Enexmpomexuiuni komniexcu i cucmemu agmomamu3zayii

The methods of research are the computer methods of simulation of processes in electrical networks.

Findings. The shorting of contacts of network controller, located on the entrance to the analyzed
segment of the electrical network, allows to significantly reduce the currents, flowing in the "pas-
sive"” lines of network, in which no electrical signal source. This makes it possible to determine, to
which lines the smart-cones (smart connectors) are connected, with the help of alternately switching
on of the source of electrical signal, located at the different lines of electrical network, and analyz-
ing currents, flowing through the smart-cones. The setting of the resistances of smart-cones at the
level of resistances of electric cables can to get to the significantly differences of currents, flowing
through smart-cones, depending from places of smart-cones connection — the farther in line a smart-
cone is located, the lower a current.

The originality lies in the use of several sources of the test signal with the shunting of inactive
lines with the help of a network controller to identify the structure of a segment of the electrical
network.

Practical implications. The results of investigations will be used for the creation of the low-cost
mini smart-grids for small segments of electrical network.

Keywords: smart-grids, identification, structure of small segment of electrical network
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CTBOPEHHSA MOJIEJII ®OPMYBAHHSA TPAHCIIOPTHHUX
MOTOKIB HA OCHOBI TEOPIi CUCTEM

© A. Bublikov, I. Taran

THE CREATION OF A MODEL OF FORMATION OF TRANSPORT
FLOWS ON THE BASIS THEORY OF SYSTEMS

Onucanuit HOBUH MiAX1J MO0 CTBOPEHHS MOAesi (pOpMyBaHHS TPAHCIOPTHUX MOTOKIB y Me-
rarfoJjici Ha OCHOBI Teopii CHUCTEM 13 BUKOPUCTAHHIM THUIIOBHX JIOKATbHUX MOJENEH, K1 OMHUCYIOTh
KOHKpPETHI Tpolecu (GopMyBaHHS TPAHCIIOPTHUX MOTOKIB Ha HEBEIMKHMX AUITHKAX MICBKOI TpaHC-
IIOPTHOI CXEMHU.

Omnucan HOBBIM MOAXOA K CO3JIaHUIO MOJEIH (POPMUPOBAHMS TPAHCIOPTHBIX MOTOKOB B Mera-
MOJIICE HAa OCHOBE TEOPHH CHUCTEM C HCIIOJNIb30BAaHMEM THUIOBBIX JIOKAIBHBIX MOJEINEH, KOTOphIe
OIUCHIBAIOT KOHKPETHbIE NpoIecchl (OPMHUPOBAHUS TPAHCIIOPTHBIX MOTOKOB Ha HEOOJBIIMX
Y4aCTKaX TOPOJCKONW TPAHCIOPTHOM CXEMBI.

Beryn. Hapasi knacuiuHUMM MiAXOAaMH 71 CTBOPEHHS! MOIENIel TPAaHCIIOPTHUX
MOTOKIB € JBa OCHOBHI MIJIXOAW — J€TEPMIHOBAaHUHN Ta IMOBIPHICHUH (CTOXaCTUYHUI)
[1]. BoHu HEOgHOPA30BO MIATBEP/KYBadd CBOIO aJIEKBATHICTH IMOJ0 BU3HAYCHHS
yCepeIHEHNX XapaKTEePUCTUK TPAHCIIOPTHUX MOTOKIB 1 € BIAHOCHO MpocTuMu. B oc-
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HOBI JIETEPMIHOBAHUX MOJICJICH JICKUTh (PYHKIIIOHAJIbHA 3aJICKHICTh MK OKPEMUMU
XapaKTEPUCTUKAMU TPAHCIIOPTHOTO MOTOKY Ta IOPOXKHIMU MapaMeTpaMu. Y cToxac-
TUYHHUX MOJICTISAX TPAHCIIOPTHUHN IMOTIK PO3MISIIAETHCA SIK IMOBIPHICHHMM (BUITaIKO-
BUI1) MpoIIec.

OcTaHHIM YacoM 3a YMOBH JOCII)KEHb TPAHCIIOPTHUX MOTOKIB MOYaIN 3aCTO-
COBYBaTH TaKO)X MaTeMaTH4YHI i7el, METOJM Ta aJTOPUTMHU HEJIHIHHOT quHaMIKU [2].
IX JowuinbHiCTE OOGIPYHTOBAHA HASBHICTIO Y TPAHCHOPTHOMY HOTOLI CTiMKHMX i He-
CTIKUX PEKUMIB pyXy, BTpaT CTIHKOCTI IPHU 3MiHI YMOB pyXy, HENIHIMHOTO 3BOPOT-
HOTO 3B'A3KY, HEOOX1THOCTI Y BEJIMKOMY YHCII1 3MIHHHX JJIs1 aJIeKBATHOTO OIKCY CHC-
TEMHU.

AJie pu CTBOPEHHI MOJIENI TPAHCIOPTHHUX MOTOKIB 3aJIUIIAETHCS TOCTPOIO TPO-
OyieMa ii 3HAYHOTO YCKJIAJIHEHHS 31 30UIBIIEHHSAM IUIOINIl JOCIIIKYBaHOI TepUTOPIi
MPAKTUYHO 33 T€OMETPUYHOIO mporpeciero. ToMy Hapa3l HE ICHY€ €IMHOIO Ta 3ara-
JBHOTIPUIHATOrO MiJIXOAY 11010 CTBOPEHHS MOJEII, U0 ONUCY€e (POPMYBaHHS TPaHC-
MOPTHUX IMOTOKIB Ha 3HAaYHIN TepuTopii Meramnosiica. KoxeH 3anponoHOBaHUM MiaXij
Mae€ CBOi 0OMEKEHHS Ta JOCUTh BY3bKY 00JIacTh 3aCTOCYBaHHS.

®opMyJIIOBAHHSI METH CTATTI (IIOCTAHOBKA 3aBJAaHHS). Y CTaTTI OCTABJICHO
32 METY CTBOPUTH HOBHH MIJAX1J 1100 MOJEIIOBaHHS MpoLeciB (OpMyBaHHS TpaHC-
MOPTHUX MOTOKIB y MEramosici. 3anponoHOBaHUI MiJIX1] € aJIbT€PHATUBOIO CKJIA[I-
HUM MOJIEJISIM, 1[0 OMHUCYIOTh (POPMYBaHHS TPAHCIIOPTHUX MOTOKIB, Ta BUKOPUCTOBYE
IHCTPYMEHTH TEOpli CUCTEM 3a YMOBH MOOYJOBU MOJENI. 3TiJHO 3 TEOPIEIO CUCTEM,
MPOTOHYETHCSI CTBOPIOBATH MOJIENIb TPAHCIIOPTHUX MOTOKIB HA OCHOBI JIELIEHTPANI30-
BaHOI CTPYKTYpPH, IIO CKJIAJA€THCS 3 CYKYIMHOCTI THUMOBHUX JIOKATbHUX MOJAEINEH, SIKi
OMHCYIOTh KOHKPETHI mporiecu (GOpMyBaHHS TPAHCTIOPTHUX MOTOKIB HAa HEBEIHMKHX
JUISTHKAaX MIChKO1 TPAHCIIOPTHOT CXEMH.

Buknan ocHoBHOro Matepiany gociaigxenHs. CTBOPEHHS MOJEI, 1110 OMUCYE
3aKOHOMIPHOCTI (hOpMyBaHHSI TPAHCHOPTHUX TOTOKIB, BIAOYBAEThCS HA MPHUKIAIIL
HEBEJIMKOI JUISTHKYA MIChKOT TPAHCIIOPTHOI cxemu (puc.1).

["onoBHUI TpaHCTIOPTHUH MOTIK PYXA€THCS 3HU3Y BBEPX Ta 3BEPXY BHU3 I10 Tpa-
Biif 10po3i (puc.l), 0 € OCHOBHOIO Ta Ma€ JIB1 MOJIOCH PYXY JJIsi KO)KHOTO HANPsIMY .
31niBa, mapajaeabHO OCHOBHIN 0p03i, Ha BijicTani 750 METPiB MPOXOIUTH APYropsIHa
J0pora 3 TBOCTOPOHHIM PYXOM, ajie 3 OJIHIEI0 MOJIOCOI0 PYXY IS KOXKHOTO HAIpsMY.
[TeprieHAUKYJISIPHO OCHOBHIM OPO31 MPOXOAUTH JOPOTa 3 OJHOCTOPOHHIM PYXOM
(cipaBa HaJIiBO) Ta OJIHIEIO MOJIOCOIO pyXy. TakuM YMHOM, TOPOXKHS cCXeMa JIISHKH,
10 PO3MIIAIAETHCS, MA€ JIBa TIEPEXpecTs. 3a mepiiie MPUIMEMO MepeXpecTsi 3 OCHOB-
HOIO JIOPOTOI0, 3a APYyre — MepexpecTs 3 APYyTropsAHOI0 noporoto. KepyBaHHs TpaHc-
MOPTHUMH MOTOKAMH Ha KOXHOMY MEPEeXPecTi 3MIHCHIOETHCS 3a JOMOMOTOIO CBITJIO-
dbopHUX 00’ €KTIB.

Mera GyHKIIOHYBAaHHS OMUCAHOT MUISHKH MICBKOI TPAHCTIOPTHOI CXEMH — I1€
3a0e3neyeHHs Ipoi3ay aBTOMOOUTIB yepe3 AUIAHKY y OyAb-sKOMY HaIpsiMi 3a MiHi-
MajbHY KUIbKiCTh yacy. [loOynoBa moneni ¢opMyBaHHS TPAHCHOPTHUX MOTOKIB Y
JaHI} CTaTTi BiIOYBAETHCS, SIK MPUKIA, IS JOCTIIHKEHHS TPOOJIeMHU P10 JUIHOTO
CTBOpEHHS 3aTOPiB HA OCHOBHIM JI0PO31 32 MEPIIUM MEPEXPECTIM IJI HANPSAMY PyXy
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aBTOMOO1JTIB 3HHU3Y BBEPX 13-32 HEJOCTATHHOI IIPOITYCKHOT 3/IaTHOCTI JIOPOTH Y IOMY
MICIII.
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Puc. 1. CtpykrypHa cxemMa Mojielli TpaHCIIOPTHOT CUCTEMHU

VY pasi HemoCcTaTHROT MPOITYCKHOI 3/JaTHOCTI OCHOBHOI JIOPOTH 32 MEPIIUM Tepe-
XPECTSIM OJIHUM 13 CIIOCOOIB BUPIIIEHHS MPOOJIEMU € HanpaBiIeHHS YaCTUHHU TOJIOB-
HOTO TPAHCIIOPTHOTO TOTOKY 3a 00’I3HUM MapIIPyTOM uepe3 Apyre mepexpecTs Ta
apyropsany nopory. Ilpyu npomMy 1HCTpYMEHTOM Uil peani3alii po3noaiay TOJI0BHO-
r'0 TPAHCIIOPTHOTO TIOTOKY 3a MPSMUM Ta 00’ 13HUM MapIipyTaMu Moke OyTH aBTOMa-
THU30BaHa CUCTEMa KePyBaHHS JIOPOKHIM PyXOM BEPXHBOTO PIiBHS pa3oM 3 TelleMaTH-
YHUMHU CUCTEMaMU, BCTAHOBJICHUMHU Ha aBTOMOOLIISX.

Otxe, 3 oryisIIOM Ha CPOpMyILOBaHY METY JOCIHIKEHb Ta CIOCIO BUPIIICHHS
npoOsemu, Ha puc.l MyHKTUPHUMHU CTPLIKAMH BHUIIUJICHI TUIBKH TI MapIIpyTH PYXY
aBTOMOOWIIB, 110 BIUTMBAIOTh Ha (DOpMYyBaHHS TPAHCTIOPTHUX MOTOKIB HA OCHOBHIN Ta
APYTOPSIIHINA AOpOrax 3a MepPexXpecTsIMH Y BIAMOBIIHOMY HanpsMi (3HU3Y BBEPX).

3riZiHO 3 O3HAUEHOIO METOIO JTOCHIKEHHS CPOPMYITIOEMO KpUTEpii e(heKTUBHO-
CT1 poOOTH TPAHCIIOPTHOT CUCTEMH Y 3arajJbHOMY BUIJISAIL: poOOTa TPAHCIIOPTHOI CH-
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cTeMU € e(EeKTUBHOIO, AKIIO TPAHCTIOPTHUH MOTIK 32 MEPIIUM YH JPYTUM Mepexpec-
TSAM Yy BIANOBIIHOMY HampsiMi (3HHU3Y BBEpPX Ha pHC.l) XapakTepu3yeThCs BUIBHUM
pyxoM aBToMoO1IIB. Po60Ta TpaHCIIOPTHOI cHCTEMHU € Hee(EKTUBHOIO, SKIIO TPaHC-
MOPTHUM TOTIK 32 MEPIIUM YU JIPYTUM MEPEXPECTSIM Y BIANOBIAHOMY HAmpsAMi Xapa-
KTE€PU3YETHCS TPYIOBUM PYXOM aBTOMOOLIIB, IO € TIEPETyMOBOIO CTBOPEHHS 3aTOPY.

3a3HaymMo, 10 )1 BUSHAYCHHS XapaKTepy TPAHCIOPTHHUX IMOTOKIB HA OCHOB-
HIl Ta APYTOpAIHiN JOpOrax 3a MEPIIUM Ta APYTUM MEPEXPECTSIMU HEOOX1IHO, 100
11l TOTOKK OyJii HemepepBHUMH. T0OTO, aHAJ3 TPAHCIIOPTHUX MOTOKIB Tpeda MpOBO-
IUTH Ha TIEBHIN BiACTaHI BiJl MEPEXpecTh, micis AUQy3ii rpyn aBTOMOO1IB, BUKIIIO-
YUBIIHU TPH [IbOMY BIUTHB POOOTH CBITIIO(OPIB HA IEPEXPECTSIX.

OmHUM 13 OCHOBHUX IUISIXIB IMiJIBUIICHHS €(heKTHBHOCTI POOOTH CKIIATHUX Tpa-
HCIIOPTHUX 00’€KTIB € 3aCTOCYBAHHS aKTyaJbHUX METOJIB iX JOCIHIKEHHS 13 BUKO-
PUCTaHHSM Cy4yacHUX 1H(OpMaIiiHUX TexHoJorii. Haitbinpin nommpena ta nepcere-
KTHUBHA METOJIOJIOTISL JOCTIHKEHHS CKIAJHUX COIlaIbHO-TEXHIYHUX 00’€KTIB 0azy-
€THCSI HA CUCTEMHOMY MHIiAXOA1. 3T1IHO 3 UM MiX0J0M, P0310’€MO JUISIHKY MICHKO1
TPAHCIIOPTHO1 CXEMH, 10 PO3IIIAIAE€THCA, HA 30HH, JIe 3aKOHOMIPHOCTI (hOpMyBaHHS
JTOCIDKYBAaHUX TPAHCIIOPTHHUX IMOTOKIB MalOTh 1CTOTHI BIIMIHHOCTI. TakuMu 30HaMH
€ “BXoau’” Ta “BUXOAM’ TEPEXPECTh, a TAKOXK JUISHKH, 110 3HAXOJATHCA HA 3HAYHIN
BIJICTaHI B1Jl NIEPIIOTO Ta Apyroro nepexpectb. Ha puc.l Taki 30HM nmokasaHi Kpyra-
MU, a KUIBKICTB iX AOPIBHIOE necaTh. [[puiiHABIIM BUALIECH] HA TUISHLI MIChKO1 TpaH-
CIIOPTHOT CXEMH 30HHU 3a CJIEMEHTH CHCTEMH OOTIPYHTYEMO, SIKi 3 HUX HaJeXaThb 0
CaMoi CUCTEMH, a SIK1 BITHOCSATHCS 10 30BHIITHBOIO CEPEIOBHUIIIA.

JIJIst Hamoro BWIMAAKY 3a MEXI JOCHIKYBAHOT TPAHCIIOPTHOI CHCTEMH MO>KHA
MPUIHATH MEX1 NUITHKH MICBKOI TPAaHCHOPTHOI CXEMH, IO PO3TISIAETHCS, alle Il
MeK1 OakaHO TIPOBOJIUTH Yepe3 MepexpecTs, 1od “BXoau’” B CHCTEMY, Yepe3 sKl Bif-
OyBa€TbCsl BIUIMB 30BHINTHBOTO CEPEIOBUINA, CIIBIAAAIN 31 “BXOAaMU”’ MEPEXPECTh.
VY takomy pasi 30HU Iepe] NepexXpecTsIMu, 110 JIKaTh Ha MeKaxX JIUISTHKHA, MOYKHA Bi-
JTHECTH JI0 eJeMeHTIB 30BHITHKOTO cepenoBuia (E3C Ha puc.1l), B To# yac, gk iHIIl
30HU MO’KHA BIJTHECTH JI0 eJleMeHTiB Mozeni noeAinku cuctemu (EC Ha puc.1). Ta-
KM YUHOM, MA€EMO YOTUPH €JIEMEHTH 30BHIIIHHOTO CEPEOBUINA TA IIICTh €JIEMEHTIB
MOJIeJIi MOBEIIHKN TPAHCIIOPTHOI CUCTEMH 3 HYMEPAIII€I0 TI0 MOPSAKY, SIK MOKa3aHO
Ha puc.l.

BHyTpiniHi 3B’SI3KM Mk €JIeMEHTaMu MOJelll MOBEIIHKH CUCTEMHU Ta 30BHIIIHI
3B’SI3KM JJAHUX €JICMEHTIB 3 €JICMCHTaMH 30BHIIIHBOTO CEPEIOBHUIA BU3HAYAIOTh Ma-
PUIPYTH PYXy aBTOMOOUIIB Ha JIISHII MICHbKOT TPAHCHOPTHOI CXE€MH, IO pO3risaa-
eThcsl. OTKe, TO3HAYMBIIM 1[I MAapIIPYTH Ha pHC.] MyHKTUPHUMHU CTPIIKaMHU, OTPH-
Ma€eMO CTPYKTYpPHY CXEMY MOJIEINI, IO OMUCYE MPOoIiecH (POpMyBaHHS TPAHCTIOPTHUX
MOTOKIB.

Mogeni eleMeHTIB 30BHIIIHLOTO CEPEIOBHINA PO3POOJISIOTHECS Ha OCHOBI pe-
3yJIbTaTIB €KCIIEPUMEHTAIBLHUX 3aMipiB KITLKOCTI aBTOMOOLIIB TIepe MepexXpecTIMu
Ta MarOTh JIETEPMIHOBAHY Ta BUIIAJIKOBY CKJIa/I0Bi. JleTepMiHOBaHa CKJIa/I0Ba OIHUCYE
3MIHY Yy 4acl cepeAHbOi KUTBKOCTI aBTOMOO1IIB Mepesl MePEeXpecTsM Ta MPEACTaBIIIE
co0o0r0 (DyHKIIII0 Yacy y BUTIISAII CTYNEHEBOTO MoiHOMY. CTyleHeBUi MOJIHOM BH-
3HAYA€ThCA 32 pe3yJbTaTaMU YCEPEAHEHHS MUTTEBHX 3HAYEHb KUIBKOCTI aBTOMOOI-

159



Enexmpomexuiuni komniexcu i cucmemu agmomamu3zayii

JIiB, IO MaJIA MiCII€ Y NIEBHY FOJIMHY IIPOTATOM JeKUIbKOX AHIB. Ha puc.2 HaBeneHwuit
NPUKJIa] BU3HAYEHHS JIETEPMIHOBAHOI CKJIaJ0BOi MOJIENI MEPIIOTo eJIeMeHTa 30BHI-
ITHLOTO cepenoBuia y nporpami MATLAB.

4\ Basic Fitting - 1 =8 = Figures - Figure 1 = (5
Selact data: | datal - File Edit View Insert Tools Debug Desktop ‘Window Help & x
Center and scale x data j_iac\é % '\-{‘"}@‘-E ﬁ' @J I:l E [=lm HOA 5@
y u [ ]
Plot fits
Check to display fits on figure -
pey 4 D1_av, unit

spline interpolant
shape-preserving interpolant 10
linear
quadratic
cubic

4th degree polynomial 5 517" - 483 5‘5*;(3 + )

5th degree polynomial

) U 306442 - 1.08e+004% + 1)62e+004
ith degree polynomial | J :

Tth degree polynomial 0 i | | i t, hqur i
3th degree polynomial g 10 12 14 16 18
Oth degree polynomial - residuals (]
10th degree polynamial

<

T T T
8th degree: norm of residuals = 1.3713

V| Show equations
Significant digits: | 4 -
| Plot residuals

Bar plot b

Subplot hd

Y| Show norm of residuals L | I | | |

| Help H Close | ‘Q |

Puc. 2. Pe3ynbrar anpokcuMaliii eKCiepuMEHTAIbHUX JaHUX CTYIIEHEBUM
MOJIIHOMOM BOCBMOTO TIOPSIIIKY

BunaakoBa ckiazoBa MO €JI€MEHTa 30BHIIIHBOTO CEpeI0BUIIA OMUCYE 3Mi-
HY Y 4Yacl BIIXWICHHS MUTTEBOrO 3HAYEHHS KUIBKOCTI aBTOMOO1IIB Tiepe]] nmepexpec-
TSM BiJl CEpeIHbOTO 3HAYCHHS Ta MPEICTaBIsIE COOOI0 TeHEPaTOp BUMAIKOBUX YHCET,
napaMeTpu SIKOTo (JIMCIepCiss BUMAAKOBOI BEJIMYMHU Ta 3aKOH ii pO3MOJIJICHHS) BU-
3HAYAIOThCS B PE3yJbTaTl CTATUCTUYHOI OOPOOKU JaHUX €KCIIEPUMEHTAJIbHUX 3aMi-
piB.

B ocHOBI Mozeni e1eMEeHTIB CUCTEMHU, 1110 OMUCYIOTh MOBEIIHKY TPAHCIIOPTHUX
MOTOKIB Of[pa3y 3a MepPeXpecTIMH, JICKUTh TudepeHIliiHe piBHSIHHS B ONEpaTOpHii
dopwmi (1), ke iIMITYye AMHAMIKY PO3TOHY TPYIH aBTOMOOLIIB TMEpea MepexpecTsiM,
KOJIM 3aropsI€THCS 3€JI€HE CBITIIO

_ K _ _
V.s=—.U v 1
s= (1)

— 1 .
T
ne K ta T — BiamoBiiHO, KOe(DIIEHT MiJACKICHHS Ta MOCTIHA Yacy eJieMeHTa CHCTe-
Mu; V — IpOCTOpOBa MIBUAKICTH TPAHCIIOPTHOTO MOTOKY, KM/T; U — Kepytounii BIUIUB
Ha CBITIIOGOPHHI 00’ €KT (OIMHUILIA — 3€JIEHEe CBITJIO, HYJIb — YePBOHE 200 >KOBTE CBI-

TJ10).

[Tapamerpu piBasiHHS (1) K Ta 7 BU3HAYaIOTHCS HA OCHOBI €KCIIEPUMEHTATBLHOT
KpPUBOI PO3TOHY TPYNH aBTOMOOLIIB 32 MEPEXPECTsIM 3a JTOMOMOTOI0 JOJATKY «SYS-
tem Identification Tool» mporpamu MATLAB. I[Ipukinan Busnauenns napametpis K
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ta T piBHsiHHA (1) nns apyroro nepexpects (enemeHT cuctemu ECL) 3a ymoBu npu-
CYTHOCTI IIICTHOX aBTOMOOLTIB TIepej] HUM HaBeJACHUHN Ha puC.3.

3ayBa)KUMO, IO MOCTIMHA Yacy eJeMEHTa CUCTeMU I BU3HAYAETHCS ISl Pi3HOI
KUIBKOCTI aBTOMOO1IIB TIepe]] MePEeXPECTsIM Ta MPEACTABIAEThCS K (QYHKIIIS i€l Be-
JVYYHY.

i 5
Process Models = | B || Model Output: y1 = | (S
e TS R Parameterknown  Yalue Initial Guess  Bounds File Options Style Channel Help
K .
40.9883 Auto 10001 inf Measured and simulated model output
K Tt 31519 Auto [0.001 Inf] 40 -
———————————————— Best Fits
(1+Tpl =) 0 1] [0.001 Inf]
[0.001 Inf]
Foles 0 0 [InfInf] 30
1 v | Allreal - 0 0 [030
Initial Guess
Zero 20
@) Auto-selected
Delay
From existing model:
Integrator
User-defined Valug--=Initial Guess 10
Disturbance Madsl: Mone - Initial state: Auto -
FOolssimulaion  w Cowariance’ | Estimate - Options: 0
.
lteration 1 Fit. 0.0886 Improvement 0 % Display Continue 0 2 4 Ti & 8 10
ime
e, Pl L Estmae_| Cose | [ Hew |
L

Puc. 3. Pe3ynbrar napaMeTpu4HOi OL[IHKH JUHAMIYHOT MOJIET, 1110 OMKCYE 3MIHY Y
4aci IpOCTOPOBOI MIBUAKOCTI TPAHCIIOPTHOI'O MOTOKY 3@ YMOBH MPUCYTHOCTI IIIiC-
THOX aBTOMOOLUIIB NIEpE]l APYTHUM HEPEXPECTIM

B Mopensix enemMeHTIB JOCTIKYBaHOI TPAHCIIOPTHOI CHUCTEMH, IO OMHUCYIOTh
MOBEIHKY TPAHCIIOPTHUX TMOTOKIB Opa3y 3a MEPEXPECTSIMHU, BIAOYBAETHCS TMEPeXis
BiJl TIPOCTOPOBOI MIBUKOCTI TPAHCIOPTHOTO MOTOKY JI0 MOTO 1HTEHCHUBHOCTI 3a (op-
MYJIOIO

1000

3600
L+1

| =n- ,00/c, (2)

ne | — IHTeHCHUBHICTh TPAHCIIOPTHOTO MOTOKY BIAHOCHO CTOM-JIiHIT Mepel mepexpec-
TSAM, OJI/C; N — KUIBKICTD JIIHIM PyXy Y BIAMOBIAHOMY HampsiMi; L — cepenHs ToBKuUHA
aBTOMOOLJISI Y BiMOBITHOMY Hampsimi, M; | — cepemHst BiACTaHb MiX aBTOMOOLTSIMHU
MIPOTSATOM TaKTYy, M.

AHaJOTIYHUM YMHOM CTBOPIOIOTHCS MOJIENI JUIsl 1HIMUX €JIEeMEHTIB MOJIENi To-
BEJIIHKH TPAHCTIOPTHOI CHUCTEMH, 1110 OMHUCYIOTh TPAHCTIOPTHI MOTOKHU OJIpa3y 3a Ie-
PEXPECTIMH.

YeTBepTHid €JIEMEHT IOCIIKYBaHOI TpaHcmopTHOi cucremu (EC4 Ha puc.l)
onucye mpolec (HopMyBaHHS YEeprd aBTOMOOLIIB MEpea APYTUM MEPEeXpecTsiM, III0
iyTh y TOJIOBHOMY HampsiMi. Moziesib TaHOTO €JIeMEHTa CUCTEMU PEeali3y€eThCsl HA OC-
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HOBI1 (DYHKIIIOHAJIBHOI 3aJIEKHOCTI1 KIIBKOCTI aBTOMOOUTIB mepen nepexpectsM D Bix
IHTEHCHUBHOCTI TPAHCIIOPTHOTO MOTOKY |

Tc
D= j I dt, 00, (3)
0

ne T, — mepiof CBITIO(GOPHOTO MUKITY JJIsl APYTOTO MEePEXPecTs, C.

BXimHuM cuTrHAIOM AJI1 9€TBEPTOrO €JIEMEHTA JOCHIKYBaHOI TPAHCTIOPTHOI CH-
CTEMH € IHTEHCUBHICTh TPAHCTIOPTHOTO TIOTOKY Ha MOYaTKy 00’ 13HOTO MapIIpyTy, 10
€ BUXIJHUM CHUTHAJIOM TPETHOTO eJeMeHTa cucteMu (puc.l). Ane TpaHCTOPTHOMY
MOTOKY BiJipa3y 3a MEePIINM MEePEeXPecTsiM, 110 MPsAMYE 3a 00 I3HUM MapIIpyToOM, MO-
TpiOeH 4ac, o0 aicTaTucs Apyroro nepexpects. Hanpuknan, 3 ypaxyBaHHSM BIJC-
TaHi MK niepexpectssMu 750 M Ta cepeIHbOT TPOCTOPOBOI MIBUKOCTI TPAHCTIOPTHOTO
MOTOKY Ha Il nuisHIl 45 KM/Toj, 4acoBa 3aTpUMKa TPAaHCIOPTHOIO MOTOKY Oyne
JIOPIBHIOBATU

750
45 1000

13600

=60, c. (4)

I’atuil eneMeHT IOCHIAXKYBaHOT TPAHCHIOPTHOI CUCTEMH omucye mpoiec Ghop-
MYyBaHHS TPAaHCHOPTHOrO MOTOKY Ha BifacTaHl 1500 MeTpiB B mepuIOro nepexpects
3a npssmuM MapupytoM (ECS Ha puc.1). B ocHOBI Moaeni m’AToro eixeMeHTa TpaHc-
MOPTHOI CUCTEMHU JICKUTH (DYHKIIIOHATIbHA 3QJICKHICTh MK IHTEHCUBHOCTSIMU TIE€pe-
PUBUCTOrO TPAHCIOPTHOTO MOTOKY B 30HI PEryJp0oBaHOro nepexpects | ta TpaHcmo-
PTHOTO MOTOKY Micis nudy3ii rpyn aBTOMOOLTIIB Ha BiJICTaH1 BiJ niepexpects lgis

” =:jlﬂ)dt—jl(t—fﬁw)dt’odki )
Tav

ne Ta — 9ac KOB3HOTO YCEPEIHECHHSI IHTEHCUBHOCTI MIEPEPUBUCTOTO TPAHCIIOPTHOTO
MOTOKY, C.

3a mpsAMUM MapIIpyTOM MiX 30HAMH JPYTOro Ta I’ SITOTO €JIEMEHTIB TPaHCIIOP-
THOI CHCTEMH TaKOX OyJie 3aTpuMKa TPaHCIIOPTHOTO MOTOKY. Hampukiaz, mist cepe-
JTHHOT IPOCTOPOBOT MIBUAKOCTI TPAHCIIOPTHOTO IMOTOKY 3a MIPSIMUM MapPIIPYTOM ITiCIIS
mepIoro nepexpectst 71 kM/roa 4yac AOCSITHEHHS aBTOMOO1IeM BiamiTku 1500 M Bix
nepexpecTs JOPIBHIOE

1500
71 1000

13600

=16,¢. (6)
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[ocTuit enemMeHT MOCIiKYyBaHOT TPAHCIIOPTHOI CUCTEMHU OMHCYe Tpouec (hop-
MYyBaHHSI TPAHCIIOPTHOTO MOTOKY Ha Bijctani 1500 MeTpiB Bia Ipyroro nmepexpects
3a 00’13HuM MapuipyToM (EC6 Ha puc.1). Moaens mocToro ejxeMeHTa TpaHCIOPTHOT
CUCTEMU MOBTOPIOE MOJIEIIb 11’ SITOTO €JIeMEeHTa CUCTEMH, OJHAK MPHU 1IIbOMY BPaxOBY-
€ThCS BIIMIHHICTh CE€PEAHBOI MPOCTOPOBOI IIBUJKOCTI TPAHCHOPTHOTO MOTOKY 3a
00’13HUM MapUIPYTOM MiCIsl APYTOTO MEePEXPECTSI.

BucnoBku. ®opMyBaHHS TPAaHCIOPTHUX IMOTOKIB Y METramoJicax 3TigHO 3 CHUC-
TEMHHUM ITiTXOJIOM MOJKHA OIMCATH CYKYIHICTIO OUIBII MPOCTUX JIOKATLHUX MOJIe-
JIeii, 110 MOB’s3aH1 MK COOO0I0 Yepe3 MmapamMeTpu TPAHCIOPTHUX MOTOKIB Ta IMITYIOTh
KOHKPETHI TPaHCIOPTHI Ipoliecr. Tak, MOYaTOK PyXy TPyHH aBTOMOOUTIB OMHUCYE
amepiofinyHa JUHAMIYHA MOJEJb, HAKOMUYEHHS aBTOMOOLIIB Mepes MepexpecTsiM —
IHTerpyBajbHa JUHAMIYHA MOJIEIIb, a Mpoiiec qudy3ii rpyn aBTOMOOLIIB OMUCYETHCS
yepe3 orepallilo KOB3HOro ycepeaHeHHs. HeBimomi 3akoHOMIpHOCTI (opMyBaHHS
TPAHCIIOPTHUX TMOTOKIB 032 MEXaMHu JOCTIHPKYBAHOI JIISHKA TPAHCIIOPTHOT CXEMHU
OMUCYIOTHCSI CTOXaCTUYHUMHU MOJIEIISAMHU 13 CTATUCTUYHUMH OLIHKaMU, 10 BU3HAYa-
IOThCSI HA OCHOBI CTaTUCTUYHOI OOPOOKU €KCIIEPUMEHTAIbHUX JaHUX. Y Cl1 MepetiueHi
JIOKaJIbHI MOJIEIl € IOCUTh MPOCTUMHU, CKJIAJIHICTh MOJIETl (popMyBaHHS TPaHCIOPT-
HUX TIOTOKIB MOJISITa€ CaMe Y BEJIMKOI KUTBKOCTI JIOKAJTbHUX MOJIeNIel Ta 3B’ SI3KIB MIXK
HUMU. Y HACTYNMHUX poOoTax OyAyTh PO3MIISIHYTI OCOOJMBOCTI peajizalii JOKaIbHUX
Mo/ieJiel TPaHCIIOPTHUX MpoLEciB y MmaTtemMaTuuHiil nporpami MATLAB.
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ABSTRACT
Purpose. To develop the scientific approach to the creation of the mathematical model of the for-
mation of transport flows in the city based on theory of systems.

The methods of research are the methods of simulation of transport processes and the methods of theo-
ry of systems.

Findings. The formation of traffic in metropolitan areas, according to a system approach, can be
described by a set of local simpler models, linked via the traffic parameters with the simulation of
specific transport processes. For example, the early moving of group of cars may be described by
aperiodic dynamic model, the accumulation of cars before the crossroads — by the integrating dy-
namic model, also the diffusion of groups of cars may be described by the operation of sliding aver-
aging. Unknown formation regularities of traffic outside the investigated area of transport scheme
are described by stochastic models with statistical estimates, which are determined with the help of
statistical analysis of experimental data. All the local models are quite simple, the complexity of the
model of traffic in the city lies in the considerable number of local models and relationships be-
tween them.
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Enexmpomexuiuni komniexcu i cucmemu agmomamu3zayii

The originality lies in the use in the model of formation of transport flows of a set of simple local
models to describe individual transport processes with the justification of the set of connections be-
tween them based on the theory of systems.

Practical implications. The results of investigations will be used for the creation of the model, that
is described the processes of formation of transport flows in city with the aim of their analysis and
investigation.

Keywords: simulation, transport flows in the city, model, theory of systems
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NTEPAHMOHHASA TEXHOJIOTI'YS OOEHKH ITPON3BOJAUTEJIBHOCTHU
1O ITECKAM B IMKJIAX U3MEJIBYEHMUS PY J1bI

© V. Dmitriev

ITERATIVE TECHNOLOGY OF PRODUCTIVITY ESTIMATION FOR
SANDS IN ORE GRINDING CYCLES

ChopmupoBaHa TEXHOJIOTHSI OLIEHKH TPOM3BOJUTEIHHOCTH IO IECKaM Ha OCHOBE aHajmn3a
MOPIIMH MECKOB CIUPAIBHOTO KJIACCU(PHUKATOPA U OCOOCHHOCTH €€ TPAHCIIOPTUPOBAHNUS B TIECKOBBIN
xeno0. Pa3zpaboTaHbl alropuT™M M METOAWKA ONEPATHBHOTO KOHTPOJS MPOHU3BOIUTEIHLHOCTH TI0
MeCKaM B YCJIOBUSX JKEIE30pYAHOM oboratutensHON (Habpuku /Ui rpagyUpOBKU YCTPOHCTB KOH-
TPOJISI TPOU3BOIUTEILHOCTH | IIPH HAJIAJKE TEXHOJIOTUU PYIOTIOATOTOBKH B 1-0¥ cTaany.

CdopmoBaHa TEXHOJIOTIS OL[IHKK MPOAYKTHBHOCTI IO MICKY Ha OCHOBI aHajli3y mopuii mickiB
CHIpaJbHOrO KJilacu(ikaTopy Ta 0COOIUBOCTI il TpaHCIOPTYBaHHS B MICKOBUH k05100. Po3pobieno
AJITOPUTM Ta METOAMKY ONEPATHBHOIO KOHTPOJIO MPOJYKTUBHOCTI MO MICKY B YMOBaXxX 3aji30py/l-
HO1 30arauyBajibHOT (haOpUKU Ui TpajlyrOBaHHS MPUCTPOIB KOHTPOJIO MPOJYKTUBHOCTI Ta MPHU Ha-
JIaroJKeHH1 TEXHOJIOT1 pyJAOoNiAroTOBKY B 1-ii cTanii.

BBenenue. Pa3paboTka U ycOBEpIIEHCTBOBAHUE CPEJCTB KOHTPOJISI MPOU3BOIHU-
TEJIBHOCTH CHHUPAIBLHOTO KiaccudukaTopa Mo MeckaM, HajaJka TEeXHOJOTHUU PYIo-
MOATOTOBKU B 1-0H cTaguu B Ipoiieccax 0O0OTanieHus *Kelae3HOM pyibl, uccieaoBa-
HUE MPOIecCCOB oOOoTramieHusi 00yClIaBIUBalOT HEOOXOAUMOCTh OLEHKU MPOU3BOIM-
TEJIBHOCTH 10 PELMKIY 3aMKHYTOr0 LKA u3Menpuenus (3LN).

B pabote [1] paccMOTpeHBI SKCIIEPUMEHTATBHBIE METO/IBI OTIPEICTICHUS TTPOH3-
BOJUTEIHBHOCTH T10 TeCKaM JUIsl CIUPAIbHO KiIacCu(PUKaTopa, OJHAKO OHU MPEAroa-
ratoT OOJIBIIION 00BEM MCCIIENOBaHMM, 0TOOpA M aHaIu3a MPOO MaTepUaIbHBIX MOTO-
koB 311U, Hanuuusi cpeACTB KOHTPOJIS apaMETPOB B MaTEpHUAIbHBIX MOTOKAX.

B 31U peuupkynupyromuid MOTOK NECKOB HEIOM3MEIBLYEHHOTO Marepuaia
(pyabl) B MeNbHUIIE TMOAAETCS CHOBA HAa €€ BXOJ [JIsi MOBTOPHOTO H3MEJIbYEHUS
(puc.1). OH OKa3bIBaeT CYILIECTBEHHOE BJIMSHUE Ha MPOLECCH U3MENbUYEHUS U pe-
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