM peanM3upaHara mporpaMa 3a moc-
THOPOLIECUHT TNpH MOAYN Ha enactuuHocT E=208
[GPa] u koeduruent Ha [Toacon v=0.28 (¢pur.10).

[onokeHHETO Ha W3IMOJI3BAHUTE MAPKEPH € I10-
Kas3aHo B Tabnuma 1.

TaGJ’I 1 HOJ’IO)KCHI/IC Ha I/I3HOJI3B8.HI/ITC MapKepI/I

51 MapKepa
g o0
1 0015 —
< —————
E‘ 0014 - — ——90
S 0013 — 8
8 / —+— 70 mapkepa
E 0.012 —=— 51 mapkepa
[=2]
2 o011
£ -~
i o0l . : .

0 2 4 6 8

Bpoit KoedMLUMEHTH, MQOENMpPALLM NONETO HA BaHe Uy

¢ur.10 3asucumocr Ha fitting mapamerspa AL ot 6post Ha
KOS(UINEHTUTE, KOUTO Ca 3aIla3eHH B MOJICIIMPAHETO Ha
nosieto Uy

Ot ¢ur.10 morar na ObIaT HANIPABEHU CIICIHUTE
3aKJIFOYESHUS:

e bposr Ha KoedUIMEHTHTE, KOUTO Haii-100pe
mozenupar nosero Uy e nBa (CO u Cl) npu pasnu-
4yeH Opoil Mapkepyu Ha Mpexara,

e HawmansBanero Ha Opos Ha MapKepuTe, KOUTO
ydJacTBaT B M3UUCICHUITA, HAMAIIIBA CTOWHOCTTa Ha
fitting mapamerspa AL;

[omyuenn ca pesynraru 3a fitting — mapamerspa
AL npu paznuuen Opoit Mapkepu Ha Mpekara | 3a-
ma3eHu aBa koedunuenTa (CO u C1) ot pena Ha Uy
(2) mpu moxmyn Ha emactmaHocT E=208 [GPa] u xo-
epuuuent Ha [loacon v=0.28. Pesynrarure ca mo-
kazand Ha ¢wur.11l. Obnactute, ChABPKAIIN U3MOI-
3BaHUTE MapKepH, ca IoKa3aH! B Tabnuma 2.

HanpaBenu ca nopenuiia OT U3UKCIIEHHS 3a J1a ce
oIpe/ie’ MUHHUMAIHUAT Heo0XoauM Opoii Mapkepu
(obekTH) Ha MpexaTa, KOUTO AaBaT 3HAYUMHU Pe3yIi-
TaTH (MOJIOXKWUTEIHM M HapacTBAlllM CTOMHOCTH) 3a
K. HnucneHusT eKciepuMeHT 1Mokasa, uye 12 mapkepa
ca HEOXOJMMUIT MUHUMAaJIEH OpOoii 3a oJTyuaBaHe Ha
3HauYMMHU pe3yaratu 3a K.

Tabr. 2 O6HaCTI/I onpeneneHI/I OT M3IIOJI3BAHNTE MapKepI/I

06naCT 2 (71 MapKepa)

12
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¢ur.11 3aBucumocr Ha fitting mapamerspa AL ot u36opa
Ha obuact mpu 3anasenu aAsa koeduuenrta (CO u C1) B
pasButueTo B peq Ha Uy

Ot ¢ur.11 Moxe aa ce HaNpaBH 3aKIIOYEHUETO,
ye obisact 6, chabpkama oT 12 Mapkepa MoJeIHpa
Haii-nobpe nonero Uy npu 3ana3enu 2 koeduipeHTa
(CO u Cl1) ot pena (2).

Ha ¢wur.12 e noka3zana 3a 3aBucumoctTa Ha K| ot
npuiiokeHaTa cuia F.

o
o

——O6nacr 1
—=— Ob6nact 2
O6unacr 3
O6nacr 4
—*—O6nact 5

—*— O6nact 6

IS
S

KI [MPa.sqrt(m)]
S 8

=
=)

o

0 15 3 45 6 75 9 105 12 135 15 165
Cuaa F [kN]

¢wur.12 M3menenne Ha Koe(HUIMCHTa HA HHTEH3UBHOCT Ha
Hanpexxerusta Ki B 3aBucumoct ot cunata F npu u3nos-
3BaHe MapKepHTE, KOUTO CE ChABPXKAT B 0OJIACTHTE, O-
couenu B Tabnuna 2 (E=208 [GPa], v=0.28)

Ot ¢wur.12 Moxe fa ce HampaBy U3BOABT, Ue K|
ce M3MEHS JIMHEWHO B 3aBUCHMOCT OT IPHIIOJKEHaTa
cwia jio croiiHocT F=6 [kN]. Cnen Ta3u cTOWHOCT Ha

cunara 3aBucumoctra K ;=K(F) craBa HenuHeiiHa.
BeposiTHO T031 eeKT ce onpeiens OT U3THHIBAHETO,
Ha 4acT OT aHAJIM3MpaHaTa 00JacT OT NPOOHOTO Ts-
JI0, JIOKAJIM3UpaHa B OJIM3KaTa OKOJHOCT Ha BbpXa Ha
npopesa.

Ha ¢ur.13 e mokazaHO H3MEHEHHETO Ha CPEIHUTE
CTOMHOCTH Ha Koe(MIMEeHTa Ha HWHTEH3MBHOCT Ha
HanpexxeHusita KI B 3aBucumoct ot cunata F, 1o
kosiTo n3MeHeHneTo Ha Kl ce noguuHsBa Ha TMHEEH
3aKOH IIPH M3IIOJI3BaHE Ha MapKEepHUTE, ChABPKAIIN
ce B 00JacTuTe, MOCOYSHH B Tabwna 2 TpH:

e E=208 [GPa], v=0.28, R=0.1 [mm], ompexe-
JICHU TI0 JIBE Pa3INYHU €KCIIEPUMEHTATHA METOANKH,
mocouenu B 3.3. u 3.4;

e E=206 [GPa] v=0.28, R=0.1 [mm];

e octpa mykHatuHa (R=0) — aHanuTH4HO pe-
menue , v=0.3 [7];

30 =

[
S &

KI [MPa.sgrt(m)]

\

\

L

0 15 3 45 6 75
Cina F [kN]

—+—KI, R=0.1 [mm], E=206 [GP&] ,n=0.28  —#—KI, R=0.1 [mim], E=208 [GPa],n=0.28 —&—KI, R=0 [mm], n=03

¢ur.13 M3meneHne Ha CpeTHATE CTOMHOCTH Ha Koe(hu-
LMEHTa Ha HHTCH3MBHOCT Ha HanpexeHusta Ki B 3aBu-
cuMOCT OT cuitata F npu m3non3BaHe Ha MapKepHTe, Chb-
JIbpIKaIIN ce B 00JIaCTHTE, IIOCOYECHH B TaOINIA 2 TIpH
E=208 [GPa], v=0.28, R=0.1 [mm], npu E=206 [GPa]
v=0.28, R=0.1 [mm)] u 3a octpa nyknaruxa (R=0, v=0.3)

Ot ¢ur.13 morar ga ce HamopaBsT C;CIAHUTE
3aKITIOYCHUS:

e CroitHoctra Ha K| mpm octpa mykHaTHHA
(R=0), onpeneneHa aHATATHIHO [7] € 0KOJIO 2.5 IbTH
o-roJisiMa OT cpeaHarta croiHocT Ha K| mpm R=0.1
[mm], monyuena mo paspaboreHara Meroauka. Tazu
pa3imKa ce OBJDKH Ha CPaBHABAHETO Ha PE3YNTaTH,
MOJTyYCHH MIPH pa3inycH paanyc Ha mpopesa (R=0 u
R=0.1 [mm]) u BepoATHO Ha pa3NTUYHUTE KOCPUIIH-
enrtu Ha [Toacon (v=0.3 u v=0.28).

e EKChepuMEHTATHO MOJYYCHHUTE PE3YJITATH 32
Ki mpu E=206 [GPa] u E=208 [GPa] ca uneHTHYHM.
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Tamuna TOJJOPOBA

5.3AKJIIOYEHUE

B HacrosimaTa paboTa e npeacraBeHa XHOpuaHa
TEOPETUYHO-EKCIIEPUMEHTAIHA METOJUKa 3a OIpe-
JieTsiHE Ha Koe(HIMEeHTa Ha WHTEH3MBHOCT HA Hall-
pexenusita K| mpu Bppxa Ha Ipope3 ¢ KpacH paanyc
KaToO CE M3IO0J3Ba CHIIECTBEHO KOMOMHANUS OT Me-
TOJa Ha KOOPJMHATHUTE MPEXH M TOAX0/a Ha Ipe-
OIIpeZielIeHaTa CUCTEMa YpaBHEHUs. 3a PEIIaBaHETO
Ha Ta3u 3aja4a € pa3paboTeHa OpUrHHAIIHA IPOTrpaMa
3a 00paboTka Ha TH(POBU H300paKEHNUS, 3aCHETH T10
BpeMe Ha Ipolieca Ha AedopMupaHe Ha o0nacT oT
IJIOCKO MPOOHO TAJIO C HAHECEHa MPeXka 0T MapKepH.

PazpaboTena e u nporpama 3a HOCTIIPOLIECUHT Ha
MOJy4eHUTE €KCIIepUMEHTAIHH JaHHU 3a MOJEeTO Ha
IpEeMECTBAHE C M3MOJI3BAHETO Ha IOAXOJAa Ha Ipe-
OIlpeJieTIeHaTa CUCTEMA ypaBHEHUS.

CpaBHEHHUETO Ha MONY4YEHUTE CTOMHOCTH Ha K
MO IpeAsoXeHaTa KOMOMHMpaHa METOAWKA C aHa-
JUTHYHO TOJydEHNUTE PE3yNTaTH, MOKa3Ba yIOBIIET-
BOPHTEITHO OTHOIIICHHUE.

BaaroxapnocTnn

ABTOpBT U3Ka3Ba 0JIarolapHOCT 3a CHACHCTBHETO IIPH
peanmsanusTa Ha TO3M Tpyx Ha mpod.B.KaBepmkukos
(BAH, UMEX) u nou.B./Tuko (TY-Codus, MEHK).
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OCOBEHHOCTH 3JIEKTPOMEXAHUYECKOI'O ITPEOBPA3OBAHUA
SHEPI'MM IMWJIINMHAPUYECKHUM IIBE3OKEPAMUYECKHUM N3JIYUYATEJIEM
B COCTABE CUCTEMBI U3JYYATEJEN

Asexcannp JIEMKO! Anexcanap HUKHUK! Haramns BOTTAHOBA?

Tocynapcreennoe npeanpustie «KUeBCKUI HAYUHO-HCCIIEN0BATENLCKUI MHCTUTYT THAPOIPUOOPOB»
- Kues, Ykpaunna.

e-mail: alex.nyzhnyk@gmail.com

2xadenpa "Axyctuku u akyctodnektponuku”, HTYY «KIII» - Kues, Ykpanna
e-mail: n_bogdanova@ukr.net

Pe3rome: MeToi0M CBSI3aHHBIX MOJIEH B MHOTOCBSI3HBIX 00JIACTSIX MOJIydEHO CTPOTOE PEIISHUE 3aa4n U3IIy4eHHs 3ByKa
TUIOCKON CHCTEMOM HLMIHMHAPHYECKUX Mbe30KepaMUUECKHX INpeoOpa3oBaTesiedl W OTAENbHBIMHU NPeo0pa3oBaTesisiMU B
COCTaBE CHCTEMBI. YCTAHOBIEHO, 4TO NPHYMHONH BO3ZHMKHOBEHHS OCOOEHHOCTEH B 3IEKTPOMEXaHHYECKOM
MpeoOpa3oBaHUM JHEPTUM H3IydyaTeliIMH B COCTaBE CHCTEMBI SIBIS€TCA HapylIeHHe paJualbHOH CHUMMETpHH
pagMalMoOHHON Harpy3Ku, BCJIEACTBHE YEro BO3HMKAIOT JONOJHUTENbHBIE MOABI KoieOaHud u 3ddexTnBHOE
nepepacrnpesielieHue Mex1y BCeMH MOJAMU 3HEPrHH, «3aKauMBacMOil» B M3IIydaTeld CHUCTEMbl Ha HYJIEBOH Moge.
OmnpeneneHsl  3aKOHOMEPHOCTH  KOJMYECTBEHHBIX M3MEHEHMIH IIPOSBICHHS YCTAHOBIECHHBIX OCOOCHHOCTEH OT
XapaKTepPUCTUK CUCTEMBI M YaCTOTHOTO JHara3oHa e€ paboThL

KitrouoBH 1yMu: 351eKTpoMexaHH4YecKoe peoOpa3oBaHue, Ibe30KEPAMUUCCKUN H3ITydaTeNb, CHCTEeMa U3Jyyareseil.

1. BBEJEHUE

o0ycnoBuiIa WX  MOJCIUPOBAaHHWE JIUMIb IS

Wznyuenne 3Byka cuCTeMaMM KoyieOnrommxcs — OTACIbHBIX M3JIY4aOIINX TEI [1,6].
JJIEKTPOMEXAaHUUECKUX YCTPOUCTB CBSI3aHO Kak C [enbto paboTer SIBJISICTCA OINpeCICHNE
npeoOpa3soBaHHEM  DJIEKTPUYECKOM OJHEPrMM B 3aKOHOMEPHOCTEH IpeoOpa30BaHMS BJIEKTPHIECKOM
MEXaHHUYECKYI0, TaK U ¢ JOPMHUPOBAHUEM TIOCIEAHEH  DHEPrUM B MEXAaHMYECKYH  LIIMHAPUYCCKUM

B BHJAC aKyCTHYECKOM OHEPIMH B OKpYXKamoIleM  IhE30KEPaMUYECKHM M3IIydaTesIeM IPH paboTe €ro B

CHCTEMBI MPOCTPAHCTBE. Ipeobpasopanue  COCTaBe IUIOCKOM CHCTeMBbI, 00pa3soBaHHOW W3
SIEKTPUYIECKOM  JHEPTMH B aKyCTUYECKyl0  KOHEYHOTO YHMCJIA TAKUX U3NTydaTeNeH, ¢ yUeTOM BCEX
OCYIICCTBIISACTCS B SIIEKTPOMEXAHUYECKNX ~ [EPEUMCICHHBIX BUIOB B3aUMOCHCTBUS.
YCTPOHCTBAaX B pe3ylbTaTe B3aUMOJCHUCTBHS TpeX 2.MMOCTAHOBKA 3AJIAUH
¢bu3nyecKnx nojuei - JNEKTPUUYECKOTO,

MexaHuueckoro u akyctudeckoro [1, 2]. Ilpu PaccMoTpum  3amauy 00 M3JNyYeHHH 3ByKa
(dhopMupoBaHUU AKyCTHUYECKOM SHEPIHH B  CHCTEMOH, cocTofAmed w3 KOoHeyHoro uymucia M

OECKOHEYHO [UIMHHBIX KPYTOBBIX IMIMHIPHIECKUX
n3ITydartenei, MIPOJIOJIbHBIC ocu KOTOPBIX
MapajulelbHbl M JIS)KaT B OJHOW IIIOCKOCTH Ha

MPOCTPAHCTBE CYIIECTBEHHYIO POJIb UTPAIOT PEAKIIMs
OKpY)Xaloliel cpeapl Ha BO30OYXKACHHE B HeH
aKyCTHYECKOTO noJIst u B3aUMO/ICHCTBHUE

n3ITydaTenell CHUCTEMbl MEXAy co0oil BcieacTBHe
MHOTOKpPATHOTO 00MEHAa OTpaXCHHBIMHU BOJTHAMH [4].
[Tepeuncnennsle 3¢GQHEKTEI MOTYT CYLIECTBEHHO
OTPa3HUThCS KAaK HAa SHEPreTHIECKO 3(h(PEeKTHUBHOCTH
paccMaTpUBaeMbIX M3ITYyYalOMIMX CHCTEM, TaK M Ha
YCIOBHSIX ~ COTJIACOBAaHHUS  3JEKTPOMEXaHHYECKHUX
YCTPOUCTB CHCTEMBI C BO30YXJAOIIUMU WX
HUCTOYHHKAMHU IEKTPUYECKUX CUTHANOB. Ilpu sTtom
MaTeMaTHYecKas CJI0)KHOCTB OTIMCaHUs
MIPOUCXOAMNX B CHCTEMAaxX H3JIyYEHHS IPOLECCOB

paccrosiauu | apyr ot apyra. Kaxmerit u3mydaress co
CPCIHHM paJHyCoM [Fos M TONIIMHOW CTeHKH hs
00pa3oBaH W3 IbE30KEPAMHUYECKUX CETMEHTOB —
NpU3M, HMEET OKPYXHYI0 MOJSIPH3ALUI0 H
BO30yXIaercs Ha HYJIEBOH Moze KoieOaHHi
3JIEKTPHYECKUM HanpskeHneM ¥ = yo®e @ rne
® = 27f — xpyroBas yactoTa BO30YKACHUSI.
BHyTpeHHSAsI 1OJIOCTh M3JIydaTeseil 3alojHEHa
yIOpYyroi cpefoi ¢ IUIOTHOCTBIO Ps U CKOPOCTBIO
3ByKa Cs. CHcTeMa W3mydaTesieil pacroJyiaraercsi B
WJeaTbHOM  C)KMMAaeMOM Ccpele € BOJHOBBIM
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CONPOTHUBJICHUEM OC. HOpMa.HBHOQ CCYCHHUEC CUCTCMBI
H3le‘-laTeJleI>i U BBCIACHHBIC IS PCHICHHUA 3aJdaqun
MNpsAMOYTOJIbHBIE W CBS3aHHBIC C HUMH KPYT'OBBIC

LWIMHPUYECKHE CUCTEMBI KOOPJIMHAT M300paskKeHbI
Ha puc. 1.

pnc.2 Cucrema H3Hy‘IaTeHeﬁ U UX KOOpAUHATHBIEC CUCTEMBI

B  marematmyeckoM = IUIaHE ~ pEIICHHE
paccMmarpuBaeMon 3aaun CBOJIUTCS K
COBMECTHOMY peLICHUIO CHCTEMBI
muddepeHInaTbHBIX YpaBHEHHUI:

e ypaBHeHHs ['eNbMroiiblla, OMUCHIBAIOIIETO
JBIDKCHUE YIPYTHX CPEA BHYTPU M BHE KaXKIOTO
S-TO U3JTy4YaTessi CHCTEMBI:

N 1+ k20t =0 1)
o ypaBHeHI/Iﬁ JBUKCHUSA TOHKOM 00O0JIOUKH C

OprX(HOﬁ nons[pmauneﬁ S-r0 M3JIy4daTelis
PCUICTKU B NICPEMECIICHUAX:

2,6) s) s)
(1+ﬁ(5))d U2 +dW _ (S)da\/\/3 _
dp;  dg, de;
2, 6)
_ ), 97U
= ,
-
)
2, 6) 3 6) s)
VT | o AU AW e,
do, de; de;
eir, (0)s+a(5) o _ g de(S);
Ci? 7 h dt?

®  ypaBHEHUH BBIHYKICHHOH 3JIEKTPOCTATUKH [UIs
NbE30KEPAMUKHU S-T'0 U3JIyHaTCIIA:
E®) =—grad ('} div(D®)=0; ©)
3mece A - omepatop Jlammaca; ®© —
[OTEHIHAN  KOJIeOATeJbHOH  CKOPOCTH  S-TO
usnmyuatens; K 1 Ks — BOJTHOBBIC Unciia BHEIIHEH 1
BHyTpeHHel cpen S-ro manydarens; US u WO —
OKPYKHas ¥ HOPMAJIbHAsl COCTABJISIOIIME BEKTOPA

CMeIIIeHI/Iﬁ TOYCK CpeHHHHOﬁ IOBEPXHOCTU S-TO
H3JIydaTeiis;

o e fesou )
a® =r2 /CED; q,® — BHemmss paamarmonnas

Harpyska s-ro msmydarens; CasF®, £335C), g5 —
MOAYJIM YIPYTOCTHU NPU HYJIEBOM 3JIEKTPUUYECKOM

HAIIPSKEHHOCTH, IUBJIEKTPAIECKAs
IPOHMIIAEMOCT, TIPH HYJIEBOH aeopMamuu |
NbE30KOHCTAHTA S-To U3IIydaress
cootsercteenno; E®) ,  D® - exropsl

HaNpsOKEHHOCTH W HWHAYKOUH DJIEKTPUICCKOTO
MOJISA S-TO U3y4daTeIs.

3. TPAHUYHBIE YCJIOBUSA

C y4eToM TOro, YTO aKyCTHYECKOE II0JIe
(dbopmupyeTcsi KaXIpIM H3IydaTesieM CHCTEMbI B
IBYX 00macTsax — BHyTpeHHed @, u pHemmeit
@1 ¢ rpannuamu 0 < | os | < 750 <rps=ros-hs/2
u 0 S|(ps|S T, fs 2 s = ros + hs /2
COOTBETCTBEHHO, KMHEMaTUYECKUE u
JUHAMHYECKHE YCIIOBHS COTIPSDKEHUS
aKyCTMYEeCKUX TMOJIel Ha TpaHullaXx pasjena
obnacreit ms s=1,...,M npuobperarot Bu:

dw®  do,
=— 0<|p | <71 =1,
at dr, ZEA
dw © dp®
dt = dr2 ’OS|¢S|£7[’ros:r25; (4)

r

o) =—q® = —(P1 - PZ(S)), 0< |g05| <7
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rae ®; — TmoNMHOE TIONE M3MydYeHHS CHCTEMB,
BHIPAXKEHHOE B KOOPAMHATAX S-TO H3JIydaTelis;
o — HopManbHas COCTAaBISIONAs TEH30pA
MEXaHMUYECKMX HANpPSKEHHH B Ibe30KepaMHKe
S-To H3ITyJaTes, P1=p(d®,/dt) "
P2®=py(dd,/dt) — paguamuonHbIe HArpy3KH OT
JIMHAMMYECKOTO JIABICHHUSL.

DJeKTpUYecKHe TpaHHuHble ycioBus (3)
npu JIMHAMHYECKOM nehopMUPOBAHHH
IIIMHAPHYECKUX H3JTydaTenel 3NIeKTPUYECKHM
Hanpsoxenuem ¥ npunanmator Bun [2]:

Egk:—ﬁﬁﬁéi;D@=0;D9=0;
2at,,
e, [ dU® ©
DY) = e )EY + ”[d W@quLmM,
P,

rae D, D,® u D, — cocraBnsomue BexTopa
3JIEKTPHYECKOl  MHIYKIMH — BJIOJb  pajuyca,
TIPOJIONBLHON OCH U OKPY/KHOCTH S-TO M3ITydaTens
cootBeTcTBeHHO; N© — uncio mpu3M, U3 KOTOPHIX
CKJIEUBAETCS MbE30KEPaMHUECKash 060IoUKa S-TO

n3J1ydaTeiis.
HepeqncneHHLIe MCXaHHYCCKUC u
QJICKTPUUICCKHUEC yciaoBus JOIIOJTHAKOTCS

YCIOBUSIMH M3JIy4eHUS Ha OCECKOHEYHOCTH U
OTCYTCTBHEM OCOOEHHOCTEl BO BHYTPEHHHX
001acTsAX KaXXJOT0 U3 U3ITydaTeNneil CHCTEMBI.

4. PELIEHUE 3AJJAYHN

Pemenne copmynupoBanHOil 3amaun Oyaem
UCKaTb  METOJIOM  CBSI3aHHBIX  HOJIeH B
MHOT'OCBS3HBIX o0yactsix. st aToro mnpeacraBum
MEXaHUYeCKHUe u aKyCTHYECKHUe noJtst
CJICTYIOIIMH PA3TIOKCHUSIMU:

ut = ZU (s)gings W (s) — ZW (s)gings
M—w B
D, = o)
= (6)

q)(ZS)(rsl(Ds): z Br(f)‘]n (ksrs )einws s=1.,M.

B  cootHomeHusx  (6)  HCIOJIb30BAHBI
TpaJMIMOHHBIE O00O03HAYCHHUS IWIIMHIPHIECKUX
¢yHKUMH. Bxomdmme B HHUX HEW3BECTHHIC

koodpounuenter  Un®, Wq®, A u B®
OIPEIENAIOTCS. U3 TpaHWYHBIX ycioBui (4), (5)
3amaud. HeoOXomauMeblid Jjii  3TOr0  MEpeHoC
CHCTEM  KOOpJIMHAT  OCYIIECTBISIETCS  Ha
OCHOBaHHHU TeopeM CIIOKCHHUS ULt
[MJIAHIPAYECKAX BOMHOBBIX (QyHKIwHi [3]:

H r(nl)(qu )%in% = Zw: I (krs)

I o, e

TZie Igs U (s — TIOJISIPHBIE KOOPAWHATHI Hadana
KoopAMHATHOHN cucteMbl Os B KOOpAMHATax (-it
CHUCTEMBL.

AnreOpan3anus GQyHKIHMOHAIBHBIX yPaBHEHUH
(1) = (5) ¢ ucnonp3oBaHKeM COOTHOLICHHH (6) U
(7) u CBOWCTB NOJHOTHI U OPTOrOHAIBHOCTH
CHCTEM YIJIOBBIX (DYHKLMH MO3BOJISIET IOJIyYHTh
UL ONpeeNIieHUsT HeM3BECTHHIX K03 durmeHTon
pasnoxkeHuit  (6)  OECKOHEYHYI0  CHUCTEMY
JTMHEHHBIX anreOpanyecKnX ypaBHEHUH BUA:

icw," — B8O, (k,r, )=0;

A +ZZAn m( 5) o (kr,, )

) n-m\"™'sq
g=1 m=-o n s 1s
q=s

U]

ei(n‘m)(ﬂsq_ iCsWn(S) -0
HI(ke,)

rls

RPBP%@Jgﬁ1+

IC

S

(8)
M1Hlk%ﬁﬂ+

(kr ki(n—m)q:sq n

+27zz ZAm ( )

q=1 m=
q:tS

(s)
loa P s e l//
+ﬁhs)_2 r(1 n(SQS)Zﬂ- 33 0 Qma

s=1.,M;n=—-o0,0;
rae

RO = (8 +nf
TR o]
—(1+,B n* — wa' )7());

o :r”e‘im‘”sd(p _ Zﬂnpum=0;’
" 0 * 10 npum=0.
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a IITPUX 03HAYAET IPOM3BOIHYIO OT (DYHKIIUH.
3amena A u Br(f) HOBBIMH HEU3BECTHBIMU
AES) u Igrfs) no (popmynam ASS) = ArES)Hr(]l)'(krls) u
B® =B®J (kr,) mosBomser  mpeoGpasosath
OCCKOHEUHYIO CHUCTEMY () K BHIY
KBa3HPETYJSAPHOM M IIPUMEHHTH I €€ PELICHHS

METOJl YCCUCHHUS] MM METOJ MOCIIe0BATENbHbBIX
MPUOTKSHUH.

5. AHAJIN3 NIOJYYEHHBIX
PE3YJIBTATOB

Ha ocHoBe moiry4eHHBIX COOTHOLIEHHH OBLIN
U3y4EeHbl OCOOEHHOCTH DJIEKTPOMEXaHUYECKOTO
npeoOpa3oBaHMsl JHEPIMU BaKyyMHpPOBaHHBIMHU
HUINHAPUYECKUMHU MIbE30KePAMUUECKUMHI
M3JTy4yaTessiMU, U3 KOTOPBIX 00pa3oBaHa IUIOCKas
TpEeXdJIeMEHTHAs CHCTEMA.

PacdeTsl BHIMONHSIACH IS CIICIYFOIINX
3HAUYEHUN MapaMeTpOB M3Iy4yaTesled U CHCTEMBI:
mee3okepamuka LITBC-3 ¢ mapamerpamu:
IWIOTHOCTE  o—=7200 Kr/M3, MBE30KOHOCTAHTA
es3 = 38,896 Ku/m?, momyns ympyroctu Csst =
13,6-10%° H/m; mna Beex S: N=48; w®=200 B;
r,=0,068 m; h = 0,008 »; (0:C2)/(0C)=0; M=3;

1=0,147 m, 0,2 m; yactora f mamenstaces ot 0 'y 1o
20 xT'u; p=10% kr/m%; ¢=1500 m/c.

Ha puc. 2  npuBeaeHbl  4acCTOTHBIE
3aBucuMOCTH amIuutyn (a, B) u ¢a3 (0, 1)
panuaibHOW  KoJeOaTeNnbHOH CKOPOCTH TOYEK
(rs=ris;  @=90°) w3myuareneif CHCTEMBI TPH
Pa3HBIX PacCTOSHUAX | MEXIy MX MPOAOTIbHBIMU
ocsmu: 1=0,147 m (a, B); I=0.2 M (0, 1). Kpusas
«OIUHOYHBINY»  COOTBETCTBYET  TaKMM  JKe
XapaKTepUCTUKaM OJMHOYHOIO H3JIydarTels INpH
paboTe ero BHe CHCTEMBI U3ITydaTeseil.

ComnocraBlieHHe M aHAJIW3 [PUBEICHHBIX
KPHBBIX CBHACTEIBCTBYIOT O CYIICCTBEHHOM
BIMSHAN YCIOBUIM paboTHl m3ITydaTened B
crcreMe Ha 3 QEeKTUBHOCTb TPe0Opa3oBaHuUsl UMU
JJIEKTPUYECKOH OSHEPrMHM B  MEXaHHYECKYIO.
OcoOeHHOCTSIMH  3TOrO  IpeoOpa3oBaHMsl  IPU
NPOYMX  PAaBHBIX  YCIOBHSAX  SIBISIIOTCS — MX
3aBUCHMOCTH  OT  MECTa  pacloJOKEHHs
u3JIyyaresieil B CUCTEME M OT PACCTOSHUS MEXKIY
HUMH. VIMEeHHO 3TH IBa (akTopa ONPEneISIOT

KOJIMYECTBEHHO BIIMSTHHE B3aUMO/ICHCTBHS
U3IydaTeneil co cpemod W MeXOy co0oit
Gnaromapst MHOTOKPAaTHOMY obMeny
OTpaXEHHBIMM  BOJIHAMH B  CHCTEME Ha

MCXaHHYCCKHC ITOJIA PI3J'Iy'-IaTeJ'IefI.
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Jis  BBISICHGHHS ~ NPUYUH  OIHCAHHOTO
MOBEJICHHUS M3JIYYAONICH CHCTEMBI B IIPOIIECCE
npeoOpa3oBaHus SJHEPTUH 00paTHMCS K puc. 3, Ha
KOTOPOM IIPEICTABICHBI YaCTOTHBIC 3aBHCUMOCTH
AMIUTUTY/ PaUaIbHBIX CKOPOCTEH MEPBBIX MIECTH
MOJl KoleOaHWi TO4YeK ¢ KoopAWHATaMH (Is=I1is;

=

0.4

»=90°) BakyyMUpOBaHHBIX H3Jy4areneil ¢
HoMepamHu S=1 (a) u S=2 (0) B TpexdpjIeMeHTHOH
cucreme mpu 1=0,147 M. KpuBas «OmuHOUHBII»
COOTBETCTBYET KoJiebaTeabHON CKOPOCTH
€/IMHCTBEHHOW  HYJEBOM  MOJBI  KoyieOaHWH
U3JTy4artess Ipu padoTe ero BHE CUCTEMBI.
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Mogyne amnnutygbl koriebatenbHoOn
cKopocTu, m/c
(@]
N

N3 pusndgeckux cooOpakeHUH sSCHO, YTO MPH
paboTe OJMHOYHOIrO H3IyYaTelssl pajdaldoOHHAas
HAarpy3ka Ha HEro CO CTOPOHBI CPEHbI SBIIACTCS

YacTtoTa, Ny,

1 1.2 1.4 1.6 1.8 2

panguasbHO CHUMMETPHYHOW W TIPH BBIOpAaHHOM
croco0e 3IIEKTPHYECKOTO HArpyKeHHS B HEM
BO30YIK/aeTCcsl TONBKO OJjHa COOCTBEHHAs! (hopma
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KoJieOaHMH W WMEeT MECTO OJAWH PEe30HaHC
n3nyyarens. Pabora wusmyuareneli B cucreme
MIPUBOJIUT K HAPYLICHUIO PAAUAIbHON CUMMETPUUI
paauallMOHHOW  Harpy3ku  u3iydatenei. B
KOJIMYECTBEHHOM OTHOIIEHHM BEJIMYMHA OJTUX
HapymeHwd OyJger 3aBHCETh M OT MecTa
PAaCIIOIOKEHHSI U3ITydaTessl B INIOCKOH CHCTEME, U
OT BEJIMYMHBI PACCTOSHHUS MEXIY JIIEMEHTAMHU
cucteMbl. B wu3nywartensix ¢ HapyllIEeHHOM
cUMMeTpHeH, Kak BUAHO W3 TpauKoOB Ha puC.3,
MOSIBIIIOTCS.  TIOCJIEAYIOMIHE MOJBI KOJICOaHHUH,
CpaBHUMBIE TI0 aMILJIUTY/IE C HYJIEBOK MOJION. DTO
O3Ha4yacT, 4qTo npu 3TOM MpoUuCXoauT
a¢GeKTHBHOE  TepepacipeicicHUe  dHEPIuH,
«3aKauMBaeMO» B KaXKJIbIi U31y4yaTelb CUCTEMbI
Ha HyJEBOM Moze, MeXay MOCIeaAyIIUMI
(dbopmamu KosIeOaHuIA.

C mpaKTHYECKOW TOYKH 3pPEHUS OIHCAHHEIC
0COOCHHOCTH IIEKTPOMEXaHUIECKOTO
npeoOpa3oBaHUs SHEPTHH UMEIOT Kak
MOJIOXKUTEIbHEIE, TaK H  OTPHUIATCIbHBIC
mposiBiieHHus. K TIONOXHUTENBHBIM — CHEyeT
OTHECTH TO, 4YTO YKa3aHHbIE OCOOEHHOCTH
CYIIECTBEHHO PACIIUPSIOT U 00OTAIIal0T CIEKTP

PE30HAHCHBIX 4acToT paccMaTpUBacMbIX
M3ITydaTese. OcobeHHo BaKHO Takoe
oboraiienyue s obmacth Hu3KMX dYactoT. K
OTpI/ILIaTeJ'lBHBIM HpOHBHeHI/IHM OTHOCATCA

cHIKeHHUE Y3PPEKTUBHOCTH U3ITyYEHHSI CHCTEMBI B
o0nacTsIX OCHOBHOTO pE30HaHCa H3JIydaTeliel
(puc. 2, a, B) 1 BO3MOXKHasi MHOTOKpaTHasi CMEHa
XapakTepa IOJHOTO MEXaHMYECKOTO HMITe/IaHCca
IIbE30KEPaMHYECKUX 000JI0YeK H3JIydaTeneid ¢
yIpyroro Ha MHEPIHOHHBIA M 00paTHO (puc. 2, 0,
I), 4YTO CYIIECTBEHHO YCIOXHSET IIPOLECC
COTJIACOBAHUS BXOIHBIX IMEKTPUIECKUX
XapaKTEPUCTUK CHCTEMBI U3ITydCHUs C BXOJHBIMHU
XapaKTEPUCTUKAMH MTUTAIOIIETO 175
TEHEPaTOPHOTO YCTPOHCTBA.

6. BBIBO/IbI

IlonyuyeHbl aHAJIUTUYECKHE COOTHOILIEHHS,
MO3BOJIAIOIINE  ONPENENUTh  KOJIMYECTBEHHBIE
XapaKTEPUCTUKHU BJIEKTPUUYECKUX, MEXAHUUYECKUX
A aKyCTHMUYECKHUX TOJIeld H3iIyyaTeledl B IIIOCKUX
CHUCTEMAX C YYETOM BCEX BHIOB B3aUMOIECHCTBUS
moJie B TIporiecce MpeoOpa3oBaHUs SHEPTHHA U
(dhopMupoBaHUs €€ B OKPYKAIOIIEM IPOCTPAHCTBE.
VY cTaHOBIIEHBI 0COOEHHOCTH

JJIEKTPOMEXaHUIECKOTO mpeoOpa3oBaHuUsL
SHEePruu UTHHIPIYSCKIMHA
MBE30KCPAMIYSCKUMH H3ITydaTeNIsIMH B COCTaBe
IUIOCKUX cucTeM. K ¢akTopam, BBI3BIBAIOIIIM
KOJIMYECTBECHHBIC M3MECHCHHS STHX OCOOCHHOCTEH,
OTHOCSTCS:

® MECTO pAaCHOJIOKEHHsI U3iIydarenedl B
cHcTeMeE;

® DACCTOSAHUEC MECXKITY n3J1ydareisiMu B
cHcTeME;

e YaCTOTHBIM AMAIa30H PabOTHl CHCTEMBL.

BrlsBieHBI  WHTEpECHBIE UL MPAKTHKH
MPOSIBJICHUS. ~ YCTAHOBJICHHBIX  OCOOEHHOCTEH
3JIEKTPOMEXaHUIECKOTO mpeoOpa3oBaHus
sHeprud. K HUM oTHOCATCS:

e pacmpeHre u oOorameHHe CIEKTpa
COOCTBEHHBIX YaCTOT M3ITyJaromeii CHCTEMEI,

® CHIKEHHUE SHEpPreTUYECKOU
3¢ (HEeKTHBHOCTH CUCTEMBI B OOJACTH OCHOBHOTO
pe30HaHCa ee H3ITyJaTesiei;

e YVXyAIOICHWE  YCIOBHH  COTJIACOBAHUSA
W3TydaTenell CHCTEMBI C THTAIOIAMH WX
reHepaTopamMu.
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ELECTROMECHANICAL ENERGY CONVERSION FEATURES OF
CYLINDRICAL PIEZOCERAMIC EMITTERS IN EMITTER SYSTEM

Oleksandr LEIKO?, Oleksandr NYZHNYK?, NATALIA Bogdanova?
! State Enterprice Kiyv Scientific Research Institute of Hydrodevices - Kiyv, Ukraine.
e-mail: alex.nyzhnyk@gmail.com
2Acoustic and Acoustoelectronics department, NTUU «KPl», - Kiyv, Ukraine
e-mail: n_bogdanova@ukr.net

Abstract: Using related fields method in multiply connected areas obtained an accurate solution of the problem of sound
radiation by flat system, which consist of cylindrical piezoceramic transducers and the individual transducer in the system.
Established that the cause of the characteristics of the electromechanical conversion of energy emitters in the system is a
violation of the radial symmetry of the radiation exposure, causing additional vibration modes and efficient redistribution
among all modes of energy "pumped" into the system at zero mode. The dependencies of quantitative changes, which
displays obtained features on the characteristics of the system and its operation frequency range was determined.
Keywords: electro-mechanical transformation, piezoelectric transducer, a system of emitters
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OVERVIEW OF THE PRINCIPLES OF 3D MODELING SYSTEMS

Andrijana BOCEVSKA!

Todor NESHKOV?
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e-mail: andrijana.bocevska@fikt.edu.mk
2Department ,,Automatization of discrete production”, Technical University — Sofia, Bulgaria
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Abstract: Geometric modeling is developing a mathematical development of an object called “model”. This model may
be shown in two dimensional (2D) or in three dimensional (3D). Depending on the application, a 2D model may
completely satisfy the need, but the ideal form of model representation is the 3D model. It is the base of many CAD
ICAM applications such as kinematical analysis of mechanical systems and finite element analysis, NC, CNC
programming etc. The geometric modeling plays a major role in full integration and automation of CAD/CAM systems.
This paper describes the principles of 3D modeling systems in order of their evolutionary history, including the main
advantages and disadvantages of each system. Also solid modeling technique is classified due to its popularity and wide

adoption in today’s CAD/CAE systems.

Keywords: wireframe, surface, solid modeling.

1. INTRODUCTION

Geometric modeling is a general term applied to
three-dimensional computer-aided design technique.
Can be defined as computer compatible
mathematical description of the geometry of the
object which can be displayed as the image on the
monitor of the computer by means of CAD
software. Geometric modeling is used to: visualize,
analyze, document and produce a product or process.
According to definition geometric models are
computational (symbol) structures that capture the
spatial aspects of the objects of interest for an
application.

Designer can create geometric models by using
CAD software in three steps:

e Creation of basic geometric objects: the
designer creates basic geometric elements by
using commands like points, lines, and
circles.

e Transformations of the elements: the designer
uses commands like achieve scaling, rotation
and other related transformations of the
geometric elements.

o Creation of the geometric model: the designer
uses various commands to form the desired
shape.

There are two categories of information for defining
geometric object, fig.1:
e Geometric information — coordinates and
dimensions of the object and its components.

e Topological information - the relations
between components of the object.
L, ] L, N
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fig.1 éame geometry but different topologi/ and same
topology but different geometry

The basic geometric modeling approaches used
in today’s CAD/CAM systems are:

1) Wireframe,

2) Surface and

3) Solid modeling.
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2. WIREFRAME MODELING

Represent one of the first simplest thus the
fastest techniques in the term of processing speed,
introduced in the beginning of the 1960s.
Wireframes, are the simplest 3D geometric
representation. In this approach each vertex is
defined by X, y, z coordinate, edges by a pair of
vertices and faces as three or more edges. This
representation is natural for a designer who is
familiar with mechanical drawings because it is the
lines and curves in a drawing which define 3D
space. Wireframes are not complete and surface
geometries are not present which may be important
for later manufacturing processing and other
analyses. They have certain advantages as:

e Can quickly and efficiently

information than multiview drawings,

e Lines are the intersection of surface,

e Can be used for finite element analysis and as

input for CNC machines to generate simple
parts,

e Contain information to create surface, solid

and higher order models.
Also they have a number disadvantages such as:

e Volume and mass characteristics cannot be

specified,

e Not suitable for designing shapes and

specifying more complex surface,

e Not ideal for CAM/CAE tasks,

e Representation is ambiguous.

convey

3. SURFACE MODELING

Developed due to the limitations of wireframe
modeling, CAD systems were developed surface
models, further to include bounding surfaces of the
object, as well as the edges of objects. Surface
entities such as planar, cylindrical, conical and
spherical faces can be represented using analytical
equations [4]. It enriches the object description by
attaching mathematical description of object’s
surface. In this way, a surface models provide a
more complete description of the object in
comparison with wireframe models, which enables
to design and analyze complex free-formed surface
as well as geometry needed for mold and die design.

Main advantages are:

e Hiding lines not seen thus eliminating
ambiguity present in wireframe models,

e Surface models play an important role in
industry, because they give an accurate
description of the surface of an object which,
can be wused to guide manufacturing
applications,

e Support volume and mass calculation, finite
element modeling, NC path generation, cross
sectioning and interference detection,

e Surface properties such as roughness, color
and reflectivity can be displayed,

e Models support shading, making model more
realistic, thus yielding better visualization.

Such disadvantages can be listed:

e Surface model does not contain topological
information, and can therefore be ambiguous
when determing the volume of an object,

e Depending on the number of surfaces,
computation can be complicated.

4. SOLID MODELING

Solid modeling was introduced in the beginning
of the 1970s. Unlike wireframes and surface
representations which contain only geometrical data,
the solid model uses topological information in
addition to the geometrical information which
enables complete, valid and unambiguous
description of physical objects. Solid models support
calculation of weight or volume, moments of inertia,
stress analysis, dynamic analysis as well as heat
conduction calculations. Can be implemented for
CNC codes generation and robotic and assembly
simulation. A single object can be represented with
different solid modeling technique so that
interpretation of such representation gives exactly
the same physical object.

Advantages of solid modeling:

e Has all advantages of surface models plus

volumetric information,

e 3D model can be used to generate 2D
standard drawings, assembly drawing and
exploded views,

e Solid model results in accurate design and
can be used in computer integrated
manufacturing  (CIM), computer aided
manufacturing (CAM) and design for
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manufacturability and
DFA).
Disadvantages of solid modeling:

e More intensive computation than wireframe
and surface modeling,

e Processing is the most expensive in
comparison to other modeling techniques but
with today computers the cost of it is not
excessively high any more.

Two basic techniques are used to represent solids
in the computer database: Constructive Solid
Geometry (CSG) and Boundary Representation (B-
Rep), fig.2.

assembly (DFM,

SOLID
|
| l
Constructive Boundary
Solid Geometry representation
(CSG) (B-Rep)

fig.2 Basic technique to represent solids: Constructive
Solid Geometry and Boundary representation (B-rep)

Constructive Solid Geometry (CSG), (fig.3a)

represent an effective way to construct a solid
model by a collection of primitives, such as cuboid,
cylinder, cone and sphere and a set of
transformations and Boolean operations. The
primitives as well as the results of Boolean
operations (union, difference and intersection) can
be modified by geometric transformations like
translation, rotation and scaling. The final shape of a
component is described and maintained internally by
a tree structure of simpler shapes of primitives.
CSG method has certain advantage and
disadvantage. It is relatively easy to construct a
topologically corect and precise solid model from
the primitives. Also is compact in its storage
requirements, but slow at producing images. Due to
the limited number of primitives, CSG models are
unable to represent objects with complex surfaces.

Boundary representation (B-Rep), (fig.3b)
method represents a solid as a collection of
boundary surfaces. A B-Rep solid is represented as a
volume contained in a set of faces together with
topological information i.e. vertices, edges, faces,

shells and geometric information i.e. points, curves,
surfaces. Boundary representation can be divided in
three classes:

e Facetted — a solid is bounded by planar
surfaces. Points, planes and planar polygons
are implicitly represented by their vertex
points,

e Elementary — surfaces are planar, quadric and
toroidal,

e Advanced — surfaces includes also spline
surfaces (B-Spline, Bezier, NURBS, etc.)

Boundary representation method gives more

freedom in building complex models, but the
validity of the models could be destroyed in the
process. Also it requires a large memory space
which is their disadvantage.

4.1 Feature based modeling

Geometric modeling techniques such as
constructive geometry (CSG) and boundary
representation (B - rep) are widely used in solid
CAD systems. Consequently, it can be difficult to
integrate CAD with any other higher level process
planning. In effort to overcome this shortcoming,
enhance the productivity of designers and achieving
better CAD/CAPP integration, feature technology
has been introduced.

For creating a geometrical components this
technique uses predefined combinations of
functionalities. Features are created as model-
building primitives, which are related to reference
systems or to existing solid geometry. This type of
modeling uses associative design methods to create
pockets, holes, ribs, slots, etc., whereby the
referencing and geometrical characteristics can be
controlled by associated rules and attributes. The
creation of geometrical components is performed by
interlinked sequences of functions, which include
the definition of the feature type, the selection of
reference elements, the input of required dimensions
and the composition of the desired geometry models.
Feature can also include additional information for
organizational, manufacturing or  distribution
processes and support the derivation of data and
information for subsequent engineering processes.

Feature based modeling also allow designers to
define their own sets of features. Thus the set of of
features needed to design castings is different from
those used for machined parts.
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@ =,

fig.3 Constructive Solid Geometry method (a) and Boundary representation (B-rep) method (b)

4.2 Parametric modeling

Parametric modeling can be split into dimension
driven modeling and constraint based modeling,
(fig.4). Parametric modeling means that parameters
of the model may be modified to change the
geometry of the model. A simple example of a
parameter is dimension. When a dimension during
the design is changed, the geometry of the part is
updated. Thus the parameter drives the geometry.
Parametric models can be used for adaptive design
such as families of parts or optimizations well as
tolerance analysis, (fig.5).

PARAMETRIC
MODELING

Dimension-Driven
Modeling

Constraint-Based
Modeling

fig.4 Types of parametric modeling

Another feature of parametric modeling is that
parameters can reference other parameters through
constraints. Modeling constraints can be classified as

four types: ground, dimensional, geometric and
algebraic, [3].

fig.5 Parametric model with dimesion equation

Ground constraints provide reference between part
and the global coordinate system. Dimensional
constraints provide numerical values for basic
geometric entities. A geometric constraint imposes
relationships between geometric entities such as
tangency, collinearity, parallelism, perpendicularity,
coincidence of points, symmetry, etc. and algebraic
constraints impose restrictions on design dimensions
in the form of mathematical equations. Algebraic
constraints may be equalities, inequalities or
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conditional statements. The power of this approach
is that when the dimension is modified, all linked
dimensions are updated according to specified
mathematical relation, instead of having to update
all related dimensions individually.

5. CONCLUSION

This paper gives an overview of the principles of 3D
modeling systems in order of their evolutionary
history, including the main advantages and
disadvantages of each system. The emphasis is on
solid modeling technique which enables complete,
valid and unambiguous description of physical
objects and due to its popularity and wide adoption
in today’s CAD/CAE systems. The steps by which
designer can create geometric models by using CAD
software and categories of information are also
mentioned, since geometric model has central
importance for product lifecycle based on

specification and requirements from result of initial
design steps and for further steps in product
development like FEA, simulation, mockups,
production planning, manufacturing, etc.
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HACOKH 3A ITIOBUINABAHE KOHKYPEHTOCIIOCOBHOCTTA HA TO-
BAPHUSA ABTOMOBWJIEH TPAHCITIOPT IIPU U3BBPIHIBAHETO HA IIPE-
BO31 B MEKAYHAPOJHO CbOBIIEHUE

Kamen JYKAHOB
katenpa ,,Jloructuxa”, YHCC - Codus, bearapus
e-mail: kamenlukanov@unwe.bhg

Pe3rome: [Ipe3 moceHuTE TOIMHN CBETOBHATa HKOHOMUKA CE Pa3BHBA B YCIOBUS HAa HEMPEKHCHATHU INI00ATN3AINOHHA 1
MHTErpallMOHHU Ipolnecd. Pa3BUTHETO Ha MEXIyHapOJHHUTE Ma3apy U OCBIIECTBSIBAHETO HA MKOHOMHYECKHTE BPB3KH
MEXIY OTAEIHUTE AbPXKABU HAJIOKHUXA U3rPAKIAAHETO HA CIO0XKEH KOMILIEKC OT B3aUMOOTHOLIECHHsSI, KOUTO CE€ XapaKTe-
PH3HpAT C TTOCTOSHHO 3aCHIIBAIA C€ KOHKYPEHIINS MEXIY Pa3IMIHUTE GUPMH U OpraHu3aiyi. ToBapHUSIT aBTOMOOHIEH
TPaHCIOPT € HEM3MEHHA YacT OT ChBPEMEHHHUTE TEHASHIMH — TOH € MPU3BAH Jja OCUI'YpsiBa HEMPEKbCHATOCTTA HA UKO-
HOMHYECKHTE MPOLECH U OKa3Ba MPSKO BIHAHHE BbPXY KOHKYPEHTOCIIOCOOHOCTTA Ha BCSIKa €lHA MKOHOMHUKa. Tosa
HaJlara HeMpeKbCHATO JIa Ce MoJIaraT yCUIIHNS 3a MOBHUIIIAaBaHE HAa HET0BaTa KOHKYPEHTOCIIOCOOHOCT MPH M3BBPIIBAHETO HA
NIPEBO3U B MEXIyHapoaHO choOleHne. B HacrosmaTa cTaTus ca pasriefaHy Hal-BaKHUTE XapaKTepPHU 0COOEHOCTH Ha
MEXlyHapOIHUTE TOBAPHU aBTOMOOWIIHH IPEBO3H, OYSPTAHO € TAXHOTO 3HA4YCHHE 32 MKOHOMUYECKHTE NPOILECH U ca
Pa3KpUTH HACOKH 3a NOBUIIABAHE HA TAXHATa KOHKYPEHTOCIIOCOOHOCT.

KitrouoBH 1yMu: ToBapeH aBTOMOOMIICH TPAHCIIOPT, MEXIyHapOIHA TOBAPHU aBTOMOOHIIHH IIPEBO3H, KOHKYPEHTOCIIO-

CcOOHOCT, KOHKYPEHTOCTIOCOOHOCT Ha MEXIYHAPOJHUTE TOBAPHU aBTOMOOMIIHH MTPEBO3H

1. POJIs1 HA TPAHCIIOPTA 3A CBBPE-
MEHHATA TKOHOMMKA

TpaHCHOPTHT Urpae KIIFOYOBA PO 32 Pa3BUTHU-
€TO Ha BCSIKO MOJepHO oOmecTBo. OCHOBHA HEroBa
3aada € OCBIIECTBSIBAHE Ha CTOMAHCKHUTE BPB3KU
KaKTO MEXIy pa3IMYHHATE pAalOHH M OTpacid Ha
OTJIEJTHO B3eTaTa CTpaHa, Taka CHIIO M MEXKAY pas-
JUYHUTE IbpXKaBU B cBeToBeH Mamiab. Toi e oc-
HOBHO CpEJICTBO 332 MKOHOMHYECKO PA3BUTHE H CE
SIBSIBA 3aIBJKHTEITHO YCJIOBHE 32 OCBIICCTBABAHE U
3apJI00YaBaHe Ha TJIO0ANM3AUOHHUTE TPOLECH.
To3u pa3Boii Ha CHOUTHATA CE XapakTepHu3upa C
HEMPEKbCHATOTO HHTEIPHpPAHE HA HOBH Ma3apu B
CBETOBHATa MKOHOMHUKA, KOETO JIOBEIE M 10 3HAYH-
TETHO YBEJIMYCHHE Ha TBPTOBCKUS CTOKOOOMEH.
Cpmio Taka, HaCTHIIMJIATA TIIOOATHA MKOHOMHYECKa
KpHU3a HAJIOKH HM3MCHEHHS B METOIUTE Ha IIPOU3-
BOJICTBO, KOUTO OT €IHa CTpaHa IpEeMHHaxa OT Ma-
COBO TPOM3BOACTBO HAa CTAaHIAPTU3UPAHU MPOSYKTH
KbM MPOU3BOJICTBO Ha APEeOHO-MAPTUIHU MPOIYKTH
3a KpailHO MOTpeOJieHHe, MMAIli [M0-BUCOKA CTO¥-
HOCT, 1 OT Apyra — CTaHaxa o-I'bBKaB! U aJIalITUBHU
CIIPAMO KOJIMYECCTBOTO U KAUYCCTBOTO Ha MPOAYKTUTE
[8]. HempekbcHaTHAT cTpeMeX 3a HaMalsBaHE Ha
pa3xoauTe JOBEIe IO NMPEeMECTBAHE Ha MKOHOMHYE-
CKA JEWHOCTH W TMPOMHIUICHH IIPOW3BOACTBA B
pa3IMYHM YacTH Ha cBeTa. ToBa peduiekTupa B

MPOMSIHA Ha TIOTPEOUTEIICKUTE 00MYan U MPAKTUKH,
W CHOTBETHO HAJOXXU NPOMEHH M B OpraHU3alusTa
Ha CUCTEeMMUTE 3a IUCTPUOYIMS Ha TOBapUTE.

I'nobanu3anusta € HEOTMEHHa TEHICHLUS B
Pa3BUTHETO Ha IMA3apHUTE OTHOLICHHUS MEXIY OT-
JISIIHUTE CTPAHU U € pe3yinraT oT e(heKTUBHOCTTA B
obyactrta Ha TpaHCNOPTa. YCBHBBPIICHCTBAHETO HA
e(eKTUBHOCTTa 00aue € CepHo3HO IPEAM3BHKATE-
CTBO, KOETO BCE OIIIE HE € HAITBJIHO MPea00IIsHO [5].
To e cBbp3aHO NIpeny BCHYKO C IOBUIIABAHE KOH-
KypeHTOCHOCOOHOCTTa Ha TPAHCIOPTa, HaMHUpaIo
n3pa3 B HaMaJIsiBaHe Ha OOIIUTE Pa3XoJau 3a TpaHC-
MOPT, peajlm3upaHe Ha HKOHOMHH OT BpeMe 3a
W3BBPIIBAaHE HA TPAHCHOPTHUTE YCIYTH W MOBHIIA-
BaHE HAIEXHOCTTa, CHTYPHOCTTAa W 0€30MacHOCTTa
Ha TIPEBO3UTE.

2. CBIHOCT U 3HAYEHHUE HA TOBAP-
HUTE ABTOMOBUJIHU ITPEBO3H

TpaHcmopTHaTa JEHHOCT € CBBP3aHa C MHOTO
TECHH W U3KIIOUUTETHO MHOTOOPONHM BPB3KH C
BCHYKH OCTaHanu orpacid. Ts cepp3Ba chepara Ha
MPOU3BOJICTBOTO ChC cepaTa Ha MOTPEOJICHHETO,
00OBBP3BAMKH B €IMHHO IIUIO KaKTO OTACTHUTE OT-
paciii Ha HAIMOHAIHOTO CTONAHCTBO, Taka W OT-
JIeTIHATE pailoHn Ha cTpaHuTe U xbpkasute [4]. bes
HAJIMYAETO Ha pasBUTa TPAHCIIOPTHA CHCTEMA,
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HallMOHallHaTa ¥ CBETOBHA HKOHOMHKA He Owuxa
MOTJIY J1a ChUIECTBYBAT B CbBPEMEHHUS CH BUJI.

ToBapHHAT aBTOMOOMIJIEH TpPaHCIIOPT € Hepas-
JIeJIHa 4acT OT HAI[MOHAJIHATa TPAHCIOPTHA CUCTEMA
U OT LAjaTa UKOHOMMYECKa JIEHHOCT Ha cTpaHaTa,
OCHUTYpsIBAWKM ~HOPMalNHO (PyHKIHMOHHpaHE Ha
BCUYKU OTpaciau. Toll urpae M3KIIOUUTEIHO Ba)kKHA
pons 3a pas3BUTHE KOHKYPEHTOCIIOCOOHOCTTa Ha
HallMOHAJTHaTa MKOHOMMKA M 33 YCHBBPIICHCTBAHE
Ha MOYTH BCHYKH OW3HEC IIPOLECH, KOETO € OT
CBIIECTBEHO 3HAUYCHHWE W 32 BBHITHOTHPTrOBCKUTE
BPB3KM Ha CTpaHaTa. be3 y4yacTHeTOo Ha aBTOMO-
OWJIHUS TpaHCIOPT He OM OWJIO BB3MOXKHO ChIle-
CTBYBAHCTO Ha MAHCIIHUTE MCKAYHAPOJHHU HKOHO-
MUYECKU U THPrOBCKM BpB3KU. IloHacrosimeM, To-
BapHHUAT aBTOMOOWMIJIEH TPAHCIOPT Ce ouyepTaBa KaTo
Hall-IMHAMUYHO Pa3BUBAILMAT CE BUJ TPAHCIOPT —
TOW € OCHOBEH BHJI TpaHCIOPT B bbiarapus u e
NPEANOYNTaH TpeJ]  JKEJIE30IbTHUS  TPaHCIOPT
(KOHTO € OCHOBEH HETOB KOHKYPEHT HPH CYXOIBT-
HUTE TIPEBO3M), OOCITYXBAaWKM 3HAUMTEIEH ISUI OT
BBTPELIHNTE W MEXIyHapoJHH ToBapororonu. Jlo-
Ka3aTeJICTBO 3a TOBa ca INPEICTaBEHUTE [aHHU B
nonHata Tabmuma [13].

Ta0J1.1 [IpeBo3enu ToBapu U U3BLpIIeHA paboTa
oT aBTOMO6I/IJ'lHI/IH N XKCJIC30IIbTHUA TPAHCTIOPT
3a meproaa 2010-2014r.

Buj10Be TPAHCHOPT 2010 [ 2011 [ 2012 [ 2013 | 2014
IIp TOBAPH — XH/I. TOHA
ABTOMOGHIIEH, 130013 135 140 160 153
276 376 267 262
B T.Y..
a) BBTPELICH TPAHCIIOPT 117 270 120 121 137 132
653 357 457 984

6) MEX/IyHapO/ICH TPaH- 12743 14 623 19019 22 810 20278

cropr

Kenesonbren, 12 940 14152 12 470 13 539 13 691

B T.4..

a) BBTPELIHHU IPEBO3H 9 252 10 016 8953 10 152 10 361
6) MEX/IyHapO/IHH TIpe- 3688 4136 3516 3387 3330
BO3H
M3BbpmeHa padoTa — MJIH. TOHKM

ABTOMOOMIICH, 19 454 21212 24 387 27237 27922
B T.4..

a) BBTPELICH TPAHCIIOPT 6119 6516 6 299 7192 6 826
6) MEX/IyHapO/ICH TPaH- 13334 14 696 18 089 20 045 21096
cropr

Kenesonbren, 3064 3291 2908 3246 3439
B T.4..

a) BBTPELIHHU IPEBO3H 2100 2237 2011 2376 2557
6) MEX/IyHapO/IHH TIpe- 964 1054 896 870 882

BO3U

I[aHHI/ITe B Ta6nnuaTa paskpuBaT CEPHUO3HOTO
MPEBH3XOJACTBO HAa TOBApHUA aBTOMOOUIIEH TpaHC-
IOpT B CPABHCHUE C KECJIC30IMNBbTHUSA TPAHCIIOPT. ToBa
C€ OBJDKM OCHOBHO Ha NMPUCHIIUTE HA TOBApPHHUS aB-

TOMOOMJICH TPAHCIIOPT Ka4EeCTBEHU XapaKTEPUCTHKH
U TEXHHKO-MKOHOMHYECKH OCOOEHOCTH (KOHMTO IO
CBOETO CBIIECTBO MPEACTAaBIABAT KOHKYPEHTHHUTE
KadyecTBa Ha TO3M BHJ TPAHCIOPT), KOUTO IO Ipe-
JIoTIpeieNinXa KaTo NPeANoYuTaH BUJ TPAHCIOPT OT
MHOTO W Pa3INYHM TOBAPOAATEIH, KOUTO Pa3dUTaT
M3ILUIO Ha HETO 3a: CBOEBPEMEHHO Pa3MpOCTPaHEHHUE
Ha TPOM3BEKAAHUTE OT TSAX CTOKH B HAIIMOHAJIEH H
MEXIYHApOAEH aclieKT; OCHTYpsBaHE Ha MaTepHa-
JUTE U CYPOBHHHTE 33 IPOMHIIUICHUTE MPEATPHATHA
1 TIPEBO3BAHETO HA TOTOBATa MPOAYKIHS O MOTpe-
Ourtenurte;, pUTMUYHO U CBOEBPEMEHHO CHAaOMsBaHE
Ha THPTOBCKaTa MpeXa ChC CTOKH 3a 3aJI0BOJISIBAHE
Ha BCEKHIHEBHHUTE MOTPEOHOCTH HAa HACEJICHHETO U
ap.

MoxeM aa HampaBUM OOOOIIEHUETO, Y€ POoJIsiTa
Ha TOBapHHUS aBTOMOOWJICH TPAHCIIOPT, Y4aCTBAHKH B
€/IMHHATa TPAHCIIOPTHA CHCTEMa € J]a ChJICHCTBA 3a
COIIMATHO-UKOHOMHYECKOTO Pa3BHTHE Ha CTpaHaTa
KaTo OocHrypsiBa epukaceH (C MaKCHMalHH IIOJI3N),
e(eKTHBCH (C MHHUMAIHU Pa3XOJH) U YCTOWYHB (C
MHHUMaJIH{A BBHIIHMA BIHMSHUS) TPaHCIOPT, KaTo
noaromMara 0aJlaHCHPaHOTO PETHOHATHO Pa3BUTHE U
OTYHTAWKN KPBCTOIBTHOTO MOJIOKeHWe Ha bhira-
pus, U HEHHMAT TPAH3UTECH MOTEHIHMAN J1a YCKOPH
WHTETPUPAHETO U B €BPONEHCKUTE U MEXAYHAPOIHHU
crpykrypu [10]. ToBa obaue € HEMUCITHMO Ja Obie
MIOCTUT'HATO 0€3 HAJIMYUETO Ha BICOKO KOHKYPEHTECH
TOBapeH aBTOMOOWJIEH TPaHCIIOPT, rapaHTHpall yc-
TOWYMBOCT Ha MKOHOMHKATa KaKTO B HAI[MOHAJEH,
TaKa U B MEXXAYHapO/IeH acIeKT.

LsnaTa Ta3M CIOKHOCT W MHOrooOpasue Ha
B3aUMOOTHOILCHUATA MEXAY TOBAPHUS aBTOMOOU-
JIeH TpaHCHOPT U HallMOHAHATa HKOHOMHKA Hajiara
TAXHOTO BHHMAaTEIHO W B3aMMOOOBBP3aHO H3yda-
BaHE C IEJI U3BEXKAAHE HA HACOKH 32 HETOBOTO Ob-
Jenio passutue. ChIIECTBEH NPHHOC B TOBA OTHO-
mieHne uMa paspaboTeHara oT aupeknus ,,Harwo-
HaJHa TPAHCIIOPTHA MOJUTHKA” KbM MUHHUCTEPCTBO
Ha TpaHCHOpPTa, WH(GOPMAMOHHUTE TEXHOJIOTHH H
cpobmeruara (MTUTC) ,,Ctparerus 3a pa3BUTHE Ha
TpaHCIOpTHaTa cucTeMa Ha PenyOmnuka bbarapus no
2020r.“ Bp3 ocHOBa Ha pOTHO3MTE 3a pbcTa Ha bBII
Ha bearapus B mepuoma 2010-2020r. u mpu mpoc-
JeIBSHE HAa TCHACHIIMNTE 32 Pa3BUTHE HA TOBAPHUS
W ITBTHUYECKUS TPAHCIIOPT, 3aKIIOYCHUETO €, Ye Ce
OYaKBa HapacTBaHE HA M3BBpIICHaTa paboTa, CHOT-
BETHO B TOHKHMJIOMETPU H ITbTHUKKWIOMETPH,
cpsiMo BB3mpHeTaTa 3a 6asosa 2008r. PaspaboTenn
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ca /JBa NMPOTHO3HM CLIEHApHs 3a HApacTBaHE Ha M3-
BbpueHata paborta [11]. IIspBusit e Bapuant ,,Cra-
OuiieH pactex” W IpejcTaBiisiBa 0a30B cLeHapUil 3a
TPaHCIIOPTHATA CHUTyalMsi, OIHMpAIl ce Ha MpPOTHO-
3ute 3a HapacTBaHe Ha BBII 3a nepuoga 2009-2010r.
u 1o 2020r. Ha AreHImATa 32 aHAIW3H M MPOTHO3M.
Bropusr cuenapuil € HapeueH YCIOBHO ,,BucOk
pacTex’ u mpeanoiara no-CKOPOLIHO H3JIU3aHE Ha
CTpaHaTa OT PELECHATA U CE OIMpa Ha MPOTHO3M Ha
HenpaBuTeNCcTBeHUs LleHTBp 3a HMKOHOMHYECKO
pasButie. OuakBa ce W YCHENIHO pealM3HMpaHe B
CPOK Ha TOJIeMUTEe HHQPACTPYKTYPHH MNPOEKTH B
obmactra Ha TpaHcmopTa. ChIO Taka ca B3E€TH
NPEeABU/ U IONYCKaHHsATa Ha CBETOBHUTE (MHAHCOBU
WHCTUTYIIMH 3a T[0-BUCOK pAacTeX B Iepuoja
2015-2019r. Ilporuo3upaHoTo pa3BUTHE Ha IOKa3a-
TEITNTE € MOKA3aHo Ha cieapaiute rpaduku [7].
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¢ur.2 OuakBaH pbCT Ha TOBapHATa U MbTHUYECKA
MpeBo3Ha JeiHoCT 3a nepuona 2009-2020r. (cue-
Hapwii ,,Bucok pacTex)

U B nmBaTta cueHapus € cra3eHa eIHa OT OCHOB-
HUTE TPENOPHKH Ha eBpoIeickaTta TPaHCIOPTHA
MOJIUTHKA — Pa3BUTHE Ha TPAHCIIOPTHATA JIEHHOCT, C
TEMIIOBE ITO-HACKU OT TEMIIOBETE Ha HapacTBaHE Ha
BBII. 3ana3Ba ce TeHIeHIMsATAa 3a MpEeBEC Ha aB-
TOMO6I/IJ’IHI/I)I TPaHCTIOPT IO OTHOLICHUEC Ha IIpe-

BO3CHUTE TOBAapH, KaKTO B MEXAYHApOIHO, Taka W
BbB BBTPEUIHO CHOOILIEHHE, KOETO € YCTOH4YMBa
TEHJCHLUSI U HE CE OYaKkBa B CKOPO BpeMe T Ja
NPETHPIU cepro3Hu n3MeHeHus. Tosa e 0a3upaHo Ha
MPOTHO3UTEC, Y€ KEJIC3O0NbTHUAT TPAHCHOPT HMaA
JOOpM TEpCTIEKTHBU 0 OTHOIICHHWE Ha MEXTyHa-
pPOIHWS W TPEAMMHO Ha TPAaH3WUTHUS Tpaduk, a
MOPCKHSAT W PEYHHAT TPAHCIIOPT OCTABAT C OTHOCH-
TEJIHO NO-HUCKH BB3MOXHOCTH, OCHOBHO B 00JIacTTa
Ha MeXIyHapomHuTe mpeBo3u. Cunta ce, ye pera-
Balla IpPOMsHA B IIPepaslpe]e]ICHHEeTO 10 BHUJIOBE
TPaHCIIOPT W HaMaJIdBaHC JI€jla Ha aBTOMOOUIHUS
MOXe Ja ObJe MOCTHrHAaTa CaMoO 4pe3 YCKOPEHO
pa3BUTHE HA HHTEPMOJAIIHUS TPAHCIIOPT.

[IpeBechT Ha aBTOMOOWIHHS TPAHCIOPT Ce
JOBJIKA 10 TOJIAMa CTEIICH Ha HCTOBUTE MMPEANMCTBA B
CpaBHEHHE C OCTaHAJIUTE BWJIOBE TPAHCIIOPT,
Hali-Ba)KHHUTE OT KOHUTO ca cieanure [12]:

® [pUTEXaBa BHCOKa JIOCTBITHOCT, MaHEBpe-
HOCT Y I'bBKaBOCT B CPaBHEHHE C OCTaHAINTE BUJIOBE
TPaHCIIOPT, MO3BOJISIBAHKM M3BBPIIBAHE Ha JOCTaB-
KHTE ,,0T BpaTa A0 BpaTa‘;

e mpenocTaBs Bb3MOXKHOCT 3a KOMOMHHUpaHE ¢
BCHYKHU OCTaHAJIH BUIOBE TPAHCIIOPT;

e OocuTypsiBa OTHOCHTEITHO BHCOKa CKOPOCT Ha
JIOCTaBKHUTE, OCOOEHO MpH MPEBO3UTE HA KbCH Pa3c-
TOosHUs. B TOBa OTHOLIEHHE aBTOMOOWIHHAT TpaH-
CHOPT OTCTHIIBA CAMO HA BB3IYIIHUS, YMUTO IIpeE-
JIMMCTBa MOTaT Jia C€ pealn3upaT caMoO Ha CPaBHU-
TEJIHO JIBJITH Pa3CTOSHUS;

® ChHILIECTBYBa MHOTOBAapHAHTHOCT II0 OTHO-
LIEHHE Ha MapIIPYTUTE U CXEMHTE Ha JIOCTABKa;

® DPa3XoAWTE 3a HAYaJHO-KpPalHH ONEpalu ca
MHOTO TO-HHCKH B CPaBHEHHE C JKEJIC30IBTHHUA H
0CcO0OCHO ¢ BOIHUS TPAHCIIOPT;

® [IpU NPEBO3UTE Ha IPEOHO-TIAPTUAHU TOBAPH
M3IIONI3BaHETO HA aBTOMOOWIIEH TPaHCHOPT € edek-
THUBHO U Ha MO-IBJITH pa3cTosHus. ToBa ce IbIDKH Ha
00CTOSITEJICTBOTO, Y€ TPH APEOHO-MAPTHIHNTE TO-
Bapu TOBApPOCIIOCOOHOCTTa Ha AaBTOMOOMWIIMTE Ce
yCBOsIBa 10-100pe, B CpaBHEHHE C Ta3W HA BarOHUTE
1 0co0EHO Ha Kopabure;

® ABTOMOOWJIHUTE NPEBO3HH CPEACTBA OBP30 U
JICCHO CC HaraxaaT KbM HU3UCKBaHHUATA U YyCJIOBUATA
3a mpeBo3u. B 3aBucuMoOCT OT BHJa, CBOicTBara u
MapTHIHOCTTa HAa TOBAPHUTE, PA3CTOSHUETO Ha IIpe-
BO3a M CBCTOSIHHETO Ha NBTHINATa, MOXE Ja ce
noabepe M HAN-MOAXOISIIMAT THII aBTOMOOWI 3a
M3BBPIIBAHE Ha BCEKM KOHKpeTeH npeBo3. OcBeH
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TOBa IIPU TOJIEMH TApPTUANM CPABHUTENHO OBP30 U
JIECHO MOTaT Ja Ce KOHIIEHTpHpaT HeoOXOIMMHUTE
AaBTOMOOWIIN 3a TSAXHOTO IPEBO3BAHE.

Brrpeku n3rbkHaTHTE OE3CIOPHHM NPEIMMCTBA,
ABTOMOOWJIHUST TPaHCIIOPT MMa M HEJIOCTaTbIH,
Hal-CBIECTBCHNUTE OT KOUTO Ca CICIHUTE:

® CPaBHHUTEIIHO TOJIIMA 3aBHCHMOCT OT IBTHUTE
¥ KJIMMaTHYHUTE yCIIOBHUS;

e m3pa3xo/Ba TOJEMH KOJIMYECTBA TEYHHU TO-
puBa. ToBa ompezens HeToBaTa BUCOKAa €HEProeMcC-
KOCT OT €JHa CTpaHa, U HHUCKa €KOJOTHYHOCT — OT
Apyra;

® CpaBHUTEIHO HHUCKAa MPOM3BOJIUTEIHOCT Ha
Tpyla, TMOpajud MaJlkaTa TOBapOCHOCOOHOCT Ha
MOJIBHKHUS ChCTaB;

e BHCOKa ce6eCTOMHOCT Ha TOBApHUTE IIPEBO3H,
0CcOo0CHO Ha IIBIITH PA3CTOSTHHUS,

e IIpHTEXaBa IMO-MaJKa IPEBO3HA CHOCOOHOCT,
a CJIEZIOBATEIHO W IMO-OTPAHWYCHU CHOCOOHOCTH J1a
M3BBHPIIBA MAaCOBHU TPEBO3H B CPAaBHEHHUE C JKEIIE30-
OBTHUS, MOPCKHS, PEYHHA U TPHOOIPOBOIHUS
TPaHCIOPT.

be3cniopHo MKOHOMHYECKaTa poOJisi HA aBTOMO-
OWJIHUSL TPAHCHOPT € Hai-BakHa M c€ H3passBa B
OCBILECTBSIBAHE HA MKOHOMHYECKUTE BPH3KH MEXKIY
OT/AEJHUTE OTPACIH HAa UKOHOMHUKATA M Pa3IMYHUTE
palioHH M TIpeInpHsTHs Ha cTpaHara. ToBa e W 3a-
JBJDKUTEITHO YCJIOBUE 33 M3TPAXKAaHETO M Ha Peru-
OHAJIHUTE IMa3apy U 3a OCHIIECTBSIBAHETO HA CHBpE-
MEHHUTE MKOHOMHYECKHUTE BPB3KH MEXIy pas3iud-
HUTE IbpKaBH, kakTo B EC, Taka 1 U3BBH HeTO.

ABTOMOOWJIHUST TPAHCIIOPT M3IBJIHSABA M COLM-
aJlHa poJIsl, KOSITO Ce ChCTOM B 3a/I0BOJISIBAHE HYX-
IUTEe Ha HACEJICHHETO OT HEOOXOOMMHTE CTOKH H
YCIyTH, KAKTO M OCHUTYpPSIBAHE Ha 3a€TOCT Ha TOJISIM
MPOIEHT OT TPYHOBHUTE pecypcH. OT yCTOWIHBOTO
pa3BUTHE Ha TOBapHUSI aBTOMOOWIICH TPAHCHOPT 10
TOJsIMa CTEIeH 3aBUCH W YCHBBPIICHCTBAHETO Ha
0OIIIeCTBEHOTO pa3lelieHNe Ha TpyHa, KakTo W 3a
OrpaHMYaBaHE Ha HKOHOMHYECKaTa W COIMaJHA
M30J1alMsl Ha MO-MaJIKUTE W W30JHMPaHU aIMUHHCT-
PaTUBHO-TEPUTOPUAITHH €TUHULIH, KOUTO B TIOBEYETO
CJIy4ad ca ChC 3aHM)KEHAa MKOHOMHYECKa aKTHBHOCT.
OT rnenHa TOYKAa Ha 3a€TOCTTa, ABTOMOOWIIHHSAT
TPaHCIIOPT MMa ONpeieNieHH Creln(UKH, CBbP3aHH
ChC 3aTbJDKUTENTHATA KBANH(UKAIUS HA paboTenuTe
B HETO W HEHOPMHPAHOTO PabOTHO BpeMe 3a roisiMa
4acT OT 3aeTHTE B HEro. 3aeTOCTTa B CEKTOpa € |
NpSKO CBBpP3aHa C KOHIOHKTypaTa Ha TIasapa Ha

TpyZla, HO KaTo ISJIO TOBAa OMNpEAENs 3HA4YnTeIHATa
COIIMAJTHA POJIA Ha CEKTOpa, MIOHEXEe TOW OCHT'ypsBa
paboTa Ha roJsaM MPOUEHT OT TPYAOCIIOCOOHOTO Ha-
CEJICHNE Ha CTpaHarTa.

3. 3HAYEHUE HA TOBAPHUSIT ABTOMO-
BUJIEH TPAHCIIOPT 3A KOHKYPEHTOC-
MOCOBHOCTTA HA UKOHOMMUKATA NP
W3BBPIIBAHE HA IIPEBO3U B MEXKIY-
HAPO/IHO CHOBILEHUE

BnaronpusitHoTo reorpa)cko MOJOXKEHHE Ha
bbarapus naBa 3HaUUTENHO MPEAUMCTBO OT I'EOCT-
paTerHuecKu acleKT 3a CBbp3BaHe Ha 3amajgHa u
Hentpanna EBpona ¢ bauskus U3rok, 3amagnHa u
LenTpanHa A3us, KakTO U CbC CEBEpHATa M IOXKHA
yacT Ha EBpona [9]. Pa3Butuero Ha TpaHCIOPTHHUTE
BPB3KH CbC ChCEHHUTE CTPAHU HA bbirapus me no-
BeJle 0 MOJOXXHUTEIHH BB3MOXKHOCTH 32 JOIBIIHH-
TEJIHW TPAHCIIOPTHU MApIIPYTH M OCUTypsIBaHE Ha
Ba)XHH TOBapOINOTONH, YPE3 KOUTO IIe OBJEC ONTH-
MU3UpaH TPAH3UTHUAT TPAHCIIOPTEH TPadHK, KOUTO
€ M3TOYHUK Ha JOXOJAHM 3a CTpaHaTa. TOBapHHUAT aB-
TOMOOMJICH TPAHCIOPT € €ANH OT Ba)KHUTE (PaKTOPH,
KOUTO B 3HAUMTEJIHA CTENEH JONPHHACAT 3a TepH-
TOopHajiHaTa MHTerpanus Ha bearapus upes cBosiTa
pasBuTa cucreMa OT OW3HEC B3aMMOOTHOUICHHUS M
MamabHa JISHHOCT MO NMPEBO3BAHETO HA 3HAYUTEJICH
0o0eM ToBapH. Y4acTBallKu aKTHBHO B pasIpejerne-
HHETO Ha IIPOM3BOICTBEHUTE MOIIHOCTH M CHAOIs-
BAaHETO Ha OTJCJIHUTE IPOM3BOJICTBA C HEOOXOIH-
MHUTE CYpPOBHHHM M MaTepHajH, MOACEKTOpa 3aI0BO-
IsBa HY’KIUTE MPEAMMHO Ha €BPOINEHCKHUTE Ma3apH.
Pemry6nuka beirapus e BpHIIHA rpanuia Ha EC u ce
ABsBa BpB3Ka c neHTpanHa Asus, bmuskus M3rok,
Cpenuust U3ztok, Jlaneunns M3Tok M cTpaHuTe OT
Uepnomopckust Oaceitn. [lpe3 Tteputopusita Ha
cTpaHaTa npeMuHaBaT net OOIOeBPONEHCKH KOPH-
nopu — IV, VII, VIII, IX u X, K0oeTo OT cBOsI cTpaHa €
NpPENOoCTaBKa 3a IONBIHUTEIHH H3UCKBAHUS KbM
Ka4eCcTBOTO Ha MH(PACTPYKTypaTa M TEMIIOBETE Ha
pa3BUTHE HAa TpaHCIOpPTHAaTa Mpexa Ha benrapus,
Taka 4e Ja ObJe OMOJ30TBOPEHO B MaKCHMalHa
CTEINEeH TOBa OJArONPHUATHO Ie0CTPATETHYECKO Ipe-
JuMcTBO. DOKYCHT € HaCOUeH BbPXY B3aUMHATA 3a-
BUCUMOCT M PaBHONOCTABEHOCT MEXAY Pa3IHIHUTE
BUIOBE TPAHCIIOPT W HAMHpaHE HAa TOYHHA OajaHC
MEXKAY TAX, C 1IeJ MOBUIIaBaHE HA €PEKTUBHOCTTA U
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KOHKYPEHTHOCIIOCOOHOCTTa, IPH TOBa C BHHUMaHHE
KBbM W3UCKBAaHUATA 32 ONa3BaHe Ha OKOJIHATA CpeJia.

ToBapHUAT aBTOMOOWJIEH TPaHCIIOPT € KJIIOYOB
(axTop npu nogoOpsiBaHe KOHKYPEHTOCIIOCOOHOCTTA
Ha MKOHOMHMKaTa Ha CTpaHaTa, KaTo OKa3Ba ChIIEC-
TBEHO BIMSHHE BBPXY Pa3sBHTHETO Ha BBHHIIHATA
TBProBUS Ype3 CBOUTE CBOCBPEMEHHH JOCTaBKH JO
KJneHTuTe. ToBa OKa3Ba CTUMYJIMPALIO Bb3AEHCTBHE
BbPXY HAIlMOHAJHATa HKOHOMHKA, KOATO CE CTPEMH
J1a POU3BEXk/A MO-KOHKYPEHTHA MPOIYKIHSA 32 pe-
IM3alKs KakTo Ha BBTPCIIHHMS, TaKa U Ha MEXIy-
HapojHuTe nasapu. [Ipe3 mocieaHUTE rOAWHU BBHH-
LIHATa TBProBUs Ha bbiarapus e opueHTHUpaHa
[JIABHO KBbM I1a3apUTE Ha EBPOIICHCKUTE CTPaHH,
KBJIETO KOHKYPEHIMATa € HM30CTPEHa, a ChILIeBpe-
MEHHO 3HAuYuTe]eH 00eM EBPONEHCKH CTOKH C BH-
COKO KauecTBO C€ BHACST 3a peaju3aius Ha Obi-
rapcKus masap.

Bb3npreTro € HHBOTO Ha HallMOHAIHATa MKOHO-
MHKaTa Ja ce Ompeneisi OT HKOHOMUYECKHUTE HU3Me-
purenu Opyten BprpemieH npoaykt (bBII) u 6pytHa
nmobasena croitHocT (BJIC), KouTO ca pasrienaHu B
tabnuiara mo-goiy [14].

Ta6J1.2 bpyTHa 1006aBeHa CTOHOCT U OpYTEH BBHT-

penieH mpoaykT 3a nmepuona 2010-2014r.
IMoxasaTen Tonnnn
2010 2011 2012 2013 2014
BJIC, MiTH. e, 63985 | 69966 | 70375 | 70576 | 72608
BBII, MH. Te. 73780 | 80100 | 81544 | 81971 | 83612

Ot TabnmuaTa € BUIHO YBENIWYCHHE W Ha JIBaTa
TToKasareJs 3a IeNus pasriexaad nepuoxa ot 2010 mo
2014r., xato yBeqIUueHHETO € choTBeTHO 13,5% 3a
OpyrHaTta nobaBeHa croiHOCT M 13.3% 3a OpyTHUS
BBPEILCH MPOAYKT. 3a CHUIMS NP0 OPYTHHS BBHT-
pelleH NPOJYKT Ha IJlaBa OT HACEJIEHUETO € Hapac-
THa”1 oT 5000 eBpo 3a 2010 r. 1o 5900 eBpo 3a 2014r.
[15]. CprocTaBstiiku T34 PE3yNTATH ChC CPEIHHUTE 32
EC u oTunTaiiku BIMSHUETO Npe3 MEpUOJa Ha Hac-
THIIWIATA UKOHOMHUYECKa KPH3a, MOXKEM Ja KaxXeM,
ye JaHHHUTE ca M10-CKOPO ONTUMHCTHIHU.

BBpXy NOJOXHUTETHUAT PBCT Ha MOCOYCHUTE
MKOHOMHYECKH II0Ka3aTeny Oe3CIOpHO BIHSHHE
OKa3Ba U TOBAapHUA aBTOMO6I/IHeH TpaHCIIOPT, AOII-
PUHACSHKHU 3a MOJIOKUTEIHOTO U YyCTOMYUBO Pa3BU-
THE Ha WKOHOMHMKATa M HeWHaTa KOHKYPEHTOCIHO-
COOHOCT CHPSIMO OCTaHAINUTE IbPIKABH, PEIUMHO OT
EC. IlonmoxwuTenHOTO  pa3BUTHE Ha
HO-TBPTOBCKHUS oOMeH e TCHACHI WA ChC 3HAUUTCIIHA

BBHHIII-

poJis 32 MKOHOMHUKATa Tpe3 MOCICAHUTE TOIUHU U
BBIIPCKNU CIIAJOBETEC, MOBJIUAHU OT HACTbhIIAIIATa
HKOHOMHYECKATa Kpusa, C¢€ C4YuTa, Y€ BBHII-
HO-TBHPTOBCKHS OajlaHC ce o4epTaBa Ja Obae OTHO-
CUTENTHO CTaOWJIeH M B TPaHMIM, ONarompusATHH 3a
Ou3HEC KJIMMaTa B CTpaHaTa.

[MoTeHIAaTbT HA TOBAPHUS ABTOMOOWIEH TpaH-
CIOPT 32 MOANIOMAarane KOHKYPEeHTOCIIOCOOHOCTTa Ha
HKOHOMHKAaTa € 3HauuTelieH. KOHKypeHTOCmoco0-
HOCTTa MOXe Ja ObJie ONpejesieHa KaTto CIOXHA U
MHOT0ACIICKTHA HKOHOMHYECKA KaTETOPHs, KOSTO Ce
n3passiBa B CIOCOOHOCTTA 3a MOCTHTaHe Ha TIO-700pH
pesyiratd B cpaBHeHHE ¢ KOHKypeHtuTe [2]. T e
HEen30eKHO, HO ChIIEBPEMEHHO M TTOJIOKHTEIHO SIB-
JICHUE Ha Ma3apHaTa UKOHOMHKA, U Ce SIBSIBa MOILEH
CTHMYJI 32 HaMmajsiBaHE Ha LIEHUTE W IOBUIIABAHE
Ka4eCTBOTO Ha TPAHCHOPTHHUTE yciyrd. OTAenHuTe
BUJIOBE TPAHCIIOPT, HE3aBUCHMO OT CTpEMexa 3a
MOCTUTaHE HA UKOHOMHYECKAa €(DEKTUBHOCT OT MPH-
JIO)KEHHETO Ha BCEKH €IWH OT TAX B LeliechoOpas-
Hata My cdepa, IpH U3IBIHECHUETO HA MIPEBO3UTE B
roJisiMa CTereH ce KOHKYpUpaT MOMEXIY CH U Ch3-
JlaBaT B3amMo3aMmeHsieMa mpoaykuusi. ToBa ¢ oco-
OcHa cuiia BaXKU 3a J[BaTa OCHOBHH BHUJIA CYXOITbTCH
TPAaHCIIOPT — aBTOMOOWJIHHAT U IKEJIC30IbTHUS,
MEXIy KOUTO KOHKYPEHIIMATA € Hal-CUITHO H3pase-
Ha. OT CBOS CTpaHa KOHKYPEHIHSTA € B OCHOBATa Ha
WHOBALIMUTE M TPEIIPUEMAYECKUTE PELICHUS, M0-
BeJIa JI0 Ch3/IaBaHETO M PAa3BHTHETO Ha CHBpPEMEH-
HUTC aBTOMO6I/IHHI/I KOMIIO3UINH, TMPUTECKAaBAIIH
BUCOKa €(pEeKTUBHOCT M HAJEKIHOCT, U Ha BUCOKOC-
KOpPOCTHATa )eJIe3HUIIa, Ipejyiaraia HOBO Ka4eCTBO
Ha TPaHCIOPTHUTE yciIyru. IMEHHO KOHKypeHLUsTa
MCXKIY TAX € B OCHOBaTa Ha TCHACHOUATA B IIOC-
JeTHUTE HAKOJIKO JICCETUIIETHUSI 32 HaMalsBaHe
obeMa Ha TPEBO3UTE TI0 JKEJIE3HWIA U yBEINYaBaHEe
nena Ha aBroMoOmimHus Tpancnopt [3]. Tasu mpo-
MsIHA JIOHsIKBJEe Oe Mpeau3BHKaHA M OT JMIICaTta Ha
TOYHH TPOTHO3H IO OTHOIICHUE Ha ObJemara KoH-
KypeHiust. KaTo OCHOBHU JBUTATENIN HA Ta3H IPO-
MsgHa C€ CUHUTAT BHCIAPABAHUTC CHBPEMCHHU WH-
(hOpMaIMOHHN TEXHOJIOTHH B aBTOMOOWIHHS TpaH-
CIOPT, KAKTO U MOBHUILIEHUTE M3UCKBAHUSI KbM TPY-
JIOBUTE PECYpCH IO OTHOIICHHE Ha KayecTBOTO Ha
npejjaraHara yciayra. Bbpxy KOHKYpEHTOCHOCO0-
HOCTTa Ha TOBapHUS aBTOMOOHIICH TPAHCIIOPT BIIH-
SIAT U TOJIsAIM OpoW JApyru (pakTopu, KaTo BpeMeTpa-
€HC Ha TMPEeBO3a, NPOIBIDKUTEIIHOCT Ha Hadai-
HO-KpailHUTE Olepaluy, BpeMe Ha H3YaKBaHE,
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Cra3BaHEe Ha paslUCaHusiTa, 0E30IaCHOCT M CHUTYp-
HOCT, MUHUMaJICH pa3Mep Ha IpaTKaTa WIn yCIOBHs
Ha IpeB03a ¥ MHOTO Jpyrv. MHOTO OT Te3u (hakTopu
OKa3BaT pellaBallo 3HA4eHHWE 3a MOTPEeOHTENs IMpU
n300p Ha TO3M BUJ TpaHCcHopT. HesaBucumMo ot ToBa,
yCHIINATa Ha MPEBO3BAYNTE U CIEAUTOPUTE B CHB-
PEeMEHHUTE YCIIOBHSA € 100pe na ObIaT OpHeHTHPaHH
KbM MaKCHMallHa KOOPIWHANWS Ha JEHHOCTHTE MO
OTHOIIICHNE ChUYCTaBaHE KOHKYPEHTHHUTE MPEIUMCT-
Ba Ha aBTOMOOWIJIHUS C OCTAHAJIMUTE BUJIOBE TPAHC-
HOPT.

Baxxen nokazaren 3a ChCTOSHUETO M KOHKYpPEH-
TOCHOCOHOCTTA HAa TOBAPHMAT aBTOMOOWJIEH TpaHC-
nopT € OposT Ha JHLEH3UpaHUuTe NpeBo3Baun. KM
16.02.2016r., OposT Ha JUIEH3UpAHUTE (QUPMH 3a
W3BBPIIBAHE HA TOBApHHM MNPEBO3M B PaMKUTE Ha
crpanata e 4113 [16], kato 3a cpaBHEHHE NPE3 MeECeI
mait 2010r. Toit e 6mm 1752, a mpe3 2005r. — 2470.
Hamaienmero ¢ moutn 30% Ha Opos Ha JHICH3UTE
kbM Mecer Maid 2010r. cnpsamo 2005r. ce AbIKH Ha
00CTOATENCTBOTO, Ye TONIM Opodl upmu ca mpen-
MOYenH Aa NPUAOOHIT MEKAYHapOJASH JHICH3 3a
NpPEeBO3 Ha TOBapH, KOWTO UM JaBa JIOCTBII 10 MEXK-
JYHapOZHUs T1a3ap Ha TPaHCHOPTHH yciayru. OcBeH
TOBa, ciex nmpueManeTo Ha bearapus 8 EC, mexny-
HapOJIHUS JIMIEH3 JIaBa MBbJIHO MPaBO Ha MPHUTEkKa-
TeJlsl My JIa ONiepupa U Ha TEPUTOPHUSITA HA CTpaHATa.
3a TOBa CBHMIETEJICTBAT M JAaHHHUTE 3a Oposl Ha JH-
LIeH3UpaHuTe (PUPMHU 3a M3BBPILIBAHE HAa MEXIyHa-
poaHu mpeBo3H, Kato KbM 16.02.2016r. TexXHUAT
Opoit ¢ 11338 [17], kaTo OTHOBO 3a CpaBHEHHE, TIPE3
Mmecen Mait 2010r. Toit e 6un 6364, a npe3 2005r. —
4848.

Pa3zBuTreTo Ha TOBapHHS aBTOMOOWJIEH TpaHC-
MOPT € CBIIBTCTBAHO U OT PeAnIa MPoOIeMHU, KOUTO
Morar Jia 0bAaT CUCTEMAaTH3UPaHH 10 CICTHUAT Ha-
YHH:

® HE3aJOBOJHTEIHO KadyecTBO HA IbTHATA WH-
pactpykrypa;

® YeCTH HATPYNBaHUS Ha TPAHCHOPTHH CpeEJiC-
TBa Ha HAKOM OT TPaHUYHUTE MYHKTOBE;

e JMnca Ha KOMOWHHMPaHU W MYJITHMOJIAJIHU
yCIyTH;

e HeOuaromnpusTHa BbB3pPacTOBa CTPYKTypa Ha
AaBTOMOOWJIHMSI NapK B CTpaHaTa U TPYIHOCTH Ha
TPaHCIIOPTHUTE ONEPATOPH, 1O OTHOIICHHE IIaHU-
paHeTO Ha NHBECTHIIMOHHH CTPAaTETUH;

e BPEIHO BIMSHHE BbPXY OKOJIHATA CPE/a;

e He noOpe opraHmszupaHa oOpaboTKa Ha OT-
MaJbIUTE Ha M3JIE3NIN OT ynoTpeda WM CIPEHH OT
JBIDKCHNE TOBAPHU NTPEBO3HU CPEJICTBA.

Hapen ¢ u3bpoennte, chiecTBeH MpodiIeM € H
YyecToTaTra Ha BB3HUKBAIIUTE MHIMACHTH W KaTacT-
podu, cBBp3aHM C IEHHOCTTa Ha TOBAPHHUS aBTOMO-
OWJieH TpaHCIOPT, KOWTO NPHUYMHSABAT UOBEIIKH
JKEPTBM M MarepuayiHu 1mietd. Haii-romsm Opoit
mbpTHO-TpaHcopTHU npousmectBus (IITII) u xep-
TBU Ca peaJu3upaHd OT BOJAYHUTE HA JIEKH aBTOMO-
Owmn u Ha cienBamo Mmsacto mo Opoit Ha IITII n
MOCJICICTBHUATA OT TSAX Ca TOBAapHHUTE aBTOMOOWMIN
[18]. OcHoBHHTE MpPOOIEMH, CBBP3aHH CHC 3HAUYH-
tenHus Opoii [1TTI 1 Opost Ha 3arMHATUTE U paHEHUTE
IPH TAX, Ca KOMIUIEKCHH. [lo-3HaunTemHUTE OT TAX
ca CIeIHUTe:

e HeOaronpusaTHaTa Bb3pacToBa CTPYKTypa Ha
W3I0JI3BAHUTE TPAHCIIOPTHU CPEACTBA IpeIoara
MO-HUCKA HAISKIHOCT MPH CKCIIOATAIHS;

e JMICca HAa WHOBAaTHBHU TIPEIMa3Ballld U KH-
BOTOCIIACSABAIM CPEJICTBA B EKCIUIOATHPAHUS MOJ-
BIDKEH ChCTaB, KOUTO Ca XapaKTepHH 332 ChbBPEMEH-
HHUTE TOBAPHU aBTOMOOMIIN;

e HejoOpe OpraHu3UpaH U HEAOCTAaThYHO KOH-
TPOJNMUpaH MPOLEC Ha TEXHUYECKO MOJAbp)KaHE Ha
TIOZIBHXKHUS ChCTaB;

® HEJIOCTaThbYHO €(EeKTHBHO IbPBOHAYAIIHO U
nocieiBamo oOy4eHHe Ha BOJAuyd Ha MOTOPHHU
MIPEBO3HU CPEJICTBA;

e HEaJeKBATCH KOHTPOJI M  HENOCTaThYHO
CTpOrO MpWIaraHe Ha HOpPMaTHBHAaTa ypenda oOT
CTpaHa Ha KOHTPOJIHUTE OPraHy;

e JIMICa HA W3TPaJicHa KyJITypa Ha MOBEACHHE
OT CyOeKTHTE B TPAHCIIOPTHUS IIPOLIEC.

PasrnenanuTte N0TyK HaHHM M TOKa3aTelad ca
cpel Hal-TUNMWYHHUTE, KOUTO MMAaT OTHOILIEHHE KbM
CBCTOSIHHETO M KOHKYPEHTOCIIOCOOHOCTTa Ha TO-
BapHUSA aBTOMOOMJIEH TPaHCHOPT U MOXeE Ja ce
cumTa, 4ye Ha TsAXHA 0a3a MoraT Jia ce u3BeJar auek-
BaTHM HACOKH 3a TOBHIIABAHE HAa HETOBaTa KOHKY-
PEHTOCIIOCOOHOCT NPH MU3BBPIIBAHETO HAa MPEBO3U B
MEXAYHApOIHO ChOOIICHHE.

4. HACOKU U JOBPU ITPAKTUKMH 3A I1O-
BUITABAHE KOHKYPEHTOCIIOCOB-
HOCTTA HA TOBAPHUSA ABTOMOBMJIEH
TPAHCIHIOPT ITPU U3BBPIIBAHETO HA
MPEBO3U B MEX/JIYHAPO/JHO CbOBIIE-
HUE
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IIperneasT Ha CHCTOSHUETO HA TOBAPHHS aBTO-
MOOMJIEH TPaHCIIOPT I0Ka3Ba, Ye 3HAYUTETHA YacT OT
TPaHCIIOPTHUS IIapK B CTpaHaTa € (PU3UUECKH U MO-
pPaJIHO OCTapsl, KOETO BIUSE OTPULATETHO KAaKTO
BBPXYy HEroBaTa KOHKYPEHTOCIIOCOOHOCT, Taka H
BBpPXY O€30IacCHOCTTa Ha ABMKEHHETO M OKOJHATa
cpena. B ycinoBusiTa Ha mnbepanu3upaH TPAaHCIIOPTEH
masap W MpoAbJDKaBamaTa riodaimm3amnus, oOHOBS-
BaHETO ¥ MOJEPHU3AIMATA Ha aBTONAPKa € MbPBOC-
TEeTeHHa Ipirka. B ToBa OTHOIIEHHE OCHOBHA 3aJa4a
Ha Jbp)KaBaTa € Jia ce CTpeMH Jia ch3jaBa OJjaron-
PHUATHU YCJIOBUS M Ja ChACHCTBA 3a TAXHOTO OCh-
IIeCTBABAaHE upe3 aJMUHHCTpAaTHBHA HaMmeca.
ITo-koHKpETHO, HEOOXOAUMO € Jla ce MpeanpuemMar
CIIeTHUTE MEPKU:

IIspBo. BeBekaane u npuiarase Ha €BpOIEC-
KUTE CTAHJApTH 110 OTHOIIEHHE HA TPAHCIIOPTHUTE
NIPEBO3HU CPEACTBA M KOHTpOJIa BBPXY TAX. ToBa
MOXe Jia ObJie MOCTHIHATO Ype3 passIndHu WHCTPY-
MEHTH KaTo NpPOMEHM B HOpMaTHWBHaTa ypeaba u
YCHBBPIICHCTBAHE HA IMPOLEAYPUTE MO KOHTPOI,
KaToO IO TO3HW HA4YHMH CC LCJIH INOBHUIIIABAHC HA MH-
HUMAJIHUTC 3aKOHOBU U3HMCKBAHUS 110 OTHOILICHUC Ha
TPAHCIIOPTHHUA IMapK MU MOCTCIICHHA XapMOHU3alusd C
N3HUCKBaHUATA HA eBpOHeﬁCKHTe 1 MCXKIYHAPOIHUTE
CTaHJapTH.

Bropo. HacbpuaBane MojaepHHU3alMATa Ha
TPaHCIIOPTHUS MapK W BHEIPSBAHETO HA HOBU TEX-
HOJIOTMH 4Ype3 Ch3AaBaHEe HA JaHBYHM OOJEKUYCHUS,
OCHUTypsIBaHE Ha IBJITOCPOYHH HPOrpamMH 3a OOHO-
BsIBaHE Ha TPAHCHOPTHHS MaPK C YaCTHYHA IbpPKaBHA
nomoin. llenTta e mocTuraHe Ha MOCTENEHHO U yC-
TOMUYMBO OCHBPEMEHSIBAHE U MOJEPHU3UPAHE HA TO-
BapHHUTE TPEBO3HM CPEJICTBA M IOBUINEHA KOHKY-
PEHTOCTIOCOOHOCT Ha OBITapCKUTE MPEBO3BAUH, KO-
€T0 Ja MJOBeAEC OO0 IIOBHINABAaHE KAadeCTBOTO Ha
TPaHCIIOPTHATa yCIyra M CHIDKaBaHE Ha EKCIUIOa-
TAIlMOHHHUTE Pa3XOH Ha IIPEBO3HUTE CPENICTBA.

Tpero. EdextnBHO WM3MON3BaHE Ha EBpOICHC-
KuTe ¥ Apyru GoHnoBe M (QHUHAHCUpAIU WHCTHUTY-
nuu. MuTerpupanero Ha bearapus B €BpoleUcKuUTe
CTPYKTYPH MPENOCTaBsl Bb3MOXKHOCTH 3a U3rpakia-
HE, MOJIEpHU3UpPAHEe U Pa3BUTHE HAa Y4acT OT TpaHC-
noptHara uH@pactpykrypa. I[loaroroBkara Ha Ma-
mabHN TPOEKTH M3UCKBA M3IIBIHEHUETO Ha peluiia
MIPOYYBaHMS M HAIWYKE Ha CHOTBETEH NpodecnoHa-
JIeH ¥ aJMUHHCTPAaTHBEH KalalUTeT, OTHEMA IbIbI

MIEPUOJT OT BpEME M HaJlara OCUTypsIBAaHETO Ha CHOT-
BETHO MECTHO Ch()HMHAHCHPAHE.

BaxkeH acmekT OT €KOJIIOTHYHA TIeJHA TOYKa €
YCHBBPIICHCTBAHE KOHCTPYKIMATA HA JBUTATECIUTE
Ha TIPEBO3HUTE cpencTea. [IoHeke B TOBapHUS aB-
TOMOOWJIEH TpaHCTIOPT MpeobsagaBaT AU3EIOBUTE
JIBUTATENH, MO-TOJIIMO BHUMaHHE CJIe/IBa Jia Ce OT-
JCJIIN Ha TAX. I[06pI/ITe IIPaKTUKKU B TOBa OTHOIICHHUE
ca crequute [6]:

¢ YCBBHLPHICHCTBAHC HA TOpHMBHATA KaMeEpa OT
rjie/[Ha TOUKa Ha HelHuTe opma U pazmepw;

® yBCIIMYABaHE HA HAITAHETO IIPU BIPHCKBAHE
Ha ropuBOTO. Taka ce MOCTHra HaMajleHHe B KOJIH-
YECTBOTO Ha OT/EJISTHUTE a30THU OKCHIH;

e orpaHuyaBaHe oOema Ha MOJHUIIICHOTO MPOC-
TPaHCTBO Ha PasNpbCKBaya, ¢ KOETO CE IOCTUra W3-
BECTHO HaMaJICHHE HAa eMHICHUTE Ha BBIIJIEBOIOPOIH;

® 3MIOJI3BaHE Ha TO-TONSAM Opod KiIamaHd Ha
LHUITAHABD.

[IpaknTkaTa mokasBa, 4ye Hah-ITOOpW pe3yiaTaTH
ce MoilyyaBaT NpHW KOMOWHHpaHE Ha Ppa3IHIHHUTE
perIeHusI.

[Ipu cBoero nBMWXXEHHME OT HayalHa 10 KpaiHa
TOYKa TOBapUTE OOMKHOBEHO NMPEMHUHABAT IIpe3 He-
KOJIKOKpaTHO 00paboTBaHe, KOETO ce 00yciaBs OT
TEXHOJIOTUYHUSI XapaKTep Ha TPaHCIIOPTHUS MPOIIEC.
KonkoTo mo-panmoHanHo M 1enecbo0pa3Ho Moao-
paHu ca TEXHOJOTMYHUTE CPEACTBA U CXEMH 3a Me-
XaHM3WPAHO MAHHWITyJIHpaHEe Ha TOBAapHTE, TOJKOBA
mo-e(peKTUBHO W B MO-KPATHK CPOK IIE C€ OCHIIECT-
BSBa IEJHAT TPAHCIIOPTEH HUKBI. M3M0I3BaHeTO Ha
ChBPEMCHHH TEXHOJIOTHH 32 TOBapeHE W pa3ToBap-
BaHE Ha TOBapwWTE IIIe JOBeIe IO MMo-Obp3aTa UM 00-
paboTka ¥ HaMaJIsiBaHE Ha PUCKA OT HOBPEAM Ha TO-
BAapHUTEC CAWHUIIU. HUxonomunre Ha BpEME OT
1o-0bp30TO HATOBapBaHE W pa3TOBapBaHE LIE Ce
0Tpa3u Ha HEOOXOJMMOTO BpeMe 3a M3BbPIIBAHE Ha
JIaJIeH KypcC M 1€ T03BOJIH 10-100p0 ynpaBlieHHe Ha
KananuTera U TpynoBuTe pecypcu. OCHOBHHUTE Ha-
COKH B TOBa HallpaBJICHHUE Ca!

[npBo. [loBummaBane MPOU3BOIUTETHOCTTa Ha
MPEeTOBApHUS TpPOIEC M OTTaM CBhKpamlaBaHe Ha
BpEMETO 3a MpecTOd Ha aBTOMOOWIHTE B TOBa-
PO-pa3TOBapHUTE MyHKTOBE.

Bropo. IlonoOpsiBaHe Ha KayecTBOTO Ha Ipe-
JlaraHuTe yCiyrd. [IpernopbyuTesHO € BCHUYKHU JIO-
THCTHYHHU LIEHTPOBE JIa ca NOIy4YHIl cepTudukara 3a
kauectBo o 1SO 9001-2015.
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Tpeto. [lonoOpsiBaHe Ha CUI'YpHOCTTa Ha aBTO-
MOOMJIMTE M Ha O€30MacHOCTTA 110 BpeMe Ha IPeBO3
4ype3 KOHTPOJIMpaHe Ha IPaBWJIHO HAaTOBapBaHE W
HOJPEK/IaHEe Ha TOBapUTE.

JloOpuTe MpakTHKK B Ta3K HACOKA ca:

e pa3mupsiBaHE Ha TMPEBO3HUTE W 00paboTKa Ha
TOBapH B YHHU(MULIUPAHA M CTAaHIAPTU3HPAHH TO-
BapHU M TPAHCIIOPTHH €AMHUIM (KOHTEeHHepHu, cMe-
HSEMH KapOCEpHH, IOJypeMapKeTa, HaleTH, Kallo-
HH, TIAKETH U T.H.);

e yCBOsIBaHE Ha HapacTBaIUTE 00EMH TOBApH,
0e3 yBenuuaBaHe Oposl Ha JHUILaTa, 3a€TH C TOBa-
pO-pa3ToBapHH JAEHHOCTH, Ype3 IOBHIIABaHE IIPO-
M3BOJUTEIHOCTTA Ha TPY/a;

e TQOBHUIIAaBaHE €(PEKTUBHOCTTA HAa MEXaHU3M-
paHaTa 00paboTKa Ha TOBapHTe, Upe3 BHEIPsSIBaHE Ha
HOBH u YCBBBPIICHCTBAHH TPaHCIOPT-
HO-MaHUIYJAUOHHH TEXHOJIOTHUH;

e IBrpaxIaHe Ha ,,3aTBOPCHU” TPAHCIIOPTHH
BEpPHIH 3a IIPEBO3 M 00pabOTKa HA OCHOBHHTE T'e¢He-
paJHH TOBapH;

® YCBHBBPLICHCTBAHE HA OPraHM3ALMUATA M CHC-
TeMmara 3a yrnpaBJeHHEe Ha MaHUITyJIAlIMOHHHUTE IIPO-
LeCH.

[TepcriekTBHA BB3MOXHOCT 32 IOBHIABAHE
KOHKYPEHTOCIIOCOOHOCTTa Ha TOBAPHUSI aBTOMOOH-
JICH TPaHCIIOPT € ¥ HachpyaBaHEe HA HErOBOTO ydac-
THE B MYJTUMOJAIHU TPAHCIIOPTHH CHCTEMH. 3a TAX
€ XapaKTepHO, Ye MPEBO3UTE CE U3BBPILIBAT Upe3 JBa
Y TIOBeYE BHJa TPAHCIIOPT, HO BCEKH BHJI TPAHCIIOPT
ce U3MOoJI3Ba B IieJiechoOpas3HaTa 3a Hero cdepa, Ko-
€TO BOJM JI0 HaMaJIsiBaHE Ha TPAHCIIOPTHUTE, a OT-
TaM ¥ Ha 0o0mMTe JOrucTUYHHUTE pazxoau. Ilono-
KHTEJIeH eeKT e U HaMalsiBaHe Ha 3aMbpPCSIBAHETO
Ha oKkoiHara cpena. [loHactosmiem oGave, pas3innd-
HHTE BHAOBE TPAHCIOPT H3MOJI3BAT PA3IMYHH
TPAHCIIOPTHU JOKYMEHTH, KOETO MOpaXkaa IOIbJI-
HHUTEIHA aJMUHUCTPATHBHH DPa3XOIH 33 MYJITHMO-
JAJHUS TPAHCHOPT U TO IOCTaBs B HEOGJIArONpHUATHO
MOJIOKEHHE B CPAaBHEHHE C M3IOJ3BAHETO Ha CaMo
eauH BUJ TpaHcnopT. ClenoBaTeaHo, ¢ el Hachp-
YyaBaHe Ha MYJITUMO/IQJIHUSI TPAHCIIOPT BaXKHO € J1a ce
Ch3Ja/le eIUHEH TPAHCHOPTEH JIOKYMEHT 3a IPEeBO3
Ha CTOKHM C BCEKH BHJ TpaHcropT. CepHo3HO Tpe-
JIM3BUKATENICTBO IIPH MYJITUMOJAIHUTE [IPEBO3H € U
HPOCIIeSIEMOCTTa Ha TOBAapUTE — Te TPsIOBa J1a MoraT
Iia OblaT ONpenesIeHH U JIOKaJu3upaHu Oe3 oriie] Ha
M3IION3BaHUs BUJ TpaHCcopT. HeoOxomumMo ycnosue
3a TOBa € J]a Ce BbBEIAT CTAaHIAPTHHU MHTep(ericH B

paMKHTE Ha Pa3IMYHUTE BUAOBE TPAHCIIOPT, KaKTO U
Jla ce TapaHTHpa TAXHATa OTIEPATHBHA CHBMECTHMOCT
NpH pasIMyHuTe BUAoBe TpaHcnopT [1]. OcHoBHaTA
HAacoKa B TOBA OTHOILICHHE, € J1a Ce Ch3/1aAe IOIX0-
Jsila paMKa, KOSITO J1a MO3BOJISIBA IPOCIIEASIBAHETO
Ha CTOKM B pEajHO BPEME M Jla CE HachbpuaBa €Ko-
JIOTHYHO YHCT TOBApPEH TPAHCIOPT Ype3 Ch3AaBaHE
BBBEXKJaHE B yrmorpeba Ha €AMHEH TPAaHCIOPTEH
JOKYMEHT B CJIEKTpOHHa ¢opMa M Cbh3laBaHE Ha
MOXOAIIA MpesKa 3a BHEIPSIBAHETO HA TEXHOJIOTHU
3a JIOKAJIM3UPAHE U MPOCIIEASBaHE.

HauunabT Ha ekcroaTanyst Ha TOBApPHHUTE aBTO-
MOOMJIM OKa3Ba CBHIIECTBEHO 3HAYCHHE 3a TAXHOTO
TE€XHUYECKO ChCTOSIHHE, Pa3X0/1a Ha TOPHBO, a OT TaM
U 33 €MUCHHMTE Ha BPEJHM BEIIECTBA B OKOJHATA
cpena. JloOpa npakTHKa B Ta3W HACOKa € CTPUKTHOTO
UM TEXHHYEeCKO OOCIyXBaHE M CBHOJIOJaBaHE Ha
MEKAYPEMOHTHHUTE CPOKOBE.

[IpTHUTE yCIOBHA CBHINO OKa3BaT CBOETO 3HAUe-
Hue. brirapus pasnonara ¢ 10CTaThbYHO I'bCTA ITBTHA
uH(pacTpyKTypa, HO TS € B HE33JOBOIUTEIHO ChC-
TOSIHUE W C€ HyXJae OT MOJAEPHHU3ALUs U IPUBEXK-
JlaHe KbM CBOTBETHUTE TEXHUYECKHU MapaMeTpH,
KOHUTO J]a OTTOBOPAT HAa ChbBPEMEHHUTE U3UCKBAHUS.
[Tono6OpsiBaHeTO Ha MPTHATA MpeEKa ClieJBa Ja € Ha-
COUYCHO KBM:

e 1oj00psABaHe Ha HallMOHAJHATa CHUCTEMa 3a
KOHTPOJ Ha I'bTHaTa MpeXka 4pe3 BBBEXKJAaHETO Ha
MOJICPHM TIPOIIECH Ha IUIAaHWPAHE, OCHTYpsSBaIld
e(eKTUBHA MOAIPHKKA U CIECTsIBaHE HA (PUHAHCOBU
pecypcen;

® TIOCTHUTaHE Ha CbOTBETCTBHE HA TEXHUYECKUTE
M EKCIUIOATAlMOHHWUTE ITapaMeTpy Ha ITbTHATAa WH-
(pacTpykTypa C €BpONEHCKHTE TEXHHYECKH CTaH-
JapTH 3a OCUTypsBaHE Ha 0E30IacHOCT M KOMGOpPT
Ha TPaHCIIOPTa;

e UHTErpHpaHe Ha OBJIrapcKaTa MMbTHA MpeXkKa ¢
MpeKaTa Ha CbCEIHUTE CTPAHH.

ITocTuraHero Ha TEe3M UEIH 1€ OCUTYpH
M0-7100pY BE3MOXKHOCTH 3a YCIICITHA WHTETpanus Ha
HallMOHAJIHATa NMbTHA WH(PACTPYKTypa B pa3BHTaTa
mpTHa Mpexa Ha ctpanute ot EC.

YcnemHoTo pa3BUTHE Ha BCsIKa (HpMa MOXeE Ja
Ob/Ie IIOCTUTHATO CcaMo 4Ype3 e(h)eKTHBHO YIpPaBICHHUE
Ha TepCoHaxa. YIPABICHHETO HAa NEPCOHANa B TO-
BapHHs aBTOMOOWIJIEH TPAHCIIOPT c€ XapaKTepu3upa
cbc crnenu(uuHN OCOOSHOCTH, NPOU3THYALIH OT
0co0EHOCTHTE Ha TPAHCHOPTHHUTE IEHHOCTH M Xa-
pakTepa Ha TpaHCHIOpPTHU mpouec. Te ce nposBaBaT
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[JIABHO B OPraHU3alUATa U U3IMOJ3BAHETO HA TPYyHAa
HA 3aC€TUTE CIIY)KUTEIIU B YCIIOBHUATA HA IPOTUIAHETO
Ha TpyJaoBata JeiHocT. ToBa Hajlara HeMPEeKbCHATO
MOBHIIIABAHE HA KBajM(HKalUATA HA IEpPCOHAA.
OCHOBHUTEC HACOKH B TOBa OTHOIICHHUEC MOTaT Ja
Ob/IaT THPCEHU IIABHO B JBE HAIMPABJICHHS:

IIbpBo: moOBMIIABaHE KBATU(HKALMATA HA YII-
pasneHckus epconan. ChrilacHO cera JeicTBaiiara
HOpPMaTHBHAa ypeada, BCEKH PBHKOBOIUTEN Ha TO-
BapHa TPAHCHOPTHA JACHHOCT B MEXKIYHAPOIHO Ch-
oOiieHre TpsaOBa 3aJBIDKUTENHO Jia IPUTEkKaBa
yIOCTOBEpEHUE 3a NPO(pECHOHAIHA KOMIETEHTHOCT.
3a menra ce NpeMHUHaBa Mpe3 CIeHaIu3upaHo 00y-
YeHHe, KOeTo 00XBallla pa3IMYHU aCIeKTH Ha Jieii-
HoctTa. JloOpa mpakTHka TyK € HaOJIAraHeTO Ha pe-
aJlHU Ka3yCH, KOUTO YYBCTBUTCIHO O6OFaTHBaT
IIO3HAaHMUsATA.

Bropo: nosumaBane kBanuduKamsTa Ha BOJa-
YHUTE HA MPEBO3HHU cpeAcTBa. Bomaunte Ha TOBapHH
aBTOMOOWIIN Ca MPSKO aHTaXHUPAHU ¢ (PU3NYECKOTO
MpEMECTBAHE HA TOBAPHUTE K YIPABICHUETO Ha
TpaHCOpTHATa TexHuKa. OrumTaiiku obade TUHA-
MHUYHO pa3BUBAIIUSA CE TPAHCIIOPTEH IMa3ap W Hell-
PEKBCHATO MOBUIIABAIIIUTE CE€ M3UCKBAHUA KbM pa-
LOHAJIHA OpraHu3anus Ha pabora Ha TPaHCIOPT-
HUTE (UPMH NIpH CHIIEBPEMEHHO HaMalsBaHE Ha
pasxoaute, 10Opa MpakTHKa € BOJAYUTe Jia TPEeMU-
HaBaT 3aABbJIKUTCIIHU KBaHI/I(i)I/IKaLH/IOHHI/I " nepuo-
IUYHU  ONPECHHUTEIHU KypcoBe. OOyueHHETO
BKITIOYBA MOJYJH OT PAa3IMYHH JUCIUTUTAHH, YUATO
LeN € Ja TMOATOTBAT BOJAAYUTE 32 BUCOKHUTE HM3HCK-
BaHUs Ha JCWHOCTTa MEXIYHAPOJCH U HAIIMOHAJCH
MPEBO3 HAa TOBAPH U CBBP3aHUTE C TOBA JOKYMCH-
TOODOPOT M TEXHUYECKH 3HAHUS WM MPAKTUICCKH
yMeHus. Bb3 OCHOBa Ha Te3M MO3HAHUS, BOAAYBT
TpsibBa 1ma OBae 0OydeH /a M3MON3Ba ONTHMAITHO H
Ka4eCTBEHO TPAHCIOPTHATA TEXHHKA, C KOETO IIe
OCHUTYpH OT €IHa CTpaHa WKOHOMHYHA M EKOJIOro-
cpoOpa3zHa paboTa MpH ONTHMHU3WpPaHE pa3xoja Ha
TOPUBO M OT Jpyra — Ie Ce TapaHTHpa eIuH
mo-0€30MaceH MpeBo3.

5. BAK/IIOYEHUE

ToBapHHAT aBTOMOOWIEH TPAHCIOPT Urpae po-
JATa Ha KaTajau3aTtop 3a OYpPHOTO HWKOHOMHYECKO
pa3BUTHE Ha CHBPEMEHHOTO 0O0IIecTBO. ToM € Che-
TaBHA YacT OT CTPYKTypaTa Ha HaIMOHAIHATA
TPAHCIIOPTHA CHCTEMa, OCBIIECTBIBANKU ToisMa

YaCT OT MKOHOMHYECKUTE BPB3KH MEXY OTACITHUTE
PETHOHM M OTPACIH KAKTO B HAI[MOHAJICH, TaKa M B
MEXAYHApOJEH acneKkT. BCHuko TOBa Haiara Hem-
PEKbCHATO Jla OBJAT THPCEHH PE3epBH 3a MOBHUIIA-
BaHe Ha HErOBaTa KOHKYPEHTOCIOCOOHOCT, KOMTO Ja
O0b1aT 00BBP3aHU C HETOBOTO MKOHOMHYECKO, TEX-
HOJIOTHYHO, OPTaHMU3aI[MOHHO M CKOJOTMYHO YCb-
BBpIICHCTBaHe. Pa3rieqannre B HACTOAIIATA CTATHS
HACOKH Ca CpeJl Hail-ChLIECTBEHUTE U ChCPEA0TOYa-
BaHETO HAa YCHJIMATA BBPXY TAXHOTO HHTEIPHUPAHO
OCBILECTBSIBAHE HEMHHYEMO III€ JIOBE/IC 10 Pa3BUTHE
Ha €IMH MO-KOHKYPEHTCH M MOJIEPCH TOBAapeH aB-
TOMOOHJICH TPAHCIIOPT, CIIOCOOCH J1a OTrOBOPH Ha
BHCOKHTE U3MCKBAHUS HA ChBPEMCHHATA UKOHOMHUKA.
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DIRECTIONS TOWARDS INCREASING THE COMPETITIVENESS OF IN-
TERNATIONAL ROAD FREIGHT TRANSPORT

Kamen LUKANOV
Logistics department, UNWE-Sofia, Bulgaria
e-mail: kamenlukanov@unwe.hg

Abstract: In recent years, the global economy is developing in conditions of continuous globalization and integration
processes. The development of international markets and carrying out the economic relations between countries imposed
the building of a complex relationships that are characterized by continuously increasing competition between different
companies and organizations. Road freight transport is constant part of contemporary trends — it is called upon to ensure the
continuity of the economic processes and directly affects the competitiveness of any economy. This requires continuous
efforts to improve its competitiveness in regard to international road freight transportation. In current article are regarded
the most important features of international road freight transportation, its importance to economic processes is described
and are revealed directions towards increasing its competitiveness.

Keywords: road freight transport, international road freight transport, competitiveness, competitiveness of international
road freight transport
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METOIHN U CPEJCTBA 3A PEHHIABAHE HA AKTYAJIHU ITPOBJIEMH HA
OUHAHCOBUAT UHXIKEHEPUHI'

Huxonait XPUCTOB

KaTeznpa ,, KoMyHnKannoHHa 1 KOMIIOTBPHA TeXHHKA U TexHosoruu ~, FOro3anaznen yausepcurer “Heodur Puncku”,
Boarapus

e-mail: hristovnp@mail.bg

Pesrome: B craTusta ce pasriexziar OCHOBHUTE NMpoOaeMH Ha (GUHAHCOBUAT MHXKeHEpHHT. [IpensoxeHa e MeToIHKa 3a
oIpeJieNsiHe Ha NIPOTHO3HA LICHA Ha 1IEHW KHWKA, Pa3Iiie/laHd ca OCHOBHHTE MOXBAaTH NPUWJIATaHU NP YIIPABICHUETO HA
pHCKa ¥ ca H30pPOCHH METO/IH 3a ONTUMU3MPAHE HA HHBECTUIIMOHEH HOPTHEHT .

KiarouoBu nymm: $puHAHCOB MHKEHEPUHT, MOJICITH

1. BBBEJEHHUE

Jlebunumusta 3a GUHAHCOB MHXKEHEPHHT KOSTO
Haif — 4eCTO ce MocoYBa B yIeOHHIUTE €:

MynTHIUCUMIUIMHADHA ~ AMCUMIUIMHA — KOSATO

Ipwara MOJENIUTE, METOANTE U TEXHUKHUTE pa3pa-
060TeHN B MaTeMaTHKaTa, CTaTHCTHKAaTa M KOMIIIO-
TBPHUTE CHMYyNalMd KbM (DPUHAHCOBHM MOZAENN H
obekTw. [1]
OcHOBHO (PMHAHCOBUAT HWHKCHEPHHI CE TIpHiIara
KbM clieHuTe neitHoct: KoprmopatnBHO (QuHAHCH-
pane; IIporHo3upane nasapHara LieHa Ha (PUHAHCOBU
JIlepUBaTHH MHCTpyMeHTH; Pa3zpaboTBaHe Ha Mare-
MaTHYECKU MOJENU M3MOJI3BAaHU 33 Pa3pabOTBAHETO
Ha (PMHAHCOBH PETYJIATOPHU HOPMH, YIpaBJICHUE Ha
noprdeitnn or (UHAHCOBM HMHCTPYMEHTH; YTpaB-
nenne Ha puck; CTpykTypupaHe Ha (HUHAHCOBH
MPOJYKTH.

B ocHoBaTa Ha (UHAHCOBUAT WH)XEHEPHHI €
MOCTaBeHa XHIoTe3aTa 3a e()eKTHBHUIT (PUHAHCOB
nazap. Tasu Xumore3a € OCHOBAaTd KbM KOSTO Ce
HaJrpakaaT CbBPEMEHHUTE (PUHAHCOBU TEOPUH.

MareMaTHYECKUTE MOJIEIUTE KOWUTO OIHCBAT
(bUHAHCOBHTE Ia3apy ce KIacu(pUIUpaT KaTo:

JluckpeTHH BpeMeBH MOJETH — HM3BECTHHU OIle
KaTo KOMOHMHATOpHa (OUCKPETHa) ONTHMHU3AIML.
Kombunaropuaute npobaemu ce HapudaT omme NP —
CJIOHU MPpoOIeMHU.

Mojenu HEempeKbCHATH 110 BPEMETO — HEmpe-
KbCHAT ONITUMHU3AIMOHEH MPoOIeM

B ocHOBara Ha Ta3u MUCLHUILIMHA CTOSAT paspa-
0OTBAHETO HA CTOXACTUYHU MOJENIU HAa MPOTHO3M-
pPaHETO Ha II€HATa Ha [CHU KHHXA U (bl/IHaHCOBI/I
HWHCTPYMEHTHU M OLCHABAHETO M YIPABJICHUCTO Ha
pHcka

2. OCHOBHMU INPOBJIEMUA HA ®UHAH-
COBUSA UHXXEHEPUHTI

[TpoGnemure, KOUTO MoOraT na ObAaT Kiacugpu-
IIMpaHNn KaTo NpoOjeMu Ha (UHAHCOBHS HHIKEHE-
puHT ca MHOTOOpOitHN. ToBa MHOro0Opasznue Moxe Ja
ce CBeJie 10 TpU OCHOBHHU TpobieMu. Te3u npodiaemu
ca: MPOTHO3MpPAHE Ha LICHWTE Ha LIEHHW KHMXa, yI-
paBJIeHHe Ha PUCKA U ONTUMH3UPaHE Ha OPTQeils oT

(hMHAHCOBM MHCTPYMEHTH.

2.1. TlporHo3umpaHe HA IEHATA HA eHHU KHIKA

Haiit — oOmo mneHHuTe KHMKAa B KOHTEKCTA Ha
(hUHAHCOBHST MHXCHEPHHT CE pa3/eiisaT Ha JBa OC-
HOBHH Kiaca: OGUKHOBEeHH (MIPOCTH) EHHH KHIKA U
JICpUBATHH ICHHH KHIDKA. [2]

IMpumMepu 3a OOMKHOBEHHW IIEHHU KHIDKA Ca aK-
[UUTE ¥ OOJIMralMUTEe, JOKATO OIIHKUTE, QIOUBPCUTE
U CyarioBeTe ca MpuMep 3a ACPUBATHHU IIEHHU KHIXKA.
ITpu 0OMKHOBEHHUTE MPOCTUTE IEHHU KHIDKA, [ICHATA
ce MPOrHo3Mpa OOMKHOBEHO C IMOMOIITA HA MaTe-
MaTUYECKU YPAaBHEHHUS TOYMBAIM HA XUIOTE3H 32
MOCTHT'aHE Ha YCIIOBHS 3a paBHOBECHE (HAIpHUMEP
MPEATIAraHeTo = ThPCEHETO) Te3H yPaBHEHHUS Ca OT-
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JlaBHA OMMCAHU W U3CJICJBAHH OT ()UHAHCOBHTE TE-
opuH mopanau (GakThT, Y€ Ce U3MOJI3BA MPOCT MaTe-
MaTH4yecku amnapar. DOUHAHCOBUAT WHKCHEPUHT
pasmmpsiBa Habopa OT (PUHAHCOBH WHCTPYMEHTH U
OCHOBHO ¢ (OKyCHpaH BBPXY MAaTEMaTHYCCKOTO
OICaHWe Ha MOEIH IO3BOJIIBAINN OIIPEIEISTHETO
Ha IICHATa Ha JIEPUBATUTE, M3MOI3BANKN apOUTpaxK-
HU aprymeHTd. Hsxom ™Mopenu kato Mogxen 3a
oreHka Ha kanurajoBute aktuBu (CAPM), ca pas-
HOBECHO-0a3MpaHl MOJEIH, KOUTO Ca OT OCHOBHO
3Ha4YeHHEe 3a (DMHAHCOBUTE MKOHOMHUCTH W (pUHAH-
COBH MHXXCHEPH U IPHU TAX CE MpHUara CMECEH IMojI-
XOI.

[upoko wu3MON3BaH TOXBAT W3MOJ3BAH IPH
MTOCTPOSIBAHETO HA MPOTHO3WM HA IICHUTE € METOIBT
Ha Monte Kapno, u cxeMaTH4HO € MOKa3aHo I0 —
JOJTy METOJOJIOTHATA Ha MpuiaraHeto My.OCHOBHO
MMOHATHE TPU TOCTPOSBAHETO HA MOJEIH 3a IIPOT-
HO3UpaHe Ha IIeHUTe Ha (PMHAHCOBUTE MHCTPYMEHTH
e T.H. ¢pyHAaMeHTanHa Teopema [3] KosATo MOXe aa
ObJle MaTeMaTHYECKU U3pa3eHa KaTo:

Sir, It .Ir e
= [ ) ®
Sﬂru zrj!-lllz;!! Q.

JlsBaTa cTpaHa Ha YpaBHEHHETO € BEKTOPBHT Ha
JIMKBHIHATA II€HA HA HAOOp OT pasrieXJaHH [EHHH
KHIDKA KbM HaYaJIHUAT (TEKYIL) MOMEHT OT BPEMETO.
JlsacHaTa cTpaHa Ha paBEHCTBOTO € ChCTABEHO OT JBE
KOMIIOHEHTH: IIbPBAaTa € Marpuiara Z OT Bb3MOK-
HHTE CTOMHOCTH, KOUTO € BB3MOXKHO J1a PUEME Tie-
HAaTa Ha CHOTBETHATA LIEHHA KHUIa KbM MOMEHT OT
Bpeme T kpaero T > to ¥ BEKTOPBT OT KOHCTAHTH {
Q% Q% ..., Q"}. dynnamenTanHa TEOPEMA ITIACH, Y€
LeHNTe Ha (DMHAHCOBHTE LEHHM KHIKA {Sgr, IKBM

MOMEHTa tp ca CHpaBelJIMBH, aKO CHILECTBYBAa BEK-
Top {Qi} U TOI € ChbCTAaBCH OT MOJOXKHUTEIHU CTOM-
HOCTH.

Wznon3Baiikn Ta3suw MareMaTudecka (HopMyIiu-
pOBKa 3a MpPaKTUYECKH H3YMUCICHUS W3MON3BaiKu
MetoabT Ha Monte — Kapro, ouakBaHara neHa ce
OLICHSBA KaTo!

- IIBPBO C€ TEHEepHpar IOCJeN0BaTEIHOCT OT
CIly4aliHM CTOMHOCTH Ha PEIUIMKH Ha JOXOAMTE Oa-
3UpaHN Ha TPEIBapUTEIHO H30paH MOJEIN, W Clel
TOBA C€ U3YUCIABA CPEJHATA CTOMHOCT Ha Te3U LIEHU
. dynnamMeHTalHAa TeOpeMa OCUTYpsIBa PHCKOBO He-
yTpajiHa BeposTHOCT, P, TakaBa ue 3a BCAKA CIIpa-
BE/UIMBA [IEHA Ha aKTUBHTE St:

==£e?[Z], @

kpaero: St - llenata Ha QUHAHCOBUST aKTHB B
HAYaTHUAT MOMEHT; Bt - LleHara Ha HOpManu3uparg
(MHAHCOB aKTUB B HAYAJIHMAT MOMEHT; E,.~ -
MapTHHTa] KOHUTO MOXe Aa Oblie M3MOI3BaH 3a Iie-
HOOOpasyBaneto; St - IleHata Ha (HUHAHCOBHSAT aK-
B B MOMeHT T; Bt - Ilenara Ha HOpManm3upan
(uHAHCOB aKTHB B MOMEHT T.

AKO B3eMeM 3a HOpManu3upail (HHaHCOB aKTHB
Jerno3ut 1o By Moske Jia Objie pecTaBeH KaTo:

ot
B, = gloTud¥ ®)

KBJICTO: 'y~ HEOPEKbCHATa (l)yHKIII/Iﬂ Ha JIUXBC-
HUAT IPOLCHT.

Torasa n3non3paiiku MonTe Kapio 3a Hamupane
Ha pemieHue Ha (2) 3a AUCKpeTH3WpaHaTa (YHKIHS
Ha MPOMsHA Ha St MOXKeM Ja U3pa3uM KaTo:

Sua = (141A)St + 6SH(AWY) (4)

KBbAETO UHTEPBAIBT Ha quckpetusamust Ae A>0;c e
KOHCTaHTa XapakTepu3upalla Mamaba Ha HecTa-
OMJIHATa KOMIIOHEHTA Ha IpeAroiaraeMara IpoMsiHa
Ha 1ieHaTa; AWy, e ciyuyaliHa MPOMEHJIMBA C HOp-
MaJHO BEPOSTHOCTHO pa3NpeseieHa ¢ CpeaHa
ctoitHOCT 0 1 Bapuanus A:

AW ~ N(0, A) (5)

M3non3Baiiky BCUYKO MO — rope MOXEM Ja Uus-
YUCIUM ST MOJI3BalKu cJieHaTa npoueaypa:

1. M306mpa ce roseMuHa Ha CThIIKaTa A, Moi3-
BalKM IICEBIO-CIIy4acH I€HEPATOp CE TeHe-
pupart ciaydaiiHaTa cToiHOCT Ha AW} .

2. V3nom3Baiiku TeKymara CTOWHOCT St, CTOM-
HOCTUTE HAa IapaMeTpHTe I, G, U ypaBHEHH-
eto (4), momydaBame N Ha Opoil AUCKpETHH
crotmoctu S7),j=1,2,...,N.

40



Brnrapcko cricanue 3a HHXEHEPHO NpoekTupane, opoii 29, anpun 2016r.

3. 3amecTBaiky T€3M CTOMHOCTH B QYHKUHMSATA,
C(T); =max[SL-£.0], (6)
u norygaBame N permaku 3a C(T);.

4, Hakpas Wu34HCIABaWKM TMpocTaTa CpeaHa
CTOWHOCT W TPETEeTJIUINS S MPaBUIHO II0-
nyuasame 3a C(T);:

€ =" ™OIEL, o1y, (7)

Taka omucanara mporegypa 3a OIpEneNsHEe Ha
crpaBe/UIMBa II€Ha Ha ONUMS JaBa NpeacTaBa 3a
METOJI0JIOTHAATa Ha LIMPOKO M3IMOJI3BAHUS METOJ Ha
Monre Kapiio BbB (puHAHCOBUS HH)KEHEPHHT.

2.1. YnpasnieHue Ha puCKa

VYrpaBiaeHHETO Ha pUCKa ce 3aHUMaBa C M3yda-
BaHE HAa PUCKOBETE, MPUCHIIYU HA TOPT(EWT OT ICHHH
KHWKa, HanpuMep onpenensine Ha P (W1/W 0 <0.8),
T.€., BEPOATHOCTTa Ja 3aryoute noseue oT 20% ot
CTOWHOCTTA Ha mopTdeiiia KbM MOMEHTBT OT BpeMe
T. Ako CcTOMHOCTTa Ha Ta3W BEPOSTHOCT CE OKaXe
HEMPHUEMIIMBO BHCOKA TO CJie/iBa [la C€ ONTUMH3HPA
noptdeiina, 3a 1a ce HaMalld Ta3u BeposTHOCT. [lo-
HATHETO PUCK JIGKU B OCHOBAaTa Ha TO3U KJIOH OT
(DMHAHCOBHS WHXKCHEPUHT U MOPaJU HEroBara Bax-
HOCT W MHOroobpasuute (OpMH Upe3 KOUTO TOM
MOXeE Jia Ce TIPOSBU Ca HAIWIE MIMPOK HAOOp OT
neuHUIIY 32 pUcK. ENHO OT onpeaeeHusTa KOUTO
naBa bepaap Mapoa e, ue pucksT ce neduHupa Hait —
001110 KaTO BEPOSTHOCTTA 32 HEOIArONMPUATSH U3XO/.
OUHAHCOBUTE CpEOU KOUTO H3ydaBaT DPUCKBT U
[pejyiaraT METOIU M MOJXOIU 3a YIPABICHUE — U3-
6$[I‘BaHe 1 MUHUMU3UPAHC HA HCTATUBHU (bHHaHCOBI/I
pe3yNITaTU MPOU3TUYAIIU OT ONPEACICHH CHOUTHSI CE
MO30BABAT Ha pAa3LIMPEHO THIKYBAaHE HA pPHCKa
CBBP3BafiKK I'0 C MOHSTUSATA HEOMPEACICHOCT HIIH
HEBB3MOXKHOCT. M3MONI3BaliKH T€3U MOHSITUS PUCKHT
ce TBIKYyBa KaTO HEBB3MOXHOCT (,,Heompeaene-
HOCT*) 3a TOYHO MPOTHO3WpPAHE HA ONTUMATHHSI
BEKTOP Ha pasBUTUC HA CJIOKHA CUCTEMA U Ta3u HC-
OTIPEJeTICHOCT BOJM JI0 BEPOSATHOCTTA Ha CaMo 3a
HEraTWBHU HW3MEHEHHs, HO M BB3MOXKHOCTTA OT
MPOSIBJIEHUS HA MO3UTHBHU Bb3MOKHOCTH[4].

EnemeHTHTe OMUCBAIIM PUCKA PA3TIICKIAHU OT
(MHAHCOBHS HH)KEHEPHHT ca!

e BeposTHOCT 3a MpOsIBSIBaHE HA [AJCHO Ch-

ourue P;

e UYecroraTa Ha HACTHIIBAaHE HA PHCKOBOTO Ch-
ourue F;

e OrmeHka (kauyecTBeHa) Ha TPETHPIIIHATA 3a-
ryoa NI;

° OnpeuenﬂHe Ha 3HAYUMOCTTa Ha JaJACHUAT
PUCK B CpaBHCHHUC C APYI'M TaKHWBa I — To3m
napaMeThbp HU3MOJ3Ba CKaJla OT BHUAA Ha:
MaJika, HapacTBalla, Cp€aHa, BUCOKa, rojid-
Ma.

OCHOBHHUTE METOJIM 32 aHaJIM3 Ha PUCKDBT Ca:

e Teopernynu — OasupaHu Ha 0a3a JaHHH OT
MHUHaJI CO6CTBeH WK 4yXJ ONHUT B aHaJIo-
TUYHU CUTyaluHd, TO3U METOA € MIUPOKO
U3II0JI3BAH OT peﬁTHHFOBHTe KOMIIaHUH,

o TloseBu — 6a3upaHu HA AHKETH, HAOJIOJICHUS,
EKCIICPUMEHTH M EKCIICPTHH OICHKH.

OOmuTe METOIM 3a aHAJIU3 HA PHCKa ca CTaTUC-
THYeCKM METOAM BKIIIOYBAIIM IIapaMeTpH Karto:
CpeIHO apUTMETHYHM; MEJHaHa; MOJa; CTaHJapTHO
OTKJIOHEHHUE; KOe(PUIIMEHT Ha BapUaLlUsl; TUCIICPCHS;
KOBapHalys; Kopenanus, 0erta KOehUINEHT W XH-
MOTE3H 3a HOPMAIHO paslpeleiieHue; MeTox Ha
TPHUTE TOUKH; ABPBO Ha PELICHUSTA U T.H.

OTHOBO W TpY M3YHUCIIABaHE HA MPOPUIT HA PUC-
KbT (PMHAHCOBHAT WH)KCHEPUHT H3IIOJI3BA METOIBT
“Mounte Kapno®.

W3unciagBaneTo Ha KOJMYECTBEHHUTE M KAdeCT-
BEHU CIIEMEHTH Ha pHcKa OWxa OWIM CaMOLICTHU U
JIUIICHU OT KaKBaTO M Jla € MPaKTHYecKa CTOWHOCT.
Ha 6a3ara Ha W34MCIICEHUTE MMapaMeTpH Ha JaJCHUS
(DMHAHCOB PHUCK KOPIOPALUUTE BBBEXKIAT CUCTEMHU
3a ymnpaBjeHHE Ha PUCKBT HW3MOI3BAWKH CIIETHUTE
MOAXOIH:

e 1130sTBaHE HAa PHCKOBE — OTKA3 OT CACIKA
e OrpaHnuyaBaHe Ha PHUCK — OTrpaHHYABANKHU
BEPOSATHOCTTa W/WIK e(PEeKThT OT HACTHIIBAHC Ha

pHCKa upe3:

A. TIpexBbpIIsiHE WK pa3/ielisiHe Ha PUCKA C IPYTHs
YUYaCTHUK H/WIIM TPETU CTPAHU: 3aCTPaxoBaHe,
KaJIKOJIMpaHe Ha PUCKa B [[EHATa Ha IPOJIYKTa,
XepKupane, Gop-MupaHe Ha PUCKOB (OHI U Ip;
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Huxomnait XPUCTOB

B. Pa3paborBane Ha aBapHeH IUIaH.

Enna or Haii-yecTo peliaBaHUTE 3a/Ja4d pella-
BaHa OT (\MHAHCOBHAT MHXKCHEPHUHT € OTIpEIeIITHE Ha
OIIHKaTa Ha e(QEKTUBHOCT HA HWHBECTUIMOHHUTE
npoekTH. JlazeH mpoekT ce mpuema 3a U3MbJIHEHHUE
caMO KOraTO HETHaTa HacTosima cToMHocT NPV e ¢
MOJIO’KUTETHA CTOMHOCT:

N
NCF

a+om ®)

n=1

NPV = —I, +

kbaeTo: NPV — HeTHa Hacrosma croiinocr; lo — un-
BectunnonHu paszxonu; NCF — HeTHHM mapuvHU mO-
TOIHU; I — CKOHTOB MPOIICHT; N — MOpPEICH HOMEp Ha
MepHOIa.

3a M3YHCIIBAaHETO HAa Ta3W CTOMHOCT CE M3MOJI3-
BaT ce MNPEeIUMHO JAMHAMUYHU METOIU OTYUTAIIH
CTOHHOCTTa Ha TapUTe KaTo (QYHKIHS Ha BPEMETO.
OCHOBHH METOIH Ca:

2.2.1 MopeJ 32 OleHKA HA KAMHUTAJOBH AKTHBH
CAPM [5] — abGcTpakTeH MOJE M3KJIIOUBAIIL BIIHSI-
HUETO Ha MH(IIAIMATA, TAHBYHH U APYTH PUHAHCOBU
00JIEKUYEHHS, KAKTO U CE€ CMATA, Y€ IOCTBIBT JI0
(uHaHCOBHTE Ma3apu He e orpanuyeH. M3mnon3sa 3a
CpaBHEHUE PA3BUT 1a3ap U IO Ta3H NPUIMHA HE MOXKE
Ja Ob/ie IpUIaraH KbM HOBH HEBBBEXKIAHU MMPOCKTH.

[puHIIMNH Ha MeTOA:

e Bcuuku ce CTpeMsT ja HaMaJIAT pUCKa CH
e Hsama acumMeTrpus B pazNpOCTpaHEHHETO Ha

nHpOpMALH

o KamuranoBusr masap ¢ eeKTHBEH — HiIMa
bpuxuHn

e Hsma orpaHu4eHHs NMpU OTIYCKaHE Ha Kpe-
JHTH

e He ce oruura nMXBEHaTa pasiMKa MEXIY
JICTIO3UTH U KPETUTH

r= 4 +B(m —%) )

convi{rity, )

var(n, )

KBJETO [ — OYaKBaHAa HOPMa Ha BB3NPHEMYHBOCT;
r- Oe3pruckoBa HOpMa Ha BB3BpamEaeMoct; P —
€JaCTUYHOCT Ha Bb3BpallaeMocT Ha (Qupmara

CIpsIMO Ma3apHaTa BB3BPALIACMOCT, Im — I[a3apHa
BB3BPalIa€MOCT.

Ha 6azara Ha TO3M MOjen ca pa3paboTeHHu Isiia
rpymna oT MOJCIH IEISIIH [0 PEATUCTHYHOTO OITH-
CaHHe Ha PHCKA.

Hanure ca ome nBe rpymnu moaxonaa:

2.2.2 Moaea Ha cpeAHO MpeTerjieHa IeHA Ha
kamurana WACC [6] npu To3u moaxonm ce B3ema
NpeIBU JaJId PUCKBT Ha GUpMaTa € paBeH Ha TO3U
Ha IIPOEKTA M KaK € OCBHIIECTBEHO (QMHAHCHUPAHETO HA
NpoeKTa. Torasa CpelHO NpUTEreHarTa [ieHa Ha Ka-
nurana e:

D E
WACC = TD.Fil -T)+ = (10)

KbICTO

b — HOpMa Ha BB3BpPAIIACMOCT Ha HPUBJIC-
YCHUAT KalmuTall

l'e — HOpMa Ha Bb3BpaigaemocT Ha CK;

D/V — mpuBnueH kanuTan KM o0wO ¢u-
HaHCHUpaHe,

E/V — nsn va CK xbM 001110 (prHAHCUPAHE.

2.2.3 Build-up approach — npu To3u nogxoz ce
JN00aBAT pa3iMYHU HaA0aBKH 3a pa3lIMuHH BUIOBE
puckose. IIpu TO3u NOAX0A MHAMKATOP 34 MPOIbII-
’KaBaHETO Ha IIPOEKTA € BBTPEIIHATa HOpMa Ha Bb3-
BpamaeMocT IRR, karo mpu IRR > r mpoekra ce
mpueMa

Y NCF

0=-I —
o ¥ ;«:n{l + IRR)"

1)

Ha 6a3aTa Ha mocineHUAT METOJI ca pa3paboTeHH
METOIUTE KaTO METOJ Ha MoAuduIMpaHaTa BbT-
peliHa HOpMa Ha Bb3BpAIaeMOCT, AHIOUTETEH Me-
Ton, MeToq Ha HeTHaTa OBJEIIa CTOWHOCT Ha WH-
BECTHIIMATA H JIP.

I'maBen mpobieM mnpu npwiIaraHe Ha BCHYKH
OMHCaHU N0 — rope mMetoau B buirapus e ompene-
JITHETO HAa HOpMara Ha CKOHTHpaHe. [IpoOiema ce
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nopaxnaa ot q)aKT”bT, Y€ KallUTAJIOBUAT HU MMa3ap HE €
JAOCTATBbYHO PA3BUT U HE MOXKCE J1a 6”[),&6 II0JI3BaH KaTo
penep 1npu CpaBHABAHE HA U3MEpPCHATA e(l)eKTI/IBHOCT
KbM CPCIHO 6paHm0BaTa TaKaBa

2.3.  Onrummsmpane Ha noprt¢eiin or ¢punan-
COBH MHCTPYMEHTH

Ha nHaif-HUCKO HMBO ONTUMU3HMPAHETO HA MOPT-
¢eiin, ¢ e cBexaa no mpobireMbT 3a M3bopa Ha
CTpaTerus 3a THProBUS MOIy4YE€HAa OT ONTHMHU3Hpa-
HETO Ha 0OCKTHBHA (PYHKIIHS, KOSTO M3MEpBa CTOM-
HOCTTa Ha optdeiina. Hanpumep, Moxxere 1a nuckare
Jla ce pellH :

max E[u(w;)] (12)
KBJETO 0 € IMHAMUYHA CTPATErys 3a THproBus, Wt e
so3spamaemoct u E [u(Wr )] e nenesa dynxums.

IMopaau ClIOXKHOCTTa HAa NpOOJIEeMa U OTPaHUYCHUTE
pecypcH (MaMHHO BpeMe), KaKTO W TMPEIBHI JH-
HAMHUKaTa Ha HaYaJHUTE JAHHU (OCTOSIHHO IpPOMe-
HSIY CE LIEHHNW U PUCKOB PEUTHHI Ha (DMHAHCOBUTE
HHCTPYMEHTH) C€ THPCST ONTUMAIHU WIHA CYOONTH-
MAaJTHU PEIleHHs 3a MPUEMITHBO BpeMe. VicTopudecku
ca MpwWjaraHu ¥ aJalTHPAHH Pa3UYHU ATTOPUTMU
3a onTuMu3anusa. KbM HaCTOSAIIMAT MOMEHT Pa3BH-
THETO Ha METAaeBPUCTHKATa CE € MpeBbpHajla B OC-
HOBHa O0JIaCT TPHM M3CIEJBAHETO HA OIIEPaIHHTE.
[MpunaraHeto Ha METAeBPUCTUYHH METOIU 33 Ha-
MHUPAHETO HAa ONTHMAJIEH MOPTQEi MO3BOJIsIBA H3-
MOJI3BAHETO HA BCE TI0 — CIIOXKHU METOH HEISIIIH [0
— IBJIHOTO M TOYHO MATEMAaTHYECKO OMHCAHHE Ha
MOBE/ICHUETO HA LIeHaTa Ha mopTdeiina karo (yHK-
sl Ha BPEMETO OT €/IHA CTPaHa TaKa U pa3linpsBaHe
Ha 00JlacTUTE OT MPOCTPAHCTBOTO HA ThpCEHE (Iu-
bepcudukanus) [8] .

3. 3akmrouenue

B HacrosmaTa paboTa ca aHaNM3UPaHU HAKOW KOH-
KpeTHH 3aJadd, KOWTO pemaBa (PMHAHCOBHAT WH-
JKEHEPHHT.

Ha 6a3ara Ha To3u aHanmu3 € II0Ka3aHO, 4€ BCHYKH
TE3W 3aJa4u MOrart ga 6’B,Z[aT peuraBaid ¢ YHUBEP-
CaJIHUA IIOAXO[I- H3II0JI3BaAKH CBPUCTUYHHU MCTOIAU
3a OIITUMH3AlHUA.
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ECO DESIGN, ENERGY EFFICIENCY, MARKET PROPOSALS AND PURCHASING
CHOICE

Tihomir DIMITROV

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

e-mail: tichomir.dimitrov@gmail.com

Summary: When it comes to making the choice on the new equipment or modernization lift market, there are a lot of
options and possibilities, especially offered by the big multinational companies. In the last years each company has own
vision of the market and types of lifts for different market segments. That is the reason why for investors and the decision
makers it is real disaster when they have to make this hard choice, especially when it comes not only for the price of the
product. In lot of cases this choice is further hampered because of the technical characteristics of the offered equipment. In
the general case the investor is not having enough experience and knowledge base in this field and that is why he is not able
to do the right choice. The performed in this work market research is focused to help the decision makers in their work when
they have to choose the equipment for their buildings both newly constructed and modernized.

Key words: elevators, purchase, choice, energy, energy efficiency, eco design, lifts.

1. INTRODUCTION

Recently the leading lift companies are providing
on the market wide range of products. From the low
rise residential market lifts proposed to have only
hundred travels each day to the high rise high duty
lifts, proposed to have constant starts day by day.
Each solution have own characteristics, price and
costs. When it comes to the price in lot of cases this is
the key decision making factor. In these cases the
technical characteristics are not followed or
compared by the decision makers. On the other hand
in long run this can lead to significant operational
costs of the units. That is why the decision done on
this stage is very important for the investor as well as
for the owner or owners of the building during the
entire lifecycle of the facility.

2. SUBJECT, COVERAGE AND BASE OF THE
RESEARCH
Comparison of some technical and mechanical
characteristics of the low and mid rise passenger lifts,
purposed for light and mid traffic in residential and
small office buildings; Additionally compared to
Schindler 5500 lift for Office buildings. Covered are
the main lift components. Base of the research are the
actual lift models, provided on the market from the
main international players on the Bulgarian market.
As source of information technical specifications and
marketing materials of the companies as well as

on-site checks are used. Information from spare parts
suppliers used also. Models of lifts studied: Kone
EcoSpace® and MonoSpace® 500, Otis Genesis® and
Gen2® Comfort, Schindler 3100 and 3300.

3. SOLUTIONS PROPOSED ON THE

ELEVATOR MARKET
All the proposals on the market are based on the
modern drive technologies, incorporating both
energy efficient gearless machines and highly
sophisticated VVVF drive with vector and closed
loop control. More often the used suspension media
is different than the conventional and well known
industry standard steel ropes with minimum 8 mm
diameter. As usual all the solutions are of MRL types
with controllers and machines installed inside the
hoistway, emergency panel on the last stop mounted.
The doors obviously used are two panels automatic,
few types for different duties and characteristics are
used.

4. LIFTS DESCRIPTION

4.1. Kone Ecospace® Lifts description

Kone EcoSpace is an electric traction lift without
machine room. Generally the well known
MonoSpace was reengineered and downgraded to
cover the requirements of the low rise residential
market only. This is clearly visible from the basic
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parameters- rise of only 35 meters and 14 stops
together with 150 starts per hour as maximum. But
here we have to be very careful, because this is the
data of this type of the lift for Bulgaria, and EU. For
the same lift in UK version of corporate site the
maximum rise is mentioned as 15 meters and the
maximum number of stops is only 4. The difference
is 20 meters, which means much heavier Relative
Runtime for the motor when the same machine used
for more than double rise. The doubled rise means
approximate doubled number of stops. That is why
we can consider the same when talking about the
door operator and controller used. It is Sematic low
range car door with drive and DC low range
controller.

The used lift drive system consists of compact radial
design gearless machine Kone EcoDisk® 3 phase AC
synchronous motor with permanent magnets in the
rotor. The drive is VVVF with regeneration module
and closed loop system. Kone claims that this drive
covers A class of Energy efficiency classification*
according to EN 1SO 25745. The suspension system
is classical, proven and well known; roped with
suspension ratio 2:1, with counterweight and
diverting pulleys. Obviously the balancing ratio used
is close to 0.45. The ropes used are made of high
tensile strength steel wires for elevators, with
nominal diameter according to the stated in EN 81.1
8.0 mm. There is no deviation from the safety rules.
The drive sheave used is of standard and well known
type; the diverting pulleys are also standard and well
known. The ratio between the rope and pulley
diameter is again according to the applicable
standard EN 81.1. Rope’s safety factor is calculated
and it is in compliance with the requirements of EN
81.1. Drive sheave and the motor’s rotor are of
mono-block construction.

This means that the number of cycles has not to be
monitored [1]. But also here we have to consider that
the above said means long rope life because of
enough ropes safety factor and good ratio between
the rope diameter and traction sheave/diverting
pulleys. The expected ropes lifetime is according to
the case of no deviation of the stated in EN 81.1 ropes
calculation methodology.

The car and counterweight guide system is classical.
There are solid type guide rails for the car and
counterweight, both guided by sliding plastic guide
shoes with low friction ratio, oiling necessary. The

car and counterweight are centrally guided. The car is
without classic carrying car frame; “frameless”
construction used; the diverter pulleys are located
bellow the car. This construction is also the reason
for location of the safety gears at the lower part of the
car. Machine is located at the top of the hoistway,
standing on the car guide rail. This is used to transfer
all the loads through the rail at the shaft bottom. The
suspension places of the ropes (roping 2:1) are also
located at the top of the hoistway; one is on the
machine car guide rail and the second one is on the
other car guiding rail. The loads are again transferred
in the shaft bottom.

The counterweight consists of steel frame and fillers.
The balancing ratio is 0.45. Diverting pulley located
at the top. Fillers are made of concrete. Sliding
plastic guide shoes used for guiding, oiling required.
Country of origin: a publication in Business Standard
dated 06.06.2012 says that Kone has four main
manufacturing plants around the globe- Finland,
China, India and US. The most active and aggressive
is located in India. This plant manufactures the most
Kone lifts for Asia and Asia-Pacific area. For Europe
the most probably manufacturing plant (logistics
centre) for deliveries in Europe is located in Italy
(Manufacturing & Logistics IT Magazine). Also,
there is publication in Business Standard, saying that
the Kone EcoDisc machines are manufactured in
their new factory in Kunshan, China.

4.2, Otis Genesis® Lifts description

Otis Gen2 Genesis is an electric traction lift without
machine room. The already well known Gen2
Comfort was downgraded in the field of technical
aspects and in the field of aesthetics, functions and
options in order to cover the requirements of the low
rise residential market only. This is clearly visible
from the basic parameters- rise of only 27 meters and
9 stops together with 150 starts per hour as maximum
[6]. Also the used car door operator is low range/low
performance with 12 VDC controller and
motor-reducer, but equipped with closed loop
controller system.

The used drive system consists of compact axial
design gearless machine Gen2®, which is 3 phase
AC synchronous motor with permanent magnets
embedded in the rotor. The drive is regenerative
VVVF and closed loop system with encoder on the
machine. According to Otis’ information, this lift
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drive, as well as the entire lift, covers A class of
Energy efficiency classification* according to EN
ISO 25745. The suspension system is classical,
proven and well known on the market; traction with
suspension ratio 2:1, with counterweight and
diverting pulleys. Obviously the balancing ratio used
is 0.45. The ropes are replaced with polyurethane
coated steel belts, which is patented Otis’
technology. The core wires are 10, 12, or 20 and 24
steel ropes with diameter of 1.2 or 1,62 mm,
depending the type of the belt. Basically two types of
belts are used- flat grooved and flat. The known
belt’s manufacturers are three. The inner steel ropes
are made of high tensile strength steel wires. It is
clear that the use of this kind of suspension media is
deviation from the stated in EN 81.1 requirements for
suspension means. But here we have to consider one
more deviation, which is much more serious. The
number of separate suspension means is 2 (for loads
of up to 630 kg), but the necessary safety ratio (as
described in EN 81.1) is not followed. The safety
ratio is less than 16, obviously it is close to 12. In
order to provide enough safety level in this case, this
roping system is equipped with Otis Pulse system
(Resistance Based Inspection), which monitors the
belts, 24/7. Anyway, this is deviation from the
European safety rules. In order to fulfil the Essential
safety requirements, Otis takes the necessary
measures to obtain the proper documents, proving
that the necessary safety is achieved using other than
the stated in the standard measures.

The drive sheave used is with crowned surface, made
of steel. The diverting pulleys are also crowned. The
ratio between the belt (small diameter ropes inside
the belt) thickness and drive sheave and pulley
diameter is in compliance with EN 81.1. Rope’s
safety factor is calculated according to the well
known methodology in EN 81.1, but we have to
consider the stated above deviation of ropes safety
factor. Drive sheave and the motor’s rotor are
mono-block construction.

The car and counterweight guide system is classical.
There are solid type guide rails for the car and
counterweight, both guided by sliding plastic guide
shoes with low friction ratio, oiling necessary. The
car and counterweight are centrally guided. The car is
without classic carrying car frame; “frameless”
construction used; the diverter pulleys are located
bellow the car. This construction is also the reason

for location of the safety gears at the lower part of the
car. Machine is located at the top of the hoistway,
standing on the car guide rail. This is used to transfer
all the loads through the rail at the pit. The
suspension places of the ropes (roping 2:1) are also
located at the top of the hoistway; one is on the
machine car guide rail and the second one is on the
other car guiding rail. The loads are again transferred
in the pit.

The counterweight consists of steel frame and fillers.
The balancing ratio is 0.45. Diverting pulley located
at the top. Fillers are made of concrete. Sliding
plastic guide shoes used for guiding, oiling required.
Country of origin: There is no public available
information on this important matter. Even the
company doesn’t give official information. Instead,
there are found indirect information on this matter
which leads us to the most likely answer: Otis
Contract Logistics Centre in Madrid, Spain. It was
hard to find where Otis manufacturers the machines,
but again according to indirect information and press
releases, as well as detailed information from few
lawsuits, the most probably manufacturer is located
again in Spain [3, 4].

4.3. Schindler 3100® Lifts description

Schindler 3100 is an electric traction lift without
machine room with traction V-belts used instead of
steel ropes. It has been designed to meet the technical
requirements of the low- and mid-rise residential
market. This is clearly visible from the basic
parameters- maximum rise of 60 meters and 20 stops.
Together with reinforced ventilation, the machine
covers 180 starts per hour as maximum.

The used drive system consists of compact axial
design gearless machine, which is 3 phase AC
synchronous motor with permanent magnets
embedded in the rotor. The drive is regenerative
VVVF (optionally) and closed loop system with
encoder on the machine. According to information
represented by Schindler, this lift drive, as well as the
entire lift, covers A class of Energy efficiency
classification according to EN 1SO 25745 (VDI
4707), usage category 1 [5]. The suspension system
is classical, proven and well known on the market;
traction with  suspension ratio 2:1, with
counterweight and diverting pulleys. Obviously the
balancing ratio used is 0.45. The ropes are replaced
with EPDM (Ethylene Propylene Diene Monomer)
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coated steel belts, which is Schindler’ STM
(Suspension Traction Media) technology. The core
wires are 12 steel ropes, EPDM covered in monolith
V-belt. The inner carrying ropes are made of high
tensile strength steel wires. It is clear that this is
deviation from the stated in EN 81.1 requirements for
suspension means. The number of separate
suspension means is minimum 2 and the necessary
safety ratio (as described in EN 81.1) is followed. In
order to provide enough safety level in this case, this
roping system is equipped with slack rope device,
which monitors the belts’ tension, 24/7. Additionally
the elevator controller monitors both- the number of
travels (bending cycles for STM) and STM aging.
When the limit is achieved (whatever comes first) the
elevator finishes the current run and stops until the
STM are replaced.

The drive sheave used is V-grooved, made of steel.
The ratio between the belt (small diameter ropes
inside the belt) thickness and drive sheave and pulley
diameter is in compliance with EN 81.1. Rope’s
safety factor is calculated according to the well
known methodology in EN 81.1. Drive sheave and
the motor’s rotor are of mono-block construction.
The car and counterweight guide system is classical.
There are solid type guide rails for the car and
counterweight, both guided by sliding plastic guide
shoes with low friction ratio, oiling necessary. The
car and counterweight are centrally guided. The car is
without classic carrying car frame; “frameless”
construction used; the diverter pulleys are located
bellow the car. This construction is also the reason
for location of the safety gears at the lower part of the
car. Machine is located at the top of the hoistway,
standing on one of the car guide rails. This is used to
transfer all the loads through the rail at the pit. The
suspension places of the ropes (roping 2:1) are also
located at the top of the hoistway; one is on the
machine car guide rail and the second one is on the
other car guiding rail. The loads are again transferred
in the shaft bottom.

The counterweight consists of steel frame and
concrete fillers. The balancing ratio is 0.45 overall.
Diverting pulley located at the top. Fillers are made
of concrete. Sliding plastic guide shoes used for
guiding, oiling required.

Car and hoistway doors used are manufactured from
the well known European manufacturer Sematic. The
used Sematic car door drives are of low range and

performance types. Also, Fermator doors and drives
are used. But, instead, here we have to consider that
the used technologies of both manufacturers are of
highly sophisticated VVVF type, which is serious
advantage.

Country of origin: There is no public available
information on this important matter. But most
probably the on-site delivery is done from Dunajska
Streda, Slovak Republic [4]. But the drive motor is
most likely to be manufactured in Zaragosa, Spain [3,
4].

5. COMPARISON TABLE

As a result from the survey, comparison Table 1 was
built. It includes the basic characteristics of lifts and
their main components, such as humber of starts per
hour of the hoisting motor, type of the used door
drive systems, maximum speed, rise and number of
stops, maximum car load, etc. It contains the low ti
mid rise solutions of the global market leaders,
directly represented on the Bulgarian market.

All the manufacturers claiming that their production
is energy efficient as well as covers the requirements
of eco-design principles. Their new manufacturing
plants have green LEED certifications. Their
production has a significantly reduced carbon
footprint.

6. ENERGY EFFICIENCY AND ECO
DESIGN

When speaking for the energy efficiency of these
lifts, we have to consider one important thing. All the
manufacturers are certified their products for class A
of energy efficiency of their lifts [5], covered by the
survey. Instead of this it is important to note that
when used under different usage category the same
unit may have different energy efficiency class. But
this is not always clearly stated by the manufacturers
in the related sales and contract documents. Based on
this fact, additional attention has to be paid in the
decision process by the decision makers, because
otherwise some deceptions possible.

Based on these certificates it is easy for the buildings
where these units are installed to get a green
certificates and to building passports, including
LEED certification. Also, the products covered by
the survey are products of eco design types. The
materials used are more than 90% recyclable and the
constructions are well weight and structural
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optimized. This results in 30% weight reduction

when compared with the industry standard types of

lifts [6, 7, 8].

Manufacturer Schindler Kone Otis
Product 3100 3300 Ecospace 500 Genesis Genz comfort
Max, rise 3om som 35m 7sm 27m asm
g |Max speed 10m/s 1,6mfs 1,0m/fs 1,75m/s Lom/s L,0m/s
2 [max no. of stops 10 20 14 24 ) 16
ﬁ Max. boad 630 kg fEpers 1135 kg / 15 pers. 1000 kg. f 13 pers. 1150%g. f15pers. 1000 kg. /13 pers 1000 kg / 13 pers
E Max, door width E00 =00 200 1100 500 500
£ |Max. No. of units in group 2 3 3 4 > 3
Purposed traffic intensity Lght Light Light Light to mid Light Light
Energy efficiency dass VDI 4707 A A A A A A
Lift drive Gearess Gearless Gearless Geariess Gearess Gearless
Machine used Compact V-beit traction | Compact V-beft traction Kone Ecolisc Kone Ecolisc OfizGen2 Ofis Gen 2
Sinchronous motorwith | Sinchronous mator with 2 2 . 4 : 2 : =
S 2 : 4 Sind with Sinch with Sinchronous mator with Sinchronous motor with
Hoisting machine type Permanent magnets in the | Permanent magnets inthe 4 E:
= sl A Permanent magnets in the rotor | Perm in the rotor | Permanent magnets in the rotor | Permanent magnets in the rotor
-] —
B | manufacturer (if known) Spain Spain China China Spain Spain
g‘ ‘dosed loop with encoder Yes Yes Yes Yes Yes Yes
ﬁ ion type Roped Roped FRoped Ropsd Roped Roped
= Suspension Traction Mediz | Suspension Traction Mediz o 5
i . small dizmeter Hightensie grade | 3 . .
£ |suspension media used [EPDN costed stes! poty V- | [EFOM costed steal poiy v T ke High 5 ropes | Pofureth ted steel be'ts | Foliprethane Coated stesl belts
a 3 = steedropes
belt] beit)
Measures for suspension media Oftiz Pulse REI [Resistance Based | Otis Pulse REI [Resistance Bazed
Slack/broken STM device | Stack/broken STM device L] Ko < 3
control Inspection) Inspection)
Min. Number of Indipendent
z = 4 3 i 3
suspension media
Ingustry standard T- Industry standard T-
o |car guide radsused e :M’:’ 2 :o:r = Industry standard T-prafies Industry standard Tprofies | Industry standard T-profies Industry standard T-profies
= rofiles .
=
= Ingustry standard T- Industry standard T-
g E CWT guide ralls used :wf e zwvs Industry standand T-profies Industry standard T-profiles Sheet stee! T- profie simiar Industry standard T-profiles
E & [ car and cwrT guide shoes used Plastic Plastic plastic Plastic plastic Plastic
§ [ofing necessary [when plastic
3 = l.:f :ec wt Yes Yes Yes Yes Yes Yes
Door manufacturer Sematic / Fermator Sematic Kone/Sematic Sematic Otis oOtis
§ |poor motor type VUV VWVF DC oC /[ VWWF 12vpC 12vDe
=
[ [Doordrive VVVE YWVF DC Variable voitage DC Variable voltage/ v variable voitage DCcontrofler | Variable voltage DC controller
Duty Low Low Low Low/Ivisd Low Low
= i Door manufacturer Sematic / Fermator Sematic Kone/Sematic Sematic Otis Ctis
é & | poor type TLD TLD/ CLD TLD TLD & CLD TLD TLD/CLD
=
i Duty Low Mid Low Low/Mid Low Low
B o aesthetics & design Ony few options Huge vanety of options Cndy few options Huge variety of options Cnly few options Variety of options
£3
T
« &
o " 5 sZE var 5 . = I C o iy e o i fons
z il el Ei Oniy few options Huge vanety of options Only few options Huge vanety of options Ondy few options. Vanety of option:
i
E Standard defivery time in weeks| aweeks 6-B weeks 4 wesks Bweeks 34 weeks Bweeks
a

1. This material gives information for use together

Table 1 Comparison table between the main multinational players on the Bulgarian market

7. CONCLUSION

3. Basic lift components working characteristics
stated.

or separately with the proposals by decision makers

in the field of purchasing lifts for the low to mid rise
residential and low rise office buildings market,
containing technical characteristics, maximum rise/
number of stops, types of components used and std.

delivery times.

2. Basic lifts parameters stated as well as types of

the lift components used stated.

©NOoO U WN
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EKCIIEPUMEHTAJIHO U3CJIEJABAHE HA CIVIABHU C IIAMET HA ®OP-
MATA YPE3 CIIEHUAJIM3UPAH CTEH/{

Toaop TOJOPOB!

Pymen HUKOJIOB?

SInko PAJIEB®

karenpa ,, Teopust Ha MexaHu3MuTe ¥ MammauTe”, Texuuueckn yausepeutet - Codust, Bearapus,

e-mail: tst@tu-sofia.bg

2karenpa ,JIpeuusna Texuuka u ypeaocrpoene”, Texuuuecku ynusepeutet - Codus, Brirapus

e-mail: rnick@tu-sofia.bg

Skarenpa ,,Teopus Ha Mexanu3MuTe U Manmuute”, Texunaeckn yauepeutet - Codust, Berapus

e-mail: yralev@tu-sofia.bg

Pe3tome: B craTusiTa € onmcaHo eKCepHMEHTAIHO H3CIIE/IBaHEe Ha 00pasell OT CIUIaB C TaMeT Ha (hopMara 4pe3 CHEIHAITHO
MIPOEKTHPAH 3a [eNTa cTeH. JlaJeHo e KpaTko onMcaHue Ha CTEeH/Ia U ca Pa3siCHEHN HErOBUTE BE3MOXKHOCTH. OnncaHu ca
BUJIOBETE CEH30pH, KOMTO CE M3IOJI3BAT 3a U3MEpBaHe Ha XapaKTepHCTHKUTE Ha CIUIaBHTE ¢ MaMeT Ha ¢opmara. [Tomec-
TEHU ca KpPaTKH CBEIEHMs 3a HauMHA Ha oOpaboTBaHe Ha AaHHMTe. HampaBeHa e JeMOHCTpaIys Ha Bh3MOXKHOCTUTE Ha
CTeHJa 4pe3 M3MUTBaHE Ha Kuia oT HUTHHOIN. IlomydeHu ca B peanHO BpeMe XapaKTEPUCTHUKHTE Ha TeMIlepaTypara,
MPEMECTBAHETO, CHJIaTa U eJIEKTPHYECKOTO HampexeHue. Cien M3KIIOYBAHE HA BPEMETO Ca IOCTPOCHH IpaMKUTE HA
XHCTEPEe3UCHUTE 3aBHCUMOCTH IPEMECTBaHE — TEMIepaTypa, CHjia - TeMIepaTypa U cuia-pemecTBaHe. [lomyueHute
pe3yNTaTH U OIMCAaHATa ONHUTHA OCTAHOBKA Ca MOJE3HH 332 HAyYHOM3CIEA0BATEICKN pa3pabOTKH, IPH KOUTO C€ U303~

BaT CILJIaBU C IIaMET Ha (bopMaTa.

KiarouoBn AYMH: CIUIaBU C ITaMET Ha Q)OpMaTa, CIHOIIOCOYCH e(beKT C MMaMeT Ha (bopMaTa, CYNEepeIIaCTUIHOCT, CTCH/

1. BBBEJAEHHUE

CmaBute ¢ mametr Ha Qopmara (CIID) ce npu-
YHCIISIBAT KBbM Ipynara Ha (pyHKIMOHAJIHHUTE MaTe-
puanu [1]. XapakrepHo 3a TAX €, 4e MOraT pearupar
10 HAKaKbB HAUWH Ha ONpeNeNieH BHJ Bb3IEHCTBUE
KaTO HalpuMep eJIeKTPHYEeCKO, MArHUTHO IIOJe,
CBETJIMHA, KHCEIMHHOCT Ha pa3rtBop. CruaBute C
naMeT Ha gpopmara ciex reopMalys Bb3CTaHOBSBAT
IIbpBOHaYajHaTa cu (opma mpu 3arpsBaHe. AHaio-
T'MYHHU CBOICTBA MPUTEKABAT MOJIMMEPH U TEKCTHII C
nameT Ha (opmara. [Tonexxe npu CII®O B npoueca Ha
peakiusi OCBEH pa3MepHTe ce IMPOMEHS M eJEeKTpH-
YECKOTO CHIPOTHBIICHUE, CA BH3MOXKHH IPHIIOKCHUS
3a aKTyaToOpH M ceH3opH. ToBa JaBa OCHOBaHHE Ha
HSKOHM aBTOPH Jia T KJIACH(QHIMPAT KaTO yMHH Ma-
TepHald, KOUTO HE caMo, Ye ca CIIOCOOHH Ja pearu-
part Ha OIpeeNICHO Bh3ICHCTBUE, HO U 1a U3paboTAT
cpoTBeTHa peakuus [2]. 'pynmara Ha Taka Hapede-
HUTE MHTEJIMICHTHH MaTepuasii HaIXBbPJs WU3UCK-
BaHMSTA [0 OTHOIIIEHHE Ha cBolicTBaTa, kouto CIID
MOXe€ J]a PEJJOCTaBsT, Thii KaTO Ha TE3W MaTepHan
ce BMEHSBAT CBOICTBa OJM3KH JI0 3aBBPIICHO YCT-
POJCTBO ¢ aBTOHOMHO 3axpaHBane [3].

B Texnnkara CI1® ca n3BeCTHH C €THOIIOCOYEH U
IIBYIIOCOYCH e(DeKT Ha maMeT Ha opmara, epeKT Ha
CyIep eNacTUYHOCT M BHUCOKa BUOpalMoHHa abcop-
ouust. EnHonocounusT edexr ¢ mamer Ha popmarta ce

u3paszsBa B rossiMa jgedopmanusi B MapTEH3UTHO
CBCTOSIHME, TocTurama 10 8% mpu criaBure ot Ni
Ti u 1o 50% npu VO2 B mocieaHuTe NpOy4YBAHUSA
[4]. Tasu medopmarms ce BB3CTaHOBSBA YpPE3 3ar-
psBaHe, IPH KOETO CIUIaBTa IIPEMHHABa OT MapTeH-
3UTHO B ayCTEHUTHO CBhCTOSHME. [IpHM n3cTHUBaHe
KpHUCTaJIHaTa pEIleTKAa HAa CIUIaBTa INPEMHMHABA B
JBOMHUKYBaH MapTEeH3HUT KAaTO ITbPBOHAYAIHO 3a1a-
neHara ¢opma ce 3amasBa. J[BymocouHHAT eekT c
nmaMeT Ha ¢opMaTta ce IOCTHra clieJl CIEeIHaIHO
TOIUIMHHO ,,TPEHUpaHe™ Ha CIIaBTa, MPU KOETO Ts
MOXeE J1a 3aeMe JIBE Pa3jIMYHU reoMEeTpU4HU HopMHu
IIPY TIOCIIeIOBATENHO 3arpsiBaHe. To3u e(eKT e He-
IIBITOTPAcH, 3a pas3iuKa OT EIHONOCOYHHMS, IPH
KOWTO 4pe3 mpaBuiieH MoJ0Op Ha mapaMeTpure ce
MOCTUra TOBTOPSIEMOCT OT MIJIMOHHM LUKIH. Edek-
TBT Ha CyIep eNacTHYHOCT Ce MPOSBSIBA MPU MOCTO-
SHHa TeMIIepaTypa, IPU KOSATO CIUIABTA € O30 Hal
¢uHamHAaTa aycTeHWTHa (pa3oBa TpaHCHOPMAIIHSL.
ITopasy HakiIOHA Ha JMHUUTE B paBHUHATA TEMIIe-
parypa-HarpexeHnue, npu JedopmupaHe CcruiaBTa
MHUHaBa Npe3 aycTeHWTHaTa (asa M Clie]l TOBa MpH
MO-BHCOKHM HANpPEKEHUs HaBIM3a B MapTEH3UTHA
¢daza, KpIETO Cce MmoiydaBa e()eKT Ha OMEKBaHE, W
nedopmanusaTa ce yBelau4yaBa, a CWiiaTa € OcTaBa
nocrosiHua [5].
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Togop TOOOPOB Pymen HUKOJIOB fuxo PAJIEB

Brnpekun ue CIID ca o0ekT Ha HENpeKbCHATH
H3CleiBaHNs B NPOABIDKEHUE Ha MOBEYe OT 55 ro-
JMHU ¥ BEeYe € HAaTPyIaHO roJIsIMO KOJMYECTBO WH-
(opmarys, He BHHaru MoXe Jia ce HaMepsT HSIKOU
crnemuUYHN JaHHM KaTo HamnpuMep MOJIyJl Ha
Young, xoepunueHT Ha Poisson 3a mamgeHa temre-
parypa miu (pa3oBO ChCTOSHHE.

B HacTtosmara cratus aBTOPHUTE CH IIOCTaBSIT
3ajadyara Ja W3CIIeABAT BIMSHUETO HA TEMIIEpaTy-
para BbpXy MEXaHOEIECKTPUIHNTE CBOMCTBA Ha KUIA
OT HHUTHHOJI 4Ype3 CIENHaTHO IPOEKTHPaH U H3pa-
6oTeH 3a LenTta cTeHA. Taka ycmopenHo ¢ ompeje-
nsHeTo Ha cBoiicTBaTa Ha CII® ce menu Ha BTOpH
IUIaH J]a ce Pa3KpHAT M BB3MOXHOCTHTE Ha HOBO-
Ch3JIaJICHUS CTEH]I.

2. KPATKO OINIUCAHUE HA OITUTHATA
MNOCTAHOBKA

[TogpoOHO ommcaHWe Ha Ch3OaNCHUS CTEHA 32
uscineasane Ha CIID e HampaseHo B [6].

OOmusAT BUJ Ha CTEHJA € Moka3aH Ha ¢ur. 1.
OCHOBHHUTE MOJAYJH, HA KOUTO MOXe Ja Objae pas-
JIeTICH CTEeHIbT ca: U3MepBaresiHa cucrema 1, cuc-
TeMa 3a chOupaHe Ha JaHHM 2, 3aXpaHBalld OJIOKOBE
3 u nanromn 4.

W3mepBatennaTa cucreMa ce ChCTOM OT MaCHBEH
KOpILyC, BbPXY KOWTO Ype3 XOIOB BUHT M ChEAMHU-
TEJl Cpelly yCyKBaHE ce 3aJaBa ONbH Ha IOCIEO-
BaTEJIHO CBbp3aHM NpykuHa U xkuna ot CII®. Equ-
HUAT Kpail Ha >kxumara oT CIID e 3axBaHat upe3
YYBCTBUTEJICH €JIEMEHT Ha OE3KOHTAKTEH MarHUTCH
CCH30p 3a IPEMECTBAHE KbM NPYKHHATA, a JPYTHUST
Kpal € 3aKpereH KbM JIOCT, YHHTO CBOOOJIEH Kpai
omnmpa B CHIIOB ceH30p (¢ur. 2a). Bepxy kumara ot

CII® e 3akpeneHa MOABIKHA TepMOABOWKA ((wur.
20).

¢ur. 1 O6w Bun Ha crenpa: 1. Mi3mepBarenna cucre-
Ma; 2. Cuctema 3a cb0MpaHe Ha JaHHH;
3. 3axpanBamu 010Kk0Be; 4. Jlanror.

¢ur. 2 Censopu Ha cTeHza: a) oct U cuiioB MEMC
cersop tur FSG15N1A; 6) repmoaBoiika

3aXpaHBaHCTO Ha CTCHJA CC€ OCBHIICCTBABA 4YPE3

TPU CTAOWIM3UPAaHH H3MPABUTENN U €JHO Hampe-
skeaue ot USB mopt Ha nmanTora.

= T T AT L

¢ur. 3 MaraureH O€3KOHTAKTEH CCH30P 33 IPEMECT-
ane Tun APO-075-001

IIpenBumenn ca BXOJOBE 3a M3MEpBAHE HA 3aX-
PaHBAIIOTO HANPEXEHHE. 3a U3MEepBaHEe Ha TOKa Ce
M3TI0JI3Ba CIIeNHaleH ceH30p, OasupaH Ha eeKkTa Ha
Hall. 3axpanBanero Ha sxunata ot CII® e mpeBeaeHO
Jla cTaBa MPOrpaMHO WM PHYHO upe3 pene (dur. 4).
Cucremara 3a cbOHMpaHe Ha JaHHH ChIbp)Ka €IHO
YeTUpH cII0TOBO acy Ha National Instruments u Tpu
MoOJIyJia: 1Ba aHAJOroBu BXxoza 8 kananex +/-10 V, 4
KaHaJeH +/-5 V ® eauH MOIyN cHelHaim3upaH 3a
TEPMOJIBOMKHU.

W3mepBaHmsTa ce yIpaBisiBaT ype3 mporpama Ha
LabVIEW, kosiTo ocurypsBa €IHOBPEMECHHO W3-
MepBaHE Ha IIPEeMEeCcTBaHe, CHJIa, TEMIIEpaTypa, TOK H
HaTpeKeHHe ¢ yecToTa Ha auckpermzanus 1000 Sa/s.
JlaHHUTE OT M3MEpBAHETO ce 3alKcBaT B Mporpama
Ha Excel.
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¢ur. 4 Yacr ot eNIEKTPUIECKHUS names Ha CTeHa:
1. Cen3op 3a usmepBane Ha Tok ACS712;
2. Ennokananno perne tun ISO9002.

3. I3AMUTBAHE HA OBPA3EI OT CI1®

[IpoBeneno e um3nurBane Ha >kuua ot CIID —
(rexcrHON (THPrOBCKO Ha3BaHWE HAa HUTHHOIN),
npousBoacTBo Ha ¢upma Dynalloy Inc [7]. B kara-
jora ¢pupmMarta JjaBa CJIeIHUTE MapaMeTpu: TUaMEThp
Ha xwurara 0=0.38 mm; cenporusieHue p=8.3 Q/m;
ompHOBa cmma F=22,5 N 3a 172 MPa namnpexenue;
MpUOIM3NTENIeH TOK 3a cBHBaHE 3a 1 s 1= 2.25 A;
Bpeme 3a oxuaxaane tc=10,5 s; puHaTHA aycTEeHNTHA
temmeparypa Af=70°C. U36pana e Hemedopmupana
JbJoKUHA Ha skuiata L=0.385 m.

Upe3 BHUHTOBUS MEXAaHW3bM M IO3MLIMOHHHMS
CeH30p € 3ajaaeHa JedopMmanus Ha xunara AL =
0.017 m, xoeTo chorBeTcTBa Ha 4.4% OTHOCHTEIHA
nedopmanust. Upes cuitoBHs CEH30p € OTYETEeHa Ha-
yanmHa cwia F =14 N.

HampexxeHuero e BKIIOYEHO B MPOJBIDKCHHE Ha
12 s, kaTo 3axpaHBamIys OJOK ce U3IONI3BA B PEXKUM
Ha W3TOYHHK Ha Tok ¢ | = 2.25 A. Tloxy4eHo e Ham-
pexxenne U=6,28 V.

Yacr ot rpadukute, 3anucanu B Excel daiin ca
IaIcHU Ha GUTypUTE TO-I0IY.

T

|

Tevneparypa ['C|

Bpeme [s]

¢ur. S Temneparypa na CI1® BbB yHKIHS Ha Bpe-
METO

V3meneHuneTo Ha TemmepaTypaTta BbB (QYHKIHS
Ha BpeMeTo € nokaszaHa Ha ¢ur. 5. 3a 17 s xunara
JocTura UHamHaTa ayCTeHUTHA TeMIleparypa U u3-
ctuBa 3a 240 s npu TemnepaTypa Ha Bb3ayxa oT 20
°C.

Ha ¢ur. 6 e mamena rpaduka Ha IpeMEeCTBAHETO
Ha CBBP3aHUS C IPY>KIHATA Kpaii Ha xwunaTa ot CIID
BB (YHKIHS Ha BpeMmeTo. IIpaBu BneuarieHue, de
LENUs X0/l C€ M3MHMHAaBa B IIbPBHUTE 3 CEKyHIH, HO
TOBa ONPOBEPraBa KaTaJOXKHUTE IaHHU 32 CBUBAHE B
pamkure Ha 1 s.

Npemecrsane [mm)

Bpema [5]

¢ur. 6 [IpemecTBaHe Ha CBbpP3aHUA C IPYKUHATA
kpaii Ha xurara ot CI1®D BbB (yHKIMS HA BpEMETO

I'padukaTa Ha cunaTa mokasana Ha Qur. 7 cbIIO0
CC M3MCHA CTPBMHO B HA4YaJIOTO W JOCTUTa MAaKCH-
MyM cren 9 s.

Bpeme [s]

¢ur. 7 Cuna BpB hyHKIMS HA BPEMETO

Cren M3KIIOYBaHE Ha BPEMETO OT TOPHHUTE Xapak-
TEPUCTUKHU Ca MOIYYSHH XHUCTEPE3UCHH 3aBUCHMOC-
. Ha ¢ur. 8 e mokazan xuctepesuca Mexay mpe-
MECTBaHETO M TeMmIleparypaTa, a Ha ¢ur. 9 Mexay
cuiiata u TeMIieparypara.
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Togop TOAOPOB Pymen HUKOJIOB fuxo PAJIEB

Npemecrsane [mm]
2 Rk A

-\\h“-...
=l

i} 10 20 30 40 50 B0 70 B0
Temneparypa ['C]

¢ur. 8 [IpemecTBane BbB QyHKINI Ha TeMIIepaTypara

18 P T
16 'S ‘__//
14 ,[.I_.. — ———
F 12
210
3 s
6
4
2
0
0 10 20 30 40 50 60 70 80

Temneparypa ['C]

¢ur. 9 Xucrepesuc remneparypa — cuina

MexaHUYHUAT XUCTEPE3HC, C IOMOIITA Ha KOUTO MOXKE
Jla ce OMpeIeNAT 3aryoure e mokasad Ha ¢wur. 10.

——

18 e =
5 f“"’—’a ===
14—

z 12

z 10

[ 8
6
4
3
0

5 0 5 10 15 20

Npemecreane [mm]

¢ur. 9 Xucrepesuc remneparypa — cuina

4. 3AK/IIOYEHUE

Cp3aaneH € HanbJIHO (YHKIMOHAJEH CTEHA C Bb3-
MOXHOCTH 32 M3MEpBaHE Ha MEXaHUYHH U CJIEKTPHICCKU
rapaMeTpH Ha CIUIaBH C TaMeT Ha opmara.

Upes u3nuTBaHe Ha 00paser; 0T HUTHHOJII ca JJOKa3aH!
BB3MOXKHOCTHUTE 32 €THOBPEMEHHO H3CJIC/IBAHE HA HIKOJIKO
(U3NYHM XapaKTEPUCTUKM C JIOCTAThYHO BUCOKA TOYHOCT
¥ 4ECTOTa Ha JUCKPETH3allusI.

ITony4yenure pe3ynTaTé Moxe Aa ObAAT MONE3HH 3a
ompezensHe Ha criennduaau xapakrepuctuku Ha CIID, 3a
Ch3J]aBaHe Ha MOJIETH M TSXHOTO BaJIMJUPAHE.

Cb31aIeHUST CTeH HaMHPa [IPWIOKEHHE 33 00ydeHHe
Ha CTYAEHTH M IOJIIOMAaraHe Ha M3CJIe0BaTeICKaTa Ha
JOKTOPAHTH U HAy9IHH PAOOTHHIIH.

IIppBOHAaYaNHUTE M3BOMM 110 OTHOLIEHHE Ha HM3Mep-
BaHUSATA IOKA3BaT, Y€ 3aJaJCHUTE KATaJlO0XXHH JAHHU He
BHHATY CHOTBETCTBAT HA PEATHUTE.
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Abstract: The paper deals with experimental investigation of a shape memory alloy by specially developed for this purpose
evaluation setup. A brief description of the experimental setup properties is made. The all types of sensors which are used
for measuring of the features of the shape memory alloys are explained. Some brief knowledge for the data acquisition
system is disclosed. A demonstration of the evaluation setup capabilities is made by investigation of shape memory alloy
wire of nitinol. The graphical relationships of temperature, displacement, force, and voltage vs. time are found. By
eliminating the time the hysteresis graphs displacement — temperature, force — temperature, and force - displacement are
worked out. The so obtained results should be useful for research concerning shape memory alloys.

Keywords: shape memory alloys, one way shape memory effect, supper elasticity, evaluation setup
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HUHCTPYMEHTHU 3A KOHTPOJI HA KAYECTBOTO HA JIOTUCTUYHUTE
IMPOEKTHN

Mapuss BOJEHHYAPOBA

kateznpa ,,Jlorncrtuka”, Yausepcuter 3a Harmonanno n CseroBHO cronancTBo- Codust, beirapus
e-mail: mvodenicharova@unwe.bg

Pestome: B goximaga ca  pasmienaHu

oouuTe

XapaKTCPUCTUKH Ha  JIOTUCTUYHHUTEC IPOCKTH,

KpUTEpHUTE 32 KiIacu(pHKalMs W BHUAOBE JIOTMCTHYHM mpoekTd. OmucaHW ca eTanmuTe Ha Mpolleca Ha KOHTPOJ Ha
JIOTHCTHYHHTE MPOEKTU Ha 0a3a Ha KOETO ca MPeICTaBeHH MHCTPYMEHTUTE 3a KOHTPOII - ,,MeTOoabT Ha KPUTHYHUS BT
(CPM - Critical Path Method) u Texunukara PERT (Program Evaluation and Review Technique). Ilenta Ha noxnana e na
MpeACTaBU TE3U HHCTPYMEHTH 3a KOHTPOJI Ha KAYE€CTBOTO HA JIOTUCTUIHUTE MPOCKTH. HpOHeC’bT Ha KOHTPOJI 3a1104Ba OolIe
CbC CTAPpTUPAHETO Ha pa60TaTa II0 IPOCEKTa U HU3UCKBaA PETrYJIAPHO c1>61/1paHe Ha I/IH(I)OpMaHI/IH 3a M3NBJIHCHUCTO Ha
IIpOCKTa, paBHIBAHETO Ha (I)aKTI/I‘{eCKI/ITe U [UIAHOBUTE IIOKA3aTECJIM U U3I0JI3BAHETO HAa KOpUTHUpAIlld MEPKH. KOHTpOJ'H)T
TpssOBa Ja ce M3MBJHSABA [0 BPeMe Ha Lejus MepUOJ Ha M3MBIHCHHE Ha NpOoekTa. AHanm3upaHata uH(opmanus u
JTaHHW, 3aBUCST OT BHJ4, 00XBaTa U pa3Mepa Ha JIOTHCTHKATa B IIPOEKTa, KaTO pa3Mep Ha TPAHCIIOPTA, KalaluTeT, CPOK Ha

J0CTaBKa, Ka4€CTBO U T.H.

Kaw4yoBu 1yMu: JIOTUCTUYHYU TPOCKTH, KOHTPOJ, METObT Ha KPpUTHYHHS BT, TexHuKka PERT

1.XAPAKTEPUCTHUKA HA JIOTUCTUYHUTE

ITPOEKTH
JlorucTUUHUAT  NPOEKT  MOXe  Jga  ce
OonpeleNd  Karo  BPEMEHHO  HayuHAHWE 34

Ch3aBaHETO HA JIOTUCTUYHA JCWHOCT, YCIIyra WId
pe3ynTar. JIOTUCTHYHHUTE MPOCKTH MMAT KOMIUICKC
OT JIEWHOCTH C OTIPEIeTICHO Havaslo U kpail. Moxe na
Obaar OIUCAHU oT TEXHUYCCKHUTE u
MKOHOMHYECKUTE MapaMeTpd H CE OMPEACIAT OT
pasxoxmTte, BpemeTro W obOxBarta. JlormcTHUHUTE
MPOEKTH CIoOMarat 3a e(QeKTHBHOTO H e(pUKacHO
praB.]]eHl/le Ha JIOTUCTUYHUTEC
JICHOCTH B MPEANPUITUCTO, a CHIIO TaKa MOTraT Ja
ObJaT CBBP3aHU ChC CH3AABAHCTO HA YHUKAJTHA
ycnyra. JIOTHCTHYHKTE MPOEKTH CE XapaKTepU3Upat

ChC cHenu(pUYHH XAPAKTCPUCTUKH, KOUTO ca
IpecTaBeHu Ha purypa 1.
HnTepmucimi-
IUIHHAPHOCT
™~ CrnozxHOCT
OpHeHTaIa
KBM LEMITe OpraHu3aiioHH0
eIHA3HAYEHNE
VHHKaTHOCT
PraHH3aHOHHA

Prck Ha mpoexTa

¢ur. 1. XapakTepucTHKH Ha JIOTUCTUYHHUTE ITPOCKTH

JIOrHCTHYHNUTE MPOEKTH HMMAaT YHHKAJIHO
CBIBPIKAHUE u
YVHHUKaJIeH XapakTep. Bcekn JorucTHdeH NpoeKT ce
pasinyaBa OT APYTUTE MO OTHOIICHHE HA HEWHHTE
LeTIH, ICHHOCTH, PECYpCH U Pe3yITaTH, BBIPEKH, Ue
MOBTApSIIM CE EIEMEHTH MOraT Ja NpPUCHCTBAaT B
MPOEKTA.

OcCBIIIeCTBIBAHETO
Ha JIOTUCTUYHM NPOEKTH M3UCKBA €IHOBPEMEHHOTO
W3M0JI3BaHE
Ha pa3IUYHU pecypcu:. ¢usnvecku, (HUHAHCOBH,
YOBEIIKU. V3IBbIHEHNETO Ha NMPOEKTa € 00YCIIOBEHO
OT JOCTBII JO PECYpCH, KOHTO OOMKHOBEHO ca
OTpaHWYEHHU BBB BpemeTo (Durypa 2).

Pecypcu

COCOHCDO do
R3 ‘
S« e e
R1 ) ( ) ( )
T‘h Bpeme=

¢ur.2. [Ipumep 3a orpaHuueHH
BbB BPEMETO PECYPCH Ha JIOTUCTUUHHUTE IPOSKTH
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JlorucTHYHUTE MPOCKTH MOXe na
BKJIIOYBAT  HM3rpaXJaHe  Ha  CKIAm  WIH
HHOPACTPYyKTypa 3a JIOTHCTHKATa, W300p Ha HOB
JIOCTaBYHK HA CYPOBHHH M MaTepuai, pa3paboTBaHe
Ha HOBa JIOTHCTHYHA Yyciyra, paspaboTBaHe Ha
JOTHCTHYHA CHCTEMa, BBBEXKIAHE HA JIOTHCTHYCH
IpolLiec WIN IPOLeAypa, U3BbPIIBaHE Ha IIPOMSHA B
CTPYKTypaTa Ha JIOTUCTHYHATa CHCTEeMa M T.H.
OpraHu3upaHeTo Ha BepHUraTa Ha JOCTABKHTE B JIBE
WIM TIOBEYe CTPAaHW MOXe Jga Oble npuMep 3a
JIOTUCTHYEH NPOEKT, PEalM3UpaH B MEXIYyHAPOICH
wial. [lpyr npumep B MexIyHapoJeH Mariad Moxe
Ja Obpae cb3jaBaHe Ha  Iio0alHa — Mpeka
Ha JIOCTABYMIIM U TOAU3IBIHUTEIN, KaKTO CE
BKJIFOUAT (UPMHTE, OKa3alu ChICHCTBHE IO BpEME
Ha wW3rpaxgaHero Ha Mpexkara[6]. OcHOBHH
KPUTEPHUU 3a KJacuuKaus
W BUJIOBE JIOTHCTHYHY TPOCKTH, Ca NPEICTABEHH B
Tabmuma 1.

Tabéauna 1. Kputepun 3a kiacupukanus u
BH/I0OBE JIOTHCTHYHM MPOEKTH

Ton na IIpumep 3a
Kpurepun JIOTHCTHYEH
NMpoeKTa
NMPOEKT
Bpewme u | Crparernueck | llenTpanuzar
3HAYCHUE HA | U us
pe3ynratute Ha JUCTPHOYT
OT TSAXHOTO opckara
peanusupan Mpexa
e TakTnuecku Cpb3maBaHe Ha
CTaHAapPTH
3a yIpaBJIeHHE
Onepanmuonuu | ONTUMHU3UpPAH
e
Ha TPaHCIOPT
HUS MapuipyT
M3rounnim | Jlorucruuen Peopranuzamnm
Ha oTAeI sl Ha CKJIaja
¢unancupa | Ilpeanpustue | [Ipunarane
HE TO Ha CHCTEMCH
codryep
Pons Ha | M3nmenaena B | Hamanenue
oTIena IO | paMKuTe HA MaTepHasH
JIOTUCTHKA Ha JIOTUCTHYH | WTE 3alacu
vl OT/IC]I
Koopnunanus | Peanuzanus
oT Ha TIOPBYKH OT
JIOTHCTHYHHUS KIIMCHTH

oTJeN
Opranmsupa | O6ukHOBeH o | Enuna noructu
HE Ha | TUCTUYEH MPO | YEH MPOEKT
MPOEKTHT eKT
Kommnexkcuu Kommnekr
JIOTUCTUYHU T | OT HOZI-JOTHCT
POEKTH WYHU MPOCKTU
Oynkuuona | Mectononoxe | Jlokanusupane
nHa oOnact | Hue Ha JaneHa
Ha TIPOEKT WHCTAJANNS
Tpancmopt N3bopa
Ha MOJIeI
3a TPaHCIIOPTH
1 YCIIyTH
CpxpaHeHne Marpaxnane/n
aeMaHe
Ha CKJIaJ
Ympasnenue N3bopa
Ha Ha Mozen 3a
MaTepUaluTe | yIpaBJICHUEC
Ha MaTepHaju
Te
[Mono6psiBane | dopmupane H
Ha a cTparerus 3a
KauecTBOTO Ha | oOCIyKBaHe
JTIOCTaBKUTE M | Ha KIMEHTa
00CITy)KBaHETO
O6partHa Cp3naBane
JIOTHCTHKA Ha cHcTeMa 3a
yIpaBIIeHUE
Ha
OMaKOBKU 32
MHOT'OKpaTHa
ynorpeda
Bpoii IIpoextH, IIpunarane
YYACTHUIM | pealu3upaHd | Ha TEXHUKATA
oT enno | Kanban
MPEIIPUSITHE
IIpoextn u3BbL | Opranuzauus

PIIEHH TIPSKO
MEXTY

BPB3KUTE Ha
Bepurata  3a

W JIOCTaBKa 3a
MOKYIKM  Ha
KOHKpPETeH Ma
Tepual

JIOCTaBKH -

JIOCTaBYMKA

— KIIMEHT

Mexnysenom | [Ipunarane
ctBeHu npoek | VMI koHuenn
TH ust MEXKIY
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- peaNM3WpaHd | AOCTABYMK U
c MOJTy4aTe
HSIKOJIKO CBJIC
WcTBauM opra
HU3AI[UH KaTo
gact
OT BepHraTa 3a
JTIOCTaBKH
I'moGamun Cs3gaBane Ha
MIPOCKTH riodanHa
Mpexa
OT JIOCTaBYHII
u
u
MOIU3ITBITHUTE
JIH, KaKTO
u dbupmu
CHTPYIHUYCII]
u
Orpann4eHoTo HaTA4Yre Ha
HEOOXOIMMHUTE pecypcd 3a peanu3alys Ha

JOTUCTUYHUTE  NPOSKTH M  IPOMSHATa B
cpemara HOCTaBs M3IBJIHCHUETO HA HPOCKTUTE B
3HAYHUTEIICH pHCK. 3a
HaMaJsIBaHe Ha PUCKa IPH JIOTHCTHYHUTE MPOEKTH U

yBeNMYaBaHe Ha KOHTPOJAa BBPXY HETOBOTO
HOBEICHUE MOKe aa Obae pazzuenex
Ha ¢a3u. PazgensHero Ha Qasure momara jga ce
KOHTpoJupa ompenencHa ¢asa ©  eTam  Ha

JIOTUCTUYHUS TPOEKT, KAKTO M Ja CE KOHTPOIHpa
HEenUsIT MpoekT. KOHTpOIbT MOXKE [1a ce M3BBpIIBA
Clie/l BCEKH eTarl, KOETO I pa3KpHe MOCICIUIIUTES
OT mpenauinHata (asa U PEelICHUETO 33 MPEMHHETE
KBM clieIBalaTa ¢aza (v na ce
MPEKPaTH MPOeKTa). B HSIKOM cilyyan € BB3MOIKHO,
crnenBamata (asza Je 3armouyHe Npeay MpeIuiHaATA
na ¢ 3aBbpuidia. TakaBa cUTyalus € MPUEMITHBA,
KOTaTO PUCKBT OT He3aBbpIIeHATa (Da3a ¢ HHUCKA.
Bbrpeku, 4e MHOTO IIPOEKTH MOT'aT Jja UMaT
noJ00HM MMeHa Ha (asu ChC CXOAHU PEe3yNTaTH,
MAJIKO OT TSAX ca UAEHTUYHHU. HIKOM OT TAX IIIe UMaT
camo enHa (asza, APYrd JOTUCTUYHH MPOEKTH IIIe
umar MHoro ¢asu. [1]. durypa 3 mokaszsa npumep
HA JKU3HCHHS IMKBJI HA JIOTUCTUYCH IPOCKT C TPHU
¢asu, KOWUTO Morar Ja UWMar  pa3lindHa
MPOABIDKUTEITHOCT U IBJDKHHA. MHOTO CIICIUATUCTH
0 YIpaBJICHUC HA TPOCKTHU CE OMUTBAT JIa Ch3aJar
MOJE] Ha JKM3HEHMS LHMKBI Ha JIOTUCTUYHHUTE

npoektd.  Ha  mpakThka ~ ToBa  O3HAauaBa
pa3lieNsiHeTO Ha JKU3HEHMSI LUKBI Ha IPOEKTa
Ha [TOBeYE WK Mo-Majko ¢asu [3].

Ilpu ompenmensHeTo Ha  (asure Ha
JIOTUCTHYHUTE TIPOSKTH MOXKE €/1Ha OpraHu3alus 1a
TpeTHpa MpPOYYBAHETO HA OCBHIIECTBUMOCTTA 3a
obuuaiiHa npeaBapuTesiHa paboTa Mo MPOeKTa, Apyra
MOJKe Jla TO IprueMa KaTo mbpBara (a3a Ha MPOCKTa, a
TpeTa MOXE Jia TpeTupa NpPOYYBaHETO Ha
OCBILECTBUMOCT KaTO OIpENeNieH CaMOCTOSATENCH
MIPOEKT.

A

MexanHHa dasa

HavanHa dasa OuHanHa dasa

HuBo Ha pecypcuTe

Bpeme

¢ur. 3. Mojen Ha )KM3HEH IIUKBJ HA IIPOCKTa

[To chuMs HAYMH €IUH SKUI MOXE Ja pa3aeiu
JIOTUCTUYHUS TIPOEKT Ha B¢ (das3u, a APYr eKuIn Jaa
n3bepe Ja yrpaBisiBa [s1aTta paboTa KaTo eqHa dasa.
Bcuuko TOBa 3aBHCH OT €CTECTBOTO Ha KOHKPETHHS
NPOGKT M CTHJIa Ha €KUMAa Ha TMPOeKTa WK
OpraHu3aIusITa.

PBKOBONCTBOTO  HAa  MpOEKTa  MPEIBHKAA
IUIOCTEH, TMOCIEA0BATCICH METOJ 32 KOHTPOJ Ha
JIOTUCTUYHUA TPOCKT U OCUTYPSIBAHC HAa HCTOBUA
ycrex. HO}IXO}I’LT Ha PBKOBOACTBOTO Ha
JIOTHCTUYHHUS TPOCKT TpsiOBa na ObjJe OmucaH B
IUTaHAa 3a YIPaBJICHHUE.

2. KoHTPOJIBT NpH JIOTHCTHYHUTE NPOEKTH

HabmrofeHneTo U KOHTPOIBT HA JIOTHCTHIHHUTE
OPOCKTH € TPOLeC Ha MPOCIEHsBAaHe, IPOBEPKA H
KOHTPOJIMPAHE Ha HANPEAbKA B TIOCTHI'AHE Ha [EITHTE
3a U3MIBJIHCHHUE, ONPE/ICICHH B [UIaHA 33 yIPABICHUE
Ha JIOTHCTHYHHS TpoekT. HabmomeHneTo BKITIOYBA
OTYMTAHE Ha CTaryca, M3MEpBaHE HA HAMpeabKa H
nporuosupane.  OTdeTdTe 32 UBMBIHECHHUETO
npeicTaBisiBaT MHGOpPMALHs 33 U3IIBIHCHUETO Ha
JIOTHCTUYHUSI TIPOEKT [0 OTHOIICHHE Ha 00XBara,
rpaduKa, pa3XxOIOHUTE, PECypCUTE, KauyecTBOTO H
pHCKa, KOSATO MOKE Ja Ce M3I0J3Ba Karo BXOJ 3a
apyru npouecu. [1].

59



Mapus BOJJEHHYAPOBA

Benukn  JIOTMCTMYHM — NIPOGKTH  TpsiOBa  Ja
pa3paboTAT cucTeMa 3a KOHTPOJI, KOSTO Jia CJIeH 3a
M3IIBJIHEHHETO Ha npoekTa. [locTuranero Ha ycnex B
YIPaBJICHUETO HA JIOTUCTUYHHUTE TPOSKTH W3UCKBA
CIOCOOHOCTTa Ja Ce IUIaHUpaT MPOCKTHUTE
JIEHHOCTU U IpPaBWIHO Aa ce npwiarar. dazoBaTa
CTPYKTypa IIPEOCTaBs CBOTBETHAaTa OCHOBa 3a
KOHTpOJL.

Crienndukanusara Ha JOTHCTUYHUTE TPOCKTH U
TAXHOTO YHHWKAJIHOCT IIPaBU PHCKBT HEpasJelHa
4acT OT Te3H NPOeKTH. HUBOTO Ha Ta3u HECUTYPHOCT
€ pa3iuuHa, B 3aBHCHMOCT OT BHJa, oOxBara u
pa3mepa Ha JIOTUCTUYHUSI MPOEKT, NPOBEKIAHETO U
JIpyrH hakTopu.

HuBOTO Ha HECHT'YPHOCT € CHOTBETHO BHCOKO B
OBPBHUS €Tal, T.. HA eTama IulaHupane [7] u npu
BCEKHM ClleiBalll eTan HamaisBa. HecurypHocrra
OTHOCHO peajH3aluiTa Ha JIOTHCTHYHHUS IPOEKT
HaMaisBa 10 HyJla B 3aKIIOYMATENHHS eTam Ha
peanmzarys.

BwTpemnnTte n BbHIIHUTE (AKTOpW Ha HAJCH
JOTUCTHYEH TIPOEKT CBIIO HUIPasT Ba)KHA POJIS.
HeBb3moxHO € gama ce CJIMMUHHpPa HAIIBJIHO
HECUTYpHOCTTa, HO MOXE Ja ce HaMalid [0
MHUHHUMYM, KaTO C€ B3€MaT OIPEACIICHU HeﬁCTBHfI,
KaTo IMpujaraHe Ha mnpaBujiia, METOAU U MEXaHU3MHU
Ha ymnpasienue [8].

KOHTpObT € Ta3u 4acT OT IPUIOCTHHS IUIaH 3a
yIpaBjIeHWE Ha INPOEKTa, KOSITO cJlegu  3a
MPaBHJIHOTO U3IBJIHEHHE Ha ONIEPAaTHBHUTE TUIAHOBE.
KontpomsT € HeoOXomumo nJa oOcHUTypH Ha
PBKOBOACTBOTO MHCTPYMEHTH, Ype3 KOUTO Jja MOTaT
Jla ce ONpeJeNy Aaj NPOeKTa ce MpHUOIIKaBa KbM
wianupanure nenu. CucremMara 3a  KOHTpOJ €
HeoOxomuMo 1a uWH(pOpPMHpa pPBKOBOAWTENS HaA
JOTUCTUYHUSL  TIPOEKT 332  OTKIOHEHHS  OT
IUITAaHUPAHUTE PE3yITATH U BAXXHOCTTA WIN pa3Mepa
Ha Te3W OTKIOoHeHus. IlpenopwsumTenHo € nma ce
IpwIaraT KOPEKTUBHHM [EHCTBHA W aNTCPHATUBHH
KypcoBe Ha TmoBeneHHE. KOHTpOIBT ce H3M0N3Ba
KaTO MEXaHU3BbM 3a NPUBCIKIAHEC HA HeﬂCTBHTeHHHTe
pe3yaTat B CbOTBETCTBUC C U3TOTBCHUTC ITJIAHOBE.
Ha ¢urypa 4 ca npencraBeHu eranuTe Ha npoleca
Ha KOHTPOJI Ha MPOEKTa.

[TpouechT Ha KOHTPOJ € BaXXEH U HEOOXOIUM
€JIEMEHT OT YNpPaBICHHETO Ha JIOTHCTUYHUTE
NpoekTH. Peannute cucremu 3a ympaBieHHE Morat
Jla BKJIIOYBAT B ce0c CH HSIKOJNKO €eJeMeHTa Ha
oOpaTHa  BpB3Ka, KOETO  TMO3BOJISIBA  IIPH

HEOOXOIMUMOCT Ja ce HACHTHQUIMpaT W Ja ce
OTCTpPAHSAT HM3MEHEHHUATA, BB3IPEIATCTBAIIH
MOCTUTAHETO HAa MPOEKTHHUTE menu. Hampumep mpu
peamu3anyaTa JIOTUCTHYHHS TIPOSKT MOXE Ja ce
cOITbCKa C HETPEABHINMH OOCTOSTEICTBA, KOUTO HE
ca OWIM MBPBOHAYAITHO OTYETCHH.

Paspafioreane Ha
nnau

I

CrapTwpane na

NPOSKTHATE
BRHOCTI
Hauano Ha cregealma
OTHETEH NegHog
¥
/'y
33 poerm oTYeTEH
nepHas
¥
¥ Y
Crbupane Ha
naHM 33 MpeanaweHnn 3a
(haKTHHECKOTO HIMEHEHHS B
CLCTOAHKE Ha NNaKHa Ha NpoeKTa
HANKIHEHWETO
| I
¥

ARTYENMINPAHE HE NNEH-TPadMKE,
BiogweTa n nporoau 33 DkOeleTo [+—
PAIBHTHE

CpasuABane Ha paKTUECcHSTS W
MNEHOBOTO CHCTOAHWE HA MPOEKTA

Waucknat N4 ca
KOpHIVPELLA ERCTEMA

WoeHTndmumpane Ha Kopumpaumie
NERCTEMA W OCLLSCTEABIHE HA —
NpOMEHHTE

¢ur. 4. Eranure Ha nporieca Ha KOHTPOJI Ha
JIOTHCTUYHHU TIPOCKTH
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Ha ¢durypa 5 e mokasan npumep 3a cucrema c
oOpaTHa  BpB3Ka, KOSITO  CBHIABPXKAa  BXOJHHU
nokasaTeny, NpoLec, W3XOJHH MOKa3aTend U
€JIEMEHTH Ha 00paTHa Bpb3Ka.
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Pearmzauma va
MPEEKTHIATE NERHOCTH

TexHrech yenosHa
LaHHA

— Perynipane

Mnan G

p Tekyu, xorTpon

¢ur. 5. Cucrema 3a KOHTPOII ¢ 0OpaTHA BPb3Ka IIPU
JIOTUCTHYHU IIPOEKTH

YHpaBiIeHCKUAT KOHTPOJ H3MOJN3Ba ChOpaHarta
HHpOpMaNHUATA OT HU3BBPIICHOTO IO MOMEHTa 3a
pa3paboTBaHe Ha HEOOXOMUMHTE OBJCIIN JICHCTBUS.
KontponbsT TpsiOBa na ObJie W3BHPIIBAH HAa pPAHCH
ertam — BCAKO OTKJIOHGHHE TpsiOBa ga Objae
Ha0eNsI3BaHO M [IOKJIA[BAHO Ha PBKOBOIUTEINS
BB3MOXXKHO Hal-Obp30. OTKIOHEHMATa TpsOBa naa
ObJaT WIOCHTUQUIMPAHH NOCTATHYHO PaHO, 3a Ia
Morar Ja ObJar NpeanprueTH KOPEKTHUBHU NCHCTBHS
npeAd M3MBIHEHHETO Ha MPOSKTHUTE JCHHOCTH.
Cuctemara 3a KOHTPOJI TpsiOBa Jja BKJIFOYBA:

° IETAWITHO  IUTAHMpAaHE  Ha  IPOCKTHUTE
JIEHOCTH;

* OIICHKA HA BPEMETO, PECYPCUTE U PA3XOIUTE;

e or4yeT Ha (DAKTUUCCKOTO U3MBIHCHHE U

Pa3sXoJUTe BB BPEMETO;

* MEPUOUYHA OIICHKA Ha BPEMETO U Pa3XOJIHTe,
HEOOXO0AUMO 3a U3IBIIHEHUE HA IEHHOCTUTE;

* CPUOJUYHO CpaBHsABaHE Ha (PAKTUUECKOTO
M3OBJHEHHE W pa3XxoguTe ¢ IUaH-rpaduka U
OroJUKeTA.

KoHTposrpaHeTo Ha JIOTHCTUYHU MPOCKTH MOXKE
Ma uWMa pasnuueH obOxsar. Ilpu ompemensHe Ha
o0xBaTa ¥ KPUTEPHUHTE 3a YIPABICHHC Ha
JIOTHCTUYHHUS TPOCKT ce AeuHUpaT o0sacTHTE Ha
YIpaBJICHUE HA ONEPAIIMUTE B IPOCKTA.

OcHOBHaTa JCHHOCT Ha JIOTUCTHYHHUTE HPOCKTH,
CBBp3aHA C KOHTPOJHMPAHETO € KOHTPOJIA Ha
NICHCTBUTCITHUTE CTOWHOCTH U  CpaBHCHHE C

NIPOTHO3HUTE CTOMHOCTH. IIpaBunnoTo
(GYHKIMOHMpPaHE ¥ KOHTPOJIHMPAHE HA JOTUCTUYHUTE
MPOEKTH M3HMCKBA JOCTBII 10 HHpOpMAnusITa MU
JTAHHWUTE, CBBP3aHM C MPOCKTA. 3a Ta3H LeJI MOTaT Ja
Cce M3MON3BAT HMHCTPYMEHTHTE 3a KOHTPOJI Ha
JIOTUCTUYHUTE MPOEKTH, KOUTO Ca CBBP3aHU C
MpEKOBOTO INIaHUPAHE.
3. HucrpymenTH 32 HA
JIOTHCTMYHHU NPOEKTH

WHcTpyMeHTHTE 3a KOHTPOJI Ha JIOTUCTUYHUTE
MIPOEKTH, MOTaT Ja OBJAT M3MOJI3BaHM 10 BpEME Ha
LENHsl KU3HEH IUKBJ Ha mpoekra. B mbpBarta dasa
Ha JKU3HEHMS LUKBJ HA JIOTUCTUYHHS MPOEKT MOXKE

KOHTPOJIHpPaHe

Ja C€ W3MIoJ3BaT TEXHUKUTE Ha MPEKOBOTO
IJTaHUupaHe. Korato IPOABILKUTCIHOCTTA Ha
AKTUBHOCT Ha JIOTUCTUYHUA MIPOCKT €

JACTCPMUHHUPAHA U MO3HATa ,,MCTOL['I)T Ha KPpUTUYHHUA
oeT* (CPM - Critical Path Method) moxe ma 6bae
none3eH HWHCTpyMeHT [2]. B merepmunmpanute
JIOTHCTUYHU TIPOEKTH MpekoBHTe TexHUku CPM,
BCHUKH MMapaMeTpu Ha Mpexarta (ompeneisiHe Ha
NEHHOCTHUTE, TIOCICIOBATETHOCT OT JCHCTBUS W
MPOABIDKUTETHOCT HA ACWHOCTHUTE) ca JeQUHUPAHU
JIeTepMHHACTHYHO. CTOXaCTHYHA MPEKOBa TEXHHUKA
e Texuukara PERT (Program Evaluation and Review
Technique), KbaeT0  MPOXBDKUTEIHOCTTA  HA
JICHHOCTHTE Ca ChC CTOXACTHUHH MpoMeHuBH [9].

Heka npeamnonoxum, dYe  BpeMeHara 3a
MMPOABJDKUTEIIHOCTTA HAa JIOTUCTUYHUA TMPOCKT HE Ca
ompeneneHd. Bpemenara 3a mpoIbJDKUTEIIHOCT HMAT
CTOXaCTHYEH XxapakTtep. Tabmuia 2 TmpencTaBs
cnenu(UKausl HA TMPUMEPEH JOTUCTHYCH IPOCKT.
Heka pasrnemame enuH JIOTHCTHYEH IIPOEKT 3a
M3rpaXIaHEeTO Ha CKIIaJoBa 0a3a ¢ KOHBCHIMOHAICH
U KIAMATH3MpaH BHCOKOCTECNIAXKEH CKJIAL C
000cO0CHH 30HU 3a JBJIOOKO3aMPa3eHH XPaHUTEITHH
MPOAYKTH. 3a Jla Ce HW3YKMCIAH OOIIOTO BpeMe Ha
peanu3anys Ha JOTHCTHYHUS MPOEKT CE H3IO0JI3BA
Metonsr PERT. Bpemero 3a orenka Ha IajieH
joructuueH npoekt no meroasT PERT e npencrasen
B Tabmuma 3. O6moTo BpeMe Ha MPOIBIIKATEITHOCT
Ha JIOTUCTUYHMUS MPOEKT € Haa 57 CceaMuLH.
AHanmM3pT HAa KPUTHYHUTE W HEKPUTHYHH pPabOTH
MOKa3Ba, 4Ye MMa JBa KPUTHYHH ITBTS B JIOTUCTUIHUS
npoekT. 3abaBsiHETO Ha paboTara Ha KPUTHYHHS BT
O3HauaBa yJb/DKaBaHe TpaduKka Ha JIOTHCTUYHUS
MIPOEKT.
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Taoauna 2. Bxognu JaHHA HA JIOTHCTHYEH N K 4 5 6
MPOEKT
Henocp IIpoab/zKUTEHOCT HA O M 2 2 3
Heii e BpeMeTo (ceMHIIN)
Hoc | crBeHn | Onrtum | Peamuc | Ilecumm P DM 3 4 5
TH neﬁﬂoc HCTUYH THYHO CTHYHO
™ 0 BpeMe | Bpeme Bpeme Q J,K,P 113 15 17
A - 11 12 13 R JJK,P |10 12 13
B A 2 2 3 S F, P 7 8 9
C A 8 10 11 T F,P 7 8 9
D A 4 5 6 U M, P 1 1 2
E C 2 2 V | 1 1 1
F |B 8 10 13 WK U VIS 6 8
G E 1 1 2 X K 2 3 4
H E 4 5 6 Y ST,W |1 1 1
! D.F 2 2 2 Monemute Ha CPM u PERT ca pasmupenu, 3a na
J G, H 5 6 7 npesICTaBsAT BpeMeBute mapametp [4] . Te3u metoau
ceé OCHOBaBaT Ha INPEIUIIHUTE HO BpPEMEBUTE
K G,H 5 6 8 XapaKTEpPUCTUKN W Ca 3aMEHEHHM C 4ucia. TakuBa
MHOXKECTBA ca OWIM TpWIaraHd MPH TEXHUKUTE 3a
L J 6 9 TUTAaHUpaHEe BH3 OCHOBA HAa MPEKOBUTE TpaduIlyl OT
M D3 3 3 7] MHOkecTBO yuenu [10] .
Tab6auua 3. OnpeeasiHeTO HA BPeMeTO HA JOTHCTHYEH MPoeKT mo meroxa PERT
Haii-panno Haii-panno Haji-kbcHO Haii-xbcHo
Heiinoct | Kputnuen Jeiinoct Pe3zeps
BpeMe 3a BpeMe 3a BpeMe 3a BpeMe 3a
Hme nbT Bpeme
3amo4BaHe 3aBbpUIBaHe | 3aMo4YBaHe | 3aBbpIIBaHe
A JiN 12 0 12 0 12 0
B HE 2,1667 12 14,1667 34,6667 36,8333 22,6667
C JIA 9,8333 12 21,8333 12 21,8333 0
D HE 5 12 17 30 35 18
E JIA 2,1667 21,8333 24 21,8333 24 0
F HE 10,1667 14,1667 24,3333 36,8333 47 22,6667
G HE 1,1667 24 25,1667 7 27,8333 29 3,8333
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H TA 5 24 29 24 29 0

I HE 2 24,3333 26,3333 47 49 22,6667

J TA 6 29 353 29 35 0

K HE 6,1667 29 35,1667 36 42,1667 7

L HE 7,1667 35 42,1667 50 57,1667 15

M TA 3,1667 35 38,1667 35 38,1667 0

N HE 5 35,1667 40,1667 52,1667 57,1667 17

) HE 2,1667 38,1667 40,3333 55 57,1667 16,8333

P TA 4 38,1667 42,1667 38,1667 42,1667 0

Q TA 15 42,1667 57,1667 42,1667 57,1667 0

R HE 11,8333 42,1667 54 45,3333 57,1667 3,1667

S HE 8 42,1667 50,1667 48,1667 56,1667 6

T HE 8 42,1667 50,1667 48,1667 56,1667 6

U HE 1,1667 42,1667 43,3333 48,8333 50 6,6667

Vv HE 1 26,3333 27,3333 49 50 22,6667

W HE 6,1667 433333 495 50 56,1667 6,6667

X HE 3 35,1667 38,1667 54,1667 57,1667 19

Y HE 1 50,1667 51,1667 56,1667 57,1667 6
OcHOBHATA 4YacT MpH KOHTPOJHUPAHETO Ha S

JOTUCTHYHUSI TPOSKT C€ ChCTOM B eTama Ha ancnens D

U3IOBIHEHHE HA MPOEKTa. 3a KOHTPOIMpPAHE HA FC

Hampeabka Ha paboTaTa HA OTAEIHUTE pPabOTHU F )

JICWHOCTH HA JIOTUCTUYHHUS TPOSKT MOXKe Jia ce Hajspeme ( )

n3non3Ba auarpamara ua [anr. /luarpamara Ha [aHt | D)

WIIOCTpUpa TpaduvHO TPOEKTa, KATO MPEACTaBs () o

HAYaJIHUTE M KpalHUTE JATHTE HA JIOTHCTHYHHS 3

IIPOEKT. Huarpama Ha Tant [10Ka3Ba | I

B3aUMOOTHOILICHHSTA MEKITY JICHHOCTHTE. ! (:h) -

ny
MHCTpYMEHTBT 32 KOHTPOJI MOXKE J1a CEe U3II0JI3Ba 3a Bpeme

Jla IOKa)Ke aKTyaJHOTO ChCTOSIHUE Ha Tpaduka. ur. 6. Inarpama na [aHT KaTo KOHTPOIMpAL

HWHCTPYMCHT B €Tallda Ha U3II'bJIHCHHUC HA
JIOTUCTUYHUSA IIPOCKT
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Qurypa 6 rmpencraBs eAMH OpuUMep  3a
JIOTUCTHYEH IIPOeKT. Jluarpamara Ha I'aHT ce cbcTOU
oT uepHHU U Oenu Gapome. UepHHUTE JIGHTH 3a BCSIKa
JEHHOCT TI0Ka3Ba HEKPUTHYHH JEHHOCTH, a ¢ 0510 ca
0003HaYeHH neitHocTHTe, KOUTO TIOKa3Ba
KPUTHYHHUTE pabOTH. AHAIM3BT HA JgUarpamaTra Ha
I'anT noka3Ba, 4e HAKOU JEWHOCTH ca 3aKbCHENHN OT
IUIaHUpaHusl cpok. Hampumep, mbpBara aelHOCT
CTapTHpa ciell BpeMe - IO €IUH JIeH MO-KbCHO OT
IUTaHWPAHOTO BpeMe. BTopaTa u Tperara neitHocTTa €
3aroYyHana cjie]| IUIAaHUPaHOTO BpeMe. 3a0aBsHETO B
TO3M Cilydail € paBHO Ha 2 jaHU. 3abaBsiHETO Ha
JIEHHOCTUTE MMa Bb3/ICUCTBHE BbPXY LIS CPOK HA
JOTUCTUYHUS TPOEKT. PasriexnaHusT JIOTHCTHYCH
MPOEKT U30CTaBa OT rpaduika, KOETO € BAXKHO J1a ObIe
000CHOBaHO OT pPBKOBOAWTENSI HA JIOTHCTHYHMSA
NpOEeKT M Ja OBJaT NPEeaNpHETH KOPUTHPAIIH
JIEUCTBUSL.

KoHTponupaHeTo Ha JIOTHCTHUYHHS IPOEKT €
MpOIIeC Ha U3MEpPBaHe Ha HalpeabKa KbM 00EKTHBHO
OLICHSIBaHE HA TOBA, KOETO OCTaBa Jia CE HAMpPaBH, U
npeAnpueMane Ha HEOOXOJUMUTE KOPHUTHPAIIH
3a]a4yM 3a MOCTHraHEe MU HAJBUIIABAHE IEIUTE Ha
MPOEKTA.

3a mocTUrHe Ha ycriexa Ha JOTUCTHYHUS POEKT
ca pa3pabOTeHH peaMla WHCTPYMEHTH, KakTo H
NpoLEeAypH M TEXHUKH, KOUTO 3aelHO ¢ olmmuTe
YIOPaBICHCKA  TOAXOAW W yMEHHMs,  JaBaT
BB3MOXKHOCT Ha MPOEKTHUSI MEHHUIDKBP, 71 OTTOBOPHU
Ha IIOCTABCHUTE KPHUTEPHU 3a Da3XOIH, BpeMe U
MMPOU3BOIUTEITHOCT/KA4eCTBO MO  Hai-e(eKTHBECH
Ha4MH.

B 3axmouenne MOXe fa ce 0TOENIEKH, Y€ € BaXKHO
W3rPaXIAHCTO Ha CHCTEMa 3a KOHTPOJ IIpH
YIPaBJICHUETO HA JIOTUCTUYHUTE MPOEKTH KaTo Ce
U3M0JI3BAT  BB3MOXKHOCTHTE  HA  MPEKOBOTO
miaHupane. [lpu MPOEKTUpAHETO Ha CUCTEMa 3a
KOHTPOJI € HEeOOXOJMMO HAJIMYHWEe Ha I[UIAHOBE,
uH(OpPMAIMOHHA CHCTEMa W CHCTEMa 3a aHalu3 Ha
(akTHYEeCKUTE TMOKa3aTelld W TEHICHIUMTE 3a
paszButie. OCHOBHUTE M3MCKBAHUS KbM CHCTEMATa 32
KOHTPOJI ca CIICTHHUTE:

* uHpOpMaIMATa Ja NPHCTHra HaBpeMe, B
noaxo/sma (Gopma 1 Jja € HacO4eHa KbM KIIFOUOBUTE
npobiemu;

° MpaBUJIHO Ja CE ONpeAe]M uecToTara Ha
HaOJI0JCHUETO u XapaKTepUCTUKHUTE Ha
HaOII0JaBaHUTE €JIEMEHTH;

* MOHHWTOPHHIBT Ja  ObIe  H3BBHPIIBAH
IOCTaThYHO YEeCcTO, 3a Ja Morar Ja Obaar
KODHTHpaHH  OTKJIOHCHHATAa OT  HalpaBEeHUTE
IUIaHOBE;

* Ja ce MpeIBUAST (UHAHCOBH CPEACTBA 3a
OCBIIIECTBSIBAHETO HA MOHUTOPHHTA;

* cucremMata Ja ObAe HUKOHOMHYHA H Ja
OTpaB/aBa CPE/ICTBA 3a HEHHATA MOIIPHKKA.

Cuctemara 3a KOHTPOJ MOXKe J1a ObJie Ch3JaicHa
3a MoJIIOMaraHe Ha yMpaBJICHHETO Ha JIOTUCTHIHHUS
MPOEKT, KOHTO Ype3 KOOPIAMHUPAHE IUIAHHPAHETO,
KOHTpOJa, CcbOuUpaHero u  oOpaboTkara Ha
uHpOpMaIUsA, TapaHTupa e(eKTUBHOTO ITOCTHUTAHE
Ha OCJIUTE Ha JIOTUCTUYHHA IIPOCKT II0 BPEME Ha
JKIU3HEHHUS IIUKBI Ha TIPOCKTA.
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TOOLS FOR QUALITY CONTROL ON LOGISTICS PROJECTS

Maria Vodenicharova!
Logistics department, University of National and World Economy, Bulgaria
e-mail: mvodenicharova@unwe.hg

Abstract: The article examined the general characteristics of logistics projects, the criteria for classification
and types of logistics projects. Described the stages of process control logistics projects on the basis of which
are presented control tools - Critical Path Method - CPM and Program Evaluation and Review Technique -
PERT. The purpose of article is to provide these tools for quality control of logistics projects. The tools can be
applied to the controlling process to support the management of logistics projects. Control process begins with
the launch of the project and requires regular accumulation of information on the implementation of the
project, a reconciliation of actual and planned indicators and the use of corrective measures. The controls must
be implemented throughout the duration of the project. Analyzed information and data depend on the type,
scope and scale of logistics in the project, the type of transport, capacity, delivery time, quality, etc.

Keywords: logistics projects, control, Critical Path Method, Program Evaluation and Review Technique - PERT
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THE EFFECTIVE METHOD OF DISTRIBUTED DATA STORAGE THAT
PROVIDES HIGH ACCESS SPEED AND LEVEL OF SAFETY

Artem VOLOKYTA Pavlo REHIDA Valerii SHYROCHYN Andrii NIKITIUK VU DUC THINH
National technical university of Ukraine “Kyiv polytechnic institute”, Ukraine, Kyiv
e-mail: artem.volokita@kpi.ua

Abstract: We offered development method using a providers distributed cloud infrastructure systems for efficient data
storage that provides high speed data access and good security. We developed a method for improving the efficiency
infrastructure in cloud systems. It uses mixing of data when breaks them on blocks. Using distributed data storage gives

high level of safety.

Key words: cloud computing, data storage, data protection.

Introduction. This paper proposes to create a
"System of distributed data storage in the cloud"
(SDDSC), which will help increase the effectiveness
data storage in cloud. The scheme of use of
distributed data storage in the cloud presented, where
data are divided into blocks. This method mix data
blocks to enhance the safety of data storage in not
safe providers of cloud storage. The size of blocks,
map of blocks along with other metadata and user
data are recorded in SDDSC’s database and then load
the data directly to the cloud storage using access
keys derived from SDDSC.

The system can use any number of cloud storage
providers and expand the list of repositories that
works with a system by using common interface. To
add a new provider as the back-end user need to
implement a common interface and register a new
back-end in the system. Also user have to specify
parameters. The system will consider these
parameters to meet the needs of users.

Due to the distributed data storage, system’s fault
tolerance decreases at times, obviously you need to
perform artificial measures to increase it. Such
measures will include data replication.

Algorithm for secure distribution of data. The
proposed method of distributed data storage provides
distribution data into blocks and storing individual
blocks in various cloud storage. Data need to be
distributed, so that even getting some data blocks
can't be said what was in the head of the file, and
there would be no possibility to restore content even
partially, without all blocks. This will provide high
safety data since not all cloud storage providers
provide high security while storing data of users.

To solve the above problems, this paper proposes
to use effective and safe of modification algorithm
ESSA [1] for the distribution of data in distributed
storage systems. This algorithm uses the known
NP-complete problem of finding the horse way
(knight's tour problem) [2] on the board for chess to
create a two-level coding. This algorithm mixes twice
original data, separating into fragments. The
algorithm has a large space for setting the path, even
more than in the schema AES-256. This kind of
1-N-N threshold scheme. Experimental results show
that temporal efficiency of algorithm is higher, than
algorithm of encryption algorithms for data erasure
codes and secret distribution algorithm.

The problem is finding horse way - a very old
chess problem that has been demonstrated by Euler
on a chesshoard 8 x 8 in 1759. It is proved that on the
rectangular board size more than 5, horse ways are
present, but the actual number of them difficult to
calculate.

Fig. 1 shows the horse way on a chess board
measuring 8 x 8. It starts at the point with coordinates
(1, 5) and ends at coordinates (4, 5).

- |
=
\{
b

N

fig. 1. The horse way on an 8 x 8 matrix

67



Artem VOLOKYTA Pavlo REHIDA Valerii SHYROCHYN Andrii NIKITIUK VU DUC THINH

The problem is finding a way the horse has some
good properties that are wvery suitable for the
development of the algorithm separation data.

o First, a matrix way a horse can be very broad.
It has been proved that the matrix be suffi-
ciently great to use in this algorithm.

e Second, the horse will always have a way
from one point to another in any kind of m x
n matrix if m> 5, n > 5, and the number of
paths is quite huge. Recently Ernesto
Mordetski [3] found 1,305 x 1,035 different
ways to fireclay board size 8 x 8, and is
known as the most accurate calculation.

e Third, the problem of horse way the is a kind
of NP-complete problem. It is almost im-
possible to find all horse ways the on the
board from one point to another in linear
time.

Such properties are suitable for safe use. If you
use a horse way for distributing data, you will get a
huge number of key spaces. Algorithm mixes blocks
with fixed length after the distribution of source
object data by horse way. But every data block with
fixed length, as before, will contain a continuous
array of bytes of input data, and if the attacker
receives the data, it will contain a piece of
information. To fix it, algorithm collects all fixed
blocks and makes second level data distribution to
protect it again. Then each data store does not contain
object's continuous array of bytes and even attacker
get data from one repository, he can’t get meaningful
information.

We note several concepts:

Distribution parameter consist of:

e The size of the matrix m x n;

e S coordinates launch S (i, j), 0<i<m,0< j<n;

e P start position (x,y) € (i£1,j £ 2)u(i+ 2, j
11).

Then the system can find a horse way t on matrix.

Segments: algorithm takes the object's original
data as a stream of bytes and breaks it into blocks
with fixed length. These blocks are segments. Each
segment has a size m x n, and if the number of bytes
of data source object is N, the total number of
segments will be N/ (m x N).

Matrix mixing: matrix mixing is m x n matrix that
contains the segment data, and distribution of data in
matrix made by horse way in matrix.

Cube of distribution: a cube distribution formed
by gathering K matrixes mixing parallel in order to
each segment.

Fragments: fragments - a piece of data created by
cube of distribution in the direction perpendicular to
the plane of the matrix mixing. The algorithm divides
source data object in m x n pieces, each containing N
/ (m x n) bytes of data.

Consider the details of the algorithm.

Fig. 2 shows a specific process data splitting
algorithm. It consists of two levels of mixing. First,
the original data object split into segments, each
segment has a size L = m x n. Each segment is mixed
with a horse way matrix mixing. Then all the
segments are going to create a cube distribution,
which is shown in Fig. 1. The data is separated using
cube distribution. Finally, we get the final pieces of
data and manage the settings for each fragment for
reconstruction. Fig. 2 shows the two levels of
distribution.

Algorithm stages:

1) Choosing algorithm settings that user wants.
The system then finds a horse way t for matrix. There
are three rules that can help in choosing the parame-
ters of the matrix. Under these rules, you can select
the options you want. First, user can select number of
fragments, which is m x n. Secondly, m>5,n>5, or
there will be no horse way. Third, the length of each
piece is L = N/ (m x n) (N represents the number of
bytes of data source object), so you can choose the m
x n accordance with the needs of the length of the
fragment L.

2) First level of distribution. All the horse ways
are pre-calculated and stored in memory. After
selecting options of algorithm chosen the right horse
way accordance to parameters and creates a display
list H [i], 0 <i <m x n, "i" indicates the number of a
horse's way step, and H [i] recorded the coordinates
of steps in a matrix, so the horse way can be
represented as H [1], H [2], ..., H [m x n]. The
algorithm divides data source object into segments
with fixed length, and the length of each segment is m
x n, and creates an L matrix mixing Cj [m] [n], 0 <j <
L. Then algorithm reads the i byte of j segment and
puts it in a matrix Cj [H [i]/ m] [H [i] mod m]. At this
level the algorithm switches parallel segments which
have continuous byte matrix mixing. Second level of
distribution
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Output data

!

Selecting parameters

The first level of mixing

Data distribution on
segments
A 4 ¢ A4
Segment Segment . Segment
v v v
Mixing using horse way Mixing using horse way Mixing using horse way
Matrix mixing Matrix mixing Matrix mixing

The second level of
mixing | ] 1

Cube of distribution Cube of distribution Cube of distribution

A

A4

Breaking into fragments |«

¥ ¥ 3

Fragment Fragment e Fragment

Fig. 2 Process of distributing

3) Algorithm gather every K matrix mixing
and places them parallel to the coordinate plane
in order XOZ segments. Then the algorithm
creates a cube of distribution in XYZ coordi-
nates space and separates it into a m x n pieces

that are perpendicular to plane XOZ coordinates.
After algorithm converts the source data into
blocks containing one byte of each segment that
is separated from the data source object.
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Fig. 3 shows matrix H, which presents the horse
way that is depicted in Fig 1. The letter S is the
starting point and the letter F -final.

(Z3) (Z:4)
(1:3) 1)
(1:2) (1:1)
(6:2) (2;1)
(6:3) (6:4)
(8:2) &1

(3:4)
(4:2)
(1:4)
(3:1)
(6:1)
(4:4)

(2:2)
(4:3)
(5:3)
(3:2)
(6:6)
(4:3)

S(2:7)
(3:3)
(5:6)

F(1;5)
(6: 7)
(4:6)

(3:5) (25 (2:6)
(47 (8 (1:6)
(5:5) (L8 (L7
(3:8) (28) (%6
(6:8) (65 (7
(8:5) (&8 (&7
(5:2) (5:1) (5:4) (®6) (:3) (34 (%8 (%7
(7:3) (7:4) (7:1) (1:2) (T:7) (T:8) (%:5) (7:6)

Fig. 3. Showing the horse way in the form of a

matrix H.

The algorithm of efficient storage choice. The
algorithm of efficient storage choice. The main
function of the program is the choice of storage for
distribution of files. Moreover, do not just choose the
list of storage but also the distribution sizes of files in
each storage for the most efficient use of distributed
storage and to achieve the main objectives of the
user.

To solve this problem, it is necessary to create a
mathematical model based on the list of available
cloud storage and their parameters (reliability,
security, latency and prices) that will solve the
mathematical expression and provide list of profiles
for a user. Profiles are multiple sets of these
parameters, among which the user needs to choose
one mode. User's data will distribute in selected
mode on cloud storage.

Basic parameters:

{; — the amount of data stored in provider 'i'.

N —the number of providers that store data.

S - factor of safety data, which is the sum of the
coefficients of safety of each cloud provider,
SDDSC's coefficient of safety and coefficient of
safety of the user password in SDDSC. Hash of the
user password used to encrypt matrix mixing and to
encrypt file's metadata. Metadata is a list of cloud
providers, file names in storage and the map of
distribution file's blocks among providers of cloud
storage. That's why complexity of the password
affect on tpe safety of the system.

5= Z 5i+ Ssppsc + Spas
i=0
5; — this is coefficient of safety of one cloud
provider, who keeps part of the blocks;
Seppsc — a coefficient of safety of SDDSC;

5,42 — a coefficient of safety of the user password
because it is used to encrypt SDDSC 's information,
without which it is impossible to combine file.

A — coefficient of data access speed, it depends
entirely on the quality of the data link between the
user and the provider of cloud services. As the speed
of data access affect retrieving data, we will calculate
the data a\iiailability criteria as follows:

A= Z I.[ + {[ﬂ[
=0

L; — the delay between the user and 'i' provider of
cloud services.

I': — highest possible speed of the channel between
cloud service provider and the user.

On this basis we use the algorithm to improve
only some coefficients, leaving the rest the same.

Architecture of system
We designed a system of distributed storage in
cloud storage, which consists of two parts - the client

Client module

Data Distribution Module |

Cloud storage interface ‘

module and server module.
Amazon Web
D

Data
Storage

Amazon S3 Implementation

Azure Cloud Storage Implementation

SRZDH Manager

\

Windows Azure
Cloud

Data
Storage

\

‘ Authentication ‘

SRZDH

‘ Calculating final storage parameters ‘

‘ Block of providers' distribution ‘

‘ Storing users metadata ‘

Fig. 4 Architecture of the system for distributed data

storage.
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Figure 4 shows architecture of the system for
distributed data storage. The system consists of two
separate parts - the client module, which has
functions of safe distribution of files, transparent load
them into provider's storage and work with the server
module.

Client module creates an abstraction of cloud
storage and has implementations of this abstraction
for cloud storage such as Amazon and Microsoft, and
implementation for work with SDDSC.

SDDSC Manager works with distributed storage
system and performs the following functions:

o Passage of authentication;

¢ Downloading the structure of directory and
file from storage of the current user;

o Downloading the matrix mixing and map of
fragments distribution when downloading a
file in storage and from storage to the user's
computer;

o Selecting mode of storage (highest access
speed or highest level of safety) and re-
ceiving the final system parameters.

SDDSC server module performs the following
functions:

e Conducting user authentication;

o Selection of providers and sharing of data
between them;

o Calculation of storage’s final parameters;

o Keeping directory structure and file in storage
and metadata.

Since it is very difficult to maintain the integrity
according to the type of local file system with using
cloud storage, the SDDSC, as well as Amazon S3 and
Azure Cloud Storage, use a limited set of operations
on files:

o Create a file (or completely overwrite the old
file by new one)

e Move or copy the file;

o Delete the file.

This simplifies system architecture and reduces
overhead on its use.

Means distributed storage based on Amazon S3
Amazon S3 support tens of thousands of computer
systems worldwide to provide infrastructure for
scalable storage. This approach offers low latency
data access, eternal data storage and 99.99%
availability of data [4]. Reported that S3 maintains
more than 800 million data objects [5].

Authentication: clients are authenticated using
the public / private key and authentication schemes
based on input hash code message (HMAC [6]).
Also, the user is assigned a secret key: AWS Secret
Access Key, that was created by Amazon during
registration. Both keys are stored permanently on
Amazon and can be restored through the mechanism
of web access provided at Amazon Web Services.
Thus, although cryptography uses public and private
keys solution properties belonging to the secret
distribution scheme.

In this paper we will use the REST protocol
because it is the easiest and most popular: about 85%
of requests is REST protocol [7].

Let us calculate parameters provider of cloud
storage Amazon.

Calculation data access speed.

To assess the speed of access to data stored in S3
from the customer's perspective, we need to compare
the download object four different sizes of 100 KB, 1
MB, 10 MB and 100 MB. The dataset includes 21
experiments (3 times daily for 7 days) to remove
variability due to congestion of Internet traffic.
Experiments show that the time of day affects the
speed of data access.

Since the present system of distributed data
warehouse will be used in Ukraine, the measure will
be on computers located in Ukraine. For experiment
we used 3 computers, located in different parts of
Kyiv connected to different network access
providers.

The two main components that affect the speed of
data access is are time connection and channel load:

1) Time connection L depends on network de-
lays and the time required for authentication and
overhead protocol SOAP / REST.

2) Bandwidth channel access. As expected,
transmission capacity to access data depends on the
location of the customer, characteristics of the
channel of access and network load.

Summing up, we assume the coefficients L; (time
delay) equal to 441 ms for Amazon S3 and I;
(capacity) equal to 1.54 Mbit /s.

Calculating security parameters.

Security model proposed by S3 has an important
advantage - simplicity. Simplicity however, gives
limited support for large programs, that aim to
control access to information resources, used by
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some participants. We will show these restrictions
below:

e Rough scheme for access control: access
control decisions based on access control lists is not
good scalable in the management of large systems
with thousands of users and millions of people. Fur-
thermore, S3 supports only a limited number of ac-
cess rights (there is no management of recording on
the level of a particular object, but only at baketa
level) and access control lists limited in size (up to
100 users)

e No support for fine-grained delegation: even
medium-complex applications with large data now
use delegation for effective management and data
processing. For example, users delegate access to
certain data sets for applications that operate on their
behalf on remote computers. Higher risks (associated
with costs) tells us that S3 needs adequate control and
delegation mode.

e Complete trust: users must trust fully S3 be-
cause cloud storage does not give any details about
transactions. That way user can not submit docu-
ments signed by a third party to demonstrate that he
has kept specific data in cloud storage S3.

In addition, requests to S3, which are recorded in
a log audit are not signed by users. This can lead to
that audit can be canceled or meaningless.

e Unlimited risk: S3 does not offer any mecha-
nism to support user-defined limit, such as quotas
(the owner baketa). As a result, the potential damage
that an attacker can do if he has a right to read / write
data or some errors in code, will cost a lot for a cus-
tomer.

Based on this situation, Amazon S3 has only
basic storage security. That is his assessment will be
equal 1.

Means distributed storage based on Microsoft
Blob Storage Windows Azure Storage (WAS) is a
scalable cloud storage system. It is used inside
Microsoft for their own programs. WAS provides
data storage in the cloud in the form of blobs (user
files), tables (structured storage) and queues
(message delivery). WAS important feature is - the
ability to store and share vast amounts of data
(exabytes more). Currently, the Azure cloud storage
has a 70 petabytes of data and is in the process of
preparing several hundred petabytes for customers.

Calculation speed data access.

Calculation speed data access will be done using
the same method that was used in the calculation of
Amazon S3.

Calculate the two main components that affect the
speed of data access - a connection and downloading
channel.

1) The L connection depends on network delays
and the time required for authentication and overhead
protocol REST.

2) Bandwidth channel access. As expected, the
observed transmission capacity to access data de-
pends on the location of the customer, the channel
characteristics of access and network load.

Summing up the rate of speed of access to the file,
we assume the coefficients L; (time delay) equal to
2668 ms for Azure Cloud Storage and {; (extraction)
equal to 0.079 Mbit / s.

Calculation of the security.

Azure Cloud applies security mechanisms at
different levels of cloud, to implement information
security on a deep level [9]. These multilevel
mechanisms include:

o Physical security data centers (locks, cameras,
biometric devices, card reader, alarm)

o Firewalls, gateways and IDS applications for
network security

o Access Control Lists (ACL - Access Control
Lists) that apply to virtual LANs (VLAN)
and programs

o Authentication and authorization of people
and processes that request access to data

o Strengthening the protection of servers and
operating systems

o Excess infrastructure of internal and external
DNS with limited right of entry

o Ensuring the safety of virtual machines

e Securing static and dynamic storage devices

All Azure Cloud resources are divided into
categories based on levels of information security
required, depending on the extent of potential losses.
Highly valuable assets are protected more strictly, for
example, using multifactor authentication (smart
cards, biometrics, hardware tokens). Also
implemented the principle of least privilege.

The online services Microsoft used the principles
of safe development cycle of software - Security
Development Lifecycle (SDL) (safety in the design,
safety and security by default during installation and
interaction) to online services.
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Windows Azure is installed in data centers Global
Foundation Services and therefore benefits from
network security provided by GFS. Ensuring data
security program at the programs is the responsibility
of application developers. Thus, it is the application
developer determines whether data should be
encrypted.

Given the above, it is possible to assess the
security of data storage in Azure Cloud storage equal
to 1.8.

Description of the experimental environment

For comparative analysis was chosen 2 options
for using SDDSC. This options provides increasing
data protection and speed access. Experiment is a test
that download files of different sizes - 100 KB, 1 MB,
10 MB and 100 MB from distributed cloud storage,
which is realized by the proposed method; and to
compare with tests for direct upload files directly
from the server cloud storage providers. Testing
conducted on 3 different computers located in the
city. Kyiv and connected to different network access
providers. All tests were conducted using the
identical configuration for cloud storage. Were
offered two tests with different parameters for
distributed storage in cloud:

Test 1: Increase the speed of data access. The files
are divided into N fragments. Fragments are sent to
only those storages, which have the highest speed
data access. Also the advantage of multi-channel
access is used, that’s why data is also sent to the
slower storage, if speed of download fragments from
each storage should not be much different.

Test 2: Increasing security settings. The files are
divided into N fragments. Fragments are divided
equally among the list of the repositories that is
available, it reduces the probability of disclosing
sensitive data and provides a good level of security of
data stored in a distributed storage.

To compare the efficacy parameters were selected
such as: reliability, security, speed of access and file
download time.

Thus, in various ways of using distributed cloud
storage we evaluated the effectiveness of storage on
various parameters.

Experimental infrastructure was build and it is
showed in Fig. 5.

Azure Storage
Cloud

Data Storage

Data Storage

Matedata

Fig. 5. Scheme of experimental infrastructure

Computer user uses a special module that is
performing partitioning files into fragments and load
them using the map of fragments distribution that it
receives from the server SDDSC. Thus the storage of
files is entirely dependent on the settings of the server
and mode of the system that selects a customer with
their needs and can easily change settings for
distribution of files without changing the code using
the same interface access to cloud providers.

Analysis of the results

As a result of the experimental research were
constructed graphs. They show dependencies
between main indices of performance and distributed
mode
chosen
100

0 — —-— .

100KB 1 MB 10 MB
Provider1 M Provider2

100 MB
Provider3

Fig. 6. Dependence between practical access
speed and file size when using the "Maximum speed
access"

From Fig. 6 can be seen that the mathematical
model When using the "Maximum speed access"
reflects the real situation. Practical speed data access
increased 22% on large files and 3 times for small
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files than using a single data storage. This increase in
access speed can be explained by large delays while
using cloud provider Azure Cloud Storage, which
subtract more time, rather than load time. Security
level is 4.8.

800
600
400
200
0 - s
100 KB 1MB 10 MB 100 MB
Providerl M Provider2 ™ Provider3

Fig. 7. Dependence between practical access
speed and file size when using the "Maximum Data
Security"

From Fig. 7 can be seen that the mathematical
model When using the "Maximum Data Security"
reflects the real situation. Access speed decreased by
6 times compared to Amazon, and increased 2-fold
compared with the Azure Cloud. These results can be
explained by the large difference in access speed
between cloud storage providers Amazon S3 and
Azure Cloud Storage. The level of security in this
case is 4.8.

Depending on the mode it allows you to:

¢ Increase the speed of access to data by 22%
compared to Amazon;

e Increase the total combined level of secure
storage to 4.8, as in a distributed storing is
necessary to gain unauthorized access to all
providers where file content is stored,;

e Reduce the cost of storage to the cheapest,
selected from the list of providers.

Conclusion:

We made experimental research - testing the
performance of the proposed system while
downloading files that are stored in a distributed
cloud storage. Developed a software that allows you
to perform a distributed data store on multiple
storages using secure distribution of data into

fragments, which is not allow to recover the original
file contents without having all the parts of the file,
size of the fragment and matrix mixing. This system
allows to chose storage cloud provider and fragments
of the data that is sent on each repository based on
user needs.
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THE EFFECTIVE METHOD OF DISTRIBUTED DATA STORAGE THAT
PROVIDES HIGH ACCESS SPEED AND LEVEL OF SAFETY
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National technical university of Ukraine “Kyiv polytechnic institute”, Ukraine, Kyiv
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Abstract: We offered development method using a providers distributed cloud infrastructure systems for
efficient data storage that provides high speed data access and good security. We developed a method for
improving the efficiency infrastructure in cloud systems. It uses mixing of data when breaks them on blocks.
Using distributed data storage gives high level of safety.

Key words: cloud computing, data storage, data protection.
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MATEMATHYECKO MOJAEJIMPAHE U AHAJIN3 HA EJHOEH3UMEH BH-
OCEH3OP ITPU ITUHT-ITIOHI' EH3UMHA KHHETUKA

Huxouaiit CTOAHOB Antonus ITAHIEJIOBA
Karenpa ,,EnekrponsmepBarenna texnuka“, Texauuecku yausepcuter — Codus, beiarapus
e-mail: n_stoyanov@tu-sofia.bg, e-mail: apndelova@tu-sofia.bg

Pe3tome: B nacrosmaTa paboTa e H3BBPIICHO MaTeMAaTHIECKO MOJICNIPAaHe Ha IIPOIECHTE B €HOCH3UMEH OMOCEH30p 3a
YCTaHOBEH PEXHMM Ha W3MepBaHe IpH AByCyOCTpaTHa IMHT-TIOHI €H3MMHA KHHeTHKa. M30paH e ammepoMerpnieH
KocyOcTpaT qyBCTBHUTEINICH BapuaHT. B mporpamanara cpexa MATLAB e pa3paboTen cuMynanuoHeH MOJIEN, Ype3 KOHTo
cucTeMara OT OOMKHOBEHH HeJMHEWHH Au(epeHInaIHy YpaBHEHUS OT BTOPH pex 3a CyOcTpara, KOCyOcTpara U MpoIyKTa
€ pelleHa ¢ MOMOLITA Ha YHCJICHO MHTErPHpaHe M0 MeTo/la Ha KpalHuTe eeMeHTu. [lonydena e QyHKIMATA Ha MMpeood-
pasyBaHe Ha OMOCEH30pa 3a MMHI-TIOHT €H3MMHA KMHETHKa. M3clie/[BaH € M3XOMHUAT CHIHAJ OT aMIIePOMETPHYHUS Ou-
OCEH30p 3a TPH Pa3INYHH HAYaJIHH KOHLEHTPALMH Ha KOCYyOCTpaT.

KiarouoBu AYMH: €IHOCH3UMCH 6I/IOCCH30p, IAHT-TIOHTI' €H3MMHA KUHETHKA, MaTEMAaTHYCCKU MOAE, CUMYJIalITHUOHEH

MOICI

1. YBOJ

Pa3paboTBaHeTo HAa HOBM METOIH U CPEACTBA 32
Ka4eCTBEH M KOJIMUECTBEH aHAIN3 HA BEINECTBA €
BOJICI[Aa TCHACHIMSA B Pa3BUTHETO HA aHAITUTHIHUTE
n3mepBaHus. Ceprno3HU NMEPCIEKTUBH MPHU OTIpesie-
JISTHE Ha KOHLEHTPAINX Ha PA3INIHN CYOCTAaHINH Ce
3ajaraT Ha OMOCEH30pUTE U OMOCEH30PHHUTE CHCTEMHU
[1]. OcHoBHO Te HaMupar NPUIOKEHHE B 0OIacTTa
Ha MEAMIMHATA, OWOTEXHOJIOTHUSTA, EKOJIOTHATa U
XpaHUTETHO-BKyCcOBaTa MPOMHIIUIEHOCT. B KOHCT-
pyKnusATa cu OMOCEH30pUTE BKJIIOYBAT KOMOMHAIIUS
oT OuonornyeH Martepuail U (U3MKOXUMHYEH IIpe-
oOpasyBaresl. BHOJOrMYHUAT eJEMEHT NpuTeKaBa
CBOHCTBOTO /1a Pa3IIO3HABA U pearrupa ¢ M3MEpPBaHOTO
BelecTBO. BenencTBue Ha OMOXMMUYHA pPeakIys ce
MIPOMEHSI OTIpEZIETICH TMapaMeThp, KOHTO OT HU3HKO-
XMMHUYHHUSA TpeoOpasyBaren ce TpaHcdopMmupa B
CJIEKTPUYECKH CUTHajl. [osleMHuHaTa Ha MOIyYeHHS
CHUTHAJ € MPOINOPIMOHAIHA Ha KOHICHTpAlMATa Ha
aHaJIM3UPAaHOTO BelecTBO. OCHOBHOTO MPEIUMCTBO
Ha OHMOCeH30pUTE ce M3pa3dBa B IONTy4aBaHE Ha
AQHAJIOTUYHU METPOJIOTHYHHU XapaKTEPUCTUKU (TOU-
HOCT, YYBCTBUTCIHOCT M JP. ) 10 OTHOIICHHUC Ha
CTaHAAPTHUTEC aHAJIUTUYHU TEXHHUKH, KAaTO CIICKT-
pocdoroMeTpruHH, XpoMaTorpad)CKM M MacHeKTpo-
METPUYHH METOJH, HO IIPU MHOTOKPATHO IO HHUCKa
LIeHa.

3a ycnemHoTo pa3paboTBaHEe M MPUIOKEHHE Ha
OnoceH30puTE B NpPaKTHKaTa OCHOBEH BBIPOC

MPeJICTaBIIsBA TAXHOTO TEOPETUYHO onucanue [2]. 3a
Jla ce MPOTHO3UpAT XapaKTePUCTUKUTE HA TE3U YCT-
policTBa € HEoOXOAMMO Jia ce Ch3JaJc aJeKBaTCH
MaTeMaTHYeCKH MOJIeI Ha IIPOIIECHTE, MPOTHYAIIHN B
30HHTEe Ha OuosormyHmsi marepuai. OxasBa ce, 4e
TOBa € TpyJOHa 3ajada, oOyCIIOBEHa OT CIIOXKHHTE
NIPOLIECH, CBBP3aHU C Pa3lO3HABaHE M B3anMoeHc-
TBUE C W3MEPBAHOTO BELIECTBO. brosornynurte Ma-
TepHaH, KOUTO C€ N3MOI3BAT KaTO Pa3MO3HABATEIICH
€JIEMEHT MOraT Aa ObAaT €H3UMH, MHKPOOPTaHU3MH,
Thkanu, anturena, JJHK wmu PHK crpykrypu [3].
[To-romsamara gact oT pa3paboTBaHHTE OMOCEH30pPH,
¢yHKIHOHMpAT Ha Oa3aTa Ha €IHA WM HIKOJKO €H-
3MMHH PEaKIvu.

HpOLleCI/ITe, nporuyamu npu €AHOCH3UMHUTC
OMOCEH30pHU Ce ONHUCBAT C IIOMOIITA Ha CHCTEMa OT
YaCTHW HEJNMHEHHN AW(pEeHLMaNTHU ypaBHEHHS OT
BTOPH pej 3a cyOcTpara M MpOXyKTa OT peaKiusTa.
3a ycTaHOBEH PEXUM Ha M3MEpBaHE YpaBHEHUsTA Ce
npeoOpa3yBaT B OOMKHOBHH AHM(EpEHINATHH HEIH-
HEWHHU ypaBHEHUs. MoaennpaHeTo 3aBUCH OCHOBHO
OT BHJIa Ha BH3NPHETATa CH3NMHA KHHETHKA — IBPBH
pen, Muxaenuc-MeHTeH, MUHT-TIOHT KUHeTHKa [4].
TOYHM aHAINTHYHN PELICHHs CHCTeMaTa ypaBHEHHS
UMa eIMHCTBEHO, KOTaTo CKOPOCTTa Ha €H3MMHATa
peakuust € oT ObpBU pen. Ts e BamuaHa camo 3a
MaJIK{ KOHIICHTPAIMH Ha CYOCTpaT, KaTo (GyHKIMUTE
Ha npeoOpa3yBaHe ca JIMHEHHH U OIMCBAT CaMo Ha-
YaJHaTa 30Ha Ha XapaKTEPUCTHUKATa BXOI-H3XOI.
HpI/I TO3W BHJ CH3MMHA KHMHCTHKAa HC MOXC 1Oa CC
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Huxonait CTOSHOB Antonus ITAHIEJIOBA

HarpaBu TOYEH aHAJM3 32 BB3MOXKHOCTUTE Ha Ou-
ocenzopute. B oOmms ciydail mpu Mo-CIOXKHUTE
BUJIOBE €H3MMHA KMHETHKAa TOYHHM aHAJIUTHYHH pe-
mieHus HiMa. MareMaTHYecKuTe MOJENH Ha Ipo-
LIECUTE C€ YCIIOXKHSABAT 3HAYMTEJIHO B CIydauTe Ha
IBycyOCTpaTHa IMHI-TIOHT KMHETHKa, KOraTo € Ha-
JMIe W JUMHTHpaHe Ha CKOPOCTTa HA PEaKLHsTa 110
OTHOIIICHHUE Ha KOCyOcTpar. 3a ompeaessHe Ha KOH-
HEHTPAMOHHUTE Tpodmmn U (yHKOHATA Ha OH-
OCEH30pa Ce W3IIOJI3BAT Pa3iIMYHU METOOH 32 YHC-
neHo unrerpupase [5,6].

Ienrta Ha HacTosmIaTa paboTa € Ja ce MOJeIHpa U
u3cienBa CIHOCH3UMEH aMIIepOMEeTpH4YeH OMOCeH-
30p B YCTAaHOBEH PEXXUM Ha N3MEpPBaHE 3 MUHT-TIOHT
eH3MMHa KMHEeTHKa. Ja ce HampaBu CHMYJIallMOHEH
MOJIeJI, upe3 KOHTO Jja ce MojIyyar pasnpeeraeHusITa
Ha cyOcTpar, KocyOcTpar M MpOIYKT B aKTHBHATa
MeMOpaHa  Jja ce IPOrHO3Upa IOBEACHUETO Ha OH-
OCEeH30pa 3a pasIMYHU KOHIIEHTpAIlMH Ha KocyOCT-
par.

2. MATEMATHYECKHA MOJEJ HA EJTHU-
EH3UMEH BUOCEH3O0P 3A IIUHI-IIOHI"
EH3UMHA KHHETUKA

EnHOEH3MMHHAT OMOCEH30p BKJIIOYBA B KOHCT-
pPYKLHATa CH aKTHBHA MeMOpaHa, ChAbpXKalia OHo-
JIOTUYEH MaTepual, Juaju3Ha MeMOpaHa U amIepo-
METPHUYEH eNeKTpo [7].

[Ipn moransiHe Ha OHOCEH30pa B aHAJM3MpaHATA
cpena, 3aroyBar IpolecHd Ha JUQy3us Ha Ompene-
JSIHOTO BEIIECTBO S Ipe3 AMann3HaTta MeMOpaHa.
[Ipu nocturane Ha S 10 30HaTa ¢ OMOJIOTHMYEH Ma-
Tepuai, oOcBeH au(y3Hs 3amouyBa U EH3UM-
HO-KaTtaju3upaHa peakiwms. Ilpu yuyactue u Ha
KocyOCTpar, peakisara IpoTHYa 10 CIIeIHATA CXeMa:

S+C—E->P

Tyk ¢ E e o3nauen ensnma, C e kocyberpara, a P
€ NMpOo/IyKTa Ha €H3UMHATa PEeaKIys.

CkopocTTa Ha Karalu3upaHata peakuusl Ipu
JBYCYOCTpaTHa IHWHI-TIOHI €H3MMHa KHHETHKa B
0e3pasMepHH KOOPJAMHATH CE€ OINpenessl ChIJIACHO
n3pasa:

(DZ
1+1/S+1/C

[Ipouecute B akTHBHaTa MeMOpaHa Ha €JIHOCH-
3UMHHS OCEH30P Ce OMUCBAT C TOMOIIITA Ha CUCTEMA
OOMKHOBEHH HENWHEHHN Iu(epeHIraTHd ypaBHE-

V(S,C) =

HUSI OT BTOPHU Pe/l, KOSATO B 6e3pa3sMepHH KOOPAUHATH
uma crenaus Bun [4].

d’ls]_ @t
dx? 1+1/S+1/C
idz[C]_ d? o
up dx>  1+1/S+1/C
1d’[P] ®?

A dx*  1+1/S+1/C 0

Kommnexcuuar napamersp ®? ce Hapuda Moy
Ha Twie u mpencTaBisiBa OTHOIICHUETO HA BpeMe-
KOHCTaHTHUTE Ha HU(Y3Us U CH3UMHA PEaKIys:
Y,

DS KM

O3HaveHUATA B TOPHUTE YPABHCHHUS Ca CJICHUTE:
X — Ge3pasmepHa koopamHara, i = Ds/Dc, Ds -
mudy3noHeH KoeUIeHT Ha cyocrpara, Dc — nu-
(dy3noneH KoeduipeHT Ha Kocyoctparta; p = Ku/Kc,
Km — xoHcTaHTa Ha Muxaenuc 3a cyocrpara, Kc —
KOHCTaHTa Ha Muxaejuc 3a kocyocrpara; A = Ds/Dp,
Dp — nudy3noHeH KoepHIUEHT Ha mpoaykra; | —
neOenrHa HA aKTUBHATa MeMOpaHa; Vi — Makcu-
MaJIHa CKOPOCT HA CH3MMHATa PEaKIIUs;
W3X0qHHUAT TOK, MPEACTAaBEH B Pa3MEPHH KOOPIH-
HATH UMa CJICJTHUS BUJI:

cDZ

I :n.F.A.DC%

5=0

Tyk n mpexacrarisBa OposT Ha CICKTPOHHTE,
ydacTBalld B €JIEKTPOXMMHUYHATa peaknus; F e
koHcTaHTata Ha Mapayeii; A e momnra Ha KaToaa; o e
pasMepHaTa KOOpIuHaTa.

[Ipomecure mpoTHYAT TPH CICTHUTE TPAHUIHU
YCIIOBHSA 3a JIBETEC CTPaHM Ha MeMOpaHaTa, O3HAYCHH
cOmul:

x=1, S =S,, CH=C,, PO =0

x=0, d—S:O, d—C:O, P(0)=0
dx dx

3. CUMYJIAIMUOHHHU U3CJIEIBAHUS

3a mpoBeXxAaHe Ha CHMYJIALIMOHHUTE H3CIelBa-
HUs € u3Moyi3BaH nporpamuus npoaykt MATLAB
7.1. Cucremara OT OOMKHOBCHU HEIMHCHHH TU]e-
PCHLMATIHA ypaBHEHHsS OT BTOPH €A € pelleHa ¢
MOMOIIITa HA YUCJICHO WHTETpHpaHe 10 MeToja Ha
kpaitaure enmementu [8]. 3a menra ce u3BBpIIBA
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JIUCKPETU3alus Ha YPaBHCHUITA, KATO CIEH IOIX0-
IS CyOCTHTYIMH, CHCTEMaTa ce CBEX/a 10 ypaB-
HeHus ot bpBH pea. C dynkumsita BVP4AC, uznon-
3BaHa 3a pelllaBaHe Ha [BYTOYKOBH I'PaHHYHHU 3a-
Ja4yM € Ch3/aJICH CUMYJIAlIMOHEH MOJIEN Ha CAHOCH-
3UMHUSI OMOCEH30D 32 MUHT-TIOHT CH3UMHA KHHETHKA
B YCTaHOBEH PeKUM Ha m3MepBane [9].

CUMyJaOMOHHUAT aHaIW3 € IPOBEOCH IIpU
CJICITHATE OCTOSIHHY NTapaMeTPH U KOHCTAHTH: Ky =
2.10* M/m? - koHcTanTa Ha MUXa€euc 3a eH3MMHATA
peakuus; Kc = 5.10% M/m® - xoncranTa Ha Mu-
xaenuc 3a kocyocrpara; Vm = 5.10° M/s makcu-
MaJlHa CKOPOCT Ha eH3MMHaTa peakuus, Ds = 6.10°10
m?/s - nudysuonen koepuuueHT 3a cyderpara; D =
5.10'1 m?/s - nudysuonen koepuuHeHT 3a KOCYyOC-
tpata; Dp = 6.10'1° m?/s - nudysuonen koedurment
3a MpOJyKTa, nebenrHa Ha aKTHBHATa MeMOpana | =
70 pm; n = 2; F = 96485 C/mol - koucranra Ha da-
pazeit; A = 7,85.107 m? - mom Ha KaTtoja Ha HMH-
JIMKaTOPHUS EJIEKTPOJI.

Pasnpenenennsita Ha cyOcTpar B aKTHBHATa
MeMOpaHa 3a TPH Pa3InIHH KOJHYecTBa KOocyocTpar
ca nokasanu Ha ¢ur. 1.

2.5

=—+— 0,04 mM co-substrate
—— 0,045 mM co-substrate
2.49| —A— 0,05 MM cO-Substrate [ R .

2.47

2.46 ,/'/F %y
/5{}[

Concentration S (dimensionless)

Prad
2.45 57
—
2.4 *WA&M%

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Distance x (dimensionless)

2.43

¢ur. 1. Pasnpenenenue Ha cyocTpar B 3aBUCHMOCT OT
KOHIIGHTPALMATA Ha KOCYOCTpar

HauannaTta pasmepHa KOHIIEHTpAIHs Ha CyOCTpaT
So B wm3cieaanero ¢ 0,5 mM. Tpure 3amanenu
CTOMHOCTH Ha HAayallHa KOHIIEHTpALUs Ha KOCcyOCT-
par Co 3a ceotBeTHO — 0,04 MM, 0,045 mM u 0,05
mM.

Ot ¢urypata MoOXe Aa ce ONMpenenu, 9e OT IO-
JIY4EHOTO PELICHHE Ha JIByTOYKOBaTa rpaHUYHA 3a-
Jlaya 3a ypaBHEHHETO 3a cyOcTpara, pasnpeaelcHu-

€TO My B 30HaTa Ha OMOJIOTHYHHUS MaTepHal Mpeic-
TaBJsiBa HeNMMHEHHA GyHKIMS. SICHO ce BHXKIa CHII-
HOTO BJIMSHHC HA MHUHHMAJIHUTE OTKJIOHCHHS Ha
KOHLeHTpanusTa Ha kocyocrpat — 0,005 mM Bepxy
pasmpeneneHneTo Ha cyOctpara. XapakTepHO 3a
TO3HW BHJ] €H3UMHA KMHETHKA € BUCOKATa aKTUBHOCT U
3HAYMTEIHOTO M3YeplBaHe Ha cyOcTpara, KOETO
JMYM OT PSI3KOTO ClaJlaHe Ha TojeMHHAaTa Ha KOH-
LEHTpaLKATa, BeJHara clie]] HapJM3aHe B 30HaTa Ha
aKTHBHaTa MeMOpaHa.

Ha ¢wurypa 2 ca mokasaHu pasnpejelicHusITa Ha
KocyOcTpar B 30Hara Ha Ouomarepuana. Tpure
GbyHKIMM, TOKa3aHW B Oe3pasMepHH KOOPIHHATH
OTHOBO Ca HEJIMHEWHH, KaTo B M3CJIEABAHETO ca 3a-
JAaJACHU CHhIIUTC CTOMHOCTH Ha HayaJlHATa KOHIICHT-
panust Ha KocyOcTpat u cyocTpar. @urypata OTHOBO
MOTBBPKJaBa BUCOKATa €H3MMHA AKTUBHOCT W 3Ha-
YUTEJIHATA KOHCyMalus Ha KOCyOCTpaT, BeIHara
cliel] HaBJIM3aHETO My 30HATa Ha OMOJOTMYHUS Ma-
TepHal

0.1

—=A— 0,04 MM co-substrate
0.095| —8B— 0,045 mM co-substrate
—— 0,05 mM co-substrate

Concentration C (dimensionless)

0.055 k5%

0.05 :
0 o1 02 03 04 05 06 07 08 09 1

Distance x (dimensionless)

¢ur. 2. Pasnpenenenue Ha KocyOCTpaT B 3aBUCHMOCT
OT KOHILIEHTpAIMATa Ha KocyOcTpaT

[TonmkaBaHeTO Ha KOHIEHTpauusATa Ha KocyOc-
TpaT /10 MO-HUCKU HMBA IIle JOBEJE IO 3HAYUTEIHO
JMMUTHpaHEe Ha €H3MMHATa peakiys M CliajaHe Ha
€H3MMHAaTa aKTUBHOCT.

PasnpesnenenneTo Ha MpPOIYKTa OT CH3UM-
HO-KaTaJIM3UpaHaTa peakiys € IoKa3aHo Ha ¢ur.3.
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—H&— 0,04 mM co-substrate

0.02 —©— 0,045 mM co-substrate
—+— 0,05 mM co-substrate
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¢ur.3. Pasnpenenenue Ha NPOLYKT B 3aBUCUMOCT OT
KOHIIEHTpaIHsATa Ha KocyocTpar

KoHLIEHTpallMOHHUAT POQHI Ha MNPOAYKTA
NPE/ICTaBIsIBA HEJNMHEWHa (QYHKIMS, KOATO IIpHTeE-
’KaBa MakCHMyM B CpelaTa Ha akTHBHaTa MemOpa-
Hata. Ot urypara ce BmKaa, 9e yBEIMUCHHETO HA
KOJIMYECTBOTO  HAa  KOcyOCTparT B €H3UM-
HO-KaTaJM3MpaHaTa Peaklys, MPEI3BUKBA YBEIHU-
YEeHHE Ha MOJTyYeHHs MPOAYKT, CbOTBETHO M Hapac-
TBaHE Ha EKCTpeMyMa Ha (pyHKOusTa.

Ha ¢urypa 4 e mokazan U3XOTHHS TOK OT amIIe-
pOMETpHYHHSI OMOCEH30p 3a TPHUTE pa3IMYHU Ha-
YaJHU KOHIEHTpauuu Ha kocyoctpar Co - 0,04 mM,
0,045 mM u 0,05 mM.

x 10

22

18

16 D

gD+
=}

12

0.8

0.6

0 0.2 0.4 0.6 0.8 1 1.2 14
S.M x 10"
¢ur.4. VzxoneH Tok oT OHOCeH30pa 3a pa3IuIHH
KOHIIEHTpanuu Ha kocyoctpar (“0”- 0,040 mM; “A” -
0,045 mM; “+” — 0,05 mM)

®dynkuusaTa Ha peobpasyBaHe Ha OMOCEH30pa €
HOJTy4YeHa, Ype3 3a/1aBaHe Ha Pa3InYHU CTOMHOCTH Ha
cyoctpar B quanazona ot 0,01 mM 10 0,12 mM. Tsie
HEJIMHEeIHa ¥ MpHUTEeXaBa KbCa M CTPbMHA JIMHEHHA
30Ha, KAKTO M HaJU4YMe HA Obp30 ycraHoBsiBaHe. OT
(yHKIHATA MOXE Ja C€ OMPEACIAT OCHOBHH MeET-
POJIOTHYHH XapaKTEPUCTHKH HA €IHOCH3MMHUS Ou-
oceHs3op. SIcHO ce BWXKZa, Y€ MalKWs JIMHECH Iua-
Ma30H, ONpPEAENs U CPaBHUTEIHO TECEH 0OXBaT Ha
n3MepBaHe. TOH 3aBUCHM OCHOBHO OT BB3IIPUETATA
rpeka OT HeJTMHEIHOCT.

3HAYUTENIHO € BIHMSHHUETO Ha HayajgHaTa KOH-
neHTpanus Ha kocyoctpar Co. Bmwxna ce, ue 3a mu-
HUMaJHU oTKJIoHeHus Ha Co - 5 pM, ronemMuHara Ha
H3XOJIHUSI TOK ce mpoMeHs o okoo 0,2 pA B 3aBu-
CHMOCT OT KOHIIEHTpauusTa Ha cyocrpaT. ChriacHo
rojlydeHara rpajuka MOXKe Ja Ce OmpejaeNnu, 4e
KOJIMYECTBOTO Ha KOCYOCTpaT € OCHOBEH (akTop 3a
roJeMHHaTa Ha m3XofgHMs Tok. Ilpm mocmenBamio
HaMaJsABaHE Ha KOHIICHTpaIMsATa Ha KOCyOcTpaT 1o
muBa mox 0,03 MM, ToxbT He Moke OB/Ie M3MepeH,
Mopajgy JOCTHI'aHE Ha HEroBaTa CTOMHOCT 10 ToJie-
MHUHATa Ha IIYMOBCTE B CIICKTPOXUMUYHATA KJICTKA.

4. U3BOJU

B Hacrosimiata pabota € M3BBPIIEHO MaTeMaTH-
YeCKO MOJIeNIMpaHe Ha eTHOCH3UMEH aMIIepOMETpPH-
4yeH OMOCEH30p B YCTAaHOBEH PEXHMM Ha M3MEpBaHE.
N3bpan e KocyOCTpaT-4yBCTBUTEICH BapHaHT H
IByCyOCTpaTHa TIHHT-TIOHI €H3UMHA KHHETHKA.
Cuctemara oT OOMKHOBEHH HENWHEWHH HudepeH-
[MATHU YPaBHEHWUS, OMMMCBAIIHU Pa3lpeIeICHUsITa Ha
cyOcTpar, KocyOCTpaT M MPOAYKT € pelIeHa 4Ype3
YUCJICHO WHTETpupaHe. 3a Iienra € pa3paboTeH cH-
MYJIAI[MOHEH MOJIeJI, C IIOMOILTa Ha KOMTO MoraT ja
ce TPOWTpaBaT Pa3jMYHA CTOWHOCTH HAa IapamMeT-
pute B MaTemarndeckus mMozein. [lomydeHu ca KoH-
HEHTPalMOHHNTE poduian Ha cyOcTpaTa, KOCcyOCT-
para u NpojJyKTa B 30HaTa Ha aKTUBHATa MeMOpaHa.
Omnpenenen € M3XOAHUS TOK OT aMIIEPOMETPUYHMS
O1OCEH30D 3a TP PA3IMYHN HAYAIHU KOHIEHTPAIIUN
Ha KocyOcTpar.

[lomydenure pesynrati OT CHMYJAIIOHHUTE
M3CIICIBAHUS TIOKA3BaT CHINCCTBCHATA Pa3lIMKa IMPH
MMUHT-TIOHT €H3WMHA KMHETHKA B CpaBHeHHE ¢ Mu-
xaeauc-MeHTeH M KMHETHKa OT IbpBU pead. [lpum
JIMHTHpPaHEe HA €H3WMHATa PeakIys 10 OTHOIIEHHE
¥ Ha KocyOcTpara QyHKIMHTE Ha peoOpa3yBaHe Ha
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OMOCEH30pa ce XapaKTepU3UparT ¢ JOCTa IO-KbCU
JIMHEHHM 30HM. ToBa BOJIM 10 3HAYMTEIIHO HaMalIsd-
BaHE HA M3MEPBATEIIHUTE OOXBATHU 32 OMPEICIITHUTE
BEIL[ECTBA, HO AKTUBHOCTTA Ha peakluATa € JI0CTa
MO-BUCOKA. 3a TpuTe (PUKCHpAHU CTOHHOCTH Ha Ha-
yarHaTa KOHIEHTpanus Ha KOCYyOCTpaT H3XOIHHUS
TOK C€ XapaKTepHU3upa ¢ MHOTO HICKH CTOHHOCTH, JI0
okono 2 pA. HamamsBaHeTo Ha HadajHaTa KOHICH-
Tpanusi Ha KOCYOCTpaT MpEeAM3BHKBA CHIIHO CKBCS-
BaHE Ha JIMHEHHMS yJacThK Ha KpHBaTa M HABJIH3aHE
B OBP30 HaCHIIaHE.

PeanuzupanusT cuMynalnMoHEeH MOJIEN MO3BOJIs-
Ba Jia C€ MPOTHO3UpPA MOBEICHUETO HA €THOCH3UM-
HHUTE aMIIEPOMETPUYHU OMOCEH30pH HPH MUHI-IIOHT
SH3UMHA KUHETHKa. Upes Hero Moxe ya00HO U OBp30
Jla ce U3CTeNBaT U MPOUTPaBaT pa3IuiuHUd CTOMHOCTH
Ha MapaMeTpuTe B MOJENa, ¢ Iea Ja ce moaodepe
Hal-ITOIXOIIUS BApUAHT.
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MATEMATHICAL MODELING AND ANALYSIS OF ONE-ENZYME
BIOSENSOR WITH PING-PONG ENZYME KINETICS

Nikolay STOYANOV, Antonia PANDELOVA
Electrical measurement department, Technical university — Sofia, Bulgaria
e-mail: n_stoyanov@tu-sofia.bg, e-mail: apndelova@tu-sofia.bg

Abstract: In the present work mathematical modeling of one-enzyme biosensor for ping-pong kinetics in steady state
condition is developed. The analysis is made for amperometric co-substrate sensitive biosensor. The system of non-linear
ordinary differential equations from second order for the substrate, co-substrate and product is solved by digital simulation
in MATLAB software. The transfer function of biosensor for ping-pong enzyme kinetics is obtained. The output signal of
biosensor for three different co-substrate concentration is investigated.

Key words: one-enzyme biosensor, ping-pong enzyme kinetics, mathematical model, simulation model
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OBbSICHEHUE ®U3NYECKOMN CYIIIBHOCTHU Y®PEKTA I'VBEPA B KO-
JECHBIX U MOAIIUITHAKOBBIN MMAPAX

Anton CWJIBBECTPOB /Imutpuii SMMEHKOB Hanexaa BEJJEHOK

Karenpa ,, Teoperndeckas anekrporexunka’, HTYY «KIII» - Kues, Ykpanna
e-mail: vadesign@inbox.; zimenkovdk@ukr.net

Pe3lome: YcranoBieHo, uTo Bpamarommii MoMeHT B konécHoi mape JK. I'yGepa wnm mommunHHKOBOH- Kocwipe-
Ba-MuIIbposi BO3HUKAET (IPU HAIWYMU UX JBHKEHHUS) BCIEACTBHE HEPABHOMEPHOCTHU IIOTHOCTH TOKA, @ UMEHHO, KOH-
LEHTPALUH IJIOTHOCTH TOKa (3JIEKTPOHOB TOKA MPOBOJMMOCTH) B 30HAX KOHTAaKTa KOJIEC WJIM IIAPUKOB C HANpaBisio-
mMi. O6NacTH KOHTAaKTa BMECTE C 3apsJOM B HUX NP BPAICHUH KOJEC WM MIAPHKOB TEPEMEIIAIOTCS BHYTPH U IO
MOBEPXHOCTH KOJEC WM IIApUKOB M M0 HampasisionM. Jlajgee, Kak HM3BECTHO M3 KJIACCHYECKUX 3aKOHOB
buo-Cagapa-Jlarutaca, Amnepa, Jlopenna, ABIKYyIUecs 3apsabl CO3Jal0T MarHuTHbIE nouis. [locnennue, B3auMoieiicTBys
MEXIy COOOH, MPUTATHBAIOT KOJECa WIIM MIAPUKU K HAMPABIIONIMM C HaOeraromeil CTOPOHBI OT KOHTAKTa, CTPEMSCh
YMEHBIIUTH PACCTOSHUE MEXIY KOJECOM M IIAPUKOM M HAIPAaBJIAIONIEH B BO3AYLIHOM HMPOCTPAHCTBE, YTO U CO3HAET
BpAaIlAIOLUIl MOMEHT.

Kirouessle cioBa: a3gpdexr I'ydepa, neurarens KockipeBa-Munbpos, 371€KTpoARHAMUKA JBIDKYIIMXCSI MATHETUKOB, 3a-

KOHBI DJICKTPOANHAMHUKH.
1. BBEJEHUME

Ecmu xoneca komecHoit maper K. I'ybepa [1] ka-
TATCS MO HANPABJISIONINM WJIA Bajl U BHYTPEHHSI
maiiba MmOMIIMITHUKOB jBuratens KockipeBa -
Munepost [2] Bpamiaercs, TO, NpU HaTUYUU 3JIEK-
TPUYECKOTO TOKA B KOHTAKTE KOJIeC (MITH [IIAPUKOB) C
HaMpaBJAIOIIMMY, BO3HHUKAET KPYTALIUH MOMEHT,
KOTOpBIM B JaJIbHEHIIEM MOANEPKUBAET 3TO JABHU-
xeHne. CkopocTb ) BpalieHUs KOJIeC WIN IIapH-
KOB YBEJIMYHMBAETCS MIPH yBEIMYEHUH TOKa |, He 3a-
BHCHUT OT €r0 HAaIlPaBJICHHSA, MOCTOSHCTBA WU CH-
HYCOHMIIANBbHOCTH; KPYTAMKH MOMEHT M momoOHBIH
MOMEHTY OJHO(A3HOTO aCHHXPOHHOTO ABHTATENS :

M paBno 0, ecnin Q pasno 0, nanee npu pocre Q
OH PAacTeT 0 MaKCHMaJbHOTO, a 3aTeM YMEHbIIAET-
csl.

2. IOCTAHOBKA U PEIIEHUE 3AJAYH

K coxanenuto, o0bscHeHus, AaHHbIe ¢ 1951 1m0
2016 roga [1+7], okazanuce HE COOTBETCTBYIOIINMU
¢usndeckoit cymuoctu siBieHus. Tak B [2,6] cuu-
TaeTcsl, YTO KPYTAIIMHA MOMEHT BO3HHUKAE€T B pe-
3yJbTaTe€ B3aUMOJEHCTBUS MO 3aKOHY AMIiepa TOKa
HaTIPaBJLIIONIEH C TOKOM KoJieca WIM IIapuKa, Ko-
TOPBIA (BCIEACTBHE KPHUBOJMHEHHOW €ro TpaeKTo-
pHM) pPAcCIONOKEH TOJ OCTPBHIM YIIIOM K TOKY
HanpasJsromeld. Cra B3auMOJIEHCTBUS 3THX TOKOB
CMeIeHa OTHOCUTEIBHO TOUYKH KacaHus. DTO MOTJIIO

OBl co3/1aBaTh HEOONMBIIONH KPYTSIIUNA MOMEHT, €CJIH
Obl Ha BTOpOM Kojece kojecHod mapbl JK. I'yGepa
WJIM APYTOM CTOPOHE IIapUKa MOJIIHUITHUKA TAKOM ke
MOMEHT HE UMEJ MPOTHUBOIIOIOKHOTO HATIPABIICHHUSL.
B pabore [1] cumraercs, 4TO KpYyTSAIIMH MOMEHT
BO3HHUKACT B PE3YJIbTATC IMOSIBICHHUS HUCKPHI M YBE-
JUYCHUS JaBJICHHUS Ha cOeraroliell CTOpOHE KOH-
TakTa. ABTOpHI [1] mMOMeCTUIN MOAIIMIIHUKYA B Ba-
KYYMHBIA KOJIAK W MOCTEINCHHO OTKAYalld BO3IYX,
TIOCTIe Yero ABIKEHUE PeKpaTmiioch. K coxanenmro,
OHM HE Y4YJIH SBIICHHE TeperpeBa W 3aKIMHUBAHUS
MTOIIIATTHIKOB BCJIEJCTBHE CYIIECTBEHHOTO YMECHbB-
IICHUS TEIUIOOTAAYH B BaKyyMe OT pa3orpeThIX TO-
KOM IIapuKOB. VIMEHHO 3TO M NMPUBEJIO K OCTAaHOBKE
nBuratelis. [loscHeHus [6] BOSHUKHOBEHHSI MOMEHTA
OT TEIUIOBOM JedopMaIiii HapaBJISIFOIIUX, KOTOpas
SIKOOBI CO3JTaCT TOPKY, C KOTOPO# CKAaThIBACTCS IIa-
PUK WK KOJIECO, HC YYHTHIBACT UX 3HAYUTEIBHON
TEIUIOBOW MHEPIIMOHHOCTH. B pabote [5] mpeamnara-
IOTCS TIOJIOKEHUS, KOTOPBIE HE COOTBETCTBYIOT 3a-
KOHaM (DU3MKH, HAMpPUMEp, HAJMYUC MATCHUTHOW
HWHIYKIIMH, CO3/TAaHHON TOKOM U COBNAAAIONIEN C HUM
[0 HAampaBJIeHUIO. J[OTIONMHATENFHYI0O HESICHOCTh
BHecsn pabots [3, 8 |, rme adpdext XK. ['ybepa 005-
€IMHEHO C JI0 CHX IOp He OOBSICHEHHBIM 3P (PeKTOM
Jx. Cepna. Bapnanmonssrii monxox B pabote [4]
HOCHUT YUCTO MaTEeMAaTUYECKUN XapakTep, He 00bsic-
HsIs YeTKO (PU3HKY mporecca.

2.1 Hosicnenust pusukn 3¢pdexra XK. I'ydepa
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XK. Tybep Toxe cumran, 4uto 3QdekrT umeer
INEKTPOJMHAMHYECKYIO IPUPOJTY, ITOCKOJIBbKY B HEM
NPUCYTCTBYIOT TOK | 1 MeXxaHM4ecKoe JABMKEHHE
MarHeTHUKOB, KOTOpPBIE SIBISIFOTCSI YacThIO AJICKTPH-
yeckod menu [1]. OxHako oOBsICHUTH 3QdeKT He
CMOT, TIOTOMY 4YTO, Kak OyaeT OOBsSCHEHO maiee,
TOK | HEmOCpeACTBEHHO HE cO3JaeT MOMEHTa

(¢pur.1).

¢ur.l Kommencarms cun tF, B3aumoneiicTsus ToxoB

I u 1/2 Bxonecuoii mape (a) apuratens XK. I'yGepa u

noqmunHuKax asurarens Koceipesa - Musbpos (0)

Ecim yauThIBaTh BpamaTeNbHOE IBHKEHHE KO-
jleca WM IIApUKa, TO BEKTOP | IUIOTHOCTH TOKA B
HUX HMMEET JIBE COCTABJIAIONIUE: pajHalbHYIO (TOK
MPOBOJUMOCTH) M TaHTCHIIHALHYIO (TOK IEpeHoca
3apSJIOB TTOIBIKHBIM TEJIOM). IMEHHO TTOCITIEHSIS IO
3aKOHOM AMIepa B3aUMOJEUCTBYET C TOKOM
| /2 Hampapsomux. OJHAKO OJMHAKOBBIC CHITBI

+F,, 1, cooTBETCTBEHHO, MOMEHTHI +M B KoJlecax

WITK B JIBYX 30HaX COMPUKOCHOBEHHS IIAPUKOB OY1yT
MPOTHBOIIOJIOXHO HAMPABJICHBI, W B3aUMHO KOM-
neHcupoBaHbl. TakuM oOpa3oM, Obula 00BEKTHBHAS

HeoOxoxuMocThb B o0bscHenun s dekra XK. I'ybepa,
JKEJAaTeJIbHO B paMKax KJIaCCHYECKOHW 3JIEKTPOJIH-
Hamuki [8, 9, 10, 11].

Jus o0bsicuenus addekra XK. ['ydbepa paccmot-
PUM COCTaBISIIOLME 3aMKHYTOH LenH, Kak MyTbh
npoxoxaeHuss toka | . M3 3akonoB Kupxroga n
Owma caenyer, 4To

U=I(2R +R,+2R,) (1)
rre: U —HampspkeHHE WCTOYHMKA IUTAHHUS LEHH
TokoM | ; 2R, — 1Ba cCOnpoTUBIIEHNUs HANPABIIAIOINUX,
TIOJIKJTIOYEHBI

KOTOPLIC K IoJrcCaM HCTOYHHU-

kalU ; R, —

MEXAY HUMHU WA CONPOTHUBJIICHUE I:I mapajjiCIbHO

COIIPOTUBJICHUEC 000MX KOJieC W Baja

BKUIIOUCHHBIX IIApHUKOB B JIBYX MNOAIIMIIHHUKAX, 3a

HCKJII0OYEHHEM 30HbI KOHTaKTa; R — conpoTuBieHue
KOHTAaKTa KoJjeca ¢ penscoM B apurarene JK. ['ydepa
WIH COMpPOTHBICHHE 2N KOHTAKTOB B IOJIIUIHH-
KoBoO nape asuratenst Koceipesa - Musnbspost.
VYuureiBas, 4TO IUIOIIAAL S; IONEPEYHOIO Ce-
YEHUs HAMpaBJSIOUINX, KOJIEC U Baja WM IIApPUKOB
ropaszo Goiblile mIomwan S, KOHTAKTa KOJeca WU
mrapuka, a TOk | B Hepa3BEeTBIICHHOH IIETIH OJH-
HAKOB, CIIEAyeT OKUAATh, YTO MaJIeHHE HATIPSDKCHHS
U IUIOTHOCTH j, Toka | B Manoll obmactv TOYKH

WM JIMHUHW KOHTaKTa OyaeT HaMHOTO OO0JIbIIe, YeM B
JIPYTUX 1-BIX 9aCTAX IETIH:

|

N

- J; (2
Hcxons w3 3akoHa Oma B muddepeHIrarbsHOM
dhopme

e

%]

J=7¢ 3)
rae y — yOeubHas MPOBOAWMOCTE, IIPH IPUMEPHO
OJMHAKOBOM YJIETbHON TNPOBOJUMOCTH BCEX CO-
CTaBJSIIOMIMX LENU, MOXHO OXHJIaTh, YTO Hamps-

KEHHOCTb €, JIIEKTPUUYECKOIO IOJIA B 30HE KOHTAK-
Ta TaKkXKe OyIeT CYIIECTBEHHO OOJBINCH OT Hamps-
KEHHOCTH §; B | -BIX APYrHX 4acTsax kpyra. Coor-
BETCTBEHHO, Ooiblle OyAeT U CpeqHss CKOpocTh V.
HAIPABJICHHOTO JIBHXKCHUS dJICKTPOHOB!

V, =Bg, (4)
rre B— Kko03()(UUMEHT MOABMKHOCTH CBOOOIHBIX
9JIEKTPOHOB [9].
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Eciu npuHATh yuHy myTH ToKa | 4epe3 KOHTaKT
JOCTaTOYHO MAaJIOif, HO KOHEYHOIl BenuuuHOH |
(Puc.2), To B 1ocTaTo4HO Majol 00JacTH KOHTaKTa
3a BpeMs KOHTaKTa t.  oOpasyercs 3apsn 0,

~ JKSKVK (5)

K

¢ur.2 3apsan 0, =0, +(, B30HE CONPUKOCHOBEHUS

1IapuKa K HalpasJstoIen

IIpu ycnoBuM HEMOABMXHOCTH LIapUKa WU KoJeca
3apsan ¢, (¢ur.2) aBuxkercs mo AuaMeTpy HOA Jei-

CTBHEM HEOOJIBINON HANPSKEHHOCTH § B Tele KO-

JieCa WJIM IIapuKa. BCJ'IGL[CTBI/II/I B3aMMHOM nepneH-

TMKYJIsspHOCTH BekTopos V, u V,umu V, ckopoctu

JBIKEHMsI 3apsjoB, cuna F, Ammepa B3aumonei-

CTBUSl JJIEMEHTOB TOKOB -V, u ¢, -V, mmbo
q-V, Oyzer paBHATbCsA Hymo. IIpn Hamuuuu nBu-

KEHHUS C YIJIOBOM CKOPOCThIO () U JIMHEHHOH Q- T,
rae I - pagnyc IIapuKa WIN KOJeca, HallpaBICHHE
ckopocTH V, uckpuiseTcs (puc. 1) u Bo3HUKaeT [2,

6] nHe HyneBas cuwia Amnepa F, u moment M .

Opnako, kak ObLIO mokasaHo (puc. 1), Ha BTOpOoM
KoJlece MU JpPYroil CTOpoHEe IIapuka BO3HHKAeT
NPOTUBOIOJIOKHAA MO HampasieHuto cuina —F, nu

MOoMeHT —M . B pe3ynbraTe CyMapHbBIi MOMEHT
paBHsAeTCS Hymio. TakuMm o0pa3oMm, Kak B CTaTHKE
(Q2=0), rak u B quHamuke Tok | wemu (1) KpyTs-
mero MomeHTa M He cozmaer. OYeBHIHO 3TO H
3acTaBWIO HccleaoBareneit [1+6] oThIcCKUBaTh Apy-
T'He B TOM YHCJIE U HE JJIEKTPOJMHAMUYECKUE TPU-
YUHBI JIBWKCHUS (TEIUIOBYIO, ITHEBMAaTHYECKOE W
Ap.).

Crnennduka dSIEKTPOAMHAMHKH COCTOUT B TOM,
YTO OHA M3ydYaeT NPOCTPAHCTBECHHO HE OAHOPOJIHBIC
CHCTEMBI C HEPaBHOMEPHBIM paclpelesieHIeM 3a-

pSIOB, C JIOTIOJNHUTENbHBIMU CTETEHSIMU CBOOO/IBI
JIBUKEHUS. B pe3ynbpTare 3TOro cuinoBble OKa3aTean
cucTeMbl OyIyT 3aBUCUMBIMH HE TOJIBKO OT ToKa | ,
a U OT HOJOXEHUS U JBIKEHUS COCTABISAIOIIUX CH-
CTEeMBl B COOTBETCTBYIOIIMX CHCTEMax KOOPIUHAT
[10, 11,12].

Paccmotpum (¢wur. 3) cucteMy «HaImpaBIIOIINE -
30Ha KOHTAaKTa - MAPUK» B YCIOBUAX, IPH KOTOPHIX
LIapUK, BPalasich C YIIOBOM CKOPOCThIO () NpPOTUB
YacOBOM CTpENKH, KATUTCA IO HENOJBHKHOU
BHEIIIHUIM HAIpaBIAIONICH BJIEBO OT TOYKH COIpPHU-
KOCHOBEHHSI, TO €CTh, BMECTE C TOYKOH COMPUKOC-
HOBEHUS CO CKOPOCTBIO

V, =Q-r (6)

rae ' — paguyc LIapuka.

¢ur.3 Cucrema «BHemHss maiida (1), ABa KOHTAKTa C
H1apukoM (2), BHyTpeHHsA maiioa (3)»

B HenoaBmkHOM cucTeMe KOOPAUHAT, CB3aHHOM
C BHEIIHEH Mmai0oi MOANIMITHUKA, Ui KOTOPOU

V, =0, 3apsmQ; IOBUXKETCS B TEJE W IT0 BHYTPCHHEH

HOBEPXHOCTH 1Iaii0bl BIEBO co ckopocThioV, . Ilpu

9TOM OH B Ilaiibe B 30HE KOHTAaKTa CO3Ja€T HJIEMEHT
TOKa:
o, =g, V, =g, S oy, 6
|1—q1'V0—q1R—|1' K (6)

«

B cucreme KOOpAMHAT, HEMOABHXHONW OTHOCH-
TEJILHO TeJia IapUKa, KOTOPhIN BPAIIIAeTCs C YIIIOBOH
CKOpOCTBI0 () OTHOCHUTENBbHO LIEHTPA MIApPHKa, 3a-
PSR (], ABIKETCS OTHOCHTEIHHO TENa MAPUKH TaKKe

co ckopoctbio V, . Ilpu 5TOM OH B IIapuke TOXKe

CO3a€T 3JICMECHT TOKa:
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dt

Onements! TokoB dl u dl,

- _ dl =
dl, =q,-V, =0q,—=1,-dl, (7)

B BO3JIyNIHOM 3a-
30pe, KOTOpbIA pacTeT oT Hyns (TJ€ Yol Mexy
HarnpasJIEHUEM TOKOB HYJIEBOH, HO U IIEYO TIAPhl CUJT
F, Hynesoe) 10 I/2c miedoM I, HO ¢ yriom 7/2,

a
00pasyroT (coriacHo 3aKoHy AMIiepa) ciry AMIiepa
1 MOMEHT M, , KOTOpBIf SIBISETCS JMIIb YacThIO

obmero momenTa M . Onementsl TokoB dl, n dl, B

Tene (epPOMATHUTHBIX CPEJ MIAHOBI M IApHKa IO
3akoHy buo-Capapa-Jlamniaca HamMarHM4MBAIOT WX,

06pazyst MoMeHT M, , mofo6HbIH M), HO B KOTOpOM
BMECTO |, Oyner (urypupoBaTh MarHMTHas IO-
CTosiHHas heppoMarHeTnka [ :

= (14+%) K, (8)
rIe ) — MarHUTHas BOCIPHUMYHBOCTE (eppomar-
Heruka. Torga, Tak Kak [ >> |, , MOMEHT M, Oyner
pamHoro Goiublie M, .

JInst TOYHOM KOJMYECTBEHHOMN OILIGHKH OOIIEro Mo-
MEHTa Mapbl CWJI, CJEIyeT BOCIIOJIb30BaThCSl MHTE-
rpaJibHBIMK ypaBHeHMsMHn Makcemna [12,13] nis
KOHKpeTHBIX (eppomarnerukoB [10, 11] xoHkpert-
HOH KoH(pHUTyparmu.

Iporneccrr B konecHoi mape XK.I'ybepa (puc. 1, a)
AQHAJIOTUYHBI IPOIleCCaM B MOALIMITHHUKAX. TOJBKO
KaXJ10€ KoJieco OyZieT IMETh OJHY TOUKY KOHTAKTa, a
HE JB€, KaK IIapuK, KOHTAaKT Oy[eT HE TOUYEUHBIH, a
TUMHEHHBIN pagnyc I KoJeca CyIIeCTBEHHO OO0JbIIe
pammyc mapuka, Oombine OyIdeT 30Ha B3aWMOJIEH-

cTBus snmemenToB TokoB dl, u dl,, cooTrBercTBeH-

HO, OoJpIie OyeT Bpamaroniuii MoMeHT M .

3. BBIBO/J]

Takum o00pa3oM, y4WTbIBas CYIIECTBOBaHHE B
Tene (eppoMarHeTUKOB JBMIKEHHS 3apsiloB OTHO-
CHUTEJIHO Tella MJIM, Ha00OpOT, Tela OTHOCUTEIBHO
3apsaa, yoaloch OOHAPYKHUTH AJIEMEHTH TOKOB (6),
(7), KoTOpBIE, B3aMMOJCHCTBYS MEXIYy co00il U ¢
(heppOMarHuTHON Cpenol, CO3MAIOT CHIBI U MO-
MEHTBl COTJIACHO KJIACCHYECKHX 3aKOHOB AMIiepa,
buo - CaBapa - Jlannaca, ypaBHeHnu#t [[)x. Makcsen-
na.

Torma ¢ poctom Toka | momenr M Oyzmer
pacty; npu yBenndeHnn € BpeMs KoHTakTa t B (5)

YMEHBIIACTCA, COOTBETCTBEHHO YMEHBIIAETCS 3apsAng
qK u ToKk | , UIBMCHCHHC TOJIAPHOCTU HMCTOYHHKA

U u, cOOTBETCTBEHHO, ToOKa | He MeHsIeT 3HaKa

MoMmeHTa M , B xoTOpbIii | BXOOUT B KBajaparte; B
HENOJBWKHOM cucteme, rae Q u V, HyneBble, MO-

MeHT M OTCyTCTByeT; €ciM M3MEHHUTh HalpaBile-
HHe BpaueHust (3HaK (), To 3TH ke dPPeKTh! (puc.
3) OyayT MPOUCXOIUTH C MPOTHUBOIIOJIOKHOW CTO-
POHBI, TOIAEPKMBAs MEPBOHAYAILHOE BpAaIlICHIUS,
JUI KOJMYECTBEHHBIX PacdyeToB CHJI M MOMEHTOB
CIIeZIyeT BOCIIONIB30BAThCA YPABHEHUSIMH DJICKTPO-
muHaMukd [11, 12, 13]; ogaako ¢akT cymiecTBoBa-
HUS TOJBIDKHBIX B TeJlaX HAIIPABIIAIOMICH W IIapuKa
3apanoB O, U (, , CO3JAHHBIX HEOJHOPOIHOCTBIO

MJIOTHOCTH DJIEKTPUYECTBA, HE MOMJIEKHUT COMHE-
HUIO, KaK ¥ cwia Amrepa win JlopeHia ux B3anuMo-
JecTBUS (MPUTATHBAHWSA), YCHJICHHOTO HaMarHH-
YMBaHWEM MarHeTHKoB. Tox | , murroc KOHIIEHTpays
€ro IUIOTHOCTH B MAaJOM 00JIaCTH KOHTAKTa, ILTIOC
HaJIM4We JBIDKEHUS TOYKW KOHTAKTa, Kak 3apsnaa (,

cO37aéT CHIIy U KpyTALIMH MOMEHT. VIMEHHO B 3TOM
3akiroyaercs cyniHocts a¢dexra XK. I'ydepa.
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EXPLANATION OF EFFECT OF PHYSICAL HUBER IN WHEEL BEARING
AND VAPOR

Anton SILVESTROV Dmitriy ZIMENKOV Nadiia BELENOK
Electrical engineering department, National Technical University of Ukraine “KPI1”-Kyiv Ukraine
e-mail: vadesign@inbox.ru; zimenkovdk@ukr.net

Abstract: It is found that the torque to the wheel or pair J. Huber podshipnikovoy- Kosyreva - Milroya occurs (if their
motion) due to the unevenness of the current density, namely, the concentration of the current density (current conduction
electrons) in the contact areas with wheels or balls guides. Region of contact with the charge in them during the rotation of
wheels or balls are moved on the surface and inside wheels or balls and the guide. Further, as known from the classical laws
of Biot-Savart - Laplace, Ampere, Lorentz, moving charges create magnetic fields. The latter, interacting, attract wheels or
balls to guide from the upstream side of the contact, trying to reduce the distance between the wheel and the guide or ball in
the air.

Keywords: effect of Huber engine Kosyreva - Milroya, electrodynamics of moving magnets, laws of electrodynamics.
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MOJIU®UIIUPOBAHHBIA METOJI OBPAEOTKH 3AIIPOCOB B PACITPE/IE-
JIEHHBIX BA3AX JTAHHbIX HA OCHOBE MEXAHU3MA KEILIMPOBAHUA
NHAEKCOB

Bagum MYXHUH Spociaas KOPHAT A
Kagenpa BEIYUCIUTENBHOM TeXHUKH, HannoHnansHbIi TeXHUUECKHH yHUBEpCUTET YKpauHbl «KueBckuii monuTexunde-
ckuit uHCTUTYT» - Kues, Ykpauna

e-mail: v_mukhin@mail.ru, slovyan_k@ukr.net

AnHoTamus: B pabore paccMOTpeHbI BOIPOCk! 00pabOTKH 3arpocoB B 6a3zax JaHHBIX. ONMCaHBI aIrOPUTMEI 00pabOTKI
JaHHBIX B onepaTuBHOM mamsat CYBJl u ¢ moMombio nepeBseB moucka. MoanduipoBana CTPYKTypa JepeBa ITOUCKa
Ha OCHOBe B+-7epeBa, 4TO NMO3BOJIMIO MPOBOAUTH TOMCK MO OJAWHAKOBBIM JIAHHBIM Da3NUuHbIX TaOmui. Brimonnena
MoM(UKALMA aNropuT™Ma 00pabOTKH JAHHBIX B ONEPATHBHON MaMATH, KOTOpas MO3BOJIMJIA MCKIIOYMTH MONAJaHUE B
NaMsTh PEJKO MCIOJIB3YIOIMXCS MHACKCOB. [IpoBe/ieH aHanu3 N3MEHEHUst BpeMeHH 00paboTKH 3arpocoB Mpu MoubH-

KalluM1 MeTo/1a 00pabOTK