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Abstract

Hydraulic descaling is one of the most progressive method for scale removal in metallurgy. The most rational
way to identify key reservoir parameters for hydraulic descaling is to provide the necessary liquid jets energy to
remove the scale. These parameters are specific for each grade of steel. Specific scale deleting energy e * achie-
ving is needed to provide the effectively scale removing. Scale density is defined by real time thermal images for
each section of steel sheet. Value e * exceeding is due to the additional water flow. Also, we need to minimize the
cost of management.

Therefore the control criterion can be represented as function of three variables [(H,p,y).

Presented in the above problem belongs to a class of nonlinear optimization problems. That’s why it is advisab-
le to use genetic algorithms. The system uses an integer encoding that match to the desired control variables value:
the water pressure in the nozzles, beam position, angle nozzle.

The authors have developed a fitness function of the system.

The following statements have been used in algorithm:

o selection of roulette;

* single-point crossover;

o simple mutation.

Authors have developed software to perform the calculation of the control variables values

Keywords: descaling, genetic algorithms, specific scale deleting energy
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Kadenpa ynpaeniHHa ekcnnyartauiiHolo poboToto
YKpaiHCbKa fepyKaBHa akafeMis 3a/i3HUYHOro
TpaHcnopTy

1. Beryn yCixX BiAMTPaBHUKIB BAHTAa’Ky BiJIMMOBIIHO iX 3asBOK. AJle
BUPIIIEHHS I[bOTO NMUTAHHS YCKJIAJAHIOETHCS Y 3B’SI3KY

B yMoBax po3BUTKY TPAaHCHOPTHOIO PUHKY OJHUM 3 BEJMKHUM BIiJICOTKOM 3HOIIEHOCTI PYXOMOIO CKJauy.
i3 KJII0YOBUX NMHUTAHb [Js CUCTEMHU IepeBe3eHb € ¢Bo-  /[lag npuabaHHs HOBOTO PYXOMOIO CKJaay HOTPiOHI
evyacHe 3abesmedyeHHs] BaroHaM¥W HeOOXiJHOTO THIY 3HAYHI KaliTaJOBKJAJeHHS, TOMY TMOCTA€ TMpobiIeMa




palioHaJbHOTO BUKOPUCTAHHS HAasgBHUX B €KCIIJIyaTa-
il oAMHUIH TpaHCHIOPTy. BapianToM parmionasizaiii €
OCBOEHHSA HOBUX IiJIXO/iB 10 OpPraHi3ailii BaroHOMOTO-
KiB ONITUMaJIbHOIO KiJIBKiCTIO BATOHIB i IOKOMOTHUBIB, Ta
ONTHMIi3allisl peryJioBaHHsa BUKOPUCTAHHS TOPOKHBOTO
MapKy BaroHiB. A Iie 03Ha4ae, 10 BUPilIEeHHS 1pobJe-

MU CTOCYETHCA YAOCKOHAJEHHA CUCTEMU OIIEPATUBHOTO
IJIaHyYBaHHA.

2. Auani3 rocaizzKensp i myomikamii

[Iutanusa onTuMmisanii posnoaisy pyxoMoro ckJaanay
POBIJISAHYTI y HayKOBUX poboTax 6araThbOX BITYMBHAHUX
Ta 3aKOPJIOHHUX BUeHUX. A caMe, yBary 1ibOMY MUTAHHIO
TpUAiTgaAn Taki BueHi: AxymainiueB B.M., Bytsko T.B,,
Hanbko M.L, [yBansan C.B., Kykoscbkuit €.M., Kosa-
aboB B.I., Korenko A.M., Jlaspyxin O.B., Jlomorsko /[.B.,
Herpeit B.4., Oceminin O.T., Cmexos O.A. B pesyaprari
NPOBEAECHOTO aHaJi3y OyJ0 BUSABJEHO, IO CaMe B I[bOMY
MUTAHHI OMEpPaTHUBHOTO MJIAHYBAHHS HEIOCTATHBO IIPH-
NiJI1JI0CS YBATH JTI0ACHhKOMY (PaKkTOopYy.

3. @opMyBaHHS METH Ta IIOCTAHOBKA 3a/1a4i I0CIi[?KE€HHS

3TiZIHO TTPOBEICHOr0 aHaJi3y, IOCTAE AKTyaJJbHA 3a-
nada po3poOKKM MoJesi PO3NOAiTy MOPOKHIX BaroHiB
MIK CTaHI[iAMM, AUPEKIiAMU, 3amisauisamu. IloTpibHa
MOJleJIb TOBUHHA BPAaXOBYBaTH BCi (hakTOpH, SKi MAIOTh
BIJIMB TIPU POGOTI TMOI3HOTO [HCcIieTYepa Y BU3HAYEHH]
HANpPAMKY BiJIIIPABJICHHS BarOHIB /IS HaJlaHHS BaHTa-
sKoBianpaBHukaM. B poGori [1] Gymna pospobiena Mo-
JleJIb PO3MOiNY TOPOXKHIX BaroHiB MiX 3aJi3HUYHUMU
nigposaizamMu, ajne (GyHKIisS TPUCTOCOBAHOCTI XPOMO-
coM, sika HeoOximHa aiist GYyHKIIOHYBAHHS FEHETHYHOTO
asropurtmy, Oyjia IpeiAcTaBjeHa B HEIBHOMY BUTJISII.
A Takox He BCi dakTOpU BIJIMBY OyJIM B3SATI 10 yBarmu.
Tomy Ha MOAAJBIIOMY eTari po3poOKH MOJAEi PO3IOIi-
JIy MOPO’KHIX BaroHiB HeOOXiAHO cHopMyBaTU LiTbOBY
GYHKIIIO B SBHOMY BUTJsII, sika Oyle BiATBOpIOBaTH
BHYTPIIIHIO 3aJIeKHICTh MiXK I1apaMeTpamu, siki 6e31o-
CepesiHbO OKA3YIOTh BIJINB HA IPUHHATTS PillleHHS 111010
paIioHaJbHOIO PO3MOAINY IOPOXKHIX BaAaHTAa)KHUX Baro-
HiB. /[0 3a3HaveHNX MapaMeTpiB MOKHA BiJHECTH HACTYTI-
Hi: KiJIbKICTDb CTAHIIN HA IUPEKIlii; KiJbKICTb CTAHIIIH, Ha
AKUX € TOPOKHI BaTOHU; KIJIBKICTh CTAHII N, Ha AKi Tpeba
[ojlaT BArOHM IIiJl HaBaHTAKCHH; KiJbKICTb BaroHis,
BKasaHa B 3asBIli BAHTAKOBi/[IIPaBHUKA; KiJIbKICTh Baro-
HiB, Ka € B HAasIBHOCTI Ha CTAHI[IAX; KiJIbKICTh BaroHis,
dKi HeoOXiIHO AOCTABUTHU 31 CTaHIii Ha CTaHIIO; Bap-
TiCTh BAarOHO-TOJIMHU Ta JJOKOMOTHBO-TOJIUHU Y PYCi; yac
3HAXOJ/)KEHHs BaroHiB Ta 4ac 3HAXO/KCHHS JIOKOMOTHBA
y pyci MiXX CTaHIisIMW; BapTiCTh BaroHO-KiJoMeTpa Ta
JIOKOMOTHBO-KiJIOMeTpa; Bi/ICTaHb, IIPOii/ileHa BAaTOHAMU;
BiJICTaHb, MPOWJEHA JOKOMOTUBOM; KiJIbKICTh BaroHiB
y CKJajl moi3aa; KiJabKicTh AiNbHUIL ab0 MEepPeroHis Ha
nupekiii [2,4].

Mogens Gyje mocTiiiHO aHa i3yBaTH i BpaxoByBaTH
BCi haKTOpU BIJINBY, TAa HA/ABATU PillIEHHS OO0 Pallio-
HAJIBHOTO PO3IOiy MOPOKHIX BAHTA)KHUX BaroHIB MiX
CTAHIIIIMU 3aJi3HUYHUX MiJPO3/AiTiB HA OCHOBI piopu-
TeTiB, AKi 6a3ylOThCsA Ha PO3paxXyHKaX TEXHIKO-€KOHO-
MIYHUX MTOKA3HUKIB.

4. Bukiiaz 0CHOBHOTO MaTepiaiy

Jl1g BupinieHHd 3aj1a4i po3noiay MopoKHiX BaroHiB Y
MaHiit pobOTi MPOMOHYETHCS 3aCTOCYBATH METO TEHETHUY-
HOTO ajroput™my. B mamomy BuUmajaky e miaxia mo3Bo-
JINTD aHaJIi3yBaTH Ta BpaXyBaTH 3HaYHY KiJIbKiCTb YNHHU-
KiB, IKi BITUBAIOTH HA PO3TO/IiJT TOPOKHIX BAaTOHIB.

Jli1g bOTo CIoYaTKy HeOOXiHO BUBHAYMTHUCS 3 BUOO-
POM BUXIiHOI TOMYIAIiT XPOMOCOM Ta TPeACTaBICHHSIM
renis. B axocrti renis g, g,,.., g, NPONOHYETLCA IPU-
WHATYU 1IeBHI 3ai3HUYHI cTaHIil, Mi’k AKUMU HEOOXiHO
PO3IOINUTH TIOPOKHI BATOHU, IIPU IIbOMY Ha3BY KOKHOI
CTaHIii 3aMiHUTU Ha KO, AK1ii Oyie cKuagaTcs 3 Habopy
apabcbrux nudp.

Xpomocoma P, Gyne npencrasistu 3 cebe neBHY 110~
CJIiTOBHICTD TE€HIB, TOOTO KOKHA XPOMOCOMA € BapiaHTOM
MOCJIi JOBHOCTI PO3MOJIiIy MOPOKHIX BATOHIB MiXK CTaHITi-
amuP ={g,,8,,..8,}. 1 serkoro po3mudpyBaHHs OTPH-
MaHOTO Pe3yIbTaTy POOOTH AJITOPUTMY HOIIJIBHO KOKHI
XPOMOCOMI IPUCBOITU HOMEP.

CyKyIHICTh BCiX XPOMOCOM SABJISIE COGOI0 MOMYJISI 0

[3]:

P'={PP,,..,P,. P}, @)
ne t=0,1,2... - Homep reHepaIlii reHeTUYHOTO AJTOPUTMY;

N, - po3mip nomysanii.

[licns mexomyBaHHS BUKOHYETHCS OIIHIOBAHHS TPH-
crocoBaHocTi xpomocoM. Ils omepanis ckiuagaerbcs 3
po3paxyHKy (GyHKILiI IIPUCTOCOBAHOCTI /ST KOKHOI XPO-
MOCOMW ITi€i MOMYJISIIii.

OT:xe, 1inboBa GYHKISA B SBHOMY BUIJIA/I, 3 ypaxy-
BaHHSIM BKa3aHUX TapaMeTPiB BILIUBY Ta 0OMEKEHHSIMH,
HEOOXiTHUMU [IJisI BCTAHOBJIEHHSI 3aJIEKHOCTI MixK 3MiH-
HUMU, MAE BUTJIS L
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ze:

c; - ONMHWYHA BUTpPaTHa CTaBKa OAHicI BArOHO-TOIM-~
HU Y PyCi, TPH;
X - KIJTBKICTh BaroHiB, AKi HEOOXIZIHO AOCTABUTH 3i
cTaHIii i Ha cTaHuiio j, mT;

(;; - yac 3HaXO/KEHHsI BArOHIB y PyCi MK cTaHIisMu
i Taj,rom;

i - cTaHIlis BiiITpaBJIeHHS TOPOKHIX BATOHIB;

j - CTaHIIis IpU3HAUYEeHHS MTOPOXKHIX BaTOHIB;

N - KiJTbKIiCTh CTAHIIIN HA AUPEKILii, IMIT;

m - KiJabKicTh cTaHIiil, Ha gki Tpeba mogaTH BaroHu
i/ HaBaHTaXKeHH S, TIT;

€, - OIUHUYHA BUTpPATHA CTaBKa OJHIE] €JIEKTPOBO30
(Tens10B030)-TOANHHI MaTiCTPaJbHOIO PyXY, I'PH;



tj - 4ac 3HAXOJ/KeHHsI IOKOMOTUBA B pyci Mix cTaHIi-
AMU 1 Taj, rof;

¢, - ONMHUYHA BUTPAaTHA CTaBKa OJHOIO €JeKTPOBO30
(TenIoB030)-KisIoMeTpa, TPH;

Sjj - BicTanp, mpoiizena JOKOMOTHBOM Mix CTaHIlis-
MU i Taj, KM;

a,- eJleMeHT MaTpulli KiJbKOCTi HasgBHMX IIOPOXKHIX
BaroHiB Ha CTAHIISIX AUPEKILii;

b, - eemeHT MaTpHIli TOTPIGHOCT] ¥ MOPOKHIX Baro-
HaX Ha CTAHI[IgX AUPEKIii;

X; - KiJIbKiCTh BaroHiB y ckaazi noisaa, B skomy 6y-
IyTb JIOCTABJEHI MOPOXKHI BAarOHM Ha CTAHIII0 HABaHTAa-
JKEHHS, 1IIT;

m} - KiJbKiCTh BArOHIB y CKJIa/li 0i3/1a 3 ypaxXyBaHH
JOMYCTUMOI Macu Ta JOBKWHHU Ha K AiabHUI abo mepe-
TOHI, TIT;

n* - KiJIbKIiCTH AiIbHUILD a00 IIEPETOHIB Ha M PEKILii.

Ha xosxHili iTepalii TeHETUIHOTO aJTOPUTMY pO3pa-
XOBYETHCS 3HAYEHHS (PYHKIIiI MTPUCTOCOBAHOCTI A BCiX
XPOMOCOM IIi€1 TMOoNyJidllii, MicJgd 4Oro IepeBipsSeETbCA
YMOBa 3YMUHKU aJrOpuTMY i, 60 (hiKCyeThCST pe3yabrat
Y BUTJISA/II XPOMOCOMHY 3 HAMEHIITUM 3HAYeHHAM DYHKITi
[PUCTOCOBAHOCTI, 800 BUKOHYETHCS TI€PEXiJl 0 HACTYII-
HOT'O KPOKY F€HETUYHOTO aJrOPUTMY, TOOTO 0 CeNEeKIIii.
[Is ¢dyHKIIS BUKOHYETHCS 3a JOMOMOTIOI0 TEHETHUYHUX
oTIepaTopiB, B pPe3yJbTaTi iX /il OTPUMYIOTHCSI HOBi XpPO-
MOCOMH, Ki BKJIIOYAIOTHCS 10 COCTaBY HOBOI MOIMYJIAII].
Bomna crae Tak 3BaHOIO MOTOYHOIO MOIYJISII€I0 AT TaHO]
iTepallii reHeTUYHOTO aJTOPUTMY.

[licas mporo mepesipka 3yNMHKHW aJTOPUTMY BHKO-
HY€ETbCS coyatky [3]. Akimo ymoBa 3ynmuHKN aJITOPUTMY
BUKOHAHA, TO BUBOJUTHLCS pe3ysbraT podotu, To6To Xpo-
MOCOMa, fKa € BapiaHTOM PaIioHaJbHOTO PO3IOAiNY T10-

POKHIX BAHTA)KHUX BarOHIB MiK CTAHIISIMU 3aJTI3HUYHUX
nigposainis. Hanpukaazu, B pesyiabrati poboTH TeHeTHY-
HOTO aJITOPUTMY TONIYKY PaIlioHaJbHOTO PO3IOINY T10-
POKHIX HaIiBBAaroHiB MixK cTaHuisiMu, Oyjaa oOpaHa Taka
“maiikpamnia” XxpoMocoma:

CTaHuia BignpaBneHHs

\
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CTraHuis npusHadYeHHs

Puc. 1. OnuH 3 pesynbrartis poboTh anroputmie ”HakkpatLoi”
XPOMOCOMH

5. BucnoBku

B maniii Haykosiit po6ori Gysn0 chopMOBAHO 1iJbOBY
GyHKIIiI0 100 pillleHHs aBTOMATH3allii Ipoiecy pos-
TMO/IITy TOPO’KHIX BArOHIB MiXK CTaHIISIMH, CyCiAHIMU
MUPEKISIMHU, 3aJI3HUIAMU. 3aBASKH IIbOMY OyJI0 OTpH-
MaHO MOKJIMBICTh BUKJIIOUUTH 10 “TI0ACbKOTO” hakTOpy
Ha TPUUHATTS pillleHHs, MBUAKO 1 AKiCHO 3/ilicHIOBATH
PO3TO/IiJ MOPOKHIX BATOHIB MiXK CTAHIIIMHU, 1110 IPUBeEIE
JI0 CBOEYACHOTO BUKOHAHHS 3asBOK MEPEBI3HUKIB, Ta BU-
KOHYBATH PO3TOJiJ 3 ypaXyBaHHAM MiHiMmizallii BUTpaT
Ta MaKCUMi3allil J0XO0/iB /1J1 3aJIi3HUILD.

Taxkozx 3acTocyBaHHS MOJIEJNi € OTHUM i3 pillleHb Tpo-
6sieMU paIioHAJbHOIO BUKOPUCTAHHSI HASIBHOTO MAPKY
PYXOMOTO CKJIaly.
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Abstract

With the development of the transport market and competition, one of the major issues for the transportation
system is the timely provision of required type cars all consignors according to their applications. Certain condi-
tions are fulfilled complicated by the acute shortage of wagons and their poor condition. Options to address this
issue is to improve technology services in transportation, which is possible in improving the quality of operational
planning trainset of the Railways. In this paper apply the method of genetic algorithm for solving the problem of
distribution of empty wagons at landfills directorates. For the operation of the genetic algorithm fitness function is
Jformed and represented explicitly. In this case, this approach will analyze and take into account many factors that

affect the distribution of empty wagons

Keywords: operational planning, genetic algorithm, chromosome, fitness function, rational distribution of

cars



